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ABSTRACT

PART A

1-Nitro-, l-acetamido~ and l-bromofluoranthene unlike phe cor-
responding 2- and 3-substituted fluoranthenes all dibroﬁinate in positions
4 and 9. The theoretical implication of this has been discussed. With
excess bromine and heat on l-nitrofluoranthene, six bromines entered the
structure and the nitro group was completely lost. 1l-Acetamido- and 1-
bromofluoranthene tribrominate in positions 4,8 and 9. Side chain brom-
ination of l—acetamidofluo;anthene was accomplished using pyridine5
hydrobromide perbromide, Both,lmbromo— and l-hydroxyfluoranthene have
been gynthesized from the amine through digzonium reactions, 3-Aceta-
midofluoranthene was fpund to brominate in position 2 in carbon tetra-
chloride just as it did in acetic acid and in carbon tetrachloride:
écetic acid 1:2,

1-Nitro- and l-acetamidofluoranthene have been nitréted’to
give dinitro derivatives. A mono nitro derivative was also obtalned in
the case of the acetamido compound. The 6rientations of these compounds
have not been rigidly established. New amino and acetamido compounds have
been derived from these. During the course of this work, fwenty—one.new

compounds have been synthesized.




" "PART B

v‘_FolIOWing the scheme of Charlesworth and Mathiaparanam (1) for

the synthesis of 3,6-disubstituted unsymmetrical fluorenones, the synthesis

- of 3-chloro-6-nitrofluorenone and 3-fluoro-6-nitrofluorenone have been

,acéomplished. In the process, twelve intermediate compounds have beén
.synthesized.. 4—Iodo-2—methy1—4'—bénzophenone and S—acetamido—Ze(p—A
nitrobenzoyl)—benzoic acidvhévevalso been syntheéized but the above scheme
did not achieve the synthesis of 3—iodo-6-nitrofluorenone. Alternate
'scheﬁeé have been proposed. _Dﬁring the»cburse of this work, 16 new |

compounds have been synthesized.
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. INTRODUCTION

The directive properties of substituents in the fluoranthene
nucleus have provided exciting though formidable research over the past
‘twenty years. Even as late as 1964 R.D. Brown (1) in a discussion of
non—aiternant hydrocarbons concluded that fluoranthene deserves closer
Study, both theoretically and experimentally. " Much wofk has been done
" on the further substitution of 3-substituted fluoranthenes. In this
1abofaforykover‘the past five years, similar studies have been done on

2—- as well as 3-substituted flﬁoranthenes;

.In 1955 Campbell and Keir (2)vfound that 3~par50xy, 3-carbome-
thoxy, 3-cyano and 3-nitrofluoranthene were all brominated in position 9,
‘and that directvsulfonation of fluoranthene éave 3,9—fluorenthenedisulfonie
_acid._ These. reations coupled with the fact that bromination of‘3—bromo—
ifluoranthene gave 3,8-dibromofiuorantheﬁe caused them to draw an analogy
te disﬁbstitution in monosubstituted dipheﬁyl; and postulate that a meta-

directing group in ring A of fluerantheﬁe would direct a second substituent

-




to position 9, and that an ortho-para directing group in the same ring

would- direct a secénd substitutent to position 8. This was shown to be
an oversimplification since Kloetzel et al. (3) iﬁ 1956 found that.3-
acetamidofiuoranthene was nitrated in position 2 rather than in position
8. They suggested, that in this case, substitution occurred in the same
ring because the acetamido group is a highly activating substituent.
Charlesworth and Blackburn (4) further substantiated this by demohstrat—
ing that 3-acetamido and 3-aminofluoranthene were brominated in position
2, |

-Charlesworth and Dolenko( T9) shoﬁed that 2;nitr0fluorénthene
undergoes bromination in position 9, whereas 2—acetam1dofluoranthene
brominates in posi;ion 3. Recently Charlesworth and thhown(fM])showed
that nitration of 3-nitro and 3-acetamidofluoranthene occurred in thé
9 and 2 positions respectively.

From the fbregoing it can be seen that nitration goes the same
way as bromiﬁation whether the initial substituents were in the 3 or 2-
positions. Furthermore a mono substituted fluoranthene has never been
found to substitute into.ring B of the fluoranthene nucleus.

Up to this point further substitution ofvthe final position in
ring A (i.e. 1-substituted fluoranthenes) had never been reported.
Wilshirek(ﬁersonal communication) attempted nitration of l-nitrcfluoran-
thene, but was unable to isoiate any useful products. It seemed there-
fore particularly desirable to brominate (and possibly nitrate) l—nitro—,
l-acetamido- and l-bromofluoranthene, These substituents were chosen
because of their interesting directive properties. The nitro group is
highly deaétivéting and meté directing, whereas near the opposite end of

the activity scale the acetamido group is highly activating and ortho-para
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directing. The bromo group occupies a unique position in that it is
slightlyvdeactivating but ortho-para directing.

As can be observed from earlier paragraphs (also Table II page 40)
much work had been done on further Bromination of 2- and 3-nitro, 2-
and 3¥aéetamido and 2- and'3—bromof1uoranthenes.‘ Somewhat less has
been reported on nitration of the corresponding compounds. The products
ffom the reactions of the l-substituted fluoranthenes would be isolated,
their orientations established and the results compared with analogous
reactions of thé substituents in the 2 and 3 positioms. One might
expéct similarvbehavior in further substitution regardless of whether
the initial substituents were in positions 1,2 or 3. Expe;imentation,

however, proved otherwise.




- 'I,ITERATURE SURVEY*

The structure of fluoranthene,'a colorless crystalline hydro-
carbon of molecular formula 016H10 and melting at 109.5 -~ 110.5° is

depicted below. The numbering system in formula la is now used almost

la -~ . T

,\texclusively throughout the world. The numbering system in 1b is in ’
accordance with the Richter system of nOtgtion and until quite recently
was used by most European chemists. The notation in la will be used

throughout this thesis. Tt is both interesting and informative to note

that thé following.hydrocarbon molecules éan be_discerﬁéd in the fluo-
“ranfhene structure: benzene, naphtﬁalepe, fluorene, indan,«acénaphthene,
diphenyl and cyclopentane. |

Fluoranthené was discovered independently by Fittig and Gebhard
" (6) and by Goldschmiedt (7N inv1877. Géldschmiedt. obtained fluoranthene

by fractional distillation and crystallization of a mixture of hydrocarbons

% An excellent review of fluoranthene chemistry up to 1951 is contained
in reference (5). :




“known as idrialene which had previously beeﬁ obtained by extraction of
the'mercury ores of Idria'by Dumas (8) and Laurent (9). Fittig and
Gebhard isolated fluoranthene from the hlgh boiling fraction of coal

tar. Little interest was shown in the compound until 1929 when von Braun
and Anton (10) proved the structure of fluoranthene by synthesis from
ethy1—9—f1UOrenecarboxylate énd g-chloroethylpropionate. This is |

. . : o
~41lustrated below.

A ' | C.H,00C - CH,CH,C00C,Hy
H COOC.H |
275 )c H ONa °2"s 2" 2

)ClCH CHZCOOC H .
;__>

HOH

V

. iCHZCH 2COOH

a)SOCl2
&b)AlCl3

%%

red lead (heat)

Oy
[

—_—

Zn, HCl

4




Addition Compounds of Fluoranthene (11, 12, 13)

propensity for forming molecular complexes with nitro

complexes, often used for characterization,

185 - 186°; the 1,3,5—trinitrobenzene complex, m.p. 2

dinitrobenzene complex, m.p. 77°; the 2,4—dinitrotolu

75.5° and several others.

'Oxidation‘of Fluoranthene (5

The products‘of oxidation of fluoranthene Vv
"the oxidizing conditions. Oxidation with po
sulfuric acid and chromic anhydri:

yields 2,3—f1uoranthenequihone (1) and 1-

as the principal products.

1T is alsc produced in go

anhydride in acetic acid or

acid (III),'oxalic acid, ca

glyoxylic acid av).

), )
Cle)

1

Fluoranthene closely resembles naphthalene and pyrene in its

compounds. These

include the picrate, Mm.P.

05-206°; the 1,3-

ene complex, M.P.

ary greatly with

tassium chromate in dilute
de or potassium'chromate in acetic acid

£1uorenonecarboxylic acid (I1)

od yield with chromic

0 COOH

(o1

II

with aqueous permanganate as was found by this

rbon dioxide, with some 2,

. author. Prolonged treatment with alkaline permanganate yields hemimellitic

6-dicarboxyphenyl-




@ _ COOH
COOH |
[\ . + coom
o COOH hoon

III
COOH

; COOH | |
v

/

Ozonolysis in glacial acetic acid gives a mixture of l-fluorenonecarboxylic

acid (II) and l—fluorenonealdéhyde ).

@ | | 0 EOOH | 0 CHO
g — 7

11 v

Reduction of Fluoranthene

coldschmiedt (13) in 1880 prepared hydrogeﬁated derivatives of
fluoranthene but was unable to characterize the products obtained. In
a detailed investigation completed in 1930, von Braun and Manz (14) re-
ported that reduction of the hydrocarbon with sodium amalgam gnd alcohol,
or with phosphor Us and hydriodic acid below 180°, gave almost a quantitative
yield of l,2,3,lOb—tetrahydrofluoranthene (VI). Above 200°, they obtained
an inseparable mixture of products. Catalytic hydrogenation of fluoranthene

under pressure using 20% palladium—charcoal as catalyst, gave VI as the




initial product (71). Further hydrogenation produced 1,2,3,6b,7,8,9,

10,lOa,lOb—decahydrof1uoranthene (VII) and"perhydrofluoranthene (VIID).

VI ' : viz O yIIT

The addition of hydrogen to the fluoranthene nucleus therefore occurs in
such a way that ring A is hydrogenated first, then ring C and finally ring
B. Perhydrofluoranthene (VIII) is dehydrogenated at 450° with chrome—b
alumina catdlyst to give fluoranthene as the principal product together
with some partially hydrogenated fluoranthenes (probably VII and VI).
Recently (54) a novel method has been reported for the synthesisd
of 6b, lOa—dlhydrofluoranthene which cannot ‘be obtalned by hydrogenation
of fluoranthene. Oxidation of l—am1nonaphthotr1a21ne w1th lead tetra-
acetate (LTA) is believed to form a nitrene, fragmentation of which could

form 1,8—dehydronaphthalene.

A

NH




When ehe reaction is done in benzene besides the formation of perylene
and fluoranthene, 6b,10a—a1hydrofluoranthene is also found. When this

reaction was done in p-xylene 7,10—dimethylf1uoranthene was obtained.

‘Oxidation of Substituted'Fluoranthenes

Oxidation of substituted fluoranthenes with dichrcmate oY
chromic acid solutions, invariably givee substituted or unsubetituted
fluorenone carboxylic acids depending on the ring broken. Thus the
naphthalene rather than the benzene part of the structure 1is broken.
Electron rich: ngs are easily ox*Alsea. An electron donating OT. acti-

vating substituent therefore, will facilitate rlng breaking whereas an

electron withdrawing or deactivating substituent will hinder ring break~

ing (5)(19)(29).

.0 5
s - ]

NH (NHCOCH )

COOH

0
i P
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With poiysubstituted fluoranthenes, the same behavior is observed (5)(24) (33).

NH (NHCOCH )

Y w

0  COOH

CrO

N02(Br)

When two substituents are in one ring of the naphthalene part of the

xidation occurs as follows %) (5).

o, (O

, N02(Br)
NH2

(NHCOCH3)

molecule o

COOH

Thus it seemé that the activating substituent overcomes the effect of

the deactivating substitutent in chromic acid oxidations.

Althoﬁgh the above generally holds true apparently with a slightly




deactivating group as bromine more than one oxidation product can be
obtained., Campbell et al. (25) obtained the following products on the
oxidation of 3,8,9—tribromofluoranthene (IX) using different oxidation

times.

COOH o COOH

Na Cr207/HAc

gglled 20 hrs.

NaZCr O JHAC

" boiled 48.E;§T“~$>

HOOC

(1Ix)

COOH

. ‘Monosubstituents i{n Fluoranthene

1) Halogens

| Thévonly mono bromo fluoranthehes obtainable by direct substitu-
‘#ion of fluoranthene are the 3- and 8-isomers. The 92— and 7-isomers have
Been obtained by in&iredt methods and the 1-isomer. has never appeared in
the literature. Bromination of fluoranthene in carbon disulfide results
»in»the fofmation of two isomers. 3—Bromoflﬁoranthene is the méin product
and some 8-bromofluoranthene ig also formed (5. 3-Bromofluoranthene is
also readlly prepared by the dehydrogenation-of 4-bromo-1,2,3,10b-tetra-
' ‘hydrofluoranthene with chloranil in boiling xylene (15) 2—Bfomdfluofan;
thene was prepared by Charlesworth and Blackburn (4) both by deamination
,:of 2—bromo—3—am1nofluoranthene and by a Sandmeyer.reaction on 2-amiﬁo—

fluoranthene. 7-Bromofluoranthene (XI) and 7-chlorofluoranthene were
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: 1ngen10usly synthe51sed by Campbell and Crombie (16) from: 1,2,3 lOb— :

tetrahydro—B—oxofluoranthene (X) by a method which could be used for

the synthesis of other 7-substituted fluoranthenes. Their work.is~™

illustrated on the following page.

3-Chlorofluoranthene was prepared by direct substitutiom by

passing chlorine through a solution of the hydrocarbon in propylene

oxide at room temperature an.
tion resulted in the formation

products of unknown origin (5.

Attempts at jodination and fluorina-
of complex mixtures of polysubstltuued K

However, in 1961 Fletcher (72)

succeeded in converting 3—am1nofluoranthene to the 3- £1uoro derlvatlve

u51ngtetrahydrofuran.1n a Schiemann reactlon. 3-Iodof1uoranthene (18),

9-chloro-, 2-iodo- and 2-fluorcfluoranthene (19) have been prepared

2) Nitro Groups

from the corresponding amines by the usual methods.,

The nitration of fluoranthene has long been known to give pre-

dominantly‘3—nitrofluoranthene

(20). von Braun and Manz (21) proved the '

_presence of 8-nitrofluoranthene in the crude nitration product but this

isomer was-isolated‘and charactefized by Kloetzel et al. (3). 1-Nitro-

-fluoranthene ijs best prepared by nitration of 1,2,3,10b—tetrahydrofluor—

anthene according to the method of Campbell and Wilshire (33). This will

be discussed in greater detail

on page 34¢ Streitwieser and Fahey.(22)

obtained four of the five possible mononitrofluoranthenes by nitration

in either acetic acid or acetic anhydride. Their results showed that

acetic acid is the solvent of choice when only the nitration product at

~ the most reactive position is desired,whereas acetic anhydride is the

solvent to use if one desires to isolate products of reaction at less

reactive positions. A summary

of their results is presented in the




0 NH
©f
Cl3CCOOH

O
3D
©)

chloranil

polyphosphoric
acid

(1)




following table.

Table I

NITRATION PRODUCTS OF FLUORANTHENE

Position Per Cent ' _ partial rate factors relative
to a l-naphthalene position

Acetic Acetic Acetic Acetic

anhydride, 0° acid, 50° anhydride, 0° Acid, 50°
1 | 11.1£3.3 2315 0.7 0.3
3 43.5_1’ 5.8 69.6 2.7 2.9 8.1
| 7 18.4 + 3.9 5.0 % 1.9 | 1.2 0.6
g | 27.0 £ 5.8 93.1

2.7 1.8 2.7

2—Nitrofluoranthene has never been obtained by direct substitution of
the parent hydrocarbon but Kloetzel et al. (3) obtained it by nitration
of 3—aoetam1dofluoranthene followed by hydrolysis and deamination.
k3§ Qther Monc cubctituents

. Direct sulfonation of fluorenthene by chlorosulfonic acid in
an inert solvent yields 3—f1uofanthenesulfomio acid (5).. von Braun and
“Anton (10) showed that a small amount of the 8—substituted isomer was
also found. Treatment of fluoranthene in a Friedel- _Crafts reaction with
‘benzoyl chloride in the presence of aluminum chloride gives & mixture
of 3=benzoyl and 8—benzoylf1uoranthene in approx1mately equal quantltles.
‘Acetyl bromide in the presence of aluminum chloride in carbon disulfide
acts on fluorantﬁene to produce a mixture of 3-acetyl-, 8-acetyl- and
3,9~ d1acetylf1uoranthene 3.

Recently Shenbor (47) synthesized 3—hydroxyfluorantﬁene

by treating fluoranthene with Pb(OAc)4 in acetic acid. The 3-acetoxy-

fluoranthene obtained was treated with base to give the hydroxy compound.

1




The 3-hydroxy compound had also been prepared from the 3fsulfonic acid
by alkali fusion. The 3-methoxy derivative has been synthesized from
the'hydroxy compound by treatment with dimethyl sulfate and potassium

'Carbonate'(3l)(65).

‘Disubstituents in Fluoranthene

1) Bromination

An appreciable amount of work has been done on the brominetios
of mono substltuted fluoranthenes. Notﬁing has been reported, hoWe§er,
on qther halogenatlon of mono substituted fluoranthenes. . The first
disuesfituted fluoranthene compound whose orlentatlon was determlned
was 3,8—diBromofluoranthene (XI1) in 1950. This compound, most con—-
“veniently prepared by direct bromination of fluoranﬁhene in nitrobenzene,
has haa its structure ascertained by two 1ndependent methods. Caﬁpbell
' gé;gl,.(ZA) oxidised the dibromo compound with chromlc acid to give di-
bromofluorenone—l—carboxylic acid (XIII) which gave different results
upon decarboxylation, dependiné upon thelcatalyst. Using copper and
quinoline, they ebtained 2—bromo£1uorenone (x1vy, whereas when ﬁhey used

mercuricoxide at 180°, 2,7—dibromofluorenone (XV) resulted.

@ 0 - COOH C/u/ Quinoline
| . @ " ‘@ Br :

. Br - . Br Br
(XID) - - | o

(XV)
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Theystructure of 3,84dibromofluoranthene wasvindependently
determined by Holbro and Tagmann (26) who gynthesized it from 2,7~
dibromo—9—fluorenemethylcarboxylate (XVI) as shown on the following
page. 3,8—Dibromofluoranthene besides being obtained by the direct
bromination of fluoranthene itself (15), can also be obtained by
fﬁrther bromination of 3—bromofluoranthene,(2). Recently Kamieska
and Mazonski (27) have investigated the bromination of fluoranﬁhene
with dioxane-dibromide with respect to the effect of temperature, solvent
and'molar‘ratio_of the substrates. They jsolated specific percentages
of the 3-bromo-, 3,8—dibromo— and 3,8,9-tribromo- derivatives depend-
ing on the molar ratio of the substrates.

In 1955, Campbell and Keir (2) prepared 3, 9—dibromofluoranthene
(xvi1) from 3—nitrofluoranthene which was brominated, reduced, dlazotlzed

and treated in a Sandmeyer reaction. At the same time they showed that

" 3-cyano- (XVIIiI), 3—carboxy- (XIX) and 3—carbomethoxyfluoranthene (XX)

1ike 3-nitrofluoranthene all brominated in position 9. Their work is
summarized on page 18. |

Charlesworth end Blackburn (4) showed that 3—aminof1uorantﬁene
in acetic acid and 3—aeetamidof1uoranthene in_pyridine ﬁoth brominated
ie position 2. The prodﬁct which they obtained from hydrolysis of the
acetamidobromefluoranthene was identical to that produced from the brom-—
ination of 3-agminofluoranthene. Thus, the bromine atom must enter the
same p051t10n in both cases. . Oxidation of 3—amino—Z—bromofluoranthene
gave 1-fluorenonecarboxylic acid proving that both substituents were
in the same ring. Deamination of the bromo-amine produced. 2-bromo-
fluoranthene, identical with an authentic sample prepered from 2-

nitrofluoranthene by reduction, diazotization and treatment with cuprous
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bromide in a Sandmeyer feaction. This work is summarized on page 20.

| Charlesworth and Blackburn (4) and Charleéworth and Lithown (30)
also found that the position'of bromination of 3-acetamidofluoranthene
depends on the solvent used. In pyridine bromiﬁation occurs in position
2,whereas in acetic acid bromination occurs in position 8. Moreover
Kaminska and Mazonski (27) found fhat 3-acetamidofluoranthene brominated
in position 8 in acetic acid and carbon tetrachloride (2:1). !

Tn 1965, Charlesworth and Dolenko (19) studied the influence

of strongly activating and deactivating gubstituents in position 2 of
the.fluoranfhene molécule, They showed that in pyridine 2-acetamido~
fluoranthene brominated in position 3 and that 2—nitrofluoranthéﬁe
brominated in position 9. The qrientation of the substituents was
estabiished in the following way. Hydrolysis of the acetamido-bromo
,‘compéund gave a bromo-amine, which on deamination gave the weil knowﬁ
3-bromofluoranthene, thus proving that bromination of 2-acetamidofluor-
anthene occurred in position 3. The 2—nitrobromdfluoranthene was also
oxidiséd and decarboxylated to give a bromonitrofluorenone. The strucﬁuré
of this compound was later proved to be 3-bromo-6-nitrofluorenone (XX1)
by Charlesworth and Mathiaparanam (28) ﬁho developed a very efficient
synthesis for unsymmetrical 3,6—disubstituted fluorenones. This is
discusséd in part B of this tﬁesis, where some similar synthetical work
in this field is reported. The product obtained from the 2-nitrobromo-
fludranthene after reduction, acetylation and oxidation was 7-bromo-
fluorenone-l-carboxylic acid, as this was identical with an éuthentié
saﬁple of this maﬁerial. This work is summarized on page 21. Up to this
point no bromination of 1,7,0T 8 mono-substituted fluoranthenes had been

done.
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Quite recently Campbell et al al. (65) found that bromlnatlon
of 3—methoxyf}uoranthene yields 2, 8—d1bromo—3—methoxyfluoranthene (XX11),
the structure of thcp follows from its oxidation to 6-bromofluorenone-
‘1-carboxylic acid (XXIII), and also by the synthesis from 3—bromofluorene4
9-carboxylic acid (XXIV) Their work is illustrated on page 23, Thus

dibromination of 3—methoxyfluoranthene occur in the éameFPOSitions as
. 'dinitration (31); These authors ‘also showed that 9-nitro-3-methoxy-
fluorénfhene brominates in position 8 and developed a short method for
' déamination of fluoranthene amines. | |
2) Nitration |

Charlesworth and Lithown (30) reacted 3-nitrofiuoranthene with
fuming nitric acid to obtain'3,9—dinitrof1uoraﬁthene (XXV). This was
verified by conversion to 3,9—diacétamidofluoranthene (XXVI) which proved
f‘to be‘the same product as that prepared from 3,9—diacetylfluoranthene by

a Schmidt reaction with sodium azide as described by Campbell et al. (29).

" Their work is summarized below.

NO2

: (XXV) T a) (\)
- _ -~ b) Ac 0

COCH3 . o NHCOCH

© o @

cocH _ | T NHCOCH,4
(XXVI)




- CN CH CH

COOH

(0)

@‘

"_(XXIII)

Br ‘!::Il
) o

Q(mz)

COOH

(XXIV)
a) Michael addne

Brz/HAC ‘
(60°)

N b) \aOC?hS

©we @

a) HOH

(nitrobenzeneg
1)

‘OCH

Brz/HAC,
(60°)
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A similar éttempﬁ at further nitration of 2—nitrofluorantﬁene'
produced a very small amoﬁnt of a dinitrofluoranthéne. Siﬁce B;nitrof
and 2-nitrofluoranthene both brominate in position 9,and 3-nitrofluor-
anthene nitrates in position 9, it is ekpecﬁed that 2-nitrofluoranthene

will nitrate in the same position as it brominated i.e. position 9.

Mass spectral evidence also suggests this but the orientation as 2 9-
dinitrofluoranthene remains to be rigorously proved.

The above authors also studied the influence of nitration on
é'strong}y activating group.. They ound that 2..acetamidofluoranthene

.pitrates in position 3. This was proved in the follow1ng way. Hydrolysis

of the 9—acetamidonitro compound (XXVII) gave the 2-amino compound
(XXVIII). Deamination by diazotization and treatment with hypophosphorous
acid gave the well known 3—nitrof1uoranthene indicating that the nltro
group had entéred position 3. oxidation of 2-amino-3 3-pitrofluoranthene
gaVe l—fiuorenonecarboxylic, acid, which is further proof that the nitro
group had entered the A ring. Catalytic reduction of‘2—acetamido—3—
nitrofluoranthene gave. the rather crude 2—acetamido—3-aminofluoranthene
(XXIX) Acetylation gave 2,3—diacetamidofluoranthene (Xxx) identical |
with that prepared by Kloetzel et.al. (3) from 3-acetamido-2-nitro-

fluoranthene. This work is summarlzed on page 25.

In 1956, Kloetzel &t ale - - (3) showed that 3—acetam1do—
fluoranthene was nitrated in position 2 rather than the expected position
. 8, They proved the orientation of the acetamido-nitrofluoranthene as

_ follows. Oxidation of the n1tro—am1ne ylelded 1—f1uorenonecarboxylic

acid (XXXI), thus proving that both substituents were in the same ring.
Hydroly31s of the acetamldo-nitrofluoranthene, deamination and finally

oxidation of the resultant nltrofluoranthene gave 3-nitrofluorenone-1-




(XXVII)

HOH

‘ (XXVIII)

a) HNO
b) H3P0 9

‘ HNO, o . ' (H)
, @ NHCOCH4 0 'NHCOCHB

o  COOH
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NHCOCH,
T NHCOCH,
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position

¢arboxylic acid (XXXII) proving that the nitro group was in

2. This work is summarized below.

{‘::'} a) HNO,
c) (CH co)

NHCOCH

HNO

©
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Recently Andrew, Campbell, Craig and Nicholl(Bl) showed that

nitration of 3-methoxyf1uoranthene yielded 3-methoxy-2- and -8-nitro-

fluoranthene, each of which on further nitration gave 3-methoxy-2,8-

dinitrofluoranthenes. Their work is illustrated on the following page.
The orientation of 3-methoxy—2—nitrofluoranfhene (XXX1I1) was estéblished
by comparlson with the product obtained by the alkaline hydrolysis of

3-amino~-2-nitrofluoranthene (XXXIV) fo]]owed by methylation.. ?urther

nitration of the mixture of 3-methoxy-mononitrofluoranthenes or of

the 2—n1tro—1somer vielded 3—methoxy—2,8;dinitrofluoranthene (XXXV) .

- Nitration of 3- toluene—p-sulphonyloxyf1uoranthene (XXXVI) occurred

in position 8.. XXXVII was hydrolysed to the phenol (XXXVIII) which
was oxidised aﬁd decarboxylated to yield 3-nitrofluorenone (XXXIX)
thus estéblishing the orientation of XXXVIII. 3;Methoxy—8—nitro—
fluoranthene (XL) which was feadily prepared from XXXVIII nitrates
. further to give 3-methoxy-2,8-dinitrof1uoranthene (XXXV). These
éuthors also synthesised 3—hydroxy—9—nitrofluoranthene, 3—methoky-
9—ni;rofluoranthene and 3—methoxy-2,9—dinitrofluoranthene and found
that 3-acetoxyfluoranthene nitrated in'position'8.

3) Other Dlsubstltuents

n 1951, Campbell et al (29) showed that the product pre-

pared by further acetylatlon of both 3-acetyl and 8—acetylfluoranthene

is 3, 9—d1acetylfluoranthene (XL1). Oxidation of XLI gave 3,9-

f1uorantheneéicarboxylic.acid. The orientation of the diacetyl

compound was proved by converting it to the diacetamido compound using

the Schmidt reaction. This was in turn converted to 3,9-dibromofluor-

anthene (XLII). This work is shown on page 29.
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Goldschmiedt prepared fluoranthene disulfonic acid by heating
~ the hydrocarbon in cohcéntrated sulfuric acid. Campbell and Keir (2)

proved this to be 3,9—fluoranthenedisu1fonic acid by showing that the

dimethoryfluorarnthene compound prepared from it was identical to the

‘dimethoxyfluoranthene compound prepared from 3,9-diacety1fluoranthene.

They also prepared 3,9—dimethoxyf1uoranthene from the disulfonic acid
by first obtaining the correspoﬁding dihydroxy compound'and then treat-
ing it with:dimethyl sulfate and base.

'Férrést and Tuéker (35) synthesized 1,3—dimethylfluoranthene
iusing fluofene and acetone as the starting ﬁaterials; CampBell and
Hasén (39) synthesized 3-pbromo-3-methoxyfluoranthene from the accessible
7fbromo—2—methoxyfluorene via the corresponding 9-fluorenepropionic
_acid.

Recently a large number of 7,lb—disubstituted fluoranthenes
have been synthesized. As was mentioned on page 9, 7,10—dimethyl—
fiudfanfhene can be synthesized from 1,8—dehydronaphthalenevand P~
xylene. 7,lO—Dimethylfluoranthene was also synthesized by Campbell
aﬁd Gow (69) earlier. The féllowing compounds have been made by Craig
1§E_§l. (70) while they were investigating the possibility of synthesiz-

ing "eorannulene' from 7,10—disubstituted fluoranthenes.




R = COOCH3 R = CH2COOH
R = COOCZH5 R = CHZCOOCH3
R = CHZOH R = CH2000C2H5
R = CHZBr R = COOH
R = CHzCl R = COCi
R = CHZCN R = COCHN2

R = COCH2C1

Orientation of Disubstituted Fluoranthenes

Both flﬁorene and fluoranthené’contain the diphenyl system.
It has‘beén pointed out by Campbeil and Keir (2) that orientation in
the diphenyl series is dominated by the phenyl groups. To be more

peC1f1c, substitution in most cases occurs in the second ring in the

2' and &' pOSitlonS 1rrespective of the nature and positibn of the sub;
‘stitutent already present in the first ring. The three nitrodiphenyls
for example, undergo substitution in the 2' and ‘4' positions but not in
the 3' (meta)—ﬁosition. Tt is also known that 4-bromodiphenyl on further
bromination yields mainly 4;4'—dibromodiphenyl.

Campbell and Keir in 1955 observed that 3-carboxy-, 3—cafbo—
methoxy-, 3-cyano- and 3-nitrofluoranthene all brominate- in position 9.

Furthermore, sulfonatlon of fluoranthene and acetylatlon of 3-acetyl-




fluoranthene gave 3,9 derivatiges. However, further bromination of 3#
bromofluoranthene occurred in position 8. It seemed then,that 3-sub-
stituted fluoranthenes underwent further substitution mainly in'the 8
or 9 position according to.whether the first substituent was ortho-
para, OY meta directing. As a possible explanation of the above
fluoranthene substitutions, they con51de1cd fluoranthene as a diphenyl
derivative containing the diphenyl nuclei AC or BC, and postulated the
following: '

a) ‘Each of the rings A and B dlrect substltuents predomlnantly\to the
para-position in ring C. i.e. to positions 8 and 9 respectlvely.

b) - An orthoepara directing group in ring A increases the directive
power of this ring with consequent substitution at earbon 8‘(and.possibly‘
'carbon 10). | | 3 | -
¢) A meta dlrectlng group in ring A decreases the 31rect1ve power of
,this.ring so that ring B dominates further substltutlon whlch therefore :
occurs at carboh 9 (andvpossibly carbonﬂ7);' |
The same behav1or appears to exist in fluorene. 2—Brehoflu§réﬁe'bfominategv
position 7 (57a) and 2—n1trof1uorene nitrates in p031t10n 7 (58a) Con- -
sidering fluorene as a diphenyl deriﬁative‘then; it is seen that further
substitution occurs in the para pos1t10n;  '

In 1956, Kloetzel et al. 3) found that 3—acetamidofiuorahthene  h

nitrated in position 2 and stated that Campbell and Keir's rules of

orientation were over51mp11f1ed since it did not take into account highly

activating substltuents 1ike acetamido, which would activate the ring to
such an extent that further substitution would occur in the same ring.
This was shown to be generally true by several later workers (4)(19)(30),

although Blackburn (40) found that bromination of 3—acetamidofluoranthene
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occurred in position 2 with pyridine as solvent and in position 8 with
_acetic acid as solvent,'

Considering fluorene again, when 2—acetam1do fluorene is nit-
rated substitution occurs mainly in positmon 3 (57a) agreeing w1th Kloetzel's
observations.

The reactions of diphenyl could have predicted the behavior
of 3-acetamidofluoranthene since #4.-acetamidodiphenyl, on nitration or
chlorination yields the 3-nitro-or the 3-chloro-derivative, yet on
*.bromlnat101 4'—bromo-h—acetamidodiphenyl js reporied to be found" (57b).

fReact1on condltlons are therefore quite swgnlflcant in that highly
activating substltuento may direct in the same ring or follow the rules

of Campbell and Keir.

Polysubstltuents in Fluoranthene _

: Toblersgg*glf (15) orepatnd a tribromofluoranthene by brominat-
ing 3'8—dibromofluoranthene, and a tetrabromofluoranthene by brominating
the hydrocarbon 1tself with excess bromine. -Campbell 22“313(25) later
proved the trlbromofluoranthene to be 3,8,9- tribromofluoranthene by oxida-
tion and decarboxylation to 2, 3—d1bromof]uorenone._ Fittig et al. (6)
’obtained a trinitrofluoranthene by treating the hydrocarbon with concentrated
nitric ac1d under somewhat vigorous conditions. Althoogh the orientation
was not proved, it is not likely to be 3,8,9- tr1n1trofluoranthene. McBee
et al.(32) obtained a good yield of perfluorofluoranthene (Cl6 26)'by
.fluorlnatlng fluoranthene with silver difluoride, and in 1938, Gerty (5)

-3lsolated a tetrachlorofluoranthene.

Substituents‘in Tetrahydrofluoranthene

AvAIt was found that chlorosulfonation, bromlnatlon and Friedel-

Crafts'reaction with-phthalic anhydride effects substltution of 1 2,3, lOb—
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tetrahydrofluoranthene (XLIII) mainly in position 4 together with small
amounts of the 8-isomer (21). Iodination occurs 1n position 4(5). TIt.

will be noted that all the above substitutions are in an aromatic ring.

(XLIII)

Campbell and Wilshire (33) in an attempt to prepare a dinitrofluoranthene
nitrated tetrahydrofluoranthéne with fuming nitric acid in acetic:acid

and ended up with l—nitrofluoranthene thus providing a-good general method
for the preparation of l-substituted fluoranthenes.

It is a well establlshed fact that in nitration of éromatic
hydrocarbons with nitric acid and sulfuric acid mixtures or w1th nitric
acid in acetic acid w1thout sulfuric. acid, the nitrating specléSZLS the:
nitronium ion (NOZ) Fluoranthene when treated with nitric acid in
écetlc ac1d nltrates in the expected reactive 3 poéition. As was‘mentibned
above electrophlllc reagents normally attack the 4 position of tetrahydro—‘
fluoranthene, The- preferential nittation.in the alicyclic rather than
the arcmatic nucleus could be explaiﬁed by a free radical mechanism.
Wilshire(34) found that the reaction occurs at 85° but nof at 50°, The
strength of acid used was 95%. Titov (36) found that nitric acid of 50- -
70%‘strength or greater cannot be successfully freed from nitrogen oxides.
He found that pure nitric acid was. 1neffect1ve ‘in the nitration of

cyclohexane and claimed that the nitrating specie was nitrogen tetroxide (NO ).
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Based on this theory ﬁhen, nitric acid acts only as a source of nitrogen
- oxides and of NO, fegeneration from the lower oxides. - Titov felt that
aromatic nitration involved complex ionms or complexes of a crypto~ionic
character whereas the nitration of saturated hydrocarbons involved free
radicals.. On this basis, Wilshire (34) postulated the follewing mechanism
which is illustrated on the following page. Because of aromatic resonance
of the fluorene part of the molecule, the tertiary methine bond is
weakened and is thus susceptible to attack by the electrophilic, monomeric
- nitrogen tetrox1de to glve XLIV,
e ‘ The tetrahydrofluoranthyl radical (XLIV) is oxidised to an
oxygen conéaining radical (XLV) which is attacked by nitric oxide ‘and nitrogen-
tetroxide to give unstable intermediate compounds XLVIT and XLVI. These |
are then hydrolysed in the acid medidm to 10b—hydfoxy—1,2,3,10b—tetra—
hydrofluorahthene'(XLVIII) which may or may not be stable. If unstable,
"the dlhydrofluoxanthene whlch results on dehydrationm, jmmediately adds
on nitric acid to glve 10b—hydroxy—1—n1tro-l 2,3,10b- tetrahydrofluoranthene
(XL1X) following path a. 1f lOb—hydroxy—l,2,3,10b—tetrahydrofluoranthene
is stable, the free radical mechanism of path b could.occur. Thus the
oxides of nitrogen which hindered aromatic nuclear nitration of tetra—
hydrofluoranthene promoted nitration and oxidaﬁion of the alicyclic ring.
Once 1,2,3,10b—tetrahydro—l—nitro—lOb—hydroxyfluoranthene is formed, it
is dehydrated with either acetic anhydride or sulfuric acid in acetic acid
© to give 1—nitro-2,3—dihydrofluoranthene. Aromatization of this compound
with chloranil gives {-nitrofluoranthene (L).

Campbell and Wilshire also nitrated 4-bromo—1,2,3,10b-tetrahydro—
fluoranthene. They obtained 4—bromo—l—nitro—lOb-hydroxy—l;2,3,10b— tetra-
hydrofluoranthene which was dehydrated and aromaticized to 1-nitro-4-bromo-

fluoranthene. Further bromination of 4—bromo—l,2,3,10b—tetrahydrbfluor—




(XLVII)
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anthene however occurs in pésit:’_.on 9 (15). »
1,2,3,_Z_LOb—Tetrahydrofluoranthene and i,2,3,10b-tetrahydro-—1,l,3—
trimethylfuoranthene both contain in the five-membered rings methine
groups sufficiently reactive t'o‘ be alkylated. Hofmann and Tagmanh 37)
showed thét in the presence of sodiuxﬁ aﬁide these tetrahy-drofluoranthenes

react with tertrary amino-alkyl chlorides (e.g. diethylaminoethyl'chloride)

to give compounds of the type shown below. Also tetrahydrvofluoranthene

CoHg

V o ] ‘ R | o C
: , ~ -9
@ R = —CHZ—CHZ—N\

feacted with acrylonitrile to form 10b-(2'~cyanccthyl)-1,2,3,100-tetra-
hydrofluoranthene (LI). Hydrolysis gave the acid and cyclisation formed:
 the spiro-ketone LII, from which the parent hydrocarbon LIII could be

_obtained by Clemmensen reduction (38).

a) HOH ‘ .
- b CyCllsathB Clemmensen .
CH,~CH,~CN i -

- @ eI




In contrast to 1,2,3,lOb—tetrahydrofluoranthene which is nitrated in

position 1(33), nitration of 1,2,3,10b—tetrahydro—3-oxofluoranthene

occurs in position 9 (16) to form LIV.

(LIV)




- DISCUSSION OF RESULTS

The purpose of this study was to investigate the directive
properties of representative 1-substituted fluoranthenes mainly under
brominating conditions and possibly under nitrating conditions also.
The representative substituents chosen were nitro- a meta directing
deactivating substituent, acetamido~ an ortho-para directing activat-—
ing substituent and bromo- an ortho-para directing but slightly de—.
activating substituent. Work on bromination and hitration had been

~done on almost all of these substitueﬁts in positions 2 and 3 of fluor-
énfﬁene. Table II on Page 40 summarizes thisiwork.

Generally speaking, 2- and 3-nitrofluoranthene brominate and
nitraﬁe in position 9 and,oneAwould expect the same beﬁavior frqm 1-
nitroflubranthene. As can be observed‘from Table II, further substitu-
tion of 2~ and 3-acetamidofluoranthene also generally occufs ortho to
the initial substituent. However, there appears to be a solvent effect
in the bromination of 3-acetamidofluoranthene, since acetic acid,‘
éaqun tetrachloride and mixtures thereof give a different Product to
pyridine. It is quite likely that both isomers are féfmed with the
various solvents and that one predominates but not to the exclusidn of
the other. It should be noted that polarity of the solvent couid not

'_ be the deciding factor here, because the same isomer was isolated with
acetic ééid and carbon tetrachloride. Indeed, it is deBatable whether
the reaction in pyridine versus.écetic acid is one of solvent effect or

" brominating speciéSeffeét. This phenomenon is quite familiar in organic




BROMINATION OF 2-

Table II

AND 3-SUBSTITUTED FLUORANTHENES

Tnitial substituent Solvent used Position of Reference
' entering group
2-nitro- nitrobenzene 9 (19)
2-acetamido~ pyridine 3 (19)
2-bromo- not done
_3?nitro— nitrobenzene 9 (2)
3-acetamido- pyridine 2 (4)
acetic acid 8 (40)
acetic acid/carbon te-
trachloride 2:1 8 2n
carbon tetrachloride- 8 page 53
3-bromo- nitrobenzene ; 8 2
trisubstitution
and tetrasubstitution
also occurs. (15)
3-amino~ acetic acid 2 (4) (40)
3—methoxy— acetic acid 2 and 8 (65)
V NITRATION OF 2- AND 3—SUBSTITUTED FLUORANTHENES
>'initial substituent Solvent used Position of Reference
S : : 1. entering group o
‘2-nitro- acetic anhydride | 8(?) or 9(?) (30)
Z—acetamido; ’aceticbacid- - 3 - (30)
2-bromo—- ‘not done
- 3-nitro- " acetic anhydfide 9 (30)
__»3fagetémido- acetic acid 2 A-(3)
3-bromo- not done
- 3-methoxy- acetic acid 2 and 8 (31)
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synthesis. Acetanilide nitrates in acetic anhydride to form mainly‘

o—nitfoacetaniliae wheréas in acetic acid the maiﬁ product is punitxmnace-
tanilide (41). Also, naphthalene undergoes Friedel-Crafts acylation

mainly in the 1-position with carbon disulfide or tetrachoroethane as

solvent, whereas in nitrobenzene substitution occurs mainly in position

2 (42). Depending on the solvent ﬁsed one would therefore expect 1-

acetamidofluoranthene to substitute in similar fashion.

3-Bromofluoranthene brominates in position 8 and no work has
been reported on the bromination of the 2-bromo isomer nor the nitra-
tion of 2; and $~bromofluoranthene; Up to the present time, no work
~ had been done on further substitution of position 1 (the final position

in ring A) and we expected similar behavior to the other two positions.

Synthesis‘of 1-Nitrofluoranthene

This compound was synthesized according to Campbell and Wilshire
(33) by nitration of 1,2,3,10b—tetrahydrofluoranthene.(see page 64).
The tetrahydro compound was obtained_in-excelient yield by reduction of
_the hydrocarbon with 10%Z sodium-amalgam in ethyl alcohol. The yield of
1-nitroflucranthene obtained by this method is low and the process had
to be repeated maﬁybtimes which took several Summers in order to obtain
a good éupply of starting material. Indeed, whenever we suspécted that
'a desired reaction did not gb constant attempts, often unsuccessful, were

made to recover 1-nitrofluoranthene.
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Bromination of l-Nltrofluoranthene*

Sinoo oitrobenzene was the solvent used for bromination of both
9= and 3=nitrofluoranthenes, it was also tried here. A red compound of
M.P. 267-268° (LV) was obtained and analysis showed that two bromines
were present. Oxidation of this compound with chromic acid gave the
:uhknown ﬁonoabromovacid (LVI) which proﬁes that one of the two bromineo"
went into ring B of the parent hydrocarbon. This is the first known
instance of a substituent going into ring B when a mono—Substitutéd
f1uoranthyl compound in ring A 45 further substituted.- As can be ob=
served from Table II oage 40, furfher suostitotion occurs either in
the same ring A oY in ring C. The 1—nitro;dibromof1uofénthené compoond
(LV) was reduced to 1-amino-dibromofluoranthene (LVII)»both catalytically
and with jron filings and concentrated hydrochloric acid in ethyl alcohol.
Although 1—n1trof1uoranthene undergoes catalytic reduction cleanly, it
was found that iron filings and concentrated hydrochloric acid gave a
better product with l—nltro—dlbromofluoranthene. The resulting amine
(LVII) was acetylated in benzene to give l—acetamldo—dibromofluoranthene
(LvIII). The amine (LVII) was also subjected to a Sandmeyer reaction
with freshly prepared cuprous bromide to give a tribromofluoranthene
(L1X). The orientation of one of the bromines in LIX is obviously
position 1. Since onvoxidation of LV a bromine was lost, then one
bromine must be in ring B with the second bromine in ring A or C. The
1hamino—dibromo compound (LVII) on deamination gave 3,8-dibromofluoran—

thene (LX) identicalvwith that-prepared by bromination of fluoranthene
‘W1th bromine and a little iodine in nitrobenzene according to Tobler et

El.(IS). Thus in all the dibromo compounds mentloned above, the bromines

% The fiow scheme appears on the following page.
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are in positions 4 and 9. The orientation of the two bromines was further
proved when oxidation of 3,8-dibromofluoranthene (LX), l-amino-4,9-dibromo-=
fluoranthene (LVII) and 1-acetamido-4, 9-dibromofluoranthene (LVIII) all
‘gave the same acid, namelyVZ 7—d1bromofluorenone-l—carboxyllc acid (LXI).

This acid was decarboxylated w1th mercurlc oxide at 180° in a sealed tube

as was done by Campbell et al.(24) to glve 2, 7-dibromofluorenone (LXII)
identical with a sample prepared by the oxidation of 2,7—dibromofluorene
(LXIII). Bromination of {-nitrofluoranthene with iodine and heat elso>
‘gave 1—nitro-4,9—dibromof1ueranthene both’in.nitrobenzene and in carbon

~tetrachloride.

The question now arose as to whether the first Eromine’entered
into position‘4 or 9 or whether both isomers were formed togetﬁer. An
illuétratlon of the latter was found by Andrew et al.(31) who showed that
Amonbﬁitration of 3-methoxyfluoranthene gave a mixture of 3—methoxy—2-
nitrofluoranthene {LXIV) and 3—methoxy—8—nitrofluoranthene (1LXV). Furthér
 nitratiom of the igometfs gave 3—methoxy—2,8-dinitrofluorenthene (LXVI).

This is illustrated below. It would appear that in 1XIV the directive

HNO

A
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power of the»methoxy group overcomes the directive pdwer of the nityo
group since a second nitro enters positioﬁ 8 and not 9. This is un-~
doubtedly so in compound LXV. |

_Nevertheless in an attempt tovanswér the question of where the
first bromine- entered in l—nitro—4,9—dibromofluoranthene, monobromination
was tried on 1-nitrofluoranthene. The calculated amount of bromiﬁe for
monobromination was added to 1—nitrofluorantﬁene in nitrobenzene and the
solution was stirred at 5-10° for two days. Only starting material was
réco?ered. The same result.was obtained whén the reaction was tried at
' room temperaﬁure. An attempt was then made.to monobrominate l-nitro-
fluoranthene with N-bromesuccinimide and pyridinium hydrobromide per-
bromide.

‘N-Bromosuccinimide (NBS) is usually associated with the Wéhl—

Ziegler reaction of allylic bromination, e.8.

0 , 0

R.CH = CH.CHy + N-Bf ———— R.CH = CH.CE,Br + NH
0 S =0

and side chain free radical bromination of aromatic compounds. It was
found however (43), that nuclear bromination of aromatic hydrocarbdns

with NBS is’possible if certain metallchlorides (aluminum, zinc and ferric)
are used as catalysts. In the case of polynuclear afématic hydrocarbons
(44) catalysts were unnecessarys, naphthalene and phenanthrene reacfing in
about six hours to give the 1 and 9-bromo derivatives, respectively; with
acenaphthene and anthracene reaction was complete in a matter of minutes,
the correspondingvS— and 9-bromo derivatives being formed. With this in
mind, commer cial grade NBS was purified‘and added to l-nitrofluoranthene
in cérbon tetrachloride. The solution was refluxed and the resulting
product precipitated. A mixed melting point with starting material showed no

depression and it was assumed that bromination did not occur.

¢
i
i
i
i
i
i
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The next brominating agent

tried was pyridinium hydrobromide

perbromide C5H ﬁHBr This compound was prepared from pyridine, hydro

bromic acid and bromine according t

o Fieser and Fieser (45). .The red

~crystalline golid is more convenient and agreeable to handle than

bromine and there are instances in which it is a distinctly superior

‘brominating agent (46). Brominatio

- hydrobromide-perbromide was tried b

n of 1—n1trofluoranthene with pyrld

inium

oth in acetic acid and nitrobenzene.

at room temperature and with heating. As before no bromination occurt

and only startlng material was recovered

An attempt was then made t
- with the aim of getting l-nitrotrib

‘1ittle iodine were'added to l-nitro

o polybrominate 1-nitrofluoranthene

romofluoranthene. qumine and a

ed

fluoranthene in nitrobenzene at room

‘temperature; This reaction yielded‘only l—nitro—é,9—dibromofluoranthene.

The same result was obtained when ¢
was used instead of nitrobenzene.

bromination in nitrobepzene. This
vexcess bromine and the solution was

ing product was obtalned and analysi

arbon tetrachloride with refluxing

Another attempt was made at poly-
time iodine Qas also used but with
refluxed for two days. A high mel

is indicated complete loss of NO,

‘and the presence of gix bromines (i.e. C16H43r6) Tt is quite likely

that the -NO, group had been displaced by bromine. The displacement 0O

-NO.,,

9 by chlorine has been shown by

anhydride. 1In the compound C16H4Br

Heller (48) in substituted phthalic

6° there is good reason to believe

t-

f




that three of the six bromines are in positions 4, 8 and 9 (see_page

‘ Si). 1f displacement of —NO by bromine occurred the structure could

be symmetrical (LXVII). This however, is unlikely since bromines 1 and

Br Br

Br Br

(LXVII) _ (LXVIIT) . (LX X)

6 are meta to bromines 3 and 4 respectively. This argument will also
apply if bromines were in the 7 and 10 positions. The proposed structure
mlght then be LXVIII. This is not likely since positions 3 and 4 are

peri to each other. Peri groups are closer to each other than ortho

i
i
5
|
1
H

groups (66), and steric hindrance would prevent bromines from being in
- positions 3 and 4, Structure LX X is fairly symmetrical and all the
bromines are in ortho positions With one of them occupylng the dlsplaced

nitro group. This is a plausible structure. If a solvent could be

found to dissolve enough of this compound to give a workable concentration,

the NMR spectrum would do much to help elucidate the structure.
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Bromination of 1—Acetamidofluoranthene*

As can be seen frpm Table II page 40, bromination of both 2-
and 3-acetamidofluoranthene occurs readily in pyridine. Attempted bromina-
tion of 1-acetamidofluoranthene in pyridine was unsuccessful in spite of
various reaction cénditions such as concentration of bromine, reaction time
and variation of temperature. Since acetic acid was also used for Bromina—
tion of 3-acetamidofluoranthene (40) it was the next solvent tried. Varying
conditions still resulted in failure. The same occurred with dimethyl sul-
foxide as solvent. Campbell and Reir (2) successfully brominated 2-aceta—
mido-7-nitrofluorene in carbon tetrachloride with'refluxing to yield 2-
acetamido—B—bromo—7—nitrofluorene in fairly good yield. Similar conditioné
proved quite successfﬁl with 1-acetamidofluoranthene. After a series of
recrystallizations with various solvents l—acetamidotribromofluoranthene_
(LXIX)and1—acetamidotetrabromofluoranth;ne (LXXI) were obtained. These
compounds were only slightly solu ble in the usual organic solvents and
separation by both thin layer and column chromaEOgraphy proved fruitless.
Since mono- and dibromination was the present object the reaction was again
tried but this time in an {ce-water bath. l—Acetamidodibromofluoranthene
(LVIII) but none of the monobromo compound was obtained. When the theoretical
amount of bromine for monobromination was used, no reaction éécurfed.

Since 2-acetamido and 3—acetamidof1uoranthéné monobroﬁinated in the
game ring as the original substituent and ortho to it, it was expected that
one of the bromineé of l-acetamidodibromofluoranthene would be in position 2,
From previous behavior of further bromination of monobromofluoranthene and be~
cause of the directive power of the acetamido group, the second bromine would

likely be in position 8. The structure would then be a (page 50) o

% The flow scheme appears On the following page.
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Oxidation of g. should give 6-bromof luorenone~l-carboxylic
acid ‘.bh 3 However,_ogidatiqn of the i—acetamidodibfomof1uoranthene.
gave the knownv2,7—dib:omof1uorenone 1-carboxylic acid (LX1). This in-
dicates that bromine is presenf both in rings B and C. .Futhermore hydroly;
‘sis gave 1-amino-dibromofluoranthene (LVII) identical to the amino com-
pound obtained by reduction of l—nitro—é,9-dibromofluoranthene (V).
Finally this l—acetamidodibromof1uoranthene.(LVIII) proved to be identical.
to the acetamido compound obtained by acetylation of the l-amino-4,9-
dibromofluoranthene, which in turn was obtained by reduction of l-nitro-
4,9—dibromofluofanthene. Therefore, 1-acetamidofluoranthene dibrominated
. in the same poéitions as l-nitrofluoranthene in spite of the vastly

different directing substituents.
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vThe gtructure of the lmacetamidotribromof1uoranthene (LXIX) was
proved as shown on the following page. Hydrolysis of the amide gave thé
amine (LXXII). Deamination of this amine gave 3,8,9—tribromof}uoranthene
(LXXIII), identical with a sample prepared by bromination of 3,8-dibromo-
¢luoranthene (LX) according to the method of Tobler 25_313(15). 1,4,8,
9-Tetrabromofluoranthene (LXXIV) was synthesized by subiecting i-amino-
3,8,9—tribromofluoranthene (LXXII) to Sandmeyer conditions. The position
of the fourth bromine in l—acetamido—4,8,9,(?)—tetrabromofluoranthene
(LXXI) has not been established. The fourth bromine could not be in
position 3 bécause it is meta to acetamido and also peri to positidn 4,
Position 2 is reasonable gince it is ortho to acetamido and similar sub-
IStitution with acetamid5 in the 2 or 3 positibn is known. However, position
5 is even more attractive since it is ortho to a bromine, péra to a bromo-
 phenyl éﬁd gives a symmetrical fluorene system. Oxidation to the fluorenone
and analysis would indicate whether bromine was présent in ring A. Lack
- of material and time has so far prevented guch an investigation. An
attempt was made to hydrolyse the amide to the amine (LXXV)'with the view
of deamination but no amine was isolated with the small amount of amide
used. Hydrolysis of 1—acetamidobromof1uoranthene was found to be increas-
ingly difficulf aé more bromines entered the moiecule.

Good NMR spectra of fluoranthene and benzofluoranthenes have been
obtained in éarbon tetrachloride (51) (63). Several attempts were made to
obtain NMR spectra of 1—acetamidotribromo‘and tetrabromofluoranthenes and
| also 1,4,7,8—tetrabromofluoranthene. - These Qompounds were only slightly
solu ble in the oxdinary organic solvents. They were even appreciable in
solu ble in trifluoro—aCetiq‘acid. Nevertheleés a supersaturated solution

J . .
at room temperature was made up using dimethyl sulfoxide as solvent. The
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MMR peaks thus obtained at 130°C were too weak (because of the low con-
centration)jto deduce anything about the position of the protons. Even
scanning for two hundred times with the time averaging computer at 130°C
gave spectra with high noise level.

Several attempts were made at monobromination of l-acetamido-
/fluoranthene. When the theoretical amount of bromine for monobromination
was used no reaction occurred even with iodine as catalyst. Since with
-excess brémine reaction occurs in carbon tetrachloride but not at all
in acetic acid, mixtures of various compositions of these two solvents
were tried for monobromination. Eiﬁher no reaction occurred or dibrom—
ination occurred. When pyridﬂie.hydrobromide perbromide was used as the
brominating agent in acetic acid an impure monobromo compound was obtained:
Since hydrolysis gave 1-aminofluoranthene, this suggésts that side chain

bromination had occurred to give the compound LXXVI.

‘ I\IHCO(’JH2

Br

(LXXVI)

The bromine is not likely to be on the N of LXXVI because no
baseWas used in the reaction. Synthesis of both N-bromoacetamide from
acetamide (59) and N-bromosuccinimide from succinimide (60) requires po-—

tassium or sodium hydroxide.

Bromination of 3—Acetamidofluoranthenev

As is seen frbm Table II page 40, 3-acetamidofluoranthene brom—

inated in position 2 in pyridine and in position 8 in acetic acid and in
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carbon tetrachloride: acetic acid in the ¥

atio 1:2, It was suspected

that bromination in carbon tetrachloride alone would also occur in position

8 and thf%ié%oved to be so by the method of mixed melting points and in-

frared comparison with 3—acetamido—8—bromofluoranthene prepared by using

the other solvent systems.

Bromination of 1-Aminofluoranthene

Bromination of 3-aminofluoranthene in acetic acid gives 3-

amino-~2~bromofluoranthene. Bromination of

1-aminofluoranthene was attempted

in acetic acid and the resulting product subjected to column chromatography

followed by several attempts at purificatio

n by thin 1ayer chromatography..

Although at one stage unreacted 1-amino compound was isolated, the other

compound was quite tarry and unworkable.
Fletcher et al. (49): demonstrated

bromo derivative of 2—aminofluorenone were

that better yields of the 3~

obtained when 487% HBr‘and‘

dimethyl sulfoxide were used rather than direct bromination.

_ NH. 0
YOI ko
| + CH,-S-CHyt+ HBT

+ CHB—S—CH3 + HZO

The same conditions were tried for bromination of l—-aminofluoranthene.

Here again purification of products by column and thin layer chromato-

graphy were of no avail.




Bromination’ of 1-Bromofluoranthene

'lLBromofluoranthene (LXXVII) was synthesized by subjecting 1--
aminofluoranthene to Sandmeyer conditions with freshly prepared cuprous
bromide. 1-Hydroxyfluoranthene (LXXVIII) was obtained as a by-product.

- Attempted bromination of 1-bromofluoranthene in carbon  tetrachloride and
in nitrobenzene failed. However, when a little iodine was used as the
Lewis acid in nitrobenzene, reaction occurred. The number of bromines
entering the ring depends on the temperature at which the reaction was
carried out. O heafing a tetrabromofluoranthene (LXXIV) was igolated
whereas at room temperature a tribromofluoranthene (LIX) resulted., The
structure of these were proved as follows. The tribromofluoranthene (LIX)
was identical with that obtained by doing a sandmeyer reaction on l—amino—LH,9-r
ai brpmofluoranthene~(LVII). Also the tetrabromofluoranthene was identical
with that obtained by doing a Sandmeyer'reaction on l-amino-4,8,9-tri-
bromofluoranthene (LXXII). Further bromination of LIX gave LXXIV. Thié

work is {llustrated below.

‘ b) CuBr - ‘ nitrobenzene .
@ NH, . . BT heat g

Br Br

©

(LXXVII)

' Br
o Q 2) 0
‘ b) CuBr
Br | -

(LVII)
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Sevéral attempts were made to monobfominate~l—bromof1uoranthene in wvarious
solvents with and without catalysts using tﬂe theoretic#l amount of bromine
for monobromination. However, the desired compound was not obtained.

In all theése bromination studies, sevéral mass spectra were

obtained with the hope of gaining a clue to elucidation of structure.

However, it appears that on ionization, the substitueﬁts come off the
fluoranthene nucleus first before fragmentation’of the nucleus occurs.
The mass spectra werée therefore only helpful in that they showed the

number of substituents. Identity of coﬁpounds was based on analysis, in-

frared spectra and mixed melting points.

Theoretical Implications'of'Dibromination of'l—Nitro+5'14Acetamido— and

1-Bromofluoranthene

A summary of the bromination of the three 1-substituted fluor-
anthenes is shown in Table IIL on the following page. Attempts at mono-

bromination proved fruitless. Dibromination in all three cases occurred

in positions 4 and 9, irrespective of. the directing group in pOSition.l.
The dibromination of 1-nitrofluoranthene to give l—nitro-4;9—

dibromofluoranthene may be explained in the fdllowing‘way. Both 2- and

3—nitrof1uoranthene brominate in position 9. Therefore on the basis of
known stated rules, 1—nitrofluoranthene might be expected to do the same.
Assuming this did occur to direct the first bromine jnto position 9, it

' is understandable'that the bromophenyl group of the diphenyl system formed
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Table

111

BROMINATION OF 1-SUBSTITUTED FLUORANTHENES

vl—Nitrofluofanthene_

a)
b)
c)

e

e)
£)

Br,, nitrobenzene, room T.

Brz, IZ’ nitrobenzene, h

Brz, 99 4, reflux

NBS* CCl (or nitrobenzene) heat

PHP*%*, acetlc ac1d (or nltrobenz

Brz, ‘2,

l—Acetamidofluoranthene

a)

b) B

c)
d)
e)

‘vf)

'g)

eat

nitrobenzene, boiled 2 days

l—Nitro—4,9-dibromofluoranthene

\No Reaction:
ene) heat

Hexabromofluoranthene

Brz, ‘pyridine, varying temperatures

acetic acid, varying temperatures

To» No Reaction
Br,, dimethyl sulfoxide, varying temperatures
NBS*, CCla, reflux
Brz,‘CC14, cold l—Acetamido—h,9—dibromoflu0ranthene
Br,, CC14, reflux l—Acetamido—A,S,9—tribromofluoranthene and
' ' - l—Acetamido—4,8,9(?)—tetrabromofluoranthene
PHP**, acetic acid,-heat gide chain bromination

. 1-Bromofluoranthene

NBS*

" e) Br

2° 2’

N-Bromosuccinimide

a) Br,, ﬁitrobenzene, room T.

) 'Brz, 12, CCla, refiux

c) NBS*, nitrobenzene, heat

d) Br,, 12, nitrobenzene, room T.
nitrobenzene, heat

PHP**

No Reaction

1,4,9;Tribromofluorantheﬁe

1,4,8,9—Tetrabromof1uoranthene

Pyridiﬁium hydrobromide perbromide.
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by rings B and C would direct to the péra_position of the system. 1.e.
to position &,-

However, the dibroﬁination of l-acetamidofluoranthene also oc-
‘cﬁrred in positions 4 and 9, whereas on the 5asis of known stated rules,
one might have expected dibromination in positions 2 and 8, Dibromina-
‘tion of l—bfomofluoranthene also occufred in positions 4 and 9. It'is.
unlikely that bromination of l—nitrofluoranthene would follow the known
stated rules whereas bromination of'l—acetamidq—and 1-bromofluoranthene
would not.

It is possible then, that a substituent iﬁ position 1 of the
fluoranthene molecule does not influence bromination_to'the same extent
as if it were in poéitions 2 and 3; For all practicél purposes then
»bromination'occurs as if the 1 position was unsubstituted. Monobromina-
tion fhen should occur in position 3. ﬁowever, the nitro group normally
prevents bromination in the same ring and position 3 is meta to the aceta-
mido and bromb groups in position 1. An equivalent position therefore
is 4. Since 3-bromofluoranthene on further.bromination gives 3,8-di-
bromofluoranthene, the second bromine of the 1 substituted fluoranthenes
‘entering position 9 is understandable, Furthermore, . 3,8-dibromofluoran-
thene on further bromination yields 3,8,9—tribromofluoranthene (15 ).
1—Acetamido—4,9—dibromofluoranthene and l,4;9—tribromofluoranthene further
brominate in an eqﬁivalent position i.e. position 8. In other words the
last two comfounds are reacting just as if they were 3,8-dibromofluoran-

_thene.




Nitration of 1-Nitrofluoranthene

1<Nitrofluoranthene (L) was nitrated with fuming nitric acid in

freshly distilled acetic anhydride at room temperature. A dinitro com-

pound (LXXIX) was obtained. Catalytic reduction in ethyl’alcohol, or

acetic acid gave an imp

ure diaminofluoranthene (LXXX). Diacetylation of

the reduced dinitrofluoranthene via catalytic reduction "in situ" in

acetic acid and acetic

Oxidation of both the d

anhydride gave the diacetamidofluoranthene (LXXXI).

initro- and diacetamido- compounds failed. There-

‘fore, the position of the second nitro group has not as yet been established.

From Table II page 40,

it is seen that nitro groups in position 2 or 3

brominate and nitrate in the same way. Assuming that nitro in position

1 will also brominate a

nd nitrate in the same way, then the second nitro

group might be either in position 4 or 9, Because of the difficulty of

oxidation, one might favor ‘position 4. This is illustrated below. Pre-

paration of 1,4-dinitro

fluoranthene would show whether substitution oc-

curred in position 4. A synthesis of l,4—dinitrof1uoranthene is proposed

in Recommendation 3 on

fuﬁing HNOB‘

page 96.

'NHCOCH, ()
(LXXXI)




Nitration of'1—Acetamidofluoranthene*

. Nitration of both 2f and 3—acetamidofluo:anthene occurs readily
in acetic acid., However, nitration of 1-acetamidofluoranthene in acetic
acid both at room temperature and with heating gave only minute amounts
of nitration products if any'at all. The same results were experienced
when acetic anhydride was used as solvent., However, when carbon tetra-
chloride was used as the solvent more product was obtained. Reaction with
fuming nitric acid at room temperature gave mainly a dinitro product
(LXXXII), whereas when concentrated nitric acid was used a mononitro pro-
duct (LXXXIII) was igolated. Hydrolysis of l—acetamidodinitrofluoranthene
(LXXXII) in ethyl alcohol and concentrated hydrochloric acid gave tﬁe
amine hydrochloride (LXXXIV) and it was analyzed as such. Reduction of
1-acetamidonitrofluoranthene (LXXXIII) gave l—acetamidoaminof1uoranthene
(LXXXV). There was not enough l—acetamidonitrofluoranthene left to do
a hydrolysis and deamination and this will be done in the future. This
will give a mononitrofluoranthene and by mixed melting points the orieﬁ-
tétion of the nitro group could be established. For the presentjpuTPQSe
if is assumed as stated on paée 58 that the acetamido group in the 1
position like for bromination effects mono nitration in position 4, Follow-
-ing through the net non-directive influence of the l-acetamido group, the
second nitro group should enter into position 8. Therefore, a probable
structﬁre of the 1—acetamidodinitrofluoranthene would be 1-acetamido-4,8-

dinitrofluoranthene.

%* The flow scheme appears on the following page.




@ NHCOCH3

Conc. HNO3 fuming HNO3
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. NOZ(?)
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EXPERIMENTAL

Instruments and Materials Used

Hitachi Perkin - Elmer RMU 6 D Mass Spectrometer.
Perkin -~ Elmer 137 Spectrophotometer for infra red spectra.

Varian A-~56/60A Analytical NMR Spectrometer fitted with a Varian C-1024

Time Averaging Computer..
Parr Low Pressuré Catalytic Hydrogenatioh Apparatus.

Improved Fisher - Johns Melting Point Apparatus for melting points up

to 300°.
Melting Point Vanderkamp Apparatué for melting points beyond 300°.

Adams' Catalyst (Platinum Oxide Pt02)<supplied by Matheson Coleman
-and Beli.

Aluminium Oxide (507-C) for Column Chromatography (Camag).
Silica gel (DF-5) for Thin Layer Chromatography (Camag).

Analyses were done by:

" a) Chemalytics, Inc. Tempe, Arizona.

b) Geller Laboratories, saddle River, N.J.




1) Preparation of 10% Sodium Amalgam

This was essentially prenared by the method (SS)Vthat was used
for the preparation of 5% sodium amalgam. The sodium amalgam was pre-
pared in a.500 ml flask fitted w1th a two—hole rubber stopper carrying
a dropping funnel and an outlet tube. Sodium (95 g.) and mineral oil
(200 ml.) were put into the flask. With a stream of nitrogen pessing
through the side arm of the flask, it was heated until the sodium melted
and then mercury (855 g.) was added rapidly from the dropping funnel
with swirling. Heavy asbestos gloves were worn to keep the flask swirl-
ing since the vigorous. exothermic reaction caused the.temperature to |
" approach about 400°. After cooling the amalgam became solid. The fiask
was broken and the solid broken into small pleces with a hammer.The pieces were
‘then stored under petroleum ether.

S

2)  Synthesis of 1,2,35lOb—Tetrahydrofluoranthene

The procedure used for this preparation was that of Steinberg
EELEEL (56). A solutlon of fluoranthene (100 g.; 0.5 moles) in absolute
alcohol (200 ml.) was heated to 60° in a 4-liter flask fitted with a
Hershberg stirrer. To this solution 681 g. of 10% sodium amalgam (equivalent
to 68.1 g., 2.96 moles of sodium) were added in about 40 g. portions. ‘The
‘temperature was maintained between 55 - 60°. After the reaction was com-
v pleted the reaction mixture was stirred for four hours at the same tempera-
ture. At the end of this time the reaction mlxture was diluted with water
(500 ml.) and the solution adJusted to pH4 with concentrated hydrochlorlc
acid.  The warm solutlon was then filtered to remove mercury and precipitated
. sodium chlorlde, and placed in the refrigerator overnight.‘ The crystallized

product (92 g.) was flltered and drled m. p. 72-77°. Recrystalllzatlon from




 95% ethanol gave 85 g. m.p. 75-77°.

3) Synthesis of 1-Nitrofluoranthene (L)

The procedyre used for this preparation was that of Camﬁbell
and Wilshire (335. Fuming (95%) nitric acid (7.17 ml.) was added drop-
wise with stirring to 1,2,3,lOb—tetrahydrofluorénthene (20.6 g.) in glacial
acetic acid (200 ml.) and the solution maintained at 80° (extermal bath
" temperature). After 1 hour the solution was cooled and poured into iced
_water. The product was extracted with ether, the extract washed with
aqueous sodium carbonate, then with Water, and dried (Na2504).  Evaporation
gave a syrup which when triturated with benzene yielded 1,2,3,10b-tetra=
hydro—lOb—hydroxy-l—nitrof1uoranthene. Recrystallization from acetic acid
gave colorless crysfals. m.Ps i92—l93°. The filfrate on evaporation gave
a red syrup which was dissolved in benzene-ligroin and chromatographed
through a column, More of the hydroxynitro—compound was thus obtained
together with impure 2,3—dihydro—l—niﬁrof1uoranthene. Recrystailization
from ethyl alcohol gave orange crystals. m.p. 92-94°, All the hydroxy-
nitro-compound was converted to the nitro compound with acetic acid con-
taining a few drops of sulfuric acid. 2,3—Dihydro—2—nitrofluoranthene_

(8 g.) was then boiled in xylene (120 ml.) with chlo%anil (16 g.) for

24 hours. The solution was decanted and diluted with benzene, Washed ﬁith
5% aqueous sodium hydroxide (3 X 200 ml.), once with 10% sodium hydroxide,
and finally with water. The dried (Na2504) solution was evaporated to
small volume, and ligroin (b.p. 80-100°) was added. 'The>solutidn ﬁas‘
boiled with charcoal and filtered hot and on cooling deposited l-nitro-
fluoranthene (4.5 g.). m.p. 151-153°. The infra red >spectrumﬁls éhown

on page 105.
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4) Synthesis of 1-Nitro-4, 9—Dibromofluoranthene‘(LV)

_l—Nltrofluoranthene (2 g.) was dissolved in nitrobenzene (35 ml.)
and filtered. The solution was stirred and bromine (0.8 ml.) was added
in portions (0.1 ml.) over 30 minutes. After 4 hours, a precipitate was
observed., Stirring was continued for another hour followed by filtration.
The precipitate was washed with cold 95% ethanol (50 ml.) in order to
remove some of the nitrobenzene. m.p. 991-240°. It was then washed succes—
sively with 10% aqueous solution of sodium hydroxide and sodium bisulfite
and then water. It was then récrystallized twice from chlorobenzene
and gave beautiful réd crystals (1.2 g.) M.pP. 265-267°. The infra red

spectrum is shown on page 106,

Analzsis
. 4y Br, 39.27
6

Found: s 3.
3 Br, 39.55

N 3
Calculated for C16H702NBr2 N, 3.46;

5) Synthesis of 1—Amino-4,9—Dibromofluoranthene'(LVII)‘by‘Reducﬁion

of the Nitro Compound

Catalytic reduction of 1-nitro-&,9-dibromofluoranthene in ethanol
using Adam's catalyst didbnot give a product as pure as when iron filings
and concentrated hydrochloric acid were. llsedAi;Nitro—A 9-dibromofluoran-
thene (1 g.) was bpiled in ethanol (100 ml.) with 1ron powder (1 g. )

.and concentrated hydrochloric acid (10 ml.) for 4 hours, during which

hydrochloric acid (5 ml.) and iron powder (0.5 g.) were added, The mix-

ture was cooled, made alkaline with ammonia, poured into water and extracted

3 times with chloroform. The chloroform solution was filtered and a little
concpntrated hydrochloric acid added which caused the separation of the
amine hydrochlorlde. The amine salt was filtered and addition of ammonia

liberated the impure amine m.p. 200-210°., Three recrystallizations from
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petroleum ether (b.p. 60-80°) and charcoal yield 1—amino—4,9—dibrome—
' fluoranthene as light greenish-yellow platelets (0.5 g.) of m.p. 209-211°.

The infra red spectrum is shown on'page 107.

Analysis
Found N, 3.7
N, 3.7

Calculated for C. H NBr s 3.

; Br, 42,08
1679 ’

5
4y Br, 42.70

6)"Synthesis of l—Acetamido-&,9—Dibromofluoranthene'(LVIII)‘by‘Acetylation

“-of the Amine

1-Amino=-4, 9—dibromofluoranthene (1 g.)‘was dissolved in benzene

(150 ml.) and stirred w1th slight warming.. A calcium chloride tube was
used to exclude moisture. Freshly dlStllled acetic anhydride (50 ml. )
was added from a dropping funnel. After about 15 minutes a prec1p1tate

appeared. Stirring was continued for another hour.  The solution was
then.cooled; filtered and Washed with benzene.‘ Pure l-acetamido—4 9—
dibromofluoranthene was thus obtained as green1sh-wh1te platelets (0.8 g.).
m.pe. 316.5-318°, The infra red spectrum is shown on page 108.

Br, 38.84

Analysis '
» Found: N, 3.42;
N, 3.36; Br, 38.40

Calculated for C, H ONBr s

4
18811 3

7) Oxidation of l—Nitro-A,9—Dibromofluoranthene‘to giVe‘QéNitro;6— Bromo—

fluorenone~l-Carboxylic Acid (LVI)

"1—Nitro—4,9—dibromofluoranthene (1 g.)‘wae suspeaded in acetic
acid (lOb ml.). Chromic acid (2 g.) in water (13 ml.) and acetic acid

(9 ml. )vwas added to the cold stirred solution and left overnight. Next‘
day the solutlon was refluxed for 2 hours and half the solvent removed
by dlStlll&thﬂ. The solution was poured into iced water and extracted

. with ether. The etherlayer was extracted with aqueous sodium carbonate and

LS S




~the carbonate extract on‘acidification with hydrochloric acid gave impure
" acid m.p. 238-250°. Recrystallization from acetic acid and charcoal
~gave pure 4—nitro—6—bromofluorenone-l—carboxylio'acid-as yellow—orange
needles. (0.2 g.) m.p. 252-254°, The infra red spectrum in shown on page 109.

Analzsis
Found: N, 3.44; Br, 23.09

Calculated for ClAHGOSNBr. N, 4.03; Br, 23.00

8) * ‘Preparation of Cuprous Bromide

This was prepared essentially by the method of Buck et al. (61)
Sodium metabisulfite (41 g.) and sodium hydroxide (27 g. ) were dissolved
in water (600 ml.). Sodium bromide (91 g.) was then added to the solution
and stirring was continued until everything dissolved, Copper sulfate
(189 g.) was suspended in water (300 ml.) and added to the above solution
w1th stirring. The white precipitate was filtered, rinsed with a 11tt1e
acetone to hasten drying and stored in the dark in a'brownibottle. 1f
,tﬁe cuprous bromide is not used’ the same day it was prepared, it could

be reprecipitated from 48% HBr and water.

9) Synfhesis of 1,4, 9-Tribromofluoranthene (LIX) from 1l-Amino-4,9-Di-

bromofluoranthene (LVII)

The procedure for the Sandmeyer reaction used here 1s.simi1ar
to that used By'Campbell and Keir (2) for the synthesis of 3,8—dibromo¥
~ fluoranthene from 3—am1no—4—broﬁof1uoranthene. Sodium nitrite (1 g.)
was dissolved in concentrated sulfuric acid (10 ml.) by adding in portions
.aod_stirringf The dibromo—amine (0. 6 g. ) was dissolved in acetic acid
.(SO‘mi.) and filtered. This was chilled and then slowly added to the

 cold (0-5°) nitrous acid solution with stirring. The blood red solution




was stirred another hour. After that time it was added to a boiling
solution of freshly prepared cuprous bromide (3 g.) in 48% HBr (50 ml.).
The solution.was refluxed for 2 hours, cooled and poured into iced water.
The solution was extracted with benzene. The insolu ble residue was
boiled With benzene and the combined extracts were washed with water,
dried with sodium sulfate and subjected to column chromatography with
alumina. A yellow band separaﬁed and on elution with benzene yielded a
light yellow compound. mM.P. 190-198°. Recrystallization from benzene,
petroleumethefand charcoal gave light yellow platelets (0.1 g.); of
m.p. 196-198°. The infra red spectrum is shown on page 110,

Analysis

Found: Br, 54.61

Calculated for Cl6H7Br3 Br, 53.87

10) Oxidation of 1—Amino~4'Q—Dibromoflucranthane'(LVII)

A solution of chromic anhydride (1.5 g.) in water (2 ml1,) and
glacial acetic acid (2 ml.) was added over a period of ten minutesbto a
boiling solution of l—amino—4,9-dibromofluoranthene (0.3 g.) in glacial
acetic aC1d (20 ml.) The remaining oxidation mixture was rinsed into the
reaction mixture with a small amount (2 ml ) of’glacial acetic acid. .The
mixture was refluxed for four hours and then it was poured into 134 v/v
sulfuric acid solution (50 ml.) and allowed to stand at room temperature
overnight. The impure solid was filtered off, washed with dilute agid
and distilled water, and allowed to dry. It was purified by dissolving
it in 5% sodium carbonate solution and filtering out a small amount of
insolu‘blé reSidue, and flnally by re-precipitating the acid with (1:4
v/v) aquecus sulfuric acid solution. The 's0lid was filtered and allowed

to dry: Recrystallization from acetic acid and charcoal gave 2,7-dibromo-
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_fluorenone—l—earboxylic acid as light orange needles (50 mg), of m.p.
267-269°, The infra red spectrum is shown on page 111,
Analysis

Found: Br, 39.8

_ Calculated for C14H603Br Br, 41.9

11) Oxidation of 1-Acetamido~k,9-Dibromofluoranthene (LVIIT)

This compound was oxidized in the same manner as described
fof l—amino-4,9—dibromoflqoranthene (see 10 page 68) The yield of 2,7-
dibromofiuoredone-l—carboxyllc acid was only slightly better than that
obteined from the amino cempound. Mixed melting points and comparison of

infra red spectra showed that the two acids were identical.

12) Synthesis of 3,8-Dibromofluoranthene (LX)

The experlmental procedure used here is that of ?obler'gg_gi.

(15). Bromine (67 g.) in nitrobenzene (60 g.) was added dropwise to a‘
stirred solution of fluoranthene (67 g.) in aitrobenzene (360 g.) at

yoom temperature. Stirring was continued for 48 hours during which time
HBr'evolved. The reaction mixture was thed heated to 120° dissolving
deverythiﬁg, and air wes blown through to remove the HBr. A precipitate
formed when the reaction mixture was cooled. The precipitate was filtered
~and steam passed over it to remove the last traces of nltrobenzene; Re-
erysfalldzation from chlorobenzene and charcoal gave 3, 8-dibromofluoranthene
. as brighé yellow needles (48 g.), m.P. 206-207°. Literature 205°.' The

infra red spectrum is shown on page 112,

13) Oxidatlon of 3,8=Dibromofluoranthene (LX)

Aqueous permanganate oxidizes fluoranthene readily to give pink

~.
—
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platelets of 9—f1uorenone—l—carboxylic acid, but a similar oxidatioﬁ of
3,8—dibromofluoranthene proved unsuccessful. The method used then was
essentially the same as was used for l—amino—3,S-dibromofluoranthene (see
no. 10 page 68). The 2,7fdibromofluorenone—l-carboxylic acid obtained
melted at 268-270°. Mixed melting points with the acids from the amino
and acetamido compounds showed that they were identical. This conclusion

was also drawn from comparison of infra red spectrP&e-

14) Decarboxylation of 2,7—Dibromofluorenone—léCarboxylic‘Acid (LX1)
to 2,7—Dibromoé9—Fluorenone (LXI1)

This was essentially dome by the method of Campbell et al.(24).
Mercuric oxide (14.6 g.) was freshly precipitated from basic mercuric
acetate (19.33 g.) with 207 sodium hydroxide and washed to neutrality

according to Dziewonskl et al.(62).

from the oxidation of 1—amino—4,9—dibromofluoranthene, freshly precipitated

mercuric oxide from above (0.3 g.) and water (5 ml.) were heaééd in a
sealed tube at 180-185° for 30 hours. The tube‘was cooled, the tip broken
‘off,and the contents refluxed with concentrated hydrochloric acid (15 ml.)
for 3 hours. The residue was extracted first with ether, then benzene,

and the combined extracts were washed with 5% aqueous sodium carbonate and
dried (NaZSOA). Evaporation gave a solid which was dissolved in benzene
and chromatographed through alﬁmina. A yellow band separated and was
eluted with benzene. Evaporation of the solvent gave 2,7—dibromofluorenone
ag yellow platelets (30 mg) m.p. 201-203°. This compound proved to be
jdentical with 2 ,7-dibromofluorenone obtained by the oxidation of 2,7~

dibromofluorene.




15)"Oxidation'of’2574Dibromofluorene (LXIII) to 2,7-Dibromofluorenone (LXII)

2,7-Dibromofluorene (0.7 g, K and K Rare fine Chemicals) was
dissolved in acetic acid (65 ml.). Chromic anhydride (1.8 g.) was dis-
sdlved in water (6 ml.) and acetic acid (12 ml.) and added to the above
solution. After refluxing for 2 hours, the solution was cooled and poured
inté iced Waﬁer. The precipitate obtained was filtered and recrystallized
from benzene and charcoal to give 2,7-dibromo fluorenone as yellow
.platelets (0.5 g.) m.p. 206-208°. This proved to be identical with the

decarboxylation product of 2,7-dibromo—9—fluorenone—l—carboxylic acid.

16) Deamination of'l—Amino—3,8—Dibromofluoranthene‘(LVII)'to 3,8~ Dibromo-
fluoranthene (LX)

ExperimentalAdetails for this réaction were oBtained from Kornblum
(12) who used it for deaminating o-toluidine. Sodium nitrite (0.6‘g.)*was
added cautiously with stirring to 2 solution of concentrated sulfuric
acid‘(45 ml.) and water (3.2 ml,) at room temperature. When all the
sodium nitrite had finally dissolved the.solution was cooled to =5° By
means 6f an ice-salt bath. Finely ground l—amino-3,8—dibromofluoranthene
(1.0 g.) was added slowly with vigorous stirring to the above solution
over a period of 15 minutes, the temperature being maintained at -5°.
Stirring was continued at approximately the same temperature for one hour.
Precooled 50% hypophosphorous acid (65 ml.) was then added to the stirred
solution at such a rate (2 l/2vhours) that the temperature at mo time.
rose above 5°. The reaction mixture was then left at 2--3° for 6 days.
After that time water (800 ml.) was added and the colloidal precipitate

allowed to coagulate and was then filtered and dried. Tt was stirred in

hot benzene and a small amount of insolu ble residue discarded. The
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benzene solution was washed .with concentrated sulfuric acid until the
oacid 1a§er no longer became colored, then with 10% sodium carbonate
solution and finolly with water. It was then dried over anhydrous
magnesium sulfate. After removal of the solvent with a Buchi evaporator,
.the residué was recrystallized twice from ethanol with charcoal. 3,8-
Dibromofluoranthene was obtéined as bright yellow needles (0.3 g.) m.p.
205-207°, It proved to be identioal with authentic 3,8~dibromofluoran—

thene synthesized according to 12) page 69.

:17) Attempted Monobromination of 1-Nitrofluoranthene with Bromine in

Nitrobenzene

Bromine (0.3 g.) in nitrobenzene (10 ml.) was added dropwise to
a solution of l-nitrofluoranthene (1 g.) in nitrobenzene (20 ml.) and
the solution was stirred at room temperature for 2 days. No precipitate

formed and evaporationbof the solution gave unreacted l-nitrofluoranthene.

18) AttemEted Monobromination of 1—Nitrof1uoranthene‘With‘NéBromOSuccinimide
Commerc1a1N—bromosucc1n1m1de\was recrystallized from hot water

and oharcoal. ‘l—Nitrofluoranthene (1lg.) was suspended in carbon tetra-

chloride (50 ml.) and N-bromosuccinimide (L g.) added. The mixture was

 refluxed'for.4 hours during which time everything dlssolved to give an

‘orange solution. On cooling with slight evaporation a preC1p1tate formed.

It was’ flltered and washed with a little hot water. However, both this

and the residue’obtained on complete evaporatlon proved to be unreacted

l—nitfoflqorapthene. Tho same results were obtainedywith nitrobenzene as

~solvent.
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~l9)"Preparation‘of'Pyridine : Hydrobromide'Perbromide (CSHSﬁHBES)

This compound was prepared according to the method of Fieser
et al. (45) . Pyridine (15 ml.) was mixed with 487 hydrobromic acid
(30 ml1.) and the solution was cooled. Bromine (25 g.) was slowly added

with stirring. The precipitate was filtered and washed with acetic acid.

Recrystallization from acetic acid gave bright red needles (32 g.) m.p.

132-134°.

20) AttemptedvMonobromination of 1-Nitrofluoranthene with Pyridiﬁe

‘Hydrobromide Perbromide

1-Nitrofluoranthene (1 g.) was dissolved in acetic acid (60 ml.)
by warming on the steam bath., Pyridire hydrobromide.perbromide (1g.)
was suspended in acetic acid (15 ml.) and added tq'the above solution -

on the steam bath. The solution was refluxed with stirring overnight.

T 1 A - « o I < 2= 1
Next day the coluticn waz cooled 20z gvsporated te.one helf of its voiume.

A precipifate appeared but it proved to be unreacted,l-nitrofluoranthehe.

When nltrobenzene was used 1nstead of acetic acid, ‘the same .results were

obtained.'

21) Attempted Polybromination of l—Nitrofluorenthene'Beyond the Dibromo

Stage
l—Nitrofluoranthene (1 g.) was dissolved in nitrobenzene (25 nl.)
and a small amount of ijodine added. The solution was stirred at room

temperature until everything dissolved and then bromine (2 ml.) was added

dropwise. The solution was left stirring overnight and next day a pre-
cipitate was observed. After filtration and recrystallization from
chlorobenzene, it turned out to be 1-nitro—4,9-dibromofluoranthene 1dentical:

with a sample prepared without the use of iodine. (see 4 page 65). The
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reaction was also tried with carbon tetrachloride as the solvent both
at room temperature and with reflux but once again the dibromo compound

resulted.

[N

22) ‘Polybromination of 1-Nitrofluoranthene to Give Hexabromofluoranthene

(LX X)

l—Nitrofluorantheue (1 g.) was dissolved in nitrobenzene (30 ml.)
and a small amount of iodine added. The solution was stirred at room
temperature until everythlng dissolved and then bromine (3 ml.) was added |

- dropwise. The solution was then refluxed for 2 days, cooled and the pre—
cipitate filtered. :Recrystallization from chlorobenzene and charcoal
gaue bright yellow crystals (0.8 g.) m.p.‘310-312°. Analysis indicated
complete loss of the nitro- group, and suggested the presence of six

bromlnes. The infra red spectrum is shown on page 114,

A“"‘lw-r'--?n

PRSPty e

Found° c, 27.3; H, 0.42; Br, 72.8; N<O0.1 if any.
Calculated for C16 4 et Cc, 28.4; H, 0.58; Br, 71. 0

23) Synthesis of l—Aminofluoranthene

- This substance was synthesized accordlng to Streitwieser'gt;al.
(22). 1—N1trofluoranthene 1 g.) prepared accordlng to 3) page 64 was
suspeuded in ethanol (150 ml.) with a small amount of Adam s catalyst.
The solution was shaken on the_hydrogenator for 2 hours during which time
it changed from yellow to green. The amine was precipitated with water
and filtered. Recrystallization from hexane gave l—amlnofluoranthene as
greenlsh—yellcw needles (0.2 g.) m.p. 131-133°, The infra red spectrumb
is showu'on page 115. | -

Analeis

: o . Found: N
_ ; ; .

Calculated for C16H11N. N.

i
o -
)
o~
o




24) - Synthesis of 1-Acetamidofluoranthene

This substance was synthesized according to Streitwieser
‘et "al.(22). 1-Aminofluoranthene (1 g. ) was dlssolved in benzene (170 ml .)
and the solution filtered. Freshly distilled acetic anhydrlde (30 m1 .)

was added and the solutlon stirred with slight warming. After about 15

minutes a precipitate appeared. The reaction was continued for 1 hour
and the solution then cooled and filtered. The precipitate was washed
with a little cold benzene and sucked dry. 1-Acetamidofluoranthene

was thus obtained as greenish-white crystals (0.8 g.) M.P. 258-260°, (lit.

257—258 ). The infra red spectrum is shown on page 116.

25) * Attempted Bromination of‘l—Acetamidofluoranthene'in'Pyridine

The method used was that of Charlesworth end Blackburn (&)
for the bromlnatlon of 3—acetamidofluoranthene. Bromine (0.5 ml.) wae
added w1th stirring, to a solution of l—acetamldofluoranthene (1 g.) in
pyridipe (70 ml.). The reaction was allowed to proceed at room tempera- | ‘
" ture for 10 hours. The product was precipitated by addition of water
>(200 ml.), filtered off, and washed succeseivelj with 10% equeous solutions
of sodium hydfexide and sodium bisulfite. After recrystalllzatlon from

-pyridine and charcoal unreacted l—acetamldofluoranthene was obtalned.

The reaction was then tried with higher concentratlons of
bromine at elevated temperatures but no acetamidobromo compound was ob-

tained.

- 26). Attempted Bromlnatlon of l-Acetamidofluoranthene'in'ACetic'Acid :

The method used was that of Charlesworth and thhown (30) for

1

the bromination of 3-acetamidofluoranthene. Bromine (0.5 ml.,) in acetlc




acid (12 ml.) was added dropwise over a period of 15 minutes to a stirred
solution of 1-acetamidofluoranthene (l.b g.) in acetic acid (100 ml.) at

'80°, Stirring was continued at this temperature for 3 hours during which
time no precipitate appeared. Evaporation of the solution gave unreacted
1-acetamidofluoranthene, The reaction was also tried unsuccessfully with

higher concentrations of bromine.

27) Attempted Bromination of l-Acetamidofluoranthene in Dimethyl Sulfoxide

1-Acetamidofluoranthene (1 g.) was dissolvéd in dimethyl sulfoxide
(150 ml.) and bromine (2 ml.) added dropwise. The solutién was stirred
at room temperature overnight. Next day water was added and a precipitate
formed. After the usual work up it turned out to be unreacted l;acetamiﬁg—
fluoranthene., The reaction was repeated with higher concentrations of

bromine and at elevated temperatures but without success.

28) Synthesis of l—Acetamido-4,8,9—Tribromofluoranthene'(LXIX)'and'l—

Acetamido—4,8,9(?)-Tetrabromofluoraﬁthene (LXXI)

1-Acetamidofluoranthene (0.8 g.) was suspended in carbon. tetra-

chloride (20 ml.,). Bromine (5 ml.) in cafbon tetrachloride (10 ml.)

was added dropwise with stirring. The solution was refluxed for 45

minutes and then evaporated. The residue was washed successively with

'10% aqueous solutions of sodium hydroxide and sodium bisulfite and then

ﬁith water., The melting.range'at this point was quite broad (300-360°) .

Several attempts were made at.purification by passing through a column |

of alumina or with thin layer chromatography with silica gel but the com-

pounds were mnot sufficiently solu ble in the usual chromatographic solvents.

" The residue on the filter paper was treated with hot pyridine (300 ml.)

I
{
%
i
|
|
{
i
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and the_in901u ble part discarded. Recrystallization yielded a compound

of melting point 340-360°. This was treated with hot xylene (150 ml.)

and the insolu ble residue wiil be dealt with later. Charcoal was added.to
the xylene solu ble substance, and the solution filtered. On cooling light
green platelets (0.1 g.) of 1-acetamido-4,8,9-tribromofluoranthene formed
m.p. 323-325°. The infra red spectrum is shown on page 117.

Analysis *

Found:

Calculated for C, H,.ONBr

, 2.99; Br, 48.50
1881090 3¢ 2

§, .83; Br, 48.49

The xylene insolu ble residue melted at 355-365°, It was washed
with warm benzene and then recrystallized from pyridine twice,-to give
1—acetamidotetrabromofluoranthene.(50 mg) quite similar in appearance ..
to the tribromo compound. m.p. 370-372° (estimated). The ir.1fra red spectrﬁm is
' shown on page 118. | |
Analysis -

: Found: N, 2,443 Br, 55.12
Calculated for C18H90NBr4: N, 2.44; Br, 55.70

29) Bromination of 1-Acetamidofluoranthene to Give l-Acetamido-4,9-

Dibromofluoranthene (LVIII)

i—Acetamidofluofanthene (1.5 g.) was suspended in.carbon tetra-
chloride in an ice-water mixture (approx.‘0°). Bromine (2.5 ml.) was
added to the stirred suspension over a period of 30 minutes. 'After 1
hour a reddish precipifate formed; however, stirring was continuedbfbr
another hour. The precipitate was filtered m.p. 200-290°, It was washed
successively with 10% aqueous solutions of sodium hydroxide and sodium
bisulfife'and then with wate?._ The precipitate was recrystéllized twice
from pyridine (charcoal), 1‘Acetamido—4,9—dibromofluoranthene was thus

" obtained as light'green'platelets (0.7 g.) m.p. 314-316°. It was found
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to be idengical with the acétylation product of 1-amino~4,9~dibromofluor-
anthene. (see 6) page 66).

1-Acetamido-&,9-dibromofluoranthene prefared this way was
oxidized according to (10 page 68)to give 2,7—dibromofluorenone—l—carboxylic

acid.

30) Hydrolysis‘of'14Acetamido—4;94Dibromofluoranthene'(LVIII) to Give
1—Amino—4,9-Dibromofluoranthene'(LVII)

The experimental procedure is similar to that used by Charlesworth

and Blackburn (4) for the hydrolysis of 2-hromo-3-acetamidofluoranthene.

1-Acetamido-4,9-dibromofluoranthene (1.5 g.) was dissolved in pyridine

{60 ml.) and sodium hydroxide (3.5 g.) dissolved in methanol (70 ml.) .~
added. The solution which immediately changed from yellow to orange was
then refluxed for 12 hours. After cooling to room témperature a small
‘dmounfvgf insolu ble material was. filtere

product was precipitated by dilution with water (600 ml.). The collected

|
{
i
|

material was washed with water, dried and dissolved in boiling pyridine.
A small amount of insolu ble material was filtered off and the filtrate
was heated with charcoal. Sufficient water was added to cause crystalliza-

tion when the solvent cooled. 1-Amino—4,9—dibromofldoranthene was thus

obtained -as greenish—yellOWrplatelets;(0.6 g.) m.p.208-210°, This com-
pound proved to be identical with the reduction product of 1-nitro-4,9-

dibromofluoranthene (see 5) page 65).

31) Synthesis of 1—Amino—4;8;9¥Tribromofluoranthene'(LXXII)'by‘Hydrolysis
of the Amide (LXIX)

The experimental procedure for this reaction is similar to that

used by Charlesworth and Blackburn (4) for the hydrolysis of 2-bromo-3-
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acetamidofiuoranthene. 1-Amin9—4,8,9-tribromofluoranthene (0.8 g.) was
dissolved in pyridine (45 ml.) and sodium hydroxide (2.8 g.) dissolved
in methanol (50 ml.) added. The soiution which immediately changed from
yellow to orange and later to a 1ight red, was refiuxed for 16 hours.

Tt was then cooled, filtered and diluted with water (400 ml.) to give a

yeilow flocculent precipitate. Recrystallization with charcoai,'pyridine
and water gave a preciﬁitate m.p. 180-196°. This was dissolved in
benzene and chromatographed thfough alumina. No clean separation was
observed on the column, however,. elution with benzene left a light brown

residue in the column. Evaporation of .the benzene left crystals which

melted at 206-220°. A further recrystallization from pyridine, charcoal
and water gave l—amino—4,8,9—tribromofluoranthene as light green needles
(0.3 g.) m.p. 227-229°.

The infra red spectrum is shown on page 119,

s

.Analzsié
Found:

Calculated for C, HoNBr

, 3. Br, 52.65
160gNBT 3¢ 3

N, 3.09;
N, 3.09; Br, 52.81

H
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32) Attempted Hydrolysis of l—Acetémido—4,8,9,(?)—Tetrabromofluorantheﬁe
(LXXI) to 1—Amino—4,8,9,(?)—Tetrabromofluoranthene'(LXXV) '

The method of Charlesworth and Blackburn (4) who used pyridine,

sodium hydroxide and methanol for the hydrolysis of 2-bromo-3-acetamido=-
fluoranthene was tried but no tetrabromo amine was isolated even after

several attempts at purification by column chromatography. Hydrolysis

was also tried with concentrated hydrochloric acid and ethanol according
to Kloetzel et al.(3) but this also met with failure. It appears as though
the more bromines there are in the acetamidofluoranthene, the more difficult

it is to hydrolyse the amide and obtain a pure amine.
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33) 'SynthesiS'Of'3;8;94Tribromofluoranthene‘(LXXIII)‘From'3,84Dibromo-

- -fluoranthene (LX)

The experimental procedure used was that of Tobler et al. (15).
3,8-Dibromofluoranthene (3 g.) (for synthesis see 12) page 69) was dis—

solved in nitrobenzene (25 ml.), a few grains of iodine added and the

solution stirred and heated to 906. Bromine (0.8 g.) wés added dropwise
and the solution stirred at 90-95° for 20 hours. It was then allowed

to cool to ;oom temperature whereupon a yellow solid precipitated. Air
was blown through to get rid of HBr. The precipitate was filtered and

- washed w1th a 11ttle nltrobenzene and. then ethanol Recrystallization

from nitrobenzene and charcoal twice gave 3,8, 9—tr1bromofluoranthene
as yellow needles (2.1 g.) m.p. 208~ 210°. (literature 208-210,5). A
mixed melting point with 3, 8-dibromofluoranthene m.p. 206 207° melted at

173-193°.

34) Deamination of l—Amino—4,8,9—Tribromof1uoranthene'(LXXII)'tO'Give - -
3,8,9~Tribromofiuoranthene (LXXIIT) ;

The experimental details for this deamination are similar to
16) page 71 up to the drying stage with anhydrous magnesium sulfate. The

" amount of l—amiﬁo—4,8,9-tribromoflu9ranthene used was (0.5 g.) and the

amount of sodium nitrite, sulfuric acid, water and hypophosphorous acid
‘used was varied correspondingly.
After drying over anhydrous magnesium sulfate, the crude product

was recrystallized twice from ethanol and charcoal to give a yellow pre-

cipitate 180-190°. It was dissolved in benzene spotted on a thin layer
chromatography plate (silica gel) and developed with 50% petroleum ether —
benzene. A bright yellow band separated. This was scraped off and eluted

with benzene. Evaporation gave 3,8,9—tribromofluoranthene as yellow needles

(30 mg) m.p. 204-207°. A mixed melting point confirmed that this was the
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same as authentic 3,8,9—tribromofluoranthene prepared according to 33)

page 80.

35)"SynthesiS'of 1,4, 8'9—Tetrabromofluoranthene (LXXIV) From l-Amino-
4,8, 9-Tribromofluoranthene’ (LXXII)

The experimental procedure used here is similar to 9) page 67.
Sodium nitrite (0.8 g} was dissolved in concentrated sulfuric acid (8 mi.)
by adding in portions and stirring. The tribromo-amine (0.5 g.§ was
dissolved in acetic acid (45 ml.) and filtered. This Wés chilled and

then sléwly added to the cold (0-5°) nitrous acid solution with stirring.

The reddish-brown solution ﬁas stirred at . .that temperature for an hour
and then added to a boiling solution of freshly prepafed cuprous bromide
(2.5 g.) in 48% HBr (45 ml.). The solution was réfluxed for 2 hours'and
.then poured into iced water. The solution was extractedeith benzene.
Thé:iﬁéoluableireSidue was boiled with benzene-and the combined extracts ' é
. were Wéshed with water, dried Qith sodium sulfate and passed through an o
alumina column. Evaporation of the solvent gave the impure tetrabromo |
compound . Two recrystallizations from benzene and charcoal gave 1,4,8,9- |
" tetrabromofluoranthene (0.1 g.) as green-yellow platelets m.p. 243-247°.

The ana1y51s of this compound at this stage was unsatisfactory so it was

sublimed under reduced pressure. Green-yellow needles (50 mg) were
obtained m.p. 248-249°. The infra red spectrum is shown on page 120.

Analysis
. Found: Br, 60.62

Calculated for C16H6Br4 Br, 61.72
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36) 'Side Chain Bromination of léAcetamidofluoranthene'with‘Pyridine

' Hydrobromlde Perbromide to Give LXXVI

1-Acetam1dof1uoranthene (0.5 g.) was dissolved in acetic acid
(70 ml.) and heated to 90°, Pyridine hydrobromide perbromide (0.62 g.)
(prepared according to 19) page 73) was dissolved in acetic acid (5 ml.)

and added to the above solution. After about 5 minutes the bright orange

color changed to a straw yellow. Acetic anhydride (3 ml.) was added
and the solution heated for about 2 hours more. After standingbat room

témperature overnight a cream colored precipitate was observed. The

reaction mixture was nevertheless poured into water (300 ml.) and flltered.

Recrystallizétion from pyridine‘énd charcoal gave a yellow compound of
A melting point 207-224°, ©Purification through an alumina column proved
unsuccessful. bThe compound was finally recrystallized twice from pyridine
“and charcccl. Even then it was not quite pure m.p. 217-224°, The infra

red anectrum is ghown on pige 121

Analysis » : . : ‘ - o
o Found: N, 4.05; Br, 27.02 _ o
N,

4
Calculated for ClSHlZONBr' 4.15; Br, 23.65

An attempt at purificatidn was made by hydrolysis of the bromo-

amide With_cohcentrated hydrochloric acid and ethanol to the bromoamine

followed by re-acetylation. However, on ‘hydrolysis 1- amlnofluoranthene

was ‘obtained., Bromination then must have occurred in the side chain.

37) 5Bromihation of 3-Acetamidofluoranthene with Bromine in Carbon Tetra=~

chloride

3-Nitrofluoranthene was prepared according to the method of
Garascia et al.(64), reduced to 3—amin9fluoranthene, and acetylated to

the 3-acetamido derivative by following the directions of Kloetzel et al. (3).



J—ncetamlaofluoranthene (1.5 g.) was suépended in carbon tetra-
v_chlorlde, bromine (0 8 ml.) added and the solut101 stirred overnight at
room temperature. Next day the solution was flltered and the precipitate
washed successively with 10% aqueous solutions of sodium hydroxide,

sodium bieulfite and then water. It was then recrystallized from chloro-
benzene and charcoal m.p. 240-248°, Two recrystallizations from pyridine
and charcoal gave 3—acetamido—8—bromofluoranthene as yellow crystals

(0.2 g.) m.p. 247-249°, This proved to be jdentical with a sample bro-

minated in acetic acid according to the method of Blackburn (40).

| 38)"Attempted'demination‘of’1~Aminof1uorantﬁene
| a With bromine in.acetic acid
1-Aminofluoranthene (0.5 g.) was dissolved in acetic acid
» (20 ml.) and bromine (0.2 ml,) in acetic acid (lO—ml;) added dropwise
al roow Lewperatuie. Tne reaction mixture was btllféﬂ for 3 nours. A
reaction apparently oecurred because a precipitate settled ouﬁ.' It was
filtered, washed with 10% sodium hydroxide and water and dried. Purifica-
tion by means of the hydrochloride salt'andliberafionof the bromoamine
with a;monia was fruitless. The compound was dissolved in Benzene, spotted
‘on thin layer chromatography plates (Silica gel)--and subjected to separa-
tion using a variety of solvents (e.g. benzene,'chloroform). Several
vdifferent colored bands were obtained, Elution gave compounds with wide

melting ranges.

b With 487 HBr in d1methy1 sulfox1de
1—Am1nofluoranthene (0.5 g.) was dissolved in dlmethyl sulfoxide
(20 ml.) and 48% HBr (6 ml.) added dropwise with stirring. The solution

was.heated“tO'about 100° for 3 ‘hours and. then allowed to cool ‘to room

temperature with stirring for another 3 hours. The reaction mixture was




diluted_ﬁi#h watér (200 ml.) and the precipitate which formed filtered.
It was recfystallized successively from pyridine, benzene, hexane and
ethanol but the melting range of the precipitate was still quite wide.
Sublimatidn improved the melting range gomewhat but it was still un-

acceptable,

Other samples were done and purification attempted byvcolumn

and thin layer chromatography but still to no avail,

39)"Synthesis‘of'léBromofluoranthene‘(LXXVII)‘and'14Hydroxyfluoranthene-
(LXXVIII)

The experimental procedure is similar to that used by Charlesworth'

and Blackburn (4) for the synthesis of 3-bromofluoranthene. 1-Amino-
fluoranthene (2 g.) was dissolved in anhydrous ether (150 ml,) and flltered

Concentréted sulfuric acid (2 ml.) was added with stirring to the amine

¢r\1n+‘-='rﬂ-n he '7“ tiomn ma 1 oo F-f“&c.:',‘or:l nE¥f .a11n7.7a(1. o Arar r_aﬂd -Fina11
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ground. The salt was then dissolvea in a vigorously stirred soldtioﬁA L
of sulfuric (75 ml.) and acetic acid (75 ml.) with gentle warming. The
solution was cooled and ice and water (150 g.) were added rapidly with
stirring to precipitate the amine salt in a finely divided condition.

The salt was diazotized at 0-5° by addltlon of sodium nitrite (1 g.)

in water (6 ml.). The diazonium solution was poured, with stlrrlng,‘
- into a solution of freshly prepared cuprous‘bromidé (15 g.) in 48%
hydrobromic acid (80 ml.) and water (25 ml.). The mixture was heated

slowly, with stirring, to 95°, Stirring was continued at this temperature

for 3 hours after which the solution was cooled to room temperature and
left overnight. Next day the reaction mixture was diluted with water and
‘the precipitate filtered off. The dried material was stirred with hot

benzene (150 ml.) €four times and the insolu Bie residue discardéd. The




filtrate from aboﬁe'was also extfacted with benzene and the benzene
extracts combined and washed with 10% sodium hydroxide solution., Quite
an amount of yellow substance dissolved in the aqueous base and this will
be dealt with below. The'benzene layer was separated and washed further
with 10% sodium bisulfite, concentrated sulfuric acid (until further ex-
traction gave no further coloration of the acid layer), 10% sodium car-
bonate solution and finally with water. It was then dried over anhydrous
- magnesium sulfate and the solvent evaporated off. The residﬁe was re-
crystallized twice from 95% ethanol to give a yellow precipitate m.p. 90~
102°. This was dissolved in benzene and chromatographed through alumina.
Elution with benzene gave a compound of melting point 103-106°. Sub- )
limation unéet vacuum gave'l-bromofluoranthene as yellow needles (0.1 g.)
m.p. 106-108°. The infra red spectrum is shownvon page 122,

Analysis

B i . Found: Br, 28.03

Calculated for’Cl6HgBr Br, 28.45
The 107% soaium hydroxide solution from above was made acidic

with eoncentrated hydrochloric acid., The pre01p1tate was filtered and
vrecrystalllzation attempted both with benzene and ethanol. The still im-
purevcompound was then sublimed to give crystals of melting point 142-145°,
The analysis at this stage was not satisfactory so it was resublimed to
give 1-hydroxyfluoranthene as straw colored needles (75 mg) m.p. 145-
147°. The infra red spectrum.is shown on page 123.
\ Analysis

Found: C,
C

s H, 4.
Calculated for C16H100: s H, 4

7
, 4.6

40) Attempted Bromination’ of 1= Bromofluoranthene

1-Bromofluoranthene (0.2 g ) was dissolved in n1trobenzene (15 ml.)

and bromine (0.2 ml.) added with stirring, at room temperature. Stirring
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was continued overnight. Next day the solvent was evaporated to give
unreacted 1-bromofluoranthene. The same results were obtained in carbon

tetrachloride at room temperature, and in carbon tetrachloride with iodine

under reflux.

41) Bromination'of‘14Bromofluoranthene to‘1,4;8;9+Tetrabromof1uoranthene

(LXXIV)

1-Bromofluoranthene (0.5 g.) was dissolved in nitrobenzeﬁe
(35 ml.) and a little iodine added. Bromine (0.2 ml.) was added and the
stirred solution was heated at 100° for 20 hours, during which time a
precipitate formed. It was filtered and recrystallized from nitrobenzene
twice but was still impure. It was dissolved in excess benzene and poured
on an alumina column. Elution with benzene appeared to cause everything.
to pass through the column. Two regrystallizations from benzene and char-
coal gavé 1,4;8,9¥tetrabromofluoranthene as green-yellow needles (0.1 g.)
m.p. 247—248°. This‘compound proved to be identical to.l1l,4,8,9-tetra-
bromofluoranthene sﬁnthesized from l—amino—4,8,9—tribromofluoranthene

(.35) page 81).

42) Bromination of 1-Bromofluoranthene to 1,4,9—Tribromofluoranthene (LIX)

1-Bromofluoranthene (0.5 g.) was dissolved in nitrobenzene (35 ml.)

and a little iodine added. Bromine (0.2 ml.) was added and the solution
_ “stlrred at room temperature for 20 hours, during which time a precipitate

formed. It was filtered and the filtrate evaporated to drymess to give

a res1due which melted close to that of l-bromofluoranthene. The precipitate .

from above was recrystalllzed once from nitrobenzene and once from benzene

to glve 1,4,9-tribromofluoranthene as llght yellow platelets (0.2 g.)

m.p. 194—196°. This compound proved to be 1dent1cal as 1,4,9- tribromofluor-
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anthene synthesized from 1-amino-4 ,9-dibromofluoranthene (9 page 67).
l 4 ,9-Tribromofluoranthene was bromlnated in nitrobenzene and

iodine with heat according to 41) page 86 to give 1, 4,8,9- tetrabromofluor—

anthene.

43) Synthe51s of 1, (?)—Dinitrofluoranthene (LXXIX)

¢

Fuming nitric acid (1 5 ml.) was added dropwise to a solution

of 1—nitrofluoraqthene (2 g.) in freshly distilled acetic anhydride (300

“ml.). The solution‘atvfifst became cloudy and then a precipitate formed.

Stirring was continued for 4 hours at réom temperature and the precipitate

filtered. It Waé washed with a 1ittlé col& écetone and then recrystallized .

from acetic acid, The still impure compound was suspended in benzene

and ﬁut‘on an alumina column. A large volume of benzene was used to get

4 ﬁost of-the3qompound through the column. Recrystalllzation from acetic
aéid gave i, (7)—dinitrofluoranthene és bright yellow needles (0.5 g.) m;p.

301-303°. The infra red spectrum is shown on page 124,

Analysis - ,
v . Found: N, 9.59
Calcula;ed for 016H804N2: N, 9.59

44) Reduction'of'l;(?)aDinitrofluoranthene’to'1;(?)—Diaminofluoranthene

(LXXX)

Several attempts were made at this reduction but pure diamino
cbmpound was never obtained. Reduction was first tried with iron powder
and concentrated hydrochlorlc acid but pufification of product formed was
fruitless. Reduction was then done in ethanol with Adam's catalyst and
hydrbgen. Here agaiﬁ purification was_unsuccessful.Cat?lytic reduction

_with acetic acid as solvent was also unsuccessful.
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Acetylation of the impure diamine was also unsuccessful.

45) Acetylation of l,(?)—Dinitrofluoranthene (LXXIX) to l,(?)—Diacetamido—

fluoranthene (LXXX1) "in situ"

1~-Nitrofluoranthene (1 g.) was suspended in a mixture of glacial

acetic acid (150 ml.) and freshly distilled acetic anhydride (75 ml.)

and Adam's catalyst added. The reaction mixture was shaken on the hydro-
genator for 3 hours. The solution was evaporated and the residue re-

crystallized twice from pyridine, charcoal and water. l,(?)-Diacetamido—

fluoranthene was obtained as light green platelets (0.6 g.) m.p. 320~

322°. The infra red spectrum is shown‘on page 125.

Analysis
Found: N, 8.33

Calculated for C20H1602N2: N, 8.86

46) S&ntheéié af l—Acetamido—Mbnoﬁiﬁrofiuoraﬁtheﬁe (LXXXIIIj

| l—Acetamidofluoranthene (0.5 g.) was suspended in carbon tetra-
chloride{(25 ml.) and stirred in an ice-water bath. Concentrated nitric’
acid (30 drops) was added slowly and the reaction mixture stirred at this
teﬁperature for 2 hours. A yellow-light brown ball formed in the color-

less iiquid. The precipitate was filtered, ground fine and washed suc—

- cessively with a 1ittle hot benzene, acetone and acetic acid. Recrystall-
jzation from acetic acid gave 1—acetamido—mononitrofluoranthene as orange
_crystals (0.1 g.) m.p. 315-317°. The infra red spectrum is shown on

pagev126.

Analysis
Found:

. N
_ Calculated for C18H120 N.: N

, 9.03
3Ny , 9.21
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47) SyntheSis of l—Acetamido-Monoaminofluoranthene (LXXXV)

l—Acetamido—mononitrofluoranthene (0.2 g.) was suspended in
ethanol (200 ml.),'Adam's,catalyst added, and the reaction mixture shaken
on the hydrogenator for 3 hours. The color of the mixture changed from

yellow to green. The reaction mixture was flltered and the solvent evap-—

orated. It was washed with cold benzene and recrystallized from hexane
to give l—acetamido—monoaminofluoranthene as a dark green precipitate

(50 mg) m.p. 195-200°. The infra red spectrum is shown on page 127.

Analysis
Found: N, 9.60

Calculated for 018H140N2 N, 10:20

48) Synthesis of l—Acetamido—Dinitrofluoranthene (LXXXI1)

1?Aeetamidofluoranthene (1 g.) was suspended in carbon tetra-
chloride (40 ml.) at room temperature. Fuming (95%) nitric acid (50
~drops) was added dropwise to.the stirred solution. The reaction mixture
was stirred at this temperature for 10 hours during which time it appeared
as a red sticky mass suspended in a clear solution. After filtration,
the solid was ground fine and washed successively with hot ethanol and

hot acetic acid. l—Acetamido—dinitrofluoranthene was thus obtained as

" bright orange platelets (0.1 g.) m.p. 335-337°. The infra red spectrum

is shown on page 128.

Analysis
: . Found: N, 11.79

Calculated for ClSHllOSN3 N, 12.02

49) Hydrolysis of l—Acetamido—Dinitrofluoranthene‘to'GiVe the ‘Dinitroamine

Hydrochloride (LXXXIV)

1—Acetam1do ~dinitrofluoranthene (0.5 g.) was suspended in ethanol

(30 ml.), concentrated hydrochloric acid added (30 ml.) and the reaction



mixture refluxed for 20 hours. During this time, a red precipitate»formed.
Tt was filtered and recrystallized twice from chlorobenzene. Brick red
crystals (%5 mg) of the dinitroamine hydrochloride were(ogtained'this way
m.p. 347-350°. The infra red spectrum is shown on page 129.
Analysis |

Found: N, 12.23

Calculated for Cl6H904N3,HC1: N, 12.23

i
!
!
!

!
E
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1)

2)

" SUMMARY *

a) Bromlnatlon of 1—n1trofluoranthene (L) in nitrobenzene or carbon

tetrachloride with or without iodine gave l-nitro-4,9- dlbromofluoran-

thene (LV). Reduction of the nitro compound gave 1-amino~4,9-dibromo-
fluoranthene (LVII). Acetylation of the amine gave l-acetamido -4,9-
dibromofluoranthene (LVIII). A Sandmeyer reaction with cuprous

bromide on the amine gave 1,4,9—tribr6mofluoranthene (LIX).

b) Oxidation of l—nitro—4,9-dibromofluoranthene (LV) gave 4-nitro-

6—bromofluorenoneél—carboxylic acid. This indicates the presence
of a bromine in ring B of the fluoranthene molecule. This is the

first report of a substituent being directed to ring B by an initial

‘substituent in ring A.

The orientation of the two bromines in l—nitro-4,9—dibromof1uoranthené

(LV) was shown by twé methods.

a)‘ Deamination of 1—amino—4,9—dibromofluoranthene (LVII) obtained

from the corresponding nitro compound gave 3,8-dibromofluoranthene (LX)
identical with an authentic sample obtained according to Tobler‘ggﬂgi..

(15).

b) Oxidation of 1-amino-4, 9—dibromofluoranthene (LVIiI), 1—acetamido—

4 9- dlbromofluoranthene (LVIII) and 3,8- dlbromofluoranthene (1X) all

’produced 2,7—d1bromofluorenone—l—carboxyllc ac1d (LXI) On decarboxy-

lation this acid formed 2,7-dibromofluorenone (LXII) identical with

% Tor numbers 1-8 see page 95.




3)

4)

5)

92

that obtained by oxidizing commercially available 2,7-dibromofluorene.

Bromination of 1-nitrofluoranthene with iodine and excess bromine

in nitrobenzene and with heating for two days gave a compound (LXIX)
for which analysis shows the presence of six bromines and the complete
1oss of the nmitro group. The orientation of the bromines has been

suggested but not established.

Brominatién of l-acetamidofluoranthene in carbon tetrachloride in

the cold gave l—acetamido—4,9-dibromofluoranthéne (LVIII). This
compound is identical with the acetamido compound obtained from 1-
nitro—4,9—dibromofluoranthéne via the amine. Furthermore, the amine
produced by the hydrolysis of the acetamido compound is identical

with that produced by the reduction of 1—nitro—¢59—dibromof1uoranthene.
Theboxidation product of this 1—acetamido—4,9—dibromofluoranthene was

also 2,7~dibromof1uorenone—l—carboxy1ic acid (LXI).

a) Bromination of 1-acetamidofluoranthene in carbon tetrachloride
with refluxing gave a mixture of 1—acetamido—4,8,9ktribromof1uoran— .
thene (LXIX) and l—acetamido—4,8,9,(?)—tetrabromofluoranthene (LXXI).

The orientation of the latter compound has not been established.

b) The orientation of l—acetamido-4,8,9—tribromof1uoranthene (LXIX)

" was established as follows. Hydrolysis of the amide gave l-—amino-

4,8,9—tribromofluoranthene (LXXII). Deamination of this amine gave

3,8,9—tribromofluoranthene (LXXIII) identical with a sample prepared

by further bromination of 3,8—dibromofluoranthene‘according to Tobler

et al. (15).




6)

7

8)
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¢) A Sandmeyer reaction with cuprous bromide on l-amino-4,8,9-

tribromofluoranthene (LXXII) gave

Bromination of l-acetamidofluoranthene with pyridinium hydrobromide

perbromide in acetic acid at room temperature effected side chain

bromination on the methyl group to give 1-bromoacetamidofluoranthene

(LXXVI).

a) 1-Bromofluoranthene (LXXVII) was synthesized by doing a Sandmeyer

fluoranthene (LXXVIII) was also obtained as a by

reaction with cuprous bromide on l-aminofluoranthene., l-Hydroxy-

b) Bromination of 1-bromofluoranthene with iodine in nitrobenzene

in the cold gave 1,4,9-tribromofluoranthene (LIX) identical with that

prepared by a Sandmeyer reaction with cuprous bromide on 1-amino-

4 ,9-dibromofluoranthene (LVII).

¢) Bromination of 1-bromofluoranthene with iodine in nitrobenzene

‘and Heat gave 1,4,8,9—tetrabromofluoranthene (LXX1V) identical with

that preparéd by a Sandmeyer reaction with cuprous bromide on 1-amino-

4,8,9-tribromofluoranthene (LXXII).

'd) Further bromination of 1,4,9-tribromofluoranthene (LIX) gave 1,4,

8,9—tetrabromofluoranthene (LXXIV).

Regardless of the nature
bromo) in the l-position

positionsvé and 9. When

_they direct similarly to

position.

of the substituents (nitro, acetamido,
of fluoranthene, dibromination occurs in
these substituents are in the 2 or 3 positions

each other but quite different to the 1

1,4,8,9-tetrabromofluoranthene (LXX1IV).

-product of the reaction.

i
;
i
i
i
|
b




. 9) Nitration of 1—n1trofluoranthene in acetic anhydride with‘fuming;
nitric acid gave 1, (7)—d1n1trof1uoranthene (LXXIX) . Catalytic reduc—
tion gave an impure diamino compound whereas acetylation "in situ" gave
1-(?)~diacetamidofluoranthene (LXXXI). The position of nitrétion

has not been established.

10) Nitration of 1-acetamidofluoranthene in carbon tetrachloride with
fuming n1tr1c acid gave malnly 1—acetam1do—(77)-d1n1trofluoranthene
”'(LXXXII). Hydroly51s w1th concentrated hydrochlorlc acid in ethyl

L _alcohol gave the d1n1troam1ne hydrochlorlde (LXXXIV). The orienta-

tion of the two nitro groups has not been established.

11) Nitration of l—acetamidofluoranthehe in carbon tgtrachloride with
'concentrated nitric ac1d gave l-a cetamido—(?)—nitrofluoranthene
'(LXXXIII) reduction of whlch gave 1—acetam1do-(7)—am1nofluoranthene

(LXXXV). The p051t10n of nitration has not been established.

12) = Bromination of 3-acetamidofluoranthene with bromine in carbon tetra-

chloride gave 3-acetamide-8-bromofluoranthene, just as it did in

carbon tetrachloride: acetic acid, 1:2, and in acetic acid alone.

13) 1In the course of this research, twenty-one new compbunds have been
prepared, a few of which were not purified satlsfactorlly. The orien-

tation of ten of these compounds . has been rlgldly establlshed




,b)fCuBf 

| . Bry—<Br _ | 7 Bry——BrY B
(LX) ' _ . ‘
~a) HNO, o
. i ;
Broy, I -~ ‘ b) H,PO, (LX°.X)
nitrobenzene . _ ’ Br(?) >
(heat) ”
(7)BY Br (1) . |
Br Br Br lgr., 1 : ‘ nitrobenzene (heat)
(LXXITT) * 2> "2 "
. ' nitrobenzene (reflux) hitrobenzene (heat) ‘

B

(LXIX) HNO

(LXXI)  + - 2) 2 o Br,, I,
b) CuBr 4 . B
r .
: - nitrobenzene

N -

" a) 1’ |
b) (CH3CO)20 , b +
Brz, nitrobenzene (LXXVIT)

(reflux)
4
0 COOH ‘
. on a) HN02
T

' < _ b) CuB
‘ wHcocH, 5 ' NHCOCH, Br )
. : NO
| 8 (wn
(LX) ' : '
| . Br2

(LXXVIII) '
Br
a) HNO2 ‘
Br > '< |
(CHBCoiif’/’/,,,,,;r b) HyPO,
4;1

NHCOCH
OCH 3

(LVITI) ~— Br . Br, 2 8
| : |IIIII LI T 0y T IIIII
‘ (Sealed

tube) )
(1LXI) _ (LXIII?




" 'RECOMMENDATTONS "FOR 'FUTURE WORK

Nitration of l-acetamidofluoranthene in carbon tetrachloride with
concentrated nitric acid to give the mono nitration product should

be carried out again. The acetamido group could be hydrolysed to the
amine, Deaminatioﬁ might be éxpected to give either 3-nitro- or 8-
nitrofluoranthene if substituents in position 1 nitrate in the same

positions as they brominate as they do for 2 and 3-acetamidofluoran~-

~ thene.

Nitration of l-acetamidofluoranthene in carbon tetrachloride with
fuming nitric acia to give the dinitration product should als§ be
done again., Hydrolysis and deamination might give 3,9-dinitrofluor-
anthene as was discussed on page 60. 3,9-Dinitrofluoranthene was
synthesized by Charlesworth and Lithown (30) and would be available

for comparison.

Nitration of l-nitrofluoranthene in acetic anhydride with fuming
nitric acid to give the mono nitration product should be redone. It
is predicted that this compound might be 1,4-dinitrofluoranthene.

If the structure in (1) above is proved, then comparison' of tﬂeir
diacetamido compounds would show whether mononitration occurred at

the same positions in both compounds., Otherﬁise the preparation on the

following page might be attempted. This synthesis, similar to that of

.Campbell, Gow and Wang (68) could probably be used for 1-nitrofluor-

anthene as well as 1,4-dinitrofluoranthene.
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4)

5)

6).

7)

8)

The_stfucture of l-acetamido-4,8,9, (?)-tetrabromofluoranthene has

not been eétablished. Oxidation of this compound followed by an
elemental analysis of the resulting fluorenone carboxylicvacid would
show whether all four bromines were in rings B and C. An NMR spectrum

of this acid would undoubtedly be of great value,

It would be interesting to attempt bromination of l-aminofluoranthene
again either by the conventional methods or with HBr in dimethyl-
sulfoxide (49). Since the amino group is so intensely activating,

bromination in the same ring might be expected.

8-Nitrofluoranthene has been isolated by Kloetzel et al.(3) from the—
nitration mixture remaining after the nitration of fluoranthene.

To date no further substitution of 8-monofluoranthenes has beeﬁ done,

Direction of bromination and nitration by substituents in the benze-

noid part of the fluoranthene molecule would prove interesting.

7-Substituted fluoranthenes have been synthesized by Campbell. et al.
(16), Stubbs et al.(50), Tucker ‘et al.(5 ), Kloetzel ‘et al.(52) and
Bergman et al. (53). As above,brominations and nitrations on 7-
substituted fluoranthenes would prove interesting. further subétitution
of the two monosubstituents in the benzenoid ring (i.e. points 4 and
5) would complete the study of at least some kind of substitution

of all five mono substituted fluoranthenes.

Andrew, Campbell et al.(31) found that 3-methoxyfluoranthene nitrated

in the same manner as the acetamido compound. 1-Methoxyfluoranthene




9

10)

11)

12)

should be prepared and both brominated and nitrated to see whether

it behaves in a similar manner to l-acetamidofluoranthene.

Monobromination in the l-substituted fluoranthenes would be desirable

to experimentally show the position of monobromination.

As can be seen from Table II page 40, bromination of 2-bromofluor—

anthene and nitration of 2 and 3-bromofluoranthenes have not been

‘done, ' These reactions should be carried out to verify predictions

about them,

It might prove interesting to see how 2,3-dihydrofluoranthene (a)

(a) (b)

~and l-nitro-2,3-dihydrofluoranthene (b) would brominate and nitrate,

The latter is an intermediate in the preparation of l-nitrofluoranthene.

One would expect addition across the double bond in the alicyclic ring.

Bromination of 3-aminofluoranthene in acetic acid gives 3-amino-2-

Sromofluoranthene (4). Bromination should be tried with. HBr in dimethyl

sulfoxide (49) to see if there is any effect in»fhis drastic change

.of conditions.

13)

1-Chloro, fluoro and iodofluoranthenes can be made from l-aminofluor-




14)

15)

160

anthene via diazonium reactions.

6b, 10a-Dihydrofluoranthene has recently been synthesized by Rees
et 'al,(54), Nitration and bromination of this compound would un-

doubtedly give novel compounds.

1-Nitro-4-bromofluoranthene has been prepared byACampbell and Wilshire
(33) by nitrating 1,2,3,10b-tetrahydro-4-bromofluoranthene, More of
the nitrobromo compound should be synthesized and further brominated.
Further bromination would most likely occur in position 9. The nitro
group qould also be reduced and écetylated to give l-acetamido-4-

bromofluoranthene, Further bromination on this compound would show

. which group directed the second incoming bromine.

-16)

l-Acetamidofluoranthene has been mononitrated (page 60) but the

" orientation has not been proved. Bromination of this l-acetamido-

mononitrofluoranthene might prove interesting.
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" 'PART B

SYNTHESIS OF SOME 3,6-DISUBSTITUTED FLUORENONES
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"INTRODUCTION

Fluorenone is closely related to fluoranthene and the synthesis

of substituted fluorenones is often the only means of proving the orienta-

tion of substituents in the fluoranthene molecule. Oxidation of sub-
stituted fluoranthenes with dichromate or chromic acid solutions, invariably

give substituted or unsubstituted fluorenone carboxylic acids depending

on the ring broken. As was mentioned in part A of this thesis (page 19)

Charlesworth and Mathiaparanam (1) developed a very efficient synthesis

for unsymmetrical 3,6-disubstituted fluorenones using m-acetotoluidide

and p-nitrobenzoyl chloride as starting materials (see page 154).

Their work was necessitated by the desire to prove the identity of 3-
bromo—6—n1trofluorenone which was the ox1dat10n and decarboxylatlon pro-
duct of 2-nitro-9-bromofluoranthene synthesized by Charlesworth and

| Dolenko (2). | |

It was discovered that very few unsymmetrical 3,6~disubstituted
- fluorenones were reported in the literature, so it appeared that appllca;'

tion of diazonium reactions to 4-amino-2-methyl-4'-nitrobenzophenone

(an intermediate in the reaction scheme; page 134) to produce the analogous

chloro;, fluoro- and iodo- compounds should be possible. Cyclization
to form the corresponding 3-halo-6-nitrofluorenones would be both worth-

while and interesting. Furthermore it would provide good practice for

the anticipated synthesis of similar disubstituted fluorenones which might
have been required in connection with elucidation of structure on the
bromination and nitration of l-substituted fluoranthenes. Indeed, they

could be used not only to establish identity of the oxidized and de-
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carboxylated fluoranthene compoundé, bﬁt also as starting materials for
.synthesizing substituted fluoranthenes. These series of reactions weré
undertaken when bromination of l-acetamidofluoranthene (see part A page
48) was broving to be éuite difficult and there was eveﬁ doﬁbt as to its

successful completion,

K
I
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" "LITERATURE SURVEY

VWhilé working on the pyrogenetic hydrocérboﬁs in 1867, Bértheiot
(3) isolated a new substance from the fractioh of crude anthracene oil
boiling between 300 and 310°. On recrystallization from ethanol a
white fluorescent solid melting at 113° was obtained. Because of the
‘flubrescencenBerthelot,named it "Fluorene'". However, in 1883 Hodgkinson
and Mathews (4) showed that the fluorescence was due to the presence of
~some impurity which was removed by recrystallization or sublimation.

Fluofene occurs in coal tar, and is obtained commercially from
that source, It forﬁé a sodio derivétive, (C6H4)ZCHNa, on heating with
isodium or better with sodamide at 120~-150° (Sa). By means of this com-
pound it canlbe separéted from other hydrocarbons in coal tar fractioﬁs (6).

The discovery of phenanthrene(VI)in'l872 by Fittig and Oster-
'mayef (7) and independently by Graebe (8) played a major role in the
elucidation of the structure of fluorene. Fittig and Ostermayer (9)

carried out the following degradation, leading to the known diphenyl (IX).

| Po-Eb-B8

- (VD) _ (VII)

Soda lime

' COOK
Soda
~T1ime

(IX) ' (VIII)




The ketone (VIII) produced from the then unknown dlphenlc ac1d (VIiI)

was rlghtly interpreted as diphenylene ketone. Flttlg o d1st111ed'
the diphenylene ketone with zinc dust and found that it was reduced to
a white substance melting at 113-114°.. Ihie he called diphenylene methane.

Barbier (11) observed that the compound obtained by the oxidation of

fluorene was identical with the diphenylene ketone of Fittig and Oster—
mayer.
In 1878, Fittig and Schmitz (12) reported that the diphenylene

methane'previously obtained by Fittig from the diphenylene ketone was

-identical with fluorene obtained'by Berthelot and Barbier. Hence the

structural formula of fluorene could be represented as:

, Evidenee seems to indicate that the benzene rings are bent away

»'from the coaxial diphenyl bond with a distortlon of the valence angles

from the benzene rings by 12°, to give X a planar structure as pictured
by Pinck and Hilbert:(Iﬂ),where the five membered ring is nearly a regular

pentagon., This formula is probable from dipole measurements (13),(14)

and X-ray studies (15) and is further supported by the fallure of fluorenone-
4—carboxy11c acid to close a fourth ring (16), the distance being too

great to be bridged.




co
COOH .

Such .a planar configuration as X would be in a state of strain and has
been: used (17) to account for the ready enlargement of the five membered
«rlngfin the Stieglitz rearrangement of the amines of the type XI to

yield phenanthridines.

(x1

Oxidation of Fluorene

Fluorenone is the main oxidation product of flubrene and -has
Been obtained with a variety of oxidizing agents. With sodium dichromate
in acetic acid Huntress Eg;gl.(59)obtained fluorenone in good yields.
This method is suitable for large scale laboratory preparations. Courtot
(éﬂ)yalsc obtained almost quantitative yield of fluorenone usipg potassium
permanganafe as the oxidizing agent at room temperature., This author
found‘that 2,7—dibromofluorene can be oxidized to 2,7~dibroﬁof1uorenone
Qith chromié anhydride in acetic acid (see No. 15 page 71) in good yield
and would expect the unsubstituted fluorene to be oxidiéed to fluorenone

-as easily.




O,N

‘which has a strongly electron attractlng substituent on the nucleus was
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Gutman, Butle and Fenton (6I) studied the dxidation of fiuorene,
2-acetamidofluorene and- 2-nitrofluorene by alkaline potassium persulfate
solutions. They found that fluorene and 2-acetamidofluorene were re-
sistant to oxidation whereas 2-nitrofluorene was attacked at the methy-

lene carbon to yield 2-nitrofluorenone and 2,2'-dinitro—9,9'—difludrylidine.

0
YOy A0
OH=

¥

oH

Since of the three fluorene derivatives 1nvest1gated only 2-n1trofluorene,

attacked, it appears that successful ox1dat10n of fluorene compounds by
persulfate depends upon the formation of an anion.

In‘l965, Ogata et al,(18) in their investigation of peracetic

oxidations of polynuélear aromatic compounds, found that fluorene on
oxidation with peracetic acid gave a dihydroxy fluorenone. The positiong

of the two hydroxyl groups are still uncertain.

- It is interesting to note that fluorenone itself can be further
oxidized to fluorenone peroxide with a possible structure of (C6H4)ZC=6—5.
When acetic anhydride and sulfuric acid @Te present, the lactone of 2=

hydroxydiphenyl-2'-carboxylic acid is also obtained (5b).
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Synthesis of Flucrenones

1):'Oxidation'df'Flﬁofenes

Fluorenones may be obtained by the oxidation of fluorenes by
methods described in the previous section. Thus the methods of formation
of fluorenes could be extended as a synthetic route to fluorenones, by
including the oxidation step. Hence, the formation of fluorenes is
considered first.

Adam (19) in 1886, showed that diphenyl and methylene dichloride
when subjected to Friedel~Crafts conditions yielded fluorene. vThe

reaction indicated the close relationship of diphenyl to fluorene. The

+ cH Alcl

syntheéis'of new diphenyl dérivatives has led to tﬁe successful prepara-
tion of fluorenone and fluorene derivatives with substitutents in the 3,
4 and 6 positions (20).
Fluorenes are also obtained by cyclodehydrogenétion, usually
’ by heating to a high temperature in the presencé of a catalyst, of(iiphenyl

methane and of ortho methyl diphenyls (20)(21)(22).

CH2 CH2
")

CH ' - CH,

S—© —= =

) 4

v
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Utlllzlno this idea Longo (23) et al., were able to synthe31ze l—methyl—
fluorene and 1,6- dlmethylfluorene from the corresponding diphenyls.
Another synthesis of fluorenes involves a Diels-Alder reaction

with addition of 1,3-butadiene tb indene to give a tetrahydrofluorene (24)
which on dehydrogenation gives fluorene.

CHy~cn o

| —
* _CH ,
cu,” |

Harradence et al. (25) prepared a few fluorene derivatives by applying

A 2

the Mannich reaction toe-indane derivatives.

v2) From Phenanthraquinones

One of theﬁmost reliable meﬁhodsbof preparing substituted
-fluorenones is by conversion of phenanthraquinone derivatives., Phenanthra-
quinone bearing structural similarity to open chain «~diketones undergoes
benziliec acid rearrangement giving diphenylene glycollic acid. fhis being

an «~hydroxy acid, oxidized readily to fluorenone,

@'@ R Cac)

The passage from phenanthraquinone directly to fluorenone without the above

Y

intermediate has been accomplished using alkaline permanganate (26)., This

method of fluorenone synthesis was once limited by the fact that many of

the desired phenanthraquinones were not known. In 1958, Bacon et al, (27)
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discovered a new route tophenanthrenes from substituted diphenyl-2,2'-
dialdehydes, by reductive cyclization using hydrazine. They extended the
applicability of this reductive cyclization to the synthesis of 3,6-

dinitrophenanthrene in the following manner starting from 2-amino-4-nitro-

~ toluene.
02N a) HNO2 02N - 02N
NH, _b) KT T2 o I
Ul I Ul
H )
¢ 3 CH3 , , CHZBr
Sommelet
2 O,N.
. Ullmanty I
CHO

3) From‘Diphenic Acids

Huntress et al.(28) obtained fluorenone by heating diphenic
acid at 360°. The transformation may occur in three ways. This is illustrated

below. : - 0

/////’” Coox
—H20 # | ~Co,

\\/\

. HoOC COOH
H-—z~»“ 2-»‘“
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‘Huntress et al.(29) succeeded in‘préparing a ﬁumber of dichlorofluorenones
frém various dichlorodiphenic acids and their anhydrides by pyrolysis,
For exampie 3,6-dichlorof1uqrenone was obtained from 5,5'-dichlorodiphenic
‘anhydride, and 1,8—dichlo£ofluorenone was obtained from 3;3'-dichloro—
dibhenic anhydride. However, when 3,3'-dichlorodiphenic acid was heated,
the product.was l,6~dichlorof1uorenoné—5—carboxylic acid, from which'l,6—g
'dichlorofluorenone c¢ould be obtained by further heating. The last two

syntheses are illustrated below.

Cc1 C02H COzH Cl

2 ~H,0
ct 0O
" YO
co,H
~Co,
a1 ©

Huntfess‘gE;gl.(BO) further investigated the action of concentrated sulfuric
acid on 3,3'—dichlorodiphénic acid. They found that at 125°, 1,6-dichloro-
‘fluorenone—S—carboxylic acid formed whereas at 170°, 1,6-dichlorofluorenone-

‘ 4—carboxy1ic acid formed. - Furthermore, the Lattef acid can be obtained

from the former at 170°. A migration of halogens has been_proposed.,




The decarboxylation of 1,6-dichlorofluorenone-4-carboxylic acid in
splfuric acid gave 3,6—dichlorofluoreﬁone. Further experiments showed
that both l,8—di¢hlorofluorenone and 1,6~dichlorofluorenone rearranged to
?56—dichlorofluoreﬁone on heating.in sulfuric acid at 185-200°, Theée
results emphasize the danger in the use of high temperatures in the

synthesis of fluorenones.

4)  From Ortho Carboxy Diphenyl Derivatives

"} The dehydration of ortho carboxy diphenyi derivates constitutes
athher method of fluorenone s&nthesis. The fing closure is usually effected
with.concentrated Suifuric acid. A distinct éisadvantage is encountered
“in this method if the substituent in the second ring is in the meta position
as on £ing closure two compounds are possible, However, no complications

are involved if the substituents are in the first ring or in the ortho and

para positions of the second ring.

Miller and Bachman (31), gynthesized 4-bromofluorenone from
2-bromo-2'-carboxydiphenyl in quantitative yields using concentrated sulfuric

. acid.




CO CH

O:B-e-b=gro

Recently Wiemann et 'al.(32)(33), showed that compounds of

the general formula R'CHZCH = C.R.CHO condensed with cinnamaldehyde at
400° in the presence of magnesium oxide to yield 2,4-substituted diphenyl
aldehyde with traces of cyclohexadiene. The diphenyl aldehydes were

oxidized to acids, which on cyclization gave fluorenones. They prepared

several 2,4-disubstituted fluorenones with different R and R'.

CHO
) .
. (0)
R
CHO ' Oyt
/ CHO
R—C 7
\ -+ C\H R
CH——QFZ CH o~
]
R _ 0
~H,0
2
R.
L}

5) From 2-Substituted Benzophenones

Fluorenone may also be synthesized from ortho halogen benzo-

' phenone derivatives. As Miller et al.(31) have.pointed out, this method

-HBr

Br.
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possésées disadvantages in that yields are small, the intermédiafés ére
difficult to prepare, and rearfangement is possible because of the‘high
temperature required to effect elimination of halogeﬁ acid, A few years
later, however, (34) fluorenones were obtained in fair yield by heating

diaryl ketones with an ortho chlorine with metallic iron in a rotating

bomb.

A similar method to the oneabdveconsists of the successive
dldzotlzatlon and internal coupllng of derlvatlves of ortho amino benzo-
kphenone IIllmuanaxet al., (35) prepared 3-methylfluorenone by the Pschorr

cyclization g 2-(p-methylbenzoyl) aniline. This method has found wide

: ' ' 0
i —— (O] ]
NH2 CH3__ _ - CH3

application for the syntﬁesis'of substituted fluorenones. For example

~Miller et al.(31) used the method for the synthesis of 3- and 4-~bromo-
fluorenones starting with commercially available chemicals, This work

~is shown on the following page.

' '6) From Fluoranthenes

The ox1dat10n of fluoranthene with potassium chromate, chromic

anhydrlde or potassium permanganate yields I-fluorenonecarboxyllc acid as |

 one of the principal products (see Part.A page 6). Oxidation of substituted

@ - | 0 CO,H
, (0)

Y
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| N ‘ .
CO.H o ‘ ' co
2 . >o —PBr Yo
NH, S Cco o co”
CgBeBr CeHg
ALCL, 51013
*TsCl 2
co H @ Br O CO,H
)
Br
o X 1P015 - . [Ml5
v o | S v ' o
CO,H |
NHTs* cocl Br cocl
; Br
NH,
0

a) HNO
b) Boil

N

o

3'C6H4'SOZ_

*Ts: p-CH



fluoranthenes with dichromate or chromic acid solutioms, ihvariably

give substituted or unsubstituted fluorenone éarbdxylic acids dépenaing

on the ring brokenu(see Part A page 9). Decarboxylafion gives the cor-
responding 'flﬁorenones. When the oxidation works, this is a éonvenient
way to prepare subsfituted fluorenones from fluoranthenes., Quite often;
ﬁowever, the yields are quite low. For example, Campbell et al.(36)
oxidized 3-nitro-?—bromof1uoranthene and got 28% yield of 6-bromo-2-
_nitrQfluprenone—lfcarboxylic acid, After decarboxylation, however, only
a 4,5% yield was achievede- Sometimes séﬁeral products might fésult from

- the oxidation. For example, Campbell et al.(37) éxidized 3,8,9-tribromo-
flﬁdranthene and isolated three products; 6,7—dibromofluorenone—l—carboxylié
acid, 2,6,7—tribromofluorenone—l-cérboxylic acid and 4,5—dibrom§phthalic
;cid (see Parf A page 11). Occasionally the oxidation yields no flubrenone
carboxylic acids. Lithown (38) was unable to oxidize 3,9-dinitrofluor-
anthene, - This presen£ author experienced the same difficulty with a

1, (?)-dinitrofluoranthene (see Part A page 59).

7) Direct Substitution

The most active site for electrophilic substitution in fluorene is

position 2. In most reactions a further substituent enters at position 7(5C).

The following examples illustrate this (5C)(39).

> . O] _JOT"
'Brz_;>

NO2 02N ‘ Noz
HNO3~>




When a highly activating substitueﬁt is present, further substitution can

occur in the same ring (5C)(36)(40). This is illustrated with nitration

and bromination below.

. NHCOCH NHCOCH NHCOCH
- HNO >

main isomer

0, N '
05 NHCOCH, O,N . NHCOCH,
) ‘_.BrZ/CCll*..; Br

- ~— HNO s> NO

3 e R

Nitration of 2-aminofluorenone gives the 7-nitro derivative almost ex-—

clusively (5C). However, bromination of 2-aminofluorenone gives mainly

the 3-bromo derivative (41).
0 | S . 0

A6 TG ) ()

w
4

(YOI - (1 X0
DMSO i Br




Apparently if the 7-position is blocked, nitration of an activating

| group will occur in the same ring (40).

0
0 -

- -
Br . OCH, O ‘ OCH,
3 —> NO

,Barkerng;gi,(AZ) synthesized some 3;6—disubstituted fluorenoﬁes'starting
from 2,7—diacetamidofluorene and 2,7-diacetamidofluorenone. Both these
compounds behaved in a similar manner in many respects. The dinitrafion
of 2,7—dia¢etamidof1uorenone gave only one compound , namely 2,7-diacetamido-
3, 6-dinitrofluorenone. This compound was converted to the dinitrofluorf
‘enone by hydrolysing the acetamido groups followed‘by.deamination. This
workvis illustrated on the following page. The orientation of theKnitro
groups Qas confirmed by converting tﬁe above dinitrofluorepone to the
dibromofluorenone which was shown to be identical with 3,6—dibromofiuor—b

‘enone obtained from 3,6—dibromophenanthraquinoné.

8) From Miscellaneous Compounds

| Colonge et al.(43) reported that ﬁondensation of cycloﬁexene—
JI-carbonyl chloride with.benéene,'in the presence of aluminum chloride
-gave 1,2,3,4,10,ll—hexahydrofluorenone. Dehydrogenation with sulfur gave
fluorenone. They also prepared several methyl substituted fluorenones
by éondensing cyclohexene~l-carbonyl chloride‘with tolﬁene, p—#jleneband

m-xylene,




02N

0

L 10T

a) (H)

a) (H)
b) (CH4C0),0 b) (CH4C0),0

v
. CH,COHN @.@ NHCOCH,

a) HNO3
b) (0)-

0
CH,COHN @.@ NHCOCH,
0, NO,,

HOH

HOAQ
02N NO 2

a) HNO

0,N : - : N0y

O
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. of ZQduroyl resorcinol was demethylated with hydrobromic acid or aluminum
chloride, the phenol may undergo further reaction., With hydrobromic
acid, the cleavage products were resoréipol'and duroic acid, Production
of phenol had been accomplished with aluminum chloride, but iong heating

also produced 1,2,3,4-tetramethyl-8-hydroxyfluorenone. The isomerization

of the duryl radical to the corresponding prehnityl group had been ob-

sérved earlier (44).

AlCl3 - H3 <:>

(HyC CHy

- Duryl group - L Prehnityl group

The structure of 1,2,3,4-tetramethyl-8-hydroxyfluorenone was established

by an independent synthesis of its methyl ether (44).

9) Methéd of‘CharlesWorth'énd'Mathiaéaranam'(l)

| in 1935, Miller and Bachman (31) reported the»syntheéis of 3-
bromofluorenone by a Pschorr cyclization of 2-(4-bromobenzoyl)-aniline.
‘He repdrted that tﬁe above amine could be synthesized iﬁ two ways. in

the first, he used phthalic anhydride and bromobenzene as the starting
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materials. He then followed the sequence shown below.

PCl5
—y
///;7 Br 0C1 Br

atci,
¢9)

cz? '

Yoo
o’ Br o | | NH,

L

N 0 A

NaOBr
) Br ‘ CONH2 Br

In 1965,,Campbell'gg;gl.(45) repeated the above synthesis and found
 some inconsiétencies. Miller and Bachman stated that the acid chloride
"1 and amide II melted at 162-163° and 183° respectively. HoWever, Campbell
et al, found that the products with the same melting points were impure
; starting material and the ammonium salt. Tﬁe acid chlofi&e they found
" to be an oil and the amide melts at 213;214°(L+5). They noted that Miiler
_;and Bachmén must have prepared some amide, since by the Hofmann reaction
‘;;thé§ obtained an amine III with the corfeét melting point. Campbell et al.
.'alsofbbseerd that Miller and Bachman used twice the theoretical quantity
: >of‘bromiﬁé required for the Hofmann reaction, Under these circumstances
Campbell fﬂijfk found that the product was not the amine III, but 3-

v (4—bromopheny1)—anthranll (IV) together with a small amount of a dibromo-
V. anthranil probably 5—bromo~3(4—bromophenyl) anthranil. The structure of |
rthe "anthranil was conflrmed by the formation of a mercuric chloride com-

”fpound,_coﬁver31on “to 3—bromoacr1done (V) by the actlon of sulfuric acid

o and sodium nitrite:.(47) and reduction w1th zinc and calc1um chloride

~
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solution to the amine III.

Br

. 0 :
. .\
(Ol O - (UL
CONH i
2 Br N (Iv)
(11)
\ _ ' ' a) HgCl,
: , b) H,SO,/HNO
:Hof‘mann _ : 2 4 2

Zn/CaCl

2

Miller and Bachman (31) also synthesized 2~(4-bromobenzoyl)-aniline (I11)

starting with anthranilic acid and following the scheme shown below.

COE  paxc CO,H oc1 | cocl
> — Pl .
NH, : NHTs* - NHTs*
C6HSBr
ALCL,
0 0

o2 » ‘ ' ‘

not isolated

Ts* - CH,.CcH,.S0,- | f | . |



'Mathiaparaham (48) attempted to synthesize 3-bromo-6-nitrofluorenone

according to this latter scheme as shown by the sequence of reactions

below.

Co,H Ts* Cl

@ Co,H
2 > 0N
: 2 i (VII)
(V1) ‘
: PCl

5 .

|

CcocCl
(1IX)
OZN NHTs*

a),C6HSBr
b) AlCL

0 3

o o
ozN. NH, _+Br ,

4-Nitroanthranilic acid (VI) was prepared according to Prysiasniuk (49),
and was then tosylated‘to give VIIL.. . The. tosyl derivative was then converted
to the acid chloride IX which was subjected to Friedel—Crafts conditions

in bromobenzene, Subseqﬁent hydrolysis of the tosyl group failed and forced

02N NHTs* Br

the author .to seek another scheme of synthesis.

f - -
Ts CH3.06H4.SO2
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Mathiaparanam then decided to-begin by syntﬁesizing 4-acetamido-2-methyl-
4'-nitrobenzophenone (VIII) from m-acetotoluidide and p-nitrobenzoyl
chloride according to Mehta et al.(50). Excess aluminum chloride was

used to form a complex with thé‘carbonyl group of the benzophenone and

| | . ClOC@—-—AlCl 4/CS57—> @ @
CH., COHN
CH,, CORN < No, ‘

(VIII)

thus prevent any intermolecular condensation to form a "d&pnbne"'type of

product as shown below.,  The acetamido ketone VIIT was converted to

0

PR, O O NO B 0
\,“3\,\,““ ~ \/ ‘ .

(.J

s a

. 0

5-bromo-2-(4-nitrobenzoyl)-benzamide (XI) by the usual reactions. The

Hof mann reaction on this amide failed to'give the expected amine X. In-

‘stead a yellow acidic compound of m.p. 232-233° was obtained,

a) HOH
b) Sandmeyer

| c) (0)
' d) SOCl Hofmann
CH COHN 2e) NH CONH VH

(VIII)

(X1)
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It is unlikely that this acidic compound would be the anthranil XIT shown

‘below. Bhatt (51) in'l964, sﬁggested a pseudo amide structure for 2-

MO

(X11)

(p-bromobenzoyi)—benzamide based on infra red spectral studies. On this
" basis, Charlesworth and Mathiaparanam (1) considered XIIT as the correspond- .

ing pseudo amide structure of their acidic compound and suggested this as a

possible reason

0C——NH

oH
Br NO2

(X11I1)

i
i
}
!
¢
i
:

for failure of the Hofmannreaction. They therefore decided to prepare
‘the amine X by the Curtius‘method. Their complete reaction scheme appears

on the following page. Cyclizatién of 5-bromo-2—(p—nitrobenzoyl)—aniline

by the Pschorr method not only gave the desired product 3-bromo-6-nitro-

fluorenone (XIV) but also 2-hydroxy-4=-bromo-4'-nitrobenzophenone xv).




CH3C0HN CH
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NaN

\ISOC 1 2

Br @ cocl @ 02




DISCUSSION OF RESULTS

As stated in the introduction it was decided to employ this
method (see previous page) for the synthesis of 3-chloro-, 3-fluoro- and

.3~iodofluorenone,

Synthesis of 3=Chloro-6-Nitrofluorenone (XXII)

The starting compound for this synthesis wasvessentlally 4—
'amiho—Z-methyl—4'—nitrobenzoPhenone (XVI). The synthe51s is almost
identical to that of Charlesworth et al.(l). Cuprous chloride instead
of_Cupfous bromide was used in the Sandmeyer reaction. The Curtius re-
arrangement did not work well with benzene, toluene or dimethylformamide
as solvent. However, it ﬁorked quite well in dimethvlsulfoxide. Seven
ﬁew compounds were thus synthesized with the last two being 3-chloro-6~
nitrofluorenone (XXII) and 4-chloro-2-hydroxy-4'-nitrobenzophenone (XXIII).

The reaction scheme is shown below.

| 0 a) HNO,
: ' b) CuCl
H T (O)c1
H)N CHy N0, ¢l YO,
' (XVI) (XVII) | (XVIII)
150012
0
o . o | - | .
, " S . c1 cocl 0
' CL @ o No2 - | e
| . NaN3
a) DMSO - 0

a) HNO, L
b) 3011 b) KOH
NH, NO,, o  cl ON, NO,

(Xx1) (XX)
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'Synthe51s of 3- Fluor046—N1trofluorenone (XXIX)

The starting compound for this synthesis was 1+—-am1no-2-methyl-—v
4'-nitrobenzophenone (XVI). This was subJected to a Schiemann reaction
with nitrous aéid and fluoboric acid. After that the séquence of reactions

- follows the pattern of Charlesworth'gg;gi.(l) except that dimethyl sulfoxide
instead of benzene was used as the solvent for the Curtius rearrangement.
The final products were 3-fluoro-6-nitrofluorenone (XXIX) and 4-fluoro-
2-hydroxy-4'-nitrobenzophenone (XXX). Seven new compounds Qe:e synthesized.

'The'réaction scheme is shown below.
o . S a) HNO2

{)

F @ el ‘ NO,

o o ' : ‘ (XXVI) -
@ @ ' | | lNaNB
X0 - a) HNO, | 23 gbé}sio '
| o “® Boil . T @ con @
@ ‘ (XXVIII) R —
NO |

- (XXIX)

The initial plan was to make 4—iodo—2-methyl-4‘—nitrobenzoPhenone
and follow the reaction sequence of Cnarlesworth'et'al (1). 4-Amino-2-

methyl—é'—nitrobenzoPhenone (XVI) was diazotised and treated with potassium
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iodide to form 4—iodo~2~methyl~4'—nitrobepzephenone (XXXi).'-Oxidation
" of XXXI to the acid XXXII with a variety of o&idizing_agents caused é:”
loss of iodine in the molecule. With subsequent steps to 3-iodo-6-
nitrofluorenone,even more iodine Qas lost.
Hahn et al.(58) in an attempt to synthesize 2-(4-iodobenzoyl)-
benzoic acid by a Friedel—Crafts reaction with phthalic anhydride and
iodobenzene found that large quantities of iodine wepre.lost in the pre-

paratlon. They separated the iodo- substltuted acid from the unsubstituted

acid by preparatlon of thedeochlorldederlvatlve using chlorine gas in

“chloroform. ThiS'procedufe might separate the iodonitro acid (XXXII) from

the acid from which iodine was lost.

0 _a) HNO,, ‘ 0 o
. , 0
f\ BLRSEN (e A1 () |on | O

2N,J\C_/>LHJ i X/ | | IJ\\‘J)’CHB' K\//LNOZ . I_-\\.//tx..eza ,.‘,\\_//NOZ

(XVI) . (XXXI) : . - (XXXII)

An attempt was then made to substitute iodine after the oxida-
tion of the methyl group as shown below. However, the intrpduction

of iodine by diazotisation and pota331um iodide

CHs COHN CH, COHN

(VIII) : (XXXIII)

OH
a) HNO H

(XXXV) (Xxxxv)
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oﬁ'the amino acid XXXIV to éive_5~iddo—2—(p—nitrobenzoyl) benzoic aéid
(XXXV) was unsuccessful. An‘attémpt was then made at éynthesizing 3~
acetamido-6-nitrofluorenone (XXXVI) with the object of hydrolysing it to
3—amino—6—nitr§fluorenone (XXXvVIiI). If Xhis could behaghiéved then aﬁy

1 3-halo-6-nitrofluorenone could be made by diazotization of the amine XXXVI

followed by the appropriate reaction. Analysis of the compound XXXVI

. ' a) (0)
- A | , b) SOCL, -
;% S | ' : o v ‘ c) NaN3 V o
i ‘ : d) Curtius
; v e) Pschorr .
3 , . CHBCOFN ‘CH3 N02 CH COHN 02
(1) (XXXVI)

(XXXVII)

however, showed loss of nitrogen somewhere along the sequence. At this
point the reactions in Part A of this thesis were much more interesting

and it was decided to leave the synthesis of 3-iodo-6-nitrofluorenone to

future work.




The following schemesmight prove fruitful dn‘the synthesis of

the desired compound. &4-Nitroanthranilic acid is available commercially.

'1)
a) HNO2
€0 H b) CuBr . €0,
Br
. - 0
cocl AlCl3
+ | g:N Br
02Nv = Br Br NHCOCH3 : 277 Br NHCOCH3 .
Ulimanrn
Cu
0 a) HOH
b) HNO

| a =
- 0,N CocH _
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2)
. 0
C Z HNO COOH
~ 0 3 > o
c” (52) COOH
So o NO,,
and
COOH
0% CooH
: -Separate (53) j
N 2 . (CH,4C0) ,0
- | ~ , : (58 |
_ : ‘ | ‘ ) |
. ' ' »
’ =0
, C\O A
o 0. N s 7
0, NHCOCH, 2 C**o |
a) socl, : :
b) NaN3
¢) Curtius reacn. +
d) Pschorr

_ Alcl, .
0,N NHCOCH | . NHCOCH




3)

O, N

0.N

»a) HNO
b) KI

RO
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A
- CH,

T+

Diels Alder

a) (0)
b) sSOCl,

c) NH

€
NH
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"EXPERIMENTAL

1) SyntheSis of ° 4-—Am1no Z—Methyl 4'—Nitrobenzophenone (XIII)

| ” The method used was similar to that of Mehta'gg;glf (50) and
’Cherlesworth'gg;gl.(l). In a two liter three necked flask, equipped

with a Herschberg stirrer, a reflux condenser with a calcium chioride tube
and a dropping funnel were placed anhydrous aluminum chloride (75 g.)

and drj cerbon disulfide (50 ml.)., The suspension was cooled in ice and

a solution of p—nitrobenzoyl chloride (25 g.) in carbon disulfide (100 ml.)
was added slowly-with stirring. After the addition was complete, stirring
was continued for another 15 minutes. At the end of this time, a solution
of m-acetotoluidide (25 g.) in carﬁon disulfide (100 ml.,) was earefully
“added with cooling. The mixture was allowed to stand for an hour and thenb
refluxed on 2 water bath for 4 -hours. It was cooled in ice, then ice cold
eoﬁcentrated hydrdchloric acid (200Am1.) was‘added carefully to liberate
the ketone. Most of the carbon disulfide Qas distilled off using a water
bath, and the re51dual solution was filtered to isolate the ketome., The
ketone was recrystalllzed from ethanol and water. The acetamido ketone
ewas then hydrolysed with concentrated hydrochloric acid (100 al. ) on a
 water bath for 6 QOurs. The solution was cooled and made alkallne by the
addition of sodium hydrexide (10%). The amino ketone was filtered and
fecfystallized from benzene. The 4—amino-2—methyl—4'—nitrobenzophenone
was obtalned as red elongated prisms (20.3 g.) of m.p. 164- 166°, This
‘icompound was identical to that synthe31zed by Charlesworth et al. .

The‘infra red spectrum is shown on page 181.

‘Analysis: I
' ' Found: N, 10.6
'Calculated for C14H1203N2 N, 10.9
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. 2) Synthesis of 4=Chloro-2-Methyl-4'-Nitrobenzophenone (XIV)
4~Amino-2-methyl-4'-nitrobenzophene (XIIT) (16 g.) was dissolved

in hot concentrated hydrochloric acid (80 ml.) and the solution was cooled

to 0° by adding ice to it. A solution of sodium nitrite (6 g.) in water

(30 ml.) was cooled to 0° and added slowly to the white suspension.of
the amine hydrochloride with vigorous stirring, The color of the sus-
pension turned from white to brownish-yellow as the diazonium salt was

formed., Once the addition was complete, the diazonium salt solution was

allowed to stand 15 minutes at 0° and was added to a boiling solution of

vouprous ohloride (92 g.) in concentrated'hydfocﬁloric acid (200 ml.) at
such. a.rate that the boiling was not stopped. ihe solution was boiled.
~for 30 minutes whereupon a purple solid precipitated. The solid was

' filtered.off, dfied.and dissolved in benzene. The benzene solution was
washed successively Wifh sodium sulfite solution (5%), sodium. hydroxide
» solution (10%) and water. bThe benzene was evaporated off, and the crude

product recrystallized from aqueous acetone as brownish-white crystals

(13 g.) . of m.p. 98,5-101°, The infra red spectrum-is shown on page 182,

" Analysis: ‘ :
- o ‘Found: I{,13,05; Cl, 4.93

..Calculateo for Cl4H1003N01: N, 12.90; C1, ?.10

i 3) Synthesis of 5-Chloro-2-(p-Nitrobenzoyl)-Benzoic Acid (XV)

4-Chloro—2-Methyl—4'—Nitrobenzophenone_(XIV) (8.5 g.) was dissolved

:in glacial acetic acid (25 ml.) with heating. .A solution of chromium tri-
oxide (6.6 g.) in a mixture of water (15 ml.) glacial acetic acid (25 ml.)
. and concentrated sulfuric acid (8 ml.) was added slowly from a dropping

funnel at such a rate that the temperature of the reaction mixture remained o
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just below the boiling point. The mixture was reflﬁxéd for 3 hours and
then poured into excess water. The precipitate was filtered and washed
with water, The‘solid'was then dissolved in_hot.popassium hydroxide
s&lution (10%) and filfered_through.a,sintered glass funnel. Acidification
gave a white precipitate of m.p._l90—196°. Recrystallization from glacial
acetic acid (charcoal) gave 5—cﬁloro—2—(p—nitrobenzoyl);beﬁzpic acid as
yellowisﬁ—white crystals (5;2 g.) of m.p. 194-196°. The infra red
spegtrum is shown on page 183.
Analysis: |
‘ Found: N,
N

‘ 4
Calculated for C, , H,O.NCl: , &

148505 .63 C1, 11.6

.54; C1, 13.1
6

4)  Synthesis of 5+Chlqro—2—(p;Nitrobenzoyl)+Benzoyl1Chloride'(XVI)

5-Chloro-2-(p-nitrobenzoyl)-benzoic acid (XV)(5 g.) was placed in.~
a flask fittéd witp § r¢fl9x“qopdenser and a galcium_chloride tube. Ben-
zene'(éﬂ ml.) was added and the reaction mixture was made into a suspension
_‘by'stirring.‘ Thionyl chloride (10 ml.) was added to the suspension and
‘the reaction mixture réfluxed for’éne hour. Benzene and thionyl chloride
were removed by vacuum distillation and the residue washed with anhydrous
etﬁer and dried in a desiccator. The 5—chloro—2—(p-nifrobenzoyl)—benzoyl o
chloride was-obta%ned as.a light brown amorphoﬁs powder (2.8 g.) of m.p.
. 144—146.5°.‘ The infra’red spectrum is shown on bage 184,
Analysis: ' | |

cl, 21.36

Found: N, 4.
N, 4 cl, 21.82

. Calculated for Cl4H7O4N012:

5) - ‘Activation of Sodium Azide

The procedure used was that described by‘Smith (56) in Organic’

Reactions. Commercially available sodium azide (20 g.) was moistened with
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hydrazine hydrate (85%, 0.5-1.0 ml.) and ground in.a mortar until ﬁomo-
geneous, After standing for twelve hours thé_material.ﬁas dissolved in
the minimqm amount of hot Water'in a beaker. Excess.acefone was added

to the cooled solution and the mixture was allowed to stand for one hour.
The precipitated sodium aéide was collected, washed with acetone and dried
(13 g.). Sodium azide thus activated.begins to lose its activity after

A avday, but the activity can be regenerated at any time by dissolving the
azide in.water‘and reprecipitating it with acetoné.

6) - Syﬂthes is 'of '5=Chloro-2- (p-’NitrobenzoyI) ~Benzoic Acid Azide (XVII)

Activated sodium'azide 4 g.) wés'dissolved in water (11 ml,)
and added to a chilled solution of 5-chlqro—2—(p—nitrobenzoyl)—benzoyl
chloride (7.6:3.) in acetone‘(lOO ml,)., The reaction‘mixture was stirred
’for>3uhpurs:and the precipitate filtered off and dried in a vacuum
.desiccatdr. Recrystallization from absplute'ethgr gave 5-chloro-2-
‘(p—nitrobenzoyl)—benzoic acid aéide as a white powder (1.8 g.) of m.p.
©112-115°, The infra red spectrum is ﬁhown on page 185,
Analysis: |

. Found: N, 16.81; C1, 10.47

,'Qalcula?ed for C,,H,0,N,Cl: N, 16.90; C1, 10.71

7) Synthesis of 5~Chlofo—2—(p—Nitrobenzoyl)—Aniline'(XVIII)'via a Curtius

Reaction
a) S—Chlbro—Z—(p—nitrobenzoyl)-benzoic acid azide‘(i.3 g.) in benzene
(25 ml.j was boiled for 2 hours and cooled. Potassium.hydroxide solution
(50%, 15 ml.)‘was added and the mixture warmed, whereupon a whité solid
sepéréted. This proved to bé 5—chloro-2—(p—nitrobenzoyl)—benzoic acid of

m.p.bl95°l Thus the above reqptioh merely hydrolyzed the azide to the acid.
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More acid azide was heated in benzene and an attempt to isolate

_the isocyanate proved fruitless. ‘Conversion of the acid azide to the amine

via a Curtius reaction in xylene and in N,N-dimethylformamide also met

with failure.

b) 5—Chloro—2—(p—nitrobenzoyl)—benéoic acid azide (2 g.) was dissolved

~ in dimethyl sulfoxide (50 ml.) and stirred at 100° for 5 hours. Addition
of watér (300 ml.) to.the cooled soluti&n caused a precipitate to form.
This Was_filtered,\driea and taken ub in benzene (40 ml.). Potassium
hydroxide solutlon (50%, 25 ml.) was added and the mixture warmed on the

—

steam bath, The benzene was dlStllled of f under vacuum and a yellow pre—

'cipitate formed. After filtering and drying, the solid was treated with
hot concentrated hydrochloric acid and the solution filtered through a
ksiﬁtered glass funnel. The filtrate after cooling,'was made alkaline:

by adding sodium hydroxide solution (10%). Recrystallization of thevpre—
cipitated amiﬁe from ethanol (charcoal) gave 5-ch10ro—2—(p-nitrobenzoylj—
 aniline as brilliant yellow crystals (0.8 g.) of m.p. 203-205°., The infra

red spectrum is shown on page 186.

Analysis:
: ‘ Found: N, 10.18; €1, 13.17

Calculated for 013H903N201 N, 10.13; Cl,.l2.84

4'—N1trobenzoohenone (XX)

5-Chloro-2-(p-nitrobenzoyl)-aniline (XVIII)(0.8 g.) was dissolved

in concentrated sulfuric acid (2 ml.), and a few drops of water added to
the solution. The amine sulfate which separated as a yellowish white sus-—
pension was cooled to 0° in an ice bath. An ice cold solution of sodium

nitrite (0.2 g.) in water (2 ml.) was added slowly to the cooled suspension.
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The solution was allowed to stand for 30 minutes after which it was placed
~on the steam bath fof_l hour, The precipitate whichfformed was filtered,

washed with sodium hydroxide solution (10%) and then with water. The

dried 3—cﬁloro—6-nitrofluorenone recrystallized from nitrobenzene as gold

plateiets (0.2 g.) of m.p. 329-331°, The infra red spectrum is shown

on page 187.v

Analysis:

Found: N, 5.03; Cl, 13.17
N, 5

Calculated for C16H603NCl , 5.40; Cl, 13,64

The sodium hydroxide washings from above on acidification with

concentrated hydrochloric acid gave 2-hydroxy~4-chloro-4'~nitrobenzophenone.

Recrystallization from aqueous ethanol gave light yellow needles (0.25 g.)

of m.p. 148-149°, The infra red spectrum is shown on page 188,

Analysis: '
: Found: N, 5.21; Cl, 13.59

Calculatgd for C13H804Ncl N, 5.05; €1, 12.85

9) * Synthesis of 4-Fluoro-2-Methyl-4'-Nitrobenzophenone (XXT) via a

Schiemann Reaction

A solution of fluoboric ac;d (HBF4)(8 ml.) and water (10 ml.) was

added to 4—amiho—2—methyl—4';nitrobenzophenoné (X111)(1.5 g.) dissolved in

tetrahydrofuran (20 ml, ), and the reactlon mixture cooled in ice and water
with stlrrlng. A cold solution (0-5° ) of sodlum nitrite (1 g.) in water
(5 ml.) was then added dropwise. The reaction mixture was stirred for-:

30 minutes during which time a white precipitate of diazonium fluoborate

fdrmed. The salt was filtered and washed successively with cold fluoboric

‘acid éolution (5%), methanol and anhydrous ethér; | |
The diazonium fluoborate salt was decompbsed by refluxing in

xyiene‘(40 ﬁl.) for 2 hours. This was done in the fume hood bécause pun-

gent fumes of boron trifluoride were given off. The solution was evaporated
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to dryness under a bell jar overﬁight. The residue was twice recrystallizéd
ifrom ethanol (charcoal) to give 4—fluoro—2—methyl—4'-nitrobenzophenone

as pearlish platelets (0.9 g.) of m.p. 101—102°. The infra red spectrum

is shown on pagé 189. | | | E |

Analysis:

Found: N, 5.
N, 5

Calculated for 014H1003NF‘ s

10) Synthesis'of‘54Fluor042—(péNitrobenzoyl)éBenzoic‘Acid'(XXII)

4-Fluoro~2-methyl-4'-nitrobenzophenone (XXI)(2.5 g.) was dissolved

inbgiacial acetic acid (20 ml.) Wiﬁh heating. bA solution of chromium tri-
oxide (1.8 g.) in a mixture of water (10 ml.) glacial acid (12 ml.) and |
concentrated sulfuric acid (2 ml.) was added'dropwise. The solution was
»refluxed for 4 hours, dooled and added to an ice-wéter mixture. The
white precipitate wﬁich formed was filtered and washed with water. - The
solid was then dissolvéd,in hot potassium hydroXidersolution (10%) and
filtered through a sintered glass fuhnel. Acidification gave a light'
“brown preqipitate of_m.p. 175-180°, This was recrystallized first from
éthaﬁol (charcoal) and then benzene to give 5-fluoro-2-(p-nitrobenzoyl) -
 benzoic acid as white crystals (l.Z'g.) of m.p. 187-189°. Thebinfra red

‘spectrum is shown on page 190.

Analysis:
Found: N, 4.72; F, 6.39
Calculated for C14H805NF: N, 4.84; F, 6.56

The experimental procedure used here was similar to that used
for the synthesis of 5-chloro-2-(p-nitrobenzoyl)-benzoyl chloride (XVI)

(No. 4 on page 164). 5-Fluoro-2-(p-nitrobenzoyl)-benzoic acid (XX11)




(5 g.) yielded 5-fluoro~-2-(p-nitrobenzoyl)-benzoyl chloride as'slightly

pink cryétals (2.3 g.) of m.p. 154f156°. The infra red spectrum ié
shown on page 191.

“‘Analysis: , _
Found: N, 4.41

Calculated for C14H704NFCl N, 4.56

12) | Synthesis of 5-Fluoro-2- (p-Nitrobenzoyl)-Benzoic Acid '-Azide“ (XX1IV)
Activated sodium azide (see No. 5 page 164)(1.2 g.) was dissolved

in water (4 ml.) ‘and added to a chilled'solution of 5-fluoro-2-(p-nitro-
_benzoyl)—benzoyl chioride (2.1 g.) in acetone (30 ml.). The reaction
mixture was stirred for 2 hours. Water (30 ml.) was added to dlSSOlVe
any excess sodium azide and prgcipitate the organic azide. An oil formed
which crystallized on cooling.and stirring. Recrystallization from |
absolute ether gaﬁe 5-fluoro-2-(p-nitrobenzoyl)-benzoic acid azide as
a white powder (0.84g.) of m.p. 120-122°, Thé‘infré red specfrum is

shown.on page 192.

Analysis: : : .
‘ "Found: N, 17.82; F, 6.36

Calculatgd for Cl4H704N4F N, 17.82; F, 6.05

- 13) Synthesis of S;Fluoro-Z—(p-Nifrobenzoyl)-Aniline (XXV)Vvia‘a'Curtiué
Reaction -
5—Fluoro—2—(p—nltrobenzoyl)—ben201c -acid a21de (1 g.) was dissolved
in dlmethyl sulfoxide (30 ml.) and stirred at 100° for 5 hours. Addition
| of water (200 ml.) to .the cooled solution caused a prec1p1tate to form.
This was flltered dried and taken up in benzene (30 ml.). Potass1um
hydroxide solution (50%, 25 ml.) was added and the mixture warmed on the

steam bath. The benzene was distilled off under vacuum and a yellow pre-
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~cipitate formed After filtering end drying, the solid was treated with
_hot concentrated hydrochloric acid and the solution filtered through a
sintered glass funnel., The filtrate after cooling, was made alkaline

by adding sodium hydroxide solution (10%). 5-Fluoro-2-(p-nitrobenzoyl)-
aniline precipitated out of solution as golden yellow platelets (0.4 g.)
of m.p. 205—206°. The infra red ‘spectrum is shown on page 193.
Analysis:

Found: N, 9.91; F, 6.36

Calculated for C13H903N2F N, 10.77; F, 7.31

.

14) Synthesis of 3-Fluoro-6-Nitrofluorenone (XXVI) and 2-Hydroxy-4-

Fluoro-4'<Nitrobenzophenone (XXVII)

5-Fluoro-2-(p-nitrobenzoyl)-aniline (XXV)(0.6 g.) Was.dissolved
in concentrated sulfuric acid (2 ml.), and a few drops of water added to
the solution. The amihe sulfate suspension was cooled to 0°, and a‘cold
solution (0—5;) of sodium nitrite (0.2 g.) in water (2 ml,) was added drop-
wise with stirring. A brown solutioh formed and this was stirred in an
1ce-water bath for 1 hour. The reaction mixture was then heated on the
steam bath for 2 hours. The yellow prec1p1tate which formed was filtered,
washed with sodium hydroxide solution (10%) and then with water. The dried
3 fluoro—6—n1trofluorenone was recrystallized from nitrobenzene as bright
yellow platelets (0.2 g.) of m.p. 281-283°, The infra red spectrum is‘k
. ‘shown on psge 194. ‘ | | | |
Analysis: '

Found: N, 5.70; F, 8.1l

Calcdlated for 013H603NF N, 5.74; F, 7.86

The sodium hydroxide washings from above on acidification with con-
eehtrated hydrochlorio acid gave 2—hydroxy—4—fluoro—4'—nitrobenzophenone.

Recrystallization twice from aqueous ethanol gave yellow needles (0.18 g.)
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of m.p. 107-110°, The infra red spectrum is shown on page 195.
“"Analysis: »

Found: N,
Calculated for C13H804kF N,

15)"Synthesis'of'AAIodo;ZAMethyl+4'ANitrobenzophenone'(XXXI)

4—Amino—2—mefhyl—4‘—nitrobenzophenone (XIII) (10 g.) was dissoived

~in hot coecentrated hydrochloric acid (70 ml.) and the solution was cooled
to 0° in an ice-salt bath. A solution of sodium nitrite (5 g.) in water
(25'm1.) was cooled to 0° an& added slowly to the white suspension of thev
amine hydrochleride with vigorous stirring.  The color of the suspension
“turned from white to'bfownish—yellow as the diazonium salt was formed.
: Afterbstanding at 0-5° for about 15 minutes, the diazonium solution was
‘added dropwise to anvice cold solution of potaseium'iodide (25 g.)bin
‘water. A reaction takes place immediately and some iodine vapor was given
pff._ The reaction mixture was stirred at 0-5° for 2 hours and then.slowly
 heated to about 80° in a water bath. Some iodine sublimed on the ceoler
portions ‘of the flask and in the condenser. Cn cooling, a cake formed

at the bottom of the flask. It was separated, weshed with water and dis-
‘olved in benzene, The benzene extract was washed successively with
sodlum sulflte solution (5%), sodlum hydrox1de solution (10%) and water.
‘The benzene was evaporated off and the re51due recrystalllzed from aqueous
ecetone to give 4-iodo-2-methyl-4'-nitrobenzophenone as light red crystals
(7 g.) of m;p. 106-108°. The analysis at this stage was not satisfactory
: so the compound was recrystallized ewice from benzene (charcoal) to give
light red crystals (5.5 g.) of m.p. 108-110°, The infra red spectrum is

shown on page 196 .

“Analysis:
_ . " Found: N,
N

Calculated for C14H1003NI ,
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,16) Attempted Oxidation’ of - 4= Iodo—Z—Methyl 4‘—Nitrobenzophenone (XXXI)

4-Todo-2-methyl-4'-nitrobenzophene (8 g.) was dissolved in glac1al

acetic acid (25 ml.) with heating. A solution of chromium trioxide (6 g.)

in a mixture of water (15 ml.) glacial acetic acid (25 ml.) and concentrated

sﬁlfuric acid (8 ml.) was added slowly from a dropping funnél at such a
Vrate that the temperature of the reaction mixture remainéd just below the
boiling point. Iodine was evolved and sublimed on the cooler portions of
the reaction'flask. The mixture was refluxed for 3 hours and then poured -
into’excéss water.. The precipitaté<was filtered and Wéshed with ﬁater.'
The solid was then dissolved in hot potassium hydroxide solution (10%)

and filtered through a sintered glass funnel. Acidification gave a white
,precipitate.(Z;S g.) of m.p. 361—303°. As was expected analysié.indicated
loss of iodine. Permanganate and dichromate oxidations yielded the same
Afesults{
" Analysis:

Found: N, 3.62; I, 19.40

Calqulated for 014H805NI N, 3.53; 1, 31.99

17) ' ‘Synthesis of 5—Ace£amido—2—(p—NitrobenzOyl)4Benzaic'Acid'(XXXIII)
4—Acetamido—2—methyl—4'-nitrobenzophenone was prepared according
't§ the procedure uséd for the synthesis of 4—amino—2—methy1-4'—nitrobenzo—
phenone (No. 1 page 162) but without the hydrdlysis step. The prdcedure
‘used for the oxidation is éimilar to that used by ieggate and Dunn (57)
for the oxidation of Z—methyl 4—methoxyacetan111de to N-acetyl-5-methoxy-
anthranilic acid. 4—Acetam1do—2—methyl—4‘—nltrobenzophenone (10 g.)

in acetone (500 ml.) was treated with potassium permanganate (27 g.) and
magnesium sulféte during 3 days at rooﬁ temperature. Sodium sulfite was

‘then added to destroy excess permanganate and the reaction mixture was
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filtered. The_filtrateiwas evaporated to 100 ml., ailuted with water,

and extracted with chloroform to remove un;eacted.étarting material.
Acidification with concentrated hydrochloric aciﬁ yielded 5-acetamido-2-
(b—hitrobenzbyl);benzoic acid as white crystais (4.5 g.) of m.p. 231-233°.

The infra red spectrum is shown on page 197.

‘Ahalzsis: i
Found: s

' N, 8
Calculated for C, H ,O/N,: N, 8.

.18
16%12062° >4
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" SUMMARY

1) The synthesis of 3-chloro-6-nitrofluorenone (XXII) has been accompiished.

2) While achieving this synthesis the following new compounds have also
been prepared:

4—Chlorol-2-met'hyl—4 '_nitrobenzophenone (XVII)

I

Cid  5—Chioro—2—(p—nitrobenzoyl)—benzoic acid (XVIII)
iii. 5—Chloro—2—(p—niﬁrobepéoyl)—£enzoyl chldride X1x)
iv S—Chloro—2—(p—nitrobenzoyl)ébenzoic acid azide (XX)
‘v 5-Chloro-2-(p-nitrobenzoyl)-aniline (XXT)

vi 2-Hydroxy-4-chloro-4'-nitrobenzophenone (XXIII)

~ 3) The synthesis of 3-fluoro-6-nitrofluorenone (XXIX) has been accomplished.

4)  While achieﬁing'this synthesis the following .new compounds have also

. .been prepared:

|

4;Fluofo—2—methyl-4'—nitrobenzéphenéne (XX1IV)

Jii S—Fluoro—Z—(p—ﬁitrobenzoyl)—benzoic acid (XXV)
"iii‘_S-Fiuoro—z#(p-nitrobenzoyl)—benzoyl chloride (XXVI)
Cdv S-Fluoro—Z—(p—nitrobenzoyl)—benzdic acid azide (XXVII)

v 5-Fluoro~2-(p-nitrobenzoyl)-aniline (XXVIII)

vi 2-Hydroxy-4-fluoro-4'-nitrobenzophenone (XXX)

- 5) The synthesis of 4—iod6—2—methyl—4'—nitrobenzophenoneA(XXXI) and 5~
acetamido-2-(p-nitrobenzoyl)-benzoic acid (XXXIIT) have also been ac—

complished.
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6) .The synthesis of 3-iodo-6-nitrofluorenone was not accomplished using
the reaction scheme of Charlesworth and Mathiaparanam because of

loss of iodine in the oxidation step.

7) Several alternate methods have been proposed for the synthesis of

3-iodo~6-nitrofluorenone,
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" "RECOMMENDAT IONS "FOR 'FUTURE "WORK

1) 3-Cyano-6-nitrofluorenone could be prepared by Charlesworth and

Mathiaparanam's scheme or by some variation in the reaction 'sequence.

' 2) By reduction of the nitro group in 3-halo-6-nitrofluorenone, a variety

of other 3,6-disubstituted unsymmetrical fluorenones could be synthesized.,

3)vaarker et al. (42) synthes1zed 3,6-dinitrofluorenone by nitration of

2,7~ dlacetamldofluorenone followed by subsequent hydroly81s and de—-

~

amination. (see page .146). 1In 1968, Andrew, Campbell et al, (55)’

achieved theifollowing reduction. The same could be tried with 3,6-—

dinitrofluorenone. By diazonium reactions on the subsequent nitroamine

. a Variety of 3,6-disubstituted unsymmetrical fluorenones. including

3-iodo-6-nitrofluorenone could be synthesized.

&) Separation of 5-iodo-(p-nitrobenzoyl)-benzoic acid from the non-iodo

" substituted acid might be done according to the method.of Hahn ‘et ‘al.

(58) as discussed on page 157. If this can be achieved, synthesis of
3-iodo~6~nitrofluorenone following Charlesworth and Mathiaparanam's

scheme might be possible. Alternatively the separation of the iodo
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from the non~iodo compound could be left to the last stage of the

above scheme,

5) ~ The preparation of 3-iodo~-6-nitrofluorenone might. be achieved by

one of the synthes @Soutlined on pages 159-161. .

i
i
i
i
i
i
1
{
t
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