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.Estera gg;;»a.epotentfa' ;eCUrsor of fnkfnanolide'(1)

was synthe51zed Photocycloaddxtlon of enone 27, prepared 1n'“
'dthree ;steps from 3 4 d1methy1phenol (24) and‘v1nyl acetate_f
gave ‘@ m1xture of. dlastereomerlc keto acetates 28 wh1ch was

tfhydrolyzedVWTth\alkall; Thloketal formatlon of the resultlng

’f-alcohols 29 gave a mlxture'of dlastereomerlc ketal “alcohols'-j

o 30.t One 1somer Whlch was 1solated 1n pure form was . ox1d12ed o

o~

'7fto glve the pure ketone Ox1dat10n Aof‘ the; remalnlng

3la.
3

'«hlsomers afforded ketone, 1a and 1ts C 5 eplmer 31b Rlng_

ffexpan51on of ketone 31a w1th ethyl dlazoacetate .and boron

. b
4tr1fluor1de ' etherate gave th de51red keto ,esterf 32,

.reductlon of whlch afforded two 1somer1c alcohols 34 andﬁ7'

—

'34b 'h dehydratlon ‘of' the two alcohols 34a and 34b wastl.
'carrled out by mesylatlon followed by ellmlnatlon. :For'ﬂthed
fz:removal vof the thlbketal group,.the ester thus obtalned nasn‘
treated w1th W 2 Raney n1ckel to glve dlene ester §§A whlch_
'fWasg further hydrogenated to;g;vevakmlxtgre of;two'epermie,

4

.fzester5'23a and‘23b.~ .~.’,: ;,' j"\t
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CHAPTER I



- INTRODUCTION
F ‘ : fy. o

w K N

'-~1n5'1968- ‘frOmo~€he, flower.stalks of“wildibUtterburSy,

a,

: Peta51tes Japonlcus Maxlm ("Fukl"” Japanese) Naya et

L T

'!f{thef afore ment1oned _w groups by la].comblnatlon’:of B .

I (1) vreported the 1solat10n of three new lactones, named?“

fuklnanollde (1) ﬁuklnollde (2) and S- fuklnollde 03) Their:f

subsequent work on the same\W11d plant 1ed to the 1solatlon7

s

of two more sesqu1terpene lactones, namely dlhydrofuklnolldeuLV"

(4)’ and homofuklnollde (5) (2 ), At about the same tlme,_‘:'

from the bud of Peta51tes Japonlcus subsp glganteus Kltam,{'“

c

~-Japgn,, Kltahara and hls coworkers (4 7)‘.also ISQlated‘iuh
D compound 2; Whlch TWere‘ named bakkenollde A, *—B‘aﬁd”téfﬂfw
'?:respectlvely, along w1th three closely f€1ated lactoneSrfl:h

bakkenollde D (6) and'-E (7) and 1, 9 dlhydroxybakkenolgde A";L

(B) Slnce then, fuklnanollde (bakkenollde A) ) [wa'- also;?”

’tﬁjzsolated frpm otheri stralns of Peta51tes Japonlcus (8 10)5

SRS

S and from some South Afr1can Senec1o spec1es (11)

'vfhe7hf structurS and]_ absolute' conflguratlon »?oﬁ'

#

fuklnanollde (1) (2 3, 4 7) were establlshed 1ndependently byjrf

spectroscoplc and chemlcal methods 1nclud1ng 1ts correlatlono”

s

'hdjbw1th fuklnone (9) (12 13) of known structure and absolutef

T

(10%91 name-' BakkE) I“dlge“OUS ﬁfO‘ché’ northern part of'”"
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configuration‘(12‘:13) via, fuklnan 8 ol ;(—Q) -(3),'ana' its
alﬁdegradatlon to the known perhydr01ndanoneederlvatlve 11 (7)+
".j Fuklnanollde (1) belongs , to pa;j-new“ group of

L

sesqu1terpen01ds posse551ng 'the;‘novel carbon skeletlon ofiV”‘

?fuklnane (12) Slncev'many sesqu1terpen01ds basedvhon-‘the‘

Aeremophllane framework (13) were\"iso found (14Y’in“the sahé;
\ :
ogenus, Peta51tes,>1t 1s concelvable that the fuklnane (12)”

.Skeleton'_arlses blogenetlcally from that of eremophllane;f

"f(13) 1nvolvrng, muf75ﬁ formal senSe,'ﬂth mlgratlon fof'ﬁgi i

carbon carbon- bond (C8 C9 to C7 C9) (15) W1th respect to_p

9}5the bond 1n questlon Kltahar -_t l 016 : 17,i 18)furtheriff

‘ffSuggested that its m1grat10n could be fac111tated beh"

"?epox1dat10n of an: 1ntermed1ate such as: fuklnone (9) followed;Q:

‘”f.byi_a Favorskla type rearrangement Interestlngly, the f1rsted

P preparatlon of fuk1nane (12) skeleton (3) Tsf'successfullydpj

"Carrled based on’ the b1ogenet1c con51deratlon In theyth

j.synthe51s, fuklnone (9) was used as the startlng materlaLQ?

hfkwhlch a“ conwerted wto fuklnan 8 ol (10) and f1na11y to;fh,

wfuklnane (12) accordlng to Scheme 1;5' o

‘*deh‘ f1rst total synthe51s noff_fuklnanollde d(i{f ihf?ﬁ[

‘sracemlc form was reported 1n 1973 by Evans; and Slms (19)

”7[tTHé synthetlc approach was based on: the1r earller work bn[f'

‘ffthe stereoselect1v1ty of [2 3]s1gmatrop1c rearrangement3f:f

o nf(20) The key operatlon Aof the synthe51s was the sodlum*ti“

fzﬂhydr1de 1nduced [2 3]51gmatrop1c rearrangemnt of compound 14ppi
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. EtOH-NaOH___

2) CHpNp Bt 0
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.'preparedlx lnh ;threei.steps from‘ﬁth ’rknown hydrlhdanone'

'”derivatlve'lih(Scheme.2) to compound 15 Hydroly51s of 'igf
‘~1,afforded ‘the: thfoli ester (16) -whlch fonjﬂtreatment withd'h
lselenlous ac1d gave (+)fuk1nanolzde (1) B | o

| Concurrently,b startlng from fuklnone (2), a b10m1met1c'
":synthes1s of fuklnanollde (1) was ‘accompllshed by _Hayashlj'”

lvand coworkers (21) Epoxldatlon of fuklnone (9) afforded a

T -

'dlastereomerlc mlxture of epox1des’ 7 17b. Treatment of

} e

Vthls m1xture ,w1th sodlum hydrox1de in aqueous eEhanol gave'

‘-;rlse to the rearrangement product 18 whlch was esterlfled to

‘lmethyl ester (19) Dehyratlon of 19 w1th th10nyl chlorlde in

pyrldlne followed by ox1dat10n w1th selenlum d10x1de ih

C

€faqueous acetlc a ‘ 1'afforded fuk1nanollde (1) (Scheme 3).

Our approach to the synthe51s of fuklnanollde V(l)fﬁis

o fbased on the general method developed in thlS laboratory for‘tﬂ

7~jthe synthe51s of the hydrlndanonecarboxylate system(22) s <

'”~L‘ﬁ1llustrated w1th 1sophorone (20) in. Scheme 4, the method-f'

"i3homologat10n of the cyclobutanone» rlngs (e g- : 1 ———4‘

‘flnvolves the constructlon of a b1cyclo[4 2 0]octane 'systemh;
:f3(20——~* 21) u51ng ja; photochemlcal approach and the boron ‘%‘
:trlfluorlde catalyzed r1ng rexpan51on 3{of’;;thef' derlvedv_
,cyclobutanone w1th dlazoacetate; (21——-—'22) Durlng the:"

’fpcoursef}'f these ,studles, - {,Twasg- observed » that - the" .

B XS S
v'

daproceeded w1th 'a hzgh degree ff'regloselect1v1ty and,f

'dlconsrstency,g Wherever appllcable, products formed resultedfgd:

e . G o SN -
o AT : Y N
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elther exclu51vely or predomlnantly from the migration\‘of

the less substltuted a~carbon. - The application of this\

. . R A
~method - to the s ynthesis of'_l is stralghtforward ~in

prinCiple. BY"a-<su1table choice of - the startlng materlal
ire.' 3, 4 dlmethyl 2- cyclohexen—1 one, it - should make

p0351b1e . the constructlon_'of the parent -hjdrindane ring

system of the target molecule in a -simple manner‘ w1th

concomltant 1ncorporatlon of the requ1red methyl groups and

. w1th predlctable reglochemlstry, a 8- keto ester m01ety whlch

is- hlghly useful for further manlpulatlon‘ In:add1t10n, by-'

'4v1rtue of the mode of the transformatlon,‘ it 1is expectedv
. that ‘a :.complete' control -Qf."thé cis ring ,Juncture 7

_stereochemlstry requ1red for - 1 hcan"be"achieved_ withont_'

: d1ff1cult1es.
: Do)

.In thlS the51s, a detalled account of the progress inb

A; the" studles dlrected towards ‘thed total syntheSis“of C

":fURlnanol1de'(l)fis described.‘

11
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CHAPTER II



‘ o - ,RESULTS AND DISCUSSION
The synthesis of ester 23 , a potentlal precursor of
‘ C
fuklnanollde (1), made use of 3, 4 dlmethylphenol (24) ,as the
. S

startlng materlal for the obv1ous presence of 'the two methyl

subst1tuents wh1ch are also found in the natural _ product

: Methylation of phenol 24 “with methyl iodide in refluxlng

’ ‘ \ N -
acetone in the presence of potass1um .carbonate gave the

correSponding. anisole 25 in 87% yleld- Birch reduction (23)

of the anlsole 25 with llthlum in ammonla “in the presence of

t- butyl alcohol 'afforded the enol ether 26 which, w1thout

;':purificatlon was treated with aqueous hydrochlorlc acid to

" give 3 4~ d1methyl 2- cyclohexen 1- one'( 7). The y1eld was 66%

in two steps. The 1nfrared Spectrum showed the presence of a

_v-conjugated ketone by absorptlon bands at 1675 and 1622 cm‘f.

13

The olef1n1c proton appeared as a 51nglet at & 5. 78 in" the

Amr ,_.spectrum.,_ Photocycloadditlon ﬂ (24, - 25)  of

l:3 4- dlmethyl 2- cyclohexen 1-one (27) w1th vinyl  acetate

‘proceededv via: a head-tOPtall v fashion to give a -

dlastereomerlc m1xture of keto acetates 28 in 75% YIGld In-
hthe__nmr spectrum, three s1nglets due to the acetoxy group:

appeared in the 3 2 redion 1nd1cat1ng 'the' presence Uof at

_least .three dlastereomers. No attempt was made to separate

#_,them as two of the ch1ra1 dentres (marked w1th x) present in

the' molecule would be e1ther eplmerlzed or destroyed 1n thef

-
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later stages. Hydrolysis of the mixture of keto acetates 28
with aqueous sodium hydroxide in methanol at reflux afforded
the corresponding alcohel 29 in 76% yield. The nmr spectrum
was rather complex due to the diastereomeric naturé of the
mixture. The methine hydrogen adjacent to the hydroxyl group
appeared ‘as a complex multiplet at about 5‘4.0, which was
integrated to one proton. The pfesence of six methyl protons
were indicated by’the integration of signals observed ih the
d 1 region. The infrared spectrum showed a strong absorption
at 3238 cm”' characteristic for the hydroxyl group; Eased on
the previous observations (27), it has been well established
that the trans ring juncture in a bicyclo[4.2.0]octan-2-one
system ié reédily epimerized to give the \thermodynamically
more stable cis form upon treatmenﬁ.with base. Therefore a
cis ring juncture could readily %e assigned. The isomeric

mixture of keto alcohols 22 was thioketalized (28, 29) with

1,2~ethanedithiol‘ fn the presence of boron trifluoride ~

_etherate and ,éhe corresponding thioketals 30 were obtained
in 80% yielé. Upon purificatibn.by column chrom%togfaphy on
silica gel, one isomer which was faster-moving was isolated
in crystailine.form (m.p. 88-90 °C) and the rest as a

- ‘mixture ‘in;_the' ratio of 1:9. The infrared spectrum-of the
v-pure‘ketal alcohol displayed a ® strong absorption band at

3320 ém" and the absence of any band at the region ofa

1800-1600 cm-' in agreement with the assigﬁment of its gross

4

15
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structure.u The' nmr spectrum showed a trlplet at d 4 06 for-wi

jthe methlne proton adjacent tojfthe 'hydroxyl group and

']Tmultlplet at, 6 3 30 for the four methylene protons of the
'thloketal group1ng A 51nglet at” o 1 22 and a doUblet wlth'aVV;

:tfcoupllng- constant of .6 Hz at o 1 12 were also observed for'v

~the two methyl groups._fThe; mass spectrum, whlch"gave.‘a

'v'lmolecular :i; peak at m/e 244 0954 and elemental analy51s,7
‘were 1n agreement w1th the molecular formula C,szuosz. ,The}?
lylsomerlc 'mlitUrej was’ obtalned as a, pale yellow l1qu1d théhi

—_jlnfrared spectrum of wh1ch showed a strong absorptlon‘ band:

'5?at; 3396 cm" for the hydroxyl group The 1somer1c nature of}

:,the mlxture :wasf conflrmed by he'dnr spectrum "whlchfﬁhg"'

2.

'hdlsplayed a group of complex s1gnals at > 4. 32 -'3 74 for ali-nV“w
'tfdtotal of one hydrogen atom and thlS could be a551gned to thef

*fwmethlne proton radjacent to the hydroxyl group Two methyL't,?:f

1:groups also appeared 1n a complex pattern at d 1 16 - O 82

'g>Thei:massz spectrum showed a molecular 1on at m/e 244 0951

3[l’correspond1ng to the molecular formula C,ZH,OOSZ.‘:

1

P MOdlfled Moffatt : ox1datlon (30) »,s» carrledlbw.tlw_d”.“
h‘separately on the 51ngle 1somer and thetllsomer1c m1xture.g;:w

E Upon; treatment‘1w1th d1methylsulfox1de and acetlc anhydrldethfﬁk-
'fatf_SngCf for 24 hours, ~thef 51ngle alcohol gave .the 8

”arcorrespondlng ketone 31a (90% yleld) wh1ch was pur1f1ed by;:’

::column chromatography on s111ca gel and recrystalllzed from

.

',apetroleum bether to a constant melt1ng p01nt of 73 —-74 °C.

17
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"-‘The 1nfrared spectrum showed a strong 'absorptlon_“at"1776_f‘”

171

‘]cm" characterlstlc of a four membered rlng ketone carbonyl

3In the nmr spectrum the thloketal protons' appeared as 'af1‘°

g mult1p1et at d 3. 40 Methyl 51gnals were. observed as a sharp‘;;d;x_
Ti 51ng1et at o 1 28 and a doublet at 6 1 02 w1th'.a coupllng” :
‘ff constanti'of vﬁ Hz.ﬁ;The‘ mass spectrum ~wh1ch dlsplayed a .

‘jmolecular‘fion peak“véﬁ‘fﬁ/éf 242 0789 and ‘theﬁlelemental‘5b

‘f‘analy51s‘5.were‘ also 'con51stent ) wlth"- he' structural.

\‘; :
RIPS

gaa551gnment The pur1ty of the compound was conflrmed by ]cmr“
':-spectroscopy con51st1ng 'of Jonly twelve- peaks (Table I)

ﬂgf51m11ar oxldatlon of~_;the -1somer1c _ mlxture w1th

‘.

fdlmethylsulfox1de: and acetlc anhydrlde gave two 1nseparable4e

*

d!}ketones 31a and 31b 1n a 1 2 ratlo and 1n a total yleld. ofj7
‘c67% tlThe;“ 1nfrared ' spectrum dlsplayed fptpr carbonyl”‘
:ﬁhabsorptlons at 1780 and 1760 cm 1nd1cat1ng thevpresence &f}lh
Ttw¢' 1somers. In agreement w1th th1s observatlon Was the nmrgt
‘_.«spectrum wh1ch showed two sets of s1gnals 1n a ratlo of 1 2. L
huhrhés m1nor set was found to be 1dent1cal w1th that observedh:
t'fgfor the pure ketone 31a obtalned prev1ously The ma]or'%setj%}
itwdwhlch could be read1ly attrlbuted to the 1somer1c ketone 31bif;;@f7

»fhcon51sted of a 51nglet at b >36 for'Pthe four methylenefv3“ n

fhprotons ' f the thloketal group, a- methyl 51nglet at 6 1.

'g:fand a methyl doublet at 6 0 94 w1th a. coup11ng constant of 7

19

’_fuz:: The two ketones 31a and 31b were found to recrystalllzejjt““

":ftogether from petroleum ether (m p v104h~ 106 °C) ;1,srngle.gj:t
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‘;jcrystal eray dlffTaCthﬂ- revealed that the crystal was'

q‘alkallr Thloketal formatlon *of‘ the resultlng alcohdls 29

ol

”ﬁproduct and only :s of 51gnals for the crystaillnef‘

-~

v'the stereochemlstry of these two ketones (Flgure I).

A

.To fac1l1tate further d15cuss1on, ual‘summary‘ of"the

-1results xso.‘.jfarhl obtalned 'lat' déemedj““&ppropriate.'f
Photocycloaddltlon“of enone 27 prepared 1n three steps fromj”
?3 4 dlmethylphenol (25) and v1ny1 acetate gave a mlxture of..

.;dlastereomerlc keto acetates 28 wh1ch s‘ hydrolyzed w1th{y

N

”gave a mlxture of dlastereomerlc ketal‘ alcohols 30 " one’

‘1somer wh1ch was 1solated in pure form was oxidlzed to glvef

¥

_the pure ketone 31a : Ox1dat1on of;<thef remalnlng 1somers
’afforded ketone 31a and 1ts C 5 eplmer 31b the separat1onT’

iof whlch has yet to be - accompllshed -"‘lf‘t

21

:-4*composed of bne part of 31a and two part of 31b as\fwell as.."“’

Further exploratlon was carrled fout'.using the pure =

T .ketone3_31a,~ Rlng-eexpan51one}ofy ketone .3Tar1w1th iethyl;

;“Udiazoacetate ahd’ horon ,tr1fluor1de etherate (31 32) gave

‘pester 32 was flrst obta1ned as a plnk 011 and on. standlng 1t

I

ﬂaggregatlon of crystals 1n the mother llqu1d By repet1t1on '
'of thlS process,'v1rtually all of keto ester 32 was 1solatedA
tasf‘whlte crystals (m p 79-- 81 °C)' Interestlngly,_the nmrd

ifspectrUm showed two sets of sxgnals for th&f orlglnal ;01ly_.

i
/

’»';crystalllzed Removal ”of,fthegycrystals led to‘ “further .

ﬁexclu51vely the de51red keto ester 32 51% yleld Ketoxv S

Vg
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EFigure l,- Perpéctive'vieW_bf3retdnes 3la~aha'31b:

“Showing°ﬂpeeétom humbering‘schéme;;Théfatdms”qre;f.

'representhdfaé'SO%’thérhai éllipséidé;f""

\

\\.‘ Ty
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'lllead to the format1on of two eplmerlc keto esters 32 “and

fcompound.'This phenomenonfcould be 'logically vexplained" as

follows;, In principle,’vthe r1ng expansion reactlon could

T

v32b,’ one of wh1ch readlly crystalllzed on standlng Since
ithese two eplmers are readily 1nterconvertable via the enol'
' {

form 33 (Scheme 5) removal of the crystalllne eplmer sh1fts~

“the equ1llbr1um resultlng in 1ts further formation inf‘the

. mother 11qu1d o The follow1ng : spectral *data of the

»

.crystall1ne keto ester were con51stent w1th its structural.
a551gnment of 32a or 32b The 1nfrared spectrum dlsplayed a
'flve membered r1ng ketone carbonyl and ester carbonyl -at],
1740 Tand ‘1722 cm“frespectavely The nmr spectrum showed a
“two proton quartet at 6 4 22 w1th a coupllng constant ofﬂp7f
hde and a three proton tr1plet at 6 1. 30 also w1th a coupllng.
iiconstant of 7 Hz due to the carbethoxy group The ,thloketaIF:
..group gave a. four proton 51nglet at ) 3 32 and methyl groups R
7iappeared as a 51nglet at & 1.32 and a doublet at 3 1.15 with
aa; coupl1ng constant of i6’ Hz. The mass spectrum showed'a
Jmolecular 1on peak at m/e 328, 1167 conf1rm1ng the molecular
h:formula C..H,.O S.. ) ‘
| Reductlon of the crystalllne keto ester 32 32a/32b - w1th
_sodlum borohydrlde in ethanol (33) at 0 °C for seven hours
eafforded two 1somer1c alcohols 34a and" 34b in 3 4. ratio Jandl“
in  a. total y1eld ‘ofh 76% The m1nor isomer 34a Whlch was.

:.‘obtalned as an oil showed the follow1ng yspectral data.van,
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;the 1nfrared spectrum, a strong hydroxyl absorptlon appeared

/:, .

at’ 3471 cm". Pn the -nmr spectrum - a quartet»at 5 4.22 and 2

triplet at ' & 30 with the same coupllng'constant of 7 Hz

' were observed for the carbethoxy group.. The methlne proton

adjacent to the hydroxyl group was displayed as a doublet at

é 4. 10 w1th a coupllng constant of 5 Hz. The hydroxyl group

tgave a“ 51nglet "at b 4 03. The thloketal methylene protons-

appeared as a 51nglet at & 3. ,30. A doublet at d 1. 15 with a

coupllng .constant of 6 Hz and a. 51nglet at 8 0. 98 accounted

u)

for. the methyl protons. The major _alcohol 34b wh1ch nas

?

‘ obtalned as crystals (m. P 99 - 101 °c) dlsplayed 51m11ar

spectral data the 1nfrared spectrum showed. a . hydroxyl

7. absorptlon band. at '3505 cm'* u'ln the nmr spectrum 'the
-carbethoxy group gave a quartet at & 4 20" and a trlplet at 6-.
1. 29 each w1th a coupllng constant of 7 Hz. A 51nglet at 6
4.16 overlapplng partlally w1th th quartet at o - 4 20r

Lrepresented the hydroxyl group "The. methrhe proton adjacent"

to the hydroxyl gro

-

»4.]2‘ and utheﬂ thloketal methylene ‘prot0ne appearedias a

fsinglet;at o 3. 32. The two methyl groups were shown> as far
' tdoublet - {a "6 Hz) at o 1.22 and a s1nglet at 6 1. 10 Theg

- mass spectra of both alcohols shown 1n each case a molecular .

'Alon peak con51stent w:th the molecular formula c|‘Hz‘O Sz.

]

v The dehydrat1on of ‘the two alcohols :34a and 34b

-

carrled out 1nd1v1dually by a two step sequence° mesylat1on

:appeared as avdoublet (J = S‘Hz) at & .

26
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followed by ellmlnatlon. Mesylation of the minor alcohol 34a
‘with methanesulfonyl chlor1de 1n pyr1d1ne in the presence of
a catalytlc amount of 4-N N—dlmethylaminopyridinea afforded

mesylpte ' 35a in 81% y1eld The infrared spectrum showed the

~ester carbonyl absorptlon at 1734 cm” ' and »the ,absence of

the hydrqul absorptlon band.  In the"nmr‘spectrum the

‘methine proton ‘adjacent to the- methanesulfonyloxy group

appeared' as ‘a doublet at & 5. 16 with a coupl1ng constanﬁ of

4 Hz and the carbethoxy group gave a quartet at 3 4.20 and a

\

ftrlplet at b 1.31 w1th the same coupllng constant of 7 Hz\

'The thioketal methylene protons were dlsplayed as a singlet

Lath & 3.29. <The methyl protons of the ‘methanesulfonyloxy

‘group.appeared as a sharp 51nglet at & ~3.08. The othert‘"=

methyl groups_ were lobserved as a- 51nglet at 6 1.17. and a

doublet4(Jl= 6Hz).atf;6 1.15. The mass ~spectrum’ gave a

_»molecular"ion peak Cat fm/e 40 .1105‘characteristic of the

N
Ty

molchlar formula 'C,,Hg.Q;Sz., Mesylation' ot“’thef major
| alCohol 34b ‘gave 35b in 74% yield. Its spectral data were

qulte 51m11ar to thqse of the above mesylate 1The‘ 1nfrared

-ffspectrum‘rmndlcated the absence of/the hydroxyl absorptlon

e

Na

‘V‘In the nmr spectrum, the methlne proton adjacent to  the-

methanesulfonyloxy group ~appeared as a doublet at 8 5, 07‘

:;methanesulfonyl group appeared as a 51nglet at 6 3. 10. The

L \ o
' w1th a coupllng constant of 4 Hz. The methyl protons of ‘the.

mass spectrum showed a molecular ion peak at ‘m/e 408. 1099 in-

x

28
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agreement with the required molecular formula C.oH; ,0,S,.
: /

Mesylate' 35a was treated with sodium hydride in

1,2-dimethoxyethane at 0 °C for one hour; compound , 36 was’

obtained in 99% yield. The infrared. spectrum displayed

absorption' bands at 1714 and 1614 cm"' for the ester group

and the carbon carbon double bond repectlvely In the nmr-

5

(spectrum the olefinic proton appeared as a 51nglet at 4

6.57. The carbethoxy protons appeared as.-a Qquartet at & 4.22

and a triplet at & 1.32 w1th the same coupling constant of 7

Hz Aqnultlplet at 6 3.25 was 1nd1cat1ve of the preSence of

the thioketal methylene protons. The methyl protons appeared‘

/.

as a singlet at'4 1.33 and a doublet at 4'°0.98 with a

\
coupling  constant of 6 Hz. The mass spectrum displayed a

‘molecular 1on peak at m/e 312. 1221 in agreement with the

structural a551gnment for C,‘H,.O S.,. Similar treatment of

mesylate 35b w1th sodlum hydr1de gave the same compound 36.

The dehydratlonf of 34b Qas also. cgrried out by

acetylatlon_ followed by ’elimination. Alcohol 34b, on

"treatment w1th acetrc anhydride in pyridine at room

temperature for 24 hours, afforded the correspondlng acetate

) ’37 in 99% y1eld The infrared spectrum showed ‘the absence of

the hydrokyl absorpt1on band The two ester catbonyls were

dlsplayed as - a broad absorpt1on band’ at 173é‘cmf'. In the

:nmrTSpectrum, the;methlne proton adjacent "to the - acetoxy

groupalappeared as 'a_ doublet at 3 5.06 with a coupling

<



e

e

;hour gave compound 36 1n 99% yleld

»,_appeared ;as a 51nglet at 6 2. 10 The remalnlng s1gnals were-

| also characterlstlc of the compound The‘ carbethoxy group ‘

appeared as - a quartet at & 4.18 and a trlplet at 3 1.27 w1th

the same coupllng constant of 7 Hz. A doublet at a 1. 05 w1th

ﬂai coupllng constant of)'G,JHz,'and a 51nglet at 6 7.

[

represented the two methyls Treatment f; the acetate».glr

7

o w1th ?sodlum hydrlde 1ﬁ 2 d1methoxyethane at O 'C.for'one»;f

R

w1thout success.f‘ln-lthls.-case;;ﬁstartingﬂ[material‘?Twas~'

"‘30;3f'

: c'onst-a'rit” of".4 ‘Hz,: and the methyl protons of t'he' .acet\'a'te‘

N Acetylatlon _o'r alcohol 34a’:walT7als0-'attemptedhbut‘T"

:.reCOVered jﬁ‘-w-fj:ﬂ g"””~f'“f_,§»f§1fv fﬁ -f'f,zk,“thﬂVﬁ‘

For the removal ofathe thloketal group (34 35) ester'_fy

36 was treated w1th W 2 Raney nlckel (36) in benzene at room flﬁ"'”

"temperature for f1ve days. The product 38 thus 1obta1ned inhv;ﬁdcf“"ﬁ

72% yleld showed 'in,ltherblnfrared spectrum, an oleflnlc;f'

absorptlon band at 1630 cm“ and an ester carbonyl 1715
&

cm"" The nmr- spectrum showed the absence of any 51gnals at

6 4 _'3 1nd1cat1ng the complete jremoval ,ofﬁvthei thloketal
group and two multﬂplets centered at 6 6 74 and 6 5 55 (2H)

due to the oleflnlc protons.’The carbethoxy group appeared

; as a quartet ( T 7 Hz) at 6 4.18" and a trlplet ( 3 =7 Hz)

@-

at o B 39'and the methyl groups were dlsplayed as a‘ 51nglet

spectrum gave a. molecular 1i peak ,m/e‘ 220 1461 ip

o

*atffag 10 and doublet ( J 6 Hz) at b 1 04 The massfh
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agreement Wlth the mOleCUlar formUla C,. AHZ ooz-"

The d1ene ester 38 was further hydrogenated 1n ethanol :

32

'with freshly prepared w 2 Raney nlckel under a hydrogen'f

"fatmosphere for 24 hours. A m1xture of tvo eplmerlc esters

23a and 23b was obtalned 1n 97% y1eld The 1nfrared spectrumr

‘s‘of the mlxture dlsplayed a strong absorptlon band at‘ 1734,f

e

' me“_ characterlstlc of,fthe' saturated ester.‘ In the nmr‘

e

‘:spectrum theacarbethoxy group appeared as a quartet atﬁ-édgvlrff

7l4;"v and j trlplet at ro;'T;28;f each hav1ng a coupllng:'

BT

'Hconstant of 7 Hz. The methyl groups gave two sets of 51gnals'

N I

;f.lntegrated to a’ ratlo of 2:3 1nd1cat1ng the presence of two”:” -

'5rep1mers. The major set was composed of a. doublet ( Jxa 6 Hz)/l

.fgat, b O 88 and a. 51nglet at o 0 98 whlle a’ doublet ( J 6fﬁjh.;

‘}tHz) at o O 88 and a 51nglet at a 1. 01 were observed for the
?fﬂmlnoru one. Slnce the hydrogenatlon of ester 38 1s expectedfhgw’

.jfto occur preferentlally from the less hlndered convex 51de,9;ﬁ~

tructures 23a and 23b could be tentatlvely ass;gned to thei‘V

.-vm1nor and the major components respectlvely

”[They synthe51s":f 23a and 23b concludes our presenth

: advance towards the total _synthe51s ,of fuklnanollde ;(l);:’

;fMethods ‘:' currently under s

g :

,.the rema1h1ng sp1ral B methylene y lactone system
: S : - '

'yy for the constructlon off”’
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liﬁrecorded on a Nlcolet 7—199 FT IR spectrophotometer and were B

i ' EXPERIMENTAL
Gﬂwﬁlh

S
b [

7faﬁparatus jandv re uncorrected Infrared (1r) spectra wereY

Al

,obtalned on solutlons 1n chloroform. Proton nuclear magnetlcv

‘vMelting‘pointS’Were determined on a 'Kofler« hot stage

34

' resonance (nmr) :spectra were recorded »on f a;, Varlan‘;‘7

'i51nglet »5- doublet lt trlplet 'qh\;',quartetﬁ'andfnm

f'spectrum Was recorded on a Bruker HFX 90/N1colet 1085 system

nfstandard fThev' X ray 'analy51s ,was« performed w1th anj~

.HA 100/D1g11ab spectrometeri and were obta1ned on solutlons
bﬁystandards ,v5The follow1ng abbrev1atlons fare”'used; Usl'a

ﬂmultlplet Mass spectra (ms)1 were ‘recorded_using N,E.I;
gModel MSSO dass spectrometer Elemental analysiswz’Werefy
'“f?performed byj 'the:‘.m1croanalytcal laboratory }of;'thisff

rdepartment Carbon 'j3l nuclear magnetlc _resonance (cmr)”

1

'fEnraf Nonlus CAD 4 automated d1ffractmeter

" . ’!,

A B

Pl

j.lMaterlals

‘7f(DME) were freshly dlstllled over llthlum alumlnum hydrlde.frf

Benzene, dlethyl ether (ether) and 1 2 d1methoxyethane;y

o

_1n deuterated chloroform with' tetramethyl 51lane as 1nternal‘uf"'

"1n deuterated chloroform w1th tetramethyl 51lane as 1nterna1 yff



l,”Pyrldlne was dlStllled over barlum oxide and Stored“ over

AN

1;pota551um hydrox1dev pellebs. Ethanol ‘was.grefluxed'jovery

.cgmagne51um turnlngs at elevated temperature“fori 2 hrf' i R

35

A‘dlStllled Boron trlfluorlde etherate was dlStllled over ,1“

'calc1um hydrlde accordlng to the procedure‘ of' Brown“n(37)«'

rtMerck Kleselegel lGA'(type 60) 5111ca gel was. used fOrdthin

’“layer chromatography. Slllca gel 60—120 'mesh was ”used';a

‘absorbent for'~ column . chromatography Slllca jgelh’GQ,p'
”h‘O 040 O 063 mm partlcle 51ze, 230 400 mesh ASTM was used ;as

rabsorbent for flash chromatography (38) Nltrogen and argon?

hsolutlon concentrated sulfurlc ac1d and pota551um hydrox1de

.{pellets*'

,IQWere passed through ga pur1f1catlon vtra1n _of_- Fleser s» T



-Fig.'Z.W‘A Denar f]ask B.'51ntcred g]ass f:lter !_1
S C. ‘metal coolingcoil; ‘D, water inlet; E. kater
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owed ) "l pyrex: filter: 1, lamp. ~J: ‘nitrogen gas:
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3 4~ D1methylanlsole (25)

A mixture of 3 4- d1methylphenol (24) (1045447 g, 0.86

"mol) and pota551um carbonate (156 g, 1.13 mol) ‘in acetone

- (625 ml) was stlrred at room temperature for ‘3, hr. Methyl_:

1od1de (183 81 g,/ 1.30 mol) was addedland the resulting
J , |

: mlxture heated under reflux for 16 hr;‘ Wateé} (500 ml) was.

added ‘After stlrrlng at - ‘room temperatur
: mlxture was extracted w1th ether (4 X 300 ml) he extracts

lwere washed w1th saturated aqueous sodlum chlorlde, dr1ed

:w1th magnes1um sulfate, and flltered Evaporatlon 'oft the-

for 6 hr, thet

37

“solvent followed by dlstlllatlon of. the ‘crude 01ly product Aif

lunder reduced pressure u51ng a 25 cm V1greux column afforded

' 25. 19 g of the startzng materlal and 76.61 g (87% yleld

G based d°n f-_the' : consumed - startlng : materlal) "Vof'

l?3 4- dlmethylanlsole (Zi)}frb p.. 64- 66 C/2 Torr, 1r (CHCl )

ltﬂ3010 and 1606 cm (aromatiC) nmr (CDCl ). 6. 6. 93 6. 42 :(m,"

"éH, aromatlc) A3,60 ‘(5; EH O ) and 2. 12 (5' .lf 2 %

1

-]f—cx )s ‘ms M*'136 0888 (Calcd for C H,,c>136 0889)

>

o
EVE ¢

”3 4~ Dlmethyl 2~ cyclohexen 1-one (27)

=fAt '—78 'C, a solutlon of 3,4~ dlmethylanlsole (25)

- (76.61. g‘ 0.57 mol) in ether (500 ml) and - butyl alcohol

Q) -

d(500 ml) vas added over a perlod lof F50\_m1n.."to _freshly

V'ldlstllled vammon;a '(L;, _1) underiﬁa‘anitrogen_atmosbhere}f"

~



’_thhlum (64 35g, 9 3 g- atom) was added in smallldbortions

SOlUthn was stlrred for 5 hr. after Whlch perlod the_ blue

color‘-was. dlscharged. Methanol (500 ml) was added dropw1se;

.and the ammonla qwas allowed to v'evaporate ' at  room

) .

temperature Water (2 1) was added and thelréSUlting mixture '

\ ) -
 was extracted with ether (4-X 500 ml) .The organic ' solution

was washed with’ saturated aqueous ‘sodium' chloride )and
concentrated’to a volume of about 100 ml. To. this SOlution,'
were : added methanol (750 )nl);snwater (80 l),l-and -
concentrated hydrochlorlc acid <15’3ﬁ1). %1xture was, .
.heated under reflux for I*hrl under a nxtrOgen atmosphere

L The resultlng solutlon was concentrated to a volume ca:

——

‘200 ml and then dlluted w1th water (300 ml) Drylng
';(magne51um sulfate) flltratlon and concentratlon gave ‘the
crude product wh1ch was dlStlf&ed under reduced pressure to.

-glve 3 4- dlmethyl 2= cyclohexe -1=- one k(27)-~(45 95 9; 66%‘.'

/1r (CHCl;) 1675 and 1622 cm”

' y1eld) 30- 36 C/O 8 Torr-
f(con]ugated_ketone); nmr”(CDClg)‘o 5;78.~Os}v é =CH-),
N ST o L
1.94 (s, 3H, J = 6 Hz, -CH-CH,); ms ni 124 0891 (Calcd fo

- C.H,,0: 124.0888).

5 7—ACetoxy—5,Sédimethylbicyclo[4.2.0)Octan??r9ne'(2§)_

(c 2 g each) over a perlod of 40 min. The resulting pluef

38



1

A solution of »3,4—dimethyl+2-cyclohexen-1fone " (27)

(20.45 g, 0.16 mol) and viryl acetate.(370me)'in benzene

‘(566.ml)‘was placed ina photochemical 'reaction apparatus
o ~ 1
(ﬁigure 2). A stream of dry nitrogen’ gas was ma1nta1ned to

agltate the SOlUthﬂ Crushed ice and water were placed 'in

Yoo
the outer dewar flask contalnlng the reaction flask to cool_
~ the reactlon mlxture Irradlatlon was carrled out“u51ng ‘a

450W Hanov1a hlgh pressure quartz mercury vapor lamp with a

, Pyrex fllter for 20 hr Concentratlon of the resultlng

~g@lut;on gave ‘a viscous 011 Whlch was dlstllled at reduced’

pressure to give.a d;astereomerlc mlxture of keto-acetaten 8

(26213 g; 75% yield): b.p. 114;116°C/1;2:T0rr; ir (CHC1,)

. 1741 (ester) andy17d6.cm" (ketone); nmr (CDCl,) & 5,50-4.70
| i . -

(complex, TH, —CH 0-), 2.07, 2.04 and 2.02 (s, total 3H,-

| CHjcooey;,ms'M* 210 1232i(Ca1cd. for C,;H,,0; :.210.1260).

4

7= Hvdroxy 5 6- d1methylb1cyc10[4 2 O]octan 2= one (29)

To a solutlon of keto acetate 28" (26 13 g, 0,12 mol).in“

*,methanol (260 ml) and water (60 ml) a 2N aqueous solutlon"

“

‘solutlon was heated under reflux for 15hr: After most of the

methanol was removed under reduced pressure, water (250 ml)

of sodlum hydrox1de (200 ml) was added The resultlng brown‘

39

—

« ggg ‘added The aqueous solutlon was extracted w1th ether (4

X 200 ml) washed with saturated aqueous sodlum chlorldeo‘(2
, : : S . _ ‘



X 200 ml), dried (magnesium suifate),;vfiitered ‘ahd‘”
concentrated. The crude product was'distilléd uhder reduced‘

 pressure -to glve a dlastereomerlc mzxture of keto alcohols

29 ( 15.22 g; 76% yleld) b, pe 120-130  °C/1.4. Torr: 4

(CHCl ). 3238 (alcohol) and 1684 cm- (ketone); nmr (CDCl,) &

4.30-3.90 (compleg, 1H, =CH-OH) and 1.28-0.86 (complex, 6H,

methyls); ms M* 168.1150 (Calad. for C,.H,.0,: 168.1148).

©

2, 2 Ethyldlthlo 5,6- d1methylb1cyclo[4 2, 0]octan 7~ ol (30)

‘Keto alcohol 29 (77 g , 0. 46 ~mol) was: dlssolved in
'1,2-ethanedithiol (300 mly, 3.6 mol). The solution was

chllled to 0 °C and boron trlfluorlde etherate (12 6 ml) was

' ~then added slowly The mixture was stlrred under a ‘nltrogen,

atmosphere at room temerature for 20 hr. The reaction

40

mixture was 'poured -into an ice-cold 2N aqueous - sodium -

hydroxide .solution (400 ml); and extracted with chloroform

(4 x 200'mi)r‘Drying (magnesiuh,‘sulfate)‘ fiitration " and

’ concentration 'gaVe the crude product whlch was pru1f1ed by

i

‘column chromatography on silica gel Elutlon w1th petroleum'

,ether ethyl acetate (10:1) gave one of the 1somers 30a (9.14

g) whlch crystalllzed on standlng m.p. 88 90 °C; ir (CHClI)

13320 em' (alcohol); nmr(CDCL,) & 4.06 (t, 1H, J = 7 Hz,

Y B o , ' o
- =CH-OH), 3.30 (m, 5H, —S-CH;CH,-S-and *—OH), 22 (s, 3H,

o . : . S Tl S
© C-CH,) ~and 1.12 (4, 3H, 'J = 6 Hz, ~CH-CH;); ms M‘' 244.0954



(Calcd. for C,,H,,08,: 244, 0956) |
Anal. calcd. for C.:H.008,: C, 58. 99; H, 8. 26; S, 26.20
 Found: C, 59.12; H, B.35; S, 26.55. | |
o ‘Further. elntion'wth,the-eaﬁe'solvent ‘system afforded.a

mixture of additional dl@stereomers of alcohol’ 30 (80 g) ir

(cHC1,) 3395 emm (alcohol); nmr (CDCl,) ¢ 4.32- 3.74
»(complex, 1H —CH-OH) 3 29 (s, 5H, ~S-CH;CH,~S- " and *=OH)-
" and 1.16-0.82 (complex, 6H, methyls) ms M* 244.0951 (Calcd.

for’ C,,H;OOS,. 244.0956). The total yleld“of‘alcohols 30 was

80%.

£ ’

ya
) : / a . *
2 2 Ethylenedlthlo 5 6 d1methy1b1cyc10[4 2. dqictan-7-one.
(31a, 31b) | o

To a sqlutionfof_aICOhdl 30a ’(2 33 g, 0.01 mol). in -

-dimethyléulfoxide' (28.7 ml), was added acet1é anhydrlde (19

/

ml). The reaction mixture was kept at 5 °C for 24 hr. After

that periOd watef (35»‘m1) was —~added and the resultlng”

b

solutlon was stlrred at room temperature for T hr. Ice-cold
h 2N Aaqueous sodium hydrox1de (50 ml) was added The m1xture

‘was extracted. with d1chloromethane (4 X 250 ‘ml), vdrled.

v(magne51um isulfate);\ filtered and ‘concentrated Column
ST ha T A o :

chtomatogfaphy of thertesidue‘on silica gel, velutlng With'

o pettoleum' ether ethyl acetate afforded ketone 31a (2. 07 g,‘

90%. yleld) ~m;pt' 73-74 © °C; ir  (CHC1,) 1776  cm-

41



1

‘(fadr—memberéd. ring ‘ketone); nmr (CDC1,) o 3.40 (m, 4H,

I

,‘-S-CH“CH,~S—) 1.28 (s, 3H, -C-CH,) and 1.02 (d, 3H, J = '6
Hz, éH -CH,); ms AM*‘\242.0789}:(Calcd, for C,,H,.0S,:
242.0799); -cmr (CDC1,) & 213.6, 67.4, 66.4, 48.6, 47.0,
40.7, 38.0, 36.1,{53.0, 28.3, 21.8 and 16.6.

C, 59.46; H, 7.49; S, 26.65

~

-Anal. Calcd' for C,,H,,08,:

Found: C; 59. 61- H; 7.48; s, 26.95.4 ya

.Similar reaction  was carried .out w1th the
; diasterebmeric mixture of alcohol 30 (1 g, 4 mmol) and 1t

pgave ‘a mixture of ketones 31a and 31b (0 6 g, 67% yleld) in
‘f:2 ratloﬁ by nmr 1ntegrat10n' m.p. '104f106 °C; ir (CHC1;7 
1780 and 1760 cm” (four- memberedvrlng ketones); nmr (CDC1,)

e 3.36;(s,.4H,-es-CHﬁCHzfs¥), 1.28) 1;]2:(bo£h s, total™3H,
—é-CH=5? 1.02 and 0.94 (both d, total 3H, 3 o= 7 Hz,

_ . "+ , o , _
. -CH-CH.); ms M® 242.0793 (Calcd. for C,,H,,0S,: 242.0799).

’8 Carbethoxy 2 2 ethylenedlthlo 5,6- dlmethylblcyclo—

'[4 3. 0]nonan 7- one (32)

At 0 °c, to a si}uwlon of ketone 31a (2 32 g, 0 01 mol)v
in dry ether (70 ml), .24.92 mmol) After stirring fer 5 min.-
pnder an atmosphere of n1trogen, Aethyl dlégzacetate (2.61
‘ Mh1, 24.84 mmol) was -added slowly throuLh a- syrlnge. The
- flask was then wrapped w1th alumlnum f01l to- exclude llght

and the .reactlon mixture was® allowed to_warm up to room

4



temperature. After stirring-for 23 hr, it was chilled to 0
°C  and 'saturated aqueous -sodium bicarbonate (50 ml) was

added with care. The mixture was 'ektraqted'“ with

y

43

dichloromethané” (4 X 100 ml), dried‘(magnesium*sulfate),? ‘

filtered and concentrated. The reddish oil thus obtained was
further coﬁcentrated in  vacuo for 24 hr. Column
chromatogréphy of the residue on silicanfgel, eluting .yi;h
petr@leum ether;eﬁhyl acetate,-afforded keto estef ;é @?%59

g; 51% yield) which cfystallized’on standing: m.p. 79-81 °C;

ir (CHCl;) 1749 ( five—me.ﬁ‘rédvring ketone) and 1722~¢m“

(ester); nmr (CDCLl,) & 4.2%+ Hz, -COOCH,CH,),
A Y : ‘

3.32(s, 4H, =-S-CH,CH,-S-¥

3H, J = 7.Hz, -COOCH,CH,) and 1.15 (d, 3H, J = 6 | Hz,

N . iy . : ' , . ) o
- ~CH-CH,); ms M" 328.1167 ( Calcd. for C,.H,,0,S,: 328.1167).

0

8-Carbéthoxy42;2—ethylenedithio~5;6-dimethylbicyclo\

x

N

-[4.3.0lnonan-7-01 (34a, 34b )
» _Kéto eéter.gg (3.68 g, 0.01 mol) was diésolved  in

' abéolute ethanol (50 ml). The:solution‘was then chilled to 0

- °C and.sbdium‘borohydride (1.79 g, 0.04 mol) was added. »The

v

! : ,
*?‘CH;)Z 1.30 (t, .

reaction mixture was stirred under an argon atmosphere at 0

" °C for 7 hr. Water .(5 ml), sStﬁréted aqueous; ammonium
chloride (ﬁwiml§‘ and ,2N‘aque6us hydrochloric acid (10 ml)
wegé seQuentially;.added. The  resulting  solution was

. 0.
w



e ‘ester) mar o (CDC1,) 6” ‘. <q,,_;a;f<J'

liiieCH—OH) 3.92 (s, 4H, ~§-CH,CH. - s-) 1,29 (t, 3H .j'

e

b R

\")) ls,

h'extrac“ed with dlchloromethaneA‘ (4 '<°TOO \ml) .‘dried

(magne51um shlfate) , flltered and concentrated ' Column_”

I 3 P

‘”fchromatography ofjjthe* re51due on 5111ca gel elutlng w1th

.petroleum ether ethyl acetate afforéed two 1somer1c alcohols>

34a and 34b?f The mlnor (807 mg) and the faster mOV1ng one

h3@a was. obtalned as a l1qu1d 1r (CHCl ) 3471 (alcohol) :anq\

~1732 ';" (ester) nmﬁ (cmc1 ) a 4.22 (q, 2H, 3 =7 Hz,

\ '27—COOCH CH Vo 4. 03 (s ~.—OH) 4, 10 (d 1H,,.Jf*=‘ 5 Hz,

l»fcoocu CH~9 .15 (d 3H, J‘e 6 Hz, -éH ~CH, ) ;and '0.98 (s,

'”;33,} *—c ~CH, ) “ms fM‘Y 330.1321 (Calcd.,hf c1snuoj,2£

330, 1323) :”"ﬁﬁfﬁg i f ’fhi'**~f7fﬁzﬁft3h °*t<h

f*Anal Calcd.\for C,‘H,‘O sz,_c, 58.16; H,T. 94;°S; 19.36
'Found c 58 04; H,‘7L74‘ 19.29. o L

S

44 .

o

o -Cu- ~OH), 3,30. (8] 4H, s-CH, cH,,s ), 30‘(%"3Hv7q = 7 Hz,

"f:iTheu major: 1somer 34b (1 10 g) was obtalned 1n crystalllnEr~f

-”form m.p. 99#101 ; ir. (cnc1 ) 3505 (alcohol) 1726? [

”5,j—COOCH CH,), 416 (s,,v , OH) (d TH, *5J‘m%h35t Hz,

-,j-coocn cg ) .22, @, 3HL'J'% 6 Hz,;—éu ~CH ) tand 541O,J(s,i

o

o . ,’ : ‘ . (r\> v ‘. v’ - : B o
";330 1323) o e o

‘ﬁthAnal Caﬁcd for C,‘H,‘O s,. ;,58;16;,3;_7,§4$~S,$9,35 el

- ,nFound c 57 88 H, 7. 81 18.270 f#sggjf?§§aff"

RN Bl PR X . .',’ . . e 2 : . o
i,o B o R I Lo [ A . ;o

7 He, -~

l Hz,:

B

/sL_,



| -s-CH.CH,-§- ), 3.08 (s; 3H,-0S0,CH, ), 1. 31~(» 3H, 3

”7"f1;-COQCH1CH ), A7, (s, a—c CH ) and 1.15 (4, 3H 3

:q_&CHfCH

p .
7 . : !

N {J

v_i8 Carbethoxy 5 5- ethylehedlthlo 9- mesyl—1 2 d1methy1—~

Jufblcyclo[4 3, 0]nonane (35a, 35b)
e |

*de a solutlon of aloohol 34a (55 mg, 611?7mmol)eiﬂ‘dfie

'Lipyradlne f(1: ml),o were  added. a catalytic | amount frof’ﬁ':'

o,

"4~ N dlmethylamlnopyrldlne ahd methanesulfonyl 'chlorlde'

‘(0 04 ml 0. 51 mmol) After st1rr1ng ‘at room temperature forft_'

24 hr, the reactlon mlxture was dlluted w1th dlchloromethane‘f
(2 ml) ‘washed w1th aqueous ammonlum hydrox1de and~:aqueous S

ihydrochlorlc ac1d drled (magne51um sulfate) flltered and -

fconcentrated Colqu\chromatography of the re51due on 51l1ca“”"’

','fgeli' elutlng w1th petroleum ether ethyl acetate, afforded'ﬁl

*fmesylate 35a (50 mg, B1% yleld) 1r‘ (eHel,) 1734 »cm-'t_ﬁ*

;(ester) -nmr (CHCl ) & 5 16 (4, ‘1H J = 4 Hz '—CH oso CH, ),~]

. 20 (q, -2H,'_J.;;{ 7 Hz, —*coocu CH,), 3 29 ( ,f;x4H,” |

-H-

..'Il

6 Hz,_V

i%ms M‘ 408 1105 I Calcd. for. czouz.o s,. 408, 1065): :

7 Hz,;:[--'

"Slmllar reagtlon was carrled out for valcohol 34b (54**5¥’

f:mg, ‘ 0 17 . mmol),‘ _andt; mesylate 35b  &a’7.obta1ned

cncl iR 6 5 07. (d J =1 Hz,;—CH oso CH ), 4 21 (q,,zﬁ(:u_
ﬁr?of%l7'ﬂ f'—cooca . CH, Y/ 3. 29 (s, 4H,}—s CH CHz 5= ) 10 (s;;;
g”f3ﬁ;'“-oso CH, ) 0 (t 34, J -7 ﬁz ’—coocn‘cH ) O;(d . -
‘ l%f3H J ; 6 Hz,t; H/? and 1 15 (s,‘3H '—c CH ) ms'Mr 408 1094J_3l15
ot ( Calcd for cﬁ,n,:o S,.HQOB 1099) s

VAR . . : S ) . RN

”uquantltatlve YEéﬁd-o (CHCl ) 1730 5 (ester) hmr ﬁ5~




' 9 Acetogy 8 carbethoxy 5, 5 ethylenedlthlo 1 2 dlmethyl- s
- b1cyclo[4 3. O]nonane (37) ' A R ‘

hr. Upon completlon_ off the_ reactlon 4,the mlxtUre‘.Qas

<f:“[4 3, 0]non -§- ene'(36)

Alcohol 35b (110 mg, 0 34 mmol) was dlssoloved vin ddry

"pyrldlne: (4 ‘ml),; Acetlc anhydrlde (1 ml) was added The

.rreactlon was allowed to proceed at room temperature‘>for 24

re51due 'onr 5111ca' gel w1th petroleum ether ethyl acetate

<2

"-fshowed he follow1ng spectral data'ilr (CHCl ) 1736 cm" ’
"r(ester) nmit. (cnc1 ) 3 5, 06 (d 1n J = 4 HZ'-CHOOCH ) .18

’*(q,,_ | j 357 Hz, —COOCH CH, ) s;% ,v4H,1-S~€HsCH -5~ ),; ;

.10 (s,.3H CH coo ) 1. 27 (t 3H _J 6 Hz, ‘—COOCH CH )

IY{T?15»7(S}” 3H -C CH, ) and 1 05 (d 3H J 7. Hz, —CH——CH >
rhr{msfg+ 372. 1427 ( Calcd for c,.H,,o sz, 372 1429) r o
,A~5‘gn51-jcalcd for c,,n,,o sz.uc 8.04; H, , 7.58; % RIS

;;ﬁaund;.c 58" 25 H, 7,561,57 15593-fV,‘ R

R LA

}f8 Carbethoxy 6 5‘%thylened1th10 1 2 dlmethylblcyclo—'im;'=

. /‘"f ' it 5 )l

d: Mesylabé @3

;ffreshly dlstllled 1,2- dlmetboxyethane (3 ml) ;é' solutlon

then)

.,'N_

aﬁf(121 mg,“ 0 30 mmol) was dmssolved 1n:d

'46

vjff'concentrated in vacuo. After column chromatography 'ofj thef__‘

«elutlon acetate 37 (123 mg, 995 yleld) 'ﬁas_ obtalned\ and tl

chllled to O °C and sodlum hydrlde (50% dzsper51on‘fr”'f'

A.fln o1l- 25 mg, 0 5 mmol) was: added After st1rr1ng “at room L



|

| temperatureo‘under’_an_'arQOn;‘atmosphere for 1 ‘hr, agueous

ammon i um »chloride‘:(3 ml) was added hei mlxture” was

l‘:extracted w1th dlchloromethane (4 X 10 ml) dri%d'(magnesium“v

| m[atmosphere for 5 days.rThe mlxture ‘wa53 theni flltered dandfaf"

"dfggel elutlng w1th petroleum ’ether ethyl acetate ‘afforded'

ltbwdlene ester 38 (300 mg, 72% yleld) ;1r (CHCl ) 1715i(ester)f

'ether ethyl acetate,

¥

JQUnsatUrated ester 36 (74 mg,

Rt

0. 16 mmol) and acetate 37 (92 mg, 0. 25 mmol) gave ‘thec same

'1714 (ester) and 1614 cm" (olefln) ‘nmr (CDC1;) 6 6 57 (s

R

—cn o COOCH CH ), 4. 22 (q, 2H G Hz, ~COOCH, CH, 9,

- Co0CH: {CH), 1.23 (s,v3H, —c cn )“and*o 98i(d 3H, J=6 Hz

K
Vo

P

8 Carbethoxy 1, 2 d1methylb1cyclo[4 3 O]non 4 8 dlene (38)

of othe re51duev on_ 5111ca 'gel,'_eluting “with pebroleum

v ester 36 in 86%’(43 mg) and 99% (76 mg) ylelds respectlvely K

sulfate) flltered and concentrated - Column chromatography

'hThe follow1ng spectral data were obtalned for 37- ir (CHCI ) kv'

’{3 25° (m;j’4‘ﬂ*'—s CH CH -s-), ‘1;32_1(£, '3H;,-J‘{=.'75:Hz;.‘

‘.:_:"CH CH ) H‘]S.» M*312.1221(C81Cd fOf C|‘Hz 40 Sz- 312-’12"18')-.V

.g80% YIEld) Under the san«qonndltlons, mesylate 35b (66 mg,f_‘?

To a solutlon of (36) (589 mg,‘v 89 mmol) in. dry bezeney*a*

(30 ml) freshly prepared Raney Nlckel (W 2, 6 ml)\yas added L

‘fconcentrated Flash chromatography of the re51due on 5111ca

'The‘ solutlon was stlrred at room temperature under an argon" U

Wy
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and 1630 cm"d (plefins)f, nmr (CDCIT) ;6 6.74»J(m,t‘1H;’
'j?cn =C- coocn CH, ) 5.55 (m;r2n ~HC=CH- ) 4.18 (q;‘zn,ra #dY.:
-nz;ffcoocnrcn ) 39 (t 3H, J = 7 Hz ‘—COOCH;CQJ),E 1,10 f"{hr
(s, 3H, ~C-gH, ) and 1.04 (d, 3H, 3= 6Hz, -éH;cg;>;.msfM+ E
'pfzzo.:lé1f( Calcd. for C,.H,.0,: 220.1463).° R
tggé;;;caicdinfot-c,4H1°o,.-c,.76.31;'H, 9.16]

o Found: C, 76.08; H, 9.56. ~ . . . .

- !

.r8 Carbethoxy—1 2 d1methylb1cyclo[4 3. O]nonane (23a, 23b)

': To a SOlUthﬂ of dlene ester 38 (126 mg, 0 57 mmol) finuv

o 'absolute ethanol (5 ml) freshly prepared Raney Nlckel (w 2~’

k'~fresldue on}¢5111ca gel elutlng w1th petroleum ether ethyl

4 ml) was added It was then st1rred under an. atmosphere_ ofh'
'fhydrogen at room temperature for 24 ‘hr. The reactlon mlxture
».was flltered and con¢entrated Flash chromatography of;fthe'

7g

':acetate, gave a mlxture of two ep1mer1c esters 23a,‘and '~3

f;(125 mg, 97% Y1e1d) in ca..2 3, ratlo as 1nd1cated by the nmr :

'spectrum (CDCl by wh1ch showed a major set of 51gnals,iat‘ Su

”4,16; “(aq, @,23;"Jf{s; 7 Hz, :—coocn CH,), 2. 94 (m, 1H,

"fr-CH CH cnz-) 1 28 (t 3H J.= 7 Hz, h—coocn c H ). 0.98 (é,]_fw

"753éj7'—c ~CH, ) and o 88 {(a, 3H 3 —-6 Hz,r-CH CH o) and a minor

‘-set of s1gnals at 6 4 16 (q, 2H J = 7 Hz,‘-COOCH CH ) ,4
ORI ST N ah '
o (mi-'1ﬂp -cH, —CH CH, ), 28 (t 3H g

7 H;,'-coocu CH )
f,d1;Q1 (s, 3H '—C CH ) and o 88 (d 3&,JJ

1}

xsrgz;ﬂ—cn ~CH, )



(CHC1,) 1734 cm-' '(estvér)'; ‘ms - M* 224.1774. (-Caled. for

g% C.H.,0,: 224,1776). | | |
 Anal. Calcd. for C,.H..0.} C, 74.94; H, '10.79; 0,14.27 =
Found: C, 73.75; H, 10.59; 0,14,03. . . .

T
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