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Abstract - The lntr~olecular Diels-Alder reactions of (El- and (zf-trime- 
thylsilyl cyclopentadienyl ethers, (E)-6a and (Z)-6a, proceed with excellent 
stereo- and regioselectivity. Starting fr'om the trxyclic keto ester 8, 
available from the fomw reaction, a stereoselective synthesis of (fJ-sati- 
vene (26) is described. 

Int~duction.- The thennolysis of an isomeric mixture of 5, l-, and 2-(n-alkenyl)-1,3-cy~lapen~- 

dienes (n23). all readily interconvertible by !l,SPhydrogen shifts, can afford, in principle, five 

different tricycloalkenes (cycloadducts I, Ii/II’, and III/III’) which result from the intra- 

molecular [4+2Icycloadditions A, B/B' , and C/C' respectively (cf. Sdwne I).’ 

When n-3, despite the low equilibrium concentration of the 5-isoemr,b cycloaddition A is cxclu- 

sively favoured to give 4-brexene (i.e. cycloadduct I, n=3) due to the highly strained transition 

states of the alternative cycloaddltions: B/B' and C/C'. In contrast, when n=4 or 5 cycloadditio~ 6 

is preferred, affording selectively the cycloadduct II.c It thus follows that access to the tricycle 

alkanes IV is generally no; possible oia the intr~lecular ~iels-Alder reaction of (n-alkenyl)- 

cyclopentadienes uhen w3. However, a solution to this problem would be to ring expand I in one of 

* Dedicated to Professor R.A. Raphael on the occasion of his 65th birthday. 

a For recent reviews of the intramolecular Diels-Alder reaction , cf.1 

' For example, the eou~libr~~ concentrations of 5-, l-, and 2-~thyl-l~3-cyclo~n~die~e, at ZD*, 
are 1X, 44X, and 55% respectively, cf.6 

c The intramolecular cycloadditions B', C, and C' , as yet unreported, will only becfnm? possible wher 
n is 1arIle enough to accamodate the severe torsional strain in their transition states. 

d 
Recent work, cf.” has shwn that intramolecular cycloaddition A of a Ssubstituted 4-(alkenyl)- 
cyclopentadiene competes effectively with [1,51-hydrogen shlfts when the dicnophilic C&-double 
bond is appropriately activated. 
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SUBSTRATE 

Schene I 

CYCLOADDITION 

0f ’ 

CYCLOADDUCT 

+%k-1 “2J JY n=52 

+ For type A cycloaddftfons of substituted (3-a?keny?)cyc?opentadfenes c.C.4 
+' For type 6 ~ycloadditfons of substituted (4- or 5-a?keny?)cyc?opentadienes of. 

5 

two possible ways as illustrated retrosynthetically in Schema 2. This 

cable to the synthesis of specifically functfonalfsed tricycloalkanes 

and, in this context, a stereoselective syntbesfs of racemfc sativene 

ses~uiterRene hydro~a~on, is now described in full. 
e,f 

Scheme 2 Retrmynthetic cvthsis 

approach is evidently applf- 

structurally related to IV 

(ZJ, a naturally occurring 

I (I=31 

Synthetic Strategy.- Retrosynthetfc analysis of sativene (26) (Schema 3) indicates the tricyclic 

structm V to be an ideal precursor: the carbon skeleton, including the C-6 methyl group, is 

complete and contains appropriate functionality, F and F', for the introduction of the 6-C-3 iso- 

propyl and the C-7 methylfdene groups. Using the approach outlined above (cf. Solleme 2) two strate- 

gies thus presented themselves for access to V. Strategy A Involves the fntramolecular Diels-Alder 

@ For a preliminary account of this work, qY.7 

f For previous syntheses of sativene, ef.' 
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* X, Y, F, and F' represent unspecific functionality 

reaction of the 5-substituted cyclo~entadiene VIIB followed by ring expansion of the resulting 

cycloadduct VI. In contrast strategy 6 requires the intramolecular cycloaddition of the 1,3,5-trl- 

substituted cyclopentadiene IX" and ring expansion of the cycloadduct VIII:It was decfded that the 

latter strategy was more feasible for two mafor reasons. Firstly the planned intramolecular cyclo- 

addition Is favoured by the fact that both the diene and dieno~~~e c~pone~ts of IX are more 

reactive than those of VII. Secondly, VIII is readily amenable to a one-carbon ring expansion 

whereas the Putative co~~e~io~ of VI to V was considered to be less straightfomard. Having selec- 

ted strategy 5 the substituents X' and Y' were chosen to be ca~~thoxy and tri~thy~silyloxy 

groups in order to ensure the desired cycloaddition regiochemistry (i.e. IX + VIIX)!'Thus the 

tr~~thyl~ilyl cyclopentadienyl ether (&)-6i~ and its logical precursor, the cyclopentenone (E)-2, 

became the first synthetic targets. 

g For clarity only the 5-substituted kmmr 1s depicted; VII fs one of three, and IX one of five, 
posstble cyclopentaditnes. 
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Results and Discussion 

Synthesis of (El-5_.- The four-step synthesis of (E)-2 from 3-methoxy-2-cyclopentenone (l_) is suesna- 

rfsed in SC&W 4. Kinetic deprotonation of 1 In ~trahydrofuran (~F)/hexane at-70' followed by the 

addition of Z-~Z-iod~~yl)-~,3-dioxo~ane (5 mole equiv.) in hexa~~ylphosphor~i~ (HIPA) afforded 

2 in 53% yfeld. For this transformatfon a low reaction temperature and an excess of the alkylating 

Q-3 9-J 

-YJ----&y~*y 
L a 9 

W-2 w-5 f 

i) LDA/THF-hexane, 
ii) HeLi/Et O-THF. 

-7G" then I(CH2)2CH(OCH2)2 (5 mole equfv.)/HWPA, -70'; 

iv) P 
-60' then aqueous NH4Cl; iii) aqueous HCl; 

(&0)2P O)~H2CO2~e/THF, Go, 

reagent are essential factors; requirements which are probably due to the instability and low reac- 

tivity of the lithiun dienolate intermediate formed from J_. Treabnent ofzwfth methyllithium at 

GO0 followed by an aqueous work-up gave the cyclopentenone 2 (87% yield) whose aceta? group was 

hydrolysed with aqueous acid to furnish the ketoaldehyde 4. Finally, a ~adsuorth-~mons reaction 

using the sodium salt of methyl dfmethylphosphonoacetate in THF at Ooh resulted fn the formatfon of 

a 4:l mixture (88% yield] of (E)- and (z)-I which was readfly separated by column chranatography. 

Formation and Intr~olecu~ar Dfels-Alder Reaction of (El-ti.- Treatment of (s)-2 with chlorotri- 

methylsilane (2.2 mole equiv.), trfethylamfne (2.5 mole equiv.) and anhydrous zinc chlorfde (0.1 

mole equiv.)' In toluene at reflux during 72 h afforded directly, after either an aqueous or a non- 

aqueous work-up, the tricyclfc ketoesteri (m.p. 33-34') in 94% yield (cf. S&m+! 5). It is assumed 

that, out of the #e~od.vn~ic mixture of sflyl cyclopentadfenyl ethers (E)-6a-e formed from (E;-5. 

only (E)-6a_ undergoes an Intramolecular Ofels-Alder reaction and is continually formed from 

(El-6b-e via [1,53-hydrogen shffts during the course of the reaction. The fntermedfacy of the cycle- 

adduct Iwas confirmed by conducting the reaction under milder conditions @SO'/4 h) whereupon, at 

partial conversion (cu. 15X), the presence of 1 could be verified by GC co-injection and 'H-NMR 

spectrai comparison with an authentic sample, independently prepared fran 2 (cf. Experimental). 

Furthermore, a separate experiment demonstrated that 1 readily undergoes 0-Si bond cleavage to give 

h 

i 

A higher reaction temperature leads to undesired ring closure of (I?)-? and (Z)-5_ to the bicyclfc 
keto esters 10 and 2. 

(&)-6a is presueed to be a minor canponent of tbts mixture In whfch (E)-SC and (E)-6d are expected 
to bethe major canponents. For the isaneric distribution of the trfmeth~stlyl cycI$entadfenyl 
ethers derfved fran 3-e~yl-2-me~yl-2-cyclopentenone using similar conditions, cf.'fG 
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(El-2 

(El-Bb_a* 

1) He SKI 
1 

(2.2 mole equiv.)/ft$ (2.5.mole equiv.)/anhydrous ZnC12 (0.1 mole tquiv.) 
to uene, {k, 72 h. 

8 when treated with triethylamfne hydrochloride in refluxing toluene in the presence of a catalytic 

amount of anhydrous zinc chloride, 

An alternatfve access to (E)-%~ under kinetically controlled conditions, was also investigated 

Thus (El-zwas treated with Lottie diisopropyl~ide (LDA) at -70° in THFfhexane in the presence of 

Sohome 6 

i) LDA (1 mole equiv.j/Me$5fCl 
/THF-hrxane, -70° then H30% 

-!! t-! 

(excess)/THF-hcxanc, -70' then X30*; ii) LDA (1 mole equiv.) 
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an excess of chlorotrimethylsilane. 
11 
After 10 min at -30° a non-aqueous work-up followed by GC 

analYSfS indicated the major product to be 7 and subsequent acidic hydrolysis with aqueous HC1 

afforded a 4:l mixture (77% yield) of jj and the &-fused bicyclooctane 2 (cf. .Meme 6). 

Finally, another possible synthesis of _ij fran (&)-!j was examined. The idea was that kinetic 

dep~tonation of (Ef-!j would fom the lithium dienolate X which could then, in principle, undergo a 

double intramolecular Michael reaction? as indicated in Schemt 7. In the event treatment of t&)-z 

Sohas 7 Retxaynthstio analysie 

with LOA at -70° in THF/hexane during l0 min follawed by an aqueous quench and an extractive work- 

up afforded a 3:2 mixture of 11 and JO_ in 87% yieldk (cfi Schams 6). Evidently the first Michael 

reaction, although efficient, is not stereoselective and the second step, ring closure to the desi- 

red trfcyclic system, does not take place.' This approach to the synthesis of i was thus abandoned. 

Formation and Intramolecular Oiels-Alder Reaction of iZ)-6a.- Treatment of (Z)-!j with chlorotrf- 

methylsflane, triet~yl~ine and anhydrous zinc chloride under the same conditions as used for 

f&)-z (vi& supru) afforded a 8:l mixture (76% yieldR ) of the epimeric keto esters 2 (m.p. 

Scheme 8 

1 
+ 

xv% * (8:11 

m-g s 

i) He$iC? (2.2 mole equiv,)/~t3N (2.5 mole equiv.)/anbydrous ZnC12 (0.1 mole equiv./ 
tofuene. 4 1, 72 h. 

* yield calculated from converted (Z)-5_ (0:. text) 

J For examples of double intr~olecu~ar Michael reactionst cf. 
12 

and references quoted therein, 
k 

The stereochemistries of 10 and 11 were assigned on the basis of their lh- NHR (CKl3) spectral 
data in which a ms,ior dif%%ence-'% the chemical shift and coupling of He-l. In 10 this proton is 
a double doublet (6 2.84), coupling with M-5 (J 10 Hz) and He-2 (a 6 Hz). In co&ast, K-1 in 
11, shielded by oie-H2C-9, appears as a double doublet at higher field (6 2.52). coupling with 
m-5 (J 6 Hz) and K-2 (Y 4 Hz). These stereochemical assignments were later corroborated by the 
conversion of? to 10 (vi& infm). - 

' An experiment in which the reaction mixture was allowed to stand at room temperature during l6 h 
afforded an identical mixture of E and jl_ (aa. 50% yield). 

m This yield is calculated from converted (E)-!j. 
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78-79°) and 2 (cu. 40% conversion) (cf. Scht?rw? 8). Two observations are worthy of mantfon. Firstly, 

the transformation (2)-z + gbelieved to occur via a pathway analogous to that described previously 

'or (E)-5 - 2, is slower than that with (&)-5 as substrate. Secondly, the partial formation of 8 

fran (2)-z indicates a CO. TO% loss of stereoselectlvity which was not observed for (E)-2. 

When (2)-z was treated with LDR at -70' in the presence of an excess of chlorotrfmethylsilane 

followed by an aqueous work-up, using conditions identical with those employed for (F)-5, the only 

compounds identified (CC analysis) were unreacted (Z)-5 (40%) and 3 (cu. 6%). In addition treatment 

of (2)-S with LDA at -70' afforded a complex mixture from which only 10 and TJ_ (1O:l mfxture. cu. _- 
15% yield) could be identified. 

Discussion.- - -.-___ The highly regio- and Stereoselective transformations, (&)-5 + 8 and (2)-f; + 9, are 

consistent with a mechanism which involves the concerted intramolecular Diets-Alder reactions of 

(&)$a and (_")+a respectively.' The hifrher reactfon rate of the foner transfotmation would be thus 

a logical consequence of favourable secondary orbital interactions in the cycloaddltion transition 

state where the carbanethoxy group is en& (in (El-6& rather than czo (in (Z)-6a). The slight loss - 
in Stereoselectivity exhibited by the fo~ation of 2 fran (Z)-5 may be an indication of a competing 

StePwiSe pathway or due to nartial isanerisation of (2)-&-e to (!?)-ba-e under the reaction condi- 

tions.' An alternative explanation of these results which would involve two consecutive intramole- 

cular Hukaiyama-Michael reactionsP cannot be excluded; indeed, the stereoselective formation of 2 

frcm (E)- and (Z)-5, albeit in Tow yields, are examples of this reaction. Compatible with either of 

these two mechanisms is the fact that when (E)-6a is selectively formed at low temperatu~ it - 
undergoes a remarkably smooth conversion to I, whereas, under the same conditions, (z)-@ remains 

essentially unchanged.d 

Assuming kinetic control the poor stereoselectivity exhl'bited in the formation of z and 11 - 
from (E)-5, uiu the intramolecular Michael reaction of X, is probably a consequence of the latter‘s 

conformational mobility, In contrast the low yields of J(J and 11 fran the lfthiun dienolate of (Z)-5 

show that the possible conformations available fn this case are relatively less favoured towards 

cyclisation despite a marked preference for the formation Of lo. 

Synthesis of (?)-Sativene (26) from 8.- --- The synthesis ,of (+)-sativene (26) from 2 is described in 

s"cjleme ,a. Protection of the ketone function in 8 as its ethylene acetal to give 12 (m.p. 45-46') was - 

followed by reduction to the alcohol 13. Aqueous acidic hydrolysis of the acetal group afforded the - 
hydroxy ketone _lj (m.p. 131-133@) which was protected as its berg-butyldi~thylsilyl ether E (m.p. 

41-42('s 77% yield fran 3). Formation of the sIly1 enol ether E via low temperature deprotonation 

of j!j (LDA/THF, -70°) followed by reaction of the intermedtate lithium enolate with chlorotrimethyl- 

silane afforded 16 (95% yield) which was treated with a zinc-copper couple and diiodomethane in 

refluxing ether" to furnish stereoselectively the (trimethylsllyloxy)cyclopropane 17" (77% yield). 

' 80th 8 and 9 are stable under the conditions of their formation. However, in methanolic sodium 
methoxide ai: reflux 9 is transformed to 10 (41%). the product of a retro-Michael reaction, and S 
(48%) Hhich is stable under these condit%ns (cf. Experimental). 

o Despite careful monitor~nq of the reaction by CC and TH-NHR analysis this isomerisation could not 
be detected. 

r: Usually effected under Lewis acid pranotion the Mukaiyama-klichael reaction is the 1.4..addttion of 
either a sllyl enol ether or a sllyl ketene acetal to a a.&unsaturated carbonyl compound, cf.13; 
for recent work concerning the stereoselection of this reaction, cf.14; for examples of intra- 
molecular versions, cf.15 

q These low temperature reactions were effected in the presence of an excess of chlorotri~thyl- 
silane which may possibly act as a Lewis acid catalyst; for a related activation of enones, cf.16 

' The expected stereochemistry of 2, resulting from carbene addftion on the less hindered ezo face 
of Is, was confirmed by TH-NHR experiments in which a nuclear Overhauser effect (n.0.e.) was ob- 
served between H2C-12 (6~ 3.73) and K-2 (@ 0.85). In additlon the 13C-NnR data, indicating the 
shielding of C-6 (6C 41.5) by C-3 (AC 11.5) and vice ttaroo,l8 are consistent with the assigned 
stereochemistry. 
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i) HO(CH )2OH/i!@/toluene 14; ii} LiAlH /Et20; iti) tf3@; 
t! 

iv 
v) !.DA/T6F, -70' then Me3SiCl; vi) In- u couple/CHzJ2/Et20 

t-BuHe2SiC~/lmidazole/~F. 
1; vjt) FeC13/pyridlne-MF: 

xi) H30(P; xif) ~u3P1~~-02~C6"qSeCFr/pyridinet~F-HnPA; xiii) 30% aqueous H202/THF. 
CH2C12; viii) H IPd-CJFtOH; ix) b43P=Ctkp/Dt!SO-toluene, 60'; x) H2/PtO2/AcOH-AcO~t; 
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Following the procedure of Saegusa, 
19 

c was treated with anhydrous ferric chloride and pyridine in 

dimethylformamide (DHF)/CH2Cl2 to afford directly the rin9 expanded a,B-unsaturated ketone E (m.p. 

74-750; 92% yield).8 Hydro9enatlon (5% Pd-C/H*/ethanol) smoothly gave the tricycllc ketone 20 (m.p. 

57-58'; 97% yield). The regioselective ring expansion of 15 to 20 had thus been efficiently accan- - 

plished2p four steps (65% overall yield). Despite literature precedent in StNCtUrally related 

systems basic hydrolysis (NaOH/methanol-water, 25') of the trlmethylsilyloxy 9roup with concuni- 

tant cyclopropane rinq openlng was sly and non-selective, affordinq 2J in only 42% isolated yield, 

tooether with the isameric tricyclic ketone 2Jt(m.p. 51-52') as the principal side product (23%). 

Mittig reaction of 20 with the ylide prepared fras isopropyltriphenylphosphoniun iodide and pota- - 

ssiun hydride in a solution of toluene and dimethylsulfoxide (U4SO) (60°/24 h) gave the tetra- 

substituted alkene 22 (82% yield)which was hydrogenated (Pt02/H2/AcOH-AcOEt 3:l) to afford exclusi- 

vely the tert-butyldimethylsilyl ether 24 (93% yield). GC analysisu during the course of this hydro- 

qenation shows that 22 first isomerises to the isaneric trisubstituted alkene Ewhich then undergoes - 

stereoselective hydrogenation from the less hindered a-face. Finally deprotection of 2 by treatment 

with aqueous acid afforded the primary alcohol 25 (97% yield) which was converted into (?)-sativene - 

(26) (64% yield) by using known methodology involving the intermediacy of a o-nitrophenylselen- 

oxW21 

EXPERIMENTAL 

All solvents were dried and distilled before use. Reactions involving air-sensitive reagents or 
substances were conducted under a N2 atmosphere. LDA was freshly prepared from diisopropylamine 
(1.1 mole equiv.) and n-BuLi (CU. 15% solution in hexane (Chemetall) - analysis by Gilman's titra- 
tion22) in THF at -3OO. Work-up refers to: successive washing of the organic phase with water, satu- 
rated aqueous NaHC03 and saturated aqueous NaCl, drying over anhydrous Ra2SO4. and removal of the 
solvent by distillation in uao1ro (i.o.) using a rotary evaporator. Thin layer chromatography (TLC) 
was performed using Merck 0.25 rmn (60 F 254) silica gel plates. Preparative column chromatography was 
carried out on silica gel (Merck. 0.06-0.20 tnn). Gas chromatography (CC) (Hewlett-Packard 5890): 
canillary columns (10 m), Chrompack C?lfAX 57CB and CP sil 5CB, 30 psi He. Melting points (m.p.) are 
uncorrected. Bulb-to-bulb distillation: Bilchi GKR 50 apparatus with external temperature reading 
(bath). IR (Perkin-Elmer 297 spectrometer) spectra: liquid film unless otherwise specified, v,,,ax in 
cm-l. NMR spectra (Bruker WH 360 and Bruker HX 90) in CDC13, internal standard tetramethylsilane 
(5 = 0 ppn); abbreviations: s singlet 
J spin-spin couplin9 constant (Hz). 

d doublet, t triplet, D quadruplet, m multiplet, br. broad, 
IH-NRR at 360 MHz, 13C-MR at 90.5 MHz. Mass spectra (tlS) 

(Finnigan 4023~ or Varian MAT 112); electron energy 70eV. signals are given in m/z (rel. %). 

5-[2-(1.3-Uioxolan-2-yl)ethyll-3-methoxy-2-cyclopentenone (2).- 
Dentenone (1) (9.6 g, 0 1 

A solution of 3-methoxy-2-cyclo- 
1) in THF (75 1) was added dro%ise. during 30 min. to a mechanically 

stirred sol:tion of LDA'(O?l mol) in THF/zexane 1:l (150 ml) at -7OO. After a further 30 min a solu- 
tion of 2-(2-iodoethyl)-1,3-dioxolane (114 g, 0.5 mol) in HHPA (100 ml) was added dropwlse during 
45 min, maintaining the reaction temperature below -60'. After 72 h at -70' the mixture was poured 
into saturated aqueous NH4Cl and extracted with AcOEt. Work-up and chramatogrpphy (AcOEt) gave 2 as 
a white crystalline solid (11.2 g, 53% yield). Sublimation (loo-120° (bath)/O.Ol Torr) of an alTquot 
afforded an analytical sample. H.P. 63-64'. Rf (AcOEt) 0.40.- 
1165, 1135. 1030, 990.- 

IR (CDC13): 1695, 1600, 1360, 1240, 

2.77 (m, 
lH-NMR: 1.52 (m, 1H); 1.72 (m. 2H); 1.96 (m. 1H); 2.31 (m, 1H); 2.53 (m. 1H); 

1H); 3.80-4.00 (4H); 3.83 (8. 3H); 4.87 (t. J 4.5, 1H); 5.27 (8, lH).- HS: 212 (4, M?), 167 
(14). 125 (12). 112 (78). 99 (14). 73 (100). 69 (12). 45 (17).- 
Requires: C, 62.3; H, 7.6. 

Found: C. 62.4; H 7.7. CllH1604 

In an experiment in which basic conditions were not maintained during the aqueous work-up small 
amounts of the tetracyclic ketone 19 (b.p. 160-170' (bath)/O.3 Torr, Rf(CJi2Cl2) 0.24) were isola- 
ted, formed presumably from 18 tiTydrolysis of the tert-butyldimethylsilyl ether and ring clo- 
sure Of the resulting hydroxyketone.- Spectral 
792.- 

data of 19. IR: 1708, 1402, 1360, 1290, 11130, 
lH-NMR: 1.31 (0, 3H); 1.32 (m. 1H); 1.60 (m. 1H); 1x4-1.76 (W); 2.23 (broad.3 1~); 2.29 

(d. e’ 4. 1H); 2.37 (dd. 516 and 1.5, 1H); 2.38 (m, 1H); 2.55 (dd, J 17 and 6, 1~); 3.i4 (&i, J lo 
and 7. lH]i 4.15 (2, J 7. 1H); 4.20 (dd. J 10 and 10. lH).- 13C-NMR: 212.3 (8). 81.7 (d), 72.2 (t), 
59.2 (d). 53.5 (d), 52.5 (8). 47.2 (d), 45.2 (t). 44.7 (d), 30.1 (t), 22.8 (t). 21.7 (q).- MS: 
192 (100. m), 174(18). 148 (46), 131 (54). 122 (61). 105 (66). 91 (70). 7g (70). 

The C-4 stereochemistry of 21 was confineed by 'H-NHR (n.0.e.) experiments in which irradfation of 
H2C-10 (6 3.46) results in rsignal enhancement of HC-4 (6 2.14). 

' The CC retention times (column: CPsil SCB, program: 160"(2 min) - 220' (5'/min)) of 22. 23, and 24 
are 3.06. 2.45, and 2.88 min respectively. 

- 
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.- A solution of Meti in ether (40 ml of 
e, during 30 min. to a stirred solution 
-70° the mixture ws poured into satu- 

Mx?d aqueouo NH4Cl and extracted with AcOEt, Work-up, chromatography (AcOEt), and bulb-to-bulb dis- 
tillation i.~, gave 3 as a pale-yellow oil (8.5 g. 87% yield). Rf (AcOEt) 0.52. 8.~. 120140° (bath) 
/0.4 Torr.- IR: 1680'; 1612, 1430, 1400, 1370, 1175, 1125, 1025," lW-NMR: 1.44 (m, 1N; 1.66 (m, 2H); 
1.94 fm, 1H); 2.11 (4H); 2.56 (dd, J 18 and 6.5, 1H); 2.82 ( m, lH); 3.82-4.02 f4H); 4.88 ft. J 5, 
1H); 5.92 (8, ?H).- HS: 196 (1% mt), 103 (12), 99 (23), 79 (100). 45 (19).- Found: C, 67.2; H, 8.1. 

(4).- Amixture of 3 (8.23 g, 42 mnol), ether (100 ml) 
during 3 h at room literature. The mixture was then 
NaHC03 and continuously extracted with AcOEt, Work-up, 

~~~ato~raphy fAcOEt1, and bulb-to-bulb distillation i.o. gave 4 as a pale-yellow oil (5.2 g, 81% 
yield). 6.~. llO-120' (bathfiO.2 Torr. Rf fAcOEt) 0.45.- IR: 17OE, 1615, 1430, 1405, 1372, 1180, 
1135.- lH-NMR: 1.53 (m, 1H); 2.03 (dd, J 16 and 2.5, 1H); 2.12 (a, 3H); 2.20 {m, 1H); 2.50 (t, J 9, 
2H); 2.56 (dd, J 16 and 7, 1N); 2.82 (PI, 1H); 5.95 (8, 1H); 9.82 (Br lN),- MS: 152 (1, tit), 124 (20). 

.B. CgH1202 Requires: C, 71.0; H, 8.0. 

( E -EJ)and methyl fz)-5-(2-methyl-4-oxo- 
1 q__. d methy~phosphonoace#te (6.92 g, 38 

mol) in THE (20 ml) was added dropwise, during 30 min. to a slurry of NaH (CU. 55-60: dispersion 
in oil (Fluka); 840 mg, 35 nmol) in TWF (130 ml) at roan ~mperature. After 1 h the mixture was 
cooled to 0' and a solution of 4 (5 g* 33 mnol) in THF (20 ml} was added droprise during 20 min. 
After a further 20 min at O-5' The mixture was poured into saturated aqueous NH4Cl (400 ml) and 
extracted with ether. Work-up afforded a crude 4:1 mixture of (E)-5 and (Z)-5 which was separated b.v 
~hr~tograp~y ~AcOEt~cyclohexane l:l).- (&)-zl colourless oil (4.3 g, 71% yield). 8.~. 142-144O/ 
0.15 Torr. Rf (CW2Cl 

P 
) o.lO.- IR: 1310, 1655, 1620, 1435, 1380, 1275, 1030, 975, 920,- lH-NMR: l-41 

fm, 1H); 1.97 {m, 1H I 2.09 (dd, d 18.5 and 2.5, 1H); 2.10 (et 3H); 2.24 (m, Ztt); 2.56 (dd, J 18.5 
and 6.5, 1H); 2.80 (m, 1H); 3.74 (s, 3H); 5.96 (tt. J 15 and 2, 1N); 5.94 (8. 1H); 6.96 (dd, J 15 
and 7, lH),- 13C-IEIR: 207.7 (e), 180.2 (e), 166.7 (a), 147.7 fd), 131,3 (d), 121.9 (d), 51.4 (9). 
43.7 (d), 41.5 (t), 31.1 (t), 29.7 (t), 17.3 (4).- MS:208 (2, M?), 177 (7). 148 (9). 134 (8). 109 
(75), 96 (loo), 81 (27), 67 (27).- Found: C, 69.0; H, 7.9. Cl2Hl603 Requires: C, 69.2; H, 7.7. 
(z)-6_. cOlOurleSs oil (1.2 gr 17% yield). 8.~. 138-140°/0.15 Torr. Rf tCH2Cl2) O.ll.- IR: 7710, 
1650, 1620, 1440, 1410, 1380, 3200, 1020, 822.- lH-NMR: 1.41 (m, 1X); 1.94 (m, 1H); 2.12 (8, 3H); 
2.18 (dd, J 18.5 and 2.5, 1H); 2.58 fdd, J 18.6 and 7, 1H); 2.63 fm, 2H); 2.81 (m, 1H); 3.72 (8, 
3H); 5.83 (ttr J 11 and 2, 1Hf; 5.93 (8, 1H); 6.23 (tt, J 11 and ?, lH).- HS: 208 (1, Ii?), 177 {3), 
148 (3), 133 (4). 109 (loo), 96 (28), 81 (ZO), 67 (?5).- 
C, 69.2; H, 7.7. 

Found: C. 69.4; H, 7.8. cI2~l603 Requires: 

the mixture was heated under reflux (bat6 temperature: 130°) during 72 h. After cooling; the mixture 
was poured into saturated aqueous NaHC03 (150 ml) and extracted with ether. Uork-up and distillation 
i.v. afforded 8 as a colourless oil (3.95 g (GC purity 97X), 92% yield), b.p. 114-116°f0.25 Torr. An 
aliquot was pui;ffied by chromatography ~AcO~t~cyclohexane 1:l) to afford pure 8 as a white, crys- 
talline sotid, m.p. 33-34'. Rf ~CH2Cl2) 0.17.- IR (COCl3): 1730 br., 1436, 1360, 1308, 1295, 1235, 
1210.- lH-NP4R: 1.32 {a, 3H); 1.50-1.80 (4H); 1.88 (AB system, J 17 and 2, 2H); 2.04 (br.8, 1H); 
2.22 (br.8, 1H); 2.39 fbr. a, 1X); 2.71 (br.8, lH); 3.66 (a, 3H).- l3C-MR: 214.0 fs), 173.1 (a), 
61.3 Id), 54.6 (d), 52.6 (d), 51.5 (s). 49.6 (8)s 48.3 (a), 44.4 (d), 32.9 (t), 20.7 (t), 16.9 (o).- 
US: 208 (25, mt), 1?6 (29), 148 (60). 121 (28), 114 (ZS), IO9 (TOO), 67 (58).- Found: C, 69.2; H, 
7.8. Cl2Hl603 Requires: C, 69.2; H, 7.7. 

A solution of c~lorotr~methylsilane (326 mg, 3 mnol) in THF (1 ml) was added dropwise to a stir- 
red solution of tOA (0.55 tmaol) in ~F/hexane 5:l (2.5 ml) at -7OO. To this mixture at -70° was now 
added drolmise a solution of (c)-5 (104 mg, 0.5 mnol) in THF (0.5 ml). After 10 min at -70° Et3N 
(500 mg, 5 mnol) was added and th: mixture was poured into petroleum ether 30-50 (20 ml). Filtration 
(Hyflo) and removal of solvent afforded a colourless oil (CC. 150 mg) containing 7 as major canpo- 
nent (ca. 62% yield, GC and lH-NHR analysis) which was dissolved in ether (5 ml) lind stirred with 
1N WC1 (5 ml) during 16 h. Work-up and bulb"to-bulb distillation 3.~. afforded a 4:l mixture of 2 
and 10 (93 mg fOC purity 86%), 772 yield). - 

After cooling, ihe mixture was poured into saturated aqueous NaHCO (30 ml.) and extracted withether. 
Work-uo and bulb-to-bulb distillation i.o. afforded an oil (b.o. 1 k O-1500/0.1 Tort-) containing a 8:l 
mixture of 9 and 8 which was separated by chromatography (CR2Cl 
talline solTd (143 mg, 35% yield). M.p. 78-79O. Rf (CH2C12) 

) to afford pure 9'as a white-crys- 
0.2 f .- IR (COC13): 1730 br., 1430, 1364, 

1300, 1270, 1045, 1012.- ?H-RMR: 1.32 (8, 3H); 1.55-1.72 (3H); 1.96 (dd, J 7 and 7, 1H); 1.99 (A6 
system J 17, 2H); 2.25 (d, J 4, IH); 2.35 (d, J 6, 1H); 2.42 (m, IH); 2.63 (br. B, lti); 3.64 (8, 
3W).- f30-NMR: 215.1 (8). 172.4 (8). 62.1 (d), 56.1 (tf, 55.0 (d), 61.2 (g), 49.6 (d), 46.9 (8)r 

44.6 (d), 28.1 (c), 21.0 ft), 15.1 (Q).- MS: 208 (23, Hi), 176 (20). 148 (37), 127 (29). 114 (56), 
109 (57), 96 (100). 79 f27), 67 (87).- Found: C, 69.2; H, 7.6. C12til603 Requires: C, 69.2; H, 7.7. 



(,+ and (Z)-methyl 5-[2-methyl-4_(triw~ylsilyloxy)_2.4cyclo~n~di~yl]-2-~n~~oa~e 3287 

(2)-5 (104 mg. 0.5 nmu~l) was treated under conditions identical to those described previously 
for the cznversion of (E)-5 to 8 and 10 (4:l mixture), i.e. chlorotrimethylsilane (excess)/LDA/THF- 
hexane 5:l. -70°. Work-up and bilb-to&lb distillation i.u. afforded a 8:l mixture of (2)~5 and E 
(82 mg (GC purity 75%). 59% yield). 

E imerisation of 9.- 
M- 

A solution of 9 (104 ng, 0.5 rmnol) in methanol (3 ml) containing sodiln meth- 
.5 ~1) was refluxea during 72 h. The cooled mixture was poured into saturated 

aqueous NH4Cl and extracted with ether. Work-up and bulb-to-bulb distillation i.o.(lZO-150' (bath)/ 
0.1 Torr) afforded a colourless oil (95 mg) consisting of a mixture of 2 (3%). s (52%). and E (45%) 
(CC analysis). 

dropti&-during 10 min. to a stirred solution of LOA (1.1 mnol) in THF/kexane 5:l (5 ml) at -70'. 
After 10 min at -70' a solution of 8 (208 mg, 1 rrmol) in THF (1 ml) was added dropwise, during 5 min. 
maintaining the reaction temperature below -6E.O. After a further 10 min at -70a Et3N (707 mg, 
7 mnol) was added, the mixture was poured into saturated aqueous NaHC03 (30 ml) and then extracted 
with petroleum ether 30-50. Work-up and bulb-to-bulb distillation i.v. afforded 7 as a colourless 
oil (265 mg (GC purity 92%). 85% yield). 8.~. 120-130° (bath)/0.2 Torr.- IR: 173n. 1606. 1340, 1250, 
1198, 1174, 1128. 840, 754.- lH-NHR: 0.19 (a, 9H); 1.22 (tt, J 13 and 7. 1H); 1.30 (a, 3H); 1.33 (m, 
lH); 1.69 (m, 1H); 1.75 (m, 1H 

3; 
2.04 (br. B, 1H); 2.05 (8, 1H); 2.33 (br. 8. 1H); 2.54 (br. 8. 1H); 

3.60 (s, 3H); 4.38 (e, lH).- 1 C-NHR: 174.2 (a). 158.8 (8). 105.2 (d), 65.9 (d), 56.5 (d). 56.3 (d), 
55.4 (3). 51.1 (4). 41.2 (d), 33.9 (t), lg.3 (t), 16.1 (9). 0.10 (3 9).- MS: 280 (12. W). 249 (4). 
221 (4). 181 (100). 168 (20), 73 (62). 

Methyl (~Rs, 5SR. 6SR)-(6-methyl-B-oxobicyclo[3.3.0]oct-6-ene-2-yl)acetate (10) and methyl (IRS. 5.5~. 
ijRS)-(6-methyl-B-oxobicyclo[3.3.0loct-6-ene-2-yl)acetate (11) A solution of(E)-5 (208 mg. 1 mnolr 
in THF (1 ml) was added dropwise to a stirred solution of fiA'i1.1 rmnol) in THF/he?ane 5:l (5 ml) at 
-70'. After 10 min at -70° the mjxture was poured Into saturated aqueous NH4Cl (10 ml) and extracted 
with ether. Work-up and bulb-to-bulb distillation i.o. (140-160° (bath)/O.l Torr) gave a 2:3 mixture 
of 10 and 11 which was separated by colon chromatography (AcOEt/cyclohexane 1:l). 
lO.cOl0Ur~S.S oil (70 mg. 34% yield). Rf (CH2C12) 0.12.- IR: 1740, 1695. 1625, 1430, 1380, 1150, 
TTil5, 995. 920, 875.- 1H-MR: 1.03 (m. 1H); 1.70-1.80 (3H); 2.09 (a, 3H); 2.30 (dd. J 16 and 8, 1H); 
2.44 (m, 1H 

3; 
2.75 (dd. d 16 and 7, 1H); 2.84 (dd. J 10 and 6. 1H); 3.20 (m,lH); 3.70 (8, 3H); 5.90 

(s, lH).- 1 C-MR: 209.8 (8). 180.0 (a), 173.7 (8). 132.4 (d). 52.0 (d). 51.5 (9). 50.2 (d). 38.3 
(d). 34.8 (t). 29.5 (t). 27.6 (t). 17.7 (9),- MS: 208 (15, M?). 176 (27), 148 (52). 133(17). 120 
(17). 109 (100). 91 (22).- Found: C. 69.0; H. 7.7. C12Hl603 Requires: C, 69.2; H, 7.7. 
fl, colourless oil (110 mg, 53% yield). RI (CH2C12) O.ll.- IR: 1740. 1695. 1620, 1430, 1380, 1020. 
952, 912.- lH-NHR: 1.51 (m. 2H); 1.71 (m, 1H); 1.95 (m, 1H); 2.09 (8. 3H); 2.33 (dd, J 15 and 8. 1H); 
2.47 (m. 1H 

3; 
2.52 (ai?. J 6 and 4, 1H)i 2.57 (dd. J 15 and 6, 1H); 3.20 (m. 1H); 3.69 (8, 3H); 5.80 

(8, lH).- 1 C-NHR: 210.4 (8). 180.2 (8). 172.7 (8). 129.6 (d), 56.9 (d). 51.5 (9). 49.8 (d). 38.7 
id), 38.7 (t), 31.6 (t). 27.2 (t). 17.8 ((I).- MS: 208 (38, Mt), 176 (67). 148 (73). 134 (loo), 108 
(79), 91 (55).- Found: C, 69.1; H, 7.7. Cl2Hl603 Requires: C, 69.2; H 7.7. 

Methyl (IRS, 2SR. 3R.S. 6SR. 7RS)-l-nethyl-8-oxotricyclo[4.3.O.03'71nonane-2-carboxylate ethylene 
acetal (12).- A solution of 8 (3.12 1 1) and ethylene glycol 1 48 24 1) in toluene 
750) containing p-TsOH (350 mg) wx; r:f?!ed during 6 h with cont!n;ausg&mov?of water formed 
during the reactlon (Dean-Stark apparatus). The mixture was cooled and washed with saturated aqueous 
NaHC03. Work-up and distillation i.u. afforded 12 as a colourless oil, b.p. 112-1140/0.2 Tort-, which 
crystallised at room temperature to a white cryxalline solid (3.6 g, 95% yield). H.p. 45-46O. Rf 
(CH2C12) 0.32.- IR (CDC13): 2960, 2900. 1730. 1620, 1440, 1350. 1322, 1312, 1240. 1220. 1180, 1106, 
1090, 1020. 860.- 1H-MR: l.20(9. 3H); 1.40-1.65 (4H); 1.63 (a, J 13 and 2, 1H); 1.78 (br. 6, 1H); 
1.94 (ds J 13, 1H); 1.95-1.99 (2H); 2.64 (br. 8, 1H)i 3.68 (a. 3H); 3.77-3.95 (4H).- 13C-NHR: 173.7 
(~1. 113.4 (81, 64.9 (t), 63.8 (t), 55.5 (d), 54.0 (d), 52.1 (d), 51.2 (9), 49.4 (8). 46.0 (t). 40.7 
(d), 32.8 (t), 20.5 (t). 17.6 (9).- M: 252 (22. M?), 237 (lo), 193 (22), 184 (15). 153 (47). 139 
(100). 86 (36).- Found: C, 66.5; H, 8.1. Cl4H2004 Requires: C, 66.6; H, 8.0. 

1RS. 2R.S. 3SR. 6SR, 7RS)-2-(Hydroxymethy1)-3-methyltricyclo[4.3.0.03~7Jnonan-5-one ethylene acetal 
3) A solution of 12 (3 3 13 1) In ether (15 ml) was added dropwise. during 15 

sflr&d slurry of LiAlfl4 (i90gig, l?&ol) in ether (20 ml) at O-5'. 
min. to a 

After 1 h at 5' the mixture was 
treated successively, under rapid stirring, with water (0.5 ml), 4N NaOH (0.5 ml), and water (1.5 ml) 
Filtration (Hyflo), evaporation of solvent, and bulb-to-bulb distfllation i.0. afforded 13 as a 

~olourless oil (2.7 g, 93% yield). 8.~. 150-160' (bath)/O.l Torr. Rf (CH2C12) 0.08, Rf (AcEt) 0.69.- 
IR: 3400 br.. 1460. 1440, 1335, 1300. 1200, 1080. 980, 940, 892. 84O.- lH-NHR (+020): 1.04 (8, 3H); 
1.10 (t. J 7, lH); 1.36-1.60 (4H); 1.55 (dd, J 14 and 2, 1H); 1.80 (d, J 14 lH)i 1.90 (m, 1H); 1.92 
(br. s. 1H); 2.00 (br. 8, 1H); 3.70 (dd. J 11 and 7, 1H; 3.80-3.96 (5H).- l&R: 113.9 (s), 64.6 
(t), 63.6 (t). 62.4 (t). 55.8 (d), 53.8 (d), 49.5 (d), 48.0 (a). 44.8 (t). 40.8 (d), 33.4 (t), 20.4 
(t). 17.4 (9).- MS: 224 (10, m), 209 (15). 193 (25), 156 (51). 139 (100). 112 (56).- Found: C. 69.7 
; H, 9.0. C1$2& Requires: C, 69.6; H. 9.0. 

(IRS. 2R.5, 3%. 6SR. 7RSj-2-(Hydroxymethy1)-3-methyltrfcyclol4.3.0.O3~7lnonan-5-one (l4).- A solu- 
tlon of 13 (2.5 g, 11 mnol) in ether (20 ml) was vigorously stirred with 1N HCl (sa rnn at roan 
temperatljFe.dUring 16 h. Separation oi the phases. ;xtraction of the aqueous phaie with ether, work- 
UP, and chromatography (AcOEt/cyclohexane 1:l) afforded 14 as a whlte crystalline solid (1.85 g, 92% 
yield). Sublimation i.u. (140-150' (bath)/0.2 Torr) furnEhed an analytical sample of 14, m.p. l3l- 
133O. Rf (AcOEt) 0.60.- IR 
1.21 

1420. 1380, 1280, 1078.- lH-WR (+020): 
(8. 3H); 1.32 

(CDC13): 3625, 3450 br., 1730, 
(t. J 7, 1H); 1.58-1.80 (4H); 1.80 (br. 8. 1H); 1.84 (d, J 17, 1H); 2.16 (d, J 

17. lH); 2.17 (br. 8. 1H); 2.31 (br. 8, lH); 3.50 (d. J 7, 2H).- l3C-NMR: 218.0 (8). 62.3 (t), 61.3 
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(d), 56.0 (d), 49.0 (a). 47.6 (8). 47.6 (t), 46.1 (d), 33.9 (t). 20.7 (t). 17.1 (q).- Hs: 180 (16, 
*), 162 (15). 147 (9). 134 (13). 119 (lo), 105 (lo), 93 (17) 79 (19), 67 (lOO).- Found: C, 73.3; 
h. 9.0. CllHl602 Requires: C, 73.3; H. 9.0. 

Canpound 14 was also prepared from 12 without isolation of 13: a solution of 12 (126 mg, 0.5 
~1) in ether72 ml) was added dropwise a stlrred slurry of mAlH4 (20 mg, 0.55irmol) In ether 
(5 ml) at O-5'. After 1 h at 5' the mixture was poured cautiously into cold 1N HCl (20 ml). Follo- 
wing the procedure described above (for E 
identical to an authentic sample. 

+ E) resulted in the isolation of 14 (80 mg. 89%). 

I'1r.-, 2;.-, 3-F.. 6.'<, i~rh.litl,lo,ryi~vlyl-j-nt.lnvltric,,ilo[l.~.il.S 3.7 lnonan- 
cttvlchloros~lsne II 6 12 ml I In WF (6 illlj rids idded 
8 9, 10 ~1) and inida?rile (880 mg, 12.9 mnol) in IMF 

(14 ml) at room tWperature. After3 h the mlxture was poured Into saturated aqueous NH4Cl (100 ml) 
and extracted with ether. Work-up, chromatography (CH2Cl ), and bulb-to-bulb distlllatlon S'.V. (140- 
150' (bathV0.2 Torr) afforded 15 as a colourless 011. w ich crystalllsed at room temperature to a 2 
white solid (2.8 g, 95% yleld).a.p. 41-42'. Rf (CH2cl2) 0.56.- IR: 1740, 1470, 1390, 1360, 1260. 
1195, 1008.- lH-NMR: 0.02 (8, 6H); 0.88 (8, 9H); 1.20 (8. 3H); 1.30 (t. J 8, 1H); 1.50-1.75 (4H); 
1.82 (d, d 17, 1H); 2.01 (br. a. 1H); 2.14 (br. 8, 1H); 2.22 (d, J 17. 1H); 2.26 (br. 8, 1H); 3.37 
(dd, J 10 and 9, 1H); 3.53 (dd, J 10 and 7, lH).- 13C-)(rlR: 217.1 (8). 62.8 (c), 61.2 (d), 56.0 (d), 
48.9 (d), 47.6 (a), 47.5 (t), 45.5 (d), 33.8 (t), 25.9 (3 4). 20.7 (t). 18.2 (8). 17.5 (q), -5.5 
(2 q).- 6: 294 (0, tit), 279 (2). 237 (99). 207 (8). 145 (77). 105 (34). 93 (31). 75 (lOO).- Found: 
C. 69.1; H, 10.4. Cl7H3002Si Requires: C, 69.3; H, 10.3. 

11::. 1;:. j:*, 6.;. ?;"I-?-(: I ~-Bu~~l~~m~~n,lr~l~lo~v~m~~h~l-~-m~~n,l-~.;~rim~~~~,l~il~l~.~,~~ri- 
cyilal4.3.0.0J.~Jnon-d-ene ilf,I.- II j<~lutl;)n nf 1' (2.7 q, 4.2 wol I vr, InF (11'1 ml1 wds added 
drCFi5e. during lrl min. to TrtirreJ 501utl;ru OrLOb 11~~ m’-i I jr, InF he'3+ r i I&J ml I 31 - !“. 

After 10 min at -70' a solution of chlorotrimethylsilane (2.2 g, 20 mnol) in THF (5 ml) was added 
dropwlse durlng 5 min.. After a further 10 min at -70' Et3N (3 g, 30 nsnol) was added droprise and 
the mixture was poured into pentane (160 ml). Filtration (Hyflo), evaporatlon of solvent, and bulb- 
to-bulb distlllation i.o. gave 16 as a colourless 011 (3.2 g, 95% yleld). B.p. 140-160' (bath/ 
0.05 Torr.- IR: 1608, 1460, 134b; 1246, 1216, 1078, 930, 890, 840, 766.- lH-NHR: 0.02 (8, 6H); 0.22 
(8, 9H); 0.88 (8, 9H); 1.13 (8, 3H); 1.26 (2H); 1.37 (t, J 7, 1H); 1.62 (m, 1H). 1.70 (br. 8, 1H); 
1.75 (m, 1H); 1.99 (br. 3, 1H); 2.19 (br. 8, lti); 3.38 (m, 2H); 4.46 (8, lH).- i3C-NMR: 156.6 (8). 
106.1 (d), 66.5 (d), 64.4 (t), 56.2 (d), 54.2 (d). 53.2 (8). 41.6 (d), 34.8 (t), 25.9 (3 q). 19.0 
(t), 18.1 (8). 16.1 (4). -0.06 (3 a), -5.4 (2 q).- US: 366 (7, H?), 234 (8). 221 (17). 181 (95). 
168 (loo), 73 (96).- Found: C, 65.5; H, 10.4. C2OH3802Si2 Requires: C, 65.5; H, 10.5. 

ldimethylsllyloxy)methyl-l-methyl-4-(trlmethyl- 
A solution of 16 (2 5 5 1) I th (5 ml) 
rry of freshlyTrepa!;d ~n-??"coup~ee(2~rmnol) In 

ether (20 ml) at roan temperature. A solution of Cli2I2 (2.95 g. 11 mnol) In ether (10 ml) was then 
added dropwise and the mlxture was stirred under reflux during 20 h. Filtration of the cooled mix- 
ture (Hyflo), evaporatlon of solvent, flash chromatography 23 (CH2C12). and bulb-to-bulb distlllatlon 
i.u. afforded 17 as a colourlers oil (1.74 g (CC purity 92%). 77% yield). 8.~. 150-160° (bath)/0.3 
forr. Rf (cycliiliexane) 0.20.- IR: 1450, 1360, 1318, 125n. 1230. 1100, 1060, 924, 890. 840, 778.- 
lt+t@iR: 0.01 (8, 6H); 0.13 (8, 9H); 0.46 (m, 1H); 0.84 (m, 1H); 0.85 (br. 8, 1H); 0.91 (8, 9H); 
1.03 (8, 3H); 1.14 (t, J 7, 1H); 1.22 (br. 8, 1H); 1.24-1.50 (4H); 1.99 (br. 8, 1H); 2.06 (br. 8. 
1H); 3.73 (m, 2H).- 13t-tWR:63.1 (t), 59.7 (8). 54.4 (d), 52.3 (d), 46.7 (8). 46.5 (d), 41.5 (d), 
33.1 (t), 26.1 (3 q), 23.7 (d), 19.6 (t). 18.3 (8), 15.5 (4). 11.2 (t), 0.93 (3 (I), -5.2 (2 q).- 
MS: 380 (0.5, l'i?). 323 (20). 248 (18), 193 (90). 159 (100). 147 (83). 73 (98). 

lR.5'. 2SR, 6.W. 7RS. 8RS)-7-(tprt-Butyldimethylsilylo~)methyl-6-methyltricyclo[4.4.0.02~8]dec- 
-en-3-one (18).- A solution of 17 (1.33 g (CC purlty 92%) 3 .2 maol) 1 CH2Cl2 (5 ml) was added 

dropwise, du?;Fng 10 min. to a sti?red solutlon of FeC13 (117 g, 10.5 nmtl) and pyridine (870 mg, 
11 mnol) In MF (20 ml) at 0'. The mixture was allowed to attain roan temperature during 2 h and 
WIS then poured into saturated aqueous NaHC03 (100 ml). Extraction with Petroleum ether 30-50. 
work-up, chromatography (CH2C12) and sublimation i.o. (140-150' /0.2 Torr) afforded 18 as a whlte 
crystalline solid (900 mg, 92% yield). t'i.p. 74-75'. Rf (Cti2Cl2)0.55.- IR (CDC13): 16m, 1460, 1250, 
1140, 1085, 1070. 946, 908, 840, 78O.- lH-NMR: -0.01 (8, 6H); 0.86 (81 9H); 1.34 (8, 3H); 1.44-1.73 
(5H); 1.90 (br. 8, 1H); 2.33 (d, J 4, 1H); 2.43(br. 8, 1H 
and 6.5, 1H); 6.05 (d, J 9.5, 1H); 6.99 (d. J 9.5, lH).- 

lj 3.06 (t, J 10.5, 1H); 3.50 (dd. J 10.5 
C-NMR: 201.4 (8). 160.8 (d), 128.7 (d). 

63.5 (t), 61.4 (d), 57.7 (d), 57.0 (d). 47.4 (8). 42.6 (d), 33.2 (t), 25.9 (3 q). 22.0 (t). 21.8 
I;,'; 18.0 (8). -5.6 (2 (I) .- MS: 306 (0, H?), 249 (37). 231 (47), 195 (100). 177 (5). 157 (7). 75 

.- Found: C, 70.9; H, 9.7. Cl8H300251 Requires: C, 70.5; H, 9.9. 

lRS, 2SR, 6SR, 7J?S, 8RS)-7-(te~t-Butyldlmethylsilyloy)methyl-6-methyltrlcyclo[4.4.0.02*8]decan- 
-one (20) -- A solution of 18 (840 27 1)t n ethanol containing 5% PI-C (100 mg) was hyd?o- 

genated at’rOm tempQrature~After !gi the siture was filtered (Hyflo). the solvent evaporated, 
and the residue sublimed i.u. (150-160° (bath)/0.2 Torr) to afford 20 as a white crystalllne solid 
(810 ml. 97% yield). M.p. 57-58'. Rf (CH2Cl2) 0.50.- IR (CM1 ): 17m, 1465, 1260, 1143, 1090, 840, 
7k?O.- H-NF(R: 0.03 (8, 6H); 0.87 (8, 9H); 1.17 (8. 3H); 1.37 9 ". 2H); 1.50-1.70 (3H); 1.78 (m, 1H); 
1.96 (m. 1H); 2.10 (d, J 4, 1H); 2.14 (br. 8, 1H); 2.25 (br. 8. 1H); 2.41 (m, 2H); 3.43 (m, 2H).- 
13C-WR: 214.7 (8). 63.6 (t), 59.6 (d). 54.4 (d), 48.2 (d), 46.2 (d). 42.5 (8). 36.9 (t). 32.7 (t). 
28.0 (t), 25.9 (3 q), 25.1 (q), 22.5 (t), 18.1 (8). -5.5 (2 q).- flS: 308 (0. M?), 251 (100). 195 
(28). 181 (18). 159 (36). 131 (16). 91 (15). 75 (40).- Found: C, 69.8; H, 10.8. Cl8H3202Si Requires: 
C, 70.1; H, 10.5. 
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Direct preparation of 20 from 17. ( 
Gyl 3 4 -dimethyltricy?f0~.~03~ 
stir;ei solution of 17 (190 mg (CC 
was allowed to attainroom temperature during 1 h, left at this temperature during 20 h, and then 
poured into water (10 ml). Extraction with ether and work-up gave a pale yellow oil (oa. 150 mg) 
which consisted of a 45:24:13 mixture (GC purity 82%) of 20, 21 and c. Purification by chranatoqra- 
phy (CH Clp) afforded 20 (60 mg, 42% yield), Identical to an authentic sample, and 21 as a white 
crystal ine solid (32 $, 23% yield). M.p. 51-52O (ether/pentane). Rf (CH2Cl ) 0.54.- IR (COC13): ?. 
1730. 1460, 1380. 1240. 1180. 1080, 1000, 920. 840, 770, 660.- lli-NMR: 0.02 ps, 6H); 0.87 (e. 9H); 
1.02 (d. J 7, 3H); 1.11 (8, 3H); 1.35 (t. J 8. 1H); 1.55-1.75 (4H); 2.01 (br. 8, 1H); 2.14 (q, J 7, 
1H); 2.21 (br. s, 1H); 2.42 (br. 8, 1H); 3.40 (dd, J 10 and 9, 1H); 3.53 (dd, J 10 and 7, lH).- 
13C-NHR: 221.4 (8). 62.5 (t). 60.6 (d). 51 .3 (d), 50.0 (d), 49.3 (8). 46.7 (d), 45.0 (d), 34.2 (t), 
25.9 (3 q), 20.8 (t). 18.1 (3). 14.3 (0). 11.4 (4). -5.4 (2 q).- MS: 308 (0, M'!f), 2'33 (1). 251 (70). 
207 (11). 159 (91). 131 (38). 105 (40). 75 (IO).- 
C, 70.1; H. 10.5. 

Found: C, 69.9; H, 10.6. Cl8H3202Si Requires: 

SIRS. 2sR. 6.5'~. 7~5'. 8SR)-7-(tert-Butyldimethylsilyloxy)methyl-3-isopropylidene-6-methyltricyclo 
J4.4.O.O~JJldecane (22) DHSO (4 ml) was added dropwise to a stirred slurry of isopropyltriphenyl- 
phosphonium iodide (Ws'mq. 15 mnol) and KH (Alfa Products, 24.1% in oil, 12 ~mol) in toluene (31 
ml) at room temperature. To this dark red solution at 6D" was now added dropwise a solution of 20 
(740 mg, 2.4 mol) in toluene (5 ml). After 24 h at 60° the mixture was cooled and poured into ztu- 
rated aqueous NH4Cl (100 ml) and extracted with ether. Work-up. chromatography (cyclohexane), and 
bulb-to-bulb distillation i.u. afforded 22 as a colourless oil (660 mg, 82% yield). 6-p. 160-18D" 

\ 
bath)/0.3 Torr. Rf (CH2C12) 0.85, Rf (cyclohexane) 0.55.- IR: 1460, 1375. 1250, 1080, 840, 780.- 
H-NMR: 0.00 (8, 6H); 0.88 (8, 9H); 1.05 (8, 3H); 1.22 (n, 2H); 1.36 (m, 1H); 1.47 (m, 1H); 1.55- 
1.82 (4H); 1.59 and 1.64 (2 8, 6H); 1.92 (br. 8, 1H); 2.10 (m, 1H); 2.33 (m, 1H); 2.46 (br. 8, 1H); 
3.43 (m, 2H).- l3C-NMR: 131.1 (8). 123.4 (8), 64.3 (t), 55.3 (d). 50.9 (d). 47.3 (d), 44.7 (d), 42.0 
(8)~ 31.7 (t), 31.1 (t). 26.1 (n). 26.0 (3 q), 23.6 (t). 22.3 (t), 20.0 (2 9). 18.3 (8). -5.4 (2 9).- 
NS: 334 (0, M+), 202 (77). 187 (31). 159 (35), 145 (25). 131 (35). 119 (36). 107 (52). 91 (30). 75 
(lOO).- Found: C, 75.2; H, 11.6. C21H380Sj Requires: C, 75.4; H, 11.4. 

~RS, 2.5X, 3.V. 6SR, 7R.S. 8SR)-7-(tert-Butyldimethylsilyloxy)methyl-3-isopropyl-6-methyltricyclo 
!4.4.0.0ZV8]decane (fl).- A solution of 22 (600 mg, 1.8 ~1) in AcOH/AcOEt 3:1 (6 ml) containing 
PtOp (100 mg) was hydrogenated at room temperature. After 24 h the mixture was filtered (Hyflo). the 
solvent evaporated, and the residual oil dissolved in ether. This ethereal solution was washed with 
saturated aqueous NaHC03 and saturated aqueous aqueous NaCl. Work-W, chromatography (cyclohexane), 
and bulb-to-bulb distillation i.o. afforded 24 as a colourless oil (560 mg, 93% yield). B.p. 160- 
16r)' (bath)/0.2 Torr. Rf (cyclohexane) 0.58.r-IR: 1460. 1250. 1080, 840, 780, 665.- lH-NHR: 0.04 
(8, 6H); 0.88 (2 d, J 7. 6H). 0.89 (8, 9H); 0.98 (8. 3H); 1.00-1.70 (12H); 1.75 (br. 8, 1H); 1.91 
(br. 8, 1H); 3.75 (m. 2H).- {3C-NMR: 63.1 (s), 54.5 (d), 51.5 (d), 50.1 (d). 43.5 (d), 42.7 (d), 
41.0 (8). 35.2 (t), 35.0 (t), 34.0 (d), 26.5 (t). 26.1 (3 o), 23.3 (q), 22.1 (t), 21~3 (q), 21.0 
(0). 18.3 (8). -5.2 (2 o).- MS: 336 (0, wt), 279 (lo), 203 (20), 147(7), 115 (ll), 95 (11). 81 (13). 
75 (lOO).- Found: C. 74.7; H, 11.9. C2lHmOSi Requlres: C, 74.9; H. 12.0. 

(IRS, 2SR. 3SR, 6SR, 7PS. 8SR)-(3-Isopropyl-6-methyltricyclo[4.4.0.O2'8Idec-7-yl)methanol (25).- A 
mixture of 24 (500 mg. 1.5 nmtol). THF (5 ml), and 1N HCl (5 ml) was stirred during 4 h at room tem- 
perature a&then poured into saturated aqueous NaHC03 (56 ml). Extraction with ether, work-tip, 
chromatography (CH2C12). and bulb-to-bulb distillation i.u. afforded 25 as a colourless oil (320 mg, 
97% yield). B.P. 150-160' (bath!/0.2 Torr. Rf (CH2C12) 0.37.- IR (CDCE): 3625, 3400 br., 2960, 2880, 
1460, 1370, lOOO.- 'H-NMR (+020): 0.89 (2 d, J 7 6H); 1.00 (s, 3H); 1.00-1.75 (12H); 1.80 (br. 8. 

1H); 1.99 (br. s, 1H); 3.73 (dd, J 10.5 and 5.5, 1H); 3.85 (dd, J 10.5 and 9, lH).- 13C-NMR: 62.9 
(t), 55.4 (d), 51.2 (d), 50.2 (d), 43.5 (9). 42.5 (d), 41.2 (d), 35.2 (t), 35.1 (t). 33.9 (d), 26.3 
(t). 23.2 (q), 22.0 (t), 21.2 (9). 20.9 (9).- MS: 222 (2, H?), 204 (8). 189 (8). 179 (23). 161 (51). 
150 (39). 135 (68). 119 (41). 105 (76). 95 (84), 81 (100). 67 (59).- Found: C, 80.9; H, 11.8. 
C15H260 Requires: C, 81.0; Ii, 11.8. 

(1.9s. 2SR, 3S.Q. 6.??, 8SR)-3- Isopropyl-6-methyl-7-methylidenetricyclo14.4.0.02r8]decane ((f)-sati- 
vene, 26) A solution of tributylphosphine (202 1 1) 1 THF (1 1) 
srersoiution of 25 (111 mg, 0.5 mnol) and o-n?~ooh~~lsel~nocyanat! 

dd d d ropwise to a 

dine (0.5 ml) in THFmMPA 4:l (2.5 ml) at 25'. 
(2~(?m~. f 1~01) and pyri- 

After 16 h at reflux the mixture was poured into 
saturated aqueous NH4Cl (10 ml) and extracted with ether. Uork-up afforded a crude product which 
was filtered through silica gel (20 g) (eluent: CH2C12). The filtrate was concentrated i.o.. the 
residue dissolved in THF (5 ml), and 30% aqueous H202 (0.5 ml) was added. The mixture was stirred 
during 16 h at roan temperature and then poured into netroleun ether 30-50. Work-up, chromatoqraphy 
(cyclohexane), and bulb-to-bulb distillation i.c. afforded 26 as a colourless oil i65 mg, 64%. _ 
yield). B.P. llO-120' (bath)/O.l Torr. Rf (cyclohexane) 0.X- IR (coc13): 3060, 2940, 1660, 1460. 
1375, 880.- lH-NnR: 0.88 (2 d. J 7 6H); 1.03 (s, 3H); 1.14-1.70 (1lH); 1.83 (a, 1H); 2.61 (br. 9, 
1H); 4.44 (8. 1H); 4.76 (8, lH).- i3C-NMR: 163.5 (s), 98.9 (t). 51.7 (d), 49.4 (d). 47.3 (d), 45.3 
(s). 43.3 (d). 40.1 (t). 33.1 (d), 32.6 (t). 25.5 (t). 22.4 (t), 21.2 (g). 21.0 (q), 20.9 (q).- 
MS: 204 (48, w), 189 (24). 175 (7). 161 (73). 147 (18). 133 (39). 119 (36). 108 (100). 
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