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ABSTRACT

2-Acetamidofluoranthene has been shown to undergo nitra-
tion in position 3. It was proved that 3-~nitrofluocranthene
is nitrated in position 9. The theoretical implications of
these results have been discussed. As a result of this work
a number of new 2,3 and 3,9-disubstituted fluoranthene deri-
vatives have been prepared; namely, 2-acetamido-3-nitro-

4

fluoranthene, R-amino-3-nitrofluoranthene, Z2-acetamido-
3=aminofluoranthene, and 3,9-dinitrofluoranthene. The nitra-
tion of Z-nitrofluoranthene produced the new compound 2, ( )-
dinitrofluoranthene. A discussion of mass spectral evidence
for the position of the second nitro-group in this compound

is given. The new compound, 3-acetanido-9~bromofluoranthene,
has been prepared. A comparison of the compound, Z2-acetamido-
8-bromofluoranthene, prepared by Kaminska and Mazonski with
that previously prepared by Blackburn, in these laboratories,

has been made. It was shown that the two samples were the

same,
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INTRODUCTION

Althouzh the study of fluoranthene chemictry has been

carried out for almost fifty vears, only within the last

fifteen vears has research nrovided information about the
directive properties of substituents in the fluoranthene

nucleus., This was obtained principally through the study of
disubstituted compounds derived from 3-monosubstituted fluo-

ranthenes,

B 9
7 10
1600
5 2
4 3

Tn 1955 Campbell and Keir (7) postulated that a deacti-

vating (m-directing) group in ring A of fluoranthene would
direct a second substituent to rosition 9, and that an
activating ({o-p-directine) group in this same ring would
direct a second substituent to position &, This was found

to be an oversimnlification since Kloetzel et al,(?2) showed

that 3=acetamidofluoranthene was nitrated in position 2 rather

than in position 8. Charlesworth and Blackburn (8) further

substantiated this view by demonstrating that 3-acetamido=-and

o)

3-aminofluoranthene were brominated in position 2.

Further study of the directive properties of substituents




in this and other positions of the fluoranthene nucleus was
required to resolve the differences which had arisen. This
was partially done by Charlesworth and Dolenko (9). These
workers showed that 2-aminofluoranthene was brominated in posi=-
tion 3 and that Z2-nitrofluoranthene was brominated in position 2.
The object of the present study was the investigation of
the directive properties of the nitro and acetamido groups in
positions 2 and 3, under nitrating conditions.
It was thought that the results of such a study would
provide experimental proof that the existing orientation rules

5

are applicable to substituents in the 2 and 3 positions which
are subjected to nitration. This was also a desirable project
since it afforded an opportunity for the preparation of several

new 2 and 3 substituted fluoranthene derivatives,
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LITERATURE SURVEY

Fluoranthene is a colourless crystalline hvdrocarbon of

molecular formula C Tt was Giscovered independently,

16M10°
in 1877, by Fittig and Gebhard (13) and by Goldschmiedt (

®

16)
ili

I'_J_j

ittig and Gebhard isolated fluoranthene from the high bo ng

=ty

raction of coal tar, whereas Goldschmiedt discovered it after
distillation and crystallization of the hydrocarbon fraction

of the mercury ores of Idria. This latter hvdrocarbon fraction

had previously been found by Dumas (11) and Laurent (23). Very

O

little was known of the structure of fluoranthens until 1929
when von Braun and Anton (2) synthesized the hydrocarbon from
ethyl 9-fluorenecarboxylate and B-chloroethylpropionate. Thus

they proved its structure to be as shown below,
8 9

- 10

Gb 10a
630b
6 1
5 2
4 3

la

The numbering system in formula La is that used in Chemical

5 b 4

Abstracts and that which will be used throughout this thesis,

5

The numbering system in Ib is in accordance with the Richter

0]

system of notation and it is employed by most European chemists,

' For an excellent review of the chemistryv of fluoranthens up

to 1951 see reference {26},
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Reduction of Fluoranthene

Although Goldschmiedt (17) prepared hydrogenated deriva-
tives of fluoranthene in 1880, he was not able to characterize
the products.

In 1930, von Braun and Manz (3) investigated the products
of reduction of fluoranthene. They réported that treatment of

the hvdrocarbon with sodium amalgam and alcohol or phosphorous

and hydriodic acid below 180°C produced an almost quantitative
yield of 1,2,3;10b=tetrahydrofluoranthenea Above 200°C, they
obtained an inseparable mixture of products.

Catalytic hydrogenation of fluoranthene using 20% palla-
dium-charcoal as catalyst initially gave 1,2,3,10b~tetrahydro-
fluoranthene., Further hydrogenation produced 1,2,3,6b,7,8,9,

10,10a,10b~decahydrofluoranthene and perhydrofluoranthene,

SO0 A0

4

Oxidation of Fluoranthene (26)

By varving the conditions, several different products may
be isolated from the oxidation of fluoranthene. Oxidation with
potassium chromate in dilute sulfuric acid produces &a mixture

of 2,3-fluoranthenequinone and l-fluorenonecarboxylic acid.
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1-Fluorenonecarboxylic acid is also produced in goecd yield as
a result of the oxidation of the hydrocarbon with chromic
anhydride in acetic acid.

When fluoranthene is treated with alkaline permanganate,
over an extended period, a mixture is obtained in which the

principal products are hemimellitic acid and 2,6-dicarboxyphenyl-

glyoxvlic acid.

cooM coou
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Ozonolysis in glacial acetic acid produces a mixture of

l-fluorenonealdehyde and l-fluorenonecarboxylic acid.
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CHO COOH
Monosubstituted Derivatives of Fluoranthene
The 3-position is most readily attacked in substitution

reactions. lMono=substitution occurs here, although other
positions are also substitutbed, sven under carefully controlled
conditions,

The principal product from the controlled bromination of
fluoranthene is 3-bromofluoranthene with 8-bromofluoranthene
as a minor product, Rarly chlorination reactions had produced
inseparable mixtures of products, however, in 1962, Sieglitsz
and Troester (24) isolated 3~-chlorofluoranthene by passing
chlorine through a solution of fluoranthene in propylene oxide
at room tempergture, Attempts to prepare 3-iodo and 3-fluoro-
fluoranthene have produced complex mixtures of polysubstituted
products.

Direct sulphonation of flucranthene by chlorosulphonic
acid in an inert solvent (26,12) yields 3~fluoranthenesulphonic
acid,

3-Nitrofluoranthene is the principal product obtained from
nitration of the hydrocarbon in acetic anhydride at 0° ¢. or

. s . , 0 . . o .
in acetic acid at 50°C. This compound is accompanied by small
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amounts of the 1-, the 7-, and the &-nitrofluoranthene (25).

Treatment of fluoranthene in a Friedel-Crafts reaction
with benzoyl chloride in the presence of gluminum chloride
gives a mixture 3-benzoyl and 8-benzoylfluoranthene in approxi-
mately equal quantities, Acetvl bromide in the presence of
aluminum chloride in carbon disulfide acts on fluoranthene to
produce a mixture of 3-acetyl, 8-acetyl, and 3,9-diacetylfluo-

ranthene {26}

Disubstituted Derivatives of Fluoranthene

In 1950 Campbell et al. (5) proved the orientation of the
bromine atoms in B,S—dibromofluoranthene which was first pre-
pared in 1880 by Goldschmiedt (17) by direct bromination of the
hydrocarbon in nitrobenzene. Prior to 1950 no research had
been carried out on disubstituted fluoranthene compounds,
Campbell and his co-workers oxidized the dibromo compound with
chromic acld to give dibromofluorenone-l-carbozylic acid which
gave different results upon decarbexylation, depending upon
the catalyst. Using copper and quinoline, they obtained
<=bromofluorenone, whereas when they used mercuric oxide at

180°¢,2,7-dibromoTluorenone resulted,
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This orientation was independently proved by Holboro and Tagmann
(18) who synthesized 3,8-dibromofluoranthene from methyl 2,7~
dibromo-9-fluorenecarbozylate as shown on page 9.

Most recently Kaminska and Mazonskil (21} have investigated
the bromination of fluoranthene with dioxane-dibromide with
respect to the erffect of temperature, solvent, and molar ratio
of the substrates. They isolated specific percehtages of the
3-bromo, 3,8-dibromo, and 3,8,9-tribromo derivatives depending
on the molar ratio of the substrates.

In 1951 Campbell, Leadhill, and Wilshire (6) showed that
the product prepared by further acetylation of both 3-acetyl
and 8-acetylfluoranthene is 3,9-diacetylfluoranthene. They
proved this by oxidizing the diacetyl compound to fluoranthene-

dicarboxylic acid. This compound was different from the acid
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derived from 3,8-dibromofluoranthene via the dinitrile. Further
confirmation of this orientation was obtained by converting the
diacetylfluoranthene into the diacetamido compound using the
Schmidt reaction. They converted this diacetamido compound into
a dibromofluoranthene which was found to be different from
3,8—dibromoflu0ranthene, They concluded that this was 3,9-dibromo-

fluoranthene. This work is shown below.

(1O

* /
/C OOH /C

CH /NHC OCH3 IBr

OCH;
@ @ @ 2 HBr/H0 @
Schmidt 300
« (0 Reaction u FE
Na N3

COOH COCH4 NHCOCH, Br
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In 1955 Campbell and Keir (7) prepared 3,9-dibromofluoran-
thene from 3-nitroflucranthene which was brominated, reduced,
diazotized, and treated in a Sandmeyer reaction. This was
identical to the product prepared from 3;9-diacetylfluoranthene.
At the same time they proved that 3=-cyano, 3=-carboxy, and
J-carbomethoxyfluoranthene were also brominated in position 9.

This work is summarized below.
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hegting the hydrocarbon in concentrated sulfuric acid. It

wnated comneund

with alkali. Campbell and Keir (7) proved that this su

was incorrect. Since monosulphonation occurs mainly in the
3=position, the disulphonic acid must ceontain one sulpho group
in that position., The disulphonic acid was fused with potassium

hvdroxide and the dihydroxy compound was methylated. The pro-

duct which was obtained was identical to an authentic samnle
prepared from 3,9~diacetylfluoranthe This nreof is valid
only if it 1s assumed that the alkali fusion of the disulphonic

acid was not accompanied by migration of one or both of the

sulpho groups. This work is shown on page 13.
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investigations Campbell and Keir

formulated a set of rules regarding the ocrientation of substi-

tuents in fluoranthene. They had shown that 3-substituted

O

fluoranthenes undergo further substitution in the 8 or 2 posi-

tions depending on whether the first substituent was activating

(ortho/para directing) or deactivating (meta directing). They
explained these results by considering fluoranthene as a diphenyl
derivative containing the diphenyl nuclei AC and BC. They also
pointed ocut that orientation in the diphenyl series is dominated
bv bl henvl grou That i in most o 3 EUTLor

oy the pnenyl groups. That is, in most cases substitution
occurs in the second ring in the 2% and L' positions irrespective
of the nature and position of the substituent already present in
the first ring. An example of this is the three nitrodiphenyls




13

O
Locn,
HoS 0y ¢ HCOH
\\4 SO3H \4 02CH3
SO3H (I:O2CH3
5820!1 HZO
\4




)
.}'ﬁ"

which undergo substitution in positions 2' and L' rather than

in the 3t (meta)-position.

Applving this to fluoranthene, they postulated the follow-
ing rules regarding orientation of substituents in fluoranthene.
"(1) each of the rings A and B direct substituents pre-
dominantly to the para-position in ring C, i.e. to positions
8 and 9 respectively, and (2) an ortho-para directing group

in ring A increases the directive power of this ring with

consequent substitution at C(S) (and possibly C( while

10))s
meta directing groups decrease the directive power of ring A
so that ring B dominates further substitution, which therefore
occurs at C(g) (and possibly 0(7))0”

In 1966 Kaminska and Mazonski (20} further substantiated

Campbell and Keir's postulates by proving that the bromination

Ly

of 3~acetamidofluoranthene yields 3-acetamido-8-bromofluoranthene.

They showed this by hydrolyzing the brominated product and by

3

[
Jto

0X zing the bromo-amine. The oxidation produced 6-bromo-
fluorenone~l-carboxylic acid. Deamination of the bromo-amino
compound vielded the same bromofluoranthene as that derived

from the debromination of 3,8-dibromofluoranthene as well as
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that from the debromination of 3-amino-9-bromoflucranthene,

This work is shown below.
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In 1956, Kloetzel, Zing, and Menkes (22) showed that
~acetamldofluoranthens was nitrated in position 2 rather than
in positlons § or 10 as was suggested by Campbellts rules.

rkers stated tha

T3y -
These w

O

the acetanido group "so intensel

e

activates the ring to which it is attached that the second
substituent enters the same ring." They proved the orientation

f the acetamido-nitrofluoranthene as follows, They recovered

C‘"
)
3

o]

1-fluorenonecarboxylic acid as the product after oxidation of

)

his proves that both of the substituent

n

the nitro-amine, T

are in the same ring. Hydrolysis of the acetamido-nitro-
fluoranthene, deamination and finally oxidation of the resultant
nitrofluoranthene gave 3-nitrofluorencne-l-carboxylic acid

proving that the nitro group was in position 2, A summary of

T

o

e Y
i

L

P

-

is given on page 17.

Charlesworth and Blackburn (8) further confirmed the
findings of Kloetzel et al,by proving that both 3-acetamido
and 3-aminofluoranthene were brominated in position 2. The

1

product which they obtained from hydrolysis of

-
1..

e acetamido-~

bromofiuoranthene was identical to that produced from the bromi-

)

nation of 3-aminofluoranthene. Thus, the bromine atom must enter
the same position in both cases. Oxidation of 3-amino-2-bromo-

fluoranthene gave l-fluorenonecarboxylic acid nroving that both

lal

substituents were in the same ring. Deamination of the bromo-

]

amine produced 2-bromofluoranthene, identical with an authentic

sample prepared from 2-nitrofluoranthene by reduc ion, diazo-

and treatment with cuprous bromide in a Sandmever

reaction. This work is summarized on page 18.
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In 1965, Charlesworth and Dolenko (9) studied the influence
of strongly activating and deactivating substituents in position
2 of the fluoranthene molecule. These workers proved that
2=zcetamidofluoranthene was brominated in position 3 and that
2-nitrofluoranthene underwent bromination in position 9. They
established the orientation of these substituents in the follow-
ing way. Hydrolvsis of the acetamido-bromo compounc gave a
bromo-amine. 3-Bromofluoranthene resulted from the deamination
of this latter compound. 9-Bromo-2-nitrofluoranthene was oxi-
dized and decarboxylated. The product of this series of reactions
was 3~bromo-6-nitrofluorenone (10). The product obtained from
9~bromo=2-nitrofluoranthene after reduction, acetylation, and
oxidation was 7-=bromofluorenone-~l-carboxylic acid., This was
identical with an authentic sample of this material. This work

is shown on the following page.
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DISCUSSION OF REASULTS

As previously stated in the introduction, the purpose of
this research was to study the directive properties of stronzly
activating and strongly deactivating substituents in positions
2 and 3 of fluoranthene, under nitrating conditions.

The compounds chosen for this study were 2-acetamido-
fluoranthene, 2-nitrofluoranthene and 3-nitrofluoranthene.

The first two substances were selected since they are among

the few known 2-substituted fluoranthenes. The syntheses of
all the starting materials had previously been accomplished,
2-Nitrofluoranthene was chosen because it is readily sccessible
and although an attempt (27) had been made to nitrate it, the
orientation of the resultant product had not been proved, These
two substituents represent the extremes on the activity scale,
-NO, being strongly deactivating and uNHCOCHB, being a strongly
activating species.

Another aim of this work was to prove that the acetamido-
bromofluoranthene prepared by Blackburn (1) by the bromination
of 3-acetamidofluoranthene in glacial acetic acid and that
obtained by Kaminska and Mazonski (20) from the bromination of
this compound in glacial acetic acid-carbon tetrachloride are
the same product, 3~-acetamido-8-bromoflucranthene (XXI). 1In
196L, Charlesworth and Blackburn (&) proved that bromination
of 3-acetamidofluoranthene in pyridine produced 3-acetamido-2-

bromofluoranthene. This difference would be accounted for by

suggesting that the choice of solvent affects the position




tituent enteéers,

[€3

o which a second sub

@]

2-icetamidofluoranthene (VII) was prepared from fluoran-
thene by the ten step procedure outlined by Kioetzel et al., (22).

luoranthene to give Z-acetamido-3-

|
o
6!
®
-

nitroflvoranthene (VIII) was accomplished using a method 1

or the nitration of 3-acetamido-

The nitro=-acetamido compound (VIII) was hydrolyzed to

\J

~amino-3-nitrofluoranthene (IX). Diazotization and removal
of the amino group with 50% hypophosphorous acid produced

o .

3-nitrofluoranthene (II). This proves that the nitro group

Attempted oxidation of 3-acetamido-2-nitrofluoranthene

(VIII) produced a tar that could not be purified, however
oxidation of R2-amino-3-nitroflucranthene (IX) gave l-fluore-

. (X). This proved that the substituents

jo]
O
o3
(D
C)
s
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; e
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were in the same ring,; otherwise a nitrofluorenonecarboxylic

acid would have resulted.

__,1
5

The originsl 2-acetamido-3-nitrofluoranthene was cat
tically reduced to 2-acetamido=3-aminofluoranthene (II).

2,3=Digcetamidofluoranthene (X111) was prepared from this

iy

a

compound by acetylation with acetic anhvadride in pyridine

s 1

solution at room temperature., This diacetamideo compound had

tamido-2-=nitrcfluoranthene

-
=
]
=
U]
i
jAV]
(]
o
oF
fde

been previously prepared f:

An attempt was made to prepare 2,3~-dlacetamidofluoranthene

(XITI) from o-diamincfluoranthene, however due to the instsbility
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of the latter compound no product was iscolated. The diamino
compound decomposed very resdlly and it was not possible to

obtain a sample of this product. This is consistent with the

r of many aminofluoranthenes to decompose readily in

The nitro group is a highly deactivating species. This

(S

direct a second substituent to posi-

s
O

group has been shown
tion 9, as predicted by Campbellts rule.
The nitration of 3=nitrofluoranthene (IT) was success-

fully accomplished at 70-80°C. Several recrystallizations of

ity

he product from glacial acetic acld gave a pure sample o
3,9=dinitrofluoranthene (XIV). No other dinitro isomers were
isolated. Any others would probably be present in very small
quantities. This reaction had been attempted earlier by
Wilshire (27) but the dinitro compound had not been isolated
in a pure state nor had its orientation been proven. This
worker only reported the presence of one dinitro compound.,

\ mass spectrum of our product, shown on page 24, in-

s

1

dicated that i1t was dinitrofluoranthene. The mass spectra

of the 1-,2- and 3- mononitro and those of 3,0~ and 2,( )=
dinitrofluoranthenes showed that preliminary loss of an -NO
group occurred with the formation of a -CC bond., This latter
bond was probably formed at the adjacent carbon atom., The
next step seemed to be the loss of the -CO group and the

formation of a five-membered ring.
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The spectra of each of the dinitro compounds greatly resembled

that of the mononitrofluoranthene from which it was derived.
Many attempts to oxidigze the dinitroflucranthene proved un-

successful since only starting material was isolated after the

reactions as shown by comparison infra-red spectra. This may

have been due to the strong stability of the dinitro compound.
Catalvtic hydrogenation of 3,9-dinitrofluoranthene produced
3,9=-diaminoflucranthene {XV). This compound was not isolated
since it decomposed very readily in light and ailr., This result
was expected since Campbell, Leadhill and Wilshire (6) reported

(_l'
<:~|

this diamine as its dihvdrochloride derivative, Attempts to

synthesizge 3,9-dibromofluoranthene from 3,9-diaminofluoranthene
using the same method as these workers rproved unsuccessful. This
was possibly because much of the diamine (XV), which was isolated
by evaporation of the ethanol under a vacuum, had decomposed
before it could be further reacted. A small amount of the diamino-
dihydrobomide was successfully ovcparpd by adding fuming hydro-
bromic acid to an ethanol solution of the diamine (XV) and

stirring this mixture at room temperature for several hours, bub

nassage to the dibromo compound through the

+
=5

not achieved,

o)
633
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3,9~Diacetamidofluoranthene (XVII) was prepared by acety-
lation of the diamine (XV) in pyridine solution. This sample
of 3,9-diacetamidofluoranthene was compared with an authentic
sample of this compound prepared by the diacylation of fluoran-
thene followed by a Schmidt reaction. These two samples were
identical.

2-Nitrofluoranthene (VI) was prepared according to the
method of Kloetzel et al, as outlined earlier in this discus-
sion. The nitration of this product was accomplished in acetic
anhydride by refluxing the nitrating mixture for three hours.
The dinitrofluoranthene (XVIII) was found to be very insoluble
in many organic solvents (i.e. benzene, chloroform, methylene-
chloride, and acetone). For this reason only very small amounﬁs
of material could be chromatographed at a time and much of this
chromatographed material remained on the top of the column as
tar. It was found that the grade of alumina used affected the
product that was obtained on evaporation of the eluate. Using
alumina which was not highly activated allowed some of the tar
to pass down through the column and to be mixed with the dinitro
band., The result of this was that the product was sticky. This
problem was eliminated by using more highly activated alumina.

Since it was very difficult to ilsolate any workable guan-
tities of the dinitro-product (XVIII), the orientation of the
second nitro group was not able to be proved by chemical
reactions.

The mass spectrum of this compound (XVIII), which appears

on page 27, shows a strong similarity to that of the original
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2-nitroflucranthene (VI). Due to this similarity, several

7

nositions in which the second nitro group could exist,; may be

e

eliminated. Position 1 may be eliminated since the nitro

group is highly desctivating and has never beenknown to direct

to the adjacent carbon in any aromatic system., Fosition 3 may
be eliminated first because nitro 1s aot known to direct ortho

to itself and secondly because the peak heights would bte expec~

o

O
jab]

ted to be a compromise between that of the 2- and 3-nitro-

=~y
{—rd

uoranthenes, i.e. probably eguel, whereas the heights are the

N
O

ning may

o

ameé as the 2~ substituted compound. This same rea:

U
5}

13 tion 4. Position 5 may be eliminaste

be applied to posi das a

ot

o
A

osaibility for very much the same reason as just given for

i)

position 4, i.e. that the peak heights of 3,5~ dinitrofluoran~
thene would be equal since there would be an ecual vrobabllity
f loss of either nitro group. Because fluoranthene is a sym=-
metrical molecule, loss of the nitro from position 3 would
result in 2-nitrofluoranthene Since it is assumed that the
second nitro group enters the same position in both dinitro
compounds, this position may be eliminated here. The remain-
ing possible positions 6,7,8,9 and 10 may not be eliminated
on the basis of mass spectral evidence.

The expected position, analogous to that of 3,9~ dinitro-
fluoranthene (XIV), and according to Campbellts rule is posi-
tion 9, however in the future some rigorous proof must be
developed to show this orientation.

3-Acetzmido=-9~bromofluoranthene (X¥) was very readily

prepared from 3-amino-9-bromofluoranthene by acetylation in



benzene solution with acetic anhydride., This compcound had not

a mixture of carbon tetrachloride and

by
;_...J
<
o
a’l
:
®
o]
0]
=~
=1
I
L
l_l
i

lacial acetic acid. This compound (XXI) hacd previously been
A x o

isolated in these laboratories by Blackburn (1) however its

orientation had not been rligorously proved Ly Lhis worker.

Charlesworth and Blackburn (8) reported that the bromination

of 3-acetamidofluoranthene (ITII) in pyridine gave 3-acetamido-

2-bromofluoranthene Kaminska and Mazonski suggested that the
reason for the bromine atom entering into the two different
vositions was due to a solvent effect. They explained that the
bromine-pyridine complex is an active brominating agent and that
it cooperates with the acetamido group to accommodate ortho
substitution whereas the glacial acetic acid=carbon tetrachlo-

ride mixture 1s a less active solvent and the bromine atoms do

not show this cooperation. Comparison of the infra-red spectra

@

of the two products shows that the product prepared in our
laboratories is the same, but less pure than that prepared by
Kaminska and Mazonski. Thus, this would prove that t©

irective property is influenced not only by the existing sub-

[N
-t

stituent but alsc by the experimental conditions.
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EXPERIMENTAL

Preparation of 3-Nitrofluoranthene {IT)

3-Nitrofluoranthene was prepared essentially by the method
of Garascia, Fries, and Ching (15).

Fluoranthene (40.0 g) was dissolved in glacial acetic acid
(300 ml). To this solution, which was maintained at a tempera-
turé of 71-759C., concentrated nitric acid (54 ml) was added
dropwise, with stirring, over a period of about fifteen minutes.
The orange-yellow precipitate of crude 3-nitrofluoranthene
(20.0 g) was filtered from the hot solution, washed with glacial
acetic acid, then with water and allowed to dry. Treatment with
decolourizing charcoal and recrystallization from glacial acetic
acid gave the pure material (13.9 g) which melted at 159-160°C.

(1lit., 158-160°¢).

Preparation of 3-Aminofluoranthene

The procedure used for this preparation was that of Kloet=l,
King and Menkes (22).

3-Nitrofluoranthene (30.0 g) and platinum oxide (0.39 g)
were suspended in absolute ethanol (270 ml). The hydrogenation
was carried out in a Parr catalytic hydrogenation apparatus.
The reduction was accomplished in one hour during which time
the gauge pressure decreased from 43 1lbs./sq. in. to 12 1bs./sq.
in. The catalyst was filtered off and crude 3-aminofluoranthene
(22.9 g) was isolated by dilution of the solvent with water,
followed by filtration. This product melted at 111-113°¢C,

(1it. 111-112°).
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Preparation of 3-Acetamidofluoranthene (ITI)

This preparation was carried out using the method of Kloetzel
et al, (R2).

3-Aminofluoranthene (15.0 g) was stirred in benzene (900 ml )
and a small amount of insoluble mgterial was filtered off, Acetic
anhydride (9.5 ml) was added dropwise to the benzene solution
and the reaction mixture was stirred at roonm temperature for
thirty-five minutes, during which time a cream-coloured solid
precipitated, Filtration of the reaction mixture gave 3-aceta-
midofluoranthene (15.9 g) of melting point 243-2,5°C. (1lit.
R42-24,5°C) .

Preparation of 3-Acetamido-2-Nitrofluoranthene (TV)

The method used for the nitration of 3-acetamidofluoranthene

was essentially that of Kloetzel et al, (22).

3-Acetamidofluoranthene was dissolved in glacial acetic acid

——
\M

OQ ]

O~

Q2

00 ml) and this solution was maintained at a temperature of
57C

30 - Concentrated nitric acid (6.6 ml) was added dropwise,

vy

with stirring, and the reaction was al lowed to proceed for ninety
minutes during which a solid separated out of solution. The
reaction mixture was cooled to room temperature and the solid

was Tiltered off and washed with water. The J-acetamido=-2=nitro-

1

fluoranthene (7.5 g) was obtained as golden-vellow plates melting

(&3

at 280-282°C. (lit. 282-283°7),

Freparation of 3-Amino-2-Nitroflucranthene (V)

3-fmino-2-nitrofluoranthene was prepared by hydrolysis of

i

3-acetamido-R-nitrofluoranthene according to the method of Kloet

zel



and his co-workers (22),

A mixture of 3-acetamido-Z-nitrofluoranthene (7.5 z) in
05% ethanol (683 ml) and concentrated hydrochloric acid
(683 ml) was heated under reflux for fifteen hours. The
cooled reaction mixture was neutralized with 10% sodium
hydroxide. After cooling, the mixture was filtered and the
crude sample was washed with water and allowed to dry. The
impure 3-amino~2-nitroflucranthene (5.75 g) which was obtained
melted at 250-254°C, Treatment with decolourizing charcoal
and recrystallization from the pyridine-water mixture gave
pure 3-amino-2-nitrofluocranthene (3./ g) melting at 25225490,

In another preparation of this product, the impure sample, after

~

ec tallization from chlorobenzene, had a melting point of
ZBANZBEOCQ This melting point is in accordance with that
given by Kloetrzel et al. (22). Jemmett et al, (19) reported
that this compound softened at 2 50°C and Tinally melted at
25300 following recrystallization from ethylene glycol,

chlorobenzene and methvl ethvl ketone,

Preparation of 2-Nitrofluoranthene (VI)

Deamination of 3~amino~-2-nitrofluoranthene to produce
2=nitrofluoranthene was accomplished using the method of

Kloetzel et al, (22).

b1

owdered sodium nitrite (1.0 g) was dissolved at room

temperature by carefully adding

{Q
-t
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D
jai}
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cid {37.0 ml). The

o
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o
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O

water (2.7 ml) and concentrated
solution was then cooled to ~5°C., and powdered 3~-amino-

2-nitrofluoranthene (3.4 g} was slowly added at this temperature.
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The resultant mixture was stirred at =5 ¢ for another thirty
minutes after which pre-cooled 507 hypophosphorous acid (78.3 ul )

was added at such a rate (three hours) that the temperature did

by A 3 s ~ O -
not exceed 5 C. The mixture was allowed to stand at 2-37C for

six damws after which time it was diluted with three volumes of

ct
[0}

water., The crude material was filtered off, washed with dilu
sodium hydroxide and water, and allowed to dr Treatment with
decolourizing charcoal and recrystallization from glacial acetic
acid gave P-nitrofluoranthene (2.0 g) as vellow needles of melt-
ine point 152-154°C (1lit, 153-153.5°C).

Preparation of Z2-Aminofluoranthens

The hydrogenation of Zenitrofluoranthens, effected essen-
tially according to the method of Kloetzel et al, (22), produced
2-aminofluoranthene,

2=Nitrofluoranthene (3.2 g), decolourizing charcoal (0.3 g)
and platinum oxide (0.3 g} were suspended in absolute alcohol
(60 ml). The hydrogenation was completed in three hours during
which time the gauge pressure decreased from 43 1bs./sqg. in. to
30 1bs./sg. in., The charcoal and the catalyst were filtered
out of the soclution and the crude amine (2.5 g), of melting
point 115-120°C was precipitated with water. Kloetzel et al,
found the melting point of the recrystalligzed product-to be
128-129°C. In our case, since the acebtyl derivative was reguired,

the amine was not further purified but acetylated directly as in

the following preparation.,

—

Prevagration of 2-Acetamidofluoranthene (VIT)

2-Aminofluoranthene was acetylated in benzeéme solution
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according to the method of Kloetzel et al. (22).

Crude Z2-aminofluoranthene (2.5 g) wes stirred in benzene
(150 ml) and a small amount of insoluble material was filtered
off. Acetic anhyvdride (1,3 ml) was added to the benzene solu-
tion and the reaction mixture was stirred at room temperature
for one hour during which time a solid precipitated. The solid
2-acetamidofluoranthene (1.9 g), of melting point 226-228°C was
filtered off. (lit. 225-226°C).

Prevaration of 2-Acetamido=3=Nitrofluoranthene (VIII)

The nitration of 2-acetamidofluoranthene was accomplished
using a method similar to that of Kloetzel et al,(22) for the
preparation of 3-acetamido-2-nitrofluoranthene,

2-hcetamidofluoranthene (1.3 g) was dissolved at 80-85°C
in glacial acetic acid (130 ml) to which acetic anhydride
(10 drops) had been added. Concentrated nitric acid (0,66 ml)
was added dropwise and the solution was stirred at this tempera-
ture for three hours. The reaction mixture was allowed to stand
at room temperasture for two days in an open vessel, During this
time most of the solvent evaporated and black crystals (0.8 g)
of melting point 150—15300 were formed., Treatment with decolour-
izing charcoal and recrvstallization from glacial acetic acid
gave pure 2-acetamido=3-nitrofluoranthene (0.6 g) as golden-
vellow micro-cryvstals of melting point 190-193°C, This same
product was obtained as bright-yellow flocculent needles after
recrystallization from ethanol-water. Infra-red peaks of this

compound are at 3.02, 5.97, 6.22, 6.57 and 7.27y,
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Analysis Found: N, 901779

Calculated for 818H12N2O N, 9.21%

317

Preparation of 2-Amino-3=Nitrofluoranthene (IX

2-Acetamido=-3-nitrofluoranthene was hydrolyzed using a

o]

procedu which was essentially the sams as that used by
Kloetzel and his co-workers (22) for the hydrolysis of 3-aceta-
mido-2=nitrofluoranthene (0.6 g), 95% ethanol (33 ml) and con-
centrated hydrochloric acid (33 ml) were heated under reflux
for three hours. After the reaction mixture had coocled, it was

neutralized with 10% sodium hydroxide, cooled and the crude

ﬂ‘

Fal

0 =) was filtered off.

@ &/

e

reoduct

——
¥

o]
o
3

Infra-red peaks of this compound are at: 2.90, 3.02, 6.00,

oR7, T34 and 7.95Us

o

[
P

nalysis

C)

alculated for C Crghalis0,: N, 10.68%

Deamination of Z2-Aming-3-Nitrofluoranthene

The experimental procedure was essentially that which
Kloetzel et al. (R2) reported for the deamination of 3-amino-
2=nitrofluoranthene.

Sodium nitrite (0.09 g ) was dissolved at room temperature
in a solution of concentrated sulphuric acid (3.1 ml) and water
(0.2 ml) by careful addition with stirring. This solution was
cooled to -5%C in an ice-salt
nitrofluoranthene (0.25 g) was added at this temperature. The

- ~

reaction mixture was stirred at -5°C for thirty minutes Pre=

4

cooled 50% hypophosphorous acid (6,53 ml) was then added at

1

such a rate (thirty minutes) that the temperature



did not exceed 5°C. The reaction mixture was allowed to stand

chree

C”"

for six days at 2-39C after which it was diluted with
volumes of water., The precipitate was filtered, washed with

10% sodium hydroxide and water, and allowed to dry. Treatment
with decolourizing charcoal and recrystallization from glacial

cetic acid gave pure 3-nitrofluoranthene (0.12 2), m.p. 156~

a4
8°¢,

48]
@]
3

1

x

A mixed melting point with an authentic sample o
fluoranthene, prepared by direct nitration of fluoranthene,

showed no depression., Comparison infra-red and ultra-violet

spectra, as shown on pa that the deamina-

ted product and an avthentic sample were identical.

Analysis Tound : N, 5.57%
. £
Calculated for erh@NQgi N, 5.76%

Oxidation of 2=-Amino- Bw\zbrorJUOfancnene

N

The experimental procedure used was similar to that of

Forrest and Tucker (14} in the oxidation of fluoranthene.

4 solution of chromic anhydride (1.5 g) in water (2 ml)

and glacial acetic acid (2 ml) was added over a period of ten
minutes to a boiling suspension of 2-amino-3-nitrofluoranthene
{O.h g) in glacial acetic acid (20 ml). The remaining oxidation

mixture was rinsed into the reaction mixture with a small

l“j

amount (2 ml) of glacial acetic acid. The mixture was refluxed

for four hours and then it was poured into 1l:4 v/v sulfuric
acld solution (50 ml) and allowed to stand at room temperature

overnight. The impure sclid was filtered off, washed with dilute

3

acid and distilled water, and allowed to dryv. It was purified




37

NN joinN -2s BUy
( 11)32Npody  pajeuiweaq 2y} jo wnuidadg ‘¥l q

. | 2U2YIUEION|}J0JTIN-E D1U2Yiny 40 wWni}d2dg Y| e

(SNOUDIW) HLONITIAVM
i Ol 6 8

RASARENER NN RN NN T ITT 11T :
T ! 7 1 1 - .
SN RN SN RN Tt : °
IR “, ' [ [N i L 'R O—.
i it Pl 1 P :
E= SEEETIEEE E OR.
e e R R 09'
: FEEET R S SR ma ‘...H-HL H R S aaite .
e DDA Ghas st gy ive spLTIyITo
~ = ‘ 0S5,
o Tt _ i o an | S| N Wy 1t Ty
v I ¢ ~ u i+ - . et RV SE SR
! “ | y JE § N S0 S TR bed e LR S
1 P R T H " i .UH ¢ & .r. M tee
17 : i : ! IRREE S8
ERREN ; : T IRURNEERRRSSY SR
¥ DAE 1 95 SHEPE MGl S5 SSTAINE MDEPER IS IDEPIIDAMDUPIMIPIE RIS
: : 25 FE R T R U RS
: : pom i ; T T BP0 e Sapaares Sron T sy
: b H b i | Shan T pEbapEneD ShaB AN Wﬁv IS B - T N
R 1 Bud S gGetu SRSas SOUESRAd Sy Sipa BB
yos : T s . o b A3 SN SR EDIDSY IS IDEDIRY IDES S DAY P SN TRREpaRe oD
A g =H0¢
= . x&&, —Hi ,..\,Mm = oo m
o P e -
- i ) i - g 4
.)\(Pr - I A I 1 I s
1= " AT —r
AN o] o s e HELA NS £ .@Nliwl T .
A T+ T M e :
] o= 1 i ; O_.
f)w.. NP C S W ol . + 8BRS + .
N AT ; T + PR . .
hasdiill BES S ~ 1+ t ) 1% B8N 1
v H ~. v . i .
1 1 : T 1 RS 11 bdeand 15
SN DESEERE! Tl i | i . § i
T 1 T 1 H ) ! il i 1 BN iy
! : : [ A RN ¥ T 7T e OoO

T
-.— RN ERER] 1] i 1] ] i i

1 T w i
006 000l WO 0041 0002 000€ 000¥

«wﬂ_.—-—q L —«————-~—.-~




38

8- UV Spectrum ot Authentic 3-Nitrotluoranthene
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b UV. Spectrum ot the Dedaminated Product(ll)
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3G
by dissolving it in 5% sodium carbonate solution and filtering
out a small amount of insoluble material, and finally by re-

recipitating the acid with (1:4 v/v) agueous sulfuric acid

ol

n

olution. The solid was filtered and allowed to dry. FPure
fluorenone~l-carboxylic acid (0.12 g) was obtained as light
orange needles; m.p. 190-1929Cc, after recrystallization from
slacial acetic acid (1it. 191-193°C).

Admixture with an authentic sample prepared by the oxida-
tion of fluoranthene caused no depression in the melting point
(l@O-«lQQOC)° A comparison infra-red spectrum of this product
and of an authentic sample of fluorenone-l-carboxylic acid,
shown on page 40 was the same,

Preparation of 2-Acetamido-3-Aminofluoranthene (XI)

The hydrogenation of 2-~gacetamido=3-nitrofliuoranthene was
carried out essentially according to the method used by Black-
burn (1) for the hydrogenation of 3-acetamldo=-2-nitrofluoran-
thene.,

2-Kcetamido-3-nitroflucranthene (0.5 g) and palladium-
charcoal catalyst (0.056 g) were suspended in absolute ethanol
(21 ml). The suspension was hydrogenated for twentv-four hours
during which the gauge pressure dropped from 21 1bs./sq. in.
to 20 1bs./sq. in. The product was brought into solution by
adding pyridine (25 ml) and heating. The catalyst was filtered
off and most of the sdlvent was evaporated under vacuum. Crude
2-zcetamido-3-aminofluoranthene (0.38 g) precipitated on dilu-
tion of the solvent with water. The impure solid (0.23 o) was

recrystallized from pyridine as bright-yellow 2-acetamido-
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: o
3.aminofluoranthene (0.19 g), m.p. 204~206
Infra-red peaks of this compound are at: 2.97, 3.05, 6.07,

and 7.77,

Analysis Found : i, 8.85% 11
Calculated for GqgHy,Np0: N,  10.21%

Acetvlation of 2-Acetamido-3-~Aminofluoranthene

The acetylation of 2-acetamido-3-aminofluoranthene was
accomplished in pyridine solution.

Tmpure 2-acetamido~3-aminofluoranthene (0.15 g) was
dissolved in pyridine (25 ml) and acetic anhydride (4 drops)
was added. The solution was stirred at room temperature for
ninety minutes and then it was allowed to stand to allow some
of the pyridine to evaporate. A bright yellow solid precipi-
tated out of solution. The impure product was recrystallized
from glacial acetic acid as cream-coloured micro-crystals of
pure 2,3-diacetamidofluoranthene (0.13 g), m.p. 262-263°C,
(1it. 268-269°¢C).

Admixture with an authentic sample, described below, did
not depress the melting point (m.p. 262-263°C). Comparison
infra-red and ultra-violet spectra, shown on pages 43 and 44
were the same for the two samples.

Preparation of 3=Acetamido-2-Aminofluoranthene (XTIT)

The method used for the hydrogenation of 3-acetamido=-2-
nitrofluoranthene was that devised by Blackburn (1).

3-Acetamido-2-nitroflucranthene (6.5 g) and palladium-
charcoal (0.5 z) were suspended in absolute ethanol (300 ml).

Hydrogenation was accomplished in fourteen hours during which

"This result may be due to the partial deccmposition of the
o



L2
4<

the gauge pressure decreased from 48 1lbs./ sq. in. to 41.5

1bs./ sq. in. The product was brought into solution by addi-

.

tion of pyridine (50 ml) and heating. The catalyst was filtered
of f and most of the solvent was evaporated under vacuum. Dilution
of the remaining solvent with water produced 3-acetamido-2-amino-

fluoranthene (5.0 g) m.p. 197-199°C (1it. 197-199°C).

Preparation of Authentic 2,3-~Diacetamidofluoranthene (XITT

P

The acetylation of 3-icebamido-2=aminofluoranthene was
performed by Kloetzel, King, and lMenkes {27}, but these workers
did not state full experimental details for this reaction.
Pyridine was found to be the best solvent for this reaction.

3-Acetamido~-2-aminofluoranthene (1.15 g) was dissolved with
stirring at room temperature in pyridine (50 ml). Acetic anhy-
dride {1 ml) was added dropwise. The reaction mixture was
stirred at room temperature for sixty minutes during which time
a precipitate separated out of solution. The solid was filtered
off, washed with water and allowed to dry. Recrystallization
Ffrom glacial acetic acid gave pure 2,3-diacetamidofluoranthene
(0.75 g) as yellow needles with melting point 267-269°C (lit.
268-269°C).,

Nitration of 3-Nitrofluoranthene

3,9-~Dinitrofluoranthene was best obtained by nitration of
3-nitroflucranthene in acetic anhydride.

Fuming nitric acid (2 ml) was added dropwise, over a
period of ten minutes, to a mixture of 3-nitrofluoranthene
(2.0 g) in acetic anhydride (60 ml) meintained at 65-71°C.

The nitration mixture was stirred at 70-80°C for thirty minutes.
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It was then allowed to stand at room temperature for a furthex

Filtered off and washed

A2
jQ
~—

iinety minutes. The solid (1.
with water. Treatment with decolourizing charcoal and several
recrystallizations from glacial acetic acid gave pure 3,9-dinitro-
fluoranthene (0.75 g) as yellow-orange crystals of melting point
275-277°C, & mass spectrum of this compound showed it to be

dinitr uvoranthene.

Infra-red peaks of this compound are at: 6.61 and 7.524"

'A
)

Analysis Found: N, 10.26%
Calculated for CqgHglip0,: N, 9.,60%

Attempted oxidation of this product using chromic anhvdride

>

-

enerated only starting material.

eg
u

Reduction of 3,9~Dinitrofluoranthene

atalytic hydrogenation of 3,9-dinitrofluoranthene was

S

1._,)

cted usingoralladium-charceoalas thecatalyst for the reaction.
,9-Dinitrofluoranthene (1.5¢g) and palladiuvm~charcoal (0.25 g)
were suspended in ethanol (108 ml). The dinitro compound was redu-
ced under pressure (26 1bs./sq.in. to 23 1bs./sqg.in.) for six
hours. The catalyst was filtered off and most of the solvent was
evaporated under pressure. The solution of 3,9-diaminofluoranthene
was unstable and it darkened quickly. Due to its instability, the
diamine was isolated as its acetyl derivative. This preparation
is shown below.

Preparation of 3,9=Diacetanidoflucranthene (XVIT)

P

3,9-Diacetamidofluoranthene was prepared by the acetylation
of 3,9-diaminofluoranthene, using pyridine as the solvent.
Pyridine (25 ml) was added to the impure 3,9-diamino-

fluoranthene in ethanol (approximately 10 ml)., Acetic anhydride

11t This result mayv be due to the presence of some trinitro fluo-
ranthene. This product should be purified by column chromato-

graphy rather than by crystallization alone.
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LY

N

(5 ml) was added to the solution at room temperature. The
mixture was stirred for ten hours and then the excess solvent
was evaporated off under vacuum. The cream-coloured solid
which separated out of solution was filtered off, dried, and
finally boiled with benzene. The purified 3,9-dlacetamido-
fluoranthene (0.9 g) was isolated as a light yellow solid of
melting point approximately 360°C (1lit.~ 370°C).

Admixture with an authentic sample of 3,9-diacetamido-
fluoranthene prepared from 3,9-diacetylfluoranthene as shown
below, did not depress the melting point. Comparison infra-
red and ultra-violet spectra of this material, shown on

pages 47 and 48 were the same.

0q

Preparation of Authentic 3,9-Diacetamidofluoranthene (XVIT)

,9-Diacetylfluoranthene was prepared from fluoranthene

)

by a Friedel-Crafts reaction using the method of Campbell, Lead-

hill and Wilshire (6,4). The diacetamido compound was obtained

from the diacetyl compound according to the procedure developed

by these workers,

Sodium azide (0.27 g) was added in two portions at an
interval of twenty-five minutes to 3,9-diacetylfluoranthene
(0.38 g) in trichloroacetic acid (4.2 g) maintained at 60°G.
After seven hours at this temperature, the mixture was poured
on ice and 3,9-diacetamidofluoranthene precipitated. The
product was washed with water and boiled with benzene.
3,9-Diacetamidofluoranthene (0.22 g) of melting point ~ 360°C

(Yit.~ 370°C) was isolated.
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ded dropwise with stirring

joN
[

Fuming nitric acid (1 ml) was ac

~

?2-nitrofluoranthene (0.5 g

&

3
]
o
¢
n
oy
!

it

PN

acetic anhyvdride (15 ml). The solution was refluxed for three

hours then cooled to room temperature and sllowed to stand over-

©

ich precipitated out of solution

night. The solid (0.15 2)

ed, and dissolved in benzene.

)

_— - Rah o~
was filtered

=,
)
[©)
5
(D
o,
=
ot

<
-
P
ct
[
<

-
,_.1

The benzene solution was chromatographed on a column (12" x %)

filled with a2lumina (Brockmann, neubral, Activity 1) and dinitro-

e ~ [ L A T L e N [t RS IR !
fluoranthene was eluted in the first portion., The pure 2, ( )-
. B R, Al vine tamlabrad foan - ]
dinitrofluoranthene (0,08 =) was iscolated from acetone as bright

o - o PR} B 7 a -
Infra-red peaks of this compound are at: 6,55 and 7aA)Q»
/
A K4 . ~7
Analysis Found: N, 9.59%
Calculated for 4 HsN, O, : N 3.60%
balillal \,‘, 205 Ulé;_gl 2 11 o Ny 7 e 7o
Preparation of 3-Acetamido-O=Bromofluoranthene (XX

A

The bromination of 3=-nitrofluoranthene was accomp

vsing the method of Campbell and Keir (7). The bromo-nitro
compound was hydrogenated esaentially by the orocedure cevised

by Charlesworth and Dolenko (9).

benzene {100 ml). Acetic anhydride {1.5 ml) was added to the

solution at room temperature. It was stirred for ninety
minutes dwring which time a white solid precipitated. The

benzens.
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Admixture with a sample of 3-acetamido-8-bromoflucoranthene
prepared as shown below depressed the melting point (m.p.
o)
235=238"C).
Infra-red peaks for this compound are at: 3.23, 6,15,
6.60 and 7.90 4-
Analysis Found - N, 3.98% Br, 23.89%

Calculated for CqgHi,NBrO: N, 4.1 % Br, 23.6 %

Preparations of 3-Acetamido-8~Bromofluoranthene (XXI)

i, According to the method of Kaminska and Mazonski (20}

3-pcetamidofluoranthene (2.4g) was dissolved in a hot
mixture of glacial acetic acid and carbon tetrachloride (2:1)
{150 m1), The solution was cooled to room temperature and
bromine {1 ml) in glacial acetic acid (1 ml) was added drop-

.

wise with stirring. The resultant mixture was stirred at room
tempergture for five hours. During this time a solid precipi-
tated out of the solution. This solid was filtered off and
washed with sodium bisulfite solution, 10% acueous sodium
hydroxide, and water and then it was dried. Treatment with
decolourizing charcoal and recrystallization gave 3-acetamido-
8-bromofluoranthene (1.7 g) as vellow micro-crystals, m.p.

24,8-250°C (1it. 260-262°C).

B. According to the method of Blackburn (1)

Bromine (1 ml) in glacial acetic zcid (25 ml) was added

over a period of twenty minutes to a stirred solution

(93]
]

dl’op'\;'i:

cetamidofluoranthene (2.0 g) in glacial acetic acid

L

of 3=a
(6] 5 . 0 ] . e
(190 m1) at 80°C. The mixture was stirred at 80°C for another

4

thirty-five minutes during which time a small amount of material
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precipitated out of solution. The crude product was filtered
of f

treated with decolourizine charcoal, and recrystallized
3 23 5 N

from chlorobenzene. 3-icetamido-S-bromoflucranthene (1.1 g)

=

was obtained as vellow micro-crystals of melting point 249~
250°¢ (1it. 265-266°C from pyridine )
250°C (1lit. 5.2667C from pyridinej,
2 \M:.\r,ﬂ,i . 71 2. " N 3 omd- P Ao 'Ia,‘ ,F‘~ vy a7 + 5 Q:.’l 3
4 mixed melting point of the samples Trom the Two meTtnous

showed no depression, but the mixed melting point with a sample
of 3-acetamido-9-bromofluoranthene was lowered. (mep. 235~23800E0
Comparison infra-red and ultra-viclet spectra of samples pre-
pared by methods 4 and B, on pages 52and 53 showed no

differences.
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SUMMARY

1. Nitration of R-acetamidofluoranthene in acetic acid gave

the previously unknown compound, 2-acetamido-3-nitrofluocranthene.

2o The structure of 2-acstamido-3-nitrofluoranthene was proved

in several ways.

(z) The first method was by hydrolvsis to the amino-nitro
compound and oxidation to l-fluorenocnecarboxylic acid which
proved that both groups are in the same ring.

Eal
L

(b) The second way was by deamination of the new compound,
2wamino=-3-nitrofluoranthene, to produce the known product,
3-nitrofluoranthene proving that the nitro group entered
position 3.

{c) The third way was by hydrogenation of Z-acetamide=
3-nitroflucranthene followed by formation of the 6~diacetamido
compound., This product was the same as that formed from the
known compound 3-acetamido-2-nitrofluoranthene.

3. Nitration of 3=nitrofluoranthene gave the new product,
2,9=dinitrofluoranthene.

Lo The orientation of the nitro groups in this dinitro
compound was established by reduction and acetylation which

gave the known compound, 3,9-diacetamidofluoranthene. This

compound T

6]

fn)
@

b=

the same as that obtained from 3,9-diacetylfluor-
anthene through the Schmidt resction.

5. The nitration of 2-nitrofluoranthene gave a new dinitro-
fluoranthene. The orientation of this compound was not
rigorously proven, however, due to the fact that only very

small amounts of this material could be collected.



5

0. The possible positions for the second nitro group in 2, ()=

\Jt

P

dinitrofluoranthene are discussed on the basis o
photometric evidence,

7. The previously unknown compound, 3-acetamido-9-bromo-
£

luoranthene was prepared by acetylation of the known compound

-~

3-amino-9-bromofluoranthene,

8. A comparison of the products from the bromination of

3-acetamidofluoranthene, orepared according to two methods,
d

was made and it was shown that the croduct obtained by Black-

burn's procedure was the same as that of Kaminska and Mazonski,
however it is probably not as pure as that of the latter workers.
9. The position to which the bromine atom enters is determined
not only by the substituent present, but 2lso by the solvent

which is used.
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RECOMMENDATIONS FOR FUTURE WORK

1. More 2, ( }-dinitrofluoranthene should be produced and the
orientation of the second nitro group should be proved, possibly
by the preparation of the dibromo compound and compariscon with
that prepared from 2-nitro-9-bromofluoranthene.

2 Ancther attempt to rrepare 3,8-dibromofluoranthene from
3,9=-diaminofluoranthene should be made,

3. Another attempt could be made to oxidize both 3,9~ and

2, ( )=dinitrofluoranthene to the corresponding dinitrofluore-
nonecarboxylic acids.

Lo 8-Nitrofluoranthene had been isolated by Kloetzel et al,
(22) from the nitration mixture remaining after the nitration

of fluoranthene. Since no research has been carried out to
investigate the direction of substitution caused by substituents
in the benzenoild part of the fluoranthene molecule, this com-
pound could be the starting material. Bromination and nitration
reactions could be carried out on it.

5. 8-imino~ and &-acetamidoflucranthene have alsc been prepared
by Kloetzel et al, {22). These compounds could also be subjected
to nitration and bromination to find the effect of highly acti-
vating species in the bengzenoid ring system,

6. The 8-halo substituted series may be prepared using a

similer method to that devised by Blackburn (1) for 3~amino-

fluoranthene,
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