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. . asstRacT . \
A stereoselectlve total synthe81s of two hltherto _'\
unreported 1somers of a naturally-occurrlng hydrocarbon

gelaerene (1). namely neogelgerene (14) and eplgelaerene

- (15) has been achleved In developlng the synthe31s, 2 new

approach fOr constructlng the elemene type 1 5 dlene system
N

*was 1ntroduced Prlmarlly, the method 1nvolved the addltlon o
'of a Iatent 1soprope#yl group to the a-p051tlon of an’ a B~‘

- v |
.unsaturated cyclohexenone V1a a photochemlcal ‘route. and

-'subsequent agdltlon of a. v1nyl group. to the B—p031tlon u81ng

a V1nyl ate complex.‘

Photocycloaddltlon of 3 methyl 2 cyclohexen 1-one i

" and l—propenyl acetate gave 7~ aceto§y-6 8- dlmethylbloyclo-'
(4.2, O]octan 2- one (16) whlch was then hydrolysed to the -

correspondlng alcohol _Z , Oxldatlve oleavage of _Z w1th

>

'cerlc ammonlum nltrate afforded 3-methyl 2 (1-methy-2-_‘

oxoethyl) 2 cyclohexen 1 one (18) Conaugate addltion of a “_~'

‘;lenyl group to keto esters _2 and _1 whlch were obtained
~ from 18 by. selectlve reductlon and esterlflcatlon was accomﬁ?fif
lpllshed by ualng v1nylllth1um—tetrak1s[lodo(trl-n-butyl-:
.*phosphlne)copper(I)] oomplex., Further‘modlflcatlons of the
vex1st1ng functlonalltles to double‘bonds completed the o

fsynthes1s of neogelaerene (1#) and ep1g913erene (_j)

\
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. INTRODUCTION

» l -
|
\ .

Geljerene. a naturally—occurrlng hydrocarbon of

‘molecular comp031tlon 012 18’ was flrst 1solated by

1 from the leaves of-Gerjera parv1flora (llndley)

2.

reported their prellmlnary .

T -structural 1nvest1gat10n, concludlng that the hydrocarbon

S

"decades later, SutherlandB’u roposed the plane chemlcal
> p

: gelaerene on

"Independently,~

. was an optlcally 1nact1ve monocycllc trlene. Some three

°

.structure of 3 1sopropenyl 4-methy1 4—v1nylcyclohexene for .

‘he same conclu31on was reached bilBlrch and

. hie-c64worker55 u51ng an array of phy51cal metho s.; The

""-'stereochemlstry of gelJerene -wag not establxgred untll

recently when 1ts 311ver nltrate adduct (c

18.2AgN03() was

subJected to an X—ray examznatlon which confirmed the

& ba31s of hls extenslve degradatlve studles.ﬁ -

' asslgned structure and also revealed the trans-relatlonshlp

| o

formula 1

N ..1 ." - :

Gelaerene (1) is the 81mp1est member of a«plass of

'-dof the “two V1nyl substltuents as deplcted 1n the structural

tlucommonly-occurrlng sesqulterpenm;ds7 posse831ng elemene-;':f'_ﬁ

skeleton. The elemenes are formally cyclohexane derivatives _}

in whlch four carbon substltuents are commonly observed as

;.anqﬂnts. elemene type compounds are closely related to the

L - T e 1 L .

. 111ustrated by elemol (2)., a representatlve member of the T;:“*

VV;Lfamlly.~ From both the blogenetlc and the synthetlc stand--» _ff7

e B
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germacranolldes9 sueh as germacrone (3) O.> The germacrano- -

‘lides constltute another class of sesqulterpen01ds Whlch are |

mostly - cyclodeca 1 5 dlene derlvatlves. The 1nt1mate rela-
]
tionship of these two classes.of natural products lS ba51c-

ally due to thelr capablllty to undergo 1nterconver51on.

_Blogenetf%ally, germa\ranolldes are belleved to be the pre-

. \‘ -

'~cursors of elemenes . By thls assumptlon, the ";soprene"

l

orlgln of elemenes can be readlly explalned In addltlon to
thé/often observed co-~ ex1stence of germacranolldes and
elemenes in. nature [e g pregelaerene (4) and gelgerene (1)

from the leaves of G. parviflora (llndley) ], this. hypo—

' thes1s is further supported by the in V1tro thermal re-

~

. arrangement of the germacranollde skeleton to the elemene-,

1
skeleton. " The conver31on of pregelaerene (4) to gelaerene

(1)1 and germacrone (1) to Bgelemenone (_5_)13"14 are two of

W

2
a vast number of reported examples . It has also been B

noted that the blogenetlc process 1s presumably parallei to

the 1n v1tro experlments 1nvolv1ng thermal Cope rearrange-- A

ment 1n a non- enzymatlc fashlon3 4. the total 1ack of optlc-‘I,»T

.al act1v1ty of gelaerene (1) with two chlral centres 1s ra-’if}fi
. ther unusual but can be readlly aCCOunted for by 1nvok1ng :‘“;:‘

‘such an assumptlon. :

' For a recent reV1ew of sesqulterpen01d blogene81s, see E C i
". *

For some other examples.:see ref 15 17



{s

.?arrangement is to some.extent conformatlonally dependent

By '
v 3 .

t o~

‘Although the transformatlon of the elemene skeleton
;;

to the germacranolide skeleton by a "reverse" Cope re-
18'
18-21

. many cases are, known™ . Whereas the dlrect formatlon of
‘ medlum~s1zed rings is dlfflcult experlmentally, the con— '
‘ struction of substltu ed cyclohexanes 1s relat“bely 81mple.

* yThe success of the "reverse" Cope rearrangement suggests

.l-the potentlal use of. elemene type compounds as 1ntermed1ates;

£ -
1n the constructlon of germaéranolldes. In fact the first

reported total synthes1saof a germacranollde prelsocalamen~ ‘»v1n

~

Ydlol (6) u31ng (-)- santonlﬁ)(z) as a relay“compound 1nNolves :

the thermal. rearrangement of shyobunone (8) as a key Step19 ;f.,

It is W1th thls reallzatlon in mlnd that we 1n1t1ated the .

current studles as’ part of our 1nterest in explorlng the

.

synthetlc chemlstry of germacranolldes. Our efforts have

been concentrated cn the development of a method. u81ng o

. gelgerene (1) as a model for the constructlon ofan elemene—‘ﬁx

. blllty.‘f "

'fCope rearrangement.v Ex1st1ng methods towards thls end are

';type 1 5 dlene system necessary to proceed to the‘"reverse" ;'

N

,rather 11m1ted. The methods used by Kato, et aal. for the 'ije p
_.synthe51s of shyobunone (8) 9 and gelaerene (1) from
(- ) santonln (Z) requlred exten51ve degradatlon of the

‘:startlng materlal and thus are llmlted 1n general appllca- o

;; P "'l»

In s view of the fact that 3-—methyl 2 cyclohexen-l-

“;,ones are readlly access1b1e (e g. Blrch reduction of the

T
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conrespOnding aromatics), a general'approach‘to the'1,5- |
dienes could involte a sequential addition of a latent 1305
propenyl group and a v1nyl group to the conJugated enone
system as 1llustrated in Scheme I. Since a number of v

. ( L
methods are avallable for the conaugate addlth of a vinyl

group to ‘an a,p- unsaturdted ketone 23- 26, tpansf rmation of

N,

10 to 11 should not- present any dlfflcultles. *The fea31b1-
:llty of the scheme would therefore deptnd largely on the ’
» eff1c1ency of the step 2-910. In thls connectlon, the me-
thod: developed by Valenta and his co-workers® 27 for the' o
1ntroductlon of a 31ngle 2~ oxoalkyl chaln speclflcally to‘
the a carbon of an a,B- unsaturated ketone 1s espe01ally per-’
Atlnent.v Thelr methcd 1nvolves the photocycloaddltlon of a
ccnaugated enone to v1ny1 acetate or Ats derlvatlves as an
initial step.-=Subsequent ox1dat1ve cleavage of the result-
1ng cyclobutane - 1ntermed1ate completes the overall process...
"For example, an eff1c1ent transformatlon of 1sophorone (12) |
“to 3y 5 5- tr;methyl 2 (2 oxopropyl) 2 cyclohexen- —one (_1)
- was. achleved by 1rradiatlon of a mlxture of the former\\‘dg"f ';
“compound and 1sopropenyl acetate, followed by hydrolysls of
the photcadduct w1th alkall and oxi&atlon of the resultlng
alcohol W1th cerlc ammonlum nltrate (Scheme II)28 It 1s-‘
'.llqulte concelvable that the synthetlc step 1n questlon (1 e.t
12->10) could be 1mplemented by a sultable choxﬁe of the two ‘;§
;"reactants 1nvolved 1n the 1n1t1al photocycloaddltlon A Sy

,~reactlon.
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This thesgs describes a stereoselective total
lsynthe31s of two h{therto unreported 1SOmers of gelJerene
(1), namely neogei jerene (1#) and eplgelaerene (15).
\Althouga the current approach fails to lead to geljerene (l)'
and-furthbr stereochemicéi.control remains to be studied in
-order to attain this goal, this.thesis clearly demonstrates .
a new method for constructlng the elemene~type 1%5-diene

system based on the general scheme I,

/‘
-
L e

;o Isogelaerene (3- 1sopropy11dene-4—methyl 4-v1nylcycloheXene)
'has been prepared by the treatment of gelaerene (1) w1th

potas31um amide. in llquld ammonla5



Scheme II -
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RESULTS AND.DISCUSSION
, (.

In order to 1ncorporate aﬂlatent 1sopropenyl
group to the a- pos1tlon of .a cghaugated enone accordlng to
the procedure developed by Valenta et al. 27,28 Lipropenyl
acetate was used in the 1n1t1al photocycloaddltlon reaotloni
J3 Methyl 2 cycloheXen 1 -one and a mlxture of 01s- and trans-
1~ propenyl acetate, readily prepared from propanal and
aceticvanhydride using a modified~pro0edure of Curtin and
Hurwitz29 was 1rrad1ated 1n benzene for 20 hr and gaVe rlse
to an 80% yleld of the head to-tail photoadduct 16. The
photoadduct thus obtained was shown to be a mlxture consist-'
1ng of at least three dlastereomers by 1ts nmr sPectrum |

dlsplaylng three doublets at & L, 84 4 60 and 4.28 for a

‘5‘total of one methlne proton adaaceﬁt to the acetoxy group.

-”The ir spectrum showed the estﬁr and ketone absorptlon.bands,
‘~at 1?35 and 1697 cm -1 respeotlvely. The appearance of the '
'ketone carbonyl abstrptlon at a frequency lower than the
.normally expected value is generally observed when the six-
_ ~membered rlng is fused w1th a four—membered one. The photo~
: cycloaddltlon reactlon wés found to be regiospe01flc. no |
- detectable amount of the head- to—head photoadduct was ;J'"
‘eobtalned. The or1entatlon of the photoadduct could be. ?ve‘;w.
’ readlly ass1gned on the bas1s of further ti’hsformatlons. p”
-Slnce three of the four asymmetrlc centres present 1n the L;'V
molecule would be destroyed 1n the later stage, To: attempt'“fu“'

was made to separate the 1somers of the photoadduct 16. -



4.16
Subsequentltreatment offlé with aqueous potassium
_carbonate in methanol at reflux resulted in the hydrolysis
of’lts‘acetoxy grouping to.glue quantitatively, the.alcohol.f
' _Z'as\a mixture of diastereomers. In'its.ir'spectrum,-the'
hydroxy and ketone absorptlon bands appeared at 3420 and
1685 cm” respectlvely. ' L | '
'Alcohol-_z underwent oxidative fragmentation upon

: treatment w1thrcerlc ammonlum nltrate 1n reflux1ng aqueous

"acetonltrlle for a short perlod In addltlon to the

'expected aldehyde 18 (40% yleld). a ca. 30% yleld of lactoﬂ j
19 (contamlnated by a small quantlty of startlng materlal) |
'and a trace of aromatlc compound 20 were~also obtalned. |
The structures of 18 and 20 followed clearly from thelr
spectral data The 1r spectrum of 18 showed the character-
1st1c absorptlon bands of the aldehyde group at 2820 2710

“and 1?20 cm ;

‘_cm‘i; In the nmr spectrum, the aldehydlc proton appeared at

and the ketone carbonyl absorptlon at 1655

: A_b 9.4l as a s1nglet.; Another 31nglet at 5 1 97 and a -

doublet at 61, 10 for the two methyls were also observed.~_,rd‘

r‘Its mass spectrum further conflrmed the structural a381

o

"nament, ShOWlng a molecular 1on peak at 166 0998 The nmr

spectrum of 20 was 1n full agreement w1th the a331gned
pstructure, exhlbltlng 51gnals at 6 6 95 (dd 1H J J' ; f7
5 Hz,'aromatlc), 6 57 1a, 1H. 7 5 Hz, aromatlc), 6 52
f-(d 1H, J =7, 5 Hz, aromatlc) 5 40 (d, 1H, J = 5 0 st |
| ;—OCHOH), G 09 (m, 1H benz1llc methlne) 2 25 (s, 3H



11
=CCH;) and 1.18 (a4, 3H, J = 7.0 Hz, -CHCH,). The structure
of lactol _2 was provenﬂin correlatlon with aldehyde 18 as

O of 18 followed by esterlflcatlon

,‘follows. Jones ox1datlon3
of‘the resulting a01d 21 with methyl iodide and potassium |
carbonate "in acetone at room temperature afforded keto’ ester'

2. Treatment of lactol 19 w1th Jones reagent resulted in |
‘the formatlon of lactone _3, Wthh upon’ reflux1ng w1th
potasslumAcarbonate and methyl 1od1de 1n acetone31 gave 22

*1dent1cal 1n all respects w1th that preV1ously obtalned from._
aldehyde~;§ o | | |

. :
Compounds _2 and 20 were probably formed v1a
aldehyde 18 1nvolv1ng hydratlon cycllzatlon and ox1dat10n—

aromatlzatlon cycllzatlon processes respectlvely. In prln—<'

. c1ple, ox1dat1ve fragmentatlon of alcohol _Z could lead to.f~,u;'

:the formatlon of elther 18 or ZU or both dependlng on. :p
whether the cleavage occurred at bond(s) a or/and b The ;
iviiexclus1ve generatlon of 18 and 1ts derlvatlves thereafter 5}

1ndlcated that the cleavage of bond a took. place spelelé-%}.
' ally ThlS fragmentatlon pattern 1s cons1stent W1th all

other cases s0 far studled27 28 and appears to- be generir T

3

The. three step sequence. i e-»3-methy1 2= cyclohex-ld_}f“'

‘ﬁen 1 one-+16-912«¢18 thus completed the 1ntroductlcn of a

latent 1sopropenyl group spe01flcally to the a-p081tion of

.} an a B unsaturated ketone. The descrlbed route was found td"Jrf‘

’
"/.

be also appllcable to substltuted 3—methyl 2 cyclohexen 1_ {;‘;fﬁf
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ones. Under 81mllar reactlon cond&tlons, photocycloaddltlon
of 6- 1sopropyl 3—methyl 2- cyclohexen 1- -one (_5) to
.l;1—propenyl acetate followed by hydrolys1s of the resultlng
photoadduct 26 gave alcohol _2 Subsequent ox1dat1ve
cleavage of _Z W1th cerlc ammonlum nltrate gave rise to keto

| aldehyde 28 1n comparable yleld.

x Although lactol _2 could also be a useful synthe- ‘:
.thlc 1ntermed1ate (e g via keto ester 22), thls p0331b111ty 7

:remalns to be examlned. The present work was contlnued W1th
.laldehyde 18, E— oL
In order to complete the carbon-skeleton of

b.fgelaerene (1) from 18 a v1nyl group remalns to be 1ncor~.Aw :

| porated 1nto the B~pos1t10n of 1ts conjugated enone m01ety.‘- .

;;To av01d poss1ble compllcatlons, the reactlve aldehyde car-_»
?bonyl was flrst modlfled. Treatment of 18 W1th llthlum :
- trl t- butoxyalumlnum hydrlde in tetrahydrofuran at O for
5b3 hr followed by addltlon of a large excess of acetyl 3
1cf'chlor1de resulted 1n selectlve reduction of 1ts aldehyde and
gjfacetylatlon of the 1ntermed1ate alkoxy ion to glve keto | -
iﬂacetate 29 in 90% yleld Inltlal attempts to 1solate thetfq_:?i
.”l’lntermedlate alcohol 2_ were unsuccessful due to 1ts rapld . v(?

'ijlsomerlzatlon to hem1ketal 3_ In the 1r spectrum of 2

A

ngalg;v'°

“;l The poss1ble use of thls compbund 1n shyobunonp (g) Pre‘fﬂiflil

Lf'isocalamendl°l (6) SyntheSlF is belng studled in th1s labA:if'“u“
38 . o _ s 3 Sy .
*,3oratory., 3 ) Yo < o
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lconflrmlng the ass1gned structure._”

” 15

-1

absorptions ocourred at l?jj and 1657 cm’ for-the ester and

unsaturated ketone carbonyls whereas its nmr spectrum R

showed a doublet at 5 4.10 for the two methylene protons

adJacent tp the acetoxy group and a 31ng1et at 6 1, 89 for a
total of six acetyl and allyllc methyl hydrogen atoms._ Thel

mass speotrum dlsplayed a molecular ion peak at 210, 1264

L

Subsequently, efforts were made to’ transform _3 to*

h'i— d1rect1y by 1,4-addition of a v1nyl complext The method B

" the other hand, treatment of 29 with v1nylllth1um tetrakls-~'_' o

N

/dphosphorus contalnlng material by elther column chromato-dfxilf”

reported by Corey et al.24 uslng v1ny111th1um—cuprous -
) »

tlodlde 1sopropeny1 sulphlde complex was attempted 1n1t1al—
- ly, but W1thout success.. Under varlous reactlon condltlons.

it only resulted 1n the recovery of startlng materlal.i On

[1odo(tr1-n butylphosphlne)copper(I)] complex accordlng to yi“I
.H the descrlbed procedure23'afforded the de81red ketone 3_ e
fhalbelt 1n pOOr yleld (less than 15%), presumably due tQ the {:ht:
‘ /eone mltant formatlon of hemlketal 3} /Although the latter i*’:

COmPound was found to be 1nseparable from the vast amount oftlfr

ék'graphy or dlstlllatlon and thus could\htt be p081t1ve1y o
33;m1dent1f1ed 1ts possible presence 1n the crude product was
.'ilndlcated by the fact that hydroly81s of ketone 2_ wlth o
tdhalkall gave eiclus1vely 21,show1ng the same tlc.behav1our astfy%*
| Qtthat of the phosphorus contalnlng mat%rlal._ Most 1mportant-f&bs’
f;:ly._a satlsfactory yleld (6#%) of the deslred ketone 3& N

i A



. ‘ : : o 16
could be obtalned by allow1ng the crude addltlon product to

) react W1th acetlc anhydrlde in pyrldlne prlor to ‘its 1sola-

E .
.tlon. The stereochemlstry of Jz could not be establlshed

unamblguously at this stage on the basis of the avallable
information ‘although 1ts tlc behav1our coypled W1th theﬂfact

\
' that the nmr spectrum showed only one set of characterlstlc

31gnals [@ 5 87 (dad, 1H, J= 18 0 Hz, J' = 1o 0 Hz, ~CH=CH,),

5.02 (dd, 1H J = 10.0 Hz, J'“’lOHz,H,CC ),u98 (dd,_ =

1H, J = 18, 0 Hz, TUL, 0 He, H,c—c’H), 3.89. (d 2}a, |

\

' 7 O Hz, -CH OAc), 1, 98 (s, 3H, —OCOCH ), 1. 09 (s BH,

s methyl) and 1.03 (d; 3H J =7, 5 Hz, —CHCH )] were suggest- '

1‘ ive- of the homogenelty of the two 1ntroduced side chalnsﬁln

the1r relatlve stereochemlstry._ Partlal stereochemlstry

of 3; could be aSS1gned as deplcted as a consequence of the

".later flndlngs that its further transformatlon under condlﬁfﬂ

" tions whereby complete 1somer1zatlon was extremely unllkely :A'

| resulted in. only eplgelJerene ;j)“and no detectable amouht o
‘of gelaerene (1) Up t8)¢hls stage, the feas1b111ty of the 3

‘outllned general scheme (Scheme I) was clearly demonstrated.nfifi

To cémplete the synthe81s of gelaerene (i:“and/or ftf@V

-.U-

.'flts analog, 1t was necessary to 1ncorporate the two add1~%¢a.f’i5~

"“utlonaI double bonds u51ng the ex1sf1ng functlonalitles. J$¥[V

‘7}Towards thls end, our orlglnal plan was to*carry out d

P_’Bamford Stevens reactlod32 3/5.,Jon ketone 2_ to generate flrstf;,idi

fgfthe enaooycllc double bond.; There have 3een 1solated cases‘

vffwhlch showed that the appllcatlon of thls reactlon to
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unsymmetrlcally substituted etones gave rise to the legs
substltuted oleflns preferentlally. For example, 3-methyl—
tcyclohexene was obtalned 1n greater thﬁ:'987 yleld from
2-methylcyclohexanone upon treatment of 1ts tosylhydrazone
) derlvatlve with alkylllthlum33 Hence by adoptlng thls
‘reactlon. it would enable us to place the double bond
spe01f1cally at the desired pos1t10n. EXperlmentally how-:_i |
ever, ketone 3_ proved to be totally unreactlve towards
rtosylhydraz1ne Desplte numerous attempts u51ng dlfferent '
‘solvent systems such as - methanol, ethanol benzene and ;J'
tetrahydrofuran even at elevated temperature, no reactlo

, occurred. Consequently, the folloWlng method was chosen as_t.
an alternatlve. We reallzed however, that'thls method |
»would be con31derably less selectlve and could theoretlcally

'flead to two double—bond 1somers whlch hopefully, could be

:'separated at a. convenlent stage..r,-f'”

Reductlon of ketone 2_ wlth sodlum borohydrlde 1n l{.
:,methanol at 0 furnlshed a 67% yleld of hydroxy acetate 2;

-Vas a mlxture of dlastereomers whlch were 1ndlst1ngu1shable
/

/on tlc. The dlastereomerlc nature of the product was how- bfif”

blfdever, 1ndlcated by 1ts nmr spectrum show1ng overlapplng 31g- }5}

L. nals at & 5.13-4.75 (- CH=CH,) »* .55-3.67 (-GH,0c and ~CHOH)

";Qu;and 1, 34 0. 93 (methyls) The 1r spectrum'dlsplayed. 1n’_5’

'ﬂgaddltlon to the hydroxy absorptlon band _Y 505 cm _. two
“<ester maixima at 1735 and 1720 om” -t thereby further support-»-

*flng thls fact

PR g A






~ The mixture of hydroxy acetate 34 underwent de-

; hydratlon smoothly when it. was subJected to phosphorus -
*:oxychlorlde-pyrldlne treatment to. glve a mixture of oleflns
Qj and 1_ in 7?7 yield. Attempted separatlon of these two
compounds by column chromatography was unsuccessful _ How-*-
ever, from the relative- 1nten51t1es of the nmr methyl s1gnals
as well as those correspondlng to the v1nyl protons on’ the
newly formed double bonds, the ratlo of 35 to 1_ coubgzbe

' deduced to be approx1mately 1:2. The predomlnant formatlon
of 3_ from a mlxture of hydroxx acetates 2_ by a trans-}

dehydratlon process further 1ndlcated that the’ mlxture was

A enrlched W1th the stere01somer 34 . :

4

i

The 1ntroductlon of the remalnlng double bond wash
achieved by. a sequence of rather tr1v1al reactlons. Hydro-vt
"1ys1s of the mlxture of 25 and 3_ was effected by aqueous “
'pota851um carbonate in methanol at reflux for two hours.

The alcohols 37-and 3_ thus obtalned (94% yleld) were agaln;.lf‘

found to be 1nseparable by column chromatography.: The 1r ',lc;fif

'spectr‘m of the mlxture showed a hydroxy band at. 3330 cm -1

"and ‘the absence of any carbonyl absorptlons. ._712 h“'
- R EEE B e SR

Subsequent treatment of the alcohols 12 and 3_

1_Wlth p—toluenesulphonyl chlorlde 1n pyrldine at Oo gave rlse }’:

.f'to a 94% yleld of the correspondlng tosylates 32 and 40 f.u;tfi;iﬁ

x';homogeneous on ?ﬂc., An attempted ellmlnatlon reactlon on

:”;thls mlxture w1th 1 5 d1azab1cyclo[5 U O]undec 5-ene (DBU)
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at 90 resulted in total reeovery of the startlng materlal
Consequently. the tosylates 39 and-#O were converted to\the
'correspondlng iodides 41 and 42 (comblned yield ?2%) by
b0111ng the former mixture w1th a flfteen fold éxcess of
sodlum 1od1de in acetone " In spite of the Fact that the
'1somerlc iodides 41 and 42 shgmed two overlapplng spots on
tlc, no attempt was made to separate:them as they were
found to be quiteunstablé. o

Subsequently, heatlng the mlxture of 41 and 42
w1th DBU at 90 over a perlod of 8,hr brought aboux thelr |
dehyﬁr01odihatlon to glve a mixture' of two 1somerlc com—
| pounds (88% yleld) in ga. 3.2 ratlo.' THese two 1somers were
readlly separable by-preparative tlc The mass spectra of -

B these two compounds dlsplayed 1dent1cal molecular 1on peaks

at 162 1411 and thus ver;jaed their 1somerlc hature LY

‘as thelr molecular compos1tlon of 012 8 The structxre‘of |
~ the maJor 1somer could be readlly ass1gned as neogelgerene
_(14) on the bas1s of spectral data. In the ultrav1olet (uv)
:spectrum, a max1mum appeared at 229 nm (6 % 5560) belng |
41ndlcat1ve of a conaugated°d1ene system.‘ Its nmr spectrum
.nshowed three doublets of doublets at 6 5 84 ( CH—CH ),}4 98 “
(H,C C ) and 4 93 (H,C— ‘H)’ a. trlplet at 6 5 67 ( CHCH -)
.[';and a broad s1nglet at 5 L. 75 ( C CH ) clearly dé%ﬂnlng the‘-' 

, It is- 1ntegest1ng to note that the mlxture possesses

lachrymal pr0pert1es.5‘;ﬁih;p}



'six vinylic protons present in the molecule. In addition,

the appearance of. two methyl signals at 6 1.78 (narrowly
split doublet) and & 1.18 (singlet) wae also in agreement
with fhe structural”assignmenf. The minor product was in-
distinguishable with'ah authentic¢ sample of geijerehe (15 in

gloland tlc. Their'ir and nﬁ% spectra howevér, were found

to be 31m11ar but not identical; partlcularly in the nmr

spectra, in contrast to ggljerene (1) Whlch showed a 31nglet
1

~at 8 0.91 (~¢CH3), the synthetic product displayed a singlet

‘at 6 1.11. These findings-led logically to the structurél

assignment of epigeijerene (lj).t7 the minor isomer.

|

After the eompletlon of the total synthe81s of 14

and _j it became 1nterest1ng to modlfy %he synthetlc scheme 3

dln such & way that the 1ncorporatlon of the dlsubstltuted

,nlng double bond could be attended preferentlally. As dls—

cussed earller, the fact that the dehydratlon of the dlaste-.“

reomerlc mlxture 34 with phosphorus oxychlorlde-pyr;dlne

. gave olefln }_ as the. magor product requlred 1somer 34a to

be'predomlnant in the mlxture. ThlS suggested that the pre-e
ceedlng sodium borohydrlde reductlon of ketone 1_ proceeded :
stereosefectlvely with preferentlal formatlon of 34 .

A

Substltutlon effects on metal hydrlde reductlons EER

of cyclohexanones have been studled exten51vely36 It has’

been well establlshed that the metal hydrlde reductlon of :

V cyclohexanone posses51ng an ax1al substltuent at C 3 glves '37’



the thermodynaulcally less stable alcohol as the maJor pro-~
duct as a consequence of preferent1a1 attack of hydride 1onc
from the[leSS hlndered equatorlal 51de. -On the other hand,
the reductlon of 2- alkylcyclohexanone favours the formatlon
of. trans 2- alkylcyclohexanol as a result of axial attack by
the hydride ion leadlng to the more stable (hav1ng less tor—
~sional strain) tran81tlon state (. |
In examlnlng ketone 3_ whose stable conformatlon '
can be. represented as . shown in jga, it was expected that the5
ax1al Vlnyl group at c- 3 and t equatorlal s1de chaln at
C- 2 WOuld exert qpp081te effects as. to the stereochemlcal '
outcome of the sodium. borohydrlde reductlon of 1ts ketone
carbonyl ~ The fact that 1ts reductlon afforded predomlnant- -
1y 1somer 3&5 lndlcated that the ax1al v1nyl group played a i
more . important role It is qulte concelvable that thls -
observed effect could be offset by 1ncrea81ng the s1ze of
the Cc- 2 side chaln. Consequently, 1t would enhance the ‘
ax1al attack of’ the carbonyl by the hydrlde ion and the pro-di

'duct thus obtalned would faVOurably lead to the formatlon of

the dlsubstltuted double bond by a trans dehydratlon process.‘ :

| Based on these con31deratlons. the alkox1de
;1ntermed1ate from the reductlon of aldehyde 18 was quenched

’:fW1th 1sobutyryl bromlde The’use of a 1arger ester .

| protectlng group (also a lebs reactlve one) would requ}re v

. .only a mlnlmal change of our origlnal synthetlc echeme. f,{
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Treatment~of the resultiné ester 4 43 with'vinyilithium -
'tetrakls[lodo trl -n- butylphosphlne)copper(l ] complex gave.
‘dlrectly the keto ester b4 in 50% yield. Although 1t was |
hoped that the: change in the s1ze of the protectlng group
might alter the stereochemlcal outcome of .the v1nyl addl—'
“tion, thls was not’ found to be the case. The fact that E
subsequent transformatlon of L4 gave a mlxture of neo-"
gelaerene (14) and eplgelJerene (~j) but not gelgerene (;):'
llndlcated that the relatlve stereochemlstry of 1ts vlnyl |

group and 1ts ester s1de chaln .was agaln 01s

| - The COmpletlon of the synthes1s from keto ester 44
‘_followed closely to that descrlbed for ketone 3_ Sodlum ‘

' :borohydrlde reductlon of Ly gave a’ 90% yleld of hydroxy

‘ester L4sg as a dlastereomerlc mlxture contalnlng malnly

_1somer ;j_ ThlS was: eV1dent from the fact that dehydratlonrf.

~ of the mlxture WLth phosphorus oxychlorlde ‘in pyrldlne gave f'*

' rise to a mlxbure of two oleflns 46 and _2_1n a ratlo of ca.Q,ln

~2:1 based on 1ts nmr spectrum.- Further transformatlon of

'uuthls oleflnlc mlxture by the same sequence“as prev1ously

hdescrlbed for the mlxture 35 and 2_ gave eplgelaerene (_j)

'and neogelaerene (14) in 2 i1 ratlo and a total yleld of 66%.] 2

J )
J,.' :

rf As expected the use of the less reactlve ester group pre-{_iip
Qvented 1ts hydrolysys 1n contrast to the case of keto .

.t{acetate (_2)
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\
‘The development of a new»elemene type 1,5- dlene

synthes1s leadlng to neogelaerene (14) and eplgelgerene (1§)~:
represents - the . current advance in our synthetlc studles on.
'elemene germacranollde sesqulterpen01ds. In order to
'obtaln gelaerene (1).,1t is necessary to further modlfy the
‘approach so that the relatlve stereochemlstry of the substl—
'tuents can be rectlfled Towards thls end, efforts are
,‘currently belng made to explore the poss1b111ty of us1ng

lactone 48 as a’ synthetlc 1ntermed1ate.'
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EXPERIMENTAL

General

Mass spectra were recorded on AEI MS 9 and MS 2
.mass Spectrometers._ Infrared (1r) Spectra were obtalned
“using a Perkln Elmer Model 457 spectroPhotometer and sam- Ry
“ples were run as llqu1d fllms. Nuclear magnetlc resonance |
-’(nmr) spectra were recorded on Varlan A 60 and Varlan HR- ;-@

."100 spectrometers u31ng carbon tetrachlorlde as solvent and

i

- tetramethy131lane as 1nternal standard.- The followmng

..abbrev1at10ns are used 1n the text. s 31nglet d = dou-

'fsblet % = trlplet, q quartet and m = multlplet.r Ultra—,

’1‘v1olet (uv) spectra were' recorded on Perkln-Elmer Model 202

lSpectrophotometer. Elemental analyses were performed by a
.‘the mlcroanalytlcal labkratory of thls department. Gas |
[:,chromatographlc (glc) analyses were performed on an E ‘v_
| Aerograph A 90 - P 3 w1th a. column of 15% SE 30 on- Chromo-~:;f97

Practlcal grade Propanal Was drled over magnes ?m

ffsulphate and dlstllled (bp 48 99/700 }’) prlor to- use._;_:

,7 /..v. .

';3 Methyl 2 cyclohexen 1—one was Pﬁff

sédffrémeAidricﬁffﬁjjl~’*l”

5fChem1ca1 Company. Tetrahydrpfuran (THF) was freshly dls-ff S

::tllled from lltnlum alumlnum hydrlde.; Kleselgel was‘uSed [fiy,n

i‘as adsorbant for column chromatography.g,- I

"./ ..‘/'- o



g_;_s_— and m-iepropenyl'acetatef

) The method of Curtln and Hurwitz 29, was adopted _.a

"w1th some modlflcatlons.; Freshly dlstllled propanal

(634 2 g,_13 50 mol) and acetlc anhydr;de (3058 6 g, 29 50

mol) were . added to oven drled pota351um acetate (134 O g, B
1. 3? mol) The mlxture was refluxed for 18 hr under a.
l\n%trogen atmosphere. At the end of thls perlod, 1t was i |
'dlstllled and the fractlon bolllng below 127 (atm pressure)

"'was collected (ca.‘1000 ml) Acetlc dcid and aoetlc anhy- '
;-drlde in the dlstlllate~were destroyed by the addltlon of
'“4 N aqueous sodlum hydroxlde solutlon to pH 5 and saturated

-_>aqueous sodlum carbonate solutlon to pH 9 The organlc i;~'
A phase was separated drled over magnes1um sulphate. flltered

| and dlstllled under atmospherlc pressure (bp 99 106°)

R~g1V1ng 327 5 g (30% yleld) of al mlxture of ClS~ and trans-7'5lyr

. 1-Propenyl acetate'ﬁ 1r; 1755 (ester) and 1675 cm'l (C-c),’;dd
"fnmr.vé T 1? 6 92 (m, 1H _CHOAC)’ 5 33' 4 83 (both m, total | .
fftIH —CHMe, 2, .08, 2 02 . (both s, total 3H, OCOCH ) and 1. 67.;”j}if
R (b°th a, t“"‘l 3Hv =15 H each. =cHt, )

1N

3 ‘7"-.A¢equ’yf'_-‘_6?;8:d’i’iﬂe;th*ﬂbicfs"é-loth_‘-:?féidlp,c”t'an?zeioﬁe W)
The apparatus used f°r the Photocycloaddltlon SRR
-;dreactlon 1s shoWn dlagramatlcally 1n Flg‘*ﬁ 3 Methyl 2_J,£'
3fcyclohexen—1 one (25 7 g,vo 23 mol) and a” mlxture of cis-._f?:g,

f\and trans 1-propenyl acetate (327 5 g, 3 28 mol) were
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5ffriglhl; K. Dewar flask ‘,jsintered glass fllter, BT

C. metal coollnq c01l -D. water 1nlet'- Ey water

' ]out1eL E. reactlon ve»qolo‘ Gs quartz immersion

o well; pyrex’ flltcr, T, lamp, “J. nltrogen gao

#‘;inlct K ground glass 301nt'” L.,condLner,  :;,,_jj; 7 fi.J‘_,,
. My caICLum chlorlde dnyng tuoc e ~,Uafj:{g#ﬁ,ivf

- T L ey
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placed 1n the reactlon vessel The solutlon was dlluted
with 650 ml of benzene and a constant flow of dry nltrogen .
_ was malntalned to agltate the. solutlon throughoutLthe react—
ion perlod. The dewar flask was fllled with crushed 1ce and
ater and the reactlon mlxture was 1rrad1ated W1th a. 450-
watt Hanov1a hlgh pressure quartz mercury—vapour lamp u31ng

a pyrex fllter. After 20 hr, all the enone was consumed

":u(reactlon monltored by glc) and'lr?adlatlogg’as dlscontlnued,

N
The solvent and excess enol acetate were removed by dlstlll~

ation under | reduced pressure (water asplrator) Further
._dlstlllatlon of the res1due gave a dlastereomerlc mlxture
of photoadduct 16 (42, Se 87% yleld) bp 96-102°/o 5 mm;
llrx 1735 (ester) and 1697 cm 1 (ketone). nmr: 6 4 84 4 60,'
L., 28 (all d total 1H, J = 7 0 Hz, -CHOAC), 2 05, 2 01
'.(both s, total 3H .-OCOCH ) mass spectrum-»M 210 1252
ri(calcd for 012H1803’ 210 1256) | . '; -h,t.

| Anal. Calcd for. C12H18 3: c 68 55, H 8 63
Found: c, 68 515 H 8 84 ) SRTIIN. TEREETE A
| 'te7?HY@fpxy*§r?fdimétﬁylﬁiCXGlotﬂé?:djéctén?éeqﬁédflz)fffﬁf?"‘h'

PotaSSlum carbonate (35 2 g, O 25 mol) was added,,.,H‘i

riéWlth stlrrlng. to a solutlon of the photoadduct 16 (40 0 & _‘:5ﬁ

,ne;o 19 mol) 1n 50% aqueous methanol (hoo ml) After reflux-,j?5:hfe

tfjlng for 1 hr. the resultlng solutlon was extracted w1th

‘af{chloroform (4 X 200 ml) The organlc extracts were combined
-4jand w\shed w1th saturated sodlum chlorlde (200 ml). drled ‘_;jf



| "ot |

twithgmagnesium sulphate and‘filtered; After removal of the

solvent under reduced pressure, the keto alcohol _z_was

obtained as-a ‘pale-yellow, Vlscous oll (32.0 g. quantltatlve

yleld) An analytlcal sample pdrlfled by chromatography
-u51ng a solutlon of 5% ether 1n benzene showed the- follow1ng'
Spectral data: ir; 3&20 (alcohol) and 1685 cm i (ketone),}
nmr: 8 3. 92, 3. 65, 3. 2l (all d, 1H, I~ 7.0 Hz, -CHOH) and _
'1 17-0. 90 (methyls), mass spectrum: M 168 11461(calcd for _1-f |
Cyoty 60z 168 1150). I | o

- Anal Calcd for c, H160 ' C 71 39, H 9 54

l Found C, 71 71 Hf 9, 83

.yOXidatiuehgleavage}onLZ“.'

Cerlc ammonlum nitrate (72 36 g, 130 mmol) was

"added in one portlon to a solutlon of the keto alcohol _z

. (10 O & 60 mmol) in 507 aqueous acetonltrlle (500 ml) The_f"‘

,mlxture was Stlrgfd at room temperature for 20 min durlng

Whlch tlme the colour changed from deep-red to palehyellow. d}?lrf

L.

a.The reactlon mlxture was then refluxed for 15 mln.; After
'fcoollng to room temperature the solutlon was extraeted w1th ft
f:chloroform (3 X 200 ml) The organlc solutlon was washed -
1dw1th saturated sodium chlorlde. dried. (Mgsou) and flltered.'
?;Upon concentratlon, a brown 011 (9»0 g) was obtalned.,-- :

}}Column chromatography of the Oll using a solutlon of 2%

f.ether 1n benzene afforded a trace amount “of: 20 (0 5 g,eS%fﬁfT;:fﬁf

‘1y1e1d) nmrz 6 6 95 (dd 1H g ~-J" 7 5 Hz. aromatlc).<4 .



’ o -
657 (a, 11, 4 = 7. 5 Hz. aromatlc), 6.52 (d, 1H, J = 7.5 Hz,
.aromatlc). 5.40 (4, 1H, J = 5 0 Hz, OCHOH) 3.09 (m, 1H,d
benzylic methine), 2. 25 (s, 3H, —CCHB) and 1.18 (d, 3H,
1 . ' . - \
= 7.0 Hz, fCHCQB)f 3
' Further elutlon w1th the same solvent system gave
| 3-methyl 2-(1- methy% ~2- oxoethyl) -2- eyclohexen 1 -one (18) |
(4.0 g, 407 yleld) . 1r: 2820 2710 (C-H aldehyde), 1?20
- {c=0, aldehyde) and- 1655 em (ketone)‘ nmr: & 9.k (s, 1,
-CHO). 3.20 (q, 1H J=7. 0 Hz,--CHCHO). 1.97 (s, M,
‘CHCH ), 1. 10 (d 3H 'J = 7 0 Hz,--CHCH ), mass spectrum: 1
M 166 0998 (calcd for C10H14°2' 166 0994)
~ Anal. Calcd for Cloﬂquoz‘ c, 72 26 H 8 49
| Found c, 72, 15 H, 8. 26 | .

n

.3;al elutlon w1th ether afforded 8—hydroxy-6 9~

f%blcyclo[U 3. O]nonan 2-0ne (_2) (3 O g. 30%

.fml) untll a orange green colour was retalned._ The exeessiﬁ{ih

“‘:.ne at 0 was added dropw15e. Jones reagent37 (2 1Fid,,e?v

}OX1d1z1ng agent was then destroyed by the addltlon of 2-; ‘;jjg=;*

}KpropanOI (0 5 ml) Extractlon W1th methylene chlorlde ’;f:ig;}ki‘
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followed by the usual work- up of the organlc solutlon

afforded the crude a01d 21 Whlch was dissolved in acetone

(50 ml)., To this solutlon. pota351um carbonate (4.0 g)”and_ -

methyl iodide (4.0 ml) were added and the mixture wasl- | -

' refluxed under an ‘atmosphere of nltrogen for 24 hr. The

resultlng mlxture‘was then poured 1nto water and extracted

w1th methylene chlorlde. Work—up of the methylene chlorlde

solutlon in ‘the usual manner gave an 011 whlch was subJected

to column chromatography. Elutlon w1th benzene gaye 1 06 g

'(#5% from 18) of.22' 1r. 1742 (ester), 1670 (unsaturated |
'ketone) aﬁa=iéjz cm (C*C), nmr 5 3, 52 (s. 3H, -COOCH ),

o1 '93-(s,'3H‘ -ccn ), and 1. 17 (a, H, 7=8.0 Hz,_-CHCH )

'_mass spectrum M 196

Ul ,. L. g

| Lactol _2 (360 mg) was dlssolved in’ 5 ml of ST
| acetone and 8 N Jones reagent (1 ml) was added. After }5311_&»§§§
~ stirring at OO for 20 - min, the reactlon mlxture was poured ffﬂtefr
‘“into water and extracted w1th methylene chlorlde._ After the vf~
usual work up, the organlc solutlon gave an 01ly product | ‘
dwhlch w1thout pgrlfloatlon wag' dlssolved 1n acetone (10 ml)ﬁ) i
y;To thls solutlon, ‘weré added potasslum carbonate (500 mg) l &
1,and methyl 1od1de (1 ml) The resultlng mlxture was reflux;rt[{?”
t’ed for 5 days (at the end of each 24 hr perlod, an addltlon-s;t
?:al 0. 5 ml of methyl 1od1de was added) Work-up of the :

3fm1xture 1n the same manner as descrlbed 1n the preceedlng

e

“,s‘«lr”-’
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experiment gave 310 mg (81% yield) of 22,
_ N
A7—Acetoxy -3- 1sopropyl ~6,8- d1methylblcyclo[4 2. O]octan 2-one
( (26)

. A solution of 6 1sopropyl 3-methyl 2-cyclohéxen-
1- -one (_j) (31, 4 g, 0.21 mol) and 1—propenyl acetate (310. 0
g, 3. 1 mol) 1n ‘benzene - (650 ml) was 1rrad1ated under the
same condltlons as descrlbed preV1ously for the- preparatlon
of 16. After removal of the solvent and the excess enol -
. acetate under. reduced pressure._the res;due was dlstllled
J~g1v1ngu43t7 g (BH%Fy;eld) of 26: " bp 102 5 /O 2 ‘mm; 1r:1
i 1740 (ester) and~i695~om ; (ketone), nmr s 6 2. OO (s, 3H,
| -OCOCH ), mass: spectrumx Mt 252 _‘ '_ o |
Anal’ Calcd for 015 2403: c, 71 39. H. 9 59

'-Lj .

Found: C, 71 62; H 976

C 7 Hydro&y 3 1sopropyl ~6,8- dlmethylblcyclo[4 2 O]octan 2 one-'e
(__7_) ' |

. A so;utlon of the photoadduct 26 (5 O g. 19 8
”mmol) and potass1um carbonate (8 23 g,,59 4 mmol)Agn SO%

"aqueous methanol (100 ml) was refluxed for 1 hr.\ Work- up

of the reactlon in the usual manner and pur&flcatlonaof thef'f;"s

~result1ng crude product by column chromatography u81ng 5%
ether in benZene:as eluent gave 3 0 g (72% yleld) of

jalcohol (_z) as a mlxture of dlastereomer._ 1r: 3450

;(al°°h°1) and 1700 cm L (ketone); mass spectrums M 210..;fgfﬁs.“'1’

w 0.
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 Anal. Caled for Cyqfipp0p1 Co 74,2k H, 10.5%,
Found: C, 74.02; H, 10.68.

6-Isopropyl-3- methyl -2- (1 methyl -2- oxoethyl) ~2-cyclohexen-

o 1- one (28)

The same procedure as described prev1ously for the -
| transformatlon 1718 was applled using 22 6 g (108 mmol)
. of keto alcohol‘_z, 132 8 g (2#2 mmol) of ceric ammonlum
nltrate and 1000 ml of 50% aqueous acetonltrlle. 'After'd
work up and puriflcatlon, 7.37 g (33% yleld) of aldehyde 28 ‘[
were obtained. Its spectra showed the follOW1ng features
if-'zazo 2710, 1720 (aldehyde),g}éSS (unsaturated ketone)
and 1630 cm -1 (C;Cﬁf nmr: & 9 ui‘?s, iH -CHO), 3. 18 (q, 1H,

= 7.6 Hz, -CHCHO) 1.97 (s, 6H, -OCOCH3 and CCH ), 1.11
(d 3H J=7.0 Hz, ~CHCH ), O. 91 [d 3H, J = 5. 0 Hz,

-CH(CH CH3] and 0. 80 [d 3H, J = 5.0 Hz, —CH(CH )CHb]

b)
Anal Calcd for 013}{20 3‘ Cf 7&.91, H"9ié8f |

Found: C, 74.80; H, 9.7 L g
2- (2-Acetoxy-1-methylethyl)-3-methyl-2-cyclohexen-1-one (29)

e ﬁ@i-»
N . iy

Flia LN § t
& & .

The aldehyde 18 (1 65 g, 10 mmol) was dlssolved

_W1th stlrrlng in THF (30 ml) at O;._ thhlum trl t butoxy~_
alumlnum hydrlde (3 75 g, 15 mmol) was added and stlrring
.was contlnued for 3 hr, after whlch tlme an excess of acetyl

-‘,chlorlde (h o ml 56 mmol) was 1ntroduced. After stlrrlng
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for another 3 hr at room temperature, the reactlon mlxture

- was poured 1nto a mlxture of ice and water\and extracted

W1th chloroform (3 X 100 ml) - The organlc extract was |

washed with saturated aqueous sodlum bicarbonate solutlon

- and. saturated sodlum chlorlde solutlon, drled (MgSOu) and

flltered Concentratlon of the filtrate furnlshed a yellow

011 Whlch was purlfled by column chromatography Elutlon w1th

" benzene gave Keto acetate - (_2) (1. 89 g, 90%) irs 1733

(ester), 1657 (unsaturated ketone) and 1613~cm (C— )3

.nmr o 4, 10 (d, 2H, J = 7,5 Hz,,-CH 0Ac),_2 .97 (m, 1H J

" 7.5 Hz, —CHCH ,0Ac), 1 89 (s, 61{dD -OCOCHB and CCH ) and .

1, 08 (d 3H, J = 7 5 Hz. -CHCH ) mass spectrum: M 210 1264

(calcd for 012H18 3, 210 l256) o “
' Anal Calcd for 012H1803’ c, 68 55, H 8 63

Found C 68 44 H 8, 50 -

v 2 (2. Acetoxv 1—methvlethvl) 3—methvl 3-v1nvlcvclohexanone f'.

-(1_)

R

Tetrakls[lodo(trl—n—butylphosphlne)copper(I)] was _;,(
aprepared accordlng to&the method of- Kauffman and Teter38
The crude complex uas recrystalllzed tw1ce from a mlxture
;of ethanol and 2- propanol (23 15 by volume) and drled 1n
.vacuo (drylng plstol w1th phosphorus pentox1de as drylng

{.agent) untll a constant meltlng p01nt of ?5° was attained.a,

A solution of the above complex (9.56 g, 2% mmol)



‘.37

in dry THF - (30 ml) Was prepared at -78° (Dry Ice acetone‘
bath) under nltrogen. A solution of 2’2 M v1ny111th1um 1n.
" THF (20:0 ml) was added dropW1se over a perlod of 15 min
) and the resultlng brown solutlon was stlrred at 78 for ‘an -
Aaddlt;onal 20 m;n. Subsequently._a solutlon of keto acetate _f
.gg‘(l,él‘g. ?.7{mmol) ;n THF_(l0.0 ml)'was added dropw1se :
hbver”a periodwof‘15'min~and stirring was.continued'for>anr
~additiona;ﬂ20 nin. ‘The mixture was_then‘allowed to warm to
‘<o°v(ice bath) After 3 hr”it was poured into saturated'(
aqueous ammonlum chlorlde solutlon buffered W1th ammonlum |

hydrox1de (pH 8) and extracted contlnuously w1th ‘ether: (200
ml) for 24 hr Drylng (MgSOu). flltratlon and concentratlonv'

d‘_ gave an olly mlxture whlch W1thout purlflcatlon, was

o dlssolved in acetlc anhydrlde (6 ml) and pyrldlne (12 ml) .
A\

After stlrrlng at room temperature for 12 hr, the resultlng :
'mlxture was poured 1nto water and extracted w1th chloroform._d
The chloroform solutlon wag washed tw1ce w1th 2 N hydro— L :J
chlorlc ac1d drled (MgSOu). flltered and evaporated to :

: dryness and the re51due was subaected to column chromato--h_
graphy. After the removal of a. large~quant1ty of phosphorus—ff;ﬁ
contalnlng coIpounds by petroleum ether. the column was n .

'eluted with.benzene to glve 1 7 g (6#% yleld) of ketone 1_

"' , 1r: 1?33 (ester). 1705 (ketone) and 1632 cm‘1 (C—C). nmr 6

5 87 (dd 1H J 18 o J"; 1o 0 Hz. -CH—CH ). 5 02 (dd 1H,»\i%‘

J 10 0, J'~ 1.0 Hz. H—C- ). b, 98 (dd 1H J —-18 o J'
1 o Hz. H,C C ), 3 89 (d 2H, J =.7. o Hz.--CH 0Ac). 1 98

oy

s 3H 'OCOCH )’ L. °9 (8' 3H methyl) and 1. 03 (d 3H. ;g:”?ff;f



8

J = 7.5'Hz; -éHCH )..mass spectrumz m 238 1578 (calcd for
C142205: 238. 1569) |

7 Anal. Calcd for C 4H22 3: c, 7o 56 H 9 30.
Found: c, 70 44 H, 9 18 ‘ '

w

'25(24Acetoxy—1~hethyléthyl)e3;mefhy143svinylcgclohexanql'(25) E

e =sodium'bdfdhydfide (uéo mg, 12 mmol) was added to
'fda solutlon of ketone 3— (966 mg,'h mmol) 1n methanol (25 ml)
at. O‘.' Arter stlrrlng for 30 mln the reactlon mlxture was

:poured 1nto ammonlum chlorlde solutlon (75- ml) and the

'r‘crude product was extracted w1th three 30 ml portlons of

| chloroform.» The comblned organlc phase was drled over :_~f‘

 magnes1um sulphate and flltered. On concentratlon of the

g flltrate,ﬁa pale-yellow 0il-was obtalned. Purlflcatlon by

_?column ChromatOgraPhy USIHg 5%' ether in benzene as. eluent 159'”‘

'j»afforded the hydroxy acetate 3_ (650 mg, 67% yleld) as ‘a e
”dlastereomerlc mlxture.' 1r: 3505 (alcohol), 1735, 1720 | :
l:;(esters) and 1630 cm (C“C); nmr 6 5 95 5 48 5 13—4 75

";(both m. total 3H, oleflnlc), # 55 3 6? (m, 3H, —CHZOAc and

‘ajff-CHOH). 1,99 (s. 3H —OCOCH ) and 1 34 o 93 (m,_6H, methyls),_;_:

dd;;mass spectrum.‘M 240 1733 (calcd for 014H2403, 240 1?26)
-?::;Founds C 69 80 H 9 87 -‘f21d¥;yd'ﬁ‘dpuiz;‘f§;;f¥ ‘



3 (2- Acetoxy 1-methylethy1) 4-methyl 4-v1nylcyclohexene

(Qj) and 2 (2-Acetoxy-1 methylethyl) 3-methyl 3-v1nylcyclo-
hexene (}_) | | | |

Phosphorus oxychlorlde (1 0 ml, 10 9 mmol) was |
'added to a stlrred solutlon of hydroxy acetate‘l_ (650 mg,
‘2 7 mmol) in pyrldlne (3 0 ml) malntalned at 0® under an -
j-atmosphere of nltrogen Stlrrlng was contlnued for 3 hr.
after Whlch tlme the mlxtUre was carefully poured 1nto 1ce-"
'cold 2N hydrochlorlc a01d (60 ml), extracted W1th . _
"methylene chlorlde (3 X 20 ml) and washed wlth saturated o

_ aqueous sodlum blcarbonate and water.. After drylng (MgSOu)

jand,éoncentratlon, the crude produot was purlfled by column
N

}chromatography.; Elutlon W1th benzene gave 463 mg (77¢ f\f.s"'

yleld) of -a mlxture of 15 and 3_ (~ 1 2) 1r.71738 (ester)

;V and 1638 cm (C C) ‘.-6 5 96 ~5. 58 m,'V1 7H j—CH*CHz o

‘*dﬁand -HC"CH ), 5 52 (t ~0.7H, J = b, 0 Hz, -CH—C ) 5. o5 u 85

:';(m. 2H, -CH*CH ) k. o5 -3. 63 (m,.ZH,_-CH OAc), 2. 26 [m, 1H. )

i;d-CH(Me) j 1 91 (s, 3H -OCOCH ), 1,14 (s,«le,l-CCH )yt 12
j(s. 2H, -CCH ), 1 oo (d ~v2H. J = 7 o Hz,:-CHCH») and 0’97

'”l.(d ~'1H J 7 0 Hz,-~CHCH )i mass spectrum M 222 1625

f,(calcd for 014H22 - 222 1620)
e “', Anal Calcd for c 4szozs c 75 63, H 9 97
-'j Found: c 75 48 H 9 83



- 3 (2 Hydroxy-l-methylethyl) h—methyl 4-v1nylcyclohexene (22)>.o

and 2- (2 Hydroxy—l methylethyl) 3-methyl~3~VLnylcyclohexene» :

X)v

A solutlon of 35 and 2_ (463 mg, 2 mmol) and R

,;potaSS1um carbonate (1 hh g, 10 mmol) 1n 50% aqueous methan-f,f?t

ol (30 ml) was refluxed for 2 hr._ After 1t was cooled to
‘room temperature. the reactlon mlxture was extracted W1th

| '.chloroform (3 x 20 ml) Drylng (Mgsoq). flltratlon and

concentratlon gave the 01ly crude product whlch was purlfled.;?:”

‘by column chromatography u81ng benzene as eluent The

o

1somerlc alcohols 32 and }~ thus obtalned (352 mg, 94%
.hoyleld) were 1ndlst1ngulshable on tlc.; The mlxture showed
“'the follow1ng spectral data¢ 1r' 3330 (alcohol) and 1630
™t (c= C),_nmrz o 5.88- -5, o (m.»«z 3H -CH—C--,-CH—CH~'

f}f,-cu—cn )y 5,05 4. 83 (m, 2H. -CH-CH )1 15 (s, 3H -ccn )
. o

»ti‘and L 01 (d 3H, J =7 0 HZ:“CHCH ). mass spectrums M?@f--Wf”°*

1‘T180 1510 (calcd for C12H200 180 1514) ‘;;3;JJ”gp-;.u
AR Anal Calcd for c 2H200x o, 79 94; H 11 18
:*.{Found: c 80 ou H, 11, 37.‘,f?;j:;< T

""”‘Methyl -3- (1-methyl 2-n-toluenesulphonoxyethyl) 4-v1ny1-f1ft??ifT

g*scyclohexene (12) and 3—Methyl-2 (l-methyl 2-B~toluene-.r,i}5fr}5573

1issulphonoxyethyl) 3—v1nylcyclohexene (40)

Recrystalllzed 2-toluenesulphonyl chloride (400??;”fh‘”

Y”img..Z 1 mol) was added to a solutlon of 1somerlc alcoholsh}fﬁiﬂfﬁ"



11 and 3_ (350 g, 1 9 mmol) in- pyrldlne (h 0 ml) at 0° |
| under nltrogen atmosphere. »After stlrrlng for 3 hr, water lda.h
IKTEb ml) was added and the resultlng mlxture was extracted |
Z ﬁﬁgighloroform (3% 25 ml) The comblned .organic solutlon d
was washed W1th 2 N hydrochlorlc ac1d,.saturated sodlum
blcarbonate solutlon and water (50 mi each), drled (MgSQ“)
and concentrated to- glve a mlxture of 22 and UO (612 mg,
| 9#% yleld) 1ndlst1ngu1shable on tlc. The isomers were found
'1 to be rather unstable and hence they were used dlrectly 1n
- the subsequent reactlon w1thout further purlflcatlon._ Thelr
1r spectrum showed absorptlon bands at 1630 (double bond).
1593 (aromatle), 1360 and 1175 cm (tosylate) N R
.::T o ;_g‘ ,‘.; f 5r‘,;c}g23j5yigfdx

3 (2 Iodo 1—methylethyl) dLmethyl u-v1nylcyclohexene (41)

and 2=~ (2*1odo l—methylethyl) 3-methy1 3-v1nylcyclohexene (42)
- g-dﬂjid“nij ",'i7*fuf faf»3L{ '“f7n3’15*__. R ',lf' |
o A solutlon of tosylates 32 and 40 (150 mg. 1, 7 ”
mmol) and sodlum 1od1de (3 78 g, 25 2 mmol) in, acetone (50 :
ml) was refluxed for rz hr under an atmosphere of nltrogen._hifi?a
After coollng to room temperature, the mlxture was poured hnl
1nto saturated sodlum chlorlde solutlon (50 ml) and extract—‘etrij
| ed W1th methylene chlorlde (} X 20 ml) The comblned ":i‘
organlc solutlon was¢Washed with 2 N sodlum carbonate solueﬁéfff{f

<y

tlon and water (50 ml each) Upon drylng (mgsou) and conr”ﬁ :-:Tfé

centratlon, the crude product was percolated rapldly

through a column packed W1th florisil. us1ng n-pentane as vftjfi
‘ el“ent t° gl"e ‘*1 anc} ltz (350 mg. 72% yleld) Although o



SRR D k2
. | a . o
"-these two 1somers showed two overlapplng spots on tlo, thelr '

- separatlon was not attempted because they were found to be

: unstable as- 1ndlcated by thelr colour change (colourless to

- ﬁv1olet) on- standlng The follOW1ng spectral data were .

-.obtalned. irs 1629 cm (C ¢); nmr 5 6 ,03-5, 43 (m, 2 3H,'

. ‘Vlnyllc), 5 14 4 63 (m, 2H,_-CH—CH2) and 1. 12 (s, 3H, ~-CCH ),_e
,emass spectrum M 290 0527 (calod for 012 19 127 290 0532) 1

B ;~_A;,'.~.[ikﬂ_fx_,; T
4”}Néogéiﬁérene»(lﬁ)fandﬁEpigeijéreﬁ?'xéﬁ)_i{a;::‘f”

. o A solutlon of the 1od1des 41 and 42 (350 mg,‘l 2
1;-mmol) 1n 1 5 dlazablcyclo[5(4 0]undec 5 ene (2 0 ml) was N
heated at 90 under a: nltrogen atmosphere for 8 hr wzth ,
‘stlrrlng. At the end of thls perlod the dark solutlon was ’LQQQ
”_poured 1nto 2 N hydrochlorlc aC1d (60 ml) and extraoted w1th Elf?

n -pentane (3 X 15 ml) The organlc solutlon was washed W1th,(fa

. fwater (50 ml). drled over magne81um sulphate and flltered.1fx(i:

:~After removal of ‘the solvent 172 mg (88% yleld) Of the
:°§hm1xture of 14 and _j were obtalned.; The two components
inffshowed two spots on fluorescent tlcvplates (observed under sh:;[
H':uv llght) and Were separated by preparatlve tlc (Merck ‘ hhth(
hlxsllmca gel pF,-\zsh + 366 n-pentane as eluent) From 97 mgf;fhf

v3fof the mlxture, 5? mg of neogelaerene (14) (faster moving)

hf and. 35 mg of eplgelaerene (*i) (Slower mov1ng) were 1solated
?f;fRatlo of 1# to _j was about 1 é 1 o and the total recovery:(:(’ﬁfg
*;Ii°f materlal.was 9#% EPlgeiJerene (_i) was indistinguish- ;;f;‘g;
e_ifable from naturally—occurrlng gelaerene (1) 1n both glc and ifitﬁi

S B ; SR T R R



.flc;i The follow1ng spectral data were obtalned for

. gelaerene (1). neogelaerene (14) and eplgelserene (_j)

" ‘Geljerene (1)

ir: 1640 and 900 cm ) (C—C) nmr: 5 6 OO -5, 35 (m, 3H
‘..Oleflnlc), 5,004 63 (m uH, oleflnlc), 1 70 (d 3H, J'v 1 o

| .Hz,.—CCH Y and O 91 (s. 3H._—CCH ), mass spectrums M 'l
: ':1621411 e L e

y -Neogelaerene <14) 'Y '_

11 0 Hz,\-CH—CH ) 5 67 (t 1H, EE 3 0 Hz.u—CHCHz-).,,;iﬁi

| ”, 4.98 (dd, 1H,. J’— 11 0, 3= 2,0 Hz, H,c c\H), 4, 93 (dd.
3'3:1H J = 16.0, J'* 2.0 Hz, H,c- H), 4 75 (broad e ZH

 ~Cecm, ). 1. 78 (d M, w1 Hz..—bcn ) and 1, 18 (s, 3,
.[;_-CCH ). uv: x. (MeOH) 229 nm (e-: 5560); mass Spectrumg &;f
M 162 1’411 (calcd for 012}{18' 162 1409) Lo

.";Eplgelaerene (_5)

1r! 1627 and 910 cm, (C—C). nmr: 6 5 98-4 74 (m. 71{

‘5_folefin1c). 1 67 (d 3H.»J = g, o Hz, —CCH ) and 1 11 (s, 3H, ;fyif*

‘f’f—CCH )r mass spectrums M 162 1414 )



L. o2-(2- Isobutyroxy-l-methylethyl) 3-méthy1'2'°y¢15h¢Xén41%one” |
| (;2) -

_ thhlum trl - butoiyalumlnum hydrlde (9 1 g, 36
mmol) was added to a. solutlon of. aldehyde 8 (E 0 g, 24
B mmol) in THF (50 ml) at Ov.‘ After stlrrinv for 3 hr, 1so-'
.'butyryl bromlde (12 9 ml, 120 mmol) was i'troduced and

stlrrlng was~cont1nued for another 3 hr The mlxture was

then poured 1nto ice- cold water (150 ml) and extracted w1th \
chloroform (3 X fOO ml) The comblned organlc phase was |
'a;vwashed W1th saturated sodlum blcarbonate solutlon and water S
(150 ml each),_drled (Mgsoh) and flltered. Removal of the fﬂ' )
é;solVent under reduced pressure followed by elution of the ‘heﬁfhf
'«_reS1due w1th benzene gave keto ester ~3 (3 06 g, 87% yleld) :
lllr: 1737 (ester), 16?0 (unsaturated ketone) and 1622 cm 1/ ~'4
©(C=0); nare 8 4, 18 (d 2H, J -.7 5 Hz, CH ococ H7), 3 01 o
m, 1H,:-CHCH ) 1! 93’ (s, 3H -—CCH ). 1. 12, 1 05 [both d.z..vﬂi"'
f;ntotal 61, 7= 7.0 Ha- each,.-DCOCH(CH )2] and 1.10 (@, 3,
_‘l 5 Hz,“-CHCH ), mass spectrumx M 238 1561 (calcd for jﬂiil“'f
6 14H22 2 238 1569)

S ___: Anal Calcd for C 4 3: C 70 33, H, 9 58
15xround: c 7o 56 H, 9 3o.,,~ g Ee

jlz (2 Isobutyroxy-l~methylethy1) 3-methy1 3‘Vlnyl0yclohexanone };i&f
(44) g S ‘ ———

‘The same procedure as described for the preparation .-

b\ R L



| s
'-oék}_ was applled. Keto ester _1 (690 mg, 2, 9 mmol), :p
tetraklsflodo trl -n- butylphosphlne)copper(I)] (3.64 g.-9 3
| mmol), 2, 2 M v1nylllth1um in THF (7. 9 ml, 17. 4 mmol) and |
THF (25 ml) were used At the end of the reactlon. a solu—-
tion of ammonlum ohlor1de and ammonlum hydroxlde @150 ml)
\~was added and the mlxture was contlnuously extracted w1th
.ether (150 ml) for 2& hr. The ethereal solutlon was drled ~~
(MgSOu), flltered and concentra#ed, leav1ng an 01ly, yellow .i
A liquid. Coiumn chromatography of the 011 u31ng benzene as |
.-feluent gave ketone 44 (3#7 mg, 50% yleld) 1rs 1735 (ester),"d
a1774 (ketone) and 1640 cm ; (C—CJ, nmr b 6 23 5 63 (m, 1H ~-“fi
~CH=CH, ),»5 21-k, 83 (m, 2H; ggcn—cn )y u- 16 3. 84 (m, zn B
':—CH OCOR) and 1 19 0. 99 (complex m, 12H methyls), mass
“.spectrum M 266 1872 (calcd for C16H26°3’ 266 1882) Ry
}_ | Anal Calcd for 016}{2603: c, 72 1!»; H, 9‘84
‘Found c,ggz 015 H, 9 67 SRR e

'.ﬁ" 2 (2 Isobutyroxy— -methylethyl) 3-methyl~3-v1nylcyclohexanolgfh?

":3 To a solutlon of ketone 4h (480 mg, 1 8 mmol) 1n

”“fl methanol (20 ml), sodlum borohydrlde (204 mg, 5 4 mmol) was

h’ﬂiﬂadded.; After stlrrlng at O for 30 min, the reaction nux-‘-:""".""~

Jture was poured lnto saturated ammonlum chlorlde solutlon

'"*tﬁ(So ml) and extrd!ted w1th chloroform (3 X 20 ml) Work-up fhlff

hfof the chloroform solutlon 1n the usual manner gave the

7ff;}crude alcohol‘whlch was purlfled by column chroma:tog::'aphy.a.‘:-'fv-',‘,:v.'f‘=



| iuc
Elutlon W1th 2% ether in benzene afforded alcohol _j as a
: =1
dlastereomerlc mlxture irs: 3500 (alcohol) and 1735 cm "

'(ester) nmr 6 5 B4-5, 55, 4.98-k, 65 (both m total 3H,

oleflnlc)’ . .75 (m, 3H -CH, OCOR and -CHOH), 1 30 (s.

3H, —90},;3

o

6H J = 7 0. Hz,.—CH(CH )2] and 1 08

, J 3 ft-CHCH ) mass spectrumn M 268 2071 ;Ll
S (‘ca.,. .:: ‘3’ 268 2039) | : S : ‘v
w %;'Calcd for. C¥6H280 ' G, 71 60; H 10. 51'f'”
;-8 H, 1o 64 ' -

-1,('3,::~

; 3%(2fie 5{ oxy—l-methylethyl) 4-methyl 4—v1nylcyclohexene“;"‘

- ;(Eé?“an?v iz Isobutyroxy—l—methylethyl) 3—methyl 3- ‘.-”?? f:f

“djVin§16&¢; 'fene (“z)

.,addeqet¢_ii é& tl0n of alcohol _5 (252 mg. 1 O mmol) in -
" pyridine (j.
.tfﬁcf ﬁiffb'y {J?.5 hr. the mlxture was poured 1nto an 1ce-

V:A'water mlxture'(SO ml) and extracted wlth chloroform (3 x 15ff§”";

: ~fml) The comblped organlc solutlon was washed wlth 2 N

1‘-,,” ; . .

;.j:hydrochlorlc acld and water (30 ml each). dried (MgSOu) andf;]i{g
fiiiflltered. The crude product obtalned on evaporation of the;ﬁ’l”ﬁ
}gf}solvent was chromatographed. VSlng benz e as’ eluent.y ;;fdlff3“
:~afaffordlng 192 mg (82% yleld) of an 1somj:10 mlxture of

1=dfolef1ns 46 and _2_1ndlst1ngulshable on tlc., The mlxture
;ff;gave the follow1ng spectral data.; 1r: 1735 (ester) and
»”’"1630 ot (c-c). mrs 6 5 90—5 b (m,fvz 7H. »,-cm-cn




4
J-2/3 HC CH- and 1/3 C= CH ), 5.05- -4, 86 (m. 2H, -CH—CHZ), u 03-
3.63 (m 2H, -CH,0€0- ), 1.16 (s, 3H, -CCH ), 1.14 [d 6H,
=7, 0 Hz, -CH CH3)2] and 1 03 '(d," 3H, J=7.0 Hz, -CHCH ), .
mass Spectrum: Mt 250.1932 (calcd for 016H2602’ 250 1933)
: -‘ - Anal. Calcd for 016}{260 . 0 76 75: H, 10, 47
Found: c, @6@?8 H, 10, 24 : ' '

@ V, >
T

"'“'. .

/

R R

S

_1Transformatlon of oleflns Ué and _z_to Eplgelaerene (_j) and

. Neogelaerene (14)

A solutlon of the mlxture of oleflns 46 and _Z
(106 mg,_o 4 mmol) and potas51um carbonate (274 mg, 2 O

mmol) in 50% aqueous methanol (15 ml) was refluxed for 5 hr. d”

S After coollng, the mlxture was poured 1nto water (50 ml) and

extracted W1th methylene chlorlde (4 X 10 ml) Work up of
vthe organlc solutlon 1n the usual manner and purlflcatlon f§1{ir
}of the crude product by column chromatography W1th benzene

as eluent gave 74 mg (97% yleld) of the mlxture of 32 and

o 3§ ThlS mlxture was converted 1nto 1od1des 41 and b2 j?ﬂ.?ff-“

| UA'under the same reactlon condltlons descrlbed prev1ously._;»f37f

.hN}:these mlxtures were 51m11ar (W1th the excepthon of relat1Ve

"nFrom 114 mg of the mlxture, 157 m g686% yleld over two steps)_fﬁ

7u_fof the mlxture of 41 and h2 were obxalned.t The spectra of ,

”‘fllnten31t1es) to those obtalned prev1ously.; The mlxture of

;fnthl and hz (157'mg) was subsequently heated with DBU at 90

t:for 8 hr. Work~up of the f@%btlon mixture 1n the same \iff't

.gr;%manner as descrlbed prev1ously¥gave 59 mg (78% yleld) °f a



48
mlxture of neogelgerene (14) and epigeijererie _(lj)'. Prep-
_aratlve tlc on this mlxture resulted in the 1solat10n of
14 mg oi‘ neogel,]erene (14) and 27 mg of eplgelJerene (_5_)
(ratio of 14;\_5 ~ 1y 2),

T . ’ ' . e ‘ - e t
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