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INTRODUCTION
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FLUOREIE
§ - The hydrocarbon fluorene has been Imowmn for almost o
" @ ' hundred years. In 1878 (1,2) the structure was
. q established as that of diphenylenemethane I. Since
8 1/ then a considersble amount of research has been devoted
7 - ;

to fluorene and its related compounds.
Preparations of fluorenes have been carried out in two genersl ways:-
(a) vy ayn‘bileses from suitable starting materials.
(b) by direct substitution on a fluorene skeleton.
. Synthetic methods are numerous and yield primerily substifuted
fluorenones which are subsequently reduced.
The rearrangement of phenanthraquinones, an application of the
benzil-benzilic acid rearrangement, has often been employed. 'The
resulting diphenylene glycollic acids II decompose in boiling water to

give fluorenones III.

IIT
The dehydration of o-garboxydiphenyls has proved of wvolue.
This method has the disadvantege that if the substituent in the second
ring is in the meta position, ring closure can give rise to two compounds.

0ften high temperatures are involved and rearrangements have been reported
(2
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Coupling of diasotised o-aminobenmphenohe derivatives hes given rise to

numerous fluorenones.

8
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Fluorenones nay also be synthesised from o-halogen benzophenones. High
temperature is required to effect the elimination of the halogen aeid and

the method generally gives smell yields. Rearrangements are possible.

B’Qo —_—
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In the last two mentioned syntheses also a meta substituent in the
second ring of the starting material gives two possible modes of ring-
closure.

Oxidation of fluoranthene IV by ohrbmio acid gives fluorenone-l-
carboxylie aeid (7). A number of fluorenones have been prepared from
fluoranthene derivatives by this method.

P
S

Nuelear substitution on the fluorene skeleton gives mainly
2=substituted derivatives. TFurther substitution gives 2,7-compounds
in a1l but a few cases.

Fluorene, having the structure of dibenzocyclopentadiene



not surprisingly contains a reactive methylene and derivatives in which one
or both of the hydrogen atoms of the 9-carbon atom are replaced by
substituents are well lmown.

Various 9=-substituted derivatives have been prepared from
fluorenone by the normal reactions of the carbonyl group. It reacts
normelly with hydroxylemine and hydrazine derivatives. Fluorenone also
undergoes Reformatsky and Stobbe reactions. Reaction with Grignard
reagents give substituted fluorenols V. In these the 9-hydroxyl may
be replaced by bromine or chlorine by reaction with a suitable hydrogen
or phosphorus halide. Hyriodiec acid reduces the hydroxyl giving
derivatives of the tyve (06}14)2 CHR.

a Mf} N [x= R ot 3+]
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The resetive S-methylene group of fluorene gives rise to many
S=gubgtituted derivatives. Oxidation gives fluorenone. 9=Sodium and
potassium derivatives ean be formed. TFluorene also reascts with ethyl-
magnesium bromide to give 9-fluorylmagnesiumbromide which has all the
usual properties of a CGrignard reagent. A valuable 9=lithium derivative
is formed by reaction with phenyllithium. Fluorene also condenses with a
nunber of earbonyl compounds, partieularly aromatiec aldehydes giving
ocompounds of the type (CgH,)p C = CHR. Fluorene and derivatives
econtaining an active hydrogen on the J9=-position undergo Michael condensation
with compounds possessing an asctivated double bond. This has proved
espeocially valuable in the gynthesis of fluoranthenes. Esters can be



 eondensed with fluorene in a Claisen type of condensation. For example,
condensation with ethyl formate (8) gives 9-formylfluorene VI.
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@ //a oEr o

1,8-Substituted Fluorenes.
Oxidation of fluoranthene with ehromie sceld gives fluorenone=

l-carboxylic asid, The preparation by Goldschmiedt (9) of l-amino-
fluorenone from fluorenone~l-gcarbonamide by a Hofmenn reaction and
subsequent diazotisation provided the basis for the preparation of
a number of l=substituted fluorenones and fluorenes. Since then an
impressive list of l-substituted derivatives has been prepared as s
result of oxidative degradation of fluoranthene derivetives.

The sprarent scareity of references in the literature
to derivatives containing two substituents ortho to the 9-carbon
atom is of intevrest. The few 1,8 fluorene derivatives mentioned
are of doubtful strusture.

Selnidt and Stutzel (10) olaimed to have obtained 1,8-
dinitrofluorenone by nitration of J=acetylaminofluorene. On
repeating this nitration, Langdecker (11) fourd the main product
to be 2-nitrofluorencne. Huntress and C1liff (12) reinvestigated the
work of Sehmidt and Stitzel and showed their conclusions to be unsound,
Repetition of the nitrotion under similar conditions geve 707 yields
of 2-nitrofluorenone, while further nitration gave 2,7-dinitrofluorenone
and 137 yield of a new dinitrofluorenone which was neither 2,4= nor 2,5=
dinitrofluorenone. It seems unlikely, in view of the relative inactivity
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| of the l-position, that this would be 1, 8-dinitrofluorenone.

Huntress and Giiff (3) prepared 1,8-dichlorofluorenocne by
heating 3,3'-dichlorodiphenic anhydride. The action of heat or hot
consentrated sulphurie aeid on 3,3'=dichlorodiphenic aeid and 5,5'-
dichlorodiphenic seid (4,5) gave, depending on reaction conditions,
a mumber of compounds involving rearrangements. The designation of
struetures and postulation of mechanism for the rearrengements
involved appear reasonable (6); but in view of the high temperatures
involved an independent synthesis of the 1,8-derivative would be of
value.

Wittig and Furman (13) during a study of the complicated
interaction of m-iodoanisole and phenyllithium, reacted the mixture
obtained with benzophenone. A small amount of compound isolated
after treatment with glacial acetic 2eid, was thought to be 1,5- or
1, 8=-dimethoxy-9=0=diphenylfluorene, presumably formed by dehydration
of an intermediate earbinol, VII.

s CH, »‘@
3

c(4Hs), OH M3
LD

Theilacker and Wessel-Ewald (14) on reacting o-tolyllithium
with the ethyl ester of o-toluie acid obtain an oil, mainly di-o=tolylketone.
Treatment with sulphurie acid produced o small emount of a compound, CooHogs
considered to be 1,8-dimethyl«9=(o-methylphenyl)fluorene or the dihydro-
anthrasene derivative VIII, presumably formed ‘by dehydration of some
tri=o=-tolyl~carbinol formed in the mixture.
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FLUORANTHENE
The hydrocarbon fluorenthene was first isolated as early
"o as 1877 (15). Singe then it has become commercially

'°qt:3 aveilable from coel tar and fluoranthene derivatives
; 8 a e are of importance industrially.

@@ 3 - The eorrect strusture was not assigned to the
fluoranthene moleeule till 1929, when Braun and Anton
(16), from the evidence availeble, suggested & 1,2-
bensesenaphthene struoture IX, vhich they proceeded to establish
synthetically. _

Indirect syntbeeses. of fluoranthene and its derivatives have
followed three generzl routes :=

(a) from a fluorene nueleus, involving synthesis of ring A.
(b) from a naphthalene nucleus, with addition of ring C.
(e) from an acenaphthene skeleton, with synthesis of ring C.

In the original synthesis of Braun and Anton (loc.eit.) ethyl 9=
fluorenecarboxylate was condensed with ethyl ﬂ-ohleropropimate. The
product X was hydrolysed and decarboxylated to /3 «(9-fluorenyl)propicnic
acid. Ring-closure, reduction and dehydrogenation geve fluoranthene.

d @ } B i
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This synthesis underwent no modification +111 Campbell and

Feirfull (17) prepared /3 -(9-fluorenyl)propionic acid by e route involving
condensation of fluorenol and serylonitrile. The resulting /B-(%hydmxy-



9-fluorenyl)propionitrile was hydrolysed, dehydrated and reduced.

(9 &5 -
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CHy= CHCN ztﬁlw @' CHy CHy COLH

This method was later extended and improved (18). Methyl
9-fluorenecarboxylate XI provides & more reactive hydrogen on the
9-position than fluorenol. Substituted acrylonitriles or scrylic

esters gave 2-0r 3-substituted fluoranthenes.
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Bergmann and Orehin (19) employed an initial condensation between
fluorene and moleie anhydride. Cyeclization of the adduet XII gave the
keto-aeid XIII. Reduction, dehydrogenation and decarboxylation gave

fluoranthene.
;:: o AT Ay
= w |
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The Stobbe condensation of fluorenone and ethyl succinate has
also been utilised (20) in the preparation of S-Fluorenylsuceinie aeid.

Campbell and Wang eondensed 9=hydroxy-J=-methylfluorene with
maleic enhydride (21) producing fluorenthene-3,Lk-dicarboxylic aeid,
presumably by Diels-Alder addition to the intermediate S=methylenefluorene
XIV. Decarboxylation yielded fluoranthene.

g4
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A number of gyntheses commencing from a naphthalene nueleus have
' been recorded.

Cook and Lewrence (22) reacted o -naphthylmagnesium bromide with
2-methyleyelohexanone. Dehydration of the resulting alechol gave XV.
Cyelisation and dehydrogenation gave fluoranthene in poor yield.

S
g v A

orohin and Reggel (23) obtained better yields by rescting
o -naphthylmegnesium bromide with eyelohexanone. Dehydration gave
1-(2', 3',4',5,~tetrahydrophenyl)nephthalene which wes oyelo-dehydrogenated
$o fiuorenthens.
| Forrest and Tueker (24) prepared fluoranthene by condensing



A -fodonaphthalene with O<bromonitrobenzene in an Ullmamn weastion,
The resulting le(2-nitrophenyl)naphthalene XVI was reduced o an
anine, dlaszotised and eyclised with copper bronze.

@‘“ Yhoorathons
Sell

Momnthmshavebmmthesiaedfmthewmhm skeleton.

Compbell and Gow (25) eondensed trems 9,10-dimethylacensphthene-
9,10=-8401 with maleds onhydride to give XVIT which was then dehydrogenated,
end decarboxyloted.

Co ‘0
oH oH
"Hl. :

Acenaphthalene itself reccts with dimea in & Diels-Alder recction
giving hydrogenated fluoranthenes (26).

CHL

Substitution reactions of fluoranthene usually give mixtures from
vhich isolaotion of puve products is of'ten 8ifficult.



Monosubstitution in positions other than L4 and 11 have not been
reported. Normally the main product is the L-isomer with a smell amount
of 1ll-isomer sometimes formed. In Friedel-Crafts reactions, however,
the ll-position is meinly attacked with a lesser amount of L-isomer formed.
Dibromination gives a 4,ll-dibromoflucranthene, while sulphonation
and Friedel-Crafts recctions give L,12-disubstituted derivatives. Campbell
and Keir (27) found L-oarboxy-, 4-methoxyoerbonyl-, h-oyano-, and 4-nitro-
fluoranthene all brominate Iin the 12-position. On the basis of the
available evidence they suggested fluoranthene may be econsidered as
consisting of two diphenyl nuelei AC and BC, in which rings A and B have equal
power of directing substituents to the para positions 11 and 12 respectively.

n__i2

@ An ortho-para directing group on ring A would inerease

. its direeting power giving a 4,ll-isomer, while a
@@ meta direeting substituent would deerease the directing

_power olf the ring giving a 4,12-isomer. 5
Nitration of h-seetylaminofluoranthene (28), however, has been
shown to give L-acetylamino=3J-nitrofluoranthene. Kloetzel, King and
Menkes suggested the acetylamino group so intensely setivates the ring
to whioh it is atbached that the second substituent enters the same ring.
Little work has been done on higher substitution. A tribromo-
é.erivative has been shown to be the 4,11,12-isomer (29). During this work
y11l-dibromofluoranthene was shown to agetylate in the 12-position.

10-~SUBSTITUTED FLUORANTHENES. .
The synthesis of 10-gubstituted fluorenthenes is diffiecult.

A number have been reported, meinly derivatives disubstituted in positions
10 and 13, prepered by diene addition reactions involving asenaphthene



skeletons. Only a few compounds have been reported in which fluoranthene
carries a single substituent in the 10-position.
‘ Tucker and Whalley (30) synthesised 10-methylfluoranthene by
condensing l-iodonaphthalene with 2«bromo=3-nitrotoluene in an Ullmenn
reaction. The resulting l-(2-nitro-G-methylphenyl)naphthalene was
reduced to an amine, diazotised and eyelized with copper bronze.

Kloetzel and Mertel (31) prepared the 10-methyl derivative in
a number of weys. Metalation and carbonation of l-methylfluorene gave
l-nethyl-9-flucrenecarboxylic asid. The methyl ester XVIII was condensed
with acrylonitrile. Hydrolysis and decarboxylation gave 3-(l-methyl-9-
fluorenyl)propionie acid XIX which was eyclized, reduced and dehydrogenated.

CH3 t}{; ‘ffj CHS
ocf:‘f
coom e H
C 2

(o,f-f
X
Aeenaphthalene underwent o D:I.els-Alaer addition with 1,3-pentadiene

and the adduet was dehydrogenated t0 l0-methylfluoranthene. The condensation
of ethyl sorbate with acenaphthylene followed by dehydrogenation gave ethyl
13-methyl~7-fluoranthenecearboxylate which was hydrolysed and decarboxylated.

The nmelting point reported by Tueker end Whalley differed from
that of Kloetzel and Mertel. Repetition of their original synthesis (32)
and preparation of the derivative by an analogous series using 3-bromo-2-
nitrotoluene gave a purer produet with the melting point reported by
Kloetzel and Mertel.

A 10-phenylfluoranthene derivative (26) has been prepared by
diene addition of aeenaphthylene and l-phenylbutadiene.

Synthesis of 1l0-methoxyfluoranthene has been effected. The



attempted condensation of 2-bromo-3-nitrosnisole with l-iodonaphthalene (33)
gave a yleld of 1-(2-methoxy=-6-nitrophenyl ) naphthalene too poor to be of
value. 3-Bromo-2-nitroanisole condensed successfully (34) and the
resulting 1-(3-methoxy-2-nitrophenyl ) naphthalene was reduced to the
corresponding amine which, however, failed to undergo cyelisation. The
derivative was finally prepared by condensing l-bromo-8-nitronsphthalene with
o-iodoanisole, followed by reduction and oyglisa.tion.

Attempts to prepare l0-sarbomethozyfluoranthene by analogous
routes (33) failed. The attempted condensation of methyl 2-bromo-3-nitro-
benzoate with l-iodonaphthalene gave mainly 2,2:dinitro-6,6'-diphenate with
only a few erystals of the desired l-(2-carbomethoxy-6-nitrophenyl ) naphth-
alene, while methyl 2-chloro-3-nitrobenzoate failed to react completely.

This method of condensing a naphthalene nueleus with a benzene
nueleus although valuable is limited by requiring synthesis of individual
starting materials and obviously involves stages which may be cepricious
or liable to side reactions.

The synthesls of fluoranthenes by the diene addition type of
reaction is also limited by preparation of starting materials.



SCHMIDT REACTION

The reaction between equimolar quantities of hydrazoic aeid and
carbonyl compounds in the presence of strong aeid is known as the Schmidt
reaction. This interesting resction provides the initial stage in a
series of syntheses in this thesis. A brief deseription would, therefore,
seenm desirable.

Carboxylic aeids form amines aceording to the following scheme:-

RCO,H + HNB > RiH, - o, + N,

Aldehydes yield nitriles and formyl derivatives of amines, while
ketones yield amides.

RCHO + HI'T3 =3 RCN and RNHCHO

RCOR + HN; —— RONHR + N,

As yet, the mechanism has not been rigorously established,
Sehnidt suggested hydrazoic aeid firs‘é cleaves to nitrogen and the imide
radical (M), which adds 4o the earbonyl followed by dirveot rearrangement
or by a2 Beoknmann rearrangement of an intermediate oxime to the amide.

[ _oH
7 .“*“*q'-J
’ R,c=0 +(~H) ' ——> RWNHR
\’R-C-R ]
fn
| NoOH

Since ‘then, a number of mechanisms have been proposed for the
ketonic Schmidt reaction. The one most favoured in recent years, has been
that proposed by Smith (35,36). The initisl step previously suggested (37)
for an essentially differeht mechanism consists of formation of a earbonium
ion from the carbonyl group and the aeid catalyst. The carbonium ion and
hydrogen azide form a transitory intermediate XX which loses water with the



preferentisl formation of one geometrie isomer of an iminodiazonium ion XXT
which, anslogous to the Beckmann rearrangement, undergoes trans rearrangement

with loss of nitrogen as showm.

e
RR'GOH ——> OH R’
A /7
TH"' , Hy0 + ReG-R ———>(
S §ix I+,
RR'CO I N*N=HN /N
R
HN—ﬁzN A
— X}
g3
320

RWECOR'  (H,0)  HO-G-R'

e

+ H30+ R-NH

The isomer of XXI having the larger group "anti" to the 1?2 group would be
formed preferentially and rearrangement would lead to the observed migration
of the larger group.

Since this mechanism was proposed, a number of execeptions to the
predicted migration of the larger group has been noted (38) and the migratory
aptitu&es of groups do not appear to adhere to simple rules. Arcus, Coomb
and Evans also suggest that Smith's mechanism, involving dehydration and
rehydration of reaction intermediates, is improbable. They suggest that
hydrogen bonding between the nitrogen and oxygen atom in the intermediate XX

(r) » gives rise to s 4 membered ring. The ring nitrogen

\c/o"-}{ is oun,:aidered to have a pyramidal eonfiguration whenee
(R')R/ \N". two geometrical isomérs are possible. Migration of
{]:':l+ the groun trans to the N, group on the separation of

the latter would give rise to the final structure.
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of-and BY-UNSATURATED CARBOXYLIC ACIDS.

A substantial part of this thesis is concerned with investigating
the structures of some unsaturated aeids of possible value in the synthesis
of polyeyelie aromatic hydroearbons, with particular interest in the position
of the double bond relative to the carboxyl group. A brief deseription of
some of the reactions and methods econcerned seems desirable.

Aoids which contain o doubie bond in the qB-position differ in
many respeets from the isomeric acids in which this bond is further removed
from the carboxylie group. The introduction of ethylenie unsaturation &
to the sarboxyl group eauses a moderate inerease in the strength of a
ecarboxylic acid., This effect is reduced by intercaletion of single bonds
between the unsaturated centre and the carboxyl. Decarboxylation of oS-
unsaturated acids is spparently more difficult than with the B¥-isomers (39).

The proximity of the ecarboxyl group also affects the properties
of the ethylenic linkage., Eleotron attracting substituents in ethylene
deorease the electron density at the double-bonded sarbon and so decrease
the veloeity of electrophilic additions. Thus, bromine addition toqB-
unsaturated aeids occurs 10-100 tinmes more slowly than does similar addition
to BY ~unsaturated aeids.

Orientation of eleetrophilic addition is also affected. Thus,
the addition of hydrogen halide, which is initiated by the attack of the
proton at the eentre of higher electron density does not normally obey
Markownikoff's rule in the case of qf-unsaturated acids.

| |
Hoyc<€ C= Ic-- ————>  HO (< CHCB~~-
S 8+
H- B

%
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Alkali often effects lsomerisation of f - and BY-unseturated
carboxylie ions.

t e ' .
L= = C-BOE B — -(; == é—é-éoz
1] :

B e ]

The point of equilibrium is normally nearer the left hand side

tut varies depending upon the substituents on the carbon chain (40).

¥ -Alkyl substituents tend to shif't the equilibrium to the right while

¥-Aryl substituents give almost exclusively the B -i.a;ner in equilibrium
(31).

pa’-ﬂhaa'hzmted acids may often be easily converted to the isomerie

¥-lactone by conversion to the hydrobromide followed by treatment with mild
alkali. Aqueous mineral acid may of'ten effect this isomerisation directly.
The isomerisation by aqueous aeid was considered irreversible (42). However,
cases of equilibrium between S¥-unsaturoted acid and J-lactone have been
reported (43) end this thesis instances isomerisation of & Yy=lastone to
“the aeld while the reverse oould not be effected.

Differentiation between B~ and B¥-unsaturated ceids is of'ten
nore satisfactorily accomplished by physicel methods. The problem of
dlstinguishing between an of 3 -umnseturated acid and the By-iscmer is
normally one of distinguishing between a conjugeted and an unconjugated
systen.

-CHyp «CH:CH-COOH ~CH: CHeCHy -COOH

For this purpose ultraviolet speetra are most generally used, based
on the fact that the absorption of chromophores separated by one or more
methylene groups is essentially additive whereas conjugated ochromophores
exhibit o different, typiocal sbsorption. Isolated ethylenie linkages and
carbonyl groups absorb seleotively with high intensity about 185 M
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( € ea. 10,000), the carbonyl also absorbing with low intensity at
275 mu ( €ea. 15). Conjugation of the two groups results in o
bathehronic effect and inereased intensity, mesityl oxide, for instance,
(CH3) [0=01.60.0H;, absorbing et 225 mu ( €oa. 13,000) and 32 mu
( €ea. 43). The earboxyl group is a weaker chromophore than the
carbonyl group, acetic aseid exhibiting a band at 225 M ( €L1re5).
Conjugation of the earbonyl group with an ethylenic group on the other
hand results in a high intensity bend at 204220 M ( €oca. 10,000 -
20,000). The unsaturated aecids studied in this thesis eontained ehromo-
phores other than carbonyl and ethylenie groups, and the problem beoane
one of distinguishing between two possible eonjugated systems each with
its typical absorption. CGenerally this was easily accomplished by
comparison with reference compounds conteining similar econjugeted systenms;
for example, ;3-fluorenylidenaprupionio acid was characterised by comparison
with fluorenylidene and fluorenyl referense compounds (of. p.30).
Differentiation of isomerie unsatureted acids by infra-red
spectroseopy is less sueeessful. The conjugation of an ethylenic double
bond with a carboxyl group results in a lowering of the frequensy of
absorption associated with the carbonyl stretehing vibration. Saturated
monobasic aeids generally show earbonyl absorption between 1725 em."t and
1705 on.”! and similar values are found for unsaturated carboxylic aeids
other than off-unsaturated soids. In [ -unsaturated soids the earbonyl
ebsorption Palls between 1715 on.™  and 1690 om.™ .
A reagent which has been suggested as useful for differentiating
betweendf - and BY¥-unsaturated aeids is di-p-dimethylaminophenylearbodii-
mide XXIT (Lk,45).
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M@N(tﬂsh /NH@NRH;):

u

A 4+ Reooy —_— C=0
A\
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I
Co-R
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Aromatic earbodiimides in general react with earboxylic aelds
$o form acylureas (46). Zetsche and co-workers formed a large number
of asylureas from di-p-dimethylaminophenylearbodiimide. It was found the
adduets from O{B-unsaturated ecarboxylic acids were generslly coloured
vhile those from @¥-unsaturated acids and other acids unsubstituted in
the o =position were generally solourless. These derivatives are
highly erystelline end easily formed under mild conditionse



DISCUSSTION.



The work carried out in this thesis is in two main sections.

Development of a synthetic route to lO-substituted fluoranthenes
and 1,8-substituted fluorenones.

Section II.

Structural investigation of some unsaturated acids of possible
value in the synthesis of polyeyelie aromatie hydrocarbons.
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Seotim I. I I3 ,-_‘.,-;' p Ls™,

The synthesis of substituted fluoranthenes is often diffiecult and
this applies particularly to the preparation of 1l0-substituted fluoranthenes.
So far, ohly 10-methyl, 1b-pheny1 and 10-methoxy derivatives have been
reported (31,32,26,34). In this seetion the successful éynxhaaia of
10-bromo and 10-ghlorofluoranthenes is described.

The route was suggested by the observetion (47) that during the
veaction of O <hydrindone and K=-tetralone with hydrazoie ceid in the
gztonia Sehmidt reaction, migration of the aryl group is predominant.

L=Keto=1,2, 3, 1=tetrahydrofiuoranthene XXIIT was prepared in good
vield by the method of Craip (48). Analogous to OA-tetralone (35) L-keto-
1,2, 3,h=tetrahydrofluoranthene resccted with sodium azide in triehloroacetic
aeid to give the lactam XXIV which was isolated as its trichlorocacetiec acid
salt. The salt was converted to the lactem by treatment with sodium
earbonate solution. Hydrolysis in concentrated hydrochloriec acid gave
3= (1l-amino=9«fluorenyl)propioniec aeid XXV.

: B
% & Gl < U G

The attempted acetylation of the amino-acid XXV gave the lactam
XXIV as did heating the amino-ascid above its melting point. The ethyl
ester of XXV was prepared and the amino group benzoylated.

3=(1-Anino=9-fluorenyl)propionic acid rescted with phenyl-
isothiceyanate to give a phenylthioures derivative. The attempted



eyelisation of this compound by stonnie ehloride gave & eolourless amorphous
s0lid melting over & wide range. Purification eould not be effected.
Cyelisation in polyphosphorie aeid was unsuccessful. The yellow solid
produced gave only slight reaction to dinitrophenylhydrasine, melted over

a wide ronge, and could not be erystallised,

Se(1eAnino=9-fluorenyl) proplonie acid was dlasotised and reasted
in cuprous bromide/hydrobronie cold solution (Sandmeyer recetion) giving
3=(1-brono-O=flucrenyl)propionie aeid TXVI. Cyelisation in polyphosphoric
acid gave the ketone XXVII whish by Clemmensen reduction yielded 13«bromoe-
1,2, 3, k=tetrahydrofluoranthene. Dehydrogenation by chloranil gave 10-
bromofiuoranthene XXVIII.

& & e ()3
% an o o
CHa O, H
'ﬂ’th g 7"_:&?‘ : Txwi © Kivi
~—  An annlogous series of veactions gove the 10-chloro derivative.
Disgotisation of the amino-aeid XXV and resction in cuprous chloride/hydro-
chloric ceid solution gove 3=(lwshloro-SeCflucrenyl)prepionie acide
~ Cyelisation in polyphosphoric acid, Clermensen reduetion and dehydrogenation
by chloranil gave lO=ghloroflucrenthene.
Attempts to prepore the 10=-iodo derivative were unsuccesaful.
The diasotised aninoe-acid on recstion in potassium iodide solution gave
en werystallisable ¢ar. POasidbly different recction conditions would
be suscessful, '

The diagotised anino-aeld reacted in agueous acid to give
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3= (1-hydroxy-9-fluorenyl)propionic acid, Cyelisation in polyphosphorie
aeid gave ketonie material which could not be purified. Conversion to
the methoxy derivative before cyclisation was considered. In view of
the poor yield of 3=(l-hydroxy-9-fluorenyl)propionic acid obtained, work
along this route was discontinued,

Tew 1,8=-substituted derivetives of fluorenone and fluorene have
been reported and thelr synthesis is difficult. The only 1,8-derivative
whose assigned structure is probably correet is the 1,8-dichlorofluorenone
of Huntress (3).

A number of l-substituted fluorenones and fluorenes heve been
preprred as a result of oxidative degradation of fluoranthene derivatives
(p. &)+ By analogy a number of 1,8-substituted derivatives are theoretio-
ally aocessible by oxidation of the 13-substituted-L-keto-1,2,3,L-tetra~
hydrofluoranthenes prepared in the foregoing series. In particular, it
was hoped to synthesise indemendently 1,8-dichlorofluorencne by the
following series.

@ ce | cz
‘ o OH—'{:;M oj:.‘:;’"
(00|.| NH;_ Ué‘

13=Chloro=l=keto=1,2, 3,b=tetrahydrofluoranthene on oxidation by

dichromate gave l-carboxy-B8egchloroflucrenone XXI¥X. Crystallisation from
agetic 20id showed two different erystalline forms. No difference in
melting-point or mixed melting-point was detected, and crystallisation
from benzene showed only one crystalline form. An attempt to convert
the earboxyl group to an amino gave a small amount of material with a
slight positive reaction to a diazdtisation test (L9). Purification



ecould not be effected. The suscess of the reastion recuires preparation
of larger smounts of XXIX.

Meldental to this work, the nitretion of heleto-l,2,3,L-totra~
hwdmﬂ.nm&mm studied with o view %o the preparation of other more
highly substituted derivatives. leketosl,2,3,Letotrehydrefluoranthene,
unlike 1,2,3%k=tetrohydrofinorenthene (50) whish nitrates in the aliayelie
nueleus, gove o nomonitre derivative identisal with the 12.nitro-heketo-
1,2, 5, h=totre Plucrenthene alveady prepared by o series of reactions
fron 2-nitrofluorens (51) cnd by nitretion of A3 =(9=fluorenyl)propionte
acid followe! by eyolisntien (52).

Z=d— & &

coal-l cooH
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Section IT

Aryl substituted unsaturated acids are often intermediates in the
preparation of polyeyelie aromatic hydrosarbons. A survey of the literature
shows there is econsidereble uncertainty regarding the structure and properties
of a number of these acids. The following deseribes some structural studies
on a number of aryl substituted unsaturated aeids and thair related compounds.

B ~Fluorenylidenepropionic ascid end its derivetives.

Borsshe ond Niemsmn (53) prevared B-fluorenylidenepropionic soid
XX, mip. 202-203, by condensing 9=formylfluorene and malonie aeid in piper-
idine, but were careful to point out the position of the double bond was
uneertain.
@ COOH @
. cko + CHE - > @‘ CH-CHy COOH
J , =

Craig (54) obtained XXX by the interaction of 9-formylfluorene and

ethyleyanocacetate followed by hydrolysis and decarboxyletion of the product

&
m —— 0 c:::: —_— @ CH - CHp COOH

7’
(N (ooEt

poct
The properties of this intermediate XXXI are interesting. In the

solid state or in hexane XXXI was white, while its solution in ethanol or
piperidine was yellow. This is probably due to the colourless form having the
structure XXXI which tautomerises to the yellow G¥-unsaturated ester form
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= CH.CH(CN) *CO0Et (55)s This was borne out by the resemblance of the
ultraviolet speotrum in hexane to that of fluorene (p. 27) a similarity which
disappeared when the solvent was changed to ethanol. Similar colour changes,

however, have been observed in fluorene

@ derivatives which cannot tautomerise, the
‘ <’ G Hs colonrless 9=diphenylmethylenefluorene for
\
O CeMs example XXXTT glving a yellow solution or
m‘ yellow melts (56).
il The foregoing work is in conflict

with the results of Campbell and Fairfull (17) who assigned m.p. 1379C. %o

the aoid XXX, which they prepared by the alkaline hydrolysis of B -(9-hydroxy-
9=fluorenyl)propionitrile XXXIV and subsequent treatment with mineral acid;
they geve m.p. 202°C. for the corresponding laotone XXXV. Re-investigation
of this hydrolysis hag shown that some of the data reported by Campbell and
Fairfull are erroneous and that depending on the conditions the product may
be g-(9-hydroxy-9-fluorenyl)propionic acid XXXVI, m.p. 1409%. or the lactone
XXXV, m.p. 1330-1349¢.

et — LN
@ CHyCHy CN 0 CHy CHy
| 5y

\L Xpxlv
. oH .
CH
@ CHyCHy C00H O HicHicoon
EIT
g—

————
XXX VI
—

The constitution of the lactone has been well established. It is
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insoluble in sodium earbonate, gave & positive test with hydwoxylamine (57)
and showed an infrared band at 1772 om.”! charasteristio of Pive-membered
saturated lactones (58) TIts ultraviolet spectrum is similar to those of
fluorene and particularly O9-ethylfluorene-9-ol (p. 29). Ring-opening with
sulphuric aoid geve @-fluorenylidenepropionic acid XXX.

Craig (54) suggested compound XXX may have the qf-unsaturated struct-
ure. Its properties, however, leave little doubt that it has the B¥-structure
XXX. It formed a eolourless ureide with di=p=dimethylaminophenylearbodiimide
(p. 18) and showed infraved absorption ot 1718 om.™t associated rether with a
seturated or P¥-unsaturated acid than with en oB-unsaturated seid (p. 17).
The presence of an ¢jg-double bond does not greatly alter the ultraviolet
absorption of the fluorene system (59) the ultraviolet spectrum of XXX,
however, lacks the 250-300 mM band and the less intense band at 300-310 M
characteristio of fluorene and fluorenyl derivatives (60) end exhibits
absorption similar to that of fluorenylidene derivatives such as 9-ethyl-
idenefluorene (p. 30) and fluorenylidenescetic soid (p.Q1).

An attempt was made tol prepare an acld XXXVII, with the ethylenie
double bond stabilised in the @-position, and study its physical and
chemiecal properties. S=-llethyl=-9-acetylfluorene was reacted with ethyl
bromoacetate and zine (Reformatsky reaction) and the resulting oil dehydrated
in bensene/phosphorus pentoxide mixture, Hydrolysis gave & solid which
melted over a wide range and could not be purified.

cu: 3rcH. oo £t ()2 ’ ‘ CH3
ot.l-i; ,ou “’Hy ; €= CcH COOH
cag 00€Y ;"3
XXXV
——

An attempt to prepare XXXVII by condensing malononitrile with
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9~methyleS-acetylfluorene followed by hydrolysis also failed.

(“I, \‘" CHs
co I.'.Hs ""“3 = CH-C00H

WXVl

Unsugcessful attempts were made to convert the acid XXX into the
lactone XXXV, which, however, is easily obtained by dehydration of the
hydroxy-acid XXXVI. The acid-catalysed irreversible isomerisation of a

Y-lactone to the corresponding B¥-unseturated acid is novel (42) eand
is in contrest to the behaviour of the structurally analogous diphenyl-
vinylacetic acid which in acid media is in equilibrium with the lactone
and with sulpburie acid gives a 957 yield of the lastone (L3). Efforts
to isomerise the g¥=- to the ofp-unsaturated acid by alkali failed,
confirming the conclusions of earlier workers (41) thet ¥-aryl substituents
give almost exclusively the G¥-isomer in the base-catalysed equilibrium
between B¥=- and of-unsaturated carboxylic ions.

The unsaturated acid XXX with bromine in agetic aecid yilelded a
dibromide XXXVIITI which degsomposed so rapidly that it could not be obtained
pure. There seems little doubt, however, that the pure dibromo-acid melts
considerably lower than the m.p, 166-1679C. veported (/7). The dibromo-acid

when kept ylelded the bromo=-lactone XXXIX.

.-co
cultoou cu‘.i‘.r H‘B-r CHy
cu 1 (O0H

XKX XXXVU‘ XX!I!

a—— —— —

The bromo-lactone XXXIX gives an ultraviolet speetrum resembling
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that of the lectone XXXV (p.33), but exhibited a strong infrared band ot

1795 em.~L, aiffering from the 1775 em.”™t exhibited by five-membered lactones
(58). The lactone XXXV with bromine in acetic acid on standing gave finelly
the bromo-lactone; probably the acid catalysed isomerisation of the lactone
XXV to the unsaturated acid XXX is the initial step. The bromo-lactone and
the aibromo-asid gave rise to the unsaturated 26id XXX when boiled for a short
tine with zine and acetic acid.

Both the Br-unsaturated seid XXX and the hydroxy-aecid showed

carboxyl absorption at 1718 om.~1 typical of dimerised carboxylic acids (61),
while the hydroxy-acid possesses a sharp hydroxyl band (62) ot 3460 em.~l.
The ultreviolet spectrun of the hydroxy-seid (p.33) is typical of a fluorene
derivative end almost identical with that of 9-ethylfluorene-9-ol (p.29).
_ The ultreviolet speotra of a number of fluorenol derivatives have
been investigated. The speet&a of fluoren-9-0l, 9=benzylflucren=9-ol,

g - (9-hydroxy-fluorenyl)propionitrile (p.3u) B=(9=hydromy-9-fluorenyl)-
propionie acid and 9=-ethylfluorene-9-0l are all similar and illustrate the
bathoohromic influence of the 9-hydroxyl group on the fluorene spectrum (63),
giving rise to the characteristie band at 307-310 M by which fluorenols ean
be differentiated from their derivatives such as allkyl ethers or lactones.
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3,L4=Diphenylbutenoic acids.

Pichter and Latsko (64) prepared 3,h~diphenylbutencic aeids by
condensing benzaldehyde with diethyl phenylsuceinate in a Stobbe reaction,
the condensation apparently taking place on the d-carbon atom activated
by the phenyl group.

PA cHo PA cH-cOOEX Pa cH=- ciycoon

| S
& CH,-C00EX Ph

Two 3,4~diphenylbut-3-enole seids were obteined, one of m.p. 172-173°C.
and an 'allo' compound of m.p. 142°¢. Isomerisation of both compounds
by alkeli gave the o-isomer m.p. 130°C.

A 3,h~diphenylbutenoic a2cid (quoted m.p. 168°C.) has been prepared
by a Reformatsly recction between deoxybenzoin and ethyl bromoacetate followed
by dehydration and hydrolysis of the intermediate hydroxy-ester XL.

Both the By¥-unsaturated (66,67) and the off-unseturated structure (65, 16)
have been assigned to this compound.

Po& = ‘Hl 0"
I 2w ' ;
—_—>s PR cHp~C-CH00Et 5 PLCH=C-CHc00H
Ph - co : '
B €H, €00 ET PA P4
L
-—

Phalniker and Nargund (67) also obtained a 3,L-diphenylbut-2-enoie
acid by hydrolysis of XL and dehydretion of the resulting hydroxy-acid in
acetiec anhydride (quoted m.p. 114°C.).

Acoording therefore to the above researches, it seems that at least
four 3,4~diphenylbutencic acids have been isolated. This is not impossible,
singe the apcids might be d@-or py-unsaturated acids, each existing in two
geometrically isomerie forms. It seems unlikely that all four forms would

be eapily isoleted. That the hydromy-ester XI should dehydrate in theg¥-position



while the corresponding hydroxy-acid dehydrates in the o/B-position (67)
also seems unlikely. This sould possibly be accounted for by the change
in dehydrating resgents (Cf. Ref. 77). However, this is not probable and
1t was thevefore desided to repeat the investigation both of the Stobbe and
the Reformatsky reactions. _

A Reformatsky reaction between deoxybensoin and ethyl bromoacetate
gave XL. Dehydration by phosphorus pentoxide and hydrolysis of the resulting
unsaturated ester gave 3,4-diphenylbut-3-enciec a2eid, m.p. 169° C,, whose
strueture was eonfirmed by the colourless ureide formed with di-p-dimethyl-
eminophenyloarbodiimide (Cf. p.18), the similarity of its ultraviolet speotrun
to that of o -methylstilbene, and its diffevence from that of o-methylstyrene
(p.37). The sttempted lastonisation of the unsaturated acid by boiling in
sulphurie acid, b.p. 140°C., resulted in decarboxylation to o-methylstilbene
XLI. In this ease of decarboxylation 3,L4~diphenylbut-3-enoic acid differs
 fron styryle end o ~dinethylstyrylacetic soid which are resistant to

desarboxylation (39).

PREH = ¢ - cH, CooH Phcu =c-PR
. e :

PA 3

XL\
The attempted addition of hydrobromic acid followed by:;.ng—-olosure gave
bask the original unseturated ceide 1In an attempted isomerisetion to the
2-enoie aceid (6)) only unehanged PBY-unsaturated aeid was obtained.
Hydrolysis of the hydroxy-ester XL gave BY-diphenyl-B-hydroxy-

tutyrie soid. An attempted dehydretion in asetio anhydride (67) gave an
0il which eould not be erystallised. Boiling the hydroxy-ceid in sulphurie
acid, b.p. 140%., gave o mixture of 3,4-diphenylbut-3-ecnoie aoid and

o -methylstilbene XLI. Despite a number of attempts no unsaturated acid
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of m.p. 114%. ¢ould be detected or isolated. It is coneluded that
Phalniker and Nargund probably isolated only an impure unsaturated aoid.

‘ Attention was then directed to the Stobbe eondensation between
benzaldehyde and diethyl phenylsuccinate earried out by Fichter and Latzko
(). It is known thet in the Stobbe condensation between substituted
suceinie esters XLIT where R = ¢H3. CHyPh, CH,CHoFh, and aldehydes
condensation occcurs at the methylene groups. Mohter's contention (6L)
that benzaldehyde condenses at the substituted carbon atom (see above)
of diethyl phenylsuceinate (XLII, R = Ph) giving 3,ke-diphenylbut-3-enocic
acid, possibly through hydvolysis and desarboxylation of an intermediate
paraconic ester XLIII (68), is therefore unlikely. This view is strengthened
by recent work which showed that ecyeloheptanone condenses with diethyl
phenylsuecinate at the methylene group (69).

PA
]
R-CH =~ COOE*T PR cn—-C- ¢cooEt
! I
| 0 CHp
(Hy- CooEt Neo?
¥ - ‘ﬁj

Repeated attempts to obtain the diphenylbutencic eeid of Fichter
and Latzko led only to oily products, alkaline hydrolysis of which yielded
a compound whose properties indiecate that it is bensylidenephenylsuccinie

fena . PR CH = C - CooH

|
PR - CH-Coon

T

Tt is soluble in sodium earbonate solution. With ethanol and sulphurie

é.oid it gave a monoethyl ester which was soluble in sodium carbonate solution,
and with p;-nitz‘obmzyl bromide yielded a di-p-nitrobenszyl ester. The
diearboxylis acid showed an infrered absorption band at 1625 oms™t which



is not present in the spectrum of phenylsuscinic aeid and which is assigned
to the ethylenic linkage, einnanmic a;oid, for instance; exhibiting a band at
1626 om.”L (70). Ogzonolysis gove an oil from which was isolated benzale
dehyde (identified by dinitrophenylhydrazone). Desarboxylation of the
dibasie celd was attempted without success.

Attempts to repeat Fichter's condensation of bengaldehyde with the
sodfunm salt of phenylsuceinic acid (64) gave only unorystallissble oily
products. | _

Benzylidenephenylsuceinie acld gave two cyolie anhydrides, m.p. 76°
and 11,°. It is unlikely that these are cis- and trans- isomers of the
enhydride XIV, since they are casily obtained from one geometrie form XLIV,
and it is probable that the two isomers are benzylidenephenylsueeinie
enhydride XLV, m.p. 76°%., and d-benzyl-g-phenylmaleic anhydride XILVI

respectively.
PRecn=c-co PR‘H;"C-CO‘
I n e
Ph -CH-tO PL-C —co
— —
Xty !

The low melting anhydride was obtained by heating the diearboxylie
acid XTIV above its melbting point and was oocasionally isolated along with
the dibasic eeld XLIV from the Stobbe reastion. Tt is probably identieal
with the anhydride obtained by the condensation of phenylpyruvie aeid with
benzyl eyanide followed by hydrolysis and dehydration. of the produect XLVII

(71).  To this anhydride Cordier (los.cit.) tentatively sssigned the
strueture XIVI.

PR cH N PR cH, € (0H)-cooH
)
* P4 ,Cﬂ\m ¢

Hp. 1°C
P& cH, co-cooH b

——
Ll
—
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The a.nlwdride showed three characteristic ebsorption bands, two of which

“1 irve found in oyolic anhyarides (72) Cf. suceinic

at 18,2 om."L and 176k cn.
anhydride, 1855 em.” " and 1782 em.™); maleis enhydride 1848 em.”l end 1790
om."l, The third bend at 1640 om.”r is assigned to the double bond and

was missing in the spectrum of a speeimen of phenylsuecinie anhydride
prepered, which showed only absorption at 1858 en."t and 1780 oum."t typical
of eyclic anhydrides (72).

Benzylidenephenylsuecinie aeid on heating in acetyl chloride gave
the higher melting anhydride, which showed the two earbonyl absorptions
typieal of anhydrides at 1832 om.”! and 1762 om.™! and o bend at 1647 em.™t
associated with the double bond. Ozonolysis of the two anhydrides gave oils
from which were isolated dinitrophenylhydrazones which could not be purified.
The ultraviolet speotrs of the dicarboxylic acid XLIV (A max 265 m u, log €

4.13) the high melting anhydride (Amax 285 mm, log€L.5) and the low
nelting anhydride (A max 309 mA log € %4.05) did not contain sufficient fine
strueture to be of vﬁlue. In ethanol the spectra of the anhydrides tended
to "wander" and were recorded in eyclohexane.

The ‘condensation of benzaldehyde with diethylphenylsuecinate by
potassium t-butoxide geve mixtures of aeid XLIV and the low melting anhydride.
In one run a small amount of material of m.p. 206°C. was isolated. The
compound analysed for CygHy a0y, but could be neither hydrolysed nordecerboxyl-
ated and surprisingly geve no infrered sarbonyl sbsorption. The substance
has so far not been identified.

It can be concluded that the cleims of both Pichter and Latszko,and
Phalnikar are open to grave doubt and this is in harmony with other work

carried out in the department.



The ureides from di=p-dimethylaminophenylearbodiimide and a
e o SMeP A Subsbituted vhaatorated sulds Nave been prepeinils
4, h-Diphenylbut-3-enoic acid XLVIII, prepared by condensing diphenylacetal-
dehyde with malonic aeid (73) erystallised from petrol in two forms, elongated
plates and short prisms. Its structure follows from its euse of lactonisation
(43) and is confirmed by the similerity of its spectrum to that of 1,l-diphenyl-
prop-l-ene (p.42). With @l<p-dimethyleminophenyloarbodiimide it gave &

colourless urecide.

P&\ , COoH PL
Crl‘CI-lo + CHp > \
eh’ N cooM p) Sty
PL
——

The acid-ester tentatively assigned strueture XLIX prepared in the Stobbe
condensation of benzophenone (20) and diethyl suceinate gave o eolourless
ureide with di-p-dimethylaminophenyleatbodiimide, thus confirming its structure.

Ph @

C = ¢ Coo€T
Z L A cuo
CH, - COOH @
XLix ’ T
— -—

With eocloured opB-unsaturated seids it seems di~-p-dimethylamino-
phenylearbodiimide gives ureides more deeply coloured then the parent aeid.
The yellow fluorenylidencacetic aeid L for example gave an orange yell&w
prismatic ureide. The yellow acenaphthylideneacetic ccid LI with
&@wﬁmeﬂwmopheﬁharbodimide geve orange oolmu'.ed needles while the
yellow isomerie  T-acenaphthyleneacetic acid LII geve 2 yellow prismatie

ureide.
- "CooH LCooH

CH
—
g0 (18
—



k.5

l&-.o “__ __O'

Log é

3.0

2.5

2500 3000
WAVELENGTH IN ANGSTROMS —>

Ph
¢ = CHCH,CO0H
>4
Ph
H‘ ~—
C = CHCHjz ~==-e=  (Cf. Ref. 60, Diagram 119)
/

Ph




EXPERIMENTAL
IR




1.

2.

3

L.

5.

Analysis were carried out by Drs. Weller and Strauss, Oxford.

A1l melting points are uncorrected and were determined by a eapillary
melting point apparatus (using butyl phthalate) exeept in a few cases in
which & Kofler micro-melting point apparatus was used.

Unless otherwise stated the petrol used was of b.p., 100-120°C.

Ultraviolet spectra were determined with & Unicam SP 500 Spectrophoto-
meter with ethanol as solvent unless otherwise stated.

Infrered spectra were obtained with a Hilger H 800 double beam
Spectrometer.
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Seetion I

Fluorene-9-carboxylic aeid

Campbell and Tucker, J.C.S., 2624, (1949).
62 gm. Fluorene gave 52 gnm. fluorene-Jecarboxylic acid after
erystellisation from acetic aecid.
M.ps = 220-225%.

Methyl fluorene-9-garboxylate

Tuoker J.C.S., 2182, (1949).
52 gm. Fluorene-J9=garboxylie aecid gave L3 gn. methyl fluorene-

Y9-carboxylate.
Hop . = 60—6100 .

B ~(9-Fluorenyl)propionic aecid
Gmpbell and. Mker, loc .ci‘b.

L3 gm. Methyl fluorene-J-carboxylate gave 40 gnm. @ -(9-flucrenyl)-
propioniec aeid.
anl = 139-115-300-

L=Keto-1,2,3, =tetrahydrofiuorenthene

Graig, Ph.D. Thesis, p.68.
Phosphorus pentoxide (750 gm.) was dissolved in syrupy phosphorie
acid (600 ml.) by heating at 1,0°%, for 1 - 2 hours. B =(9-Fluorenyl)propionic



a0id (40 gm.) was added and the mixzture heated at 150°C. for 35 mimutes. The
solution was poured into water and the erude ketone obtained by extraction with
benzene. A sample of pure ketone was obteined by shromatographing erude
ketone (4 gm.) on alumina (80 gn.). Evaporation of the first 100 ml. bengene
eluted gave a sa.mple- of reasonable purity (2 gm.) for the next stage.

Mep. = 90-93°C.
In succeeding large scale experiments crude ketone was used.

Sehnidt reaction on lL-keto-l,2, 3,L-tetrahydroflioranthene

& — &

NH(O

The reaction was initially carried out on the pure ketone. In
succeeding experiments, as reported here, crude ketone was used with little
change in yleld.

| A nixture of orqde ketone (22 gn.), sodium azide (10 gm;) and

trichloroacetic acid (130 gm.) was heated at 60°C. (fume-cupboard) with
ogscasional shoking for 5 hours. The dark mixbure was poured into water
(800 ml.) preeipitating a brown solid, or oil which solidified on standing.
The trichloroasetic aeid salt of the lactem was filtered off, dried and
orystallised from benzene.

Yield = 15 gn.

M.p. = 159-169°C,
T™wo further erystallisations gave straw coloured needles.

M.p. = 172-173°¢. (decomp.)



7=

ClaﬁthOBGIB requires:~ C =54.27 H=3.57 N = 3,57 €1 = 26.7%.
Founds= € =54.2% H=3.7¢ N=L27 Cl= 2580
Powdered trichlovoscetic asid salt (11 gn.) was thoroughly shoken with sodium
corbonate solution. The lasten of 3-(l-amino-9-fluorenyl)propionic acid was
filtered off, washed and dried.
Yield = 6,2 gnm.
Hepe = 225-230°C.
Three erystallisations from glasial asetic asid gave dark yellow prisms.
_ Maps = 2342369, (decomp.).

Cgly MO romuivess= € = BL7Y H=5.67 N = 5,97

Foundi- C. = 81.07 H= 577 N = 5.50

3=(1-Anino-9-fluorenyl)propionic seid.

| () @
. | £ TP CHy CHY

Powdered lacten (6 gm.) was heated under reflux with concentrated

hydroshlorie aeid (150 ml.) for 1 hour. The solution was cooled, and the
hydrochloride of the amino=acid filtered of?. After washing with a little
water, the preeipitate was boiled in saturated sodium acetate solution.
On hot filtering and cooling the solution, 3=(leamino-9-fluorenyl)propionic
aecld was deposited as a white erystelline solid.
| Yield = 4 gn.

Mep. = 161=163%. (loses water) 228-233°C, (decomp.).
Two erystallisations in aqueous aleochol gave colourless needles.

Mep. = 162-263°C. (loses water) 234-235°C (decomp.).



=20

CygHy g0, Tequires:= € = 75.97 H=6.07 W= 5.5%
Found:= ©C =76.1% H=06.00 N=5.7%
Amino-acid (0.1 gm.) was heated at 180°C. for 5 minutes. Two erystallisations
from glasial acetic aoid gave yellow prisms.
vield = 0.06 gn.
M.p. and Mixed M.p. with lactam = 232-234°C,

Attempted seetylation of the amino-aeid.

Amino-acid (0.2 gm.) was boiled with asetic anhydride (1 ml.)
and eoncentrated sulphuric acid (1 drop). Addition of water to the cooled
solution precipitated o pale yellow oil which solidified overnight.
Crystallisation from alechol geve dark yellow prisms.
M.p. = 228-232%, -
Mixzed M.p. with lactam = 228-232%,
Evaporation of the ethanol left an oily residue which could no'c-be erystallised.

Bthyl 3-(l-anino-9-fluorenyl)propionic aceid.

coac H
NH; 1 ‘5

Jﬁm!.no—aoid (0.3 gm.) was vefluxed in ethanol (8 ml.) with consentrated

sulphuric aeid (L. drops) for 21 hours. The solvent was removed and addition
of water yielded a white oil. The mixture was made alkaline by addition of
sodiun oa.x‘bonaté solution and the oil induced %o orystallise by seratehing
on the side of the tube.

Yield = 0.2 gn.
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The ethyl ester was twice dissolved in ether/petrol mixture and the ether
allowed to evaporate mrnight. Colourless needles.
Yield = 0.16 gn. '
Hepe = 63-64°C.

913"’19"02 requives:~ N = 5.07.
Found - Ne= 5.%0

Bengovlation of ethyl 3-(l-amino-9-fluorenyl)propionic aeid.

. CHyCH HEEEs
1
Coo Cle
NH,

The ethyl ester (0.1 gm.) was @issolved in pyridine (0.5 mI.), benzoyl chloride
(0.06 ml.) added, and the solution allowed to stand overnight. Dropwise
addition of water preeipitated a pale yellow oil which was washed by
decantation with dilute hydrochloriec acid, sodium carbonate solution, and
water. The oil, dried under vaouum, was dissolved in ether, and petroleunm
added. Seratching the sides of the tube induced erystallisation.
Reerystallisation from aqueous ethanol gave eclourless needles.
Yield = 0.08 gn.
M.p. = 1.8°C.
CogllosN03 requires:- N = 3.6%.
Found:- N = 3.37.

Phenylthioursa of 3(1-amino=J=fluorenyl)propionic asid.

CH LCH CHLCH, Co0H
I
COOH
N CNHC
NH, H oHs




The amino-acid (0.6 gm.) and phenyl isothioeyanate (0.3 gnm.) were
heated in ethanol (8 ml.) for 5 minutes. Water was added until the solution
became nmilky below its boiling-point. The produet erystallised on stending.

Yield = 0.7 gnme
Three orystallisations from acueous athax}ol gave white needles.
M.p. = 16:°¢,
- CpsllpNp80, requires:= N =7.27 8 = 8.27.
Found:~= N = 6.67 8 = 7.3%.
Attempted oyclisation of the phenylthiourea.

o

5 ety
coort @ NH «:.‘_NH ¢ Hs
3

W
"“i"“‘b s

(1) Phosphorus pentoxide (3.5 gn.) was dissolved in syrupy phosphoric
‘acid (3 nl.) by heating the mixture at 1,0°¢., The phenylthiourea (0.3 gn.)
was added and the mizmbture heated at 130°C. until the solid dissolved and then

for a further 15 minutes. Pouring the deep red solution into water (40 ml.),
gave a yellow preeipitate which was filtered off and washed thoroughly with
sodium earbonate solution,

Yield = 0.2 gn.
The solid melted over a wlde range between 100-2009C., could not be erystallised,
and yielded a dinitrophenylhydrazone whigh also melted over a wide range and
could not be purified. '
(2) The phenylthiourea (0.3 gm.) was dissolved in benzene (10 ml.).
Phosphorus pentachloride (0.3 gm.) was added and the mixture boiled for 5
minutes. On adding stannie chloride (0.2 nl.) Ia yellow ecomplex separated.
After stonding for 24 hours with oeeasional shaking, the ﬁ:ixt"um was poured



into oconcentrated hydroschloric aeid, the white amorphous solid filtered off,
and waghed thoroughly with sodium earbonate solution.

Yield = 0.2 gm.
The solid showed only slight recetion to dinitrophenylhydrazine sclution,
melted over a wide range and could not be purified.

3= (1=Bromo=9=fluorenyl)propionic acid.

() ()
O’ CH ;C;H‘I. - CH;%HI.
COOH cooH
NHy 3+

The amino=neid (4 gm.) was stirred into glasial asetic ceid (70 ml.)

and hydrobromie seid (18 ml., 407) added. The amino-aeld immediately

dissolved and the hydrobromic aeid salt préoipi‘bate& 8 few minutes later.

The mixture was stirred for 20 mimites, water (24 ml.) added, and the

solution quiekly cooled to 2°C., Diazotisation was earried out by adding ovér

10 minutes a solution of sodium nitrite (1.44 gn.) in weter (20 ml.). After

45 mimutes, urea was added and stirring continued for a further 5 minutes.

The mixture was quieckly filtered and added in a fina_‘atream over 10-15 bminutes

to o solution of freshly prepared euprous bromide (4 gm.) in rwarobromic aoid

(160 ml., 407) at 40°C. The sticky product was separated and dissolved in

ether, The ethereal solution waes washed and dried over sodium sulphate.

Evaporation gave the erude 3=(l-bromo-9-fluorenyl)propionis acid.

| Yield = 2.1 gn.

The product was erystallised by dissolving it in petrol/ether mixture and

ellowing the ether to evaporate overnight. _
Mep. = 146-150°C,
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Two recrystallisations from petrol gave colourless needles.
Meps = 150-152°¢.
0165133"02 requires:- Br = 25417,
Found:= Br= 2513%-

13=Bromo=lL=keto-1, 2, 3, k=totrahyirofluoranthene.
o
& 42

BN I
"mlc::::u @ Br

The experiment described here was made on pure bromowacid. In other

experiments crude bromo=-acid was used.
 Phosphorus pentoxide (12 gm.) was dissolved in syrupy phosphoric
acid (10 ml.) by heating at 140°C. Bromo-acid (0.6 gm.) was 2dded and the
mixture heated for 30 minutes at 140°. The solution was poured into water
(40 ml.) and the dark brown product filtered off, washed, and dried. The
- g0lid was boiled with petroi and hot filtered. On cooling the solution
13-bromo=l-keto-1,2, 3, i=tetrahydrofluoranthene was deposited as yellow
balls.
Yield = 0,36 gn.
M.p. = 197-200°C.
One recrystallisation fronm petfol (eharcoal) and two further re-crystallisations
gave ecolourless needles.
Mpe = 204°C.,
CqgHyBr0 requires:- Ir = 26.8%.
Pound:= Br = 27.37.

Dinitrophenylhydragone. Crystallised from bengene as orange needles.




Meps = 26h.°c. (dBOOmPo)o
GzzﬁlsﬂhohBr requiresi= N = 11.7%.
?mm&:- N = 10'%.

13=-Bromo=1,2, 3, =tetrahydrofluoranthene,

‘ —_—

A,

o .
Zine dust (4.5 gm.) and mercuric chloride (0.45 gm.) were shaken

with water (6 nl.) and eoncentrated hydrochloric aeid (3 drops) for 5 minutes.
The zino amalgam formed was washed by decantation. The bromo-ketone (0.3 gm.)
in sulphur free toluene (6 ml.), and eoncentrated hydrochlorie acid (6 ml.)
were added and the mixture refluxed for 9 hours. The solution was decanted
into a separating funnel, the amelgam washed with ether, and the washings
added to the separating funnel. After thorough extraction, the ethereal
solution wes washed and dried over anhydrous sodium sulphate. The ether/
toluene solvent was removed and the residue dissolved in the minimum of ether.
On cooling the solution in a eardice/acetone mixture 13-bromo-1,2,3,4k-tetra
hydrofluoranthene was deposited as fine crystals and quiclkly filtered.
Yield = 0.17 gn.
Map. = 90-96°C.
Two further erystallisations éave colourless orystals.
Mip. = 107-109°.
Cyglly 3B requires:-  Br = 28,07,
Found:= Br = 26.3%.
Higher bromine snalysis could not be obtained, probebly due to the deficieneies
of the erystallisation procedure.



10-Bromofluoranthene.

@ A
Al &G
13-Bromo=1,2, 3,4=-tetrahydrofluoranthene (0,12 gm.) was refluxed for

3 hours with chloranil (0.22 gm.) in sulphur free xylene (2 ml.) during which
the blood=red solution became dark brown. The cooled solution was filtered

Y

and the precipitate washed with xylene (2 ml.)., The combined filtrates were
dilu'bed with e‘l:her and extrocted with N sodium hydroxide solution. The
organic layer was weshed, dried over anhydrous sodium sulphate and evaporated, The
rved sticky residue in the minimum of warm benzene was chromatographed on a
ooluzﬁ (5" x 1") of alumﬂ.na. (20 gn.). The chromatogrem was developed using a
3:1 by volume mizture of petrol and benzene. Ivaporation of the first eolour-
Iess eluate (20 ml.) gove 10-bromofTucranthenec.
Yield = 0.06 gn.
M.p. = 138-14,°€.
Two erystallisations in petrol gave pale yellow necdles.
M.p. = 157-158°C,
CygHgBr requires:- Br o= 28.45%.,
Found:= Br = 27.9%%.
A piorate was deposited on addition of a warm ethanolic solution of
10<bromofluoranthene to a saturated ethanoiio solution of pieric acid.
Crystallisation from ethanol gave yellow necdles.
M.p. = 172=173°C.

022H12N30'7Br requires:- N = 8.27%.
Found:- N = 8.17.



3=(1-Chloro=9=fluorenyl)propionie acid.

‘H;‘“l ) } . (H](Hltooﬂ
COOH @ @

The amino-aeid (4 gn.) was stirred into glaciel scetic aeid (70 ml.).

Congentrated hydrochlorie acid (9.6 ml.), was added and the mixture stirred
for 20 minutes. Water (24 ml.) was added and the solution quiekly cooled
to 260. Diazotisation was carried out by adding over a period of 10 minutes
a solution of sodium nitrite (1.4) gn.) in water (20 ml.). After 45 minutes
urea was added and stirring continued for a further 5 minutes. The diazo
mixture was quiekly filtered and added in a fine stream over a period of
10-15 minutes to a solu'bibn of freshly prepared ocuprous chloride (2 gm.) in
6 N hydrochlorie acid (100 ml.) at 45°C. The product was filtered off; washed
with 6 N hydrochloriec aeid and then water.
Yield = 2.4 gnm.
M.p. = 123-128°C.
Three erystallisations from agqueous aleohol gave ecolourless needles.
- M.p. = 137°%.
61611130261 requires:- Cl = 13.07.
Found:- C1 = 13.07

13=Chloro=li=keto-1,2, 3, ~tetrehydrofluoranthene. 5
L —  {

H
- (-
COOH

@

Fhosphorus pentoxide (30 gn.) was dissolved in syrupy phosphorie
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acid (25 ml.) by heating at 140°¢, The chloro-acid (1.6 gm.) was added, the
mixture heated at 140°C. for 30 minutes and poured into water (80 ml.).
The precipitate was filtered off, ﬁs%d, dried, and extracted with hot
petrol. On adding chareoal, hot filtering and cooling the sclution, the
chloro-ketone was deposited as yellow elongated prisms,
Yield = 0.9 gn.
Hep. = 198-202°%,
Two orystallisations gave eolourless elongated prisms.
M.p. = 200-2020¢C,
016311001 requires:- Cl = L.0%
Found:« Cl = 1..27,
Dinitrophenylhydvasone, Crystallised from benzene as orange needles.
© M.p. = 258%,
Coolly i) 0,01 requires:= €1 = 8.27.
' Founds- OL = 7.7%

13-Chloro-1,2, 3, k=tetrahydrofiuoranthene.

&— &
ce

The chloro-ketone (0.4 gn.) was reduced by & ‘toluene/zinoe amalgam/hydrochlorie
aoid mixture for 6 hours and the tetrahydro compound isolated as before (p.53).

Crystallisation was effected by dissolving the product in ether and oooling _the
solution in a cardice/acetone mixture.

Yield = 0.28 gn.

M.p. = 92-98°C,
One reerystallisation gave fine ecolourless orystals.



Hepe = 98—10000 .
01631331 requires:- Cl = 1..87.
Found:- Cl = 13.6%.

10-Chlorofluoranthene.

<8 <« » i

The tetrahydro compound (0.24 gm.) was refluxed with chloranil
(0.49 gn.) in sulphur free xylene (4 ml.). The cooled solution was
filtered and the precipitate washed with xylene (4 ml.). The combined

filtrates were diluted with ether and extracted with N sodium hydroxide.
The orgenie layer was washed, dried and evaporated, leaving a red oily
product which was erystallised from benzene.
Yield = 0.15 gn.
Mep. = W5-147°%.
One reogvatallisat.ton geve colourless plates.
Mape = 149-150°C,
C16Hofl requires:= Cl.= 15.0%
m:- Cl. = 15.07,

Plerate, Crystollised from ethancl as yellow needles.
mp. = 172%.
02231930701 re@liresr- N = 808}‘%0
TFound:= N = 8.9
Attempted preparation of 3—(1-10&0-9-ﬂuom:v1)propimio agid.

3(1-Anino=-9=fluorenyl)propionic acid (1 gm.) was diazotised (p.5S)
and added in a fine stream over 10 minutes to a solution of potassium iodide

(8 gn.) in water (30 nl.) at 45°%. A tarry solid (8.6 gn.) which could not
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be erystallised, was filtered off.

3= (1-Hydroxy=-9=fluorenyl)propionic acid.

Ay &)

)
. ‘"‘clu'- ‘HI-CHI- COOH

o &
QI ™6

"HL‘
3(1-Anino-9-fluorenyl)propionic aeid (1 gm.) was diazotised in

hydrochlorie aeid/glaeial asetie acid solution (p.55) and added in a fine
stream over a period of 30 minutes to a boiling solution of concentrated
sulphuric aeid (0.5 ml.) in weter (50 ml.). The eooled mixture was extrasted
with ether. The organie layer was washed with a little water and extracted
with sodium earbonate solution. Aeidification of the extract precipitated
& dark oil which orystallised on standing.
 Yield = 0.45 gn.
M.p. = 135=-140°.
Four erystallisations from bengene gave fawn coloured needles.
Meps = 149°C. (decomp.).
C14fq) 05 requires:= C = 75+6%. H = 5.50.
Found:~ C = 75.2%. H = 5.4,

Attempted eyeclisation of 3=-(l-hydroxy-9-fluorenyl)propionic acid.

Phogphorus pentoxide (3 gm.) was dissolved in symipy phosphorie
(2.5 ml.) aeid by heating at 10°%. The hydromy-acid (0.13 gm.) was added
and the mixture heated at 130°. for 30 minutes during which the dark brown
solution beoame blood=red. Pouring the mixture into water (25 ml.) gave a
dark brown solid. The product melted over a wide range and could not be
crystallised. A dinitrophenylhydrazone obtained also melted over a wide
renge and could not be purified.



1-Carboxy-B=ghlorofluorenone.

(e m
_ > . .
O CooH

The chloro-ketone (0.5 gme) was boiled with sodium dichromate (1.5 gm.)

for 2 hours in glacial acetic acid (12 ml.). The dark green solution wes
reduced o one=third its volume and poured into water (40 ml.). The
precipitate was filtered off and thoroughly shaken with sodium earbonate
solution. TFiltration left a tarry residue which could not be erystallised.
Asidifieation of the filtrate precipitated a pale yellow solid.
| Yield = 0,13 gn.
Crystallisation from acetic acid gave two forms of erystals, small prisms and
needles. No difference in meltﬁné point or mixzed melting point was detected.
Two orystallisations from benzene gave one form, yellow needles.
Mep. = 239-240%., (decomp.).
Cu'_H70301 m@ms:- C=065.0f H=2.72 €1 = 13.7%
Found:= C =65.3% H= 2,95 C1 =13.7%.

Attenpted Hofmann reaction on l-carboxy-Cechlorofluorencne.

The chloro-acid (0.2 gm.) was boiled briefly with thionyl chloride.

The excess thionyl chloride was removed, concentrated ammonia added and the
mixture allowed to stand overnight. The resulting amide wes filtered off
and added to an ise 00ld solution of bromine (0.06 ml.) in water (2 ml.) and
sodium hydroxide (0.24 gm.). The temperature was slowly raised 4o boiling-
point and the mixture boiled for 45 minutes. The dark brown solid which was
filtered off melted over a wide range and various attempts at purification

were unsuccessfful.
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Nitration of L-keto-1,2,3 sh=tetrahydrofluoranthene.

by oy

Powdered ketone (3 gn.) was added with vigorous stirring to
concentrated nitrie aeid (50 ml.). The solid became oily and after 5
minubes reerystallised. The mixture was stirred for a further 30 minutes

and poured into water (150 ml.). The yellow precipitate was filtered off,
washed, dried, and dissolved in the minimum of benzene. The solution was
chromatographed on alumina (80 gm.) using benzene as solvent. Evaporation
of the first 60 ml. of eluate gave only oily impurities. The next 250 ml.
on evaporation gave a pale yellow solid which was boiled in a little alechol
cooled and filtered off.
Yield = 1.9 gn.
M.p. = 186-202% .
One ecrystallisation in acetic acid and two in benzene gave pale yellow prisms.
Map. = 224~226°%, (decomp.). Softens 208°C. upwards.
CygHygl0; vequives:~ € = 7247 H = L.27 N = 5.3%.
Found:~ € =71.9% H=L,67 N=5.2%
A mixed melting point with 12-nitro-l-keto~l,2, 3, =-tetrahydrofiuorenthene
(prepared by Nishol, Cf. Ref. 52) = 223-226°¢,

Dinitrophenylhydrazone. Crystallised from benzene as orange prisms.
H.pl = 270000 (d.ecomp.)o

022315N506 mqumai" N= 1507%0
Found:~ . N = 15.7%.
Succeeding elutions from the ecolum gave only oily-material which could not
be erystallised. '
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Section IT.

Fluorenone _
Hmtress, Hersberg and Cliff, J.A.C.S., 53, 2720, (1931).
100 gm. Fluorene gove 65 gnm. fluorenone.
M.p. = 82-83%.
Fluorenol
Fluorenone (10 gm.) and zine dust (35 gn.) were refluxed in ethanol
(160 ml,) and sodium hydroxide solution (7.5 gme in 100 ml.) $il1l the solution
beeame solourless (30 minutes) then for a further 30 minutes. The solution was
filtered, diluted with water and the product filtered off, dried and orystallised
from benzene as solourless prisms.
Yield = 8 pgn.
M.p. and mixed M.p. with suthentis fluorenol = 150-153°C.

Hydrolysis of 3-(9-w9-ﬂn@1)pmmmwe

[ R
i
cu;cn-h f“:.‘-“* e, oy
CO)H

In eash of three experiments fluorencl (8 gm.) and vinyl oyanide (3 ml,)
were added to & solution of potassium hydroxide (0.53 gm.) in methomyethenol
(48 ml.) and the mixture heated at 50°C. for 20 minutes then boiled for 30
minutes with potassium hydroxide (40 gm.) in water (72 ml.) and methoxyethanol
(48 ml.). The dark mixture was poured into water (600 ml.) end filtered.
(2) In one run the solution was ecidified with hydroshlorie aeid and
extracted with ether. The ethereal solution was washed, dried and evaporated,

leaving an oil which erystallised on standing. Crystellisation from benzene/
petrol gave colourless prisms of p-(%kwdrm—%ﬂuomwl)propimic acid lactone



Yield = 2 gm.
Mepe = 133-132°C.
Cylyo0p requiresi= C = 81,37 H = 5.1%.
Foundi= © = 8L.IS% H = 5.07.
(b) In another run evaporation of the etheresl extract left an oil
which erystallised from benszene/petrol as colourless prisms of S =(9-hydroxy-

O=fluorenyl)propionic acid.
Yield = 2 gnm.

Mope = W43-102°,
GIGH'JAOS requires;- € = 75.6% H = 5.550.
Founds= € = 76.8% H = 5.5%

(6) The ethereal extract was extracted with sodium earbonate
solution. Acidification of the aqueous layer prescipitated an oil which
erystallised on standing. Crystallisation gave eolourless prisms of

B =(9-hydroxy-9-fluorenyl)propionic acid.
Yield = 2.5 gn.
Mep. = W3-142°€C.

B-Fluorenylidenepropionic aeid.

CHLcH-; CH._ CI-I; . CHCH) COOH
(ooi-l

(i) The hydroxy~-aecid (0.5 gm.) was refluxed in dilute sulphurie

acid (12 ml.) for 10 minutes during which the s0lid became oily. The mixture
was poured into water (12 ml.) and extracted with ether. The ethereal solution
was washed and extracted with sodium earbonate solution. After woshing and
drying the ether was eveporated giving S -(9-hydroxy-9-fluorenyl)propionic
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seid lastone, reervstallised from benzene/petrol.
vield = 0.3 gn.

¥.p. end mixed M.p. = 131-1339%C.
Acidification of the sodium carbonate extrect gave a white solid which was
filtered off. I Crystallisation from benzene gave white needles of B -fluor-
enylidenepropionis asid, ﬂnorescii_ng blue in ultraviolet light.

Yield = 0.025 gn.
| Mep. = 202-204°C., not depressed when admixed.

with the seld ob’l:a:!ned-by the interaction of S=formylfluorene and ethyl
cyanoasetate followed by hydrolysis and decarboxyletion, (Cf. Ref. 5i).

(2) The laetone (0.5 gm.) was boiled in dilute sulphurie aeid
(12 ml.) for 2% hours during which the s0lid beeame oily then greduslly
so0lidified. The mixture wes poured into water (12 ml.) and extracted with
ether. The ethereal solution was washed and extracted with sodium carbonate.
Evaporation of the ether gave unchanged lactone, reerystellised from benzens/
petrol.

Yield = 0.18 gn.
M.p. and mixed M.p. = 132-13,°C.
Acidification of the sodium carbonate extract gave p-ﬂuomlidénepropimio
eeld, recrystallised from benzene.
Yield = 0.25 gn.
Maps and mized Mop. = 202-204°C,

Ureide with di-p-dimethylominophenylearbodiimide. The unsaturated acid
with a slight excess of earbodiimide was dissolved in ether. The ureide

erystallised out on standing and wes recrystallised from acetone.
M.p. = 173-174°C.
833552021?1'_ requires:= N = 10.97.



Attempted Lectonisation of B-fluorenylidenepropionic acid.

(1) The unsaturated aecid (0.2 gm.) was boiled in a mixture of
concentrated sulphuric aeid (3 ml.) and water (3 ml.) for 1 hour, poured
into water, and extracted with ether. The ethereal solution was extracted
with sodium carbonate solution, aeidification of which gave B -fluorenyl-
idenepropionic aeid, erystallised from benzene.

Yield = 0.15 gnm.
Mepe and mixed M.P.= 202-203°C.
Evaporation of the ether layer gave nothing.

(2) The unsaturated acid (0.2 gn.) was dissolved in hydrobromic
acid/glaciel asetic aeid 1:1 by weight (6 ml.). After standing overnight
the solution was poured into water prescipitating o white solid, orystallised

from benzene.

M.p. and mixed M.p. with B-fluorenylidenepropionic acid = 202-203°C.

Bromination of A-fluorenylidenepropioniec seid.

a (o
cn cu‘ cuB«-
CHBy (H
ooH B" b

COOH

The reaction was eapricious.

(1) The unsaturated aeid (0.15 gm.) dissolved on stending in
corbon disulphide (6 ml.) and bromine (0.1 gn.) mixture for a few minutes.
The bromine was decolourised end impure dibromo-acid orystellised out as
hexagonal prisms during 3 Ihcﬂn’a. The produet was filtered off and washed



with a 1little earbon disulphide.
Yield = 0.17 gnm.
Mepe = 128-134.°C, 1it., 166-167°¢.(17).
"16“12023“'2 requires:~ Br = LO..7.
Found:~ Br = 38,37.
The dibromo-aeid decomposed readily in organiec solvents to the bromo-lastone
and better bromine analysis eould not be obtained. |

(2) The unsaturated acid (0.35 gn.) was dissolved in asetic acid
(13 nl.) and bromine (0.2 gn.). After 30 mimtes the bromine was decolourised.
The solvent wé.s removed at room temperature under vacuum, Addition of petrol
precipitated a white solid.

Yield = 0.25 gn.
M.p. = 163-165°.
The bromo=lactone erystallised from bensene as compact priama.
M.p. = 165-166%. _
0161?113!'02 requiress- € = 61.07 H = 3.5¢ Br = 25.47.
Pound:= © = 60.87 H = 3.6%4 Br = 25.5%.
Frequently the produet was a mixbure of dibromo-seid and bromo-lactone.

(3) The lastone of B-(9-hydromy-9-fluorenyl)propionic ascid (0.3 gn.)
was dissolved in aseetie aecid (6 ml.) and bromine (0.2 gm.). The solution
which was almost completely deeolourdised overnight was poured into water
precipitoting a white stioky solid. Three orystallisations from benzene/
petrol gave impure bromo-lactone.

Meps and. nixed M.p. = 15‘9-162°c.

0 CD
Cl'l (l-h,
HF-V CH,
("B“ cu, ¢ooH
COOH

(1) Dibromo-aeid (0.17 gzn.) was refluxed in acetic acid (L ml.) with
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zing dust (0.6 gm.) for L minutes. Hot filtration and dilution with water
gave F-fluorenylidenepropionic acid, crystallised from bengene.
Yield = 0.05 gm.

M.p. ond mixed M.p. = 201-202°C. -

(2) Bromo-lactone (0.15 gm.) was reflused in scetie acid (1 ml.)
with zine dust (0.6 gn.) for 4 mimites. Hot £iltration and dilution with
water gave P -fluorenylidenepropionic acld, erystellised from benzene.

Yield = 0,045 gm.
M.p. and mixed M.p. = 201-203°C.

9-Hydroxyfluorene-9=-garboxylic aeid.

Sohmidt eand Beuer, Ber., 38, 3757, (1905). |
20 gn. Phenanthraquinone gave 13 gm. 9=hydroxyfluorene~J9-carboxylic
acid.

Mepe = 164-1659C,

Ethyl %Igﬂroq‘ﬂuorene—f)-qarboqhte .

W1ler and Wagner, J.Org.Chem., 16, 286, (1951).
10 gn. 9-Hydroxyfluorene-J-garboxylie acid gave 6 gn. ethyl-9-
hydrozyfluorene-J=-carboxylate.

Mep. = 93=94°C,

9-Hydroxy-9-( “W@M~

Meerwein, Amn., 396,2,1, (1913).
6 gm. Bthyl %Yw&rbxyﬂuorene—?—oar‘bomrlate gave 5 gm. 9=hydroxy-

9-(  ~hydroxyisopropyl)flucrenc.
M.p. = 1009,




-

%1-9—.&53@1:?1110:'&13.
Hiller and Wagner, J.Org. chem., 16, 287, (1951).
L gn. 9=Hydroxy=-9-( °(—1'1:3?'dx't:}:xa,v'lBopaz‘op:}rl)fltJ.t:o::-eme gave 2 gm. 9=Methyl-
S=agetylfluorene, crystallised by dissolving in ethanol and cooling
in cardicc/coctone mixture. White needles.

M.p. = 88°.
Dinitrophenylhydrazone. Crystallised from ethanol as orange prisms.
M.pe. = 219%.
Coolly gl) 0), requires:= N = 13.97%
Found:= N = 13.7%.

Attempted Reformatsly reaction on S=lMethyl-O-asetylfluorene.

(H; ‘-H3 (H3
o‘H; ,OH =CH COOH
’ cnltooE't

The ketone (1 gn.) was diaaolved in dry benzene (40 ml.) and added to

prervit;ualy oleaned and dried (74) zine wool (0.5 gm.). A crystal of iodine
was added and ethyl bromoasetate (0.75 gm.) slowly mm in. As resction begen
to subside the mixbure was warmed and finally refluxed for 2 hours. After
filtering through 313@ wool the solution was added to 107 sulphurie aoid
(80 ml.) and ether (20 ml.). After thorough extraction the organie layer
was washed, dried and eveporated leaving an oil which ecould not be erystallised.

The oil was refluxed in benzene (10 ml.) with phosphorus pentoxide
(1 gm.) for & hour. After filtration and removal of the solvent, sodium
hydroxide (20 ml.) was edded and the mixture refluxed for 2 hours. After
extraction with ether, the agueous layer was acidified and the resulting oily
solid filtered off.

Yield = 0.6 gm.
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The solid melbed over a wide range and could not be purified.

Attempted oondensation of 9-Methyl-S-scetylfluorene with Malononitrile.

The ketone (0.4 gn.) with malononitrile (0.16 gm.) and ammonium
acetate (0.06 gn.) was refluzed in benzene (8 ml.) and glacial acetio acid
(0. m1,) for 5 hours. Ether was added and the organie layer washed and
evaporated leaving an oil which was dissolved in ethanol. Dropwise addition
of water gave bask Meﬂwl—%wefyﬂ.ﬂnome.

Yi&ld = 0023 £lle

H-p. and mi:eﬁ H'po = 78'8003-



-69—n

Deoxyhenzoin.
Mllen and RBarker, Org. Syntheses, XII, 16, (1932).

68 gn. Phenylacetic aoid gave 45 gn. deoxybenzoin.
Map. = 54=55°C.

Reformatslky reaction on deoxybenzoin.

Ple‘ - CHy OH

| > Phcd- C - CH, COQET
Pg - <o '
P

The ketone (15 gm.) was dissolved in dry benzene (80 ml.) and
pieviondly slowned and 874k (75) sine wodl (5 sm.) saded alens with &
erystal of iodine. Ethyl bronocacetate (12 gm.) was slowly run in, the
mixbive aliowed o peast, snd finally wefluced for 2 hours. Afber
filtering through glass wool, the solution was added to 107 sulphurie aeid
(160 ml.) and ether (50 ml.). After thorough extraction the orgenie layer
was washed, dried over anhydrous sodium sulphate, and evaporated, leaving the
orude hydroxy-ester. '

Yield = 16 gn.
Crystallised from ethanol as eolourless needles.
M.p. = 58°C. (1it. 57-58°C.).

3,L~Diphenylbut-3-enoic acid.

OH
... - =Cc-CH, ¢
P&CHg Cl CH, cooEt = Pé.cH ? H,<00H
PL | PA

The hydroxy acid (8 gn.) was refluxed in benzene (40 ml.) with
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phosphorus pentoxide (7 gn.) for 3 hours. The solution was filtered,
evaporated and the resulting unsaturated ester hydrolysed by refluxing in
sodium hydroxide (80 nl.) for 1 hour. Acidificction of the solution gave
3sk=diphenylbut-3-enoic acid which erystallised from petrol as colourless
needles fluoreseing pale blue in ultraviolet light.

| Yield = 5 ga. |

© M.p. = 168-169°C. (1it. 168-169°C.).

Ureide with di-p-dimethvlaminophenylearbodiimide. The unsaturated asid

with a slight excess of carbodiimide was dissolved :!.nl dry ether. The ureide
c'rystalliaed-out overnight and was reorystallised from acetone as polcmrless
elongated prisms.
I  M.p. = 175°%.
C5sfly O, requires:= N = 10.87,
Found:- N = 10.27

Attenpted Loctonisation of 3,h-diphenylbut-3-enoic aeid.

/—O—CO

A

.P&cu-f-cm —H— f’gc,,-_..:__(ﬂlcoog e P£CH=$—CH;
P& PL PR

(a) The unsaturated acid (2 gm.) was refluxed in an approximately
507 by volume sulphuric acid/water mixture (35 mle., b.p. 1409C.) for 40 minutes.
The mixture was diluted with water, extracted with ether and the organic layer
extracted with sodium garbonate solution. Aeidification of the sodium
carbonate extract gave back 3,4-diphenylbubt-3-enoiec aecid erystallised from
petrol.
Yield = 0.8 gn.
M.p. and mixed M.p. = 167-168°%C,



Evaporation of the ethereal solution gave a colourless solid which erystallised
from ethanol as colourless plates, light blue fluoresecence in ultraviolet light.
M.p. = 80-81°C,
Analysis showed the compound to be a hydrocarbon.
Found:= € = 93.17 H = 7.1%
Cygllyy, requires:= € = 92.7% H = 7.3%
A mixed M.p. with a sample of dl-methylgtilbene showed no deprelsnim.

(b) The unsaturated acid (0.5 gn.) was dissolved in hydrobromic acid/
glacial acetis sold 111 by welght (12 ml.). After standing overnight the
solution was poured into water precipitating a white solid, erystallised
from petrol. '

Hep. and mixed M.p. with sterting material = 167-168°C.

Attempted isomerisation of 3,)~-diphenylbut-3-enoic seid o the 2-enoic scid (6k).

The ungaturated aeid (1 gn.) was added to sodium hydroxide (7 gm.)
in water (28 ml.). The solid was immediately converted to an oil (probebly
the sodium salt, since dilution of the mixture caused the oil to dissolve).
The nixture was refluxed for 24 hours, aeidified, and extrocted with ether,
A sodium carbonote extract of the ether solution on 2eidification gave back
the original seid, orystallised from petrol.

Yield = 0.8 gnm.
M.p. and mixed M.p.= 167-168°C,
Evaporation of the washed, dried, ether solution gave nothing.



Dehvaration of AI-Diphenyl-B-hviroxybutyrie asid (Cf. Ref. 67).

Rewy  PRew, Pacy PRex
! ]

PRl e T —— ppc —— <
" i en, oy
CooH COOH coot

Crude ethyl ,éa‘-aiphenyl-p <hydroxybutyrate (8 gm.) was refluxed
with sodium hydroxide (100 ml.) for 1 hour. Acidification of the solution
gave the hydroxy-seid, erystallised from petrol as colourless needles.

Yield = 6 gm.
M.p. = 120°%.. (14t. M.p. = 121°C.).

(2) The hydroxy-acid (L gm.) was pefluxed in ascetic anhydride (7 gm.)
for 3 hours. The acetie anhydride was distilled off under vacuum leaving
an oil, Various attempts at erystallisation and purificetion failed.

(b) The hydroxy-aeid (2 gm.) was refluxed in an approximately 507
by volume sulphurie acid/water mixture of b.p. 140%. (35 ml.) for 20 mimutes.
The mixture was diluted with weter, extracted with ether, and the orgenie
layer éxtracted with sodium cerbonate solution., Acidification of the sodium
carbonate extract gave B,hndiphezwl’tmt-3—@oio apsid, crystallised from petrol.

Yield = 1.2 gnm.
M.p. and mized M.p. = 166-=168°C.
Evaporation of the washed and dried ethereal solution gave A -methylstilbene,
erystallised from ethanol.
Yield = 0.2 gm.
M.p. and mixed M.p. = 80-81°C.
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Stobbe eondensation between benzaldehyde and phenylsuseinic aecid.

(2) Dry phenyl sodium suecinate (29 gn.) benzaldehyde (1h.1 gm.)
acetiec anhydride (13.6 gm.) were heated at 125-130°C, for 15 hours. The
resi.m.:ua mass was freed from benzaldehyde by steam distillation. Dilute
hydrochlorie acld was added and the mixture extracted with ether. The
organic layer was extracted with sodium eerbonate solution, acidification of
which gave an oil which was separated by ether extraction. All attempts
at purification (Cf. Ref. 6)) gave only phenylsuceinie aeid and unerystale-
lisable oil.

PR cH-cooet P& CH=¢-CooH

Phewo T I ety I
CHy-COOER PR - CH- COOH

(b) Diethyl phenylsuceinate (15.3 gn.) benzaldehyde (6.3 gm.) and
ethanol free sodium ethoxide (8 gm.) were added to dry ether (80 ml.) and
the mixture kept at room temperature, with oceasional shaking, for 5 days,
then poured into water (100 ml.). Acidification of the aqueous layer gove
an oil which was extracted into ether. The ethereal solution was washed,
dried and evaporated to an oil.

Yield = 8 gn.
The oil, whieh eould not be erystallised, was refluxed for 1 hour in sodium
hydroxide solution (80 ml.). The mixture was acidified, extracted with
ether, and the organic layer washed, dried and evaporated. The resulting
0il on standing in petrol/ether mixture overnight deposited white orystals
of benzylidenephenylsuecinic aeid.

Yield = 2.2 gm.

Two erystallisations from acqueous aleohol geve colourless plates.
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Mepe = 175%. (decomp., repid heating).
0'173”'_02'_ requires:- C = 72,37 H = 5.07.
Found:= € = 72.47 H = 5.0%
The remaining oily material could not be erystallised.
Occasionally, some benzylidenephenylsugeinie acld was obtained from the oil
before alksline hydrolysls and in other runs some of the low melting
anhydride (Cf. p.77) was also isolated.

(e) Benzaldehyde (6.3 gn.) and diethyl phenylsuceinate (15.3 gm.)
were added to a solution of potassium (2.4 gm.) in t-butyl aleohol (50 ml.)
under an atmosphere of nitrogen, and the mixbure was refluxed for 45 minutes.
The cold reaction nixture was just seidified with hydrochlorie 20id and the
bulk of the t-butyl aleoohol removed under reduced pressure. Hydrochlorie
acid was added and the oily produet extrocted into ether. The organic
layer was extracted with sodium earbonate solution which, on aoidification,
gave an orange coloured oil,

Yield = 7 gnm.
The oil was hydrolysed by refluxing in sodiuwm hydroxide (70 ml.) for 1 hour.
The solution was acidified, extracted with ether and the organic layer
evaporated to an oil which, on standing in petrol/ether mixture overnight,
deposited benzylidenephenylsuceinic acld in varying amounts but in each
case in poorer yield then in (b). In one run a mnall amount of material
was deposited which erystallised from aqueous aleohol in smell granular
crystals.
M.p. = 2069C.
Founds~ = € = 73.5% H = 5.6%
Analysis for the monoethyl ester of bensylidenephenylsuecinic acid
CyoHy g0, requires:- € = 73.5% H = 5.8%.



However, all attempts to hydrolyse, decarboxylate or dehydrate the compound
failed, and an infrared spectrum of the material surprisingly showed no
carbonyl absorption to any extent. The compound has not been identified.

Monoethyl ester of bensylidenephenylsuscinie seid.

The dicarboxylie acid (0.2 gm.) ethanol (& ml,) and concentrated
sulphuric acid (3 drops) were refluxed for 2 hours. The volume was redueed,
water added, and the mixture extracted with ether. The ethereal layer was
washed and extrasted with sodium earbonate solution. Aesidification of the
agqueous layer geve a white 0il which was induced fo s0lidify by scratohing
on the gides of the tube.

Yield = 0.1 gnm.
Three crystellisations in benzene petrol mixture gave white needles.
M.p. = 124°C,
Cygfyg0), requires:= C = 73.5¢ H = 5.8%.
Found:= C =73.3%7 H = 5.80
Byaporation of the ethereal layer gave an oil which could not be erystellised.

Di-p-nitrobenzyl ester of benzylidenephenylsuecinic aeid.

PR cH=¢- coon - PACH = C =~ COOCH,~ ( H| NOy
I : : l

P4 ~ CH~cOOH P& ~Cu "‘COOCHt-C‘H&'”ol

The dicarboxylie acid (0.2 gm.) in water (3 ml.) was neutralised by
sodiun hydvoxide (phenolphthalein). p-Nitrobenzyl bromide (0.32 gm.) in
ethanol (12 ml.) and hydrochlorie acid (3 drops) was added and the solution
refluxzed for 2 hours, The stieky solid obtained on diluting the mixture with
water was orystallised from ethanol as colourless needles.

Yield = 0&15 gﬂo
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Mep. = 127°C.
03132&_081\1'2 requirelsz- C = 67.2]-% H= .!...Z..% N = 5.1%0
Pound:= © = 67.07 H=L47% N =527,

Ozonisation of bengylidenephenylsuscinic agid.

A solution of the dicarboxylic acid (0.3 gm.) in purified ethyl
asetate (40 ml.) was cooled in a freezing mixture and a slow stream of
ozonised oxygen (approximately 2% ozone) passed through from a multiple
electrode ozoniser for 10 minutes. The mizture was thoroughly shaken with
a solution of water (40 ml.) and cmgentrated hydrochloris seid (4 drops).
The organie layer was washed, dried over anhydrous sodium sulphete and
evaporated to an oill which was extracted with ethanol. The ethanolic extract
on boiling with stook dinitrophenylhydrazine solution containing o few drops
of consentrated hydrochlorie aeid deposited a voluminous red presipitate of
benzaldehyde dinitrophenylhydrezone, erystollised from gleeial acetic acid.

M.p. and mixed Mop. = 237°C. |

Attempted decarboxylation of benszylidenephenylsusoinic soid.

The dlcarborylic seid (0.2 gn.) was vefluxed in & mixture of
glasial asetic aeid (15 ml.) concentrated hydroehloric aeid (7 ml.) and
water (10 ml.) for L hours. After conscentration to 5 ml. the mixzture was
extracted with ether and the ether layer extraoted with sodium carbonate
solution. Acidification of the aqueous extract gave back benzylidene-
phenylsuecinic acid, erystallised from aqueous ethanol.

M.p. ond mixed M.p. = 174-175°C.

The ethereal solution on evaporation gave nothing,



Refluxing the dicarboxylis seid (0.2 gm.) in glacial asetie asid
(3 ml.) and hydrobromic acid (2 ml., 487) mixture had a similar effect.

Dehydration of benszylidenephenylsuceinie acid.

() The dlearboxylis acid (0.2 gn.) was heated at 180%. for 10
mimutes during which effervescence was noted. The resulting oil oryéta.ili.sed
from petrol as colourless needles which on standing in the mother liquor became
colourless prisms. Both forms had similar melting-points which showed no
depression on admixing, Reorystallisation from ew or petrol gave
ecolourless prisms.

Yield = 0.12 gnm.
M.p. = 76°C.
Foundi= C =767 Hs= hoBFe
The anhydride of benzylidenephenylsuccinic aeid C17H1203
requires:= € = 77.37 H = L.6%.

(b) The dlearboxylic acid (0.2 gn.) was boiled in acetyl chloride
(4 ml.) for 15 minutes. The solution was concentrated and careful addition of
water precipitated an oil whieﬁ solidified on standing. On boiling the solid
in petrol and cooling,the solution became milky then deposited white erystals.
Two further erystallisations :E‘rom petrol gave white needles.

Yield = 0.11 gm.
M.p. = 114°C.
Pound:~ C = 76.87 H =L.7%
Cy4H1505 requires:- C = T7:3% H = L.6%
e infrared spectra of both the sbove compounds indicated they are



anhydrides (Cf. p.10). Ozonolysis of both compounds was carried out (as
on page 76) giving. oils from which dﬁmmphervmydrazone- precipitates were
obtained. These dinitrophenylhydragzones melted over a wide range and could

not be purified.

Di-p-dimethylaninophenylthiourea.

Cf. Baur, Ber., 12, 533, (1879).
Dimethyl-p-phenylenediamine (10 gm.) and carbon disulphide (8 gm.)
were refluxed in ethanol (100 ml.) until no more hydrogen sulphide was evolved
(1ead acetate paper). On eooling the solution the produet which separated
we.s filt.ered of'f and recorystallised from bengene as eolourless needles.
Yield = 8 gn.
" Mep. = 186-187°,

Di-p-dimethylaninophenyleorbodiimide.

Cf. Rotter, Monats., L7, 355, (1926).

NR@N(C.H;): N @ N (CH3),
/ V

cs 7 ¢

™ Wy N(ew)a ﬁd@"(‘“ﬁz

Di-p~dimethylaninophenylthioures (8 gm.) was refluxed in benzene

(50 ml.) with a mixture of yellow mercuric oxide (20 gm.) and anhydrous
caleium chloride (4 gm.). The mixture wos filtered and the solvent removed
under vacuum leaving a white erystalline mass, which was dissolved in ether.
On eooling and redueing the volume of the ¢old solution the carbodiimide
erystallised out and was filtered off in stages.

' Yield of pure materiel = 3 gn.

M.p. = 87°C.
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T’i?‘drb'benl oin.

Burtner and Cusie, J.A.C.8., 65, 262, (1943)
In the reduction ethanol was used as the solvent.
18 gn. Bengzoin gave 15 gm. of hydrobenzoin,

M.p. = 138%,

Diphenylacetaldelyde.

Danilov, Ber., 59, 1032, (1926).
1 gn. Hydrobenzoin gave 6 gm. of diphenylacetaldehyde.
Bnpa £ 1&?"186%./2& MeNe

Jiyh=Diphenylbute3-enoloe acid.

Burtner and Cusie, loc.eit.

5 gm. Diphenylacetaldehyde gave 3.5 gm. 4,Le-diphenylbut-3-enoie
acid. Crystallisation from petrol showed two forms, prisms and elongated
plates. No depression of melting-point was noted on mixing the two.

M.p. = 117-118°%, °

Ureide with di-p-dimethylominophenylearbodiimide. The unsaturated aeid

with a slight excess of earbodiimide wes dissolved in ether: Theé ureide
orystallised out on standing and was recrystellised from acetone as eolourless
needles.
Hepe = 1520C,
C33H3) 00l) requires:- € = 76.57 H=6.60 N = 10.87.
Poundi= € = 76,77 H=6,97 N = 10.9.
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The ureides of the following compounds were prepared by dissolving
the acids with a slight exeess of the earbodiimide in ether. On standing,
the ureide orystallised out.

Fluorenylidencasetic aeid. The ureide erystallised from asetone as orvange-

yellow prisms.
Mepe = 180°¢.

032330027.':'_ requirest~ N = 11.1%,
Founds- N = 11.07,

¢ = C(CO,BY)CH,COH, The ureide orystallised from asetone as colourless

pﬂms.
M.p. = 178-179°C.

03633801..N4 requires:- N = 9e 5%
anﬂ:— N = 901%.

Acenaphthylidencasetic aoid. The ureide crystallised from asetone as orange

coloured needles.
M.p. = 173-174%C.
03133002174 requires:- N = 1147,
Found:- N = 11.19

I-Acenaphthylencagetic acid. The ureide erystallised from acetone as yellow

compaet prisms.
Mopo = 165—16600.
Found:= N = 11.47.
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ULTRAVIOLET SPRCTRA.
Wevelength in mu (log € pox in parventheses), solvent ethanol unless
otherwise stated.

Ethyl o -cyano=gB=9- 250(2..68)
fluorenylacrylate. In hexane 228(%.28) 258(4..0) 288(3.8.) 300(3.80)

Laoctone of B -(9-hydroxy-  228(L.38) 235(k.36) 273(L.10) 302(3.3. inflexion)
fluorenyl)propionic acid.

B -Fluorenylidene= 230(%.66) 246(%.59) 257(%.61) 280(k.23) 300?»1)
propionic aoid. - 314(%.09)

_ Fluorenylideneacectio 228(%.60) 250(4.45) 258(Lh.46) 288().22) 30254.13;
acid. 315(%.12

Laotone of B -(9-hydroxy-  228(4.49) 235(k.kk) 27%(4.14)

fluorenyl)- B =brenopropionic-

aeid.

B -(9-Hyaroxy-9=fluorenyl)~ 228(k.29) 234(4.18) 275(k.05) 296(3.56) 307(3.55)
propionic aeid.

Fluoren= 9 =ol. 228(%+38) 234(%.29) 271(k.1k4) 296(3.56) 307(3.35)

B =(9=Bydrozyfluorenyl)-  228(L.35) 236_(4-25) 270(%.12) 307(3.45)
propionitrile.

3,1;Emphew1but-3-mﬁ.c 270(%.3)
aeld,.

iy LimDiphenylbute3=enoio 250 (1. 22)
aeid.
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158. The Preparation and Properties of B-9-Fluorenylidene-
propionic Acid.
By D. M. W. AxpeErsoN, NEIL CampBeLL, J. T. Craig, and D. A. CROMBIE.

The constitution of g-9-fluorenylidenepropionic acid (II) has been estab-
lished and the chemical and spectral properties of the acid and its derivatives
are reported.

9-ForMYLFLUORENE and malonic acid in piperidine condense to give g-9-fluorenylidene-
propionic acid ! (II), m. p. 202—203°, which is also obtained by the interaction of 9-formyl-
fluorene and ethyl cyanoacetate followed by hydrolysis and decarboxylation of the
product (I). This intermediate is colourless in the solid state and in hexane, but gives a
yellow solution in ethanol or piperidine, probably owing to the colourless form’s
having structure (I) which tautomerises? to the yellow By-unsaturated ester form,
:CH:CH(CN):CO,Et. This is substantiated by the ultraviolet spectrum in hexane which
resembles that of fluorene, a similarity which disappears when the solvent is changed to
ethanol. Similar colour changes, however, are sometimes observed in fluorene derivatives
which cannot tautomerise, the colourless, crystalline 9-diphenylmethylenefluorene, for

i

CH:C(CN)-CO,Et CH‘CHyCOiH HO CH;]ZCOZH
) (I 4 (I1T)
/ |
<= 0
Br-HC ? Phaea HO [CH,],CN
HC—CO H,C— CO
(V) (IV) (VD)

instance, giving yellow solutions or melts.? The position of the double bond in the
unsaturated acid (IT) is suggested by the colourless ureide formed by the acid with di-p-di-
methylaminophenylcarbodi-imide.* These results are in conflict with those of Campbell
and Fairfull > who assigned m. p. 137° to the acid (II}), which they prepared by the alkaline
hydrolysis of p-(9-hydroxy-9-fluorenyl)propionitrile (VI) and subsequent treatment with
mineral acid; they gave m. p. 202° for the corresponding lactone (IV). We have therefore
re-investigated this hydrolysis and find that some of the data reported by Campbell and
Fairfull are erroneous and that depending on the conditions the product may be B-(9-
hydroxy-9-fluorenyl)propionic acid (ITI), m. p. 140°, or the lactone (IV), m. p. 133—134°,
The constitution of the lactone (IV) is established by the infrared band at 1772 cm.?
characteristic of five-membered saturated lactones,® by the similarity of its ultraviolet
spectrum to those of fluorene and particularly 9-ethylfiuorene-9-ol 7 (see Table), by the
positive test with hydroxylamine,® and by ring-opening with sulphuric acid to give B-9-
fluorenylidenepropionic acid (II). The lactone with bromine in acetic acid gives the
bromo-lactone (V). That the acid (II) is a py-unsaturated acid is proved by catalytic
hydrogenation or reduction with hydriodic acid and phosphorus to 8-9-fluorenylpropionic
acid,!® and by the ultraviolet spectrum (see Table) which lacks the 250—300 my band and



ethyl a-cyano-B-9-fluorenylacrylate which separated from methanol in needles (11 g.), m. p. 93—
94:5° (Found: C, 79-0; H, 5-2; N, 5:0. C, H,;O,N requires C, 78-9; H, 5-2; N, 4:8%), Apax.
250 my. (log £ 4-68) in ethanol, and 228 (log £ 4-28), 258 (log = 4-40), 288 (log £ 3-84), and 300 mp.
(log = 3-80) in hexane. The ester (2:23 g.) when boiled for 3 hr. with ethanol (180 ml.) and
concentrated hydrochloric acid (180 ml.) yielded f#-9-fluorenylidenepropionic acid (1-18 g.),
m. p. 198—201° (not depressed when admixed with the acid obtained by the condensation of
9-formylfluorene and malonic acid with pyridine as catalyst ), and the ethyl ester (1-21 g.), m. p.
73—74° (after trituration and crystallisation from ethanol) (Found: C, 81-3; H, 6-3. C;jH,,0,
requires C, 81:8; H, 6:19%;). The ester was hydrolysed to the acid by boiling with methanol
and sodium hydroxide in § hr. Boiling the acid (0-5 g.) for { hr. with 509, aqueous potassium
hydroxide gave fluorene (0-3 g.), m. p. and mixed m. p. 115°.

Hyvdrolysis of B-(9-Fluovenyl-9-hydroxy)propionitrile.—In each of three experiments fluorenol
(8 g.) and vinyl cyanide (3 ml.) were added to potassium hydroxide (0-53 g.) in methoxyethanol
(48 ml.), and the mixture was heated at 50° for 20 min. and then boiled for 30 min. with potass-
ium hydroxide (40 g.) in water (72 ml.) and 2-methoxyethanol (48 ml.). The mixture was
poured into water.

(¢) In one run the solution was acidified with hydrochloric acid, extracted with
ether, and evaporated to give B-(9-fluovenyl-9-hydvoxy)propionic acid lactone (2 g.),
m. p. 133—134°: after crystallisation from benzene-light petroleum (Found: C, 81-15;
H, 5:0. C,;eH,;0, requires C, 81-3; H, 5:1%), vinax, 1772 cm.” (cf. Table).

(6) In another run 2 g. of crude material yielded B-(9-hydroxy-9-fluorenyl)propionic acid,
m. p. 143—144° after crystallisation from benzene-light petroleum (Found: C, 76-8; H, 5-5.
C,H,;0, requires C, 75-6; H, 5:55%), hmax, 228 (log e 4:29), 234 (log = 4-18), 275 (log = 4-05),
296 (log € 3-56), and 307 myp (log ¢ 3-55).

(¢) The crude product after acidification with hydrochloric acid was extracted with ether,
and the extract shaken with aqueous sodium carbonate. The carbonate layer with acid gave
the hydroxy-acid which, crystallised from benzene-light petroleum, had m. p. 143—144°.
The hydroxy-acid (0-5 g.) was boiled for 10 min. with dilute sulphuric acid (12 ml.) and poured
into water (12 ml.). The mixture was extracted with ether, and the ether layer shaken with
sodium carbonate solution. The ether on evaporation gave the lactone (0-3 g.), m. p. and
mixed m. p. 131-—133°, while acidification of the sodium carbonate solution yielded (-9-
fluorenylidenepropionic acid (0-025 g.), m. p. and mixed m. p. 202—204° (from benzene-light
petroleum), subliming in prisms. The acid has a blue fluorescence. The lactone (0-5 g.) was
boiled for 24 hr. in dilute sulphuric acid and poured into water (12 ml.); extraction with ether
was followed by shaking the ether with sodium carbonate; evaporation of the ether gave
unchanged lactone (0-18 g.), m. p. 132—134°, and acidification of the sodium carbonate layer
yielded §-9-fluorenylidenepropionic acid (0-25 g.), m. p. 202—204° (from benzene).

Bromination of B-9-Fluovenylidenepropionic Acid.—The reaction is capricious. The un-
saturated acid in carbon disulphide with bromine yielded the impure dibromo-acid, m. p. 128—
134° (lit., 166-—167° %) (Found: Br, 38-3. C,;;H,,0,Br, requires Br, 40-4%), which decomposed
in organic solvents to give the bromo-lactone. Bromine (0-2 g.) in acetic acid (3 ml.) was
added to the unsaturated acid (0-35 g.) in acetic acid (10 ml.) until the colour persisted and most
of the solvent was removed at room temperature in a vacuum. Addition of light petroleum
gave the bromo-lactone (0-25 g.), compact prisms (from benzene-light petroleum), m. p. 165—
166° (Found: C, 60-8; H, 3-6; Br, 25-5. C,;H,,BrO, requires C, 61-0; H, 3-5; Br, 25-49,),
Fmax, 228 (log € 4-49), 235 (log e 4-44), and 274 my. (log € 4-14), vy, 1795 cm. Y. Frequently the
product was a mixture of dibromo-acid and bromo-lactone, each (0-16 g.) of which when heated
with zinc dust (0-6 g.) and acetic acid for 4 min. yielded B-9-fluorenylidenepropionic acid.
Keeping the lactone (0-3 g.) of B-(9-hydroxy-9-fluorenyl)propionic acid suspended in acetic
acid (4 ml.) overnight with bromine (0-2 g.) in acetic acid (2 ml.) and adding water gave impure
bromo-lactone, m. p. and mixed m. p. 159—162° (after three crystallisations from benzene—
light petrolenm).

9-Fluorenylidenacetic Acid.—Fluorenone (9 g.) and ethyl bromoacetate (10 g.) in dry benzene
(40 ml.) were heated for 2 hr. with zinc wool (3-3 g.) which had been washed with hydrochloric
acid, ethanol, and ether, and dried. The oily product, obtained in the usual way, was boiled
with 859, formic acid (75 ml.) for 1 hr., and water and formic acid were removed under reduced
pressure. The residual red oil when dissolved in boiling methanol and cooled yielded ethyl
9-fluorenylideneacetate, vellow needles (8 g.), m. p. 72° (lit., 77°). The ester (8 g.) was boiled

A



REPRINTED FROM CHEMISTRY AND
ZETSCHE’S TEST FOR af-UNSATURATED
ACIDS

By Neil Campbell and D. A. Crombie
Dept. of Chemistry, The University, Edinburgh, 9

We have verified Zetsche’s claim that di-p-
dimethylamino-phenylcarbodiimide (I) reacts with
ap-unsaturated acids to give coloured N-acyl ureides
(II) whereas fBv-unsaturated acids afford colourless
ureides,! and we now report further examples of the
use of this reagent.

The test can be applied to coloured «f-unsaturated
acids since the resulting ureides are more deeply
coloured than the parent acids. The yellow
fluorenylideneacetic acid gives an orange-yellow

N-CgH4 NMes CO-NH-CgHy-NMes
+ R-CO;H->N-CgH4-NMe;

N'C6H4‘Nf\‘lez COR
(D (§8))]
urcide, prisms, m.p. 180° (Found: N, 11-0.

C32H300,Ny requires N, 11-1%). Acenaphthylidene-
acetic acid affords an orange coloured ureide, necdles,
m.p. 173-174° (Found: N, 11-1. C3;H;00,Ny4
requires N, 11'49%,), whereas the isomeric 7-acenaph-
thyleneacetic acid gives a yellow ureide, compact
prisms, m.p. 165-166° (Found: N, 11-:4%).

It is established that a y-aryl group in the butenoic
acids stabilises the double bond in the By-position,2
and as anticipated such acids give colourless ureides.
3 : 4-Diphenylbut-3-enoic acid (III) (sublimes, prisms,
m.p. 171-173°(lit., 173°)) prepared by the Reformatsky
reaction between deoxybenzoin and ethyl brom-
acetate followed by dehydration, gives a colourless
ureide, m.p. 175° and then resolidifying (Found:
N, 10-2. Cj33H340,N4 requires N, 10-8%). The
constitution (ILI) of the acid, assigned without rigid
proofl by Phalnikar and Nargund,3 has been confirmed
by heating the acid for 40 minutes with sulphuric
acid, b.p. 140° to give a-methylstilbene (IV), and by
the similarity of its spectrum (... 270 my, loge 4°3)
to that of w«-methylstilbene (IV) (hpay. 270 my,
loge 4-4)* and its difference from that of «-methyl-
styrene (VI) (Ppae, 242 my, loge 4:08).4 Efforts to
prepare the isomeric 3 : 4-diphenylbut-2-enoic acid (V)
by the method of Phalnikar and Nargund were
unsuccessful as were efforts to prepare it by
isomerising the acid (I1I) with alkali.’

PhCH : CPh-CH,-CO;H  PhCH»-CPh :)CH-COZH

v

(1)
PhCH : CPhMe Me-CPh : CH,
(IV) (VD)

INDUSTRY,
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4 : 4-Diphenylbut-3-enoic acid (VII), plates, m.p.
121-122°, whose structure follows from its ease of
lactonisation® and is confirmed by the similarity of
its spectrum (hp.,. 254 my, loge 4-22) to that of
1 @ l-diphenylprop-l-ene (VIII) (m.. 250 mg,
logs 4:1)7 yields a colourless ureide, m.p. 152°
(Found: C, 76:7;: H, 6-9; N, 10-9. Cj33H340,N4
requires C, 76-5; H, 6-6; N, 10-8%,).

The acid ester Ph,C : C(CO,E1):CH,-CO,H gives
a colourless ureide, m.p. 178-179° (Found: N, 9-1.
C36H3304Ny requires N, 9:5%).

The acid described variously in the literature as
g-fluorenylidenepropionic acid8 (IX) or the isomeric
yy-diphenylenecrotonic acid gives a colourless ureide,
needles, m.p. 173-174° (Found: N, 10-5.
C33H3,0,N4 requires N, 10-9%,) and hence the acid
has the structure (IX) tentatively assigned by Borsche8
but disregarded by Burtner and Cusic.? We have
confirmed this structure by other methods which will
be reported later. CH-CH3C0,H

Ph,C : CH-CH,-CO,H
(V1)

Ph,C : CH-Me )
(VI (%)

The ureides were prepared by mixing the reactants
in ether, keeping overnight, and recrystallising the
precipitate from acetone. The melting-points of the
ureides vary with the rate of heating. Those reported
above were obtained by means of a Kofler hot-stage
microscope with samples inserted about twenty
degrees below the melting-point determined in the
usual way.
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Title of Thesis ....The..Synthesls of Polycyclic-Aromatic Hydroosarbom@y

A synthetie route to 1lO0-substituted fluoranthenes and
1,8=substituted fluorencnes has been developeds The ketonic
Schmidt reaction on 4-keto-l,2,3,4-tetrahydrofluoranthene and
hydrolysis of the resulting lactam gave 3=(leamino-S9-fluorenyl)-
propionic acids 4 Sandmeyer reaction on this amino-acid followed
by cyelisation, reduction and dehydrogenation yielded 10-bromo=
fluoranthene. 10=Chlorofluoranthene was similarly prepared.
Oxidation of l3=bromo-d=keto=l,2,3,4=tetrahydrofluoranthene gave
l-carboxy=8~chlorofluarencne.

Aryl substituted unsaturated acids are often intermediates in the
preparation of polycyclic arcomatic hydrocarbons. A number of these |
intermediates of uncertain structure has been investigated. The
constitution of B-fluorenylidene-propionic acid has been established
and the chemical and spectral properties of the acid and a number of
related compounds have been Investigateds, The structure of
3,4~diphenylbut -3-enoic acid (mep., 168°C) produced by a Reformatsky
reaction on deoxybenzoin has been confirmeds The reported preparation
of other isomeric 3,4-diphenylbutenoic acids by this reaction and by
the Stobbe condensation of benzaldehyde on diethyl phenylsuccinate
could not be substantiateds The latter reaction gave a compound
whose structure has been established as benzylidenephenylsuccinic
acide The properties of this dicarboxylic acid and a number of its
derivatives have been investigateds The reported reaction of
di-p-dimethylaminophenylcarbodiimide with af-unsaturated acids to
give coloured acylureas, while ¥ -unsaturated acids give colourless
adducts has been utilised in these investigations. The acylureas
of the unsaturated acids already mentioned and a number of other
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evidence of their structures, Vik“_,/éﬁ
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