PART II

STUDIES IN FIUORENE DERIVATIVES
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Fluorene was isolated by Berthé&bt from the cmde

anthracene 0il bolling between 300—310 . Later Barbier
improved Berthelot’s method and obtained fluoren® in large
quantities. o

Fluorenone can be obtained by the oxidation of fluorene
by various oxidising agents or from phenarithraquimne. Fittig
and Ostermayer3 obtained fluorenone by the oxidation of
Phenanthraquirone and subsequent distillation of this acid
with soda lime. Postovaski and Lugovkin“ have shown that
fluorene 1s converted to fluorerore in 5 4 yield only by
heating with selemtum dfoxide at 235 . Courtot’ obtained
fluorerone in quantitative yield by oxidising fluorers with
potassium permanganate at room temperature. A convenient
methéd for the preparation of fluoremone derivatives 1s to
oxidise suitable fluorene derivatives by sodium dichromate
in agcetic acid . Hun’cress, Hersehburg and Gliff carried out
various studied on the conversion of diphenic acids into
fluoremore derivatives. |

The synthesis of substituted fluorene ard fluorerone
can be attained either by direect substitution in fl.uorene oz;.
fluorerons or by converting properly suiasbituted compounds
;Lnta fluorene or fluoremore defivatives‘.

"Synthevsis of fluoreme aml fluorenore derivatives :

Mm7 showed that biphenyl (I) and methyleme dichloride
under the condigions of Friedel-drafts reaction gives fluoremne
(1I). ’
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Dela.cre8 recommnded a general method for the preparation
of fluorene derivatives in which benzene and ethyl trichloro
acetate are heated with aluminium chloride .Vorlanderg_uo
prepared fluorere 9-carboxylis acid (III) by eo:ﬂezising
benzoyl cf¥anide with benzens in the presence of aluminium‘
chloride and hydrolysiqg_ the product; or by substituting

benzylic acid in place of benzoyl eyanide,
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Synthesis of fluorene derivatives from phenanthraquinonre

/ derivatives affords a very reliable method blecause; the



orientation of the substituents are well established.
Phenanthragquinone undergoes benzylie acid type of rearrange-
ment giving 9-hydroxyfluorene-9-carboxylic acid (IV) which
can be oxidised to fluoremre (V) or decarboxylated to
11912918 :
9-hydroxyfluorene (VI) o Phenanthraquimone can
directly be converted tq fluorenore by alkaline potassium

14
permanganate treatment .,
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The eyclisation of diphenic acid derivatives can be
achieved by heating them along or with conc., sulphuric acid.

, 15 '
Thus Moore and Buntress - prepared 2-nitrofluorenone~4-
carboxylic actd (VIII) from hkenitrodiphenic actd (VII),



107

..
(™ e QL

CooH COOH
Vi Vil
Pluorornone derivatives can also be synthesised from

o-haldgen substituted benzophemnone derivatives by heating

1691
with alkali. Montagre ' '' obtalred several derivatives of

fluorenone by this method.

~N
Diagzotisation and internal coupling of o-amino benzo-
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Phenore derivatives furnish fluorenone derivatives .

]
0,0-Diaminobenzophenone gives l-hydroxyfluorerone by thisg

19 ’ Co
method o Fluoranthrene (IX) and cho];ﬁthrane {X) -on.echromic ‘s "

. : : 0 21922923
acid oxidation gives fluorenome-l-carboxylic acla ($f3 -1’22




Condensation of fluorene with gldehydas 108
The hydrogens of the methylene group in fluorene are
highly reactive by virtue of the tiws phenyl groupse. This
i1s 11lustrated by the condensation of fluorene amd its
derivatives with aldshydes in the presems of sodium alkoxide
and also by the ease with w?gich these hydrogens are replaced
by sodium or potassium; A large mmber of aromatic aldehydes

24925
have been condensed with fluorens and its derivatives ? .

Ag a part of the present work ddals with substitution
in fluorene and fluoremone derivatives some of the previous
work on substitution in fluorene and fluorenom® and some
of their derivatives is discussed here to illustrate the
pattern of substitution in these compounds and the types of
. studieg made.

Substitution in fluorene and fluorenone :

Chlorir;gtion 8 _

Hodgkinson amd I'Ia:-xi;fsl'ua'e'.vs26 carried out the chlorination
of fluorense in dry chloroform and obtained 2,7-dichlorofluorene
(XIITI). Courtot and Vignatiz? later observed that chlorination
of fluorens in chloroform by elementary chlorine at 0-50 gave
a mixture of 2-chlorofduorene (XII) and 2,7-dichlorofluorens
(XIII) and that the separationof these two was difficult.
They could separate these two products only after oxidising
them to the corresponding fluoremones. Buffle *® obtatned
2-chlorofluorens (XII) in good yield when he chlorinated the
hydrocarbon in benzene at ‘800 using antimony pentachloride
or iodire as catalyst. 2%”';%7& 2,7-dichlorofluorene: have
been prepared through the Sandmayer reaction on dilazotised



27929 109

amino fluorenes . Holu = prepared a trichloro fluorems
by chlorinating fluorene in carbon disulphid@ ., A penta-
chlorofluorene was prepared by Hodgkinson and Matthews“

by the petion of chlorine on fluorere dissolved in carbon
tetrachloride and using iodire as a catalyst. The structures

of these compounds have mt been established.

Xlil

Varma and Subba Raosl carried out the chlorination of
2-bromoflgorene and obtainsd 2-bromo-7-chlorofliforéne. The
chlorination of 2«nitrofinorens gives 2-nitro-7-chloro-
fluorene as reported by Gutmann and Ray3 2@ Straitwieser”
obtained 2-chlorofluorens by the action of sulphuryl
chloride on fluorene dissolved in dry ether. Yraenhow,

Harris and White’® reported a hexachlorofluorens of .. urkrown
stmecture, Bell and Gibson” showed that the chlorination
of 2-amirofluorere takes place at the 3-position.

Bromi ]

Bromination of fluorsne results in the formation of
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2-bromofluorene (XIV) and 2,7-dibromoflucrens - (xﬂ $93670s

fhe orientation §f these éompennds have been eétablishad
either by synthesising thee from suitable phenanthrene
deriwatives or converting amincfluorenes of known orientation
to bromofluorenes through the Sandmayer reaction. Sampey

and ReidM carried out the bromination of fluorems in
earbcp tetrachloride in sunlight or mercury vapour lamp

light and obtained 9-bromofluorene (XVI) 1in 64 % yileld.

The same compound has also been prepared ly the action of
N-bromosuccinimide on fluorere in carbon tetrachloride or
benzene  » When this reaction was carried out in the preserce
of one mole of borom trifluoride, 2-bromofluorere (XIV) with
a small amount of the 9-bromo derivative (XVI) was obtalired.
N-Bromosuccinimide ard fiuorene in pmpyléne carbonate gilves

exclusively 2-bromofluorene (XIV).
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Fluorene with 3-bromo-5,5-dimethyl hydantoin gives 9-bromo-
fluorenew, but the yields were improved when 1,3-dibromo-
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5,5-dimethylhydantoin was employedu. Flﬁorene with dioxane
bromido glves 2-bmmorluorem. Two moles of the same reagent'
yields 2,7-dibromofluorene 6.

Bromination of l-methyl fluorene gives l-methyl-2-bromo
fluoreg. Bromination of 2-amimofluorene in acetic acid gives
3?bromo-2-am1nefluoraneu8. Bromination of 2-acetamidofluorene
gives 7-bromo-2-acetamidofluorene and 3,7-dibromo-2-acetamido-
fluorerne, while 2ep-toluene sulphonamidefluorene gives 7.,
3~ and 3,7~d1broma-2—pe-tu1uonssnlphonamidorluorenef‘ 9. Courtos
and Vignati” reported the formation of 2-nitro.7-bromo-
fluorerne in the bromination of 2-nitrofluorene, whereas
Korezynski, Karlowska and Kierzeksf reported the formation
of 2-nitro-9-bromofluorene. Bromination of 9-bromoflnorene
gives 2,7, 9-tribromof1uorene52.

Bromination of 2-methpxyf1uorene was carried out by
Eckert and Langecker o They reported the isolation of a
dibromo and a tribromo é;mathcxyfluorem but the structures
of these compounds are not esfablished.

Iodination @

Iodofluorenes have been reperteld but they are prepared
from the amino derivatives through t he Sandmayer reaction.
Varma ard Subba RaomL refluxed 2-chlorofluorene in a:eetic

acid with ifodine and small amounts of a mixtud®e of nitric

" acid and sulphuric acid and obtained 2-chloro-7-iodofluorens.

A similar treatment of 2-bromofluorene gave 2-b£omo-7—iodo.—
fluorens. Fluorens under similar conditions gave 2,7-diiodo-

fluorena,
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M. tration 3

Nitration of fluorene and fluoréerore has received the
attention of many investigatorse The first product of
nitration of fluorene or fluorerone is the z;pitro |
derivative (XVIT) - . The condition for mono nitration has
been established by Knhnao.-Mbrgap and ’,!?hzomason-’{3 carried
out the nitration in acetic acid with fumihghnitric acid
and obtained 2,7-dinitrofluorene (XVIII) along with small
amounts of the 2,5-isomer (XIX)e The structures of these’
compounds are proved by synthesising them from suitably
substituted phenanthragquinoness Langeckar61 obtaired
2,7-dinttrofluorens (XVIII) along with an isomeric dinitro-
' fluorems, the structure of which was mot established. Dewar
and Urch62 obtained 2-nitrofluorene (XVII) along with the
3e (XX) and the h=isomers (XXI) by cérrying out the nitration
in acetic anhydride. Mbnti; Martello and Valentes? carried
out the nitration of fluorene in solvents like ether,
petroleunm ether; benzene and acetic acid using nitrous
fumes and obtained 2-nitrofluorens (XVII), These workers
observed that when nitration was carried out in ligroin with
1iquid N,0,, 2-nitrofluorene (XVII) was formed whereas
2,7-dinitrofluorens (XVIII) was obtained when acetic acid
~was used as a solvent and the nitration is carried out at
room temperature, at 90o 2,5-dinitrofluorens (XIX) was the
maln prodwt. Schmidt, Retzlaff and Hald > obtairmed 2,3,6,7-
tetranitrofivorene by carrying out the nitration with a
mixture of sulphuric acid and nitric acid.
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Mtration of fluorerre with fuming nitric acid glves

64
a mixture of 2,7-dinitroflucrenore and 2,5-dinitrofluorenonc.

65
Orchin and Woolfolk ~ obtaimed 2,k4,7-trinitrofluorerons (XXIV)

by the action of a mixture of nitric acid ard sulpmric acid

on fluorsnomne,
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' Both 2-benzyl and 2,7-d1benzylfluorers on nitré.til}ld
gave 2g-banzy1~7-pitrof1uorepesé. Nitration takes place
at the 7-position in the case of 2-bromoso, 2-chlor027,
2-—3,06067, 2~benzoy168, 2-mathy169 and 4 ard 2-carboxy-

70971

fluorers .

2=Acetamidofluorene on nitration gives 3-nitro
derivative along with small amounts of the 7—1somer53'?2.
Nitration of 2,7-dlacetamidofiuorem gave the 3,6-dinitro
derivativen. |
Mtration of 2-hydroxyfluorene gives 2-hydroxy-3-
nitro (XXV) and 2-hydgoxy-l,3-dinitro fluorems(XXVI) as
shown by Ray and lixllv_“ and mesburger? 5. z-hbi;iaoxyfluorene
in aéetic acid gave a mixture of 2-methoxy-3-nitrofluoren
(XXVII) and 2-methoxy-7-nitrofliuorens (X;VIII)“. In the
case of p-tolusne sulphomate of 2—hyd§oxyfluorene, the
nitro group enters only in the 7—pésition”. 1-Hydroxy /
fluorane on nitration in acetic acid with 1:1 nitric acid
in the eold gave a mixture of l-hydroxy-2-nitro and 1l-hydroxy-
benitro derivative ; whereas 3-hydroxyfluorene in acetic acid
when nitrated with 1:1 nitrie acid gave 3-hydroxy-2-nitro
fluorens, with a small amount of the 2,+-dinitro derivative78.

Mtration of 1,4-dimethoxyfluorenone gave 1,4-dimethoxy-2-

nitrofivorem na7 9.
—> NG,
Z Nor , WK
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Sulphonation s

Action of sulphuric acid on fluorasne 1leads to the
substitutioﬁ at the 2-position and further treatment leads
to the 2,7-disubstitution. Sulphonation of the hydrocarbon
with conc. sulphuric acid in acetie anhydride gives
quantitative yield of fluorene 2-gulphonic acmzb%?xx).
Fluorens with chlorosulphonic acid in ehloroform‘ gives
fluorsne 2-sulphonie acid, further sﬁlphopation gives 2,7~
disulphonic acid (XXX‘.)SA1 .« The same disulphonic acid was
obtaired by Schuidt, Retzlaff and Hald'® by heating fluorens
with conee sulphuric acid. The structures of fluorene
sulphonic acid derivatives were proved by potassium hydroxdde
fusione This breakes up the eyclopentams ring giving hydroxy-
bipheryl carboxylic acids (XXXI anmd XXXII), which can be
cyclised to hydroxyfluorenone derivatives (XXXIII and XXXIV)
by come. salphuric acid or by zim chloride e Salphonle
acid group enters at the 7-position when 2-benzylﬁuorene83,
a-mtmf}.uorenegul and 2-am1mf1uorenaek are treated with
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FriedelCrafts acylation and alkylation :

In Friedel-Crafts acylation also the 2- and the 7-
positions are favoured by the entering group. Dziewonski and
Schnayder” cordensed acetyl chloride with fluoreme in the
presemce of aphydrous aluminium chloride in earbon disulphide
and obtained 2-acetylfluorene (XXXV) and 2,7-diacetylfiuorene
(XXXVI). The constitation’of these compourds and in general
61‘ all the ketones obtained by Friedel-Crafts acylation of

N
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fluorene, were established by the respective authors by
preparing the oxime, rearranging to the aeylaminofluorene

and hydrolysing it to the amine; Dziewonski amd Kleszczaé
investigatqd this reaction in detall. According to their
findings,-at_ 5-—100 2-acetyl fluorsers was the main product.

At 20’«-2'5°, a mixture of 2,7-diacetylfluorene amd 1,2-di-
acetylfluorene was obtaired, the former one being the main

- product. At the boiling point of the solvent 1,2-dilacetyl
fluorene was the = main product. These workers based the
structure of this compound on the 1,2-diamimo compound

prepared by Diels, Séhill and Tolson”, but Eckert and
;:angecker53 had shown that the diamino compound obtained by
Diels was 2,3-diamino and therefore the 1,2-dlacetylfluorere
obtaired by Dziewonski and Kleszcz86 is 2,3~dizcetylfluorene
(XXXVII), Dziewonski and Schweiger87 have. reported the
formation of 2-propionyl and 2,7-dipropionyl fluorerne by

the acticn of propionyl chloride and -aluminium chloride on
fluorene dissolved in carbon disulphide. Buu-Hoieﬁ-ffgf carried ,
out the condensation of various aliphatic acid chloridds ‘
such as caproyl, heptanoyl, octanoyl, lauroyl and myristoyl
with fluorene and obtained the 2-acylfluorenes. The same
condensations were also carried out on fluorenore and n
2-acylfluorenone c_ieriva;‘:ives were obtalned.

Arere and Tayloru-v
lnmethylﬂuorene\:ln carbon disulphide with acetyl ehloride

and aluminium chloride and obtained l-methyl-7-acetyl-

{arried out the acetylaticn of

fluorere, 2-Methoxyfluorere on Friedel-Crafts acetylation
in the presemce of aluminium chloride in carbon disulphide
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gives 2~methoxy-7»acetylfluorene9o. Ross% observed that
2,7-di(chloracetyl) fluorene was formed when chloracetyl
¢hloride reacted with fluorere in the preserce of aluminium
chloride in carbon disnlphide. 2-Nitrofluorene on Friedel-
Crafts acetylation with gscetyl chloride and aluminfum

‘ 92
¢hléride in nitrobenzene gave 2-nitro-7-acetylfluorere o

Benzoylation of fluorene with benzoyl chloride and
alumirnium chloride in carbon disulphide was /earr:led out by
Fo?tner” and obtaired 2-benzoylfluorens (XXXVIII),
Dziewonski and Obtnlowieg#obtained'Q-MMéylfluorene(XmIII)
by the same regction at room temperaturé tut on reflﬁxing
the resction mixture 2,7-dibenzoylfluorene (XXXIX) was
obtained. ‘

Suecinoylation and phthaloylation of fluorene was
studied by Koelsch” and Dansi and Sempron} %. The former
reaction in benzere in the preserce of aluminium chloride
gave P-(2-fluoreroyl)propionic acid (XL), while the later
reactioh in carbon disulphide gave 2(g-carboxybenzoyl)fluorene
{xLI) - which eyclised on heating with potassium hydrecgen
.;miphate te give phthaloyl fiuore ne” (XLII or XLIII), The

L
structure of this compound is not established.

Pluorene wher heated with benzene sulphonyl chloride
or p-tolusne sulphonyl chloride in the presence of stannic

98
chloride gave the corresponding sulphores o«

Friedel-Crafts acylation can be summarised as follows @
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(}oldsehmi«amﬁ’9 studied the benzylation 6f f‘luoren‘e'

with benzyl chloride in the presemce of zine dust arﬁ obtained

2-benzylfluorere (XLIV), La,ter, Die/wonski and Beicher have

shown that the yield of 2-benzylfluorene could bé improved

by using/ zinc chloride or aluminium chloride as the condensing

agent . - 4

| Sehoen and Bec:lcer1 00 have shown that alkylation of

fluorene takes place at the 9-position when aliphatie

primary aleohols are heated with fluorers in the preserce

of sodium salt of the alcohol. Spri.n:aals:»1 o}- prepared various

9-benzylfluorene derivatives by heating fiuorene or substituted

fluorene with benzyl alcohol in the presence of potassium

hydroxide. Alkylation of fluorene with secondary alcohols in

wa

the preserce of sodium alkoxide gave 9-alkylfluorene (XLV)
03
Similar alkylation with glycols gave bis fluorenyl ethane.
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Alkylation of fluorene by the thermal decomposition of
a mixture of fluorene and alkyl esters of benzene sulphonie

‘acid gives all the possible igomeric mono alkyl fluorene
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L0k ’
derivatives o The alkylation with alcohols in the presemnce
of aluminium chloride gives l-, 2~ and 3-alkyl fluorenes,’

10n
the 3-isomer beirng the main product - .

Condensation of fluorere with cyclopentyl and eyeclo-
hexyl halides im the presence of aluminium chloride has
been studied by Saidova and Sidorovaéos. When the
condensation was carried gut the in heptare with 0.5 mole
of aluminium chloride at 200, 40~50 4 of 2-substituted
fluorene was obtained along with small amount of the 3-isomsr.
When 1 mole of aluminium chloride was used and the reaction
was carried out at 14-0-500, 60 % of the 3-isomer was obtaiped.
- Perric chleride, when used as the condensing agent in this
regetion:at 109250, gave 70 4 of the 2-isomer and 15 4 of

the 3-isomsr alorg with very small amounts of 1 and holgomerse.

Formylation :

‘ Brown and Bluestain!’ o¢ carried out the formylation of
fluorene with ethyl formate in the presemce of sodium or
potassium ethoxide ard obtained 9-formylfiuorems (XILVI).
Fluorene and dichloromethyl-alkyl ether in the preserce

of aluminium chloride give 2-formylfluorene (XLVII)"\O?.
Hirkel, Ayling and Bey'r;»:m1 o prepared 2-formylfluorene
(XLVII) by the‘ action of hydrogen cyanide and hydrogen
éhloride on fluorere in the presemce of arnhydrogs aluminium
chloride, Formylation of 2-methoxyfluorene and 2-hydroxy-
fluorene was reported i)y Arane and Taylorw by the Riemér-
Teimann method. They obtained 2-methoxy-3-~formylfiuorene
and 2-hydroxy-3-formylfinorere (XLVIII) respectively.
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Chloromethylation and Cyanoethylation ¢

Fluorene 1is chioromethylated in the 2-position with
paraférmaldelwde and hydrogen chloride in the pressnce of
phosphoric}a%ig& Cyamethylation of fluorene takes place at
the 9=-positionl?'°.

Carboxylation :

2-Hydroxyfluereme on carboxylaticn by heasting with
¢arbon dloxide ard alkali under pressure gives a mixture
of 2-hydroxyfluorene-l-carboxylic acid and 2-hydroxyfluorere-
3=-carboxylie acidlu. The same reaction on 3-hydroxyfluorene
gives 3-hydroxyfluorsne-2-carboxylic acidnz.
Metallation s |

9.Fluorenyllithium is readily formed by the action of
114 115
ethyllithium“s, phenyllithium - and butyllithium = on
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fluorene. 9-Fluorenyl sodium was prepared by the reaction
between fluorens and triphenyl methyl sodlum '° or by the
action of sodamide on fluorems dissolved in ether’ * or
by the action of amyl ci;loride and sodium on fluorenevl-’i?.
When fluorene 1s heated with potassium hydroxide to 280,
9-fluorenyl potassium is formedne. Fluorene and ethyl
magresium bromide in xylere at 130,0 gives 9-fluorenyl

1139119
magnesium bromide ? .

o

Fluorene when heated with mercuric acetate to 125-45

and then with alcoholic caleium chloride gives 3-fluorenyl
120 :

mercuric chlorider .« When the mixture is boiled in acetic

120
acld 4-fluorenyl mercuric chloride is obtatned .

Oxidation and dehydrogenation :

Fluorene and 1ts derivatives can be oxidised fo
fluoremone derivativese Phthalic acid 1s formed on further
oxidation. Chromle acid or dichromate in acetic acid oxidises
fluorene to fluoremre. Wﬁ@n fluorene vapour mixed with air
is passed over ferric’! vansdate fluorerone is obtaimd} 2-1.
Oxidation of fluorene to fluoremone can % also be brought
about by potassium permanganateuz. This oxidation by selenium
dloxide 1s only to the extent of 5 % + Fluorene when heated

.0 - 123
with 10 € nitric acid to 200 gives fluoremore

Physiolggical actigities and other applications:

Wilson, DeEds and Cox = were the first to discover the
carcinogenic properties of 2-amimofluorere and its derivativatives.
Since them, a large mumber of fluorere derivatiges have been
prepared and their carcinogenie activit;.es tested, Bielschowélzqsr

observed that 2~aminofluorene and its gcetyl derivatives caused
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. Mmammaky carcindmas in female rats and a mixture of 2-acetyl-
amimofluorene with allylthiourea produced thyroid tumors,
Armstrong and Bomser:!'26 found that blagdder tumors wore .
produced by these compounds in ratse. Painting of the abdominal
skin of rats with é-acetylaminofluorena produces liver tuméﬁ?.
Heiman amd Misel'>’ observed that cysts and tumors of the
salivary and parathyroid glands were produced in rats when
they were fed with 2-acetylamimofluorene. 2-Aminofluorens
and 2-acetylaminofluorene produces tumors of the bladder,
thyroid, liver, breast, stomach, rénal pelvis, female genitalia
and external auditory canal even at as low a concentration
as 0,004 9 129_13“. Horning 133 observed bronchogenic
Carcinomz when 2-acetylaminofluorene was injected in miee,

1,3-Pichloro-2-acetylamimofivorens, 7-bromo-2-acatyl-
aminofluorens, 1,3,4-tribromo-2~acetylaminofluorene and
similar compourds are shown to possess antitumour,activit§36.
Aminoalkylesters of fluorene carboxylic acids vere found to
have local amesthetic activity and antispasmodie act13%2'139.

Diethylaminoethylester of fluoremne 9-carboxylic acid,
when orally 1ndegtéd by a person with peptie ulcar caused
relief of the eﬁigastric painf“o.

2=-Amino arxi 2-acetylaminofluofens are found to be active
against tobacco ani tomato horn-warm larvaelkl.

Effective herbicidal compounds ' are obtained by preparing
emalsion of fluorene compounds in oil or waterlhz.

2-NMtrofluorene and 2,7-dinitrofluorens are found to be

i1n3
useful as antioxidants in gasoline
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The present work deals with the following studies on
2=hydrexyfluorers and 2-hydroxyfluorencne.

Section I deals with the synthesis of 2i-phenylﬂu@rem
(2,1:6),57)y»pyrone. 2«Hydroxy-l-acetylflucrene on condénsation
with benzaldehyde gave a styryl ketone which on cyclisation
and dehydrogemation with selenium dioxide gave the above
producte A similar series of reactlions with anisaldehyde gave

’ s
qumethoxyphemi)ﬂuorem(2,136,5 )y-pyrone. 9-0Oxc derivsatives

f
of the above y-pyrones are synthesised starting with 2-hydroxy

-l-acetylfluorenone and goirg thi-ough the same sequence of
reactions.

2«Hydroxy~-l-acetylfluorene on Kostanecki-Robinscn
acetylation gave zz-methyl-ﬁ:-acetylfluorem(2,18625’)7-.-me1'3‘
Similar benzoylation on 2—hydmxyo1-aceﬁyl\f1uorene and the
Kostansckk-Robinson scetylation and benzeylation on 2-hydro§:y
~l-gcetylfluorerone did mot give the desired product. Attempts
to synthesise fluorem a-pyrones have been unsuccessfule.

Section II gescribes the synthesis of fluoreno furan
derivatives 2:mathy1f1uorem(2,1: 5:1@’)furan and 3=’-ﬁ:ethy1
fluorem(z,lsb‘:lc-’)fura.n are synthesised from 2-hydroxy-l-
acetylfluorene and avmdroxyal—ailylfluore ne respectively.
2Methyl 9~omf1uorem(2,1:S:h’)f‘uran, 3:methy1 9-0%0~
fluoreno(2,1: 5:‘49)fu1*a§ and 2:pheny1 9-oxofluorerns (2,1: S:l&’)
furan are synthesised from 2-hydroxy-l-acetyl-, 2-hydroxy
cleallyle, and 2-hydroxy-l-berzoylfluorenones respectively,

In Section IITI bromination of 2-hydroxyfluorene and



2=hydroxyfluorerons ard their methyl ethers hzs been 26
describeds Synthesis of a mmber of mormo, di and tribromo
derivatives has been achisved and the structures of these

compounds have been estgblished.
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SECTION I

Synthesis of some fluorsno-y-pyrones and 9-oxofluoreno-

y-pyronss : ’

A survey of the literature showed that attempts to
build the a-pyrone ard the y-pyrons rings on fluorens or
fluworenone nucleus are not knowne a¢= And y-pyrones occuy
in nature and possess diverse physioldgical activities.This
aspect and the general methods for the synthesis of ¢~ and |
y~-pyrones ..are described in part I, section I of this
thesise. Attempts to prepare some fluoreno a- and y-pyrones
and their 9-0xo derivatives from 2-hydroxy fluorene and

2«hydroxy fluorenone are described heres

Synthegis of 2<hydroxyfiunorene

As the general method for preparing phenols vize the
fusion of the sulphonic acid with potassium hydroxide opens
up the fluorene ring systém giving biphenylearboxylic acid
derivatives, the route to hydroxyfiuorene is generally
through the nitro, amino and the diazonium salt.

Fluorere was nitrated with conc, nitric acid in glacial
acetic acid according to Kuhnl and the 2-nitro fiuorene was
obtained, Reduction of the above nitro fluorene has been
carried out by various workers using different roducing
agentse In the present work it was obtained in over 90 %
yield by the redustion of 2-nitro fluorene with sodium
hydrosulphite. \

The 2-amino derivative was converted into 2-hydroxy
derivative according to Grey, Hartley and Ib‘not:scm2 through
dlazotisation. | |
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This compound has already been prepared by Bergmann

2—Hydroxy-1—acaty1r\luorem H

and 1391~11n3 by the Fries rearrangement of 2-acotoxyfluorens,
As a proof of the structure, these authors have shown that
thes compound does mot form an oxime, which is a common
feature of 2,6-substituted acetophenones. To determine the
structure unequivocally the methyl ether of the compound was
oxidised to the corresponding fluoremone derivative (II)
by heating with sodium dichromate in acetic acid, ’I:‘ha
fluorenone derivative on heatirg with one mole of hydrazire
hydrate in alcoholic solution gave a pyridazine derivative
(III) as seen from the amalytical data. Therefore 2-hydroxy-
leacetyl structure (I) is assigned to the hydroxy ketons,

COCH

I

1) Methylalion
1i) Oxidation

,\i/N\ CHy

L e

i ]

Synthesis of 2?—pheny1fluorem(2,1:6:5')y—pyrom :

2-Hydroxy-l-acetylfluorane was condensed with benzaldehyde
in the presence of alcoholic potassium hydroxide. The product

obtained gave tests for a styryl ketone derivative such as



| 1
red colouration with corc, sulphuric acid and a yellow c?lZui'
with a mixtur® of boric acid and citric acid in drs; 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 alcoholie ferric chloride, Therefors 2-hydroxy-
~l-fluorenyl styryl ketone structure (IV) was assigned to this
compounds This styryl ketore derivative on refluxing with
aleoholic hydrochloric acid gave a product which did not glve
the Wilson test and did not give any colour with aleoholie
ferric chloride. Therefore zz-phemlfluorem(z,lw:5’)pyran-l+3-
one structure (VH)was assigned to this compounde The fluorenyl
styryl ketone derivative (IV) on refluxingz with selentum
dioxide in iso~-amyl alcohél gavel a prcduct which analysed for
21pheny1f1uo;em(2,l=6:5’)y~pyrona (V) ..« From the analysis
result it 1is evident that the methylene g:mup was not oxldised
by selentum dioxide. Also Postovski and Lugovkin5 have shown
that conversion of fluorene to fluoremone by selenium dioxide
even at 235o is only upto 5 %. Therefore 2lphenylfluoreno
(2,1:6:'5’)y—pyrom structure (VII) was assigned to this
compounde. |

Synthesis of 2:-(p—mathoxypherw1)fluoreno(2.1:6;5’)

y-pyrons s
2-Hydroxy-leacetylfluorene was condensed with anisale

dehyde in the presemce of alcoholic potassium hydroxide.
The fluorenyl styryl ketome structure of the product was
established by the formation of an acetyl derivative (X), a

positive Wilkson test,a deap red colouration with come.
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sulphurie acid and a gresnish blue colouration with aleoholic
ferric chloride. Therefore‘ 2-hydroxy-l1-fluoreryl. p-methoxy
styryl ketore structﬁre (VIII) was assigned to tﬁis compoRnde.
On refluxing with alcoholic hydrochloric acid a product was
obtained which did rot give any colour with alcoholie ferric
chloride or with a mixture of citric acid and boric acid

in dry acetore. So the 211p_methoxyphew1)r1uoreno(2,1:6:5')
pyran-klone structuee (IXS was assigred. On reflnxirg with
selenium diloxide in iso-amyl aleohol it gave a product which
analysed for 23-(p-methoxyphervl)fluorem(z,hé;?))'-Pyrom
(XI). That the methylene group in position 9 was not oxidised
ﬁas shown by the fagt that the product was different from

21(pamethoxyphe ryl) 9-0xofluoreno(2,1: 6: 5") Q -pyrone prsepared

from 2-hydroxye-l-acetylfluorenors (p.l61) and therefore
L I
_ 22(p-methoxyphenyl) fluoreno{(2,1:6,5 )y-pyrone structurs (x1n)

was assigned to the product. ‘ N\
- COCH=CH R

COCH:CH

‘SGO IV-Rzn
2 Viil-Rzoci, | Hel

VR =4 \ Vi -Rz=h
X/~ Rzacny iR =0CHy
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Kostanecki-Robingon acetylation of 2-hydroxy-le-acetyl-

fluoremds : Synthesis of 21methy1-3lacegylfluoreno

(2,136:5’)y~pyrone :

aaﬂydroxy-lmacatflflnorenz on refluxing with fused

. sodium acetate and acetic anhydride gave a produet which
was insoludble in alkall., This compound analysed for the
31acetyl derivative of the desired y-pyrons, and therefore

23methy1»3lacetylfluoreno(2,1:6:5’)v-pyrone structure (XII)

was assigned to this compounde. The formation of 3-acyl
chromone depivative in the Kostanecki-Robinson acylation
1s a common featurs'. Attempts to remove the 3 acetyl
group did mot succsed, When refluxed with sodium carbonats

]
in aleohol, the original 2—methyl~33aeetyl fluorem

% 9
(2,1:6,5 )y-pyrone was recovered unchanged and when the

' hydrolysis was carried out with alcohollic sodium hydroxide
2=hydroxy-le-acetylfluorens was obtaired, Bhullar and
Venkataraman? have shown that it is sometimes difficult to

remove the 3-acyl group from y-pyronss.
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Attempted Kostareeki-Robinson benzoylation of 2-hydroxy-

legcetylfluorens :

2-Hydroxy-l-acetylfluorene. on heating with sodium
benzoate and benzoic anhydride at 180° d1d rot give the
desired y~-pyrorne. Cn decomposing the reaction mirxture only
a past;? mass ws;s obtained from which no pure product could

be icolated,

2-Hydroxy fluorenone :

2«-Nitrofluorene was oxidised to 2e-nitrofluorenone by
sodium dicﬁromate in acetic acid according to Dialsa.Reduction
of this ecompound was carried out by variocus workers usirg
various reducing agents. In the present work 2-aminofluorenore
wag obtained in over 80 % yield by reducing 2-nitrofluorencre
with sodium hydrosulphite in alcohols 2«~Amirpfluorenone thus
obtained was converted into the 2-hydroxyfluorercne by
diazotisation ard boiling with sulphuric acid accordirg to
Dielsa.

2-Hydfoxy—1—acety1f1uorenone s

The Fries rearrangement of 2-acetoxyfluorenore has
been studied by Bergmann and Berlin?'. They reportdd the
‘formation of two compounds. Tﬁe first compound was obtained
by heating at 80o a solution of 2w-acetoxyfluorene in nitro-
benzene in the presence of aluminium chloride"a To this
compourd melting at 206° they assigred the 2-hydroxy-l-
acetylfluorercne structure. The other compound was obtained
by carrging out the reaction in nitrobenzene in the{{preseme
of anhydrous aluminium chloride at 1150. It melted at 2&-90.
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According to them it analysed for C;sH, ,03 while the
moleecular formulz of 2—hydroxy~1-acé‘ty1f1uorenone is
c:. 5H1 0034

These workers based the structuge of 2<hydroxy-l-
acetylfluorerone on the formaticn of a pyridazire derivative
by the action of hydrazire hydrate on the diketone. However
the authors admitted that the analysis result of this
Pyridazine derivative did not agreé with the calculated
value. On calculation it was found that the analysis result
came near to the édalculated value of 2-hydroxyfluorencne~
hydrazon®e. The m.p. of 2-hydroxyfluorenone‘ hydrazone as
‘reported by Gerhardt is 201-2  ard the m.p. of the
pyridazine derivative reported by Bergamann ard }Eie:rlim3 is
1970. The m.ps of 2-hydroxy-l-acetylfluorenone reported by
these workers also agrees with the m.p. of 2-hydroxyfluorenore.
Moreover when the reaction was carried out accordirg to |
Bergmann and Ber11n3 only 2«hydroxyfluorerone was obtained,
Therefore it is to be assuemed that on subjecting é—acetoxy
fluorenone to Fries rearrangement atABGO in nttroberzers and
removing nitrobenzene with steam,only deacetylation takes
place. The ohl,;f data in favour of the formation of 2-hydroxy-l=
acetylfluoremne 1s the analytical data.

In the present work 2~acetoxyfluoremne was subjected
to Fries rearrangement without any solvent at 140-—50 ¢ On
vorking ﬁp the re’aetion mixture, a compound which was soluble
in sodium h;;rdroxtde was obtained. ‘he melting point of this
compound agreed with that of the second compound (in.p.2*+9°)
reported by Bergmann and Berlin e To this compound 2-hydroxy-
legcetylfluorencne structure (XIII) was assigred by direct ‘
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comparison of “its methyl ether (XIV) with 2-methoxy-l-

acetyl fluorenone described earlier,

Ricls

A 4

CH
QAR

2-Mathoxy~fluorenmone-l-carboxylic acid :

2-Methoxy-l-acetylfluorenone dissclved in dloxane was
added to a solution of sodium hypobromite and stirred at
1&0-500. The product obfaimed on removal of the solvent and
acidification gave effervescerce with sodium bicarbonate
s6lution. Therefore bmethoxyfluorenoz;e—l—carboxylic acid

. structure (XV) was assigned to thés compound.

Synthesis of 22phe nyl meofluorem(2,1:6;5’)y—pyrone :

2-Hydroxy-l-acetylfluorenone was condensed with\
benzaldehyde in the presemnce of alcoholic potassium hydroxide.
- 2-Hydroxy~-9-oxe~l-fluorenyl styryl ketone structure (XVI) was
assigned to the product obtaired because 1t gave an intense
red colouration with concentrated sulphuric acid and answered
the Wilson tests With alcoholic ferric chloride it gave a
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reddish eolouration. On refluxing with fused sodium acetate
and acetic anhydride this compound gave an acetyl derivative
(RZVII). On refluxing with aleoholic hydroechloric acid a
éompound iscmeric with the above styryl ketone was obtained
to which alphenyle@-oxoﬂuorem(2,1:6: 5 ’) pyran—kzene
structure (XVIII) was assignsd. The styryl ketorne (XVI) on
refluxing with selenium dioxide in Lso-amyl alcohol gave a
Product to which 2lphenyl-9-oxofluorem(2,1:6,5")y-pyrone
struc ture (}i(Ix) i= assigned, A

Synthé sis of alﬁg-me thoxyphe nyl) 9-oxofluorem (2,156 : 5")

~DYyrone 3

2«-Hydroxy-l-acetylfluorsnone was condensed with
anisaldehyde in the preserce of alcoholic potassium hydroxide,.
The produet gave an intense red colouration with conc.
sulphuric acid and gave a positive Wilson test. With alcoholic
ferric chloride it gave a reddish colour. When refluxed with
acetic anhydride and fused sodium acetite it gave an acetyl
derivative (XXI)., On the basis of these tests 2-hydroxy-9-
oxo-l-fluorenyl p-methoxystyryl ketone structure (XX) is
agsigred to the condensation product, On refluxiné with
alcoholic hydrochlorie acid it gave an isomeric product to
which 2(p-methoxyphenyl)-9-oxofluorem (2,1:6,5°) pyran-
42one structure (XXII) is assignedo The ketore (XX) on
boiling with selenfum dioxide in iso-amyl aleohol at 150°
gave a compound to which 23(p—methoscypherw1) «9-oxofluorer
(2,1:6:5’)ywpyrone structure (XXIII) is assigned.



COCH=CH R
SR e

XVil - R=H
XXt - R=0CHy

RXVI-R =H
XX -R=0CH3

Xix R=i Vit R=zH
XXtif R=OCH3 XX1i R=0CHy

" Atéempted Kostanecki-Robinson acetylation and

benzoylation of 2-hydroxy-l-acetylfluorerone :

2-Hydroxy~l=acetylfluorenens was subjected to Kostanecki-
Rbbinson acetylation. On decomposing the reasction mixture by

pouring inte ice only a pasty mass was obtaired. Separation
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of “the -product. throﬁgh:.:qoluiunvcl;rqmatbgrapﬁyt,;on_- alumina
was tried but rno pure products were obtained,

Kostanecki~Robinson benzoylation of the above ketore
using benzoic anhydride and sodium benzoate was also
attempted, The regction mixture on decomposing with ice end
on removing benzoic anhydride by petroleum ether and benzoic:
-acid by sodiym bicarbonate gave only an Wnworkable gum,

Attem;_)ted synthesis of fluoreno~g~pyrones s

. Several attempts to prepare fluorero-g-pyrones were
made but were unsuccessfules 2-Hydmxyf1uo§em daid mt
condense with ethyl acetoacetate in the presermce of sulphuric
acid ehther on keeping in the cold or on heating on a steam
bathe Only the unreacted 2-hydroxyfluorene was recovered
from the reaction mixture. The use of other condensing agents
such as phosphorus pentoxide and aluminium chloride isas tried -

but in these cages also ro condensation took place.

Attempted formylation of 2-hydroxyfluorere :

The formylaticn of 2-hydroxyfluorens was attempted

- with a view to synthesis 2-hydroxy-l-formylfluorene which
would be an intermediate for the synthesis of fluorem-a-
pyrore and also fluoremofuran.

The formylation was tried by various methodse2-Hydroxy-
fluorere on heating with hexan;ethylene tetramine in glacial
acetic acid and decomposing the product with hydrochloric
acid did mot give the desired product, instead - a polymeric
product was obtalred. The same reaction was i:ried in chloroform’

also, In this case only the unreacted 2-hydroxyfluorene was
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recovered unchanged,

Formylation was tried by Gattermann reaction. When

hydroéen chloride was passed through a selution of 2<hydroxy-

fluorene dissolved in dry ether in the presermce of zirnc

cyanide no regetion took place and the 2-hydroxyfluorene waé

recovered urmchanged. Addition of anhydrous aluminium chloride

also did not give the deslred foryyl derivative,

Attempted chloromethylation of 2-hydroxyfiuorane and

its methyl ether :

The formylation being unsuccessful attempts to synthesise

the formyl derivative through the chloromethyl derivative
were‘ made.

On passing hydrogen chloride 'through a solution of
2-hyd:oxyf1uoran§ in glacial acetie acid containing para-
formaldehyde, nou c¢hleoromethyl eompound was obtained. A
solld separated, which on filtration turned into a pasts.
2-Methoxyfluorene also gave the same resulte Carrying out
the roaction at lower temperature also did not improve the
prodxz::t.

{ Attempted gynthesls of 9-oxofluoreno=q-pyrone :
Atteap

ethyl acoteacetate :
Attempts to condense 2-hydroxyfluorenone with ethyl

acetoacetate in the presemce of sulphuric acid gave only
the unreacted product backe The condensation also did not
take place in the preserce of either phosphorus pentoxide -
or aluminium chloride.
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Attempted formylation of 2-hydroxyflucranons :

Attenmpts to formylate 2-hydroxyfluorermone with hexa-
methylene tetramin® in glacial acetle acid or through

Gattermann reaction did rot succeed,

Attempted chloromdthylation of 2~hydroxyfluorenons

ard its methyl ether

Chloromathy;ation of 2-hydroxyfluorenons and its methyl
ether did nit succeed. Addition of zine ehloride or anhydrous
aluminium chloride as a catalyst also did mot give any
¢hloromethyl derivative. |
2=-Hydroxyfluorens-3-aldehyde has been reported by Arene
and Taylor’® by the R@é&era@hm resction. The yield 07
reported by the authors was ohly 5 % and it was fourd to be }
s0 by the prssent author. Therefore by this method enough
of the formyl derivative could rot be prepared to proceed

farther,.
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EXPERIMENTA AL, °

2=Amirofluorene :

2-Nitrofluorene, prepared according to Kuhn, (20 g.),
was powdered well and refluxed with alcohol on a séeam bath.
It dissolved only partially. To this suspension water (100 ml.)
and sodium hydrosulphite (50 g.) were added. Vigorous
reaction took place and the nitrofluorere went in soluticn.

It was refluxed for half an hour. The solvent was distilled
off and the mixture was diluted with waters The solid obtalhed
was filtered ard washed with water. It was then crystallised
from aleohol. M.P, 12‘7-»280. Yield 95 %+ Grey, Hartley and

Ibbotsonz gave M.Fo 127&500

2«-Hydroxyfiuorene :

R s

2-Amirofluorene was dlazotised in acetic acid and the
diazonium salt was hydrolysed with sulphuric acid according
to Grey, Fartley and Ibbotsonao 2=Hydroxyfluorene obtained
was purified by dissolving in warm sodium hydroxide and
reprecipitating by hydrochloric acid. It was crystallised
from dilute acetic acide M.P, 170 . Grey, Hartley ard
Ibbotson- gave the mepe 17045 e

2-Hydroxy-l-acetylfluorere :
2=Hydroxyfluorene was acetylated and the product was

subjected to Fries rea.rx?h/agement accordirg to Bergmann and \/
3
Berlin «

2=Methoxy~-l-acetylfluorere :

A mixture of 2-hydroxy-le-acetylfluorene (0.5 g.) in dry
acetone (20 ml.), anhydrous potassium carbonate (1 g.) amd
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dimethyl sulphate (0.5 ﬁl.) was refluxed on a steam bath

for 4 hrs, The solvent was evaporated and the residue was
diluted with water. The separated solid crystallised from
dilute acetic acid ir colourless needles (0.5 g.), meLe 15#0.

7

Analysis ¢ Found s C, BO.67 3§ H, 5.75 %Z.
6163”‘,92 ¢ requires S G, 80.67 H H, 588 %«

idation of 2-methoxy-l-acetylfluorere to 2-methoxy-

l-acetylfluorenone t

The above compound (0.5 g.) was dissolved in acetie
acid (20 ml.) ard sodium dichromate (2 g.) was added. The
mixture was refluxed on s sarnd bath for 1 hour. It was then
cooled and diluted with water. The separated solid was
crystallised from dilute acetic acid in yellow reedles,
(0.3 g.), mepo 1860.
Apalysis ¢ Found : Cy 75.%% ;3 H, h.46 %o
C16H, 205 : requires 3 C, 76419 ; H, 4.76 %.

The pyridazire derivative :

2-Methoxy~l-acetylfluorerome (1 g.) was dissolved in
alcohol (150 ml.) by refluxing. Hydrazine hydrate (85 % :0.2 ml.)
was added, ard the mixture was refluxed on a steam bath for
8 hrs. The solvent was removed by distillation ard the
reaction mixture was diluted with water. The yellow solid
obtailned was crystallised from benzene in yellow crystals
- (0,5 g¢) 4Mepe 233°°

Apalysis ¢+ Found : Ny 11,25 %.
C,eH, 20N, t requires : N, 11.29 %.



Condensation of 2-hydroxy-l-acetylfluorere with
benzaldehyde : Synthesis of 2-hydroxy-1-fluorenyl

styryl ketore :

2-Hydroxy-l-acetylfluorene (1.5 g.) was dissolved in
aleohol (1C0 ml.) by refluxing. The sclution was then cooled
well and potassium hydroxide (7 g. in 7 ml.$f water) and
benzaldehyde (1.5 ml.) were addsq. The mixture was kept at
room temperatﬁre for 24 hrs. A dark red solution resulted.
This was then diluted with cold water ard acidified with
conc. hydrochlorie acid. The yellow solid obtained was
filtered and érystallised from alcohol in yellow meedles
(0.6 go)y MmePe 1820.

Anslysis ¢ Found : C, 8u.l 5 Hy S.42 %o
C,2H,; ¢02 t requires ¢ C, 84.61 3 Hy, 5423 %

AThis compound gave a yellow colour with a mixture of
1N
boric acid and citric acid in dry acetons (Wilson test )
apd greenich blué colour with alcohelie fefrie chloride. With

core, sulphuric acid rtggave a red colouration.

2-Acetoxy-1-fluorenyl styryl ketope :
The above ketone (0.5 g.) was mixed with freshly fused

and powdered sodium acetate (1 g.) and acotic arnhydride (2 ml.)

and the mixture was refluxed én a sard bath for 1 hour. It

was then poured on ice and kept overnight. The solid # - /
', erystallised from benzene-petroleum ether in light yellow /

- o
needles (003 g.), MeDe 179 « . ’
Anslysis -3 Found : C, 81.25 3 Hy %.98 %o

C o Hy 803 : requires & C, 81.36 3 Hy 5.08 %o
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2-Phe ry1fluore no ( 2,1:6)5 )gyran—‘r—one :

2-Hydroxy-1-f1uorenyl styryl ketone (1 g.) wgs disso ve
in alcohel (100 ml.) and conce hydrochloric acid (sfocmpg\\\
was added. '.I.'he mixture was refluxed on a steam bath for
36 hrs. The solvent was removed by distillation and the
mixture wad diluted with water. The solid obtained was
erystallised from benzene-petrolaum ether 1in colourless
crystals (O.M» g.), MePe 156 N

égglx_s,tg ¢ Found 3 c, 8‘#-78 $ B, 4 98 %. ;

C22H; 602 s rgquires 3 c’ 8’4‘061 3 H, 5.13 %0
~,, ~
2-Pheny1f1uorem(2,1:6;5’)y;pyrons H

2-Hydroxy=l-fluorenyl styryl ketone (1 ge) was dissolved
in {so-amyl alcohol (20 ml,) and selenium dloxide 3 g.) was
added. The mixture was neated in an oil bath at 134-0-50 for
15 hrs. It was then f1ltered hot and the solvent was removed
by steam distillation. The yellow product obtained was
erystallised from benzene-petroleum ether mixture in yellow
nsedles (0% ge), mepe 2500.
Apalysis s+ Found t Cy 85.29 3 H, 4.52 %
C2H;4,02 " 3 requires s C, 85.15 $ Hy 4H7 Zo

" Condensation of 2=-hydroxy-l-acetylfluorere with

anisaldehyde s 2-Hydroxy~-l-fluorenyl p-methoxy

gtyryl ketone
2-Hydroxy-l-acetylfluorere (1.5 g.) was disgolved in

aieoho} (100 ml1.) bﬁ' heating, It‘was then cooled well and
potassimﬁ hydroxide (8 ge in 8 ml. water) and anisaldehyde
(1.5-ml,) were added. The mixturs was kept overnight at



H

room tempsraturee The dark red solution obtained was thlgz
diluted with cold water armd pcidified with conc.hydrochlorice
acid with proper cooling. The yellow solid obtaimed was
erystallised from benzene in yellow msedles (0,8 go), MQIJ0167Q.

&patysis t Found : C, 80487 5 H, 5.29 %
323H1303 H ﬁquires $ C’, 80470 $ H’ 526 %

This compound gave an intense rad colouration with
cone, sulphuric acid and a yollow colofir with a mixture
of citric acid and boric acid in dry acetone (Wilson test).
With alcoholic ferric chloride a greenish blue colour was
obtained. A

2-Acetoxy-l-fluorenyl pe-methoxy styryl ketore :

The above hydroxy ketone deri vative (0.5 g.) was mixed
with freghly fused sodium acetate (1 g;) énd acetic anhydride
(2 ml,) and the mixture was refluxed on a sand bath for 1 hour
’:-[‘i: was then added to ice and kept overnight. The ssparated
solid crystallised from benzens-petroleum ether mixture in
light yellow needles (0,3 ge), MeDe 1910.

Apalysis + Fourd 3 C, 28.60 5 H, 5.43 %.
CagHa00, ¢ requires s C, 78.12 3 Hy 5,21 %.

2’ (p-M thoxyphenyl) fluorens(2,1:635 ) pyran-h=ons :

2-Hyd roxy=l-fluorenyl p-methoxy styryl ketore (1 g.)
was dissolved in alcohol (100 ml.) and conce hydmcialoric
acid (10 ml.) was addede The mixture was refluxed on a
steam‘bath for 36 hrse. The solvent was then removed by
distillation and the mixture was diluted with water. The
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separated solid was erystallised from benzene-petroloum ether
0
mixture in light yellow meedles (O.k g.), m.p. 187

Apalysis : Found t Cy 80463 : Hy 5.62 %o
C,3H,50, $ requires s Cy 80470 5 Hy, 5.26 %e

2’ ( p=Mathoxyphenyl) fluoreno(2.156 : 5’)yopyrone :

2-Hydroxy-l-fluorenyl ~pfmetﬁoxy styryl ketore (1 g.)
wag dissolved in iso-amyl aleohol (20 ml.) ard seleﬁium
'dioxide (3 go) was added. The mixture was then refluxed ip
an o1l bath at 1%0—500 for 15 hrs. and then filterad hot.
The golvent was then removed by steam distillation and
the solid obtained erystallised from dilute acetic acid in
yellow needles (043 g.), MeDo 2530.

Apalysis : f?ouzr; t C, 8143 3 H, 4476 %

Kostanecki-Rohinson acetylation of 2-hydroxy-l-

acetylfluorens 3 2-’—Mathy1c;ézacetylfluore no (2,,;:6: 5°)

y-pyronse t

2<Hydroxy=l-acetylfluorene (1.5 g.) was mixed well
with freshly fused sodium acetaté (3 g.) and acetic anhydride
(3 ml.) was added. The mixturs was heated in an oil bath at
180-90o for 10 hrs. It was then added to ice and kept over-
night. The separated solid was crystallised from dilute
acetic acid in yellow reedles (0,6 g.), Mepe 21920.

Anglysis ¢ Found : G; 7B.41 3 Hy 5,00 %.
C19H;11,05 t requires s C, 78461 § Hy 483 %,

Attempted deacetylation of 2-methyl-3 acetylfluorens

(2,1:6:5,”-13?1'6!:9 3



The above y-pyrore derivative (0.5 g.) was dissolved
in aleohol (50 ml.) and anhydrous sodlum carbonate (1 g.)
was added. The mixture was réfluxed on a steam bath for
8 hrse The solvent was removed by distillation ard the
mixture was then diluted with water. The solig obtained
was crystallised from dilute acetic acid, M.p. andl mixed
m.p. with zlmethy1-3:-actty}.fluorem(2,1:6:5,)y-pYrom was 2%20.

The deacetylation was attempted with godium hydroxide~
in alecohols The product obtalned on working up as above
was found to be 2-hydroxy-l-acetylfiuorene. M,P. and mixed
m.pe with an authentic sample was 1590.

Attempted Kostanecki-Roblnson bonzoylation of 2-hydroxy-

le-acatyl fluorsns :

2-Hydroxye-l-acetylfluorene (1 g.) was mixed with
anhydrous sodium benzoate (2 ge) and benzoic anhydride (3 ge)
and the mixture was heated in an oil bath at 180~900 for
10 hrss The .- mixture was then added to ice and boiled wibkh
water to remove the unreacted benzoic anhydride and sodiﬁm
benzoatee The product left behind was a pasty masse It was
washed with sodium bicarbonate to remove the benzoic acid.
The dried mass was dissolved in benzene and chromatographed
thromgh an alumina column. It was then eluted successively

«ilF” petroleum ether, bepzene petroleum éthee mixture and

benzens. On removing the solvents no pure product was
obtainred,

Attempted condensation of 2<hydroxyfluorere with ethyl

aceto acatate @

_ 2-Hyddoxyfluorena (1 g.) was mixed with ethyl aceto-
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added. The mixture was kept at room temperature for 24 hrs.

acetate (1 ml.) and sulphuric acid (20 ml.; 80 %) was

It was then added to ice. The separated solid on crystallisation
0
from dilute acetic acid gave m.ps 170 « Mixed m.p. with a

sample of 2-hydroxyfluorene was not depressed.

Attempted formylation of 2-hydroxyfluorene :

(a) 2~-Hydroxyfluorene (1 g.) was dissolved in glacial
acetic acid (20 ml.) amd haiamethylene tetramine (2 g.) was
added. The mixture was heated on a steam bath for 4 hrs.
Hydrochloric acid (5 mles 1:1) was added and the heating was
comtimed for 30 mimtes. 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 chromatographsd
through aluminae The column was eluted successively with
petroleum ether, benzene and chloroforme On evaporating the
benzene fractlon, a pasty mass was\obtained which gave a
greenish blue colour with aleoholic ferrie chloride, but
on crystallisation no pure product was obtaineds On evaporating
other fractions no solid was obtaired.

(b) 2-Hydroxyfluorere (1 g.) was dissolved in dry ether
(100 ml.)e Anhydrous aluminium chloride (1 g.) and zine
cyanide (1 g.) were added. Dry hydrogen chloride was passed
through the solutién for 6 hrs. The solvent was removed and
the product was crystallised from dilute acetic acides It was
found on direct comparison to be 2-hydroxyfluorens.

Attempted chloromethylation of 2-hydroxyfluorene and

its methgl ether

Paraformaldehyde (0.3 g.) was suspended in glacial



acetiec acid (20 ml.) and dry hydrogen chloride was passei#s‘s
t111 a clear solution was obtained. 2-Hydroxyfluorene (1 g.)
was added and hydrogen chloride was passed for furthor‘3 hrse
A so0lid separated. On filtration it turned into a paste. It \
was then dissolved in dry benzere and passed thpough an
alumina column. On eluting the column with petroleum sether
and then with benzer® and evaporating the solvents no pure
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 mo pure

produst could be isolated.

Synthesis of 2-aminofluorenomne

'

2-Nitrofluorerone (20 g.) prepared according to Dielg
was powdered well armd boiled with alecohol (200 ml.). To
this suspension water (100 ml.) and sodium hydrosulphite
(50 g.) were added. Vigorous reaction took place and most
6f the nitro compound went in solution. It was then refluxed
for half an hour. The nitro fluorerone dissolved and a dark
red solution was obtained. The solvent was removed by
distillation and the mixture was diluted with water. Conc.
hydrochloric acid (100 ml.) was added and the solution.wgs
heated to boiling and filterad hot. This was repeated three
timese The combined filtrate was made alkaline by ‘liquor
ammonia and the dark red solid obtalned was crystallised
from aleohol in dark red flakes (15 g.)m.pe. 1630. E,biels8
gave Mepe 1630.
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Synthesis of 2-hydroxyfluorsmore :
2-iminofluorenore was diazotised in acetic acid in
the presence of sulphuric acid /according to Dielss and the
diazonium sulphate was decomposed by boiling with sulphuric
acidy The product obtained gave m.p. 2100. melss gave
MePe 210«110.

2-Acetoxyfluoremnone :

2-Hydroxyfluorerone was acetylated according to Bergmann
and Ber11n3 and the product was crystallised from acetie
acid in yellow flakes, D.p. 157.0. Bergmann and Ber11n3 gave
the m.po157°.

2-Hydroxy-l-acetylfluorerore

2-Acetoxyfluorerore (2 g.) was powdered well and‘mixed
with anhydrous aluminium chloride (2 g.) and the mixture
was hegted in an oil bath at 1’-}0«500 for 4 hrse It was then
‘cooled and decomposed by addirg ice and hydrochloric acid.
The separated solid was filtered and dissolved in cqld
sodium hydroxidee It was agairn filtered and the filtrate
wag acidified with corc. hydrochloric acids The separated
s0lid was crystallised from acetic acid in brown reedles
(0.8 go), Depe 249

AnﬂlySig ¢ Fournd H c’ 71"687 H H, )‘1'016 %o
0151{3003 H requires H c, 75.11 ; H, L"an %c

This compound gave a red colouration with alcoholic
ferric chloride.

2-Mothoxy~l=acetylfluorenore ¢

The above ketone (0.5 g.) in dry acetors (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 hrse The
solvent was then allowed to evaporate and the residue was
diluted with water. The separated solid crystallised from
dilute acetic acld in yellow reedles (04 go), mepe 1860.
Mxed m.pes 0of this compound with 2-methoxy-l-acetylfluorernone
obtained by the oxidation of 2-methoxy-l-acetylfluorene
described earlier was not depressed.

2=Methoxyfluorenone-l-carboxylic acid :

2=»Metho§y-l-»acetyl fluoremne (1 g.) was dissolved in
dioxane. This solution was slowly aéded to a solution of
sodium hypobromite (prepared from 3 g. of sodium hydroxide
and 3 g. of bromine) with constant stirring. This sclution
was stirred at ll»o-50° for 8 hrs. The excess of hypobromite
was destroyed by adding sodium sulphite and then boiled to
remove the dloxare. It was filtered and the filtrate was
acidified with corc. hydrochloric acid with coolirg. The
g0lid obtained was further purified by extraetion with
sodium bicarbonate and finally c¢rystallised from dilute
acetic acid in yellow flakes (0.4 ge)mep. 214»100

Anslysis : Found : C, 70.79 3 H, 3.62 %.
c:lsHloO)'_ 4 requires H G, 70087 ; H’ 3‘93 %‘

Condensation of 2-hydroxy-l-acetylfluorenore with

benzgldehyde : 2-Hydroxy-9-oxo-l-fluorenyl styryl

ketore

2-Hydroxy-l~acetylffiuorenone (1 g.) was dissolved in
hot aleohol (100 ml.)s The solution was cooled am
potassium hydroxide (5 g in 5 ml. water) and then
benzaldehyde ( 1 ml.) were added and the mixture left
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overnight at room temperature. The dark red solut;ion
obtg.ined wag then diluted with wa,tez: and acidified with
conc. hydrochloric geid with cooling. The separated solid
erystallised from xylere in red prisms (0.*+ ge), m.p. 23# .

Analysi : Found : G, 81.12 s H, 14-.31 %.
C‘,22H2.403 H req’ﬂlres $ c, 80098 4 H, “029 %0

This compourd gaffe an intense red colouration with
cone. sulphuric acid and g positige Wilson test. It also

gave a reddish colouration with aleoholic ferric chloride.

2-Acetoxy-9-oxo-1l-fluorenyl styryl ketore :

The above ketone (0 5 go) was mixed with freshlv fused
~sodium acetate (1 g.) and acetic a‘.nhydride (2 ml.) and
refluxed on a sand bat:,h for 1 houre It was then added to
lce and kept overnighte. The separated solid was tl}en {

erystallised from acetic acid in yellow needles (0.3 g.),
‘ 0
Mepe 169 &

Analysis ¢ Found t C, 78,43 3 H, 4.C8 %;.
Gz.,H“,O., ¢ requires s G, 78427 3 H, W34 %o

2=Phenyl 9-oxofluoreno(2,1:6,5 2gxran-1+-one

2-Hydroxy-9-oxo-l-fluorenyl styryl ketore (1 g.) was
dissolved in alecohol (150 ml.) and hydrochloric acid (15 ml.)

was added. The mi sture was refluxed on a steam bath for 48 lhrs.
Bhe solvent was removed by distildation and water wad added.The
S§par§ted s;o]‘.id was erystallised from benzene in yellow needles
(0.6 go)y map. 192° | | |

Anslysis : Found : C, 83;.16 s H, 13».29 %E.
C2H,,04 : requires t C, 80,98 3§ Hy 4.29 %o
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zlPhenyl 9-oxof1uoreno(2.136:S’Ls'épyrone :

2-Hydroxy=9-oxo-l-fluorenyl styryl ketore (1 g.) was
dissolved in 130-&11y1 aloohol (50 ml.) and selenium dioxide
(3 g+) was added. The mixture was refluxed in an oil bath
at 140,500 for 15 hrse It was then filtered hot and the
solvent was then removed by steam distillatione The solid

obtained was erystallised from xylere in orgnge prisms
0
(0e3 go)y mep. 284 ,

Analysis s Found : C, 81,17 5 H, 3.84 %.
022H1 203 $ requims 4 G’ 810“‘7 $ H,30?o %o

Condensation of 2<hydroxy-leacetylfluorenone with

anisaldehyde 3 2-Hydroxy-9-oxo-l-fluorenyl p-methoxy
styryl ketone :

2-Hydroxy-l-acetylfluorenone (1 g,.) was dissolved in
aleohol (100 ml,) by heating. The éolution was qooled and
. potassium hydroxide (5 go in 5 ml. water) and anisaldehyde
(1 m1.) were added. The mixture was 1eft at room temperature
for 124 hrs. The dark-red solution obtained was then diluted
with cold water anl acidified with conc. hydrochlorie acid
with cooling. The solid obtained was crystallised from
xylens in red prisms (O ge), MeDe 23809

Apalysis : Found : Cy 77423 5 Hy 467 %o
Ca3Hy 60y ¢t requires : Cy 77.54 3 Hy 449 %,

This eompound gave an intense red colouration with
com,. sulphuric scid and a positive Wilson test. With

aleoholic ferric chloride 1t gave a red colour.
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2«Acetoxy~9-ox0~1l=-fluorenyl p-methoxystyrsl ketone :

The above ketone (0.5 g.) was mixed with freshly
fused sodium acetate (1 g.) amd acetic anhydride (2 ml,)
and the mixture refluﬁced on a sand bath for 1 hour; It was
then cooled and added to ice and left overnight. The
separated solid was erystallised from benzene in orange
needles (0.3 g«), MeDo 1‘740.

Analysis s Found s C, 75.61 5 Hy, 45 %o
C,5H, 505 : requires  : G, 75.37 5 Hy k.52 %.
" 21(p-Me thoxyphe nyl) 9-oxofluorem(2,1: 6; 5? Zgzran-k-’uom s

2-Hydroxy-9-0xo-1-fluorenyl p-methoxystyryl ketone

~Be

(1 g.) was dissolved in alcohol (200 ml.) and conc.
ﬁydrochloric acid (20 ml,) was added. The mixture was then
refluxed on a steam bath for 48 hrs. The solvent was then
digtilled and the mixture was diluted with water. The solid
obtained was crystallised from benzene in orange prisms
(O go)y mepe 216°,

Apalysis Fourd : Cy 77.395 H, 453 %

Ca3H,; 60, : requires s Cy 77.5%; H, 449 %.

.

L I |
2’ (p-Methoxyphenyl) 9-oxofluorernc(2,1:6 32 )y-pyrore :

2-Hydroxy-9-0x0-1-fluorenyl p-methoxystyryl ketone
(1 g.) was dissolved in iso-amyl alcohol (50 ml.) and
- seleniun dloxide (3 g.) was added. The mixture was then
refluzed 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 c¢rystalliged from

Sy
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0
xylere in orange cubes (0.3 g.), MeDe 296 «

Analysis | s+ Pound ¢+ C, 78.21 § H, 3.50 %.
Co3H; 40, ¢ requires $ Cy 77496 3 Hy 3.95 %

Attempted Kostanecki-Robinson acetylation and

benzoylation of 2-hydroxy-l-acetylfluorsnone i

2-Hydroxy-l-gecetylfluorerone (1 g.) was mixed with
freshly fused powdered sodium acetate (2 ge.) and acetic
anhydride (3 ml,) was added. The mixture was heated in an
611 bath for 10 hrs. at 180-90 s The mixture was then added
to ice. A pasty mass was obtaired from which no pure
product could be isolated.

Kostarecki-Robinson benzoylation also was tried in
a similar way. The product obtaired on decomposing the
reaction mixture with ice was again a pasty mass from

which mo pure product could be isolated. !

At tempted condensation of 2-hydroxyfluorersre with

ethyl acetcacetate :

2-Hydroxyfluorerone (1 g.) was mixed with ethyl
acetoacetate (1 ml.) and . sulphuric acid (20 ml.; 80 %)
and the mixture was kept overnight. It was then added to
fce and the solid obtained was crystallised from dilute
acetic acid in red needles. It was soluble in dilute
sodium hydroxide. Mixed m.p. with 2-hydroxyfluorenone was
ot depressed.

The same condensation was tried with phosphorus
pentoxide as a cordensing agent in the place of sulphurie

acid. In this case also 2-hydroxyfluorenone was the only
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product 1isolated from the reaction mixture.

Attempted formylation of 2<hydroxyfluorenore : _

2-Hydroxyfluorenone (1 g.) was dissolved in acetic acid
(50 m1.) and hexametﬁylene tetramine (3 g.) was addeds. The
iixture was heated on a steam bath for 4 hrse. Hydrochloric
acid (10 ml. 3 1:1) was added and the heating was contimed
for half an hour. It was then diluted and the solld obtained
was crystallised from dilute acetic acid, m;fo 2fl‘t>o. Mixed
m.p. with' 2-hydroxyfluorerone was not depressed.

2-Hydroxyfluorenone (0.5 g.) was dissolved in dry
ether (150 ml.) ard 2ire éyanide (0.5 g«) was added. Dry
hydrogen {:hlox:id.e was passed through this solution for 4 hrs.
The solvent was then evaporatéd arnd the solid obtaired was
washed with water and boiled with hydrochloriec acid. The red
product obtaired was erystallised from dilute acetic acid,
M.pe 2'.:*60. Mixed m.ps with 2-hydroxyfluorenone was not
depresséd. '

Attempted chloromethylation of 2-~hydroxyfluorencne

and 1ts methyl ethep :
Paraformaldehyde (0.3 g.) was suspended in glacial

acetic ageid (25 ml,) and dry hydrogen chloride was passed

t1ll a elear solution was obtaired. 2-Hydroxyfluorerome

(1 g.) was added and hydrogen chloride was passed for 4 hrse
. The solid obtained on dilution when erystallised from dilute
‘acetic acid gave Mm,pe 2’!90. Mixed m.p. with 2-hydroxyfluorencne

was rot depressede '
The same reaction was carried out with 2-methoxy fluorenore «
In this case also 2-methoxyfluorencne was recovered from the

reaction mixture.
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SECTION 1II.

Synthesis of fluoremfuran derivatives

Mam{ furap derivatives occur in nature. A large mmbe r
of furan derivative, espacialljbenzofuran derivatives and
naphthc{: furan derivatives have been synthe\siseda Yarious
methods which are employed in the synthesis of furan
derivatives are summarised in Part I Section II of this

thesis.

Very few furan dorivatives in which the furan ring
is fused to the fluorene ring system are kname Those which
are known are prepared by bullding up the fluorene ring
systém on a suitable furan derivative.

Fluoremo furan derivatives are found to be useful in
photography. Grey, black or brown images are formed on a
photographic plate when 2-hydroxy-9-oxofluoreno(l,3s 5;#’)
furan (I) 1s used as a colour coupler, When 2,9-dihydroxy-
fluoreno (4,3 5;’1»’)furan (II) is used olive green colours

: 1
are obtaired.

The fluoremofuran (I) was synthesised by condensing
2-furylephenyl ketone (III) with sucecinic estsr in the

presence of sodium ethoxide. The producg‘”obtained was
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. hydrolysed to the acid . ™ and cyclised to a benzofuran
derivative (V). When thé.s was treated with conc. sulphuric
acid at toom temperature 2-hydroxy-9-oxo-fluoreno(4,3: 5:'-}’)
furan (I) was obtainedz. On reduction it gave the 2,9-di-
hydroxy derivative (II).

(D == LT \J

N .
H'L’EOG €Hy Coocﬂ"a
CGHzo oc-L ii«Cn;;-c 00 CyHs- X
v ;)Hyd'xo{ygs
‘“) c}' chial J;:;,
(delel:]
®wno
12504 \ /
= v

N 3

Boprsche and leditschke synthesised 2-hydroxy-7-methyl-
9-0x0=fluorero (4,3: 5,% Yfufan (VIIT) in an identical manmer,
starting with 2-furyl katolyl ketone ‘e This was condensed
with ethyl succingte and the ‘‘product (VI) was hydrolysed
and cyclised with acetic anhydride ard sodium acetate. The

{ Cenboxylic . d

product 7(*+-methy1pheml) =l-gcetoxy benzofuran (VII) was
deacetylated and ecyclised with core, sulphuric -«acid to

the fluorenofuran (VIII)



0. g Cooc He
‘ ‘ CO HECooc,Hy ? X *
1] i [
+ Ch -
' > : c/ aoc”” CHy,
0° 2
c¥'s .

Vi i) Hydyolysis
i) Na.ORe + RAc,0

Vil

N

No other fluoremo furan derivatives seem to have besn
synthesised so far. It was therefore thought of interest
to synthesise some fluorenofuranse.

Synthesis of 3emethylfluoreno(2,1s 5:%) furan

2=Hydroxy~l-~acetylfluorene when refluxed in dry acetone
with\ethyl bromoacetate 1in the presence of anhydrous
potassium carbonate gave 2-carggxymethoxyol-gcetylfluorane
(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 3lmethyl-

9
fluoreno(2,1: 5, )furan (XI).
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CocHs
OCH cooczHg
Br CH€00CaHs . z
r'd
Kycog ,
1 X
Na.OH
CHy \ ’
(.‘.cc:Ha
. OCH,CO0H
RCQ_
Na.O fic
X!

X

2~-Hydroxy~-l-allyl fluorene :

2=Allyloxyfluorene was subjected to pyrolysis according
to Lothroph. Out of the two products reported, only the one
melting at 111° could be obtained in a workable quantity.
Lothrop“ assigned 2-hydroxy-l-allylfluorene structure to
this compound without giving a conclusive proof for the
structure., In the preseht 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
potassium permanganate at 56—600 on a water bathe. The
solution was filtered and the filtrate was acidifieds. The
separated solid was found to be identical with 2-methoxy-
fluorenone-l=carboxylic acid (XIV) described in Section I,



169

page IS8, Thereforg 2wﬁydroxy-l~é11y1 fluorene structure
(XII) has been assigred to the compound.

O CHLH=CHy
2 P:‘Mgﬂ.§ on
=K1t
CCH3)2804-- .
K,COy
COOH CHzCH—CHL
OC
"3 A KrnO4
alkeli
XHr

Synthesis of 2 methylfluoreno(z 1: 5,# )furan

Attempts to eyclise 2—hydr0xy-loallylf1uorena with
sulphuric acid to 2imethylfluworem(2,1:5)4’)2;3=dihydro-
furan did not give ‘a pure producte Therefore 2—hydroxy—lo
allylfTuorene was converted into 2—methy1f1uoreno(2 1: 5 4 )

5
furan by Kaufmann s method as follows ¢

2-Hydroxy~l-allylfluofene was refluxed with acetic
anhydride and fused éodium'acetate to get 2-acetoxy-1~
allylfluorerne (XV). 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 t his compound. The dibromide on

{
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refluxing with alcoholic potassium hydroxide gave a halogen
free compound insoluble in sodium hydroxide. 23Jbthy1-
fluoreno(2,1:5:%,)furan (XVII) structuse f£s assigned to
this compound,

CHZCH =CH2

Aes 0 «
Na Ofc

BY,

CHy CHBY» . CH B |

CcH
I<aH O‘O ococH,

AXVil X Vi

N

i Il
Synthesis of ;emethyl—9—oxofluoreno(2,1:5,% )furan :

2-Hydroxy~l-acetylflucrenone on condensation with
ethyl bromoacetate in the presente of anhydrous potass;um
carbonate in dry ;cetone gave 2-carbethoxymsthoxy-l-acetyl-
fluorenone (XVIII). On heating with sodium hydroxide on a
steam bath it gave the corresponding acid : 2-carboxy~
methoxy-l-acetylfluorenone (XIX). This acid on boiling
with acetic anhydride and fieshly fugsed sodium acetate
gave a compound which was insoluble in alkali, 31Rbthy1o

9~oxof1uoreno(29135;%’)£uran structure (XX) was assigred
to 1t.
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' & COCH,
By CH2C00CaHs 0CHCOOCH,
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XWil}
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O COCH,
OCH,COOH

gczo ‘ ’

NaQ flc
XiX

2«Hydroxy~l-benzoylfluofenore :

2-Hydroxyfluorenone when dissolved 1in sodium hydroxide
aml shaken with benzoyl chloride gave a product which was
insoluble in alkali. This benzoyloxy compound (XXI) was
subjected to Fries rearrangement by ‘heating with aluminiuﬁ
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 pyridazine derivative (XXIV). Therefora
2«hydroxy-l-benzoylfiuorenone structure (XXII) is assigned
to the hydroxy ketone and 2-methoxy-l-benzoylfluoremore
‘structure (XXIII) 1s assigned to the methyl ethere
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XXIV

3 Pheryl-9-oxofluorens(2,1: 5. ) furan :

2-Hydroxy~1-benzoylfluorenone when refluxed with ethyl
bromoacetate in the presence of anhydrous potassium carbonate
in dry acetons gave 2-carbethoxymethoxy-lebenzoyl fluorenons
(XXV)e This was hydrolysed by heating with sodium hydroxide
to 2-carboxymethoxy-l-benzoylfluorenone (XXVI). This was
heated with f8eshly fused sodium acetate and agcetie anhydride

9
and 32phenyl-9-oxofluoreno(2,1:5,4 )furan (XXVII) was
obtained,
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O co CGHQ'
H,
Bre¢Hz CooCa My ccwceoczHy
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Na QA

XX Vi

2-Hydroxy=l-allylfluorenom

2-Hydroxyfluorenore was refluxed with allyl bromide
in the preserce of arhydrous potassium carbonate in dry
acetone to get 2-allyloxyfluoremone (XXVIII), When this
was heated alone to 2302359; an alkali soluble product was
obtained to which 2-hydroxy=l=allylfluorenore structure (XXIX)
1s assigned on the basis of the following observation :m~

The furan derivative (XXXII) obtained from this hydroxy
allyl €luorerone was reduced with hydrazine hydrate and
potassim hydroxide by heating in ethoxy ethanol. The product
obtained was found to be identical with 2'methylfluorem
(2,1:53“’)furan described, on pagei’0 o
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(]
CHzCH-CHy B oCH,CH =AM,
_____._.__._.__.__—.}
‘ X XNt
nggoi(és‘is
2 CH-CHZCHy

2Methyl-9-0xofluoren(2,1:5.4") furan :

2-Hydroxy-l-allylfluorenore (XXIX) was acetylated by boiling
with sodium acetate arnd acetic anﬁydride.'rhe 2=acetoxy~l-allyle
fluorenore (XXX) was treated with exactly one mole of bromine in
acetic acid' solution.The product obtaired analysed for a dibromo
derivative and therefore 2-acetoxy=l-allyfluorenons dibromide
structure (XXXI) was assigned to this cogpound. The dibromide
on refluxing in alcohol with potassium hydroxide gave a compourd
| free from bromine and to this compound zz-methyl-%oxofluorem

Y
(2,1:5,4 ) furan structure (XXXII) is given.

0 CHy-CH=CHy CHy CH=CH,
) O Rc.0 OCOEH,
| NaQ fc >
XK IX
| ] B¢
o

Hy=CHRr=C Hy B
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EXPERIMENT A L.
' Synthesls of 2«carbethoxymethoxy-l-acetylfluorens :

2-Hydroky14gacetylfluorene (1 g.) was dissolved in
dry acetone (40 ml.) and anhydrous potassium carborate (2 g.)
was added. Eihyl bromoacetate (1 ml.) was added and the
mixture was refluxed on a water bath for 4 hrse. The solvent
was then removed and the residue was added to water. The
separated solid was crystallised from petroleum ether-

0
benzene mixture in colourless needles (0,8 go), Mepe 147 &

Gy oH, 80, : requires s Cy 73453 5 Hy 5.80 %

L 1]

i

2-Garboxymgth9xx:}jacetglfluorene

The above ester (1 g.) was bowdered well and sodium
hydroxide (5 % ; 25 ml.) was added. The mixture was heated
on a steam bath till it dissolved (2 hrse)e It was then
filtered and the filtrate was acidified with conc.hydrochloric
acide The separated solid was further purified by sodium
bicarbonate treatment. The acid thus obtaired crystallised
from ethyl acetate in colourless cubes (0.4 g.), m.p.19ko.

Anaglysis : Found : C, 71.98 ; H, k.72 %o
C17H; 4,0, : requires t G, 72435 3 H, 4.96 4%.

9
3-Methylfluoreno (2,13 5:’+’ )furan :

The above acid (0.5 g.) was mixed with freshly fused
and powdered sodium acetate (1.5 g.) and acetic anhydride
(2 m1.). The mixture was refluxed on a sand bath for one
and half hourse It was then cooled, added to ice and left
overnight. The separated solild was filtered, washed with



sodium bicarbonate and then with waters. It crystallised

from dilute alcohol in colourless flakes (0.3 ga), Mepe

114 °,

Analysis : Fourd : Gy 87402 5 H, 5.31 %.
C15H120 H requires $ c’ 87.28 H H, 50’1‘5 %O

Synthesis of thydroxy—loallylfluoreﬁe H

-Allyloxyfluoreneékl g+) was heated in an o0il bath
at 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
ether in light brown needles (0.3 g.), m.p. 111°, Lothropk
gave MePe 111-12O¢
2-Methoxy~l=allylfluorene :

The above compound (1 g.) was dissolved in dry acetore
(50 ml.). Anhydrous potaésium carbonate (2 go.) and dimethyl
§u1phate (1 ml.) were added and the mixture was refluxed
on a watef bath for 2 hrs. The solvent was removed and the
reaction mixture was added to water. The separated solid
erystallised from petroleum ether in colourless flakes

0
(0.8 g.), Male 58 .

Analysis : Found t Cy 86.56 § Hy 6,79 %o
Cy9H.60 ¢ requires : C, 864k 3 Hy 6.78 %o

2-Mathpxyfluorenore~l-carboxylic acid

2-Mthoxy-l-allylfluorene (1 g.) was finely powdered
and sodium hydroxide (25 mle § 5 %.) was added. Potassium
permanganate ( 1 g.) dissolved in water was added amd the
mixture was heated on a water bath at 50—60O for 15 hrs.



It was filtered and the filtrate was decolourised by tiz ?
addition of sodium sulphite., and acidified with dilute
hydrochloric acid. The separated so;id was filtered and
erystallised from dilue acetic acld in yellow flakes (0.2 g.),
MaPe 2410. Mixed m.p. of the compound with 2~methoxyflﬁorenone-

l-carboxylic acid described on page1S%was not depressed.

2~Acetoxy~l-allylfluorene :

2-Hydroxy—l—allylfluorene’(0.5 ge.) was mixed well with
freshly fused powdered sodium acetate (1 g.) amd acetic
anhydride (2 ml.) and the mixture was refluxed on a sand
bath for half an ﬁour. The mixture was then cooled ard added
to ice and kept overnight. The separated solid was then
erystallised from petroleum ether in colourless cubes (0.4 ge),
MePo 8%00

Analvsis + Found : C, 81,83 ; H, 6.32 %.
ClaHlsoz H l‘equires $ C, 81083 H H, 6006 %a

2-Acetoxy-l-allylfluorere dibromide

2-Acetoxpi-leallylfluofene (1 g.) was dissolved in
glacial acetic acid (10 ml.). It was then cooled to 15—200.
Bromine (0.6 g.) in acetic acid (5 ml.) was added dropwise
with conétant stirring. The product separated immediately.
It was stirred at 15=-20o for one hour and then filtered.
The residue was crystallised from petroleum ether in
colourless needles (1ige), Mupo 153°~
Analyst : Fourd 3 C,50.% ; H,3.77 ; Bryd7.71 %.
C,8H;¢02Br, : requires : C,50.77 5 H,3458 § Br,37.75 %.

L 1]



’
2-Methy1fluoreno(2,1: 5:%’)fur§§ :

2-Acetoxy-l-allylfluorene dibromide (1 g.) was
dissolved 1in 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 watere The
separated solid was ¢rystallised from gleohol in colourless

o
needles (0.4 go), mepo 148 o

Anslysis ¢ Found : C, 87,16 3 Hy 547 %e
CyeH; 20 : requires s C, 87.28 ; H, S5.45 %.

L 20 ]
Synthesis of 2lmethyl-9-oxofluoreno(2,1:5,4 )furan

2«Carbe thoxyme thoxy~-1~acetylfliuorenone :

2-Hydroxy ~l-acetylflucrenone (1 g.) was dissolved in
dry acetore (50 ml.,) and anhydrous potassium carbonate
(2 g.) was added. Ethylbromoacetate (1 ml.) was added and
the mixture was refluxed on a steam bath for 4 hrse. The
solvent was then removed ard the residue was added to
water., The separated solid was filtered and washed wih
dilute sodium hydroxide., The solid crystallised from dilute
acetic acid in yellow needles (0.9 g.), mop. 1720. \

A',, nal,i .sis H Ft)und H G’ 70073 ; H, 501*‘0 %0
C, 9H; 605 t requires t G, 70.37 § H, heP %

2-CGarboxymethoxy=~l=acetylfluorenone :

The above ester (1 g.) was powdered well and sodium
hydroxide (5 % 3 25 ml.) was added. The mixture was heated
on a steam bath for 4 hrse It was then filtered and the
filtnate was acidified with cone. hydrochloric acide The
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separated solid was further extracted with sodium bicarbohatee.
The product obtained on acidification of the sodium bicarbonate
extract crystallised from acetic acid in brown cubes (0.4 g.),
meDPe 2520 (decomp.) o

. Analysis : Found : C,68.87 3 H, 4,16 %.

Cyq9H; 205 : requires : Cy 68492 5 Hy 4.05 %

I J
;:Hbthyl-9—oxofluoreno(2,1:5,Hf)furan :

The above acild (1 g.) was refluxed with freshly fused and
powdered sodium acetate (2 g.) and acetic anhydride (2 ml,)
for 2 hrs. It was cooled ard then added to ice. The separated
solid was filtered and washed with sodium bicarbonate solution
The residue erystallised from dilute alecohol in yellow
rneedles (043 go), Mmepe 1360.

Analysis s Found - 3 Gy 81.77 5 H, 4,13 4.
Cy9H; 20, ¢ requires : Cy 82.06 3 H, 4.27 %.

2«=Benzoyloxyfluoremns

2«Hydroxyfluorenone (1 g.) was dissolved in sodium
hydroxide (10 % j 25 mle) and crushed ice was addeds
Benzoyl chloride (1 ml.) was then added and the solution
was shaken vigourously for ten mimtes. The separated
solid was filtered and the residue washed with dilute
sodium hydroxide and then with watere. The residue was
crystallised from acetic acid in yellow flakes (0.9 g.),
meDo 1?40.
Apalysis sFound t Cy 79463 3§ Hy 3.87 %
CaoH; 203 srequires s C, 80,00 3 H, 4,00 %,

2=Hydroxy=l- oylfiunorepo H

2-Benzoyloxyfliuorenone (2 g.) was powdered well and
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mixed with anhydrous aluminium chloride (2 g.). The mixture
was heated in an oil bath at lhOoSOO for 4 hrs. It was
then cooled ard e¢rushed ice and corc. hydrochloric acid
wore added and the reaction mixture left overnight‘ and
filtereds The residue was purified by extracting with
sodium hydroxide golution. The product obtainéd on
acidification of the sodium hydroxide solution withAecnc.
hydrochloric acid crystallised from acetie aci& 1ntbrcwn
nsedles (0.6 g.), Mepe 1710.

Analysis : Found  : C, 79.88 ; H, 3.51 %.
C 20H; 203 t requires s Cy 80.00 5 Hy 4.00 %.

This compound gave a rod colouration with aleoholic
ferric chloride.

2-Methoxy-l-benzoylfluorepnons

The above hydroxy ketone (0.5 g.) was refluxed in
dry acepone (56 ml,) with anhydrous potassium carebonate
(1 g.) and dimethyl sulphate (0,5 ml.) for 4 hrs. The
solvent was then removed and the residue was added to watere
The separated solid was washed with dilute sodiam hydroxide
ard then with water. It crystallised from dilute acetic
acid in orange needles (O g.), m.p. 2120.

Analysis ¢ Found 3G, 79476 3 Hy ke22 %o
€, H; 03 s requires : C, 80426 3 Hy 445 Z.

The pyridazine derivative

2-Methoxy-l-benzoylfluorenone (1 g.) was dissolved in
aleohol (100 ml.) amd hydrazine hydrate (0.2 ml.) was added.
The mixture was refluxed on g water bath for 8 hrse The

solvent was then removed amd the residue was diluted with
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water, The solld obtalred was erystallised from benzere-
0
petroleum ether in yellow needles (0.4 go), mepos 208 &

Analysis ¢ Found : Ny 8,95 %e
calﬂinNz 4 r@quires $ N, 9003 %e

Condensation of 2~hydro1cy-l—benzoy1flu01;enone with

ethyl bromoagetate : 2-Carbethoxyme thoxy -1-benzoyl

fluofenops
2-Hydroxy-l=benzoylfiuoeemone (1 g.) was dissolved

in dry acetone (100 ml,) and anhydrous potassium carbonate
(2 go) was added, Ethyl bromoacetate (1 ml.) was added and
the mixture was refluxed on a water bath for 6 hrse. The
solvéent was then evaporated and the residue wys added to
water. The gseparated solid was filtered and washed with
cold dilute sodium hydroxide and watere. It was then
erystallised from dilute acetic acid in yellow needles
£§0.8 go), mepe 17?-780.

Apalysis ¢t Found t Cy 74469 35 Hy 494 %
CoyH;80¢ s requires $ Cy 7461 5 H, 4463 %,

2-Carboxymethoxy-1=-benzoylfluorenone :

The above ester (2 g.) was powdered well and sodiaum
hydroxide (10 %3 50 ml.) was added. The mixture was heated
én a steam bath with shaking for 2 hrse. The s‘oiutian was
filtered and the filtrate was acidified with conce.
hydrochloric acid. The precipitated acid was further
purified by extracting it with sodium bicarbonate. It

’
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erystallised from acetic acid in brown nesdles (0.9 ge<)y

0
m.p. 226 (decomp.).

Analysis : Fourd : C, 73.59 5 H, 4.03 %.
C,,H,;,05 s requires s C, 73.7% 3§ Hy 3.91 %.

) ay
3?Pheny1-9ooxofluoreno(z,lz5,& Yfuran :
\

2-Carboxymethoxy~-l-benzoylfluorenone (1 g.) was
refluxed with freshly fused sodium acetate (2 g.) amd acetic
anhydride (2 ml.) on a sand bath for 1 hour. Tt was then
poured on ice and 1left overnight. The separated solid was
filtered and washed with sodium bicarbonate solution. The
residue crystallised from alecohol in yellow reedles (0.3 ge),

0
MePe 152 .
Analysis : Found s C, 85.12 § H, 4.18 %,
02151202 4 requires H C, 85013 ; H, ,"’005 %0

2=Allyloxyfluorenone ¢

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 an@ washed with dilute sodium hydroxide
and then with water. The residue obtained was crystallisged
from alcohol in golden yellow needlss (1.5 é.), MeDe 780.

Analysis '+ Found : C, B1.66 3 Hy 5.37 %o
CygHy 20, ¢ requires s C, 81.36 § H, 5.08 .

2-Hydroxy-l-aliylfiuorenore 3

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



)
heated in an oil bath at 230-35
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for 5 mimites. It was then

cooled ard the solid was dissolved in ether. The ether

solution was extracted twice with 25 c.c.

of 10 4., sodium

hydroxide solution. The alkali layer was separated and

acidified with corec. hydrochloric acid with proper coolirg.

The separated solid crystallised
¢}
nesdles (0.5 ge), Meps 139 &

Analysis s Found : G,
requires t G

CieH,; 20, s

2-ieetoxy-l-allylfluofenone

2=Hydroxy-l-allylfluorenore

from dilute alcoi; in red

81.39 ;
81.36 ;

%o
%o

Hy 5427
", 5.08

.
.

(1 g.) was refluxed with

froshly 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

benzene-petroleum ether mixture.

Analysis s Foudd s Gy
C.8H;403 3t requires : C,

2=Acetoxy-l=-allylfiuorenone

M.P, 129 . Yield 0.9 g.
78.00 ; H, 502# %o
78427 § Hy 5.07 %,

dibromide ¢

2=Acetoxy~l-allylfluofenone

(1 g+) was dissolved in

[o]
glacial acetic acid (20 ml.) and cooled to 15-20 . Bromine

(0.5 ge¢) 1in glacial acstic acid (5 ml.) was added dropwise

with constant stirring. A yellow solid separated 1mmediately.

0
The mixture was stirred at 15-20 for 1 hour and filtered.

The residue was crystallised from benzene in ysllow needlés

0
(l.l»g.), MePoe 193 °
Anslysis ¢ Found

s G,

: requires : G,

%9053; H,3.00; Br’36 .93 %o
#9032§ H,3.33§ Br,36.53 %e
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The above dibromide (1 g.) was dissolved in aleshol
(75 ml.) and potassium hydroxide (1.5 g.) in alcohol (25 ml.)

. 9
21Methyl-9=-oxofluoreno(2,1:5,% )furan :

was added. The mixture was refluxed on a steam bath for 3 hrs.
The solvent was distilled off ard the residue was diluted
with water. The separated solid was crystalllsed from dilute
alcohol in yellow reedles (0,3 g.), MeDs 1%30.

Analysis : Found : C, 82.13 5 H, 4.17 %.
C,eHy 002 s requires : C, 82.06 3 H, 4.27 %.

’ 9
21Me thylfluoreno(2,1: 5,4 )furan

2lMethyl-9-oxofluoremo (2,1: 5,4 )furan (0,5 g.) was
dissolved in ethoxy ethanol (25 ml.) and hydrazine hydrate
(85 43 2 ml,) was addeds 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 alecohol in colourless
needles (0.2 g.), Mmep m8’. Mixed Mep. with 2imethyl- "

’
fluorero(2,1: 5,4 )furan was not depressed.
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Bromiration of g:”hzdroxyfluore ne, 2«-hydroxyfluorsrons
and_their methyl ethers :

T

Bromination of simpile fluocrene and some of its
derivatives has been studied ard this has been discussed
in the general 1ntreduction; Bromination of hydroxyfluorenes
and hydroxyfluorerones has howsver rot been systematically
studied. Eckett and Lar.xgeckerl- carried out the bromination
of 2~methoxyfiuor‘ene in acetic acid. They reported the
formation of a dibrome 2-methoxyfluorene ard a tribromo
2-methoxyfluorenes The structures of these derivdtives have
0t - been established. A tribromo derivative of 2-methoxy-
flucrenone was prepared by these workers by oxidising the
ebove methoxy-tribromefluorene with sodium dichromate in
acetic acid, A hydro;y tribromo fluorenone alsc of unkrown
structure .was.prepared by the 'same workers by brominating
2-aminofluoremwre and converting the amimo group to hydroxy
through diazotisations. 2-Msthoxy-7-bromoflucrers has been
prepared by Campbell and Hasan’ through the following

sequence of reactionss

!‘ N;F&aﬁon
w iR eduction

w.o%olig,ato-u thea
bot.fm? wilk suifa aric
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Other bromo derivatives of 2-hydroxyfluorsne and
2-hydroxyfluorerone and their methyl ethers hasve not
been reported , It was therefore thought of intarest
to study systematlezlly the bromination of 2-hydroxy-
finorene and 2-hydroxyfluorencns and their msthyl

ethers.

Bromination of 2-hy e _and 2-hydroxy-

droxy

filgoremne and their methyl ethars with ons mols

of bromins

2-Hydrogyfluorene dissolved in acetic acid was.
treated with exactly ons mole of bromine in glacial
acetic acid. On keeping the resction mixturs overnight
a product s@paratad whizh analysed for a mom> bromo
derivative. It has been assigned 2-hydroxy-l-bromoe
fluorers structure (I) bocause it could be comvertad
into zémethoxyfluarénonaul—earbcxylic acid through the
fallowiﬁg sequance of raactions :

The methyl ether of the monobromo ¢8mpound (II) was
propared and oxidised by boiling with sodium diéhromate
in glacial acetic scid to the corresponding fluorenone
derivative (III), This on boiling with caprous cyanide
in dimethyl formamide gave’the eyan> derivative {(IV) -
which on refluxirg with potassium hydroxide in alsohol
gave an acid whizh was found on direet comparison to
bz identical with 2-methoxyfluorenons-l-carboxylic acid
(V) prepared by the haloform reaction on 2-methoxye=le -

acetyl fluorenone as deseribed earlier (p.158 ).






2-Methoxyfluorend. on bromination with orne .mole os.j 89
bromine in acstic acid gave 2-methoxy-l-bromofluorens (II)
as séan by direct comparison with ths methyl ether of
2<hydroxye-lebromo fluorene described aboves

2-Hydraxyf1uo;;enone, on similar bromination with one
moles of bromins gave a mono bromo derivative to which
2-hydroxy-l-bromofiuorenone structurs (VI) has been assignped
because the methyl ether of this compound was identical
with 2-methoxy-l-bromofluorencne obtained by the oxidation
of 2emethoxy-l=-bromofiuorens, 2«Methoxyfluorenon2 also
with one mole of bromine gave 2-methoxy-l-bromofluoranons.

2=Methoxy-3-bromofluorene and 2emethoxy-3-bromo

fluoremm 3

2-Hydroxyfluorens was nitrated according to Ray
and Iﬁzll‘; These authors assigned 2-hydroxy-3-nitrofluorene
structurs to the produet fo_i-med bacause the compound
could also be obtained fronlihgncwn 2~gnino=-3-nitrofluorene
through dlazotisation. The x;ethyl ether (VII) of the
hydroxy nitro compourd was reduced with sodium hydrosulphite
in alcohol to 2-methoxy-3-aminofluorere (VIII)eg This was
dlazotised in hydrobromic acid and boiled with a solution
of cuprous bromide in hydrobromic acide 2-Methoxy-3-
bromofinorene structure (IX) is assigned to the product
obtaimsd,

2-Mathoxy-~3=bromofiuorene was oxidised with sodiam
diehromate in glacial acetic acid to 2-methoxy-3=-bromo-

fluorenore ().
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2=Methoxy-7=bromofluorene and 2-methoxy-7-bromoe

fluorenone

2-Methoxyf1uorena was nitrated according to Ishikawa
and OKaZakig o These workers reported the formation of two
derivatives : 2emethoxy~7-nitrofluorene and 2-methoxy-3-
nitrofluocrens. 2-Hethoxy-7-nitrofluorens structure was
assigred to this compound as it was found to be identical
with the compound prepared earlier from 2,7-dinitrofluorene
through partial reduction, diazotisation and methylation



191

of the hydroxy compounde 2-Methogy-7e-nitrofluorene thus
obtainsd was reducsd to 2-methoxy-7-aminofluorens (XIILI) .~
which was diazotised in the precence of hydrobromic acid.
On boiling the diazonium bromide with copper powder a
bromo compound was abtaine:d to whizh 2-methoxy-7~-bromo-
fluorens structure (XIV) is assigmed. This has bean
prepared previously by Campbell and Hasan2 by a different
route as shown on page 186 . This yas oxidised with sodium
dichromate in glacial acetic acid to 2-methoxy-7-bromo-
fluorenone (XV).

4

X1V J o X1

O

By~ \ocH;

NS A
XV

2=Methoxy~1,7~-dibromofiuorense and 2-methoxy-1,7-

dibromofluorsnon®

2-Msthoxyfluorere was dissolved in chloroform and

stirred with two moles of bromine also dissolved in the



same solvent. On removing chloroform a product waé c:bta.i.nel9 2
which analyssed for ga dibromq derivative, 2-Methoxy-1,7-di-
bromofluorene structure (XI) is assigned to the compound

as the same compound was obtained when 2-methoxy-l-brom -
fluorens amrd 2-methoxy-7-bromofluorens were treated with

cr® mols of broming in chloroform soilution.

2-Methoxy dibromoflugrene on boiling with sodium
dichromate in aqetié acid gave a product to which 2-methoxy-
1,7-dibromofluoremne structure (XII) has besn agsigned,

The methoxy dibromofludm:zé obtained by Eckert and
I:anrxgear:.}cerg-t by brominating 2om/ethoxyf1uorane in acetic acid
séems to bs a different one, because the m.p. of their
compound (1210) is different from the m.p. of 2-mothoxy-
1,7-dibromofluorans (1’11-30) obtaired in the present work.

By

X
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2-Hydroxy-l,3,7-tribromofiucrenre and its methyl ebher:

2-Hydroxyfluorene dissolved in acetlc acid was treated
with excess of bromire in acetic acid. A product separated
out immediately, which on anaiysis ~was found to be a2
tribromo derivative (XVI), 2-Methoxyfluorene on treatment
with excess of bromine in glacial acetic acid gave a
tribromo derivative which was identical with the methyl
ether of 2-hydroxy tribromo fluorene. 2-Methoxy-l,3,7- tri-
bremoflucrene structure (XVII) has been agsigred to this
product as the same tribromo derivative was obtained. vhen
2-methoxy-l=bromoflucrene or 2-methoxy-3-bromoflucrene or

2emethoxy-7~bromofluorere was treated with excess of bromire.

/7
B
XVl
¥, ?
Gk

oc RS
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The methoxy tribromofluorens reported by Eckert and
I:.:-a.ngee:kmt'1 seams to be the same compound bocause the m.pe
reported by them (1880) agrees with the m.p. of the compound
deseribed aboves

2=Methoxy=1,3,7-tribromoflucrenone ¢
2-Methoxy-1,3,7=tribromofluorsne obtained bty the

bromination of 2emethoxyfluorene as deseribed above was
refluxed with sodium dichromate in acetic acid solution. Tﬁe
solid obtained on coolirg analysed for the corresponding
fluorenore derivative and had the m.p. 2680. Therefore
2-methoxy-1,3,7=tribromofluorencne structure (XVIII) ig

assigned to this compounds

The methoxy tribromo flucrenome reported by Eckert and
1 0
Langecker has the mep. 268 o

Bromination of 2-hydroxyf1uorem§e and its methyl

ether with excess of bromipe : 2-Hydroxy-1.3-dibromo

fluorsmore ard its methyvl ether :

2-Hydroxyfluorerone dissolved in acetic acid was treated
with excess of bromire in acetic acid solution. The product
that sep:a.rated imediately anzlysed for a dibromo derivatives
2-Methoxyfluorerone also on a similar bromination with excess

of bromine gave a product which was fdentical with the methyl



ether of 2-hydroxy dibromofluorersre. 2-Methoxy-1,3-dibromo-
fluorenore structure (XX) has been assigned to this compound
as the same product wag obtained on further bromination of

2-me thoxy-l-bromofluorerone ard 2-methoxy-3-bromofluorernore,

Therefore 2-hydroxy-l,3-dibromofluorerore structure (XIX)

has been assigrned to the bromo product from ' - 2<hydroxy=-
fluorerone.
0 o By
O = Q00
’ - By
Xix
(€3) 5%

A 4




EXPERIMENTAL 136

2=Hydroxy=lebromofluorere :

2-Hydroxyfluorens (1 g.) was dissolved in acetic acid
(5 ml.) and bromire (0.8 g.) dissolved in .acetic acid (2 ml.)
was added dropwiss with stirring. The mixture was left
overnight. The separated soli\d was filtered and crystallised
from alechol in colourless needles (0,9 g+), MeDo 1’59oo

Spalysis : Pound s Bry 30.99 %o
C,3Hq0Br ¢ requires ¢ Bry 3141 %

2=-Methoxy-1l-bromoflucrene :

The above compourd (0;5 g.) dissolved in dry acetone
(20 ml.) was refluxed with anhydrous potassium carbonmate
(1 ge) ard dimethyl sulphate (0.5 ml.) on a steam'ba,th for
3 hrse. The solvent was then remcved ard the resction mixture
was diluted with water. The s0lid obtained was crystallized
from acetic acid in cclourless needles (0«3 go)y MoDe 11+60.
The same product was obtained when 2-methoxyfluorene
(1 go) was dissolved in glacial acetic acid (5 ml.) and
brom ine (0,7 g2¢) in glacial acetic acid (2 ml.) was added
drOpwiseﬂwith stirring and the soldtion x}as kept overnight.

Analysig : Found t Bry 29.52 %
Cy4H, 0By s requires ¢t Bry, 25.13 %.

2«Methoxy~l-cyamfluorens 3

The abtove compound (1 ge.) was dissolved in dimethyl
formamide (15 ml.) ard cuprous cyaride (1.5 g.) was added.
The mixture was refluxed on a sand bath for 2 hrs. It vas

then filtered hot. and the filtrate wag diluted with water,



The separated solid was filtered and washed with ammonium 197
hydroxide ard then with water. The residue obtained
erystallised from benzene-petroleum ether in colourless

(4]
Cubes (006 gq)9 MuDPe 17"}' o

Apalysis ¢ Found t G, 81.375 Hy, 4773 N, 615 %o
31531101‘3 H mq‘uirés $ c’ 81@1‘%‘5 ; H,A‘Qg?; Ng 6033 %0

2=-Methoxy~l-bromoflucorenone :

2-Mthoxy-le-bromoflucrene (0.5 g.) was dissolved in
glacial acetie acid (15 ml.) and sodium dichromate (1.5 g.)
was added. The mixture was ﬁeatad urder reflux on a sand
bath for 1 hour. It was then codled ard diluted with waters
The separated solid was filtered and crystallised from glacial
acetic acid in yellow needles (0,3 g.), Mmeps 2080.

Anglysis : Found : Bry 2785 Ze
Cy yHoO,Br : requires s Bry 27,85 %.

2=Hydroxy=-1l=bronoflucrenone :

2-Hydroxyfluorenone (1 gs) wés dissolved in glacial
acetic acid (20 ml.) and bromire (0,7 g+) in acetic acid
(5 mle) was added dropwise with stirrinz. The mixture was
kept overnight and the yellow solid which separzted out was
Tilterad and erystallised from toluene in yellow needles
(0.8 go)y mepa 21?0. '

Analueis + Found t Br, 28.86 %«
Gy 3H,0,Br : requires s Bry 29.02 %.

2-Methoxy-1~bromofiuorsnons
The above hydroxy bromo fluorenone (0.5 g.) was refluxed
in dry acetone (20 ml.) with anhydrous potassium earbonate

(1 g.) and dimethyl sulphate (0.5 ml.) on a steam bath for



198

3 hrse The solvent éas'then renoved and the reaction
mixture was diluted with water. The separated sclid erystallised
from glacisl acetle acid in yellow neadlss (0.4 go), Mepe 208°s
Mixed m.p. with 2emethoxy-l=bromofluorerone obtained by the
oxidation of 2e-methoxy-le-bromofluorane was not depressed.

The szams compound was also obtained when a solution
“of bromine (0.7 go) in glacial acetic acid (5 ml,) was added
dropwise to-zamethoxyflu@rendna’(1 g.) dissolved in glacial
agatie acid (lo ml.) and the reaction mixture kept overnight

and vworked up as before.

2=Mthoxy=lecyanofluoremre :

The above bromo compound (1 g.) was dissolved in ho%
dimethyl formamids (20 ml.) and cuprous cyanide (1 z.) was
added. The mixturs was refluxed on a sand béth fér 2 hrs.

It was then filtered hot and the filtrate was diluted with
wéterQ.The separated solid was filtersd and washed with
ammonium hydroxide solution and then with water. It
crystallised from toluene in golden yellow nesdles (0,6 g.),
mepe 292",

.

Analysis Found t Gy 7654 § Hy 3455 5 N, 546 %e
Cy5He0,N s requires & C, 76,60 3 H, 3.82 3 N, 5.8 %

2=Mthoxyfluorenone-l-carboxylic acid

2-Mathoxy~l=eyanofinorenone (1 g.) in aleohol (100 ml.)
was refluxed with potassium hydroxide (& go in 10 ml. water)
on a steam bath for 8 hrss, The solvent was then removed and
the reaction mixture was diluted with water. It was filtered
and the filtrate was acidifisd with conc, hydrochloric acid

with externil cooling. The acid obtained was further
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purifis2d by extraction with sodium bicarbonate solution.
The product obtained on acidification of the bicarbonate
solution crystallised from dilute acstic a21d in yellow
flakes (0,3 g.), Mepo 24109 Mixed m.pe with 2-methoxy-
fluorenone=l-carboxylic acid preparsd from 2-methoxy-li-
acetylfluorenons, as described on page 158 was not
depressed,

2-Methoxy-7=aminofluorene :

2«Methoxy-7=nitrofluorene prepared according to

Ishikawa and Okaza.ki3 (2 g.) was powdered well and boiled
with aleohol (20 ml.)., To this hot solutien water (10 ml.)
and sodium hydrosulphite (5 g.) were added ard the mixture
was refluxed on a steam bath for 2 hrs. The solvent was then
removed ard the regetion mixture was diluted with water. The
solid ob%talned was fil‘terad and cerystallised from alcohol in
colouriess flakes (1.2 ge), m.D. 2030. Ishikawa and Okazak13
gave the mepe 201+0.

2=Methoxy =7-bromofluorens

The above amino fluorene (1.5 g.) was dissolved in
acetic acid (15 ml.) and hydrobromic acid (3 ml.) was
added. The solution was eolled to 0-3° and then diazotised
by adding dropwise a solution of sodium nitrite (0.6 gs)
in water (5 ml,). The solution was kept at 0-30 for 1 hours
Copper powder (0,5 g.) was added and the solution was heated
slowly to boiling ard then filtered hote. The filtrate was
cooled and diluted with water, The separated solid was
filtered and crystailisgd fron petroleum ether ‘in yellow
cubas (0,3 ge)y MaDe 1090. Campba1l and Hasana gave Mepo
108-110%



2-Methoxy=7-bromofluoranons 3 zﬂ 0
The above bromo compound (1 g.) was dissolved in glacial
acetic acid (20 ml.) and eodium dichéamate (3 go) was added,
The mixture was refluzed 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.ﬁ, TeDo 1%70.

Analysis : Found s Br, 27.58 %o
C; WHg0,Br ¢ roquires ¢ Bry 27.65 4.

2=Methoxy=3=nitrofluorene

Ll

2<Hydroxy=3=ni troflunorens (1 ge)ﬂprepared according
to Ray and Hu11’ was refluxed in acetone (30 ml.) with
anhydrous potagssium 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 watere. The
separated solid was erystallised from acetic acid in yellow
needles; Mmopo 1900; Ishikawa and Okazaki’ gave Me.p. 190-91°%

2~-Methoxy-3-aminoflnorens

2=Methoxy~3=nitrofluorens (1 g.) was powdered well and

refluxad with alcohol (25 ml.). Sodium hydrosulphite (2.5 g.)
and water (10 ml.) w@ré added and the mixture was refluxed
for 2 hrse. The solvent was removed and the reaction mixture
was diluted with water., The separated solid crxstallisad
from aleohol in colourless needles (0.6 g.), mepe 189°¢
Ishiks"and Okazaki® gave . . m.pe 190
. 2-Methoxy-3-bromofluorepe :

2-Mathoxy -3 -aminofiuorene (1.5 g.) was dissolved in
acotic acid (20 ml,) and hydrobromic acid (3 ml.) was added.
The solution was coolsd to 0-30 and sodium nitrite (0,8 g.)



in yater (10 ml.) was added dropwise with stirring. Thelzﬂ1
solution was kept at this temperature for 2 hrse It was
then added showly to dboiling solution of cuprous bromide
(prepared from 3 g. of coppar sulphate) in hydrobromic adid
(10 m1.)+ The solution was boiled for 10 mimtes ard then
filtered hot. The filtTrate was diluted with watere The

soparated solid was filtered and crystallised from diluts
4]
acetic acid in yellow needles (0,3 go), Mcpe 18% »

Analysis s Found " s Br, 28.98 4.
C1 H; oOBr 4 requires s Bry, 29.13 %.

| 2=Methoxy-3=-bromofiuorenone :
2=Methoxy-3-bromofluorene (0.5 g.) was dissolved in
glacial acetic acid (20 mi,) and sodium dichromate (1.5 ge)

was add€d, The mixture was refluxed for 1 how . It was then

diluted with water and the separated solid was erystallised
O

from acetic acid in orange needlss (0,3 ge), Mmeps 196

Analysis : Fourd ¢ Bry 27.6% %e
d‘mHgozBr ¢ requires : Bry 27.65 %.

1-Yethoxy-1l,7-dibromofluorene 3

2«Methoxyfluorens (1 g.) was dissolved in chloroform
(1o ml,) and bromine (1.5 g.) dissolved in chlorofors (5 ml.)
was added dropwise with stirring. The solvent was thsn
removed amd ths residue obtained was crystallised from

~ 0
acetic acid in colourless needles (0.8 g.), m.p. 143 o

Analysis ¢ Found : Br, 4%.79 %. >
GLuH‘OOBrz $ requires H BI‘, 45&16 %e

The same compound was obtained on adding a solution of
bromine (0,7 g.) in chloroform (5 ml,) to a sodmtion of
.?.cizethcxy—l-bromoﬂuorena (1 go) in chloroform (10 ml.) and
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evaporating the solvent. Yield O.b4 go

The same eompound was glsd obtainsd when 2-.methoxy-7-
bromofluorere (1 g.) dissolved in chloroform (10 ml.) was
tregted with bromine (0.7 go) in chloroform (5 ml.) ard
the reaction mixture worked up as abvove, Yield 0.8 go

2-Methoxy-1,7~-dibromofluorerone :

. 2=Methoxye-1l,7-dibromoflucrene (1 g.) was ref}uxed in
acetic acid (20 ml,) with sodium diehromate (3 g.) on a
sard bath for 1 hour. It was then cogled. The separated
sclid was crystallised from glacial acetic geild 4ij orange
needles (0.8 g}, mop. 2370.

Apslysis ¢ Found ¢ Bry 43.22 %o
G, Hg0,Br, s requires . s Br, 43.45 %.

2-Hydroxy~1,3,7~tribromofluorens

2-Hydroxyfluorene (1 g.) was dissolved in glacial acetic
acid (10 ml.). Bromire (4 g.) dissolved in acetic acid (10 ml.)
was added dropwiée with constant stirring. The solid that
separated immediistely was filtered and crystallised from

. o
benzene in solourless needles (1.8 gu), Mepe 190 »

Analysis s Found ¢ Bry 57062 %o
C,3H,0Brg : fequires .3 Bry 57.20 Z.

2-Methoxy-l,3,7-tribromofluorere :

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 stesm bath for 3 hrse
The solvent was then evaporated and the reaction mixture

was diluted with water. The separated solid was filtered

i
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and crystallised from acotic acid in colourless needles

0
(042 ge)y MePo 193 o

Anslysis s Found s Bry, 95,40 %o
Cy,HgOBry - & requires + Bry 55.39 %.

The same product was obtaired when :

1)

i1)

111)

iv)

o-Methoxyfluorene (1 g.) was dissolved in glacial
acetic acid (10 ml.) and bromine (3 g¢) ir glacial
acetic acid (10 ml.) was added droﬁwise with
stirring. ard the reaction mixture was worked up as
before. X
2-Methoxy-l-bromofluorens (1 g.) was dissclved in
acetic acid (10 ml.) \and bromire in acetic acid

(10 %3 15 ml.) was added slowly with stirring and
éhe rgaction mixture worked up as'beforee
2«Methoxy~3-bromoflucrere (0.5 g.) was dissolved in
acetlc acid and bromine (l.go) in acetic acid (5 ml,)
was added dropwise with shaking ard the reaction
mixtuee was worked up as before.
2«Methoxy <7 «bromofluorene (0.3 g.) was dissolved

in glacial acetic acid (5 ml.) and bromine (0.6 go)
in acetic acid (5 ml.) was added with stirrii:g and
the separated solid crystalliesd from acetie acid,

2«-Hydroxy~1 ,'3 =dibromofluvorenone :

2-Hydroxyfluorenons (1 g.) was dissolved irn acetic

acid (20 m1.) ard a salution of bromire in geetic acid

(20 %3

20 ml1,) was addeéd dropwise with constant stirring.

The s0lid that separated immediately was crystallised from
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acetic acid in golden yellow needles (1.2 g.), Map2237 »

Analysis : Found ¢ Bry 45.04 Z.
GL3H6OZB?2 $ r@qui‘.r@s "‘ pH Brg }‘6’5‘31‘5 %0

2=Yethogxy=1,3-dibromoflaorenons ¢

2=Hydroxy=1,3-dibromofivorensne (0,5 g.) in dry acetone
(40 ml.) was refluxed with anhydrous potassiu@ carbonate (1 ge)
énd dimethyl sulphate (0.5 ml.) on a steam bath for 4 hrs.
The solvent was then evapoéatéd and the reaction mixtur2 was
diluted with water. The separazted solid was crystallissed

]
from acetic acid in yellow npeedles (O go), meps 191 »

Analysis : Found ¢ Bry 43,00 Zo
Cy,Hg0,Br, ¢ raquires 3 Bry, #3.45 %o

The same sompound was obtaired when :

i) 2-Methoxyfluorerone (1 g.) was dissolved in glacial
acetic acid (15 ml.) and bromine (2 g,) in acetic
acid was added dropwisce ‘

ii) 2-Methoxy-l=bromofiuoremne (1 g.) was dissolved in
acetie acid (20 ml,) and bromine (1 g.) in acatic
acid (5 ml.) was added dropwise anl the reastion
mixture workad up as above. ‘

11}) 2-Methozy-3=-bromofluorendone (0.5 g.) was dissolved
in acetic ac1d (20 ml.) and bromire (0.5 g.) in
acatic acid (5 ml,) was added slowly“with stirring.

b%%mwh@%%%mmﬂmwmm:

2-Methoxy-1,3,7-tribromofluorens (1 g.) was dissolved
in acetic acid (20 mle) and sodium dishromate (3 g.) was



added, The mixture was refluxed on a sand bath for ome
hour. It was then dAiluted with watere The separated solid
was erystallissd from glacial acoetle acid in golden yellow

0
nesdles (0.8 go), Mepo 268 o

.0

Analysis : Found Bry, 53.63 %e

C; 4, Hy0,Br; s requiras Bry 53467 %

[ 2]
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