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IM'BODUGTIOH

I. CHi; .'IIBTRY QF FLUQKBKS AM) ELUOKAKPHBHE

Two aromatic hydrocarbons, fluorene (I), and fluoranthene

(II), are frequently mentioned in this thesis, and it is there¬

fore appropriate to give a brief account of their chemistry.

A. FLUQRBKE

(1) Discovery and determination of structure

Although the pure hydrocarbon was isolated from

crude anthracene oil by Berthelot (1) in 1867, it was not until

18?8 that its structure became firmly established.

In their investigation of phenanthrene, Fittig and Ostermeyer

(2) carried out the following series of reactions leading to

the known diphenyl.
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Graebe (3) reduced the diphenylene ketone (¥1) with red

phosphorus and hydriodic acid and obtained diphenylenemethane

(I)# In 1874, Barbier (4) oxidised fluorene with sodium

dichromate and sulphuric acid and showed that the product was

identical with the diphenylene ketone prepared by Pittig and

Ostermeyer. He also showed (5) that fluorene could be represented

by the formula Pour years later, Fittig and Schiaitz

reported that the diphenyleneraethane previously obtained by

Pittig was identical with fluorene obtained by Berthelot from

coal tar.

Prom this evidence it was clear that fluorene roust have

the constitution shown in formula I. The numbering now used

is shown in the formula.

(2) Chemical properties

The chemical properties of fluorene may be divided

broadly into two categories - (a) those characteristic of an

aromatic hydrocarbon, and (b) those dependent on the

methylene group in the 9~position.

The chemistry of fluorene has been extensively reviewed

by Rieveschl and Kay (6) and only those properties falling
into category (b), above need be considered here.

It will be observed from examination of the formulae of

cyclopentadiene (IX), indene (X) and fluorene (I) that the

latter may be considered as dibenzocyclopentadiene, and indene

as bennocyclopentadiene.

V
IX
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It was shown (?) that the reactivity of the methylene

group decreased in the order cyclopentadiene - indene - fluorene

due to the inactivating influence of the fused benzene nuclei.

Kevertheless, the methylene group in fluorene is still moderately

reactive.

If fluorene vapour is passed over heated lead oxide the

red hydrocarbon blsdiphenylene-ethylene (XI) is formed (S).

Fluorene is also capable of forming sodium (9), potassium

(10), and disodiuia (11) derivatives, and these have been very

important in the synthesis not only of substituted fluorenes,

but, as will be seen later, of fluoranthene and fluoranthene

derivatives.

Fluorene readily undergoes the Michael reaction with compounds

possessing an activated double bond. Indeed, when fluorene

is allowed, to react with acrylonitrile in the presence of

an alkoxide it is impossible to prevent two molecules of acrylo¬

nitrile reacting with each fluorene molecule, although with

crotononitrile, the monosubstituted fluorene is obtained (12).

XI

CttjtCWCN
*oc*\j

CHj.C.HaCN

Fluorene also reacts with aromatic aldehydes in the presence

of sodium methoxide or ethoxide, and fhiele and Henle (7, 15)
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prepared numerous compounds in this way. In general, condensation

is restricted to aromatic aldehydes, and aldehydes in which

the carbonyl group is conjugated with an aromatic nucleus,

as in cinnamaldehyde (16). However, the yield falls off

rapidly as the number of carbon atoms between the aldehyde

group and the aromatic nucleus increases. A few cases of

condensation between fluorene and aliphatic aldehydes have

been reported, e.g., Schulta and Smullin report condensation

with propionaldehyde, butyraldehyde, and isobutyraldehyde, (17),

although the only alkylidene derivative isolated was n-butylidene-

fluorene. The others were identified by means of their dibromo

derivatives. Pluorene does not condense with ketones. 'sdr
•4yv/7, V A0?,

Another important property of fluorene is its ability to '

react with esters, in a form of Claisen condensation (20).

In 1900 tfislicenus (19) condensed ethyl oxalate with fluorene

in the presence of sodium ethoxide to give the ethyl ester of

9-oxalylfluorene (XII).

#islicenus and Waldmuller (20), and later, Von and tfagner

(21), carried out the condensation of fluorene and ethyl formate
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to give 9-formylfluorene (XIII)* The latter workers also

prepared 9~acetylfluorene by a similar condensation with

ethyl acetate. All these compounds, particularly XII and

XIII have been of great value in the synthesis of fluorene, and

fluoranthene, derivatives.

On oxidation with sodium dichrornate in acetic acid, fluorene

yields the corresponding ketone, fluorenone (VI), which is a

typical aromatic ketone, and very similar in its properties to

benzophenone* It undergoes the Stobfee reaction with ethyl

succinate (4-0), and also the Grignard and Reformatsky reactions.
pVi/vvf'U

These -etmstitute the principal method of preparing substituted

fluorenols.

B. rmORAM'HSKE

(1) Discovery, determination of structure, and synthesis

In 1835 Dumas (22) and Laurent (23) obtained a

hydrocarbon fraction by extraction of the mercury ores of

Idria with oil of turpentine, and in 1844- Boedeker (24) obtained

the same product by distillation of the ores. This material
which was called "idryl" was later shown by Goldschroiedt (25)
to be a mixture of anthracene, phenanthrene, chrysene, pyrene,

and a new hydrocarbon to which he gave the formula

In 1878, Fittig and Gebhard (26) isolated a compound from

high-boiling coal tar fractions which he named fluoranthene,

and showed that this was identical with the compound isolated

by Goldschniiedt from the mercury ores. - -Fluoranthene is now -

obtained commercially- from coal tar by crystal-lisati-on af- its

tetrahydro-derivative (2?).

The early formula of fluoranthene (XV) was proposed by
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Fittig and Gerhard in 1877 (28) and was based on the accepted

formula, q and on the fact that on oxidation, fluoranthene
yields fluorenone-1-carboxylic acid (XVI)#

Another formula (XVII) was later proposed by Atterburg

(29) but this was shown to be erroneous by Goldschmiedt (30)

by the fact that fluoranthene does not possess an active methylene

group.

The formula XV was generally accepted, and little further

work was done until it was pointed out that on the basis of

the Sachse-Mohr theories of bond strain, this structure was

highly improbable, and von Braun and Anton (31) proposed the

now accepted structure, II, and proved it by synthesis.

Since that time there has been a great revival of interest

in fluoranthene chemistry, and much work on the subject has

been published within the last twenty-five years.
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The synthesis employed by von Braun is outlined below:

Not

CicrttCMjtoocjrty

XVIII

COOCtHy

rtydyolvsit, ^
dUeayfca.y'oH.w,
cycl»o n

XIX

T^edyxc-fion-v
^

deWydrojtt nation

Ethyl B-chloropropionate was condensed with 9~ethoxy~

carbonylfluorene (XVIII) in the presence of sodium. The

product, XIX, was hydrolysed, decarboxylated, and the

(3-9-fluorenylpropionic acid cyclised to give 4—oxo-1,2,3»4~

tetrahydrofluoranthene (XX). Reduction, followed by dehydrogen-

ation, completed the first synthesis of fluoranthene.

There have recently been published two modifications

of von Braun's synthesis. In 194-9, Campbell and Fairfull

(32) showed that 9-fluorenol reacted with acrylonitrile to

give XXI, which on dehydration and hydrogenation yielded

P-9-fluorenylpropionic acid (XXII), which was an intermediate

XXI XXII

Independently, in the same year, A. Campbell and Tucker

(33» 34-) extended and improved the method by condensing

substituted acrylic esters and nitrides with 9-&Qthoxycarbonyl
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fluorene. In this compound there is only one reactive hydrogen

and that a more reactive one than either of those in fluorene

itself. Their synthesis is outlined helowt- (R » CH-^, R' « Hj
R » H, R' = GH^; or R = R» - H).

C00t«3 \
"RCrt =C-OH

CM

HydvolysiSjtlccekVboicylaHon

"X c ^soa^ nrtfcthoAs

XXIII

The 0-9-fluorenylpropionic acid (XXIII, R = R* = H)
was cyclised and the product reduced and dehydrogenated as

before.

Small quantities of fluoranthene have been obtained by

other methods. For example, Cook and Lawrence (35) allowed

a~naphthylmagnesium bromide to react with 2-methylcyclohexanone,
then dehydrated the resultant alcohol to obtain XXIV. This

was cyclised, and the product dehydrogenated with selenium to

yield fluoranthene.

XXIV



Another synthesis was devised, by Forrest and fucker (36)
in 1948, starting from o-nitrobromobenzene and 1 -iodonaphthalene,

and this is outlined below?-

Several syntheses of fluoranthene have made use of the

Diels-Alder reaction. Campbell, Gow, and Viang (37» 38)

condensed 9 >1O-dihydroxy-9,1Q~dimethylacenaphthene with oialeic

anhydride in the presence of acetic anhydride to obtain XXV which,
on dehydrogenation and decarboxylation, yielded fluoranthene,

(«> -Hi

(Z) -COz

XXV

Campbell and fang also condensed maleic anhydride with

9-methyl-9-fluorenol in the presence of acetic anhydride, the

alcohol first being dehydrated to the unstable 9-methyiene-

fluorene (XXVI). The resultant anhydride (XXVII) was decarboxyl-

ated to yield fluoranthene.

c.rti

XXVI XXVII

In 1948 Bergmann (39) showed that at high temperatures

acenaphthylene will condense in a Diels-Alder reaction with

dienes such as butadiene. Several substituted fluoranthenes
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have "been made in this way, e.g. 10,13-diphenylf luoranthene

from diphenylbutadiene (R = CgHc).ew—° ^
"R-Crt Crt-TV

In 1949, a further synthesis was published by Bergmarn

and Orchin (4-1) who condensed fluorene with maleic anhydride

to obtain XXVIII. This was cyclised to yield XXIX, which

was then reduced and dehydrogenated to yield fluoranthene-

2-carboxylic acid (XXX). Decarboxylation yielded fluoranthene.

MCi3 COOH
usual methods COOH

XXX

CMt-CO

XXVIII XXIX

(2) Chemical properties

As a complete account of the substitution reactions,

and other chemical properties is given in a review by Tucker

and whalley (42) these need not be discussed in detail here.

It is sufficient to mention that on lononitration, monobroraination

and sulphonation a mixture is formed, but the main product is

the 4-isomer. These mono-substituted fluoranthenes were

orientated by von Braun and Manz (43). Von Braun and Anton

(44) showed that a small quantity of the 11-isomer is also

formed in each case.

The positions of di-substitution have been established

recently by Tobler and co-workers (45, 46, 47), who obtained a

dibromofluoranthene, and by Campbell, Easton, Rayment, Stafford,

and Wilshire (48, 49, 50) who showed that the bromine atoms were
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in the 4- and 11-positions.

4,11-dibromofluoranthene has also "been syhthesised by
Holbro and fagmann (13)t who started from 2,7-dibromofluorene and

condensed its 9-methoxycarbonyl derivative with acrylonitrile.

Completion of the synthesis in the usual way yielded the desired

The Friedel-Crafts reaction on fluoranthene also gives

a mixture of mono-substituted derivatives, but in contrast

with bromination, nitration, and sulphonation, the main product

is the 11-isomer (51)• Campbell, Leadill, and dilshire have

shown that in the reaction between fluoranthene and acetyl

chloride the diacetyl derivative formed is not the 4,11-

diacetylfluoranthene as -would be expected by analogy with

broaination experiments, but in fact the 4,12-isomer (52).

II. ALICYCLIO - AHQ:.lAilO ISC JlRIbAlTOKS

A. Ih'I'RODUClICil

There are several important differences between aromatic

and slicyclic structures; perhaps the most notable of these
is that the stability of the former type is much greater than

that which we should expect from purely alicyolic considerations,

for example, benzene is much more stable than the hypothetical

cyclohexatriene with non-interacting double bonds. The heat

effect in the hydrogenation of benzene to cyclohexane is found
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to amount to 49.8 keal. 28 - 30 kcal. are liberated on the

addition of a molecule of hydrogen to a normal (i.e. non-

conjugated) double bond. She hydrogenation of cyclohexene

sets free 28.6 kcal., therefore the hypothetical cyclohexatriene

should have a heat of hydrogenation of 85*8 kcal. In fact

however, the corresponding value for benzene amounts to 49.8 kcal.

The "resonance energy" of benzene is thus 85»8 - 49.8 » 36.0 keal.,

and this may be regarded as a measure of the very high stability
of the aromatic system.

Isomer!sations from alicyclic to aromatic structures may

be divided broadly into two divisions - (1) those involving

carbon-carbon bond fission, ana (2) those involving migration

of hydrogen only.

Group 1♦

The ease with which an alicyclie-aromatic isomerisation
takes place depends on two factors. These factors are (1)
the relative thermodynamic stability of the two forms, and (2)
the ease of transition from one form to the other. It may

be assumed, at least in the case of simple molecules (e.g.

benzene or naphthalene derivatives) which possess only one

functional group, that the aromatic isomer is always by far the

more stable. The rate of transition from the alicyclic

isomer therefore depends, in small molecules, mainly on the

second factor. In this group, isomerisation involves the fission

of a carbon-carbon bond, and it can therefore be expected that

the alicyclic isomer will possess a certain degree of stability.

This is in fact the case.

This group may be divided into three subdivisions*
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(a) Those involving conversion of a ring of more or fewer

than six (generally five or seven) carbon atoms to an aromatic

system.

(b) Those in which a bridged six membered ring is converted

to an aromatic ring.

(c) Conversion of rings containing one or more quaternary

carbon atoms to aromatic systems.

Group 1(a).

There are several isoaerisations of this type in the

literature. An example of the conversion of a seven membered

ring to the aromatic type is furnished by the conversion of

eucarvone (XXXI) to carvaerol (XXXII) by heat (54-, 55)*
Orti

r
^ ||

cha

crtj crtj "Crt3
XXXI XXXII

It must not be supposed however, that conversion to the

alicyclic isomer always proceeds readily. i'or example, the

hydrocarbon XXXIII has not been converted to 2-mathylcymeae

(XXXIV). C** 0AS

4b

If 9-fluorenylmethanol (XXXV) is dehydrated with phosphorus

pentoxide the product is not the expected 9-methy.l e nefluorene,

but phenanthrene (113)*
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Group 1(b).

Examples of this type of transformation are to be seen in

the conversion of umbellulone (XXXVI) to thymol (XXXVII) by

heating at 280? (56), and of camphor (XXXVIII) to p-cyaene

(XXXIX) by treatment with phosphorus pentoxide (57)*

XXXVI XXXVII XXXVIII XXXIX

In the last case the reaction probably proceeds through

dehydration, followed by a rearrangement to the aromatic

p-cymene»

Group 1(c).

Those isomerisations involving quaternary carbon atoms

in an alicyclic structure are almost entirely limited to the semi-

benzenes of von Auwers (56). It was shown that when certain

o- or p-alkylphenols were treated with chloroform and alkali

cyelohexadienone derivatives were formed. These undergo the

Grignard reaction to give carbineIs, which may be dehydrated

to yield alkylidene derivatives. For example, reaction of

chloroform with p-cresol (XL) yields XLI.
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XL XLI XLII XLIII

If this is allowed, to react with inetbylmagnesium iodide

the carbinol XLII is formed, which, oil dehydration, yields

the semibenzene-type structure, XLIII.

This compouna is of interest because on isomerisation

it has been found to give two products, depending on the

conditions of the reaction.

CHO

XLIV XLIII XLV

On heating XLIII the dichloromethyl group migrates to

the methylene group in the p-position with formation of XLIV,

while treatment with dilute sulphuric acid hydrolyses the

dichloromethyl group and causes the methyl group to migrate,

with formation of XLV.

This type of isoiaerisation has recently been extended

to the naphthalene series by Fuson and Miller (59) who carried

out the following series of reactions in an analogous manner.
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In 194-9, Doering and Beringer (62) showed that molecules Su
tffyy £>-*4r &

of the isophorone type (XLVI) may be converted smoothly into y

3,4,5-trimethyIphenol (XLVII) by the action of oleum in acetic Mktt /<T7.
anhydride.
OOHO

Beringer and Kunz (63) also report the synthesis of

3~phenyl~4-,5-dimethylphenol by an analogous reaction, starting

from XLVIII.

It will be seen, from the above examples, that if

conversion to the aroraatic isomer requires fission of a carbon-

carbon bond, the isomerisation only takes place when

comparatively drastic conditions are employed.

Group 2.

Perhaps the most striking difference between isomerisations

in this and the previous group, is the ease of interconversion

of the alicyclic and aromatic forms. It has already been

stated that the rate of an isomerisation depends on two factors-

the relative stability of the two forms, and the ease of

conversion of one to the other. In most simple molecules,

the first factor is decidedly in favour of the aromatic structure,

and the rate of isomerisation is therefore mainly dependent

on the second. If fission of a carbon-carbon bond is

necessary the conversion is relatively difficult? if migration

of hydrogen is all that is required the conversion generally
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proceeds very easily.

It is because of this ready interconvertibility of the

two forms, that the alicyclic isomers which are theoretically

possible, of simple aromatic molecules such as toluene or

1-naphthol have never been isolated.
CH* Crt3 CHi

u —* o * o
O OH O

Some of these, however, have been postulated as reaction

intermediates, and Mkhailenko and Kreshkov (53) claim to have

observed lines due to the methylene group in their studies on

the absorption-spectrum of toluene.

Comparatively little quantitative data is available concerning

the relative stability of alicyclic and aromatic isomers,

but it is probable that for any monofunctional benzene or

naphthalene derivative, the aromatic form will be thermodynamically
much more stable. The reason for this Is that the loss in

energy on conversion to an aromatic structure is usually
much greater than any possible gain in energy from the change

in character of one functional group. If, however, more than

one such group is present this state of affairs does not

necessarily still hold, and in some polyfunctional benzene

derivatives the alicyclic and aromatic isomers have comparable
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stabilities. The classical example of this is the 1,3»5-

trioxocyclohexane-phloroglucinol equilibrium.

Ill this case both phenolic and ketonic reagents give

derivatives, indicating that the two forms have similar stabilities#

Further examples of compounds which could become aromatic

by migration of hydrogen atoms only, and are capable of

independent existence are furnished by those systems which

possess more than one exocyclic double bond. Dibenzylidene-

cyclohexanone (XLIX) and benaylidene-1-tetralone (L) are

compounds of this type.

nth
o

L

Conversion of such compounds to their aromatic isomers

should proceed very easily, and Weiss and Ebert (61) have

obtained 2,6-dibensylphenol by treatment of XLIX with a solution

of hydrogen bromide in acetic acid and acetic anhydride at

52 - 55°.
Other exceptions to the general rule that the aromatic

form is the more stable are to be found among molecules possessing

a large number of fused benzene nuclei. A striking illustration

of this effect is given by the gradual change in the keto-enol

equilibrium of linear polynuclear phenols of the type shown.
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oh

t
0

oh

A

0
Stable

unstable

stable

A similar transition can be seen if the hydroxyl group

is repladed by a methyl group, and also in the relative stabil¬

ities of benaeneazophenol and benaeneaaoanthranol.

C^N=N-Qoh 0~nh_nKD^°

0~nh_n
It will be seen from the above examples that the rule

that an aroiaatiG structure is more stable than its alicyclic

analogue can only be safely applied to relatively simple molecules.

However, these constitute the majority of substances under

consideration, and in these cases any synthesis which is designed

uwKnown

Stable
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to yield an alicyclic isomer will almost invariably lead to the

corresponding aromatic compound.

B. APPLICATIQHS OF ALIOYCLIC-AROMAI 10 ISOMEi-ilGATION TO SYNTHESIS

In order to illustrate the variety of compounds which

have been synthesised by this procedure a number of examples

will now be given.

(1) Synthesis of amines from oximes and aaines.
t! . v
Kotz and Grethe (64) showed that cyclohexenone oxime

(LI) rearranges in the presence of acetic anhydride to aeet-

anilide. nhcoch^

LI

bchroetex* (65) showed that a similar conversion could be

effected by heating a-tetralone oxime or substituted a-tetralone

oximes in a mixture of acetic acid and acetic anhydride in

the presence of hydrochloric acid.

NOV* NHZ.HC»

Crticoort> (cwaco^o, >Aci

Probably the first step in this type of reaction is a

dehydration, but it is difficult to ascribe a structure to ♦

the intermediate.

Sodium acetate in acetic anhydride has also been employed

in this reaction. For example, Cooke and Macbeth. (91) obtained
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cumidine by the following reaction:-

NaOKc

(c%co)Io"
NO*

Johnson, Joroch, and Buell (66) prepared 4-aininoquinoline

by heating 4-hydroxyimino-1,2,3,4-'tetrahydroquinoline (LII)

with activated charcoal.
No* NV\i

«r
LII

E.G. and M.G. Horning have published two papers on the

conversion of azines, derived from cyclic ketones, to aromatic

amines, in the presence of palladium-charcoal catalyst (67, 68),

and have made a number of substituted amines in this way.

Ctti crtj

=N N=K > * XJ
tHi 1 ' Crt3

This synthesis was extended by Johnson and Buell (69)

who prepared 4-aminoquinoline by treating the azine, LIII,

with palladium charcoal.
N N NHi

?d/c * L

(2) Synthesis of phenols front cyclic ketones by dehydrobromination.

The method consists of the preparation of a bromine-

containing derivative of a hydroaromatic ketone followed by

removal of hydrobromic acid to yield a phenol. For example,

cyclohexanone (1IV) on bromination yields LV which, on treatment
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with di suethy1amine ox* quinoline is converted to 2,6-dibromo-

phenol (LVII) through the intermediate, LVI (70).

LIV LV LVI LVII

Cyclohexenones have been aromatised by a similar procedure.

For example, cyclohexenone (LVIII) adds on bromine to form the

dibromide (LIX) which, on removal of hydrobromic acid, yields

phenol (71)•

LVIII LIX

A number of phenols substituted with aliphatic and aromatic

radicals have been prepared in this way (72, 73 )•

The introduction of N-bromosuccinimide as a brominating

agent raay well provide a new general method of converting

cyclic ketones to phenols. For example, Djerassi (74) brominated

1-oxo~1,2,3,4-tetrahydrophenanthrene (LX) and dehydrobrominated

the product with collidine to obtain a 57% yield of 1-phenanthrol.

(3) Synthesis of phenols by c.yclisation of unsaturated esters

and acids.

Menon (75) showed that the ester, LXII, was converted by



25

heat into the phenol, LXIV, through the intermediate, LXIII.
COOCjHy

heat

COOCjrty
o

LXIII

OH

LXIVLXII

Marion and Mcfiae (?6, 77) prepared the phenols LXVI,

LXVIII, and LXX by an analogous process.

heat
LXV

CN
COOCiHy

LXVT

LXVII KOH, CH3OH

tOOC£Hy
Cbotjrtj-

LXVIII
coort

LXIX

cMj
beat

CM
COOCzHy

Crt3

LXX

OH

The acid, LXVIII, resulted directly from an attempted

hydrolysis of the diethyl ester, LXVII, while LXVI was formed

when the corresponding ester (LXV) was distilled under reduced

pressure. Cyclisation of LXIX was achieved by heating its

solution in glycerol at 250°. Cope, Hofmann, wyckoff and

Hardenbergh (78) showed that LXX was formed when LXIX was heated

with acetamide.

A variation of this type of synthesis by Metzner (79)
led to the dihydric phenol LXXII by heating LXXI with concentrated
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sulphuric acid.
/k - o
y r ^V^V°
^ JsF* *" l*J%A7kkCOOCt*h

LXXI LXX?1

Unsaturated acids such as 3-benzylidenepropionic acid

(LXXIII) also yield phenols on cyclisation (80, 81).

coort

LXXIII
OH

Recently, Datta and Bagchi (82) obtained 5-methyl-5,6,7,8-

tetrahydro-1-naphthol (LXXV) by heating LXXIV with phosphorus

pentoxide in benzene.
.CHj

(4) Synthesis of hydrocarbons from alcohols by dehydration

and rearrangement.

The method consists of the preparation of a hydroaromatic

system substituted by a hydroxyl group, and an unsaturated

side-chain, on the same carbon atom, and the dehydration and

isomerisation of this in the presence of palladium-charcoal

catalyst.

An example of this type of isomerisation is furnished

by the conversion of the carbinol LXXXI to the propylbenz-

anthracone, LXXXII, in the presence of a palladium catalyst (85)-

LXXXI

C-KjCH.'Crtj CrteCrtecri3

LXXXII
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(5) Synthesis of substituted phenols from cyclic ketones

possessing one or more exocyclic double bonds*

One example of this type, the conversion of dibenzyl-

idenecyclohexanone into 2,6-dibenzylphenol (61) has already

been given. A further example is to be seen in the formation

of benzylhydroquinone (LXXVII) from 2-benzylidene-1,4—

dioxocyclohexane (LXXVI) (83)«
<j> ort

LXXVI >|| | LXXVII

o cm

Cyclic methylene-ketones such as LXXIX rearrange spontane¬

ously to forra methylphenols. For example, pyrolysis of the

Mannich base from a-tetralone, dimethylamine hydrochloride

and formaldehyde (IXXVIII) yields 2-methyl-1-naphthol

(LXXX) (14).

vc>\eN(O\3)2
o o

LXXVI11 LXXIX LXXX

(6) Formation of phenols from hydroaromatic ketones by

dehydrogenation.

Mosettig and Duval (86) have succeeded in obtaining

good yields of 1- and 4—phenanthrols by catalytic dehydro-

genation of the corresponding oxotetrahydrophenanthrenes.

These ketones are, in their enolic forms, dihydroxhenanthrols,

and it is probably the removal of the last two hydrogen

atoms, which separate these molecules from the aroiaatic state,

that is achieved in this re- ction. Ruzicka and Morgeli (87) also
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obtained 7-methyl-1-naphthoi by a similar procedure, from the

corresponding 1-tetralone. Linstead and Michaelis (88) have

published a paper describing their investigations into various

experimental conditions for this reaction.
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OBJECT OF RESEARCH

The work of the thesis may be divided into two partst-

(a) A large number of aromatic compounds have been synthesised

by isomerisation of their alicyclic isomers. The aim

of the research was to discover to what extent this type of

reaction could be applied to fluoranthene derivatives with a

view to preparing compounds which would be difficultly

accessible by other methods.

(b) The aim of the second part of the work was to study

the nitration of 4-methoxyfluoranthene and to establish

the orientation of the products by unequivocal synthesis.
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DISCUSSION

SECTION I (A)

Attempted Syntheses of Qxotetrahydrofluoranthenes

The only compound of this type known, in the fluoranthene

series, is 4—oxo-1,2,3|4-tetrahydrofluoranthene, and as a

large number of alicyclie-aromatic isomerisations employ

hydroaromatic ketones as starting-materials, attempt© were

made to synthesise the corresponding 2- and >-oxotetrah7/dro-

fluoranthenes.

(1) 4-0x0-1,2,3.4-tetrahydrofluoranthene

This compound has already been described (31» 34).
The synthesis employed was essentially that of Campbell and

Tucker (34), the main difference being in the cyclisation

of the (3-9-fluorenylpropionic acid. Campbell and Tucker

tried a number of reagents for this reaction, and reported

a maximum yield of 44# of the ketone on cyclisation with stannic

chloride, and low, variable yields when polyphosphoric acid

was used. On repetition of the cyclisation with the last-

named reagent, yields of approximately 95# were achieved.

(2) 2-Qxo-l ,2,3,4—tetrah?;drof luorant hene

The following synthesis, which is based on the

fact that fluorene condenses with esters such as ethyl formate

and ethyl acetate, was attempted.
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LXXXIV was synthesised by Wilshire's method (114),

fluorenone-1-propionic acid (LXXXIII), which was obtained

by oxidation of 1,2,3,4-tetrahydrofluoraathene, being reduced
to the fluorenol by sodium hydroxide and zinc dust, and then

to fluorene-1-propionic acid by red phosphorus and iodine.

Unfortunately, the cyclisation of LXXXIV could not be effected

although a number of condensing agents were tried, unchanged

ester or the corresponding acid being recovered in every

case. An attempt was made to condense LXXXIV with methyl

oxalate to obtain the 9-carboxylic acid in a manner analogous

with that of 'fucker (34). This would lead to an increased

reactivity of the remaining hydrogen atom in the 9-position.

However, condensation could not be effected. Probably the

reason for this is that the 9-position is sterically hindered

by the side-chain, and further evidence for this is given

by the fact that LXXXIV would not condense with benzaldehyde.

(3) 3-Qxo-l,2,3,4-tetrahydrofluoranthene

It was hoped to synthesise this ketone by the

following series of reactions:-
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It was realised that diazomethane was liable to cause

ring-enlargement of fluorenone-1-carboxylic acid (XVI) but
it was hoped that the Arndt-Eistert reaction would proceed

more readily, as it does with fluorenone-4-carboxylic acid,

which yields fluorenone-4-acetic acid in 84% yield (94).

However, the reverse was the case, and the main product from

the reaction was an unidentified colourless acid, probably

a phenanthrene derivative# As the yield of fluorenone-1-

acetic acid was only about 15%, the synthesis was abandoned.

8EQT10N I (B)

Isomerisations in the ffluoranthene Series

Part 1 Conversion of 4-hydroxyi iino-1,2,5.4-tetrahydro-

fluoranthene to 4-arainofluoranthene (c#f. page 20).

Attempts were made to effect this isomerisation by

treatment of the oxime with hydrochloric acid in acetic acid

by a method analogous with that employed by Schroeter

(65) (c.f. page 20) but only uncrystallisable oils were

obtained. An attempt was made, using hydrobromic acid, and

also sodium acetate in acetic anhydride (91), but again no

crystallisable product was isolated.

Conversion into the amine was eventually achieved by

heating the oxime with activated charcoal at 250° (66).

The amine was isolated as its acetyl derivative. A compound
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of m.p. 24-2 - 244° was also obtained, but the quantity was

too small for identification. The yield of 4-acetamido-

fluoranthene was increased when the isomerisation was carried

out in the presence of a palladium-charcoal catalyst, in on

atmosphere of carbon dioxide, but even in this experiment

the yield of the acetamido compound from 200 mg. of the oxime

was only 33 nig.

Part 2 Bromination experiments on 4-oxo-1,2,3.4-tetrahydro-

fluoranthene and related compounds (c.f. page 21).

The following series of reactions was attempted:-

^ O LXXXVII O LXXXVIII

Several brominations of the ketone XX, by H-bromosuccin-

iraide in carbon tetrachloride, were carried out. In some

of these, an attempt was made to isolate the bromo-ketone

LXXXVII; in others, the crude product was heated with pyridine

or collidine to remove hydrogen bromide.

In this reaction, however, a difficulty arose which

has been encountered in all work with 4-oxo-1,2,3f4-tetra-

hydrofluoranthene, namely, the reactivity of the hydrogen
atom in the 1-position, which corresponds with the hydrogen

atom in the 9-position in fluorene. In all attempted

brominations, the theoretical quantity of H-bromosuccinimide

was employed, and it was always completely consumed.

The only products obtained from the reaction were uncrystal-

lisable oils and considerable quantities of starting material.
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The fact that the latter was isolated indicates that dibromin-

ation has occurred.

Ziegler and co-workers (117) have shown that U-bromo-

succinimide characteristically brominates in the allyl

position, and Solloway and Laforge (92) showed that on

broaination with that reagent, dihydrocinerone (LXXXIX)

gave XC and not XGI.

XCI LXXXIX XC

By analogy with these results, broraination of 4—oxo-

1,2,3,4-tetrahydrofluoranthene might be expected to take

place in the 1-position, which is, in effect, an allyl position
to the double bonds in the two aromatic rings.

Further evidence that the 1-position is easily broininated

was furnished by the bromination of 1,2,3,4-tetrahydro-

fluoranthene by M-bromosucciniraide. This, followed by

dehydrobroraination by potassium acetate in acetic acid,

and oxidation, yielded fluorenone-1-propionic acid (LXXXIII).

XCII XCIII XCIV LXXXIII
An attempt was made to achieve bromination exclusively

in the ^position by repeating the experiment .with 2-phenyl-

A-oxo-1,2,3i4-tetrahydrofluoranthene, when it was ho ed that

the 1-position would be sterically hindered by the phenyl
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group.

This ketone was prepared "by condensation of 9-methoxy~

carbonylfluorene with cinnamonitrile in the presence of

potassium hydroxide, and hydrolysis, decarboxylation, and

cjrclisation of the product in the usual manner. A few mg.

of a brown solid were obtained from the bromination, but

the quantity was too small to permit identification.

The main product was an uncrystallisable oil which contained

a large proportion of starting-material, as was shown by

the formation of a 2,4-dinitrophenylhydrazone.

An attempt was made to block the 1-position and carry

out the following series of reactionss-

Sthyl 3-bromopropionate was condensed with 9-cyano-

fluorene in a manner analogous with that employed by von

Braun in his synthesis of fluoranthene (31)* '-Mie ester,

XCVI, was then hydrolysed and XCJVII obtained. Various

reagents were tried in attempts to cyclise this acid, but

none was successful. An outline of the products formed
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and their reactions is given below:-

Alkaline hydrolysis of XCVII yielded the known 3-9-

fluorenylpropionic acid (XXII), while acid hydrolysis yielded

the dibasic acid, C. Treatment of G with acetic anhydride

gave the anhydride, CI, which was reconverted into G on boiling

with water.

G was prepared by Wislicenus and Mocker (60) by condens¬

ation of ethyl 3-iodopropionate with the potassium salt of

9-ethoxyoarbonylfluorene followed by hydrolysis. The anhydride

was prepared by heating the dibasic acid with acetyl chloride.

An attempted cyclisation of XGVII by aluminium chloride

in nitrobenzene yielded only uncrystaliisable oils and

starting-material, while anhydrous hydrofluoric acid gave

the amide, XCIX. An attempt was made to cyclise this amide

by anhydrous hydrofluoric acid as it was thought that the

cyano- group in XCVII might be held in some kind of complex

with the reagent, which could prevent cyclisation, and also
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yield the amide when water was added. However, starting-

material was recovered. 'There are several other cases of

anhydrous hydrofluoric acid causing hydrolysis of a cyano

group to an a.aide. For example, Foggo (101) showed that

Y-1-naphthyl-Y-cyanobutyric acid gave rise to 1-0X0-4—

carbaraoyl-1,2,5»4—tetrahydrophenanthrene on treatment with

that reagent#

An attempted cyclisation by stannic chloride gave the

imide, XGVIII, 'which, on acid hydrolysis, yielded the acid,

C#

An attempt was made to carry out the following series
of reactions in order to find whether the hydrogen atom in

the a-position to the carbonyl group in CIV is sufficiently

reactive to react with H-bromosucciniaide.

9-Methylfluorene was prepared by a method similar to

that of Greenhow, White, and McNeil (116) by the condensation

of 9-fluoreaylsodium with methyl iodide, then allowed to

react with acrylonitrile in a manner analogous with that

used by Tucker for condensation of 9-methoxycarbonylfluorene
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with acrylonitrile. The resultant cyano-ester was not

isolated, but was hydrolysed directly to CIIIt which, on

cyclisation by polyphosphoric acid gave CIV. It was found

that this ketone reacted with N-broraosuccinimide very slowly,

the reaction only being complete after the mixture had been

heated for twenty hours. The oil which was obtained was

boiled with alcoholic potassium hydroxide, when the product

should have been GVI, but no crystalline material could be

obtained. A 2,4—dinitrophenylhydrazone was prepared from

the oil. As the melting point of this derivative seemed

to vary with the rate of heating, as did the melting point

of the 2,4—dinitrophenylhydrazone of CIV, and as both melted

with extensive decomposition, too much reliance was not

placed on the fact that a mixed melting point determination

showed no depression. In order to confirm the identity of

the two compounds, their visible and ultra-violet absorption

were compared (page 38*)» and found to be identical.
The fact that bnomination of CIV only proceeds slowly

compared with the bromination of both 4—oxo-1,2,3,4—tetra-

hydrofluoranthene and 1,2,3,4—tetrahydrofluoranthene suggests

that bromination of these two last-mentioned compounds

takes place mainly in the 1-position.

Part 3 Attempted Q- -ell sat ion of Unsaturated Esters and Acids

(c.f. page 22).

By analogy with the cyclisation of ethyl a-cyano-

0-benzylacrylate (LXV, p. 23) by distillation under high

vaccuum by Marion and McRae (77), it was hoped that the

following might be achieved:-



37

CVIII was obtained by condensation of 9-formylfluorene

with ethyl cyanoacetate, but on distillation under high

vacuum, unchanged ester was recovered# Attempts were

also made to cyclise CVIII by heating its solution in

glycerol (c.f. cyclisaticn of ethyl a-cyano-p-bensylcrotonate,

(LXIX, p. 23) by Marion and McRae (7&)) but only uncrystall-
isable oils were obtained. Attempts to cyclise the ester

by heating it with acetsmide (c.f. cyclisation of ethyl

a~cyano-p~benzylcrotonate (LXIX, p. 23) by Cope, Hofmann,

ifyckoff, and Hardenbergh (78)) gave similar results.

On acid hydrolysis in ethanol, CVIII gave a mixture of

p-9-fluorenylacrylic acid (CX) and Its ethyl ester (CXI),

the latter probably being formed by partial esterification

of the acid under the conditions employed in the hydrolysis.

Alkaline hydrolysis of CXI gave a moderately gee* ^ield of

CVIII CX CXI

CX has been synthesised by Burtner and Cusic (98) by

condensation of 9~'foria 'Ifluorene with malonic acid, and

a mixed melting point determination with the above acid and

a sample prepared in this way showed no depression.
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Attempts were made to cvclise CX using stannic chloride,

and aluminium chloride in nitrobenzene, in the hope that

4—hydroxyfluoranthene would be formed. However, no cyclisation

could be achieved, unchanged starting-material and intractable
oils being the only products in every case.

A number of cases of interconversion of a,{3 and p,Y

unsaturated acids by the action of alkali have been reported

(99t 100), and an attempt v/as mode to convert |3-9-fluorenyl-

acrylic acid (GX) to p-9-fluorenylidenepropionic acid

(CXII) by boiling it in potassium hydroxide solution, but

Several other cases of fission of compounds of this

type by alkali are known. For example, Campbell and Fairfull

(95) shewed that p~9~fluorenylidenepropionitrile is converted

to fluorene under similar conditions.

It was realised that 3-9-flucrenylacrylic acid is capable

of existence in both a cis- and a trans- form, and that a

possible explanation&r the failure of the acid to cyclise

was that it possessed a trans- configuration. It was

therefore decided to condense 9-formylfluorene with benzyl

cyanide in the hope that the phenyl group would force the
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The product, CXIII, was found to be very unstable,

the white, freshly crystallised compound rapidly decomposing
to a yellow oil on standing exposed to the air# Acid hydrolysis
of CXIII gave only oily products, while alkaline hydrolysis

caused decarboxylation with the formation of w-(9-flucrenyl)-

styrene (CXV).

After the oily decomposition product of CXIII had been

allowed to stand for come time, two products were isolated

from it - one white, and one yellow. The yellow compound

has not been identified, but the white compound appears to

be a~phenyl-Y-hydroxy-Y-diphenylenecrotononitrile (CXIV).
It seems, therefore, that the cause of the instability of

CXIII is the reactivity of the hydrogen atom in the 1-position#

This atom is not only activated by the fluorene nucleus,

but also by the fact that it is in an allyl position to the

double bond# This oxidation is similar to the oxidation of

9-methoxycarbonylfluorene and 2-nitro-9-methcxj-carborry1~

fluorene to the corresponding 9-fluorenols, although with

these last two, alkali is necessary to catalyse the reaction.

Diphenylacetaldeh de was condensed with benzyl cyanide,

to find whether the product, CXYII, decomposed as readily as

OXTTX.
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In this case, however, the product was quite stable in

air. An attempted alkaline hydrolysis gave only uncrystal-

lisable oils, while attempted acid hydrolysis resulted in

starting-material only.

Campbell and Pairfull (95) claim to have prepared

0-9-fluorenylidenepropionic acid (CXII) by the following

series of reactions

f\ /r\ /r\
** "

AycWyi}?
L

Coort

cxvi ii xxi cxn cx

However, the product they isolated was colourless,

and as all known compounds containing the fluorenylidene

structure are bright yellow, it is most unlikely that it

has the structure shown. Probably migration of the double

bond has taken place, and the product is in fact p-9-fluorenyl-

aerylic acid (GX).
Miller and Wagner (18) found that when a double bond

is situated in the 9-position of a fluorene derivative, the

resulting increase in conjugation gives rise to an absorption

spectrum unlike that of fluorene. A comparison of the

absorption spectrum of the acid of melting point 136 - 137°
with the spectra of fluorene and fluorenone (page 54) shows
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that in structure, the acid is more like fluorene than

fluorenone.

p-9~Fluorenylacrylic acid has been prepared before

(by hydrolysis of ethyl a-cyano-p-9-fluorenylacrylate (CVIII,
o

page 37), and also by condensation of 9-formylfluorene with
O f >.

malonic acid (96)), and its melting point was 190 - 200 (decomp.).
The acid obtained by the method of Campbell and Fairfull
melted at 136 - 137°, and so it seems likely that these

two are stereoisomers. This view is supported by the

ultra-violet absorption spectra of the two acids, which

were found to be similar. These two spectra are shown on

page 53*

Attempts were made to cyclise this acid, using anhydrous

hydrofluoric acid, and aluminium chloride in nitrobenzene

buw in both cases a very high-melting amorphous solid was

obtained which could not be crystallised. These solids

were extremely insoluble in all the usual solvents, and had

all the characteristics of polymers.

As it was suspected that the Friedel-Crafts reaction

might be proceeding intermolecularly rather than intra-

molecularly, the corresponding 2,7-dibronio- acid (CXXI) was

prepared by condensing acrylonitrile with 2,7-dibromo-9-

fluorenol, and dehydrating and hydrolysing the product.
iv Sr
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An attempt to cyclise the acid by anhydrous hydro¬

fluoric acid yielded a high-melting amorphous solid. An

attempted cyclisation by stannic chloride gave a few mg.

of a crystalline solid whose identity has not been established,

but the analysis figures show that it is not the cyclisation

product.

The fact that the attempted cyclisation of CXXI with

hydrofluoric acid yields a high-melting solid as the main

product indicates that the polymerisation of the unsubstituted

acid under similar conditions is due, not to an intermolecular

Friedel-Crafts reaction, which would attack the fluorene

nucleus in the 2- and 7-positions, but rather to the reactivity

of the double bond.

The position of the double bond in GXXI would be

expected to be the same as that In the unsubstituted acid

prepared by the method of Campbell and Fairfull, and the

similarity of the compounds is well shown by a comparison

of their ultra-violet absorption spectra, which are to be

found on page 56» A comparison of the absorption spectra

of CXXI, 2,7-dibromofluorene, and 2,7-dibromofluorenone,

is shown on page 55, and it will be observed that, as

with the unsubstituted acid, the curve is much more similar

to that of dibromofluorene than to that of dibromofluorenone.

It was hoped that 3-fluorenylidenepropionic acid

could be obtained, and cyclised by the following series of

reactions:-
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The conversion of CXII into 4-hydroxyfluoranthene

would be analogous with the cyclisation of p-benzylidene-

propionic acid to a~naph.th.ol (80, 81). Fluorenylidene-

acetic acid (CXXIl) was prepared by a modification of the

method of Sieglitz and Jassoy (95)» but attempts to carry

out the Arndt-Eistert reaction with the compound met with

no success, dark-coloured, amorphous materials being the

only products isolated. It may be significant that no case

of an Arndt-Eistert reaction having been carried out with

an acid containing an olefinic double bond in the a ,(3-position

has been found in the literature.

Part 4 Dehydration and Isomerisation of Alcohols (c.f. page 24).

The following series of reactions was carried out:-

h3

o Cd2at:Crt2,

Allyl bromide was allowed to react with the ketone in

the presence of magnesium in a manner analogous with that

described by Schlenk and Bergmann (97) and Bachmann and

Ghernerda (85), when the alcohol was obtained as a yellow

oil which could not be crystallised. This oil was heated

with a 30fo palladium-charcoal catalyst and two fractions

were obtained, one soluble, and the other insoluble, in
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ethanol. Attempts to crystallise the insoluble material

gave only solids with very indefinite melting-points. The

soluble fraction gave, after purification through its picrate,

4-n-propylfluoranthene•

An attempt was made to confirm the structure of this

compound by oxidation to fluoranthene-4-carboxylic acid by

aqueous potassium permanganate solution, but even after

prolonged boiling, the propylfluorantbene was recovered

in almost quantitative yield. Oxidation with sodium

dichromate in acetic acid gave fluorenone-1-carboxylic acid.

The following series of reactions was also attempted:-

GXXXY was prepared by condensing 4—oxo-1,2,5,4-tetrahydro-

fluoranthene with 2-asainoethanol, and attempts were made to

convert this into the secondary amine GXXXVI. No crystalline

material could be isolated from the mixture, but it is probable

that a certain amount of the amine was present in the oily

product, because its solution possessed a very intense

green fluorescence (c.f. fluorescence of 4—aminofluoranthene)

and also because treatment of its solution in dioxan with a

solution of chloranil in the same solvent gave an intense

violet colour (test for amines - N. Campbell, "Qualitative

Organic Analysis", p. 46). An attempted acetylation

with acetic anhydride and sulphuric acid yielded only very

dark uncrystallisable oils.
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Part 5 Conversion of Compounds with Bxocyclic Double Bonds

to Phenols (c.f. page 25)»

The following series of reactions, analogous with

the conversions in the "benzene and naphthalene series by

Horning and co-workers (84, 14) was attempted:-

rtcrto
m (cHj) • Aca

o o

Extraction of the reaction product with dilute hydro¬

chloric acid gave a neutral and a basic fraction in approx¬

imately equal quantities. The basic fraction was distilled

under reduced pressure, but no solid material could be obtained

from the oily distillate. On distillation, the neutral

fraction gave a yellow oil from which was isolated a consid¬

erable quantity of starting-material, and a few mg. of an

unidentified yellow compound.

As equivalent quantities of the reagents were employed,

and approximately equal quantities of basic and neutral oils

were obtained, together with the fact that unchanged ketone

was isolated, suggest that dibromination has occurred.

Weiss and Ebert (61) converted dibenzylidenecyclo-

hexanone (XLIX) to 2,6-dibenzylphenol and it was decided

to attempt the analogous reactions in the naphthalene

and fluoranthene series.

C4t2^
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2»Beaaylidene~1«»tatralone (OXXIII) was prepared by the

method of liepeon end Bhuttloworfch (98), and it was found

that if this compound is treated with palladium-charcoal,

a good yield of 2-bon&yl-1~naphthol ie obtained# xhia was

identified by its analysis, its melting point, and the analysis

of its benzoyl derivative.

the extension of this reaction to the fluoranthene

series met with certain difficulties, but eventually, a

moderately good yield of the bensaylidene compound (CXXIV)
was obtained when the reaction was stopped one minute after

the addition of the catalyst# lineryotalii bable oils were

the only product© isolated if the mixi/ure was allowed to

stand for a longer period# CXi.1V was converted into

>»benayl-4—hydroxyfluorenthece (OXXV) by treatment with

palladium-charcoal catalyst in a manner analogous with that

employed in the naphthalene eerie©»

An attempt was made to oxidise 4-oxo-1,2,3,4-totrahydro-

fluoranthene by means of selenium dioxide in the hope that

an a-dilceton© would be formed which would rearrange to give

3,4^&ihydroxyfluoranthene as followss-
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However, only dark intractable oils were obtained.

It is well known that aromatic nitroso- compounds will

react with activated methyl groups to form "anils", and that

these are readily split by hydrochloric acid, giving carbonyl

compounds.

For example, Kaufmann and Valette (102) condensed

^-nitrosodimethylaniline with the ethiodide of quinaldine
to form the "anil", CXXVI.

CXXVI

Chardonnens and Heinrich (103) condensed p-nitrosodimethyl-
aniline with 9-methylacridine, and hydrolysed the product (CXXVII)
with concentrated hydrochloric acid to obtain 9-formylacridine

(CXXVIII).

CXXVII CXXVIII

2-Nitro~3~formylfluorenone (CXXIX) was prepared in a

similar way by Chardonnens and Henzen from 2-nitro-3~methyl~

fluorenone (104).

Although no cases of condensation of £-nitrosodimethyl-
aniline with methylene groups activated by carbonyl groups
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were found in the literature, it was hoped that the reagent

would condense with 4-oxo-1,2,3,4-tetrahydrofluoranthene, and

that the resulting "anil" (CXXX) could be hydrolysed to the

dioxotetrabydrofluoranthene CXXXI, which would be expected to

rearrange spontaneously to 3,4-dihydroxyfluoranthene (CXXXII).

further indication that j^nitrosodimethylaniline would
condense with the ketone was furnished by the fact that

the methyl groups in the examples mentioned before react

with benzaldehyde in a manner similar to that in which the

ketone was shown to react.

4~Qxo-1,2,3,4-tetrahydrofluoranthene was heated with

an equivalent quantity of £-nitrosodimethylaniline and

potassium carbonate in ethanol for 1? hours, but only tarry

materials and intractable oils were obtained when the produot

was acidified with hydrochloric acid. Boiling the mixture

for a shorter time, or allowing it to stand at room temperature

gave no better results.

Krohnke (105) proposed the following mechanism for

the condensation

H*

jRGH^ + OKR' RCH2—F OH -» + H20

It will be seen that the first step is a reaction

involving one hydrogen atom only, and, as was pointed
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out before, the hydrogen atom, in the 1-position in 4—oxo-

1,2,3»4—tetrahr/drofluorarthene is a"t least as reactive

towards certain reagents as the hydrogen atoms of the methylene

group in the >~position. It may well be that the difficulty

in this case is that substitution takes place mainly in the

1-pos.ition. It will be remembered that difficulty was

encountered in the condensation of the ketone with benzalde-

hyde, and that the yield was only about

It would be interesting to attempt this type of condens¬

ation with other oxotetrahydro- compounds in which the

most reactive hydrogen atoms are those in the opposition

to the carbonyl group. fihydric phenols such"* as CXXXII

would be expected to oxidise very readily, and this method

might provide a route for the preparation of quinones

which would be difficult to obtain otherwise.

Metzner (79) cyclised the keto-ester, CXXXIII, by

heating it with concentrated sulphuric acid.

r sc-o

u I
^Crt.cooC2 Mjr

C-oo c£ Aj on

CXXXIII

An attempt was made to extend this type of cyclisation

to the fluorsnthene series by the following series of

reactions:- ,

Ci.QCo^^.gooc^
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Greenhow, White, and McNeil (116) condensed several

alkyl halides, including allyl chloride, with 9-fluorenyl-

sodium, and an attempt was made to condense the acid chloride

of monoethyl malonate with 9-fluorenylsodium to obtain

CXXXIV. However, 9,9'-difluorenyl and fluorene were the

only products isolated. Greenhow, White, and McNeil found

that vinyl halides do not take part in this reaction, and

ascribed this to the fact that the double bond prevents the

ionisation of the halogen atom. A possible explanation for

the failure of the acid chloride to condense is that the

C=0 group reduces the tendency of the chlorine atom to

ionise.

Part 6 Conversion of 4-oxo-1,2,3,4-tetrahydrofluoranthene

to '4—hydroxyfluor8.nthene (c.f. page 25 )•

A number of oxotetrahydro-aromatic compounds have

been converted to phenols by the action of palladium-charcoal

(86, 87» 88), and this reaction has now been extended to

the fluoranthene series. 4—Qxo-1,2,3,4-tetrahydrofluoranthene

was heated with a 30% palladium-charcoal catalyst in an

atmosphere of carbon dioxide, and on extraction of the

mixture with 2N sodium hydroxide solution, a 75% yield of

the phenol was obtained.

Von Braun (106) obtained this compound by the acid

hydrolysis of 4—aminofluoranthene, and reported a melting- (f
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point of 185 - 187° • The product obtained by isoraerisation

melted at 187 - 190° when it was heated rapidly, but when

heated slowly, the material did not melt completely at this

temperature. On being heated further, the melt began to

crystallise, and by the time the temperature had reached

220°, it had solidified completely. The resultant crystalline

mass melted with decomposition at 290°.
A small quantity of the phenol was heated in a test-

tube at 220° for a few minutes, and the resultant solid

crystallised from 1-methylnaphthalene as green needles,

melting with decomposition at 290°. This compound was not

investigated further, but presumably the decomposition of the

phenol is caused by atmospheric oxygen and not by heat alone,

because the synthesis of the phenol involved heating in

boiling 1-methylnaphthalene (b.p. = 24-1°) for 18 hours in

an atmosphere of carbon dioxide.

Moderately good analyses were obtained for the 4—acetoxy-

fluoranthene and 4-methoxyfluoranthene obtained from the

phenol, and a mixed melting-point determination with a

sample of 4—acetoxyfluoranthene from phenol prepared by the

method of von Braun showed no depression.

Preparation of 4—hydroxyfluoranthene by isomerisation

gives a purer product than that obtained by hydrolysis of

4—aminofluoranthene, as was shown by the fact that it was

very difficult to obtain a sample of phenol prepared by the

latter method which melted completely at 187 - 190°.
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WAVELENGTH IN ANGSTROMS -

Fluoranthene

4-nitrofluoranthene

11-nj.trofluoranthene

Solvent:- chloroform
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SBC'IIOK II

Nitration of 4~methoxyfluoranthene and attempted orientation

of products

4-Methoxyfluoranthene undergoes nitration very readily.

An almost quantitative yield of a methoxydinitrofluoranthene

was obtained when the ether was allowed to stand in contact

with concentrated nitric acid at room temperature for

18 hours. The analysis shows a slightly high nitrogen

content, and this indicates that a small proportion of a

trinitro compound may be present. Probably a better

product would have been obtained if the nitration had

been allowed to proceed for a shorter time.

Attempts to achieve mononitration by the use of a

dilute solution of nitric acid in acetic acid gave a mixture,

melting at approximately 100 - 115°» which was very difficult

to separate into its components, but eventually, by chromat¬

ography and crystallisation, a few mg. of a compound melting

at 117 - 118" were obtained. This was analysed for nitrogen

content, and the value obtained corresponded fairly well

with that required for a mononitromethoxyfluoranthene.

Evaporation of the mother liquors from the crystallisation

gave a yellow crystalline solid which melted at 105 - 119°•

Repeated crystallisation from various solvents failed to

improve the melting point.

This was shown to be a mixture of two mononitromethoxy-

fluoranthenes by the fact that further nitration with concen¬

trated nitric acid gave an almost quantitative yield of the

same dinitromethoxyfluoranthene as that obtained by direct
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nitration of the ether itself.

These results are in accord with those obtained on

nitration of similar compounds. For example, mononitration

of 4-methoxydiphenyl (89) gave a mixture of 3-nitro-4—

methoxydiphenyl and 4'-nitro-4-methoxydiphenyl. Further

nitration of either of these gave 3»4'-dinitro-4-methoxy-

diphenyl,

Ho*

Mononitration of 2-methoxyfluorene (90) gave a mixture

of products which could not be separated. In this case

however, the position was complicated by the fact that the

two o-positions to the methoxyl group are not identical.

By analogy with the nitration of diphenyl, and also

from the fact that the 11-position in fluoranthene nitrates

fairly readily (107) it seems probable that nitration of

4—methoxyfluoranthene proceeds as follows:-
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In the dinitro- compound, the o-position to the methoxyl

group, i.e., the 3-position, is almost certainly substituted,

but it is possible that the second nitro- group is in the

12-position. In other words, the product obtained when

4-methoxyfluoranthene is treated with concentrated nitric

acid is probably either 4—meth03cy-3i11-dinitrofluoranthene

or 4-methoxy-3,12-dinitrofluorantheae, and in order to

distinguish between these two possibilities several unequivocal

syntheses were attempted. The first of these is outlined

belows-
M0Z

iow,

CHZ.-CIACH

C.00A

Ho2
N\ o>ySiJ;

HO4

CN

CXXXVIII

cUcavfc>o<y|ct;ow \
CooCJtj

CXXXIX

N\ctv.y\oa:;on|
AVOJOlxofc io n

I

o<%
CXLII

rt oh
CXLI CXL
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2-Nitrofluorene was condensed with dimethyl oxalate in

a manner analogous with that employed by Campbell and Tucker

for their synthesis of fluorene-9-carboxylic acid (34).

The yield of acid was much lower with the substituted

fluorene than that obtained with fluorene itself, 2-nitro-

fluorenone being the main product. The acid was esterified

in the usual way, and an attempt made to condense the ester

with acrylonitrile in dioxan in the presence of potassium

hydroxide. However, no condensation seemed to take place,

the main product being 2-nitro-9-bydroxy-9-methoxycarbonyl-

fluorene (CXLY). This was also obtained when GXLIV was

treated with potassium hydroxide in dioxan alone* Treatment

of CXLY with ethanol and hydrochloric acid gave the ethyl

Condensation with acrylonitrile was eventually effected

when methanol was used as solvent. The product (CXXXVill)

was hydrolysed, and the resultant acid decarboxylated by

boiling in sodium carbonate solution to give CXXXIX, which

was cyclised by treatment with polyphosphoric acid.

An attempt was made to convert CXL into 4-hydroxy~12-

nitrofluoranthene by treating it with palladium-charcoal

catalyst (c.f. page 51) but an insoluble black solid was the

only product. This type of isomerisation involves a -

dehydrogenation, and probably the hydrogen liberated attacked
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the nitro- group.

The ketone CXL was reduced to the alcohol CXLI, by

aluminium isopropoxide. The analysis figures for this

product were fairly good, but the fact that a few crystals

did not melt till the temperature had risen about 15 degrees

above that at v/hich the bulk of the material melted showed

the presence of some impurity - possibly the dehydration

product. The alcohol GXLI was dehydrated by phosphorus

pentoxide in an attempt to obtain 1,2-dihydro-12~nitrofluor-

anthene, but no pure product was obtained from the reaction.

An attempt was made to purify the material by chromatography,

but this resulted in dehydrogenation, and a fairly good

yield of 11-nitrofluoranthene was obtained. This was

identified by its analysis and the melting point of two

derivatives, 11-aminofluoranthene, and 11-acetaaidofluoranthene,

both of which were obtained by von Braun, and this synthesis

confirms his claim (107) that the product formed in lesser

yield on mononitration of fluoranthene is 11-nitrofluoranthene.

A comparison of the visible and ultra-violet absorption

spectra of this compound and of fluoranthene and 4-nitro-

fluoranthene is to be found on page 57.

An attempt was made to obtain 4-hydroxy-12-nitrofluoran¬

thene by dehydrogenation of GXLI with chloranil, but the

only product obtained was 11-nitrofluoranthene. Evidently

dehydration takes place before dehydrogenation. It was

thought that if the hydroxyl group was methylated first,

dehydrogenation of the ether might be accomplished, and

methylation of GXLI was carried out by means of methyl
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iodide and silver oxide. A certain amount of 11-nitro-

fluoranthene was formed, as well as an uncrystallisable

oil. The methoxyl content of this oil was determined and

found to be low, indicating that about 80$ of the oil consisted

of the desired product. An attempt was made to dehydrogenate

this with chloranil, but only black, uncrystallisable

oils were obtained.

The following synthesis of 4—methoxy-11-nitrofluoranthene

(GL) which, on nitration would probably yield 4~.meth.oxy-

2,7-Dinitrofluorene was prepared by the method of

Courtot (108) and material of melting point 315 - 320°
was used for reduction to 2-nitro-7-aminofluorene (GXLVII).

As Gourtot reports a melting point of 334-°, this material
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must have contained a sraall proportion of impurity. The

reduction procedure of Cislak and Hamilton (109) gave very

poor results, and even after the method had been modified,

the yield of the nitro-amixie was only about 50%• These

workers used 2,7-dinitrofluorene of melting point 269°

(decomp.), and claimed a yield of 90%.
Diazotisation of the nitro-amine gave a 50% yield of

2-nitro-?~hydroxyfluorene (CXLVIII) melting point 240 - 250°

(decomp.). The melting point could not be improved by

crystallisation, but the analysis showed the presence of

some impurity. A small quantity of this material was

acetylated, and the product was found to have a sharp

melting point and to give a good analysis.

The melting point of a sample of 2-nitro-7-hydroxy-

fluorene obtained by hydrolysis of this derivative was still

approximately 240 - 250°, but a considerable improvement

was shown in the analysis.

Ruiz (110) claimed to have obtained this compound by

nitration of 2~£~toluenesulphonyloxyfiuorene followed by

hydrolysis, and also by diazotisation of 2-nitro-7-amino-

fluorene and quotes a melting point of 219 - 220°. The

reason for this discrepancy is not known.

An attempt to methylate the phenol by diazomethane

gave a poor yield, probably due to its insolubility in the

usual solvents, and it was found that the best method

consisted of treating a solution of the phenol in xylene

v/ith dimethyl sulphate and potassium carbonate.

Several attempts were made to condense the methyl
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ether with dimethyl and diethyl oxalate, but the only products

obtained were starting-material, insoluble high-melting

solids, and uncrystallisable oils.

The yellow colour of 2-nitro-7-methoxyfluorene was

unexpected, as 2-nitrofluorene, 2,7-dinitrofluorene, and

2-methoxyfluorene are all colourless, but is analogous

with the yellow colour of 4-nitro—^'-methoxydiphenyl. A

possible explanation for the failure of the condensation

with dimethyl oxalate to take place is that the electronic

disturbance which gives rise to the colour of the compound

also affects the reactivity of the methylene group in the

9-position.

The following synthesis was also attempted:-

NazS V\Noa

CLII

NO,

(£»>')»So»

OCMj NKi ef'i

^qUit, Av%.Vvy<i< i dl*-'
bixylfttioia,

Ibe.hy'A,'o<jenOLfc <a n

ocrij ~'o~ Co— o ocMi
2-Nitrofluorenone was prepared by oxidation of 2-nitro-

fluorene, and then reduced in good yield to 2-aminofluorenone
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(CLII). This was nitrated in concentrated sulphuric acid

to give GLIII, which gave, on diazotisation, CUV.

Attempts to methylate this by the method of Eckert and

Langecker (113) met with no success, but the ether was eventually

obtained by methylation with dimethyl sulphate in chloro-

benzene.

Only a few cases of Grignard reactions with carbonyl

compounds containing a nitro- group have been recorded, the

reason being that the reagent can attack the nitro- group

Itself in a number of ways (112).

One example of a condensation of this type is furnished

by the reaction between m~nitrobenzaldehyde and phenyl-

magnesium bromide (111), and it was hoped that methylmagnesium

iodide would react with the carbonyl group in GLV in preference

to the nitro- group.

Several attempts at this reaction were made, but the

only products isolated were unreacted starting-material,

high-melting amorphous solids, and uncrystallisable oils.
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IMTRODUOTIOH TO EXPERIMENTAL

(1) All melting-points are corrected and were determined

by the Kofler micro melting-point apparatus (Kofler:

Iviikrochem., 1934-, 15. 242).

(2) All yields are reported as the percentage of the

theoretical yield, unless otherwise stated.

(5) Chromatographic analyses and purifications of organic

compounds were carried out with Brockmann alumina.

Ultra-violet observations were made in the radiation

generated by a Hanovia lamp.

(4) Analyses of organic compounds were carried out

by Drs. Weiler and Strauss, Oxford.

(5) 30fo palladium-charcoal was prepared by the method

given in Vogel's "Practical Organic Chemistry",

Second Edition, 1951, p.823.
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fi X l-; E R I M E B T A L

SECTION I A

gluorene-9-carboxylie acid (Campbell and Tucker, J.C.S.,

1949, 2624). 5 g« fluorene yielded 4.1 g. fluorene-

9-carboxylic acid after crystallisation from acetic acid.

M.p. = 220 - 225°*
9-Methoxyearbonylfluorene (-Oaapbeli and- fucker, J.C *S,,

1949, 2182). 25 g» fluorene-9-carboxylic acid yielded

20 g. of the methyl ester.

M.p. « 64 — 66".

g-9-Fluorenylpropionlc acid (Gampbell and Tucker, J.C«S.,
K

1949, 2625). 5 6» 9-methoxycarbonylfluorene yielded

4.2 g. of the acid.

4-0xo~1,2,5>4-tetrahydrofluoranthene

Phosphorus pentoxide (150 g.) was dissolved in phosphoric

acid (120 ml.) by heating on the water-bath. (3-9-Pluorenyl-

propionic acid (6 g.) was added, and the mixture heated at

100" on the water-bath for 60 minutes, then at 150° for

15 minutes. The resultant brown solution was poured into

water (500 ml.) and the mixture extracted wAh benzene.

Ko unchanged acid was recovered. The benzene solution was

then 'washed with water, dried, and evaporated, when a dark

brown viscous oil was obtained. This was treated with

charcoal in boiling methanol and filtered hot. On cooling,

the filtrate yielded crystals of 4-oxo-1,2,3,4-tetrahydrofluor-

anthene.
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Yield » 5.2 g.

M.p = 92 — 95 °•
1 *2,3,4-Tetrahydrofluoranthene (Easton, Ph.D. Thesis, 194-7,

p. 54). Fluoranthene (50 g.) was dissolved in alcohol

(1600 ml.) and 5% sodium amalgam (700 g.) (Pieser, Experiments

in Organic Chemistry, p. 350) added in portions over hour,

and the mixture boiled overnight. The cold solution was

neutralised with hydrochloric acid and poured into water

(7 1.)* The resultant white solid was filtered off, washed

with -water, and crystallised from alcohol as colourless

needles.

Yield * 42 g.

M.p. - 75 - 77° •
[3-1 -FTuorenonepropicnic acid (Wilshire, Ph.D. Thesis,

1952, p. 122).

To a stirred solution of 1,2,3,4—tetrahydrofluoranthene

(20 g.) in acetic acid (120 ml.) at 60°, a solution of

sodium dichromate (50 g.) in acetic acid (280 ml.) was

added dropwise, and the mixture stirred at 60° for 5 hours.

The resultant solution was poured into water and the mixture

extracted several times with ether. The ethereal solution

was extracted with sodium carbonate solution, and on acidi¬

fication this yielded the crude propionic acid. This was

extracted with a chloroform-ether mixture, which was then
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washed with water and dried. Evaporation yielded a yellow

solid which was crystallised from aqueous acetic acid as

yellow plates.

Yield » 13 g*

M.p. = 131 - 135°.
g-9-Fluoreriol-1-propionic acid (Wilshire, Ph.D. Thesis,

1952, p. 126).

{3-1-Fluorenonepropionic acid (2.43 g«) was boiled for

4 hours with zinc dust (3 g«) in aqueous sodium hydroxide

solution (3 g* in 40 ml. water). The solution was filtered

hot and the filtrate acidified with hydrochloric acid.

The resultant white precipitate was filtered off, dissolved

in sodium carbonate solution, and the solution filtered.

Acidification of the filtrate yielded a cream-coloured

precipitate which was crystallised from aqueous methanol as

colourless prisms#

Yield «=» 2,0 g,

M.p. » 169 - 170°.
P-1-Pluorenepropionic acid (Wilshire, Ph.D. Thesis,

1952, p. 126).
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A solution of p-9-fluoreno1-1-propionic acid (2.03 g.)

in a mixture of acetic acid (60 ml.) and water (6 ml.)

was boiled xindex' reflux for 3 hours with red phosphorus

(2 g. ) and iodine (2 g.). i'he solution was filtered hot,

and poured into water (500 ml.) containing sodium bisulphite

(2 g.). The white acid was filtered off and dried, and was

sufficiently pure for the next stage.

Yield ® 1.86 g.

M.p. « 190 - 196°.
Lit, m.p. = 198 - 199°.

Methyl 0-1 -xluoreriepropionate

p-1-Pluorenepropionic acid (1.8 g.) was boiled under

reflux in methanol (100 ml.) containing concentrated sulphuric

acid (5 ml.) for 18 hours. The cooled solution was poured

into water and the resultant oil exti^acted with ether. Ho

unchanged acid was recovered on extraction with sodium

carbonate solution. fhe product crystallised from a mixture

of ether and "light petroleum as yellow prisms.

Yield « 1.5 g«

M.p. = 6y — 64-' * -■«(. 1 'p, ■
/

Attempted cyclisation of methyl g-1-fluorenepropionate

(1) By potassium methoxide

To powdered potassium (0.78 g.) (Vogel's '"textbook

of Practical Organic Chemistry, 2nd. Ed., p. 189) under
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boiling dry ether (25 ml.), a solution of methanol (0.64 ml.)
in dry ether (25 ml.), was added dropwise with vigorous

stirring over a period of 3 hours. The dropping funnel was

washed out with a further quantity of ether (25 ml.). To

the white, finely divided suspension of potassium methoxide

was added methyl 3-1-fluorenepropionate (5 §«)# and the

mixture was then heated under reflux for 2 hours. Methanol

(25 ml.) was added to destroy an;/ traces of potassium, then

water. The layez^s were separated and the organic layer

extracted with water. The combined aqueous solutions were

acidified with concentrated hydrochloric acid and the cream-

coloured solid filtered off and crystallised from acetic

acid.

Yield s 1 g,

M.p. = 192 - 197°.
Mixed m.p. with 3-1-fluorenepropionic acid « 193 - 197°.

The organic layer was washed with sodium carbonate

solution and water, dried, and evaporated to an oil which

soon solidified, and was crystallised from methanol.

Yield * 3*4 g.

M.p. - 63 — 64°.
Mixed m.p. with starting material » 63 - 64".

(2) By sodium

Methyl 3-1-fluorenepropionate (1.73 g*) was heated

under reflux with sodium (0.153 g«) in toluene (25 ml.) for

20 hours, when a yellowish powder had separated. After

excess sodium had been destroyed by the addition of methanol,
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the mixture was shaken with water and ether, and the two

layers separated.

(a) Aqueous layer. This was acidified with concentrated

hydrochloric acid and the oily precipitate was extracted

with ether. .Evaporation of the ether yielded a solid which

was crystallised from a mixture of benzene and acetic acid.

yield => 0.8 g.

M.p. = 192 - 195°•
Mixed a.p. with B-1-fluorenepropionic acid « 192 - 196°.

(b) Organic layer. This was evaporated to a*

light brown oil which could not be made to crystallise.

This was non-ketonie (2,4-dinitrophenylhydraaine test).
The oil was dissolved in benzene and passed through a

column of alumina (5/4" x 8"). Several fractions were

obtained on elution with benzene, but the only crystalline

material obtained was a few mg. of starting material.

(5) By sodamide

Sodamide was prepared in the manner described on

page 98 from sodium (0.15 S*) and liquid ammonia (50 ml.),

and was obtained as a suspension in decahydronaphthalene (40 ml.).

Methyl 3-1-fluorenepropionate (1.57 g») was added, and the

mixture was heated under reflux for 10 minutes. By this

time black oily lump© had separated in a yellow solution.

This was cooled and extracted with ether, and the ethereal

solution extracted with water* The aqueous layer was acid¬

ified, and the precipitated solid filtered off and crystallised

from a mixture of benzene and acetic acid*
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Yield =3 0*6 g.

M*p# » 193 - 195°*
Mixed m.p. with, p-1-fTuorenepropionic acid = 193 ~ 19?"

The organic layer was evaporated to small volume, "diluted
with light petroleum (b.p. 40 - 60v), and the precipitated

solid filtered off and crystallised from ethanol.

Yield a 1,5 mg.

M.p. « 178 - 180°.
This material contained no nitrogen (Lassaign© sodium-

fusion test) and gave no precipitate with 2,4-dinitrophenyl-

hydrazine.

Attempted condensation of methyl 3*1~fluorenepropionate with

methyl oxalate

/ \ co-ttoocri-j
CooC% (cootrtj)j Coo<LH4
I « > I I
'Wj,
*.

A mixture of a solution of potassium (0,514 g.) in dry

methanol (15 ml.), methyl 0-1 -fluorenepropiorxate (1.7 g. )
and dimethyl oxalate (1#5 S») was heated under reflux on a

water-bath for 15 minutes* On cooling, the mixture became

nearly solid with a yellow crystalline precipitate. The

methanol and excess methyl oxalate were distilled off,

finally by heating on a boiling water-bath at 30 mm.

To the resultant red solid was added acetic acid (2 ml*)

and methanol (8 ml.), and the mixture was poured into water

and extracted with ether. The organic phase was washed with
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water, dried, and evaporated to a yellow oil which could

not be crystallised. fhis was heated under reflux with

ethanol (10 ml.) and 2N sodium hydroxide solution (10 ml#)
for 15 minutes. The solution was then poured into water

and the clear solution acidified with hydrochloric acid.

The precipitated solid was filtered off and crystallised

frora acetic acid.

Yield » 0.61 g.

M.p. * 193 - 196%
Mixed m.p. with {3-1-fluorenepropionic acid = 194 - 197" •

Attempted condensation of methyl fi~1-f"luoreriepropionate with

benzaldehyde

The ester (1 g.), then benzaldehyde (0.42 ml.) were

added to a solution of sodium (0.21 g.) in ethanol (40 ml.)*

The solution was allowed to stand at room temperature for

2 days, then the white crystalline solid which had separated

was filtered off and washed with a little methanol. ihe

product was dissolved in water find the solution acidified,
when a white precipitate was formed. fhfs was filtered off

and crystallised from acetic acid.

Yield » 0.25 g#

M.p. = 191 - 196°.
Mixed m.p. with fluQrene-1-propionic acid » 192 - 196".

Evaporation of the mother-liquor from which the sodium

salt was obtained yielded a further crop of the salt (0.4 g.)

.Pluorenone-1 -carbox;-,-lie acid

This was prepared by the method of Payment (Ph.D. Thesis

1949, p. 61), by the oxidation of fluoranthene by sodium

dichromate in acetic acid.
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M.p* » 190 - 192°.
Aradt-Eistert reaction on fluorenone-1 -carboxylic acid

o

GHzCOOCHs

O

To the acid (2.38 g.) was added thionyl chloride (15 ml.)

and pyridine (2 drops, and the mixture was heated under

reflux for 60 minutes. Evaporation in vacuo of excess

thionyl chloride, followed by evaporation with 2 x 15 ml.

portions of dry benzene yielded a yellow crystalline acid

chloride. This was dissolved in dry benzene (30 ml.) and

the cold solution was added drcpwise to a solution of diazo-

methane (prepared according to the method in Vogel's "Text¬

book of Practical Organic Chemistry",(2nd Ed., p. 844)
from 6 g, nitrosomethylurea, in 60 ml. dry ether). A yellow

precipitate was formed immediately. The mixture was allowed

to stand at room temperature for 14 hours, then the solvents

and excess diss o ruethane were evaporated off at 30% leaving

a bright yellow powdery solid. This was suspended in

dry methanol (75 ml.), and slowly added to a boiling suspension

of silver oxide (0.3 S») in dry methanol (25 ml*), which had

previously been boiled to produce a silver mirror. The

diaaoxetone was finally washed in with a further quantity
of methanol (25 ml.). The mixture was heated under reflux

for 75 minutes. More silver oxide (1 g.) was added in

four portions at 45 minute intervals. After a total of 5

hours heatirg the mixture was treated with a further quantity
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of silver oxide (1 g.), and the heating continued overnight.

The resultant mixture was filtered through filter-eel, and

the yellow filtrate evaporated to a red oil. On trituration

with methanol, a yellow solid was obtained. This was filtered

off and crystallised from methanol as bright yellow prisms.

Yield » 0.1 g.

M.p. » 124 - 126°.

Methyl fluorenone-1-acetate (C^gH^O-) requires:-
C » 76.2% H - 4.8%.

Found:- 0 « 75»4% H ® 4.7%.

The compound gives an orange 2,4-dinitrophenylhydrazone,

m.p. « 200 - 240° (decomp.).
An attempt was made to crystallise the oil from which

the yellow product was obtained by repeating the trituration

with methanol, but this was not successful. The oil was

heated under reflux with methanol (25 ml.) and 2E sodium

hydroxide solution (25 ml.) for 45 minutes, and the dark

green mixture extracted with benzene and water. The

aqueous layer was boiled with a little charcoal, filtered,

and the red solution acidified with concentrated hydrochloric

acid. The product was extracted with ether, and the ethereal

solution was washed with water, dried, and evaporated.

A dark brown solid (1.2 g.) was obtained, and this was treated

with charcoal in acetic acid, and crystallised by adding

water to the boiling solution and allowing to cool. The

orange-red solid which separated was crystallised a further

three times from ethanol, when the product was obtained as



78

white plates.

Yield »5 0.15 8*

M.p. » 174 - 175°.
Found;- C - 73*7% H » 5.2%.

This material has not been identified.

The mother liquors from the various crystallisations

were combined and evaporated to yield a brown solid.

M.p. • 140 - 180°.
Attempts to purify this by crystallisation met with no success.
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SECTION I B

Part 1

4-Hydroxyiiaino-1,2,3,4-tetrahydrof luoranthene

1C$> sodium hydroxide solution (34 ml.) and 4-oxo-

1,2,3,4-tetrahydrofluoranthene (3*38 g.) were added to a

solution of hydroxylamine hydrochloride (8.5 6*) ia water

(34 ml.). Sufficient methanol to produce a clear solution

was then added (about 420 ml.), and the solution was boiled

under reflux for 15 minutes. Water (400 ml.) was then added,

and the solution allowed to cool. The oxime was filtered

off and recrystallised from aqueous alcohol.

Yield = 2.95 g.

M.p. » 175 - 176°.
Attempted isomerisation of oxime by hydrochloric acid

The oxime (0.5 g.) was dissolved in acetic acid (2.1 ml.)

and acetic anhydride (0.255 ml.) by warming. The mixture

was then heated on a water-bath at 90 - 100° and dry hydrochloric

acid gas passed through the solution for 10 hours. The

mixture became dark and a precipitate separated. This

was filtered off, and after attempts to crystallise it had

failed (oily products usually being formed) it was dissolved

in benzene and passed through a column of alumina.

The following fractions were obtained:-
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(1) A small quantity of oily material.

(2) An oil which readily solidified.

M.p. = 94 — 96%
Mixed m.p. with 4-oxo-1,2,3»4-tetrahydrofTuoran-
thene » 94 - 96°.

(3) An oil which could not be made to crystallise.

The column was extruded and extracted repeatedly with

acetone. A solid was obtained on evaporation of the combined

extracts which melted between 145° and 165% The melting

point of this material could not be improved by recrystallis-

ation but as it was very difficult to extract from the

alumina it was assumed to be largely unchanged oxime

(m.p. - 176°%
The experiment was repeated, allowing the hydrochloric

acid to pass through the solution for a longer period, but

in this case uncrystallisable oils and very high melting,

amorphous solids were the only products.

Attempted isomerisation of oxime by hydrobromic acid

The oxime (0.3 g.) was dissolved in acetic acid (1.26 ml.)

and acetic anhydride (0.153 ml*) and the solution heated on

a boiling water-bath. Dry hydrobromic acid was passed

through the solution for 6§ hours. After cooling overnight

the dirty brown suspension was poured into water and the

product extracted with ether. The ethereal solution was

washed with water, dried, and evaporated on a water-bath.

The resultant brown oil was dissolved in benzene and passed

through a column of alumina (8" x The appearance of
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the column was as shown.
wV\'ifc e WqKfe
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Zones I and II gave a brown uncrystallisable oil.

Zone III could not be readily extracted from the alumina

and was probably therefore unchanged oxime.

Action of acetic anhydride and sodium acetate on 4-hydroxy~

imino-1,2,3 »4~tetrahydrofluoranthene

The oxime (0.1 g. ) and sodium acetate (0.1 g.) were

heated under reflux in acetic anhydride (2.0 ml.) for

4 hours. The solution was then poured into water. The

resultant oil was dissolved in benzene and passed through

a column of alumina. Only a very small quantity of solid

was obtained, melting between 190° and 280°. Recrystall-

isation did not improve the melting point.

Conversion of 4—hydroxyimino-1,2,3.4-tetrahydrofluoranthene

to 4-amiaofluoranthene

(1) By activated charcoal

A finely ground mixture of the oxime (0.5 g*)

and activated charcoal (0.5 6* ) was placed in a 6" I^yrex

test-tube and covered with glass wool. The tube was then

clamped in a horizontal position and heated at a pressure of

25 mm. at 180° for 20 minutes, then at 250u for 15 minutes.
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The pressure was then reduced to 0.5 vm. and the temperature

raised to about 300°. A yellow oil, which soon solidified,

distilled up the tube. This was dissolved in benzene and

passed through a column of alumna. The appearance of the

column was as shown:-
yi'algfc- 1 i<jUA"

cAavVt

yeilou/
OYOtv^e

G-olowlewi I

• doA.
'

fellow
-OY<xK3e (7.o«.e 7C ^

tin J.)

Zone I Yielded a small quantity of oil on evaporation.

Zone II Yielded a yellowish-green fluorescent residue

which -was crystallised from a mixture of benzene

and light petroleum (b.p. 60 - 80°) as yellow

needles.

M.p* =5 2A-2 — 2^f «

Found:- C - 88.7% H « ±.7%*

Nitrogen was shown to be absent by a sodium

fusion.

Zone III Yielded an oil. Attempts were made to crystallise

this from the usual solvents but these met with

no success, an oil being obtained in every case. This oil

was boiled with its own weight of picric acid (about 50 mg«)

in benzene, and on cooling, the solution deposited a brown

jsolid, which was crystallised from methanol as brown needles,

m.p. * 170 - 210°.
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This was dissolved in methanol and passed through a

short column of alumina. The solution was then evaporated

to dryness, and the resultant red oil extracted with hotv w

"benzene, and the soluble portion separated by decantation.

Removal of the benzene yielded a dark coloured solid.

After treating this with charcoal in boiling benzene, a

yellow crystalline solid was eventually obtained by crystall¬

isation from a mixture of benzene and light petroleum

(b.p. = 40 — 60 )*

M.p. « 90 - 112°« (Lit. nup* of

4-aminofluoranthene » 111 - 112°).

This was boiled for 1 minute with acetic anhydride

containing a trace of concentrated sulphuric acid, and the

resultant solution was poured into water. The brown solid

was then filtered off and crystallised from ethanol.

After several recrystaliisations the m.p. became constant

at 243 - 244°* (Fine yellow needles).

Mixed m.p. with authentic 4—aoetamidofluoranthene

« 242 - 244°.

Yield « 20 mg.

(2) By palladium charcoal

A mixture of 4-hydroxyimino-1,2,3»4-tetrahydro-

fluoranthene (0.2 g.) and 30% palladium charcoal catalyst

(0.2 g.) was boiled under reflux in 1-methylnaphthalene

(8 ml.) for 16 hours in an atmosphere of carbon dioxide

in the apparatus shown.
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Co*-

H,o

CO,

Solution

The mixture was then diluted with ether and the catalyst

filtered off# The solution, which possessed a very strong

green fluorescence was shaken with concentrated hydrochloric

acid, when a suspension of a solid formed in the aqueous phase#

The two layers were separated, and the organic layer was

shaleen twice more With concentrated hydrochloric acid.

The acid extracts were then combined, made alkaline with

concentrated ammonia solution, and extracted with ether.

The ethereal solution was washed with water, dried, and

evaporated to a brown oil, last traces of 1-methylnaphthalene

being removed by heating on an oil-bath under reduced pressure.

The oil was then dissolved in benzene and passed through a

column of alumina. (3" x 3/8")* The following products

were obtained on evaporation of successive fractionss-

I A small quantity of yellow oil which possessed a

blue fluorescence on the column. This could not

be made to crystallise.

II A brown oil which possessed an intense green

fluorescence on the column#

A small quantity of dark material remained at the top

of the column# As atterapts to crystallise the brown oil
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met with no success, it was acetylated "by treatment for 3

minutes on a boiling water-bath with a mixture of acetic anhydride

(5 ml.) and concentrated sulphuric acid (2 drops). The

resultant solxition iras poured into water, and the product

extracted with ether. 'The ethereal solution was washed

repeatedly with sodium carbonate solution, then water,

then dried, and evaporated to dryness* A yellow solid

was obtained, which was crystallised from benzene.

yield « 33 nag.

M.p. » 24-3 - 244°.
Mixed m.p. with an authentic sample of 4—acetamidofluoranthene

» 242 - 244°.

Part 2

Bromination of 4~oxo~1,2,3*4—-tetrshydrofluoranthene

The ketone (0*5 g.) was dissolved in carbon tetrachloride

(15 ml.) and to the solution was added H-bromosucciniraide (0.405 g.).

The mixture was then boiled under reflux for 2 hours, when

the solution, which first turned purple, had become pale

green. The succinimide which was floating on the surface

was removed by filtration, and the filtrate heated with

pyridine (5 ml.) on a water-bath at 100° for 3 hours* The

solution was then extracted with sodium hydroxide solution.

Acidification yielded an oil which was extracted with ether.

The ether was removed and attempts were made to crystallise

the product from the usual solvents. However, amorphous black

solids were obtained in each case. (m.p. = 160 - 360°).
The neutral fraction was evaporated to a brown oil.

As attempts to crystallise this met with no success, it was
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dissolved in benzene and passed through a column of alumina
VvK'iU Ugkfe uW-Vlrfe* li3kt.
Li U Jbl<xcX > m 4 olcwk

yellow >■ |g| < 3»e«v\ &nem.

yellow

- 1
■ Oo|tot»\eS5 J

(

Zone »*

bke ?o ne.L-

Zone 1 This yielded an oil which could not be made to

crystallise.

Zone II Yellow oil which soon crystallised.

Yield = 63 rag*

M.p. «■ ^^r — 96°«
Mixed ra.p. with starting material <= 94- ~ 96u*

i.e., 13% of the material has been recovered

unchanged.

Zone III T'his yielded only dark coloured amorphous

solids.

Broraination of 1«2,3*4~tetrahydrofluoranthene

1,2,314—tetrahydrofluoranthene (0.5 g*) and B-bromo-

succinimide (0.432 g.) were heated under reflux in carbon

tetrachloride (15 ml.) with a few nag. of benzoyl peroxide

for 10 minutes. The succinimide was removed by filtration

and the solution was evaporated to dryness in vacuo, when

a yellow oil was obtained. This appeared to be decomposing

slowly with evolution of hydrobromic acid. This oil was

dissolved in carbon tetrachloride (20 ml.) and heated under

reflux with potassium acetate (6 g. ) for 3 hours. The

mixture was then poured into water and the organic layer
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separated and dried* Evaporation in vacuo yielded a reddish

oil. This was heated under reflux in acetic acid (25 nil* )

containing sodium dichromate (3 S* ) for 1 hour. After the

solution was poured into dilute sulphuric acid the resultant

emulsion was extracted with ether. The organic layer was

washed with water, then extracted with sodium carbonate

solution. Acidification of the carbonate extract yielded

a yellow oil which was extracted with ether. The ether

was removed, and attempts were mad© to crystallise the residue

from the usual solvents. As no pure compound could be

obtained, the material was esterified with methanol and

sulphuric acid. Ho acidic material was recovered from the

esterification. The neutral fraction consisted of a brownish

oil. This was dissolved in benzene and passed through a

column of alumina (6" x 1/4") and the following products

were obtained on evaporation of successive fractions.

I. A small quantity of oil which possessed a blue

fluorescence on the column.

II. The elution of this material was facilitated by

the use of benzene containing 1% methanol, A

yellow oil was obtained (greenish-yellow on the

column) which could not be crystallised.

A dark coloured zone remained at the top of the column.

The yellow oil was hydrolysed by being boiled with 21

sodium hydroxide solution (10 ml.) and methanol (5 ml.)

for 30 minutes. The solution was then acidified, and the

pale yellow acid extracted with ether. Evaporation of the
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dried ethereal extract yielded an orange-yellow solid which

was crystallised from benzene-light petroleum (b.p. 80 - 100°)#

M.p. = 122 - 132°.
Two further crystallisations from benzene-light petroleum

yielded pure acid#

M.p. - 136 - 137%
Lit., m.p. of 3-1-fluorenonepropionic acid « 137 - 138°.

A mixed melting point determination with an authentic sample
showed no depression.

Cinnamon!trile

This was prepared by the procedure of Campbell and

Fairfull, J.G.S#, 19^9» 1241# 13 g* cinnaiaaiaide yielded

7 g. cinnamon!trile on treatment with thionyl chloride.

P-9-1 luoreayl-g-phenylpropionic acid

9-tiethoxycarbonylfluorene (5.6 g.), then cinnamonitrile

(3»1 ml.)t were added to a solution of potassium hydroxide

(0.3 S#) in ethylene glycol (25 ml*), and the mixture

heated ori a water-bath at 95 - 100° for 4 hours. Aqueous

10U potassium hydroxide (40 ml.), and ethylene glycol (25 ml.)

were then added, and the mixture heated under reflux for

3 hours. The resultant clear solution was poured into

water (500 ml.), and the product precipitated as a white

solid by the addition of concentrated hydrochloric acid.

The solid was filtered off and crystallised from acetic

acid.

Yield = 4.5 g.

M.p. =181 - 182%
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2~Phenyl-4~oxo-1.2,3.4-tetrahydrofluoranthene

The c;/clisation was carried out by the method of

Campbell and Tairfull (J.C.S. 1949» 1241.)* 3«5 S» P-9-

fluorenyl-p-phenylpropionic acid yielded 2.0 g. of cyelised

material.

M.p. = 159 - 161°.
Lit. sup* » 162 - 163° •

Bro.mino.tion of 2-phenyl-4~oxo--1 .2,3t4~tetrahydroflueranthene

The ketone (0.5 g») was heated under reflux with

S-bromosuccinimide (0.5 g») and a trace of benzoyl peroxide

in carbon tetrachloride (2.5 ml.) for 4§ hours. The succinimide

(floating on the surface of the solution) was filtered off,

and the filtrate evaporated to a yellow oil. This was

dissolved in the minimum amount of a mixture of methanol

and benzene, and on cooling brown prisms were deposited.

Yield =» 10 jag.

M.p# = 170 - 182°.
This was r©crystallised from benzene-light petroleum

(b.p. 60 - 80°) mixture.

M.p. « 175 - 184°.
The mother liquors from the crystallisation were combined

and evaporated to an oil from which no more crystalline

material could be isolated. The oil consisted partly of

unchanged ketone as was shown by the preparation of a

2,4-dlnitrophenylhydrazone.

M.p. a 505 - 310° (decoap.)

Mixed m.p. with 2,4-dinitrojdienylhydrazone of starting
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material » 304 - 310" (decomp.).

9~Formylfluorene oxime

A solution of 9-formylfluorene (Von and Wagner» J* Org.

Chem., 1944, 2s 162.) (from 18 g. fluorene) in alcohol

(140 ml.) was added to a mixture of a solution of sodium

(2.1 g.) in alcohol (29 ml.) and hydroxylamine hydrochloride

(7 g» ) in water (29 ml.), when sodium chloride separated.

The mixture was allowed to stand at room temperature for

45 minutes, then heated to 50", when water was'added dropwise

At first, the sodium chloride dissolved, giving a clear

solution, then on addition of more water plates "began to

separate. On cooling, the oxime was obtained as a mixture

of the a and p forms.

Yield = 20 g.

9-Cyanofluorene («/islicenus and Russ, Ber., 1910, 4£j 2727)
9-Formylfluorene oxime (20 g.) was dissolved in dry

ether (330 ml.) and the solution was well dried by being

allowed to stand over anhydrous magnesium sulphate for

60 minutes. 1'he filtered solution was then treated with

thionyl chloride, and the mixture allowed to stand for

several hours. Evaporation of the ether gave a solid

product which was crystallised from alcohol.

Yield ® 12 g»

M.p* - 145 - 150° (Lit. m.p. =» 151 - 152

with previous softening.)
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Ethyl Y-cyano-Y-diphenylenebutwrate

JBv.CrttCrtiCooCz.rti-
K

9-Cyanofluorene (4.9 S* ) was suspended in dry benzene

(50 ml.) and dry hydrogen was passed through the flask.

Potassium (1 g. ) and dry methanol (1.05 ml.) were then added,

and the mixture was heated on the water-bath with hydrogen

passing through for 30 minutes. A further small quantity

of methanol (1 ml.) was then added and heating was continued

for a further 15 minutes, then more dry methanol (2 ml.)
with hydrogen still passing. After a further 60 minutes

ethyl p-bromopropionate (5 ml.) was added, and the mixture

heated under reflux for 30 minutes, then shaken with water

and ether. ihe organic phase was washed with water, dried,

and evaporated. An orange-yellow oil was obtained which

could not be made to crystallise.

Yield ® 5»1 S»

V-cyano-V-diphenylenebutyri c acid

The ethyl ester (5.1 g.) was heated under reflux with

ethanol (30 ml.) and 2M sodium hydroxide solution (50 ml.)
for -f minute, when all had dissolved. The solution was
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poured into water (200 ml.), treated with charcoal, and filtered.

Acidification with concentrated hydrochloric acid gave a

white oil which solidified on stirring. This was filtered

off and crystallised frora acetic acid, diluted at its boiling

point with water, as beautitul long white needles.

Yield » 4.3 g.

M.p. = 151 - 152°.

C1r7H15N02 requires:- C » 77.6$ H = 4.9% N » 5*3%
Pound:- G » 77.1% H = 5.0% N « 5.0%.

Alkaline hydrolysis of Y-cyano-Y-diphenyleriebut;yric acid

The nitrilc (0.3 g.) was heated under reflux with potassium

hydroxide (4 g.) in a mixture of water (5 ml.) and ethylene

glycol (5 ml.) for 2|- hours, during which time ammonia was

evolved. The mixture was poured into water and the clear

solution was acidified with concentrated hydrochloric acid.

The resultant white precipitate was filtered off and crystal¬

lised from dilute acetic acid in long white needles.

Yield - 0.25 g.

M.p, = 142 - 144°.
Mixed m.p. with 3-(9-fluorenyl )-propionic acid « 142 - 145""*
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Acid hydrolysis of Y-cyano-Y-diphenylenebutyric acid

Coort

The nitrile (0.4 g.) was heated under reflux with a

mixture of water (8 ml.) acetic acid (8 ml.), and sulphuric

acid (8 ml.) overnight. The solution, was then poured into

water and the precipitate extracted with ether. 'The

ethereal solution was then washed with water, dried, and

evaporated, when a white solid was obtained.

Yield « 0.32 g.

This was crystallised from water in beautiful long

fibrous needles.

si#p. = 193 - 195°.
requires:- C ® 72.3% «■ 5*0%

Pound:- 0 ® 71. H = 4.

Y-carboxy-Y-diphenyienebutyric acid anhydride

co — Os

crtt-CHi
:co

A small quantity of the acid was heated with a saturated

solution of acetic anhydride in light petroleum (b.p. 100 - 120

at the boiling point for a few minutes. On cooling, the

solution deposited white plates.

M.p. * 172 - 182° (decomp.).
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C17H12°3 recluireS;{"" G 55 77*3% H * 4.5%
Found:-- G » 76.8^ H = 4.3%»

Hydrolysis of Y-cyano-Y-diphenylenebutyric acid anhydride

A small quantity of the anhydride was boiled with a

little water until it dissolved (a few minutes)* On cooling,

the solution deposited white needles.

M.p. - 193 - 195°.
Mixed m.p. with Y-cyano-Y-diphenylenebutyric acid = 193 - 195° •
Attempted cyclisation of Y-cyano-Y-diphenylenebutyric acid by

aluminium chloride

The acid (1 g.) was warmed with thionyl chloride (5 ml.)

for $ minutes. The excess thionyl chloride was then evap¬

orated off and the acid chloride dissolved in nitrobenzene

(5 ml.) and added to a solution of aluminium chloride (1 g.)

in nitrobenzene (10 ml.) at 0°. The mixture was allowed to

stand for 20 hours at 0° then"poured into a mixture of ice

and concentrated hydrochloric acid. After removal of

nitrobenzene by distillation in steam the residue was

extracted with benzene, washed with dilute hydrochloric acid

and water. The solution was then extracted with sodium

carbonate solution, and on acidification this yielded an

oily precipitate which soon solidified. After crystallisation

from aqueous acetic acid the acid was obtained as white

prisms.
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Yield » 0.82 g.

M.p. » 150 - 151°*
Mixed m.p. with starting acid - 150 - 152U.

Evaporation of the "benzene from the solution which had

"been extracted with sodium carbonate yielded a brown oil.

This gave no precipitate on treatment with 2,4—dinitrophenyl~

hydrazine. Attempts were made to crystallise this from the

usual solvents but these met with no success. An atte ipt

to cyclise the acid chloride by means of aluminium chloride

in boiling light petroleum (b.p. 100 - 120°) was also made

but only dark uncrystaliisable oils were obtained.

Attempted c /clisation of V~cyaao~Y~dipheiiyfenebutyric acid

by hydrofluoric acid

The acid (0.4 g.) was dissolved in anhydrous hydrofluoric

acid (20 ml.) and the latter was allowed to evaporate off

slowly overnight (copper plate on top of beaker). 'The

residue was dissolved in ether and the solution shaken

with sodium carbonate solution. Evaporation of the ether

layer yielded only a very small quantity of material. The

sodium carbonate solution was acidified with concentrated

hydrochloric acid and the precipitate filtered off and washed

with a little cold watert then crystallised from aqueous

acetic acid.



96

Yield = 0.22 g.

M.p. = 187 - 189°.

^17^15^3^ requires:- G « 72.6% H » 5,3%
Found:— G » 72•6% H « 5«5%»

Attempted cyclisation of above a aide "by hydrofluoric acid

2?he amide (0,1 g«) was dissolved in anhydrous hydrofluoric

acid (10 ml.) and the latter was allowed to evaporate off

slowly overnight. A white solid was obtained which was

crystallised from aqueous acetic acid.

M.p. » 187 - 188°.
Mixed m.p. with starting material « 187 - 188".
Attempted eyeligation of Y-cyano-Y-diphenylenebutyric acid

by stannic chloride

The acid (1 g.) in dry benzene (25 ml.) was treated

with phosphorus pentachloride (0.83 g*) and a greenish-

yellow solution was obtained. lo this was added stannic

chloride (C«9 ml.) and the mixture was allowed to stand

at room temperature for 4 hours then heated under reflux

for 20 hours. A reddish brown solution was obtained and

tiiis was added to a mixture of ice and concentrated hydrochloric

acid. The mixture was extracted with ether, the organic

layer was washed with hydrochloric acid then water, and then

extracted with sodium carbonate solution. Acidification of

the carbonate solution gave a small quantity of white solid
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which was crystallised from aqueous acetic aCid*

Yield » 0.3 g.

M.p. » 150 - 151%
Mixed m.p. with starting acid » 150 - 152".

The ethereal solution from the sodium carbonate extraction

(i.e. the neutral fraction) was evaporated to dryness and a

reddish brown oil was obtained. This was twice treated

with charcoal in methanol and on evaporation of the solvent

the product was obtained as a pale yellow oil w3:iich was

crystallised from methanol.

Yield » 0.46 g«

M.p. « 68 - 70°.
requires:- G = 77-6$ H = 5»G^ B = 5*5%

Found:- G » 77*4% H « N - 5*3$»

Hydrolysis of 9-(2t-carbox7/ethyl)-fluorene-9«-carboxylic acid

imide *

The compound (0.1 g») was heated under reflux for 2

hours with a mixture of acetic acid (1.5 g«)» water (1.5 ml.)

and concentrated sulphuric acid (1.5 ml.). The resultant

solution was then cooled, poured into water, and the mixture

extracted with ether, and the ethereal solution then extracted

with sodium carbonate solution. Acidification of the extracts

gave a white precipitate which was filtered off and crystal¬

lised from water.
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Yield « 0.08 g.

M.p. « 192 - 194*.
Mixed ni.p. with Y-carboxy-Y-diphenylenebutyric acid = 192 - 194°.
9-Methylfluorene

The method was essentially that of Greenhow, White, and

McNeil (J.G.S., 1951* 2850), except that the sodamide was

prepared immediately before use, as a good commercial

sample was not available.

Finely powdered ferric nitrate (0.05 S*) was added to

liquid ammonia (150 ml.). After a few minutes a little sodium

was added, and the mixture swirled occasionally till
the colour was dark brown. Sodium (4.1 g.) was then added

in portions, over a period of 20 minutes, and after a further

45 minutes with occasional swirling a greyish precipitate

suspended in a clear solution was obtained. Sodium-dried

decahydronaphthalene (65 ml.) was then added and the ammonia

allowed to come off through a soda-lime tube. The sodamide

was obtained as a black powder suspended in the decahydronaph¬

thalene. Dry fluorene (33 ) was then added, and the

mixture heated at the boiling point, with stirring, in an

atmosphere of nitrogen for 4 hours. The black 9-flttorenyl-

sodium was washed three times with hot decahydronaphthalene,

and once with not light petroleum (b.p. 100 - 120°) by
decantation.

Light petroleum (b.p. 40 - 60°) (100 ml.), then methyl

iodide (54 ml.), were then added and the mixture heated under

reflux for 20 hours. The product was filtered to remove sodium

iodide, which was formed in quantitative amount, and the

filtrate evaporated on the water-bath to recover unchanged
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methyl iodide, finally under reduced pressure. The oily

residue was fractionated in vacuo. The main fraction,

b.p. 160 - 170°/24 mm., was crystallised from light petroleum

(b.p. 40 - 60°) as white prisms.

Yield a 12 g.

M.p. «* 45 * 47 «

Y-diphenylenevaleric acid

9-methylfluorene (12 g.), then acrylonitrile (7 ml.),
were added to a solution of sodium (9 g.) in ethanol (120 ml.).

The solution was heated under reflux for 30 minutes, then a

solution of potassium hydroxide (72 g.) in water (120 ml.)

was added, and boiling continued for a further 2 hours.

The mixture was poured into water, and the solution mixed

with a. little charcoal and filtered. Acidification of the

filtrate with concentrated hydrochloric acid yielded a

white precipitate which was filtered off and crystallised

from aqueous alcohol.

Yield » 10 g.

M.p. » 166 - 168J (with slight softening

from 160°)t

C17H1602 requires:- G = 81.0$ H « 6.3$
Found:- G = 80.5% H « 6.5%.
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1 -methyl-4-oxo-1.2,3,4-tetrahydrof luoranthene

Phosphorus pentoxide (130 g.) was dissolved in phosphoric

acid (110 ml.) "by heating at 100° for 20 hours. To the

solution was added Y-diphenylenevaleric acid (4 g.) and

the mixture was heated 150 - 160° for 45 minutes, when the

solution had turned deep brown. 'The product was poured

into water (200 ml.), and the mixture extracted with ether.

The organic layer was washed with water, then extracted with

sodium carbonate solution. Acidification of this gave

no precipitate. The ethereal solution was evaporated on the

water-bath to a brown oil which was dissolved in benzene

and passed through a short column of alumina (3/4" x 2")*

Evaporation of the benzene gave a yellow oil which soon

solidified. This was crystallised from methanol as white

needles.

Yield » 2 g.

M.p. « 92 - 94°
>

Mixed m.p. with 4-oxo-1,2,3,4-tetrahydrofluoranthene = 74 - 90°.

7^14.0 requires:- C => 87.2% H = 6.0%
Found;- C = 86.8% H « 6.1%.

The 2,4-dinitrophenylhydrazone crystallised from a mixture

of acetic acid and toluene as a red crystalline powder.

M.p. • 243 - 247°.

C23®18°4% re(luires:- K - 13*5%
Found:- B « 13.2%.
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Attempted broraiaation of 1-aethyl-4-Qxo-1,2,3.4-tetrahydro-

fluoranthene

The ketone (0.2 g.) was heated under reflux with N-bromo-

succininiide (0.152 g. ) and a trace of benzoyl peroxide in

carbon tetrachloride (12 ml.) for 20 hours, when an orange

solution was obtained with the succinimide floating on the

surface. This was filtered off, and the filtrate, diluted

with ether, was washed with water. Evaporation gave an

orange-red oil which could not be made to crystallise from

any of the usual solvents.

The oil was boiled with a solution of potassium hydroxide

(0.5 g» ) in ethanol (25 ml.) for a few minutes, and a precipitate

of potassium bromide was removed by filtration. The filtrate

was washed well with water, dried with anhydrous sodium sulphate,

and evaporated to a brown oil. Yield = 0.1 g.

This was dissolved in benzene and passed through a

column of alumina. Evaporation of the first fractions

yielded a yellow oil which could not be made to crystallise.

(Yield » 50 rag.) A 2,4—dinitrophenylhydrazone was prepared.

M.p. » 245 - 249° (decomp.).

Mixed m.p. with 2,4-dinitrophenylhydrazone of starting

material = 245 - 249° (decomp.).

The identity of this'dinitrophenylhydrazone was confirmed

by comparison of its ultra-violet absorption spectrum with

that of the dinitrophenylhydrazone of the starting material.

Further fractions from the column yielded only dark

uncrystaliisable oils.
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Part 3

9-fformylfluorene (Von and Wagner, J.Org. Chem., 1944-»

2. 162.)
15 g. fluorene was condensed with 6.7 6* ethyl formate.

The yield of crude product was 15*8 g. (90^). This material

was sufficiently pure for the next stage.

Condensation with ethyl cyanoacetate

To a solution of sodium (1.51 S*) la 8ry ethanol (27 ml.)

was added ethyl cyancacetate (7.4- ml.), when a white sodium

derivative separated. This suspension was poured on to

9-formylfluorane (13 g*). A precipitate formed almost

immediately, and after being warmed on a steam-bath for 15

minutes the mixture had become viscous through the separation

of an orange solid. Sufficient water was then added to

dissolve all the material present. On acidification with

concentrated hydrochloric acid a heavy yellow oil separated,

and this was extracted with ether. The ethereal solution

was repeatedly washed with water to remove ethanol, driid,
then evaporated to yield a reddish oil.

Yield = 15.5 g.

This material solidified after a few hours, and it

was then triturated with, and recrystallised from, methanol,

as white needles.



103

M.p. = 93 - 94.5°
yield » 11 g#

G19H15O^N requires?- C » 78»9$ H « 5*2% N « 4.9%
Found;- C « 79.0% H » 5.2% N = 5.0%.

Attempted cyclisation of ester

-n— >- Y T I

ort
'\cooc2riy v ^ CN

(a) By heating- in glycerol

A mixture of the above cyano-ester (3«38 g.)
and glycerol (40 ml#) was heated on an oil bath at 240 - 250°
for 60 minutes. 'The mixture, which had by this time become

very dark, was then cooled, and poured into water. Extraction

with ether yielded a red solution. This was extracted with

sodium hydroxide solution, but only a reddish brown uncrystal-

lisable oil was obtained on acidification.

(b) By distillation in high vacuum

A small quantity of the ester (0.9 S«) was

distilled under a pressure of about 0.3 sua. Mo cyclised

product was detected. 0.5 g. ester was recovered.

M.p. - 92 - 93°
Mixed m.p* with starting material = 93 - 94w.

(c) By heating with acetaraide

The cyano-ester (2 g.) was heated for 1 hour

at 220° with acetamide (5 g.) in an atmosphere of nitrogen*

The mixture was cooled and extracted with ether, but only
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black unerystallisable oils and tars were obtained.

Hydrolysis of cyano-ester by hydrochloric acid

The cyano-ester (2.23 g*) was heated on a boiling water-

bath for 3 hours with ethanol (180 ml.) and concentrated

hydrochloric acid (180 ml.) with occasional shaking. The

resultant clear solution was diluted with water, and the

produce extracted several times with ether. The combined

ethereal solutions were evaporated, and the residue crystallised

twice from benzene as white silky needles. The product

is readily soluble in sodium carbonate solution.

Yield = 0.18 g.

M.p. » 190 - 200° (decomp.).
Mixed m.p. with authentic p-9-fluoreny1acrylic acid of

m.p. 194- - 201° (decomp.) (prepared from 9-formylfluorene

and malonic acid by the method of Burfcner and Ousic, J.A.G.S.,

194-3, <§£, 265), = 190 - 200° (decomp.).

°16H12°2 squires:- C'» 81.3% H * 5.1%
Found:- G * 80.1% H * 5*3%.

The mother liquors were combined and evaporated, and

the residual yellow oil triturated with, then crystallised

from, methanol, as white prisms. Two further crystallisations

from methanol were sufficient to give a pure product.
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Yield == 1,21 g.

M.p. » 73 - 74°.
The ethyl ester recluiresj"" 6 * 81.8% H « 6.1%

Found;- C = 81.5% H - 6.5%

Hydrolysis cf ethyl (?—9-fluorenylncr.ylate

The ester (0.2 g.) was heated under reflux with 2H

sodium hydroxide solution (15 ail.) and methanol (10 ml.)
for 56 minutes. The solution was then acidified with

concentrated hydrochloric acid., and the white acid was

separated by filtration and crystallised twice from benzene.

Yield =s 0.12 g.

M.p. = 190 - 200° (decorap.).

A mixed melting point determination with the acid

obtained directly from the hydrolysis of the a-ethoxycarbonyl-

(3-9~fluorenyl-acrylonitrile showed no depression.
Attempted cyclisation of (3-9-fluorenylacryiic acid

(1) The acid (1 g.) was boiled with excess thionyl

chloride and a few drops of pyridine for 15 minutes.

The acid chloride was dissolved in nitrobenzene (10 ml.)

and allowed to react with a solution of aluminium chloride

(1.2 g.) in nitrobenzene (10 ml.) at 0° for 20 hours.

The product was hydrolysed in the usual way and the nitro¬

benzene removed by distillation in steam. The black tarry
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residue was found to be insoluble in boiling benzene.

(2) The acid (1 g.) in dry benzene (40 ml.) was treated

with phosphorus pentachloride (0*94- S») at about 30° for
2 hours, when all solid natter had dissolved. After the

solution had been cooled to 0C, a solution of stannic chloride

(1 ml.) in dry benzene (10 ml*) was added, and the mixture,

which immediately turned green, allowed to stand at room

temperature overnight.

The solution was then poured on a mixture of ice and

concentrated hydrochloric acid, and the organic material

extracted with benzene. The organic layer was extracted

several times with sodium carbonate solution and the extracts

were combined and filtered* Acidification yielded a creamy-

white solid* JSxtraction of the residual organic layer with

sodium hydroxide solution afforded no more material*

The white solid was filtered off and dried.

Yield •- 0*11 g.

This was crystallised from benzene several times.

Yield = 0.07 g.

M.p. = 190 - 200° (decomp.).
Mixed m.p. with starting material = 191 - 201° (decomp*)*

The neutral fraction yielded only an intractable oil.

Attempted conversion of g-9-fluorenylaerylic acid to g-fluorenyl-

idenepropionic acid
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(3-9-fluorenylacrylic acid (0.5 S») was dissolved in a

5Q& aqueous solution of potassium hydroxide (20 ml.) and

heated under reflux for 30 minutes. The mixture became

yellow and a white solid separated, which was filtered off.

Acidification of the alkaline solution gave very little material

The white solid was crystallised from alcohol.

(a) In the presence of sodium ethoxide

Benzyl cyanide (11.5 ml.), then a solution of

sodium (2.3 g«) in absolute alcohol (41 ml.), were added to

9-formylfluorene (19*4 S«)» The mixture, which immediately

became dark, was allowed to stand at room temperature for

2 hours, when a solid had begun to separate. The mixture

was then heated under reflux for 75 minutes, and the dark

red solution acidified with concentrated hydrochloric acid.

The precipitated oil was extracted with ether and the ethereal

solution washed with sodium carbonate, then shaken with its

own volume of 2N sodium hydroxide solution. Three

layers were obtained, these being, from top to bottom, yellow,

red, and colourless. The colourless aqueous layer was

separated and rejected. The upper two layers were shaken

with water, when two phases were again obtained. The

Yield » 0.3 S«

M.p. « 112 - 114°.
Mixed m.p. with fluorene » 112 - 114°.
Condensation of benzyl cyanide with 9-formylfluorene

rt oM

■>
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aqueous layer was separated and the ethereal layer again

extracted with water, the extract being combined with the

aqueous layer. This was then acidified with hydrochloric

acid and extracted with ether. The ethereal solution was

washed with water, dried, and evaporated to yield a clear

red oil. This trituration with a few drops of cold methanol

gave a white crystalline solid which was separated by

filtration and crystallised from methanol as white needles.

Yield « 10 g.

M.p. a 59 - 70° (decoinp.).
This white product decomposed overnight on exposure

to the air, turning yellow and sticky on the surface.

It was recrystallised from methanol, and white needles were

again obtained.

M.p. * 60 - 70° (decomp,).
This product again turned sticky and"yellow on standing

for a few hours. After repeating this procedure several

times it was found impossible to obtain any crystalline

material, a yellow oil always being formed.

(b) In the presence of piperidine

9-Formylfluorene (9»5 g« ) was .axed with benzyl

cyanide (11.5 ml.). Piperidine (2 ml.) was added, and the

mixture, which had become red and warm, was heated on a

boiling water-bath for 6 hours. The mixture was cooled,

acidified with concentrated hydrochloric acid, and extracted

with ether. 'When the ethereal solution was shaken with
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sodium hydroxide solution three layers were formed as before

and the product worked up as in the previous experiment.

The yield in this case was much lower than that obtained

when sodium ethoxide was used as catalyst, unchanged starting

materials being the main products.

Hydrolysis of a-phenyl-£-(9~fluorenyl)-acryionitrile

o)4 ft \ (f S ^
/0HvortiW W/ - ^

N*2»J ^

I) «z ^ C J ii w

The yellow oil obtained above (5 g.) was heated under ;
h)

reflux with 2N sodium hydroxide solution (25 ml.) and zPs .yi
methanol (15 ml.) for 2-J hours. The mixture was then cooled,

when a reddish oil separated. This oil was suspended in

boiling methanol and acetic acid was added dropwise till

solution was achieved. On cooling, the solution dej^osited

short white prisms.

Yield » 0.5 S«

84.p. = 240 - 242°. -

Oi -(9~fluorenyl )-styrene, requires:- G =» 94.0% H « 5»9%
found: - C = 93.8% H » 5*5%.

Attempted acid hydrolysis of o.-phenyl-g-9~fluoren,ylacrylonitrile

The crude oily a-phenyl-$-9-fluorenylacrylonitrile,
(3 g.) was heated under reflux with 50% sulphuric acid

(20 ml.) for 2 hours. The solution was decanted and the

residual oil washed with water, then dissolved in ether and

shaken with sodium carbonate solution. Only a very small



110

quantity of oil was obtained on acidification of the carbonate

extract, and only oils were obtained from the neutral solution.

Decomposition products of a-phenyl"»g-9-flnorenylacrylonitrile

The crude oily a-phenyl-p-9-flnorenylacrylonitrile

(5 S«) was allowed to stand exposed to the air at room

temperature for about a fortnight, when it wan found to be

crystallising. The oil was triturated with methanol and

yellow crystals separated by filtration. It was found

that crystallisation of the oil occurred more rapidly if

it was allowed to stand at about 60°♦ By exposing the oil

obtained from the above mother liquors to the air at this

temperature for several days a further crop of crystals

was obtained. This process of trituration with methanol,

filtration, and allowing the oil frora the mother liquors to

stand, ¥/as repeated several times and the solid products

were combined.

These were boiled in methanol, but a white solid separated

which would not dissolve. However, after the suspension

had been allowed to stand overnight it was found that all the

solid dissolved on boiling. vvhen the solution cooled, a

yellow solid separated. This was crystallised a further

two times from methanol and was obtained as yellow prisms
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which are insoluble in alkali.

M.p. = 14-0 - 142°.
Founds- 0 » 83.5% H • 5.0%.

This material has not been identified.

When, on another occasion, one drop of concentrated

hydrochloric acid was added to the suspension of the white

insoluble product in methanol immediate solution resulted.

Part of the solvent was removed by evaporation and when this

was done the white product was again precipitated.

This was separated by filtration and crystallised twice

from acetic acid in white prisms, insoluble in alkali.

M.p. - 215 - 215°.

a-phenyl-Y-hydroxy-Y-diphenylenecrotononitrile, G22H150K
requires:- C = 85.4% H » 4-.9%.

.Found:- 0 » 85.5% H « 4-.?%.

Hydrobenzoin

This was prepared by the reduction of benzoin by aluminium

isoprQpoxide following the procedure of Lund (Ber., 1957»

70, 1520). The reduction required about 5 hours.

Piphenylacetaldehyde

This was prepared by the method of Daniloff and Venus-

Danilova (Ber., 1926, 59, 104-1). On treatment with oxalic

acid, 20 g. hydrobenzoin gave 10.5 g. diphenylacetaldehyde.

B.p. = 188°/24- ram.

Condensation of diphenylacetaldehyde and benzyl cyanide
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Benzyl cyanide (2.73 ml.) was added to solution of

sodium (0.6 g.) in absolute methanol (25 ml.). The resulting

solution was poured into diphenylacetaldehyde (4.65 6*)
and the mixture allowed to stand over the weekend at room

temperature, when a crystalline precipitate was formed.

The mixture was extracted with ether and dilute hydrochloric

acid, and the yellow ethereal layer was washed with sodium

carbonate solution and water. The ethereal solution

was then dried and evaporated, when a yellow solid was

obtained. This was crystallised twice from glacial acetic

acid as large white prisms.

Xield «* 3*1 6*

M.p. ® 122 - 123°.

a,Y,Y-triphenylcrotononitrile, "requires:-
0 « 89*5'# H * 5*8% N * 4.7#*

Found;- C = 89.3# H « 5-8# H = 5*2#.

Attempted alkaline hydrolysis of a.Y.Y-triphenylcrotononitrile

The nitrile (0.5 g*) was mixed with ethylene glycol

(3*3 ml.) and a solution of sodium hydroxide (1.72 g.) in

water (4 ml.). The mixture was boiled under reflux for 20

hours when evolution of ammonia had ceased, then extracted

with ether. Extraction of the ethereal solution with sodium

carbonate solution followed by acidification of the extract

yielded only a very small quantity of an oil which could not

be made to crystallise.

Evaporation of the ether from the neutral fraction yielded

only oily products which could not be crystallised.
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Attempted acid hydrolysis of a. ,V,V-triphenylcrotononitrile

The nitrile (0.5 S») was"heated under reflux with acetic

acid (5 ml.) concentrated sulphuric acid (5 ml.) and water

(5 ml.) for 5 hours. On cooling, the solution yielded an

almost quantitative yield of starting material.

M.p. - 120 - 122°.
Mixed m.p. with starting material » 121 - 123°.
9-Fluorenol (Painfull, Ph.D. Thesis, 1948, p.40).

20 g* fluorenone yielded 17 g* 9-fluorenol, m.p. » 149 - 151°*
Condensation of 9~fluorenol with acrylonitrile

The method quoted by Painfull (Ph.D. Thesis, 1948 p. 50)
was attempted, but the following procedure was found to be

more satisfactory.

9-fluorenol (13 g.), then acrylonitrile (4.5 ml.)

were added to a solution of potassium hydroxide (0.8 g.)
in 2-methoxyethanol (72 ml.). The mixture was heated at

50° for 20 minutes, then heated under reflux for 30 minutes

with a solution of potassium hydroxide (59 S*) in water

(104 ml.) and a further quantity of 2-methoxyethanol (72 ml.).
The mixture, which had become very dark, was poured into

water (1000 ml.) and the precipitate filtered off and

crystallised from benzene.

Yield * 5 g.

M.p. « 148 - 150*.
Mixed m.p. with 9-fluorenol « 148 - 15*1° •

The yellow solution was acidified with concentrated

hydrochloric acid and extracted twice with ether. On
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evaporation, the ether solution yielded a yellow oil which

was crystallised frc-ra benzene/light petroleum (b.p. 100 - 120°).
Yield of white crystals » 5*5 g*

M.p. = 1 >4 - 136°. ^
Evaporation of the mother liquors yielded a further

2 g. of the acid. A small quantity of fluorenone (about

0.5 g* ) was also isolated.

Attempted cyclisation of acid

//

Coort OH

(1) By anhydrous hydrofluoric acid

The acid (1 g. ) was dissolved in anhydrous

hydrofluoric acid (20 ml.) and the latter was allowed to

evaporate overnight (copper plate on top of beaker). A

yellow solid product was obtained which was found to be

insoluble in benzene, acetic acid, nitrobenzene, decalin

and acetone. It began to turn orange at about 200°,
and at 300° It had become red, but had still not begun to

melt. ~ ' '

Yield =» 0.96 g.

A test for ketonic character with 2f4~dinitrophenyl~

hydrazine could not be carried out as the product was too

insoluble.

(2) By aluminium chloride

The acid (0.5 g») was heated under reflux for a
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few minutes with an excess of thionyl chloride. The latter

was then removed under reduced pressure leaving a yellow

oil which was dissolved in nitrobenzene (1 ml.) and added to

a cold solution of aluminium chloride (0.56 S*) nitro¬

benzene (5 ml.). The mixture, which immediately became

dark, was allowed to stand overnight at 0U • It was then

hydrolysed by the addition of concentrated hydrochloric acid,

and the nitrobenzene removed by distillation in steam. A

brown residue, which was insoluble in all the usual solvents,

and did not melt below 360°, was obtained. The material

was tested for ketonic properties with 2,4-dinitrophenylhydrazine

in dioxan, and a red precipitate was formed. This was

filtered off and attempts were made to crystallise it from

the usual solvents. These, however, met with no success.

ffi.p- > 360°.
2,7~bibromofluorenone

The synthesis employed was that of Goldschmiedt and

Schranzhofer, (Monatschefte, 1895, 16, 812). 15 g. fluorenone

gave 19 g. dibromofluorenone.

2 >7-Dibromo-9~fluorenol

2,7-Dibroaofluorenone (5 g.) was dissolved in boiling

acetic acid (250 ml.) then zinc dust (7 g.) was added

gradually over a period of 4-5 minutes. The colourless

solution was then filtered directly into cold water (600 ml.),
and the white precipitate was filtered off and crystallised

from a mixture of light petroleum (b.p. 100 - 120°) (60 ml.)
and benzene 25 ml.)# The product was obtained as a white
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crystalline powder.

Yield ■ 3 g.

M.p. « 170 - 172°.
Lit. m.p. of 2,7~dibromo-9-fluorehol » 168°.

2>* Coort JB/ Coo«

2t7-Dibrorao-9-fliiorenol (5»5 g») was dissolved in

2-methoxyethanol (10 ml.) and acrylonitrile (1. 05 ml.)

was added. This solution was added to a cold solution of

potassium hydroxide (0.56 g.) in 2-methoxyethanol (20 ml.).
The mixture, which immediately became dark and warmed up

slightly was heated to 50 - 60° for 20 minutes, then allowed

to cool, when a yellow solid separated. 2-Methoxyethanol

(60 ml.) and a solution of potassium hydroxide (15 g.) in

water (27 ml.) were added. After being heated under reflux

for 20 minutes the mixture was poured into water, and extracted

with ether to remove some tarry material. The red alkaline

solution was then acidified with concentrated hydrochloric

acid, and the solid which was precipitated was taken up in

ether. The organic layer was shaken several times with sodium

carbonate solution and the combined carbonate extracts

were then acidified, and the precipitated semi-solid was

extracted by ether. Evaporation of the ether yielded a

brown solid. This was boiled several times with small
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quantities of benzene, which removed most of the colour.

Crystallisation of the residue from glacial acetic acid

gave lustrous white prisms which decrepitated at about

130% then melted at 236 - 237°.
yield « 1.43 g.

The decrepitation appears to be due either to solvent

of crystaliisation or merely occluded acetic acid, because

the cooled crystallised melt reaielted sharply at 237%
A sample crystallised from a mixture of equal quantities of

methanol and dioxan in very fine colourless needles.

M.p. « 237 - 237.5°.

requires:- C » 48.8% H » 2.7% Br « 40.6%

Found:- C = 48.5% H « 2.7% Br » 40.8%.

Attempted eyeligation of 2,7^dibrorao-8-9-fluorenylacrylic acid
h/ Sv'

4V-

(1) By hydrofluoric acid

The acid (0.5 S*) was dissolved in anhydrous

hydrofluoric acid (25 ml.), and the latter allowed to

evaporate off overnight (copper plate on top of beaker),

when a white insolxable residue was obtained. Yield « 0.5 S»

The material began to turn yellow about 100°, then

softens and decomposes with effervescence, turning black,

at about 270°.

(2) By stannic chloride,

The acid (0.5 S») was heated under reflux for 5

minutes with phosphorus pentachloride (0.5 S») ih dry benzene
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(30 al.) when a clear yellow solution was obtained.

Stannic chloride (0.3 ml.) was then added and a white precip¬

itate separated immediately* The mixture was left overnight, then

poured into concentrated hydrochloric acid and extracted with

ether. The ethereal solution was shaken with successive

quantities of sodium carbonate solution. Only a small

quantity of acid material was obtained. (Yield = 0.1 g.).

M.p. after crystallisation from acetic acid = 236 - 237°.
Mixed m.p. with starting material = 234 - 237°«

The organic phase from the carbonate extraction was

evaporated to dryness and a brown oil was obtained* This

was dissolved in the minimum quantity of boiling alcohol and

the solution was allowed to stand overnight in the refrigerator,

when a few clumps of white solid separated. These were

removed from an oil which had also separated, and recryctailisod

from alcohol.

Yield « 80 mg.

M.p. = 103 - 105®.
After two further crystallisations the a.p. rose to

108 - 109°.

Found;- C » 46.3^ H « 3»Q$*

This material has not been identified.

Reformatoky reaction on fluorenone (c.f. Sieglits and

Jassoy, Ber., 1921, 2133).
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A solution of fluorenone (9 S#) and ethyl bromoacetate

(10 g.) in dry benzene (40 ml.) was placed in a 100 ml.

dropping funnel in a 3-nocked flask equipped with a mercury

sealed stirrer and reflux condenser. In the flask was

placed zinc wool (3*3 S*) which had previously been cut into

short lengths; and washed with dilute hydrochloric acid,

ethanol, ether, and dried. One or two crystals of iodine

were also added.

The stirrer was started and about 15 ml* of the benzene

solution run into the flask. After being heated for about

15 minutes on a water-bath the reaction started. Heating

and stirring were continued for 90 minutes during which time

the solution was allowed to drop into the flask, and then

for a further 60 minutes. The mixture was cooled, and

sufficient dilute hydrochloric acid to dissolve the zinc

salts was added. The acid solution was extracted with

a mixture of benzene and ether, and this was then washed with

dilute sulphuric acid, then with sodium carbonate solution,

and finally with water. After being dried the solution was

evaporated, and a reddish oil obtained.

Sthyl fluo reny11deneacetat e

The crude oil from the previous preparation was dissolved

in 85% formic acid (75 ml.), and the resultant clear solution

was heated under reflux for 1 hour* During this time an

oil separated. The formic acid and water were then removed

under reduced pressure, and the red oil so obtained was

dissolved in hot methanol# On cooling, the solution
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deposited golden yellow needles.

Yield = 8 g.

M.p. = 71.5 - 72.5°«
S-ieglita and Jassoy quote 77° (Ber., (1921), j>4, 2133).

^17^14^2 r6,lu^r8S!"' 0 « 81.6$" H = 5*6$.
Found:- C * 81.3% H =» 5.3%.

Fluorenylideneacetic acid

Ethyl fluorenylidene acetate (8 g») was heated under

reflux with 21 sodium hydroxide solution (200 ml.) and

ethanol (40 ml.) for 60 minutes. The solution was then

cooled, filtered, and acidified with concentrated hydrochloric

acid. A Bright yellow solid was obtained which was filtered

off and recrystallised in golden yellow prisms from aqueous

acetic acid.

Yield « 5*8 g.

M.p. « 225 - 228°.

G15H10°2 rociuires:~ 0 = 81,1% S « 4*^
Found:- G » 80.9$ H « 4.8$.

Fluorenylideneacetic acid (2 g*) was heated under

reflux for 20 minutes with thionyl chloride (15 ral.),
when a clear red solution was obtained. The excess thionyl

chloride was then removed in vacuo and the orange-yellow

crystalline acid chloride dissolved in dry ether (100 ml.).
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The solution was added gradually to a solution of diazomethan©

(prepared from 17 g. nitrosomethylurea, 230 ml, ether, and

50 ml, aqueous potassium hydroxide "by the method given

in Organic Reactions, Vol. I, p. 50), No reaction was

observed, but after standing for one week the mixture had

deposited a crystalline precipitate* The ether and excess

diazomethane were then distilled off at 30°. Dry ethanol

(100 ml.) was then added and the mixture heated to 50 - 60°
when a slurry of silver oxide (0.5 g«) in dry ethsnol

(50 ml.) was added. The mixture was refluxed for 8 hours

with occasional additions of small quantities of silver

oxide. After removal of the silver oxide by filtration

the solution was diluted with water and extracted with ether.

Evaporation of the ether yielded a very dark oil which could

not be crystallised* An attempt was made to hydrolyse

this by treatment with 2N sodium hydroxide and alcohol,
but only a small quantity of dirty oily material was obtained

when the alkaline solution was acidified*

Attempts to carry out the decomposition of the diazo-

ketcne in water were also carried out, but in this case

only high-melting dark-coloured amorphous products were

obtained.
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Part 4-

4—Allyl-4—hydroxy-1 ,2 ,3,4—tetrahydrofluoranthene

// \\ // A

CAfc-, tAg

q Ho ~CMZQ*\ - art2.
4—Gxo-1,2,3,4—tetrahydrofluoranthene (2 g. ) was dissolved

in dry benzene (10 ml.)* Bry ether (15 ml.), magnesium

turnings (0.5 g.) and allyl bromide (1.8 ml.) were then

added. The reaction began when a few drops of an ethereal

solution of methylraagnesium iodide were added. The mixture

was boiled overnight, then hydrolysed by the addition of

ammonium chloride solution and ice. The organic layer was

filtered, washed with water, dried, and evaporated to yield

a yellow oil.

yield « 2.17 6*

This was not analysed but was used directly for the

next stage.

4—n-Propylfluoranthene

TU / C

Ho CrtjjOrtJCHfc
4—Ally1-4—hydroxy-1,2,3»4—tetrahydrofluoranthene (1.1 g. )

was heated in an atmosphere of nitrogen at 250° for 30

minutes with 30$ palladium-charcoal catalyst (0.15 S*)

in the apparatus described by Bachraann and Chemerda (85).
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The melt was cooled, extracted with acetone, and the

charcoal removed by filtration# Evaporation yielded a

brown sticky oil, which was dissolved in benzene and passed

through a short column of alumina. The benzene was evaporated

off, and a yellow oil (0.85 ) with a strong blue fluorescence
was obtained. This was boiled for a few minutes with

ethanol (50 ml.) and the almost colourless (very pale yellow)

solution decanted from the insoluble yellow oil. In this

way two fractions, ethanol-soluble, and ethanol-insoluble,

were obtained.

Ethanol-insoluble fraction. This consisted of a yellow

semi-solid (0.14 g.). Attempts were made to crystallise

this from the usual solvents but these were not successful.

In each case a solid of m.p. 120 - 150° was obtained.

Ethanol-soluble fraction. The ethanol was evaporated

off and a pale yellow oil with a strong blue fluorescence

was obtained (0.53 S«)» This was boiled with picric acid

(0.6 g.) in a little benzene, and the solution immediately

became deep red. On cooling, the solution deposited an

orange, crystalline precipitate. M.p. * 128 - 130°.
After two further crystallisations from benzene the "m.p.

was 132 - 133°.

^25H19°7% requires:- H * 8.9%
Found:- N « 9»0%.

The picrate (0.31 S») was decomposed by passage through

a short column, of alumina in benzene solution. Evaporation

of the solvent yielded 4-n-propylfluoranthene as an almost

colourless oil which crystallised from methanol on standing
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overnight in the refrigerator.

Yield = 0.12 g.

M.p. - 28 - 29"•

°19iI16 requires:- C « 93«5^> H ■ 6.6%
Found:— C * 93*2% H » 6.6%.

Attempted oxidation of 4-ja-propylfluoranthene by potassium

permanganate

C3rt7 coort
The hydrocarbon (0.06 g.) was heated under reflux for

4 hours with potassium permanganate (0.12 g.) in water

(5 ml. ). The mixture was filtered and the residue washed

with ether. The filtrate was extracted with ether and the

extract combined with the washings from the residue.

Acidification of the aqueous layer with sulphurous acid

gave no precipitate. The ether was evaporated off and a

pale green oil was obtained which solidified on standing

in the refrigerator.

Yield » 0.05 g.

M.p. » 28 - 29".
The treatment with potassium permanganate was repeated,

the mixture being heated for 24 hours, but this also resulted

in an almost quantitative recovery of the hydrocarbon.
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Oxidation of 4-n-propylfluoranthene by sodium dichromate

*" s- x>

5 /v
v ort
Cih

The hydrocarbon (0.14- g.) was heated under reflux with

sodium bichromate (1.5 S*) in- acetic acid (5 ml.) for 5

hours. The volume was then reduced to half and the cooled

solution poured into dilute sulphuric acid (10 ml.)*

The mixture was extracted with benzene and the organic phase

washed with water then extracted twice with sodium carbonate

solution* The combined carbonate extracts were filtered

and acidified with concentrated hydrochloric.acid. Yield

of orange-yellow solid » 16 mg. After two crystallisations

from aqueous acetic acid the m.p, was 18? - 190°. Mixed

m.p, with authentic fluorenona-1~carboxylic acid = 188 - 191°.
Condensation of 4—oxo-1t2,5>4—tetrahydrofluoranthene and
2-aminoethano1

Az.N.crtt.CJdaO^

° N.cA2.cK2ort
The ketone (1 g.) was heated under reflux with 2-amino-

ethanol (4- ml.) in dry methanol (25 ml.) for 20 hours, then

the solution was poured into water (150 ml.). After

standing for several hours, the precipitated material

solidified. It was then filtered off and crystallised from

a mixture of ethanol and benzene as pale yellow needles.
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Yield - 0.5 S>

M.p. » 166 - 171° •

Cis&jyON requires:- G - 82.2% H » 6.5% N « 5«3%
Found:- 0-81.6% H - 6.4% N - 5.0%.

Attempted conversion of "Schiff's Base" to 4—ethylamino-

fluoranthene

H —>

NV\.C2Hy
The anil (0.3 g») was heated under reflux with 30%

palladium-charcoal catalyst (0.03 g.) in 1-methylnaphthalene

(10 ml.) in an atmosphere of carbon dioxide for 20 hours in

the apparatus already described on page 84. The cooled

mixture was diluted with ether and the charcoal filtered

off. The filtrate, which possessed an intense green fluor¬

escence, was evaporated to a dark brown oil. When a sraall

sample of this oil was treated with a solution of chloranil

in dioxan an intense violet colour was produced. (Test

for amines, N. Campbell's "Qualitative Organic Analysis",

p. 46). Attempts to crystallise the oil from the usual

solvents met with no success.

Yield of light brown oil « 0.1 g.

This was heated in a mixture of acetic anhydride

(5 ml.) and concentrated sulphuric acid (2 drops) at the

boiling point for 1 minute. The cooled solution (which
had become very dark) was then poured into water and the
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mixture extracted with ether. The ethereal solution was

washed repeatedly with sodium carbonate solution, dried,

and evaporated to a very dark oil. Attempts to crystallise

this from the usual solvents were unsuccessful.

Fart 5

Attempted Mannlch reaction on 4—oxo-1,2,3.4-tetrahydro-

fluoranthene

A mixture of the ketone (0.84- g.), dimethylamine hydro¬

chloride (0.31 S»)» and paraformaldehyde (0.29 g.) was

heated under reflux for 5 minutes in isoamyl alcohol (10 ml.),
when the solution, which first turned blue, had become yellow.

It was then diluted with ether and extracted with dilute

hydrochloric acid. neutralisation of the acid extract

yielded a yellow oil, as did also the removal of the solvents

from the neutral fraction.

Neutral fraction Yield = 0.5 g» This was distilled

under a pressure of 0.2 mm. and most of the material distilled

over at about 230°. This was extracted several times with

hot methanol, when a dirty uncrystallisable oil remained.

The methanol extract was then treated with charcoal, and

eventually a small quantity of crystalline material was

obtained.
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Yield « 100 mg.

M.p. ® 92 - 95°•
Mixed m.p. with starting material « 92 - 95° •

A small quantity of yellow solid (about 20 mg.) was

also isolated from this neutral fraction on evaporation of

the methanol extract to about 10 ml. M.p. » 220 - 225°•
This was crystallised several times from a mixture of

glacial acetic acid and toluene and was finally obtained

as yellow prisms.

Yield * $ mg.

M.p. - 231 - 232°.
Found:- C » 72.5% H ®

This material was not identified.

Basic fraction Yield « 0.5 g. This was extracted

with ether, and on removal of the solvent a dark brown oil

was obtained. This was distilled at a pressure of 0.2 mm.,

but no crystalline material could be isolated from the

oily distillate.

Variations of the conditions, using diethylamine hydro¬

chloride in place of dimethylamine hydrochloride, and ethanol

in place of isoamyl alcohol gave no better results.

2-Benzyliderie-1-tetralone

This was prepared by the method of Rapson and Shuttleworth,

J.C.S., 1940, 637.

2-Benzyl-1-naphtho1

* i i j
Nn

> "
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2-Benzylidene-1-tetralone (0.5 g.) was heated in an

atmosphere of nitrogen with 3C% palladium-charcoal catalyst

(0.05 g. ) at 250° for 30 minutes. The cooled mixture was

extracted with ether and the charcoal removed by filtration.

Evaporation yielded a yellowish-brown oil which soon crystal¬
lised.

Yield * 0.5 g»

This was distilled up an almost horizontally clamped

Pyrex glass tube by placing the closed end in an electrically

heated block. Most of the oil distilled at 165 - 175°/0.2 mm.

Crystallisation from light petroleum gave white needles.

Yield - 0.41 g.

M.p. - 73 - 74°.
Lit. m.p. of 2-benzyl-1-naphthol « 73*5 - 74°.

(Claisen, Ann., 1925» 442, 242).

Benzoylation of 2-benzyl-1-naphthol

A small quantity of 2-benzyl~1-naphthol was dissolved

in a few ml. 2N sodium hydroxide solution. Benzoyl chloride

was added and the mixture heated on a boiling water bath

and occasionally shaken till the smell of the benzoyl chloride

had gone. The sticky oil which had precipitated was extracten

with ether. On evaporation of the latter a yellow oil was

obtained which was treated with charcoal in ethanol then

crystallised from methanol.

M.p. = 79 - 80°.

°24^18°2 ^guires:- C ® 85.2% " H « 5*4%
Found;- C » 84.8% H » 5*4%*
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3-Benzylidene-4-oxo-1,2,3 .4-tetrahydrofluorantbene

/ \\ //A

Carts' c,^o

^ca.c^-
o o

'P-Qxo-1,2,3,4~tetrahydrofluoranthene (0.5 g«) was

dissolved in absolute ethanol (5 ml.) by heating on the

water-bath. The solution was cooled to room temperature

and benzaldehyde (0.25 S«)» then a saturated solution of

potassium hydroxide in absolute ethanol (5 ml.) were added.

After 1 minute the solution was acidified with acetic acid,

diluted with water, and extracted with ether. The organic

solution was washed with water, dried, and evaporated to

a brown oil which was dissolved in benzene and passed through

a column of alumina (3M x 3/4"). The first fractions

collected from the column were combined, and on evaporation

yielded a yellow oil which was crystallised from ethanol

containing a few drops of ben&ene, as pale yellow needles.

Yield = 0.25 g.

M.p. - 137 - 139%

G23H16^ retires:- G = 89.6% H « 5.2%
Found:- C » 89.1% H » 5.2%.

3-Benzyf-4-hydrox;vflu.oranthene

//

Th/c

/

1"^ h

1
[ H

Ort

3-Benzylidene-4-oxo-1,2,3»4-tetrahydrofluoranthene (0.2 g.)
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was heated with 30% palladium-charcoal catalyst in an atmosphere

of nitrogen for 30 minutes at 230°. The cooled mixture

was extracted with acetone and the charcoal filtered off.

Evaporation of the acetone gave a reddish-brown solid which

was treated with charcoal in, and crystallised from, ethanol.

Two further crystallisations from the same solvent gave

light brown needles.

Yield - 0.08 g.

M.p. « 179 - 187°.

®23®16® re<luir®ss- 0 88 89.6% H~= 5«2%
Found:- C » 88.2% H - $.4%.

3-Benzyl—4—acetoxyfluoranthene

3-Benzyl-4-hydroxyfluoranthene (0.07 g. ) was heated

under reflux for 1 minute with a mixture of acetic anhydride

(5 ml.) and concentrated sulphuric acid (1 drop). The

solution was then poured into water and the product extracted

with ether. Evaporation of the dried ethereal extract

yielded an oil which soon solidified. This was crystallised

twice from light petroleum (b.p. 80 - 100°) as pale yellow

prisms.

Yield » 30 mg.

M.p. = 138 - 140°.

^25^18^2 r8(luires:"" 0 = 85.?% H = 5«2%
Found:- C = 84.6% H * 5.2%.

Attempted oxidation of 4-oxo-1,2,3,4-tetrahydrofluoranthene

by selenium dioxide
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The ketone (0.2 g.) was heated under reflux with selenium

dioxide (0.1 g.) in acetic anhydride (15 ml.) for 2 hours,

then the mixture, which had become very dark, was filtered

hot, and poured into water. After the acetic anhydride was

completely destroyed the black oily product was extracted with

benzene, and the extract was washed, dried, and evaporated

to a dark coloured oil.

Yield = 0.15 g«

This was treated with charcoal in acetic acid, but

only black, intractable oils were obtained.

Attempted condensation of 4-oxo-*1 «2,5,4~-tetrahydrofluoranthene

and p-nitrosodiaethylanillne

The ketone (0.5 g«) was heated under reflux in dry

methanol (25 ml.) with p-nitrosodimethylaniline (0.34 g.)

and potassium carbonate (0.3 g.) for 17 hours. <V'ater (50 ml.),

benzene (75 ml.), and concentrated hydrochloric acid (75 ml.),

were then added, and the mixture heated on the water-bath

for 15 minutes. A considerable quantity of tar was formed.

The organic layer was extracted with sodium hydroxide

several times, but on acidification of the extracts only a

very small quantity of material was obtained. Evaporation

of the organic layer yielded only an intractable oil.
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Monoethyl malonate (Potassium salt).

The synthesis employed was that of V'an*t Hoff, Ber.,

1874, 2. 1572-
25 S» of diethyl malonate yielded 16 g. of the potassium

salt.

Acid chloride of moncethyl malonate

This was prepared by the method of Marguery, Bull. Soc.,

1905, 22* 546,
16 g. of ethyl potassium malonate yielded 6.5 g. of the

acid chloride, (b.p. 88 - 91°/80 mm.).

Attempted condensation of fluorenylsodium with ClOQ.CHg.COCX^H^

by the method already described on page 98 by allowing the

sodamide from 0.95 g» sodium to reacc with 8 g. fluorene)

in light petroleum (b.p. 40 - 60u) (50 ml.) was added a

solution of the ester-acid chloride (6.5 g*) in light petroleum

(b.p. 40 - 60°) (10 ml.). The mixture was heated under

reflux for 22 hours, then the brown supernatant liquid

removed by decantation through a filter. The black residue

in the flask was washed with hot benzene and the washings

were added to the filtrate. The combined filtrates were

evaporated to a dirty oil.

Yield » 7*5 6*



134

Qn trituration with methanol a brown solid was obtained.

This was filtered off, and crystallised several times from

glacial acetic acid (charcoal) as white prisms.

Yield » 0.5 g.

M.p. = 24$ - 247°.
Difluorenyl, requires:- C = 94.6% H « $.4%

Pound:- 0 « 93»9% H = $.2%.

The filtrate from the trituration with methanol was

evaporated to an oil, but attempts to obtain more crystalline

material met with no success. The oil was dissolved in

benzene and passed through a column of alumina (6" x 1")«

Slution of the column with benzene gave the following materials

on evaporation of successive fractions.

(1) An orange-red crystalline solid. This had a

yellow colour on the column in white light, and a pale green

fluorescence in ultra-violet light.

Repeated crystallisation from a mixture of methanol

and benzene gave white prisms.

Yield = 0.1 g.

M.p. = 244 - 246°.
Mixed m.p. with material previously obtained = 244 - 246°•

The mother liquors were evaporated to dryness and the

residue repeatedly treated with charcoal in, and crystallised

from, methanol, as white plates.

Yield = 0.6 g.

M.p. = 112 - 114°.
Mixed m.p. with fluorene « 113 - 115°."



135

(2) Dark coloured oils which could not be made to

crystallise.

Part 6

4-Hydroxyfluoranthene

4-Oxo-1,2,3,4—'tetrahydrofluoranthene (1 g.) was heated

under reflux for 18 hours with 30% palladium~charcoal catalyst

(0.1 g. ) in 1-rnethylnaphthalene (15 ml.), in an atmosphere

of dry carbon dioxide, in the apparatus described on p. .

The cooled mixture was diluted with ether and filtered, and

the filtrate extracted repeatedly with 2N sodium hydroxide

solution. Acidification of the combined extracts yielded

a yellow precipitate which was extracted with ether.

Evaporation'of the ether yielded yellow needles, which

were crystallised from methanol.

Yield » 0.75 S»

M.p. <= 18? - 190° (rapid heating).

The melt resolidified slowly on"further heating, and

by the time the temperature had reached 220° it had set

completely to a brown solid which melted with decomposition

at 290°.

Lit. m.p. of 4-hydroxyfluoranthene » 185 - 187°.
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4-Acetoxyfluopanthene

The crude phenol (0.18 g. ) was heated at the boiling

point with acetic anhydride (20 ml.) and concentrated sulphuric
acid (4 drops) for 1 minute. The cooled solution was poured

into water and the product extracted with ether. The ethereal

solution was washed repeatedly -with sodium carbonate solution,

dried, and evaporated to a yellow oil. This was extracted

with a little boiling light petroleum (b.p. 60 - 80°).
Cooling of the solution yielded pale yellow risras.~

Yield - 0.12 g.

M.p. » 116 - 117°

^18^12^2 requires: - 0 » 83 • 2% H » 4.6%
Found:- 0 » 82.8% H «=> 4.9%*

Hydrolysis of 4-aminofluoranthene (von Braun, Ann., (1931)

488, 124).

The amine (0.$ g.) was heated in a sealed tube at 230°
with 1N hydrochloric acid for 20 hours. The product was

extracted with ether and the ethereal solution extracted

repeatedly with 2E sodium hydroxide solution. Acidification

of the extracts yielded a light brown solid.

Yield =» 0.2 g.

Most of the material melted at 185 - 187°, but some

did not melt. By the time the temperature had reached
220° the melt had resolidified completely.

The acetyl-derivative was prepared in the manner

already described.

M.p. - 115 - 117°*
Mixed m.p. with material obtained before = 115 ~ 116°.
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4~Methoxyfluoranthene

To a solution of sodium (1.15 3*) in dry methanol

(50 ml.) was added 4-hydroxyf.luoranthene (1.25 S»)i then a

solution of dimethyl sulphate (5 ml.) in dry methanol (10 ml.).

The mixture was heated under reflux for 50 minutes, then shaken

with ether and 21-1 sodium hydroxide solution. Acidification

of the aqueous layer gave a small quantity of starting

material. The organic phase was evaporated to dryness

and the resultant pale yellow solid dissolved in benzene

and passed through a column of alumina. (2" x |-M). A

small dark band remained at the top of the column and a

pale yellow band possessing a bright blue fluorescence

was eluted with benzene. Evaporation of the solvent yielded

a cream coloured solid which was crystallised from light

petroleum (b.p. 80 - 100°).
Yield » 1.05 g.

fiS.p. * 157 - 159°*

G17H12° requires!*- C « 87.9% H « 5*2%
Found;- C = 87.4% H = 5-7%
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SECTION II

Dinitration of 4-methoxyfluoranttiene

The ether (0.1 g. ) was allowed to stand in concentrated

nitric acid (5 ml.) for 18 hours at room temperature, then

the mixture was poured into water, and the yellow product

filtered off. This was insoluble in benzene, chloroform,

acetic acid, and acetone, but crystallised well from a mixture

of toluene and 1-methylnaphthalene as pale yellow needles.

Yield « 0.1 g.

M.p. = 2?8 ~ 283° (decomp.).

G1r7H1005N2 requires:- G = 63.4% " H * 3.1% N = 8.7%
Found:- G » 63.4% H « 3.7% N = 9.7%.

Mononitration of 4-metfaoxyfluoranthene

The ether (0.1 g.) was dissolved in acetic acid (10 ml.)

and to the cold solution concentrated nitric acid (1 ml.)

was added dropwise with vigorous stirring. The mixture

became deep yellow, and after being allowed to stand for 20

hours at room temperature, it was poured into water, and the

product extracted with ether. The organic layer was washed

with sodium carbonate solution and water, dried, and evaporated

to a yellow oil. This was dissolved in benzene and passed

through a column of alumina (8H x 3/4"). The appearance of

the column was as shown:-

vJhite. ligKt

<i&*k

ultva-viotofc

yellow >ii"< yellow
yellow —> m ■< colourless

^sole yellow > pi ^ bl>Ae

n
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1st. 100 ml* eluted

Evaporation yielded a small quantity of yellow oil

which soon crystallised.

Yield « 51

M.p. « 100 - 115°.
2nd. 100 ml. eluted

Evaporation yielded a very small amount of yellow oil.

Further fractions yielded only very small quantities of

oil.

The yellow crystalline solid from the first fraction

was heated in boiling light petroleum (b.p. 60 - 80°), and

to the suspension benzene was added till the solid just

dissolved. On cooling, yellow needles were deposited.

Yield => 6 mg.

M.p. = 117 - 118°.

G^^fL^OzH requiresi~ N « 5*1%
Found:- N » 4.7%.

On evaporation, the mother liquor yielded a solid,

m.p. = 105 - 119"• Crystallisation from various solvents

did not improve the m.p.

The nitration was repeated several times, allowing the

reaction to proceed for shorter times, but no more crystalline

material with a sharp melting point could be obtained.

Nitration of crude product from attempted mononitration
mmmmmmmmmmmrnmmmmmmmammtmimmmm i i hi i an n.n nun———n i ■ i«i

with concentrated nitric acid

A small quantity of the crude product obtained above of

m.p. 105 - 119° (30 rag.) was allowed to stand in concentrated
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nitric acid (2 ml.) for 18 hours at room temperature.

The mixture was then poured into water and the product

crystallised from a mixture of toluene and 1-methylnaph-

thalene.

Yield » 25 mg.

M.p. = 278 - 282° (decomp.).

Mixed m.p. with dinitromethoxyfluoranthene obtained before

» 2?8 - 285° (decomp.).

2-lvitrof luorene

The synthesis used was that given in "Organic Syntheses",

(1933), 12, 74.
2~Mtrofluorene-9~carboxylic acid

To a solution of potassium (10.3 g.) in dry methanol

(300 ml.) was added dimethyl oxalate (33 g«), and 2-nitro-

fluorene (28 g.). The mixture was heated under reflux for

5 minutes, then the methanol was distilled off by heating

on a boiling water-bath, finally under reduced pressure.

Acetic acid (300 ml.) was added, ; nd the mixture warmed and

swirled till most of the material had dissolved, giving a
i

yellow solution. Dilute sulphuric acid (60 ml. concentrated

acid + 300 ml. water) was added, and the mixture heated

under reflux for 90 minutes. The orange-yellow solution

was cooled, 3G$ hydrogen peroxide (140 ml.) was added,

and the mixture heated on the water-bath at 90 - 100°
for 60 minutes. Water (1000 ml.) was added to the cooled

mixture, and the orange precipitate filtered off, washed with

water, and dried.
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The crude product was susperded in boiling benzene

(100 ml.) and acetic acid added till a clear solution was

obtained. On cooling, pale yellow crystals were deposited

which were sufficiently pure for the next stage.

Yield «* 8.05 g.

A sample recrystallised from glacial acetic acid in

white prisms.

M.p. » 180 - 200° (decomp.).

requires:- C = 65.9% H = 3*5% H = 5*5%

Found:- C « 65.1% H « 3*5% N = 5*4%.

Evaporation of the mother liquors from the first crystal¬

lisation yielded an orange solid which was treated with

charcoal in, and twice crystallised from, acetic acid, as

orange-red needles.

Yield » 10 g.

M.p. » 220 - 222**
Mixed m.p. with a sample of 2-nitrofluorenone » 221 - 222".

2-Mitro-9-methoxycarbonylfluorene

2-Kitrofluorene-9-carboxylic acid (8.03 S*) was heated

under reflux with methanol (250 ml.) and concentrated sulphuric

acid (13 ml.) for 1 hour. The acid dissolved almost

as soon as the mixture reached the boiling point, and the

ester began to crystallise out a few minutes later. The

mixture was cooled and the ester filtered off and dried.

Yield » 7.71 g,

M.p. -180-181°.

Ci5Hh04N requires:- C = 66.9% H « 4.1% N « 5*2%
Found:— G = 66.8% H = 4.1% 1 ®* 5*2%.
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Attempted condensation of 2-nitro-9-methoxycarbonylfluorene

To the ester (1 g. ), suspended in dioxan (10 ml.)

was added acrylonitrile (0.25 g.), then 50% aqueous potassium

hydroxide (2 drops). The mixture, which immediately became

dark, was allowed to stand at room temperature for 10 minutes,

then warmed on a water-bath at 50 - 60° for 1 minute, when

a red solution and a reddish-brown oil were obtained. The

mixture was poured into dilute hydrochloric acid, and the

cream-coloured solid which separated was filtered off, and

crystallised from methanol as pale yellow plates.

Yield » 0.5 g.

M.p. ® 197 - 198°.

015H1105N requires:- C = 63.2% "H = 3-9% N = 4.9%
Pound: — 0 = 62.6% H « 3*8% N = 5*0%.

Action of hydrochloric acid and ethanol on 2-nitrc-9~hydroxy-

2-hitro-9-hydroxy-9~zaethoxycarbonylfluorene (0.2 g.)
was heated under reflux for 1 hour with concentrated hydroch¬

loric acid (10 ml.) and ethanol (10 ml.). The solution
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was then poured into water, and he product extracted with

ether. Extraction of the ethereal layer with sodium carbonate

solution gave only a few mg. of acid. The organic phase

was evaporated to a yellow oil which was crystallised from

a mixture of benzene and light petroleum (b.p. 60 - 80°) then

from methanol as pale yellow needles.

Yield = 70 Bg.

M.p. - 127 - 128°.
The identity of this compound has not been firmly estab¬

lished, but the analysis indicates that it is 2-nitro-9-hydroxy-9-

ethoxycarbonylfluorene.

G16a13°5N re9uiresi~ 0 " 64.2% H = 4.4% N • 4.7% •
Found:- C = 64.2% H » 4.5% N = 4.7%.

Action of sodium hydroxide on 2-nitro-9-methox;ycarbonyl-

fluorene

50% aqueous potassium hydroxide solution (1 drop)
was added to a solution of the ester (0*1 g.) in dioxan

(5 ml.). After 5 minutes, more dioxan (20 ml.) was added

and the brown solution turned yellow. The mixture was

heated on a water-bath at 60° for 10 minutes, then poured

into dilute hydrochloric acid and the product extracted

with ether. The ethereal solution was washed with water,

dried, and evaporated to yield a light brown solid. This
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was crystallised from methanol as yellow prisias.

Yield = 30 mg.

M.p. • 195 - 198°.
Mixed ru.p. with 2-nitro-9-hydroxy-9-methoxycarbonylfluorene

« 196 - 198°.

Methyl 2-nitro-9-(21-cyanoethyl)-fluorene-9-carboxylate
_NOt HOa

COOC^a

CN

A mixture of 2-nitro-9-methoxycarbonylfluorene (1 g.),

dry methanol (200 ml.), acrylonitrile (1 ml.), and 2N

aqueous sodium hydroxide solution (0.5 g*) was shaken in a

stoppered flask for 19 hours. Concentrated hydrochloric

acid (0.5 ml.) was then added, and the solution evaporated

to dryness. The resultant cream-coloured solid was crystal¬

lised from methanol.

Yield - 1.2 g.

M,p. = 136 - 137°.

C^gE^O^J^ requires:- C » 67*1% " H « 4.4% N « 8.7%
Found:- C * 67*2% H « 4.2% N » 8.7%.

2-Hitro-9~(21-carboxyethyl)-fluorene-9-carboxylic acid

CM

Methyl-2-nitro-9-(21 -cyanoethyl )-f luorene-9-ca.rboxylate

(0.2 g.) was heated under reflux for 90 minutes with concentrated
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hydrochloric acid (10 ml.) and ethanol (10 ml.). The cooled

solution was poured into water and the product extracted with

ether. The organic layer was extracted with sodium carbonate

solution. Acidification with concentrated hydrochloric acid

gave a white precipitate which was filtered off and crystal¬

lised from aqueous alcohol.

Yield « 0.1 g.

M.p. * 170 - 190w (effervescence).

Decarboxylation of 2~nitro~9-(2'-carboxyethyl)fluorene-9~

The acid (3 g.) was dissolved in sodium carbonate solution

(180 ml.) and the red solution heated under reflux, fox* 15

minutes. Acidification with concentrated hydrochloric acid

yielded an oily precipitate which soon solidified. This

was filtered off and crystallised from aqueous acetic acid

as pale yellow prisms.

Yield = 2.8 g.

M.p. » 153 - 155°♦
A sample was recrystallised several times from aqueous

acetic acid.

M.p. * 156 - 157°•

^16"®13%^ r9(iuires:~ C « 67.8% H a 4-.6% N » 4-.9$
Found:- C » 68.0% H « 4-.7% N » 4-.8%.
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2-jNitro-9-(2t-carboxyethyl)-fluorene without isolation of

dicarboxylic acid

2-Nitro-9-(2'-cyanoethyl)-9-methoxycarbonylfluorene

(3.8 g.) was heated under reflux with a mixture of acetic

acid (70 ml.), concentrated sulphuric acid (45 ml.), and

water (70 ml.), for 90 minutes. The solution was then

poured into water and the product extracted twice with

ether. The ethereal solution was repeatedly extracted

with sodium carbonate solution, and the combined carbonate

extracts were boiled for 15 minutes, filtered through

filter-cell, and acidified with concentrated hydrochloric

acid. The precipitated acid was filtered off and crystallised

from aqueous acetic acid.

Yield - 2.6 g.

M.p. - 154 - 156°.

4-0xo-1,2,3,4-tetrahydro-12-nitrofluoranthene

CooiA

Phosphorus pentoxide (92 g.) was dissolved in phosphoric

acid (75 ml.) by heating on the boiling water-bath for about

20 hours. To the solution was added 2-nitro-9-(2'-carboxy-

ethyl )-fluorene (2.5 g*)» and the mixture was heated on

an oil bath at 150° for 30 minutes, after which time most of

the acid had dissolved. The cooled brown solution was poured

in a thin stream into water (300 ml.), and the resultant
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brown precipitate filtered off and dried. This was then

boiled with benzene, (150 ml.) and the solution treated with

charcoal, and filtered hot. The solution was extracted with

sodium carbonate solution. Acidification of the carbonate

extract gave a small quantity of starting material (0.15 g»).

The benzene solution was dried, and evaporated to yield

a yellow crystalline solid.

Yield b 1.6 g.

M.p. « 222 - 226°.
A small quantity was recrystallised several times from

a mixture of alcohol and benzene, then from a mixture of

toluene and light petroleum (b.p. 100 - 120°) as yellow

prisms.

M.p. « 226 — 230°.

G^H^Oyj requires:- C » 72.4% H » 4.2% N » 5*3%
Found:- C « 72.6% H = 4.0% N - 5.2%.

The 2,4-dinitrophenylhydrazone was prepared in the

usual way, and crystallised from a mixture of toluene and

1-methylnaphthalene in red prisms.

G22H13°6N5 :pe^tL'-res:"" N " 15*7%
Found: - N = 15»'1%.

Attempted conversion of 4-oxo-1,2,3»4—tetrahydro-12-nitro-

fluoranthene to 4-hydroxy-12-nitrofluoranthene

* MM

ort

The ketone (0.2 g.) was heated under reflux with 30%
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palladium-charcoal catalyst in 1-methylnaphthalene for 20

hours in a current of carbon dioxide in the apparatus described

on page 84* The mixbure was cooled, diluted with benzene

and filtered, and the reddish brown filtrate shaken repeatedly

with 2N sodium hydroxide solution. Acidification of the

alkaline extracts caused no precipitation to occur. The

organic layer was evaporated to dryness and a black solid was

obtained. Attempts were made to crystallise this but the

material was insoluble in all the usual solvents and did

not melt below 360°.

4-Hydrox:/-1,2,3 «4-tetrehydro-12-nitrofluoranthene

4-Oxo-l,2,3»4-tetrahydro-12-nitrofluoranthene (0.8 g.)

was heated under reflux for 15 minutes with a molar solution

(20 ml.) of aluminium isopropoxide in isopropyl alcohol.

The solvent was then slowly distilled (5 drops per minute)

through a Hahn condenser. After 2 hours of slow distill¬

ation, when no more acetone could be detected in the distillate,

the solvent was removed in vacuo at 100°. Dilute hydrochloric

acid was added to the residue, and the product was then

extracted with ether. The ethereal solution was washed

with water, dried, and evaporated to a yellow oil which

soon solidified. This was crystallised from a mixture of

benzene and light petroleum (b.p. 80 - 100°) as cream-

coloured needles.
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Yield = 0.66 g.

M.p. « 103 - 112°.
A small sample was recrystallised twice more from

benzene/light petroleum as almost white needles.

M.p. « 118 - 120°. A few crystals

did not melt until the temperature had reached 135°•
requires:- 0 » 71*9% H = 4.9% H « 5*2%

Found:- C - 72.5% H - 4.9% N = 4.7%.

Attempted dehydration of 4-hydroxy~1 t2«3«4-tetrah;ydro-12~

nitrofluoranthene

The carbinol (0.5 S») was shaken in dry benzene (20 ml.)

for 45 hours with phosphorus pentoxide (1 g.). The mixture

was then extracted with benzene and water, and the organic

layer washed with sodium carbonate solution, dried, and

evaporated to yield a brown solid.

Yield » 0.46 g.

M.p. » 112 - 120°.
Mixed m.p. with starting material « 94 - 120°.

Attempts were made to crystallise this from alcohol,

but very little material separated from the hot saturated

solution on cooling. The alcohol was evaporated off, and

the product dissolved in benzene and adsorbed on a column of

alumina (9" x 3/4"). The column was developed and eluted

with a mixture of benzene and light petroleum (b.p. 60 - 80°)
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in the proportion 2:1. The following products were obtained

on evaporation of successive fractions of eluate.

1st 100 ml. Pale yellow solid (40 mg.), m.p. = 104 - 114°.
2nd 100 ml. Yellow solid (80 mg.), m.p, ® 110 - 145^*
3rd 100 ml. Yellow solid (200 mg.), m.p. » 148 - 158"*

The last two fractions were combined and crystallised

from alcohol as yellow needles.

Yield = 0.18 g.

M.p. = 165 - 166°.

11-Nitrofluoranthenes C^gH^OgK requires:- C ® 77«8% H =» 3*6%
N = 5.7%

Found:- C = 77.2% H - 3.4%

N = 5.6%.

The material from the first fraction off the column

was recrystallised from ethanol in cream-coloured needles.

M.p. - 106 - 116°
Mixed m.p. with starting material = 102 - 11813.

Further crystallisation from alcohol failed to improve

the melting range.

Attempted dehydrop^enation of aarbinol by chloranil

The carbinol (0.2 g.) was heated under reflux with

chloranil (0.2 g.) in sulphur-free xylene (10 ml.) for 20

hours, then the mixture was diluted with benzene and filtered

hot. The filtrate was shaken repeatedly with 2N sodium

hydroxide solution, washed with water, dried, and evaporated
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to yield a drown solid. This was crystallised from ethanol

as yellow needles.

Yield = 48 rag.

M.p. = 162 - 165°.
Mixed a.p. with 11-nitrofluoranthene ■ 164 - 166u.

The mother liquor was evaporated down and a reddish oil

obtained.

Yield = 74 rag.

11-Arainofluoranthene

A solution of 11-nitrofluoranthene (0.19 S») i& ethyl

acetate (50 ml.) was shaken with Raney nickel (0.1 g.)

in an atmosphere of hydrogen till uptake of hydrogen ceased.

Theoretical uptake « 51-5 ral.

Actual M « 58.0 ml.

The mixture was filtered and the filtrate, which possessed

an intense green fluorescence evaporated to yield a yellow

solid. This was crystallised from a mixture of "benzene and

light petroleum (b.p. 60 - 80°) as bright yellow needles.

Yield «* 0.15 §•

M.p. » 169 - 171°.
Mixed m.p. with starting material » 150 - 155° •
Lit. m.p. of 11-aminofluoranthene • 168 - 169°. (von Braun

and Manz, Ann., 1952, 496, 181.).
11-Acetaiiiidof luoranthene

11-Aminoflucranthene (25 rag.) in dry benzene (10 ml.)

was treated with ketene for 5 minutes. On evaporation, the

solution yielded yellow needles which were crystallised from

benzene.
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Yield ■ 10 rag.

M.p. - 195 - 196°.
Lit. m.p. of 4~acetaaidof luoranthene « 191 - 192^.
Braun and Manz, Ann., 1932, 4-96, 132).

(von

Methylation of 4-hr/droxy-1,2,3.4--tetrahydix)-12-nitrofluoranthene
Moz ' No*

\s

II I (J &3*0

OK " ^OCKa

The alcohol (0.2 g.) was heated under reflux in methyl

iodide (20 ml.) and silver oxide (1 g.) was added in portions

over a period of 3 hours. A further quantity of silver

oxide (1 g.) was added and the mixture boiled overnight,

diluted with ether, and filtered hot. On evaporation of

the solvents a brown oil was obtained.

Yield « 0.187 g.

As this oil could not be made to crystallise, it was

dissolved in benzene and adsorbed on a column of alumina

(8" x •§■")• On development with a mixture of benzene and

light petroleum (b.p. 60 - 80°) in the proportion 1:2 the

appearance of the column was as shown;—

wWlbe UqKfc

^>ale yellow

<-

<r

de-c^j yellow
yellow

Zone IV

Zo«e HI

d»e(p yellow

^>«le yetUlow

"Zone u_

lo«e JL
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On elution and evaporation, Zone I yielded a small

quantity of uncrystallisable yellow oil. Zone II yielded

a semi-solid which was crystallised from ethanol.

Yield o )0 ig»

M.p. * 163 - 165°.
Mixed m.p# with 11-nitrofluoranthene » 163 - 165°.
Zones III and IV both yielded an uncrystallisable yellow

oil.

Combined yield » 0.12 g.

4~Methcxy-1,2,3,4—tetrahydro~12-nitrofluoranthene raquires:-

OOH^ « 11.5%
Found:- OCH^ = 7*7%

The crude methoxy compound (0.1 g.) was heated under

reflux with chloranil (0.1 g*) in sulphur-free xylene

(10 ml.) for 24 hours, then the clear solution was diluted

with benzene and extracted with 2N sodium hydroxide solution.

Acidification of the extract gave no precipitate, and

evaporation of the organic layer gave a black uncrystallisable

oil.

2,7-Pinitrofluorene

The nitration was carried out according to the method

of Courtot, Ann. de Ghim., 1930, (10), 14, 84. The yield

from 100 g. fluorene was 64 g., after 3 recrystallisations

from nitrobenzene.

M.p. » 315 - 320°.
Lit. m.p. » 334°.

2-Mtro~7~aminofluorene (c.f. Cislak and Hamilton, J.A.C.S.,

1931» 748). The following modified procedure was adopted.
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To a suspension of finely divided 2,7-dinitrofluorsne

(30 g.) in boiling 95% alcohol (1800 ml.) was added concentrated

ammonia (200 ml.). The mixture was kept just below its

boiling point and a vigorous stream of hydrogen sulphide

passed through. After 4 hours, further additions of alcohol

(150 ml.) ana concentrated ammonia (20 ml.) were made and

2 hours later, more concentrated ammonia (30 ml.) was added.

Hydrogen sulphide was passed vigorously through the suspension

for a total of 27 hours, then the mixture was cooled to

room temperature and filtered. The residue was extracted

repeatedly with dilute hydrochloric acid.

Acidification of the combined extracts yielded 12 g.

of crude 2-nitro-7~aminofluorene* 14 g. of starting material

was recovered. A sample of the product was crystallised

from alcohol as red needles.

M.p. « 225 — 230°.
Diels (Ber., 1902, 3284) quotes m.p. « 229°.
2-Kitro-7-hydroxyfluorene

Ice (200 g.) was added to a solution of 2~nitro-7-

aminofluorene (1 g. ) in concentrated sulphuric acid (4-5 ml.),

then a solution of sodium nitrite (0.35 water (25 ml.)

added dropwise with stirring, and stirring continued for 45

minutes. The suspension was added over a period of 25

minutes to a boiling mixture of concentrated sulphuric

acid (10 ml.) and water (500 ml.). The mixture was cooled,

filtered, and the resultant brown powder boiled with charcoal

in ethanol (50 ml.). The solution was filtered and evaporated

somewhat, and on cooling, it deposited an orange solid
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which was recrystallised from alcohol (charcoal) as yellow

prisms*

Yield = 0*5 6»

M#p. * 240 - 250° (decomp.).

Repeated crystallisations from various solvents did not

improve the melting point.

G15h9°3W re^uireBJ"* G * 68«?% H » 4,0% N = 6.2%
Round:- C » 67.5% H * 4.2% H « 5.2%.

Diazotisation of the hydrochloride gave yields varying between

20% and 50%- n

2-Nitro-7-acetamidofluorene

A small quantity of the phenol was boiled for 1 minute

in a mixture of acetic anhydride (10 ml.) and concentrated

sulphuric acid (3 drops). The solution was poured into

water and the product extracted with ether. The ethereal

solution was washed repeatedly with sodium carbonate, dried

with anhydrous sodium sulphate and evaporated to a solid

which was crystallised from alcohol as cream-coloured

plates.

M.p. « 193 - 195°.

G15H11°4N requires:- 0 * 66.9% H « 4.1% H « 5.2%
Pound:- C ® 66.4% H » 4.0% N = 5.3%.

Hydrolysis of 2-nitro-acetamidofluorene

A small quantity of 2-nitro-7-acetaraMofluorene was

heated under reflux with a mixture of alcohol (10 ml.)

and concentrated hydrochloric acid (10 ml.) for 30 minutes.

Ethanol was added dropwise to the boiling solution till the

solid just dissolved. On cooling, the solution deposited
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yellow needles.

M.p. » 241 - 251° (decornp.)*

Mixed m.p. with 2-nitro-7--hydroxyfTuorene =» 240 - 250" (decomp.)

C13H9°3N re<?uires:- 0 » 68.7% H = 4.0% N « 6.2%
Found: — G » 68.3% H ~ 4.0% N » 5*4%.

2-Nitro-7~rnet lie 'xytluorene

(1) Methylation "by diazomethane

2-Nitro-7-hydroxyfluorene (0.34 g.) was dissolved

in dry methanol (30 ml.) and the solution added to a solution

of diazomothane (prepared from 4 g. nitrosomethylurea) in

dry ether (45 ml.). The flask was sealed with a calcium

chloride tube and allowed to stand for 20 hours in the

refrigerator. The solution was treated with concentrated

hydrochloric acid (5 drops) and reduced in volume to 5 &1«

The solid which had separated was filtered off, dissolved

in chloroform and passed through a column of alumina (4" x 3/4")

On development with chloroform, two bands become apparent,

one, deep yellow, which adhered firmly to the alumina, and

the other, pale yellow, which was easily eluted. Evaporation

of the eluate yielded a yellow solid which was crystallised

from acetic acid then from a mixture of benzene and light

petroleum (b.p. 100 - 120°) as yellow needles.

Yield = 0.08 g.

M.p. « 219 - 220°.

C^H^O^N requires:- G = 69.?# H » 4.6% N « 5.8%
Found:- G » 68.6% H » 4.6% N » 6.3%.
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(2) Methylat ion by dimethyl sulphate in water

The phenol (0.2 g.) was heated under reflux with

dimethyl sulphate (2.5 ml.) in a solution of sodium hydroxide

(2 g.) in water (50 ml.) for 2 hours. Only black insoluble

tars were obtained when the mixture was extracted with ether.

(5) Methylation by dimethyl sulphate in dioxan

The phenol (0.2 g.) was heated under reflux with

anhydrous potassium carbonate (3 g.) and dimethyl sulphate

(2 ml.) in dioxan (20 nil.) for 30 minutes. The solution

was poured into 1K sodium hydroxide solution (200 ml.)

and the yellow solid which precix>itated filtered off and

crystallised twice from a mixture of alcohol and acetic

acid as orange-yellow needles.

Yield « 0.10 g.

M.p. = 215 - 218°.
Mixed m.p. with material from diazomothane methylation »

215 - 219°.

(4-) Methylation b?,r dimethyl sulphate in xylene

The j^henol (2.25 ) was heated under reflux with

anhydrous potassium carbonate (35 S*) and dimethyl sul hate

(22 ml.) in xylene (225 ml.) for 30 minutes. The solution

was filtered hot, evaporated down to about half volume, then

cooled in ice. The precipitated solid was filtered off,

washed with a little methanol, and crystallised twice from

acetic acid (charcoal).

Yield » 1.3 g.

M.p. « 214- - 217°.
Mixed m.p. with material from diazomethane methylation »

215 - 218°•



158

Attempted condensation of 2-nitro-7-methoxyfluorene with

(1) To a solution of potassium (0*35 g-) in dry

methanol (50 ml.) were added 2-nitro-7-methoxyfluorene (1 g.)

and dimethyl oxalate (0.98 g«)« The mixture was boiled for

5 minutes, then slowly distilled on a water-bath, finally
under reduced pressure. The resultant black solid was warmed

with acetic acid (15 ml.) when the colour changed to yellow,

but very little material dissolved. A mixture of water

(15 ml.) and sulphuric acid (3 ml.) was added, and the

mixture heated under reflux for 60 minutes, cooled to room

temperature, diluted with water (25 ml.), and filtered.

The yellowish-brown residue was crystallised from acetic

acid (charcoal) as yellow needles.

Yield « 0.3 S«

M.p. = 215 - 218°.
Mixed m.p. with starting material * 215 - 218°.

Evaporation of the mother liquors yielded only an

intractable oil,

(2) 2-nitro~7-methoxyfluorene (0.78 g.) and dimethyl

oxalate (1.15 S») were added to a solution of potassium

(0.39 S») in dry methanol (50 ml.). The methanol was

distilled off at atmospheric pressure and the black residue

heated on the boiling water-bath for 35 minutes. Acetic
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acid (15 ml.) was added, then a mixture of water (15 ml-)
and sulphuric acid (3 ml*), and the mixture heated under

reflux for 90 minutes, then filtered hot. The solution

(deep green) deposited nothing on cooling, and the residue

(black) was insoluble in the common organic solvents.

An attempted condensation with diethyl oxalate gave no

better results.

S-Aminofluorenone (Eckert and Langecker, J. Pr., (1928),

118, 269).

30 g, 2-nitrofluorenone was reduced by sodium sulphide

and sodium hydroxide, and the product extracted with dilute

hydrochloric acid. Neutralisation of the extracts gave

20 g. pure 2-arninofluoronone.

M*p. - 154 - 155°.
2-Mtpo-7-arainol'luorenone (Goulden and Kon,

1945, 930 and Eckert and Langecker, J. Pr*, (1928) 118, 269).

2-Aminofluorenone (5 G*) was dissolved in concentrated

sulphuric acid (55 ml.) and the solution cooled to 0°. A

solution (4 ml.) of fuming nitric acid (1 volume) in "concentrated

sulphuric acid (2 volumes) was then added dropwise with

vigorous stirring over a period of 15 minutes, and stirring

continued for a further 15 minutes. The solution was

poured on ice (250 ml. ) and made alkaline by the addition of

2N sodium hydroxide. The free base was filtered off and

crystallised twice from nitrobenzene as beautiful reddish-

black needles.

yield = 4.1 g.

M»p. « approximately 275° (decomp.).
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2~I\1itro~7~hydrox;/ilucrcrior:i.e

2-Kitro-7-aminofluorenone (3»6 g.) was dissolved in

concentrated sulphuric acid (10 ml.) and the solution cooled

to 0°. Sodium nitrite (1.2 g.) was added gradually with

stirring, and the mixture allowed to stand at 0° for 1

hour then poured on ice (360 g.)♦ The mixture"was heated

slowly to the boiling point and the suspended solid, which gradually
turned red, was filtered off. This material was sufficiently

pure for the next stage.

Yield = 3*5 S*

M.p. = 280 - 295° (decomp.).

Methylation of 2-nitro-7~hydpox y1' luopenone

An attempt was made to repeat the method of Sckert and

Langecker (J. Pr., (1928) 118, 269) but this was not very

successful, and the following method was adopted.

2-Nitro-7-hydroxyfluorenone (7«6 g.) was heated under

reflux with anhydrous potassium carbonate (23 g.) and dimethyl

sulphate (12 ml.) in chlorobenzene (380 ml.) for 45 minutes.

The solution was filtered hot and the potassium carbonate

washed with a little hot chlorobenzene. The combined filtrate

and washings were evaporated to 100 ml. then light petroleum

(b.p. 100 - 120°) was added to the boiling solution till

precipitation just began. On cooling, the solution yielded

a dark brown solid which was crystallised from acetic

acid (charcoal), then from chlorobenzene, as pale yellow

needles#

Yield =* 4.0 g.

M.p. = 245 - 249°.
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Attempted Grlguard reaction on 2~nitro-7~methoxyfluorenone

(1) A solution of methylmagneslum iodide (prepared from

1.22 ml. methyl iodide and 0.376 g# magnesium) in anhydrous

ether (25 ml.) was added dropwise to a boiling solution of

2-nitro-7~methoxyfluorenone (1 g,) in dry benzene (350 ml.)
over a period of 10 minutes.

As soon as the addition of a few drops of the Grignard

reagent took place the solution became deep red and solid

began to separate. After being boiled for a further 15

minutes the mixture was cooled in ice, then poured on a mixture

of ice (100 g. ) and concentrated sulphuric acid (5 ml.).
The organic layer was shaken with sodium carbonate solution

when a reddish-brown extract was obtained. This was separated,

and on acidification yielded a black amorphous solid.

Yield - 0.4 g.

Attempts to crystallise this met with no success, the

material being very insoluble in the common solvents.

The organic layer was evaporated, and an intractable

black oil obtained,

(2) To a mechanically stirred solution of methyl-

magnesium iodide (prepared from 0. 62 ml. methyl iodide and

0.158 g. magnesium) in dry ether (10 ml.) was added a cold

suspension of 2~nitro~7~methoxy£luorenone (0.42 g.) in dry

benzene (140 ml.) in four portions ovor a period of 30

minutes. As soon as the ketone was added the mixture

became reddish-brown. Stirring at room temperature was

continued for 22 hours, then the mixture was poured into a

mixture of ice and saturated ammonium chloride solution.
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The product was extracted with benzene, and the organic

layer washed with dilute hydrochloric acid and sodium

carbonate solution, then dried, and evaporated to yield

a brown solid. This was crystallised from chlorobenzene as

bright yellow needles.

Yield « 0.3 g.

M.p. - 243 - 246°.
Mixed m.p. with starting material « 243 - 248°.

(3) 2-Nitro-7-methoxyfluorenone (0.2 g.) was dissolved

in purified dimethylaniline (50 ml.) by heating. The solution

was cooled to room temperature, and a small quantity of the

ketone crystallised out. A solution of methylmagnesium

iodide (prepared from 0.075 g..magnesium and 0.24 ml. methyl

iodide) in dry ether (5 ml.) was added to the suspension in
3 vj.

dimethylaniline, and the flask stoppered and shaken for 20

hours at room temperature. The mixture was then poured into

water and extracted with benzene. The organic layer was

washed repeatedly with dilute hydrochloric acid to remove

the dimethylaniline, and the benzene solution evaporated to

dryness. A brown residue was obtained which was crystallised

several times from chlorobenzene.

Yield » 0.11 g.

M.p. « 242 - 246°.
Mixed m.p. with starting material » 243 - 247°.
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SUMMARY

Section I

(1) Attempts have been made to synthesise 2-oxo-

1 tetrahydrofluoranthene and 3-oxo-1 ,2,3»4-tetrahydro-

fluoranthene.

(2) 4-Aminofluoranthene has been obtained from

4-hydroxyimino-1,2,3,4-tetrahydrofluoranthene by treating

the latter with activated charcoal or 3Q& palladium-charcoal

catalyst.

(3) Attempts were made to obtain 4-hydroxyfluoranthene

from 4-0X0-1,2,3,4-tetrahydrofluoranthene by bromination with

H-bromosuccinimide followed by dehydrobromination, and also

to obtain 4-hydroxyfluoranthene and substituted 4-hydroxy-

fluoranthenes by cyclisation of 0-9-fluorenylacrylic acid
and related compounds.

(4) It has been shown by a study of its absorption

spectrum that the acid prepared by Campbell and Fairfull

(J.C.S., 1949, 1239) condensation of acrylonitrile with

9-fluorenol followed by dehydration is probably 0-9-fluorenyl-

acrylic acid, and not p-fluorenylidenepropionic acid.

(5) 4-n-propylfluoranthene has been synthesised by

allowing 4-oxo-1,2,3,4-tetrahydrofluoranthene to react with

allylmagnesium bromide, and treating the product with palladium-

charcoal. An attempt was also made to prepare 4-ethyl-

aminofluoranthene from the "Schiff's Base" prepared from

4-0X0-1,2,3j4—tetrahydrofluoranthene and 2-aminoethanol.

(6) 3-Benzylidene-4-oxo-1,2,3,4-tetrahydrofluoranthene

has been synthesised and converted to 3~benzyl-4-hydroxypiUOranthene
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in the presence of palladium-charcoal. 2-Benzyl-1-naphthol

has also been prepared from 2-benzylidene-1~tetralone.

Attempts have been made to convert 4-oxo-1,2,3,4-tetrahydro-

fluoranthene to 3-methyl-4-hydroxyfluoranthene by condensation

with dimethylamine hydrochloride and formaldehyde followed by

decomposition of the Mannich Base.

(7) Attempts were made to convert 4-oxo-1,2,3»4-

tetrahydrofluoranthene to 3»4-dihydroxyfluoranthene by

oxidation with selenium dioxide and by condensation with

p-nitrosodimethylaniline followed by hydrolysis of the

resultant "anil".

(8) 4-Hydroxyfluoranthene has been prepared in moderate

yield by heating 4-oxo-1,2,3»4-tetrahydrofluoranthene with

palladium-charcoal.

Section II

(1) 4-Methoxyfluoranthene has been nitrated and a

mononitro- and a dinitro- derivative have been obtained,

(2) With a view to the orientation of these products

attempts were made to synthesise 3»11-dinitro-4-methoxy-

fluoranthene and 3,12-dinitro-4~methoxyfluoranthene.
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