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ABSTRACT - Two routes towards (?) quadrone (1). via an intramolecular Diels- 
Alder reaction have been studied. The cycloaddition of 1 failed, probably be- 
cause of prohibitive strain. In the alternative approach, the key step afforded 
a mixture of the endo- and exe-adducts 6 and 7. Both isomers were transformed 
into Danishefsky’s intermediate ;?, which has previously been converted to the 
title compound 1. - 

Quadrone (1)) a sesquiterpene .lactone. has been 

described in 1978, as a fungal.metabolite from 

Aspergillus terreus and was found to display 

antitumor activityl. The biological properties 

and especially its novel tetracyclic skeleton 

have attracted much attention from synthetic 

organic chemists 
2-8 . Since the first synthesis 

disclosed by Danishefsky 
2 . 

in 1981 several other 

groups have terminated successfully their syn- 

thetic efforts3-‘. Especially the recent re- 

port of Schlessinger7 prompts us to describe our 

own results in this area. 

2 6 - - 

Our strategy9 for assembling the basic ske- 

leton of quadrone (1) centers around the for- - 

mation of the 1.8 bond via an intramolecular 

Diels-Alder reaction’, hereby creating simul- 

taneously ring C and elements of ring D (and 

ring A). Retrosynthetic analysis suggests 

that this key step could determine the viabi- 

lity of two approaches (scheme 1). A short 

and attractive route would involve the synthe- 

sis of the tetracyclic intermediate 2 (from 

2) followed by conversion of the cyclohexene 

ring into the 6-lactone. 

r 

=2--J o& 
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Scheme 1 

’ For reasons of consistency the quadrone numbering is used for all intermediates. 
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The other route, which is conceptually similar 

to the one recently disclosed by Schlessinger’, 

has the tricyclic ketone 6 (from 1) as a sub- 

target . The carbon atoms of the cyclohexene 

ring in 6 can subsequently be used to con- 

struct the cyclopentenone ring and the carbo- 

xylic function in 2, an intermediate already 

transformed by Danishefsky’ into quadrone (L). 

It is evident that the stereochemical outcome 

of the crucial Diels-Alder reactions has impor- 

tant consequences on the general planning, espe- 

cially with regard to the configurational con- 

trol at C-8. The endo-adducts 3 and 6 ere - - 
ideally suited for further transformation. 

A priori one can however, with some confidence 

consider inversion of configuration at C-8 

(and C-5) at a later stage in case the pre- 

ferred formation of the respective exo-adducts 

i and 7 is observed. 

Although the intramolecular Diels-Alder me- 

thodology is conceptually simple and could pro- 

vide fast entry into the projected tetra- and 

tricyclic systems, we experienced severe set- 

backs and gained insight into intrinsic pro- 

perties of some intermediates. These aspects 

will be discussed in the present paper. 

RESULTS 

Attempted synthesis of the tetracyclic 

ketones 2 and 2 

0 n 

s 

d 
5. - 

LO% 

(a) C6H9MgBr, cd, -4oOc; (b) (MeO)3P, A; 

w 
u;XsBr 
lob;x=sSg 

11 - 

(c) MeLi. dimethyl-2-ethoxy-3-iodo-l-propenyl- 

phosphonate; H+; (d) dimsylsodium. THF. 

Scheme 2 

The synthesis of the precursor 5 started from the 

readily available bromo-enone io 9 which upon CuI 

mediated 1,4-addition of 3,5-hexadienylmagnesium 

bromidel’ gave the cyclopentanone 10e in 88 X - 
yield. The presence of the a-bromo atom in 2 is 

.s determining factor; we have observed a very low 

yield for the analogous reaction on the less elec- 

trophilic 4,4-dimethylcyclopentenone. We origi- 

nally intended to prepare z via lob (from 9 - 
and sodium thiophenoxide in DMF; 72 X); however 

subsequent alkylation of lob led only to oxygen - 
alkylated products. After considerable experi- 

mentation the route to 5 shown in scheme 2 was 

adopted. Although this three-step sequence had, 

at this exploratory level, a low efficiency it 

eventually enabled us to study the potentiality 

of the crucial Diels-Alder reaction. Perkow re- 

action of 10a led to the enol phosphate 11. - 
Lithium enolate formation 12 and quenching vith 

dimethyl-3-iodo-2-ethoxy-1-propenylphosphonate 

(obtained from the corresponding bromide13 with 

sodium iodide in acetone) afforded 2. Several 

bases were examined for the intramolecular HOXY- 

ner reaction 13 ; however the beet conditions found 

(scheme 2) generated precursor 2 in only low 
14 

yield . With 2 in hand we could now focus our 

attention on the critical cycloaddition step; 

however, 2 showed, under thermal and Lewis acid 

catalyzed conditions, no tendency to form either 

2 or 2 (scheme 1). 

During the course of this investigation Dani- 

shef sky 
15 

reported the unsuccessful efforts to 

create the 1.8 bond upon an intramolecular 

Michael addition, photocycloaddition or “ene” 

reaction using substrates 13 with the appropri- 

ate functionalized side chain. As a consequence 

it seems highly probable that all routes, in- 

tending to annelate ring C, involving a rehybri- 

dization (sp2 - 
3 sp ) while forming the quater- 

nary bridgehead center, are doomed to fail. It 

is clear that during this internal bond forma- 

tion considerable tortionel strain is build up 

in the bicyclol3.3.0loctene systems 5 and 2. 

Upon inspection of molecular models it appears 

that reaction is only possible when ring B 

adopts a geometry in vhich the side chain at 

C-11 takes an axial orientation thus allowing 

approach of the reacting centers 1 and 8. Al- 

though 1,8-bond length distance is difficult to 

realize 88 long C-l is sp2, one should keep in 

mind, that upon reaching the transition state. 

both the rehybridization and the C-l - C-8 dis- 

tance are related and mutually influencing each 
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other. Consequently. at the outset a prediction 

of the viability of such a process was difficult 

to evaluate. 

COOMe 

z ; R = CH KOOEt)2 
xCH:CH-CH2Si(Me)3 
=CH=C = CH2 
=CH=CH-CH3 

(iii) 

$(3-2 ,I-5)4O%d) 
~(13-1,2-tl,-(21$6d) 

12 

J 
13 

11 

2 -T 
C 

A ;T‘ 

0 ’ 
(ii) 

$if ( l-2,11-121 -(30'-607 

However De Clercq’s tortion constraint eva- 

luation methodI allows a more accurate descrip- 

tion, which shows the high unlikeliness of this 

process. The structure of the transition state 

as depicted in ii implies that the fivemem- 

bered ring B originally only fused with ring A 

(i), now becomes part of a bicyclol3.2.lloctane 

system. Torsion constraint evaluation at the 

two adjacent bonds 1.2 and 2.11 in this five- 

membered ring, at the moment that C-l is still 

sp2-hybridized and that C-8 has neared C-l at 

bonding distance reveals the following : .(i) 

bond 1.2 is forced by its fusion with the cyclo- 

pentene ring to adopt an endocyclic torsion 

angle with - sign with a magnitude between 20° 

and 60”; (ii) bond 2,ll also has to adopt an 

endocyclic torsion angle (in the same ring) of 

- sign with a magnitude between 30’ and 60’. 

Overall. the ring has to accomodate a geometry 

conformation whereby two adjacent bonds have 

the same sign with a sum of 50° or more. The 

latter situation cannot be reached geometri- 

cally without introducing too much strain in 

either one of both 5-membered rings 
16b . 

It is of interest to note that in several 

successful syntheses 2.3.4 of quadrone. ring C 

has been formed on the convex face of suitable 

l.ll-disubstituted bicyclol3.3.0loctanes 

(iii). Because of the absence of C-l sp2 hy- 

bridization, a conformation is now available 

to ring B where both reacting centers can come 

sufficiently close for bond formation. 

Synthetic studies via intermediates 6 and 7. - - 

With respect to the observation that the presence 

of the cyclopentenone ring A in 5 is responsible 

for the failure of the Diels-Alder reaction, we 

hoped to realize ring C formation via precursor 

8. - Elements of the cyclohexene ring in adducts 

2 and 7 can then be used to construct ring A. 

present in the target molecule 1, via an intra- 

molecular Homer reaction or aldol condensation. 

@ 

0 I 

17 

0 

16 - 

The B-keto phosphonate entity in 2 can be gene- 

rated while retaining the carbon atoms 3, 4 and 

5. Alternatively, it seems mOre appropriate to 

form the 2’-oxopropyl side chain in 15 upon in- - 

troduction of an additional methyl group at C-4 

(e.g. via 16) followed by oxidative elimination 

of the superfluous carbon atom (x). 

The route (scheme 3) leading to $ starts 

from S-keto ester 2, readily available in two 
17 

steps from dimedone . Alkylation of the di- 

anionl* with 3,5-hexadienyl iodide yielded 19 

as a diastereoisomeric mixture. Several methods 

for conversion of 19 into S can be devised. The 

five-step sequence shown in scheme 3 was se- 

lected because it was reliable and fast; the 

overall yield was 36 X. With 8 in hand, the 

alternative intramolecular Diels-Alder reaction 

could now be studied. 

l-El Vol 39. No ?o--c 
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(a) LDA, THF, C6H91 (b) NaBHA, MeOH; 

(c) LiAlHA, Et20; (d) TsC1, Et3N. CH2C12; 

(e) Jones ox.; (f) DBU, benzene. 

Scheme 3 

Reflux of S in toluene (11OOC) afforded 5 and 

1 in a 1:3 ratio (60 X conversion); HPLC moni- 

tored reaction in chlorobenzene (135’C) indi- 

cated 93 9. conversion and a shift of this ra- 

tio (1:3 after 30 min) to 1:9 (2 h). On the 

other hand, tin tetrachloride catalyzed reac- 

tion in CH2C12 at O°C (1 h) led in 90 X con- 

version to a 1:2 ratio of 6 and 1, after co- 

lumn chromatographic separation. Essentially 

an identical ratio was observed for reaction 

Independently Schlessinger7 observed the forma- 

tion of only one isomer upon heating 5, at 12O’C. 

in toluene-acetonitrile solution; on ground of 

molecular model predictions the product was as- 

sumed to be the exo-adduct 7. In view of our - 

observations and structural proof (vide infra) 

this assumption was correct. 

Structural assignment of the adducts could 

not be obtained from spectroscopic data. Con- 

siderations about the transition state confor- 

q ations2l and comparison of the results observed 

for the different reaction conditions allowed 

tentative identification of the endo- (6) and - 

exo-adduct (7) as respectively the minor and - 

major product. However we felt that full struc- 

tural proof was needed not only for fundamental 

reasons but also for the general planning. If 

indeed the minor product has structure 5, the 

success and efficiency of our approach will be- 

come critically dependent upon our ability to 

include the trans decalin 7 in the synthetic - 

scheme. In principle, one can envisage inver- 

sion at C-B, prior or subsequent to cyclohexene 

ring cleavage in 7. A solution to the problem - 

became available during work directed towards 

molecules of type 16. when it was observed that 

Cr03-3,5-dimethylpyrazole 
22 

mediated oxidation 

of 6 and 7 led exclusively. via the “qne” me- - - 

chanism, to enone 11 (vide infra). It is ob- 

vious that, with 17 as an intermediate, identi- - 

fication of the Diels-Alder adducts is no longer 

in water-acetonitrile (2:l) solution 
20 

at 9O’C. possible. 

21 zz 23 24 
- - - 

(a) 03, Clj,Cl,. -6O’C. 

(c) (?reO)+‘. CH3CN. A; 

u 
26 - 

HOAc. Zn; (b) piperidine, HOAc, benzene; (c) NaBHA, MeOH; (d) PBr3, Et20; 

(f) Ru02, NaIOA. CH3COCH3; (g) CH2N2; (h) dimsylsodium. THF. bMS0, 70°C. 

Scheme 4 
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Accordingly we focussed first on our originally 

projected plan which aimed at the construction 

of the respective key intermediates 24 and 28 

(scheme 4). In addition to structural assign- 

ment, this scheme could provide information on 

the viability of a route involving inversion 

of the E-position when adjacent to a carbome- 

thoxy function (e.g. : 24 + 2). 
Starting from _I, the three-step sequence, 

involving ozonolysis, aldolcondensation 23 of 

the unstable dialdehyde and reduction to the 

allylic alcohol 21 gave an overall yield of - 

52 X. Subsequently. the 6 -keto phosphonate 

23 was obtained upon MichaElis-Arbusov reac- 

tion of the corresponding allylic bromide of 

2, double bond cleavage and esterification. 

At this moment a first indication for struc- 

tures 6 and 7 became available upon comparison - - 

of the NMR data for H-8 in 23 (S - 2.67, dd, 

J = 11.5 and 5 Hz) and in 27 (6 - 3.34. d, J - 

6.4 Hz) when assuming a chair conformation for 

the cyclohexane ring. 

We were gratified to observe that 11 upon 

intramolecular Homer reaction produced the 

tricyclic enone 24 in 66 X yield; again as 

for 5, the best conditions consisted of dim- 

sylsodium in THF. Definite proof for the 

equatorial orientation of the carbomethoxy 

group in 24 and hence of the anticipated trans 

decalin geometry of I was obtained upon compa- 

rison with 2. prepared from 2, kindly pro- 

vided by Prof. Danishefsky. Epimer If! has Rf - 

0.34 (benzeneiZtOAc, 8:2) and displays the NMR 

signal for 8-H at6 - 2.42 (dd. J - 11.2 and 

5.6 Hz); the respective data for S are : Rf - 

0.30 and 6 - 2.92 (d. J - 6 Hz). 

With structures 2 and 1 proven, we explo- 

red the formation of key intermediate 2 (via 

g) starting from 6 (as for 7 -t 24)sand from - - - 

the epimer 24 (via inversion at C-8). As shown 

in scheme 4, the yields for all steps towards 

27 were significantly lower than those ob- 

served for 24. This could be related to the - 

fact that molecules 2 and 26 with cis-hydrin- 

dane geometry are highly strained. Dreiding 

stereomodels show that the combined effects 

of the ethano bridge and the cyclopentene 

ring result in a boat conformation for the cy- 

clohexane ring, which can practically not be 

forced into a chair. Presumably the double 

bond is responsible for the excessive strain; 

when the fused five-membered ring is a satu- 

rated, the cyclohexane ring adopts a chair 

conformation and the molecule becomes more 

flexible. As a consequence, formation of 5 

and the subsequent substitution reactions, 

which could suffer from competing allylic re- 

arrangements (SN’), will tend to give low 

yields. However it should be noted that also 

the ozonolysis of 5 and double bond cleavage in 

26 led to rather complex mixtures, thus sug- - 

gesting interaction of the 2-carbonyl function 

with the reacting site. In this context it is 

worthwhile mentioning that on several occasions, 

reaction between C-2 and C-8 axially oriented 

functional groups have been observed. On the 

other hand, the steric congested 2-carbonyl func- 

tion was quite inert towards intermolecular re- 

action, which allowed good flexibility for mani- 

pulating the different intermediates. 

Disappointingly all attempts to convert 27 

into 28 met with complete failure snd afforded - 

complex reaction mixtures. With respect to the 

successful conversion of 23 into g, clearly 

this failure is due to interference of the axial 

carbomethoxy group. Efforts to carry out the 

cyclization on the carboxylic acid stage were 

also unsuccessful, as this was also the case for 

the acid from 24; these failures could be attri- 

buted to the unsolubility of the salts. 

We now faced transformation of 24 into the - 

epimer 28, which wa hoped to realize upon kine- 

tic protonation of the C-8 carbanion or under 

equilibration conditions. Numerous attempts 

using several bases and examining different sub- 

strates were completely unsuccessful 
25 

; next to 
26 

26 the process was studied on 29 and 30 having 

a protected enone function. 

In our opinion 29 and g represent two opposite 

cases. The sp2 hybridization of C-2, in 2. re- 

ducing the non bonding interactions for an a- 

xial substituent at C-8 could favour inversion 

under equilibration conditions. On the other 

hand one could expect that the bulky substitu- 

ent in 30 would block the bottom face for kine- 

tic protonation of a C-8 carbanion. 

Having been thwarted in our attempts to rea- 

lize the ringclosure of B-keto phosphonate z 
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or to change the orientation of the equatorial 

catbome thoxy group, we turned our attention to 

the alternative approach based on an aldol con- 

densation. This reaction, being less subject 

to steric inhibition than the Horner reaction, 

would tolerate better the presence of a C-8 

axial subatituent. Although the required 2’- 

oxopropyl substituent (see 2) can, in prin- 

ciple, be generated from the allylic alcohol 

2, the very low efficiency for the formation 

of 25 made this approach unattractive. It was - 
indeed much more promising to explore the syn- 

thetic potentiality of enone 11. Oxidation of 

2 and 1 with CrO3-3,5-dimethylpyraaole affor- 

ded _lJ in comparable yields (70-75 X); this 

reaction made separation of the Diels-Alder 

adducta unnecessary. Recently Schlessinger 

described the simular result starting from 1. 

The projected introduction of a C-4 methyl 

substituent can now be realized in combination 

vith the generation of the cis decalin geo- 

metry (scheme 5). Methylation of 2 led in 

86 g yield to a 9:l_epimeric mixture. Although 

this is of no consequence for further trans- 

formation, the next step was carried out on 

the pure major isomer (presumably with the 

equatorial oriented methyl group) which en- 

abled evaluation of the stereochemical outcome. 

Catalytic hydrogenation afforded 31 in 60 X 

yield along with 13 % of the transfused isomer. 

Inspection of a molecular model indicates that 

hydrogenation should occur preferentially from 

the top face of the molecule; the assumed struc- 

ture 31 however became evident during its success- - 
ful transformation into 2. 

The stage was now set for the elaboration of 

the 2’-oxopropyl side chain. In order to avoid, 

during the cyclopentenone ring formation, reac- 

tions between the carboxylic substituent and the 

C-2 reacting site, we decided to use a substrate 

vith a latent carboxylic function at C-8. Hov- 

ever, the realization of the seemingly trivial 

transformation into such a precursor proved to 

be more difficult than expected. Several methods 

are conceivable, inter alea depending on the na- 

ture of the latent functionality (temperarily re- 

taining - or not - the superfluous carbon (x) 

atom in 21). Before we finally adopted the oe- 

quenca outlined in scheme 5, several alternati- 

ves were explored; one looked at the outset 

quite promising when it was observed that lactone 

2 was produced quantitatively upon mCPBA me- 

diated Bayer-Villiger oxidation of 31. The sub- - 
sequent two-step formation of a C-8 vinylic sub- 

stituent via the tertiary alcohol 39 failed be- 

cause the incipient organometallic reaction on 38 

invariably led to unseparable mixtures of 39 and 

40 (R - Me or Ph!, even with lo-fold excess of 

reagent. Methyl- and phenyllithium of magnesium- 

bromides were investigated. These failures may 

(a) 

(f) 

(j) 

2 

0 5’ 

B 

8 

3 

z! 

c,d .e_ 

LDA. HeI; (b) Pd/C, H2, EtC4c; (c) TMSI. HMDS; (d) 03, CH2C12, -6O'C. Zn,HOAc; (e) a2N2: 

glycol, H+; (g) LiBEt3H, THF; (h) o-N02C6H4SeCN, Bu3P, THF, pyridine; (i) H202 (30 I), THF; 
+ 

H , THF; (k) NaH, t-A&H. benzene, A; (1) t-BuOK. t-BuOH; (m) MeOH. CH(OMe)3. H+ 

Scheme 5 
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o$yj 2?l$ 
0 

s 32 

be explained by the stability of the oxy anion 

of the cyclic hemi acetal. Also a remaining 

possibility consisting of the Bayer-Villiger 

oxidation on 40 (R = - Me) in order to expulse 

the superfluous carbon atom was unsuccessful. 

We then focussed on the sequence (scheme 5) 

starting with the ozonolysis of the trimethyl- 

silyl ether” of 31 which produced the methyl 

ester 32 (R = Me). Selective mono-ketal for- - 

mntion and reduction of the ester function led 

to the primary alcohol 33 which was eliminated 
78 

using Crieco’s procedure , affording upon de- 

protection the desired precursor 2. 

Alternatively, a route starting with the aldol 

condensation (10 eq. KOt.Bu in t.BuOH. reflux) 

of 32 (R = - H) was explored; we were however 

discouraged by the low yield observed for 36 

(15 X) again indicating the interference of a 

carboxylic acid, axially oriented at C-8. 

Also treatment of 32 (R = H) with trimethyl - 

orthoformate showed the tendency for internal 

reaction at C-2; incidentally formation of 37 

proved the cis decalin structure 2. 

Aldol condensation6 of 34 afforded 35 in an - - 

approximately identical yield as observed on 

substrates of type 41 by Yoshii 6 (5, Y = H, 

X - CH20CH3) and Kende’ (41, X. Y = CH2). 

In this context and with respect to the above 

frequently observed interference of a carboxy- 

lit function, the recent reported’ 45 X yield 

for the intramolecular aldolcondensation of 41 - 

(Y = H, X = COOH) to 2 can be noted. 

Final transformation into Danishefsky’s acid 

2. involved Ru04 oxidation 
29 

(in CC14-acetoni- 

trile-H20 solution) of the double bond in 31 
2 

(86 X yield); 1 had a q .p. 143-145’C (lit. , 

142-146’C) and was found identical with an authcn- 

tic sample, kindly provided by Prof. Danishefsky. 

Since 2 has been converted2 into (?)-quadrone (1) 

our synthesis was therefore formally terminated. 

EXPERIMENTAL SECTION 

The m.ps. are uncorrected. IR spectra were 
recorded on a Perkin-Elmer 337 spectrometer. mass 
spectra on a AEI MS-50 spectrometer. The lH NMR 
spectra were recorded at 90 MHz (Varian EM-390) 
or at 360 MHz (WH-Brucker) in CDC13 unless other- 
wise stated with THS as internal standard. Che- 
mical shifts (6) are expressed in ppm. Rf va- 
lues are quoted for Merck silicagel 60 CF254 TLC 
plates of thickness 0.25 w. 

Reaction products were isolated by the addition 
of water and extraction with diethylether. The 
combined extracts were washed with brine and dried 
over MgS04. The solvent was removed from the fil- 
tered solution on a rotary evaporator. Column 
chromatographic separations were performed on si- 
licagel. 

2-Bronn-3-(3,5-hewadienylj-4,4-dimcthyl-cyclo- 
pentanone (loa). 
To a soln of 91° (10 g; 0.053 mol), CuI (4.04 g; 
0.021 mol) and-Me2S (21.15 g; 0.341 mol) in THF 
(300 mL) at -4O’C was added 3,5_hexadienylmagne- 
siumbromide (0.0795 mol) in THF (8 mL). The re- 
action was quenched with a sat 
mixture. 

NH4Cl/NH3 aq 
Extraction with Et20. work up and co- 

lumn chromatography (isooctane/EtOAc, 5:95) af- 
forded a (12.5 g. 88 I). Rf (isooctane/EtOAc, 
9:l) 0.43; IR (film) 1750. 1650, 1620 cm-l; NMR 
6.7-4.6 (m. 5). 4.03 (d, J = 10.5 Hz, 1). 2.32 
(6, 2). 2.7-l (m, 5). 1.22 (8. 3). 0.92 (a, 3); 
MS m/z 270-272 (tie, 1.5) 191-189 (100). 

The phosphate g. 
A soln of 10a (5.43 g; 20.04 rmrol) in (MeO) P 
(110 mL) waGefluxed for 12 hrs. After coo?ing 
the (Me0)3P was evaporated. The residue was 
extracted with Et20, work up and column chroma- 
tography (isooctane/EtOAc, 7:3) afforded 9 (4.32 
g. 71.9 X). Rf (isooctane/EtOAc, 1:l) 0.79; IR 
(film) 1654. 1602 cm-l; NMR 6.5-4.9 (m, 5). 5.23 
(m. 1). 3.8 (d. J = 11.4 Hz, 6). 2.3 (8, 2). 2.3- 
1.2 (m.5). 1.10 (8. 3), 0.97 (a, 3); MS m/z 300 
(M+. 0.5). 245 (43). 127 (100). 

The phosphonate 11. 
To a soln of 11 (3.6 g; 12 nnrol) in THF (25 mL) 
at O’C was added MeLi (1.4 N soln; 0.0265 mol; 
2.2 eq). After stirring for an additional 15 
q in HWA (10 mL) was added. To this soln was 
added dimethyl-2-ethoxy-3-iodo-l-propenylphos- 
phonate (7.68 g; 0.024 ~1) in THF (25 mL). 
Stirring was continued for 7 min and the reac- 
tion was quenched with sat NH4Cl aq. The ex- 
cess of alkylating reagent was then removed on 
treatment with NEt3. After evaporation, the 
residue was treated with HCl aq (1.75 mL; 12 N) 
in acetone (45 mL). Work-up and column chroma- 
tography (hexane/EtOAc, 1:3) afforded 11 (1.32 g, 
31 X). Rf (Et20/bensene/acetone. 5:4:1) = 0.15; 
IR (film) 1735, 1712, 1643 cm-l; NMR 6.5-4.9 (m, 
5). 3.77 (d, J = 11.1 Hz, 6). 3.09 (d. J - 22.2 
Hz, 2). 2.97 (d. J = 4.8 Hz, 2). 2.6-1.5 (m, 8); 
1.18 (8. 3). 0.93 (8. 3); MS m/s 356 (M+, 11.5 
275 (43). 151 (100). 

ISS+, 6S+ -6-(3,5-hexadfenyl )-7,7-dimetbyl-bi- 
cyclo13.3.0 act-l-en-3-one (2). 
To a soln of 12 (89 mg; 0.25 maol) in THF (0.5 mL) 
at O’C was adda dimsylsodium in DMSO (0.76 M 
soln; 0.275 mmol; 36 uL). Stirring is continued 
for 7 hrs at ambient temp. The reaction was quon- 
ched with H20 (1 mL). Extraction with Et70 (3 x 
10 mL), work up and column chromatography (iso- 
octane/EtOAc, 8:2) afforded 5 (23 mg. 40 X). 
Rf (EtOAc) 0.61; UV = 228 nm; IR (film) 1700, 
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66.3 Z, ml, 79’C. Et 0-hexane). 
t 

Rf (benzene/ 
EtOAc. 8:2) 0.34; I 1730. 1630 cm-‘; NMR 5.82 
(s. 1). 3.67 (s, 3). 2.55 (d, J = 18.4 Hz. 1). 
2.44 (t. J - 2 Hz, 1). 2.41 (dd. J - 6 Hz, 
11.2 Hz. 1). 2.29 (d, J = 18.4 Hz. 1). 2.26 (d. 
J - 13.6 Hz. 1). 2.1-1.5 (m. 4), 1.25 (d, J - 
13.6 Hz. 1). 1.22 (s. 3). 0.84 (s, 3); HRMS 
m/z (61 X) 248.1386; talc. for C H 0 
248.1412. 

15 20 3’ 

(lR*,9R+)-lO,lO-dimethyl-12-oxo-tricycle 
17.z.l.01,61dodec-5-en-rl-one (17) 
To a soln 
5;. yg2C:, (~“:~~~~~;sI”~~~X:~;~38~~:)gi 

. Stirring was 
then continued for 5 hrs at -15’C. Basic work- 
up and extraction with Et20 yielded after co- 
lumn chromatography (acetone/hexane, 2:8) 17 
(2.4 g, 75 %. mp 64”C, hexane/Et20). Rf (ace- 
to_nr/hexane, 4:6) 0.55; IR 1755, 1675. 1615 
cm ; N!4R 5.7 (d, J = 1.5 Hz, 1). 3-1.7 (m, 8), 
2.11 (d, J - 13.5 Hz, l), 2.10 (t, J = 3.5 Hz. 
l), 1.56 (d, J - 13.5 Hz. 1). 1.24 (6. 3). 
1.02 (6, 3); HRMS m/z (64 %) 218.1314; talc. 
for C14H1802, 218.1306. 

stirring for 3 hrs the suspension was filtered 
and the solvent evaporated. Work-up and co- 
lumn chromatography (benzene/acetone, 7:3) af- 
forded the acid (57 mg, 72 X). Rf (Et20) 0.35; 
IR 1735. 1720 cm-l; NMR 2.78 (d. J = 17.5 Hz, 
1). 2.76 (m, l), 2.51 (d, J - 17.5 Hz, l), 
2.42 (dd, J - 16 Hz. 3 Hz, l), 2.2-1.9 (a, 5)) 
2.11 (s, 3), 1.86 (t, J - 3 Hz, l), 1.72 (d. J 
= 13.7 Hz, l), 1.41 (m. l), 1.2 (s, 3), 0.98 
(s, 3); MS m/a 266 (9. 1.2). 205 (20), 43 
(100). The acid was then converted into 32 on 
treatment with CH N2. 

t 
Rf (Et O/hexane, 

0.35; IR 1735 cm- ; NMR 3.65 t 

4:6) 
s. 3), 2.74 (d, 

J = 17.5 Hz. l), 2.74 (m, l), 2.49 (d. J - 17.5 
Hz, l), 2.38 (ddd, J - 15.5 Hz, 3.5 Hz, 0.7 Hz. 
l), 2.13 (d. .I - 13.5 Hz, l), 2.12 (s, 3); 2.1- 
1.9 (m. 4). 1.84 (t, J = 3 Hz, 1). 1.71 (d. J - 
13.5 Hz, 1). 1.36 (m, 1). 1.19 (s, 3). 0.97 

(5.3). 
Het ketal 33. 

(1R+,3R+,6R+,9R+)-3,lO,lO-trimethyl-l2-oxo- 
tricyclo17.2.1.df6ldodec-4~ne (31). 
To a soln of LDA (10.57 srrol) inTHF (30 mL) 
at -78°C was added 17 (2.3 g; 10.45 mmol) in 
THF (15 ml). Stirrzg was continued for 1 hr 
and HMPA (2.9 g; 16.5 mmol) was added. The 
mixture was warmed to -30°C and Me1 (7.1 g; 
50 mmol) was added. After further warming up 
to ambient temp , the reaction was quenched 
with sat NH4Cl aq. This yielded after work- 
up and column chromatography (acetone/hexane, 
1:9) two epimeric products 5 and b (2.1 g, 
85.8 X). a : Rf (EtOAc/hexane, 476) 0.51; 

““ma, - 255 nm; IR 1735. 1670, 1615 cm-l; NMR 
5.74 (d, J - 2 Hz, 1). 3.03 (m, l), 2.77 (m, 1). 
2.32 (dd, J = 15 Hz, 6 Hz, 1). 2.3L (dd, 
J - 13.5 Hz, 5 Ha, l), 2.15 (m, 1). 2.08 (d. 
J - 13.5 Hz, 1). 2.00 (t, J - 3 Hz, 1). 1.89 
(m. l), :.63 (t, J = 13.5 ‘Is, l), 1.51 (d. 
J - 13.5 Hz, 1). 1.23 (s, 3), 1.10 (d, J - 
6.75 Hz. 3). 1.02 (8. 3); MS m/z 232 (ti. 60) 
204 (26), 161 (100) and b = Rf (EtOAc/hexane 
4~6 

1 
0.46; UV = 250 nm; IR 1735, 1675, 1615 

cm- ; NMR 5.7fld. J = 2 Hz, 1). 2.73 (m, 1). 
2.45-2.25 (m, 3). 2.20-2.05 (m, 3). 2.0 (m, 1). 
1.81 (d, J - 13.5 Hz, 1). 1.62 (m. 1). 1.28 
(8, 3). 1.15 (d. J = 6.25 Hz, 3). 1.01 (6, 3); 
MS m/z 232 (M+, 26) 204 (19), 161 (62). 55 

(100). 
To a soln of the epimer a (750 mg; 3.2 mmol) 
in EtOAc (50 ml) was added Pd/C (10 X, 300 mg). 
This suspension was stirred under an H2 atm. 
for 72 hrs. This afforded after filtration, 
evaporation of the solvent and coluomchromato- 
graphy (acetone/hexane, 8:92) 31 (453 mg; 60 X, 
mp 62-64’C, hexane). Rf (EtgOFexane, 1:l) 
0.39; IR 1735, 1705 cm-l; NMR 3.42 (m. L), 
2.47 (m, 1). 2.3-1.86 (m, 5). 2.09 (d. J - 13 
Hz, 1). 1.52 (d. J - 13 Hz, 1). 1.24 (m, 2). 
1.23 (s. 3), 0.99 (d, J - 6.5 Hz, 3), 0.97 
(8, 3); MS m/z 234 (ti, 33) 201 (52). 41 (100). 
Anal. talc. Fo”nd c, 76*f;rH;1$Hg202 C* 76*9; H* 9*4* 

(1S+,2R+,SR+)-l-(2-oxopropyl)-2-(n~thoxy- 

A soln of 27344 mg; 1.24 mmol) glycol (1.5 
nL) and p.TsOH (trace) in benzene (20 mL) is 
stirred at 80°C for 4 hrs, H20 being removed 
with a Dean-Stork separator. Work-up and co- 
lumn chromatography (Et20/hexane, 2:8) afforded 
the corresponding ketal (387 mg, 97 X, mp 94’C. 
from hexane). Rf (Et20/hexane, 4:6) 0.34; IR 
(KBr) 1735 cm-l; NMR 4-3.8 (m. 4), 3.64 (s, 3), 
2.77 (m, 1). 2.63 (d, J - 16 Hz, l), 2.37 (d, 
J = 15.5 Hz, l), 2.11 (d, J - 13.5 Hz, l), 
2.1-1.9 (m, 4). 1.8 (t. J = 2.5 Hz. 1). 1.82 
(d. J = 13.5 Hz, 1). 1.52 (d. J - 15.5 Hz, 1). 
1.33 (m, l), 1.28 (s, 3). 1.18 (s. 3), 0.88 
(s, 3); MS m/z 324 (M+. 10) 309 (26), 87 (LOO). 
To a soln. of the ketal (387 mg; 1.21 mmol) in 
THF (7 mL.) at -1O’C was added super-H (2.2 eq.; 
2.66 nrmol). After stirring for 2 hrs, the re- 
action was quenched with sat NH4Cl aq. Work- 
up and column chromatography (Et20/hexane. 55: 
45) yielded 22 (261 mg, 74 %). Rf (Et20/he- 
xane, 7:3) 0.27; IR 3500, 1735 cm-l; NMR 4-3.8 
(m, 4), 3.62 (m, 1)) 3.52 (m. 1). 2.49 (d, J - 
15.7 Hz, I), 2.15 (m. l), 2.07 (d, J = 13:5 Hz, 
l), 2.2-1.8 (m. 3), 1.82 (d, J = 13.5 Hz, 1). 
1.79 (t, J - 2.5 Hz, l), 1.5 (d. J = 15.7 Hz. 

1) , 1.4-1.17 (m, 3). 1.59 (bs, 1). 1.31 (s, 
3), 1.18 (6, 3), 0.88 (6. 3); MS m/z 296 (M+ 
0.02) 281 (0.2), 234 (5). 206 (12). 87 (100). 

carbonylmethyl)-6,6-dimethyl-bicyclo13.2.1\- 
octan-8-one .(G). 

(lS+,ZR+, 5R+)-l-(2-oxopropyl)-2-v1nyl-6,6- 
dimethyl-bicyclol3.2.l\octan-8-one (34). 
To a soln of 33 (212 mg; 0.716 ssnol) and 
O-NO2C6H4SeCN (319 mg; 1.43 nnwl) in THF (2 mL) 
and pyridine (2 mL) was added n.Bu3P (289 mg; 
1.43 mmol) at ambient temp. After stirrine 
for 8 hrs, the solvent was evaporated and the 
selenide (mp 129OC, hexane/EtOAc) was isolated 
after column chromatography (EtOAc/hexane, 3:7). 
Rf (EtOAc/hexane. 1:l) 0.42; IR 1735. 1590. 
1510, 1500 cm-l; NMR 8.29 (dd, J - 7.5 Hz. J - 
1.2 Hz, l), 7.55 (dd, J - 1.25 Hz, J - 7.5 Hz. 

1). 7.48 (ddd. J - 7.5 Hz, J = 1.25 Hz, J - 
1.2 Hz, l), 7.31 (ddd, J = 7.5 Hz, J - 1.25 Hz. 
1.2 Hz, 1). 4-3.8 (m, 4). 2.91 (m, 1), 2.8 (m. 
1). 2.41 (d. J - 15.5 He, 1). 2.38 (m, 1), 
2.05 (d, J - 13.5 Hz. 1). 2.1-1.9 (m. 4), 1.8 
(t. J = 2.5 Hz, l), 1.83 (d. J - 13.5 Hz. 1). 
1.5 (d. J = 15.5 Hz, 1). 1.5 (m, 1). 1.3 (m, 
1). 1.28 (s. 3), 1.19 (8. 3). 0.87 (s, 3); 
MS m/z 480 (ti. 0.3) 465 (1.2), 279 (2.6). 87 

(100). 
To a soln of 31 (70 mg, 0.3 srsol) in CH2Cl 
(5 ml) at -20°Fwas added HMDS (57.7 mg; 0. 56 

A koln of the selenide and H202 aq (30 X. 650 
uL) in THF (7 mL) was stirred for 24 hrs. The 

mmol) and TMSI (47 pl; 0.33 rmml). Stirring mixture was then diluted with H20 and extracted 
was then continued for 1 hr at ambient temp. with EtpO. The crude acetal was then hydro- 
After work up the product was immediately lysed with HCl aq (6 N, 0.5 mL) in THF (2.5 
ozonized in CH2C12 (6 mL) at -6OOC. The mix- m0. Work-up and column chromatography (EtOAc/ 
ture was then flushed with Npr the solvent eva- hexane, 1:9) afforded 34 (94 mg, 57 X, mp 48’C, 
porated and the residue was treated rith Zn hexane) . Rf (EtOAc-heEn=, 15:85) 0.33; IR 
(0.5 g. 7.5 mmol) in HOAc (5 mL). After 1735, 1710 cm-l; NMR 5.69 (dt, J - 16.5 HZ. 
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10 Hz. 1). 5.06 (&I. J - 10 Hz, 2 Hz, l), 4.95 
(ddd, J - 16.5 Hz, 2 Hz. 0.5 Hz, 1). 2.88 (dd, 
J - 10 HE, 6.3 Hz, 1). 2.74 (d. J - 18 Hz. 1). 
2.47 (d, J - 18 Hz, l), 2.3-1.95 (m, 3). 2.12 

(d, J - 13.75 Hz, 1). 2.09 (8. 3). 1.87 (t, 
3.5 Hz, 1). 1.2 (8. 3). 0.97 (6, 3); HRMS m/e 
(3 X) 234.1546; talc. for Cl5H22O2, 234.1619. 

(1R~,6S+,7R+)-10,1O-dimethyl-7-vinyl-tri- 
cyclo14.3.2.02~61undec-2-en-4-one (35). 
To a suspension of NaH (50 X in oilr8.3 mg; 
0.166 mmol) and t.AmOH (3 IIL, 0.03 ml) in 
benzene (0.6 mL) was added 34 (30 mg; 0.133 
lalrol). After stirring at 8?C for 5 hrs, the 
reaction was quenched with sat NH Cl aq. 
Workup and col*umn chromatography 't EtOAc/he- 
xane, 1:9) afforded 35 (21.7 mg, 78 X). 
Rf (EtOAc/hexane, 2575) 0.43; UV,, - 236 nm; 
IR 1705, 1630 cm-l; NMR 5.85 (8. 1). 5.64 (ID. 
1). 5.03 (bs, 1). 4.99 (m, l), 2.51 (dd, J - 
9.5 Hz, 6 Hz. 1). 2.45 (t. J = 3 Hz, 1). 2.41 

(d, J - 18 HE, 1). 2.09 (m, 1). 2.06 (d, J - 
18 Hz, l), 1.89 (d, J - 13 Hz, 1). 1.9-1.7 
(m, 2). 1.47 (m, 1). 1.41 (d. J - 13 Hz& 1). 
1.24 (8, 3). 0.94 (e, 3); MS m/z 216 (M , 7), 
201 (18). 173 (100). 

(1R+~65+~7S+)-10,lO-dimethyl-7-carboxy-tri- 
cycloj4.3.2.02~61undec-2-en-4-one (2). 
To a aoln of 21 (11 mg; 0.05 rmeoll-in Ccl4 
(200 uL). CH3CN (200 uL) and H20 (300 uL) was 
added Ru02.xH20 (1 q g) and Na104 (100 mg; 0.46 
nmol; in portions of 20 q g). After stirring 
for 5 hra the reaction was quenched with iso- 
propanol. Extraction with EtOAc. work-up and 
colurm chromatography (EtOAc/hexane/HOAc 50: 
5O:l) afforded 2 (10 mg, 86 X. mp 143.5-145°C. 
EtOAc/ieooctaney. Rf (EtOAc/hexane/HOAc, 
45:50:5) 0.37; IR 3530-2400, 1705. 1640 cm-l; 
NMR 5.88 (8, 1). 2.95 (d, J - 5.1 Hz, 1). 
2.78 (d. J - 18.3 Hz, 1). 2.49 (t, J - 3 Hz, 
l), 2.20 (d, J - 18.3 Hz, l), 2.19-1.82 (m. 
5). 1.42 (d, J - 13.5 Hz, 1). 1.25 (8, 3). 
0.95 (6, 3H). MS m/z 234 (M+. 13). 219 (4.5). 
206 (11). 192 (13). 147 (44). 133 (100). 
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