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Fluorene was isolated by Berthe&dt from the crude

o r 2
anthracene oil boiling between 300-310 , Later Barbior 
improved Berthelot’s method and obtained fluorene in large 

quantities.
Fluorenone can be obtained by the oxidation of fluorene 

by various oxidising agents or from phenanthraquinone* Fittig 
and Ostermayer3 obtained fluorenone by the oxidation of

phenanthraquinone and subsequent distillation of this acid
*■with soda lime* Postovaskl and Lugovkin have shown that

fluorene is converted to fluorenone in 5 t yield only by
o $

heating with selenium dioxide at 235 • Courtot obtained 
fluorenone in quantitative yield by oxidising fluorene with 
potassium permanganate at room temperature* A convenient 
method for the preparation of fluorenone derivatives is to
oxidise suitable fluorene derivatives by sodium dichromate

6 6 
in acetic acid • Bint re ss, Herschburg and Cliff carried out
various studied on the conversion of diphenic acids into
fluorenone derivatives*

The synthesis of substituted fluorene and fluorenone
can be attained either by direct substitution in fluorene or
fluorenone or by converting properly substituted compounds
into fluorene or fluorenone derivatives*

Synthesis of fluorene and fluorenone derivatives s 
7Adam showed that biphenyl (I) and methylene dichlorlde 

under the conditions of Frledel-Crafts reaction gives fluorene 
(II).
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8Del acre recommended a general method for the preparation 
of fluorene derivatives In which benzene and ethyl trichloro

9*io
acetate are heated with aluminium chloride*Vorlander 
prepared fluorene 9-carboxylic acid (III) by condensing 
benzoyl cyanide with benzene in the presence of aluminium 
chloride and hydrolysing the product; or by substituting 
benzylic acid in place of benzoyl cyanide.

Synthesis of fluorene derivatives from phenanthraqulnone 
' derivatives affords a very reliable method because, the



orientation of the substituents are well established# 
Phenanthraquinone undergoes benzylic acid type of rearrange

ment giving 9-hydroxyfluorene-9-earboxylie acid (IV) which 
can be oxidised to fluo re none (V) or deearboxylated to 
9-hydroxyfluorene (VI)*1*12*1** Phenanthraquinone can 

directly be converted to fluo reruns by alkaline potassium 
pe rmanganate treatment •

o o

Vl

The eye li sat ion of diphenie acid derivatives can be 

achieved by heating them alone or with cone# sulphuric acid*
Thus Mbore and Huntress* * prepared 2-nitrofluorenona-4~ 

carboxylic acid (VIII) from 4-nitrodiphenie acid (VII)*
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Fluorenone derivatives can also be synthesised from
o-halogen substituted benzophenone derivatives by heatIng

x 6 $ i 7with alkali* Jfontagne obtained several derivatives of
fluorenone by this method*

xDlazotisation and internal coupling of o-amino benzo-
18

p he none derivatives furnish f luorenone derivatives • 
o,o!-Dlamlnobenzoph9none gives X-hydroacyfluorenone by this

method . Fluoranthrene (IX) and cholnthrene (X) on chromic !«' 
aoid oxidation gives moranona-l-cartoxylic acid (ffl 21’“’23

X
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aldehydes s

The hydrogens of the methylene group In fluorene are 
highly reactive by virtue of the tv/o phenyl groups* This 
is illustrated by the condensation of fluorene and its 
derivatives with aldehydes in the presence of sodium alkoxida 
and also by the ease with which these hydrogens are replaced 
by sodium or potassium* A large number of aromatic aldehydes

2I», 2$have been condensed with fluorene and its derivatives «

As a part of the present work ddals with substitution 
in fluorene and fluorenone derivatives some of the previous 
work on substitution in fluorene and fluorenone and some 
of their derivatives is discussed here to illustrate the 
pattern of substitution in these compounds and the types of 
studies made.

Substitution in fluorene and fluorenone *
Chlorination s

Hodgkinson and Matthews carried out the chlorination
of fluorene in dry chloroform and obtained 2,7-dlchlorofluorene 

. 27
(XIII), Courtot and Vignati later observed that chlorination

oof fluorene In chloroform by elementary chlorine at 0-5 gave
a mixture of 2-chlorofduorene (XII) and 2,7-dichlorofluorene
(XIII) and that the separation of these two was difficult.
They could separate these two products only after oxidising

28
them to the corresponding fluorenones* Baffle obtained
2-chlorofluorena (XII) in good yield when ha chlorinated the

ehydrocarbon in benzene at 80 using antimony penfeachlorid© 
or iodine as catalyst* 2~, and 2,7-dichlorofluorene: have 
been prepared through the Sandmayer reaction on dlazotlsed



2? » 29 3 0
amino fluorene s • Holm prepared a trichloro fluorene
by chlorinating fluorene in carbon disulphide « A penta-

26
chlorofluorene was prepared by Hodgkinson and Matthews 
by the action of chlorine on fluorene dissolved in carbon 
tetrachloride and using iodine as a catalyst* The structures 
of these compounds have not been established*

109

3i
Varma and Subba Rao carried out the chlorination of

2-bromoflyorene and obtained 2~bromo-7-chloroflUoren0* The
chlorination of 2-nitrofluorene gives 2-nitro-7»chloro-

32 . 33
fluorene as reported by Gutmann and Ray « Streitwieser
obtained 2-ehloroflucrene by the action of sulphuryl
chloride on fluorene dissolved in dry ether* Greenhow*
Harris and White3* reported a hexachlorofluorene of urknown

35
structure* Bell and Gibson showed that the chlorination 
of 2-ami no fluorene takes place at the 3-position.

Bromination of fluorene results in the formation of



2-bromofluorane (XIV) and 2,7-dibromofluorena (X$f6$3* 44«

The orientation of these compounds have been established

either by synthesising the* from suitable phenanthrene

derivatives or converting aminofluorenes of known orientation

to bromofluorenes through the Sandmayer reaction* Sampey 
4.2

and Reid carried out the bromlnation of fluorece in

carbon tetrachloride in sunlight or mercury vapour lamp

light and obtained 9«bromofluorene (XVI) in 6*+ % yield*

The same compound has also been prepared ty the action of

N-bro mo sue c 1 nirni de on fluorene in carbon tetrachloride or 
4.3

benzene • When this reaction was carried out in the presence 
of one mole of borora trifluoride, 2-bromofluorene (XIV) with 

a small amount of the 9-bromo derivative (XVI) was obtained* 

K-Bromosucclnimlde and fluorene in propylene carbonate gives 

exclusively 2-bromofluorene (XIV)*

8*

Fluorene with 3-bromo-5,5-dimethyl hydantoin gives 9-bromo- 
fluorene44, but the yields were improved when 1,3-dibromo-
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4.9

5,5-dimethylhydantoin was employed • Fluorene with dioxane

bromide gives 2-bromofluorene* Two moles of the same reagent:,

yields 2,7-dlbromofluorene •

Bromination of 1-methyl fluorene gives l-methyl-2-bromo 
47

fluorene* Bromination of 2-amlnofluorene In aeetlc acid gives
48

3-bromo-2-aminofluorene * Bromination of 2-aeetamidofluorene

gives 7-bro mo-2-acet ami do fluorene and 3,7-dibromo-2-acetamido-

fluorene, while 2-p-toluene sulphonamidoflnorene gives 7-»
49

3- and 3,7-dibromo-2-p-tolnenesulphonamidof luorene • Courtot 
5oand Vlgnati reported the formation of 2-nitro-7-bromo-

fluorene In the bromination of* 2-nltrofluorene, whereas
51

Korezynski, Karlowska and Kierzek reported the formation 

of 2-nit ro-9-bromof luorene* Bromination of 9-bromofluorene
„ 52gives 2,7,9-tribromofluorene ,

Bromination of 2-metl^xyfluorene was carried out by 
53Eekert and Langeeker • They reported the isolation of a 

dibromo and a trlbromo 2-mathoxyfluorene but the structures 

of these compounds are not established*

Iodination t

Iodofluorenes have been reported but they are prepared

from the amino derivatives through the Sandmayer reaction*
3i —*

Varma and Subba Rao refluxed 2-chlorofluorene In a cetic

acid with iodine and small amounts of a mixture of nitric

acid and sulphuric acid and obtained 2-chloro-7-iodofluorene•
A similar treatment of 2-bromofluorene gave 2-bromo-7-iodo-
fluorene* Fluorene under similar conditions gave 2,7-diiodo-

fluorene*
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Nitration %

Nitration of fluorene and fluorenone has received the

attention of many Investigators* The first product of
nitration of fluorene or fluorenone is the 2-nitro 

2U3t5**5f
derivative (xvil) * The condition for mono nitration hasso SC
been established by Kuhn • Morgan and Thomason carried
out the nitration in acetic add with fuming nitric acid
and obtained 2,7-dinitrofluorene (XVIII) along with small
amounts of the 2,5-isomer (XIX)* The structures of these

compounds are proved by synthesising them from suitably
61

substituted phenanthraquinones* Langeoker obtained
2,7-dinltrofluorene (XVIII) along with an isomeric dinltro-
fluorene, the structure of which was not established* Dewar 

6 2
and Ureh obtained 2-n it ro fluorene (XVII) along with the
3- (XX) and the 4-isomers (XXI) by carrying out the nitration

5?in acetic anhydride* Jfonti, Martello and Valente carried
out the nitration of fluorene in solvents like ether,
petroleum ether, benzene and acetic acid using nitrous
fumes and obtained 2-rdtrofluorene (XVII)* These workers

observed that when nitration was carried out in ligroin with
liquid NaOi,, 2-nitrofluorene (XVII) was formed whereas
2,7-dinltrofluorene (XV III) was obtained when acetic add

was used as a solvent and the nitration is carried out at
oroom temperature, at 90 2,5-dlnitrofluorena (XIX) was the

63
main product* Schmidt, Retzlaff and Haid obtained 2,3,6,7-

tetranitrofluorene by carrying out the nitration with a 

mixture of sulphuric add and nitric add*
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Nitration of f lucre none with fuming nitric acid gives 

a mixture of 2,7-dinitrofluorenone and 2,5-dinltrofluoranone* 
Orchin and Woolf oik6 5 obtained 2,4-,7-trinltrofluorenone (XXIV) 

by the action of a mixture of nitric acid and sulphuric acid 

on fluorenone#

XXIII



Both 2-benzyl and 2,7-dlbenzylfluorene on nitration
66

gave 2rbenzyl-7-nitrofluorene • Nitration takes place
± 50 27

at the 7-position in the case of 2-bromo , 2-chloro ,
67 68 69

2-iodo , 2-benzoyl , 2-methyl and 4- and 2-carboxy-
„ 7om fluorene - *

2-Ace t ami do f luo re ne on nitration gives 3-nitro
53t?a

derivative along with small amounts of the 7-isomer •
Nitration of 2,7-dlacetamidofluorene gave the 3,6-dinitro 

73
derivative •

Nitration of 2-hydroxyfluorene gives 2-hydroxy-3-
nltro (XXV) and 2-hyd#oxy-l,3-dinitro fluorene(tXVI) as

74 75
shown by Ray and Hill and Wtesburger • 2-Ifethoxyfluorene
in acetic acid gave a mixture of 2-methoxy-3-nitrofluorene

76(XXVII) and 2-mathoxy-7-nitrofluorene (XXVIII) • In the

case of p-toluene sulphonate of 2-hydroxyfluorene, the
77

nitro group enters only In the 7-position • 1-Hydroxy >

fluorene on nitration In acetic acid with 1:1 nitric acid

in the cold gave a mixture of 1-hydroxy-2-nitro and 1-hydroxy-
4-nitro derivative $ whereas 3-hydroxyfluorene in acetic acid

when nitrated with lsl nitric acid gave 3-hydroxy-2-nitro
* 78

fluorene, with a small amount of the 2,4-dinitro derivative «
Nitration of 1,4-dimethoxyfluorenone gave 1,4-dimethoxy-2- 

79
nitrof lucre none •

114

xx VI
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HfrIO*
3

X*Vfl

^OSO^Hs
Ht403

XAV//(

Sulpho nation $

Action of sulphuric acid on fluorene leads to the 
substitution at the 2"position and further treatment leads 
to the 2,7-disubstitution* Sulphonation of the hydrocarbon 
with cone, sulphuric acid in acetic anhydride gives
quantitative yield of fluorene 2-sulphonie acid (XXIX)• 

Fluorans with chlorosulphonic acid in chloroform gives 
fluorene 2-sulphonie acid, further sulpho nation gives 2,7-

with cone, sulphuric acid* The structures of fluorene
sulphonic acid derivatives were proved by potassium hydroxide

fusion* This break?s up the cyclopentane ring giving hydroxy-
biphenyl carboxylic acids (XXXI and XXXII), which can be
eye Used to hydroxy fluo re no ne derivatives (XXXIII and XXXIV)

8aby com* sulphuric acid or by aim chloride * Sulphonic
83

acid group enters at the 7-position when 2-benzylfiuorene ,
8 4. 84

2-nltrofluorene , and 2-aminofluo re ne are treated with

2*8e



sulphuric acid* 116

clSO^^C

c/-sa,,,T^£zo

XXX

so3u

XX Xllf

H3.SO.4

XXIX

Kcw

AlA A #K

XXXI

Friedel-Crafts acylation and alkylation t

In Friedel-Crafts acylation also the 2- and the 7-

positlons are favoured by the entering group. Dziewonski and 
8 $Schnayder condensed acetyl chloride with fluorene in the 

presence of anhydrous aluminium chloride in carbon disulphide 

and obtained 2-acetylfluorene (XXXV) and 2,7-diacetylfluoren® 

(XXXVI), The constitution5of these compounds and in general 

of all the ketones obtained hy Friedel-Crafts acylation of
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fluorene, were established by the respective authors by
preparing the oxime, rearranging to the aeylamlnofluorene

8$
and hydrolysing it to the amine* Dzievonski and Kleszcz
investigated this reaction in detail. According to their

ofindings, at 5-10 2-acetyl fluorene was the main product*
At 20-25°, a mixture of 2,7-diacatylfluorene and 1,2-di

ace ty If luorene was obtained, the former one being the main 
product* At the boiling point of the solvent 1,2-diacetyl 
fluorene was the main product* These workers based the 
structure of this compound on the 1,2-diamino compound

7 2
prepared by Diels, Schill and Tolson , but fickert and
Langecker53 had shown that the diamino compound obtained by

Diels was 2,3-diamino and therefore the 1,2-diacetylfluorene
86

obtained by Dziewonskl and Kleszcz is 2,3 -diace tylf luorene
(XXXVTI)* Dziewonskl and Schweiger 7 have reported the

formation of 2-propionyl and 2,7-dipropionyl fluorene by
the action of propionyl chloride and aluminium chloride on

88,89
fluorene dissolved in carbon disulphide. Buu-Holcarried 
out the condensation of various aliphatic acid chloridds 
such as caproyl, heptanoyl, oetanoyl, lauroyl and myristoyl 
with fluorene and obtained the 2-acylfluorenes. The same 

condensations were also carried out on f lucre none and 
2-acylfluorenone derivatives were obtained.

Arene and Taylor carried out the acetylatiGn of 
1-me thy If luorene in carbon disulphide with acetyl chloride 
and aluminium chloride and obtained 1-methyl-7-acetyl- 
fluorene, 2-Methoxyfluorene on Friedel-Grafts acetylation 
in the preseme of aluminium chloride in carbon disulphide



90 9tgives 2-me thoxy-7»acetylflucrene • Ross observed that 
2,7-31 (ehloracetyl) fluorene was formed when ehloracetyl 
chloride reacted with fluorene in the presence of aluminium 
chloride in carbon disulphide* 2-Nitrofluorene on Friedel- 
Crafts acetylation with acetyl chloride and aluminium

92chid ride in nitrobenzene gave 2-nitro«7-acetylfluorene •

Benzoyl at ion of fluorene with benzoyl chloride and

aluminium chloride in carbon disulphide was carried out by 
93Fortner and obtained 2-benzoylfluorene (XXXVIII)•

94Dzlewonski and Obtulowicz obtained 2-benzoylfluorene(XXXVIII) 
by the same reaction at room temperature tut on refluxing 
the reaction mixture 2,7=»dibenzoylfluorene (XXXIX) was 
obtained.

Succinoylation and phthaleylation of fluorene was
9 5 96

studied by Koelsch and Dansi and Sempronj « The former 
reaction in benzene in the presence of aluminium chloride 
gave ]B~( 2-fluore noyl) propionic acid (XL), while the later 
reaction in carbon disulphide gave 2 (a-carboxybe nzoyl) fluore ne
(XLI) which eyclised on heating with potassium hydrogen
' 97 , , ,sulphate to give phthaloyl fluorene (XLII or XLIII). The

■ t

structure of this compound is not established.

Fluorene when heated with benzene sulphonyl chloride

or p-toluene sulphonyl chloride in the presence of stannic
98chloride gave the corresponding sulphones •

Friedel-Grafts acylation,can be summarised as follows *
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COCHjClkCOOM

Xl.il* >OH
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Goldsehmiedt studied the benzylation of fluorene

with benzyl chloride in the presence of zinc dust and obtained
, Y 832-benzylfluorene (XLIV)* Later, B^ewonski and Belcher have

shown that the yield of 2-benzylfluorene could be improved
by using zinc chloride or aluminium chloride as the condensing

/

agent*
1 oo*=0hoe n and Becker have shown that alkylation of 

fluorene takes place at the 9-position when aliphatic 
primary alcohols are heated with fluorene in the presence

AOA
of sodium salt of the alcohol* Sprinzak prepared various

i

9»benzylfluorene derivatives by heating fluorene or substituted
fluorene with benzyl alcohol in the presence of potassium
hydroxide* Alkylation of fluorene with secondary alcohols in

102
the presence of sodium alkoxide gave 9-alky If luore ne (XLV) *

1 03
Similar alkylation with glycols gave bis fluorenyl ethane*

Alkylation of fluorene by the thermal decomposition of 
a mixture of fluorene and alkyl esters of benzene suiphonie 
acid gives all the possible Isomeric mono alkyl fluorene



1 04derivatives • The alkylation with alcohols in the presence 

of aluminium chloride gives 1-, 2- and 3-alkyl flucrenes/
104

the 3-isomer being the main product •

Condensation of fluerene with cyclopentyl and cyclo

hexyl halides in the presence of aluminium chloride has
i ojbeen studied by Saidova and Sidorova ♦ When the

condensation was carried out the in heptane with 0*5 mole
of aluminium chloride at 20°, 4-0-50 % of 2-substituted

fluorene was obtained along with small amount of the 3-isomer
When 1 mole of aluminium chloride was used and the reaction

owas carried out at 4-0—50 $ 60 % of the 3—isomer was obtained* 
Ferric chloride, when used as the condensing agent in this 
reaction,at 10-25 , gave 70 % of the 2-isomer and 15 % of 

the 3-isomer along with very small amounts of 1 and 4—isomers

Formulation t

Brown and Bluestein carried out the formylation of
\

fluorene with ethyl formate in the presence of sodium or
potassium ethoxide and obtained 9-formylfluorene (XLVI)*

Fluorene and dichloromethyl-alkyl ether in the presence
1 o?

of aluminium chloride give 2-formylfluorene (XLVII) •
108

Hirikei, Aylirg and Bey non prepared 2-formylfluorene 

(XLVII) by the action of hydrogen cyanide and hydrogen 
chloride on fluorers in the presence of anhydrous aluminium 

chloride, Formylation of 2-methoxyfluorene and 2-hydroxy- 
fluorene was reported by Arena and Taylor by the Rlemer- 
Teimann method. They obtained 2-methoxy-3-formylfiuorene 
and 2-hydroxy-3-formylfluorene (XLVIII) respectively*
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CHO

OH
CMO

XLVHi

Chlorcmethylatlon and Cyanoethylatlon t

Pluorene is chloro me thy1ate d in the 2-position with
paraformaldehyde and hydrogen chloride in the presence of 

1 09phosphoric aci^ Cyanoethylation of fluorene takes place at 
nothe 9-position ♦

Carboxylation :

2-Hydroxyf luore ne on carboxylation by heating with
carbon dioxide and alkali under pressure gives a mixture
of 2-hydroxyfluorene-1-carboxylic acid and 2-hydroxyfluorene-
3-carboxylic acid111* The same reaction on 3-hydroxyfluorena

11 2gives 3-hydroxyfluorene-2-carboxylic acid *
Mb tall at Ion s

9-Fluorenyllithium is readily formed by the action of
n3 ii*» , ...... n5ethyllithium , phenyllithium and butyllithlum on



fluorene. 9-P’luorenyl sodium was prepared by the reaction
between fluorene and trlphenyl methyl sodium116 or by the
action of sodamlde on fluorene dissolved In ether11 ** or
by the action of amyl chloride and sodium on fluorene117*
When fluorene is heated with potassium hydroxide to 280°,
9-fluorenyl potassium is formed118. Fluorene and ethyl

omagnesium bromide in xylene at 130 gives 9~fluoranyl 
magnesium bromide113’119.

Fluorene when heated with mercuric acetate to 125-4-5°

and then with alcoholic calcium chloride gives 3-fluorenyl
120mercuric chloride • When the mixture is boiled in acetic

1 20acid 4-fluorenyl mercuric chloride is obtained 
Oxidation and dehydrogenation s

Fluorene and its derivatives can be oxidised to 
fluorenone derivatives* Phthalic acid is formed on further 
oxidation. Chromic acid or dlchromate in acetic acid oxidises
fluorene to fluorenone. When fluorene vapour mixed with air
, 1 21 is passed over ferric?, vanadate fluorenone is obtained •
Oxidation of fluorene to fluorenone can \ also be brought

12 2about by potassium permanganate • This oxidation by selenium
dioxide is only to the extent of 5 & * Fluorene when heated

o 123with 10 % nitric add to 200 gives fluorenone «
Physiological activities and other applications:

JL 2^Wilson, DeSds and Cox were the first to discover the
carcinogenic properties of 2-ami nof lucre ns and its derivativatives.
Since them, a large number of fluorene derlvatiges have been

12 5prepared and their carcinogenic activities tested. Biel sc how sky
i

121

observed that 2-aminofluorene and its acetyl derivatives caused
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mammary carcinomas in female rats and a mixture of 2-acetyl-

aminofluorene with allylthiourea produced thyroid tumors*
1 26

Arb&trong and Bonser found that bladder tumors were .

produced by these compounds in rats* Painting of the abdominal
127skin of rats with 2-acetylaminofluorena produces liver tumor •

120
Heiman and ffelsel observed that cysts and tumors of the 

salivary and parathyroid glands were produced in rats when 
they were fed with 2-acetylaminofluoreoa* 2-Aminofluorene

and 2-ac*tylamlnofluorene produces tumors of the bladder, 
thyroid, liver, breast, stomach, renal pelvis, female genitalia 

and external auditory canal even at as low a concentration
1 2 9—i 3 4 13 J

as 0.004 % . Horning observed bronchogenic

carcinoma when 2-acetylaminofluorene was injected in mice*

1,3 -Diehloro-2-aeetylaminofluorene, 7 -bromo -2-acetyl - 
aminofluorene, 1,3»4-1 ri bromo -2 -ace ty lami nof luore ne and

136
similar compounds are shown to possess antitumour activity •

Aminoalkylesters of fluorene carboxylic acids were found to
137-139

have local anesthetic activity and antispasmodic action •

Die t hy lami noe thy la star of f luo ran© 9-carboxylic acid, 

when orally injected by a parson with peptic ulcer caused
140

relief of the epigastric pain •
2-Amino and 2-acetylaminofluorene are found to be active

141
against tobacco and tomato horn-warm larvae •

Effective herblcidal compounds are obtained by preparing
142

emulsion of f luo rone compounds in oil or water •
2-Nltrofluorene and 2,7-dinitrofluorene are found to be

143
useful as antioxidants in gasoline •



Present work,

The present work deals with tire following studies on 

2-hydroxyflucre m and 2-hydroxyfluorenone*
iSection I deals with the synthesis of 2-phecylfluoreno 

l i
(2,1s6,5 )y-pyrone. 2-Hydroxy-1 -aeetyIfluorene on condensation 

with benzaldehyde gave a styryl ketone which on eyelisation 

and dehydrogenation with selenium dioxide gave tire above 
product* A similar series of reactions with anisaldehyde gave 
2-|p^fnethoxypheny|fluoreno(2,ls6,5 )y-pyrone* ^-0xo derivatives

of the above y-py rones are synthesised starting with 2-hydroxy 

-1-ace tylf luo re none and going through the same sequence of 

reactions*
2-HSydroxy-l-aeetylfluore ne on Ko stanecki -Robinson

» » , » * acetylation gave 2-methyl~3 -ac ety If luo re no (2, Is 6^5 )y-pyrons*

Similar bensoylation on 2-hyd roxy-l-acetylflu© re ne and the

Kostamckt-Bobinson acetylation and bensoylation on 2-hydroxy
-1-ace tyIfluo re no ne did not give the desired product* Attempts
to synthesise fluoreno a-pyrones have been unsuccessful*

Section II describe© the synthesis of fluoreno furan
9 9 9 •

derivatives 2*®ethylfluoreno(2,1:5,4- )furan and 3-methyl
9 9

fluoreno(2,1 s5A )furan are synthesised from 2-hydroxy-1- 

acetylfluorene and 2-hydroxy-1-allyIfluorene respectively*
9 9 9 9

2-lfethyl 9~oxofXuoreso(2,l;5,lt 5furan, 3-methyl 9-oxo-
9 * ' 9 9 9

fluoreno(2,1; 5,4- )furan and 2-phenyl 9-oxefluoreno(2,1; 5,^ ) 

furan are synthesised from 2-hydroxy-l-ae®tyl», 2-hydroxy 
-1-allyl-, and 2-hydroxy-l-benzoylfluoreHones respectively*

In Section III bromination of 2 -hyd ro xy f luo re ne and



2-hydroxyfluorenons and their methyl ethers has been 
described* Synthesis of a number of mo no, di and tribromo 
derivatives has been achieved and the structures of these
compounds have been established*
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Synthesis of some fluore no-y -pyrone s and 9-oxofluore no -

y-py rones s

A survey of the literature showed that attempts to 
build the a-pyrone and the y-pyrene rings on fluorene or 
f luore none nucleus are not known* a- And y-py rones occur 
in nature and possess diverse physioldgical aetivities«This 
aspect and the general methods for the synthesis of a- and 
y-pyrones are described in part I, section I of this 
thesis* Attempts to prepare some fluoreno a- and y-pyronas 
and their 9-oxo derivatives from 2-hydroxy fluorene and 
2-hydroxy fluorenone are described here*

Synthesis of 2-hydroxyfluorene s

As the general method for preparing phenols viz* the 
fusion of the sulphonlc acid with potassium hydroxide opens 
up the fluorene ring system giving biphenylcarboxylic acid 
derivatives, the route to hydroxyfluorene is generally 
through the nitro, amino and the diazonium salt*

Fluorene was nitrated with cone* nitric acid in glacial
a

acetic acid according to Kuhn and the 2-nitro fluorene was 
obtained* Reduction of the above nitro fluorene has been 
carried out by various workers using different reducing 
agents* In the present work it was obtained in over 90 % 

yield by the reduction of 2-nitro fluorene with sodium 
hydrosulphite*

The 2** ami no derivative was converted into 2-hydroxy
2

derivative according to Grey, Hartley and Ibbotson through 
diazotisatlon*



2-Hydroxy-1-acetylfluore ne s

This compound has already been prepared by Bergmann 
and Berlin3 by the Fries rearrangement of 2-acetoxyfluore m• 

As a proof of the structure, these authors have shown that 
this compound does not form an oxime, which is a common 
feature of 2,6-substltuted acetophenones* To determine the 
structure unequivocally the methyl ether of the compound was 
oxidised to the corresponding fluorenone derivative (II) 
by heating with sodium dichromate in acetic add. The 
fluorenone derivative on heating with one mole of hydrazine 
hydrate in alcoholic solution gave a pyridazine derivative 
(III) as seen from the analytical data* Therefore 2“hydroxy
l-acetyl structure (I) is assigned to the hydroxy ketone*

Synthesis of 2-phenylfluoreno(2»ls6»5 )y-pyrone s 

2-Hydroxy-1-acetyIfluorene was condensed with benzaldehyde 
in the presence of alcoholic potassium hydroxide. The product 
obtained gave tests for a styryl ketone derivative such as
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red colouration with cone* sulphuric acid and a yellow colour 

with a mixture of boric acid and citric acid in dry acetone 
(Wilson test )* Moreover it gave an acetyl derivative (VI) 

when refluxed with fused sodium acetate and acetic anhydride 
indicating that there was a free hydroxyl group and a greenish 
blue colour with alcoholic ferric chloride,. Therefore 2-hydroxy- 
-1-fluorenyl styryl ketone structure (IV) was assigned to this 

compound# This styryl ketone derivative on refluxing with 
alcoholic hydrochloric acid gave a product which did not give 

the Wilson test and did not give any colour with alcoholic 
ferric chloride# Therefore 2«phenylfluoreno(2,l*6,5 )pyrany
one structure (YU)was assigned to this compound# The fluorenyl 
styryl ketone derivative (IV) on refluxing with selenium 

dioxide in iso-amyl alcohol gave a product which analysed for 
2 -phe ny If luo r e no ( 2,1:6 ’ 5 *) y -py ro ne (?) .; # Prom the analysis

result it is evident that the methylene giro up was not oxidised
^ 5

by selenium dioxide# Also Postovski and Lugovkin have shown

that conversion of fluorene to fluorenone by selenium dioxide 
oeven at 235 is only upto 5 %* Therefore 2 iphs nyl f luo re no 

(2,1:6* 5*)y-pyrona structure (VII) was assigned to this 

compound#
Synthesis of 2-(p-ro3thoxyphenyl)fluoreno(2.1s6! 5*) 

y-pyrona :

2-Hydroxy-l-acetylfluorene was condensed with anisal
dehyde in the presence of alcoholic potassium hydroxide#
The fluorenyl styryl ketone structure of the product was 
established by the formation of an acetyl derivative (X), a 

positive Wiison test,a deep red colouration with cone#



msulphuric acid and a greenish blue colouration with alcoholic

styryl ketone structure (VIII) was assigned to this coapoiad* 

On refluxing with alcoholic hydrochloric acid a product was 

obtained which did not give any colour with alcoholic ferric 

chloride or with a mixture of citric acid and boric acid

pyran-*t^one structure (IX) was assigned* On refluxing witn 

selenium dioxide in iso-amyl alcohol it gave a product which 
analysed for 2-(p-m3thoxypheryl)fluoreno(2,lt655*)y-pyroi» 

(XI). That the methylene group in position 9 was not oxidised 

was shown by the fart that the product was different from 
2’(p-methoxyphenyl)9-oxoflucreno(2,116*5*) y-pyrone prepared

fro® 2-hydroxy-1-ace tylfluorenone (p*j(6£) and therefore 
2*(p-methoxyphenyl)fluoreno{2,ls6*5*)y-P7rone structure (XI)

ferric chloride* Therefore 2-hydroxy-1-fluorerylv p-methoxy

was assigned to the product*

Kf- /?-ac«3

V||-g=:|4 
i5f-R.= OCMa
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Kostanecki-I«aw«R3ac»an>CM----------------

floorer©

>f 2-hydroxy-l-acetyl- 

Synthesis of 2-methyl-3-aoetylfluorenp
(2,ls6*5*)y-pyrone :

2-Hydroxy-1 -acetyIflucrens on rofluxing with fused 

sodium acetate and acetic anhydride gave a product which 
was insoluble in alkali© This compound analysed for the 
3-acetyl derivative of the desired y-pyrone, and therefore
22-methyl~3-acetylfluoreno( 2,1:6^ 5*) y-pyrone structure (XIX)

was assigned to this compound* The formation of 3-acyl
chromons deflvative in the Kostanecki-Robinson acylation
is a common feature © Attempts to remove the 3-acetyl

group did not succeed* When refluxed with sodium carbonate
•* ?

in alcohol, the original 2-methyl-3-acetyl fluorono 

(2,li6,5 ) y-pyrone was recovered unchanged and when the

hydrolysis was carried out with alcoholic sodium hydroxide 

2-hydroxy-1-acetylfluorena was obtained* Bhullar and
7Venkataraman have shown that it is sometimes difficult to 

remove the 3-acyl group from y-pyrones©



Attempted Kostaneckl-Robinson benzoyl at Ion of 2-hydro xy-

1- ace tyIfluorena :

2- Hydroxy-l-acetylfluorene.; on heating with sodium
, „ obenzoate and benzole anhydride at 180 did not give the

desired y-pyrone» On decomposing the reaction mixture only
•}

a pasty mass was obtained from which no pure product could 

be iso late d«

2-Hydroxy fluorenone s

2-Nitrofluorene was oxidised to 2-nitrof luore none by
8

sodium dichromate in acetic acid according to Diels ♦ Reduction
of this compound was carried out by various workers using

various reducing agents* In the present work 2-aminof luore none
was obtained in over 80 % yield by reducing 2-nitrofluorenone

with sodium hydrosulphite in alcohol* 2-Ami no fluo re none thus

obtained was converted into the 2-hydroxyfluore none by
diazotisation and boiling with sulphuric acid according to 

8
Diels •

2-Hydroxy-1-aoetylfluorenone t

The Pries rearrangement of 2-acetoxyf luore none has
3been studied by Bergmann and Berlin • They reported the

formation of two compounds* The first compound was obtained
oby heating at 80 a solution of 2-aeetoxyfluorene in nitro

benzene in the presence of aluminium chloride* To this
o ,compound melting at 206 they assigned the 2-hydroxy-l-

acetylf luore none structure* The other compound was obtained
by canning out the reaction in nitrobenzene in thefpresenee

o oof anhydrous aluminium chloride at 115 • It melted at 24-9 *
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According t© thorn It analysed for Ct5H1203 while the 

molecular formula of 2-hydroxy-1-aeetylfluorenone is 
ci5hio°3*

These workers based the structufe of 2-hydroxy-l-

acetylfluorenone on the formation of a pyridazine derivative

by the action of hydrazine hydrate on the diketone* However

the authors admitted that the analysis result of this

pyridazine derivative did not agree with the calculated

value. On calculation it was found that the analysis result

came near to the daleulated value of 2-hydrosyfluore.none-

hydrazone* The m.p. of 2-hydroxyf lucre none hydrazone as
9 o

reported by Gerhardt is 201-2 and the m.p. of the
pyridazine derivative reported by Bergamann and Berlin3 is 

o197 • The m.p. of 2-hydroxy-l-acetylfluorenone reported by

these workers also agrees with the m.p. of 2-hydroxy flucre none.

Jfereover when the reaction was carried out according to
3

Bergmann and Berlin only 2-hydroxyfluorenone was obtained.

Therefore it is to be assuemed that on subjecting 2-acetoxy
ofluore none to Pries rearrangement at 80 in nitrobenzene and

removing nitrobenzene with steam,only deacetylation takes

place. The only data in favour of the formation of 2-hydroxy-l-

acetylfluorenone is the analytical data.

In the present work 2-acetoxyfluorenone was subjected
oto Pries rearrangement without any solvent at 140-50 • On

working up the reaction mixture, a compound which was soluble
in sodium hydroxjrde was obtained. xhe melting point of this

compound agreed with that of the second compound (m.p.249 )
3

reported by Bergmann and Berlin • To this compound 2-hydroxy- 
1-aeetylfluorenone structure (XIII) was assigned by direct



comparison of its methyl ether (XIV) with 2-methoxy-l- 

acetyl fluorenone described earlier*

xtv

2 -Ms thoxy -f luo re no ne -1-e arboxylic acid tmm '"■111— m —n-^iiigii i—ii m m mwwmim-vm+mmm'mmifrmwm m^m*****'m m* m

2-ffethoxy-l-acetylfluorenone dissolved in dioxane was

added to a solution of sodium hypobromite and stirred at 
o¥0-50 • The product obtained on removal of the solvent and 

acidification gave effervescence with sodium bicarbonate 

solution* Therefore 2 *methoxy f lucre no ne-1-carboxylic acid 

structure (XV) was assigned to this compound*

Synthesis of 2-phenyl 9-oxofluoreno(2,lt6iff*)y-pyrone * 

2-Hydroxy-1-acetyIfluorenone was condensed with 

benzaldehyde in the presence of alcoholic potassium hydroxide* 

2-Hydroxy-9-oxo-1~fluorenyl styryl ketone structure (XVI) was 

assigned to the product obtained because it gave an intense 

red colouration with concentrated sulphuric acid and answered 

the Wilson test* With alcoholic ferric chloride it gave a



reddish colouration. On refluxing with fused sodium acetate 
and acetic anhydride this compound gave an acetyl derivative 
(XVII), On refluxing with alcoholic hydrochloric acid a 
compound isomeric with the above styryl ketone was obtained 
to which 2~phenyl»9-oxofluoremo(2,l*6,5 )pyran-4—one 
structure (XVIII) was assigned. The styryl ketone (XVI) on 
refluxing with selenium dioxide in iso-amyl alcohol gave a 
product to which 2-phenyl-9-oxofluoreno(2,l:6’5*)y~pyrone 
structure (XIX) is assigned.

9 f 9Synthesis of 2-£p-methoxyphenyl)9-oxofluoreno(2,ls6,5 ) 

y-py rone i
2-Hydroxy«l«ace tyIfluo re no ne was condensed with 

anisaldehyde in the presence of alcoholic potassium hydroxide. 
The produet gave an intense red colouration with cone, 
sulphuric acid an# gave a positive Wilson test. With alcoholic 
ferric chloride it gave a reddish colour. When refluxed with 
acetic anhydride and fused sodium ace tit e it gave an acetyl 
derivative (XXI). On the basis of these tests 2-hydroxy-9- 
oxo-l-fluorenyl p-methoxystyryl ketone structure (XX) is 
assigned to the condensation product. On refluxing with 
alcoholic hydrochloric acid it gave an isomeric product to 
which 2-(p-me thoxy phenyl) -9-oxofluorano (2,1*6,5 ) pyran- 
4£one structure (XXII) is assigned© The ketone (XX) on

oboiling with selenium dioxide in iso-amyl alcohol at 150 
gave a compound to which 2-(p~methoxypheryl)~9~oxofluorem 
(2,1*6,5 )y-pyrone structure (XXIII) is assigned.
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XXIH R-OCH^ xxij RrGCHj*

Attempted Kostaneckl^Robinson acetylation and 

benzoyl at Ion of 2-hydroxy-l^acetylfItiorerone :

2~Hydroxy-l-aeetylfluoren©riS was subj acted to Kostanecki- 

Robinson acetylation* On decomposing the reaction mixture by 

pouring into ice only a pasty mass was obtained* Separation
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of the product through column chromatography on. alumina 
was triad but no pure products were obtained*

Kostanecki-Robinson be nzoylation of the above ketone 
using benzoic anhydride and sodium benzoate was also 
attempted* The reaction mixture on decomposing with ice and 
on removing benzoic anhydride by petroleum ether and benzoic 
acid by sodium bicarbonate gave only an unworkable gum*

Attempted synthesis of fluoreno-a-pyrones *

Several attempts to prepare fluoreno-a-pyrones were 
made but were unsuccessful* 2-Hydroxyfluorene did not 
condense with ethyl acetoacetate in the presence of sulphuric 
acid ehther on keeping in the cold or on heating on a steam 
bath* Only the unreacted 2-hydroxyfluorene was recovered 
from the reaction mixture* The use of other condensing agents 
such as phosphorus pentoxlde and aluminium chloride was tried 
but in these eas®s also no condensation took place*

Attempted formyl at ion of 2-hy droxyfluore ne s 

The formylation of 2-hydroxyfluorene was attempted 
with a view to synthesis 2 -hydroxy-l-formylf luore ne which 
would be an intermediate for the synthesis of fluoreno-a- 
pyrone and also fluorenofuran*

The formylatlon was tried by various methods*2-Hydroxy- 
f luore ne on heating with hexamethylene tetramina in glacial 
acetic acid and decomposing the product with hydrochloric 
acid did not give the desired produet, Instead a polymeric 
product was obtained* The same reaction was tried in chloroform 
also* In this case only the unreacted 2-hydroxyfluorene was



recovered unchanged*

Formyl at Ion was tried by Gattermann reaction* When 
hydrogen chloride was passed through a solution of 2-hydroxy-
fluorene dissolved in dry ether in the presence of zinc!

cyanide no reaction took place and the 2-hydroxyfluorene was 
recovered unchanged© Addition of anhydrous aluminium chloride 
also did not give the desired forpyl derivative.

Attempted chloromethylatlon of 2~hydroxyfluorana and

its methyl ether s

The forraylatlon being unsuccessful attempts to synthesise 
the formyl derivative through the chlorometbyl derivative 
were made*

On passing hydrogen chloride through a solution of 
2-hydroxyfluorene in glacial acetic acid containing para
formaldehyde, not* ehloromethyl compound was obtained. A 
solid separated, which on filtration turned into a pasta* 
2-Methoxyfluorene also gave the same result* Carrying out 
the reaction at lower temperature also did not improve the 
product*

Attempted synthesis of 9-oxofluoreno-a-pyrone s
Attempted condenstlon of 2-hvdroxyf luo re no rs with
ethyl ace tease tats s——■wswcfaigipcwwi * aia^'aw^awowaiwe'^Bai'WMi'Uiiiuaw

Attempts to condense 2-hydroxyfluorenon® with ethyl 
aoetoacetate in the presence of sulphuric acid gave only 
the unro acted product back. The condensation also did not 
take place in the presence of either phosphorus pent oxide < 

or aluminium chloride.



Attempted formylatlon of 2-hydroxyfluorenon3 *

Attempts to foray late 2-hydroxyfluorenone with hexa- 
methylene tetramine In glacial acetic acid or through 
Gattermann reaction did not succeed*

Attempted ehloromethylation of 2-hydroxyfluorenone

and its methyl ether *

Ghloromethylation of 2-hydroxyfluorenone and its methyl 
etber did nSt succeed* Addition of zinc chloride or anhydrous 
aluminium chloride as a catalyst also did not give any 
chloromethyl derivative*

2-Hydroxyfluorene-3-aldehyde has been reported by Arena 
and Taylor10 by the I^W-T^inann reaction. The yield 

reported by the authors was ohly 5 % and it was found to be 
so by the present author* Therefore by this method enough 
of the formyl derivative could not be prepared to proceed 
further*
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2-Aminofluorene :
i2-Nitrofluorene, prepared according to Kuhn (20 g.),

was powdered well and refluxed with alcohol on a steam bath.
It dissolved only partially. To this suspension water (100 ml.)
and sodium hydro sulphite (50 g.) were added* Vigorous
reaction took place and the nitrofluorene went in solution.
It was refluxed for half an hour. The solvent was distilled
off and the mixture was diluted with water. The solid obtained
was filtered and washed with water. It was then crystallised
from alcohol. M.P, 127-28°. Yield 95 Grey, Hartley and 

2 oIbbotson gave m.p® 127*5 o

2-Hydroxyfluorene s
2-Amlnofluorene was diazotised in acetic acid and the

diazonium salt was hydrolysed with sulphuric add according
2to Grey, Hartley and Ibbotson . ^Hydroxyfluorene obtained 

was purified by dissolving In warm sodium hydroxide and 
reprecipitating by hydrochloric aeid. It was crystallised
from dilute acetic acid. M.P® 170°. Grey, Hartley ard

2 0 Ibbotson gave the m.p. 170.5 .
2-Hydroxy-1-acetyIfluorene s

i '

2-Hydroxyfluorene was acetylated and the product was 
subjected to Pries rear^iagement according to Bergmann and 
Berlin3 •

2-Sfethoxy-l~acotylflttoreng s
A mixture of 2-hydroxy-1-acetylfluorene (0*5 g.) in dry 

acetone (20 ml.), anhydrous potassium carbonate (1 g.) and



dimethyl sulphate (0.5 ml.) was refluxed on a steam bath 
for b hrs* The solvent was evaporated and the residue was 
diluted with water* The separated solid crystallised from 
dilute acetic acid in colourless needles (0.5 g.), m.p. l54-°*

Analysis t Found , cf 80.67 ? H, 5*75 %*

Cl6H1402 % requires s C, 80*67 ; H, 5*88

Oyidptlop of 2-metftoyy~l~ftce tylfluopepe to 2-ffiethoyy-
1- ace tvlfluo re none i
The above compound (0.5 g.) was dissolved in acetic 

acid (20 ml.) and sodium dichromate (2 g.) was added* The 

mixture was refluxed on a sand bath for 1 hour* It was then 
cooled and diluted with water* The separated solid was 
crystallised from dilute aeetie acid in yellow needles,
(0.3 g*)» m.p* 186°.

Apg^ypjtg s Pound s C, 75*94- ; H, 4-*46 %•

^16Hi2O3 * requires * C, 76.19 $ H, 4-*76

The pyrldazine derivative :
2- Msthoxy-l-aeetylfluorenone (1 g*) was dissolved in 

alcohol (150 ml.) by refluxing# Hydrazine hydrate (85 $ s0.2 ml.) 
was added^ and the mixture was refluxed on a steam bath for
8 hrs* The solvent was removed by distillation and the 
reaction mixture was diluted with water* The yellow solid 
obtained was crystallised from benzene in yellow crystals 
(0.5 g.),m.p. 238°*

Apn3.ygj.g * Pound : N, 11.25
Gi6Hi20N2 t requires * N, 11*29 %•
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Condensation of 2-hydroxy-1-acetylfluorene with 

benzaldehyde ; Synthesis of 2-hydroxy-l-f luorenyl 

styryl ketone s

2-Hydroxy-1-acetylfluorene (1.5 g*) was dissolved In 

aleohol (100 ml.) by refluxing. The solution was then cooled 

well and potassium hydroxide (7 g. in 7 ml.frf water) and 

benzaldehyde (1.5 ml*) were added. The mixture was kept at 

room temperature for 24 hrs. A dark red solution resulted*

This was then diluted with cold water and acidified with 

cone, hydrochloric acid. The yellow solid obtained was

filtered and crystallised from alcohol in yellow needles
. 0
(0.6 g.), m.p. 182 •

An^lysj.s s Found : C, 84.41 ; H, 5*42

g22hi,602 * requires : C, 84.61 ; Ht 5*23 %•
This compound gave a yellow colour with a mixture of

4
boric add and citric acid in dry acetone (Wilson test ) 

and greenish blue colour with alcoholic ferric chloride* With 

cone® sulphuric acid it i|ave a red colouration*

2-Acetoxy-l-fluorenyl styryl ketone :
The above ketone (0*5 g*) was mixed with freshly fused

and powdered sodium acetate (1 g.) and acetic anhydride (2 ml.)

and the mixture was refluxed on a sand bath for 1 hour* It
was then poured on ice and kept overnight. The solid •- /

' j crystallised from benzene-petroleum ether in light yellow J
0

needles (0*3 g*), m.p. 179 •

Analysis s Found s 0, 81.25 $ %•
g2*ha8°3 * 81*36 $ H, 5*08



2-Phetylfluore00(2.18615*)pyran-4^one t

2-Hydroxy-1-fluorenyl styryl ketone (1 g.) #as
in alcohol (100 ml.) and core, hydrochloric acid\^

was added. The mixture was refluxed on a steam bath for
36 hrs. The solvent was removed by distillation and the
mixture wai diluted with water. The solid obtained was
crystallised from benzene-petroleum ether in colourless

ocrystals (0*1*. g,)t m.p. 156 •

, Analysts t Found t Cf 84.78 | Hf 4.98 #. ,

^22®iS®2 t requires t 84.61 $ 5.13 %*
2-Phenylfluoreno(2.1»6!5*)y-pyroce *

2-Hydroxy-1-fluorenyl styryl ketone (1 g.) was dissolved

in iso-amyl alcohol (20 ml.) and selenium dioxide (3 g.) was
- 0

added. The mixture was heated in an oil bath at 140-50 for
15 hrs. It was then filtered hot and the solvent was removed

by steam distillation. The yellow product obtained was
crystallised from benzene-petroleum ether mixture in yellow

0
needles (0x4 g.), m.p. 250 *

Analysis 1 Found * C, 85.29 f Hf 4.52

C22hi»>02 * requires * C, 85*15 4 Hf 4.47 %*

Condensation of 2-hydroxy-1-acetylfluorene with 

anisaldehyde t 2-Hydroxy-1-fluorenyl p-methoxy

styrylketone *
2-Hydroxy-1-aeetylfluorene (1.5 g.) was dissolved in 

aleohol (100 ml.) by heating. It was then cooled well aid 

potassium hydroxide (8 g. in 8 ml. water) and anisaldehyde 

(1.5 ml.) were added. The mixture was kept overnight at



room temperature* The dark red solution obtained was the 
diluted with cold water and acidified with eons ..hydrochloric 
acid with proper cooling* The yellow solid obtained was

ocrystallised from benzene in yellow needles (G„8 g*)* m*p*167 

Analysis * Pound s C, 80.87 | H, 5*29 *•
C23Hl803 * requires t Ct 80*70 4 H, 5*26 %.

This compound gave an intense red colouration with 
cone* sulphuric acid and a yellow colofr with a mixture 
of citric acid and boric acid In dry acetone (Wilson test)* 
With alcoholic ferric chloride a greenish blue colour was 
obtained*

2-Acetoxy-l-fluorenyl p-meihoxy styryl ketone :
mu—iii >Hnij»lawn u** * m a, w. ■ 11

The above hydroxy ketone derivative (0*5 g*) was mixed
with freshly fused sodium acetate (1 g.) and acetic anhydride
(2 ml*) and the mixture was refluxed on a sand bath for 1 hour
It was then added to ice and kept overnight* The separated
solid crystallised from benzene-petroleum ether mixture in

0
light yellow needles (0.3 g.), m,p. 191 •
Analysis s Found t C, 28*60 4 H, 5A3 %•

C25H20O4, * requires s C, 78*12 | Hf 5*21 $!•

2*(p-Mbthoxypheny1)fluoreno(2.1:6? 5*)pyran-^^ono %
m>m■!— Tw m jmu.ii—nfciiu i-» limmmtmmmmt mm m«mmI'm 1'

2-^ydroxy-1-fluorenyl p-methoxy styryl ketone (1 g*) 
was dissolved in alcohol (100 ml*) and cone* hydrochloric 
acid (10 ml.) was added. The mixture was refluxed on a 
steam bath for 36 hrs* The solvent was then removed by 
distillation and the mixture was diluted with water* The



separated solid was crystallised from bensene -petroleum ether
omixture in light yellow needles (0.4 g*), ra*p* 187 •

AnalE&U • Found s Gf 80*63 s Hf 5,62

C23his03 * requires s C, 80*70 $ H, 5*26 %•

2*(p-Mathoxyphelyl)fluoreno(2* Is 615*) y«~pyrone s

2-Hydroxy-1-fluoranyl p-methoxy styryl ketone (1 g.)

was dissolved in iso-amyl alcohol (20 ml*) and selenium

dioxide (3 g*) was added* The mixture was then refluxed in
oan oil bath at 140-50 for 15 hrs* and then filtered hot*

The solvent was than removed by steam distillation and 

the solid obtained crystallised from dilute acetic acid in 

yellow needles (0*3 g*), m*p* 253 •

Analysis s Found * C, 81 A3 $ H, 4*76,jt.

^*23®i6®3 * requires s Cf 81*17 f H, 4*70 %*

Kostanecki-Robinson acetylation of 2-hydroxy-l- 
acetylfluorene i 2-M5thyl-3-acetylfluoreno(2*lt6!5*) 

y-pyrone t

2-Hydroxy-1-aeetylfluorene (1*5 g*) was mixed well

with freshly fused sodium acetate (3 g*> and acetic anhydride

(3 ml*) was added* The mixture was heated in an oil bath at 
o180-90 for 10 hrs* It was then added to ice and kept over

night* The separated solid was crystallised from dilute
oacetic acid in yellow needles (0.6 g.), m*p, 242 •

Analysis : Found : G, 7$*4l $ H, 5*00 %»

^i..9hi%03 * requires s C, 78*61 f H, 4*83

Attempted deacetylation of 2-methy1^3-acetylfluoreno 
(2,ls6?5*)y-pyrone %



The above y»pyrone derivative (0,5 g.) was dissolved 
in alcohol (50 ml,) aid anhydrous sodium carbonate (1 g,) 

was added* The mixture was refluxed on a steam bath for 
8 hrs# The solvent was removed by distillation and the 

mixture was then diluted with watero The solid obtained 

was crystallised from dilute acetic acid, hup. and mixed 
m.p, with 2-methyl-3-acetylfluoreno(2tls6^5,)y**pyK>ne was 242°,

The deacetylation was attempted with sodium hydroxide

in alcohol* The product obtained on working up as above
was found to be 2-hydroxy-l-acetylfluorene© M*P. and mixed

„ om*p, with an authentic sample was 159 •

Attempted Kostaneckl-Boblnson benzoyl at ton of 2-hydroxy-

1- acetyl fluorane s

2- Hydroxy-1 ~acatyIfluorene (1 g.) was mixed with
anhydrous sodium benzoate (2 g.) and benzoic anhydride (3 g.)

„ 0
and the mixture was heated in an oil bath at 180-90 for

10 hrs* The . mixture was then added to ice and boiled with
water to remove the unreacted be mole anhydride and sodium
benzoate* The product left behind was a pasty mass* It was

washed with sodium bicarbonate to remove the benzoic acid*

The dried mass was dissolved in benzene and chromatographed
through an alumina column* It was then eluted successively 

«u!S% petroleum ether, be^xerve petroleum ethee mixture and 

benzene. On removing the solvents no pure product was 
obtained*

Attempted condensation of 2-hydroxyf luo rene with ethyl 

ace to acetate *
2-Hyddoxyfluorene (1 g*) was mixed with ethyl aceto-
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acetate (1 ml.) and sulphuric acid (20 ml.; 80 %) was
added a The mixture was kept at room temperature for 24- hrs*

It was then added to ice* The separated solid on crystallisation
ofrom dilute acetic acid gave m.p* 170 • Mixed m.p. with a 

sample of 2-hydroxyfluorena was not depressed*

Attempted formylatlon of 2-hydroxyfluorene s

(a) 2-Hydroxyfluorena (1 g«) was dissolved in glacial 

acetic acid (20 ml.) and hexamethylene tetraffiine (2 g.) was 

added* The mixture was heated on a steam bath for 4- hrs* 
Hydrochloric acid (5 ml*; Isl) was added and the heating was 

contirued for 30 minutes* It was then added to water and the 
separated solid was filtered* A pasty mass resulted* It was 

then dried and dissolved in chloroform and chromatographed 

through alumina* The column was eluted successively with 
petroleum ether, benzene and chloroform* On evaporating the 

benzene fraction, a pasty mass was obtained which gave a 

greenish blue colour with alcoholic fwrric chloride, but

on crystallisation no pure product was obtained* On evaporating 

other fractions no solid was obtained*
(b) 2-Hydroxyfluorene (1 g.) was dissolved in dry ether 

(100 ml.)* Anhydrous aluminium chloride (1 g.) and zinc 

cyanide (l g.) were added. Dry hydrogen chloride was passed 

through the solution for 6 hrs. The solvent was removed and 
the product was crystallised from dilute acetic acid* It was 

found on direct comparison to be 2-hydroxyfluorene*

Attempted chloromethylatlon of 2-hydroxyfluorene and

its methyl ether s

Paraformaldehyde (0.3 g.) was suspended In glacial



acetic acid (20 ml,) and dry hydrogen chloride was passeiwP 

till a clear solution was obtained, 2-Hydroxyfluorane (l g,) 

was added and hydrogen chloride was passed for further 3 hrs, 

A solid separated. On filtration it turned into a paste. It 

was then dissolved in dry benzene and passed through an 

alumina column. On ©luting the column with petroleum ether 

and then with benzene and evaporating the solvents no pur# 

product was obtained,

The same reaction was carried out with 2-methoxy- 

fluorene under Identical condition. Here again, the separated 

solid on filtration turned into a paste from which no pure 

product could be isolated.

Synthesis of 2-amlnofluorenone s

2-Nitrofluorenom (20 g.) prepared according to Diels

was powdered well and boiled with alcohol (200 ml,)* To

, this suspension water (100 ml,) and sodium hydrosulphite

(50 g*) were added, Vigorous reaction took place and most

of the nltro compound went in solution. It was then refluxed

for half an hour. The nltro flucrenone dissolved and a dark

red solution was obtained. The solvent was removed by

distillation and the mixture was diluted with water. Cone,

hydrochloric acid (100 ml,) was added and the solution was

heat8d to boiling and filtered hot. This was repeated three

times. The combined filtrate was made alkaline by 'liquor

ammonia and the dark red solid obtained was crystallised
° 8

from alcohol In dark red flakes (1? g,)m,p, 163 • Mels 
ogave m,p* 163 ♦
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Synthesis of g-hydroxyfluorenpae s

2-Ami nof luore none was diazotised in acetic acid in
8

the presence of sulphuric acid according to Diels and the

diazoniuai sulphate was decomposed by boiling with sulphuric
o 8

acid* The product obtained gave m.p. 210 . Mels gave 
om.p. 21Q-11 •

2-Acetoxyf lucrenone s

2«Hydroxyf lucre none was acetylated according to Bergmann 
3and Berlin and the product was crystallised from acetic

o 3acid in yellow flakes, m.p. 157 • Bergmann and Berlin gave 
the m.pol57°*

2-Ace toxyfluore no re (2 g*) was powdered well and mixed

with anhydrous aluminium chloride (2 g») and the mixture

was heated in an oil bath at 140-50 for 4 hrs. It was then

cooled and decomposed by adding ice and hydrochloric acid*

The separated solid was filtered and dissolved in cold

sodium hydroxide* It was again filtered and the filtrate

was acidified with cone* hydrochloric acid* The separated

solid was crystallised from acetic acid in brown needles
o(0.8 g.), m.p* 249 ♦

: Found s C, 74.87 ; H, 4.16 g.

ci5%o03 * requires : CJ, 75*11 f H, 4.20 $.

This compound gave a red colouration with alcoholic

ferric chloride*

2-M3thoxy~l-ac etylf lucre no re %

The above ketone (0.5 g.) in dry acetone (20 ml.) was 

refluxed with anhydrous potassium carbonate (1 g.) and
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dimethyl sulphate (0,5 ml*) on a steam bath for 3 hrs* The

solvent was then allowed to evaporate and the residue was
diluted with water* The separated solid crystallised from

odilute acetic acid in yellow needles (0,4 g.), m*p. 186 •
Mixed m.p* of this compound with 2-metboxy-X-acetyIfluorenone
obtained by the oxidation of 2»mathoxy-l-acetyifluorene
described earlier was not depressed*

2~*fethoxyfluore none-l-c arboxylic acid s
2-ifethoxy-1-acetyl fluorerone (1 g.) was dissolved in

dioxane* This solution was slowly added to a solution of
sodium hypobromite (prepared from 3 g* of sodium hydroxide
and 3 g, of bromine) with constant stirring. This solution

owas stirred at 40-50 for 8 hrs. The excess of hypobromite
was destroyed by adding sodium sulphite and then boiled to
remove the dioxane* It was filtered and the filtrate was
acidified with cone* hydrochloric acid with cooling. The
solid obtained was farther purified by extraction with
sodium bicarbonate and finally crystallised from dilute

oacetic acid In yellow flakes (0,4 g*)m*p. 241 ®
Analysis . Found s C, 70.79 ? H, 3,62 *.

ci5hiq0»*. * requires t C, 70*87 ; H, 3*93

Condensation of 2°»hydroxy~l-acetylfluorenone with 

benzaldehyde s 2~Hydroxy~9«>oxO“l~fluore nvl stvrvl 
ketone :
2 -Hyd roxy-1 -ae e ty Ifiuore no ne (1 g.) was dissolved in 

hot alcohol (100 ml.)* The solution was cooled and 
potassium hydroxide (5 g* in 5 ml. water) and then 
benzaldehyde ( 1 ml.) were added and the mixture left



overnight at room temperature* The dark red solution 
obtained was then diluted with water and acidified with

< t

cone* hydrochloric acid with cooling. The separated solid
6crystallised from xylene in red prisms (0.4 g.), nup. 234 ♦

i.

Analysis : Pound : G, 81*12 | H, 4*31 %•
\ » - *

G22hi%°3 * requires t C, 80,98 | H, 4*29

This compound gaffe an intense red colouration with
- t

cone, sulphuric acid and a posltlge Wilson test* It also 

gave a reddish colouration with alcoholic ferric chloride,

2-Aeetoxy-9-oxo-1-fluorenyl styryl ketone s

The above ketone (0*5 g.) was mixed with freshly fused 
sodium acetate (1 g.) and acetic anhydride (2 ml,) and 

refluxed on a sand bath for 1 hour* It was then added to
i 1

ice and kept overnight* The separated solid was then
t i

crystallised from acetic acid in yellow needles (0*3 g.),
* ! 0

m*p* 169 •
i . <

Analysis % Pound t C, 78*43 ; H, 4.08
\ i /

g24.hi6°4 * requires s G, 78*27 $ H, 4*3^ %•
2-Phenyl ?-oxoflnoren0(2,l:6t j? ) pyran-4-one :

2 -Hy droxy-9-oxo -1 -f luo re nyl styryl ketone (1 g.) was 
dissolved in alcohol (150 ml.) and hydrochloric acid (15 ml.)

t {

was added* The mixture was refluxed on a steam bath for 48 hrs*
i

Bhe solvent was removed by distillation and water wa<§ added .The 
separated solid was crystallised from benzene in yellow needles

I i 11 ^

(0*6 g*)* m.p. 192 «
* t ( (

Analysis t Pound * C, 81*16 ; H, 4*29
G22^i4.03 : requires * C, 80.98 $ 1, 4*29
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2-Fheiyl 9-oxofluoreno(2.1:6!5’)y-pyrone t

2-Eferdroxy-9-oxo»l-fluorenyl styryl ketone (1 g.) was

dissolved in lso-amyl alcohol (50 ml.) and selenium dioxide

(3 g*) was added* The mixture was refluxed In an oil bath 
0

at 140-50 for 15 hrs* It was than filtered hot and the 

solvent was then removed by steam distillation* The solid 

obtained was crystallised from xylene in orgnge prisms 
(0*3 g.), m.p. 284°*

Analysis s Found * C, 81.17 | H, i.84 *.

C22H1203 s requires * Cf 81.47 $ H, 3*70 %.

Condensation of 2-hydro xy~l-ace tylfluore none with 

anlsaldehvde s 2-Hydroxy-9-oxo-1-fluorenyl p-methoxy 

styryl ketone :

2-Hydroxy-1-acetyIfluorenone (1 g.) was dissolved in 

alcohol (100 ml.) by heating* The solution was cooled and 

potassium hydroxide (5 g» in 5 ml. water) and anisaldehyde

(l ml.) were added. The mixture was left at room temperature
/

for 24 hrs. The dark-red solution obtained was then diluted

with cold water and acidified with cons, hydrochloric acid

with cooling. The solid obtained was crystallised from
oxylene in red prisms (0.4 g.), m.p. 238 *

Analysis t Pound s C, 77.23 $ H, 4.67

C23Hl60* : requires s C, 77*54 ; H, 4.49 $>•

This compound gave an intense red colouration with 

cons, sulphuric acid and a positive Wilson test. With 

alcoholic ferric chloride it gave a red colour.
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2-Acetoxy-9-oxo-1 -fluorenyl p-methoxystyryl ketone :

The above ketona (0*5 g.) was mixed with freshly

fused sodium acetate (1 g.) and acetic anhydride (2 ml*)

and the mixture refluxed on a sand bath for 1 hour* It was

then cooled and added to ice and left overnight* The

separated solid was crystallised from benzene in orange
oneedles (0*3 g.), m*p® 174 •

Analysis * Pound t C, 75*61 ? H, 4*45

c25hi8°5 • requires s C, 75*37 ? H, 4*52

2-(p-Methoxy phenyl)9-oxofluoranp(2.1:6.5 )pyran-4~Qns * 

2-Hydroxy-9-oxo-l-fluorenyl p-methoxystyryl ketone 
(l g*) was dissolved in alcohol (200 ml*) and cone* 

hydrochloric acid (20 ml.) was added* The mixture was then 

refluxed on a steam bath for 48 hrs* The solvent was then 

distilled and the mixture was diluted with water* The solid

obtained was crystallised from benzene in orange prisms
0

(0.4 g.), m.p. 216 •
Analysis s Pound s C, 77*39? H, 4*53
C23Hl604 : requires s C, 77*54? H, 4*49 %*

* 1 ’
2 (p-Methoxyphenyl) 9-oxofluorepo(2*lt6,5 )y-pyrone s

2-Hydroxy-9~oxo-l-fluorenyl p-metboxystyryl ketone 
(1 g.) was dissolved in iso-amyl alcohol (50 ml.) and 

selenium dioxide (3 g.) was added* The mixture was then 
refluxed in an oil bath at 140-50° for 15 hrs* It was 

then filtered hot and the solvent was removed by steam 

distillation. The separated solid was crystallised from
' ‘ r



xylene in orange cubes (0.3 g.), m.p* 296 •
Analysis t Pound * C, 78.21 5 H, 3.50 *.
C23ha^°»i. * requires t C, 77.96 ; H, 3,95 %*

Attempted Kostanecki-Robinson acetylation and4——aie»-«—11 «I am — — 1 Iihiiumi —iihui »i m wu iwiwi ».I ■i*iWii'III

benzoylatlon of 2 -hydro xy -1-acetyIfluo re none t

2-Hydroxy-l-acetylfluorenone (1 g.) was mixed with
freshly fused powdered sodium acetate (2 g.5 and acetic
anhydride (3 ml.) was added. The mixture was heated in an

0
611 bath for 10 hrs. at 180-90 « The mixture was then added 
to ice. A pasty mass was obtained from which no pure 
product could be isolated.

Kostaneeki-Bobinson benzoylatlon also was tried in 
a similar way. The product obtained on decomposing the 
reaction mixture with ice was again a pasty mass from 
which no pure product could be isolated. x

Attempted condensation of 2-hydro xyf luo re none with

ethyl acetoacetate :

2-Hydroxyfluo re no ne (1 g.) was mixed with ethyl 
acetoacetate (1 ml.) and > sulphuric acid (20 ml.5 80 %) 

and the mixture was kept overnight. It was then added to 
Ice and the solid obtained was crystallised from dilute 
acetic acid in red needles. It was soluble in dilute 
sodium hydroxide. Mfexed m.p. with 2-hydroxyfluorenone was 
not depressed.

The same condensation was tried with phosphorus 
pentoxide as a condensing agent in the place of sulphuric 
acid. In this case also 2-hydroxyfluorenone was the only
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product isolated from the reaction mixture.

Attempted formulation of 2-hydroxyfluorenone s

2-Hydroxyfluorenone (1 g.) was dissolved in acetic acid

(50 ml.) and hexamethylene tetramlne (3 g.) was added. The

mixture was heated on a steam bath for k hrs. Hydrochloric

acid (10 ml. 5 lil) was added and the heating was continued

for half an hour. It was then diluted and the solid obtained
0

was crystallised from dilute acetic acid, m.p. . Mixed 

m.p. with 2-hydroXyfluorenone was not depressed.

2*»Hydroxyfluorenone (0.5 g.) was dissolved in dry 

ether (15© ml.) and zinc cyanide (0.5 g.) was added. Dry
i

hydrogen phloride was passed through this solution for 4 hrs.

The solvent was then evaporated and the solid obtained was

washed with water and boiled with hydrochloric acid. The red

product obtained was crystallised from dilute acetic acid,
, 0

m.p* 210 • Mixed m.p. with 2-hydroxyfluorenone was not 

depressed.

Attempted chipromethylation of 2-hydroxyfluorenone 

and its methyl e theft s

Paraformaldehyde (0.3 g.) was suspended in glacial 

acetic acid (25 ml*5 and dry hydrogen chloride was passed 

till a clear solution was obtained. 2-Hydroxyfluorenone 

(1 g.) was added and hydrogen chloride was passed for k hrs.
, The solid obtained on dilution when crystallised from dilute
t 0
acetic acid gave m.p. 2\0 • Mixed m.p. with 2-hydroxyfluorenone 

was not depressed.
The same reaction was carried out with 2-mat ho xy f luo re none. 

In this case also 2-methoxyfluorenone was recovered from the 

reaction mixture*
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SYNTHESIS OF FLTJOBSNOFURAN DERIVATIVES
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Synthesis of fluoremfuran derivatives *

Many furan derivatives oecur In nature* A large number
of furan derivative, especially benzofuran derivatives and

'

naphtho furan derivatives have been synthesised® Various 
methods which are employed in the synthesis of furan 
derivatives are summarised in Part I Section II of this 
thesis.

Very few furan derivatives in which the furan ring 
is fused to the fluorene ring system are kmjn. Those which 
are known are prepared by building up the fluorene ring 
system on a suitable furan derivative.

Pluoreno furan derivatives are found to be useful in 
photography. Grey, black or brown images are formed on a 
photographic plate when 2-hydroxy-9-*oxofluorono(lf,3*5,^ ) 
furan (I) is used as a colour coupler. When 2,9-dihydroxy-
fluoreno(4-,3s5*lf,)furan (II) is used olive green colours

xare obtained.

The fluorenofUran (I) was synthesised by condensing 
2-furyl~ph.enyl ketone (III) with succinic ester in the 
presence of sodium ethoxide® The produe^obtained was



. hydrolysed to the acid m and eye 11 sad to a benzofuran
derivative (V)• Whan this was treated with cone• sulphuric
acid at toon temperature 2-hydroxy-9-oxo-fluoreno (4,3 * 5,4 *)

2
furan (I) was obtained • On reduction it gave the 2,9-di- 
hydroxy derivative (II)•

Bor sc he and Leditsshk© synthesised 2-hydroxy-7 -methyl-
/ >

9-oxo~fluorer»(4,3:5,4)futfan (VIII) in an Identical manner, 
starting with 2-fury 1 4-tolyl ketone This was condensed
with ethyl succinate and the product (VI) was hydrolysed 
and cyclised with acetic anhydride and sodium acetate# The

I (j -CxJi.lt&K'j lit n_C £>

product 7(4-methylphenyl)=4-acetoxy benzofuran (VII) was 
deacetylated and cyclised with cone, sulphuric .acid to 
the fluorenofuran (VIII)



No other fluoreno furan derivatives seem to have been 
synthesised so far* It was therefore thought of interest 
to synthesise some fluorenofurans •

Synthesis of 3-methylfluoreno(2.It5!*f*)furan :

2-Hydroxy-l-acetylfluorsne whan refluxed in dry acetone
l

with ethyl bromoacetate in the presence of anhydrous
-2ib"

potassium carbonate gave 2-carboxymethoxy»l-acetylfluorene 
(IX). This ester on heating with sodium hydroxide gave the 
corresponding acid (X). The acid when refluxed with freshly 
fused sodium acetate and acetic anhydride gave 3-methyl- 
fluoreno(2,1:)furan (XI).



tsi

2-Hydroxy-l-aIlyl fluorane j

2-Allyloxyfluorene was subjected to pyrolysis according 
**■to Lothrop • Out of the two products reported, only the one 

omelting at 111 could be obtained in a workable quantity.
_Lothrop assigned 2-hydroxy-1-allylfluorone structure to

this compound without giving a conclusive proof for the

structure. In the present work the structure was established

in the following way* The hydroxy-allyl compound was

methylated by refluxing with dimethyl sulphate in dry

acetone in the presence of anhydrous potassium carbonate.
The methoxy allyl compound (XIII) was heated with alkaline

opotassium permanganate at 50-60 on a water bath. The 

solution was filtered and the filtrate was acidified. The 

separated solid was found to be identical with 2-methoxy- 

fluorenone-l-carboxylic acid (XI?) described in Section I,



page (S*S . Therefore 2-hydroxy-l~allyl fluorene structure 
(XII) has been assigned to the compound.
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XIV

Synthesis of 2-methylfluorenp(2,ls 5j1**)furan s

Attempts to eyclise 2-hydroxy-l»allylflucrene with
sulphuric acid to 2-methylf lucre no (2,1:5^’) 2^3-dihydro -

furan did not give a pure product. Therefore 2-hydroxy-1-
allylfluorene was converted into 2-methylfluoreno(2,l:5jl«-*)

) 5furan by Kaufmarai s method as follows :

2-Hydroxy-1-allyIfluofene was refluxed with acetic 
anhydride and fused sodium acetate to get 2-acetoxy-l- 
allylfluorene (X?). This acetoxy derivative was brominated 
in acetic acid with exactly one mole of bromine when a 
product separated immediately* This analysed for a dibromo 
derivative. 2-Acetoxy-l-allylfluorene dibromide structure 
(XVI) was assigned to this compound. The dibromide on

f



TO

refluxing with alcoholic potassium hydroxide gave a halogen
$

free compound insoluble in sodium hydroxide. 2-Jfethyl- 
fluoreno(2,ls5»lf,)furan (XVII) structure is assigned to 

this compound®

2-Hydroxy«l-aOQtyIfluorenone on condensation with 
ethyl bromoacetate in the presense of anhydrous potassium 
carbonate in dry acetone gave 2-carbethoxytaethoxy-1 -acetyl- 
fluorenone (XVIII) ® On heating with sodium hydroxide on a 
steam bath it gave the corresponding acid : 2-earboxy- 
methoxy-l-acetylfluorenone (XIX). This acid on boiling 

with acetic anhydride and freshly fused sodium acetate 
gave a compound which was insoluble in alkali® 3*-^thyl- 
9-oxofluoreno(2,l:55lf,)fdran structure (XX) was assigned 

to it®
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B<C.HxCOOC2,H5-

H^COg

flezO

o COCBg

II
|jX^SOCWlCQOCaH4

XVII/

NaOH

NaO (lc

2»Hydroxy~l°»benzoylfluoi«enone :

2-Hydroxyfluorenone whan dissolved In sodium hydroxide 
and shaken with benzoyl chloride gave a product which was 
insoluble in alkali* This benzoyloxy compound (XXI) was

i
subjected to Fries rearrangement by ’ heating with aluminium 
chloride and an alkali soluble compound was obtained© This 

compound gave a red colour with ferric chloride showing 
its ortho hydroxy carbonyl structure® The product was 
methylated, and the methyl ether (XXIII) on refluxing with 

one mole of hydrazine hydrate in alcohol gave a product 
which analysed for the pyrldazine derivative (XXI?) • Therefore 
2-hydroxy“1 “benzoyIfluorenone structure (XXII) Is assigned 

to the hydroxy ketone and 2**methoxy-l-benzoylfluorenor©

structure (XXIII) is assigned to the methyl ether®
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* * *
3*Ph8iyl»9«*oxofluorem(2ttl85*4- )faran t

2“%droxy~l~benzoylfluorenona when refluxed with ethyl 
bro mo acetate in the presence of anhydrous potassium carbonate 

in dry acetone gave 2-carbethoxymethoxy-1 “benzoyl fluorenone 
(XXV% This was hydrolysed by heating with sodium hydroxide 

to 2-carboxymethoxy-l-benzoylfluorenone (XXVI). This was

heated with fleshly fused sodium acetate and acetic anhydride
» » »and 3B*phenyl»9-oxofluoreno(2,l: 5*4- )furan (XXVII) was

obtained*
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HaOH

2-Hydroxy-l-allyIfluore no r& :

2-Hy droxyfluo re nons was refluxed with allyl bromide 
in the presence of anhydrous potassium carbonate in dry 
acetone to get 2-allyloxyfluorenone (XXVIII)* When this 
was heated alone to 230-35 ? an alkali soluble product was 
obtained to which 2-hydroxy-l«allylfluorenone structure (XXIX) 
is assigned on the basis of the following observation : -

The furan derivative (XXXII) obtained from this hydroxy 
allyl fluorenone was reduced with hydrazine hydrate and 
potassim hydroxide by heating in ethoxy ethanol* The product 
obtained was found to be identical with 2-methylfluoreno 
(2,1:5^4’)furan described, on pagejVO o
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X Xl X
9 92^^thyl-9-oxofluoreno(2,l;5.1* )furan :

2-Hydroxy-1-allyIfluorenor& (XXIX) was acetylated by boiling 
with sodium acetate and acetic anhydride,The 2-acetoxy»l«allyl- 
f luore none (XXX) was treated with exactly one mole of bromine in 

acetic acid solutlon,The product obtained analysed for a dibromo 
derivative and therefore 2-acetoxy-l-allyfluorenone dibromide 
structure (XXXI) was assigned to this compound© The dibromide 

on refluxing in alcohol with potassium hydroxide gave a compound 
free from bromine and to this compound 2-m9thyl-9*-oxofluoreno 
(2,1* 5^’) fur an structure (XXXII) is given.

CH2- c C 

OCOCH$

Xx x n
XXXI
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Synthftsis of 2~c arbethoxymethoxy-1-acetylfluore m :

2-Hydroxyl4<ace t ylf luorene (1 g.) was dissolved in 

dry acetone (40 ml.) and anhydrous potassium carbonate (2 g.) 

was added. Ethyl bromoacetate (1 ml.) was added and the 

mixture was refluxed on a water bath for 4 hrs* The solvent 

was then removed and the residue was added to water® The 

separated solid was crystallised from petroleum ether-
obenzene mixture In colourless needles (0,8 g®), m.p. 147 •

Analyst? : Found * Q, 73.06 j H, 5.72

Gj^HisOi* : requires : O, 73 * 53 j E, 5*80 %m

2"0!arboxymethoxy-"l~acetylfluorene :

The above ester (1 g.) was powdered well and sodium
hydroxide (5 % \ 25 ml*) was added® The mixture was heated

on a steam bath till it dissolved (2 hrs.) • It was then

filtered and the filtrate was acidified with cone .hydrochloric

acid. The separated solid was further purified by sodium
bicarbonate treatment. The acid thus obtained crystallised

ofrom ethyl acetate in colourless cubes (0.4 g.), m.p.194 • 

Analyst^ : Found s C, 71.98 $ H, 4.72

Gi7HA4°4 * requires s C, 72.35 $ H, 4.96 %*

3 -Methylfluorero (2.1:5.4 ) furan s

The above acid (0*5 g.) was mixed with freshly fused 
and powdered sodium acetate (1.5 g.) and acetic anhydride 

(2 ml.). The mixture was refluxed on a sand bath for one 

and half hours. It was then cooled, added to ice and left 

overnight* The separated solid was filtered, washed with
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sodium bicarbonate and then with water* It crystallised 
from dilute alcohol in colourless flakes (0*3 g.), m.p.
114°.

Analyst? : Found s C, 87.02 $ H, 5.31
Gi6Hi2° '• requires * C, 87.28 $ H, 5.^5 %•

Synthesis of 2~hydroxy-l-allylfluorene :
------ ---------—r-------- -----------------
2-Allyloxyfiuorene'(1 g.) was heated in an oil bath 

oat 230-35 for 5 minutes* It was then cooled and extracted

several times with hot petroleum ether. The solvent was

then evaporated and the solid was crystallised from petroleum
0 4

ether in light brown needles (0.3 g«), m.p. Ill • Lothrop
0

gave m.p. 111-12 •

2-Mbthoxy-1-allyIfluorene :

The above compound (1 g.) was dissolved in dry acetone 
(50 ml.). Anhydrous potassium carbonate (2 g.) and dimethyl 

sulphate (1 ml.) were added and the mixture was refluxed 

on a water bath for 2 hrs© The solvent was removed and the 
reaction mixture was added to water. The separated solid 

crystallised from petroleum ether in colourless flakes 
(0.8 g.), m.p. 58°.

Analysis . Pound * 0 , 86.56 ; H, 6,79

^4.7^16° * requires s C, 86.44 $ H, 6.78 %*

2-tethgxyfluorenons-1 -carboxylic acid s

2-Wethoxy-l-allylfluorene (1 g.) was finely powdered

and sodium hydroxide (25 ml. \ 5 $•) was added. Potassium

permanganate ( 1 g.) dissolved in water was added and the
0

mixture was heated on a water bath at 50-60 for 15 hrs.



It was filtered and the filtrate was decolourised by the

addition of sodium sulphite, and aCid&fled with dilute

hydrochloric acid. The separated solid was filtered and

crystallised from dilue acetic acid In yellow flakes (o*2 g.) 
om.p. 241 • Mixed m.p. of the compound with 2-methoxyfluorenone 

1-earboxylic add described on page! S3 was not depressed.

2-Acetoxy-l-allylfluorene s

2-Hydroxy-1-allyIfluorene (0,5 g.) was mixed well with

freshly fused powdered sodium acetate (1 g.) and acetic

anhydride (2 ml.) and the mixture was refluxed on a sand

bath for half an hour. The mixture was then cooled and added

to Ice and kept overnight. The separated solid was then
crystallised from petroleum ether in colourless cubes (0,1* g.) 

om.pc 84 .

fnalypj.jp : Pound s 0, 81.83 ; H, 6.32 %*

Cj.gHj.sOg s requires s C, 81.83 s H, 6.06 %*

2-Acetoxy-1-allyIfluorene dibromide :

2-Acetosja-l-allylf luofene (1 g.) was dissolved in
oglacial acetic acid (10 ml*)* It was then cooled to 15-20 •

Bromine (0.6 g.) In acetic acid (5 ml.) was added dropwise

with constant stirring. The product separated imnediately*
oIt was stirred at 15-20 for one hour and then filtered.

The residue was crystallised from petroleum ether in
ocolourless needles (2*g«)t m.p. 153 •

Analyst;? * Pound. * G,50.94 ; H,3.77 $ Br *37*71

Ci8Hl602Br2 t requires s 0,50.77 ? H,3.58 ; Br,37*75 %•



J ) )
2-Efethylfluoreno(2.1:5A )fgran : 

2-Acetoxy-l-allylfluorene dibromide (l g.) was 

dissolved In alcohol (50 ml*) and potassium hydroxide 

(1*5 g*) in alcohol (15 ml*) was added* The mixture was 

refluxed on a steam bath for 3 hrs. The solvent was then 

distilled off and the residue was diluted with water* The 

separated solid was crystallised from alcohol in colourless 
needles (0.*f g.), m*p« 148°.

Analysis * Found t C, 87.16 | H, 5.^7

ci6Hi2° • requires t C, 87.28 4 H, 5*^5 %*

Synthesis of 2lmethyl-9-oxofluoreno(2.1:)furan *

2 -Oarbe thoxyroe thoxy-1~ac e tyIfluore no ne :

2-Hydroxy»l«acetylfluorenone (1 g.) was dissolved In

dry acetone (50 ml.) and anhydrous potassium carbonate

(2 g.) was added. Bthylbromoacetate (1 ml.) was added and

the mixture was refluxed on a steam bath for 4- hrs* The

solvent was then removed and the residue was added tfco

water. The separated solid was filtered and washed with

dilute sodium hydroxide* The solid crystallised from dilute
0

acetic acid in yellow needles (0.9 g.), m.p. 172 .

Analysis * Found * Ct 70*73 4 H, 5.^0

ci9Hl605 * requires s C, 70*37 4 H,

2-Carboxymethoxy-l-ac etylfluorenone s

The above ester (1 g.) was powdered well and sodium 

hydroxide (5 % 4 25 ml.) was added* The mixture was Seated 

on a steam bath for 4 hrs© It was then filtered and the 

filtaate was acidified with cone, hydrochloric acid* The



separated solid was further extracted with sodium biearbohate.

The product obtained on acidification of the sodium bicarbonate

extract crystallised from acetic acid in brown cubes (0.4. g.) 
oaup. 252 (decomp.)*

Analysis * Found i 0,68.87 f H, 4.16 $.

Gi7H1205 * requires s G, 68.92 ? H, if.05 *•
f 2 (

3-M3thyl-9-oxofluoreno(2.1:5.4 )furan :

The above acid (l g.) was refluxed with freshly fused and

powdered sodium acetate (2 g.) and acetic anhydride (2 ml.)

for 2 hrs. It was cooled and then added to ice. The separated

solid was filtered and washed with sodium bicarbonate solution

The residue crystallised from dilute alcohol in yellow 
. oneedles (0.3 g.)y m.p. 136 .

Analysis 1 Found : C, 81.77 ) H, 4.13 %•

Ci7Hi202 < requires t C, 82.06 $ H, 4.27

2-Be nzoyloxyfluo re m ne t
...... .

2-Hydroxyflucre no ne (1 g.) was dissolved in sodium

hydroxide (10 % j 25 ml*) and crushed ice was added*

Benzoyl chloride (1 ml.) was then added and the solution

was shaken vigourously for ten minutes. The separated

solid was filtered and the residue washed with dilute

sodium hydroxide and then with water. The residue was

crystallised from acetic acid in yellow flakes (0.9 g.),
, 0

m.p. 174 •

Analysis sFouni 1 C, 79.63 f H, 3.87 «•

G2oHi203 srequires s G, 80.00 j H, 4.00

2=^droxy»lrtejizo^LaojceBom :

2-Benzoyloxyfluoranone (2 g.) was powdered well and



mixed with anhydrous aluminium chloride (2 g.). The mixture
owas heated in an oil bath at 140-50 for 4 hrs. It was

then copied and crushed ice and cone* hydrochloric acid

were added and the reaction mixture left overnight and

filtered* The residue was purified by extracting with

sodium hydroxide solution. The product obtained on

acidification of the sodium hydroxide solution with cone*

hydrochloric acid crystallised from acetic acid in brown
oneedles (0,6 g.)t m.p* 171 .

Analysis * Pound : C, 79.88 $ H, 3*51

G2OH1203 * requires * Cf 80.00 ; Ht 4.00

This compound gave a red colouration with alcoholic 

ferric chloride.

The above hydroxy ketone (0.5 g.) was refluxed in

dry acetone (50 ml.) with anhydrous potassium carbonate

(1 g.) and dimethyl sulphate (0,5 ml.) for 4 hrs. The

solvent was then removed and the residue was added to water

The separated solid was washed with dilute sodium hydroxide

and then with water. It crystallised from dilute acetic
oacid in orange needles (0,4 g.), m.p. 212 .

Analysis : Pound * C, 79.76 $ H, 4.22

22iBU03 s requires s C, 80*26 ; H, 4.45 %•

The pyrldazlne derivative t

2-ffethoxy-l-benzoylfluorenone (1 g.) was dissolved in 

alcohol (100 ml.) and hydrazine hydrate (0.2 ml.) was added 

The mixture was refluxed on a water bath for 8 hrs. The 

solvent was then removed and the residue was diluted with
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water* The solid obtained was crystallised from benzene-

opetroleum ether in yellow needles (0*4 g.), m*p* 208 • 

Analysis * Found : N, 8,95 *•

G2iHi»i.0N2 * requires i N, 9*03 %*

Condensation of 2-hydroxy -1 -be nzoylfluorenone with 

ethyl bromoagetate t 2-Carbethoxymethoxy-1-benzoyl 

fluofenons s

2-Hydroxy-1-benzoylfluoeenone (1 ge) was dissolved 

in dry acetone (100 ml*) and anhydrous potassium carbonate 
(2 g*) was added* Ethyl bromoacetate (1 ml*) was added and 

the mixture was refluxed on a water bath for 6 hrs* The 

solvent was'- then evaporated and the residue was added to 
water* The separated solid was filtered and washed with 
cold dilute sodium hydroxide and water* It was then 

crystallised from dilute acetic acid In yellow needles 
40.8 g.), m.p. 177-78°.

Analysis : Found t C, 74*69 ; H, 4,94 %*

C2A8O5 * requires * C, 74*61 ; H, 4.63 %•

2-Car boxy me thoxy-1-be nzoylfluorenone :

The above ester (2 g.) was powdered well and sodium 
hydroxide (10 50 ml.) was added* The mixture was heated

dn a steam bath with shaking for 2 hrs* The solution was 

filtered and the filtrate was acidified with cone* 
hydrochloric acid. The precipitated acid was further 

purified by extracting it with sodium bicarbonate* It



crystallised from ac®tic acid in brown needles (0.9 g*)» 
om.p. 226 (decomp.).

Analysis s Found s C, 73.59 ; H, if.03 %,*

* requires t 73*7®+ f 3*91 %*

j / ,#3-Phe ny1-9~oxo f luo re no (2.1:5.®+ )furan t

2-Carboxymethoxy~l-benzoylfluorenone (1 g.) was

refluxed with freshly fused sodium acetate (2 g.) and acetic

anhydride (2 ml.) on a sand bath for 1 hour. It was then

poured on ice and left overnight. The separated solid was

filtered and washed with sodium bicarbonate solution* The

residue crystallised from alcohol in yellow needles (0.3 g.), 
om.p. 152 «

Analysis s Found % C, 85*12 ; H, lf.l8

C21H1202 i requires s Cf 85*13 $ H, 4.05

2-Allyloxyfluovenom :

2-Hydroxyfluorenone (2 g.) was dissolved in dry acetone

(100 ml.) and anhydrous potassium carbonate (4 g.) was added.

Allyl bromide (2 ml.) was added and the mixture was

refluxed on a water bath for 15 hrs. The solvent was then

evaporated and the residue was added to water. The separated

solid was filtered and washed with dilute sodium hydroxide

and then with water. The residue obtained was crystallised
ofrom alcohol in golden yellow needles (1*5 g*)» m.p* 78 •

Analysis s Found *. C, 81.66 $ H, 5*37 %•

G'i6Hi2°2 * requires : C, 81.36 ; H, 5*08 %•
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2 -Hydroxy*! »ally Ifluo re none s

2-Allyloxyfluorenone (1 g.) was powdered well and



0
heated In an oil bath at 230-35 for 5 minutes* It was then

cooled and the solid was dissolved in ether* The ether

solution was extracted twice with 25 c.c. of 10 sodium

hydroxide solution* The alkali layer was separated and

acidified with cone, hydrochloric acid with proper cooling#

The separated solid crystallised from dilute alcoiil in red
oneedles (0*5 g.), m*p* 139 •

Analysis j Found : C, 81*39 $ H, 5#27 #.

ci6Hi2°2 * requires t Ci, 81*36 $ H, 5#08

2-Acetoxy-l-allylfluofenone :

2-Hydroxy-1 -allylfluorenone (1 g.) was refluxed with

freshly fused sodium acetate and acetic anhydride on a

sand bath for 1 hour# It was then cooled and added to Ice

and left overnight# The separated solid crystallised from
obenzene-petroleum ether mixture. M.P. 129' • Yield 0.9 g.

Aaalaala * voum j c, 78.00 $ h, 5.24 *.
ci8Hi4.°3 * requires s C, 78#27 $ H, 5.07

2-Ace toxy-1-allylfluore no ne dibromide i

2 -Ac e toxy -1 -allylf luo fe no ne (1 g.) was dissolved In
oglacial acetic acid (20 ml.) and cooled to 15-20 • Bromine

(0.5 g.) in glacial acetic acid (5 ml.) was added dropwise

with constant stirring. A| yellow solid separated immediately.
0

The mixture was stirred at 15-20 for 1 hour and filtered*

The residue was crystallised from benzene in yellow needles

(1.1 g.), m.p. 193 •

Analysis s Found s C, 49*53$ H,3*00$ Br,36.93

Gi8Hi4°3B^2 * requires s C, 49.32$ H,3.335 Brf36.53



* 1.

2-Methyl-9»oxofluoreno (2,1 s 5»4 )furan ;

The above dibromide (1 g.) was dissolved in alcohol
(75 ml.) and potassium hydroxide (1.5 g.) in alcohol (25 ml.)

was added. The mixture was refluxed on a steam bath for 3 hrs.

The solvent was distilled off and the residue was diluted

with water. The separated solid was crystallised from dilute
oalcohol in yellow needles (0.3 g.), m.p. 143 •

Analysis s Found i C, 82.13 ; H, 4.17 %*

ci6%o°2 • requires * C, 82.06 § H, 4.27 %•

2 - Me thylf luo reno( 2,1:5 »4 ) fur an ?

2-Methyl-9~oxofluoreno(2,l:5»4?)furan (0.5 g.) was

dissolved in ethoxy ethanol (25 ml.) and hydrazine hydrate

(85 %\ 2 ml.) was added. The mixture was refluxed on a

sand bath for 1 hour. Potassium hydroxide (2 g.) was added

and the mixture was refluxed on a sand bath for 6 hrs. It

was cooled and added to water. The separated solid was

filtered and crystallised from dilute alcohol in colourless
o ,needles (0.2 g.), m.p. 148 . Mixed m.p. with 2-methyl- 

fluorero(2,ls5j4*)furan was not depressed.
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SECTION III

BBOMIHATION OF 2-HYDROXYFLtJORENB, 2 -ir/DROXYFLUORENO NS

AND THSIR METHZL ETHJ5RS



SECTION III.

Broai nation of 2-hydroxyfluone m, 2-hy drcxyfluoreron« 

and their methyl ethers :Mwxii'iwmT on inn'* ■ui'pi'C w iiii«iio»aw m m'm cm '

Bromi nation of simple finer®ne and some of Its 
derivatives has been studied and this has been discussed 
in the general introduction* Bromi nation of hydroxyfluorenes 

and hydroxyflucre none s has however not been systematically 
studied* Sckefct and Langecker* carried out the bromination 

of 2-methoxyfluoren® in acetic acid* They reported the 

formation of a dibromo 2-aie t boxy fluo re n# and a tribromo 
2-methoxyfluoren©* The structures of these derivatives have 

hotc been established© A tribromo derivative of 2~m»thoxy- 

fluo rename was prepared by these workers by oxidising the 
above methoxy -tribromofluorene with sodium dichromate in 
acetic acid. A hydroxy tribromo fluorenone also of unknown 

structure was prepared by the same workers by brominating 

2-aainofluorenDn© and converting the amino group to hydroxy 
through diasotisation* 2-Msthoxy-7*abromofluorens has been 
prepared by Campbell and Hasan through the following 

sequence of reactions*

B*

<—-----------------

CcH3^SOi*



Other broaio derivatives of 2-hydroxyfluoren© and 
2-hydroxyfluoreruns and their methyl ethers have ’not 

been reported • It was therefor® thought of interest 

to study systematically the bromination of 2-hydroxy- 
fluoren© and 2-hydroxyfluorenon® and their methyl 

ethers*

fluorenone and their methyl ethers with one mole
am—~~ i—ir~T~ w i i-;- mm m n |i iin« rnumii wiinn~niii'~rn>HH"m'i n~ nr ■ i« Tr~ii h • ■-•m r jt-im—i—i.n—r—^ , n~T~ni—it ■ • *t ~~ 1 ,r~1 ~~~

of bromine s

2-Hydroxyfluor©ne dissolved in acetic acid was 
treated with exactly on® mole of bromine In glacial 

acetic acid® On keeping the rsaction mixture overnight 
a product separated which analysed for a mono bromo 
derivative* It has been assigned 2-hydroxy-1 -bromo- 
fluore ns structure (I) because it could be converted 

Into 2-methoxyflaorenone-!-carboxylic acid through the 

fallowing sequence of reactions i
The methyl ether of the mono bromo compound (II) was 

prepared and oxidised by boiling with sodium diehromate 

in glacial acetic acid to the corresponding fluore non® 
derivative (III}« This on boiling with cuprous cyanide 
in dimethyl formamid® gave the cyano derivative (IV) 

which on refluxing with potassium hydroxide in alcohol 
gave an acid which was found on direct comparison to 
bo identical with 2~meth0xyfluorenons-l-carboxylic acid 
(V) prepared by the halofom reaction on 2-methoxy-l- 
aeeiyl fluore non© as described earlier ip^lSS )«



o
0CH3

*

&*2- kOH

V
bi&QB-t



2-JfethoxyfXuarene, on bromi nation with one jdoIs or0* 

bromine in acetic acid gave 2-methoxy-1 -bromof luopene (II) 

as seen by direct comparison with the methyl, ether of 

2-hydroxy-1-bromo fluorene described above®

2-Hydroxy fluo .re no no r on similar bromination with on® 

mole of bromine gave a mono bromo derivative to which 
2-hydroxy-1-bromofiuorenons structure (VI) has been assigned 

because the methyl ether of this compound was identical 

with 2-mQthoxy-l-bromofluorenone obtained by the oxidation 
of 2-methoxy-1-bromofluorene» 2-Methoxyfluore no ne also
with on® mole of bromine gave 2-methoxy-X-bromofIuoreno ns *

fluorenono s

2-Hydroxy fluorene was nitrated according to Ray
and Hill ® These authors assigned 2-hydroxy-3-nitrofluorene

structure to the product formed because the compound
life

could also be obtained from known 2-amino-3-nitrofluorene
A

through diazotisation. The methyl ether (VII) of the 

hydroxy nitro compound was reduced with sodium hydrosulphite 
in alcohol to 2-methoxy-3“aminofluorare (VIII)* This was 

diazotised in hydrobromic acid and boiled with a solution 

of cuprous bromide in hydro bromic acid. 2«4fethoxy-3~ 
bromofluorene structure (IX) is assigned to the product 

obtained®

2-Msthoxy-3-bromoflucrene was oxidised with sodium

dichromate in glacial acetic acid to 2-methoxy-3-bromo- 
f luore no re (X)*
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2-Me tboxy-7-bromo fluo rena and 2-me thoxy-7-bro mo -a^3gJ l̂«*Mw»CT»r.,,»ifcji'U'«i8j»',ii><i wwwiaiiiiu.1«n win#»w«wai' i*on.iiihiwiw*w^«wfa^fcwwvnu'|<^w9»

fluorenone t

2-Methoxyfluorem was nitrated according to Ishikawa
3and Okazaki • These workers reported the formation of two 

derivatives s 2-methoxy-7-ni trcf luora ns and 2-methoxy-3- 
nitrofluorene• 2-Met hoxy-7-nitron, acre ne structure was 
assigned to this compound as it was found to he identical 

with the compound prepared earlier from 2,7-dinitrofluorene 
through partial reduction, di&zotisation and methylation
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of the hydroxy compound® 2-Msthoxy-7-nltrafluore no thus

obtained was reduced to 2 ~?R31 hoxy -7 -am i no fluo re ns (XIII) '

which was diasotlsed in the presence of hydrobromlc acid.

On boiling the diasonium bromide with copper powder a

bromo compound was obtained to which 2-methoxy-7-bromo-

flu ore ns structure (XI?) Is assigned® This has been
2

prepared previously by Campbell and Hasan by a different 
route as shown on page 186 , This was oxidised with sodium 

dieh.rornate in glacial acetic acid to 2 -me t hox y -7 -b r o mo -

2-Metho:gy ~1.7 »41broatofluorene and 2«mathoxy-l®7»-
—tuiiianpii mull

dibroaofluo ra none *

2-Me thoxy fluorare was dissolved in chloroform and 

stirred with two moles of bromine also dissolved In the



same solvent* On removing chloroform a product was obtains! 

which analysed for a dibromo derivative* 2*»M®thoxy-lf7-di° 
bromofluorene structure (XX) is assigned to the compound 

as the same compound was obtained when 2-^nQthoxy-l-bromo - 
fluorens and 2-methoxy“7-bromofluerene were treated with 

one mole of bromine in chlorofom solution*

2-Jfethoxy dibromoflu^rene on boiling with sodium 

dichromate in acetic acid gave a product to which 2-methoxy-
1.7- dibromofluorenone structure (XII) has bean assigned*

fh© methoxy dibromofluorene obtained by Eckert and
Langecke?1 by bromi rating 2-methoxyfluorene in acetic acid

seems to be a different one, because the m*p* of their 
ocompound (121 ) is different from the m*p« of 2»asethoxy-

1.7- dibromofluorene (143 ) obtained in the present work*

B*

Xll



m2-Hydroxy«1.3a7-trlbroffiofluorene and its methyl ebhei*:■n1 MiiSanw "WWiii —i awm1."1—■chiiii fc-.f 'g-aniL- i—"ms-mi ■ wjm ■■ »"u V cwri» m Ti'i-m

2-Hydroxyflucrene dissolved in acetic acid was treated 
with excess of bromine in acetic acids A product separated 
out immediately, which on analysis was found to be a 
tribromo derivative (XVI)* 2-Methoxyfluorene on treatment 
with excess of bromine in glacial aeetio acid gave a 
tribromo derivative which was identical with the methyl 
ether of 2-hydroxy tribromo fluorene* 2-M3thoxy«l,3,7- tri- 
brcmofluorene structure (XVII) has been assigned to this 
product as the same tribromo derivative was obtained, when 
2-methoxy-l-bromofluor@ne or* 2-methoxy-3-bromof luore ne or 
2»ffiethoxy-7”d>romofluoren® was treated with excess of bromine*



The methoxy tribroaofluorene reported by Eckert and
iBangeeker seems to be the same compound because the sup®

oreported by them (X88 ) agrees with the mapc of the compound 

described above©

2-Me thoxy-1.3. 7 ~tr i bromo f lucre no lie s

2-M@thoxy-l,3,7-tribromofluorene obtained by the 
bromi nation of 2-me thoxyfluo re ne as described above was 

refluxed with sodium dichromate in acetic acid solution® The 
solid obtained on cooling analysed for the corresponding 
f lucre none derivative and had the sup® 268°. Therefor® 

2-methoxy-l,3,7«*tribromofluorenon© structure (XVIII) is 

assigned to this compound®

°CH3

*VIM

The methoxy tribromo fluorenone reported by Eckert and 
_ i oLangeeker has the mepo 268 ®

Bromination of 2-hydroxyfluoremne and its methyl

gther with excess of bromine sTi ■ am wrTTTj i rr^i Tii1 IT <1 ' I, f I <—" ■ 1 —1—ar't,iyir |TOa»(| 11_IH|PMI|WI

fluorenone and its methyl ether s

2«Hydr-oxyfluore none dissolved in acetic acid was treated 
with excess of bromine in acetic acid solution® The product 
that separated imaediately analysed for a dibromo derivative# 
2-Methoxyf lucre none also on a similar bromination with excess 

of bromine gave a product which was identical with the methyl



©ther of 2-hydroxy di bromofluore no m* 2-Methoxy-l,3~dibro®0- 
fluorenone structure (XX) has been assigned to this compound 

as the same product, was obtained on further bromirsation of

2-methoxy-l-bromofluore none acd 2-m®thoxy-3-bromofluorenone « 
Therefore 2 -hydroxy -1,3 -d ibromo flucre no ne structure (XIX) 

has been assigned to the bromo product from . • 2-hydroxy- 

fluorenons*.



EXPERIMENTAL

2»Hydroxyfluore ns (1 g«) was dissolved in acetic acid 
(5 ml*) and bromine (0,8 go) dissolved in .acetic acid (2 ml.) 

was added dropwise with stirring* The mixture was left 

overnight® The separated solid was filtered and crystallised 
from alcohol in colourless needles (0.9 g.), m«p* l59°o

tmlsMs. * Found * Br, 30*99
G^jH^OBr s requires * Br, 31.4-1

2-Ms thoxy-l-broBsofluore ne :
The above compound (0®5 g.) dissolved in dry acetone

(20 ml*) was refluxed with anhydrous potassium carbonate

(1 g*) and dimethyl sulphate (0*5 ml*) on a steam bath for

3 hrs. The solvent was then removed and the reaction mixture

was diluted with water® The solid obtained was crystallised
ofrom acetic acid in colourless needles (0*3 g.), m*pa 14-6 • 

The same product was obtained when 2»methoxyf luore ne 
(l g*) was dissolved in glacial acetic acid (5 ml») and 

bromine (0.7 g«) in glacial acetic acid (2 ml*) was added 

dropwise with stirring and the solttion was kept overnight.

M§l&§i§ * Found
CijjH^OBr t requires,

t Br, 29.52 

s Br, 29d3

fam

The above compound (1 g.) was dissolved in dimethyl 
form amide (15 ml.) and cuprous cyanide (1*5 g.) was added® 
The mixture was refluxed on a sand bath for 2 hrs* *t was 

then filtered hot, and the filtrate was diluted with water®



The separated solid was filtered and washed with ammonium 

hydroxide and then with water* The residue obtained

crystallised from benzene-petroleum ether in colourless
ocubes (0*6 g»), m.p. 17k- &

Analysis t Pound s G, 81*37? H, k*7?} N, 6*15

Ci5Pfli0N : requires s C, 81*4-5 § H,4-*97| N, 6*33 %*

2-Methoxy-1-bromofluorenone t

2-Jfethoxy-l-bromofluorene (0*5 g.) was dissolved in

glacial acetic acid (15 ml*) and sodium dichromate (1*5 g«)

was added* The mixture was heated under reflux on a sand

bath for 1 hour* It was then coaled and diluted with water®

The separated solid was filtered and crystallised from glacial
oacetic acid in yellow needles (0,3 g.), m.p. 208 •

Anglo*! * Pound : Br, 27*65 %*

gi»i.h902e^ * requires s Br, 27*65

2-Hydroxyfluo re none (1 g») was dissolved in glacial

acetic acid (20 ml*) and bromine (0.7 g«) in acetic acid

(5 ml*) was added dropwise with stirring* The mixture was

kept overnight and the yellow solid which separated out was

filtered and crystallised from toluene in yellow needles
o(0,8 g«), m*p* 21? *

ifi&iXSAs * Pound s Br, 28.86 £•

Ci3H702Br s requires * Br, 29.02 £•

The above hydroxy bromo fluorenone (0*5 g.) was refluxed 

in dry acetone (20 mlo) with anhydrous potassium carbonate 

(1 g*) and dimethyl sulphate (0*5 ml*) on a steam bath for
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3 hrs. The solvent was then removed and the reaction
mixture was diluted with water. The separated solid crystallised

ofrom glacial acetic acid in yellow needles (0*4 g.), m.p© 208 • 
Mixed m»p* with 2 -me t hoxy -1 - bromofluo re no ns obtained by the 
oxidation of 2-methoxy-1-bromofluorano was not depressed*

The same compound was also obtained when a solution 
of bromine (0*7 g.) in glacial acetic add (5 ml.) was added 
dropwiss to 2»methoxyfluor©n6ne (1 g.) dissolved in glacial 
acetic acid (lo ml.) and the reaction mixture kept overnight 
and worked up as before#

2-Ms thoxy-l-c yanofluo re no r& s

The above bromo compound (1 g«) was dissolved in hot 
dimethyl formamlde (20 ml.) and cuprous cyanide (1 g») was 
added. The mixture was refluxed on a sand lath for 2 hrs.
It was then filtered hot and the filtrate was diluted with

$

water# The separated solid was filtered and washed with
ammonium hydroxide solution and then with water, it
crystallised from toluene in golden yellow needles (0.6 g*)t 

om*p*' 292 •

Analysis 
Ci5Ho02N 

2-

s Pound 
s require s

i Cs 76.54 f H, 3.55 j N, 5.46 *• 

* C, 76o60 | H, 3.82 } N, 5.68 £• 

.-carboxylic acid *
2-Mb t hoxy -1 -e yanofluo re no ns (1 g«) in alcohol (100 ml.) 

was refluxed with potassium hydroxide (4 g* in 10 ml. water) 
on a steam bath for 8 hrs. The solvent was then removed and 
the reaction mixture was diluted with water. It was filtered 
and the filtrate was acidified with cone, hydrochloric acid 
with external cooling. The acid obtained was further



purified by extraction with sodium bicarbonate solution* 

The product obtained on acidification of the bicarbonate

solution crystallised from dilute acetic acid in yellow
oflakes (0,3 g.), m.p. 241 « Mixed m.p* with 2-methoxy- 

f lucre none -1 ~C! arboxyllc acid prepared from 2-aethoxy-l- 

acetylfluorenone, as described on page X58 was not 

depressed*

2-Methoxy-7-am inofluo rene :

2-Methoxy-7-nitrofluorene prepared according to 
3Ishikawa and Okazaki (2 g.) was powdered well and boiled 

with alcohol (20 ml,)* To this hot salutlan water (10 ml,) 

and sodium hydro sulphite (5 g.) t*ere added and the mixture 

was refluxed on a steam bath for 2 hrs. The solvent was then 

removed and the reaction mixture was diluted with water® The

solid obtained was filtered and crystallised from alcohol in
0 3

colourless flakes (1*2 g*)s m.p* 203 • Ishikawa and Okazaki
, 0

gave the m.p. 204 .

2-Methoxy-7-bromofluorena s

The above amino fluorene (1,5 g*) was dissolved in

acetic acid (15 ml.) and hydrobromic acid (3 ml*) was
0

added* The solution was colled to 0-3 and then diazotised

by adding dropwise a solution of sodium nitrite (0.6 g«)
, 0in water (5 ml.)® The solution was kept at 0-3 for 1 hour®

Copper powder (0,5 g.) was added and the solution was heated

slowly to boiling and then filtered hot* The filtrate was

cooled and diluted with water® The separated solid was

filtered and crystallised from petroleum ether in yellow
o 2

cubes (0,3 g.)s m.p. 109 * Campbell and Hasan gave m.p* 
108-110°

<9



2-V&thoxy °»7~bromoriuorenone : w
The above bromo compound (1 g®) was dissolved In glacial 

acetic acid (20 ml*) and sodium dichremate (3 g.) was added® 

the mixture was refluxed on a sand bath for one hour® It 

was then cooled and diluted with water# The separated solid 

was crystallised from dilute acetic acid in red needles 

(0.9 g.), m.p. 14? •
Analysis : Found : Br, 27*58 %«

Ci4H902Br t requires 1 Br9 27*65

2-fethoxy-3-nitrofluorene :

2-Hydroxy-3-nJtrofluoren® (1 g,) prepared according 
4 ;/

to Ray and Bill was refluxed in acetone (30 ml.) with 

anhydrous potassium carbonate (2 g.) and dimethyl sulphate 
(1 ml.) on a steam bath for 3 hrs. The solvent was then 

removed and the mixture was then diluted with water® The

separated solid was crystallised from acetic acid in yellow
0 3oneedles, m«p* 190 • Ishikawa and Okazaki gave m.p. 190-91 .

2-Methoxy-3»nitrofluorsne (1 g.) was powdered well and 

refluxed with alcohol (25 ml®). Sodium hydrosulphite (2®5 g.) 

and water (10 ml.) were added and the mixture was refluxed 

for 2 hrs® The solvent was removed and the reaction mixture 

was diluted with water. The separated solid crystallised
4

from alcohol in colourless needles (0.6 g.), m.p* 189 * 
Ishikafand Okazaki3 gave . m.p® 190°®

2-Mathoxy-3-aminofluorene (1.5 g.) was dissolved in

acetic acid (20 ml0) and hydrobromic acid (3 ml.) was added*
0

The solution was cooled to 0-3 and sodium nitrite (0,8 g«)



in water (10 ml®) was added dropwise with stirring* The

solution was kept at this temperature for 2 hrs« It was
then added slowly to ^boiling solution of cuprous bromide
(prepared from 3 g. of copper sulphate) in hydrobromic ad id
(10 ml*)* The solution was boiled for 10 mimtes and then

filtered tot* The flit*!rate was diluted with water* The
separated solid was filtered and crystallised from dilute

oacetic acid in yellow needles (0*3 g»), nup* 184- »
Analysis « Found ' t Br, 28*98 g*
ca.4Hi0OBr * requires * Br, 29*13 

2 -Me thoxv-ft-bromo fluoreno ne s

2-Mettoxy~3-bromofluorene (0.5 g.) was dissolved in 
glacial acetic acid (20 ml*) and sodium diehromate (1*5 g«) 

was adddd* The mixture was refluxed for 1 hoir » It was then 
diluted with water and the separated solid was crystallised 
from acetic acid in orange needles (0.3 g.), m.p. 196°* 

£S§lX®5! i Found 8 Br, 27*64- £•

Gi4.H902Br s requires % Br, 27*65 %<*

7-Mettox.v-1.7-drbroraofluorene s
2-Methoxyfluorene (1 g*) was dissolved in chloroform 

(lo ml*) and bromine (1.5 g*) dissolved in chloroform (5 ml.) 

was added dropwise with stirring® The solvent was then
removed and the residue obtained was crystallised from

*- o

acetic acid in colourless needles (0*8 g.), m.p. 14-3 « 
Analysis t Found % Br, 44-*79 %.

Gi4.Hio°^a * requires s Br, 4-5*16 ?£*

The same compound was obtained on addirg a solution of 
bromine (0.7 g.) in chloroform (5 ml*) to a solution of 

2-methoxy-1 -bromofluorana (1 g«) in chloroform (10 ml.) and



mevaporating the solvent* Yield 0.4 g«

The same compound was also obtained when 2-methoxy-7“ 
bromofluoren© (1 g.) dissolved In chloroform (10 ml*) was 

treated with bromine (0.7 g.) in chloroform (5 ml*) and 

the reaction mixture worked up as above. Yield 0.8 g*

2-Methoxy-1,7-dibroyofluor-e none $

, 2-Methoxy-l,7*dibromoflucrene (1 g.) was refluxed in 

acetic acid (20 ml.) with sodium diehromate (3 g.) on a 

sand bath for 1 hour* It was then cooled. The separated
solid was crystallised from glacial acetic acid IJi orange

/ 0 needles (0,8 g.), m*p. 237 •

kmhsXS. * Found s Br* 43.22
ClifH802Brg 8 requires s Br, 43*45 %•

2-Hydroxy-1^3 ?7-tribromofluorene :

2-Hydroxyfluorene (1 g«) was dissolved in glacial acetic
acid (10 ml.)# Bromine (4 g.) dissolved in acetic acid (10 ml.)

was added dropwise with constant stirring* The solid that

separated immediately was filtered.and crystallised from
0

benzene in solourless needles (1*8 g.), a.p. 190 •

Analysis $ Found s Br* 57*62

Gl3H70Br3 * quires s Br* 57*20 %m

2-Jfet hoxy-1 *3*7 -tr ibromo fluo re ne s 

The above tribromo compound (0.5 g.) was refluxed in 
dry acetone (20 ml.) with anhydrous potassium carbonate (1 g.) 

and dimethyl sulphate (0.5 ml.) on a steam bath for 3 hrs*

The solvent was then evaporated and the reaction mixture 
was diluted with water# The separated solid was filtered



and crystallised from acetic acid in colourless needles
o(0*2 g*)* m*P« 193 •

203

Anylypifl s Found t Brs 55®m-0 %®
s requires t Br, 55®39 %•

The same product was obtained, when : 
i) 2-*fethoxyfluorene (1 g.) was dissolved in glacial 

acetic acid (10 ml*) and bromine (3 g«) in glacial 

acetic acid (10 ml.) was added dropwise with 
stirring, and the reaction mixture was worked up as 

before*
ii) 2-Bfethoxy-l-bromofluorene (1 g.) was dissolved in 

acetic acid (10 ml*) and bromine in acetic acid 
(10 15 ml,) vr8.s added slowly with stirring and

the reaction mixture worked up as before* 
lii) 2-Methoxy -3-broioofluor e ne (0,5 g«) was dissolved in 

acetic acid and bromine (1 g,) in acetic acid (5 ml*) 

was added dropwise with shaking and the reaction 

mixfcut-e was worked up as before® 
lv) 2-Methoxy-7-bromofluorene (0,3 g,) was dissolved

in glacial acetic acid (5 ml©) and bromine (0,6 g,) 
in acetic acid (5 ml.) was added with stirring and 

the separated solid crystallised from acetic acid©

2-%droxy-l,3~dlbromofluorenong :

2-Hydroxyf lucre none (1 g*) was dissolved in acetic 

acid (20 ml.) and a solution of bromine in acetic acid 
(20 20 ml,) was added dropwise with constant stirring*

The solid that separated Immediately was crystallised from



acetic acid in golden yellow needles (1*2 g* 

Analysis s Pound s Brf 45*04

Ci3%02Bp2 s requires , s Br, 45®I6

) 9 ®*p»237 ©

/at

% a

2»Me thoxy -1 >3 -di bro mo fluo reap m i

2-Hydroxy«lt3-dibromof lucrensns (0*5 go) in dry acetone
(40 ml*) was refluxed with anhydrous pptassittS carbonate (1 g»)

and dimethyl sulphate (0*5 ml*) on a steam bath for 4 hrs*

The solvent was then evaporated and the reaction mixture was

diluted with water* The separated solid was crystallised
ofrom acetic acid in yellow needles (Q*4 g*), m,p* 191 ®

Analysis . Found s Br, 43*00 °U

Gi^Hg02Br2 * requires s Brf 43*4-5 $©

The same compound was obtained when : 

i) 2 -Me thoxy f 1 uo re no ne (l g.) was dissolved in glacial 

acetic acid (15 ml.) and bromine (2 g.) in acetic 

ac id was added dropwisa©
ii) 2~Methoxy-1-bromofXuorenone (1 g®) was dissolved in 

acetic acid (20 ml*) and broffiino (1 g.) in acetic 

acid (5 ®1«) was added dropwise and the reaction 

mixture worked up as above©

Hi) 2-Methoxy-3-broaoflapr e ne ne (0*5 g.) was dissolved 

in acetic acid (20 ml*) and bromii© (0*5 gs) in 

acetic acid (5 ml*) was added slowly with stirring*

2«4fethoxy»l3*7-trlbromofluorenone s

a-Jfethoxy-1,3,7-tribromofluorene (1 g.) was dissolved 

in acetic acid (20 ml®) and sodium dichromate ($ g*) was
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added® The mixture was refluxed on a sand bath for one 
hour® It was then diluted with water® The separated solid 
was crystallised from glacial acetic acid in golden yellow 
needles (0»8 g.)* m»p® 268 °*

Analysis . Found s Brf 53*63 g.
C1il.H7023r3 s requires s Brt 53*6?
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