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Summary, Part I.

Attempts to prepare the basic esters F ~diethyl-
aminoethyl 1,2,3,4,10,11-hexahydrofluorene-9~-carboxylate
and ? -diethylaminoethyl 1,2,3%,4,9,10,11,12~-00tahydro-
enthracene~9-carboxylate for testing as antispasmodic drugs
have been made. These compounds have certain structural
features which, in similar compounds, have been found to
enhance the antispasmodic properties of these compounds.

The redustion of fluorene-9-carboxylic acid has

been studied with limited success. Hexghydrofluorene-9-

carboxylic acid, an intermediate required in the synthesis

of the former ester, has been obtained but only in poor
yield. A further agcid of unknown structure and several
neutral by-products have also been isolated. Other
synthetic methods failed due to the reluctance of hexahydro=-
fluorenone to form a cyanhydirin end the ease with which 9-
halogene-hexahydrofluorenes decomposed.

frans-as-hexahyiroenthrone did not form a cyanhydrin
so that trans-gg-octah&droanthraeene-9-carboxylic scid, an
intermediate in the synthesis of the latter ester, was not
obtained.

The basic ethers, F -diethylaminoethyl fluorenyl-9-

ether, F -diethylcaminoethyl hexshydrofluorenyl-9-ether and

P -diethylaminoethyl trans-gg-ootahydroanthranxlyQ-efher,



also required for testing as antispasmodic d4rugs, were
obtained by condensation of the sodio-derivatives of the

alcohols 9-fluorenol, hexghydrofluoren-9-o0l and 9-hydroxy-

trans~as-octahyiroanthracene, respectively, with F-di-

ethylaminoethyl chloridse.



Summary, Part II.

A study of a new type of isomerisation reaction
( 68 ,69 ) using hydrogen fluoride as catalyst has been
extended to durens (1,2,4,5-tstramethylbenzene) and penta-
methylbenzene derivatives. | It has been confirmed that
migration of methyl groups in this reaction occurs only
when sccompanied by cyclisation.

Durene, durylcarboxylic acid and durylacetic acid

were unaffected by treatment with hydrogen fluoride at room

temperature . Under similar conditions P-durylprogionio

acid was partially converted to & mixture of 4,5,7-trimethyl-

inden-l1-one end 4,5,6,7-tetrsmethylindan-l-one. The latter

ketone was also obtained from P-pentamethzlghenzlp;Opionio

acid under identical conditions. Similarly [{ -durylbutyrio
gacid yielded 5,6,7,8~tetramethyl-1,2,3,43tetrahydroanphthalen-

1-one. | -pentamethylphenylbutyric scid was resovered un-

changed on éimilar treatment.

Similarities between this type of reaction asnd pre-
viously described isomerisation reactions have been noted
though migration in this new type of isomerisation reaction
appears to be much more limited in extent. A possible
mechanism for the new type of reaction, based on these

similarities, has been evolved.



A partial isomerisation in the durene nucleus under
the influence of aluminium chloride under mild conditions
has been noted and correlated to a similar isomerisation in
the s-octahydroanthracene nucleus and to the Jacobsen

regction.



Part I. Bagic derivatives of fluoreme and anthracene.

In recent years considerable numbers of chemical
compounds have been synthesised in a search for new drugs
of the antispasmodiec type. The structure of most of these
synthetic materials is derived from that of either atropine
(I) or papaverine (II), though, as developments are made in
changing the structure of the parent molecule, & stage is
finglly reached where there appears to be no obvious oon-
nection between the structure of the parent compound and that
of the latest synthetic product developed therefrom.

Neither atropine (I) nor papaverine (II), though
occurring naturally and hence relatively cheap, is a perfect
entispasmodic. Atropine, for instance, produces several
invidious physiological side-reactions, mydriatic action,
vdry mouth, etc., which detract from its servicesbleness as
an antispasmodic. Papaverine also produces undesirable
side-effects. The main disadvantage in the use of thése two
compounds as antispasmodics arises, however, from the fact
that each is effective against only one type of spasm and
is remarkgbly insctive against any other type of spasm.

Two types of_smooth mugscle spasm are recognised

medically. Musculotropic spasm is produced by direct

stimulation of smooth muscle tissue; neurotropic spasm is

produced indirectly}through the nerve endings connected

with the smooth musecle. Most of the antispasmodic drugs



synthesised so far have been effective egainst omne or both
of these types of spasm only when the spasm occurred in the
gagtrointestinal tract. (For review see Blicke(l)).
Smooth muscle spasms in other organs are relieved only to s
negligible extent by the synthetic antispasmodics known at
the moment. Therefore, in preliminary tests on compounds
likely to show antispasmodic activity one uses living, iso-
lated, animal intestinal tissue. The spastic state is
artificially indunced in the isolated tissue by addition of
barium chloride, histamine, acetylcholine, etc. Barium
chloridé end histamine producse musculotropic spasm, whereas
scetylcholine and several of its derivatives produce
neu}rotropic spasm.

Atropine is found to relax tissue in which neuro-
tropic spasm has been induced by the addition of scetylcholinse.
Larger doses of atropine are required, however, befors a com-
parsble effect is noted in tissue in which musceulotropic
spasm is pressent. Atropine is therefore a neurotropioc anti-
spasnmodic, or, as it is occasionally alternatively named, an
antiacetylcholine compound. Papaverine, on the other hand,
relieves musculotropic spasm induced by either histamine or
barium chloride and is relsastively ineffective against acetyl-
oholine-~induced neutotropic spasms. Papaverine is thérefore
e musculotropic antispasmodic or alternatively an anti-

histamine snd anti-barium chloride compound .



The above discussion illustrates some of the clinical
difficulties involved in the use of both atropine and
papaverine. A compound is required, therefore, which will
be effective, in reasonable dose, in élleviating symptoms of
both types of spasm without showing the undesirable side
effects of atropine and papaverine and having no new un-
desiraeble side effects of its own. the perfect antispas-
modic should be equally effective against smooth muscle
spasms in all organs. Some of the compounds described below
have one or more improvements on the parent sompound. The
gréatest advance has been made in the field of compounds
cgpable of alleviating both types, meurotropic and musculo-
tropic, of spasm simultaneously. Most new synthetic pro-
ducts have originsl or novel side-effects and, in genersl,
alleviate spasms present in one organ whilst remaining
relatively inactive sgainst spasms in other organs.

A oconsideration of the structure of atropine (I)

Lhy CH.0.0C.CR.CHs

(
l N I Chy.0 0.CH,
| | Cha0H ,
Chy CH CH, CH, 0.CHy

(I) (I1)

shows that it is an ester derived from the alcoholis tropyl
(III) residue and the acidic tropic (IV) residue. The
tropyl residue is a strongly basic, bicyslic, alooholic

residue, which suggested the first modification in the



, City
| | (= CH —C0:~ Crla.OH
N.CH,  CH- o NGy City
CH;OH l i
} l Cin—-—Cﬁ;
(1II) (IVv) (V)

structure of atropine to be tried. A series of tropic

acid esters of readily synthesised alcohols with tertiary
‘nitrogen groups, 6.8., p ~-diethylaminoethanol, X—dinmthyl-
eminopropeanol (V), showed undoubtedly that the complicated
tropyl residue could be replaced without deleterious effect
by & simpler basie alcoholic residue (2). This type of
ester is better known, however, for its mydriatic and local
anaesthetic properties though some antispasmodic activity
was noted (2).

Very little work has been done on compounds where
the tropyl residue (IIl) was retained and tropic acid re-
pleced by other acid groups, e.g., benzilic. Again, though
the principsl activities were mydriasis and local anses-
thesia, some considerable asntispasmodic properties wers
present (3).

The antispasmodic activity of both of these types
of ester indicated that neither the tropyl (III) nor
tropic (IV) residue was a necessary structural factor for
the production of a chemical compound showing equal or

superior antispasmodic reactions to those of atropine. A



(1)

serieé of compounds has been desoribed , in which neither
the tropyl (III) nor tropic (IV) residue was present. 1The
tropyl residue has been replaced by a much simpler residue
whose only necessary features appear to be a bulky aliphatic
or carbocyclic skeleton and a tertiary strongly basic
nitrogen stom.

It was, in fact, in this seriss that the major part
of the synthetic work on antispasmodics has been described
and in which some considersble success has been achieved.
0f this series a very large number may be described as basic
ethyl, propyl, etc. esters of disubstituted acetic acids;
tropic acid is itself a disubstituted, i.e., &* -phenyl- & -
hydroxymethyl-, acetic acid. Kost of the asyl residues
used have been dialkyl-, arylalkyl- or diaryl-acetic residues
which are more readily obtained than hyiroxy-methyl substi-
tuted derivatives.

It was Halpern(4) who first demonstrated the
especially potent antispasmodic effect shown by & basic
ester of a substituted phenylacetic acid. The most effici-.
ent ester prepared by Halpern was ?-—diéthylaminoethyl

phenylpropylacetate which was extensivély studied(s).

He,
it was, who showed that the two separate entities in the
moleculs, (&-diethylaminoethanol and phenylpropylacetic

acid were, separately, completely useless in relieving




10.

spasms, either neurotropic or musculotropic, when tested
on animal intestine.

In 1936, there was described a relatively simple
basic ester, (5 -diethylaminoethyl diphenylacetate, whose
hydrochloride (VI), trasentin(6), was found to alleviate
both gusculotropic and neurotropic spasms to a very con-

(7,8) . A hexahydro-derivative of (VI),

<

CH.COp. ety Crty. N(Cuks), . nCl. . Coy. Cry OHy N (Carg)y . CL

sidersble degree

(VI) (ViI)

‘ H.CL, . CHy. CHy N (Camgly. HQL
C"‘col‘(‘”l-c"‘a-Niclhs)x- HQY. 2 Cha Gty N (Eamsl:

(VIII) (IX)
i.e., ﬁ ~diethylaminoethyl phenyloyclohexylacetate hydro-
chloride (VII), trasentin 6}1(6), has received considerable
study and has been compared with trasentin, atropine and

(8) found that (VII) was

papaverine. Greham and Lazarus
more sctive than (VI) both on the isolated and intact
intestine. (VII) showed activity on a level with that of

atropine against neurotropic spasm and was more potent

than papaverine in alleviating musculotropic spum‘(l?‘) .



1l.

Though somewhat more toxic than (VI) and atropine, (VII)
benefited from the fact that it was relatively free froum
side-effects, i.e., on the salivary snd sweat glands and
pupil. Both (VI) and (VII), though especially (VI) were

coumparable with cocaineas local anaesthetics(g).

Hoffmann' 19/

prepared a series of nuclear substituted alkyl
and basic alkyl esters of phenylcyclohexylacetic acid, which
did not, however, enhance the antispasmodic activity of (VII).
A study by ideier and Hoffmann!1l/) of various esters
and the corresponding amides of substituted acetic acids
demonstrated that the hydrochlorides of the bases were wmore
ective musculotropically but less active neutrotropically
than the corresponding methochlorides.' The methochlorides
were, however, more toxic and therefore could not be ad-
ministered in such large doses as the hydrochlorides. No
remarkable improvement or disadvantage was found by sub-
stituting other similsr bssic radicsls for the [ -aiethyl-
aminoethyl group. The amides, provided no great improve-
ment on the corresponding, more resdily obtained esters.
Similar conclusions were reached by Warner-Jaureg et 5;(12).
It had earlier been demonstrated(l) during earlier
research on local snaesthetiocs that cyclisation of soume

polynuclear carboxylic acids to produce condensed aromatioc,

hydroaromatic or heterocyclic systems enhanced the local



1z2.

anaesthetic sctivity. Analogues of (VI), where the 2,2
positions in the benzene rings were joined through a single
bond to form a fluorene nucleus, a methylene group to form
8 9,10-dihydroanthracense, an oxygen, sulphur or imino group
to form a xanthene, thioxanthene or 9,10-dihydroacridine
nucleus respectively, were theréfore prepared by Burtner

and Cusic(15'14).

0f these, p -diethylaminoethyl fluorene-
9-carboxylate hydrochloride (IX), pavatrine and f -diethyl-
sminoethyl 9,10-dihydroanthracene-9-carboxylate hydro-
chloride (IX), which are pertiment to the discussion, were
found to show the activity of (Vi) congiderably enhanced,

5
with 1ittle increase in toxicity(l ). Lehmann and XKnoe-

fel(ls) demonstrated that (VIII) was more active than (VI)
ageinst both neurotropic and musculotropic spasms though it
was found to be more active neurotropically than musculo-
tropically. (IX) was found to be a very efficient anti-
histamine compound, better than (VIII) in this respect(lé).
Ester (IX) was, however, less active than (VIII) in sbolish-
ing spasms induced by acetylcholine or barium ohloride(15).
In view of the pharmacologicsl sctivities of (VI),
(VII), (VIII) end (IX), & synthesis of {? -diethylaminoethyl
1,2,3,4,10,11-hexghydrofluorene-9-carboxylate hydrochloride
(X) and f -atethylaminoethyl 1,2,3,4,9,10,11,12-0ctehydro-

anthracene-9-carboxylate hydrochloride (XI) was desirable.
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(X) embodies the carbocyclic nucleus of (VIII); (XI) has the

CH.CO;. CH,. CH,.N (C;Hs);. HCY. H.C0,:CH,.CH. N (C;,Hg);- HC1,

(x) (X1)
same carbocyclic nucleus as (IXZ) snd both embody the benzene
end cyclohexane nuclei of (VII), both of the features which
appear to give enhanced antispasmodic properties of omne
type or other when compared with compounds lacking those
features.

Attempts to synthesise (X) end (XI) are described
later, pp. /7-29.

Apart from the amides, described above, most of the
compounds prepared in the search for antispasmodic drugs
based on the atropine pattern have retained two of the
structural festures of the parent compound, the ester group
and the strongly basic tertiary nitrogen. It has recently
been shown, however, that the ester group is not an
essentigl feature in the structure of an antispasmodic. A

(16,17) in which

series of basic ethers has been described
the ester groupipg has been replaced by an ether linksage
as in F ~dialkylamino_ethyl benzohydryl ether hydro-

ohloride (XII) and (5 ~dialkylaminoethyl phenylpropylmethyl
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N~ 7THC2<
CHj
(ZI1) (ZITIT)
ether hydrochloride (ZIII).

(ZIT) and (Z2III) it will he seen are related to
trasentin (VI) and O -diethylaminoethyl phenylpropyl-
acetate hydrochloride% prepared hy Halpern(4’5)

Of this series, benadryl (ZII, R = GHg) has been
most extensively studied. Benadryl was found to be an
extremely potent anti-histamine compound which was comparative-
ly inactive in removing acetylcholine- or barium chloride-
induced spasms(ls'ls). The same properties have been noted
to a more or less marked extent in the whole series of basic
ethers which have been studied up to the present. Benadryl
is remarkably free from undesirable side-reactions; it has
little or no effect on salivary or sweat glands and its
mydriatic effect, compared with that of atropine (I) 1is
negligible”19”". (zII, R = CHg) rivals adrenalin in
alleviating spasms of asthma induced artificially by a hist-
amine mist”2” ; other antispasmodies studied had very
doubtful effects against histamine-induced asthma spasm.

The most useful antispasmodic property of benadryl



is its ability to remove the symptoms of skin rashes, where

those rashes have been caused by allergy. Excess histamine,

produced in the cells in the skin, may cause irritation,

sores, dermatitis, etc., i.e., allergic conditions, which are
. . . _ (22,23)

speedily abolished by the administration of benadryl

The production of symptoms of vertigo and drowsiness 1is the

23
only drawback in the clinical use of benadryl( )

As was found to be the case in the ester serieéll'lz)
the substitution of the methochloride group for the hydro-
chloride group enhanced neurotropic activity, accompanied by
a slight increase in toxicity and decreased musoulotropic
activity” 24",

In view of the success enjoyed pharmacologically by
benadryl it appeared to be of very considerable interest to
produce compounds similar to benadryl with structural modi-
fications similar to those present in the trasentin (VI) to

pavatrine (VIII) series. P —diethyl aminoethyl fluorenyl-

9-ether hydrochloride (XIV) embodies the condensed aromatic

CH.O.CH7 CHx. hei.

system found in
pavatrine (VIII) and
bears the same

relationship to
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(VIII) as (XII, R = C,H.) does to trasentin (VI). (3 ~diethyl-
sminoethyl 1,2,3,4,10,11-hexahydrofluorenyl-9-ether hydro-
chloride (XV) and .F-diethylaminoethyl 1,2,3%,4,9,10,11,12-
octahydroanthranyl-9-ether hydrochloride (XVI) embody the
condensed cyclic nuclei of (VIII) and (IX) respectively as
well as the cyclohexane and benzene nuclei of (VII) both of
which factors were found to ernhance sntispasmodic activity
in the ester series.

A synthesis of compounds (XIV), (XV) and (XVI) is
described later, pp.&49-3l.

Since these compounds (XIV), (XV) and (XVI) were
required for pharmscological tests in relation to a benadryl
type derivative and as f@ ~diethylaminoethanol was available
from the ester series the diethylamino-derivatives (XIV),
(XV) and (XVI) and not dimethylamino derivatives more
strictly snalogous to benadryl, were prepared and are to
be compared in pharmacologicsl tests with (XI, R = CyHg).

For the synthesis of (X) there was required a8
intermediate 1,2,3,4,10,11-hexahydrofluorene-9-carboxylic
acid (XXV). A direct synthesis, by reduction of fluorene-
9-carboxylic scid, was projected; a description of the
reduction methods used snd the various products isolated

is tabulsted (Table I) and described on p.l7.



(1)

(ii)

(111)

(iv)

(v)

(vi)

(vii)

(wviti)

(ix)

17.

Table I.

Reducing agents|m.p. of reduced|Yield of|] No. of|Neutrsl materi-
used acid (sintering|crude method|al(s) obtained
point in gcid giving
brackets) same

acid
Sodium, amyl 159-160° ca.15% - Yellow liquid
alcohol (155°) (not purified)
Sodium, 183-185° ca.20% - Yoellow ligquid
ethanol (179°) (not charscter-

ised)

Sodium smslgeam,| original acid recovered 9-fluorenol
gsodium
hydroxide fluorenone
Nickel-alumin- | 182-183° ca.65 | (v) |fluorene
ium slloy, (179°)
sodium
hydroxidg
Sodium, ethanoli, 181~1g5° ca.10% (iv) | £fluorene
liquid ammonia (1747)
Hydrogen, Adam's
catalyst original acijd recovsred unchanged

Hydrogen, palla-
doum oxide

3

22

Hydrogen Raney
nickel

PP

)

As (viii) st
140-160° under
150-160
atmospheres

159°
(142°)

ca.5%

hexghydro-
fluorene

probably mainly
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Sodium snd amyl salcohol have been found useful in
reducing certain arowmatic acids, e.g., o-phenylbenzoic acid,
o-benzylbenzoic acid, etec., to the corresponding hexahydrides,

(25)

o-phenylhexghydrobenzoic acid and o-benzylhexshydrobenzoic

acid(26) respeotively. Reduction of fluorene-9-carboxylic
acid by this method yielded as well as a small quentity of
acidic materigl, which was not obtained pure, an uncharacter-
ised impure neutral yellow liquid.

Since the reaction conditions of method (i) may have
been sufficiently vigorous to cause desarboxylation before
reduction tekes place, amyl slcohol was réplaced by ethanol
and the reduction repeated. There resulted from this re-
duction, as well as a somewhat larger quantity of acidic
magterial, s neutral non-ketonic satursted ligquid which was
not further characterised. The acid obtained, though in-
completely purified, was shown by mixed melting point to be
different f:om that obtained by reduction method (1).

Reduction of fluorene-9-carboxylic acid with sodium
amglgem in alkaline solution, another reduction using mild
oonditions, at room temperature or on the steam bath, resulted
in most of the original acid being recovered unchanged.
Neutral materials isolated proved to be fluorenone and

9-fluorenol. Isolation of these products from a reduction

of fluorene-9-carboxylic acid is remarkable as an oxidation
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process would appear to be involved. It appears unlikely
that these neutrael products are forwed by a simple decar-
boxylation of the acid followed by air oxidation of the
fluorene, so formed, since reducing conditions are present

(27)

during the reaction. Wislicenus and Ruthing demonstrated
that alkaline solutions of fluorene-9-carboxylic geid on
exposure to the atmosphere or on passing air through the
solution deposited fluorenone and fluorens. In the above
reduction, where an alkaline solution of the acid was stirred
in a besgker for some considerable time, it may be assumed
that fluorenone, deposited on the surface by air oxidation,
a8 degeribed by Wislicenus and Ruthing, when stirred into

the solution, would be reduced by nascent hydrogen from the
amglgam to -9~fluorenol. Reduction with sodium smsalgam is

e recognised method for reducing fluorenone to -9-fluorenol
(28,29). No fluorene was detected in this reduction.

(30)

The method of reduction, found by Papa et al. to

be useful in redusing various groups, e.g., keto-groups to
methylenes, chloro-compounds to hydrocarbons, etc.(zl), has
recently been found to be effective in reducing ngphthalene
derivatives, including naphthalene itself, to the correspond-
ing ar-tetrshydronaphthalene derivatives(®3). Furthermors,

reduction of anthracene-9-acrylic acid by this method pro-

duces a mixture of acids, some of which appear to be hydro-
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genated in the aromatic nucleus(gz). When fluorene-9-
carboxylic acid was reduced by this method which involves
adding nickel-agluminium slloy to a hot alkaline solution of
the acid, there was produced, as well as a small quantity of
fluorene, an acidic material in the form of s gum. Since
this gum was produced in reasonsble yield (65%), several
methods of separating the various possible constituents were
studied.

Fractionsl orystallisation, from several solvents,
yielded a small quantity of a pure acid which proved to be

hexahydrofluorene-9-carboxylic acid. sractional crystallisa-

tion of the potassium, sodium, smmonium, cslcium snd benzyl-
iso-thiouronium salts met with limited success and produced
the same acid, no purer and in no greater quantity than was
obtained by orystallisation of the acid itself. The p-
nitrobenzyl ester was too low meltihg to purify by fractional
orystallisation. - After many fractional distillations of the
ethyl ester and fractionsal cerystallisations of the regeneré—
ted acid, hexahydrofluorene-9-carboxylic acid was obtained in
a state of purity though in insufficient quantity to attempt
the formation of the basic ester (X). A solid scidic
material, m.p. 74%, of unknown structure was also isolated.
Though its melting point was not rasised by crystallisation
from several different solvents the possibility remains that
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this substance was a mixture. Mixed melting point deter-
minations indicated that the acids obtained by reduction
methods (i) and (ii) wers not hexshydroifluorene-9-carboxylic
acid.

Fluorene-9-gcarboxylic acid on reduction with sodium
and ethanol in liquid ammonia followed by treatment of the
product with sodium and liquid smmonia yielded mainly a
neutral materisl from which fluorene was the only pure pro-
duct isolated. The small quantity of acidic materiél was
mainly hexshydrofluorene-9~-carboxylic acid identical with
the acid obtained from method (iv). This reduction method
has been used by Birch(54) to obtain from substituted aro-
matic compounds their tetrahydrides. Anisole and dimethyl-
aniline, when reduced by this method, both yield cyclo-
hexanone(aé). Reduction appears to be ascompanied by
hydrolysis as the dimethylamino- and methoxy-groups are re-
placed by a hydroxy-group; ocyclohsxanone is considered as

tetrahydrophenol. Walt Knowles and Morgan(ss)

have described
the reduction of 2-nitrofluorene to a mixture of 2-amino-
fluorene and 2-eminotetrshydrofluorene using & similar
technique. In reducing fluorene-9-carboxylic acid, the
quantity of sodium used was that which was required to give

a hexghydride, a small qusntity of which was in fact obtained.

Watt et al.(35) did not treat their redustion product with
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more sodium and liquid emmonia as Bireh(84) did in order

to complete the reduction. This probably accounts for the
formation of a tetrshydride from 2-nitrofluorene and a hexa-
hydride from fluorene-9-carboxylic acid.

Catalytic reduction at ordinary temperatures and
pressures using specially purified fluorene-9-carboxylic acid
was without success though sevesral different catalysts were
tried. (See table, methods (vi), (vii), (viii)).

When Raney nickel, prepared by Adkins and Pavlic's

method‘zs)

, was used as catalyst at elevated temperstures and
pressures to reduce fluorene-9-carboxylic acid there was
obtained only a small quantity of acidic material which, when
partially purified by fractional crystallisation, was in in-
sufficient quantity to compare, by mixed melting point, with
the acids obtained by other reduction methods. The main
bulk of the product was a neutral, saturated non-ketonic
yellow liquid, whose boiling point, 125-126°/14 wm., indi-
cated that it was 1,8,3,4,10,11-hexshydrofluorene. (Cook
end Hewstt' o) state that hexshydrofluorens has b.p. 127°/

15 mm.). Dehydrogenation over sulphur yielded fluorens,
showing the retention of the fluorene nucleus. Analysis
indicated that the liquid contained an oxygenated derivative

which was not removed either by several frsasctional distilla-

tions or by passing through a column of slumina. It is



suggested that the liquid is mainly hexahydrofluorene con-
taminated by an oxygenated fluorene derivative.

It seems certain that the poor yields of acidic
material produced in the above series of reductions 1is due
to the apparent ease of decarboxylation of fluorene-9-
carboxylie acid in alkaline solution, coupled in some cases
with a tendency of alkaline solutions of the acid to be
oxidised by atmospheric oxygen to fluorene and fluorenonel£7)
The fluorene and fluorenone, so formed, would be converted,
according to the reducing conditions present in the reaction
to 9-fluorenol or di-, tetra-, hexa-, etc. hydrides of
fluorene or the corresponding 9-hydroxy derivatives.

Since none of the above reduction methods gave an
easily purified yield of hexahydrofluorene-9-carboxylic acid
(XXV) an alternative route, a synthesis from hexahydro-

fluorenone IXX) as outlined belov/, was now investigated

(XVII) (XVIII) (xs)

(XKV) \ (mu) (m)



(XXVIT) (XXV1I) (XXIT)
fluorenone (XVII) was converted to o-phenylbenzoic
acid (XVIII) by stirring with fused potassium hydroxide in
p-oymene as diluent. (Huntress and Sieke£(7o} describe the
use of diphenyl ether as diluent.) o-phenylhexahydrobenzoic
acid (XIX), obtained from (XVIII) by sodium and amyl alcohol

reduction(25*39)

, was readily converted to hexahydrofluorenone
(XX) wvia the acid chloride in presence of aluminium chloride,
as described by Cook and Hewettf37J

Attempts to prepare the oyanhydrin (XXI) of the
ketone (XX) by the methods described by Mackenzie and Wood*"*"
for acetophenone and by tfeissberger and Glass*4:1" for iso-
durylaldehyde werO unsuccessful. In one run, using the
former method, v/hen a positive sodium fusion test for
nitrogen was obtained, the crude nitrogen-containing material
was hydrolysed*40” but no acidic material was obtained.
Under trie conditions of the first method, a comparable ketone,
acetophenone, yielded a cyanhydrin, which was hydrolysed to
the corresponding hydroxy-acid, whereas, using the second

method no cyanhydrin was obtained.
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Ketone (XX) was readily reduced to 1,2,%,4,10,11-

hexghydrofiuoren-9-01 (XXIII) by sheking with hydrogen in

presence of Raney nickel(ss) as catalyst at ordinary tempera-
tures and pressures. Though stereoisomerism is possible
there was no evidence of the production of more than one
stereoisomer. 9-Fluorenol was produced in like manner from
fluorenone(42).

The bromo- and chloro-compounds (XXIV) and (XXVI)
respectively, prepared by treatment of (XXIII) with the

corresponding dry hydrogen halide (cf. Bachmann(45))

, could
not be isolated in a pure state, as, on standing, the
corresponding hydrogen hslide was evolved. The decomposi-
tion product, obtained by allowing the halogeno-derivative
to stand for some time, or by boiling with pyridine, was an
unsaturated yellow liquidf which gave fluorene on dehydro-
genagtion. Attempted formation of a dibromide of the yellow
liquid yfelded a brown o0ily material which could not he in-
duced to crystallise by the usual methods. Distillation of
the brown oil gave?pale yellow liquid which contained no
bromine. 1he unsaturated yellow oilf, agsumed to be a tetra-
hydrofluorene contaminated by an oxygenated fluorene deriva-

tive (analysis demonstrated the presence of oxygen), was not

obtained pure after seversl fractionasl distillationms.
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The c¢rude bromo-compound (XXIV) reacted with
megnesium to form the Grignard complex, from which, however,
no ascidic material was obtained after treatment of the cou-
plex with carbon dioxide. The product, part of which
appeared to be identical with the unsaturated liquidt described
above, was mainly a crystalline material, which was not houmo-
geneous. Several fractionsal crystallisations of this
materisl yielded no purs homogeneous material. Molecular
wolght determination of g partially purified specimen indi-
cated that it was a bifluorenyl derivative.

The crude chloro—compound*, after treatment with
potassium cyenide, yielded a liquid which, before distilla-
tion, appeared to contain some nitrogzgenated compound. Dis-~
tillation yielded an unsaturated, nitrogen-free 1iquidf,
probably identical with that obtained sbove. 1lio pure mnitro-
genated material was obtained.

Attempts to hydrolyse the crude nitrogen-containing
liquid yielded an unsatursated 1iquid+ probably identical with

1'S:I.nc:ze no solid derivative of the unsatursted liquid was
obtained, it was identified at each gtage of the synthesis by
its ability to decolourise bromine water in the cold and by
its dehydrogenation product, fluorene.

*There is no real evidence that the material described as
'the orude ohloro-compound' was not mainly the decomposition
product, probably tetrshydrofluorene.




that described above. no acidic material was obtained by
alkaline hydrolysis. Acid hydrolysis gave a non-crystalline
acidic material which was insoluble in organic solvents,
water and acids, and did not melt below 340°.

At this stage attempted synthesis of (XXV) was
discontinued.

The instability of these halogeno-derivatives 1is
remarkable though it is not confined to the fluorene nucleus.
Carruthers(44) encountered the same difficulty in a similar
series of reactions in which l-chloro-2-benzyl-1,2,3,4-

tetrahydronaphthalene (XXVI1l) was required as intermediate.

Though Uarruthers was able to isolate the chloro-compound
,OH

(XXVIII)
(XXVIII) in a state of purity, on one occasion the most
usual product was the unsaturated compound, 2-benzyl-3,4-
dihydronaphthalene (XXIX) .

The similarity of the compounds (XXVI) and (XXVIII),

where a chlorine atom attached to a secondary carbon atom
is directly adjacent to a hydrogen atom attached to a
tertiary carbon atom, indicates that the reason for the in-
stability of these halogeno-compounds is steric. Long and

Burger”45” report, however, that attempts to convert
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1-hydroxy-6-methoxy-1,2,3,4-tetrahydronaphthalene (XXX) to
the corresponding halide yielded only 6-methoxy-3,4-dihydro-
ngphthalene (XXXI) ws product. This is unlikely to be a
steric effect similar to that suggested for (XXVI) and
(XXVIII). On the other hand & -phenylethyl chloride and
l-chloro-1,2,3,4-tetrshydronaphthalene, substances compar-
able with the chloride which Long and Burger failed to
isolate, are reasonsably stdble.' Instability may possibly
be an effect of the p-methoxy-group in Long and Burger's
product. It would, however, on these data, be unwise to
attempt to draw further conclusions.

In order to synthesise the basic ester (XI),
1,2,3,4,9,10,11,12-0ctshydrosnthracene-9-carboxylic acid
(XXXVIII) was required as intermediate. The synthetioc
route outlined (XXXII) to (XXXVIII) was projected as a
method of obtaining}(XXXVIII). No attempt was made to
reach (XXXVIII) through a 9-halogeno-derivative prepared
from 9-hydroxy-trsns-as-octahydroanthracene (XXXIX) in view
of the difficulties encountered in the anslogous hexshydro-
fluorene series. It was preferred that (IXXXIX) be used
in the synthesis of the basic ether (XVI).
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(02
(XXXITI) (xxxni; (XXXTV)
,(H
Z~C>H
(XXXVIII) (XXXVIT) (XXXVI) (XXXIX)

o-Benzoylbenzoic acid (XXXII), prepared from
phthalic anhydride and benzene in a Priedel and Crafts
reaction”8', was converted to o-benzylhexahydrobenzoic
acid (XXXIV) in a two stage reduction. Zinc and ammonia
were used to convert (XXXII) to o-benzylbenzoic acid
(XXXIII)(49), which yielded (XXXIV) on redaction with sodian
and amyl alcohol(zs) (XXXIV) was converted to trans-as-
hexahydroanthrone asing sulpharic acid as described by
Cook, Hewett and Lawrence(zs)

An attempt to prepare the cyanhydrin (XXXVI) of
ketone (XXXV) by the method which Plattner, Mrst and
Stader(SO) ased to prepare the cyanhydrin of indanone,
failed, the ketone (XXXV) being recovered largely unchanged.
As 1t was possible that the cyanhydrin (XXXVI) was unstable
under the conditions used in attempting to isolate it, the

hydrolysing agent was added before attempted isolation of

the cyanhydrin and the resultant treated in a manner similar



30.
to that used by Mackenzie and Wood(40) in the hydrolysis
of the cyanhydrin of sacetophenone. No acidic product was
formed. (When acetophenone was substituted for (XXXV)
there was obtaeined in varying guantities the hydroxy-acid,
atrolactinic acid).
(XXXV) was readily reduced by sheking with hyirogen
(26)

in presence of Raney nickel as catalyst at ordinary

temperatures and pressures. The product (XXXIX) was

(51

identical with that obtained by Cook, McGinnis and Mitchell
using Adam's catalyst. ©No evidence of sny other stereo-
isomer being fprmed was noted.

The glcohols, 9-fluorenol, hexshydrofluoren-9-ol
(XXIII) end 9-hydroxy-trans-as-octahydrosnthracene (XXXIX)

were converted to the basic ethers G ~diethylaminoethyl

fluorenyl-9-ether (XIV), 6 -diethylaminoethyl 1,2,3,4,10,11~

hexahydrofluorenyl-9-ether (XV) and f -diethylaminoethyl

trans-as-octahydroanthranyl-9-ether respectively by condens-

ing the corresponding sodio-derivatives of the alcohols with
? ~diethylaminoethyl chloride in a Williamson ether synthesis

as described by Martin et g1.(16) of.(17,52)

fhe alterna-
tive method of synthesis, where sodium F ~-diethylamino-
ethoxide is condensed with the chloro-hydrqcarbon, was not
used here due to the instability of 9-chloro-hexahydrofluor-

ene. <the basic ether (XII, R = GyHg) was also prepared, by

)
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condensation of sodium benzohydroxide with ? ~diethylamino-
ethyl chloride as described by Martin et al. 16), as it was
required for the purpose of comparison with ethers (XIV),
(XV) and (XVI) in pharmacological tests.

The ether (XII, R = 0235) readily formed & crystal-

line hydrochloride and acid oxalate (XVI) formed a crystal-

line picrate and acid oxalate but no salt suitable for test-

ing on living tissue wasg obtained in a crystalline form.
(XIV) and (XV) readily formed orystalline oxalates but no
other salt of a wide series studied could be induced to
crystallise.

The ethers (XIV), (XV) snd (XVI) were prepared for
pharmacological testing by purification of the acid oxalates
end distillation of the regenerated free bases. These

tests are at present being carrled out.
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Part II. Isomerisation resctions.

Reactions involving intermolecular or intra-
molecular migrations or elimination of alkyl groups in poly-
alkylbenzenes have long been recognised and have redeived
considerable study. These types of reaction mzy be dbrought
about by heat alone, though it is more usual for a catalyst
to be employed, since much milder conditions may then be
used. Many different substances have been used to catalyse
this type of reaction, e.g., sluminium hslides, zinc
chloride, ferric chloride, boron trifluoride, sulphuric acid,

(58). Of these sluminium chloride (for review see

(59) . (60) .
Nightingale ) and sulphuric scid have been extensive-

etc.

ly studied.

Aluminium chloride, it has been found, can, when
heated with polyalkylbenzenes, canse these substances to
rearrange with or without loss of alkyl groups. For in-~
stance, hexamethylbenzene and pentamethylbenzene, on treat-
ment with aluminium chloride under varying conditions give
durene (1,2,4,5-tetramethylbenzene) (I) and igodurene
(1,2,3,5-tetramethylbenzene) (II) in varying proportions
agcompanied by lower methylated benzenes(el). Though thére
is no generally accepted mechanism for these rearrangements

with sluminium chloride it seems slmost certsin that the

‘mechanism is connected with complexes, which are undoubtedly



(62,63)
formed, several of which have, in fact, been isolated

(60)

In the Jacobsen reaction , where sulphuric acid

is used as the isomerising agent, the role of the acid in

(64)
bringing about isotnerisation is known. It has been shown
that migration of alkyl groups takes place only after
sulphonation of the hydrocarbon. Durene (I) and isodnrene

(ITI) maybe converted to prehnitene (III) (1,2,3,4-tetra-

me thylbenzene) by sulphonation and hydrolysis of the

(r) (xx1) (n]
(65,66)

sulphonic acid so formed

The Jacobsen reaction, which is limited in applica-
tion to tetra- and penta-alkylbenzenes, usually gives rise
to products in which the alkyl groups occupy vicinal
positions. The Jacobsen reaction is, in fact, the only
method available for the preparation of prehnitene (III).

More recently, hydrofluoric acid has been & own
to bring about disproportionation involving alkyl groups in
alkylbenzenes at elevated temperatures and pressures, a
process finding increasing importance in industry. Under
these conditions toluene has been converted to a mixture

(67)

of benzene and xylenes



A new type of isomerisation in the s-octahydro-
anthracene nucleus, where isomerisation is accompanied by
cyclisation under the influence of hydrogen fluoride has

(68,69) n
recently been described . The conversion of p -
(9-s-octahydroanthranyl)propionic acid (IY, n * 2, R = H)
to 11l-keto-9?10-cyclopenteno-f£i-octahydrophenanthrene (Y)
and of I -(9-js-octahydroanthranyl) butyric acid (IY,

n = 3, R = H) to keto-dodecahydrotriphenylene (YI) has been

described. A summary of the results of this work is given

in table I.
Ik, tOvH

(IY) (Y) (YI)

The tabulated results indicate that under oertain
conditions the s-octahydroanthracene nucleus can be con-
verted to the s-octahydrophenanthrene nucleus using
hydrogen fluoride at room temperature. The conditions
required for rearrangement of the original nucleus appear
to be 1) the presence of a side chain in the 9-position,
which, on cyclisation at the ortho-position, would give a
stable, i.e. five- or six-membered ring and 2) the presence
on that side chain of an appropriately located, i.e., -

or ( —carboxylie acid group.



Table I.

Oompoiind treated

(1) _s-octahydroanthracene
(ii) 9-methyl a-octahydro-
anthracene

(1ii) 9-ethyl s-octahydro-
anthrac ene

(iv) s-octahydrophenanthrene

(v) 9-methyl-s-octahydro-
phenanthrene

(71) (IT, n = 0, R = H)

(1x) (IT, n = 3, R = H)
(x) (IT, n = 2, R = CH3)
(x1) 4- (9-s-octahydro-

phenanthryl)bat ene-1

DH

COO

S Isomer-

isation

nil

nil

nil

nil

nil

nil

nil

100$

100s

100$

nil

35.

Resalt

anchanged starting
material

If IT If

tf it if

tf if T

(VI)

mixtare of ketonic
prodacts

original starting
material
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As regerds condition 1), the presence of a normsal
propionic or butyric acid side chain in the 9-position of
the s-octashydroesnthracene nucleus, compoundé (viii) to (x)
(Table I), appears to be eséential, these being side chains
capable of giving on ring closure on the ortho-position a
five- or six-membered ring. Other 9-substituted s-octa-
hydroanthracene derivatives, compounds (i) to (iii), (wvi)
and (vii) (Table I) showed no tendency to give rearranged
products even when a carboxylic acid group was present in
the side chain. Furthermore, s-octahydrophenanthrene
derivatives, compounds (iv) amnd (v) (Table I), were not re-
arranged. These results are in accordsnce with those of

Calcott, Tinker amnd Weinmeyer(7o)

who found that in alkyla-
tions of benzene using hydrogen fluoride as catglyst at
room temperature, there was no evidence for the migration
of alkyl groups during elkylation (s-octashydroanthracene
mgy be regarded as a 1,2,4,5-tetraalkylbenzens).

As regards condition 2), the presence of a suitsbly
located carboxylic acid group as opposed to sny other group
normally capable of reacting at the ortho-position to yield
a five- or six-membered ring, e.g., alkene, halogeno-, etc.,
little evidence is at present availasble, only the butene
8lde chain, compound (xi) (Table I) having been studied.

It 18 noteworthy, however, that in slkylations of benzense
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with hydrogen fluoride unsaturated substances similar to
(70)
butene-1 have been used to produce slkylbenzenes as
have cyclisations been brought sbout by the use of un-
. . (74)
gaturated side chains .
Isomerisation of the s-octahydroanthracene nucleus
is not in itself & new resction though rearrengement has
not previously been described under such mild conditions.

(71)

Schroster observed that when s-octahydroanthracene was
heated to 80° in presence 0f gluminium chloride there was
obtained s mixture from which both s-octshydroanthracene
and s-octahydrophenanthrene were isolated in approximately
equimolecular proportions. The same mixture was obtained
when s-octahydrophenanthrene was similarly treated.
Again, under the conditions of the Jagobsen reaction(72),
there was isolated from #-octahydroanthrscene, s-octa-
hydrophenanthrene-9-sulphonic acid in slmost theoreticsl
yield. This reaction is not reversible, s-octghydrophen-
anthrene does not yield s-octshydroenthracene-9-sulphonic
acid under similar conditions.

The new cyclisation-isomerisation resction seems to
differ from the previously described rearrangements in that
it is more restricted; mno rearrsngement occurs unless both

conditions 1) and 2) are satisfied, whereas in rearrangements

with eluminium chloride or sulphuric acid isomerisation of



the 3-octahydroanthracene nucleus occurs in all cases. If
reaction proceeds via the formation of an equilibrium mixture

of (VII) and (VIII) followed by cyclisation to form (V)

CHV CHV COVH

(VII) (VIII) (V)
then the driving force for the isomerisation is not merely
reaction of the 3 octahydroanthracene nucleus with the
catalyst to form (VIII) but involves the propionic acid side
chain as well. If the mechanism involved only the ss-octa-
hydroanthracene nucleus and the isomerising agent, hydrogen
fluoride, as it must do in the aluminium chloride rearrange-
ment, we would expect isomerisation to occur in all cases.
Ho evidence of this (Table I, (i) to (vii)) was noted though
the possibility of an equilibrium mixture being present, where
the s-octahydroanthracene nucleus 1is much more in evidence
than that of s-octahydrophenanthrene must not be overlooked.
This state of affairs is however unlikely as compounds (viii)
to (x) (Table I) are speedily converted to the corresponding
ketones in exceptionally high yields. It seems more likely

that the driving force of the isomerisation is the tendency
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of the propionic or butyric acid side chain to cyclise at
the ortho-position, under the influence of hydrogen fluorige,
causing the group present to migrate to a vacant position on
the ring.

Since most of the work involving rearrangements with
gluminium chloride and sulphuric scid has been done with poly-
alkylbenzenes and not s-octahydrosnthracene the study of the
new cyclisation-isomerisation resction has been extended to
durene and pentamethylbenzene derivatives. The results of

this study are tabulated (Table II) and described below.

Table II
Compound treated | % starting mater-| Product| % pure product
ial recoverod obtained
(1) (1) 84 unchanged starting material
(11)  (IX, n = 0) 90 " n "
(141) (1X, n = 1) 92 u " "
(iv) (1X, n = 2) 70 (X1) ca. 4%
(X11) ca. 5%

36 (X111) ca. 44%

37 (XI1) ca. 26%

92’ uz;han?ed starting materi-

. .




Durene (i), durylcarboxylic acid (IX, n = 0) and
durylacetic acid (IX, n = 1) on treatment with hydrogen
fluoride were recovered largely unchanged. ~ —durylpropionic
acid (IX, n = 2) though recovered largely unchanged, yielded
a mixture of two ketones, probably 4,5,7-trimethylindan-1-one
(XI) and 5,6,7,8-tetramethylindan-1-one (XII). / —duryl-
butyric acid (IX, n = 3) gave a considerably larger quantity
of a ketone, probably 5,6,7,8-tetramethyl-1,2,3,4-tetrahydro-
naphthalen-l1-one (XIII) as well as some unchanged starting
material. -pentamethylphenylpropionio acid (X, n = 2)
yielded, as well as some unchanged starting material, a
ketonic product from which (XII) was isolated. f -penta-
methylphenylbutyric acid (X, n = 3) yielded a trace of ketonic
material insufficient for the material to be identified, the

major part of the original acid being recovered unchanged.
[WI],,.co*N

CH.

(XIII)



The ketones (XI), (XII) and (XIII), which had not
been previously described, were characterised as oximes and
the structures established by analysis, molecular weight
determination and dilute nitric acid oxidation- Molecular
weight determination indicated that the ketones were not bi

molecular structures of the types (XIY) and (XY).

Cm, W> ex &>— ~ ~

cM
o *GH

(XTY) (XY)

Oxidation of ketone (XI) gave benzenepentacarboxylic
acid demonstrating that five substituents were present on
the benzene ring. Analysis indicated that ketone (XI) had
formula (C"gH”0) , molecular weight determination showed
n r 1, oxidation indicated a pentasubstituted benzene
nucleus, the formation of an oxime indicated the presence of
a keto-group. The most reasonable structure, by analogy
with similar experiments (above) with ~ —-I9-s-oc tahydro-
anthranyl)propionic acid is therefore 4,5, 7-trimethylindan-1-
one considered as formed by cyclisation accompanied by loss
of a methyl group" . 'The structures of ketones (XII) and

A

It is assumed that the methyl groups in (XI) occupy posi-
tion3 5,6 and 7 as shown, since there is no evidence to date
of any group apart from the ortho-group to the propionic acid
side chain being displaced in this type of cyclisation-
isomerisation reaction.
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(XIII), in accordance with their respective analyses,
molecular weights and oxidation products, mellitic acid in
both cases, were similarly inferred.

Ketone (XII) may be considered as being formed from
p—durylprOpionic acid (IX, n = 2) by simultaneous cyclisa-
tion and migration of g methyl group and from F -pentamethyl-
phenylpropionic acid (X, n = 2) by cyclisation sccowmpanied
by loss of a methyl group. Ketone (XIII) is formed from
] -durylbutyric =cid (IX, n = 3) by cyclisation accompanied
by migration of a methyl group.

An independent synthesis of the ketones (XI), (XII)
and (XIiI) was not attempted as one stage of that synthesis
wonld involve ring closure of a polymethylbenzene derivative
using as catalyst a resgent previously known to bring about
nmigration of methyl groups. '

These results, it will be seen, confirm the
hypothesis that isomerisation occurs only when accompeamied
by oyclisation on the ortho-position with formation of a
stable five- or six-membered ring, cf. condition 1).

In the cyclisation of the acid (IX, n = 2) by this
hypothesis, one would expect that, on ring closure, the dis-
placed methyl group from one or other of the ortho-positions
would either be lost yielding (XI) or would appear in the
vaoant para position to yield (XII). 0f these two possi-



bilities the latter, i.e. migration, seems to be favoured
to a slight extent. The corresponding pentamethylbenzene
derivative (X, n = 2) can, of course, on ring closure yield
only one product (XII) with loss of a methyl groun.
In the case of the acid (IX, n = 3) only the ketone

(XIII) formed by migration of the liberated methyl group was
isolated. No evidence of a trimethyltetralone, analogous
to (XI) was noted. The remarkable result obtained with the
acid (X, n = 3), where no ketonic product was formed is
difficult to explain, and, in fact, it would be unwise to
attempt to do so until further information regarding the
cyclisation of X—pentasubstituted phenylbutyric acids
has been acquired.

| In the case of the g-octshydrosnthracene derivatives
only one product would be expected where isomerisation takes
pPlace since if the carbocyclic ring were broken through ring
c¢losure of the 9-substituent in the ortho-position, the
alkene chain so formed would be held in the meta-position
until eyclisation on the para-position, which is vacant, can
taeke place. In the case of the corresyponding durene com-
pounds the chsances of the libergted methyl group reacting at
the para-position are somewhat less then in the case of the
corresponding s-octahydroaenthracene series so that there is

the pogeibility of the formation of two separate products



which in fact are isolated in the case of ? -darylpropionic
goid (IX, n = 2). \

These results confirm the hypothesis that there
exists a considerable difference between this new type of
isomerisation and isomerisations of hydrocarbons under the
influence of gluminium chloride and sulphuric acid. In
general it may be stated that, when durene (I) is produced
under the influence of sluminium chloride, it is generally
accompanied by isodurene (II), which substence is present

9 ,
y(s 61 73). ¥o evidence of the forma-

in greater quantit
tion of prehnitene (III) in resctions using aluminium
chloride has yet been found. Durene itself with sluminium
chloride at elevated temperatures gives a mixture of lower
homologues. Tha Jacobsen resction with durene, as stated
above, yields prehnitene (III) accompanied by pseudocumene
(1,2,4-trimethylbenzene) and pentesmethylbenzens.

In the durene and pentamethylbenzens as well as the
s-octahydroanthracene series it appears likely that in the
new isomerisation-cyclisation resction the driving force
is the tendency for a suitable side chain to cyclise on the
ortho-position under the influence of the isomerising re-
agent, thereby releasing from that position an alkyl group
which is then free to assume a vacant position on the benzene
ring. Only that alkyl group, i.e., the ortho group, appears
to be affected in this type of isomerisation, whereas in
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previously described (aluminiuwm chloride and sulphuric acid)
rearrangements more genergl lability of alkyl groups sppears
to exist. This is glmost certainly due to the fact thst
the conditions of reaction in the new cyclisation isomerisa-
tion resction are much milder (ca. 15°) than those of pre-
viously described isomerisations (80-160°) .

The fgect that the lower homologues of durylpropionic
acid and durene itself are unaffected by trestment with
hydrogen fluoride confirms the belief that isomerisation is
not of the general type present when using sluminium chloride
at elevated temperatures.

Baddeley(gs) has indicated that migrations of alkyl
groups in benzene homologues, phenols, arylketones and
hydroxyarylketones, in presence of aluminium chloride, are
related to each other snd to the Jacobsen reastion. It
seems likely that hydrogen fluoride isomerisations are also
related to these types of isomerisation. DBaddeley, more-
over, suggests that the steric effect of & bulky group’ggggg
to an alkyl group provides the impetus for the migration of
that alkyl group. In the new isomerisation-cyclisation
réaction, where much milder conditions of temperature exist
than in the rearrangements described by Baddeley, the impetus
of the carboxylic- end carboxymethyl-groups in compounds (ii)
and (4ii) (Table II) is insufficient to cause displacement
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of an ortho methyl-group. The impetus provided by the
bulkier P-—carboxyethyl- and J'-oarboxyprOpyl groups in
compounds (iv), (v) and (vi) (Table II) accompanied by the
impetus provided by the ability of the bulky group to
cyclise in the ortho position under the iniluence of the
catalyst is sufficient to cause migration of the ortho-
methyl group.

The closest analogy to the new isomerisation-
cyclisation reaction is to be found in the #ries rearrange-
ment of alkylated phenol acetates described by Allwers and
Mausst75) gng rearrangeuents in acylations described by

Hennion gnd McLeOse(75).

In the r'ries rearrsngement, an
acyl group, in presence of gluminium chloride under mild
conditions (40°) was found to cause displacement of an

alkyl group generally in the ortho- or para-position. The

displaced alkyl group was then either lost or took up a
vacant position in the benzene nucleus. In this reaction,
however, further migrations, comparable with the aluminium
migrations described above with hydrocarbons, took place.
For instance the acetate of 2,6-dimethyl-4-ethylphenol
(XIV) on treatment with aluminium chloride at 40° yielded
a mixture of 2,4-dimethyl-3-ethyl-6-acetylphenol (XV)} and
2,6~dimethyl-4~acetylphenol (XVI)-OS)(XVI) is formed by
loss of an alkyl group whose place is taken by an acetyl-
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CaHs W3 W.CHy -
) X
o, OL&QZ My’ Y 3 Hy . CHa
(XIV) (XV) (XVI,
group, c.f., formation of ketone (XI); (XV) is formed by
rearrengement similar to the formation of ketones (XII)
and (XIII) followed by & further rearrangement involving
a methyl- snd ethyl-group, probsbly of the 'general type'
of hydrocarbons described above.
It should be noted, moreover, that the isomerisa-
tion of F-(9-§-octahydr0anthrany1)prOpionio acid (IV,
n = 2) can be achieved vis the acid chloride under mild con-

ditions‘69).

The product (V) is identical with that ob-
tained by treating the acid (IV, n = 2; with hydrogen
fluoride.

These data suggest a possible mechanism for hydro-
gen fluoride cyclisatibns, a subject as yet largely un-
studied. In scylations and cyclisations involving
aluminium chloride the formation of the complex ions 13.00}+
and [AlCI;]— is postulated. 1he snalogous ions formed
with hydrogen fluoride would be LR.CQ]+ and [Hzecl}- using

an acyl chloride, and {R.CQ}’ andv[HZanE]- using the free

acid. The latter ion in presence of excess hydrogen

fluoride would slmost certainly become [HzFéln so that the
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following series of intermedistes (XVII) to (XI) and (XII)
may be considered as possibilifties in the cyclisation—

isomerisation of 6 -durylpropionic acid (XVII).

iy Chy o H F onona® ) RSN
CH CA
QX - | o 2G|
CH Ch3 ™ 4 s ’
(XVII) (XVIII) \l/
o ° [ens]”
3 + CH3F A
F o8 :
M3 Cal3 LH)FS]
(X1)
r’“\b A -~
" e
» " (XIX)
“$XII)

(XVII) follows both routes 4 and B aslmost equelly in extent
whereas the butyric acid (IX, n = 3) tends to follow route A
exclusively, complete remethylation taking place. In the
pentamethylbenzene series the propionic acid (X, n = 2) can
yigld only one ketone (XII) the displaced methyl ion being
lost ¥

'*Little work has been done on the by-products of isomerisa-
tion reactions as regards the loss of alkyl groups though it
is genersally assumed that the displaced group reacts with
the isomerising sgent, hydrogen, smother displaced group
or loses hydrogen to form an alkyl chloride, en alksne, a
dialkane or an alkene resgegtively.



This mechsnism would also explain the reactions in
the s-octahydroanthracene series where at least two products

are possible, i.s. (XX)

erad [ews], end (XXI). (XXI) would
° Yo readily be converted to
,t (XX) by the same mechan-
P
o ism which provides al-
N kylation and cyclisa-
(XX) (XX1)

tion in the benzene
nucleus using hydrogen fluoride(70’74).

This mechanism offers no explanstion of the lack of
ketonic product from the acid (X, n = 3). As indicated
above further study is required on the saction of hydrogen
fluoride on pentasubstituted phenylbutyric acids.

A possible explanation of the mixture of ketonic

produets(Bg)

obtained from F-(lO-methyl-g-ootahydroanthranyl)
propionic ascid (XXII) is offered by this mechanism in the
series of intermedistes {XXI) to (XXV) and (V) below. The

inseparable mixture isolated by Badger, Carruthers and

S.H,. CHy . COs H 2 CHp 60
SSONE. i
CHy | CHa
(XXII) (XXIII)
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T\

(4] 0
[+
ana — @ 4=

acufcuf[H ki,

g Oty O 1Oy + O, F Hy Oy O ) 19y

CH3 6«3 |
(XXV) (V) (XXIV)
Cook( ) may be g mixture of ketones (V) and (XV). It

would, however, be advisable to study the possibilities
of isomerisation in compounds with butene or propene gide
chains where ortho-methyl substituents are present before
drawing further conclusions. This is especiglly true in
view of the fact that 4-(9-s-octehydroanthranyl) butense-1
(xi, Table I) is unaffected by hydrogen fluoride, whilst
it has been éhown that cyclisation sccompanied by isomerisa-
tion occurs more readily snd more completely in the s-octa-
hydroanthracene series than in the polymethylbenzene series.
Durene was obtained by bischloromethylation of
xylene followed by reduction as desoribed by von Braun and
Nelles(vs). However, since reduction as described by these
workers using zinc, sodium hydroxide and benzene was unsatis-
factory, alternative wmethods were investigated. Catalytic
methods, using pallsdium, were found to give pure products
in excellent yield in small scale (2 g.) runs. In larger

s6ale runs, however, the time required for reduction was

tediously long snd incompletely reduced products were
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obtained. Reduction, using zinc and alcohol by the method
of Hewett(79) yielded non-homogenseous oils probgbly bi-
molecular products comparsble with those obtained from bis-
chloromethylnaphthalene by Badger, Cook and Crosbie(SO).
Reduction was most readily achieved using zinec, p?eviously
treated with copper sulphate solution and sodium hydroxide
gsolution with bischloromethylxylene dissolved in toluene in
a layer on top. Methods involving the use of methyl
chloride in & Friedel and Crafts reaction(al) were not used
as the reaction gppears to be difficult to camtrol and the

products difficult to separate.

. (82
Durylcarboxylic acid was obtained from bromodurene ‘
(83)
via the Grignard rea%gnf . By a modificgtion of Nauta
4
end Dienske's method for the chloromethylstion of mesityl-

ene, there was obtained from durene, chloromethyldurene (cf.

85) asccompanied by a small quantity of bischloromethyldurense.

Durylacetic acid was prepared from chloromethyldurene via

durylacetonitrile by normal procedures.

Condensation of chloromethyldurene with ethyl
melonate in the usual fashion yielded ethyl F -durylmethyl
malongte, which on hydrolysis to the corresponding acid
followed by decarboxylation yielded ﬁ-durylprOpionic acid.
Chain lengthening by the Arndt and Eistert procedure, vis

J—durylbutyramide yielded X—darylbutyrio acid.
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Since it had been shown(Gg) that the interaction of
g-octahydrosnthracene with succinic anhydride under the in-
fluence of sluminium chloride at 15° in carbon disulphide
yielded an isomerised produoct €-(9-ga—octahydrOphenanthroyl)
propionic acid (XXVII), the smnalogous resction with durene

was investigated. When condenssgtion of durene and succinic

Oo- Gt . Court (2O CH O anhydride was carried out%
in carbon disulphide ‘
there was obtained in poozx

(XXV1) (XXVII)
yield s mixture of two
(0.CH; (H, COLH €0. Ll CH,. COH acids which were separa-
“Z Y “ ted by fractional cryst
e raction ryst-
ty o oy s y vy
_ Hy allisation of their
(XXVIII) (XX1X) sodium salts.

The structure of the acid present in larger
quantity (77%) was esteblished by heating with hydrochloric
aoid(as) when durene was obtained. When reduced by the
Clemmensen procedure (see below), some J-durylbutyric acid,
identical with that prepared by the Arndt and Eistert pro-

cedure from p-durylprOpionic acid, was obteined indicating

that this acid was % -duroylpropionic acid (XXVIII). The
acid present in smaller quantity on oxidation with sodium
hypobromite yielded prehnityloarboxylic scid, characterised

a8 the amide, showing that the unknown acid was f -prehnitoyl-
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propionic acid (XXIX). ©No evidence, apert from the melting

point of the erude acid mixture (117-128°) was obtained of

86
the formastion of an acid, m.p. 1180, claimed by Muhr( ) to

be P -duroylpropionic acid. It seemed likely that the acid

" obtained by Muhr was the mixture described sbove.

In tetrédhloroeﬁhane)condénsation of durene and

suscinic snhydride in presence of sluminium chloride yielded

* (XXVIII) (93% of orude acidic materisl obtained) in much

-

better yield. No acidic impurity was isolated. In tetra~

chloroethane s-octahydroenthraecene under identical conditions

yielded & mixture of (XXXVII) and F -(9-g-octahydroanthranoyl)

. (69)
propionic acid (XXVI) .

These results are comparasble in that when carbon

~disulphide was used as solvent a greater degree of isomerisa-

tion was noted in both cases than when tetrachloroethane was
present. The results are also note_worthy in that whereas
isomerisation is considersble in both solvents in the g-octa-
hydroanthracene series only slight isomerisation takes place
in the durene series, a result comparable with the results

in hydrogen fluoride isomerisationsabove. In the cyclisa-

- tion~isomerisation resction with hydrogen fluoride, rearrange-

ment, when it takes place in the g-octshydroanthracene series,

is almost complete (mo acid is recovered), whereas in the

, durene series only partial rearrangement occurs (a considerasble

N SRR

4
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quantity of unchanged acid is recovered (see Tables I and II).

Badger, Carruthers and Cook(sg) demonstrated that
in the g-octahydrosnthracene series the isomerisation is not
reversible, i.e., g-octahydrophenanthrene when condensed with
suceinic anhydride gave only (XXVII). Thus it would appear
that this isomerisation differs from the high temperature
aluminium chloride rearrangements where s mixture is obtained
from either s-octshydroanthracene or s-octahydrophenanthrense.

This migration bears a striking resemblance to the
Jacobsen reaction whose relation to aluminium chloride
catalysed rearrasngements was pointed out by Baddeley(gﬁ).
In both the Jacobsen reaction and this rearrangement, migra-
tion of g methyl group is brought sbout by substitution in
the benzene nucleus, by sulphuric acid in the Jacobsen re-
action gnd by succinic acid here. Moreover, both yield pre-
bnitene derivatives and both, at least in the s-octshydro-
anthracene series, are irreversible. It is likely, thenm,
that the mechanisms of both reactions are similar and as
indicated by Baddeley(95) are connected with the steric
effect of the entering group. (See below for steric hin-
drance effect in F -duroylpropionic acid).

Reduction of ﬂ'-duroylpropionic acid to ¢ -duryl-~
butyric acid by the Huang-Minlon modification of the Kischner

(87)

Wolff reduction method was without suceess, only unchanged
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starting material was recovered. Reduction by the Clemmen-
.8en procedure yielded the required scid, { -durylbutyric
acid, only in small quantities, the major part of the product
being unchanged (XXVIII). These results are probsbly due to
steric hindrance, a contingency not unexpected in a substi-
tuted durene derivative. The smsller acetyl radicsl in

acetyldurene (XXX) is a classical example of the "steric in-

Cﬂx .0
C‘a
o Hy hibition of resonance" effect. (XXX) has,
3 -
in fact, a dipole moment comparable with
CHy” cH
: : that of aliphatic ketones and considerably
(XXx) 93)
Cm\fiae less than that acetophenone . This is
M due to the very small resonance contribution
CHy 3
x from the resonance form (XXXI) which cannot
CH; 3
exist to any great extent due to sterioc
(XXX1) _

hindrance.

The steric effect, similar to that which prevents
esterification of 2,6~dimethylbenzoic acid by the Fischer
Speier method(94) is almost certainly the cause of failure
to reduce (XXVIII) by the Kischner Wolff method where the
bulky hydrazide group is almost certsinly added on as inter-
mediate, a process which would be considersbly hindered
sterically. The Clemmensen method, which was found to give
some of the required acid, would probably have provided

complete reduction though this would have required a tediously
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long time and large quantities of resgents.
Pentamethylbenzene was obtained from two sources.
Chloromethyldurene readily yielded the required product in
excellent yield on shseking with hydrogen and pallsasdium. On
a larger scale pentamethylbenzene was obtained from mesitylene
vis bischloromethylmesitylene'®*).  Reduction of the latter
oompound proved troublesome. Except on a small scale (2 g.)
reduction using catalytic methods was slow and incomplete.
More vigorous chemical methods(50’79) yielded 0ils and only
small quantities of the desired product. The modification
of von Braun and Nelles'(78) method for reduction of bis-
chloromethylxylene (see above for preparation of durene) was
most effective though even here a poor yield of the required

product was obtained.

Chloromethylpentemethylbenzene was obtained by chloro-

methylation of pentamethylbenzene by Nauts and Dienske's
method for mesitylene(84). This compound, aeccompanied with
unchanged starting materisl, was also obtained when hexa-
methylbenzene was heated with phosphorus pentachloride.

Jacobsen(es)

claiums to have prepared by this method a sub-
stance, me.p. 99°, which he assumed t0 be chloromethylpenta-
methylbenzene (no ansalysis). It seems 1likely that fhis
subgstance was a mixture of the product and starting material

since the chloromethylpentamethylbenzene obtained in this

o
work had melting point 82-84 .
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Condensation of the chloromethyl-compound with ethyl

mglonate in the ususal fashion gave ethyl: . pentamethylbenzyl-

malonate, which, after hydrolysis and decarboxylation, yielded
%-pentamethylphenylprOpionic acid. This acid was also

obtained from F-dnrylprOpionic acid. g-(p-ehlorometgzl-

duryl)propionic acid, obtained by chloromethylation of F -
durylpropionic acid, on catalytic reduction gave the regquired

aciad. On one occasion on which acetic acid was used as

gsolvent during chloromethylation @-(p-acetogzggthylduryl)-

propionic acid was obtained, mixed with another acid, which

on hydrolysis gave an acid, 01432005,(not ﬁ -(p-hydroxy-
methylduryl)propionic acid)which was not further investigated

as it was obtained in poor yield and the conditions for its

production could not be duplicated.
ﬁ-(p-hydroxymethylduryl)pr0pionic acid was obtained

by alkeline hydrolysis of both (ﬁ -(p-chloromethylduryl)-

propionic acid and 6 -(p-acetoxymethylduryl)propionic acid.
| -pentamethylphenylbutyric acid was prepared by

the Arndt and Bistert procedure from its lower homologue the

propionic acid vis (-pentametgylphggylbquyamide.
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Experimentsgl, Part I.

Fluorene-9-carboxylic acid - Fluorene-9-carboxylic acid was

obtained by the action of aluminium chloride on benzilic

gcid(sz) and benzene(54).

Reduction of fluorene-9-carboxylic acid.

(1) Sodium and amyl salcohol. - Sodium (8 g.) was added

over a period of 3 hours to a refluxing solution of fluorene-
9-carboxylic acid (2 g.) in amyl slcohol (130 c.c.). The
cooled solution was added to water and steam distilled.

The amyl alcohol distillste was separated, dried over an~
hydrous calcium oxide and fractionsally distilled. The liguid
residue, which still contained some amyl alcohol, was not
further investigated. The alkaline squeous residue from
gteam distillation was filtered and acidified. The pre-
cipitated acid (ca. 0.3 g.; after crystallissation from hexane,
cyelohexane and benzene had m.p. 159-160° (155°)" .

(i) Sodium and ethanol. - Sodium (8 g.) was added over a

period of 2 hours to a refluxing solution of fluorene~9-
carboxylic soid (2 g.) in ethanol (100 c.c.). Mogt of the
ethanol was then removed on the water bath, water was added

and the residue extrscted with ether. The scidified aqueous

* FPigures in brackets after melting points here snd from
here may be taken to indicate the temperature at which sin-
tering commenced when the substance was heated.
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layer yielded an acid (ca. 0.4 g.) which formed needles,
mep. 18%-185° (179°) and mixed w.p. with scid from reduction
(i) 160-171°, from hexane, cyclohexane and light petroleum.
The ether extract yielded a yellow liguid which did not
decolourise bromine water and gave no precipitate with 2,4-
dinitrophenylhydrazine solution.

(1i1) Sodium smalgem and sodium hydroxide solution. -

Fluorene-9~carboxylic acid (5 g.) in sodium hydroxide solution
(200 ¢c.c., Bﬁ) was stirred at room temperature with sodiunm

‘55). After 16 hours, a yellow solid,

amalgem (412 g., 4%)
which had separated out on the surface, was removed by fil-
tration, the filtrate then being stirred with the incomplete-
1y decomposed amalgam at 100° for 8 hours. The yellow solid
was sublimed, 140°/3.5 mm., and crystallised from alcohol
(twice) to give white needles, m.p. and mixed m.p. with
guthentic specimen of 9=fluorenol 152-154°. An ethamnolic
solutién of the crude yellow solid, with 2,4~-dinitrophenyl-
hydrazine solution, yielded s red precipitate which formed
red needles, m.p. and mixed m.p. with authentic specimen of
fluorenone 2,4-dinitrophenylhydrazone 282.5°, from ethyl
acetate.

The alkaline filtrate above was stirred at 100° for

a further 4 hours, cooled and filtered. Phe residue on the

paper proved to be mainly 9-fluorenol. The acidified
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filtrate yielded fluorsene-9-carboxylic acid, m.p. and mixed
mepe. with originsl acid 221-223° after crystallisation from
benzene (oncse).

(iv) Nickel-aluminium glloy and sodium hydroxide solution.-

ef.(30). To & stirred solution of fluorene-9-carboxylic

acid (3.5 g.) in sodium hydroxide solution (450 c.c., 10%),
heated to 90° was added nickel~-gluminium alloy (27 g. in 1-2g.
lots). The mixture was then stirred for 1 hour longer, at
90° then filtered hot. The filtrate, acidified by pouring
into excess concentrated hydrochloric scid, yielded an acid
(ca. 2 g.) in the form of sticky masses. After crystallisa-
tion from aleohol, sublimation, 135°/1 m.m., recrystsllisation

from benzene, light petroleum (twice), hexane and cyclohexane

there was obtained hexahydrofluorene-9-carboxylic acid (ca.
15 mg.) in the form of needles, m.p. 182-183° (179°).
(Found: ©, 77.2; E, 7.2. O ,H 0, requires C, 77.7;
H, 7.5.). Mixed m.p. with acid from reduction (i) was 154-
173° and from reduction (ii) was 151-169°.

A second run where the mixture was heated under re-
flux yielded (from the reflux condenser) a meutral product

which formed white needles, m.p. and mixed m.p. with authentic

specimen of fluorene 115~114°, from hexane.
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Ammonium salt. - ‘he ammonium salt, prepared by eveporsting

a solution of the crude acid, m.p. 122-144°, in ammonia to
ldryness, was dissolved in water to form a saturated solution
end the solution evaporated to half bulk and filtered. The
filtrate on acidification yielded s resinous product; the
residue on the paper on like treatment gave a white powder,
mep. 117-173°.

Celcium salt. - The calcium salt, prepared by mixing aqueous

solutions of the smmonium salt and cslcium chloride, filter-
ing the precipitated salt and drying, was insoluble in both
hot and c¢old water.

Potassium salt. - A saturated solution of potassium hydroxide

in ethanol was added to a solution of the crude acid, m.p.l22-
144°%, in ether till just alkaline to phemolphthalein. The
potassium salt, so precipitated, was washed with ether and
crystallised from water. The white needles so formed, on
scidification yielded a powder, m.p. 144-151° (106°).

3odium salt. - The sodium salt, prepared in a menner anslogous

to the potassium salt vhen treated in 1ike fashion, yielded an
acid m.p. 139-164° (1219).

Benzyl-iso-thiouronium salt. - This salt was prepared by

mixing an aqueous solution of the potassium salt with an
ethanolic solution of benzyl-iso-thiouronium chloride. The

o
salt, which precipitated, formed needles, m.p. 144-1480 (119")

from water. Some nine crystallisations of the salt from
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benzene and water merely caused the melting point to fluctuate.
Acidification of an aqueous solution of the salf yielded an
acid, m.p. 120-132°.

p-Nitrobenzyl estér. - The ester, prepared in the ususal

fashion from the sodium salt was liquid at room temperature.

Ethyl ester. - Dry hydrogen chloride gas was passed fthrough

a solution of the crude acid (32.5 g.) in ethanol (500 c.c.)
for 1 hour and the resultant solution refluxed for 4 hours.
The residue, after removal of ethanol by distillation, dis-
solved in ether, was twice extracted with sodium carbonsate
solution, dried over amhydrous sodium sulphate end fraction-
elly distilled through a column (1.5 in.) of glass beads.
Three fractions 1), 2) and 3) were obtained. Fractions 1)
and 2) were redistilled to give fractions 14), 1B), 1C,,
24), 2B), 2C) and 2D) as listed below.
Fraction 1) b.p. 142-148°/2 mm. (7.25 g.).

14) b.p. 125-132°/0.7 m.m. (2.8 g.)

1B) b.p. 133°/0.7 m.m. (3.4 g.)

1C) b.p. 134%°/upwards/0.7 m.m. (1 g.)
Fraction 2) b.p. 1490/2 n.o. (18.8 g.)

24) bep. 134-1560/0.5 m.m. (12.4 g.)
2B) b.p. 136-138°/0.5 m.m. (2.4 g.)
2C) b.p. 138-140°/0.5 m.m. (2 g.)
2D) residue in flask (2 g.)

0
Fraction 3) b.p. 150-152 /2 m.m. (3.0 g.).
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Hydrolysis of the ester fractions. - Hydrolysis of fraction 3)

using aqueous ethanolic potassium hydroxide gave as product a
dark coloured gum which was induced to crystallise only with
difficulty. Hydrolysis by the method below for fraction 2D)
was employed for all other fractions as a less darkly coloured
product was obtained in better yield.

A mixture of fraction 2D), concentrated hydrochloric
acid (3 c.c.) and glacial acetic acid (5 c.c.) was heated to
100o for 3 hours. The residue, sdded to water, was extracted
with ether and washed with water. The ether extrsct, puri-
fied by extrasction with sodium carbonate followed by acidifi-
cation yielded a brown gum (ca. 1.6 g.) which readily gave
crystals from light petroleum.

A 1list of the results of hydrolysis is given below.
In each case the product was crystallised from light petroleum.

Fraction 14) on hydrolysis yielded an acid B.p. 75% (689)

" 1B) " " " f " 1730 ( 580)
" 10) " " n " " " 1780 (1580)
" 24) " " W " " ng° (720)

-designated 2A1)

v 168° (64°)
‘d8signated 24,)

" 2B) " " w oon " " $162° (750)
.designated ZBl)

182° (1619)

designated 232)



64.

Fraction 2C) on hydrolysis ylelded an acid m.p. 178° (174°)
" 2D) " " moomoowo 380°% (1719)
" 3) m " Wm0 (66°),

) The acids from fraction 24), i.e., 24)) end 2a,)

were readily separated. When a mixture of the two acids

was added to hexane, boiled for 1 minute and filtered

immediately, the residue on the paper was mainly 24,);

247) crystallised from the filtrate on cooling. Acids ZBl)

and 2By) were similarly separated.

Since the acids 143, 24,) and 3) had similar melting
points and since s mixture of any one acid with any other
showed no depression of the melting point, they were combined.
There was obtained from the combined specimen an gecid, which
formed large colourless prisms after charcoaling, m.pe. 749
(68°), after ocrystallisation from 1light petroleum (twice)
and hexsne (4 times). (FPound; C, 76.3; H, 6.8%).

As the acids 1C), ZBZ), 2C) and 2D) had similar
melting points and as a mixture of any one acid with any
other showed no depression of the melting point, they were
combined. The combined specimens gave hexashydrofluorene-9-
oarboxylic acid, m.p. 182-183° (172°) from benzene, light
petroleum (4 times), cyclohexane end hexane (twice).

(Found: C, 78.0; H, 7.4. Cq4H,0p requires C, 77.7; H, 7.5)

Acids 2B,), 1B) and 24p) were combined,ground in a
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mortar, boiled with hexane for 30 seconds and filtered
immediately. ‘he insoluble part was combined with the group
of high-melting acids above whilst the crystals which formed
in the filtrate were added to the low-melting group.

(v) Sodium, ethanol end liquid smmonia. - ef. (34). To a

solution of fluorene-9-carboxylic acid (2 g.) and ethanol
(15 ¢.c.) in liquid emmonia (5Q c.c.) was added, whilst
stirring, sodium (2 g.) in small pieces. After standing
overnight, further quantities of sodium (2 .g.) and liguid
ammonia (50 c.c.) were added and left for 6 hours when
excess ammonia was permitted to evaporate. The residue,
with water added, was extracted with ether. The dried ether
extract yielded & neutral materiasl which after sublimation,
130°/2 m.n., crystallisation from alcohol, benzene and light
petroleum (twice) formed needles, m.p. and mixed m.p. with
authentic specimen of fluorene 113-114°. The squeous
residue, above, on acidification yielded an acid (ca. 0.2 g.)
which formed needles, m.p. and mixed me.p. with hexahydro-
fluorene-9-carboxylic acid 179-182° (174°) from benzens,
light petroleum and cyclohexane.

(vi), (vii), (viii) Catalytic methods. - The acid used here

was purified by crystallisation from scetic acid (analar).
No absorption of gas was noted when fluorene-9-carboxylic

acid in glacial ascetic acid was shaken with hydrogem in
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presence of Adam's catalyst or reduced palladous oxide at
ordinary temperatures and pressures. Likewise, no &b-
gsorption of gas was noted when an ethsnolic solution of the
acid was shaken with hydrogen in presence of Raney nickel
catalyst, prepared by Adkins and Pavlic's method(as).

(1x) Hydrogen and Raney nickel at elévated temperatures and

pressures. - A mixture of fluoremne-9-carboxylic acid (5 g./,
ethanol (350 ¢.c.) and Raney nickel (2 g.) was stirred with
hydrogen at 140-160°% under a pressure of 150-160 atmospheres
for 5.5 hours. ihe product, after removal of the satalyst
and solvent by filtration and distillation, was a yellow
liquid. This liquid was dissolved in ether and extracted
with sodium carbonate solution. The alkaline extract, on
acidification, yielded an acid (0.25 g., which formed needles,
m.p. 159°% (142°) from benzene alcohol and hexame. fThe
neutral material, from the ether extract, was distilled,

b.p. 125-126°/14 m.m.; 265°/755 m.m{, to give a pale yellow
liquid which did not decolourise bromine water and gave no
precipitate with 2,4~dinitrophenylhydrazine solution.

(Found: €, 86.2; H, 9.5.). Heating the liguid with
palladium black at 260° for 2 hours yielded a resin. Heating
with sulphur at 220° for 4 hours gave fluorene, m.p. and
mixed m.p. with authentic specimen 113-114°. When a solution

of the liquid in benzene was passed through a column of
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alumina there was obtained a pale yellow liquid, b.p. 129-
120°/15 m.m., which darkened on standing. (Found: C, 84.3;
H, 10.5%).

o-Phenylbenzoic acid.- sluorenone was converted to the re-

quired acid by stirring with potassium hydroxide in p-cymene
at 175% for 30 minutes (cf. (38)). Average yield was 89%,
m.p. 110°.

o-Phenylhexahydrobenzoic acid. - ihe required acid was obtain-

ed by reduction of o-phenylbenzoic acid using sodium snd amyl

(39

alcohol as described by wutsche and Johnson Average

yield was 685, m.p. 104-105°.

Hexghydrofluorenone.- This ketone was obtained from o-phenyl-

37)
hexghydrobenzoic acid as desceribed by Cook and Hewett( ).
Aversge yield was 607, b.p. 130°/1 m.u., m.p. 43°.

Atteupts to prepare 9-cyeno-9-hydroxy-hexshydrofluorene.-
(40

1) (of. Mackenzie and Wood To a mixture of potassium
cyanide (5 g. analar), water (0.5 ¢.c.) and hexahydro-
fluorenone (1 g.) was sdded, dropwise, with vigorous stirring
over a period of 1 hour, concentrated hydrochloric acid

(7 ¢.c.). The mixture was kept at 15° for the first 30
minutes of addition of acid, then cooled to 0°. After stand-
ing at 0° for 8 further 30 minutes ether was added. The
dried separated ether extract‘yielded & liquid residue, which

gave a positive test for nitrogen (sodium fugion). The



68'

liquid residue, efter stending overnight with concentrated
hydrochloric acid was extracted with ether which was extracted
with sodium carbonate solution. The ecidified alkgline
extract was extracted with ether which left no residue on
distillation. The first ether extract yielded a neutrsal
product which formed a 2,4-dinitrophenylhydrazone, m.p. and
mixed m.p. with authentic specumen of hexshydrofluorenone
2,4-dinitrophenylhydrazone 188°.

Then acetophenone (1 g.) was substituted for hexa-
hydrofluorenone in the above experiment atrolactinic acid
(0.1 g.) was obtained.

£1)
2). (cf. Weissberger and Glass(’l)

). A solution of hexa-
hydrofluorenone (1 g.) in light petroleum (10 c¢.c.) was
shaken for 30 minutes in g tightly stoppered flask with a
solution of potassium cyanide (5 g. analar) snd smmonium
chloride (5 g.) in water (25 c.c.). The sepsasrated, dried
organic layer left on distillation a residue which gave a
negative test for nitrogen (sodium fusion). This residue
formed g 2,4-dinitrophenylhydrazone, m.p. and mixed m.p.
with authentic specimen of hexshydrofluorenone 2,4-dinitro-
phenylhydrazone 188°. Acetophenone when treated by this
method gave a negative test for nitrogen (sodium fusion) at
the cyanhydrin stage.

Hexghydrofluorenol. - Hexshyirofluorenone (6.7 g.) in ethanol .
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(150 c¢.c.) was shaken with hydrogen and Raney nickel (5 g.)
at ordinéry temperatures and pressures for 25 minutes. The

product, 1,2,3,4,10,11-hexshydrofluoren-9-01 (5 g.) formed

colourless needles, m.p. 130°, from hexane. (Found:
C, 83.0; H, 8.5. CygHi40 requires C, 83.2; H, 8.5l).
FPluorenol. - (c¢f. (42)). Fluorenone (6 g.) in alcohol
(200 6.c.) was reduced to fluoremol (4.7 g.), m.p. 153°, by
shaking with hydrogen for 15 wminutes at ordinary tempers-
tures and pressures in presence of Raney ﬁickel (5 g.) as
catalyst.

Raney nickel catalyst used in tﬁese reductions
was prepared by Adkins snd Pavlie's method‘sa).

Attempts to prepsre hexahydrofluorense-9-carboxylic acid.

1l). (of. Baohmann(43)). A mixture of hexshydrofluorenol
(5 g.), dry benzene (150 c.c.) and anhydrous calcium
chloride was stirred for 90 minutes whilst a rapid stream
of dry hydrogen bromide gas was passed through the suspension.
The suspension was stirred for 60 minutes longer, them fil-
tered. The filtrste was divided into 2 equal parts. The
first part was dried over anhydrous potassium garbonate for
seversal dsys. The second part was evaporated to dryness
in a stream of dry air.

The residue, a brown liquid, which oould not be
induced to solidify and which appeared to be evolving
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hydrogen bromide gas was distilled, b.p. 128—152°/1.5 Mot
An inconclusive test was obtained for bromine after sodium
fusion. Dehydrogenation of the distilled product at 240°
for 1 hour with palladium black yielded fluorene, me.p. and
mixed m.p. with authentic specimen 114-115°. The distillate,
sbove, was boiled with pyrid;ne for 1 hour and the resultant
on fractional distillation ylelded pyridine and a yellow
1iquid b.p. 130°/1.5 wem., which gave a negative sodium
fusion test for bromine, decolourised bromine water in the
cold, and gave no precipitate with 2,4-dinitrophenylhydrazine
solution. Dehydrogenation, as above, again yielded fluorene.
The first part of benzene extract was evsgporated to
dryness in a stream of dry air. The residue (3 g.) in dry
ether (100 c.c.) was added to magnesium (0.3 g.) to form the
Grignard complex. Most of the magnesium was converted to
e white precipitate. After refluxing for 1 hour, d4ry
carbon dioxide gas was passed through the suspension for 2
hours. After standing for 1 hour longer, the residue was
stirred with ice and dilute hydrochloric acid. The ether
layer was separated and extracted with sodium carbonaste,
which was acidified and extracted with ether. This latter
ether extract on distillation left no residue. The former
ether extract, dried over anhydrous oslcium ochloride yielded

an 011, b.p. 130-160°/2 m.m., which decolourised broumine
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water in the cold and on dehydrogenation gave fluorene, and
& residue which did not distil below 200°/1 m.m. This
regidue formed plates, m.p. 134-135°, from acetons, ethyl
acetate, hexane (twice), oyclohexane (thrice) after sub-
limation, 130%/5.4 x 10~ %m.u. (found i, 291 (Rast)).

To the unsatursted compound from pyridine treat-
ment, in ice c¢old carbon tetrschloride, wes added bromine
until the colour of the bromine was not immediately dis-
charged on addition. The residue, from evaporation of the
carbon tetrachloride in s stream of dry air at room tempera-
ture, & brown ligquid, which could not be induced to solidify
or orystallise was distilled, b.p. 130-150°/2 m.u. The
distillate, a yellow liquid, gave a negstive test (sodium
fusion) for bromins.

2). Hexahydrofluorenol (2 g.) was treated with dry
hydrogen chloride gas as desoribed above for hydrogen bromide.
The product, a yellow liquid, which appeared to be evolving
hydrogen ohloride gas, was distilled, b.p. 131-135°/1.5 m.u.
The distillate, a pale yellow liquid, gave a negative sodium
fusion test for chlorimne, decolourised bromine water

immediately in the cold and on dehydrogenation (palladium,

2200, 1 hour) yielded fluorens, m.p. and mixed m.p. with
authentic specimen 115-1150-
Freshly prepared, undistilled liquid (0.5 g.), which
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gave a positive sodium fusion test for ehlorine, in ethanol
(50 c.c. 70%) was refluxed with potassium cysnide (2 g.)
for 4 hours. The product, from distillation of the ethanol,
after washing thrice with water (20 c.c.) was a yellow liquid
which gave a positive sodium fusion test for nitrogen. Dis-
tillation of this product, b.p. 123-151°/1 m.m., yielded a
liquid which decolourised bromine water immediately in the
6old, gave a negative sodium fusion test for nitrogen, and
on dehydrogenation as described above yielded fluorepe‘

A solution of nitrogenated product (above) (1 g.)
in water (5 o0.c.), glacial acetic acid (15 c.c.) and con-
centrated sulphuric acid (5 c.c.) was refluxed for 3 h;urs.
The cooled residue was poured into water and extracted with
ether, which was then extracted with sodium hydroxide
solution. Acidificstion of the alksline extract yielded a
brown amorphous powder which was insoluble in water, benzense,
alcohol, acetone and pyridine. This brown solid did not
melt below 350° and did mot sublime below 250°/0.5 m.n. :
The ether extract ylelded a yellow oil, b.p. 128-137°/1.5 m.m.,
which rapidly deoolourised bromine water in the cold, gave a
negative sodium fusion test for nitrogen and on dehydro-

genation as described above yielded fluorene.
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A mixture of nitrogenated product (above) (0.5 g.)
sodium hydroxide (4 g.) and water (8 c.c.) was refluxed
for 24 hours. The cooled mixture was extracted with ether.
The dried ether extract yielded a yellow liquid, b.p. 132-
151°/2 m.m., which repidly decolourised bromine water inm
the c0ld and on dehydrogenation, as described above, yielded
fluorene. The alkaline extract, on acidification, yielded
a gelatinous precipitate which was filtered. The white
material was silica (miorocosmic bead test) which on boiling
with benzene for 2 hours, filtering and evaporating to dry-
ness gave no residuse.

o-Benzoylbenzoic acid. - The required acid was obtained by

the Friedel and Crafts procedure from benzene and nhthalic

4
anhydrido('e). Average yield was 72k, meD. 126-127°.

o-Benzylbenzoic acid. - orBenzoylbenzoic acid was reduced to

the required goid using zine and ammonia as desoribed by
a

Barnett, Cook and Kixon(‘g). Average yield was 88%,

m.p. 115-117°.

o-Benzylhexahydrobenzoic acid. - (cf. Cook, Hewett and

Lamrenoe‘ze)). Sodium (110 g.) was added in slices to a
gently refluxing, stirred solution ofo-benzylbenzoic zcid
(20 g.) in amyl alcohol (1300 c¢.c.). When solution of the
sodium was complete (6a. 2.5 hours) the amyl alcohol was

removed in steam and the partially acidified residue filtered

through a charcosl pad. | The acidified filtrate yielded
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the required acid (17.5 g.), which was orystallised from
gyclohexane then light petroleun. The yield of pure acid,
mep. 133-134°, was 11.5 g.

(26)
trans-as-hexshydroanthrone. - (cf. Cook, Hewett and Lawrence )

The required ketone was obtalned by dissolving the sbove
ecid in concentrated sulphurie acid in the cold. Aversge
yield was 68%, Mepe 1090.

Attempted preparation of 9-hydroxy-9-cyano-trans-as-octa-
(50))

hydroenthracene. ~ (cf. Plattner, Prst and Studer To

a stirred mixture of trans-as-hexahydroanthrone (2 g.) in
ether (20 o.c.) and potassium cyanide (8 g. analar) in water
(12 c.c.), cooled to -5°, was added, dropwise, concentrated
hydrochloric acid (9.2 c.c.), over a period of 2 hours.
After stirring at -5° for a further 4 hours, the tightly
stoppered fiask and contents were kept at 0o for 2 days.
The separated ether layer, washed 4 times with ice water
(10 ¢.c.) was dried over anhydrous sodium sulphate and evapor-
ated to dryness in a stream of dry air at 0°. The residue
formed white needles, m.p. and mixed u.p. with specimen of
original ketone 109-1100, from methanol.

In g seoond run concentrated hydrochloric acid
(50 c.c.) was added before removal of the ether in a stream
of dry air. The mixture obtained was left overnight then

mechanically shaken for 1 hour, when it was wmade alkaline
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and extracted with ether. The ether extract yielded trans-
ag-hexahydroanthrone, m.p. and mixed m.p. with original
ketone, 108-109°. The alkaline extract was acidified and
extracted with ether which was dried over anhydrous sodium
sulphate. No residue was obtained when this extract was
distilled.

When acetophenone (1 g.) was substituted for trans-
as~-hexahydroanthrone there was obtained, as residue, at this
stage atrolactinic acid (0.17 g.).
9-Hydroxy-trans-as-octahydrosnthracene. - (cf. Cook, McGinnis

(51)

and Mitohell )+ irans-as-hexahydroanthrone (1 g.) in

ethanol (40 c.c.) was reduced with hydrogen st ordinary
temperastures and pressures using Raney nickel as catalyst in
195 minutes. The product, the required alcohol (0.66 g.)
formed needles, m.p. and mixed m.p. with Cook gj.§;'8(5l)
product, 135-136°.

Benzohydrol. - Benzophenone (10 g.) in alcohol (300 c.c.) was

shaken with hydrogen for 4 hours at ordinary temperatures and
pressures in presence of Raney nickel as catelyst. Benzo-

hydrol (7.4 g+), mepe 66° was obtained.

B -Diethylaminoethsnol. - Ethylene chlorohydrin and diethyl-
t

emine were oondensed as described in Organic Syntheses(se)
to yleld the desired product. Average yields were oca. 75,

b.p. 67-70°/20 mem.
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g -Diethylaminoethyl chloride. - The required chloride was
obtained from 6 ~diethylaminoethanol by refluxing with

thionyl chloride as described by Slotta and Behnisch(57).

Aversge yields were oa. 50%, b.p. 148°/750 m.n. (16)
16

§ -Diethylaminoethyl benzohydryl ether. - (cf. Martin et al .

: Ly

A mixture of benzohydrol (3 g.), sodium (0.37 g. atomised)
and xylene was refluxed for 10 minutes. 1o the cooled
residue was added F-diethylaminoethyl chloride (1.9 g.) in
xylene (30 c.c.) and the resultant refluxed for a farther

10 hours. The 0o0oled residue was diluted with ether and
extracted with hydrochloric acid. The aclid extract, made
alkaline with sodium hydroxide solution, was extrsoted with
ether, which was dried over anhydrous potassium carbonate,
and fractionally distilled. The required basic ether

(2.4 g.) was obtained as a colourless oil from the fraction
b.p. 154°/1 m.n. The hydrochloride, formed by passing dry
hydrogen chloride gas through a solution of the base in dry
ether formed white needles, wm.p. 142-143° from ether, iso-
propanol. (Found: C, 71.3; H, 8.0; N, 4.4. Calculated
for CygHpgONCl: €, 71.3; I, 8.2; I, 4.4%). The gcid
oxalate, made by mixing solutions of the base and anhydrous
oxalic acid in dry ether, formed white needles, m.p. 929,
from ether, isopropanol. (Found: C, 67.6; H, 7.6;

N, %.9. N requires C, 67.4; H, 7.3; N, 3.8%).

Co1H27%
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§ -diethylaminoethyl fluorenyl-9-sther. - ihen 9-Ffluorenol
\ ,
was substituted for benzohydrol in the above condensation

there was obtained é-diathylaminoethyl fluorenyl-9-gther

(2.0 g.) as & pale yellow o0il, b.p. 125-130°/0.07 m.m.,
which darkened in colour on standing. (Ffound: C, 80.8;
H, 8.1; N, 5.0. C19H230N requires C, 8l.1; H, 8.2;

N, 5.0%). The acid oxalate, prepared as described sbove,

formed white needle clusters, m.p. 122°, from ether, iso-
propanol. (Found: C, 68.0; H, 6.9; N, 4.0. CyyHpg0gN
requires C, 67.9; H, 6.8; N, 3.84). Attempts to prepare
the tartrate, citrate, picrate, etoc. by similar methods
resulted in the formation of oils which could not be in-
duced to orystallise or,if they did,only unchanged acid was

obtained.

f -aiethyleminoethyl hexshydrofluorenyl-9-ether. - When
-
hexshydrofluorenol was substituted for benzohydrol there

was obtained % ~diethylaminoethyl 1,2,3,4,10,11-hexg-
hydrofluorenyl-9-ether (1.7 g.) as a pale yellow oil,

b.p. 120-123°/0.05 m.m., isolated as the acid oxslate which

formed white needle clusters, m.p. 135-138° from ether,
isopropanol. (Found: C, 66.6; H, 8.3; N, 3.7.

CpyHz Ol Trequires C, 66.8; H, 8.3; T, 3.7%). As sbovs,
no other salt could be isolated in a crystalline form.

_ﬂ -diethylaeminoethyl trans-as-octshydroanthranyl-9-ether. -
\

When 9-hydroxy-trans-as-octahydroanthracene was substituted
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for benzohydrol there was obtained f -~diethylaminoethyl

trans-as-octahydroanthranyl-9-ether (2.1 g.) as a pale ysllow

0il, b.p. 137°/0.07 m.m., isolated as the aoid oxalate, which

formed white needle clusters, m.p. 134°, from ether, iso-
propanol. (Foumd: C, 67.4; H, 8.5; U, B.8. CogHzz05N
requires C, 67.5; H, 8.5; N, 3.6%). The picrate formed
small yellow needles, m.p. 107-108°, from ether, isopropanol.
(Pound: C, 58.7; -H, 6.7; N, 10.3. CpgHzs0glly reguires

C, 58.8; H, 6.5; Ik, 10.6x). The hydrochloride was a
deliquescent solid. The citrate and tartarate were oils

which could not be induced to solidify.
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Experimental, Part II.

Durene. - Durene was prepared by bischloromethylation of
teohnical xylene followed by reduction of the bischloro-
methylxylene with zine and sodium hydroxide solution as
desgribed by von Braun and Nelles(78). Toluene is prefer-
able to benzene as solvent in the reduction, zinc should be
treated with copper sulphate solution before adding to
sodium hydroxide solution. Average yilelds were 25-30%,
m.p. 78-80°, b.p. 210°/750 m.m.

Durylcarboxylic acid. - Bromodurene, prepared by direct

bromination of durene as desoribed by Gissmann(ez) was con-
verted to the desired product through the Grignard reagent
a8 desoribed by duson and Kelton‘ss). Durylearboxylia

scid (35,.) formed needles, m.p. 1799, from light petroleum.

Chloromethyldurene. - A mixture of durene (22 g.), glacial

acetic acid (50 c.c.), concenmtrated hydrochloric acid (110°)
and formsldehyde (10.7 g., 40%) was stirred at 70° for 6
hours whilst a repid stream of hydrogen chloride gas was
bubbled through the mixture. A further quantity of
formaldehyde (4.4 g., 40%) was added after 3 hours. After
6o0ling and deoantation of the agqueous layer, the residue
in benzene, washed with water and dilute sodium oarbonate
solution, was dried over snhydrous potassium carbonate.

Chloromethyldurene (22 g.) was distilled, b.p. 139~141°/
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15 m.m., and formed needles, m.p. 65-660, from methanol.
8 ]

(FusZon and Sperati( o) record b.p. 145-1440/18 m.m., and

m.p. 67°.)  The residue in the flask, after sublimation,

160°/15 m.m., yielded bischloromethyldurene, which formed

needles, m.p. 193-194° from light petroleum. (Found:
C, 62.0; H, 6.8; Cl1l, 30.b. 012316612 requires C, 62.3;
H, 7.0; 0C1l, 30.7%).

Durylscetio acid. - A mixture of chloromethyldurene (2 g.)

in ethanol (25 c.c., and potassium cyanide (5 g., analar,
in water (9 c.c.) was refluxed for 2 hours. The cooled

mixture was added to water filtered and dried. Durylaceto-

nitrile (1.8 g.), so produced, after distillatiomn, b.p.
168°/20 m.m., formed needles, m.p. 84-85° from agueous
methenol. (Found: C, 83.3; H, 8.5; I, B8.3. CygH N
requires C, 85.2; H, 8.7; X, 8.1%).

Durylacetonitrile (0.75 g.) was heated to 150°
under reflux for 10 hours with a mixture of water, concen-
trated sulphuric acid and glacial acetic aoid (15 c.c.,
1:1:1). The cooled residue was poured into water and fil-

tered. Durylacetié acid (0.32 g.), further purified by

reprecipitation from sodium carbonate solution, formed

needles, me.p. 198-1990, from benzene. (Pound: C, 7H.2;

H, 8.1. ©.H .0, requires C, 75.0; E, 8.4%).
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Ethyl 6 -durylmethylmalonate. - A mixture of sodium (3.5 g.,
{

atomised), benzene (75 c.c.; and ethyl msaslonate (24.2 g.)

was heated under reflux for 3 hours. While still warm,
chloromethyldurene (25.2 g.) in benzene (40 o.c.) was added
and the resultant mixture refluxed for a further 2 hours.

The cooled mixture was added to water and the separated
organic layer dried over anhydrous sodium sulphate. Fraction-
al distillation yielded chloromethyl durene, ethyl malonate

and ethyl § -durylmethylmalonate (31 g.), b.p. 158-160°/

0.5 ma., which forwmed prisums, w.p. 58-59°, from light
petroleum. (Found: C, 70.5; H, 8.6. C,gHg004 Tequires
C, 70.6; H, 8.6%).

3 -durylmethylmalonic sacid. - The above ester (30 g.) in

l
ethenol (75 c.c., was refluxed for 3 hours with potassium

hydroxide (21 g.) in water (30 c¢.c.). The resultant mixture
was added to water and the partially acidified solution
filtered through a pad of charcoal. The gcidified filtrate
yielded @-au;ylmeggzlmalonio 20id (22+4 g.) which formed

plstes, mep. 176° (with evolution of carbon dioxide) with

& naocrsous lustre,from water. (Found: ©C, 67.4; H, 6.9.
C B, g0, Toauires C, 67.2; K, 7.2%).

8 -~durylpropionic acid. - The above acid (20 g.) was heated
\

to 180° until the evolution of carbon dioxide had ceased.

Aﬁ-duryhprOpionio acid (15 g.) formed needles, m.pe. 1700, from
{
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b VA . .B‘ H ’ !’..7’ 0O o N
enzene (Found C, 75.6; H, 8.6 b15H1802 requires

C, 75.7; H, 8.8%). %-durylprOQionamideprepared from
the gcid via the acid chloride, formed needlss, m.p. 201~
202°, from ethemol. (Found: C, 76.2; H, 9.0; N, 7.0.

ClelQON requires €, 76.1; H, 9.3; N, 6.8%).

%_;durgzlperionic acid. - 1) To s stirred, ice-cold suspen-
sion of enhydrous aluminium chloride (10 g.) in dry carbon
disulphide (25 c.c.) was added overa period of 30 minutes,

a solution of durene (3.3 g.) and succinic anhydride (2.5 g.)
in carbon disulphide (50 c.c.). 1he resultant mixture,
after stirring for a further 4 hours at O°, was left at room
teuperature overnight. Carbon disulphide was then decanted
and the viscous residue, decomposed with ice and concentrated
hydrochloric acid, was then filtered. The acid (2.7 g.),
MeDe 117-128° so obtained, was converted to its sodium salt
by werming with hot dilute sodium carbonate solution. On
cooling the sodium salt formed needles which were sgain

crystallised from water. Regeneration of the acid from

these necdles yielded F-durox}propionic acid (2.2 g.)
which formed needles, m.p. 160-1610, from ethanol. (Founds
C, 71.6; H, 8.0. OC. H 0 requires C, 71.8; H, 7.7%).

. 14 18 3
p-nitrobenzyl %-duroylpIOpionate formed white needles,

m.p. 120-121°, from methanol. (Found: C, 68.3; H, 6.4;

N, 3.5. 0, Hyz0.N reguires C, 68.3; H, 6.3; N, 3.8%).
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When the acid (0.12 g.) was heated with concentrated
bhydrochloric acid (1 c.c.) in & seasled tube to 150° for 5
hours, there was obtained durene (0.07 g.), m.p. and mixed
m.pe. with authentic specimen 77-80°.

The mother liquors from crystallisation of the

sodium salt above, on acidification, yielded ﬁ-prehnit:oyl-

propionic gcid (0.29 g.) which formed needles, m.p. 107-1080,

from benzene, hexane. (Pounda; ©, 71.6; H, 7.7. Cq4H4g0z
requires C, 71.8; H, 7.7%). %-prehnitcoylprOPionic acid
(0.1 g+) was added to ice-cold sodium hypobromite solution
(10 c.c., 10%) end the resultant-mixture graduslly hested

to 1000, at which tempersature it wds maintained for 3 hours,
with occasionsal shaking. The wmixture was then filtered =nd
the filtrate acidified. The dried, filtered, precipitated
acid formed needles, m.p. 165-166°%, from ligroin. (Preh-
nitylesrboxylic acid has m.p. 168-169°'°1)).  mhe smide of
this acid, prepared via the aoid chloride, formed plates,
MepPe 2000, from water. (Prehnitylcarboxylamide has m.p.
2220(92))

2). A sludgeof sucoinic anhydride (2.5 g.) in tetrashloro-
ethane (30 c.c.) was added to a stirred ice cold suspension
of anhydrous eluminium chloride (10 g.) snd dnrene (3.55 g.)
in tetrachloroethane (60 c.c.) over a period of 30 minutes.

After stirring at 0° for 4 hours more and standing overnight
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at room temperature the residue was decomposed with ice and
concentreted hydrochloric acid and the tetrachloroethsne
removed in steam. The filtered residue yielded F ~duroyl-
propionic acid (4.1 g.), m.p. 157-159°, which was purified
Vvia the sodium salt as described sbove snd gave needles,
me.p. and mixed m.p. with acid from carbon disulphide method
160-161° (3.1 g.). Mother liquors yielded only a further
quantity (0.7 g.) of F-duroylprOpionic acid.

J-durylbatyric sacid. - 1). A mixture of ﬁ-durylpropionic

acid (2 g.), thionyl chloride (2.5 ¢c.c.), benzene (15 c.c.,
dry) end pyridine (1 drop) was heated under reflux for 2
hours. Excess thionyl chloride was removed in vacuo and
the residue washed with benzene (10 c¢.c. thrice) which was
elso removed in vacuo. The residue in benzeme (15 c.c.)
was added dropwise with shaking to an ice cold solution of
diaszomethane (from 7 g. nitroso~-methylurea) in ether

(100 c¢.c.) and left at room temperature for 4 hours, when the
ether was removed in a streem of dry air. A nmixture of the
residue, dioxan (20 c¢.c.), ammonia solution (15 ¢.c., 20%)
and silver nitrate solution (3 c.c., 10%) was then heated on
the water bath for 2.5 hours and filtered hot, the residue
on the paper being washed with hot dioxan (15 c.c.). The
cooled combined filtrates were added to water and filtered.
X—dugylbugyramide (1.05 g.) so obtained formed plates,
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m.p. 171-172°%, from ethanol. (Found: C, 76.8; H, 9.5;
N, 6.1. C;,H, ON requires C, 76.7; E, 9.7; N, 6.4%).
The amide (1.05 g.), potassium hydroxide (5 g.) and ethanol
(50 c.c.) were heated under reflux for 12 hours. The
resulting solution, after distillation of excess ethanol,

on gcidification ylelded J-Qurylbajyrio acid (0.78 g.)

which formed plates, m.p. 139-140°, from gyclohexsne.

(Found: C, 76.2; H, 9.0. Cq,H;,0p requires C, 76.3;

H, 9.1%).

2). A mixture of ﬁ -duroylpropionic acid (1.7 g.), potassium
hydroxide (0.46 g.), hydrazine hydrate (0.61 g., 90%) and
diethyleneglycol wes heated in the fashion described by

Huang-Minlon‘87).

The resultant scid was unchanged F -duroyl-
propionic acid, m.p. and mixed melting point with originsal
acid 156-160" .

2a) . A mixture of ﬁ =duroylpropionic acid (1.5 g.),
amsglgamated zinc (10 g.), concentrated hydrochloric acid

(75 c.c.), glacial acetic asid (10 c.c.) and toluene (15 c.c.)
wes refluxed for 36 hours. Further quantities of zinc

(5 g.) and concentrated hydrochloric sacid (15 c.c.) were

edded after 15 hours. When cold, ether was added and the
ether layer extracted with potassium carbonate solution,

which on scidification yielded an acid (1.2 g.), m.p. 120-125°.
This acid, dissolved in hot sodium oarbonate solution, yielded
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crystals on cooling. The orystalline sodium salt, on

shaking with dilute hydrochloric acid, yielded unchanged

F-daroylprOpionie acid (0.85 g.), mep. end mixed m.p. with

original acid 157-159°. The sodium salt mother 2iquors, on

scidification, yielded, { -durylbutyric acid (0.21 g.),

m.p. and mixed m.p. with specimen from Arndt and Eistert

method, 137-140°.

Pentemethylbenzene. - 1). Bischloromethylmesitylene, obtained
(84)

from mesitylene as described by Nauts and Dienske , was

most readily reduced by the method described asbove for bis-
chloromethylxylense. A mixture of bischloromethylmesitylene
(75 g.) in toluene (350 c.c.), zinc (150 g. previously
treated with copper sulphate solution) and sodium hydroxide
solution (300 g. in 3000 c.c.) was stirred whilst heated to
900. Pentamethylbenzene (25 g.) was obtained by fractional
distillation, b.p. 221°, m.p. 53°, of the organic layer.

2)+ Chloromethyldurene (10 g.) in acetone (150 c.c.) was
shaken with hydrogen at ordinary temperatures and pressures
in presence of pallsdium on asbestos (5 g., 6{) as catalyst
for 100 minutes. Pentamethylbenzene (8 g.) was obtained.

Chloromethylpentamethylbenzene. - 1). A mixture of penta-

methylbenzene (15 g.), concentrated hydrochloric acid (75 c.c)
and formaldehyde (7.2 g. and 3 g., 40%) was treated as described

sbove for the preparation of chloromethyldurense. Distilla-



87.

tion, b.p. 148°/14 m.n., yielded chloromethylpentamethyl-
benzene (12 g.) which formed prisms, m.p. 82-84°, from light
petroleum. (Found: C, 73.1; H, 8.8; C1l, 17.9.

C;oH,7C1l requires C, 73.3; H, 8.7; Cl, 18.0%).

2) «+ When hexamethyibenzene (4 g.) and phosphorus penta-
chloride (5 g.) were heated together at 140° there was
obtained as residue a black viscous wmass, which, after wash-
ing with water and sodium carbonate solution, on distillation,
b.p. 170°/20 m.m., yielded chloromethylpentamethylbenzene
(0.12 g.), m.p. and mixed m.p. with authentic specimen 82-
83°, snd hexamethylbenzene (0.3l g.), m.p. and mixed m.p.
with authentic specimen 164-168°. The main bulk was a
black 0ily material which did not aistil. |

Ethyl pentemethylbenzylmalongte. - Chloromethylpentamethyl-

benzene (12 g.), treated as described sbove for chloromethyl-

durens, yielded ethyl pentamethylbenzylmslonate (14.5 g.),

b.p. 177-180°/1.5 m.m., which formed needles, m.p. 71-73°,
from ethanol. (Found: C, 71.2; H, 8.9. Cy9Hog0,
requires C, 71.2; H, 8.87).

Pontamethylbenzylmalonic acid. - The sbove ester (14.5 g.)

hydrolysed as described above for ethyl g -~durylmethyl-
malonate yilelded pentsmethylbenzylmelonic acid (9.4 g.) which

formed plates, m.p. 191.5° (with evolution of carbon dioxide)

from aqueous ethsanol. (Founds C, 68.4; H, 7.4.
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01532004 requires G, 68.2; H, 7.6%).

ﬁ—pentamett}ylphenylprogionic acid. - 1). The above acid
(9.4 g.) was heated to 195° until the evolution of carbon

dioxide had ceased. é -pentamethylphenylpropionic acid

(6.4 g.) so formed, orystallised from benzene in needles,

m.p. 175-176°. (Found: O©, 76.2; H, 9.3. Cy,H, 0p
requires G, 76.2; H, 9.2%).

2). A mixture of e-durylprOpionic acid (2 g.), concentra-
ted hydrochloric acid (15 c.c.) and formaldehyde (1.5 c.c.,
407) was stirred at 60° for 6 hours while a streasm of dry
hydrogen chloride gas was passed through the suspension.

After 3 hours a further quantity (1 c.c., 40%) of formalde-
hyde was added. The resultant suspension, whilst still

hot, was poured into water and filtered. F-(p-chloromethzl—

duryl)propionic acid (1.9 g.) so obtained formed needles,

m.p. 216-218°, from dioxan (twice). (Pounds C, 66.2;

H, 7.5; C1l, 14.1. 014H190201 requires C, 66.0; H, 7.5;

c1, 12.9%). F -(p-acetoxymethylduryl)propionic acid,

obtained by treatment of the above acid with sodium acetsats,

formed long fine needles, m.pe. 203-2040, from aqueouns acetic

acid. (Found: €, 69.0; H, 8.0. Cy gHgp0y Tequires

G, 69.0; H, 8.0%). F-(p-gydroxymethylduryllproEionic acid,

formed by sodium carbonste hydrolysis of either of the two

acids sbove, crystallised from ethyl acetate in short firm
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needles, m.p. 212-214°.  (Found: C, 71.4; H, 8.4.
C14H,005 requires C, 71.2; H, 8.5:). In one run of the
S&i:rgﬁfﬁiiiﬁﬁ}on where acetic acid was present as solvent,
Aﬁ-(p-acetoxymethylduryl)prOpionié 8cid, m.p. and mixed w.p.
with specimen preﬁared above 201-205°; which on hydrolysis
yielded F—(p—hydroxymethylduryl)prOpionic acid, m.p. and
mixed m.p. with authentic specimen, 211-213°. Mother
liquors from crystallisation of the acetylated acid, obtained
directly, yielded an acid which on sodium carbonate hydrolysis
gave sn scid, which formed micro-needles, m.p. 100-102°, from
benzene (thrice). (Found: €, 71.3; H, 8.4... 014H2005
requires C, 71.2; H, 8.5().

€ ~-(p-chloromethylduryl)propionic scid (0.3 g.) in
acefone (15 ¢.c.) was shaken with hydrogen and palledium
black (0.03 g.) at ordinary temperatures snd pressures for
60 minutes. The product, F ~-pentamethylphenylpropionic acid
(0.21 g.), formed needles, m.p. and mixed m.p. with acid
obtained by method 1) 173-1749, from benzens.

! -pentamethylphenylbutyric acid. - (3 -pent amethylphenyl-
propionic seid (2.4 g.) by the Arndt and Bistert procedurse
a8 described for 6 -duryiprOpionic gcid gbove, yielded
X-pentametgylphenylbutyxgmide (1.15 g+) which formed micro-

niddles, m.p. 184-186° from benzene. (Found: C, 77.4;

H, 10.2; N, 6.4. CléﬂzzQﬂ requires C, 77.2; H, 9.9;
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N, 6.00). The amide on hyirolysis by the procedure used
for J-durylbutyramide above, ylelded (-pentamethylphenz;-

butyric acid (0.7 g.) which formed plates, m.p. 157-158°,

from benzene. (Found: C, 76.8; H, 9.4. 015112202 re-

quires C, 76.9; H, 9.5.).

Isomerigations and cyclisations with anhydrous hydrogen

fluoride. - The substance to be investigated (1 g.) was left
in contact with anhydrous hydrogen fluoride (25-30 c.c.) for
36-48 hours. “he residue, poured on ice, was extracted
with ether which was then extracted with sodium earbonste
solution. The ether extract was dried over arhydrous sodium
sulphate whilst the alksline extract was boiled with animal
charcogl for 1 hour, filtered and the filtrate acidified.

1). Durene. - No acidic materisgl was obtained from the 7
alkaline extract. ihe ether extract.yielded durene (0.96 g.)
m.p. 75-78%, which, on crystallisation from agueous alcohol,
gave a pure product (0.84 g.), m.p. and mixed m.p. with
authentic specimen of durene 78-79°.

2) « Durylcarboxylic acid. - Uhe carbonate extract yielded an

acid (0.90 g.) which formed needles, m.p. and mixed m.p. with
authentic specimen of durylcarboxylic acid 177-1780, from
1ight petroleun. fhe ether extract, on distillation, left

no residue.
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3). Durylacetic acid. - Lhe carbonate extract ylelded an acid

(0.92 g.) which formed needles m.p. and mixed m.p. with
aunthentic specimen of durylacetic acid 195-1970, from benzene.
The ether extract left no residue on distillation.

}.% ~durylpropionic acid. - The carbonate extract yielded

unchanged é-durylprOpionic atid (0.7 g.) which oerystallised
from benzene in needles, m.p. and mixed m.p. with authentic
specimen 167-169°. The ether extract yielded a brown gunm
(0.25 g+) which solidified on standing. Ihe s0lid material,
dissolved in benzene, was passed through a column of
alunina (2 cm. x 1.5 cm.), which had previously been heated
to 250° in vacuo for 2 hours. No evidence of the formation
of bands was noted. Distillation of the eluted benzens
yielded a pale yellow s0lid which crystallised from light
petroleum in white needle clusters (Ketone A) and large
yellow prisms (XKetons B) which were mechanically separated.
Ketone A formed a red 2,4-dinitrophenylhydrazone
which decomposed above 250° without melting. A, i.e.,
4,5,7-trimethylindan-1-one (ca. 0.04 g.) formed long fine

needles, m.p. 104=-105°, from light petroleum (thrice) .
(Found: G, 82.5; H, 8.0%; M, 199 (Rast). ©Cj.H,,0 re-
quires G, 82.7; H, 8.1%; N, 174). Any yellow prisums,
which separated during purification of A, were removed by

hand. The oxime, made in the ususl fashion in presence of
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sodium hydroxide, formed needles, m.p. 223-224°, from
benzene, light petroleum. (Founds C, 76.3; H, 7.8;

N; 7.6. Cq,H)gUN requires C, 76.2; &, 8.0; N, 7.4%).
The oxime (0.03 g.) was refluxed for 2.5 hours with dilute
hydrochloric acid (2 c.c.) and a little ethanol. The
product formed needles, me.p. and mixed m.p. with originsal
ketone 103-104° from light petroleum.

Ketone A (0.15 g.) was heated in a sealed tube to
175° for 6 hours with nitric acid (1 c.c., sp.gr. l.42) and
water (2 c.c.). The resulting solution was evaporated to
dryness and the residue in dry ether esterified using 4diazo-
methane (from 4 g. nitrosomethylures). The product formed
needles, m.p. and mixed m.p. with specimen of methyl benzene-
pentacarboxylate prepared by oxidation and esterification
from pentsmethylbenzene 144-1469 from methanol (twice).

(cf. (89,90)),

Ketone B formed an orange 2,4-dinitrophenylhydrazone

which decomposed without melting sbove 260°. B, i.e., 4,5,6,7-

totramethylindan-1-one (ca. 0.05 g.) formed colourless plates,

w.ps 150-151°, from light petroleum (thrice). (Found:

C, 82.8; H, 8.6%; M, 172 (Rast). CygH,40 requires C, 82.9;
H, 8.6%; M, 188). ‘races of trimethylindanone were best
removed by crystallisation from hexane; trimethylindanone

ocrystallised out first and was removed by filtration.
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Evaporation of the filtrate yielded kefone B which was then
purified by orystallisation from light petroleum. The
oxime formed needles, m.p. 211-213%, from ethamol. (Found:
C, 77.0; H,.8.4; N, 7.2. 013H170N requires C, 76.8;

H, 8.4; N, 6.9%). ©The oxime, hydrolysed as described above
for trimethylindanone oxime, yielded tetramethylindanone
which formed plates, m.p. and mixed m.p. with original ketone
129-150%, from 1light petroleum. Oxidation of ketone B with
dilute nitric scid as described sbove for trimethylindanone
followed by esterifiocation, yielded methyl mellitate which
formed plates, m.p. and mixed m.p. with authentic specimen
187°, from methanol (twice).

‘-du;x}butyric acid. - Lhe carbonate extrasct yielded unchanged

{ -durylbutyric acid (0.36 g.), m.p. snd mixed m.p. with
originel soid 138-139°, after crystallisation (once) from
cyclohexane. The ether extract yielded a brown solid (0.5 g.)
which after charcoaling, corystallised from ethanol (thrice)

in white needles, m.p. 106-1079, of‘5,6,7,8-yetramsthxl-l.2,5,4-
tetrshydronaphthslen-l-one. (Found: GC, 83.4; H, 9.0%;

M, 200 (Rast). Oj,H,g0 requires C, 83.1; 4, 9.0%; M,
202). The oxime formed small needles, m.p. 186-187°, from
othanol. (Found: C, 77.2; i, 8.8; N, 6.6. CyyH ON
requires G, 77.4; H, 8.8; N, 6.5(). Hydrolysis of the

oxime as described for trimethylindanone oxime, yielded,
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after crystallisation from ethanol, needles, m.p. and mixed
m.p. with tetramethyltetralone 105-106°.

Oxidation and esterification of the ketone as
described above for trimethylindanone gave after crystallisa-
tion (twice) from methsnol, methyl mellitate, m.p. end mixed
me.n. with authentic specimen 185-186°.

6). & ~pentamethylphenylpropionic gcid. - 1he carbonsate

\
extract yielded unchanged acid (0.37 g.), m.p. and mixed m.p.

with authentic gspecimen of ﬁ-pentamethylphenylprOQionic

acid 175-177°, after crystallisation from benzene. ‘he ether
extract yielded a yellow gum (0.54 g.) which, dissolved in
benzene, was passed through a columm of alumina (2 cm. x

1.5 cm.). ‘'he eluted benzene solution yielded s yellow

solid which formed colourless plates, m.p. and mixed m.p. with
a8 gpecimen of tetramethylindanone prepared from F -duryl-
propionic acid 150-152°, from light petroleum (twice) .

(Found: M, 197 (Rast). 0133160 requires i, 188). The
oxime formed needles, m.p. and mixed m.p. with specimen pre-
pared above from 6 -durylpropionic geid 213-214°, from
ethanol. Oxidaetion and esterification, as described above
for trimethylindasnone, of this ketone yielded methyl melli-
tate, m.p. and mixed m.p. with suthentic specimen 187-188°,
after crystallisation (twice) from methanol.

7). Y-pantamaggx}phegylbngyrio acid. - 1'he oarbonate extract
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gave unchanged acid (0.92 g.), mep. and mixed m.p. with
authentic specimen 155-156°, after crystallisation from
benzense. ihe ether extract on distillation gave only a

trace of neutral product.
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