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ABS"I-RACT -
The hydroazulenic rlng system of - zxerone (1) "was,

rieff1c1ently synthe51zed 1n three steps.. PhotocYclo-

:uaddltlon of 2= cyclopenten~1—onerto l acetoxy~2—carbo-

”f~methoxycyclopentene followed by thloketallzatlon of

the resultlng photoadducts gave-rlse to a mlxture of-
dlastereomers 31a and 31b.5 The mlxture when treated

"w1th sodlum methoxlde 1n methanol afforded keto ester

‘J38 possess;ng the parent rlng skeleton of 1 as well as

'approprlate funqtlonalltles for further modlflcatlons

L0 ‘e

The conver51on of the ketone carbonyl of 38 to

'!,the methxl group preseﬂt in 21erone (l) at ‘C-10 was .

also accompl;shed Two dlfferent routes were lnvestl—”

-

'~gated and a total of four dlastereomerlc ketones 40

was obtalned.: Wlttlg reactlon of 38 w1th methylene—\\
'rtrlphenylphosphorane resulted in the formatlon of. two'
‘ﬁoleflns 39a-and.39b.f Subsequent catalytlc nwdrOgena— :f
'-etiOn of-SQa and. 39b gave rlse to 40a and a mlxture of
'ff40b and’gég espectlvely. Alternatlvely, treatment fi
.;Ofi38 w1thxmethoxymethylenetrlphenylphosphorane followed
:y-nfjthe ac1d hydro1y31s of the resultlng enol ethers 41 .

"ﬁ;gave tw%?dlastereomerlc aldehydes 42 Whlch on Clemmensen»,

E 5

'_reductlon afforded 40d. - f ff"l :“'»" ‘
Further efforts are belng made to convert the ;1'-'

vjexlstlng functlonal groups of 40 1nto the dlenone systemf

Lo

S



.

'offzieroné_(i){f,Preliminarnytudies showed that 40

readted with methyllithium to give ketone 49..

Treat-

mentvof‘thefiatter compound with me;duric qh10riﬁe and

mercuric oxide resulted in-the formation of dione 50.°
I8
(. :
. - .
’ Loeoovi
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INTRODUCTION

* . "
zZierone (1) ,. a hydroazulenic sesquiterpene’

ketone was first isolated by Penfoldl in 1926 from the

essential oil of Zieria macrophylla (Bonpland). Pre-

lininary stuéies on its structure were carried out ny
Bradfield, Penfold anq_simonsen2 who showed\its molecular
compositiqn Of-ClSHZZO' isomeric with eremoéhilone.3
Some twovdecadeé later, Birch and his collab-
orators4 renewed the 1nvestlgat10n on the structure aof
'this ketone and concluded that 21erone is a blcycllc
eesqulterpenomd possessxng two double bonds, one of
then; on rhe basis of‘its uv spectrum, is conjugated
with a, ketohe carbonyl. When zierone was Sunjected to
lltnlum alumlnum hydrlde reduction and dehydratlon
followed,by the dehydrogenatlon of the resultlng nydro—"
carbon, it gave a new violet azulene, zlerazulene of |
15 18 A Slmllarly, by reductlon and dehydrogenatlon
;Qf its hydroxymethylene derlvatlve, C16822 2,‘a;new
tetraa%kylazulene, C16 20 was obtalnedL\\?hese tyo )
" azulenes were identj,fied4 and confirmed® by unequivocal
syntheees to be 2,@Jdimethylféfisoproéylaéulene_(g);"“

. L . ) o - . X .
and 2,4,6-trimethyl-8-isopropylazulene. (3) respectively.

The ring systém is numbered accordlng to the conven—“

tlon of hydroazulenes. ™~ :
S kK o ' :
The conventlonal numberlng system for azulenes as in-.
dlcated in structure 2 is used.



e

On the bagsis of these experimental results and spectral

evidences, in conjunction with the isoprene rule, Birch
. 4 L

and his coworkers® suggested provisional structure 4

Yor zieronec.

6 later confirmed the

uildcbrand and Sutherland
presence of an a,f- unsaturated ketone chromophore but
found that ozonolysis of ziecrone gave rise to acetone
as one of the fragmcnts. These results requireq the
presence of.(CH3)2C=é—C=O grogbing in zierone. Accord- |
ingly, its previously assigned structure was modified-
“to é or 6. These ichstigatofs also established the
“identity ofmzierone and?elleryone.6 The latter was
isolated by Jones and Wright7 in 1946 from Evodia
elleryana (F. Muell).

Recently, Barton and Guptaa’9 showed that none
of the above structures were aseigned correctly. They
elimineted ﬁhe'possibilities of the presence of either-
a C-2 or a‘Cf3 double_bond on the grouﬁds that the nmr
spectrum of zierone shbwed the eomplete absence of any
vinyl érdions;ifThey also conclusively showed ‘that
zierone contalns the cross-conjugated dienone system
—C(Me)~é-c( CMez)—CO- The nmr studies coupled with
additional chemical evidences, most convincingly, the
findings that dihyd}dZierol 7.0on ozonolysis afforded a
: aikeébne 8, allowed them to. further conclude the struc-

ture 1 for zierone.
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The stereochemlstry of zierone remalned unsettled

untll recently when Itd, et al 10, ll

(9), a trlcycllc sesqulterpene, to lO—eplzlerone (10).
,The transformatlon 1nvolves lnltlally the photoox1da—

- tionm of gurjunene (9) and borohydrlde reductlon of the
iresultlng hydroperox1de to. yleld ll Treatment of ll

' w1th oxallc ac1d in: acetlc anhydrlde—acetlc ac1d
_'followed by llthlum alumlnum hydrlde reductlon of the_r

S

, resultant acetate gave alcohol 12 whlch was ox1dlzed

w1th COlllnS reagent to glve the C—lO eplmer of zlerone.

converted gurjunene

The nonldentlty of 21erone (1) and the partlally"”

1synthet1c product 10 was establlshed spectroscéplcally

"suggestlng the stere01somer1c relatlonshlp of these

vd :two compounds. Slnce the absolute stereochemlstry of

;d7gur]unene (9) has been deflned unamblguously ,fit'

ﬂ-follows that 21erone has ltS C—lO methyl c1s to. the C-l,

-_hAhydrogen atom. Furthermore, 51nce the 51gns of thelr

*ngD curves were found to be the same, 1t was:concluded

"'that they are eplmerlc ‘at C—lO.

Among the hydroazulenlc sesqulterpen01ds, the ,

”_;most commonly occurrlng ones belong to the gualazulene’ B

(13) famlly of whlch gualol (14) 1s a representatlve 7:'

‘ member. From the b10genet1c p01nt of v1ew, these IO

: naturally occurrlng compounds are conSLdered to possess _—

vthe normal“ skeleton.} A group of closely related

3 compounds known as pseudogualazulenlc sesqulterpen01ds
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have gross carbon skeletons as shown in tenulln (15) . 13 14, 15

The blogenetlc formatlon of. these co ounds is belleved'

\/

to 1nvolve a l 2- shaft of the approprlate methyl group

from a precursor of the gualazulene type. Zierone 1s

o

L the only member of the so—called'"Zlerazulene famlly.upa

o

It also possesses a perturbed gualazulene skeleton.--p~ -

o

BlOgenetlcally, 21erone could be derlved from the nor-

) mal gualazulene skeleton elther 1nv01v1ng a 1, 2 Shlft - o

E of an’ 1sopropy1 group (or 1ts equlvalent) ,or-V1a the'

s

became of 1nterest to undertake the synthet;c studles

1ntermed1acy of a cyclopropyl rlng.

In view of the unlque skeleton of 21erone as well

as 1ts unusual cross conjugated dlenone system, it

o

of thls compound. Furthermore, as the stereochemlstry

- Yo

_'of zierone remalned undetermlned at the onset of the

present work, . 1t was’ hoped that an unequlvocal synthe51s

of 1t and/or ltS eplmer w;th stereochéﬁlcal.control

would establlsh 1ts stereochemlstry and also conflrm«t",ﬁ

1ts assrgned structure. o

In general, two ba31c problems are 1nVolved 1n'

e the syntheSLS of hydroazulenlc sesqu1terpeno;ds-

S

(a) the ccnstructlon of sultably functlonallzed hydro-'

azulenlc system and (b) the control of stereochemlstry.v

!

3

o - I . T — T R S v

_Trlcycllc gualazulenlc sesqulterpenOLds posse551ng ‘a.
cyclopropyl rlng, e e I% gurjunene {9), are. also naturally
: abundant S , : _ o

x 9, - ] AT



'Although_the complexity of the stereochemistry in the "

"qpresent case is almost mlnlmal, the\former problem

". has to be solved 1n order to achleve an eff1c1ent syn—"

i . - - -\ -
S e T~ e

”the51s of the target molecule.

Durlng the past decade, extensxve attentlon;\ I

L]

_.has been drawn towards the constructlon of the hydroazulene .
»system and there have been a. number of methods devéloped.

The ex1st1ng methods could be classrfled into the fol— ‘ .

o

low1ng pr1nc1pal categorles-lQ (a) rearrangements of'

' blcycllc compounds contalnlng cyclohexane rlngs. 'The,

[

rearrangement of 3 3 11< trlmethyltrlcyclo[s 4 0 02 4]—'

,?undeca—? 8= lel to 3 3 ll trlmethyl 7—methylenetr1cyclo—
. 2,45

[6.3. O 0 ]—undecane 1n the elegant synthe51s of ( <) > -aro-.
madendrene (16) by Buchl, et. al 17 and the’ photochem1cal

m_convers1on of santonln (17) to 1sophotosanton1c lactone

.(18) are two representatlve examples. (b)- Olefln cycllza-_‘

’tlon. Catlon-lnltlated olefln cycllzatlon reactlons
i

Ahave also found appllcatlons An hydroazulene synthe51s-"

‘“Some of the exampleslg 26 are lllustrated 1n Scheme I.
.27-29

(&) Cleavage of trlcycllc compounds.' Two cases ;folgg"”

both lnvoIV1ng the base promoted cleavage of a sultably
ﬂifunctlonallzed\trlcycllc rlng system have been demon-'
Fstrated recently and are deplcted in Scheme II Slnce

;fllt is very much pertlnent to the present work, the

l{second deVice (19+20) '1n thlS category is dlscussed

":1n some detall as. follows.f
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SCHEME 1

_E=8SnCy
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% o
’ " In principle,'the hydroaéulenic system gan be
generated by cleav1ng a, specxflc.bond of an approprlate

trlcycllc compound Whlch embodles ‘a b1cyclo[5 3. 0]—

@

decane m01ety. One of the conceivable trlcycles is
shown in formula.Zl in£Which two'five—membered-rings'
are fused by a four—membered one and. 1ts modlflcatlon
to the type of compounds ln‘questlon requlres the |
cleavage of the hlghly stralned four-membered rlng in-
volv1ng bond a or b. Such an approach is fac111tated
by the rapld development of photocycloaddltlon reactlons
1n recent years.‘ The otherw1se dlfflcultly accessible
bstartlng materlal of type 21 could now be prepared 1né‘
a. remarkably 51mple fashlon by photochemlcal fu81on of
f‘ two cyclopentenes.' Hlklno and de Mayo 29 flrst demon-:'k'
;strated the - fea51b111ty of such a scheme leadlng to. the
synthe51s of a hydroazulenlc compound. In thelr method,
the requlred trlcycllc precursor 19 was produced usang
.‘cyclopentene and 3-acetoxy— —cyclopenten~1—one as "the
two counterpé&ts 1n the 1n1t1al photochemlcal process.f
The latter compound prov1des adequate functlonalltles
.v”_for the selectlve bond—cleavage of 19 V1a a retroaldol
reactlon resultlng 1n the formatlon of dlone 20. |

[y

Clearly. such an approach lS supe-lor to the other’.d»"

xexlstlng ones 1n terms of 31mp11c ty.; The partlcular o

3

"‘method, however, has llmlted use.'n the synthe51s of

naturally occurrlng hydroazulenlcicompounds sxnce the’
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two ketdne carbonyls present would be hard to differen- "
tiate and the complete lack of functionality in tne five-
membered rlng makes 1ts necessary subsequent modlflca—
‘tions dlfflcult. HaVLng these 1n mlnd, a new method
"has been developed in thlS 1aboratory, whereby a- hydro-
azulenic. system contalnlng adequate grouplngs in- both

30 The method follows

rlngs was effectlvely constructed.
from the aforementloned prln01ple and 1nvolves two syn-
_’thetlc steps._ ‘The 1ntermed1ate trlcycllc compound 22 .
.was prepared w1th hlgh regloselect1v1ty by photocyclo—
addition of 2—cyclopenten—l—one to 1—acetoxy—2 carbo-
'methoxycyclopentene (23) The two substltuents of the_
‘latter compound were expected to relnforce the regio-
-»selectiv1ty of- the addltlon since they were ShOWn to"

exert op9051te orlentatlonal effects.31 r32

Thelr 1oca—'
: tlons 1n the photoadduct 22 were further expected to
fac111tate the necessary bond-cleavage by a reverse _

Clalsen—type reactlon leadlng to- hydroazulene m01ety.__f

'Indeed, treatment of the photoadduct 22 by elther sodlum

vmethoxlde or alkall followed by esterlflcatlon resulted

_ln‘the format;on»of.keto.ester;gig The two ketone 4

sAlthough, Jin prlnc1ple, the requlred substltuent(s)
in the five-membered- rlng can be. introduced using sub-

_1st1tuted cyclopentene as startlng materlal in the photo— -
‘cycloaddition reaction, practically it is not’ feasible .

,unless a symmetrlcally substituted one is. used.' The -
~ orientation of the photochemical process is expected to
~be dlfflcult to control when an unsymmetrlcal one- is .
:1mmhmd.; el ; _

12.



oarhonyls could. be readily differentiated prior to the
‘stage ofwthe fraémentation. :Thus, ketallzation of 22
-followed by rlng flssron of the resultlng ketal 25 gaye
rise to ketal ester gg. .Although the same general'
;prlnc1ple applles, the_Presentlmethoa‘and'that-of Hikino

29

' and de Mayo have practical differences.i Most notice-

ably, 1n one case. the cyclogentanone rlng was. retalned
.and in the other it was modlfled to. proV1de the seven-= .

membered one..- ﬁ- B : )
g ‘ S 52

951derable use as- synthetmc 1ntermed1ates for hydroazu—'

o lenlc sesqulterpen01ds by v1rtue of the fact that the

exlstlng functlonal groups are approprlately 1ocated

:for further lntroductlon of substltuents and functlon-
T

‘ﬂ7a11t1es. It ShOuld be noted that, 1n the present case,,

1the three carbon substltuents of 21erone c01nc1de

‘completely w1th the locatlons of the ex15t1ng funct10na1

i:groups of keto ester 24. Hence,'lt lS qulte concelvable
wthat the carbon skeleton of zrerOne could be ach18%ed
‘by 51mple dlrect transformatlons (e g., Grlgnard and
, W1tt1g reactLOns) of these functlonal groups._ In thlsl

_iconnectlon,llt was - shown that 1ts C—lO methyl could be»:

readlly‘introduced by a selectlve Grlgnard reactlon of'ﬂ

,25 w1th methyl magne51um bromlde 1n a brlef synthetlc

_studles undertaken prlor to the present work.3; _It~7

7was also found that the resultlng alcohol 27 underwent"'?

Theaketo ester 24 and ketal ester 26 ‘are of conﬂt

13.



COOCH,

0COC Hy

COOCH3

OCOCH,

14.



15.

dehydration smoothlylwith phosphorogs.oxychloride in
pYridine to give an isomeric mixture of 28. Attempted
catalytic hydrogenation of the double bond under various
conditions, however,.resulted in the formétion‘of a
substantlal quantlty of unde51rable lactone 29 suggest-
1ng that a more stable protectlng group of the cyclo-
pentanone carbonyl 1s necessary in order to pursue. the

synthe51s in thls dlrectlon.



16,



RESULTS AND DISCUSSTON

As discussed in the previous section, the 1oca-
tions of the three functional groups of dione 24 corre-
spond fully to those of the carbon substitucnts present
in zicerone (1). In examining the target molecule, it
is of considerable advantage to inéorpor.‘xtzv first the
C-10 methyl group asm the highly sensitive dienone moioty
of zierone embodies the remaining carbon substituents at
C-4 and' C-6. Towards this end, the five-membered ketope
carbonyl of 24 must be masked in advance. Ag
discussed prev10usly the dlfforultlamon of the two
ketone carbonyls of 24 could be achie V(_d by taking ad-
vantage of the preexisting ketone group at the initial
stage of the photocycloaddition reaction. The use of
dioxolane és'a,blocking group, however, was shown to
be inédequate because it was unstable under catalytic_
hydrogenation conditions used in attempts to saturate
the double bond of ketal ester 28. ‘As a consequen;:e, a
less reactive protecting group was séught and thioketal
was chosen for the present studies.

Iﬁ order to facilitate a large scale preparation
ofcthe photoadduct gg, the previously used conditions
"for the photocycloaddition of 2-cyclopenten-l-one to
'léacethy-z-carbomethoxycyclopentene (23) were modifiedi
jInstead of 1solat1ng the product soon after the reaction

was completed, addltlonal amount of enone (in sllghtly

-
>

17.
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less’quantity‘to keep the ratio of 2—cyclopenten—l-
one and the olefln 23 in ca. .1i: 15) was lntroduced and = -
. 1rradaat10n was contlnued ThlS process was repeated

NG R

severaﬁ tlmes before.the flnai lSOlathH of the photo;‘
.adduct. Thls partlcular modlflcatlon was tlme savlng o
1n that it av01ded the laborlous recovery of 1- acetoxy—" “,JE' e
2 carbomethoxycyclopentene necessary for repeatlng thé
o reactlon in order to accumulate materlal 1n good

. quantlty.. However,,the overall photochemlcal process;

~'“for uncertaln reasons appeared to be less regloselectlve,‘”'
.the'photoadduct thus obtalned, although homogeneous 1n:

tlc'under Varlous soIvent systems contalned at 1east ' hyfx.j'ﬁh {i
'::twoﬁlsomers as revealed by the nnr spectrum Whlch | |
'i‘showed two 51nglets each for the carbomethoxyl group I
(6 3 56 and 3. 53) and the acetate (6 1. 90 and l 85) dlt
was concluded ln the later stage that ‘the photoadduct
;t was in. fact a mlxture of ‘three lsomers,'22a, 22b and
v30 in approxlmately 2 2 l ratlo.~'81nce efforts made tovil‘i;'}é_
-‘separate thls mlxture were frultless, 1t was used dlrectly |

)

in the follow1ng transformatlon.y/ X
Treatment of the mlxture of photoadducts wrth
t l 2—ethaned1thlol 1n the presence of boron trxfluorlde‘
- etherate gave rlse to a mlxture of three 1somerlc thlo—ﬂ~
ketals in a ratlo of 2 2 1. and a total yleld of 68%.»"-:

'The mlnor 150merwwas readlly 1solated 1n the pure form )

I by column chromatography and the others as a mrxture.;d7j

58 -



"19.
Both the pure substance and the mlxture showed 1n the
spectra dlagnostlc ester absorptlon bands at 1740 cm l.

In the mass soectra, mplecular jon peaks were dlsplayed
at 342 0959 for the nlxture and 342 0962 er the pure'

1somer, all in agreement w1th the requlred molecular

16H2204S2 g The nmr spectrum of the mlxture

' showed in addltlon to the 51nglets at s 3 60 (—COOCH )

e

;f and 3 20 ( SCHZCH S- ), two écetate 31nglets at 6 2. 04

formula of C

, \ ‘
and l 98 in a ratlo of l l ndlcatlve of the presence of

: two 1somers. In 1ts nmr spectrum, the other 1somer
;Nshowed 51nglets at 6 3 64, 3 30 and l 93 for. the carbo~lf‘
| methoxyl, th10keta1 and acetate protons respectlvely. -
‘Clearly, these spectral data revealed the 1somer1c nature

- of these compounds and thls aspect was further substan—j
%?tlated by treatlng separately the mlxture and the pure -
ﬁlsomer w1th mercurlc chlorlde and mercurlc ox1de tofVW
,remove the thloketal protectlng group. From the former,:
‘ca mlxture and féfm the 1atter, a s1ngle compound were ]:'
_obtalned.. These compounds were agaln shown spectroscopl—fﬁ
'fcally (see Experlmental for detall) to be 1somerlc and §
to- them structures 22 oxr 30 could be ass1gned *vaTheprl
‘rstructures of the thloketals could not be readlly a551gned

. ‘on the baSlS of the’above 1nformatlon as only cis: rlng o

*Juncture is. stereochemlcally permlss1ble in” cases in .

e

N - o
» ¢

* oo EU sl e e e
VThe:ring“junctures are all cis-fused.

o



, whlch a four—membered rlng 1s fused‘w1th a flve-ﬁk
'membered one, 1t is certaln that two of’ .the three com;_b
pounds An hand must be dlastereomerlc and the remain= :
'lng one must‘possess an 0ppos1te orlentatlon. It should"
be noted that the relatlve stereochemlstry of these
f’compounds is. only of’ secondary concern 51nce three of
"the four exlstlng chiral centers w1ll elther be destroyedf[
-h‘or subjected to p0551ble eplmerlzatlon 1n the subsequent
‘transformatlons._ The orlentatlons of thelr functlonal;
htgroups are however of cruc1al 1mportance for that only'
‘the compound whose acetate is or1ented*oppos1te to the*

"ketone carbonyl is de31rable for the present studles.

‘d It was. necessary ‘to ascertaln thelr gross structures at

~thls-stage. That the mlxture con51sts of two stereo—A

ﬂlsomers 31a and 31b Wlth de51rable orlentatlon and the

'.vmlnor 1somer has the opposrte orlentatlon as deplcted

ﬂlnéé— (both rlng Junctures are 015 and thelr relatlve
hstereochemlstry remalns to ‘be. determlned) was concluded
uas follows., *59" - | |
Treatment of the mlnor 1somer W1th 4N sodlum
Afhydrox1de in methanol gave rlse to a crystalllne neutral
c0mpound 1n 23% yleld and an ac1d1c materlal The-
:Jlatter was subsequently esterlfled w1th methyl 1od1dek

'”and pota551um carbonate 1n acetone resultlng in’ ther.

r_jfformatlon of three esters 1n a ratlo of 2 l 5 1 and a

dtotal yleld of 44% 1n two steps. The’ neutral substance-

>~-l.
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ldlrectly obtalned from the hydroly51s fragmentatlon |
_.reactlon was shown to possess a molecular formula of

26 340682 by 1ts mass spectrum dlsplaylng a molecular
ion peak at-506 1785 ” The 1r spectrum showed absorp-
tlon bands at 1725 and 1640 . cm -1 characterlstlc of
ester and c0njugated enone m01et1es respectlvely. ‘TWO
.;51nglets in a ratlo of 3 2 for a total of ten hydrogen'

‘ atoms appeared at § 3. 7 and 3.0 in the nmr spectrum.
‘lhese 51gnals could be readlly attrlbuted'to two super—
b'lmposed methyl ester 51na1ets and four equlvalent protons
_of the two methylenes connectlng the sulfur atoms. On
ithe ba51s of these spectral data, 1ts structure could
['be readlly deduced as 33.; The three esters from the
':ac1d1c materlal were separable by column chromatography.»
'The major product was: found to be enone/;é;Zhose ir
'spectrum dlsplayed the dlagnostlc ester( and a,B unsatu—
ﬁ;rated ketone’ absorptlon bands at 1725 and 1635 .cm - 1 ‘

) frespectlvefy g The nmr spectrum showed a methyl 51nglet'

. at § -3¢ 70 and the absence of thloketal sxgnals nPrmallyfp'

?.expected at 5 3. 2 reglon.a The structural a531gmment

7?was further conflrmed by 1ts mass spectrum Whlch exhlb-

- I

;1ted a molecular 1on peak at 300 0863." The mlnor product

to whlch structure 35 could be a531gned showed an 1r
yspectrun 51m11ar to that of 34. Both 1ts nmr spectrum |
(a three—proton 51nglet at 6 2 17) and mass spectrum~

‘l(a molecular 10n peak at. 314 1002) lndlcated however,"'

22,



rthe presence of an addltlonal methyl group. 'The ir
spectrum of the remalnlng compound dlSplayed two car--
.bonyl absorptlon bands at 1725 (ester) and 1705 cm ;‘
Vp(ketone) and, inits nmr spectrum; two 51nglets
._appeared at § 3.60 (methyl ester) and 3. 18 (methylenes
of thloketal) on’ the ba51s of these data, structure
;36 could be assxgned to 1t A molecular lon peak at
'-l300 1n the ‘mass spectrum further verlfled the struc-
dtural as51gnment. T |
The 1solatlon of the above compounds clearly
prequlred the precursor to- possess the structural for—‘;
lmula of 32 and 1ts dethloketallzatLOn product structure
1“p30.f The formatlon of compounds 33 36 from 32 could be:.
'fratlonallzed as deplcted in Scheme III | Base hydroly-h
Q;51s of 32 followed by the cleavage of. the cyclobutane

”rlng v1a a reverse Clalse —type'reactlon gave thé

' 1ntermed1ate keton Further hydroly51s of thes :

;ester grouplng would4 d tb the formatlon of ac1d 36a

whlch could further undergo B—ellnunatlonkto afford

L enone ac1d 34a._ Esterlflcatlon of . these two ac1ds

5"would then prov1de enone ester 34 and keto ester 36
~ The. co—occurrence of enone 35 could be loglcally assumed
Rhas a result of partlal methylatlon of 34.p Alternatlvely,t[
{keto ester 36 could proceed by B—ellmlnatlon dlrectly
5ﬂunder the 1nf1uence of hydrOxy 1on. ‘Two molecules of .'

= the resultlng enone estﬁr 34 could then dlmerlze v1a
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26.

a*Michaelladdition path.to Yieid §2 whichpin'turnfgawe

rise-té.the‘dimericicompound 33 bf eliminatingga

moiecuie of 1.2—ethanedithiol."Hydrolysis'of thewmixei

ture obtalned from the thloketal formatlon reactlon '

of the photoadducts with sodlum hydrox1de under the

same condltlons applred prevrouslywto 32, gave rise

to“a neutral mixture~and an acidic material. »The latter

upon'esterlflcatlon (methyl 1od1de—potass1um carbonate)

'gave a neutral mlxture Wthh was found to be 1dent1ca1

o w1th the one obtalned dlrectly from the hydroly51s;

";reactlon.; The total yleld of the mlxture was 53% and

;!no détedtable amount of the compounds 33436 was. obtained. o

f'.The mlxture was shown to contaln at least three compounds

by ‘its nmr spectrum exhlbltlng three methyl 51nglets.

fat s 3. 57, 3 62 and 3. 66 in 1:3:2 ratlo. Upon treat—b

ment w1th mercurlc chlorlde and mercurlc ox1de 1n

,aqueous methanol the mlxture afforded as the. only lso—'

'llable products, c1s and trans dlones 24a and 24b whlch

_were found to be 1dent1caI~an all respects with. authentlcn

1’samp1es.3q‘ These f1nd1ngs unamblguously establlshed

'the dlastereomerlc nature of these compounds as well

‘as thelr gross structure as lndlcated in formula 38.
vConsequently, the precursor must be a dlastereomerlc'rﬁ

llnmlxture of 31a and 31b and the dethloketallzatlon prod—
-ucts’ that of 22a and 22b. The spectral data of 38 (in

'the mlxture form) were also 1n agreement w1th the struc—f

@
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'mtural asSignment; The nmr spectrum showed in addltlon
'dto the aforementloned ester methyl SLnglets, partlally

overlapped smgnals at § 3. 25 reglon for the four thlo—

- ketal methylene protons. The ketone and the ester

‘absorptlon bands appeared in the ir spectrum at 1700
vand 1725 cm ~1 respectlvely. The mass spectrum dlsplayed
.a molecular 1on peak at 300 .0848 further supportlng the
ass1gned structure. The further structural ev1dence of'
dla.and 31lb arose when thelr dethloketallzatlon products
ggg and 22b were subjected to hydroly51s w1th aqueous’
sodlum hydroxlde.- After the esterlflcatlon of the re—
‘hsultlng a01ds with methyllodlde and potas31um carbonate,h
.a mlxture of c1s and trans dlones 24a and 24b were agaln'
obtalned as the only 1solab1e products.. : 1 br

In. contlnuatlon of the present synthetlc studles,
rester 31 was converted dlrectly into 38 by 1ts treatment
'w1th sodlum methox1de in reflux1ng methanol. The yleld
of 38 was comparable Wlth that prev1ously obtalned by a.
utwo—step sequence but 1ts preparatLOn espec1ally 1n largen
.fscale was found to be much 51mpler. | _ ‘
As noted before, zlerone (l) has 1ts C—10 methyl I
.;substltuent separated from the hlghly sen51t1ve dlenone
_system and 1t ls synthetlcally advantageous to- 1nsert

L™

‘,thls unlt 1nto the moleoule at. an early stage. Wlth the elv

’fjstructure of 38 now completely ascertalned and 1ts cyclo-

Kid

pentanone m01ety properly protected the subsequent studles:”
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' were focused on the Lntrodpctlon ‘of the necessary methyl

- group usrng 1ts ketone carbonyl as a startlng point.

- Two dlfferent routes were 1nvestlgated under the

ﬁ'con51deratlons that they would allow the control .of . the

’,stereochemlstry with respect to the C-10 methyl and

c-1 hydrogen atom and thus lead to stereoselectlvely both '

"~ the natural (c1s) and the .E (tranS) series of compounds.

\ hmethylsulfoxldel

o

.~Wlttlg reactlon of‘keto ester, 38 w1th methylenetrlphenyl—
,phosphorane (prepared in 81tu from methyltrlphenylb
”phosphonlum bromlde ‘and. methylsulflnyl carbanlon) in di- -

34 afforded a mlxture of dlastereomerlc.
'oleflns 39a and 39b in 10% and 60% yleld respectlvely.
';The structural as51gnments followed from thelr spectral
' data._ The mlnor product Wthh was faster mov1ng on '
h51llca gel thln—layer chromatography shOWed in the ir.
WSPectrum absorptlon bands at 1725 and 1630 cm_1 for theh

h.ester and‘the double bonds respectlvely; Its nmr spec—.
itrum dlsplayed a narrowly Spllt doublet (<2 Hz) at

'_6 4 82 for the two oleflnlc protons,'a methyl smnglet
| at 6 3. 68 and a multlplet centered at 6 3 23 for the

ff:four thloketal hydrOgen atoms. -In the case of the

:i‘;major 1somer, these methylene protons appeared 1n the_‘

jnmr spectrum as a 51nglet at §. 3. 23 and addltlonal sig-
. nals were observed at 6 4, 89 (v1ny11c), aﬁ"doublet"'
”-w1th a coupllng constant of 8 Hz and at e 3.65 (methyl),

‘a 51nglet.~ In: comparlson with the correspondlng absorp-
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tion bands of ggg,Mboth of its ester (1730 cm™ ) and
double bond (1645 cm_l) ir maxima appeared at slightly
lower frequenoy. The nmr spectra coupled with their
homogeneity in thin—layer chromatography strongly sug—
gested both olefins 39a and 39b were single substances.*
Whereas their.structures were vigorously proven at

this poiht, their stereochemistry could not be clearly
definedvand the tentative assighments of their partial
stereochemistry»was reached after'further transforma-

tions and will be dlscussed 1n an apprOprlate later

%.stage

'.Not totally unexpectedly, catalytlc hydrogena—
tion of 39a and 39b‘caused some dlfflcultles by V1rtue
of the presence ‘of 'sul fur atoms. This element is
““known to have noxlous character toward catalyst .
;Attempted hydrogenatlon of 39a even by the use of the
same amount (by welght) of 5% Pd/c for example, gave
‘rlse to no traces of . the desrrable product but comolete
‘recovery of the startlng materlal . This problem was

°

"c1rcumvented by 1ncrea51ng the quantlty of the catalyst
' usedm. A ten°fold excess by weight was found to be both
"economical” and effectlve. Thus_olef1n.39a uponvhydrof

lgehatioh gave_ln'a yreld”of 89%ya-sing1e product whose

It should be. polnted out agaln that thelr precursor 38
was a mixture containing at least three stere01somers.
Under the Wittig reaction conditions, . eplmerlzatlon 1n
partlcular at C—l was, however, pOSSLble.‘. » e



spectral data were in full agreement with structure
40. Two additional stercoisomers of 40 were obtained
in a total yield of 69% when 39b was subjected to
hydrogenatidh; Their ratio was approximately 5:4 based
on the relative intensities of tWo ester singlets

(6 3.60 and 3.59), two thioketal singlets (8§ 3.18 and
3.16) and two methyl doublets (8 0.95 and 0.92).

A fourth isomer of 40 was obtained from 38 by
an alternative route. Treatment of 38 with methoxy-
methylenetriphenxlphOSphorane pPrepared in situ from
methoxymethyltrlphenylphosphon1um chlorlde and methyl-

35

sulflnylcarbanlon resulted in a 91% yield of two

enol ethers of 41. The predomlnant 1somer was obtalned
}in.pure form v Its ir spectrum dlsplayed the ester .

' absorptlon band at 1725 cm } and the double bond absorp—
t10n band at 1665 cm l. -In the nmr spectrum, a4 multiplet
appeared at 6 5 85 for the v1ny11c proton.' The two
methyls both as 51nglets at [ 3 69 (enol ether) and
3.58 (ester) and a thloketal multlplet at § 3.20 were

“also observed. On treatment with an ethereal solutiong

saturated with perchlorlc ac1d at roohm. temperature,' i

enol ethers 41 were hydrolyzed smoothly to glve a'96%

-“.yleld of a mlxture con51st1ng of at least two . dlastereo-
‘:mers of aldehyde 42 as 1nd1cated by the nmr spectrum

jshow1ng two doublets at S 9. 64 and 9. 58ﬁfor the aldehydlc’

'proton and two methyl sxnglets at § 3.68 and 3 67 The:

5

(ﬁ



'absorptlon band at 1735 cm

major-isomer'isolated'in‘pure:form by crystallization
from chloroform—ether showed, 1n addltlon to the ester.

1 the characterlstlc -

-aldehyde absorptlon bands at 2820, 2715 and 1720 cm -1
in the 1nfrared spectrum : Its nmr Spectrum dlsplayed
‘an aldehydnc doublet at 6 9 62, a methyl S1nglet at
'6 3. 666and.a multlplet at 6 3. 22 for the thloketal ‘
E_methylene protons. A molecular 1on peak appearlng ;n

'the mass spectrum at 314 10099 was con51stent w1th the

o

molecular formula of clSH 2O SZ‘ , ~;' B v

Attempted Wolff—Kashner redtctlon of aldehydesﬂ-b

42 was found‘to be compllcated due to the 1nstab111tyff

;of the thloketal group towards strong base, 1 e.,
ipota531um hydrox1de., Albelt 1n low yleld (37%), the '

.rsde31rable cbnver51on of the aldehyde grOup 1nto a

methyl was achleved by the use of Clemmensen reactlon '
7 - . .

,under the modlfled condltlons.asj Treatment of 42 (1n‘_
dnthe form of a dlastereomerlc mlxture) w1th actlvated
~'21nc powder and a. solutlon of ether saturated w1th drym';
‘ ahydrogenfchlorlde gave rlse to a mlxture of products,1

:t‘only one of them was found to possess the desrred

strucuure 40.v The 1r\spectrum showed the absorptlon'

..band for the ester carbonyl at 1720 cm - and the com—JYV
- plete absence of those of the aldehyde group and the
'_mass spectrum dlsplayed a molecula; ion peak at 300 12162 'f

‘for a molecular comp051tlon of C15H24 2 2.4 In the nm?:f’

Fool
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~ 34.
l.dsoectrum; the two'methjls.resonatedaatfaié 65-and'0‘95.
as a SLnglet and a. doublet‘respectlvely and the four.'fd
thloketal protons appeared as a multlplet centered at
“_;6 3. 18.v These spectral data were con51stent w1th the
'structural assmgnment. ‘Furthermore, a comparlson of -t,hAQf]‘:

Alts spectral data w1th those of the three 1somers of

40 obtalned prev1ously (v1de sugra),»showed subtle but»

'deflnlte dlfferences suggestlng strongly thelr dlastereo—' : '
,fmerlc relatlonshlp. g ﬂ,'d':Ajlfd:.?‘rﬁ_'V _ld%,

Hav1ng four chlral.centers 1n the molecule, a;;”
ftotal of elght dlastereOmers of 40 are posslble*" In

7;add1tlon to the conformatlonal non- rlgldlty of the‘«‘-

seven-membered rlng, the stereochemlcal a551gnments of

'7[ the four 1somers obtalned are - further compllcated by

”t,fthe fact that the stablllty of hydroazulene systems 1n,”

'terms of the stereochemlstry of the rlng juncture 1s

‘:extremely senS1t1ve to the substltutlon pattern and

"1”there is a lack of adequate models for comparlson.‘fln—-’

.:f‘formatlon presently avallable does not warrant concrete:“'

: }a551gnments to thelr stereochemlstry and tentatlve

yiones were made On the ba51s of the follow1ng cons lderaf"
,tlons.v’ 4

‘-.‘1

To fa0111tate the 1scuss1on, the transformatlonS»

""."

of keto esters 38 to ésters 40 are further summarlzed

<ﬁ

as follows.f Reactlon of 38 (con51st1ng of at least

three 1somers) w1th methy1enetr1pheny1§hosphorane gave
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) two methylene derlvatlves, one of Whlch (mlnor 1somer)

‘.Fupon catalytlc hydrogenatlon gave rlse to a. 51ngle

1somer of 40 whereas the other afforded two addltlonal

'1somers 1n approx1mately equal amounts under ‘the same‘

‘reductlon condltlons. On the other hand, Wlttlg re-

".actlon of 38 u51ng methoxymethylenetrlphenylphosphorane

}1,followed by the ac1d hydroly51s of the resultlng methoxy—'

ﬁﬁfmethYIene derlvatlves resulted 1n the formatlon of at

"least two aldehydes 42 whose reductlon under modlfled

VClemmensen react;on condltlons gave rlse to the fourth

h‘lsomer of 40.; Wlth the presence of thrée assymmetrlc

AY

v*;centers, 38 can p0551bly ex1st, w1th respect to the

"'carbOnyl Was most llkely belng 1nvolved. _On_thls‘aSSumﬁe =

1and C—7 hydrOgen atom belng elther c1s or transﬂ

’ fact that from three 1somer1c keto esters 38, on

* .
*relatlve stereochemlstry of C 6~—C 7 ahd C-7——C—l » in.
‘;the follOW1ng dlastereomerlc forms.?-CLS(C—G——C—7)-

'r'trans(C 7—-C—1),'c1s—c1s, trans c1s, and trans trans.

'.The four theoretlcal stereo1somers can be further =

‘flelded lnto two serles Wlth the 'C-6 carbomethoxyl group

'methylene derlvatlves were produced strongly suggested
'jthat an eplmerlzatlon process had taken place durlng

’ the reactlon and under rather mlld condltlons,-of the

three chlral centers, the one adjacent to the ketone

For all the synthetlc materlal, IUPAC'nuhberin§_systemw_
i used.‘g, L : TP TSR TR T S P
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tfon,]a‘croSSioter between ‘the two series is not per—4-
missible. As-a”result, two methylene derlvatlves must
‘belong-terach serles posse551ng opp051te relatlve -
stereochemlstry at C—6 and C 7, 1 e., ‘one . c1s and the

"other trans.» Furthermore, an examlnatlon of the

>-Dre1d1ng model reveals that, of. the’ four p0551b1e dlaﬁ

-stereomers of the Wlttlg reactlon product whOSe expectedly v

‘Rmost stable conformatlons (max1mum number of equatorlal
substltuents and least amount of torsxonal and angular
'fstralns) are deplcted as shown 1n stereoformulas 39c

‘(trans—c1s), 39d (trans trans), 39e (c1s c15) and 39f

(c1s—trans),,the two c1s-fused compounds, 39c and 39e,

36.

"have con51derab1e sterlc dlscrepancy around thelr methylene-f'

”\

xfhgroup W1th the front 51de (c15 to the rlng juncture

tr’hydrogens) belng much 1ess hlndered than the back -Hence,i

) 1n each case the catalytlc hydrogenatlon ;s expected to
_';proceed in a hlghly stereoselectlve manner glv1ng a pre- o
fdomlnant product, p0531b1y to an exclusmve extent.,ion”'

f'the other hand, 1n the cases of the/trans fused compounds,

V'_f39d and 39f both sxdes (top and bottom) of the double

"fgbond are shown to be more or 1ess equally exposedykpf

AThelr hydrogenatlon are thus expected to result in: the _

2jformat10n of, in each case, a. palr of eplmers. Con-‘

[

‘~sequently, the 1solatlon of a 51ng1e compound@from the

ishydrogenatlon of_the;mlnorgWLtt;g;react;on productfree

' quires its partial stereochemistry as shown in 39a and.
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that ©of -the hydrogenatlon product 40a as a result of
the addltlon of the hydrogen molecule from 1ts 1ess
‘ hlndered face. Slmllarly, the major lsomer from thew
-:VWlttlg reactlon must possess stereochemlcal formula‘
h.‘of 39b and 1ts hydrogenation products must be a
:palr of C—2 eplmers 40b and 40c5 FurthermOre, 39a :

'tand 39b must have opp051te stereochemlstry at C-6

:tentathEI asSlgned as shown 1n formula 40d “on the
jpfollow1ng,groundsf» Its nmr. spectrum was found to’

closeiy reSemhle that of-40a. For 1nstance, both

'“showed a multlplet for the thloketal grouplng and the_"

‘5absence of any 51gnals at 5 2 4= 2 8 reglon.- The re—‘“

if;markable 51m11ar1ty of thelr nmr spectra suggested

an 1dent1cal stereochemlcal arrangement of thelr rlng’

bjunctures as a major change of the geometry of the_l

’molecule should result 1n a marked dlfferenCe ‘of the

- electronlc env1ronment of thelr prbtons and consequently, :
,?}of thelr nmr 51gnals. Thls was further ev1dent from:‘

"fthe fact that in the nmr Spectrum of the two trans—

e -

lfused compounds 40b and 40c the thloketal—methylenes o

' appeared in both cases as - ‘a 51ng1et and a two—proton

f‘multlplet was apparent at 6 2 75 reglon._ Hav1ng the '

’-'rlng Juncture of 40d ass;gned as c15, it remalns to‘fj'

_r.
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”f.atom, the cis form is con51dered to be more stable.~

”H-The dlfference 1n'stab111ty between the c1s and the.

- 40.
dlSCUSS its stereochemlstry at c-2. lt»is noted'that
regardless of the relatlve stereochemlstry of Cr6. and <L

C-7, of the two possxble stereochemlcal arrangements-1

.w1th respect to the C-2 methyl and the C—l hydrogen‘

trans arrangements were dlsclosed by examlnlng the
'.Dreldlng models._ In splte of the fact that the mole—v"

cules have no marked dlfferences in tﬁelr geometry

. 2
-

.iby v1rtue of the 1dentlcal ring- fu51ons, the c15
.arrangement galns add1t10na1 equatorlal substltuents
on the cycloheptane rlng.- In case that C—G and Cc- 7
ﬂ:are c1s, all four substltuents (cyclopentane rlng
'falso belng taken 1nto account) can achleve an- equa—
Htorlal orlentatlon 1n the c1s form, whereas in the form | .
?,of trans ‘one of them must exlst ln an ax1al p051t3,on.."'~
:If C—G and C—7 are trans, the c1s form allows a total
of three equatorlal carbon—carbon bonds and the trans-“
Fallows two.“ Furthermore, 51nce prlor to the generatlon -
“of the. methyl group, the chlral center of C—2 was epl-l‘
I:’merlzable and sxnce the reactlons were carrled under

‘s

athermodynamlcally controlled condltlons, it is’ loglcal g[ wa

‘};ito a551gn the resultlng compound in the more stable

form It should be noted that two 1somer1c esters 39a
gand 39b were obtalned from keto ester 38 The Wlttlg
‘ghreactlon of the latter w1th methoxymethylenetrlphenyl-'f

e e . . . - Ta



‘phosphorane under SLmllar condltlons should also pro-
duce at least two ‘isomers of ester 41 w1thout regardlng
{the 90551b1e geometrlc lsomerlsm due to the newly 1n—'
3 troduced double bond Subsequent transformatlons of.

]41 should. then glve rlse to, be51des 40d, ‘at least

‘-another d;astereomer.' ‘In fact both 41 and. 1ts hydroly-,

~s{; product, aldehyde 42 ‘were shown spectroscoplcally
-to contaln at least two 1somers. That the expected
7add1t10na1 1somer of 40 was not detected could be due'

to that 1ts élrect precursor, i e., one xsomer-ofu‘

N

aldehyde 42 took a. d;fferent course durlng the s

Clemmensen reductlon reactlon. ~",' .h' Y

The above stereochemlcal a551gnments were made N

malnly on the ba51s of theoretlcal conSIderatlons.
;:Experlmentally, it leaves much to be de51red. hIt_
h_should be noted that, thghgh the stereochemlstry of 40.
'“lls rather complex,-only the relatlve stereochemlcal »
“arrangement of C l and c~ 2 is of spec1al 51gn1f1cance'
“w1th regard to the target molecule 21erone (1).. A |

.

.
possxble approach to ascertaln the relatlve stereo— _—

.\\(~

i

‘fichemlstry of’ these two cru01al centers of the four
'.esters 40a—40d 1s to sxmpllfy thelr stereochemlstry byt

‘;HxntrOduclng a doublenhond‘between thelr c—6.and ¢-7_ |
-Hcarb;ns}'thus"ﬁaking‘thehstereochemical assignhent‘a'

'much ea51er task Meanwhlle, a molecule such as 43 _

'gls potentlally useful as an 1ntermed1ate toward the

.41,



m‘total synthe51s of 21erone (l)., Its conver51on to 1
bfcould be concelvably achleved 1n two steps as deplcted
“ln Scheme IV. Téwards thls end,’ 40a, a mlxture of 40b
and 400, -and 40d were hydrolyzed with mercuric chlarlde
‘and mercurlc ox1de 1n aqueous methanol to glve the
correspondlng keto esters 44a-44d. ‘Subsequent 1ncorpora—
‘tlon of the deSLred double bond was attempted on
:44d. Bromlnatlon w1th pyrldlnlum bromlde perbromlde -

in glac1al acetlc ac1d followed by dehydrobromlnatlon

of the resultlng mlxture of bromldes, however, gave .

ri
a8 i

se to malnly 45 and three other compounds 46 47 and
48 in minor quantltles but no traces of the deslred
'"product.'

As a consequence of the above flndlngs, it was .
Eu;dec1ded to conflrm the stereochemlstry of C-1: and C 2

(fﬁ a later approprlate stage and to broceed w1th the syn-

:~the51s in such a manner that the two' renalnlng substlt—--f'

]uents and the needed functlonalltles would he 1ncor—

N

,“porated sequentlally. As the remalnlng carbon substlt—

dluents are concerned, there are two alternatlves by whlch

the ex;stlng functlonalltles can be modlfled, elther’*
f~u51ng compound 40 dlrectly to flrst lntroducg the 1so—
"propylldene group or . hydrolyzxng the thloketal group in-.

{advance to fac111tate the lncorporatlon of a methyl

. . ‘ o , : o
Other methods for achleving this goal are presently .
belng studled.f. . : S ST e
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unit. The former route.was followed. " Upon treat-
ment of 40 with methyllithium at room temperature for
3.5 hr, a‘Bé% yield of ig was obtained. An absorption
band in  the ir.spectrum at 1705 cm ! was indicative

of the presence of\a ketone carbonyl whereas the nmr

'spectrum showed a multlplet at § 3.21 for the thlo—

ketal protons, two singlets'at § 2 24 and 2 10 for a
total of three acetyl protons and a doublet at 0.94

w1th a coupllng constant of 6 Hz for the methyl group.

- The molecular ion. peak at 284.12677 further confirmed °

the assigned structure._ o . »

~ The thloketal protectlng group was subsequently .

——e

nhydrolyzed by reactlng 49 w1th mercuric chlorlde in

aqueous acetonltrlle. Purlflcat&@h of the resultlng

product by preparatlvé tlc gave a;rﬂ% yleld of 50

o

. E )m L

'whose lr spectrum exhlolted absqz?ﬁgwn bands at 1740

and 1710 cm 1 for the two ketone carbonyls. The nmr
V
.m : .
spectrum showed a 51nglet at ¢ 2 09 and a. doublet at

@

- 6.0. 98 for the two methyls. The maSS‘spectrum dls—'

played ‘a mulecular 1on peak at 208 1462 in agreement-
with the structure deplcted 7 :
| An eff1c1ent constructlon of the parent rlng

skeleton of zlerone (l) and 1ts C—lo methyl substltuent

:represents the current advance in our synthetlc studles.a

Efforts are. belng made to further transform the properly -

e

located functlonalltles of the synthetlc lntermedlates,

O



'40~ana 50'>to the remalnlng dlenone system of the

EE)

target molecule in order to complete its synthe51s.

[
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‘& " . EXPERIMENTAL

General
‘ ‘ Mass spectra were recorded on A E I MS—SOHV
"Mé—lé VMS -9 and MS- 2. mass . speotrometers. Infrared _—
'(1r) spectra were obtalned u51ng a Perkln—Elmer Model
457 and 337 spectrophotometersg Nuclear magnetlc
.'resonance (nmr) spectra were recorded on Varlan A—60
.190 MHz Perkln-Elmer 32 and HR—lOO spectrometers."
"Unless otherw1se stated, carbon tetrachlorlde wasv45l
‘hemployed as the soLvent and tetramethy1511ane as in-
‘,ternal standard._ The follow1ng abbrev1at1ons ‘are 7
a?hused 1n the text.“s = s;nglet,.d % doublet,«t =,'}
~ftr1plet, q = quartet and m = multlplet.‘ Elemental
,Manalyses were performed by the mlcroanaiytlcal )
ilaboratory of thls department. Gas chromatographlc

"‘_(glc) analyses were performed on an Aerograph A—90—3_e

f:P -3 w1th a column of 15% SE 30 on Chromosorb W
a;Materlal

G-

2 Cyclopenten l—one was prepared from a mlxture5
v‘fof 3 4- and 3,5~ cyclopentenedlol (Research Organlc/
uf"Inorganlc Chemlcal Corp ) accordlng to the known::;
;T}Procedure.37;1?—CarbomethOXYCYclopentanone was pre-

Qi;pared by Dleckmann condensatlon of dlmethyladlpate38'"
;ifwhlch was obtalnediu&om adgplc ac1d accordlng t0»s;:x
Jithe regorted prode&nre.?? Kleselgel was used as ad—.'

4 i~ e

‘?fsorbant for cglumn chromatograPhY-ﬂf.

: LA s T



‘"vform (3 X 200 ml) and the chloroform solutlon was

o

'u_1-Acetoxyjz—carhomethoxycyoiopentene”(23).

~.

- At 0°C, to a solutlon of 2 carbomethoxycyclo-
| ”_pentanone (276 1 g9 2.04 mol) 1n pyrldlne (323 1 g, ‘

Y4, 09 mol) acetyl chlorlde (240 8 g, 3. 07 mol) was
) A

added dropw1se over-a perlod of 1 hr. The reactlon‘ d”

:'mlxture ‘was . stlrred at room temperature under a

nltrogen atmosphere overnlght. After coollng to 0°C,_.g

ether (500 ml)- was added and the resultlng mlxture

was°f11tered.; The flltrate was ac1d1f1ed w1th 10%

Vi

: sulfurio-acid. The ether tﬁ“was separated and-
f:washed w1th saturated aqueous sodlum chlorlde. The-f

V-comblned aqueous solutlon was extracted w1th chloro—‘

o W\
*. ‘washed w1th saturated aqueous sodlum chlorlde.__The:

‘.forganlc solutlons were: comblned, drled over magneéu'

rvxng 320 1 g (85% yleld) of l acetoxy—p—carbo—f
methoxycyclopen ene (23) 1rf(neat).17$0:(enol“‘
acetate), 1725 t\\ter) and 16651cm;; (C=é), nmr 6 3 63
'f( 3H,_-coocn ) and 2. 30 (s, 3H, cn3coo-x-

f 7—Acetoxy—l-carbomethoxytrlcyclo[5 3.0. 02 ]decan 3—‘

hsulfate, flltered and dlstllled at 72 75°C/0 5 mm,n‘

-

]—.

ione (22) and 1—Acetoxy— —carbomethoxytrlcyclo[S 3 0.0°

decan—3—one (30) if

"_;rhe apparatus used'forlthe photocycloaddition .

S

S
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.1s‘shown dlagramatlcally 1n Flg. 1.“‘2-Cyclopenten—“'
':_l—one (16 8 é, 0. 21 mol) and l acetoxy—2 carbomethoxy—
'cyclopentene (23) (663 8. g, 3.60 mol) were. placed in
.the reacg}on-vessel.' The solutlon was dlluted w1th |

‘one llter of benzene and a c0nstant and moderate
‘flow of dry nltrogen was malntalned to agltate the

'solutlon throughout the. reactlon perlod. Shortly -

after fllllng up the Dewar flask w1th crushed ice and :

2O the solutlon was, 1rrad1ated w1th a 450 W Hanov1az
';hlgh-pressure quartz mercury—vapor lamp usmng a pyrex»
'fllter for 24 hr durlng whlch tlme the progress of
"f:the reactlon.was monltored by gas chromatographlc

~ana1y51s of the allquot of the reactlon mlxture,_
‘About 15% of the startlng enone‘was left after the-
Lflrst 1rrad1at10n and 14 07 g (0 17 mol) of 2 cyclo—
-:penten—l-one was added. The reactlon mlxture was

-agaln 1rrad1ated for 24 hr." The whole process was

Hrepeated flve tlmes more u51ng the follow1ng amounts

?@of the enone?f 13 73 g (O 17 mol); 11 81 g (0 15 mol),_ S

'?)

- 1r_54 g (o 14 mol), 10. 57 g (0 13 mol) and 10 11 g

‘(0 12 mol) The solvent was removed under rednced
'ﬂtpressure (asplrator) and the excess olefln (23) was :
.?recovered by dlstlllatlon at 74°C/0 5 mm. The v1scous
f_011y reSLdue was chromatographed u51ng a solutlon of
’hFZ% ether 1n benzene to glve ‘a mlxture of 22 and 30 |
-1

‘(247 75 g, 86%" yleld) ir (neat) 1740 cm” (ketone '

50.
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and esters), nmr § 3.56 and 3.53 (both s, tota1‘3H}
~~coocH,, 3)s 1.90 and 1.85 (both s, total 3H} CH3C00- ),._,]-7

mass spectrum M 266 1151 (Calcd for: C14H18 57 266 1154).

‘7—Acetoxy l—carbomethoxy 3—ethy1ened1th1otr1cyclo-‘

2 6,

' [5 3 0 0 ]decane (31) and l—Acetoxy-? carbomethoxy-'

qfethylehedithiotricyclo[5;3.010?'u}decane (32).

[N {

To a solutlon Of 22 and 30 (ll 7 g, 44. 0 mmol)‘
‘ﬁln 1, 2-ethaned1thlol (58 ml, 69 mmol) was added boron
turtrlfluorlde etherate (5 8 ml).~ After stlrrlng at ‘
droom temperature for 4 hr (reactlon monltored by tlc),
:the reactlon mlxture was poured 1nto 1ce cold 4N NaOH R
(ﬂo ml{\and extracted w1th chloroform (3 x 100 ml) |
.-The comblned organlc solutlon was washed w1th 100 ml'
each of 4N*Na0H,~water and saturated sodlum chlorlde_
Hsolutlon,.drled (MgSO4) and flltered. Concentratlondd:‘
'g’of the flltrat furnlshed a yellow 011 whlch was’ :
;ypurlfled by co mn chromatography. Elutlon w1th
: benzene gave 8. 2 g (55% yleld) of 31.ufmap. 84- 86°C
*tt(upon subllmatlon at. 80- 90°/o 1 mm); ir (cnc1 ) 1740}'
e (esters), nmr- 6 3.60 (s, 3H, —cooan),'z 2o (spf
57f4n, scnzcazs ), 2. 04 and 1. 93 (both s,.total 3H,
rc!cH3C00-), mass spectrum M 342 0959 (lecd for -
"-;c16H2204sz, 342.0959) . ’i | '.: R I
- ’ Anal Calcd for C16H2204 23?dz c);sstié?dﬁ.\§-47;

A S



53,
- . » "“
S, 18. 72;‘ Foundé C, 56.56; H, 6. 40; S, 18.61.
| . Further elutlon w1th benzene gave 2 0 g (13%

yleld) of 32- m pP- 91 93°C (ether), ir (CHCl ) 1740
=1

fﬁcm (esters), nmr 3 3 64 (s,VBH, —COOCH ), 3 30 (s,

*Itrum.‘iM; 342 0962 (Calcd for c

ij 4H, SCH CHZS ) and l 93 (s, 3H, CH3COO )y mass spec-:‘

= H 32
16722 4 2

c, 56.12; H,

342 0959) .
32,

| ' Anal Calcd for C16 220 t 274t -

,6 47 s, 18. 72." Found‘ 'Cc, 56.14; H, 6;45;_5,'18.18. 3

.(‘

7—Acetoxy-l—carbomethoxytrlcyclo[5 3. 0 02 6]decan—3-” f-

~ one (22a and 22b) and 1-Acetoxy—7 carbomethoxytr1c¥9lo=('tA'
. — ————~ .

= [5,3.0.0». Jdecan—3—one (30)

To a solutlon of 31 (205 mg, ‘0. 60 mmol) 1n
methanol—H 0 (10 1,.38 ml) was added mercurlc chlorlde
'f(437 mg, 1 61 mmol) and mercurlc oxlde (349 mg, 1. 61

mmol).' After stlrrlng for 24 hr at room temperature i.e;"

lk under a nitrogen atmosphere, the reactlon mlxture was

"karylng (MgSO4),;f11tratlon and concentratlon gave a

refluxed for. 1 hr. The mixture‘was flltered and the ip
‘flltrate dlluted w1th water.v It was extracted thh?
fether (3 X 40 md), washed w1th.ammon1um acetate andf

1dsaturated sodlum chlorlde solutlon (50 ml each).f;mL

:“.;01ly product whlch was- purlfled by column chromatog7jpf4h

”}raphy u51ng benzene as. eluent to glve 115 mg.: (72%
1jly1e1d) of 22a and 22p: ir (cnc13) 1740 cm 1-(estersf7;«s3~' °

*ik?,dﬁj\tjﬁj;u,_ii:ﬁ-a' : jif f;_ fp"-,-, ;323,{'
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-

and”ketone);'nmr & 3.60 and 3. 59 (both S, total 3H,

3COO )i

mass spectrum.M 266 1145 (Calcd for C14 18 51 266 1154)

iA4coocn % 1.39 and 1.94 (both s, total 3H, CH

Under the same condltlons, 32 (186 mg) 0 54 mmol) gave.
55 mg (38% yield) of 30. ir (cnc1f) 1740 cm.l (ketone
and esters); nmr. § 3.60. (s, 3, -COOCH ), 3.0 (4, -

,lH J = 10 Hz, —COéH ) and l 98 (s, 3H, CH3COO-), mass(;
:spectrum M 266.1145 (Calcd for C14H18 5, 266.1154).

-DimeriC'compouhd‘(ggy,-Secarbomethoxyflo¥(l‘,4'r

hdiéhiabu£Y1)bi¢yclo[5:3;b]aecen41'1°bz-ohe'(34);u6-;

ncarbomethoxy—lo (l',4'-dlthlapentyl)blcyclo[s 3 0]—;

Al 10'

.ddecen -2-one (35) and 6 carbomethoxy-lo ethylene—'ﬁ

» dlthloblcyc10[5 3. O]decan —-2-one (36)

- _ At 0°C, to a solutlon of ester 32 (277 mg, -
0. 81 mmol) in- methanol (8 ml) 4N NaOH (4 ml) was

added.v The resultlng solutlon, after stlrrlng at

v room temperature under an atmosphere of nltrogen over—

:'nlght, was dlluted w1th water (20 ml) - and extracted
f“w1th chloroform (4 x 30 ml)._ The usual work—up of the

}extract gave 54 mg (23%) of 33. 1r (CHCl3) 1725 (ester)
tland 1640 cm ; (enone),'nmr 6 3 7 (s,‘6H, ZX—COOCH ),,if
"r3 3 (m, 2n, 2x-éH-) “and 3. o (s, 4H, scnzcnzs—), mass
stpectrum M ’506 1785 (Calcd for C26H340 sz, 506 l797)5ﬂ

vThe aqueous solutlon was ac1d1f1ed W1th IN Hcl and

54.
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i

extracted w1th chloroform (4 x 30 ml) . The.chloro—
form solutlon after washing w1th water, drying (MéSO4),
'flltratlon and evaporatlon -gave an ac1dlc material
.(220'mg, 0. 77meol) Wthh was dlssolved in acetone
(20 ml).,iTo.thls solutlon, potassium carbonate,(300.
mg, 2.2 mmol)-‘.‘wa's ad’ded ‘and Jaf‘ter sti'rr'i'ng fer 1 hr =~
at room temperature under a nltrogen atmosphere, methyl
.lodlde (2 ml, 32. 1 mmol) was 1ntroduced. The resultlng'
.mlxture after stlrrlng for 16 hr was poured into
;;water and extracted w1th chloroform (4 x 30 ml) The -
extract after- work hp 1n the usual manner gave an 011
'-whlch was subjected to column‘chromatography._ Elutlon o
w1th benzene gave in order of 1ncrea51ng polarlty the
follow1ng compound5°“keto—ester 36 [32 mg (14% yleldi
Afrom 32)]*w ir (CHC13) 1725 cm -1 .and 1705 cm l (ester -
and ketone),tnmr s 3.60 (s,.3H,'—COOCH3) and 3.18 (s,
-'-QH, SCHZCHZS—), mass spectrum, M'*T 300; enone 35 y
(24 mg, 10% yleld)f 1r (CHC13) 1725 (ester) and 1635
;icmfl (a,B—unsaturated ketone), nmr (CDC13) S 3 70 (s,
- 3H, —COOCH3) and 2 17 (s, 3H, -SCH3); mass. spectrum N
| u" 314, 1002 (Calcd for c15H2203s232,.;314 1011); ‘enone
- 34 (45 mg, 20% yleld)." ir (CHCl ) 1725 (ester) and
_1635:cm d (a,B-unsaturated ketone). nmr (CDC13) 6 3 70"
vi.(- r3ﬁ, -COOCH3); mass spectrum Mt 300;086§1(Qalcd forff
| 14“20 3 23 » 300. 0855)° S



) .6 Carbomethoxy— -ethylenedlthloblcyclo[s 3. 0]decan-m

-h“2 -one (38)

’Method A
To a chllled solutlon (0°C) of 31 (7. 4 g, 21 7

mmol) in methanol (60 ml) was added an NabH (30 ml).

| fAfter stlrrlng at room temperature under a nltrogen

»‘atmosphere overnlght the reactlon mlxture was poured
~.into water and extracted w1th chloroform (4 x 50 ml).-
:i The comblned organlc layer was washed w1th water,
idrled (MgSO4), flltered and concentrated. The crude
product was. crystalllzed from ether to glve 2 O g (30%
yleld) of 38._ The aqueous layer was ac1d1f1ed w1th S
“2N HCl 'to pH 1 and extracted,ﬂ%th chloroform (4 X 50
ml). The chloroform solutlon after the usual- work—

up gave 3.5 g ( 56% yleld) of the acldlc product whlch
fw1thout purlflcatlon was dlssolved 1n acetone (58 ml).,
hTQ thls solutlon, anhydrous pota851um carbonate (3 5 g,
f25 7 mmol) was added. The reactlon mlxture was |

' stlrred at room temperature for l hr under a nltrogen-pl

r"~atmosphere and methyl 1od1de (3 2 ml, 51.4 mmol) was

rlntroduced._ Stlrrlng was contlnued for 16 hr and the
t,resultlng mlxture was workedrupxln the usual manner to
glve an 011 whlch was subjected to column chromatog-.

'fraphy u51ng benzene as eluent. The materlal thus

“vobtalned ‘was crystalllzed from ether to glve ad‘;:lonal

3_1 3 g of 38 (total 53% y:l.eld from 31) The crys_tall;ne R

;

56.



> keto ester'gg, m.p; 88—§0°C showed‘the‘following
'spectral data-,‘lr (CHCl 3) 1725 (ester) and 1700 cm~ L
;(ketone), nmr 8 3 66, 3.62 and 3.57 (all s,‘total 3H,
-cooca3),-3,25 (s 4H,;—SC52CH S-); mass_spectrum :
M" 300.0848 (Calcd for C,H, 048 32;.300,0855).
: Anal. Calcd for Ci4H 20O S c, 55.97;:H

6.71; S, 21.35. Found: C, 56.22; H, 6.77; S, 21.38.

'Methoa B." _
| f, To a. solutlon of sodlum methox1de 1n methanol
(prepared by addltlon of 420 mg (18 3 gA——atom) of
sodlum to 90 ml of methanol), was added dropw15e a -
solutlon of ester 31 (l 56 g, 4 56 mmol) 1n 10 ml of. !-h

n?methanol. “The reactlon mlxture was stlrred -at room- |
temperature under a nltrogen atmosPhere for 48 hr._
-Methanol was partlally removed under reduced pressw
.and the re81due was dlssolved 1n chloroform, washe

);w1th H 205 drled (MgSO ), flltered and concentrated.,i

- Column chromatography of the resultlng 011 u51ng a

'solutlon of 3% ether 1n benzene as eluent gave 719 mg: B

- 6—Carbomethoxyb1cyclo[5 3 O]deca—2 8-dlone (24a and 24b).,
AL From 22.;.. ,
Keto ester 22 (143 mg, o. 54 mmol) ‘was dls—3
j',solved 1n methanol (4 ml) ~and 4N NaOH (2 ml) ‘was. added.

';_After reflux1ng for 16 hr, the reactlon mlxture was’

e



’-f(llo mg, 0. 41 mmol) and mercurlc ox1de (90 mg, 0 41

‘_;ammonlum acetate and water (30 ml each), drled

58,

cooled to 0°C,.diluted with water,’washedvtwice'with
Chioroform and acidified with 1N HCl. Extraction with
dhloroform followed by the usual work-up of the extracts
,gave ‘an ac1d1c material’ (23 mg, 0.11 mmol) whlch

' w1thout purlflcatlon was dlssolved in aéetone«and
anhydrous pota551um carbonate (30 mg, 0.22 mmolf was.
added. The resultlng'mlxture was stlrred at room
":temperature under,a>nitrogendatﬁosphere for~1‘hruand,

methyl iodide (0 2'ml, 3”2 mmol)fwas introdudedQ‘ The-

£
}stlrrlng was contlnued for 16 hr and the resultlng

mlxture was worked up. in the usual manner to glve an .
oil- whlch ‘was . purlfled by column chromatography. The'
purlfled products 24a and. 24b (8 6 mg, "36% yield) were

found to be 1dent1cal wrth the authentlé\\amples.Bo-

B. From 3&~'”' ""'{ S 7'i'_h'_ .‘};'f R
~To a solutlon of 38 (50 mg,VO 17 mmol) in | »

- methanol—Hzo (10 1, 11 ml) ‘was added mercurlc chlorlde =

o

’”mmol). The reactlon mlxture was stlrred at roéom-
"temperature:ad?23 hr under a nltrogen atmosphere;a
L The mlxture was flltered and thecflltrate was dlluted
W1th water and extracted wmth methy;ene chlorlde Y

(3" X 40 ml). The organlc layer was washed w1th sat‘d.‘“

(MgSO4), evaporated and purlfled by preparat1Ve tlc X

[5111ca gel ether—benzene (l 3) elutlon] to glve

o

= f.\:": S



a mixture of 24a and 24b (32 mg, 84% yicld).

6-Carbohethoxy—g—ethylenedithio—z-methylenebicyclo—

o

[5.3.0]decane (39a) and (39b).

A 2Mpstdck'solution of methylsulfinyl carbanion?®
in dimethleulfoxide was prepared as followsﬁ ‘sodium |
- hydride (2. 4 g, 0.1 mol) was placed in-a nltrogen-
flushed three-necked flask and washed thrlce w1th
jskelly B. After traces of skelly B was removed in
vacuo, freshly dlstllled dlmethylsulfox1de was added
'and the mlxture was . heated at 70-75° for 40 ‘min or
' unt11 the evolutlon of hydrogen had ceased. Heatlng
was contlnued for an additlonal 10 min at 75-80°C.

To a solutlon of- methyltr:phenylphosphonlum
bromlde (l 9 g, 5.3 mmol) 1n dlmethylsulfox1de (11 ml),
the above stock solutlon of methylsulflnyl carbanlon
1n dlmethyisulfox1de (2 7 ml, 5 4 mmol) ‘was. added.'

After it was stlrred at room temperature for 10 min

"under a. nltrogen atmosphere, a solutlonaof keto ester

138 (321 mg, 1. l mmol) in dlmethylsulfox1de (8 ml) was"

‘ad‘ed 1n one portlon.i The reactlon mlxture was heated

s

A Extractlon w1th methylenechlorlde (4 x 30 ml) followed
“ by the usual work—up of the extracts gave an orly ?,

s

product whlch was purlfled by preparatlve tlc {5111ca

gel° ether—skelly B (l 4) elutlon]‘toeg\ve 39a (31 mg, .

Q

A TR RN R T

-
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“10% yleld) and 39b (192 mg, 60% yleld) 'TheSewéomponndsl‘

-showed the follow1ng spectral data.A 39a'\<1r (CHCl )

. 'g17zs (ester) z~a 1630 -cm™ (c-C), nmr 5 4. 82 @,

e <z Hz,.—CH ), 3 68 (s, 3H,:—COOCH ), 3. 23 (s, an,
”jf—scn CH s= ), 39b; iE (CHCl 3 1730 cm»l (ester) and |
't:1645 em” (C-C),_nmr 5 4. 89 (d 2H, J .= 8 Hz, _cn )i

EE

_A3 65 (s, 3H,_—cooc:H ), 3, 23 (s, 4H, ',—SCHZCH S~ )

':156 Carbomethoxy—B ethylenedlthlo 2—methylblcyclo[5 3 0]—

'decane (40a).: ' A AT

™

>"‘> L

| _;fj Ester 39a (19 mg, o 065 mmol) was dlssolved 1nfli T
;jethyl acetate (10 ml) and 5% Pd/C (193 mg) was added.
 The resuitlng mlxture was stlrred under an atmosphere.j_smf‘:;”
'Uiof hydrogen overnlght. The catalyst was flltered “
-tand the flltrate concentrated.A Column chromatography';;“i
Lifof the re51due u51ng benzene as. eluent gave\gg_ |

~(17 2 mg, 89% yleld)-; 1r (CHCl ) 1720 .cm- =1 (ester),,J .
| ’nmr 8 3 52 (s, 3H,» cooca3), 3 os (m, 4H,’-SCH2CH s )
‘;aand 0 98 (d 3H,}, 6 Hz,_—CHB); mass spectrum B

: . ’ 32 7 ,:
}jg‘M 300 1226 (Calcd for C15H240282 a 300 1218).r~~~

PR

”fﬁ —Carbomethoxy-8—ethylened1thlo 2 methylblcyclo[s 3 0]—5{

=
-

tdecane (40b and 40c)

0

Hydrogenatlon-of 39b (126 3 mg,fo 42 mmol) under

the same condltlons as above gave %Ob and 40c (88 2 mg,[»

.
£



R

‘Vf69% yleld)“w ir (CHCl ) 1725 em ;‘(ester), nme a 3 60 '

U 3.se (both s, total 3H,~—COOCH3), =3 18, 3, 16 (both s,f?5

Ldvtotal aH, -scu cn $-).'and 0.95 and 0.92 (2 d, 3H,

L 3=av =6 Hz,t-CH ),’mass spectrum,f@ 300 1237
’ 32 o

(Calcd for ClSH240282 A 300 1218).,f-@

.‘.“ .

:;6—Carbomethoxy 8-ethylened1th10—-~methoxyme‘ viene- -

'ﬁfblcYCIofs 3 0]de(:ane (41).

T TS

-

‘ To a stlrred suspenSLOn of methoxymethyltrlphenyl—‘

41

:?jphosphonlum chlor1de<- (3 05 g, 8 88 mmol) 1n dlmethyl-”

lésulfox1de (170 ml) was added 2M methylsulflnyl-wf~af

:twcarbanlon stock solutlon 4. 45 ml'7f The deep red mlr—d
'iﬁture was stlrred at room temperat&revzor.lo mln and
b)a solutlon of keto ester 38 (534 mg,»l 78 mmol) 1n'tﬁf
)stdlmethylSulfOXLde (17 ml) was added The reactlon‘z
.mlxture after stlrrlng at room temperature for~16 hr

3 was pbured lnto 1ce water and extracted w1th ether

3"(3 X 200 ml).v The comblned ether solutlon was washed"dﬁ'

{wlth water, drled (MgSO4), flltered and evaPOrated toijgf;:

' fdryness to glve an 011 whlch on,column chromatographyf‘f(?”

P’u51ng 60% ether in pentane as/eluent ylelded 41 (534
| g 91% y1eld)-filr (neat) 1725 (ester) and 1665 o’
‘ Q(C—C), é;r 6 5 85 (m, 1H v1ny11c proton) 3 69 (s,»

lrdli"”

'*33H, enol ether), 3 58 (s, 3H,f-cooca3) and 3. .20 (s, 4Hr

_SCH CHZS ) o > - e . ‘ ’ . i .e.‘) . .

61



S ac1d. After stlrrlng at room temperature fdr 16 hr,

A: 6 Carbomethoxy— -ethylenedlthloblcyclo[s 3. O]decane—

-_c,

Z—aldehyde (42). v"_157i‘-ﬂ :7

Compound 41 (534 mg, l 63 mmol) W@s dlSSOlved -

Dr‘“ln an ethereal solutlon saturated w1th perq@lorlc .

the reactlon mlxture was dlluted w1th water and ex—
<~tracted w1th chloroform (3 x 125 ml) The usual work-
up of the chloroform solutlon followed by column'
chromatography of the resultlng 011y product us1n§-a
solutlon of 33" ether 1n benzene as. eluent gave 42
(490 mg, 96% yleld from 41). m p : 83-84° (CHCl —ether),

;1r (cnc1 ) 2820, 2715 and 1720 em” l-(aldehyde) and

©1735 cm” (ester), nmr - (c00131 § 9.67 ana 9 58 (2 d, lH,sii

_J J"— 3 Hz,g—cHo), 3. 68 & 3. 67 (2 s, 3H —coocn3)
and 3. 22 (s, 4H,'-SCH Cst ) mass spectrum M 314 10099

32
(Calcd for c1532203s ,‘314 10104)

62.

32 Sl e T P
Anal Calcd for C15H22 3 2 .;‘“C,JSZ.22, 3,37.96,

20 39, ..gound; 56.97; H, 6,98}'s;f19.97;

v

6 Carbomethoxy—B ethylenedlthlo 2—methylb1

ey

'fi‘decane (40d) :5-7 5}ﬂﬂ;?l__ﬂr»u.’fﬂ?'”l‘-ﬂ »j;f;ﬁ”ff.}'

N

At 0°C, aldehyde 42 (250 mg, O 80 mmol) was

U; ] v T o

dlssolved 1n a solutlon of ether (125 ml) saturated w1th

dry hydrogen chlorlde and actlvated 21nc powder36

(12 gm; 0 l9 mol- prepared by stlrrlng Zinc dust 1n

o

’f’oj5;3;p1;4-‘



7 —CH )c mass s?ectrum M 300 12162 (Calcd for C15H240282 .f*f

lN HCl for 15 mln, washed w1th water, ethanO1 dry
acetone and dry ether, and heated at 90°C under’ re—:
duced pressure for 10 mln) was added slowly 1n portlons
over a 20 min perlod. After stlrrlng for an addltlonal

15 min the reactlon mlxture was. flltered and the

: flltrate was poured 1nto 1ce water -and extracted Wlth .

ether (3 X 100 ml) The ether solutlon was washed

) w1th water, drled (MgSO ) . flltered and concentrated,

.
o

Preparatlve tlc of the crude product u51ng a solutlon

of 35% ether 1n petroleum ether as eluent gave 40d

(89 mg, 37% y1eld) 'm. p.,84 86°C (ether) Car ‘Cﬁcls)r

1730 cm” -l (ester),_ nmr (CDCl ) 5 3.65 (s, 31, ~COOCHS), )

3 18, (m, 4H, —SCHZCH S-)- ‘and 0.95 (& 38, J =6 Hz,: o
32

300 12193)2

6-Carbomethoxy—2—methylb1cyclo[5 3 B]decan—é—one (44a)

To a solutlon of 40a (41 6 mg,_O 14 mmol) 1n

-’methanol—Hzo (10 l B 8 ml), was added mercurlc chlorlde'

(88 '8 mg, 0 33 mmol) and mercurlc ox1de (70 9 mg, 0 33

‘nmol),- The resultlng mlxture was - stlrred overnlght,'

'::filgefed, dlluted w1th water and extracted w1th ether

.,chlorlde, drled (Mgso4) and concentrated to glve an

"?(3 x'20'm1). 'The comblned ether solutlon was. washed

w1th ammonlum acetate and saturated aqueous sodlum e f;:“

011 whlch was purlfled by column chromatography.>
, ; _ A% :

PR




(‘~'1r (CHCl'? 1730 cm

" ‘ N . -'" N ) ’ N N [
. . _ o ‘ L .
Elutlon w1th benzene gave 44a (11 3 mg, 36%:yie1ay=
; (ketone and~ester), nmr 5 3. 58
l.

(s, 3H, -COOCH ) and o 92 (d, 3H, J = 6 Hz,

- —CH ), mass spectrum M .224. 14107 (Calcd for C13 20 37
224 14124)

Y

6 Carbomethoxy—Z—methylblcyclo[5 3 O]decan 2- one (44b

'..‘

i
)

:*The mlxture (40b and 40c) ;132‘hg,"0 44'mmel)

: was treated w1th mercurlc chlorlde (282 5 mg, 1/6%

"3mmol) and mercurlc ox1de (225 5, l 05 mmol) 1n the

same manner as: above ﬁe glve 44b and 44c (69 4 mg,,t
- 70% yleld) Whlch ‘ﬁowed the followxng spectral data: ‘_f

ir (CHCl ) 1725 cm'l

(ketone and ester)‘ nmr 6 3. 65~f7
'(_ 38, -coocn3) ‘and 0. 99 (a4, 31, 3 =6 Hz, —cH3);,

mass spectrum Mt 224 14086 (Calcd for C

um. 20 31
224. 14124).J_ | | ,
Anal Calcd for C13H2003 ‘~q, §956l5sH,V3i?9e]

e

e e v f

_:Found—‘ c, 69 40 ‘H, 8 99 a" -

EIEN

e‘76 Carbomethoxy—'—methylblcyclo[S 3. O]decan ~2- one (4 )

To a solutlon of 40d (398 mg, l 33 mmol) in.

rfmethanol—Hzo (10 1; L20 ml) was added mercurlc chlorlde

"n(l 13 gm,‘4,20 mmol) and mercurlc ox1de (900 mg, 4.20 ;'

”ﬂ'mmol).“ The'resultlng mlxture was stlrred for 3 hr, -

f;ltered;and>d;luted with water,f Extractlon w;th'

a



- 65,

-

'»Achloroform followed by the work-up of the chloroform'
‘solutlon in the usual manner gave an 011 whlch was"a
'-purlfled by preparatlve tle [5111ca gel, ether—pentane
(1:1) elution]. Compound 44d (68 mg, 23% yiela) ‘thus
: obtalned showed the follow1ng 8pectral data Cir (neat).
_ 1730 cm” -1 (ketone and ester) _nmr 5 3. 61 (s, 3H, |
A-l—COOCH3) and l 00 (d, 3H, U = 6 Hz,--CHB),’mass spec—

“trum: M 224 14107 (calcd for c 224.14124) .

138 20 3'-

6— Carbomethoxy-v-methylblcyclo[s 3 O]decenAl 7-8—one

(45),’7 bromo—6 carbomethoxy—n—methylblcyclo[s 3. 0]— '>'7

A9 lO

'fdecen -8 one (46)4 6 carbomethoxy-z—methylblcyclo—v

‘A9, 10"

f1[5 3 O]decen 8 One (47) and 6 carbomethoxy—Zi

'methylblcyclo[s 3 0]deca—2 7—d1ene 8—one (48)

" To a solutlon of keto ester 44d (68 mg, 0. 3'
mmol) 1n glaclal acetlc acad {7 ml),_was added pyrldln—,

“1um hydrobromlde perbromlde (135 mg, 1. 2 eq) and the

'*reactlon mlxture was stlrred at room temperature

‘under a nltrogen atmosphere for 1 5 hx or untll the

:3f_evolut10n of hydrogen bromlde gas had ceased .Thef

‘~m1xture was extracted w1th chloroform and the organlc

: L .

-,layer was washed w1th saturated solutlon of sodlum :i,,
_r:blcarbonate and lN hydrochlorlc ac1d drled (Mgso ) and m_ng

'*aevaporated v The crude product was refluxed w1th pyrl—

‘ldlne (7 ml) for 15 hr, extracted w1th chloroform,

'a»._



. 66.

“w

'_grwashed the organlc portlon w1th lN hydr0chlor1c ac;d
u?and after the usual work—up followed by purlflcatlonf

- by column chromatography us1ng benzene as eluent,A-F

"gave four products'; bromOenone 46 (10 mg,_ll% yleld)

"Aﬁlr (neat) 17360 (ester and ketone) and 1640'cm 1 (Céc);l
nmr-§7.78 (&, 1H, J = 1 Hz, -é-co ), 6. 74 (m; H,

av1nyl.proton), :éb (s, 3H, —COOCH3) and 1. 30 (d,. 3H,‘

‘Jhs 2. Hz, 9933), mass.’ sPectruva» = 302,'enone 47 (7>

’>f_m§¢ 11° y1¢1d)3 i (neat) 1730 (ester) 1705 (enone)

ffand(164o cm;- (C—C), nmr a 7.69 (m, 1H,'—c co ), 6. 21

1»(m;i1H, v1ny1 proton),.3 60 (s,’3H,_—COOCH3); 1.12 (d,l’

~f3H, l6 Hz, CH3) mass spectrum M 222-'enone 45 _

'1(17 mg, 26%)-~=1r (neat) 1730 cm ; (ester),.1690 (enone) B
andv1640 (C—C), nmr § 3.65 and 3.64 (both s, total 3H,_A_f7'
—coocn ), 1.24 ana 1 18 (both 4, total 3H,,J:= J —1"'

"f2 Hz,:—CH3), mass spectrum Mt 222 dlenone 48 (5 mg,

8% yield); it (neat) 1730 (ester), 1690 (enone) and

;:1600 Cm'l (dlene),'nmr s 6 17 (m, 1H, v1nyl proton),t-.-a;h-

. 3 63 (s,w3H,“—COOCH ) and 1 28 (s,»3H,n—CH ), mass

:VSPéctrum M 220.-"

Y

D 6¥Acetyl§8—ethYlénedithior2—méthy;biCyc%oIS,3;0}decane,f"
(3_51) o AR

To a solutlon of. 40 (244 mg; O 81 mmol) in -

LA

7qfanhydrous ether (L0 ml), was added methylllthlum (2. OGM,
Y &L
'>~2 ml 4 12 mmol).w The reactlon mlxture after stlrrlng

R




‘Qt208 1462 (Calcd for C

fat room temperature for 3.5 hr was cooled to 0°C and .

: 0. SN HCl (10 ml) was added Extractlon with- chloro—‘

:h"form (4 x 25 ml) followed by the usual work-up of the

'“_extracts gave an 011 whlch was su'!Ected to prepara-

‘tlve tlc [5111ca gel4 ether—pentane (l 2) elutlon] to-
glve 83 mg (36% yleld) of 49° ir (CHCl ) 1705 cm ; o

(ketone). nmr (CDCl ) 6 3. 21 (s, 4H," —SCHZ

2. 10 (both s, total 3H,.—COCH-)-and 0. 94. (d 3H J =

6 Hz, —CH3), mass spectrum M 284 12677 (Calcd for.

c 405, 32 . 584 12687) '
15 '_"_ 2 " .

.

2 6—Acety1 2—methylb1cyclo[5 3 O]decan 8—one (50)

Ketone 49 (140 mg, 0. 49 mmol) was dlssolved in h'vw”

xCH3CN—H O (3 1; 8 ml) and mercurlc chlorlde (420 mg, s

Tl 5 mmol) was added The reactlon mlxture was stlrred
Q'at room temperature for 20 hr.‘lThe resultlng mlxture
»was flltered and the - flltrate was dlluted w1th water _”
‘and extracted w1th chloroform.i The chloroform

',wsolutlon was washed w1th saturated ammonlum acetate,_’

%"

'"idrled over magne31um sulfate, flltered and concentrated.%r

‘ Preparatlve tlc (51llca gel) of the crude product w1th

Lo

’f{ ether—pentane (l 1) elutlon gave 55 mg (5&9 yleld) of

”_50- ‘ir (CHCl ) 1740 (flve—membered rlng ketone) and

1 (ketone) nmr (CDCl ) 6 2 09 (s, 3H,'—COCH3)_

*?1710 om’
’ffand 0 98 (3H d, J = 5 Hz, -CH3){ mass spectrum M

13 20 2, 208 1463)

CH S ), 2. 24,

67,
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