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thres sissens sssquitsrpenss, . (-)-undm (I). (=)=epizisancic
-uum)-um-umm(m),wmmd-r
.mmc-)-bxwmmmmc (nn.

mammexvum-ommwm
=)~y-cutphodenis acid meﬁ/mmnuwv
mwwxuuwammxmmm
refluxing acetons. Osonolygis Of ester VI followed by reductive
mmumwdiuummvn. Its
eycnaummmv:nmdtqrrb;mwmu
in Yefluwxing bensens. Irradiation of enons VIII with ‘l,l-diethosy-
ethene followed by Nydrolysis of the photosdduct IX gave rise to
a mixture of diketones X and XI in a ratio of 5:8. The latter

]

mmmwmmmwmﬁmmm

. ium kromide pertromf8e in acetic acid followed by reduction of the

resulting ensdiones XII with ziff in acetic acid.
Mwmadmxmmx-ml- .

1,muwmmmgm(iummmx

Mmmyﬂwﬂnwﬂimﬁdmwithm

Treatment of the sodium shlt derived from acid XIV and sodium

- hydride with methyl magnesium bramide followsd by ésterification -

of the resulting hydroxy acid XV with diazomethane afforded

alochol XVI. On treatment with thiomyl chlcride in pyridine in




bensens, alochol XVI undexwent delydrasion to give estar XVII which
m.uhq-&lygdndby lithium aluminium mrm. to alcohol
XViIi, Its corwexrsion to the corresponding chlu.w XIX was effected
by phogphorus oxychloride in pyridine. Hydrolysis of chloride XIX
with pydrochloric acid and ring expansion of the’product XX with
ethyl diascecetats and boron trifluorile oﬁ-n'u gave rise to keto

" ester XXI. When heated at reflux with sodium hydroxide in ethanol

ad water, keto estar XI underwent conoomitant dscarbethosgylation
and cyclization to give (=)=khusimone (I).

. On treatment with dimethyl sulfonium methylide ylide, (-)-
khusizone (I) was transformed to epoxide XXII. Boron trifluoride
catalyzed W of epoxide XXII afforded aldehyde XXIII
which was subsequently oxidized with Jones reagent to give 1-)-
epizizancic acid (II). Altermatively, epifferization of aldehyde
YXIII to XXIV followed by Jones axidation resulted in the formation
of (+)-zizapoic acid (III).

In the second part of this thesis, the ptqm:ration'of trione
XV, a potmml‘lylﬂntic precursor of cedrenoid sesquiterpenes,
is described. (-)-o-cuphalmm acid (V) was first comarted to
ketone XXVI by treatment with methyllithium, Phot:omddatim of
ketone XXVI followed by reductive work-up with triethyrp!vaphite
gave rise-to epimeric alcohols xxvﬁ which were subsequently oxidized
withacuvemmedimddetogivemmn Addition of
l-nitropmpamtoen[unmn was effected by using potassium -
carbonate as a base, The ultderivedfmﬁeptndwtm
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L, JOTAL SYNMESIS OF (-)-wEDONE, (+)
AND (-)-EPI2IZNNOIC ACID

~ZIZANOIC ACID



JERCOUCTTON

The history of zisasne~type sssquiterbenes began, about. tao
dscades ago when Chiurdoglu mmmu&m,dﬁmm
oildﬂuv&imhﬂiwm;wmwmmw |
‘related seaquiterpenss, tricyclovetivens (1), Bicyclovetivenl ant
tricyclovetivenol (2)wuuchﬂ-ymwmm,-;-gw
ively. l"cnryurlhter mmmmwamoa:mn
C gy from the oil of a Javensse vetiver (3). mmm
otthilmwnauﬂiuphyiialmuntsmoinggodw
with those of the tricyclovetivene isolated by the Belgian workers. .
In 1966, Chakravarti amd coworkers fanﬂlmw@im (4), ®
nmdaskrusiml,intmutncutranas(:uﬂxnﬁimvetiver.
\mthebasisottlumxhbleinfa-tim thequgestadtwposuble
‘Muhorwforthmmmulyoocurringalmhol In the
following year, Morikawe and Hirose (5) reported the isolation of the
same alcohol from the essential oil of Vetiveria zizaniodes and post-

‘ulated an additional albennt.we structure, 4c, far thJ.s ca!pourﬂ

In examining the acidic constituents of the same essential oil,

_ Yoshikoshi et al. (6) isolated a sesquiterpene carboxylic acid,
zizanoic acid, which was shown to _possess the identical carbon
skeleton to that of khusimol by a chemical correlation vu%e
degradat':ion product 5. These investigators also showed that the
structures 4a and 4b previously assigned to khusimol were incorrect
in as mx':h as, the deuteration of ketone 5 resulted in the incorporat-
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‘.
ion of a single deuterium atom indicating the presence of one erolizable
hydrogen alpha to the carbonyl. Bassd on this cbservation and other
chemical evidence, as wall as spectroscopic mlym, they concluded
that the gross structure of zizanoic acid was as depicted in formula

€ and that that of khusimol was 4c. During the same period, the
isolation of khusenic acid, khusenol and isokhusenic acid (7) from the
oil of an Angolan vetiver was descrilied by Nigam and coworkers (7-10).
The two farmer compounds were later found to be identical with zizanoic
acid and khusinol respectively and the equivalence of klusimol and
tricyclovetivenol was also noted (9). Sakuma and Yoshikoshi (11) also
abtained pure tricyclovetivene from vetiver oil and re-examined its
structure. 'mamtspéctnnot this hydrocarbon was found to be ih-
compatible with the structure 1 previously proposed by Chiurdoglu and
Decot (1). In addition to two tertiary methyl groups and an exocyclic
methylene group, the nmr spectrum displayed a doublet cheracteristic

‘of a"gecdrﬂary methyl group. By f@m correlation with zizanoic

acid, the structure of tricyclovetivene was revised to 8 (11) 12,

lm several cases, different names were provided for the same natural

product by indeperdent research groups. To clarify the situation,
these ceses are summarized below.

khuserol = tricyclovetivenol = khusimol

tricyclovetivene = khusene = zizaene = khusinene

zizanoic acid = khsenic acid

2Its-: stereochemistry follows fram that of zizamoic acid (9) vide infra)



\

mmmmmmmdmawm
mu'do.aodnuo!“u dnrivnuvuotm’}w wu
ware analysed (12). Agplication of octant muuicocm atfect
vmmmuumozmmomxmwmotmwuu
om!twnum-.m.wdmtmlb.olm starecchamistry of the tives
chiral centers (C-1, C-5 and C-8) of zizanoic acid was as depicted in
formila 9. The configuration of the remaining chiral carbon bearing
murboxylgrapmuub!iwutolm.mdmwm
mmn'nmsaml,:mmacmwa
the y-lactone 12. Since the oxidation of estsr 10 to diol U is
eoq:actedtooocnxptefermtmly fram the less hindered ' &

of the nolecule, the subsequent lactone ring formation requires a g~
orientation of the carboxyl group. The cawplete structural assigrment
otziz@micacid (9) was confirmed when khusimol was shown to possess
‘absolute configuration indicated in formula 13 by an X-ray crystallo-
graphic analysis of its B—h‘mw)'l derivative (13).

In recent years, several additional members of the zizaene famjly
have been obtained from natural sources. On further investigation of
the vetiver oil , Yoshikoshi et al. isolated epizizanoic acid (}4) (14),
a minor acidic constituent, and zizanol (15) (15), a new sesquiterpene
aloohol which was simultanecusly obtained by Andersen (16) from Haitian
and Reunionese varieties. ﬂnefmrcmpwrdwasreadilydedwedto
be the C-5 epimer of zizamoic acid (9) by isamerization of the ooyx-
espording methyl esters. The dehydroxylation product of zizarmol (15)

was found to be identical to zizaene (8) thus confirming its carbon



(1) 0y

(3) PoC1







m. ™he loostion ard the crientation of the Mydronyl group e
establighed by oxidetion o the corvedponding hetone vhich uiervent
muo—smumnmmum
,WMM@

Kusisone (Jg), & highly odorifercus hetons, is the sisplest
known mawber of the zissene family. mmmzm
tsolated from Vetiveris siseniodes nwug (17) who
also Jdentified its stzwoture by the corrvelation of its didydro-
derivative ]] with that prepased from Musisol G . ‘nor quantities
dh-mm)mwmummam
bourpon (19).

mwuwmmmm.m-
sial topic (6,9,19-31). o distinctly different patismys have been
M!ademmmmumm.
In view of the co-occuxrence of zisesns (9), agpasoic acid (9) and °
Muaimol (13) with evedlvone (18) and s-vetivane (19)7*, Nemage et al.
(19) postulated a emmon bioganstic route for the tion of spiro-
wﬂ‘ummumamuxqam: :
.wnmmotm:-ol(_zg)ummu—z. The
tmmnqdmmrgrrmy_ogmmg_v_lvgm
‘supported by the cbesrvation that solvolysis of ths mseylate 23 in
refluxing pyridins/triethylamine gave sise to the ketons 24 {(22),

Another proposal (6,9,20-21) involves a pathway (Schess 3}
mlmud—:hm&knmw Since both the relative and ¢
absolute stereochamistry of zizaene (8) are different fram those of

2'Iht:n‘ral s-vetivone was later shown to bs the antipode of 19 (23).
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Scheme 3

12
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cedrene (27), the enantiameric p—bisabolyl cations 26 and 28 are
required as intermediates. It is interesting to note that these two
bisabol}l ions may be generated fram the same o—-bisabolyl precursor 25
by 1,2-hydride shift to the opposite face of the carbonium jon. The
.postulated biogenetic route was supported by the isolation of pre-
zizaene (29) (23) and allocedrol (30) (24) fram vetiver oil. The
rearrangement at the later stage of biogenesis has also been substanti-
ated by the cbeervation that prezizaene (29) is convertible to zizaéné
(8) in formic acid-tetrahydrofuran (23,25).

During the past.several years, zizaene (8) and its cogeners
have drawn considerable attention.to their preparation and a number
of totalgyntheses have been accamplished (22,26-30). 'I}xe following
features which are cammon to the natural products of the zizaene
family are synthetically demanding: (a) the construction of the parent
tricyclo(6.2.1.0% % jundecane rimg system, (b) the installation of an
exocyclic neﬂ'&lene unit, and (c)’ the control of stereochemistry,
particularly the less stable trans-fused hydroindane ring junction.

In most of the enst.mg total syntheses, the basic tricyclic
skeleton was assembled with high efficiency using different approaches.
In their synthesis of epizizan.oic acid (14) (26,27), Yoshikoshi et al.
effectively used a pinacolic rearrangement whereby the mesylate 31,
prepared from (+)-methyl camphenecarboxylate (32) in fifteen steps,
was converted to ketone 33 possessing the requireci ring system. A
similar approach was independently employed by Ramage and coworkers
(22). In connection with their synthetic studies on diterpene

7/
alkaloids, Wiesner and his collabarators developed an efficient

Al
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procedure for the preparation of bicyclo(3.2.ljoctane derivatives (31).
This method has been extended to their synthesis of zizaene (8) (28).
Thus, as the key step, acetal 34 dBrived fram phenol 35 in eight
steps was treated with acetic acid to give ketol 36 as a result of
concomitant deketalization and ring closure. The other total synthesis
of zizaene‘ig)  reparted by Coates and Sowerly (29) who utilized
an intramlecu.\liazoalkane-carbonyl ring expansion reaction (32) and
obtained an epimeric mixture of ketones 37fram the diazo compourd 3_8
More recently, Bichi et al. (30) described an approach in which enone
39 was rearranged by p-toluenesulfonic acid to ketone 40, “a process
analogous to the later stage of albiogenetic proposal (‘Li._‘f;m)-
The ketone 40 was subsequently subjected to photooxidation and the
resulting alcohol ‘ﬂ was reduced with zinc and hydrogen chloride to
give khusirone (16) and its C-5 epimer.

With the exception of Blchi's synthesis, al} existing approaches
to naturally occurring zizaene sesquiterpenes involve a compourd of
type 42 as an intermediate and utilize its ketone function to control
the ring junction stereochemistry as well as to introduce an exo-
methylene group. Such a synthetic strateg;y suffers fram two major
Grawbacks. Firstly, the epimerization of the A/B ring juhction from
~ a cis-fusion to the desired trans one could not be achieved with high
degree of efficiency due to the greater stabil‘ of the former arran-
gement | regardless of the type and the orientation of the C-2 substit-
ent. For example, in the case of ketone 43, base-catalyzed epimeri- .

zation gave an equilibrium mixture of which the desired trans—epimer
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44 constituted less than 40V (29), An attampt to invert the stereo-
d-u-uyagvummmdimmgbyammuy
controlled process was campletely unsuccessful (29). Secondly, due
to the steric congestion at the ketone carbonyl, Wittig tex:t.ion
ocould not be effectively employed as a means for the introduction of
the required methylene unit; the best yield obtained was less than 10%
(26,27). The alternative two-step process, methylation by a Grignard
reaction (e.g. .4_9_-0_4%) followed by dehydration, gave, in all cases
(22, 26~29), the more stable undesired olefin (e.g. 47) as the pre-
daninant product. Although several solutions were provided to this \.
problem (28-31), additional operations were necessary at the expense
of overall synthetic efficiency.

We have also been intrigued by the unique structural features
of gizaene sesquiterpenes. About two years ago, the synthetic studies
presented in part 1 of thiw thesis werd®nitiated. Kusimone (16)
was chosen as the primary target far its considerable industrial
importance due to its profourd odariferous propertjes as well as for
;ts conceivable conversion to other members of the family by subsequent
mxdifications of the ketone carbonyl. With respect to synthetic
planning, we envisaged a tricyclic ketone of type 48, accessible, in
principle, fram the suitably substituted cyclohexenone 49 by an intra-
molecular photochemical process’, as an ideal intermediate. Particu-
larly attractive is its potential to overcame the difficulties in ster-

eochemical control encountered by the existing syntheses as described

3Fcr reviews of photocycloaddition reactions see ref. 33-35.

18



above. Not only does the starecchemistry at C-1 amd C-6 coincide
with that of the two crucial centers, C-5 and C-8 respectively, of
ths natural products by virtus of its mode of formation, but the
facile replhcement of the ketone carbonyl with a methylene unit
(48+50) via the dehydration of alcohol 51 was expected. This mode of
dehydration was envisaged since the formation of an endocyclic double
bond by the alternative mode of dahydration (51+52) would impose
additional angular strain to the already strained cyclobutane ring.
It was further anticipated that ring expansion of cyclobutanone 53,
derived from olefin 50, to keto ester 54 by the established method
(36,37) followed by decarbethoxylation and cyclization would effect-
ively complete the khusimone (16) synthesis. The following sections
describe the successful application of such a scheme with necessary
modifications le‘ading to the total synthesis of three naturally occur-
ring ;iuene sesqui terpenes, (-)-khusimone (16), (:)-epizizamic acid
(14) and (+)-zizaroic acid (9).

19



20

N 4




RESBULTS AND D ON

To pursus the synthesis of khusimone (16) according to ths
described scheme, our immadiate task was the preparation of a 6,6~
dimethyl-2-cyclohexanone further substituted at C-5 with a functional-
ized side chain of one- or two- carbon length as represented by formula
55. By the means of retrosynthetic analysis (Scheme 4), the desired
cyclorwuntgcanbeobumedbythaudolmumothto
mgmmmmnmumrmowm
of a suitably substituted cyclopentene'§7. The best known campound
pouessing.lt.he required structural features of $7 is probably o-
campholenic acid (58). Its racemate has ‘bessv (P@viocusly prepared by
Sauvers from the sodium salt of 10-canmphorsulfenic acid by fusion with
so0lid potassium hydroxide (38). Using the same procedure and the
conmercially availahle f-10-camphorsulfonic acid ammnium salt (59) as
a starting material, (-)-a—campholenjo pcid (58) possessing the same
chirality as the natural khusimone (16) was obtained in 50% yield.
Esterification of acid 58 with potassium carbonate and methyl iodide
in refluxing acetone (39) gave a quantitative yield of ectergg_ which
was subjected to ozanolysis at -78°C in a solution of rethylene
‘chloride-methanol (ca. 1:1). Attempted reductive work-up using methyl
sulfide as a reducing agent (40) was proven to be ineffective and
ozonide 61 was obtained in 42% yield after purification by column
chromatograply on silica gel eluted with a solution of 20% ether in

nrhexane. The structure was apparent from the ir spectrum which

21
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showed only-the ester ot 179 ! vt the v
spectrum which Aisplayed in addition to four methyl singlets at ¢
0.93, 1.12, 1,36 aid 3.58, o narrowly-split  (~1 Ms) triplet at &
$-62 for the methire proton adjacent to the oxygen atams. On the
mm,muﬂmpumhuwwuwm |
addition of a wore gowsrful reducing agent, triphenyl phosphine (41),
a 750 yield of ketoialdehyds (§2) was cbtained. The ir spectrus showed
diagrostic absorption bands at 2840, 2740 (aldelyde), 1735 (estar)
-uxk\(‘«m,m-mm-). In the rer spectrum the two
mmimmma.momm“n.m
whereas the ketone and the ester mathyl singlets appeared at & 2.1l

amd 3.59 respectively. In addition, the a ic proton was observed
at ¢§ 9.52 u. a triplet with a coupling of 1.5 Hz, On treat-
ment with p-toluenesulfonic acid in refluxing bensane, keto aldehyde
62 underwent clean condensation to give erone ester 63 which showed
in the ir spectrum a conjugated encne absorption bard at 1675 am >
ard that of an ester at 1735an.1. In the n spectrum, the gem-
dimethyl groups appeared at § 0.94 and 1.11 and tl':d ester methyl at &
3.61,'all as sharp singlets. The 8-proton of a,s-unsaturated ketone
was displayed asa multiplet centered at & 6.75 whereas the a-proton
appeared at & 5.86 as a triplet of doublets (J = 10 Hz, J' = 2 Hz).
Both mass spsctrum, which showed a molecular ion peak at 196.1095,
and elemental anlysis were in agrisment with the required molecular
farmula of C11H1603‘ Because keto aldehyde 62 was sl‘nn to be rather
unstable, especially in large scale preparation, it was more pract;cal



to oMTY At the tranafarmstion of §4 to §) without its purificeticn.
mmammgmm-.mnmm.
Mth-tnm!a-umolm“nunuwnlmmﬁ
of type 88 via an intramolecular photooycloaddition reaction, Vil
ester ¢4 was an attractive integweddste, Nnntmtua}ucm
“dmm.tmmlwﬂ u-qclc-ﬂtua\olvwl
“gmwmmm.wzm,w~
de-dntumolvmylmum}-qcmw.\ ,
intecmoleciler photochelcal pressss (33-38), -.mmgur/
the desired orientation. mmammumml
ester ¢4 was indead simple. The latter compourd was cbtained {n 69%
yield wvhen the former was trans-esterified with vinyl acetats in
mmd;amﬂomdwmmd“w-
rated sulfuric acid (42)., The att spted photacyclosddition of vinyl
ester 64 using a variety of conditions was howsver completsly fruit-
less and resulted in recovery of the starting material. Although the
cbserved unresctivity of vinyl ester 64 remaina to be understood, we
hoped that tie photochemical resction would take a different course by
Marﬁrimiuddcdninbyc;natm. Towards this end,
allyl ester 66 was synthssised by esterification of the corresponding
wﬁﬂmwftah-hy&olysudmﬂﬁ. Dissppoint-
ingly, allyl ester 66 was found to be equally unreactive. The photo-
Chemistry of enone apetate 68, which has A shorter side chain than
mzofvwxe'.mg,mn-oew-g. This compound was prepared
fram erone ester 63 in four steps as follaw.. Enone ester 63 was



was first reduced to diol 69 by lithium aluminium hydride. Oxidation
of diol 69 with four equivalents of pyridinium chlorochromate (43)
afforded the keto aldehyde 70 which was converted to an epimeric
mixture of ketols 7lby treatment with a slight excess of vinyl
magnesium bramide at -78'C. Acetylation of ketol 71 with acetic
anhydride in pyridine gave tWo epimeric keto acetates 68 in a ratio
of 1:1 as indicated by the nmr spectrum which showed five methyl = .
singlets at & 2.00, 1.98 (acetate), 1.11, 1.08 and 0.94 (gemdimethyl)
integrated to a ratio of 1:1:1:1:2, In agreement with the structural
assignment, the ir spectrum showed, in addition to an q,g-unsaturated

~ ketone carbonyl absorption band at 167§ an;-l, two ester carbonyl

bands at 1738 and 1735 cm +

and the mass spectrum displayed a molecular
ion peak at 236.1408. The two epimers were found to be inseparable by
_column chramatography and since the newly introduced chiral center
will be destroyed at a later stage, th® epimeric mixture was used

far the following photochemical reaction. Irradiation of a methanolic
solution of ketp ac;etates 68 far 4 hr caused the complete disappearance
of the starting material. The product, obtained in 43% yield, showed

in the ir spectrum the appesrance of an absorPtion band at 1700 cm *

l’band previously observed for the

and the absence of the 1675 cm
carjugated enone system, suggesting that the photocycloaddition had
taken pl;‘:lce. This was confirmed by the mass spectrum d:;splayi.ng a
molecular ion peak at 236.1419 and by the absence of low field signals
for olefinic protons in the nmr spectrum. The nmr spectrum showing

three sharp methyl singlets at § 1.00, 1.21 and 1.95 further suggested
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that the product was a single campourd which might have resulted from
selective isamerization or destruction of one epimer of the starting
material during the irradiation. The cycloaddition in principle can
proced in two different ways, head—to-hend and head-to-tail, to

give adducts 72a and 72b respectively. The available spectral data
however did not permit unambiguous definition of the orientation of
the isolated product. Nor did the examination of a Dreiding model
reveal the preference of one orientation to the Ether The conclusive
evidence was provided by the following dunical transformations whereby
the structure of the product was found to be as depicted in 72a with
the undesired orientation. Hydrolysis of the acetate 72a with aqueous
wdimhydrmddeinmfhndmmﬂamlgvethewingalml
73 which tly oxidized with Jones reagent to the diketone
4. ted with m—chloroperbenzoic acid in dichloromethane,
diketghe 74 undervent selective Baeyer-Villiger oxidation to give

the lactone 75. Hydrolysis of lactone 75 with aqueous potassium

carbonate in refluxing methanol induced concomitant cycl ring

cleavage, apparently by a retro—aldol reactlon of the intermediate
hydroxy tketone 76, giving rise to acid 77. It: structure follows
clearly from the spectral analyses. mueﬁspwum, the hydroxy
(2500-3200 yan-l), aldehydic C-K stretching (2735 an ) and carbonyl

(1705 ) absorption bands were cbserved. The nmr spectrum showed
a broad singlet at § 9.76 diagnostic for the aldehydic proton whereas
a molecular ion peak was displayed at 226.1207 in the mass spectrum

consistent with the required farmula of C].lH1804‘ The assigrment



73
o)
H
'Y
0
5.

29



was further confirmed by the conversion of acid 77 to its methyl ester
78 using diazamethane. It is noted that by the above reaction sequence,
the alternative photochemical product 72b should result in the format-
ion of stable hydroxy acid 79 and the isolation of acid 77 clearly
_defi.nea the structures of its precursors as depicted.

Although it would be of general interest to investigate the photo-
chemistry of other suitable derivatives of keto ester 63 such as 80
and 81 in particular, the large mumber of steps required for their
synthesis as well as for the later modifitation preclude their
efficient application of khusimonc (16) synthesis. The subsequent
studies were focussed on the addition, in a head-to-tail manner, of
a latent ketene unit to the doubls bond of ksto ester 63 by an inter-
molecular photochemical process. We realized at the outset that such
‘an approach would not allow profound stereochemical control as the
addition could take place from both the 4 and thep face of the molecule
and hence adjustment of stereochemistry at a suitable stage would be
necessary. This drawback could however be campensated to a certain
extent as enone 63 could be used directly without modifying its ester
side chain.

Due to its availability, vinyl acetate was initially used as a ~
ketene: equivalent. Irradiation of enone 63 with twenty-fold excess of
vinyl acetate in benzene for 3 hr at room temperature afforded a
mixture of inseparable photoadducts. The ir spectrum of the mixture

1

exhibited absorption bamis at 1698 and 1735 am © clearly indicating

the presence of ester and saturated ketone groups. The formation of



111 adduct was munmtdbymm-mmnm-mh—
cular ion peak at 282.1462. The nmr spectrum was complex and displayed
two singlets foruuwowqmmimthnmotnthnt
two isomers, In fact, as shown by the subsequent transformation both
regioiscmers 82 and 83 were formed in a ratio of approximately 4:1
with the desired iscmer 82 predorinanting. On treatment with sodium
methoxide in nathanol at room temperature for 30 min, the Mue

of ﬂbtoadducts gave two products readily separable by column chro-
mtography on silica gel. - The minor component isolated in 168 yield
was readily deduced toheamxmreotllddryde7_8axﬂ its C-5 epimer
84 resulting, spparently, fram the undesired photoadduct 8. The
mja'mtmaawobuimd in 65% yield was shown to be a
mixture of diastereameric alcohols 85 derived from the desired head-
to-tail adducts 82 as follows. In addition to an alocohol absorption

at 3450 cn ', the ir spectrum showed saturated ketone and ester carbon
yl absorption bands at 1702 ard 1738 am' ! respectively. In the
spectrum, the appearance of six singlets in the region of & 0.90-1,2] for
a totalofsixptotmswui:dicativeo!mepteaemeofat least
three stereoisomers. Furthermore, Jones oxidation of this mixture
gavetuoseparableketones_B_G_arﬂB_?inaratioofS:Gaﬂ in a total
Yield of 69%. The major product was crystallized as solid (m.p. 127-
128°C) . from ether whereas the minor iscmer was isolated as a thick
oolorless oil. The ir and mass spectra of these ketones were very

v

4Based on previous obeervations (44), a Cis ring junction could be

readily assigned to each diastereamer.
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similar. In each of the ir spectra, carbonyl absorption bands were
cbserved at 1785 (four-morbored ketone), 1738 (ester) and 1710 am™}
(six-mombered ketone) and the mass spectrmof each isamer exhibited
a molecular ion peak at 238,1204 consistent with the formula of
C13H1804' liowever, distinct differences were cbeerved in their o
spectra, The geminal methyl groups of the major product appeared as
.a pair of singlets at § 1,06 and 1,12, Whereas the minor product
showed two singlets at & 0.97 and 1.21 for the carresponding methyls.
The difference in 48 (0.24 for the minor vs 0,06 for the major)
cbserved for the gemdimethyl groups of these two campounds allowed
us to tentatively assign their stereochemistry as follows. An
examination qf Dreiding model reveals that in the most stable contri-
hutive confarmation of campound 86, which could be represented by 86a,
one methyl group lies within the deshielding zone of cyclohexanone
carbonyl and the other within the shielding zone of cyclabutanone.
On the other hand, in the case of compound 87, whose stable conformat-
ion is depicted in farmula 87a, both methyls are distant fram the
cyclobutanone ring and thus devoid qf any serious influence fram its
carbonyl. A larger 46 for 86 and a smaller one for 87 are therefare
expected and it follows that the minor isamer possesses structure 86
‘and the major structure 87. These structural assigmments were further
supported by the optical rotatory dispersion (0.R.D.) analysis (45,
46). The minar isomef displayed a positive anamalous Single Cotton
effect curve (Fig. 1) and the major showed a negative one (Fig. 2).

*
With the aid of models, the octant diagrams correspording to the most
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Fig. 1. Optical rotatory dispersion curve of diketone 86
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Fig. 2. Optical rotata:y dispersion curve of diketone 8
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stahle conformstions of the two dissterecsurs §6 and §7 ase representad
by Pig. ) and ¢ respactivaly. In the cess of §¢ (ig. ), sinoe

the large estst side chain cooupies the positive ootant at upper left
plcmmht?mwrwwmmMInpm
more less equally distriduted asong the positive and the negative
m.thwmtmhpdhu“m&ycpﬁldwm
.dtqudmhdthhmm. In contrast, the Cotton effect
of isowar 97 (Pig. ¢ is less predictabls as the cyclobutarone ring
ard the ester chain are expectsd to exart opposing effects whiles two
sethyl substituants cooupy O adjscent octants. ltméwwy
ptmwwtunu-:m-pu-m.muwoum
M.Mtuumn.w- of 8§ (and tus conf ming
its structural assigeant of 87). rotation dispersion
led in Table ! which
ompowd, The cheer-
mmtmdgdo-danlmwumtu“m

pEOperties of these two diasterecmsrs
also gswarizes the molecular esplitude

than that of its isomar 87 was in full syppart of the above analysis
of substitution effect,

An attespt was also made to regolve ths stareochaxical enigm by
chemical methods. The general stxatsgy Was to gelectively reduce
qucmwmwmldgwmcmymfouwwm
mumd.wmruqmmu-mwwdu-
“mwchmm;m. Selective reduction of diketons
!mmmmno'cmwmwmumganqnde
Lithissm tri-tert-butoxyaluxinium hydride. The keto alcohol 98 thus



»

cbtained showed in the ir spectrum, a hydroxyl absorption band at 3450
»Tl superseding the four-membered ketone carbonyl absarption (1785
cn—l) of the starting material. Its nmr spectrum displayed three
sharp methyl singlets at & 3.68, 1.11 and 1.07 indicating a single
epirer most likely formed by the addition of the bulky redicing agent
from the sterically less hindered B8 face of the starting material,
Attempted lactonization of alcohol 88 was however unsuccessful. When
basic condition (sodium hydride in 1, 2-dimethoxyethane) were used,
alcohol 88 was recovered intact even after prolonged treatment (24 hr)
at elevated temperature. On the other hand, when it was treated with
P-toluenesulfonic acid in refluxing benzene, a complex mixture was
famed. Its mmr spectrum showed signals at § 5.20 suggesting the
presence of alefinic product possibly conpound 89 but the absence of
signal in the § 4-5 r’egion agxt.icipated Afor the methine protcn adjacent
to the lactone oxygen atom of the desired product 90. To ascertain
that the negative results were not due to the incorrect structural
assigmments, diketone 87 was also reduced with lithium tri-tert- butoxy-
aluminium hydride and the product 91 was subjected to lactonization.
As expected, under Various conditions the lactone ring was not farmed.
Although the attempted chemical proof was non—-constructive, the
structural assignments of diketones 86 and 87 based.on the physical
methods were su.ffi‘ciently canvincing. The correctness of these
assignments was confirmed by the subsequent transfarmations.

To facilitate further discussion, the above results are sumarized

below. Photocyclcaddition of enone 63, prepared from 10-f~camchor-

‘.

b
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sulfonic acid ammonium salt (59) in four steps and in 358 yield, to
vinyl acetate followed by base hydrolysis of the adducts gave diaster-
eareric alcohols 85. Oxidation of this mixture with Jones reagent
resulted in the formation of diketones 86 and 87 in a ratio of 5:6
ard in a total yield of 45% fram enone €3.

The transformation of enone 63 into diketones 86 and 87 was
'inproved considerably when 1,l1-diethoxyethane (47) was later used as
a ketene equivalent. Its photocycloaddition to enone 63 in behzene
procesded ina capletely regioselective manner to give an inseparable
mixture of at least two diastereamers (foin: sets of partially super-
imposed ~OCH,- quartets at § 3.39 regicn in the mw spectrum) of
the desired adduct 92 in near-quantitative yield. This mixture
when treated with diluted hydrochloric acid in acetone gave, as the
only products, diketones 86 and 87 in the ratio of 5:8 and in a total
yleld of 80%.

Of the two diketopes 86 and 87, only the former is synthetically
useful. To enhance the efficiency of synthesis, it is highly desirable
to invert the stereochemistry of both ring junction carbons of the
latter campound. In principle, this could be directly accompished
by a process of double @inerization since each Qf the chiral centers
in question is a to a ketone c;arbawyl. In practice, it was found not
to be the case, urﬂerava‘rietyofreaotimcorditialxsthestarting
material was rm intacti. The mertmess of the camwpound was,
however, not totaq.ly .‘hnsmgtand could‘ge readily attributed to its
inability to undergd ﬁrst—stage gpﬁte.rization at either center to

)
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give the corresponding trans-fused compound which is expected to be

thermodynamically far less stable (44). An alternative approach

which is conceivable for the conversion Jf diketone 87 to its diast-
ereamer 86 involves a two-step sequence - dehydrogenation and hydro-
genation. This was suwxessfully applied. Although initial. attempts

to oxidize diketone 87 with standard oxidizing agents such as dichloro-
dicyanoquinone and selenium dioxide were fruitless, its treatment

with two equivalents of pyrid:.rm.m perbromide in acetic acid
inmduced consecutive brominati y '%muﬁ.mtim to give an

3 g

inseparable mixture of enediones g.S_arﬂ 94. The ratio of these two
compounds was estimated to be 4:1, with the former predominanting,

on the basis of the mr spectrum which displayed two pairs of methyl
singlets, one pair at 6§ 1.28 ancd 1.08 and tte other at ¢ 1.22 and 1.08,
grated to a ratio 1:4 as well as a broad singlet (1/6 of major

¥ .signals) at 6 5.44 far the vinylic proton of isamer 93. The

‘ spectrum exhibited a molecular ion at 236.1048 in agreetent with

< structural assigmments. Interestingly, in the ir spectrum, vmile

’ the cyclohexarone absorption bard of the starting Wnal at 1710 am

-1

shifted as expected to 1695 cm “laue to conjugation, the four-membered

ketone carbonyl absorption remained virtually wschanged at 1785 L.

Reduction of the mixture of enediones 93 and 94 by treatment with zinc
dust in acetic acid ocQurred smoothly at room temperature and afforded
a 3:2 ratio of diketones 86 and 87 in 65% yield. The latter campound,
in principle, ocould be recycled. In practice, by the photochemical

process immediately above involving a single isamerization operation,
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the desired dikstone 86 was cbtained in 45¢ yield from enone 63. . |
Prior to the conversion of six-membered kifwie carbonyl of diketone
86 to a methylene unit required for the synthetic target, its cyclo-
‘mtanom was protected. While standard ketalization cordition, i.e.
ethylene g}ycol and p~toluenesulfonic acid in refluxing benzene,
showed little selectivity and gave rise to diketal 95 as the major
product, trangketalization of diketone 86 with 2-athyl-2-methyl-l,3-
dioxalane in réfluxing benzene in the presence of a catalytic amount
p~toluenesulfonic acid (48) resulted in the formation of the desired
ketal 96 in 85% yield. Initial attempts to replace its ketone carbonyl
with a methylene group directly by Wittig reaction proved to be fruit-
less due to steric hinderance. As a result, a two-step sequence via
Grignard reaction and dehydration was sought. Towards thys end, ke.tal
ester 96 was hydrolyzed with aqueous sod%um hydroxide. The acid 97 1:
thus obtained was treated with five equivalents of methyl magnesium |
bromide at room temperature and the Besulting mixture was subjected
to treatment wlth diazomethane in ether prior to purification. Apart
from a 40% yield of the desired ester 98, diol 99 amountAg to a 25%
yield was also isolated. The farmation of this by-product was readily A
attributable to the concaritant reaction of the carboxyl group with
the excess of the Grignard reagent over the relatively long period of \
reaction time which was re;;uired far the capletion of the reaction
due to the low reactivity of the ketone carbonyl. This difficulty was
completely eliminated when acid 97 was first corverted to the corresp—
onding sodium salt with one equivalent of sodium hydride prior to the
addition of methyl magnesium bramide. By a similar reéaction sequence
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&s bafore, mdeuxu!ewﬁw isolated in 648 yield along with a
19% recovery of the starting matcrial without the foarmation cf diol
99 in any detectable quantity. The ester 98 when subjected to treat-
ment with thionyl chloride and pyridine in benzene underwent clean
dehydration giving an 89% yield of clefin 100, which showed two
singlets at ¢ 4.78 and 4.96 in the e spectrur and abscrption bands
at 3100, 1630 and 890 cm * in the ir spectrum in full agreenert with
the presence of an exocyclic double bord. The reaction was found to
be completely regiocsslective; m.w axount of olefin 101
was formed via the altermative mode of detydxtatim. The exclusive
farmation of one olefin was in accord with the e:q:ect..atim discussed
previously,

Olefin 100 was subsequently reduced with lithium aluminium
hydride in tetrahydrofuran at room temmperature to give aloohol 102
in near-quantitative yield. Treatment of this alcohol with phosrhorus
cqgchloride in pyridine gave rise to a 75% yield of the corresponding
chloride 103 which showed, in the ir epectrum, clefinic absorption
at 1630 an.l. In the o spectnlh: t—he olefinic protons appeared as
two singlets at 6 4.75 and 4.92 and the methylene group bearing the
chlorine atam resonated at § 3.50 as a multiplet. The structure wes
confirmed by the mass spectrum dlsplaymg two mlecular ion peaks at
210.1380 (c1°%) and 272.1362 (€1%7) with a relative intensity of ca.
3:1 respectively. Chloride 103 could be conceivably prepared by
reduction of the h;droxy acid 104, derived fram the keto acid 97,
tol]uuedbytrumtofﬂermltingdiollgéwimamitablereagent

&
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which would effect the dehydration of its textiary alcohol and the
replacament of its primary hydraxyl group with a chlorine atom., In
this way the synthesis could be shorten by two steps. To test its
feasibility, the mixture obtained from the Grignard reaction of the
sadjum salt of acid 97 was reduced with lithium aluminium hydride.
The direct conversion of diol 105 to chloride 103 was attempted uncder
various cohditions using phosphorus oxychloride or thionyl chloride
as reagents. In all cases, a 9aq:lex mixture was obtained and the
best yield of the desired camwpound amounted to ca. 108.

Having incorporated the required methylene group and a proper
gside chain for the farmation of ring C of the target molecule, khusimonre
(16), our immediate concern was the expancion of the cyclobutane ring
of chloride 103 to the required five—nembered one. Treatment of
chloride 103 with aqueous hydrochloric acid in acetone resulted in the
hydrolysis of its ketal blocking group to give, quantitatively, ketone
106. This ketone was subjected to cne—carbon ring expénsion with ethyl4
diazoacetate and boron trifluoride etherate in ether (36). The react-
ion was fourd to be camplete after 1 hr at 0°C and 4 hr at room terp~
erature and two products were obtained ir a ratio of 2:1 and a total
yield 86%. Assigment of structure 107 to the major product and 108
to the minor was made as follows. The isareric nature of these two
compounds as well as their gross structure (without specifying the
location of the ketone and the ester group) were clearly indicated by
the ir spectra which stowed, in each case, absorption bands at 1760

1

and 1735 an ~ characteristic of cyclopentarone ard ester functionalities
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respectively anxt by maes spoctra in which each displayd molocular
ion poaks at 312.1490 and 314.1445 corsistent with the reguired formula

of 0.Cl. In the nmr spectra, the vinylic protons ¢f the nejor

C17%2503

isarer rescnated at 6 4.90 as a broad\ singlet and thosc of the minor

product appeared as two singlets at & 4.72 and 4.98,clearly indicating

that tht\eyocyclic double bond in each case was intact dw ‘ng the trans-

farmations. The regiochemistry of these two carpcunds was tentatively

assigned. based on previous cbservations in this laboratory (36,37)

that the boron trifluoride catalyzed hanologation of cycloalkanone

with ethyl diazoacetate ;;roceeded, without a single exccption, in a

regioselective manner with the preferential migration of tiw less

substituted g-carbon atom. These assignmernts were substantiated by

the following transformation of the major isamer to (-) -khusirone (16).
The conversion of keto ester 1C7 to (-)-khusinone (16) raguires

two chemical processes: decarbethoxylation and cyclization. These

were effected by a single operation and a 61% yield of (-)-khusimone

(16) was obtained after keto ester 107 was treated with aqueous sodium

hydroxide in refluxing metharol for 40 min>’®. The totally syntretic

51t was necessary to bring the solution into reflux rapidly using a
pre-heated oil bath. Otherwise a substantial amunt of keto cther

was formed,

6I.lnder the same cagrditions, the minor ring expansior, product gave rise
to a camplex mixture in which (-)-khusimone was found to be absurt.

These results were in acreement with its structural 3ssignment.
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matorial was shown to be identical with the natural product in all
respects including ir, rr and mass spectra, thin-layer CMCIIAWWC
behavior, m.p. amd specific rotation.

Pollowing the conpletion of (-)-klusimons synthesis, our effarts
were directed towards its extension to the synthesis of other zizaene
sesxquiterpenes possessing the normal fifteen—carbon skeleton with (+)-
zizaroic acid (9)ard its (-)-epimer 14 as specific targets. The
transformation of (-)-khusimone to the two campourds requires the
replacement of its ketone carbonyl with a carbcxyl group preferably
in a corpletely stereoselective manner. An cbvious approsch to int-
roduce the required functionalised one-carbon unit is by a Wittig
reaction using methoxymathyl triphenylphosphorane ylide followed by
hydrolysis &f the resulting arol ether 109 to aldehyde 110. The
Latter' reaction hcwever often requires strongly acidic concitions which
may also effect the isamerization of the unstable exocyclic double
bord into the ring. Altermatively, the aldehyde of type 110 colld also
be prepared by lewis acid catalyzed isomerization of epoxide 111 (49)
which in turn could be directly derived fram the correspending ketone
by addition of a suitable sulfur ylide (50). The latter route was
successfully explored as follows. ‘

The synthetic (-)-khusimone, when treated with an excess of
dimethy] sulfonium nethylide (50) in tetrahydrofuran, gave a 518 yield
otasimlemidegg\hichshxedinthemapectxunmdoublets
centered at & 2.67 and 2.53 readily attributable to the methylene

pxowsofthee;mcyringanitleaboaoeofcarmnylabsorptimin



[ 4 ar >

3

the ir spectrum. Inwwlt.hrqu:dtmuholcunzf,a
molecular ion paak at 218.1674 was displayed in the mass spactrum.
Since the addition of the ylide should occur preferentially frem the
sterically less hindered § face of thmln:h, its stereochenistryg.
was assigned accordingly. The desired rearragement of epoxide 112
was effected by brief treatment (1 hr) with boron triflucride ethexate '
in ethar at 0'C. The aldshyde 113 thus cbtained, ip quantfeative
yield, showgd in the ir spectrum the characteristic aldehyde absorp-
tion bamis 3 2710 and 1720 an}. The rew spectrum displayed a doub- .
let at s 9,73 for the aldehydic proton and two singlets at & 4.80
amd 4.60 indicating that the exocyclic double bond was unaffected.

The assigrnment of #h o configuration to the aldehyde group was
precedented by ample exanples (51) which showed that the rearrange~
ment of epoxide proceeded with inversion of stereochemistry. Jones
oxidation of the aldehyde 113 afforded a 77% yield of (-)-epizizanoic
acid (14) whose ir and rer were found to identical with those of the
natural product.

Aldehyde 113 underwent epimerization on treatment with dilute,‘
mimrtydroxideinmluﬂanequiljxtimmxturemmixv;" -«,
otfivepartsofa-epinrllliuﬂsevenpnmd p-epimer 114 was ‘
esmbndndafter9hratmntaqaemre ’l‘heaetuoepmatc., .y <
aldehydes were sanablebycolmdmt)graphy The newly f
aldehyde 114 was cxidibed to (+)-zizanofc acid (9) in 90V yield
when treated with Jones reagent. The equivalence oft.hesynt.hetui .

and the naturally occurring material was established by a'npariac;! .
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of their ir and e spectra.

In conclusion, three sesquiterpenes of the zizaene family,
‘Khusimone (16), epizizanoic acid (14) and zizanoic acid ig') have
been synthesized in optically active form from the ammonium salt
of (~)-%-10-camphorsulfonic acid (59) in sixteen, nineteen ard
twenty stepes respectively. Since zizaene (8) and khusmol (13)
have previously bgen prepared from zizanoic acid (9) (6), the
described approach also represents a. farmal total synthesis of
‘these two sesquiterpeties.
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General W
Melting points were determined on lgofler hot stage apparatus

and are uncorrected. Optical rotations were measured kin-

Elmer 141 polarimeter. Infrared (ir) spectra were: by using

Perkin-Elmer model 457, 337 spectrophotesmeter and NicOlet 7199 Fourier
transform spectrophotameter. Unless otherwise stated, ir 'samples
were run as thin films. Nmr spectra were recorded on Varian A-60,
HR-100 and 90 MHz Perkin-Elmer 32 spectramweters. Unless otherwise
statad, carbon tetrachloride was used as sodvent and tetramethyl-
silane as internal standard. The following abhreviations are used
in the text s = singlet, d = doublet, t = triplet, q = quartet ard
m = multiplet., Mass spectra were recorded on AEI MS-50 mass spect-
rometer. Elemental anaiyses were performed by the microanalytical
laboratory of this department. Jasco ORD/UV-5-55-20-2 was used to
measure optical rotary dispersion.
Materials

Acetone was treated with .potassimn, permanganate, dried over
ammi;ws potassium carbonate and distilled. Dichloramethane used
far reactlons was distilled fram phosphorus pentoxide. Methanol was
dried over magnesium tu.rnmgs at elevated temperature for 2 hr and
distilled. Ether, tetrahydrofuran, 1,2-dimethoxyethane and benzene
were freshly distilled from lithium aluminium hydride. Ozone was
generated with a Welsbach ozonator. Ammonium salt of (-)-£-10-

camphorsulfonic acid was obtained from Aldrich Chemical Campany.
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Silica gel, 0.15-0.33 mm Yranulation, was used as adsorbant for column
chramatography . Thin-layer chramtggraphy (tlcr was carried out
using Merck Kieselgel G (type 60), ' .

.
.

(=) ~campholenic acid (58)

To the fused potassium hydroxide (120 g, ,2 (¢+14 mol) in a parcelain
Casserole, was added slowly with stirring the ammonium salt of (-)-a—
10-camphorsulfonic acid (100 g, 0.40 mol). After the campletion of
the addition (ca. 25 min), the molten mass was heated for an addition-
al period of 15 min, Upon cooling, the mass was dissolved with water
(800 ml). After extraction with ether (200 ml) and dichloramethane
(400 ml), the aqueous solution was acidified with ice~cold dilute
hydrochlaric acid and extracted with ether (300 ml) and dichloramethane
(2 x 300 ml). The organic solution was dried (M3804) ard filtered,
After most of the solvent was removed urder the reduced pressure,
the viscous residue was dlsuued to give pure acid 58 (35.4 g, 528

y1eld) : b.p. 87 C/O 65 torr; [u]zs

—-90 (c = 1.1, CB:l)'
3200-2500 and 1708 an (acid); nmr § 11.48 Ybr s, 1H, -OO0H), 5420
(br. s, 1H, -HC=), 1.60 (br. s,,3H, CH3-CH=), 0.98 “3}! -C'H ) and
0.79 (s, 3H, -CH ), mass sgdctrum M 168.1142 (Cald. for C10H16 o

168.1150y .

Methyl o ~campholenate (60) h

A mixture of y-camphalenic acid (58) (2.02 g, 12 mmol) ard
potassium carbonate (4.14 g, 30 ml) in acetone (20 ml) was stirred



at room tenperature for 2 hr. Methyl iqgide (37 ml,‘ 60 mwl) was
introduced by syringe and the reaction mixture was refluwdwd over-
night. After nost of the solvent was ;_'vaporahed under the reduced
pressure, water was added and the organic product extracted by
dichloramethane. The combined arganic extracts were dried (MgSO,),
filtered and evaporated to dryness. Bulb-to-bulb distillation (100
/2 torr) of the residue gave the methyl ester 60 (2.17 é, 100% yield;
: ir 1745 av! (ester); mmc & 5.20 (br. s, 1H, <Cie), 1.58 (x. s,
3H, 0-130-), 0.98 (s, 3H, 'CHS) ad 0.75 (s, 3H, -CH,); mass spectrum
M’ 182.1308 (Calcd. for C H 0, : 182.1306).
. Anal. Calcd. for Cu“18°2
H, 10.12,

: C, 72.49; H, 9.95. Found: C, 72.46;

-
5-Carbomethoxymethy1-6, 6-dimethyl-2~cyclohexenone (63)
— " . , L]
At -78 C, ozone (condition: E = 80 V, air inlet = 8 psi, ozone

cutlet = 0.06 psi) was allowed to pass through a solution of the ester
.60 (23.58 g, 0.13 mmol) in dichloremethane (65 ml) and metharol (60
ml) until a light blue color retained. The mixture was warmed up
gradually to about -25C under a nitrogen atmosphere and triphenyl-
phosphine (34 g, 0.13 ml) was added. After renoval of the solvent, )
the crude keto aldehyde [ir 2840, 2740 (aldehyde), 1735 (ester) and
11705 an! (ketone and aldehyde); mw & 9.52 (t, 1H, J = 1.5 Hz, ~CD),
3.59 (s, 3H, -COOCH,), 2.11 (s, 3H, -CDC:H3)( 1.Q7 (s, €H, -CH,);

mass spectrum M' 198.1250 (Calad. far C,.H D, 19198.1255)] without

.
purification was dissolved in 100 ml of To this solution

/’

}‘
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-prt:olwi-rlfonic acid (2.58 g, 15 mmol) was added. The resulting v
mixture was refluxed for 5 hr with continous removal of water using
a Dean-Stark water separator. After the solvent was removed in vacuwo
ether was introduced to precipitate triphenylphosphine oxide. *
PiluTt.ion and concentration gave a residue which was subjected to bulb
—to-bulb distillation at 100 C/2 tarr. Enone ester 63 (15.6 g, 708
yield) thus obtained showed the following physical data : [allgsx-
5.1 (& = 2.6, CICL,); ir 1675 (a,p-unsaturated ketone), 1735
(embex), 1380 and 1368 an® (geminal methyls); mmr & 6.75 (m, lH,
~COCH=CH-), 5.86 (dt, J = 10 Hz, J° = 2 Hz, 1H, -COCHCH-), 3.61 (
s, 3, ~COOCH,), 1.11 (s, 3, -CH;) and 0.94 (s, 3H, -CH,); mass
spectrum H' 196.1095 alod., for C )My 0, ¢ 196.1100).

Anal. Calcd. .fa'cual603 : C, 61.32; H, 8.22, Found : C, 67.19;
H, 8.40.

S~-Carboxymethyl-6, Ml—%cycl.o@m (67)

The keto Qstzr 63 (215 mg, 1.10 fol) was dissolved in methanol
(6 ml) and 2 N sodium hydroxide (3 ml) was added. The mixture was
refluxed for 1.5 h:r Afte:tcoolimtoroantalperaume, it was
dilntalwithhterarﬂ\nslulwithdidﬂormeﬂmhoremethe
ron-acidic meterial.. Ice-cold hydfochloric acid was introduced to
adjust the acidity of the solution to ca. pH 1. The resulting
were dried (MgO,), filtered and ‘concentrated to give acid 67 (201

my, quantitative yield) as an oil: {a)2° = -38.7 (c = 0.9, CC1);
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ir (@C1;) 3200-2500, 1708 (acid) and 1673 cu-) (s, ~unsaturated
ketone); mme (CDC1y) 6 10.65 (bx. 3, 1H, ~COOH), 6.90 (m, 1M, ~COCH=GH-),
5:00 (m, 1M, -COCHCH-), 1.21 (s, M, <CH;) ard 1.04 (s, 3, -CHy);

mass spectrum M’ 182.0945 (Calad. for C) ) 0, + 182.0943).

‘Vinyl (2',2‘-dinet.hyl-3'-ono-4'-cyclo}maenyl)aoetat:e (64)

The crude acid 67 (0.9 g) prepared from enone ester 63 (860 g,
4.4 mol) aocordinqtotlnprocaduredeocribedintheproceeding
experiment was dissolved in vinyl acetate (8 ml) and the aolutmn
was stirred for 30 min under a nitrogen atmosphere. Mercuric aoetate
(20 mg) and concentrated sulfuric acid (3 ul) were added. The react
ion mixture was refluxed for 4 hr. Ice~cold aqueous sodium bicarbonate
solution was added and the organic material extracted with dichloro-
methane, The cambined orqanic extracts were dried over magnesium
sulfate. Filtration and concentration yielded 819 mg of crude product
which was chramatographed on silica gel (50 g). Elution with pentane-
benzene (1:4) afforded pure ester 64 (610 my, 67% yield) as an oil :
ir 3080, 1642 (olefins), 1745 (ester), 1670 (a, B-unsaturated ketone),
1390 and 1370 an © (geminal methyls); rmr § 7.28 (4d, J = 14 Hz, J° =
6 Hz, 1H, ~OCH=CH-), 6.80 (m, 1H, ~COCH=CH-), 5.89 (dt, J = 10 Hz, J°
= 2 Hz, 1H, ~COCH=CH-), 4.83 (ad, J = 14 Hz, J' = 2 Hz, 1H, ~OCH=CH-) ,
4.55 (Ad, J = 6 Hz, J' = 2 Hz, 1H, -0CW=CH-), 1l.12 (s, 3H, -CH3) and
0.96 (s, 3H, ~CH,); mass spestrum M’ 208.1109 (Cald. far C) M 05
208.1100). '

Anal. Calad. for C C, 69.21; H, 7.74. Fourd : C, 69.41,

124693 ¢
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H, 7.9.

Allyl (2',2'-dimethyl-3'-oxo~4'-cyclohexenyl)acetate (66)

The crude wi&fﬁw fram enone ester 63 (370 mg, 1.9 mmol)
was dissolved in (8 ml). To this solution, anhydrous

- )ounimimte (690 mgy) was added. The resulting mixture was
" stirved at :oan‘tetpetature for 2 hr before allyl bromide (0.87 ml,
10 mmol) was irftroduced. After standing at reflux temperature for
S hr, water was added and the aquecus solution was extracted with
dichloramethane. Drying (H;a)‘), filtration and concentration gave
the crude product which was purified by colum chramatography on
silica gel (30 g). Elution with benzene gave the allyl ester 66
(331 mg, 79% yield fram 63) : ir 3030, 3010, 1660 (olefins), 1675
(a,f-unsaturated ketone) and 1735 cm - (ester); rmr & 6.66 (m, 1H,
-mai-a_i-),g.% (m, 1H, -CH=CH, ), 5.75 (m, 1H, -COCHCH-), 5.35
(m, 1H, ~CHeCH-), 5.15 (m, 1H, ~CHeCH-), 4.50 (m, 2H, -OCH CH=CH-),
1.12 (s, 34, -CH;) and 0.95 (s, 3H, -CH,); mass spectrum M" 222.1261
(calcd. for C) H (O ¢ 222.1256).

-
6, 6-Dimethy1-5- (2' -hydraxyethyl) -2-cyclohexen-1-o1 (69)

At 0C, to a suspension of lithium aluminium hydride (228 ng, |
6 mol) in tetrahydrofuran (10 ml), was added a solution of the enone
ester 63 (413 mg, 2.1 mml) in tetrahydrofuran (2 ml) in one partion.
AfterlSninﬂxerea‘cm'mmixturemai‘LluadtommuptorOQ
temperature and stirred for 5 hr. * mixture was treated successive-

-



ly with 0.2 ml of water, 0.2 ml of 3 N sodium hydroxide solution and
. \
ng.tnwimo.smlofpger.mmnic t was renoved by
filtration. Concentration of the filtrate diol 69 (257 mg,
728 yield) : ir (QC1;) 330 (aloohol), 3020 and 1660 an! (olefin);
e (CDC1,) § 5.58 (m, 2H, ~CH=CH-), 3.83 (k. s, lH, >CHOH), 3.60
(m, 2H, -Cgi_z(}l), 2.55 (br..s, 24, -OM), ].‘.00 (s, 1H, -CH3) and 0.70
+»
(s, 1H, -CH3): mugpéctnmn 170.1307 (Calad. foxr C10“18°2 :
170.1307). ‘
-,
)

6,6-Dimethyl-5- (2" —oxoethyl) -2—cyclomsmnone  (70)

To a suspension of pyridinium chlorochramte (2.37 g, 11 mwol)
in dichloramethane (26 ml), a solytion of diol 69 (470 mg, 2.8 mwol)
in dichloramethane (Aml)minuo&nedinomportim. The mixture
was stirred at room temperature for 2 hr and giluted with ether (50 ml)
'nereaﬂti:\gmvaspassedﬂMastnrtpad_of florisil.
Removal of the solvent under the reduced pressure gave 70 (315 mg,
69% yield) : ir 2730, 1735 (aldehyde) and 1680 au 1 (a, B-unsaturated
ketone); mx & 9,70 (m, 1H, -C0), 6.70 (m, 1H, -O0CH=CH-) , 5.83 (at,
© 3 =10 Hz, J' = 2 Mz, 1H, <OCECH), 1.12 (s, 3H, ~CH;) and 0.96 (s,

+
3H, -0'13); mass spectrum M~ 166.0997 (Calcd. for cmnuoz : 166.0994).

5—-(2'-Acetmty-3'-propenyl)-6,6—dimethyl-2-cyclom:exule (68)

At -78°C, to a stirred solution of keto aldehyde 70 (181 mg, 1.1
mmol) in tetrahydrofuran (5 ml) under a nitrogen atmosphere, was added
a 1.2 M solution of vinyl magnesium bromide in tetrahydrofuran (1 ml,

ov
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1.2 mmol), After stirring for 30 min, ice—cold a&juecus ammonium
chloride solution was added. The resulting solution was extracted
with ether The etherate solution was dried (Ngso" » filtered and
evaporated to dryness to give crude keto alcohol 71 (200 mg) which

was dissolved in pyridine (2 ml). To this solution, acetic anhydride
(0.5 ml) was added. After stirring at room temperature far 16 hr,

the reaction mixture was concentrated. The residué was chromatographed
on silica gel. Elution with a solution of 2% ether in benzene afforded
pure acetate 68 (126 mg, 50% yield) : ir 1735 (ester), 1675 (a,B-unsat-
urated ketone), 1395 and 1375 am + (geminal methyls); nmr 6 6.68 (m;
1H, -OOCH=CH-), 5.80 (dt, J = 10 Hz, J' = 3 Hz, 1lH, -OOCH=CH-), 5.58
(m, 1H, -CH=CH,), 5.20 (m, 2H, ~CH<CH,), 5.16 (m,.lH, >CHOAC), 2.00,
}.98 (both s, total 3H, '-OCOCH,), 1.11, 1.08 and 0.94 (all s, total

6H, -CH ); mass spectrumM 236.1408 (Calad. for C14H2003 : 236.1413).

3-Acetoxy-9,9-dimethyltricyclo(4.3.1. 0 ]dec,x—a—one (72a)

Enone acetate 68 (94 mg, 0.4 mmol) was dissolved in 10 ml of
methanol. The solution was placed in a pyrex tube and irradiated
at room temperature using a 450 W Hanovia high-pressure quartz mercury
lamp for 4 hr. The solution was concentrated and the residue
¢hromatographed on silica gel (9 g). Elution with a solution of 2%
ether in benzene gave keto acetate 72a (40 my, 43% yield) as a color-

less liquied : ir 1735 (ester), 1700 (ketone), 1390 and 1372 am !

(geminal methyls); nmc § 4.84 (m, 1H, >CHOAC), 1.95 (s, 3H, —oooc‘
1.21 (s, 3H, <CH ) ard 1.00 (s, 3H, <CH ), mass spectrunM 236‘&
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Calcd. for C : 236.1412).

14"20%3

>Hydmpoys, 9-dimethyltricyclo (4.3.1.0%7 Jdeca-8-one (73)

Keto acetate 72a (170 mg, 0.72 mol) was dissolved in 6 ml of
mthmﬂ: and saturated agueous potassium carbonate (3 ml) was added.
The reaction mixture was.reflmed for 1.5 hr, poured into water and
extracted with dichloramethane. The extracts were dried (M;S)‘),
filtered and concentrated to yield an oily product (120 mg) which
was chramatographed on silica gel (10 g). Elution with ether-benzene
(3:2) gave 73 (91 mg, 65V yield) : ir 3400 (alcohol) and 1695 an
(cetone); nmr & 3.78 (m, 1H >CH-CH), 1.12 (s, 34, -CH,) and 0.98
(s, M, -CH3).

9, 9-Dimethyltricyclo(4.3.1.0%" ' 1deca-3, 8-dione (74)

At 0°C, to a solution of keto alcohol 73 (91 mg, 0.46 mwol) in
acetone (5 ml) was added 8 N Jones reagent (0.3 ml) (52). After
stirring at room temperature for 10 min, the mixture was diluted
with water and extracted with ether. The organic solution was dried
o«;so‘), filtered and evaporated to dryness. The crude product was
chromatographed on silica gel (6 g). Elution with a solution of
2% ether in benzene gave 74 (70 mg, 80% yield) : ir 1695 and 1710
an! (ketone); nmc & 2.96 (d, J = 2.5 Hz, 2, ~COGH,~), 1.13 (s, 3H,

-013) and 1.08 (s, 3H, -(113).

. e - —— A ———————
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5,8

10,10-Dimethyl-4-oxatricyclo(5.3.1.07' " jdeca-3,9-dione (73)

A mixture of the diketone 74 (80 mg, 0.4 mmol), m~chloroperbenzoic
acid (259 mg, 1.2 mmol) and sodium bicarbonate (200 mg, 2.0 mmol) in
dichloramethane (4 ml) was stirred for three days. A 108 aquecus
sodium sulfite solutign (5 ml) was added and the resulting solution
was extracted with dichloromethane. The ocavbined extracts were
washed with agueous sodium bicarbonate solution. Concentration
gave an oil which was chromatrographed on silica gel. Elution with a
solution of 1mmmmmmwm1§wcm, 608
gisld) : ir 1730 (lactone) and 1705 am © (ketone); rmc § 5.04 (m, 1H,
>CHXO0-), 1.21 (s, 3H, -CH3) amd 1.11 (s, 3H, -Cl—l3): mass spectrum
M* 208.1105 (Calod. for C) H, O, & 208.1100).

Cis~3-carbomethoxymethyl-2, 2-dimethyl-5- (2* -oxoethyl) cyclohexanone (718)

The lactone 75 (20 mg, 0.1 mmol) was dissolved in 6 ml of methanol.

To this solution, saturated aquecus potassium carbonate (3 ml) was
added. The reaction mixture was refluxed far 30 min under a nitrogen
atmosphere. After cooling to room temperature, it was poured into
water and extracted with dichloramethane. Drying (M;m‘), filtration
and concentration yielded the acid 77 (10 mg, 45% yield): ir @rl1,)
3200-2500 (acid), 2730, 1705 (aldehyde) and 1705 cm © (ketone); mmr
(lel:,) s 11.8 (x. s, 1H, -COOH), 9.76 (bx. s, 1H, -CHO), 1.1l (s,

M, -Ci) and 1.01 (s, 3, ~CHy); mass spectrum M* 226.1207 (Calcd.

for C12H1804 : 226.1205).




The crude acid was dissolved in ether (4 ml). At 0°C, to this
solution, diazomethane in ether was added dropwise until the light
yellow color retained (ca. 1 ml). Removal of the solvent gave the
ester 78 (10 mg, 950 yield): ir 2730, 1710 (aldehyde), 1735 (estar)
and 1710 am !
-dm{3), 1.15 (s, 3H, -013) and 0.98 (s, 3H, -013): mass spectrum

(ketone); rer 5 9.72 (s, 1H, <CHD), 3.62 (s, M,
M* 240.1362 (Calxd. for C a0 * 240.1362).

Photoaddition of enone 63 with vinyl acetats

To a photochemical reaction vessel (S3) containing enone ester
63 (2.15 g, 11 mmwl) in benzene (50 ml), was added fresh distilled
vinyl acetate (21 ml, 0.22 mol). The mixture was irradiated using
a 450 W Havonia high-pressure quartz mercury lamp ard a pyrex filter
for 1.5 hr. The solution was concentrated and the residue chramato-
graped on silica gel (300 g) with benzene elution to give 2.37 g (77
S yield) of photoadducts 82 and 83 : ir 1735 (ester) and 1698 cm
(ketone); e § 3.61 (s, 3H, -ooocx3), 1,95, 1.96 (both s, total 3H,
-000CH;)  and 0.9-1.1 (complex, 6 H, ~CH,); mass spectrum M
282.1462 (Qlal for C15H2205 : 282.1467).

4~Carbomethoxymethy 1-7-hynaroxy-3, 3-dimethylbicyclo [4. 2. 0 )octan—2-one
(85), cis-(78) and trans-3-carbomethooymethyl-2, 2-dimethyl-5-(2'-

axoethyl) Gyclohexanone (84)

At 0'C, sodium (690 mg, 30 g-atcm) was added to methanol (35 ml).

Aftetallaodiunrencted,anixnxeofptntoadductsB_Z_uﬂQm
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added., The resulting mbcturc! after stisrring at room temperature for
45 min, was carefully poured into ice-cold 3 N hydrochloric acid

(100 ml) am extracted with dichloramsthane. The extracts wure
dried (4960,), filtersd and concentratad to give an oily residuc
vhich was chramtographed on silica gel (120 g). Elution with a
solution of 50V ether-pentanc gave keto aldehydes 78 and 84 (0.42 g,
168 yield) : ir 2730, 1710 (aldshyde), 1735 (ester) and 1710 an ’
(ketone); mass spectrum M. 240.1355 (Calcd. for CoyMyoOf¢ 340.1362);
The rae spectrum of the mixture showad, in addition to ane set of
signals corresponding to keto aldehyde 78 (vide supxa), following
signals for compound 84 : & 9.72 (s, 14, ~OD), 3.62 (s, M, ~COOCH,),
1.03 (s, 3H, -CH,) and (;.98 (s, 3, ~CH,).

Purther elution with a solution of ether-pentans (4:1) gave
alcohol BS (1.75 g, 67% yield) : ir 3450 (alcohol), 1738 (ester) and
1702 ' (ketone); rew ¢ 3.60 (s, W, ~COOCH,), 3.76 (m, LM, >CHOM)
ard 0.90-1.21 (six s, total 6H, ~CH;); mass spectrum M’ 240.1355 (
Calcd. for C ;H, 0, : 240.1362).

4-Carbomethoxymethyl-3, 3-dimethylbicyclo(4. 2, 0)octane-2, 7-diones
(86 and 87)

At 0°C, to a solution of diasterecmeric alcohols 85 (3.2 g, 13.3
mol) in acstone (30 ml), 8 N Jones reagent (ca. 5 ml) was introduced
Gropwise until the brown color persisted for more than 30 sec. The
mixture was stirred at room temperature for 30 min, After most of the

solvent was removed under the reduced pressure, water was added. The

w‘.
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were washed Mmydmur’:. sodium bicertonate pnd aquecus
scdiur chloride solution and dried®9s0,) . ri&ation and concent-
retion yielded 2.6 g of crude product which showed two partially
overlapping spots on silidl gel thin-layer chromstography. Column
chromatograghy on ‘silica gel, eluted vith a salution of 400 ethey in
pertane gave diketons 96 (850 mg, 27V yield): (e) 33 = +119.8° (e's
2.0, am‘,n ir 1788 (four-msmbared ketons), 1738 (esesr) amd 1710

o Ouetone); rew 4 3.61 (s, W, OO, 1.20 (s, M, ay) ed
0.97 (s, M, -C,)) mase spactrum N* 230.1204 (CMUA. for C, M 00, 1
238.1209)

Mai. Calad. fof €, 4, O, 1 C, 65.53) M, 7.61. Pound 1 C, 65.20,
", 7.28, o,

Pgrther elutian with'the smms solvent system grve 234 mg of o
md“mﬁﬂl(n yiald). This vas followsd by the pure ketons
[ 1] ‘(1;255 g,' mywd) as a wvhita solid : -.p 127-128°c (other),
| a)3® = -126.3° ‘€= 1.4, arl); ir €K1y 1785 (four-membered
katcns), 1738 (estar? and 1708 cn™ (xatone); rex § 3.67 (s, M,

| m’""‘l,i“'-'t‘;" -&13) ang 1.06 (s, M, -Qi,); mse Spectnum
LY zxuoscfmoa far € 3,004 1 238.1205).
Arwl. Cplod. €or C, )0, i C, 65.53; H, 7.61. Pound ; C, 65.79
H, 7.80,

[
.. . \

4~Carbomsthoxymethy 1-7.-hydroxy-3, 3-dimethylbicyclo(4. 2. 0) octan-2-one (88)

ety
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To a solution of diketone 86 (129 mg, 0.5 mmol) in 8 ml of tetra-
hydrofuran, Wms added lithium aluminium tri-t-butoxyhydride (161 mg,
0.63 mwl)." After stirring at 0°C for 1 hr, water (0.1 ml), 3 N sodium
hydroxide (0.1 ml) and again water (0.3 ml) were suoccessively added.
Filtration follz;wed by concentration of the resulting filtrate gave
the crude product which was purified by colum clmatography on |
silica gel. El,tion with a solution of 30% ether in benzene gave
aloohol 88 (82 mg, 68% yield) : ir 3450 (alcorol), 1735 (ester) and
1705 am * (ketone); rmr § 4.30 (t, J= 7 Hz, >CHOH), 3.68 (s, 3H,
-cmcn3),111 (s, 3H,-CH)andl.o7 (s, 34, -C!l);msspectrum

M 240.1358 (Calad. for C 311 : 240.1362).

204

4-Carbomethoxymethy1-7-hydroxy-3, 3-dimethylbicyclo [4.2. 0 ]octan~-2-one

(91)
’ .
To a solution of diketone 87 (68 mg, 0.28 mmol) in 5 ml of tetra-
hydrofuran, was d lithium aluminium tri-t-butoxyhydride (108 mg,
0.5 mwl). Aftes ing at 0'C far 1 hr, water (g1 ml), 3 N

sodium hydroxide (0.1 ml) and again water (0.3 ml) wele successively
introduced. Filtratim followed by concentration the filtrate gave
ﬂnmﬂepxodm:tﬂuchmspurﬁxed by colum chratatographyon
:ilicaqel Elut:.mthhanolut:.énof%%ethermbenzenegave
'alcatm 9L (32 mg, 48y yield) : ir 3450~(alcohol), 1735 (ester) and
'ussan (ketone) ; rmr & 4.32 (m, 14, >CHOM), 3.67 (s, 3u, ~CO0CH,)
<1.16 (s, 3p—CHy) and 0.92 (s, 3H, ~CH,); mass spectrum M| 2401366

(Calad. for C,4H, 0, + 240.1362). \ _ .
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thoxymethyl-7, 7-diethoxy-3, 3-dimethylbicyclo (4. 2.0]octan-2-

(92)

To a pyrex tube containing a solution of enone ester 63 (500 mg,

2.5 mmol) ip benzene (12 ml) ,"Jdieﬂ'mcyketene (4.35 g, 37.5 mwl) was

added. The reaction mixture was irradiated at room temperature with

a 450 W Havonia high-pressure mercury lamp for 3 hr. The solvent
mrla«:essketeneuarermgdguﬂerttere&nedpressurearﬂthe

residue was chramatographed on silica gel (40 g). Elgytion with a
solutlmonO%emerinpentanegaveadmsteremencxgimw "
adducts 92 (750 mg, 96% yield) : ir 1735 (ester) and 1700 cu ! ' ¢ 4 :,
Ocetone) ; mmr ¢ 3.61 (s, SH, <COOCH,;), 3.33, 3.39 (twogq, J =

7 Hz, total 4H, ‘-oa_iecu3) ard ~1.10 (complex, total 12H, =CH,); mass
spectrum M 312.1943 (Calad. far C,H 0 @ 312.1937).

Diketones 86 and 87 fram ketal 92

Ketal 92 (GSDmg, szl)msdlssolvediantlofacemneuﬂ
SR .

2Naq1mashy§rocmaw~iﬂ (4W. After'\'_irrimat  J

roanwperaturefot3hr,thesoluﬁtmdllutedw1th\nterani
extracted with dichloromsthane. The oiibined extracts were dried

(M;g_)‘), filtered and evaporated todryrms.ﬁ‘hem:depm&xctvas >
chramatographed on silica gel (40 g). Elution with a solution of “ -
mmingmmpgavegmedﬁéwmggusom,aosyiém).m

81 (26b mg, 508 yield). \
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Mixture of Al' 6. t94) and 51'8-4-carbmettmtymdw1-0,3-dimuylhicyclo

[4.2.0) octene-2,7-dione (93)

To a solution of the diketone 87 (100 mg, 0.42 mmol) in 4 ml of -
glacial acetic acid, pyridinium bromide pertromide (268ng, 0.84 mmol)
ma&d The reaction mixture was stirred at room temperature over-
night. It was cautioysly made basic with ice-qold saturated aqueous
sodium bicarbonate .z:uum Extraction with dichloromethane followed

byt{nunnlmrk—txp'ogﬂnMQaveaﬂﬁdc.oﬂMm

. chwomatographed on silica gel (6 g). Elution with a solution of 25%.
other in pentane gave ensdiones 93 and 94 (65 mg, 64% yield) i ir
1785~(£our—nenbered ketons), 1740 (ester), and 1695 cm  (six-membered
ketone); mx § 5.44 (br. s, 0.88H, -CH=C<), 3.65 (s, 3H, -ooocna),
3.42 (m, 0.24H, -COCH,O<C), 1.22, 1.28 (28, 3, ~CH;) and 1.08 (s,

M, -Cﬂ3); mass spectrum Mt 236. 1048 (Calcd. far C].BH16°4 236.1049) .

Reduction of enediones 93 and 94

mst(lg,OOBgdtm)mddedtoasolutmnofene-
m93u‘d94(523nq,221m1)m8mlofglwlalaoet1cacxd
The resulting fllxture was stirred at room temperature for 5 hr. It
mﬂmcautimlyudebuicwithwa—aldumudaquemsmnn
mmrbomte-olutim ma«nw:owby
matmddnmm”moﬂywm
\udmwgrapludeQOq). Elution with a solution
da@‘,minp-undfadedmimmmg(mzm,

" 398 yield) and ¥, (135 mg, 268 yield).



4-Carbamethoxymethyl-2, 2, 7, 7-bisethylenedioxy~3, 3~dimethylbicyslo
. v
[4.2.0)octane (95)
’ .

The diketone 86 (48 mg, 0.2 mmol) was dissolved in 10 ml of

. benzene. p-Tolwenesulfonic acid (15 mg, 0.1 wol) and ethylene ®
giycol (0.5 ml) were added. The resulting solution was refluxad

with constant ramoval of water usirq a Dean-Stark water separator

for 24 hr. After cooling to room temperature, it was poured inko
ice-cold saturated sodium bicarbonate solution and extracted with
W. The extracts were dried (MgS0,), filtered and
mpm;atedhodryrus: mmmtmcmmapkadon
silige gel (10 g), eluted with a solution of 40% ether in pentane to
affa;ﬂ iketal 95 (45 mg, 70% ieid)r ir'1735 am ! (ester); mmw § d

3.80 (m, 8H, -(!!?}C(lzo-), 3. 3N, -m:’), 0.89 (s, 3H, -013)

: +
ard 0.80 (s, 3H, -0-13); mass s?ecu'unu 326.1723 (Calcd. far

c17H2606 : 326.1726) “

«Wﬂm -7 7-edylened10xy-3 dimethylbicyclo(4.2. 0)octants
2-one (96)

The diketone (655 mg, 2.76 mwol) was dissolved i.namlof 2-methyl-
}eﬂyl-l,}dimlma and p—tolmlfmic acid (40 mg, O. 26 wmol) -
mddcd 'nnldmlmvasmudat%'c (oilbathtqaratnn‘e) for
12 hr. Aftercoolmgtooc,aq\mmndimbmarbaateaolmm

was added. mtimwiﬂldidﬂoramiefollaedbfﬂeulll
vuk-upottheextractsuﬂdxrmtogrqhyoftrecnﬂe;zﬁctm
silica gel 490 9), eluted with a solution of 408 ether im benzene,

70
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gave ketal 96 (650 ng, 84N yisld ) : Ta12® = +71.8"(c = 1.5, a1 S
ir 1735 (ester) and 1715 am ! (ketone); rmos 3.75 (m, 4, ~aCH,CH.0-),
3.72 (s, M, -000CH;), 1.06 (s, 3H, 'd*a’ and 0.96 (s, 3H, -CH,);

mass spectrum MY 282.1471 (Calad. for C : 282.1467).

151229

4-Carbame thooymethyl-7, 7-ethylenedioxy-2-hydroxy-2, 3, 3-trimethylbi-
cyclo[4.2.0)octane (98) |

.

(A) To a solution of keto ester 96 (209 mg, 0.74 mmol) in
methanol (6 ml) was added 2 N aquecus sodium hydroxide (3 ml). The y
resulting mixture was reflived for 1 hr. Atmc.sw'wm
mm,mmmemmdmmmmmmhlmw

nr*tt‘lw;thdidﬂumaﬂm The usual work-up of the

extractsglvecmdeaddﬂ./*'-cnﬂeacidmﬂendimlvedin &
Hlnaﬂm(yetrmxe(mml).dadbooc Sodiun hydride (31 mg, @
50% oil dispersion, 0.4 mol)mamea After - aaavoluum of gas
ou.ed,aao]ntimofzumthylnngrwuntrddeingther(

3.6 mol) was slowly introduced. The mixture was allowed to warm up
ufttcuntmperaun‘eudstinedfarzotmmﬂeranitrogmame.
Saturated aqueous ammonium chloride solution was added and the result-
ing mixtire was extracted with dichloramethane. The cambined extracts
were dried (MSO,), filtered and concentrated to give acid 104 as a
light yellow liquid. The crude acid was dissolved in 6 ml of ether
ard excess ethereal diazomethane was introduced. The residue
abtained upon concentration was chramatographed on silica gel (20 g).
Elution with a solution of 40% ether in pentane gave the starting

’

= . | ‘

-~

~
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raterial 36 (39 mg, 19% recovery). Purther alution with s solution
of 508 ethar in pentane afforded aloohol 98 (140gng, 648 yield) as
an il 1 ir 3520 (aloohol) and 1735 an) (estar), e § 3,81 (bx. s,
4, -0CH,(H.0-), 3.63 (s, m, -C00CH,), 1.10 (s, 3, ~CH,), 0.9 (s,
M, ~CH;) and 0.9 (s, 3, ~Qi3)1 mass spectrun M* 298.1777 (Calcd,
for C) H, 0. : 298.1780).

Anal. Calad. far C)gH, O, zc, 64.41; B, 8.78. Found : c, 64.19;
H, 8.68, ’

mmznmmm (3 m1)
mixture wag refliced dor 45 mis. After cooling to

ified with ice g 4iMite
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*
rpcovery). Purther alution with a solution of SOV ether in pantane
gave hydroxy ester 38 (107 mg, AN yield). Pinal elution. with a
wolution of 80V ether in pentans afforded tartiary alcohol 39 (40 &g,
148 yield) 1 ir 3500 o (aloohol) § rave & 3.86 tm, 4K, -@20120-’%‘
1.2) (s, 1, ~Cfg), 1.13 (s, 3, -CH3), .96 (=, M, -ci,) and 0.89 < *
(s, 3, ~CH,); mass spectrum -18)" 280.2044 (Calod. for CygHp0y ¥
280,2038).

) ’

1-7,7 1- lidens
 pioyelof4.2.000tep Q0O ¢

%o a solution of aloohol 98 (1.5 g, 5.0 mwl) én 4 ml of pyridine
sl 50 mLgf berene, vas added a solution of thia&‘\lmme (Qm)

in’S ml bensene. The mixture was stirred at room {fiperature under
an atmosphere of nitrogen for 30 min. Ituqacidﬂud:ithi‘ce-éold
iummwmicwmm;iww. '
The combined argenic extfcts were dried (g0, filteredud‘
‘tography on ailioa gel (80 g), eluted with a solution of 208 ether
in pentans, to yield olefin 100 (1.176 g, 8% yield) 1 B12> = +aL.4
(c = 1.0, GK1,); ir 3100, 1630, 890 (oletin) apd 1740 ol (ester)

o § 4.96 Ox. s, 14, >O-CF), 4.78 @x. s, 1, >OCH-), 3.75 (x. 8,
&1, -0CH,CH0-), 3.60 (s, 3, coocH,), 116" (s, 34, ~CHy) and 1.03

(s, 3, ~CHi,); wass spectrum M' 280.1674 (Calod. far CycHy O *
280.16M).

13



Anal. Calad. for €, cH O, 1 C, ‘s, H, 8.63. Fgued ; C, 68.80;
‘MM, 8.69,

-

1, 7-Bthylenedicxy-4- gmu-s,mw__
bicyclo (4.2.0)octans (102)

’ To a suspension of lithium alumifium hydride (200 mg, 5 mmwol) in
- , at 0°C, a lﬁlzatlﬁct duter 100 (1.196 &, 4.2 mmol)

g mln (2 ml) vas added. The resaction mixtwre was stirred
"‘DW‘“‘“‘" Water (0.2 m)), 3u-oan-md-
(0. zm and aghin water (0.6 ml) were successively mg piltration
folm-adbymumotunfumumloSqd;ncdqmz .

[ ) -

as an oil : (u] = +39.2 (c= 23, 1l ir 3420 (aloohol), 3100

p 3).
amd 1630 m (0lefin); e & 4. 91 (’m, >C=CH~), 4.72 (8, 1H,
>»OCH-), 3.74 (bx. 8, ‘ -ocxzalzo-), 1.06 (s, 3H, -CH3) and 1.03
(s, 38, -013): mass spectrum M*252.1730 (Calod. foxr C15H24°3
252.1725);

Anal. Calad. far C,(H, 0, : C, 71.3%; J, 9.§9faﬂ : C, 71.70;
H, %66, ' ’

’
& (2'-Chloroethyl) -7, 7-ethylensdioxy-3, 3-dimethyl-2-methylidensbicyclo

(4.2.0)octans (103)

Thet aloohol 102 (190 my, 0.75 mmol) was dissolved in 2 ml of

pyridimuﬂmold‘to O.C. mu-mcydﬂonde (0.5 ml) was
intryoduced. mme,uuidndatmntawamuﬂera

-



nitrogen atmosphere for 16 hr and poured into ice-cold watar. The
resulting mixture was extracted with dichloramethane. The dichloro-
mathana solution was dried 0493)‘), filterad and quaporated to give
an oily residue which was chramatographed on ailica gel (15 g).
Elution with a solution of 10% ether in pentane yielded kctaf chloride
103 @50 mg, 758 yield) : (a1 = 429.7" (c = 0.7, CC1y; ir 1630

1 (0lefin); rer & 4.92 (s, 1H, >O=CH-), 4.75 (s, lH, »O=CH-),

4.74 (bx. s, 4H, =

O~), 3.50 (m, 2H, -C}12C1), 1.07 (s, 34, -CH3)

and 1,03 (s, M, <)y ) mass spectrum M 270.1380 and 272.136} (Calcd.

for C)gH,y0C1 1 27/3:“ na2. 1357)

1—2-anthylidendaiqclo (4.2.0)octan-7-

‘anldlgl*lm (120w, 0.44 mmol) was dissolved in 4 ml
3}»&;--::1 zvﬂm hydrochloric acid (2 ml) was added. After

’irrimaﬁt;murefcram, the mixture was pouged into
‘water and extracted with dichloromethane. Drying (MgSO,), filtration

‘and conmntration gave k-!an 106 (100 mg, quantitative yield) : (alp
-1

25

- +48.6" (c = 1.3, CHC},)) ir 1785 (four-membered ketons) and 1640 o
(clefin); rex & 5.04 (4, J = 2 Hz, 1H, ,OCH), 4.91 &, J = 2 Hz,
>C=Ci-) ,.3.50 (m, 2, GLCL), 1.16 (s, M, -CH,) and 1.11 (s, 3H,

~Ci,); wass spectrum M’ 226.1124 and 228.1090 (Calod. for C,3H,(OC1:
226.1124 and 228.1095).

75
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8-Carbethoxy-4- (2' ~chlorcethyl) -3, 3-dimethy] ~2-methy lidanebicyclo
14.3.0)nonan-7-one (107) and 7-carbethoxd—4- (2'~chlorcethyl)-3, 3-

dfmethyl-2-methylidenebicyclo [4. 3. 0 )nonan-8-one (108)

At 0°C, to a solutiorPof keto chloride 106 (100 mg, 0.46 mmol)
in 8 ml of ethex,,was added baron triflucride etherate (0.12 ml, 1
n?ml).‘tuf stirring at 0'C for 15 min, ethyl diazoacetate (0.1 ml,
1 mol) was introduced. The mixture was stirred under a nitgogen
atmosphare at 0'C for 1 hr and at room temperature for & hr. Ice-
cold saturated augus sodium bicarbonate solution was added dropwise.
Betraction with dichloromethane followed by the usual wark-up of
t!namniceolutimgawmoﬂymtﬂ\id\wm:pouin
thin-layer chramatography. Their separation was effected by colum
adhromatography on silica qel‘. Elution with a solution of 8% ether in
pentane afforded the keto ester 107 (82 mg, 57% yield) 1 [a)25 = +31.9°
(c = 0.6, OC1,); ir 1735 (ester), 1760 (five-membered ketone) and
1650 am 1 (olefin); rewr-é 4.90 (x. s, 2H, OGL,), 4.12 (q, I = 7 Hz,
2, ~COOCHHS), 3.54 (m, 26, <OLCD), 1.24 (s, 34, ), 1.23 (¢,

J =7 Mz, 34, -COOCHCH,) and 1.06 (s, 3, ~CH,); mass spectrum M'
312.1490 and 314.1445 (Calod. for C, H ,0.Cl: 312.1492 and 314.1462).
Rurther elution with the same solvent system gave keto ester
108 (42 mg, 29% yield) : ir 1730 (ester), 17;0 (five-ma:bered ketone)

and 1635 am - (olefin); nmr § 4.98 (s, 1H, >CeCl-), 4.72 (s, 1H,
>OCH-), 4.M4 (g, J = 7 Hz, 2M, :<noa_12w3), 3.52 (m, 2H, -CHCL),
1.25 (¢, J =7 Rg, 34, -COOCH,CH,), 1.15 (s, 3H, -CH,) and 1.01 (s,
M, -Qi,); mess spectrum#’ 312.1488 ard 141466 (Calcd. for

)



n

C17H2503C1 t 312,1492 and 314.1463) .

(~)~usimone (16) . ,:,, E ‘
To a solution of the keto ester 107 (122 mg, 0.36 mol) in 3 ml.
of methanol, was added a 2 N sodium hydroxide solution (1.5 ml). The
resulting solution was Mmy brought into reflux using a pre-
haated oil bath. After 40 min, ice-oBld water was added. Extraction
with dichloramethans, drying 04980,), filtration and concentration ‘
gave a solid which was recrystalized trmptmmqivt (=)=
Musinone (16) (36 g, 364 yield) : m.p. 78°C, “’o - -108.7" (c
- 2.0, o1} yi ir (@) 3140..1640 (clafin), 1728 (five-membered

ketone), 1395 and 1360 CII (geminal methyls); s (a:c13) s 4.84 (

~

bx.s, Uy >C=CH-), 4.68 (x. s, 1H, >O=C-) and 1.06 (s,
-ty ); mass specetum u 204.1514 (Calad. for C, a0 ¢ ‘
! ’ ’
‘ R . .
2,12-Epoxyzizaene 112) ) Ce

At 0°C, to a suspension of t.rimthyllu.tam;liodide (100 my,
o.Sml)insnlofumhydrotm-anudntanimam,m
added a saltuion of 2 M butyl lithium in ether (0.16 ml, 0.32 mmol).
Mmmngatmmmtalm,mmmm
<ooled to 0°C and a solution of ketone 16 (40 mg, 0.2 mmol) in
tetrahydrofuran (4 ml) was added. The resulting mixture was stirred
at Yoom tewperature for 2.5 hr, Water was adied and the agquecus
solution extracted with dichlovemsthane. The usual work-up of the
mMmMM~@Wmmmm

~
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(6 g). Elution with a solution of 2% ethar in psntans gave epoxide
112 (15 mg, 510 based on conmmed starting saterial) 1 ir 3110 amd
1645 (olefin), 1385 and 1365 am ® (geminal methyls); rme & 4.77 (m,
1N, ), 4.50 Qx. 8, L, XO<CH-), 2.67 @, J = 12 e, 1, L1,
2.5 &, J = 12 Hx, 1H, »&-H) ard 1,06 (s, 6H, two -CH]): mAsSS
spectrum M’ 218,1674 (Calod. for C gH,.01 218.1670).

Purther elution with a solution of 5V ether in pentans affarded

13 my of the starting material.

Rpisizaene-12-carboaldelyds (113)

" The epoxide 112 (17.5 mg, 0.08 »mol) was dissolved in 4 ml of
ether and cooled to 0 C. Boron trifluoride etharats (0.05 ml) was
introduced. mmommu?lmumameu
0°C for 1 hr, and then at room tewpera@@e for 30 min. It was mede
basic with saturated sodium bicarbonate and extracted with etherx.
ﬁnorq-nic solution was dried (MgsO,), fiitered and comcentrated to
give aldehyds 113 (17.5 mg, quantitative yield) as an oil : ir 2710,

1720 (aldehyde), 1640 (olefin), 1380 and 1360 gm » (geminal methyls);
e 6 9.73 (@, J = 2 Hz, 1H, ~CHD), 4.80 (s, 1H, >O=c#-), 4.60 B, 1n,
>O=CH-), 1.10 (s, 3, -GL) and 1,06 (s, 3H, -CH,); mass spectrum M'
218.1670 (Calad. for C H, .0 : 218.1670).

(~)-Epizizanoic acid (14)

s At 0C, to a solution of the aldehyde 113 (16 mg, 0.08 mmol) in

acetone (3 ml), was slowly added & N Jones resgent (ca. 0.5 l) until e

o

4

‘:«qy ) :
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ahmwlmmutd The mixture was stirred for 5 min, added to
80 ml of ioe~cold aquecus sodium chloride solution and extrected with
dichloromsthane. The usial wrk=yp 8f-the extracts gave the crule
mm-ummwmmmmumm@
mumu.mmmmmm.cmuda
hydrochloric acid. This was followsd by extraction with dichloro-
wethane. Drying 0WSO,), filtration and concentration gave (-)=
epixizancic acid (14) (13 mg, 77N yield) : m.p. 110°C (pet. ether))
1125 - 1.0 (c = 1.2, AKLy)y ir OC1y) 3200-2500 (acid), 169]
(acid cartonyl), 1638 lolefin), 1380 and 1360 au | (geninal methyls);
s s 11.7 tu, 1H, -COONM), 419(-.m.,oo-).4s¢(-.m.,oa-).
1.08 (s, M, -QL,) and 1.05 (s, », -at,n-u-.p-cm-u 234.1626

Cylad, for cul,&: 234.1619).

' Spimarization of aldshyde 113

To & solution of aldshyds 113 (13 mg, 0.06 s} in 4 mi of
M;‘“iucﬂ-ﬂu*’wﬁm&mum. The
n—umd.mnn-uuudatmmunwanitmm
atwosphere for 9 hr. Saturated sodium chloride was adied and the
mnumqmnlmﬂmmwﬁthdw.
Drying O0,), £iltration and eveporation of ths solvent gave a
mawmwy_mg}_mmmuw‘
mm Elution with & solution of S ether in pet
mmmmmm (2.5 =), an 1:1 mixture of o and ¢

(”),memmmu.iﬂ). ™he
P4 ‘e
'va" . . ] /

' .
- . /

F 4



"paldsiyds 114 showd the follved spectral data 1 ix 2120, 1720
(aldelyde), 1640 (@etin), 1300 and m«-“‘%-umx metiyls))
- 09.00 @, J =21, L <OOI, 4.78 (. gu3 u, 1N, oa-g.
€63 (t, J = 2 1, N, ) and 1,07 (s; Ao -OLy)) wase
spectrum * 210.1667 'Calcd, 6 Cy .0 1 210.1670).

(./

(¢)- 3izsamoic acid (9)

M 0°C, to a solution of aldshyde L4 (2.5 mg, 0.012 mmol) in
2 m) of acetons, was added § M Janes resgent (3 drope). Aftar sir-
ring 6k veon tnpesabwme for 1S min, the reaction alve s adided
to wmter and extractad with dichlosomsthans. The usual woxh-up of
the extracts gave (+)-sissmoic acid (9) (3.) mg, 908 yield) which
@howed & specific rotation of (] 30 = +22.2° (= 0.23, QL1
and epectral propertiss identical with thoss of nstural product as
&m:umx,)wum.xm (acid caxtoryl) , 1639
ad 991 aa} hhtmnurct‘n(t.a-lsm,m.,oo-).ou
u,a-x.su.mw).z.uu.u.,omo.x.mu.n.-c,)
ad 1.07 (l.ll.-OlJ):-qcu\-l mxmm ucuuno,
' 234.1620).
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found that aloohol 10 underwent ring closure upon
wammwmm-w.m (3). ,The

cationic cyclimstion of spiro(S,4)decans derive
wwmum (9). In their
csdrens, S-acoratridhe (11) readily prepared from narolidol (12)
mmmmmudmw (13) under the

influence of boron trifluworide. A year later, an alternative
route leading to s-acoratriens (L1) was described (10).

A remarkably simplified transformation of nerolidol (12) to

(s). Similarly, c-csdrens (2) was foarmed along with four other

qclintim;xodwumtmn?l (y_)mabjectdmun
¢’ .

treatmant with m\\uumw (12).,
he secknd synthesis by Corey's foup (13) involves, as the
key step, a synchronous double anmilation process whereby
cyclopropyl ketone 15, when treated with ten equivalents of
ac-tylmlfm,mmmfa'mddirectlywkemg.
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-n-ﬂrttclthhﬂ-u. '



i &

=2 B ..




e

RESULTS AN DISCUSSION

i

’ In part 1 of this thesis, the preparation of (-)-a-campholemic
acid (25) by the reaction of qaimercmly available (-)-:1-10—
camphorsulfonic acid ammonium salt and fused potassium hydroxide <«
was described. This carbowylic acid,“vhich has the sgme chirality
as the naturally occurring cedrenoid sesquiterpenes at C-7, appears
to be an attractive starting material for the preparation of trione 22
k(. our immediate synthetic target) as itposmsesnotonlyag&r
dimethyl group and a substitution pattern similar to those found
in t.he latter oalpourﬂ but also functionalities suitable faor
fu:ther modifications. ‘
The tra.nsfmtat:m of (-)-u-canpl’nlem.c ac1d (25) to trione

22 requires three primary operations: the extension of the
'mﬂyl chain by one-carbon unit, the modification of the
double bord to a ketmnc‘/fumt.lon.,/ arnd the incorporation of

a propionyl group to its\allylic; methyl carbon. The farmer was
accomplished by treatment of (-)—a-cqnpholemc acid (25) with two
equivalents of methyl lithium (18), wmch resulted in the format-
ion of erone 26 in virtually q\nntltatlvé yleld

‘Photo-oxygenation of enone 26 using methylene blue as a

sensitizer followed by a reductive work-uia using triethylphosphite
(19) gave rise to a 66% yield of a m'i.xture of two epimeric alcohpls
27 which showed, in the ir spectrum, characteristic absorption
bands at 3450 (hydroxy), 3100, 1665 (double bond), and 1715 cm ©

(ket:orp). The ratio of these two epimers was approximately 8:1
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~ a8 determined by the nwr spectrum which displayed two pairs of

V
netlylsmgletswitht.hemjoratd112ard082a.ndthem:nr

at & 1. 05 ard 0.92, In agreenent with ﬂfbtructural assigment,
two hroad sn.nglets at § 5.09 and 4.88 for the two vmyllc protons
as well as a mathyl singlet at § 2,12 were also observed. These
two Zlcoi‘ols were found to be rather unstable and an attempted
separation by colum chramatography resulted in substantigl loss
of material. Since thf newly intr&uced asymmetric center was

to be destroyed in the subsequent transformation, their separation
was in fact unnecessary. Oxidation of aloohols 27 with active
manganese dioxide (20) in benzene afforded an 80% yieli of enone
28 which showed, in the mass spectrum, a molecular ion peak at
180.1150 consii;ent with-a molecular fphmla of C11"1602' Thus,
by a two-step-sequence the double bond‘was converted tche re-
quired Gyclopentanone carbonyl with the allylic methyl group
properly écuvated for the introduction of a propionyl moiety
which was effected as follows, using a route developed by McMurry
and coworkers for 1,4-diketone synthesis (21).

In the presence of potassium carbonate, anone 28 reacted
smoothly with nitropropane in hot methanol to give nitrg ketone
3_9_.m.p. 81-2°C (ether-pet. ether), in 78% yield. The sharp
melting point coupled with the simplicity of the mmwr spectrum,
which gshowed three singlets at § 2.11, 1.05 and 0.61 and a triplet

at § 0.99 with a coupling constant of 7 Hz for a total of four

methyl group® were suggestive ©f a single stereoisamer of 29.
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Since the conditions employed Were expected to induce isomerization
to give predominantly the thermodynamically more stable product,
its stereochemistry was tentatively assigned as depicted. Sub-
sequent treatment of the salt derived from nitro ketone 29 and

one equivalent of sodium methoxide in methanol with ozone gave
rise to the desired trione 22, Mm.p. 64-5C (ether-pet. ether),

in 748 yield. Its structure was readily established spectroscop—-
ically The rl.m: apegtru'n displayed four methyl signals, three -

as 0shar'g:o singlets at 6§ 2.12, 1.05 and 0.61 and the other as a

triplet at § 1.05 with a coupling constant 7 Hz. In the ir spectrum,

diagnostic ketone carbonyl absarption bands were observed at

1735 and 1715 anl. Bact mass measurement revealed a molecular

weight of 238.1557 in agreement with the required farmula of
C,y 482205 At this point, it was gratifying to realize that the
optically active trione 22 could be obtained in a Cryst;allj.ne form

»

and in a yield of ca. 25% from (=)-a—campholenic acid (25) by a
five step reaction sequence.

Our original synthetic plan called for two consecutive intra-
molecular cyclizations of trione 22,an aldol, cordensation for ring
A formation followed by a Michael addition far that -of ring C, to
create the tricyclic ring skeleton of cedrenoid sesquiterpenes.
Towards this end, trione 22 was subjected to treatment with
sodium methoxide in refluxing methanol. After 24 hr, the reaction
was found to be complete and a product was isolated in a yield of
95%. It was somewhat disappointing, however, to find:that the
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produch ves the bicyclic enone 30 as clearly dafined by the ir
spectrum which showed absorption bands at 1700 and 1660 ot
fortheketmecarbawlgrwplammedaxblemrdrewﬁvaly, axd
bythemrq:ectmninv#ﬁchﬂev{mylicmthylwedua K
broad singlet at & 1.60 and the methyl ketone group was obeerved

at § 2.13 as singlet, and by exact mass m;&aant which
revealed its molecular weight as 220.1459 and hence a molecular
formila of C, Ho0,. The rex spectrum which also showed two
singlets at § 1.07 and 0.48 for the geminal dimethyls was further
indicative of a single stereoisamer for the product. This was
confirmed by 13 mm which displayed only fourteen signals. Its
tentative stereochemical assigrment was based on the ca’ideration
that the reaction conditions were sufficient to wnduce ﬂ'""'ii’
merization of the enolizable chiral center to give st;twm

30 which was expected to be more stable than the alterrative
structure of 31 because of the exo arientation of its ketone side
chain. The interruption of- the anticipated cyclization process

at the bicyclic stage could be attributed to the inadequacy of

the reaction conditions and considerable efforts wie made to
attempt to bring about the desired ring closure. Unfortunately,
prolonged treatment of enone 30 with sodium methoxade in reflux-—
ing methanol or with p-toluenesulfonic acid in benzene resulted

in cuﬁej,e recovery of the starting material ano 30 gave a
complex mixture without apparent production of t's: txicxclic

campound 24, when heated with potassium t-iutoxide 1n t-butanol



way,mmwuawumnwuq

mmmwmmwtsmoume
ionalized ethyl grop into encne 30, In the fizsc inetancs, its
nnxatedkamcarbmylmﬁntgouctdbymmot
selective ketalization which was oaxried out using standard
ketalization conditions (p-tolwlfa)‘lc acid and ethylene
glyéol in refluxing bensene) . e 13C rmr of the product 35,
. wihich displayed sixteen carbon signals, was irdiéative of its
 homogeneity. vhen treated withacetoneandp-mluawlfonic

mﬂﬂutketal_:ﬁmsagaintteuancdynﬂﬁcallynm-uble
stexreoisomer. Ketal 35 was mdy treated with lﬁmn
divinyloopper generated from vinyl lithium and cuprous bromide—
methyl sulfide camplex (22). The 1,4-addition proceeded rather

gmthlytogiveamxmreof woi:s@arableepinerickebacs
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xmss\ymammanuoofm. The cis m-uy
wwiurtmjwummethmh-
(23-27) which showad that the 1,4-addition of Orguo "ate” camplewes
to encnes took place preferentially from the starically less
hindered side. Removal of the ketal protesting group was effected
wwnumwiﬂ\mmﬂnm of p-tolusne~
ul!onicac_iduaumy-t. n-mnwnw-mgzm
mmwmww..ma
wicmnmichmmtm Having a
functionalized two~carbon unit ptoparly installed, the intra-
lohcuhrdiq:lacuantractimwunkthatxosideduinsm

thtotalmnptimoftmstartingmtarmuthjnapériodof
12 hr. The exitemart, however, mwuﬂndummtwch
was d:tairedinayieldofn‘ was shown by the following
spectral evidence to be a 1:1 mixture of two epimeric cycld-
mlketaugimicwithﬂndesimw_{g. In the
mmmmdm&ylm\ghu,aeata 2.13, 1.09,
0.94 and 0.48, and the other at 5 2.13, 1.to, 0.90 and 0.40, as
well_asaw-;totonmltipletatc 3.60 diagnostic for the
methylene group bearing the hydroxyl moiety were observed. - The
ir spectrum showed hydroxyl abeorption at 3440 am ! and a
single absorption band in the carbonyl region at 1712 am-}
consistent only with structure 39. The structural assxgment
mfm't)uconﬁmadbythemsawtmﬂchdnphyeda

W



molecular ion peak at 264.1730. Although dissppointing, the
ewlusive production of cyclopropyl 39 was not totally
unexpected and oould be rationalized by invoking the faster
tmt&mdaw&rmtmmtotndmed
one (28,29). In order to eliminate this problem, the following
altermative routs was investigated.

Irradiation of enone 30 with an excess of allene in thtra-
hydrofuran at -768°C resultsd in the formation, fn a yield of 818,
of photoadduct 41, mﬂyalhqhmum
bym.mrq:actnn-lwingmlymentof four sharp methyl
singlets at § 2.06, 1.08, 0.90 and 0.32, Its arientation was
readuy) assigned on the basis of the previous d:sex*}?tia\s that
ﬂuplnmcycloddditimofmwuluproceaded in a head-
to head manner (30,31) and confirmed by the sutsequent trans-
farmations. With respect to the stereochemistry of enone photo-
cycloadditions in general, it has besn postulated (32) that the
controlling factor is the preferential configuration of the
excited state which is assumed to have carbonium ion character
at j-carbon of the carbonyl group and an arbital with an electron
pair at the g—carbon. In the present case, the stable configurat-
imofs\x:hanexcitedstatevmldbetheonesrwninfonmhiz_
in which the two five-membered rings are cis-fused. Consequent-
ly, the addition should proceed fram the g-face (which happens
to be also the sterically less hindered side) of this species

giving rise to an adduct with the irdicated configuration,
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Omorolysis of the photoadduct §] followsd by reductive wxk-
up using methyl sulfids (33) gave the unstakle trione 4) which,
without purification, vas immediatsly treated with sodium
in matharol to give, in an overall yisld of 8§78, tha desired keto\ —
estey 44 as a result of 1,3-ketons cleavage. This product, which
mmwvae,nxm‘dmwnwxumm.
was subjected to base treattmnt in an attempt to induoce its cycli-
sation to tricyclic compound §3. Under a variety of suitable
conditions, such as sodium hyidride in reflucing benaene, the
starting saterial was recovered unchanged.

Epally unsuccessful was the attempt to bring about the
ring closure of tosylate 46 which was derived from keto ester 44
by modification of its ester group as follows. Ketalization of
44 with ethylene glycol in refluxing benzene in the presence of
p-toluenesulfonic acid gave diketal 47 which without purification
was reduced with lithium aluminium hydride in tetwslgdrofuran.
The resulting alcohol 48 was inmediately treated with acetone
and p-toluenesulfonic acid to give keto aloohol 49 in 79% yield
over three steps. Subsequent treatmant of keto alcohol 49 with
p-toluenesulfonyl chloride in pyridine gave a 73% yield of the
tosylate 46. m;rodu:tmamixtm‘eofuoq)innx'linég\,lgl
ratio as indicated by the nmr spectrum which displayed two -
sets of signals of equal intensity, each contained a triplet ( &
4.00 and 4.17) with a coupling constant of 7 Hz for the methylene
group bearing the tosyloxy group. When tosylate 46 was subjected
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to the trestent with ssdlun hydride in L, ><dissthmyethens &t
FOOR tamparsture, {t uvdeswent @wooth cyclisation but in an un-
Gesirehle direction. The single substance obtained in 608 yield
was the cyclobutyl hesome 30 which was idantified by its e Spectnm
wowing four sharp syl singlets at ¢ 2,10, 1.06, 0.92 and 0.)).
The persistent failwe to bring about the desired cycli-
mdmamwlhtwumwmmm
mmwwmu. This suspicion tunad
n-hvnﬁ. M ovidere fumn the tramsformasion of hetal 25
0 the tricyclic ethar 31 shown balow, our ayginal: sterecchemioal
assigment was incorrect and, in fact, the product derived (rom
tricne 33 by the aldol condensstion should possess the stereochenist-

ry shown in 31, It follows that the stereochamistry of all the
d_t_imlmggngthndewm!!u
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cage of jcyclic compunds.

Rotal 35 (with revisad stareochamistry) vas first irredisted
dmnmmmmot\xmu-ncudmmnmnm
_S_‘_.M\ummadumwymmtmyma.m
subjectsd to osorolyiss. Reductive work-up with methyl sulfide
mm—dwmmuuumntotmpm_s_s_wimm
Mmmwau\yﬂmqummmg
m-memwlymmwimum —ter t-butoxy-
aluxinium hydride and the product, without purification, was treated






with acetone and p-toluenesulfonic acid.! Keto alcohol 57, which

was shown to be a single stereoisamer by its nmr spectrum display-

‘ ing four sharp methyl singlets at § 3.60, 2.08, 0.99 and 0.78 and
#methyl doublet at § 0.96, was isolated in a yield of 24% along
with a mixture likely consisting of the C-2 epimer of 57 and two
epimeric lactones 58 as indicated by its ir and mmr spcctra.
Baeyer-Villiger oxidation of keto alcohol 57 with trifluaro-
peracetic acid in dichloramethane gave rise to a 44% yield of

ester 59 which showed abeorption bands at 1790 (trifluoroacetic

1

L
ester) and 1740 cm

(esters) and the absence of ketone carbonyl
absorption. In afidition to four methyl singlets at 6 3.62, 1.98,
1.10 and 0.79 and a methyl doublet at & 0.90, the mmr spectrum
showed a one-proton mnltiplet at § 5.35 readil/y attributable to
the methine group bearing the trifluoroacetoxy noiety as well

as a two-proton multiplet at § 3.95 due to'the presence of an
acetoxyneﬂx}lene unit. On brief treatment with methanolic

sodium methoxide, ester 59 underwent transesterification to give,

in a 72% yield, diol 60 which was converted to the tosylate 61 .
. 50 s

in 46% yield ysing p-toluenesulfonyl ehloride in pyridine. Vhen
_this caxpamwas trea:? with sodium hydride in 1,2-dimethoxy-
ethane at temperature, it rapidly cyclized to give a 87%
yield of ether 51, whose structure was evident from the following
qaectraldat;a The ir spectrum showed a single carbonyl absorpt-
ion band at 1735 cm ! diagnostic of the ester group. In the mir

spectrum, apart from a three-proton singlet at § 3.64, a six-
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proton singlet at 4 1,07 and a three-proton doublet at § 0,98 for
a 'total of four methyl groups, two multiplets centered at g 3.96
and 3.80 attributable respectively to the methine proton and the
methylene protons neighbouring the oxygen atam were also observed.
The mass spectrum which displayed a molecular ion peak at 252,1722
was in agreegent with the structural assignment., It should be
roted that the fo;nation of ether 51 is sterically feasible only
when all of the four ring junction carbons have the depicted
configuration and its isolation clearly defines the stereochemistry
of all the precursors, as far back as enone 31, as concluded in
advance (vide supra). It is also clear that the failure
to cyclize of saveral derivatives of enone 31 can now be inter-
preted simply on Stereochemical grounds. What remains unclear
tuvever,. is the greater stability of the enone in the stereo-
chemical arrangement 31 rather than 30.

We are currently examining more throughly the aldol cond-
ensation of trione 22 under kinetically controlled corditions
(in order to effect the formation of enone 30) as well as the
intramolecular Miqhael addition of enone 31 using corgii'tiofxs

different from those already attempted.



General

Spectra, melting points, optical rotations and elemental )
analyses were abtained and reparted as imdicated in the experimental
: of Part 1. 13 nmr spectra were recorded on Brukar WP-60
I:)ar HFX~90 spectrameters using deuteriated chloroform as

solvent and tetramethylsilane as internal standard.

Materials

| Silica gel, 0.15 - 0.33 m granulation, was used adsorl;ent
for colum chramatography whereas for flush chromatography (34),
silica gel with the particle size of 0.040 - 0.063 mm was used.
Solvents were purified by the procedures described in the experi-

mental section of Part 1.

1,5,5~trimethyl-4- (2'-oxopropyl) cyclopentene (26)

At 0°C, to a vigorously stirred solution of (-)-a-~camphor-
sulfonic acid (25) (23.3 g, 0.14 mol) .in Ary ether (300 ml) under a
nitrogen atmosphere, was added dropwise a solution of 2 M methyl-
lithium in ether (150 ml, 0.30 mol)., During the addition, a volumin-
cus white precipitate separated A redissolved. The resulting -
turbid solution was stirred at room temperature for 5 hr. The
reaction mixture was acidified with ice-cold dilute agueous hydro-
chloric acid. Ether layer was separated and the aqueous solution
further extracted with ether (200 ml). The organic solution was
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. N |
washed with aqueous sodium carbonate and brine. Drying (Mgm‘),
filtration and evaparation gave the crude product which was chramato-

graphed on silica gel. Elution with a solution of 8% ether in

25 _
D

-12.7° (¢ = 3.0, CC1,); ir 1720 an ! (ketone); mmw & 5.20 (br. s,

hexane gave pure ketone 26 (34.3 g, quantitative yield) : [a)

1H, ~Ch=), 2.07 (s, 3H, <COCH;), 1.59 (br. s, 3H, =C=CH,), 0.97
(8,34, ~cH,) and 0.75 (s, 3M; -CH,); mass spectrum M' 166.1430
(Calod. far Cp,H 0 : 166.1358).

Anal. Calcd. for C,,H,0: C, 79.46; H, 10.91. Found: C, 79.54,

S

H, 10,88,

f

3,3 Dimethyl-2~methylidene-4- (2'-axopropyl)cyclopentanol (2_)

A golution of ketone 26 (300 mg, 1.8 mmol) and methylene blue
(15 mg) in methanol (35 ml) was irradiated with two 200 W tungsten
light bulbs for 40 hr. During the period, a moderate streafm of
oxygen was allowed to pass through the solution. The reastdfien
mixture was coaled to 0 C and triethylphosphite (388 mg, 2.3 mmol)
wes introduced. After stirring under a nitrogen atmosphere at
roam temperature .for 2 hr, the solution was concentrated under
the reduced pressure. The residue was taken up in water and
chloroform. The organic layer was separated and the aqueous
solution extracted with chlorofarm. The organic solution was -
drj_ed(bt;g)‘), filtered and evaporated to dryness to give the crude
product which was subjected to column chramatography on silica
gel. Elution with a solution of 50% ether in hexane afforded



t
allylic aloohol 27 (218 mg, 66V yield) : ir 3450 (aloohol f 3100,
1655 (olefin) and 1715 am » (ketone); rew & 5.09 (bx. s, 1H, =C),
4.88 (br. s, 1H, =CH-), 4.40 (m, 1H, >COH), 3.28 (ix. s, 1H, -OH),
2.12 (s, 3H, ~COCH;), 1.12 and 0,92 (both s, 8/3H each, —CHy),
0.92 and 1,05 (both s, 1/3H each, ~Ci,); mass spectrum M' 182,129
(Calcd, for C) H g0, + 182.1296).

Y

3, 3-Dimethyl-2-methylidens—4- (2' -oxopropyl) cyclopsntanons (28)

Active nungana-a dioxide was prepared according to Goldpan's
precedure (20). To a suspension of active manganese dioxide (5 g)
in dry benzene (20 ml), was added allylic alcohol 27 (218 mg, 1.2
“mmol). The resulting mixture was stirred at room temperature for
2 hr, filtered and concentrated. The residue was chramatographed
on silica gel. Elution with a solution of 30% ether in hexane
gave ketone 28 (170 mg, 80% yield) as an oil : [al3> = -152.4°
=1.2, arl,); ir 1715 (ketone) and 1630 an ! (olefin); mmr &
5.85 (br. s, 1H, O=CH-), 5.12 (bxr. s, 1H, C=CH-), 2.13 (s, 3,
-(!1313), 1.22 (l;, 3H, -0-13) ardd 0.99 (s, 3H, -CH3); rass spectrum
' 180.1150 (Calod. for Cp\H O, : 180.1150).

Anal. Calad. for C,,H 0, : C, 73.30; H, 8.95. Found

C,

72.98; H, 9.07.

3,3-Dimethyl-2- (2'-nitrobutyl)-4-(2 ' ~oxopropyl) cyclopentanone (29)

To hot (0il bath teamperature GS.C) nitropropane (10 ml), was
added a saturated solution of anhydrous potassium carbonate in
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netarct (8 nl) containing enone 28 (1,27 g, 7.1 mBl). The
ixture wigheated at 65°C for 4 he. After oooling to room tamp-
erature, dilute aqueous hydrcchloric acid was added and the acidic
solution was extracted with dichloramethane (3 x 50 ml). The
comhined extracts were dried (4g80,), filtered and concen@ated.
Purification of the oily ptoduct by column chramatography on silica
EI(IOOq)vitha.olutimofdﬂothntinmuoluem i
'§2pcded the nitro compound 29 (1.49 g, 788 yield): m. p. 0-2c
(ether/pet. ethar); (a}3> = -92.7"(c = 0.55, GCly); ir (@1
1735 (£ive-membered ketons), 1710 (ketcne), 1550 and 1350 cm |
(nitro group); rer & 4.78 (m, 1H, >CHD,), 2.11 (s, 3H, -COCH),
1.05 (s, 3H, <CHy) , 0.99 (t, J = 7 Hz, <CH,CH,) and 0.61 (s, 3H,
~cH,); mass spectrum M - 15)* 254.1367 (Calod. far Cp4H, MO,
254,1392) . - |

Anal. Caldd. fox CMH23N)‘ : C, §2.433 H, 8.61. Foud : C,
62.57; H, 8.73.

'S

3,3—Dineﬂ1y1-2—(2'-mmmyl)—4-(2'-am®yl)cyclopmtam (22)

To a solution of nitro ketone 29 (1.24 g, 4.6 mmol) in methanol
(40 ml), was added a 0.46 N solution of sodium methoxide in methanol
(12 ml, 5.52 mmwol). The resulting solution after stirring at room
temperature for 10 min was chilled to 78 C, and a stream of ozone-
cxygen was allowed tO pass through. After 15 min, the reaction
mxt\memspmgedwithnitrogexmgastdramtreex:essme.
Methyl sulfide (4 ml) was added and the resulting solution was



allowed to warm to roam temperature. Aftsr standing for S hr, it
wm&du&mmndm.‘l‘hmmum
wp in dichloromsthane, washed with brine, arw"om‘). filtered,
and concentrated. Coluw chromatography of the crude product on
silica gal (80 g) eluted with a solution of 408 ethar in hexans
gave the crystalline trione 22 (813 mg, 748 yield): m.p. 64-5°C
(othex/pet.. ethar); (213 = -136.4"(c = 0.34, OX1,); ir (K1)
1735 (five-membered ketone), and 1715 am | (ketones); meé 2.12
(s, M, <COCH,), 1.05 (¢, J = 7 bx, 3, -CHOH), 1.05 (s, 3H,
~C,) and 0.61 (s, 3, -Oiy); mass spectrum M 238.1557 (Cafcd.
for C, H).0, 1 238.1569). '

Anal. Calod. far Cp H,.0, + C, 70.41; H, 9.40. Pound: c, 70.44;

H, 9.40.

2,6,6~trimethyl-7- (2'-osopropyl) bicyclo[3.3.0) octen-3-one (31)

To a solution of the trione 22 (800 mg, 3.36 mwl) in methanol
(lom)v,mmadao.asunoluumot.odimmﬂmdde‘inmﬂr—
arol (7 ml, 6 mol). The resulting mixture was refluxed under a
nitrogen atmosphere for 24 hr. After cooling to room temperature,
1tmpaxudintoice—co]ddiluteludrodﬂoricacid,uﬁmacud
with dichloromethane. The crganic extracts were washed with
aquecus sodium chlaride solution, dried (MgSO,), filtered and cor-
centrated to give a yellow oil which was subjected to column
chromatography on silica gel. Elution with a solution of 45
in heane afforded the pure enedione 31 (706 mg, 95% yield) :

= -116.2" (c = 1.5, GC1,); ir 1700 Ocetones) and 1660 @t
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e & 2.13 (s, M, -(XD!J), 1.60 (. s, 3H, -<x:u3), 1.07 (s, 3H,
-013) and 0.48 (s, i, -CHJ): 1':’C e § 210,2, 207.9, 180.9, 132.2,
55.4, 45.6, 44.1, 41.0, 36.0, 31,6, 30.3, 25.8, 14.6 and 8.2; mass

spectrum M’ 220.1459 (Calcd. for C 220.1464) .

1411209 ¢

7-(2',2'-Ethylenadioxypropyl)-2, 6, 6~tr imethylbicy¥lof 3. 3.0 octen—

3-one (35)

To a mixtyre of p~-toluenesulfonic acid (34 mg, 1.2 mmol) and eth-
ylene glycol (2 ml) in 40 ml of benzene was added enedione 31
(170 mg, 0.77 mmol). The resulting mixture was refluxed for 8 hr
with constant removal of water using a Dean-Stark water separator.
After cooling to room temperature, it was made basic with aqueous
sodium bicarbonate solution and extracted with ether (3 x 40 ml).
The extracts were washed with brine, dried(MgSO4), filtered and
correntrated. The crude product was purified by flush chramato-
graphy on silica gel. Elution with a solution of 50% ether in
hexane gave the ketal 35 (161 mg, 80% yield) : ir 1705 (ketone) and

1665 an 1 (olefin); nmr & 3.71 (s, 4H, ~oCHCH0-), 1.61 (bx. s,

. 3H, =(IIH3), 1.28 (s, 3H, -CH3), 1.06 (s, 3H, -CH3) ard 0.44 (s, 3H,

-CH3); 13C e § 210.5, 182.4, 131.8, 110.1, 64.8, 64.3, 55.5,

46.0, 41.5, 39.1, 36.0, 32.8, 25.7, 24.3, 14.1 and 8.2; mass spectrum

M’ 264.1721 (Calcd. for C 264.1725) .

16112403

Hydrolysis of ketal 35 to enedione 31

116
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The ketal 35 (150 ng, 0.57 mol) was dissolved in acetons (6
ml), and p-toluenssulfonic acid (34 mg, 0.2 mwl) was added. After
stirring at room temperature for 12 hr,..t.he reaction mixture m
poured into a uturﬁwd aquecus sodium bicarbonate solution (40 ml).
Extraction with dichloromothane (3 x 40 ml) followed by the usual
work-up of the extracts gave enedione 31 (125 mg, quantitative
yield) showing identical spectral data (ir, rme and 13¢ ) o

with those obtained previously.

7-(2', 2'-Ethylenedioxygzwyl)-Z,6L6-trimﬂxyl-1~vinylbicyclo(3.3.0];
me—i!—ave (}_6_) :

At -40°C, under an argon atmosphere, to a suspension of Cufr.
l'hzs camplex (22) (860 mg, 4.2 mol) in tetrahydrofuran (8 ml), was
added dropwise a solution of 1.9 M vinyllithium in tetrahydrofuran
(4.4 ml, 8.4 mwl), After stirring at -30°C for 1 hr, the reaction
mixture was’ allowed to warm gradually to roam temperature. It was
pa:red‘ into an ice-cold solution of ooncentra;.ed ammonium hydroxide
and ammonium chloride and extracted with dichloramethane (3 x 40 ml).
The combined extracts were washed with brine, dried 0&;3)4), filtered
and concentrated. Colum chramatography of the crude product on
silica gel using a solution of 20% ether in hexane as eluent gave
a ca. l:1 mixture of two epimeric ketones 36 (459 mg, 67% yield) ;
ir 1745 (five-membered ketone) and 1650 anl (olefin); rmr & 6.06,
5.76 (both &d, J = 18 Hz , J' = 10 Hz, total 1H, ~CH=), 5.02 (m,

3, =CH2), 3.92 (bx. s, 4H, —CCHCHZO-), 1.33, 1.30 (both s, total

2
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lf. -CHJ),'O.Q‘I, 0.95 (both 4, J = 10 Hs, total M, ’QO-QQ_Q). 0.9%

(s, M, -CH:,), 0.73 and 0.59 (both s, total 3H, 4:!3): MASS SpeCtIum
+

M - 14)° 277.1808 (Calcd. for Cl?“:SOJ 1 277.1004).

2,6,6-'rxinnmyl-7-(2‘-ooq:mpy1)-1~vw1.bi.qclo(3.3.0)ocwr-3-ah (37)

A solution of ketal 36 (190 mg, 0.65 mol) and p-toluenssulfonic
acid (34 mg, 0.2 mwol) u‘\ac.tcn. (8 ml) was stirred at room tesp-
exature for 12 hr. Aqueous saturated sodium cartonate selution
(40 ml) was introduced and ghe organic material was extracted
with dichloranethane (3 x 5(; ml)., The combined extracts were
washed with brine, dried (MgS0.F¥. f4)tered and evaparated to dry-
ness. The oily residue was purified by colum chraowatographed on
silica gel. Elution with a solution of 20\ ether in heane af forded
a mixture of diasterecmeric diketones 37 (124 mg, 80% yield) : ir
1738 (five-membered ketony) , 1716 (ketone) and 1637 an ! (olefin);
e & 5.98, 5.70 (both ad, J = 18 Hz, J' = 10 Wz, total 1H, Ci=),
$.00 (m, 2H, -CHZ)' 2.07, 2.04 (both s, total 3H, -<m13), 0.85
(d, J = 8 Hz, 3H, >CH-O_13), 1.04, 0.95, 0.75 and 0.65 (all s, total

&1, >C(Qiy),); mass spectrum M 248.1776 (Calad. for C)cH, O

16242

248.1776) .
l-w)yl—2,6,6-umeﬂyl-7-(2'—0)cgropyl)bicyc10(3.3.0]ocw1- .
3-one (38)

A solution of diketone 37 (124 rg, 0.5 mmol) and m—chloropex-

penzoic acid (103 mg, 0.6 mwol) in dichloramethane (6 ml) was



stirred at room tesperature for ) hr. Aquscus sodium sulfite

m“mmmmmmym
(3 x 40 ml), WMmmmw

with brine, dried (480,), filtared and eveporated. The crude
product was chromatographad on silica gel, uaing a solution of 456
ether in hwmne as eluant, to give epoxide 38 (113 mg, 888 yipld):
ir 1737 (five-wanbered ketons) and 1714 o} (ketone); rex &

3.02 (¢, J = 4 Mz, 1N, -o_’g%uz). 2.09 (s, M, -COOM;) and 1.10- .

0.85 (complex, total S, 3 x -CM,); mass spectrum M* 264.1727
(Calad. far € H, 0 1 264.1726).

9-Hydrosymethyl-1,5, S-tr imethy 1-6- (2' ~aspropyl) tricyclo(6,1.01¢8 048

119

nonan-2-ons  (39) -

To a suspension of sodium hydride (508 oil dispersion; 32 my,
0.6 mmol) in 1,2-dimethoscyethans (8 ml), was added a solution of
epoxide 38 (50 mg, 0.18 mwol) in 1,2-dimethoxyethane (2 ml). The
resulting light yellow solution was stirrpd at room temperature
under a nitrogen atmosphere. After a 12 hr period it was poured
into ice~cold dilute agquecus hydrochloric acid. The crude product
vhich was i-nlatedinmeunnlmmdrcntognpt:adm
silica gel. Elution with a solution of 80V ether in heane afforded
a mixture of the epimeric alcohols 39 (ca. 1:1; 34 mg, 728 yield) :
ir 3440 (alcohol) and 1712 am) (ketones); rme  3.60 (m, 2H,
~ai,oH), 2.13 (s, X, ~C0CH,), 1.09, 1.00, 0.94, 0.90, 0.48 and 0.40
(all s, total 9, 3 x -CH,); mass spectrum M’ 264’.177 (Calcd.

7\
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(6.2.0%%.0% % 1ancan-2-0ne (41)

At -78°C, allene (ca. ) ml) was condensed into a long pyrex
e (d = 0.8 an, 1L 25 am). A solution of enedione 11 (500 mg,
2.2 mmol) in tetralydrofuran (3 ml) vas added. The resulting
mixtuwe was irradiated st =78 € with a 450 W Hanovia high-
Mwu-uﬂw_blh. .Aftes removal of
the solvent under the reduced pressure, the residue was clromato-
graghed on silics gel. Klution with a solution of 25% ether
in hmane gave the adduct 41 (430 mg, 818 yield): ir 1735 (five-
mambered ketons), 1715 (ketones) and 1680 o ! (olefin), rmr &
4.00 (m, 24, =OL,), 2.06 (s, 34, ~COONy), 1.08, 0.0 amd 0.32
(all s, M each, 3 x -Ci,); mass spectnm M* 260.1770 (Calod.

for cl.,n.“oz 1 260.1776).

1 1-2,6,6—r 1-7-(2° 1

[3.3.0)octan-3-ons (44)

M-n.c.amdomwmnla-dmpnu
through a methanolic solution (20 ml) of pgotosdduct 41 (430 mg,
1.66 mwol) until a light blue color retainsd. Ths reaction
mompmﬁmdtmaommmmw
methyl sulfide (2 ml) was added at 0°C. After stirring at room

120
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tamparatuse for ) v, the mixture was conpoantretad uvder the
rg‘ndm. ™e residw we partitiensd in dichloromthane
and wter. The organio solution was dxied over magnesium sulfate.
nxmumumnmammmmmmuwi
4) as & light yallow oil. Trions 4} without purifidation was
ismadiately treated with a solution of 0.9 N sodium methoxide in
methanol (4 ml, ).6 smol) at SOOR tesparature overnigit. The
product obtained after the usual wrk-up was chromatographed
a\uum’l (30 ¢). Elution with a solution of 600 ethexr in

" hmmne gave an epimaric mixtuffof estars &4 &1:1; 420 my, O7Y
yiald from 41) : ir 177 (ester and five-smmbered ketons) and
1720 am} (wetons); rex & 3.59, 3.6 (oth s, total M, -COOCM,),

2.07 (s, M, -OOCH 0.94 (s, M, O‘IJ), 0.92 d, J=7T =, M,

)
3 [
>cl-013). 0.70 and 0.44 (both s, total M, 043)3 EASS SpECtIum
+
M 294.1832 (Calcd. for CUH“O‘ 1 294.1811).
o
1~ (2° -#ydrowyethy]) -2, 6, 6-tx imethy1-7- (2' ~omopropyl) bicyclo-

{3.3.0)actan-3-one (49)

A mixture of heto ester ¢4 (165 mg, 0.56 mmol) , p-tolusne-
sulfonic acid (17 mg, 0.m0l) and ethylens glycol (0.5 ml) in
bersene (10 ml) wvas reflined with constant rescaal of water
using a Dean- Stark water ssparatar for 10 hw. After cooling
wmmm,'uﬂ.@wwmmu

3 Y
solution and extractad @#ith dichloromsthane (3 x 40 ml). The
usual work-up of the argeni@ shlution gave the crude diketal 47



(200 mg) which, without purification, was added to a suspension

of lithium aluminium hydride (25 mg, 0.6 mmol) in tetrahydrofuran

(5 ml). The resulting mixture was stirred at room tdperature

for 2 hr. Water (0.1 ml), 3 N sodium hydroxide solution (0.1 ml)

ard again watgr (0.3 ml ) were successively added. Filtration
followed by concentration of the filtrate gave ketal alcohol
48 (150 mg) which was dissolved in acetone (5 ml). P-Toluene-
sulfonic acid (17 mg, 0.1 mmol) was added. After stirring at
roam temperature overnight, th:\mi_xture was poured into water
and extracted with dichloromethane. The usual work-up of the
extracts afforded the c’mde product which was chramatographed
on silica gel (15 g). Elution with a solution of 60% ether in
hexane gave a ca. 1l:1 mixture of epimeric alocohols 49 (132 mg,
79% yield from 44) : ir 3460 (alc(:‘ohol),.1734 (£ive~membered

ketone) and 1717 am

(ketone); nmr & 3.98, 3.60 (both t, J =
7 Hz, total 2H, -CH,0H), 2.14 (s, 3H, -COCH,), 0.97 (@, J = 7 Hz
3, >CH-CHy), 0.95 (s, 3H, <CHy) , 0.71 and 0.42 (both s, total
3H, -CHy); mass spectrum M 266.1889 (Calod. for C) M, Oy :

266.1882) .

2,6,6-Trimethyl-7-(2"'-oxopropyl)-1-(2'-p—tosyloxyethyl)bicyclo-

(3.3.0)octan-3-one (46)

To a solution of alcohol 49 (67 mg, 0.25 mol) in pyridine

i

(3 ml), was added p-toluenesulfonyl chloride (76 mg, 0.4 mmol).

The resulting mixture was ‘stirred at room temperature for 6 hr,

.122
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ac'idifiai with ice~cold dilute hydrochloric acid and extracted
with dichloramethane (3 x 40 ml). The usual work-up of the ¢
“otgm"dc solution gave an oily residue which was chmmtographed
on silica gel (8 g). Elution with a solution of 35% ether in
heane gave the tosylate 46 (78 mg, 73% yield) : ir 1735 (
five-member ketone) and 1710 am L (ketone); mr ¢ 7.80, 7.38

» (both d, J = 8 Hz, 2H each, aramatic H), 4.00, 4.17(both t, J = 7
He,-total 2H, -CH,OTs), 2.44 (s, 3H, benzylic d*a" 2,13, 2
(oth s, total 3H, -COCH;), 0.91 (s, 3H, ~CH,), 0.87, 0.85 (t‘
d, J = 6 Hz, total 3H, >CGH-GHi;) , 0.69 and 0.40 (both s, 3H, —CH,);
mass spectrum M* 420.1957 (Calad. for C,3H3,0.5 ¢ 420.1970).

1,5, 5-trimethyl—6- (2' ~oxopropyl ) tricyclo(6. 2.0 2. 049 decan-2-

ane (50)

To a solution of tosylate 46 (56 mg, 0.12 mmol) in 1,2-dimeth-
oxyethane (6 ml), was added sodium hydride (50% oil dispersion;
20 mg, 0.4 mmol). After standing at r:oan‘ temperature for 1 hr,
dilute hydrochloric acid was added. The acidic solution was
extracted with dichloromethane (3 x 40 ml). Drying 0'9334),
filtration and concentration gave an oil which wes chromato-
graphed on silica gel (6 g). b;.lution with a solution of 25%
etherinl’mcanegavvethediketar.:S_O(l’gng, 6_O%yiéld) : ir
(GC1,) 1727 an ! (ketones); nmr § 2.10 (s, 38, ~COCH,), 1.06
(s, 3H, -CH3), 0.92 (s, 3H, -013) and 0.33 (s, 3H, ‘CH3): mass
spectrum M' 248.1767 (Calcd. for Cell0, © 248.1776).

O
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6-(2',2'-Ethylenedioxypropyl)-1, 5, S-trirethyl-10-methylidenetsfcyclo-
16.2.018 0% 8 e an2-one (54)

At -78'C, allene (ca. 2 ml) wag condensed into a long .
Pyrex tube. A solutijon of ketal 35 (422 mg, 1.6 mmol) jn tetra-
lhydrofuran (5 ml) was added, The resulting mixture was irradiated
in a Devar flask containing dry ice with a 450 W Hanovia high-
pressure quar;é Mmercury lamp for 5 hr, .Aftcr remowal of the
Solvent under the reduced pressure, the residue was purifieq by
flush chramatography (the ‘product underwent partial hydrolysis
when subjected to ordinary colum Chromatography) . Elution
with a solution of ZO%wnrmlmnmanearidwtgl_ (400 mg,

828 yield) : ir 3080, 1670 (olefin) amy 1755 an (five-membered
ketone); mr § 4.56 (m, 2, =CH,), 3.61 (s, 4, ~OCH,H,0-),

1.11 (s, 34, ~CH,), 0.99 (s, 3, CHy), 0.8€ (5, 3H, -qi,) am

0.63 (s, 3, ~CH3): mass spectrum M' 304.2054 (caled. fop ¢
CigHygOy : 304.2039),

Jiar?xneﬂ-m(ymthylﬂ- (2',2' -ethylenediml )=2,6, 6-trimethy£
Bicyclo(3.3. O)octan-3-one (56)

—

At -78°C, a stream of Ozaone—oxygen ¢gas wk.: allowed to pass
through a methanolic solution of the photoauduct 54 (40b mg,
.1.31 mmol) until a light bl\’olor ramained. The reaction
mixture was purged with nitrogen to remove ‘he e:o;:ess Oozone, ard
treated with methyl sulfide (2 ml) firut e n°C for 30 min and
then at roam temperature for 3 hr. The res. .1g solution was



axpmtrated urder the reduced pressure. The residue was taken
up in dichloromethane and washed with saturated sodium chloride
solution. The arganic solution was dried (MgSO,), filtered and
evaporated to dryness. The crude dione 55 was dissolved in
methanol (5 ml), and a solution of 0.9 M sodium methoxide in
methanol (3 ml, 2.7 mwol) was added. After standing at room
tamperature overnight, the solution was poured into ice-cold
dilute hydrochloric acid and extracted with dichlorgmethane.
The usual wark-up of the extracts gave crude product which was
purified by flush chromatography on silica gel. Elution with a
solution of 45% ether in hexane afforded keto ester 56 (370
mg, 83% yield ) as a mixture of two epimers (ca. 1l:1) : ir
1740 (five-membered ketone) and 1735 cm * (ester); rwé 3.82°
(s, 4H, -OCH CH,0-), 3.64, 3.58 (both s, total 3H, ~COOCH, ) ,

1.24 (s, 3H, -(313), 0.96 (4, J = 7 Hz, 3H, >CH-C!_13), 0.94 (s, 3H,

-013) , 0.69 and 0.42 (both s, total 3H, -' mass spectrum
+ L
M 338.2091 (Calcd. for C19ﬁ30:$ : 338.2093).

1-Carbomethoxymethyl-2, 6, 6~trimethyl-7-(2'-ocxopropyl) bicycle~

(3.3.0)joctan-3-ol (57)

At 0°C, to a solution of ketal ester 56 (70mg, 0.2 mwol)
in tetrahydrofuran, was added lithium tri-tert-butoxyaluminium
hydride (76 mg, 0.3 mmol). The reaction mixture was stirred ‘at
room temperature for 3 hr. Water (0.1 ml), 2 N sodium hydroxide

(0.1 ml) and again water (0.3 ml) were successively introduced.
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Filtration followed by concentration of the filtrate under the
reduced pressure gave a complex mixture which vas dissolved

in acetone (¢ m1). p-Toluenssulfonic acid (9 mg, 0.05 mmol)

was added. After stirring at roam temperature overnight, the
reaction mixture was made basic with saturated aqueocus nﬁiun <
bicarbonate solution and extracted with dichloromethans. The
cambined extracts were dried (Mga)‘), filtered and concentrated.
The crude product was chramatographed on silica gel. Elution
with a solution of 308 ether in hexane afforded the alcohol

31 (14 mg, 248 yield ) : ir 3500 (alcohol), 1740 (ester) and
1720 ™ (ketone)s rmr § 4.10 (m, i, >CH-CH), 3.60 (s, 3H,
~C00CH;), 2.08 (s, 3H, ~COCH,), 0.99 (s, M, ~CH,), 0.96 (d, J =
8 Hz, 3H, >CH-CHy) and 0.78 (s, 3H, -CH,); mass spectrum M*
296.1960 (Calad. far €, H,0, : 296.1988).

v

7-Acetmgmetryl-1-carbateﬂnxyneﬂ;y1-3-trif luoroacetoxy-2, 6, 6~
trimethylbicyclo[3.3.0loctane (59)

At 0°C, to a mixture of 98% hydrogen peroxide (0.08 ml,
3 mol) and dichloromethane (6 ml), was added trifluoroacetic
anhydride (0.5 ml, 3.5 mmol). The resulting mixture, after
stirring at 0°C for 30 min, was added to a suspension of
anhydrous disodium hydrogen phosphate (200 mg) in dichloromethane
(5 ml) containing the keto ester 57 (22 mg, 0.074 mmwl). The
reaction mixture was stirred at 0'C for 2 hr and at room temp-
erature for 30 hr: It was poured into ice-cold saturated

s



aquecus sodium bicarbonats solution ani. extracted with dichloro-
methane (3 x 25 ml). The usual work-up of the organic solution
mmmmwumﬂmmwmuuuw.
Elution with a solution of 200 ether in hexans gave estar 39
(11 mg, 44% yield) as an oil : ir 1790 (trifluoroacetats) and
1740 o} (esters); rmré 5.35 (m, 1H, >CQH-OCOCT;), 3.95 (m, 24,~
CH,000CH,-), 3.62 (s, 3, ~C00CH;), 1.98 (s, 34, CHLC00-), 1.10

3
(s, 3, -CH3)' 0.90 (4, J = 7 Hz, 3H, >CH-CH

H,)
).

ard 0.79 (s, 3H,

w—ww»z , 6, 6—txrimethylbicyclo~-
(3.3.0)octan-3-0l (60)

4

At 0'C, to a solution of ester 59 (11 mg, 0.032 mmol), in

methanol (3 ml), was added a solution of 0.9 M sodium methoxide
in methanol (0.5 ml, 0.4 mmol). After stirring at room temp-
erature for 30 min, the reaction mixture was acidified with ice-
mldhydrod\loricaciduﬂextractaiwithdimethnm 3 x
25 ml). ‘The usual work-up of the organic extracts gave the diol

g (6.5 my, 724 yield) ; ir (GKC1;) 3400 (alcohols) and 1731 !

(ester) ; ror (CDC1,) & 4.16 (g, J = 5 Hz,1H, >CHOH), 3.64 -(s, 3H,

| ~concH,),3.60 (m, 2H, <GH,0), 1.10 (s, 3, ~Ciiy), 0.92 d, J =
7 Hz, M, >Gl-013) ard 0.84 (s, w,-m),msspectnmm-m)
252.1686 (Calcd. for C (H, 0, @ 252.1696).




1-2,6,6-tr 1-7- 1 1o~
B3.3.0)ectan-3-ol (61)

A solution'of diol 60 (6 mg, 0,021 meol) and p-toluens-
sulforyl chloride (9 mg, 0.05 mol) in pyridine (2 ml) was
stirred at room tempsrature for 8 hr. The reaction mixture
was poured into ice-cold diluts hydrochloric acm.‘v Extraction
of the acidic aqueous solution with dichloramsthane followed by
ﬂnumlyuk%potﬂnagmic.olutimyiﬂdedﬂncmde
product which was purified by colum chramatography on silica
gel. Elution with a solution of 40% ether in hexane gave the
morotosylats 61 (4.3 mg, 468 yield) : ir (CHCl,) 3450 (aloohol)
and 1735 on > (ester); nmr (CDC1,) § 7.79 (d, J = 8 Hz, 2,
aromatic H), 7.35 (d, J = 8 Hz, 24, aromtic H), 4.10 (m, 14,
>CiOH), 4.00 (ad, J = 7, J' = 7 Hz, 2H, -CH,080Ar), 3.64 (s, 3H,
-mocu3), 2.46 (s, 3H, benzylic CH3), 1.06 (s, 3H, -CH3), 0.90 (
a, J = 7 Hz, >Qi-CH,) and 0.79 (s, 3H, -CH,;).

°
3~Carbamethoxymethyl-2, 6, 6~trimethyl-9-oxatricyclo [3.3.2, 03' 7 =

decane (51)

.

To a suspension of sodium hydride (50% oil dispersion; 5 ng,
0.1 mmol) in 1,2-dimethoxyethane (2 ml), was added the hydroxy
tosylate 61 (4mg, 0.009 mwl). The mixture was stirred at room

tetpea':e under a nitrogen atmosphere for 2 hr. Ice-cold
dilute hydrochloric acid was added. The resulting mixture was



.
extracted with dichloromsthans ( 3 x 20 n). Orying 0%80,) ,
f4)tration and concentration gave the arule product which was
ctwomatographed on silioa gel. Elution with a solution of 20V
ether in homne gave ether 51 (2 %5, 0% yiald) 1 ir (@K1, 1735
! (ester); e (COIC1,) ¢ 3.96 tm, 14, >CH-0-), 3.80 (m, Z,
-OCH,~), 3.64 (s, 34, -COOCH,), 1.07 (s, 64, <CH,) ahd 0.98 (4,
J =7 M8, M, >Q-CH,)) mss spectrum M’ 252.1722 (Calod. for
(:l‘sl'lz‘o3 : 252.1725).
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