SYNTHES IS

of

COMPOUNDS RELATED TO FLUORANTHENE

THESIS
presented by
H. W. D. 8TUuBBS, B.3c.(Glasgow),
for the DEGREE of
DOCTOR OF PHILOSOPHY
of the

UNIVERSITY OF GLASGOW.

- . . D o W



ProQuest Number: 13838527

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest

ProQuest 13838527

Published by ProQuest LLC(2019). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, MI 48106- 1346



I wish to express my great indebtedneas to my super-
visor, Dr. S. Horwood Tucker, for his invaluable advice,
help, and enooﬁragement during the period of this research.
I am also verj grateful to Dr: E. Clar of this Department
for his help in the interpretation of the ultra-violet
absorptibn spectra, and for measuring the absorption spectra
of 1:2:5:6—~dibenzpyracylene, fluoranthene, 2:3- and 3:4~
benzfluoranthene, the greea hydrocarbon, and 9-phenyl-
anthracene; to the Department of Scientific and Industrial
Research for a grant during the period of this research;
and to Mr. J. M. L. Cameron and Miss R, H. Kennaway of this
Department for microanalyses. I thank Miss R. H. Hutchins,
B.8c., for her assistance with the work on ethyl chloro-
formate (Part Ia) and Mr. W. Hamill for his assistance in

part of the synthesis of 2-methoxyfluoranthens (Part 3).

Departaent of Chealstry,
The University,
- Glasgow, W.2.

September, 1951.



PUBLICATTIONS

The following papers have been, or are about to be,

published. Reprints are enclosed at the back.

1. Bisperiphenylenenaphthalene.
(Receilved, August 17th, 1950). Nature, 1950,166,1075.

2. Synthesis of Fluoranthenes. Part VI. Utilisation of
the Mannich Reaction. ,
(Received, August 28th, 19560). J., 1950,3288.

3. Synthesis of Fluoranthenes, Part VII. 1:2:5:6-
Dibenzpyracylene.
(Received, May 10th., 1951 ),

4. Synthesis of Fluoranthenes. Part VIII. 2:3~-

Benzfluoranthene.

(Received, July 9th, 1961).

L e e L KT



CORNTENRNTS

Pages
SUMMAYY .coorevscscsssossssosrcersssssosssssnasssnssne (i)=(ii)
Introduction ;.....;............................,... -6
Part la. 4-Methylfluoranthene and 4-Phenylfluoran-
thene -
TheOory coessceccccccssrsssssssss |71-23
Experimental ..ccovvvececcanvose 4,856
Methyl Fluorene-9-carboxylate -
ThOOPY ..ecsvesseensvssessseosses 23-24
Experimental .......;...........56-57

Part 1b. 1:2:5:6-Dibenzpyracylene -
ThoOrY .cceevecsvscsssossescnseee 25-30
Ultra-violet Absorption Spectrum 30-33
Experimental ...ccevessessccssss 58-63

Part 2. 2:3-Benzfluoranthens -
THOOPrY eoveccecossccscessnsossses 3436
Ultra-violet Absorption Spectrum 306-37
Experimental ....}.............. 64-67
The Green Hydrocarbon -
Theory .ccesveecsoossscccssssvass 2840
Experimontal ...ccevtscsccccasss H6-67



Part 3.

Part 4.

(i1)
Pages

' 3:4-Dimethylfluoranthene -

ThOOPY cecscvresssssesssossrecsse ki

Experimontal ..ceccceverrerscreees 63-69
2-Hethoxyfluoranthene -

Theory ..ccocececoccsssoncrnescee b2

Experimontal ...cccecovessccnsses 7-70

Ultra-violet Absorption Spectra of Sub-
stituted Fluoranthenes.
DiscuSSj.on ooaoaoo.ocuooo’onoo’oo43”[{.7

Emerm@n’bﬂ 0 e 0P e PP OIGEOERLESOIOENIEDSNYTISDE 7""’7&

RererenNces 13-



(1)

SUMMNARY

Part la. The known 4-methylfluoranthene and 4-
phenylfluoranthene have been synthesised by condensatlion
of methyl and phenyl vinyl ketones, or the corresponding
Mannich bases, methyl 2-morpholinocethyl ketone and 2-
diethylaminoethyl phenyl ketone respectively, with methyl
fluorene-9-carboxylate, followed by hydrolysis and decar=-
boxylation, reduction, cyclisation, and dehydrogenation.
Unsuccegssful attempts to evolve a new synthesis of methyl
fluorene-9~-carboxylate were made.

Part 1b. 1l:2:5:6-Dibenzpyracylene was synthesised by
a crossed Ullmann reaction between 4-iodofluoranthene and
B-b;-ounonitrobanzene, followed by reduction, diazotisation,
and ring-closure. An attempt abt synthesis by the method
described in Part la failed. The ultra-vidlet absorption
spectrun 13 reported and discussed, especlally in relation
to Clar's Anellation Theory.

Part 2. 2:3~Benzfluoranthens has been synthesised from
o-diphenylenephthalide by Clar'!s zinc dust-zinc chloride
fusion method. An attempt to synthesise 2:3-benzfluoranthene
by cyclisation of 9-brano-9-«u—bromo1g-toly1f1uorenb gave a
compound believed, in the light of spectrographic and an-
alytical evidence, t0 be l:9-diphenylanthracene. The spectrum



(i1)

of 2:3--benzfluoranthene 1s reported and dlscussed, especlally
in relation to the Anellation Theory.

Part 3. 3:4—Dimethylfluoranthene was obtained by
the Grignard reaction on 4-keto-3-methyl ——1:2:3:4-tetra-
hydrofluoranthene, followed by dehydration-dehydrogenation.

2-Methoxyfluoranthenes was synthesised by a crossed
Ullmann reaction between l-ilodo-2~-methoxynaphthalene and
o-bramonitrobenzene, followed by reduction, diazotisation,
and ring-closure.

Part 4. The ultra-violet absorption spectra of
several mono-, di;, and trimethylfluoranthenes, methoxy-
fluoranthenes, and 4-phenylfluoranthene, not previouslj Te~-
corded, have been measured. They are shown to be of value
in characterisation of the pure compounds. Distortion due
to overlapping of the substituent methyl- or methoxyl- group
with a hydrogen atom in the 2- or 10- subastituted derivatives
appears to produce corresponding distortions in the ultra-

violet absorption curve.
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INTRODUCTTION

Fluoranthene (A) (76) was first isolated in the pure
state by Goldseﬁmiedt (1), and almost simultaneously by
Pittig (2) in 1877. The structure was elucidated by von
Braun and Anton (3) by degradative studies, and their con-
clusions confirmed by synthesis from the fluorene skelston
by the following route:-
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(R).

The system of numbering used in this thesis is that finally
adopted by von Braun and Anton (4) and illustrated in formula
(4).

Alkyl- and Aryl-subgtituted Fluoranthenses.

The»synthesis of substituted fluoranthenes, namely the
4-methyl- and 4-phenyl-derivatives, ls first described by

von Braun and Manz (5). They reacted on 4-keto-1:2:3:4-



tetranydrofluoranthene, an intermediate in the synthesis of
fluoranthene described above, with the appropriate CGrignard
reagent, and converted the product to the substituted
fluoranthene by dehydration and dehydrogenation.

Tucker and co-workers (6~12) describe the synthesis of
various mono-, 4di-, and trmethylfluoranthems, and of other
alkyl-, aryl-, and methoxy-substituted fluoranthenes by
various modifications of the following general methods:- |
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By this last (crossed Ullmann) method have been pre-

pared fluoranthene (R; = Rg = Ry = Rl = Rl = H) and 2:4-

dimethylfluoranthene (Ry= Rz = Me; Ry = R' = RIL = m) (7);

2:3:4—trimethylfluoranthene (Ry = Ry = Ry = Me; R = R1l = H)

(9); ethyl fluoranthens-ll-carboxylate (Rl = cop Et;

Rl = Ry = Ry = Ry = H), ll-methylfinoranthens (R1l = Me;

Rl = Ry = Rg = R3'= H), and lO0==methylfluoranthene (R1 = Me;
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g1l = Ry = Ry = Rz = H) (11); and ll-methoxyfluoranthene
(Rll = OMe; R = Ry = Ry = Ry = H) (12). As will be seen,
this method is capable of application to a wide range of
naphthalene and o-bromonitrobenzene derivatives, and provided
the required l-iodonaphthalene and o-bromonlitrobenzene de-
rivatives are avallable, it affords the most direct route

for synthesis of fluoranthene derivatives. The method has
been further extended to the formation of the second peri-
phenylene bridge (see Part 1b).

Higher Ring-systems Related to Fluoranthanp.

1. Benzfluoranthenes.

While the ring-system of 2:3--benzfluoranthene (E)
has been mentioned several times in the literature, the
parent hydrocarbon seems not to have been prepared.
Bergmann (56), and Dufraisse and Amiard (57) confirmed that
the compounds obtained by the action of metallic chlorides
on tetraphenylanthracene and tetraphenyltetracene were (B)
and (C) respectively.

Ph T
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Although Weiss and Knapp (19) synthesised 1l:9-phenylene-
10-anthrone (D), they failed to convert it to 2:3—benz-
fluoranthene (E). Koelsch (20) prepared 4:4—diphenyl-
1:4—dihydro-2:3-benzfinoranthens (F) by the followling
method:-

OO znme, QIO steen, QI
N I ‘1’ J RPnMgx g » H, 504 [HOAC C(\/
o
Co,H NP, @& LP“‘
, « |\

but makes no mention of the parent hydrocarbon. Concur-
rently with the work on the synthesis of 2:3-benzfluoranthens
described later (Part 2), N. Campbell and Marks (21) accom-
plished a synthesis of the same compound independently by an
alternative route, as outlined below. |

). Cu C(\(

Fluor\en e +
on <m zh[Hc({qu m @), hydrol.
0~ CHor\oPBenJ\—

Magnes tum bromde f <
cueliseaCion
CH Y 7‘(0)‘ Q). Chloranl > (E)

€O, H
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Tobler and co-workers (58) failed in attempts to pre-
pare 4:ll—dibromofluoranthene from 2:7-~dibromofluorens,
but synthesised 5:12-dibrmo-—-3:4——benzr1uoranthene, and
from this obtained 3:4-—=benzfluoranthene ((), as shown:-

/ ‘ [> m (I).An\gl nitete
B NN 7 B EEON Br B+ 5¢\ B+ wy. Cu 5.

1y, Me. H‘j‘“z.l) ‘(\
Br @) .Chtopanid N \/ "‘HC' l

cH
\

(q).

The campound (G), obtained thus, proved identical with thab
previously formed by cyclisation of 9—(o-chlorobenzal)-
fluorene with alkali (59,60).

There are two possible benzfluoranthenes with the benz-
ring fused to ring a of fluoranthene (A). These two isomers,
10:11- and 1ll:12--benzfluoranthene, (H) and (J) respectively,
were first obtained by Orehin and Reggel (17) by cyclodehydro-
genatlon of 1:2'—dinaphthyl:-



(H). (7).
~ naur.e4, Chovin, and Riveal (61-64) obtained 11:12-—benz-
fluoranthens (J) by the following method,

N cN '

7 N\
éHI 0 /l @ H;POQ! 7 AN )
W, 0 N P <=J<
(.“N C'DNHLI

| (J).

while Orehin and Reggel (18) synthesised f:he 11:12- isomer
by a method essentislly the same as Meurea, Chovin, and
Riveal's, and the 10:11- isomer by the method shown below.
More recently N. Campbell, Khanna, and Marks (97) have de-
scribed a new synthesis of 10:ll-benzfluoranthens.
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2:Dibenzfluoranthenes.

'O0f the dibenzfluoranthenes described in the literature,
mention has already been made (p. {4 ) of 1:4:5—triphenyl-
1:4-dihydro-2:3:6:7-—dibenzfluoranthene (C); whose constitu-
tion was confirmed by conversion to 4:5—diphenyl—2 :3:6:7~
dibenzfluoranthene (55,29). Bergmann (65) carried out the
Diels-Alder addition of dicyclohexenyl to acenaphthylene,
and obtained, presumably by partial dehydrogenation, a com-
pound with analysis corresponding to the formula (X).

7\ \ y \
% — s D \ Bl LN l
\ 7 7 \ \_/

(K).

3. Naphthofluoranthenes.

The isomeric 1l':2!:2:3—naphthofluoranthene (L) and
2':1':2:3—naphthofluoranthene (M) were prepared by Fieser
and Seligman (16) from fluorens-l-carboxylic acid (derived



from fluoranthene) by the following methods:-

k { i CHeL, . crel ( | LIS
NV AN P 2 2 SN \C >
CH, ”1\ —_—

COocy

Z Z N XN
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{ e | = L

(M).

Pyrolysis of 4-9—toluoylfiuoranthene (66) gave a

mixture of 2':3':3:4—naphthofluoranthene (N) and its 1':4'-

quinone with a hydrocarbon which gave 4:5-——phthsloylfluoran-

thene on oxidation, indicating the probable structure (0),

4:5-0-xylylenefluoranthene, for this substance. 1In the ssme

paper, N. Campbell, Marks, and Reid describe the

=
X \ v 8“1
(), (0).
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pquolysls of 1ll-o-toluoyifluoranthene to give 2':4:10:11-(P)
and 2':3':11:12—naphthofluoranthene (R). The two 1':4'-
quinones, (8) and (F) respectively, derived from these hydro-
carbons, were synthesised by von Braun and Manz (15) by de-
hydration of the compound (R) in boiling trichlorobenzens.
Distillation of the quinone (S) from zinc dust in vacuum

gave 2':3':10:11—naphthofluoranthens (P). Oxidation of
the hydrocarbon (R),

2n J.ust/ hsoolvacuum . (P)

Oxidation (Q)

2
N

(T).

obtained by Campbell and co-workers (66), gave the corres-
ponding quinone (T), identical with that obtained by von
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Braun and Manz (15).

4. Compounds contalning Two Five-membered Rings.
The preparation of rubicens (U) has been described sev-

eral times (13,14,67-72), the usual method being a high
temperafure reaction on fluorene or one of its derivatives.
Schlenk and Iarplus'(15) obtained rubicene by heating
fluorenone with Talcium hydride, while Scholl and Meyer (14)

Va )
(\ I I)
<o Ca H;_b.e t Zw(.ust/ffDO"
o a ~ A / é____—_

(V).

obtalned it by reduction of the dllactone of 9:10-diphenyl-
9:10~dlhydroxy—92:10—dihydroanthracene—1:5—dicarboxylic
acld with zinc dust.

Von Breun and Manz (5,74), attempting to aminate
fluoranthene by heating with sodamide - & method successaful
in the case of naphthalene - failed to obtain any amino-
compound, but along with unchanged fluoranthene obtained a
new hydrocarbon. Since 4:4‘-difluoranthyl (obtained by an
Ullmann reaction on 4-—bramof1uoranthene) gave the same

compound, snd 4-methyl- and 4—phenylfluoranthene failed to
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react in an analogous manner, they assigned the name di-peri-
fluoranthens (or periflanthene) and the formula (V) to the

hydrocarbon.

! 2
<ggo &
N Ot )
(V). (W). (X).

In view of the work reported later (Part 1b.) on the
synthesis of 1:2:5:6—dibenzpyracylene (or bisperiphenylene-
naphthalene, see note at end of paragraph), the most inter-
esting members of the class with two five-membered rings
are the derivatives of pyracene (W).

XOTE. The name bisperiphenylenenaphthalene was orig-
inally (31) adopted for compound {(AD). The Journal of the
Chemical Soclety preferred to name the compound after pyra-
cylene (X), whose name is derived systematicsily from that &
pyracene (W) (32). Hence (AD) becames 1l:2:6:6—dibenzpyra-
cylene. This name hss been adopted in this thesis for the
sake of simplicity.

Mayer and Kaufmsnn (22) distilled 5——ethylacenapﬁthene
from ziﬁc éust, but instead of the hoped-for pyracene (W),
obtained only acenaphthylene. Fleischer and Wolff (23),
by the action of 6xalyl bromide on acenaphthene in the presence
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of aluminivum chlorlde, obtained a yellow compound to which
they assigned the structure (y) - "pyracene hemiquinone" -
withoot confimatory evidence.

Fieser and Petei-s (24) sttempted to obtain the pyracens
derivative (Z) by dehydrocbromination of P-(E-—acenaphthoyl)-
3 -bromoproplonic acid, but repoi'ted that this cyclisation
could not be accomplished. In view of this list of failures,
Kloetzel and Chubb (25) utilised the tetrahydrofluoranthene
derivative (AB), in the belief that the greater flexibility
of the hydrogenated ring would facilitate cyclisation. They
synthesised l:2-benz-5:6-dihydropyracylene (4:5~—dimethylens-
fluoranthene) (AC) as follows:-

0 CH,.COH

\
m. $0¢t
‘p Reformatskt 7 [ (n.ma;
2 N\ —_—>
s c

). Redvetion
D, —LH
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Ke

(Ac). (B D).

Federov (26) describes the synthesis of isorubicens

(AF) by heating together 1:4-dichloro—9:10-dihydroxy-9:10+
diphenyl—9:10-dihydroanthracene (AE), oxalic acid, sodlum

formate, copper powder, and aluminium powder:-

<l

e ¢t 0
@i(’eo Alcl; | He @com\ H150¢[|60° | ) 2PhMeB+
/ ’ co, o . S
Co a - a

<l

¢
/‘ ¥ (COLH)JNU):C“/Q/ML3000/30"“"“'
S 4
Ci Ho

@e). | (AF),

Dufraisse and co-workers (28-30) describe the synthesis
of 5:6:11:12—diphenylenetetracens (AG) by the following

series of reactions:-~
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ct Ph
, w. Pl °
Pk,co;i'.ﬁ"’\ Q). = : N %00 /vacuum >
i .
(Ph.co), CH, _ 7

Ph Q1
\
'/>/ l\ A KO"ﬂM-f‘\d\u‘ev\e/ﬂop - l/ ] e
NSNS A A
cl
[
(Ag).

Thus it would appear that, while formation of pyracene
(W) or pyracylene (X) may be difficult (if not impossible),
formation of benz~ (e.g. AC), and more especially of poly-
benzpyracylene derivatgégérzzgaée accomplished with varying
degrees of readlness. This latter conclugion is supported
by the smooth formation of 1:2:556-diben2pyracylene (AD)

described later (Part 1b).

Ultra-violet Absorption Spectra.

Little seems to have been published on the ultra-~violet
absorption spectra of fluorsnthene and its derivatives.
Seshan (33) describes the spectrum of fluoranthene, and
Orchin and Woolfolk (75) compare its spectrum with that of
1ts 2:4:7—trinitrofluorenone complex. Kloetzel and Chubb
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(25) found that the spectras of fluoranthene and 4:5—dimethyl-
enefluoranthene (AC) were similar, end Orehin and Reggel
(17,18) report the spectra of 10:11l- and 11l:12-—benzfluor-
anthene .

These are all isolated reports, however, end there ap-
pears to have been no attempt made to carry out & survey of
the spectra of fluoranthens and its derivatives.

While Cler (93) applied hig Anellation Theory to a wide
variety of polycyclic hydrocarbons, he was unsble to apply
it to fluoranthene-type compounds as there were too few
availsable. The purpose of the work described in Parts 1
and 2 of this thesls was, the preparation of two such hydro-
carbons, previously unknown. As will be seen from the dis-
cugsion in Parts 1b and 2, comparison of the absorption
spectra of these two compounds, 1:2:5:6—dibenzpyracylene
and 2:3—benzfluoranthene, with the absorption spectrsas of
other related compounds conforms to theoretical predicticns
and affords further evidence of the validity of the Anella~
tion Theory.

e =S WR e D e o B S
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PART 1la. SYNTHESIS OF 4-METHYLFLUORANTHERE

AND 4-PHENYLFLUORANTHENE

Von Brsun and Manz (5) synthesised 4-methyl-(V) and 4-
phenylfluoranthene (VI) by the action of the appropriate
Grignerd reagent on 4-keto-1l:2:3:4-tetrahydrofluoranthene
(3,34,35), followed by dehydratiocn-dehydrogenation of the
resulting compound. This method is not very sultable, par-
ticularly as the keto-compound presents difficulties in
preparation. Robinson's adaptation of the Michsel reaction
using the Mamnich base methiodides, has been applied to the
synthesis of these two compounds, as described below.

Fluorene undergoes Nichael addition to one molecular
equivalent of an,cxp-unsaturated ketone such as mesityl
oxide, chalcone, or benzylideneacetone (8,36-40), but in
practice the conditicns of the reaction must be varied to
sult each individual ketons: use of 9-fluorenyllithium
extended the applicability of the reaction (8). In the
course of the work described in this theasis, it was found
that methyl vinyl and phenyl vinyl ketones failed to combine
with fluorene - presumsbly due to polymerisation of the vinyl
compound, under the prevailing alkaline condltions, before
additlion could occur. This failure is in striking contrast
to the great reactivity of vinyl cyanide, which reacts with
fluorene to give the di-addition product 9:9-di(2-cyanoethy1)—

fluorens (41). On the other hand 2-methylvinyl cyanide
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(crotononitrile) combines with fluorene directly in 1l:1-
molecular proportion (41). On account of these results at-
tentlion was directed towards the fluorene-9-carboxylic esters,
which, as far as the Michael reaction is concerned, have a
double advantage: they possesas only one reactive hydrogen
atom, and that is more reactive than either of the two
hydrogen astoms on pogition 9 in fluorene (10,35). N. Campbell
and Fairfull (38) have shown that 9-phenylfluorene and 9-
fluorenol will also undergo Michael addition to vinyl cyanide.

Condensation of flﬁorena-g-carboxylic esters (particu-
larly the methyl ester) with «p-unsaturated ketones and
cyenides has been uniformly successful, qualitatively and
quantitatively, in providing 1l:1 adducts uncontaminated by
1:2 addition products. Moreover, the products sre readlly
cyclised to give rise to definitely oriented derivatives of
fluoranthene (10,35). While it was found, as stated sbove,
in ths course of this work that methyl vinyl and phenyl
vinyl ketones failed to react with fluorene, it was estab-
lished at the same time that these vinyl ketones react quite
readily with methyl fluorene-8-carboxylate (see below).

Vinyl campounds are, however; prone to polymerilse.
Accordingly attention was turned to the Mannich bases (42),
which may, on appropriate treatment, give rise to vinyl
ketones, or, better, may be used directly in place of vinyl

derivatives. Du Feu, McQuillin, and Robinson (43),
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investigating substances "capable of ready decomposition with
formation of the unsaturated keténes........ in minimal con-
centration and at optimal reactivity," in connection with
their work on steroid synthesis, found that the pg-chloralkyl
methyl ketones were not sultable, but that the methiodides of
the Mannich bases condensed with the sodio-derivatives of
reactive methylané groups to give the required ketones in
good yield. |

The methiodide of methyl Z-morpholinoethyl ketone ré-
acted smoothly with methyl fluorene-f-carboxylste in presence
of sodium methoxide in bolling methanol to give 2-—(9-
carbomethoxy-9-fluorenyl) ethyl methyl ketons (I; R = R' = Me).
Care was taken to remove excess methyl lodide from the meth-
ledide for reascns outlined in the following paragraph.

The use of methyl sulphate in place of methyl lodide
gave unexpected results. With the quaternary salt formed
from methyl sulphate and either methyl 2-morpholinocethyl
ketone or Z2-morpholinoethyl phenyl ketone, methyl fluorene-9-
carboxylate in presence of SOdium methoxide in cold methanol,
(and in the case of the former quaternary salt, in bolling
methanol alsc), gave as sole product methyl S-methylfluorense-
9-carboxylate. This was 1dentified by hydrolysie to the
previously described (44,45) 9-methylfluorene-9-carboxylic
acid, and decarboxylation of this to yield 9-methylfluorene
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(46). In the case of the quaternary salt formed from methyl
sulphate and 2-morpholinoethyl phenyl ketone (or 2-diethyl-
aminoethyl phenyl ketone), when the reaction was carried

out in boiling methanol, 2-(9-carbomethoxy-9-fluorenyl) ethyl
phenyl ketone (I; R = Me; R' = Ph) was formed in excellent
yield. 1In spite of the striking contrast in the products
fran the reaction of the methyl sulphate quaternary saits

of the methyl keto— and the phenyl keto—~ compounds in
boliling methanol, that there is no fundamental difference

in the mode of reaction of the two Mannich bases 1s shown
by the fact that, as shown gbove, when the quaternary salt
of the methyl keto-compound is free of potential methylating
sgent (in the methiodlde salt), reaction ocecurs in the same
direction as in the case of the phenyl keto-compound. It
may be that there i1s competition between ;aethyla.tion by
MeSO, and Michsel addition to the imciplently formed vinyl
compound. In the case of the phenyl keto-base the release
of the vinyl compound must occur very rapldly, excluding

the methylation reaction, whereas in the case of the methyl
keto~base the release of the vinyl compound must occur so
slowly that methylation takes place almost exclusively.

That no methylation can occur when the quaternary salt is
formed by the action of methyl iodide is a strong argumént

for its use in all cases in preference to methyl sulphate.
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Methyl fluorene-9-carboxylate underwent Michael addl-
tion smoothly to both methyl vinyl and phenyl vinyl ketones
in dioxan, using 0.2 mole of potassium hydroxlde as catalyst.
As found in previous work (10,35) increasing the amount of
potassium hydroxide to one mole and/or adding pyridine low-
ered the yield of addition product. The addition products
(I) were converted to 4-methyl- and 4-phenylfluoranthene as

shown in the scheme.

CHiCH. cor" o

\ d Al(OP)
_—?
CH = ‘\

{
CO, Me Ro;‘: ‘"l cor!
“‘1

C ) tuseiene, (T ) =kt
P
CH 1 /
;dcna R

().

m).

Conversion of (I) to (II) followed the established route
(10,35) of hydrolysis by potassium hydroxide in warm aqueous
ethanol, followed by decarboxylation on hot ION-potassium
hydroxide solution. In each case the reaction proceeded
smoothly and in nearly theoretical yield. Attempts at
hydrolysis and decarboxylation by boiling with aqueous-
ethanolic barium hydroxide or potassium hydroxlde, or with
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ION-potassium Hydroxide in 2-methoxyethsnol (10,35) led to
decreased yields of (II).
Reduction of 2-9'~fluorenylethyl methyl ketone

(II, R' = Me) with aluminium isgprqpqﬂide in isopropanol x/

solution gave 4-9'-—fluorenylbuten-2-ol (III, R' = Me) as a l
low-melting solid, whiceb liquified on keeping for a few days.
Treatment of this s0lid with hot sulphuric acid-acetic acid
gave 4-methyl-1:2:3:4-—tetrahydrofiuoranthene (IV, R' = Me),
characterised as‘its 2:4:7~—trinitrofluorenone addition
complex. Dehydrogenation by means of chloranil in boiling
xylene (10,47,48) gave 4-methylfluoranthene (V), identical
(m.p., mixed m.p., and picrate m.p.) with that prepared by
the method of von Braun and Manz (5).

Reduction of 2-9'-fluorenylethyl phenyl ketone (II,
R' = Ph) with aluminium isopropofide in isopropanol solution)%/
gave an uncrystallisable oll, whiceh, on treatment with hot
sulphuric acid-acetic acld, gave 4-phenyl—1:2:3:4-tetra-
hydrofiuoranthene (IV, R' = Ph). This was readily dehydro-
genated on fuaion with sulphur to give 4-phenylfluoranthene
(VI), identical (m.p. and mixed m.p.) with that prepared by
the method of von Braun and Manz (5). 4-Phenyl—1:2:3:4-
tetrahydrofluoranthene was dehydragenated by chloranil in
boiling xylene, but reaction was slow (ca. 24 hours) and
accompanied by a side reaction. This may be due to a
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Diels-Alder type reaction between chloranil and 4-phenyl-
fluoranthene on prolonged contact in boiling xylene.
Ketones of the type (IIa) with

substituents on the carbon atom(s) ot

i ‘ y and/or 3 to the Leto group have
rft'z‘fll\c/co«,- been cyclised directly to give di-
&, or tetrahydrofluoranthene derivat-
(I[&) ives, by the action of hydrogen

bromide or hydrogen iodide re-
spectively in acetic acid (6,7, cf. 49,50). Treatment of
the ketones (II, R' = Me or Ph) with hydrogen bromide in
glacial acetic acid falled to produce any fluoranthene de-
rivative. Cyclisation of (II, R' = Me) to give (IV, R' = Me)
was sccomplished in poor yleld by bolling the ketone with a
mixture of acetic and hydriodic aclds.

Attempts to cyclise the amine corresponding to the car- -
binol (III, R' = Ph; NH, in place of OH) failed. The amine
was prepared by hydrogenation of the oxime of (II, R' = Ph)
in presence of palladium-charcoal cetalyst (51-54).

Methyl Fluorene-9-Carboxylate.

Although this compound is readily availsble, for theoret-
ical reasons two new methods of preparation were attempted.
Arnold, Parham, and Dodson (98) dehydrated benzilic

acid with eluminium chloride in benzene and obtained fluorene-
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9-carboxylic acid in 82% yield, while Yost and Hauser (99)
carbonated 9-fluorenylpotassium to give the acid in 2%
yleld (on the half-molar scales). Tucker and Whalley (&)
carried out the simllar resction with 9-fluorenyllithium,
the yleld of acid in this case being 100% on unrecovered
fluorene.

A synthésis of the acld from fluorene, in 76% yield,
by the route shown below (without isolation of intermediates)
is described by A. Campbell and Tucker (35).

m Na..OMg/(HeOCO)._ﬁ\ @———;O H,.56 HOAc/Hz_ O—_;O _—
CH

CH,

|
Co €o,Me Co.Co H

H:.SOQ.IHOIILIHLOL ‘ l N
F

7\

£,

An attempt to prepare the acid by an analogous oxidation
of 9-formylfluorene (10l) gave only an unidentified compound,
insoluble in dilute alkali.

Blum-Bergmann (100) obtained methyl fluorene-S-carboxylate
directly by the action of 9—fluorenyllithium on methyl car-
bonate. An attempt to carry out the analogous reaction be-
tween 9-fluorenylpotassium and ethyl carbonate failed: ethyl
chloroformate and 9-fluorenylpotassium gave ethyl fluorene

-9-carboxylate (36%).

o Y e ]
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PART 1b. SYNTHESIS OF 1:2:5:6-DIBENZPYRACYLENE

It was originally thought that cyclodehydrogenation of
4-phenylfluoranthene might, by analogy with Orchin and
Reggel's work (17,18) (see p. b ), give 1:2:5:6—dibenz-
pyracylene (IX) directly. Attempts to accomplish this by
heating 4-phenylfluoranthene with a mixture of anhydrous
alvminium chloride and sodium chloride at 110-140° failed,
however. In view of Kloetzel and Chubb's (25) opinion that
the second five-membered ring might be closed more easily
across the peri-positions of nsphthalene if one of the
naphthalene rings is in the tetra-hydro form, an attempt was
made to cyclise 4-phenyl—1:2:3:4—tetrahydrofluoranthens
(Iv, R' = Ph) by treatment with aluminium chloride in boil-
ing nitrobenzene, but the sole isolable product from this
reaction was 4-phenylfluoranthense.

In view of these failures, attention was turned to two
alternative routes. The first, and successful, method was
by méans of a crossed Ullmann reaction between 4-1iodofluoran-
thene and 2-bromonltrobenzene, followed by reduction,
diazotisation, and treatment with ecopper (formulae VII to
IX) - an adaptation of the method of fluoranthene synthesis
previously described (p.3 ). The second, and unsuccessful,
route was synthesis of 4-o-nitrophenylfluoranthene (VIII)
by the method used for synthesis of 4-methyl- and 4-
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phenylfluoranthene (Part la). This method would have the
advantage of providing an Opportunityvfor further investiga-
tion into the relative‘ ease of cyclisation of naphthalene and
tetralin derivatives, by comparison of the cyclisation of
(Iv, R' = o-nitrophenyl-) and (VIIL) to give, respectively,
1:2:5:6-dibenz-2a:3:4:4a—tetrahydropyracylene (X) and

1:2 :5:6-dibanzpyracylene (IX).

i

“ Q- Bremonitrobenzene ,C"‘L / —>Ammne —?

N\
(w),

4
> Amine ? |

_ O

(I, R'= o~ HNoL). (x).

Synthesis by the Ullmann Reaction.

The first stage 1n the synthesls required the previously
unknown 4-iodofluoranthene (VII). Naéht}mlene and certain of
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its derivatives are readily iodinated (79) in the o -position
by a variety of reagents, e.g. sodium iodide - sodiwmm nitrate
(7), potassium iodide - potassium iodate (9,80), iodine =~
nitric aecid (77), iodine - silver perchlorate (78), and
jodine - mercuric oxide (81,82). Attempts by these and
other methods to ilodinate fluoranthene all failed to yleld
4-iodofluoranthene in workable quantity. This is in strik-
ing contrast to the facile bromination of fluoranthene (83)
to give the 4-bromo-derivative. The bromo-compound was re-
Jected in favour of the iodo- on account of the sparing re-
activity of the former towards copper (6). 4-Iodofluoranthene
was finally obtalned by the usual method - reduction, diazotis~
ation, and treatment with hydriodlc acid - from the known
4-nitrofiuoranthene (83). ' This method of preparation of
the starting material established the orientation of compounds
(VII) and (VIII), and hence the structure of 1:2:5:6-dibenz-
pyraclene (IX), since cyclisation of the diazonlum compound
1s far more likely to take place with the reactive 5-position,
forming a five-membered ring, than with the less reactive
S-position, of fluoranthene, forming a four-membered ring.

On heating to 210° in the presence of copper, 4-

iodofluoranthene and g9-bromonltrohenzens condensed to form

4-9-nitrophenylfivoranthene (VIII). Reduction of (VIII) to

the corresponding amine was accomplished by hydrogenation in ;
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the presence of either 10% palladium-charcoal (in glacial
acetic acid) or Raney nickel (in ethanol). The amine, an
unerystallisable oil, was characterised as the picrate, the
hydrochloride having a wide melting range (210-250°) and in-
definite analysis. .

The amine, prep.ared as above and without further puri-
fication, was dlazotised in sulphuric acid solution. Warn-
ing of this diazo solution with copper powder gave, after
chromatographic purification, 1:2:5:6-~—dibenzpyracylene (IX)
as orange needles, m.p. 261-262°. Rather unexpectedly the
complexes formed with picrié acid and 2:4:7—trinitrofluorenons
were found to be unstable to crystallisation, presumably due
to the relative insolubility of the hydrocarbon.

Attempted Synthesls by the Mannich Reaction.

For this synthesis, o-nitroacetophenone was required
as starting material. Direct nitration of acetophenons
(73,84,85) was unsuitable due to the difficulty of complete
removal of the m-isamer. A modification of the synthesis |
'frm o=-Aitrobenzoic acid (86-88) was adopted, and found to
glve very pure o-nltroscetophenone in high yield, the method
being applicable to large-scale runs with 1ittls trouble.

The Mannich base formed fram o-hatroacetophenone,
paraformaldehyde, and diethylamine hydrochloride (89), reacted
explosively with methyl iodide in the absence of solvent.
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In methanol solution, however, it formed a methiodide ihich
condensed very readily with methyl fluorene-9-carboxylate
(ef. pp. 19,20) to form 2-(9-carbomethoxy-9-fluorenyl)-
ethyl o-nitrophenyl ketons (I, R = Me, R' = 0-CgH,NOp).

~ Attempts to hydrolyse and/or decarboxylate this by means of
alkaline reagents gave only tarry products. Hydrolysis

to 2-(9~-carboxy-9-fluorenyl) ethyl o-nitrophenyl ketone

(I, R = H, R' = 0-CgH4NOg) was accomplished by boiling with
sulphuric acid in agqueous acetic acid. Decarboxylation
occurred on heating to 170-180°, but the yield was low
(21%); solution of the acid in boiling methyl cyanide was

- aceompanied by smooth decarboxylation, in good yield (66%),
to give 2-9'-fluorenylethyl o-nitrophenyl ketone (II, R' =
9-CgHyN05).  Neither the ketons (II, R' = 0-C4H,NO,) nor
the ester (I, R = Mg, R' = o CgH NOp) could be cyclised by
mesns of anhydrous hydrogen bromide in glacial acetic acid
(6,7,49,50), while treatment of the ketone (II, R' =
0-CgH,H0p) with hydriodic acid in boiling acetic acid gave
an unidentified product (cf. p.23). Furthermore, attempts
to reduce the ketons by means of aluminium lsopropoxide, so
successful in the cases of similar compounds (pp.2,2122 ),
falled, as dild attempts to prepare an oxime [ng. v. Auwers,
Lechner, and Bundesmann (90), who prepared the oxime of
o-nitroacetophenone by boiling the latter for 24 hours with

I

twice the theoretical amount of agqueous-alcoholic hydroxylamins |
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aulphate]. This reluctance towards reduction and oxime
formation may be due to enolisation and hydrogen-bonding of
the resultant hydroxyl group with the o-nitro group.

Hydrogenation of 2-9'-fluorenylethyl o-nitrophenyl
ketons in presence of Raney nickel (in ethyl acetate solution)
proceeded smoothly with absorption of the theoretical volume
of hydrogen required for reduction of the keto-nitro to
carbinol-amine, but neither the latter nor its plcrate could
be isolated, and treatment of the oily hydrogenation product
with sulphuric acid in acetic acid falled to yleld any
isolable 4-o0-aminophenyl—1:2:3:4-—tetrahydrofluoranthens
(IV, R' = 0-CgHal02) (cf. pp. 2,22 ).

Ultra-Violet Absorption Spectrum.

In Flg. 1 the ultra-violet absorption spectra of
4-phanylf1u;oranthene and of 1:2:5:6--dibenzpyracylene are
compared. It will be seen that, although the curves show
the same general form, that of the latter compound has con-
slderable fine structure. In addition, the p-bands and
P‘ ~bands (91) of 1:2:5:6--dibenzpyracylene show a batho-
chromic shift in relation to those of 4-phenylfluoranthene.
The comparison of the absorption curves of fluoranthene and
- 1:2:5:6—dibenzpyraclens in Fig. 2 is more informative. The
proximity of the main f -bands in all three compounds (Figs.
1 and 2) is probably due to almost complete lack of
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interaction between the T-electrons of rings A and B in
1:2:5:6—dibenzpyracylene, 1.e. T -electron absorption in
the three ccmpoundg mentioned above is
restricted to the naphthalens rings.

On the other hand, the much more lintense
fine structure of the spectrumn of
dibenzpyracylene, compared with that of

fluoranthene, 1s similar to that observed
wlth other hydrocarbons at very 1ow'temperatures {(92), and
is probably due to the molecule of dibenzpyracylene being
rigldly planar at room temperature.

The first p-band in the spectrum of 5:6:11:12-
diphénylenetetracens (AG) (27-30) ocours at 6100 X, whereas
that of 1:2:5:6~dibenzpyracylens 1is at 4100 X. This 4if-
ference corresponds approximately to two anellatibn units (93)
and coincldes with the relative data for naphthalens and
tetracense: 1i.e. if Kp = JE§;§~, where Xp 1s the anellation
mmber for the p-band, Ry = 1,712,800, and A (em.) is the

-

wavelength of the first p-band,

Kp (dibenzpyracylene) = 8.380 Kp (naphthalene) = 7.021
Kp (diphenylenstetracens) = 10.222 Kp (tetracene) = 9.006
1.842 1.985

Clar (104) compared the spectra of the polyphenyls and
found that, when wavelengths were measured in cm.“l, the
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numerical differences between the wvalues for the wavelengths
| of the first p=bands of succeeding members of the series wers
_approximately in the ratio l:3:3:%4:1/16........ .. Similar
relationships were’ /round for the rulyrylene E(C?‘:D-\} Ly e
and polyanthene {(%gli‘ ’;} serises, which LGSO | had
different ré.tios. Similar calculations applied to
nephthalens, fluoranthens, and dibenzpyracylene glve riase
to the same geometrical p"rogression as 1s obtained in the
polyphenyl series, but it is doubtful whethsr any signific-
ance can be abttached to these calculations. The relation-
ship betwsen anthracens and 2:3—benzfluoranthene is similar
to that hetween fluoranthens and dibsenzpyracylene. The
results of these calculations are summarised in Table 2.
TABLE 2.

———-—----—---._-a—-__-----m_---n- . - T e e ws N
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PART 2. SYNTHESIS OF 2:3-BENZFLUORANTHENE

Welss and Xnapp (19) syntheslsed 1l:9-phenylene-10-
ahtlmone (XIV) as shown below, but the method left much

@—’() IGAM QZO KMR(Z;H g O@j Pé;ot}

7\ e
Me
(xD). (xiw).
‘ ‘ P 0¢ ( 1 [
Cie 9/) \H a>c
@COLH - CHoEtE
N
). (X)), (X0

to be desired, as two stages were accomplished in very low -
yield: Adams and Campbell (95) describe the preparation of
(XI) in 78% yield by a modification of Weiss and Knapp's
method. Koslsch (94) falled to accomplish the oxida.tion‘of
(XI) to (XII), but (20) prepared o-diphenylensphthalide (XII)
in 55-60% yield by chromic acid oxidation of 9-hydroxy-9-

(w -ethoxy-o-tolyl) fluorene (XV); Weiss and Knapp report
that attempts to oxidise (XI) with fuming nitric acld gave

nitration products only.
When attempts were made to oxidise 9-hydroxy-9-o-



35

tolylfluorene (XI) with chromic acid in acetic acid, the only
isolable product was fluorenonec. rotassium permanganate in
acetone (96) had no effect on (XI ),' while heatiaug at 210° with
30% nitric acld gave a low-melting compound, presumably due to
breakdown of the molecule. Long boiling (70 hours) of (XI) with
' 30% nitric acid in pressence of manganese dloxide and nitrobenzene
gave the phthalide (XII) in 50-55% yield.

Reduction of the phthalide to the free acid (XIII), cyclisa-
tion to the anthrone (XIV) and reduction of this to give 2:3-
benzfluoranthene (XXI) was accomplished (in very low yield) in
one step by fuéion of the phthalide at 340° with zinc dust, zinc
chloride, and sodium chloride (97). Confirmation of this, by
reduction and dehydrogenation of the anthrons (XIV), was rendered
superfluous by comparison of the zinc dust melt product with a
sample kindly supplied by N. Campbell and Marks (see p.5 ). The
two samples were identical in appearance and m.p‘., and showed no
depression on mixed m.p.

Reduction of the phthalide (XII) with hydriodiec acid and red
phoaphorous falled to give any of the expected 2:3-benz-l:4-
dihydrofluoranthene (XXII); the products were mainly 9-o-carboxy-
phenylfliuorene (XIII) and a very small amount of 2:3-benzfluor-
anthens (XVI). |

2:3-—Benzfluoranthene disgolves immedlately in councentrated
sulphuric acld to give a yellow solutlon, which rapidly changes
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to violat, there belng no further change on warmlng. A
solution of 2:3—benzfluoranthene in light petroleum (b.p.
60-80°) when exposed to light and air deposited pale yellow
erystals m.p. 208-211°. There was no sign of decomposition
(esg. loas of oxygen) on heating to the m.p.

The ultra-violet dbsorpﬁion spectrua of 2:3—benzfluor-
anthene in ethanol is shown in Fig. 3. While the positions
of the first p-bands (91) in fluoranthene (Fig. 2) and in
2:3—benzfluoranthene correspond approximsately to the shift
expected from the Anellation Theory (93), and the overall
shape of the curves is similar, there are striking differ-
ences between the two compounds.

Using the relationship (93) Kp = /Jm (see p. 32 ),
the values obtained for Kp for fluoranthene and 2:3-

benzfluoranthene are 7.830 and 8.526 respectively, a difference

of 0.732 anellsation units. This is rather less than the
theoretical value of 1, but the dlvergence is accounted for

by the diffuse nature of the p-bands of 2:3-benzfluoranthene.

Due to this effect, the true first p-band may be masked, and
accordingly the value for Ep be lowered.

The diffuse nature of the p-bands, and more especlally
of the B- and 13’ _bands, of 2:3—benzfluoranthens is prob-
ably due largely to interference between the hydrogen atoms
on the 13- and 6'-carbon atoms of (XVI), causing distortion
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of the molecule from the planar configuration. A similar
effect is noted in triphenylene (XVII) and perylens (XVIII)
(92), and also in certain fluoranthens derivatives substituted
in the 2- or 10- positions (see Part 4). A considerable
difference 1s observed between the curves of 2:3-—benzfluor-
anthens ami of 1:2:5:6~—dibenzpyracylene (Fig. 2), which is
more rigldly planar and shows greater complexity in its
absorption curve (see p.32 ). The curve of 3:4—benz--
fluoranthene, superimposed on that of 2:3-—benzfluoranthens
in Fig. 3, shows less bathochromic shlft in its p-bands than
the 2:3- igomer, in relation to fluoranthene. This is in
accordance with what is generally observed in linesr and
angular anellation (93). The oi-bands, at 3630 & for the
2:3- lsomer and 3690 K for ’che 3:4-, are very close, but
3:14-=benzfluoranthene shows much more fine structure,
especlally in the p-bands. It will be observed that there
is no opportunity for steric interference in this compound.
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Synthegls of the Green Hydrocarbon.

An attempt to synthesise 2:3—benzfluoranthene (XVI) by
" the following route falled: the main product was a pale
green, strongiy fluorescent, hydrocarbon, which may be 1:9-
diphenylanthracens.

(Z[)__[__?\ 2N (-2HB+) QQL_L)

l
B8+7 ¢ 3+
@/CHS QHLg’f

(xX). | (xx).

, |
N\
i | T
@C“L @CHL

(XxT). ' (xxim).

Bramination of 9-bromo-9-o-tolylfluorene (XIX) with
N-bromosuccinimide in carbon tetrachloride with 1light/
peroxlde catalyst gave a crude product which could not be
purified completely, but which consisted essentlally of
9-bromo-9-{ w—bromo-o-tolyl) fluorene (XX). Treatment of
this with aluminium chloride in boiling benzene gave a small
anount of a yellow compound believed to be (XVI), but the
major yleld was the green hydrocarbon, m.p. 135-138°. Com-
parison of its spectrum with that of 9-phenylanthracene (Fig. 4)
shows that the two are very similar, the green hydrocarbon
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showling a bathochromic shift compatible with the addition of
one aryl group to 9-phenylanthracens. A comparison of the
main sbsorption bands of these two compounds and of anthracene
is sghown in Table 3. 9-Phenylanthracene was synthesised by
the method of EKrollpfeiffer and Branscheid (102).

TABLE 3. Absorption spectra of Green Hydrocarbon, 9-
Phenylanthracene, and Anthracene in Ethanol

[

Nin A.
Green hydrocarbon ?5870 ; 3670 E 3490 3320 - 3170 2580
9-Phenylanthracens | 3840 | 3645 § 3465 = 3305 % 3160 2555
Anthracense 3745 3545 & 3380 3230 ' 3080 2515
—--—-——-—-——-——-—-———--i"-n—'-——--‘ ------ - e n e . - om o e v - - T Y Y M L W B W e W

The green hydrocarbon (m.p. 135-138°) cannot be 1-
phenylanthracene (m.p. 110°): that it is not 9-phenyl-
anthracene (m.p. 155-157°) is shown by its different m.p.
and ultra-violet absorption spectrum, while the spectrum of
2:3-benz-1:4—dihydrofluoranthene (XXII) would almost cer-
tainly resemble that of fluorene rather than of anthracene.
The sbsorption curve for fluorene (103) is superimposed on
that of the green hydrocarbon in Fig. 4.

Formation of an anthracene derivative from (XX) is
understandable if, after cyclisation involving the bromomethyl
group, the filve-membered ring splits. Reaction of the
9-bromine atom in (XX) with the solvent, benzene, would give
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rise, after cyclisation, to 2:3-benz-l-phenyl-l:4-
dihydrofluoranthens (XXI), which, due to molecular over-
crowdlng round the 9-carbon atom of the fluorene nucleus,
might rearrange to form 1l:9-diphenylanthracens. This
structure for the green hydrocarbon is supported by analysis
and molecular weight determinations as well as by the ultra-

violet absorption spectrwm.
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PART 3., SYNTHESIS OF SUBSTITUTED FLUORANTHENES

l. 3:4-Dimethylfluoranthens.
As has already been described (pp.\,2,17 ), 4-

methylfluoranthene can be prepared by the action of methyl
magnesimm hallide on 4-keto-1:2:3:4—%betrahydrofluoranthene.
Tucker (10) synthesised 2:4-—dimethylfluoranthene in an
analagous manner, and 3:4-~dimethylfluoranthene has now besn
synthesised similarly.

Treatment of 4-keto-3-methyl-l:2:3:4-tetrahydrofluoranthene
(XXIII) (105) with an excess of methyl magnesium iodide in
benzene-ether gave 3:4-dimethyl-l:2-dihydrofluoranthene (XXIV),
an oil which was characterised as its 2:4:7-trinitrofluorenons
derivative. Dehydrogenation of this oll with chloranil in

@ MMl @ Chiorand %)

( XX, - (,xma). (l_xi‘).

xylene gave 3:4-dimethylfluoranthene (XXV) as bright green
needles, m.p. 83-85°. It formed a picrate, crystallising as

orange needles, m.p. 181-182°.



2. 2-Methopyfluoranthene.

Hawkins and Tucker (12) synthesised ll-methoXyfluoranthens

by the crossed Ullmann method (pp.3,4-). This was the only
known methogyfluoranthene, and as others were required for |
spectrographic comparison, the 2-isomer was synthesised in a
‘similar manner. |

l1-Iodo-2-methoxynaphthalene was obtained by the method of

Jurd (82), i.e. treatment of P-naphthyl methyl ether with
iodine and yellow mercuric oxide in 95% ethanol. Fusion

of this iodo-compound with g-branonitrébenzene and copper

gaﬁfe, as expected, 2-mIethom-l-g-nitrOphenylnaphthalem

(XXVI). Hydrogenation of this in presence of Raney nickel

in ethanol gave the amine (XXVII), which could not be erystal-
lised, but which was purified and characterised as its pic-
rate. After recoveryf from the pure plcrate - by decomposi-
tion of the salt with aqueous ammonia and extraction of the

| émine with ether - the amine was diazotised and the scarlet
dlazo~-gsolution warmed with copper powder, yielding 2-
methoxyfluoraﬁthene (XXVIII) as green feathers, m.p.111-113°.
Determination of the methoxyl content eliminated the possi-
bility of cyclisation involving the methoxyl .group.
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PART 4. VULTRA-VIOLET ABSORPTION SPECTRA OF SUBSTITUTED
FLUORANTHENES

In a review (109) on the ultra-violet absorption spectra
of aromatic hydrocarbons, Jones was "concerned primarily
with an assessment of the possibilitles and limitations of
.ultra-violet spectraphotometry as a method of characterising
aromatic hydrocarbons." It was with a similar aim that the
compilation of data on the gbsorption spectra of the known
simply substituted fluoranthenss was undertaken, and the
results and deductions are set out in the following pages.
While more fluoranthene d@rivatives are still in the process
of being synthesised and will be examined spectroscopically
in due course, & sufficient number have bheen examinsed to
show that the spectra conform to a simple pattern. This
thesis is concerned primarily with a study of empirical re-
lationships, rather than of theoretical interpretations, of
the ultra-~violet absorption spectra.

It is generally recognised (109) that replacement of a
hydrogen atom by a methyl group in an aromatic hydrocarbon
has little effect on the general shape of the absorption
curve, bubt usually produces & shift of the maln sbsorption
bands to longer wavelengths. This shift is, in general,
slight. Brade and Patterson (110) found that the

‘monomethylchrysenss conformed to thls rule, but also dis-
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covered that steric hindrance effects in 4- and 5-
methylchrysene caused greater varletions in the curve than
was observed in the case of the other methylchrysenes. They
found thsat there were sufficient differences in the sbsorp-
‘tion specitra of the monomethylchrysenes to make the use of
absorption spectra g practical method of characterisation in
the pure state.

The mono-, di-, and trimethylfluoranthenes studled
(Teble 4; Figs. 5-7) show gimilex results. It will be seen
that the substitution of one or more methyl groups in the
fluoranthene nucleus produces a shift towards the red end of
the spectrum of most of the asbsorption maxima, the effect
being in general the greater the more substituvent methyl
groups there are present. Substitution of a methyl group
in.éither the 2- or the 10- position, where steric hindrance
between thieg group snd the hydrogen in the alternative posi-
“tion is possible - producing distortion of the molecule from
its normal planar configuration - causes rlattening' of the
eurve, particularly in the reglon of the first two p-bands,
in each of the four poasible cases of this type (Figs. E-7).
Where the substituent is the bulkier methoxyl group (see
below) the effect is much more pronounced, snd 1s similar to
that observed in 2:3—benzfluoranthene (p.3b ).

The introduction of groups cepable of greater electronic
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interaction with the nucleus, viz., phenyl- or methoxyl-,

produces greater variations in the gbsorption curve.

Com-

parigon of the spectrum of 4-phenylfluocrenthene with that of

TABLE 4. Ultra-violet ebsorption spectra in ethsanol.
g’ Fluo- Eri- ;
ands\gggge - ] -Hetzflm‘ - - d%ﬁitgyi:‘%ggg%% 4-ph 2-0Me§11 Ole
3620 | 3635|3620 |3640 (3670 {3620 | 3680 3660 3670 370013720 55610
£ 3600 - - - 5 - - - - § - - - E N
p- | 3440 |3480]3460 5480{5530 3460|3520 5495§ 3520 3580% - 13440
- - - - f - -] - -i3a0 ] - f S
3230 xazvoiszes 3275g3280 3260 5280'3290‘ 3300 | - 352?5 ;3240
3090 |3150 3115 3120 5155 5100|3140 3135, 3150 45145 5120 3100
2870 {2865 289532905'2900 2900|2905/ 2930| 2925 2940 2855 2950
2810 - - 2880 - igs40| - - f - 3 -1 - -
P“ 2770 2765§2V90 2800’2800$2790 2795@2815§ 2810 % - 12760 2850
2716 | - § R 3 S - 5 .
2615 | - 52620'2640% - |2660 2650 2680. 2640 § - ? -
2530 | - izsssi - g -0 -0 - 125455 - é - - -
ﬁt- 2450 | - - | - § - - - - i SRR R
2360 |2390 2365;2390;2420%2360 2420, 1 2405] 2430 i24os 2465 2560
- - i - ~2soo} - - . g - f S

fluoranthene (Fig. 8) shows that several prominent maximsa

present in'the latter compound have dlssppeared or become
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points of inflexion in the former, the whole curve, while
retaining the genersl fluoranthene pattern, showing much less
fine structure. Other aryl-substituted aromatic hydrocarbons
show analogous effects in their spectra (109).

Comparison of the curves of 2- and ll-methoxXyflucranthene
with that of fluoranthene (Fig. 9) shoﬁs several interesting
points. The 2-isomer, with the possibility of distortion
due to sterlc hindrance, shows a consideraﬁle red-shif't
(1003) of the p-bands, disclosing an o -band at 52753,
whereas the maximg of the ll-isomer, with no possibility of
sterlc hindrance, are very nesar to those of fluoranthense.
Furthermore, the p-bands of the 2-isomer are considerably
broadened, while the B3-bands ere depressed and the p'-band
inbreased in intensity. This 1s very similar to the effect
obgerved in the sbsorption curve of 2:3-benzfluoranthene
(Fig. 3), likewlse attributed to steric hindrance distorting
the plenarity of the molecule.

| Thus it may be concluded that:

(1) The ultra-violet absorption spectra of the mono-,
di-, and trimethylfluoranthenes measured are very similar to
that of fluoranthene, but are sufficiently distinet to make
their use of practical value in characterisation of the pure
compounds.

(2) Substitution by phenyl or methoMyl groups produces

greater varlations in the curves, which stiil retain the
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fluoranthene form.
(3) The possibility of overlspping of hydrogen snd sub-
stituent groups 1s probably reflected in the spectra.

Detalls of the method used to measure the sbsorpiion

spectra are given in the Experimental Section.
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EXPERIMEUNTAL

PART la; 4-~-METHYLFLUORANTHEMNE .

2-(9-Carbomethoxy-9~filuorenyl) ethyl Methyl Ketone

(I, R =R' = Me). (a) Methyl fluorene-9-carboxylate (11l.2 g.,
1 mol.) and methyl vinyl ketone (3.5 g., 1 mol.) were dissolved
in dry dioxan (55 ml.) and dry, powdered potassium hydroxide
(0.56 g., 0.2 mol.) was added. The mixture was kept for

24 hours (warming was observed during the first 15 minutes),
during which the potassium hydroxide went into solution.

Pouring into water, extraction with ether, and evaporation

of the ether, gave 2-(9-carbomethoxy-9-fluorenyl)ethyl methyl

ketone, which crystallised from methanol or ethanol in
leaflets (10.5g., 71%), m.p. 101-103° (Found: C,77.5;

H, 6.2. CqgH,g05 requires G, 77.5; H, 6.2%). When the
quantity of potassium hydroxide was increased to 2.8 g. (1
mol.) the product required repeated crystallisation for
purification, and the yield was substantlally lower. The
addition of pyridine (1 ml.) had no effect on the yield.

(b) Methyl iodide (1 g., slight excess) was mixed with
methyl 2-morpholinoethyl ketone (1 g.) (106), and the excess
of methyl iodide removed from the pasty methiodide by apply-
ing water-pump vacuum for 30 minutes. The methiodide, which



49

had a slight smell of methyl vinyl ketone, was washed with
methanol (6 ml.) into a solution of methyl fluorene-9-
carboxylate (1.42¢g.) and sodium (0.15g.) in methanol (5 ml.),
and the resulting mixture boiled (90 minutes). On cooling,
erystals (0.8 g., 45%) were deposited, the m.p. of which

and of a mixture with an authentic specimen of 2-(9-carbo-

me thoxy-9-f1luorenyl Jethyl methyl ketone was 101-102°.

2-(9-Carboxy-9-fluorenyl Jethyl Methyl Ketone (I, R = H,
R' = Me). Thé above methyl ester was dissolved in hot
ethanol and a small amount of ION-potassium hydroxide solu-
tion added. Working up in the usual manner gave 2-(9-
éarboxy-Q-fluorenyl)ethyl methyl ketone, which crystallised
fron methyl cyanide in prisms, m.p. 108-113° (decomp.)
(Found: C, 72.2, 72.4; H, 5.8, 5.9. Calc. for CjgHg0s3;
'C, 77.1; H, 5.8%).

2-9'-Fluorenylethyl Methyl Ketome (II, R' = Me). The

above acld was warmed gently with ION-potassium hydroxide
solution. VWhen the vigorous effervescence ceased the mix-
ture was diluted with water and the precipltated oil extracted
wlth ether. Evaporation of the ether, after 1its washing
with water, gave 2-9'-fluorenylethyl methyl ketone (96%),

which crystalliged from methanol in prisms, m.p. 75-76°
(Found: C, 86.1; H, 648. CjnpHjg0 requires C, 86.4; H, 6.8%).
The oxime crystallised from ethanol in a mixture of sword-
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blades and feathery needles (possibly the two stereoisomers),
m.p. 121-123° (Found: C, 81.1; H, 6.5; N, 5.4. Cq sy ON
requires C, 8l.2; H, 6.8; N, 5.6%).

449’-F1uoreny1butan-2~ol (I1X, R' = Me). The sbove
ketone was heated with three molecules (9 equivs.) of alumin-
ium isopropoxide in isopropanol till no more acetone was
present in the distillate (ca. 1 hour). Most of the remain-
ing isopropanol was distilled off under slightly reduced
pressure and, after acidification and extraction with ether,
the oily residue from evgporation of the ether crystallised
st 0° from light petroleum (b.p. 60-80°) in needles, m.p.
45-49° (Found: C, 82.9, 83.1; H, 7.6, 7.4. Calc. for
CyyHyg0: C, 85.7; H, 7.6%).

4-Methyl-1:2:3:4-tetrahydroflvoranthene (IV, R' = Me).

The asbove carbinol (1.7 g.) was dissolved in glacial acetic
acid (7 ml.), and a mixture of acetic acid (7 ml.) and sul-
phuric acid (7 ml.) added. The mixture was warmed 4n the
steam-bath (5 minutes) and diluted with water. The precip-
itated oil was extracted with ether, washed with sodium
hydrogen carbonate solution and water, and the ether evapor-
ated. The residue distilled at 120-130° (bath-temp.) at

1l m., yielding 4-methyl-1:2:3:4~btetrahydrofluoranthense
(1.25g., 80%), m.p. 32-37°%, which liquified when mixed with
the carbinoi at room temperature. With 2:4:7-trinitrofluor-

enone in acetic acid it formed a complex, crystalllising from
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acetic acid in orange needleg, m.p. 131-133° (Found: C, 67.5;
H, 4.0: N, 7.9. CynHg, 615H507N3 requires C, 67.3; H, 3.95;
N, 7.85%).

4-ﬁethylfluoragggpna (V). The above tetrahydro-compound

(0.11 g.), chhoranil (0.245 g.), and xylene (1 ml.) weve
boiled for 1 hour, during which the solution changed fram
blood-red to pale brown with deposition of pale brown
needles of tetrachloroqguinol. After cooling and filtra-
tion, the filtrate was diluted with ether, extracted with
5% sodium hydroxide solution, washed with water, and evapor-
ated. The residue (0.09 g., 83%) crystallised from ethanol
in pale green sword-blades of 4-methylflucranthene, m.p.
65-66°. The picrate crystallised from ethanol in orange
needles, m.p. 171.-173°.

Methyl 9-Methylfluorene-S-carboxylate. Methyl sulphate

(3.15 g.) was added slowly with cooling to a solution of
sodivm methoxide (from 0.575 g. of sodium), methyl 2-
morpholinoethyl ketone (3.925 g.), and methyl fluorene-9-
carboxylate (5.6 g.) in methanol (80 ml.). Colourless
cryetals (25 g.) of methyl 9-methylfluorene-g-carboxylate

were deposited during 4 days' s%@rage, at room temperature.
Dilubion of the filtrate witﬁ‘waﬁgi gave, on crystallisation
of the olly residue, a fufther 2.5 g. (total yield, 84%).
Grystallisétion from methanol gave sword~blades, m.p.l08-109°
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(Found: C, 80.7; H, 5.8. Cq1gHy 40o requires G, 80.7;
H, 5.9%).

9-Methylfluorene-S~carboxyllic Acid. The above ester

was hydrolysed by the addition of ION-potassium hydroxide
solution to a hot ethanolic solution. The acid crystallised
fran carbon tetrachloride in needles, m.p. 168-166° (Found:
C, 80.6; H, 5.2. Cale. for CygHyo0p: C, 80.3; H, 5.4%).

. 9-Methylfluorene. Boiling (15 minutes) either the

gbove ester or the acid with 2-methoxyethanol and an equal
volume of ION-potassium hydroxide solutlon, dilution with
water, and extraction with ether gave, on evaporation of the
ether, 9-methylfluorene, which, crystallised from ethenol,
had m.p. 45-47°. |

4-PBENYLFLUORANTHENE .

2-{9-Carbome thoxy-9-fluorenyl jethyl Phenyl EKetone

(I, R = Me, R' = Ph). (a) Methyl fluorene-9-carboxylate
(2.24 g., 1 mol.) and phenyl vinyl ketone (1.32 g., 1 mol.)
(107) were dissolved in dry dioxan (11 ml.), and dry powdered
potassivm hydroxide (0.11 g., 0.2 mol.) was added. On being
kept for 7 days with occasional shaking and worked up in the

usual manner, this gave 2-(9-carbomethoxy-9-fluorenyl jethyl

phenyl ketone (2 g., 56%) in prisms (from methanol), m.p.

110-111° (Found: C, 80.9; H, 5.6. CoyHpo0p Tequires C, 80.9;
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H, 5.7%).
(b) Methyl fluorene-9-carboxylete (28.4 g., 1 mol.)
was added to a solution of sodium (2.92 g., 1 gtom) in an-
hydrous methanol (125 ml.), and to this was added a mixture
of 2-diethylaminoethyl phenyl ketone (26.1 g., 1 mol.)} (107),
anhydrous methancl (64 ml.), and methyl sulphate (15.9 g.,
1 mol. - added cautiously with cooling). After the mixture
had been boiled (30 minutes) and then cooled in ice, priasms
(34.5 g., 83%) of practically pure 2-(9-carbomethoxy-9-
fluorenyl )ethyl phenyl ketone, m.p. 110-111°, were deposited.
(c) The use of 2-morpholinocethyl phenyl ketcne (106)
in place of 2-diethylaminoethyl phenyl ketone gave a lower
yield of the above product.

‘ The Mannich bases used above were prepared from their
hydrochlorides immediztely before use, since the hydrochlor-
ides were stable and could be kept for several months,
whereas the free bases decomposed on storage and their use
after some weeks led to decreased yields.

2-{9-Carboxy-9-fluorenyl Jethyl Phenyl Ketone (I, R =

' = Ph). The sbove ester, dissolved in hot ethanol,

H, R
was hydrolysed in the usual manner by addition of ION-potas-
sium hydroxide solution, to give the acid, which crystallised
from acetic acid in colourless sword-blades, m.p. 174-17¢°

(Found: C, 80.1, 80.3; H, 5.1, 5.5. CgaHyg0s requires
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C, 80.7; H, 5.3%).
2-9'-Fluorenylethyl Phenyl Ketone (II, R' = Ph). The

above acid (3.2 g.) was warmed with ION-potassium hydroxide
solution till the vigorous effervescence ceased (5 minutes).
Dilution of the mixture with water and extraction with ether

gave, on evaporation of the ether, 2-9'-fluorenylethyl phenyl

ketone (2.7 g., 96%), which crystallised from ethanol or

light petroleum (b.p. 60-80°) in needles, m.p. 80-8%°

(Found: C, 88.9; H, 6.3. CgoHyg0 requires C, 88.6; H, 6.1%).
The oxime crystallised from light petroleum (b.p. 60-80°) in
needles, m.p. 135-140° (Found: C, 84.3; H, 6.1; N, 4.5.

CooHy gON requires C, 84.3; H, 6.1; N, 4.5%). Reduction

of an ethanolic solution of the oxime (containing at least

3 equivs. of dry hydrogen chloride), with hydrogen in the
presence of a palladium-charcoel catalyst gave 3-9'-fluorenyl-
1-phenylpropylamine hydrochloride (III, R' = Ph, NH, in place

of OH). Crystallisation from ethanol-ether yielded needies,

m.p. 240-242° (Found: C, 78.7; H, 6.7; N, 4.1. CpoHy,NC1

requires C, 78.7; H, 6.6; N, 4.2%).
4-Phenyl-1:2:3:4-tetrahydrofluoranthene (IV, R' = Ph).

2-9'-Fluorenylethyl phenyl ketone in isopropanol solution
was heated with three moles (9 equivs.) of aluminium iso-
propoxide till no more acetone was present in the distillate.
Working up in the usual manner gave &n uncrystallisable oily



515

residuve. Warming (5 minubes) the o0il in solution in acetic
acid (1 vol.) with a mixture of acetic acid (1 vol.) and

sulphuric acid (1 vol.) gave, after the usual treatment, an
olly solid, which, when mixed with acetone and crystallised

from ethanol or acetone, gave prisms of 4-phenyl-1l:2:3:4-

tetrahydrofluoranthene, m.p. 110-112° (Found: G, 93.8;

H, 6.5. CooHyg requires C, 93.6; H, 6.4%).

4-Phenylfluoranthene (VI). (a) By use of chloranil.
The sbove tetrahydro-compound (0.141 g.), chloranil (0.246 g.),
and xylene (1 ml.) were boiled till no more tetrachloroquinol
wag deposited (ca. 24 hours). Working up in the usual man-
ner gave a yellow solid, m.p. 120-134°. A solution of this
in light petroleum (b.p. 60-80°) was chromatographed (alumina).
Thé first colourless eluate, fluorescing pale blue in day-
1ight and strong green-blue in ultra-vioclet light, yielded
4-phenylfluoranthene , which crystallised from ethanol in
pale green needles, m.p. 141-143°,

(b) By use_of sulphur. The gbove tetrahydro-compound

(0.5 g.) and sulphur (0.12 g.) were heated at 190-200°, g
vigorous evolution of hydrogen sulphlde occurring. The
effervescence slackened after 45 minutes, and no further
evolution of gas took place when the temperature was ralsed
to 230°. After cooling the residue was dissolved in light
petroleun (b.p. 60-80°) and chromatographed (alumina).
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Sulphur-containing compounds were retained as yellow and
brown bands, 4-phenylfluoranthene passing through as a
colourless, pale blue-fluorescent solution, evaporation of
which gave 0.42 g. (84%), m.p. 142-144°. Sublimation from
zinc dust in vacuum, and crystallisation, failed to separate

4-phenylfluoranthene from sulphur-containing compounds.

METHYL, FLUORENE -9-CARBOXYLATE .

Oxidation of 9-Formylfluorene. 9-Formylfluorene (2.8g.),

acetic acid (10 ml.), and hydrogen peroxide (5 ml.; 30%
solution) were mixed and kept (4-5 hours) at room temperature.
A pale yellow solid separated, and crystallisation from ben-
Zene gave a product as colourless needles, m.p. 130-135°
(with reddening and decomp.). It became pink in alr and
wag not acidic. (Found: C, 77.4; H, 5.4. CqoHy 0o re-
guires C, 77.4; H, 5.4%).

Action of 9-Fluorenylpotassium on Ethyl Chloroformate.

9~Fluorenylpotassium, prepared from fluorene (1.€6 g.) and
potassium (0.43 g.) in liquid ammonia, was suspended in dry
ether (50 ml.), which was boiled (15 minutes) to remove all
the ammonia, and ethbyl chloroformate (1.1 g., theoretical
quantity) added. After the boiling solution had been stirred

for 30 minutes it was kept at roam temperature overnight,
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then poured into water and separated, and the ethereal 1ayef
evaporated. Hydrolysis of the residue in the normal manner
gave fluorene-9-carboxylic acid (0.34 g.) and fluorene (1 g.).
(Yleld, 36% of ethyl fluorene-9-carboxylate, calculated on

unrecovered fluorene).

LR R T W X 2 ¥ N R
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PART 1bs 1:2:5:6-Dibenzpyracylene.

Ve

4-Iodofluoranthene (VII). 4-nitrofluoranthene (8 g.)

(83), suspended in glacial acetic acid (150 ml.) with the
addition of 10% palladium-charcoal catalyst (0.8 g.), was
reduced by hydfogen (theoretical volume sbsorbed in 3-4
hours) to give a green-fluorescent solution. After filtra-
tion, the catalyst was extracted several times with boiling
glaclal acetic acid, the combined filtrates diluted with
wabter (150 ml.), concentrated sulphuric acid (10 ml.) added,
and the solution diazotised st -5° to 0° by the addition of
sodium nitrite (2.5 g.) in water. After destruction of
excess nitrite with urea (1 g.), the solution was poured
into a solubtion of potassium iodide (30 g.) in water (150 ml.)
and sllowed to stand at room temperature overnight. After
filtration, thorough washing, and drying, the residue was
extracted by light petroleum (b.p. 60-80°). TIodine was re-
moved by washing with dilute sodium thiosulphate solution,
and the o:ganic layer, after treating with charcoal, was
evaporated and the residue crystalllsed from ethanol as
creem micro-leaflets of 4-iodofluoranthense, m.p. 109-110°
(2.95 g., 28%). (Found: C, 68.6; H, 2.9; I, 38.35.

C,gHol requires C, 58.6; H, 2.8; I, 38.7%).
4-0-pitrophenylfluoranthene (VIII). 4-Iodofluorsnthene
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(1 g«) and o-bromonitrobenzene (0.65 g.) were heated to
210-220°, and copper bronze (0.5 g., washed with carbon
tetrachloride) added in portions during two hours, with
frequent stirring. Heating was confi:med for a further two
hours, the cooled mass extracted with acetone, and the resi-
due from eveporation of the acetone dlssolved in light
petroleum (b.p. 60-80°) and chromatographed (alumina). A
mixture of benzene and light petroleum (1l:1 v/v) gave a
yellow eluate with a green fluorescence, from which a yellow
solid, crystallising from ethanol, was obtained (0.85 g.,
83%). Recrystallisation, with loss of material, by solu-
tion in ethyl acetate and then addition of an equal volume
of methanol gave lemon-yellow needles melting at 157-160°
(éoffening at 155°) of 4-o-nitrophenylfluoranthene (Found:

C, 81.3; H, 4.1. Opglps0gN vequives C, 81.7; H, 4.06%).
The use of three times the above amount of o-bromonitrobenzene
facilitated mixing and gave simllar results but removal of
excess was i:roublesome, as well as removal of 00 '-dinitro-
diphenyl formed.

4-o-Aminophenylfluoranthene . Reduction of the nitro-

compound (VIII) was accomplished by hydrogenation with either
(a) 10% pa.lladimn-charcoal/glacial acetic acid, or (b) Raney-
nickel/ethenol. Since the isolated amine, a pale brown oil,
could not be crystallised, it was dissolved in ether and dry
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hydrogen chloride paésed to precipitate the hydrochloride,

reprecipltated by addition of ether to an ethanol solution
to give pale green needles, melting at 210-250° (Found:
C, 79.3; H, 4.8. CpoH,gNC1l requires C, 80.1; H, 4.9%).
The picrate of the amine, prepared in ethanol, gave golden-
brown cubes from chloroform, m.p. 217-219° (softening at
200°) (Found: C, 64.4; H, 3.6; N, 10.6. CooHygN.
CgHzOyNz requires C, 64.4; H, 3.5; N, 10.7%).
1:2:5:6-Dibenzpyracylene (IX). 4-o-nitrophenylfluoran-
thene (0.46‘3.) was reduced (H,/Raney Ni/Et OH) and the un-

erystallised amine obtained was dissolved in glacial-acetic
acid and poured with stirring into excess of 10% (v/v) sul-
phuric acid solution. A aélui:ion of sodium nitrite (0.12 g.)
in water (3 ml.) was added all at once to the slightly warm
solution. After diazotisation was complete, urea was added,
then copper bronze (washed with carbon tetrachloride), and
the occasionally stirred mixture allowed to stand. During
ca. 1 hour an orange solid grew out of the solution. Re-
action was completed by heating on the steam bath for 30
minutes, and after filtering, washing, and drying, the pre-
cipitate was extracted with benzene and the red-green
fluorescing solution chromatographed (alumina). The con-
centrated orange eluate gave orange needles of 1:2:5:6-

dibenzpyracylene,. m.p. 261-262° (0.15 g., 38% yield fram
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4-o-nitrophenylfluoranthene). Picric acid and 2:4:7-
trinltrofluorenone gave unstable complexes.

9-Nitroacetophenone. Magnesium turnings (10.7 g., 1.1

atomn) were sllowed to react vigorously with anhydrous
ethanol (10 ml.) and carbon tetrachloride (1 ml.) for a

few minutes, then anhydrous benzene (150 ml.) was added.

The mixture was heated to the boilling point, the sgource of
heat removed, and the contents or'the flask stirred vigor-
cusly while ethyl malonate (70.4 g., 1.1 mol.), anhydrous
ethanol (40 ml.) and anhydrous benzene (50 ml.) were added
at such a rate that vigorous refluxing was maintained,
heating if necessary. The mixbure was stirred under reflux
t11l all the magnesium was in solution (ca. 30 minutes), the
gource 0of heat removed, and vigorous stirring maintained
while‘g-nitrdbenzoyl chloride (74.2 g., 1 mol.) in anhydrous
benzene (100 ml.) was added as rapidly as the violence of
the reaction would allow. After boiling (30 minutes) the
mixture was cooled alightly and dilute sulphuric acid added
cantiously with stirring. The mixture at first became very
pasty, but further addition of acld gave two clear layers.
The whole was then submitted to dlistillation till the temp-
erature of the vapour reached 95°, a mixture of glacial
acetic acid (120 ml.), concentrabed sulphuric acid (15 ml.),
and water (80 ml.) added, and the mixture boiled (4 hours).
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It was cooled (ice-asalt), made strongly alkaline with solid
potassimwn hydroxide, shaken with ether, the whole filtered
and the residue washed well with ether. The organic layer
of the filtrate was separated, washed well with water, dried
and distilled. The fraction boiling at 158.5-159°/16 mm.
(166.5°/21 mm.) was pure o-nitroscetophenone (58.2 g., 88%).
Cé-Nitrobenzoyl chloride was prepared as requlred from the
acid (67 g.) by boiling the latter with thionyl chloride
(100 ml.) t11l 21l the acid was in solution. Excess thlonyl
chloride was removed under reduced pressurse, last traces
belng removed by addition and distillation of anhydrous
benzene (50 ml., 3 times). The acid chloride was used
without further purificatlon as distillation under reduced
pressure led to explosive decompositioﬁ].

2-{9-Carbome thoxy-92-fluorenyl Jethyl o-Nitrophenyl Ketone

(I, R = Me, R' = 0-CgHyNOg). 2-Diethylaminoethyl o-nitro-
phenyl ketone hydrochloride (3.6 g., 1.5 mol.) (89) was dis-
solved in dry methanol (7 ml.) and a solution of sodium

(0.3 g., 1.5 atom) in methanol (3 ml.) added. After stirring
for s few minutes, sodium chloride was filtered, washed with
8 little methanol, and the combined filtrates mixed with
methyl iodide (1.6 g., 1.3 mol.) and added to a warm solution
of methyl fluorene-9-carboxylate {2.4 g., 1.3 mol.) and

sodiuwm (0.24 g., 1.3 atom) in mebhanol (10 ml.). Crystals
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appeared immediately and on cooling practically pure 2-
(9-carbomethoxy-9-fluorenyl )ethyl o-nitrophenyl ketone (3 g.,

71%) was deposited. Crystallisation from methyl cyanide

gave needles, m.p. 168-169° (Found: C, 71.6; H, 4.95; N, 3.5.

Co4Hy oOsN requires C, 71.8; H, 4.8; N, 3.5%).
2-9'-Fluorenylethyl o-Nitrophenyl Ketone (II, R' = o-

66H4H02). The above kebo-ester (3 g.) was boiled (1 hr.)
with a mixture of acetic acid (90 ml.), concentrated sulphuric
acid (6 ml.) and water {30 ml.), poured into water (300 ml.),
filtered, and washed with water. The acld thus obtained |
decarboxylated too readily for purification, but boiling

(15 min.) this acid in methyl cyanide (30 ml.), and diluting
at the boiling point till crystallisation commenced gave, on
cobnng, 2-9'-fluorenylethyl o-nitrophenyl ketone (1.7 g.,

66%). Crystallisation from ethanol or methyl cyanide gave
needles, m.p. 147-149° (Found: G, 77.2; H, 4.8; N, 4.1.
CogHy703N requires C, 77.0; H, 5.0; N, 4.1%).

The acid was also decarboxylated by heating at 170-
180° till evolution of carbon dioxide ceased (21%). At-
tempted hydrolysis of the ester by aqueous-glcohollc sodium
hydroxide gave & tarry product.

L R PR Y
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PART 2; 2:3-BENZFLUORANTHENE .

9-Diphenylenephthalide (XII). 9-Hydroxy-9-o-

tolylfluorene (XI) (10 g.), manganese dioxide (0.25 g.),
concentrated nitric acid (170 ml.), water (340 ml.), and
sufficient nitrobenzene to render the organic layer read-
ily mobile, were boiled together (70 hours). The nitro-
benzene was removed by stean distillation, the residue
cooled, filtered, and dissolved in alcqholic sodium hydroxide
solution. After dilution with four times its volume of
waber and filtration, the filtrate was acidified. The
precipitate was filtered, washed, and dried, giving the
phthalide (XII) (5.5 g., 53%), m.p. 216-220°. Crystallisa-
tion from acetic acid remsed the m.p. to 226°, with consid-
erable loss of material. The use of vanadium pentoxide
(108) in place of manganese dloxide was of no advantage.
2:3—Benzfluoranthene (XVI). The phthalide (3 g.) and

pure zinc dust (6 g.) were ground together very thoroughly
and mixed with powdered sodium chloride (6 g.). To this
was added powdered zinc chloride (30 g.), ten drops of water,
and the temperature raised to 270° with vigorous stirring.
During eight minutes the temperature was allowed to rise to
340° with stirring (a yellow sublimate appearing), the mass
cooled, decomposed with boiling water and a little acetic
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acld, filtered, washed well with hot water, dilute gmmonia
solution, and water. After drying the residﬁe wag ex-
tracted with light petroleum (b.p. 60-80°) and this solution
chromatographed (alumina, heated strongly in vacuum and
cooled under dry COg). A mixture of benzene and light

" petroleum (1:1 v/v) gave a yellow eluate (green fluorescence)
which gave on evaporation a yellow residue, crystallising
from 1light petroleum (b.p. 60-80°) in long golden yellow
needles of 2:3—benzfluoranthene, m.p. 145-146° (evacuated

capillary). (Found: C, 95.15; H, 4.9. Coplljo requires
C, 95.2; H, 4.8%).
Reduction of o-Diphenylenephthalide (XII) with Hydriodic

Acld and Phogphorug. The phthalide (1.9 g.), constant boil-

ing h;driodic acid (50 ml.), red phosphorua (7 g.), and xyleme
(20 ml.) were boiled (72 hours). After filtration, the
residue was extracted well with hot dilute sodium hydroxide
solution, and the organic layer of the filtrate washed with
water and then dilute sodium hydroxide solution. The com-
bined alkaline solutions gave, on acidification, 9-o0-~
carboxyphenylfluorene ( XUL ) (12,2221), The reaidue from
evaporabtion of the organic layer gaée, on chromatographing

in the usual manner, a very small gmount of 2:3-benzfluoranthene.
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THE GREEN HYDROCARBON, m.p. 135-138°.

9-Bromo-9-o-tolylfluorene (XIX). 9-Hydroxy-9-o-

tolylfluorene (XI) (10 g.) was dissclved in glacisl acetic
acid (200 ml.), the solution cooled to room temperature, and
saturated with dry hydrogen bromide (from Bry,/tetralin, and
purified by red P, then Pg0g). The product (9.7 g., 79%)
gave (glaclal acetic acld) yellow platelets of 9-bromo-9-o-

tolylfluorene (XIX), m.p. 142° (softening at 120°) (Found:

C, 71.8; H, 4e4. CgoHygBr requires C, 71.7; H, 4.5%).

9-Bromo-9--w—bromo~o-tclylfluorene (XX).  9-Bromo-

9-0-tolylfluorene (XIX) (1 g., 1.05 mol.) was dissolved in
carbon tetrachloride (10 ml.), N-bromosuccinimide (0.5 g.,
lumol.) and benzoyl peroxide (trace) added, and the mixture
boiled under light irrsasdiation till all the N-bromosuccinimide
‘had reacted (several hours). After filtration whilst hot
and extraction of the succinimide residuve with boiling carbon
tetrachloride, the combined filtrates were evaporated and

the residue crystallised from acetic acid (1 g., 86% crude).
Crystallisation from methyl cyanide or scetic acid slowly
raised the m.p. to 158-161° (softening at 1409), giving
yellow prisms of essentislly 9-bromo-9—w—bromo-o-tolyl-
fluorene (XX), contaminated with a little more highly brom-
inated impurity. (Found: C, 54.1; H, 3.45. Calc. for

CooHy4Brg: C, 58.0; H, 3.4%).
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Attempted Cyeclisation of (XX). (XX) (2 g.) was dis-

solved in dry benzene (50 ml.) and finely-powdered aluminium
chloride (10 g.) added. A purple complex formed, and the °
mixture was boiled until evolution of hydrogen halide ceased
(20 minutes). After decomposition of the complex in the
usual manner, the benzene solutlion was evaporated, the residue
dissolved in light petroleum (b.p. 60-80°) and chromatographed
(alumina). The first colourless eluate (showing a violet
fluorescence) gave, on evagporation, a residue which crystal-
lised from ethanol in pale green needles (0.3 g.) m.p.
135-138°. [Found: C, 94.3; H, 5.5; M.Wt., Rast (camphor)
311,313; Ebullioscopic (benzene) 34l. Calc. for CgoHy,:

¢, 94.45; H, 5.55%; M.Wt. 254. Calc. for Coghygt
H; 5.5%; M.Wt. 530]. Further treatment of the column with

C, 94.5;

a mixture of light petroleum and benzene (1.1 v/v) gave &
yellow eluate with a green fluorescence, probably a very

amall quantity of 2:3—benzfluoranthene.

-
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PART 3: 3:4-DIMETHYLFLUORANTHENE.

' 3:4-Dimethyl-1:2-dehydrofluoranthene (XXIV). 4¢-Keto-
3-methyl-1l:2:3:4-tetrahydrofluorenthene (XXIII) (0.78 g.,
1 mol.) was dissolved in dry benzene (10 ml.) and added to a
solution of methyl magnesium lodide, prepared from magnesium
(0.256 g., 3 atoms) and methyl iodide (1.4 g., 3 mol.) in
ether (5 ml.). After boiling (1 hour), dilute hydrochloriec
acld was added, and the organic layer washed with dilute
hydrochloric acid and water. On distillation of the ben-
zene, the colour of the solutlon changed from red to yellow-
green: the yellow olly residue was dlssolved in light pet-
roleum (b.p. 60-80°) and chromatographed (alumina). The
pale green (blue fluorescent) eluate gave, on evaporation,
a green strongly fluorescent oll which, with 2:4:7-
trinitrofluorenone in acetic acld, yielded a complex crystal-
1ising in orange needles from ethyl acetate, m.p. 177-178°
(softening at 170°). (Found: C, 68.1; H, 4.0; N, 7.8,
CiaHig- C13H507N3 requires C, 68.0; H, 3.9; N, 7.7%).

3:4-Dimethylfluoranthene (XXV). 3:4-Dimethyl-l:2-

dihydrofluoranthene (XXIV) was dehydrogensated with chloranil
in the ususal manner. Chromatography [}ight petrolevm (v.p.
60-800)/aluminé] of the product gave a green (blue fluorescent)
solution, evaporation of which gave J:4-dimethyifluoranthene,
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crystallising from light petroleum (b.p. 60-80°) in brigﬁt
green needles, m.p. 83-85° (Found: C, 93.9; H, 5.9.

C1gHy4 requires C, 93.9; H, 6.1%). The picrate crystallised
from benzene in orange needles, m.p. 181-182° (softening

at 150°) (Found: C, 65.05; H, 4.0; N, 9.2: CygH,.
CeHzOnNz requires C, 62.7; H, 3.7; N, 9.15%).

2-METHOXYFLUORANTHENE .

2-Methoxy-1-o-nitrophenylnaphthalene (XXVI). 1-Iodo-

2-methoxynaphthalene (82) (2 g.) and o-bromonitrobenzene
(1.6 g.) were heated to 220-230°, and copper powder (2.4 g.,
washed with carbon tetrachloride) added with stirring during
30 minutes. Heating was continued with occasional stirring
.~ during & further 90 minutes, then the cooled mass was ex-
tracted with benzene and this extract chromatographed (alumina).
The first brown band gave & yellow eluate, the residue from
evaporation of which crystallised from ethanol in yellow
needles (1 g., 50%), m.p. 132-133° (Found: C, 72.9; H, 4.7;
N, 5.1. CyyH 03N requires C, 73.1; H, 4.7; N, 5.0%).
1-o-Aminophenyl-2-methoxynsphthalene (XXVII). The above

nitro-compound (XXVI) was hydrogenated in presence of Raney
nickel in ethanol. After filtration and extraction of the
catalyst with boiling ethanol, the combined filtrates were
evaporated, giving l-g-aminophenyl-2-methoxynaphthalene as an
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oll. It formed a picrate in ethanol, crystallising from
benzene in globular clusters of yellow needles, m.p. 205°
(decomp.) (Found: ¢, 57.7; H, 4.0; N, 11.7. 017H150N.
CgHzOyN5 requires C, 57.7; H, 3.8; N, 11.7%).
2-Methoxyfluoranthene (XXVIII). 1-o-Aminophenyl-2-

methoxynaphthalene (XXVII) (1.9 ge.), recovered fram the pure
plcrate by decomposition of the latter with ammonia and extrac-
tion of the amine with ether, was dissolved in warm dilute
sulpburie acid, cooled below 0°2, and diazotised by the addi-
tion of sodium nitrite (0.6 g.) in water. After destruc-
tion of excess nitrite with urea, copper powder (washed with
carbon tetrachloride) was added and the scarlet diazo-solution
stirred at room temperature (45 minutes), then warmed on the
steam-bath (30 minutes) to complete the dlscharge of the
colour. Filltration, extraction of the residue with benzene,
and ohromatogrephy [Light petroleum (b.p. 6o-ao°)/h1um1na:}
of the residuve from evaporation of the benzene, gave & colour-
less eluate with a blue fluorescence, from which was obtained

2-methoxyfluoranthene, crystallising in faintly-green feathers

from light petroleum (b.p. 60-80°), m.p. 111-213° (Found:
C, 88.0; H, 5445 OMe, 13.8. CqpH;50 requires C, 87.9;
H, 5.2; OMe, 13.4%).
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PART 4; ULTRA-VIOLET ABSORPTION SPECTRA.

The ultra-violet absorption spectra described in Part 4
were measured on a Unicam Spectrophotometer, ethanol being
used as solvent. No correction was made for the fluorescence

of the test solution.

PURIFICATION OF SOLVENT.

Benzene-free rectified splrits was used as solvent.
Drying by distillation from calcium oxide gave a product
which showed very strong absorption below 25003. A golvent
sufficlently transparent over the range 2000-40003 was ob-
tained as follows:~ Sodium (10 g.) was digsolved in benzene-
free rectified spirits (1 1.), and thelsolution allowed to
stand for 2 days at room temperature. It was then diatilled
slowly through a Widmer fractionating column, the first and
last 200 ml. being re jected and only the middle fraction of

600 ml. retained for use.

Ths,éolutiqgg used contained approximately 0.00025 g.
mol./l. of the pure substituted fluoranthenme. The higher
values of logf were obtained by successive dilutions.

The values of log %? for differenf wavelengths were
obtained by direct reading from the instrument. The value

of logf was obtained from the relationship



where 1o is

& is

¢c 1is

2

:l.ogi';i2 = &ecl

the intensity of light of a particular wavelength
transmitted through pure
solvent,

" N " "  of the same wa&elength
transmitted through the
test solution.

the molecular extinction coefficient

the concentration of the test solution (g.mol./1.)

1 1is the length of the path through the test solution

traversed by the light.
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