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Summary of M.Se. Thesis J.G, Hauilton, 1961

Synthotic routea to 9 and 10 membered ring systems have besh
investigated as followss—

Biroh reduction of napithalene yields isotetralin (iids5s8
tetrahydronaphithalene) whioh has been converted through its mono epoxide
(5310-oxidos A 216 bexahydronapkhalene) to trans (\ 26 hexalydronaphthal one~
$310-dio)l and this substance has been cleaved by moans of lead totrauncotate
t0 cyclodeca-3:8 dien-1:6-dione., The product has been charucterised as its
bis-~2:4-dinotrophenylhydragons., Attempts %o introduce iurther unsuturation
into the ring were unsucceasiul,

A mimilar series of reactions was carried out on indane, and yielded
in turn, 417-dihydro-819-oxidoirdene, the corresponding diol,[x 516 hoxa~
hydroindene-8:9-diol and cyclonon-7en-is5-dione., The structure of this
end product was rigorously established by its rouduction under wspeocial
conditions to cyclononan—-ls5-diol., This product was isolated as a mixture
of stereoisomers, one of which was found to be identiocal with an authentioe
samnple kindly supplied by Protessor V. Prelog of Zurich, Under difierent
conditions the reduction proceeded anomalously. In an attempt to isomerise
the double bond into conjugation with one of the carbonyl functions, tho ene
dione was treated with ethanolic potassium acetate. The product was not
the expected conjugated dione., An exhaustive investigation, employing
both chemical and spactroscopic methods has shown that the potasaium acetate
troatment promotes a transannular aldol condensation yielding initlally
41 5161 7-tetrahydroinden~7~one which dimerises fairly rapidly. The structure
of the dimer has been tentatively amsigned on the basis of its proton
magnetic resonance specirum.
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STMMARY

The diol III (Chort VI) was prepared Srom
Mpghclene via toosetetralin by the method of Hsokel
ong Sohlee’ and its reaction with lead setraceetate
tnvestigated, Tt was pound to yleld the ketone IV
but in poor yteld, ittempts to prepare the COrres=
ponding fully conjuguied dione(VI) by bromination
Jollowed by dehydrobromination were not suoccegsful,
The dtol (IX) obtctned frem tndone vic dthydrotindane
by the method of Ulovanni and wegmuller” wae treated
with lead tetracetate under a vartety oy conditions
and a dixetone obtained in high yteld whose atruoture
was shown to be (X). On treatment with potasstum
asetate under pery mitld conditfone X was trensformed
into o compound whose structure ts represented by C
%‘m .- | o



INTRODUCTIONR

. A considerable number of natural products contain
uedium sized rings of nine or ten carbon atoms and
examples of these are given in Chart I. The construction
‘of rings of this size in good yield has always given rise
to considerable difficulty and many attempts have been
made to find better synthetic routes. Five of these are
worth mentioning in detail and are illustrated in Chart II
(Page ag ).

An early method was that of Ruzickg who distilled
rare earth salts of dicarboxylic acids in vacuo, or
alternatively passed the vapour of the acid over the
oxide, The yields of the cyclic ketones in the range Cy.qy
was only about 0.%&5 The high dilution method of Ziegler,
Eberle and Ohlinger was an improved method of obtaining
the intramolecular condensation product in good yield
and involved the treatment of an d-w dinitrile with
lithium ethylanilide, so forming the monolithium salt
which cyclises as shown in Chart II. In this case too,
however, the yield in the ring size range 9445 negligible.
Ahfurther method of,sgnthesising large membered rings is
that of Hunsdiecker. This is also a high dilution method
and involves cyclisation of an W-halogenoacylacetic ester
to give a cyclic B-keto ester. The diketen method is
another whereby large membered rings may be constructed.
This method involves preparation of an «-w diketen by
treating an d-W dicarboxylic acid chloride with ethereal
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triethylamine. This seersenges—snd is Lydrolysed with
alkali to give the two ketonos shown in Chart 11, fere
sgein the yields in the renge Cyy are poor. A better
preporeative Egﬁgumﬂ is that which employs the acyloin
sondonsstion. This is carried out by heating an

d«w dicarboxylic ecater in xylene solution with molten
sodium under vigorous stirring. In the region where a
poor yield wes given by the previous methods, i.c. Cegqy
yields of around 30~40% aro olteinable, The reason for
the relative success of this method is probobly that the
two electyrophilic residues of the moleocule con be absorbed
on the electron rich surface of the {inely divided molten
metal. They cen then preadily approach easch othor, this
requiring less onergy than €er removal of the molecule
from the metal surfoce. Chart 111 shows the approximato
yields of rdng compounds of various siges oltained by the
different mothods.

The Demjanov and diasgomethane ring exponsions are
also appliceble in some ceases tv the synthesis of medium
l’iﬁﬁla

An alternative approach which has been used is the
opening up of a bridge between two rinzgs, An exomple of
this was the original nyathaﬁ§a of cyclooctatetreene from
R-Pslletiorine by willstatter using exhaustive
methylation by the loffmenn wethod (see Chart 1V). Tho
synthesis of asulene Ly the method of Plattner and Pfan
dnvolves cleavage of the double Lomd in‘oetalin with osone.
Reoyclisstion scross the ten membered ring occurs readily
aa shown in Chart IV, Other methods of synthosis of
modium membered rings involving veggxgl of & bridge between
two rings have been devised by Cope and co-workers (sec
Chart 1IV).
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The method which we have atudied involves the
use of lead tetraancetate for cleaving the singzle bond
betweon two fused rings in napthalene and indone
derivativg;;" This reaction has previcusly been studied
by Criegee * Tand coeworkers, who foumd thet cis-diols of
this type reacted most readily Lut that trans-diols would
also react in some cases. Compounds which were cloaved
by these workers included the diols (X1V) snd (XV)

(Chart IV) .

Gerob end sehian:' used the technique of carrying
out the trestment of the diol (111) with lesd tetraacetate
in smethanol in the presence of trichloredcetic acid using
careful control of temperature, 1In this way they obtained
the ketal (V) ia high yield,




DISCUSEION

In this work it was decided to investigate a
possible method of synthesising some nine and ten membered
ring compounds ueing the cleavage of trans 1:2 diols with
lead tetraacetate, VWe had in mind a synthesis of the
caryophyllene skeleton by the route outlined in Chart V.

‘ Napthalene was reduced to isotetralin I (Chart V1)
as descoribed by Ebirch Murray and $:3mi1:l“1.‘7 The meliding point
of the reorystallised material was found to be in agrecment
with that reported by Huckel and Schlce' Lut higher than
that given by BEirch Murray and .‘;%mith." it wis also found,
in agreement with luckel and Sciiled that the puriticd
isotetralin, once thoroughly puriiied and free from alkali,

no longer became brown and sticky on standing in air.

The product was epoxidised by the methou of iluckel
and 50&160‘ using & chloroform solution of perbenzoic acid,
when only one mole of perbenzoic acid at 0“C is added to
& solution of one mole of isotetralin, epoxidation of the
tetrasubstituted double bond occurs preferentially, leaving
the disubstituted onesuntouched. The product is 11, ase
already demonstrated by Huckel and Schlee

The hydrolysis of the eﬁoxide to the trans-diol
(1I1) wae carried out by the literature method, i.e,
warming with cdilute acetic acid followed by recrystallisctior
of the product from water, The infra-red spectrum of the
product suggested that there was a8 trace of acetate present
in the diol, becousc there was a weak carbonyl pesk in the
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appropriatu pesition (1735 css) This was, hewever,
eliminsted by roeryat&lltuation from water,

In order to check the identity of‘ the diol a
portion was converted into its diacetate by waraming cently
with excess of acetyl chlorides« The ready formation of
the diacetate is of considerable interest as it is unusual
for tertiary hydroxyl groups to be so readily acetylated;

It was found that lib-diketocyclodeca-3if-diene
(I¥) could be prepared in the pure state by cleavace of the
diol (IXI) with lead tetrsacetate: However the yield
veried between 8% and 122, After Jhe preparation had been
carried out by us Grob and Schiess published details of a
method of cleaving the diol (II1) to a mixture of the
dione (IV) end its tetramethylketal (V), the latter
compound being obtained in good yield. The method devised
by them involved adding lead tetrascetate to a solution of
the diol in methanol containing trichloroacetic acid, the
resction being carried out at room temperatures This
preparation was repeated by us using their method, with
the object of hydrolysing the ketal to the dione (1IV).
piffioulty was encountered however in carrying out this
hydrélyaiu and only poosr yields of the purified dione were
obtained ( 15%): Attempta were made to prepare the
corvesponding fully conjugated dione (V1) by addition of
bromine to the ketsl followed by dehydrobromination and
hydrolysia of the ketal: At room temperature excess of
bromine in chloroform solution gave a purple solutiem
which on evaporation gave mainly carbon with loss of
hydrogen bromide; Under the same conditions chlorine
gave & glassy solid which rapidly darkened on treatment
with acid or bases With the theoretical quantity of



bromine in pyridine at room temperature the bromine was
slowly dobolnuriaed, a yellow resin being isolated

from the mixture, but attempts to obtain its 2:14-
fliinitrophenylhydrazone in a sharply melting state were
unsuccessful, The tetramethylketal (V) was treated with
iodine and silver acetuate using Woodwsrd's procedure®’
liowever the ester so produced only yielded a black tar

on treatment with alkali.

As an alternative approach to the synthesis of
the fully conjugated dione (VI) the diol was treated with
exceas of bromine to give its tetrabromide (VIa), and
after characterisation of this compound, attempts were
made to cleave this with lead tetraacetate both in
refluxing tetrahydrofuran and in anisole. In both cases
it was returned unchanged.

A similar series of reactions was carried out on
indane with the object of preparing the corresponding
nine membered ring diketone (X)., The first stage in
this synthesis was the preparation of 4:7-dihydroindane (VII)
by the method of Giovanni and Wegmuller® using the Birch
reduction of indane with sodium and methanol in liquid
ammonia. Spectrophotometric (ultra-violet) determinations
carried out on the colourless product indicated a small
reeidual quantity of indane, but repeated reduction
reduced this to a still smaller value., The effect of
adding the sodium to the liquid ammonia gfter the indane
and methanol mixture was investigated, instead of adding
the sodium before it as recomménded by Giovanni and
Wegmnllerf Little difference in the result was observed
however. The colourless, twice reduced (but undistilled)
product (VII) was used directly for the epoxidation.



Perphthalic acid was employed for the epoxidetion
using oeu:nt&nlly the same technique os Giovanni and
Woegmullers The ovude epoxide (VIII) yielded by this
method as a colourless liquid, was hydrolysed at 0%
with very dilute perchloric acid to give the crystalline
trens diol (IX).

It was found that the trans diol (IX) could be
cleaved to the dione (X) by refluxing in benzene solution
with excess of lead tetreacetate, ilowever, a much better
yield was obtained by using the technique applied by Grobl
and Schiess to the napthslene diol (Iil), i.e, using a
solution of the diel in methanol in the presence of
trichloroacetic acid at room temperature, 1If purified
diol was used &8s starting material and the reaction
temperature carefully controlled a pure product ocould be
obtained in high yield, The dione (X, was the sole
product, no apprecieble quantity of ketal being produced
since no ether bands were detectable in the infra-red
spectrum even of the orude product, This is in contrast
to the preparation of the tetramethylketal (V) from the
napthalene diol (I1XI)., Some experiments were carried
out in order to confirm the structure of the dione (X),
Pirstly a hydrogenation was carried out using palladium
charcoal as catalyst, Surprisingly, the indane
derivative (XII) was formed direotly from the reduction
and was characterised by analysis of the semicarbasone.
The 214- dinitrophenylhydrazone end oxime ngzﬁﬁmkgglgxggared.
The melting points of the semicarbazone and omime showed no
depression, on mixing with authentic ssmples provided by
Professor V. Prelog., A further betch of the dione (X)
wae reduced with lithium sluminium hydride followed by




hydrogenation using palladium charcosl a$ ocatalyst. fThe
stereoisomeric diels so produced were separated by
chromatography using the method of Prelog, Schenker and
Kiﬁing%e one in the pure state and the oither in the form of
its penitrobenzoate, From a mixture of the authentic
p=nitrobenzoates supplied by F’relog one of the p-nitrobenzoates
wés isoleted in the pure state and found to be identical with
the pe-nitrobenzoate prepared from the dione. This latter
experiment clearly establishes that the dione (X) has in
fact a nine membered ring. In addition to obtaining a
correct analysis for the dione (X) itself, the 2:4~
dinitrophenylhydragzone was prepared and found to give
appropriate analyses for carbon and hydrogen. When
prepared under mild conditions, i.cs resction with 2:14-
tinitrophenylhydrazine in aqueous methanol in presence of
a little sulphuric acid at 10°C, filtering off the product
after one minute and purifying, it was yellow in colour,
indicating that the double bond in the nine membered ring
had not moved into conjugation with the carbonenitirogen
double bLond, The infra-red and ultra-violet spcotra of
the dione also showed that the'carhonyl group was not
conjugated, and the ulira-violet indicating an

By =unsaturated ketnna?‘ {I1.Rs peak at 1710 én? U,Ve in
ethanol peaks at 201 mpm,, € = 3,706 and 292, € = 1190).

If the 2:14-dinitrophenylhydrazone was allowed to stand in
presence of acid it turned red with lowering of the
melting point indicating conjugation of the carbonyl
‘group, OUgzonolysis and algo bromination of the dione (X)
was carried out but the products were not idemntified.,
Nevertheless the above experimemnts confirm that the dione
has the formula (X).
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Attempts were now smade to move the double bond
in X into conjugation with the carbonyl group in order
to attempt & proposed synthesis of a caryophyllene
derivative (see Chart V),

Dilute alkali yielded 2 red resin from which no
definite product could be isolated, A specimen of the
dione (X) in benzene solution was refluxed with one
molecular proportion of ethylene glycol and a little
p-toluenesulphonic acid in an attempt to bLlock one of
the carbomnyl groups. Vater was found to distil off
with the refluxing benzene in approximotely the theoretical
quantity indicating formation of a ketal but the product
could not be characterised, A further procecure which
was t(ried was the treatment of the pure dione (X) in
ethanol with excess of potassium acetate. An intense
orimson colour developed at room temperature. After the
working upﬁihe mixture, the brown resinous product was
distilled under vacuum yielding a pale yellow liqudd
which slowly solidified, In spite of the relative
volatility of the distillate, the resin required heating
to about 200°C in high vacuum and the product solidified
only slowly even on seeding the liquid. The solid
analysed as the simple aldol condensation product formed
by elimination of one molecule of water from one molecule
of the dione, i.e, XVI or XViI, The molecular weight
ebtained by the mess speotrometric method wes 134, On
the other hand, it seemed unlikely thet such a compound
would be solid and have such & high boiling peint,
Moreover, these structures are both equelly reactive being
both dienes end dienophiles, and it seemed likely that they
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would dimerise. Reinspection of the mmss~spectrum chart
revealed sn extremely weak peek at 268. 4n ebullioscopic
deteranination in benrene gave a value of 236 indicating
that the product was indecd a dimer. It seemed likely
that the product was a dimer of XVI or XVIIi formed by a
Diels Alder condensation betwesen two molecules, This
would account for the unexpectedly high melting point
(110°C) and the peculiar distillation chsracteristics,

It must be presumed that the dimerisation was reversed in
the high energy beam oif the mass spectrometer, and that
distilletion also produced monomer which slowly redimerised,
That this is B0 was shiown by cetalytic reduction of the
dimer (XI) followed Ly a molecular weight determination

by the mass spectrophotometer, on the crude product, The
value was found to be 272, This shows that by rcmoving
the double bonds and so0 elininating the opportunity for a
reverse Diels Alder, the mass spectrum gives the true
molecular welght.

Speetral studies also support the dimeric structure.
Ultra-violet spectrum in ethanol:peaks at 249 mp. €= 9 ,120’;' %
205 opee = 5,403, From oconsideration of VWoodwerd's Rules
neither XVI nor XVII would be expected to absorb at this
wavelength. The infra red spectrum showed three well
defined peeks in the carbonyl region &nd the effect on
these of using different solvents was investigated. The
positions of the peaks and their half band widths are
tabulsted for the three solvents, hexsne, carbon
tqtraahzuridc and chloroforn (see Chart VIX),




The following points were notedie
(1) As carbonyl values shift with change of solvent
and as the carbon to carbon double bond values are
constant“‘ it can be seen that we have two types of
carbonyl,

(2) The saturated carbonyl frequency is low and the

small shift (only 10 em™ ) means that there is a highly
substituted1uxposition,the 1680 on' band smst be due to

an unsaturated carbonyl in a six membered ring.

(3) the 1680 ca™ band is sharp in hexane and there is
nothing at 1680 cn™ in chloroform or carbon tetrachloride,
therefore the middle peak only indicates one carbonyl,

(4) The conjugated carbonyl peak shifts considerably,
therefore it ig not very hindered.

(5) The relative intesities suggest, e satgﬁtted and an +M“A&
unsaturated carbonyl, (The middle peak [being unsaturatqu.
(6) The 1630 emi! band is sharp and has little shift which
suggests a carbon to carbon double bond,

 These results fit four proﬁablg formulae for XI, namely

Ay By C and D, '

The condensation product (XI) was reduced with
sodium borohydride, the carbonyl peak in the infra red
being completely removed. After one recrystallisation
from ether the reduced product did not melt sharply
(m.p. 130«150°C) probably owing to its being a mixture
" of stereoisomers, It was verified by mixed melting
point and similarity of infra red absorptiomn spectra
that a product obtained by chromic scid oxidation of this
borohydride reduced product was idemticel with the
original condemsation product (XI). This reoxidation




13

proved that no overereduction had takem place during
the borohydride trestment. (Cases are known where carbon
to carbon double bonds can be reduced under these
conditiona. )" %maquently s the ultra-violet absorption
spectrum of the borohydride product should reveal the
presence or absence of a conjusatcd diene system in XI.
No absorption was found above 220 mp. and this further
eliminates structures XVI and XVII, A mass spectrum of
the sodium borohydride reduced product gave a peek at
272 together with some dimsociation peaks immediately
below this, but also some peaks in the range 285-286

and 311-315, probably due to the presence of some horate
esters., In order to distinguish between structures A
oé B and strctures C or I the Nuclear Magnetic Resonance
spectrum was recorded in chloroform solution., The
substance showed three vinyl protons, two of these split
by coupling (Y = 3,253 3.55 and 4.27) This evidence
eliminotes A and I and is consistent with C or D, both
of which have three vinyl protons, two of which are on
adjacent carbon stoms, We are unable to meke a choice
bc't.waen structures C and D,

Due to our inability to produce a nine membered
&neodione with a conjugeted double bond, our original
aynehui; has been abandoned,
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'BXPERIMENTAL

Preparation of isotetrs s?z To anhydrous liquid ammonia
(350 e,ca) in a three I&bro flask cooled by solid carbon
dioxide and ethenol was added a solution of pure
sapthalene (10 gm.) in “super dry* ethanol (40 c.c.) and
anhydrous ether (50 c,c.) with vigorous stirring in order
to produce a very fine suspension, Sodium (15 gm.) in
subll pleces was then added slowly and a further 150 c.c.
of amnonis added, After one hour the cooling bath was
removed and most of the ammonia allowed to evaporate
until & white pasty nasse remained (about 1} hours;.

Water (200 c,ce) was added and the crude product filtered
off, washed well with water ond dried, and then
reorystallised from methanol (m.pe 58-59°C; yield 4.7 gm.

46% ).

%% |
L0 - A v Hexanye a0 241 ene ! Perbengoic acid

(550 CeCe) coutainiuw 4 ngme of active oxyzen per c,.cC,

in chloroform solution was added in 50 c.c. portions to

& molution of isotetralin (20 gm.) in chloroform (50 c.c.)
at 0°C end stirred for ten minutes. The solution was then
washed with normel sodium hydroxide solution to remove
benzoic acid, end then washed snd dried (Na,S0,.) = The
solid product obteined on evaporation of the chlorofora
wes recrystallised from petrol (b.pe 60-80°C) to give
needles of m.p. 56-60°C, (Yield 14 gms 64%).
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£y - =
9:10 ox.tdmud | hmhydm#thnme (1::) (w gm, ) and 15%
aqueous acetid acid (70 gm,) were warmed together for
four hours. The solution was then cooled to 0°C and the
crystals filtered off, The product was recrystallised
from hot water and dried over silice gel in vacuo, the
white needles crumbling to a white powder with loss of
water (m.p. 76&7800)3 yield 5.5 gme (50%2). A portion
was warmed with normal potassium hydroxide, the product
beirg filtered off after cooling and recrystallised from
hot water as before, the melting point and infra-red
spectrum after deying being unchanged.

The diol (111)3 (1 gn.) wes ntirred with aoetyl chloride
(10 gm.) at 30°C until it went into solution (about 30
minutes ) hydrogen chloride being evolved. The solution
was then peured into water and the solid obtained
filtered and washed., The crude diacetrte was twice
recrystallised from methanol (m.p. 168-170°C,)

The trans diol (1111, (5 gm.) and lead tetraacetate (20 gm,)
in benzene (100 c.c.) were gefluxed for 30 minutes and then
cooled., Enough ethylene glycol was then added dropwise to
give a colourless solution and a negative starch-iodide
test. The benzene solution was then washed with & little
water, dried (Na»S0;). and evaporated to dryness, A white
solid remsined (0.42 gmg B8%) which after reorystallisation
twice from benszene/potrol had m.p. 178~180°C.
found $ C » 73,05 % i ™ 7,11
C 10Hy2 Oz requires % C = 73.14 % I = 7.37
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RS2 2N

This was prepared by treating a solution of the diketone
in agueous methanol with excess of Brady's roagent (a
solution of 2:14-dinitrophenylhydrazine in agusous methanol
containing a little sulphuric acid), The precipitate was
fi;torgg&and dried ==g recrystallised twice from nitro-
benzene (westiing well with alcohol and ether (m.p. 208°C).
found % = 50,46 41 = 3,82 AN = 21,27
CidlacPs Ng requires 5C = 50,38 HH = 3,84 %N = 21,37

L N LB LE RRCLINORYE Y] QO *~ 250 L4 Crie
To a solution of the diol (XIII) (25 gm; 0.3 mol) and
trichloroacetic acid (74 gmj 0.9 wol) in anhydrous
sethanol (4000 c.0.) was added with stirring finely
powdered lead tetraacetate (100 gmj 0,45 mol) alowly and
with vigorous stirsing during 15 minutes, the temperature
being maintained below 30°C,

The stirring of the yellow reaction mixture was continued
for four hours at room temperature, and after cooling to
00C the solid was filtered off and wgshed with methanol,
The filtrate was then evaporated to a third of its bulk
and the solid which sepsrated again filtered, To fres
them from lead salts the combined crops of crystals were
suspended in water (250 ¢.c.) and after stirring filtered
off and tiorougily washed and dried. The product was
then recrystallised from chlorofora/methanol to give white
plates of m.p., 199-2009¢ (Yield 22 gm; 54%).

The free ketone could only be obtained im poor yield by
warming this tetramethylketal on the steam bath for 30
minutes with 10% agueous acetic acid and recrystallising the
dark product frem benzene/petrol.
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The bis 2t4-dinitrophenylhydraaone of the dione (IV) was
readily obtained by treating the tetrameshylketal in
alecholic solution with Brady's reagent. No depression
of tlic nelting point was obtained on mixing with an
authentic sample prepared dircctly from the dione,

lexahvdronanpthalene 9310-diol toetrabromide

To the diol IIT (10 gm.) dissolved in chloroform at 409C
excess of broazine in chloroform was added until the colour
persistod for tan ninutcs, The solution was now cooled
and the crystals flltered off and washed with a little
c¢hloroforn,. The sclid was then twice recrystallised
from tetrahydrofuran {(m.p. 2039C),

found #C = 25,00 %H = 2,960 %Br = 65,73
GollyQ By requires 3C = 24,72 4H = 2,905 %Dr = 605,82
This compound was returned unchanged on refluxing with
excess of lead tetraacetate both in tetrahydrofuran and
in anisole,

4s7-pihvdroindane (VILF

Indane Uredistilled; 30 gm.) in methanol (2§ gm; dried
by treatment with magnesium and iodine) was added to a
solution of sodium (15 gm.) in anhydrous liquid ammonia
(500 c.c.) irn a three litre flask which was cooled by
solid carbon dioxide and methanol. The solution was
stirred vigorously throughout the addition. After two
hours stirring xost (but not 311) of the ammonia was
distilled off by placing the flask in warm water, and
water (250 c.c,) added slowly, The solution was then
extracted with ether (700 c.c.), washed with a little
normal hydrochloric acid, and then with water and dried
(Ney3Q, )« Ob removing the ether under vacuum a colourless
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Iiquid remained. Spectropi.otonetrie determinations
indicated a residusl indune content of 4-8%, A
repeated reduction (this time adding the sodium after
the indane/methancl mixture) gave a residual indane
cortent of 1.3% in the colourless liquid product
(yiold 25 gm; 82%)

437-Dihvdre = B:9-oxideindans (MIII]‘

To 437-Oihydreindane (VII) (41.5 gme) in anhydrous cthep
(200 c.c.) at ~ 39°C was added dropwise with vigorous
stirring ethercal perphthalic acid (040 c.c, of a solution
containing 4.42 mg./c.c. of active oxygen) the temperature
belng maintained bolow 09C,  After one hour the temperature
was raised to 20°C and maintained at this value for 24
hours, A further 500 c.¢s of ether wgs then added and
the solution decanted {rom the precipitated phthalic acid
and washed with dilute sodiwm carbonate solution to remove
acid followed Ly a little ferrous sulphate and then water,
and dried (Na $50,)« Lvaporation of the cther yieclded
crude 4:7 Dihydro « B8:Y oxidoindane (VIII) as a colourless
liquid (yield 18 guj; 85%).

A [ e 2

-
P y -

417 bihydro ~8:19- oxidoindane (VIII) (10 gm,) in 0.4N
perchloric acid (100 c.ce) at 0°C was stirred for two
hours, the tcuzperature being maintaincd close to €9C,
The whito needles of the diol were filtered off (in a
few cases it was found mecessary to scratch the flask in
order to induce crystallisation) and washed thoroughly
with lce water and dried. It was recrystallised from
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MMM m‘” (hw’. 80*1000(:) (’&d‘ ﬁm RePos 35*86OC)0

& to the relatively a-nll nolubility gradient
with téjiperature of the diol in petrol it was necessary
to evaporate the saturated solution to a third of its
original velume in order to secure édiquate recovery,

rhe Biol Ix (5 Em; pura) and lead tetraacetate
(40 gm) in anhydrous benssne (300 c.c.) was heated vnder
refilux on & stesm bath for 30 minutes, Ethyleng glycol
was then added dropwise to the hot solution until it
became colourless and no colouration was given with starch-
iodide paper. The benzens laver we was then washed with
water and dried (uaa_sou).' &gfirenovignghe solvent a
pale yellow 0il remained which after two recrystallisations
 from ether(cooling both the selution and the fumnel in an
ether/solid carbon dioxide mixturo) had m,p. 23+25°C
,(yield Oeﬁgn; 1&!).

| To tha trans diol Ix (10¢m; puro) and dried crystals
' .of trichloroacetic acid (30 gm) in anhydrous methanol
(320cc; dried with magnesium and iodine) at =10°C was
added with vigorous stirring finely powered lead ‘
tetraacetate (50gm) in small portions: After one hour
the cooling bath was removed and replaced by one at 15°C,
the stirring being continued for a further two hours.
Most of the methanol was now removed under vacuum without
spplying any hest and water (700co.) added. The mixture
was transferred to a five litre beaker and chlorofora

(2 litres) added. Sodium carbonate solution was now
added in small portions with stirring until the mixture
‘was faintly alkaline to litmus, the lead salts being




30

thereby precipitated as lead carbonate and dioxide*

The chloroform layer was now separated using a five
litre separating funnel* stirring period!eally in order
to ensure separation of the ohlorofora layer and the
aqueous layer containing the lead salts* In order to
ensure complete extraction the aqueous layer was shaken
with a further 400cc. of chloroform and the lead salts
filtered off* the second chloroform layer then being
separated* Both Chloroform layers were then combined}
washed tdth dilute sodium.b%asg@@&g&g*oghen with water
and finally dried (Ha”O"* *Ow-ronovingHthe chloroform
under vacuum a pale yellow liquid remained which solidi*
fled slowly on standing (field 8»7gmf 91%) »*p* 13~20°C»
After two reeryatallisations from ether (carried out as
described aboveJ the smiting point was 25°C (yield 4»2%ni
45%)*  for analysis it was distilled under high vacuus*

found #C - 70*81 SU - 8*20
Oarequires *C « 71*02 31 W 7%95

The bis 2<4'fiiinitrephenylhydrasone was prepared by
adding a solution of the ketone in methanol to Brady’s
reagent* the temperature being kept below 10°C and the
precipitate filtered off after one minute*  After
washing well with methanol it was reerystalliaed twice
from ethyl acetate (s#p« 201°C)»

found %c « 49*%04 S *4*1g 2% * 21*93
€HHSSpi#| requires 1% **49*21  #* » 3*93  ** m 21*88
AFKOC3k. » Mo 1" AHifistd KKdfa

the dione (2) <5gn) and aahydrctispotaesiu* acetate
(10s»; in ethanol (XOOcc) wt atirrad at 30°C far two
boor* and the ethanol than dietilled off in weouo, the
tnpentvra being aaintained below 30°C, Water (loooc)



and Chloroform (100cc) were now added and the mixture

made slightly acid with dilute hydrochloric acid.

The chloroform was separated, washed with a little water
and dried (Ha” SO"). After removal of the chloroform a
viscous resin remained which on distillation under high
vacuum yielded a pale amber liquid (b.p. 100°C under 0.lmm)
which solidified on prolonged standing to give a white
solid* This was twice recrystallised from methanol

(sup. 11©°C* yield 0.6gm) .

found 3%C * 80.35 « 7.23
0 requires 3C **go .56 &= « 7,51

The infra red spectrum* even after repeated
recrystallisation from methanol showed three peaks in the
carbonyl region (Chart VII). The most intense of the three
peaks was the middle one* while the lowest one was
relatively weak* the highest one being of intermediate

intensity*
The molecular weight (ebullioscopic) in bensene was
23d. The value cbtained by the mass spectrometric method

was 134 with a weak peak at 268.
Ultra violet spectrum in ethanol:
peaks at 249 spo- £ ** 9%400 7 205 m™ € A 5%493
Hydrogenation of 1t5-Diketocyclonon*7”gne OU
135-Biketocyclonon«=7~ene (3gm«) in ethanol (100cc)
was treated with hydrogen in the presence of palladium
charcoal (1.Sgmj 1050 with continual shaking* 1.25 moles
of hydrogen being absorbed in five minutes. The catalyst
was filtered off and after removal of the ethanol a pale
yellow liquid was obtained which was distilled under
vacuumn. Tt readily yielded a semicarbazone* a 234"
fifinitrophenylhydrazone and an oxime whose melting points
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corresponded to those of the corresponding derivatives
Of the ketone (XXX)*
Per analysis the seoiearhasovie was recrystallised
from aethmo! («up* 253-254%)#
found *5 * 62*05 #1 e T**2 *X * 21*81
c /of,/* 130 e - 62+15 1i ;*x 788  *» » 31%75
An authentic cample supplied ty Prelag(m./>. 3554-255%)
gave no dcpressioc on mixing with the sample obtained
as described abuve*

The 2 14-dintrophenylfgrdrasotte was prepared and
reeryatallined from chlorefonti/methanol m*p» 247-249%#
The authentic sample supplied fey Prelog melted at 248*
349% and gave no depression on mixing with the
derivative of the sample obtained as described above*

The oxime was prepared by adding an alcoholic
solution of the ketone to an aqueous/alcoholic solution of
hydroxylamina hydrochloride and sodium acetate*  The
product was obtained as white needles on recrystallisation
from petrol <feffpr 6G~80%) ©*p* 134-136%

g tBtlwi rf 1itiii7|SirtwdlifflfmiGyrapa frUiMMUttE
iMwriitoi*

f* 1»J-*Bketocyclos\or.eibe-7 (3g9») in anhydrous ether
was Added lithlu* alueiniu* hydride (ig»> with vigorous
stirring and the alxturo refluxed for fear hours,
followed by stirring overnight, A Butursted solution of
sodlua sulphate was nos added and the nlsture shaken for
thirty ntnutes* The solid was now filtered off end washed
with ether* The ether entrants were now combined and
after renewal of the solvent a colourless oil reaained.
Thin was then dissolved in ethanol (100cc) and palladiun
charcoal (101) 0.Sgn) added and the oil hydrogenated at
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AKX tmpmmtw* and atmospheric pressure* 0*8 moles
being abacirbed in rive hours* After filtering eff the
catalyst end ovaporation of the alcohol a viscous oil
with s caRtphcraceoM <kHhip remained, which van chromato-
graphed ever basic alumina of activity Hi* Frew the
henacne/ether fraction a crystalline material was obtained
which after three reerystallisatiems from petrol had m*p»
6G<*t4°C#  Pro* the ether eluate after treatment with
poi&ferabaaisyl chloride in pyridine wee obtained a
P*nitrobenaocate which after reerystalliaation fro*
chlerofora/nethanol nelted at 17S~180°C»

An authentic cample of the mined p**aitroben«ootes
supplied by Preleg vac chromatographed over neutral Wool*
alumina (Grade IV)* From the benaene ether eluate was
obtained a colid wfiich after repeated rearystallisatlon
fro» chloroform/aethanol had »«*. 17*-m°cC. K«
depression of melting point was observed on mixing this
compound with the specimen prepared by reduction of the

diketone (1)#

the duel eeodeneaticn product <11 | O«bgm) in ether
(XGOec) was aliakon with a saturated aqueous solution of
sodium boroUjydride (15«o) for two hours and the mixture
allowed to stand overnight*  fhe ether layer was washed
with water and dried (Xa” ) and the aqueous layer
extracted with chloroform (200c>* trie chloroform extract'
being washed and dried (SaZ&0”|*  fhe cowbincsd ether and
chloroform extracts were evaporated to dryness and the
solid so obtained reorystellieed from ohloreform/nethanol*
the melting point was diffuse <iao~135*C>* the infra red
spectrum shewed the absence ef a carbonyl peak and there
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were tie significant peeks is the ultra-vjdlet (only
on® at 119 «e/* )*
tlie. Jhorchydjritia reduced faddtr

The recryetallieect borehydride reduction product
(0*1*0U was dissolved in etlier (100cc) and 100cc of normal
sulphuric acid added followed by a slight excess of sodium
dichrenete solution and the mixture placed in a water katli
at 30°C with occasional shaking for six hours* The ether
layer was separated and the aqueous layer extracted with e
further SOOcc of ether in two portions#  The combined
ether extracts were then washed with water dried (»«”™ SO™)
and the ether removed#  The white solid which remained
was resryetalllsed twice from methanol (aup# 108~110°C>«
The melting point was not depressed on mixing with a
purified sample of the original aldol condensation producti
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|NFRA RED SOLUTION SPECTRA OF KT (CARBONYL REGION),
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