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Q sui*‘omc ac1d gave ‘rise to an epimeric mixture of enone’s 14 l,4— o) o

"l,Z-ethanedath‘l and boron trifluoride to give two epimeric tfno-

wet Recently. C” nunber of. sesquitel'per\oids possessing the.novel . e .

:carbon »skeleton oi‘ Capnellane\(l) have been isolated from a marine e

source This thesis descn‘es a hithy stereoseﬂective synthesis of !

.

aldehyde 62. a potential synthetic precursor of 1.

- Photocycloaddition of 4 acetoxy -2- cyclopenten-T-one to '
vmyl 6cetate followed by treatm.nt of ‘the adduct with p ‘\foluene- '

Qddit?on of a methyl group to l4 Was accomptished usmq either lithium

- dimethylcupr\'ate or a methyl magnesium bromide cuprous iodide complex
‘ , The epimeric mixture of keto acetates l.‘:\hus obtained was hydrolyzed ’
vlwith aqueous sodium carbonate and the res.ultihg alCohols treat%with TR

2 cLe

) ketals 23 and 23a Oxidation o,f these t\lO epimers with acetic anhydride '
‘and dimet'iyl sulf‘ox1de gave the same cyclobutanone 24 Boron tri- ‘
| fluoride catalyzed rinn expanswn of 24 mth ethyl diazoacetate gave f‘";'

Zketo ester 25 contaminated by a small amount of ltS pOSitiqnal 1so.mer el

"y

26 Subsequent alkylation of thlS mixture vnth l bromo 3 methyl 2-butene b
-"'afforded two separatable olefins 52 and 53 v,nth the former isomer . |
'predominatino Lithiumralummum hydride reduction of 52 folloaed by 4

. lloffatt ox‘idation of the resultinq diol é_yielded l'eto aldehyde 55 . % _
.__'nhose selective thiol'etal formation gave rise to ketone 56. Raney mckel R .

Y

'.,’treatnent of 56 effected smultaneous removal of its thioketal groups w‘( -M‘
'This enone was subsequently reduced to alcohol 59 and the lattér . '» |
- . '_'_ St S '_.{;v'v'v b W ?_\?'f‘ -

: .?I:,' )
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& S 'T_N_T.ROMTIOR“; o L “'\ %
e . As a~consequenc¢F of the rapid deve)opment of mardne Memiatry

isol ated

in recent yelrs a vast number Of novel netural products have: |

from marine sourcesT and, many of these conpounds shown 'to, po* mctural
type’s differlnq from those aVa‘HaMe from lnon-marine or1gfhs’ fwo \ybars
aqo. Djerassf"&'@ Tursh and theim oo-workersz reported the 1solation f

‘ \

Capnel]a-inbri-cata‘ a soft coral inthgenous to Lndonesm area of several

sesqmterpenoids Uerwed frotn the new ske)éton of Capnellpne (i) The ,"‘_'
struct’ure and absolute conf1gurati-on of one of them A9(12)CUFN\EH3E”€ . :
' 1 33,83 10a- trwl (2) havesbeen fully ﬁtablished by chemcal and’ speotra} R

stud1es and by a sihale cry&tal X-ray crys’taﬂographm analysis. ln addftton
to its. novel carbun framewrk the naturall] occurring triol 3 possesses |

" the unusual‘énedwl system in its C-rmg Thes1e,~w mtﬂgufmg structural -
features also represent from a synthetm poLr_\t of view, challenging }ﬁ .
problems As the firs«t/:st;q?studles toward the total synthesns of Z, ‘we

% have fochsed our attention, to the constructwn of its parent hydrocarbon Cewe e

B e R

capnel lane (1)

The occurrence of tncyclo[é 3.0. Ok’s]undecane ring system in

~

fii&'

nature is rare Prior to the 1su]at1on of 2 and its re'lated compuunds .

&

only few fungal metabohtes of the hlrsut1c acid (3) famaly were Kknown

"" . to d1splay such a system Extstmn methods fornts synthes1s are aISO L
v ¢ St ’

linnted' H1rsut1d: ac1d (3) and 'its unnatural isomer isohigutic ac/a .
ir : . - . . '\ . . i ‘\\ ‘
* . ' : . : . - . " 3 Ld

Deteﬂs of their strut‘:t_ures 'are yet to be.repo'rted'.‘

.
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(4) hu& been syn hesiied' by. ﬂats

‘ to _”t a'l' R and by L'ansbury et al *
respectively 'Tbe metﬁods detlvni '

;ed 1n .mm qnthe}es are h oy

&

P ]

iqadequ&tf for the préseqt p.urpose by ~v1rt,ue ol‘ the fact tha.t tll %nell \e‘ ‘

skeleton ~elr's."glr;‘g;ly 7ro;n -the hirsutfc acld skeleton i'\%bstltutjm & ﬁ,‘@

Pattems ‘; L L I S S

EPIUART T Aek o Lt

v -Pribr ta the present studies, a. heneral approach to. the synﬂrasls KA

* of hydrrindanpnecarboxylates7has been developed in this ,labo ’As L r\ #

L illustl-ated in Scheme 1 wi‘th 1sophorone (5), the synthesis mvolves \ . “lrl

| o epqne -photoanaelatioo as 2 ueneral entry for. tht constmction-of‘ a »s PR
,s.( " ; sumably substituted Pcyclo[,d .2. 0]octan-x7-1'""' :s‘ystem (5-6) and«%e*bomn :‘;

W_r trﬂ'l uoride catalyzed rmq exoansion of Hi% c__;lobu‘tlne rino with etm:l \\i " \."" ...

d.1alzoaeetate as a key step (6*7) Dun:l:qgf lbhe conrse of those and the™ related - ‘

stgdles , it was also founé that, in- casegﬂofg{msymtricallj substifuted ‘ v

cycloalkalnones, such as g, the ring expanswn .;eact'lon proceeded wlqﬁ“ a ‘i*

hlgh degree of req1oselecf1v1£y7 ]5 lhthout an_y exception ﬁe .migratory V ’#

.Lto the knoer Narr@nge&, ,3?-

~ appt1tude was shqun to: be such 5hat 1n conxtraé’t

"‘I { . e
o ment reactwnsm,‘the less substltuted a-¢ arboh? magratés predominantly e ‘;
—t: e Rt .‘,v--- . '..~vl A RN et w'v S e g IR '3 *q«émi ez o

_u.‘;; . '. ;

qr eXClus wely

9'.(. I
" "
Yia

In princlpie, the above synthetlc appmach to h_ydrindanooe- |

P el carboxylates cou]d beexteaded 4 the preparation of bicyclo[3.3. 0]0§ta"- .

deri vatives. using 2-cycl’openten-l-ones Wn @lqw' of 2‘-c_yclohexen-!’-qnes 'A',‘*;e}r K

* 34 ;” e . ISR A
R == ' SRR S
For other examples of Lems acid catalyzed Nng expanswn of cyclq- i SO
. ] i'*:‘ Yo m
alkanones wi th d‘lazoacetate see references 3-15. y o R
' . ' . Lot T
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A . Y
'as starting'materie]s Such an extens1on should prove h1qh]y app11cab1e
1n ‘the synthes1s ‘of capnel]ane y.- o

“The. photucycloadd1t1un of 2- ch\upenten 1- une to v1ny1 acetate
-for 1nstanee,t1s expected to proceed in a head to-tail mannerS to aive.
photo- adduct 8 with a cis ring Juncture The convers1on of g to type |
9 could be Cbnce1vab1y ach1eved by swmo]e mod1f1cat1ons of 1ts ' -
functionalities simjlar to those descr1bed in Scheme I. Subsequent ring
expansion of 9 with ethyl diazoacetate and boron tr1f1uorfde is expected
to give 19 as the prndom1nant ’poss1h1y to. an exc]us1ve extent) product.-
The similarity of 10 and the B C r1nq system of. capne]]ane (1) is
»apparent other than lacking a methy] group, Io,conta1ns all the requ1red
features of the. B and C rings of 1. Furthermore, the g- keto ester group

\ °

of 190 is hlqh]/ su1tab]e for further construct1un of the remaininn A r1ng

v-\-

Ring A could be formed 1nvo1v1ng an overall urocess of 1ncorporat-
ing'an‘"isopentenyl unjt" to C2 and C3.of 10 usrng'the ex1st1ng
functiona]itiestin‘a mannet as.indjcéted'iniformula 1. Alternatively, it
- could be annelated by adding the required untt to C5 and C4‘0f 10 as.
1nd1cated in 12 by further act1vat1nn thé\c center such as by 1ntroduc1ng
a C3 C4 doub]e bond. Pendwng on the mpde of A r1ng’format1on, the ring C
methy] of the target molecule 1_15 required to be.p]aced,‘1n the former . "

.

case, at Cg of 10 and, in the later, at its Ce-
In view of that the approuach ihdicated in 11 needs ]ess’disturbance

- of the existing functional groups, it was chosen at the outset a% the, means

*A trans'arrangement in,bicyclo[3.2.0]heptane system is sterically forbtdden.






i
e

-~

" for the formation of rlng A. Cunsequently, it requ1red a device t

the 1ncorporat1oe>ef a methyl substftuent to C8 of 10. Th1s task could be !

y .

cundewvably achzeveq wwthou% d1ff1cu]t1es by a su1tab1e cho\ce of the

starting enone o i

\

. The above considerations const1tute the framework of the synthet1c

- studies on capnellan° (1) descrlbed in th1s theSIS\\

, , v o
] . . " ll N . H v‘
I\ ' Y

0 fac111tate_;_7;‘_*
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o L - RESULTS AND DISCUSSION
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"‘ In order to fac111tate the 1ncorporat1on of the r1ng C methyl
substltuent of capne]lane (1) 4 acetoxy 2 cyclopenten 1- one]7 =19 was
chosen as the startlng mat°r1al Its photocygloadd1t1on to- v1ny1 acetate, ln\

‘: 'benzene proceeded in a Z/thy reg1oselect1ve manner. to g1ve photO*adduct
. 13 as a m1xture of d1astereomers Due to its 1Qstab111ty ,\13 could not be

P

obtained in pure state. Its structural assignment follows unambiguously »
Vo from the subsequent trahsformat1ons Treatment of‘13 w1th a cata1yt1c .-
anount of p- tolueneSulfon1c ac1d in bonzene afforded enone 14 1n 74% |
| yleld’from the starting enone Q]thouqh 14 was found, to be\homogeheous
E . .on thwn }ayer chroma::graphy, the presequ of both the endo (_53) and
L _the exo (14b) epikers was evident fron the nuc]ear gnet1c resonance
(nmr)«spectrum uh1ch displayed two sets of smgnals in accoud w1th .
.. the. structures of 1da and 14b 1n a rat1o of ca: 10{ 7; Furthermore an-
examlnatron of Dre1d1ng nodels revealed that 1n the case, of the exo
ep1mer 14b the methipe proton adJacent to the acetoxy group 11es w1th1n
the sh1e1d1nq zone of the douol° bond aﬁd its appearance in a hlgher o jj
field-in the nmr spectrhm was. expected The ¥act that thws hydrogen atomh
f. resonated as, a multlplot ‘at.an, abnorma]]y h1gh f1e1d of 15. 50 as a part-"

Anaattempted pur1f1cat1on of 13 by column chromatography on s111ca ge]
resulted inits part1a] decompos1tion to’ g1ve 14 A s1m11ar result was

obtalned when 1ts pur1f1catlon was attempted by dlst111at1on

SN

"See' exper1mental sectxon for detaﬂs.__‘ : ' v

S . L ' S



. P’ . .o T e C, R
e =0 » s s D L ) e FEERIN .
s . NS . S . . .
LIRSV AR o TS S Sy S S Lo s v
" o TR e SR B e \ Rl 8 TR MR 3L - B xR i, (RN ' ‘ BN ,! ?»1
o st &, : B Ve L e et 4
T ¢ e . . T . . B
) N . , . . B . . A . A : .
. IS C.

hY
.
'\,
h, -
Q

: Lo ~\4' Sooos g

. ww A | "': | 4"
of the mfnor nmr sfgna]s stroan}/ﬂbgqésigd ti%t ]4b qu the m1nor component

~

Since the ch1ralfcafbonﬂbedr%pd’the aceﬁgby group would be d%stroyed in a

later stage, no attempt was made. to. ‘Separa e these two epﬁmers

f {

‘ The required rino C méthyl grodp 0 1 vias: subsequent]y incorporated

by a ];4 add1tlon prucess In1t1a11y the rea tlon was cgrrled Qut using
20

: lith1um-d1methy1cuprate as. a reagent Under S ndard react1on condltions

7treatment of the ep1mer1c m1xture of 14 w1th 11th1bm d1methy1quprate gave.

in addition to the des1rab1e acetd!z 15 1n'50“ y1e1d, a. substant1a1 quantlty
(21%) of 8- dxketone 16 The 1nfrared (1r) spectr erf 15 shoued the,absence of
_the conJuqated enone absorptlons and a broad band at. 1735 cm -1 d1agnost1c for
.both the ester and the cyclopentanone qroups In the maSs spectrum, a molecu]ar
. ion peak at 182 0945 was in aqreement with -the molecu]ar fonnula of C]O ]403

4

.The stereochem1strv of 15 was ass1qned as fo]lows The. nmr spectrum of 15
d1splayed, in add1t1on to a s1nglet at 1 8.0 for the acetyl grouo, two

nethyl doublets at T 8 98 and 9.02 for a tota] of three protons suggestxng

the presence of at Teast two sterés1somers The stereqchem1cal heterogen1ty

o of 15 could be ]ogica!ly attr1buted, 1n part at least to the 1nher1tance

;.of that of the start1ng mater1a1 s1nce ep1mers of 14 were used Furthermorev :
!

f‘?}the 1 4—add1t1on reaction was: Q‘pected on the basis of 2 large number of - é

“Tf;dantazp -2 to proceed favorab]y from the sterlcally less h1ndered convex

. side of the unlecuTe result1ng 1n the dep1cted stereochemlstry for the - .

that. whon the'y 'fting‘thirai‘centerVcsgwaS‘destroyed,‘a single :
compound ‘Was-. jﬁ? e 1nfra) These later flnd1ngs c1early 1nd1cated

“that 15 contained L-a1r of C6 ep1mers and that the 1 4~add1tion _

@?

L.



' dectectab]e amount of acetate 18 and/or its C eplmer was obtalned

3 reaction'prﬁteeded_stereoselectiveiywto an‘exCT‘51ve extent . The structure .
- of the m1nor pruduct 16 (ex1stinq part1a11y in its eno!l forh(s)) could be

’readrly deduced on. the bas1s of 1ts spectral data The ir spectrum showed ]

. absorptlon bands at 3450, 1725 and 1640 cm -1 f0r.the hydroxyl group, the

ketone carbonyls and the. chelated B hydroxy a,B8= unsaturated kétonn(motetyzs
,.respectrvely In the AMr spectrum, a methyl doublet pnd an acet/l SInglet '
‘appeared resoectlvely at T 8 95 and 7 98 "The structural assfonment was
ffurther conftrmed by acety]atlon The product 18 thus oota1ned showed 1n the
ip spectrum, in addition to the characterlst1c chelated B hydroxyvq - .

unsaturated ketone bands at 3460 1655 and 1620 cm 7,'an intense ester

. \
carbony] absorot1on at 1738 cm - . The format1on of 1€ could be attrlbuted

to an 1ntrano1ecu1ar transformat1on of an acyl group 1nvolv1ng the 1nter-
-3

nedracy of tha enolate ion 19 resu]t1no from the Inltla] 1,4- add1t1on
'Thrs transformatvon was ant1c1pat°d to proceed with ease ‘die to the close
{

prox1m1ty of the endo acetoxy aroup. and the carbanlon In agrenment w1th

the 7nvolvement of an intramolecular prucess was the fact that no

li

.At present the stereochemlstry of capnellane - (1) at c9»1s not of cruc1a1

f.

1moortance since tr1ol F, the only member of the capnellane fam11y vhose

structure has been conc?uded possesses a doub]e bond at th1s site. For

j

‘¢aract1cal purpose however, 1t 1s hlghly de51rab]e to- sécure its homogenlty

The transformat1on of an exo acetyl gnpﬁﬁ/ns sterically forbidden.

. i .
1\ .



from the reaction mixture; should an intermolecular process be involved,

\

the formatfon of‘such‘comoounds uould be highly brobable On the basis of -

these assumptions, the stereochem1stry of 16 could be tentat1ve1y ass1gned v

as shown. . o o “‘ o o L

) \ ’ Ty
) In an effort to avo1d the formation of 16 the 1,4- add1t1on

reaction was subseduently carr1ed out using the complex generated from

methylmaqnes1um bromide and cuprous 1od1de in-place of 11thium dimethyl-

‘cuprate Although - this method did not suporess the product1on of<16 nor

_improved the yield of the desirable acetate 1£ ‘greatly, it was shown to

' 1rrespect'

'moleCu]ar ion at 140 0814 in the mass ‘spe

methano]

i be superior’ than the prev1ous one 1n that the resu]ts were reproducwb]e

1

\ : _
of the preparative scale. . -

'ted in the format1on of the ‘epimeric keto alcohols 20 in’
64% yield. The ir spectrum of 20 showed the character1st1c hydroxy and
cyclopentanone carbony] absorptwon.tands at 3430 and 1730 cm ],

respect1ve1y In the nmr spectrum, the methy] groups of the two ep1mers

appeared as a s1no]e doub]et at 1.9.02 and the methine protons adJacent

’to ‘the hydroxyl groups were found as a mu1t1p1et centered at ¢ 5. 89 A

s

Fum was in further support

of the structural assdenmcnt. It was notedl‘hat in pr1nc1p]c diketone

v -

,:16 cou]d also be converted into the des1rab1e 20 (w1th a-01) by remov1ng

.1ts acety] orOup under reaction: conditions s1m11ar to ‘those used for

the' hydrolys1s of IS:EExper1menta11y, this was found to be not the case.

Ypen a mixture) of 15. nd 16 directly obta1ned from the 1,4-addition

with aqueous sodium carbonate'1n methanygl, 16 was

t

£

n.

re
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’"converted largely to 21 as a rasu1t of the select1ve cleavaqe of its
cyclopentanone ring by- methoxy ion. Although rather unusual, such a
select1v1ty could be attr1buted to the r1nn stra1n of éhe system. ke

Since the mod1f1cat1on of the cyc]obutane ring of 20 to the
required five- membered r1nq of: capnellane (l) 1~proceed by ring l

exoans1on of a cyc]obutanone 1ntermed1ate, it wa . sirab]e\to either -
remove or, protect the existing carbonyl in advanc in order to prevent.
\anycomp]1cav1on due to the presence of two. ketones The direct remgwal

of the ketone carbonyl of 20 could be achieved by Holff-Kishner reductwn26 .
using Huanq H1n1on s mod11’1cat1on27 ‘The y1eld of a]cohol 22 (probab]y
a m1xture of t/o ep1mers) thus obta1ned was however Tow. In spite of
several attempts made to 1mprove the yleld the best obta1ned was 32”.~"E$
.j Subsequent treatment of 22 vith Jones reagent affected its 0x1dat1on ' h
| to give ketone 17. ThlS ketone was found to be extremely vo]atile and
1ts attempted pur1f1cat1on by column’ chromatography resuited in.
»lsubstant1a1 loss of the materiﬁ?' A K1 y1e1d of 17 of sat1sfactory :
purity could however be obta1ned by d1st11]atlon using a kuge]rohr
"‘apparatus | '

By v1rtue of the facts that the y1e1d of 22 wds unsat1sfactory
and that 17 was d1ff1cult to handle, our attent1on was drawn to the
protectlon of the carbonyl group of ketol 20. As the total synthe51s of 1
requires ultimately its. removal, th1oketa1 was chosen as the block1nq

i
group. Treatment of 20 w1th 1 2-ethaned1th1ol in the presence of boron

tr1f1uor1de etherate resulted 1n the formatlon of two alcohols 23 and

23a in ca. 1 2_rat1o and in a total yield of 94%. These two'alcohols
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were readily separatable by column chromatoaraphy on silica gel. The ir

spectrum of th mlnor and faster-moving 1somer 2 showed a hydroxy !'

i

lsplayed a doublet at _ Q‘

absorpt1 band at 3345 cm ’} Its nmr spectrum_

1°€.87

nd a multiplet at 16.82 for the meth‘yl s stitue'nlt and fhe o

: spl1tt1 9 patterns vere observed for the correspond1nq groups. of the

\
ass1gnments as’ well as the 1som°r1c\relat1onsh1p df these two alcohols

B «

were further verified by-the1r mbss spectra dasplay1ng 1n each case a
molecular 1on peak at 216.0651. Although not of cruc1al 1mportance the1r

~stereechem1stry could be tentatlvely ass1qned on the bas1s of their
| . : .
- dvfferences .in aff1n1ty fbr sallca ael w' ' _‘ - IR o e

‘/ When 23a vas subsequently subJected to the treatment of d1methyl
sulfoxide and; acetic anhydr1de28 29 at =3°C for SLX!days, the oxldataon .
occurredsmoothlytorpwve‘a 799 y1eld of cyclobutanone g__whose structure '
‘was ev1dent from its ir spectrum show1ng the d1agnost.c four—membered
-1

| ketone absorpt1on at l777 cm . In the nmr spectrum, a methyl doublet

:_.appeared at 1 8. &l and a four- proton mult1plet centered at 1 6 73 was f.f
observed for the th1oketal methylenes A muleCular fon peak at 214, 0485
" in the mass spectrum was in agreement w1th the required molecular
-formula C]0H140§2 Under the samo condltxons used for the ox1datnch of
pure 23a, the mixture of 23 and 23a reacted with dxmethyl]sulfox1de and '}1
‘acetic anhydr1de to give an 85“ y1eld of 24 and no detectable ambunt -
,jof 1ts/C4 eplmer The formatlon of 24 as the only d1astereomer prov1ded 0

L J

conclps1v. eV1dence:;th 23 and 23a must be epimeric at the chlral

\_v

N
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| center bearlno the hydroxyl gruup Extentlon of this conclu51on further G

1

required pn’cursurs 15 and 20? in each cfse, a pyir of Cg epimers dith

:“h
cumplete stereochemical- 1nteg§:t§\at\c4 Consequently,. the 1 ,4-addition

reactlon o# 14 must have psgc ded in 'a completely stereoselect1ve
fashlon | .{jﬁé . ‘ ‘df ‘ ” |
Pomoloaatlun -of the cyclubutanune r1nq of 24 tu prov1de rlng
B of the target muleCule 1 was aéh1eved uS1ng the method developed in \
this laboratory Treﬁtment of 24 with ethyl dlazoaCatate and boron 'éé '. -
tr1fluor1de in ether at 35°C for nventy mlnutes, the react1un proceeded
'.smoothly to g1ve an 85% y1eld of -the riry expansjon pruduct whlch was ':'

shoun to be homoqeneous by both gas chrom&toaran y and thin- luyer .

* ' !
' chromatography The gross structure (i.e. 25 and/or g_) of the product
was read1ly deduced on the basis of the following spectroscoplc analyses
.The ir spectrum showed ab;orotlon bands at 3403 1745 1718, 1630 and
1610 cm 1‘d1agnost1c for the cyclupentanune carbbxylate system exxstlng
partially in the en(hl “form. A molecuiar ‘ion peak at 300. 0854lwn the
mass spe!trum was 1n full agreement wthQ%he requ1red molecular formpla |
. ;LOf CMH20 . Although -in agreenent u:th'the gross - structural a551gn- S
'ment the nmr spectrum vas rather complex It dlsplayed a methyl doublet : ) ","
at v 8.81, ‘two triplets at 1 8.72 and 8. 7 and two quartets at.r 5.81 |
" and 5 87 for the carbethoxy group, “and twssinglets at 76. 74 and 6.81
for theithyoketal group. The gomplexlty of the nmr)spectrum c0uld be
either/due to the co-existence of 25 and its enol torm.ggg or that of

. l '. X ;
y ,
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17

a pair of 26 and ggg* or due to the presence of both 25 and 26 and

G

their corresponding eno]s. As the detailed structure(s) of the r1ng

expansion product{s) could not be unamb1quous1y determ1ned by

spectroscopic methods, attention was,drawn to alternative means to

solve the problem, The fo]lowing chemical transformations were carried

out and on the basis of the%o results, it was concludpd that the r1ng
expansion product, although homuqeneuus by thin-layer and gas
chromatvaraphic analyses, was in fact a mixture of the desirable

keto ester 25 and its positional isomer 26 in a ratio of Ei-:4 2

’ 1

with the former pfedominating.

% Sodium borbhydride reduction of thé ring expansion product

' dave, inaéd ratio, two Eeparatab]e alcohols which were independently

~

acetylated with'acetic anhydrideiﬁn pyridine tu give two.isomeric
acetates. The structure of the acetate ubtained from the minor alcohol
could be readilysassigned as 30.and thus that of its immediate precurSor

28 on the basis of its nmr spectrum which showed a triplet of a

-doub]ets at 1 5.72 four the moth1ne proton adjacent to the acetuxy

~
aroup. On the other hand, The nmr spectrum of the other acetate showed

aJdoublet of doublets at « 4.7 for the correSpond1ng hydrogen atom. /

«This coupling pattern could be better explained by ‘the structure of 29

*Although the presence of this pair.along‘;as highly gﬁ]ike]y since
the migratﬁry apptitude of the goron frgfluoridé catalyzed ring
expansion of unsynmet}ically substjtuted cycloalkanones with ethyl
diazoacetate was shown to 1nvolve'main1y the less substituted a-

carbbn7’]5, it was nevertheless a possibility. _ ,




!

_ L » a
but by no means conclusive since it could also arise from a stereo-

isomer of 30 with a zero couﬁ]ing between the proton in guestion and

~orfe of the three adjacent hydrogen atoms. ThellatterApbssibi1it} was
ruled out as follows. Tredtment of 30 with sodium hydride and a small
amount onB-am;1.a1cohoT in 1,2-dimethoxyethane resulted in the for-
mation of the a,g—unsaturated ester 32. Under the same cond1t1ons,‘
the major acetate also undervent elimination to give an q,e-unsaturated
ester which was found. to be isomeric with but different from 32 and
to which structure of gl,¢0u1d be reahi]y assigned. .Accordingly, fts
tho precursors,;acetate and alcohol, must possess structures 29 and

27 respectively. It was clear, on the basis:of these results, that the

~ ring-expansion product must-beﬂa mixture consisting of 25 as the chief

component and 26 in minor quantity.'Sincelgé_was inseparatable from gg,'

¢ _ :
for the subsequent transformation, the mixture was used and it was hoped.
that the products could be resolved at an appropriate stage.

A]though not in a pure state, the formdtion of 25 ‘having all the

' requ1red features .of the B,C ring system Jof 1 and proper functionalities

. i
for annelating the remaining A ring completed ovur first stage synthetic

1

goal. One of the simple approaches to ring A format1on cou]d be

envisaged as outl]ned in Scheme II. In prwnc1p1e,.a1ky]ation of §§
!

~with 1-bromo-2-butanone folloved by Aldol coﬁdensat%on of the resulting

dione- 33 could give rise to enone 34 of which metal reduction foll:wed
4by trapping the enolate ion thus formed with methyl halide (34 + 35)

could result in the comp1etion of the framework of the target molecule

\gl. Since 1-bromo-2-butanone was less accesible, bromoacetone30 was

first used as a model to test the feasibility of such a ‘scheme. Treat-'

Ki

18
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ment of the m1xture of 25 and 26 with sod1um hydrlde followed by addltion
. of bromoacetone qave a 79 yleld of a mlxture of. two a1k¥lat1on products ~~»-n%—wv-'
as 1nd1cated by thegnmr spectrum d1splay1ng two/methy] ketone singlets

at T 7. 92 and 8. 0, as Jyell as two th1oketal s1nq]ets at T 6. 75 and 6 79

( .
' ~and s1nce the alky]atlon of each nolecule was h1ohly 11ke1y to proceed o

from the ster1ca]1y less h1ndered vertex face, it could be tentat1vely

conc]uded that the mlxture cons1sted of 36 and 37 with the former as
I

'3f';a maJor component Eftorts made to separate these two compounds were

~-fru1t1ess | )' L j \
Attempted cyc]1zatwon of 36 (contam1nated by’37) using ‘P o
- toluenesulfon1c acid resulted in the comp1ete recovery of the _starting
m1xture On the other ‘hand, under basic. cond1t1ons (sodium hydr1de—

' t amyl alcohol) the mixture reacted but no detectab]e amount of the ' |
j’des1red product was formed. The maJor product Obtalned showed. the i
'»:absence of ethoxy s1gnals in the nmr Spectrum Its format1on thus N

requwred the eJect1on of such.a aroup likely via a C1a1sen conden- - vy

i , S

' sation react1on AccordTnolyjsqte/structure was tentat1ve1y assxgned
as 33 or 39 or a mixture of both One of the poss1b1l1ties to
~c1rcumvent the comp]1cat1ons caused by the ester group was to convert’f
it to the angu]ar methyl subst1tuent of 1 pr1or to 'the rwng closure

Towards this end, keta]1zat1on of the two ketone carbonyls of §§;was’

}‘\\

‘attempted. Under a‘variety of reaction .conditions, however, only:its !
s1de chain ketone carbonyl was affected For 1nstance, heatlng a- |

m1xture of 36 and 37 at refldx w1th ethy1ene glycol and p-toluene- ,f"
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squonic acid in benzede gave quant1tat1ve1y and\exclus1ve1y nonoketals

!

:J40 and 41 as an 1nseparatab1e m1xture Because of the unfavorab]e e

resultsﬁef these exper1ments, the route outI1ne 1n Scheme II was | c . o ;/ .

- -abandoned and- rnatvve approach«was sought l. ,

The above f1nd1nqs 1nd1cated that'the direct format1on o? a
five membered r1nq was d1ff1cu1t to achleve by an.AIdol condensat1on
'Other than the observed comp]1cat1onslcaused by the ester group, . - B
b Pthe reluctance of 25 to undergo the des1rab1e cyc11zat1on m1ght have |
| been, due to add1t1ona1 angular strain 1nduced by r1ng cIosure The . . N . /;‘
‘formation of ‘a six- membered r1nq, wh1ch should not cause any major | ' |
Aud1sturbance to the system 1n that respect m1ght take a d1fferent
course Under these cons1derat1on, 1t was thouqht to proceed the ‘
synth951s by f1rst construct1ng a homo system 42 us1ng a Rob1nson 4 h' ‘, o \
f anneIatlon react1on with ethyI v1ny1 ketone as 1ndtcated in Scheme III : }
Metal reduct1on of the enone molety followed by trapp1ng the enolate
: Ion SO qenerated with a methy] halide wou]d al]ow the 1nconp8rat1on
¢of an add1t10na] methyl group spec1t1ca]]y to the desirable slte (42
- 43) Subsequent r1ng contract1pn (43 +. 44) wouId ‘then prov1de the
;:‘parent skeIeton of 1. ' v,_' . ‘ { - o - - AR l{
v o Treatment of 25 w1th ethyl v1ny1 ketone and sod1um hydr1de |
K gave, in add1t1on to 23 of ‘the recovered start1ng mater1al, a 42”
y1eId (on the bas1s of the consumed mater1al) of a m1xture of 45 and- ;4‘ B o s
f46 1nseparatab1e by column chromatography The structures of a]kylated . fb : o
produdts 45 and 46 were evident from the spectra] data The ir ;A‘ u._ | 1 -
_spectrum showed absorpt1on'bands_at 1710 cm -1 for the side chain : ;

\ ‘ . )
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ketone and 174° cm . i

. for the cyc]opentenone and the ester carbony]s
The nmr spectrum d1sp]ayed two methy] doub]ets at 1 9. 00 and 9.04

strongly sugoested a mixture of two 1somers_. The mass spectrum dis-

.:vp1ayed a mlecular ion peak at 384)1433fin agreement with the structural

assignments. Attempted cyclization of thi's material was however un-
'efﬁected'under a variety of,conditions In order to remove any_ un¥

{

‘favorable effects whlch might have been caused by the thiokete! group,
the m1xture of 45 and 46 was subJected to Raney n1cke1 treatment.

" The desu1fur1zat1on reaction also resulted in the reduct1on of the side
chain ketone can’ony] as indicated by the ir spectrum of the product
which showed hydroxy] absorpt1on and the d1sappearance o$ the band
"correspond1nq to that‘ketone Cpnsequently, the product w1thout puri-
fication was. ox1d1zed w1th Jones reagent. The mater1a1 (prubab]y a
. m1xture of 47 and 48) thus obta1ned was subsequent]y treated with

..p to]uenesulfon1c ac1d in reflux1ng benzene to effect its cyc11zat1on
A v1e1d of 43% of 49 and/or 50 was obta1ned The gruss structure of
the product was estab]1shed as follows. The methyl group attached

to the doub]e bond appeared in the nmr spectrum at 1.8.18 as a s1ng]et

o The poss1b111ty of that ‘the two compounds were stereoisomers of e1ther
[

!

45 or’46:

assignf _on the grounds that both 25 and 26 were present’ in the

'start1ng mater1al and that the M1chae] add1t1on was expected to occur

e , :
in both cases from the less. hindered gggfsqde.

uld not be: exc]udod The pusitional 1somers viere tentat1ve1y .

25
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.The ir spectrum displayed the d1agnost1c absorption bands at 1720

: and 1665-¢cm -1 for the ‘ester carbony] and the a,B unsaturated ketone

respect1ve1y An exact mass measurement of the parent ion peak’ at

1
276.1732 in the mass spectrum further conf1rmed the aross structura1

,ass1gnment A]thouoh by no means- conclus1ve, the foregoing resu]ts

were encourag1ng Unfortunate]y” for reasons yet to be ]Fterm1ned
i

the a]ky]at1on of the mixture of 25 and 26 with ethyl vinyl ketone

was. not reproducible. Inlﬁp1te of numerous attempts, w1th or w1thout :

mod1f1cat1ons, start1no mater1al was recovered 1ntact

|

.f1rst the conversion of 25 1nto d compound of type 51. The latter

is expected to undergo cyc11zatvon via an ‘intramolecular a1ky1at1on
process to compTete ‘the framework of capnellane 1) ﬁlthough the

feasib111ty of such a scheme rema1ns to he deen, present results

- are prumising. Treatment of a mixture of 25 and 26 W1tﬂr] bromo-

3- methyl -2- butene3] and sodlum hydr1de in 1 2= dimethoxyethane resu]ted

in ‘the formatlon of two 1somer1c produnts, 52 and 53, in a rat1o of

~about 3 : 1 and in a tota] yleld of 84%. The maJor product 52 was

’‘

read11y separated from 53 by column chromatography and- showed in the -
nmr spectrum two s1nq1ets at T 8.38 and 8. 27 for the two methy1
groups and a tr1p1et at v 4.96 for the v1ny11c proton The ir spectrum

dlspTayed the ester and the ketone absorpt1on bands at 1725 and 1745

em o respect1ve]y The nmr and ir spectra of 53 were found to be

s1m11ar to. those of 52 and the 1somer1c‘re1atwonsh1p of these two

compounds uas further ver1f1ed by their mass spectra wh1ch d1sp1ayed

P

The third approach which is currentTy being stud]edkrequlres ‘

27
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fn each case a noledular ion peak at .368.1481, The locatmon of the

HMT——L~J~—» ester group 2nd thus that uf the ketone of these two products however

could not be deduced unamblquously on the basfs of the avarlabfe
spectral data The ass1gnments -were made as a log1cal extension of
the detected composwtwon of the|starting mixture Furthermore the

alkylat1on in each case, was expected to proceed wnth a normal

l 3
,stereochemlcal course w1th the reagent enter1ng from the less hlndered

convex face32 Consequently, the newly 1ntruduced s1de chain, ‘",
both products; was assigned cis ta the ring juncture hydrogen atoms

» l Prior to establ1§h1ng propenwfunct1onal1t1es for rycl1zation
of 52, its ester oroup was flPSt converted to a methyl group as
' follows Dedu!ctwn of 52 w1th llthlum alumlnum hydrlde afforded a 75%
' y1eld of the corresponding diol 54 whose ir spectrum shmved hydroxyl
bands at 3520 3540 ‘and 3420‘cm . and the absence of any carbonyl
absorptlons The nmr spectrum dusplayed no s:bnals for the ester
groupinb A molecular ion peak at 328. lS30\further conflrmed the
,_‘assvgned structure Moffatt ox1datwn33 of: d1ol 54\w1th d1cyclohexyl- '

. carbod11m1de and d1me l/sulfox1de in the presence of trafluoroacetic

ac1d and pyr1d1ne 1n benzene gave rise to keto aldehyde 55 1n\quant1—-~

l .
“tative y1eld The ir spectrum showed, 1n addltIon to the cyclo~ - ‘3\

¢

.\\

‘pentanone absorpt1un at l735 cm ], the dvagnost1c aldehyde bands at o

2820, 2710 and 1710 cm- . In the nmr spectrum the aldehyd1c proton

Il

vi The structure of 40 was further cunf1rmed dur1n% the subsequent

transformations L ' L

T

‘2




appeared at T 0 51 as: a singlet A molecular jon peak at 324 1214 vias

1n accord w1th the formu]a of C]7H2402 2

With w -2 Raney nxtke] in benzene Under these condftions, 56 afforded

;. product 58 in 10% y1e1d ln the nmr spectra, both 57 and 58 showed the

[N

29
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In pr1nc1ple the COnvers1on of the a]dehyde group of 55 to
a methyl could be carried out by severa] dffferent methods It was

preferred toproceed the transformation Mwa a th1oketa1 1ntermed1ate

'so that its subsequent desulfumzatwn cou]d resu]t in concom1tant o -

removal of the pre- ex1st1na th1oketa1 qroup Se]ective th1oketal1za- o

' t1on uf 55 was effected by its treatment w1th 1 2 ethaned1th1o] and - 2
- boron tr1f1uor1de etherate at 0°C for a short per1od The d1th1oketa1 -
p56 thus obta1ned in 70 ‘yield shoded 1n the nmr spectrum two thio-
,ketal s1nglets at r.6 86 and 6 7€ eatch vnteorated for four protons

and another s1nglet at 1 5. zo‘for the hydroaen atom adJacent to the

th1oketa1 mo1ety Its 1r spectrum showed a hand at- 1735 cm B for o }

the ketone carbony] and the comp]ete absence of a]dehyd1c s1gnals ] : j

A nnlecu]ar 1on peak correspond1nq to a mo1ecu1ar foipu1a of C]9H28054

i

was observed in its mass spectrum

Subsequently, d1th1oketal 56 was subJected to desulfur1zatnon

!

v1n add1t1on to a 43” 7ield of the des1rab]e product 57, an over-reduced

-

absence of thioketal swgna]s Ketone 58 further showed the abﬁence of

"a tr1p1%t expected for a v1nv]1c proton and ‘a doub]et at ¢ 9, 08 for .

the 'six gem- d1methy1 hydrogen atoms 1nd1cat1ng the saturat1on of the s
double bond. The structures were further def1ned by their mass spectra |

which displayed molecular 1og peaks at 220.1829 and 222,1976 for §1
v N B ] — ) , . i ) . . ‘K

@ .
: | y
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X = LEAVING' GROUP -

Ry + Ry = CHO, CH;
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and 58, respectively. : .
| Enone 87.contains the requﬁred»caroon'skeTeton of the target
molecule 1 with the exception of'a missing C];C]r finkage. The |
Aok@ation of such a bond could be conceivably achieved, as discussed :
previously, via ah intramolecular alkylation process 1nvolv1ng the
1ntermed1acy of compound 59. Towards this end, 57 was reduced
Swith lithium a]um1num hydride in ether at O°C and a 949 yield of a
mixture of two epimeric alcohols in ca. 4 : 1 ratio was obta1ned
Since the hydr1de ion was expected to add preferent1a11y from the
ster1ca11y less hindered side, the stereochem1stry of the major and i
minor 1somers could be readily assigned as shown in 59 and 59
respectively. ~These a331gnments were substant1ated by the fact that‘
%n case of major isomer, the proton adjacent to the hydroxy] group
appeared in the nmr spectrum at an abngrmally’ high f1e1d of 1 6.77
as a doub]et . This observatlon cou]d be readily attrlbuted to the
sh1e]d1ng effect of the double bond and requ1red the proton to be ‘ i
Elg_to the side chain. A]coho] 59 could be converted to the cdrres-
-ponding tosylate gé opoh treatment withprtoloenesulfonyl ch]oride

in pyridine. The attemptedioxidation‘of the 1atter-compound with
' ‘ |

rﬁ% fact that both thlS proton and the correspond1ng one of the .

minor isomer 59a appeared as a doub]et 1n nmr spectra further
substant1ated the structura] assignment o?bthe1r precursor 52

35 Shou1d the epqmer1c a]coho1s be der1ved from 53 more complex
sp11tt1nd pattern, i.e.,a trlp]et or a doub]et of doub]ets WOU]d

3 be expected for each of them o ' .

tnl
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se1en1um d1ox1de in order:to incorporate the required aldehyde group
.
- was however unsuccesst‘ due to the instability of its. p-toluene-

‘ |
sulfonyl group. . | ;

Consequently, 59 was first converted to acetate 61 using

ydride in pyridine. Selenium dioxide ox1datwn34 of Ql
N

to g{me an\Bl” yield of a]dehyde 62 whose structure

- acetic ¢

procedded
was evident from th follgyang spectral ddta. The ir spectrum dis-
-o]ayed, in add1t1on to the character1st1c a e-unsaturated a1dehyde

bands at 2820, 2720 and 1690 cm ], the ester and the double ‘bond
absorption bands at 1740 and 1645 cm -1 respect1ve]y Its~mo]ecu]ar |
“composition of C]7Hé5 3 was indicated by the mass spectrum exhibit-

ing a parent ion peak at 278.18€9. The nmr spectrum was also in

agreement with the assigned structure showwng an;eldehydic singlet -

at v+ 0.65. a triplet'at 1 3.56 for the vinylic proton and three singlets
at v 8.0, 8.24, and 9.01 and a doublet at v 9.10 for a tota] of four
nethy] grouos,)w1th respect to the stereochem1stry of its doub]e bond,

the trggs assignment was made on the basis of ample precedents which P
showed that the selenium dioxide oxidation of isopropylidene .derivatives
resulted in predominantly or exc]us1ve1y the trans 1somers34 35

~The preparatwon of - 62 in a highly stereose]ect1ve manner

! represents the present state of our studies towards the tutal synthesis

of Capnel]ane 1. To complete the synthesis from §g, it requires, by

and large, three major uper;tions : the conversion of the acetoxy |

aroup to a su1tab]e 1eav1nq group with retention of conf1gurat1on

cyclization by an intramolecular a]ky]ation, and the removal of the

remaining functional groups . o \




61 =

H
;
= H
- S OZCG H4CH3
= COCH3

| m—
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. EXPERIMENTAL | )

General | ' \
He1t1ng points were determlned on a Kof]er hot stage apparatus

and are uncorrected M1croana1yses were performed by the m1croana1yt1cal

laboratory of. th1s dapartment Ir spectra vere recorded on a Perkini

Elmer Models 337 or 457 spectrophotometers Nmr spectra were recordedfoh

Varian A-g0, HP 100, and 90 MHz Perkin- Elmer 32 spectrometers usrng

tetramethy]s1]ane as 1nterna1 standard ﬂass,spectra were recorded on |

A E.I. Model MS-2, MS-9 or 1S=50 mass spectrometers Gas chromatograph1c

(gc) ana]yses vere perfuormed using a Helleﬁt Packard research chromatooraph

Mode] 5750 w1th a column of 154 SF 30 Chromosorb U 80 100 mesh. Solutions

were drled over anhydrous magne51um su]fate unless othenv15e specified. "

“\
4

Material

Dimethy1 - Su]fOXIde (DMSO) was freshly dlst111ed\from calc1um
hydr1de Acetone was dr1ed over calcium su]fate for 14 hr and dIStilled
frpm potassium permgnqanate. 1,2-Dimethoxyethane (DHE) was freshly
distilled from 11th1um a]umlnum hydr1de Z\Cyclopenten 1-one was prepared

from a m1xture of 3,4- and 3,5- cyclopentened1ol (Research 0rgan1c/

Inoroanlc Chemical Corp ) accordwnq to the procedure of DePuy and

EIIers]7 ,9 Bromoacetone was prepared from acetone accord1ng to the

reported procedure30; I- Bromo 3- methy] gaputene was prepared from 2 -methyl-

!

3-buten-2¥ol (97%; Aldrich Chemical Company) atcording to the reported

v o

¢




" —

’ !

procedure of Cromble et al 31. Sll1ca gel, 0.]5- " 33 mm. granulatvon, Was
, used as absorbant foq column chromatography (T N o o “ o B

».\' ,-' \

. s ] ) . .
I4fAcetoxy-2-cyclopentdb-l-one

+

|

'This compound was prepared from 2- cyclopenten 1-one us1nq thé —_— :
; ,

'procedure of DePu_ y et al. ]8\/1th mod1f1cat1ons A m1xture of 2-cyclo~ -
penten-1- one (53 g,O 65 mol) - bromosucc1n1m1de (98“ purity; ll6 6 g, :
0.65 mol) and 2 2! —azobls(Z methylprop1on1tr1le) (2 75 g) in 800 ml of
carbon tetrachlor1de was}heated on a steam bath for 1 hr, Thé mixture

‘Was cooled to 0°C,. flltered, and the. re51due washed thoruuahlv with
“ice- cold carbon tetrachlorlde The filtrate was’ washed With l N sodium

' th1osulfate (2 x '200 ml) and water (200 ml), dried, f1ltered and ‘

concentrated to glve crude 4-bromu-2 cyclopenten 1- -one as an oil. Tn1s

o1ly product (lOS q, ca 0. 63 mol) without pur1f1catlon was dissolved
in lOOO ml of glac1al acet1c acid and 51lvor acetate (l22 g, 0. 73 mol)

. wWas addedg After-heatlnq under a nitrogen’ atmosphere at reflux for 24 hr,_-
the resultlng mlxture was f1ltered and the reswdue washed with’ glac1al |
acet1c ac1d Pemoval of the solvent in vacuo followed by d1st1llat10n of | "”«:
the rema1n1nq ofl at 57- 58°C/2 mm yielded 45 o (59% ) of 4-acetoxy 2- f"ﬁe:'

4éyclopenten 1-one as a colorless o]l tir (fllm) 1743 (ester), 1730 \

(ketone) -and 1593 em™! (double bond), nmr{ CC1,) « 7.96 (s, 3H, Cli;c0-),

7.75 (dd, 1 H, J = 19 Hz, J' = 6 Hz, -CH(H)CO-) 7.29 (dd, 1 H, |

J.= 19 Hz, J' = 3 Hz, —CH(H)CO ), 4.24 (dddd 1H, J = 6 Hz. J* 'I3 Hz,

J* 2 Hz, €"' =1 jgz, -CHOCOCH ') 3.77 (dd, 1 H, J = 6 Hz. J' =1 Hz,

*_'-cocu ) and 2.48 (dd, 1H,J=§ Hz, J' = 2 He, -cn =tHC0-); mass spectrum

\»_

* 140. 0476 (Calcd for C7H80 146 0474)
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The apparatus used for the photocycloadd1t1on react1on is shown in -
'Fiaure I. A soTutlon of v1nyT acetate (650 ml 6 8 mol) and 4- acetoxy— |
2- cycldpenten T-one (45 g, 0. 39 moT) 1n 650 ml of benzene was irradiated

I
with a high- pre<sure quartz mercury- vapor Tamp (450 W, Hanovia) ‘using a !

:pyrex f1Tter at OPC for 8 hr and at rgom temperature for 12 hr. Dur1ng 4
‘ the 1rrad1at10n a- constant stream of dry and oxygen free n1trogen was
paSsnd through the soTut1on to fac111tate its m1x1ng Concentrat1on of .
‘the reaction mixture under reduced pressure furn1shed 75 q: of crude 13: .
as an oil. o " o ..‘ T "
y

6- Acetoxyb1cyclot3 0]hept-§ ~en- Zhone (14)

The crude photoadduct 13 (75 q) and p- toluenesulfon1c ac1d mono-

hydrate (3.2 q) were d1ssoTved\1n 600 ml of benzene. The soTut1dn was
'st1rred at “room temperature/under a nvtrogen atmosphere for 24 hr. The . i o
reaction m1xture was nade bas1c with 1re -cold saturated aqueous sod1um |
' xcarbonate soTut1on The benzene solut1on was seperated and the aqueous

layer extracted with ether (4 X 900 ml) The organvc soTut1ons were

washEd“with saturated'aqueous sodlum hicarbonate (300 mT) and water - .
‘(500 mT), combined, dried, f!Ttered, and concentrated to g1ve a brown \ |
0il which was d1st1T]edlat 85 -!87 °c/0.5 mm giving 39.35 g](74% from
k4facetoxy-2—cyc1openeen-lQone) of an epimeric mixture of 14: ir (film). »;
11735 (ester), 1704 (ketone) and 1573 e (doubTe bond) ; The mixture -

showed the following two sets'ofisignals 1n'1ts nmr spectrup (CCT4) :

N




:" Fig. 1. A.- Dewar fiaék; -B. sintered glass filter;

~C. metal cooling coil; D. water J’nlet‘; E. water outlet;
* F. reaction ‘\}esse"]; G. quartz jninersioﬁ well; H. pyrex '
"fﬂter*; . lamp; J. nitrogen aas in]'et;-,‘ K. ground glass
Joint; L. condenser; M. calciu{m' chloride drying tube.

e



,‘(A) _ At 0° C to a v1gorous]y st1rred suspens1on of cuorous 1od1de

) . . . ] . . ) - ,
| .

8.0 (5, 3'H, cu3coo ), 4.82 (td, 1 M0 =.d' = 8 Wz, -bHo-), 3.65 (- - -
ddd, 1, d = 0" = 61z, 9" = 1 Hz, -CHCO-),-and 2.24 (dd, 1°H, J = 6 Rz,
J' = 3 Hz, ~CH=CHCO-), and T 7.9 (5, 3 H, o coo-);,s.so (m, 1 H;'-éuoi),
3.72 (dd, 1 H, 0 =0 =6 Mz, =CHCO-), 2.54 (dd, 1 W, J = 6,Hz, J* = 3 e,

-Cﬁ;CHCO-). The former and the latter set of 51ngals were . 1nteqrated to a

ratio of ca. 10 7.

,»/‘ 1
/

6;Acetoxy-4-methy1bieyc1o[3.2;0]heptan;2-one (l§)_and 6-hydroxy-4-methy1-

3-(1¢oxoethy1)bﬁcyclo[3.2.o]heptan-z-One (16)

———

1

&
(19.43 g, 0.102 mo]) in 150 ml of anhydrous ether under a n1trogen

atmosphere, was added dropwise over « period of 40 m1n, 125 ml (0 2 mol)

: of 1.6 M methyll1th1um in ether ‘After stirring for an add1t1onal 20 mln;

a solut1on of. 14 (5 19 g, 0.031 mol) in 60 ml of ether was added dropW1se
over a 40 min period. The reaction. was ma1nta1ned at.0°C with stirring
for an-additional 1.5 hr. The resu1t1ng mlxtuﬂg'was -added. slowly to :
v1gorous1y st1rred ice- co]d 2 N hydrochloric acid (300 m]) and f11tered
The ftltrate was extracted w1th chloroform (3 X 500 m]) The comb1ned
organuc extracts were washed w1th water and saturated aqueous mivum

schloride, drjed,.f11teredyandfconcentrated.kThe o11yvproduct was
chromatographed over si]ida'geliusinq a solution of 5% ether in benzene
as eluent g1v1nq 2.73 g (50%) of 15 as a m1xture of two ep1mers :'ir
(Fi1m) 1735 cm -1 (ketone and ester}, nmrv(CQ14)_r 9.02, 8.98 (both d,
‘total 3 H, J =7 H each, CH3;f, 8.0 (s, 3 H, -COCH, ) and 5.04 (m, 1 H,
-bHO-);dmass spectrum M ]89 0945 (Calcd for C]O ]4 3 ]82 0943)

i

)
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Anal. Calcd, for c]0 ]403 + €, 65.92 5. H, 7.74 . Found : CV,

65.94 ; o 7.8 A : ' \

Further elut1on w1th a so]ut1on of 10% ether in‘benzene afforded |

-

' 1.58‘9 (91”) of 16 : ir (f1]m) 3450 (alcohol), 1725 (broad ketone) and
1640 cm” (conJugated ketone), nmr (CC]4) T 8.95 (d 3 H, J =7 Hz CH3—)

7:98 (s, 3 M, ~COCH;), 6.22 (bFoad s, 1 H, ~0H) and 5.22 (14, -byog);

i

mass spectrum M' ]82 0970 (Ca]cd for" CIO ]403 :.182.0943).

S . _ : . ‘ | N
.(B)‘ To & cold (0°C) slurry of. 24 59 (129 mmo]) of copper( ) iodide

in 500 ml of. ether under a mtroqen atmosphere, &s added dropwise 100 ml
of - an ethereal solution conta1nrnq 0.25- mol of methy] maanesium. brom1de

The result1ng so]utlon was st1rred for 10 min and a so]ut1on of 14 (5 g,
30 mmo1) in 140 ml of ether was added dropw1se over a 15 min period. The
“reaction m1xture after st1rr1ng for an add1t1onal 75 min was’ p0q;ed into
ice-cold saturated aqueous ammon1um rh]or1de solut1on (800 ml). Ammoniur

hydrox1de (6 N, 500 m1) was added to d1sso]ve ahl the whlte prec1p1tates
A

\
formed The organic 1ayer was separated comb1ned w1th the ether extracts

(3 X 500 m]) of the aqueous phase, dr1ed and concentrated to give an

oily product which was chromatographed on s1l1ca gel. Elution w1th a
e} o
solution of 52 ether in benzene %ave 2.80 9(51%) of 15. Further elht1on .

with a solution of ]0 ether in benzene gave 982 mg (18%) of 16.
- ' ~&$’~‘ ,

/

6—Acétoxy-4;methyl—3-(l-oxoethyl)bicyc]o[3.éLb]heptan-é-one (18) T

A solution of 16 (1.10 g, 6.04 mm1) and acetic anhydride (6 m1)

> .,\

" 39



40

-

in pyrudlne (12 m]) was allowed to stand: 1n dark at’ room temperature for

- 22 hr. The solution was concnntrated and the residue chromatographed on
silica qe] Elution with'a so]u€1on of 5% ether in benzene gave 540 mg
(40%) of 1§' ir (f11m) 3460 ( enol) 1738 (ketone and ester) 1655

(conjugated ketone) and 1620 cm” (eno] double bond), nmr (CC14) T ‘kr _
'8.95 (d; 3 H,Jd =6 Hz,s€H3-), 8.03 (s, 3 H,,-COCH ), 8.0-(s, 3 H, -OCOCH3)

and-4.76 - 5.07 (m, 1 H, -CHO-); mass spectrum m/e (M-59) T65.0911 (Calcd'
for Cg 50, & 165.0015). © - N .

6-Hydroxy-4—methy1bicyc]o[3.2.0]heptan-2-one (20)' and 3-carbmetho§y-25

(1-nethy1;3-oxobuty1)cyc1obut%hql (21) R | |
“ (A) . From pure 15. ' |
'A mi xture of 267 mg (1 46 mmol) of 15 and 3 ml of saturated

© aqueouys . sod1um carbonate in 3 m of methanol was st1rred at room temperature
for -3 hr. The resu1t1ng m1xture was d1luted with water (20 m]) and extracted
;Q%th nethy]ene ch]orwde (4 X 20 m]) The oraanic solut1on vias dried and'
concentrated. Chromatography of»the resndue over silica gel using a so]ution
of 20% ether in benzene as eluent gave 130 mg (é4z)'§f 20 T ir (fllm) 3430
(alcohol) and 1730 cm™' (ketone) ; nmr " (CC1y) * 9,02 (dy 3 H, J = 7Hz, CHy-),
- 5.89 (m, I/y CHOH) and 5. 44 (s, 1 .', -OH), mass spectrom M.'I40.0§14
¢ (Calcd. for cyi 120, 140.0837). B
Anal. Calcd. for csu 0, : C, 68.55; H, 8.63. Found : C, 68.44;

3 1272
H, 8. 67, , L | .
i ! . o : ‘ ‘ :

(B)  From the mixture of 15 and 1.
To a solutien of crude mixture of 15 and 16 (from 14 5. 303 g, 33.16

nmol) in methanol (77 ml),’ Was added 77 m] of saturated aqueous-sodium

4
|
!

i
|
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&carbunate. The resblting mixture was stirred at room temperature for 3 hr

and worked up in the same manner descr1bed/gbore.-#urificatton dfithe residue
over silica gel us1ng a so]ut1on of 20% ether jn benzene afforded 726 mé

(9% frpm 14) uf gl': ir (f1lm) 3480 (a]cohol) and 1215 cm (broad ketone

and esrer); nmr- (CC1,) ©9.14 (d, 31, J =6z, Cly-), 7. % (s, 3H, *|
-COCH,), 6. £0.(s5 3 11, -C00CH,) and 5.85( broad s, 1 H, -0H); mass spectrum

n/e (M - 17) 197. Further ﬁutwn with the same so]vent gave 1.37 ¢ (33% _
:from 14) of 2&\m o ' o .

4-Methylbicyclo[3.2.0heptan-6-01 (22)

' To a stirred solutjon of 2.059 ¢ (14:7'nnvl) of 20 .in 19, 7 ml of
'tr1ethy1ene alycol, was added 6 m of 100” hydraz1ne hydrate The mlxture
Was heated at 110°C for l hr and, after cool]ng to room temperature,
| potassium hydrox1de (2. 63 9,47 mmol) was. added. The resu1t1ng m1xture was'
heated at 150°C for Shr After cuol1ng tu. 0°C, 1t was poured into water
(50 m]), acidified with 10 ml of CUncentrated hydrochlor1c acid, and |
extracted with chloroform (4 X 50 mt). The comb1ned organic extracts were | N f'
dr1ed f1]tered end concentrated Column chromatograph; of the ye]]ow 01] on - )
su]»ca gel using benzene as eluent y1e1ded 873 mg (32%) of 22 :ir (f1lm) |
3300'cm (a]cohol), nmr (éc14) 1-9. ?1 (d, 3 H, J =7 Hz CH -), 6. 39(5

| H, —OH), 6.25 (m, 1 H, -CHOH) mass spectrum Mt 126.

., 4- Methy1b1cyclo[3 2. O]heptan 6-one (17) .

—

——

At 0°C, to a solution of 485 ma (3.85 mmol) of alcohol 22 in 5 m)



!
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- of acetone was added 8 It Jones reagent untdl the orange color rémained

(ca.

1.5 ml). The reaction mixture after stirring for an add1tlonal 5 min
was poured intv 50 m] of water. Extraction w1th methylene ch1or1de (4 X
40 ml) followed by the usual uork -up of the. extratts gave an o}l (430 mg).
Bulb -to- bulb distillation of the 011 at 55 - 60°C (oven temperature)/\mm
y1e1ded 290 mg (61%) of ketone 17 ¢ ir (f1lm) 1775 om~ (ketOne)

”2-Ethy1enedithio-4-methy1bicyc]o[3.210]heptan-6-dls (23 and 23a)

At 0°C to a solut!on of 2.718 g-(19.4 mmol) of 20 in 9.4 ml
(112 3 nnn]) of 1 2 ethaned1thyo] was -added 0 94 ml of boron tr1f1uor1den
'etherate The m1xture after st1rr1nq under a n1trogen atmosphere for 3 hr
| was poured into ice- cold 4N sod1um throxIde (100 m1) and extracted with
nethylene ch]orvde (4°X 100 ml) The extracts wqre ua%hed with 4 N sod!um'
hydrox1de( 2X 100 ml ) and water: Drying, f11trat1on and concentratton
qave an o11 which was chromatographed over s1]1ca gel Elution with a
'solutlon of 5% ethor in benzene. afforded 1' 208 g (30”) of 23 : ir (film)“
3345 cm ( alcohol); nmr (CCI4) ' 8 87 (d, 3 H J 7 Hz, Qi ~) 6. 82 :
(m, 4 H, -SCH CHZS ) and 5.83 (m, l H, ~-CHOH), mass - spectrum H 216. 0851
(Caled. for CotelS; ¢ 216.0883).. v
Anal. €alcd. for 101605, = Co 55.48; H,.7.45; S, 29.62. Found :
‘€, 55.56; H, 7.55; S, 29.78. |
Further elution wlth the same solvent gave 2. 574 (64‘) of 23a :

- ir (ftlm) 3320 cm -1 aalcohol), nmr (CC]4) t 8. 87 (d 3 H W =17 Hz CH3 ),
' 6.82 (m, 4 H, SCHZCHZS-) 6.02 (§ 1 H, -0H) and 6. 12 (m, 1 H, ~CHOH), ‘

mass spectrum M 216.0651 (CaTcd._for C]0 1675, ¢ 216.0643).

42



A

2-Ethylenedithid-d-methylbicyclo[3.2.0Jheptan-6-one ( 24)

_ _ ) +
(A) - From the mexture of 2 and 23a.
| To a, coId (9°C) so]ut1on of 2.67 g (1’J 36- mmol) of 23 and 23a in
53 4 m of DMSO, was added 33.4 ml of acetﬂc anhydr1de The react1on

B m1xture was kept at ~3°C for 6 days. Water (100 m]) was. added and the g

resulting solution after st1rr1nn at rogm temperature for 4 hr was extracted

, W1th methy]ene ch]or1de( 4 X 100 ml). The extracts were washed w1th 2 N NaOH

. (2 X100 m), water (100 m) and ‘worked up in the usual man:;g The product

thus obtained was chrumatographed on sil1ca ge] E]ution wi benzene gave

,2.25 g‘(857) of 24 : 1r (f1]m) 1777 Lm (ketone), nmr (CC14) T 8 81 (d,

mé”3 Hy J = 7 Hz, CHy-)land 6.73 (m, 4 H, scuzcnzs ); mass spectrum M"

A

1

-

214.0485 (Ca{cd for C o408, © 214.0484). | | ,
Anal. Calcd. for cmHMos2 : C, 56.04; H, 6.58; S, 29.92. Found :
C. 56.04; H, 6.58; S, 29.99.

(8) . From 23a.- S .',, ¥

Treatmenf of 236 (2.0 g, 9. 35 mmo1) under the same Feactio
Cond1t1ons gave 1. 579 g (79%) of 24. |

! . : . " g B » I

34Carbethoxy-s-ethyleneditnio~8-methy1bigyc70[3.3.0]uctan~2-one (25) and

—

2- carbethoxy Efgthylenedlth1o 8- methvlb1cyclo[8 3 0]uctan 3-one {26)

. A solution of 24 (1 365 g, 6. 38 mmol) in 30 ml of anhydrous ether
under a n1trogen atmosphere was cooled to ~35°C (dry ice - carbon

tetrach]or1de) and boron: tr1f1uor1de etherate (1.]0'm1, 9.57 mmol) was’

'sluwly added. The resu]tfng solution'was stirred for 5'min Ethy] d1azo~

4aCetate (1.2 m, 9.57 nnnl) vas then added drupw1se and st1rr1nq was - -

43 .
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3 M0 =7 Hz, CH,CH), 6.81 (s, 4 I, -SCHCILS-) and".81 (95 2 H,

e el R 4 ,/_T,_L

! . ,
] '. r

cont1nued for 20 min. Saturated aqueous ‘sodium bicarpunate (150 ml) was '

added The resultmg m1xture after standing at room temperature fur 15
min was extracted w1th methy]ene chlomde (4 X 100 m). The extracts
were washed with.2 Il hydrochlor1c acid (2 X 150 m') and water. (150 ml).
dried, and filtered. The. fﬂtrate was concentrated and the re51due .
chromatonraphed on. sihca gel usmn a solt‘ition of 3% e‘ther in benzene - "’_
as eluent ‘giving 1. 737 g (85") of a m1xture of 25 and g_ The m1xture gave ) “
the following spectral data :ir (fﬂm) 3400 (enol), {45 (ketone) 1718
ester), 1650 (conJugated ester/and 1610 cm (eno] de}uble bond). nmr
(Cpl two sets of signals at 1 8.81 (d 6 H, J 6 Hzy CHs-), 8. 72 (t.

J =7 Hz, +0CH..CH )'and at 7\8;31'(df_5 H, J = s Hz, a)s 8.78.4t, 3 H

=23 P ’

J =7 Hz, -CH cn3) 6 74 (s, 4 H, -SCHZCH2 ) and s 87 q, 2 Hy, J = 7 Hz, *
-0CH, CH3), mass spectrum M*300.08541 (Caled, for CM 20 3 2 _ : 300. 08339)
Anal 1. Caled. for c 4H200 S, : C, 55.97; H, 6.71. }Found . c, 56.36;

H, 6.74. . .

PR VST Y

o

| 3wCarbe’thoxy-'6-ethy1enedithio-8-methy‘]b1'cyclo[3 3 'OJOCéan-Z' ol (27) and

.
;

¢ 0

l

-2 carbethoxy 6- ethylened1thw-8 -methylbicyclof3.3. 0]octtan -3-01- (28)

-

A mvxture ufr 25 and 26 (270 mg, 0.9 nmul) was d1ssoNed in 10 ml

b

of 98% ethanol and sodium borohydr1de (135 mg, '3.55 m\i) was added.in

: smaH portwns at 0°C under a mtmgen atmosphere “The eSultmg solution
3

was stirred for 10 min. Excess ‘reagent was destroyed b}’ slow adchtwn
of 20 ml of saturated anmunwm chloride and 20 ml. of {'J HC1. The m1xture

was, extracted with methylene chloride. The organic sult?twns were conbmed.

!
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drled, and concentrated. The reswdue was chromatoaraphed on s111ca gel N
o 'Elut1on With a sblution of 5% ether in benzene gave r1se to 140 mg (51%)
A1
of 27 ¢ ir (film) 3430 (slcohol) and 1724 .cm™ " (ester). further elution '

l . v l"A‘

w1th the same solvent gave 35 mg (13%) of 28. S R -

T "
i

[
-

- 2- Acetoxy 3t carbethoxy 6 ethylenedwth1o 8- methy1b1cyclo[3 3.0%octane (29)

—

A so]ut1on of 140 mg (O 46 mmol) of 27 and O 5 ml of acet1c

anhydrﬁde in 1 ml of pyr1d1ne was allowed to stand in dark at room
1

temperature for 2 days Pyr1d1ne and excess acetic anhydride were removed

h tmder aspirator pressure. The rescdue vias pur1f1ed by column chromatography

\\

over 51T}ca qe] using a uU]Ut10n of 2“\ether in benzene is eluent giving

142 mg (89%) of\”9 ir (film) 1735 cm - (esters)‘ -nmr (CC14)~ T 9.2
(d, 3 H, 9 ='6 iz, Ch3”) 826 (t 3 H, J'= . 7 HZ, -CH2CH3) 8.07 (s, é H,
#=COCH,) 677 (s, 4 H, ~SCH25CH2$-), sfgaxgg, 2 H, 3 =7 Hz, -0CH,CH;) and
A (dd, VH, 3= 9 Hz, - 8, -cHo-);\ha§§“speg§;um5M Maanes

.

‘?:: (Ca]cd for c]6 240452 : 344=11160) L e
R . b

3§§cetox}L2-carbethoXy—G—ethy]enedithio-—8;methylbiCyclo[3 3 0loctane (5 j

T

' Under the same reaction cond1t1ons dEscribed for the transformat1on :

“ »

of 27 *'29, alcoho] 28 (35 mo, 0.116 mmo]) was acety]ated Pur1f1catlon of

. A ‘
the crude product by co]umn chromatography using a so]ut1on of 2% ether

in benzene as eluent y1elded 35 mg (88%) of 30 : ir (f11m)‘1735 em™!

(esters); nmr (CC1,) t 8.93 (s, 3 H, J = 5 He, CHy-), 8.86 (t, 3 H, J = 7 Hz,
o ' . . S '
CHZLH3), 8.01 (Saa3fH, jCOCH3)q 6.90- (s, 4 H, —SCHZCHZS-l, 5.9] (3, 2 H,

J =7 Hz, -0CH,CH,), 5.72 (td, 1 H, J = 7 HZ, J' = 9 Hz,‘-éHO-); mass spectrumv
TR 3 : N c o ,
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+
ECRLLE (Caled. for c](snzaoas2 344.01160). | \

3- Carbethoxy 6- ethylened1th1o -8- nethy]bucyc]o[3 3. O]oct -ene (31).

To a*so]ut10n of 140 mq (0 41 mmol) of 29 in 2.5 ml of DME under

T a n1trogen atmosphere, were added 35 ma (0. 83 mmol )i of sodium hydride (57%)\ ‘

and 2 drups (ca

. 20 mg) of t-amy] alcohol. The reaction mixture after
stirring at 40 - 50°C overnight, was coo]ed'fo room temperature, poured
into water ( fb ml) and extracted with methylene ch]or1de The organ1c extracts

: wére washed with 1 N sodium hydroﬂwde (2 x 40 m]) and water (40 m]), and

| worked up in the usua] manner. Thﬁ residue was chromatographed en silica
gel With. benzene elution giving 45 mgf 39%) of 3 dir(film) l71g (ester)

| and 1618 ¢m ;] (double boné—), nmr- (CC14, T'« 8.83 (d, 3 H,'J =6 Hz, -CH.3)..,

8.7 (t, 31, J =6 Hz, ~CH2C}_{3), 6.79 (s, 4 H.,‘ -SCH,CH,S-) 5.86 (a, 2 H,
d =.7 Mz, -CHZCH3) ahd 3.49 (.' (?), T H,J = J' =2 Nz, -CH=); hass spectrum
- M 284.09071 (Calcd. for CMHZO‘)ZSZ : 284.09’048). e

N

B

2eCarbethuxy-6-ethy1enedithib-8—methy1bicy 10[3.3:0]Joct-2-ene (3')
_ } 9 v _

»;II By the same prOPedure descr1bed in the abgve experiment, 32 was -
: prepareﬁ from 30730 'mg, 0. 088‘mmol), DME( 0.8 ml), sod1um hydride (57%
8 mg, 0.19 mmoL) and 2 drops (ca. 20 mg) of t- amy] alcohol . Pure 32 (15
mg; 607) ;howed the following spectral. data : ir (fi]m) 1718»(es£er) and
1625 cn”! (double- bond); amr (cC1,) * 8.74 (dy 3, J = 5 hz, CHy-),
:8.7] (t, 3}i J =6 Hz, CH CH3) 6. 82 (S, 4 H, -SCHZCHZS )'5.88f(,,
2 H,0 =7 Hz, FCH,CH,) dnd 3.49 (itd ( J» 10 9= 0" = 2 Hz, <CHe); mass

223
. gy spectrur 1t 284.09020 (Calid. for €14500,8 y : 284.09048).
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. \ o , ,
3~Carbethoxy-6-ethy1anedithjo-8-methy1-3-(2-oxopropy1)bicyc]o[3.3.0]octan- :

2-one (36) and 2-carbethoxy—6¥ethylenedithﬁo-s—methyl-2—(2-oxopropy1)bicyclo-

[3.3-0}octgne3-one,(g1).
\ At.O°C, to a suspension of 95 mg (2.256 mmol) of sodium hydride

(57%) in 10 ml of DME under a nitrogen atmosphere, was added dropwise e
solution of 616 mg (2.053 mmol) of 25 and gg in 5 m of DME. The reaction i
mixture was Stirred at room temperature for 10vmin and bromoacetone (463 mg, ‘
3. 380 mmol) was added. St1rr1ng was cont1nued for 10 hr and 20 ml of water

was slowly added. Acidification with 2 N hydroch]or1c acid fo]]owed by ’
extract1on with methy]ene chloride (4 X 30 m]) and the usual work- up of

the extracts gave 1.20 g of a yellow.-0il which vias chromatogradhed on

s111ca gel. Elution w1th a so]ut1on of 1% ether in benzene -gave 581 mg

(79/,) of a mlxtur‘e of 36 and 37 L ir (Film) 1745 (five-membered ketone)

and 172Q cm’ ( ester and ketone), nmr (Ct] ) © 8.52 - 9 03 . (complex,

total 6 H, -CH3 and. -OCH GH3) 8.0, 7. 92 (both s,‘total 3 H, -COCH3)

6.79, 6.75 (both s, total 4 H, —SCHZCHZS ), 5.91 (q, 2H,J =7 Hz,

v
-CﬂQCH3);_mass;spectrum ' 356.11119 (Cq]éd. for C]7H240452 : 356.11180).

i

" 3- Carbethoxy 3-(2- ethy]enedloxypropyl) 6-ethy1enedithjo~8-methyﬁbjcyc1o:«,‘ .

[3.3. 0]octan 2-one (40 “and 2-carbethoxy-2-(2-ethy1enedioxypropy1)76-

ethy]ened1th1oL8 methy1b1cyclo[3 3. O]octan~3 -one (41)

A mixture of 36 and 37 (424 mg, 1.191 mmo]) was d1sso]ved in 50
ml of benzene Ethylene glycol (8 ml, 0.143 mol) and petoluenesulfonic :.:f;_; < N

~acid (49 mg, 0.232 mmol.) were added. The resdlting solution was refluxed



= . A

with a Dean-Stark‘water\separator under a nitrogen atmosphere for 20 hr.
A

Benzene whs partially (ca. 15 ml) removed by distillation and the remaining
m1xture afteP‘coo]1ng to room temperature was poured 1nto 30 m] of saturated
aqueous sodium b1carbonate and extracted w1th methy]ene chlor1de( 4 X 20 ml).
i "The combined organ1c fract1ons were dried, fxltered and concentrafed. The
crude oil was chromatonraphed on sitica gel using a so]ut1on of 5% etper
pin benzene as eluent giving 462 mg (97%) of a m1xture of 40 and, 4] ;‘ir
" (f1]m) 1742 (ketone) and ]720 cm. -1 (ester), nmr (CC14) t 8.80 (broad S,
total 9 H, 3 CH3 ), 6.86, 6 79 (both S, tota] 4 H, FSCHZCVZS ), ',.20 (e,
4 H, -ocuzcnéo-) and.5.93 (q, 2 H, J = 7 Hz, -CHzCH3); mass spectrum M'
406.1382 (Caled. for CWQHZBOSSZ b ano. 1385). . |

3-(Carbethoxy-6- ethy]ened1th1o 8- methy]JB Ggroxopentyl)b1cyclo[3 3.0]-

octan-2-one (45) and 2- carbethoxyﬁﬁ ethy]ened1th1o 8-methyl-2- (3 0X0-

penty])b1cyclo[3.3.0]octan-3-one (ﬂé)

. ) . ! e 1 . . * \ .

fo a cold: (0°C) solution of 493 mq( 1.643 mmo1) of 25 4nd 26 .
in 20 ml of DME under‘a nitrogen atmosphere-were added sodium hydride
(579, 84 ma, 1%.995 nnvl), t-amyl alcuhol (176 mg, 2.00 nnn]) and ethy]

|
v1ny1 ketone (350 mg, 4. 167 nnnl) Fhe react1on m1xture was . st1rred for,

6 hr, water (30 m) was added and the resu]t1nq mixture was ac1d1f1ed
| with 2 N hydroch]or1p acid and extracted Nlth methylene chlor1de (4 X
30 ml). The comb1ned methylene ch]or1de so]ut1ons were worked up 1n the

usual ! manner .and the crude product chromatographed‘gyer silica gel |

\

-

using a so]ut1on of 2% ether in benzene as eluent g1v1nn , 1n add1t1on

to 100 mg (93”) of unreacted startvng mater1al,.2]2 mg (42‘y based on the
: 1 .
¥

¢ A s
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. ‘ : . 4 ,
) consuhed.material) of 45 and 46 ir (fjlm) 1742 (fvve membered ketone)
and 1710, cm”) (ketone and ester), nmr (CC14) ' g, 04, 9.9 (both d, total -
"3 H;J =6 Hz, -CH 3)s 8.87 (£, 3H, 0 =7 Hz, -CH,CH ) 8.75 (t IH,
rl

7 Hz, -ocH cn3) 6. 79 (comp]ex 4 H, -scnzcn S- ) and 5 838 (q, 2 H
\
d

7 Hz, -0CH. CH3) mass spectrum it 384 1433 (Calcd for C]9H2804S2 :

384.1437).
\ .
3-Canbethoxy-8-methyl-3-(3-JXopentyl)bicyc]o[3 3.0Joctan-2-one (47) and/or

2- carbethoxy 8-methy] 2-(3- oxooenty/)blcyclo[3 3.0Joctan-3;0ne (48)
. \
To a st1rred so]ut1on of 45 and 46 (160 mg, 0:417 mmo1) 1n 2 ml

of benzene, was added a suspens1on of 2 5 ml of W-4 Raney nickel- 1n ]0 ml

. of benzene. The muxture vas st1rred at room temperature for. 20 hr and

to give 120 mg of crude 0il which was dissolved in-2 ml of acetone To

this so]ut1on at o°c, was added.8 N Jones reagent until the orange color

was retained (ca. 0. 7 ml) The react1on mlxture was st1rred for 30 min,
'-dwluted with 30 m of water and extracted with nethylene chlpr1dé (4 X 30 i
‘lml The organ1c solution was dried, f11tered and concentrated Colomn ‘

chromatography of the residue un neutral alum1na (orade II) us1ng S elly B

~

as eluent gave 30 mg (24’) of 47 and/or 48 ir (film) 1740 {five-me beredc

ketone) and 1710 cm (ketone and ester), nmr (CC14) r 9. 03 (d, 3 H, \
J 8 Hz, -CH3) 8. 85 (t 3 H,. J 7 WZ. -CH CH3) 8.73 (t, 3 H J =7 sz
-OCH CH3) and 5.87 (q, 2 H, J =.7 Hz, OQﬂZCH ); mass spectrum mt 284 18Z£§

l

(Calced. for C”H,GO4 294. 18311) - ‘ L \ | o

\

- filtered. The res 1due was washed with benzene. The filtrate was concentrated ‘

\

49
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7- Carbethoxy 3 12- d1methy1tr1cyclo{7 3.0.0%" 7]dodec 2-en-4-one (49) and/or

2-carbethoxy-6,12- dlmethyltr1cyclo[7 3.0. hz 7]dodec 6-en-5-one (50)

Ay A soluﬁ1on of p~toluenesulfun1c acid (35 mg, 0. 204 mmol) in: 15 mi -
‘ |

of benzene was refluxed with a Dean-Stark water separator under a nitrogen
atmosphere for ap, hour. Benzene (ca 10 m ) was partia]ly‘removed'by Kl

d1st1]1at1nn and another portion (]0 ml) of benzenelwas added Thelsolut1on

~ was further refluxed for 1 hr and 10 m of ben&ene was disti)led off. To ..

the rema1n1nq solut1on, was added a so]ut1on of 47 and/or 48 (30 mg, 9. 102
\ i
nnn]) in 10 m of benzene The react1on mixture Nas"refluxed for 24 hr and

cooled to room temperature. Saturated aqueous sodium bicarbunate so]ut1on \

. v "
(15 ml) was added and the resulting mixture was extractad with methylene
: ‘ A : _

chloride (3 X 15 ml1). The organic¢ solution was dried;-(iltered and

concentrated to-give an Oi]‘which was chromatographed on siﬁica-ge]. Elution

‘with a solution of 2% ether in benzene y1e1ded 12 lng*(43%) of 49 and/or 50 :

ir(film) 1720( ester) and 1665 cm ! (ketone), nmr (CCI4 T 8.83 (d, 3 H, - w

-

= 6 Hz, -cn3), 8.73 (t, 3H, J = 7 Hz, ~0CH,CHy), 8.18 (s, 1 H, CHyC=),

: L | L . -
and 5.86 (g, 2 H, J = 7 Hz, -CHQCH3);'maSs spectrum Mt 276.1732.(Calcd: for

}

~

. ' '] - .
L]»H24 5 ¢ 276.1739). o \

' 3-Carbéthoxy—6-ethyTenedithio48-methy1;3 3-methy1-2-butenyl)bicyclo[3.3.0]-

; T —t " T
Qctan-Z-one( 52) and 2-carbethoXy-G-ethy]enedithio-Simethy1-2-(3-nethy]¥

- 2-butenyl)bicyclo[3.3.0]Joctan-2-one (53) = ' o | .
. } T ) B — ‘ . » v - l
- A mixture of 25 and 26 (834 mg, 2.78 mmol) was di§§01ved’in 25 m

of DME at 0°C under a nitrogen atmosphere. Sodium hydride (57%; 128.5 mg,

\ . . A
N .~ . Y

50



3. 058 mmol) was added. After the elution of hydrogen stopped 0 48 ml
(4 17 mmol) of 1- bromo 3-methyl 2- butene was added The resultlng m1xture
~ was st1rred at room temperature for 30 min. Excess. sodu1m hydr1de was-
destroyed by addition of water. The resu1t1ng m1xture was ac1d1f1ed w1th
2N hydroch]or1c acid and extracted with methylene ch]or1de ‘The usual |
Work- up of "the extracts qave an, 0il ] 2 d) Column chromatography of
the o11 over silica ge] us1ng a so]ut1on of 20N n- pentane in benzene as’

eluent gave 632 mq: ( 2”) of 52 : ir (f11m) 1745 (ketone) and 1725 ctm -1
(ester),'nmr (CC14) T 8 77 (d 3H, J = 6 Hz, -CH3) 8.76 (ty 3 H, \
3= 7 Hz, -0cH cnj) 8.38, 8127 (both s, 3 H each, (CHy),C=), 6.74 (s,
4H, smzcuzs ),'5.89 (4, 2 H, 0 = 7 g, ~C00CH,-) and 4.96 (t, 1 H
hd.=l7'Hz, =Cli-); mass spectrum M* 368 148} (Caled. for'C]9H280352 :
368.1483) Further e]ut1on with the same solvent afforded 226 mg (22%)" of ,
”53 ir (f11m) 1745 (k8t0067 and 17?5cm (ester), nmr (Ct] ) 7 8. 96 (d, 2 H,
"Jd=6 Hz, - 3), 8 73 (t, 3H,J = 7 Hz, OCH CH3) 8.38, 8. 29 (both S, )
3K each ’CH3)2C ) 6.78 (s, 4 H, -SCHZCH S- ), £.87 (q, 2 H, J =7 Hz,
.-coocn2 ), and 5.02 (t, 11, J = 8 Hz, =CH-); mass spectrum.ts'368.148] &+
(Calcd. for gt 2803 S, 368 1‘483) o . |

fnal. Caled. ‘for C, r12803s2 : C, 61.92; H, 7.6% Found : ¢,

6. 76 H, -7 59 - ' . - - '

6 Ethy]ened1th1o 3 hydroxymethyl 8- methy] 3 (3 nethyl -2- buteny])b1cyc]o-‘2

3
i

[3 3.0]Joctan-2-o1 (54)

To a cold (0°C) sblut1on of 52 (792 mg, 2.15 mmol) in 50 ml of

ether was added 11th1um alum1num hydr1de 123 mg, 3.23 nnn]) The resulting'

b
B

Vo

O
’
f
¥
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m{xtune after §t1hn1ng for 20 hr was eeoled to 0°C. Uater ‘and saturated
ammonium ch]orlde were added. The m1xture was - extracted w1th meihylene
- chlorfde (4 X 40 m) . and. the extracts were\washed w1th saturated sudlum
.ch1or1de\so]ut1on Work-up of the orqan1c solution in the usua] manner

\

gave a solid wh1ch‘wasvrecrysta11zed from cyclohexane to give 532 mg

(75%) of ‘54 : mp. 113-114°¢, ir'{CC1,) 3620, 3540 and 3420'cm'1.(a1;ghols)

5 mr (CCIg)“w 8.87 (d, 31, J = 5 1z, -CH3), 8.27, 8.25 (buth s, 3 H
each, (CH‘)~c=), G.84 (s,’4 H., n5cn2cnzs ) and 4.8 (t, 1 H, J = 6 Hz,
~CH=); mass spectrum M 328.1530 (Calgd. for Cy742025, : 328.1530)..1
 Mnad cCaled. for CytaglsS, : €y €2.155 H, 8.59; s, 1952,

Found : C. 61.89% H, 8.57; S, 19.64.

G-Ethylenedithio)3—fonmyf—8-methyl-3-(3-methyl42-buteny])bicyclo[3.3t0]-

\oCtan—2—one (55)

—
\
A

To a solution of 54 (470 mg, 1.433 mmo1) ih 10 mI of anhydrous
'benzene,and 100 mi of DMSO, ‘wére added sequentia11y 0.23 ml (2.866 mmol)
' of anhydrous pyridine, 0.12 m (Iv433‘nnnl) of tr1fTuoroacet1c ac1d, and

1,77 9°(8.598 mmul) of dlcycﬁuhexy]carbod11m1de The react1on mixture was

'st1rred at room temperature fov 19 hr. Benzene (35 ml) was added and the

) crysta]11ne N N d1cyclohexy1urea was’ remuved by filtration. The f11trate; .

was washed with 2 N hydrochlor1c acel (2 X 40 m]) 2 N sod1um hydroxide
(2 x 40 m1) and water (40 m?) the aqueuus solutions\ were ektnacted with

~ benzene. The urgan1c solutions vere conb1ned dr1ed filtered, and

evaporated to dryness under reduced pressure. The res1d e stvll conta1ned'

a'small amount of HoN' - d1cyclohexylurea whlch was f11tered off and washed

' . . B 1

52
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with Skelﬁy B.‘The.crude product was‘purified by coiumn'chromatugraphy

using 50% n-pentane in bedzehe as eluent to give 468 mgq leOd%) of 55 :

83

ir (film) 1735 (ketone) and 2820, 2710 and 1710.cm".(Aldenyde);whmr»(CCla)'r» .

8.81 (d, 3H,J =6 Hz, -CH3), 8.39, 8. °7 (both s, 3 H each, (cn3)2c=),
v A :
6.71-6.96 (m, 4 H, scnzcuzs ), 5.04 (t 1 H, J=7 Hz, -CH=) and 0.51 (s,

1 H, ~CHO) mass spectrum N 324.1214 (Calcd for C]7 24 2 5 : 324.3210).

N | s ’ - \ X ’
3 6-Ethylened1thro-3—ethy1enedithiomethy}es-methyl-3-(3—methy1-2-butenyl)-

bieyclo[3.3:0]ectan72-one (§§) _— o
‘“%Td”é'eo1d'(o°‘)#so1ution'uf 55'(488 mg, 1,506 mmol) in 10 ml of
methylene chlorrde and 0.25 ml (3 012 mmo]) of 1, 2 ethaned1th1ol was
added.: burun tr1f%uor1de (10 orops, ca. 100 mg). After st1nr1ng a; 0°C.

for 35 min’ (react1on monitored by tlc), “the react1on m1xture was poured
into ice- cold 4 N sodlum hydroxide (50 ml) and extracted with methylene
chloride (4 X 30 nﬂ) jﬂhe extracts were washed w1th 4 N sodium hydroxide
(2 X 50 ml) and water (50 m\) Dry1nq, f1ltrat1on, and concentration
gave anoily product wh1ch was. pur1f1ed by colum chromatography over
silica ael us1ng a solut1on of 502 n- pentane in benzene as eluent to give
423 ma (70‘) of 56 ir (fllm) 1735 cm (ketone), nmr (CC14) T 8.74 (d

| 3 H J 6 HZ,.~CH3) 8. 40 8. 27 (both s, 3'H each, (CH3) C=), 6.86, 6. 76

~ (both o 4 H each, <SCHyCHyS-), 5.20 (s, 1 K, -stHs-) -and 4.96 (t, 1H,

\ J=17 Hz, =CH ), mass sbectrum n* 400.1036 (Calcd for CygH 28054

400. 1049)
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- 3,8-Dimethyl-3- (3-methyl-2- butenyl)bicyclo[B 3. O]octan 2- dne( 57) and

i'

3 b -dimethyl-3- (3 methylbutyl)blcyclo[3 3: 0]uctan 2~one (58) v _

- A R —
To a suspension of 16 g of Raney nickel (4- 2) ln 50 ml of benzene

» Was added a sulut1un of 985 mg (2 463:mmol) of 56 in 60 m] of benzene.
The reaction mixture after st1rr1ng at ropm temperature fur 20 hr was -
.flltered\and the res1due washed wtth cther. Concentration.of the filtrate
gave an 011 wh1ch was chromatographed on s111ca gel using a solut1on uf
309 benzene in n-pentane as eluent tu give 56 mg (10’) of 58 : ir (fllm)
1730 cm” (ketone), nmr (CC1 g) T 9. 17 (x \d ~CH ) 9.08 (d 61,

J = 4 Hz, (Cqs)ZCH ), 8 22 (d, 3 H, J - 6 Hz, -CH ) and 7. 49 7.16 (m,

1 H, -CHCO )3 mass spectrum mt 2;2 1976 (Catcd. for C15H260 : 222. 1984).
”Further elut1on WIth the same: solvent afford ed 230 mg (43%) of 5/ S \
ir (f11m) 1730 cm (ketone), nmr. (CCI4) t 9.07 (s, 3 H, -CH ) 8 93

(3H, 0% 6H, “CH3), 8.42, 8.29. (buth s, 3 H each, (CH3),6=) and
4 96 (t 1H,J=7 Hz, =CH- ); mass spectrum ' 220.1829 (Calcd. for

C]5H24 220. 1827)

b . -

>

3,8-Dimethy1-3-{ 3-methy1-2-butenyl)bicyclo[3.3.0Joctan-2-01s {59 and §21)‘
- \

_ At O°Cg'lithium aluminum hydride (25.mg, 0.66 nnbl) was slowly ' “§§'K
added to a stirred solution of 57 (132 mg, 0.6 mmol) in ether (20 ml). ( E

Stirring was continued under an at@usphere of nitrogen at room temperature

overnight After uhlch time, water and saturated aqueous ammon{um ch]oride

(5 m each) were added. The mixture was extracted w1th methylene chloride

}
|

(4 x 25 ml) The extracts were washed with saturated sod1um chlorlde solution

combined and uorked up in the usual manner. The residue was subJected -

-

<0



tg silica gel‘columﬁ chr&métegfaphy using a soﬂution of 30% benzene in
_ n-pentane as eluent to glve 24 g (18%) of 59a : ir (film) 3370‘¢m'?;_ |
(alcohol),'nmr (cc14) T 9.07(s, 3 H, -CH,), 9.06J(d IH, 4 = 6 Hz,
-CH,), 8.42, 8.30 (both s, 3 H each, (‘u3)2c ), 6.43 (4,1 H, J = 6 Hz,
‘-CHOﬂ »and 4.89 (t, 1 M, J =7 Hz, -CH-); mass ‘spectrum.m/e (M -'17) |
205.1957 (Ca]cd for C25 25 205 1957) Further elution with a so]ut1on
of'benzene - n-pentane, (1:1) gave 101 mg (76”) of 59 : ir (film) 3360 cm
i (s, 3K, -CH,) , 9.03 (d, 31, Vs hz,
th (CH ) c=), 6. 77 (d ] H,dJ = 8 Hz,

(a]coho]), nmr (CCLad
-CH: ) 8. 37
' T
. -CHOH) and 4

w’:)

© 205.1929 QCalé

O e o .

.,: Wz, -CH ) mass spectrum m/e (M - 17)
i 2054[957) ’

. . ) y : : . 4 . \ Lo .
}{B—Dimethyl-3r(3-nEEhyl—24butenyl)-2-tosy1bicyclo[3.3.0]ottane (60) '

vAlsolhtioh of 59 (22 ma, 0.1 mmol) and p-toluenesul'fony] o
"chloride (]60xmg, 0.84 .mmul) in pyridine (lvml) was stirredbat-room
temperature for 20 hr. Hater (10 ml1) was added and stirring was“continued
for 15 hv, The m1#ture was e;tracted with methylene ch]or1de (3 X 15 m])
-and the extracts .were ‘washed w1th saturated aqueous sodium b1carbunate,u
2N HC] and water (15 ml each). The oroanic sb]ut1on was drwed f11tered
~and’concentrated to g1xe an oil WhICh was chrumatognaphed on s111ca gel.’
Elut1on w1th a solutxon of 10% benzene in nl pentane gave rise to 17 mg
(45%) of,60- ir (f1lm) 1600 and 1495 cm (aromatIt), nmr (CC] )

9 21 (d, 3 H, J=6 Hz, CHy- ), 9.18 (s, 3 H, -CH3) 8.42; 8.32 (both S,

3IH each, (cn3)2c )+ 7256 (s,'3 H, CHyCeH,-), 5.76 (4 1 Hy J = 8 Hz,
-CHO-), 4.93 (t, 1 H, J X 7 Hz, =CH=) and 2.71, 2.24 (both d, 2 Il each,

R
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. i ) '
i

J = 8 Hz, aromatic hydrogens), mass spectrum m/e (M --172) 204. 1876

204.1878). &

(Caled, for Cygltyg : 2041878).

2-Acetoxy-8.8-dimethy1-3-(3-methyl-2-buten&l)bicyc]o[3;3.0]octane (61)

To a solution ofe59 (22 ma, 0.1 mmol) in 0.5 ml of pyridine,
‘was added 0.3 m of acetic anhyHride The result1ng solut1on, ‘after
stand1nq in dark at room temperature for 19 hr,'was concentrated The
res‘;ue was chromatographed on sflica gel usmq a solution of 20% benzen‘ei
in n-pentane as ‘eluent g1v1no 19°mg (72%) of €1 ; ir (film) l]4d‘cm
A(ester), nmr‘(LC14) T 9.13 (s, 3°H, -CH3) 9.12 (d, 3 H J‘= 6 Hg, -CH3); .
8.3, 8.4 (both s, 3 H each, (CHg),C=); 8.01 (s, 3 H, -cocn3).45.38 (d,”

)

: |
1 H, J =8 Hz, -CHO-) and (t; 1H,J= 7 Hz, —CH )

-

Z»Acetoxy~3,8-dimethy1-3—(3—fonnytw2—buteny1)bicyc]o[3.3.0]octane'(62)

A solution of 61 (19 mq. 0 072 mmo1) and se]en1um dioxide (32 mg

- 0.29 mmol) . in 3 m1 of 95~ ethano1 was refluxed’Lnder an atmosphere of _ B
n1troqen for 15 hr. The reactlun mixture was cooled to room temperature,. '
filtered, d11uted with water (15 m]) and extracted w1th ether (4 X 15 ml)

The ether extracteawere wasned w1th saturated aqueous sod1um b1carbonate

and sud1um ch10r1de solution (15 ml each) work up of }he organic solut1on

in the usual manner gave an 01Iy product wh1ch was chromatugraphed on S
s1l1qa gel. E]utmon with a.solution of 30% benzene 1nwnfﬁ§htane/gave 5 mg
'(26%) of starting mater1al 61 Further elution w1fh benzene afforded 12 mg F
(81‘ based on the consumed mater1a1) of 62 S ir (Film) 1740 (ester).

-1

2820 2720, 1690 (aldehyde) and 1645 cm (doubJe bond) 3 nmr (CC1,) T



*

9.10 (d, 3H, 3= 6 b, -CHy), 9.01 (s,3H -CH;), 8.24-(s, 3 H, cné),
8.0 (s, 3 H. -COCH3), 7.62 (d, 2.H, d = 7:Hz, =CHCly-);-5.31. (dy- 1 H,
J'= 8 Hz, -GHo- )y 3.56 (t, 1 H,J =7 Hz, =CH-), and 0.65 (s, 1 H, ~CHO) ;
mass spectrun n* 278. 1869 (Calcd for c”uzso3 278.1882).. |
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