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INTRODUCTION 

FLUORANTINE - ITS DISCOVERY AND STRUCTURE 

An excellent comprehensive review of the 

literature relating to the chemistry of fluoranthené 

has been made recently by Tucker and Whalley (1). 

It has been decided, therefore, to give here only a 

brief introductory note on the discovery and structure 

of fluoranthene, followed by some account of its 

substitution reactions. 

In 1844 Boedeker (2) distilled the mercury ores 

of Idria and isolated a hydrocarbon fraction which 

was later shown by Goldschmiedt (3, 4, 5) to consist 

of anthracene, chrysene, phenanthrene, pyrene and 

new he called idryl. Fittig 
i 

and Gebhard (6, 7) isolated a coal tar hydrocarbon 

which they named fluoranthene, and which was, they 

claimed, identical to idryl. They suggested that 

the structure of this hydrocarbon could be represented 

by the formula I which was based on a mistaken 

formula of C15H10. 

Such/ 
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Such a formula is highly unlikely from the 

viewpoint of bond strain theory, and indeed was 

later replaced by formula II which was suggested by 

von Braun and Anton (8). Structure II was proved 

by synthesis (8) from 9- ethoxycarbonylfluorene. (III). 

The system of numbering the carbon atoms in 

fluoranthene adopted by von Braun and Anton is that 

shown in formula IV. This is used by Chemical 

Abstracts. Later von Braun and Anton adopted the 

system shown in formula V which is now used by 

European chemists, and is employed throughout this 

thesis. 

Iv 

THE SUBSTITUTION OF FLUORANTHENE 

It 12. 

The early work in the field of fluoranthene 

substitution yielded only a number of polysubstìtuted 

derivatives the orientation of which remained 

unknown. Tribromo and trichloro derivatives were 

described; 
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described by Goldschmiedt (5), and more recently a 

tetrachlorofluoranthene was isolated by Gerty (9). 

Sulphonation with warm concentrated sulphuric acid 

gave a fluoranthenedisulphonic acid (5), and 

nitration with concentrated nitric acid gave a 

trinitro compound (6). 

It was shown later by von Braun and Manz (10) 

that under milder conditions than those previously 

employed a number of monosubstituted fluoranthenes 

were formed. The mono -bromo, nitro and sulphonic 

acid derivatives were shown to have the same 

orientation. The bromo compound was converted to +he 

carboxylic acid, through the nitrile, and this was 

shown to be identical to the carboxylic acid derived 

from the sulphonic acid by fusion with potassium 

cyanide followed by hydrolysis. Fusion of the 

sulphonic acid with alkali gave a phenol, and this 

on treatment with ammonia yielded an amine identical 

to that obtained by reduction of the nitro compound: 

The 4- position was considered to be the most 

probable point of attack and this was verified 

experimentally as follows: 

(a) 1: 2: 3 :4- tetrahydro- 4- oxofluoranthene (VI) was 

reduced to the corresponding alcohol, and hydroxy- 

fluoranthene was tetrahydrogenated. Although the 

secondary alcohols thins obtained were not identical; 

being probably stereoisomeric, they yielded the 

same/ 
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same derivative with phenyl isocyanate. 

OH OH 

(b) The aminofluoranthene VII was tetrahydro- 

genated to gave the ar- amino- 5:6:7:8 -tetrahydro- 

fluoranthene VIII which was acetylated and oxidised 

to give a keto carboxylic acid with the same number 

of carbon atoms. Gn deacetylation the product 

eliminated water to form a lactam (1X). This was 

possible only if the amino group was in the 4- 

position. 

Von Braun..and Manz (11) also investigated the 

Friedel- Crafts reaction on fluoranthene. They 

showed that the reaction of fluoranthene and oxalyl 

,chloride in the presence of aluminium chloride gave 

a monocarboxylic acid together with a second mono - 

carboxylic acid and a dicarboxylic acid in smaller 

amounts. Similarly the Friedel- Crafts reaction 

with benzoyl chloride yielded two monobenzoyl- 

fluoranthenes one of which was obtained in smaller 

quantity than the other. 

The/ 
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The two monocarboxylic acids were converted 

into the corresponding amines by the Curtius 

degradation of the hydrazides. Likewise the two 

benzoylfluoranthenes were converted to amines by the 

Beckmann transformation of their oximes, followed by 

hydrolysis. It was shown by these means that the 

monosubstituted products formed in larger amount 

had the same orientation and those formed in smaller 

amount were both substituted in the 4- position, the 

amines/ 
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amines derived from them being identical to the 4- 

aminofluoranthene mentioned before. 

That the main product of the Friedel- Crafts 

reaction was substituted in the 10- or 11- position 

was proved by oxidation of the fluoranthenecarboxylic 

acid to give a mixture of two fluorenonedicarboxyli 

acids (X and XI). If the fluoranthenecarboxylic 

XI 

acid were the 2- or 3- derivative, o;ly one fluoreno e 

dicarboxylic acid would be formed. 

The Friedel- Crafts reaction with phthaloyl 

chloride gave two o- carboxybenzoylfluoranthenes the 

orientations of which were identical to those in th- 

cases described above, that is,a 4- (o- carboxybenzoy ) 

fluoranthene and one which was either the 10- or 11 

compound. Ring closure of the latter was shown by 

on Braun and Manz (11) to give two quinones (XII 

and XIII), one of which was a red substance, m.p. 

228 °C, thought to be XII, and the other a yellow 

substance, m.p. 332- 333 °C, thought to be XIII. The 

Formation of two quinones indicated that the o- 

carboxybenzoyl group had been in the 11- position 

since/ 
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since the 10- substituted compound would give only 

one quinone (XIII). 

It has been shown recently by Campbell and Crow 

(12) who synthesised XII, that von Braun's assignmeit 

of structures must be reversed since XII is a 

yellow compound melting above 310°C. 

A further examination of the Friedel- Crafts 

reaction with benzoyl chloride was made by Campbell 

and Easton (13) who showed that, contrary to the 

findings of von Braun and Manz, the 4- and 11- 

derivatives were formed in approximately equal 

quantities. In the cases of bromination, 

sulphonation and nitration it has been shown that a 

well as the main 4- substituted products some of the 

11- isomers were also formed (14). 

The acetylation of fluoranthene with acetyl 

chloride and aluminium chloride in carbon disulphidé 

was carried out by Buu -Hoi and Cagniant (15) who 

claimed to have isolated 11- acetylfluoranthene in 

good/ 
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good yield. It was, they alleged, converted into 

11- acetamidofluoranthene by .a Beckmann transformation 

of its oxime, and was thus correlated with the 11- 

acetamidofluoranthene prepared by von Braun and 

Manz (11) from 11- aminofluoranthene. It has since 

been shown, however, that this "acetylfluoranthene" 

was in fact a mixture of three compounds -he 4- acetyl, 

another monoacetyl derivative which was thought to 

be the 11- compound, and a diacetyl derivative (13). 

Summarising, it has been shown that mono - 

substitution in fluoranthene occurs at the 4- and 

11- positions, though there apl)ears to be some 

variation in the proportion of these isomers formed in 

different reactions. 

The sim.ilarity to fluoranthene borne by 

0( -phenylnaphthalene was indicated by von Braun and 

Anton (14), and they pointed out that bromination, 

nitration, sulphonation and the Friedel- Crafts 

reaction all resulted in monosubstitution at the 

4- position (XIV), but no 3'- or 4'- derivatives were 

isolated. 

X v 
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Erornination of fluoranthene in nitrobenzene 

gave a dibromo compound (16), the orientation of 

which was elucidated by Campbell (17, 16, 19). 

Oxidation of the dibromofluoranthene (XV) with 

chromic oxide gave a dibromo- l- carboxyfluorenone (XYI) 

which or decari?oxylation with copper and quinoline gave 

2- bromo- fluorenone (XVII). Decarboxylation with 

mercuric oxide gave 2:7- dibromofluorenone (XVIII). 

A second oxidation product was also isolated, and 

this proved to be 6- bromo- l- carboxyfluorenone (XIX). 

This evidence indicated that the bromines in 
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dibromofluoranthene occupied the 4- and 11- positions. 

4:11- Dibromofluoranthene was synthesised by Holbro 

and Tagmann (20), and its identity with the dibromo 

compound obtained by direct bromination was shown. 

B! 

(3- 

CK COO CN? 

Br 

g, 

The structures of the three acetylfluoranthenes 

were elucidated by Campbell, Leadill and Ì ilshire 

(21). The identities of the mono -acetylfluoranthenes 

were shown by their conversion to the corresponding 

acetamidofluoranthenes by the Schmidt reaction. 

The orientation of the 11- acetylfluoranthene was 

confirmed by its oxidation to 11- carboxyfluoranthene. 

Acetylation/ 
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Acetylation of both the 4- and 11- acetylfluoranthen s 

gave the same diacetylfluoranthene indicating that 

it must be either the 4:11- or the 4:12 -compound. 

That it was indeed the 4:12- compound was demonstrated 

by the fact that the dicarboxylic acid obtained by 

oxidation was different from that derived from 4:11 - 

dibromof luoranthene through the dinitrile. 4:12 - 

Dibromofluoranthene was prepared from the diacetyl 

compound by the Schmidt reaction followed by hydrolysis 

and diazotisation of the resulting amine. 

COCH3 
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Summarising, disubstitution has been shown in 

the case of bromination to form the 4:11- compound, 

and in the case of acetylation the 4:12- compound. 

Sulphonation of fluoranthene followed by fusio 

with potassium hydroxide is claimed to yield a 

'quinhydrone- like" subst.nce (22). The formation 

of such a compound would be explained by 4:11 - 

substitution. 

OH 

OH O 
It has recently been shown (23) that 4:11 - 

dibrornofluoranthene (XV) on Friedel- Crafts acetylation 

yields 4:11- dibromo -12- acetylfluoranthene (XX) from 

which is obtained 4:11:12 -tribromofluoranthene (XXI 

identical to the product obtained by the direct 

bromination of fluoranthene. The structure of the 

tribromofluoranthene was confirmed by oxidation to 

4:5- dibromophthalic acid (1 iIV) together with 2:6:7 - 

tribromo -l- carboxyfluorenone (XXII) and 6:7- 

dibromo- l- carboxyfluorenone (XXIII) . No other 

trisubstituted fluoranthenes have been orientated. 

Von Braun/ 
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Von Braun and Manz (11) demonstrated that 

monosubstitution in 1:2:3:4 -tetrahydrofluoranthene 

occurs mainly at the 5-position together with the 

formation of smaller amounts of the 11- isomer. 

Von Braun's work referred to chlorosulphonation, 

bromination and the Friedel- Crafts reaction with 

phthalic anhydride. 'Jilshire (24) has shown, 

however, that the course of nitration is different. 

On nitration with nitric acid in acetic acid,tetra- 

hydrofluoranthene gave a mixture of two products, 

namely 2- nitro -l- hydroxy- 1:2:3:4- tetrahydrofluoranthene 

(xxY )/ 
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(V) and its dehydration product, 2- nitro -3:4- 

dihydrofluoranthene (X VI) which was dehydrogenated 

to give 2-nitrofluoranthene (_XVII) . The structure 

of the latter was proved by its oxidation to the 

nitrocarboxyfluorenone (XXVIII) followed by 

decarboxylation to give 4- nitrofluorenone ( XIX). 

Noz 

XXVI 

?(XVII k X Ni 1i 

10 
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OBJECT OF RESEARCH 

The main object of the research described in 

the following pages was to gain some definite 

knowledge of the disubstitution of fluoranthene. 

It was intended that various monosubstituted 

fluoranthenes should be further substituted, and the 

'products orientated. It was hoped that an 

appraisal of the data thus obtained in the light of Í 

current theories of aromatic substitution would give 

,insight into the substitutional directing influences 

within the fluoranthene molecule. 



17 

DISCUSSION 

EXPERIMENTAL RESULTS 

The experimental details given at the end of 

this thesis are written largely in chronological 

order, and the division into sections is purely 

arbitrary. This has been done in order to simplify 

the presentation and discussion of results. The 

following discussion of experimental approach and 

results is accordingly divided into corresponding 

sections E to H as enumerated in the index. 

Section A: Nitration of 4- Bromofluoranthene 

4- Bromofluoranthene was prepared by the 

bromination ( 11) of 1:2:3:4 -tetrahydrofluoranthene 

( 25) followed by chloranil dehydrogenation ( 16). 

G6lorAv+a 



18 

The nitration was carried out with fuming 

nitric acid in acetic acid as described by L.H. 

Gerty ( 9 ) but not at the temperature of 30 °C 

reported by him. As had been found by Miss ',hair 

(26 ) no reaction occurred below 50 °C when the nitric 

acid concentration was that used by Gerty. `Alen 

nitration was accomplished the product was found to 

be a mixture of isomers which resisted repeated 

attempts at separation by chromatography and 

recrystallisation. 

The attempt to obtain a pure nitro-4- bromo- 

fluoranthene was abandoned, as was an attempt to 

obtain a polynitro derivative by nitration in 

concentrated nitric acid without a solvent. This 

also had been unsuccessfully attempted by Gerty who 

reported that oxidation rather than nitration had 

occurred ( 9 ). 

Section B: Bromination of .4- Nitrotluoranthene 

4 -i itrofluoranthene was prepared by direct 

nitration of fluoranthene with fuming nitric acid in 

acetic acid (10 ). As Von Braun (10 ) indicated, 

the purification is a wasteful process. The pure 

4- derivative was obtained by repeated recrystallis- 

ations from ethyl acetate, the yield being only 23% 

of the theoretical. As in all subsequent 

experiments the consideration of yield was secondary 

to that of purity. 

The/ 
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The bromination of 4- nitrofluoranthene in 

carbon disulphide had already been attempted ( 9 ) 

without success, but a previous report ( 9 ) that 

bromination in liquid bromine yielded a tribromo 

compound suggested that an attempt along these lines 

might profitably be made. The product obtained, 

however, proved to be an intractable mixture 

containing tetrabromo as well as tribromo material. 

The main difficulty encountered in the 

bromination of nitrofluoranthene was one of 

concentration. The problem appeared to be that of 

finding a solvent for nitrofluoranthene which would 

give a cold solution of nitrofluoranthene and bromine 

in which the concentration of each was sufficiently 

high for reaction to occur without necessitating the 

Use of more bromine than was required for mono - 

substitution. Nitrobenzene proved to be a suitable, 

solvent, and a pure bromo-4- nitrofluoranthene was 

obtained. 

Oxidation of this new compound gave a bromo -2- 

nitro-l-carboxyfluorenone which when decarboxylated 

in quinoline yielded 2- nitrofluorenone. The loss 

lof bromine suggested that it was in the 6- position 

'since the lability of bromine in the 3- and 6- 

positions in fluorenone had already been reported 

( 27). The 3- position was unlikely since this 

would indicate substitution 0- to a nitro group. 

Decarboxylation / 
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Decarboxylation without debromination was achieved 

with pyridine instead of quinoline. 

Reduction of the bromo-4-nitrofluoranthene gave 

the amino compound which was diazotised (28) to 

give on subsequent treatment with cuprous bromide 

dibromofluoranthene. This proved to be identical 

to an authentic sample of 4:12- dibromofluoranthene 

( 21) which had been obtained via the Schmidt reaction 

from 4:12- diacetylfluoranthene. It was thus shown 

that bromination of 4- nitrofluoranthene gave the 

12 -bromo derivative. 

A sample of 12- bromo- 4- cyanofluoranthene was 

also obtained through the diazo reaction from 12- 

bromo-4- amino- fluoranthene. 

Section C: Synthesis of 6- Bromo- 2- nitrofluorenone 

When the experiments on the bromination of 4- 

nitro- fluoranthene were carried out the authentic 

sample of 4:12- dibromofluoranthene referred to in 

Section B was not ,yet available, and it was decided 

to synthesise 6- bromo- 2- nitrofluorenone. while the 

synthesis employed was not entirely unambiEuous it 

was considered to be the most probable and direct 

route. The final product proved to be identical 

to the bromo -2- nitrofluorenone derived from the 

degradation of bromo- 4- nitrofluoranthene. In the 

interim the correlation of bromo- 4- nitrofluoranthene 

with/ 



22 

with 4:12- diacetylf luoranthene (21 ) was 

accomplished, and the authenticity of the synthesis, 

verified. 

N O2 
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Fluorene was nitrated and the 2:7- isomer 

separated from the 2:5- as described by Courtot ( 29 

The/ 
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The partial reduction of the dinitrofluorene to give 

2- nitro- 7- aminofîuorene was achieved by bubbling 

hydrogen sulphide gas through a suspension of the 

dinitrofluorene in hot ammoniacal alcohol (30 ). 

This reaction, reported as giving almost quantitative 

yields, was found to depend very much on the state 

of division of the dinitro compound. By boiling 

the alcoholic suspension of pulverised dinitro- 

fluorene prior to commencing the reduction, and by 

using an extremely vigorous stream of hydrogen 

sulphide the yield of amine was 66yó of the theoretical, 

but a quantitative yield could only be obtained by 

reprocessing unchanged starting material. 

After acetylation of the amino group the 

compound was brominated. Herein lies the ambiguitÿ, 

of the synthesis. While the most probable point of entry 

by bromine is the 6- position, the 8- position cannot be 

excluded. It is, however, claimed that the 

bromination of 2- acetamidofluorene gives mainly the 

3:7- dibromo compound ( 31). The comparative ease of 

purification of the bromonitroacetimidofluorene 

suggests that the extent of formation of a second 

isomer is small. The bromination was carried out 

in a boiling mixture of equal volumes of bromine and! 

carbon tetrachloride. Less vigorous treatment was 

ineffective. 

The acetamido group was hydrolysed, and the 

amine/ 
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amine formed was diazotised by the method of Hodgson 

and 'talker (28) . Deamination gave 6- bromo -2- 

nitrofluorene which was oxidised to the corresponding 

fluorenone. 

Section D: 3rornination of 4- Cyariofluoranthene 

4- Cyanofluora_rthene was prepared by heating 4- 

bromo-fluoranthene with cuprous cyanide and pyridine 

under pressure (10), the reaction being catalysed 

by benzyl cyanide. Conversion was of the order of 

70% of the theoretical, some 5'» of which proved to 

be 4- carbamoylfluorairthene. The yield from this 

reaction was found to depend upon the quality of 

cuprous cyanide, and only freshly prepared cuprous 

cyanide was used. 

The 4- cyanof luoranthene was bromirrate d in the 

same mariner as 4- nitrofluoranthene. The monobromo 

compound was readily purified by chromatography and 

proved to be identical to that derived from 12- bromo- 

4- aminof luora_lthe ne . A small amount of dibromo 

material was obtained but was not isolated as a 

pure compound. An attempted bromination of the 

4- carbamoylfluoranthene was unsuccessful, due mainly 

to the difficulty of solubility and the small amount 

of material available. 

Some of the 12- bromo- 4- cyanofluoranthene was 

hydrolysed to give 12- bromo- 4- carboxyfluoranthene 

from/ 
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from which the methyl ester was prepared. These 

compounds were required for future reference 

(Section E). 

Section E: Bromination of 4- acetyl, 4- carloxy, and 

4 -me thoxycarbonylfluoranthene 

Since the direct acetylation of fluoranthene 

( 13,21 ) gives a low yield of 4- acetylfluoranthene 

it was decided to prepare it from 4- cyanofluoranthe e. 

This was especially convenient since the intermediate 

acid and its ester were required for broraination 

experiments. 
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4- Cyanofluoranthene was hydrolysed with 

sulphuric acid to give 4- carboxyfluoranthene, some 

of which was esterified to give 4-methoxycarbonyl- 

fluoranthene. The 4- carboxyfluoranthene was converted to 

the acid chloride which on treatment with magnesium - 

ethoxy malonic ester gave w:w-bisethoxycarbonyl-4- 

acetylfluoranthene. This compound on refluxing 

with acetic acid, sulphuric acid and water was 

hydrolysed and decarboxylated to give 4- acetyl- 

fluoranthene. 

The 4- carboxyfluoranthene and 4-methoxycarbonyll- 

fluoranthene were brominated to give bromo compounds 

identical to those derived from 12-bromo-4- cyano- 

fluoranthene described in Section D. 

The bromination of 4- acetylfluoranthene failed 

to yield a pure bromo derivative. As might be 

expected there may have been some side -chain 

bromination though this was not demonstrated. In 

the bromination of 4:12- diacetylfluoranthene 

(Section G) side -chain substitution has been 

confirmed. 

Section F: Sulphonation of Fluoranthene 

As was indicated in the introduction, sulphonaion 

of f luoranthene in sulphuric acid ( 5 ) gives a 

disulphonic acid whose structure, it was suggested, 

might be 4:11 ( 16) on account of the formation of a 

"quinhydrone- like " / 
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"quinhydrone- like" substance on fusion with alkali. 

Such a structure would be incompatible with the 

evidence described in the preceding sections since 

one would expect the sulphonic acid group in common'' 

with the other m---directing groups to give 4:12- 
i 

disubstitution. It was therefore decided to 

examine the structure of fluoranthenedisulphonic 

;acid. 

Sulphonation of fluoranthene in sulphuric acid 

gave a green oil which was converted into the 

',barium salt, the potassium salt and the sulphonamide. 
1 

Cn account of the difficulty of obtaining a pure 

crystalline derivative with definite melting point 

it was decided that the sulphonation product should 

be examined by means of filter paper chromatography. 

'1Comparison of the chromatograms obtained from 

naphthalenesulphonic acids of known structure with 

that from the sulphonation product of fluoranthene 

indicated that the main derivative of fluoranthene 

sulphonation was a disulphonic acid, and this was 

confirmed by analysis of the potassium salt. 

Attempts to convert the disulphonic acid into a 

dicyano (5 ) or dibromo compound ( 32) were 

unsuccessful. The failure of the latter reaction 

is not surprising since the reaction of aqueous bromine 

on sulphonic acids to give bromo compounds seems to 

be mainly confined to naphthalenesulphonic acids, 

particularly/ 
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particularly the 0C-derivatives. It seems possible 

that some conversion of the 4- sulphonic acid group 

occurred in view of the product's solubility in ague Ous 

solvents and the presence of,both sulphur and bromirnle. 

Fusion of the disulphonic acid (potassium salt) 

with caustic potash yielded a green dihydroxy 

compound, and this was converted to the dimethoxy 

derivative with dimethyl sulphate. The dimethoxy 

compound was later shown to be identical to 4:12 - 

dimethoxyfluoranthene derived from 4:12- diacetyl- 

fluoranthene. Attempted oxidation of the dihydroxy 

compound to a ;iuinone with lead tetracetate was 

unsuccessful. So also were attempts to oxidise the 

- Sosti 

Ko4 

-OH 
i---`---. 

O 4t 

50,y 

(c43), So, 

OGN 

Gl So3 N -__4 
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dimethoxy compound to a fluorenone derivative. 

An attempt to brominate fluoranthene -4- sulphon- 

amide failed to give any pure derivative. 

was carried out with chlorosulphonic acid in 

chloroform at -15 °C (10) and the sulphonamide was 

prepared via the acid chloride. The bromination 

gave an impure substance which was analysed and 

appeared to contain two bromine atoms per molecule. 

Less vigorous conditions of bromination than those 

employed appeared to produce no reaction. 

The sulphonation 

SECTION G: Conversion of 4:12 -Diacetylfluoranthene 
into Reference Compounds 

All attempted conversions of fluoranthenedisulphonic 

acid into known reference compounds having failed, 

it was decided that an attempt should be made to 

obtain such a reference compound, eg. dimethoxy- 

fluoranthene, from diacetylfluoranthene. 

4:12 -Diacetylfluoranthene was prepared by the 

direct acetylation of fluoranthene with acetyl 

bromide and aluminium chloride (21 ). It was then 

converted by the Schmidt reaction into diacetamido- 

fluoranthene which on hydrolysis yielded 4:12- diamino- 

fluoranthene (21 ). 



CH3COßr-/ALCl3 

N N C o C H 3 

1-1 C L 

IVH coCHj 

CoCH3 

NH2 

iV H 1 

The amine was readily diazotised but the 

formation of a dihydroxy or dimethoxy compound was not 

accomplished. In every case the product of the 

'reaction was a highly coloured material of unknown 

constitution. 

The application of the Knoevenagel synthesis 

of secondary aromatic amines to the problem was 

'examined. The method of Buu -Hoi (33 ) was 

employed, and it was hoped to obtain a dianilino- 

fluoranthene from 4:12- dianinofluoranthene by an 

iodine- catalysed condensation with phenol. Like - 

wise it was hoped that an iodine- catalysed 

!condensation/ 
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condensation of dihydroxyfluoranthene with aniline 

ould yield an identical dianilino compound or its 

isomer. 

NH1 

-oH r--^ 

O H 

OH 

N{.{ CFt 

-NH-C y -- 

Both these reactions were tried, but without 

success. 

Finally the oxidation of an acetyl group to an 

L. cetate by means of perbenzoic acid w as considered d 

s a possible solution to the problem. This reaction 

s described by S.L. ì riess ( 34,35 ,36 ) and was 

successfully applied to 4:12- diacetyifluoran_thene. 

The product of the reaction was hydrolysed and 

ethylated with diazomethane to give a dmethoxy 

c 

i 

compound/ 
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compound. This 4:12- dimethoxyfluoranthene was 

CoCt-t3 QCoGt -13 OGH3 

found to be identical to the dimethoxy compound 

derived from fluoranthenedisulphonic acid. 

This evidence is in support of the thesis that 

disulphonation occurs at the 4- and 12- positions, 

but the possibility of migration from the 12- to the 

11- position must not be excluded, though the inability 

to oxidise the dihydroxyfluoranthene to a quinone 

seems to contradict the contention that this compound 

is of the quinhydrone type. 

A bromination of 4:12- diacetylfluoranthene was 

carried out and a pure dibromo derivative obtained. 

This compound was treated with pyridine followed by 

sodium carbonate to give an enol -betaine which was 

demonstrated by the formation of a heavy precipitate 

on the addition of picryl chloride ( 37). This 

indicated that side -chain bromination had occurred, 

and while it is by no means certain, it seems 

probable/ 
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o 
Ar C- CH 

o- 
4- 

Ar- CHN 

NOz 

probable that this compound is w:w'-dibromo-4:12- 

diacetylfluoranthene . 

G OGH3 

CO CH3 

ßr3 

COCHgr 

SECTION H: Bromination of 4 -J itro- l- fhenylnaphthalene 

Tetrahydro- l- phenylnaphthalene was prepared by 

the action of naphthalene magnesium bromide on 

cyclohexanone/ 
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pyclohexanone (38), and was dehydrogenated to 

d -phenylnaphthalene with chloranil. Direct 

nitration with nitric acid in acetic acid gave 4- 

nitro-l- phenylnaphthalene (38 ). 

4i H o3 

OH 

The method of bromination employed was that of 

Derbyshire and 'Waters (39 ) and though monobromo 

material was obtained'its melting point range 

indicated the formation of two or more isomers. 

The probability of this occurring is discussed 

briefly in the following theoretical survey. 
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TIE THEORY OF ?LUOR4INTHENE SUBSTITUTION 

1. 

It is essential that any discussion of the 

theory of substitution in fluoranthene should be 

preceded by a brief account of the fine structure o 

the hydrocarbon and its structurai relation to othe 

hydrocarbons the substitution of which is understoo 

In the light of experimental data it should then be 

possible to arrive at some theoretical conclusions 

regarding the substitutional directing influences 

occurring in fluoranthene and its derivatives. 

According to Syrkin and Dyatkina (40) the 

number of canonical structures by which a hydrocarbón 

may be represented can be computed from the formula, 

n! 

2!(2 
+ 1)! 

where n is the number of non- localised electrons in 

the system. Applying this to fluoranthene where n 

is sixteen, we find the number of canonical structures 

to be fourteen hundred and thirty. Of these, however, 

it is necessary to consider only the Kekule and 

Dewar structures, whose contribution to the resonan e 

hybrid is of greatest importance. 

There are six Kekule structures (I to VI) and 

it can be seen from them that the carbon- carbon bon 

1:14 and 8:9, are single in character. 

also/ 

It appears 

s, 
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also that the "top" ring is fully aromatic while the 

other two six- membered rings have a degree of 

Iv \%a 

aromaticity similar to that of naphthalene. One 

would expect as a result of this that the top ring 

would be somewhat less reactive than the others in 

view of the similar relationship between benzene and 

naphthalene. 

Remembering that on account of the plane of 

symmetry of fluoranthene (VII) the 12 -, 13 -, 14 -, 

1 -, 2 -, 3- and 4- positions are identical to the 

11 -, 10 -, 9 -, d -, 7 -, 6- and 5- positions respectively, 

we find that there are five distinct groups of 

Dewar/ 



Dewar structures (VIII to XII). Those are: 

(i) those involving the 1- and 4- positions (twenty - 

five, i.e., the number of combinations of the five 

structures for ring B and the five for ring C) 

(ii) involving the 2- 1Dosition (ten, i.e., the 

number of combinations of the two possible structures 

for ring B and the five for ring C) 

(iii) those involving the 3- position (ten, as in ii) 

(iv) those involving the 10- and 13- positions 

i 
(sixteen, i.e., the number of Kekule and Dewar 

structures for naphthalene) 

(v) those involving the 11- and 14- positions 

(sixteen, as in iv). 

Since there are more Dewar structures involving the 

1- and 4- positions than any of the other positions, 

we can say that in the resonance hybrid the 1- and 

4- positions will be the most unsaturated (Syrkin 

and Dyatkina, "The Structure of Molecules", page 90) 

By/ 
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xi 

,x x 

xI+ 

By analogy with naphthalene ( 40) we may expect 

hydrogenation to occur at those positions. Thus 

the reduction of fluoranthene to l:2:3:4-tetrahydro- 

fluoranthene may be visualised as proceeding with 

the intermediate formatio4 of l:4- dihydrofluoranthene, 

the 2:3 double bond being readily further reduced to 

give the tetrahydro derivative. (XIII to XV). 

Xia 
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This treatment, while ¿iving a satisfactory 

picture of the hydrogenation of fluoranthene, is 

incapable of accounting for its substitution 

reactions. 

2. 

A consideration of the possible valence -bond 

structures with separation of charge might be expected 

to give some indication of which positions will most 

readily suffer substitution. Naphthalene has seven 

such structures associated with the oC -position and 

six with the 4 -position ( 41). This is assumed 

to result in the greater stability of a charge on 

the 04-position produced by the polarising effect 

of an attacking group than in the case of the /3- 

position. When we count the numbers of such 

structures possible in the fluoranthene molecule we 

find the following order: 

(i) the 4- position, with 26 structures (e.g. I) 

(ii) the 2- position, with 24 structures (e.g.XVII) 

(iii) 

(iv) 

the l0- 3Dosition, 

the 11- position, 

with 16 

with 16 

structures 

structures 

(e.g.XVIII) 

(e.g.X ;) 

(v) the 3- position, with 12 structures (e.g. 1 ). 

Obviously this treatment in itself gives no agreement 

with experimental data beyond confirming that the 

4- position is the most liable to substitution. 

While it has never been proved that substitution 

does/ 
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XIX 

[ i 

Xx 

does not enter the 2- and 10- positions, the fact that 

no 2- or 10- substituted derivatives have been 

isolated from mixtures indicates at least that their 

formation, if any, is in low or ne gligible A.uantity. 

3. 

In order to explain the reactivity of the 4- 

and 11- positions we must consider the possible 

contribution of the related naphthalene and 

fluorene or diphenyl structures (XXI to X IV). 
An examination of the diphenyl analogy shows t 

the 4- and 11- positions in fluoranthene correspond 

to/ 
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xX 

XXlit 

Xx 

XXIv 

to the 4- and 4'- positions in diphenyl (the 2- and 

7- in fluorene), and we know that in diphenyl (and 

in fluorene) these are the most readily attacked. 

In diphenyl the 2- and 2'- positions are also liable 

o substitution to a somewhat lesser degree, and 

hese correspond to the 2- and 13- positions in 

luoranthene. Similarly the 4- position in fluoranthene 

corresponds to the a- position in naphthalene, and 

the 2- and 3- positions correspond to the /3-position. 

If these analogies are legitimate, it follows 

that/ 
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that the 4- and 11- positions should be the most 

reactive, and the 2- and 3- positions the least 

reactive. Later on we shall see that this analogy 

when carried to a logical conclusion explains the 

apparent lack of substitution in the 13- position. 

The disubstitution of fluoranthene, where the 

directing substituent is o -, p- directing, appears 

to be in agreement with the diphenyl structure, but 

when a m- directing group is involved the agreement 

apparently ceases to exist. A plausible explanation 

of disubstitution by cationoid groups is given by 

considering the normal electromeric effects of the 

first substituent as being transmitted throughout 

the molecule. Thus in the case of an o -, p- 

directing group, i.e. a -E substituent, in the 4- position 

we have: 

R= 
XXV 

R+ 

xxvi 
Here the 11- ppsition becomes anionoid in character. 

Similarly an o -, p- directing group in the 11- position 

will direct cationoid substitution towards the 4- 

position, and we have: 



XXVI 

R 

The same treatment in the case of a +E substituent 

explains the 4:12- disubstitution which occurs in 

fact. Thus for a m- directing group in the 4- position 

we have: 

R- 

xX 
Here the 11- position is deactivated towards cationoid 

substitution leaving the adjacent 12- position as the 

probable point of attack. Similarly when a m- 

directing group is in the 11- position, the 4- positio 

is deactivated leaving the 5- position as the probable 

oint of attack, and we have: 
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There is one objection to this argument. 

Despite its apparent applicability to fluoranthene, 

there is little evidence to justify the assumption 

of transmission of polar activation by a substituent 

beyond the aromatic ring in which it resides. In 

naphthalene, for example, the two rings can be 

regarded as independent since the presence of an 

o(- substituent in one ring, whether + or -E in 

character does not alter the normal tendency for thé 

0(-position in the other ring to be attacked. If 

the o<- position is occupied by an activating group 

( -I), substitution occurs in the 4 -, 5- and 8- 

positions; if it is occupied by a deactivating group 

( +I), substitution occurs in the 5- and 8- positions. 

!In the case of ao -, p- directing group residing in!! 

the A -position the 6- position is also attacked. 

!In the nitration of , -chloro, bromo- and alkoxy- 

naphthalenes the trisubstituted product is the 

2:6:8- derivative (42 ). Here there does seem to be 

some case for transference of polar activation from 

one/ 
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one ring to the other (43 ) and we have: 

Si*R- 

x 

In fluorene and diphenyl the concept of the 

transmission of the electromeric effect of a 

substituent from one ring to another is invalid. 

In diphenyl all three nitro derivatives give on 

further nitration the 2'- and 4'- derivatives. Only 

when the second substituent enters the same ring as 

the first does the electromeric effect due to the 

first substituent exert any influence on the position 

taken up by the second. 

It appears that the phenyl group itself is the 

most effective o -, p- directing agent, and its 

influence is merely modified by the presence of a 

substituent in it. This theory was applied to 

fluorene by Morgan and Thomason (44 ) who stated 

that in the nitration of fluorene to give 2- nitro- 

fluorene the phenylene group directs the nitro group 

into the p-position in the other aromatic nucleus 

with respect to the mutual linking of the two rings. 

An interesting illustration of this lies in the 

anal.gous diphenyl series where the nitration of 

4:4'- dichloro - diphenyl results in unsymmetrical 

substitution (45 ). (XXXV to XXXVII). 
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C 

This indicates that the o -, p- directing effect of 

the chloro substituent is greater than that of the 

chloronitrophenyl group, but less than that of the 

chlorophenyl group; that is, the nitro group.reduces 

the o -, p- directing effect of the phenyl ring in 

which it resides. 

From the foregoing remarks on diphenyl it 

follows that a discussion of the directing influences 

within a polycyclic aromatic molecule must take intó 

,consideration the interaction of the constituent 

rings. We must, therefore, return to the concept 

of fluoranthene as a derivative of fluorene (or 

diphenyl) and examine the possibility of its 

application to disubstitution in fluoranthene. 

4. 

We shall consider first the 4- substituted 

fluoranthenes and see if we can explain the observeçl 

direction/ 
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direction to the 11- and 12- positions in the respective 

cases of -E and +E substituents. 

As has already been pointed out, there exists 

in fluoranthene the diphenyl structure, and on account 

Of the plane of symmetry of the molecule there are 

two identical diphenyl structures (VIII and X'XIX). 

h'de may consider in one the effect of ring A as acting 

On ring C along the 1:14- carbon- carbon bond thus 

XXX\/1I1 Xxx,x 

activating the 11- position, and in the other ring B 

as acting along the 8:9- carbon- carbon bond thus 

activating the 12- position. In fluoranthene the llr 

and 12- positions are identical; in 4- substituted 

fluoranthenes they are not. It follows that if the 

diphenyl structures are the most important influence's 

bn substitution of 4- substituted fluoranthenes one 

must be favoured with respect to the other. 

It appears from chemical evidence that when R 

is an o -, p- directing, or -E, group structure A 

(XL) is favoured more than structure B (XLI), and 

the 11- position is attacked. That is, the o -, p- 

directin 
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X L. k LI 

directing group, R, enhances the directing influence 

of ring A. In the case of R being a rn- directing, or +J, 

substituent, the structure B is favoured, the 12- 

position being attacked, and it appears that R must 

exert a diminishing effect on the contribution of 

structure A. 
1 

ìewar (46 ) has pointed out that phenyl can act 
as a +E or -E substituent in other molecules. We 

can, therefore, consider the above argument in terms 

of partial charges. We find that in structure A a' 

positive charge in ring A will be stabilised by R 

when this is a -E substituent, and we have: 

-Y 

R 

xL.II 

Moreover/ 
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Moreover the adjacent ring B will exert a further 

stabilising effect. as in the case of naphthalene 

itself. In the case where R is a +B substituent a 

positive change in ring A will be destabilised, and 

ring B, therefore, will be the more probable 

residence for a positive charge. 

Such a treatment is equally applicable to diphenyl 

in which case, however, there is no alternative 

structure of the type described for fluoranthene 

which becomes more or less effective depending on 

the nature of R. 'thus, with diphenyl, substitution 

in the second ring involves the same positions 

regardless of the nature of the substituent in the 

first ring. In fluoranthene the 4- substituent, R, 

alters the balance between systems A and B. 

5. 

Before continuing to a discussion of 11- 

substituted fluoratithenes we shall return to the 

question of the 13- position. In the previous 

discussion on the reactivity of the various positions 

in fluoranthene, the diphenyl analogy was not 

sufficiently developed to explain the lack of 

reactivity of the 13- position. 

If as we have suggested the two diphenyl structures 

in fluoranthene contribute equally, and direct 

substitution towards the 11- and 12- positions, then 

in/ 
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in accordance with the normal rules of substitution 

in benzene the 10- and 13- positions will not be 

attacked. The situation here is similar to that 

in the case of an o- disubstituted benzene in which 

both substituents are o -, p- directing. de know 

that all three dichlorobenzenes give the same 

trichlorobenzene on further chlorination ( 47 ) 

namely the 1:2:4- derivative. (XLIII and XLIV). 

On the basis of our analogy it follows that the 10- 

and 13- positionsin fluoranthene should be unattacked. 

CL 

XLIV 

Summarising, it has been shown that an 

extension of the diphenyl analogy can be used to 

explain the direction of substitution by 4- 

substituents to the 11- and 12- positions, and also 

the apparent inactivity of the 10- and 13- positions 

in fluoranthene. 

. 6. 

The presence of the monosubstituent in the 11- 

position presents a different problem to that in 

the case of 4- substituents. Here one must consider 

the differences in charge- stabilising effect of 

substituents in the o -, m -, and p- positions with 

respect/ 
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respect to the mutual link between two benzene rings. 

Dewar ( 46) has pointed out that a positive 

charge in a benzene ring will be stabilised strongly 

by a -E substituent in the o -, p- positions and 

similarly destabilised by a +E substituent in the 

o -, p- positions. An E substituent in the m- position 

lappears to be inactive. 

In the light of this let us consider an 11- 

substituted fluoranthene (XLV) where R is a -E 

R 

XLV 

substituent, and decide which ring, A or B, will be 

more readily attacked. R is m- to the link joining 

rings B and C, and, therefore a positive charge on 

ring C with respect to ring B will be comparatively 

unaffected by R. R is, however, p- to the link 

joining rings A and C and will exert a powerful 

stabilising influence on a positive change in ring 

C with respect to ring A. A -E substituent in the 

11- position will therefore favour substitution in 

the 4- position. 

A +E substituent in the 11- position will strongly 

destabilise a positive charge in ring C with respect 

to/ 
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to ring A, but will have little effect with respect) 

to ring B. It follows that ring B, i.e. the 5- 

position, will be more readily substituted. This 

is in agreement with experiment (21 ). 

7. 

The existing information with regard to 

trisubstitution is limited to the acetylation of 

4:11-dibromofluoranthene (23 ) to give the 4:11:12 - 

derivative. This is in agreement with the picture 

of fluoranthene substitution given already. Here 

we have a 4:11 -disubstituted fluoranthene (XLVI) in 

which R is -E and +I in nature. The most probable 

XLVI 

'positions at which further substitution will occur 

are the 5- and 12- positions. The influence 

governing substitution at the 5- position is the 

effect of ring C acting on ring B along the 8:9- 

:carbon-carbon link. Substitution at the 12- 

position is governed by the similar effect of ring 

B/ 
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B on ring C, and also by the o- directing influence 

of the 11 -R group. It appears that the deactivating 

effect of the +I 11 -R substituent is not as strong a 

deterrent to further substitution as the steric eff et 

of the 4 -R group, other things being more or less 

'equal. 

Using similar arguments in the case where R is +E 

one would expect the 5- position to be attacked. 

8. 

The obvious similarity borne by LYC -phenylnaphthalene 

to fluoranthene makes it worthy of comparison from 

the standpoint of substitution. The nitration of 

0(- phenylnaphthalene to give the 4- nitro derivative 

is in agreement with the normal rules of naphthalene 

substitution when the phenyl group is considered as 

¡a -E, -I substituent. The analogy with diphenyl is 

also apparent. The further substitution of 4- nitro- 

1-phenylnaphthalene (XLVII) may be expected to occur 

'<Lvtt 

at/ 
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at a number of possible positions. The 5- and 8- 

positions are probable in view of the normal course 

of substitution of d -nitronaphthalene, though the 

steric effect of the phenyl group may preclude the attack 

of the 8- position. There is also some possibility of 

substitution in the 2'- and 4'- positions in view of 

the relationship with 4- nitrodiphenyl. 

As yet no successful elucidation of the 

substitution of 4- nitro -l- phenylnaphthalene has been 

made, but the formation of more than one isomer 

mentioned earlier is in agreement with the apparent 

equal susceptibility of more than one position, 
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SUILIARY 

A number of 4- substituted fluoranthenes have 

been brominated to giure monobromo derivatives. 

These are: 

bromo-4- carboxyfluoranthene, 

bromo-4- cyanofluoranthene, 

bromo-4-methoxycarbonylfluoranthene, 

and bromo-4- nitrofluoranthene. 

The orientation of these compounds has been 

elucidated and in each case the second substituent 

has been shown to enter the 12- position. These conclusions 

have been experimentally correlated with the 

structure of 4:12 -diacetylfluoranthene. A straight- 

forward synthesis of 6- bromo -2- nitrofluorenone has 

also been accomplished. 

Strong evidence has been produced to show that 

contrary to previous belief disulphonation in 

fluoranthene occurs at the 4:12 positions. 

These results have been considered in the ligh 

of the electronic theory of aromatic substitution, 

and an explanation of 4:11 and 4:12 substitution has 

been proposed. This explanation assumes the alteration 

in balance of two contributing structures in the 

fluoranthene molecule. 
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EXPLR IlVETi T.AL 

In the following section all yields are reported 

as the percentage of the theoretical yield except 

where the product of the reaction in question is 

unidentifiable. The percentage quoted refers in 

all cases except where otherwise indicated to the 

:final purified product. 

'Jelling points were all determined by means of 

a Kofler micro -melting point apparatus. 

Chromatographic separations were carried out on 

columns prepared from B.D.N. alumina. Fluorescence 

observations were made in ultra -violet light provided 

by a Hanovia limp. 

Analyses were performed by Drs. leiler and 

Strauss, Oxford. 
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( A) NITRATION OF 4-BROM0FLU0RANTHETTE 

Preparation of 1:2;3:4- tetrahydrofluoranthene 
cf. Von Braun and Manz. Berichte, 1930, 63, 2612. 

5/ Sodium amalgam (560g.) was added slowly to 

a solution of fluoranthene (40g.) in methylated spiíits 

(1500 ml.), and the mixture was refluxe d for two 

hours. The solution was then neutralised with 

hydrochloric acid, poured into cold water (8 1.), 

and filtered. The solid material was carbon 

screened and recrystallised from methylated spirits 

giving almost colourless needles, m.p. 71 -74 °C, 

yield 86. 

A small portion of this material on further 

!recrystallisation from alcohol gave needles, m.p. 

76 -78 °C. 

Preparation of 4- bromo- 5:6:7:8- tetrahydrofluorantherle 

cf. Von Braun and Manz. Annalen, 1932, 496, 192. 

Tetrahydrofluoranthene (10g.) was dissolved in 

glacial acetic acid (90g.), and to the warm solution 

(bromine (8g.) in glacial acetic acid (15g.) was 

added dropwise. The mixture was allowed to stand 

overnight, and the solid deposited was filtered, 

washed with acetic acid, and recrystallised from 

gacial acetic acid giving colourless plates, m.p. 

128- 130 °C, yield 52; '0. 

Preparation/ 
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Preparation of 4- bromofluoranthene 
cf. Tobler et al. Heiv. Chirp. Acta, 1941, 24, 104E. 

Bromotetrahydrofluoranthene (7g.) and chloranil 

(12.1g.) in sulphur -free xylene (125 ml.) were 

refluxed for twenty -four hours. On cooling the 

mixture deposited crystals of tetrachlorohydroquinone 

which were filtered off and washed with xylene. 

The xylene filtrate was diluted with an equal volume 

of ether, and extracted with (i) 5% sodium hydroxide 

solution (70 m1.) and (ii) dilute sodium hydroxide 

solution (70 ml.). The solvent layer was washed 

with water, and dried over calcium chloride. The 

bulk of the solvent was removed by distillation and 

the solid deposited was recrystallised first from 

light petroleum (100- 120 °C), and then from methylated 

spirits, giving almost colourless needles, m.p. 106 - 

108°C, yield 49%. 

Nitration of 4- bromofluoranthene (i) 
cf. L.H. Gerty, Thesis (Edinburgh). 

4- Bromofluoranthene (lg.) was dissolved in 

glacial acetic acid (100 ml.) and to the stirred 

solution maintained at a temperature of 50 °C fuming 

nitric acid (5 ml.) was added slowly. 'Alen the 

nitric acid had all been added, stirring was 

continued for an hour at room temperature. The 

volume was reduced and the solid which was deposited 

was washed and dried. This material (0.9g.) was 

dissolved/ 
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dissolved in benzene and chromatographed on an 

alumina column (15 x 0.5"). Development of the 

¡column gave a continuous yellow band which extended 

the full length of the column and a brown zone which 

remained at the top. The yellow band was eluted in 

five fractions as follows: 

(a) First 50 ml. of eluate giving 0.21ú. yellow 
solid m.p. 190 -215 °C. 

(b) Second 50 ml. of eluate giving 0.25g. yellow 
solid m.p. 195- 220 °C. 

(c) Third 50 ml. of eluate giving negligible 
amount of solid. 

(d) Fourth 50 ml. of eluate giving 0.10g. yellow 
solid m.p. 288- 300 °C. 

(e) Fifth 50 ml. of eluate giving negligible 
amount of solid. 

:aecrystallisation of fraction (e) from glacial 

acetic acid gave a yellow solid m.p. 300- 320 °C. 

Fractions (a) and (b) were combined and 

rechromatographed on a column (9 x 0.5 ") and the 

yellow band eluted in three potions as follows: 

(a) First portion of eluate giving yellow solid 
m.p. 198- 220 °C. 

(b) Second portion of eluate giving yellow solid 
m.p. 198 -214 °C. 

(c) Third portion of eluate giving yellow solid 
m.p. 212- 232 °C. 

All the melting points quoted above were 

(preceded by softening, and repeated crystallisations 

failed to produce any marked narrowing of the 

melting point range. 
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number of other nitrations were carried out 

in which the conditions of concentration, time and 

temperature were altered. When the concentration 

of nitric acid or the temperature was reduced, little 

or no nitration occurred, and increase of concentration 

and temperature resulted in mixtures which proved 

to be as unresolvable as that described above. 

Nitration of 4- bromofluoranthene (ii) 

cf. L.H. Gerty. Thesis (Edinburgh). 

4- Bromofluoranthene (lg.) was slowly added to 

fuming nitric acid (3 ml.) which was chilled in an 

ice and salt bath. On each addition of solid 

:there was momentary darkening of the solid particles 

Roefore they dissolved, and finally the solution 

itself became dark in colour, suggesting that 

oxidation rather than nitration was occurring. 

This was confirmed when, after pouring the nitric 

acid solution into water and extracting the 

suspension with benzene, the benzene extract was 

washed with sodium carbonate solution giving a 

brown gelatinous mixture. 

On working up the benzene and alkaline layers 

brown amorphous solids of indefinite melting points 

were obtained. 
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(B) BROISIINATION OF 4-NITROFLUORANTHENE 

Preparation of 4- nitrofluoranthene 

cf. Von Braun and ISanz . Annalen, 1931, 488, 123. 

Fluoranthene (10g.) was dissolved in glacial 

acetic acid (500 ml.), and to the stirred solution 

kept at 30 °C fuming nitric acid (50 ml.) was added 

dropwise. The mixture was stirred at 30° for two 

hours after the addition of nitric acid was complete, 

and was allowed to stand at room temperature over - 

night. The yellow solid deposited was filtered off 

and washed with glacial acetic acid followed by water. 

The crude solid was carbon screened and recrystallised 

once from glacial acetic acid. A further three 

recrystallisations from ethyl acetate gave yellow 

needles, m.p. 158- 160 °C, yield 23%. 

Bromination of 4- nitrofluoranthene (i) 

cf. L.H. Gerty. Thesis (Edinburgh). 

4- '.'itrofluoranthene (2.5g.) was added slowly to 

licjuid bromine, and the excess bromine was removed 

on the steam bath. The residue was washed with 

sodium hydroxide solution followed by water, and 

dried giving a yellow amorphous solid (4.4g.). This 

was recrystallised from chloroberizene giving a yellow 

solid (2g.) m.p. 246- 254 °C. Since no marked improement of 

melting.: oint was achieved by further recrystgllisat 

some/ 

ion 
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some of the solid was submitted to continuous 

extraction with various solvents in a Soxhlet 

extractor. Thus the crude material wa3 split into 

three portions: 

(a) methanol extract (33 hours). 

(b) ethyl acetate extract (14 hours). 

(c) toluene extract (2 hours). 

Portion (a) was chromatographed but gave no 

.further separation, the product of the column on 

'recrystaliisation from glacial acetic acid yielding 

a yellow solid, m.p. 263- 275 °C. 

:analysis. Found : bromine, 52.51; nitrogen 2.6 ó. 

C16H602TTBr3 requires bromine, 49.5; ; nitrogen 2.9 . 
Portion (b) was chromatographed and subsequent 

recrystallisation from glacial acetic acid gave two 

solids 

(i) m.p. 270-2900C 

'Analysis. Found : bromine, 56.1 %; nitrogen 2.6%. 
C16H502NBr4 requires bromine, 56.8 %; nitrogen 2.5%. 

(ii) m.p. 275 -306 °C 

Analysis. Found : bromine, 55.5%. 
C16H502NBr4 requires bromine, 56.8 %. 

Portion (c) was recry sta-_lised from chloro- 

benzene giving yellow needles, m.p. 365 -370 0C 

preceded by softening. 

Analysis. Found : bromine, 58.7 
C16H502NBr4 requires bromine, 56.8 ¡6. 

Bromination/ 
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Bromination of 4-nitrofluoranthene (ii) 

A solution of 4- nitrofluoranthene (2g.) in 

nitrobenzene (20 mi.) was stirred at room temperature, 

and bromine (0.85 ml.) in nitrobenzene (1 ml.) was 

added dropwise. Stirring was continued for two 

hours, and within half an hour an orange solid was 

deposited. This was filtdred off, dissolved in 

chlorobenzene, and the solution washed with sodium 

hydroxide solution followed by water. After drying 

over anhydrous sodium sulphate and carbon screening, 

the volume of the solution was reduced, and the 

¡solid precipitated was recrystallised from chloro- 

(benzene giving orange -yellow needles, m.p. 216-210 
o 
Ol 

yield 48;L. This was bromo -4- nitrofluoranthene. 

Analysis. Found : nitrogen, 4.4o; bromine, 24.7. 
'C16H802NBr requires nitrogen, 4.3; bromine, 24.5. 

Oxidation of bromo -4- nitrofluoranthene 

To a cold stirred solution of bromo-4- nitro- 

fïuoranthene (lg.) in glacial acetic acid (100 ml.) 

was added a solution of chronic oxide (2g.) in a 

mixture of water (12 ml.) and glacial acetic acid 

(8 ml.), and the resulting mixture was stirred over- 

night. It was then refluxed for an hour, and half 

the solvent removed by distillation. The cooled 

solution was poured into water and the aqueous 

suspension extracted with ether. The ether layer 

was/ 
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was extracted with sodium carbonate solution, and 

the carbonate extract was acidified with hydrochloric 

acid giving a yellow precipitate. This solid was 

filtered off, washed with water, and twice 

recrystallised from glacial acetic acid giving 

yellow needles, m.p. 260 -266 °C (d), yield 280. 

This was bromo -2- nitro- l- carboxyfluorenone. 

Analysis. Found : nitrogen, 3.9; bromine, 23.5A. 
C14H605NBr requires nitrogen, 4.0; bromine, 23.0A. 

)ecarbox,ylation of bromo -2- nitro- l- carboxyfluorenone 

The acid (0.1g.) and a "pinch" of copper bronze 

in quinoline were heated until bubbles of carbon 

dioxide appeared, i.e. at 220 °C, and the temperature 

was maintained at this level until no more gas was 

evolved (15 minutes). The mixture was poured into 

dilute hydrochloric acid, and the resulting suspension 

was extracted with benzene. The benzene extract 

was filtered, washed with sodium carbonate solution 

followed by water, and dried over sodium sulphate. 

It was then chroraatographed on alumina giving a yellow 

band which was eluted and a brown zone which 

remained adsorbed. The eluate was evaporated to 

dryness and the residue was recrystallised from a 

mixture of glacial acetic acid and methanol giving 

yellow needles, m.p. 220 -220.5 °C. This material 

and a sample of 2- nitrofluorenone proved to be 

identical/ 
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identical, the mixed melting point showing no 

depression. Becarboxylation had therefore been 

accompanied by debromination. 

Decarboxylation of bromo -2- nitro -l- carboxyfluorenone 

The acid (0.09g.) and a "pinch" of copper 

bronze in pyridine were refluxed for half an hour. 

The mixture was poured into dilute hydrochloric acid, 

and the aqueous suspension extracted with benzene. 

The benzene extract was filtered, washed with sodium 

[carbonate solution followed by water, and dried over 

sodium sulphate. The.benzene was evaporated off, 

and the residue carbon screened and recrystalllsed 

from a mixture of glacial acetic acid and methanol 

giving yellow needles, m.p. 272-274 
o 
0, yield 15;. 

This was bromo -2- nitrofluorenone. 

Analysis. Found : nitrogen, 4.7%; .bromine, 24.9. 
C13H603NBr requires nitrogen, 4.6;x; bromine, 26.3. 

Preparation of bromo-4-aminofluoranthene 

Bromo -4- nitrofluoranthene (lg.) and iron powder 

(lg.) in ethanol (100 ml.) and concentrated hydro- 

chloric acid (10 ml.) were refluxed for four hours 

during which further additions of concentrated 

hydrochloric acid (5 ml.) and iron powder (0.5g.) 

were made. The mixture was made alkaline with 

ammonia solution, poured into water, and extracted 

with/ 
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with chloroform. The chloroform extract was 

shaken with a little concentrated hydrochloric acid; 

and the amine hydrochloride precipitated was filtered off. 

The free amine was obtained by digesting the 

hydrochloride with ammonia solution. It was 

washed with water, and dried giving a yellow solid, 

yield 73;x. Some of the amine was recrystallised twice 

from light petroleum (60 -80 °C) giving yellow needles, 

m.p. 161-163°C. 

I Analysis. Found : carbon, 64.6;b; hydrogen, 3.3; 
nitrogen, 4.2iß 

C16H1ÖNBr requires carbon, 64.9ío; hydrogen, 3.4ÿ ; 

nitrogen, 4.7 . 

Preparation of 4: x- dibromofluoranthene 
cf. Hodgson and :'alker. J.C.S., 1933, 1620. 

Campbell, Leadill and ',rilshire. J.C.S., 1951, 1406. 

Bromo-4-aminofluoranthene (0.6g.) in glacial 

acetic acid (5 ml.) was added slowly to a stirred 

solution of sodium nitrite (lg.) in concentrated 

sulphuric acid (7 ml.) at room temperature, and the 

mixture was stirred for an hour. It was then 

poured into a boiling solution of freshly prepared 

cuprous bromide (lg.) in 34; hydrobromic acid. The 

whole was poured into water and extracted with 

benzene. The insoluble residue was boiled with 

benzene which was filtered and combined with the 

extract. The combined extracts were washed with water, 

dried over sodium sulphate, and chromatographed on alumina. 

A buff -coloured band was eluted leaving highly 

coloured/ 
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'coloured material adsorbed on the alumina. This 

,buff- coloured band was rechromatographed, the second 

'column yielding a pale yellow band which ;have on 

recrystallisation from a mixture of benzene and light 

,petroleum (60 -80 °C) yellow needles, m.p. 165 -168 °C. 

¡Analysis. Found : bromine, 42.510. 
C16H8Br2 requires bromine, 44.4 %. 

This material proved to be identical to a 

sample of 4:12- dibromofluoranthene, the mixed 

melting point showing no depression. 

reparation of 12- bromo- 4- cyanofluoranthene 
cf. Hodgson and ';calker. J.C.S., 1933, 1620. 

12- Bromo- 4- aminofluoranthene (lg.) in glacial 

acetic acid (12 ml.) was added slowly to a stirred 

solution of sodium nitrite (lg.) in concentrated 

sulphuric acid (7 ml.) at 10 °. After stirring the 

mixture for half an hour, it was poured into an 

aqueous solution of cuprous cyanide and potassium 

cyanide at 60 °C, and the whale was reflux:ed for 

fifteen minutes. The resulting mixture was poured 

into water and extracted with benzene. The benzene 
/sodium 

extract was washed with water, dried over /sulphate, 

and chromatographed. The alumina column gave a yellow 

band which was eluted and a brown zone which remaind 

adsorbed. The eluate was evaporated to dryness, 

and the solid thus obtained was recrystallised from 

ethanol giving yellow needles, m.p. 222- 224 °C. 
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(a) SYIdThi;SIS OF 3-BROT10-7-NITROFLUORENONE 

Preparation of 2 : 7- dinitrof luorerle 
cf. Courtot. Ann. Chin. 1930, 14, 83. 

Fluorene (30g.) was slowly stirred into a cold 

mixture of glacial acetic acid (150 m1.) and fuming 

nitric acid (150 ml.), and the mixture allowed to 

stand overnight. It was then filtered through gla s 

wool, and the yellow solid was washed with water. 

The yellow solid was boiled with glacial acetic acid 

(300 ml.), and filtered hot. The insoluble residue 

was recrystallised from nitrobenzene giving yellow 

needles, m.p. 294 -295 °C (d), yield 42. 

.Preparation of 2- nitro- 7- aminofluorene 
cf. Cislak and Hamilton. J.A.C.S., 1931, 53, 748. 

2:7-Dinitrofluorene (15g.) was ground to a fine 

powder and put into 95 ethyl alcohol (900 ml.). TiLe 

mixture was refluxed for a few minutes, then with t e 

temperature kept just below boiling point concentrated 

ammonia solution (100 ml.) was added, and a stream 

of hydrogen sulphide was passed in for four hours. 

(It was found that a vigorous stream of gas was 

essential to keep the reaction going). slater 

(250 ml.) was then added, and the mixture cooled to 

10 °. The red precipitate was filtered off and boiled 

with water (4000 ml.) containing concentrated 

hydrochloric acid (750 ml.). The solution was 

filtered/ 
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filtered hot, cooled, and made alkaline with 

concentrated ammonia solution. The orange -red 

precipitate formed was filtered off, washed with 

water followed by alcohol (100 ml.), and dried at 

100 °C. The yield was 66 %. 

A portion was recrystallised from ethanol 

giving red needles, m.p. 228 -230 °C. 

Preparation of 2- nitro- 7- acetamidofluorene 

2- Nitro-7- aminofluorene (8.3g.) was suspended 

in glacial acetic acid (200 ml.) and acetic anhydride 

(25 ml.) was added. The mixture was refluxed for 

ten minutes, the volume reduced by half, and the 

solution poured into water. The aqueous suspension was 

filtered, and the solid was carbon screened and twice 

recrystallised from ,glacial acetic acid giving 

yellow needles, m.p. 262 -264 °C, yield 73;.. 

Bromination of 2- nitro- 7- acetamidofluorene 

2- Nitro- 7- acetamidofluorene (2g.) was added 

slowly to bromine (20 ml.) in carbon tetrachloride 

(20 ml.) and the mixture boiled on a steam bath for 

half an hour, the volume being kept constant by 

occasional additions of carbon tetrachloride. The 

mixture was washed with sodium hydroxide solution, 

and then poured into cnlorobenzene. The carbon 

tetrachloride was boiled off, and the residual 

chlorobenzene/ 



71 

IcIllorobenzene solution was washed with sodium 

,hydroxide followed by water, and dried over sodium 

sulphate. The volume was reduced and the solid 

deposited was recrystallised from xylene giving 

ellow needles, m.p. 283- 287 °C, yield 39. 

nalysis. Found : nitrogen, 7.9; bromine, 22.0. 
P15ri1iO3I 2Dr required nitrogen, 8.1¡ ; bromine, 23.0 ¡10. 

LIydrolysis of bromo -2- nitro- 7- acetamidofluorene 

Dromo -2- nitro- 7- acetamidofluorene (lg.) in 

ethanol (150 ml.) and concentrated hydrochloric acid 

(25 ml.) was refluxed for four hours with a further 

ddition of hydrochloric acid (5 ml.) after two hours. 

The mixture was made alkaline with concentrated ammonia 

rnd poured into water. The orange precipitate was 

Filtered and dried, yield 97D. 

This was bromo -2- nitro- 7- aminofluorene. 

Deamination of bromo -2- nitro- 7- aminofluorene 
af. Hodgson and 'talker. J.C.S., 1933, 1620. 

A solution of bromo -2- nitro- 7- aminof luorene (0.135g.) 

ftn boiling glacial acetic acid (5 ml.) was chilled 

rapidly, and the resulting slurry was gradually 

tirred into a solution of sodium nitrite (lg.) in 

oncentrated sulphuric acid (7 ml.) at just under 

0 °C. The mixture was stirred for an hour. An 

qual volume of ethanol and a pinch of copper bronze 

pere added, and the mixture was heated gently until 

the/ 
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the temperature reached 8000. It was then poured 

into water, and the aqueous suspension extracted with 

benzene. The benzene extract was washed with wate' 

and dried over sodium sulphate. The volume was 

reduced, and the solution was chromatographed on 

alumina. Elution left a purple zone at the tap of 

the column. The eluate was evaporated to dryness, 

and the residue recrystallised three times from a 

mixture of glacial acetic acid and ethanol giving 

colourless needles, m.p. 20.7- 207.5 °C, yield 19.. 

Analysis. Found : nitrogen, 5.2;o; bromine, 28.14. 
C13H802NBr requires nitrogen, 4.8; bromine, 27.6;. 

This was bromo- 2- nitrofluorene. 

Oxidation of bromo -2- nitrofluorene 

Bromo -2- nitrofluorene (0.06g.) in glacial acetic 

acid (1.5 ml.) was boiled and sodium dichromate 

(0.18g.) in water (0.5 ml.) and glacial acetic acid 

(1.5 ml.) was added slowly. The mixture was refluxed 

for an hour, and poured into iced water. The 

aqueous suspension was filtered, and the solid was 

carbon screened and recrystallised from glacial 

acetic acid. A second recrystallisation from a 

mixture of glacial acetic acid and ethanol yielded 

yellow needles, m.p. 272 -274 °C, yield 19;L. 

Analysis. Found : nitrogen, 4.9y ; bromine, 26.6;. 
C13H6O3NBr requires nitrogen, 4.6; bromine, 26.3¡. 

This material was 3- bromo- 7- nitrofluorenone and was 

identical/ 
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identical to that obtained in the degradation of 

12- bromo-4- nitrofluoranthene, the mixed melting 

point showing no depression. 

(D) BROMINATION OF 4-CvAT10FLU0RANTHENE 

Preparation of 4- cyanofluoranthene 
cf. Von Braun and Manz. Annalen, 1931, 488, 11 

4- Bromofluoranthene (4.1g.), freshly prepared 

cuprous cyanide (4.1g.), five drops of benzyl 

cyanide, and pyridine (40 ml.) were heated at 240 °C 

in a sealed tube for twenty -four hours. The 

suspension obtained was poured into benzene and 

boiled. When cool the benzene was filtered. The 

precipitate was washed with dilute hydrochloric aci 

followed by water. It was then carbon screened an 

recrystallised from benzene giving almost colourles 

needles, m.p. 278- 280 °C, yield 5 %. This was 

4- carbamoylfluoranthene . 

Analysis. Found : carbon, 84.3iä; hydrogen, 4.8%; 
nitrogen, 5.9'x. 

C 7H110N requires carbon, 83.31.; hydrogen, 4.5% 
nitrogen, 5.7% 

The original benzene filtrate was evaporated t 

a small volume and chromatographed. Development o 

the column gave two bands, a brown zone which 

remained adsorbed at the top of the column and a 

yellow band which was eluted. The eluate was 

evaporated/ 
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evaporated to dryness, and the residual solid was 

recrystallised from methanol giving bright yellow 

needles of 4- cyanofluoranthene, m.p. 114 -115 °C, 

yield 64%. 

Brornination of 4- cyanofluoranthene 

4- Cyanofluoranthene (0.5g.) in nitrobenzene 

(6 ml.) was stirred at room temperature, and bromine 

(0.23 ml.) in nitrobenzene (1 ml.) was added slowlyl 

After two hours the precipitate formed was filtered 

and washed with benzene followed by sodium hydroxid 

solution and water. It was dissolved in benzene 

and chromatographed on alumin giving two bands. 
/as 

The first, yellow in colour, /eluted and the eluate as 

evaporated to dryness. The residual solid was 

recrystallised from a mixture of benzene and light 

petroleum (60 -80 °C) giving yellow needles of bromo- 

4- cyanofluoranthene, m.p. 222- 225 °C, yield 66 %. 

Analysis. Found : nitrogen, 4:6jó; bromine, 26.6,':. 

C17H8NBr requires nitrogen, 4.6%; bromine, 26.1k' 

This proved to be identical to the 12- bromo -4- 

cyanofluoranthene derived from 12- bromo -4- nitro- 

fluoranthene,, the mixed melting point showing no 

depression. 

The second band from the column yielded 

insufficient solid for examination, but in a repeat 

experiment on a larger scale enough material was 

obtained/ 
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obtained for recrystallisation. It consisted of 

yellow needles, m.p. 254 -269 °C, and analysis 

indicated dibromination. 

Analysis. Found : bromine, 39.5 %. 
C17A7NBr2 requires bromine, 41.5 %. 

Preparation of 12- bromo -4- carboxyfluoranthene 

12- Bromo -4- carboxyfluoranthene (0.65g.), sodium 

hydroxide (0.5g.) water (1.5 ml.) and ethylene 

glycol (10 ml.) were refluxed for five hours, and 

the resulting mixture poured into water, acidified, 

and extracted with benzene. The benzene extract 

was shaken with sodium carbonate solution, and the 

carbonate extract acidified giving a yellow 

precipitate of 12- bromo-4- carboxyfluoranthene. 

The precipitate (0.4g.) was refluxed in 

methanol (100 ml.) containing concentrated sulphuri 

acid (3 ml.) for eighteen hours. The resulting 

solution was poured intt water, and extracted with 

benzene. The benzene extract was washed with 

sodium carbonate solution followed by water, dried, 

and chromatographed on alumina. The column gave 

one main yellow band which was eluted and three 

minute yellow bands which remained adsorbed. The 

eluate yielded a yellow solid which was recrystalli ed 

from methanol to give yellow needles, m.p. 171 -173 °... 

This was 12- bromo- 4- methoxycarbonylfluor anthene. 

Analysis/ 
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Analysis. Found : bromine, 22.6 %. 

C18H1102Br requires bromine, 23.6;x. 

The ester (0.1g.), sodium hydroxide (0.5g.), 

methanol (10 ml.) and water (5 ml.) were refluxed 

for twelve hours, poured into dilute hydrochloric 

acid, and the mixture extracted with benzene. The 

benzene extract was shaken with sodium carbonate 

solution, and the carbonate extract was acidified. 

The precipitated free acid was recrystallised first 

from glacial acetic acid and then from benzene 

giving yellow needles of 12- bromo -4- carboxyfluoranthene, 

m.p. 318- 321 °C. 

Analysis. Found : bromine, 23.1¡x. 
C17H92Br requires bromine, 24.6;x. 

Attempted bromination of 4- carbamoylfluoranthene 

4- Carbamoylfluoranthene (0.3g.), glacial acetic 

acid (20 ml.) and bromine (0.06 ml.) were stirred 

at room temperature for two hours, during which tim 

precipitate appeared. This solid was recrystallised 

from benzene to give a material of indefinite 

melting point, which contained some bromine. 

Analysis. Found : bromine, 4.7 
C17H100NBr requires bromine, 24.7%. 

This experiment was repeated and the 

concentration of bromine was increased five -fold, the 

period of the reaction lengthened to seven days 

terminated by reflux for four hours, but no bromo- 

compound was isolated. 
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(E) BROTwïINATION OF 4-ACETYL- 4-CARBOXY- AND 

4-14ETHOXYCARBOIV YLFLUORANTHEDTE 

Preparation of 4- carboxyfluoranthene 

4- Cyanofluoranthene (0.4g.), glacial acetic 

acid (8 ml.), concentrated sulphuric acid (4 ml.) 

and water (4 ml.) were boiled overnight, and then 

poured into water. The resulting precipitate was 

dissolved in boiling glacial acetic acid, and the 

hot solution poured into iced water, giving a fine 

suspension which was readily extracted into ether. 

The ether extract was washed with water, and shaken 

with sodium carbonate solution. The carbonate 

extract was acidified, and the resulting precipitate 

filtered off. This solid was recrystallised from 

glacial acetic acid giving yellow needles, m.p. 275 - 

285°C, yield 78%. 

re.aration of 4- methox carbon lfluoranthene 

4- Carboxyfluoranthene (1.5g.) in methanol (100 

and concentrated sulphuric acid (5 ml.) were boiled 

overnight, and poured into iced water. The 

esulting suspension was extracted with ether, and 

the ether extract washed with water, followed by 

sodium carbonate solution and water. The ether 

solution was then dried over calcium chloride and 

vaporated to dryness. The residual solid was 

arbon/ 

1.) 
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carbon screened and recrystailised from methylated 

spirits giving pale greenish plates, m.p. 97 -98 °C, 

yield 

Preparation of fluoranthene- 4- carbox-lic acid chloride 

4- Carboxyfluoranthene (0.32g.), thionyl cioriee 

(1 ml.), dry ether (50 ml.), dry benzene (25 ml.) 

and two drops of pyridine were mixed and allowed to 

stand at room temperature overnight, and then 

boiled for four hours. The small amount of pyridine 

salt formed was removed by filtration, and the solvent 

distilled off leaving a yellow solid. To this was 

added dry benzene (25 ml.) which was again distilled 

off in order to remove traces of thionyl chloride. 

The residual solid was the acid chloride m.p. 140 - 

145°C, yield 90; . 

Preparation of 4- acetylfluoranthene 
cf. alker and Hauser. J.A.C.S., 1946, 1387. 

Magnesium (0.33g.), absolute ethanol (1.3 ml.) 

and carbon tetrachloride (0.1 ml.) were placed in a 

50 ml. flask fitted with a reflux condenser and 

calcium chloride tube. The reaction was started 

by gentle warming and allowed to continue for several 

minutes. Dry ether (9 ml.) was added, and a mixture 

of diethyl malonate (2 ml.) in ethanol (1.3 ml.) and 

dry ether (2 ml.) was added dropwise. The contents 

of/ 
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of the flask_ were refluxed for an hour. After 

cooling the mixture a benzene solution of 

fluoranthene -4- carboxylic acid chloride (0.3g.) was 

poured in carefully. The resulting mixture was 

boiled for an hour and allowed to stand at room t emPerature 

overnight. 

The solvent mixture was removed under reduced 

pressure leaving a viscous brown oil which was then 

boiled for four hours with glacial acetic acid (3 ml.) 

concentrated sulphuric acid (0.4 ml.) and water 

(2 ml.). After being allowed to stand overnight the 

mixture contained a white crystalline solid and a 

pale brown oil. Sodium hydroxide solution was 

ached to neutralise all the acid '3resent, and an ether 

extract was made. This was washed with sodium 

carbonate solution followed by water, and after 

drying over sodium sulphate the ether was evaporated 

off leaving a pale yellow solid. The solid was 

carbon screened and recrystallised from methylated 

spirits giving pale yellow needles, m.p. 126 -129 °C, 

yield 40í0. 

This was 4- acetylfluoranthene, its mixed melting 

point with an authentic sample of 4- acetylfluoranthene 

showing no depression. 

Bromination of 4- carboxyfluoranthene 

4- Carboxyfluoranthene (0.7g.) was dissolved in 
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a mixture of glacial acetic acid (20 ml.) and carbon 

tetrachloride (10 ml.). To the stirred solution 

was added bromine (0.4 ml.), and the mixture was 

(stirred at 25 °C for five hours. After standing at 

room temperature overnight it was stirred at 25 °C for 

a further eight hours, and again allowed to stand 

overnight. A yellow precipitate was formed, and 

after carbon screening and recrystallisation from 

igalcial acetic acid yielded yellow needles m.p. 320 

323 °C. 

This was found to be identical to 12- bromo -4- 

carboxyfluoranthene, the mixed melting point showing 

no depression. 

Bromination of 4- methoxycarbonylfluoranthene 

4- Yethoxycarbonylfluoranthene (0.7g.) was 

dissolved in a mixture of carbon disulphide (10 ml.) 

and carbon tetrachloride (10 ml.),and bromine (0.2 ml.) 

was added. The solution was stirred at 25 °C for 

five hours and allowed to stand overnight at room 

temperature. The solvents were distilled off and 

the solid residue, after being washed with sodium 

carbonate solution followed by water, was recrystallised 

three times - first from a mixture of benzene and 

ethanol, then twice from methanol. The final 

product of yellow needles, m.p. 168- 170 °C, was 

identical to 12- bromo- 4- methoxytarbonylfluoranthene,I, 

the mixed melting .point showing no depression. 
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Attempted bromination of 4-acetylfluoranthene (i) 

4- Acetylfluoranthene (0.1g.) was dissolved in 

nitrobenzene (2 ml.) and bromine (2 ml. of a 1% 

solution in nitrobenzene) was added. The solution was 

stirred for sixteen hours, after which the nitrobenzene 

was removed by steam distillation. 

The residual yellow oil could not be made to 

crystallise, and attempts to obtain a pure compound 

by means of chromatography were unsuccessful. 

Attempted bromination of 4- acetylfluoranthene (ii) 

4- Acetylfluoranthene (0.8g.) was dissolved in a 

mixture of carbon disulphide (10 ml.) and carbon 

tetrachloride (10 ml.), and bromine (0.2 ml.) added. 

The solution was stirred at 25 °C for nine hours and 

allowed to stand overnight at room temperature. 

The yellow oil obtained on working up the mixture again 

proved incapable of yielding a solid or crystalline 

.material on trituration or chromatography. 



82 

, ( F) SULPHOrrATION OF FLUORAfiTHENE 

Disulphonation of fluoranthene 

cf. Goldschmitdt. Plonatsh. 1880, 1, 227. 

Fluoranthene (20g.) was pulverised and stirred 

into cold concentrated sulphuric acid (40g.). The 

mixture was warmed gently on the steam bath until 

solution was complete. The green oily mixture 

produced was dissolved in water, and the solution 

neutralised with barium carbonate. The barium 

sulphate formed was removed by filtration, and the 

solution of the barium salt of fluoranthene disulphonic 

acid was carefully acidified with dilute sulphuric 

,acid until no more barium sulphate was precipitated. 

resulting suspension was filtered through a fine 

,bed of filter cel, and the filtrate was neutralised 

w ith potassium hydroxide solution. The solution 

was evaporated to dryness under reduced pressure 

leaving a pale yellow solid residue of the potassium 

'salt of fluoranthenedisulphonic acid. 

A number of sulphonations were carried out in 

llithis manner, and th weight of product usually 

indicated quantitative yields, but it is very likely' 

that these products were. contaminated to some extent', 

with potassium sulphate. 

In a few experiments, the acid was isolated as 

the barium salt, but for most purposes the potassium 

;salt was preferable. In all subsequent experiments; 

Ilthe/ 



the crude salt was used, but in one instance a 

sample was recrystallised for analysis. 

Analysis. Found : sulphur, 15.2 %. 

016H80652K2 requires sulphur, 14.6%. 

In an initial experiment the sulphonation product 

was examined by filter paper chromatography, and 

comparison was made with naphthalene sulphonic acids. 

The chromatogram was obtained by spotting the 

test substances on a 15 cm. filter paper (.dhatman 

Lo. 1) at the points marked "x" in diagram 2, and 

placing the latter in a desiccator so that the 

centre of the paper rested on the end of a capillary 

dipping into a tube of the developing solution. The 

solution was prepared by shaking a mixture of butanol 

(40 ml.), ethanol (10 ml.), water (49 ml.) and 

concentrated ammonia solution (1 ml.). The butanol 

layer was used as developer, and the aqueous layer 

was put in the desidcator to saturate the atmospherC. 

(See diagram 1) . 

The chromatogram was examined in ultra violet 

light and the positions of the spots produced by 

the sulphonation product from fluoranthene were 

compared with those produced by known naphthalene 

compounds. The results (see diagram 2) indicated 

that the sulphonation of fluoranthene gave mainly 

disulphonic acid, together with some monosulphonic acid 

and a trace of unchanged fluoranthene. 

Preparation/ 
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i 

DIAGRALi 1 

: ciV.-111, 

Solvent Front 

1,2 : 

3,4 : 

5,6 : 

Sulphonation product of fluoranthene 

Naphthalene- 2- sulphonic acid 

Naphthalene- 2:7- disulphonic acid 

DIAGRAM 2 
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Preparation of fluoranthenedisulphonamide 

The barium salt of fluoranthenedisulphonic acid 

(10g.), phosphorus pentachloride (20g.), and benzene 

,(125 ml.) were refluxed for half an hour and allowed 

to stand overnight at room temperature. The yellow 

benzene solution was decanted, and the solid residue 

was heated gently for half an hour with a little 

more phosphorus pentachloride. The solid mass was; 

cooled and extracted with benzene. The combined 

benzene extracts were shaken with water followed by 

concentrated ammonia solution. The precipitated 

sulphonamide was dissolved in a mixture of glacial 

acetic acid and ethanol, carbon screened, and 

repracipitated by the addition of some water. The 

precipitate was filtered and dried, m.p. 177- 190 °C, 

yield 22. 

Attempted convetrsions of fluoranthenedisulphonic 
acid and derivatives to dicyanofluoranthene 

cf. Goldschmit dt. Monatsh. 1880, 1, 231. 

A number of attempts were madetro convert 

fluoranthenedisulphonic acid into dicyanofluoranthene, 

but these were all unsuccessful. The procedure 

adopted was the fusion of a mixture of potassium and 

sodium cyanides with the potassium salt of fluoranthene- 

disulphonic acid, the free acid, or the sulphonamide 

II in an atmosphere of nitrogen. Various methods of working 

pup the resulting mixtures were tried, such as 

extraction/ 
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extraction with acetone, chloroform, or chlorobenzene, 

and sublimation under reduced pressure, but none of 

these yielded any dicyanofluoranthenee In some 

cases small ;ivantities of low melting solids were 

obtained, and the red oil reported by Goldschmiedt 

(loc. cit.) was observed in minute amounts only. 

Attempted conversion of fluoranthenedisulphonic acid 

to dibrómofluoranthene 
cf. Fieser and Seligman. J.A.C.S., 1939, 61, 139. 

The potassium salt of fluoranthehedisulphonic 

acid (10g.) was dissolved in water (100 ml.) and 

the solution was vigorously stirred at a temperature 

lof 50 °C. To this was introduced a solution of 

bromine (7g.) and sodium bromide (10g.) in water (30 ml.). 

fter thirty seconds ah excess of sodium bisulphite 

solution was added. The resulting semi- colloidal 

suspension was filtered with some difficulty and the 

solid obtained gave positive tests for sulphur and 

alogen. It was dissolved in aqueous acetone and 

deposited a small amount of solid m.p. 175 -182 °C. 

In one experiment the aqueous suspension was 

subjected to a continuous liquid -liquid extraction 

with ether, and the ether layer yielded a minute 

mount of solid, m.p. 180- 200 °C. 

In no case was a sufficient amount of material 

soluble in organic solvents obtained to allow 

irecrystallisation. 



87 

Preparation of dihydroxyfluoranthene 

cf. Goldschmiedt. Monatsh. 1880, 1, 230. 

The potassium salt of fluoranthenedisulphonic 

acid (21.5g.) and potassium hydroxide (50g.) were 

fused under a stream of nitrogen, and the resulting 

red melt was cooled and dissolved in water giving a 

fluorescent solution. The suspension produced 

on acidification of this solution was extracted with 

ether, and the ether extract was washed with water. 

After drying over sodium sulphate the ether was 

removed by distillation leaving a greenish residue 

of crude dihydroxyfluoranthene, yield 44%. Some of 

this material was recrystallised from light petroleum 

to give a yellow solid m.p. 230- 243 °C. 

Attempted conversion of dihydroxyfluoranthene to 

diaminofluoranthene 

Dihydroxyfluoranthene (crude), ferric chloride 

and concentrated ammonia solution were heated in a 

sealed tube, but it proved impossible to obtain a 

sealed tube capable of withstanding sufficient 

pressure for the reaction to be accomplished, and 

this attempt was abandoned. 

Attempted preparation of a Ljuinone from dihydroxy- 

fluoranthene 

cf. R. Criegee ( "Plewer Methods of Preparative 
Organic Chemistry ". 1948). 

Dihydroxyfluoranthene/ 
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Dihydroxyfluoranthene (lg.) and lead tetracetate 

(2.1g.) in chloroform (100 ml.) were allowed to 

stand in the dark for twelve hours with occasional 

shaking. The resulting mixture was put into benzene 

and ether, the chloroform having been removed, and 

the solution was washed with water and dried over 

calcium chloride. The volume was reduced, and the 

¡benzene solution was chromatographed. There was 

Íno band formation on elution with benzene, a dark 

brown zone remaining adsorbed at the top of the 
/band 

!column. An orange -pink /(very faint) was eluted 

with alcohol, but this yielded no solid material. 

,Preparation of dimethoxyfluoranthene 

Dihydroxyfluoranthene (lg.) and sodium hydroxide 

(04g.) were dissolved in water (10 ml.) and to the,, 

cold stirred solution dimethyl sulphate (0.9 ml.) in 

a little water and tertiary butanol was added. 

Stirring was continued for one hour after which the' 

mixture was refluxed for two hours. After cooling 

the mixture was poured into water, and the 

suspension wqs extracted with ether. The ether 

extract was washed with sodium hydroxide solution 

followed by water, and the solvent exchanged for benzene. 

The benzene solution was chromatographed, the column 

yielding a small brown zone which remained adsorbed at 

the top of the column and a yellow band which was 

,eluted/ 
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eluted. The eluate gave a yellow solid, yield 49 %., 

A portion of this was recrystallised from methanol 

giving pale yellow plates, m.p. 158 -159.5 °C. 

Analysis. Found : carbon, 82.8 %; hydrogen, 5.7iß.. 

C18H1402 requires carbon, 82.4%; hydrogen, 5.3%. 

Attempted oxidation of dimethoxyfluoranthene (i) 

Dimethoxyfluoranthene (lg. ), sodium dichromate 

(20g.) and glacial acetic acid (75 ml.) were refluxed 

for eight hours and the resulting mixture poured into 

water. The aqueous mixture was extracted with ether 

giving a yellow ethereal solution with a purple 

fluorescence. extraction with sodium carbonate gave 

no acidic product. 

A number of other experiments were carried out 

in which the quantity of dichromate was much reduced', 

and the temperature employed was room temperature, 

but no acidic product was obtained. 

Attempted oxidation of dimethoxyfluoranthene (ii) 

Dimethoxyfluoranthene (0.5g.), potassium 

permanganate (0.5g.) in sodium hydroxide solution 

1(10 ml.; 0.5N) were refluxed for six hours after 

which unchanged starting material was recovered. 

Permanganate oxidation was also attempted with 

'pyridine as solvent. Dimethoxyfluoranthene (0.5g.) 

was dissolved in pyridine which had been purified by 

boiling/ 
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boiling with potassium permanganate followed by 

distillation. The solution was refluxed and 

potassium permanganate (lg.) was added in two portions. 

The mixture was refluxed for two hours after which 

it was poured into dilute hydrochloric acid, and thel 

¡aqueous mixture extracted with ether. The ether 

extract was shaken with sodium carbonate solution, 

but no acidic material was found to be present. 

;Preparation of fluoranthene -4- sulphonic acid 
cf. J.v. Braun and Manz. Ann. 1931, 488, 117. 

A mixture of chlorosulphonic acid (3.3 ml.) and 

chloroform (10 ml.) was added dropwise to a stirred 

solution of fluoranthene (10g.) in chloroform (50 ml.) 

at -15 C over a period of half an hour. A blood - 

red colour was produced, and as the temperature was 

allowed to rise to that of the room over a period of 

two hours, this gave way to a bright green colour, 

and a green solid was deposited. The solution was then 

slowly heated to its boiling point, and refluxed for 

¡fifteen minutes. On cooling it was shaken with 

water, when a buff -coloured emulsion was formed. 

This was centrifuged, and the brown aqueous layer 

was separated, evaporated to low volume, neutralised 

with sodium hydroxide solution, and treated with 

saturated sodium chloride solution. The resulting 

,precipitate was filtered and recrystallised from 

water, yield 66. 

Analysis. Found : sulphur, 11.6. 
1C16H903SNa requires sulphur, lO.5. 
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Preparation of fluoranthene -4- sulphonamide 

The sodium salt of fluoranthene -4- sulphonic 

'acid (lg.) amd phosphorus pentachloride (2g.) were 

irefluxed in benzene (50 ml.) for an hour, and the 

solid residue filtered off leaving a bright yellow 

solution. This was shaken with concentrated ammonia 

solution, and the resulting precipitate, yield 54iß, 

was twice recrystallised from methanol giving 

colourless plates, m.p. 234 -235.5 °C. 

Analysis. Found : nitrogen, 4.8'. 

C16R1102NS requires nitrogen, 5.0 %. 

Attempted bromination of fluoranthene-4- sulphonamide 

Fluoranthene -4- sulphonamide (1.2g.) and bromine 

(0.4 ml.) in glacial acetic acid (125 ml.) were 

stirred at 80 °C for half an hour. Stirring at room 

temperature was continued while a further addition 

of bromine (2.0 ml.) was made, and the mixture was 

allowed to stand overnight at room temperature. It 

was then stirred at 80 °C for six hours, and finally 

heated for one hour on the steam bath. The solutión 

was cooled and poured into a solution of sodium 

bisulphite in water. The precipitate formed was 

filtered off and washed with alcohol, yield 1.6g. 

ecrystallisation from glacial acetic acid was tried 

and an insoluble residue was left. This gave a 

melting point of 273- 280C. 

Analysis/ 
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Analysis. Found : bromine, 38.1 %. 
C16H902NBr2S requires bromine, 36.0. 

A solid deposited from the glacial acetic acid, 

gave a melting point of 256- 276 °C. 

Analysis. Found : bromine, 37.9iß 
02NBr2S requires bromine, 36.4 %. C16H9 

These products were apparently mixtures of 

dibromo material, and further purification was not 

accomplished. 

l (G) CONVïiiSIOìv OF 4:12-DIACFTYLFI,UORAIITHENE INTO 

REFERENCE COIiPOUNDS 

.Preparation of 4:12- diacetylfluoranthene 
cf. Campbell, Leadill and Wilshire. J.C.S., 1951, 1404. 

Fluoranthene (20g.), acetylbromide (16 ml.) and 

carbon disulphide (100 ml.) were stirred at 0 °C and 

powdered aluminium chloride (36g.) was added over a 

,period of one hour. The mixture was stirred for 

sixty -five hours, the temperature being allowed to 

rise to room temperature over the first few hours. 

The resulting mixture was decomposed with concentrated 

hydrochloric acid at 0 °C, and the carbon disulphide 

removed on the steam bath. The residual slurry 

was thoroughly extracted with boiling benzene, and 

Ithe benzene extract was distilled to a low volume 

and/ 
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and chromatographed. 

The column yielded a colourless band with a 

blue fluorescence (fluoranthene) and a pale yellow 

'band (4- and 11- acetylfluoranthene) which were 

readily eluted with benzene containing 25% light 

¡petroleum (60- 80 °C). A deeper yellow band was 

left on the column and this was separEited from the 

brown zone at the top of the column by running 

;through pure benzene. When separation was complete 

the column was cut and the alumina extracted with 

chloroform. The chloroform extract yielded a 

¡yellow solid which was twice recrystallised from 

;benzene giving yellow needles, m.p. 138 -140 °C, 

yield 29i. 

Preparation of 4:12- diacetamidofluoranthene. (The 

Schmidt reaction). 

cf. Campbell, Leadill and Wilshire. J.C.S., 1951, 1405. 

4:12- Diacetylfluoranthene (2g.) was dissolved 

in a mixture of trichloracetic(g. ) and 

concentrated sulphuric acid (0.5 ml.) at 60 °C, and 
1 

sodium azide (1.42g.) was added in small portions 

over an hour with some stirrings The temperature 

was maintained at 60 °C for eight hours with occasional 

stirring, after which the mixture was poured into 

iced water. The resulting yellow precipitate was 

filtered off and boiled in benzene (100 ml.) for 

half an hour. The benzene was filtered hot and 

Hthe/ 
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the residue was dried, m.p. > 300 °C, yield 95. 

Preparation of 4:12 - diaminofluoranthene 
cf. Campbell, Leadill and Wilshire. J.C.S., 1951, 1405. 

In subsequent experiments the free amine was never 

isolated in anything but the crude form. The 

dihydrochloride was obtained by boiling 4-12-diacetamido- 

fluoranthene in concentrated hydrochloric acid for 

two hours. Cooling the acid mixture gave a 

precipitate of the dihydrochloride as almost colour- 

less needles, and this on digestion with concentrated 

ammonia solution gave an orange solid, m.p. 90- 105 °C. 

The yields were quantitative. 

Attempted preparation of 4:12 - dihydroxyfluoranthene 

4:12 -Diaminofluoranthene (1.3g.) was dissolved 

in glacial acetic acid (50 ml.), and sodium nitrite 

(lg.) was added with stirring at 70° in small portions 

over a period of one and a half hours. The solution, 

initially reddish brown with a strong yellow 

fluorescence turned brown and a precipitate was 

formed. The temperature was maintained at 70° for 

a further half hour and the mixture allowed to stand 

at room temperature overnight. Extraction with 

ether and caustic soda solution failed to yield a 

phenolic product. 

(i) 

Attempted/ 
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;Attempted preparation of 4:12 -dihydroxyfluoranthene (ii) 

A suspension of the amine dihydrochloride in 

concentrated hydrochloric acid was heated to the 

boiling point, and an aqueous solution of sodium 

,nitrite (10yß) was added slowly with stirring until 

an excess of nitrous acid was detected. On cooling 

thé mixture was worked up in the usual way but 

without yielding any phenolic product. 

Attempted preparation of 4:12- dimethoxyfluoranthene¡ 

To a chilled solution of the crude amine (1.5g . 

in dry methanol (125 ml.) was added amy7.nitrite 

(2 ml.), and dry hydrogen chloride was passed in 

for an hour, during which the solution became a blue 

!black colour. It was then refluxed for one hour and 

allowed to stand overnight at room temperature. It 

was then poured into boiling sodium hydroxide 

solution which on cooling was extracted with ether 

and chloroform. The alkaline layer was acidified 

and yielded no phenolic product. The organic 

solvent extract was put into benzene and chromatogrqphed. 

The column yielded two bands which were eluted with 

:benzene. These were: 

(a) A small colourless band with a blue 

fluorescence giving a solid material (0.2g.) which 

was recrystallised from benzene to give a colourless 

solid of low indefinite melting .point. 

(b)/ 
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(b) A yellow band which gave a pale yellow solid. 

(0.02g.). This was recrystallised from ethanol 

giving solid which softened at 160°C and melted over 

a wide range (205- 300 °C) . 

The residual strongly adsorbed zone at the top 

of the column was crimson in colour. This was 

eluted with alcohol and evaporation yielded a dark 

reddish solid, of low indefinite melting point, which 

when in alcoholic solution gave a beautiful red 

colour. 

Attempted preparation of dianilinofluoranthene (i) 

cf. Buu-Hoi. J.C.S., 1952, 4346. 

4:12- Diaminofluoranthene (1.5g.), phenol (10g.) 

and iodine (0.1g.) were refluxed for forty -two hours 

and the resulting mixture taken up in benzene. 

The portion insoluble in benzene was dissolvedH 

in boiling alcohol and the solution on cooling 

,deposited a brown solid which became dark and sticky 

on heating to 350 °C with some signs of sublimation. 

The alcoholic filtrate was carbon screened and the 

volume reduced. Successive reductions of volume 

gave three crops of solid: 

a) brown solid m.p. 235 -240 °. 
b) orange solid m.p. 197- 200°°. 
c) orange solid m.p. 90-105-. 

(c). was acetylated in acetic acid with acetic 

anhydride giving a yellow solid m.p. 337 -345° (d) 

which/ 
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which appeared to be identical with 4:12-diacetamidó- 

fluoranthene the mixed melting point giving no 

'depression. Since the melting point, however, was, 

over a range of eight degrees the mixed melting 

,point cannot be regarded as reliable, but in as much 

as it can be depended upon the evidence indicated 

that some amine was returned unchanged. 

The benzene soluble portion was washed with 

sodium hydroxide solution followed by water but the 

solid obtained could not be crystallised to yield 

any material with a definite melting point. 

1 Portion (b), m.p. 197 -2000 was analysed. 

Analysis. Found : carbon, 73.8¡x; hydrogen, 5.8%; 
nitrogen, 7.2 ¡o. 

C28H20112 requires carbon, 87.5ío; hydrogen, 5.3; 
nitrogen, 7.3i. 

The analysis showed that this material was not 

the compound desired. 

Attempted preparation of dianilinofluoranthene (ii) 
cf. Buu-Hoi. J.C.S., 1952, 4346. 

Dihydroxyfluoranthene (2g.), aniline (10 ml.) 

'land iodine (0.1g.) were refluxed for sixty -eight hours, 

'but working up the product yielded no homogeneous 

¡material. 

Preparation/ 
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Preparation of 4:12- dimethoxyfluoranthene 
cf. Friess. J.A.C.S., 1949, 71, 14. 

Friess and Farnham. J.A.C.S., 1950, 72, 5518. 
Friess and Soloway. J.A.C.S., 1951, 7T, 3968. 

4:12- Diacetylfluoranthene (2g.) was dissolved 

in a solution (about 4,) of perbenzoic acid in 

chloroform (100 ml.) ( "Organic Syntheses" Coll. Vol. I, 

1947, 434). The mixture was allowed to stand in 

the dark at room temperature for ten days with 

occasional shaking. 

The resulting orange cloudy solution was washed 

with sodium carbonate solution followed by water, 

and dried over sodium sulphate. The chloroform was 

distilled off leaving a residue of the diacetate 

(1.04g.), m.p. 125 -13000. 

The diacetate was boiled in a sodium hydroxide 

solution (50 ml., 10%) for five hours. The 

resulting mixture was filtered, and the filtrate, 

dark brown solution with a yellow fluorescence, was 

acidified with hydrochloric acid. The resulting 

suspension was extracted into ether, and the 

extract dried over sodium sulphate. 

To the ether solution (10 ml.) was added an ether 

solution (50 ml.) of diazo- methane ( "Practical 

Organic Chemistry ", Vogel, 1951, 843). After 

standing overnight the ether was distilled off and 

the residue dissolved in benzene. The benzene 

solution was chromatographed, the column yielding 

a yellow band which was eluted and a brown zone 

which/ 
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which remained adsorbed. The eluate was evaporated 

to dryness and the residue recrystallised from 

methanol giving yellow plates of 4:12- dim.ethoxy- 

fluoranthene, m.p. 155.5-157°C. 

'Analysis. Found : C, 81.8%; H, 5.2%. 

C18H1402 requires C, 82.4%; H, 5.3;,.. 

This material proved to be identical to that 

obtained from fluoranthenedisulphonic acid by fusion 

with potassium hydroxide and methylation with 

dimethyl sulphate, the mixed melting point showing 

no depression. 

Bromination of 4 :12- diacetyl luoraiithene 

4:12- Diacetylfluoranthene (0.5g.) was dissolved 

in nitrobenzene (10 ml.), and a solution of bromine 

(0.09 ml.) in nitrobenzene (10 ml.) was added 

slowly with stirring. A crystal of iodine was 

introduced and stirrrinz continued for five hours. 

The yellow precipitate formed was filtered off and 

recrystallised from chlorobenzene giving yellow 

needles, m.p. 215 °C (d), yield 0.43g. 

Analysis. Found : Br, 34.0. 
C20H1202Br2 requires Br, 36.0. 

Some of this bromo compound was refluxed with 

pyridine for an hour. Initially the solid dissolved 

but later a precipitate was formed. The mixture 

was shaken with sodium carbonate solution and 

extracted/ 
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;extracted with chloroform. Treatment of the 

chloroform extract, which contained an enol -betaine, 

with picryl chloride yielded a heavy precipitate 

confirming the presence of an enol- betaine, and, 

,therefore, the presence pf side -chain bromine in 

the bromo compound. 

( H) BROMINATIOPd OF 4-ïdITR0-1-pIENYLNAI'HTHALENE 

Preparation of tetrahydro -l- phenylnaphthalene 
cf. Weiss and Woidich. I:ionatsh. 1925, 46, 456. 

1- Bromonaphthalene (50g.) was added slowly to 

dry ether (250 ml.) containing magnesium turnings 

(6g.)with vigorous stirring, and stirring was 

continued until the reaction was complete. To the 

,resulting mixture cyclohexanone (21g.) in ether 

(250 ml.) was added dropwise with stirring. After- 

continued stirring for three hours the mixture was 

poured into iced dilute hydrochloric acid and shaken. 

The ether layer was dried over sodium sulphate and the 

ether distilled off. 

The residual oil was distilled under reduced 

pressure and the portion distilling between 220° and 

240 °C at 50 m /m. pressure was collected. On cooling 

the oil solidified to give colourless prisms, 

yield 65i,;. 

In/ 
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In order to ensure that dehydration had 

occurred completely the product was refluxed for two 

hours with ' analar' formic acid. The formic acid 

was distilled off and the residual oil taken up in 

ether, washed with sodium hydroxide followed by water, 

and dried over sodium sulphate. The product was 

distilled as before, the portion coming over at 216- 

230° at 50 m /m. being collected. 

Preparation of i- phenylnaphthalene 

Tetrahydrophenylnaphthalene (24.8g.), chloranil'. 

(57g.) and sulphur -free xylene (500 ml.) were refluxed 

for twenty -four hours. On cooling the solution 

deposited a brown alkali -soluble precipitate of 

tetrachlorohydroquinone which was filtered off. The 

filtrate was diluted with its own volume of ether and 

washed with sodium hydroxide solution (500 mi.; 5i ) 

followed by dilute sodium hydroxide solution (2N) and!, 

Water. The solution was dried over calcium chloride 

and the xylene removed by distillation. The residual 

oil was distilled at 205 °C at 7 m /m. pressure giving 

an almost colourless oil, yield 

Preparation of 4- nitro -l- phenylnaphthalene 
cf. Weiss and , oidich. Lionttsh. 1925, 46, 457. 

1- Phenylnaphthalene (14g.) in glacial acetic 

acid was stirred and cooled in an ice bath, and 

fuming/ 
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(fuming nitric acid (28g.) was added dropwise. 

I 

llAfter standing overnight at room temperature the mixture 

was poured into water and extracted with a mixture 

of benzene and ether. The ether extract was washed 

with sodium carbonate solution followed by water 

and dried over sodium sulphate. The volume was 

reduced and the benzene solution chromatographed. 

The column was eluted with a mixture (1:4) of 

benzene and petrol -ether (60- 80 °C). The column 

;yielded a yellow band which was eluted and a brown 

zone which remained adsorbed. The eluate yielded 

'a solid which was recrystallised from ethanol giving 

large yellow needles, m.p. 130 -132 °C, yield 31. 

Bromination of 4- nitro -l- phenylnaphthalene 
cf. Derbyshire and '.daters. J.C.S. 1950, 573. 

4- Nitro-l- phenylnaphthalene Qlge) and bromine 

(0.21 ml.) were dissolved in a mixture of 

concentrated sulphuric acid (4 ml.) and water (0.4 ml.), 

and silver sulphate (1.25g.) was added. The mixture 

was shaken mechanically in the dark for twenty -four 

hours. It was then poured into water and extracted 

with chloroform and ether. The combined extracts 

were washed with water and dried over sodium sulphate. 

The solvents were distilled off and the residual 

brown oil was taken up in benzene. The benzene 

solution, dark reddish brown in colour, was 

chromatographed. 

The/ 
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The column yielded two yellow bands and a 

brown zone which remained adsorbed at the to of 

the column. The first yellow band on elution 

yielded starting material. The second, smaller in 

extent, was eluted and gave a yellow solid m.p. 165- 

190oC, yield 0.05g. Recrystallisation from ethanol 

containing a little water gave no improvement of 

melting point. 

'Analysis. Found : bromine, 2 6.7 . 
C16H10021vBr requires bromine, 24.30. 
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