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INJROLUCTION

Though the sromatic hycrocarbon, fluoranthene,
wos discovered more thun one hundred years wgo,
ites chexlstry hus been elucidated only in the lust
| twenty years, The initiel leck of interest w»2s no
doubt cue to ite smell industrial epplication
though several petents now exist covering its use
us @ dyestufrfl intermediste, How, however,
- fluoranthene is rapldly teking its ploge along with
- naphthelene, anthracene, and the other well-hLnown

aromtétic hydrocurbons.
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ITHE SYNTHESES OF FLUURANTHENE ANU ITS DERIVATIVES,

Though fluoranthene, or idryl, as it was

then termed, was first isolated in 1844 (1%, the

systematic study of its chemical properties began

only in 1929 shen von Braun und his co-workers

entered the field,

Von Braun (2) hed been unsble to synthesise

compound I, =nd he concluded that it was impossible

for two five-membered rings to be adjucent and

condensed Lo the same benzene ring. tSince compound

S

i II

(L1I) could be obtained eusily
he concluded thiot a five-
ﬁembereu dnd s six—-membered
ring could be conuensed

Logelher, snd to znother

benzene ring, A survey of the literature showed

4t Iv

th:t fluoranthene (11I) wes
the only outstanding substaunce
whose formuls violated von
Brauns rule, and &ccordingly,
von Braun postulated the
naphthslene structure (IV) for

the hydroecsarbon,

The numbering used throughout the Thesis

is shown in formulsz (1V)
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Ihe synthesis c¢f fluoranthene by von Bréun and

anton (2) proved this siructure.

Y
CO0C,Hs CooC; H; N H
H+‘ICH1 CHa ‘ 5 FH;
c:-l, = /Cm

&ooc;Hs coocle_ caci

1. d1Ci3 Q
1. 2a[H
L

3. -1H‘ ‘e

9~ #luorenyl~[3 -propionyl chloride (V, was
cyclised with aluminiun ehloride in light petroleuw
snu the resultling kelotetrchydrofluoranthene
recuced, then dehydrogenuted to flucoranthene.

IThough Wuayer (3,4} reported the lsolavion of

fluoranthene from the tusr obtelned by possing
acetlylene und hydrogen through a porcelein tube ut
$30° , the first important synthesis was thut of
von Braun cnd Anton., asnovther synthnesls was thot of

Cook & wawrence (5) who cordensed “-uethyleyclohexunche
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-
l-naphthylmagnesiur bromice (VI), The cyclohexene

derivative (Viil), obtuined by dehycration of the
resulting carbinol (V1I) was eyclised to the

methyltetrshydrofluoranthene (IX) by the Friedel-
Crafts reaction, Uehydrogenation with selenium gave
fluoranthene, The ring-closure was unsuccessful
without the methyl group,

4 somewhat siumilar synthesis wés aescribed by
Orchin & keggel (6). The carbinol obtained from
the reaction of cyclohexanone and i-nsphthylmagnesium
bromide wes dehydrated with formic acic to
1-(1 -naphthyl)- A cyclohexene (X) which was

cehydrogenated with psllsdium-charcoul to
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to l-phenylnsphthalene (X1),

&, ()

e —un

X -

e
=

Cycloaehydrogenation with p.lladium-charcoal, or
better, chromis—sluming, yielded fluoranthene,
Cook & Lawrence found it impoussivle to cyclise (V1)
with aluminium chloride at O,

A later synthesls of fluoranthene, and
fluoranthene- -substituted verivatives, was that of
Bergmann & Orchin (7). ‘The adduct (X11) obtained
from the Michael condensation of fluorene with
maléic anhydrive (8) wus cyclised with sluminiuwm
chloride Lo the neto-scid (XIII), Clemmensen

reduction of this keto-aciu

H
(O
DTS o S
: : i %
CH-¢6 = CHFCD/
b | o

XII XII1

(8 @ 5
. G e e . Ol T e =
e s -
XIv XV



followed by sulphur dehydrogenstion of the resulting
2=carboxy - l; 2: 3: 4 -tetrahydrofluoranthene (XIV),

yieldea Z-carboxyfluorunthene, the decarboxylation

of which, gave fluoranthene, The acid hydrazide

yielded - aminofluoranthene,

Ihe Diels —Alder reaction has also proved of
value for the synthesis of fluoranthene asnd its
derivatives,

Uvilthey and his co-workers (9) condensed
acecyclone (XVI) with maleic anhydride. The adduct

(XVII) readily gove (XVIII) which

H
Ay
\N (H=Co @ _Co
O+| Yo : . ol e
Q. el \ / o
|
GHs C Hs
XVI XVII

\

CeHs
o
O -
co”
' /
CQHS 5 CBHE

XVIIiI XIX
when decarboxylated (sode~lime), guve 10:13 -

diphenyl flucranthene (XIX).
Various aryl fluoranthenes have been preparead
in this way (10).
F

16:13 -Uliphenyl fluoranthene w&s slso prepared

- from acecyclone and dibromoethane (11)
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Campbell & uow (12) showed thut when 7:8 -
dialkylacenaphthene —7:8 -diols (XX) were dehydrated
fln acetic anhydrice in the prescence of dienophiles,
!cOnuenssbion recdily took place to form fiuorunthene

derivatives,

~0,
%o
CH=CH
ey CugR R-% fuﬂ
Ko oH
Acelic \
Anl\\.idrld& g
(B0 _ (8+)
XX
==

Fluoranthene and mury ol its @erivatives were
prepared,

The synthesis 4 -bromofluoranthene by this
method conflirmed ven Braun's structure,

A4 relatec synthesis of fiuoranthene and its

derivatives was that of Campbell & Wang. (13 )



9-Hydroxy-9g-methyl fluorene ( XXI) was bolled with
malelec anhydride in ascetic unhydride, when a
Uliels-Aluer resction, (presumusbly by :duition to the
intermedicte 9-methylenefluorene) toos pluce.

Spontaneous dehydroger tion occurred, yielding
fiuorsnthene -3:4 — uscarboxylic scid unhydride,(xxu)
which, shen decarboxyl:ated with calcium hydroxice,
guve fluorsanthene,

Another example of the Ulels-Alder reaction was

reported by Bergmann (14).10 Phenyl-$:10:13:14 -

tetrahydarofluoranthene (XXiV) was prepured.

CH—Ctl H
f‘{_l-ls- {ﬁ; \C_H * Cb 2

=2 s = I
o l - NS
XXIII XXIV

by condensing acenaphihylene (XXI1l) with

l-phenylbutadiene,



9

1wo other syntheseés, bused on this reaction,
have been reported recently. In one (15) acenup-
thylene w.s condensed with sorbiec «cid to give
10 methyl-tetrahydrofluoranthene -13~carboxylic
aecid; in the other (16) acenaphthylene wss condensed
vith methylbutadienes Lo yield methylfliuoranthenes,
vethylfluoranthenes huve been the subject of
a series of papers by Tucker and co-worsers,
Methyl—f5—9 —fluorenyl—fl—methyl—n—prOpylhabone

(17) (XXV) underwent the reactions shown below (18)

¢ 20y
‘(CHQ; }c (833 Gl Coont CH, cmH ‘(ﬂ-l}h
CH; éﬁg CH;

2a(| S
Jz 7,0s £ I Zaliz :

2. on:'
*--.., CHj3 — ~CHy

O ~IChy = —

Ehy : CH;
XXX
lucker & Whalley (20) have confirmed the

structure of 2:3:4 trimethylfluoranthene (XXX) by the

following synthesis.
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l- lodo -’:3:4 -trimethylnaphthalene (XXV1) was
condensed, in the Ullwunn reuction, with ©-nitro-
bromobenzene and the resulting nitrophenylngphthalene
(XXV1Il) was reduced to Lhe amine (XXVI1lil)., The
diazo salt (XXLX) was cyclised in alkaline solution
to 2:3:4 trimethylfluoranthene (XXX).

In & similar way have been synthesised
10~and 11 - methylfluoranthenes (21) ana ll-methoxy

fluoranthene (22)

' 2:4 - Jiphénylfludranbhene ina <-phenyl «4 -
methyifluoranthene were dJdescribed by Tucxker & Whalley
(19) |

Fluorene -Y- carboxylate has prpved an iwmportant
intermediate in the synthesis of derivatives of
fluoranthene. The reagent is eusily prepareu ( 6)

and has the added advantage that the single
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9-hydrogen atom available hus . much enhunced
reactivity.,
The Michael condensation of fluorene-9-
carboxy Late with crotononitrile (23) snd vinyl
Cyanide (24) hus yielded further methylfluoranthenes.
Recently stubbs & Tucker (25) have synthesised
4-methylfluoranthene and 4-phenylfluoranthene from
fluorene -9 - carbuxylate by (1) “ichael
conuensation with vinyl ketones and (2) from the

corresponding Mannich bases,

N
OCHs () CH=CH -CoR’

T T T

H (V3] '?,'NR- (Hra‘l.mg'
ﬁlh&),! H ?;504 .

| S cIH,_ CHy-CO0H \.\ CHy
= A — Hy
CH R
N\
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BENLOFLUURANTHENES

11, 12 - Benzofluoranthene (XXXI) has been
prepured by two methicas.Moureu, Chovin & Rivoal
(26) condensed acenaphthene guinone (XXXII) with
o—xylyenediqy;hiue, then hydrolysed and decarboxy-

lated, the product,

a A
Nc-CH1 cuzcu
NC courh / \

XXXII

Orchin & Reggel (6) prepared this hydrocarbon,
along with its isomer 12:13 - benzofluoranthens
(XXXI1l), by the cyclouehydrogenation of 1l: 2-

dinsphthyl (XXX1V) over chromis-slumina at 50C°.

= Y 3
llﬁHH{li> e . e jg%s
@‘G : ) g

XXXIII XXXIV XXXI

J

\
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That these authors ussigned the reverse
structures was peintea out by the French workers,
(27) Orchin & Reggel have since synthesised the two
isomers verifying the conclusions of Moureu et al (28),
| Compbell & Gow (14) prepared 2:3 —(1ll:12-
fluoranthene) -~ benzoguinone (XXXV) by dehydrating
trans -7:8 - dimethylacenaphthene -7:8 - diol 1in

presence.

XXXV

| benzo 1
of 1:4 - ﬂupﬁlhequlnone, but they were unable to

reduce it to the hydarocarbon.

The synthesis of 3:4 - benzofluoranthene (XXXVII)
has been reported in the patent literature (29).
Fluorene was conuensed vith O-chlorobenzaldehyde

and the product (XXXV1) cyelised with potassium
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B
L - =
ﬂl!i Chw:f:j 5 | uwziiﬂ . l!illiéill

XXXVI

XXXVII

hydroxide anc quinoline to 3:4 -benzoflucranthene

(XXXVIII),

A dibromoderivative of this hydrocarbon was

synthesised by Tobler etal (30). 2: 7-Dibromofluorene .

(XXXVI1I) was condensed with o-acetylaminobenzaldehyde

and the product (XXXIX) hydrolgsed to the

Ci,O: ~

CH, CH;
XXXVIIT IXXIX

3¢

s N

<o ' o
A€
XLI

o hahydire

' i
3tk denzy -
?Iuara.nm.m.

ﬁagﬁ L

XLII

a a Q \
é ach No.0GH @*CH L R Q“\C';

— i

e 5 @ Y

XL

|
CI‘_‘D"M) = S
= ' =
Y

XXXVII
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amine (XL). Diazotisaiion followed by ring-closure
gave 5:12- dibromo 3:4 -benzofluoranthene (XLi), the
first substituted fluoranthene derivastive, in which
the posilions of both bromine atoms were established,

Reduction with sodium amalgam removed the
bromine atoms ylieldinyg an octahydrouerivative,
uehydrogenation of which (chloranil), gave 3:4 -
benzo fluoranthene,

The linear 2:3 -benzofluoranthene (XLIII)

reums ined unknown

a & ()
. [ s [
e

XLIII XLIV XLV

though the derivatives (XLIV}31) and (XLV, 32)

were known,
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DIBENZOFLUORANTHENE S

No fully-orientated dibenzofluoranthenes are
known.,

The patent literature (29) reported the
cordensation of 2:3-benzofluorene (XLVI) with
o-chlorobenzaldehyde. The product (XLVII) was

cyclisea with

alkali and quinoline to give a compound claimed to
be 3:4-5:6- dibenzofluoranthene (XLVIII) or 3:4-
11:12 —aibenzofluoranthene (XLiX).
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The linsar dibenzofluorantherne, or indenonaphths-

cene (L), is unknown,

/a
\ ==
L

NAPHTHOFLUORANTHENE S,

Several naphthofluoranthenes end their derivatives
are known,

The Friedel-Crafts reaction of fluorene-i-
carboxylic acid chloride and naphthslene (33)
yielded a mixture of the ketones (LI)& (LII),

e o%e‘

LI LIII
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7\ ‘G!P
5 2
~ L

LII Liv

N

which pyrolysed to give naphthe -2: 1 -2:3 -

i

fluoranthene (LIII) and naphtho -1 : 2'= 2: 3 -
fluoranthene (LIV). The kelone (Ll) was slso
obtalineu by the reaction of fluorene -l-carbowrylic
acid chloride with o -ngphtbhylmegnesium bromide,
Von Braun & Mznz (34) condensed flu&ranthene
with phthalic anhydride in the Friedel-Cralts
reaction and cyelised the resulting 4- and 12 -
o-carboxybenzoylfluoranthenes (uwV & LVI),
Cyelisation of the l2-isomer (uVI) ylelded the
two expected juinones (LVII & LVIIL), to which they

gave structures based on

LVI
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oxication studies. Tb the yellow compound, von Braun
& Manz gaee structure (LVIII), and to the red couwpound,
stiucture (LVil).

Nephtho (2": 3'- 11: 12) -fluorenthene — 1: 4 -
quinone (LVII) was synthesised uneguivocslly by
Campbell & Gow (12) who dehydrated trans -7 : 8 -
dimethylacensphthene -7 :8 - Gilol in presence of
naphthoguinone, when the iels ilder reactlion, shown

below, occurred,

CHa CH3
Ho' oH —

LVII

Ihis compound was, in fact, the yellow compound
of von Braun & Yenz, and, accordingly the structures
given by Lhe German worsers must be reversed,

By the cyelisation of 4-c-carboxybenzoyliluor-
anthene (LV)von Braun & Manz obtained & third compound,
to which they gave the structure naphtho-(2:3-3:4)

fluoranthene — 1: 4 - guinone (LIX),



This compound, also, was syntheslsed
unequivocally by Campbell & Wang (13). 9-Methyl-9-
hydroxyfluorene (XX1) was dehydrated to G-methylene-

fluorene, in presence of 1 : 4 -naphtho uinone when

. CH3
= OH
XXT i X LIX

naphtho (2?3’— 3:4) fluoranthene - 124'-quinone wus
obtuzined. This ccmpounc was not lidentical with that
of the G rman lnvestigators, the structure of whose
compound, is unknown, 1L must be pointed cut that
in their separations of interi.eciate ana final

products they hau not the help of chromatography.

The cyclisation of the mixture of 4 & 12 -o-

carboxybenzoylf{luoranthenes was also reported in the

patent literature (35). Two products only were
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described. One was, apparently, the yellow compound
of von Braun & Munz; the other was a red compound,
but of different melting point from“(LVIII)".

The subject was somewhat confusing.

Both von Braun & Manz ang Campbell & Gow,
reduced the yellow gulnone Lo the correspomding

11:12- naphthofluoranthene by zinc dust distillation.

SUBSTITUTION,

Monosubstitution

The monosubstibution of fluoranthene has been
studied mainly by von Braun and co-worxers, who showed
it took place in the 4 and 11(12) positions, |

Monobromination (36) yielded chiefly the
4-isomer with a little of the 1ll-isomer. Nitration
and sulphonation were similar,

Von Bregun showed that monosubstitution took
pléce mainly in the 4 - position by the followiny
serles of reactions. The synthetic 4-keto-~-1:2:3:4 -~
tetrahydrofluoranthene was reduced to the 4-hydroxy
compound apparently stereoisomeric with the product
obtalned by hydrogenation of 4- hydroxyfluoranthene
since they yieldeu the sume phenylcarbamide,

I'he brome verivative was converted Lo the
correspondling cyane compound, also oblalned from the
splpheonic acld prepared directly by the sulphonation

of fluoranthene.



22

The sulphonic acld derivative guve a phenol which,
yielaedu ar amine. Reduction of this 4-amino-f{iuor-
anbhene gsve 4-amino -5:6:7:8 — tetrahydrefluoranthene,
the acetyl derivaitive of which, oxidised tc the

keto—carboxylic acid (LX), The deacetylated aciu,

by ioss of water,

yieldeu the lactam (LX1), which showed the position
of the awmino ygroup Lo be 4, .
| The behaviour ol fluoranthene in the Friedel-
Crafts reacticn was also studied by won Bbrsun & Manz
(34) . Reaction of fluoranthene with oxalyl chlorids
yielded msinly fluorsnthene -l12 - carboxylic acid, a
dicarboxylic acid, and some 4-acid, Reaction with
benzoyl chloriue yielded 12— benzoyl fluoranthene, with
g littlie of the 4 —~isomer. Similarly, in the
reaction with phthalic anhydrice, the main proauct
was l2-o0- carboxybenzoyl fluoranthene with a little of
the 4 - igomer,

The orientation of these 12 - derivatives was

carried out by von Braun. =8 f6llows. Fluoranthene



~12-carboxylic acid gave the sume amine by a furtius
reaction anu hydrolysis &s did the l2-acyl
derivatives by oxime formétion, followeu by &
Beckmann re-arrangsment and hydrolysls. <This amine
was different from 4-amino-fluoranthene obtained
from the 4-isomers by & similar series of reacticns,
Fluoranihene -l2-carboxylic ac¢id, on oxiuvation, ;ave
two isomeric fluorenone dicerboxylic acius and

hence fixed the substituting position as 12 or 13,
Then since l2-o-carboxybenzoyl flucranthene
~eyclised to give tuo isoweric phthaloyl {luorantnenes
| (p I8 ), substitution must have occurred at the
l2-pesition,

Buu-Hol & Cagniant (39) reports. thal acetylavion
took place mainly at the 12— position, though ister
work (38) showed the unreliability of their results.

Though both von Braun & Buu-Hol reported that
benzoylation, phthaloylaticn, anu acetylation took
place mainly at the 12- position, Campbell & caston
(38) ,using chromatographic technigues, showeu that in
each case tLhe 4«l2-isomers were produced in egual
amounts,

bUisubstitution

Earlier work suggested that dibroaination of
fluorantnene occurred &b the 4 & 11 -positions (30,39)
and the correciness of this preciction hés been
shown recently by the ouxivation cof dibromofluoranvhene

(LXII) to 2:7 - Wibromofluorenone -l-carboxylic acid



24
(LXII),(40) and 6-bromofluorenone —l-carboxylic
acid ( LX1V), (4l) and by the

synthesis of dibromofluorantheme (42).
2: ]- Dibromofluorene -9~ carboxylic acid ester

(LXV) was conuensed . with
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(1) vinyl cyanice and (2) ﬁ -bromopropionic tciu
ester, and the 9-(2:7 - dibromofluorenyl)-propionic
acid (LXVI) obtained in each case, cyclised Lo
4:11- dibromofiuoranthene (LXiI),

That disubstitution in the FriedelyCrafts
reaction with fluoranthene occcurred in the 4 ang iZ
positions was proved as follows (Cumpbell, Leadill &
Wilshire, 43).

Acetylation of fluoranthene ylelded a .
dimcelylfluoranthene, which uncorwent the Schmidt

reaction Lo give & diaminofluoranthene, 1his
product was converted, by u Sandumeyer reaction, Lo a
dibrowofluoranthene not ldentical wiih 4:11 -
gibromofluoranthene obtained by direct browination,

A diacld (A) was obtained in the Friedel-Crufts
reaction of fluoranthene with oxalyl chloride (39).
The aimethyl ester of this aold was different frouw that
obtained from the authentic 4:1l1 ~di-ucic (prepared
from 4:11-~ dibromofluoranthene by way of 4:11 -
dicysrofluoranthene),

The discetyl derivative obtained in the Friedel-
Crafts resction (43) was converted Lo the uJi-uscic (A).
Finally since acylation of d4-gcetyl fluoranthene snd
lz-acetylfluoranthene gave the cbove diacetyl -
fluoranthene substitution must have occurred in the
4 and l2 positions,

Little is wxnown of polysubstitution,
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SECLION A

FLUORA HIH CNENAPHTHOW INONES

Ubject of Research.
As polnted out in the inkpeduction, in view of

the bmportance of 4 - & 1¥ -o-carboxybenzoyl fluoranthenes
in the substitution studies of fluoranthene it is

highly desireble th:t their cyclisations be
re-investiguated., 7The nesd for such studies is

emphasised by the unrellability of previous work on

the subject,
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DISCUSSION OF RESULIS,

The Friedel-Crafts reaction of fluoranthene
with phthalic anhydride was influenced by the solvent
used, The yield was lowest in carbon disulphide
(40% ) ana was best in wmethylene chloride (100%) a
solvent for the Friedel-Crafts reaction, recommended
by Baddeley (44). Tetrachlorosthane, as solvent,
gave a yield of 75%. The guantitative yield in
methylene chloride was due undoubtedly to the
complete solution of the reactants in the solvent,

IThe separation of the 4~ & 12-0- carboxybenzoyl-
fluoranthenes provea tedious and time-consuming and
only relatively smaell amounts of the 4-isomer were
obtained,

Ihe first stage of the separation was the
fractional crystallisation of the isomer mixture from
chloroform. From the mixture of isomers oblained
in the reaction with carbondisulphide =8 solvent,
careful concentration yielded a small quantity of
pure 12— o- carboxybenzoylfluoranthene,m.p. 234°
Furtner concentration resulted in the product being
cont@minated with the 4-iscmer anu the melting point
was consequently depressed to 212° , This figure
was quoted by von Braun & Manz &g the melting point
of their 1»- isomer,

From the procduct obtlained with methylene chloride

as solvent in the Friedel-Crafts reaction, this
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Operation yielded slightly more than 50% pure
12 -isomer, m.p. 234°' .

The chloroform filtrate was then evaporated and
the residue extracted with cold ether to give and
ether soluble fraction, containing a higher
proportion of the 4 - isomer, This fraction, and
the residue, were then esterified, the methyl eslers
separated chromatograpnically. and hydrolysed to the
free acias., (Campbell & Laston, 38 ).

The 4 —-acid had a melting-point of 230° in
agreement with von Brsun & Manz & Campbell & Laston,

Though the separation obtained from the
“ecarvon disulphide” produet agreed with Campbell &
Easton in that egual quantities of the lsomers were
produced in the Friedel-Crafts resction, the
separation of the 'methylene chloride ' proauct
showed that the 1/ —lisomer predominated,

This increuse in the proportion of the lZ-isomer
méy be due to the influence of the solvent or may
arise fro:. the superior yields obtained with this
solvent,

As already mentioned ()%8) Von Braun & ianz (34)
by ring-closure of the aciu chlorige of 1lZ-g-
carboxybenzoylfluoranthene (LVI) obtained the two
quinones (WVIl) & LVIII), to wh.ch structures were

given,



based on oxiuation studies. LVII was red m.p., 228°;
LVIII was yellow, m.p. 330° .

With the synthesis of the authentic naphtho
(2': 3'- 11:12 ) - fluoranthene - 1} 4'-quinone
(LVIL, pI9 ) Campbell & Gow (12) showed that the
structures (LVII ) &(LVIII) shoulid, at leust, be
reserved, They pointed out that von Braun's evidence,
basec on oxidation studies, was unreliable, since
the products were not obtained pure, and no mixed
melting points were carried ouf with authentic
samples,

Von Braun & Manz cyclisea 4 -0- carboxybenzoyl-
fluoranthene (LV) in sulphuric acid., Hydrolysis with
barium chloride-hydrochloric acid yielded a yellow
quinone, w.p. 328° » to which the authors gave the
anthraguinone structure (LIX) because the cowpound
¢alled easily. This compound, naphtho (2': 3' -3:4)
fluoranthene - 1' : 4' - quinone, yellow-orange,

2
m.p. 250 , was synthesised
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uneyuivecaily by Campbell & Wang (173), anu was clearly
not identical with that obtained by tLhe Germén w¥orsers,
Campbedi & Wang therefore suggested that the compounc |
obtained by von Braun & Manz might hcive been 4:; 5
~phthaloylfivoranthene (LXVi),

The cyclisation of the wixture of 4 & 12 -0 -
puarboxybenzoyl fluoranthenes has been reported in tlhe
patent iiterature. By bolling the mixture with
toluenesulphonylchloride in trichlorobenzens solution,
LwO prouducts were oblsined, one, apparently the |
yellos compound (LVIV); the other = second red
conpound Mepe 240° .

Cyelisation of pure l2-0-carboxybenzoylfluoranthene
by this toluenesulphonylchlorive methodiu yield Lwo
guinones which were separateu chromualographicaliy.

Une was shosn to be, by melting point anu mixeu
meitlng point velerwinations, the orange-yellow nuphiho
2' : 3" = 11 : 12 )- fluoranthere of Cuupbell & Gow.

Ihe other nughtho - ( 2"':3' = 12:13 ) fiuoranthene

+1"': 4" —quinone (uV1il), was yeilow, m.p. 319° ,
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and strangely, for such an anthraguinone derivalive,
geve no vat with slkaline hydrosulphite., There was
no trace of the red compound m,p. 228° claimed by von
Braun & Manz, Nor was there a red compound m.p. 240°
4-0~ carboxybenzoyl{luoranthene dic not cyclise
at all by this method.

To cetermine the constitution of Lhe cyclisation
product of 4-0-carboxybenzoylfluoranthene, 4 : 5 -
phthaloylfluoranthene was synthesised. The
formation of peri-conuensed phthaloyl cowpounds in
the naphthalene series is well xnown., Rieche et. al.
(45) founu that the eyelisation of o—(l-naphthoyl )
benzoic acid (LXVII), by fusion with sodium anu
aluminium chlorides in un inert atmosphere, yielded

the Lwo theoretically

- @
0 co Co

N
Gl

LXVII LXVIII LXIX

possible products, 1 : 2-benzanthraqguinone (LXVIIIL)
and }: 8 - phthaloyl naphthalene (LXIX). Ihat the
patent literature (46) erroneously sug.ested the

formation of a benzanthrone uerivative (LXX) .
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in this resction, was shown by Rieche,
Cyclisation of 3-o-carboxybenzoylacenuphthene
(LXX1), by this method, yleided only 3:4-

phthaloyl ecenaphthene (LXXi1),

0 |
ﬁg \tD -
e ) oo
CO o co- co (o
\ / \ / W/
LXXI LXXII LXXIV

the structure of which w.8 proved by oxldstion to
4:5: phthaloyli -1:8 —nsphthalic anhydride (XXIII),
followed by decarboxylation with wercuric oxide to
1:8 -phtheloylnaphthalene (wuXXIV)

inis result was later found Lo bg in auxreement

with the observations of Peters & Rowe (47), who
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did not, however, achieve the Jdecarboxylation to
1: 8 - phthaloylnaphthalene., This, however, hus
been accomplished by a Russian worker (48).

Attempts to prepare naphtho (2': 3' - 2: 3 )
eeenaphthedene -1':4" ~ quinone (LXXV) from
3- 0-carboxybenzoylbenzoyl acenaphthene (LXXI)
by the toluenesulphonylchlo-
ride method faileu us aid
the benzoyl chloriue methcd
of Clar (49).

Cyclgsation of pure

4-p-carboxybenzoyl

fluoranthene by the sodium-
aluminium chloriues fusion
dic yield two products, separated chromatoygraphically,
one of which was shown,by melting-point anu mixed
meltling-point, to be identical wiilh the authentic
naphtho (2': 3' - 3:4 ) fluoranthene -1': 4' -
guinone of Cempbell & Wang. The other procuct,
4:5 - phthaloylfluoranthene m,p. 296° , wus yellow-
orange (LXVI) and, in accordence with its structure,
gave no vat sith alkaline hydrosulphite. There was
no trace of any compound, m,p. 328° , nor of the
red compound, m.p. 246° , of Lhe patent literature.
An interesiing observation on the formstion of
peri-condensed naphthalene derivatives wes that of
Kloctzel & Chubb (50).

These authors pointed out

that 5-membered rings could be closed reasdily scross
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botn peri-positions of the partially hydrogenated
naphthalene nucleus while there was resistance to
the ciosing of a second five-membered peri-ring in

the naphthalsne nucleus.

ihey prepared the fluoranthene derivative (LXXVI)

Q Q a2
Bie s ¥
£ S

Cl-0C—CHy. CO—CH,

LXXVI

I'his observatlon may perhéps be extended to the
preparation of 4:5 phthaloylfluoranthene in better
yield by cyeclisation of the 5-0-carboxybenzoyl -1:2:3
:4 - tetrahydrofluoranthene,

The preparation of 9:10 - dinydroanthracene (LXXVII)
by reductive ring-closure of O-benzoylbenzoic acid
(LXXVIIl) by Miescher & Billeter (51) suguzested an
alternative way to obtain the fluoranthenenaphtho-

quinones by oxidation of the corresponding

COOH Hs H
- ~ — <
W
co e
LXXVIII LXXVII

dinydro compounds.

The methou consisted of boiling the acid with
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potusium iouiue unu red phosphorus in phosphorie
acid, anu by this reaction o-naphthoylbenzoic acic

(LXVII) gave a reduced

o z
| I
N
co /|
COQH
= 23 S
R
LXVIT LXXIX

product which dehydrogenated to l:2-benzanthracene
(LXXIX),

Newman & uaertner (52) carried out & similar
type of reaction in the synthesis of substituted
benzanthraeenes, hRing-closure of compounus of type
( LXXX) with red phosphorus, potassium iodide ,
phosphoric anu acetic aclds yielded lactones of the

type (LXXXI)

=

|
| e |
co/\.é NN

LXXX LXXXI
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which were converted to benzanthracenes by way of
the anthraguinones.,

3-0-Carboxybenzoylecenaphthene (LXXL) &na the
mixture of o-carboxybenzoyl fluoranthenes (LV, LVI)
yieldeu only black intrectcble products by the
original method of Miescher & Billeter. The addition
of acetic acia to the mixture, in the case of
3~o-carboxybenzoylacenaphthene, resulted only in the
return of the unreacted acid.

While these experiments were being carried out
Reid (53) also isolated the three quinones and 4:5 -
phthaloyl fluoranthene., Fluoranthene anu o-toluoyl
chloride in carbon cisuiphide gave a mixture of the
4 —-and 12 -Toluoylfluoranthenes ~hich were separated
chromatographically, Elbs pyrolysis of the 12-o-
toluoylfluoranthene {LXYXII)

CH;

LXXXII

LVII
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guve two naphthfluorenthenes (LXXXIII) and (LXXXIV),
which were oxidised to the two guinones (LVII) and
(LVIII), One was identical with the naphtho
(2':3' =3:4) fluoranthene — 1': 4- guinone (LVII)
of Campbell & Gow ( so thus orientating the
12-toluyl iluoranthene) and the other, naphtho
(2':3' = 12:13 ) fluoranthene -1': 4'- guinone
(LVIII) was yellow, m.p. 316g + Both compounds
were ldenticul with those obtained from the ring-
closure of lz-o-carboxybenzoylfluoranthene by the
toluenesul phonylchloride method,

Blbs pyrolysis of the 4-toluyl fluoranthene
(LXXXV) ggein resulted in two hydrocarbones (LXXXV1)
( LXXXVII) which were then oxidised to the

corresponding qguinones,

LIX LXVI
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One was the naphtho (2':3' -3:4) fluoranthene
~1': 4' - guinone (LIX) of Caumpbell & weng (also
@rientating the 4-o-toluylfluoranthene); the other
was yellow, m.p. 295° , anu was 4:5-phthaloyl-

- fluoranthene. Again, these Lwo coupounus were
iaantiéal with those obtained from the cyclisation
of 4~0-carboxybenzoylfluoranthene by the sodium

chloride/aluminium chloride fusion method.
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SLCTION B
ATTEMPTEDL DIELS ~ALDER REACTIONS BY UDEHYURALLON

of ACENAPHIHENE -7:8 -UIOL & ACEANIHRENE -1;2 -DIOL,

Object of Research

By uehydrating acenaphthene -7:8-ulols in
presence of dienophiles, Campbell & Gow found that
a Liels-Alder reaction took place, presumably by
addition to the intermediate 7:8 -dimethyleneace-
naphthene. If sultable substituted acenaphthene-
guinones could be obtained, the synthesis woulu be
of value in the understanding of the substitution of
fluoranthene. 4Also the reaction might be extenved
to other o dikeiones, particularly aceanthrajuinone,

to yield substituted benzofluoranthenes,
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As pointed out by the asuthors, this synthesis
was limited because of a competitive reaction, If
the cdienophile was reactive enough, then the
Diels—Alcer reaction Loox place; if not, then
polymemisation of Lhe trans.ient dimethylene -
acenaphthene (LXXXVIII) occur.reu, and only poyymeric

meterial was isolat.d, Maleic
gnhyariue, benzoguinone, 1:4 -
naphthoquinone, and many other
. uienophiles, condensed
gg satisfuctorily, Crotonic acia
LXXXVIII and other less reactive

gienophiles did not,

Neither citraconic anhydride norﬂ-benzoylacrylic
acia (LXXXI1X)

C Hs* c‘.o E:oou
CH=CH

C\t‘]. ,CH)_ ?-_.____?0
¥ CoHs'C=CH:C=C-CH=C-C_ M
. —HS e | it
o Ly
XC:

LXXXIX

GHs-co coor

XCI
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gave a Diels-Alder product with the diol. With the
latier compound a crimson, crystalline product was
obtained, its colour inmediately suggesting that it
was nol the desired tetrahydrobenzoylfluoranthene
carboxylic acid (XC). Nor did it analyse for (XC).
it appeared, however, to be identical with the
compound obtained by von Pechmenn (54). Later work
suy.ested that this so called "Pechmann dye" hac the
structure (XCl, 55), arising from the dehydration
and bimolecular coupling of two molecules of

p -benzoylacrylic acid., This reaction had teken
pléce in preference Lo the Diels-Alder, Had the
reaction been suecessful an authentic ll-benzoyl-
fluoranthene would have resulted,

The preparation of 3:4 -dibromoacenaphthene-
gquinone (XCII) hus been reported in the literature
(56). Acenaphthene wus brominated ib 75% alcohol
anu the resulting 3:4 -dibromoacenaphthene
oxidised Lo 3:4-dibromoacensphthenequinone (XCiI).

Under these

(0] (@]

S Lr 2 [
D—- D — e
BT B\“ BT’ BT

XCII
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conditions bromination yielded an oil, distillation
of which, at reduced pressure, immedi8tely resuited
in rapid decomposition to give wmuch hydrogen bromide
and a polymeric glass.,

in nitrobenzene, &s solvent, bromination took
place rapidly and from the yellow semi-solid
obtained on removal c¢f the solvent, was obtained
a solid, apparently the dibromocacenaphthenetetra-
bromide of Mayer & raufmann (57), though boildng
with alccholic potash ylelded a ciystaliine material
which melted 10° below that reported by the above
investigators.

The investigatlion was not carried further because
of the difficulty of obtaining authentically
substituted acenaphthenequinones and attention wis

turned to another diketone, sceanthraguinone (XCLII1)
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The dimethylglycol (XCIV) apparently consisted of
one isomer only, &nd with naleic anhydride it did not
yield a viels-Aluder product fiom which it had been
hoped to obtain the 2:3 ~benzofiuoranthene, hitherto
unprepsared,
I oty LA
1n the phenanthraguinone (XCV1) series (58), the /1 Pt/
Al
/

corresponding glycol isomers (XCVII) were obtained

in two ways. Normal Grignard

N
l/ !? R

RMaRv 4 Na/H Eo
g, el
A
XCVI XCVII XCVIII

reaction with phenanthraquinone yielded one isomer;
reduction of the corresponding 2:2'-ciacylbiphenyls
(XCV1IiIl) gave the other,
/ ’)c )

Though the dimebhylacenthraquinoneqy% ol was jf?
oxidiseu with leau tetra-acetate to 1:9 —dlacetyl~
anthracene (XCV), no atiempt wus msde at the lengthy
reduction, Attention was turned to other syntheses

of Z':3 - benzofluoranthene.

Gntseh b odi, Bev. 1446093 871
17 — / R
b

7L 4*
/63 tay ,
i
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SECTOaN C.

THE SYNIHESIS OF 2 ; 3 —BENZOFLUURANTHENE

A suitable interzediate for the preperation
of 2:3 -benzofluoranthene (XLILI) appeared to be
the 1:9 -o-phenyleneanthrone (XL1V) prepgred by
Wwelss & nnapp (31). Fluorenone wss condensed with
o-toluylmagnesium bromide and the carbinol (XCIX)

obtained, wus oxidiseu with alkaline.

permangsnate to the phthalide (C)., Reduction to
o0-9-fluorenylbenzoic acic (CI) was followed by
cyclisation (phosphorus pentoxide) to 1:9 -
o-phenyleneanthrone (XCLV),

roelsech (59) reported that he hac been unsble to
repeat this synthesis at one stage anc he replacec

0-toluylmegnesium bromide with the Grignard reacent
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of o-bromobenzylethylether (cCll).

In attempt.ing to repeat this

CHy0:-( Ny synthesis tLhe correct
~ conditions for the formation

of this Grignard reagen. were

CII
inadvertently overlooked .and
~0Ac with the failure of this
CH\O‘RG ¥
@B« preliminary reaction,
attention was turned to other
CIII

attempted syntheses. o-Bromo-
toluene diacetate (CIII), likewise, did not form a
Grignard reagent under the conditions employed.

The reuction of phenylmagnesium bromide and
2=chlorocyclohexanone yieided Z-phenylcyclohexanone
(C1v,60), though it was not known if the phenyl group

Wwas

1% 0
BBk el
CIV

Joined to the carbon stom which originally formed the
keto group or to the carbon atom containing the
cnlorine, To elucidate this point 2-Chloro-4-methyl-

cyclo



CH3

o]
(o] 0 -
) o
T — Cr@
CH3 CH3

CcV Cvl

hexanone (CV) was condensed with phenylmagnesium
bromiude (61) and & wixture of isomeric 2-phenyl-
methylcyclohexanones were ouvtained, This mixture
of isomers proved that the bromomegnesium derivative
of the l-phenyl-2-chloro-4-methylcyclohexanol,
initally formed in the Grigonard reaction, rearranged
in part, to produce a product in which the phenyl
group was sttached Lo the carbon atom which
originally held the chiorine atom, Though unstfiteble
 for preparing asuthentic derivatives substituted in
the ineene part of the 2:3 -benzofluoranthene
molecule, the method did suggest a means of
preparing the parent hydrocarbon,

By condensing Z-chlorocyclo-

hexanone with 9-anthryluag nesium

bromice (62)there might have

a
thh” ' been obtained the derivative
et A B SR
avis (Cvil), whiech could then have

been cyclised LO the reguired
hydrocarbon, The condensation,

however, wés unsuccessful since
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the only product isolated wts anthracene.

The synthesis of tetrahydro-9:lO-benzophenanthrene
(CVIII) by Bradsher (63), suggested another synthesis
of 2:3-benzofluoranthene, Condensation of .
cyclohexeénone with diphenyl-2-magnesium iodide (CIY)
yielded the corresponding carbinol (CX), which was

dehydraied to the

(o]
MSI OH
— OO0 =
CX

CIX

N SR Be/A

—

CXII CVIII

cyclohexene (CXI) Treatment of this material with

monoperphthalic acid yielded the oxide (CXI1I) which

wés cyclodehydrated with hydrobromie acid to the

tetrahydro-9:10-benzophenanthrene (CVIII)., 'The
preparation of 9-anthrylcyclo-
hexylearbinol (CXIII),however,
from cyclohexanone and

S
9-anthrylmagnesium bromide was

CXIII unsucecessful,
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The other anthracene derivative used in &n
altempted synthesis of 2+3 —benzofluoranthene wés
anthrone, which readily undergoes reaction with
Grignard reagents to form the corresponding carbinols
(64,65). 1t was surprising, therefore, that when
anthrone was treated with
o-chlorophenylmégnesium
bromice, the expected
carbinol (CXiV) was not

formed. The sole product of

O
the reaction was anthr’quinone.

A survey of the literature showed no parallel,

The synthesis of 2:3-benzofluoranthene was
finally &chieved by two methous, the first of which
gave Lhe desired bydrocarbon in very low yield.

Though fluorenone- 1i-carboxylic scid anu chloride

reacled easily with benzene 1in tlhe Friedel-Crafts

reaction (66), fluorene -l-carvoxylic acic chloride

...',I‘a',,{' oo
Cxv . ; - toria g ”z/-‘:" Moz r
( ) ulu not. lhis aciu chloride, however,
. ﬂ/( a2V /\.;{L 5.4 i i
condenseu easily with ulne more reactive anisole, (Do r¢}3757
: ; i e T e
The preperetion of l-benzoylfluorene (CXVI) 7k ) gk

Crnetfvvad

|D %‘I:'."P\.J.\ W * /-'f\'-,;_-.(- |

f A ,-'_:' ;I‘-}f‘/.‘:"‘»‘{;}{

e =G ‘lll A J‘Il
CLID O

co—A » ‘/

CXV CXVI XLIII
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was achieved in good yield by treating the acid
chloride with an execess of diphenylcadmium, one of
the organocadmium compounds much favoured by Cason
(67) for the preparation of ketones from acid
chlorides,

Elbs pyroclysis of d-benzoylfluorene yielded the
required hydrocarbon (XLIII) which was separated
chromstographically, The hydrocarbon freaction
contained, alsgo, &n oxygenated substance which
analysed togive an empirical formula C,H, O ,
suggesting that two benzofluoranthene molecules were
in some way, oxygen-linked,

2:3 -Benzofliuoranthene was separsted from this
compound by means of its picrate, The yield in
this reaction was too poor to be of value and
another synthesis, suggested by me of Fisser & Cason
(68), was achieved, In outline, it was as follows.

Fluorenone was conuensed, with the Grignard
reagent o-chlorophenylmegnesium bromide, and the
resulting 9-o-chlorophenylfluoren- 9- ol (CXVII)
was converted Lo 9~(o—chloroghenybfluorene (CXViID
by the Ciremmensen reduction (cf Ullmunn 69).
Hydrolysis of the corresponding nitrile (CXIX),

yielded o-(9~fluorenyl)”benzoic aciu (CI)
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which was cyclised to the 4-acetate of 2;3

benzo fluoranthene (CXX) by the method of Fieser &
Hershberg (7C). Reductive hydrolysis with zinc and
caustic soca (Martin 7#) yielded a hydrogenated
prouuct, probably the dihydrocompound (CXXI), which
was then d¢ehyurogenated (chloranil) to 2I3 -
benzofluoranthene (XLIIL),

Fluorenone reacteu satisfactorily with 3 moles
of Grignard reagent. With 1* 5 to 2 wmoles wés formed
a complex, which decomposed to yield fluorenone. 3Such
reversible complex forma@tion with benzophenone and
phenylmagnesium bromide has been reported by Pfeiffer
& Blank (72)

The yield , in the Rosenmund reaction of bhek
chloro-compounu with cuprous cyanide, wag best when the
reacticn was cer.iec out in a sealed tube, in pyriuine,
with acetonitrile as catalyst.
The addition of copper
sulphate and tolunitrile
(hoelach & Whitney 73  )gave

rise to & higher proportion

of the amide (CXXII), at the

expense of Lhe nitrile,

Hyorolysis of the nitrile (XiX) was achieveu,in
good yieid, by boiling with an acetic scid/sulphuric
acig/water mixture, but a far superior yielu was

obtained on hydrolysis with caustic soua anu ethylene
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glycol.

Sinee the cyclisation of o-(9-fluorenyl)benzoic
acid (Cl) by the phospnorus pentoxiue method of
Weiss & .napp, gave only a yield of 16%, another
me thod seemed desirabie, and & suitablie one was founu'
in the zinc-chloriue/acetic acig/acetic anhydride method
of Fieser & liershbery (70). DNo atiempt was czade LO
purify the crude ucetule obtained; it was 1mmediutely
reduced by the uwikudine mod.ficution of the
Lieswensen reduction.

I
when 0-(7-acenaphthyl)benzoic acid (CXX1I) wes

~—

cyclised in this

o
a'«n‘ Y

Coor

CXXIII CXXIV CXXVv
ot
way, (68), the acetate (UXXIV)ireduced to

1':9-methylene-1:2- benzanthracene (CXXV), However,
when the yellow acetate of o-(9-fluorenyl)benzoic
acid (Cl) was reducec, the product was not 2:3 -
benzofluoranthene, Crystallisatdon of the prouuct
obteined from the reduction, after chromatographic
purification, geve a wmimture of colorless :nu goluen
yellowr prisms., Mechanical separation showeud the

golden yellow material to be 2:3-benzofluoranthene,
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identical in melting polint and mixed melting point
with the £lbs reaction product. It was assumed,
therefore, thsat the colorless product was
l:4-dihydro -2:3 —~benzofluoranthene (CXXIl), since
it had @lready been observed (Exp. sect, A. p X )
that cihydroanthracene suffered some dehydrogenation
on being chromatographed, LUehydrogenation with
chloranil gave an almost guantitative yield of
2:3- benzofluoranthene,

2:3 - Benzofluoranthene is golden-yellow m.pe. 144° -5°
anuy readily gives a deep red pierate and with

maleic anhydride a colorless Diels-Alder adduct,

presumably (CXXV1)

CH—COQ
i 0
= CH=CO

Boiling o-(9-fluorenyl)benzoic aciu with red
phosphorus/potassium iouiué, and phosphoric aeiu,did
not yield a hydrogenated product, Unreacted starting
muterial was recovered.,

some atleapls at cyclisation were mace by the
Friedel-Crafts reaction, The aciu chloride, wshen
treated with aluminium chloride in nitrobenzene gave

only intractable oils,
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“hen the resctlon was repested with stannic
ehloride anJ benzene as sclvent, there wus cbieined
a goluen-y:zllow coupounuy meltling some Lhirty degrees
:hlgh&r than the il:9-o-phenyleneanthrone of W%elss & ;& bt

pialallh
Knepp. The cowpound- anélysed for l:9Y-o-phenyliene 44,,?...{,: ¢

anthrone, Unfortunaitely the lnvestigation haa (o i

be abéndoned for the want of time and materisl,

After the successful gynthesis of 2:3-benzo—

:fluorantnena 1L was declded to atlempt Lo extend the

' reactions Lo the syntnesis of 2:3-6:J-dibenzofluor-
éanbnene (CXXX111) from 3;4~ benzofluorenone (CXXIX). |
The proposed total synthesis wes that shombelow.
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CH=CH-CoDC,Hg CHB(.CHE“‘-COOCZHS C=c:CoOH
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3:4 Benzofluorenone wes prepared from

phenylpropiolic acid (CXXVII) by the method of
Schearschmidt (74), except that 3:4 -benzofluorenone
—-l-carboxylic acid (CXXVIII) was decarboxylated with
copper and quinoline. Though the reaction was
satisfactory, the decarboxylation was lengihy,
particularly when larger quantities were being usead,
I'ne very rapid decarboxylation with basic copper

' carbonate (79) appears Lo be the more desirsble,

The yield in the Grignard resction with
j:4-bebzofluorenone was lower than that obtained in
the reaction with the simple fluorenone. The large
reaction volume of benzene/ether may have been a
contributory factor to the lower yield of the

 carbinol (#XXX)., With two moles of Grignerd resgent,
there separéted & pink compiex which decomposed to
yield the unreacted benzofluorenone, Ilhough three moles
of Grignard reagent yielded the reguired carbinol the
best results were obt2ined with four moles,

The Clemmensen reduction of 9-fo-chlorophenyl)-3:4-
benzoflporen-9-ol resulted in a yield of over 80%,
though in this case, the product diu not crystallise
from the acetic aciu-hydrochloric aciu concentrate,
fhe mixture was poured intc wster &nd the colorless
couplex,which precipitated, was aissolved in benzene
and chromatographed, 9-{o-chloro~phenyl}3:4 -benzofluorene

(CXXi) separated,
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The conversion of this compounu to the nitrile
(CXXII), with acetonitrile as catalyst was achievea
in 70% yield. No amide was characterised in this
'reaction (ef the 9-o-chlorophenylfluorene reaction).
9-( o-Cyanophenyl) -3:4 -benzofluorene (CXXII) was
hydrolgsed qgquantitatively by csustic soda &nd ethylene-
glyeol, Acid hydrolysis gave a much uiminished
yiela,
9~ (o-Carboxyphenyl) -3:4 -benzofluorene (CXXXiII)
melted over a large range ( 2000-362). Since all
the intermeciates in ﬂﬁis benzofluorenone synthesis
melted some 30° higher than the corresponding
fluorenone derivatives it was expetbded that this
acid would melt about 270° , Though the material
wds completely soluble in Jilute carbonate rspeated
eypstallisation did not raise the melting point to
the expected figure. The methyl ester of the acid
was chromatographed and then hydrolgsed bacs Lo the
parent acid without any change in the melting point,
In spite of this apparent contrédiction in wmelting
point some attempts 8t cyclisation were maue, The
zinc chloride/acetic anhydride method was
unsuccessful no suantity of product being ikolated
from the alkaline reduction, Bolling with phosphorus
pentoxide in benzene, anu heating the acicu with
phosphorus pentoxide in phosphoric aciad, were also

unsuccessful.
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Unfortunately for scarcity of material further
attempts at cyclisation coulu not be carried out.
Tne stannic chloride method seems worihy of

investi_gation,

With the availablility of J:4~-benzofluorenone,
anbther synthesls of 2:3~benzofluoranthene was

attempted by the method of Campbell & Fung (13)

il s
D Tty Q
/
\
. \2’ 2 .
eHy and for : CHy,
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9-Methyl-3:4-benzofluoren -9-ol (CXXXV) was
dehydrated in acetic anhydride in presence of exocess
méleic anhydride, when a UlelsyAluer reaction
‘oceurred., Analysis of the producl indicated tLhat
sponténeous dehydrogendtion hec occurred as Campbell
& Wang hau founu in their syntheslis of Fluoranthene-
3:4 - dicarboxylic acia anhydride. It was expected
thet the Diels-Alder acdition would tzke place at
the n&phbnaiene portion of the mclecule to yield
6: J-benzofiuoraenthene ~3:4- dicarboxylic acid
anhydricde (CXXXVI), but decarboxylation didnot yield
2:3-benzolluoranthiene, Ther addition, therefore,
must have taken place at Lhe berizene portion ol the
molecule to yleld 1l0:ll-benzofluoranthens ~3:4 -
gicarboxylic eseiu anhyaride (CXXXV1il), LUecarboxylation
yielded a yellow hydrocarbon melting point 1633 4°
which must be the 10;ll-benzofluoranthene,m,p. 166°
of Orchin & Reggel (28) The compounu dissolved in
warm sulphuric @cid with an olive green colour &nd
oryénic solution of the hydrocarbon showed a yellow
green fluorescence under the ultra elolet lamp. These
properties were in agreement with those of the
hydrocarbon* claimed to be 10;ll-benzofiuoranihene
(XXXII1) prepared by iinke & Pack (76) by the zinc
dust aistillation of one of the prouducts obtained

from the treatment of (5 —dinaphthylene oxide (CXXXVILI)
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ffff:!f:}, RIC | OH _Zndusk l!ilullil
ge OQ _\

CXXXVIII XXXIII

with aluminium chloride, The hycrocarbon may &also
be identical with the compound cobtained by Dansi &
Ferri (77), by dehydrogenation of the product from
the action of aluminium chloride on tetralin,

By anglogy, the Diels—-Alder audition of
1:4 —naphthoguinone (o0 S-—methylene -3:4 ~benzofluorene
probably gave the 1l0:11 -benzorfluoranthenenaphthoguinone
€XXx1X), rather thsa

CXL

the corresponding naphthoquinone (CXL),



61

% -
NOTE -~ A mixed melting point of 10:1l-bensofluoranthene
with the compouny prepared by .inke & Pack
gave no depression. The structure of their

compound was thus estéblished.



62

EXPERIMENTAL

INTRODUC TION,

Melting points (miero) of all compounds were
determined as deoseribed in Campbellt!s Qualithtive
Chemistry (p«.7) end (micro) on a Kofler apperatus
(Kofler, Mikerochem,1934,15,242)

Preparations already deseribed in the
literature are reported in outline only.
Analyses were csrried out by Drs. Weller; and
Strauss, Oxford.
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SECTION A,

Phthaloylation of Fluoranthene (I)

4
7\
CO\ ymh: =~ —
CCLy — =S
_ ~ co CoOH €O * 4
\"“:_-/l = V4 \\
T 7]

von Braun & Manz Ann, 1932,496,186. Campbell » Ecston J.1949,340,
Fluoranthene ( 20 gm) and phthalic anhydride ( 16.3 gnm)
were sti red in carbon disulphide ( 10C ml) while powdered
enhydrous aluminium chloride ( 33.4 gm) was added portionwise
with stirring. After boiling for €0 hours the brownish
mess was decomposed with ice snd water snd the solvent
distilled off on the water bath, Sodium hydroxide (10%)
liquor
was added until the moiherf{wes e#lkeline and ‘he sodium salts
of the orgeniec acids riltered off. The free acids were

obtained by acidificetion, Yield 14 gms. ( 40%)

Seperation of Isomers,

The acids mixture ( 12 gm) wes teken up in chloroform
and ellowe. to crystallise sfter cereful concentration.
Yellow prisms seperated. 1.3 gm mepe 228, Crystellisation
from scetle acld railsed the m.p. to 254, There was no
depression with the sample m.p. i28°prepared by Campbell
and Easton.

Anelysis for l2-o0-carboxybenzoylfluoranthene,

C H 0 Cele for C 82,5 H 4.0
ed4 18 3 Found c 8l.5 H 4.2

Concentrntion of the chloroform filtrate ylelded a

further 0.8 gm.
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The c¢hloroform filtrate was then evaporated and
the residue (9.5 gm),(mspe 174%84) was shakén in
the cold, with ether ( 150 ml), and filtered.
The reosidue ( 3.1 gm) erystallised from glecial
acetic seld in yellow prisms m.p. 234° giving no
depression with the masterial obtained above.

The ether extract enriched in 4-isomer was
taken to dryness and the yellow brown oil fused
with enhydrous aluminium chloride ( 36 gn), and
sodium chloride ( 9 gm), for 1 hour 125° , and then
at 150° for 1 hour ( oil bsth temperatures). The
mixture was decomposed with 1ce end hydrochlorie
eeld, filtered, and the residue dried, after
extraction with hot 5% potassium earbonate,

The dark residue ( 4.7 gm) was extracted with
hot benzene ( lesving 3.2 gm insocluble material)
and the benzene extract chromatographed on a column
16" x $". Development with benzene led to a
diffuse brownish appearence over the whole column,
Preetiona ( 100 ml) were collected but only dark

intrectsble olls were obtalned from them,

Phthaloylation of Fluorenthenefli)
Fluoraenthene ( 20 gm) and phthalle anhydride
( 16.3 gm) wore stirred in tetrachloroetham
(150 m1) while anhydrous eluminium chloride ( 33.4 gm)
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was add d portionwise with stirring, The mixture
warmed sllightly and a dark red colour developed,

A fairly repid evelution of hydrogen chloride occured
Stirring was continued, at room temperature, for 48
hours, when the mixture was decomposed with ice and
acid, The solvent was removed by steam distillation
and the choeolate brown semi-solld cake was

extracted with hot 5% potassium carbonate. The
carbonate ertract was acidified and filtered hot.

Yield 26 gm. ( "75%)

Separation of Isomers,

The acids mixture (18 gm.) was taken up in
chloroform and carefully concentrated.

12 ~ o~ Carboxybenzoylfluoranthene (3 gm.)
separated, mepe 254° after crystallisation from
glaclal acetic aecid,

The chlofoform was removed, the residue shaken
with cold ether (250 ml) and filtered (residue A
end filtrate B )

Residue A.

Rosidue A. (9 gm.) was extracted with glacial
acetic acid (150 ml ), filtered, concentrated, ani

left to erystallise.

J o
Yield 6 gn. me.p. 206-12 (A)
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Bsterification (A)

fraction As (5.8 gm), methanol (150 ml,) end
concentrated sulphuric acid (15 ml.,) were boiled
for 1 hour, A smell amount of tarry material was
filtered off and the solution left to erystallise,

Yield 4.5 gm. Methyl esters m.p. L5646

Addlition of water to the filtrate yielded a further
1.0 gne Mmepe 134-146°

The crude esters (4.3 gm) were dissolved in the
mimimum of cold benzene amdl chromatographed in a
column 20" x 0.86", The solution was aBisorbed as
a yellow band with a dark band of Impurities at the
tope Development was carried out with benzene
light petroleum 80-100" (3/1.)

The column then appeared as below,

2| Blue

| Crreen

Fraction 1., The green band ylelded 0,3 gm solid

MeDPe 136=40°

Fraction 2, The blue band, after elution with

alcohol, gave 2.2 gm. sélid m.p.
160-66 Crystallisation from light

petroleum benzZenae raised the m.p.



67

to 172° (Liige 1l2-0ster m.pe 174° 3 4-oster 104 )
Residue A was therefore es entially the 12
o~carboxybenzoylfluoranthene,.
Iydrolyslis of the l2~ester,
The ester (m.pe. 160 =86° 2,1 gm.) was boiled with

10% ceustiec soda (70ml) and ethanol (70ml) for 4

hours., Acidification yielded 12~ o-carboxybenzoyl=-

fluorenthens, 1.9 gm. (erudc) m.p. 217 - 20°
Crystallisation from acetic acld raeised the

melting point to 234

The elkher soluble freaction (B)

The ether soluble fraction (2.8gm.) wes esterified
as before.
Yield of methyl esters 2.1 gm.
The crude esters (2,0 gm) was chromatographed
on a column 10™ x 0.8"™ as for fraction A, ssters,

The column appeared in the u.ve as shown below,

P

3 [Bluss,
\f!.“&u.,

e Du,rw yellow.
1| Blue

Fractlion 1l The biue fluorescent band ylelded

& very small quentity of oll,
not enough tc be investigsted
farther,

Fraction 2. The deeper yellow band, This
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band ylelded 0.75 gm. solid,m.p, 90-98" , obviously
the 4-ester (Lit 104° )

Fraction 3. The column now fluoresced blue

and this band was eluted with alcohol,
Yield 0.4 @ney Mepe 95w160 o
This column was not investigated further in view
of the small amount of the desired 4-methyl ester,
which might e present in the 3vrd frsction,
Phthaloylation of Fluorsnthene (111)

Phthalie anhydride {16.3 gm.) and eluminium
chloride (33.4gm.) were stirred in methylene chloride
(786ml) at room temperature, To the c¢lear solution
which resulted, was added, dropwlse, wilith stirring
& solution of fluoranthene (20gm.) in the seme
solvent, A dark colour spread repidly throughout
the solution and hydrogen chloride was briskly
evolved as the addition continued, The mixture
was left overnight and was then decomposed with 1ce
and hydrochloric acld. The solvent was removed
with stosm and the residue extracted with hot 5%
potassium carbonate.

Acidification yielded the free aclds ( 35 gnms,
gquantltative)

Seperation of the Isomers,

From the acids mixture (25 gm.) was obtalned
12y o~ carboxybenzoylfliuvoranthene (13 gm.) by

careful cerystallisation from chloroform ns before.
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Separatlion of the e¢s erif'ied portions as before,
including ree-columning of impure fracitlons yilelded
only 2.9 gne of the 4-ester, hydrolysis of which
Vielde! 4w=o«carboxybenzoylfluorsnthene (2 gms) mepe.
230% , after crystalliscticn from elcohol, Mixed m.p .
with the 127 acid was 212° ,

A, CYCLISATIONS OF THE 0=CARBOXYBENZOYLFLUOR ANTHENES!

by the TOLUENESULPIONYLCHLORIDE METHOD.
( C.1937,11,2597)

(1) The Hixture

The mixture of 4« & l2-o-carboxybenzoyle
fluoranthenes (l.0 gm.,) and toluenesulphonylechloride
(0.55gm.) was boilsed in trichlorochenzene (6ml) for
1 hour, The clear yellow solutlon changed to a
dark red at the boiling point. The solution was
reduced to half-volume and allowed to crystellise.
The solid separating ocut was filtered off, washed
with a 1ittle benzene, and them with a 1ittle hot
acoetone,

Yield 0.50gm,,which after crystalliss ion from
chlorobenzene hod a m,pe of 255=-330° . Under the
mieroscope there could be seen a mixture of orange
yellow elongated plates, and light yellow noedles,

This mixture (50 mg,) was dissolved in chloro-
benzene and chrometographed in that solvent. The
solutlion was strongly adsorbed as a narrow orange

band. Development gave a yellow band which moved away
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from an corenge beand, Te colimn was cut and
the two bends eluted with chloroform,

The orenge band gsve a compound orystallising
in long lathes f om chlorobenzene mep. > 330" .
It gave a blue vat with alkaline hydrosulphite, a
deep blue colour with coneentrated sulphurie aecid,
and was 1dentical in m.p., & mixed m.,p. with naphtho |
( 2Y ¢ 3" =« 11 : 12 ) =« fluoranthene- 1! § 4! =« |
quinone prepared by Cempbell & Gow { sec p. !9 )e

The yellow band gave, in smaller quantlty, yellow
needles m.p. 297° - 300° This compound gave no |
vat with alkallne hydrosulphite and with concentrated
sulphuric acld gave acherry red eolour,

Analysis, however, did indicate a quinone or
phthaloyl compound.,

Analysis ( on thz erud: material)

C H 0 requires C = 86,7 H & 3.7
24 12 2 ;
found C 2 85,56 H & 4,1
The trichlorobenzene flltrate was steam
distilled to remove the solvent and the residue was
chromatographed, No other material was found,
There wes no sign of sny red materfial m.p. 240°

(petent) or 228°( von Braun)

2+ Cyelisation of 12-0- Carboxybenzoylfluorsnthene

AEN 7
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Pure 1l2-0- carboxybenzoylfluorsnithene (3gm) and
toluenesulphonylchloride ( l.65gm) were boiled in
trichlorobenzene (15ml) for 1 hour. The solution
was allowed to erystallise and the product filtered
off and washed ns before,.

Yield 1.7 gm.

Crystallisation from chlorobenzene gave the
same mixture, and yellow o¥ange lathes and yellow
needles could be geen under the microscope.

The mixture of cyelised products ( 1.0 gm)
was bolled with chlorobenzene (400 ml). On
cooling 0.4 gm material was deposited, and filtered
off, The filtrate was chromatographed on a
column 18" x 7/8" on whieh it was strongly adsorbed
as a harrow orange band,. On development the
column asssumed the appearance ss before « a yellow
band (1) moving away from a more strongly adsorbed
orenge band (2).

The column was cut and the two bands eluted
with chloroform,

(1) The yellow band eluate, on removal off the

chloroform, yielded o.l1l gm of a yellow solid,
erystallising from chlorobenzene in long yellow
lathes, m.pe 319-20" . This compound gave a red
colour with concentrated sulphurie aclid, but no
vat with allkaline hydrosulphite. In the solid

state and in solution this compound showed a

vyellow=green fluorescence in ultrae-violet light.
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It was analysed for  naphtho 8 ( 2': 3' - 12:13)
fluoranthene - 1': 4%'-quinone,

g = 0 required C ) 86,7 H 3.7
24 12 2

found € 85,8 H 3.8
This quinone was ldentlecal wlth thet obtained
from 'he eyclisation of the mixture of acid isomers
( expte 1)

(2) The orange band eluate gave 0.3 gm of the

known naphtho ( 2'$3' « 11:12) fluoranthene « 1'-
4' guinone, m.p. > 330° . It gave & blue colour
wilth concentrated sulphurle aclid and a blue vat
with alkeline hydrosukphite.

Both products were identical with the
corresponding compounds from the pyrolgsis of 12«
toluoylfluoranthene (Reid pe 37 )

A mixthre of the two guinones was separated by

alkaline' hydrosulphite and indicoted that the
11:12 « quinone and the 1l2: 13 - quinone were
formed, approximately, in the ratio §/1.

The fact that both quinones obtained from the
cyclisation of the mixtures of aclds were identical
with ‘hose obtalned from *he 1l2 - acid suggested
that 4 « o-carboxybenzoylfluorunthene did not
eyclise by this method, This as found to be

true. Unreacted starting material was recovered
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Be CYCLISATION of the o~CARBOXYBENZOYL ACIDS b

the SODIUM CHLORID® « ALUMINIUM CHLORID: METHOD
( ef. Rieche ot. al, Ber, 198932,65,1371)

Model Experiments

Preparation of 3-o-carboxgbenzoglacenqphthqgg

e

HOoC Co

The Frledel- Crafts resction of acenaphthene
with phthalic anhydride in henzene ylelded the
deslred product.

20 gm. scenaphthene yielded 42 gne S« o=
carboxybenzoylacenaphthene, white plates m.p. 200°

( Peters and Rowe. J. soc. Dyers and Colorists
1943, 59, 52)

Cyelisation 8f 3-o=-Barboxybenzoylacenaphthene

—>® [Ei])
o) TN

nob Found

Anhydrous aluminium chlorid-( 48gm) and



74

Sodigym chleride( 12 gm) were fused in a nickel
crucible at 126° . To the clear melt was added

3 = 0 = carboxybenzoylacenaphthene { 5.5 gm), all

at once, and the tempersture of the oil bath was
ralsed to 160° . The melt was mainteined at

this temperature, in e stream of nitrogen, for 2
hours, and then decomposed with 1ce =nd hydrochloric
acld, The product was flltered off, extracted with
carbonage, washed and dried. ( 4.7 gm)

The erude maierlal was extrected with hot
benzene ( residue 1.2 gm), and after concentration
the benzene extrect was chromatographed on a
column 17" x 0.75". Development wes ecrried out
with a mixture of benzene/ light petroloum 60/80° ,
( 4/1) . When the column was fully developed it

appeared =8 shown

Yl

2 \IO“IIW

| V.mlf

Preetion 1 ¢ The violet beand wes rapldly eluteds

Removal of the solvent ylelded a
very small gquentity of a solid
which was not investigested

further.
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Development was continued until the
yellow band resched the foot of the
column, which was then cut,

Freection 26 The yellow band =28 oluted with

aleohol and concentration yielded
long, strew coloured prismatlc
neadles of 33 4« phthaloylacew
naphthene m,psl96 « 7°

The 233« phthaloylecenaphthene was not formed,

In concentrated sulphuric acld 3:4- phthaloyl ace-
naphthene gave an orange coloured solutlon with 2o strong green
fluorescence, As expected from its structure it
gave no vat with alkeline hydrosulphite.

Analysis, C H. O« cale for C 84,5 ﬁ 4,2
20 12 2

Found C 84,86 H 4,5

Oxidation of 3:4~ Phthaloylacenaphthene to 435«

phthaloyl = 1:8~ Naphthalie Anhydride.

e

G “co
—
GO CO co Co

334~ Phthaloylecensphthene ( lgm) was heated
in glackal acetic acid to €0°  and chromic
anhydride( see below, 36 ml,) was eddod, The

solution waes bolled for 50 minutes, and more clromic
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anhydride solution ( 54ml,) wee sdded, After
further boiling for two hours the mixture was
concentrated to helfl « volume and the precipate,
obtained on cco ing, washed with aleohol and water,
and then digested with hot glaclal scetic acids

Yield 0475 gm, bright yellow needles mspe> 310%

T™is compound gave a deep orange co'our with
concentrsed sulphuric acild,

Anclysises Celes for € H O ¢ W3.2 H 8,37
20 8 &

Pound . C 73.2 H 2435

Chromic snhydride solutliong Chromic enhydride
( 9gm) wes dissolved in water (l4ml) and mede up
to 90 ml with glaclial acetic acid,

Decarboxylation of 4:6 -« Phthaloyl-1:8 =« nephthalie
anhy@pide to 1:8 - Phthaloylnaphthelene.

Q

G o
2
co (o Co Co

4:5« Phtheloyl - 1:8- naphthalic enhydride
( 0.75gm), water ( 20ml), and mercuric oxide,
freshly prepered from mercuric ccetate ( l.5gnm)

by precipitetion with sodium hydroxlde and wushing

un' il neutral, were heated in & sealed tube at

250 for 4 hours. The resulting dark meterial
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wes bolled with concentrated hydrochloric acid for
2 hours, filtered, washed, and dried ( l.lgm).

The dried material was extracted with benzene
( residue 044 gm) and the benzene solution

chromatographed on a column 6" x ", Develppment

was cerrisd out with benzene. The ecolumn aprerred
as below,
V. ovd.
i (a4
?al{
3 Davk 1 ellons
7 g W greenish -
hidww' ;

Frection 1y =The narrow strongly fluorescent

band . The eluate 4id not

retaein its fluorcscenée.

Removal of the solvent yielded

a whi e 8011d( 0,15 gn) m.p. 168° =
72°

Fraction 2, The column was then cut and the

visible pale yellow band eluted
with aleohol. A further guentity
of the white solid ( 0,15 gm)
was obteined.
Total Yield ( crude) O.3ogm,
Crystellisation from aleohol/glecisl acéfic

acld gave 1:8 - phthaloylnephthelene, colorless
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elusters of ncodles, m.ps 176 « 7 ( Lit, 278° ),
soluble in concentrated sulphurie ecid to give &
canery yellow solutlon with :a green flucrescence.
There wes no colour with zine dust end smmonia and
no vat was produced wlith slkaline hydrosulphite,

Anglysis, Cale for C E O C 83.7 H 3.9
8 10 g8

Found, C 83,6 H 4,1

Two attempted cyclisations of 3~0- Carboxybenzoyle

acenaphthens,

(1) B3-o-Carboxybenzoylacenephthene ( 4.0 gm) anmil
toluenesulphonyl chloride ( 3.0 gm) were boiled in
trichlorobenzene ( 26ml,) for 1 hour, The clear
yellow solution derkened at the bolling point.
Removael of the solvent by steem distilletion yielded
a black introcteble solid,

(2) 3-o=Carboxybenzoylacenephthene ( l.0 gm),
benzoyl chloride ( 3.0 gm ) and concentreted
sulphuric acid ( 1 drop) were bolled for thirty
minutes in nitrobenzene ( 30 ml,). A blaeck colour
soon appeered end only a black intractable solid
resulted.

( ef. Clar J. 1949, 2073, 2440,)
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Cyellssztion of 4-o0-~ Corboxybenzoylfluoranthene

I e (]
co

COOH

Fure 4-o-Carboxybenzoylfluorsnthene ( l.lgm),
aluminium chlorids ( 3.85gm.), and sodium chloride
{ 2.756 gm.), were intimetely mixed, The mixture
was heated in en o0ll bath, the tempersiure being
raised to 140° over 30 minutes. It wes mainteined there
for three hours while dry nitrogen was passed through
the melt.,

After decomposition with ice and hydrochlorie
acid the black product was extrected with 5% carbonate
washed and drled, It was then extracted with

and the
benzene ,concentrate chromatographed on a column
12" x 0.75",

The reddish brown solution was adsorbed as a

dark band with a yellow grcen forerun, On

developing with benzene, a yellow band separated,

and was raepldly eluted. The lime yellow eluate
hed a weak greon fluorescence in the u.v.

Removal of the solvent ylelded e solld (20mg),
MeDe 248,53 (miero) with sublimation.

Crystallisstion from chlorobenzene gave yellow=

orenge prisms M.De 252¢3° (miero). The eompound
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geve a blulsh green colour with consentreted sulphuriec
eeld and e blus - viclet vat with elkalire hydrosulphite,
By mepe and mixed m.p., thls compound wss shown to

be naphtho=(2':131-33:4) fluoranthene « 1':4'-quinons,

(Campbell and Wang)

After the elution of thils yellow band, a deeper
yellow band could be seen sepereting from the band
of dark impuritles, After suitable development,
the column was cut, and the desp yellow band eluted
with chloroform, removel of which ylelded e solid (30mg) me.p.
29515° (miero). Crystallissosion from chlorobenzene
ylelded ysllow elongated prisms of 4:5- phthaloyle
fluorenthene ,My~pPe 296:-7o .

This.compound gave & red colour with concentrated
sulpluriec acid but no vat whkth ealkeline hydrosulphite.

L

Analysis ¢ H O weg. G 86,7 H 3.7
24 12 2
Pde C 86,3 H 346
Both products were identical in m.ps. and mixed
Mepe with the corresponding products from the
pyrolysis of 4=toluoylfluorsnthene (ef Reld p. 3 )
The material obtained by von Braun from the
eyelisation of 4-o-carboxybenzoylfluovsnthene with

sulphuric acid was neither of the produets d scribed

above,
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C_CYCLIS/TION of the 0-CARBOXYBENZOYLACIDS by the

POTAS S IUM IODIDE-~ HYDROGEN JODIDE METHOD,

Miescher and Billoter Helv, Chim, Acta,1939,22,601
Model Experiments,

(1) Cyelisation of l-o-Carboxybenzoylnaphthalene

Preparation of l-o&Carboxybenzoylnaphtheslene.

Ng'?)l‘

S
Q Co
> O — CF
Co CoOH

Fleser & Hershberg JACS 1952,59,1028
The Grilgnard reagent from 2<bromonsphthalene
(21 gm) was added to phthelic enhydeide (10 g,) in
benzene,
Te yleld was poor = 10 gm ( Lit.75%)
Cyclisetlion of l-o~Corboxybenzoylnaphthalene

l-o=Csrboxybenzoylnaphthalene (4.6 gm) potessium
lodlde (5.5 gm), red phosphorus (l.5 gm) and phosphoric
acld (20 ml) were boiled for 4 hours, On cooling woter
was added to dissolve inorgenic salts snd the product
flltered off. The residue wes extracted with
alcohol, the filltrate belng yellow with a green
fluorescence, Removel of the solvent ylelded a

sollid (2.0 gn, 52%)
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This materiel (1,9 gm) was dissolved in the minimv
of cold benzene and chromatogrerhed on & column
14" x 0,75".

After development with benzene the column appesred
as below,

u.wv

/74 ] Ll

pak
e

: bnalhlir’wr ]’&

Frection 1, The bright purple bend wes eluted

and the greenish yellow elucte on
removal of the solvent gave a solid
(R.6 gm) m,ps 110° = 120° (miero)
ecrude and 112° « 120° after
erystellisation from acetic aeld,

The column then sppéared

Ww.V,
e >
Y
B s'twr\ﬂ puvple
pate 7
\[ullm
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Fruction 24 The visible pale yellow band, Tie

green eluate on removal of the solvent ylelded a s
{ 0.9 gm) m.pe 136" - 45’(micro). Crystuallisation
from acetic acld raised the m.p. only slightly -
138° - 145° ,

Fraction 34 The second harrow purple fluorescent

band gave only & very smell amount of solid not
investigerted further,

Fraction 4, The column was then cut and eluted

with aleohol, No more materiel was obtulned,
Total recovery l.5 gm,.
Fractions 1 # 2 were agaln chromstogrephed
separately.

Frection 1, 0«5 gm wes dissolved 1n benzene znd

chromatogrephed in bengzene on & column 5" x 0.5".
The column sppeared as before.
(1) The first fraction gave 0,15 gm solid
MeDe 108° - 120° (¥icro)
(2) The second fractlon gave 0,256 gm solid
MeDs 130° = 45° (miero)

Froction 2. 0.765gm chromatogrephed in benzene

on a column 9" x 0,8"
(1) The first froction gave 0,05 gm mepe 951106(m1cro)
(2) The second frectlon geve 0,65 gm.,.p.l4iL55(micro)

Dehydrogenstion of the main fractlon.

The fraction m.pe 146 = 650°( 0.14 gn) and
chlorenil ( 0.10gm) were boiled in sulphur free mylene

(2ml,) for 3 hours, Benzene was sdded on cooling and
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the mixture shaken w.th cold 5% sodium hydroxide
to remove tetrachlorohydroquinone, The benzene/
xylene layer wes separated, weshed and dried,
Removel of the solvent ylelded an off-white solid
(0411 gm) which on erystollisetion from acetic ecid
gave white crystals of 1&é-benzanthraeene, MeDw 156°
(rit, 188° )

There was no depression with an emthentic semple

Anelysis, Calc fo»r C H C 94,7 H 5.8

18 12
Found. C 94,2 H 5,3
The other fractions (0,76 gm) was similarly ;’Fjgzj“
dehydrogenated to l+2« benzanthrecene. ;@;;af

Yield 0.65 gm.

There appeared to be some dehydrogenstion on the
column and accordingly pure 9:l0«dihydroanthrecene
was prepared and chromatogrearhed,

Preparstion of 9:10~Dihydresnthrecene

Clemmensen Ber,1©14,47,684,
9:10«Anthraquinone was reduced by bolling with
zine caslgan and congentrated hydrochloric acid,
The dihydrosnthracene distilled off with the steam
and wes erystallisede _
9:10-Dihydroanthracene (m.pe. 106° Lit 107°)
(0«5 gm) was chromstographed on a column 5" x 0.5"

A
in benzene, The solution was sdsorbed ss wide

[AN

band with a decp violet fluorescence in the U.Ve

Yield 0045) gﬂ m.p. 900" 100':
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Dehydrogenation, therefore, wes occurring on the
column,

Attempted eyelisation of S~o~Carboxybenzoylacencihthei

S-0=Corboxybenzoylacensphthene ( 2.0 gm),
potassium lodide( 2,2 gm), and red phosphorus(0.6 gm),
were bolled with phosphoric scid ( 10 ml.) for 4 hours,
An intrscteble dark product restlted,

The experiment wes repested with acetic scid as
solvent, Unroscted starting muaterliel wos recovered.

Attempted eyelisation of the o-Carboxybenzoylfluorenthenes,

A sample of the 4-vl2-o-carboxybenzoylfluoranthenes
obtained in the ?riedal « Crofts resction was esterified
passed through a short "eleaning" column and
hydrolysed back to the free scld mixture,

This seld mizture (leslgm), potessium lodide
(lelgm), and red phosphorus (0,3 gm) were heated
with phosphoric acid in an oil bath at 160°,

After & hours water was added to the mixture and the
dark sollid filtered off. Cerbonate extractlon
showed no free acld,

Extroaction of the r:sidue with aleohol removal
of the solvent ylelded 0.2 gm solid A.

FMurther extraction with benzene , es solvent

vielded 0.3 gm solid B.
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The two fractions A & Bs were combined Dbolled
with chloranil ( 0.4 gm) in sulphur - free xylene
(1oml) for & hours, After extraetion with cocld
5% sodium hydroxide the xylene solution was weashed,
dried, econcentrated and chromatogrephed on & column
11" x 046" From one fraction was obtuined e
very dirty solid which wes not investigsted further

becruse of 1ts cguality and poor yleld,
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Suwnmery of Results,

12-0=-carboxybenzoylfluopanthene is cyclised to
yield the two expected npephthofluorenthenequinones,
This necessitastes considersble revision of iu von
Braun's results, 4«o=garboxybenzoylfivoranthens
is cyeclised to yiold the expected naphthofluoranthene=-
guinone and the phthaloylfluoranthene neither of
which corresponds to the compound obtalned by the
Gorman Vorkers.

All four compounds ere identicel with those
obtained by oxidetion of the hydroccserbons prepared
by the Elbs rorction on 4-& l2-toluoylfluoranthene
(Reid).

The structure of 4 3S5-phthesloylecensphthene is
shown by its conversion to l:8- phtheloylnsphthalene.

Cyelisetion of leo-carboxybenzoylnaphthalene by
potassium lodide/hydrogen lodide ylelds a hydrogenated
product which is dehydrogenated to l:2~ benzanthracene.
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SECTION B.

Attempted Dielse~Alder Reactlions with trens - 1i2.

Deame thylacenaphthene guinoneglycols
Trans - 1312 « dimethylacensphtheneguinoneglycol

wes prepsred by the method of Cempbell & Cow,J.1949,15566.
(1) Attempted condensation with Citrsconic anhydride

'(a) Trens~acenephthenequinoneglycol (0.1 gn),
cltraconlc anhydride (0s4 gn) end hydroquinone (.00l gm)
were boiled for 30 minutes in scetic anhydride (3 ml).
The solution turned orange. No erystellisstion
oceurred on cocoling,. Addition of waeter resulted 1in
the preeipitetion of en intractable smorphous
powder, probably s polymer.

(b) On bolling overnight a thick infrasctable oll

resul ted,

(2) Atiempted condensation with B-Benzoylecrylic aeid

(a) Transeacenephthenequinoneglyeol (O.lgnm), X
B=benzoylacrylic acld (0.4 gm) were boliled in acetic
anhydride (2ml) for 2 hours. No product wes isolated.

(b) The smperiment wes repeated adding the glycol

portionwise and bolling for 30 minutes. On eocoling
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680. The Preparation of Some Naphthofluoranthenes and their
Quinones.
By NEem. CampBELL, A. Marks, and D. H. REID.

The syntheses of naphtho(2’:3’-3:4)-, naphtho(2’:3%-10:11)-, and naphtho(2: 3’-
11 : 12)-fluoranthenes and their quinones and of 4 : 5-phthaloylfluoranthene are described.

o-Torvoyr chloride and fluoranthene with aluminium chloride yield a mixture of 4- and
11-o-toluoylfluoranthene, m. p. 115—116-5° and 148:5—150°, respectively (I and VII), each of
which was subjected to the Elbs reaction. The first ketone gave three products : (1) an orange-
coloured quinone which proved to be naphtho(2’: 3’-3 : 4)fluoranthene-1 : 4’-quinone (3 : 4-
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phthaloylfluoranthene) (II) since it gave no m. p. depression with an authentic sample (Campbell
and Wang, /., 1949, 1513); (2) a yellow hydrocarbon, m. p. 229—230°, which was shown to be
naphtho(2’ : 3-3 : 4)fluoranthene (III) since on oxidation it yielded the quinone (II); (3) a
colourless hydrocarbon, m. p. 208—210°, which is presumably 4 : 5-o-xylylenefluoranthene (IV)
and whose skeleton structure follows from its oxidation to 4 : b-phthaloylfluoranthene (VI).
The isolation of the hydrocarbon (IV) and the quinone (Il1) serves to orientate the original
ketone.

1: 2-Benzanthracene and its quinone, but no 1 : 8-phthaloylnaphthalene deuva’clves were
isolated from the pyrolysis of 1-o-toluoy Indphthalene

11-0-Toluoylfluoranthene (VII) on pyrol_\ sis gave two isomeric hydrocarbons : (1) a yellow
hydrocarbon, m. p. 301—303°, which was oxidised to the known naphtho(2’: 3-11 : 12)fluor-
anthene-1’ : 4-quinone (IX) (Campbell and Gow, J., 1949, 1555) and is therefore naphtho(2’ : 3'-
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11 : 12)fluoranthene (VIII)—the structure of the original ketone follows from this identification ;
(2) a red hydrocarbon, m. p. 225°5—227°, which must by elimination be naphtho(2": 3’-10 : 11)-
fluoranthene (X) and whose structure was confirmed by oxidation to the quinone (XI) (for
preparation, see below).

4-Benzoylfluoranthene-2’-carboxylic acid (V) did not undergo ring-closure when heated in
trichlorobenzene with toluene-p-sulphonyl chloride (cf. the 11-isomer dLSCI’Ide below), but did
so when fused with aluminium chloride and sodium chloride and yielded two products: (1)



naphtho(2’ : 3’-3 : 4)fluoranthene-1" : 4’-quinone (1I) and (2) an isomeric compound, m. p. 296°,
which gave a cherry-red colour with concentrated sulphuric acid and no vat with sodium
dithionite. These facts are evidence that the substance is 4 : 5-phthaloylfluoranthene (VI).
Now von Braun and Manz (A nnalen, 1932, 496, 170) by the ring closure of the above acid obtained
a substance, m. p. 328—331°, which they claimed to be the quinone (11}, but which Campbell and
Wang (loc. ¢it.) showed must have some other structure, and might be the 4 : 5-phthaloyl
compound. This is now excluded by the preparation of this substance. It is impossible to say
what von Braun and Manz's substance was, but they did not have the advantage of chromato-
graphy to aid them in their separations and purifications. As a result their 11-acid, for example,
was impure with a m. p. 212° as compared to our product, m. p. 234°.
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Pure 11-o-carboxybenzoylfluoranthene (cf. von Braun and Manz, loc. cit.; Campbell and
Easton, /., 1949, 340) was cyclised by boiling it with toluene-p-sulphonyl chloride in trichloro-
benzene to give the two expected quinones : (1) a yellow-orange quinone, m. p. >335°, found to
be identical with naphtho(2’: 3’-11: 12)fluoranthene-1’ : 4’-quinone (IX), and (2) a yellow
isomer, m. p. 316°, which must be naphtho(2”: 3’-10 : 11)fluoranthene-1 : 4’quinone (XI). We
could detect no sign of the red substance, m, p. 228°, claimed by von Braun and Manz (loc. ¢it.) to
be this quinone (cf. also G.P. 624,918; Friedlinder, 1937, 21, 1189; Tschech.P., 56,604 ;
Centr., 1937, 11, 2597).

It is unlikely that the quinones isolated from the Elbs products were formed during the
pyrolysis for so far as we are aware quinones have not been thus obtained. They probably
resulted from the oxidation of anthrones on the chromatographic columns used to purify the
products. Control experiments showed that they were not produced by oxidation of the
corresponding hydrocarbons on the column (cf. Levy and Campbell, [., 1939, 1442).

Attempts to cyclise 4- and 11-benzoylfluoranthene-2’-carboxylic acids and 5-benzoylace-
naphthene-2’-carboxylic acid by heating with potassium iodide and hydrogen iodide (Miescher
and Billeter, Helv. Chim. Acta, 1939, 22, 601) failed, although 1-benzoylnaphthalene-2’-
carboxylic acid yielded a hydrogenated product, which on chloranil dehydrogenation furnished
1 : 2-benzanthracene.

5-Benzoylacenaphthene-2’-carboxylic acid when fused with aluminium chloride gave
3 : 4-phthaloylacenaphthene whose structure was proved by oxidation to 4 :5-phthaloyl-
naphthalic anhydride, decarboxylation of which afforded 1 :8-phthaloylnaphthalene. We
have thereby confirmed the structure of 3 : 4-phthaloylacenaphthene which Peters and Rowe
(J. Soc. Dyers Col., 1943, 59, 52) had advanced from a consideration of its synthesis and
properties.

EXPERIMENTAL.,

M. p.s were determined on the I_{oﬂer heating—stagq microscope, and unless otherwise stated the
fluorescence observations were made in the ultra-violet light of a Hanovia lamp. All chromatographic
purifications were effected on alumina (Brockmann).

4- and 11-o-Toluoylfiuoranthenes.—Fluoranthene and o-toluoyl chloride in carbon disulphide with
aluminium chloride gave by the method of von Braun and Manz (loc. ¢it.) a 919%, yield of mixed toluoyl-
fluoranthenes. Partial separation was effected by passing a benzene solution through a column (40 g. of
alumina per | g. of material) and development with benzene-hght petroleum. ree lots of crystals
were obtained, m. p.s 100—130°, 130—140°, and 140—155°. The first fraction on further chromato-



graphic purification gave complete separation into a lower and an upper yellow zone. The lower zone
on elution with ethanol gave 4-foluoyifiuoranthene, which was crystallised first from ethanol and then
from benzene-light petroleum (b. p. 80—80°), forming vellow crystals, m. p. 115—116-5° (Found : C,
90-3; H, 5:1. C,H,40 requires C, 90-0; H, 5:09%,). The third fraction, m. p. 140—155°, on repeated
crystallisation from ethanol or benzene-light petroleum aftforded I 1-toluoylfluoranthene, m. p. 148-5—150°
(Found : C, 89-4; H, 5:09%). Both isomers gave with concentrated sulphuric acid an orange-green
coloration in reflected and an orange colour in transmitted ultra-violet light.

Elbs Pyrolysis of 11-o-Toluovlfiuoranthene.—The ketone (1-30 g.) was pyrolysed in an atmosphere of
carbon dioxide at 440° as described by Fieser ( Organic Reactions,” Vol. I, p. 129). The dark red
product was dissolved in the minimum volume of benzene and pessed through a column 40 x 1-3 cm.
Development with benzene gave a lower vellow zone, an intermediate orange zone, and a top dark band.
The orange zone gave a product, m. p. 190—220° (0-46 g.), which on crystallisation from benzene and then
glacial acetic acid furnished compact red prisms of naphtho(2’: 3°-10 : 11) fluoranthene, m. p. 225-5—
227-5° (0-18 g, 159,) (Found : C, 95-4; H, 4:7. C,,H,, requires C, 95-3; H, 4:79,), which has an orange
fluorescence and gives a purplish-blue colour with concentrated sulphuric acid which becomes crimson
when kept. Continued development of the column gave a buff-coloured band which was extracted with
acetone. The top dark band was extracted with cold glacial acetic acid and the combined extracts gave
naphtho(2’: 3°-11 : 12)fluoranthene, which separated as a yellow powder from benzene-acetic acid, m. p.
301—303° (0-25 g., 209,) (Found : C, 95-1; H, 4-89,). The m. p. differs from those previously recorded,
namely, 200—291° (von Braun and Manz, loc. cif.) and =>310° (Campbell and Gow, loc. ¢it.). The
hydrocarbon sublimes in yellow needles, fluoresces with a bright yellow colour, and in benzene or acetic
acid has a strong bluish-green fluorescence in daylicht. When heated with sulphuric acid it gives a pink
colour, changing successively to brown, green, and brown. The hydrocarbon (50 mg.) in boiling acetic
acid (10 c.c.) was oxidised by ** AnalaR '’ chromic anhydride (70 mg.) in acetic acid (I c.c.). The cooled
solution deposited an orange-brown substance which was dissolved in chlorobenzene and passed through
a column (20 x 1-2 em.). Development with the same solvent gave an orange band, which was cut and
extracted with chloroform. The extract yielded naphtho(2”: 3’11 : 12)fluoranthene-1’ : 4’-quinone
(33 mg.), which crystailised in yellow needles from chlorobenzene, m. p. 338—340°, showing no depression
when admixed with a sample prepared as below. It sublimes, gives a blue vat with sodium dithionite,
and a blue colour with concentrated sulphuric acid, and has a dull golden-vellow fluorescence. The
isomeric naphthofluoranthene (0-07 g.), m. p. 225:5—227-5%, when similarly oxidised, gave naphtho-
(27 : 3-10 : 11)fluoranthene-1’ : 4’-quinone (34 mg.), yellow needles (chlorobenzene), m. p. 316—318°,
giving no depression with the quinone prepared as below. It sublimes, gives a purple coloration with
sulphuric acid, gives no vat with sodium dithionite, and has a bright greenish-yellow fluorescence.

Pyrolyses of 4-o-Toluoylfluoranthene.—The ketone (1-00 g.) was pyreolysed for 30 minutes at 450° in
carbon dioxide and the resulting solid was dissolved in benzene and passed through a column, 40 x 1.9
cm. Development with light petroleum-benzene (2 : 3 by vol.) gave (a) a bottom, colourless zone with
a bright blue fluorescence, (b) a yellow zone, (¢) an orange-pink zone with a green fluorescence, and (d) a
top, reddish-black band. (a) This band gave a pale yellow solid, m. p. 80-—150°, which was passed in
benzene through a column, 25 x 1-3 cm., and was developed as above. When the whole column showed
a blue fluorescence, it was cut, and the lower half extracted with acetone. Ewvaporation gave 4 : 5-o-
xylylenefluovanthene (0:03 g.), colourless crystals (light petroleum, b. p. 80—100%), m. p. 208—210°
(Found : C, 94:3; H, 5-2. C,,H,; requires C, 94-7; H, 5-39,). The hydrocarbon has a pale greenish-
yellow fluorescence, and when heated with concentrated sulphuric acid gives a pink colour turning to
brown. The hydrocarbon (30 mg.) was oxidised with chromic acid (60 mg.) in glacial acetic acid to
4 : 5-phthaloylfluoranthene, m. p. 285—287°, undepressed when mixed with the substance prepared as
below. (b) The yellow band on elution gave a yellow solution with a strong blue fluorescence, and concen-
tration of the solution afforded naphtho(2: 3°-3 : 4)fluovanthene (0:16 g.), m. p. 229—230° (Found : C,
94:9; H, 4:99;). It sublimes in yellow needles, and has a blue fluorescence in solution and a greenish-
yellow fluorescence in the solid state. On oxidation with chromic anhydride in glacial acetic acid it gave
the quinone, m. p. 250—253°, not depressed when admixed with Campbell and Wang's quinone (loc. cit.).
(¢ and d) Continued development brought through a filtrate with a greenish-yellow fluorescence in day-
light, from which nothing could be isolated, and then an orange-coloured filtrate. This was combined
with the acetone eluate of the column and on evaporation gave naphtho(2’: 3’-3 : 4)fluoranthene-1/ : 4’-
quinone (3 : 4-phthaloylfluoranthene), orange crystals (benzene), m. p. 250—253°, undepressed with the
above quinone; yield 0-025 g. It gave a blue vat with sodium dithionite and a green colour with
concentrated sulphuric acid.

Pyyolysis of 1-0-Toluoylnaphthalene.—1-o-Toluoylnaphthalene (5 g.) was pyrolysed with zinc dust
(1:4 g.) in carbon dioxide at 415° for 3 hours. The product was dissolved in benzene, and the filtered
solution passed through a column, 50 x 2:3 cm. Development with benzene-light petroleum (b. p.
80—100°) (1 : 2 by vol.) gave a colourless bottom zone with a purple fluorescence, and an upper yellow
layer with a blue fluorescence. Washing through the filtrates from both layers yielded 1 : 2-benz-
anthracene (1-98 g.), m. p. and mixed m. p. 160—161°. Development was continued with benzene and
gave first a yellow filtrate with a strong yellowish-green fluorescence in daylight which deposited a
small quantity of impure 1:2-benzanthraquinone. Finally, a deep golden-yellow filtrate without
fluorescence in daylight was collected ; it deposited on evaporation 1 : 2-benzanthraquinone (0-38 g.),
m. p. 168—169°. It gave a green colour with concentrated sulphuric acid and an orange-red vat with
sodium dithionite. The solid fluoresced with a dull scarlet-red colour. The pyrolysis was repeated at
440° without zinc dust and gave similar products but in different quantities, ¢. e., 369, of hydrocarbon
and 139, of quinone. No xylylenenaphthalene or derivative was detected in either experiment.

Ring-closure of 4- and 11-Benzoylfluoranthene-2'-carboxylic Acids.—Phthaloylation was best effected
as follows. Fluoranthene (20 g.) in methylene chloride was added with stirring at room temperature to
phthalic anhydride (16-3 g.) and aluminium chloride (33-4 g.) in methylene chloride (75 c.c.). Stirring




was continued overnight and the mixture was then decomposed with hydrochloric acid and ice. The
solvent was removed by steam and the residue was extracted with potassium carbonate. Acidification
yielded a mixture of acids (35 g.). The acids (25 g.) were dissolved in chloroform, concentration of which
gave 1l-benzoylflnoranthene-2’-carboxylic acid (13 g.), m. p. 234°, showing no depression when mixed
with an authentic sample. Complete evaporation of the chloroform gave a residue which was esterified
with methanol and sulphuric acid, and the esters separated chromatographically. The 4-ester (2:5 g.)
thus o(llatained on hydrolysis gave the 4-acid, m. p. 230°, giving a m. p. depression when mixed with the
11-acid.

Pure 11-acid (3 g.) and toluene-p-sulphonyl chloride (1-65 g.) were boiled in trichlorobenzene (15 c.c.)
for 1 hour. The cold solution deposited a solid which when washed with acetone afforded a mixture
(1:7 g.) of yellowish-orange plates and yellow needles. The mixture (0-6 g.) was dissolved in chlorobenzene
(400 ml.) and chromatographed on a column, 18 X § in. Development with the same solvent gave a
strongly orange adsorbed zone and a lower, yellow band. The orange zone on extraction gave naphtho-
(27 : 3-11 : 12)fluoranthene-1" : 4’-quinone, m. p. >335%, which gave a blue colour with concentrated
sulphuric acid and a blue vat with sodium dithionite. The yellow band gave naphtho(2’: 3’-10 : 11)-
Sluoranthene-1" : 4'-quinone (10 : 11-phthaloyifivoranthene) (0-1 g.), vellow elongated plates, m. p. 319—320°
(Found : C, 85-8; H, 3-7. C.r.iH e requi}'es_(), 86-7; H, 3:69;). Itgave a red colour with concentrated
sulphuric acid and no vat with sodium dithionite. A mixture of the two quinones was separated by
sodium dithionite and indicated that the 11 :12-quinone and the 10:1l-quinone are formed
approximately in the ratio 5: 1.

Pure 4-benzoylfluoranthene-2’-carboxylic acid (1-1 g.), aluminium chloride (3-3 g.), and sodium
chloride (2-75 g.) were intimately mixed and heated in an oil-bath the temperature of which was raised
to 140° during 30 minutes. Nitrogen was passed through at this temperature for 3 hours. The product
was decomposed with ice and hydrochloric acid and the black solid was then extracted with 59 sodium
carbonate and dried. The dry product was extracted with benzene, and the benzene concentrate
chromatographed on a column 12 x { in. Development with benzene gave a yellow zone which quickly
passed down the column. The filtrate on evaporation furnished a solid (20 mg.) which crystallised from
chlorobenzene in yellow-orange prisms, m. p. 252—253° with sublimation, and was proved to be naphtho-
(27 : 3’-3 : 4)fluoranthene-1’ : 4-quinone (Campbell and Wang, loc. cit.). 1t gave a bluish-green colour
with concentrated sulphuric acid and a bluish-violet vat with alkaline sodium dithionite. Further
development of the column gave a deep yellow zone below the top dark band. The column was cut and
the yellow zone eluted with chloroform which on evaporation gave 4 : 5-phthaloyifluoranthene, yellow
elongated prisms (chlorobenzene), m. p. 296—297° (Found : C, 86-3; H, 3-6. C,;H,,0, requires C, 867 ;
H, 3-69,). It gave a red colour with concentrated sulphuric acid and no vat with alkaline dithionite.

3 : 4-Phthaloylacenaphthene.—Crude 3 : 4-phthaloylacenaphthene (Peters and Rowe, loc. cit.) (3-5 g.)
was purified by passing a benzene solution down a column, 17 x { in., and development with benzene—
light petroleum (b. p. 60—80%) (4:1 by wvol). A yellow zone separated and afforded on elution
3 : 4-phthaloylacenaphthene (1-3 g.), yellow elongated prisms (ethanol), m. p. 196—197° (lit., 194—195°)
(Found : C, 84:5; H, 4:5. Calc. for C,)H,,0,: C, 84:5; H, 4-29;). The phthaloylacenaphthene was
oxidised by chromic anhydride (" AnalaR ") and glacial acetic acid to 4 : 5-phthaloyl-1 : 8-naphthalic
anhydride which, after purification by being washed successively with ethanol, water, and glacial acetic
acid, was isolated as bright yellow needles, m. p. >310° (lit., 368°) (Found : C, 73-2; H, 2-4. Calc. for
CyH O, : C, 73:2; H, 2:3%). The anhydride (0-75 g.), water (20 c.c.), and mercuric oxide, freshly
prepared from mercuric acetate (1-5 g.), were heated in a sealed tube at 250° for 4 hours. The product
was refluxed with concentrated hydrochloric acid for 2 hours, washed with water, and dried. The dry
material (1-1 g.) was extracted with benzene, and the benzene extract passed through a column, 6 x {in.
A pale yellow zone separated, below which was a band with a bright yellow fluorescence. Both zones
vielded 1 : 8-phthalovinaphthalene, colourless needles (ethanol-acetic acid), m, p, 176—177° (lit., 178°),
yield 0:30 g. (Found : C, 83-6; H, 4-1. Calc. for C,4H,,0,: C, 83-7; H, 3-99). In concentrated
sulphuric acid it gave a yellow solution with a green fluorescence. No colours were obtained with zinc
and ammonia or alkaline sodium dithionite.

Ring-closure of 1-Benzoylnaphthalene-2"-carboxylic Acid.—The acid (4-6 g.), potassium iodide (5-5 g.),
red phosphorus (15 g.), and phosphoric acid (20 ml.) were refluxed for 4 hours. Water was added, and
the residue extracted with ethanol. Evaporation gave a solid (2:0 g.), which was dissolved in the
minimum volume of benzene and passed through a column, 14 x 0-75 in. Development with the same
solvent gave a bottom zone with a bright purple fluorescence which gave 0-6 g. of a solid, m. p. 112—120°
after crystallisation from glacial acetic acid, and a vellow zone which afforded a solid, m. p. 138—145°
(0-9 g.) after crystallisation from acetic acid. The second substance (0:75 g.) in benzene was passed
through a column, 9-5 x 0-45 in., and a yellow zone which separated yielded a substance, m. p. 146—
150° (0-65 g.) after crystallisation from acetic acid. Dehydrogenation with chloranil in xylene (3 hours)
gave 1 :2-benzanthracene, m. p. and mixed m. p. 156° (lit., 158°) (Found : C, 94-2; H, 5-3. Calc. for
CigHyz: C, 94:7; H, 5:3%).
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scholarship to one of us (D. H. R.), and to the Anglo-Iranian Oil Company Limited for a grant.
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elongated crimson prisms orystalllsed,
¥ield 0,04 gne
Analysls For ~ll-bonzoylfiuoranthene « 12 « (Carboxylic
acid,
Reqe. C 8lsd H Byls
Fde C 7641 H 4,0

von Fochman Bew, 1882,15,886 (C H 0
' 10 6 2)2

Req. ] 76,0 H, 3.8

Anelyslis indicated that polymerisation of the
B~bengzoylacrylic acid was taking place in preference

to the DielseAlder recction,

Attempted preperctions of 5.6~ Dibromoacenaphthens

- ~
-
M -
B¢ Be
bt i
Dashewskil & Karishin C.A. 32,2075 M et
(1) Acenephthene (20 gm) wes dissolved in 75%
alcohol while bromine (21,3 m.) wes blown in (alr
and nidrogen). The solution wes kept &n the water

bath during this rddition and for a further 30
minutes when it was poured into water. The
resulting dark oll wes extraected with ether, the

extroact washed and dried and ithe solvent removed,
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Distillation at 25 m.m, resulted in immedliste
decomposition with coplous evolution of hjdrogen
bromide to gilve a dsrk intrszcteble glase,

(2) Acengphthene (10 gm) was dissclved in nitro-
benzene &t room temperature end bromine (10,6 ml) b
was added dropwise wiih stirring, A very vigorous
evelution of hydrogen bromide occured end the resction
appeered completed in e very short time. The
nitrobenzene was removed by steam distlllsoiion, and
the golden yellow semi-solid obtained, on trituretion
with ether, gsve a pale yellow s0lid (4.5 gm,m.p. 17226° )
The ether deposited further solid material on standlng
(le4 gm)e

Crystellisstion from gleeisl acetic acid ylelded
long slender noecles,m.ps 178° , with decomposition
and liberation of hydrogenebromide,

This materiel appesred to be the dibromoace-
naphthenete trebromide of Mayer & Keufmenn (Bew.53,
289) though the orange needles (benzene) obtalned by
boiling 1t for 30 minutes with concentrsted aleohollc
potash melted at 170 -1°{Lit 186). '
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Prepsration of Aceanthraguinone

C O

Jeeyee
~ - L - — —

Co—co 3 o
/
I

Liebermenn. Bew 1911,44,208,
From anthracene (16 gm) and oxalyl chloride
(40 gm) was obtalned a derk product (17 gm) efter

of

extractlion of snthrolc eeid, This crude product _V”;:¥~f:uu<¢
woe e-tracted wlth hot chlorobengene, the filtrate R
vielding, on coollng, crdmson prisms of
aceanthracuinone (8.5 gn) m.pe. 266%70° ( Lit 270° )
It geve a green colour with concentrated sulphurle
acld,
The dark residus (4.0 gn) from the chlorobenzene
extraction showed no signs of melting even at 330° .
Crystelllisotion of aceanthresculnone from an
"agoo" s:mple of tetralin ylelded pale orsnge

o il R anay
y (| )

¢ i, ]
f_a,\._f_;w{- (.“/.2/.&L.J

ot

le At )(

colovr test, and rnalysis showed 1t to be enthragem 6~
Wy Cited

prisms mepe 285-6° which gave & red colour with

concentrated sulphurie ecid. llelting point,

1:9-dicarboxylic ecid anhydride,

calﬂ- for. ¢ HO ¢ 77.4 H 5.8
lo 8 3

Found., C 76.4 H 3.4
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Eroparation of 1:2-Dimsthyleceanthracens-l:Zediol,

""‘ CH:‘M — - =i,
IEEE T T

To a well stirred mixture of magnesium turnings
(084 pgm) in dry ether ( 10 ml) was added, dropwise,
methyl lodide (5.0 gm) in dry ether (20 ml), ﬁhen
the formmtion of the Grignard reagent wes complete,
aceanthraquinone ( 2.0 gm) was added portionwlse,
visible signs of resctlon occurring with esch
addition, The mixture wes then boliled for 4 hours
and left overnight. Af+er Qrcomposition with 1ce nnd
hydrochloric ncid the olher was removed snd the yellow
product filterod off, '

Yield 2,1 gm (crude)

Crystellisation from eleohol ylelded pale yel}ow
needles m,v, 230°« 13 which both in solid stete and
solution showed » viclet fluorescence 1n the u,v.

Anelysis, C H 0 rege O 81,8 H 6.1
i8 16 2 '

Found, C 8l.1 H B.9
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Proporatlon of 1:9-~ Diascetylanthrsacens

€H3 My Cety  CHy
Ho (}H ot
—— —
e |
. "‘*-..I —

Aceantiaquinoneglycol (0.5 gm) wes suspended in
dry bengsne ( 100 ml) end dry leed tetrezacestate (1.0 gm),
(10§ xs) wes added, Excess of lead tetraacetate was
show by stsrche lodide paper. A floceulent procipitate
appesred bvt =fter 1§ minutes stending ond sheking, s few
drops of ethylene glycel were edded to remove the excess
reagont. The floceulent precipliete dlasppesred
leeving & clear golden brown solutlion which was sheken
with veter ( 10ml), separcted end drieds  The
solvent was removed and the residue wes taken up in
acetone, fillterad, and weter added until erystallisstion
occurrad. Yellow needles mep. 164 « 5,

4 second crystelllsatlon for enelysis ralsed the
Mmeps 186 « 74

Analysis © B 0 roge C 8244 H 549
18 14 2

Founds, C 8146 H 545
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Attempted Dlels-Alder Renchlons,

/0\_‘ "/o"\
cl:.o Lo @ (o
=t

CHr My

(\Y /i —
- . -~
L s
2 —
=

(1) Acesntbraguinoneglycol (0,1 gm) , and malele

anhydride( 0,4 gn) were bollec in pcetlc anhydride
( 2m1)e. Wo asdduet wes 1solsted,

(2) The reaction wes repeated in nitrobenzene
as sclvent . Ko sduet wes obtained,

{3) @ rocetion wes repested in a sseled tube

at 150° « L derk intractable mess resulted,



CH!’ CHLG\“‘
e ~ e
e S |

Jackson, J.A.C.8: 1880,1 , 101
Bromine (32 ml) wses alrblown into boiling o
bromotoluene (10C gm). When 211 the bromine had
been =zdded the dark solution was frsctionsted undey
reduced pressures
The yleld of highly lachrymatory o-bromodbenzyle
bromide was 84 gn bep, 134 - 20°/ 20 mm,

Preparetion of o-bromobengylethylether

CH, Br CH,0C, Hs
B i3
1 e D
Blicke & Welnkeuff. JAGB., 19ZI2, 04,

o=Bromobenzylbromide (84 ggp) wes heated for 2 hours
on the steem beth with sodium ethoxide ( absolute
"alcohol 200 ml end sodium 10 .0 gm) . The dodlum
bromide wes flltered off and the sleoholie solutlon
wes poured into weter, The resluting oll wes
fractionated under reducsed pressure,

Yield 60 gm b.ps 126" - 7°/ 27 mm,

When this ethylether was added to o well stirred

mixture of megnesium turnings in dry ether, no

resction oeccurred, The addition of e little methyl-

magnesium lodlde eppesred to stert s recetion which



o

goon slows? down and flnally storped, Fregh
additlon of the bromo chpound had no effect nor had
boiling. The metal lost its lustre and wes
obvioualy coated and sticky,

Praperetion of c-Bromotoluensdiescetats

B?Edy ete2ls Je 1925,2‘29.

tcetic anhydride ( 40 gm), acetic acld ( 30 gm),
concentrated sulphuric seid ( 16 gm) snd o=bromo-
toluene ( © gmn) were mixed carefully Iin thet order,
ane the mixture encled to 0 Chromic oxide ( lq gm)
in se¢etic 2cld ( 30 gn) wes slowly =dded so thet the |
tewporaturs rem:ined below 100 After 30 minutes
the mixture wss rpoured onto 1ce. Woter was added
to precipitete the dlacetate which was crystallised
from sleobel,

Yield 2 gm.

Grignard formatlion did not occur with this

derivetive,

Attempted reactlor of 2« Chloroeyclohexanone with

Qw anthrylmegnesliumbromlde

g Cl
Mafl,
Gy

A Grignerd reagent wes prepared from S-bromoanthriacene

( 2457 gm) by the method of Bachmenn & Kloetzel, Je
Orge. Chem, 1939,3,55,
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To the ¢0ld reegent in ether wes added 2« ghloros
eyclohexsenona ( 0,7 zm) end after 4 hours the mixture
wes decomposed with 1ece and hydroehlorie acid,
Yo product other that snthrscene wes observed,
The reaction with eyelohexenone wns similer,

Preperction of Fluoreneele-cearboxylic gcoid.

=l Ly

[y [
CooH cooH

Bergmenn & Orchin J,A,C.8, 1949,71,1111.
Fluorenone -l-carboxylic scid ( 5.5 gm) was
poduced by the modified Wolffe-Kishner method,.
Yield 4.5 gm m.p. 247 - 93
Attempted Friledel - Crafts Rescticns, with Fluorene~l

Cerboxyliec ecld chlorid: and benZene

(1) Benzene as solvent

(a) Fluorene-l-carboxylic secid (2 gm) was boiled
with thionyl ehloride, the excess of whlich was
removed in vecuo, Traces of the reagent were
removed by repented distillation with benzene,

To the eseid chloride residus wes added dey
benzene (10 ml) end then powdered snhydrous aluminium
chlorlide ( le4 gm) , porticnwise wlth stirring,
The mixture wss left overnight, decomposed with ice end

hydrochlerle zcid snd filtered,
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The benzene leysr o8 sapersted, sxtrzeted with
carbonate, wasined snd drlad, Removal of the solvent
yielded & smell esmount of 2 wiseous oil which was
not lnvestlgeted,

(b) Reg%?%:icn of the expsriment with the
resctants mainteingd et-56° for 4 hours yislded only
dark intrecteble materisl,

{2) Tstrachloroethane se solvent

To the resetsnts we: edded totrachlorozthans
(30 ml)e Aftar stending overnight ths dark red
| gel wes decomposcd ss before &end the solvent wes
removed with skeem,

A smell guesntity of & produst crystazllialing
. from beuzene in rale ysllow needlas, m.p. 182°- 4:
: wes obialacd and this wes snalysed for l-benzoyl-
flucrene,

Anclysis, c H e reg C 8849 H 5.2
20 14

Pound, C 83,8 H 4,4

Analysis sugg 3ted a condansation product of the

acid ehloride with 1tself, probably in the 7=-position,
CooH

18 &

asa "

G H © rege. G 830% A 4.5

o
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(8) Ethylenedichloride as solvent

A solution of fluorene -lecarboxylic acid chlr
(from 2 gm se¢ld) in ethfPlenedichloride (20 ml) was
added dropwise to a well stirred mixture of powdered
anhydrous sluminium ehloride ( 2,7 gm), drybenzene
(5ml), and ethylenedichloride (5 ml), The solution
wermed slightly and there separated a thick brownish red
precipitate which redissolved after 30 minutes, There
was e vigorous evolution of hydrogen chloride.
Stirring was continued for 2 hours ond the mixture
left overnight, After decomposition with ice and
hydrochlori@ ocid the solvent weas removed with steam.
The residuel oil was taken up 1in benzene, shaken with
cerbonete, washed and dried,. The solvent wes removed
and the rosidue distilled in veacuo.

Two fractions resulted.

(1) A white erystalline solid distilled up to
250 ( bath) /0.05 mm,m.p. 50 «ls This compound was
dibenzyl ( mepe. & m.m,ps with authentlc sample),

- | ~3
The so.vent had, therefore, reacted with the

benzene,
(2) The rest of the material distilled as an
0il which, even efter chromatographie purification,

yield=d no solid,
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Preparation of leBenzoylfluorene

Cd(@”s)zq
2 A L

A Grignard reagent wes mede from magnesium turning

(1.8 gn) end bromébenzene (10 m1l) in dry ether (50 ml),
When the formation of the Grignérd reagent was complote,
anhydrous cadmium chloride ( 7 gm) was added portionwise
to the well stirred, cold, mixture. When a Michler's
ketone test ( Cilman, JeA.CsSe 1925,47 2002) showed the
dbsf;nea of Grignard reagent the ether was distilled off and
repleced with dry benzene {( 20 ml). The aeid chloride
of fluoreneele~cerboxylic acid (2 gm) wes dissolved in
dry benzene esnd sdd:d dropwise to the benzehe solution
of the organocadmium compound, The mixture was boiled
4 hours on the water bath and left overnight, After
decomposition with ice snd hydrochloric acid the
benzene layer waes separated, washed with cerbonate,
then woter, and dried, The solvent was removed and
the residual palse yellow oil, when triturated with
light petroleum, yielded a white solid,

Yield 1.9 gm m.p. 85 = 7°( 76%)
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Crystellisetion from methanol ylelded glistening
white plates m.pe. 90wl
Analysis ¢ H © req C 88,9 H 5,87
20 14
Found, C 8844 H 5.1

A dinitrophenylhydrezone could not be prepareds

The Elbs pyrolysis of l-benzoylfluorene

;
DL
e Bl L

l-~Benzoylfluorene (3,0 gm) was pyrolysed at 420°

in an atmosphere of carbon dioxide, for 15 minutes,
during which time the charecteristic effervescence
dccurred, The reddish brown residue was dissolved
in bemzene and chromatographed on a column 36" x 1%,

The brownish yellow fluorescent solution was adsorbed
vara

es shown,
srange

‘{&How

After some development with benzene the column appeared

as n agrams i

F’ PLIC

ovang L

,__-S:- O't‘o-no;f.
bf'l..fikb

b elew
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Fractions were taken as follows,

(A) The forerun to the bright yellow bende No
material wess isolated,

(B) The bright yellow band whieh sepsrsted from
the orange band as development procecdod,

From this band was obtoined a pals yellowish solld
(0.75 gm) m,ps 140 = 200:

(C) Cut to the orange bsnd., No material wes
isolatede

(D) The orange band, The eluaste was orange with
a8 yellow green fluoreseences Removel of the solvent
vielded en oil which on trituration with methanol/
light petroleum gave & s8clid (044 gm) which was
obvicusly & mixture of colsrless, yellow, and reddish

- materialse The column then sppcared.

; (BE) The oily solid from this

{
{;ﬁwa band was triturated with

: methanol and filtered.
Zale

ﬂ‘wanqe Yield 0.8 gm m.p.(licro)

80" = 5e
Under trhe mieroscope this ma'‘erial appoesred &o
be & mixture of orange and colorless mater ale
(F) fThe aleohol washings of the column yielded
no quentity of solid,
Totsl recovery from the column was l.95 gme

Fractions B,D, &E were recolumned separastelys



104

Prection B. The yellowish white materisl when

crystellised from methanol/light petroleum yilelded
an obvious mixture of yellow prisms and smsll white
prisms, No ssparation wes obtalned on recolumning,
The mixture was separated ss follows. By boiling
’ with 1light petroleum ( 60°- 85) the yellow material
dissolved leaving the colorlesss solid which was taken
up in a small volume of ehlorobenzenc. Addition of
light petroleum until & turbidity in the hot was
obteined yielded small gcolorless prisms m.p. 232°- 3%
Anglysis for 2;3ebenzofluoranthsne,

g = req c 9642 H 4.8
20 12

Found, C 82.2 H 4.8

Though e molecular weight d:termination was
not earried out this anslysis ylelded an Ampiricel 8/
formula of @ H 0, which suggested a molecule /
built up framég bleofluoranthene residues but
eontaining oxyger . This colorless solld did not form
a picrate;

The light petroleum filtrate was evaporated and
the residue treated with pleric acid in benzene.
Deecp red needles resulted. Decomposition of this
pierate with emmonia ylelded a yellow solid erystslllising

from aqueous methanol in golden prisms m.p. 144"« 5q
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It wes slowly soluble in concentrsted sulphuric scid
glving a dsrk reflecting yellow solution,
Analysis for 2:3« bensofluoranthene

g A regq € 9542 H 4.8
20 12

Found, C 94.38 H 4,9

Because of the low yield the method was
abandoned,

Recolumning of freetions D % B, 4id not lead
to any separation and they were not investigoted

rﬁrther.

Preparation of le(pemethoxybenzoyl)fluorenc.

G, D
O. D 0CH3
Co

C.O"a

Fluorene =lecarboxylic acid chlorid-( from 2 gm
acld) was dissolved in the minimum of anisole at
room temperature and powdered anhydrous aluminium
chloride( 2.7 gp) was added. The mixture was
stirred for 2 hours and left overnight, The coloug
darkened in the course of the reactlon from = golden
yellow to a dark reddish brown. After decomposition
with ice and hydrochloric acid the exces:s solvent was
removed with steam, An oil was obtained, setting solid

on cooling.
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Crystellisstion from aleohol ylolded clusters of
colorless prisms m.pe 104 - 5, yiold 1.9 gm,

Anclysia ¢ H o0 b J T C 84,0 H Sec
£1 16 2

Found. C 827 H 546

Prepepation of o«Chlorobromobenzens

Org, Synth, 24,22

o=Chlorobromobenzene was prepsred by trecting
small o-chlorobenzenediazonium bromids wilith cuprous
bromide, The ykeld from 127 gm o-chloraniline was

165 gm o~chlorobromobenzem .

Recction of o=Chlorophenylmagnesium bromide with

anthrome

A @rignord reagent was made from megnesium
turnings (0.7 gm) and o-chlorobromobensene (5.86 gnm)
in dry ether (50 ml). When the formation of tie
Grignard reagent wes complote, anthrone (2 gm),
suspended in dry benzene ( 20 ml) was added portionwise
with vigorous stirring. The first few additions
resulted in an intense cherry red colour with a blue
fluorescencey which faded to a pale yellow while still
reteining a blue fluorescence, When 211 the anthrone
hed been =dded, the mixture was boiled for 1 hour during
which time 2 small amount of a ysllow flocculent
precipitate separated,

The mixture was ceooled and decomposed with iced

ammonium chloride, The organic layer was sepereted
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filtered, wesned and driod sng the salvent removed
Trituration of the residual oil, with mekhanol,
Yielded a pale ysllow sollid, 1,2 gnm.

It erystallised from aleohol/benzene in pele
yellow prisms mepe 2850( miero) with rapid
sublimation, Tre material conained no chlorine
end geve & red colour with zine dust and caustie
soda, This co}our test and m.m.p. with an
suthentic srmple showed it to be anthraquénom ,

Preparetion of 9e-o=Chlorophenylflucrene=9-ol.

7 \
ael &Wﬁﬁ “!»
alo .
E@O 1 o
o

o=Chlorobromobenzene ( 29,3 gn) in dry ether

( 80 ml) wes added dropwise wilth stirring to
magnesium turningnxfin dry ether (20 ml), Fluorenors
(9 gm) was dSssolved in the mimimum of dry benzene
and dry ether ( 50 ml) was added, This solution
was then edd:d dropwise with stirring to the Grignard
Reagent, when an orange yellow colour resulted on
each addition. After asllthe fluorenone hnd been added
the mimture was boiled on the steam bath for 1 hour,
A small smount of white precipitate seprrated from
the pale yellow etheresl solution during this hour,
After decomposition with ice and dilute hydrochloriec

acid, the ether layer was separated , wash:! and dried.

=
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Removal of the solvent gave an o0lil, which on
trituration, with light petroleum, ylelded the
recuired product,

Yield 11 gm ( 75%)

Crystellisation from methanol gave colorless
plates turning opague at 60° and melting 138°- 40,
A second crystallisation ralsed the m.p. to

140 - 1’ Bried ot 80° for analyses.

19 13

Found C 78,6 H 4.4 Cl 11.6

The carbinol showed a pale hello fluorescence in
the ue.Ve and gave a wine roed eolour with concentrated
sulphuric acid.

From the light petrolesum mothor liguors was
obtained 2 thick o0ll not investigated further.

On one occasion the yield was 82%,
Derivative

On werming the carbinel with a little acetyl

chloride a vigorous reaction occurrei and white
prisms were deposited meps 143° - 4, M.mepe with
the carbonal 120°« .

Crystallisatlon from alconhol/ acatic acid to
whlch 1 drop of water 1s addad yloldod colorless
prisms m.p. 145° A Pei colour was obtailned with

eoncentrated sulphurle acid,
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Analysis There are two possibilities (ef tri-
phenylearbinel,

g8
e

Gy

C H GCl2 vreg. Cl 22,6 ¢ H 0 Cl req ClL 10.4
19 12 2 21 15 2

' (ef triphenylmethylechloride) Found C1l 11.4

 Preparation of 9-o=Chlorophenylfluorsne

9=o-ChYorophenylfluoren=9-ol ( 17.8 gm) was boiled
for 3 hours with lightly emalgemated zinc dust ( © gﬁ)
end zinc moetal (18 gm) in scetic acid ( 500 ml) end
econcentrated hydrochloric scid ( 100 ml) , At the
start of the reactlion there sppeared a yellow colour
which eventually disappecared to yield a clear solution.
Coneentration of this clear solution yid2ded globules
of oil which erystallised on cooling and seratching,

Colorless prisms m.pe 75 e Go

A second crop wona obtalned on further econcen'ration.
Mepe 74 = 6o

Total yield 14 65 gmn ( 85% )
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The chlorohydrocarbon erystallised from methanol
in colorless prisms m.p. 76 = 75 insoluble in
concentroted sulphurie aeild,

Analysis ¢ H Cl wveq 0 82,4 H 4.7 C1 12.8
19 13

Attempted preparations of o=(9-Fluorenyl)benzonitrile

—— L
i D

(1) Boiling with cuprous cyanide in pyridine led

7\
Y
e

only to the recovery of unrcacted starting matorial.:

(2) Pusing with cuprous cyanide in oil bath
ylslded no product.

(3) Heeting with cuprous cyanid: in quinoline for
8 hours at 250° in a sealed tube yielded only a dark
intrectable product.

(4) Heeting with cuprous cyenide ( no solvent),
with the sddlition of catalytie quantltles of copper
sulphete snd tolunitrile in & sealed tube at 250°

led to no recognisable product.
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Preparatlion of o-(9«Fluorenyl)benzonitrile.

Flrst Yethod

g~o=Chlorophenylfluorene { 0.5 gn) , dry cuprous
eyanide ( c.5 gn), coppeor sulphbte end toluniirile
( small speatula) end dry pyridine { 1 ml) were heated
in a sealed tube for 20 hours at 230. The mixture
was poured into dilute acid snd extracted with benze?e.
The benzens layer wes washed with armonia, water, ao#d

and wobtar snd then drieds The concentrate was

-/

|

chromatogrephed on a column 140 em x 12 &m and
1
developed with bDenzene,

After somes develppment the column appesred =8

- below,
Fracticn 1, Removel of the solveﬁt
== yielded a small quantlty of oilyi
L filisley s0lld too small to be investigated
further. j
Vil tls Froction 2, The eluate of the pale

H ]

D eep v olel.

helio band showed 8 week violet
fluorescence in the u.v, end ylelded

a colorless solid ( 0.2 gm)m.p.lﬁ"-110°
Crystallisation from light petroleum ( 80 = 1063 reised

the m.pe to 114 = 5° The product gave a blue groen

colour wlth concentrated sulphuric acid, It contained

nltrogen and analysed for the required nitrile( see next

experiment)
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Freetion 3 The column wes eut and the upper band

eluted with chloroform, Remov2l of the solvent

vielded a colorless solid ( 0.15 Gm) me.p.( crude)

125° = 304 It crystallised from light petrolsum ( 198)
in colorless prisms m.p. 142°= 3¢ This product also
contrinad nitrogen and anslysed for the amide ( see¢ next
experiment).

Second lMethod, |

|

cyanide ( 5,5 gm) and dry pyridine ( 10 ml) were haatgd

9=0«Chlorophanylfluorene { 5.5 gm), dry cuprous

(‘] !
in sesled tube for 24 hours at 230 . The product
wag troated ss aboves

Froetion 1, The d2ep violet band. The eluate hed

|
a bright blue fluoresecence in the u.ve and ylelded I
unrescted 9-o=chlorophenylfluorene ( 0.6 gm)e
Fraction 2. The rale helio bend ygielded a solid

( 2,6 pm) which erystellised from light petroleum
( 860- 1063 in rosettes of colorless short prisms m.ps
138"« 45 The solid showed no fluorescence in the
u.v. though the solution showed e wollt vioclet.

#ith coneentrated sulphuric aecid, on standing the
colour chenged from red « violet- blue- blue green
where it remrsined,

Q (=]
A second erystellisation relsed the meps to 115 = 6,
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Analysis. ( for nitrile)

C H NreqC 89,9 H 4,9 N 5.2
20 13

Found C 9010 " 4.9 o 5.2

The yield of nitrile was therefore S51%.

Fraction 3, The upper violet band ylelded a colorless

80l1id ( 0.65 gm) which crystellised from light petroleum
k125)/benzena in long slender elongatod prisms m.pD.
142°- 3] It wss immedlately soluble in concentrated
éulphuric acid to yield a pale hello colour.

Analysis (for the emide)

C H NO regs C 84,2 H 5.0 N 5.0
20 15

CONH, Found. € 84,5 H 513 N 4.9

From a run of chlorccompound ( 14.5 gm) end cuprous
cyanide ( 645 gn), (le2 ¥ ) the nitrile ( 8 gn) wes
obtained in 56% yleld,

Third Hethod.

9~o=Chloropnenylfluorene { 12,3 gm) , cuprous
eyenide ( 6 gm) , pyridine (15 ml) and ascetonlitrile
( 1.5 ml) were hected in a sealed tube for 24 hours at

240° o
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The yield of nitrile was 7.5 gm ( 70%).
(Recovered chlorocompound 1.2 gmg emide 0.2 gm)e

Preperation of o-(2-Fluorenyl)benzoic acid.

Coom

H H
~ ~ ~
LR (5

CN

(1) o=(9=Fluorenyl)benzonitrile ( 5.0 gm),acetic

acid (25ml), concentrated sulphuric ascid (12,2 ml)
and water ( 12,2 ml) were boiled for 24 hourss

The acld precilpltated from this mixture. At the
end of the bolling tho mixture was poured into dilut%

acld and extracted with ether, The required acid

was obtalned by carbonate extraction of the ether
extract, ;
¥held(ecruds) 3.8 gm) 74%)
Crystalliisation from scetic acid ( chercosl)
yislded colorless pletes mep. 239° - 40°( Lit 245),
Recrystaellised fop asnalysis m,p. 242° - 3°

Analysis, Cele, for ¢ H 0O C BB.S H 4.9
20 14 2

Found.G 82,7 U 4.9

Tho seld gave » red colour with concentreted sukphuric acid.
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(2) o=(S«Fluorenyl)bengonitrile { 9.3 gmn), caustie
sode { 5.6 gm), water (9 ml) and ethylene glycol |
(36 ml) were bolled for 24 hours, The clear aoluthon
wes diluted with water and acidified, o-(g-fluoranyﬂ)
benzolc aeld separated, |

¥ield 8.8 gu ( erude) 88% |
It erystallised from acetlc aeld in colorless
plates me.pe 241 - 2° |

Preperation of 233=Benzofluorentihiene e

ef Fleser and Cason J.Ah«C.S. 1940,62,432, |
o=(9=Fluorenyl)benzoic acid (1 gn), acetie acid!

( 6 ml), acetic enhydride ( 5 ml) and = trace cf i

zine chloride were boliled for 2 hourse The solution
turned yellow with & strong green 1l orescencas

Weter was addsd to the hot soluiion until erystulli%ation
occurreds The fluffy orange materlal ( 0.95 gm)

Mape 215°= 24°which resulted, did not look purs under

tho microscope. it contalnsd some colorless materiale
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77N\
QAc

The acetate was reduced b, the method of k:irtin

( Jl R.C-S._ ) ( 1936'58’1458’.

The zine dust ( 1.5 gm) was shaken with 0,19 !
copper sulphate solution for a few minutes. The |
aolution wes then decented from 'he zine and th the
reslidue was added caustic soda( 30 ml), toluens ( 10 ml),
and finally the crude acetate ( 0.9 gn)e The mixtpre
was boiled for 22 hours,

The orangs yellow toluwene layer assumed & atrongl
groon fluorascancas After 4 houra boiling the

fluorescence dlisappssred and the toluene layer paled.

After 22 hours +hs toluens was colorless but »s tiee |
gaolution essled the yellow eolour and grosn fluorescence
returnad, Bonzene was added and the orgenic layeﬁ

was separated end washeds The dry concentrate was
then chromatocroephed end tho greenlish yellow band

which geparated wes eluted, The solvent was remo&ad
and ‘he rosidue ( 0.25 gn) was crystellised from light
patroleunm, Thera rosulted a mixturs of orange end
colorlzas prisms, soms of which wore separsated
mechanlcelly.

The orange material, m.p; 144 ~ 5° s 2:3= bonzo-
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fluoranthene 1dentleal in mepe and mixed me.pe with
the product obtained in the 1Blls reactlo of le
benzoylfluorens,

The colorlese materlsl me.p. 136° = 40" tharefore
was sesumed to be the correspondling dlhydro compound,
since it had slresdy been noted that dihydroanthracene

wes partielly dshydrogenated on a column.(experimentel péfs)

Dehydrogenation
Q Chlovanil Q
H 7
5 S
L L
H H

The mixture (020 gu}, chloranil (0.20 gm) and
sulphur-free xylene (10 ml) were bolled for 35 hours
The eold solution was diluted with benzene end the
organiec layer was shaken with cold 57 csustic soda
golutlon containing some hydrosulphlte to remove
tetraschlorchydroquincne and excess chloranll, after
washing and drying, ths bDenzene~xylene concentrete was
chromatographed, the rapidly moving yellow band eluted
and the solvant removeds

Yield 0.19 gn (gquantitative)
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Crystallisation from light petrol yielded
beautiful orange-yellow lathcs, Mepe 144°w 5°%,
Anglysis. ¢ =B rogs C 95,2 H 4.8

20 12

{(E1lds produect) ;
Founde C 84,8 H 4,9

Derivatives.

(1) Picrate (benzene) dsep crfmson prisms m.pe. 215

Anelysic. ¢ H O B reqg. N 8.7
26 15 7 &S

Found. N 8,9
(2) The hydrocarbon also formed a malele anhydride
edduct, thus showing the retentlion of the meso-position

ectivity of the enthracene nucleus of the molecule.

Bengofluoranthene (50 mg) and maleic anhydride
( 40 mg), were bolled in xylene for 30 minutes, The
product obtained on cooling, after washing wlth a little
ether, was crystellised from xylene,
Colorless prisms, turning yellow at 210 ° and
melting with deec. 220" = 35°
Analysis C 0 Treg. C B82.2 H 4,0 e/

H
24 1? 3
Founde G 8l.3 H 4,1
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The caustic doda solution, on asidffication,
yielded 03 gm of uncyclised o=(%efluorenyl)benzoiec

acld.
The yisld of hydrocarbon was therefore 507

Cyelisation of o~(9=-Fluorenyl)benzolc acid (2nd Method)
To oJQ-fluorengﬂbansoic acid (0«5 gm) in dry benzene
( 8wl ) , was added phosphorus pentachloride (0.45 gm)

end the mixture gently wermed to start the reaction,
A golden-yellow solution of the acid chloride weas
guickly produced and »fter standing 15 minutes to 1t,
was added stennic chloride ( 0.2 ml ) in dry benzocne
({ 3ml)e A dark colour spresd throughout the solutlon
and & derk brown complex sepserated, After standing
30 minutes the mixture was decomposed wiith ice and
hydrochloric acld and the yellow-orange m:teriel
which was preciplitated was flltered off,

Yield 0.22 gme

Crystallised from Zylene in bright oronge stub
prisms m.pe 280° - 2° with cherring.
Analysis for 1:9-(o-phenylenganthrone.

C H O rege C 896 H 446
20 12

Found.C 8046 H 443
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This compound was re uced easily by the acid e tnsrinnni
Clemmensen method ( toluene) to a colorless crystalline
80114 Mepe 240° , Unfortunately there was not

enough of this meterisl for snalysis.

Other a''empte! cyelisations of o-(9-Fluorenyl)benzolc Acid

(1)(a) Replaecing the zcatic scid with phosphoriec acid
led to & dark intracteble oill,

(b) Addition of phosphoric acid to the mixture
cause only the precipitation of the scid which did!
not ecyeclise.

(e) When the scild (0.3 gm) was bolled with
hydriodic acid ( 2 drops) in acetic enhydride (5 ml)
en Intractable oil resulted.

(2) Boiling the scid with red phosphorus, potasaium:
icdide and phosphoric seid did not lead to cyclisation
Unrescted acld wes recovered,

(3) The ecid chloride was prepared by boiling with
excass thlonyl chloride. Removal of the solvent
yielde® sn olly product to which nitrobenzene and
aluminium chlorlde were =ddel, After stending
overnight the mixture was decomposed and the solvenp
removed with steom, The rosidue was chromatographed

but only derk oily fractions wero obtalned,
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The Attemptod Synthesis of 2:3-6:7-Dibenzofluoranthene

Proprration of Ethyl Clnnemate

Flacher & Speler Bev,1895,28,5264.

Cinnemlc acld was ssteriflied with alcohol and
sulphuric scid

Yield. 807
Preparation of Ethyl & Bedibromo-B-phenylpropionate
Org.3yn. 1932, X11, 37
Ethyl cinnamate was brominated in carbon tetrachloride
Yield 85%

Preparation of Phenylproplolic iAeld

Abbott. Org. Syn. 1932, X1ll, 60.
Ethyl @& @-dibromo-p-phenylproplonate was hydrol¥sed
ard dehydrobrominated with slcoholie potash,
Yield 75%

Preparation of l-Phenylnaphthalene-2:3e-dicarboxylic

anhydride
Schaarschmidt Bev.1915, 48, 1826,

COOH

COOHf o<

€ty L @

¢ N _

e o=t i
& = —_—

@_g . @
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Phenylpropiolic acid was gen'ly boliled with acetie
enhydride. The literature yleld could not be
repeated,
S0 gm phenylproplollc acid yielded 25 gm anhydride
(3 hours boiling Lit 38g~»
50 gm phenylpropiolic scld ylelded 35 gm anhydride
(2 hours boilling)

Pale yellow crystald m.p. 258" - 9 Colorless when pure.

Preparatlion of 3:4eBenzofluor-none-l-Carboxylic acid
Schaarschmidt Bew, 1915, 48, 1826.

O~
i o
cﬂ % .
= N Cl =
| _9_13%
S = s o
< =~ CQOH

The internal Friedel«Crafts reaction of the
phenylnsphthalic anhyd#ide ylelded 3:4-Benzofluorenone=-
l=carboxylic acid. The acld was extracted with
hot 57 cerbonste instead &f ammonia.

Yield Quantitative
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Preparetion of 3:4-Benzofluorenone,

7\

_ié____4
= ~ O Guwnoling 2
|
e ZNCooH h

3:14-Bengofluorencne=-l-carboxylic acid ( 30 gm),
(crude =s obteinad in the last experiment ) was
decarboxylated with copper bronze and quinoline at
220 - 5q The quinoline sol'ution was poure ' into
acid and the precipitate filtered. Extreoction !
with benzene ( Charcoal) and concentration ylelded |
orenge crystals of 2:3-benzoflucrenone. 3
Yield 19 gm mep. 158" - 60°( Lit. 161) 728

The compound geve = rreen colour with concentrated

sulphuric scid,
Proparction of 9=-p-Chlorophenyll3:4=-benzofluoren-9-ol

o 7
) e
—_— OH

\O ‘é S ~

£ ST 1
A Grignerd resgent( 4M) was prepared from magnesium
turnings( 4.7 gm) end o=ghlorobromohenzene ( 24 ml) in

ether. It was diluted to a volume of 700 ml,

213=Bengofluorenone ( 1ll.5 gm was dilssolve in dry benzem
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(26C ml) and the warm solution addel dropwise with
efficient etirring. A red coloretion was locally
produced with cach addition, At the end of the |
addition 2 clesr browmisheyellow solution was boiled:
for 2 hours on the water Dath and then decomposed with
ice end hydrochloric acid. After w shing ond drying
the orgenic layer was taken to dryness and the rosulting
oil triturated with light petroleum when a pale yellow
solld was obtalned, " |
Yield 9.7 gm ( 55% ) ‘
It erystelliced from alechol in colorlaess prisma!
melting with offerveecence st 100  and reaolidiryingi
with melting at 170, It gave a red colour with |
conecantrated sulphuric asecid, |
Anglysis. (1) air dried. _

C H 0Cl, HO regse 8 76.6 H 4,7 Cl 943
g 18 20 |

Found € 76.4 H 5.0 Cl 9+6
(2) dried, ‘
¢ H ocl req. C 80.6 H 4.3 Cl 10.4
23 15 |
Found. C 80,2 H 4.1 Cl 10,7
A poorer yield of the carbincl was obtalned with
S moles of Grignard reagent. With 2 moles of
Grignard reagent a pink precipltate separsted on

addition of the benzofluorenone soiution. This

precipltate decomposed to yleld unrcacted ketone.
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Preparation of Sw~o=Chlorophonyl-3:d-benzofluoreng

9-0=Chlorophenyle-3s 4«benzofluoren=-9=0l ( 11,9 gm),
lightly amalgemated zine ( 10 gn) and zinc dust ( 6 gm),
eoncenirated hydrochlorie acid_( 75 ml) and acetiec aéid
( 500 ml) were boiled for 3 hours, At the start of
rocction a deep red colour »es produced which gra&ua#ly
faded to a pele pink efter 3 hours, & fnrthér
quentity of zine dust ( 2 gm) was edded aend the boiling
was continued for ¢ further 1 hour when the solution‘was
completely colorless.

Conecentration yislded globules of oil which wnul?
not solidify, On pouring into water there resulted
a copious white precipitate which contalned inorgsnie
material, This precipitate was dissolved in benzene
end the benzene concentrate chromatographed. The
column showed the peculier phenomenon of a transparent
bend which displayed a strong blue fluorescence in wu.v.
This band yielded a clear oll setting solid at once on
triturstion with light petroleum.

Yield 9.9 gm ( 82% )
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o (2]
Crystallisation from light petroleum ( 80 - 100)
gave colorless prisms m.pe. 106° - 7: insoluble in
concentreted sulphuric secid,

Anelysis. ¢ H ¢l req Cl 10.9
23 18

Found. C1 11.5

Freperetion of 9-(o-Cyanophenyl)-3:4=benzofluorene

[
BRI

Q{o-chlorophenyl)-azhbeuofluorano ( Be6 gm),

cuprous cyanide ( 3.6 gm), pyridine ( 20 ml) end
acelonispile ( 2 ml) were hested in a sesled tube
for 24 hours at 240° On opening the mixture was
poured into dlilute ascid and extracted with benzene,
The benzene was washed with ammonia, water, acid and|
weter and then dried, The concentrate was then
chromatographad,
The column appeared =s shown aftor some development

with benzene.

u.v.
b = .
Bluc
ﬁil 7 l:(lk.
fud
I ellawy, ==
L =i Sh'mu] blue
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Fraction 1, The strong blue fluorescent band

- yilelded onl & smsll =smount of unroscted chloro compound.

Froetion 2, The visible pale-yellow bend ylelded

en oil which immediately sclidified on trituration with

light petroleum.
Yiold 6.3 gm ( 74% ).

It cerystallised from ligzht petrol 80° - 10()7benzena

in eclorless prisms m.p. 140° soluble on stonding, in

concentrated sulphuric acid with an olive graoen colodr.
The solutlion eventuall; turned reddish-brown with a
groen fluorescenco,

Analysls, ¢ H R rege N 4.4
24 15

Found. N 3.9

Proction 3, The column was then eluted with alcohole

Removal of the solvent yielded a dark olly solid (o.d gm)
which could not be identified,
- Preperction of 9-(o~Carboxyphenyl)-3:debonzofliorene

coon

(1) 9-(o=Cyanophenyl)3:4=banzofluorene ( 2.0 gm),

acetic acid ( 18 ml), concentreted sulphuric acid ( 9 ml)
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was bolled for 24 hours, S0lid separated in the
- eourse of this boiling, The mixture waes poured
into dilute =zclid end the preeipltate filtered,
Extraction with hot carbonate, followed by acidificaﬂion
| ylelded the reqguired acid,

Yield 0.9 gm.
It erystallised from acetic scid( Churcosl) in
- eolorless nodulcs mepe 200° but not clecring until
2304

- Anglysis. ¢ H O rede. C 85.7 H 4.8
2¢ 16 2

Founde C 84,0 H 5.3

(2) O=(0=Cyarophonyl)=3s4=benzofluorene ( 3.5 gm),
caustic doda ( 1.4 gn), water,(3.5 ml) and ethylene
glycol ( 17 o3 wml) were bolled for 24 hours. The
scarlet colour which apusere at the start of the boillling
gave way to a clear pale green solution at the end of
the ronction, On pouring into scid a white precipdtate
settled. This preoipitéte was completely soluble in
dilute carbonate.

Yield 3.7 gm ( Quantitative)
The methyl ester ( methanol, sulphuric acid):

colorless nodules( lizht petrol) mep. 110 - 11,
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Analysiss € H O 1roeqe C 85,7 H 5.1 !
25 18 2
Founde C 8447 H 543 :
The methyl ester was chromatogrsphBed ond hydrolysed
back to the perent acids There was no difference in

Mele

Attempted eyeclisstions of 9-(o=-Carboxyphenyl)=3:de

bengoflvorens

|
(1) The ncid (0.85 gm) , acetic seid ( 6 ml) and

acetic snhydride ( & ml) end zinc chloride ( trace)
were bolled for 2 hours, To the hot deep erimaonl
solution water was sdde-” until cryst llisstion occur?ed.
The erimson aeetate was filtereds

The acetote ( eruds) wes bolled wlth zinc and all
as before (p W6 j for 24 hours, When the tolusne
layer was chromstogrephed a reddish-orange bdand
separated and wes eiutedas Removel of the solvent
vieided a small quentity of reddish oily material
which was not investigated further,

(2) ‘The acid ( 1.0 gm) end phosphorus pentoxilde
( 7 gm) wore bolled on the water bath for 3 hours 1ﬂ
dry benzene( 150 ml)e The deoep erimson coloured i
mixtuare wasldiatilled to dryness and dilute caustle

soda =ddad, There wes no insoluble residue of

cyeclised
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cyelised product. Acildiflcation of the caustic
sode flltrate yielded a black intr=ctable solid,
(3) ef Birch, Jaeger and Robinsone J.1945,582,
The acld ( 0.2 gm) was added to a solution of
phosphorus pentoxide ( 042 gm) in phosphoric secid ( é ml)
| end the mizture meintained at 150 for 5 minutes.
The mixture weas then poured onto 1ice, Uncyclised

geld wes recovereds
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Proporation of 9-lathyl-dsd-banzofluoron~0-ol

Q e )

s e

CC S

Fieser & Joshels J.A.C.3. 1940’62’95?0

3sd=Banzofluorenons ( in benzene) was addsi to
methylmegnesiumiodide ( 4 M),
Yield 80%
Freporstion of 103 ll-Benzofluoranthena-Saéndiearboxx%a_

2eid anhydride. )

Gwiictiyledtd=bsnzofluoren-9=0l1 (1.0 zm), malele
enhydride ( 3,0 gm) end acetlec enhydride ( lo ml)

were bolled for 4 hourss The yellow solution
gredunlly reddened, On cooling orange red needles
sepereted

Yi2ld 0.2 gnm
It crystellised from K « methylnephthelene in

long thin orengs red needles mep. ~ 330 o



132

Anelysise € H O Toge C 82,0 H 3.1
g2 10 3

Foundes, C 8l.2 H 2.9
When the anhydride was boiled for some hours witJ

methenol end concentrate! sulphuric acid there was

| |
| obtained a yellow solution which on cooling deposited

| slender yellow nsedles m.p. 203 = 4 on erystallisation

. from methanol/benzene, The compound analysed for

the expected dimsthyl ester with 1 molecule of

methanol attachede.

—

N\
Q Analysise C H O , CH 0OH
24 16 4 3

g‘ roge § 764l H 4,7
COOCH, ; CHS“"

CoocHy Found, © 75.0 H 5.0 {

Decarboxylation

—

w Q
Co

A LI
~
iy 7 |

The anhydrid: { 100 mg) was intimately mixed with
& lorge excess of calecium oxlde and tie mixture hected
to & dull redness. The yellow sublimste which

ropldly eppeared wsa chromatographed in Denzeno.
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1
|
|

The yellow band was slu'aed and the solvent was ramov?d.

The bright yellow solid ( 70 mg) obtainedy, crystaliised

Dewvelopment was corried out with 1light petrol 120.

from 1licht petrol in compact prisms mep. 162°~ 4 |

Solutions showed = bright grosn fluorescence undér
the v.ve lomp. o compound dissolved in warm
concantrated sulphmric ecid to glve an ollive-green
solutlon,

A mixed m.pe with 2 sompla of the compound

prepered by Zinke » Pack ( p 60 ) gave no depression.

i H rocs C 95.2 H 4.0
20 12

|
|
FPound, G 93.5 B 6.l }

Hote., The anelysis wes carried out on 2 mg

The anhydrid: did nct deecarboxylate by the clknl%no
ferrieyenide mothod ( Campbell & Gow J. 1949,1555.).!
The probsbls cause of this failure was the 1nnolﬂb11#ty

of the anhydride in caustic solutlione



124
The Dehydration of 9«lethyleJide-benzofluoren=S«ol

in presence of 1l:4- Naphthogquinone

O=liothyleds S~bengofluorenf-ol( 1.0 gn), li:de

waphthoquinone ( 4.0 gm) and acetie anhydride ( 20 ml)
were bolled for 2 hours. The fluffy erystals of the
adduct were filtered before the excess naphthoquinone
erystellised,

Yield 50 mg.

The product was purifisd b, dublimation, From
the mass grew a felt of scarlet prisms m.pe. > 330¢
Anslysis Ce H O reg € 87.9 H 3.7

28 14 2
Found.C 87.5 H 3.9

By esnalogy with the preceding Diels-Alder reaction
this compound was probably the 103ll-benzofluoranthene
naphthoquinone derivative A.

It gave a greenish brown colour with concentreoted

sulphuric acid and a deep blue vet with alkeline hydrosulphite.
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SUMYARY OF RESULTS.

2315=Benzofluoranthene is syntheslsed from fluorenone.

: The method could be extended to the syntheses of
dibenzofluoranthenes from benzofluorenones if a general
method of ecyclisation is evolved,

O=lethyl-4:5«banzofluoren-9-01 ylalds Diels-Alder
addition produets with lMaleie anhydride and l:4- Hophtho-

- quinone when dehydrated in presence of the dienoph§la,

- With maleic anhydride the asddition takes place at the

|

- benzene portion of the benzofluorenone nucleus,

10:11l«Benzofluoranthene is syntheslised in thils waye
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