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ABGTRACT

This study is directed towards the synthegis of the
hydroazulenic sesquiterpené zierone (1) through the inter-

mediacy of the photocycloaddu&ts 101+104 and their thioketal
derivatives 95+98. Photocycloaddition of 2-cyclopentenone
to l-acetoxy-2—carbomethoxycyclopentene ih benzene followed
by thioketalization of the inseparable adducts afforded the
thioketals 95, 96, 97 and 98 in a ratio of (9.7:2.7:7.3:1)
respectively and in a total yield of 62%. Hydrolysis of the

thioketal moieties of these compounds afforded the corres-

ponding ketones, the original photocycloadducts 103, 102,

'

104 and 101. Repetition of the phdtocycloaddition reaction
in isopropanol afforded the keto-diesters 101 and 103 in a
ratio of 5:1 and in a total yield of 50%. The structures

and stereochemistry of these compounds were elucidated
thrbugh éhemical transformétions and the results are detailed

in Chapter II of this thesis.
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Towards the synthesis of :ierone (1), the thioketal-
diesters 95 and 97 were reduced with lithium aluminum
hydride fo afford the corresponding diols 105 and 117,
which were treated with p-toluenesulfonyl chloride to afford
the hydroazulenone lﬁg. Various efforts made to convert 106
into 139, an envisaged prevursor of‘zierone are presented.
In a closely related approach, the keto-diesters 103 and 104
were treated with methyllithium and the products were
subjected to sodium methoxide treatment to give the func-
tionalized hydroazulenes 126 and 130. Treatment of 126 and
130 with 1,2-ethanedithiol afforded the corresponding thio-
ketals 161 and 160, the ester functionalities of which were

reduced with lithium aluminum hydride. The resulting

alcohols 164 and 165 were treated with p-toluenesulfonyl

chloride and the resulting toluenesulfonates 166 and 167
were reductively cleaved with lithium aluminum hydride.
Hydrolysis of the thioketal groups of the reduction products
168 énd 169 with mercuric chioride afforded the vergatile
hydroazulene sesquiterpene precursors 131 and 132 with
defined stereochemiSfry. Attempés to convert 131 into

zierone (1), the target molecule of these studies, are also

discussed.

vii
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In another approach, the keto-diesters 101 and 102
were 'treated with methyllithium and the intermediate
products were treated with sodium methoxide to give the

keto-lactones 136 and 137. These compounds were converted

stg;eoselecfively into the lactones 193 and 194 as follows.

Treatment of 136 and 137 with methoxymethylenetriphenyl-
phosphorane afforded the methyl vinyl ethers 187 and 188,
hydrolysis of which with aqueoushhydrochloric acid gave the
aldehydes 189 and 180. Thioketalization of the aldehydes
with 1,2-ethanedithiol gave the thioketals 191 and 192,
——which were reductively cleaved with Raney nickel (W-2}—te—
. give the keto-lactones 193 énd 194. Tﬁe stereochemistry of
193 and 194 were provén by their conversion into 131, thus
treatment of 194 with methyllithium and 193 with methyl-
magnesium bromide afforded the respéctive héﬁiketals 203 and
207 which were dghydrated Jith sulfonic acid to give the
cyclic ethers 204 and 208. Sequential treatment of these»
ethers with ozone, methyl sulfide and sodium methoxide
afforded 131. The lactone 193 was converted into the enone
229, a potential synthetic precursor.of ziérone, as follows.
Sequential tre&tmenf of‘éggfhith lithium diisopropylamide,
benzeneselenenyl chloride and hydrogen peroxide gaye the
unsaturated lactone g;g. Epoxidation of 219 with hydrogen
peroxide follgwed by treatment of the product with methyl-
lithium gave the qorresponding epoxy-hemiketal which was
methylated to give the epoxy-ketal 227. The lactone 194 was

similarly converted into the isomeric epoxy-ketal 228.



On treatment WLth boron trifluorideée etherate, th@ epoxy-

]
4

ketal underwent rearrangement with cOncomltant elimination

of methanol to give the enone 229.
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CHAPTER I: INTRODUCTION




*
Zierone (1), a hydroazulenic sesquiterpene ketone,
was first isolated in 1926 by Penfoldl from Zieria

macrophylla. Investigation by Bradfield, Penfold and
2'3

Simonsen led to the assignment of the molecular composi-

tion of ClSHZOO' isomeric with the then known eremophilone
(2).. No struc.ural assignments were made for zierone until
nearly two decades later when renewed investigations on
zierone by Birch, Collins and>Pe'nfold4 showed it to be a
bicyclic compound. From its infrared and ultraviolet
spectra, it was shown to contain an a,B-unsaturaﬁed ketone
moiety and another double bond. Reduction and dehydro-
genation of zierone gave a new violet azulene, zierazulene
(3), while a-formylation of zie{pne followed by reduction
and dehydrogenation yielded a tetraalkylazulene (4) in
which the newly introduced methyl group was in a position
adjacent to that prébiously occupied by the ketone group.
An unambiguous synthesis of 2,4-dimethyl-8-isopropylazulene
(4) confirmed these structural assignments.5 On the basis
of this structural assignment, the isﬁprene rule and other
chemical evidence, the structure 5 was suggested for
zierone. Hildebrand and Sutherland6 later confirmed the

presence of an a,f-~unsaturated ketone functionality. They

also found that ozonolysis of zierone produced acetone as

* The ring system is numbered according to the conven-
tion of hydroazulenes. This nomenclature is used for all

the bicyclo[5.3.0] systems in this text.



™ . ‘ o
. om k v’@/ o @/ o
o
| s o



one of the fragments‘and that acetone was also prodﬁced on
heating zierone with aqueous ethénolic potassium hydroxide.
These results indicated clearly that zierone contain$ an
isopropylidene group which is in conjugation with the
_ketone functionality. These finaings led to a modification
of the prebiously assigned structure of zierone to 6 or 7.
These investigators also showed that zierone was identical

with ellefyone isolated from Evodia elleryana by Jones and

Wright’ in 1946.

8,9 showed that all of

. More recently Barton and Gupta
the above structures 5, 6 and 7 were incorrectly assigﬁed.
They eliminated the possibilities of a C-2 or a C-3 double
bond due to the absenée of vinylic protons as evident from
the proton magnetic resonance (pmr) spectrum of zierone.
Reduction of zierone with sodium in ethanol gave dihydro—
zierol (8) confirming that the isopropylidene double bond
is in conjugation Qith the ketoné carbonyl. The 3,5-
dinitrobenzoate of dihydfozierol (8) showed in its pmr
spectrum signals indicating the presence of an isopropyl
and a vinylic methyl groups as well as a CH3éH-Imoiety.
Jones' oxidation of the dihydrozierol afforded dihydro-
zierone {9) which had a.uv max%mum at 294 my (e 330), indi-
cativg of an B,Y—unsgturated ketone system.10 Reduction of
zierone with lithium,aluminum hydride afforded zierol (10),
the pmr spectrum of which showed sign}ls indicéting the
presence of three vihylic methyl groups and a CH3éH— moiety.

The observed ultraviolet spectrum of the 3,5-dinitrobenzoate






of 10 after subtraction of the spectrum of cyclohexyl-3,5-
dinitrobenzoate led to the conclusion that zierone gontains
a conjugated diene system of abnormal (overcrqwded) type
such as is found in photosantonic acid (11). Ozonolysis of
the 3,5-dinitrobenzoate of 8 yielded two crystalline
products identified as 12 and 13 or 14, both of which were
methyl ketones as shown by their pmr spectra. The diketone
.lg was also obtai  ~d by ozonolysis of 8, followed by esteri-
ficatiQn of the resulting hydroxy diketone 15 with 3,5-
dinitrobenzoyl chloride. These observations led to the
conclusion that zierone possesses the gross structure shown

in formula 1.

1
i

Birch, Collins, Penfold and Turnbull1l obtained more
extensive evidence which led independently to the same
structural assignment for zierone. The environment of the
carbonyl ¢group was explored b&Atreatmént of hydroxymetgylene
zierone (16) with hydrogen peroxide. This afforded a
dicarboxylic acid, C15H24O4, which was shown to poss;ss the
structure 17. Reduction of 17 with sodium in butanol gave
a dihydroderivative,.ClsH2604, which showed a muqh les§
intense ultraviolet absorption at Amax 210 mpu (8'6400) \
compared to that of 17 at Amax 210 mu (e 10550) in agree-
ment with the reduction of an a,B-unsaturated acid system.
On treatment with osmium tetraoxide, zierone was converted
into dihydrodihydroxyzierone, C15H2403. Although this com-
pound showed the expected iqfrared bands at 3268, 16930 and

1647 cm~l (nujol), it had an unexpectedly weak band in the






ultrav1olet,spectrum [Amax(246 muy (e 2540) in ethanol or
light petyoleum]. Ag,this‘;oint it was noted that zierone
'itselfrﬁgg an ultravfblet maximuﬁ at é somewhat lower wave-
1ength'(245.mu) thah the expecteé value of about. 252 mu.. |
The low intensity of the dihydrodihydroxyzierone band was
explained by the presence pf a C-4 but not a C-3 methyl

group in zierone. The necessary migration of the;methyl
grogp,;o the C-3 position Auring dehydrogenation‘leading to -
the azﬁlene 3 could be éxplained by.steric congestion and is
strongly. supported by the observation that the hydrocarbon
18 derived from aromadendrane gives zierazulene 3 on dehydro-
genation. Consequently dihydrodihydroxyzierone was assigned
structure 19. The finaivéonfirﬁation was obtained from

' e*amihation of the reactions of 19. Reduction of.lg with
lithium in liquid ammonia gave é mixture of ketonic products‘
one of which wa§ the ketoalchshol 20. Reduction of lg’with
lithiﬁﬁf;luminum hyd;ide §ave the triol, C15H2603’ which on
treatment with lead tetraacetate gave the expected hydroxy- ;\
diketone 21 contgining a new uqsaturated‘grouping. Fission
of dihydipdihydroxyzierone 19 gabe the egpected produét 22.
These results coupled with spéetfal-data led to the assign-

EY

L \! .
ment of thke gross structure of zierone as 1. ,

The stereochemistf§‘of'zierone temained‘unkhoéh until
recently when Ito é& gi.12’13 obtained lO—epiziérone (26) -
from gurjenené (23) " Sensitized photooxygenation of
-gurjenene, followed by sodlum borohydride reduction of the

resulti g hydroperoxxde afforded the allyllc alcohol 24

A
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10

Treatment of zi with oxalic acid in acetic anhydride

resulted in the skeletal rearrangement to yield 10-epizieryl -
acetate (25). Lithium aluminum hydride reduction of 25 gave
the corresponding alcohol which was oxidized &ith chromium
trioxide - pyridine to lb—epizierone (26) . This compound

and zierone (1) were shown‘spectroscopically to be non- .
identical. The sign of the Cotton effect in the circular
dispersion diagrams of 26 and 1 were found to be the same
suggesting that the chirality of the m-electron system and

therefore the configuration at C-1 is the same in both com-

pounds, thus they are epimeric at C-10. Since the absolute

o

. . a—— o
stereochemistry of gurjenene (23) had been shown by Palmade14

to be the 1R, lOR-configuration,'zierone was assigned the o
1R, lOSfconfiguration. |
The most commpnly occuring hydroazulenic sesquiter—
penoids possess the'guaiazﬁleniC'skeleton 27. From the bio-
genetic point of view these nétdrallfboccurring sesquiter-
penoids are considered as~po$sessing the "norma} skeleton"”

arising from farnesyl pyrophoéphate. A group of closely
feiated sesquiterpenoids known .as pseudoguaiazulenes have
rearranged carbon skeleton 5 in which the C-4 methyl group

has migrated to the C-S,position; A third class is the so-

4
Py

called "zierazulene" family possessing a rearranged
guaiazulene skeléton in which the isopropyl rather than the
methyl group has migrated to the C-6 position, and the only

known member in this family is zierone (1).

Interest in hydroazulenic compounds has been extensive
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12

and is steadily growing mainly becausé many of them are use-
"ful as aromachemicals and many of these compounds have
marked antitumour and antibacterial properties.l“l"17
Furthermore, the structural diversity and complexity found
in.phe hydroazulenic sesquiterpenvid group of compounds have
served és intriguing attractions towards the development of
new and efficient synthesis of these compounds. =

Our interest in the studies towards the total synthesis
of zierone (l) stems from a number of'réasons. It is the
only known member of the zierazulene family which is
naturally occuring and possesses an unique hydroazulenic
carbon skeleton Moreover it has an unusual cross-conjg—
.gated dienone system which is considered to be §ynthétically
challenging in view of the sterically crowded nature of the
environment of this system. It is also noted that zierone
has not yet Eeen synthesized, consequently an unambiguoué
total synthesis willgéonﬁirm its structural and stereo-
chemical assignments. -

In general there are two basic probléms associated
with the synthesis of hydroazulenic sééquiterpeﬁes. The
first problem is the control of stereochemistry.. This
arises.from the fact that little information is avaiiable
to date on the conformational amalysis of the cyclo-

18,19 18,20-24

pentane or_cycloheptane éystems, thus making

conformational predictions on the bicyclo[5.3.0]decane

system difficult, and that reactions on this system often

lead to gross mixtures of all possible diastereoisomers due
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to the conformational flexibility of the c&cloheptane ring.
In the case of zierone however, this stereochemical control
does not pose a serious problem as there are only two chira}
centres. The second general problem is the construction of
a suitebly functionalized hydroazulenic system which can be
subsequently elaborated to afford the desired compound.

This requirement is apparently the more formidable task in
the ease of zierone.

In recent years exrensive attention has been drawn
towards the synthesis of the hydroazulenic system and a
number of methods have been developed. The existing methods
can be éenerally classified into the following four cate-
gories.

(a) Rearrangement of bicyclic systems containing cyclo-
hexane rings, eepecially the bicyclo[4.4.0)decane deri-
vatives due to their'ready accessibility. Examples in this
category inclﬁde t;e photochemical conversion of santonin
(29) into ieophotosantonic lactone (30) by Barton, de MayOnf‘
and Shafig_.'25 Solvolytic rgfrrangement of bicyclo[4.4.0]-
decane derivatives has been utilized in the formatidn of

26

the hydroazulene skeleton by Heathcack et al. in the

synthesis of a-bulnesene (31). Tﬁus, treatment of the
tosylate 32 with potassium acetare in acetic acid afforded
<arbulnesene (31;. A varéation of this solvolytic procedure
whlch facilitates the rearrangement of bicyclo[4.4. O]decanes

to hydroazulenes involves the plnacollc type rearrangement

of vicinal hydroxysulfonates under mild basic conditions.27 =31
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For example, the key step in the synthesis of dl-pogostol
(33) by Vig et 51.32 was the rearrangement of the a-
hydroxytosylate 34 to the ketone 35 using potassium ;ertiary
butoxide in tertiary butanol. This approach has also been
used by Buchi et gl.30 in the synthesis of aromadendrane

(36) involving the rearrangement of the hydroxytosylate 37
as the key step. The solvolytic rearrangement of bicyclo~'
[4.4.0]decenones has also been utilized as a route to hydro-
azulenes, as exemplified by the rearrangement of the enone
38 with silver sulfate in sulfuric acid to afford the pseudo-

33 As a final example in this cate-

guainolide skeleton gg{
gory, ozonolysis of the octaline 40 produced the inter-
mediate diketone 41, which onn base treétment cyclized to
give the hydroazulene 42. Thi;#methodology ﬁas been success-

34

fully employed by Kretéhner et al. in the synthesis of

al-damsin (43) . using a suitably functionalized octalone
derivative 44.

(b) Cation-initiated olefin cycligation.of appropriately
functionalized cyclopentane derivatives,N Marshall and J
Andersen3$'36 demonstrated thét upon treatment with\ftannic
chloride, the olefinic aldehydes 45 and 46 underwent ' |
cyclization to give the hydroazulenes 47 and 48 respec-
tively in a highly stefeoselective manner. This approach
has been successfully utilized in the synthesis of B--~
'kessahol (}g).37 It has also been shown to be applicable
to the synthesis of pseudoguainolides as.exemélified by the

synthesis of confertin (50) by Semmelhack et g;.38 In this
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synthesis the formation of th: hydroazulene 51 was acﬁ&eved
by the cyclization of the olefinic aldehvyde 52 with (1,5-
cyclooctadiene) Ni(0). An alternative procedure which
encompasses acid catalyzed cyclizaﬁion of a suitable poly-
enic compound instead of a Prins reaction discussed pre—,
viously has been extensively‘used in the stereoselective
synthesis'of hyaroazulenes.

Thé cyclization of the dienol 53 induced by formic acid
at room temperature to give (-)-daucene (21)39 is an exampfe.
of this class of cyclization reactions. This methodology
has also been used by Harding and Nash40 in the synthesis |,
of the pseudoguainolide damsinic acid (55) via, formicg acid

catalyzed cyclization of 56 to afford the intermediate
hydroazulenic—dione 57.

(c) Intramolecular alkylation or aldol condensation of
properiy functionalized cyclopentane derivatives. Using
such an approach Grieco et gl.41 have successfully completed
the total synthesis of‘(dl)—damg;n (58) and (dl)-ambrosin
(59) via the intérmediacy of the keto-iodide 60, whi;h was

cyclized to the ketone 61 upon. treatment with lithium hexa-
. - ‘/-(‘('

methyldisilylazide, A recent example in this class involved
thé*intramolecﬁléf aldol condensation of the keto-aldehyde

62 with potassium hydroxide to give the enedione 63 which

was subsequently converted to dl-helenalin (§i).42
\ s
\
- (d) Cleavage of tricyclic compounds which embodies a

bicyclo|[5.3.0]decane moiety. Sodium hydroxide induced

Q ,
fragmentation of the tricyclic ketohe 65 prepared from the

i
Y]
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aldehyde 66 énd the enamine 67 to give the acid §§43 and
the sodium.methoxide promoted cleavage of the tricyclic
enedione 69 to the hydroazulenic derivative ZQ44 are
Vegsatileyexamples in thié category. The base induced
cleavage of a specific bond 'a' or 'b' in an appropriate
tricyclo{5.3r0.02'6]decane derivative 71 couldelso %n
principle genérate the hydroazulenic skeleton. This type
of synthetic approach has been facilitated by the rapid
developnent of phptocycloadditién reactions .in recent years

4

\ /
and is employed as a route to the hydroazulenic skeleton in

> first demonstrated the

this work. Hikino and de Mayo4
 feasibility of such an approach. The photochemical cyclo-
~addition of cyclopentene and 3-acetoxy-2-cyclopentene-1-
one gave the otherwise difficultly accessible tricfciig
compound 72. This adduct-provideddégégahte functionalities
fof the selective bond cleavage via ;‘retroaldol reaction

]
resulting in the formation of the dione 73. Such an-

appgbac?;e&early has aﬁ advantage over the other known érof
cedures p{eéious;y discussed in terms of its simplicity.
The-above particular exaﬁplg however,-hés limited applica- -
tions to the synthesis of}naturally occurring hydroazulenic
Eompoundsvdue to ﬁhevexpected difficulty in differentiating
between the. two ketone carbonyls and the compléte lack of
.functionality in the five-membered ring necessary for its
ﬁsuBsequent modificafion. Although in principle) -the required
substituenés in fhe'five membered ring can'be,int:oduced

. v
using substituted cyclopentene as a startingw@aterial in

.
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the photocycloaddition reaction, practically, it is not
feasible unless a symmetrically substitutéd'cyclopentene is
used. This is as a reéult of the expected diffidllty in
controlling tﬁe orientation of the photochemical process
involving an unsymmetrically substituted cyclopentene. 1In
light of this problem, a modified version leading to a
hydroazulenic system containing adequate groupings in both

rings has b_een'developed;46

In this modification the inter-
mediate tricylic compound 76 was‘prepared with high regio-
selectivity by photocycloaddition of 2-cyclopentene-l-one
(21) to l-acetoxy—2-carbomethoxycyclqpentene (75). The two

substituents on 75 were expected to reinforce the regio-

~selectivity of the cycloaddition since they had been shown

47,48 Their rela-

to exeft opposite orientational effects.
tive‘}ocat;ons in the photocycloadduct 76 were furthermore
expected to‘facilitate the cleavage of a specifié bond by a
\;evefse Claisen-type Qeaction leading to'the hydroazulene
skeleton. Thus_treatment of lg with sodium methékide'gave
the diketone 77. Alternatively ketalization of 76 with
éthylene glycol, followed by tréatment with soaium methoxide
resulted in the formation of thevketo-es;er 78 thereby
allowing an easy differentiationvqf the two ketone carbonyls.
Although the same general principlé applies these two photo-
chemical approaches have practical différenCes. Most motice-
ably, in the latter case the cyclopentanone ring was |

retained in the final hydroazulene skeleton while in the

former case it was modified to a seven-membered ring. The
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épplicability of ﬁhe latter method towards the synthesis of .
sesquiterpenes has been demonstrated by Liu and Lee49 in the
synthesis of 5-epikessane (79).

Keto-ester 78 is of considerable use as an intermediate
fdr the synthesis of zierone (1) by virtue of the fact that
the existing functional groups are abpropriately located}for
further introduction of substituents and functionalities.

It can be seen that the three alkyljgroups of zierone (1)
coincide with the locations éf the existing functional
groups in the keté-ester 78. It is therefore conceivable
that the carbon skeleton of zierone (1) éould be obtained
by the appropriate transformations .of 78. in this connec-
tion preliminary investigations have been capfied out using
_§.50\ Grignard reaction of the keto-ester (/8 with methyl-
magnesium bromide followed by dehydration of the inter-
mediate alcohol with ph03ph9ryl chloride in pyrid;ne'
afforded an isomeric mixture of olefins 80. Attempted
catalytic hydrogenation of the double bond under various
conditions howe&er fesu1ted in the forma£ion of a substan-
tial quantity of the undesirable lactone 8l. As a gshse-
quenée“bf these results the more stable thioketal ggfwas
'preparéd in order toApursue the synthesis of zierone in

51

this direction. Corleto prepared the photocyéloadducts

By prolonged irradiation of 2-cyclopentene-l-one and 1l-
acetoxy—2—carbomethoxchclopentene,in benzené.A The photo-
cycloadducts were subsequently treated with 1,2-ethanedithiol

in the presence of boron trifluoride etherate. After column

i
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chromatography on silica gel the products were separated

to give two fractions in a ratio of 4:1 in a total of 68%

overall yield. The major fraction which was faster moving
on silica gel thin layer chromatography (tlc) was shown

to censist of two compounds to which struc£ures 83 and 84
were assigned.* On the basis of the available information
strﬁcture 85 was further assigned to a crystalline compound

isolated from the minor fraction. Treatment of the major

fraction with sodium methoxide in methanol ga&e a diastereo-

meric mixture éontaining at least three keto-esters 87 in
53% yield.” A successful effort was made to introduce the
C-10 methyl group of zieron- ‘1) “nto 82. Wittig reaction -

52 afforded a mix-

of 82 with methylenetripher ,lphosphorane
ture of diastereomeric olefins 86 (10% yield) and 87 (60%

yield). Catalytic hydrogenation of these compounds using

ténffbldvexcess (by weight) of 5%'palladium40n carbon gave

a' single product 88 ‘from 86 and two products, 89 and 90 from
87. A fourth isomer 91 was obtained by a different route

as follows. ' Treatment of gé.with methoxymethylenetriphenyl-
phosphorane afforded two enol-ethers 92 which upon hydro- -
lysis with perchloric acid in ethe% gave a mixture of at
least two diastereomeric products 93. Clemensén reduction

of 93 with activatéd zinc powder in ether saturated with dry

hydrogen chloride gabe rise to a mixture of compounds from

which only one desired product was obtained. The structure

* On the basis of the present work these structural .

assignments are apparently in error.

P
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91 was assigned to this product. Corleto aiso attempted
the conversion of (88+91) to the enone-ester 94 in order to
proceed with the'synthesis of zierone (l)vié the proposed
scheme I. Efforts directed towards this end were totally

fruitless as compound 94 could not be formed using various

methods.

It was recognised ;t the outset of the present work
fhat the stereochemical:assignments (B8+91) were made solely
from theoretical considerations. As a result of this un-
certainty of the stereochemical assignments and the léék of
. control of the stereochemistry of the érl and C-10 centres,
as well as the difficulties encountered in the formation of
94, coupled with the fact that one of the objectivei of the
synthesis of zierone;is to confirm its structure and stered-
chemistry: the above approach was found to be‘inadequate
therefore an alterhati&e'approacﬁ to the synthesis of.

zierone (1) became neceSsary and this is the subject matter

of this thesis.

32
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CHAPTER I1: PHOTOCYCLCADDITION OF 2-CYCLOPENTENONE

AND 1-ACETOXY42-CARBOMETHOXYCYCLOPENTENE

AND STRUCTURAL ELUCIDATION OF ADDUCTS.
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The photocycloaddition reacﬁion waé"cqrried out ¢ .ng’
benzene as the solvent according to the précedu:e of
Corleto.51 Aftér removal of the solvent, t' unreacted
starting compound 75 was recovered by distillation and .the
wide mixture of products was treaﬁed with lf2~ethanedithiol
and a catalytic amount of boron trifiuoride etherate to forﬁ
‘the thioketals of‘the‘kéﬁpni@ladducts. A carefﬁi‘column
chromatographic'?eparatio; of the prngcts o silica gei
Eaffbrded two oily fractions_in a ratio of 1.4:1 and in a
total yield of approii@ately 62% from cyclopentenone. The
major fraction .which igAfaster méging on tlc.(silica gel)
was paftially crystallized frém g—penyaneﬁ~ diethyl ether
to afford a. crystalline material which was shown éftef fur-
" ther investigatgdn to have the st:uctﬁre and §tereocﬂémistry
assigned to 95. After rechromaZOgraphy of the mother liguor
of 95, a second thioketalized product was obtained. This
was shown to possess the structure and stereéchemistry |
assigned to 96. Thus the thioketalized photocycloadduct was
found to contain approximately 29% of 95 and 8% of 96. ‘The
slower moving fraction (per tlc analySis), which was the
minor component of the thioketalized photocycloaddqets was
also partially crystallized to afford a cfystalline éompqund
which was found to possess the structure and4sper600hemdstry
assigned to 97. Further ch:omatography of the mother
liquor o: 97 afforded the compound thch was assigned the

structure and stereochemistry of 98. Thus ‘the thioketalized

products consisted of approximately 22% of 97 and 3% of 98.

- oY -
¥
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These results indicated ;hat the photocycioadducts\qonsisted

\

of a mixture of all four possible diastereomers 101, 102,

103 and 104 and not three as had earlier been indicated by

51 The regioisomer with the gross strucfure shown

’
" in 99 was formed in a total of 51% yield while the regio-

Corleto.

isomer 100 with the opposite orientation was formed in a
total of 11% yield. It was recogniSeg that both isomers
could be ﬁsed as the hfdroazulene precursor in the synthetic
studies of zierone. However in view of the low yield of 100
when benzene was uséd as solvent, the photocycloadgition
reaction was repeated using'methandl as‘%olvent with the
objective of improving th&overall yield of 100 or its'
ketone analogue 100a.

When methanol was(ﬁsed as a solvent in the photocyclo-
addition'reacfion a complex mixture éf products was obtained.
The crude pioduct was purified by column chromatography on
silicavgel foliowed by high preséure liquid chromatpgraphy
separation to afford 101 as the only isolable desired\ |
product in 26%‘yield; The lbw!yield of 101 wgsléossibly‘due.
to secondary reactions arising from methgnolysis'of~tpé
- initiariy_fofﬁed photoéyeloaddition pro?uCts. Althouéh the
secondary reaction proaucté could not bé isolated iq‘the;
pure forﬁ, the infrared and pmi spectra of one of the cdlumn
chroﬁatograph@ fractions sugges£¢d-thé;presence of'compoundg
such as 1§0c and 100d. It was thgréfore théught that by
using a bulkier alcohol such as 2—propan6i as solvent the

élcoholeisAsecondary reaction could be minimized or .

©

.
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eliminated. 1Indeed, when the“photocycloaddition reaction
was carried out in 2-propanol the reaction product was less
complex than it was for methanol and there was no evidence
of the presence of secondary reaction products. The desired
products were separated by repeated column chromatograbhy
on silica gel to give 101 in 50% yield and 103 in 10% yield.
At this stage it should be pointed out that the structure
and stereochemistry assigned to ail of - the thtocycloadducts
and their féspective thioketals were supported by chemical
evidence and not solely by theoretical speculations, and
these ;ssignments are discussed as follows.
The infrared spectrum éf the pufe crYstalline compound

95 showgd two strong carbonyl aBsorptions at 1725 cm 1 and
1735 cm_l £;r Qﬁe two ester functionalities. The pmr spec-
trum indicatea signals at 6 2.1 (s, 3H) for the aeetoxy
.methyl protons, § 3.62 (s, 3H) for the carbomethoxy ﬁéthYl
protons and § 3.2 (m, 4H) for the thioketal methylene
pfotons. A mass spectral analysis showed a moleculgr ion
peak at 342.0952 corresponding to C16H2204SZ' These spec4
tral data are in good agreement with the assigned structure
of 95. Lithium aluminum hydride reduction of 95 afforded
only one-product 105 in 93% yield. 'The infrared spectrum
of 105 shéﬁéd a broad hydroxyl bands at 34Zv cm™L. The pmr
spectrum portrayed resbnance,absorptions at § 3.29 (si 2H)
due té the hydroxymethyl (HO-CHZ-) protons and § 3.25 (m,

\
4H) due to the thioketal methylene protons. The mass spec-

trum showed a molecular ion peak at 272.0909 in agrdement



with the requixed molecular formula, C13H200282. Confir-
mation of the orientation of the hydroxymethyl and the
tertiary hydroxyl groups relative to the thioketal moiety
was obtained after further transformations of 105. Treat-
meht of lgg with E—toluenesulfonyl.chloride in pyridine
afforded quantitatively the ring cleavage product 106

_ apparentiy vié the selective formation of the p-toluene-
sulfonate of the primary alcohol followed by a Grob-type
fragmentation involving the tertiary hydroxyl group. Com-
pound 106 which consists of a functionalized hydroazulene
skeleton was envisaged as a useful intermediate for the
synthesis of zierone, and the feasibility of such a route
was investigated. The spectral data of 106 supported the
assigned structure. The infr;xed spéctrum showed a strong
carbonyl absorption at 1705\cm"1 for a cycloheptanone ketone
:carbonyl and a carbon-carbon double bond.absofption at

1680 cm—l. Tﬁe pmr spectrum portrayed vinylic prdtoﬁ signals
Cat 6 4.77 and 6 4.82 weakly coupled to éach other, (J < 0.5
Hz). i£ also showed resonance signals at 6§ 3.25 (m, 4H) for
the thioketal methylene protons and § 3.16 (d, 1H, J = 9 Hz)
attributed to the C-5 proton‘which.is gig and coupled to the
C-1 proton. The cis stereochemistry is assigned due to the
mild conditions employed in the fragméhtation of 105 tq\give
106 since oniy one product was obtained and.the éompleté.
epimerization of the é-S centré is‘unlikélyltOIQCCﬁr,under"
the'reaction-conditions; The_cis stereochemistry is also

supported by the low value of the coupling constant. The
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mass spectrum also gave a molecular ion peak at 254.0801 in
L4

agreement with the molecular formula of C,4H,g0S,. Although K
the spectral data obtained for 106 could equally well be
explained by the structure of 107 arising from the diol 108,

further evidence was obtained for the assigned structures of

—
wm

105 and 106 by hydrolysis of 105.. Thus upon treatment of

105 with mercuric chloride in aqueoussacetonitrile the
expected dihydroxy-ketone was not formed, instead, three
products were obtained which were identified as 109, 110 and
lll.‘ The hydroxy diketone lgg“éhowed a bréad hydroxyl band
at 3450 cm_l and a strong caﬁPonyl absorption at 1740 cm-1
for the cyclopentanohe ketonié groups in ﬁhe infrared spec-
trum.. In the pmr spectrum resonance signals were observed
at § 5.85.(bff s, 1lH) for the hydroxyl proton and 6§ 3.6 (s,
2H5 for the methylene protons adjacent to the hydroxyi
group. Theé mass spectrum gave the molecular ion peak at
196.1098 in agreement with the molecula: formula C11H1603'
The structure of the hydroxy diketone 109 was further con-
“ firmed by acetylaﬁion with acetic anhydride'in pyridine to
give the acetate 112. The acetate showed carbonyl ‘

1

absorptions at 1735 cm fornthe acetoxy dgroup and at

1750 cm_l for the cyclopentanone carbonyl groups, with the

disappearance of the hydroxyl band of 109 from,3450'cm—l;

The pmr absorption signals appeared at ¢ 4.15 (s, 2H) for
the methylene protons of the acetoxymethyl moiety and at
§ 2.1 (é, 3H) for the methyl protons of the acetoxy group.

The infrared spectrum of 110 showed a broad’hydrprl band



*

at 3450 cm—1 and a carbonyl absorption band at 1745 cm“l
for the cyclopentanone ketone group. The pmr spectrum por-
trayed resonance signals at 6§ 5.2 (m, 1H) for the vinylic
proton and at § 3.7 (s, 2H) for the methylene protons adja-
cent to the hydroxyl group. The acetylated derivative of
110 was also prepared and identified as 113. 1Its pmr spec-
trum showed resonance signals at 6 2.05 (s, 3H) due to the
acetoxy methyl protoné, § 2.35 (s, 3H) due to the thiol
estér methyl protons, & 4.15 (d, 2H, J = 2 Hz) for the
methylene protons of the acetoxymethyl moiety, § 5.5 (m, 1H)
for the vinylic proton weakly coupled to the allylic protons

and at § 3.0-3.2 (m, 4H) due to the methylene protons of the

-S-CHz-CHZ-S— system. The infrared spectrum of the diketo-

1

ether 111 showed two carbonyl absorptions at 1740 cm — and

1 for the two cyclopentanone kétone carbonyl groups..

1750 cm™
Its pmr spectrum showed signals at & 4.38 (d, 1H, J = 6 Hz)
assigned tq the proton of the methine group bearing the
oxygen atom, § 3.65; 3.69 (1lH eaqh, both d, J = 14 Hz each)
due to the geminally coupled methylene protons of the tetrg—“
hydrofuran ring and at § 3.05 (dd, 1H, J = 7 Hz, J' = 6 Hz)
-for the methine proton be:ia to both carbonyl groups. The
molecular weight of‘194:1969 corresponding.to C11H14O3'is
supported by its observation‘in the mass spectrum. Al-
though the formation of 109, 110 and 111 from 105 was un-
expected, the isolation of these prbdﬁcts provided further

evidence for .the assigned,orientation of the hydroxymethyl

and the tertiary hydroxyl groups relative to :the thioketal
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moiety of 105. The formation of these compounds can be
explained by ihvoking the intermediacy of the sulfonium
complex l1l0a as shown in scheme II. A Grob-type cleavage
of the cyclobutane ring of ll0a would give 110b which would
give 110 on protonation. However intercepyion of 110b by
mercuric chloride would give 110c which could undergo a
Michael-type addition of the hyaroxyl group to give the
sulfonium complex 1104d. Hydrolysis of 110d would then give
111. Finally) hydrolys@s of the sulfonium complex 1l0a -
would give the dihydroxy-ketone ll0e which could undergo a
retro-aldol type fragmentation to afford 109. These results
clearly established the gross structure of 95, however
further evidence was obtained to suppiﬁi the structure and
to establish the stereochemistry of 95 and these will‘be
discussed at‘the appropriate stage.

gﬁé structure of 96 was also established through similar
chemical transformations. Reduction of 96 with lithium
aluminum hydride afforded two products idenfified as 114
and 115. The infrared spectrum of 114 showed a broad hydro-
xyl band at 3500 cm-l. ‘The pmr spéétrum portrayed signals
at § 3.25 (m, 4H) indicative 6f the methylene\protons of the
thioketal moiety,and:at 8§ 3.9 as a broad weakly coupled
doublet for the methylene protons of the hydroxymethyl
mciety. The mass spectral anélysis of 114 agreed with the
_assigned mplecular formula of Cléﬁéoozsz.withna molecular
weight of 272.0909 as observed. The infraréd spectrum of

1

115 showed a broad hydroxyl band at 3400 cm © for the
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tertiary hydroxyl group. The pmr spectrum portrayed reso-

nance signals at 6 4.2-4.5 (m, 2H) for the C-1 proton and

46

the hydroxyl proton and a characteristic AB system at § 3.5

12 Hz) and § 4.2 (d, 1lH, J 12/Hz) attributed

(d, 1H, J
to the methylene protons of the tetrahydrofuran ring. The
mass spectrum collaborated the assigned structure with a

molecular ion peak at 180.1148 corresponding to Cll 16 E

When ll4 was treated with p-toluenesulfonyl chloride in

‘Hve 116 as the only product. The mass spectrum
iﬂﬁ'ecular ton peak sat 254.0801 for C,,H, 0S,.
'fspectrum showed a bhroad hydroxyl band at

oq&d a weak band at 1690 cm -1 attributed to the
carbon-carbon double bond. The pmr spectrum showed . a

weakly coupled triplet at 5 5.9 (1H) attributed to the viny-
lic proton-and signals at § 3.28 (t, 2H, J = 3 °Hz) for the
methylene protons (= é ~-S=- CH -y, 6§ 2.6-3.0 (m, 4H) for the

protons of the methylene groups dlrectly attached to the

sulfdr atom (—CHZ—S-CH2~). The formation of 114 and 115 as

well as the conversion of 114 into 116, coupled with the
fact that no similar cyclic products were obtained in the_
reduction of 95 which gave exciuéively 105, led to the
assignment of the structure and stereochemistry of 96 as
shown. Detailed discussion of the 'stereochemical conse-
guences of these reactions leading to tbe assigned struc-
tures and stereochemistry will be given later when further
evidence for the confirmatron of these structures becomes

available and when the analysis of the other thioketalized

. T .
.- A
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phot cycloadducts 97 and 98 is completed.

I The minor component of the thioketalized product of the
pho?bcycloaddition reaction, the slower moving fraction per '
tlc/analysis, was also analysed and 'shown to consist of 97
and 98. The ihffared spectrum of compeound 98 showed two
éarbonyl absorétions at 1735 and 1745 cm—l for the two ester
groups. The pmr spectrum portrayed signals at § 1.98 (s, 3H)
for the acetoxy methyl protons, § 3.35 (m, 4H)'for the m
methylene profons of the thioketal moiety and 6¢3.§ for the
cérbomethoxy methyl protons. The mass spectrum gave a
molecuiar ion peak at 342.0952 corresponding to cl6H220452'

Reduction of 98 afforded the diol 108. The infrared spectrum

1

of.108 showed a broad hydroxyl band at 3400 cm ~ for both the.

pPrimary and tertiary hydroxy groups, while its pmr spectrum
showed signals at- & 3.68 (s} ZH) fo; the methylene protons
‘of the hydroxymethyl group and 6 3.3 (m, 4H) due to the
methylene pr&tons of the thioketal moiety. The mass spectrum
gave a molécular ion peak at 272.0909 corresponding to
C13H500,58,- Treatment of 108 with p-toluenesulfonyl chloride'
in pyridine resulted in the formatioﬁ 6f a;gummy material
from which ﬁo identificable produét could be isolated.
Ho&ever further evidence for the correctness of structure 98
would be provided at thé appropriété stage.

"The photocycloadduct 97 showed two carbonyl abosorptions
at 1735 and 1745 cn ! for ghefﬁwo ester groups in its in-
frared spectrum. The pmr displayed signals at ¢ 1.98 (s,

3H) for the acetoxy methyl protons, 6 3.70 (s, 3H) for the

—

3.
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bafbomethoxy methyl protons and at § 3.35 (m, 4H) for the
methylene p;otons of the thioketal molety. The mass spec-
trum also gave a molecular ion peak at 342.0952 corres-

' ponding to C16Hp50,8,+ Reduction of 97 with lithium alu-

| minum hydride afforded only one product 117 in'quantitative
yield. The infrared spectrum of the diol 117 showed a

strong hydroxyl band at 3400 cm * for both the primary and
tertiary hydroxyl groups. Its pmi spectrum displayed reso-
nance signals at § 3.70 (s, 2H) for the methylene protons

of the hydfoxymethyl group, § 3.2-3.4 (ﬁ, 4H) for the
thicketal methylene protons and at 6 0.9-3.1 for the hydro-
xyl and the carbocyclic protons. The mass spectrum gave a
md@kcular'ion peak at 272.0909 in agreement with the expected

W .

molecular formula of Cy3H,,0,5,. Further evidence for the
7

assignment of structure 117 was obtained when 117 was

A\

-

treated with B~toluéhesulfoﬂ&l chloride in pyridine to afford
';;g via the formétion of the g;toluénsulfonate of thébprimary
alcohol. The infrared speétrum of 118 portrayed a strbng
garbonyi absorption at 1705 cm»1 which is -attributed to the
cycloheptanone carbonyl group and a medium absorption band

at 1680 cm—l due to fhe exocyclic carbon-carbon double bond,
The’pmr spectrum showed two resonance signals at 6§ 4.77 (4,
18, J < 0.5 Hz) and § 4.82 (4, 1H, J < 0.5 Hz) for the
vinylic protéhs, 8 3.25 (m, 4H) for the thioketal methylene
protons,'and at § 3.;6 (d, 1H, J = 9 Hz) which is assigned

to the C-5 proton, gig and coupled to the allylic proton at

'C~1:‘ﬁfﬁ§-mass spectrum gave a molecular ion peak at

VR
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254.080fvcorresponding to C13H1808 The apectralhdata are
clearly in agreement witn the assigned structure and in fact
showed that 118 and 106 are identical. Bcth compounds were
also found to have tﬂ?lsame melting point (64-65°C) and the
same Rf value by thin layer chromatpgraphy comparison. The

fact that 118 and 106 were identical clearly proved that
==9 Y0 Iy .

their precursors 97 and 95 respectively were differefmt from

}

K]
each other only in the stereochemistry of the fused ring

junction containing the acetoxy and the carbomethoxy
. O ' :
moieties. A final proof for the gross structures of 95 and

97 was obtaimed when 106 and_l18 were separately treated’

with sodium -hydride and methyl iodide to give the'ééne com-

pound 119 in 87% yield each. . The infrared spectrum of 119

showed a carbonyl absorption at 1645 cm"l and a carbon-

carbonrdcdbie band absorption a€“1525 em™L. ~These.are in

support of the aLB—unsaturated seven-membered ring ketonewv
system. In the gmr spectrum resonance signals appea;ed at
§ 4.85 (s, 2H) for the . exdcycllc vinylic protons, 6 3 7 (t,

1H, J = 8 Hz) for the allylig methine proton, § 2 19 (s, 3H)

for the methyl protons cf the methyl group dlrectly attached

to sulfur. The mass spectrum gave a molecular ion peak at

268.0958 which is in agreement w1th the 3sslgned molecular

”formula of Cy H 082 Since 107 cannot’ b€ transformed 1nto

. of 119 are in fact correct ;y_" . ;

14 20

fgill9 under thé reactlon congltlons 1tqcan be concluded that

Q”"

”the structural a331gnments made for ‘all of the precursors

t e
;

PR

-

g

So far the chemlcal transformations of the thloketallzed
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photocycloadducts have provided information for the assign-
ment of the gross structures of the compounds involved in
these transformatiens. From these results it can be con-
cluded that there are two pairs of regioisomers with respect
to tho orientation of the acetoxy and the carbomethbﬂ&
moieties relat - the thioketal group. The a&&aiLreomers
95 and 97 which constitute.one' pair of reglols - have the
same gross structure but differ in the stereochemistry at
the ring junction containing the acetoxy and the carbomethoxy5°’.
moieties. The diastereomers 98 and 96 which constitute thé?%?hﬂgﬂ
oth;r pair of regioisomers also have the same gross struc- ‘"Q%
ture but differ in the stereochemlstry of the acetoxy and
the carbomethoxy ring junction. :v, t -

I qorder to assign the stereochemistry of these com- {
pounds further reactions were carried out on their,re;pecg
tive ketone analogues. During the courso of this stéxeo-
chemical.elucidatiOn further evidence was obtained which
also supported the a351gned ﬁ%}uctures. In this connectlon,
the thioketals were hydrolysed to give bac¢k the original
ketones produced in the Photocycl@godlt:on'}eact;on. Thué
the crystalline thioketal 97 was treated with merouric
chloride in aqueous acetonitrile to afford,only one product
104 in 95% yield. It gave a molecular weight of 266.1117
in its mass spectrum, corresponding to C14H£805' This com-
pound'showed>three carbonyl absorptions in the infrared

=1

spectrum at 1725 cm™® and 1735 cm ! due to the two ester

groups and also at 1750 cm.l due Eo the cyclopentanone
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ketojca;bonyl group. The pmr spectral analysis portrayed
significantly signals at 6 2.1 (s, 3H) for the acetoxy
methyl protons and at 6 3.71 (s, 3H) for the carbomethoxy
methyl protons. These features agree with the assigned
structure. Furthermore when 104 was treated with sodium

'
hydroxide in aqueous methanol it produced a diketone 120,
the structure of which was confirmed by'acetylation with
acetic anhydride in pyridine to give 121 iﬁ 95% yield and
122 in approximately 5% yield. * The infrared spectrum-of 120
showed strong absorptions at 1735 cm-l for fhe ester

carbonyl groupfand also at 1705 cm * and 1620 cm-%

B-hydroxy-enone system expected for 120. The ra‘f‘ug‘ow
- . <
carbonyl absorption frequency compared to t normélfabaorp-

ggestdd a Bﬂ'ﬁ;15-~

RN r

tion'frequency of cyclopentenone ketoneslg
diketohe functionality. This spectral data coupled with the
.ease of acetylation confirmed the presence;of a B—diketone

system. The pmr séectrum of 120 showed a'signal at 8 3.68,

(s, 3H) for the methyl protons of the carbomethoxy group, |

in addition to the signéls of the carbocyclic ring protons

which appeared as a multiplet at § 1;2-2[3. The mass spec-

trum also showed a molecular ion peak at 224.1046 for
&

C12H1604 in support of the structure. The major acetylation

Product which constituted 95% of the product mixture showed Q&?

1

intense absorptions at 1640 cm — for the carbon-carbon

1 for the éarquethoky carbonyl group,

~double bond, 1735 cm
- 5] L .
1720 cm 1 for the cyclopentenone carbonyl group and at '

1765 cm > for the acetoxy carbonyl group of ‘the enol

)



acetate. The pmr spectrum further confirmed the structure
as it showed éignals at 6 2.2 (s, 3H) for the acetoxy methyl

protons and at 6:3.68 (s, 3H) for the carbomethoxy methyl

H -t
~

protons.

The keto-diester 104 was treated with methyl lithium
in dry diethyl ether at -78°C for two hours and the do}d
reaction mixture was poured into saturated agueous ammonium
cﬁloride éolution and extracted with diethyl ether. After

isolation of prodqq%gmanglseparation by column chromato-

vV
graphy on silica gel, three products identified as 123, 12

and 125 in a ratio of 7:1:1 respectively and in a total

yield of 90% were obtained. The reméining 10% was isolated

~

as unreactﬁd starting material. The structures assigned to

these compounds were in agreement with their spectral data.

The infrared spectrum of 123 showed a broad hydroxyl band

MMt 3500 cm_l for the tertiary hydroxyl group and a very

intense carbonyl absorption at 1725 cm™ ! ‘due to the two

ester groups. The pmr spectrum displayed signaYs at § 4.15

{s, :1H) a551gned to the hydroxyl proton, § 3.75 (s, 3H) for

-the carbomethoXxy methyl protons, & 2.55 (4, 1H, J = 9 Hz)

o

@,

for -the proton beta to both the acetoxy and hydroxy groups,
4’ : . \

and qisvto the C-1 proton to which it is coupled, §.1.96" (s,

: " . .

3H) forAthe acetoxy methyl protons and ¢ 1.18.(§f 3H) due to

the protons of the methyl group 1ntroduced by the reaction

- w1th eiﬁyl lithium. The formation of 124 was due to fur-

K

»

ther reactmgn of g W1th methyl 11th1um at the carbomethoxy

A
carbonyl, Wh}ﬁg,lzs arose,by_furthex reaction of 123 with

54



55



g

56

AN

methyl lifhiym af the acetoxy carbonyl with suBsequent ring
opening of the cylcobutane ring. The infrared spectrum of
125 showed the presence of a hydroxyl group égsorption at
3500 cm"l and two ~arbonyl absorptions at 1710 cm-l for the.
saturated seven-membered ring ketone and at l7ﬁ§~cm_l for
thé ester functionality. Upon treatment with sodium metho—
xide in methanol ;gg‘afforded 126 quantitatively. The
spectral data of 124 are also in agreement with the assigned
structure. The infrared spectrum showed a broad hydroxyl
band at 3500 cm_l and two carbonyl abéofptions for the

-1 and

methyl ketone and ester functionalities at 1710 cm
1725 cm—l respectively. There were notably three resonance

peaks in the pmr spectrum at § 2.26 (s, 3H) for the methyl

Ll
’,m:) P

T‘protons of the&mgfhyl-ketone, 8 2.02 (s, 3H) for the acetoxy

methyl protons and at § 1.24(s, 3H) for the C-3 methyl
protons. The hydroazulene ring skeleton was obtained by
hydroly51s of the acetoxy group of 123 -with aqueous sodlum
hydroxide in- methanol w1th accompanying elimination of water
to give 126, isolated from the basic reaction mixture and

127, isolated after acidification of the reaction mixture

in an approx1mate ratio of 3 1. The infrared spectrum of

126 consistéd of three strong absorptlons at 1735 cm -1 fof.

the ester carbonyl, 1675 cm -1 due to tﬂefa,B—unsaturated

ketone of the seven-membered ring and at 1615 cmml due o

the carbon-carbon dduble bond. The pmr spectrum portrayed

resonance peéks at § 3.65 (s, 3H) for the carbomethoxy

methyl protons and at § 2.1 (s, 3H)jfor/the‘vinylic methyl



+

protons. The mass spectrum also gaye a molecular ion peak
of 222.1263 for C13H18 3 These spéctral data support the
structure of 126, hence confirming the structures of the
precursors of 126. The stereochemistry assigned to 126 was
also proved to be correct (vide iﬂfEE)' An attempt was made
to methyléte the acid lgl‘with methyl iodide in acetone in
tﬁé presence of potassium carbonate, howevef only 10% of the
desired pro&dct 126, was obtained, the major product being
the d-lactone 128. 1Its infrared spectrum showed a saturated
seven-membered ring ketone absorption at 1700 cm_1 and a

§-lactone carbonyl absorption at 1740 cm?%. Its pmr Spec—

}

trum also showed the presence of two methyl groups at &§ 2.22
(s, 3H) for the ring junction methyl protons and at & 1.35
(5,.3H) for the 6-2 methyl protons. The mass spectrum gave
a molecular weight of 222. 1263 for C13 18 3

”It”cén clearly be seen that 126 could serve as a useful
intermediate compound for the synthesis of zierone, the
target molecule, as the ester functlonalltyapan be converted
into the c-10 methyl group, and the ketone group cah be
manipulated for the introduction of the isopropylidene and
the C 7 ketone groups in zierone, 1. It is also useful, in
that, the double bond in the five-membered ring would have

-

been introduced stg;eoselectlvely in the de51red p051t10n in

——

‘the early stages of the synthesis.

-

It has already been shown that 97 and 95 differ only in

the stereochemistfy of the ring junction containing the

acetoxy and carbomethoxy moieties.. It was therefore

57
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expected that 95 could also afford 126. The thioketal

moiety of 95 was therefore hydrolysed with mercuric chloride

in aqﬂeous acetonitrile to give the ketone 103. The infrared
spectrum of 103 showed abaorption bands .at 1750 cm -l .corres- .
ponding to the cyclopentanoné carbonyl group,.l?éo'cm ‘giz
1730 cm-l for the two ester groups. The pmr spectrum showed
resonance signals at § 1.98 (s, 3H) for the acetoxy methyl
protons and at § 3.66 (s, 3H) for the carbomethoxy methyl
protons; The mass spectrum gave a molecular ion peak at
266.1117 for C,,H;,0.. When 103 was treated with sodium
hydroxide in aqueous methanol it produced a diketone identi-

cal with 120. Upon acetylation, withgacetic anhydride in
pyridine 120 afforded the acetylated'coﬁbounds idantioal

with 121 and 122. These results again showe that 95 and
97 differed in rhe stereochemistry of the ring junction
containing the acetoxy and the carbométhoxy moieties.

When 103 was treated w1th methylllthlum 1n diethyl
ether at -78°C and the react;on mlxture poured lnto satu-
rat?d agueous ammonium choride solution and extracted with
d}éfhyl ether, threé.products were isolated aftéﬁbseparagion
by column chromatography. These ‘were 1dent1f;ed as 126,

130 and 133, in addition to a fburth fractlon enriched in
129. The’keto-esters 126 and 130 together constituted
approximatel& 508 of the product mixture and 133 constituted
about 25%. The speotra of 126 obtained from 103 [ir 1 -
1735 cm™L, 1675 om L and 1615 cm™Y; pmr 6 3.65 (s, 3H), 2.1

(s, 3H); ms. 222.1263 for C ] parallel those of 126

1371893
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p;eviously obtained from 104. Furthermore 126 obtained
\

from both precﬁrsors 103 and 104 were independently con- .

1

verted into the same known compound 131.3 (vide infra)

The infrard spectrum of 130 showed carbonyl absorptions at

1730 cm,—l for the ester group and at 1670 cm"l fof‘the o,B-

unsaturated seven-membered ring ketone carbonyl group and a
carbon-carbon double bond absorption at 1610 cm_l. The pmr
spectrum showed two prominent signals at § 2.10 (s, 3H) for
the vinylic methyl protons and gt-d 3.60 (s, 3H) for the
carbomethoxy methyl protons; The mass spectrum gave a mole-
cular ion peak at 222.1263 corresponding to C13H1803 Thé
infrared spectrum of 133 showed carbonyl absorptions at

1700 cm-l for the éaturatéi seven-membereq kefone'and a

-1V

mQFh more intense absorption at 1735 cm the two ester

carbonyl functionalities. Thé pmr spectrum displayed:
signals indicating the presence of two isomers. Resonance
signals were observed at 6'1.35 (5,13H), § 1.5 (s, 3H) for

" the C-4 methyiiprotdns,'G.z.OS (s, 3H), 6§ 2.0 (s, 3H).for
€he acetoxy methyl protons and at § 3.7 (s, 3H), & 3.68 (s,
3H) for the carbomethoxy methyl protons. Upon treatment
with methanolic sodium methokide 133 gave expectedly 126 and

130.

Ld

It is interesting to note that while 123 obtained from
104 could be purified by,column chromatography on silica gel
without any isomerization - with concomitant fragmentation °
of the four membered'ring, an attempt at purification of 129 -

by. column chromatography on silica gel was unsuccessful due

.
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to its substantial conversion into 126, 130 and 133. It is
also worth noting that no product isomeric or identical with
125 was produced in the reaction of 103 with methyllithium.

This result supports the assertion that 125 was a secondary

.reaction product of 123 with methyllithium and not a product"

of transesterification followed by hydrolysis of the re-
sulting acetoxy group. If that were the case 123 would have
been capable of producing a.compound identical with 125. It
should also be noted that no product identical with 126, 130
or 133 was directly formed in the reaction «f 104 with
methyllithium. These results indeec proved the assigned
stereochemistry df the keto-diester 103 ar. 104 and conse-
quéntly the steréochemistry of their respectivé thioketals
95 and 97. The stereochemistry assigned to 103 and 104 and

consequently their precursors was based on the isolation of

123 as the major methyllithium reaction product of 104,

‘coupled with the isolation of ;2 , 130 and 133 from the

reaction of ;g; with methyllithium. It was reasoned that
as the four membeféd ring in the photocycloadduct 104 is
essentiaily flat, and therefore the two cyclopentane rings
are cis and'aimost parallel"to each other, the methyl
carbanion‘;iil p;eférentially approach the ketone carbonyl

group from the less hindered side, the side syn to the

- acetoxy group} conséquently the incipient alkoxide would

be trans or an¥i to the acetoxy group'and cannbt in any way
undergo an intramoleculax transesterification involving the

acetoxy group thereby resulting in a concurrent cleavage of
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the cyclobutane ring to form the hydroazulsne skeletog. Oh
the other hand reaction of the ketone carbonyl of 103 with
methyllithium would result in the formation of an alkoxide
syn and close to the acetoxy group and intramolecular trans-
esterification involving the acetoxy group with concurrent

cleavage of the four-membered rinc to form the hydroazulene

eton is possible. This reartion is expected to be f

facilg as a result of the release of the ring strain of the
rigid cyclobutane ring.

#In éhe light of the foregoing reéults,,it was thought
that further chemical traﬁﬁformatidns of the diastereomers
98 and 96 would leaa.td the assignment of their stereo-
;hemistry. It should be recalled that, from the results
_obtained earlier in the reduction of 96 with lithium alu-
minﬁm hydride to give 114 and 115 and"the‘formation of 116
frdm’iii upon treatment of 114 with p-toluenesulfonyl chlo-
ride in pyridine the structure and stereochemistry of ‘96
was assigned as shown. This assignmént was further proven
by chémical transformations of 101 obtained ffom.gg by
hydrolysi§ of the thioketal group with mercuric chloride in
agqueous acetonitrile. The hydrolysis produyct 101 was
analyZeq to aséertain its composition. Its infrared spec-

1

- trum showed carbonyl absorptions at 1750 cm © for the

cyclopentanone ketone group, 1730 cm'-l and 1735 cm"l for the
carbomethoxy and acetoxy carbonyl groups. The pmr spectrum
showed resonance signaigrat73'2)67”(;,’3H)*for'the acetoxy
methyl protons and at § 3.65 (s, 3H) fof the carbomethoxy

2

¢



methyl protons. The mass spectrum gave a molecular ien
peak at 266.1117 cofresponding to the molecular formula
C14H1805 Upon treatment with methylliﬁhium in diethyl
ether at -78°C followed by aquedu% work up as usu- ‘Nl
gave 135 as the onlx product in 85% yield. The i:;. .ared
spectrum of l;i indicated the presence @f a y-lactone and
® an ester fhncfionality'with absorptions at 1750 cm_.1 an%
1730 cm_l respectively. Its pmr spectrum showed resohance
signale at § 2.02 (s, 3H) for the acetoxy methyl protons,
6§ 1.5 (s, 3H) for the C-1 methyl protons ana at 6 2.3 (4,
1H, J =.9 Hz) for_the methine proton on the side of the
molecule containing the lactone functionality. The mass
spectrum gave a molecular ion peak at 250.1206 for the ex-
. pected molecular formula, C14H1804 |
When 135 obtained from 101 was treated swith methanolic
sodiu&yméthqxidevit produced an isomeric mixture of 136 and
137. &he structure ‘and stereochemistry of thch are.ésta-

blished later (vide infra). Upoh treatment with mercuric

chloride in aqueous acetonitrile 98 ~fforded the keto-

:‘diester 102. The infrared spect;@m‘ef lg;eshowed

~;"‘carbonyl absorptions at 1750 cm:l'fb? tﬁeA;YCippentanone
ketone carbonyl group, 1725 cm and Llﬁﬁfbm—;
ester functlonalltles. Its meESSectrum displayed sigﬁals

for the two

at § 2.1 (s, 3H) for the acetoxy methyl protons and at

§ 3.75 (s, 3H) for the carbomethoxy me%Pyl ﬁrotons.‘ The

corresponding to the expected molecular. formula of él4H18°5

‘ | : . }
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\\iﬂi—éxffered fn the stereochemistry at the«ring Junction

zcontainxng the Larbomethoxy and the aeetoxy moieties. The‘

'102 and 10l as sﬁown

Cality is’ cis ‘and almost parallel to ‘he carbomethoxy group

) o -.v 64 7%
. a'
When 102 was treated with methjl%ithium at -78°C i&f
afforded Lg_ as the only product in 90% yield. The infrared ..
*spectrum of 134 showed a broad hydroxyl band at 3500 cm -1

and absorptions at 1725 cm -1 and 1730 cm~ ! due to the twd ‘

ester functionalities. Its pmr spectrum displayed resoqfnce Jf

51gnals at § 5 15 (s, 1lH) for the hydroxyl proton, 564

(s, 3H) for the carbomethdxy methyl protons, 6 1. 92 (s, 3H)

e
for the acetoxy methyl protons and at. 6 15 48, 3H) for the

C-3 methyl protons. Upon treatment of 134 with methanolic
sodium methoxide two keto-lactones identical with 136 and
“137 were formed. -The formation of 136 and 137 from both"134

and 135 léd fo the. conclusion that the precursors 102 ‘and

o

results also led to the. a381gnment.of the, 3

-
»

It was reasoned, as.befote, that the. cyclbbutane ring
I

*‘\ '.,
in the photocy:Igﬁgg;gts ig essentiallx ‘flat. This implies : w

that the cyclop’ptane ring containing the ketone function-

in 101. The stereochemical cqnsequence of the reaction w1th

.methyllithium is that the methyilithium will attack the

/—*.

| ketone carbonyl from the sterically less hindered side.'

_This w111 produce an 1ncipient alkoxide cis and close to

A

the carbomethoxy group.;;it 1& only in such a situation that .

an intramolecular lactonization involving the alkoxide and

the carbomethéxy group caﬁ occur, as would be. predicted by
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»

» ' ‘
the Alder-Stein rule for the formation of lactone.&‘.53 which

v 7\‘:\
sta‘te.b,,that "In allcycllc Y—hydroxy acids, lactones can only
form if the groups are cls On the other hand the alke~ |
-‘.\.?"

xide produced by the reaction of: 102 with methylllthlum will

be trang to thé oarbomethoxy moiety and can in no way under—
P4 v

go :mtramolecular 1actonlzatlon ‘ ‘5, &

In view of the foregOLng dlscu551on the formatlon of
0 . ¢

116 from 114 caﬂ' also ‘e explained by the ass:.gned stereo- ,

v - ‘:"J ‘
chemls'tx‘y of 114 hence that of 96 according to the ,scheme III.

L& ,A'"t .

Thus tosylation of 3
1l4a. #n intramol

' de& the 1ntermed1ate tosylate

‘/.,
acement of the B-—toluenesulfonyl.

]

‘Iq,olety le@dlng to the 1nté?rmed1at% 114b cah"bnly gccur 1f
4 3 ‘

s ‘sthe two cyclopenta‘%e q.ngs are trans or ant:.:. to each other SR
‘iﬁ as shown in strti’cture ll4b.€l‘xﬁ§&‘h1§will le@ to the slzlfonlum ’
' o 1ntermed‘late 114c-. Deprotonatlor;a,f 1l4c ‘then afforded the’ “,t'
ol obser‘vedciarodlict 6. s e SR
\ “

e By a $imilar’ rea/sonlngﬁthe formation of 115& the ré-
ductlon of 96 with 1i alumlnum hydrl’de can also be |

- ' _ alalned ‘by scheme thus reductlon o.f . the e\ter '

. mietles of 96 would lead to an 1ntermed1ate alum1nmn com—lG ’,o';'

o

plex 115a in wh&ch the alkoxyd1hydroa!um1num aan func,tlon.

e

as an internal Lewis acid. This’ J.ntramolecular complexatlon
A}

leadlng to 115b can occur if the two cyclopentane rings- ‘are \

trans or anti to each other. The complex. 115b can collapse

-

to give.the sulfonium intermediate 115¢c. or¥e again an ™
intramolecular)'interceptioh of the sulfonium ion by the

gxygen of the alkoxyaluminum complex leading to 1154 and
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then 115e can only occur if the two cyclopentandfringsusre
trans to each*other. Further reduction of the oxonium

intermediate’ 115e by* litMium aluminim hydride from the

sterically less hindered sidg.would then _gff%: 115.
J¥fherefore in agtéemehit with

The observed resuIts;qmu

th .forementioned rationalizations, hence the assignment
Lo ’ ~ v

‘of the stereochemistry of 101 and 102.
. From these results on structural elucidation it can be
seen that the structure and stereochemistry of the photo-

cycloadducts and their thioketal derivatives have been S

cleariy established. . ‘ : ' ‘ T
U

.ﬁ As already polnted out 126 was env1saged as a useful
1ntqpmed1ate for the gynthes;s&dgktlerone _ The~caro§Fethoxy '

group would eventually be converted 1nto the C-10 mé%hyl : '

AR - $
group, and since its steneochemlstry is known, the stereo-
l‘
chemlstryff the C-10 methyl group relatlve to the C- l J Y

fﬁydrogen can/be clearly defined. | Secondly, the formatlon
P
of 134 and 135 and subsequently 136 and 137 in hlgh ylelds
. o~ .
showed that these intermediates could be used in studies

~towards the syq’hesis of zierone. Thirdly the hydroazulenone
: > N :

106 alsc has attractive features' as an intermediate in the

synthetlc gtudies of ziexone in view of 1ts fac1le formatlon

‘ Y
from 95 and 97. Synthetlc studles employlnq these lnter-

medlates were all 1nvestlgated Thus the use of the thlo-'

[y .

ketalized photocycloadducts 95 and 97 .as startlng materlals,i&ﬁggézgﬁﬁ
' : ,gﬁepﬁi
N 55

’

was 1nvestlgated. The use of the. photocytloadducts 103 and

ﬂ
104 as startlng compounds z{s also 1nvestlgated Flnally-the
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'\.‘ S N P s
use. of the photocyc]adéu-cts 101 and®l02¥as startix;&g ‘com-
. ' - === =<

pounds was also undertaken and these synthetic st*ies
N v

constitute 1§1e subject matter of the subsequent chapters.

.
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It has bﬁfn shown that t&g thioketalized photocyclo-~

adducbe!yg and 97 constltutes proximately 51% of the

!

product mixture when benzene used as solvent in the
initial photocycloaddition reaction. It was also shown4that
both diastereomers could be converted into the same unsatu—
rated ketone 106 by reduction of the ester _moijeties w1th
lithium alumlnum h;drlde to afford the corresponding diols
105 and 117, followed by treatment of the dlols with E‘
~toluenesulfonyl chloride in pérldlne It was thought thg?
the. ketone 106 could be converted 1nto the dienone 139 and
thence to the enone 131. The enone 131 was considered as

a key intermediate target molecule which has the correct

stereochemlstry at the C-1 andQC-lo centres w1th respect to

z:Lerone, and has ‘&ic-e po*on approprlately functlon-

allzed for the 1n @he 1sopropy11den$€;roup and

for further elabora 'on to glve 21erone as showntln scheme V.

It was further shown that hydrolysxs of the thio-
ketalized adducts 95 and 97 with mercurlc chlorlde afforded
the correspondlng keto-diesters 103 and 104. Treatment of
‘these keto-diesters w1th methé}l}thﬁgf followed by treat~f’
: ment of the products w;th sodium methox1de afforded the un-

saturated keto*ester 126 The keto-ester 126 could also be
’ o

converted into the key lntermedlate enone, 131. (scheme VI).
Efforts directed towards the use of 'the keto—dlesterS\lgiJ
. A |
"and’ 104 (H d-to-Head adducts) and thelr respectlve thio- :

'ketals 95 and 97 in ‘the format;on of‘the key 1ntermed1ate ’

‘a

enone 131 and fthe subsequent convermon of &‘mto zn.erone,

o ., e

1
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are presented in this chapter.

It was thought that the unsaturated ketone 106 could
be converted 'into 139 and thence to 131. Towards this end
the unsaturated ketone 106 was treated with sodium hydride
in dry dimethoxyethane followed by alkylation of the incip—
ient mercapto group with methyl iodide to give the dienone
119 in 86.5% yield. The dlenone 119 was treated with
llthlum dlmet‘il cuprate w1th the aim of forming the ketone

143 which couLd‘be converted into 139 by ellmlnatlon of the

sulfur contalnlng groyp, however thlS effort was futile.

LN

Jnstead-of the desired. Michael addltlon reaction. the un-

A I
desrred 1,2=addition reactlon occurréd vlth an accompanylngA

cycllzatlon to glve the trlcycllc ether 138.’ The formatlon
‘.W

.- of the cycllc ether could have occurred via cyclizatiofn of,

'%

the 1ncip1ent alchox1de with the exocycllc double bond prior

-the workup oﬂ the product. ThlS presumably can occur v1a

fcoordlnatlonﬂo?'the exocyclic douBle bond to copper thereby

*

actlvatlng the double bond for cycllzatlon. The formation

' o]
of ‘the cycllc ether could also have occurred via cyclization

of the,alcohol, produced during the mrkupﬁwith t'he‘exo-

L Y
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cycllc double bond. The pmr spectrunf-«pf 138 showed resonance‘

51gnals at § 2. 25 (s, 3h) for-the (- S-CH ) methyl protons,

6 2. 88 3. 0 (m, 4H) for the (~-S- CHZ-CHé—S-) methylene

protons and at ¢ 1.28 (s, 6H) for the protons of the two

methyl grdaps flanklng the ether llnkage. It was reasoned ‘

that perhaps the B-s ubstltuent wag bulky and was therefore

interacting sterically w1th1tpe incoming methyl group or .

x SO

\ T
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e

that the wvinylic sulfur atom was participat%ng in the re- \
action b&_donating an electron via the carbon-carbon n~bond

to.the ketonic oiygenuih the presenoe of the cuprate reagent

and the resulting a,g-unsaturated sulfoniuﬁ ion l;gg then

~reacted in the usual Michael fashion follo@ed by cyclization

to give 138. It was therefore thought that by replac;ng the .
sulfur containing substituent with a meth?xy group thlS

problem could be eliminated. Consequently‘the dlenone 119
was heated under reflux in methanolic sodium methoxide to

give 144 quantitatively. The pmr spectrum collaborétedithis
V] . i . - ‘ '
structutéwwith s{gnals at § 4.85 (s,\in) for the vinylic

methﬁ%&ne brotons'(-é=cu )/*8 4.1 (s, 3H) for the methoxy

_ methyl protons. s 2. 13 (s, 311). for the (dS—CH ) methyl ’

protons and at § 2.85 (s, 4H) for the (-S- cu2 cnz-s ) ® .

methylene protons. The 1nfrared spectrum showed a saturated", @@;
@ .

seven-membered rlng ketone absorptlon at 1700 cq, . Unw: B

fortunately however,.treatment of 144 with meﬂhyl iodide to
. :

form the‘sulfonium alt ﬂbllowed by treatmerit with sodlum

hydride. dld not. glve the desired product. 144a but the

-

precursor 119 As 139 could not be obtalned?by the envisaged

dratlon to 91v the dlenone 146. Grlgnard reactlon of 146

W e e

\

“
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desired product was not formed, instead the dehydrated
product 148 was the‘only isolated product. The infrared
spectrum of 148 showed a carbon-carbon double bond absorp-
tion of medium intensity at 1645 cm_l, whgie the pmr spec-
trum indicated signals at § 5.88 (t, 1lH, j = 2 Hz) for the
C-3 vinylic proton, § 5.78 (1lH) for the C-6 vinylic proton,
§ 5.80 (d, 2H, J = 12 Hz) for th¢ exocy.lic methylidene
protons, & 3.75 (m, 1lH) for the - n, § 2.18 (s, 3H)
for the (—S—CH3) methyl protons 1 nd =2 2.7 (m, 4H) for

" the (-S-CH,-CH.,-S~) methylene protons. The mass spectrum

2 2
gave a molecular weight of 252.1007 for C14H2052 in support
of the assigned structure. Although reduction of 119 with
lithium aluminum hydride in diethyl ether at 0°C led to the
fqrmation of the desired alcohol 145, attempts at puri-
fication of'the alcohol by column chromatography on silica
gel again led to dehydration with the formation of iig.
Howevef reduction followed by acetylation with acetYi
chloride without isolation of the intermediate alcohol
afforded 149 purification of which‘ﬁy column chromatégraphy
on silica gel resulted in the elimination of acetic acid to
give 148 again, in 60% yield, and the rearranged product
150, in 10% yield and the isolated acetate 149 in 30%
yield. Qn the other hand purification by column chromato-
graphy on alumina grade I1I afforded the acetate 149 in 60%
yield and the elimination product 148 in{40% yield. All of

the products were analyzed to ascertain_ﬁheir.structure and
4

composition. Thus, the infrared spectrum of 149 showed a
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strong carbonyl absorption at 1725 cm_l due to the acetoxy
group and a carbon-carbon double bond absorption at

1640 cm-l. The pmr spectrum showed resonance absorptions
at & 2.1 (s, 3H) for the acetoxy methyl protons, 6 2.15 (s,

311) for the (-S—CH3) methyl protons, &6 4.8 (s, 2H) for the

exocyclic methylidene protons, ¢ 3.58 (t, 1li, J = 9 Hz) for

]

the C-1 doubly allylic proton, § 5.05 (t, 1lH, J 6 Hz) for

the proton on the carbon bearing the acetoxy group, & 2.6 (m,

4H) for the (—S-CHZ-CHZ-S—) methvlene protons and at

\

§ 2.9 (m, 4H) for the remaining allylic protons in both
rings. The mass spectrum gave a molecular ion peak of
312.1201 in support of the molecular formula of C16H24O252
in addition to a more prominent m/e peak at 252.1007 corres-
ponding to C14H2052, with the loss of acetic acid. 1In
pursuancc of the intermediate dienone 146 both ester deriva-
tives 149 and 150 were treated with mercuric chloride in
acetonitrile-water mixture at room temperature to give 146
in a total of 65% yield. However when the triene 148 was
similarly treated it did not react at all and produced 146
in 20% yield only upbn heating to 50°C. In view of the ease
of formation of 148 from ghe unsaturated ketone 119, further
efforts were made to convert 148 into the desired dienone
146 by treatment with titanium tetrachloride invaqueous
acetonitrile and also in agqueous acetic acid but onlyrthe
isomeric dienone 151 was formed quantitatively. The facile
hydrolysis of the ester derivatives 149 and 150 as oppoéed

to the lack of reactivity of 148 under identical con itions



1s attributed to the presence of the acetoxy group which
presumably facilitates the formation of the intermediate 149a
via elimination of the acetate moiety. Tnterception of this
sulfonium intermediate by water then afforded the ketone 146.
The infrared spectrum of 146 contained two strong absorptions
at 1715 cm_1 assighed to the o, A~unsaturated five-membered ring
ketone carbonyl and at 1645 cm—l for the carbon-carbon double
bonds. The pmr spectrum showed resonance signals at 6 4.82 (m,
2H) for the exocyclic methylidene protons, 6.8 (m, 1H) for the
vinylic proton beta to the ketone functionality, 3.5 (m, 1H)
for the doubly allylic C-1 proton. The multiplicity observed
for all of the signals could be attributed to the expected
couplings to the adjacent protons in addition to long range
coupling between the doubly allylic C-1 proton and the

vinylic protons. The mass spectrum also gave a'molecular

ion peak of 162.1043 corresponding to the molecular formula

of Although the desired dienone 146 could be

CllHl4O'
obtained from the ketone 106 as shown above, the overall
conversion was obviously not satisfactory and it was clear
that an alternative approach to 146 would be desirable. The

easily accessible ketone 106 appeared to be potentially

useful as a precursor of the dienone 146, as reduction of

** Since the difficulties leading to the low yield of
the dienone 146 stemmed from elumination of acetic acid
dufing the purification of the acetate 149, the crude

acetate 149 was h&ﬂrolysed with mercuric chloride but the

dienone 146 was formed in only 20% yield.
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the ketone function was expected to afford the alcohol

152, the thioketal moiety of which could be hydrolyzed to
the ketone with in situ or subsequent dehydratibn to afford
1l46. It was however disappointing to find that reduction of
106 with lithium aluminum hydride in ether or with sodium
borohydride in methanol did not form the desired product but
~rather the cyclic ether 153 in near quantitative yield. The
infrared spectrum of the reduction product 153 showed no
hydroxyl or carbonyl absorption while its pmr spectrum
showed resonance signals at § 1.16 (s, 3H) for the C-7
methyl protons, & 4.40 (m, 1lH) for the C-1 proton o to the
ongen atom of the tetrahydrofuran ring and § 3.25 (br. s,
4H) for the (—S—EEQ—EEE-S—)’methylene protons of the thio-
ketal group. The mass spectrum also agreed with the assigned

structure with a molecular weight of 256.1202 corresponding

to C13H20052.

The thioketal moiety of the cyclic ether 153 was hydro-
lysed with mercuric chloride in aqueous acetonitrile to
afford the keto-ether 154 in quantitative yield. It was
thought that g-cleavage of the ether linkage could give the
hydroxy-ketone 155 which could in principle be dehydrated
to give the dienone 146. The infrared spectrﬁm,of 154
showed a strong absorption at 1740 cm—l for the cyclo- -
pentanone cagbonyl group and its pmr spectrum sthed
resonance signals aﬁ § 1.32 (s, 3H{ for the C-7 methyl
protons and 6§ 4.38 (br. s, 1lH) for the proton adjacent to

the oxygen atom of the ether linkage,vwhile the mass
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spectrum géve a molecular weightvof 180.1112 for Cl;d16(z'

The ether linkage geta to the ketone carbonyl was cleaved54

by treatment of 154 with acetic anhydride in pyridine to

give three products, 146 in 39%.yie1d, 151 in 20% yield and
156 in 30% yield. On the other hand when 154 was added to

a slurry of acetyl chloride in pyridine for fourty hours at
room temperature an insepg@rable mixture of products was
obtained. The infrared and pmr spectra suggested the presence
of 157 and 158. The product mixture was therefore treated
with methanolic sodium hydroxide at room temperature to
"afford the dienone 146 in 45% yield after separation by column
chromatography on silica gel. .The rather low yields of the
desired product 146 was diéappointing and efforts to convert
it into the ketone 139 were even more so. Upon treatment of
146 with methyllithium two isomeric alcohols 147 were
obtained in 95% yield in a ratio of 1:1, however when both-
aicohols were treated with pyridinium chlorochromate in
methylene chloride to effect a 1,3 sigmatropic rearrangement
of the hydroxy group followed by in si}u oxidation of the
resulting C-6, secondary alcohol only 20% yield of 139 was
obtained. The infrared spectrum of 139 showed a carbonyl

1

absorption at 1670 cm © for the cycloheptandne carbonyl

group conjugated to the double bond, and a carbon-carbon
double bond absorption at 1608 cm-l. The proton magnetic
resonance spectrum showed resonance peaks at § 4.75 (2H) for

the vinylic protons, 8§ 2.04 (s, 3H) for the vinylic methyl
N

protons and 6 3.50 (br. m, lH) for the C-1 doubly allylic
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proton. This unexpected low yield of 139 coupled with the
low yield in the conversion of 119 into the dienone 146 made
the use of 106 less attractive. It became‘even less
attractive when it was considered that conversion of the
methylidene group‘into a methyl group cou}& lead to epimers
at the C-10 centre thereby affordiana Qéryilow yield of the
key 1ntermed1ate enone 131’  An al%ern@tlvc approach to 131
was theréfore absolutely neceSs&ty ;?&Qh efficient total

synthesis of 21erone was to bb’éch;eved

’

The use of the heaﬁ*to head‘&eto diesters 103 and 104

N

instead of their respectlve thioketals was therefore
exhaustively explored towards the synthesis of the key
intermediate ketone 131 as outlined in scheme vIi. It has
already been showr. that the keto-diester 164 could be con-

st

verted into the enone-ester 126 and that 103 could also be

.

converted into 126 and its C-10 epimer 130. It was also
pointed out that the stereochemistry assigne« to 126 and
130 was correct, and their correctness would be shown later
by their conversion into 131 and 132 respectively. Further
conversion of 131 into ziercone or of 132 into epi-zierone
could be achieved by following the previously designed route

shown in scheme V. As 126 alrﬁgdy contained the desired

a,B-unsaturated ketone functionality, the problem of low

yields encountered in the rearrangement of 147 to 139 had
been avoided. Secondly the stereochemistry of the carbo-
methoxy group in 126 and consequently of the C-10 methyl

group of zierone has also been established relative to the
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C-~1 centre, and this approach thcrefoie provided a qgood
control of the stereochemistry of the two chiral centres in
zierone. ,
(

As the ketone functionality of 126 would be utilized to
introduce the isopropylidene group of z.erone, 1t was
necessary to protect this functionality while the carbo-
me ' hoXy group was being converted into a methyl grouﬁ. The
use of ethyleneglycol to form the ketal 159 was found to be
unsuitablé due to the rapid reversion of lég to 126 in the
presence of water during the isolation of 159. However the
thioketal 161 proved to be a better choice with respect to
stability. When 126 was stirred with twenty eqguivalentsof—
l,2-ethanedithiol in methylene chloride at room temperature
and boron trifluoride etherate added as catalyst it affordedz
161 in 58% yield and 162 in 27% yield. However when the
amount of the dithiol was reduced to five equivalents and
the reaction carried out at -15°C the wyield of the desired
thioketal 161 was increased to 80% and 162 was formed in
only 20% yield. The infrared spectrum of 161 showed a

strong carbonyl absorption for the ester group at 1730 cmol.

The pmr spectrum portrayed resonance signals at 6/3/65 (s,
3H) for the ester methyl protons, 6§ 2.02 (s, 3H)/&or the
vinylic me hyl srotons and § 3.1-3.5 {m, 4H) fbglthe thio-
ketal methy.ene protons, while its mass spectrum gave a
molecular weight of 298.1052 for C15H220282. it should be

pointed out at this stage that although our objective was

directed towards the synthesis of zierone we also became

Y
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interested in epi-zierone (26) at this point mainly for the
purpose of comparison due to the availability -of the cnonc-
ester 130. The epimeric thioketal 160 was similarly pre-

pared from the enone-ester 130 as it can be seen that 130
has the stereochemistry at the C-1 and C-10 centres corres-
ponding to epizierone. Its spectral data [ir 1730 cm—1 for
3 the ester carbonyl, pmr, § 1.98 (s, 3H) for the vinylic
methyl protons, &§ 3.62 (s, 3H) for the ester methyl protons
§ 3.2-3.5 (m, 4H) for the thioketal methylene protons, mass
spectrum, 298.1052 for C15H220252], paréllels those assigned
for lél showing them to be stercoisomers. The epimer of 162
— was also formed in 20% yield and identified as 163. The
ester functionality of the thioketal-ester 161 was reduced
with lithium aluminum h?dride in diethyl ether to afford the
primary alcohol 164 in 94% yield. The infrared spectrum

showed a hydroxyl absorption band at 3605 cm—l and 3450 cm"l

and a weak carbon-carbon doublé bond absorption at 1670 cm°l.
¢

.The pmr spectrum showed resonance signals at § 1.96 (s, 3H)
for the vinylic methyl protons, § 3.45-3.6 (m, 2H) for the
methy}ene protons of tﬁe hydroxymethyl group, § 3.0-3.45 (m,
4H) for the thioketal (—S-CHZ—CHZ-S-) methylene protons, in
addition to the signals of—zge—;;ﬁaining protons at & 1.3-
3.0 (m, léﬁ). The mass ;pectrum gave a molecular weight of
270.1111 for C14H20082. The isomeric aicohol 165 was also
obtained in 95% yield by similarly treating 160 with
lithium aluminum hydride. The spectral data obtained for

165, [IR (CHC1l,) 3605 cm ™! and 3450 cm™!, pmr 6 1.98 (s, 3H)
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vin, ¢ methyl protons, ¢ 3.45-3.7 (m, 2H) methylene protons
of the hydroxymethyl group, 8§ 3.0143.4 (m, 4H) thioketal
methylene protons and'& 1.3-3.0 (m, 13H) for the rest of the
protons] also parallel--d those of 164, while the mass spec-
trum showed a molecular‘ioq peak at 270.1111 in agreement
witﬁ the expetted molecular formula of Cy4H,08,. Tosylation
of the‘alcohol functionality was achieved by treatment of

iéi with E—koluenesulfonyl chloride in pyridine to afforo

the sulfonate 166 in 98% isolated yielo. The pmr spectrum
supplied all the information needed to characferise 166. It
showed the aromatic protons as an AB quartet.at-§ 7.35 (d, % °
2H, J = B8 Hz); 7.8 (d, 2H, J = 8 Hz). It also showed
resonanoe signals at 6 4.05 (d, 2H, J = 6 Hz), for the
methylene protons of thevsulfonate ester funotionality,‘

§ 3.2-3.6 (m, 4H) for the thioketal methylene protons (-S-

CH2~CH2-S—), 6 2.46 (s, 3H) for the toluenesulfonate methyl

protons and at 6 2.0 (s, 3H) for the vinylic methyl protons.
The mass spectrum also portrayed a moleculér ion pea?

of 424.1205 in conformity with the aséigned moleculor
formula of C21H280383 Similarly, treatment of. 165 with
p-toluenesulfonyl chloride in pyridine afforded. the ioomeric
p-toluenesulfonate 167 in 95% yield. [Pmr: VG 1;90 (s, 3H)
for the vinylic methyl protons, 6 2. 42 (s, 3H) for the E‘
toluenesulfonate methyl protons, 6 3.1-3.6 (m, 4H) for the
thioketal methylene protons (-8-CH,-CH,-5-), & 3.9:fid, 2H,

—— ——

J - 6 Hz) for the methylene protons of the sulfonate ésier

moiety (-cnz—o-soz-), § 7.34 (d, 2H, J 8 Hz), 6'7.78 (d, 2H,

»
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J = 8 Hz) fof the aromatic protons and § 1.2-3.1 (m, 12H)

for the rest of the protons, while the mass spectrum gave a

- -

moleculér Yeight_of 424.1205 as expectéd for C21H2803S3].

The toluenesulfonate group was reductively cléaved by
the treatment of 166 and 167 with lithium aluminum hydride ,
in diethyl ether to afford 168 and 169 respectively in 85%
yield each. The pmr spectrum of ;gg showed resonance absorp-
tions at & 1.98 (s, 3H) for the vinylic methyl protons,
§ 3.1-3.6 (m, 4H) for the thioketal methylene protons,
§ 0.96 (d, 3H, J = 5 Hz) for the C-10 meth;l protons and
§ 1.2-3.1 (m, 12H) " for the‘remaining protons of the carbo-
cyclic system. The masé épeqtrum gave a molecular weight of

.254.1164 corresponding to the assigned moiecular formula of
C14H2282. Tﬁe pmr spectrum of 169 aiso showed resonance
'signals at & 1.97 (s,'3H5 for the vinylic methyl proéons,

8 0.76 (4, QH, J = 6 Hz) for the C-10 methyl piotons,,é 3.2-

\ 3.6 (m, 4H) for the tpioketal methylene protons (—S—CHZ—CH2-S;)
apd § 1.15-3.0 (m, 12H) for the remaining prot-.ns of—zge———
carbocyc., - system, thus characterising this compouné as an
isomer of 16t. Its mass spectrum also gave a molecular
weight of 254.1164 in agreement with the aééigned molecular
fd}mula of C14H2252. The thioketal moieties of 168 and lgg ;
“were hydrolyzed with mercuric chloride in aqueous acetonitrile
to.éfford the a,Bfuhsaturated ketones 131 and 132 respectively
in 54% yield each.” However when diethyl ether was used as

co-solvent to increase the solubility of the thioketals, the

'yield of the hydrolysis products was incfeased;to 75% each.

-
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The infrared spectrum of 131 -showed an intense carbonyl
absorption at 1680 cm_l and a strong absorption of the

" carbon-carbon double bond in conjugation with the carbonyl
group at 1610 cn T. The proton magne£ic resonance spectrum
showed absdrptions at § 2.02 (s, 3H) due to the vinylic
methyl protons, & 0.96 (d, 3H, J = 5 Hz) for the C-10 methyl
protons and at § 1.2-2.7 (m, 12 H) for the carbocyclic ring
protons. The mass spectrum gave a molecular ion peak at
178.1359 in agreement with the assigned molecular formula,
CleléO. The spectral data for 132 once again paralleled
those of 131. 1Its infrared spectrum showed an intense
carbonyl absorption at 1680 cm - and a strong absorption due
to the carbon-carbon double bond in conjugation with the
ketone functionality at 1610 cm-l. The pmr spectrum showed
resonance signals at & 2.08 (s, 3H) for the vinylic methyl
protons, & 0.77 (4, 3H, J = 6 Hz) for the C-10 methyl
protons, ¢ 3.1-3.4 (m, 1lH) for £he C-1 allylic proton and at
§ 1.3-2.6 (m, 1l1lH) for the rest of the carbocyclic ring
protons, while the mass spectrum portrayed a molecular ion
‘peék at 178.1359 for C12H180' It can clearly be seen from
the foregoing chemical reactions and the spectral properties
of 131 and 132 and their precursors that they are indeed -
isomérs. It is obvious that none of the chemical reactions

involved in the conversion of the enone-esters 126 and 130

into enones 131 and 132 respectively could possibly epi-

X
X

merize the C-10 centre, therefore, the relative stereo-

chemistry of the C-1 and C-10 centres of the latter two

-

I U N R
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compounds are the same as those of their respective ester
precurdors, 126 and 130. The assignment of the sterec-

chemistry of 126 and 130 was based on experimental evidence
as well as theoretical considerations.

It was observed that fragmentation of the cyclobutane
ring of the diester 123 with 0.20M methanolic sodium metho-
xide afforded only one product, 126. Furthermore, treatment
of 130 the epimer of 126 with 0.20M methanolic sodium metho-
xide 'did not afford any of 126. This established that 126
and 130 were not interconvertible under the reaction condi-
tions and that none of 130 was formed during the fragmen-
tation of 123. This disproved any assumption that some of
iig.was formed but was converted into 126 under the reaction
conditions. Thisﬁalso meént that as soon as the ffagmen—
tation intermediate car;anion is formed it was irreversibly
protonated;otherwisq.some of the isomer 130 would have been
formed via epimerization of the C-10 centre.‘ Interestingly
and more importantly, iﬁ was also observed that when either
126 or 130 was treated with two eguivalents of lithium di-
isopropylamide in ether at -78°C (under aprotic conditions)
and the resulting dianion was quenched with agueous ammonium
chloride a mixture of 126 and 130 waé obtained in a ratio of
1.5:1 (126:130) irrespective of the starting compound. This
suggested that kinetic protonation from the face of the
molecule anti to C-1 ring junction protoh was faster than

from the face syn to the C-1 proton. It also pointed out

the fact that after fragmentation of the four-membered ring
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in the reaction of 103 with methyllithium, the incipient
C-10 carbanion formed survived long enough to epimerize
before protonation thereby leading to the epimeric compounds

126 and 130. It has bLven observed by Kupchan et al.55 that

the C-10 substituent of the 1,10-anti isomer (C-10 sub-
stituent trans to the C-1 proton) is spatially close to and
spectroscopically shielded by the spz—hybridized C-6 centre
in hydroazulenes with a C-6 sp2 centre. This observation,
when extrapolated and applied to the intermediate C-10
carbanion or the transition state leading to 126 and 130
from the reaction of 103 with methylithium or the epimeriza-
tion of 126 and 130 with lithium diisoprqpylamide wopld lead
to the prediction that the lone paired 2p orbital'Qf the
incipient carbanion or transition state would prefer an anti
relationship to the C-1 proton in order to achieve a situa-
tion of maximum overlap or interaction (low energy state)
with the C-6 sp2 nr-orbitals. This requirement would lead to
the formation of 126 as a major product compared to 130.
This theoretical consideration would also support our asser-
tion that protonation leading to 126 would be faéter than
protonatjon leading to 130 asvfhe former would have a lower

energy ba¥rier. /As a result of these stereo-electronic

congiderat s the stereochemistry of 126 was assigned to

\

the major epimerization product and the stereochemistry of
30 was assigned to the minor epimerization product.
Finally it would be expected from the foregoing reasoning

that the C-10 methyl groﬁb of 131, implying the
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stereochemistry of 126 would not be shielded by the C-6 sp2
centre while the C-10 methyl group of 132 would be shielded,
and this was found to be the case. 1t was therefore con-
cluded that 131 having the C-10 methyl group absorption at

§, 0.96 in its pmr spectrum has its C-10 methyl group syn to
the C-1 proton and 132 having its C-10 methyl group absorp-
tion at § 0.77 has the methyl group anti to the C—; proton.
It should be mentioned here that the 1,10-syn-hydroazulenone
l;_'[c—l H éyn to C~10 CH3] is particularly valuable because
several naturally occurring guainolide556_58 possess the
1,10 Syn stereochemistry and hydrogenation of C-10 olefinic
59

hydroazulenes lead mainly to 1,l10-anti products. While

attempts were being made to convert 131 into zierone,
Posner and Loomis published a synthesis of 131 and 132 via
an independent route and to our delight, their results were
in agreement with our assigned structures.

It was mentioned that lgg‘and 163 were formed in 20%
each during the formation of the thioketals 126 and 130
reépectively. These products were analyzed and effofts were
made to convert 162 into 131 in order to improve the total
convérsion of 126 into 131. The infrared spectrum of 162

showed a éihgle strong carbonyl absorption at 1725 cm_l

A Y .
for the est%f group, while its pmr spectrum portrayed

signals at § 1.70 (s, 3H) for the C-4 methyl protons,
.6 3.67 (s, 3H) for the carbomethoxy methyl protons, §:3.2-
3.5 (m, 4H) for the (—S—CHZ—CHZ-S-) open chain methylene

protons, and § 2.6-2.9 (m, 4H) for the thioketal methylene



protons. The mass spectrum gave a molecular weight of
392.0972 corresponding to C15H280£S4 in agreement with the
assighed structure. The spectral data of 163 was also
similar to that of 162. The infrared spectrum showed a
strong absorption at 1725 cm_1 diagnostic of the ester
functionality. The pmr spectrum showed resonance signals
at § 1.74 (s, 3H) for the C-4 methyl protons § 3.22-3.50 (m,

4H) for the (—S—CHZ—CHZ—S—) open chain methylene protons,

§ 1.2-3.0 (m, 18H) for the thioketal mgthylene protons and
the rest of the protons of the molecule, while its mass
spectrum also gave a molecular ion peak at 392.0972 for
C17H280254' Upon reduction of 162 with lithium tetrghydro—
aluminate in diethyl ether, it afforded 54% yield of the
desired alcghol 170, which showed the hydroxyl absorption'
1 1

band in its infrared spectrum at 3615 cm © and 3450 cm

Its pmr spectrum showed signals at § 1.86 (s, 3H)'for the
C-4 methyl protons, and the rest of the protons as a multi-
plet at § 1.2—3.80, and lts mass spectrum gave a molecular
ion peak at 364.102 for C16H28054' Attempts at tosylation
of the mercapto and hydroxy groups with two equivalents of
p-toluenesulfonyl chloride in pyridine afforded a complex
inseparable mixture of products. In.view of the low yield
c. 162 it became obvious that very low yield of ;ll"would be
obt- re- from 162 by this approach and it was thought that
prote’ -n of thé mercapto group would lead to a better

yield ne p-toluehesulfonate. Unfortunately however

treatm~n= - € 162 with one equivalent of sodium hydride

97
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followed by addition of benzyl chloride also gave a mixture

of products from which only 20% yield of the S-benzylated
product 171 could be isolated. 1Its infrared spectrum showed
an ester carbonyl absorption at 1725 cm_1 while its pmr
spectrun was clearly diagnostic of the structure. It showed
resonance absorption at & 7.34 (s, 5H) for the phenyl protons,
§ 3.3 (s, 2H) for the benzylic methylene proton, ¢ 3.2-3.4 (m,
4H) for the (—S—CHZ—CHZ—S-) open chain methylene protons,

§ 2.6-2.8 (m, 4H;—;o;—2he thioketal methylene protons,

§ 1.70 (s, 3H) for the C-4 methyl protons and also the

protons of the carbocyclic ring. It was clear from these

low yields that ultimately converting 162 into‘lgl would not
make any substantial difference to the overall yield of 131
from 126, therefore further transformations of 162 into 131
was not investigated.

With the successful synthesis of the key intermediate
compounds 131 and 132 which have the correct relative stereo-
chemistry at the C-1, C-10 centres with respect to zierone
and epi—zierohe reépectively, we have sdlved the stereo-
chemical problem involved in the total synthesié of zierone.
We have élso introduced the two methyl substituents as well
as the C-4, C-5 double bond in zierone and what remained to
be done was, in principle, the transposition of the keto-
functionality from the C-6 to C-7 position and the intro-
duction of the three-carboﬁ?isopropylidene unit into the C-6
position. This ultimate objective could be achieved via the

route shown in scheme V, in which the isopropylidene moiety

}
/
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was introduced prior to the formation of the C-7 ketone
functionality or by the route shown in scheme VII in which
the ketone transposition was accomplished and masked as its
dithiane prior to the introduction of the isopropylidene
moiety. Both approaches to the synthesis of zierone were
investigated. In order to introduce the remaining three-
carbon units needed to complete the ziercne hydrocarbon
skeleton, as per scheme V, lgl was treated with ethynyl
magnesium bromide60 in diethyl -ether and also‘in tetrahydro-
furan. In both solvents the desired product Lig‘was formed
in less than 5% yield, the remaining 95% was recovered as
starting material 131. When 131 was treated with lithium
acetylide ethylenediamine complex61 in tetrahydrofuran,
there was no reaction at temperatures below 25°C, however
upon heating the reaction mixture to 35°C it afforded 140
in 10% yield an@ 173 in 20% yield. "However when 131 was
treated with 1ithiun acetylide62 in tetrahydrofuran at
-78°C and the reaction mixture allowed to warm to 20°C in
two and one-half hours there was 50% conversion of 131 into
products with the formation of 17% of 140 and 33% of 173.
In an effort to uptimize the yieid of the desired product,
140, the reaction was repeated at various temperatures and
we were delighted to find that by keeping the temperature
below -30°C for a ldnger period of time, about two hours,
the yield of 140 was increased to 60% and the undesired
product ll;'was formed in 30% yield. The infrared spectrum

of 140 showed a broad hydroxyl absorption at 3610 cm”1 and a
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sharp absorption at 3315 cm—l for the acetylenic (-C=zC-ll)
absorption. Its pmr spectrum showed resonance absorptions
at ¢ 2.00 (s, 3H) for the vinylic methyl protons, § 2.46 (s;
1H) for the ethynyl (-C=C-H) proton, § 0.94 (d, 3H,

J = 5 Hz), for the C-10 methyl protons and § 1.2-3.2 (m,
121) for the rest of the proton as well as the hydroxyl
proton at & 3.75 (br. s, 1lH). The mass spectrum gave a
molecular weight of 204.1516 for C14H200 and 186.1409 for
the dehydrated molecula; ion 614H18' The acetylenic func-
tionality was hydrolysed with mercuric acetate in ethyl
acetate, followed by reduction of the organo-mercury product
to afford the ketoester 172 and the unexpected prbduct 174.
When the reduction was effected with hydrogen sulfide63 gas
_it afforded 174 in 41% yield and only 25% of the desired
product 172. It was thought that hydrogen sulfid%)beingv
acidic,was probably catalyzing the addition reaction by
protonation of the acetoxy qarbonyl»group and therefore by
using a bulky organic mercaptan addition to the double bond
‘could be minimized, secondly the guantity of the sulfide or
mercaptan could be controlled. The organomercury inter-
mediatevcompound was thereforé treated with 2-methyl-2- ‘
proﬁénethiol at room temperature for twenty minutes. After
purification by column chﬁomatography on silica gel the
desired keto-ester was obtained in 48% yield and the unde-
sired product 174 in 30% yield. Repitifioﬁs of this reaction
afforded yields varying from 40% to 55% of the keto-ester

172, indicating the ea$é of addition of the mercapto group
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to the double bond with the migration of the double bond
and elimination of the acetate group. The infrared spectrum

of 172 showed carbonyl absorptions at 1735 cmwl for the

ester functionality and 1720 cm"l for the ketone group and

a carbon-carbon double bond absorption at l665r9m~1‘ The
pmr spectrum portrayed resonance signals at &*5.12 (s, 3H)
for the acetyl methyl protons, § 2.06 (s, 3H) for the
acetoxy methyl protons & 1.25 (s, 3H) for the C-4, vinyllc
methyl protons, & 0.85 (d, 3H, J = 3 Hz) for the C-10
methyl prot- and 6§ 1.2-3.2 (m, 12H) for the carbocyclic
protons, The mass spectrum gave a holecular weight of

264.1737 for C and at 204.1519 corresponding to

l6H24O3
Ci4H500 with the loss of acetic acid. The spectra of 174
was also in agreement with the assigned structure. Its

infrared spectrum showed a ketone absorption at 1700 cm_1

and a carbon-carbon double bond absorption at 1660 em™L.
The proton magnetic resonance portrayed signals at ¢ 1.10 (s,
3H) for the C-1 methyl protons, & 2.35 (d, 2H, J 5 4 Hz) for the
methylene protons between the sulfur and ketone groups,
geminaily coupled to each)other, é 2;7—3.1 (m, HH) for the
\\//fajiﬁgilylic proton, § Uf§9 (d, 3H, I = 6 Hz) for the C-5
methyl protons and 8 1.2-2.7 (m, 11lH) for the carbocyclic
protons. The unsaturated ketone 132, the epimer of 431 was
also similarly treated with lithium acetylide in tetrahydro-
furan to afford the ethynyl compound 179 in 55% yield. The

infrared spectrum of 179 showed a hydroxyl absorption at

3600 cm ' and the sharp ethynyl (-CAC-H) absorption at
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3315 cm_l. The pmr spectrum portrayed signals at & 2.4b~(s,
1H) for the ethynyl (-C=C-H) proton, § 1.98 (s, 3H) for the
vinylic methyl protons, & 0.80 (d, 3H, J - 7 Hz) for the
C-10 methyl protons. The mass spectrum also gavé aﬂmolocular
weight of 204.1516 for cldnéoo and 180.1409 for the dehy- -
drated molecular ion C;,H o. Upon hydrolysis of the ethyﬁ?lf' -
moiety with mercuric acetate followed by decomposition of
the organo-mercury intermediate compound ;ith 2-methyi—2f
pyopanethiol, 179 afforded 180 in 40% yield and 40% yield
of the unsaturated ketone 18l1. The spectral data of 180
paralleled those of 172. 1Its infrared spectrum showed

1

absorptions at 1720 cm - and 1735 cm™ ! for the ketone and

ester carbonyl groups respectively and a carbon-carbon

double bond absorption at 1650 cm_l. The pmr spectrum

showed resonance peaks at § 1.24 (s,§3H) for the vinylic

methyl protons, & 2.1 (s, 3H) for the acetyl methyl protons;

§ 2.04 (s, 3H) for the acetoxy methyl protons, § 0.85 (4,

3, J = 7 Hz) for the C-10) methyl protons. The mass spec-

trum gave a molecular weight of 264.173? for C16H2;O3 and at .
204.1519 corresponding to the molecular ion Q14H200 with the
loss of acetic acid. The spectral data of 18l was also
similar to that of its isomer 174. Its infrared spectrum
showed a carbonyl absorption at 1700 <:1'n.l and a carbon-
carbon double bond absorption at 1660 cm_l. The pmr spec:\
trum portrayed signals at § 1.07 (s, 3H) for the C-1 methyl
protons, & 2.35 (d, 2H, J - 3 Hz) for the geminally coupled

methzlene protons between the sulfur and keto groups,
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§ 0.87 (d( 3H, J = 7 Hz) for the C-10 methyl protons and at
s 2.7—3;_,0'6 (m, 1H) fof* the C-1 allylic proton. In order to
makg{;ﬁé envisaged intermediate dienone 141, the ester func-
tionality of 172 was hydrolyzed with sodium hydroxide in
methanol-water mixture to give 175 in 98% isolated yield.,
The” infrared spectrum of 175 showed a broad hydrbxyl absorp-
tion at 3480 cm—1 and a carbon-carbon double bond absorp-
tion at 1665 cmil. The pmr sgectrum indica£ed signals at
for the acetyi methyl protons, § 0;87 (d, 3H, J = 5 Hz) for
the C-10 methyl protons and ¢ 3.92 (br.‘s, 1H) for-the
hydrbxyl'proton. Unfortunately however, all attempts to de-
hydra;e the hydroxy ketone 175 to give the envisaged dienone
intermediate 141 were futile. An inseparable mixture'of
products was obtained and spectral (pmr and ir) data
suggested the presence of only small amounts, (less Lhan
10%) Bf 141. Conseguently the ketone function of 175 was
_protected as a ﬁhioketal by treatment with 1,2-ethanedithiol

and catalytic amounts of boron trifluoride etherate to give

76. ?fe;imingry investigation"showed thiikalthough 176
could‘ge dehyérated to givgvabout 40% 6f the diene 177,
atteméfs at hydrolysis of tﬁ@ thioketal moiety of 177 were
again é:;ile. The rearranged product 178 was the only’ |
product isolated; In view of the difficulties encountered
in feproducing the results of the formation.of 172, coupled

with-the extremely low yield of 141 from the dehydration of

75 and the rearrangement of 177 to give 178 instead of the
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desired dienone 141 it was decided tc proceed from 131 via
the route proposed in scheme VII as it became obvious that‘
a rather long detour may be required to convert 172 into
zlerone.

The C-7 position of the unsaturated ketone 131 was
functionalized as its 7,7-(propane-1,3-dithio)- derivative
by the procedure of Woodward et al.'64 for eventual conver-
sion into the C-7 ketone functionality of zierbne. Thus
l_l was treated with two equivalents of lithium tert-buto-
Xide and three equivalents of ethyl formate in dimethoxy-
ethane tovgive the C-7 hydroxymethylene derivative 182
ih 67% vield. The infrared spectrum of 182 spowed a weak
hvdroxyl absorption band at 3500 cm—l, presumably due te
intramolecular hydrogen bonding and a broad absorption with
peak intensity at 1605 cm-l attributed to the dienone
system. The proton magnetic resonance spectrum displayed
resonance signals at 6 2.01 (é, 3H) for the C-4 vinylic
methyl protons, ¢ 3.2 (br. m, iH) for the C;l allylice
proton, & 0.95 (4, 3H, J = 5 Hz) -for the C-10 methyl
protons, 6 8.2 ‘d, 1lH, J = 5 Hz) for the vinylic proton of
the‘hydroxymethylene group, 6 15.48 (d, J = 5 ¥ .; (approxi-
mately 20%); 6 15.37 (d, J = 5 Hz) (approximate.y 80%) 1K,
for the enolic p;oton'of the hydroxymethylene groué and
§1.2-2.8 (m, 9H) for the remaining carbocyclic protons.'
The mass spectrum also géve a molecu;ar ion peak at
206.1309 for C,.,H,_O,  corresponding to the proposed formula.

1371872
The hydroxymethylene derivative was treated with
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propane-1,3-dithiol-di-p-toluenesulfonate prepared

accordiné to the procedure of Woodward et 51.65 and used
aceordingly64 to afford 183 in 44.5% yield after puri-
fication by column chromatography on neutral alumina grade I.
The infrared spectrum of 183 showed a carbonyl absorption at
1665 cm—l and a carbon-carbon double bond absorption at

1605 cm—l, for the a,B-unsaturated ketone system. The
proton magnetic resonance spectrum portrayed signals at

§ 2.05 (s, 3H) for the C-4 vinylic methyl protons, § 0.96 (4,
3H, J = 5 Hz) for the C-10 methyl protons, ¢ 3.0-3.8 (m, 4H)
for the methylene protons bonded directly to the sulfur

atoms of the propanedithio- group and ¢ 152—3.0 (m, 14H) for
the remaining protons. The mass spectrum gave an intense
(45%) molecular ion peak at 282.1108 for ClSszQS2 in
agreement Qith the assigned molecular structure. At this
point, what remained to be dona;was the introduction of the
isopropylidene group, followed by hydrolysis of the propane;
1,3-dithio- moiety of 185 to afford the target molecule,
zierone. An attembt to introduce’the'remaining'threé-
carbon unit by treatment of lﬁ; with isopropyllithium66 in
diethyl ether yielded disappointing results as a complex
mixtﬁre of products was obtained. The érbduct mixture was
purified by column chromatogrébhy dn silica gel, followed

by further purification by preparative thin layer chromatography
on silica gel, but none of the isolated producté was the

desired product‘184a. The identifiable-products were found

to be 184b, 184c and two others which appeared to be 1844
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and l1l84e. The-infrared spectrum of 184b showed absorptions
at 1600 cm T and 1665 cm™ ! for the a,B-unsaturated ketone
system, -while its pmr spectrum showed resonance signals at

§ 2.0, for the vinylic methyl protons, § 0.86, for the C-10
methyl protons, $ 2 2-3.7, m for the protons adjacent to the

sulfur atom (-CH-S- CH,~CH,~CH =S~ -dg-), and at ¢ 1.3-1.9 for

the carbocyclic protons. The infrared soectra of 184c and
184d showed the presence of a saturated carbonyl group with
absorption at 1710 cm_l. Their pmr spectra showed the
absence of vinylic methyl protons but showed the presence

of the isopropyl methyl protons at ¢ 1.14-1.22, and the
presence of the C-4 and C-10 methyl protons at § 0.85-0.92.
It can be seen from these results that the ketone func- |
tionally is sterically more hindered and less reactive than
the dithiane sulfur atom and the conjugated double bond. In
the light of the results obtained from the originaily pro-
posed schemes V and VII it may be concluded therefore that,
in order to achieve a total syntnesis of zierone via the
intermediacy of the unsaturated ketone 183, the ketone func-
tionality of 183 would have to be reductively cleaved,
followed by hydrolysis of the dithiane moiety to afford the
Bry- unsaturated ketone 1l83a, which could be converted into
‘zierone by the titanium tetrachloride catalyzed aldol
condensation of the silyl enol ether 183b with acetone.67

This approach seems to be a plausible route left unexplored.
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CHAPTER 1IV: APPROACH TO ZIERONE VIA

THE HEAD-TO-TAIL PHOTOCYCLOADDUCTS.

. | 112
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it was shown during the structural and stereochemical
elucidation of the photocycloadducts that the head-to—tai}
photocycloadduct 101 was produced in approximately 50% yield
when isopropanol was used as solvent. It was also shown

that this keto-diester 101 afforded the lactone-ester 135

in 85% yield upon treatment with methyllithium and that 135
afforded the keto-lactones 136 and 137 in a total of 98%
yield upon treétment with sodium methoxide in methanol. It
was further shown that theJthioketalized photocycloadduct
98 was produced in approximately 11% yiéld when benzene was
u;ed as solvenﬁ in the initial photpc ~addition reaction.
The thioketal-diester 98 afforded the ~ear =-o-tail keto-
diester 102 upon hydrolysis of the thiok~tal moiety with
ﬁercuric chloride. When 102 was treated w.*h rethyllithiuﬁ
it afforded the hydroxy-diester 134 in 90% yie{a. The °
hydroxy-diester 134 also afforded the isomeric ket -lactones

[

136 and 137 in a total of 98% yield upon treatment with

sodium methoxide in methanol. It can:be envisaged that éhe
keto-lactones 136 and l;l‘could be used as intermediates for
the synthesis of zierone as éhown in scheme VIII. The C-5
ketone functionality can be used to introduce the C-10
methyl group of zierone in a desired orientation in the
early stages of the synthesis b§ taking advantage of the
stereochemistry of the lactone functionality. "It is anti-
cipated that if the C-10 methyl dgroup of zierone is intro-£§
duced into 136 vié‘the aldehyde, with an epimerizable
centre, the predominant thermodynamically more stable

3
»
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isomer will be the l,aO—SYn product as the 1,10-Anti isomer
will have the methyl group or the precursor carboxaldehyde
group sterically c}ose to and interacting with the lactone
functionality. The lactone carbonyl group can be used to
functionalise ghe C—8-pos£tion for eventual introduction of
the C-7 keto group of zierone. It can -also be used to
introduce the remaining two carbon units followed by de-
hydration to afford the isopropylidene moiety. This
approach to the synthesis of zierone Qés also explored as
outlined in scheme VIII.

In persuance of this synthetlc scheme, the lactone-
ester 135 was treated with 0.2M sodlum methoxide in methanol
to affor@olig and 137 in a total of 98% yield. The diester

134 was also similarly treated to give 136 and 137 in a

“total of 98% yield. The structures and stereochemistry of

37 were assigped from equilibration studies on 136

jo)
—

136 an

o}}

and 137. When 135 was treated as above for one hour and

then quenched with dilute hydrochloric acid, 136 and 137

were obtained in a ratio of 9:1 (136:137). When the

reaction was allowed to proceed for two hours the ratio of

-~

5

6:137 was 4:1 respectively and for four hours this ratio

as l:1. However when the reaction was allowed to prcceed

g

longer than four hours a secondary reaction occurred with

the formation of the hydroxy-diketone 186. .As the C-4,

7 ~
C-12 stereochemistry in the lactone-ester 135 is cis and it
is unreasonable to -assume that the C-4 centre was rapidly

epimerized as soon as the.methanolysis-with-fragmentation
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occurred and then it slowly reverted into the original cis
relationship with the C-12 centre, the initially formed
majorvisomer was assigned the C-4, C-12, cis‘ring junction
stereochemistry. Secondly the stereochemistry assigned to
the C-9 centre in relation’to the C~1 centre, the stereo-
chemistry of whicﬁ has previously been established, was
based on the Alder-Stein rules for lactones, which favours
the assigned cis stereochemistry. It should be mentioned
\

here that 137 was later shown conclusively to be a C-4 and

-

not a C-9 epimer of 136. The infrared spectrum of the keto-
lactone l}g_éértrayed the cycloheptanone carbonyl absorption
at 1700 cm ' and the y-lactone carbonyl absorption at

1760 cm L. The proton magnetic resonance spectrum of 136
showed resonance absorptions _at & 1.48 (s, 3H) for the C-1
methyl protons, 6 2.5 (t, 1H, J = 6 Hi), for the C-12
methine proton, §13.14 (m, 2H) for the C-4 and C-9 methine
protons and § 1.5-2.7 (m,’IOH) for the remaining carbocyclic
protons. The mass spectrum gave a molecular ion peak of

98; intensity at 208.1101 for C,,H; 0, in agreement with

the assigped molecular formula. The spectral data Qf 137
was similar to that of 136. Its infrared spectrum gave two

1 and 1755 cm~+ for the

' carbonyl absorptions at 1700.cm’
ketone and y-lactone functional groups respectively while
its proton magnetic resonance spectrum indicated signals at

§ 1.52 (s, 3H) for the C-1 methyl protons, § 2.48 (dd, 1H,

J

6 Hz, J' = 10 Hz) for the C-12 methine proton,

§ 3.14 (m, 2H) for the C-4 and C~9 methine protons and

]

<



§ 1.6~2.4 (m, 10H) for the rest of the carbocyclic protons.
)

The mass spectrum also gave a molecular ion peak at 208.1098

for C thus confirming 136 and 137 to be isomeric.

12"16%3°
The aséigned cis stereochemistry of the lactone moiety of

is supported by the observed coupling‘of

~J

both 136 and 1

§ Hz %@tween the C-9 and C~l2 methine protons. The coupling
between the C-9 and C-12 protons of 136 is the same as the
coupling between the C-4 and C-12 protons. Sig%e the C-4
and C-12 pfotons have been shown to be cis to each other,
the C-9 and C-12 protons can also be inferred to be cis to
each other. ?his is in contrast to the obgéibed coupling
of 10 Hz between the C-4 and C-12 protons of 137 which have
been shown to be trans to each other. The infrared spectrum
of the hydroxy-diketone 186 showed a broad hydroxyl band at
3600 cm_l-and two carbonyl absorptions at 1710.cm™ ! for the
cycloheptanone-cyclopentanone keto group and at 1760 cm—l
for the cyclopentanone-cyclbhexanone ketone functionality,
Its proton magnetic resonance spectrum portrayed signals at
§ 1.54 (s, 3H) for the C—-4 methyl protons, 3 2.88-3.50 (br.
s, 4ﬁ+\{pr the hydroxyl proton and the‘C-6, Cc-8 and.C—l
mbthige brotons. The remaining carbocyclic protons éppeared
at § £.8—2.8. It should be mentioned that 186 was converted
into 136 when\it was heated unaer reflux with E*toluene;
sulfonic acid in benzene for four hours. |

As already pointed out the high yields of 136 and 137
made them very attfactive as intermediate compounds in the

synthesis of zierone. In order to convert- the C-5 kefo- DY
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group of 136 into a C-10 methyl group of zierone 'the keto-
lactone 136 was added to a solution of methoxymethylene-
triphenylphosphorane in tetrahydrofuran to afford the methyl
vinyl ether in B80% yield as an isomeric mixture.¢ Column
chromatography of the mixture on si;ica gel affordegla major
isomer 187 in 52% yield and a second fraction (fraction B).
The infra;ed‘spectrum of fhe major isomer showed a y-lactone
carbonyl absorption at 1760 cm_l and carbon-carbon double ‘
bond absorption at 1675 cm_l. Its proton hagnetic resonance
spectrum indicated resonance signals at § 5.65 (s, 1lH) for the
vinylic proton, § 3.50 (s, 3K) for the methoxy methyl
protons. & 3.4 (m, 2H) for é%evc—4 and C-9 methine protons.
§ 1.40 (s, 3H) for the C-4 methyl protons and § 1.4-2.6 (m,
11H) for the femaining carbocyclic protbns. The mass spec-
trum gave a molecular ion peak as ité base peak at 236.1411
corresponding to the expected molecular formula of C14H2003.
Pmr analysis of the second fraction (fraction B) showed it to

]

contain an isomeric mixture of methyl vinyl ethers. The vinyl .

ether 187 was hydrolysed by treatment with 6M hydréchloric‘

acid in tetrahydrofuran-water mixture at'foom temperature
for four hours to give a single aldehyde 189 in 100% yield.

It is interesting to note that while the major vinyl ether

-187 affofded‘only one aldehyde 189, hydrolysis of the second .
== =22 . .

fraction (fraction B) afforded two aldehydes, one of which

obtained in 13%:'yield was identical with 189. The other
aldehYde 190 produced in 16% yield was thought to arise from

37 which was formed by epimerization of 136 at the C-4

—

<
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? centre under the reaction conditions. Thus the total ratio
of 1 187:188 was 5:1 respectively. This was indeed found to
be the case for when 137 was similarly treated with meﬁhoxy—
methylene _.iphenylphosphorane it afforded an inseparable
mixture of vinyl ethers in about 80% yield. Hydrolysis of
this vinyl ether mixture with 6M hydrochloric acid in tetra-
hydrofuran-water mixture afforded two aldehydes which were
found to be idenfical with 189 and 190 in a ratio.of 1:5
. (189:190) in a total of 100% yield. The infrared spectrum
of the -aldehyde ;gg showed two carbqnyl absorptions at |
1730 cm—1 for the aldehyéic group and at 1755 crn“l for the
y-lactone group. 1Its proton magnetic resonance spectrum
showed prominent resonance signals at & 1.48 (s, 3H) for
the C-1 methyl protons and at § 9.50 (br{ s, 1H) for the
aldehydic proton. The infrared spectrum of 190 also showed
_two carbbnyl absorptions éf 1730 cm.l and 1755 cm_1 for the
aldehyde and y-lactone functional groups respectively. The
pmr spectrum showed two prominent signals at § 1.51 (s, 3H)
for the C-1 methyl protons and § 9.58 (br. s, 1H) for the

- aldehydic proton. The mass -spectra of both compounds éave
a molecular ion peak at 222.1253 for C13H1803 in agreement
with the expected molecula formulae. The aldehydes 189 and
190 were converted into their respective thioketals 191 and
192 by treatment with 1,2-ethanedithiol and catalytic amount
of boron trifluoride etherate, followed by column chromato-
graphic purification on siIiea gel. 1In view of the obser-

vation that the keto-lactones 136 and 137 afforded the same
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mixtures of intermediate products these were separated ag
the thioketal stage in subseguent reactions since the
thioketals were found to be more stable than the corres-
ponding aldehydes and easier to separate as compared to the
keto-lactones 136 and 137.

The spectral data of these thioketals were in agreement
with the assigned struétures. The infrared spectrum of the
thioketal-lactone 191 showed a strong y—iéctone carbonyl
absorption at 1750 cm-l while‘its protons resonated at
§ 4.84 (d, 1H, J = 2 Hz) for the.dithiomethyl proton,

§ 3.16 (s, 4H) for the thioketal methylene protons (—S—CH2—

CH2-S—) § 1.40 (s, 3H) for the C-1 methyl protons in addi-
;;;6 to the signals of the remaining carbocyclic protons.
The mass spectrum of 191 also gave a molecular ion peak as
its base peak at 298.1061 for the molecular formula
C15H220252. The infrared spectrum of lgg also showed.a
vy-lactone carbonyl absOrpfion at 1755 crn"l while its pmr
spectrum displayed signals at 6 4.76 (d, 1lH, J = 3 Hz) for
the dithiomethyl proton, § 3.2 (m, 4H) for the thioketal
methylene protons, & 1.46 (s, 3H) for the C-1 methyl protons
and § 1.2-2.8 (m, -14H) for the carbocycliq protons. The
mass spectrum also gavé a molecurgi ion peak at 298.1061
corresponding to the calculated molecular weight for the
1£o;mula of C15H220282._ In order to obtain ?he C-5 methyl
group of the hydroazulene skeletoh the thioketals 191 and

192 were reductively éleaved with Raney nickel (W-2) in

benzene to afford the C-5 méthyl derivatives 193 and 194
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respectively in 85% yield each. The infrared spectrum of

193 gave a y-lactone carbonyl absorption at 1750 cm—l. Its

pmr spectrum portrayed signals at § 0.89 (4, 3H, J = 5 Hz)
for the C-5 methyl protons, 6 1.37 (s, 3H) for the C-1
methyl protons, 6§ 2.48 (t, 1H, J = 6 Hz) for the C-12
methine proton, § 2.90 (m, 1lH) for the C-9 methine proton,
and 6 1.1-2.5 (m, 12H) for the remaining.carbocyclic protons.
The mass spectrum gave a molecular ion peak at 208.1469 for
C13H2002 in support of the molecular formula. The infrared
spectrum of the isomeric lactone 194 also showed a y-lactone
carbonyl absorption at 1750 crn—l while its pmr spectrum
showed resonance peaks at § 0.95 (d, 3H, J = 5 Hz) for the
C-5 methyl protons; 6 1.40 (s, 3H) for the C-1 methyl
‘\protons and at § 1.2-2.6 (m, 14H) for the remaining carbo-
cyclic proths.i Its mass spectrum also gave a moleculaf ion
peak at 208.1469 correspbnding to the assigned molecular

structure. The formation of only two isomers out of the.

" four possible isomers, 193, 194} 195 and 196 arising from

the C-4 and C-5 chiral.centres is interesting. The formatioﬁ
of iny one aldehyde, 189, produced under eqq'iibrating (
conditioné from 187 suggestedAthat the thermodynamically
‘more stable 1,10-syn [C-4 H syn to Cc-5 methyl] was formed.
This isomer was considered more stéble than the 1,10-anti
isomer 189a which would have led to 195, as the carboxy-
aldehydgigroup of 189a would lie close to the lactone func-
tionality leading to.severe sterié interactions. This same

rationale holds true for the thioketal subsequently prepared

[N
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from 189, hence the assignﬁ@nt of the stereochemistry of

193 and its precursors as such.

As mentioned earlier, the second chromatography frac-
tion, (fraction B) which contained a mixture of vinyl ethers
afforded two aldehydes which were separately converted inte
193 and 194. It should also be recalled that the keto-
lactone 137 also afforded two aldehydes via the vinyl ethers
which were also converted into 193 and 194 in a ratio of |
1:5. In summary therefore it was found that 136 afforded
193 and 194 in a ratio of 1:5 respectively. The formation
of rhe céio methyl derivatives in these respective ratios
led to the conclusicr that the major product 193 obtained
from 136 was formed w = re ~ention of the C-4, c-12 cis ring
junction stereochemiucry, while the minor product aroee from
the C-4 epimerized centre. Similarly the major product 194
obtained from 137 was formed with retention of the C-4, C-12
trans ring junction stereochemistry while the minor product
arose from the C—4.epimerized ceptre: The‘assignment of
the stereochemistry of ;giﬁand consequently its precursor
- aldehyde aﬁd thioketai was g:EEE/;n the chemical shift of
its C-5 methyl protons compared to that of 193. It was
reasoned that the methyl group was on the same face of the
molecule as:the lactone functionality and was therefore.
deshielded by the lactone carbonyl group. The steric inter-
actlon that the precursor aldehyde 190 and its thloketal |

derivative 192 could encounter is mlnlmal compared to- those

of 189a and its thioketal derlvatlve due to the trans-
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relationship of fhe fused ring junction allowing more
flexib%g conformational mobility to accommodate the C-5
carboxyaldehyde and thioketal groups and consequently the
C-5 methyl gfoup of.lgi. It can therefore be seen here that.
the étereochemisﬁry of the lactone functionality has been
utilized to control the introduction of.the C-5 methyl
group ,such that only the desired 1,10-syn isomer with
respect to the assigned‘stereochemistry of zierone was
formed. The stereochemistry of the C-9 centre was presumed
to have been retained in these chemical transformations as
a direct consequence:of the Alder Stein.rule for lactones,
and is supported by the observed coupling between the C-9
and C-12 protons (J = 6 Hz). |

As one of the objectives in the synthesis of zierone
was to unambiguously prove its stereochemistry or,otherwise,
it was thought necessary to confirm the assigned stereo-
éhemistry of 193 and 194 whi%P have béen based on theoretical

considerations. Consequently the keto-lactone 136 which

could be obtained from 135 in 90% yield was added to a

solution of methylenetriphenylphosphorane in tetrahydrofurén

to afford‘the'mefhylene derivative 197 in GOg yield as the

ohly product. The absence of any ¢4l epimeric methylene

compound in this case could be attributed to the higher

reactivity of the latter phosphorane with the ketone. The
infrared spectrum of 197 showed the y-lactone carbonyl

absorption at 1755 cm ' and a carbon-carbon double bond ..

absorption at 1650 cm—l. Its proton magnetic resonance
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spectrum portrayed resonances at § 4.64 (4, QH, J < 1 Hz)
for the vihylic metﬁ;ieﬁe protons and § 1.40 (s, 3H) for

the C-1 methyl protons. Its mass spectrum also gave a
molecular ion peak as its base peak ef 206.1307 for the
assigned molecular formula of C13H1802' Upen treatment

with m-chloropetbenzoic acid, 197 afforded two oxiranes 198
and 199 in 98% yield in a ratio of 1:1.5 respectively. The
assignment of the stereochemistry of these two epexides was
based on the chemical shifts of the protons of the methylene
groups of the epdkides. The methyleﬁe protons of the g-
epoxide 199 was ought to be deshielded by the lactone
carbonyl group compared to those of the a-epoxide 198.F
However these assignments are not crucial to the current
stereochem1ca1 elucidation. ' The 1nfrared spectrum of 198
showed -a y-lactone cars\kyl absorption at 1755 cm -1 while
its pmr spectrum showed signals at § 1.42 . 3H) for the
C-1 methyl protons, & 2.45 (4, >lH, J=5¢%" :nd 6§ 2.76 (1H),
.fdr the oxirane methylene protons. The infrared spec;fum
.of 199 also gave a Y4lsctone carbonyl absorption-at 1755 cm_1
and its pmr spectrum showed_resoﬁance peaks at § 1.42 (s,
3H) foriéhelc-l methyl protons, § 2.57 (d, 1H, J =5 Hz)

and 6 2.76 (d, 1H, J = 5 Hz) for the oxirane mefhyiene
protons. The mass spectrum of both'compounds gave a mole-
cular ion peak at 222.1258 for C13 18 3 Both epoxides were
independently'treated with boron trifluoride etherate in

benzene and reafranged to give the same single aldehyde 200

which was found to be.identical with 189. When both
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aldehydes were separafely treated with 1,2-étﬁanedithiol

and boron trifluoride etherate they afforded the same

single thioketal, 201 [ir 1750 qm_l, pmr, & 4.84 (4, 1H,

J =2 Hz), & 3.16 (s, 4H), & 1.40 (s, 3H) m/e 298.1061 for
C15H2202sz]rwhich was found to be identical with 191.
furthermore when 201 was treated with Raney nickel (w-2) it
afforded the C-5 methyl derivativeuzgg which was found to be
identical with 193 in all respects. [ir 1750'cﬁ_1; pmrx,

5§ 0.89 (&, 34, J = 5 Hz), 6 1.37 (s, 3H), & 2.48 (t, 1lH,

J =6 Hz), 6 2.90 (m, 1), 6 1.1-2.5 (m, 12H); m/e 208.1469

for C 02]. It was thought that hydrogenation of the

13820 |
C-10 methylene compound 197 would result in the formation
of 195 as a major product as hydrogenation was expected to
occur from the sterically less hindered gR-face of the mole-
cule. However upon hydrogenation in éthyl acetate using
palladium on~carbon as catalyst at one aFmosphere an'in-

separable mixture of products was obtained. Proton magnetic

resonance spectral analysis of this mixture showed the

13

presence of two major isomers constituting about 70% af the
product mixture in a ratio of 3:2. The major product with
a C-1 methyl chemical-shift at 6 1.37 was assigned the
structure of 193. The other product with a C-1 methyls
chemical shift at 6 1.25 was assigned the structure of 195.
The remaining two minor compounds with C-1 methyl chemical
shifts at 6 1.44 and 1.40 were assighed the structures of

194 and 196 respectively and were considered to have arisen

from isomerization of the exocyclic double bond prior to

)
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hydrogenation. Although these results did not prove the
assigned stereochemistry of these compounds it supported
the idea that the lactones 193 and 194 differed at the C-4
centre. It is however important to note that both

epoxides 198 and 199 gave the same single aldehyde under
equilibrating conditions. Whether the isomerization of the
 epoxides proceeded via the hydride shift mechanism or enol

type mechanism the reaction conditions were such that the .
aldehyde could epimerize via the enol. Since the epoxides
198 and 199 and the methyl vinyl ether 187 proceed via
similar enol type intermediates towards the ultimate forma-
tion of 193 it was concluded finally that the second isomer
produced in‘the hydrolysis of the second chromatography
fraction (fraction B) was .the C-4 epimer. This result also
supported the idea that the thermodynamically more stable
aldehyde was formec “rom both the hydrolysis of the vinyl
ether and the rearrangement 6f the epoxid;s. All of the
above results however did not conclusively prove the
assigned stereochemistry of the lactones 193 and 194 and it
was neceéaa;y to further eleborate on the structures of 193
and 194 to brove their ste:eochemistry. As the stereo-
chemistry of the C-4 centres in both 193 and 194 have been
ﬁnequiyocally established it was envisaged that by k
converting 193 and 194 into either of. the isomeric enones
131 (l}lo—synlxor 132 (1,10-anti), the structure and’

Stereochemistrylof which have been unequivocally established,'

the stereochemistry of 193 and 194 would be conclusively
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proven.

In this connection the lactone 193 was treated with

methylmagnesium bromide in diethyl ether followed by acidi-

»
fication with dilute hydrochloric acid and isolation of

products to afford thé;dehydrated derivative 204 instead of
the alcohol 203. The infrared spectrum of the product

showed the absence of a hydroxyl group absorption but showed
a weak carbon-carbon double bond absorption at 1700 cm L.
Its pmr spectrum showed resonance signals at § 0.91 (4, 3H,
J = 5 Hz) for the C-5 methyl protons, § 1.18 (s, 3H) for the
C-1 methyl protons, § 1.20 (s, 3H) for the vinylic methyl
_protons, 6 3.1-3.7 (m, 1H) for the allylic methine proton

and § 1.2-2.7 (m, 12H) for the\rgmainiﬁg carbocyclic

PN

protons. Its mass spectrum also gaVe a molacular ion peak

of 80% intensity at 206.1673 in agreement with the molecular
AT

formula of C14H220. Ozonolysis of 204 followed by decompo-

sition of the intermediate ozonide with methyl sulfide

afforded the keto-ester 205, the infrared spectrum of which

showed two carbonyl absorptions at 1705rcm'l for the cy%io-

1

heptanone carbonyl and at 1725 cm for 'the ester carbonyl

groups. The pmr spectrum clearly showed three methyl

signals at 8§ 0.99 (&, 3H, J 5 Hz) for the C-10 methyl

protons, 8 1.67 (s, 3H) for the C-4 methyl protens and
§ 1.9 (s, 3H) for the acetoxy methyl protons. Its mass
spectrum gave a molecular ion peak at 238.1569 for C14H2203

12718
When the keto-ester 205 was treated with methanolic sodium
- =

v

and at 178.1359 for C,.H._.O with the loss of acetic acid.

S
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methoxide it afforded the a,B-unsaturated ketone 206. 1Its a
infrared spectrum showed an intense cafbonyl absorp?ion at “
1680 cm” ! and a strong absorptionvgué to the ca.'on-carbon
double bond in conjugation with thé ketone functionality at
1610 cm t. The pmr Spectrum showed resonénce signals at

§ 2.02 (s, 3H) for the vinylic methyi protons, § 0.96 (d,

3H, J-= 5 Hz) for the C~10 meth?l protons and at § 1.2-

2.7 (m, 12H) for the carbocyclic protohs{ The mass spectrum
gave a molecular ion peak at 178.1359 in agreement with the
assigned molecular foxmula ClZHnBO' The spectral data of

206 showed clearly that it is identical with 131. Therefore
the formation of 206 (131) from 193 conclﬁsively prbved that
the stereochemistry of 193 was infact cdrrectly assigned.

It also proved the stereochemistry of the C~4, C~5 centres

of the precursors of 193. The isomeric lactone 194 was also
treated with methyllithium en route to 131 or }g_, affording o
 the alcohol 207. AlthougH the alcohol wag_stable as a

solid it slowly underwent dehydration in éolptio“ to give

’ggg. Consequently ggz was.treated with éamphorsulfdnic acid

in benzene to afford 208. 1Its pmr spectrum showed signals

at § 0.93 (d, J = 5 Hz, 3H) for the C;S methyl protons, |

6 1.70 (s, 3H) for the'vinylic methyl protons ¢ 1.30 (s, 3H)

for the C-1 methyl protons and at ¢ 2.70 (d,ﬂlH,‘J = 8 Hz)

for the C-12 methine proton. Ozonolysis of 208 followed by
decompositioﬁ cf the ngnide with mefhyl sulfide affdrded

-

the keto-ester 209, Its infrared spectrum gave two

carbonyl absorptions at 1705 cm t and 1725 cm L+ for the
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ketone.and ester functionalities respectively while its
bmr spéctrum gave resonance signals at 6§ 0.95 (3H) for
the C—iO methyl proton%) § 1.93 (s, 3H) for the acetoxy
ﬁethyl protons, 6 1.44 (s, 3H) for the C-4 methyl protons
and § 3.65 (d, 1H, J = 8»H2) for the C-5 methine proton.

When the keto-ester 209 was treated with sodium methoxide

in methanol it afforded the enone 210, the infrared spectrum

-
of which showed absorption bands at 16C0 crn'_l and 1610 cm—l

for the ketone group and the carbon-carbon double bond
respectively, while its pmr spectrum showed ré;onance

peaks at &§ 0.96 (4, 3H, J = 5 Hz) for the C-10 methyi.
protons, 6 2.02 (s, 3H) for the vinylic methyl protons and
J 1.2-2.7 (m; lZé) for the remaining carbocyclic protoﬁs;#
The mass séectrum gave a molecular ion peak at 178.1359 for
C,,H, ;0. Tﬂése results showed that 210 was identical with

12718
206 and 131. The results also proved finally that 137 is a

- C-4 epimef of‘lgg, for, if it was not the-.C-4 epimer)the
corresponding C-5 epimer of 193, that is 195, would have
been formed and this would have led to the enone 132 from
the above transformatidns. They also proved conclusively
that the assigned l,lO—synvstereochémistry of 194 was
correct as the 1,10-anti isomer 196 would have‘produéed 132.
At this point it can be said that the stereorj‘-ical problem

involved in the synthesis of zierone along scheme VIII has

been solved as the C-9 chiral centre of 193 and 194'wouid

eventually be destroyed.

In summary, the intermediate lactones 193 and 194 which

-
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contain the C-5 methyl group syn to the C-4 proton were
prepared from the head-to-tail photoadducts 101 and 102 by
the treatment of these keto-diesters 101 and 102 with methyl-
lithium followed by treatment of the resulting products with
sodium methoxide to give the keto-lactones 136 and 137. The
keto-lactones were converted into the methyl vinyl ethers

187 and 188 which were hydrolysed to give two aldehydes 189

[oN

and 190. The aldehydes were thioketalized with 1,2-ethane-
dithiol to. give the corresponding thioketals 191 and 192.
Reductive cleavage of th; thioketals with Raney nickel (W=-2)
then afforded 193 and 194. The stereochemistry of the C-5
methylﬂgroup has also.been'shown to be syn to the C-4 proton
in both compounds, that %s the same stereochemistry of the
C-10 and C—l centres of the targéf molécule zierone.
As‘éiready mentioned, the 1a;tone carbonyl was thought
to be useful for the intrpductidn gﬁ,the remaining two
carbon units and for the functioCiE}zation of the C-8
‘ position for ifs eventual conversion.into the ketone func-
ﬁion of ‘zierone. Some preliminary exploratory wofk was done
on 193 by converting it into the a—phenylthio derivative

s

with the objectlve of introducing the geminal dlmethyl group
benzene . Menlc

followed by elimination of phemylsulfainie acid to 1ntroduce

the C- 8, c-9 double bond, thereby formi .ng a compound of type
berzes -7 tan (C
213, as elimination of the phenylsulfinic acid.is known to

occur via syn elimination and also to be kinetic controlled, .

hence the expected formation .of the least substituted

v
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olefin.68 The lactone 193 was therefore treated with
lithium.diisopropylamide énd then diphenyldisulfide in
tetrahydrofuran to afféfd the.a~phenylthio derivative 211

in 75% yield. Its infrared spectrum showed significantly
the y-lactone carbonyl absorpti0p at 1750 cm—l. The pmr
spectrum showed resonance signals at § 7.2;7.5 (m, 5H) for

' the aromatic protons, § 1.68 (d, 3H) for the C-1 methyl
prétons, § 0.89 (d, 3H, J = 5 Hz) for the C-5 methyl protons,
_whilé the mass spectrum gave a molecular ion peak %f 85.60%
intensity at 316.1502 for C19H24OZS in agreement with the
expected moleculax formula. When 211 was treated with
excess methyllithiuﬁ it failed to give the desired diol 212,
1nstead it gave an epimeric mixture of the hemiketal 214 in
95% yield. The infrared spectrum of 214 showed the hydroxyl
absorption bands at 3605 cm L and 3410 cm Y. The pmr spec-
trum showed that it consisted of two hemiketals with‘
resonance absorption signals at § 0.8 (3H) for the C-5
methyl protohs, § 1.3 (s, 3H) for the“c—l methyl protons,

§ 1.20 (s, 3H) for the remaining methyl protons, § 3.32;

s 3.35 (1H) for the hydroxyl proton and § 7.1-7.45 (m, 5H)
for‘the aromatic protons. The mass spectrum gave a molecular
ion peak of 50.23% intensity at 332.2707 corresponding to
the a551gned molecular formula of CZOHZGQZS’ Although the
‘hemiketal 214 could be isolated and identified it slowly
décomposed into a mixture of producté, It was therefore
treated with sodium hydride and then methyl iodide in

tetrahydrofuran to afford a single ketal 215 in 98% yield,
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indicating that the hemiketai epimerized prior to kinetic
methylation of the alkoxide from the less hindered side of
the molecule. The infrared spectrum of 215 was.not valuable
és a diagnostic tool, however the proton magnetic resonance
spectrum dispiayed resonance signals at § 0.89 (4, 3H,
J = 5 Hz) for the C-5 methyl protons, § 1.2 (s, 3H) for the
C-1 methyl protons, § 3.32 ks) 3H) for the methoxy methyl
protons, § i.54 (s, 3H) for the¢ remaining methyl protons,
and § 7.1-7.2 (m, 3H); 6§ 7.4-7.6 (m, 2H) for the aromatic
protons. Thd mass spectrum gave a low intensity molecular
ion peak at 346.1923 for C,1H300,5. In view of the fact
that the desired diol 212 was not formed from 211, the
pursuit of 213 was discontinued. |

It was reasoned that sincé the elimination of phenyl-
selenic acid is known to occur at 0°C or at room_temperé-
ture69 as compared to the elimination of phenylsulfinic acid

. . -

which occurs at much higher temperatures, the a-phenylseleno
derivative 216 would serve as a better precursor of the
unéaturated lactone 219 than the corresponding a-phenylthio
aerivative 211. The lactone 193 was therefore added to
lithiﬁm diisopropylamide followed by addition of pheny-
seleninyl chloride in tetrahydrofuran at -78°C to afford
the a-phenylseleneno-lactone 216 in 85% yield after puri-
fication by column chromatogréphy on silica gel. The |

infrared spectrum of 216 showed a y-lactone carbonyl

absorption at 1750 cm t while its pmr spectrum showed

resonance signals at 6 0.87 (d, 3H, J 5 Hz) for the C-5

~
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methyl protons, § 1.64 (s, 3H) for the C-1 methyl protons,
deshielded by the aromatic ring; and 6 7.55 (4, 1H,

J =2 Hz); 6§ 7.48 (d, 2H, J = 2 Hz); & 7.1-7.38 (3H) for
the aromatic protons. The masé spectrum was also in agree-
ment with the calculated molecular formula by showing a
molecular ion peak of 4l%lintensity at 364.0954 corres-
ponding to C19H24O Se.. The isoﬁeric lactone 194 was also
similarly converted into its a-phenyl;%igggno-derivative
217 in 80% yield. The infréred spectrum of 217 showed a yF
lactone carbonyl absorption at 1750 cm-lvwhile.its pmr spec-
“trum portrayed signals at § 1.1 (d, 3H, J = 5 Hz) for the
C-5 methyl protons deshielded by the aactone carbonyl group
\ as compared to the resonance frequency éf the'C-S methyl

protons of 216, 8§ 1.52 (s, 3H) for the C-1 methyl protons,

5§ 2.4 Ld, 1 = 14 Hz) for the C-12 methine proton, trans
and couplea the C~4 proton, and § 7.6 (d, 1H,.J = 2 Hz);
§ 7.53 (4, 14, J = Hz):;d 7.2-7.45 (SH) for the aromatic

'

protons. Its mass spectrum also gave a molecular ion peak
‘of 39.46% intensity at 364.0941 for C 4H,,0,Se. When 216
' was treated with hydrogen peroxide in methylene chloride at
0°C and the réaction mixture.allowed to warm to rbom témper-
ature the unsaturated lactohe‘2l9 was obtained in 98% yield
via the'formatlon of a-phenylselenox;de followed by an in
zeneselenenic
situ elimination of’phenylselenlc acid. T@e a-phenylseleno-
lactone 217 was similarly conyerted into the corresponding

unsaturated lactone 220 in 90% yield. The infrared spectrum

_ of 219 showed an o,B-unsaturated y-lactone carbonyl

~
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absorption at 1740 cm 1 and the carbon-carbon double bond

absorption at 1670 cm—l. The pmr spectrum displayed reso-
nance signals at 6 0.91 (d, 3H, J = 5 Hz) for the C-5 methyl
protons, § 1.36 (s, 3H) for the C-1 methyl protons, § 2.24-
2.60 (m, 3H) for the allylic protorns of c-7 and C-12, and
at § 6.74 (d of t 1H, J = 14 Hz, J' = 2 Hz) for the C-8
vinylic proton coupied to the allylio protons at C-7 (J =
14 Hz) and the allylic proton at C-12 (J = 2 Hz). The mass
spectrum also gave a molecular ion peak of 60.23% intensity
at 206.1313 for C13H1802 in agreement with the proposeQ
molecular formula. The 1nfrared spectrum of th 1?£/
stereomeric unsaturated lactone 220 also showedién a,e—un—
saturated y- lactone carbonyl absorption at 1740 cm © and a
(C = C) double bond absorption at 1670 cm l. Its pmr spec-
trum displayed signals at § 6.67 (m, 1lH) for the vinylic
proton, é 3.17 (br. m, 1H) for the C;lZ:allylic methine
Wproton, § 2.3-2.6 (m, 2H) for £he C-7 allylic protons,
6 1.46 (s, 3H) for the C-1 methyl protons and at § 1.1 (d,
35, J = 5 Hz) for the C—5 methyl protons. The mass spectrun
also gave a molecular ion peak of 78.56% intensity at
206.1307 for C13 13 2 in agreement w1th the a551gned
molecular formula. At this point it was reasoned that as a
result of the strain'imposea on the molecule by the bridgef
head double bond, the lectone carbonyl of 219 and 220 would
react with methylliihium or methylmagne i bromide to a
afford ggl,'the-tertiary‘ailylic Hydrdxyl droup of which

could be rearranged to the C-7 position with concomittant
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oxidation to introduce the isopropylidene and ketone groups

of zierone. It was therefore very much disappointing to

_ find that the expected diol 221 was once again elusive. The

reaction of the ansaturated lactone 219 with methyllithium
afforded the 1,4~ Mlchael adduct 222. However this un-
expected result suggested that perhaps an oxyden functlonal
group -could be introduced into the C-8 position of 219 and
converted into a ketone which could be ptotected while the
two~earbon units of the isopropylidene group was introduced.
Maturated lactone 219 was therefore treated with ¢
W“thox1de 1n methanot)but it afforded the methoxy-

’ 23 in only 38%° y:eld with recovery of 219 in 62%
:~’Altﬂtuqh 223 was identified as such, its low yield
made 1t unattractlve as an 1ntermed1ate compound for our
purpose. Its infrared spectrum showed a saturated v- lac 3ne
carbonyl absorption at 1750 cm l and_ 1ts pmx spectrun dis-
played resonance signals at § 0.90 (3H) for the C-5 methyl
protone, § 1.4 (s, 3H) for the C-1 methyl protons,

§ 2.81 (t, 1H, J = 6 Hz) for the C-9 methine proton,

§ 3.3 (m, 1H) for the C-8 proton <nd § 3.34 (s, 3H) for the

methoxy methyl protons, while its.mass spectrum gave a

‘,molecular weight of-2384157l for C14H2203:

The unsaturated lactone 219 was therefore treated with
hydrogen peroxide and sodium hydrox1de in methanol- -tetra-
hydrofuran mixture to give the a,B-epoxy-lactone 224 in 95%
yield. The epoxide 224 was also affordable from glg,.aibeit

in 65% yield by treatment of 219 with g-chld&operbenzoic‘
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acid. The diastereomeric epoxy-lactone 225 was also pre-
pared in 60% yield by treatment of the unsaturated lactone

. 220 with m-chloroperbenzoic acid. The expected epoxidation
of the carbon-carbon double bond from thé sterically less
hindered g-face of the molecule explains the assigned
stereochemistry of the epoxidgs. The infrared spectrum of
the epoxy-lactone 224 showed a y—laétone carbonyl absorption

1 due to the presence of the o,B-epoxy moiety. °*

at 1775 c%-
Its pmr speatrum displayed resonance signals at § 2.44 (t,
1H, J = 1 Hz) for the C-8 proton, 6 2.11 (d, 1H, J = 6 Hz)
Aer the C-12 methine proton, § 1.54 (s, %H) for the C-1
methyl protons and 6 0.94 (d, 3H, J = 5 Hz) for the C-5
methyl‘protons. The mass spectrum also gave a molecular ion
peak at 222.1258 for C13H18O .in agreement with the expected
molecular formula. The epox lactonehggi Qés treated wifh

methyllithium in ether at ~78°C to afford an epimeric mix-

tuwre of hemiketals 226 in 98% yiela. The infrared spectrum

1

of 226 showed a hydroxyl group absorption at 3600 cm — and

3520 e l. The pmr spectrum indicated the presence of
isomeric hemiketals with signals at 6 1.46, 1.32 (both s,

3H total) for the C-1 methyl protons, & 2.96, 3.13 (both t,
1H total, J = 5 Hz each) for the.C~8dproton and & 0.94 (4,
3H, J'= 5 Hz) for the C-5 methyl protons. Although the mass
spectrum did not give a molecular ion peak for the molecule,
C14H2203; if did give a molecular ion of 100% intensity at
220.1466 for C14H2002 corresponding to the dehydrated

species. Upon standing at room temperature the hemiketals
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decomposed slowly. It was therefore treated with boron
trifluoride ether&te shortly after its preparation to afford
the unsaturated ketone ggé in {0% yield. However when the
epimeric hemiketal mixture was treated with sodium hydride
followed by methylation with methyl iodide in tetréhydro—
furan it afforded a singlé methylated derivative 227 in 100%
yield, presumably arising from equilibration of the hemiketal.
with accompanying kinetic methylatidh of the alkoxide from
the sterically less hindered g-face of the molecule to .jive
the ketal 227. When 227 was treated with boron trifluoride
etherate in diethyl ether it afforded the un;aturated ketone
229 in 75% yield. Although the infrared spectrum of thé
epoxy-ketal 227 was not of much diagnostic value its pmr
spectrum displayed resonance signals at § 3.36 (4, 1lH,

J = 6 Hz) for the C~12 methine prdton which is deshielded by
both the oxirane and methoxy oxygen atoms, § 3.14 4(s, 3H)

for the methéxy meth%} protons, § 2.52 (t, 1H, J = 3 Hz) for
the C-8 proton, § 1.47 (s, 3H) for the methyl protons at the
ketal linkage, & 1.18 (s, 3H) for the C-1 mefhyl protons and

5 Hz) for the C-5 methyl protons. The

it

.6 0.92 (4, 3H, J
pmr spectrum clearly .proved the assigned structure. The
mass spectrum gave a molecular ion peak of low intensity at
252.1732 for the parent molecule as well as a base peak at

220.1466 for C14H2002 corresponding to loss of methanol.

The epaxy lactone 225 was also treated with methyllithium }
and the hemiketal was methylated with methyl iodide to give/

‘a single epoXy;ketal 228 in 82% yield from 225. The proton



146

magnetic resonance spectrum of 228 portrayed signals at

i

§ 0.91 (4, 3H, J 5 Hz) for the C-5 methyl protons,
6 1.25 (s, 3H) for the c-1 methyl protons, 6~2i88 (t, 1H,

J = 5 Hz) for the‘C~8 proton fofming part of the oxirane
ring, 6 3.16 (s, 3H) for the methoxy methyl ptotbns,

S 1.47 (s, BQ) for the remaining.methyl"protons. Its mass
spectrum expectedly diéplayed similar characteristics as
that of 227. The infrared spectrum of the unsaturated
ketone 229 showed the ketone absorption at 1660 em™ 2 and a
much more intense carbop-carbon double bond absorption at
1580 cmﬁlﬁ Its proton magnetic resonance Spéctrum portrayed
resonance gignals'at ¢ 1.32 (s, 3H) for the C-1 methyl
protons, 6 2.12 (s, 3H) for the vinyiic C~-10 methyl protons
and § 0.95 (4, 3H, J = 5 Hz) for t¥e c-5 methyl protons.

Its mass spectfrum gaVe a parent molecular ion peak as its
base peak at 220.1466 corresponding to C14H2002 in agreement.
with the assigned molecular formula. Attempts to introduce
‘the remaining carbon unit of zierone into 229 via a 1,4-
Michael type dddition of a methylide with ﬁethyllithium—
éﬁprous iodide or with méthylmagnesium bromidérguprous
bromide complex to afford .the ketome 230 which in principle
could be.dehydrated to afford zierone were futile. An in-
»separablé complex mixture of non-ketonié‘products wa;
obtaingd. As a consequence of these negative results it was
reésonéd’that the Cyclbpropyl'derigptive 231 could be
feductiVely cleaved to atford ggg,‘tA direct formation of
the cyclopropyl deri;np%ye 231 by t:eatmgﬁt of the

&

w

™~
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227

229
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unsaturated ketone 229 with diazomethane and catalylic
amount of palladium acetate70 resulted in complete recovery
of the starting material In order to enhance the olefihic
bond for cyclopropanation attempts were made to reduce the
ketone functionality to afford the allylic alcohol 232 as
it has been shown by Corey et al.7] that the Simmons-Smith

reaction is facilitated by such a h"droxyl substituent.

Cyclopropanatlon of 232 was expected’ to give the cyclopropyl
X

3 %
~der1vatr0e 233 which could Be oxidized to afford the ketone

l

iiér‘ Reducilon of the ketone moiety with lithium aluminum

-
’;hydride or with diisobutylaluminum hydride resulted in the

formation of a mixture of product Separation of the

products by column chromatography on silica gel afforded the

g

major product in only 30% yield, hOWever the structure of

this product is uncertainly assigned as 234. Although its

pmr spectrum suggested the structure of 234, thegmass spec-

trum gave a molecuylar ion peak corresponding to dimeric
’ Y

~

comppunis of 234. Lastly an attempt made to ketalize 229

by treatment Wlth ethylene glycol and E—toluenesulfonlc acid

was also futlle as 1t resulted in the formation of a mlxture

of products. After column chromatographic separation on
silica,gel, f0110wed3hy preparattve thin layer chromato-
graéhy the major product was 1solated in 29% yleld A;though
1ts pmp spectrum portrayed clear signals at § 0.94 (d; 6H,

J =5 ﬁf), § 1. 47 (s, 6H), & 1. 7 (s, 6H), 6 6.3 (4, 2H,

v

J.= 8 Hz), and 6 4.7 (s, 1H), and its infrared -spectrum

showed absorptlon bands at 1700 cm -1 and 1610 cm 1, no
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.tentative structure could be assigned to this compound as
its mass séectrum gave a molecular ion peak at 404.2718 as
its base peak corresponding/;o C28H3602' At this pbint it
was decided to temporaiily discontinue the investigations

along the proposed scheme VIII due to exhaustion of the

unsaturated ketone. s

As a result of the observations made in pursuit of the
scheme VIII, I would like to conclude that further investi-
gations needed to complete the totai synthesis.of zierone
could ‘explore the possibility of the use of the unsatufated

lactone 220. This lactone could be cbnverted into the keto-
!l .
lactone 237 via hydroboration followed by ax;dation of the

3
\'-.

hydroxy-hemiketal 236. Protection of the‘K@tbne functlon—

ality of 23 followed by Grlgnarq reaction of the ketal—
»

lactone 238 with methyllithium or with methylmagnés!ﬁm* L omgugt

bromide could then afford the desired 1ntermed1ate 235.

This could then be c§clopropanatedtas previously outlined.

©

”n

oy

4
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g Fig. 1. " A. Dewar flask; “B. sintered gleass filter;

C. metal cooling coil; D. water inle®¥; E. water
outlet; F. reaction vessel; G. -quartz immersion

" well; H. pyrex filter; 1. 1lamp; -J. nitrogen gas

{~sfinlet; -K. ground glass joint; L. condenser;

M. ‘calcium chloride drying tube. .
k‘k ‘; ‘ !' v, * ¢ . ] N
. 4}" o, - - Nr ’
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e N

151



N

CHAPTER V: EXPERIMENTAL
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General

Elemental analysis were performed by the microanalytical
laboratory‘of this department. Calculations were done using
the following atomic weights. C 12, ). 1, O lé, S 32, Se 80.
Melting points were determined on a Kofler hot stage
apparatus and are uncorrected. Infrared’}ir) spectra were .
recorded on a Perkin Elmer Model 337 or 457 infrared spectro;
photemeter.~ Nuclear magnetic resonance (pmr) spectra were

recorded on Varian A-60, HA-100 and HA 100/Digilab spectro-

meters; using tetramethylsilane as an internal standard.

1l

The following abbreviations are used: s singlet,

d = doublet, t = tgiplet, g = guartet, m = multiplet and
br = broad. Mass spectrg were recorded using A.E.I. Model
MS-2 or MS 9 ﬁass spectrometers Mass spectrum is abbrevi-

ated méi’
Materials

‘Silica gel 60, 0.040-0.63 mm particle size, 230-400
mesh ASTM was used as adsorﬁent for flash chromatography,
and silica_gel.6b—120 mesh was used éé a&serbent.for column
chromatography. 1,2-Dimethoxyethane (DME), diethyl ether
{ether), tetrahydrofuran ( THF) andlbenzene used for -
reactions were freshly dlstllled from 11th1um aluminum
‘hydrlde. Pyridine was heated at refluk temperature over
potessium hydroxide and then dlstllled. ?-Cyclopentenone
(2ij_was prepared from a mixture of 3,4- and 3,5-cyclo-

pent&neﬂ;ol»LResearch Organic/Inorgénic_Qhemical Corp.)
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according to the known procedure.72 2—Carbometﬁoxycyclo-
pentanone was prepared by Di?qkmann condensation of dimethyl

adipaté\according to the repﬁffed procedure.73

1-Acetoxy-2~carbomethoxycyclopentene (75) .

~

To a mechanically stirred solution of>2—carb0methoxy-
cyclopentanone (340.10 g; 2.39 mol) in pyridine (378.36 g,
4.79 mol, 386.08 ml) maintained at 0°C under a nitrogen
a£mo§§he;e~was added acetyl chloride (296.61 g, 3.78 mol,
296.6 ml) over a period of 1.5 hr. The reaction mixture
was allowed to warm to room temperature and'stirreaﬁaP room.
température for 36 hr. Aftér codigng to 0°C, ether (600 ml)
was added and fhe resulting mixture filtered. The filtrate
was acidified with 10% aqueous éhlfuric acid and the éthereal
layer separéted and washed with saturated aqueous sodium
chloride solution. .The agueous l%&er'was extracted with ,
3-x 300 ml of chloroform and the chloroform layers washed
with bfiné. The combined oréanic phise was dfied with
anhydrous magnesium sulfate, filterééﬁgna the solvent
removed by distillation. The producﬁ'was finally distilled

under vacuum at 74-76°C/0.5 torr to afford 352.55 g.

P
2R
(AN

.(8D§;yield) of l-acetoxy-2-carbomethoxycyclopentene (75). "
ir (neat) 1780 (enol acetate), 1725 (-COOCH,) and 1665 cm > ”
(C=C) ;, pmr (CDCl) § 3.63 (s, 3H, ~COOCH,) and 2.3 (s, 3H,

CH;~C00-) .
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, .
7-Acetoxy—l—carbomethoxytricyclo[5.3.0.0“f6]decan—3-one

(lOl, 102) and l-acetoxy-7- carbomethoxytr1cyclo[5 3.0. 0 ]—

decan-3-one (103, 104).

A solution of 331.79 (l.BOImol) of 1-acetoxy—2-cé§i§;
methoxycyclopentene (75) in 600 pl of benzene was placed in
the photochemical reaction vessel (Fig. 1) and 8.40 g
(0.11 mol) of 2-cyclopentene-l-one was added. Dry nitrogen
gas was bubbled through the reaction chamber to agltate the
solution. Crushed ice and water were poured 1nto the outer
dewar flask containing the reaction vessel to cool the
reaction mixture. The reaétiOn mixtufe was irradiated with
a 456W Hanovia hiéh pfessure quartzqmercury-vapour lamp
using a’pyrex filter for 24 hr. Aft-r this period, 7.04 é
(0.087 mol) of 2-cyclopentene-l-one was added t8: the
_reactlon mlxture and irradiated for another 24 hr. ﬂhe
k.process of adding 2-cyclopentene-l-one was repeated‘fiVe
times irradiating for 24 hr after each addition of 6.87 g
(0.085 mol), 5.91 g (0.075 mol), 5.77 g (0.07 mol), 5.34 g
(0.065 mol) and 5.056 g (0.06 mol). The gplvent was
distilled at normal atmospheriq pressure and the excess
olefin’ 75 was distilled under vacuum at 75°C/0.5 torr
leaving -an oily residue containing.the pbotocycloa@ducts
‘lgl&;gi. This crude producb was thioketalized (see below)
without further purlflcatlon.

In a similar experiment, 6 0g (0 073 mol) of
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2-cyclopentene-l-one and 201.95 g (1.098 mol) of l-acetoxy-
2-carbomethoxyc§clopentene (75) were irradiated for 24 hr in
300 ml of methanol. After the usual distillation the crude
oily product was purified by column chromatography on silica
gel eluting with 20% diethyl ether in n-hexane followed by
further purification by high pressure liguid chromatography
using 20% petroleum ether (30—60°C) in diethyl ether as
eluent to afford 4.93 g (0.0185 mol; 25% yield) of 101.

In a third similar experiment, 6.0 g (0.073 mol) of
2—cyclopentene—l—ohe and 201.95 g (1.098 mol) of l-acetoxy-
2-carbomethoxycyclopentene were irradiated in 300 ml of
isopropanol for 24 hr. After recovery of the excess oiefin
75 the residual oily product-was-purified by coiumn chromato-
graphy (thrice) on silica gel using 20% diethyl ether. in n-

hexane to afford an oily product 101 (9.86 g,'0.637 mol;
. — : 1

[

50¢ yield): ir (CHCl,) 1750 (ketone), 1725 and 1735 cm

(esters); pmr (CDCl,) § 2.02 (s, 3H, -00C-CH,) , 3.65 (s, 3H,

—_ v

 -COOCH ), 2.10 (d, 1H, J = 7 Hz, C-2 proton) and 1.6-2.9 (m,

11H); ms Mt 266.117 (calcd for Cl4H1805 266.1155). Anal.

Calcd. fo; C14H1805 C 63.15, H 6.77, 0 30.7. Found:

¢ 63.15, ¥%.87; 0 30.36.

In the third experimentbusing isopropanol as solvent
. followed by column chromatography as described above another
o0ily product 103 (1.95 g, 0.007 mol; 10% yield) was oggained.
ir (CHCl ) 1750 (ketone) and 1720 cm—1 (esters); pmf (CDC13)

o -
8 1.98 (s, 3H, CH3 CO0-), 3.66 (s, 3H, CH:OOC ) and 1.6

2 9 (m, 12H), ns M 266. 1117 (calcd. ‘for C14 18 5% 266. 1155)

*Q
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\

Anal.' cd. £ 4“1805: C 63.}5, H 6.77, 0 30.07.
Found: C 62.9%, H 6.75, 0 29.99.

\

A\

7—Aceto§y—l-carbomethoxy~3,3~ethy1enedithiotricyclo-

[5.3f0.02'6]decane (96 and 98) and l-acetoxy-7—-carbomethoxy-
r

3,3-ethylenedithiotricyclo[5.3.0.02’%]decane (95 and 97).

Crude photocycloaddition products” {50.0 g) obtained

et

from above with benzene as solviﬂt)ﬁnr

issolved ih 180.0 ml
of 1,2-ethanedithiol. The solution wds cooled in an-ice-
water bath and stirred with the slow addition of 18.7 ml of
boron trifluoride etherate solution. The rea :ion mixture
was allowed to warm to room temperature and then stirred at

o

4N agueous sodium hydroxide solutidje#hd extracted with

00 ml of ice-cold

room temperature f&r 6 hr, poured

3 x 400 ml of chloroform. The chlo:oform layers were washed

with 4N,aqueou$ gsodium hydroxide solution (2 x 150 ml) and
' y : 2

then with saturated sddium cﬁioride solution (2 x 300 ﬁl).
The chigroform solution was dried with anhydrous magneéfﬁm.
sulﬁate;and cdncenffated to give a résidual bilyﬁproduct.
The remaining photqcycloadditién product mixture was
similarly treated. The combined product waS‘purif;ed by
silica gel column chromatograpﬁy élufing"with,IS% ether in
n-hexane to afford two different oily fréctiohs and a
mixture of these two f?gctions in a fotal of 199.49 g

(0.58 mol; 60% yield based on the initial photocycloaddition
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reaction). Further chromatographic purification of the
fraction with higher Rf (per tlc analysis) followed by .
crystallization from n-pentane-ether solufion afforded a
crystalline product 95 (49.80 g, 0.146 mol; 15% yield):
m.p. 85.5-87.5°C; ir (CHCl,) 1725 and 1735 cm = (esters);

pmr (CDC1l;) & 2.1 (s, 3H, CH,-C00-), 3.62 (s, 3H, -OOC-CH,),

vt

3.2 (m, 4H, -S-CH,-CH,-§) and 1.5-2.9 (m, 12H). ms Mt

167227472°

for Cl6H22O4$2: C 56.14, H 6.43, 0 18.71, S 18.71.

Found: C 56.18, H 6.47, O 18.73, 5 18.37.

7 342.0952 (calecd. for C,_.H,.0,5.: 342.0956). Anal. Calcd.

The mother liquor of 95 was subjected to column

‘ chromatography on silica gel eluting with 12% ether in n-
’ V4

pentane to give the thioketa” 96 (9.96 g; 3% yield): ir

Jrossviuiy

(CHC1,) 1725 and 1735 em™ ! r-sters): pmi (CDC1,) 6 2.04 (s,

" 3H, CH,-COO-~), 3.64 (s, 3H, ~coo—cu3), 3.25 (m, 4H,

— amctrore

S-CH,-CH,

for C,¢H,50,5,:
C 56.14, H 6.43, 0 18.71, 5-18.71. Found: C 55.87,

-5-) and 1.6-2.8 (m, 12H) ms M'_342.0952 (calcd.

0 342.0956) . Anal. Calcd.’fqr C16H220482:

)

H 6.48, 0 18.92, S 18.64.
Similar column chromatography of the slower moving
fraction followed by crystallization from n-~hexane-ether

solution afforded 97 (39.84 g, 0.116 mol; 12% yield):

m.p. > 175°C (decomposes); ir (CHCl;) 1735 and 1745 cm !

(esters); pmr (CDC13) § 1.98 (s, 3H, CH3-COO-)L 370 (s, 3H,

-COOCH;) .. 3.35 (m, 4H, -S-CH,~CH,~S-), and 1.5-3.0 (m, 12H);

+
ms M 342.0952 (calecd. for C16H2204SZ. 342.0956){ Anal
Calcd. for C, _H,.0,S.: C 56.14, H 6.43, 0 18.71,

'16°22°4°2°
»

]
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S 18.71. Found: C 56.18, H 6.47, O 18.71, S 18.71.
The mother liquor of 97 was subject'f'éoqcolumn
chromatography on silica gel eluting‘ with 15% ether in n

pentane to give the thioketal 98 (4.98 g, 0.015 mol; 1.5%

yield): ir (CHCl;) 1735 and 1745 cm ' (esters); pmr (CHCL;)

§ 1.98 (s, 3H, CHy-C00-), 3.70 (s, 3H, -COOCH;) and 3.35 (m,
~ 3 .\ .
4H,ﬂ—S-CH2~CH2~S—), ms M 342.0952 (calcd. for C16H220452

P i)

342.Q956). Anal. Calcd. for C16H2204S2 C 56.14, H 6.{7,

0 18.71, S 18.71. Found C 56.26, H 6.52, 0 19.11,
S 18.64.

14Acetoxy-7—carbomethoxytricyclo[5.3.0.02'6]decan-3-one

1

(103 and 104) and 7§ecetoxy-l-carbomethoxytricyclo-

— L nmeme————

(5.3.0.02'®)decan-3-one (101 and 102).

To a solution of crystalline 95 (7.0 g, 20.47 mmol) in
’ 56 ml of acetonitrile at room temperafure, a solution of
mercuric chloride (27.75 g, 0.102 mol) in 168 ml of
acetonitrile-water (2:1) mixture was added with stirring.
The .reaction mixture was stirred for 6 hr at rooh thhof -
ture. The solld residue was filtered off and washed w.
chloroform. The filtrate was extracted W1th chloroform

(3 x 150 ml) and the organic layers washed with saturated
equeous ammonium acetate (2 x° 150 ml) and theq;with~brine.

The comblned organlc phase was dried with anhydrous. magne51um

sulfate, filtered and the solvent renoved by flash

o
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4

o

-
evaporation to afford an 01ly product whlch was purified by
column chromatography on silica gel elutlng with 25% ether

in g~hekane to give an oily product 103 (5.43 g, 0.0204 mol;
99% yield): ir (CHC13) 1750 (ketone) 1720 and 1730 cmn1

(esters); pmr (CDC13) § 1.98 (s, 3H, CH3—COO-), 3.66 (s, 3H,

~COO-CH,) and 1.6-2.9 (m, 12H); ms M’ 266 7 (calcd. for

14H1g°
H 6.77, 0 30.07. Found: C

©.: C 63.15,

C 266.1155). Anal.

The crystalline isomeri& _thigketal 97 was %imilarly

treated to give a 95% yield of the keto-ester.lgi.
Crystallizatioh from n-pentane~ether solution afforded a‘
crystalline material: m.p. 96.5-97°C; ir (CHC13) 1750 i
(ketone C=0) 1725 and 1725 cm © (esters); pmr (cpcl,))

3—COO—), 3.71 (s, 3H,,-COOCH3) qnd 1.5-3.0 (m,

e,

§ 2.1 (s, 3H, CH
| . ‘
12H). ms M  266.1151 (caled. for Cy,H, 0.t 266.1155).

Anal. Calcd. for C;,H;g0.: C 63.15, H 6.77, O 30.07.
4

Found: C 62.99, K 6.72, O 31.25. |
Also, hydroly51s of 96 afforded the’keto- ester 101 in

*

958 yield. The spectral data of 101 has already been. glven

(vide supra). .
Similarly hydrolysis of 98 kffbrded a 90% yield of "102

ir (CHCl ) 1750 (ketone). l725 an? 1735 cm -1 (eséexs):

K4

pmr (CDC1,) 6§ 2.1 (s, 3H, _g;-coo‘e, 3.71 (s, 3H, -COO-CH,)

and 1.5~ 2 9 (m, 12H); ms M 266@3117 (calcd for Cy4H1505¢

266.1155) .

-

o
Y

“ 2 ' S ‘ . | .
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3!3-Ethylenedithio-l-hydroxyf]-hydroiymethylt:iﬁ?clo-

(5.3.0. 0 ]decane (105) .

A suspenslon of ldthlum alum1num hydrlde (0 A06 g; ¢
10.74 mmol)- in 26 ml of ether was stirred at: O°C%under a o
nitrogen atmosphere and a solutlon of the dlestet 95 ‘/

(1.068 g, 3.121 mmol) in 10 mbf ether was added. The
reaction mixture was stirred a '0°leot'l S hr and then
diluted w1th 10 ml of wet ether followed by dropw1se addi-
tion of saturated aqueous sodium chloride solution untll the

solid turned’grey Anhydrous'sodlum sulfate was ‘added to
pldd

the reaction mzxture and stirred for 30 minutes. Th
‘i N

resldue wascfllteted off and washéé with ether " The
flltrate was concentrated th the é%ude product pur R
'column chromatography on sﬂma ge 1ut:|.ng with 303, ether & :

in’ n—hex;he to efford l__ ;806 73 mg, 95% yleld)” Crystal- Al

@

-

3 89 5°C, ir (CHCl ) 3420 and 3510 cm . (—Oﬂ)o

a
lizatiogn. f om n-héxane-ether solutaon affordedkcrystallxne
ez )
compoudiéxaiip*

pmr. (cn@ ) § 3.29 (s, 28, -0-CH -) and 3‘25 (m, 4K,
‘ _
-s-cnz cu2 S- )3 ms u 272.0999 (calcd for C13“20°252

272.0904). Anal. Calcd for- C13H200282 C 57. 35 H 7 36,
0 11.79, S 23.53( ~Fpund: C 57.35, H 7.36{ ~11.84,

¢
-

S 23.60. 'j .

.

-
i .
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"3, 3-Ethylenedithio-7-hydroxymethyltricyclo(5.3.0. 02 "6] dec

> . -

o162

ane
w

i

3 ' 5,9 4,12

(114): and 5-hydroxy-ll-oxatetracyclo[7.2.1.0. 0 1=

L

dodecan@* (115) from 96.

as:.ff "

«t

&

@ Lithium £luminum hydride reduction of 96 (1.068 g,
» .921 mmol) following the procedure used for the reduction

of 95 afforded two products 114 -{212.30 mg; 25% yield) an

;@ 115. (421. 60 mg; 75% yjeld) after column chromatography of
o

d

i

et

{.-‘J

the crude prodwat on 5111ca gel e}utlng with 30% ether ins .

('1»

n.:ahdxane ‘The follmun%%ectral Aata wére obtalned for
¢ 4.-)" *3‘. e ¥

4 these products. o ;,& "u e, L e

'\ S
114: “ir’ (cnc1 ) 3500 o ﬁ cpﬁ%'ﬁmr (cuc1 ) 5§ 3.9 (
2H, J <1 hz, HO- CH?E} 3 zs (m,,nn. -s cnz-cuz-s - ) and
‘) ‘ R
1.2- 2.5 (m, 12H); ms, M} 272.0909 (ca or € H,,0,8,:
272.0904) . Anal¢3Calcd%)foraC13H2064§ c 57.35, H 7.36
[ 4

'C 57.47, H 7-42; o 11. &1,

A

Oll 72, S 23 42.

a

323 38

uw
b

(OH) ; pmr: (CDC13) § 4.2~

115 | ir (CHCT;73400 cm”

d,'

¢

’

4.5 (m, 2H, -OH and €-1 proton) ’ jnf)s, ‘4.2 (both d, 1lH each,.

J = 12 Hz, -0-CH,-) and }.2-3.5 (m, 12H); ms M’ 180.1148

_-—
.

(calcd. for €11Hy605% }80.“1152). o , S
S-Hydroxy-ll 14-rd1thlotetracyc1%17 5. I 0.5 9 4 ls]pentadec-

' lene (M6). o o o
- - B s . - ’

W ‘ -

vy #
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A

*,«x.sulfonyl chloride. The reaction mixture was stirred at

¢+ ¥ room kemperature for 24 hr. The mixture was then poured'«

163

. g )‘ v
dry pyridine was added 174.9 mg (0.916 mfiol) of p-toluene-i"

A\

into 50 ml of 2N aqa(eous hydrochlorlc acid and ex‘ti'acted"** .o
ﬁ‘\} .
w1.th chloroform (2 x 20 ml). The chloroform layers were

#ashed with 50 ml of the acid and then with water, dried

. with‘ 'anhydrous magnesium sulfate, 'fi’-ﬁe,red 4nd the solvent

3
4

P

3 remoued by flash evaporatlon. The residual oily product

was pun}led hx‘ column’ chromatography on sili'ca gel e’luting
ﬁ}th 10% ethex:”;n a—hexane to afford 116 (94. 15 mg; 60% -
ab (~oH) 4nd 1690 cm 1

'yield). ir 2 (C =C)'; pmr
*Wbuc13) & 57 t ° lﬂq!J <1 Hz, -CH=C-S-), 3.28 (£, 28, -~
B SRt e ggf : :
' J=3Hz, —é-— S-CH -) and 2&63 0 (mJ 4H, - 2-SCH-).msM o
JOS— - ¢ .
254. 1164 a8, £ for . cl3n g952° ;253?1162)ta e

o R - @ N B ‘
]‘%rgthylenedithio*-sj-methyienebicyclo [5.3.0] deCan“—Z-Qng‘t( 106) ‘a

W - . - R . .
By . i A - - A

. K3 o ,J_‘;: e P
) To a solutlon of the diol *3:05 (l 80 W 52 ,I\“‘OI) 1n ’ .

20 ml of dry pyr1duﬂ@ was added E—toluenesulfonyl ,chlorlde -

(2.,p g, 10 53 w1th stlrr:mg The reactlon mixture was

s*t:.rred at. room temperature for: 48 hr and then pour&d 1nto 5,

20 ml of 1ce—cold 2N aqueOus sqinfm hydroxide soluta.o<n and

D.N

extracted with chlqrofom (2 x 40 ml). . ' The chloroform

-

v R ) .
solution was dried with anhydrous n;agn'esium sulfate, filtered »

v /-

and concentrated. Eurific&tion of the reéidue by.'cqlum‘n

chromatography elutmg with 15% ethe‘ in n-hexane afforded

109 (1:68 gs 99.92% yield). Crystallizat;on from n-hexane'



o 164

afforded crystalline 109: m.p. 64-65°C; ir (CHC1, ) 1705

(ketone), 905, 1160, 1315 and 1680 cm }*&C =CH ), pmr (CDC1.)

,m
I;"

$ 4.8, 4.86 {two singlets, 1H, each,‘=CH2), 3.16 (4, 1H,

9 Hz, -CB-CO-), 3.25 5m2 4H, -s—cnz-cuzés—), 2.26 (t, 3H, *

. +
; s} and l..g-w (m, 8H); ms M

. . v ’ e : -
318052’ 254 .1131) ¢ Anal.JCalcd. o

. for clBHIBOSZ C 60.94, H$7.81, 0 6.25,-8 25.0, Found:

C6l.59, H 7.06, O 6.49, S 25.42.

J

J 5 Hi, allylic prg

254, 1164<(calcd?%ﬁty.ff

Hydrolysis of 10 ‘

J

o
5

To a solution of 105 (595.16 mg s 2.188“mmol) in exﬁl of

Y.

acetonltrlle was added a* solutaon of mercurlc Cthrldewwwa

ra
(2.498 g, 9.2 mmol% in® l‘gml of acetonltrlle-water ' 1)
5,0
mixture. The reaCtlon mlxture was stirred ﬁe foom tempera—

ture for 4 hr.. The reactlon mlxture was¥then flltered to
L

’9ove the 1norgan1c solids and the flltrate was diluted
>

w1th 20 ml of water and extracted w1th chloroform (2 x¢50 ml).
J

The chloroform extracts wg;e wgshed w1th saturated aqueous
*' ammonium acetate (2'x 50 ml) and br:.ne.li The comblned orga-
. . : . ) o & .

nic solution was dried over anhydrous magnesium sulfate,

-filtered and concentrated. ihe residual products was purified‘”

N\
.

by column chroma&&graphy on silica gel eluting with 35%
'ether in n-hexan

to aﬁford three products, 109 (115 75 mg; .
. 26. 99% yield), 110 (114 56 mg, 26'@9% yxeld) and 111

N

(177 24 mg, 23 78%'y1eld) -

-~ . 2-(3‘-oxocyclopentyl)52-hydroxymethylcyclopentanone
1

‘?19 9)., ix (CHC1, ) 3450 (OH) and 1740 cm (ketone)

ol

>

i
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e

pmx (CDC13) 6 5.85 (br. s, ~OH), 3.60 (s, 2H, -O-CH —) and

[}

+
1.2-2.9 (m, 13H); ms M 196.1098 (calcd. for C11H1603

\~

196.1084).
3-(1'-hydroxymethyl-2'-oxocyclopentyl)-l-mercapto |
ethylenefhiocyclopentene (110): This compoqu was identified

as' its diester (vide infra).
}n"Spiro[Z-oxabicyclo[3 3. 0]decane-4-1'-cyclopentane] (;l;) ..
ir (CHC},) 1750 and 1745 cm™} (ketone) ; pmr (CDC1,) 6 4.38 (d,-

T

1H, J = 6 Hz, o-d-cu -0-), 3.65, 3.69 (both 4, 1H each, J = 7 Hz

each, -O~CH -y, 3. 05 (dd lH J = 7 Hz, J' = §_Hz, -gﬂ—) and
_——-_ - :l.. .

Il .5-2.7 (m, lOH), ms M 194. 1969 (calcd for C11H1403:

4194.1955). ' . ’ B

2-Acetoxymplhy1 -2~ (& -oxocyclopentyl)cyclopentanone (112)

t ""'**

N ‘e
5\
S

8

0.51 mmol) in §§r1d4%e (2 ml) was added

"o aI!olufioﬂ'of the;hyd}oxy-diketo
. N x .
&, anhydride’

(1 ml)' After s¢1rr1ng’!t room temperature for 20 hr the

‘reaction mlxturé was poured into 20 ml of 2N aqueous hydro-

chlorlc acﬂd)and thracted w1th chloroform (2 x 20 ml). "The

-

..organic layers were washed Wifh 20 ml of the .acid and water.

v

The combined chlotoform solution was dried with anhydrous

magnesgum sulfate,- filtered and the solvent'remOVed by flash
\

. evaporatlon. Column chromatography ‘of the re51due on 51lica

gx’ N - .
gel eluting w1th 10% ether ln benzene afforded 112 7 1] mg,.
-1

. 580% yleld) 1r (CHCl ) 1735 (ester) and 1750 cm (kgtone),
. pmr (CDCl3) 5! 1’% (s, ZH’, "O~CH -}, 2. 1 (s, 3H, CH3-'C00-) .
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*
1

and 1.5-2.7 (m, 13H); ms m/e (M-15) 223.0986 (calcd. for

r

C12H1504 223.0988) and (M-42) 196.1098 (calcd. for

CllHlSOB 196.1086) .

3—(l'—Acetoxymethyl-Zﬂ-oxocyclopentyl)-l-thiolacetylethylene—
.f‘ - : ‘ . — ﬁﬁ
thlooyoiipentene (113). . | o l?? S

¥

3‘,).* »-\‘!‘ ~.
‘4:* g * }
e - &

To a solution of llO (115.0 mg, 0.423 mmoly in dry

A
L

i P
pyridine (2 ml) was added acetld\gnhyd&lde (1 ml). The r
i :’“ - ‘ % 3 .
resulting solutioh was stirred at room temperature for 20 hr

v e
and then poured rnto 20 ml of 2N aqueous hydrpchlorlﬁaacld :

_and extracted wnﬁh chloroform (2 x, 20 ml Ihe organlc oy

. il -

layers we:e Yashed w1th.20 ml Of the acid and water. The
A N : o
combrned chloroform solutlon was drled witH anhydrous f

mdgnes
'évﬁﬁo"

gel elutlng with I ether in benzene afforded 113 (90 31 mg,

'vﬁ‘sulfate, fllterEd and the solvent removed by flash

}ohi Columnn%gromatography of the re51due on 5111ca

603 ya.eld) ir rcnc1 ) 1735 (cﬁ -C00-) , 1700 (CH,-CO- S-) and
[ 4
-1

1650 cm & (C=C); Pmr (CDClB) § 2.05 (s, 3H, CH3-COO-),
. , —— * Y .
2‘035 (S, 3H’ CH "CO”S )’ 4-15 (d, 2H’ J = 2 HZ, —‘O‘CH _) e .
3 o 3 . ' zﬁ&g :5.

N -

2.6 (m, 11H); me,m/e (M-60) 296. 0921 (calcd. for ClSHZOOZSZ

296.0927) . . : ‘ S



3{3-Ethylenedithio—l—hydroxy-7—hydroxymethyitricyl

[5.3.0.0%'6]decane (117). /

10 7 mmol) in 26 ml of ether was stxrred at 0°C under a

3
¥ nltrogen atmosphere. A solution of the dlester 97 (1.059 g,

v3 lO mmoi)‘in 10 ml'of‘ether was.added The reaction mix—

{
. ture wasvsﬁlrrhd at 0°C for 1.5 hr and then diluted w1th wet
"‘Jq'f’ &
etheg Saturated aqueous&sodlum chloride solution was slow&y

%added untll the SOlld turned grey. Anhydrous‘sodium

R Y

v sulfate was added apd the maxtuge was stlrred for 30 min.

The solid re51due wAS fTitered aff and wash : W1th ether.
:-.‘,,‘ L.,,,'/ . <
The” filtrate waseconcentratéd and the crude product purlfled

‘v() E"t’”v . %y

#g’;f bg coltmn chromatography on . 5111ca gel elutlng with 30%

ethersln n—hexane to afford 117 (@26 34 mg*g§8% yleld)

40 ir <cnc1 “} 3400 om “1 (om); pmr (ch1 ) § 3,7 (s, 2H,

.“4

o
ey f’
~0-CH —),ea 2=3.4 (m, 4H, +S-CH,- cuz-s ) and 0.9-3.1 (m, I4H);

.__' oy —_— =

ms.M $72.0909 (calcd. for C13H200232 372. 0904) . Anal.

“caled. for c13 20 2%9 & 57,35, H. }fég, 0 11.79,.s "23. 53.

- Found: C 57.29, H 7. 46, 0 11.78, S 23.35. , YR
. ) _ .
lO—Etﬁylenedithio—S-methylenebicyclo[5.3.01decanf2—one (118) '

~:

from (117). 3 r SN

-

D "To a solutlon of "the diol 117 (1.05 g, 3. 86 mmol) in

dry pyr1d1ne (20 ml) was added Eftoluenesulfonyl chloride w

.
L4



le8

" . A

(1.167 g, 6.14 mmol) with ®tirring. The neaction mixture Y
w T . —
was stirreddgt rqsmstemperatare #or 48 hr and then poured

into 20 ml of ice-cold 2N sodium hydroxid#eolution and
’ 4

extzscted with chloroform (2 x 40 ml). The chioroform

-

layers were washed-with 1IN aqueous hydrochloric acid

»

and brine solutions. The combined chloroform solution was
8.

dried with anhydrous ﬁggiesium eulfate,.filtered and con-
centrated. ‘Purification of . the resiéue by column chgomato-
g?aphy on silica. gei eluting with 15% ether in n-hexane
afforded ¥18 (1. 03 g; 95% yield). Crystallization from n-

r’ *

hexane Hg;115°c afforded crystalllne 118: m.p. 64-65°C;
ir (CHC13) 1705 (ketone), 905, 1160, 1315 and 1680_cm-l
(C=CH ); pmr (CDCl f ) 4.8, 4.86 (two singiets, 1H each,

K

’af%F (d, 1H, J = 9 Hz, -CH co—), 3 25 m, 4H,

wid 2 26 (t, 3H J= 5 Hz, allyllc protons) and

- 1:4-2.8 8H), ms M 254.1164 (calcd. for C13HI8OS2

'254:1131) - k?nal._Caled. for C13H18082 C 60.94, H 7.81,
0 6.25,:S 25.0. Found C'61.59, H 7.06, 0 6.49, 5§ . ™

s 25 42. S , )
“ . o

3, 3“Ethylened1th10-7 hydroxy—l hydroxymethyltrlcyclo-

: 2,6

{5.3.0.0: §ecane g& 8).

'%;_

P {

A Suspeheiohldf liihiuﬁ:alﬁminum hydride (0. 0203 g,
5.4 mmol) in e;per (15 ml) waa~st1rred at 0°C under a nltro-
gen atmosphere and a solutlon of the dlester 98 (0 534 g,

. .1;56 mmol)ﬂln ether (10 ml) ‘was added. The reaction mlxture

o - . .
“ Lo : ) ﬂ‘“
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was stirred at 0°C for 1.5 hr. The usual work up followed

by column chromatography of the crude produet on silica gél |,
eluting. with 30% ether in g—hexahe gave the dihydroxy- ‘

thioketal 108 (414.95 mg; 97.95% yield): ir (CHCl;) 3400 em *

“(ou); pmr (CDCl,) 6 3.68 (s, 2H, ~O-CH,-) and 3.3 .(m, 4H,%|,

-S- CH2 CHZ—S ); m& M 272.0909 (calcd for C13H200"'

272.0904). : .-Calcd for C13H200252 C 57.35, %
52

0 11.79, § 23|52.° Found: C 57.47, H 7.42, O 11.8%Q&

S 23.38. . : .
w : v ‘

lO—MethYlthioethylenethio-6~methylenebicyclo[5.3.0]dec—10—
, . v, v

.

I

ene-2-one (119)~from0106 and 118.

|

N &

deium hydride (25.98 mg, 1.08 mmol) was.added—to’a
solutlon of 106 (237 1 mqé 0. 933‘%mm1) in dlmethoxyethane -
(25 ml) under a. nltrogen atmosphere. The mlxture-was stlrred
for 10 mln and methyl iodide (279 51 mg, 2.12 mmol) was
added. The resulting reaction m;xture was stirred for 18 hr
at room temperature. The product'waé‘poured s}owly into .
cold water and. extracted with ether (2 x 30 ml). The

S e

ethereal Ia?ers'were washed with saturated sodlum chlorlde

solutloq,(;:mblned, dried with anhydrous magne81um,su1fate,

. filtered a cdnéentrated Column chromatography ‘of the

nesxdue on 51i1ca gel elutlng ﬁ:;g\IS% ether in n~hexane

s -

afforded 119 (217.25 mg; 86% yleld) ir (CHCl.)A1645.' ,
(bonjugated-ketode) 895) 1120 and 1525 cm ; (=CH2, C= C)..' '

pmr (CDCl ) 5 4. 85 (s, 2H, =CH Y. 3.7 (t,}lH, J =8 sz'

. b-u—-—-



.afforded 119 with id

-¢u-¢=), 2.19 (s, 3H, CHy-5-), 2.75 (m, 4H, ~S~CH,~CH,*S-)

. —— et

and 1.6-3.2 (m, 10H). ms M' 268.0958 (calcd. for C14H5008,°

o

* When 118 was tr ,"ﬁ under similar conditions it also

1cal spectra as above.

———

6-Carbomethoxybicyclo[5.3.0]ldecane-2,10-dione (120).

. To a Solution of 103 (100.0 mg, 0.38 mmol) in methanol
(5 ml) was added 2N agueous sodium hydfoxide (1 ml). The
resulting solution waé stirred at room temperatufdy for 4 ‘hr,‘
acidified with 1N aqueous hydrochloric.acié and extracfed
with chlorpoform. The chloroform la&er was washed with

water, 'dried with anhydrous magnesium sulfate, filtered and

concentrated. Columﬁ'chromatography of the residug on

silica ge&eluti__ng »

?

!. 25% ether in n-hexane afforded 120
e /

(60.4 mg s % yi
;l\ .

v g

1620 €m xefone); pmr (cpc13) 5 3.68 (s, 3H, -COOCH,)
etone) g

" -t
———

and 1.2-2.3 (m, 13H); ms M 224.1046 (caled. for C,.H; 0,:
2 | 12%16%
222.1046). The keto-diester 104 afforded 120 in 72% yield *

under similar conditions.
-

Z-AcetoXy-6-ca;qug@§pxgbégaflé[5,3.0]d§cfl*¢éaldlehe (121)

and 10-acetoxylé-carbdmethoxybicyclo(5.3.0]dec—lp-en-2—one
- : - . . A',-_‘ (,A> .

(122).

m——

EY

- L 4

L 4

L M i ) . 7. N ..;; .
. * Lo

i
-

P

- . “ ;
W ir (CHC1l;) 1735 (ester), 1705 and

‘ i x 7
' To a solution of 120 (120.0 mg, 0.54 mmol) in dry' - - .




N
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)

. -p’y’ridine (3 ml) was added acetic anhydride (1 ml). "1fhe
reaction miacturf ‘:vas stirred at room tempera‘ture for 3 hr.

/ Dry benzene (2 mlf was added and the solvent removed by
flash evaporat'lona ThlS process was repe;ted untJ.l there
was very little pyrldlne and acetic anhydride left. The

residue was- purJ,fJ.ed by column chromatography on silica gel

elutlng with 20% ether in n-hexane to afford an isomeric

mixture of 121 and 122 [114 0 mg; 80% yield; 121:122 (~9:1)}
by pmr}: 121: ir (CHCl ) 1720 (cyclopentenone) , 1735 ?
(ester(, 1765 '(CH -COO-, enol acetate,) ‘wnd 1640 cm Qg
pmr (cnc1 ) 6 2.20 (s, 3H, cu3-coo-) and 3.68 (s, 3, -COoﬁ
ms M 266 1112 (calcd focr Cl4 18 5 266 1116) : g

ey
L

:"-—3 hydroxy—3—methy1tr1c§clo- f

| T 1 aéet?«?-—acetyl 3-hydroxy- v

/]

— -

t 124) .and 6—carbomethoxyff '

~ : 3

.ib-hydroxy—lo-methylbicyclo[5.3.0]ae¢apg-5;one (125) .

f?" e, 0
.‘:-A- / . N = o

[

A solutlon of the ketoadxester g (l O.w? 3.76 mmol)

in ether (150 m°.L) was st:.rred under a m.trogen atmosphere at -

’-70°C and methy‘lllthlum (4. 14 mmol, 2 .07 ml of 2 OM solutlon
in- ether) was ’addecﬁ‘ouwly wlth stirr.tng. The reactlon le"' o
}'ture was stlrred at--78°c for 2 hr and tlien poured into '_ B
100 ml of. 1ce-cold saturated aqueous ammonimn ohlor:.de solu-—
* tion. !‘he orgam.c lay“er was separated and“ the aqueous J.ayer. .

extrac’ted w1th 150 ml of ether. '.l‘he ethereal j._ayers were e

S (l ' "‘»‘! .",»"?'-‘g"n_



172

v

washed with saturated sodi n, dried with

il
v

anhydrous magnesium sulfate, filtered and gbricentrated to

afford an oily residue. Purification of/fhe residue b§
column chromatography on silica gel elutiing with 15% ether
in n-pentane afforded 123 (742.11 mg; 70% Yieid), 124
(110.77 mg; 10% yield) and 125 (90.29 mg; 10% yield). The

spectral data of these compounds are as follows.

©123: ir (CHCl,) 3500 (OH) and 1725 cm © (esters);
-codi |

pmr (CDCl;) 6§ 4.15 (s, 1H, =O-H), 3.75 (s, 3H,
9 Hz, C-2 proton), 1.96 (s, 3H, CH,COO-),

it

2.55 (d, 1H, J

0 1.18 (s, 3H, CH —é(OH)~) and 1.5-3.5 (m, 11H); ms m/e (M~42)

m

240.1353 (calcd. for &13 20 4" 240.1353) and M-60 222.1286

(caled. for C $222,1251) .

1371893¢ ~
124: ki.(CHCl 3) 3&00 (our 1719 (CH, ~c—o> and 1725 cm~

. (ester); pmr (CDQI ) & 2. 26 (s, 3H, CH3~C 0), 2. 02 (s, 3H,

T

| CH,C00-), 1.24 (s:'3n'%hn —c%ou) ), 4.15 . s, 1H, -O-H)

‘67Carbomethoxy;lO-methyibicycip[5.3.O]dec-lo-en-z-ohe (126). -

3

——

;nd 1.5-3.2 (m, 12H) : '.' C 4\ o .
sw 'af,lﬁ
125; 1r (CHCl ) 3500 (OH), 1710 (ketdne) and l725‘ﬁm

(ester) Upon treatment with sodlum mbthoxlde in methanol

-

it afforded 126 (vlde lnfrag

>

. | &f

- ¥ ’

J.

T £ : : . L v . »
R r‘ w L

BRI g - T ” 3 ~ . © ,,_‘.., - ' s

.

' . ’

-tn”u"

To a solution of 124 (740. 0 mg, 2.62 mmdl) in methan

«

(70 le was added 2N methanolic sodium mefhoxide Clﬂ 5 miﬂ;

P S «f ‘

' The reactlon mlxture wasestlrred at’ room temperature for‘ .g-

a

4 hr, céoled to 0°C ‘ang. ac1d1f1ed thh lN aqueous hydrochlorlc

ke .
: . e %

{s

- Vv
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‘hcid. The resulting solution was extracted with gther o
(2 x 100 ml). The ethereal layers were washed with
saturated sodium chloride solution, dried with anhydrous
magnesium sulfate, filtered and the solvent removed to

affqﬁd’an oily product. Purification~of the fesiduai oily

product+by column chromatography on slllca gel eluting wltzk
§

15% ether in n-pentane afforded 126 (582 55 mg; ~100% yield).
L ¢

Crystallizatlon from n-hexane at -20°C gave crystalllne
126, m.p. 49:5+50.5°G; ir (CHCL,) 1735 (ester), 1675 (o, s-
unsaturated cycloheptanone'c=0) and 1615 cm -1 (C=C,
conJJthed to ketone), pmr (CDCl ) 6 3.65 (s, 3H, ~COOCH ).

2.1 (8330, G -é=é ¢=0) and 1. 5 -3.5.(m, 128); ms M*

’I-

r-r"
N ‘~222 1253 (calca for c13 - 222, 1268) Anal. Ca1c¢
= 1%’
q oy ' N
for 13 18 3 C 7Q .27, ?.? M., 0 21 62. Found.’ C 63’.5,‘
| Hv8 09, 0 23.0%., e ' '

. . . . ‘_3-0, . : .
_.Atpempted‘methylation of the acid 127:‘1,2-Dimethy1—12~oxa-

'All-oxoiﬁfcyclols 3. 2.1_7 2"]undecan—3-one (128)

’ S, _
P oy ?;:w PR .*' |
. : ey o

‘-

: | To a solution of 127 (200 o mg, 0 962 mmol) in acetone :
(10 my). was added potassium carbonate 664.33 mg? 4.81 mmol) -
‘.After stirring at room tempenlture for 1 hr, .methyl 1odlde f'
‘b?_€(273 20 mg, 1 .924 mmol) was idded.NfThe rea;;Lon mlxture was.
stirred for 48 hr, filtersd and thé solvent xenqud B
B flash evaporat:on.iwwhefresidue was extracted'with ether #yy‘

'ydrochloric |

(2 x 20 nl) and thekextracts were wushed

. adid (20 ml), water and saturated sod de solutaoq,¢};:v

.‘)

ﬂ%
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dried with anhydfous magnesium sulfate, filtered and
concentrgted.vahe crude product was purified by colump
chroma;égraphy on silica gel. Elution with 15% ether in
‘n-hexane afforded 126 (64.07 mg; 30% yield). This was
“.f0110wed‘by elutidn with 25% ether in n-hexane to give

‘lgé (137.11 mg; 64.2% yieldp. The former compound showed
the following spectral d;ta: ir (CHClé) 1700 (ketone) and
1740 cm”! (6 -lactone) ;, pmr- (CDC1,) 2.22 (s, 3H, C-2

. . : ——t
methyl) and 1.35 (s, 3H, C-1 methyl); ms M+ 222.1263 (caled.

.for\;13ulao3: 222.1268). s r P
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Reaction of 103 with methyllithium

To a solution of the keto-diester 103 (2.0 g, 7.52 mmol)
in ether (300 ml) at -78°C under a nitrogen atmosphere,
me}hyllithium (8.28 mmol, 4.14 ml of 2.0M solution in ether)
was added slowly. The reaction mixture was stirred at -78°C
for 2 hr and then poured into 150 mllof 1ce-cold saturated
ammonium chloride solution. The ethereal layer was sepa-
rated and the aqueous layer was extracted with 150 ml of
ether; The ethereal layers were washed with saturated
Sodium chloride sélution, combined, dried with anhydréus
magnesium sulfate, filtered and the solvent removed by flash
‘evaporgtipn. Column chromatography of the residue on silica
gel eluting with 15% ether in Q;pentane afforded 12

(500.83 mg; 30% yield), 130 (333.89 mg; 20% yield), 133

(530.16 mg; 25% yield) and a fourth fraction enriched (~20%)

in 129. The spectral data of compounds 130 and 133 are

reported below.

6—Carbomethoxy—iO—methylbicyclo[5.3.0]dec—10-en-2—one

(130): m.p. 42-435C (n-hexane at -20°C); ir (CHClB) 1730

(ester), 1670 (a,B-unsaturated ketone) and 1610 em™? (c=C,

conjugated to ketone); pmr (CDC13) ¢ 3.6 (s, 3H, —COOCH3

| i |
2.10 (s, 3H, CHy-C=C-C=0) and 1.5-3.6 (m, 12H); ms M

222.1263 (calcd. for C13H18O?: 222.1268). Anal. Calcd.

for C13H1803: C 70.27, H 3.7 ., 0 21.62. Found: C 69.99,

H 8.22, O 21.03.

10-Acetoxy-g—carquethoxy—10—methylbicyclo[5.3.D]decan-
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2-one (133): ir (CHClB) 1700 (ketone and 1735 (ester); pmr

‘ 1
y & 1.35, 1.5 (both s, 3H total, CHB-C(OAC)—) and 2.0,

3 B

2.05 (both s, 3H total, CH3—COO—); ms m/e (M-60) 222.1256

(CDC1

(calcd. for C13H]903: 222.1258). The spectral data of 126

has already been discussed (vide supra).

6-Carbomethoxy-10-methylbicyclo[5.3.0]dec~10-en -2-one (126)

and (130) from 133.

To a solution of 133 (500.0 mg, 1.77 iwwi) in methanol
(60 ml) was added -2N methanolic_ sodium methoxide (10 ml).
The reaction mixture was stirred at room temperature for
4 hr, cooled to 0°C and acidified with 1N agueous hydro-
chloric acid. The resulting solution was extracted with
ether (2 x 100 ml). The ethereal layers were washed with
saturated sodium chloride solution, dried with anhydrdus
magnesium sulfate, filtered and the solvent removed by flash
evaporation t+. afford an oily product. Purification of the
0ily product by column chromatography on silica gel eluting
with 10% ether in n-pentane afforded 126 (236.17 mg; 60%
yield) and 130 (157.18 mg; 40% yield). The spectral data

of 126 and 130 have already been discussed (vide supra).

—

7-Acetoxy—l—cérbomethoxy-3—hydroxy-B—methyltricyclo-

2:6)3ecane (134) .

[5.3.0.0

A solution of the keto-diester 102 (100.0 mg, 0.376 mmol)_
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in 15 ml of ether was stirred under a nitrogen atmosphere
at -78°C and methyllithium (0.20 ml of 2.0M solution in
ether, 0.40 mmol) was slowly added. The reaction mixture
was stirred at -78°C for 2 hr and then poured into 10 ml of
saturated ammonium chloride solution and the ethereal layer
separated. The aqueous layer was extracted with ether

(20 ml) ~+d the combined ethereal solution was dried with

arhydrc .+ -agnesium sulfate, filtered and the solvent
removed by flash evaporation. Column chromatography of th:'
residue on silica gel eluting with 15% ether in n-hexane
afforded 134 995.43 mg; 90% yield): ir CHClB) 3500 (OH),
1725 and 1730 cm ! (esters); pmr (CDC1,) & 3.64 (s, 3H,
-coocns),’§.15 (s, 1H, -0-H), 1.92 (s, 3H, CH, -C0O-),

1.15 (s, 31, CH,=C(OH)~) and 1.5-2.7 (m, 12H); ms m/e (M-60)

222.1256 (calcd. for C13H1803: 222.1256) .

S—Acetoxy—l—methyl~ll—oxa-l0—oxotetracyclo[7.2.1.0.5'904’12]—

dodecane (135).

A solution of the keto-diester 102 (500.0 mg, 1.88 mol)

ho=xe
in ether (75 ml) was stirred undef\a nigfogen atmosphere at
~78°C and methyllithium (1.035 ml of 2.0M solutioniin ether,
2.07 mmol} was added slowly. The reaction mixture was
stirred at -78°C for 2 hr and then poured into 50 ml of ice-
cold saturated ammonium chloride solution and the ethereal

layer separated. The aqueous layer was extracted with ether

(100 ml) and the combined ethereal solution was dried with
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anhydrous magnesium sulfate, filtered and the solvent
removed by flash evaporation. Purification of the residue
by column chromatography eluting with 20% ether in n-hexane
.afforded 135 (399.44 mq; 85% yield). Crystallization from
Q—hexahe—ether solution gave.crystalline 135, m.p. 111-112°C;
ir (CHCl,) 1750 (y-lactone) and 1730 em L (ester);

pmr (CDClB) & 2.3 (d, 1H, J = 9 Hz, C-12 methine proton),

1.5 (s, 3H, C-1 methyl protons), 2.02 (s, 3H, CHB-COO—), and
1.6-3.2 (m, 11H); ms M’ 250.1206 (calcd. for-c1;1804:
250.1204). Anal. Calcd. for C14H1804: ¢ 67.17, H 7.31,

O 25.61. Found: C 67.2, H 7.2, O 25.6.

12

l-Methyl—ll—oxa—lo—oxotricyclo[7.2.1.04' Jdodecan-5-one

136 and 137.

[

To a stirred solution of 135 (1.0 g, 3.94 mmol) in
methanol (18 ml) at room tgpperature was added 2N methanolic
sodium methoxide (2 ml). The resulting reaction mixture was
stirred at room temperature for 1 h;, then cooled in an ice-
water bath and acidified with 1N aqueous hydrochloric acid
and the product extracted with chloroform (3 x 40 ml). The
organic layers were washed with water, combined, dried with
anhydrous magnesium sulfate, filtered and the solvent
removed by flash evaporation to afford an oily residue.
Purification of the residue by column chromatography gluting
with 30% ether in n-hexane afforded a mixture of stereo-

>

isomers 136 and 137 (9:1) respectively in 100% total yield.
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Repeated flash chromatography of this mixture on silica gel
el.ting with 35% ethyl acetate in petroleum ether (30-60°C)

afforded 136 (680.69 mg; 87.52% yield) and 137 (77.85 mg;

10¢ yield). When the reaction was allowed to proceed for

4 hr compounds 136 and 137 were obtaired in a ratio of 1:1

)

and in a total yield of 9B%.

Crystallization of 136 from n~hexane-ether solution

afforded crystalline 136: m.p. 124-125°C; ir (CHC13)

1700 (ketone) and 1760 cm-l (y-lactone); pmr (CDC13)

6 1.48 (s, 3H, CH,-C-0-), 2.5 (t, 1H, J = 6 Hz, C-12 methine
proton), 3.14 (m; 2H, C-4 and C-9 methine protons) and 1.5-
2.7 (m, 10H); ms Mt 208.1101 (calcd. for C12H16O3: 208.1101).
Anal. Calcd. for C12H1603: C 69.23, H 7.69. Found:

C 69.03, H 7.66.

Crystallization of 137 from n-hexane-éther solution
afforded crystalline 137: m.p. 130°C; ir (CHC13) 1700 }
(ketone) and 1755 cm * (Y-lactone); pmr (CDCl;) 6 1.52 (s,
3, CH,-C-0-), 2.48 (dd, 1H, J'= 6 Hz, J' = 10 Hz, C-12

methine), 3.14 (m, 2H, C-4 and C-9 methine protons) and 1.6-
2.4 (m, 10H); ms M' 208.1098 (calcd. for C,,H 0,: 208.1101).
Anal. Calcd. for C12Hl603: C 69.23, H 7.69. Found:

C 69.03, H 7.66.

l,7-Dimethyl-3-methylthioethylenethio-ll-oxatricyclo-

(5.3.1.0%’%}dec-2-ene (138).

e

A solution of lithium dimethyl cuprate (323.154 mg,
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3.784 mmol) was prepared by the addition of methyllithium
7.533 mmol) in 4 ml of ether to a stirred suspension of
cuprous ,iodide (720.35 mg, 3.784 mmol) in ether (25.5 ml)
under a nitrogen atmosphere at -10°C. The reaction mixture
was stirred at this temperature for 30 min. and a solution
of the unsaturated ketone 119 (316.85 mg, 1.182 mmol) in
ether 2 (ml)‘was added. The mixture was stirred at —lO°C
for 1 hr. It was then poured into ice-cold saturated
ammonium chloride - 2N aqueous hydrochloric acid (1:1) solu-
tion with vigorous stirring and extracted with chloroform
(2 x 50 ml). The chloroform layers were washed with water,
dried with anhydrous magnesium sulfate, filtered and the
solvent removed by flash evaporation. Coluﬁn chromato-
graphy of the residual product &n silica gel eluting with
5% ether in gfhexane afforded 138 (209.25 mg; 62.32% yield):
ir (CHC1,) 1600 em™l (c=C); pmr (CDCl,) & 2.25 (s, 3H,

CH,-S5-), 2.88—3.0_(m, 4H, —S—CHZ—CHZ-S—) and 1.28 (s,

_3 2 2

|
6H, two CH3—q—O—).

6-Methylene-10-methoxy-10-methylthioethylenethio[5.3.0] -

decan-2-one (144). ~

To a solution of 119 (63.37 mg, 0.236 mmol) in dry
methanol (2 ml) xnder a nitrogen atmosphere was added sodiuﬁ
hydride (11.308 mg, 0.473 mmol) with stirring. There was
no reaction at room temperature after 24 hr. The reaction

mixture was heated to reflux for 18 hr, allowed to cool and



water (20 ml) was added. The product was extracted with
chloroform (2 x 20 ml). The organic phase was dried with
anhydrous magnesium sulfate, filtered and the\solvent
removed by flash evaporation. Purification of the producf
by column chromatography on silica gel eluting with 15%

ether in n-pentane gave 144 (65.20 mg; 98.4% yield):

1

_ir (CHC13) 1700 (saturated ketone) and 1640 cm (C=C): pmr

,CDC1,) 4.85 (s, 2H, =CH,), 4.1 (s, 3H, -O-CH;), 2.1 (s, 3H,

CHyS-) and 2.85 (s, 4H, =S-CH,-CH,-S-); ms M’ 300.1462

(calcd. for C 300.1464) .

158240555

6-Methylene-10-methylthiocethylenethiobicyclo[5.3.0]deca-2,9~

diene (148).

To a solution of the ketone 119 (38.0 mg, 0.143 mmol)
in ether (2 ml) at -10°C Hnder a nitrogen atmosphere was
added lithium aluminum hydride (9.0 mg, 0.237'mmol) and the
reaction mixture was stirred at--lO°C for 0.5 hr. Water
(0.2 ml) was added:and stirred and-anhydrous sodium sulfate
was added to remove excess water. The hixturetwaslfiltered,
and the filtrate concentrated. Purifica;ion of the produét
by column ‘chromatography on silica gel eiuting with 5% .
ether in n-hexane afforded ;ig (26.0 mg; 72.77% yield) and
only a trace amount of 145. | -

In anothér experiment, the ketone 119 (38.0 mg,

0.143 mmol) was dissolved ih‘dry methanol (2 ml). Sodium

borohydride (18.03 mg, 0.477 mmol) was added and the reaction
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mixture stirred at 0°C for 20 min. Water (1 ml) was addéd
slowly followed by addition of aqueous ammonium chloride.

The producF was extracted with chloroform and the chloroform
solu;ion was dried with anhydrous magnesium sulfate, filtered
and the solvent removed by flash evapofation. Purification

' as before afforded 148 (28.59 mg; 81.69% yield) as the only.

product: ir (CHC13) 1645 cm—1 (C=C); pmr (CDC13) § 5.88 (t,

~

14, J = 2 Hz, =CH-CH,-), 5.8 (m, lH, C-2 vinylic proton),

2
5.80 (d, 2H, J = 12 Hz, =CH,), 2.7 (m, 4H, -S-CH,~CH,-S-),

3.75 (m, 1H, methine proton) and 2.18 (s, 3H, CHy-S-); ms

+ . : :
M 252.1009 (calcd. for C14H20$2. 252.1012).

—

Reduction of 119 and acetylétion of the intermédiate

alkoxide.

To a solution of 119 (72.9 mg, 0.272‘mmol) in ether
(4 ml) aﬁ -10°C under-a nitrogen atmosphere was added
lithium aluminum hydride (15.0 mg, 0.395 mmol). The
reaction mixture was stirred for 30 min. The'reéction Qas
monitored by thin layer chromatography to have gone to
completion. Acetyl chloride (0.4 ml, 5.605 mmol) was added
slowly. The reaction mixture was stirred for another '
30 min. and ether (10 ml) was added. Water (1.0 ml) was
‘added and stirred and the excess water removed by addiﬁion
of anhydrous sodium sulfate. Filtration of the mixture and

N

evaporation of the solvent afforded 149 (84.86 mg; ~100%

crude yield). Thin layer chromatography analysis .showed
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that only this product was present. Purification by column
chromatography on silica’ gel el . ing with 5% ether in n-
pentane resulted im the formation of 14% (50.92 mg; 60%

60% yield), 150 (8.49 mg; 10% yield) and isolation of 14

(20.56 mg; 30% yield).
In another *similar reaction purification of the crude
product by column -chromatography on neutral alumina yrade 711

eluting with 7% ether in n-pentane afforded 149 (50.92 mg;

60% yleld) and 148 (27.41 mg; 40% yield).
2—Acetoxy-6—methylene—lO—methylthioethy]enethiobicyclo-

[5.3.0)dec-10-ene (149): ir’(CHCl3) 1725 (ester) and

—_—

1640 cm™t (c=c); pmr (CDC14) 6 2.1 (s, 3H, CHy-COO-),

2.15 (s, 3H, CHB-S—), 4.8 (s, 2H, =CH2), 3.58 (t, 1H,

J = 9 Hz, C-7 methine proton), 5.05 (t, 1H, J = 6 Hz, ally-

lic C-2 proton), 2.6 (m, 4H, —S—CH2—CH2-S—) and 2.9 (m, 4H,

. + ‘ C
allylic -CHZ—), ms M 312.1201 (calcd. for C16H240252'
312.1214).

lO-Acetoxy-6—methylene—10—methylthioethylenethiobicyclo—

[5.3.0]dec-1-ene (150): ir (CHC13) 1725 (ester) and

1635'cm”?'(c=C); pur (CDCl;) & 4.75 (br. s, 2n;‘=cu2),

4.6 (t, 1H, J < 1 Hz, =g§-CH2-), 2.16 (s, 3H, CH3—S-) and

2.04 (s, 3H, CH3-coovj} ms M’ 312.1201 (calcd. for

H,,0,8,: 312:1214).

C16H240555¢
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6-Methylenebicyclo[5.3.0]dec~1-en-10-one (146) and 6-methyl-

10-oxobicyclo[5.3.0]-1,6-decadiene (151).

L} .
To a solution of 149 (35.0 mg, 0.112 mmbl) in 4 ml of

acetonitrile-~ water (3:1) mlxtureﬁwas adde&‘meﬁcurlc chlorlde

(152.0 mg; 0. 56’mmol) The reactlon mlxtu;\\@¥s stirred at

N

room temperature for 2 hr and fllteréd.\\lhe flltrate was
diluted with water (10 ml) and‘extractpd~w1th chloroform
(2 x 30'ml). The chlorofg}m layérs were washed with satu-
rated ammonium acetate solution and water, dried with
anhydrous magnesium sulfate, filtered and concentrated.
Column chromatography of the product on silica gel eluting
with 5% ether in n-hexane afforded 146 (11.49 mg; 63.3% yield)
and 151 (5.87 mg; 20% yield). J

When lgg (35.0 mg,.0.112 mmol) was similarly trcated it

afforded the same product mixture. 146: ir (CHC13) 1715

" |
(conjugated ketone) and 1645 cm 1 (C=C}); pmr (CDCl ) & 4.82 (m,
2H, =CH,), 6.8 (m, 1H, -CH=C-C=0) and 3.5 (m, 1H, é ¢u-¢=) ;
ms M’ 162.1043 (calecd. for C,qH 40 162.1044). 151: ir

(CHC13) 1690 (conjugated‘ketone) and 1650 cm—l (C=C); pmr

) 6 2.1 (s, 3H, CH;=C=), 5.2 (m, 1H, =CH-) and 1.5-3.5 (m,

(CDCl3

10H): ms MV 162.1043 (calcd. for N IR 162.1044) .

Hydrolysis of 11

(a) When 119 was treated with mercuric chloride as

above and the reaction mixture heated to 50°C for 1 hr it
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afforded 146 as the only product in 20% yield.

(b) To a solution of 119 (126.0 mg; 0.5 mmol) in 10 ml
of acetonitrile was gdded titanium tetrachloride'(189.73 mg,
1.0 mmol). The reaction mixture was stirred at room temper-
ature for . min. and water (0.004 ml) was added. The mix--
ture was stirred for 4 hr, poured ihto cold water and
extracted with ether'(2 x 20 ml).  The ethereal layérs were
washed Qitﬁ saturated sodium chloride so;ution, combined,
dried with anhydrous magnesium sulfate; filtered and con-

”

centrated. Column chromatography of the proauct of on

silica gel eluting with 5% ether in n-hexane afforded

151 (80.10 mg, 100% yield). The spectral data of 151 has

_already been presented (vide supra) .

3,3*Ethylenedithi@~7~methyl—ll-oxatricyclo[5.3.1.02’61decane

v
(153). : 4?
B 7
o6
To a solution of the ketone 109 (50.0 mg, 0.197 mmol)
'in dry methanol (5 ml) was added’sdaium borohydride (25.0 mg;
0.669 mmol). The mixture was-stirred at 0°C under a nitqoi
gen atmosphere for 30 min. Watér (1 ml) was added/fgild@ed
by addition of amroniu~ chloride. The organic product was
extracted with ether (2 x 20 ml) and the ethereal layers
washed with brine solution, combined,‘dried with anhydrous
magnesium sulfate, filtered and the solvent removed by flash
evaporatlon to afford 153 (50.39 mg; -~100% yield);

pmx (CDC13) § 1.16 (s, 3H, -O—?—CHB), 4.40 (m, 1H, Oﬁ%H

e

ot
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'3.25 (br. s, 4H, =S-CH,=CH,-S-) and 1.2-3.0 (m, 12H); ms M

256.1202 (calcd. for Cl3”20052: 256.1240).

Reduction of 109 with lithium aluminum hydride under

standard conditions also afforded 153 in quantitative yield.

7-Methyl-ll-oxatricyclol5.3.1.0%" % decan-3-one (154).

To a solutioh of the thioketal 153 (25197 mg,
0.984 mmol) in 20 ml of acetonitrile-water (3:1) was added

d_“\\\\@ercuric chloride (1.3288 g,‘4.894 mmol) . The react;on
T mixture waS‘étirred at rooé temperature for 12‘hr and the ——
solid regidue filtereq off. The filtrate was diluted with.
water (20 ml) and extracted with chloroform (2 x 25 ml)..

The organic layers were washed with saturated ammonium
. kB
acetate solution and water, dried with anhydrous magnesium
N ’

sulfate, filtered and can%entrated. Columﬂ chromatography
of the crude product on silica gel eluting with 10% ether

in n-hexane afforded 154 (170.48 mg; 95.48% yield):

1 (ketone); pmr (CcDC1.) 6§ 1.32 (s, 3H,

3

CH,~C-0-), 4.38 (br. s, 1§, -0-CH-) and 1.25-2.8 (m, 12H);

ir (CHC1,) 1740 cm~

+ 't , .
ms M 180.1112 (calgd. for FllHlGOZ' 180.1149).

6-Methylenebicyclo[5.3.0]dec-1-en-10-one (146) from 154.
/

A slurry of acetyl chloride (1.0 ml, 109.9 mg.
1.40 mmol) in pyridine (2 ml) was stirred at room tempera-
‘ture for 5 min. and a solution of 154 (30.0 mg, 0.167 mmol)

in pyridine (1 ml) was added. The reaction mixture was
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stirred for 40 hi1, cooled in an iée bath and water (1 ml)
was added slowly. The produ.t was ;xtracted with ether

(2 x 20 ml), washed with 1N agqueous hydroﬁhloric acid and

brine solutivn. Flash evaporétion of the solvent afforded
an oily residge. To this residue was added 2N methanolic

sodigm hyérpxide (1 ml). The ﬁixture was stirred at room

temperature for 4 hr, acidified with 10% aqueous hydro-

chloric acid and extracted with ether. The etheieal layer

was washed with brine solution, dried with anhydrous

magnesium sulfate, f;ltered and concentrated. ‘Purification
of fhé crude érodu&t byhcolumn chromatography.oh silica gel
eluting with 10% ether in n-hexane afforded 146 (12.15 mg;
45% yield). The spectral data bf 146 has alréady been.
discussed (vide supra) . »

io—Hydroxy—lO-methyl-G*methylenebicyclo[5.3.0]dec~l—ene_(147).

—

To a solution of '146 (35.0 mg, 0.216 mmol)‘in dry éﬁher’
(5 ml) at -5°C was added methyllithium (0.422 mmr‘)..‘&he
solution was stirred at -5°C under a nitfogen atﬁospheré for:
30 min. Ether (15 ml) and saturated agqueous ammonium chlo-
ride (0.4 ml) were added. The'etheregl‘éblution yésudried
with anhydrous sodium sulfate, filtered and thé solvent =~ -
évaporated. The residue was purified by column chromato- |
graphy on silica gel eluting with 10% ether in n-hexane to
afford 147 as a 1:1 mixture of two epimers in a total of

95.83% yield. (36.86 mg): ir (CHC1,) 3500 (OH) and 1640 cmélA
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(C=C); pmr (CDCly) 6 5.75 (br. s, -O-H), 4.7 (m, 3H, vinylic

protons) and 1.22, 1.24 (both s, 3H total, Cii;-); ms mt

164.0057 (calcd. for C11H16O: 164.0058) .

10-Methyl-6-methylenebicyclo[5.3.0)dec~10-ene-2-one (139).

To a slurry of pyridinium chlorochromate (49.51 mg,
0.2296 mmol) in methylene chloride (6 ml) stirred at room
temperature, was added a solution of the epimeric mixture/
of 147 (20.44 mg, 0.115 mmol) in methylene chloride (1 ml;.
The reaction mixture was stirred for 2 hr and diluted with
ether (9 ml). The ether solution was decanted. The residue
was washed with ether (3 x 20 ml) and the organic solutions
decanted each time. The combined ethereal solution was
washed with 5% agueous sodium‘hydroxide‘solution (2 x 10 ml),
5% agueous hydrochloric acid (2 x 10 ml), saturated agqueous
sodium bié;rbonate (2 x 10 ml) and dried with anhydrous
sodium sulfate. Filtration and evaporation of the solvent
afforded 139 (4.08 mg; 20% yield): ir (CHC1,) 1670 (ketone)
and *1605 cm™* (C=C); pmr (CDC1;) 6 4.76 (s, 2H, =CH,),

2.04 (s, 3H, CH -¢:"-¢=0), 3.5 (br. m, 1H, allylic methine

proton) and 1.5-2.8 (n, 10H), ms M' 164.0056 (calcd. for

C11H16O: 164.02 ).
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6—Carbomethoxy—2,2—ethylenedithio-lo—methylbicyclo[5.3.0]~

dec-10-ene (160 and 161) and 6-carbomethoxy-2,2-ethylene-

dithio~lO—mercaptoethylenethio-lO—methylbicyclo[5.3.0]—

decane (162 and 163).

To a solution of the ketone 126 (1.40 g, 6.31 mmol) in
methylene chloride (100 ml) maintained at -15°C were added
l,2-ethanedithiol (2.64 ml, 2.97 g, 31.60 mmol) and boron
trifluoride etherate (1.95 ml, 15.78 mmol). The resulting
solution was stirred at -15°C for 72 hr. The product mix-
ture was poured into ice-cold 4N aqueous sodium hydroxide
solution (40 ml) and the organic laye;\separated. The
sodium hydroxide layer was extracted with chloroform
(2 x 50 ml). The organic layers were washed with cold 4N
aqueous sodium hydroxide (2 x 40 ml) and water, combined,
dried over anhydrous magnesium sulfate, filtered and the
solvent removed by flash evaporation. Column chromato-
graphy of the product on silica gel eluﬁing with 5% ether
iﬁ n-hexane afforded 161 (1.51 g; 80% yield) and léZ
(494.70 mg; 20% yield).

In another eXpe;iment, treatment of the ketone 130 with
l,2-ethanedithiol and bpron trifluoride etherate under
similar conditions afforded the thioketais 160 and 163 in

70% and 20% yields respectively. The spectral data of these

compounds are presented below:
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o

& 160: 1ir (CHC1l,) 1730 c:m'—l (ester), pmr (CDClB)

— 3

]
6 1.98 (s, 3H, CH,~C=), 3.62 (s, 3l, -COOCH;) and 3.2-
(m, 4ii, -S=Cli,~CH,=S-); ms MY 298.1052 (calcd. for

3..

($a]

C15§220252: 298.1058) . Anal. Calcd. for C15H220282:

C 60.4, H 7.38, O I0.74, 5 21.48. Found: C 60.55, H 7.5,

0 10.88, S 21.44.

161: ir (CHC1.) 1730 cm ¥ (ester) ; pmr (cpcl )

-2 3
6 3.65 (s, 31, -COOCH,), 2.02 (s, 3H, cu3—é=> and 3.1-
3.5 (m, 41, -S-CH,~CH,=S-); ms M* 298.1052 (calcd. for

C15H220252: 298.1058) . Anal. Calcd. for C15H220252:

C 60.40, H 7.38, O 10.74, S 21.48. Found: C 60.39, H 7.53,
0 11.04, s 21.85.
162: ir (CHCl3

[
3H, CH3—§—S—), 3.67 (s, 3H, —COOCH3), 3.2-3.5 (m, 4H,

) 1725 (ester); pmr (CDC13) § 1.7 (s,

—S-CHz-CH -5-), 2.6-2.9 (m, 4H, -S-CHz-CHZ-S-) and 1.2-

+
2.6 (m, 14H); ms M 392.0972 (c§lcd. for C17H280254'

N

392.0979) .
163: ir (CHCl,) 1725 cm © (ester); pmr (cpel )
6 1.74 (s, 3H, CHy~G-S-), 3.22-3.5 (m, 4H, -S-CH,~CH,-S-)

) +
and-1.2-3.0 (m, 18H); ms M 392.0972 (calcd. for C17H280284.

392.0979) .

2,2-Ethylenedithio-6-hydroxymethyl-10-methylbicyclo[5.3.0])-

decane (164) and (165). - -

A suspension of lithium aluminum hydride (583.32 mg,

15.35 =mmol) in anhydrous ether (50 ml) was stirred at 0°C-

\
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under a nitrogen atmosphere and a solution of the ester 161l
(1.50 g, 5.03 ﬁﬁol) in ether (25 ml) was added slowly. The
resulting mixture was stirred at 0°C for 1.5 hr. Water

(1 ml) was added and the ethereal solution was dried with
anhydrous sodium sulfate. The solid residue was filtered
off and washed with ether. The solvent was evaporated and

the oily product purified by column—chromatography. Elution

with 15% ether 1in n-hexane afforded 164 (1.29 g, 15% yield):

ir (CHC1,) 3450 (OH) and 1670 cm b (C=C); pmr (cpel )
|
§ 1.96 (s, 3H, CHy~C=), 3.0-3.45 (m, 4H, ~S~CH,~CH ,=§-) ,
3.45-3.6 (m, 2H, -O-CHj;-) and 1.3-3.0 (m, 13H); ms M'
270.1111 (caled. for C;,H,,08,: 270.1065).
Similarly, reduction of 160 (1.5 g, 5.03 mmol) afforded

165 (1.20 g; 94.5% yield): ir (CHC1,) 3606 and 3450 cm™ !

(OH) ; pmr (CDCl;) § 1.98 (s, 3H, cn3—é=), 3.45-3.7 (m, 4H,

—O—CHZ—), 3.0-3.4 (m, 4H, —S-CH2-CH2—S—) and 1.3-3.0 (m,

—_— ——

+ ¥ -
13H); ms M 270.1111 (calcd. for C14H20082. 270.1065) .

2,2-Ethylenedithib—lO-methyl-G-E-toluenesulfonyloxymethylbi—

cyclo[5.3.0]dec-10-ene (166 and 167).

‘A solution of 164 (1.20 g, 4.44 mmol) in pyridine
(40 ml) was stirred at 0°C and p-toluenesulfonyl chloride
(1.69 g, 8.88 mmol) in pyridine (20 ml) was added. The
resulting solution was stirred at -10°C for 36 hr. The
product was poured into ice-water mixture (100 ml) with

stirring and extracted with ether (2 x 100 ml). The ethereal
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layers were washed with cold 1N aqueous hydrochloric acid
(SQ ml) and saturated agqueous sodium chloride.solution,
dried with gnhydrous magnesium sulfate, filtered and the
solvent removed by flash evapcration to afford a solid
residue. Purification of the crude product by column
chromatography on silica gel eluting wigﬁ_}Si ether in n-
hexane followed by crystallization from g;ﬁéxane-ether
solution afforded 166 (1.79 g; 95% yield): m.p..99-100°C;
pmr (CDC13) & 7.35, 7.8 (both d, 2l each, J = 8 Hz each,

aromatic protons), 4.05 .(d, 2H, J = 6 Hz, -CH2—O-), 3.2-

3.6 (m, 4H, -S-CH,-CH,-S-), 2.46 (s, 3H, CH,~C_H,-), 2.0 (s,
1

3H, CH,-C=) and 1.3-3.2 (m, 12H); ms M’ 424.1205 (calcd. for

C21H2803S3: 424.1212). Anal. Calcd. for C21H2803S3:

C 59.43, H 6.6, 0 11.32, S 22.64. Found: C 59.57, H 6.65,

0 11.01, S 22.30.
similarly, treatment of 165 (1.2 g, 4.44 mmol) with p-
toluenesulfonyl chloride in pyridiné afforded the isomeric-

p-toluenesulfonate 167 (1.79 g, 95% yield): m.p. 88-89°C

(n-hexane-ether) ; pmr (CDC13) ¢ 1.90 (s, 3H, CH,-C=), 3.1-

3.6 (m, 4H, —S—CH&-CHz-S—), 3.9 (d, 2H, J = 6 Hz, -CH2—O-),

7.34, 7.78 (both d, 2H each, J = 8 Hz each, aromatic protons,
2.42 (s, 3H, CH;-C.H,-) and 1.2-3.1 (m, 12H); ms Mt 424.1205

(calcad. for‘C21H2803S3; 424.1212). Anal. Calcd. for

A .l e” ' .
C, Hyg0yS4: 1C 59.43, H 6.60, O 11.32, S 22.64. Found:

C 59.60, H 6.71, O 11.21, S 22.40.
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2,2-Ethylenedithio-6,10-dimethylbicyclo[5.3.0]dec~10-ene

(168 and 169).

’

A suspension of lithium aluminum hydride (506.76 mg,
13.34 mmoi) in anhydrous ether (60 ml) was stirred at 0°C
under a, nitrogen atmosphere and a solution of the sulfonate
166 (1.70 g, 4.01 mmol) in ether (40 ml) was added.i The
resultihg mixture was allowed t? warm to room temperature
and stirred for 3 hr. The excess lithium aluminum hydride
was slowly decomposed with water (1 ml) and anhydrous sodium
sulfate was added to dry the ethereal solution. The solid
residue was filtered off and washed with ether. The solvent
was removed by flash evaporation to afford an oily product
which upon purification by column chromatography eluting

with 2% ether in n-hexane afforded 168 (875.81 mg;

86% yield): pmr (CDCl,) 6 1.98 (s, 3H, CH3—é=), 3.1-3.6 (m,

1
4H, -S-CH,-CH_-S-), 0.96 (d, 3H, J = 5 Hz, CH,-CH~) and 1.2-

—2_2 _3

3.1 (m, 12H); ms M+ 254.1164 (calcd. for C14H2282: 254.1166) .

W

Similarly, reductive cleavage of the tiggengsulfonate
. l r
P
167 (850.0 mg, 2.005 mmol) afforded 435.21 m?( 85% yield;

) 8 1.97 (s, 3H, CH3-é=), 3.2-3.6 (m, 4H,

-S-CH,~CH,-5-) , 0.76 (d, 3H, J = 6 Hz, CH3—6H-) and 1.15-

— ——

+
3.0 (m, 12H); ms M 254.1164 (calcd. for C14H2252.

pmr (CDCl

IS

254.1166) .
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6,10-Dimethylbicyclo[5.3.0]dec-10-en-2-one (131 and 132).

A solution of mercuric chloride (4.51 g, 16.61 mmol) in
45 ml of acetonitrile-water (2:1) was stirred at room
temperature and a solution of the thioketal 168 (842.50 mg,
3.32 mmol) in 30 ml of acetonitrile-ether (1:1) was added.
After 3 hr, the reaction mixture was filtered to.remove
solid residues. The filtrate was diluted with wéter (40 ml)
and extracted with ether (100 ml). The ethereal extract was
washed with saturated aqueous ammonium acetate solution
(2 x 50 ml) and watér, dried with anhydrous magnesium sul-
fate, filtered and the solvent removed by flash évapﬁration
to afford an oily‘residue. Purification by column chromato-
graphy on silica g€l eluting with 5% ether in n-hexane
afforded 131 (442.811mg; 75% yield): ir (CHC13) 1680 (a,B8-
1

unsaturated ketone) and 1610 cm ~ (C=C); pmr (CDCl,)

5 Hz, CH,-CH-) and

§ 2.02 (s, 3H; CH3—é=), 0.96 (d, 3H, J

1.2-2.7 (m, 12H); ms M'T 178.1359 (calcd. for Cy,H,g0"

178.1362).
-~ gimilarly, hydrolysis of 169 (421.25 mg, 1.66 mmol)-—ef——

__1&%9-with mercuric chloride afforded 132 (221.45 mg;

75% yield): ir (CHC13) 1680 (a,BR-unsaturated ketone) and
1610 cm * ‘c=C); pmr (CDCly) § 2.08 (s, 3H, cHy-C=)

0.77 (d, 3. = 6 Hz,"cn3-éﬁ-) and 1.3-2.6 (m, 11H); ms M'
178.1359 (ca. for C H._0: 178.1362) . i

12718
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6,10-Dimethyl-2-ethynylbicyclo[5.3.0]dec-lo-ene~2-01l (140

N

and 179) and 6,lO—Dimethyl-2,lo—diethynylbicyclo[5.3.0]-

decan-2-ql{173).

In a 100 ml three-necked flask equiped with a magnetic
stirrer, a dry ice condenser, a gas inlet tube and a serum
cap and flushed with dry nitrogen was placed 50 ml of
freshly distilled tetrahydrofuran. The flask was coolea to
"=78°C. Excess acetylene was added by bubbling acetylene
into the tetfahydrofuran through two cooled (-78°C) traps
containing concentrated sulfuric acid and soda lime
(4-8 mesh). To this solution n-butyllithium (13.62 mmoi,

6 ml of 2.27M solution in.g—hexane) was added slowly over a
10 min. period. The resulting solution was stirred for a
further 10 min. and a solution of the ketone 131 (504.25 mg,
2.83 mmol). in THF (50 ml) was added slowly by means of a
-hypodermié'syringe. The reaction mixture was maintained
between -78°C and ~55°C for 1 hr, cooled to -78°C and
allowed to warm to -=35°C during 1 hr period, maintained
between —35°C.to -45°C for 30 min. and finally allowed to
warm from -45°C to 10°C. The temperagyre control was
crucial for reproducible maximum'yield and complete con-
version of'lgl into products. Water (3 ml) was added until
the aqueous layer became pasty andlthe organic layer was
decanted. The aqueous pasty layer was washed with ether

(2 x 50 ml). The combined organic solution was dried with
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anhydrous magnesium sulfate, filtered and the solvent
removed by flash evaporation. Column chromatography of the
crude product on silica gel eluting with 2% ether in n-

pentane afforded 140 (392.98 mg; 68% yield) and 173

(196.97 mg; 30% yield).

140: ir (CHCl3 1 (=C-H) ;

pmr ( CDlj) 6 2.0 (s, JH, CHy-C=), 2.46 (s, 1H, =C-H ),

) 3610 (OH) and 3315 cm

0.94 (d, 3H, J = 5 Hz, CH,-CH-), 3.75 (br. s, 1H, -O-H) and

1.2-3.2 (m, 12H); ms M’ 204.1516 (calcd. for € 4H, 0"

204.1505) .

173: ir 3600 (OH) and 3315 cm ¥ (=C-H); pmr (cpel )

§ 2.44, 2.46 (both s, 1lH each, Cz=C-H) 3.6 (br. s, 1lH, -O-H).

and 1.2-3.0 (m, 13H); ms M' 230.1016 (calcd. for € H,,0:

230.1018) .

The isomeric ketone 132 (220.40 mgy; 1.61 mmol) was
similarly treated with lithium acetylide to afford the

ethynyl compound 179 (160.4 -mg; 55% yield): ir (CHC13)
1 N

3600 (OH), 3315 cm -~ (=C-H); pmr (cDCl,) & 2.46 (s, 1H,

=C-H), 1.98 (s, 3H, CH,~C=), 0.80 (d, 3H, J = 7 Hz, CH,~CH-)

and 1.3-2.7 (m, 12H); ms M- 204.1516 (calcd. for Cy 4H, O

204.1505).

&

2-Acetoxy-2-acetyl-6,10-dimethylbicyclo[5.3.0]dec-10-ene

4,13

(172 and 180) and 1,5-dimethyl-l2~thiotricyclo[7.3.1.0 '~ 7]

tridec-9-en-10-one (174 and 181).

A solution of the ethynyl compound 140 (117.92 mg,
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0.58 mmol) in dry ethyl acetate (30 ml) was stirred at room
temperature and mercurié acetate (406.64 mg; 1.28 mmol) was
added. The reaction mixture was stirred for 24 hr, cooled
to 0°C and 2-methyl-2-propanethiol (0.16 ml, 124.86 mg,
1.39 mmol) was aded. The mixture was stirred for 20 min.
and filtered. The solid residue was washed with chloroform A
and the combined solution concentrated. Ether (40 ml) was
added to the crude prodgct and filtered again. The ether
solution was concentrated and the residue purified by column
ghromatography on silic;‘gel eluting with 10% ether in n-
hexane to give 172 (76.30 mg; 50% yield) and 174 (41.07;
30% yield).

172: ir (CHC13) 1735 (ester), 1720 (ketone) and
1610 cm™t (c=C); pmr (cpcly) 6 2.12 (s, 3H, CH E=0), 2.06 (s,

31, CH,-COO-), 1.25 (s, 3H, CHB—é=), 0.85 (d, 3H, J = S%Hz,

3
Hy -CH-) and 1.2-3.2 (m, 12H); ms M* 164.1737 (caled. for
CieHy 05 264.1742). |
174: ir (CHCl ) 1700 (a,B-unsaturated ketone) and

1660 em™ ! (c=c); pmr (cuc1 ) & 1.10 (s, 3H, CH3-¢—s—),

4 Hz, -s-CH ,~¢= =0}, .2.7-3.1 (m, 1H, =C-¢H-),

i

2.35 (d, 2H, J

0.89 (d, 3H, J = 6 Hz, CH ~éH ) and 1.2-2.7 (m, 11H); ms M¥

236.1242 (calcd. for cllﬂzoos 236;1234).

By similar treatment 179 (117.92 mg, 0.58 mmol)
afforded 180 (63.08 mg; 40% yield) and 181 (55.76 mg;
40% yield). 180: .. (CHCl,) 1720 (ketone), 1735 (ester)

and 1650 cm ! (c=C); pmr (CDE1,) ¢ 2.10 (s, 3H, cHy-d=0),

r——

: . 1
2.04 (s, 3H, CH3~COO—), 0.85 (4, 3H,-J = 7 Hz, CH3—CH~) and

PR
¥
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N .
1.7-3.2 (m, 12H); ms M 264.1737 (calcd. for C16H24O3.

264.1742).
181: ir (CHClB) 1700 (a,B-unsaturated ketone) and

1660 cm ' (C=C); pmr (CDCl,) § 1.07 (s, 3H, CH,~C-5-) ,

l
2.35 (d, 2H, J = 3 Hz, ~S~CH2—C=O), 0.87 (d, 3H, J = 7 Hz,

. — ,
CH3—CH—), 2.7-3.06 (m, 1lH, allylic methine proton) and 1.2-

2.6 (m, 11H); ms M" 236.1242 (calcd. for C, H, 08

236.1234).

2-Acetyl-6,10-dimethylbicyclo([5.3.0]dec~-10-en-2~01 (175).

A solution of the keto-ester 172 (70.0 mg, 0.27 mmol)
in methanol (5 ml) was stirred at room temperature and 2N
aqueous sodium hydroxide (1 ml) was added. The resulting
solution was stirred at room temperature for 8 hr, acidified
with 2N aqueous sulfuric acid and extracted with ether. The
ethereal solution was washed with brine and dried with
anhydrous sodium sulfate. Evaporation of the solvent

afforded 175 (57.86 mg; 98.58% yield): ir (CHC1,) 3480 (oH),
1665 (C=C) and 1710 cm T (ketone); pmr (CDC1,) 6 1.26 (s,

3H, CH —é=), 2.1 (s, 3H, CH3—é=O), 0.87 (4, 3H, J = 5 Hz,

3
CH,-CH-), 3.92 (br. s, 1H, -O-H) and 1.5-3.0 (m, 12H); ms M

222.1581 (calcd. for'Cl4H2202: 222.1582).

6,10-Dimethyl-3-hydroxymethylenebicyclo[5.3.0]dec~10~en-2~

one (182).

To a solution of the ketone 131 (792.45 mg, 4.452 mmol)
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in l,2—dimethoxyethane (40 ml) stirred at room temperature
under a nitrogen atmosphere were’;dded, 10 min. apart,
lithium tert-butoxide (783.53 mg, 9.79 mmol) and ethyl
formate (1.06 ml, 175.2 mg, 13.164 mmol). The mixtufe was
stirred at room temperature for 18 hr and then heated to
reflux gently for 6 hr. The resulting mixture was cooled
in an ice-water bath, and acidified with 10% aqueous hydro-
chloric acid. The product was extracted with ether

(2 x Sokml), washed wifh brine, dried over anhydrous magne-
sium sulfate, filtered and the solvent évaporated. Flash
chromatography of the crude product on silica gel eluting
with 10% ethyl acetate in petroleum ether (30-60°C) afforded
182 (612.89 mg; 66.83% yield): ir (CHC13) 3500 (OH) and
1605 cm™ ! (ketone); pmr (cDCl,) § 0.95 (d, 3H, J'= 5 Hz,
CH,-CH-), 8.27 (d, 1H, J = 5 Hz, 0=C-d=CH(OH)), 15.48,
15.37 (both d, 1H total, J = 5 Hz each, 0=C-C=CH-OH) ,

2.01 (s, 3H, CH3-é=), 3.2 (br. s, 1H, C-1 allylic methine

proton) and 1.2-2.8 (m, 9H); ms M+ 206.1309 (calcd. for

Cl3H1802: 206.1298).

6,10-Dimethyl-3, 3- (propane-1,3-dithio)bicyclo[5.3.0]dec-10~

en-2-one (183).

A solution of the hydréxymethylene ketone 182
(595.784 mg, 2.892 mmol) and propane-1,3~-dithiol-p-toluene-
sulfonate (1.831 g, 4.401 mmol) in 98% absolute ethanol

(40 ml) was warmed to 40°C and a solution of potassium
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acetate (3.406 g, 34.76 mmol) in hot 98% ethanol (20 ml)
was added. The resulting reaction mixture was heated under
reflux for 24 hr, cooled, poured into saturated aqueous
sodium chloride solution and extracted with ether (3 x 50 ml).
The combined ethereal solution was dried-with anhydrous
magnesium sulfate, filtered and the solvent removed by‘flash
evaporation. The residual oily product was purified by
column chromatographv on neutral alumina grade I eluting

with 10% ether in benzene to afford 183 (420.04 mg; 44.5%
yield): 1ir (C§C13) 1665 (a,B-unsaturated ketone) and

1605 cm™ b (C=C); pmr (CDC1,) 6 2.01 (s, 3H, CH,~C=), 0.96 (d,

34, J = 5 Hz, CH -CH-), 3.0-3.8 (m, 4H, -S-CH,~CH,-CH,~S-)

and 1.2~2.30 (m, 14H); ms M+ 282.1108 (calcd. fo; C15H22082:
282.110).

2

S—Methoxymethylene—l—methyl-—ll—oxa—lO—oxotricyclo[7.2.1.04’l ]-

dodecane (187 and 188). *

To a suspensién of (methoxymethyl)-triphenylphosphonium
chloride (6.59 g; 19.53 mmol) ir dry tetrahydrofuran (80 ml)
stirred ét room temperature under a nitrégen atmosphere was
added phenyllithium (18.75 mmol, 7.27 ml of 2.58M solution iﬁ
benzene-ether- (7:3)). The reaction mixture was stirred for
30 min. The resulting dark-red solution of methoxy-
methylenetriphenylphosphorane was cooled to -30°C and a
solution of the ketone 136 (1.016 g, 4.81 mmol) in dry |

tetrahydrofuran (80 ml) was added slowly. The reaction
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mixture was allowed to warm to room temperature and main-
tained at this temperature with stirring for 20 hr and then
heated to reflux for l‘hr. The mixture was poured slowly
into ice-water mixture and extracted with ether (3 X 100 ml).
The ethereal layers were waéhed with saturated agueous
sodium chloride solution, combined, dried with anﬂydrous‘
magnesium sulfate, filtered and the solvent removed by flash
¢vapora£ion. The residual product was purified by column
chromatography on silica gel eluting with 5% ether in n-
hexane to remove triphenylphosphine oxide and then with 20%
ether in gfhexane to afford the methyl vinyl ether 187 and
188 (908.671 mg: (5:1); 80% yield). Further chromatographic
-purification afforded 187. nystallization from n-hexane-
ether solution afforded crystalline 187: m.p. 104-105°c;
ir (CHCly) 1675 (C=C) and 1760 em & (y-lactone); pmr (cCl,)

3

$ 5.65 (s, 1H, =gﬁ-OCH3), 3.5 (SQV)H' =CH-OCH3), 3.4 (m, 2H,

C-4 and C~9 methine protens), 1.4 (s, 3H, CH3—é-O-), and

1.4-°.9 (m, 11H); ms M 236.1411 (calcd. f;;_cl4H2003

236.1416). Anal. CalCd for C14H2003 C 71.19, H 8.47,

O 20.34. Found: C 71.00, H 8.45, O 21.05. |
Similarly when 137 (508.0 mg, 2.40 mmol) wé;h;;;ated

with methoxymethylenetrlphenylphosphorane an inseparable

mixture of vinyl ethers 187 and 1§§ (1:5) in a total of 80%

yield was obtained.

Yy
e _}_1/

&
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1

l—Methyl-ll—oxa—lo—oxotricyclo[7.2.l.04' 2]dodecane—l-

carboxyaldehyde (189 and i90).

To a solution of 187 (l;O g, 4.2372 mmol) in distilled
) tetrahydrofuran (60 ml) at room temperature was added 6N
agueous hydrochloric acid (30 ml) with stirring. The
resulting solution was stirred at room temperature for 4 hr.
The product was extracted with *ether 50 ml and chloroform
(2 x 50 ml). The organic layers were washed witﬁ water,
combined, dried with anhydrous magnesium sulfate, filtered
and the solvent'removed by flash evaporation to give a
single product ;gg. Purification by column chromatography
on silica gei eluting with 30% ether in n-hexane gave pure
189 (930.0 mg; ~100% yield): ir (CHClB) 1730 (aldehyde)

1

and 1755 cm ~ (Y-lactone); pmr (CC14) § 1.48 (s, 3H,

CH3—

ms M 222.1253 (calcd. for C13H1803: 222.1265).

-0-), 9.50 (br. s, 1H, -CH-CH=0) and 1.2-3.0 (m, 14H);

+ -

Similar treatment of the mixture of vinyl ethers 187

and 188 obtained from both 136 and 137 afforded 189 and 190.

Purification by column chromatography eluting with 25% ether

in n-hexane afforded 189 and 190 (1:5 respectively from 137)

and 1:1.23 respectively from thel mixture of vinyl ethers

from 136.

190: ir 1730 (aldehyde) and 1755 cm-/1 (y-lactone) ;

pmr (CCl,) § 1.51 (s, 3H, cn3—¢-o—), 9.58 (br. s, 1H,

~8H-CH-0) and 1.2-3.2 (m, 14H); ms M' 222.1253 (calcd. for

C13H18 3° 222.1265).\



203

5-Ethylenedithiomethyl-l-methyl-11-oxa-10-oxotricyclo-

(7.2.1.0%" 1) dodecane (191 and 192).

A solution of 189 (1.039 g, 4.68 mmol) in methylene
chloride (75 ml) was stirréd at 0-5°C and 1l,2-ethanedithiol
(913.68 mg, 9.36 mmol) was added. To the resulting solution
was added boron trifluoride etherate (0.4 ml) and the
reaction mixture stirred at 0—5°Cvfor 4 hr. The.mixture was
washed with water and the aqueous solution extracted with
dichloromethane (50 ml). The combined organic solution was
dried~over anhydrous sodium sulfate, filtered and con-
centrated. The residual o0il was purified by column chromato-
graphy on silica gel‘eluting with 10% ether in n-hexane to"”

afford 191 (1.304 g; 93.54% yield) as the only product.

Crystallization of 191 from ethanol afforded crystalline

1

191: m.p. 128.5-129.5°C; ir (CHC;B) 1750 cm_ (y-lactone) ;

pmr (CDCly) 6 4.84 (d, 1H, J = 2 Hz, -S-CH-S-), 3.16 (s, 4H,

' , :
-5-), 1.4 (s, 3H, CH -q—o—) and 1.2-2.8 (m, 14H);

3

-SfCH —CH2

ms M 298.1061 (calcd. for C15H2202825 298.1061). Anal.

Cfifi. for ClSHZZOZSZ: ~ 60.4, H 7.38, 0 10.74, S 21.48.

Foung: C 60.12, H 7.43, . 10.57, S 21.44.

g@milarly, thiqketélization of the aldehyde 190 (1.4 g,
4.685 mhol) afforded 192 (1.32 g; 95% yield). Crystalliza-
tion froﬁ\gthanol afforded crystalline 192: 134-135°C;
ir (CHC13)\Q755 (y-lactone); pmr (CDCl,) 6 4.76 (d, 1H,

1
.3 = 3 Hz, -5-CH-S-), 1.46 (s, 3H, CH,-C-0-), 3.2 (m, 4H,
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~S-CH,~CH,-S-) and 1.2-2.8 (m, 14H): ms Mt 298.1061 (calcd.

for C15H220252:

C 60.4, H 7.38, 0 10.74, S 21.48. Found: C 59.79, H 7.44,

298.1061). Anal. Calcd. for C15H220282:

0 10.25, S 20.94.

1,5-Dimethyl-11l-oxa-10-oxotricyclo[7.2.1.0%71%1dodecane (193

and 194).

Approximately 7.0 g of freshly prepared Ra-Ni (W-2) was
suspended in distilled benzene (40 m.) under a nitrogen
atmosphere and a solutibh of the thioketal 191 (628.44 mg,
2.108 mmol) in benzene (40 ml) was added. The reaction
mixture was stirred at room temperature for 4 hr and then ’
diluted with ethanol (40 ml) and gravity filtered. The
rgsidue was repeatedly washed with benzene (5 x 50 ml).
After flash evaporation of the solvent, the 0ily residue was
purified by flash chromatograéhy on silica gel eluting with
12% ethyl acetate in peteoleum ether (30-60°C) to afford an
oily product 193 (368.30 mg; 84% yield): ir (CHCl,) 1750
1750 cm ¥ (y-lactone); pmr (ccl,) § 0.89 (4, 3H, J =5 Hz,

cH,-CH-), 1.37 (s, 3H, CH,=C-0-), 2.48 (t, 1H, J = 6 Hz,

C-12 methine proton), 2.90 (m, 1H, C-9 methine proton) and
' +
1.1-2.5 (m, 12H),fT§ M 208.1469‘(ca1cd. for C13H2002.
208.1501). Anal. Calcd. for C13H20 2:* C 75.0, H 9.62,
0 15.38. Found: C 74.7, H 9.58, O 5.11.
Simiiarly,'reductive cleavage of the~thioketal moiety

of 192 (720.1 mg; 2.416 mmol) afforded an oily product 194
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(427.23 mg; 85% yield). Crystallization from n-hexane

afforded crystalline 194: m.p. 64-65°C; ir (CHCl,) 1750 cm

(y-lactone); pmr (CCl,) § 0.95 (d, 3H, J = 5 Hz, CH3—dH—),

1.4 (s, 3H, CH3—¢—0—) and 1.2-2.6 (m, 14H); ms M’ 208.1469

(calcd. for C13H2002:
C 75.0, H 9.62, 0 15.38. Found: C 75.14, H 9.59, 0 15.41.

208.1501) . Anali Calcd. for C13H2002:

l—Methyl—5—methylene—ll—oxaﬁlO—oxotricyclo[7.2.1.04’12]do—

decane (19 ) .

Methyltriphenylphosphonium br9midg (6.654 g, 18.63 mmol)
was suspended in dry tetréhydrofuran (100 ml) and n-butyl-
‘lithium (17.4 mmol, 8.31 ml of 2.4M solution in n-hexane)
was added slowly. The mixture was stirred at room tempera-
ture under a nitrogen atmosphere for 30 min. To the
resulting deep red solution, the keto-lactoné 136 (906.0 mg,
4.36 mmol) in tetrahydrofuran (25 ml) was added slowly and
the reaction mixture stirred at room temperature for 15 hr.
It was then poured into ice;water mixture and extracted with
ether (3 x 100 ml). The ethereal soluﬁions were washed with
saturatéd aqueous.sodium chloride solution, combined dried
with anhydrous sodium $ulfate, filtered and concentrated.
'The crude product was purified by column cﬁromatography on
siliéa-gel eluting with 5% ether in n-hexane and then with
10% ether in n-hexane to give 197 (43.10 mg; 60% yield).

Crystallization from n-hexane afforded crystalline 197: m;p.

101-102°C; ir (CHCl;) 1755 (y-lactone) and 1650 em™? (C=C);
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pmr (CC14) § 4.64 (br. S, 2H, J < 1 Hz, =CH2), 1.4 (s, 3H,

CH3—¢a9-) and 1.3-3.1 (m, 13H); ms M' 206.1307 (caled. for

C13H1802: 206.1305). Anal. Calcd. for C13H1802: C 75.735

H 8.74, 0 15.53. Found: C 75.34, H 8.54, O 15.62.

1

Spiro[l—methyl—ll—oxa-lO-oxotricyclo[7.2.l.Oé’ 2]dodecanc—

5-2'-oxirane] (198 and 199).

A solution of m—chloroperbenzoic écid 165.655 mg,
0.96 mmol) in methylene chloride (15 ml) was stirred at room
temperature and a solution of the olefin 197 (140.84 mg,
0.68 mmol) in methyleﬁe chloride (5 ml) was added. The
reaction mixture was stirred for 2lhr. Aqueous 10% sodium
sulfite (2 ml) was added. After stirring for 5 min the
mixture w&s péured into water and the organic products ex-
tracted with methylene chloride (2 x 25 ml). The Oréaﬁic
solutions were washed with 10% aqueous sodium bicarbénate
solution and water, combined, dried with anhydrous magnesium
sulfaté,'filtered and concentrated. Purification of the
residue -by flash chromatography on silica gel eiuting with
35% ethy1 acetate in petrolehm ether (30-60°C) afforded two
oxiranes ;gg'(58.03 mg; 38.23% yield) and’lgg'(84.2é mg;
55.48% yield). Crystallizatidn of 198 from g-hexéne-ether
solution afforded a crystalline materiél: m.p. 129-130°C;
ir (CHCl,) 1755 em™ ! (y-lactone); pmr (cbc13) 5§ 1.42 (s, 3H,

] .
CH3—§—O—), 2.45, 2.76 (both d, 1H each, J = 5 Hz each,

-CHZ%O—) and 1.2-2.3 (m, 13H); ms M+ 222.1258 (calcd. for



C13”1803: 222.1247). Anal. Calcd. for C13H18 3¢ € 70.27,
H 8.11, 0 21.62. Found: C 70.36, H 8.25, O 21.92.
Crystallization of 199 from n-hexane-ether solution
affordgd a crystalline compound: m.p. 123-124°C; ir (CHC13)
1755 cm-; (Y-lactone); pmr (CDCI3) § 1.42 (s, 3H, CH3—¢-O—

2.57, 2.76 (both d, 1lH each, J = 5 Hz each, —O—CH2—) and
+

1.2-3.2 (m, 13H); ms M 222.1258 (calecd. for C13 18 3

222.1247). Anal. Calcd. for C13H1803: C 70.27, H 8.11,

O 21.62. Found: C 70.24, H 8.22, O 2}*.79.

l—Methyl-li-oxa—lO-oxotricyclo[7.2.lk04’lzldodecane—S-

carboxyaldehyde (200).

To a solution of 198 (50.0 mg, 0.225 mmél) in dry
benzene (10 ml) at Q°C under a nitrogenvétmosphere was added
boron trifluoride ethe;ate (0.2 ml). The resulting solution
was stirred for 4 hr. The reaction was quenched with water
and the mi;ture poﬁred into 10% aqueous sodium bicarbonate
solution and extracted with benzene (3 x 20 ml). The organic
solutions were washed with 10% aqueous sodium‘bicarboﬁate
sblution and water, dried with anhydrous sodium sulfate,
filtered and concentrated. Flash chromatography of the
residue‘on»silica gel eluting with:3Q§ ethyl acetate‘in
ﬁetroleum ether (30-60°C) afforded the\aldehyde 200 (48.0 mg,
96.0% yield): ir 1730 {:ldehyde) and 1755 cm-'l (y-lactone) ;
pmr (CCly) 6 1.48 (s, 3H, cn3-c:-o-), 9.5 (br. s, -CH-CH=0)

——

.and 1.2-3.0 (m, 14H); ms M 222. 1253 (calcd. for C13H1803
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222.1264).
Similar treatment of the oxirane 199 (80.0 mg,

0.36 mmol) afforded the same aldehyde 200 (78.0 mg;

97.5% yield).

5-Ethylenedithiomethyl-l-methyl-ll-oxa-10-oxotricyclo-

12]dodecane (201) from 200.

[7.2.1.04'

To a solution of the aidehyde 200 (70.0 mg, 0.315 mmol),
obtained from the o*irane 199, in methylene chloride (15 ml)
were added 1,2-ethanedithiol (0.05 ml, 54.63 mg, 0.634 mmol)
and boron trifluo:rde ethegate (071 ml) . The reaction mix-
‘ture was stirred at 0-5°C for 4 hr. The mixture was‘poured
into water and extracted with methylene chloride (2 x 25 ml).
The organic solutions were washed witﬁ water, combined, |
dried with anﬁydrous magnesium sulfate and the solvent
removéd by flash evaporation. . Column chrqmatography of the
crude product eluting with 5% ether in n-hexane and then 10%
ether in n-hexane afforded a single thioketal 201 (79.87;mg;
85% vield). Crystallization‘from ethanol afforded crystalline
22;: m.p. 128.54129°C;'ir (CHC13) 1750 cm—l (y—lactgne);
pmr (CDCl,) 6 4.84 (4, 1H, J = 2 Hz, —s-ég-sf), 3.16 (s, 4H,

~S-CH,~CH,=$=) , 1.4 (s, 3H, CH;=¢-0) and 1.2-2.8 (m, 14H);

— ——

+
ms M 298.1061 (calcd. for C15H220282. 298.1061) .

The aldehyde obtained from the oxirane 198 (40.0 mg,

—

0.18 mmol) was similarly treated to afford the same single

thioketal 201 (39.98 mg; 85% yield).
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l,5-Dimethyl-ll—oxa-l0—oxotricyclo[7.2.1.04’lzjdodecane

(202) from 201.

To a suspension of Ra-Ni (W-2) (approximately 1.0 g) in
. dry benzene (10 ml) at room temperature under a nitrogen
athosphere was added a solution of the thioketal 201

(110.0 mg, 0.369 mmol) in benzene (10 ml). The reaction
mixture was stirred for 4 hr and diluted with ethanol (10 ml)
and gravity filtered. The residue was washed with benzene

(3 x 10 ml) and the solvent removed by flash evaporation.
Purification of the residue by flash chromatography on
silica gel eluting with 12% ethyl acetate in petroleum ether
(30-60°C) afford-d 202 (66.01 mg; 86.1% yield): ir“(CHClB)
1750 (y-lactone); pmr (CCl,) & 0.89 (d, 3H, J = 5 Hz, °©
CH,-CH-) , 1.37 (s, 3H, CH;~C-0-), 2.48 (t, 1H, J = 6 Hz,
E:IZ methine proton), 27;6 (m, 1H, C-9 methine proton) and
1.1-2.5 (m,-12H); ms M’ 208.1069 (calcd. for Cy3H500,

=

208.1045).

1,5,lO-Trimethyl—ll-oxa—A9'10tricyclo[7.2.1.04’12]dodecane

(204) .

A solution of the lactone 193 (475.0 mg, 2.284 mmol) in
anhydrous ether (30 ml) was stirred at 0°C under a nitrogen
atmosphere and methylmagnesium bromide (11.42‘mmol, 11.42 ml
of 1.0M solution in ether) was added slowly. The reaction.

3 o~ N N ’ (]
mixture was allowed to warm to room temperature and stirred



210

for 6 hr. The mixture was poured into ice-cold saturated
agueous ammonium dhloride solution and extracted with ether
(2 x 50 ml). The ethereal solutions were washed with
saturated aqueous sodium chloride. solution, combined, dried
over anhydrous sodiuﬁ sulfate, filtgred and concentrated to
15 ml. To this solution d-10-camphorsulfonic acid (30 mg,
0.129 mmol) wés added. After stirring at room temperature
for 2 hr the mixture was poured into water and extracted
with ether (2 x 25 ml). The ethereal solutions were washed
with 10% aqueous sodium bicarbonate solution ard brine
solution, dried over anhydrous sodium sulfate, i. ~red and the
solvent removed by flashJevaporation. "Flash chr .a.. 'raphy

of the residue on silica gel eluting with 10% ethy. ace=ate

in petroleum ether (30-60°C) afforded 204 (294.67;§@;

1

62.64% yield): ir (CHCly) 1700 cm - (C=C); pmr (CDCl,)

§.0.91 (4, 3H, J =5 Hz,.cn3—éH—), 1.18 (s, 3H, CH3—¢—0—),

) . : Il '
1.2 (s, 3H, CH,=C-0-), 3.1-3.7 (br. m, 1H, allylic methine

proton) and 1.2-2.7 (m, 12H); ms M* 206.1673 (calcd. for

C. H..O: 206.1673).

1422
. . 4,12 ‘
10-Hydroxy-1,5,10-Trimethyl-l1l-oxatricyclo{7.2.1.0 jun- .
decane (207) and 1,5,lo-Trimethyi-llroxa—Ag’lotricyclo—

4,

[7.2.1.0%712%) dodecane (208) .

To a solution of 194 (178.74 mg, 0.859 mmol) in

anhydrous ether (5 ml) was added methyllithium (1.6 mmol,

»

e,
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1.0 ml of 1.6M solution in ether). The resulting solution
was stirred at room temperature under a nitrogen atmosphere

Fl

for 30 min. The rgfctifn mixture was poured into cold
saturated aqueous ;%monium chlorxide solution and extracted
with ether (2 x 20 ml). The ethereal solutions were washed
with brine solution, cmmbined, dried over anhydrouS'soaiqm
sulfate, filtered and the solvent removed by flaéh

evaporation to give a solid 207 (204.62 mg; 95% yield).

Recrystallization from n-hexane afforded pure crystalline

207: m.p. 116-117°C; ir (CHCl,) 3500 cm ® (OH); ms M
224.1682 (calcd. for C;,H,,0,: 224.1682). (The compound. .
underwent deMdration in bDClB, therefore the pmr spectrum

was not clear). Anal. Célcd. for C14H2462: c 75;0, H 10.71,
&O 14.29; Féund: C 75.27, H 10.62, 0 14.02.

The alcohol 207 (150.0 mg, 0.67 mmpl) was dissplved in
chloroform (10 ml) and:d-10w=gamphorsulfonic acid (30.0 mg,
0.129 mmol) was added. The resulting solution was stirred
at room temperature for 2 hr, poured into water and ex-
££acted with chloroform (2 x 20 ml). The chlqroform
solutions were washed with water, dried with anhydrous
magnesium sulfate, filtered and céncentrated. ~Purification
of the fesidue by flash chromatography elutinngith lQ%
ethyl acetaté in petroleum ether (30-60°C) afforded 208
(135.58 mg; 98.5% yield): ir (CHC1,) 1680 cm * (C=C);
_X]pmr‘(CDCIB) 6 0.93 (d, 34, J = 5 Hz, CHy-CH-), 1.7 (s, 3H,
. CH,-C-0-), 2.7 (4, 1H, J = 8 Hz, c—12—;;£hine proton) and

1.3-2.8 (m, 12H); ms M 206.1573 (calcd. for C14H220:



206.1573) .

10-Acetoxy-6,10-dimethylbicyclo[5.3.0]ldecan-2-one (205 and

209) from 204 and 208.

A solution of 204 (200.0 mg,'0.962 mmol) in distilled

dichloromethane (100 ml) was maintained at -78°C and ozone

212

‘waé bubbled through the solution until it turned pale blue

in colour. The solution was allowed to warm up to 0°C and
methyl sulfide (1 ml) was added. The solution was stirred
and allowed to warm up to room temperature. K The solvent

was removed by flash evaporation and the residue purified

by flash chromatography on silica gel ‘eluting with 5% ethyl

acetate in petroleum ether (30-60°C) to afford 205
(180.081 mg; 79.32% yield): ir (CHC13) 1705 (ketone) and
1725 cm™! (ester); pmr (CDC1;) 6 0.99 (d, 3H, J = 5 Hz,

| )
CH,~CH-), 1.67 (s, 3H, CH,;=¢-0-), 1.9 (s, 3H, CH;7C00-),

1.2-2.8 and 3.1-3.6 (m, 13H); ms M+ 236.1569 (calcd. for
C14H2203: 238.1569) .
Similar treatment of 208 (100.0 mg, 0.485 mmol) with

ozone in methylene chloride followed by the work up as
described above afforded 203 (86.65 mg; 75% yield): ir
ir (CHCl;) 1705 (ketone) and 1725 (ester); pmr.(CDCl3)

§ 0.95 (3H, CH,;-CH-), 1.98 (s, 3H, CH;-CO0-), 1.44 (s, 3H,

— PR

CH -é-o-), 3.65 (d, 1H, J = 8 Hz, C-1 methine proton) and

Soe

+ , .
1.2-2.8 (m, }ZH); ms M 23?.1569 (calcd. for C14H2203.

238.1569) .
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6,10-Dimethylbicyclo[5.3.0]dec-1 +n~2-one (206 and %210)

from 205 and 20

To a solution of 205 (100.0 mg, 0.420 mmol) in methanol
(10 ml) was.added 2N methanolic sodium methoxide (1 ml).
The resulting solution was stirred at room temperature for
3 hr, poured into water and extracted with ether (2 x 30 ml).
The ethereal solutlons were washed with brine solutlon, C
comblned dried over anhydrous magnesium sulfate, flltered
and the solvent removed by flash evaporation. Purlflcatlon
of the residue by flash chromatography on silica gel elutlng )
with 3% ethyl acetate in petroleum ether (30-60°C) afforded
206 (68.85 mg; 92.10% yield): ir (cnc13) 1680 (ketone) and
1610 em 1 (c=C); pmr (cocly) 6 2.02 (s, 31, cH =¢=),

e

]
0.96 (d, 3H, J = 5 Hz, CH 3-CE-) and 1.2-2.7 (m, 12H); ms M¥

178.1359 (calcd for C12H180. 178.1353).

Slmllarly, treatment of 209 (80.41 mg; 0.338 mmol) with
2N methanolic sodium methoxide {1 ml) followed by isolation
and purification of the product by flash chromatography on
silica gel eluting with 3%'ethy1 aCetate in petroleum ether
(30-60°C) afforded 210 (49.03 mg{ 8l1.5% yield): - ir (CHCl3)
1680 (ketone) and 1610 cm ¥ (C=C); pmr (CDCl,) 0.96 (4, 3H,
J =5 Hz, CH3—CH ), 2.02 (s, 3H, CH;~C=) and 1.2-2.7 (m

__ —

12H) ; ms Mt 178.1359 (calcd. for C,,H 180 178.1353).°



214

12

l,S—Dimethyl-ll—oxa—l0—oxo—9~phenylthiotricyclo[7.2.1.04' ]-

»

dodecane (211).

4

. Disti}led diisopfobylamine (88.7'mg, 0.878 mmol) in dry
tetrahydrofuran (5 ml) was stirred at -78°C under a nitrogen
atmosphere and n-butyllithium (0.878 mmol, 0.37 ml of 2.4M
soluti&n in thexaﬁe) was added slowly. After 5 min. a
solution of the lactone 193 (121.79 mg, 0.586 mmol) in
tetrahydrofuran (5 ml) was added and the reaction mixture
stirred for 15 min. A solution of diphenyldisulfide (0.205 g,
0.94 mmol) in tetrahydrofufan (5 ml) was added rapidly. The
solution was stirfed at ~78°C for 30 min. and allowed to
warm up to 20°C. The,reactioﬁ mixture was poured slowly
into ice-cold water and extracted with ether (3 x30 ml).

Tﬁe ethereal solutions were washed with brine solution,
combined, dried over aﬁhydrous sodium sulfate, filtered and
the sol¥ent removed by flash évaporatién to afford an oily
residue. Purification 6f the produc£ by célumn chromato-
graphy on silica gel elﬁting with 3—5% éther in n-hexane
afforded 211 (138.88 mg; 75% yield). Crystallization from’
petroleum ether (30-60°C) afforded c;yséallfn% 21l: m.p. |
119-120°C; ir (CHCl) 1750 cm * (y-lactone); pmr (CCL,)

6 7.2-7.5 (m, 5H, aromatic protons), 1.68 (s, 3H, CH,~C-0-),

0.89 (d, 3H, J = 5 Hz, CHB-éH—) and 1.1-2.4 (m, 13H); ms M'

i —

316.1502 (calcd. for C, H,,0,S: 316.1484). Anal. Calcd.

for C19324028: c.72.15, H 7.59, 0 10%£13, S 10.13. Found:

C 72.04, H 7.79, O 10 22, s 10.02.
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lO—Hydroxy—;l-oxa-Q—phenylthio-l,5,10-trimgthyltricycld-

T

[7.2.1.04’12]d0decane (214).

&3

To a sofﬁtion of theﬁlactone g;l_(so.o mg, 0.158 mmol)
in anhydrous ether (15 ml) sti#rred at -78°C under a nitrogen
atmosphere was added methyllithium (0.791 mmol, 0.791 ml of
1.0M solutioh in ether). The reaction mixture was allowed
to warm up .to room temperature and maintained at this
temperature for g hr, poured into cold saturated aqueous
ammonium chloride solution and extracted with ether
(2 x 30 ml). The combined ethereal solutiop was dried with
anhydrous sodium shlfate,‘filtered and concentrated. Puri-
ficatidn of the residual oily product by flash chromato-
graphy on silica gel eluting with 30% ethyl acetéte in
petroleum ether (30-60°C) afforded ;n epimeric mixture of
214 (49.89 mg; 95.10% yield) »¢ ir (CHC1,) 3605_and 3410 cm 1
(OH); pmr (CCl,) 6 0.81 (3H, CH -CH-), 1.3 (s,”3H,

———

CH3—é(Q?+uQ—), 1.2 (s, 3H, CH -C-0-),.3.32, 3.35 (1H, -O-H),

7.177.45\?m, 5H, aromatic protons) and 1.1-2.4 (m, 13H);

Q

+ . e
‘ms M 332.2707 (calcd. for C20H28025’ 332.2689) .

lO-Methoxy—ll-oxa—9—phenylthi0fl,5,10-trimethyltricyclo—

[7.2.1.04"12)dodecane (215).

. . I d
5,

To a solution of the hemiketal 214 (40.20 mg,

0.121 mmol) in tetrahydrofuran (30 ml) at 0°C under a

-

J-
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nitrogen atmosphere was added sodium hydride (5.808 mg,
0.242 mmol). The reaction mixture was stirred for 20 min.
Iodomethane (85.91 mg, 0.605 mmol) was added and the
reaction mixture allowed to warm up to rooﬁ temperature and
stirred for 6 hr. The mixture was cooled to 0°C and water
(1 ml) was added slowly. The mixture was poured into water
and extractedfwith ether (2 x 30 ml). The ethereal layers
were washed with brine solution, combined, drded over
anhydreus sodium sulfate, filtered and the solveht removed
by flash evapofation. Purificetion by flash chromatography
on silica gel eluting with 25£ ethyl acetate in petroleum
ether (30-60°C) afforded 215 (41.03 mg; 98% yield):

pmr (ccl,) 6 0.89 (d, 3H, J = 5 Hz, CH,=CH-), 1.2 (s, 3H,

l .
CH3—q—O—), 3.32 (s, 3H, CH3-O—), 7.1-7.2 (m, 3H, ar.matic

protons), 7.4-7.6 (m, 2H, aromatic protons) and 1.1-2.2 (m,

+ A . _
13H). ms M 346.1973 (calcd. for C21H30028 346.1965) .

1,5-Dimethyl-1l-oxa~10-oxo-9-phenylselenenotricyclo-
y

~

(7.2:1.0%12jdodecane (216 and 217) from 193 and 194.

To a solution of distilled diisopropylamine (215.073 mg,
2. 118 mmol) in, dry tetrahydrofuran (5 ml) stirred at -78°C
under a  nitrogen atmosphere was added n- butyllithium

g2.2118 mmol), 0.88 ml of 2.4M solution in n-hexane) via a

- ‘hydodermic syringe. The solution was stirred for 5 min. A

a
solution of. the lactone 193 (367.14 mg, 1.765 mmol) in

tetrahydrofuranf(s ml) was slowly ddded over 5 min period

3
/
/
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and, then stirred for 20 min.. A solution of benzeneselenenyl
chloride (473.27 mg, 2.471 mnol) in tetrahydrofuran (5 ml)
was adde& rapidly to the reaction mixture at =-78°C and
stirred £?r45 min. The reaction mixture was poured into a
mixture og\saturateu aqueous sodium bicarbonate, ether and
petroleum ether (30-60°C) (1l:1:1; 50 ml) and extracted with
ether (3 x 30 ml). The ethereal layers were washed with
saturated aqueous sodium chloride solution, combined drled
over anhydrous sodlum sulfate, filtered and the solvent
removed by flash evaporation. The residue was purified by
flash chromatogrgphy on silica gel eluting with 5% ethyl
acetate in petroléum ether to afford the a-phenylseleneno-

*

lactone derivative\ZlG (546.09 mg; 85% yield). Crystalliza-

tion from n—hexané afforded crystalline 216: m.p.
132-133°C; ir (CHC1,)1750 em™! (y-lactone); pmr (ccl,)

§ 0.87 (d, 3H, J = 5 Hz, CH3—éH;), 1.64 (s, 3H, CH3—¢—0-),

—— ———

\ | |
7.55, 7.48 (both d, 1H each, J = 2 Hz each aromatic protons),
7.1-7.38 (m, 3H, aromatio protons) and 1.3-2.1. (m, 13H); ms

MY 364.0954 (calcd. for cl H,,0.Se: 364:0956). Anal.
5 9"24%2 Anal

Calcd. for C)gH,,0,Se: C 62.64, H 6.59, 0 8.79, Se 21.98.

Found: C 62.64, H 6.59, O 8.26.

Similar treatment of 194 (183.57 mg, 0.883 mmol) with
llthlum diisopropylamide and benzeneselenenyl chloride
afforded the a-phenylselenenolactone derivative 217
‘(257.13 mg; 80.0% yield). Crystaiilzatlon of 217 from n-

hexane afforded a crystalline materi@l: m.p. 94-95°C;

ir (CHC13) 1750 cm_1 (Y—lactoné); pmi (CC14) § 1.52 (s, 3H,

\
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4

CH3—¢—0—), 2.4 (d, 14, J = 14 Hz, C-12 methine proton),

1.1 (4, 3H, J = 5 Hz, CH3—éH—), 7.6, 7.53 (both d, lH each,
J = 2 Hz each, aromati;—;rotons), 7.2-7.45 (m, 3H, e;omatic
protons) and 1.2-2.2 (m, 12H); ms M* 364.1064 (cal;d. for

C19H24028e: 364.0956). Anal. Calcd. for C19H24025e:

C 62.64, H 6.59, 0 8.79, Se 21.98. Found: C 63.03, H 6.61,
O 8.83.

4,1

1,5-Dimethyl-11-oxa-10-oxotricyclo[7.2.1.0%"1%]dodec-8-ene

A

(219 and 220) from 216 to 217.

-

~

To a eolutioﬁ of the d-éhenylselégénolactone 216
(420.0 mg, 1.193 mmol) in dichloromeﬁﬁane (50 ml) at 0°C
were added pyridine (0.2 ml, 181.7 mg, 2.3 mmol) and
hydrogen peroxide (1.1 ml of 30% solution, ~3.58 mmol) . The
reeetion mixture was allowed to warm up~to room temperature.
. After stirring for l‘hr, the mi#ture'was peured into satu-
rated aqueous:sodium bitarbonate solution end extracted with
methylene chloride (3 x 50 ml). The orgenic layers were
washed with 10% aqueoﬁs hydrochloric acid (2 x 30 ml) and
water.. The eombined methylene'chloride solution was dried
with anhydrous magnesium sulfate, filtered ana the solvent
removed by flash evaporation. Flash chrométography of the
product on silice gel eluting with 7% ethyl acetate id o
petroleum ether afforded 219 (240.883 mg; 98% yield):

ir (CHC13) 1740 Xd,B-upsaturated y-lactone) and 1670 Cm-,l

(C=C); pmr (CCl,) § 0.91 (d, 3H, J = 5 Hz, CH,-CH-),
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' ]
1.36 (s, 3H,_CH3—q-O-), 2.24-2.6 (m, 3H, allylic C-7 and

C-12 methine protons, 6.74 (dt, 1H, J = 2 Hz, J' = 14 Hz,

=d-H) and 1.2-2.0 (m, 8H); ms M* 206.1313 (calcd. for

ClBHlBOZ: 206.1281) .

The a-phenylselenenolactohe derivative 217 (210.0 mg,
0.597 mmol) was similarly treated with hydrogen peroxide |
(1.7898 mmol) in methylene chloride to afford the a,R—un-

saturated lactone 220 (110.68 mg; 90% yield) ir (CHC13)

1740 (a,B-unsaturated Y~lactone) and 1670 cm_l (C=C) ;

pmr (CC14) § 6.67 (m, 1H, C-8 vinylic proton), 3.17 (br. m,

1H, C-12 allylic methine proton), 1.46 (s, 3H, CH3-¢—O—),

1.1 (4, 34, J = 5 Hz, cn3—éﬁ-) and 1.2-2.2 (m, 8H); ms M'

206.1307 (calcd. for.Cl3H1802: 206.1281).

l'S—Dimethyl's'9‘ePOXY-ll—oxa—lO-exotricyclo[7.2.1.04'12]—

‘dodecane (224 and 225) from 219 and 220.

To a solution of gig (581.56 mg, 2.82 mmol) in methanol-
itetrahydrofuran (1:1; 70 ml) sfirred at room temperature
wes added hydrogen peroxide 06.88 ml of 30% solution,
~7.15 mmol)ﬂ_ 3N aqueous sodium hydroxide solution (0.94 ml)
was-added_slow}y over 15 min pefiod by means of a hypodermic
syringe. The temperature of the reactioﬁ mixture was main-
tained at 15-25°C thfoﬁghout the reaction period as higher
temperatures drastically reduced the yield of the preduct.
The reaction mixture was stirred fo; 8 hr, poured into cold

water and extracted with ether (3 x 50 ml). The ethereal

B
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solutions were washed with saturated aqueous sodium chloride
solution, combined, dried over anhydrous sodium sulfate,
filtered and the solvent removed by flash evaporation.

Flash chromatography of the residue on silica gel eluting
with 15% ethyl acetate in petroleum ether (30-60°C) afforded
an oily product 224 (595.39 mg; 95% yield). Crystallization
from n-hexane afforded crystalline 224: m.p. 124-125°C;

ir (CHC13)‘1775 cm'_l (a,B—epoxy'lactone); pmr (CDC13)

§ 2.4 (t, 1H, J = 1 Hz, C-8 oxirane proton), 2.11 (d, 1H,

J = 6 Hz, G-12 methine proton), 1.54 (s, 3H, CH3-¢—O—),

0.94 (d, 3H, J = 5 Hz, CH,-CH-) and 1.1-2.5 (m, 10H); ms M*
222.1241 fcalcd. for Cl;HISO3: 222. 1228). Anal. Calcd.

for Cl3H1803: c 70.27, H 8.11, © 21.62.v Found: C 70.11,

H 8.08, O 21.88.

similar treatment of 217 (100.0 mg, 0.485 mmol) with
‘h§6rogen peroxide and sodium hydroxide afforded ggg (99:59 mg;
92.50% yield): ir (CHCl) 1770 cm ' (y-lactone); pmr (CDCL,)

6'1.02 (d, 3H, J = 5 Hz, CHy-CH-), 1.48 (s, 3H, CH =C-0-),

— i

2.5 (t, 1H, J = 3 Hz, C-8 oxirane proton) ahd l.2-2.7.(m,

+ N - - .
11H); ms M 222.1241 (calcd. for C13H1803’ 222.1228) . &

l,5-Dimethyl—8-methoxy-ll-oxa-lo-oxotficyclo[7~2.l.04'12]—

>

dodecane (223).

A . '
To a solution of the unsaturated lactone 219 (40.98 mg,

0.199 mmol) in methanol (5 ml) was added 2N methanolic

sodium methoxide (0.2 ml). The resulting solution was
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stirred at room temperature for 48 hr. The mixture was
poured into water and extracted with ether (2 x 20 ml). The
ethereal layers were washed with saturated aqueous sodium
chloride solution, combined, ‘dried over anhydrous sodium
sulfate, filtered and the solvent removed by flash
evaporation. Column chromatography of the residue on silica
gel eluting with 28% ether in n-hexane afforded 223

(19.04 mg; 37.35% yield): ir (CHClj) +.50 (y-lactone);

pmr (CCl,) 6 0.90 (3H, CH,-CH-), -.81 (t, 1§ ~ = 6 Hz,

C-9 methine proton), 3.;6_(m, 1H, —ég—OCHB), 3.34 (s, 3H,
-CH-OCH;) and 1.2-2.2 (m, 11H); ms M' 238.1571 (caled. for

C14H2203 238.1560).

8,9-Epoxy—lO—hydroxy—ll—oxa—l,5,10—trimethyitricyclo—

[7.2.1.04’12]dodecane (226) from 224.

4

Methyllithium (4. 96 mmol, 2.48 ml of 2.0M solutlon in
ether) was added to a solutlon of the epoxylactone 224
(500.0 mg, 2.25 mmol) in anhydrous ether (100 ml) stirred
at -78°C under a nitrogen atmosphere. The reactien mixture
was Stirred.at -78°C for 20 min and poured into ice-cold
water witﬁ stirring. 'The ethereal layer was separated and
the'aqueous layer extracted with ether (2 x 50 ml). The
,organlc layers were: washed with saturated aqueous sodium
chlorlde solution, comblned dried with anhydrous sodium-
'sulfate, flltered and the solvent removed by flash

evaporation.. Flash chromatography of the residue on silica
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, y
gel eluting with 25% ethyl acetate in petroleum ether

~(30—60°C) afforded an epimeric mixture of the Qemiketals

226 (520.90 mg; 98% yield): ir (CHC13) 3520 and 3600 cm“l

(OH) ; pmr (CC14) $§ 2.96, 3.13 (both t, 1H total, J = 5 Hz

each, C-8 ‘'oxirane proton), 1.32, 1.46 (both s, 3H total,
O- N
! .
CH,-C-0-), 1.26, 1.04 (both s, 3H total, CH,-C-0-), 0.94 (d,

|
3H, J = 5 Hz, CH3-CH—) and 1.2-2.4 (m, 11H); ms m/e (M-18)

220.1466 (calcd. for C14H200. 220.1508) .

8,9-Epoxy-10-methoxy-1l-oxa-1,5,10-trimethyltricyclo~- «

(7.2.1.0%"1%)d0decane (227) from 226

A solution of the hemikete: 26 (500.0 mg, 2.12 mmol)
in anhydrous tetrahydrofuran (20 ml) was added slowly to a
stirred suspension of sodium hydride (122.03 mg, 2.54 mmol;
50% sodium hydride in mineral o0il) in tetrahydrofuran (30 ml)
at 0°C under‘a nitrogen atmosphere. The reaction mixture
was stirred for 20 min. and'iodomethane (890.40 ﬁg,
6.36 mmol) was added. The reaction mixture was'ailowed to
warm up to room temperature and stirred for 6 hr. The |
resultlng mixture was poured slowly into ice-cold water and
‘extracted with ether (3 x 50 ml). ' The ethereal layers were
washed with saturated aqueous sodium chloride solution,
cohbined, dried over anhydrous sodium sulfate, filtered and
the solvent removed by flash‘evaporation} Flast chromato-
graphy of the residue on silica gel eluting with 20% ethyl

acetate in petroleum ether (30-60°C) afforded the ketal 227
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(529.46 mg; ~100% yield): pmr (CCl4) § 3.36 (4, 1H,

J = 6 Hz, C-12 methine proton), 3.14 (s, 3H, —O—CH3),/

2.92 (t,OlH, J = 3 Hz, C-8 oxirane ring proton), 1.47 (s,

3H, CH3—¢—0—), 1.18 (s, 3H, cn3-¢~o-), 0.91 (d, 3H, J = 5 Hz,

CHj—éH-) and 1.2-2.5 (m, 11H); ms M' 252.1007 (calcd. for

C15H24O3: 252.1000) .

8,9~Epoxy-10-methoxy-1l-oxa-1,5,10-trimethyltricyclo-

[7.2.1.04’12]dodecane (228) frpm 225.

- Methyllithium (0.892 mmol, 0.446 ml of 2.0M solutién in
ether) was added to a solution of the épéxylactone 225
(90.0 mg, 0.405 mmol) in anhydrous ether (10 ml) stirred
at -78°C under a nitrogen‘atmosphere. The reaction mixture
waé stirred for 20 min , poured into ice-cold water and
extracted with gther (3 x 20 ml). 1The ethereal layers were
washed w{ﬁh satﬁrated aqueous sodium éﬁloride solution, -
combined, dried over anhydrous sodium sulfate, filtered and
the splvent removed by flash evaporation to give the hemi-
ketal'gglg_(96.48.mg, ~100% cruée yield). Without pui!?
fication this compound was. dissolved in dry tetfahydrofuran
(10 ml) and the sol&tion stirred at 0°C under a nitrogen
atmosphere. To this solution were added, 20 min. apart,
sodium hydride (23.32 mg; 0.486 mmol; 50% dispersion in
mineral oil), and‘iodomethane (287.55 mg, 2.025 mmol). The

reaction mixture was allowed to warm up to room temperature

-and stirred for 6 hr. The reaction mixture was poured
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slowly into cold water-and extracted with ether (3 x 20 ml).
The ethereal layers were washed with saturated agqueous
sodium chloride solution, combined, dried over anhydrous
.sodium sulfate, filtered and the solvent removed by flash
evaporation. Flash4chromatography of the residue on silica
gel eluting with 20% ethyl acetéte in petroleum ether
(30-60°C) affordedxggg (83.69 mg; B82% yield): pmr (CC14)
-CH-), 1.25 (s, 3H, CH,-C-0-),

. § 0.91 (d, 3H, J = 5 Hz, CH

| m—

1.47 (s, 34, CH -é-o—cn3),n3.is (s, 3H, CH3—o—), 2.88 (t,

3

l1H, J = 5 Hz, C-8 oxirane ring proton) and 1.2-2.3 (m, 11H);

+
ms M 252.1007 (calcd. for C15H24O3. 252.1000).

11-0xa-1,5,10-trimethyl-a°'%ricyclo(7.2.1.0% " %1d0decane-

B8-one (229) from 227.

A solution of the epoxide 227 (500.0 mg,‘l.98 mre L)
in ether (100 ml) was stirred at 0-5°C under a nitrogen
atmosphere and boron trifluoride etherate (1.5 ml) was added.
The resulting solution was stirred at 0-5°C for 2 hr, poured
into cold saturatéd agueous sodium bicarbbnate solution'and
the ethereal layer separated. Thé aqueous'phase was ex-
tracted with ether'(loo ml). The ethereal layers were washed
with saturated aqueous éodium chloride solution, combined,
dried over anhfdrous‘sodium,sulfafe, filtered, and the
solvent removed by flash evaporation. Purification of the

residue by flash-ch;omatography on silica gel eluting with

15% ethyl acetate in petroleum ether (30-60°C) afforded 22
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(330.0 mg; 75% yield): ir (CHCl;) 1660 (ketone) and

1 ) A A
4) § 1.32 (s,’BH, CH3 q 0o~-),

s | .
2.12 (s, 38, cHy-C-0-), 0.95 (d, 3H, J = 5 Hz, CH4-CH-) and

1580 cm ~ (C=C); pmr (CCl

S crnspetena.

and 1.1-2.5 (m, 11H); ms M’ 220.1466 (calcd. for €1 4Hy00,¢

220.1455).

ll-Oxa—l,5,10-trimethyl-A9’lotricyclo[7.2.1.04’12]dodecan-

- 8-one (229) from 226.

A solution of the epoxy-hemiketal'ggg (250.0 mg,
0.992 mmol)  in ether (50 ml) was stirr?d at 0-5°C under a
.nitfogen atmosphére and boron trifluoride etherate (0.75.ml)
was added. The resulting solution was stirred at 0-5°C for}
2 hr, poured info cold saturated agqueous sodium bicarbonate
solution and the ethereal layer separated. The agqueous
Vlayer,was extracted with ether (2 x 40 ml). The ethereal
layers were washed wit saturated #jueocus sodium chloride
solution, combined, diied over anhydrous sodium sulfate,
filtered and the'solvent.removed by flash evaporation.
Purification of the residue by flash chromatography on silica
gel eluting with 15% ethyl acetate in petroleum ether |

(30-60°C) afforded 229 (109.13 mg; 50% yield). The spectral

data of 229 has already been discussed (vide supra).
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