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SUMMARY,

Part I1: .

The synthesis of (*) cuparene and (*) cuparenic scid
was achieved starting from 3-methylcyclohex-2-enone, A
Friedel Crafts reaction with toluene gave 3-methyl-3-p-
tolylcyclohexanone, The mono=furfurylidene derivative
of this ketone wae'bie=elxylated to give 2-furfurylidene-
5: 63 6~trimethyl-5~p=-tolylcyclohexanone which was subjected
to ozonolyeise, cyclization, and reduction to give (%)
cuparene which was then oxidized to () cuparenic acid,

TwOo unsuccessful synthetic approaches to cuparene
are also described, Aclid treatment of an A - ketol,
3:3 dimethyl-2-hydroxy-2-p~tolylceyclepentanone, bdbrought
about 2 novel 1l:7<hydride shift leading to 4:4-dimethyl-
5=p-tolylcyclopentenone,

The mechsnism of enol-chloride formation of
unsymmetrical cyclohexan=1:Z-diones 18 also discussed,
Part II:

A novel approsch to the spire- [ 5:4] -decane system
enccuntered in ecordne was undertaken by 1l:4 addition of
gcetylenie Grignard rezpen™n Lo the mycelohaexylidene
malononitrile sysicm, Toe chhynyl dinitrilen, oo Formed
were feound to underéo basic internel hydration,

Construction of the splrc system was effected by en

internal Michael eyclization of ethyl 5-(4-methyl-3-o0xo-

{ over)



©yelohexenyl )~3~oxo~hexanoateo The product of this
cyelization was elaborated to the groan structure of

acorone0



/
/

{

I wish to express my thanks to Professor R, A,
Raphael and Dr, VW. Parker for their help and advice
during the past three years, Their interest and
guidance have been a constant source of encourasgement
to me

I also wish to thank the Department of Scientific
and Industrial Research for a maintenance award, My
thanks are also due to Mr., J, M. L Cameron and Dr,R, I,
Reed of Glasgow University for microanalyses and mass
‘ spectrometr:lc determinations, It is also a pleasure

to acknowledge the help given by Mr, G, Milmine,



CONTENTS

PAGE
INTRO“DUGTIO‘“NVOOI...'....O...O......’.‘................ 1

PART I :  The Synthesis of ( ¢+ ) Cuparen€,c.ceeccece.o 12
(

Historioalaoﬂ...Q.l..'....l'.......l.."... 15

Discussion.....lQ.I.'QQ.I..I.Q..QQ.'...... lsﬂ

Addendm.....,..d‘...Q.l.".“.‘.'....,... 22

Experimental.,...oo.---,........._...,...9.,. 26

PART II: Approaches tO ACOIrONe,...ceceeseecccacanss 49
Historical...eececscencvcescssccncsceccacees DO
D18CUBSION, (s ccsasscncrrsrrsionccascncsses D4
Experimental,..cccoceccccccsscsccncecsensese 64

RHERMGES....lﬂ.‘...d...C.D.OOG!“...Q..C.'CIOQICO. 89



INTRODUCTION,

The Biogenesis of Sesquiterpenes,
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INTRODUGCTION;

In recent ysers structural investigations in the
sesquiterpéne.field have furnished & series of compounds
which,although of intrinsic interest,also,constitute a
challenge to the present theory of sesquiterpene biogenes%;?
According to this théery, the carbon skeleton of most
sesquiterpenes caﬁbe derived from the fernesol chain# by
enzyme-catalysed cyclizetieons, The meshanism of these
cyclizations ma§ be considered %0 involve displaqement of
the allylic hydroxyl, or a derivative thereof, by the 7 -
electrone of one of the double bonds to give the carbpnium
dons (-7 = 12 ), via the non-classical ions ( 4 - 6 ),
Confirmation of the existance of such double bond =
hydroxyi interactions is to be found in the relative rates
of sc»lvolyasies:5 of trans - 5 ~ cyclodecen « 1 - yl p -
nitrobenzoate ( 13 ) and K :¥ - dimethylallyl p-nitro O
benzoate ( 14 ). It was found that ( 13 ) solvolysed
ten times more¢ rapidly than ( 14 ) to give a mixture.of

cis and tranc decal - 1 - ol ( 16 ).

Although natural farnescl is a complicated mixture
of double bond isomers, it is assumed that the central
double bond 1h the farnesol precursor is trans, The allylic
double bond wmay be cis ( 1 ) or trans ( 2 ), s8inece
isomerization is possible via anionotropic rearrungement

of nerolidel { 3},
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There are two possibilities for each of the biogenetic
cyclizations, but the steric and electronic stabilities of
the alternatives will determine which cation 1s preferred,
Consideration of each cyclization will serve to 1llustrate
the genesis of apparently uhrelated sesquiterpenee, in
particular those sesquiterpenes whose structurzs have been
determined-since the noteworthy publication of Hendrickson,
In fact, it is our contention that the time is now ripe for
a new classification of sesquiterpenes based or the well -

tested theory of their biogenesis, ( see chart, )

Sesquitersenes derivable from ( 7 ).

Only in the cyclization of cis farnesol ( 1 ) can the
central double bond participate giving rige to either ( 7 )
or ( 8 ) ; the forumer being favoured on steric andi electronic
© grounds, Indeed, a1l the monocyclic 6 - ring seaquiterpencs4,
with the exception of the elemane type, have & cafbon
skeleton corresponding to the ion ( 7 ). One of the most
ubiquitous sesquiterpenoid hydrocarbons, @ -bisa’bolcne’, ( 16 )
may be formead by deprotonation of the cation ( 7 ),

The cadinane°* class of sesqulterpenes i thought to

be derived from cyclization of blsabolene - {ype precursors,

The in vitro conversion of nerclidol to bieabolene has

been accompliancd5°

=% 6

This form of nomenclature is that suggested by Sorm e
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Culghue deﬁyd?ogenatian of’ zingiberenev (17 ) yields
cadalene { 18) and treatment of ( 17 ) with hydrogen chloride
furnishes the dihydrochloride of iso - zingiberenes ( 19 )e
internal cyclisation of & cadinane precursor could obwvioucsly
give rise to the copane tricyclic aystem, )

The non - iSOpveﬂgid hydroazulene, zi@roneg’lo ( 20 )
is the only wmember of 1liz class of eeaquiterpenes,which can
be considered to be derived from a cadinane progenitbr,-such
as ( 21 ). Displacement of the allylice mxygeh fuhction in
{ 21 ), followed by migration of the central G - C bond with
concomitant m@tﬁyl migration would lead %o the ion { 22 ),
"and hence the AP - unsaturated ketone ( 23 ),  The
sesquiterpene would be Yormed by reduction of the more polar
double bond followed by dehydration of the tertiary alcohol,
The novel diterpene, grayanotoxinll ( 24 ) may be derived
from the normal phyllocladene class by & .ring A contraction
of the above type,

Taxonomic investigations by Erdtmanlz nave produced
foﬁr new sesquiterpenes of unusual constitution, vig ;
superene ( 26a ), cuparenic scid { 256b ), thujopsene ( 26 ),
end widdrol ( 27 ). Since both thujopsene and cuparene have
been shown to cccur together in nature, it is mesningful
that the biogenetic theory predicts a common progeritor,
Protonstion of the trisubstiinted scyclic doutle bond in
bisabolene ( 16 ) would afford the tertiary curbonium ion (2R},

which could interact with the exocyclic double bvond to yield
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the tertiary ions (8@ ) and ( 31), présumably via the
non~classical ion (-29 ). Deprotonation of ( 30 ) would
then give the sesquiterpene cn,vprene_mz:l:5 ( 32 ) which is the:
precursor of both cuperene ( 25a ) and cuparenic acid ( 25b.).
The spiro carbonium idn f 21 ) could rearrange’ to furnish
( 33 ) from which both thujopsene ( 26 ) ana widdrol (27)
are deriveble., '

The carbonium ion ( 34 ) imay be formed from ( 7 ) by a
1: 2 hydfide shift, which is permissible since both ( 7 )
and ( 3< ) are tertiary cerbonium ions, in { 34 ) the
- positive charge can only be neutralized by interactiion wién
the acyclic double bond %o give the electronically more
stable bicyclic ion ( 36 ),via the bridged cation ( 35 ),
" &t is then proposed that ( 36 ) is elaborated to the .
geséuiterpene, acorone { 37 )vo Subseguent interaction of
( 36 ) with the eyclic doutle bond would yield ( 39 ), The
alternative tricyclic carbcnigm ion, formed from the
intermediate ( 38 ), would be a secondary cation which could

not be favoured unless there was some steric inhibition to

the formation of ( 39 ). solvent attack or deprotonation

* A ctlose analogy of this rearrangement is the acid-

catalysed solvolysis of the tertisry alcohol~l4 (1) to give

( i1 ),
&
Rearrangement of & spiro system of the acorane type

would result in the formation of the cadinane and laserpitane

skelstol classes,
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of ( 33 )furnishes cedrol ( 40 ) or cedrene ( 41 )’respeet‘ivgly°
Intersction of the cyelic double bond with the cation

( 7 ) yields the bicyclic ion ( 43 ), rather than ( 44 ),

via ( 42 ), 1.6, steric considerations superseding the

electronic contrcl of cycliiation. Further cyclization

of ( 43 ) would furnish (0(--santalene ( 45 ). A Wegner-

Meerwein bond migration in { 43 ) would lead te the more

stable carbonium icn { 46 ) from which R -sentalene may

be obtained by deprotonaticn,

Sesquiterpenes derivable from ( 10 ),

Another group of sesquiterpenes may be obtained from
the alternate cyclization of cis farnescl ( 1 ) involving
the‘terminal double bond, such a cyclization could give
either ( 9 ) or ( 10 ) ; however the former is much more
étrained than the ll-ring carbonium ion and thus preference
for the secondary ion infers steric rather than electronic
control of the cyclization, Deprotonation of { 10 ) affords
not onlyltne gross structure of thé sesquiterpene, humulene
(_47 ),but also assigns the orientstion of each double bond, |,

Double bond - sarbonium ion interaction in ( 10 ) can
only occur with the 4 298 bond, since the hydrogen atoms
at C.1 shield the £.%7 yona from the positive centre,

This interaction leads to the tertiary ion ( 48 ) which, by
loss of a proton, yields caryophyllene ( 49 ), correct in
stereochemical detail, Hendrickson2 has pointed out that

this is a direct comsequencs of the unigue conformation of







the ioh ( 10 ).

Al 3 - hydride shift in ( 10 ) would eliminate the
shielding effect of the hydrogen atoms at C,l describved
above, thus allowing interaction between the newly fbrmed
cation’ gt C,1 and the 4}6?'7 bond to give ( 51 ) via ( 50 ),
Deprotonation then yields himachslene}® ( 52 ), The proximity
of the positive charge st C,7 and the zﬁhz’s bend in ( 51 )
should lead to the formation of a C, 2 - C,7 bond, Altnough
this is to be preferred on electronic grounds, it wduld lead
to a highly strained four membered ring in a tricyclic system,
Thus the preférred ion would be ( 53 ) which, after bond
migration and deprotonation, gives the structure assigned

to longifolene ( 54 ) by X-ray methodsl5 and by synthesislso

Sesquiterpenes derivable from { 12 ).

The cyclization of f&rans - farnesol by an ilonic mechanien
may give rise to ions ( 11 ) or ( 12 ) but steric, as ﬁell
as electronic, requirements Tfavour the tertiary ion ( 11 ),
Deprotonation, followed by oxidation of ( 11 ) gives the
structure of germa@mney7 ( 55 ). Im'fa@t ell the sesqui-
terpene 10 - membered ring lactones, e, g, costunolide ( 56 )
may be derived from { 11 ). All of these can undergo
transannular cyclizations furnishing compouﬁds of the

cadinane, eudesmane and guaiane types thereby providing an

alternativeibiogenetic pathway to these sesqulterpenes,






Neutralization of ( 11 ) by solvent attack,followed
by an internal cyclization and ring fission yields f3 =
elemo1l® ( 68 ) via ( 67 ). Models of ( 57 ) show that
both double bonds are ideally positioned for internal
cyclizations yielding bicyclic structures, These
cyclizetions may be éitner simple acid - catalysed or
oxidative in nature, If, during cyclisation, both double
bonds are polarized according to the Markownikoff Rule
then the product would be expected to be ( 69 ) with R= H
for the acid - cata;ysed cyclization,or R = OK for an
oxidative mechanism, The product ( 51,)' R = H is the
obvious precursor of eudesmol;g ( 60 ) and has the correct
stereochemistry of the eudesuiane group in 211 known casesgoo
The masliane claes may be derived from the eudesmane type
by cyclization,

Jatamansone21 ( 61 ) is the only known re¢presentative
of its clase of sesquiterpenes which could arise from a
precursoy such as ( 59, R = H ), by migration of the 4 -
methyl group to the angular position,

Polarization of one double bond in ( 657 ) in an anti-
Msrkownikoff menner would lead to the formetion of tne
guaieane ; type structure ( 62 ) which is thouzht to be tle
progenitor of the aromadendrsane, patchouiane, and valerane

types of sesquiterpenes, Thgbromadendrane and petchoulane

classes arise by some form of cyclization, whereas valerenic






acid>? ( 63 ) could be derived by ring contraction of the
guanolide ( 64 ), Patchouli alcohol23 ( 656 ) may be
derived by an ionic cyelization of bulnesol®? ( 66 ),ir
the latter has the 7’/3== isopropyl configuration,which is
indeed predicted from the biogenetic consideration outlined
ebove, |

Similar concerted cyclizations could occur with the
isomer ( 67 ), formed by double bond migration in ( 67 )
to give the structures ( 68 ) and ( 69 ). Congideration
of ( 88, R =0H ) reveals the presence of the .zorpect
stereocheunistry for a multi = group rearrangeaent leading,
via ( 70 ), to the ketol (.71 ), which has both the general
structure and correct stereochemistry of the known
eremOphilanesz50 The structure ( 69 ) is the obvious

antecedent of the vetivane anud tricyclovetivane sesqui -

terpenoids,

Concerted cyclization of trans - farnesol,

Trans - farnesol may also undergo a concerted acid
or oxidative cyclization skin to that found in the
biogenesis of the higher terpeneszs, The sesquiterpenes,
drimeno127? ( 72 ) and iresin°® ( 73 ) are two examoles
of such cyclizations ; 1in fact, racemic‘drimenol has been
formed in vitro by the acid - catelysed eyclization of

transg - farnesolggo
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Two sesquiterpenes, nootkatin® (74 ) and calacone31

( 76 ),which do not conform to the. above classifications

o e cp———

may be considered to be derived from the simple monoterpenes,
> = thujaplicin ( 76 ) and carvenone ( 77 ) by the
" addition of a mevalonate unit at a later stage in the

( .
biogenesiasz.
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PART I,

The Synthesis of (}) cuparene,

12
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HISTORICAL,

In 1958, Erdtmsn and Thomesd® isolated two sesqui -
terpene hydrocarbone, widdrene and"widdrene II*, from

the heartwood of Chamaecyparis thujoides, Biots Orientalis

and various Widdringtonia genera belonging to the natursl

order Cupressacese, The high boiling, dextrarotatory
fraction, "widdrene I1I", was shown to contain about 60
per cent of an aromatic hydrocarbon, which was named
cuparene, the structure of which was elucidated by Enzell
and Erdtman54o

The infrared and ultraviolet absorption spectra of the
sesquiterpene showed the presence of a 1 : 4 disubstituted
5enzene nucleus ; in fact, the ultravio;et absorption was
identical to that of p =tertbutyltoluene, The mass spectrum
of' cuparene not only confirmed the molecular weight of 202
but also showed a fragmentation pattern corresponding to

the loss of four successive carbon atoms and a main peak
due to the cleavage of a p -tolyl fragment,

Oxidation of cuparene with dilute nitric acid yielded
terephthalic scid ; thus confirming the presence of a 1 : 4
disubstituted benzene nucleus, Treatment of cuparene with
ozone followed by alkaline hydrogen peroxide furnished
D (+) - camphonanic acid ( 78 ). Erdtman and Thomas had
earlier35 reported the presence of a para = substituted

benzoic acid, "acid III", in the widdringtonia genus, Chromic
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acid oxidation of cuparene afforded an acid, which was
identical with "acid III" =nd the name cuparenic acid
was proposed for this latter compound,

On the basis of these oxidative degradations, Erdtman
and Enzell were sble to propose the structures ( 256a )
and ( 25b ) for cuparene and cuparenic acid respectively,
35,36

These formulationes have now bgen verified by synthesis

of the racemic sesquiterpenes,
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DI SCUSSION,

The synthesis of cuparene {( 25a ) presents an
interesting problgm because of ‘the high degree of
substitution in the cyclopentane moiefy which creates the
meximum steric congestion possible in a tetrasubstituted
five-membered ring, | |

The first approach envisaged the formation of the
cyclopentenone ( 79 ), which on treatment with methyl -
magnesium iodide, shogld give the cyclopentanone ( 80 )
by conjugéte addition, SuBsequent reduction of the
carbonyl group in ( 80 ) would thén afford (+) cuparene
( 252 ), Alkylation of p -methylisobutyrophenone ( 81 )
with proparéyl chloride furnished the ethynyl - ketone

37 to the 1 : 4 diketone

( 82 ) which was smoothly hydrated
( 83 )e This dikeione was.cyclized with aqueous potassium
hydroxide to give 4 : 4 - dimethyl - 3 = p = tolylcyclopent -
2 = enone ( 79 ) which was treated with methylmagnesium
iodide in the presence of 5 mole per ceht guprous chloride58o
The product from this reaction was that resulting from a

1: 2 attack of the Grignerd resgent, vizo'structure ( 84 ),
The oeéurrence 6f e hydroxyl infrared sbsorption at 5350cm”19
coupled ﬁith the disappbarance of the phenyl - conjugated
cyclopentenone band at l&800m'19 gerved to confirm this,

Tt wii then aseived to attempt thé synthesis of 3 : 3 -



OO H
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dimethyl - 2 -~ p -~ tolylcyclopentanone ( 85 ) which could
plausibly be expected to undergo facile methylation at the
doubly activated position X to the earbonyl group,
Cyanoethylation®? of ( 81 ) followed by basic hydrolysis
of the resulting keto = nitrile ( 86 ) gave the crystalline
§ - keto - acid ( 87 ). It was hoped to convert this
material into a substituted adipic acid ( 88 ) by introduction
of a benzylic carboxyl group, The obvious method of
achieving this is by conversion of the ketoneﬂfum@téoﬂ o
of ( 87 ) into the corresponding cyanhyarin®®, A1l
attempts at this reaction failed, Selective reduction
of the ketone in ( 87 ) then gave the § - lactone ( 89 )
which, however, did not yield the cyano -- acid ( 90 ) by
treatment with potassium cyanide 410

Treatment of ( 87 ) with sodium acetylide in either

1iquid ammonia or dimethylformamide®

gave the corresponding
ethynyl - alcohol which gave the acetylenic - lactone ( 91 )
on treatment with acetic anhydride asnd fused potassium
acetate, Ozonolysis43 then afforded the lactone ;
carboxylic acid ( 92 ) together with some keto - acid ( 87 )
formed by further oxidation of ( 92 ), Since attempted
hydrogenolysis either of the lactone - acid ( 92 ) or its
methyl ester produced variable and unsatisfactory results,
it wes decided to remove the benzylic hydroxyl at a later
stage in the synthesis, Alcoholysis and esterification

of ( 92 ) led to the hydroxy - diester ( 93 ) which, on
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Dieckmann cyclization should furnish the ketol ( 95 ),
after hydrolysis and decarboxylation of the intermediate
ﬁga keto - ester ( 94 ).
In order to find conditions for the hydrogenolysis
of a system similar to ( 95 ), it was decided to use the
hydroxy - keto - ester ( 96 ) as a model, This was
formed in one step from ( 91 ) using the hydration
technique of Raphaelz’?o Hydrogenolysis at room temperature
under 5 atmospheres pressure yielded the keto - ester ( 97 )«
Having found conditions which would probably convert
( 956 ) to the desired cyclopentanone ( 85 ), the cyclization
of ( 93 ) was undertesken, The intermediate P - keto - ester
( 94 ) was identibied by the positive ferric chloride test
and infrared spectrum, Hydrolyeis and acid ; catalysed
decarboxylation of ( 94 ) aid not yield the expected
‘ex; ketol ( 95 ). In fact, the compound isolated proved
to be a conjugated cyclopentenone, whichrwaa thought to be
either 4 : 5 - dimethyl - 5- p - tolylcyclopent ; 2 ; enone
(98 ) or 4 : 4 dimethyl - 5 - p - tolylcyclopent - 2 - enone
( 99 ).
The former structure could be derived from ( 956 ) by
the mechanism shown opposite, Two analogies of such a
mechanism are to be found in the triterpene field, e, g, the
formation of iso - A - amyradienonylacetate ( 101 ) from
the 12 - keto = X —smyrin derivative ( 100 ) on treatment
with selenium dioxide44; the rearrangement proceeding via

the X~ ketol as shown, and also the formation of



107 | 0¢%.
o 1. | |

o) .
% 1:3 Hydride shifts were postulated as long ago as 192446
by Meerwein,

A close analogy to the forﬂgtion of ( 99 ) is
the scid-catalyded dehydration of fenchol

; A ( 104 ), which ie
theught to involve the mechenism shown, - Another example of
a l:3-hydride sh

ift is the acid-catalysed opening of the oxide
( 106 ). - o |
(NOH Hr + .
HS—= — —7

(1049,

0Ae

o

—ok¢
o == 0or 2 HO ; iow SRR
kw\*' h \\\~

(105)



alnusenone ( 1lo3 )wfrom~<X.=<bromofriedelin45 ( 102 ),
Both of these are examples of a methyl migration induced
by a transient positive charge residing O\ to a carbonyl
group.

Nuclear magnetic resonance measurements have shown,
however, that the correct structure is in fact ( 99 ),
The simplest explanation involves a 1 : 3 = hydride shift
neutralizing the temporary positive charge on the ck‘;
carbon atom, Deprotonation would then afford the
cyclopentenone ( 99 ),

The successful sgnthesis of cuparene was achieved
using the readily accessible 3 - methylcyclohex % 2 =
enone4g»( 106 ) as starting materisl, A Friedel -~ Crafts
reaction with ( 106 ), toluene and aluminium chloride
gave 3 -~ methyl - 3 = p = tolylcyclohexanone ( 107 ),
Rigordus proof of the 1 : 4 orientation of the benzene
nucleus in such a reaction had been obtained, in the
analogous reaction between mesityl oxide and toluene,
by oxidation of the product, 4 - methyl - 4 ; P ; _
tolylpentan = 2 - oﬁe ( 108 ) to give terephthalic ac:ld,so°
Confirmetion of the 1 : 4 disubstituted pattern in ( 107 )
was given by the infrared spectrum which exhibited a

peak at Bescnf’l ; known to be typical of such a system,

Introduction of the gem = dimethyl grouping at the
sterically hindered 2 - position in ( 107 ) was accomplished

18
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chlorine, - This would seem to indicate the presence of the
halogen in the aromatic nucleus, The aromatic chlorination
was due to attack by Cl* derived from hypochlorous acid
which would be formed from the mixture of hydrochloric acid
and hydrogen peroxide used to decompose the ozonide,

The fact that the "open diester" ( 111 ) readily yielded
a P - Keto - ester which gave a positive FeCl; test and
then the cyclopentanone ( 112 ), afforded proof of the
structure of the furfurylidene derivative ( 109 ), If the
furfurylidene derivative of 3 - methyl =3 = p - tolylcyclo
hexanone had the structure ( 113 ), ozonolysis of the dimethyl
compound ( 114 ) would furnish a ditertiary acid whose di&eter
could not undergo a Dieckmann cyclization sincg there is not an
'active hydrogen atom CA - to an ester function,

A second -ozonolysis of ( 110 ), using a catalytic amount
of 6N sulphuric acid, yielded the desired diacid ( 115 )
whose dimethyl ester cyclized smoothly in the presence of
potassium ter_tbutoxide5l in benzene to give the p = keto =
ester ( 116 ), Hydrolysis and decarboxylation of the crude
product gave 3 = p - tolyl = 2 : 2 : 3 =tr1methylcyclopentanone
( 117 ) which had the expected molecular weight of 21b.

Huang - Minton reduction of ( 117 ) then gave an oil
which proved to be identical in infrared, ultraviolet and

mass spectra with the natural sample of D(+) cuparene, Both

naturel and synthetic sesmples had the same retention times on



vapour phase chromatography, -Oxidation of synthetic
cuparene afforded racemic cuparenic acid, the infrared

spectrum of which was superposable with that of natural

D(+) cuparenic acid,

21






29
ADDENDUM,

While examining alternate synthetic routes to cupérene,
a useful precursor seemed to be 5 : 5 - dimethyl = 4 = p =
tolylcyclohexan - 1 : 3 - dione ( 118 ) which was readiiy
prepared®2 from ethyl p-tolylacetate and mesityl oxide,
However, treatment of ( 118 ) with phosphorus trichloride
gave %wo isomeric enol - chlorides ( 11% ) and ( 120 ),
as witnessed by the formation of two ketones ( 121 ) and
('122 ) on nydrogenationo |

Crossley and Renoui’55 have shown that 4 : 5 : b ;
trimethyleyclohexan - 1 : 3 - dione ( 123 )4 on similar
treatmentygave a mixture of 2 ¢ 3 : 3 = trimethylcyclo - ‘
hexanone ( 124 ) and 3 ¢ 3 : 4#» trimethylocyclohexanone (1&8)1
wheresas, Steiner and w1llha1m5é’have shown that 4-carbethoxy-
5 : 5 - dimethyleycliohexan - 1 : 3 - dione ( 127 ) gave
only one product, viz, 2 = carbethoxy = 3 : 3 = dimethyl -
cyclohexanone ( 12§5) on hydrogenation of the enol - chloride,

66

Also,Favre and Schinz™~ could only isolate 2 - carbethoxy -

* ’It.has been reporteg4tnat 4 - 1sopropylcyclohexan ;

1: 3 - dione ( 126 ) gave only one ketone, 2 - 1éopropy1 -
'cyclohexanone,'on treatment with phosphorus trichloride
followed by hydrgenation,however, the isolation procedure 4 id

‘'not preclude the presence of 4 - isopropylcyclohexanone,



J
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33 3: 4~ trimethylcyclohekanone ( 130 ) from the diketone
( 129 ). N.B, Thus it would appear that ag\estef funetion
has a directing influence when it is para to one of the
carbonyl groups in akcyclic B - diketone, There are three
possible explanations for this :-

(1) The bulky ester group in a compound similar to ( 127 )
could result in the exclusive attack of phosphorus trichloride
at the exposed carbopyl function and hence, lead to only one
enol - chloride, However, the formation of a mixture of
ketones from ( 123 ) is in disagreement with this since the
steric requirements of a metnyl group and a carbethoxyl group
would be expected to be of the same order of megnetude,

(11) some type of intramolecular chelate may exist in the

A -~ keto - ester system of ( 127 ) and ( 120 ) which would
direct the attack of phosphorus trichloride to the non -
chelated carbonyl, This explanation is invalidated by the
fact that treatment of 4 - ( p - carbethoxyphenyl ) = 56 : 5 =
dimethylcyclohexan = 1 ; 3 = diongssgth"phosphorus trichloride
followed by hydrogenation gave only 2 = ( p - carbethoxyphenyl)-
3 : 3 - dimethylcyclohexanone ( 133 ) via ( 132 ), In fact,
this is also conclusive proof that the reaction is not steric-
ally controlled since both ( 131 ) and ( 118 ) have the same
steric requirements with respect to attack by phosphorus

trichloride,

(111) The third explanation makes use of the ester as an



©n.

in.
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electron yithdgawing,groupg | Let us consider the p -
diketone ( ;27’);to,?;;st't§ some extent in the di - enolized
form ( 134 ), then'chlofinafion would take place at the end
of the conaugate system by the mechanism shown, This
mechpnism also explains tne specific enol - chloride f@und on

treating ( 131 ) w1tn pnosphorus tricnloride ( see opposite,)

Proof of structure of ( 133 ) : The keto -ester ( 133 )

was shown tb"beﬁhbmogeneoue by gasmliquid chfomatography

end gave a.mono - furfurylidene derivative ( 135 ) in

presence of excess furfural, Hydrolysis of the keto - ester

( 133 ) gave a crystalline acid , which gave a nuclear magnetic
spectrum characteristic of the structure assigheq to it and
which excludéd the slternative structure ( 136 ), At this
stage the synt.iesis of cuparene was achieved by an alternative
route and the use of ( 135 ) as a precursor was therefore;

abandonned,



26

EXPERIMENTAL,

Ultraviolet absérption spectra refer to ethanol
soluiiené,:ﬁnless stated otherwise, and were measured
with a Unicam S,P, 500 spectrOphotometer; Infrared
spectra were determined for natural films and nujol
mulls on the Perkin - Elmer infracord spectrophotometer.
and Perkin - Elmer 13 spectrOphotometero

ﬁelting points ( corrected ) were determined on a
Kofler block.,  Boiling points are uneorrected°

The alumina used for chromatograbny ( spence ,
type H ) was acid - washed and activéted and graded
according to the ﬁetnod of Brocxmann and Sohodde??,

Gas «_liquid‘chromatography was carried out on a
Pye " Argon Chrometograph " with 46"-x.1/5“ columns of
5 % Apiezon L on Celite 545 ( 120 - 150 mesh ),

Moleéular-weignts were determined on the Metropoliten

Vickers M, 3,2 mass spectrometer,
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p_= Metaylisobutyrcgphenone { 81 ),

p = Toluamice { 17g ) wae added slowly to a soiution
of isopropylmagresium bromide ( from magnesium, 15°6g ) in
dry ether ( 300z ), dore ether ( 200ml ) was then'added,
the reantion miziure refluxed, with stirring, cnder nid teazen
Yor 40 hours, aw! the Grignard complex theh decompoged at
0®C with dilute :ulphuric aeid, The ether leyer waé wusned
with sodium hydrogen carboﬁate solution, water and dried,
Removal of the s:lvent and distillation of the residual.

01l gave p - metiyliscbutyrophenone ( 123 ) as a colourless
liquid, bop, 128 - 150"/ Bém.mg me 0 105185, Vwax ( film )

=1 .
1676cm™" ( aromsiic ketone ),

A= Propargyl = 9 - methylisobutyrophenone ( 82 ),

A mixture of p - methylisobutyropnenone { lag ) and
sodemide ( 3°9g ) in toluene ( 120ml ) was neated under
réflui for 2 hours, Propargyl chloride { 7-4g ) was added
dropwiee to the stirred mixture held at.o@e end the reaction
mixture refiuxei for © hours, then Wéehed with waters dried
anéd the solvent removed, Disﬁiliation of the residual oil
gave CA- propariyl - p - methylisobutyrophenonc as &
colourless oil 3.p. 547/ 0o lm,m; 'n@?E 1° 5296 ( Found

Gy 840103 H, 8 38, Gy H, g0 reguires G, 83.95; H, 8205 %),
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Vmax, { film )} (980cm~+ ( ethynyl Ys 1675em™+ ( aromatic
ketone ), 1360 - laéO@m“l ( gem dimethyl Jo The correspond-:
ing 2 4*dinitrophenylhydrazone cﬁyéﬁallized from methanol
a8 plates m, p. 17.4m5° ( Found : C,6308; H,5-40,

C20HgoO,N, requires C,63. 15; Hy5°30 % ).

2 2 2 = Dimethy! = 1 -~ p = %tolylpenten -- 1 : 4 - dione ( 83 ),

A mixture mj,o& = propargyl - p - methylisobutyrophenone
{ 2g ), mecuric oxide ( 400mg ), tri@hioroacetic acid ( 10mg, }
end boron trifluoride etherate ( 0-2ml ) in methanol
{ 10ml ) was shtiten for 2§ hours, The mixture was poured
into dilute sulphuric acid, extracted with ether, and the
combined ether e¢xtracts washéd with dilute sodium carbonate
solution, water and dried, . Removal of the solvent gave
2: 2 - dimethyl - 1 = D - tolylpentan - 1 : 4 ~ dione ( 1. 5g )

as an oil b,p. ¢/ 0-02 m,m; np%

1: 5163 ( sound : G,76075;
H,810, CgqHigOp requires C,77-05; H,8-30 % ). Vmax ( film )
1705¢cm=+ ( methyl ketone ), lﬁ?5@m®1l(naromatic ke?one )o |
The corresponding bis - 2': 4 dinitrOQhénylhydrazone
re@;ystallized from mcethanol :° chloroform as prisms

m,p., 207 - 206% { Found : C;53°80 3 H,4c0 3 N,19:0

620H22N405 requires Co H3e 80 H Hy4° 50 H N919°’40 7 ).

4 : 4 -~ Dimethyl - 3- p - tolylcyclopent -2 - enone ( 72 )
A soluticn of 2_: 2 - dimethyl - 1 = p = tolylpentan -
l: 4 - dione ( 1°56g., ) 1h agueous metaanolic potassium

hydroxide solution ( 30ml, 5% ) was refluxed for 6 hours
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under an atmospiicre of niitrogen, The ceooled sclution was
acidified with 6N hydrochleric acid and extrascted with ether,
The organ ic layer was washed wiih sodium carbonate solution,
brine and dried. I{Racsmova;t of the solvent gave 4 ; 4 -
dimethyl - 3= p - tolylcyclopent - 2 - enone { 1-2g )

as an oil ; Vmax ( film ) 1675cm™t (phenyl conjugated
eyclopentenone ), The corresponding 2 : 4 dinitrophenyl -
.hydgazone erytallized from acetic acid in deep red prisms

e Do 2233; 4%( Found : C, 63°15 ; H, 530 ; N,14.756
Coplig 40, Tequives C,62:85 ; H,8:46 ; N,14°90 % ), A max
400mpn, € = 24,000C,

Attempted preparation of 3:3:4 Trimetgxl=4=pmtolxlcyclopentanone@ﬂ

‘Cuprous chloride ( 26mg ) was added to a solution of
methylmagnesium iodide-{. from magnesium, 200mg, ) in dry
ether ( 40ml Yo A solution of 4 : 4 - dimethyl - 1 - p -
tolyleyclopent - 2 ~ enone ( 1g,) in ether ( 20ml ) was
then added and the mixture refluxed for 1 hour followed
by 16 hours stirring st room temperature, The Grignard
complex was decomposed with saturated smmonium chloride
solut;on ( 4omil } and the ethér layer washed with water and
dried, Removal of the solvent gave a viscous oil ( 900mg. )
Vmax ( £ilm ) 3400cm=2 { hydroxyl ) with no ebaorption
in the region 1800em™ - 1700cm~1 ,

A solution of tne above oili ( QOOmQ ) in benzene

@oﬂtaining p - toclucne sulphonic scid ( 50mg ) was refluxed
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for 4 houpr, cooizd washed with water, and the solveni
evaporeaied, Ths residue was absorbed on alumina ( I )
from petroleum <ihep, Elution with petroleum ether

gave a hydreeert»c;meil ( 800mg )‘, A max 320 w\/{\ €=4.,000.

434 - Dimethyl -. §.~ oxc = 5 = p - tolylvel eric acid ( 87 ).

A

A wmixture 0 Triton B, AO« ¥ u {asg 3, o % maethyliso--
butyrophenone { 508, ), and acrylonitrile ( 42.5g, ) in
benzene (- 700ml }_and tertbutanol ( 1400ml ) was etirred,
under nitrogen, nt 50 C for 50 houraq After removal of the
s0lvans, the dark residue was extracted with ether ( 1000ml )
Tfollowed by methyrlene chloride ( lOOOml )o Filtrafion
of the organic e¢:itracts through charcoal and subsequent
removdl of the, colvents efforded a yellow oil ( 37g, )
which was heateg»with agueous potassium‘hydroxide solution ;
20% ( 200ml1 ) fcr 8 hours, The‘aqueods solution was
extracted with e”her then acidi:tled0 The acia - 1ayer
was extracted wzth ether and|the organic layer was washed
with brine and dried, Remoyal of.the solvent gave an oil
( 28g. ),which eelidified on stehdiﬁg, Crystallizstion
from petroleum ether ( 60 - 80 R benZene affofded
4 3 4 -~ dimethyl - 5 = 0X0 = D = p = tolylvaleric acid
as prisms m, p. 71,5 - 725 ( Found : C,71.70 ; H,7-85
Cyp4H3g Oz requires G;7175 ; H,7- 75 % );_ VMax_( CCl,y

solution )'1715cmfl { carboxyl ), 1675cm=1 ( aromatic ketone),
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|'v%
-,

4 - Dhmetayl e 5 = p e toiyvl - & - valepolectone ( 89 ),
A-solution of 434 ~ dimethyl = 8 - 0%0 = § -~ p -

tolylvaleric acid ( 200mg ) and sodium borohydride ( 25mg )

in agueous dioxane { 26ml, ) was allowed to stand overnight

at room temperaturs, The solution was acidified with 3N

hydrochloric acid and the solvent removed in vacuo, Water

was then added and the agueous solution extracted with ether,

which was washed with water and dried, Removsl of the

solvent gave 4:4 — dimethyl = 5 = p = tolyl - & -~valerolactone

( 180mg, ) which crystallized from petroleum ether ( 60-80 )

in fine needles M. Po 97"( Found : C,76°90; H,8°00, Cq 4t 505

requirese C,77-056 ; H98§30 % Yo Vimax ( 0014 solution ) 1750cm=*

(&~ iactone ), 1080em=* ( C - 0 ),

Attempted preparation of 4:4-dimethyl =5-p-tolyl valeric acid ( 90 ).
Potassium cyanide ( 150mg., ) and 4:4 = dimethyl - 5 - p -

tolyl - § - valerolactone { 150mg, ) were heated at 270 C wes

in a sealed tube for 5 hours, The cooled mixture was dissolved
in water and extracted with ether, No cyeno - acid was
isolated from acidification of the aquecus alkaline layer,

The starting material was iscla ted from the neutral ether

layer in guantitative yield,

4:4-Dimethyl=5-ethynyl-5-p-tolyl-§ ~vel erolactone (_

o -

Method (a): Sodium scetylide was formed by saturating
a suspension of sodamide ( 900mg, ) in dry dimethylformamide
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( 40ml ) with acetyléme; the mixture being held at - 20°C,
To this was added 4 : 4 - dimethyl—ﬁ;so?‘x@,_p - tolylvaleric
acid ( 2g, ) in dimethylformamide ( 10ml ) and the solution
stirred st -20°C for 1 hour, After stm ding overnight at
room temperature, the solution was poured into ice;water

( 200ml1 ) and acidified with 6N sulpnuric acid giving e
white precipitate,whi@h'was collected,, This meterial
crystallized from petroleum ether ( 60-80° ) to éive

4 3 4 - dimethyl = & = ethynyl = & = nydrbxyl =8 =p =

| tolylvéleric acid as prisms m, p, 126m80, Vmax ( nujol )
3500em=1 ( hydroxyl ), 3300cm™! ( ethynyl ), 1705ca™%

( carboxyl ).

The acid was refluxed for 2 houfs wi th acetic ahhydride
( 20ml ) containing fused potassium acetate ( 700mg ), then
.poured into water snd extracted with ether, The organic
leyer was weshed with brine, dried and the solveﬁt evaporated
in zgggé to yield a gum which was absorbed on silica ( 20g,)
from petroleum ether ( 60a80°)v: benéene (1:1) Flution
with benzene gave 4 : 4 - dimethyl - 5 - ethynyl = 6 = p =
tolyl -8 - valerolectone ( 680mg. ) which crystallized from
petroleum ether ( 60-80° ) in prisme m,p, 97-98°C (Found s
C;79°30 ; H,7°70 ; OCieHig Og requires C,79°30 ; H,7-50 % ),
Vmax, ( CClg solution ) 3300cm™% ( ethynyl ), 1750cm™l (§ -lactone),
Method (b) : 4 : 4 ; Dimethyl = 6 = 0%0 = 5 = p = tolyl = |
valeric acid ( 11 5g. ) in ether ( 50ml ) was added slowly
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to & solution of sodium scetylide ( from sodium, %°5g, ) in
liquid ammonia ( 280ml ) and stirred for 6 hours with acetylene
passing through tﬁé golutiono After a.further 6 hours
stirring, ammonium c%loride ( 20g ) was added and the ammonis
ellowed to evaporate,. The residue was then erkéd up ae’ in

method (&) to give the etnynyl - lactone ( 8°5g, ),

’ 4:4-Dimethyl b~ @g}fb@)@mﬁg-pda'ii}@lylbs svalerolactone ( 92 )

Ozone wzs passed tnrough a solution of 4 : 4 - dimethy -

5 = ethynyl = 5 « p = tolyl - & - valerolactone ( lolg, )im
"Analar" ethyl acetate ( 60wl ) at =70°C for 6 hours, .The
solvent was then removed below 50°C in vacuo and the ozonide
decomposed with a mixture of glacial acetic acid ( 10ml ) and
water ( 4ml ). After standing at room temperature for 14
hours, most of the acetic acid was remoch.and ether addedi
The ethereal layer waévextracted with sodium hydrogen carbonate
solution snd the slksline squeous layer scidified with 6N .
hydrochloric acid, fther extraction followed byAwagning‘
with water, drying and removal of solvent yielded a viscoué

gum ( 1c04g ) which furnished 4 : 4 - dimgﬁhyl = & = carboxy-
5- p = tolyl -.8 - valercolactone as a white.solid ( 400mg, )

on trituration with a mixture of petroleum ether and benzene,
The acid recrystallized from pétroléum étherJ:‘ ethyl acetate
in prisms m, p, 170°-173%; Vmax ( KCl disc ) 17500M”1(€walactone}9
1720cu~t ( carboxyl Yo
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The residuai'oil frembﬁrituration was esterified with
excess ethereal dzaaemethane’and the resulting ester absorbed
on silica from beﬁzere“: petroleum efhered’m 80° (1: 4 )
Elution with beﬂéene.; petroleum ether ( 1 : 2 ) afforded
4 3 4 = dimethyl = H = metnoxycarbonyl - 5 - P = tolyl -8 .=.
vaierolactone, which crystallized from petroleum ether 1n
prisms m,p, 101 - 102°( Found : C,69:55 ; H,7:30 ; CygHy 0,
requireetc;sééso . H, 706 % ), Vmax ( GCl ~solution )

1’7500111"’l (8 - 1actone )9 17550m“l ( eater )

Met@asacé‘eixlédééed’imeih,x}iasapatoiylvalé'rate (97).

A solution of 4 : 4 - dimethyl - 5 - ethynyl - b = p.,
tolyl - § - valerolactone ( 1»27go ) in methanol ( 15m1 )
was added slowly to a mixture ofmereurie oxide ( 500mg. )
trichloroacetic acid ( BOmgo'), boron trifluoride etherate
( 0- 2m1 ) and methanol ( 1ml ) and the mixture was shaken
for 18 hours at room temperaﬁure,- After removal of most of
the methanol, 6N sulphuric acid ( 5m1l ) was added, the
aqueous suspension extracted with ether and benzene and the
organic extracte washed with water then dried Removal.
of the eolvent gave a gum, whicn on trlturation with methanol
furnished a soliad ( 725mg )nL;u>2009which proved to be the

mercury salt of the hydroxy - Keto = acid corresponding to |

( 97 ), Vmax ( nuJol ) 1600em™ ( carboxylate ion )o An

agueous solution of this salt on treatment with ammonium



galpinide solution gave a black precipitate of Hgs, The
methanolic mother liguor, on evéporation gave methyl 6 -
acetyl - 4 : 4 - dimethyl - 5 - hydroxy - 6 = p - tolyl -
valerate as a visgoué gun ( 825gm ), Vmax ( f£ilm ) 3450cm™2
( hydroxyl ) ; Vmax ( 0014 solution ) 1736cm=1 ( ester ),
1705ca~t ( eliphatic ketone ),

A solution of the ketol - ester ( 96 ) ( 8286mg ) in
methanol ( 150ml ) was hydrogenated for 34 hours at a
pressure of 5 atmospheres using 10% palladium on charecoal -
( 300mg ) as catalyst, Removal of the solvent yielded a
gun ( 400mg ) which was adsorbed on alumina ( III ) from
benzene : petroleum other{(60 — 80) 1 : 6, Klution with
benzene afforded mothyl 5 - acetyl - 4 : 4 dimethyl - b -

P - tolylvalerate ( 160mg ); which crystallized from

pentene in prisms m.p, 756 = 765 ( Pound : C,74.05 3}
H;8°46 , CyqH,,0, - reguires C,73°90 ; H,8°76 % ). Vmax (CO1,)
1735em=2 ( ester ), 1710em~+ ( ketone ),

Dimethyl 2-hydroxy-3:3-dimethyl-2-p-tolyladipate ( 93 ),
A solution of 4 : 4 dimethyl = 6 - carboxy « 6 - p -

tolyl - § - wvalerolsctons { 92 ), ( 209g ) in methanol ( 80ml ),
which had previously been esaturated with hydrogen chloride,
was allowed to stand overmight at room tsmperature, Water
was added and most of the methanol removed in yacuo, The

aqueous solution was extracted with ether and the aeathereal
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leyer extracted thoroughly with sodium hydrogen carbonate
solution. Acidification of the alkaline layer followed
by the usual isolation procedure géve an acid which was
esterified by diazométnane to yield dimethyl 2 = hydroxy ;
33 3 - dimethyl = 2 - p = tolyladipate ( 93 ), ( 2:3g )
as a thick oil b.p, 154 /0°2m,m ; nD24 1-5220 { Pound :
C,66°20 ; H,7To60, Cymllgg0s5 requires G,66°20 ; H,7-85 % ),

Vmex ( film ) 3460cm~? ( hydroxyl ), 1730cm™* ( ester ),

Dieckmann cyclization of dimethyl 2ahydroxy=5:3=dimetq¥;;

_ 2-p-tolyladipate, { 93 )

Dimethyl 2 = hydroxy = 3 3 3 = dimethyl - 2 - p -
tolyladipate { 1-88 ) in tertbutanol ( 10ml ) was added
to tertbutanol ( 50ml ) containing potassium tertbutoxide
( from potassium 1-8g ) and the whole refluxed under
nitrogen for 30 hours, Removal of the solvent followed
by addition of benzene snd acidification with 6N sulphuric
acid yielded, after normal isolation procedure, a yellow
oil,which gave a positive ferric chloride test ( wine colour),
Vmex { £1lm ) 3500em=} ( hydroxyl ), 1730em=2 - 1750cm™1
( ester - cyclopentanone ), |

A solution of this o0il in a mixture of glacial acetic
eeid ( 15ml1 ), @onCenﬁrated hydroechloric acid ( 6ml ) and
water ( 1lml ) was refluxed under nitrogen for 4 hours,

The solvent was removed and water added, Ether extraction
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was followéd-by washing the organic layer with saturated
sodium hydroggn carbonate solution, water, and drying,
Removal of the ether gsve an o0il which was absorbed on
alumine ( III ) fromtpetroleum ether : benzene; 10 : 1.
Elution with petroleum ether ; benzene ;(5 : i)gave a solid
which sublimed to furnish prisms m, p, 52e (Found : C,83°85 ;
H;845, Cy4H14® requires C,83:95 ; H,8°06 ), mass spectro-
metric moleculér weight 200 ( Gl&ﬁlﬁo requires 200 ), Vmax

( ccy, ) 1715cm~> ( cyclopentenone ) ; A max 219mm €=20,000,

Nuclear magnetic resonance ( of italicized protons ) :

9-27%, 8- 65’@[«; c‘.‘.%{ ] T 67 @%g&a ¢M3] ; 6° 60‘&%:#"'3-“ /\cco:- J H

o (O] v o [,

3 = Methyl = 3 = p = tolyleyclohexanone ( 107 ),

ve

we

3 -~ Methyleyclohex - 2 - enone ( 36g ) was added

dropwise to a stirred suspension of aluminium chloride
( 120g ) in toluene ( 150ml ) held at 0°C and the stirring
coptinued for a further 16 hours at room temperature, The
vreaction mixture was poured on ice and thoroughly extracted
with ether, The orgenic layer was washed with water (6x50ml),
dried and the solvent removed to give an oil,which 6n
distiliation afforded 3 - methylcyclohex - 2 = enone ( 15g )
and a pale yellow oil ( 15g ), which was absérbed on silica
from petroleum ether, Elution with petroleum ether gave

a8 hydrocarbon ( 3g ) and 3 = methyl - 3 = p - tolylecyclo -

hexanone was eluted with benzene and redistilled to give a
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colourless oil { 11lcBg ) b,p, 101/ 0-5m.m nD22 1- 5365
( Found : C,82.70 ; H;8:85 , CygHyg0 requires G,83+10 ;
Hy 895 % ), Vmax ( £ilm ) 2710em=1 ( ketone ),160041520
em~t ( aromatics ) 9£82Ocm?l (1: 4 - disubstituted,

benzene nucleus. ),

2-Furfurylidene-6-methyl-5-p-tolyleyclohexanocne ( 109 ),

Furfural ( 10ml ) was added to a solution of 3 - methyl
- 3 = p - tolylcyclohexanone ( 16g ) in a mixture of ethanol
( 100ml ) and aqueous sodium hydroxide 15% ( 40ml ), After
1 minute the solution became cloudy and a red oil was
precipitated, The reaction mixture was poured ;nto water
( 750m1 ) after 2 hours and extracted with ether, The
organic layer was washed with water and drieqd, Evaporation
of the solvent furnished a yellow gum ( 22g ),which was not
purified further, Vmax ( film ) 3100em™} , 1600em=1 ,750cm=1

( characteristic of a furfurylidene derivative )OAWSSSm)AO

2=Furfurylidene=5-p-tolyl-5;: 6; 6-trimethylcyclohexanone ( 110 ).
2 % Furfurylidene -~ 5 - methyl = 6 = p = tolyleyclo ;
hexanone ( 22g ) in tertbutanol ( 100ml ) was added to
potassium tertbutoxide ( from potassium, 25g ) in tertbutanol
( 400m1 ), After 20 minutes at 40°C, methyl iodide ( 150ml)
~was added and the reaction mixture stirred overnight at room
temperature, under nitrogen, The reaction mixture filtered
and the solvent evaporated, The residue was extracted with

P
R S U
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ether, washed with water and dried, Removel of the solvent
yielded s gum( 28g ),which om trituration with petroleum
ether : pentane gave a solid ( 4.6g ). Recrystallization

from methanol affordéd 2 - Tfurfurylidene = § = p = tolyl-

53 6 : 6 : trimethylcyclohexanone ( 2:6g ) as prisms m,p.

o

146-8% (Found : ©,81°75 ; H,7-80. CgqHy, 05 Tequires C,8:80 ;
Hy7-856 % ), ¥Mass spectrometric molecular weight 308
( CpyHoy0p requires 308 ).  Vmax 1670cm=1 ( enone )
1600 - 1540em= ( eromatice ), 1580 - 1360cm™ (gem dimethyl ).
Alax  323mm,$210,000, |

‘Residue from the alkylation was recycled to give dié
alkylatéd furfurylidene derivative ( 2g ).

Chloro-ol; ot3 B strimethyl- @ ~p-tolyladipiec acid (111 ),

A solution of 2 = furfurylidene = § - p = tolyl - 6 :

6 ¢ 6 -~ trimethylcyclohexanone ( 340mg ) in ethyl acetate

( 25m1 ) was ozonized at -78°C until the solution beceme
blue, The solvent was removed below 40°C to give a yellow
gum which was treated with acetic acid ( 10ml ), 30% hydrogen
peroxide ( 2ml ) and 6N hydrochloric acid { 0¢5ml ), After
Btandlng overnight, the solvent was evaporated in vacuoc and
sodium hydrogen carbonate soclution added, The neutral
material was separated by ether exﬁraction,then the agueous
layer scidified and ether extracted, The organic layer

was washedeith water, dried and the solvent removed to

give a solid ( 290mg ) which crystallized from aqueous
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methanol in cubes m,p, 225-229°( Found : C,61.85 H, 7-25
.61045 570 o )
016H2194G1 requires §;61-45 ; H,6°70 ¢ )? Vmax ( nujol )
l700@m°1 ( carboxyl ) : positive Beilstein test for chlorine,
The discid { 230mg ), on treatmert with diazomethane,

afforded the diester as a gum { 240mg ).

Chlorom2:235=£rimetgyla3agatolxlgxclogentanone (112 ),

Dimethyl chloro - ®:ct: b~ trimetayl —p- p - tolyl -
adipaté ( 230mg ) and sodium hydride ( excess ) in dry
ether ( 60ml ) containing ethanol ( ©-5ml ) was stirred
at 0°C for 1 hour and allowed toc attain room temperature,
After stirring for 48 hours, ethanol and 6N hydrochloric
acid ( 20ml ) were added, The ethereal layer was washed
with water and ‘dried,  Removal of the solvent gave a red
gum ( 185mg ) ; 'positive ferric chloride test,

A solution ofthe gum in acetic acid ( 10ml ),concentrated
hydrochloric scid ( 5ml ) and water ( lml ) was refluxed,
under nitrogen, for 1 hour followed by removdal of the
solvent below 4¢P C, Methanol ( 20ml ) and 5% sodium
hydroxide ( 15ml ) ﬁé#e added and the mixture refluxed for
1 hour, Most of théaalconbl was then removed and water
( 50m1 ) added, The ethereal solution was washed with
‘water and dried, then evaporated to give a gum ( 80mg )
which wes sbeorbed on slumina ( III ) from benzene :
petroleum ether ;(1 : 4}, 7= El,utioﬁ with benzene ;- petroleum

ether ( 1 : 1 ), gave a solid which crystallized
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from aqueous methanol as prisms m, p, 656-69° ( Found :0971055;
Hy70 10, - C1gH,40C1 requires C;71°85 ; H;7-60 ), Vmag (CCl,)
1740cm™1 ( cyclopentanone ), 1360 — 1380cm=+ ( gem dimethyl)
Mass spectrometric molecular weight 250 (Glsﬂlgocl requires
250 ). All fragments from mass numbers 250 to 150 contain
chlorine ( double peaks ),whi¢h suggests the chlorine is
situated in the aromatic ripg@ The ketone gives a positive

Beilstein test for chlorine,

ok s A: A=Trimethyl-g-p-tolyladipic acid ( 115 ).,

Ozone was passed fnrough a solution of 2 ; furfurylidene
-5 - p - tolyl ; 5«3 63 6 - trimethylcyclohexanone (1g)
in ethyl acetate ( 100ml ) at -78°C until the solution
became blue, The solvent was removed in vacuo at 40°C
and a mixture of glscial acetic acid ( 10ml ), 30% hydrogen
peroxide ( 2ml ), 6N sulphuric acid ( 6 drops ), was added
to the residue, After standing overnight the solvent was
again removed and saturated sodium bicarbonate solution added,
The aqueous solution was worked up as in the previous case
to give K;on; A = trimethyl - {3 - p = tolyladipic acid
( 740mg ) which orystallized from dilute methanol in prisms
m, p, 222-224°, ( Found : C,68-80 ; H,7 75, CygHpn0, requires
€;69°05 ; Hy7>95 % ). Vmax ( nujol ) 1705cm=3 ( carboxyl),
826cm=2 ( 1 : 4 disubstituted benzene ), The mass spectrum

showed no molecular ion-due to bond rupture between the two



41

quaternary carbon atoms, thus, the higher mass number was
found to be 191 { required 191 ),
Diazomethane treatment of the discid afforded the diester,

which was not purified further,

23 23 3=Trimethyl-3-p-tolyleyclopentanone ( 117 ),

A solution of dimethyl oh: ok 5 = trimethyl % p -
tol&ladipate ( ;092 ) in benzene ( B50ml ) was added té
potaséium'teftbthXIde { from potassium, 7g ) in benzene
( 500m1 ). The mixture was refluxed under nitrogen for
6 hours followed by stirring at room tempervature for 11
hours,  After acidification with dilute sulphuric acid,

_the benzene - ;ayer-wés washed with water and dried, Removal
of the solvent furnished en oil ( 1°7g ) which gave a
positive ferric chloride test ( purple ). Vinax ( film )
1750cm*> ( cyclopentanone ),_175.Ocm=l ( ester ),

The f - keto - ester. (.1°7g ) was dissolved in acetic
acid snd refluxed with concentrated hydrochloric acid ( 10ml)
water ( 2m1 ), under nitrogen, for 4 hours. The solvent
evaporated under reduced pressure and the residue heated
at 10°C in a solution of methanol ( 30ml ) and 4N sodium
hydroxide solution ( 26ml ).  After the solvent had been
renioved9 water wasiadded and thg whole gxtrécted Qitn ether,
The ethereal solﬁtion.was washed with wé£ér\énd dried,
Removal of the.soivent gave an 611 (210073 ), uﬁieh«wus.*
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adsorbed on slumina ( III ) from benzene : petroleum ether
60°- 80° ( 1 3 5’) gave 2 3 2 : 3 - trimethyl - 3 - p -
tolylcyclopentanone ( 950mg ), Vmax ( film ) 1742em™

lp 1360em=2 ( C-methyl

( eyclopentanone ), 1385em™%, 1380an”
pattern), 825cm™> ( 1 : 4 disubstituted benzene ), Mass
spectrometric moleculer weight 216 ( required 216 ), The
ketone gave a semicarbazO®e,which crystallized from esqueous
methenol in prisms m,p, 22 ~ 216 ( Found : C,70-26 ;H,B8-20 3

No18° 30, OygliosON; requires C,70-30 ; H,8°50 ; N,16-36 % ),

( * ) Cuparene, ( 25a ).

100% Hydrazine hydrate ( 2ml ) wes added to diethylene

glycol ( 40ml ) and ethylene glycol ( 10ml ) containing
2:2: 3~ trimethyl - 3-p - tolylecyclopentanone ( 800mg, )
The temperature was kept at 184°C for 1% hours then cooled
to 70 C when sodium ( 1lg ) in diethylene glycol ( 20ml )
was added, The reaction mixture was refluxed ( 192’) for
4% hours and poured into ice-water, Extraction with 40° - 60°
petroleum ether ,followed by evaporation of the solvent
afforded an oil ( 790mg ) which was adsorbed on alumina

( IITI ) from petroleum ether, Elution with petroleum _
ether gave an o0il ( 300mg ) ( Found 3 C,88°90 ; H,;10:85 ,

€ pllgy Tequires C,89° 06 ; H,10:96 % ). The infrared
ultreviolet and mess spectra of synthetic ( I ) and natural
D (+) -cuparene were identical, Both the synthetic and

natural hydrocarbons had the same retention time on gas -

e
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liquid chrematogreaphy,

'(,t ) Guparenic acid ( 25b ),
The oxidation Bf ( *+ ) cuparene ( 150mg ) was accomplishsd
by the method of Erdtman and Enzell, A crystalline acid
( 25mg ) was obtained which crystallized from 40 -60°
petroleum ether in prisms m,p, 151 - 154°o ( Found :
G, 7735 ; H;8>35 .CqgHo0p requires G,77-556 ; Hy,8:65 % ).
The infrared spectrum ( KCL disc ) was identical to that

of D ( +« ) = cuparenic acid,



44

4: 4- Dimethyl-9-p-tolyleyclohexan-1:3~dlone { 118 ),

Mesityl oxide ( €-5g¢ ) was added to a solution of
ethyl p - tolylacetste ( 15°5g ) in ethanol ( 40ml )
containing sodium ethoxide { from sodium, 2°27g ) and
the solution refluxed for 4 hours, Most of the ethanol
was removed in vacuo snd water addeqd, The aqueous solution
was extracted with ether ( 2 X 26ml ) then acidified to
give an oily suspension which yielded a solid ( 10g ) on
standing, Crystallization fran benzene : petroleum ether
gave 4 ; 4 - dimethyl - 5=~p = tolylcyclohexen - 1 : 3 = dione
as prisms m, p, 152°-164°, ( Found : C,78°15 ; H,7°80 ,

°15H180 requires C,78>26 ; H, 7°90 % ), Vmax ( nujol )
1680cm™2 ( enone ), 1600cm™ { enol double bond ), A max

259mpm , £3 16,000 ; in base,Amax 285mm ,£2 26,000,

4-(Carbethoxyphenyl)-5: 5~dimethylcyclohexan-1: 3-dione ( 131),

Mesityl oxide was added to diethyl homoterephthalate
( 22g ) in anhydrous ethanol ( 150ml ) containing sodium
ethoxide ( from sodium, 2°2g ) and the solution refluxed
for 6 hours,  After standing at room temp&rature for 12
hours, most of the ethanol was removed and ether extracted,
The aqueous layer was aciditied to yield an oil which
solidified a& = 0°C. - Trituration of the solid with
ether ( 10ml ) afforded 4 - (p - carbethoxyphenyl )=5 :5 =
dimethylcyclohexan -1 3 3 - dione (18 g ) which crystallized



from aqueoue ethanol as the monohydraie m, . '75°a=800°

( Found : C,66055 ; H;7°30, OCyyHg0y requires G,66 65 ;
Hp7°26 9% ), Vmax ( CCly ) 1700cm=2 ( aromatic ester ) 3
Vinax ( nujol ) 1,605{cm‘=l ( enol double bond ), A max
2_50m,.4 £ =22,600 ; in base A max 242mp 2=15,700, 28{5m;A

2"- 269000

Action of phosphorus trichloride ¢n 4:4-dimethyl=6-p-

tolylcyclohexan 1 ; 3 - dione, ( 118

45

)

A mixture of 6 ; 6 - dimethyl -~ 4 - p - tolyloyclo -
hexane - ‘l $ 3 = dione ( 206g ) and phosphorus trichloride
( 2°6g ) in anhydrous, ethanol - free chloroform ( 80ml )
was reflgxed for 3 hours followed by removal of the solvent
in vacuo, Ether was added to the residue, then ice -~water
and the ethereal layer washed with ice - cold 2% potassium
hydroxide solution ( 100ml ), water snd dried, Removal
of the solvent gave the enol - chloride (1°3g ) a8 a
viscous gum, Vmax ( film ) 1670em~t ( enone Y 16000mf"f1
( double bond ). A max 238mm ,£:210,000,

Reduction to give a mixture of 3:3-dimethyl-2-p-tolylcyclo-

hexanone esnd 3:3-dimethyl-4-p-tolylcyclohexanone

A Bsolution of the sbove enol - chloride { 1°3g ) in
methanol ( 60ml ), containing pyridine ( lml ), was
hydrogenated for 15 hours in the presence of 57 palladium

on calcium carbenate ( 500mg )yafter which the suspension
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was Tiltered, stripped of solvent, and water added, The

ether extract was washed with 6N hydrochloric aclid, water

and dried, Removal of the solvent gave an oil which was
adsorbed on alumina(( I1II ) from petroleum ether 40°-60°,

" Elution with petroleum ether 60°- 80°afforded a crystalline
~compound ( 300mg ), which crystellized from aqueous ethanol

lin prisme m, p, 56=61°. Sublimation at 75%/ 1°35 X 10=4mm
raised the m,p, to 62°-64° ( Found : C,83°70 ; H,8°90 .

CysHogC requires 0,83°30 ; H, 9°30 % ), Vmex { KC1 disc)
1706em™> ( saturated cyclohexanone ), 825cm=* (1:4 disubstituted

benzene nucleus ). Vapour phese cthromatography showed a

" mixture of two isamers,

Action of phosphorus trichloride on 4-(carbethoxyphenyl)-

5: b-dimethylcyclohexan=1: 3=dione, ( 131 ),

The enol - chloride was prepared from 5 : § = dimethyl
4 - ( p - carbethoxyphenyl ) cyclohexan 1 : 3 - dione ( 8 6g )
using phosphorus trichloride ( 4ml ) in chloroform. ( 80m1')
by the method described above, This yielded enol - chloriiie
( 4°3g ) a8 a viscous gum, Vmax ( film ) 1710cm=2 ( benzoate)p
1670acn™2 ( enone ), 1610cm™> ( double bond ). % max 242mpm
€224,000, '

2=$gacarbethoggghengl)aazSmdimetnllcxclohexanoneAL 133 ).
The above éster enol - chloride ( 132 ) was hydrogenated

as before to give 3 : 3 - dimethyl = 2 = ( p = carbethoxy -
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phenyl ) cyclohexanone as s gum which sublimed at 145° /
'02005mm,  Vmax { film ) 1710em™% ( benzoate » saturated
ketone ), A max 23gmp , £=16,000, Vapour phase
chromatogram on Pye = argon using a &9 Apilezon column
at 190°C exhibited only one peak R =60 minutes,

The ester was hydrolysed by bese to give 3 ¢ 3 =
dimethyl = 2 == ( p = cafboxypnenyl )= cyclohexaenone s

: o
which crystallized from aqueous ethanol in prisms m, p, 149-151,
( Found : Cp72085 ;H7-15 . 01531803 requires G,73< 16 ;

HyT>36 % ). Nuclear magnetic resonance ( of italicized
N \ o .
protons ) ; 957%, 9637 [ ,@(Cﬂs)] ; 629 [R~GO°CH.(CH3)£#>] o]
Ratio of methylene protons of to carbonyl function, to
‘methylene protons not adjacent to carbonyl funcgtion was

found to be 2 : 4

2= (p=Carbethoxyphenyl)=3: 3=dimethyl-6-furfurylidene cyclo -

hexanone, (i 35),
A solution of sodium ethoxide ( from sodium, 100mg )
in ethanol ( 10ml ) was added to 2 = ( p - carbethoxy -
phenyl ) = 3 : 3 - dimethylcyclohexanohe ( 1g. ) in ethanol
( 5m1 ), -Excessbfarfurgl ( 0°8ml ) was added to the red -
6rangé solution and the.mixture allowed to stand at room
temperature, After.éO mihutes crystals precipitated and

water ( 10ml ) added after 2 hoursgthen the precipitated




filtered off. Crystallizetion f‘r-om agueous methanol

gave 2 = ( p ~ carbethoxyphenyl ) = 3 : 3 = dimethyld =

6 = furfurylidenecyglonexanone ( 830mg, ) as needles m, Do
135°-136 5, ( Found .( CpT4095 ; Hy6°90 , 02252404 rcquires
C, 74-96 3 H, 6085 % ), Mass spectrometric molecular
weight 352 ( required 352 ) A max 238mm ,2.=8,000, 333mpm

$ = 13,5000,

48



PART XTI

~ Approaches to the Synthesis of Acorone,

49



.COOH
+  (CH),.cH.ch,

H

CaHs. Coo

A A



50

isclated two new isomeric

-

n 1847, Sowa ?ng ﬁeroutav
‘sesquiterpencs during én investigation into the terpenic
constituents of the essential oil of sweet flog ( Acorus
calamus L ), thematography on alumina affordea a
dextrarctatory ketone, whiech was namced eccrone, G, _H, O
, . ; 1572472

le] ]
m p, 101 - 102 ema its laevorotatory isowmcr, isoasorone,

M, P 96°- 9?:} Later worx showeg:ggwthe'aam@ schooi,®
the presence of & third isomérg neoacorons, i, Po 83 - 84:
All three lsmomers, omn treatment with alkali, furnished
the same squilibrium mixtufa ot two parts of acarone

to one part of is0acorone,

The structurs of accrone { 37 ) wae deduced from the
following cbzervations,  Acorone formmed a di - semicarbazonc
‘and was found to contain no olefinic double bonds ; hence
a bﬁcyclic struciture was indicated, The apiro nature
of the bieyclic system was sugeesied by reduction of
acorone te the diol, foliowed by dehydration}amd sulphur
‘Gehydregenation o give a wixture of 4 3 7 - dimetnyl -

4 - igcpropylasphtnalenc { 138 )} and cadslene ( 18 ),

This type of rcarrangement of a ¢ 3 b spiro system to

2 deczlin is well autsenﬁica?sdﬁgo The infrared indicated
the pregence qf a cyclohexenone and a cyclogentancne,
Preferential reduction snd ketslization of the $.6 ring

Carbonyl funciion showed that the cyclopentsnone was much







more siericslly hindered9 The degradative evidence
( shown opposite ) substzntiated the gross structure .
( 37 ). Acorone géve a mono - benzylidene derivative o
which was ozonlzed to give a diacido Pyrolysis of the
barium salt gave a mixture of isovaleric acid, propionie
acid, 3 = isobutyl - 6 - methyleyclohexenone and & - ethyl
- 6 - methylcyclohexenone, The enones were.chsracterized
as the cofresponaing aromatic nydrocarbons p - isobutyl -
toluene and p = ethyltoluene, Although the position of
the carbonyl in the five - mesmbered ring was nod rigorously
 proved, structure ( 37 ) was favoured because of the
sterically hindered nature of the cyclopentanone ; it is
also more compatible from o biogeneti¢ standpoint,

Recent work®d on the stereochemistry of the three

isomers has led %o the formulations { 139 ), ( 140 ), ( 141

for acorone, isoacorone and Neoacorone reapectively. The
molecular rotation differcnce bhetween the hydroxy - ketone
( 142 ) and the 1 : 5 - diketones { 37 ) was found to be

.of the same order of magnitude in all'tnree gases, but,

in the case of isoacorone the molecular rotation difference
had the coposite Bigh to thét of acorone and neoacorone,
Thié'suggested that, the methyl group sdjacent to the
?Fclohexanone carbonyl group had the seme configuration

in écorone and neogacorone, but was opposite tolthat in

isoacorone, - Support for this was given by'the rotatory

651
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_dispersion curves of acorcne and isoacorone,which were
found %o be mirror émagea of esch other,

The dipole moments of the three isomers differed from
each other to such an extent tnat it was possible to meke
use of this evidence for further detiasiled stereochemical
- study, Calculation of the dipole moment of the acorone
structure { 139 ) led to a value of 487 D which compered
favourably with the observed value of 811 D, The observed
values for isoacorone anu neoacorone were 2039 D and
4°39 D respectively,

1t was found that the hydroxy - xetone ( 142 ) from
acorone and iscacorone did not isomerize by treatment
with methanclic potassium hydroxide, whereas the neoacorone
hydroxy - ketone underwent epimerization, This suggested ,
that the configﬁyation of the isopropyl group was the same
"in acorone and iscacorone but Gpposite to that in necacorone;
The problem of the relstive configuration of the methyl and
isopropyl groups is still unsclvsd, although 1t does seem
-probable that, in acorone and isoacorone, the two groups
are tranc to each other,

S8ince acorone belongs to the spire E:S H 41} decane
eystem, 1t was decided to investigate the known routeés
- to this skeletal type. - The parent hydrocsrbon epiro
ES : 4:B decane may be agbtained by acid - cyclizastion

of the dieneS2 ( 143 ) o followed by hydrogenation of the



Qmw (Cita)ai=CH,, O<— }

143
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unsaturated spiro compound { 144 ),
Parhaps the mest common method of counstruchi

?

or a Diecknonn condensation { see examp]es_h end %% Yo

Cren 1"‘"""”‘(

oot of the dltertiary alﬁohwls. { 147 ) and
 .( 146 Yo, oF the gé#iomﬂ of nitrous acid on the diemine 67

.( 149 Yo also ylelds a o - keto - spirane, _ A similer

.type of reéfraﬂge&ent may be observed Ln the Refopmacﬁ
~reaction ¢f zine and gthym bromoacetate on the oxide ( 180 ),
WA ich leads t@ the sbnormal prodﬂc@ﬁs { 151 ).

.' 4 3 4 - gplrooyclohexe = 2 : H e dienome$ ( 154 )
may be prepared ff&ﬂ p = { @ = halogencalkyl ) phnnol@bj
- 153-) or p =.{ W;m tosylalkyl )  phe nel 70 { 155 Yo
‘This'metnqd is only epplicable when the tosylate is
primary, becauﬁg of the hign.rate of el;@ingtiqn.in the
case of gecondary ov tertiary derivatives,
‘The action of a&pagfic aclid on the d;mei of 2 =

methylénecy@lchexananevi 155_) leeds to thne interssting
dispiramoid ketone’® (158 ) ; the reaction proceeding

via ( 186 ) and ( 157 )o<






The aynthesis(;f agorene ( 37 ) presents an interesting

:problemgﬁecaus@ of the lerge number of asymmeiric centres -
- in the molecule andéalsogbecausg of the hesvily substitutead
nature of the apiro = @:5 s 4'} ~ decane system,

The Approsch by Acetylenie Precursors,

AB & model éxperiment t0o cxamine the feasibility of -

this method of constructing the spiro - centre in~acdrbﬁm

(87 )» it was declded to syhthesize the keto = acid ( 159 ).

The guaternary centre in 159 ) was formed by 1 : 4

54

additionvg'of @thynylmcnomagnpsium bromide teo cyclohexylidere =

‘malononitﬁilo ( 160a ) givxpg the ethynyl - dinitrile ( 161&)

- Basic hydwolysia of ( 16la ) was accompanied by
intramolecuiar hydration of the triple bond to glve the
- k@té é malonic acid ( 162 ) which was subsequently
decarboxylated to give the ¥ keto - scid ( 163 ), -

73

- Thig ecid { 163 ) had been reported'® as a crystallime

"_solld, but cur product would not crystallize, It'waa

1thus obviously desirable to cahfiym the valldity of the
literature reperto - The Indian warxerﬁ reported a m,p, 183°
for 1'='ethylcgclohezylacetic:acid"formed by Glemm@nson
reduction of their keto = acid, . It was decided~to
synthesize 1 - ethylcycloﬁexylacetic acid by an unambiguous

method, = - GonJquteAaddition of ethylmegnesium bromide %0






5&

( 160a) sfforded the saturated dinitrile ( 164 ) which, on
hydrolysis, furnished 1 - ethyleyclohexylacetic acid ( 165 )
as & viscoue gun whﬁcn would not crystallize,

It is thus poasible that the compound reported as being
1 - acetyleyclchexylacetic acid ( 163 ) was in fact, the
isomeric keto - acid ( 166 ). There iz some Justification
for this claim since the zarlier method of preparing
1 = acetyleyclohexylacetic acid { 163 ) involved the reaction
of methylzinc icdide on the ester - acid chloride ( 167 )..
Such unsymmeiricsl ester - acid chlorides as known'? to
rearrange in presence of Lewis acida e, g, aluminium
chloride or magnesiém chloride, possibly by the mechani&m75
shown,, . This resulis in the aucleophilic attack occurring
at the least hindered acyliwm‘ieng i, e, primary,

The ethynyl - dinitrile { 16la )uwas treated with
isopropyl icdidec and scdium cthoxide to give { 175 )swhich
was hydrolysed to furnish the desired keto - acid ( 159 )o

A series of 8&@&;@633&@&%5 Gyignaﬁd aéd%;gans was
carfied out in order to examine this pfecedé?evés a genepral
isynthetié route { see cpposite ). Alksline hydrolysis of
( lﬁlc%)ﬂfollowaﬂAb§Tfthermaiéﬂacarbbxylaziénfan&<eetériricaticn'
gave a mixture of the enol - lactone { 168 ) and the keto =
ester-( 169 ),which were separated by chromatography., The
failure to isolate the benzeyl — ketone ( 170 ) is indicat
of internsl hydration proceeding via 3’~'en01,1actone and

not & § -~ enol lactone intermediate, An interesting
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analogy for this is the lactonization 76 of the naturally
occurring polyacetylenic acids ( 171 ) and {( 172 ) at pH7. 6
to give the corresponding ¥ - enol 1actoﬁes,( 173 ) and

( 174 ). ' |

It was then decided to repeat the successful synthesis
of the-modél acid ( 159 ) using a 4 - oxygenated cyclo -
hexylidene maloﬂenitrile in order to cobtain s compound of
the type { 176 ). Such a compound when subjected to s
Reformatski rcaction with ethyl bromoacetateygfollowed by
dehydration end hydrogenation would furnish the dieetér
{ 7 )e Dieckmern coyeclization and decarboxylation of
this diesﬁer would then give the gpiro - c¢yclopentanone
( 17é Jgwhich could then be elaborated by standard procedures
to the required acovone fype atructure { 37 ),

To this end, we prepared 4 = bengcyloxycyslo -
‘hexylidenemalcnonitrile ( 160b ) snd slsc ¢ = tetrahydro -
pyranyloxycyclaﬁexylidenemalannitrile { 1e0d ) via 'é -
h&droxycyclenexylid@nemalcn@nitrile ( 180c ). The conjugate
addition of ethynylmonomognesium bromide to ( 160b ) gave
4 - benzoyloxy - 1 - ethynylcyelchexylmalononitrile ( QSIb)-
as s mixture of eplmers,which were sepafaﬁed by carefal
chromatograghy on alumina { III ), “hen ﬁge prepafation
of ( 179 ) was attempted by this‘methonno-puPé'product
could be isolatedy,although there was spectroscopic evidence

for the presence of ( 179 ) in the crude reaction product,






‘Due to the low yield encountered st this stage it was decided

to abandon this fdﬁte“in favour of an alternativeapyraagn to the
/

spire [5 2 4] decahe system,

Approach by an Intramolecular dichsel Condensation,

Since écoroné { 37 )-;s a ks & = diketone, such a
'structure'eould be formed by internal cyclization of a
euitably'substitﬁted enedione?, There are two enediones
( 180 ) and ( 181 )ewhicn could plausibly give acorone
directly on cyclizstion, The more accessible cyclohexencne
( 181 ) was chosen as the key precursor in this synthesis,
4 = Methyl = 3 - niifoacetophenoneao ( 182 ) was
condensed with cysnoacetic sacid, followed by thermel
decarboxylation of the resultant cyano - acid, to give the
ck: 3 - unsaturated nitrile (‘185 )81 in poor yield,
Reduction of the double bond in this latter compound with
conconi tant reductive metnylation82 of the nitro = group
afforded the dimethylamino - nitrile ( 184 ), It was
hoped to cconvert this compound into ( 185 ) by reaction
'witn isobutylmagnesium bromide followed by ketalization,
Hetal - smmonia reduction83 of ( 185 ) would then be expected
. to‘giQe ( 181 ). However, this approach was discontinued.
owing to the low yield from the Knoevenagel reaction between
. occur
Several beautiful examples of this type of reaction'in

79
the work of Woodward77, Coreyla, Buchiqa, Barton
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{( 182 ) and cyanoacetic acid,

4 u~ﬁet§yl‘; 3 = nitroscetophenone was converted by
standard meﬁhodé?iﬁto 4 3 P - dimethyl = 3 - methoxy o
dihydrocinnsmic scid ( 186 }?% which was convarted to the
kxetone { 187 ) by throe metnods,

(1) The reaction between tne acid cnloride { 188 ) and
ditsobutylcadmium gave the expected ketone ( 187 ) in poor
yield, the major product being the indanone ( 189 ), in
the formation of organc = cadmium derivativeé from Grignard
reagents, there is formed an equimolsy quantity of ngz gnd
it is this Lewis =zcid whicn probably brought about the
internal Friedel Grafis reaction leading to ( 180 ), Aan
intéresting enalegy fér tnis'ia ¢ be found in the reaction
betweéﬁ the acid chloride ( 120 ) and thne cadmium compound
derived from m - bromoanisclet?, The product%s Ifrom this

resction were_('lel } and tne hydroflucrenone ( 192 ),

(ii) Condensation of the acid cilorias ( 188 ) with

68

éodié - teributylethyl malonate, followsd by acid - catalysed

loess of isobutene sna carbon dioxide led to the formation
of the P - ketdester { 193 ), Alkylation of this with
isopropyl bromidé and potassium tert - buioxide gave ( 194 )
ﬁhich on hydrolysis and desarboxylation furnishéd the
ketone { 187 ),

(1i1) The best overall yield wes obtained using the techniqus

devised by Bowmen®6, = The acid chloride ( 188 ) wss condensed

| with divenzyl isopropylmalonate and resulting dibenzyl
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ester ( 196 ) hydrogenolysed to give the f - ketomslonioc
acidywhich smoothly decarboxylated to the desired ketone
(187 ). |
The carbonyl éunction in ( 187 ) was then protected
by ketal formation giving ( 196 )yeince metal - ammonié
reduction would certainly reduce the ketone to the alcohol,
"1t is 1nterestin3to note tnat tne substitution pattern
1n ( 196 ) is sucn tnat 1t aet'ines unxqgely which unsaturated
ketone would r38ult from metal»é-ammonig reduction, The
orientation of pﬁbtdn addition was established by Birch'a87
‘WOrk oh'tne méchanism of tnis type of reduction.,. Addition
~ of one e;ectron to;én”aromatio ether ( 197 ) ( of tertiary
amine) results in the reversidle formation of » radical
ion ( 198A),W?ngch in the presence of a: proton - doner
e.g ethanol, would lead to the irreversible addition of
a proton at the position of greatest free charge densi tyt8
i.e, meta - to the methoxyl in ( 198 ).  Where there is
an ortho - alkyl substituent, the first proton adds ortho -
_ to the alkyl group and meta - to.the methoxyl ; however,
when there is-a .meta - elkyl substituent,the addition is
such,that the}proionﬁavoids the position occupied by the
alkyl group, It is at this stage,that the specificity
of the reduction is decided, - The radical { 199 ) formed
by addition of the tirst proton can then pick up another
electron to give the ion ( 200 ), which is protonated to give
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the 1 ¢ 4 - dihydro compound, |

Birch reduction of { 196 ) affordéd the dihydro compound
{ 201 ), which on treatment with mineral acid, yielded the
enedione { 181 ). This compound could not be induced to
undergo an internél Michael reaction,  The product of such
attempte was an O\ - unssturated c¢yclohexenone, 6151220
which was chavacisrized ap tag 2 ;3 4 « dinitrophenylhydrdzone,
In arder to effect the dekired internal cyclization9the
carbanion must form © - ta the acyclic carbonyl fuction
in ( 181 }» however, tne formation of tne ol ~ unsaturated
- Ketone coudd oniy arise from an intramolecular aldol reaction,
Thus,under basic conditions,the carbenion must have formed
pfefﬁrentislly in the cyclohexenone moiety of ( 181 ),
Duringieariy degradative werkﬁa on the strucﬁu}e of acorone
Sorm and coworkers isolated a CEO = cyclohexenone produced
by alkali tresiment of acorone,

It was therefore decided 0 create a »situaticngwhich
éould;énsure carbanion fommation at ihe methylene adjacent
to the éaturatea xetone i,6, activstion of tnis methylene
§r0up by piécing an electron - withdrawing carbethoxyl
group at this position,

" Lithium — ammoniz reduction of the acid { 186 ) gave

the non - conjuéated keto = ac¢id ( 202 ), which was
isomerized to the ofb— unsaturated keto - acid {( 204, Rd)

by treatment with fused potaseium acetatesg in refluxing

- ;.
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amensble to spoctroseopie cxamineidiciysince the gyclo -
hexenone chromophore in { 2008 ) dimlnis&ed a2 the cyciization
proceeded. Daring the coursc of the réacticn a bathothvoulc
snift of 6mp was observed in the ultraviolet { in bass )

J-.

due to the fommation of the monosubstiivnted (3 = Keto estor

( 269.).~ The reaction was round to have fipst order Kineticen

since the ultraviélet maximum at 23%7mp , due to the enone

cnrémophore, decressed linearly witQE irpe, A dimerization

mechanism was ezfluded by the mees spectrum of the product

which gave & value of 266 Tor the moleculsr weight of ( 269 Yo
The spiro P - keto emter ( 209 } was then treated with

isopropyl iodide end sodium cinoxide,but' the yield of

neutral materisl from this reactlon wes poor, probably

due to the azqric hindrance gsacciated with the sdjacent

guaternary centre 95,  Hyarolysis and decerboxyletion of

this alkylated £ < keto ester { 210 ) geve a diketone

which exhibdited: absorpiion maxima in the infrared at 1745cm=2

and 1710em=l (Gsg solution. ). The carbonyl regiocn was

compatible with the structure ( 37 ) énd the Linger - pring

region wes similargalthough not identical to the naturally

occurring isomeric scorones, . . OChromatographic separation

of the complex mixture of stersoiscmers was not possible’

due to the smali quantity of the diketone available at

this stage, |

It 1s hoped to reverse the order of elikylation and



2.4




63

cyclization to give & higher yield of the alkylated spiro

p - keto ester { 210 ). . This would involve alkylating

the ketal 3 - keto -ester ( 207), followed by deketalization
to the en c‘:n‘e. alkylated ® — keto eg_&_iér ( 211 )gwhich should
cyclize to ( 210 ) Another.methodléf introducing the
isopropyl group would 1nvolve the action of methyl -
magnesium bromide on the bis ketal -~ ester of ( 209 )
followed by aenyaration anu reduction,

If separatlon of the above complex mixture of atereo -
1somers proves 1mp0881ble, the startlng acid ( 186 ) could
be resolved and the syntnesie repeated with opticselly pure
material of known absolute configuration94 ; Since acorone
and cedrene are tnougnt to be related biogenetically, it
is reasonablﬂ to ausume that tne configuration of the 01
methyl group in acorone is tne same as the corresponding

position in cedrene0 Thus, xnow1ng the absolute configuration
of cedrene23  we could decide which stereoisamer of ( 186 )
to use in tne syntheaiso This would mean that of the four
asymmetric centres in the final product, one would be
fixed and two others epimerizable ‘with base to the most

stable configurationg;nence facilitatinélseparation at the

final step,



RAPERIHENTAL.

Gyclehexylidenemalononitrile, {1602 ).

This was prepered in the ususl mennser’® by refluxing
cyclohexsnone { 64=5g ) and malononitrile ( 40g ) with
smmonium scetate { 4°6g ) and socetic acid;( 768 ) in
benzene, Isolation gave the reguired product { 004y ),
b.p. 86°/ Zam, np°° 105100, Vmax ( film ) 8B30ca™) (conjugate

nitrile ), 169§ea”1 ( double bond ), A nmax (B37mp E=11,000,

4 = Benweylozyoyclchexylidenomalononitrile, { 160b ),

A mixture of ¢ - benzoyloxycyclohexsnone ( 18g )¥° ,
melonordbrile { 3038 ), cmmonium acetate ( Oebg )} and acetia
gcid { Oc7g ) in benzene { B60ml ) was refluxed for 16 hours
using & D2an end Siark water separator, After the cooled
reaction mixture had been washed with saturated sodium
hydrogen carbonate and water, the benzene solution was
dried end the solvent removed to give ¢ - Dbanzoyloxyeyclo =
hexrylidensmalononitrile ( 10g ) which crystalliszed fvom
methanol in prisms mp. 135 - 136° ( Found i ©,71°95 ;H,5060 ;
o100 60 o O gily Ng02 Tequires C,70o1b ; HeBe 30 ; N,120060 % ),
Vimax ( nujol ) 1720cm™2 {( benzoate ), geasoem™ Y ( conjugated
ritrile ). |

4 = sgdxaxg?ya;ohexylidenemalenonitrile. ( 160e ),

4 = Hyd?cxycgclohexancne97 ( 268 ), malononitrile (13e¢5c),



acetic acid ( 2:43 )}, emmonium acelate { 1l¢54g ) were
reacted a8 in the previocus experiments to yield 4 - hydroﬁy
cyclohexylidénemalononitrile { 22g )owhich crystellised
60°- 62°, b.p. 140°/ O-4mm ( Found : 0,66°85 ; H,635 ;
Ny, 1730 cgﬂl-onzo requires ,66<65 ;H,6°20 ; N,17-30 % ),
Vmax (film) 3450cm™% ( hydroxyl ), 2830cm™) ( conjugated

'from ether - light petroleum ( 4d°n609) in prisms m, p,

nitrile ), A max 237mp £3 11,000,

4 n'Tetrahydrcpyranyloxycgg;onexglidenemq;pnonitrile4( 1604 ),

One drop of concentirated hydrochloric acid was added
to a solution of 4 -~ hydroxycyclohezylidenemalononitrile (113)
in dihydropyran { 20m) ) neld at 0°C, An exothermic
reaction occurred snd the rescilon mixjure was allowed to
stznd at room temperature for 16 hours ¢ then heated at 60@0
for 2 hours and egain left Zor 16 houre, Ether ( 100ml )
was added and the organle layer washed with sodium hydﬁogen
carponate solution, watswr ané dried, Removal of the
asoivend afforded 4 = teirshydropyranyloxycyclohexylldens -
maiononitriic { 135g ), walch solidified to a cryatalline
mase, b.p. 167°/ Cc06mz, m.p, 61°, { Found : G,68¢10 ;
Hp7o10 3 H, 11060 314518ﬁ3°2 requires $,68°25 ; H,7. 356 ;
Hy11036 % }°~Vhax ( film ) 2250cm=1 ( ccnjugated nitrile ),
A mex 237mp &=11,000,
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magnésium, 60g ) in dry  tetrahydrofuran ( 200ml ), ;a&
trenaferred mnﬁé? ﬁiﬁrogsn t0 a droppi ﬁg funnel snd adds
| é?er 3 noura 1o 3 siirred satursted solution of acetone -
free acetylene in tetrehydrofuran { 500ml ). Acetyieﬁe

wos pasée@ through the solution during this addition =nd
for a further hour, Fresaly prepared cuprous chlorids

{ 5 mole % ) followed by cycloh@xylidenemaionenitrilﬂn( o g0}
in d?y,tét?ahgarafuxan { ioomi ) waa added over 3 honfg ()
the'éﬁhgaylmaﬂom agnesium bremxke soliution held in a aitrogsn
a%ﬁbsphere'and the reaction mixture stirred I'cr &0 hours
at“zd?e - The Grignard écmglex uas @&éﬁ deccmgogede Ltk
excess saturabed ammwpxuﬂ enloride molution, ' Eéhef

| .

emﬁracﬁi@n fallsweﬁ by washing with azturated sodivm ehlosics

~solutio’ﬂ, drying and femoval of tﬁe golvent éavé a.réé 0il,

el

Amaz 28Tmpae=1800, .o, 16 € of sisrting materisl was

present, An ethanolic solution of the crude oll was
with potessiwn ¢ 3 gnide { ig )} in a miv imim volume of wabow

s1id’ stirved Tor 4 hours, The rezciion mixture wes th;n

-/
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{ ethynyl ), 2270cu=l ( saturated nitrile ) 2100cem=1

{( acetylenic triple bond ),

4 =4§enzozlo§z = 1 = étgzﬂg;ggglohexylmalononitrile ( 161b ).
4 = Benzoyloxycyclonexylidenemalononitrile ( 30g ) in

tetrahydrofuran ( 250ml ) was added to a solution of
ethynylmonomagnesium bromide ( from magnésium, 12g ;
prepared was in the previous experiment ). Stirring was
coﬁtinued for 44 hours at 4°C in an atmosphere of nitrogen.
Decomposition of the Grignard complex and 1éolation of the
product gave a aark red gum whicn was adsorbed on grade I
alumina ( 9003) from benzene - lignt petroleum ( 46L55 )
(65: 1) EKlution with benzene - light petroleum ( 4 : 1 )
gave 4 -~ bénzoyloxycyclohexylidenemalononitrile,( 6g ).
Elution with ﬁenzene afforded 4 - benzoyloxy 1 - ethynyl-
cyclohexylmalononitrile ( 403g ) which crystallized -from
carbon tetrachloride in prisms m, p, 12¢®- 130° (Fbund::

G, 7376 ; Hy 65°20 ; N, 9-80 018H16N202 requires C,73 956 ;
Hy5°50 ; No9+60 % )o Vmex ( KOl disc ) 3300cm™} ( ethynyl
C=H), 2270cn=* ( nitrile ), 1720cm~! ester, Further
glution with bengene - chloroform ( 4 :- 1 ) gave the

isamer of 4 - benzoyloxy - 1 - ethynylcyclohexylmalononitrile
( 206g ), whiéh crystallized from methanol as prisms

mp, 177°- 176", ( Peund : G, 7420 ; H,5°30 ; N, 965 ,

claﬂléﬂgog requireg C,73°95 ; H,56°50 ; Ny 60 % ),

67



68

1 - Phenylétuynyleycelohexyimalonondtrile, { 16lc ),

Phénylacetylene ( 10-2g ) in dry tetrahydrofuren { 20ml )
was added to a stirred solution of ethylmagnesium ﬁromide
- ( from magnesium, S°4g ) in tetraﬁidrofuran ( 260m1 )
and the resction mixture heated under reflux for 2 hours,
The cooled resction mixture was then treéted with cuprous
chloride ( 5 mole % ) followed by ﬁ solution 6fAcyclohcxy11denem
malononitrile ( 7-5g ) 1h ietranydrofuran ( 26m1 ), After
4 nours'neating d&der reflux the Grignaidvcomplex was
.decamposed wiﬁﬁ a‘satufate@ ammoﬁium chloride solution,
Extraction witﬁ.ether, washing with ﬁater, dnying and
removal of the solvent gave a red viscous gum, which solidified
on trituration ﬁith 11ght'pettoleum l 40 - 60")° to give
l- phenylethynylc&oionexyimalononitrila ( 5g ),whicn
crystallized from .ugnt. peiroléum, | in needles m, p, 62 - 68.°
( Found : G,82035 ; H,60 40 N,}l-20 017H16N2 requires
Cy 82:20 ; Hy6080 3 Ny11230 % )o

-

1 -~ Octynyloyclohexylmalononitrile, ( 161d, ).

Oct - 1 - yne ( 1lg ) in dry tetrshydrofuran ( 60g )
was added -to a solution of ethylmagnesium'bromide ( from
magnesium, 2°4g ) 1in tetrahydrofuren ( 85ml ) and the
reacticn mixture heated under reflux in an atmosphere of
nitrogen for 20 hours, cuproué chloride ( 6 mole ¢ ). was
added to the reaction mixture chilled to oG followed by
the slow addition.of cyclohéxylidanemalononitrila ( e0g )



in tetrshydrofursn,  Stirring was continued for 18 hours

at room temperature, then the solution was refluied for

- 8 hours before being worked up as in the previous experiment
to yield a ViﬂCOHS'OilQ Distillation gave 2 fore ~ run

of cyclohexyliedenemalononitrile ( loOé ) foliowed by

1 - octynylcyclohexylmalononitrile ( 7-0g ) as a cdlourlaas
oil; b.p. 112 /-0 dmm ;. nD21 1047856 ‘( Found ;: C,78.75 ;
Hy9°45 ; Ny10°80 .Gy,H, N, requires C,79°65 ; H,8°45 ;.
N,10095 % ),  Vmex ( £1lm ) 2260cm™> ( saturated nitrile )
2100ca~1 . ( =6 ) |

1l - TetragxdroEyragg;oxybrgpargglczclohegglmalonoaitri1e'g 16l1e ),

3 = Tetrahydropyranylbxyprop =l ynegs ( 14g ) in

dry~tetrahydfof&ran { 25ml ) was added 0 & solution of
ethylmagnesium bromide ( from magnesium, 204g )s The
reactlon mixture was then refluxed for 8 nours under nitrogen
and chilled to 0 C, . Cuprous cnlor%de (b mole % ) was

then sdded followed by the slow addition of cyclohexyl -
idenemalononitrile ( 9g ) in tetrahydrofuran ( 20m1 ),

The reaction mixture was stirred for 4 hcurs et room
temperature then refluxed for 20 hours befb?e being

worked- up in the usual way to give s dark red viscous gum.
Distiliation gave a fore - run of cyclohexylidenemelononi trile
( 48 ) followed'by l"s'tetrahydropyranyloxypropangyl -
melononitrile { 3g ) as s -colourless oii b,p; 140 / G°O5mm ;
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np8 14920 - (Found : C,7i-60 ; H,795 ;.N,10-1 0yHac0Ky
requires C,71030 ; H 7756 ; N, 9°80 % ), .
1 - Acetyloyclohexylmalonic. acid, ( 1

1 - Ethynyloyclohexylmalononitrile ( 300mg ) and 5%
potassium hydroxide solution ( 20ml ) were heated under
reflux until ammonia ceased to be-evolved, -The reaction
mixture was acidified. with dilute hydrochloric acid ,
jextracted with ether;,and .ﬁle organic layer qaahed with
brine snd dried, Removel of the solvent afforded l-acetyl -
cyoclehexylmalonic acid ( 270mg ), which crystallized from
ethy%cqtate,?__ light petroleum ( 60'-800) in priems m, Po
124’~ 6°( decomposition ). (Found : C,57°85 ; H, 6+ 60 ;
C11H16% requires C,57°90 ; H, 7°06 %),

1 = Acetyloyclohexy lgaoot;cn acid, (163 ).
1 - Acetyleyclehexylmalonic acid ( 250mg .) was heated

in vacuo a% 130C for 20 minutes. to give 1 - acetyleyclo -
hexyilace.tio acid { 200mg ) as & colourless. gum b, p. 113" /0> 1mm
( Pound 3 ©;66005 ; Hy8556 OpgH; 0, requires C,65°20 ;
H,8:76 % ), .. B

. Treatment with ethereal diazomethane furnished the

corresponding methyl ester ; Vmax.( film ) 1735@"1(331;31-),
17050~} (ketone ),  Semicarbazone crystallized from

L4
ethanol in prisms, m,p, 147 .
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i = Bthwleyelohewvimeolononitrile, -{ 164 ),

Cyclohexylidenemaiénonitrile ('14Q ) 1in ether ( 20ml )
was added sl owly to ethylmagnesium- bromlde ( from magnesium,
4aag )- in ether ( 100ml ), The reaction mixture was
refluxed for 1} hoursgand then stirred for 16 aours before
beins decamposed with smmonium chloride solution, 1Isolation,
1n the uaual manner, gave 1 « ethylcyciohexylmalononitrile
(98 ) ; bepo 162°/ 12mn ; nD24 104725 ( Found :C,74- &6 ;
Hy 9030 ; N, 18095 Gy HycNo Tequires G,74095 ; H,9:16 ;
Np15090 % ). - Vmax ( fil@ )32270cm™ ( saturated nitrile ),

;1 - Pthylcvclohexvlacetic acid, { 166 ).

A mixture of the dinitrile (164 ) { 4.5 g) and.
66ncentrated' hydrochloric acid ( 170ml ) was vigouously
-refluxed for 70 hoursgand then reduced to half bulk, The
ether extrect was washed with sodium hydrogen carbonate
solution end the alkaline layer acidified, re = extracted
washe¢ with water snd dried,  Removal of the golvent gave
a gum ( 43 )gwh;ch'waa triturated with light petroleum
and filteéed; EVaporation of the light petrolsum,
fellowed‘by~distiilation yielded 1 - cthyleyclohexylacetic
aﬁié as a.coléurless‘gum b.p. 86 = 8°/ 0°l2mm ; “D?4°5
1°4693‘§-F0un§;'c,70o35 ; H,1C°40 Gloﬁleo2 reqguires
Gy 7055 ; H,10065 % ), Vmax ( £ilm ), 1700cm™t ( carbosylic

b4

- acid Y.
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Alkaline hydro 1ysis- f %ophaﬂ vis uhynylcyclohegilmalﬁnonitri1@,
' .,A~mixture‘of 1,» pnenylethynylcycioneXylmalononitrile

( 228 )-ahd~20%,potassium hydroxide solution { looml )

was refluxed,until ammonia ceased to be evolved, The

solution was then acidified, extracted with ether and the

orgsnic lsyer was washed with water and dried, Removal of

the solvent gave a gum,which was decarboxylated by

heatiﬁg in vacuo at 100C{for 2 hours, A portion of the

product ( 1g ) wes esterified with ethereal diazometnéne

and the resulting ester adsorbed on grade'III‘alumina

from light petroleum { 60 = 80 ).  Elution with light

patroleum { 60°= 80" j-bengzene ( 5 : 1 ) ylelded the ¥ =~

~enol lactone ( 168 ) { 200mg )ywhich nrystallized fron

n e hexane in needles m, P. 11Y = 11205 ( Found :G,73-05 ;

HyTo 40 ;. 61",1802 requires §,7830 ; H,7°50 % ), Vmax

( KCl1 ) 1800ea~2 { E“é enol lactone ), 1670cm™2 ( enol -

double bond )o A mam 2B6mp £224,000,

Flution with 1ight petroleum ( 60-80 )mwenaen~ (4 : 1)
afforded the keto esterlsg), { 600mg ) as & colourless 0il,
 boPo 1869/ 0+ 05mx{ bath temp. ) ; nﬁzs 106238 ( Found :
CpT4o 20 -3 ﬁ9 8°25 leﬁ (o requires G,74040 ; H,8°10 % o

22" 5
Vmax ( £1lm ) 1780ca™> { ester ), 1710cm™t ( ketone )o

;:”gylmalononitrilg. ( 175 ).

A solution of 1 = eﬁnynylcyclohexylmalononitrile ( 2035 )
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and sodium etnoxide ( from sodium, Q+33g ) in dry ethenol
( mml ) was refluxed for 3 hours, then chilled to 180,
Isopropyl iodide ( 206g ) was added end the rsaction
mixture heated under reflux for 16 hours, After removsl
of most of the ethanol; water was added and the solution ‘
extracted with ether, The ethereal extract was wanhed
with water, dried snd the solvent removed to furnish 1 -
ethynyl¢yclohexylisogropylmalonic acid ( SuOmg ),which
erystallized from petroleum ether ( 40" = 60° ) in prisms
MoDo 88 — 89° ( Mound : G,78°80 ; H, 8035 ; N, 13025 3
Cy4Hygly Tequires G,7¢e45 ; H, 8045 ; N,13:06 % ),

RA-(1 - Acetyleyslohexyl) - isovaleric_acid, (HW)

Sufficient ethesnol was added to & mixture of 1 =
(ethyny], } eyclohexylisopropyimelononitrile ( 600mg ) and
30 %. potasé&um hydroxide ( 26ml ) to give a homogeneous
solution,which was refluxed till no more smmonia was evolved
The reaction mixture was acidified with dilute sulphuric
acid and warmed at 100 for 20 minutes in order to erfect
decarboxylaticn of the intermediate malonic acid, The
solution was extracted with ether, washed with brine and
dried (Mg ©0,). Resiovel of the solvent arforded ©C+ =
( 1 = acetyleyclohexyl) - isovaleric aeid ( 575mg ) which
crystallized.from ethyl aceiate = light petroleum { 600- SOQ)

- 1n prisms m, p, 108" = 109" ( Pound : G,69015 ; Hy9+55 ;
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cmﬂzzoa requires C,62:00 ; H,S°80 % ),

4 = Methyl - 3 -~ nitroacetophenone ( 182 ),

This was obtained by the method described by Brady
and Day 80°

"4 3 B - Dimethyl -~ 3 - nitro - cinnsmonitrile ( 183 ).

A mixture of 4 - methyl - 3 - nitroacetophenone,
oyanoaoetic acid ( 6g ), glacial acetic ascid ( 2ml ), and
ammonium acetate ( 1°5g ) in benzene ( 30ml ) was muat:eui~
under reflux for 10 hours, The ’cooled solution was washed
with aqueous sodium hydrogen carbonate snd water, Removal
of the solvent gave a solid, which wes decarboxylated at
140°/ 10mm to yield ¢ : @ -dimethyl-3-nitro-cinnamonitrile
( 101g ), which crystallized foom ethanol in needles m, p,
202° ( ¥ound : C,65:85 ; Hy6°10 ; N,14005 C,,H, NO, requires
Cy66°35 ; HpG00 ; Hy12085 % ).

Wmax ( nujol ) 2210cm~1 ( conj. nitrile ), 1620cm™t ( nitro ).

4 3 P —Dimethyl-Z-dimethyleminodihydrooi rile ( 184

A solution of the cinnemonitrile ( 800mg ) in ethanol
( 2100m1 ), containing 30% formalin ( 3ml ) and palladium
on charcosl ( 5% ), was hydrogenated at & atmospheres

pressure for 48 hours, [iltration, snd evaporation of the

solvent was. followed by the usual extraction procedure,
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The crude product was adsorbed on grade H alumina from
benzene - 1light petroleum ( 60 - 80°); (1:4) 4: p -
Dimethyl - 3 - dimethyleminodihydrocinnamonitrile ( 400mg)
was eluted by benzene - light petroleum ( 60° - 80°);
(1:1) as a colourless oil, ( Found : C,76:70 3H,S-15 ;

Ny13-85 C, . HygNo requires C,77-15 ; H, 8.95 ; N;13:85 & ),

13
Vmax ( £ilm ) 2240cm~* ( saturated nitrile ), 1600 -

1670cm™1 ( aromstics ).

4 35~ Dimethyl - 3 - methoxydihydrocinnsmic acid, (186 ).

This was obtained by the method desoribed by Lindah184o

Reaction between 4: 3 -~dimethyl-3-methoxydihydrocinnamoyl
' chloride/cadmium diisobutyl,

4: P = Dimethyl - & - methoxydihydrocinnamic acid
.( 1g ) end oxalyl chloride ( Oc7ml ) were allowed to etai}d
for 4 hours in benzene ( 20ml ), Removael of the solvent
end residual oxalyl chloride afforded this acid ehloridefi8s),
mex ( £ilm ) 1790ca™} ( acia chloride )

Dry cadmium chloride ( 1-76g ) was added to a solution
of isob tylmagnesium bromide ( from megnesium, 0-46g ) in
ether ( 26ml ), After 1j hours reflux the ether was
replaced by benzene ( 26ml ), A solution of the acid
ohloride in benzene ( 20ml ) was added - 0'C to the
benzene solution of the ca;dm:lumdiisobutylo The reaction
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mixture was then heated under reflux for 1§ hours,followed

by stirring et room temperature overnight, The complex

waé decomposed with B sulphuric acidysnd the benzene

solution washed with sodium hydrogem carbonate, drimne

and dried, nmﬁl of the solvent gave an oil,which

was sdsorbed on grade III aluminas from beasene - light
petroleum ( 60 - 90') (1:3) Elution with bensene -
light petroleum ( 1 3 1 ) gave 8 ~ methyl -« 6 - ( m - msthoxy ~
P - methylphenyl ) - hept = 4 - one as an oil b.p, 110/0 Zmm.

( Pound s C, 77.06 ; H,9 65 C,g8g40p Tequires C,?7.35 ;
Ho975 % )o - Vmox ( film ) 17050m~1 ( ketone ), Amax

880mpM E»1400,

Elution with benzens afforded 3 3 6 dimethyl § -
methoxyindenone ( 520mg ), which crystallized from light
petroleum ( 40 - 60°) in prisms m,p. 90 - 92°, ( Found :
Co75°85 ; Ho7°20 GygH,,0, requires G, 75°75 ; H,7°40 £ ).
Vmax ( COlg ) 1706cm~1, ( KC1 disc ) 878cm™1 ( 1:8:4:5
substitutuon pattern ). A max 270mpx9000; S99Tmmg 6000,

. 5~ tlioxy-p-tolyl)-3-exshexsnoate ( 1

The scid chloride of & sfs -dimethyl -~ 3 - methoxy -
hydrecinnemic acid was prepared as described abave,

Tert, butyl ethyl malonate ( §°0g ) in dry tetrahydrofursn
( 5ml ) was added slowly to a stirred suspension of sodium
hydride ( 1°4g ) in tetrshydrofuran ( 40ml ),end the resotion



a4

mixture refluxed for 2% hours, A solution of the acid
chloride ( from the acid, 4g ) in dry tetrahydrofuran ( 20Ml)
was then ‘added dropwise to the sodium. enolate held at 000.,
After 6 hours tefluxgthe excess sodium hydr:lde was decomposed
by moist ether and acidified with dilute sulphuric acid,

The ethereal layex? was washed with sodium hydrogen carbonate
solution, water and dried. Removal of the solvent gave

an oil, which was dissolved in benzene containing p-toluene
sulphoﬁ.te soid ( BOOmg. )o The solution was refluxed

for 8 hoursgthen cooled and the asbove isolation procedure
yie].ded the @ - keto ester as a colourless oil ( 3°6g ),
bepo 120"/ 0-04mm n;°° 105090, ( Found: C,68080 3H,7 40
Cygligp0, - Fequires €,69°05 ; Hy7095 % ).  Vmax ( film )
17365em=1 ( ester ) 1716em™2 ( ketone ) 1630¢m™1 ( chelated

carboryl ).

Ethyl5-(m-methoxy-p-~tolyl)-2=fsopropyl-3 oxchexanoate (194),

A solution of f;k;e B = keto ester ( 2038g ) in dry
tert, butanol ( 103;1 ) was added to potassium tert.butoxide
( from potaseimo 410mg ) in tert,butanol ( 25ml Yo Afier
heating under reflux for 1 hour, the solution was stirred
at room temperature for 4 houre. | Isopropyl bromide ( 4ml )
was added dropwise to the orange solution held at 0°G 9
followed by 12 hours reflux, The tert, butanol was replaced

by benzene snd the benzene solution washed with 6N
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sulphuric acid, water and dried, Removal of the solveant
followed by dietillatidn gave ethyl 5 = ( m -« methoxy ; P =
tolyl ) = 2 =~ isopropyl= 3 = oxohexenoate as a colourless
oil ( 2°0g ), b.pb 120 /@oOlmn D?I 1°5036. ( Founad :

1972874 ,

2-Methyl~6-(m-methoxy-p-methyl)phenylheptan-4-one, (187),
A solution of the alkylated (3-» keto ester ( 1o8g )

in a mixture of concentrated nydrochloric ascid ( 2ml ),
glaoial acetic acid ( loml ), and water ( 5ml ) was refluxed
for 3 houra,then rendered alkaline with dilute sodium
hydroxide solution, ~ The crude product was isolated by

the ususl ether extraction procedure,and adsorbed on alumina
( II1 ) from light petroleum - benzene ( 6 : 1 ) . Elution
with light petroleﬁm ( 65;86') ~ benzene ( 1 : 1 ) afforded
an oil ( €-56g ) identical in all respescts to 2 = methyl -
6= (me ﬁethoxyﬁa p - methyl ) phenylheptan - 4 = one

prepsred by the previous method,

Isopropylmalonic acid was prepared by the method of
V°8611°Oo - A solution of the diacid { 40g ) in toluene
( 62ml ) snd benzyl alcohol ( 62ml ) containing concentrated

sulphuric scid ( Oc2ml ) was heated under reflux for 2 hours ;

‘the water produced being removed by continuous azeotropic
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distillation, The ocooled solution was washed with saturated
' sodium hydrogen carbonate éoidt:lon, ‘water and dried,

Removel of the solvent followed by distillation yielded
dibensyl isopropylmslonate as a visoous oil ( 40g ), b, p.

o 28
160 / Oclmm 5 np ~  1°6896,

. 2=Methyl-6-(m-methoxy-p-methyl)p tan-4--on 187

The acid chloride of 4 : b -‘c'limethyl -3 - mot‘noxy -
hydrocinnamic scid was prepared as in previous experiments,

A solution of dii)enzyl isopropylmalonate ( 38g ) in
dry tetrahydrofuran ( 60ml ) was added slowly to a stirred
suspension of sodium hydride ( 3°6g ) in tetrahydrofuran
( 260m1 ), - After 4 hours reflux; the mixture was chilled
to 0°C and & eolution of the acid chloride ( from the acid,
20g ) in tetrahydrofuran I( 70m1 ) was added slowly, The
reaction mixture was refluxed with stirring in an atmosphere
of nitrogen for 15 hours, Most of the solvent was removed
in vacuo end ether ( 400ml ) added, The excess sodium
hydride was decamposed with moist ether and the ether layer
wa:hed with water and dried, Removal of the solvent gave
the dibensyl ester ( 195 ) as a yellow oil ( 458 ).

A solution of this oil in ethanol ( 200ml ) and ethyl
acetate ( 100ml ) was hydrogenated in presence of 10 %
pelladium on chercoal ( 4% ). After 23 hours the solution

was filtered aﬁd refluxed for 1 hour, The solvent was
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removed in vacuogand the residue heated to Ivoéat 12mm
pressure for 5 minutes, Ether was added to the cooled
rééidue,and. the ether ’washed with sodium hydrogen carbonate
solutiohg water end dried, Removal of the solvent gave

the ketone ( 187 ) as an oil ('133 ) ;Pe Do 1100/ 0c 3mm,

hyl-6(m-methoxy-p-methyl)phenylheptane (196),

A solution of the ketone ( 17g ) in a mixture of

ethylene glycol ( 17ml ) and benzene ( 500ml ) containing
@ - naphthalene sulphonic acid ( 250mg ), was refluxed for
60 hours, The water produced in the reaction was removed
by continuous azeatropic distillation, The cooled solution
was washed with sodium hydrogen carbonate and water, Removal
of the solvent gavé an oilywhich was édaorbed on grade H
alumina { 400g ), Elution with light petroleum ( 4¢°- 6§ )
géve the ketal as a colourless oil b,p. 108’ «110 / Co02mm ;
0?99 23,5049 ( Found : C,74°20 ; H;9°46 CygHpgOs Tequires
H

€oTZ095 3 HpS65 ¢ ). Vmax ( £ilm ) 1080em™Y 975em-2

950,935cu=% ( ketal ).

Enene.. Retona ( 181 ).

A solution of the ketal ( 296 ) ( 27 ) in
tetrahydrofursn { 26ml ) was added to liguid mﬁmonié (120m1),

Lithium { 2°5g ) - in strips - was added over 16 minutes

to the homogeneous solution, After a period of & minutes
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iBOprOpanol ( SOml ) was added during 1 hour to tne blue
solution. MOst of the ammonia wag evaporated at 20° c,

10 minntea aftor the solution became white and water (Baoml)
was added, , The ether extroct was washed with water and
dried. Removal of the soi;en; gawo on 011 whioh was
dissolved in a solution of netnanol ( 80ml ) and 6N |
hydrochloric aoid ( 20ml ). . The mixturo was refluxed

for 20 minutes,then most of fhe solVent removed. water

was added to the residue and the ether extract wa!hed with
sodiuﬁ hydrogan carbonate, water then dx'ied° Rgmoval of
phe oolyent gave ( 181 ) as an 011" ( 178 ) 3 20 1-4860

(4 Fo&hdl c9vso95 3 H,lo 30 ohgaz$qg requirca c,ve-zo

H, 10,g5% )o 3 Vmax ( £ilm ) 1710cm l.; ~f‘ (. xetone ),
21680%1"’l ( enone )o amax 23‘?::1;»3 281696000

k&ttemnted 1nfernal Michael reaotiom;

(1) A aolution of the enedione ( 150m8 ) in tert butanol

( lSml 3y containing pocasoiun ( 1513 ) was allowed to stand
at room tamperature for 15 hours ﬁhen the solution was

diluted with water and extracted with ether. The ether

'extract wap washed with water and dried Romoval of the

solbent gave a darx oil ( léomg )9wnich wes adsorbed on

al“miﬁﬁ ( 11X ) frca benzene = lignu petroleum { 609= 89°)
‘( 431 }o Llution with henveme - light netroleua _
=1

( 6-8¢ ) {13:3) gavea an oid,  Vaex { £ilm ) 16706

SISO e
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(enone ), 1000ea™d { aoible bond ),
(11) A solution of the enedione ( 50mg ) in methanol
( 10m1 ) containing a"odiuxn‘, metnoxide ( 25gmg) was allowed
to stend at room température overnight, then most of the
methanol removed. " Water was added to the residue snd
diried, Removael of ti'le' solverit gave the starting enedione,
(111) A solutisn of the éenedione ( S50mg ) in ether (10ml),
containing excess sodamidé o was rqnuxed-“?di' 16 hours, -
water wes #dded-end the ether layer washed with water and
dried, = Removal of tl;a solvent gave the bﬁai-ting enedione,
(1v) A solution o’f-s:tﬁe enedione ( 300mg ) in tetrabydrofuran
( 16ml ), contsining excess sodium hydride, was refluxed
with sﬁrﬂns for 23 hou‘i's. The organié layer was decented
and water added, | The ether extract was washed with water
and dried, Removal of the solvent gave & dark oil,which
‘was adsorbed on grade TiI alumina from 1ight petroleum
(+60-80" )~benseme ( 4 : 1 ); Elution with light petroleum
( 60-80" )<benzens ( 1': 1) gave an oil, Vmax { film )
' 16700m=1 ( enonme ), 1600cm™ ( double bond ). Bt 4—
Dinitrophenylhydrazoné oiyetallised from n - butsnol in
priems m,p, 167 - 156 » ( Founa : §,63:05 ; H,6°50 ;
N, 18-76 cgiﬂéon4o4 pequires C,63°30 ; H, 6°60 ; N,13 76%. ),
A max 412 mp,2= 15,000,
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Methyl ﬁc(&qzw@gt@clohexegl)-butxmte, ( 204),

A solution of the acid ( 10g ) in tetrshydrofuran ( 50ml )

was added slowly to liquid emmonia ( 1000ml ), followed by
" strips of lithium ( 12 753 )s added as rapidly as possible
without the reaction becoming too exothermic, | Isopropanol
( 170m1 ) was added over § hour to tne blue solution snd |
the reaction mixture etirred for 5 hours, The ammonia was
allowed to evaporate at room temperature leaving a residue
which was disasolved in i1ce and 6N hydrochloric acid and
extracted with ethyl acetate ( 8 X 100ml ) after which the
organic layer was washed with water and dried, Removal

of the solvent afforded the encne acid ( S°9g ) as gum
which on treatment with excess ethereal diszomethane yielded
the corresponding estez'v,_(, 978 ). This was adsorbgd on
silica from 1light petroleum -{ -60-60 )= 'benzene: ( 4 : 1)
Elt;tion with benzene gave methyl $- ( 3 - oxo.- 4 -
methylcyclohexenyl ) -~ butyrate ( 204 ) as an oil ( 7-88 )»
b.p. 206 / 0-07mm, ; n 25 104865, . Vmax ( film ) 1736cm-1
( ester ), 1670cm~2 ( enone ), Amax 237Tmm $=15,500,

- 'i‘he'enone' ester furnished a semicarbazone m, D, 15(5' - 163 .

- ( Found ; C;58:60 ; H,7-65 ; Ny16°65 Cpgl, Ny 05 req@res
C,58°40 ; H,7°90 ; N,15-90 % ), -

!-t_'l! 2 R ~(5-ethylenedioxy-4-methyloyclohexenyl)-but rate (200

P - Toluenesulphonic acid ( 750mg ) was added to a

_.r.
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solution of the enone ester ( 17g ) in benzene. ( 500ml )

-and ethylene glyéol ( 20ml ). Tne mixture was heated under

refiux for 70 ﬁours tngn cooled and the p - toluene sulphonic

acid neutralized with scdium ethoxide, washed with water

and dried, Rémoval of the solvent gave an oilgwhich was

. adsorbed on grade H alumina from light petroleum { 60 - 60 )e

Elution with 1light petroleum ( 40° - 66’) - benzene

(3: 1) gave an oil ( 18073 ), which on distillation

afforded'tne ketal ( 11°3g ) as an o0il b, p, 170’/ 007 mm ;

nD?3 104812 ( Pound : 0,66o20~; H,é°55 : 01432204 requires

 C,66:10 ; Hy870 % ), Vmex ( film ) 1786om~l ( ester ) ;

1090em™t , 1080ca=l , 1040em™t , 960em=} ( ketal ),

@==(5=§§§¥lenediogyeéametﬁggggclonexengl)butgric acid, (208),
The ketal - ester ( 10345 ) was stirred at 100¢ with

N _sodium hydroxide solution ( 17°82ml ) for 45 minutes and

tne cooled, homogeneous solution neutralized with N hydrdchloric
aeid { 1775ml ) at 0 G , The ether extract was dricd and
evaporated to give the acid as a thick gum ( 1°32g ), Vmax

( film ) 3200 - 2700em™> ( bonded - OH ) 1700em™} ( carvoxyl )o

4-(5-Ethylenedioxy-4-methyleyelohexenyl) pentan—E-ona { 206 ),

A solution of lithium methyl ( from lithium, 1.05g )
end methyl iodide, 10g ) im ether { 150ml ) was added during

5 minutes in an atmosphere of gitragen9ﬁo a2 stirred solution
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of the ketal = acid ( 8g ) in ether ( 150ml ), The
reaction mixture was refluxed for 1 hour, coéled, water
added and the ethereal layer washed with water and dried,
Removal of the solveni gave the methyl ketone ( 3g ) as
en oil nD24°5 104835 ( Found : C,70.35 ;s H,9035 ;
Oy4Hpp0s Tequires C,70055 § Hy9030 % ), Vmax ( f£ilm ),
1710cer2 ( saturated ketone ),

The.aqueous layer was aclaified and the starting'acid

( 3¢ ) isolated by the normal proceaure, Recyclization

of the acid ( 1°9g ) gave the methyl ketone ( 900mg ),

fthyl 6-(5 fthylenedioxy-4-methyl)Z-oxo-hexanoate, ( 207 ).

A solution of the methyl kxetone in tetrahydrofuran

‘was added to a mixture of sodium hydride, 650 ¢ suspension
in oil ( 0o7g ), diethyl carbonate ( 1l°7g ) in refluxing
tetrahydrofuran under an atmosphere of‘nitrogen.. Vigorous
effervescence was observed and the reflux continued for
8 further 3 hours., The excess sodium hydride was decomposed
with moist ether and the ethereal layer washed with 4N
. sodium hydroxide, water and dried, Reaoval of the solvent
gave the starting ketone ( 206 ) and hydrocarbon oil,

The alxaline layer was scidified with 4N. sulphuric acid,
extracted with ether, then the ether layer washed with sodium
hydrogen carbonate solution, water and dried,  Removal of

the solvent yielded the {3 - keto ester ( 207) ( 1048 )



as en oil byp, 163 / € 08mm 3 n ®° 14849, Vmax ( film )
1750em™Y ( ester ), 1715cm=1 ( ketone ), 1660 = 1640cm~1
( chelated carbonyl ). The (5> - keto eater gave a wine
colouration with alcoholic ferric chloride solution,

The startin@&etone was recycled to yield ls-a-keto ester
( 0°24g ),

- Bthyl 5-(4 methyl-3oxocyclohexenyl)-3-oxo-hexanoate, ( 208 J;
A solution of the ketal - f - keto ester ( 1¢04g ) in

acetone ( 30m} ) containing p - toluene sulphonic acid
hydrate ( 90mg ) was heatea under reflux for 3 hours, The
reaction was followed by the increase in ultravioiet
absorption, After the reaction had reached completion,

the acetone was removed, water added, and the ether extract
wash.ed' with sodium hydrogen carbonste solution, water and
dried, Evaporation of the ether in vacuo gave an o1l (820mg),
which proved to be the enone b - keto ester ( 208 ), b.ps
160°/ 0o 08mm n. 2% 1-4932 ( Found : C,6760 ; H,8¢60 ,
01532204_ requires C,67°65 ; Ho8¢35 % ), Vmax ( £1lm )
1750cm™1 ( ester ) 1715cm™1 ( ketone ) 1675cm™1 ( enone ),

A max 235mp £216,400, In base, A max 23%mp :16,400, 276ua
€= 20,200, The enone { - keto ester gave & wine colouration

with alecoholic ferric chloride golution,

4=Carbethoxy-1; 7-dimethyl spirodece-3:6-dionc, { 209 ).
Thé enone f - keto sster ( 576mg ) was sdded to 02N
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potassium hyuroxide in ethanol { 3vml ) and the cyclization
followed by the fall in the ultraviolet absorption ( in base )
at 23Smpuywith a conconitent shift from 276mm  to 282mp .

After 2 hours the solution waa.acidified with acetic ncid

and most of the solvent removed, The réaidue wag taken up

in ether and washed with sodium hydrogen carbonate Sélution,
water, end dried, Removasl of the solvent gave a colourless
gum ( 500mg ) b. p. 110°/ 0-GBmm, ( Found : G,68°95 ; H,80 60;
CysHpg0, requires C,67-65 ; H,8°35 % ). The mass spectrometric
molecular weight was 266 ( Cygli,,04 requires 266 ), Vmax

( film ) 1760em=t ( cyclopentanone ) 1730 ~ 1700cm~2

( ester and cyclonexanone )s 1660 = 1610ch“1 ( enqlated
carbonyl ). Neutral Alhax 248mm £.2600, ‘naﬁe A max 282mpm

& 14, 000; ) . ' | ' | A
This ( - kefo estef.gave an exceedingly étrong purple

colouration with alcoholic ferric chloride solution,

4ecarbetnogg 1=#aimétag1-4aisopropz1 spirodec.sibdione ( 2 210 ).

The spiro P - keto ester (209 ) (490mg )qin ethanol

( 18ml ),was added to Q- 65N Bodium ethoxide solution ( 3m1 )
A‘and the solution was Kept at room temoerature for 1 hour,
I‘OPrODyl iodide ( 2ml ) was added and the reaction mixture
heated under reflux for 16 hours, ~ The solution was cooled.
acidified, then most of tne ethanol removed 1n FaCuo and

the residue dissolved in ether,which waa waahed with 4 N
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sodium hydroxide solution, water snd dried, Removal of the
solvent ylelded an oil ( 105mg ) which gave no colouratioﬁ
with aslcoholic ferric chloride solution, The oil was
adsorbed on silica from light petroleum ( 60° - 86) )e Elution
 with light petroleum ( 60 - 80 ) - penzens atforded the
alkylated (3 ~ keto ester as an oil having no absorption

at 282mu in alksline solution, Vmex ( film ) 1745 -

1710cm=2 ( carbonyl.

13 7-Dimethyl-d-isopropyl spiro[5:4] decen 3:6-dione, ( 37 ).

A solution of the alkylated [b - keto ester ( 60mg )

in a mixture of acetic acid ( 10ml ), concentrated hydrochloric
acid ( 6ml ) and water ( 1 ml ) was retluxed for 2 hours

in an atmosphere of nitrogen, The solvent was removed

and the residue téken hp in ether, The ethereal solution

was washed with 4 N sodium nydroxide solution, water and

dried, Removal of the solvent gave a gum ( 26mg ), Vmax
(Csg) 1743cm™+ ( cyclopentanone ) 17106m’1( cyclohexanone).
The infrared spectrum was similar, though not identical, to
_any of the naturally occurring acorones, Chromatography

on grade V alumina ( 20g ) failed to yield eny crystalline

isomers, -
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