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The tota' synthesis of clovene, a tricyclie
rearrangement product of caryophyllene has been undertaken.
PART ONE.

Methyl 3-methylcyclohexanone~3~acetate was prepared
from 3~-methylcyclohex-2-enone oy treatment with dlethyl
malonste and sodium ethoxide, followed by nydrolysis,
decarboxylation and re-esterification. ireatment of
the keto~ester with malononitrile afforded 3-carbo-
methoxymethyl-3-methyleyclonexylidenemalononitrile,
which wes oonverted to 3-carbomethoxymethyl-3-methyl-
l-cyano=l-dicyvanometityleyclohexane as s mixture of
gtereolsomers. ilvdrolysig, decarboxvistion, re-
esterification and nigh~dilution, intras-mocliecular
Dleckmann cyciisation furnisned s separable mixture of
5-methylbicyclo[3:311] nonan=3-one-i-carvoxylic acid
and S-methylbicyclo[3:2:1] octan~7-one=l=acetic acide

S-iiethyl=1l=-(igopropenylacetoj~bicyclo[3:3:1) nonan-3-one
was then prepered from the S=methylbicyclo[3:3:1] nonan-
3=-one~l~carboxylic ascid chloride, but it was found to be
imoossible to cyclise tie enedione to clovan-2:6-diocne.
Furtner modificaticns of 5-methylbicyclo [3:311] nonan-
3=one~l=carvoxylic se¢id and several slternative
unsuccessful eyclisations %o tne cliovene skeleton are

describeds



PART _T¥O.

2=Carbethoxy-6-methyleyclohexancne, on treatment
with acrolein, gsve 3-(l-carbethoxy-2-keto=3-methyl=-
oyclohexyl)-propionaldehyde which cyclised in concentrated
sulphuric scid to ethyl 5-methylbicyclo[3:3:1] non-3-ene-9-
one=l-carboxylate. Clemmengen reuauction of the
correspoﬁding keto-acid furnighed 5-metnylbicyclo [3:3:1] -
non-3-ene~-l-carboxylic acid, wnich by direct allylic
oxidation followed by cetalytic reduction afforded 5-mactiyl-
bievelo[3:3:1] nonan-2-one-l-carboxylic acide 4 steswise
allylic oxidstion of the olefinic-ester nzs been deviged.
Trestment with t-butvl perbenzoate, followed by truns-
esterification with sodium methoxide and oxidastion with
manganese dioxide afforded methyl S5-methylbicyclo(3:3:1] -
non-3=-ene~2-cne~l=carboxylate in good overall yleld 1n a
high state cf purity. Hydrogenstion and gaponification
furnished 5—methy1bicyclo{3:3:ﬂ nonan-2-one-l-cgrboxylic acid.
Various synthetic pathaways fror this systen te tie clovene
skeleton have been pursued.

5‘%ethylbicycloC5z3zilnonane-l-cgrboxylic acid hes been
synthesised by "olff-iishner reduction of 5-methylbicyclo-
]3:3:3_nonan—3~one~l~carboxylic acid and by catalytiec
hydrogenation of S5-methylbicyclo [3t3:i] non-3-ene-l-carboxylic
aclde The structure of tne ocrent bieyclo[3:3:1] nonane
system 1s thus authenticated by ite synthesis from two

totally independent synthetlec pathwayss
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HISTORICAL

(Formulae flowsheets for this section on p* 12 )*

The liquid sesquiterpene fraction obtained es
a by-product in the recessing of clove oil (from
Eugenia caryophyllata) provides a ready source of
a mixture of hydrocarbons whose major constituent
is the substance caryophyllene (I)* The early
literature (1) distinguished three caryophyllenes
designated as*(» "3 and # * The oCcompound has since
been shown (2) to be identical with humulene while
-caryophyllene, now referred to as isooaryophyllene
(IT), 1s an 'somerlc artifact of the naturally
securing isomer,” -caryophyllene (I), now simply
referred to as caryophyllene (3)* frlcan copaiba
oil (from Oxystigma mannii H/Ra) and French
Lavender oil have also been reported to contain
caryophyllene*

One of the outstanding characteristics of
caryophyllenic compounds is the readiness with which
they undergo acid catalysed rearrangements with the
formation of tricyclic products* The severe skeletal
changes resulting from these rearrangements together
with the lack of crystalline derivatives to characterise

the oily products, served to complicate much of the



early Investigations® on caryophyllene *X). Under
a variety of acid hydrating conditions caryopftyilene
gives rise to two Isomeric C f>lcoho3-s designated
@andyS-caryophyllene alcohols and e mono-unsaturated
hydrocarbon, clovene (It /3 -Caryophyllene
alcohol, or as it Is now called, caryolan-l-ol (4) has
been assigned structure (IV; RsOH) (5) while structures
(V) and (VI) respectively have been ascribed to
caryophyllene alcohol and clovene (5, 14)*
aryophyllene was formulated as 4sll«ll~trim@thyi~
8~methyleneblcyelo[V*2to]Jundeo-4~ene (I) by Barton and
his co-workers (5) in 1951 and subsequently (6) this
was shown to be correct® On the basis of substantial
degr&dative evidence ”“arton, Bruun and Lindsey (5) have
formulated caryolan-l-ol (TV; R» )h) as l-hydroxy-4s4 8-
trlmethyltrlcyclo[6*3*1*0”*5]dodecane* Phosphorus
pentachlorlde treatment of caryolanol (7) yields a
highly crystalline chloro compound (IV; R*G1). That
no rearrangement of the oaryolane skeleton had occurred
during this conversion was shown by Barton and his
co-workers (5b) in an elegant stepwise degradation, which
paralleled that for caryolanol (IV; R««QH), to the same
keto-acid (III). This showed that the hydroxyl group in

(IV; R-OH) and the halogen substituent in (IV; K«Cl) were



attached to the ring residues In Identical fashion
and that no readjustment of the carbon atoms was
Involved In their Interconversion.

the brilliant X-ray crystallographic determination
of the structure of caryolanol chloride (IV| H*Cl) by
Robertson and Todd (3) not only confirmed the bridge-head
nature of the alcohol but estsblis ;ed algo the structure
(TV) and the stereochemistry of the molecule* Thus
the cyclobutane moiety was shown to be fused in a
trans me ner to the larger ring* further the hydrogen
at C5 in caryolanol chloride was seen to lie on the
same side of the molecule as the Cl2 methylene bridge*

The tricyclic mono-unsaturated sesquiterpene,
clovene, reported to be formed from
caryoohyllene by a variety of acid hydrating agents (1)*
Thus allach and Walker (7) employing the Bertram-
lalbsum reagent (glacial acetic and dilute sulphuric
acids) obtained clovene as ©n oily hydrocarbon
mixture together with the crystalline caryolanol* A
liguid mono-hydrochloride of caryopiiyllene gave, on
treatment with silver acetate in acetic acid, an oil,
considered by Bell and Henderson (9) to be cloven®,
together with the acetate of<?C-caryophyllene alcohol

which when hydrolysed and dehydrated furnished an olefin.



likewise considered to be clovene* The work of

sahinn and Tsukamoto (10, 11} snowed that hydration
of caryophyllene with Aeehan's reagent (sulphuric acid
monohydrate in ether) furnished not only a mixture of
clovene and caryolanol but alsocC-caryophyllene
alcohol, dehydration of which with phosphorus pentoxid©
(9) afforded clovene*

Owing to the lack of crystalline derivatives no
satisfactory criteria were available for either the
purity or t e identity of the terpen© and this led to
clovene being wrongly identified as the dehydration
product of caryolanol (19)* The only crystalline
product known was the oxidative degradation product
clovenic acid (VII) (12) which, while useful for
'"dent’fleation could not be used for regeneration of
pure clovene*

Clovene has been rigorously purified by Luts
and Reid (13)* Crude distilled, clovene, obtained from
caryoohyllene by treatment with AsGhan's reagent (10),
was treated with bromine* The mixture of isomeric
dibromiclea obtained in relatively poor y eld were
separated by fractional crystallisation and extremely
pure clovene b*p* 115*%00/12*5mnu * 1-4913,
&<Ig5*0 - 23*57° regenecrated from each dibromide by

extended treatment with zinc dust*



oth clovene andcC-caryoohyllene alcohol are
tricyclic and possess an Identical carbon skeleton
as is shown by the ready oxidation of each to the
dibasic bicycllc acid, clovenlc acid "X5724"2
and the dehydration ofc<-caryophyllene alcohol to
clovene (9,10,11)% The formulae for these compounds
were advanced independently by Lsehen&oger and
Giinthard (14), (mainly on infra-red spectral data)
and by barton, Bruun and Lindsey (5) as a result of
exhaustive degradation studies™ The formulae proposed
were consistent with older observations (1) that
clovene contains the unit -*-ca*Cu~P-, and that clovenlc
acid readily forms an anhydride but resists bromination
and enolisation (12)*

The rigorous structural proof for the clovene
skeleton (5) may be summarised as followss-

In 1947, Trelba (15) reported that treatment of
caryophyllene with hydrogen peroxide afforded a
crystalline mono-epoxide which was later formulated
as (VIII) (5)* This epoxide afforded, on treatment
with aqueous acid, a tricyclic glycol (IX) which could
be oxidised successively to a keto-alcohol (x) and thence
to a diketone (XT). That (X) had the carbonyl
function within a flve-menbered ring was shown by the infra

red spectrum of the substance (“rnex* 1733 clul)*



The diketone (XI) exhibited a further band (Xmax"IT*ScmlZ¥)
Indicative of a carbonyl group in a oXx-membered ring.
Acetylstion of the keto-alcohol (x) followed by
selenium dioxide oxidation afforded the o(-dik©tone(XIII)
which on alkaline hydrogen peroxide cleavage furnished
the hydroxy-dicarboxylic acid (XIV). .Removal of the
hydroxyl group by oxidation and Wolff- ishner reduction
of the resulting ketone, afforded clovenlc acid (VII),
the authenticity of which was demonstrated by direct
comparison®

An independent preparation of the glycol (IX) has
been effected by Held and his co-workers (13) by the
action of performic acid on caryophyllene followed by
alkaline hydrolysis. &olff-Cishner reduction of the
corresponding diketone(XI) (13) and catalytic reduction
of clovene (VT) (13) afforded the same saturated
hydrocarbon, termed clovane (XII)*

These results thus established unequivocally
that clovene and the glycol (xX) possessed identical
carbon skeletons*

The proof of the structure of clovenlc acid
was completed (4) by the step-wise degradation of

clovan-2*9-dione (XI) to g-cymene (XXI)*



Further oxidation of the dione (XI) with
chromium trioxid© in acetic acid afforded the keto-
dicerboxylic acid (XV) which exhibited infra-red
absorption at 1688 cm?! (carboxyl) and 1728 cm*!
(cyclopentanone)* Selenium dioxide oxidation
afforded the diketo-dicarboxyllec acid (XVI) which on
ftsalon with alkaline hydrogen peroxide furnished the
tetre-carboxyllc acid (XVII)e By pyrolysis at 260°
this acid was smoothly converted Into the keto-
d’carboxyllc acid (XVIII$ K«H)e

The constitution (XVIII) was assigned rather than
the alternative (XXII) on the following basis*-

All compounds with two carboxyl groups derived from
the original five-membered ring 2f the glycol (IX)
decomposed on melting to afford the corresponding
anhydrides* Uo decomposition or anhydride formation
was observed at the melting point of toe keto-dlcarboxylic
acid* This could be explained by the structure
(XVIII; rva) where the two carboxyls are necessarily
tr-:ns in e six-membered ring and thus could not afford
B monomeric anhydride* It would net be explained by
the alternative formula (XXII)*

Oxidation of the keto-diester (XVIII; K* e) with
selenium dioxide afforded a diketo-diester (XIX) which on

fission with alkaline hydrogen peroxide followed by

dehydrogenation over palladlsed charcoal furnished Rrcymene.

(XXI)*



Perphthalic oxidation --f isocaryophyllene (II)

gave a new mono-epoxid© (XXIII) (3,13) which with
aqueous ac’d rearranged to a tricyclic glycol (XXIV)
eplmeric with (IX)e Oxidation however afforded the
same dlone (XI); thus the dlols differed only In the
configuration of the hydroxyl group at 09* This
variation in stereochemistry was to be expected if the
oxide ring of each respective precursor possessed the
same stereochemistry at the tertiary centre (G”) and
differed conflgurationally at the secondary carbon (05)*
Thus tK- configuration of the double bond la the only
difference between caryoohyllene (I) and Isocaryophyllene
(IT) and it is likely that Isocaryophyllene, having
the more stable cla-cyclononene system, Is formed
from caryophyllene during extraction from natural sources*
Rrora the proposed formulae for clovene (VI) and
caryolanol (IVj] R*OH) It seemed likely that a direct
relationship should exist between them since dehydration
with Wagner""eerweln rearrangement of the latter would be
expected to furnish the hydrocarbon* Indeed, the early
literature contains statements in support of this
dehydration (7, 19). Careful repetition of this
dehydration (14) of caryolanol (IV; R*Oti) with phosphorus

pentoxid© by Luts and Reid (13) has shown that the



%

product closely resembles clovene In so far as boiling

point and refractive index are concerned, but that the
optical rotation Is of the opposite sign and its infra-
red spectrum sho?;s distinct differences from that of
clovene (14)%*

Lutz and Peid (13) have termed this new dehydration
product £eeufoclovene, which showed distinct chemical
differences from clovene# Thus, in comparison with
clovene, oseudoclovene formed an unstable compound
with bromine and on oxidation formed an oily dibasic
acid, isomeric with clovenlc acid# That this acid
possesses hydrogen atoms oL to the carboxyl groups was
shown by the ready substitution in tne dell-Vollhard-
7elinski reaction affording a dibromo-acid. Further,
pseudoclovene must contain hydrogen atoms alpha to the
double bond for, unlike clovene, it reacted smoothly with
L-bromosuccinimide to give an unstable bromo-derlvative#
On thp basis of th”se observations, Lutz and Held have
tentatively proposed formula (XXV) for oeeodoclovene
and (XXVI) for oseudoclovenlc acid#

Luts and Held (13) have not only shown that
caryolanol (tVj R*OH) on dehydration does not afford
clovene but also that caryolanol i1s completely inert to
the mild sold dehydrating conditions employed in the

conversion of caryophyllene to clovene*



From the mixture of hydrocarbons obtained by
the dehydration of caryolanol, -rnderson, j:cCrone and
Bob”rtson (19) isolated a higher boiling mono-unsatureted
tricyclic sesouiteroene which they termed iooclovene*
Xaoclovene may be characterised by a crystalline
hydrochloride from witch the pure hydrocarbon may be
regenerated.

On the basis of X-ray crystenographic determinations
on the isomorphous hydrochloride and hydrobromide,
Clunie end Robertson (20) have recently shown isoclovene
to be (XXVII). Barton has commented (20) that this
rearrangement of caryolanol represents an unusual
problem in carbonlum-ion meohen'sties#

The reaction may occur according to the scheme
(TV) —* ('XXVITI) —P» (XXIX) — (XXVII) Involving a
I, 3 hydride shift, or else via (XXV'TI) — (xxX) —*=
(XXXT) —P» (XXVII). Both ro/tes involve intermediates
which would be excluded on a strict a plication of
BredVs rule. It is known however that this rule breaks
down in the reactions of caryolanol (cf. the facile
conversion of caryolanol to the chloride with phosphorus
pentachlorlde (5,7))¢

Barton and xickon (21) have recently prepared both
epimers of clovan-2-o0l (V), each of which on oxidation

gave ciovan-2-one. It is of interest that neither



epimer is identical withoC-eartfophyllene alcohol as
would, be expected on the basts of the known properties
of this coToound (9)* Bo alternative formula for
oC-cax*yophyllene alcohol has been proposed.

A confor atlonal study (4) of the caxyoohyllene
molecule has phown that, because it is ¢ri na within
a nine-'""embered ring, the endocyclic ethylenic linkage
must lie with its plane perpendicular to t at of the
cyclobutane ring. If the methyl group projects
downwards (relative to tme upward /S-hydrogen at
position then only fi-attack is pos Ible which will
lead (equation 1) to clovane-type cvclisation, whilst
if It projects upwards only<<-attack is possible

leading to caryolane-ty3© cycllsation (equation g).
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PART OftE

Ilie Synthesis of
5- ethylbicyclof3J3sll nonan-3-one-X-cerboxylio acid

and Attempts at Conversion to Slovene



THt;  ;YMI :TSTS OF 5- mETHYLBIOrCLO fcpifl fcUiV{t-3-Ot.S-
1-CARS0XYLIC ACID AfaD ATTESTS AT COKVSRSIQS 10
CIL,0VSivS.
Theoretical

( ormulae flowsheets for this section on p* 53),

At the outset of this synthetic approach to
clovene (VT) It was decided to construct a suitably
substituted bioycio (3:3:1] nonane system as this
entity Is 'regent in the arbitrarily designated rings
A and S of clovene* It was felt that the most useful
intermediate fitting our requirements would toe
S-methylbicyclo[3:3:1] nonen-3-one-l-carboxylic acid
(XXX 15 RxH). This key intermediate would provide
rings A and B In the correct stereochemical form with
the bridge-head methyl group correctly placed* It
wag homed that the carboxyl group at the other bridge-
head position could be extended to give a suitably
activated side-chaln which by eye Ligation on to the
activated methylene group, adjacent to the carbonyl
group, would afford ring 0 of clovene*

As very few compounds in the blcyclo [3:3:]] nonane
systems h«d been synthesised with different functional
groups at the two bridge-head positions (see literature
survey p*5%?-75), and as those which had been so prepared

were unsulted to our purpose”it was decided to devisea



new and flexible synthetic route to to© bicyclo[3*3!-Q~
nonane system®
FOR ATIOfl ofF RINO A

It was essential therefore to construct ajcyclo-
hexane compound suitably substituted 00 as to afford
(XXXII) on oyolleatlon, and the most favourable
compound from whlcn to start seemed to be 3**methyl-
cyclohexanone-3-acetic acid (xXXIIIj R«H), which had
been prepared by Farmer and Ross (22) in 1925*

Thus ethyl acrylate underwent a Michael reaction
with ethyl acetoacetste In the presence of sodium
©t loxide (23,24) affording ethyl 3-carbethoxy-3-aceto-
butyrate (XXXIV) which on hydrolysis with dilute
sulphuric acid gave, in 55;- yield, 3-acetobutyric acid
(XXXV1 R*H) also obtainable from the barium hydroxide
cleavage of dihydroresorcinol (XXXVI) (25,26)* Th©
corresponding ethyl ester (XXXVj] R*Et) underwent the
Cktareachi reaction (22) with ethyl cyanoacetate in
saturated ammonlacal ethanol solution affording the
dicyanoimlde (XXXVII) in poor yield* Hydrolysis
with concentrated sulphuric acid afforded 2-methyl-
plmello-2-acetlc acid (XXXVIIIl B«H). Dieckmann
cyolisation of the triethyl ester (XXXVIIIj B-Et) with
sodium hydride in ether (27) afforded in high yield a

p-keto-ester which on mild acid hydrolysis (27) furnished



the desired keto-ecid (XXXIIII B«H). A yield of 20/ in
the first stage of the Ouareschl reaction could not be
Improved upon even after considered!© modifications (28)
in the reaction conditions. This approach was therefore
abandoned as a practical route. Farmer and Boss (22)
described the synthesis of 3-methyleyclohexanone-3~&cetic
acid (XXXIII; B«H) by the Michael addition of diethyl
melonste to 3-methylcyelohex~2-enone (XXXXX) in the
presence of sodium ethoxide at room temperature, followed
by prolonged hydrolysis of the intermediate (XLI) with
ethanolic hydrochloric acid.

ootnote: Farmer and Boss suggested teat the first step
was a normal ichael addition affording the keto-diester
(XLII) which then cycllsed to a bridged/3-keto-ester (XLIII)

' then underwent a reverse Dieckmann reaction to furnish

an
(XLI) as the only isolatable product. Johnson and his co-
workers (29) have rationalised the reaction mechanism in a
different manner following their studies on the iehael
addition of ethyl cyanoacetate to 3-“ethylcyclohex-2-enone
(XXXIX). They proposed that the first step was an abnormal
Icheel reaction affording the keto-diester (XL) which then
underwent ethanolysis affording the open-chsin triester
(XXXVI?I; R*Et)e This then cycllsed in a known manner (22)
to (XLI). If the reaction was carried out in boiling

ethanol the triester (XXXVIII) Rs£t) was tae only

isolateble product.



Ethyl aeetoacetate and formaldehyde were condensed
In the presence of piperidine to the keto-dlester (XLIV)
which on acid hydrolysis afforded 3-mOthylcycloh©x-2-
©none (XXXIX) (30,31). A modification of the method of
Farmer and Rose (22) was employed for the condensation of
diethyl malonate with (XXXIX) and the keto-acid
(XXXITI; R*H) obtained on hydrolysis of the intermediate
(XLI) readily crystallised as colourless prisms m*p.51-53°
(lit. (22) m.p. 37°).

“hen the keto-aoid (XXXIII; Rail) was esterifled
under Fischer-.>peler conditions the corresponding ethyl
ester (XXXIII; R*Et) was obtained in only 40" yield
together with an equivalent amount of a high-boiling
by-product. Eateriflostion with diazomethane (32)»
however, afforded the desired keto-ester (XXXIII; TH e)
In high yield as a colourless oil. The product
exhibited infra-red absorption (33) at 1730 cm7”
(carbornethoxyl) ar*d 1710 cmT3 (cyclohexanone).

POP ""ATTON QF Rlhh B

It was hooed to construct, from either the keto-ester
(XXXIII; F» e) or 3-m©Othylcyclohex-2-enone (XXXIX), a
compound of the general structure (XLV), symmetrically
substituted at such that on Dieckm&nn cyclisatlon the
bicyclo[3*3:33 nonane system (XLVX) would be the only

bicyclic material formed. If, however, Is



unsymmetrlcally substituted then the possibility of
stereoisomers exists with the C3 position, such that on
cyollsatlon two bicyclic systems will be afforded

(see later).

3- ethylcyclohex-2-enone (XXXIX) underwent a facile
noevenagel reaction (34) with malononltrile affording
the highly crystalline conjugated dienedinitrile (XLVII).
It was hoped to t diethyl malonate could be Induced to
add 1*6 aero’s this system to furnish the mono-unsaturated
dinitrile-diester (XLVIII), which should still be capable
of undergoing a further Michael reaction with diethyl
malonate affording a compound readily capable of
conversion to the general structure (XLV). That (XLVIII)
was formed was shown by the ultra-violet maximum of the
product at 3 4 but no satisfactory method of
purification for the crude reaction product could be
developed.

A wuareschl reaction (28) of ethyl eyanoacetate on
the keto-ester (XXXI!I; Rs e) in saturated ammoniacal
ethanol solution was attempted. The reaction, 1if 1t
had gone, would have furnished the general structure
(XLV) directly, but cyanoacetamlde proved to be the
only isolatoble crystalline material, the residue being
an unworkable oil.

Kthyl eyanoacetate reaction with the keto-ester

(XXXIII; R»Me) under noevenagel conditions (34) in



low yield, the product being, assigned structure (XLIX)
on the basis of the Itra-vlolet maximum at 236 #x*

The elaboration of the carbonyl group in the
keto-ester (XXXIIIj Rs e) was successfully achieved in
high yield by reaction with pure malononltrile under
rnoevenagel conditions (35). Structure (L),
containing a highly polarised oleflnic double bond,
was ascribed to the molecule on the oas s of the ultra-
violet maximum at 239 mjx (£ 13»500) and the infra-red
absorption bands at 2200 cmr® (conjugated nltrile) and
1597 cm*] (conjugated double bond)*

o now desired to effect a Michael addition (36)
to this compound, such that the general structure (XLV)
would be readily obtainable from tne Intermediate* It
was found that diethyl malonate probably did add 1%*4
across the activated double bond of (L) in low yield,
but the product readily decomposed on fractionation*
Ur?ing cyolohexylldenemalononltrile (LXi HsCN) as a
reference compound, it was found that the Heformatsky
comolex of ethyl bromoecetate could be Induced to add in
low yield across the activated double bond* As there
was also great difficulty in separating the product from
the reagents, this reaction was not applied to the
dlnltrile-eater (L)*

It was then decided to attempt addition of hydrogen



cyanide ac owe the oubl©O bond, wft*eh unfortunately
might lead to the possibility of formation of stereo-
isomers* .As, however, It was still probable thst a
b'cyclo [313*]] nonane system might be furnished on
subsequent cyollsation, it was decided to pursue this
approach*

McRae and "“apworth (37.30) in 1922 reported that
hydrogen cyanide could be added across the olefinlc
double bond of the cyano-ester (LI; RmCC”bt) affording,
after ae*d hydrolysis of the crude dinitrile-ester,
l-carboxycyclobexane-l-aaetlc acid (LII) in good overall
yield. Applying their conditions of potassium cyanide
In aqueous ethanol (37) to (L) we found that the desired
trinitrile (LIII) could be isolated in, at best, 23/
yield and tn”t the reaction was not reproducible,
employing a solution of sodium cyanide in dimethyl-
forrtamide, however, and with careful isolation
techniques, we were aule to isolate the trinitrile (LIII)
as a mixture of crystalline stereoisomers in 66a yield,
with good recovery f starting material which could be
re-cycled. It was found that the two trinitrile
stereoisomers so formed could not be separated by
fractional crystallisation. Careful chromatography
on silica or on activated charcoal, combined with

crystallisation, also effected no separation; whilst



the alkaline nature of alumina effected|S-elimination
of hydrogen cyanide furnishing substantial amounts
of (L). satisfactory separation of one of the
stereoisomers, later shown to b© (LTV) by conversion
to 5S-methylbicyclo [3 *3 *I] nonan-3-one-l-carbaxylic
?icid (XXXII1 RsH), was achieved by repeated
crystallisation from aqueous methanol. As the
separation of trie stereoisomers wra so tedious, it
was decided t; proceed with the mixture and e'fect
separation at a later stage*

'n attempt was made to cyclise the trinitrile
(LIIT) in e Dieckmann reaction as i1t was expected that
under mild conditions the anion-0©(Cis)g would be formed
exclusively and might react with the ester grouping
to afford the keto-trinitrile (LV). This compound
would then possess reactive groupings suitably placed
in the lcyclo (3*3*1] nonene system for the construction
of the remaining cyclopentene ring G of clovene. hot
unexpectedly, owever, the Intermediate anion readily
lost cyanide ion from the |3-position with formation
of substantial amounts of (L) in preference to cyciiaation

similarly an attempt was made to effect a Michael
addition of the trinitrile (LIII) under mild bade
conditions with methyl "*-dimethylacrylate* If

condensation h-d resulted, the product (LV ) would have



readily been capable of convernsion by acid hydrolysis,
esterlflcation end Diecksiann eyell setion to a
blcyclo[3*3*1] nonane dlacid (LVII) suitably substituted
for eycllsation to ring C of clovene* As In the above
experiment however, mild base effected preferential
removal of cyanide lon from the ”“-position and no
ichael addition ensued*

The trinitrile (LIII) when vigorously refluxed
with fuming hydrochloric acid (37) was smoothly converted
to the crystalline tricarboxylic sold (LVIII; R*H) which
with diazomethane (32) afforded the trimethyl ester
(LVIII; R» e)

footnote* sublimation of the triacid (LVIII; R«X)
afforded a highly crystalline anhydride-monoacid as a
mixture of Inseparable stereoisomers assigned structure
(LX) on tne basis of infra-red absorption (33), at
1853 end 1773 cm*1 (substituted succinic anhydride)*
The fore-run of the distillation of the trlester
(LVIII; F«.e) contained considerable amounts of complex
amido-esters which could not be separated by repeated
fractionation. These amido-esters probably arise
through Incomplete hydrolysis of the trinitrile (LIXI)
and account for the low conversion (56a) of the

trinitrile (LIII) to the triester (LVIII; R*M@).



~
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An attempt to cycllae the trlester (LVIIXj R« e)
by a Dleckmsnn reaction failed when the mild conditionl
of sodium hydride in methanolic ether was employed (27,39)
however a conversion to the blcyelic system in high
yield was ossible when potassium £-butoxide (47,41)
was used and reaction carried out under high dilution
conditions# The resulting complex mixture of
N-ketoesters on hydrolysis with dilute hydrochloric acid
afforded a mixture of blcycloketo-acide (XXXII; H»H)
and (LIX; K»H) of which only the former with the
desired blcyclo[3*3*]] nonane system could be obtained
crystalline#**
footnote: That no trlester (LVIII} K»ie) remained
after the Dieckmann reaction was s own by the lack of
absorption at 1330, 1362 and 1345 coitl, characteristic
of the infra-red spectrum of tne triester (LVIII; B*ie),
in the product# Again, analysis of the vapour phase
chromatogram of the ester mixture resulting from the |,
diazomethane treatment of the crude keto-aclds showed
only two compounds to be resent viz#.(XXXII; RmMe) and
(LIXj FrMO). it was noted that during the distillation
of the. complex fj-ketoester mixture afforded by tae
Dieckmann reaction the later fractions contained
progressively greater amounts of material with infra-red

absorption (33) at 1831 and 1732 coi?l (substituted

succinic anhydride)# nitlally this ?as thought to be



due to the presence of the methyl ester of (LX) but

from the above evidence the impurity has been assigned
stricture (LXI1), which is probably formed by the action
of traces of hydrochloric acid on theji-keto-ester (LXIX)
at high temperatures# The anhydride could never be
obtained pure nor could it be formed in greater yield

by distillation of the(*>-ecta-eeter mixture from

g-ptoluenesul ohonic acid#

.vhen the unsaturated dinitrile (L) is written as
(LXTTT) It is seen that addition of cyanide lon may take
place in two ways thus affording two stereoisomers®*  The
less hindered, equatorial approach of cyanide ion
affords the ion (LXIV) in which there must be a large
1*3 dlaxial non-bonded interaction between the methyl and
the bulky -%(CxOg group# If however the cyanide Ion
a"proaches in the more hindered axial fashion the
resulting ion (LXV) (having the bulky -CilgiCOgMe and
-i?CM)g groupings orientatedequatorially) will have
the smaller methyl and cyanide groups diaxial and should
thus be more stable than the ion (LXXV)# This latter
statement could also be interpreted by assuming the less
hindered equatorial attack of cyanide ion to the

conjugated dinitrile (L) in the less stable conformation

LXVI with the bulky ~CHg*CQgir.e group axial)* This
( ) y g*CQgir.e group



would afford t e less favourable conformation (LXVXI)
of the ion which would be readily transposed to (LXVj#
Therefore, i1f the reaction Is thermodynamicaliy
controlled, on orotonetion there should be a greater
preponderance of (hIV) over (LXVIXI)# Though this
could not bO roved with the trinitrilea as separation
of the stereoisomers could not be effected, it was
later shown to be correct because of the greater proportion
Of the keto-soid (XXXIIlI R*sl) vtlh the blcyclo[313s -
nonene system to the keto-acid (LIX; E«i)# The only
pure trinitrile isomer (m#p# 12 *5-122°) Isolated was
shown to be (LIV) by direct conversion to the semi-
carbazone of the keto-ester (XXXII3 B«*sa©) In good yield*
The triester (LXIX), furniahed by the isomer
(LTV7I1), must afford on Jleckraann reaction the feeto-
diester (LXX) which on acid hydrolysIs afforded
S-methylblcyclo [3*2*1) octan-7-'Orie-l-ecetic acid (LIXj B*H),
shown to be one of the components of the k to-acid
m'xture* The trinitrile (LIV) afforded the triester
(LXXI) which for cycliaation nust adopt conformation
(LXXI ) in which both bulky substituents are In
energetically unfavourable axial positions, which may
aocount for the strongly activating conditions required
for the Dieokmann reaction# A mixture of "-keto-esters

(LXII; and (LXXIIl) was probably formed, each of which



27.

on acid hydrolysis furnished 5-methylbicyclo *
nonan-3-one-l-carboxylic acid (XXXIX; K*H), which on
the basis of Infra-red data was shown to be the
cryst.alvlilne*keto-acld iso,lated* i

T.rituration (;ft e keto-acid nylixtures gave
( XXII; Kri) aa the only crystalline fora? in 36+5/- yield,
the residue being an approximately 1*1 mixture of
keto-aoide (XXXII; R*H) and (LXX; R*H), as shown fey
close examination of the infra-red spectrum and vapour
phase chromatogram of the corresponding keto-ester
ixture (v 5 X- e) and (LXX; R* e)** It w s not
possible to separate the keto-aeids y chromatography
on silica as tie mixture was eluted with 5§ n-butanol
In benzene* The corres ending eetere {XXXII; B* e) and
(LTi; r e), trio <gh not separable by distillation were
partially separated by chromatography on silica, the
blcyclo [3 *C»33 octsnone-acetic ester (UX; R*;e) being
eluted first* rom the proportion of keto-acids formed
it 1s seen that the ratio of the i1one (1XV)I(LXIV) Is
roughly 2sl1 at equilibrium*

olff- ishner reduction (42) of the keto-acid
(XXXT? 5 -»h) smoothly afforded the parent acid,
S-methylbieyclo [353*]] nonane-l-carboxylic acid (LXXIV).

dirlLQotnotes Reaction of the pure k©to-acid (XXXII1 R»H)



with oxalyl chloride in benzene (43) afforded the
corresponding liquid acid caloride (LXXV) In high yield*
hen a sample of acid chloride, Cobteined from slightly
impure keto-acid (m*p* 1Q3-1120) conta in©ted with some
of the bicyclo-octanone acid (*X; !e».-,)], was treated
with ethyl j*~-butyl malonate, condensetion ensued (see
later)* The fore-run from the distillation of the
condensation roduct on standing overnight afforded
crystalline arterial which was assigned the pseudo acid
chloride structure (LXXVI) on the brsis of the Infra-red
absorption at 1811 cm*1 (44)- This was further confirmed
by the di> covery that sodium methoxide effected

quantitative conversion to the keto-ester (LIX; R» e).

FOPXAI'IOfr OF Bim C

In the elaboration of the third ring C of clovene
we attempted first to extend the carboxyl function, but
to avoid ambiguity we decided to protect the carbonyl
function of the keto-ester (XXXII; K*ie) as a ketal*
inexpcctedly no reaction occurred with ethylene glycol
(45,46) or with ethyl orthcformate (47) and even under
the forcing conditions of exchange dloxolanatlon (4%)
with the ketal of methyl ethyl ketone end an acid

catalyst no ketal formation resulted* The lack of



reactivity of the carbonyl function was also noted when
a £i4-dInltroohenylhydrazone could not be prepared,
although a gem?carbazone was forced with the less bulky
gemicarh”zlde acetate reagent# Again the keto-ester
(XXXIIj R- e) wag unaffected by sodium borohydrlde in
dr™* methanol at Oo, though an oily hydroxy-ester resulted
fror reduction with sodium borohydrlde in aqueous
methanol at room temperature*at

Footnote» The unresctlve nature of the carbonyl
function can probably be explained on steric grounds*
Attack of a nuoleoohile (X®) on the carbonyl group

must change the trigonal C3 atom in (XXXIX! R* e) to

the tetrahedral disposition in which the axial CyO®
function would experience large steric repulsion from the two
axially substituted methylene groups and CQ of ring A

(see LXXVIT).

As the carbonyl function wag so reluctant to
ketalise, it was decided to attempt to elaborate the
carboxyl function without prior protection of the
carbonyl group*

any attempts were mad© fto convert the keto-acid
(XXXII; Pal) to the enedlone (LXXVIXX) as it was thought

that this latter compound should undergo a facile Michael



reactlon to furnish a dlone (LXXIX) which should readily
afford clovene (VI)* The obvious convernsion of the
keto-aoid to the enedion© (LXXVIII) appeared to be by
way of Friedel-Crafts reaction (49) between the acid
chloride (LXXV) and isobutene(50)* This would

afford e -chiorok©ton© (LXXX) which would readily
dehydrochlorinate to the enedione* When the reaction
was carried out In cold methylene chloride or ethanol-free
chloroform solution with powdered aluminium cnloride ss
catalyst no condensation took plac* Condensation of
the keto-acid (XXXII5 B*h) with isobutene in methylene
chloride solution under the catalytic effect of
trifluoraeetic anhydride (51) also failed t afford more
than a trace of neutral material*

As the yields of enedione (LXXVIII) In these
experiments were negligible, the scid chloride (LXXV)
was condensed with diazoisobutane (52,53) affording the
dlazoketone (LXXXI)* This should be readily converted
to the oC-chlorotetone (LXXXII) (54) which on dehydro-
ohlorination would furnish the enedione (LXXVIII). The
diazoketone, which formed In low yield, was stable in
ethereal solution but appeared to decompose when the
solvent was removed and thus was never obtained pure*

The crude product was treated with dry hydrochloric acid



gas (54) to give theoC-chloroketon© (LXXXII) which wae
separated from the keto-acid (xxxilj R»H} by washing
the product with sodium bicarbonate solution* The
o”-chloroketone was dehydrohalogenated by treatment with
collidine (55) but the infra-red spectrum of the
product exhibited only weak conjugated carbonyl
absorption, resembling the spectrum of the keto-ester
(XXX"T; R* ©)e The product however exhibited ultra-
violet maximum at 240 ~(6°,400) equivalent to 203
enedione (LXXVIII) character in the final product or
approximately 6, from the acid chloride (LXXV)*
Condensation of the acid chloride (LXXV) with
diazorethane (32,53) afforded the crystalline diazo-
ketone (LXXXIII) albeit in low yield* tven after
treatment with a large excess of diazomethane over a
long period of time, the recovery of unchanged acid
chloride was high#* The diazoketone, on treatment with
55/~ hydroio ic acid (55), was quantitatively converted
to the dione (LXXXIV) which gave a positive iodoform
test (55) and afforded a bls-2*f-dinitropnenylhydrazone (57i
The next approach to the direct synthesis of the
enedione (LXXVIII) was to be a condensation between
lithium Isobutenyl and the lithium salt of the keto-acid

(XXXII; Rsl) following a method developed by Braude and



Coles (58,59)* Isobutenyl chloride (60) could only
be prepared In very low yield by the dehydrochlorinstion
of isobutylidene dichloride afforded by the action of
phosnhums pentachloride on isobutyroldehyde (60)*
Contrary to raude and Poles (60) there was no evidence
for formation of lithium isobutenyl when isobutenyl
chloride was reacted with freshly cut lithium metal
under strictly anhydrous conditions; thus no attern, t
was made st a condensation vith the lithium salt of
the keto-acid (XXXITs R«H).

Following a method devised by Percival, agner
and Cook (61) for selective action of a Grignard
reagent (62) with a carboxylic acid chloride at -65°
in the r”sence of catalytic amounts of ferric chloride,
we desired to effect condensation between the acid
chloride (LXXV) and* methallyl magnesium chloride (63)%*
The Initial oroduet would bO the unconjugated enedione *
(LXXXV) which would be equilibrated In basic solution
to the conjugated enedione (LXXVIII)*

here appeared to be little reaction, the product
consisting mainly of a mixture of unrcacted acid chloride
and leto-acid (XXXII; R*H)« The neutral fraction on
hydrolysis with dilute sulphuric acid afforded mainly the

keto-acid (XXXIIj R*H) together with small amounts of



neutral material, the nature of which was determined
from the infra-red spectrum of the product. It was
found to be a mixture of dimethallyl (63)# formed by
interaction of two molecules of the Grignard reagent,
and toe dione (LXXXIV) produced by acid-catalysed
e-uilibration of the enedione (LXXXV) to the enedione
(LXXVIII) which then underwent retro-aldol fission.

The enedione (LXXVIIT) was eventually synthesised
directly from the acid chloride (LXXV) in acceptable
yields but in a slightly impure state. The synthetic
pathway followed closely the route we had attempted
initially, namely thr direct condensation of the acid
chloride w?th isobutene in a Frl©del-Crafts reaction
catalysed by a Lewis acid* Previously It had been
shown that with aluminium chloride the yield of enedione
had been so poor as to be unacceptable ss a synthetic
route® ith stannic chloride (64,65) however the reaction
was effected in far better yield, at least aa far as
disappearance of acid chloride from reaction mixture was
concerned*

Theeondensstlon was effected in a methylene chloride
solution at -5° of a large excess of liquid isobutene
with catalytic amounts of stannic chloride* hen the

reaction was worked up, generally after two days, about



30, of unreacted acid chloride re alnecU If the crude
product however was dissolved In methylene Ghlorlde and
treated with Isobutene and stannic chloride for a further
two days, then, on work up, only traces of acid chloride
were manifest® It would e pear toat the Isobutene may
be removed from the reaction mixture In two wsyei one,
In © F'rledel-Crafts reaction with the acid chloride
(LXXV) affording thejS-chloro:©tone (lxxx), the other

in a owls-acid catalysed polymerisation to a complex
mixture of ooly-isooutenes* The polymeric mixture could
be se arated from non-paraffinic material by partition
between petroleum and aqueous methanol, but a more
efficient method was by filtering © light petroleum
solution of the crude product through a short column

of alumina (Grade I). This also served to dehydro-
chlorinate the Intermediate”-chioroketone (LXXX) to

the enedione (LXXVIII) which was eluted with ether#
Extended elution with ether never accounted for more
than '0; of acid chloride, yet if the earn© column was
eluted with chloroform three days later, small but
significant amounts of the dlone (LXXXIV) were furnished*
It would appear that the enedione (LXXVIII) adheres

strongly to the alumina which is sufficiently besic to j



effect a rOtro-??ldol reaction. It is noteworthy that
the intersdiate/5-chloroketone (LXXX) does not
dehydrochlorinete when shaken with a cold saturated
sodium carbonate solution or when filtered through
alumina (Grade III), and only to e small extent when
distilled*

The crude enedione, obtained In 70/ yield
exhibited infra-red absorption at 1710 omTl (Gyclohexanone),
1685 cm.l1 (conjugated ketone), 162- cm.l (olefin) with
only e weak band at 1790 cmil (acid chloride) and a
strong band at 1740 omri* The presence of a
(3*{3-disubstituted @if£-uneaturat@a carbonyl system was
characterised by the ultra-violet maximum at 241
though the § value was only 4000-5000% It was thus
apparent tkt the impurity In the enedione, characterised
by the band at 1740 cm.l, was transparent in the ultra-
violet, and from the relative Intensities of the bands
at 174 cm.l and at, 1885 cm.rl (conjugated ketone) with
respect to the cyclohexanone band at 1710 cm?! it was
apparent that the 1740 cm*] band was associated with
some function of the carboxyl group.

An Immediate explanation of the nature of the
Impurity was not obvious but two possibilities were

proposed. The first ascribed the 174G om™*l band to a



cyclopentenone moiety in the tricyclic dione (LXXIX)
which molecule could conceivably arise through a
Lewis-acid catalysed oyelisation of they®-chloroketone
(LXCX). The second attributed the 1740 om7L band to

an eater grouping in the keto-ester (X.XXIIs RwBu”) which
should readily be afforded by a Lewis-acid catalysed
ester!f* Gallon of the keto-acid (XXXII; R*H) with
isobutene. Though initially the reaction mixture was
strictly anhydrous It was thought that sufficient moisture
for hydrolysis of a portion of the acid chloride (LXXV)
to the keto-acid (XXXIIj B«*H) could be Incorporated on
addition of the extremely hygroscopic stannic chloride.

From analytical data on slightly impure enedione,
it was always found that the carbon analysis was low,
which would not be consistent with the presence of the
isomeric tr*cyclic dione (LXXIX). however assuming the
keto-ester (XXXII; to be the impurity, the
analytical figures are satisfactorily explained.

The purification of the enedione was an extremely
tedious task necessitating careful chromatography on
silica; chromatography on alumina or distillation
effecting no separation f the impurity from the enedione.
Glut!on with benzene of the crude enedione on silica

afforded small amounts of a simple ester, probably arising



from traces of oxalyl colorld© In the acid chloride
(LXXV) or from impurities in the methylene chloride*
klutlon with 1/ ether in benzene afforded traces of
acid chloride (LXXV) together wltn a complex mixture
wit infra-red absorption at 1740 cm.l, 1710 cm**
(cyclohexanone) and 1650 cm!l, the intensity of the
165 emll band decreasing and the intensity of

174 cm.1 band Increasing with respect to 1710 cm!l
band on continued elution. Burther elution with 1/
ether in benzene furnished the enedione (LXXVIII)
contaminated with the keto-ester (XXXII; K*iut).
Llution with 2, ether in benzene immediately afforded
the enedione containing progressively less of the
keto-ester impurity. Careful rechromatography

on silica furnished the enedione ©till containing the
keto-ester impurity, but in lower proportion than in
the crude product. Careful fractionation now afforded
the enedione (LXXVIII), in pure form, as the lower
boiling component ?f the mixture, with ultra-violet
maximum at 24! nyx(£12,8GO). The higher boiling
fraction contained a mixture of the enedione and the
keto-ester (XXXIIj R«3ut). The letter was never
isolated in a pure state either by rep* ated chromatography

and/or fractionation.



As It required a long time to develop successful
purification techniques for the enedione, most of the
attempts to cycllae the enedione were performed on
partially purified material containing significant
amounts of the keto-ester impurity.

hen the crude/5-chloroketone was gently refluxed
with 7*5/ hydrochloric acid (a), quantitative conversion
to the crude erodione resulted. If the resulting
enedione wrs gently refluxed with 6N sulphuric acid (b)
however, retro-aldol cleavage ensued affording the dione
(LXXXIV), together with the keto-acid (XXXII; R«H) from
hydrolysis of the keto-ester impurity (XXXII; R»3u”).
It was thought that acidic reagents should catalyse the
Internal ichael reaction of the enedione (LXXVIII) to
the tr cyclic dione (LXXIX) hut as shown above, aqueous
acid led to preferential retro-aldol fission. Then
anhydrous acidic cond tions were employed, namely
napthalene-2-sulphonic acid (c¢) (65) In refluxing
benzene solution, the enedione was recovered unchanged
though the intensity of the 174Gem.1 band in the
Infra-red spectrum of the product had decreased with
concomitant product of the keto-acid (XXXIIj R*H)e
This may be ascribed to a slow thermal decompoait ion
of the t-butyl group In the keto-ester (XXXII; R»Bu*)

catalysed by the sulphonic acid (67).



As the Michael reaction (36) Is supposedly an
exothermic reaction it was thought that a Lewis-acid
might catalyse the cveil sation if the reaction were
carried out at room temperature over a period of days*
However the crude enedione was recovered completely
unchanged when so treated with either anhydrous stannic
chloride (d) or with boron trifluoride (e) in glacial
acetic acid*

mollowing a method employed by noo&ward. and his
co-worrers (68) for the Internal ichael cyclisatlon
of (3-s”ntonln to meta-s*ntonle acid (69), the crude
enedione was gently refluxed with aqueous methanollc
potassium hydroxide (f)* The acidic fraction of
the product was shown to be toe eto-acld (XXXII5S E*H)
formed by saooniflcation of the r to-ester Impurity
(XXXII; Rsriut)* The neutral fraction was composed of
traces of unreacted enedione and mto-ester (XXXIIj RwBu¥)
with the dione (LXXXIV), furnished by retro-aldol
fission, as the main component* Prolonged treatment
of the crude enedione with s dium methoxide (g) (70)
in refluxing methanol slowly afforded the e to-acid
(XXXII; R*!1) and the dlon© (LXXXIV), and the same
mixture was furnished by refluxing a methanollc
solution of the crude enedione with i\-benzyl trimethyl

ammonium methoxide (h) (71)# when the crude enedione



was refluxed with potassium acetate (1) in glacial
acetic acid no reaction occurred, the material being
recovered unchanged*

It was thought that one reason for non-eyclisation
of the enedione might be that an anion was not being
formed adjacent to the cyclohexanone group, thus
necessitating a stronger base* when sodaraide (j) (?2)
In refluxing benzene solution was employed, ammonia
was evolved as would be expected if the anion were
formed, but the product a peared to be a complex
mixture comprising the ceto-aold (XXXII] K-B),
unchanged enedione and possibly the corresponding
A-amlnoketone of the enedione (LXXVII)*

Again as the Michael reaction is reputed to be
exothermic (36) it was thought that the catalytic
effect of a strong base in non-aqueous solution over
a long oeriod of time at low temperature might effect
the desired eyclisatlon of the enedione* However the
crude enedione was recovered completely unchanged when
so treated ith a large excess of potassium "-butoxid©
(<) (73) in cold xylene, similar results being obtained
with sodium Jt-amylate (1) (74) in cold benzene* With

sodium t-amylate (m) in refluxing amyl alcohol, however,



the infra-red spectmm of the product showed decreased
intensity of the bands at 1685 cmT” and 1620 ©Om*"
attributed to the conjugated tetone* Careful
chromatography of the product on alumina did not afford
any how”eneous fractions, the infra-red spectra of the
fractions showing complex decomposition to have taken
olaoe* As a last resoft a fpush-pulln reaction (75)
was attempted, pyridine (n) (75) being used to remove
a oroton from the methylene group adjacent to the
eyclohexanone in the enedione (LXXVIl) and *-toluene-
sulphonyl chloride (n) (75) to "pull" or polarise the
conjugated carbonyl group towards the oxygen with
Production of a nrrtial positive charge at th©"-position
Not unexpectedly the enedione was reoovered unchanged
from this treatment*

In th© above series of experiments no evidence was
ever obtained for the production of the tricyclic dione
(LXXIX) from the blcycllec enedione (LXXVIII). It 1is
readily seen that the conjugated ketone function is
necessarily planar with free rotation about the single
bond of the 0«C-C*molety only. In the closest approach
of the”-position of the enone, necessary for bonding,
to the C2 methylene group otto the cyelohexanone carbonyl

the bulky methyl group attached to the”3-position of the



©none is extremely close to the methylene group*

From studies of molecular models it can be seen that
this non-bonded steric repulsion is sufficient to
retain the”-position of the enone outwlth bonding
distance* Tn the intermediate yS-chloroketone (LXXX)
however, the bonds attached t the”-carbon atom are
tetrahedrally disposed which means that, in the
closest approach of t ie firv>osition to the "ethylene
group, the bulky (i -methyl group® can take up stericaily
more favourable positions staggered with respect to
the Ci-Cg-C”* olane* Thus in tiiey”-chloroketone

there appears to be a greater ciance of cycllsation
taking lace, which was our reason for suggesting that
the by-product in the preparation of the enedione with
the Infra-red band at 1740 omPT" could conceivably be
the tricyclic dlone (LXXIX)* Again, if the tricyclic
dione were attacked by hydroxide ion (or equivalent)
at the cvclopentanone carbonyl with concomitant retro-
aldol fission (LXXXVT) a mechanism exists whereby the
production of tie keto-acld (XXXII; R«i) from the
crude enedione can be explained without recourse to
assuming the presence of m eater® From the accumulated
evidence however It seems moat unlikely that this 1ia

the correct explanation*



One further explanation of the impracticability
of converting the enedione to the tricyclic dione
lies In the reversible nature of the Michael reaction,
the ©auillbrium lying mainly towards the blcyclle
enedione form rather than the closed tricyclic form#
From the wide range of reagents, temperature and
length of reaction time however used In the attempted
oycl metion of the enedione it seems unlikely that
this last explanation is valid#

It was thought tint the possibility of effecting
an internal cycllsatlon of the enedione (LXXVIII)
might be greatly increased If theof */3-unsaturated ketone
moiety could be polarised In an irreversible manner
towards the carbonyl group, so creating a large
election deficiency at the/3-carbon atom# Ith
this in view, we desired to selectively reduce the
enedione (LXXVIIl) to the ketol (LV); R«H) the
jn-toluenesulphonate of which should be highly polarised
in the desired fashion# Treatment of this keto-
tosylnte (LXXXVIX; Rsg~Xe# C$H"*SOg~) under basic
conditions should then afford a tricyclic ketone
(LXXXVIXI) readily convertible to clovene (VI)* (cf* the
facile conversion of the tosyl&te of 4-hydroxyeyclo-

hexanone to bicyclo [?slsO}h«x&n-2-one with potassium



j~-butoxlde In jt-butanol (77))*

hen the crude enedione (LXXVIIl) was treated
with an excess f sodium borohydride In aqueous
methanol at room temperature the desired selective
reduction of the enone did occur as indicated by the
infra-red soectrum of the product which showed a large
decrease in intensity of the bands at 1685 and 1620 cm?!
(enone) with retention of the strong band at 1710 cm*1
(eyclohexanone)e The infra-red spectrum of the
product was ”“Iso most Informative in that it indicated
that the Intensity of the band ©t 1740 ois.] was not
reduced during the course of reduction# This can be
ex lained only by it representing the ester frequency
in the keto-eater (XXXII; and not the cyclo-
pentanone carbonyl in the tricyclic dlone (LXXIX)*
If it were the latter, the cyciopentanone carbonyl
function, being subject to the earn©O sterle factors as
th<* carbonyl group in the enone of the enedione (LXXVIIl),
should be reduced with consequent reduction in intensity
of the band at 1740 cmri.

hen the crude ketol was subjected, to careful
chromatogrr hy on silica it was found that, after

removal of traces of enedione and acid chloride (LXXV)



with 1/ ether In benzene, the ketol (LXXVII) in
admixture with the keto-ester (XXXII; was

eluted with 5X ether in benzene* Further elution

with ether afforded a syrup, presumably resulting from
reduction of both carbonyl groups in the eneilone
(LXXVIIl) es the infra-red siectrura exhibited a broad
band at 3500 cm”l (hydroxyl) with only weak bands in
the carbonyl region* Sareful reduction of purer
enedione was thus required* Almost quantitative
production of the ketol (LXXXVII; R«H) was afforded if
the pure enedione was treated with only a slight excess
of sodium borohydride In dry methanol at 0°. During
purification of t *¢ ketol it was noted that, for effective
fractionation, pressures of not higher than 0*01 mm*
must be employed. At higher pressures, with consequently
higher distillation temperatures, it was found that

the ketol was partially dehydrated to the dleneone
(LXXXIX) as evidenced by the appearance of weak bands
at 1645 cmrl and 1605 cmrl (conjugated dlene) In the
infra-red soectrum (33)%* It is Interesting that under
th” acidic conditions of work-up, the ketol showed no
tendency to undergo an allyl alcohol rearrangement, the
gradient of the end-absorption in the ultra-violet

spectrum indicating a tri-substituted double bond (78,79)



elso evidenced by the feet that the ketol was
quantitatively converted to tae corresponding acetate
(LXXXVIX; RttCH*.CO) in the cold.

A fter a pyridine solution of the crude ketol
(LXXVTI; R*li) had been warmed with a slight excess of
f£-toluenesulohonyl chloride for 2 hours, the infra-red
spectrum of the product indicated slow disappearance of the
hydroxyl band (3500 cm.l) with concomitant appearance
of bands at 16 0, 1291 and 1275 cm.l attributed to the
keto-tosylate (LXXXVTI; Bsjj-CH”".agH*.LOg). Further
treatment wlth g-toluenesulphonyl chloride at room
temperature for 18 hours resulted in complete reaction
of the hydroxyl function. It was later shown that, during
the initial warmed reaction, the keto-tosylate first
formed, «lowly thermally decomposed to the dleneone
(LXXXTX), brcauee the proportion of dienone did not
increase with further conversion of e tol to keto-tosylete
in the cold. khen the product was chromatographed on
alumina, benzene eluted the bulk of the material as
mainly the keto-tosylate (LCXXVII; 102)
containing 364 dleneone (LXXXIX) character from the
ultra-violet maximum at 230 hj/u.(£':,500). Further
elution with ether afforded a mixture of th© keto-tosylate,

eto-ester (XXXII; RwBu'k) (through Incomplete purification



of the ketol (LXXXVII; B«H)) and 19# dlenone (LXXXIX),
from the ultra-violet maximum at 230 myu.(£4,500)* As,
at the time of preparation of the keto-tosylate, the
presence of the dlenone (LXXXIX) was not fully
recognised; the crude keto-tosylate was treated

with sodium J*-amylate in refluxing t-emyl alcohol in
the hope of effecting eyclisatlon to the tricyclic
ketone (L1). Chromatography of the product on alumina
afforded the dlenone (LXXXIX) as a sweet-smelling
volatile oil, as the principal component of the
benzene eluate. Further elution with ether afforded
a thick oil which was shown to be a complex mixture of
at least keto-ester (XXXII; R*But)f dlenone (LXXXIX)
and hydroxyl!c material, from the infra-red spectrum.

A pyridine solution of the ketol (LXXXVIX; R*d) was
treated with o”romobenzenesulphonyl chloride (80) as it
was thought that the resulting 2,-bromobenzenesulphonste
would be more crystalline and more reactive (81) than the
corresponding o-toluenesulphonate. 'hen the reaction
was carried out in the cold, the ketol was recovered
unchanged together with © small amount of crystalline
material (m.p. 163-172°)e As the infra-red spectrum
of the product exhibited only aromatic absorption, It

was assigned the £-bromobenzenesulphonic anhydride structure



when the reaction mixture was warded on a steam bath
for 2 hours, however, reaction did occur* The product
was chromatographed on alumina and elution with benzene
afforded the dienone (LXXXIX) as a volatile sweet-
smelling oil in 73/ yield* The product exhibited
infra-red absorption at 1710 cm*1 (Gyclohenanone),
3050, 1645, 1610, 973 and388 om?l (disubstituted
conjugated trans diene) with ultra-violet maximum at
230 myt(623,900) characteristic of a disubstituted
conjugated trans diene* Further elution with ether
afforded the keto-broeylnte (LXXXVII; Rs*-Br.O"H”""SOg)
as small amounts of a non-crystalllsable glass which
exhibited infra-red absorption at 1711 cm*] (cyclohexanone)
3100, 1620 and 1580 cm?! (aromatic bands of £-bramo-
bensenesulphonate)e

The ketol (LXXXVII; R«H) was readily acetylated in
the cold with acetic anhydride in oyrldine, without
concomitant formation of dlenone (LXXXIX)e The product
exhibited infra-red absorption at 1710 cm*]l (cyclohexanone)
1740 and 1240 cm.l (acetate) with end-absorption in the
ultra-violet characteristic of a trisubstituted olefinic

double bond (78,79)%*



As the original intention of synthesising cloven© (VI)
directly from the keto-aoid. (XXXIIj R«H) and a four-carbon
unit had met with very limited success it was thought
that a two-stage process might be more racticable*

Thus we constructed the dione-ester (XC) containing
a reactive methylene group which we hoped would condense
in a Knoevenagel reaction with acetone affording an
intermediate dione-ester (XCI), which would be readily
converted to the desired dlone (LXXIX) containing the
fifteen carbon atons of the cloven© skeleton correctly
placed#

The acid chloride (LXXV) condensed with ethyl
eodio-acetoacetate (>2) affording in moderate Jtield the
dione-diester (XCII; R*Me), which was unstable to heat
and could not be selectively hydrolysed and decarboxylated
to the dione-ester (XG) (33), nor converted to the
trlone (XCII)#

The dione-ester (XC) was successfully prepared in
good yield by condensing the acid chloride (LXXV) with
the ethoxymagneslum derivative of ethyl £-butyl
malonete (67)* The t-butoxycarbonyl group was selectively
removed from the intermediate dione-diester
(XCTI} Ksst-BuO) by warming In benzene solution with

£-toluensulphonlc acid (67)*



Attempts were made to condense the dione-ester (XC)
with acetone in a noevenagel reaction under varied
conditions employing a variety of catalysts* No
condensation ensued when piperidine orw-amlnocaproic
acid (84) were employed In conjunction with glacial
acetic acid* A further attempt at the Knoevenagel
reaction was made by saturating an acetone solution of
the dione-ester (XC) with dry hydrogen chloride at 0°
(85,86) and dehydrochlorinating the orud© product by
extended treatment with piperidine* .esltyl oxide,

a by-product of the reaction, was removed by evaporation
under reduced oressure, but the resulting oil decomposed
with loss of hydrogen chloride despite reseated treatment
with piperidine and chromatography on silica* The
infra-red and ultra-violet absorption spectra of the
product were slightly dl ferent from the starting material
and were compatible with the formation of the dione-ester
(XCI)e That no cycllsatlon to a tricyclic system had
occurred was shown when acidic hydrolysis of the product
afforded no acidic material and the dione (LXXXIV) as the
only neutral fragment* The nature of this product,
furnished by hydrolysis and an acid-catalysed retro-aldol met
action, whb shown by its characteristic infra-red absorption
spectrum and by conversion to a bis 2*4-dlnltrophenyl-

hydraaon® identical to a sample prepared from authentic

dione*



One final attempt to construct a suitable
intermediate from the keto-acid (XXXII; R»H) was made*
The potassium salt of the acid, prepared in eltu,
readily condensed witn chloroacetone (87) affording the
acetol ester (XCIV) In high yield* It was expected that
this compound would readily undergo a base-catalysed
internal aldol reaction with dehydration furnishing the
keto-lactone (XCV)* This compound, which would contain
the reactive conjugated ketone and S-lactone groupings,
should have interesting properties and should also serve
as a precursor of clovenic acid (VID#

The acetol ester was recovered unchanged when
refluxed for 2 hours with pyridine and dlethylamine in
benzene, and when refluxed for 2 hours with excess
potassium t-butoxide in xylene* ,hen treated with one
eouivslent of sodium hydroxide, the acetol ester, in cold
metbanolic solution, was almost quantitatively saponified
to the keto-acid (XXXII; R«H># There was only slight
reaction when a benzene solution of the acetol ester was
treated with a benzene solution of methylanllinomagnesium
bromide (88)* The infra-red spectrum of the product
was almost identical with that of starting materiel but

exhibited weak absorDtion at 3500 cm?l (hydroxyl)*



As ©l1 attempts to furnish a tricyclic system by
extension of the carboxyl function in the keto-acid
(XXXTI; Bin) had failed we attempted to effect a
condensation at the position of the keto-ester
(XXXIT; RsMe) (89) and so build on the third ring#
Extended treatment of the keto-ester with sodamlde
afforded ammonia and doubtless an equilibrium mixture
of the anion of the keto-ester with tne negative charge
being manifest at either (O or C4 positions# Attempts
at B nueleophllic displacement of bromine from ethyl
©O(-bromoisobutyrate failed completely, probably due to
the large steric hindrance to approach of the bulky

bromo-ester to within bonding distance*
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LIT AHATiBE 1URVDY of Bloyclo B *5»13 nonane system

Rabe and hie school, who were primarily concerned
with the nature of the isomerism of 1*5 diketones to
cyclic koto-aloohols, were the first to synthesise the
bicyclo [3:3:1] nonane system# In 1858, Babe (90)
studied the addition of ethyl sodlo-aeetoacetate to
&~carvone in hot ethanol and isolated, after basic
hydrolysis, a compound ci31i20°2 wiaich not show the
properties of a 1*5-dlketone. Mth wellinger. Babe (91,
92) in 1903 studied this reaction more fully and
proposed structure (XCVI) for the product* In 1904
(93,94) they suggested that the first step was a *ichaei
addition affording the intermediate Is5-diketone (XCVII)
which was further oyclised by base to give* after
hydrolysis, the keto-alcohol (XCVI)* The reaction of
hydrogen iodide and phosphorus on the corresponding
diol afforded an optically inactive hydr carbon (XCVIII)e
This work was extended to 3-"ethylcyclohex-2-enone
(XXXIX) (94) and to 3*5-dimethylcyclohex-2-enone (95%96)
and the corresponding Mcyclic keto-slcohols (XCIX) and
(C) produced*

“oon after the inception of the study (90) of the

isomerism It5-diketones—cyclic keto-alconols, the



phenomenon of tautomerlsm was realised?* The above
rearrangement is not tautomerism under Huokel*s
definition (97*98) but an irreversible rearrangement
under basic conditions (99)# The main difficulty in
proving W b is that basic reagents are generally
required for the initial formation of the 1?5-diketones#
However diethyl ethylene blsacetoacetate (CIl)f
prepared from formaldehyde and ethyl acetoaCetate
without © basic condensation agent (90), was easily
converted into the isomeric keto-alcohol (CIX) with
sodium ethoxide# (01) could be distilled unchanged
whereas (GIT) decomposed with loss of water and (CIX)
could not be reconverted to (ci) by chemical means.

A sample of (01) was placed in a sealed tube by Rabe
and Size (100) in 1902 and re-examined forty years later
when Rabe (99) showed that there had been absolutely

no rearrangement to (CTI), thus showing tnat base is
required for the rearrangement#

Theoretically the Is5-dik@ton© intermediate (CUT)
from the condensation of ethyl acetoacetat© with
3*5-dim©Othylcycloh©x~2-©none (96) may oyclise to give
the bicyclo [3:3iijnonane system (CIV) or the
Mcyolo [2*2*2] octane system (CV), defending on which

carbonyl group takes part in ring closure# That the



former is formed exclusively was elucidated by Babe
and Appuhn (101) In 1943 The smooth decarboxylation
of the intermediate blcyclic keto-ester showed that tine
ester was yg as in (CIV) rather than X as In (CX) to the
ketone# The hydrazone of the resulting keto-alcohol
when heated to 180° under nitrogen afforded the
alcohol (CVX)e That this compound contained © tertiary
hydroxyl group was readily shown, as dehydration could
not be effected under the most vigorous conditions#
This was expected from a consideration of Bredt* s rule (102)
dchuler (103) in an interesting addendum suggests
that the methyl group (a) in (Oil) should be more
acidic than the methylene group (b)# Also the
cyclohexpnone grouping should retain Is ketonic
character, whereas the ketone In the acetoecetate
residue should bO largely enolie in the basic reaction
conditions, thus accounting for the non-formation of
the blcyclo[pj2*2] octane system#

A most simple synthesis of the blcyclo [3*3*]] nonane
system was developed by eerwein and 3churmann (134) in
1913* The svmetrical dione-tetre-ester (CVIX) was
prepared, either by treating dimethyl malonate with
formaldehyde and refluxing the subsequent mixture of
methylenemalonlc ester, tpethylenebigmalonlc ester and

pentanehexacarboxyllc ester with sodium methoxlde in



dry methanol or more simply by warming dimethyl
rralonat® with metnylene iodide and sodium methoxlde in
dry methanol*

(CVII) shows very interesting properties in that
it may be selectively hydrolysed and decarboxylated to
either (CVTIT), by heating with water in a sealed tube,
or to (CIX) by hydrolysis with barium hydroxide and
subseouent pyrolysis* eerwein and his co-workers
(105) prepared the diketone (CX) and converted this
to the parent hydrocarbon, bicyclo[3* 3*1] nonane (CXI),
(b*p* 170°;, m*p* 145-146°)%* Reduction of the diketone
(ex) with sodium amalga gave the corresponding 2*6-diol
from wnieh one hydroxyl group could be preferentially
removed* In the above reduction an interesting
by-product (CXII) containing the trieyclo[1,32,3%0]nonane
system was obtained and the similar trioyclo [1,37",3%0] -
nonane system in (CXIII) was obtained by treating the
sodium salt of the dlone-tetraester (CVII) with bromine
followed by sodium methoxide*

"eerwein (105) made the Interesting remark that
the geometrical arrangement of carbon atoms In the
bicyclo (3*3 *3] nonsne system (CXI) is Identical with
the crystal structure assigned, to diamond by Bragg (106)

and thus these compounds should occur In nature*



The possibility f rearrangements with [f5~disetoneB
was noted also by '>tobbe (107) in 1912% He treated
the condensation product of benzalacetophenone and
menthone with sodium ethoxide and suggested that the
product, either (CXIV) or (CXV) contained the
bicyclo £5*3 *1] nonane system* This work wag repeated
by Allan and kalians (108) in 1933, who carried out the
cyellsstion with concentrated sulphuric acid In ethanol*
Cyclohexanone was treated with benzalacetophenone and
further cvcl'sed to give a mixture of stereoisomers of
(CXVT)«

facile route to the bicyclo £3*3 *1] nonane

system has been devised by arbulescu (109) in which
ethylldenebleovclohexanone, prepared in 40, yield from
cyclohexenone and ecetaldehy&e, was quantitatively
converted to 2-methyl-3*4-tetramethyleneblcyclo £313%*i] -
nonsn-4-0l-9-one (CXVII) in the presence of hydroxide ion*

A&amantane (CXVIIl) is the simplest representative
of Mia?Tondold, compounds, !*©¢ organic compounds In
which the skeletal carbon atoms are arranged in the same
order as the carbon atoms in the diamond lattice* As
forecast by eerwein (105), adamantane wee Isolated by
Lands and achacek (110) from a hodonin naphtha In 1933,

and trore recently thload&mantane, in which the sulphur



bridge is probably between the 0" and the carbon

atoms of blcyclo [3*3*1} nonane, has been Isolated
from the kerosene fraction of crude middle East oil
distillate (111)*

Bottger (112) attempted to synthesise adamantane
from ©erwein*8 dlone-tetraester (CVID)* Only one
further carbon atom need be introduced between the

and Cy positions and this wes achieved by treating
the disodium salt of (GYII) with methylene dibromide
In a sealed tube. Unfortunately the resulting
adamantane dione-tetraester (CXIX) could not be
decarboxylated nor could the ketonlc functions be
converted to methylene groups.

damantane was successfully svnthfsised by
Prelog and eciwerth (113) in 1941 from ecerwelnl/B (194)
dlone-dleeter (CIX). A similar condensation with
sodium methoxide and methylene bromide afforded dimethyl
adamantane-2,6-dione-1,5-dicarboxylr t© (CXX), which was
hydrolysed to the corresponding dione-diacid. ?/olff-
Xishner reduction afforded a diacid which was
decarboxylated over bronze at 400°, In smell yield,
furnishing adamantane (CXVXIX) identloal with that
of Lands, and “chacek (11 )e

Letter yields of diethyl bicyclo [3*3*]] nonane-



2.6-dion©-3,7-dlcarboxylate (CIX) were obtained (114)
by treating diethyl glutaconate with formaldehyde in
ethanol, followed by reduction of the tetraethyl
l.6-heotadiene-1,3*5,7-tetracarboxylate over platinum
oxide* Dleckmann cyoliaatlon of the latter ester with
potassium ethoxlde furnished (CIX) in good yield*

In the course of his studies on the validity of
Bredt*a rule, Prelog (115) had recourse to synthesise
some bicyclo[31311] nonane compounds* ichterle (116)
had shown that "S-keto-eaters could be condensed with
l1.3-dichloro-2-butene affording the 3-chlorocrotyl
derivative, which on treatment with concentrated
sulphuric acid Introduced the 3-ketobutyl group.

Prelog showed that I-(3-ketobutyl)-2-oyclanone-1~
carboxyllc esters (CXXI) when saponified and decarbopiated
gave blcyclicohjS unsaturated ketones of structure (CXXII)
when n is 6 or 7 and of structure (CXXIII) when n is 9

or more* rith n«8 a mixture of (CXXII) and (CXXIII)

was formed*

To study the validity of Bredt’s rule further Prelog
Btudied the behaviour of lI~(3~ohlorocrotyl) derivatives
towards concentrated sulphuric acid* In this connection
ethyl cyclohexanone-2-carboxylate was treated with
1.3-dichloro-2-butene and sodium ethoxlde and the product

allowed to react w*th concentrated sulphuric acid at



room temperature for 5 days, affording ethyl 4-methyl-
Tbicyclo[3*3*]] non-3-ene-9-one-l-earboxylat© (CXXXV, R*Et)
from which the acid (CXXXY; E*H) was obtained on

alkaline hydrolysis* This acid was stable to quinoline
at 250°%* Recently Julia (117) has shown that
cyeloh#xsnone ray be condensed with 1,3-dichloro-2-
butene under similar conditions and the product

cyclised to 4-methylbioyclo[3*3*]] non-3-ene~9-one (GXXV)f
likewise 2-methylcyclohexsnone afforded 1*4-di®ethyl
bicyclo £30 *I] non-3-ene-9-one (CXXVX)*

A novel synthesis of the bicyclo [3*3*1] nonane system
from the readily available dihydro o(.-ionone (CXXVTI) has
been developed Industrially (118)%* Thus (CXXVII) with
hydrochloric acid in ethanol gives the ethyl ether
(CXXVIII; RaEt)e Dehydration of the corresponding
alcohol (CXXVIIIl B*H) afforded a mixture of isomers
(CXXIX) and (CXXX). 2,2,6-Trimethyl-9-methylenebicyclo-
[3*3*]] non-6-©ne (cxx1) has been prepared directly by
treatment of dihy&ro<4.~ionane CXXVII) with phosphoric
acid (119)* Suehi (118) has also shown that
treatment of dihydrooC-lonone with boron trlfluoride in
benzine gives the epoxide (CXXXI).

In 1953 Cop© (123) suggested that the removal of

the carbonyl bridge in compounds containing the



blcyclo[3*3*]] nonan-9-one ring system appeared to
offer a aroralslng method for the synthesis of substituted
cyclo-octapolyenes*™ The most readily prepared compound
of this type was (CXVI) already prepared by Allan and
Sallans (108). Cope and his co-workers (123) were
able to increase the yield in the cyclisation of the
intermediate (CXXXIl), prepared in yield by the Michael
addition of cyclohexanone to benzalacetophenone, to 8%
employing hydrochloric acid in acetic acid as condensing
agent* When the oxime of (CXVI) was subjected to the
Beckmann rearrangement using “-toluenesulphonyl chloride
in pyridine, tne amide (CXXXIIl) was formed in 698 yield*
Prolonged acid hydrolysis, followed by Hofmann exhaustive
methylatlon led to 2*4~diph©nylcyclo-octa-1,4-dien@
(CXXXIV). When (CXVI) and the amide (CXXXIIl) were
heated with a mixture of sodium hydroxide and potassium
hydroxide at 250° quite surprising rearrangements
occured. Thus (CXVI) gave (GXXXV) and the amide (CXXXIII)
afforded 2,4-dlphenylbieyclo[3*310]octa-1,4-dl©One (CXXXVI).
Cope and his co-workers (121) have proved the structure
of these rearrangement products but as yet have offered no
mechanism for their formation*

By condensing cyclohexanone with "-dimethylamino-

propiophenone in the presence of sodium hydroxide, followed



by ac'd ayolieatlon of the intermediate 155-diketone
(CXXXVII), Cope end Hermann (122) synthesised
2-phenylbicyclo [3*311] non-2-ene-9-on© (CXXXVIII), the
oxime of which also underwent tne jee'xmann rearrangement
giving the cyclo-octane ring system*
:n? of the simplest syntheses of the bicyclo [3*3*I] -
nonane system was developed by Cope and hyntrholm (123)
in 1950* This involved lehael addition of
o"carbetaoxycyclohexanone to acrolein at -?0° followed
by cyclisation of the resulting aldehyde with concentrated
sulphuric acid giving (GXXXIXj RsEt) in good yields. The
first stage of the synthesis may also be accomplished
by alkylatlon of the potassium enolate of o(-csrbethaxy-
cyclohexanone with /3-chloro roplonaldehyde dietiiylacetal
though the yields are muoh lower. It is noteworthy
that tne corresponding acid, (CXXXIXi R«H) obtained
by basic hydrolysis of the ester, was resistant to
decarboxylation on heating* In tne presence of sodium
ethoxlde the ester (CXXXIX; R*!£t) readily underwent a
reverse neetoacetlc ester condensation giving diethyl
cyclo-oct~l-ene-1,5-dlcsrboxylate (QXL) In good yield (.124)*
mPapadakis (125) has recently extended Cope and
bynerholmsl method (123) by condensing the potassium salt

of S-C*-methoxyphenyD-cyclohexen-1,3-dione in a



hydrocarbon solvent wltn/3 -chloroproplonaldehyd®©
dlethylacetal and subsequent ring closure to the
dlone (G ttt).<

A new ring enlargement sequence has been developed
by Stork and Lendesman (126), who have shown that
treatment of the pyrrolidine enamine of cyclohexanone
with one eouivalent of acrolein in dioxan at 0° affords
(OXLTX) in 758 yield. s expected (120) when the
methlodide of (CXLI1I) was heated with aqueous base
4-cyelo-octenecarboxylic acid was formed.

The acid (CXXXIXi Haii) was hydrogenated over
pelladlsed barium sulphate to the corresponding
dihydro compound, the silver salt of which, with
bromine, underwent the Hunadiecker reaction affording
I-bromoblcyclo[313*]] nonan-9-on© (CXLIII) (123)* The
structure was proved by conversion to bicyclers3*1J -
nonane (CXI), Identical with that prepared by
*eerweln (105).

It was shown (127) that the o(-bromok©tone (CXLIII)
galre an immediate precipitate of silver bromide ?*ith
ethanolic silver nitrite with concomitant formation of
bleyclo [3*3* ] octane-l-carboxyllc acid (CXLIV* R*GH) and
the corresponding ethyl ester (CXLIVi E*OEt)e The
same result was obtained using mercuric acetate in ethanol

and with potassium hydroxide in ether, the more usual



reagent for the Favcrakii rearrangement* Treatment

of theeC-bromoketone (CXLIII) with sodamld© or sodium
in liquid ammonia afforded the corresponding ©mid©
(CXLIV; BwllHg), while reduction of (CXLIII) with lithium
aluminium hydride also affected rearrangement to the
volatile solid alcohol (CXLV) (124)%*

The ability of silver nitrate and mercuric acetate
to catalyse the rearrangement can be Interpreted In
terms of the ’push-pull®* mechanism suggested by the
work of Gwain (75), concerning the termolecuiar kinetics
of and S*g displacements* According to this
interpretation, ethanol or water first adds to the
carbonyl group, and, establishing the bond,
supplies the 'push** The electron pair of the
bond is in a sterically favourable position to attack the
0" carbon atom from the backs'de as the bromine is
dlsolaced, aided by the ’pull* by the silver or mercuric
ion* Guch a process is similar to the commonly
aocepted meohanlsm of plnacol rearrangement* formation
of an intermediate cyclopropanone in the rearrangement
o” (CXLIII) by establishment of a bond between C* and
with elimination of hydrogen bromide, postulated for
certain Favorskll rearrangements (128) is unlikely*
formation of such an intermediate would require loss of

a proton from to produce an anion, that would not be



71.

stabilised by resonance, for the bond could
not have partial doub e bond character without violating
Bredt’s rule (see ref# 127)»

During a recent study of tne Intermediary ketols in
the Robinson annellation reaction, Johnson and his
co-workers (129) hove shown the presence of the
bicyclo[3i311] nonane ring system# The 0" epimeric
ketols, produced from the condensation of the tricyclic
ketone (CXLVI) with methyl vinyl ktt&m have been shown
to have the bicycle[3*3*]1] nonane ring structure (CXLVII)
rather than the formerly proposed constitutions (CXLVIII)
and CXLIX) respectively#

It was shown however that the ketol from cyclo-
hexanone and methyl vinyl ketone has the normal structure
(CL), but the pair of betola derived from tne octallndione
(CLI) have the bridged ring constitution (CLII)#

As a result of this work some doubt must be cast
on the structural assignments which have been made in

other similar cases (see ref* 129 and rOf# 7 therein)#
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EXPERT MhTAI

Ultra-violet absorption spectra refer to ethanol
solutions, unless stated otherwise, and were measured
with a Unicam 3*P* 500 spectrophotometer* Infra-red
soectra were determined for natural films and nujol
mulls on the PerkIn-Elmer Infracord spectrophotometer
and Perkin-Elmer 13 spectrophotometer*

elting points (corrected) were determined on a
'ofler block* Boiling points are uncorrected*

The alumina used for chromatography (Spence,
type H) was acid-washed and activated and graded
according to the ethod of Brockmann and uchod&er (130)*
Light petroleum refers to the fraction of b«p* 40-60°
unless stated otherwise®

Gas-liquid chromatography was carried out on a
Pye ’Argon Chromatograph* with 467k columns of
5/ Aplezon L on Celite 545 (120-150 mesh)*

:olecular weights were determined on the Metropolitan
Vickers M*s*2 mass spectrometer®
3- ethylcyclohex-2-enone (\XT\)*

Ethyl acetoacetate and paraformaldehyde were condensed
in the presence of piperidine according to the method of

Cronyn and Rieeser (3 ,31)* Hydrolysis of the keto-



dlester (XLXV) with 208 sulphuric acid afforded
3~methylcyelohex~2-enone -hich W.B fractionated before
use.
thyl 6-CBrb-ttiOKy-3-aethylo.7clohexa.none-3-aoetat® (X"I)
freshly distilled diethyl malonate (43Qg« 3 moles)
was added droowlse with stirring ever 1 hr* to a solution
of sodium (7 8*0 3g* atom) in absolute ethanol {3 1*} at
room tevernature and stirring continued for 1 hr* after
the addition was complete® To the cold solution,
3-Tethylcyclchex-2~enone (33Gg*, 3 moles) was added dropwlse
with stirring over 1 hr* and stirring continued at room
temperature for five days* The drrk red solution
was poured on t crushed ice (5 kg.) and carefully
acidified with /0§ hydrochloric acid* The mixture was
thoroughly extracted with ether {3 x I*5 1*)f the
combined ethereal extracts washed successively with
saturated sodium bicarbonate solution and water, then
dried over magnesium sulphate* vaporation of solvent
and starting materials by distillation under 15mm* pressure
in an oil bath at 180° afforded a thick red oil (55% *),
which on repeated fraction' tion afforded a colourless oil
b*p* 121 /C*13mm«, njfi* 1*40u6* (EFound. C§ 62*41 My 8*I1*

Calc* for 0X4H22051 ¢, 62.21 H, B.15/>)*



3-Eetfrylcvcl ohexrnone-3-.acetic acid (XAAIIIl; R»aj

The crude keto-diester (55Gg*) wes refluxed with
10, hydrochloric ac d (3 I*i with vigorous stirring for
2 da s until the evolution of carbon dioxide ceased*
Ihe coole mixture was saturated with salt and extracted
with ether (4 x 1 1.)* The combined ethereal extracts
vere extracted with saturated sodium carbonate solution
end the combined aqueous extracts, after careful
acidification with 10; hydrochloric acid, saturated with
salt and extracted with ether (3 x I 1*)* The combined
ethereal extracts were washed with saturated salt
solution and dried over magnesium sulphate * Evaporation
of solvent afforded a non-crystalllsable thicc red
oil (gpcg*) which gave the desired m to-aeld on
distillation os a colourless oil b*p* I31°-140°/J*25mm*j
yield 1GQg# (20, )* Repeated fractionation afforded
the pure keto-ecid as a colourless oil b*p* 145°/0*52mm%*,
ng0 1.4840. (Foundt c, 63.251 H 8.2.
Cole. for C, 63.55] H, 6.25/-). Trituration
with ligroln afforded a solid which crystallised from

ether-light petroleum as colourless prisms m*p* 51-53°%*

(Lit. (22) in.p. 37°).  (founds C, 63.451 H, 8.2/)).



Mthyl 3-methyloyol.ohexanone-"& qgfets..

A solution of 3«methyicyeloiiexanone-3-&cettc acid
(XXXTTIi H*B) (3.4g.) in absolute ethanol (60 ml*} was
saturated at 0° with dry hydrogen chloride gas and the
solution kept at room temperature overnight* After
pouring into Ice-cold water (300 ml*}, the solution
was extracted with carbon tetrachloride (4 x 50 ml.)#

The combined carbon tetrachloride extracts were washed
w5-th dilute sodium orrbonate solution and water and dried
vor mogn slum sulphate. A fter evaporation of solvent
the pale yellow oil (3*6g.) was fractionated™-

(1) b.p. gC0/j.7 wn., rl1.4616 U .
(2) b.n. 20Q-2 )2°/°*9T™M*); ng2 1.4820 (1.5g,).
l1©fractionation of fraction (1) furnished the ethyl ester
(:ixrT j R; t) an a col urless oil b«p* 82°/u.3mm*,

ngu 1*4621. (Founds C, 66.61 H, 9.05. Gale, for
CI1HI8°38 °* 66*655 H* 9*[5" #

r;©fraction of fraction (2) afforded e colourless oil

b.p. 162-164°/S*001lmm*, n*1 1.4918.

JMIHLL3 -& e,” JiOQCXIIa Re e)

A slight excess of a dam ethereal solution of
diaaomethan© (32) was added to a cold solution of
3-methylcyclohexanone-3-acetic acid (XXXIXX| Bmi) (5Qg.)

in ether (250 ml#)* After standing at room temperature



for 2 hrs* the excess cliazomet-iane was decomposed with
a little acetic acid and the ethereal solution washed
with dilute sodium hicarbonate solution, water and
dried over magnesium sulphate* Evaporation of solvent
afforded the methyl ester as a coi:urless oil
b.o. 9'--91°/0.5ttim*f r}])j'J 1*¥4666, yield 5Qgs« (93/-)*
(/own.: G, 64*95; H, 8*85* <cioai6@G3 requires
C, 55*2# H, 8*75/ )e The semioarbazone crystallised
from methanol as colourless needles sup* 15'D-~151*5°*
(Founds C, 55*bj 11, 8*15%* requires
¢, 54*75; Hf 7*95/U*
1- eth,vlovoXohex-a-Qn.7A3.aeR.emaXcgQnltri3e. u,VIIj

A solution cf malononitrile (6*7s** mole) and
3-metuylcfyclohex-2-enone (XaXIX) (11*3s«* b*Il mole)
in dry benzene (25ml*) containing dry ammonium acetate
(0*3g*) and glacial acetic ac.d (1*3g.) was refluxed
for 2*5 hrs* under a Dean and Stark apparatus, unt 1
1*7 ml* water was collected* The cooled red solution
won washed with dilute sodium carbonate solution, water,
then dried over magnesium sulphate. Evaporation of
solvent afforded a solid mass which crystallised from
methanol as colourless places m*p* 87*88°; yield 8g. (528)

?b- oroduct exhibited an ultra-violet maximum at 300mx



(£23.300). (loandiO,75.9s H, 6.45s a, 17.7.
C10H10N2 reauir*s 0,75.9s H, 6.35s I, 17-7/0.
3- etnyl-3-(dlog.rbet:*xymethyl)-cyclohexylldene-
walononltrlle (XLVIII)

A solution of freshly distilled diethyl malonate
(3*2g*, 3*02 mole) In dry ether (40 ml*) was added
droDwise with stirring to a solution of sodium (0*46g#,
0*02g. atom) in absolute ethanol (12*5 ml*) and dry
et?er (53 ml*), at room temperature under an atmosphere
of n‘trogen* stirring was continued for 0*5 hr* before
a solution of 3-methyleyelohex-2~enylldenefnslononitrll©
(XLVII) (3*25g*. mole) in dry ether (53 ml*} was
added dropwlse over 0*5 hr, then st'rred at room
temperature for 14 hrg* The deep red solution was
poured into ice-cold water (333 ml*) containing 6ft
hydrochloric acid (20 ml*), and extracted with ether
(2 x 250 ml*)* The combined ether extracts were
washed with saturated sodium carbonate sol tion and water,
then dried over magnesium sulphate# Evaporation of
solvent afforded s non-crystallis&ble red oil which on
distillation furnished diethyl malonate (1*7g) and a
thick red oil, which would not distil (b*p* 2007/0*OJmm.)
nor could it be crystallised* This product exhibited an

ultra-violet maximum at 245DU (£12, OQo}* Chromatography



on alumina (G-rake 1) was of no avail as the product
was only recoverable in low yield with no improvement
of its physical state*

.Ethyl

oyanoagetate (XLXX)

\ solution of methyl 3-rnethyleyclohexanon©-3~ac©tate
(XXXTTIj Ils e¢) (0*96g., 5me mole) and ethyl cyana©estate
(0.5g.# 5Sm* mole) In dry benzene (20 ml*) containing
dry am onium acetate (0*04g*) and glacial acetic atid
( *'3g.) was refluxed for 3*5 hrs* under a Dean and
ot&rk a ?aratus. The cooled solution was washed with
dilute sodium carbonate solution, water and dried over
magnesium sulphate* Evaporation of solvent afforded a
mobile oil (1.4g*) from which the starting materials
were removed by distillation b*p* 75*90®/0*5mm. Further
distillation afforded a colourless oil (Q#2g%*)

b.p* 140~143°/9%* Smm*, 1*4659 which exhibited an
ullre *violet naximum at 239myu (£4, -30).

3- “arbonethoxym cthyl-3-m ethvlc.vcl ohexvlideneiaalonon ttrile

ITT

k solution of methyl 3*methylcycloliexanone-3-ac©tEte
(XXXITT| Rs; e) (50g*, 0.27 mole) and pure malononitrile
(25gyrp 0*33 mole) in dry benzene (1 1*) containing dry

ammonium acetate (7*5g*) and glacial acetic acid (10 ml.)

was refluxed for 12 hrs. under a Dean and htark apparatus



until water (4*8 ml*, 0*27 mole) was collected.

Ammonium acetate (1.5g.) and acetic acid (2 ml.) were

then added and the solution refluxed for 24 hrs. Blue
silica gel was placed in the water separator to ensure
complete removal of water from the reaction mixture*

The cooled solution was washed with sodium carbonate
solution, water and dried over magnesium sulphate* After
evaporation of solvent the residual oil was fractionated*
The fore-run, b.p* 58-111°/0.lmm*, contained malononltrlle
and traces of the kcto-ester (XXXIXI; R*Me), and the
product distilled as a colo rless oil b.p* 122-123°/0. 1ni’s*|
yield 57*2g* (91.5/ )* Refraction©Otion afforded a sample
b.p. 144°/0*3mTn., n*® 1.5063. (Found* C, 67*35; H, 7%*0;
K, 12.15%* ci SHi6°2"2 requires C, 67.2; H, 6.95; M, 12%*05%)
The product exhibited infra-red absorption at saoocmrl
(conjugate" nltrile), ITSScmr3 (carbomethoxyl) and

1597 emTl (conjugated olefinto double bond) with an
ultra-violet maximum at 239mp (£13,500).

Attempted Ich&el addition of dlethylrnmalonate to (1)

A solution of redistilleddiethyl malonate (810mg.,
4*5m. mole) in dry ethanol (20 ml.) was added to a
solution of sodium (120mg., 5 mg. atom) in dry ethanol
(10 ml.) at room temperature® To the stirred solution

was added almost immediately a solution of the dlnitrlle-



ester (L) (865mg., 3*7 m.mole) In dry ether (10 ml*),
followed by dry ether (10 ml.)* T e solution, which
rapidly became golden-yellow in colour, was stirred at
room temperature for 24 hrs*, then poured into iee-
weter (1 1%*), acidified with dilute hydrochloric acid,
saturated with ammonium sulphate, and extracted with
ether ( 2 x 200 ml*)* The combined ether extracts
were washed with dilute sodium bicarbonate solution,
water and dried over magnesium sulphate® Evaporation
of solvent afforded a pale red mobile oil (1.12g.),
which exhibited infra-red absorption at 1730
(carboethoxyl) with a weak band at 1644 cnu* and only
extremely wea absorption at 2270 and 1597 cmTl
(conjugated dimltrile), with an ultra-violet maximum
at 2P3rnji (24,70C). The oroduct was fractionated at
0.1 mm*, affording a colourless distillate (0*6g*) with
concomitant decomposition of the residue during, the
distillation.

(I) b.o. 80°, 1,4230. The product exhibited

itk
infra-red absorption at 1735 omTl (carboethoxyl), with
p weak band at 2205 cmTl (saturated nltrile) and a
weak band at 1644 cm.*’, and appeared to be mainly

diethylmalonate,(which has b.p. 90°/14mm., 1.4130).

(2) b.p. 117-125°, 912)3 1.4579. the product exhibited



infra-red absorption at 1727 cm?l (carboethoxyl),
1708 cmTl and a medium band at 1644 cm#”, with a weak
band at 2285 cmTl (saturated nltrile)# The product
gave no test with ferric chloride or with Brady’s reagent*
(3) b*p* 153-168°, n83 1*4840%* The oroduct exhibited
infra-red absorption at 1730 cm#l (carboethoxyl),
2200 PvA 1597 cmrl (conjugated dinitrile) with a weak
band at 2285 cm?l1 (saturated nltrile)#
Attempted addition .if Keformataky comolex to cyclo-
hervlldene”"lononltrile (Oil RgChU

Zinc wool was cut into small pieces and activated
by washing with 28 hydrochloric acid, distilled water,
alcohol, acetone and dr/ ether, tien dried in a vacuum
dessicator* A solution, of cycloiexylidenemalononltrile
(LT; RsQft) (1#46g*, 0*01 mole) and ethyl bromoecetate
(2*Qg«, 0*012 mole) in dry benzene (150 rl*) was added
over 1 hr* to purified zinc wool (I*3g** 0*02 g.atom)
and the mixture refluxed with stirring?* A fter 2*5 hrs*
reflux, t e solution was pale, green and the zinc wool
coated with a green oil* The solution was decanted and
refluxed for 2 hrs* with activated zinc wool (2g#) then
the process repeated with zinc (2g*) for a further 3 hrs*

The separate cooled complexes were decomposed with

glacial acetic acid, poured into a large volume of water



and extracted with ether* The ether extracts were
combined with the cooled benzene solution and the
combined extracts washed with dilute sulphuric acid,
dilute sodium carbonate solution, water and dried ver
magnesium sulphate* Ivaporation cf solvent afforded

a red mobile lachrymatory oil (1.jSg.) which exhibited
an ultra-violet maximum at 2Zj6mp. (€8800) (conjugated,
dinitrile} * Excess ethyl broroecetate was removed
from t ;e product by prolonged evaporation at 10Q°/XImm*,
and the residue fractionated at G*2®&*

(I) b.p. 50-159°, ai)o 1.5043. The product exhibited
infra-red absor tion at 2200 and 1595 cm** (conjugated
dinitrile). (Cyclahexylidenemalononltrile has

b.p# 73°/0*Imm?*, nII)? 1.5132).
(2) b.p* 129-133°* nl‘?)o 1%4872%* i} p
(3) *P* 133-144°, rr]gl 1*¥4791* The product exhibited
infra-red absorption at 1723 cm?l (carboethoxyl) with
medium bands at 2200 and 1593 cm?-} (conjugated dlnitrile)*
(4) b*p* 144-190°, nj(l@l' 1*¥4820%* The product exhibited
infra-red absorption at 1723 cm?l (carboethoxyl), with a
weak band at 2153 onj?l (saturated nltrile) with medium

bands at 1670 and 1618 cm?l (conjugated carbonyl), and

with weak bands at 2200 and 1593 cm?l1 (conjugated dlnitrllei



3-Carbomethoxymetbyl-3-methyl-1-oyano-1»dlcyanomethy 1-
qvqlq exane (hill)

(a) A solution f potassium cyan.de (i*6g* 0*025 mole)
in water (25 ml*) was added to a solution of 3-methyl-
3-oarbomethoxymethyloyolohexylidenemalononitrile (I»)
(2*36+, 0*01 mole) in ethanol (100 ml*) and the resulting
solution allowed to stand at room temperature for 2 days
then shaken vi orously for 24 hra* A fter removal of
ethanol under reduced pressure without heating, the
solution w?s carefully acidified with 6is sulphuric acid
end the hydrogen cyanide removed under reduced pressure
before extracting with ether (3 x 50 ml*)* The combined
et ier extracts wgr© washed with saturated sodium bicarbonate
solution, saturated ammonium sulphate solution and dried
over magnesium sulphate* Evaporation of solvent afforded
a thick red oil (2*66g*) which on trituration isith
methanol afforded the trinitrile as a white powder

aup# 90-115°; yield 0*59g* (23/~).

(b) 3-Carbomethoxymethyl-3-methylcyclohexylIdene-
melononitrile (L) (35g«, 0*15 mole) were added to a
solution of sodium cyanide (12g*, ~*25 mole) in
dimethylformamld© (1*75 1*) contained in a 2 1* conical
flask, and the solution, which gradually became yellow,

was allowed to stand at room temperature for 4 days with



occasional shaking* The excess sodium cyanide was
dec'mnoged by adding glacial acetic acid (100 ml*), the
hydrogen cyanide evolved being left to evaporate
overnight in a fume-oupboareU The solution was diluted
to 5 1. with water and extracted with ether (2 x 500 ml*)*
The aqueous liouors were furt er diluted to 7 1* with
water and again extracted with et er (500 ml.)* The
combined ether extracts were washed one© with water (500ml¥*)
and dried over magnesium sulphate* A fter evaporation
of solvent, the excess acetic acid was removed under
reluced ressure on a steam bath, affording a thick
yellow oil (35s*) which was dissolved In benzene (50 ml.)
and chromatographed on silica (2008$,)# I[lution with
benzene (9 x 500 ml*) afforded unroacted starting
materiel IGg* (29/) Identified by its infra-red
absorption spectrum?* Further elution with benzene

(6 x 500 ml*) afforded a crystalline solid m*p* 102-115°
which was crystallised once from benzene-light petroleum
&s colourless needles m*p* 106-120°) yield 26g* (66;-)°
Repeated crystallisation of the mixture of stereoisomers
from aqueous-methenol afforded one iso?rier, later shown
to be (LXV), 8b colourless hexagonal plates m*p. 120,5-
122° (founds 0, 64*651 H, 6*6j U 15%95*% ci4fli7°2"3
requires C, 64*S5f H, 6.6j n$ 16*%2/1), Evaporation of

the benzene-light petroleum liquors afforded small



amounts of starting material.

fter"ted i-leckrrann cycliastlon of the trlnltrile-e|ter

A solution of the trinitrlle-ester (LIII) (G*26g#,
1 ir.mole) in ether (25 ml#) wag added dropwise with
stirring over 0*5 hra* to a solution of sodium hydride
(0*05g#» 0 numole) in dry ether (100 ml*) containing
dry methanol (5 ml#) and stirring continued at room
temperstur© for 4 hrs* The yellow solution was poured
Into ice-wster (100 ml*), carefully acidified with 61/
hydrochloric acid, and the aqueous layer extracted with
ether (2 x 50 ml#)* The combined ether extracts were
washed with water and dried over magnesium sulphate#
Evaporation of solvent afforded a gummy solid (0#24g*)#
which exhibited infre-red absorption band© at 2200 em7L
end 1597 cmT3, attributed to (L), whilst the ultra-violet
maximum at 239mji (£3,900) showed that the conjugated
dinltrll© (L) was present to the extent of 25/-#
Trituration of the oil with ether afforded the crystalline
trinltrile (LIIT) m#p# 112-119°, identical (m*p.; mixed
m*p# and infra-red spectrum) with starting material*
Attemnteu teasel reaction between t ie trlnltrile (LXII1J,
and mataylfj: I[tethylacrylate®

A stirred mixture of sodium hydride (IGGmg#, 4 m*mole)

in dry ether (100 ml*) was treated with sufficient dry



methanol to ©Onsure complete solution# A solution of

the trinltrile ester (LIII) (520mg*, 2 m*mole) In dry
ether (20 ml#) and dry methanol ( 5 ml*) was added and
the resultion solution, which became yellow in colour
and afforded a odourless ereclpitate, stirred at room
temperature for 1 hr* A solution of redistilled methyl
ft -dimethyl~crylate (240mg*, 2 m*mole) in dry ether
(10 ml*) then added dropwise over 0*25 hr*, and the
resulting mixture stirred at room temperature for 3 hrs*
The mixture was poured into water, acidified with
dilute hydrochloric acid and extracted with ether*
The combined ether extracts were washed to neutrality
with water and dried over magnesium sulphate# Evaporation
of solvent afforded a mixture of the trinitril© ester (LIII)
and rethyl “s”-dimethylacrylate as a tiiic: yellow oil,
the letter material being removed by prolonged evacuation
at 10G°/lIlmm# Trituration of the residual oil with
ether gave starting material which crystallised from
methanol as colourless hexagonal plates m*p* 100-112°*
Evaporation of the mother liquors afforded a yellow oil,
which exhibited infra-red absorption at 1733
(cerbomethoxyl) and 2200 and 1597 onST" (conjugated
dinltrlle)*



1-Oarboxy-?-methvIcyclo”iexane-1:5-dtaoetlc acid,
* (LV Ills Efep

A solution of tcie trinitrile-egter (LIII) (26g*,

0.1 mole) (m#p# 106-120°) in fuming hydrochloric acid (1 1*
ijflg refluxed vigorously f ;r 72 hrs*, then evaporated

to 500 ml* the cooled sol tion was saturated with
ammonium sulphate and extracted with ether (3 x 250 ml#)
Th? combined ether extracts were washed with saturated
st-onium sulphate solution (6 x 100 ml#) and dried over
magnesium sulphate® Evaporation f solvent afforded a
thich oil which on trituration with ether furnished the
crystalline triacid as a mixture of stereoisomers

m*p. 157-164°! yield 23#Sg. (90,-) Fractional
crystallisation from water afforded colourless needles
m.p* 173-175°. (Founds 0, 55.7} d, 7.05. CiaHI80fc
requires 0, 55*8} H, 7.05,1)

n sublimation the triacid (LVZII; RstH) (m*p*157-164°)
furnished an anhydride (LX) as a mixture of stereoisomers,
which crystallised from ether-ri-aexs.n® as colourless
prisos m#p* 118-136° (Founds c¢, 60.25; H, 6*55.
dale. for CigX"gOjj* C, 50.0; id, 6#7. ) The product
exhibited infra-red absorption at 1650 and 1770 cnul

(succinic anhydride)*



97

i;1 rethyl l-carbomethoxy-"methyloycloaexane-1* j-dlaoetate

solution of the trlaold (LVIII; HrH) (35s%*) in
ether (25- ml.) ms treated with a slight excess of a dry-
ethereal solution of dlazomethane and allowed to stand
at r om temperature overnight. A fter d€?composiRg the
excess diazomethane with a little acetic acid, t §
solution was taken to 250 ml* by evaporation of ether on
a ateam bath. Hie cooled solution was washed with
saturated sodium bicarbonate solution, water and dried,
over magnesium sulphate* Ivaporetion of solvent afforded
a pale yellow oil (33£>) which on fractionation furnished
the trimethyl eater as a colourless oil b.p* 13J-155°/h*2mn”"
yield 27.2g. (67/0# Refrectionation afforded a sample
b.p. 135°/0*Ilmm*, ngG 1.4708 (Round* C, 60.151 H, 8.15*%

C, i 0 reauires C, 60.0j H, 8. >5 )
15 24 6

leokmsnn cvcllsstion of the trlester (OVIIl; RsMft?
Pinelv divided potassium (8g#, 0*2 g.atom) was
added c*refully to redistilled xylene (2 1.) containing
dry tp-butanol (32g.# 0.4 mole) under en atmosphere of
nitrogen. The mixture was gently refluxed and agitated
with a Herschberg stirrer until solution complete, when
the excess J"-butanol was removed as an azeotrope with

xylene using a partial-take~off condenser. A solution

of the trimethyl ester (LVIII; E*Me) (JOg*, 0.1 mole) in



93.

redistilled xylene (500 ml*) was added dropwise from a
©racnberg drooping funnel over 24 hrs* to the vigorously
"tiered refluxing reagent; the Jt-butanol, liberated
during the reaction, being periodically removed as an
azeotrope with xylene* Mefluxing with vigorous stirring
was continued for 3 hrs*, after the addition was complete,
until .t-butanol could no longer be detected In the xylene
distillate* The cooled solution was poured on crushed
ice (I kg*) and water {1 1*) and carefully acidified
with 5 hydrochloric acid, and the xylene layer separated*®
The aqueous i.ayer waa extracted with ether (2 x 500 ml¥*)
and t a combined extracts washed taoroughly with water
(5 x 600 ml*) and dried over magnesium sulphate*
.vaporslion of solvent under reduced pressure gave a
thic' red oil (27*4g*), which gave a deep purple colour
with ferric chloride* Distillation afforded a thick
colourless oil b.p* 122-15Q°/0*JImn#; yield 19*2g* (72/)e
The product exhibited infra-red absorption typical of
enolieahla "3-keto~aster, at 1733 cnul (carbomethoxyl)*
1710 cmTl (cyclohexanone), 1655 enul (conjugated ester of
end fora) and 1614 cm*1 (olefinic double bond of enol
form), and also showed an ultra-violet maximum at
&58®ja telil ) it at 234m/* {£5*6$0} in ethanol containing
I In sodium hydroxide, also typical of an enolisable

Teto-eater*



5-Bethylbloyol.obi.3«Q nqnan-a-o;
(XXXIIt RgHj

The d.ig'cHled Dleotanarm product (19.Sg.) was
rpfluxxed with 6N hydrochloric acid (100 ml.) for 6 hrs.
The cooled solution was saturated with ammonium sulphate
and extracted with other (3 X 100 ml*)* The combined
ether extracts were washed with saturated sodium
carbonate nolition and the combined alkaline extracts,
after careful acidification with sulphuric acid,
were saturated, with ammonium sulphate and extracted with
ether (3 x 150 ml*)* The combined ether extracts were
washed thoroughly with saturated ammonium sulphate
solution ©nd dried ~.ver magnesium sulphate* The solvent
was removed by evaporation from a large Petri dish,
afford*ng a thick pale yellow oil (16*5g*) which on
trituration with ether and light petroleum (b*p* 60-80°)
afforded a crystalline acid m*p* 103-112° (6g*) and
ether-light petroleum soluble material (10*5g«)*
Crystallisation from ethyl acetate afforded the ketQ-acld
(XXXII; Hsii) as colourless prisms m*p* 127-129°%

(Found! C, o7*4» Hf 8*1* Cn%6°3 recuires 0, 67*3;

H, 3*2/ )* The product exhibited infra-red absorption

at 1723 cmTl (carboxylic acid dimer) and 1690 cm*3 (cyclo-
hexanone hydrogen bonded by carboxylic acid), and in
carbon tetrachloride (5*0 mm ceils) at 1748 cm*1
(carboxylic acid monomer) and at 1705 em?l (cyclohexanone

and carboxylic acid dimer)*



ethyl 5-.®ethylblcyolo1'3ijtll nonan-3-

A colutton .-f S-“ethylbicyclofJ”sl] nonan”-one-1*-
c'rboxyllec acid {0*3 g*) injsther (10 ml*) was treated
with a slight excess of a dry ethereal solution f
di&zomethane and allowed to stand at room temperature
for 2 hrs* After decomposition of excess diezometh&n©
with acetic acid, the etaereai solution was washed
with saturated sodium bicarbonate solution, water and
dried over magnesium sulphate*® .vaporation of solvent
eff rded a Dale yellow oil, which on distillation
off rded the krto-ester as e colourless oil b*p* 9Q°/G.G5rm.
n™5 1.4835; yield 0.32g* (31, ). (Founds C, 68.2; H, 8.6%*
Gl12718°3 rehwifres C, 68*55; H, 8*65/-)e the product
exhibited infra-red absorption at 1733 cm#3* (carboyethoxy /)
and 1710 cmlTl (cyclohexanone) wit 1 a distinctive band
at 1121 cm!3*

Ibe semicarbazone crystallised from aqueous methanol
as rosettes of fine needles ®*p* 193-194° (Pound:
c, 58.4; H, 7.75; h, 15.65. A137217373  requires
C, 53.4;, H> 7.9; h, 15.7/-).
Attempted ketal formation of tae .eto-ester (- -.a11s R- e).
(a) A solution of the c¢ to-ester (XXXIXj RrMe) (140mg.)
in dry benzene (50 ml*) was refluxed with ethylene glycol
(50 mg.) and "-toluenesuXphonlc acid (10 mg*} under a

Dean and Stark a paratus f r 2 hrs. The cooled solution



was neutralised with sodium carbonate solution, washed
with water and dried over magnesium sulphate*
evaporation of solvent under reduced pressure afforded an
oil (140 rcg.) with an Infra-red absorption spectrum
Identical with that of starting material* Repetition
of the reaction on the keto-ester (14> mg*) with
ethylene glycol (10) mg*) and naphthalene-2-sulphonic
acid (5 mg.) in benzene (50 ml*) for 12 hours afforded
no ketal*
(b) A mixture of the keto-ester (110 mg*) and ethyl
orthofor ate (133 mg.) was refluxed for 3 hrs* with
absolute ethanol (25 ml*) containing concentrated,
sulphuric acid (55 ®g*)« The cooled solution was
neutralised with solid sodium carbonate and ooured Into
water (150 ml*), and extracted ith ether (2 x 25 ml*)*
The combined ether extracts were washed with water and
dried over magnesium sulphate* evaporation of solvent
afforded an oil (100 mg*) with an infra-red absorption
spectrum *dentleal with that of starting material*
(c) ethyl ethyl ketone 1:3-dloxolene, prepared by
Dauben’s method (43), had b*p* 118°*

A solution of ketc-ester (65 mg.) and naphthalene-
2-aulphonic acid (20 mg.) in methyl ethyl ketone 1%*3-
dloxolane (20 ml.) was refluxed for 120 hrs. At

twelve-hourly intervals 0.5 ml* portions of the distillate



were removed* It was honed to facilitate reaction

by preferential removal of butsn-2*on# (b*p* 30°),
formed during the reaction* The cooled edition was
diluted with benzene (50 ml*) and neutralised with solid
sodium carbonate* The benzene extract was washed with
water and dried over magnesium sulphate® Evaporation
of solvent by warming under re ueed pressure afforded
an oil (50 mg*) with an Infra-red s ectrum almost
Identical with that if starting materiel*

r.ttempted reduction of the carbonyl group in the seto-ester
UXXIIi Hw el

(a) a solution of the * t©-ester (113 mg*) in dry
methanol (25 ml*) was treated with sodium borohydride

(28 mg*) at 0° for 1 hr* After removal of solvent under
reduced oressure, water (25 ml*) was added and the
solution, after acidification with dilute sulphuric

acid, extracted with ether (2 x 25 ml*)* The combined
ether extracts were washed with water and dried over
magnesium sulphate* vsporation of solvent afforded an
oil (90 mg*) with an In'ra-red absorption spectrum
identical to that of starting material#

(b) A solution of the keto-ester (300 mg.) in methanol
(20 ml*} was treated with a solution of sodium borohydride
(300 mg*) in water (1/ ml*) and the mixture allowed to

stand at room temperature for 10 hrs* The mixture, after



acidification with dilute sulphuric acid was diluted
with wrter (100 ml.), saturated with ammonium sulphate
ard extracted with ether (3 x 25 ml.). The combined
ether extracts were washed with saturated a monium
sulphate solution and dried over magnesium s Iphate*
evaporation of solvent afforded the hydroxy-ester as

a thick oil (225 mg.) with an infra-red absorption band
at 1735 am#1 Icarbomethoxyl) and bands at 35>0 and

1-345 o®.1 (secondary hydroxyl) with disappearance of the
absorption at 171 emT3 (cyclohexanone)-

A solution of the crude hydrocy-ester (225 mg.) In
aortic anhydride (15 ml#) was warmed on a ©Oteam bath for
2 hra# with dim? pyridine (5 ml.) then allowed to stand
at room temperature overnight. Evaporation of reagents
under reduced reseure afforded the ester-acetate as a
non-crvstallisPble oil (230 mg.) with infra-red
absorption at 173° cml* (acetate and earbo®ethoxyl) and
at 1220 c"T3* (acetate) with disappearance of the
absorption at 3500 cm#3- (hydroxyl).

5- ettiylblcvoloE?O»fl n;n«n-j-or,p-l-cprbo?gilc eold
chloride (L <XV) ok

A solution of the keto-acld (XXXII; Rea) (2.95g#)
in dry benzene (25 ml.) was treated with oxalyl chloride
(5 ml.) andth© solution allowed to stand overnight at

room temperature* vaporation of solvent and reagent



under reduced pressure afforded the acid chloride as
p pale yellow oil which distilled eg a colourless oil
b.p. 88°/0,04 mm., n(%a 1.5082; yield 2.70 g. (849%).
(Founds j, 61.851 H, 7.15» Cl, 16.25. cn HI5°2GlI
requires 0, 61.55* H, 7*0; CIl, 16*5/ ) The product
exhibited infra-red absorption at 1790 cm!3* (Carboxylic
acid chloride) pnd at 1710 car3 (ayclohexanone)#
JT' *- L*still tlon of acid crilorlde must be effected
at pressures of O0#2msu otherwise pyrolytic decomposition
ocours* Again thionyl chloride should not be used in
17ee of oxalyl chloride as the yield of acid chloride
Is 60/ and product Is not so pure.
5- etaylblcyolotaOifl no.nr.ne-1-oarbosyllp add (LXXIV)

A mixture of the leto-acid (XXXII; RsH) (ra*0*112-118°)
(50 mg*), sodium (100 mg.), ethanol ( 2 ml.), and
hydrazine hydrate (0.5 ml.) was placed In a sealed tube
and heated at 185° for 18 hours* The cooled mixture
was poured into water, acidified with dilute hydrochloric
acid and extracted with ether* The ether extracts
were washed with water and dried over magnesium sulphate#
Evaporation of solvent afforded a crystalline acid (40 mg.)
purified by sublimation as colourless needles m.p. 141-143°
(Found* C, 72.9; H, 9*7*%* re uires C, 72%*5;

H, 9.9¢).



UtcrptB. to ?r«?y-r* tbe enedlone (LXXYIIIi
Tsobuten© was prepared according to Xlstlakowsky (50)

from t-butanol and concentrated sulnhurlc acid and
purified by assing the gas through (a) water and (b) a
tower of potassium hydroxide pellets before liquification
by cooling#* fh© liquid olefin was allowed to evaporate
and passed into the reaction vessel in gaseous form*
(1) Isobutene was -assed for 0*25 hr* through a
solution of the acid chloride (LXXV) (180 mg*) in pure,
ethanol-free, methylene chloride (40 ml*)* Powdered
aluminium chloride (180 rag*) was added and the mixture
starred at 3° for 2 hra* with a constant flow of
isobutenc; bubbling under the liquid surface* The
fixture, containing a black oily aluminium chloride
complex, was decomposed by pouring into dilute
hydrochloric acid and the solution pxtraeted with
methylene chloride.(2 x 25 ml*)* The combined

thylene-ohloride extracts were washed with water and
dried over magnesium sulphate® evaporation of solvent
afforded an oil (653 mg*) which was mostly polymerised
isobutene* The relative intensities of the bands at
1790 cm?1 (acid chloride) and 1710 cm?l (oyclohexanon®©)
in the infra-red spectrum of the product were identical
to those in the starting material*®

It was found that a solution of the acid chloride

(LXXV) was unaffected when shaken with saturated sodium



carbonate solution, and that hydrolysis of the acid
chloride with warm dilute sodium hydroxide was required
for conversion to the reto-acld (XXXLL; RsB).

(i1) Jhloroform (45 ml*) was saturated with Isobutene
rt 0° during 3*5 hr** Powdered aluminium chloride (150rsg)
added, followed by a solution of the acid chloride (LXXV)
(215 mg*) in chloroform {25 ml#) and the solution stirred
rt 0° for 2 hrs* with isobutene passing in, then stirred
for a further 12 hrs* at room temperature® The clear
solution was pour*»d on to crushed ice (50 g*), acidified
with dilutehrdroohlorlc acid and extracted with
chloroform (2 x 25 ml*)* The combined chloroform
extracts were washed with water end dried over magnesium
sulohate* Evaporation of solvent afforded a colourless
oil (690 mg*) which contained large amounts of
polymerised lsobutene. The product exhibited infra-red
absorption at 1710 err?l (oyclohexanone) and 1790 cm?l
(acid cnloride), the relative intensities being almost
identical to those In the starting material*

The crude product (690 mg.) was refluxed for 1 hr*
w’th collidine (43 ml*)* The cooled solution was poured
Into water (130 ml.), acidified with dilute hydrochloric
acid and extracted with ether (2 x 4- ml*). The

combined ether extracts were washed with water and dried



over magnesium sulphate* Evaporation of solvent
afforded an oil from which the isobutene polymer
was removed by partition between light petroleum and
methanol containing 1/ water*® The methanol extract
afforded an oil (80 mg*), whlca gave a positive 2«4-
dinitrophenylhydrazon© test and had an ultra-violet
maximum at 243m™N (SI,100), equivalent to 9§ ©nedione
(LXXVIII) character*® (see later)*

The cride oroduct (30 mg*) was refluxed for 1 hr*
with 6 hydrochloric acid (15 ml*)* The cooled solution
was saturated with ammonium sulphate and extracted with
ether (2 x 25 ml* )e The product was s©Opared into
acidic and neutral fractions by extraction of the
combined ether extracts with saturated sodium carbonate
solution* Toe acidic fraction (20 mg*) was shown to be
the keto-sold (XXXIII Hal) from the Infra-red spectrum
and conversion to the corresponding ester (XXX3&; RS .e)
with dlazomethane* The neutral fraction (2 mg*) was
shown to be the dione (LXXXI7) from the infra-red
absorption spectrum®*

(ill) A solution of the keta-acid (XXXXX; Rwh) (207 mg.)
In methylene chloride (50 ml*) was saturated with
isobutene at 0° over 0*5 hr. and & solution of

trifluoraeetlc anhydride (390 mg.) In methylene chloride



(5 ml*) added# Isobutene was passed into tie

reaction vessel f r 2 hr@* at 0°, then the solution
allowed to stand overnight at room temperature* The
colourless solution was poured on to ice (2 0 g*) and
water (50 ml*)# The methylene chloride layer was
extracted thoroughly with saturated sodium bicarbonate
solution, washed with water and dried over magnesium
sulphate# Evaporation of solvent afforded an oil (75 mg.),
containing mostly Isobutene polymer; the infra-red

rbsor tion spectrum indicating onlysmall amounts of
carbonyl compounds, which showed no absorption in the
ultra-violet*

i\-n krogo lsobutvlarethane was prepared according to t e
method of Cook, Raphael and Ecott (52). Xsobutylamin©
was condensed with ethyl c loroformate in the presence

of sodium hydroxide aff r&lng isobutylurethane as a
colourless oil b.p. 52°/0. 3mm., ni)S 1.4260 in 95A-yield;
and the urethane nitrosated at 10° with sodiumnitrite and
dilute nitric acid#

Olazoisobutane* A solution of li-nitroso Isobutylurethan©
(17*5 g*) in ether (50 ml.) was added over 5 mine, to a
mixture of potassium hydroxide (13 g.), n-propanol (50 ml.)
and ether (50 ml*) in a water bath at 50°* The orange
diazolsobutane wag co-distilled with ether and collected

below the surface of ice-cooled ether until the distillate



was colourless, (5d0 ml* distillate) (53)e

Standardisation (53) against benzoic acid showed

I-1C r1. ether solution to contain 2.75 x 10(6)A equivalen-ts
of diazoiaobutane* That diazolsobutone had indeed bean
forced was demonstrated by the smooth conversion of
3*5-dinitrobenzoic acid, on neutralisation with the
ethereal a lotion, to loobutyl alcohol 315-dIlnitrobenzoate
isolated from 11 ht petroleum as colourless needles

m*p* 8§6-87° (Lit* m.p* 87°)*

ttempted condensation of acid chloride (LXXV) with
d'tazolsooutane

A solution of the acid chloride (250 mg*) in dry
ether (25 ml*) was added slowly with swirling to five
equivalents of s sodium-dried ethereal solution of
diazoisobutane and the solution allowed to stand at 0°
for 14 hra* Evaporation of solvent at room temperature
under reduced pressure (20 mm*) afforded a yellow oil
which ©Onoeared to decompose on continued evacuation*

The 'roduct exhibited Infra-red absorption at 1710 om*I
(cyclohexanone) with medium bands at 1790 cm?* (acid
chloride), 2070, 1650 and 1625 cm?>* (diezoicetone)*

Dry hydrogen chloride was massed through a solution
of the oil in dry ether (25 ml*) for 0*5 hr* at 0°* The
decolorised ethereal solution was washed thoroughly with
dilute sodium bicarbonate solution, water and dried over

magnesium sulphate* Evaporation of solvent afforded the



°6-chiorou*tone (LXXXII® (120 mg*) as a thick yellow oil*
A solution of the oil (123 mg*) inxylene (50 ml*) was
refluxed for 4 hrs# with collidine (5 ml*), then

allowed to stand st room temperature for 12 hrs* during
which time colli&lne-hy&rochloride was precipitated as
colourless needles* The solution was washed with dilute
sulphuric acid, water and dried over magnesium sulphate®
var>orption of solvent afforded a thick yellow oil (80 mg*)*
The infra-red spectrum of the product was vex’r similar

to that of the keto-ester (XXXII} HsMe) and showed weak
absorption in the conjugated carbonyl region. The
ultrr-violet axlraum at 240 (£2,40J was emivOlent

to 20; enedione (LXXVIIlI) character in the final product*
qgondensatlon of the acid chloride (LXXV) wita dlazopethane

An ethereal solution of diazometnane (32) was
thoroughly dried over potassium hydroxide pellets and
standardised (53) (1 ml* ethereal solution contained
10-4 rnole dlazomethsne)*

A solution of the acid chloride (511 mg*# 2*5 m*mole)
in dry ether (50 ml*) was added dropwtee with swirling to
six equivalents (150 ml*) of the ethereal dlazomethane
solution at 0° and allowed to stand at 0° for 6 hrs.

The infra-red spectrum of an aliquot evacuated to dryness
indicated that lainge amounts of unreacted acid chloride

remained* The solution was allowed to warm to r om



temperature, trietnylsmlne ( 5 ml*) and a further
six equivalents (15- ml*) of the ethereal dlazometh&ne
solution were added and the solution allowed to stand
at room temperature for 10 hre* h.vaoor tl on of solvent
at r om temperature under reduced oressure afforded a
yellow oil wnlch on trituration with light petroleum
furnished the diazoketonr (LXXXXII) as a pale yellow
solid m*p* 6¢c- $° (dec*); yield 162 mg* (29%*5/)%* The
product exhibited infra-red absorption at 2100 cm?l
($Sft), 1708 cm?l (cyclohcxanon©), 1625 cm?l (dlazoketone),
3070 and 1375 cm«l (C-H vibrations in die zoketone) e
i -.uSgtxi.-:5-"1.gVBy.it>121510 foil;.ASP/.\l".SZIZl.I’lZ..L,

aolutlon of t :e diazoketone (LXXXzII) (160 mge)
in chloroform {20 ml*) was shaken for 5 mlns* \slth 35$
hydroiodic acid a lutlon (55)* fter evolution of
nitrogen had ceased the chloroform solution was washed
with water (2 x 10 ml*), dilute sodium thiosulphate
solution (2 x 15 ml*), water (2 x U ml*), and dried over
magnesium sulphate* Evaporation of solvent afforded
the dione (LXXXIV) as a colourless oil; yield 14Q rag* (99")*
& sample hod b*o. 50°/0 *OX mm*,, $P53 1*4951 (Foundi
C, 74*65; ftt 9*35* °12H18°2 squires C, 74*2§ 11,9*35/-)*
The product gave a positive iodoform test (56)* hrady’s
reagent (57) afforded the big-2¢4-dlnitroohenvlhydr«gon*

as a yellow nowder which on repeated crystallisation from



ohloroform-methanol crystallised as ye low needles
m.p. 348-350°. (pound! M, 19.7. c24ii26°8KS8
requires N, 20%*20,.), Toe product exhibited an
ultra-violet maximum (In chloroform) at 366m™x (£43,10)%
Tgobut—1- -nyl chloride was prepared by @ modification
of the method of Braude and Coles (60)*

©distilled i8obutyraldehyde (16u g*) was added
dropwlee over 1 hr* at 0° to powdered phosphorus
pentscnloride (475s*) and the mixture stirred at 0°
for 6 hrO*, s d for a furtherl2 hrs. at room temperat
The mixture was decomposed by pouring on to crushed
ic'" (1 kg*) and extracted with ether (4 x 250 ml*) *
The combined ether extracts were washed with water (6x100ml)
and dried over magnesium sulphate* Evaporation fo
solvent afforded a mobile red oil (156 g*) which furnished
isobutylidene dlohloride ©s © pale yellow oil (79 g*)*
b*p* 78-126°%* The crude dichloride (79 g*) was added
dropw-se over 1 hr* to e solution of potassium hydroxide
(38 g*) in ethylene glycol (200 ml./ at 120° ani the
mixture stirred for 5 hrs* at 120°, The product,
obtained by «low distillation from the reaction vessel,
was fractionated from © little sodium as a colourless
oil b.p* 66-74°. The product exhibited infra-red
absorption at 2795 and 1730 cm?I attributed to

isobutvraldehyde, which, was removed by stoking for 1 hr*



with saturated sodium bisulphite solution* A fter

filtration the oily layer was separated and dried over

magnesium sulphate* fractionation afforded isobut-
l-enylchloride as,a colourless oil 1*4170 (Lit* (60)
n*°1.4224); yield 9g (4.5).

tt"Pted preparation of lithium igobutenyl (58)
solution of i1aobutenyl chloride (1*35 g*) in dry
ether (1 o ml*) was placed in a dry 250 ml* three-necked
flask equipped with a mercury sealed stirrer and a
double-surface coll condenser under an atmosphere of
nitrogen* Lithium (250 mg*) was carefully scraped
free of oxide film under dry ether then cut into s?all
placer* In a stream of nitrogen and dropped immediately
into the reaction flask such tnat the shiny metal
surface was still exposed* The mixture was then gently
refluxed with stirring for 20 hrs* me cooled ethereal
solution was filtered through a fllter-etick from the
residual black powder and stored at 0° under nitrogen*
Shaking an aliquot with water gave no alkaline reaction,
hence, contrary to Braude and Coles (53) lithium
isobutenyl was not formed*
ttemoted elaborations of the acid chloride iILXXV)
(a) Ith methallyl magnesium chloride* A solution of
redistilled eethallyl chloride (9*05 g*, 0*1 mole) in

dry ether (35 ml*) was added dropwise over 6 hrs* to a



vigorously stirred mixture of magnesium turnings

(7*3 g.> 0.3 g.atom) end dry ether (100 ml.) under an
atmosphere of nitrogen* One crystal of lodine sufficed
to initiate the reaction, and after the reagent had been
added, the grey complex in ether was stirred at room
temperature for 8 hrs* The ethereal solution was
removed from the grey complex by filtration through a
fllter-etick under nitrogen pressure and stored at

room te'oerature under n'trogen* Ltan&ardlsstion
against 0.1K hydrochloric acid (62) showed that 1 ml.
etner contained 3*35 x 10"" mole of methallyl magnesium
chloride.

One equivalent of tne C-rlgnard solution (17.1 ml.)
was added over 1 mln. to a solution of the acid chloride
(LXXV) (1*23 &8 5*7 m.mole) In dry ether (50 ml.) under
a nitrogen atmosphere at -70°, followed by anhydrous
ferric chloride (10 mg.) (61) and the mixture stirred at
-70° for 3 urs. The mixture was poured on to crushed
ice and acidified with dilute sulphuric acid* Th©
ether layer was separated, washed with dilute ammonium
sulphate solution (2 x 50 ml.) and dried over magnesium
sulphate. Evaporation of solvent afforded an oil (1.2 g.
which a peared to be mainly a mixture of the to-acid
(XXXII; Haii), unreacted acid chloride (LXXV) and

dimethallyl (63) from the infra-red spectrum. Acidic



material was remove by washing with saturated sodium
carbonate solution, which gave 600 mg* neutral material
which aspeared to be mainly acid chloride from the
Inrre-rod s sectrum* The o*X (60j mg*} was refluxed

for j ore* with dilute sulphuric acid (10 ml*) and

the cooled solution separated by saturated sodium
o'-rbonat** solution into neutral and acidic fractions*™

".he aolcHc fraction roved to be the ketQ~aoid (XXXII;F*u)
(290 me*), whilst the neutral fraction (290 mg*) aopeared
to be a mixture of dlmethyallyl (63} and. the dione

(LXXXIV), from tie infra-red spectrum*

5- fft '1-1- nonp Si-f@

A solution of the acid chloride (LXXV) (6*0 g#) in
pure dry methylene onloride (19 ml*) ma cooled to -iu°®.
ure lsobutene was passed through a tower of potassium
hydroxide pellets, condensed by cooling to -10°, and a
large excess (oa* 25 ml*) dissolved in the reaction
mixture* Freshly distilled stannic chloride (or* Ig.)
was added through a capillary dropper and the flask
Immediately stoppered and a lowed to stand at -5° for
42 hrs* with occasional shaking* $he solution wee
poured into water (100 ml«) and acidified with 10/
hydrochloric acid* The methylene chloride layer wag
separated, washed with saturated sodium bicarbonate

solution, water and drl*d over magnesium sulphate*



Kvr "'oration of solvent afforded an oil, the

infra-re a ectrura of which exhibited a bend at 1790 cml*
corresponding to unreacted acid chloride (LXXV) (ca* 30/.)
A solution of th” oil in methylene chloride (150 ml*)

was again treated with isobutane (ca* 25 ml*) and

stannic chloride (ca* 1 g*) and allowed to stand at ~5°
for 72 ore*, then worked up as before* The product (33g*)
exhibited infra-red absorption at 1719 cm?! (cyclohexanone
enc -chloroi>e tone), with a weak band at 1799 ctn*i

(acid chloride) and bands at 174- omll (carbo Jj-butoxy)
and 1659 cmT** A solution of the oil in light

petroleum was chromatographed on a short column of
alumina (Grade 1) (90 gr)* Slution with light petroleum
(300 ml.) afforded mainly polymeric isobutene together
with small amounts of they”-caloro retone (LXXX)* lution
with ether (3 0 ml*) furnished the impure ©One&ione as; a
pale yellow oil (3*43 6%*)* Further elution with ether
afforded no useful material* The light petroleum

duate (above) was filtered, tiarough alumina (Grade 1) (100 g)
lution wit.a light petroleum (3GQ ml*) afforded a complex
mixture of polymeric isobutenes, whilst further elution
with etaer (300 ml*) afforded more crude ©Onedione as a
pale yellow oil (1*04 g#}* Elation of the first alumina
column with chloroform (300 ml.) after 72 hre* furnished

a pale yellow oil (0*45 g*) which was e .own to be identical



with the dione (LXXXIV), prepared by hydrogen iodide
treatment of the diaaoketon© (LXXXIII), from the

c eracteristic infra-red s "eotrurn and toe bl€-2%4-
dinitroohenylhydrazone (m#p#; mixed m#p* and ultra-violet
spaotrum). The crude enedione (4*52 g*; (69d))
exhibited infro-red absorption at 174- cmrl (carboj-
butoxyl or eyclopentanone)s 1719 c (cyclohexanone),
1685 cm”l (conjugated ketone) and 1620 cmll (olefinic
double bond) and a band at 165- cm#l A solution of the
enedione (4*52 g*) in benzene (20 ml*) was chromatographed
on silica (225 g.), and each fraction analysed from the
infra-red absorption spectrum* Elution with*-

(5 x 150 ml) 1- (116 mg*)* Traces of acid
chloride ( XXV) and slmole ester impurity (band at 1735 cm”)
1 ether-benzene (11 x 150 ml.)*- (462 mg#). Complex
mixture with traces of acid chloride (1790 cm?!)#  xs
fractions increased the intensity of the bend at 1650 cm?!
decreased, the 174" cmrl (carbot-butoxyl) band increasing
with respect to the 1710 (cyclohexanone) intensity.

1 et er-benzene (7 x 150 ml.)*- (643 mg#)# Last traces
of acid chloride and -at©rial with band at 1650 omrl were
removed# The enedione began t >be ©luted associated with
large amounts oft keto-ester (XXXII; Rs lu”*) (1740cm?1 band)*

?; etner-benzene (22 x 150 ml.)*- (2,690 mg.). The

enedione was completely eluted in association with the



keto-ester (XXXI2; RaBu”) t#e. 1740 cmZ” band which

decre-scd w”th Increasing fractions until negligible
at fraction 40%#

10# ether-benzene (9 x 15° »!le)*- (343 mg#)- Traces
of enedione and small amounts of the dione {IXXXIV}#

The combined & ©Otner-benzene eluatee were slowly

fractionated at * 1 mm*

(1) b.p. 110-116°, nﬁ 5149.

« ... UT-MOQOP, /

(3) b.p. 120-122°,n23 1.5140.

(4) b.p. 122-130°. rvp 1.5070.

‘he infra-red spectra of the fractions Indicated that
the enedione distilled,first, the higher boiling keto-
ester (x:;XII; contaminating the later fractions#
Refractionation of fraction (1) afforded the enedione
(LXXVIII) as B colourless oil b.p. 103°/0#007 mm*, 15165!
yield p.13 gr* (32.5/)- (Found* 0,76*65? H, 9*7.

13 ires C, 76*9?. H, 9.45/ )* The product
exhibited infra-red absorption at 1710 cm*l (cyclo-
hexanone), 1685 cm?l (conjugated ketone) end 1620 cmyl
(olefinlc double bond) wita an ultra-violet maximum at
241*%7* (£12,JQ0j * The bis semicarbazone crystallised
from rethanol as colourless needles m*p* 253-254°.

("oundt ft, 24*15* “177°2872%  rec’uires ft, 24*15#)*



tempted eycllgs.tlons of t,e enedlone (wWPXVXII)
(a) solution of the cru&e”-ohloroketone (hAXX)
(350 mg*) containing ea* 10# dissolved polyieobutene In
methanol (2 ml*) was warmed on & steam bath for 2 hre*
with 7*5/ hydrochloric acid (15 ml.)# The cooled
solution was extracted with ether (2 x 20 ml*)*
The combined ether extracts were washed with saturated
sodium carbonate solution, water and dried over magnesium
sulohate* v&porrtion of solvent afforded a pale
yellow oil (250 mg*), the infra-red spectrum of which
indicated a mixture of the eredione (1710, 1685 and
162" cm*3-) and t e koto-eater (XXXIIj TaBut) (1740 and
1710 on?1) with only traces of the acid c loride (LXXV)
ana the dione (LXXXIV) by comparison of the spectrum with
that of an authentic sample*
(h) The crude enedione (257 mg*, from expt* (a)} was
warmed on e steam bath for 3 are* with 6b sulphuric
acid (75 ml#) and the mixture allowed to stand at room
temperature for 1"C hrs*, before extraction with
ether (2 x 25 ml*)# The combined ether extracts were
washed with saturated sodium carbonate solution, water
and dried over magnesium sulphate* evaporation of solvent
afforded a colourless oil (150 mg*) which was shown to
consist mainly of the dione (LX4XIV) from the infra-red’

spectrum, which also indicated the presence of small



amounts of the enedtone and r to-eeter (XXXIIj BsBu”).
The sodium carbonate extract on acidification furnished
smell amounts of the keto-acld (XXXII? H«ii)«

(c) A solution of the crude enedlone (105 mg*) In

dry benzene (5 ml*) was refluxed for 5 hra# with a
solution of Aaphthalene-2-suiphonic acid (40 mg.) in

dry bensene (30 ml*)* The cooled solution was filtered
through a short ¢ lumn -=>f alumina (Grade V), which was then
eluted with ether (250 ml*) affording a yellow oil (68 mg*}
The infra-red spectrum of the product was identical to
that of tre starting material save that the band at

1740 cm?l (carbojt-butoxyl) had decreased in Intensity

by 25/ Ibe product was refluxed with naphthalene-2-
aulphonic acid (40 mg*) in benzene (35 ml*) for 11 hre*
The reagent was filtered from the cooled solution which
was then evaporated to dryness* The infra-red spectrum
of th©product Indicated that the relative 1 tensities
of the bends at 1710, 1685 and 1620 cm7” were unchanged,
but that the intensity of the 1740 band had again
decreased with concomitant formation of carboxylie
material, assumed to be the 'eto-acid (XXXII? Kmi),

(&) Pure stannic chloride (215 mg*) was added quickly
to a solution of the crude enedione (125 mg*) in pure
methylene chloride (20 ml*) and the tightly-stoppered

reaction vessel allowed to stand at -5° for 24 hre*



The solution was dilute! with ether (30 ml.) end

washed successively with dilute hydrochloric acid

(3 x 20 ml*), saturated sodium carbonate solution

(2 x 30 ml.}, water (2 x 3J ml.} and dried over

magnesium sulphate* Evaporation of solvent afforded

a yellow oil (86 mg*), the infra-red suec'trum of w&l$&
was identical In all respects with t .at of trie starting
material*

(e) A solution of the crude enedione (104 mg,} in
glacial acetic acid (5 ml.) was treated with 7g* of a

40# wiw solution f boron trifluoride in acetic acid and
the solution allowed to stand at room temperature for 3 days
The solution was ooured into water (40 ml.) and extracted
with ©t: (50 ml*)# Tie ether layer was thoroughly
washed with saturated sodium carbonate solution, water and
dried ever magnesium sulphate. Evaporation f solvent
afforded an oil (7Smg*) the infra-red spectrum cf which =
was identical with that of the starting material.

(f) i solution of the crude enedione (113 mg.) in
methanol (10 ml.) wag gently refluxed on s steam bath for
4 hre* with a solution of potassium hydroxide (43 mg.)

in distilled water (20 ml*)* A fter evaporation of some
methanol under reduced pressure, the cioled solution WwEeB
poured into water (20 ml.) and extracted with ether (30 ml*).

The ether extract «u washed thoroughly with saturated



sodium carbonate solution, water and dried over
magnesium sulphate* Evaporation of solvent afforded

a yellow oil 70 mg.) the Infra-red spectrum of which
showed It to be &« mixture of the dione (LXXXXV),
unchanged enedione and small amounts of the keto-ester
(V ; R=ad* The al aline extracts were carefully
acidified with dilute sulphuric acid, saturated with
ammonium sulphate and extracted with ether (2 x 30 ml¥*)
The combined ether extracts were ashed with saturated
salt solution (2 x 20 ml*) and dried over magnesium
sulphate* Evaporation of solvent afforded the keto-sold
(XXX1X| R*H) initially as a pale yellow oil (22 mg*)
which solidified on trituration with ether*

(g) > sol tion of the crude ©nedlone (100 mg*) in
methanol (10 ml*) was refluxed for 48 hre* with one
equivalent of a standard solution of sodium methoxlde in
methanol (20 ml*)* After evaporation to dryness under
reduced pressure, the cooled material was acidified with
dilute sulphuric acid and extracted with ether {2 x 20 ml*)
The combined ©t er extracts were washed with water

(7 x 70 ml*) and dried over magnesium sulphate*

Evaporat on of solvent afforded an oil (100 mg*), the
infra-red spectrum of which showed decreased intensities
in the bands at 1740 cm?! (c&rbot-butoxyl), 1685, and

1620 om*] (conjugated ketone) with concomitant appearance



of ban s attributed to the teto-acid (XXXIIf Hail) and

the dlone (LXXXIV).

(in) i.: dr is of a 4QGi solution of T-benzyl

trimethyl ammonium methoxlde (Triton 6 methoxi&e) in
methanol were added to a solution of the crude enedione
(1C3 mg.) in methanol (15 ml#;, and tae resulting solution
gently rcfluxed for "4 hrs# -thsnol was evaporated
under re uced treasure end the cooled material acidified
with dilute sulphuric acid and extracted with ether

(2 x 2" ml#;# The comoinod ether extracts were washed
with water (2 x 20 ml#) and dried over magnesium sulphate#
Evaporation of solvent afforded an oil (100 mg*) with an
Infra-red spectrum Identical to tiet above (ex t# (g))
save t rt sightly more of tae enedione had been converted
tc the Hone (LXXXIV) as indicated by the relative
intensities of the bands at 1685 and 162 em#l (©Onone) and
1710 (cyclohexanone and methyl ketone).

(1) \ solution of tie crude enedione (100 mg.) in
glacial acetic soil JI5 ml#) containing potassium acetate
(49 mg#) was refluxed for 3 hrs# The cooled solution was
poure into water (100 ml.) and extracted with ether

(2 x 25 ml#)* The combined ether xtracts were washed
thoroughly with saturated sodium carbonate solution, water

and dried over magnesium sulphate. Evaporation of solvent



afforded an oil (35 mg*), the infra-red spectrum of
which was indentical in all respect with taat of the
starting material*

(j) solution of the crude ened’one (90 mg.) in dry
benzene (20 ml*) cont-ining crystalline so&aml&e £30 mg.)
was re”luxed for 18 hrs# with vigorous stirring®* A fter
1 hr# a-Tonia was evolved and continued to be evolved
(litmus) for at least 8 hrs* The cooled solution was
act ifled with dilute sulphuric acid and the separated
benzene layer washed with water £3 x 10 ml#) and dried
over magnesium sulphate* Evaporation of solvent gave

a thick vellow oil (86 mg.), tie infra-red spectrum of
which Indicated t e presence of c&rboxylie material#

The oil was dissolv d in ether (2 0 ml#) and separated
Into neutral end acidic fractions by washing with
saturated sodium carbonate solution* The neutral
fraction was isolated as a thick oil (58 mg*) which
exhibited a complex infra-red spectrum# The intensities
of the bands at 1740 cm#2- (carbojp-butoxy!) and 1685 and
1620 ¢ ?1 (enonej had decreased but there was no evidence
for formation of the dione (LXXXIV) - by critical
comparison wit 1 the spectrum of an authentic sample#

The product exhibited a broad band at 3400 cm?2

(hydrogen bonded h-H)# The acidic fraction furnished a



very thick oil (24 mg.), the Infra-red spectrum
of which closely reassembled that of the keto-acid

(XXXIIz R-H).

(k) otasaium (100 mg.) was dissolved In dry

t,-butanol (10 ml.) and dry xylene (50 ml.). The

excess t-btsnol was removed by twice azeotroplng to
orall bulk with xylene (50 ml.) and the resulting
potassium l-butoxlde dissolved in dry xylene (100 ml¥*)
The cooled solution was added to a solution of trie crude
enedione (100 mg.) in dry x lere (25 ml.) and the
resulting solution allowed to stand at r om temperature
for 12 hrs. with occasional swirling. The solution was
poured into cold water (100 ml.) and acidified with
dilute sulphuric retd. The separated xylene layer

w”s washed w'th saturated sodium carbonate solution,
water and dried over magnesium sulphate* .vaporstion
of advent under reduced pressure afforded a yellow oil
M6 mg.) toe Infra-red s actrum of which was identical
with that of the starting material*

(1) A solution of the crude enedione (100 mg.) in

dry benzene (20 ml.) was treated, weth ten equivalents
of a standard- solution of sodium t-amylate in benzene

and the resulting solution stirred vigorously at room



temperature for 10 hrs* The solution was poured
into “ce-water (50 ml*) and acidified with dilute
sulohuric acid* The beraene layer was washed with
water and dried over magnesium sulphate* Evaporation
of solvent afforded an oil (93 mg*), the infra-red
spectrum of which resaebled those found in experiments
(g) and (h), the Intensities of the bands at 1585 and
1620 om.l (©none) having decreased with subsequent
hance-ent of the 1710 cm*2- band* The band at
174) c”12 showed decreased Intensity with production of
carboxylle material in small amounts* I similar complex
mixture w'p afforded when the crude enedione was refluxed
with excess sodium t-amylate in benzene for 18 hrs*
(ro) The crude enedione (1*60 g.) was added to a
solution of sodium .t-amylate (sodium 300 mg.) in
Jt-amyl alcohol (50 ml.) and the resulting solution
refluxed for 3 hrs* under an atmosphere of nitrogen.
Benzene (5>ml.) was added and the solvents evaporated
under reduced Pressure® The cooled mixture was carefully
acidified with dilute sulphuric acid and extracted with
ether (2 x 50 ml*)* The combined ether extracts were
washed with water (3 x 20 ml.) and dried over magnesium
sulphate* Evaporation if solvent afforded a yellow oil

(1*24 g*), the infra-red spectrum of which showed decrease



In Intensity of the bands at 1685 and 1620 cm?2 (enone)
In a complex carbonyl rari( e, and a new band at

3400 cm?] (hydroxyl;* A solution of the oil in

light petroleum (b*p* 60-80°) was curomatogra bed

on alumina (Grade I)* Elution with I/* benzene-

light Petroleum afforded small amounts of a simple ester*
Elution with 5 benzene-llg t petroleum afforded an

oil whic i exhibited medium bands at 1740 and 1660 cm?2
with reenrct to the strong band at 1710 cm?2 (cyclo-
hexanone) in the infra-red spectrum# Continued elution
afforded the same mixture with Increasing proportion of
the material which exhibited the band at 1660 cm?2.
Elution with benzene afforded a complex mixture comprising
the acid chloride (LXXV), the enedione (LaXVIII), with
small amounts of the keto-ester (XXXIII BaBut) and
probably the dione (LXXXJtV)# Elution vith 58§ ether-
benzene afforded a comolex mixture which exhibited bands
at 1740, 1710, 1660, 1620 and 1550 cm?2* The column
was eluted with ether after being allowed to stand for
one weOve The thick oil exhibited weak bands at

1685 and 1620 cm?l(enone) with a broad band at 1710 cm?2
and a new strong band at 3500 cm?2 (hydroxyl)* By
comparison with the Infra-red spectrum of authentic dione

(LXXXIV) the product was shown to contain only small



amounts of the dione, being principally the
|3-aydroxyketone of t ie enedione (LXXVIXI).
(n) -O©Ocrystallised g-toluenesulphonyl chloride (104 ne-)
was added to a solution of the crude enedione (87 mg*) In
dry pyridine (I ml.) and the mixture allowed to stand
at room temperature for 65 hre. After dilution with
ether ( 15 ml.), the mixture was acidified with 7*5/1
hydrochloric acid end the separated ether layers washed
thoroughly with saturated sodium bicarbonate solution,
water and dried over magnesium sulphate* vaporation
of solvent afforded a brown oil (150 mg.), the infra-red
spectrum of which exhibited bands at 1600, 1190, 1175
and 840 cm?2 attributed to |>-toluenesulphonyl chloride,
the inters*ties of the bands at 1747, 1710, 1685 and
1620 c”?2 being relatively unchanged.
1-(3- rthylbut-l-0l-2-enyl)*5-methylbicyclo hi 5s33 nonan-
5-one (LXXXVII; RsH)

odium borohydrlde (71 mg*, 1*75 m.mole) was added
to a solution of the pure enedione (UQCyill) (1.64 g*,
7*0 m.mole) in dry methanol (10 ml.), cooled to 0° in an
ice-salt bath* After the Initial effervescence, the
mixture was allowed fo stand at 0° for 1*5 hr. with
occasional shaking. The solvent was removed under reduced

pressure without heating and the residue acidified with



dilute sulohuric ©cid, saturated with ammonium sulphate
and extracted with ether (3 x 25 ml*}. The combined
ether extracts were washed thoroughly with saturated
ammonium sulphate solution and dried over magnesium
sulphate. Evaporation of solvent afforded a thick oil,
the infra-red spectrum of which exhibited a strong

band at 1710 cm?1 (cyclohexanone) with medium bands at
3500 cm?2 (hydroxyl) and 1685 and 1620 cm?2 (enone).

A solution of the oil in diy methanol (I ml.) was cooled
to 0° end allowed to stand at 0° for 4 hre* with

sodium borohydri&e (55 mg*) before being worked up as
before* The kotol was furnished as a thick oil (1f66 g.)
the infr*-red spectrum of which exhibited a strong band
at 1710 cm?2 with only weak bands at 1685 1620 cm?2.
A solution of the crude ketol (1*66 g.) In benzene was
chromatographed on a short column of silica (50 g*)*
[lution with 7/1 ether-benzene (8 x 150 ml*) afforded small
quantities of the enedione (LXXVIIl), the latter

fractions showing increasing amounts of the ketol,

tlution with 5 ether-benzene afforded the ketol as a
thick colourless oil (1.45 g*)» which was too thick to be
satisfactorily fractionated*™ k portion of the krtol was
fractionated by short path distillation on to a cold
finger as a colourless non-crysisllisable oil b.p*
130°/0.01 mm* (Founds C, 76*9: H, 10*25* ~15724"2 **®Qulres

C, 76*35 H, 10*25/0.



The product exhibited infra-red absorption at 3500 ¢ ?2
(hydroxyl)f 1710 cm?2 (cyclohexanone, broadened by
hydrogen bonding) and a weak band at 1635 cm?2 (olefin)
with ultra-violet absorption g?2g *1890; g?27*2841
*65 characteristic of a molecule possessing

a trlsubstituted double bond (78,79)%* It was found
that element analyses were high in carbon if the sample
of ketol had been diet*lied at 0*1 mn# Careful analysis
of the infra-red soectra indicated t ;e appearance of
weak bands at 1645 and 1605 ora?2, later sttributedto
the dleneone (LXXXIX) furnished by oyrolytic dehydration
of the fcetol (LXXXVXIlI RrH)e
Reduction of both carbonyl groups in the enedione (LXXVXII)

A solution of sodium borohydride (100 mg#) in
distilled water (10 ml#) was added quickly to a solution
of the crude enedione (103 mg#) In methanol (10 ml*) and
the resulting solution allowed to stand at room
tern oratore for 2 hrs* The solution was acidified with
dilute sulphuric acid and extracted with ether (3 x 20 ml¥*)
The combined ether extracts were washed with water
(2 x 20 ml*} and dried ver magnesium sulphate*
Evaporation of solvent afforded a thick oil (93 mg*) which
exhibited infra-red absorption at 1710 cm?2 (cyclohexanone)

and 3500 cm?l (hydroxyl) with weak bands at 1685 cm?2 and



1620 cm?2 (enone), though the Intensity of the

174) cm?2 band (carbo-t-butoxy) was the same as In the
crude tfienone. A solution of the oil (93 mg#) in
light petroleum (b.p. 60-80°) was chromatographed on
silica (5 g*)e Elution with light petroleum

(b.-» 60-80°) and with benzene (4 x 50 ml.) afforded,

a complex mixture of the acid Chloride (LXXV), keto-ester
(XXXII? R«But), enedione (LXXVIII) and the ketol
(LXXXVTI; R-H)- Elution with 104 ether-benzene

(4 x 50 ml*) furnished a mixture (49 mg.) of the
keto-eeter (XXXTI? R*Bu”) and the ketol (LXXXVII? Hah).
Further "lution with ether afforded small quantities of
a syrup, the infra-red spectrum of which exhibited a
strong broad band at 3530 cm?2 (hydroxyl) with only a
weak carbonyl band. The syrup, which could not be
purified was assigned a structure in which both
carbonyl groups in the enedione (LXXVIII) had been
reduced to hydroxyl.

Attempted formation of the p-tolueneeulpiionate of the
~ketol (JTTxvfTT R»il

k solution of the crude ketol (340 mg*) containing
some keto-ester (XXXII; RmBut) In dry pyridine (5 ml®)
was warmed on a steam bath for 7 hrs. with gptoluene-
aulphonyl chloride (305 mg*). A fter evaporation to ©mall

bulk under re uced pressure, the mixture was acidified



with dilute hydrochloric acid ©nd extracted with
chloroform (2 x 15 ml.). The combined ehloroform

extracts were washed with saturated sodium carbonate
solution, water and dried over magnesium sulphate*
Evaporation of solvent afforded a thick oil (365 mg.)
which exhibited infra-red absor ption at 3503 cm?2'
(hydroxyl), 1600 om?l (aromatic) with a doublet at

1290 and 1275 cm?2 (£-toluen©sulphonate)*
o-Toluenesulohonyl chloride (530 “g.) was added to a
solution of the oil (365 mg.) in dry pyridine (5 ml¥)

and the solution allowed to stand at room tern3erature

for 18 hrs. in s stoppered flask. work-up as above
afforded a thick oil (525 mg.), containing unchanged
reagent. The product, which exhibited only weak
absorption at 3500 cm?2 (hydroxyl), was dissolved In
benzene and chromatographed on alumina (Grade XXX) (15 g.}.
Elution with benzene (5 x 50 ml.) afforded an oil (190 mg.)
which exhibit© Infra-red absorption at 1710 cm?2
(cyclohexanone), 1600 cm?2 (aromatic), 1290 and 888 cm?2
(Inter shown to be conjugated dience). Fraction (1)
exhibited an ultra-violet maximum at 230n%i (£8,500)
corresponding to 36/ dlenone (LXXXIX) character® Further
elution with 10/ ether-benzene (6 x 50 ml.) afforded an
oil (90 mg.) which exhibited infra-red absorption at

1710 cm?2 (cyelohex* none), 1740 am?2 (carbo-t"-butoxyl) and



with dilute hydrochloric acid and extracted with

chloroform (7 x 15 ml.)* The combined chloroform

extracts were washed with saturated sodium carbonate
solution, water and dried over magnesium sulphate*
Evaporation of advent afforded a thick oil (365 mg*)
which exhibited infr©-red absorption at 3533 em«l
(hydroxyl), 1600 om?l (aromatic) with a doublet at

1290 and 1275 cm?2 (£-toluen©aulphonate)*
o-Toluenesulohonyl chloride (530 “g*) was added to a
solution of the oil (365 mg*) in dry pyridine (5 ml.)

and the solution allowed to stand at room temperature

for 18 hrs. in a stoopered flask. work-up BB above
afforded a thick oil (525 mg*), containing unchanged
reagent® The oroduct, which exhibited only weak
absorption at 3500 cm?2 (hydroxyl), was dissolved in
benzene and chromatographed on alumina (Grade III) (15 g*)*
rlution with benzene (5 x S3 ml*) afforded an oil (193 mg.)
which exhibit© infra-red absorption at 1713 cm?2
(cyclohexanone), 1600 cm?2 (aromatic), 1290 and 888 cm?2
(later shown to be conjugated diene/* Fraction (1)
exhibited an ultra-violet maximum at 23<M)x (£8,500)
corresponding to 36/ dlenone (LXXXIX) character® Further
©lution with 10, etner-benzene (6 x 50 ml*) afforded an
oil (90 mg*) which exhibited infra-red absorption at

1710 cm?2 (cyclohexanone),, 1740 cm?2 (carbo-t-butoxyl) and



1600 (aromatic), 1290 and 1275 cm;rl (js-toluene-
sulphonyl) with only weal? bands at 973 &n& B88 cmTl
(conjugated dlene)* Fraction (7) exhibited an ultra-
violet maximum at 230rnp (£4#500) corresponding to 19,-
dieneone (LXXXIX) character* Further elution with
etnrr afforded small amounts of a complex mixture
containing unreacted ketol#

Attempted cyollertlon of the p-toluenesulphonate of the
fe8tjo\ A X XXVXI; B--.1

A solution of the crude keto-tosylate (190 mg*) in
dry jb-amyl alcohol (15 ml*) was treated with one equivalent
of sodium jt-amylate (11*5 mg* sodium) in Jr&myl alcohol
(I5 ml*) and the resulting solution refluxed with
stirring for 16 hrs* under an atmosphere of nitrogen*

The solution, which became cloudy, was evaporated to small
bulk and the cooled material acidified with dilute
sulphuric acid, diluted with water end extracted with
ether (2 x 2>ml.)* The combined ether extracts were
washed with water and dried over magnesium sulphate#
Evaporation of solvent afforded a sweet-smeiling oil

(170 mg.) which exhibited a weak band at 3500 omj!/
(hydroxyl) in the infra-red spectrum, with virtual
disappearance of the bands at 1600* 1290 and 1275 cm?!
(g-toluaneaulphonate). A solution of the oil (170 mg¥*)

in benzene was chromatographed on alumina (Grade I) (10g.).



Slutlon with 5/ ether-benzene (6 x 50 ml*) afforded a
thick sweet-smelling oil (45 mg*), the infra-red cotrum
of which indicated © complex mixture of at least isrto-
ester (XXXIIj RaRtt*), dlenone (LXXXIX) and keto-tosylat©
(LXXXVIIi Rgg-CH3*CgH4 *aOa )* urther elution with
ether afforded small amounts of a thick oil which
exhibited hydroxylic bands in the infra-red spectrum*

1-(3- ethylbutadlenyl)-5-metiiyiblcydo (3<5«/ -one
LXXXIX

(a) A solution of ketol (LXXXVIIi Rail) (330 mg*) in

dry pyridine (5 ml.) was treated with a solution of
Av-bromobenzenesulphonate (535 mg., 1*5 eauivalents) in

dry oyrldine (5 ml*) and the solution allowed to stand

rt room teoerature for 18 hrg. The solution was

poured into iee-water (100 ml.) and extracted with ether

(o x 25 ml*). The combined ether extracts were washed
with dilute hydrochloric acid, s turated sodium bicarbonate
solution, water and dried over magrr slum sulphate*
Kvenor-tion of solvent afforded an oil (195 mg.) which

on trituration with lig t petroleum (b*p* 6G-8G0),

afforded a solid (15 mg*) which crystallised from ether-
light ctroleum (b*p* 60-80°) ae colourless needles

m.p* 168-172°% The product exhibited only aromatic

bands in ¢/v infra-red s>eotrum* Evaporation of the light

petroleum soluble fraction afforded relatively unchanged



etol a© B thick oil (ISO mg*)*

(b) solution of the ketol (LXXXVIIi TUH) (35 mg%*)

in dry pyridine (2 ml*) was treated with a solution of
£-bror obenzenesulphonyl chloride (665 mg** 2 equivalents)
in dry oyridin© (2 ml*) and the solution warmed on a

steam bath for 2 hrs* hfXer removing the pyridine

under T% uced pressure, the cooled mixture was poured

into water (5- ml*), acidified with dilute hydrochloric
acid, saturated with ammonium sulphate and extracted

with ether (2 x 25 ml*)* The combined ether extracts

were washed with saturated sodium blcarbom te solution,
saturated ammonium sulphate eolation and dried over
magnrelum g lohste* solvent was removed under reduced
pressure without warming, affording a mobile yellow oil
(295 mg*), which exhibited a complex infra-red spectrum
with bands at 171b cm5*1 (cyclohexanone), 31GC and 158b crn”l
(aromatic bands of £-bromobenzenesulprionate), 3750, 1645
and 161b cmyl (conjugated dlene) and a weak band at

3500 om*l (hydroxyl)* A solution of the oil (295 mg*)

in 25/ benzene-light petroleum (b*p* 60-Ba3) was
chromatogr® bed on alumina (Grade 1) (13 g*}* Elution
with 25/ benzene-light petroleum (b.p* 60-30°) (6 x 50 ml¥*)
afforded the dieneone (LXXXIX) as a volatile sweet-smelling
mobile oil| yield 210 mg* (73/ )* Elution with benzene
afforded no useful material but further elution with

ether (200 ml.) afforded a non-crystalllsable glass (50mg*)



The roduct exhibited infra-red absorption at 1710 cmrl
(cyclo exanone) with weak bands at 3100, 16§0 and
1580 cmrl (aromatic of D-bromobenzmeeulphonate)*
Fractionation of the 25/ benzene-light petroleum (b*p#
60-80°) eluate furnished the enedlone (LXXXIX) as a
colourless oil b.p* 7C°/Q*G1 mm*, y 1.5197,
(Foundi  <3,32*%2§ H, 9*95*% CI5H22° c» 82*5#
I!, 10*15, )* The product exhibit©! infra-red absorption
at 171 omfl (cyclohexanone), 3750, 1645, 1610, 973 and
888 cmTl (dlsubstltuted conjugated dlene) (33) with
an ultra-violet maximum at 23GnM (£23,900)%*
1-(3- ethylbut-l-aoetate-2-enyl)-5-methviblcyclo L5>3 IlI-
nonrn-3-one (I"XXXVIIi R»CBj«CQ)

cotic anhydride ( 1 ml*) was added to a solution
of the Mrtol (LXXXVIIi R#H) (200 mg.) in dry pyridine
(1 ml*) and the solution allowed to stand at room
temperature for 75 hra* in a stoppered flask* Evaporation
under re uced pressure afforded the keto-acetate as a
colourless oil (220 mg*) b.p* 124°/0*05 mm*, rE* 1,4954.
The product exhibited infra-red absorption at 1740 and
1240 cmll (acetate) and 1711 (cyclohexanone) with a
weak band at 1620 cm.i (olefin)* The ultra-violet
spectrum exhibited end-absorption **2605 1 g""*310 j
£21°/7220al.95 cnaraoterietlo of a trisubstituted double
bond (73,79)* During acetylation there was no evidence in
the infra-red and ultra-violet spectra for formation of the

dleneone U-4JUUX)*



Attempted elaboration of the acid chloride (L-XXV) (bee 1ior)
(b) Ith ethyl sodlo-ecetoaoetote™ A solution of ethyl-
rcetoncetate (10 g*) in anhydrous ethanol (50 mg*) was
added to © solution of sodium (1.6 g*) in anhydrous
ethanol (100 ml*) and the resulting solution warmed to
50° with stirring for 1 hr* .vaporation of volatile
materials at 100° under reduced pressure afforded ethyl
sodlo-acetoacetate as p pale yellow solid* A solution
of the acid chloride (45® mg*, 2*5 m*molea) In dry
benzene (5® ml*) was added over ->*5 hr* at 4®° with
stirring to a solution of ethyl sodio-acetoacetat©

(373 mg., 6 m.mole) in dry benzene (loO ml*) and
dlmethylformamlda ( 2 ml*)* The solution was refluxed
for 2 are*, during which time sodium chloride separated
from the solution* The ice-cooled mixture was carefully
acidified with dilute sulphuric acid, the benzene layer
separated, washed with water and dr ed over magnesium
sulphate* vapor tion of solvent and reagent under
reduced oreesure at 100° afforded a thick oil (227 mg*)
which gave an orange colour with ferric chloride* The
product, which was unstable to distillation, exhibited
Infra-red absorption bands at 1735, 171® and 164® cm«l
attributed to an enollsabl® to-ester® There was

no ultra-violet maximum in ethanol, but in ethanol

containing 1/ IN sodium hydroxide the product exhibited



an ultra-violet maximum at 273r;h (£10,700) which was
to be expected from formation of structure (XCXIf R* ©)e
The oroduct could not be selectively hydrolysedto the
dlone-ester (XC), or the trione (XCIII)*
(¢) Ito ethyl t-butvl etftoxvmap;neslutmnalQnate (83)
agneelum ethoxide was prepared by adding anhydrous
ethanol (10 ml,) to magnesium turnings (217 mg,, 3*9mg*etom)
activated with 5 drops carbon tetrachloride, and the mixture
rrfluxed for 2 hrs. until all the magnesium had dissolved*
The excess ethanol was removed at 100° under reduced
pressure, th” last traces being removed by azeotroping
with xylene (100 mlI*)*
A solution of ethyl t-butyl smlonate (1*68g*,

8*9 m.mole) in dry ether (25 ml*) was added to a
suspension i¢ magnesium etftoxide (8*9 m.mole) In dry
ether (150 ml.) and the mixture refluxed gently for 3 hrs*
The solvent and etnanol were removed as above*

solution of the acid chloride (1*91 g*, 8*9 m.mole)
in dry ether (25 ml*) was added over 0*5 hr* to a stirred
suspension of the reagent (8*9 m.mole) in refluxling
ether (25® ml*)# Immediately on addition of the acid
chloride tine complex partially dissolved only to be
reoleced at once with 9 suspension of ethoxymagneslum
chloride* The mixture was gently refluxed with stirring

for 18 hrs* The ice-cooled mixture was acidified with



dilute sulphuric acid, the ether layer separated and
the aqueous layer extracted wlto ether (2 x 5® ml*)*
'The combined ether extracts were washed with water and
dried over magnesium sulphate* Evaporation Of solvent
afforded a yellow oil from which the starting materials
were removed at 0*l mm, in an oil bath at 15GC* The
dionr-diester (XCIIj Rxou”G), which would not distil

at 180°/w*l mm* snd decomposed rapidly at 190° was
isolated as a thick oil; yield 2*3® g* (IX. )* The
iroduct, which gave a red ferric chloride test, could
be furnished in almost quantitative yield if a I® excess
of reagent were used*

It was found that the distillate above solidified
overnight affording a oroduct which crystallised from
£-pentene se colourless prisms oup* 49-51° (Found*

0, 61*85; H, 7*2; OX, 16*3* ®I1M15%2~ requires

C, 61*55; H, 7*0; CI, 16°+5/=) The product which
exhibited infra-red absorption (carbon tetrachloride,
50 mm* cells) at 1811 cm?1 (pseudo acid chloride) was
assigned structure (LXXVI),

"t -vl 5 p tilvlblcyolol3i:7>.]3 oc*gn-7-orie-1-.goptp.te
TLIXt R« pj

A solution of the pseudo acid chloride (114 mg,)
in dry methanol (20 ml*) was refluxed on a steam bath
for 3 hrs* with one equivalent of sodium methoxide

(sodium 112*2 mg*))* Evaporation of solvent afforded



an oily mixture which was thoroughly washed with ether*
Ivaporrtlcn of ether afforded the <«to-eoter (hIX; Rs”e)
as a colourless oil; yield 108 mg* (98/<)* A sample
had B»P# 6Q°/0.03mo.,Dn551.4719, (Bounds C,

H, 3.85. C12HI8 0 reoulres C, 63.551 H, 8.65, J.

The product exhibited a characteristic Infra-red
absorption spectrum, markedly different from that of the
keto-ester (XXXII; R* ¢) with one band at 1743 cm?*
(carbon tetrachloride, 5*0 mmi* cells) (cyelopentanon©

and carbomethoxyl) and a distinctive band at 1108 cm#l (film)

X-lg-CnpbetM ?g.ao.el?.1J.-5-methyAfelc*olo.13«3ia nongn-|-0.ne

A solution of the dione-dtester (XCII; RrSuJk))

(2*30 g*) in dry benzene (30 ml*) was added to a solution
of o-tolucnesulphonic acid (150 mg*) in dry benzene 140 ml*)
and the solution refluxed gently for 18 hrs* The cooled
solution was washed with dilute sodium carbonate solution,
water and drled over magnesium sulphate* Evaporation
of solvent afforded a thic : red oil which on fractionation
afforded the dlone-ester (XC) as a pale yellow oil
b*p* 138-1500/0%*- nmm*J yield 1*25 g* (753>)* A sample
had fc.p. 140°/0.03 mm., n]%S 1.4925. (Founds C, 68.1;

*4*  ~15*%*22°4  repuires C, 67*05; H, 835/ ) The
product exhibited infra-red absorption bands at 1706 emTl
(cyclohexenone), 1740 cm*1 (carboethoxyl) and at 1643 and

1618 era*1l (enolisable(i-keto-ester)s Tae product



exhibited an ultra-violet maximum at (€3*520) in
ethanol and at ffCtp (€13,500) in ethanol containing
1/ 11 bodium hydroxide which taken with the violet
colour with ferric chloride was ©Iso typical of an
©Onolisable /3- eto-Ost@r*

&mnr%-&wJJeN2W.

A solution of the dlone-estor (XC) (210 nigi#) in
methanol (50 ml*) was gently refluxed with dilute
eulohurlc acid (10 ml*) for 1*5 hr* T e cooled
solution w”s poured int ice-water (250 ml#) and
extracted with et er (2 x 1)0 mi*)* The combined ether
extracts were washed with saturated sodium bicarbonate
solution, water and dried over magnesium sulphate*
Evaporation of solvent afforded the dlone (LXXXIV) as a
oaleyellow oil; yield 133 mg* (90™M)# The product
had an identical infra-red spectrum with that of the
dione re >ared by hydrogen iodide decomposition of the
diasoketone (LXXXXXX)* The corresponding bl"-2;4-
Sinitrophenylhy&rszones were identical (m#p* 5 mixed m*p#
and ultra-violet spectrum}*

'ettemuted condensations of dlone-est«er ,(.vi) w»te acetone®
(a) msolution of the dione-ester (224 mg*) in dry
benzmr (30 ml#) containing acetone (82 mg*) was stirred
at room tern erature for 2 hrs# with anhydrous ethanol

(10 drops) and piperidine (5 drops)* Glacial acetic

acid (5 drone) wos added and the solution stirred for 1 hr*



at room tern erature, then washed with water (2 x 15 ml¥*)
and dr‘ed over magnaium sulphate# Evaporation of
solvent afforded an oil (224 mg*} i1dentical with
starting material (infra-red and ultra-vllet spectra)#
(b) A solution of the dione-ester (218 mg*) In dry
benzene (50 ml*) containing acetone (185 mg*), glacial
acetic acid (40 -g#) and "-amlnocaproie acid (4 mg¥*)
wee refluxed vigorously for 12 hrs#, under a ooxhlet
extraction (60 ml* capacity) containing dry acetone (5 ml¥*),
dry benzene (15 ml.) and blue silica gel to trap any
water formed durin; the react'on* The cooled solution
was washed with dilute sodium carbonate solution, water
and dr*ed over magnesium sulphate# Evaporation of
solvent afforded an oil (215 mg*) identical with
starting material (infra-red and ultra-violet spectrum)*
(¢c) A solution of the dione-ester (214 mg.) in
benzene (12 ml*} containing acetone (20 ml#),
oamlnocaproic acid (500 mg*) and glacial acetic acid

(1 ml*) was refluxed for 5 hrs* under a dean and &tark
anoaretus containing blue silica gel* The cooled
gelution was washed with water (4 x 25 ml*} and dried
over magnesium sulphate* Evaporation' of solvent afforded
an oil (214 mg.) identical with starting material
(infra-red and ultra-violet spectra,)*

(d) Dry hydrogen chloride was passed. Into a solution



of the dione-ogter (525 mg.) in dry acetone (40 ml.) at
0° for 2 hrs. and the saturated solution allowed to
stand in a stoppered flask at 0° for 36 hrs. The
solution was poured on to crushed ice (200 g*),
neutralised with saturated sodium bicarbonate solution
and extracted with ether (3 x 100 ml*)* The

combined ether extracts were -ashed with water and dried
over ognesium sulphate* Evaporation of advent afforded
rn oil which rapidly turned violet with loss of hydrogen
Chloride* hen piperidine (10 ml.) was added to a
solution of the oil the ether (100 ml.), a vigorous
exothermic reaction ensued. A solution of piperidine
(4 ml.) in ether (100 ml.) was added to the cooled
solution, and the mixture shaken vigorously In a
stoppered flask at room temperature for 65 hre*
i'lperidine hydrochloride was separated by filtration and
the filtrate washed, with dilute sulphuric acid, dilute
sodium carbonate solution, water and dried over magnesium
sulphate* .vapor©tion of solvent and resltyl oxide, by
warming under reduced pressure, afforded a thick red-
black oil (400 mg*} which was partially purified by
chromatogmphy on silica, the oily product. (360 mg*)
being eluted with 5 0 ,chloroform-benzene* The infra-
red spectrum of the product was similar, but not

identical, to that of the starting material* The



ultra-violet spectrum of the product was also similar,
but not identical, with starting material having a
maximum at 242mp (€6,270) in ethanol and at 266ny*
(£11,700) in ethanol containing 1, [k sodium hydroxide*

A solution of the product in methanol (20 ml.) was
refluxed with dilute sulphuric acid (3¢ ml*) for 1*5 hrs*
The cooled solution was diluted with wa er (100 ml*) and
extracted with ether (3 x 50 ml*)* The combined ether
extracts ?ere washed with saturated sodium bicarbonate
solution, water and dried over magnesium sulphate* The
sodium bicarbonate extract afforded no acidic material*
vsoorstlon of solvent afforded an oil which was purified
by filtration through a short column of silica, the
product (200 mg*) being eluted with [’ c iloroform-benzene*
The infra-red spectrum of t e product was Identical with
that of the dionc (LXXXIY) prepared by hydrogen Iodide
decomposition of the bi&zoketone (LXXXIII)* The product
which showed no ultra-violet absorption afforded a bls-Ptd-
dini trophenylhydrazone Identical (m#p*; m xed m.p* and
ultra-violet spectrum) with that of the dlone (LXXXIV)*

»oetomethyl 5-"ethylbtcyolq[31i3»I13 noR."r;-5-onc-X-osrboxvlstfe
SMSM. 1

A solution of the kcto-acid (XXXIIJ, R»H) (4*63 g*)
In dry ethanol (SO ml*) was neutralised to phenolphtnalein
with en etnanolle potassium hydroxide solution®* Redistilled

chloroaceton© (7*0 g*, 3 equivalents) was added and the



solution refluxed with stirring for 3 hrs., potassium
chloride being almost completely precipitated within

15 min. fter evaporation of solvent under reduced
pressure, the product m-a poured Into water (150 ml.)

and extracted with ether (2 x 50 ml.). The combined
ether extracts, were washed with s-turate sodium carbonate
solution, saturated a ronlum sulphate solution and dried
over magnesium sulphate. Evaporation of solvent

afforded the acetol ester as a mobile oil p.p. 148°/0.05mm
nf2 1.4910; yield 5.32 6% o &ur
h, 7.7. J14H2w™4 reau *ree 66.65; H, B.O/i).

The product exhibited infra-red absorption at 1735 craTl
(acetocsrbomethoxyl) and 1705 crul (evelobexanone)e
Ilemited bjrc 1l g:;.tl,pn of. J j tpl-ester.,, (.ACIY|

(a) A solution of the acetol ester (250 mg.) In dry
benzene (15 ml.) was refluxnd for 2 hrs. with
diethylamina (1 ml.) and pyridine (I ml.). The cooled
solution was washed with dilute hydrochlorlc acid, dilute
sodium bicarbonate, water and dried over magnesium
sulphate. Evaporation of solvent afforded a colourless
oil (225 mg.), the Infra-red spectrum of which was
Identical with that of starting material.

(b) A solution of the acetol eater (2JO mg., 0.8 m.mole)
In methanol (5 ml.) was treated with 0.11" sodium

hydroxide (8 ml*). The solution, which became exothermic



was allowed to stand at room ternoeraturo forl2 hrs#

the solution was poured into water (5- ml#) and extracted
with ether (2 x 20 ml*)* The combined ether extracts
were washed with saturated sodium carbonate solution, '
water and dried over magnesium sulphate* Evaporation of
solvent afforded an oil ( 6 mg*), the infra-red spectrum
of which was identical with that of starting material*

The alkaline extract was carefully f.cldified with dilute
sulphuric acid, saturated with ammonium sulphate and
extracted with ether (2 x 5J nl*)e The combined

ether extracts were washed with saturated ammonium
sulphate solution and dried over ma nesium sulphate*

van ration of solvent af-or&ed a thic oil (125 rag*),

the Infra-red spectrum of which was very similar to that
of the keto-acid (XXXII; Rsli)*

(c)e A solution of the acetol ester (5J0 mg*, 2 m.mole)
in dry xylene (20 ml.) was refluxed for 2 hrs* with a
solution of potassium t-butoxide (ootasslum (120 mg.,

3 6. atom)) in xylene (5 ml.) under a nitrogen atmosphere.
The cooled red mixture was acidified with dilute
hydrochloric ©old and the separated xylene layer washed
with saturated sodium carbonate solution, water and

dried over magnesium sulphate* Evaporation of solvent
under reduced pressure afforded en oil (435 mg.), the

infra-red spectrum of which was Identical with that of the

starting material.



(d) solution of the acetol ester (112 mg#) in
benzene (20 ml.) was refluxed for 3 hrs* with a dry
solution of excels naphthalene-S-sulphonlc acid in
benzene (5 ml.}. The cooled solution was washed
with sodium carbonate solution, water and dried over
magnesium sulphate* Evaporation of solvent afforded
an oil (103 mg.), identical with starting material*
(o) A solution of methylsnilinomagnesium bromide in
benzene under nitrogen was prepared according to method
of :iolsen, Gibbons and Eimmemann ( 8) and standardised®*
A solution of the acetol eater {250 mg*, 1 m.mole) in
benzene (15 ml.) was added to one equivalent of a
freshly prepared solution of the reagent in benzene (5 ml.
and tn© solution allowed to stand at room temperaturefor
2 hrs* under nitrogen* The solution was washed with
dilute hydrochloric acid (4 x 16 ml.), water and dried
over magnesium sulphate. evaporation of solvent afforded
an oil (23J mg*), t e infra-red spectrum of which was
very similar to that of starting material but exhibited
a weak band at 3500 cm?1 (hydroxyl)*
Attempted alkyla,tlon®of”jie ketc-oster U All; Hs.q) with
ethyl. .g"broTpifiObu

A solution of the keto-ester (490 mg*, 2*3 ©.mole)
in dry benzene (50 ml.) was refluxed with crystalline

aodamlda (180 mg., 4*6 m.mole) for 20 are. with vigorous



stirring under & nitrogen atmosphere until evolution
of ammonia cessed* To the cooled solution was added
a solution of ethyl of-bromoiecobutyrat© (455 mg*, 2.3 m.raolaf
in dry benzene (15 ml.) over 0.25 hr*, and the solution
stirred at room temperature for 0*5 nr* 0 no

sodium bromide precipitated from the solution, the
solution was gently refluxed for 5 hrs* The cooled
solution was acidified with dilute sulphuric acid, the
benzene lever separated, washed with water (6 x 20 ml*)
ar. ; driei over magnesium sulphate*® vaporotlon of
solvent afforded an oil frcm which unchanged ethyl
<*-bromoieobutyrst© was removed by prolonged warming
under rc uced pressure. The infra-red. spectrum of the
product (340 mg*) was identical with that of the

starting material*



ART TWO

Th© Gynthe©Oia of
5- -etiiylblcycloQft3il] nonan-2-one-l-carboxylic Acid

and Attempts at Conversion to clovene
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CAR30XYLTC ACID AffD ATTEMPTS AT COftVSRBIOM 10

Theoretical

(Formulae flowsheets for this section on p* 170)e

The main conclusion drawn from the investigations
described in Part One was that a precursor with a
carbonyl group at Cj of the bloyclo C3*351] nonan© system,
e*g* (XXXII; RsH), was not the most favourable for the
elaboration of ring C of ciovene* It was readily seen
that n more useful intermediate would be 5-methylbleyclo-
ths 339 non-2-one-l-carboxyltc acid (CLIIIj RsH),
possessing the carbonyl group in the 0" position adjacent
to the carboxyl function* In this compound the reactive
carbonyl and carboxyl functions are situated at the
correct *Junction** points for elaboration to the five-
me"bared ring of ciovene* This would circumvent the
difficulty experienced in the earlier work where the
carbonyl group in the koto-acid (XXXII; H*hJ had only a
weak activating influence on the adjacent (& position,
l*e* the position where condensation must necessarily
occur If eyoilsation to the ciovene skeleton were to
succeed* The placing of the carbonyl group in the Cg
position of the keto-acid (CLIIXf RsH) saouid both off-set
the difficulties encountered previously in the elaboration
of the bridge-head carboxyl group and help to diminish

the steric problems previously experienced*



It was noted (see lit* review p*p*5~ -75) %

Cone and iynerholm (IP3) had synthesised bicycle (3*3*3 "
non-3-ene-9-one-l-carboxylic acid (OXXXIXI RsH)
containing the carboxyl function in the desired C#
position* This route appeared to be suitable for
modification to furnish the desired keto-acid

(CLTvI; R*H)* Initially the hydrogen atom had to

be replaced by @ methyl groupj this could be brought
about by using methyl-substituted starting materials In
the syntheses of the bloyclo (3*3*1]nonane system* &ext»
the (g carbonyl group had to be converted to methylene,
and the resulting olefinic-acid (CLV; Rsii) then oxidised
in the allylie position to t © conjugated ketone

(CliVT; P«H) which on hydrogenation would afford the
desired Iceto-aeld (CLITT; R$h)* [t should be noted
that the Og carbonyl group had to be removed, completely
before introduction of the C2 carbonyl otherwise
ambiguity would arise In tie position of attack of
reagents on these carbonyl groups*

Formation of the htcvcllc upstem (GLX)

Cope and dynerholm (123) started from 2-carbethoxy-
eyelohexanone, but our starting materiel was 2-carbethoxy-
6-methyleyolohexanone (CLVTI), prepared by condensing
2-methylcyelohoxanone with diethyl oxalate and pyrolytlcally
d©carbonyls ting tne intermediate dione-ester (CJLVIII) (131)%*

The koto-ester (OLVI) was condensed with redistilled



acrolein at *70°, In the presence of catalytic amounts
of sodium ©thoxide (123), to furnish the al&ehy&o-
ester (OLIX)* An internal aidol reaction with
simultaneous dehydration was then effected by adding
the freshly distilled aldehydo-ester to vigorously
stirred, Ice-cold concentrated sulphuric acid (123)*
The crude kcto-ester (CLXI RsKt) was obtained as a
colourless oil of wide boiling range* saponification
with war aqueous mathanolic sodium hydroxide furnished
the desired crystalline >rto-acid (CI*Xf Rail)* This
structure (GLXi RsH) was assigned to tne compound on
the following basis *-

The Infra-red spectrum of the :? to-acid exhibited

r Proal band from 3300 to 23-.; OB7L (carboxyl), strong

AX/TNOTRt- Two by-products have been isolated in 155

yin a fror the add treatment of the aldehydo-ester( GILIX)*
One has been characterised (132) as 4-aethyliiydrindene-
7-carboxylic acid (Gl»xX) (133), while the other, $13% gO~,
containing a readily decarboxylated carhethoxy group,
together with a oyclohexenone function, ha© been tentatively
assigned structure (Cl XII) or (CLXIII)* An the structures
of these by-products and the" mechanisms for their formation
by some complex rearrangement of the Intermediate ketol-
ester (CLXIX), have proved to be worthy of fuller study,they

are being, pursued, by .iss Jha.veri In tois department*
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band© at 1705 cm7* (cyclobexanone) and 1685 m7"
(carboxyl), and e weak band at 1630 c(oleflnic
double bond) (33)* The infra-re; spectrum of the
corresponding keto-ester (OLXi BaMei had bands at
1728 cmr* (carbon)ethoxyl)* 1705 cm?* Icyclohexanone)
and weak bands at JOQG nd 1637 cro7" iolefinlc double
bond), and also ah wed ultra-violet end-absorptlon
c arecteristic of a disubatltuted double bond (78*79)%
The keto-eater (CLX; R« e) did not react In the cold
with 214-dlnitrophenylhydrazine (57) or with seml-
carbazide acetate, but readily reacted withhydrazine
hydrate In warm methanol affording a crystalline
vrazolon© (CLXJIV)e As neither of the keto-catera
(CLXj R* e) and (CLXi HsiCt) nor the arent k®to-sold
(CLX; R*rt) gave any colour with ferric chloride solution,
the facile formation of a pyrazolone Indicated the
presence of a non-enolisable ceto-ester™

The presence of the. carbonyl group In the keto-
acld (ObX; Rsri) and the keto-eater (ULX; Rsie) was
Indicated by the ease in which sodium borohydride
treatment afforded a crystalline hydroxy-acid
(CLXV; and a liquid hydroxy-estor (CLXVjR«:e,R/=i»)
respectively* The latter compound, which exhibited
infra-red absorption at 3470 emrl (hydroxyl), 1720 em?l
(carbomethoxyl), 3005 and 1643 cmyl (olefinic double bond),

was readily reduced to a crystalline dial (CLXVI) with



lithium aluminium hydride thus confirming the presence
of the carbcmethoxyl group* The Infra-red spectra of
all the above compounds exhibited bands at 3005, 1640,
1500 and 700 am/-d9 character' stlc of the presence of a
ciB-disnbs 11tuteft unconjugated olefinic double bond,in
a carbocyelic ring system (33*134), the presence of
which ?%s further confirmed by the distinctive ultra**
violet end absorption (78,79)*

The oresence of a double bond In the k& to-aeld
(OLX; Rau) was proved by the slow uptake of one mole
eru!valent of hydrogen over 10% palladium-charcoal
affording a dihydro keto-acld (CLXVII) which was
transparent in the ultra-violet* tydrcgenatlon of
the koto-acid (OLX; Ran) over Adam's catalyst, however,
resulted in the ready uptake of two mole equivalents of
hydrogen and production of a hydroxy acid (CLXVXII)*
The presence of the double bond in the eto-acid
(CL>; Rsli) seemed proven and it was placed as shown
from consideration of the mechanism of its introduction®
The eldehydr-ester (CLIX) must undergo a sulphuric acid
catalysed internal, aldol reaction affording © hydroxy-
keto-ester (CLXIX) which on dehydration wust furnish
the keto-ester (CLX; EsEt)* If the double bond were
capable of migration to i&g/v* position, one would
expect an equimolar mixture of two double bond Isomers

(GLXXf F«-t) and (GLX A)* However, we have Bnown



that the keto-acid (OLXj R-a) is recovered completely
unchanged after refluxing with concentrated
hydrochloric acid, (condition© which should have brought
about isomerization If the double bond were labile)*
Thus there was no evidence at this stage to e ggeet
that the double bond was not in the £s? position*

It should, b© noted that with the introduction of
a Or hydroxyl group, the possibility of ©oimeric
hydroxy compounds arises. It would appear from th©
meltinr noints of the crude hydroxy compounds in this
series that a mixture of epimers was produced* In
general, crystallisation did not Improve the melting
"olnts of those compounds, although repeated sublimation
generally resulted in the isolation of one sharply
melting ©Opi- Or* 's the environment of the carbonyl
group In the Prto-acid (GLXj RsH} or In the Iceto-
ester (OLX; R« e) la almost uniform it is Impossible
to hazard a guess ©s to which epimerlo hydroxy compound
should be "ore readily forced or the more ready to
sublime; but from later work 1t see- ed that, under
the vigorous re uclng conditions employed, almost
equimolar mixtures of the ©OpirnOre were formed*

then modifications of the carbonyl group ofth©
keto-eoter (CLXj Rs:.e) and reactions f the corresponding
hydroxy-esters (CLXV; R* ©, [*/set) were undertaken, a

lacft of reactivity was encountered which can best be



explained in terms of the eteric hindrance associated
with © tetrahedral disposition at this position,

e*g** it was impossible to form the dloxolan® (45%46)

of t-e carbonyl group at Cq In the +Heto-ester (CLXj; EsM®}.
In addition the hydroxy-ester (oL\V$ R* e, H/»4) reacted
very slowly with acetic anhydride in pyridine at room
temperature* complete aoetylation of the hydroxyl
group was only satisfactorily achieve by refluxing

the hydroxy-ester with sodium acetate in acetic
anhydride* The Infra-red spectrum of the crude
oronuct exhibited a broad band at 1735 cm7” (carba-
methoxy 1l and acetate), but no absorption at 3478 cm?!
(hydroxyl)* A strong b?nd t 1658 erryl in conjunction
with an ultra-violet maximum at 241s*l (S2000-3GOO)
indicated concomitant rearrangement of toe hydroxy-ester
to ano( or/i s3-disubstituted” s*-unsaturated

carbonyl system (135). Chromatography of the crude
acetate-ester on alumina afforded the desired liquid
acetate-estrr CLXV; Rs-e, R/sCG*GH”] on elution with

5 benzene-light petroleum (b*p* 60-80°)« Further
elution with 50% ether-benaene afforded small amounts
of th© oily by-product, but as the isolation of pure
rearranged material proved difficulty the nature of this
rearrangement has not yet bean elucidated™ It should
be noted that, when the nydroxy-ester was treated with

acetic anhydride in pyridine, the Infra-red spectrum again
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showed the anomalous maximum at 1650 cwi#", although
the hydroxy-ester was recovers unchanged when refluxed
with oyrltflne alone* There was only very slow
reaction w an the hydroxytester was treated with
£*toluenesulphonyl chloride in pyridine at room
te oerature, hut In this case no hand at 165* cm7"
was evident in the product*
Conversion of Cg carbonyl to methylene

At first we decided that a CXemmeneen reduction
(136*1.3?) Of the rrto-acid {L 5 R*H) would probably
not be feasible since the carbonyl group appeared to
be sterically hindered. It was obvious that a Wolff*
Ashner reaction would lead initially to the pyrazolone
(GLXXV), but It was thought that it might be possible
to eliminate nitrogen from this molecule with formation
of the desired acid (CLV; B«H)* The pyrazolone,
however, was recovered unchanged when heated to 170°
with potassium hydroxide In ethylene glycol (130) or
to 310° with sodium in diethylene glycol (139)*
Presumably the reason for the non-decompoeltion of the
pyrazolone is to be found in the formation of a very
stable resonating anionic system {CLXXX) (OLXXIIj 4*
(GLXXtXT) on treatment with base* e noted the facile
removal of t a hydroxyl group from the ketol (GLXXXVjH#n)
affording the t tone (GLXXV) by treatment of the

d-cairphorsulphonate (GLXXXVf Ksd-camphorsulphonyl) with



xIlnc and acetic aeld (14*)) and thought that such a
reaction might fee aopllad. to a sulphonate of the
hydroxv-eater (GhXV] Hx e, K/»h)* Although the
hydroxy-eater reacted only slowly with g-toluenesulphopyl
chloride, orobably because of tae bulky nature of the
reagent and the relatively hindered hydroxyl function,

a facile reaction with the less bulky metaanesulphonyl
chloride (141) afforded an almost equlmolar mixture of
liquid and solid epiaerlc methanesulphonates

(ClI XV; le, w»30;5* CH")« The solid eplmer could toe
recrystallised without decomposition, but prolonged
drying in r vacuum oven at 5>° served to decolorise the
crystals w*th concomitant production of a band at

554y the ultra-violet spectrum of the slightly
decomposed oro&uct. Thr liquid epimer, tae infra-red
spectrum of which was very similar to thrt of the
crystalline eolmer, was unstable to neat and slowly
decomposed nt room tem erettire® Treatment of a mixture
of liquid and -solid methanesulphon*tes with z/m In
refluxing acetic acid (140) furnished in poor yield a
volatile oi1l, initially thought to be the oieflnlc- ester
(CIV; e)* The infra-red spectrum of the product

wes quite diesimilar to that of authentic oieflnlc ester
(see later), tout was very similar to that of the product
from distillation of the crude metbsnesulphonate mixture*

This material which exhibited a band at 243m" in the



ultra-violet spectrum, appears to be the result of
a complex pyrolytic rearrangement®

Clemmenaen reduction (13?) of the keto-acid
(CL ; sH), under forcing conditions, furnished the
desired, olefin' e-acld (CLV; B« ) as the light petroleum
soluble extract of the acidic fraction of the reaction
mixture**
dQOTN../TLt - It was noted during the work-up of the
*le— c-nsen re 'action of the keto-acid (CLX; B«H) that
12/ of the product was -resent as a th* ck sweet-smelling
reu.tr' 1 oil, the Infra-red. soactrun? of which Indicated
it to be a mixture of s paraffin and a X-lactone*
Fractional distillation of the mixture furnished the
lactonlc material as the more volatile fragment* The
product, C”0 ,, exhibited an infra-red maximum band
at 1?79 c®** (~-lactone) with ultra-violet ond-atosorption
characteristic of a dl-sufcstltuted double bond* A
molecular weight determination using the mass spectrum
(14°) pave a value of 190 (calculated. 192)* Reduction
of the ketone with Il.fh.lu® aluminium hydride afforded a
viscous did which exhibited infra-red absorption at
3?5v- ecmITl (hydroxyl), 1048 GTZI (secondary hydroxyl)
and 1015 cmTl (primary hydroxyl)*

sthe keto-acid (OLXj HsH), on which the Clemmensen
reduction is performed, contains only eleven carbon

stoma, it Is difficult to understand how a Oxspi6°2



coamotml can mripe* Though fj~fetmctural determinations
have be”n made, the lactone has bean tentatively
assigned stricture (CLXXVI), It is conceivable that
aoee of tne dlone-ester (OUVXIX) eight not be
completely deorrbonylated and therefore be taken

t rough tie same synthetic steps, with the keto-ester
(CLVIi)f thus affording the dione-acid 1GLXXVII}* As
obrketo-aelcis ere known to under ammensM reduction
(136,137), it is possible that sail amounts of the
hydroxy-acid (G”xvXXl), which would immediately
l«ctonise to the product (CLXXVI), might toe formed.

The paraffin!c fraction was separated In 3/~
yleld from the crude mixture as ths light petroleum
eluate from cures* tc raphy on alumina, fractionation
afforded n thick colourless odourless oil Cio”"l6*
exhibited Infra-red absorption bands at 2890, 2830, 1460,
1450 and. 136 J cmr3* (0-b) with weak &Bm& st 1660 c®?1
(oieflnlc double bond) and 1235 cm**, A molecular
weight of 136 (calculated 136} was su&gsst©d from mass
spsotromstrls measurements. It would seem likely that
[..-.- iro *ct is 0,yOX0(31 31" nori-2-ene (CLXXIX)
arising from pyrolytic decarboxylation of the oieflnlec
acid (OLVf tosh) during the vigorous reducing conditions

of elevensen reaction.



The non-petroleum soluble acidic residue was a mixture
of the r imeric hydroxy-acid# (CLXVi R*H/«tl) && the
Infra-red spectrum of the product was Identical with
that of the mixture of hydroxy-acids afforded by
sodium borohydride reduction of the koto-acid (CUC; R«ri)e
t proved cT fficult to purify the oleflate-acid as it
rag vary soluble in octroi and sublimation on a large
scale lid not afford sharply melting r*terial* The
olefinic-ncld wee readily esterlfied with diexomethane
affording a seet-smelling volatile eater (SLV; H«ive),
Although this e«ter appeared homogeneous from the
infra-red and ultra-vidlet absorption snectra, it was
inter found that to vapour phase chromatogram exhibited
two ®rir. bands corresponding to 10§ of an impurity in
the clefinic-ester# re suspected that the Impurity
ml ht be the kcto-ester (ILK; E«E©) carried through
as some un-reduced <%ato-sold (CLXi E»H) with the
oleflnlc-acia (CLV) FaH) in the light oetrolaunH-soluble
acidic fraction from the Clemmeneen reduction* Although
the Veto-acid (CLXt R«H) is not oetrol soluble it is
conceivable that a small amount may be soluble when
intimately mixed with the oieflnlc-acid* The impure
Olefinie-ester was therefore treated with sodium
borohydriAe in methanol and the crude product, which
exhibited infra-red absorption at 3470 cm?! (hydroxyl),

chromatographed or alumina# Elution with 20> benzene-



light petroleum afforded pure oleflntc-eeter (€i*Vf R* e)
In 38/ yield from the te to-aoid (CLXj Raw), The
product exhibited Infra-red absorption at 1735 cm?!
(carbomethoxy 1), 3000 amyl and 1650 cm*3. (oieflnlc
double bond) with ultra-violet absorption characteristic
of a dl-substituted double bond "33,134)# The vapour
Phase chromatogram of the product exhibited only one
band, iAarther elution with ether afforded a complex
mixture which exhibited six bands in the vapour phase
chromatogram. The infra-red spectrum of the mixture
suggested that the main component was the hydroxy-ester
(CL V; Fs G9K'mn).

As the eolmeric ftydroxy-acid® (CL<V; RsR'ah) were
insoluble in light petroleum®* it was thought that it
would be possible to remove the small amounts of the
keto-acld (CLXj; R*i) contaminating the crude oieflnlc
acid (CLVi RsH) by treating the light petroleum-soluble
acidic material from %h* Clemmensen reduction with
sodium borohydrlde, followed by trituration with
light petroleum. Unfortunately thte method of
purification was not completely successful on a large
scale, tne method outlined above being more efficient,

Hydrogenation f the olefinic-acid (CLV? Bart) In
ethyl acetate over platinum oxide resulted in the rapid
uptake of one mole equivalent of hydrogen, furnishing

5-methylbicyelo[3«3*]] nonane-l-carboxylic acid (LXMYV),

1%.



transparent In the ultra-violet* Hie product was
identical (m*p*, mixed m*p*, and infra-red spectrum)

with the acid afforded fey wolff-Kishner reduction of
5-tethylbicyclo [313:1] nonen-3-one-l-carboxylic acid
(XXXI15 Rsii)* The structure of the parent blcyclo-
[3*3 *1] nonsne system 1is thus authenticated by Its
synthesis from two totally independent synthetic pathway®*
Homologation of tiic keto-scia (c Rsn)

It was fare-seen that, in ttie later stages of the
clovene synthesis, it wouldbe preferable to have an
acetic acid residue in the position of the bicyelo-
£3 *3 *I] nonane system rather than the carboxyl group,
as the acetic acid residue v”ould possess an activated
methylene group adjacent to tie carboxyl function,
suitable for © Dleckmann cyclisatlon to give ring 0
of clovene* Thus It was advantageous todiscover
whether the :eto-acid (CIA; R*a) could be readily
homologated, to the :eto-acld (CLXXXj Rsii) in an
Arndt-iSistert reaction*

The ketc-acid (XX; Rail) was quantitatively converted
by treatment with oxelyl chloride (43) to the acid
chloride (CLXXXI) which readily reacted with ethereal
diaso®ethane (32,53) affording toe oily dl&zoketone
(CLXXXII )* The diazoketone readily rearranged when
refluxed in dry t,-b?tanol with catalytic ©mounts of
a solution of silver benzoate in trletoylamine (143) to

give the meto-ester (QILXXXf RsBut) in good, yield*



Both the t-butyl ester and the corresponding methyl
ester, furnished by sroon' floatlon to the keto-ecid
(CLXXXI R»d) and esterl flection with diesomethane,
proved to be thick oils, while the keto-ecld was a
non-orystsllls"bl© glees* It wse evident that
homologation could be effected easily and In good
yield, but the oily nature of the oroducts deemed it
undesirable to carry out this step at this stage of
the synthetic route* The infra-red spectre of the
t-butyl end methyl esters, (OLXXX; EeBu'tj end (CLXXX]
« ©) res ‘actively, each exhibited bends at 3400 em?i
(hydroxyl) *nd 1760 cm*1 (4-lactone) which may be
accounted for by the oreaenoe of small amounts of the
cyolised J-lactol form {CLXXXIIT) of trie keto-acid
(CLXXXT R»H)e

Conyersion of the olefin* q-eater (CIVi_Ib, e,;,..to

1 -¢c prbomet toxy-S*etMIM cxo0lQ-D*

The next step in this approach was the preparrtlon
of the 'eto-ester (CLIII# R* e) from the olefinlc-ester
{CLVi * e)* The carbonyl group of this molecule
(CLIIIj F* te) should be capable of undergoing a
Refoitatsky reaction with ethyl ot-bromolsobutyrate to
furnish (OLXV) as a precursor of cloveni© acid (¥11)*
Although this would not lead directly to conversion to
clovene (VI) (13), homologation of the keto-acid

(OLTILIf R*ii) to (CLXXXIVj H* e) prior to the Reformatsky



reaction should afford s redact (CLXXXV), readily
capable of Dleokteann cyclisation to the clovene skeleton
The moat straight-forward method for introducing
a carbonyl group rt the Cg position of the olefinlc-
ester (CLV; R« a) appeared to be direct allyllc
oxidation* Initially, the olefinic-ester was treated
with excess &-butyl chromate (144) at 48° for 135 hrs*,
when the product exhibited an ultra-violet maximum
at 231r™i (£2,POO) which indicated that the desired
allyllc oxidation had occurred, albeit In low yield*
then the reaction was carried out at 52°# the percentage
conversion was greater as witnessed by the ultra-violet
maximum intensity of 4,600% This method, however,
proved wasteful of material and extraction f the
product from chromium residues proved troublesome*  The
difficulty of holding the reaction temperature steady
over the long reaction time proved dangerous (&-butyl
chromate is reputed to explode when heated to 60° (145))
Oxidation with chromium trioxide In acetic acid was
then pursued, optimum yields of the enone-ester (CLVIj
E»Me), as evidenced by tie Intensity of the ultra-violet
maximum at 230mp, being obtained with 1*1 equivalents
of chromium trioxide at 100° for 10 mine* Excess
oxidant degraded tae pr duct while lower temperatures
or shorter reaction times decreased the percentage

conversion* %e most satisfactory method., for direct



160.

allyllc oxidation* employed 1*6 equivalents sodium
dicarornate In acetic acid at 90° for 10*5 lire*, (146)
wita reooverv of 39, starting material which could be
re-cycled*
urlf ~cation >f toe cnone-eute-r (CuVIl Hs ei

A aeries of pilot experiments were now undertaken
to determine the method of isolating the enone-ester
(CLVT; » e) in a pure state.
(a) Chromatography on alumina effected a separation
of still Impure ©Onone-ester fro® starting, material,
but the rec very from the column wag riot sufficiently
high for large-scale work*
(b) Chromatography on ailica sufficed to separate the
olefin* c-es*t@r (GLV; F* a), which could be re-cycled,
from the ©Onone-ester which,however, contained lactonic
and other oxidative by-products*
(¢) fractional distillation was not applicable on a
large-scale, oo-d-atillation ©scaring, even although
the boiling points of the two esters differed by 40°
at 0*1 mm*
(d) Saponification with mathsnolle sodium hydroxide
afforded the oleflnio-aold (CLV; H«a) as the crystalline,
light petroleum-soluble fraction, and the crude enone-
aeid (CJuVI; R*ii) as the oily light petroleum-insoluble
fraction# The letter on ester!ficrtion had an intensity

of only 3,000 at the ultra-violet n$m% on of 03 j -mmhich



suggested cleavage of the-keto-ester system under

the vigorous alkaline conditions*

(e) Attempts to prepare crystalline derivatives

of the carbonyl function of the enone-ester, capable

of regeneration were pursued* (t) The enone-ester

did n>t react quantitatively with the Girard 7 reagent
(147), nor could the derivative be regenerated,

probably because of formation of a water-soluble pyrazolone*
(I1) The enone-ester reacted quantitatively with
oemlcarbazide acetate, but the aemlcarbazone was too
soluble in methanol to be of practical value*

() It was thought that the saturated keto-estar
(CLTTi; R# e) might be more suitable for purification
than the ©none-ester® (i) Reduction with lithium In
llouid ammonia (146) successfully reduced too conjugated
carbonyl grouping of the enore-ester (CLVIj R%4e) but
also converted the carbomethoxyl $rowD to a primary
alcohol (149)%* Oxidation with chromium trioxide In
acetic acid (149) followed by ester!fleatlon afforded

B mixture of the olefinic-ester (OLVs Hs e) and the
keto-ester (CUIIj Hs e), separable by chromatography
on alumina* this method was not practicable on a
large scale* (11) Hydrogenation over palladium
charcoal resulted in a slow uptake of hydrogen affording
a mixture of, at least, the krto-eater (Chilli R*Me) and

the saturated ester (CtXXXVI), Repeated acidic hydrolysis*



I6E,

to s&fc-5ubrd s mlnst loajiblefi-"cta-cater cleavage,
afforded a mixture of the light potrolom*ooMllo
crystalline acid (LXXIV), end tne oily keto-aeld
(CLIII; RsH), which could not be induced to crystallise#
Of the above purification methods, chromatography
on allies appeared to be the most valuable* From a
large-acfile oxidation of t m olcflnle~ester (Gi»V| Had*)'
with sodium dichro ©te, the starting material could
be recovered in 39a yield In the 50* penzene-ligftt
petroleum eluate* urt er elution with 50 ether*
benzene furnished the enone*en»ter (ChVTs Rs”e) in
23 yield# ve expected this enone-ester to have ©n
extinction coefficient of 7000-80 0 when pure,
(c#fe the enone (CLXXXVII), orepared during the
structural studies on gibberelllo ©old, which has an
ultra-violet maximum at (£f»500) (150))* This
sample of the eron«-ester which had an ultra-violet
maximum Intensity of 5,500 was therefore still impure#
Repeated chromatography on silica eventually afforded
a sample with an ultra-violet 'mxlfflum at 230np; (£6,900)#
This product exhibited, bands of almost equal Intensity
at 1735 cmpi (carbomethoxyl) and 1673 cr;1 (conjugated
ketone), but the vapour phase chromatogram exhibited
two bands, one approximately ;alf aa Intense a© the
other* This sample of the enone-ester (CLVI; Rale)

gave one semioarbazone and two Isomeric 2*4~dInllrophenyl-



bpAYMODM, Qiwgt and in© otter orawge-yolio*, .
©a yet not laterMonrertaM®* by elyetaUteetioa techniques*
uCTk"in- Telttally it use thought that the
formation of two ?i4-dinltroptenylhydrasones, coupled
with the two band* in the vapour phase chromatogram,
Indicated the presence of the ©non--ester (CUCUOTItX)*
possibly forced by an allylie rearrangement during the
vigorous oxidation step* this however would not
explain the relatively low intensity of tie ultra-violet
maximum, which requires any impurity to be treneperent
in the ultra-violet# To meet these requirements, it
was thought that, during the vigorous oxidation step,
t:ie Intermed lotle ohromate-ester (CuvXXIX| ExCyQ"M)
could be exchanged by an acetate residue furnishing an
©OHylic acetate (CLXXXIXf R*CO#CHj}# wo evidence
for the presence of such a compound, has been found
in the mother liquors from the semloarbaxone of the
enone-ester (GLVIj] Rs e)#

It is now thought that the two £sd-dinltrophenyi-

hydrazones are simply svn and anti forms about the

C*U bond#

Because of the portftcation difficulties encountered
in the above experiments it was now considered preferable
to effect allylic oxidation of the olefinlc-ester (CJUV;

R* e) in a more controlled fashion# Thus the oieflnlc-



eater was treated with -butyl perbensoate and
cuprous bromide affording the ©Hylic braaoate
(OLXXXIXJ EsOOyPh) in s reset!or which is feiiowo
to proceed without res,rrangcment (151)* The best
yield© were obtained woen the oleflnle-ester, which
could be recovered and re-cycled, was present in
excess of the oxidant* Hie viscous benzoate was
successfully converted, by ®ethaoolysis, to the
corresponding ally! alcohol ester (CLXXXIXi KsK),
under conditions which are reputed not to bring about
allylic rearrangement (135)* Oxidation of the liquid
hydrous-ester with manganese dioxide effected
flftililftlivi converwion if the enone-ester Ct-VXI M I#}*
the infra-red spectrum of which was almost Identical
with that prepared by the direct oxidation method*
except for a moreu intense band at 1678 om7" (mom)*
The ultra-violet maximum at 2371 also had a slightly
greater intensity (£7,375) than that found previously*
Hydrogenation of the enone-ester (CLVI} Its, e),
obtained by sodium dlchroT.ate oxidation, resulted in
the upta.?* of 83h of the theoretical volume of hydrogen,
whereas the enone-ester, prepared by the indirect
oxidation tecbhloue, required the theoretical volume
of hydrogen, affording the Iceto-ester (CLTXXj.R- e)«
The product, Kiich exhibited infra-red absorption at

1735 era** (carbo-etaoxyl) and 1715 cm*I (cyclohexanone),



was eluted ©s one band on the vapour Phase chromatogram*
the kcto-ester, when treated with Brady’s reagent In the
cold, afforded one yellow £s4~dinl.trophenylhydracone,
whl.le warmln w th Brsdy’s reagent or hydrazlne hydrate
furnished the corresponding 2*4-dlnetrophenylryrazolone
end pyrazolone respectively* The form*tion of theselq
cyclic derivatives proved the formation of the desired
keto-ester (CLIII; P«4e), possessing a non-enollsable
(3-reto-ester system*
tt' Tted conversion of the keto-ester (OhirX; Ha -e) to
cloyrnlc acid (VII)
Having thus synthesised the deaired xeto-ester (CLIII;
R* e), wo now desired to make use of the reactive carbonyl
group at the Cg position, with a view to preparing
clovenic acid (VII), oreporatory to farther modification
of the k- to-eater (CLIII; ©) bo s to obtain clovene(VX)*
e hoond to react the :eto-ester with cyanoacetlc acid
suoi that thr initially formed cysno-acid (CXC) would
bO pyrolytlcally decomposed to the cyano-eater (CXCI;
H*H) (153)* This compound would be readily alkylated
(154) affording an oleflnlc-oyano-eeter (CXGI| R* e)
which on re uction would furnish clovenic acid (VII)*
However, th© keto-ester did not react with cyano&cetie
acid, though condensation was effected with malononitrile
affording an unstable dlnitrile-ester (OaGII)* This
reaction indicated that the 0> position of the keto-ester

(CLIII; R* e) was not unreactiv © *




As stated previously (p* IS&)# a Reformatsky
reaction between the keto-ester (CLIII; R»He) and
ethyl oC-bromo!sobutyrate might give a hydroxy-diester
(CLTV) which should be capable of modification to
clovenic acid (VID)# There was a vigorous exothermic
reaction between a mixture of the reto-ester, ethyl
06-bromoi80butyrate and zinc# The product was separated
into three fractions by distillation* The low-
boiling fraction was probably a mixture of ethyl Iso-
butyrate and the > to-ester (GXCIXI), formed through
condensation of two molecules of the reagent (155)*
Th© next fraction contained appreciable amounts of
crystalline material which co-dlstilled with the low-
boilin fraction* This material (C"HgO) x, to which
no structural assignments have yet been made, exhibited
a strong band at 1700 and a weak band at 1749 om#*l
in the infra-red* It was difficult t> determine whether
the high —boiling fraction was the desired condensation
product because the Infre-red spectrum, which exhibited
only weak hydroxyllc absorption, was similar to that
of the starting material* It was thought that the
product might be the oieflnlc-diester (CXCIV), but as
the product could not be obtained pure nor converted
to a crystalline diacid on hydrolysis, the validity of the
condensation is not yet proved* It might bO preferable to

perform the Reformatsky reaction with magnesium in place of



zinc end with 1BObutyleC-bro”oisobutymte ©0 the

reaction in reputed, to proceed in better yield (156)*
hinee the Rwformatmtgr reaction did not appear

to offer a direct route to clovenle sclc! (VII)§ we

decided to perform an Arndt-Blatert reaction (143)

on the keto-aoti (CLIII; Rsh) to furnish the keto-.acid

(CLXXXIV; Rafi)* '"The carboxyl group of till® letter

k~"to-aeld should react with lithium methyl (157) to

give a Alone (CXCV) which should readily undergo an

internal aldol reaction to furnish (CXCVI)* Once suoo

a tricyclic ayatom has been formed, it should be

comparatively simple to modify it to the clovene skeleton*
Saponification of the 'eto-eeter (GiJIXf HOOe),

from either oxidative pathway, with nothanolic potassium

hydroxide, afforded, the keto-acid (CLIIXj B*H) as a

thick oil, of which only a small portion could be

induced to crystallise* This material melted over a

wide range and could not be satisfactorily re-crystallised?®

Th© oily keto-acid formed crystalline cyclohexy lamine and

L-benzylie©thiouroniuw salts, but th© yield of the

former was toe low to be of any practical value for

regeneration of the keto-acid* Chromatography of th©O

k©Oto-scld on silica sufficed to remove the keto-acid,

together wlth the impurity, in the S5r- etherHfrensene

eluate™ The latter fractions of the eluate beeame

prograecaively more crystalline but the bulk of the



product remained oily.

fhe impurity, which prevented the keto-acid
from crystallising, could conceivably have been the
diacid (CXCVI11l) furnished by cleevage of the /S-keto-
ester, but as yet, we have obtained no evidence that
this 'a Indeed the case. Previous work (p. 05)
indicated that any impurity present was non-ketonic.
Therefore, It was decided to purify the keto-acid (CLIII}
R*ri) through the hydroxy-eatera (CXCVIII; Hs e), followed
by hydrolysis (which should not result In any skeletal
cleavage) and oxidation. The keto-ester (CLIII; R-Me)
required extended treatment with sodium borohydride
to convert the carbonyl function to hydroxyl, a®
evidenced by the slow disappearance of the infra-red
band at 1715 ¢ 7 (cyclohex none). Chromatography
on silica afforded the hydroxy-©O®ter (CXCVIII; R»He) In
the 5 ether-bensene eluate, but further elution with
ether furnished significant amounts of a crystalline
dlol (CKOIX), presumably formed by concomitant reduction
of the eartoosrethoxyl function* Saponlfieatlen of the
hydroxyeeater (CXCVIII; Rs e) and repeated crystallisation,
afforded one of the epimers of the hydroxy-acid (CXCVIII;
UsH)- For the purification of the keto-acid (CLXIIjHrh)
through the hydroxy-acid (CXCVIII; Rsh) to bO of any
practical value, 1t was Imperative that the carboxyl

function should not be reduced at the game time#



Hydrogenation of the keto-ester (CLIIIj R*MO) over
Adam’s catalyst resulted in the theoretical uptake
of hydrogen, and the resulting hydroxy-ester tCXCVIItj
PmWe) was otiromatographed on silica* Preliminary
elution with 274 ©ther-benzen© removed small amounts
of Isotonic and non-hydroxyllc ketonic compounds*
Further elution with 20$ ether-benzene then furnished
the pure hydroxy-pgter (CXCVIII; Rs&e)* saponification
of the hydroxy-ester with methanolle potassium hydroxide
afforded a mixture of crystalline hydroxy-acid epimers
(CXCVIII; R*H), which could not be separated by
repeated crystallisation® Oxidation of the mixture of
epimerlc hydroxy-aclds with chromium trioxlde in
sulphuric add (158) afforded tre crystalline keto-acid
(CLIII; Erll) which was further purified by repeated
crystallisation from benzene*

The final steps necessary for the total synthesis
of clovene by th© synthetic route outlined on p*

©re still under investigation in this department*
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Ax-£Hx. aom .

h-Oarbetnoxv-6-"ethvlc”’clohexonone (CLVI.I)

An Ice-cold mixture of £-m*ethyley clohexanone
(500 g*) and diethyl oxalate (750 g,) was added with
stirring to an ice-cooled solution of gibdium (100 g,)
In dry ethanol (1650 ml*)* Hie reaction mixture was
stirred at 0° for 5 hrs. and then at room temperature
for 12 brs. T e orange solution was poured on to
crushed Ice and water, acidified with concentrated
hydrochloric acid “nd extracted with ether (2 x 1 /¢)*
The combined ether extracts were washed with sodium
bicarbonate solution, water and dried over magnesium
sulohate, A fter evaporation of the solvent, any
unreacted starting materials were removed by evaporation
at 140°/15 mm. The residual oil was heated at 190°
for 5 hrs, In a well ventilated fume cupboard, and the
product fractionally distilled to give the m to-ester
as a colourless oil b*p. 133-140°/30 mm,] yield
600 g. (73/0.

3-(1-CBrbetaoxy-a-"tetQ-j-'ftgtUy ioy cloaexy 1l pro.:lonaldjehyde
M

An io”-cold mixture of P-carbethoxy-6-methyleyolo-
hexenone (275 g*) and freshly distilled acrolein (100 g,)

was added dronwlse over 2 hro* to a stirred solution of

p



iodine (1*7 g#3 hy&ropuliione (£*0 g#) In anhydrous
ethanol (500 ml#) at After removing the cooling
bath, the solution was starred for a furtner 0*5 hr# at
room temperature tnen Prong tto aporoxl mtely p-i 7 07
adding glacial acetic acid# After evaporation of solvent
under re ueed m««ur«» the vtstoug residue was dissolved
In et er (2 X#3, ensued wit? dilute sodium bicarbonate
solution, water and dried over magnesium sulphate#
rcveoorntlon of solvent under reduced pressure followed
bv fractionation of t#* product afforded trie aldehydo*
keto-ester an a viscous colourless oi1l, b#p# 1*54°/7 m#i
yield 05 s# (57/ # C oundt c¢, 64*65; H, 8*15*%
"13 A 04 r ¥ %1 %7res U, 65#05 eH 8*4 :)* Tee proau.ct
exhibited infm”~rod absor tlon at 2700 o”#3* (aldehyde)#
and 1700 cm?3 (earbethoxyl and evelohexaaene ©id aldehyde)*
Ihe corresponding fcig 214-dtnltr shearlbvdragone crystallised
trof? methanol as oirnge needles (rounds 0# 49#95]

4*%451 u# 18*45# ca§d”8uio”B re:ulrfM9 c¢» 50*0$
H#t 4#71 &t 18«ti5?7>#

""bPthoM ~ 5 “gttMIM.g3to.1.P...13»3«.3In.m-|-pne-»9»orie
S-'hir*. /| JHIH

The freshly distilled aldehydo*ester (CLIx) (200 g#)
was added in very fine drops to vigorously stirred
concentrated sulphuric neld# cooled In an loe”“bath* A fter

the addition was complete, the 1c?e-bath was removed and the



solution allowed to stand at room temperature

overnight* the dark rad solution mm poured carefully
with stirring on to crushed ce and water and toe
mixture extracted with ether (f x 1 I*) the
combined atftmr extracta ware washed with dilute
sodium bicarbonate solution# water and dried over
megnos lure sulphate* Evaporation of solvent afforded
a thlc.c red oil wid distilled as a colourless oil
b«qp* H4~144°/0#2 m#l yield 135 g*3*
A solution of the Vato*ester (2 g#) in light
petroleum was chromatographed on aluelna (dreds 1/
(5 >g*)* lutlan with light etroleum (10 x 5& ml¥)
afforded the ketonester (OUii EgAt) as a colourless
oil (1*17 4*)*  'The product# milch gave no reaction
with “*i4*dinitrophenyl hydro,sine or senicerbaslde
acetate# eahlbtted -infreared absorption at 1730 is*)
(oarbethoxyl)# 1715 cm#3 (cyelohexsnone) and 165-3 eaj*
(oleflnic double? bond) with ultra-violet end*sbsorction
NI JtA25i $20*3*0*  'The k*to-ester
distilled as a colourless oil b*p*lo4>°/0.i nmm¥% n* 1*489?
(roundi ¢# 70.25 | a* 7.95 * 1j-18°3 requires
Gf 70%251 H¢ 8*15/ )*
briber elution with benaene (4 x 50 ml*) afforded a

colourless oil (0*80 g*)# b#p* 92-94°/2%25 m . She

product®* ~X3"15”3* exhibited Infra-red absorption at



lim eofl (earbethoxyi) mn\ 165% w?*- ieoeje& atedl ft#tone)

with mn -mnlmxm at 25®mp iEX »450h

efLMLLI1IA

h criltstten of tii# ©Orude k#to*e#t#r (ClX| fim&t)

(5#0 #<¥} tu wa-thefiel, (25 el*) wan e&tly reftaxed for
9 &M* *~ta * mMotion ef ftAlim hf*r®nl&% CX*o $») in
water (5 tI* )* ft«r ate :action of metiiacol under
rof'acod sreenore the eee&ed mixture w&s diluted with
water «mi entreated with eti«r (2 x 15 ml*)« fthe
ecaco™'# extract® were acidified with oonoootro'tod
Hydroeniorte ecld* eetsirateft eii& af"aoniuasi celp&tte
Rd extracts with ether (f %3" )e th# eae&lned
ethereal extroot# were weened with aatorated homxIqi
sulphate f*oihtiori and dried oxer “agaesii** euiimcte*
«*ernwal of solvent gave a eryeteiiin# # lid U*i §*)

90-1i1d 0# ehlcb «#+ reeryetaliieed aloe fro®
bM M re-Uait petroleum 4b*c* 60%*80*) #g colour!#*#

of (3M1 n*fi) m*p. i40~14a°i yield ?,5T [* (M£)«

(Founds O» 6§*l« 1i# ?2«38» "U ;i4"3  KEFekkeo
C* ££%0| a* 7%25 )* fc*egH*ralle® of t # mother £Ignore
afforded # thick oil* the infreared eoectftfts of which
exhibited broad mbmwpttm band# at 1650 eafl (ecHRjugated
eafffcevpl} and fro* t$ao to 2500 e¢”fl (carbonyll«



A solution "*f the keto-sotd (OLX| Bari) (1*75 g%*)
in dry ether (2¢*ml*) was treated with a slight exeecae
of * dry ethereal solution of dlatomethane* and the
solution ailowed to stead »i room temperature for
3 hra* A fter addition of a little acetic sold* the
ethereal solution we# washed, with dilute sodium
btew ffeonete e lotion* weter and dried over magnesium
wolphate* venoration of solvent afforded a yellow
oil (1*85 g«) which rapidly solidified* Crystallisation
fro-- light petraleuft fUNIshed the keto~ester (OlXi ft*4e)
aa colourless needle# m#p* ?9*dt°* (founds c* 69«41
t * 7*Q%* ia”id°3 require# Cf 69*3; «, 7*75 h
The product exhibited *nfrs«re& absorption at 1728 eerl
(oarbomathepyi)e 17-5 c*»j* (eyelohex*none) and weak
bends at 3090 sod 1637 om*] (olefinto doable bond) with

ultra-violet abaomtlon s 2/ * =« § £ ' -o ]

VAJAE2AZ' - h J~XSLI&£il2

A solution of th® .uto-acid ( ;4;J Bad) (19 isg¥*)
in ethyl acetate was hydrogenated using platinum oxide
(35 mg*) at room teen»rature and atmospheric pressure*
hydrogen (2 mole equivalents) was absorbed within 0*25 nr*
Evaporation of the filtered solution afforded a
etereaieoserle mixture of ovysV Ulna hydroxy*aolda

(CUvnx) as o”lourlees leaves m*p* 144*165® from



o

to*fiMne<»ltght atroieum (b# * ¥e -anted
sublimation afforded one eplmar m reetangular platan
».p# 178*5-130*%5°* (Foundi 0. 66*5; H* 9*3#
clir1 73 requires ¢, 66*651  Ht 9#1S )*

5" ety blftvelQ faOiil
(fik&XX.0i

solution of the ksto~*cid (ot)(i R»a) (JO as#)
In ethyl aeetat# *ae hydrogenated asing 10:' palladium*
eh*rcosl at room temperature and atmospheric reasnrei
h draeen (0*9 mole equivalent) was absorbed over 6 bra#
i.vp oration of vie filtered solution afforded trie koto-
sold (CXXVII) as e --'lee* leaves* m#p# 125-14-0° from
bansene-11 t petroleum (bap«$i>jO°)t which sublimed as
reet? tains ?s*p*140.5-14-2°Usound»> c*&7-35 1 h*7-85
Ccl1H16°3 Fnotftrnn C* 67%*31d9 8*15/ )*
9»-*roir'«5--*t:r-ib1Q.?altfl13«.3iXInon-"ne-X-o0s* o yllti Raid

Arr-yNor L i-iX 1 — it >mu

h solution of t m keto-aeld (CUSXf R#i) (S#0 g*} in
aqueous methanol wen treated with excess sodium
borohydride at room temuernture* and# after too initial
6fferveeeenoe» the mixture was allowed to stand at room
tarn erature for # lira# A fter ocfdifloatlon with dilute
sulphuric acid and saturation wth a'tonium sulphate*
the mixture was extracted with ether# me combined
ethereal extracts were washed wita saturated a monlum

sulphate solution and dried over magnesium aylp?.ate*



Kwaporatie* of solvent afforded th# hydroxy-acid as a
colourless solid (5*1 g*) which oryetalliaed aa leaves
fro# benaen™ w#p* 171-173° with moisture fro# 13"® and
sublimation fro# 150°* The hydroxy-aoid sublimed aa
rectangular nlotos w*p* 173*174°*  (Council 0, 67*51

H*  m*e* «'11'i1 6°3 C* 67*31 H* 8*157#*

ThO product exhibited infra-red absorption at 334v e$#*
( vdrrxyl) with a broad band from 350mto 2300 emfl and
© band at 1695 cm?! ie&rboxyl)# The ultra-violet

I'M tm «*htb't«d £n '"i,,*30| £**°*10§| £21VE-2a-:#*22%
I- .7-jroic rt D» 3«-J t-op-l-we.

zsc&uz

A stirred eolation of the nydroxy-Mi©r (CwX? 5%* e*
P/ *:s) (1* 5 g*> in dry other (75 #1*) or# refluxed far
19 bra* m th lithium aluminium hydride (0*94 g* )* the
cooled mixture wee treated carefully with dry ethyl
acetate (5 ml* )* acidified with dilute sulphuric acid and
the ethereal layer washed with dilute eodlum bicarbonate
solution* saturated a-moatur aulphate solution snd dried
aver #agnaelum eulphaie* -.vaporation of solvent afforded
a thlc3 oil {0*95 g*) which raoldly solidified* Hie diol
which on re noted wryatelliaatlon from bensene-llgnt
petrol### an colourless needle clusters had ®*p* 197*133°
(moisture from 114°), sublimed as plate© m*p* 134-136°%*
tr*'ound« C* 7h*?| u» 9*%65* ®n% 8u2 Jilre« 0* 72%5%

§i* 9*95)* the product exhibited nfrr-red absorption



at cm?l (hydroxyl) and a wmk band at 163& cm£i
{olefinie double bond) with ultrs-vliolat absorption

£21'".13, . e8a0*5i» e8l0/eaaj * 2.6.

A solution of tnr ketonestar (CLX| B*;@) (8*0 g*)
In methanol (ou ml#/ and water (5 nil#) was treated at
room temper?'-tore with a medlum barohy&ride (1*2 g*)» added
in )*2 g* portions over u*5 hr* A fter th© initial
vigorous effervescence had subsided, the solution was
a lored to «t*nd at room temperature overnigat* A fter
methanol had been removed under reduced presour©
without warming* the ixtur© was poured into water
(IX) ml# )# soldifled with dilute sulphuric ©old and
extracted wltn ether (2 x 40 ml*)# The combined etftOreel
extracts were washed with saturated a monium ©alphate
eolation and dried over magnesias sulphate* Aevaporation
of solvent afforded the hydroxy-ester as a non-
orystalllsab o oolourlosa oili yield 7*85 €* (97/ #
fractionation afforded a colourlea© oil b#p# 120/0#02 ««**
n*6 1#49<S1*  (Founrti c, 60*351 M, 8.4. Oi 2alBos
requires Ct €8«551 *# 1*6.S0* The product exhibited
infrr-red absorption at 3471 cm?l (hydroxyl)* 1720 ©Om?I
(o”"rbomcthoxyl) with wdafc bands at 30c® and 1643 cm**

(oleflnle double bond)* with ultra-violet absorption



(SL.

Ie rt>0"thOCT-9-yof>toxv»5-««teyUtcgclo C»3tX]lnon»?»ene
fc&WA.JBg” R 7T« MtR1J

A solution of the hydrexy-astar (CIXV] ef p/mi)
(500 m**} in oyrl&lnw (5 ml#) and acetic anhydrite (5 ml¥*)
was ailTvad t » stand at room temperature for 11 »rs*
Rva “ration to dryness ?nder reduced pressure afforded a
bale yellow oi1l, trie !nfm-red spectrum of whl 11 exhibited
a band at 3470 cmfl (hydroxyl) (Intercity of fegnd
corresponded to presence of at least 70/~ starting
material in the orMuct) and a wee* band at 1650 em*"*

solution of the hydroay*«stor (JOO eg#} In dry

acetic anhydride 10 ml*) was refluxed for 3 hrw# w th
anhydrous sodium acetate (1 g*)e After evaporation of
tha solvent under reduced pressure, the residue ass
ocured into water and extracted wltn other (2 x 25 ml*)*
The combino.2 ethereal extracts were washed with saturated
sodium bicarbonate solution* water and dried over magnesium
sulphate* Rvaaeration of solvent afforded a tftlox
yellow o1l (6)0 eg*}# the *nfreared spectrum of which
exhibited no band at 3475 (hydroxyl)* a strong band
at 1735 emll (acetate and carbo”thoxyl) and ms turn
bands at 1650 and 1620 m *1 (conjugstad carbonyl) with
an ultra-violet maxiwusi at gdlnp* (£2*>0Q300a)# a
solitlon of the ends acetate (600 mg#) in light
petroleum <b#p# 60*60+) was chromatographed on alumina
(Ontde II1) (19 $*)e Elution with light petroleum

(b*p* 6v- €°) (6 X 5- ml*)i 501 henaena-llgnt petroleum



127

(5 x 50 »!*)* and bemmm (5 x 50 ml*) afforded th©
aeetoxy-astar ”“ss a colourleas oil (300 mg*}
b*p* 80°/0%,/2 » *, n*p 1*4810* ( cund* 0, 67*05*
ii, 8*05# <c14Hpo°4 re”ulr'f8 c* 66*65* 1i# 8*0/)*
fh# product exhibited infra-red absorption at 1735 emj*
(acetate and carbomethaxy), 123- e®** (acetate) with a
medium bend mr 3000 or*3*and » wmt band at 165" om**
(oXeflntc doable bond)* The ultra-violet end*«beer»tton
«mMt«4fas 4 814 &220 * jl»| €» % «# » X.T.
thirthrr lutlon with 50/ etber-benaeiie (4 x 50 mi*)
afforded a yellow oil (48 mg#), the infra-red a-eotrum
of wic mexhibited Pcl da at 1735 css** (earbomethoxyl)*
1650 and 1620 amil (conjugated carbonyl) with a milium
band at 3470 onzZi1 (hydroxyl)*

i - The phenomenon that the a*et&t©*OttOr (above)
waa not ©luted completely wit . on© eluant but required
three solvent mixtures for complete elution, 10
characterlsite of chromatograms of compounds of th©

Mcyelo 3*3*1 nomme system?*

a eolation of the hydroxy-©star (C"XVj %wdmg§ 5 «u)
(1*0 &+) in dr? pyridine (lo si*) wee r©fluxed for 12 nrs#
Evaporation to drynee© under reduced pressure afforded a
pal© yellow oil (1*0 g*J# the infra-red cpectrum of

which we© identical with that of atasting material*



(S3.

M - formmtloa of P*%lufQfegjilahona%?*../>..%M
2T.4cssy.ta?.t«!»>, LUKMi."" sJ.
A solution of to# hydroxy-eater mg*} in dry

rialno (5 rl1*) eentalnlng grtoluenesulphonyl chloride
(1 g*) wa* rllmod to stand at room temperature for XX Ore*
The mixture we* poured into water (5 o ml*}9 acidified
with dilute sulphuric acid, saturated with amaonlun
sulphate and extracted with other (2 x 25 ml*}* The
combined ethereal extracts were washed with sodium
bioerboneto solution, rater and dried over magnesium
culcfrate* rvaperat/on of solvent afforded a mobile
oil (650 mg*), the infra-red e”eetruMB of we tch
indicated it to be mainly starting material* the only
crystalline material obtained by trituration proved
to be £-toluer©Osulphonyl ohlorlda sup* 6?-6t>°%*
yl-teie /O01QI313» X -
a2grlfcaftfiJlL&«!U Ja;;tfcUlJu3a*"31
Hedlattiled metheneeulpfcopyl chloride (16*0 $*,

°*14 mole) Wa® added to n solution f the hydroxyAester
(CILXV* R« e, B/ «!) (14*5 S*» 0*07 mole) in dry
pyridilnn (16*6 g., 0*21 mol*)* A fter the initial
exothermic reaction h<®d subsided tue solution was
allowed to stand In the dark at room temperature for 12 hra*
The Reaction mixture, containing large amounts of

pyridine hydrochloride* wax doured Into a I'-rge excess



of saturated eodilm carbonate eolation and allowed

to stand, with occasional shaking# for 2 nrs*, and

than extracted with ether (2 x SO ml*}* Tam

combined, ethereal extracts were washed with dilute
sulphuric acid, wat-"r and dried over magnesium sulphate*
reparation of solvent under reduced pressure without
heating afforded a pale yellow oily solid* Trituration
with ether-light petroleum afforded the crystalline
aptmerlc mrontmmmlphamtm (6*%6 g*)f m*p* 86-103°*

The oily mother liquors (9*3 g*) which contained some
starting materiel (infra-red band at 34?> em** (hydroxyl))
were retreated with eethenesulphosyl chloride In
pyridine and worked up as shove affording the thick
liquid eplmeri© eethanesulphorate (8*9 g*)* the*
crystalline eathsnesulphon&te crystallised from oensene-
light petroleum as colourless hexagonal prisms

M«p* 115-117°, whieh melted, without decomposition and
resolidified on cooling* (founds O 54*81 6§ 6*55*
-13720 )5~ requires C, 54*15; Hf 6*95/0* The
product exhibited infr*>-ret absorption at 1728 m?*
learbo'™>et;*oxyi), 1267 and 1170 cm?-1 (metranesuXphonete)
with a mediae band at 3030 cm?* and a week band at

1650 se*l (oleflnlc double bond)#  The ultra-violet
«nd»«tonor"tton ietiilMtcd £710 * ly.; e*20 * iigj

€1 /£M * i1»6?. wlmooloPBtlon r«m)IM wt*n ta«



crystals were dried I** a yataai oven at 57°/o*1 mm*
overnig t. the Infra-red spectra® at the product
was almost I entlcal with that of starting material
except for an increase in intensity of the band at
1850 cm?* with concomitant appearance of a m xim e
In the Cltre-violet at $54?§M Cé&oa* $QQ)*

T-e infrs-red apestrue of the liquid eplmerle
methaneeulohcnate waa very similar to that of the
crystallire ©Opi- er, with banis <t 1728 om«l (earbomethoxyli,
1257 cmfl and 1178> cm*l (methanesulphonate) with a
medium band at 3700 emt” and a weak band at 1653 cm**
(olefinic double bond)* A portion of the liquid
could be distilled as a mobile colourless oil
b*p* 60° / HJ2 mn#i nI2)* 1*4950, but rapid decomposition
occurred at 80°* ffc Infra-red soretrue of the distillate
was mar edly different from that of starting material
exhibiting week bends at 177 cm*! (X-lactone),

1665 ecml1 (conjugated ceruongrl) *nd 1600 cmjrl (aromatic)
in conjunction with the strong band at 1730 cm**
(carbemeth oxyD *

AIM j».1Qn ,of t ,e ,meths.nesulphonatex««M”"

A stirred solution of m mixture of epimertc

oesol”bonetes (coxvi .He e» /z .y Bm) (70j mg*)
in glacial aortic acid (130 ml*) was re fluxed for 14 hrs*

wit* sine oowder (50 g* )* 'Mno was removed from the



cooled mixture by filtration and cashed Vioroug ly with
ether* The filtrate wee neutralised with -dilute
sodium hydroxide! the ether layer ee mm ted, washed
with water and dried over magnesium sulphate*
Evaporation of solvent afforded a pale yellow mobile
oil (4Q-* mg*) b*p* 82°/Q#6 mm., 1*5000%* The
Infra-red spectra® of the product was almost Identical
with that f the distillate from t a liquid metricne-
gulohonatS and was maraeily different to that of authentic
olefin!c-eater (CLY$ K* e¢) (se later)* the product
exhibited an ultra-violet maximum at M ftyi [£fc000*i§00)#
A\ jS21?jnUign. jX Jw uaia»iittJfIl»8f.. IO.M*

A solution of the keto-enter (573 mg.) in drjt
barusenr (50 ml*) wee refluxed wita ethylene glycol and
catalytic amounts of naphthalare-2-sulptooitlc acid for
15 hra. under a Dean and Stark apparatus*® the cooled
solution was washed with water and dried over magnesium
sulphate. evaporation of solvent afforded a colourless
oil (725 mg#) which, unlike starting material, would not
crystallise spontaneously. The product exhibited infra-
red absorption <t 1735 m 7/ (oarbomethoxyl) and 1712 o 7!
cyolohejt&none with a medium band at 345- cm7i ,hydroxyl).
as the intensity of the 1735 om?A (oarbosethoxyl) band
had decreased with respect to the 1712 om™] (cyclohexanone)
band, in the product, it appeared that trans-ssterlticstier

had occurred affording a mixture of keto-ester (CIJUX HsMe)



rrrttsolono of l-oar®.Qr.Ptoo.xg.»5-M1k?iM"*Ao.CSIlJLiaiiaa“
Zsm & SfcJ -ttiSiyj

A solution af the :eie-ester (OLXj] Ert) (2*0 g¥*)
In methanol (10 ml/*) was refluxed on steam bath for
1*5 hm* with 1 V hydrazine hydrate (1 g*)# A fter
eveaoration af th# methanol, the cooled mixture was
diluted with benzene, washed w th water and dried over
magnesium sulphate* itvaporation of solvent afforded
th© pyrasclone (1*6 g«) «*p* 144*146°, which
crystslH ae& from methanol as colourless prisms,
m*q*¥ 147-149°* (foundi C, 59*351 H# 7*35%
cl11h14°2K racuircg C, 69%451 H, 7*4. )¢ The product
exhibited infra-red absorption at 3137, 1680 and 1610 e®***

(a) The pyrazolone (foo tag*) was added to a cooled
solution of nodin® (0*5 a*) in dlethylene glycol (25 ml*)
and the -ixtor* heated to 210° for 1*5 hr®* The
pyrazolone *llasolved at 6 0 and there we* a vigorous
evolution cf gas,probably hydrogen, between 1§0-2G#"#
Thr ¢ ole.l mixture va© loured into saturated a menlu®
sulphate solution, sold'fled with dilute sulphuric aold
and extracted with ether (2 %25 ml*)* im combined
ethereal extracts were washed with saturated ammonium
sulphate eolation and dried over magnesium sulphate*
Avanoration of solvent afford©d a brown solid (610 mg¥*)
w¥*p* 140-143*5°, th# infra-red spectrum of which wee almost

Identical with that of starting material*



BS.

(b) a mixture of th# pfmtolom (610 mg.) sad
potassium hydroxide { 5 g*) in ethylone glycol (35 ml¥)
im heated at 17>° overnight and worked up as before*
The infra «*red apec ram of the brown solid was identical
with that of the starting material*
Att«w.atafi

kbdlittors of th# ketn-acld (1.0 s., m.p. 140-142°)
in xylene (35 ml*) was refluxed with concentrated
hydroc lorlo acid (15 $1*) ft 9 bra# the cooled
mixture m® saturated with ammonium sulpha.to and the
separated xylene extract mashed thoroughly witu sodium
©arhoi&t© relation* The alkaline extracts mere carefully
acidified with dilute sulphuric acid* maturated with
a -onlum sulohate and extracted with etaer (S x 50 ml#)*
The combined ethereal extracts were mashed with saturated
5T-moaiu® sulphate elution and dried over magnesium
sulphate* vapenBtloa of solvent afforded a crystalline
solid (? 0 mg*)(m.p* 15T*140°)f tue infra-red epeetrue of

which mag identical with that of th# starting material*

lino amalgam mac prepared by soaking a mixture of
&inc powder (240 g*)f mercuric chloride (30 g*)t oosesii* m
trated hydrochloric acid (la ml#) end meter HOC mi*)
for 5 mine* The aqueous layer was decanted and the aim
amalgam cornered mitb water (loo ml.) and oonoentrated
hydrochloric acid (90$ ml* * keto-acld (CLXf RaH)

(20*8 $«) end aylea# (1 >0 ml*) were then added and th©



mix**ir# reflated vigorously for 12 -ire* Further
portions of concentrated hydrochloric acid (3 x JO ml#)
wore added at Intervals of 4 hra* The cool d mixture
was filtered, and t # filtr*t© saturated with
amacnlur sulphate and extracted with ethyl acetate
(2 x 250 ml* ;e The combined ethyl acetate ©Street*
were washad thoroughly with saturated sodium carbonate
solution®* water and dried over magnesium sulphate.
Fweporation of solvent afforded a thick sweet-smelling
0il (2%*98 g*)

Toe alkaline extracts were carefully acidified with
dlli to m2lrhurls acid* saturated with ammonium aulphate
and extracted with ethyl acetate ( x I5>ml*)# The
combined ethyl acetate extr eta were washed with saturated
ammonium sulphate solution and dried over m&gngalu®
sulphate. vaporatlon of solvent afforded a colourless
solid (13*96 g#) whloi was war ed with light petroleum#
The light petroleum Inaolub e material was removed by
filtration and toe light petroleum extracts taken to
dryness and the process repeated# The light petroleum
Insoluble material (3*50 g.) si.p# 137-157°* exhibited an
infra-red spectrum almost identical with that of the
mixture of eolweric hydroxy acids UiJtVi fiss'ett) afforded
by sodium horohydrtde reduction of the e to-acid (CLXi Kxii)

The light petroleum soluble material (11 g«* 57/ ) '

m#p# T75*105° eottld be purified by crystallisation from



light petroleum as colourless readies or by iufeHa»tiOB
«« rod?* to glw# the raaulred pure oleflnls-aold (CLV§ B*B)
m*p* 104*106° {Poundi ¢, 73*35: h* O9*1# %1"716"2
r#nuire*§ c, 73*3* > 8*F#R )e The product exhibited
infra-red absorption at 1210 cm?3* (crboxyi), 165"% 1207,
724 erd TIP cm?3* fola disubstitutec! oleftnie double bond),
with ultro*v!ol#t #nd»absorotlon * 4331 6./®" * 2011
£n 'J/g'™>' * 15,

ROTS* - The yield of oleflnio-acid (CLVf Bsi) decreased,
and the y4eld of neutral byproducts Incr*saed, with
Increasing m otion time*

r > 'TH- The neutral fraction of the product from
Clarmensep reduction of the “eta-acid (CLXf r*d) (20*%8 g*)
wee Isolated as a thick yellow ew#et«™#me: ling oil (2#98 &*,
12/)# the product exhibit#” Infro-red b-ads at 2900,

r& 144 o®** (paraffin), 1779 om?l (Jf-laetone), with
weak bands at 3000 and 163> cm*l (olefinlc double bond) and
1595 **nd 14SO0 cm*] (aromatic)* rmelioration of tbs
mixture afforded the lastout# material as the more volatile
fraction b«p* :6*90°/°*05 w*# nt 3U5080 and the paraffin
an the, higher boiling fraction b*p* 126-132°/0*05 mm*,

r** 1*5311% H”"paated fractions,tion cf tie fore-run
afforded th# lactonic material (CLXXVX) as a colourless
mobile sweet-ameXllng oil h*pt 00°/j* 1 mm*, i}i)’$ 1*4968*
(“oundi cf 74#551 H, 0*45* cl2116°2 r#pui*w# 0, 74*951
H, 8*4/)# the product exhibit#: infrared absorption

at 1779 cm?3* (fl~Xaeton@) with a weak band at 1650 cm?3*



(olefinla double bond) and ultra-violet end-absorption
£217 * - 5, gl*® s uooi e**0/ **© * 1.71, &
molecular weight of 190 (calculated 192) was determined
on th'- mean electrometer#

a solution of the lactone (200 ng#) in dry ether
(5 ml*) w*« refluxed with atlrrin for 2 hr®# with lithium
aluminium hydride (200 mg*)* ihm cooled mixture wee
carefully decomposed witi dry ethyl acetate# acidified
with dilute sulphuric acid and generated ether layer
waghed with water and dried over eagnegluw eulpnate*
ve~>or ti on of solvent afforded a viscous, colour!eece,
non-erygtalllgable oily did (155 eg*)# the infra-red
n-N3trum of which exhibited a band at 3250 cmffl (nydrooyl)
with no absorption in %m carbonyl region*

' gewple of the crude neutral mixture (6*3 g*) Mi
generated Into equal fractions by distil nation* She
latter fraction b*p# 100-132°/0*05 mm#), was
chromatographed on alumina (ttrede ill) (50 g*)*  Elution
»ith light petroleum (100 mi*) afford# a colourless oil
1*3 g«,,(3Q£)« the product exhibited Infra-red
abeomtlen at 2895# 2820* 1440# 1430 and 1360 emf* s*Uh
*##'* bands* rt 166) and 1235 mZ” Fractionation afforded
l-methylblcyolo f393*3 non-a-ene ec a colourleca# viscous#
oil ftUMER} b#p* 120" 0*1$ «we* «f|f 1%5220%  (found1
Gt 88*451 P 11*55* Cx”id requires ¢ 83%15% it*lI*3&-J

A molecular weight of 136 (calculated 136) was determined



an thm m.m spectrometer* rurther elution with
light petroleum (130 ml*} afforded a pain yellow

nil (0«48 g*)# the infra-red soeetrum of watch was
similar to that of th© paraffin {above) hut contained
further bands at 3 00* 1595* 1437# .802* 7?3 and

700 m #1 (aro”™atic)*

5- ctHylblcv01013t3.*3[LgsaiftiSIs.\2 .SIPIXyJLtLI>sM 0 &S13t1
solution of the oleftnic sold (CUT* B«i) (31 mg*)
in ethyl acet-ite was hydrogenated over platinum ox1d©
at room temperature® the theoretical uptake of hydrogen
(3*5 ml*) being abaorbed within 5 «ina* filtration and
cwporat’on of the advert afforded the parent aold which
was purified by sublimation as needles m#p* 141*143°*
The product# which was transparent in the ultra-violet*
was Identical (r#p*i mixed. m*p*j infra-red spectrum)
with the carboxyllc a©Id afforded by “olff--ishner
reduction of S5~methylb Icyclo[?s3*]] nonen-3~0nO~x~

oai%oxjrlle acid (XXXTT* IMS}*

solution of th© olefinic-acid (CLVi IWi) (5*0' $¢*)
in dry ether (25 ml*} was treated with a slight excess
of an ethereal al©somethan© solution and th© solution
allowed to stand at re'is temperature for 2 hre* A fter
addition Of a little acat ‘c add# the ethereal solution

was washed with dilute sodium bicarbonate solution# water



NS.

ard dried over f*gneeiaat sulphate* Evaporation of
solvent afforded a pale yellow roblie oil. (5*1 g*J
with a aamohojp”li e odour* raetionatlon afforded trie
eater a* * colourless oil b*p* 55°/0*1 tarn*, nfx [*4025*
("ound* C, 74*051 fi* 9*4. .require}s] C, 74*21
H, 9*3!1 )* Tar produet exhibited infra-rod absorption
at 17?8 o~7x (garbemethoxy 13, 3 'B» 165-, 1202, 713*
and 701 (d f] dieufeetltuted olefinle double bond)
with ultra-violet end*afcsorptlon, £:;iw 9 pfii E*® - Sf8§
Eax Ve T?0 = 2*13*

In large scale work it was found difficult to purify
the olefinlc-aeid {CLVf Ttmtl), thus the crude llg ;t
Atroleum soluble acidic vateriel free t m Isemefiesn
reduction wee «ntertfi--d directly and t-.e oieflnic-egter
(OtVi Haife) purified by distillation* fH# boiling point,
refractive index, Infre-red and ultra-violet spectra
of the once-distilled ester were identical with the pure
ester and it wee not until ambiguities arose In later
vork that doubts n® to the purity of the enter, so
prepared, were considered* Kxamlnation of the vapour
obese ohrom**togram of taa eater revealed two bands* The
win band, att Ibated to the olefinieasier (CLV] £+ ¢),
wee eluted after IP nine at 1360, and a seat band (5"I1*W»
attributed to the keto-ester tCLXj R* e), elated after

P5 Hne*



ror large scale purification of the clefinicheater
(CLVj] Re a), a solution of the crude ester In methanol
was treated with one equivalent of ©odium borohydrld* in
« little weter and the mixture allowed to stand at room
tenrperstur# for 2 hre* The mixture was poured into a
large volume of water# acidified with dilute sulphuric
acid and extracted with ether# The ether extra#t# were
cached with water and dried over magneeluB? sulphate*
Evaporation of solvent afforded ft oweet-s-:elllng mobile
oil, the infra-red spectrull of which exhibited a sharp
band at 1728 csfl (carb#methoxyl) with a weak fe&nd at
347") cmyl (hy droxyl)* k solution of the product In
light petroleum was chromatographed on alumina (Grade H)
(10 x *t* product)* lution with 20& b#ns#n#*»llsht
'mmotrolcur (4 x 600 ml*) afforded the pure olefinlc-eater
(CLV; z @) which was eluted %% om bard on the vapour-
vh&ae c; romatogram after 6 irina* at 150°. The product
was then dietilled before use*

urther elution with ether (3 x 6> ml*) afforded email
amounts of an oil, the infra-red ape#true of which showed
it to corselet mainly of the olefintc-ester (OLVf Rmftfe),
hydroxy-ester (01*XVf Bm e, B *U with a band at 1779 amfl
(V-laetonr)* th# vapour-phas© chromatogram of a sample
at 14.6° identified six bands, eluted after 4§* 5i* 6i* 11,
12 and 14$ mine* respectively# From a number of rune it
was found that the keto-acld (Ci*X| Bm.\) (174 g*) afforded

pure olefinie-ester (CLV|B«h©)(66*8 g*) in 3& overall yield



chloride ( /id'iXLI

omly 1 chloride (15 mi*) was added to a eolation
of the *ctc~soid (cLX$ B.ml) (15 g*) in dry benaene (50 ml.)
end the solution allowed to stand ?t room temperature
overnight* vaporation of solvent afforded a pale
yellow oil (16*4 g*) which rapidly solidified#
Crystallisation from light petroleum afforded the acid
chlorine as colourless orlerne sup* 74~73y* (Found*
C, 52*4; 'f 6*25; Cl, 16*45. °l1**13'~2¢* re mires
C, S2*i51 b 6*%1; Cl, 16*7/)# The redact exhibited
infir-red absorption at 1778 and 740 cm*l (acid chloride),
17 S cmfi (oyolohexanone), 3X0 and 165 #»*x (oleflnic

double bona)*

Lnm”} . atenE r.€g.gllion, ,if jLii_ XclIP--acia ixxi Rsa)

* solution of the noid chloride (ChKAXIl) (11*3 g*)
in dry bereenr (25 ml*) was added slowly with stirring to
an ice-cold solution of diaaomethane (2 equivalents) in
ether (1 1*) and the solution stirred gently for 2 hre*
at 0° and for 12 hr** t rom temperature# Evaporate on
of solvent under reduced pressure without heating
afforded the dlasofeeteii* as a thick yellow non-crystalllsable
oil (11*5 g#)# The product exhibi-tod infra-red absorption
at 3100, arou and. 1620 omfl (diasoketone), 1708 omfl

(eyciohexanone) mna JOOQ <njl tolefinio double bond)*



3-en#-9~one (OEXXXs BaBu.l),

A gently reflusted® stirred solution f th# crude
dtasoketone (11*5 g#> in dry j”feuianol (>50 ml*) was
treated Porttoimta# over 0*5 hr* with a solution of
silver benseat©O (1*8 g«) In dry trietnylamin© (18 ml#)
and th# relation mixture refluxed for a further 4 hr#*
At the end of this time the infra-red epeectrue of an
aliquot, removed from tn# reaction and evaporated to
dryness, tnd eatad the presence of &0-30/S unreaeted
dtaeeketon#* A further amount of catalyst solution,
silver brnsogt© (1*5 g*) in dry triethylagln© (15 ml#),
was then added* -hen 'half or this catalyst eolation
had been aided there was «o further evolution of
nitrogen and.the initial precipitate did not readily
radlesolve as had occurred previously# Th# remainder
of the catalyst solution was then added and the mixture
refluxed gently overnight# A fter evaporation of the
solvent under reduced pressure* th# and# product was
chromatographed on alumina (Srede III) (110 g*}# Elution
with bensene (4 X lo0 ml*) afforded the +<mo-ececter
(clxxxi R*nut) a# a thick pal© red non-cryatalltsable
oil (8*07 g#}« the “rednet exhibit#- infra-red
absorption at 1710 cmZx (Cgffee-j"butogyi ana ©yelehexanone4
3000 cmT2* (ol1“finis double bond), 1760 ©gyl C&-l©etone),
1382 and 13#2 <r«fl (g$g dimethyl) with week bands at

3420 (hydreflyl), 1640 and X6 Q #m*I*



Asolution of the<? krto~m%er ((AXXP {217 S%)
in methanol (25 ml*i was refluxed for 2 hrs# on a atecam
bath with a solution of sodium hydroxide (S g») In water
(5 »!*)e iftor evaporation of tne solvent under reduced
restore* tne o oled mixture was dissolved In water s*d
extracted with other* the aqueous extracts were soldi fled
with concentrated hydrochloric acid, saturated with
n moniur s-ilphate and extracted with ether (& x 50 oil*)#
The c abined ethereal extracts were washed with saturated
a-ionium sulphate solution and dried over magnesium sulphate*
FvsporatlOB of solvent furnished the eto-sold me a non-
eryst& lllttab « glass £5#66 g*)*

11S S fi »KTm»ttol»S«anttertMg>.al.o fem fl
JM E ujm i

k solution of the & to-acld (5*%66 g*) in &8 stheriM"mX)
was treated with a slight excess of an ethereal dissomethane
solution and tne solution allowed ti stand at room tospeye*
turn for ? ftra* Evaporation of solvent afforded t*i* fceto-
ei*ter «e a thick red non-cry®t&lllsabie oil (6*05 g«)e frie
product exhibited Infra-red bands at 17&0 emsrl (cmrbo-

ithoxyl -<t*d eyelonexanone), ITSO eefl (tf-l&ctone)# 3400 cm**
(hydroxyl)s The product could be decolorised by
c roseterraohy on silica* duties with 5% eth«r»beRSene
affording the etchester® with no improvement in the infra-
red sosctntm®* frsetlcsis.tibik also afforded no chemical

purification of the koto-astar b#p# 9v-115°/Q*Q2 nume



.annprtf WK.tawt

JSto& MM * tbs reagent mm prepared
by acting c-romiuo trioxld© (34 g*) In e”ail portions to
*ce~cooled t-butanol (50 g*jt followed by dilution with
benzene (15 ml*)* fhe benzene solution was dried over
mcgnesium eulabate* filtered and glacial acetic acid
(15 hX*) and acetic anhydride (10 el*) added just prior
to the oxidation* the oxidant was added &ropwi»© with
utlrrirr over 1 hr* to a solution of the olefinic-ester
(11*55 g*) in bensme (55 ml*}* enaoyl peroxide (0*5 g*}
wa© added and the mixture stirred gently and warmed to
46° In an oil bath for 135 hre# tinder an atmosphere of
nitro on* ater (1)0 ml*) and oxalic acid (6 g*) were
carefully added to the cooled solution®* with vigorous
stirring * the benzene layer was' then separated and the
aqueous layer extracted with benzene* the combined
benzene extracts were washed with dilute sodium
totcarbonate solution®* water and drlad over magnesium
sulohate* Evaporation of solvent afforded a brown oil
(9*9 g«}» which exhibited, an ultra-violet maximum at

~ (&h*2C0>* In s similar experiment in which the
reaction temperature was maintained at 52° for 135 hrs**
the Intensity of in© ultraviolet maximum in the
product was 4*600* ' A fter standlog for 24 til's* the
product mm dissolved In benzene end filtered from
precipitated chromium residues* Evaporation of solvent

afforded an oil (9%15 g*)e



<> Moy 141 HHIftM U *

(1) a solution of ohroalua trloxlde (0.3 ¢ .) in
»uQOti@ acetic «eid (S el#) w&a added to a solution of
the oloflnlc-eotor (0*9 g*) In acetic acid (5 ml*)

and toe solution allowed to stand at room temperature
for B hrn*, then poured into water and extracted with,
ethyl acetate* The combined ethyl acetate extract®
wore weshed with saturated sodium bicarbonate solution,
water and dried over magnesium sulphate* Evaporation
of solvent afforded a colourless oil (0*6 g*)* the
infra*red spectrum of wh*eh exhibited a w®al< band at
1677 cht! (econJugsted carbonyl)* The all-salln# extracts
conta®* ned no isalable carboxylie material*

(il) \ solution of the olafinie-ecter ( *6 g*} In
noetic aeld (3 ml*) wea waned on a ateam bath for 10 mine*
with a solution of chromium trloxide in aqueous acetic
acid (5 ml*)* the cooled >?rehn solution was poured
into water rnd extracted with ethyl acetate® the
combined ethyl acetate extracts were washed with dilute
eodium bicarbonate solution, water and dried over
magnesium sulphate* "vaporatton of solvent afforded a
yellow oil (0*53 B*)» the infra-red spectrum of which
exhibited a medium band at 1677 mf1 (conjugated carbonyl)*
The product exhibited an ultra-violet maximum at

83 7% ~1,5 cwm)y

(111) a solution of the product (0*53 5%*) from



Zo0o.

experiment (11.)* In acetic mold ( 5 ml*) was warmed

on a steam bath far 1 mins* and worked up as above*

The neutral fraction (7*15 g*) exhibited medium Infra-
red bams at 1770 omyl C#-lactone) and 1677 cmyi (er*one)
with a strong band at 1735 omi3 {carbomethoxyi)*

(a) * solution f the

oleflnl G-ester (86*7 g*» 0%*447 aole) end sodium
dlchroraate dihydrete (315*%4 g*#  *733 In acetic
acid (50Q ml*) was heated at 90° far 1*5 hre* ethanol
Cl o ml*) mass added to the hot solution to decompose
the excess oxidant and toe resulting green solution
cooled, diluted to 2 X* with water* and extracted with
ether (3 x 500 ml*)* me combined, etherecal extracts
ware washed to neutrality with dilute sodium hydroxide
solution, ih”*n with water and dried over magnesium
sulphate* Evaporation of solvent afforded © yellow

oil (69*3 g*)» the infra-red spectrum of which exhibited
a mediiae band at 1677 cm?! (enonc?) and a weaic band, at
1770 cmyl (X-lactone), with an ultra-violet maximum

at ?3 ty* (£3# * T*

/’rlglS*l.qn of ,tM anone-fatar ..(GIVIi * e )

(a) A eol tion f the Impure enone-ester (9*15 g.)
(from 1-butyl c-.romete oxidation of the oleflnte-cater
£11.56 s.)), In light petroleum rbr curosustographed on
alumina (Grade III) (170 g»). lution vita light

petroleum (Po x go ml.) afforded t..e olefinlc-eeter (?7.2g«),



and further elution with (17 x 5° ml*) of mixtures
ranging frm 5% bensene-light petroleum to §0, benxene-1
light metrolea* sufficed to elute the olefinlc-ester
completely (0*9 g. )* Elution with benzene (la x 5§ ml*)
and ether (5 x 50 ml*) afforded the enone-ester (2*75 &*)»
which exhibit© an ultra-violet taaxlstutg at 23° sju (£5#0uO)*
(c) \1though the oleflnic-oster (CtV; RsMe) was

quite volatile, (b*p* r*/o.1 mm*), efficient separation
fro*- the erone-oster (CLVT} R*&e) could not be effected
by fractional distillation at 0.1 nm*

<d) A solution of the crude encne-ester (5 s#) In
methanol (50 ml.) was rafluxed on a ateem bath for 5 hrs*
rlth a solution of sodium hydroxide (1*5 g*) In weter

(5 ml.)* fter evaporation of the solvent under reduced
pressure, the cooled mixture was diluted with water (25ml¥*)
and extracted w*ih ether* The aqueous extract was
acidified with dilute sulphuric acid, saturated with
arnmonluB sulphate and extracted with ether (2 x 25 mlI*)*
The combined ethereal extracts were washed with

saturated a- monlum sulphate solution and dried over
magnesium sulphate* Evaporation of solvent gave a

thick oil (4 f#) which on trituration with light

B«), which

crystallised as colourless needles (p.5 g#) as the

petroleum afforded the oleflnlc-acld (CL?

light petroleum soluble fraction. The non-light

petroleum soluble fraction was obtained &b a thick red



oil (1.1 g#) which was then *stariffed with dlaaorceth&ne*
The resultant impure ester was triturated with light
petroleum affording Impure encme-eeter (CLVX* B*PO) as
the 11 it petroleum soluble fraction (3#8 g*}# the
product exhibit#*! an ultra-violet eximim at £30932

(87, ; H# Small amounts of nyaroxylic material Were
found to be insoluble In light petroleum#

(e) (D) A mixture of the crude enone-estcr (1*24 g#)#
the dirard T reagent (£#? r*) and IK 170 <1> amberllte
re*in ( #5 s#) (orevtouely activated with 1 k hydrochloric
acli) was refluxed for 3#3 hr# with ethanol (40 ®1*}#
The cooled mixture was decanted Into water (IOC ml#)

end extracted with ether (p x 25 ml,)# The combined
ethereal extracts were washed with water and dried

over magnesium sulpha.te# Evaporation of solvent
aff'-rded an oil (0*7? $¢) which exhibited a w*ac band
at 1677 om;l (enorte) with absorption bends from 1200 to
700 c”#1 similar to thoe© found in the spectrum of the
olefinio-eater# 40a: formalin solution (25 ml#) was
added to the aqueous solution# and the reaction mixture
a lowed to stand at raom temperature overnight before
extracting «lth ether (2 * 50 ml#}# The combined
ethereal extract© were washed with water and dr'ed over
magnesium sulphate® Evaporation of solvent afforded

a mobile brown oil (0*05 £¢) hiefe exhibited a broad
band In t e infra-red at 1725 omrl (carbonsatboxyl), with

medium bards at 1677 emyl (©none) and 1770cmZl (tf-lactone)#



(it) A solution of the impure enofim ttr (232 mg*)

in methanol (5 «!¢) was allowed to stand ;vernlsht at
room temperature with excess semlcarbaJBi&e acetate
solution* As no crystalline mate-rial separated, the
solution was pourei into water (25 ml*) and the
colourless semioarb&sone (?4 mg*) filtered offj further
dilution with water afforded more sqtiearba&ene (36 mg¥*),
which crystallised from aqueous methanol as colourlee#
needles »#p* 190-192°*  (rounds h, 15*3i AS5M973%
requires ft# 15*%0S' )e

(f) (1) a soluttOB of the impure ©none-ester (2*Q5s«)
in ether(l 9 rl*) was added slowly tc a solution of
lithium (1*8 f>) In liquid ammonia (600 el*) ana the
reaction mixture stirred for 2 hra# A fter neutralising
with ammonium c¢ | orlda, the amsionia was allowed, to
evaporate ana the residue soldi fled with dilute sulphuric
acid and extracted with ether (2 x po ml*}# Tne
combined ethereal extracts were washed with dilute
s'Odium hicarbonate solution, water end drlad over
magnesium sulphate* Evaporation of solvent afforded a
thick oil (1*45 &*) which exhibited a strong hood in

the in fra-rod at 3500 crz*! (hyoroxyl), a medium band

at 1695 cofi (ketone), a weak band, at 1677 IMft (»mwi?
with no absorption at 1735 i1i§& (easfceaethojqri;* A
solution of the product in acetic acid (83 si*) was

treated with chromium trioxide 11*6 g*) at room



temperature overnight# t ers oured into water (353 ml#)
end extracted with ethyl acetate (2x1 0 mlI*)* The
combined ethyl acetate extract* were washed with water
and dried jvenag»e«iua sulphate* Evaporation of
solvent afforded a vieoous oil (1*19 g*), which was
esterifled with dlaaemethane to give a mobile oil (1#14g*).
a solution of the ester mixture (1*14 g#) in light
petroleum (b*p« 60-30°) was ¢ romatcgraphed on

alumina (Grade 1) (31 iution with SOfi benxene-
liitat petroleum (b*o* 60-83°) (10 x 53 ml*) afforded

pure cl finte-ester (OLVi R*.-«) (0*2 g*)« Elution

with bensene (6 x 53 ml.) gave pure keto-eeter (CLXIIf
R».'e) (0*15 g*)» while further elution with ether

(4 x 5- ml*) gave a mixture of the rto-ester (CLIIIfBsEe)
and the erone-ester (GLVIf Is e) (0*3 g*)«

(it) a solution of the Impure caone-ester (38*8 g#)

in ethyl acetate was hydrogenated over 10$ palledlum -
charcoal, hydrogen (2,550 ml*) being absorbed over 6 hrs*
fhe filtered solution# on evaporation, afforded a

mixture of, at least# the xeto-ester (OLIXIf Be e) and the
ester (CLXXXVI) m a mobile yellow oil 158*13 g*)* The
product, which exhibited a weak band in the infra-red

at 3530 e-pi (hydroxy:/} and no absorption at 1677 cmrl
(enene), showed only low intensity (8125) at fPIji in

Wm ultra-violet* The product was stirred with 6u

hydrochloric acid (I6o ml#) under gentle reflux for 5 hrs*



Th© cooled ©elution was saturated elth ammonium

Sulphate and extracted with etueT (2 x 530 ml*)* The
combined ethereal extracts were washed with cold dilute
sodium hydroxide solution, water and dried over .
magnesium sulphate* Evaporation of advent afforded

& yellow mobile oil (13 g*), the Infra-red spectrum

of which was almost identical with that of the starting
retrrlal# The alkaline extracts were acidified with

6.a hydrochloric acid, saturated with amrnonlttm sulphate
r-rl extracted with ether {7 x 313 ml*)« The combined
etherea. extracts were washed with saturated ammonium
sulphate solution.end dried over magnesium sulphate*
vapor?tton f solvent gave a thick oil (23*7 g#)f which
on trituration with ether-livet petroleum gave c lourlees
needles (3*4 g*) s**p# 110-147°# which sublimed as
hexagonal plates ®#p# 163-173°%* 'The infra-red spectrum
exhibited a! sorption bands at 35,-0 to 2303 csjfl, 1695 m?l
(carboxyl), and 1710 cmyl (eyelohexanone)* The oily
beto”acid (C'LIIT| E»T) 1£0*3 @#) couxd not be crystallised
but. with dissomethane afforded a mobile ester ((4*111liftsMe)
which exhibited an infra-red s ectrum very similar to
that of authentic keto-ester {0.113* Rake) but also
exhibited a band at 1765 cmfl (8-lactone3* Repeat

addle hydrolysis of the recovered neutral oil (la g*)
efforded acidic material (10*6 g*), which rapidly

crystallised from light petroleum #s needles **p#100-124°*



The infra-r©d sometram of the product indicated it
ta fee ¢ fixture of, st toe acids (GOVf Ball) and
(LXXIV)* !
(fe) 4 solution in 50" feens#8e*llght petroleum -f toe
product (69*5 g«) fro® too sodium dichromete oxidation
of the olefinie-eater (guv* i*0©) (86*7 &+) (bob p* I
wa« ciromategvaphed on silica (1 kg*)* ilotion with
500 bensene-llght petroleum (3 x 500 ml#) and wito
benzene (4 x 500 ml*) afforded an oil (33*9 g*» 39/)%*
the infra-red spectram of which Indicated it to fee
mainly t e olefinlc-e®ter containing only traces of
katonic mater''a 1* further elution with 308 etoer-
benzene (5 x 500 ml.) gave a colourless oil (26*3 g*,28/)#
the infra-red aprotram of which exhibited strong band®
at 1735 emyl (carfeomethoxyl) and 1678 «®fl Cconjugated
ket-ne) with a weak band at 1765 cmfl (Y -lactone)#
and an ultra-violet maximum at 23i*J§ <2$*$0§)e

A solution of the impure enone-eeter (cLVIi R*-©)
(1*15 g*) in benzene was rocaromatographed on silica (3Sfe* A
xtended elution with 0*3” etoer-bensene afforded fairly
pure ©Onon*-ester (0*68 g*) as evidenced fey the ultra-
violet maximum intensity of 6,900 at 230*5m/a, and the
ecu®Uf intense bands at 1735 and 1678 cm*3* in toe
infra-red spectrum* the product was eluted as two
bands on the vapour-obese chromatogram at 137°# toe first

band luted after 1? mine* feeing about half as Intense



BB the band ©luted after 19 mills* The ©none-eeter

distilled as a colourless oil b#p# 94°/ #~ mm#, , tt|la X#4960*

(bounds C,68*71 H, 7*6%* ciaHI6°3 r°°uil*es G* 69#31

[T%'er A A solution of the ©none-ester (0*68 g«)

In methanol, on treat® ?nt with Brady*s reagent at

room tern ereture, readily afforded an orange solid

(2*15 g*) m*p# 75-120°, which crystallised from

methanol as orange needle clusters (3%36 mg*) n#p*158-167°*

A solution of thin product in benzene was filtered

through bentos!te-kle& elguhr, the filtrate evaporated

to dryness and the real,du© reerystalltsod fran methanol

affording one 2»4-dinitroph©nylhydrazone of the ©Onone-

ester (ELVti <*-©) as ©Orange needle clusters (207 mg#)

B.p* 163-17°, (Founds c¢# 55*5? H, 4%*951 R» 14%*55%*
requires C, 55*%651 H, 5*25 /, 14*45#)%*

The product exhibited two maxima, in chloroform, In

th 91«t| at 380Hy (£24,400) and at 260191
(£9,300)* O methanolle mother-llquors were poured
into water ami extracted with ethylaaetate* The

ethyl acetate extract was washed with water and dried
over nagneelu® sulphate* Evaporation of solvent
afforded a red oil (80 * mg#), which was ohromatographed
on slumin® (Grade I) (18 &*/)* Elution with benzene
gave a yellow gol*d ae#fp# 110*135°* Repeated
crystallisation from methanol afforded an tiOnerl*

2 14-dinitropheriylhydrasone a© orange-yellow needle



20%

clusters m*p« 144-146°% (found* 0, 55*71 1i# 5%45s
$* 14%45 H* The pr'Auet exhibited two maxima, in
chloroform, In .the ultra-violet, at 375®/*
end at 360ngp (£9%*340)%* Both £*4-41n* trophenjrl-
bydrasonee exhibited stronr bands at 1735 amyl
(carbonethoxyl) In the infra-rad* the 2t4«dlInitro-
phsnylaydmsones coaid not be intercom?erted by
seeding & war® methanolle solution of one wlta the other*
MjJiU .QiMailfla]J& J:ttjaiQOxrt*-*«t«r t-xvi R».>)
SilR-t"sityl ,-erbrr-y”te

t-u 'tyl o®rbs®BO«t* (u.?7 g.) was aad«d dro-wise
~>ver 1 hr* under nitrogen to a vigorously stirred
mixture of the olaflnle-ester (1*94 g.) and cuprous
bromide (0*1 g#) held at 19$°# fhe reaction fixture
was then heated at 110° for a further 1*5 hr* Ether
(59 ml#} wae added to the c-olcd mixture and the
solution filtered from copper residues* Tne filtrate
was washed with dilute sodium carbonate solution, water
and dried over magnesia# sulphate* Evaporation of
solvent afforded the Impure bsitseete~ester (3UOQUX#
+m*00*Ph) m a viscous oil which was chrometogmp,.ed on
alumina (arad* III) (50 g*)* Kiution with m
benzene-light petroleum (6 x ?0 ml#) gave the oleflnto-
enter (1*48 8*» 76/*)* further elution with chlorofom
(4 x 79 ml*) furnished the benzo&te—eater as a viscous

0il (9%*58 g*§ ISM*



t”* cncryp-<»Htep ;?1,r1 3s'al

A solution of th« benmsate-ester ( *53 g#) In
Try methanol (8 ®1*) was refluxed with sodium (Of015 g¥*)
for £ fir?3* The cooleel solution was saturated with
carbon dioxide, diluted with other ($0 ml*), sashed
with dilute brine solution and dried over magnesium
sulphate* The infra-red. spectrum of the product
after removal of the solvent exftihlted a strong band
at 34to omjrl (hydroxyl)9 1735 omrl (earbo®ethoxyl} with
bands at 3000 and 1600 era** (aromatic)* ablution of
the product in light petroleum was ehremtographed on
alumina (Trade ITT)* -lutlon with 10/ bensenc-llght
-etr*Xeum (5 x 70 ml#) gave methyl bensroete as a sweet-
erwiling oil (0*05 g* )* Further elution with
chloroform (4 x 70 ml*) afforded the hydroxy-eater
(CLXXXXXi p*h) m a thick yellow oil <0*§ g*>* a
solution of the hy&roxy-eeter (0*1 g*} in light
petroleum (p. ml*) ms shaken for 6 hrs* at room
temperature with astir/ ted manganese dioxide (3 g* }«
Filtration and evaporation of the relvent afforded the
eneiie-eeier (CLVTi Uirf£e)» the infm-red spec rum of
which was identical with that of the enono-ester
prepared by direct ailylic oxidation of the cleflnio«*
ester (CLV* Ratfe), though the product exhibited a higher
ultra-violet maximum intensity of 7,375 than obtained

previously*
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hen & solution of the enone-ecter (1*164 g*)
(pwt»-» by the sodium dtsaromate method and purlfl d
by chromatography on allies) In ethyl acetate was
rodeoed over 10, palladtus-ehareesl at room temperature,
hydrogen (113 *!e# 63/ ) wea absorbed* The filtered
solution on evaporation afforded the Impure keto-ester
(CLTXIi Tim-e) as a mobile oil* which exhibited bands at
1735 d 1 (earfcomethoxyl) and 1?12 cm*l (cyclohexsnone)
In the Infra-red, and ~fiieh was eluted aa one bend on
the vaoour-ohaae chromatagnsn# Repeats fractionation
afforded the “etc-ester as a colourless oil b*p* 84°/0*1m*i
n~3 1,4859. (Keurrti 0, 68.35» K, 8.5. CiaH180;
renuirm C, 68*551 M, 8*65a)* The impure keto*ester
(557 mg*) readily reacted with dradyfa reagent at roots
temperature affording a yellow 284~dlnitrophenyl-
hydraaone sup* 120-148°, which was further purified by
filtration of its solution in bm%®m through bentonite*
Ueselguhr* the filtrate evapointed to dryness
and the residue errata!Heed from methanol ©0 yellow
needle clusters m*p* 122*125° (round* C, 55*651 H# 5*5i
K, 14*25% d5B»2206il4 0, 55*%41 H, 5*71
p 14*%35 )* The product exhibited a maximum in
chloroform, in the ultra-violet, at .36391 (£21,300) and

exhibited a strong band at 1735 «mix (earbomethoxyl)

in the infra-red*
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k solution of thm Impure keto-ceter (158 ®g#) in
dry methanol (10 ml#} was refluxed for 1 hr* with excels
Brady’s reagent* The cooled fixture was dissolved In
chloroform, washed, w'th water and dried over magnesium
eulphatf* Evaporation of solvent afforded a thick oil,
which ws dlsrolved In benzene and chromatographed on
bertonitr-kt©eelguhr» The benzene ©luete, on
trituration with ether, afforded the 2*4-d Inltrophcnyl-
pyrazolone as a pal# yellow solid (144 mg*) which

crystallised from ethanol as pale yellow needles

sup* 179-181° <75 mg#). (round* C, 3T*05f »e 4*751
I, I15*55* H f*nnA°S5 C. 57*C| H, 5#051
1565/-")*

Pyrazolone of toe fe**o-»gter 10,1111 Rsvel

E solution of the Impure fceto-eeter (/20 mg#} In
dry met anol (10 ml*) was refluxed for 24 hra* with
hydrazine hydrate (0*5 ml*)# A fter evaporation to
dryness the residue ms dieaolved in chlorofor ' and tfte
chloroform solution washed with water end dried over
magnesium sulphate® Evaporation of solvent afforded a
thick oil which was chromatograpned on alumina (Grade XJ
(3 6%)* Elution with benzene (3 X 5Q ml#) afforded no
useful -erial, but further elution with chloroform
(5 x 50 ml*) gave a thick yellow oil (55 mg*) which

solidified on trituration with light petroleum (b*p*6080°)
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Hecrystall Lm t .lon from [Im ¢t (b*p* 67-80'®)
o&va the pyraaolone a# pala yellow needles *#$# 113%114°
(Found* 0, 6>.35i H* 6*i$1 M, 14*35* an gi6c)&a
reoilrea C* 63«?1 B» 8*4f % 14*55M#
Attested.
w- til cygnoaoetlc solk

m solution of Iftt keto~eater (1*18 g*) In barmen®©
(50 «1«) containing cyanoaeetie sold (0*93 6%*)e
Ammonium acetate (o*l g«) and glacial acetic acid (0*5 ffil*)
wa« re fluxed for S nr®# under a Oean and btart apparatus*
Th# cooled soluttea ©a® maned with water C4 x 35 al*)
ana artad over magnesia* aslptiat#* Eva oration of
solvent afforded a mobile oil (1*1 g*), toe infm-red
apeotrust of which was identical wltla thst of the

start!”g material#

aqoaaiiitiaiia

A solution if the '<#to*»aatar (i#l g#> In benzene
(35 1*) oontainlng aalononitril© (0*4 $¢)» amroniua
acetate (0*1 g#) and glacial acetic sold (0*5 ml#} mm
refluxad for 3*5 bra* under a Daan and Otart a.pp<ratue#
The cooled solution wan wasted with water and dried
over magnesium sulptete™ fvaooratlon of solvent gave
a thick v”llow all (1*3 g») which on distillation
afforded toe dinltrHetester (QMH) a® a eolouriaaa
oil te*p* 12G°/b»03 Mi® n-- 1*5800 which gradually turned

yvellow mitt lom of hydrogen cyanide* fte product
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exhibited infreared .ebepotion at 2SK)Q e:s#l (conjugated
nltr In) and 1735 em?X {e&rbOmethoxyl) with only a we&fc
band at 17X2 e®*1 UjraXottexanone) with an ultrs-violet
twx Ilmun nt 247U (S6,6c)0)*

ted conftgnae tloiL.gg-j£ifi-££.XO!r.flIfItM .JffIU U .il., 1" £ 1

mgjJL .,g3&rA

A solution of the «"ta~ester (1*%7 g«» o#uo§ mole)
and ethyl *"C-bromolsobutyrate U6 g*f Q*Od mol#) in
benzene ($0 el*} w'>a aclded to freshly motivated zinc
wool (15 g*) and tne liturt refluxed with stirring
for 5 mine* until vigorous exothermic reaction commenced
with concomitant precipitation of a viscous green oil#
i'v~ rigorously stirred mixture was gently refluxed for
10 hrt* e cooled mixture was then acidified witn
acetic acid* poured into water (200 Til*1 and extracted
with ether (2 x pi ml. ;* the combined etaerasl
extracts wore washed with dilute sodium bicarbonate
eolation, wat*r and dried over magnesium sulphate*
Telonged heating under reduced pressure (20 mm*) on the
tear bath aff orded an oil (12*4 g*)» which on distillation
gave a mobile oil b*p* 4080°/Qt»]l mm* (0*4$ g*>* from
which a crystalline solid (0*9 g») ae -emted*
Crystallisation from light petroleum gave colourless
needles m*p* §0-610* (found8 C, 66*3* ri, 8*45*
c4j%° quires 0* 66*$$! H, b.S& h tm product

exhibited a strong band at 170Q omyl and a weeit band
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at 1749 cm*1 In tne Infra-red* ftsrtber distillation
afforded a htgb*boliing fmotion P.p. dO*198°/E>«l mm.
(1.9? g*)f the infra-red apeslruns of which was similar
to th”"t of the start!m material with apparent increaae
of the ester b*nd at 1735 e®*** Saponifiestien of the
product (1.92 g.) with 4M sodium hydroxide in mé&ih&nol
furolenad a non-cry”~tslilseble oily acid C1.29 g*)«
ni?0nlf?Q".tIPP. -It %%

. volition of the impure >?eto»ester (1.5 g») In
methanol {10 ml.) was refluxed for 2 hre* on a atra-*

bath with n solution of potassium hydroxide {1 g.)

In water (3 ml*). & ft#r ev&poretion of solvent, the
cooled residue was diluted with water arid extracted

with ether* Toe aqueous extracts were sold-fled milh
d'lute solphurle acid* saturated with aseonlw sulphate
and extracted with ether {2 x 30 ml.)* the combined
ethereal extracts were washed with saturated ammonium -
sulphate solution and dried over magnesium sulphate*
Evaporation of solvent gave m title » oil (1*2 g#) which on
trituration with ether*light petroleum furnished
crystalline material m.p* 85-133° (0*84 &#}, which
crystallised with difficulty from ethyl soectate-light
petroleum as m powder aup* 70~10u°# The Infra-red
spectrum of the corresponding eater (C&UI*

prepared by ester’flcation with diasomethsne* was

Simeler to that of the starting material, and the



product (0.23 s*) readily afforded the characteristic
yellow 214*4101tro mbenylbydfmsono (C#12 g*)«

The Impure oily *etO-actd4d {123 mg*) readily
afforded n eyolohexyiamiae ©alt (133 &&*) which
crystallised from boname-light petroleum (b*p*60-d0°)
as colourless needles %*p* 133-149” with continuous
decomposition* (I»bund* U$ 4*95* Cxyugj*jaf requires

A*75 e it also gave a i-benayXloot&laurQntua salt
which or;?stalllead from chioroform-benzen© as odourless
msms m.p* 153*155° {decomposition from 143°)#
(“"ourvrlt C* 62#51 H# 7*21 h. 7*85%*
requires C, 62*951 0* 7.25% *# [*75 )*

- solution of the oily £eto~aald (966 mg¥*) In
bensane was chromatographed on silica (38 g#)* Elution
with % ether-bensene (16 x 50 ml*) afforded the keto-
fcld as a thick oil {§30 mg*}, the latter fractions
becoming progressively more crystalline. 203 mg# being
obtained crystalline. a*p# 146-150° with weeping from 130®*
further elution with ether (5 x 5° ml*) gave a non-
crystalliseble oil {120 mg*}*

A tM.j M jrgaKIEsjaLHItttWLtf..iv,to-qq

jodium borohydrlde (5 g.) was added to a solution
of the kato-aater (1*51 g*) in methanol (35 ml*)
containing water (5 ml*}# and the solution allowed, to
stand at room temperature overnight* A fter evaporation

of solvent under reduced pressure without heating™® turn
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residue wa@ aetdtfled with dilute hydrochloric acid

and extracted with ether (2 %20 ml*)# the combined
ethereal extracts were washed with wntar and dried over
magnesium sulphate# Evaporation of solvent afforded
'a thick oil (1«X85 g#) which was ehromatographed on
alllea (35 »)- slutton with bensan# (5 x 53 ml*1

and 5, eiher-bensene <f x 50 ml#) gave an oil (Q#175 S*)»
the infra-red spectrum of which exhibited weak hydroxyl
bands, with maxima, at 1770 Om*t (tt-laetone)* 1735 em%*t
(carbomethoxyl) and 1?13 cp*l (cyelohexanone)# farther
elution with 5. ether“bensane (13 x 30 1#) afforded

the hy iroxy-ester (CXCVXIXi f\« e) ©a a sweet-smelling
oil (0%*695 g*}, which exhibited hands at 3450 cmfl
(hydroxyl) and at 1735 cm#* (earbowethojqrl) In the
Infra-red# elution with ether afforded the diol
(C<(CXx) as a crystalline solid (0#46 g*) which
crystallised from ethyl acetate-light petroleum a* flat
rods m#p# 98-99#5° Croundt 0, 71*7* H, 10*65#
CllHgo-"jj; r#Qiilre« c¢* 71*71 h, 10t9S- )e

2=..1agsg=S"ftL£fiylM W L flte” 1<gwynrinoft**3Pno solft
JvIQfiM O TE S

4 s lullon of the hydroxy-eater (CXCVIIIl Be e)
(0*45 @*) In methanol (10 ml#) w&& refluxed om a steam
bath for 2 hra* with a solution of potassium hydroxide
(0*3 &°*) In water (3 *1*)* the cooled solution was
diluted with water arr extracted with ether* the

alkaline solution was acidified with dilute sulphuric sold,



saturated with mmontm sulphate and extracted wlth
ether* fhe ecabined ©thereal extracts were washed
with a brine solution and dried over magnesium sulphate®
tvaporstlon of solvent gave a thick oil (0*40 g*) which
or trlitwr*-tier with ether-light petroleum furnished a
solid m#p. 127-149°. BCpee.ted crystallisation frore
ethyl aoatate-light petroleum afford 4 one eplmerie
hydroxy-aaid (cxCVTIIj Karl) ©« ¢ lourlose prisma
in.o* 163*5"*184*>®#  {ftutidi 0* 66*6$ h. §«9S* "11"18"3
requires 0* 66.65* ft# 9*13. )e
ffiv&rogsn”tlon of the kato-ester COLTXI* Kn -.¢)
» solution of the keto-e~ter (13*43 g*) In ethyl
acetate was hydrogenated at d O over olatinea oxide
(0*7° ?+)* hydrogen (1530 ml.) being absorbed over 4 hye#
"The filtered notation was evaporated and the residue
dissolved in bensene end chromatographed on alllea (230 g#)
lutior with 2k ethrr-ben”“ene (4 x 500 ml.) gave an
oil (% 3a f*) the Infrn-red spectrum of which showed week
hydrogyl and strong lactone bands* further elution
with 20; ethar-benaene (4 x 500 ml*) furnished the
hydroxy-ester (p CVXJTS Ba e) bb b colourless oil (11*238$%)
A solution of the hydroxy-©ater (11.23 s*) in
methanol (5 ml.) wre refluxed with a solution of potassittiB
hydroxide (6*1 g*) In water (10 mi.) on e steam bath
tor 2.5 hrat* *fter evaporation of solvent* the cooled

residue was dissolved in water and extracted with ether*



The combined ethereal extrants were washed with
saturated, a montum sulphate solution and dried over
magnesium sulphate# svaporstion of solvent afforded

a mixture of the epi&erlO hydroxy*acids (0X071IX* K#B]
re a thick o1l (10#06 g*# 96, ) which rapidly solidified
to a crystalline mass m*p# 113*145°%* fractional
cryatalllastion fro® ethyl aeetate*light petroleum did

not effect esparatioa of the spiders#

te ..

WrtSSjis i fti

A solution of the crystalline eplmerle hydroxy*
solas (cmvttli R«a) (14*1 g#) in acetone (50 ml#}9
cooled to 0°# was titrated with 9*7& caromturn
trtoxlde in sulphuric sold, a 5 ml# excess added and
the mixture a lowed to stand for 0*5 hr# in m le#*feath#
The ixture mmm poured into a i&rgs volume of water#
saturated with ammonium sulphate and extracted with
ether# The combined ethereal extracts were washed
with saturated a montu® sulphate solution and dried
over magnesium sulphate# Lvaporatlon of solvent afforded
the k”~to-acld m a viscous oil (13*4 g#) which slowly
solidified at 0° (m*p# 93*110°)# repeated crystallisation
from ben?ene or ethyl acetate furnished the iceto~acid
in P3/ yield, as colourless orisms m*p* 151*5%153° with
weeping from 13## (Founds C* 67.1} h, 6#05# Cu”16"3

requires C9 67*31 M 8#2"}« Tna product snowed bands at
ju~Sofe (oyclcheitaxoM” and bands at 32">*;230w and 166300*

foaroo’y j> N Infra*red#
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