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whnmds
Part. One*
Ths w it discussed in this*. pari of the thesis vm uaierfca —~m with
&view to synthesising: hydMCEjHtrepeal* by the ring a#3*i»aie# of the
sl:oH3iiflfl)enrf .ring*  Tho eeid*"'Cé&t«JLyaed rearran”e”entfe of the epoxide*

of methylsneunthrone* bmiiylldemOTthvone» tm& 2"tene”1idt$0» 1" etsalon*

-Heft ano i have been taa&a to rearrange the
ht
dibrossLdee of aetk ° \ “herusvlidUaHM"IMatnXena by muon

of silver cnide* Hone of these ooatpouade but th© opoidd* of
o~ Horn $noothly reamusged by aoiclft ©r
©thereto tc a . .1s N ring#

4«!S&Hydrwq?H?*3/t7-~ i [*>(HiW (HNil fir. i 3 by
Txe&be aaf flinkhu“&or **3 rigorously shown to have th« eie”orKftgaov#"*
tion*  :?ho traasiocKwr *mz also prepared, and the solubility of the two
Hole in alkali s:m explained by postulating a h«ai*4”tal structure and *
xo clearly not cue to an 6~q,ulnonDid structure sa suggested by ‘reiba

end JClirikhaaffijer*

1i&rt Twos

A* a model for a proposed ayntkssis of caxyopfcyllane» the pr&paratlea
of l«o;abatlo.r* > Mi&t!?.ylbioyclo (3*3*1) non”-'3-“ne-*9~one and Its attouipted
conversion to Iryl*yolcQcJCtfH/*1%e-*! 15-dic&rtxttsylle acid hue bees*
examined®*  The structure and mode of origin of two rearrangement
products encountered in this work have been isveetlg&ted and In the light
of these results* the eynthcsis of 1"arfeet), KK*y*« ®athyl*icycX©O (3f2#)
©ot-4 -one~3-on© hm bmn undertaken*  The successful synthesis of this

compound is dieoueeed in torsi©O of a model ayntkeele of ler"dfolona#






(Formula flow sheet© for this section on Page© j&£~"0)

According to the modem concepts of aromé&tioity not only bonz”ne,
but all those ring system© which have (4» ¢ 2)IT electrons should show
aromatic character® This hypothesis mm first put forward by Mckel *
in 1931* Thus cyelopent adion© (1) carrying a negative charge and
cyclohoptatriens (2) carrying a positive charge should Chow aromatic
character* From a study of the triphenyleyelopropylium ion, Breslow
and hiO co-workers' predicted that the cyelopropyliuas cation (3) should
to a fundamental aromatic system* Breclow” has obtained strong support-
for the above prediction by bis study of the physical proponies and
nuclear magnetic resonance si?cctrum of dipropyleyolopropylium

perchlorate*

Dewar A~ in 1945* first predicted that 2-hydmxycyolokeptat~
rienons(4), which wn at that time unknown and which he named
"trop*>lone" should also Chow aromatic character* He suggested that
atlpitatie acid u.d colchicine might well be 4fce representatives of
this class of compounds* Tropo.lom was synthesised by Doering and
Knex* and found to to very ©Otable* This stability was explained by
the fact that its canonical fonas (5* 6) resonate with its ionic form
(?) in which the esvenHaemtored ring contain© the necessary IT
electrons* It is therefore a particular case of the tropylima

aromatic type predicted by Hftckel*e

Tropolooe* in keeping with its aromatic character Chows m m
£7
resistance to oxidation and reduction® * ®%*g. it resist® catalytic

reduction in the presence of palladium but platinum or nickel



catalyst©O promt©O the reduction to cyeloheptane-1aiViiol*  Fopolons
hm also been found foo be insensitive to pertonnoic acid8 and perforate
acidQ« theoretical consideration© led dewarIQ to predict that
txopolona should resemble phenol both in its acidity and in electro®
philic and radical substitution reactions which should occur aliaofst
exclusively in the Y-poeltion®*  Tropolone has a p& 6*97aLat 300,

and phenol pka, 10*  “lectrophilic substitution has been found to

take place both in «G& and Imposition, with the latter isoimr» predominat-
ing in most cases®  Thus nitration is effected by dilute nitric acid
and yields in the main the Y-derivative*  Sulphonstien could not be
achieved by sulphuric acid treatment because of the conjugate acid
formation (8), but tropolone could to sulohonated by milpfcamlc acid
treatment and the product onee again was the Y-isomer*  Tropolone

also undergoes nitres ition and, dias<|boupling exclusively in the
Y-position* likewise the Biemsr Tlesann reaction gives the onagri

©m \W:&bpnyX trorolona” 1.

The only free radical substitution reaction investigated13 was
the Slto persulphate oxidation of “-<aathyl“trepolone and in this ease

alee the main produet is the Y*&ydrOxy substituted product*

The reactivity of substituted tr?polonas reflect© this aromaticiby
of the tropolone ring eystm¢ e*g* nitref o» nit"eso *> and aao~9
tropolenee can to reduced to the corresponding sMdno”tropolones*
Y”Aadnotropolone can to dlasotieed and auoesefully subjected to the
tondaaye*» Bkranp or Decbnsr <¢ Von Miller reactions' '+ The foregoing
properties amply confirm the aromatic nature of tropolone and a©

previously explained* the arom&tioity must etas from the contribution

of the tropyliisn ion structure*



Two oonclualorai em to drawn from this evidence! firstly, the
position of the .bydgnayl group should m [ alter the nature of the
oieeulo and tone® V and. 4» hydxoxytropenes (9*10) ehould Chow
aromatic character®*  Secondly, it should to isonatorUCI whettor there
is any hydroxyl group in the moloeuia or not, that is, fcropone (11)
should itself Chow aromatic character#  Fork in progress, In this
laboratory hm hem directed towards the investigation of tk# above
two deductions ant this work describes attempts to prepare substituted

A-fmdrorytroponee *

Frovono derivative© are not easily prepared in the laboratory,
the yields in many case® have prow?, to to very poor, "*Y.?,IS»1?
3~ ydxoxytrapone has toe® prepared by Johns atsal#IB‘ and 4*-bydroxytropo»®
has been synthesised by Hosoelg and Coffey20 but the rout*® used were

somewhat tedious*

Hnce trcpono and >» and 4- I“drcxytroponos were not readily
available, 2a>tori&Ct3»p©Cne (12), first prepared 'Achensosern*toe
toon used to study the ere&stleity ©f the sevttMMé&tored ring22°
hetkhavt21 reported an improved aettod for the preparation of this
compound and examined the reactlone of 2t"bmmtrepmm for evidence
of the aromatic character*  Although 2t>-tonnotropnxi9 did give
derivatives with reagents which normally effect substitution in
aromatic compounds* 1 wn shown22 that ttom proceeded by m addition
olirdLnatiorimtypo reaction md& it ban been suggested by lockhart*"*'
that ft3-toaaotropon# should to reg&rded m m m a normal poly*

una&turated totone#

Bmraver, it hag tom found that the 4*hydroxy~(l13) and ?-&ydroxy«*



(14) pmpmmA by Buchanan24 #& Coafc%\‘} respectively
were seedily substituted in the “veMSoeatorod sing by ulsetropfeilie
reagent**  The gieeas#* of a hydreuqrl floortion %mmb*m in tk#
tsropon* ring mild therefore appear to to A p**se<gii«itt] of the
arom&tio character® It we# therefor* oosnwidered of internet to
oomparo the reaeiiom of 2* (15) and its 4+
hydroxy derivative (16)*. Xn an attempt to syoiheai*# tto
hydrojytropone (16) Bueh&snnj%wee unable to form the epoxide Of
Ht2»6«f*dibenaotwgpen9 (I'D* ?reito end fliahlieMMesr'r tee* reported
that hypookloroue aeld failed to react with this tropene (IS),
although brcaaina could to added to tk# 41Smu&ea-eajftMto double bond*

ppe#'ritte of two finikin#:- ben&en* rings speared to aopfmee* the
reactivity of the isolated double bond is this eesapmi* Wmfazm&mng
also attempted to prepare the bfdre”rtropono (16) by dehydrating the
dlol**(17) tot be# only beta able to iaol&t* anthseae (18)*

0&€A29} has reported the preparation of t 1,6*?

dibmeotropone (21) by the rmito shown in. Mu&e A* The tonsyXldea*
derivative (19) of enthrone (10) m brc&in&Ueo gave the dibsms
derivative (?0) vhieh m treatO®#* with aoist silver oxide fumiaM
the required compound (21) by a ion seasrer”geMit*
SMANX-Fi(HA A drosy~«@* 1,6*7 dltoweotropone (21) m fmm & mm &
crystalline esepetmd* [%gave & Ow&ettgfeaseti# end alee en acetate

which Ipdlottted the goeeanoe of both fonas (21 & 22)*

Tto esjHofissental proof of the etrueture of the hydsttsytsefm* (21)
1# toeed on the fact that it getft #n oxidation %*dmiioyib#"BQ)|itFaion»"

2*carto*yUe acid (23) etdoh on. deby&mtlon war, converted Into the



spircjcyclicj If etona (S'4)t the structure of which was established by its
synthesis from ethyl benaoat© and magnesium eHtolyl bromide as shown in
aolmtvB B  The oonverion of the acid (23) into the spircggrolio}
lactone (24) is undoubtedly due to the acid being in equilibrium with
the hydrosyphth&lide (25)t a phenomenon exhibited by teetonic acids of
hsnsophenone ©-esrboxylio acid type*  Further confirmation of the
structure of the epircjcyclicj lactone was famished by its reduction to
9-S-carboxyphonylanthrone and arboxyphenyl anthracenee

Although Cook’s experiments! evidence is consistent with the postulated

«

structure (21), he failed to isolate any compound containing seven-

Motored ring during his structure determination*

The present work was undertaken with a view to providing further
structural proof for 5-phenyl- 4~hydroxy-2 *3, 6 *7-Klibeneotropone (21) by an
unambiguous route which might be flexible enough to afford the correspond-

ing 4-hyd.roxy-2*3,6 s7~diben&otropone (16)*



Wiom khe frifigtitlf discussion® the apparent method of preparing
4*4"drexy**2* ,V-6i7"libsrisotropone (16) would be to treat aefci-yleneo
anhhrone dibremldeit (27) with moist silver oxide*  Be«e*e* when this
reaction was carried out only - rbiertthrooyl ~ (28) was obtained*

It should be noted that mstbyleroantkrone diferoiaide loses hydrogen bromide

even on treatment with wet acetone*

It ie evident that Dock’s synthesis of 3~hyd2my”"pb#i'$d-
dibsnsetropene (2/) mat involve a o&rbaniuza<'ton typo rearrangecte&te It
is known that epoxides in the of protom produce oarboniua iom?
which are capable of undergoing rearrangementse It therefore seemed of
interest to investigate the eeid”eatalyeed opening of the epoxides of
ttll*rlIBi * sad bensylidene enthrone* m Depending m whether the
oartorrilufmlc& w& formed on the axocyclio or endooyelie carbon atom the
cm,pounds (16) m£ (21) would be obtained or else the simple enthrone
derivatives*

Bun”li&emanthroriS epoxideit (32) end sethylenftfcnthrone epoxide (29)
mm prepared from beaxylideneanihrofse " and meihyX&nes” thron# 1 1d
respectively by treatment with eikali and hydrogen peroxide® These
epoxides were first treated with concentrated sulphurio acid at 0*§c
but in both the eases anihraquincn© the aaie product®
has euoessfully uood boron trifJuorlde-cthor”ate in bensone solution
to bring about %Jm carbonium ion resrran amnia of the epoxides of
-urisatureted ketones* then mthglomrnthmm epoxide see treated with
boron trifleoride' "etkevffatef a red product was i* dietsly precipitated

which wm soluble in aqueous alkali* It showed strong hydrogen bonding



in the infra-red apeotrum in the solid state? ie<* broad absorption

in 3400 m —+ 2900 cm_} region and a shoulder at 1660 era_]r which is
consistent with a benzopbenone carbonyl chroaiophores  The product was
extremely insoluble in non-pol&r solvents and it was therefore impossible
to decide whether the hydrogen bond was inter - or intra-moleeular. If
the product ??ere 4-hydroxy-2i3-617-dlbensotropone (16), one would expect
it to show two carbonyl peaks in the infra-rad spectrum, one due to the
benzophen&ne carbonyl and the other due to the carbonyl in the position 4%

Thus it seemed that it oould not be 4-hydroxy"2s3-6*7-dibenzotropone (16),

but a simple derivative of unthrone#

k
The fact that the above product gave a mono-2s4-dinitropenylhydrason®
and also a mono-benzoate indicated a system capable of showing keto-enol
tautomeriam#  Thus it has been assigned the structure (30), viz?

10-hydroxymetbyl$neanthrone which can exist as its tuutoiaer (31)*

On gentle oxidation of 10-bydroxymethyloneenthrone (30) by bubbling
air through its alk line solution at room temperature, antkr&quinone
and formic acid were obtained? the latter was identified by direct
comparison of the infra-red spectrum of its scdium salt with an authentic
sample#  Because of its low solubility in methylene chloride, the
02onoly$is of 10—hydroth’(\)ethylanearithrorie oould not be carried out on a
sufficient amount to permit the isolation of formic acid, however

anthraquinone was isolated and identified# It is unlikely that such

mild oxidative conditions oould lave caused any ring contraction#

The reduction of 1Q-hydrosymathienoantbrone (30; mm carried out using
platinum oxide in acetic acid and, although there was an apparent uptake
of hydrogen, only anthraquinone was isolated#  A4n attempt was made to

synthesise 1G-hydroxyssthyleneanthrone by direct formylation of anihrone



but only anthraquinone and |l bienthronyl (28) wore obtained#

#hen bengylidene&nthrona epoxide (32) was treated with boron
trifluoride-ether™ate, a product m#p*130-131° was isolated which
contained all the carbon atoms of the original molecule# Its mixed
melting point with Cook’s compound (21) showed a marked depression#

This product showed two carbonyl absorption peaks in the infra-red
spectrum, one at 1715 G-t which was attributed to the carbonyl
absorption ox the aldehyde group while the other at 1660 Lwas
attributed to the benzophenone oarbonyl cbromoplore*  This compound
gave characteristic aldshydic reactions! viz, it reduced the- Tehling’s

- and ammoniacal silver nibrate-pselutionPe It did not dissolve in cold
aqueous alkali but dissolved on heating and on acidification gave
IG-hydroxy-l0-phenylanthron© (34) which was identified by its mixed
melting point with an authentic sample prepared by the method of
Baeyer37' Thus the product was identified as 10-formyl-10-phenyl-
anthrono (33)* Oxidation of this antkrone (33) with alkaline potassium
permanganate furnished I0-hydroxy-10~phenylanthron© (34)*  The
solubility of 10-hydroxy-10-phenylanthrone in alkali was explained by

assuming that it formed a transannular ion of structure (35)%*

From the above two reactions it was concluded that the carbcnium
ion formed at carbon atom ho* 10 was more stable than that formed on
theexocyclio carbon atom, and it was the former which took part In the
reaction#  Formation of the carbonium ion at carbon atom Ho# 10 seemed fe&sibl
as it is both tertiary and benzylic and moreover its charge can be

distributed over the two benzene rings which are in conjugation with it#



It was then decided to rearrange henrhydrilideneanthrone epoxide
(37). In this case both the axacyclie and the endooydlo carbon
atoms were tertiary md hence the rearrangement might foe exiected

to go through the desired path to give 5f'Hiiphe*ori-*»-0x©-213-""Tma

Benshydrilidene&nthron© (36) wee prepared by the method of
Bergsj&nn but attempts to prepare tfee corresponding epoxide (37)
both by flkall/hydrogen peroxide and pertriflttoroacetio aeid
treatment® failed®  This observation was in keeping with that of
Padova'3‘07 who found that benshydrilideneenthrone (36) did not react
with bromine*  The only explanation of these facts suet be that the
carbon-carbon double bond in henzfoydrilldecnA&ttthro&e (36) must foe

sterically hindered*

Having failed to form an ©Oxoeyelic carboniu® ion in the above
two eases®™ the acid-catalysed rearrangement of the epoxide of
Z-bemsylidene-1-tetralone (39) was investigated*  The epoxide (40)
wee prepared fro® S”-beneylidene-r-tetralone IQ(39) by the action of
alkaline hydrogen peroxide* freatemt of this epoxide with either
concentrated sulphuric acid or boron tgifliteride-ether*ate produced
the same compound (41)*  This compound gave a negative test with
ferric chloride solution* It was soluble in aguoouo alkaliN‘and
could be recovered unchanged on acidification* It gave a
monaraethyl ether vith diaeomethane end* on oxidative cleavage with
alkaline hydrogen peroxide, both foensoic acid and p-( fc-carfoexylphenyl}

41, .
-propionic acid (42) were isolated* Thee* facte, together with an

infra-red apectnaa which showed mxim, at 1720 mT "and 16$Q cm*1



10

and m ultraviolet absorption maximm at 2§€ (£*6,150)

wOre consistent with the structure (41) assumed to thi” j.ro&uci*

Thus, in this ©ss, the cyelohs-r one moiety had expand©d to
the eyeloheptnne ring, and hemes, the reaction hsd taken a different
course to that of the methylene - and fee&aylidene-anthresis epoxides,
i*e* the ofirboniua ion had formed on the exocyelio carbon atom,

which is bensylic in emiTammt*

In the enthrone aeries, th® charge on the en&oeyclie ion can
be distributed over the ¢fm adjacent rings and hence this ring
carboniuxB ion which is also tertiary *I111 tend to be stabilised
by thea© effects# On the other h nd protestation of the
I-tetralon epoxide (40) will lead to formation of a carboniuv ion
on the bensyllO carbon with concomittant acyl migration resulting

in the formation «f It3-dikctone (41)#

Similar experiments have been carried out by House md his
co~workers *5*3”  They have put forward a similar explanation
for the formation of 4-ph©Oftyl-cycloheptfna-1 /3-dienee They alec
mentioned that they could not convert the 2-phenyX~oyelofce>t no-
1*3-4ion© into its enoi fom whereas ir* the cam of 2~phOnyl~6*7-
benEOcyclohept?ne~l4d-dioms (41), we have been able to prepare the
methyl enol ether albeit in low yield# This monomsthylj 5 t her
has bean assigned the structure (41) because of the ultra-violet
absorption tmximm at 2J0 %* (£%¥13,043) and an infra-red
maximum at 1660 ¢*T in nujol, which Mowed neither bethoehromtc

nor hypsooliromic shifts In solution*

Hates The dibromide of 2-bengylldeas- /-tetr&loa© m s treated



11*

with m int silver oxide (of. Cook ‘4 but the diferoaid* woe

recovered unchanged.
*

In an attest to mmp*% the formiion of an exoctyclie

42 In

earbemiism ion* we followed the work of Eiguudy and f&ndieu
which they have reported the rearr*ng«<ac®»t of the alcohol (44)
to 213-617~dibensotro;:ilideme (43) by dehydration with ptfamalxm
and also /4y the solvoiysia of the t&yi&te (46)*  'fbe
alcohol” (48) W& prepared fress the corresponding ketone” (47)
tgr lithium aluminiun {*dfli« reduction ¢ then the alcohol mm
dehydr- ted using the pyrolytic conditions of the French. wcvvtem42
the only pure product isolated was SMjea&ylunihr&oene (49)
identified by its? idxad inciting point with sat authentic aoaplezg'
Thie aromatic hydrocarbon (49) asmt have boon formed by dehydration
of the alcohol (48) followed by “roat&tioatiem If the reaction had
taken the expected course the substituted eyclohcptsitriene (50)
(of* Cologne**) would have been obtained# ttelwlyaia of the
toeylate of (48) in acetic* acid merely brought about trana-

cetorification and the product iaoleted me the ©Oresponding

aewtata*

In another attempt to proper# 4”hyiiroiy-»2s3-6 t?**4ibCa&o~
txmp&m (16) and 4~hydrosy-$~phmiy1~213-6«7-diboraotropon© (21),
2*3-6i7—dibaaxotrOp©Ona(31) mm firot pep&red by the route ahown
in echos*® C»  ~*3-A«T-“ibG&ntotropone (31) me then treated with
liquid bromine to fam the corresponding dibromide (32) $&& the

replacement of the bromine by assist# grouping was carried out

aooordinu to the method of freibO «&& HiakhAasw » hydrolysis



of the Dm afforded the did (34)*

‘shxm a reaction ea@ carried out beiween the dibreeidc (5%?7)
and silver eeet&te in glacial noetic #et& which had not been
vtgorouely dried# a diseetete a*p# alélg(z)&" obtained in sdditien
to a rsono neetate* Thia dinotttat# furnished a d1ffm et diol (5?)

. i?
to that isolated by Treiba and Klintehftaner "~ * Flint experinente

were now carried out to elucidate thi#? diser«iftnoy*

i. Silver acetate «na added to a inepenaiea of tb® dihros&td* (&2)
in a*tieees acetic mi.&$ the reaction mixture msraed at 65 asid then
worked up /n tbe usual mgr* The two products isolated were
anthr*qulfione (lew yield) and the eerreiipeediag eis-ett&oaeet&te (53)
(the configuration of the®# groupings will be diaeussed later*  *m

pajgl 13)* This eJmHMBo&eet&te $s¥e the eorreepeadieg eic-diol

(54) oa ssild fcfdrelyele*

2% The dibromide (52) woe then treated with beach aoetie eeid
end silver acetate under the e&ee conditions ee in (1) &V a
mixture of the t*ana*«4iaC#t&ie ($6) end the ete-mexMeetete (53)

(greater proportion) was isolated.

3* The dibreeci&e (52) wan treated with silver and
anhydrous aortic acid a» before# and in this* ease# the sole

product obt-ined wee. the tarena-4iacebate (56).

The fom tiei of &etcMeeiieneei&te (53) hr the action of
equeettc macetic aeid end eilver acetate ftraa the trane-wilhrmia© (5t)

mM elm the of the trene-dleeetftte (56) free* the

tnm«”*<ilbr«*.side (52) afforded added ooofirmtion of the work of



13.

47’s i*e* the replacement of tho bromine at«i in the

iinstein
trans«dibro?)id* wet? considered to proceed via % bromoniua ion

(5&) which has alao been postulated as an intermediate in the
normal trans addition of bromine to cyclebeaten*4$. fhe replacement
of the second bromine atoes then proceeded via the acet .9xon$ un

ion (59). In dxy acetic acid containing excess acetate ions the
final product was the trana diaceiate* but in slightly zqu&om acid

the unstable ortboiaonoaeetate (60) was termed* This ring structure

was then opened without inversion to give the cif£*~«oftoaeetate (53)¢

The cis-HftonoaQet&te (53) on nild hydrolysis gave a cia-dlol
(54) identical with one prepared by the action of cesitaa tetro&ida
on 21>-6*7«-dibenzotropone (51). (This reagent is kno.-n to bring
about cis-hydroxylation of a earbon-“srbon double bond)* The
cis-diol (54) gave the corresponding cie~diacet*-'ts (55) which »»*
different from the diacetate (56) prepared by acetylation of %m tress
dibromide (5*7)* Hydrolysis of this franc discsfate (56) furnished
the corresponding trass diol (57). Both the cie*-diol (54) M the
trsas-diol (57) retained their configuration on refluzlng with

&otic aoi&*

Beth these diols (54*% 57) gave a colourless solution in
aqueous alkali and were recovered on acidification with their
respective configurations retained* Treibs27 had explained this
solubility in alkali by accusing that the diols forsied an n-luinonoid

structure (61)*

An alternative explanation may bo found In the formation of



14.

the eorrsspotiding heodaeetwl structure (64) sine© the alkaline
solution of either dlol was colourless and the eomrespoadlsg

dlolf oould bo recovered by acidification with no inversion* In
addition* on methylstien, the two diolr, furnished two different
mono-methylated productss (63, 64) (cfs 0- uinunoid form)*

k comparison of the ultra-violet spectre of the compounds listed
below seem to exclude the possibility of conjugation of O-Qulnosdld
type* A similar type of structure has b&m advanced both by
Hig&udy end Ssdelee AG to explaintfesfolubility of the hydroyy~li2~
dlott© (66) in alkali and by Sefaaitt" in connection with the
A ub.ilAV m the C~ph/Stha?(i[ehyde i . .Thnli*

»

: —1
So* (€0:17080)! Solvent mar. Extinction

1* 4«5'l i hydroxy- 4s3-617 alcohol 2JQ 1,390
dibensocyclcbeptsdlene-l-omi

2. 213-6 t 7«ftlben&oeycloh6p ta- alcohol 270 31,000
diene-l-cne

3* 4 0 ~'lThydroxy> 283-6*7- hyd- 268 925
dibensooyolOnepto.diCno roxide
solution (1 Jf

4* 4- 3ydr Oxy-l-meth oxy- ulcohol 268 724
11Stride-2 *3-6«7-dfbe**se-
cytilobeptad ion®

5« 2»3-6 *7-bibensocyclohepta - alcohol 466 709
diene

Oxidation of both the oonorwthyl ethers (63>64) produced the
same hetone (65}. This ketone (65) wee then treated with phenyl

lithium to fuminh the herniaoctal methyl ether of 455-4’y*iroxy-4-



phony1-2 s3-6 *7-dlbeadGGeycloh»pt?y»e-l-cme (68).  Thin twgpmnd (68)
was the potential source of >*hydi*3q"* phe?"rl-*2s3-6 *7-dibettzotropone {
However -&en attempt# to open the hemtftet*] ring were carried out#

the only product isolated proved to be 10-phenyX&nihroner' (JO) i.e.
femotion of the diol (638) resulted in a pinaecol-pimoolaae
re&rrsngmmt with contraction of the aeve»*®estb«red ring into the
corresponding si*-aieaflMBped one*  fhe initial product therefore wim
IG~foreyl-XO”phenylenthrone (33) which was unet&ble in the acid

medium and reacted further as a via?logout 1s3-dioarbonyl system

to furnish 10”henylanthrone (?0).

Atteropte to prepare kdiydr0iqH2t3-6 17~bibensotgopone (16) by
dehydration of either dial (54# 5?” likewise resulted in the formtion
of 1"hydrQxyraetbylenc&nthrone (30). The substituted d-hybrasy-
tropone (16) might have been prepared by the pyrolytic elimination
of acetic acid from the tram-diae”tato (56) but under a variety of
condition.# trans-diacetate remained unchanged or else furnished

anthraquinone.

*bile this work was in progress Bigaudy and Nedelecfr)2 reported the
synthesis of 4~hydroxy-2*3-6 s7-bibenaotropone (16) and their route
is shown in scheme D.  Their egrnthesle. started from d-bensylbeneolo
acid (71) and prepared its homologous acid (?2) which on eydilation
gfjve 1-0 Xo-*“*3-6*7-diheajsocycloheptine (73j. The ketone (73) an
treatment with selenium dioxide furnished the tri ©tone (74).
folff-fi“*hner .reduction of the naono-fayclreaone of the triketone (74)
furnished the required 4~hydrexy-2s3-6 *7-dibenssotropeme (16).

It dissolved in alkali with“ red colour and gave a mono-bensoate



and a 14-dinitrophenylhydrusone. = The above properties
confirm that the 4-hydroxytx“pone (16) could exist in its tautom-
eric Sovm (16k)t (of* Cook™*J 4~Hydro;xy~2 s3-6 s?~difcOn.*o~
tropone is stable at room temperature in absence of air# but readily

changes to its ketone tautcnser (16&) on besting*

It ms evident it this point# that Cook*a ring expansion methoc
was not of general interest« and that the other obvious routes wen

limited in their application® Thu woxk ess therefore abandoned*



mMhvem wm prepared moon Ing. lo the mthotl of Keyesf***4

A taiahuro of mthtmzuXmm (Jflfc*)* glacial acetic acid {3T5 ®1%)
mid ed tin (3%%) W*s.'e heated to boiUn#* and concentrated
hydrochloric a1 (1,5 »!¢) then added over & period of tee hour*? to
this boiling solution®* Mhm mil the atvtfcraguiiaem: and tin had
dJUeelwed, the solution we* filtered, “ater (50 ®I*} added, end
enthrone eepsweied oat as a yelXowiBl-white precipitate which
eryetallteed fron Wisene/fmhaelm* ether (60-80°5 ae long needle*

(35-40g., 75-89,0 a.?. 154-155° (lit. a.j?.» 154-155°)%

'wtl.ylQBsatqiirw (S6)s was f#*p#MA *V **e of .

A £9i«ture of aaihrane (2%*)* absolute ethanol (800 al*} end
ftxm&lin solution (2J 40jf) free heated to telling and a fee drop*
of piperidine were then eddied* fhe mtutkon gfa&tKally hunted orange
in colour and em reflated few one hour* Gmoeoiing to room
t:»”erature long, yellow m of eoperated out*
M » orop wm collected* washed with ethanol* water and dried

(11*. 550 a.p. 142344° (lit. a.j>., 148°).

MtedmaRSit.bgciaMa«gag” % JC3).

A tuepemien of (I8*5d*5 In acetic acid (JO -.il#)
woe fcre&tea -4th a solution of ASw£m in &Setin acid (Jt»” salnf 8%)#
Atold water bath wea used to cool the reaction. Mature#  flvea this
addition wee complete®* the eolation turned pale red end. the white
dlbromld* eeperated out*  the reaction edgtnre was allowed, to eh-and

at n n temperature for a further fifteen rmimtm before filtration#



18%*
ffce crude dibrsaide washed aith acetic acid* water* dried*

and reoryst& llised from bmm m or petroleum ether {€0-80°} in

aosdl-so (27#» 840 a.p. 140° (1it.31 a.p. 135-140°).

AttaaBtad .oft.BathyleBsfltitl"ow dibro-Bliia (27) with
;aolat silver oxt&e*

i'o a solution of tmtbglvrmmbhrom dihrooide (15g«) in bottom
(130 tola) and water (20 si*)* fwmhly preoipitated silver hydroxide
(XGg*) was added with shaking'# k further ammt of silver hjdrojd.de
(%*) wa« then added and the black reaction mixture shaken for two
hours and thirty aimiee# followed /y reflux for thirty mlnotse*

Tbe cooled reaction atariure was filtered and the filtrate evaporated
to drynees under reduced pressure* ILe solid residue crystallised
from dioxanjft to famish 10¥1"-bim&tbronyl (% *, 43/-) m needles

a*P* 260° (decomp*)* ffcia “asapls shewed no depre*--ion of siting

point on ada&xture with an authentic sample*' '

;*thylw>antl>ram “poside (3) *

A solution of ffiethylomunthrorie (I&«) in ethanol (10 fid*) was treated,
with aqueous edUnapydroxida eolation (2 ml*, 10$) and. hydxegea
peroxide (2 s*X* 1§ )* fhia yellow reaction tttxtaffe wm warned on
a stems t)atil for two to three minuteo* when the colour of the solution
changed from yellow to green* and finally to red*  After cooling to
recsa temperature for one hour aetlylane&aihxoas epoxide separated out*
fhe crude eposdda mm collected» washed with alcohol, water and dried,
{*?7&, 63/)» It mm crystallised £Mil ethanol in needloa ni'p* 128-12"°

Found €* 8X#Ilj K» 4*?§ $j* % ig requires Cp $1# 1, h, 4*5/-.
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A Mlntlott of eesid# (lg«) in bmnftfk# (15 *&-)
wa$ tawwktod «itH beren [X n&t) and Hi red
OJ~stalMne solid a&Mfe iweipiisisd wg$ filtered off, wmi&ed with
bon*#**? m& dried*  Attempt# to exy»t&niaH» thin gflBp an
resulted. in th# ym& M Moa of a sixtur® of
*ad anthmi”nor™*  The boot eadthod of ourifioatlori was by
pprotj&tfttlecn with atow-al #M of tfeo eerapCisf*& from 1t# solution
in &Uro3U#  ffa# r«*» produet {&*%, #0§£) ttm# obtained
bad n*p» 18$~1S7°* It !» ineclabl# in p«tnA#fuss other

and chloroform*  fhe ii“r*irod njNMtamt (mjoi «iU )t abound brood

*Jbsor*ioa between 3400 and 2500°* * indioailv# of ntrong il*drognn
bending#
fb# ing rmm~2* o x y s t a l 1 1 n o d

<$atlet noid in d&tffic gram a##&l«*8 sup* 30r§ Found &, 13*95%
B1S51454°5 $#»&EH# Bt A3ZHSN?*

Th# oorra#?.”edi”> btnao&fcs, fonsod % the normal

method, vrm cr™utaiUesd fro® ntfennel An colour!##!* noa&laa, ®*p*

165-iss®. RM»d{ ¢, iN St > ;3s t* jff ft m pim c, to#»

S, 4*55%-

, V

sodium
Aotirtod mmpwmtim. <f noJL aodiui* etboxld# *e«passed £rvw {e#44ff*)y»

#af d¥gr eibnaol (20 at*} in tM'&X&om hmimm (lo :!*} ms [4Ho#H&
in &oiijpo™an aieMMipb### 7*liAla tMto; treated «imaa«iv#ly with
artitama (1*f% *) and sfct®y/! fo-rnal# (1*6 «&»)»  4ft#r ollrrin

ommifjbt at rooa to« ®"t"apof the blabk reaction sixW.ro mtm diluted

wiife water and «Rt3mt#d with abbasr* fho ott.orma eolation ms dried.



and the solvent removed to furnish &yellow solid which esyat&llised
frortt benssne as yellow needles (0*23g«) «p* 2'fiT'.  This product
was identical in 11 respects with an authentic sreeiwen of
nthraquinone. The aqueous layer from the above extveetlea®™ still
contained solid material “hlofe was insoluble in cold benzene or
ether.  This yallow solid was collect*d? dried and veexystallieed
fronj alcohol in pale yellow needles m«p. 240*245°*  This product
showed no depression in malting' point when mixed with an authentic
aamp'-e of io*t©*~bi at ror/1 ]

mooted reduction of 1'.-itfu.ro>yB”")tot..W .fe.foa» ,(3q)»

a catalytic reduction of 1 Jydroscymethylem #ithrone using
platinum oxide and glacial acetic acid furnished imthraqulnone as
the sole product.

Oxidation of lc¢"ydroxyaethyleneanthapone (32)s

Air was bubbled trough a solution of 1C*feydroxymeibylone&nthrone
(1*%*) in Osgpmme sodium hydroxide solution for fifty hour*#  The
crude aathr&quinaae so pxeolpit&ted was collected and reorystilliasd
(0.45&** *0. ) ao before a.p. 278-28Q°.

The alkaline filtrate was acidified with concentrated hydrochloric
ac’l and distilled. The distillate was neutralised with an aqueous
so diom hydroxide solution (pfcenolphthaloin *mxthe indicator) and then
evaporated t dryness. The infra-red ep?'strum of the residue which
contained sodium formate? and a little sodium chloride and medium
hydroxide* was identical with that of an authentic specimen of

sodium formate*

OsonolygjB of 10-hytiro.wrastiuflp.osqthrope ,(30)»

s&kom was passed through a solution of 10-by&reiymethleneanthrone



(C«IGQg«) in distilled methylene chloride (200 «!+) at O~$° for

fifteen Minutes* ‘'etsr (1 ml.) mm t&£8 ridded end solution Im M

for ton minutes* Methylene chloride m®© then removed under re&ueed
pressure and the residue was crystallised from benzene to give *athr»-
oulnone as fallow noedlee m*p* 2JB»"BCe. This aemple was identical

in all respects with an &uiheiitic sample*

'c*n”iid*naanthronft. (19) g was prepared by the method described
by Cookd .

m'«n;yliAai)» ,"tb,-QBe <w>xU» (32)»

A<y»eow» sodium hydroxide solution (4 $1** /Q ) and hydra“en
peroxide (4 ml** 15 ) were added to a solution of benaylidenaantbrone
(2%*) in ethanol {40 ml-)*  The reaction fixture warmed on the
sterna bath for a few minutes? and then allowed to efcswl at room
temperature for one hour. At the end of this time, the preelpltaM]l
epoxide wam |1111itii1| washed with water tai rectified spirits® and
then rseiystallissd from ethanol in yellow cubes (I*X3&*» 557) ®*P*

130-131° £*«ita™ recorded a#>» 133 )e

laastoi » IX w iaaiiiaa?*”?

sulphuric acidi

Xoe-eeld eeiseentratad sulphuric act4 (10 ml*) me added to
benaylidexMmnthroae epoxide (% *) sal the resultant dark rod solution
held at R tor mm hour®* Tm reaction mixture me then poured cm
to iee-mter and the yellow precipitate eollected* vaehf* with water
and dried* dhan this material wee refluxed in ethanol a little
solid remained ondiaeolved* This was collected and found to he

enthrs”uieooe sad from the ©eoled alcoholic eolation betteylidene-*

e
unthrone crystallised &e yellow needles m«p« 115-11? *



2t«

(33/ =

Boron t?lfluoride~etbex”*ate (2*%15 '"*!*) was added to a eolation of
benssylldeneanthron© epoxide (29%*) in bentew (30 ssl*) and the dark
red reaction mixture allowed to stand at room temperature for ton
minutes before dilution with ether* 'The ethereal layer wee washed
»-it. vaster and dried over anhydrous ®agoe.sit>n sulphate* filtered and
cones <trsted to approximately 5 -!¢  The yellow crystalline solid
which wan deposited on coolie wne filtered off end reciyat&llised
from ethanol to furnish 10~formyl-lU~ph€KR¥lanthrone (33) in yellow
needlea (1.4g., 47 ) m.p.13-131°-  Found) C, 84.8) H, ¢

Q2H4°* ratiuirsa C, 84.55, H 4.75 .

hen 1CP-formyl-"O-iherylenthrone was dissolved in hot aqueous
sodium hydroxide solution* cooled and then treated with aqueous
miner;—! acid* the compound go precipitated was collected and
recrystallleed from benstm© petroleum ether (60-80 ) as a micro-
crystalline powder* m.p» 214-215' * this «v1 shown to he I-'*-hydroxy-
liwphenylanthrone (34) by comparison with t; authentic sample s

ICP-Fox'oyl-1O-phenylrmthrone gave the characteristic reactions of
an aldehyde* i.e« it reduced a,“:roni&cal silver nltrfcte solution*
Feftllng'a solution and decolourised alkaline potassium ;ew-nganate
colationf the Anfre~re& opectrum An mjaX showed maxim at 1715%°

-1
and IddO

I ,uaupd,y*i&a;tiBa..iM ) *

An excess of saturated potassium permanganate solution (G2 ml.)
was added to a solution of the 10»foiwyl*la-pheiiylenthrone (0%*2)
obtained above in aqueous sodim hydroxide solution (10 ml** m .

ulphurio acid was then added followed by aqueus sodium bisulphite



23%*

solution until the veaction arixture feeetuse colourless* the reaction
mixture -as thoroughly extracted with ether# The ethereel extract®
were washed with water* dried, the eelvent removed and the residue
;vaa crystallised from ben»ene/petroleum ether (60~80°) as a
microcrystalline solid (o,u%,? 32r) ®#p* 214-213°* This siting
point was unde] reasod on admixture with un authentic sasqueX[* The

infra-red spectra of tbs tum samples were superpoetable*

Banahydgylideneaathrone (35)t was prepared by the nethad of

Fadeva” from enthrone and diohloro-diphonylaeth&ne*

A.ttsraited ire-aratlon of Benshyuxyllfleneanthgono ei-oxide (37)>
(a)# Aqueous sodium hydroxide solution (2 ml*, 10rf) end hydrogen
peroxide {2 ml*, THt) ware added to a solution of bensl*drylidene&nthrene
{lg*}. The reaction mixture was heated on the sterna hath for two to
three minutes*  vryom standard work up of the reaction mixture
benshydrylideneanthrone was recovered unchanged*

(b). (i extending the reflux period of the above reaction to three
hours» there vae etill no epoxide formed*

(0). frifluoroausetic anhydride (1*8 sal*) wee added to a stirred
suspension of hydrogen peroxide {0*3 ial*» 9@f) la methylene chloride
(2*3 rd*)t cooled in m ice bath* The resulting solution waa
stirred for ten minutes in cold* It was then added dropwise to a
solution of hensyMsyligeiie&nthreae (1*32g*) awl trietliylaiaaonium
acetate (1* % *) la methylene chloride (10 ml*)* The whole ruction
mixture was then stirred at room temperature for thirty minutes and
on removal of the solvents* ben”"djylideneanthretic W&e recovered

unchanged.



24.

2~jj&ntof idane* ~tefrralone (39)t was prepared according to the
method of hapaon40 and found to crystallise from ethanol in cubes
sup* 107° (lit, value tn.p. 105°)s Its infra-red spectrum (nujol

mull) showed absorption peaks at, 1665°m , 1610 i 9 1600 om

2—aengylid-ene—:-fcatralone epoxide (40)<

An aqueous sodium hydroxide solution (12 ml,, 8/) and hydrogen
peroxide (12 ml., 15/) were added to a solution of 2-bensylidene- 1-
tetralone (6g.) in ethanol (60 ml.)r the reaction mixture war ned on a
steam bath for a few minutes* and then allowed to stand at roora
temperature for sixteen hours®*  The reaction mixture was then poured
into water and thorowdily extracted with ether*  The combined
ethereal extracts wore washed with water, dried and the solvent
removed to furnish a solid which recrystallised from ethanol to give
2-baiusylidene- 1-tetralone epoxide (5*1; *» 78, ) in cubes, m.p. 107°
411? a.p. 77 - 77*5°)  Fettndf ¢, 31.9| u, 5.55? ¢cr,H "™ 7 requires
C, 81*6} r, 5*55/» Its infra-red spectrum (nujol mull) showed

absorption peaks at 17002 < 1603Gn

2- Penaylldene- I—totralone flibromide (39A)s

Bromine (0*43 ml.)was added to a solution of 2-benssyli&ene~ 1
tetralone (2g.) in carbon disulphide (15 ml*) and left at room
temperature overnight* The reaction mixture was then evaporated to
dryness and the residual solid recrystallised from ethanol in stout

prlsas (2g. 68p a.p. 113° (lit.5® sup. 15>154°» 1X8-119°. ).

Action of moist silver oxide on 2-beneyHdeno- i-tetralona
tUbrcmide (39£) s
Freshly precipitated silver hydroxide (1.9&.) was added to a

solution, of the dibromide (1.2%*) in aqueous acetone (30 ml*, V) )



the reaction mixture heated to influx and then allowed to st"nd at roe®
temperature for three hours*  The filtered reaction mixture mss
concentrated mid the dibromide crystallised out unchanged*

k repeat reaction was carried out with m extended reflux period

(43 hours) but once sg&in no reaction took place.

.-m wFefUHB S-banaocajcXohg, tenr=x@3 -d lone .(41)»

F) 2~Bensylidons- I-totralcme epoxide (lg.) was treated with
concentrated sulphuric acid (10 ml*) at 0*9° for one hour and then
poured onto crushed ice*  The result?nt solid was collected, washed
-it" water, dried and recrystallteed from petroleuBHether (40—60)
tc famish 2"ph©i*l-4«>*b«u”oyeloh©pten-1t>"dicia» as needles

(0.9k.. 90/) *.*. 86-87°. Founds 0,81.81 S,5.851 0j”O g

s 81%*63 HF 5*6"*  this oompaund. dissolved in sodium hydroxide
solution and could he recovered unchanged on acidification. It did
not give a colour test 1ith a ferric chloride solution* It aim
decolourised alkaline potaesiiaR penaanganate solution*

The infra-red spectrum (nujol null)A silowed no absoi':ption in the
hydroxyl region but two peaks at 1720A« and 100(_)81« Indicative of
the Btruetur© (41) rather than the enol form* The ultra violet
absorption spectrum bed mx&mm at 295t (¢t - 6*150).

b) A solution of the epoxide (0.3g.) bed boron trifluori& e-
ethereate (0.6 ml*) in dry bmmm (7 ml*) was allowed to stand at
room temperature for fifteen minutes, then diluted with other and
wished with water.  The organic layer ess then dried over in m"mmkxm

sulphato, filtered and the solvent removed under reduced pressure*

THO residual gum was dissolved in petreleoflM»tlier (40%*60) and

2-phenyl-4 *I>bensecycloheptan-113-dione (0*1&«, 334) crystallised



26.
out /& needle® m*p* 05-06°# TM» ample wm I&mnfcioal In all respects

with iha sample prepared abavs*

An ethereal solution of H««eaiths»9 waa added in aU”"jfet excess to
a solution of the dikotono (41* lg») in anhydrous ©those and the
inaction mixture allowed to etand, for two days*  ffet reaction mixture
was then wmsbed with dilute aqueous acdlaa hydroxide solution, water
and dried* Removal of tbs solvent famished the crude Om [ other

which raciytstalliaed. from methanol i» colorless plates (0*5|*f 40"}

sup* 04-86°*  I"oundt 0.82.01 B, 6*10,5 81*S]
R, 6*1/"* fhe infra-red absorption spectrum both in myol and
1

solution showed on* peak, at 1660om * Its ultra-violet «ii>eetrua in

ethanol had the absorption awiadwiaa at 2$o «* (t=11.043) *

Hydrogen peroxide (2 ml»| 3Qv) was added to a solution of the
diketon© (0.1$*) in aquems so&im hydreride solution and the reaction
mixture then allowed to stand at room temperature for seventeen hours*
The reaction mixture mm acidified with om ndstH 1 hydrochloric acid
and then thoroughly extracted with etfeor® combined ethereal
extracts were washed with water, dried and the solvent named to
giva a solid residue. sublimation of this residue resulted in the
Isolation of bansoic acid (o*Clg*) ®'p* 1$ML21° identical in ,11
teepeeta with an authentic eraplo. fhe residue fmm this sublteAtion
crystallised f/cm water in needles (0*G4g*) mp* 168°* fhis material
was identified m p- (O-etirbt"j&enyl) propionic acid by comparison

/s
with an authentic sample*
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10-Bmaoyl-9110-dlterto».tbraoen. it/U was prepsrsd ..cording to the
sethod of ceofc.”

1tt-C*-aoiee-efcee-wl i-qilQ”~thMaeaaath BMMO t« i

To a solution of 10-13t>ns50yl-9s10-dihydreeiithimeeae la anhydrous ether
(IjU ml.) which ms kept under nitron atmosphere, is excess of lithium-
aluminium hydride (©.5g») w«a added and the reaction mixture stirred for
three hours &t room tmpersture. It ms them added to s mixture of ice
siid dilute sulphuric acid (12 ml., 10") sad the other leyer separated*
The ether solution wn&hed with saturated sodium bicarbonate solution,
mter, dried and the solution froipor&ted to dryness. the solid residue
thus obtained ms crystallised fro* ethanol as needles, (C9C&*9")
a.p. 15C° (1it.4"™ aup* 156-157°). Its Infrared spectra (sna™ol smll)
showed hydroxyl absorption at 3450 !

It gave a pars**toluene aulphormte a.p. 96-97°*

aattam E Jjtt)*

A finely ground mixture of the alcohol (40, 1.0$.) $»te
(©*?7&*) ess heated at 220-23©° for fifteen minute#. To this fused mass
water was added and the insoluble organic material was collected. On
chromatography of this material on alumina, (0.21g«,
28 was ©Oluted with petroleum ether (60-60°). It crystallised from
alcohol st.p. 133-134°*  The melting point on admixture with an nuthsntic
specimen prepared by the method of Cook was not lowered.

On further elution of the alumina with a mixture of bengene-petroleum
ether (50 -) another product (0.2g.) was obtained which could not be

crystallised to n definite melting point.



yA -Xyyly -yy s, Y.

. solution of the tosylnte (&°$£°) i» glacial a--d (5.0 ml.) was re-
fluxed for thirty minutes and then left for another sixteen hours at
Tom temperature whan white needles were obtained* Ibis material mo
collected and crystallised from ethanol to furnish the acetate of the

alcokol (48} m M*llI*a (0.3%.,81.($) a.p. 156°i Vtnodt 0,84.23:

a,6.25« (223°20°2 raquirec 0,64.1, }g,6.13, .
213-6iM ItM —tw M 1 (St) ffis prepared according to the method of
Cope and Penton 46,

bro-mine (0.51 ml.) was added drepwise to a solution of 2»>%*6i7-
dibeneotroporie (1.3 g*} in glacial acetate acid held at rom temperature.
The dibromide immediately started to crystallise out of the re&eticm
mixture. fhe solution mo allowed to stand for fifteen minutep and
then filtered and the crude dibromide wished with methanol and dried

(2.us,, 67,) B.p. 2i0°(Ut.27a.p.2U1,

A solution of 2$!M>$?«diben£6trepeae (0.3g*) In dry hestseme{2.5 a4«)
was treated with a solution of osmium totxoadtde (O.JSg.) in dry frtmwms
(2 ml.). Pyridine (0.22 ml.) was them added9 and the motion mixture
allowed to stand at room temperature for six days, 'the black complex
which precipitated me filtered off, suspended In ethanol (32 ml) m&
treated with an aqueous solution of sodiun sulphate (7g in water 16 nl.)

M s reaction mixture was refluxed for thirty minutes* filtered and

the black residue re-extracted with boiling' ethanol. 7he combined
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combined alcoholic solutions were concentrated and yiel,ded9 on
coolings Qis-4s!”lil"dro;xy-2 s3~6s7 dibeagsoc.ycloheptadion-l-one
which reorystallised from teiM in needles (0.1g.,23/Jm.p. 130-
131*’«  Its infra-red absorption spectrum (nujol mull)9 aimed a
hydroxyl peak at 3330($ and the carbonyl absorption peak at
1633%* 1.

'flreotacat of 4t3"ibroao-2r3"s;faiitea”™g-Vdahepodial—<=tie .(52)
jfc&jriJagt Sn4.

a) tilver koetate (lg) was added to a suspension of the dlfcrswide
(lg.) in aqueous acetic aeid (90$ and the reaction stirred at 60-65°
for four hours.  The cooled reaction mixture was filtered and the
filtrate poured into water. The yellow solid which precipitated at
this stage was collected (0,14g«) and identified as anthr&quinon®©.

Che above filtrate was then thoroughly extracted with saturated sodium
bicarbonate solution, water and dried ever magnesium sulphate, Re-
moval of the solvent under reduced pressure furnished the moaoacctate
of cis-4*3-dihydroxy-2:3-6 «t-dibeasocycloheptad&en-l-one m a thick
gm*

The infra-red spectrum, in nujol, showed characteristic maxima at
3400TM—1 { -OB grouping) s 1733511-14 -0-0(S- grouping) and1660°’-1
(bensQphenom carbonyl),

b) Dry silver acetate (2g) was added to a suspension of the above
di-bromide (2g) in bench "glacial” acetic acid (80 ml.) and the
reaction mixture stirred at 60-65° for four hours. The cooled

solution was filtered free of silver bromide and then diluted with

water. A small amount (O.lg.) of traas-4«5-diao©toxy-2*3™6*7™difcensocgrclohap/
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dibeassoo” clohept«(di**l««oae (56) crystallised cut in long aeedles.

this material was filtered off aft&the filtrate thoroughly extracted
with ether*  The ethereal extracts were washed with saturated sodium
bicarbonate solution, water, dried and the solvent removed under
redneed porescars to furaish the ois meneaeet&te (55) as a gum (1*4g, t
e) vcetic acid (120 sal.) nm xeflwaced with acetic anhydride (12 ml.-
for three hours, the mixture distilled and ihe fraction boiling at
118° was collected and used as anhydrous acetic add.

jhy silver acetate (Ig.” was added to - suspension of the dibromide
(Ig.) in anhydrous acetic acid (40 ml) and the mixture stirred at
60-65° for four hours* The cooled rmActi.cn mixture was filtered
and the filtrate diluted with water* The white precipitate so
foxMi was collected, dried and recryetallised from ethanol to ftontish

trana-dt*»diijceto3Bm2iV 617*dibjhgQQTolnhantafliwpn~1"ne (%) as elon”-

atad needles (0.7#:.,77,m') n.p.1360. ?«wJs C.70.4; H.5.-J CjgH"O,

requires C,70.55s H5#0/ . The infra-red speotnw (in rrm”ol) exhibited
-1 -1

maxima at 1743°*  ((OCOH" grouping) m i 1660°"

there mm no indication of an absorption peak in 3,400 (-08)

region*

Dry stiver acetate (2g) was added to a suspension of the dibroaid© (53)
is bench '"glacial* acetic acid (80 ml.) and the reaction mixture heated
at 6iM23% for four hours® After removal of the? silver bromide, the
reaction mixture wm diluted with water, separated 77m m) snail amount
of traae-diaoet&te (56) and thnmiddy extracted with ether, ethereal

extracts were washed with emtun?.tod sodium. bicarbonate solution, water,



dried and the S5solvent removed under reduced pressure*  The residual
glassy etsHsoneacNitsts (53) was dissolved in methanol (20 sal*) and refluxed
with potassium hydroxide (!«%-=*} solid dissolved in water and acidified with
concentrated hydrochloric sold* :;ther extraction followed by wajfaing of the
ethereal extracts with water* dacying over magneslne mlpfeats and removal of
the solvent* furnished oie-41Vdihydroxy-21y~6§7-4ibemoeyolohcpt?dten~l—en®
(54) which crystallised from hensene-petrclsue ether (6C*Bo ) in cubes
(0*55g* 52 )* »#>* 130-131° undepressed on admixture with #m murthentio
am”le prepared nhove. The infr&-red speetrai (nujol zaull) wee identical
with the authentic This did dissolved to give a colourless
solution in aqueous alkali and could he recovered unchanged on acidification.
The ultra-violet absorption $£ie%mt is s i a neainm* at 2Jo mp (t» 10*390)*
and in alkali (I($) max at 2?0 (t-3»$U
£Elgnd»Jlg:» (55)*

/. solution of the efwlioi, (54* 0*2g*) in acetic nahydrids (0*37 ml*)
was refluxed for three hours* then cooled &nd poured into iee-water (5 ml*)
The crude clg-difccet&te which preeipitatod out ess filtered off, dried

and reeryeidltsed fro® ethanol in saddles to furnish pure cia-ds5-diecetoxr-

2#3-6*T"ibenrooyoloheptftdien-l-one, (0»19g.) 73t» »#p#156°* “ound| C,7J*4i

*AEL o KS"II6MD requires 0%?70.4s H,5/;e 4 mixed melting point *ith the
tr&ns-diftoetAts (5%) shewed & marked depression*  The cia-dXacetate (55)
was sled prepared from the ciaHsonoaoetate (53) by al&il&r reaction conditions.
tadien-l-one (57).
15-dlacetoxy-2a3-6a7-dibenKO<tyclsheotttdien-l-one (lg*) was refluxed
with a solution of potassium hydroxide (1*5tf«) in sethaiiol (ICO ml.) for

fifteen minutes. The reaction mixture was then evaporated to dryness
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under reduced pressure* IkO solid recites dissolved ia water and

acidified with MWW 1tKIII hytoeklorte add* Site extraction

follow by washing the etteial solution -«tth ester* drying

renottt./ of the advent fumishad the tssns-diel (5?) which rEe*y*t&II*

lead from teseac”petroleus ether (6C-So°) in needles (0.9®*90"M*p»

155-~56°I Founds J,75,0%} M,5.5j °jrX2U3 "es'1**® <*,675.0} 8,5.«5 .

Its infrs-red absorption spesiMi (mjol mill) shoved tec hydrOX‘yI

peaks at 3349 ~ | 3360** and carbonyl absorption peak at 1643J 1 »
This e&omzl a sarked depression in mltimg point aim

mixed with the 0i#«di©OX»(94)*  As in the case of the Cie-diol* the

trasm-'&lol could be recovered usotejed ftroa acidification of its

colourless solution in alkali

Atf&Kt&re of the eis**diol (54? 0.44g) acetone (8 mi*} and eoooentrat-
ed sslphurie acid (c.32 ml.) wm shaken at roc® toaperature for six
hours. ssild radius ©arfeo&at* ms then added to neutralise the sines™!
mtdf the reaction i“ctara filtered and the filtrate evaporated to dry**
ness at room temperature. The residual solid sea recrystalliaed ftpos
petafsJeua other (60-80®) to ftadah the aoetonlds of the Cis-diol in

jOate*t (C.7« 25 } a.p.151-1530. rounds 0,77.43} 3.5.85} 0j*gO

re-nslrw! 0,77.1} M.5.T5".

ilse seetordde of trans - 4s'MttbydrosgM? s3~6s7-"ben*Gey©lOh*ptedie#i*l-
one sag prepared in a similar Kisa» and reoryaialXisod from ethanol in
ne«lles *.p.99-100°. Pound} 0.77.85} 3,5.95. 0%fijg0, MgidM 0,77.1}
2,5.75 .

OxtdattT. alMHMttM of Cla”»5SHiltotoor»w2»V6i7-dlhnn«OCTolotorPt«dlaB-I-

Ofthy
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A ©olat&m of Bodim mU%] *Cyio&iite (0*24®.) i& trate? (4*5 CX mm

to the O M Iol (0*13#*5 ia Ote&al (4 »XJ» th*

stein** mm®& to obtain « *loa? m hittm &K than loft at tom %mp-

m tm owridgjii* t&tagttft ?®mtlon w&kxfeam mm to
dsTaesa a&d« nteaid snd tb® residual guai (0%09*fcSO. ; *hm
HMtlvod ia 3"ttoX« oHntta«p ($0-80c) owyststlliaod
f!m thla oolntioa ia aaoiloa [ji§illli>>iIW *e £ TM&SF

Yoqwiim C»79%«6s 1%4%25;% mgmf-rum im3®I tmil)

sajo&sa at 1689 0»" (MNBMitio dIM ipit) «@ 1660 o**tm M "“ononi
cmtenpi}* te$» %acao Mk et 2700*>2%00 qs‘}61 aowaaXiy sesooistod
with tlse (H of a« oiMqplo

tea the toasa-diol (57) n*& treated la the efoovo ia?ii*» 3-2 dlfoss”I-

hoaasoplfej*ao ves agsia isol&tod*

4 ai&iuro of di&othyX galj&ato (1»2 sal*) @M Us# q i iol (0%1%)
ilisBohvod ia mqumm t&S&m "™ tawdd© @*5 al.lcv-) ama K&EF&fbr
tidrtf nmomgdEn tod te a mtmmM  n&tfo ottadr*  $«+ t"M Stsl
tatttttoci mm tested idtk tbx«at an(a@d asd tbo oolvait swaoroi™  fiMh uolM
ye&idiifc recr”iidliaoA feast iitx tefrote (40-60°) to ftmiiot* the
roquUfod imittt$i site'm um&lm (0*C6§ SRW ftg?2$4°«

75.75?7 3»5«9* N *F 14% **1*LF*ee SHIGESG| M*S*¥35 4+ [to dts« -
vtalot &feeoiftioa ageetem *hmt§& * *mx&mm at 36t~ (1 *$8§}.

ten th# oono”a”t hBEStd*x (64) #8s? to a siatiar
is& w Txm the trw«diol*i$ waa fetaid to *srprtaiUoo fitflft pofcroloia***

**r(& Msf) futoa »j>.21<-2i5°. fowsd> Ce75.15] *4,5.55. fijgSjA

r*iui)»a e,75.55s E*S.5S".
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e hnay-1&  1do-2*3-617-djhenrocycloheptad ier*4-one (65)#

A oluiion of ths ois haiai-ketr’liaethyl ether (63) (0056 *>) in dry
iyrldlne (0*5 sil*) was treated ith a solution of chromium trioxide
(0O*063g«) in dry pyridine (0*6 ml#) and allowed to stand at roo&
t&aper&ture for *ev«nteen houra* The reaction mixture was then poured
into loe-eater, and thoro -ghly extracted with ether# 'The combined
ethereal extracts were washed with weter, dried and evaporated to dryness
under reduced pressure*  The solid residue crystallised fro» alcohol to
give the ketvj-hWBiketalmethyl ether (65) as cubes U&Ufr 7P?) is«p.136-
137°. roundj 0,70*2! H4*| * ci6H2°3 r*uirei* ct76%0, fhe
infra-red s; ectnim (in carbon tetrachloride solution) showed no hydroxyl
absorption, and one ®&xl*a at 1713 ! (oycl oheptezione) *

The area keto-hasi-Ketal was obtained whan the corresponding tranc-
heid ©tal-aeihyl ether (64) was oxidised in the above dinner*

4- wbfflixrI-4-dydgo: &r-I-i3ethoxy-1 /3-0:<ido—2*J~bi?~uThangpcyOloh.eptadi an
(68).

An ethereal solution of phonyllithu® mm prepared and standardised
according to the literature ~ method.

A stirred solution of the keto-hemiketalmethyl ether (65%0* 1%#)
in day ether (10 m/*) was treated under sn atmosphere of nitrogen, with
an ethereal phenyllithiun (1.25 ml. of a solution containing 0.10%.
of phergrllithlum) solution end than refluxed for thirty minutes* the
reaction mixture mw poured onto crushed ice and extracted with ether®
The combined ethereal extracts were waehed with water, dried over meg-
neeiua sulphato, filtered ana tue oolv at rm&oved. The residual aolic

was esystnllleed froa petroleum ether (6G*80 ) to i .miah tfcs



pVivyi. coKIMr*l (68, *.19 #32 min needles m.y*177-178 * 7Zhur*;,;
G,7935 H5>5* SAbS reNdr® 0%80.0] E5.5 . ibe infra-red
*Reotjnn (in carbon tetrcichlorl&e solution) showed m carbonyl «btnrp*»
tiou.but « strong ah 36%0 oafl (tertiary - OH).

f *»W lhnd”~anw».itoaarW tV *t7-4HwM »-

Avariety of reaction conditions were used is an attenpt to open
the hmiketaiaethyl ether (68).
1), Asolution of the lk&U:etfdnethyl etfeer (68,0.52g) la noetic
add ('10 ml*} and dilute «4 " «de add {10 «1*} *&&reflux** for
fortyfiw aismtee and then concentrated under reduced pressure, to
approximately 10 ml.  The yellow prceipit&te so obtained wm collect-
ed, dtied and recryetalliotd from alcohol in needles (0*0i% *5") mp*
139~14£c. It was identified as IC"phenylanthrone by its isixed
laf-1ti s" «¥:n 10~ an -iutb€Ew*nc seragxV = N,
2). The heedket&latethyl ether (§100 5') e e unaffected by treatment
with methanolic sulphuric ncid either in the cold or after thirty
minutes reflux*
3)* Treatment of s solution of the heaiketalaetbyl ether in immmm

with dry hydrogen chloride gm ms equally ineffective*

Jt

e) A solution of the heaiketalsetfeyl ether (68, 0*3g*) in acetic acid
m 9 hydrogenated using % Palladium/charcoal under 4 etnoapheree of

hyiirtg*® at 65°, for ftmr hours, but after the normal work-up, efc&rUng

s&teri&l van recovered unchangede
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b)  Asolution ©f thO ta& ketalaethyl ether (68; s0¢ti0
add was bydi*geuatfcd at ICK> under 4 atnospiMHres of fejdwpfi for
three hours using reduced platinum oxide, but here again alerting

aterial i®s recsovered uncheiMgO&

dded
Concentrated sulphuric acid (Im1) ©hilled & * o ths dn-dial

(0¥28%) and the reaction mixture stirred for a few misutes before
bain* inured onto Orushed ice. mther extraction followed by witish-
tag of the ethereal layer with water, drying and removal of the sol-
vent furnished I10~hy&roxytt>ethylene enthrome (0*Gog* 317) which
crystallised fro® benzene as needles m«p.X84*»185 «  She infra-red
spectrum Ofmgtlﬁyliilrgple was identi to that Of m authentic sample
of T0~hydwaxy/enthrone« (see previous work).

IM fydroai*ethylems enthrone was also obtained when trans-dJS-di-

hydroxy-" B-657~ dibenaoeyeloUeptadieih-I-ca® was treated with concen-

trated sulphuric* acid as above.

affh* traaa dlaoetatO (0 .Ig.) was beeped at 160-2200under reduced

pressure (2 a.®,) but the starting materiel simply sublimed out unchrnig*?d.
b) fh® trana dtaoetaio (0*X£e) was heated at 220' but here agrdn no
reaction was detected and the starting material was recovered.

¢) Heating the trans-diacetato (o.lg. 5 is a sealed tube at 22("-240

was equally 'unsuccessful*

d) Ibe jgg"s-diacetate (C*3g.) wan heated in. tHetkylen© glycol for
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itertjrfiive minutes* ttrssi cool©!, ash pmr®& into water. a yellow
solid m& pgwipitfclwft wiiioh mn oollected ma i& m tifim. m sntta*-
p-ainor™ (0*Xg*) at.p.3D00 elnee it i&ov«£ no d&pmB&ion Clsaeltlag

point on aa&aixtur© with an smtheaii© ©ample.
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(Tormxlz- flow sbsst® tm %an mo -0 >3 -1073*
Y~ Meyollo ¢ a 9 mrjQ&yflimti hm %mu moatgnsd iks
I 1 * roault if "nvm%ig&Si<m$®f ~k

Bartonn O3Wi or-* emeoborfer>en " J?* 1d.i« sriysasily iisisawwfiiv,; ${a0—
tvro Hv JQ y>t b synilk¢®ised ar* in £%ott tbers /iw 2»irp-Zlsiagly
f@v p N attempts rsscrdftd in %o litor&ttWM=

I/; 1957* » &od01k cd/\r.rKvm*”}anntbssiiid 4*$*1Isll~tsti? ai<astbyl«*
fe&oyalS (72210) us-ileaai-<5 (0), I»i* ebXpjOpk?ll&n&9 by Hm$ following
aroute™ “r*ns-4iei£S-oajeyOphy 11snic acid (3) was ooavwrtsd to. tbs
i&itl ids (4) and t&saf by tjreatuisat f&tii diazoetfvaivw to the
dJb At yl~blf>~-iaackoton® (5)-¢ 'rsataoat of tbo bitt«"dla&ofe&€otis #lbli
mbxayl nlcobol axi*col Idud# tbs y*~uMi sold (6)* eatia.l
:/iir ly: ia of ito Aiuiotbyl gavs a Hixtum* of k*4f sstsra (7 &,b}*
?Mti -/dxturs -fes ecr.varied to tbs s«tst*sl.lotld<a *1*14X0 (2 **b) and
thano* to tbo finno-dls«e-'k€ito”.ss {9 *fb/» Rsara? uv-a“ani of tfca dia&o~
kstoitaft %2 above, fydraltteia d smbssnnsfst *Bt*rifieati<*A gav# a udxtotm
of tfc. t-/o dl'igtfcyl *>stops (if »fV-* ?bi& was fufejvstsd {0 an
inir *e 1%+ *woir oyeli.«fo/iion «*$ th* soyloln niatttr* frabjaotsd to
a ds-rseen roduetiori«  adfloation of tbls pssduct afforded o.u-yo-

& 1 (2) Its L| n = stopwrliss and irdbr-r N .

w it ;yllin# obtained by Iflitti#

A intersctir™  wopoao®  to thee ninsVasibayod yin## soiety of cary©-
$feyliens baa berm described srsoifitly by ... . i*‘Z’ 6~Cstrt"tbcay~f
j - **fcydrind (11; wnt ‘*sf«*xdd by trtfttasact of £&{3A*koti>"*HbRttyl)

*AN&rl?otbiiry-*sy«libsnt«no?/a Htb aono”j.i*dfesd ixd.o stoid* Mtalytli



reduction of the eoubla bond famished the tra«e-hyd r 1 n d (12)

si'b# csser group vm then reduced to ifee aleohoX (13) and converted to

tbs i1**toiuoiis*-siulplioaats ester (14)* 11 »C& hoped that bmé&tieent

of this ayeieai with b&se would produce a series of electron shifts

~inr result in tbs foauutifM* of the oyolononsrnions (ij) « however

on tre&tawmt with base, the tobyiat# (14) was converted into a skixtyr*

of largely 6"»fa*thy2~bicyslo {4*3»1*01*’) deea®-"?"®*** (IS) and §"«aisfehyl—
Lrioycdo (6,1,1,02*0-j d*caa-T-ona (1*)*  Only t&e foxier product condensed
with ethyl fornate and jbenee the two product& #*ro oeailjr separated*

A unique feature of t4* asrya”feyllene structure (1) is the !»>-
arr&ng*&«nt of * wethyl«wufeotituted 4rido double vond and an axo-
mihplmsa group i«* a oyolortonwns Ping* OpO ]f 1 b t* Ififfljif
cyclone sS*Ai“arbexylie acid (19) by treatment of l-c*betbcxy**
bicycio (3*3%*2) no/*3—  9**eise (id) with base. It was thought that
the application of thda type of ring olwovago to
bic.yoio (4*3*1) rtoinl.'tttw.1Q. itm ({jj) WO&I4 furnish [*s«l . elonoa»3*"0tw
It**di“oaxboxyliQ acid (21) which on suitable modification would give the
1-;mothy3-h—ottylcr~crolenead->we s-oiety {") of o?ye/ovdyll«ne* In
order to toot this hypothesis*, a oeflea of eodol orpori'aciita eof* carried
out uMTxy thg neve eaceeecit&e £«* tbyloyOlob®siuicne 00 the starting
daterlol* d-c %rteihd*»&*Mthyl«yelo! wxaexom was SdWpwred by- treat-
©oat of ?-wethylqyelohex*yaen« with diethyl e&alate followed by xyatlytle
deoerbonyleticn. ffellot&ng the net!.ad developed by Cope ~* 't'# a
r'ioheel reaction between this k*lo~«»t&r (23) and acrolein yielded the
aldeiydo-keto-aster (24), ivbieh was then treated with ocnuMVntirated eel-

phuric acid to furnish l-carbetl"Oxy**SMotbylbioyeloN{3* 3*1) ttOn-3-one'"*9~



-one -Gt 1'»£3 in j2GRp%&vi® yield* (m t**ttoduotw isolated

at tfiia stage* the vtruetor* &&g pc-*t-i&}le »odw of origin of ti«£f«

interesting ©oopouneb Is 6i#*ttowtA in a later oceetionf tffi y*5" )e It

was .not yow-‘iblw to parwgojrs & &i#i®@ldar'bojjo»e or 2 14~disjifcro&hanyihydro-

fi(Bt of thi» ooopound (26, &»&f) bat tfcof Heoto”ootor grouping woo
notarised by t1>o jfeocdty formation of the (27, mHS

1»CO0™? .| R«2*4~dinitroplfjoyl) -mmid th« itH”wuuBolono (28)%*

/evoval fetUnptw were s«w aads to oonvwrt tho kato-ester
(26, '**0 fit,) Iste X-awibyl-cyeio-o«t— 1S-die&rhesyli* sold
(29 )uaxn”® aodiutf. wtfcoi&d* i?i ethyl alcohol¥* ffew aocis- psrodaei tftom
this renotion proved to ho 1EEiFtmitipprd'Q™iiitTi 11)110riili CINtSil
norK3*wnw—SHol (24rt, Thie result is hoot CKploiiMrtl ir*
tortus of a bafta-oatwlyaod hydride uliift bwtwota *fcvwyl alcohol and
the Snkoto compound (26, >,?,1-5) to fn*tti«fc thft <Mhy4re”bic;yoXo
0*3*1/ murfvbtiivli MM. aowialdekydw* afcwu potassium twrt-feutoxléaw
ouhctittttoA for sodium wtboxife in the above iWMMSiion* tert—
feutyhylbicycle (3*%3*%1)
(26a , 5 was obtained in good yield* fraatw"attléfiwatlosi
of u~* ethyl ester to tfoo tafWbufeyX oaioy would furnish the
rwuirwd ethyl idochol for the pyopooed. hydrlde shift affording
the hydjmiy tert-twtyl wwtwr (26#, BeBt* }* ffee kwio eater
(£6, K*SgHr) *m unaffected by vigorous treatemt «eith sodeggid* in

bwn&onw *

If tbi® at#f had been &uo«#«*fvl tk* propctgéd gwiuwnew of iranor&mm
eOptt mm m Vollwrnt the £»3*&mblo bond in (8$) is situated /?:|j
to the carootyl gnmpii>& at C*, hone# doe*rbf>yylalien »f the dla*ii (Pf)
would have jgodlillli I-«eibyley«34*»octtirboflfiio Mid (10j S»H)«
Llthiu* alwriltiiwt hydride reduction of tie i&sthyl o;*t«r (JO SeCB*)
to the oyolo-octenol (31) followed by d«hmiration would have
ftar&iwfcod 1*wthylHH”thyloihooyvlo®ootvI*HNMi (32) ¢ a wi&l&r
reaction ww*hmoo to that outlined ahove (23 - 32) o*4xt$ *'<—<sarboth-
03qf-*7"ftetl-yl«yoloh«ptysione m wwtoviol *"eeuld tt-e« h&vs.
proceed tie ra.guix‘ed IM*«tr* 1*wiethylo«ooyaloft(*l1*ew# (¢??)*



During an examination of re&etienn w&ofe generate a carbonium ion
at the Opposition of MoyelO (2»2*1}~heptan9# Van Vamelen and JudU”
treated P'ieee«©OptiOr (33) with sulphuric acid and isolated 2*2#3-tri-
Htttfeyl-eyclohex-d"ne-X-cazdjoxaldehyde*  ffc* (26, H» 078")
waa therefore reduced with sodium horohydrids to a mixture of the
corresponding epimeric  leohals (35)*  This syetam, however, was found
to be completely inert to treatment with fttlphttlie acid* Such a
differeaeo in reactivity between the bicycle (2«2*1) alcohol (33) and
the bicyclo (3t3sl)alcohol (35) is probably due to the f-reater strain
inherent in the (2t2*l) system as compared with the rigid but atrainless
(3*3*1) arran, eaente If the 4 d®hydo-eeter (36) bad been
isolated from this reaction, deforrayiaiicm followed by reduction of
the ester function and dehydration would have produced the required
oyolo-eotene *

enether approach to the cyclononcne (22) moiety of ett*yophyZlftne was
undertaken using as its basis the elegant kyGk of Stork and Landesm&nl??*
These authors have shown that the pyrrolidine eaamine ©f oyclohexanone
(37) on treatment with aerolei, undergoes a Michael-type reaction
followed by cyclisation to furnish g-*-pyrrolidixiO-bicyelo (3*3*1) nonan-
7-one (3¢)* hen the metfeiodlde of the bieyelic~feeion© (33) was treat-
ed with aqueous base, the product proved to be d-oyclo-ootoaolc acid (39)*

¢ decided to oari-y OUT, the same reaction sequence, -sing 2-®ethyXcyclo«*
heptemHB»f in the tope of obtaining t WHIjrTnyilflltt flili j? Oil*HIfIfllt
acid (4j») which could then be modified as previously described into the
required eyclor%\lie (22),

Avariety of conditions were used in m attempt to fom m entuaine



of jh'iBfittiyltyrd nhnptnrannt> all of tfcf failed#
As a result of those set-keeks to the synthesis of the nine-

Mnbmd ring of c*ryophyllene# the work was abandoned at this

stage.

The keto-eater (26,&*CJH”y mm prepared by concentrated sulphuric
acid tve&tiMttt of the aldehy&o-oater (24)* .-~.riag the vork~up of this
reaction, if the ethereal extract© were washed with water to approximately
pte] imtM i of with sodivsi U eutnate ioM ob, and ta tvipmtal
A ar r™w¥* e [1-Pdy orysVIi < 10 %, fm< o1l |
residual oil to the extent of © - UX of the total yield.

This roarrangesent product was collected aod reoryatalliaed as
colourless needles (a.p.227-229 % fro® ethyl acetate.  Analysis

figures were obtained consistent with the molecular formula ChHXZ ¥

The product exhibited, infra-red absorption antitta at 1665 ossT* with

a broad band at 3360-230C <»»"* (conjugated carboxyl;; 1580 easT*
(conjugated arosa&tio ring) end at 843 cssaT (itlijil - tetra substitut-
ed b®nmm ring). The ultra-violet absorption spectra® showed, m axim
mi 242 A 13,000) rad 2857 *{ £=2,040; substituted tassel© eeid).
This oarboxylie acid (41, fc-X was converted into the correspond!s5f
saide (4£}» m .179-179*5°» by treatment of the corresponding acid
chloride with mmonla.  This ae&de was then dehydrated to the corres-
pondin, nitrile (43; c®>71-75°. 7-? ethyXindoa-4-earboxylic acid# s.p.,/27-
29% was prewired by ''loser and bell#aaa (IS) by hydrolysis of 7«sethyl~
Into.j-4-c&rfcoxM3idef ®*p*176-177#4 # which in turn m& obtained, fro® the
partial hydrolysis of 7-®ethyl**4 ?%«ii0-1ad«Q, fli*pH#72O~73*2°*

The above evidence was consistent with, Urn structure, 7-"ethylindan-4-



carboxylic acid (41* «&H) for this interesting product am-
confirmation of this view was found in the following reaction sequence.
The methyl ester Ul*&=Cl!y was reduced with lithium aluminium hydride
to the corresponding alcohol (44) which on hydrogenolysie furnished
417-diffiefchylind&n identical in boiling joint# refractive index, infra-
red and ultra violet absorption spectra* with an authentic sample pre-
pared by htel

The formation of 7~methylin&tui-i-carboxylic acid during the treat-
meat of tb. .xldehydo-ooter with M W In M oulphuric odd
may be explained by the following mechanism.

Aa internal aldol~eyelis*tion of the aldehydo-ester (24) furnished
l-carbetho”-4-hydioxy-5-«iethylbioyclo-(355tl) nonan-9-oae (25) which
would then undergo straightforward dehydration to furnish the k©Oto ester
(26,!feCOM;j./.  If, however, in the presence of cxmeentraied sulphuric
add* the stone m s protermted, the intermediate kstone conjugate
acid (46) could give rise to the isomeric X-oarbethoxy-S-"jethyl-9-
hydroxybicyclo (15s3s1) noaanHl-one (47) by a 1*3- hydride shift with
loss of a proton.

An intemol©cular,acid-cctalyeea hydride shift has been invoked by
IDa© et/al. (2Q) to explain the fotE&tion of acetone when a mixture of
2~butaj*ase or eydehexi-jsone end 2~pr®mml mm heated with sulphuric
acid/(60,-j, h similar intermediate to the orotoirtated Gc Ketone (46)*
namely (53) has been suggested by irelogJH to explain the conversion
of 1-hyUrci'T*ethyl-cio-hy'drlj*me-5-one (52) into 5-hydrox y-8-met*«yl-
ci3~hydrij* m*-X~om (54)*

$ine0 the hydroxyl function at 0" in the p*-fceto~e3ter (47) is doubly



naopentyl, the fem ailm ©f a aarbontuia ion there c?ouM result in a
facile rvy*r-f*Mrmin reemuftgreaant followm& by 1&m or &« proton,
in for®, as isa the vfo&mmwtotiML keto-wfcer (&$}*

.a1) oat«tly%ed YeavriBi3Mttia& of ketone* ooour not crdy .«hen t
teriiaxy c&ba ©;Ancnnbe iorm4 in the slgndion of an alkyl
fcieup to the o&boayl c&bon but also where prismvy *& seoondasy
eeatewlaa icm&would ho r& pired *

& anagvazte"NHMit o f this typo when applied to the protonatedfexa
of the ftete«*eeter (44* followed W !eee of the V¥prm c¢'d r-roduee
the eaftjugat&d dieae fcydareaqr *.tor ($0) whioh on dehydration wwtld be
converted inic etl"*T-@"*lindacHH»erbeayi«te (41* BeCgft*}*  The
tosst that aaftNiu*tie Osrbesylic enters are readily hydrolysed to the
Benwp«iil% «oids by concentrated ealphuri© acid treatment »©uld
tlea espials our ieol dion of T*"thylindatwl*&rboxyUo sold*  The
Xae aromatic wsid wa*, isolated frosi treat&aat of the liquid hydros
kttOMeeter (28) with eeaemtr&ted sulphuric aeld#

hen the hydro”-i“eto-estar (2”) was warned in alkali with furfural,
»he product, which eould be riSoroanly purified, showed an ultra-
violet absorption awndaiaBt at 320*/(i*2*707) * this masdUass* ocnpled with
the low ex-tlnesion eo-effioiant, eco&ected the presence of a snmall asscart
of the furfUxylldefui derivative (mo su&ii&plidm® derivative of 2-~ihyl-
Arnlehettnone hats a mm*$20  £® 22,000} of the I&ecaar&e hydroxy koto
esster (47§.L 3 tha hydride eidft oeoecttatry for the conversion of the
alcohol (25) Into the Im-nario alcohol (47) ©©aid haw been brought ®bout
eithur by the aiaerai acid use®. to eyelie©O the YXdefeyfo est”r ( 4) or V the

b&8o need In the ftowfarylAdeite derivative j*epftrailoiu t*oHunaiely It was



61.
impost-ilble to isolate either the (47) or furfurylidene

terivativ©O In a pwre ct&te*

l«*carhethexybicse&o (3*3*X)» r*>"e8e-*fHom (18) -ves prepared according

S - s I 11 ve mn - M VM= Jes o) vty
products frea this simpler

fter reeiov:] of tie 7°&ti™iriSwai™8Xbox¥%Q acid ee»is©Xn&nfc, m

infra-red s/*50tru® of the crude keto-eecter (26, &%»CgE") shewed an nmmtil&w
aaxJUaum at 1667"  and its u3ira-vloXat spectrum hod a mximm n2°0 *
These facta were Inconsistent with the bicycle-*.;Ufueture (26f luC*.}*
ffce )vesoaoe of a further iftpuvity waws eu*$eet«& hut fractional distillation
did not achieve any noteworthy separation®*  However, o”refui chro”atc*rapfcy
of this crude aaterl&l or. stasias separated the fc«to~esier from the llouid

mtiteriid pe aseeing the oonjugnted earbenyl o&aesiejtoero and permittad the

Isolation of tllo rearrangeawmt product in pure stats. oinoe tb-a
(26, &*Cgil,) lid net react with semie&rbafcid* acetate in the cold, a sBuofe

user© officiant r-a -ration cf t, o tsns&turated. testo-ssior from the k«to*s»tsr
(26, f«a: f£) sas achieved % treating the original mixture with seisioarfeagid*
roseorft®*  The pure unsjiturateA kete-estsr was then obtained by treating tt«
purified seodearbaseae with dilute sulphuric acid in the cold, followed by
nsm-J ether extrBCtion# By this method the rearrangement material #&O

found to bo present in ins original adr&ura to the extent of approximately 4*2."*

fhe cure eostpeand which analysed for the female (five double
f @l

bond equivalents) showeg‘labsorption maattafe. in the infretrod sa 7 72$om
(carbetboxy) and 1667°*  (ons&tujftted .ketone) and 22£ ( * X£fOO0) in the

ultra-violet# is already &oS8iiens4j ifa corresponding oa.4ic mrbed4on» was
telayed. emit aieo & d«xk-rOi:.. f44-disdtrcpheuyl ,ytatrone, :-*p* 113—1'0°* §$mx»
)0 ~ ill 14,670). hydrogenation over M pijlwllliw *1 I resulted in
the uptake of one ©olar-cequivalent oX hydrogen sith the fcutmtion of the corr-

esponding saturated koto-ester, whlefc was transparent in the ultra**
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violet, and showed infre-red absorption maxi®& at 1725 (“arbethaxy)
and 17X0 018 (six ring ketone). Hydrolysis of this saturated koto-
ester gave the corresponding liquid oaxbexylio acid, which
when subjected to a Kttfaa-Soth determination gave a value in agreement
with the presence of one Ca?*athyl grouping in the moleoule. A mens-
piperonylidene derivative of this saturated koto-ester mm prepared
indicative of a methylene grouping °£'t§ the ketone function. A
Cleocionr-en reduction of the saturated k#?tO~eat»wr furnished, in
acceptable yield, the parent ethyl m¢t®r which ©bowed a saariiatim in the

infra-red at IS;f**8 «

-The parent umé&tur?vto*i keto-eeter was hydrolysed under esrfcrsnely
roild conditions (aethanolic potmnixm hydroxide at room temperature)
to the eoxveepekiding crystalline uns&turated koto-acid which smoothXy
uai&erwent deoarboxylatlon at 120° to give a limpid product
with infra-red absor tion maxima at 1?X2 and 1660 G * Since this
mixture gave only one conjugated 2/4"irdta”“pher«ylhydrasonat sup#
172-174°, ( xmax. 390 *7*m¢*1»400) in quantitative yield, the deduction
was H || that either the molecule contains mvlnylogeue p-keto-?ici<l sysie®
which had deeayboxyiatsd to give a mixture of conjugated ami unoonjug&ted
unsaturated ketones, or else the double bond was situated pf'r to tbs
earhoxyl group ami in this case decarboxylation has resulted in the
formation of & conjugated uns&tur&ted ketone which was in equilibrium
with a more stable non-eoajugated uns&tuxatsd ketone®  When this
mixture of unsaturated ketones was hydrogenated over 10/ palladium-
charcoal, ©no molar - equivalent of hydrogen was absorbed mad the

resultant sweet smelling oil was transparent in the ultra-violet but
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showed a single saxtam at 1710" (six ring Sterne ) In ifc© tafreared*

and gave a yellow 2*4~dinitr»jshe*lfeydrasene In good yield*

At this eta.-** the evidence for the structure of the ttne&tureted
keto-eet”r wain nonelater,t with any on© of three .possible foreaele* (li)*
(35) firid ($6)| which ecus he derived fro® the intermediate (4T) by

complex skeletal rearrangements#

47%thyl-6--c«ihethe»y» " ~hydsla&aii®9<HNMi (11) IMS been synthesised
by Brownl2 end shoved an ultra-violet absorption Md$ um at 247 %
( I*12*%000)#  The infra-rctf sp:?trum of m authentic sample abased ident-*
ieal msadsa at 1723 &*& 1661 015 1 hut differed a&z&edly in the *ftnges»
print” regtsn when eosparcd with the spectres of our inwatnrated hate**
ester* In addition a mixed melting point of the 214-*4ii&ir©pher’l~
hrdraxene of (11)# tt#p* i35*HJ8°«d that derived from the smwatsprasftfc
product (m*p* 138*%140°) showed a marked depression*  Any possibility
that the structure of the two eefspsunde sight differ only in the
position of the eerhethosyl function && diaa&ssed nbm the Sifginitxo"
pbes“lhy&rasom ©Of the uns&turated kstgg8e(5?)t prepared fmm the
una&turated keto-eeter by hydrolysis and. “scurbexyi&tien* showsd a marked

depression in salting point on admixture with the 2*4-4initrophei:syl*

hydraaise prepared fro® the decarboagrleted mm & mgmmfc product®

fork is still in progress to differentiate between- the other two
possible etrueturee (55) and (56)* A possible eseebaales for the
formation of (36) involves? an eeid-catalyeed rearrangement of the
bydroicpeeter (47) followed by a retro”aldel reaction to furnish the

diesis @at#.r (58) which on eyelisatiexi could fumi®h (56) instead of (330*

m altemative mdiedei could give idee to the ether possible
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structure (55)* ~rotonated form of the k®b#*e*tey (47) on
xwKrang&aent m shown (%~62) would furnish tbe i®o«aeric X-oarhethoxy-

(4t2il) nonsn-fHoBO (62)* Formation of a
earbordura ion at followed by an my/ shift and subsequent proton
loss would then furnish the alternate structure (55) for the

uns&tur&ted koto-oster®

Because of the interesting rearrangement products encountered
during th© conversion of the altfehy&o eater (24) into the bicycle
fceto-eater (26, R*CgH"), it was decided to synthesis© th© nor-aldokydo-
ester (64) and examine it©O cyclisation to I-oarbOtbo”gf”;j-faothyl-*6"
hydroxybicycl© (3*'-tl]) cct&n*4hCn© (65)* An additional reason for
examining this system lay in tfcs structural similarity of this system
to that of th© bicycle (4*2%1) moiety of XongifeXem (review of
longifolsn® chemistry on p* >%)e A suitably designed synthesis of (65)
could undoubtedly be extended and modified to afford 1*5*5étriaethyl
-d-*aydroxy-bicyclo (4%2*1) ( “¢) which is aa obvious

preursor for a synthesis of longifeXene*

Previous synthesis of the bicycle (3*2*1) system (see literature
survey p*??) sere unsuitable for elaboration to the hydroxy keto-estor
(65) with it© double bridge-head substitution, so the hydroxy keto-eater
(65) was synthesised by the fallowing route*  2jjarb®tbory”2**/ilyl
S5-mathylcyclobexanone (63) was prepared by alkyl&tion of ;?-carbettoxy-
6-isethylcyclohexanone with ally! bros&d* in th® preeersoe of sodium
ethoxid©* Osonalysis of the kate-ester (63) in methylene ebleri&e

solution at ~60°# then furnished formaldehyde and the aldehyde ©star (64)*



67.

Various acid-catalysed Internal aldol cyelie&tion” of the type used
in the bioyolo (}|[11) .system ware all utttjueoaesful, *§&? treatment of
the ni&ehydc-eater (04) with concentrated sulphuric acid, dilute hydro-
chloric acid/acetic acid, or dilute hydrochloric acid dioxm all
resulted In the formation of intractable gums*

The required hydroxy ester (65) was prepared by shaking a suspension
of ti e aldehyde eater (64) in aqueous bee# for twenty-four hours®
Acidification* of this alkaline eolation afforded am oily earbexylic
sold which was estariffed with dl&gcmethane®  i'he reault&nt liquid
oster was then distilled and then triturated with petroleum -other (60-80%"
tc furnish (65)t m*p* 114—315° in peer yiel/sl* This alcohol shewed infra-
red absorption maxima at 344Ccm-1(hydroxy1), 1745 ! (oarbomeihojqr) and
17 1061'_} (eyclebcxanone) «  The corresponding p-tolueneeulphonate wee
prepared, m*p* S5-8# #

Oomtmt ©tier extraction of the original acidic reaction mixture
fumiwhed a crystalline hydroxyc&rboxyxic acid which on e”terifixation
with diaeo&ethane furnished tbe stereeissemerie hydroxy ester (65)*

Thiu alcohol exhibited iixfrarsred absorption nexina et 35X0 ' (hydroxyl),
-1 -1
1735°® and 1710G< « -The oorreaponding p-toluenc& uLjhonate wee

prepared, ra*p# 146347 * O xidation cf both these Aeeaserle alcohol©

furnished, the eon* diketons (66), a«p* 102-103°, thus eeafiraing that

the two alcohols! cliff©red only in thsir configuration at 0<* This

: . : o ! e |

diketcne showed two gnucima in the infra-red at 1755 and 1715 *
Treatment of the liquid isomer with consentratad sulphuric acid

resulted in the formation of the bieyolo-laotone (67), map* 102-103"e

The infra-red spectrum of this compound (in solution) showed a

Y
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slrh;X# high at 1740 { loot#** * c&rheesethosy).
Htrlroljr*la of this I%sofcCyns a*?thr gav# 4rMithjlowlahaQ%t~SM*~lt&*
tlo& flaKxjrli* *ei&*  Mmmm of th# pmr yiold of th* m>lid hy"mxg
vtfr (63) this dthfdration #xpeHinsxt «*» #*§1#& m%only on th*
liquid taomv*

" tmoX&oaX of both alcohols (63) with phosphorus eiqrofelorid#
la Mfri&Xn# in an attempt to fora th# oo’poutod (48) fimdahsd th# thieve
k#to #at*r (69)*  Tho formation of th* «#*# ohloro 06UpO«tnd fro0 two
otojretfdscfctMriO eleohols sus# b# du# to two different reaotiom ttoobotsiaw
M «g involved, om 1dth 1HH>tl(I[> Olid th# other MIUI fitw yittim of
«onflgur#tion &t Cr*

Falttksie of the bieyelo (3*2in) (6&) b dehydration of
tie aloohel# (65) is still under activ# investigation m 1is # ayntfcralft

of th# 3or*##fH>&tUisg bheycio (4v2*1) ajmtra*



M.

LOUGIFOL:-m HKYi:-\¥«

Simonsen 2>first undertook the study of the Finus iongif :lia
oleoresin in 1920. Careful distillation techniques afforded <tand -
plnene, a bicyclic terpene and e tricyclic sesquiterpene hydrocarbon
which was named longifclene* 'This compound was characterised by the
deriv: tiveo which it formed with the hydrogen halides. On further
investigation of longifolene Simonson™* found it to be resistant to
oxidation with potassium permanganate#  However th©O action of chromium
trioxide in acetic acid or sodium bichromate in sulphuric acid famished
the isomeric: longifolic and iso longifolic acid ((24722°2" reePee’iv3"*
Longifolic and iso longifolic acids are now considered to hove the
molecular formulae A obtained from the oxidation of a

terminal methylene grouping in the longifolene system.

Treatment of longifolcne aoid chloride with bromine converted it
into iao longifolic acid. Simonsen proposed that the carboxyl
function must be terti: ry in nature because of the very slow esterifleg-
ation and saponification rates of longifolic acid and methyl longifolate
respectively. At thin time be -Ino proposed a structure for longifolene

which has since been shown to be erroneous.

Osonolysis_ 2 of longifolene followed by oxidative decomposition
of the osonide yielded formaldehyde and an acid termed f-longifolic
acid which was isomeric with longifolic and iaolongifolic acid* It hajs
since been shown 34 that longifolic and -longifolic fields are not
homogeneous acids out are mixtures predominating in isolongifolic acid.
This evidence was taken at the time to be indicative of a vinyl grouping

in longifolene.  Although there was some progress being mad© in the



purely chemical approach to the structure of longifolene, the elegpat
A<y studies of Moffett and Sogers28 on longifolem hydrochloride arid

hydrobromide showed the true structure of longifoleo® to be  (?£)*

decent chemical evidence%WX has supplied confirmation of this

structure# The infra-red absorx tion spectrum of longifolbne showed
maxima at 3125? 1666? find 8 7 1VKNI indicative of a cyclo pentan-exo-
methylene double bond*  Treatment of longifolene with osmium tetroxide
farniabed a glycol hich was clcj yed by lead tetra acetate to formldeayde
and a ketone (73) ‘hich showed a nigriUmaa in the infra-red at 274$* !

( 5 H»g ketone)*  The same ketone (73) was prepayed from longifoleae

by oaonolysis or chromium trioxide oxidation*  The tricyclic ketone (73)#
which did not giv© ny carboP/1 derivatives even under forcing conditions,
eme completely unaffected by selenium dioxide, bromine and cold potassium
parmng-nate* ROfluxing the ketone in xylene with eodamide converted it
into the corresponding amide C*"H*O”*  This evidence was interpreted

as indicating the positions o¥fto the >» (BL grouping in the eyelopent&ne

ring of longofolem to be cither fully substituted or bridgehead positions*

Treatment of longifolene with hydrogen chloride afforded the
corrciAi.onuiiig hydrochloride which could be reconverted, into longifolene
hy heating with silver acetate/acetic acid or solium hydroxide /ethylene
glycol* Hydrogenolyeis of longifolen© hydrochloride gave a
hydrocarbon which had phyeisnl constats and spectra different from those
of longifolene obVined by catalytic hydrogenation of loAgtfolene*

These results were explained on the basis of a ">2gser>4lsssmsin
rearrangement (74# 75)*  The secondary mature of the halogen atom was

proved by the following reaction sequence*  The longifolene .hydro-*



h*o©1d# derivative®* was converted into the corresponding-
alcohol which on oxidation gave a ketoiui Kj40f infrsFVtd naxfiB<Ba
X740 " (five ring ketone)*  Tfcii* featone was not attacked '"by selenium

dioxide, broadne or cold sXhsline permanganate*

Ihe similarity in these reactions between esatpfeca* and iongtfolens
led Ourisscm to postulate the structtm (?2) for longif&loue#  This
ft mature ooo b« regarded ak m elaboration product of o”pheaaf a
third isoprene unit having its tall Joined to the- exse-eaeafeer of the
gfea-diffiOthyl grouping of Q fl*lui end its head (which In ?<*saBtalone (77?)
is free) linked to give the eeVMBMS"nbered rim J of Xonwifeleae* -is
already aentloned thin postulated structure (72) for Irmgifolane ms
oonfirmod by the /-ray work, of Moffett &Rogers?Q’S- On the basis of
mcleai&lar rotation studies Curiason hm suf”rested that (¢) longlfolone
was derived from (+) empkom and hence (?2) represents the absolute

configuration of longifolene*



T&
t
WCTCIO ( 3.2.1 T QOEitB flI3g»

(Farmul- flm 38hm%& for this review on I'sgee 103~1Q8$

In 19079 illatater and Yevftguth” reported that a branebieyclO*-
ootwie (CpH"Ir) wm ferased during the preparation of “-cyclo&otadiene
dikydvebrooide®*  Mb structure was assigned to thi® ompwMw hut iheee
authors motioned that treatment with quinoline at [8Q° produced a

Meyolo ootono*

Tho first staple route, to bicyclO (3*2si) octanes mo derieed
by Alder &d W ftntamth”"*  Kydrogeaatlan of the adduet of eyolopentn-
dlone (|8) and allylftnine furnished 2*frHWaftCBetlyieflher&hydrObeaayl-
asdLno (19)«  frentaent of this amine with fcydreehlerte” elfi\d and

nitrous acid gar© bicyclo (3till) oct&n.~2~cl (80)#

§h®&x, Ipatieff and hi© co-workers heated ItaMeae with
eilicophoephorie acid to m elevated tea“efmiure* thay isolated &
mm tarpons which they identified m 216-dtaetliyld| eyel@ (1*2*1|S
oelnS-en© (S3.)¢ This olefi« on catalytic hydrogenation wm eenw teft
into the hyarocarbon (82)*  Oxidation of the bioyele”elefiii (81) with
eelmniun dioxide furnished the aldehyde (81) which on bydrogenolyeia
gam the hydrocarbon (86)#  fhis .hydro carbon “nm also obtained from
oxidation O* th© alcohol (843 to the ketone (83) with chronic acid
followed dy ®elf-Cistater reduction of th® ketone (8§)* Freof of tbs

structure of hydrocarbon (84) was obtained by ita nyothmis aO etewa in

Schema 4*38% %*

In an ntteqpt to find &convenient preperatieft of e»®pl*enilcnie,

. 10 e .
Bitafcel snd hartman ¢ axidieed entfphent with lead tetra~ncetatet



saponified &ad reduced the resulting enol aeetate (thought to be that of
QM |M11$it6 o&rbovaldehyde) and obtained twe stertoiM M ifie alcohol*
41
which wore aeeigned the structure (87).  Braubfcer proved th?t these alcohols

were in fact (SB) by oxldleing the® t camphenic acid.

Doeriag end Farber prepared S-bromoblcyold (3*2*1) octane (90) by
the bro&inativ© decarboxylation of bicyclo (2*2*2) ect&ne-3--e&rboxylic
acid#  The str icture (30) wan assigned to this product on th® folio-.lag
evidence. deduction of the brojoo compound furnished bicyclo (3%2%*1)
octane (91) end treatment of the brosto compound with aqueous alkali
f misfeed th© bicyclo alcohol (80) previously prepared by Alder and

indeouth36» This Interesting rearrangement of a bicyclo (2*2*2)

©yetom into a bicyclo (3*2*1) system prompted examination of th© reaction
between silver bromide and the potentially initial 2-brais© bicyclo (2%2%2)
oet -ne.  Steering nn& Furber found that on tveatMHt with silver bromide
or silver acetate In bromine the bromide (90) *&s converted into the
tricyclic alcohol (80;. Thia earrangeffimt afford©O strong evidence for
the fcypot- eai© that silver bromide is a Inis «oid of sufficient strength

& to weaken measurably the c-»Br. bond of m alkyl bromide,

Uewmnrd*  has prepared bicyclo (3*2*1) oet n-2-one (93) by earrying
out m Intrn»~aolocular alkylctlen of the breng&etone (97)*  Thiar ketone
could be reduced to the eon”spending alcohol and vice vem * The
alcohol was also prepared by the hydration of b’iejyolo-ootene (94) with

concentrate eulphurie acid.

In 1951 Farham' * obtained 3-hydroxyvjortricyeline from the treatment

of 2-aeiinobicyolo (2*2*1) h«pt~>»ene with nitron®* acid. Wildmn nod



Saunders 45 during an examination of the possible rearrangement
of 2-aminobicyclo (2:2:2) oct-5-@ne (95) to trieyolo (2:2:0) octan-
5*-0l (96), found that the amine (95) rearranged to 2-hydroxybicycl©
(3:2:1) oet-3-ene (97)c The structure of ootcne-aloohol (97) was

confirmed by reduction to the kno<m alcohol (Bo).

Aider and HeubkeA;E have studied rearrangement of both ®® and
ertdo 2-metiiylaminobicyelo (2:2s1) heptanes with nitrous acid*  fim
cdo-laomer (98) gave the alcohol (80) In 67, yield while the excN-
isomer (99) g”ve a mixture of the alcohols (80) 40/ %(1") 27# and
(1,;1) 10-20/ which could all be oxidised to the corresponding ketones*
The ketone (93) gave the triketone (102) on oxidation with selenium

dioxide*

fouseff at &147 have prepared the t&o isomeric alcohols (BO) and
have ascribed their configuration as shown* The infra-red spectrum of
bicyclo (3*2:1) ootan-2-one showed an absorption maximum at 1715°**
therefore the ketonio ring is a cyclohex&ne and not a cycloheptane*
T us agreed these authors that the cyclohexane ring in the bicyclo
(3:2*1) octan-2-one could only exist in the chair conformation in which
the fitnd carbon atoffig are linked necessarily axially to fora a
diraethylene bridge* A study of the various possible confirmations
of this system led the authors to the conclusion that the ohair

confo rm&tion of the bicyclo (3:2sl) system as shown was the most stable,

Most of the bicyclo (3*2:1) octane© mentioned in the literature
have been formed by rearrangement reactions, however bicyclo (3*2*1)

ootan-8-on© (106) was isolated in if yield during the synthesis of



73%*

Spiro compounds*  2-Carb@thoxycyclox ©ntanone was condensed with
1 #>-dibromopropan© to form the product (103) which, after dOC&Ed
oxyl&tlon to the brosio-ketcsne (104), was cycliatd to give the spiro
ketone (105) in larger amount along with a low yield of the bicyclo

(3«2j1) octanone (106)*

A novel ring*-®nlargsment has been reported by Stark and Landestaan17
wh”n the en&xaine of cyclopentanone w&® treated with acrolein, fIMkc*
pyrrolidinobicyclo (3s2*1) ootsi>-€Uone (107) was formed in good yield*
The teethiodide of this compound on treatment with base furnished

eyelohopt-l-ene~i-oarboXYlio acid (106)*



4%

A mixture of 2-jaecthyleyclohexanone (2C0g*) and ethyl oxalate (30<)g")
was eooled to —0° and added drop«&se with stirring to a solution of
sodium (40g*) in dry ethanol (6”0 ml*) hold at -10 to -15°¢  th©
rnoultant rad solution was allowed to stand overnight in m ice-ohest
and then for eight hours at room temperature* The product um isolated
by pouring the reaction -fixture onto ice and acidifying with concentrated
hydrochloric acid (60 ml*)*  Thm ;recipltated yellow oil was extracted with
ether, the ethereal extras; washed witl water sodium bicarbonate solution,
water, and then dried over mgnmiiwa sulphate* Ssm | of the ether
under reduced pressure, furnished a thick oil which wm heated at 180-
200° for six hours until no more oarboraaonoxide wm evolved* A4 ractical
distillation than furnished 2««eftyrl-6-oarbetboxy eyQlohexanone , b*pt*

XH-iX3VIl an. A? 1.466.

Pt M M M  j Bme4toto->wttalcycloh»«rl) wopioBaia9tard».(g4).
A fixture of 2-ffiethyl-6-c&rb©ihoxyeyclohexan©n© (!>*5%%*) and
redistilled acrolein (1*"8 m/,) was added dropwise, with stirring, to
a solution of aodiua (0*Q3<?g*) in anhydrous ethanol (20 m/,) containing
hydroquinon© (0*035g«)» chilled to ~?00,, After the addition, stirring
was continued for one hour and then for a further thirty minutes at room
temperature*  Glacial acetic acid was then added till the reaction
mixture was at pH?s Eaooval of the ethanol under reduced pressure
furnished a viscous red oil which was dissolved in ether and th& ethereal
solution washed with water, dilute sodium bicarbonate solution, water
and then dried* Reaaoval of the solvent, followed by distillation

furnished required aldehyde* b#p* 130°/0*4 nua* Found§ C*64*85f



75.
R, 8.15. ClJH00. requires C, 65.0, H, 8.47.

The corresponding I>is-Ps4-<U.nitropheiiyl! ydrasono was prer-ared an4
recrystaliieeri fro* acetic sold In needle®. a.p. 200-201'. round|

C,4y.151 H4.45» H,18.45. Cg Rg8QI0 requires C,5«.G| 1,4.45*% H,13.65%.

(3*3*1) aornmrSh-om. (25.).

A mixture of the above aldehyde (3*Gg*) glacial acetic acid (12 ml¥*)
concentrated hydrochloric acid (3*0 ml*) and water ( 6 sal*) was gently
refluxed on a steam-hath for a short time mé& then held at room
temperature for eighteen hour*s* The reaction sixtur® was? then
neutralized with sodium bicarbonate solution and the precipitated oil
extracted with ether*  The combined ethereal extracts were washed
with water and dried over magnesium sulphate* Removal of the other
furnished a thick oil which distilled at 130°/0*05 «*i* to furnish
S-oarbethoxy-"hydroxy-p-"ethylbicycl© (3»3*]) nonan-9-one as a
colourless oil (2*4g| 8oFound®* e,64*#>1 H,S*?* ci1” 2074 requires
cf64*95; M *#*

The infra-red spectrum (liquid film) of this seaterial showed &

—1 —1
maxitauffl at 3450°®&®  (hydroxyl) and no peak at 2J20em  (aldehyde)*

The above aldehyde (36?g*) wm added dropwis* to concentrated
sulphuric acid (1*000 ial#) held at 0°C. m& fcbe reaction mixture
stirred ovex*night at room temperature* the dark red solution
cautiously poured into ice-w&Ur (1$ X*) and thoroughly extracted with
ether (2 x 51%) ¢ The combined ethereal extracts were ttorougfcly
washed with water, -dried and the solvent removed under reduced

pressure*  The residual oil wae %hm filtered to remove 7«fi»nthyl-



liafiuir*4~cairb©xylio acid (10e*) m& distilled to fumLsh a cle&o oil
tup* 120°/C*25 ssa. - 140°/0*S sas# (204g*)* The Infra-rad spectrum
(liquid film} of this? material exhibited a strong b&nd at 1650
{conjugated c&xtoon/l) *

Chromatography of a sample of this crude distillate on alumina
separated the required fceto-eoter (26* HeCg'L) the potroleua”
other (60-80F) eluant, from the conjugated c&rbcn/X material which w&g
©luted with feenseae as a colou.rl.oOs oil* This impurity exhibited
band® at l?28<:rn-1 (oarbtfthexyl) Mid 166J ! (conjugated carbonyl)
in the infra-red and shewed an ultra-violet MtfeMat at tjt nt/'( 0)*

A solution of the crude distillate (2046*) in aatlaail (dOO al*)
was treated wit! & concentrated solution of seaiearb&slde acetate
(excess) in aqueous inath&nol and the reaction mixture allowed to stand
at 0 overnight* The precipitated S9isl9«tt«m (21*236%) Y%ohm
filtered off, the filtrate concentrated to m &/l volume under redmml
proai»ure, diluted with a large volume of water and thoroughly extracted
with other* ihm combined ethereal extracts were washed with eater,
dried and the solvent removed under reduced piassure 'to afford a clear
mobile oil which distilled at 1156/©*2 am*  JO™*" X*4S$0 to give pure
1 ecarbethoxy-!>-«iothylbic.rclo (3*3*1) non-3-one-9-one (! «)» Found*
C»dM1 8*8*15 cx A a°l cfTO*25* The infra-red
spectrum of the pure Iwto-eeter (26, fteCgfL) shoved mx&m at 1730
(carbethoxy) and 1710csa  (oyelohoxanomj)*

the eorrcapoirflag 2«4-dird fcrophenyli*rasolone (27* M 14 diBitro-

was prepared by refluring keto-ester in

phony!)/ ethanol* with jHrady’c reagent for ten hours*  The cooled

reaction mixture deposited the crude pyrasolone as yellow 'meedles which

wore collected and reozyetallleod in nse&Xee, a*p* 203-205° from heneene*



17.

Found? 0.37.58 H,£U? 8,15%9* c¢'r(H6 » 4 r*Muires e*5?*3f H4-53? H,15%?t

fho corresponding pyriaolona {27? H»H) recryatalliaed froia troxm&na-
petroleum «ih»r (40-60°) in mediae, ra.p* 149*150°*  Found? C,69*35%
1*7*35% cixH4aS * ~ V4**8 ct69*45§ H,7*40#*

fbe iao-oxuaolone (28) prepared fro® Meato-eater 1" M |L | mid
hydr&ryl&ain© recxyat&Ui&ed fro;* uathmol zn fl-akm9 .es;p*95**57 *
Found? Ct69»45f " 6.907 G "0 "rapuira« C,09%1 8,6*85) §,7*351*

The eml&o—pyraaoloae, prepared. fro® the koto-eeter (26, Bn G*R") and
sasioarobaatde acetate as above, crystallised from water in needle®»
m.p. 157-1G2\  Founi> C,6?.1j H,M51 CAH”~0gS * rs .uiMts
C,61*¥60? HI|6#50| 3*,18*0#

ffcM &Mt of the S-c&rbetBsory—lydroxyr*****Xhioyolo (If3sl}”*
nonrtfi*-one with concentrated sulphuric acid m above g&v# the a*wa*
mirfcura of productse

The oe&dourtmssen* (2X.J?5g*) of the unaaturtitad keto~esfcar prrp&rad
afecvo »Taw qua* fcitstAvely oonverted into the p&mat eeaixmJtid by csha&lmg
*ith aul;. henie ncid ('@ *nd ethor. Tba ethereal l-.-yer was *e+ araied,
wauhod with w*fcer, dilute sodium bicarbonate “elution* wafcor and dried*
Removal of *-¢ ;:otwemt m sdictillation 0f the residual oir furnished
the pure rearran-;ts-aoi product (13*58%) a® a colourless liquid, b¥*p*
xo7»nsr/c)*iT5 «««, Olo1.3()()2. reusdf c¢,70%35% 1*7*7. ci”kKa°i
re Oire* 0,70¢25? v,3.15-* th# infMMrad apectru® (lipaid flla) of
this ® & terlsl showed &a*iis& at 1728 (Garbethosyl) and 166f
(conjugated carbonyl)* fhe uwltra-violet spectrum in ethanol showed a
m*tn';t: ™2 ([-1y,-*O)*

Jw corresponding 2s4-dinitrop4i«nylfeydrasena mm prepared and

<2 methanol in plate®, aup* 138-140° Aftttt (chloroform)



1S.

190"X*= 14,000).  Found* C,5«.70| 8,5.601 8,14*5. tU y U f. **%y%g*,
C,56.70, H.5.51 *,13.?/-.

The corresponding seadeaxfeaaoxi* rscrystsllifjcd from methanol in
mMdiw. m.pl95-196° Found! H,t*71 »,14*%7. cx4fi2 1°/]
re ulrea C,60.2? 177*6| 8,15.051#

24+uiaaagzste,iinni noi*>"3n"9-one-i-e<qEboyylic acid {>6.

;Lo pure ftate-ecter ("6,R=0)was refluxmt in ftqueoue uihsnollo aodium
itydroxlde (20 ml* 28.) for three hourse The reaction mixture was then
evaporated to dryness, tho solid residue dissolved in water extracted
with ether and the alkaline layer acidified to w o red with dilute
sulphuric acid*  The crude oarhoxylie acid was filtered off, dried and
recrystallised from petroXeum-etfcer (60~8£>0) to furnish the bicyclo
keto acid in needles sup* 139**140°%  Found? C, 68*40? 8,7*0?
requires C,68.0] 8,7*3 -«

The ccrresjpon iRt methyl ester, which was prepared tram the above

acid and diaomeihano, crystallised from methanol in cubes m*p* 83-84".

Found? 0,69*4? H,7#9? 71271673 ~'“ires &9*2? R»T«75 *

Treatment of l~oarbatho®y-5-math.ylbioyclo (3*3*1) non-3r6na-9”one
IMI + fellji.

A solution of sodium (0*172g») and the keto-ester (2$*) in m ihydroua
ethanol (25 »!*) woe reflured for twenty hours and then poured into
water.  The precipitated oil was extracted with ether and the ethereal
extracts washed with water, dilute hydrochloric acid, dilute sodium
bicarbonate solution, water and then dried. Removal of the solvent and
distillation of the residual oil furnished 1-earbathO*p»5"aotfcylfcicyelo

(3*3*1) non-3-*ene-9~bi as a colourless oil, b.p. 80°/0#0$ %*».  Found?



£,65*4f c 1372073 *®uUirea C,69.6] H, 8*9 @& The infra-red
spectrum (liquid film) showed maxima at 3450Cms  (hydroxyl) and 17250ia
(c&rbethexy) »
From the above mdXxm bicarbonate extraction 3**®tbyTbi"yolo
3*3*1) nQn-3*~$m-9-*o0l-X-carboxyli© acid was isolated by acidification
and ether extraction® This acid crystallised from feexg&en*/;patroleus other

(40-60°) 88 flaks* m.p. 168-169°. Poundf C,67«3» H,7»9* cxxHI16°3
require© C,67.35 h,8#2/*

rra&iaqnt of 1*arbathoxy-b”tethylfricyolo (3s3*1) fton-3~"na-9«-one with
potaarJ.ura fcert-butoxId©»

hen the above reaction was repeated using potassium tert-hutoxide*
the corresponding bicyclohyiroxy tert-butyl ester was obtained* which
crystallised from aquou© ©ethanol in flake©# m.p* 68-78°*  Found|

C,71t91 H,9*%3*  %»24°3 requires C»?l«4|

rreat-"ent of 1*arbetho.xy"5<agtharlbicyoXo (,3»3el) non-3-ene-v-ono
with aoehmdete.
the keto—ester (26, *1.1g.) wm refluxed with sodaaaide (0*25g#)
in bensane for four hour© and then washed with water and dried. Removal
of the solvent furnished the starting keto-eeter or the corresponding
amide which on hydrolysis g&vt the corresponding carboxylic acid, m*»
137-138°.
1-C*b'jttoxy--*lyLirax,y"-."«iylbicyclo. (3*3*1) noa-3-ane ,2&l.IUC"Hc)
isodiua borokydrida (®.5&.) wan aded to a solution of the kato-aatar

56* 76» ®* cgV in aqueous Athens!. (.gl.al. 40/ ) and reaction

mixture allowed to ftt&ad at rocs temperature for twenty four hours.

Dilution with water, followed by ether extraction in the ueu&l aanner



m
furnished the required alcohol 83°/0#4 au»*? 1.4915*
found? C,69*1) Bt8.S. Gr"20°" **&*>*— £#69*6f HO*GS*

The corresponding 3t5**dinitrobenaoate crystallised from alcohol as
raicrocryatallin® solid, m.p. 114-115°*  Found? C,57*35? H, 5*4? 11,7*0.
Q0H22°882 0#57«4| HF$.3? B,6*7A.

This alcohol was recovered completedunchanged on treatnasnt with dilute
sul®urio acid*

-athyloycloheptanone (39A)¢

ft-ftitrosoetbylursthaxis (30g.) was added dropwise during one hour to
a solution of cyelohox&none (&%») in alcoholic potass.urn hydroxide
(80 ml., 1.25/) held «t 18-26°+  After stirring for a further hour at
room temperature the reaction mixture was evaporated under reduced
pressure and the residue extracted with ether. .The comhined ethereal
extracts were washed v-ith dilute sulphuric acid, water, dried arid the
solvent removed to give an oil which on fractional distillation furnished

2«"<ethylcyclofcOptanOne (10g.) b.p* 102°/28 sum*

Attemptad foliation of the anaaliUii of 2*sietbyloycloheptanone and hence
its reaction, with acrolein.

A mixture of 2-mcthyloycloheptaoeme (11.2g.) arid pyrrolidine (27.2g%)
wan refluxed in benzene (400 sal.) under a Fean and Start: water separator
for five hours* The raaetio?t mixture nm evaporated under reduced
pressure and the residual oil (supposed mmdm) dissolved in dioxan
(20 ml.) and treated with acrolein (2 «!¥*)* | sis' reaction mixture,
after stirring for one hour at 5° was evaporated under reduced pressure,
wen F-fsefchylcycXoheptanone was recovered unchanged.

The crude 7-“thylin&an-4-o&rboxylic acid, s.p. 225-228«5C isolated

in the preparation of the koto ester (26, K* was reorystalliaed



frora ethyl acetate in stout pviaa®, tmypr 226- 229°%# found? 0,75*157?
H,?#00* requires 0,75*0? B, 6*85/#+ This compound exhibited

—+ "
infra-red absorption maxima &t 166J with a broad band, at 33QO«£30Qcal
(conjugated carboxyl), 1600,ecm 1580cm and 843°* * The ultra
violet spectrum showed a maximum at 242*4e ( £13,000) sad 28$«j(i:2040)

(substituted benjsoic acid) #

Yethyl-7-meth /llzvi&rWHsarboxylate (41, R»CBM)#

A feus'rsn®ion of the acid (41? H, 1*0g*) in ecther treated “ith
a Flight excess of an ethereal diazomethane until evolution of nitrogen
had ceased and solution complete, then solution allowed to stand at
i©ora temporaturu for two hours# ~Evaporation of solvent afforded the

ester as a thick oil (1#0%*) which rapidly solidified, and crysAtallised

from aqueous methanol as colourless noedlee, za*p* 45-4?°*  Found?

c,75*55 H,7*4. Cx2F14C2 ires C,75*T51 B,7*4/*
! Y @iviolL mt'l

The product exhibited infra-red]Absorption at 1715ca (aromatic
1 —1
CKTbeoethoxyl), 1600om and. & sodium band at 834Cm (two adjacent

free hydrogen atoms in an aromatic ring#) "™ *
7—«ethylindan-4-carboxagiida (42) ¢

A suspension of the acid (41, H«K) in benssne was sfeakan with m
excess Of oxalyl chloride at room temperature for three hours®*  The
filtered solution on evaporation to dryness afforded the acid chloride
as a thick oil in poor yield# fh* product exhibited infra-red (pv*'*

—1 —1
absorption at 1750cai and 7?6Cm  (aromatic acid chloride), 3000,

1600, 1585 with a strong band at 776 em (aromatic ring with two
adjacent free hydrogen atoms)# The acid chloride was triturated with

0*880 anaemia affording tb® corresponding amide m colourless nsedlee



B.p. 179-179.5° froa ethyl aoatato (lit.1" 176-177.4°). Found 1 C, 75.;,
fif 7*51 §,7*¥9*  C-.B'-BO require® G,75*4f H,7*51 8,3#8$

The product exhibited infraAred?:i:)S(;;;t)ion at 3330, 3X70, 1650 end
1621“_1 (primary aromatic .amide), 1603, X58Sal;t4with a weak band at

5)2908 (aromatic ring with tec adjacent free hydrogen atoms)-e

-~ethyl-4-oyanoindane (43)*

An intimate mixture of the aa&&O with the same wtgfet of phosphorus
pentoxide was warmed to 120° for fifteen minutes*  Water mm carefully
aided to the cooled cdxtuve end the resulting solution extracted with
benzene*  'Hie benzene extract was washed with water and dried over
magnesium sulphate. v qoration of solvent afforded the nifcrile m

odourless elongated plates, m.p# 71-73° from petrol (40*60°) (lit* 1"

72*%¥9-73*2°)#  Found|B, 8*65%* requires 8, 8*9%.  The product
(iiujol m m«) ! **q
exhibited infra*04j,absorption at 222$om (aromatic nitills), 3000,
-1 -1

IdOGO*  with a very strong band at 8200a (astatic ring with two

adjacent free hydrogen atoms).

47 ydispea™” (44).

A mixture of lithium aluminium hydride (o*5g*) in dry ether (100 ml¥*)
was refluxed gently for two hour®. A4 solution of the cuter (ic.lx. 411
SM&e) in dry ether (15 ml*) was added slowly to the cooled mixture and
them refluxed gently for two hours*  The cooled mixture woe decomposed
by careful addition of dry sthylacetate and poured into ice-wa#er (100 ml*)
and acidified with dilute hydrochloric acid*  The separated ethereal layer
was washed with dilute sodium carbonate solution, water and dried over
magnecdu:.-; sulphate®*  Fveporetieii of solvent afforded the alcohol as a

thick, oil (1.65g.| 88/), solid at 0°.



The produet exhibited at 3300 and 1000 om
o]

(primxg hydroxyl), 3006t 1600, 1493°*  with a vary «t;mmg band at
o]

81f (aromatic rtag with two adjacent free hydrogen atoms) *

A solution of the alcohol (0»3£g*”) In glacial acatio acid contain-
ing a few drops of perchloric aoid was hydrogenated at 18° over
platinum oxide, hydrogen (43 5*1*) being absorbed within fifteen minutes.
The solution was poured into a largo volume of water and extracted with
ether (4g*)e Ethereal extracts were washed with dilute sodium bicarbon-
ate solution, water and dried over ra&gnesium sulphate. Careful eva;-or-
ation ©f solvent afforded a mobile oil, fractionated at 11 mm as a
colouxlwui oil, ~ 1.3290.

i?fee1 product exhibited weak: infra-red absorption bands at 2995 a»d
X600cia_ (aromatic) with a strong bend at 1493A_1 (aramstio) and &
very strong band at 807 (aromatic ring with two free adjacent
hydrogen atoms).

The product exhibited ultra-violet maximum in iso dotana at NMN*

(£'231) with shoulder maxims at 238.and 272 ¥*(lit. diffitiid 258, 265

and 273" i*

Cydrogen&tion of the uneaturatail asto osier ssarritfascent >jro-;uot.

A solution of th© uns&turated ket© ester (|*©O5g») in ethyl acetate
(ICO ail.) was hydrogenated using palladium*-oharcosl (10/) ~ the
eat:ilyst*  The absorption of hydrogen ceased after an uptake of 336
ml. (one double bond equivalent)s After filtration of the product,
residual oil was fractionally distilled to give the corresponding

saturated ketone b.p* d8**92¢/0.15 mm., 1.4722. Founds C,69.31



EvO*6$* A requires? C,69*6$ H,9*<S.

fhl«'QVHnpound was transparent in the ultra-violet but showed two
maxima at Vf?$Gn-1 (csxbethoxy) and 1?12 cm-l {six ring ketone) »

Tfe# corresponding 2i4-dinitroph©nylbydras©Ofse osyst&lllsad from
&ethi*nol in stout needle* m*p* 111-112'**  Found| 0,56*6$ f1,5¥40f N,14#1*

01 9 W 4 requires 0,56.45% H,5%9"s M )#8|JU

Hydrolysis of,tfe*aaAujrat®. ket”ator,imp«rsAr.above.

A solution of the above Keto-ester (1*5%%*) and potassium hydroxide
(1*37ff*) in aathaaol (50 «!*) was reflured for three hours and then
evaporated to dryness*  The residual solid wax* dissolved in water”®
extracted with ether to r&ov© my neutral material and then acidified
to eon™o red with dilute sulphuric aoid* fh» precipitated oil was
extracted with ether and the ethereal extracts washed with water, dried
and the solvent removed under reduced pressure*  The residual oil was
distilled affording the aatPirated kato-oarboxylic acid, b.p* 126-130°/

*7 jjp 1*4930*  Found$ Ct6?7«If B,8*4* require*
G,6?*3% h,8#2h* C-asethyl dwteredtmtionf Found, 6*85$ 1-C-esethyX

re uirae 7*<0$*

Clegtoenson, redyction of tho saturated kege-estar*

A solution of the saturated 4*t©-ester (lg.) in 'Ammm (20 ad*) was
refluxod for rdno hour© with a mixture of aui&lg®jsated sine (2g*)f
concentrated hydrochloric acid (100 &JL) and water (75 "1*)*  ffee
organic layer was separated fro® the cooled reaction fixture which was
then re-extracted with ether. The combined organic extracts were washed
with saturated ©odium carbonate solution, water, dried and the solvent

removed under reduced pressure*  The residual oil was dissolved in
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m iJmnol and treated with an excess of seditttR berehydri&es Isolation
in the normal manner gave m oil which was ehremot0$sa$&e& on alumina
(grade! }» Potroleuia-ethar (60-80 ) elution afforded the parent ethyl
aster m a sweet-smelling oil, (0*¥16$*) b.p* (oil hath temperature)
1JoVu BmB., hpl 1.4610* Found* C,74.05? H, 10.8. « * jy ™ requlxos
c,74.23? *,10.5536.

The infra-red spectrum (carbon tetrachloride solution) exhibited

a single maximum at /H250m (carbetliosyl)*

tTono-pipwrftiiylideno derivative of the saturated keto-aoid*

A solution of the saturated &©Oto~ester (0*22%%*) and ptperonsl in
ethanol (?$ &I1*5? containing aqueous sodium hydroxide (1 ml* If?)* was
warmed on a gteaa bath for ome hour and then evaporated to dryness*

The reoidu&X solid was dissolved in water, extracted with ether and then
acidified with dilute sulphuric acid and ro-ortracted with ether*  This
1& ttor ethereal extract was washed with water » dried and. the solvent
removed to furnish a thick o1l wides solidified on trituration with
ether* The mozM-pij*riutlidene”eto-ticid so obtained reexystellleed

from bensieno-petroleu® ether (60-80°) in micro-prisms, ®*p* 137—339"*

Foundj C,69*3| Hf5*9* ~X9"20% 0%69*58 Hf6#13/«

rydroly”ie of the una&turated feeto-estor®

The unsaturated ksto-eoter (3*%93"*5 **e added to a solution of
potassium hydroxide (1*27$*) In methanol (30 ml*) and the reaction
mixture ellowed to stand at room temperature for four hours*  After
evaporation to dryness, the residual solid wee dissolved in water,
extracted with other Mid then aoidlfied to conge red with dilute

sulphuric acid*  The precipitated oil wm extracted into ether, the



8*.
ethereal extracts washed with water, dried and the solvent removed to
give an oil which solidified on standing®  The crude umaé&urated keto

o&rboxylie acid (2*4%%*) crystallised from a small volume of ethyl acetate
IH stout prisma, m*p* 98 *-102° (decorope} * Pounds C 63*4$ K*?*051

Cl1Bl °3 re<fuljp** ct™*°i *#7*25Sk

Thermal fec'gftojLylntion of the tmeaturatefl fceto carboaorlic acid*

The uncatitrated koto—acid (2*0%*) was placed, in a flask fitted with
a reflux condenser and immersed in an oil hath held at 120*440° for
ninety ulrtutee*  The cooled reaction mixture was dissolved in other, and
washed oitb a saturated sodium carbonate solution, water and dried*
lemoVttl of the solvent furnished a mixture of the conjugated and non-
conjugated ufcaaturated ket-onan which could not he separated by fractional
distillation, b*p. 102~108°/ib sum*, i|f 1*4978-1*5061*

The infra-rod spectrum (liquid film) of this material e;('hibited
ta&g&ma at 1710 (sir-saembared ring ketone) and 1660 Cﬂln 1(conjugated
six ring- ketone )¢ fhe ultra-violet absorption spectrum showed a
maximum at B2 176,300).

this mixture gave a dark-red 2*4-dinitrophenylhydra&one (in
quantitative yield) which crystallised frecn ethyl alcohol in platea, m*p*
172-174a.  Found* C,57*95? H,5.30| 1,16*9* (G6H8°4M Cr3®*X]|
B,5.50] (4 K in chloroform £- )e

nydm-enation cf the gdxturc of conjugated -md non-donte attd unaaturated
ketones *

The mixture of ketones obtained above (0*8g) wa© hydrogenated in
ethyl acetate (10 ml*)vflllsdluB-charooal (10%)> uptake 13 ml. hydrogen*

The reaction mixture was then filtered and eve- orated on a steaa-batfc to
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215°
ftarntati * singl# pm im * 9 nep* 108°%i% 2O1TIZGQU& mm M & im &

stalls y&t&«mm In tM aft X?@5 C03?elOb#xftm«”) and inm
tM ois™al in ths ultarftyiolot*

ths oorrs&posdfti® jsl'lO* 214" IM ti*"«3 1" 3fansa« ss”sialliftwt fissa
methanol in needlas m.p. 118.5°-120°.  Pounds C>58.205 H,5.?70| IT, 17.0.
dt H* 0axv 8llUir,3s C,57'8°! H,6.05! H,16.85/".
vysatywattjBC_Arfis"» (3*3.U) awsw * M
vtifefc fiasflutai*

k saaspl* of U» hydroxy Itstanftftt«f ifc sftbaso! was naaaaoi on & «*ee&»
bail for %ctrty &&mtm with furftarstl imi fefgooouft aodim hp&toftldft
(2 wd)m  Tho rtaiftion s&tftus* «so than mge& aftftd to d"vaotftf iha
rml&k&l so 11! stissoXvsd in m tsr and ourtraetod «ifth sthor®*  Ite
«tbaPsall ftxftr*etfty * ftar stithitift tigftfe m&™ mM $fgiamg mm mgSmé M
to dxgmss aod th o1l ofcifom&togm™boil me alMHtsift (gsnm 1)#
cilosefoacss elution yields” »viscous oil exhibited 0o aais®
i tho wltraviolet *ft 320 ny* (1s2»70c)« Tt «SA iftfftftaitA* to INIfftanie

thd Su¥« furfuxsrlidmm deH m tive fro*, thia oil*

g~tyfe . lyX~"-o0agbotl™owkav (ft)#

£ tsixtur® of Viewbethos **aintl rXcyol ox'««sol50 (104,-*} %\ i*1lyl
bromide (life') wo» added dropriso t© * vigorously stirred solution of
mSiws (& lg«) 4* aahy&n *o sftfeattftl (600 al*) bold *t mdam
After stirring for throe hoursf the intsrsjediate thick pm%* iUaolwt
to give & solution®  loot of ths ®RPD®RM thm
*%&* liftAfteod s"reftelUM" ami ths reaction mfdedmiilu tfti with water end
ftotdifiad vsitfe iHmnftotrfttfti hyfteftfthl& i& e mucn  ffei* sthe«M s solution
fiss than iborouJily extracted eftftl etlser ami ths ee”iwed Otbearftitl ftgtm t*
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washed exhaustively with an aqueous sodium hydroxide solution (10/1
water and then dried#  Be&ev&l of the solvent followad by fractional
distillation of the residual oil, furnished 2-allyl—2oarbsthoxyHS«asthyl*

eyelobexanon® (160$#) as a water-clear liquid, h*p# d8-90°/0 *35 mn#,

»» 1.4659. * «* C,«9.a» B.M . mulM a Cffi9,St [(9" .

ffe# infra-rsd ep#*tMM> {liquid film) exhibitad laaxitaa *t 3GS0(H
and 1810 can-1

((I*OarbetIM>xy-g*ifs.t<H*>qsthyl) oyelohexylaoataldehyde (64).

Ouone (flow rate 40 ml/iain*) mm passed through a solution of
h-allyl-~-carbsihoxy-o-"thylcyolofaexanone (3%#) in mothylsne chloride
(300 ml#), held at -0, for seven hours#  Kino dust (2*4g*) and aqueous
acetic acid (40 ml* j0,)) were then added and most of the methylins
chloride removed under reduaed pressure# fhe resulting solution was
steam distilled and formidehyrie (identified as the 2i4-dinitrophenyl*
lydrassono) was isolated from the distillate* the volatile
fragment mm then extracted into ether, and the ethereal extract washed
with water and dried*  Hcsmoval of the solm t furnished a thick oil
which on distilletion gave the required aldehyde (14g«) b#p* ~8°/0#]1 am#,
p# 154690 W Mi| M 1tS f M*2# 0|gR|g&4 require# CF634#71 M*0$*

The eorreepending bis-2 ;i*Inltropbenylhydra&on* crystalUsed from
bensena-petroleuia ether (607)°) in yellow needles, kuju 195%»197°*

Fouadf 0,49%551 H#4#35» C2A6°10B8 r®uirss 9*49*XO| H,4#45s
K, 19a/

Atleapted ayellsations of ([*ciurbethoxy~2-feetr~>*figthylj eyelohexylacefc*
aldohyde (64)

1«) k solution of tic aldehyde (2*5g#) in diox&n (25 ®I1¢) was added

dr°Pwise to a refluxia; solution of dilate hydrochloric acid (5«d*t 619)



in dioxan (20 ml#) -and the reaction mixture refluxed for a further hour*
Tbs solution mm then concentrated to small bulk under reduced praseure
and ma&a alkalim with sodium carbonate*  The precipitated oil was
extracted into ether and the combined ethereal extracts washed with
water and dried*  Hssaoval of the solvent furnished a gum which could
cot be purified.

11*) The above reaction conditions were repeated at 45° but no eye lastion
was detected#

111.) A mixture of the aldehyde (2*25g*}# glacial acetic acid (9%6 ml¥),
concentrated hydrochloric acid (2*4 ml*) and water **8 ml#) mm warned
a* a steaa-buth for a few minutes and than allowed to stand at room
temperature for fifteen hours* The reaction mixture wan neutralised
with solid sodium bicarbonate and then concentrated under reduced preaevre*
The residual solution was extracted with ether and the ether extract®
washed with water and dried# He&ovel of the solvent furnished the
starting aldehyde#

IV#) The conditions described in (111) were repeated but the mixture
was refluxed for three hours* then this reaction mixture was worked up,
only a polymeric gm was isolated#

V.) The aldehyde ($g*) was added dropwis© with stirring to iee-oold
concentrated sulphuric acid (12 ml.)# After standing for five hours,
the rad reaction mixture was added to iee-water (30 ml#) and thoroughly
extracted with ether# The ethereal extracts were washed with water to
pi 79 then dried and evaporated# The resultant gu© could not be
purified either by ciromatograplqr on alumina or by high-vacuum

dietlllation*®



I"C*bo” tbojar*"W goxyl***tbylbloyelo (3*2173.) act
iSkJstM j

A aukpension of the aldehyde (I12g*) in aqueous sodium hydroxide
(10Q ml. 8;) was ehalcen for eighteen hours at room temperature arid
then extracted with ether fo0 remove the neutral starting material (C*23g*)
H e alkaline solution was acidified* to Congo rad with concentrated
hydrochloric acid and extracted with ether* the combined ethereal
extractst after washing with water and drying, were evaporated to
dryness and the residual oil esterlfied with diaasomethene®* the crude
liquid methyl ester (Xg*) was distilled, b*p* 122°/0«9&w» and on
standing deposited a small mount of crystalline material. Trituration
with ether/petroleum-other (40-60°) furnished solid l-carbotlrt?xy-6-
1"rdrox3r*5-® ethylM cyolo (3s2*1) oet&n-0~one (0*0%*) which ©Orystsdiised
from petroltum-eiber (60-80°) in needles m*p* 114-116°+  Founds C,62*155
Kf7*25% roqulvm C62%25?7 M?7*0*

The infra-red absorption spectrum (raijol mull) shewed maxima at
3440° (hydroxyl) 1735°~ (carboasethoxy) and 1705 (cyelohex&aom ) *

The corresponding p~toiueneaulphonaie crystallise! from petroleum
ether (40-60°) in plate® mwp* 85-87°, Then the squeous acidic solution*
was constantly ether extracted, the ethereal layer yielded crude
6-hydroxy~5-""tliylbicyolo (3*2*1) oota-8-one-X-carboxylie %oid (% ) which
crystallised fro© ether in stout needles sup* 153-157°*  Fou»ndj C,60*7#
u,6*65* CXOHU ¢4 r™ ulr® H,?a:-*

The corresponding methyl eater wee prepared tup* 112-114 /0*0$ nma*

The corresponding pra~toluen«*tulphonate crystallised from ethanol in
needles sup* 146®. Found| C,;)8*75? H,6*3* ('13K22063 r* uires F,59*05

K,6%e5/"*



9”0
IMcyoXo (.jtgtl) OntattO*6«8% [1QR« (") *

Chromium trio Kid® (0*lg«) in pyridine (1*5 ml*) was added to a
solution of 1"arbo”tho”y*64”ydroxy4H *”t2”hiqyelo (}*2sl) oetan™**
-one, liquid i&oaer, (&*!&e} and the reaction adxtttTo stirred at room
temperature overnighte  After pouring into ioe-watsr, the reaction
fixture wa# thor&u$hly extracted with ether m\d the combined ethareal
extracts washed suoes”™aivtljr with water* dilute hydrochloric acid,
water / rd than dried*  Removal or the solvent furnished the required
dione (G*C?g* 70f) which crystallised twm petroleam-eiher (60*80°) in
needles m*p* 10i?-1G3°»  Found) 0,63*30) H,6*6$* 1"14”4 rMuirss
C,62*851 H,6*7/

The Infra*-re& spectrum (carbor;stetrachloride solution) exhibited
asxlois St 178cf 1749 and 17.13 c* 1

fhe same diketcns was obtained on oxidation of tie solid, tydrojqr

keto-"iater isomer.

Xr<Arm”"b6 K i*"*"9""m i}> U 3”0 Lpzqg) o.ftt.v:. n? {69)*

A solution of phosphorus oxycbloi'ida (0*03 ml*)-in pyridine (0*5 &I1%*)
watt added to a eolation of the liquid hydroxy hobo-ester, (£5* Q«lg«)
in pyridine (0*3 fid.*) and the reaction Mxture after standing- YVsmigfet
at room temperature, poured into ics-cold dilute hydrochloric acid*
The reaction mixture was than extracted seitfa ether, and the combined
ethereal extracts wmhm\| with dilute sodium bicarbonate solution, water
and dried*  Eesov&l of the solvent furnished a viscous oil which
solidified on cooling* 142arbcurathOxy”~*hloro~5Maet&ylbieyelo (3»7??1)
ootane-6*-one thus isolated crystallised from petroleum-ether {60430 ) In
plate® m*p* f\V¥75°*  Found) 0,37*0} H#6*3, 01.13*2*  CH £1$0"C1 requires
Ct3TOS51 H,5#5| 01,13*35~

ffce



fhe eaaae chloro-coiapouiid was obtained ifeea the isemorie crystalline

alcohol was treated as above*

A»tolr2rittoia™” M «trcyelOt»y 9P tan »ls aeia lastonw (67).

A solution of the liquid alcohol (63, 1*2%%*) in concentrated
sulphuric* acid was stirred at 0 overal-ghi, then poured imto lce«wate? and
extracted with ether®*  The combined ethereal extracts were washed with
water, dried, and the solvent removed to furnish the lactone (6Js 0%*4%.)
which erjyt&llised from etroleum-eth&r (60-60°) in plates sup* 102-103°
Foundf C,62*50f §,7 *45* C,62%258 H,?*#*

;he infra-red speeixtiai (carbon tetrachloride solution) flowed one
peak at 1240 CQID- ®
4-2athyleycloiuapfc-l-ene-1 $4-diearboxylle acid (71)*

1 solution of the above lactone (0*53%*) in raetbenol (5 »1*) was
ref uxed with potassium hydroxide (0*087f*) for three hours and than
evaporated to drymm + the residual solid was dissolved in water,
extracted *»ith ether, at«d then acidified to eon’so red with concentrated
hydrochloric acid*  The acidic solution waft extracted with ether, and
the other extracts washed tilth water, dried, and the solvent removed
under reduced pressure® Phe residual solid (O«03&«) crystallised from
benzene to give the dicarbexylic acid as needles m*p* 173-177°%

Fotmd! ¢,60*70| B,?.0* C*ji o requires c,606c-$ B,7*10f.

The infra-red epeotrua (nujel null) showed maxima at 3200*45600
X A
{carboxyl) IfOJO** with a shoulder at 1J)om *
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