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General Introduction.

At the present time the accepted methods for the treatment
of cencer are limited almost exclusively to complete removal of

-

0

O]

the malignant tissue by surgical means or destruction of ©
malignant cells in situ by X-rays, or frequently to = combina~-
tion of both methods. "Hach of these methods has its recognis-
ed limitations, and whether or not they have nearly been resacined,
there would clearly be immense adventages ... since dissemina-
tion is an outstanding feature of the disease ... in any less
local or more systemic control of malignant growth, such as
could presumsbly be achieved by chemical wmeans alone.”vza In
fact, attempts to cure cancer by the use of g wide Vafieﬁy of
chemical agents have been known for maeny centuries. Thus
arsenic, lead, mercury, silver, zinc, antimony and sulphur
(either as the free elements or in the form of various compounds)
have been widely used at different times. A great many ex-
tracts of plants and various human snd aninal organs have also
been tried, but no successful treatment of the disease has
emerged from all fthese trials.

With the successful development of the sciences of
bacteriology and immunology towards the end of the last century
it was natural that the possibility of inducing an immunity to

wmalignant growth should be explored as well as the role of



microorganisms as causal egents for cancer. Although the re-
sults of these investigstions as a whole have been disappoint-
ing, a few interesting observations have been made. for
instance, it was noted many years ago that patients with ad-
vanced malignancy (more psrticularly carcinomas, occasionally
recovered from the disease after én acute bacterial infection
{more usuglly erysipelas). e Coleyvz studied this and showed
that the toxins of S. erysipelatis were responsible. Later
work showed that 5. prodigiosus formed more effective toxins.
Various preparations of these toxins have been made differ%?g
in their therapeutic effects.  Shear end his collsborators have
found that the active fraction of these toxins contains a sub-
gstance of the nature of g polysaccharide having a nitrogen
content of sbout 2%. wrials with mice have shovm that doses
sufficient to effect cure cause a large percentage of deaths.
However, those mice which recovered from the treatment usually
remgined free from tumours after the regresgion of the original
tumounr. Jome cases of human cancer have been treated but the
results show that the toxin is not a "cure" for cancer. lever-
theless it does destroy some cancer célls ﬁefore they develop
an immunity to it.

Another attempt at toxin therapy has recently been made

111 .
by Roskin who found that some bacterial toxins and protozoan



endotoxins in sdeqguate doges inhibit the development of certain
experimental tumours in enimgls end cause complete regression of
others. The endotoxin from Schizotrypanum cruzi was tried on
several patients with incurable cancer of the pharynx with re-
sults sufficiently good to encourage further trisls.

Attracted by the well known effect of the alksloid colchicine
on cell mitosis, attempts have been made to prepare substances

1) 75,77
modalled on Windaus' formalaafor colchicine in the hon»e that

some of them may not only retain itgjgztotic activity but possess &
more selective action on the malignant cells than does colchicine,
and be in addition less toxic to the organisnm. “he results with
the compounds so far prepared have not been encouraging. 3Iince the
structure of the colchicine is still in doubt78, the preparation of
closely related compounds cannot yet be attempted with certainty.

A number of compounds besides colchicine affect cell mitosis.
For instance Lefevre’® has reported that phenylurethane (zvii;
causes mitotic effects exactly of the same nature of thoge of
colchicine. Templeman and Se:-:tong'7 Tound thet ethylphenylcarba-
mate (Xviii) arrested the growth of cereals at lower concentra-
tions than did colchicine. The first of These obgervations led
Haddow and SextongS to examine the effects of a number of phenyl
urethanes on animsl tumours. Phenyl urethane and glso iso-
pronylphenylcarbamate (XViik) were found to cause a signifi-
cent inhibition in the growth of spontaneous mammary ceancer in
the mouse. The effect persisted only for so long ags the drug

was administered and soon disappeared when the latter was



withdrawn. Both these substances produced similar innibition
on the growth of the Walker rat carcinoma 256. Later it was
found that ethyl carbamate (urethane) produces similar effects.

When urethsne (XIX) and isopropyl phenylcarbsmate were
administered to cases of inoperable cancer in uumans the effects
on the tumours were slight but it was observed (by Paterson et
31.99} that urethane in some cases caused a fall in the leuco-
cyte count. Jhis latter observation led to the adninistration
of urethane to cases of leukaemia99 and in a number of these
favourable results were observed. Although in some cases the
palligtive effect was very great, it was not permenent and
relapses may be observed and immature cells rea@pear in the
blood. It is of interest that there is a close resemblance
between the leucocyte respornses to urethane and those brought
about by X-ray treatment.

The examination of g number of miscelleneous substances
for tumour inhibitory action has been made by various workers.
#or instance, William379 tested sugﬁin, several azo dyes and
histamine vithout success: Z. Boyland87, in an extensive study
on the chemotherapy of cancer, examined muscle extracts, hept-
aldehyde, citral, certain asromatic bases including benzidine,
4:4'-diaminodiphenyl ether and 4:4'-diaminodiphenyl sulphoxide.

With some of these materigls inhibitory effects of varying



degree were observed on animsl tumours, the effect usually
lasting only so long as the drug was administered. Apparentiy
the results have not justified trials in humen subjects.
Arising out of work on the physiological effects of must-
ard gas and some of its nitrogen analogues (the so-called
"nitrogen mustards’) in connection with chemical warfare re-
éeareh, it has beeﬁ found that methyl-bis(/s-chloroethyl)amine
(EH@)(ii) and tris-chloroethylamine(iii) are of special inter-
estll5a. The use of tris-chloroethylamine has had to be
abandoned because of its toxicity. Infestigations on the
effects of HNQ on cancer of the lung in humsns have been made
and varying degrees of amelioration, some very marked, were ob-
Served, but the effects were usually transient. wood but tem-

. g - . 115
porary responses to HER2 were also shown by Hodgkin's disease 1 2,

-0

It is not possible to assess the final usefulness, if any, of

2 a8

this compound at this stage. In a recent study, Rhoads
emphasised that the nitrogen mustards are not a cure for those
neoplastic diseases which have been studied. In large enough
doses they are injurious to many kinds of tissues, exerting
fheir maximum effect on rapidly growing tissue either normal or
malignent.

Recently it was g:lka;im@g5 that pteroyl- J-glutamyl-{ -
glutamylgldtamic acid | t=ra==¥) (see note iV} is identical

with the active fermentation L. casei factor. this factor



has been shown to cause complete regression of gbout one third
of spontaneoug breast tumours in treated mice. “he substance
is now being tested on cases of inoperable human cancer but it
is too early to assess its value in this field. However, pre-
liminary results indicate that continued trials may be of in-
terest. ﬂequaatd%&aAézzrformerly thought to be folic acid but
the latter compound has now been gshown to be inactive.

A different approach to the problem of the growth inhibi-
tion of tumours was made some years ago by naddowl. In the
initial experiments the influence of polycyclic aromatic hydro-
carbons on the growth of implented tumours in rats was investi-
gated and it was found that certain of these substances (e.g.,
1:2:5:6-3dibenzanthracene (V) or 3:4-benzpyrene (Vi)) when in-
jected into rats caused a sgignificant inhibitory effect on the
growth of the ftumours. Those substances which produced in-
hibition also had the property of producing cancer on prolonged
application in rats, whereas a number of non-carcinogenic ,poly-
gyclic aromatic hydrocarbons (e.g., phenanthrene and anthracene)
were completely devoid of inhibitory effect. In a series of
papers!™7 published from 1927-1942 Haddow snd his collsborators
congiderably expended this earlier work and in general the
initial results were confirmed. "However, at the time of these

early investigations the important effect of diet, particularly



the protein content of the diet, on the tumour inhibitory pro-
cess had not been discovered. This aspect of the problem is
discussed briefly below.

80-84, 115b
, n a

Zlson, Haddow end thelr colleborators
study of the effect of the carcinogenic hydrocarbon 1:2:5:6-
dibenzanthracene (hereafter referred to as DBA, on the growth
of normal rats when the protein content of the diet was varied
over a considerable range, found that the growth of the animals
meintained on e high protein diet (20% protein) was, for an
initial period, little affected by treatment with DBA. Later
these animals lost weight rapidly and died. On the other hand,
rats meintained on a low protein diet (10%) showed immediate
growth inhibition on tresatment with DBA, but these animals sur-
vived longer than those gimilarly treated on the high protein
diet. the diets were made up so as to possess approximateiy
the same calorific wvalue. The authors concluded that, since the
growth inhibitory action of the DBA is dependent on the protein
content of the diet, then the growth inhibitory sction of car-
cinogenic hydrocarbons of thig type is brought gbout by direct
interference with protein metabolism resulting in the prevention
of protein synthesis.

If tﬂe tumour inhibitory properties of DBA are related to

its inhibition of body growth, then it seemed probable that the

protein content of the diet would also affect the former property.



1his was a point of considerable interest in view of the earlier
work of Haddowlan& his collaborators and was investigsted by
Blson and ﬂaddosz. they found "that the mechanism of the
tumour inhibitory action of D3A aﬁpears fo be essentially the
samekas that of its body growth inhibition. poth are in-
fluenced to a large extent by the protein content of the diet
and it is suggested that the inhibition is caused by interfer-
ence with the aVailability, or with the actual synthesis of
protein necessary for cellular growth." With animals on a low
protein diet (5 or 10% protein; complefe growth inhibition could
be obtained for a long period. iHowever, it was not possible
to inhibit the growth of the Jalker rat carcinoma 256 complete-
ly in these animals although a very considerable slowing down
of the growth rate of the tumour is obtained. fnally, a stage
is reached when the growth of the tumour at fthe expense of the
normal body tissues becoues the predominant factor. ihe
authors conclude that "it is highly probable that complete con-
trol of tumour growth is not attainsble with an inhibitor of
the type of DA and could only be achieved by a substahce having
a more specific action on tumour cells. There is no evidence
that DBA has such specific action."

The same authors found that fhe tumour inhibitory action

84,115¢

of 2'-chloro-4-dimethylaminostilbene (Vfi} also denends

on the protein content of the diet. On s 20% protein diet



almost no tumour inhibitory action on the Walker carcinoma 256

was shovn, whereas on a 5: protein diet a very marked inhibi-

tion was obtained. In this case, however, growth inhibitory
action seemed to be relatively greater on the tumour then on

the body growth of the animal (the reverse was the case wifth

DBA) . “his seems to indicate that the growth inhibitory action
shown by this stilbene derivative may be associated with a more
specific effect on the synthesis of protein required by the tumour
cell. A number of other stilbene derivatives have been examined

§4,115¢ for tumour inhibitory

by Hédaow and his collaborators
action and several of the amino compounds (e.g., 2'-methyl-4-
dimethyl aninosttilbene (Ydii) and o -(p-dimethylaminophenyl)-S -
{ £ ~ngphthyl/~ ethylene (I1X))were reported to have a very marked
activity. In g1l these cases too, incorporation of a suffici-
ently high percentsge of protein in the diet greatly diminished
or completely abolished the innibitory effect. It should be
noted that all these aminostilbenes were subsequently shown to
be carcinogenic. ihe problem of the connection of protein
metabolism and the process of carcinogenesis brought to light
by these initial experiments is being further studied. Al -
though the growth inhibitory effects of the compounds first

studied are not likely to be of any therapeutic value, the sub-

sequent development of the investigation may lead to a greatly



increased knowledge 0f the mechanism of the process of carcino-
genesis. At the present time this would seem to be one of the
most important needs if a more hopeful approach to the problem
of chenotherapy of cancer is to be made later.

ihe dependence of the carcinogenic sctivity of carcino-
genic compounds on diet is not limited to the carcinogenic
aromatic hydrocarbons and the aminostilbenes but is exhibited

also by the carcinogenic azo ﬁy83101-110. Indeed, a relation

between the carcinogenicity of a carcinogenic compound and diet

seems to have first been recognised in studies with the latter

1vl,102

compounds. Japanege workers ‘found that liver tumours

are readily produced in rats fed on a diet of carrots and polish-

ed rice to which p-dimethylaminoazobenzene (X, ("butter yellow";

had been added in oil; but wiaen 10-15% of liver or yeastldl Wés

102
added to the diet, or when the basal diet was whesat , the in-
cidence of tumours was considerably reduced. American workers

have considerably expanded these earlier observations. “he

- . e AR VLG RN Lo . . 104
addition of caegin or riboflavin , 0f protein and 5 wvitamins

1V6 106

, and of dried egg albumin all reduced the incidence of

-

liver tumours in rats fed on a basal dief containing p-dimetuyl-

awminoazobenzene . ihe addition of g detergent to the basal diet
PR . - e ] B - 2 - —p ea ot - 1U5 )

or the replacement of the corn o0il used by wuineral oil also

reduced tumour incidence. In addition to these substsnces of
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anti-carcinogenic effect others have been found which exsrt o ¢o-

carcinogenic actione. Biotin gpparently falls in this cate-

goryldb. the efiect or a given dictary supplement has also

been shown to depend on the particular carcinogenic azo dye

used107. Althougn investigaﬁionslog’llU

of fhese effects naove
been actively pursued their mechenism is not yet clear. Howr-
ever, 1t is probeably different from that in the case of tne
carcinogenic aromstic hydrocarbons and their derivatives.

It msy be noted that the aminostilbenes mentioned above
are not oestrogenic. growth inhibition caused by oestrogens
probably differs from the retardation brought about by tihe non-
oestrogenic carcinogenic compounds. #or exeamole, the action of
oestrogens may be inactivated by a groﬁth hormone as was shovn

,, ) . ' &1
by Griffitns and zoung . In sddition EBlson and Warren  have

3

(e8]

shown that stilboestrol inhibits the rate of tail growth of rats
on a 20% protein diet, but that DBA has no effect under these
conditions.  Thus the inhibitory effect of stilboestrol is not
related to the nrotein content of the diet as is that of DBA
and the aminostilbenes. Also in contrast to stilboestrol,
aduinistration of pituitary growth hormone to rats maintained

on a high protein diet and treated with DBA may bring =bout soue
increase in growth, but it appears at the same time to incresse

the Toxic action of the DBA, since the growth increcase is soon
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followed by the death of the animsels.

The discovery of Cook and Dodds © and of Cook, Dodds,
Hewett and Lawsongl that the potent carcinogenic hydrocarbonsg
B:6-cyclopenteno-1l:2-benzanthracene (XL) ana d:4-benzpyrene
possess a certain degree of oestrogenic activity, led to the
examination of other carcinogenic hydrocarbons and certain of
their derivatives for oestrogenic activity. As mentioned sbove,
DBA was found devoid of activity but some of its 9:10-derivati-
ves, notably 9:10-di-n~propyl-1l:2:5:6-dibenz-9:10~-dihydroanthra-
quinol (Xii)_showed congsiderable oestrogenic activity. Leater
this latter substance was found by Haddow and Robinson2 to be
strongly growth inhibitory and was also reported to be weakly

. . 92
carcinogenic .
Continued investigation followed this earlier work on the

relation of oestrogenic activity to molecular structure included
<

the examination among other classes of compounds of various
94

stilbene?d and trivhenylethylene derivatives . Certain tri-
ohenylethylene and stilbene derivaetives which had been shown to
possess oestrogenic activity also showed tumour inhibitory
actionv. The treatment of patients with advanced cancer of the
prostate with the strongly cestrogenic diethylstilboestrol (xiii)

has been found in many cases to produce considersble climical

improvement. The usual results are relief oI peain, partial re-

gression of both the primary tumour =nd metsastases and general



improvement in physical condition. Later tests were made with
triphenylethylene derivatives. Favourable results were re-

728

ported using triphenylchloroethylene (XIV,. However, Haddow

7u

and Greene & obtained relatively disappointing results in
clinical trials using o(-di-(p—e‘chozyphenyl)-)5~phenyl—.)g-bromoethylene
(IBE) (XV). In this connection it may be noted that Buu-Ho¥

8,89 . . . .- ]
’ in france have degeribed the prepara-

and his colla§orator38
tion of & number of triphenylethylene derivatives which have
been examined for both oestrogenic and tumour inhibitory sctivi-
ty. One compound, viz. « -bromo- ol/Z/a’-triphenylethylene (Y 59)
(XVI) was found to be of some value in seversl cases of pro-
static cancer. Partisl or complete cessation of tumour growth
was observed together with general physical improvement as long
as aldminigstretion of the drug was continued. The oestrogenic
activity of ¥ 59 is less than that of stilboestrol and of DBE
and the authors conclude that "the therapeutic efficacy of this
type of substance against prosfatic cancer does not depend on
its oestrogenic activity and that the beneficial effects of
oestrogens are not exclusively due to a 'biochemiqal castra-
tion'". There is no evidence available to show that cancer of
the péostate can be cured by the use of oegtrogenic substances,
but the growth of both the primary tumour end the metastases

mey be arrested, accompanied in some cases by partial regression,



and relief of pain, improved physical condition and prolongation
of life may be achieved.

It is evident from the results set out that progress to-
wards a solution of the problem of & successful chemotherapy for
cancer has been limited in spite of the considersble work in this
field. Nor caen this be regarded as surprising when the diffi-
culty of the problem is considered. Haddow72a has recently
emphasised that the cancer cell is but a modification of the
normal somstic cell. Another serious difficulty is that the
malignant varient of the normal cell is gpparently quite per-
manent and only occasionally known to be reversible. Studies
of the enzyme systems of normal snd malignant tigsues?® nave
shown that tumours have quslitatively the sanme enzyme_systems
as normal tissues. The posgibility of the discovery of enzymes
. unigue to malignant tissues cannot, of course, be excluded in
the present state of our knowledge, but as yet there is nok
evidence of the existence 0f such enzymes. With regard to the
differences known to exist, one of the most notgble is the
relatively low content in tumours of gerobic catsalytic systems,
e.g., cyctochrome, cyctochrome ¢, succinic dehydrogenase,

86,124
’ . These considerations make evi-

catselase, flavin, etc.
dent the difficulty of obtaining a chemotherapecutic agent speci-

fic only to the malignant cell and without action on normal and



narticularly actively dividing tissues. Morsover, a chemo-
therapeutic agent for cancer would presumably have to bring
about the destruction of every malignant cell in contrast to
chemotherapeutic agents against microorgenisms vhere a 100%
extermination of the organisms by the agent is not essential
for successful control of the inféction. The body doesg not
develop an immunity to cancer as it does after attacks of cer-
tain diceases. In spite of these serious difficulties the
slight advences which have been achieved in recent times offer

some encouragemnent for the continuance of the work.
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Part I.

Synthesis of (2':1'-Naphtha)-2:3-fluorene

end of (1':2'-Naphtha)-1:8-fluorene.
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Synthesis of (2':1'-Tunhtha,-2:3-iluorsne.

(2) Preliminary Investigations.

1:2:5:6-Dibenzfluorene (I) hag feeble cancer producing

8, It has glco a very nerked inhibitory effect on the

|
growth of tumours®. Gook and Prestong, as part of a search for

activity

compounds having a still more @ronounced growth inznibitory
activity, prepared a number of derivatives of 1:2:5:6-dibenz-
fluorene. Included in this programme was the synthesis of

2:3=(2'":1"=naphthsa)~-fluorene (1I).

20y e , A \’;‘
Roiae C2vON Gy OB e
I I Lo I

The following methods of synthesis were investigated by
Cook and Preston. Since 9:10~dihydroshenanthrene normally under-
goes substitution in position 2, it was expected that chloromethyl-
ation would take place in the same position. the resulting 2-
chloromethyl compound could then be condensed with ethyl cyclo-
hexanone-2-carboxylate, and procedures similar to those for the
preparation of 2:5-(1‘:2‘—na@htha)fluorenelo(lla} should yield Il.
However, the product of chloromethylation of 9:10-dihydrophen-
anthrene was mainly the 3-substituted derivative. The friedel-
Crafts reaction between benzoyl chloride and 9:10-dihydrophen-
snthrene was then investigated and 2-~benzoyl-9:10-dihydronhen-
anthrene (III) shown to be the main product.  The corresponding
carbinol was obtained by reﬁuction of I1I with sodium amyl-

oxide, but attempts to cyclise this to the
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required fluorene failed. An Elbs pyrolysis on 2-phenyleacetyl-
fluorene (IV) was then tried but the results were not of practi-
cal value. It was hoped that the 2—,B~phenylethy1fluorene

might undergo cyclodehydrogenation with seluminium chloride, but
in view of the unsatisfactory results obtained from the Clemmen-

gsen reduction of 2-phenylacetylfluorene, this approach was

abandoned. Finally, ethyl indene—z:Z—dicarboxylatell (V) was
Ho ” b
KYW/\ O oy, ﬁ L 200G H Z T C'\Oo //W/ \c/r-o
S @ g "‘Mw*s > » ~ & 2
I
_ o Vil

v : Y YO
converted into the anhydride (VI) of cis-indane-1l:2-dicarboxylic

acid, but the work was interrupted before the sction of VI on
lg-naphthylmagnesium bromide could be examined ( see below) .

In the present investigation of the synthesis of 2:3-
(2'":1"-naphtha)-fluorene work was carried on from this point.
It»was proposed to condense the gbove anhydride With)ﬁ ~naph-
thylmagnesium bromide (c¢f. work of Weizmann and Bergmann, and of

12~

Pieser and others 17) and complete the synthesis according to

the scheme;

N -/c° ! E:R:ﬁf/ AN
g/u % WD//SIS %
YZ
eye Nseyveduce /
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The condensation of VI Wifh‘ﬁ -ngphthylmagnesium bromide
yielded, however, mainly neutral products which could not be
identified and the scheme was abandoned. In the preparation
of VI for the Grignard reaction several modifications of pre-
vious procedure were invegtigated. Cook and Preston (loc.cit.)
had reduced ethyl inde@ne-2:3-dicarboxylate catalytically and
hydrolysed the indene diethyl esfer so obtaimed with alcoholic
potash to sn acid of m.p. 228°, which they believed to be the
cig-indane-1:2-dicarboxylic acid.. Professor Cook (unpublished
data) subsequently showed it to be the trens acid and isolated
the cis acid, m.p. 197°. Cook and Preston had converted the

trans acid to the cis-indane-l:2-dicarboxylic acid anhydride

using acetyl chloride, a process which was accompanied by a good

deal of tar formation. The catalytic reduction of indene-
2:3-dicarboxylic acid has now been investigated and shown to

yield mainly the cis acid togzether with some unidentified oily
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material. uthyl indene-2:3-dicarboxylate was also reduced and
subnitted to acid hydrolysis, when a product consisting pre-
dominantly of cis acid was obtained. The cig acid is con-
verted smoothly to the anhydride on treatment with acetyl chlozr-
ide. A small quantity of the acid was also successfully con-
verted to the anhydride by heating with teftrachloroethane

(llason's metho&gz)

In connection with the sbove scheme, the action of VI on
tetrelin in nitrobenzene golution conteining aluminium chloride
was also examined, but again the product consgisted mainly of
ngutral material which could not be identified.

The next approach to the synthesis of II was the investi-
gation of the action of the methiodide of l-diethylaminobutan-
Z-one (VIII) on ketotetrahydro-2:3-benzofluorene (IX). If the
condensation took place as indicated, then subseguent reduction
and dehydrogenation of the pentacyclic ketone should yield the
required hydrocarbon. This method of adding a 6-ring to s
suitsble ketone was first employed by du Feu, MeQuillin and
Robinsoan, and subsequently exfended by Wilds snd Shunkze, and
by Cornforth and Robinsonzv.
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In a number of experiments using verying conditions, how-
ever, the ketone (IX) was recovered unchsnged. Attempts were
then made to build the desired 6-ring on to IX using a Refor-
matsky reaction involving J%bromocrotonic methyl ester with
subsequent isomerisation and cyclisation as described by Cook

and Schoentalzl for 3-chrysenol. The scheme was as follows:-
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The Reformatsky reaction (after hydrolysis) ylelded reasonable
amounts of an acidic product, but it was not found possible to
purify it or the product of iSOmerisation obtained by treatment
of the methyl ester of thé crude acid with palladium black as
déscribed by Cook and Schoentsl (loc.cit.). In conjunction
with this work the Reformatsky reaction on ketotetranydro-2;3-
benzofluorene and ethyl browoacetate was examined. From this
an acid corresponding to X or XI was isolated.
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Conversion of this acid to the dehydrogenated form XIII, leng-
thening the side chain of XIII by one of seversl standard pro-
cedures and subsequent cyclisation should lead to the desired
pentacyclic ketone (XII). However, in view of the large
number of steps involved, this approach to thé synthesis of II
was set aside in favour of the synthesis starting with 1:2:%:8-

dibenzanthracene and described in a subsequent section (p. 37).

Experimenteal.

(In this snd subsequent experimental sections all
melting points are uncorrected).

g -Phenylpropionic acid was prepared by reduction of cimnamic

acid with Raney's nickel aluminium glloy and agueous sodium
hydroxide essentially according to the method of Papa, Schwenk

18’19. Cinngmic acid (29.8 g.; 0.2 mol.) dis-

end Whitman
solved in 10 sodium hydroxide (900 ml.) was heated to 90° and

. maintsined at 90-95° during the addition of the alloy (90 g.).
The time of addition was 60-70 minutes and the mixture was heat-
ed a further 1-1.5 hours at 90-95°, allowed to cool, diluted
with water snd filtered, and the alloy washed well with water.
The cowbined alkaline liguors were run in a thin stream, with

constant stirring, into 750 ml. of concentrated hydrochloric

acid. The hydrocinnamic acid which separated as an 0il soon



solidified. It was collected, washed and dried on a porous

 tile.  Yield 80-85¢ of the theoretical smount. Il.p. 43-45°.

Bthyl iﬂ ~-ohenylpropionate. J,e-i?nenylpro;wionic gcid {110 Ze4,

absolute alcohol (350 ml.), and concentrated sulphuric acid

(7 ml.) were mixed and refluxed for 3.5 hours. After distill-
ing off 215 ml. of alcohol, the residue was diluted with ice
water (500 ml.;, the oily layer separated end the aqueous layer
eXtracted S times with benzene. The combined ester and washings
were washed with sodium carbonate solution and with water, dried
over sodium sulphate, the benzene removed and the residue dis-
tilled under reduced pressure. Yield 106 g.; b.p. 124-6°/

15 mm. A second fraction {12 g.; of b.p. 127-130°/18 m. wes
obtained.

Gthylbenz yloxaloacetate (ef. method of X. v. Auwers®Y) .

300 @. of absolute ether and 20 g. {V.513 g. atom.) of potassium
pellets were placed in a 1 1. 3-necked flask fitted with a
ﬁercarﬁ-sealea mechanical stirrer, a dropping funnel, and & con-
denser, snd the apparatus was protected fron wmoisture with
Galcium chloride tubes. Stirring was commenced and absolute
alcohol (30 g.) added dropwise over a period of %-% hour. .

o . . 1,
Stirring was continued for a further 1y hours, when the bulk of

the potassium had dissolved. Freshly distilled ethyl oxalate



(73 o3 677 mle; 0.5 mol.) was then added (15 minutes), the
mixture being cooled occgsionally with ice water. Stirring
was continued for another %-l hour and ethyl-fS-phenylpropion-
ate (89 go; 87.7 wl.; 0.5 mol.) was then added (15-20 min.).
The solution had now acquired a deep orange or red colour. It
was stirred for another hour, let stand overnight, heated with
stirring for 3 hours, cooled, and decomposed with 500 ml. of
ice water. The almost colourless ether layer was separsted and
the yellow aqueous layer extracted twice with ether. The com-
bined ether extracts were washed with water, dried with sodiunm
sulphate, the ether removed and the residugl o0il distilled
under reduced préssure, when unchanged ethyl oxalate was first
collected, and then unchanged ethyl-/ﬁ-phenylproPionate; )
small amount of a high boiling residue was discarded.

The aqueous layer (see above) was acidified with concen-
trated hydrochloric acid, when a pale yellow 0il separated;
the mixture was extracted 4 times with ether; the combined
ether extracts washed with water, dried over sodium sulphate,
and the ether removed. Yield of the residual o0il 80-115 g.

It was submitted to cyclisation without further purification.
Wislicenus and lMfnzesheimerc— state that ethylbenzyloxalo-

‘acetate cannot be distilled without decomposition even in

vacuo.



Ethyl indene-2:3~-dicarboxylste and indene-2:;3-dicarboxylic acid.

The procedure of Bougault (loc.cit.) using concentrsted sulphuric
acid was modified as follows: _.ethylbenzyloxaloacetate (114 g.;
was added with constant shaking to concentrated sulphuric scid
(500 ml.; 4d 1.84). ihe addition occupied % minutes. The
mixture became hot and developed a deep red colour. After
stending 6~8 days at room temperature, the clsar red solution
was decomposed with crushed ice (1500 g.), when a pale yellow
0il and traces of darker gummy maverial separated. ‘ne oily
1ayer was extracted with benzenec, and the benzene extract washed
d times with sodium carbonate solution, the first alkeline
extract being deep rsd and the others nearly colourless. The
sodium carbonate weshings on acidification yielded a light browm
oii which on standing solidified to a sticky solid. Without
further purification this was dissolved in acetic acid and
concentrated hydrochloric acid (3 vols. acetic acidy 1 vol. of
concentrated hydrochloric acid) and heated on the water bath
until no further solid separated (3-5 hours,. the solid wes
identified as indene-2:3-dicarboxylic acid. The original
material was presumebly one or both of the half esters. the
benzene extract (see sbove) was washed with water, dried over
sodium sulphate, and the benzene removed under reduced jressure,

when e pale yellow oil remained, which gsolidified to a pale



yellow crystalline so0lid on cooling. Draining on a porous tile
gave colourless crystals of m.p. 73-75°, which crystallised from
petroleum ether (40-60°) had Moo 76-78°. The bulk of the

ester was dissolved in acetic acid/concentrated hydrochloric

acid (3:1) and heated on the water bath until the separation of
the solid, which begen after 2-3 hours, was complete (4-6 hours; .
The mixture was diluted with ice water and the indene-2:3-4i-
carboxylic acid collected and washed. It was a cream coloured
powder, me.p. 220-222° (decomp.; the m.p. may be varied appre-

Hroduct was

&

ciably depen&img on the rate of heating) . this
guite satisfactory for hydrogenation without further purifica-
tion. Purification of large quantities of this acid was not
attempted owing to its sparing solubility in the usual organic
solvents and the ease with which it is decarboxylated to indene-
2-carboxylic acid (Vil). For instance, decarboxylation is
effected by boiling for a short time in dilute acetic acid or in

water, the latter procedure gives a cleaner prodguct.

Reduction of indene-2:3-dicarboxylic acid. The acid (5.1 g.;

0.025 mol.) was suspended in alcohol (400 ml.), and shgken with
2 g. of a palladium/chardoal cataljst25 or with 0.1 g. of a
palladium black catalyst24 and hydrogen (at approximately atmos-

pheric pressure) until sbsorption ceased (gbout 10 in excess



of the theoretical volume was usually sbsorbed). After removal
of the catalyst the alcohol was evenorated under reduced pressure
leaving a sticky solid, from which the o0ily material was removed
by rubbing with a little ethyl acetate. The acid crystallised
from water had m.pn. 190-192° (lecomp.; the m.p. can be varied
appreciably depending on the rate of heating) . Yield 2.5 g.
The residual o0il left after removal of the ethyl acetate was
dissolved in acetic acid/concentrated hydrochloric acid (3:1)
and heated until no more solid separated (ca. 4 hours). The
solvents were evaporated, and the pale brown crystalline sticky
residue worked up as the first fraction, when additional 1.2 g.
of acid m.p. 186-188° (decomp.) was obtained. Apparently some

esterification occurred during reduction.

Acid hydrolysis of eﬁhylindane—l:z-déoarboxylate. Ethyl in-

dene-2:3-decarboxylate (2.6 g.) was reduced as described by
Cook and Preston (loc.cit.,. No attempt was made to induce
the 0ily product to crystallise, but it was dissolved in acetic
acid/concentrated hydrochloric acid (3:1) and refluxed until a
drop of the solution gave no turbidity on dilution with water
(ca. 4 hours). Congiderable crystalline material was now
presént and more separated on dilution with water. Lhe colour-
less crystalline product was collected and washed with a little

water. Yield 1.86-1.91 Se Do 187-189° (decompe) .
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cis-Indene-l:2~dicarboxylic acid anhydride.

(a). cis-Indane-1:2-dicarboxylic acid (2.4 g.) and freshly dis-
tilled acetyl chloride (10 ml.) were refluxed, when the golid
dissolved after 1 hour's heating to give a clear, pale brown
golution. After 4-5 hours the bulk of the acetyl chloride was
distilled off, and the rest removed in vacuo over sodium hydrox-

ide. Yhe crystalline residue was rubbed with a little dry ether

to remove 0ily matter, filtered and washed with ether. Yield

1.4 g« of colourless crystals. Il.p. 97~9BQ.

I
§
i}

(b). 0.14 g. of cig-indane-1l:2-dicarboxylic acid was = mixed with
10 ml. of dry tetrachloroethane, and the wmixture heated in an oil
bath so that the solvent slowly distilled. ‘he last traces were
removed by heating at 1500/26 ma. A pale brown oil remained

which on standing deposited crystals. Rubbing with a 1:1 mixture

of dry benzene/cyclohexane gave colourless crystals of med96-98°,

Action of @ -naphthylmagnesium bromide on cis-indene-1l:5-di-
/

carboxylic acid anhydride. /g-maphthylmagnesium bromide (pre-
pared from 17 g. of ﬁ-bromonaph’chalene, 2 g. of magnesium and
éO ml. of sbsolute ether) was added to a warm mixture of 15.4 g.
(0.082 mol., of indsne dicarboxylic acid anhydride (5-10 min-
utes) in absolute ether (60 ml.) and benzene (sodium dried,
thiophene free, 70 ml.), when there was an immediatevseparaﬁion
of a bulky yellow precipitate and the mixture boiled briskly.

After refluxing for 2 hours and standing at room temperature




for 26 hours the reaétion mixture was decomposed with ice and
dilute sulphuric acid. The ether/benzene layer was separated,
washed repeatedly with sodium carbonate solution and then with
water, the solvents‘removed, and from the semi-solid residue
naphthalene was isolated by sublimation, and converted to its
“picrate of correct m.p. and no depression with an authentic
specimen. A small amount of a materisl of m.p. 182.5-184°
(giving a picrate of m.p. 182# 5-184° (depression of m.p. when
mixed with the original substance)) was also isolated and was
presumably 2:2'~-dinaphthyl.

From the sulphuric scid layer a considerable amount of
brown gummy material separated. It was collected, washed and
extracted with sodium carbonate solution and the extracts com-
bined with those of the benzene layer (see sbove). the material
which separated on acidification was shown to consist mainly of
cis-indane-1l:2-dicarboxylic acid and no other solid could be
isolated from this acid fraction. There was a considergble
amount of oily materiasl insoluble in sodium carbonate solution.
It was not found possible to obtain any appreciable quantity of
erystalline material from this and vacuum distillation failed to

give any useful results.

The action of cis-indene-1l:2-dicarboxylic acid anhydride on

tetralin dissolved in s solution of aluminium chloride in




nifrobenzene was then investigated. Tetralin was selected
instead of naphthaiene since substitution would be expected to
take place exclusively in fhe‘ﬁ ~position. Indane-1:2-dicor-
boxylic acid anhydride (1.3 g.), and tetralin (1.1 g., were mixed
and added to 2.2 g. of aluminium chloride dissolved in 15 ul. of
dry, pure nitrobenzene and cooled to 0°. fhe mixture became
orange brown. It was retained in the ice bath for 12 hours and
then at room teuwpersture for 4 days. The reaction mixture was
decomposed with ice and dilute hydrochloric acid in the usual
way and steam distilled to remove the nitrobenzene, when a browm,
hard, resinous material remained. On extraction with agueous
sodium carbonate a ftrace of gis-indane-l:2-dicarboxylic acid

was recovered, but the bulk of the product was neutral. 1t could
not be caused to crystallise and was vacuum distilled, but the
various fractions of the distillate were oils which could not be

induced to crystallise.

Ketotetrahydro-2;:%-benzofluorene (IX) was first prepared by

Koelschz8 and the procedure slightly modified by Lothrop and
Coffmanzg. Under Friedel-Crafts conditions succinic anhydride
reacts with fluorene mainly in the 2-position and the resulting
2-fluoroyl propionic acid is reduced by Ulemnmensen reduction to
J“l-fluoryl-butyiic acid, which is c¢yclised by anhydrous hydrozen

fluoride to the required ketone in excellent yield.
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/6 ~fluoroylpropionic acid was prepared using exactly the quan-
tities and conditions given by Koelsch (loc.cit.), but it was
found more convenient to purify the crude product by crystallisa-
tion from dioxane, when it was obtained as colourless needles,

mep. 211-212°.  yield 70-80% of the theoretical amount.

- ¥ -Fluorylbutyric acid. When the reduction was carried out
Y

according to the directions of Zoelsch the product was difficult
to purify. The Martin modification®® of the Clemmensen re-
duction method gave good yields of a purer pioduct. granulated
zine (140 g.) was amalganmated according to martin's methodzoa
after'preliminary cleaning with dilute hydrochloric acid. To it
were added in the order named, acetic acid (480 ml.;, toluene
(280 ml.), concentrated hydrochloric acid (300 ml.;, and ,ﬂ'
fluoroylpropionic acid (60 g.), end the mixture was refluxed for
50 hours, 60 ml. of concentrated hydrochloric acid being added
every 10 hours until a total of 540 ml. had been added to the
mixture. After decanting from the residual zinc the mixture
was steam distilled to remove the toluene, and diluted with

200 ml. of concentrated hydrochloric acid. The crude j«
fluoryloutyric acid was collected, washed with dilufe acid and
then with water end crystellised from 80% acetic acid, filtering

hot 4o remove a small smount of a high melting impurity. Yield

, 0
48-~53 g. of colourless solid of m.p. 150-151 .
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Zetotetrshydro-2:3-benzofluorene. Mnely powdered X—fluoryl—

butyric acid was added to & large excess 0of anhydrous hydrogen
fluoride in a plaetinum dish at room temperature (ca. 10°), <the
mixture was stirred well, covered, and allowed to stand overnight.
The residual hydrogen fluoride was allowed to eveporate and the
alkali insoluble material crystallised from alcohol or sublimed in
vacuo . Colourless crystals, m.p.‘149—1500. Yields better

# . o 29
than 90: (c¢f. Lothrop and Coffman ;.

1-Diethylanminobutan-~-3-one was prepared essentially according to

the directions of Wilds and Shunk (loc.cit.) but & times their
quantities were used. It was necessary to distil the product
3 times in vacuo to free it from high boiling impurities. It
was obtained as a colourless oil b.p. 67-69°/11 mn. The meth-
iodide was prepared according to the directions of Wilds end
Shunk.

The attempted condensstion of the methiodide of VIII with
IX was carried out in the presence of alcoholic sodium ethoxide
and of sodium methoxide in methanol/benzene solution. dfrom all
experiments a large proportion of the ketone was recovered un-
changed, snd if heating of the reaction mixture had been pro-
longed, small quantities of a high melting substence (that was
not identified). It was also shown that prolonged refluxing of

ketotetrahydro-g:3~benzofluorene with alcoholic sodium ethozide



gives rise graduslly to the same high melting product.

Y-bromosuccinimide was prepared sccording to the method of
. o2
Ziegler et al. The methyl crotonate was prepared according
Y
. . 00 .
to the method of Purdie and Marshall . The y-bromocrotonic
(4

methyl ester was prepared according fto the method of Ziegler

(loc.cit.}, carbon tetrachloride being used as solvent.

The Reformatsky reaction between IX and a’-bromoorbtonic
methyl ester was tried under varying conditions, of which the
foliowing seenmed most satisfactory. Arsenic-free zinec (acti-
vated according to the method of Pieser and Johnson34) (2.6 g.)
was placed in a 250 ml. 3-necked flask fitted with a wmercury
sealed mechanical stirrer, a dropping funnel and a condenser,
and the spparatus was protected from moisture with calcium
chloride tubes. The zinc was heated with a little benzene and
me}caric chloride, the ketone (4.7 g.; 0.02 mol.), dissolved in
benzene was asdded with stirring, and then the J’-bromocrotonic
methyl ester (5 ml.) in benzene (a total of 120 ml. of sodium
dried, thiophene free benzene was used for the experiment) was
run into the still warm mixture. If the reaction did not com-
mence after g few minutes,‘the nixture was refluxed on the water
bath, when the separation of the addition complex S00n commenced.
The mixture was heated and stirred for 2 hours. Substitution of

a nixture of benzene and toluene for benzene, or a shorter time



of refluxing gave cven less satisfactory results. Hdethanol was
then stirred into the still warm mixturegé, when most of the
addition complex dissolved. The solution was decanted from the
residual zinc which was washed with methanol/benzene. The
yelloW'benzene/methanol solution was shaken with dilute hydro-
chloric acid, washed with water (twice), and the benzene removed
under reduced pressure. The yellow semi-go0lid residue conteained
considerable quantities of unchanged ketone which could be re-
covered by vacuun distillation, but atteupts to vacuum distil

the higher boiling fractions remaining after removsal of the
ketone lead to widespresd decomposition (pressure ca. 0.2 ma.) .
Thebcrude mixture was therefore subjected to hydrolysis by
alcoholic sodium hydroxide, when a deep brown colour developed,
which was not prevented by carrying out the hydrolysis in an
atmosphere of nitrogen. The product was poured into water and
extracted several times with chloroform to remove ketone and sonme
of the dark colouring matter. On scidificstion of the filtered
aqueougblayer a browa powdery solid was obtained (yield £0-60:

of the theoretical smount without allowing for unchanged ketone).
Acid hydrolysis of the crude mixture did not prove satisfactory.

7

Dehydration of the crude hydroxy ester with thionyl chloride

I d

6 N .
or phogsphorus pentoxi&eo before hydrolysis d4id not improve the

product. Tt was not found possible to puriiy the crude acid
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and it was esterified either with ethereal diazometheone or by
refluxing (12 hours) with methanol saturated with anmhydrous
hydrogen chloride. By either method & lisht reddish brown solid
was obtained which appeared to be crystalline when exemined under
the micrdsoope- It was not found possible, however, to purify
it by crystallisation and vacuum distillation was not satis-
factory. The crude ester was subjected to isomerisation by heat-
ing with palladiun blac}:24 (1/10 or more of the weight of the
ester was used) iﬁ a nitrogen atmosphere at various temperaturegl,
but beforé sufficient tempersture to sgllow isomerisation could

be obtained, much darkening of the material always took plece.
The verious methods (crystallisation, distillation in vacuo,
chromatography on silica) tried for the purificstion of the pro-
duct were unsuccessful; end this was also the case with the acid
obtained on its hydrolysis. Mneally, the crude acid was treated
with anhydrous hydrogen fluoride, when a large proportion of an
alkali insoluble brown powder was formed which could not be
crystallised. Sub jected to chromatography (on alumina) a large
number of bands were obtained. After elution of thesge a posi-
tive test with phenylhydrazine was obtained with one of them, but
the quantity of crystslline material was insufficient for further
purification. The action of enhydrous hydrogen fluoride on the

unisomerised acid was examined, but no satisfactory result could

be obtained.
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Reformatsky reaction on ketotstrshyiro-2:3-benzofluorene and

ethyl bromoacetate. The apparatus and procedure used for the

case of X—bromocrotonio methyl ester were satigfactory. It
was found best to dehyirate the resulting ester (by refluxing
a benzene solution of it with phosphorus pentoxide) before
hydrolysis with alcoholic potassium hydrogide in a nitrogen
atmosphere. The hydrolysis product was poured into water, ex-
tracted repegtedly with chloroform, and the filtered aqueous
layer on acidification gave 2 g. of crude acid form 4.7 g. of
ketone used initially (in none of these experiments was it
practicable to recover the unchanged ketone, as it was obtained
again in a very impure state difficult to purify). The crude
acid was purified through its potassium salt, the latter being
fractionally precipitated from an alcoholic solution by ether,
decanting from the tarry matter which first separated. The
product was a light brown powdery material readily soluble in
water, from which the acid was precipitated on acidification.
Crystallised from benzene, it had m.p. 166-167.5°. Yield 1.4 g.
(250 of the theoretical amount if no allowsnce for unchanged
ketone is made) . A portion for analysis was crystallised from
petroleum ether in which it is sparingly soluble. Golourless
needles, m.p. 167-168° (decomp.).
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Synthesis of (2':1'-ligphtha)=2:3-Fluorenc.

(b) Introduction to Experimental.
(2':1'-Nsphths)-2:3-fluorene (II) was eventus 2lly syn-

thesised according to the following scheme:
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Criegee, lMarchand and Wannowius64 found that phenanthrene
reacts with osmium tetroxide and pyridiﬁe to give an osmium
containing eoumplex, which on hydrolysis with dilute alkali gave
9:10~dihydroxy-9:10~dihydrophenanthrene in good yield. ‘his
reaction was recenﬁly extended by Cook and schoental®® to a
number of other polycycliec, condehsea ring aromatic hydro-
carbons. The point of sttack in the molecule was often not
that place which is most usually attacked by chemical reagents.
For example, l:2-benzanthracene gave exclusively the 3:4-diol.
Thig diol was identified by conversion to the corresponding
phenol by dehydration, the methyl ether of the latter being

oo os 70
identical with synthetic 3Z-methoxy-l:2-benzanthracene .



Horeover this diol was oxidised by chromic acid to the known
1:Z-benZ-Zzé-aﬁtbraquinone71. It seemed highly probable from
this result that in the case of 1:2:7:8-dibenzanthracene (XIV)
osmium tetroxide would react in the 3:4-position to give the
diol (XVI). It was found that the mono-guinone formed by
cautious oxidation of the diol from 1:2:7:8-dibenzanthracene
égge an ortho gquinone (it condensed readily with o-phenylene
dismine forming a quinoxaline derivative (XIX)) and not the
known 1:2:7:8-diﬁenz-9:lO-anthraqainone66. Oxidation of XVI
was carried out with sodium dichromate in acetic acid, but in
spite of a considerable varigtion in conditions the required
quinone (ZXVII)} was always contaminated with appreciable smounts
of g very sparingly soluble orange byproduct, which analyses as
a di-quinone and presumasbly has the structure XXI and not ZX
gince with o-phenylene diamine it forms a di-phenazine deriva-
tive (XXIa). It was not found possible to effect a complete
separation of the mono-quinone (XVII) from the oxidation pro-
duct by crystallisation, but it was finally obtainéd pure by

cautious vacuum sublimation. Hurther attack on the diol (XVI)

XY X XX1
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by the dichromate, a strong oxidising agent, might be expected
and other methods of oxidation were examined. Heating with
copper sulphate and pyridine caused either no effect or, on
prolonged heating,bsome fission of the bond apparently took
place with production of acidic materielss On boiling with
chlorenil in xylene the diol was gradusglly converted to a dark
mass from which no quinone was igsolated. the diol was pro-
bably dehydrated to the 5?@-phenol which is readily oxidised

to black materials (see below). Hollowing a report by BoylandlOU
of the preparation of phenanthrene guinone from 9:10-dihydroxy-
9:10~dihydrophenanthrene by oxidation with permangenate, this
procedure was applied to XVI but only traces of quinone were
obtained. It has recently been found (iiss J.Campbell) that
When a mixture of pyrene diol, methylene chloride and dilute
aqueous potassium hydroxide is shaken for some hours in the
presence of air, the diol is oxidised to the corresponding.
gquinone in good yield. In the present case, however, this
oxidation was too slow to be of value. hen XVI was heated

o,f, 131
with azodicarboxylic acid diethyl ester at 100-110° for soue
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hours oxidation to the guinone XVIL took pluce in modarate

yield and no contamination with the orange impurity was detected.
No products of Diels-Alder reaction between XVI or XVII were
detected butl since the arrsngement of bonds typical of anthre-
cene no longer exists in XVI and XVII, this is not to be ex-
pected.

Conversion of XVII to the regquired (2‘41‘-naphtha)-2:5-
fluorenone (XVILI) took place smoothly on heating with litharge
and the product was sublimed from the reaction mixture, when it
was placed under reduced pressure. The mechanism of the re-
action using litharge under these relatively drastic conditions
is not certain, but if the acid XVIIa were an intermediafte in
the reaction it mignt possibly cyclise to give (1':2'-ngphtha)-
l:2-fluorenone (XXAII) and not the required (2';1l'-naphthaj-
2:d-fluorenone. In confirmation of the gstructure XVIII the
anslogous transformation with l:2~benzanthracene-3:4-quinone
was studied. The two ketones theorstically possible in this
case are l:2-benzfluorenone and 2:3-benzfluorenone, both of
which are known. When pure l:2-benzanthracene-2:4-guinone
. was treated with 1litharge under exactly the szme conditions as
those used with 1:2:7:8~dibenzanthracene-3:4-guinone & ketone
of m.p. 149-151° (150.5-152.5° after crystallisation frow ol-

cohol) was obtained agreeing in properties with the known
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2:3=-benzfluorenone. It was converted to its oxime m.p. 230-
231° (decomn.) (2:5—bepzfluorenone oxime has m.p. 231°. 1:2-
Benzfluorenone has m.p. 132.5°, oxime m.p. 202° {decompae)je
No 1:2-benzfluorenone was detected in the sublimate from the
litharge fusion. It is highly probable that the resction with
the 1:2:7:8-dibenzanthracene-3:4-guinone proceeds in an
anglogous ménner and that the ketone thugs obtained is therefore
(2':1"-naphtha,-2:3-fluorenone (XVIII;.
(27:1'-Naphtha,~-2:3-fluorenone was reduced to (2':1-
naphtha)~2:3-fluorene (LL) by heating with hydrazine hydrate
in a sealed tube. Attenmpts to apply Huang ilinlon's modifica-
tion§7 0f the Wolff-Kishner method to this reduction were not
successful slthough the modification gave satisfactory yields
of fluorene from fluorenone.
The 1:2:7:8-~dibenzanthracene needed for the above syn-
thesis is not svailsble commercially and it was found desireble

66

to modify the synthesis of Cook =~ in several particulars. ihe

scheme of synthesis is set out below:
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2-Carboxy~ 1:1'~dinaphthyl ketone (XXII) was prepared
according to the method of Oook66. Cook reduced this keto
acid with zinc dust and dilute potassiuﬁ hydroxide, but the
resulting 2-carboxy+l:1'-dinasphthylmetheane (XXIIL) could not
be purified and was used in the crude state for cyclisation.
A crystalline product has now been obtained from the crude re-
duc tion product after submitting it to chromatography on
gsilica, but the yield wsas poor. Considerably better yields
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were obtained by applying Huang-liinlon's modified
Kishner method to the reduction of XXII, and ZXXIII has now been
obteined analytically pure. A very sparingly soluble by-
‘product, corresponding in analysis to the azine XXVI (see
formula p.39), was aiways formed in these reductions in spite
of considersble variations in the proportion of the hydrazine
used. This modification of the Wolff-Kishner reduction is a
useful alternative method to the zincvdust/alkali reduction of
this type of keto acid, and is superior to catalytic hydrogena-

tion in so far as the naphthalene nuclei are not subject to the

risk of reduction.



Z2-Carboxy-1:1"-dinaphthylmethane was cyclised smoothly to
1:2:7:8-dibenzenthranyl-10~acetate (XXLV, in good yield.  XXIV
could not be reduced dirsctly with zinc dust and dilute alkali
because of the difficulty of hydrolysing the acetate under thess
conditions. Use of concentrated alksli (which effected hydrolys-
is of the acetate) and zinc dust was andeéirable because of the
possibility of reducing the naphthalene residues. However,
following the procedure of Fieser and HershbergsS, the acetate
was rea&ilylsplit by refluxing with excess of n-butyl wmagnesium
bromide.  ihe anthranol (XXV) was not isolated but reduced
immedigtely accofding to Martin’s’procedureeg to give 1:2:7:8-

dibenzanthracene (XIV) in feir yield.

Experimental.

2-Carboxy:1l:1'=dinaphthylketone (XXII). In the oxidation of

2-methyl-1:1"-dinaphthylketone it was found that freshly pre-
bpared end sublimed selenium dioxide gave no better yields than
samples of commercial selenious acid (B.D.H.). Because of the
shortage of suiteble glass tubing attempts were made to carry
out the resction on the same scale in a small stainless steel
autoclave, but the product was either a derk gum or a samnle of
XXII of inferior queality. In working up fhe-produot (from the

sealed tubes) it was found more convenient to dissolve the crude



ketone/keto acid mixture (alfter washing free from selenious

acid) in chloroform, and to extract the keto acid with sodium
carbonste solution. The acid recovered by acidification of this
extract had m.p. 252-2340, and after crystallisation from acetic
acid (charcoal, it had m.p. 239-240°, =nd was suitable for re-
duction. The crude ketone remaining after removal of the

chloroform was used for further oxidations without preliminary

purificeation.

2-Carboxy-1:1'-dinashthylmethane (XXLII). (a). In view of the

persistent formation of the azine (XXVI) as byproduct, the pro-
portion of hydrazine used in the modified Wolff-Kishner re-
duction was varied considerably. When equimolar proportions
‘of hydrazine and the keto scid were used, a yield of about 254
of XXIII and a large proportion of XXVI were obtained. Increase
of the proportion of hydrazine to 4 moles increased the yield of
XXIII to approximately 50%, but considerable azine was still
formed. Parther increase of hydrazine to 8 wmoles did not im~
prove the yield of XXIII, but its quality decreased with this
large excess of hydrazine. The proportion of azine formed also
increased. The reason for this beheviour is not clear. The
following procedure was found satisfactory ond deteils of a
typical experiment are: the keto acid & ZIL, (2.26 g.; 0.01

mol.;, 904 hydrazine hydrate solution (2.21 ml.), potassium



hydroxide (1.9 g.), and diethylene glycol (25 ml.) wers mized
and boiled gently under reflux for 1.5 hours. The water con-
denser was then removed snd the temperature of the mixture
(thermometer in liquid) allowed to rise to 190-195°.  4he con-
denser was replaced and the mixture refluxed for = further 6
hours. The solution was poured into water (500 ml.,, when the
very sparingly soluble sodium salt of the azine (XXViI) preci-
pitated in finely divided form. After heating to coagulate the
sugpension, the sodium salt (0.63 g.) was removed by filtration.
The filtrate after treatwment with charcoal was acidified while
still warm and the crude acid taken up in benzene. 'he benzene
extract was washed with & 1little warm water, dried and passed
through & column of silica (2 x 4 cm.), when brown resinous
impurities were removed. The pale straw coloured crystalline
acid left after removal of the solvent from the benzene eluate
was washed with a 1little benzene/petroleum ether and finally
with petroleum ether. It weighed 1.83 g. (585 of the thecoreti-
cal amount). Mepo 207-208°. This product was pure enough for
cyclisation. For analysis it was crystallised twice from ben-
zene and then from 80% acetic acid snd finslly from benzene,
giving & colourless crystalline mass of m.p. 207-2089.

(Found: C, 84.9; I, 5.26. Cgoll150, requires C, 84.6; H,5.17).

On heating XXIII shows partial fusion in the temperature range



Insert after line 3? p. 46.

The ni-h melting byproduct from the Wolff-Kishner reduction
was crystallised repeatedly fro., acetic acid when it was
obtained as cresr coloured lates, m.p. 301—3.° (Found:

C, 31.6; H, 4.46; H, 4.33; H i™ requires C, 31.3;
H? 4.32; N, 4.32 %).



150-170° and if heating is rapid, complete fusion may take place.
The acid alwost iummesdiately solidifies as the temperature is
raised and melts again at 207-208°.

(b). The keto acid was reduced with zinc dust and N potassium
hydroxide solution as described by Cook66. The crude product
was purified according to the method described under (a) except
that there was no azine to remove. 9-10% of crystalline acid
was recovered.

Cyclisation of 2-carboxy-l:1'-dingphthylmethane. The procedure

168
of Piéser and Herschberg - was followed closely. the acetate

(XXIV) was a pale faun coloured mass of needles of m.p. 254~
256°. Yields 85: or better. After crystallisation from
benzene contvaining l5ﬁ of glcohol, the acetate was recovered as
golourless needles, MmMeD. 255-2560, and was satisfactory for
splitting and reduction. This compound was prepared by Cook

by another method.

1:2:7:8-Dibenzanthracene (XIV). The following is a typical

preparation. The dry, powdered acetate (3.6 g.) and sodium
dried thiophene free benzene (60 ml.) were added to the Grignard
reagent prepared from magnesiam turnings (2.06 g.;, n-butyl
bromide (10.23 ml., and sbsolute ether (50 ml.;, end the mixture

refluxed for one hour. The ether was allowed to disgtil off

during this heating. the mixture while still warm was diluted



with toluene (170 ml.) and decomposed with dilute hydrochloric
acid. The benzene/toluene layer was separated, washed twice
with warm water, and without delay, refluxed with zinc dust

(8 g.), end 2 I sodium hydroxide (200 ml.; for 7%-8 hours.

The mixture was acidified with hydrochloric acid, the organic
layer separated and the aqueous layer and the zinc extracted
several times with benzene. | The combined benzene/toluene
layer was washed several times with water and the solvents re-
moved, under reduced pressure, from the water bath. The dis~
coloured crystalline residue was crystallised from acetic acid
giving pale straw coloured needles of 1:2:7:8~-dibenzanthracene,
m.p. 190-191°.  (2.17 g.; 73 of the theoretical amount.

v ther
For g note on thefpurification of XIV see below‘jp 54).

1:2:7:8-Dibenz-3%;:4-dihydroanthracene-3:4~diol (XVI).

(a). Pormation of the osmium tetroxiae/pyridine couplex (XV).
Recrystallised 1:2:7:8-dibenzenthracene (1.64 g.; 0.0059 ul.;,
pure pyridine (l.44 wl.; 0.018 mol.), end osmium tetroxide
(1.53 g+3; 0.006 mol.) in sodium dried, thiophene free bénzene
(62 ml.) were mixed and allowed to stand at room teuperature (8-
180) in a stoppered flask until precipitation of the complex was

complete (12 days) . The precipitate was collected and washed

with benzene until the washings were colourless. whe yield of



crude cowplex wes practically guantitative. {The formula XV
has been assumed following the results of Criegee et a164 and

of Cook and Schoental65).

(b). Hydrolysis of the complex. Without any prelininary purifi-
cation the above complex was sheken with methylene chloride

(60 ml.; and 1% potassium hydroxide solution (150 ml., contain-
ing elso 10, of mannitol, in a well stoppered flask until
separation of the diol was complete. ihe colour of the methyl-
ene chloride layer never faded completely due presumsbly to the
formation of traces of quinone during thé sheking. ‘he enulsi-
fied mixture was filtered immediately uydrolysis was complete.
The diol was washed with water and dried in vacuo over potassiunm
hydroxide. The colourless solid weighed 1.41 g. (76.6% of the
theoretical smount). i.p. 226-228° (decomp.;. srom the

filtrate & further 0.11 g. of discoloured diol was obtained.

1:2:7:8-Dibenz-3:4-dihydroanthracene-3:4-diacetate. the diol

—

XVI) possessed very poor powers of crystallisation (c¢f. Cook
and Schoental) . At%emﬁte& crystallisation led, wmoreover, to a
kdeterioration in the quality of the product. It was therefore
characterised by conversion to the wmore easily purified diacetate
which was prepered as follows: tThe aiol was mixed with excess of
pyridine and scetic enhydride end after stending at room temperes-

-

ture 1-2 days the wmixture was heated on the water bhatn Zor 20



minutes to couplete the rezction. <he oily, pale yellow golid

<

which geparated sfter diluting the acetylating wixture with ic
and excsezs hydrocanloric gcid was taken up in benzene. he ben-
zene extract was washed, dried and passed through a column of
silica (2 x 4 cm.;, when the yellow impurity was removed. ihe
colourless so0lid left after removal of the benzZene ILfrom the
colourless eluate was crystallised from benzene/alcohol (1:l)

0 .
. £
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giving a colourless nass of fine needles, m.p. 284.5-2

o

second crystallisation gave a product of m.p. 2285-2826.5 .
c,

(Found: C, 78.7; I, 5.05. Gy liyn0, requires 76.8; H,5.097)

-

1:2:7:8-Dibenz-3-{or 4-)-methoxyanthracene. The diol (ZVI)

wes further charscterised by conversion to 1:2:7:8-dibenz~3-(or
4-)—meﬁhoxyanthracene. The crude phenol was prepared by boiling
the diol with acetic acid containing a few drons of concentrated
hydrochloric scid for several minutes. After standing a few
minutes the dark solution was poured into ice water and the dis-
coloured solid collected, washed twice with water and drsained
rapidly since the precipitate rapidly darkened on contact with

air (¢f. CGook and Schoental, . It was digsolved 1in 6 gsodiwm
hydroxide and excess dimethyl sulphate added. The solution be-
came warn and separation of the methyl ether soon commenced.

After & hour the reaction was completed by heating 20 uninutes on

the water bath. After diluting with water the product was
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collected, washed well, dried and dissolved in warnm petroleun
ether (60-80°), and the solution passed through a columm of
alumina (2 x 5 cm.), when the coloured impurities were removed.
Removal of the solvent from the colourless fluorescent eluate
left a colourless crystalline residus, m.p. 180—1850, which was
erystallised from petroleum ether (80~1000) giving a product of
MeDe 181.5-185.5°. A second crystalligation ffom petroleun
ether gave a product of m.p. 182.5-183.5°.

(Found: C, 89.4; K, 5.36. OCooiyg0 requires C, 89.2; =, 5H.445).

1:2:7:8-Dibenz-3;4-anthraquinone (XVIL).

(a) « To reduce the amount of sparingly soluble orange impurity
(probably XXI) formed during the dichromate oxidation of the
diol, attempts were made to carry out the oxidation using only
the theoretical cuantity of sodium dichromate. However, under
these conditions only a »ortion of the diol was attacked. In
préctice it was necessary to use an excess of dichromate and
boil the mixture for a few minufes. Longer heating at lower
temperatures (e.g., on a boiling Wafer bath) did not improve the
yield and some diol was not attacked. The yields of XVII were
never very satisfactory, but the following procedure is the
most satisfactory so far tried: the diol (0.52 e 5%5 0ol .,
-sodium dichromate (U.5 g. in water (2 ml.; and acetic acid (75

v mk.)) were mixed and heated rapidly to boiling and boiled for



8-10 minutes. The red guinone precipitated in the boiling
solution as the diol dissolved. The mixture was diluted with
warn water and the quinone collected and washed well with warm
water. The crude product (0.44 g.) had m.p. 260-270° (decomp.) .
After crystellisation from tetrachloroethane it melted at 510O
(decomp.) and further crystallisation did not raise the m.».
During crystallisation small smounts of an orange impurity

(mep. 340° (decomp.)), sparingly soluble in tetrachloroethane,
were Separated. This materisl has now been obtained analytically
pure andAis probably represented by XXI (see below). Complete
separgtion of this impurity from XVII could not be effected by
fractional crystallisation from tetrachloroethane and chloroforny,
‘but when the product crystallised twice from tetrachloroethane
was sublimed cesutiously at 0.3 mn. XVII sublimed first and was
obtained énalytically pure. Bright red needles, m.p. 510O
(decomps) » (Found: C, 85.8; H, 5.86. OgoHy50s requires

¢, 85.7; H, 5.955?).

(b). The aiol (0.16 g.; 0.0005 mol.) and azodicarboxylic acid
diethyl ester (3 g.) were mizxed and heated in an oil bath at
100-1100‘(bath temperature) and later at 105-115° until all the
diol head disappeared and no more quinone precipitated from the
solution (10-12 hours). The large excess of ester was
spparently necessary to act as solvent for the diol.  After

cooling the mixture was diluted with alcohol and the quinone
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collected and washed well with glcohol. il.p. 300° (decomp.,.
Yield 70-80 mgms. This product was satisfactory Ffor eonver-
sion to (2':1'-naphtha)~2:3-Ffluorenone. In some cases for no
apparent reason the m.p. of the product was lower and crystal-
lisation from fetrachloroethane was necessary to give a product

0 . N
of m.p. 310" (decomp.,. The yield then was also lower.

The guinoxaline derivative of 1:2;7:8~dibenz-3:4-anthraquinone
(XIX). When the guinone (ZVII) was heated with excess o-phenyl-
enediemine in acetic acid solufion separation of the guinoxaline
derivative began almost immediately and the reaction wag conm-

- pleted by boiling the mixture for 15 minutes. While still warm
the mixture was diluted with alcohol, the precipitate collected
and washed well with alcohol. It was very sparingly soluble in
most of the organic solvents available, but crystallised well
from‘tetrachlbroethane separating as tiny, yellow needles of

mep e 327-329° (decomp.; which was not raised by further
crystallisation. ihe enalyses for C, &, and I were:-

¢, 88.84; =, 3.92; i, 7.07. (Coghypllp requires ¢, 83.4;

H, 4.24; &, 7.37.). A sample of the analysis specimen was
then examined for chlorine snd gave a positive qualitative test.
A Carius estimation subsequently gave ul, 5.60., making a total
of 100.4%. for the analyses. Apparently some of the solvent
had been retained after drying over phosphorus pentoxide at

10 mm. and 140°C. Unfortunately at this sftage no more
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guinone was available for gnother sreparation but there is
little doubt that the compound described is the required

guinoxaline derivative.

(2':1'-Naphtha)=-2:3-fluorenone (XVIII). The purified quinone

(0}28>g-) was intimately mixed with 7-8 times its weight of
1itharge and the mixture divided into 3 (approximately) equal
lots. Bach lot was introduced into an apparstus fitted for
vacuum sublimation. .The mixture was heated at ordinary
pressure and &t 260-270" (metsl bath temperature), a brisk re-
action spread through the mass and it became dark. After
maintaining it for 1-2 minutes at this tempersture vacuum was
applied and the orange ketone sublimed rapidly at 0.3 wm/260-
2700. The sublimate (total of 3 lots, 110 mgms.) melted at
250.5-251.5° and after crystallisation from alcohol/benzene
(2:1) gave tiny orsnge needles, W.p. 252-253°. Further
crystallisation did not raise the m.p. (Found: €, 90.0;

4.18. C_.H equires G, 90.0; H, 4.32%). When the

H, 4.18 621 120 require 7

decomposition was carried out with batches of material con-

taining each more than sbout 0.1 g. quinone, the yields were

lowered.

(2':1'-Naphtha)-2:3-Ffluorene (II}. (2':1'-Naphtha)-2:3-

fluorenone (75 mgus.) and 50% hydrazine hydrate solution

(0.2 ml.) were heated in s sealed tube at 200-210° for 7i-
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7% hours. The discoloured crystalline product was collected,
washeld well with water, dried and dissolved in warm petroleum
ether (6O~800). The warm solution was passed through e column
Qf aluming (1.2 x 4 cm.}, when the coloured impurities were
strongly adsorbed and the colourless, fluorescent hydrocarbon
passed readily into the elusate. Removal of the solvent from
the eluate left a colourless crystalline residue of m.p. 169-
171.50. Crystallisation from alcohol gave colourless, alumogst
Gubical crystals, m.n. 171.5-173°.

(Found: C, 94.8; H, 5.35. CgiHygrequires C, 94.7; H, 5.30%).

Further purification of 1:2:7:8-dibenzanthracene. A sample of

recrystallised 1:2:7:8-dibenzanthracene (XIV) was dissolved in
hot petroleum ether (60-80°) snd the solution while still warm
passed through a column of slumine (B.D.H.), when small amounts
of coloured impurities were strongly aedsorbed, and the hydro-
carbon passed through the column as a colourless, homogeneous
fluorescent zone. the colourless residue left after removal

of the petroleum ether from the eluate was collected and washed
With a little petroleum ether, m.p. 195-196.5 .  After crystal-
lisation from.ethanol/benzene (3:2) XIV had m.pe. 196+5-197.5° .

- After three crystallisations froum nethanol/benzene (1:1) the

0
mep. was 197-198 .
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The sparingly soluble orange byproduct from the oxidation of

1:2:;7:8-dibenz-3:4~anthraquinone (e¢f. n.47;. Congiderable

difficulty was experienced in sepsrating the last traccs of
XVII from the orange waterial. It was therefore boiled again
with excess dichromate to oxidise the last traces of the wono-
guinone, and the product, recovered by pouring into wsater, was
collected, washed, dried and extracted several times with boil-
ing tetrachloroethane in which it was sparingly soluble.
Crystallisation of the tefrechloroethane insoluble material
from dicthylene glycol gave tiny orange needles, melting with
decomposition above 340°. (Found: C, 78.1; H, 3.16.

6221-1100Z~L requires C, 78.1; H, 2.98%).

The diquinoxaline derivative (XXIa). The diquinone was sus-

pended in acetic acid and boiied gently with excess of o-phenyl-
ene digmine for 15 minutes. The separstion of the diquinoxal-

ine began immediately on warming and was soon complete. The
mixture was cooled, diluted with alcohol, and the precipitate
collected and washed well with alcohol. It was very sparingly

soluble in all the organio‘solvents tried (including dioxan,
tetrachloroethane and diethyleneglycol) except o-dichlorobenzene
ffom which it separated in very small vellow crystals. P >
360° . (Found: C, 84.7; H, 3.78. Cg,H;gll, requires

C, 84.6; H, 3.76%).
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The synthesis of (1':2'-nsphtha)-1;:2#fluorene (XXVilL).
(a). Introduction.

(1’ :2'-I;Iaph‘tha}~1:2-f1uorene (_;«J.A__V'J__L) was ;)I‘Spa‘red aGGoTd-

ing to the scheme set out below.
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K -(2-Fluorenyl)-o-nitrocinnamic acid (XX1X; (prepared by
a Perkin reaction between fluorene-2-acetic acid (LAVIil, and
o-nitrobenzaldehyde) has the cis configuration, since on re-
duction it yields an amino acid (XXX) end not a carbostyril
derivative (XXXI) which would be expected if this acid possessed
the transg configuration (cf. Buchenan, Cook & Loudonéo). the
predominant formation of the cis acid is in agreement with the
conclusions of Ruggli snd Staab4l and of Taylor and Hobsonl
that in the Perkin reaction between an aryl acetic acid and an a
aromatic aldehyde the carboxyl group, in addition to activating
the adjacent methylene group and thereby inducing the conden-
sation, also induces a c¢is configuration of the 2 aryl radicals
in the resulting cinnsmic acid due to its stronger electro-
negative character compared with the aryl groups. In the
present case no trans acid was isolated from the Perkin con-
densation.

The cyclisation of cis-« -(2-fluorenyl)-o-aminocinnamic
acid (X(X) may take place in position 1 or 3, yielding either
XXVIla or IIa. It had been assumed when the synthesis was
first studied with the object of preparing (2':1l'-naphtha,~
2:3-fluorene, that cyclisation would more probably occur in
position 3. This had been shown to be the case in the
Cyciisatioh of J’-(z-fluoremyl)-butyric acid to ketotetrahydro-

o -

28 . . .
2:3-benzofluorene by woelsch .. The c¢yclisation of 2-fluorenyl-
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z
3 - - . . d
o-benzoic acid also takes place in the 3-position . nowever,

neither of these ring closures involves a FPschorr reaction, snd
the possibility that cyclisation would take place in the 1-
position could not be excluded. The synthesis of (2':1'-
naphtha)-2:3-fluorene (11) (which has already been described) by
an unsmbiguous route was actually carried out subseguent to the
Pschorr reaction described in this section. Since the acid
ITa must yield I1I by decarboxylation and since the hydrocarbon
obtained by decarboxylation of the Pschorr acid had the same
molecular formula but is distinet from II, it seems that
cyclisation during the Pschorr reaction must have tgken place

in position 1, yielding XXVIla which must yield (17:2'-naphtha)-
1:2-fluorene (XXV1iI) on decarboxylation. The fluorenone (ZXiLlLI)
produced by oxidation of XXVII has also the same molecular

formula as XVIii, but is distinet from it.
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In carrying out the Pschorr reaction with cis-o(-(2-

fluorenyl)-o~aminocinnamic acid, some difficulty was encountered.
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Attempts to effect diazotisation by the direct method using
sulphuric acid/sodium nitrite (in presence of methanol) (cf.Cook,
Buchanan & Loadon4o} were not successful. Even on standing
20 hours much of the amino acid was recovered unchanged. It
could not be separated from the diazonium sglt by filtration
owing to the sparing solubility of the latter. It was found
possible to effect complete diazotisation by addition of amyl
nitrite to a solution of the amino acid in alcohol acidified
with concentrated nydrochloric acid (cf. 41-45). With sul-
phuric acid the diazotisation was incomplete. Hing closure
was effected by addition of freshly prepared copper powder to
the suspension of the diszonium salt in alcohol without pre-
limingry dilution with water.

An altermative procedure to the above synthesis was also

explored.
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46
Pollowing a method due to Hewet? o-chlorobenzaldehyde
was condensed with fluorene-2-acetic acid (as its sodium salt)
in a8 Perkin resction to give cis- X-(2-fluorenyl)-o-chloro-

Cinnamic acid. Attempts to effect ring closure of this acid

by alkali fusion were not successful. Pemperatures sufficiently
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high to cause dehalogenation of the materisl led to widespread de-.
composition and no pure product was isolated from the reaction

mixture.

(p)Experimental.

2-Acetylfluorene was prepared on three times the scale given by

. 2 8
Bachmann snd Sheehan® . The procedure was that given by these

authors except that it was found better to keep the reaction
mixture at 5-10° during the addition of the fluorene and to stir
for 3 hours at 0-10° before removing the ice bath. It was also
found necessary to use an additional 50-100 ml. of nitrobenzene
in excess of the proportionate amount given by these authors.
Vacuum sublimation of the crude product was found more convenient
than vacuum distillation. ihe product crystallised from alcohol
(charcoal) rather than from acetone in which it was very soluble,

was Obtained as colourless crystals, mepe. 127-128°.

Fluorene-2-acetic acid (ZLVIII). (a). The preparation of
this compound from 2-acetylfluorene by a Willgerodt reaction
is described by Bachmann and Sheehaﬂﬁs. The alternative pre-
paration58 by an Arndt-Bistert reaction from fluorene-2-car-
boxylic acid did not seem attractive. Using the proportions

of reactants given by sachmenn and Sheehan, the fluorene-2-

acetic acid was found to be contaminated with considerable



guantities of fluorene-Z-carboxylic acid. The latter acid was
isolated and converted to its methyl cster using ethereal
diazomethane, mep., after crystallisation from methanol, 125-
126° (cf. Eortner47). The discrepancy is probably due to the
variable concentration of the gmmonium polysulphide solution.
Bachmann and Sheehan prepared their reagent according to the
directions of Fieser snd Kilmeréé, i.e., by saturating concen-
trated ammonia with hydrogen sulphide snd then stirring into
this solution 1/10 of its weight of sulphur. In the present
investigation also the ammonium sulphide reagent was first
prepared by Fieser'é and Kilmer's method. Using this reagent
the following proportions of reactants gave satisfactory re-
sults, viz., 3 g. 2-acetylfluorene, 9 ml. polysmmonium sulphide
solution and 15 ml. of dioxan. Increase of the proportion of
polysulphide much beyond this limit led to the formation of
fluorene-2-cagrboxylic acid. With too low proportions of the
polysulphide reagent, large quantities of neutral products
were formed, and the quality of the acid product was inferior.
These findings are in genersl agreement with Willgerodt‘s
original observations on this type of reaotionao-52, i.e., he

found that too large an excess of the polysulphide reagent

caused degradation of the side chain to the carboxylic acid with

one carbon atom less, while too small a proportion of the
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reagent led to the production of neutral products. Similar
observations have been made by later worker844’48’49.

After many experiments had been completed, a number of
papers dealing with the Willgerodt reaction sppeared. In
particular, De ¥Yar and Garmack48 found that a more reproducible
sulphide resgent is prepared by suspending in concentrated
ammonisg 1/10 of its weight of sulphur and passing in hydrogen
sulphide until the sulphur just dissolves. Later preparations
have been carried out using this reagent. It has been found
necessary to increase the prOportioh of reagent to 12.5 ml.
for 3 g. of 2-~acetylfluorens, and 15 ml. of dioxan to obtain
the same yields as previously. The time of heating (at 160-
1700) has also been reduced from 10 to 8 hours. further re-
duction of the heating time appears to reduce the yield, but
this point needs further investigation. ihe procedure for
working up the product has also been varied and the following
method has been found to be the most satisfactory.

- 2~Acetylfluorene (3 g.), emmonium sulphide reagent

(12.5 ml.;, =nd dioxan (peroxide free; 15-17 uml.) were heated
in g small stsinless steel autockave at 160-170° for 8 hours
and left to cool overnight. The contents were washed out with

alcohol and evaporated to dryness on the water bath. ‘he crude

amide was then dissolved in acetic acid (40 ml., and concentrated

hydrochloric acid {12 ml.), the mixture refluxed for 7 hours,




and poured into water. the precipitate was collected, waghed
end dissolved in hot dilute sodium carbonate solution {250-

300 ml.; and filtered (filter cel was added to improve filtra-
tion) . The crunde acid recovered by acidification of the fil-
trate was crystallised from 50% glcohol (oharcosl), when it was
obtained as a colourless, crystalline mass, m.p. 175-177°.
Yields, 1.8-2.0 g. Occasgionally, for no apparentbreason, an
experiment gave a lower yield saccompenied by some tar formation,
although the same conditions and reagents from the same batch
were ugsed.

It is stateﬁ49b that the Kindler modification of the Will-
gerodt reaction is not successful with 2-acetylfluorene (or
with other compounds containing reactive methylene groups as in
fluorene,), and no attempt was made to investigate it. In view
- of the experience with this reaction it would seem desirable to
run a small scale experiment to test each new batch of ammonium

sulphide reagent.

Note on melting noint of fluorene-2-acetic gcid. Wnen the

crystallised fluorene-2-acetic acid was sublimed at 3 x 10-5mm.
and the sublimate crystallised from benzene, the m.p. obteained
was 183°.  Sachmarm snd Sheshan reported 186-18¢)(after vacuum
sublimation and crystallisation) and v. Braun and Engel59 178

for a product prepared by hydrolysis of 2-fluorenyl acetonitrile

and subsequent crystallisation frowm alecohol.




(b). At the stage of these investigations when the Willgerodt
reaction was being used to prepare fluorene-2-acetic acid, only
a smell autoclave was available, consequently limiting the scale
of experiments. In efforts to obtain larger gquantities of this
acid, its preparation by way of tﬁe 2-chloromethyl compound and
hydrolysis of the corresponding nitrile was investigeted. The
yields of fluorene-E-aéetic acid so obtained are poor and the
method is inferior to the Willgerodt réaotion when suitable
apparatus is available for the latter reaction. Since, how-
ever, fluorene-2-gcetic acid does not seem to have been pre-
pared previously via fthe chloromethylation reaction, the re-

sults are reported. 2-Chloromethylfluorene snd 2-fluorenyl-
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acetonitrile have been prepared by v. Braan and Engel , but
the preparation of the former from 2-aminofluorene via the
nitrile, 2-fluorenylmethylamine eand 2~fluorenylcarbinol'is too
laborious for a large scale method. ithe chloromethylation of
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fluorene was next investigated. Dziewonski and Fanek state
that methylal, fluorene and chloroform in the presence of
phosphorus pentoxide give 2:2'-difluorenylmethane (m.p. 20L-

0 . . . _— . ;
202"} . iio mention of the isolation of the chloromethyl cow-

pound is mede in the abstrsct. In the »resgent investigation
the chloromethylation of flworene has been gtudied under a

variety of conditions, but the yields of chloromethyl cowmponnd




were always poor due to the ease with which it nolymoerises

(cf. ve. sraun end kngel,. Attempts to use the procedure
degcrived in Urganic Syntheses for the preperstion of ~chloxro-
methyl naphthalene and verious modificsati ons thereof were very
wnsafisfactory. Slightly better resalts were obtained by use
of paraformaldehyde solution in acetic acid saturated with
hydrogen chloride, with or Withoat the =ddition of'zine culor-
ide, as chloromethylating agent. When the reaction was gllowed
to nroceed until g1l the fluorene was consumed, practically all
the chioromethyl compound was solymerised. It was found
necessary to stop the reaction when much unchanged Lfluorenc

was still present. Separation of the chloromethyl compound
from the fluorene was not practicable, but the mixture of the
two was treated with excess concentrated potassium cyamnide
solution and acetoné. The crude nitrile thereby obtained was
not purified but hydrolysed. The resulting fluorene-R-acetic
acid was readily separated from the accompanying neutral im-
purities. After a number of experiments it was found better
not to heat the chloromethylating mixture but to add a 1little
zine chloride as catalyst and allow it to steand severgl days at
room tempersture. The details of a typical experiment are:

dry hydrogen chloride was passed into a mixture of paraformeldie-

hyde (6 g.; 0.2 mol.) end glacial acetic acid (200 ml.; until

2




all the paraformaldehyde had dissolved. Fluorene (13.3 g.;
0.08 mol.) and powdered zine chloride (0.5 g.) were then added
and the passage of hydrogen chloride continued for>% hour
longer. The flask was then stoppered and allowed to stand

at room temperature for 4%—5 days. The mixture was diluted
with ice water, the precipitate collected, washed with water,
with dilute sodium carbonate solution until the washings were
alkaline, and again with water, and drsined well. The product
was treated immediately with excess concentrated potassiunm

cyenide solution and sufficient acetone to dissolve it and the

-% hours. After removal of the acetone

2
[}

mixture refluxed for 2
the 0ily residue was diluted with water and the resulting solid
collected, washed well and hydrolysed with g mixture of acetic
acid/concentrated hydrochloric acid (3:1). = The crude product
obtained after diluting the hydrolysis mixture with water was
digested with dilute sodiunm carbonate solution end filtered.

If necessary, the filtrate was heated with charcogl and again
filtered. The colourless fluorene-Z-acetic acid recovered by
scidification of the filtrate had m.p. 178-180  and weighed

1.9 g. Sublimation of the alkali insoluble fraction (at

0.4 mm.) gave 7.8 g. of practicelly pure fluorene.  Yield of
the fluorene-S-acetic acid based on the fluorene used is 25..

If the residue left after sublimetion of the fluorene is

- 0
sublimed at 1.5 x 10 2mm./225—240 (temperature of heating



jacket) a crystalline sublimate is obtained which after
crystallising from acetic acid and twice from petroleum ether
ned m.p. 201-202°.  (Foumd: O, 94.1; H, 5.81. Calculated
for CgonHyg, G, 94.2; H, 5.850). This is evidently the

, 114
2:2'-difluorenylmethane described by Dziewonski and Panek .

Cis-d ~(2-Fluorenyl)-o-nitrocinnamic acid (XXIX). The sodiun

salt of fluorene-Z-agcetic acid was employed in the first Perkin
condensations, but in later experiments the triethylamine salt
was used since it gave better yields55’54. The following pro-
cedure was finally adopted. Hluorene-Z-acetic acid (dried at
110°; 5.6 g., 1/40 mol.), o-nitrobenzaldehyde (4 g., ca. 5
excess), triethylamine (2.52 g., 3.45 wl., 1/40 mol., dried

over potassium hydroxide), and scetic anhydride (analar., 30

ml.) were mixed and heated at 85-95° (0il bath temperature) for

11-11.5 hours. The clear, pale brown solution was poured,
while still warnm, into 250 ml. of cold water with vigorous
stirring and let stand 12 hours or longer. The mixture was
then hesated on the water bath for 1-2 hours until the oily solid
had completely solidified, cooled, filtered, washed and the
still damp residue dissolved in ca. 230 ul. of hot benzene.

The solution was cooled and filtered to remove a little frans-o-
nitrocinnamic scid, and then extracted repeatedly with dilute

sodium carbonate solubion until practically all acidic materisel
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was removed.  The coubined alkaline extracts werec heated on the
water bath with a 1little charcosal, filtered and the crude cis- o~
(2-fluorenyl)-o-nitrocinnamic acid was recovered from the
filtrate by acidification with concentrated hydrochloric acid.
(Yield of the crude acid 8.75 g., 98.51). Crystsllised from
50% acetic acid, then from 50 alcohol and finglly from
benzene/petroleum efber (80-1000}, it gave bright'yellow

needles, m.p. 215-216° (probably decomp.). (Found: G, 74.2;

H, 4.32; N, 3.88. CggH;50, requires C, 73.9; H, 4.23;

N, 3.92%).

Note. In this Perkin reaction a temperature of 85-95° gave
higher yields than one of 90-100° (cf. Amstdtz snd Spitzmille®?).
When the sodium salt was used heating for 7 hours at 130-140°

or 8 hours at 115-125° gave ylelds which were much smaller -

Cae 60% ~ than When\the triethylamine 'salt was used.

cis- X~{2Fluorenyl)-o-aminocinnamic acid (XIV,. Following the

ususl procedure for the reduction of of-arylksubstituted-o-nitro-
cinnsmic acids (e¢f. 20,42,43,44) (XIV, was reduced with ferrous
sulphate and ammonia. In most experiments the crude nitro acid
from the Perkin reaction was used without further purification
since the same product was obtained as fron the purified acid.
A typical experiment was as follows: to 22 g. of ferrous

sulphate (Fe304.7H20 ) dissolved in 50 nl. of warm water
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4

there was addeld with shaking 2.7 5. of finely powdered crude

3

g

cig- K -(2-finorenyl,)-o-nitrocinnanic acid in 100 ml. of water

and 140 wml. of concentrated sumonia, and the wmixture was heated

<l

on the water bath for nearly 2 hours. After dilution with

hot water and addition of charcosl, the mixture was boiled for

g few minutes and f£iltered. The residues were washed re-
peatedly with hot 1 ammonis until they were practically free

from amino acid. This washing was always tedious because of

the sparing solubilify of the ammonium salt of the amino acid.

The cowmbined filtrate and washings were acidified with acetic
acid, when the bright yellow emino acid separated. It had

@.p. 217.5-219.5°.  Yield 1.9 g. (775 of the theoreticsl smount).
It was further burified by dissolving in hot dilute sodium
carbonste solution snd heating on the water bath with charcoal.
The geid recovered from the filtrate by acidification with

acetic acid had m.p. 21732190 and is sufficiently pure for
cyclisation. Tor analysis it was crystallised firét from
alcohol giving yellow needles, MeDe 217—2190 (probable decomp.)
which on crystallising twice from benzene had m.p. 217.5-219.5°
(probsble decomp.). (Found: C, 80.9; H, 5.05; N, 4.14.
Coolly 0ol Tequires G, 80.7; H, 5.25; I, 4.28%) .

This acid forms sparingly soluble sodium and asmmonium salts.

The reduction has slso been carried out on a larger scale, but

the yields were somewhat lower.
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Cyclisation of cig- X-(2-fluorenyl)-o-aminocinnamic acid.

(a) . Diazotisation methods using sodium nitrite and an aqueous
suspensicn of a salt of the amino ascid geve always incomplete
digzotisation. Owing to its sparing solubility it was not
possible to separate the diazonium salt from the unchanged
smino acid by filtration.

(bj. For complete diazotisation by the amyl nitrite method it %

was necegsary to use HCL in »lace of sulphuric acid and carry

out the reaction at room tempersture (ca. 20°). A4 typical
exPeriment was as follows: cig-&-(2-fluorenyl)-o-amino-
cimmemic acid (1.58 g.) was dissolved in wam alcohol {250 wml.)
and cooled to 10-15°. (It was necessary to use sufficient
alcohol to dissolve the amino acid completely at room tem-
perature). Concentrsted hydrochloric acid (32 ml.) was poured
in rgpidly, the mixture sheken and redistilled isoamyl nitrite
(3.5 ml.) added without delay in one portion. If the tem-
perature had risen sbove 20° the mixture was cooled to 20° and
let stand at this tewmperature for 1.5 hours. The separation
of the yellow diazonium salt commenced after a few minutes.

In the above procedure it is essential to add the nitrite be-
fore the separatioh of the hydrochloride begins or diazo-
tisation will be incomplete.

To decompose the diazonium salt freshly prepared copper

powder was added and the mixture shaken at room temperature
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until a negative coupling test was obtained with /g -naphthol.
The cyclised acid began to precijitate towards the end of the
reaction. The temperature usuaslly rose several degrees during

s s . 0
the decomposition but was never allowed to exceed 30 .

Note. The copper powder used was nrepared by the method of
Gattermann91 and stored under water. Specimens which had
turned dark gave lower yields. With amounts of amino acid
larger than the above quantity the yields also decrease. It
also seems disadveantageous to decrease appreciably the large
proportion of alcohol. A dioxan/alcohol solution may be
superior but no dioxan (c¢f. 42,43,45) was available. Addition
of excess of sodium hypophosphite solution (cf. 41, during the
decomposition did not seem an advantage. In the absence of
copper vowder the hypophosphite did not effect complete decou-
position. In one experiment copper powder was omitted and
the acid suspension of the diazonium salt neutrslised with
sodium csrbonate solution (cf. 40). The mixture was allowed
to stand at room temperature until the coupling fest with ‘5-
naphthol was negative ( < one hour). From the reaction
mixture a crude substance was isolated which could not be
purified completely but by its behaviour was apparently XXVIIa.
The reaction mixture was diluted to 1200 ﬁl. with cold

water and the precipitate collected and washed. It is



advisable not to heat the reaction mixture during any of these
procedures, as the formation of dark coloured byproducts is
thereby practically avoided. The crude acid was heated with
500 ml. of dilute sodium carbonate solution in which it was
almost completely soluble, digested with a 1little charcoal and
the solution filtered. The cream coloured acid was crystallised
from acetic acid to give a cream coloured nicely crystalline
product of m.n. 250-251° weighing 0.91 g. (60.6% of the
theoretical amount). A sodium fusion test for nitrogen and
chlorine on this material was negative.

for analysis this acid was crystellised twice more from
acetic acid without raising the m.p. and finally from benzene
containing 10 of alcohol, when it was obtained as a cream
coloured crystslline mass of needles m.p. 251-252.5° (decomp.) .
Considerable sublimation takes place below the m.p. of this
acid. (Found: G, 85.0; H, 4.40. C,.H,,0, requires C, 85.2;
H, 4.55%).
The scid is sparingly soluble in benzene, realdily soluble in
alcohol and scetone, moderately soluble in acetic acid. From
the crude reactioanroduct there was also isolated in smgll
amounts an acid of we.p. 269-271°. It gave an empirical
24t19Y%
to investigate further. (Found: G, 71l.4; H, 4£.76%).

formuls of C on snalysis and was in too small an amount
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(1':2'-Taphtha)-1:2-fluorene (XXVII,;. (a) Heating a guinoline

solution of the Pschorr acid with copper powder for 3 hours
caused practically complete decarboxylation, but no pure com-
pound could be isolsted from the crude neutral product.

(b) (XXVIIa)(crystallised from acetic acid, m.p. 250-251°%; was
mixed intimately with 1-2 fimes its weight of dry copper
powder and heated at ordinary pressure st 260-280° in a metal
bath for several minutes. The product was then sublimed
under reduced pressure (0.2-0.4 mm. with a2 bath temperature

of 300-320°j. The decarboxylation procedure should be carried
out on g small scale, preferably with each batch containing
not more than 0.2 g. of acid. The yields are always poor
(esg., in & favourasble case 0.85 g. of XXVIIg yielded 0.15 g.
(20%) of purified (1':2'-naphtha)-l:2-fluorene) .

The sublimate Wasba deep cream crystalline mass en-
crusted with a thin layer of red material (probably a mixture
of the gquinone XXXIIL) and the ketone (XXXII) (p. 58)). It
was digested with 1% sodiwn hydroxide solution on the water
bath, filtered hot and washed well with hot water. Acidifica~
tion of the filtrate precipitated small amounts of unchenged
acid; The alkali insoluble ressidue was dried and dissolved
in petroleum ether (60-800), and passed through a column of
alumins (10 x 2 cm.; 5.D.H.;. The red impurities were more

strongly adsorbed than the hydrocarbon which was slowly eluted
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by petroleum ether as a uniform, colourless band (strongly
Tlvorescent in ultra violet light) . Elution may be completed
by addition of 10 and finally 20% of benzene to the peitroleun
ether. Alternatively the column may be cut after development
with petroleum ether and the hydrocarbon eluted with chloroform.
Evagporation of the petroleum ether eluate left g faintly yellow
crystalline product which, crystallised from petroleum ether
(60-800), gave colourless crystals (plates, n.p. 158.5-159.5°) .

(Found: ©, 94.7; H, 5.23. CoqHqys requires G, 94.7; H, 5.30)

(XXVII) may elso be crystellised from alcohol, when it
separates as a mixture of needles and plates. 1he m.p. Observed
under the microscope showed that the needles melted several
degrees below the plate forms. The melt allowed to cool
deposited only pnlate forms of the above recorded m.p. Another
sample of the same batch of material crystallised only from
petroleun gave only the plate forms. Yhe needles uncontaminated
by plates were not isolated. (XXVII, is very soluble in ben-
zene and chloroform, moderably soluble in alcohol and petroleunm
ether.

Aftér removal of XXVII the red materiel was eluted with
chloroform, when it divided into two main bands pf which the
most strongly adsorbed - a bright yellow band - left a yellow

Srystalline solid (me.p. 227.5-242%) on eveporation of the



solvent. There was not sufficient of this material for com-
plete purification, but it is probebly an impure specimen of

0

the substance of m.n. 243-244% jgolated from the oxidation

products of XXVII (see below).

Oxidation of (1':2'-ngphtha)-1l:2-fluorene. A sample of the

hydrocarbon was dissolved in scetic acid and to the boiling
solution excess sodium dichromate was added, the mixture re-
fluxed for 15 minutes, and poured into watber. The yellow
precipitate was extracted with benzene. The extract was
washed with water, then with agueous sodium carbonate until
the washings were alkaline, and again with water. After
drying over sodium sulphate the solution was passed through
a column of elumina (2 x 8 cuw.; B.D.H.). The first eluate
(yellow) passed through easily and on evaporstion left a yellow
orange crystalline residue (slightly sticky). Crystellised
from benzene in which it was readily soluble, and then fron
alcohol, it gave a homogeneous mass of orange needles, m.p.
152-153°.  (Found: C, 90.0; H, 4.39. CpgyHqoU requires
¢, 90.0; H, 4.32%). The analysis agrees with (1':2'-ngphtha)-
1l:2-fluorenone (XZXKIT) .

A more strongly adsorbed red band was eluted with chloro-
form. On evsporation of the solvent a yellow crystalline

residue of m.p. 258—2400 (decomp.) remained. It was



crystallised from benzene in which it was sparingly soluble,
giving a homogeneous mass of yellow plates, mep. 243-244°
(decomp.) . There was not sufficient material for further

purification. (found: ©C, 84.4; H, 4.03. C,-.H._ O

o110, Tequires

G, 85.1; H, 4.08%).
The product is probably (XXXILI) Contamination with a little
(XXXIV) would sccount for the low carbon snalysis, and the two
quinones would probably not be separated readily by chromato-
graphy.

Attempts to prepare a picrate and a 1:5:5-trinitrobenzene

derivative of (XXVII) failed.

Note. Murther investigation of the decarboxylation of the

Pschorr scid.

(¢). The acid was mixed with finely powdered soft glass and the
mixtaré treated éimilarly to the case using copper powder.

The acid sublimed unchanged.

(d). An acetic anhydride solution of (XXViia) was refluxed
with copper powder. No crystslline material could be isolated
from the product. Only a very smell amount of material was
avgilable ffom thig test and the results were not conclusive.
(e). A small amount of (XXVIIa) was converted to its silver
salt by standard procedures. The dry, finely powdered silver

salt (cf. B6) was added in portions to boiling guinoline
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(synthetic, dried over potassium hydroxide) (the flask was
heated in a metal bath). After refluxing 0.5 hours the wmixture
was cooled, diluted with benzene, extracted repeatedly with
dilute hydrochloric acid, washed with water and then with
sodium hydroxide solution. Acidification of the glkaline
extract gave only traces of the unchanged acid. The benzene
layer after drying over calcium chloride was passed through s
colurm of glumina (B.D.H.). Evaporation of the filtrate left
a crude sample of (XXVII). It was contamingted with a red
materiél, presumably a mixture of (XXXII) and (XXXI11). DNot
sufficiedt of the acid was available at this stage to allow a
guantitative couwparison of the yields by this method with

those from (b) (p.73).

cis- o&~(2-Fluorenyl)-o-chlorocinnamic acid (XXXV). 3odium

2-fluorenyl acetate (1.35 g.; 5-0055 mol.;, o—chlorobenzalde—
hyde (0.77 g.; 0.00565 mol.) and acetic anhydride (7.5 ml.)

were mixed and heated in an oil bath at 150—1400 (0il bath
température) for 8 hours. ‘he product, while still warm, was
poured into cold water (100 wl.) with vigorous stirring, and

let stand 12 hours or longer. The mixture was then heated on
the water bath until the oily solid had completgly golidified
(1-2 hours), Ffiltered hot, and the insoluble residue washed with

hot water. On cooling a little crystalline material separated



from the filtrate. Uhis was shown to be mainly trans-o-
chlorocinnamic acid and was rejected. The brown insoluble
residue was digested with hot dilute sodium carbonate solution
on the water bath until no more solid dissolved and filtered
hot. The crude acid recovered by acidification of the £il-
trate was crystaellised repeatedly from benzene, once from
aqueous acetone and agein from benzene, giving a homogeneous
mass of colourless needles, m.p. 229-231° (slight decomp e «
(Founda: C, 76.1; H, 4.36; (1, 10.3. Coolq 50501 requires
G, 76.2; H, 4.36; C1, 10.23%). Lhis material is presumsbly
the cig isomer. 'It is readily soluble in glcohol, acectone,
acetic acid snd benzene, and less soluble in petroieum ether.
The alkali insoluble material was dissolved in benzene and the
solution filtered to remove traces of the sodium salt of cis-
o{~( 2-fluorenyl)=-o-chlorocinnanic acid. Removal of the benzene
left an oil which solidified on treatment with slcohol.
Crystallised from alcohol (charcoel) it gave light yellow

- erystals, mep. 157.5-158.50. Crystallised again from petroleunm
ether (80-100°) it gave a pale yellow crystalline mass of m.p.
128-129°.  (Found: C, 83.4; H, 4.84; Cl, 11.24. CgHy 0l
requ.i:}es ¢, 83.3; H, 4.99; Cl, 11.71%,. The compound is
presumably Ezggg-o(—(z-fluorengl)-‘p—(o—ohloroPhenyl)-ethylene

(XXXVI) . Hv
| 6\) //T’J-l



Part II.

_S_yn’chesis of d'-(z-fluorenil)—/'ﬁ-aryl-

etrh‘zl enes .
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Synthegis of 0<-(z-fluorenyl)-’g—arylethylenes-

a) . Introduction.

It has already been stated in the General 1ntroduction
that certain basicelly substituted dp;diarylethylenes possess
both carcinogenic gnd tumour inhibitory properties (the degree of
the latter.effect depending on the protein content of the diet of
the experimentsal snimal). In g recent reportll5c the data at
present available on the relation between chemical structure
and tumour inhibitory and carcinogenic activity in this series
of compounds are summarised. A basic group in the ortho or
para position of an og;-diarylethylene possessing an unsubsti-
tuted ethylenic bridge appear to be essential features. One
free para position seems necessary except in certain cases (no
specific examples of this are given in the report). An in-
grease in the size of certain substituents leads to a decrease
in activity. #inally only the trans isomers of these B -
diarylethylenes show the biological pfoPerties in question. To
account for these oﬁservations it has been suggested as a pro-
visional hypothesis that "one of the features required for
biological effectiveness is an unbroken conjugation of the amino
group with both nuclei, which enables the compound to assume a

dipolar quinonoid form (A)."
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Ho
R\/N:/\:— A CH_—:{;)G @/’]l\//c# = Cx T;)Lx
A B

e
X = Hy N0y, 00z  WH , NHOCCEHs  Wca)

A coplanar arrangement of the aryl nuclei is also essentisl for
the existence of form A, and this is obtained only in the trans
forns of the «xﬁ -diarylethylenes. In the cis forms the aryl
groups cannot assume a coplanar configuration because of steric
factors, and the resonance energy is greatly reduced.

In the present work the preparation of a series of com-
pounds of the genersl formula B was undertagken with the ob ject
of submitting them to biological examination. ihe substituents
in the para position were not limited to basic groups since it
seemed of interest to test the genersal hypothesis in this

respect. A8 far as it is known no <xﬁ -~diarylethylenes with

one of the aryl groups a 2-fluorenyl 4?‘
R SN
radical have been prepared and examined =
‘ ' ~ X L Vi

for tumour inhibitory properties. The
9-fluorenyl derivative (XLVI) has been
reported to be active84.
3ince it has been reported
M l\/ - ;Y C
that certain <@ -diaryl- N — eH "C”7¢’
27 ﬁ;}__“/’ N x

) ot
ethylamines possess
X = B, No,,00H; eTe

tumour inhibitory action
Y: HWN”*
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the preparation of compounds of the general Fformula C was
investigated. Only a preliminary exploration has been made
in this section partly through lack of time and partly due to
the unattractive properties of some of the intermediate compounds.
A description of the compounds obtained is given in the experi-
mental séction.

As regards the preparation of the type B compounds an
approach through the Perkin reaction was first investigated.

N3/

Hs PO;J'I
N e=E_
o™ "“@ . 00T

X= H,K02706ﬂ3)6/ a”c,wm‘;f?/
1/44-'.0/1"\,8
\-
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/\—° =S N (\\)—7@ \(g
6 # ‘ 5u~zm¢
&'s fovm

tvans iSonev

The Perkin reaction gave satisfactory results in all the cases
indicated, and where g comparison was carried out triethylamine
as catalyst gave better yields ﬁhaﬁ sodium or potassium acetste.
for X :Aﬁ OQH ¢l decarboxylation of the cis -« -(2-fluorenyli-
éinnamic acids gave fair yields of the cis-d-(%—fluorenyl)—/g-
(p-substituted-phenyl, -ethylenes which could be smoothly

isomerised to thelr ftrans isomers by heating with iodine in



benzene. In the case of the nitro compound, nowever, the
decarboxylation gave very poor yields of the cisg isomer. This
also isomerised smoothly to its trans isouer. Reduction of
this trans—cx-(2—f1aorenyl)7sﬁb-.nitrOPhenyl)-ethylene (XXXVIII)
with stennous chloride gave the corresponding amino compound
which was purified as its N-acetyl derivative. However, the
amount of nitro coupound available by the gbove method was not
sufficient to allow the preparation of a sample of the N-acetyl
derivative Tor biologicgl testing.

Another route to trans-d\—(Z—fluorenyl)-/?-(p—nitro—
phenyl)-ethylene was obtained by the following serieg of re-
actions. p-Nitroshenylacetyl chloride was condensed with
fluorene under Priedel-Crafts conditions and the resulting
2-fluorenyl-p~nitrobenzyl-ketone (XXXIX) was reduced by alunin-
ium isopropoxide to the corresponding carbinol (XXXIXa). Ihis
was dehydrated with ascetic anhydride containing hydrogen
chloride, when (XXXVIII) was obtained in smsll quantity.

Trans- & -(2-fluorenyl)- A-(phenyl)-ethylene (ZXAVII) and
dJ&iluorenyl)—ﬁ -(p-nitrophenyl)-ethylene (XXXVIII) were also
prepared in very small yields by coupling diazotised 2-awmino-
fluorene with cinnamic and p-nitrocinnamic acids respectively,
according to the method of leerwein, Blchner and van Emster58
and of Bergmann and coworkers59. further description of these

experiments is included in the experimental section. The



mechanism of this interesting reaction is still a matter of

dispute but some evidence supports the free radical mechanism
cf.118,121

indicated below .
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The free aryl rasdical Ar' may add to either the & or /3 carbon
atom of the cinnamic acia giving I or II. However, the pro-

duct finglly isolated

* y ot - corresponds to addition of Ar'
ﬂrCH i c\“ ‘>GH —_ ¢
# ' > to the & carbon atom. It
, 118
ot I has been pointed out that

the free rgdicsl I will be
more stable than the alterna-

tive free radical II since resonance in the more symmetricsgl



system represented by I will be greater than the resonsnce in
systemn II. Thig idea receives further support from the obser-
vation that in the acrylic and crotonic acid series addition

of Ar' takes place at the /ﬂ -carbon atom. Thus:

b a ) # * g1 H + +
bR en=cH.cn Hhr —> pr—cev —> ple — cen FEv
e s ] ¥ 7 R
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-
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R K R p/
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Of these III can be stabilised by resonance of the odd electron

with the CN group, but in IV stabilisation by resonance with H

or CH, is not possible. Hence it is assumed that III will

po)
have the lower energy content and, therefore, will preSumably

be more easily formed. The free radical mechanism also ex-

plains the roles of the acetone, sodium acetate and cupric ions.
Cuprous ions are seid to have no catalytic effect in the leer-

In the case of diazonium compounds there is

. 121,126
independent evidence

wein reaction.
that in solvents such as buffered
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aqueous acetone some dissociation to free radicsls takes place.
Waters has shown that o solution of a diaszonium chloride in
aqueous acetone (free acid neutralised by chalk) attacks copper,
mercury, silver, gold, etc. to give metallic chlorides and even
organo-metallic compounds, while in the absence of the acetone
the corresponding reactions do not occur.

Since the experiments described in this report have been
carried out it has been claimed by Indisn workerslz5 fthat in
the Meerwein coupling of aryl diszonium chlorides with maleic
acid scetone is not essentisgl to the reaction. No experiments
on the coupling reaction with cinnamic acids were reported.

For the preparation of & -(2-fluorenyl)-g -(p-dimethyl-
aminophenyl)-ethylene (XLIV, fluorene-Z-acetic acid was heated
with p-dimethylaminobenzgldehyde in the presence of piperidine
(cf. for example 128). Considersgble amounts of resinous by-
products were also formed. The corresponding « ~(2-fluorenyl)-
p-dimethylaminocinnamic scid was not isolated from the reaction
mixture. The ethylene obtained is presqmed to have the frans
configuration because of its high melting point and from

analogy with the products of similar reactions (cf. for example
129,128) . Attempts were made to prepare « -(2-fluorenyl)-p-

dimethylaminocinnamic acid by methylation of o-(2-fluorenyl)-

p-aminocinnamic acid under various conditions, but a pure pro-

duct was not obtained, and this route to the desired ethylene



by subsequent decarboxylation

abandoned.
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of the required cinnsmic acid was
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Since the cis or trans configuration of the «A -diaryl-
ethylenes is of importance in connection with their biological
properties, the evidence for the configurstions of the compounds
prepared is briefly described. As already mentioned in a pre-
vioas section (p.57 ) the -arylcinnemic acids prepared by
Oglialoro's modification of the Perkin reaction have exclusive-
1y or predouminently the cis configuration (i.e., the aryl groups
are cis to one another,. When the cis acids are submitted to
decarboxylation with quinoline and copper chromite (usually the
most effective method availsble) there is generally little
isomerisation and the resulting stilbenes have predominantly

q-1,113116

‘the cig configuration. Chromatography is probably the most
convenient method for separating the small amount of the trans
‘isomer and any other impurities from the cis form°. The
trens form seems invariably to be the more strongly adsorbed
(2lumina as adsorbentll6). In the present work the isomers
were gll fluorescent and the zones could be distinguished under
ultra violet light. Using this guide, smell amounts of trans-
«d—(z-fluorenyl)—p -(phenyl)-ethylene (XXXVII) were separated
from the c¢is isomer, when the decarboxylation product from the
pure cis- =(2-fluorenyl,-cinnamic acid was chromatographed on

alumina. Similar separastions were effected with the other pairs

of isomers prepared by decarboxylation of the corresponding
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cig-arylcinnamic acids. When the isomers are colourless or
non-fluorescent it is usual to search for an indicator which
will show different colours with the two isomersll6. If the
chromatography is carried out at room temperature there is, as
a rule, no isomerisaﬁion on the coluun. |

In the case of the Perkin reaction it is sometimes
possible to isolate a stilbene as well ss the K-arylcinnanmic
acid from the reaction mixture. The stilbenes so isolated

58,59,122

seem always to have the trang configuration . Kuhn
and Winterstein's modification of the Perkin synthesis using
litharge as catalyst often favours production of the gtilbene

59,122,117
at the expense of the cinnamic acid . However, when
this reaction was gpplied to fluorene-2-acetic acid and p-nitro-
behzalaehyde only cis~0(-(Z-fluorenyl)—pénitrocinnamic acid was
obtained and no trans stilbene could be isolated.

Weygandlz5 has recommended the use of molecular compound
formation to separate geometrical isomers. ior instence, small
amounts of sfilbene were removed from isostilbene through for-
mation of a molecular compound of the former isomer with sym-
trinitrobenzene. After complete removal of the stilbene the
igo-stilbene was obtained in crystelline form. However, for-
mation of molecular compounds by either cis or trans isomers

does not occur with sufficient regularity for the method to be

of great use.



In all cases reported only one geometricsl isomer has
been isolated from the lieerwein reaction. All these products
are believed to have the trans configuration although definite
proof hasvonly been forthcoming in s few cases®?,122, For
instance, coupling of benzene digzonium chloride with cinnamic
acid produces stilbene, the trans configurstion of which has
been clearly demounstrated by various independent methods.

In the present series of compounds the main product from
the decarboxylation of the Ferkin acids has been assumed to
possess the cié configuration and the higher melting, less
gsoluble isomers formed from them by heating with iodine in
benzene to be the trans forms. The high melting forms were
also obtained in the two lMeerwein resctions studied. for the
nitro, methoxy, and chloro compounds the supposed trans isomers
exhibited liquid crystal formation. In the case of the »-
dimethylamino- compound melting was accompanied by widespread
decomposition and there was no possibility of observing liguid
crystal formation. The property of liguid crystal formation
is shown by numbers of trans isomers and has been recommende&57
as s criterion for distinguishing them from the cis compounds.

| It has been saggestedllg that the rate at which bromine

is removed from the trsns and cis stilbene dibromides by iodide

ions according to the reaction ’ B

- = ' + &by
RcHB -enb R+ 3T —> Rep =co R+ Iy
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can be usged as a method for distin:uishing between cis and trens
igomers. In the Gasesllg investigated bromine was eliminated
much more rapidly from the dibromides from the trans compounds
(i.e., from the meso dibronmides) . Thig method has not been
investigated in the present work. Other well known physical
methodslzo for distinguishing between tﬁe cis and trans isomers
are dipole moment, X~ray, and ultra violet absorption measure-
nments. In the case of dipole moments, the moments of the
individual groups mnay oonscure those due to their cis or trans
configuration. lloreover, the apparstus necessary for the
measurements is not alwéys available, a difficulty which applies
~also to X-ray methods, which have the sdditional disadvantage

of requiring more time than most of the other methods.

b). Experimental.

Type B Compounds.

cis-(2-Fluorenyllp-nitrocinnemic acid. Fluorene-2-acetic acid
(5.6 g.; 1/40 mol.; aried at 110°), p-nitrobenzaldehyde

(4 g.; 5% excess), triethylamine (I.C.I. product dried over
potassium hydroxide; 2.52 ge.; 1/40 mol.) and acetic anmhydride
(23.2 ml.; 25.5 g.; 1/4 mol.) were heated at 85-95° (o0il bath
temperature) for 11-11.5 hours. The product, while still wamm,
was poured into cold water, and after standing 12 hours or

longer, the mixture was heated 1-2 hours on the water bath until
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the 0ily s0lid had cowpletely solidified. It was cooled,
collected and washed. Ihe yield of crude acid was nearly
quantitative. Purified through its sparingly soluble sodium
or potassium salt it yielded 4.5 g. of a product of m.p. 259-
261°, which was sufficiently pure for deoarbbxylation. for
analysis the acid was crystallised twice from 90% acetic acid
and then f?om alcohol, when it was obtained as bright yellow
platelets of m.p. 262-263° (decomp.). (Found: G, 73.9;

H; 4.28; W, 3.94. Coorlq 50N requires C, 73.9; H, 24.23;

N, 3.92%).

cig- X-(2-Fluorenyl)-g -{p-nitrophenyllethylene. The copper

powder used in this and subsequent decarboxylations was pre-
pared according to the method of Gattermenn end stored under
water. It was dried on g porous tile immediately before uge.
In later decarboxylations copper chronite catalyst was often
used in place of the copper powder. ihere was no significant
different in yields in any of the examples studied. Cis- o =
(2-fluorenyl)-p-nitrocinngmic acid (1.8 g.; 0.005 mol.) was
dissolved on warming in guinoline (20 ml.; dried over potassiunm
hydroxide) and 2-3% times its weight of copper powder was added.
The mixture was meintained at 210-215° (metal bath temperature)
for 10-12 minutes, when the initial brisk resction had practi-

cally ceased. ihe still warm nixture was poured into benzene,



filtered, and the benzene layer wached repecatedly with dilute
hydrochloric acid, then with water and finally i th sodium
carbonate solution. Acidification of the alkaline extract
showed that decarboxylation was practically complete. The
benzene solution was dried over sodium sulphate and chromato-
graphed on alumina (B.D.H.). A broad homogeneous yellow band
passed first down the column followed by a number of bands which
varied from orange to dark red. It was necessary to use
several columns to effect complete separation of the yellow
material. Removal of the benzene froﬁ the yellow eluate left

a yellow sticky crystalline residue, which after crystallisation
from petroleum ether (80-100°) containing a little benzene

gave 150 mgm. of bright yellow necdles of m.p. 134-135.50.
Crystallisation from alcohol gave bright yellow needles, wm.p.

H

1%4-136°.  (Found: C, 80.7; H, 4.92; ., 4.54. C 0

2115924
requires C, 80.4; H, 4.83; N, 4.47:). The eluates from the
above mentioned orange and red bands were exXxamined. ‘he orange
bands yielded a crystalline material, but it could not be
obtained pure.

In view of the poor yields obtained with the quinoline
and copper powder or copper chromite method of decarboxylation
in this case, a number of other methods of decarboxylation were
tested, but they either failed to effect decarboxylation or, if

effective, brought about wide—sprea&ldecomposition of the

molecule.



trans—o(-(Z-Eluorenyl}-}s—(p~nitr00heny1)-ethylene (XLVALL) .

(). gis-«=~(2-#luorenyl)- B -(p-nitrophenyl)-ethylene was
dissolved in pure, dry benzene, a few crystals of iodine added
and the benzene distiiled, when the trans isomer usually
separated from the hot solution during the distillation. ihe
crystalline residue was maintained at 140-150° (0il bath tem-
perature) for a further 10-15 minutes, then cooled, stirred
with sulphurous agid solution, collected and washed. After
crystallisation from benzene/slcohol (4:1) it melted at 222-
223° to an opalescent 1liquid which became clear at 252-253°
(slight decomp.).  (iound: C, 80.6;3 &, 4.93; u, 4.29.
CgyHpp0oll Tequires C, 80.4; H, 4.83; i, 4.47%).

(b). A mixture of 2-aminofluorene (0.91 g.; 0.005 wol.}, con-
centrated hydrochloric acid (1.5 wl.; and water (7.5 ml.) was
heated to 100° and cooled rarialy to 0° with vigorous stirring.
This suspension of the hydrochloride was diazotised at 0-2°
with sodium nitrite (0.4 g.) in water (2.5 ml.,. After stand-
ing 1 hour at 0-2°, the suspension of the diazonium salt was
added to p-nitrocinnsmic acid (0.97 g.; 0.005 mol.) suspended
inl;nalar:acetone (130 ml.) and solutions of sodium scetate

(2 g« in 6.5 ml. of water) and cupric chloride (0.86 g. in 2;5
ml. of water) were added immediately. Mo reaction took place
at room temperature (15-200) and the temperature of the nmixture

was cautiously raised until steady evolution of gas set in and
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the diazonium salt end the p-nitrocinnemic scid steadily dis-
appeared (1.5 hours){bath temperature 50-400). The resction
mixture was then steam distilled, when acetone (probably
containing some chloroacetone) passed over and then a mixture
of neutral solids, subsequently identified as fluorene and
2~chloroflaorene. The brown powdery, non-volatile residue
was Tiltered, then digested with warm sodium carbongte solution
and again filtered. Acidification of the combined filtrates
gave 0.85 g. of p-nitrocinnamic acid. The dry carbonate in-
- goluble residue was shaken with benzene and the resulting deep
brown solution passed through a column of glumina (B.D.H.3

2 x 13 cm.) . A dark zone separated at the top of the column
while a bright yellow zone passed steadily down the column and
was eluted. Hemoval of the solvent from this yellow eluate
left a slightly sticky, yellow crystalline residue which after
washing with a little alcohol had m.p. 218.5-219.5° (to an
opalescent liquid)(weight 15-20 mgm.). After crystallisation
from benzene/alcohol (4:1;, the product had m.p. 221.5-222.5°
o an opslescent 1iquid which became clesr at 252-252° (slight
decomﬁ.). A mixed m.p. with the product obtained by method (a)
gave no depression. |
{c). Pure 2-fluorenyl-p-nitrobenzyl-ketone ((XXIZ) (see below
D«110) was mixed with excess of an approximately 1 molar

&7

golution of aluminium isopropoxide in dry, thiophene free



benzene and the benzene glowly distilled through a rod and disc
fractionating column (20 cm., until no further test for acetone
was obtained in the distillate (about 10 hours,. Senzene was
added to the reaction mixture at intervals during the daistilla-
tion to meintain the voluwme congtant. ihe reaction mixture
was decoﬁgosed with ice cold hydrochloric acid and the benzene
subsequently distilled. e residual susgpension of a yellow
crystalline s0lid was filtered and the residue washed. ihe
product had me.p. 172-1750, and efter crystallisation from
glcohol melted at 175-176.5°. A second crystallisation from
glcohol did not alter the melting point. (#ound: C, 76.%;

H, B.27; W, 4.25. Co1HppUzll requires G, 76.1; H, 5.1’7;

W, 4.230).

The carbinol was dehydrated by boiling with acetic an-
hydride containing dry hydrogen chloride for 5% nours. After
decomposition of the acetic‘anhydride the product was recovered
as a bright yellow solid of m.p. 219-221° (to an opalescent
liquid which became clear at 247-248%).  After crjstallisation
from benzene/alcohol (4:1) it melted at 222-223° to an opales-
cent 1iquid which cleared at 253.5-254.5°., 4 mixed melting

point with the product from (a) gave no depression.
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trans~0(-(2~F1uorenyl)-ﬁ-WP—acetylaminOQhenyl)~ethylene.

A mixture oI tran&-d—(Z-flaorenyl%-ﬁ—(p-nitroDhenylj-ethylene,
stennous chloride and equal volumes 0f acetic acid and con-
centrated hydrochloric acid was heated on the water bath until
reduction of the nitro group was coumplete (ca. 4 hours). Un
cooling the reddish precipitate was collected and worked up
by standard procedures, but the amine did not crystellise well
and was converted to its acetyl derivative by heating with
acetic anhydride. After crystallising from acetic scid the
acetyl compound had m.p. 273-275° (decomp.}} A second
crystallisation from acetic acid gave a pale straw coloured
crystalline product, m.p. 278-2800 (descomp.) .

(Found: €, 85.0; &, 5.82; 5, 4.69. CggHqgOu requires

C, 84.90; H, 5.89; I, 4.31%).

cis- &« ~(2-Fluorenyl)-p-chlorocinnanic acid. Fhe p-chloro-

benzaldehyde was prepared according to the Urganic Syntheses

61 for the p-bromo compound eXcept that it was found

directions
necessary to carry out the hydrolysis of the diacetate and
subsequent manipulations as nearly as possible in a nitrogen
atmosphere to prevent complete oxidation of the aldehyde.

Fluorene-2-acetic acid (8.96 g.; 0.04 mol.; dried at 11u°;,

triethylamine (6 mi.; 0.04 mol., the same quality as in

previous Perkin reactions;, acetic anbydride (37.2 ml.) and
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p-chlorobenzaldehyde (6.8 g.; 20. excess) were mixed and heated
under a nitrogen atmosphers at 85-95° for 11.5 hours. fhe
product while still warm was poured into water and after
standing 12 hours or longer it was heated on the water bath
for 1-2 hours until the oily solid had completely solidified.
The crude acid was converted to its sparingly soluble sodium
salt and the latter collected and washed with benzene until
the washings were colourless. “he residual salt was dissolved
in hot water (B00 ml.; charcogl) and filtered. The creanm
coloured acid (6.9 g.) recovered by acidification of the
filtrate had m.p. 236.5-238.5°. or anslysis it was crystal-
lised from benzene giving a product of m.p. 242.5-243.5° and

ahd aqeain fra berzene
then 3 times from 90 acetic aoi&& giving cream coloured necdles
or prisms, wm.p. 245.0-245.5°.  (Found: C, 76.0; H, 4.35;

G1, 10.83.  Gpolly 0501 requires C, 76.2; 4, 4.36; CI, 10.25) .

cis-<¥-(2-F1uoreny1)-ﬁ -(p-chloroohenyl,~ethylene. A solution
of X -(2-fluorenyljp-chlorocinnamic acid (1.73 ge; 0.005 mol.)
in‘qainoline (20 ml.) was heated with 2-3 g. of copper powder
at 205—2100 (metal bath temperature) until the initial brisk
‘reactioh had subsided (10-12 minutes; . ihe mixture, while
still Warm, was poured into petroleum ether (6Q—80°; 250 ul.,,
filtered, and the filtrate extracted successively with dilute

hydrochloric acid and then sodium carbonate solution as
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described for the corresponding nitro compound. o unchanged
acid was recovered on acidification of the sodium carbonate
extract. The dry petroleum ether extract was chrounstogrephed
on alumina (B.D.H.). A broasd homogeneous colourless band,
weakly fluorescent in ultra violet light, passed first down

the column, followed by & narrow colourless more strongly
fluorescent band (the trans isower,, and thenby a heterogemeous
yellow zone. On removal of the solvent the first colourless
eluate left an alwost colourless, slightly greasy residue of
wepe 97-99° (0.82 g.; 545 of the theoretical yield). For
analysis and biolozical examination it was crystallised froum
alcohol, giving colourless needles, m.p. 103.5-104.0%. It was
crystallised agein from alcohol giving a product of the same
wep. (Found: C, 83.5; H, 5.16; UL, 11.57. CgyHyeCl

requires C, 83%.3; H, 5.00; CI1, 11.71%).

trans- o -(2-Fluorenyl)- B -{p-chlorophenyl)-ethylene. Pure

4

cis-o(-(z—flaorenylw-ﬂ—(p-chlorOQhenyl)-ethylene was isomerised
by heating with iodine in benzene exactly as described Tor the
corresponding nitro compound. The crude product had m.p. 220-

222° t0 an opalescent liguid. It was crystallised from benzene
containing 15 alcohol, giving colourless crystals (opalescent
plates) of m.p. 225-226° to an opalescent liguid which cleared

at 238-2%9°., After two further crystallisations from the same
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solvent mixture it had m.p. 224.5-225° 40 an opalescent liguid
clearing at 239-240°. (Pound: C, 83.2; H, 5.00; C1, 11.49.

Al

CgqHq 501 requires G, 83.3; i, 5.00; C1, 11.71%).

cis-{=(2-Fluorenyl)-p-methoxycinnamic acid. (a). A nixture of

fluorene-2-acetic acid (2.24 g.; 0.01 mol.), anisaldehyde

(1.46 wl.; 20% excess,, triethylamine (1.38 ml.; 0.0l wol.)
and acetic anhydride (D ml., was: heated at 90~95° for 11 hours.
The product while still warm was poured into water and after
standing 12 hours or longer the crude acid was purified thrdugh
its sparingly soiuble sodium salt in an analogous manner to the
chloro compound. Yield 1.25 g. (36% of the theoretical amount)
of a colourless acid of m.p. 271-272° (slight decomp., . It
was crystallised from 90% acetic acid giving a product (pale
eream needles or prismg; of m.p. 275~274.5O. vwo furfther
crystallisations from alcohol did not alter the m.p.

{(Found: C, 80.7; &, 5.17; 023ﬂ1803 requires C, 8U.7;

H, 5.30%). hen the above preparation was carried out on twice
the scale a 4%% yield was obtained.

(b). A mixture of fluorene-2-acetic acid (2.24 g.), anisalde-
hyde (1l.46 ml.}, finely powdered, freshly fused potassium
acetate (1 g.; 0.98 g. 3 0.01 mol., and acetic anhydride

{5 ml.) was heated at 110-120° for 8 hours. 5y this time the
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1. k]

geparation of a little dark resinous natter had‘oommanced and
heating was stopped. ihe product, while gtill warm, wes poured
into cold water and after standing 12 hours or longer the crude
acid was purified through its sodium salt as under (a,.

Yield 0.9 g. of a product of we.p. 261-265° .

cis—-o(~(2-ﬁ‘1uoz'enyl}—,,6 - p-methoxyohenyl)-ethylene.  o-{2~-
Fluorenyl)-p-methoxycinnamic acid (1.71 g.; 0.005 mol.) was
decarboxylated by heating in quinoline solution (20 ml.) with
2=-3 times its weight of conper powder at 205-210° (metal bath
temperature) for 10-12 minutes. The product waé worked up as
described for fthe corresponding chloro compound. 0.9 G.
(60%) 0f a colourless, slightly greasy crystalline product was
obtained after chromatography. For analysis and biological
examinabtion it was crystallised from aglcohol giving a product
of m.p. 92-92.5°.  Crystallised egain from alcohol the pro-
duct formed a mass of shiny plates m.p. 91-91.50.
(Found: C, 88.7; H, 6.22. CooH1g0 requires C, 88.5;
H, 6.087). |

When the decarboxylation was carried out on helf the above
scale the yield rose to 70{ of the theoretical amount.  4s
with thé.chloro compound, a thin bend of the more strongly
adsorbed trans isomer passed down the column between the cig

igomer and the coloured impurities. The eluates from the
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strong l“ adsorbed yellow bands on the column were exsmined.
They contained crystalline meterial but it could not be Huri-

fied

trans- £ ~(2-Fluorenyl)-B -(p-methoxyohenyl)-ethylene. Gig-o( -

(z—fiuorenyl)-ﬁ-4;wmethoxyphenylj-ethylane was isomerised by
exactly the same method as uéed for the nitro and chloro ¢om-
pounds. After crysﬁallisation Ifrom benzene containing 10%

of alcohol the product had m;p. 225-226" to an opslescent liguid
which cleared at 265-266° (slight &ecomp.}. A second crystal-
lisation - gave a product (colourless plates with a pearly
sheen) of m.p. 226-227° to an opalescent liquid becouming clear
at 264-265° (slight decomp.j. (Pound: C, 88.65 E, 6.00.

Cgoli1g0 requires G, 88.5; H, 6.08%).

cis-o(-(2-rlu§renyl}—cinnamic acid. A mixture of fluorzne-2-
acetic gcid (2.24 g5 Q.01 mol.){ benzaldehyde (1l.22 wul.;

206 excess), triethylamine (1.38 ml.; 0.01 mol.; and acetic
anhydride (5 ml., was heated at 9u-1 00° for 11-11.5 hours.

he product was worked up as in the casesof the chloro and

=]

methoxy compounds and gave 1.89 ge {60.5. of the theorctical
amount) of sn acid of u.n. 217-219° after purification through
the sodimm salt. For snalysis the acld was crystellised three
times Iron 9w alcohol giving a uaess of small, colourless

0

islizht Cecomie) iLounc: G, 84.4;

needleg, m.n. 220-5232
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: - o PO ) . . - - - g
H, 5.24. 022ﬂ16d2 reguires C, 64.0; o, .17, .

cig- X~(2-Fluorsnyl)- B -shenyl-ethylenc. cis- -{2~sLluorenyl; -
T

cinngmic acid was dscarbozylated by healing its ¢

suinoline
solution with copper powdsr as described for the chloro and

- methoxy analogues. It was purified according to the procedure
described for these compounds. The cis isomer passed down the
aluminag column as a weakly Lfiuorescent, colourless zone. It
was followed by 2 Narrow, more strongly fluorescent colourless
zone which on elution and removal of the solvent left a small
guantity of the trans isomer. As in previous cases more
strongly adsorbed coloured zones followed the trans igouer

but the materials from them could not be purified. The yielad
of the cis coumpound recovered Lfrom the chromatography varied
from 74-64% of the theoretical amount starting with 0.5-1.5 g.
of acid. For analysis end biological examination the colour-
less, slightly»greasy‘maferial from the chromatogrephy was
crystallised twice from alcohol giving shiny plates of m.p.
74.5~75.OO. (Found: C, 94.2; H, 5.98. 021516 reguires

G, 94.0; H, 6.000).

trans-o - ( 2-Iluorenyl)-4 ~(phenyl)-ethylene (ZXXXVII).

KA
The pure cis igomer was isomerised by exactly the same method
as desceribed for the nitro, chloro and methoxy compounds. The

crude product crystellised from alcohol, in which it was
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sparingly soluble, in tiny plates of silky appearance, m.p.
218-219°.

(b) 4 mixture of 2-aminofluorene (2.6 g., 1/70 wol.), concen-

- trated hy&rochlbric acid (4 ml.) and weter (20 ml.) was hested
t0 100° and then cooled rapidly with vigorous stirring to

0-2°. The suspension of the hydrochloride was diazotised with
sodium nitrite (1.1 g.; 0.98 g. = 1/70 mol.) in water (5 wl.).
The separation of the sparingly soluble, yellow diazonium salt
soon commenced snd the mixture was let stand at 0-2° for

1 hour to complete the reaction. The suspension of the
diazonium salt was poured into a solution of ecinnamic gcid

(2.1 g+; 1/70 mol.) in”analarféoetone (30 mwl.), and sodium
scetate (4.7 g.; 1/30 mol.) in water (15 ml.) and then

cupric chloride (1 g.) in water (3 wl.) were =dded immediately.
The temperature of the mixture was 14° and there was no
noticeable rige in temperature. The nixture was allowed to
stand at room temperature (16°) with frequent shaking until

the yellow diazonium salt had completely disappeared and the
slow evolubtion of gas had ceased (gbout 24 hours) . The
nixture was diluted with water and steam distilled, when
acetone (probsbly containing some chloroacetone) passed over
followed by some fluorene. The residue in the flask was
filtered, then digested with warm sodium carbonate solution

and again Tfiltered. Acidification of these filtrates gave
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0.6 g. of cinnamic scid of m.p. 131-133°.  The carbonate in-
soluble regidue wag insoluble in godium hydroxide solution.
After drying it was dissolved in benzene and the solution
passed through a column of alumina (B.D.H.,;, when a yellow zZone
passed rapidly down the column followed by aﬁdark hetero-
geneous zone. The benzene was removed from the yellow eluate
and the yellow crystalline residue dissolved in petroleum ether
(60-80°). On passing this solution through a second column

of glumina the yellow impurity was strongly adsorbed and a
colourless crystalline residue of m.p. 214-216° was recoverecd
from the eluste. After 2 crystallisations from glcohol it
gave tiny silky-looking plates of m.p. 218.5-219.5°.

(Found: ‘¢, 94.0; H, 6.05. CojHig requires G, 94.0; H, 6.00%).
A mixed m.p. with the product obtained under (a) gave no

depression.

trans- & ~( 2-Fluorenyl)- B -(p-dimethylaminophenyl)-ethylene
V4

(XLIV). A mixture of dry, powdered fluorene-2-acetic acid
(3.36 g+; 0.015 mol.), p-dimethyleminobenzaldehyde (2.4 g.;
B.D.H. Analar.) and piperidine (1.5 wl.) was hested to 130-
140° (0il bath temperature), when a reaction set in and the
nass ligquefied. After 8% hours at 150~1400 the reddish brown
viscous product was digested with werm sodium carbonate

golution and the resulting yellow suspension extracted re-

peatedly with chloroform in which the bulk of the alksgli in-
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soluble material dissolved. The combined chloroform extracts
were washed once with water and the chloroform removed, leaving
a dark tarry residue which was digested with 50 ml. of hot
alcohol and allowed to cool. The yellow solid which separated
was collected and washed well with slcohol. Yield 0.85 g.;
MmeD e 253-255° (decomp.) . After crystallising from benzene/
alcohol (4:1) the product had m.p. 259-261° (decomp.). After
crystallising twice more from the same solvent mixture ZLIV
was Obtained as a pale yellow shiny crystalline mass, m.p. 259~
261° (decomp.). (Found: G, 88.8; H, 6.87; I, 4.55.
CogHoqll ?equires C, 88.7; H, 6.80; N, 4.50%). The aglkaline
layer after extraction with chloroform (see above) was heated
to coagulate a little tarry materisl, cooled and filtered
(filter aid). Acidification with acetic acid gave 0.9 g. of
a crude acidic product vhich after crystellising twice from 50%
acetic acid (charcoal) was shown to be fluorene-2-acetic acid

by me.p. and mixed m.p.

cig= A-(2-Fluorenyl)-p-aminocinnamic acid. cis- X-(2-¥luoren-

y1l)~p-nitrocinnamic acid was reduced with ferrous sulphate

and emmonia exactly as described for the ortho isomer (p.68)
except that a coarse grade filter aid was now available and
greatly facilitated filtration and washing of the iron hydroxide
precipitate. Acidification of the alkaline filtrates with

acetic acid gave the crude amino acid. I t was collected,
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dissolved in hot sodium carbonate golution and the solution
filtered (filter aid). The acid recovered by acidification
of the filtrate with acetic acid had m.p. 247-229° (decomp.)
and weighed 2.2 g. (from 2.7 g. of the nitro acid). After
several crystallisatidns from 90% alcohol the acid crystallised
in dull yellow crystals, m.p. 250.5-252° (decomp.) .

(Found: ©, 80.9; H, 5.40; N, £.23. Cg.H 0.0 requires

¢, 80.7; H, 5.25; N, 4.28%). )

Type C Compounds.

X-(2-Fluorenyl)-p-amino-dihydrocinnamic acid (XL). Attempts

to reduce the ethylenic bond and the nitro group of K ~(2~-
fluorenyl)-p-nitrocinnamic acid by shaking its alcoholic or
acetic acid solutions with hydrogen (atmospheric pressure) and
palladium black24 did not yield a satisfactory product. When
an alcoholic suspension of the nitro acid was shaken with
Raney nickel and hydrogen (20-25 atumospheres) at £0-60° satis-
factory reduction was obtainéd. After filtration of the
catalyst removal of the alcohol left a slightly discoloured
crystalline residue. After preliminary purification through
its sparingly soluble sodium salt the acid was crystallised

from alcohol giving cream coloured crystels, me.p. 250—251-50

(decomp.) « (Found: C, 80.%; H, 5.88; I, 4.29.



107.

ngﬂlgozﬂ reguires U, 80.2; H, B.81; W, 4.25%;. Preliminary
attempts to convert the COUH group to Ldg using the Schmidt

reaction have been inconclugive.

2-Fluorenylmethyl-p-methoxyphenylkketone (XLI). #luorene=~2-

acetic acid (2.24 g.; 0.0l mol.) was converted to its acid
chloride by heating with thionyl chloride, the excess of the
latter Being removed under reduced pressure. The acid
chloride dissolved in carbon disulphide (analar; 50 ml.) was
mixed with anisole (1.25 ml.) and cooled in an ice bath.
Finely powdered gluminium chloride (1.5 g.) was added, when a
brisk reaction took place which had subsided in 1-2 hours.
After standing 5 hours in the ice bath and o#ernight at room
temperature the product was decomposed with ice and hydro-
c¢hlorid acid in the usual way. The unchanged anigole was re-
moved in steam, and after cooling the insoluble residue
collected, washed with dilute hydrocunloric acid snd then with
water. Vacuum sublimation gave 1.6 g (51% of the theorstical
emount) of a product of m.p. 172-177°. This was crystallised
from 90% acetic acid, giving a mass of colourless needles,
MePe 188-1840. When subsequently crystallised from acetone
the m.p. was not raised. (Found: C, 84.4; H, 5.92.

02231802 requires G, 84.0; i, B577%).
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2-iluorenylmethyl-p-nethoxyphenyl-ketoxinme. A mixture of

2~fluorenyluethyl-p-umethoxyphenyl-ketone (0.74 g.; 0.0024
mol.), hydroxylamine hydrochloride (V.35 g.), hydrated sodium
acetate (0.68 g.f, alcohol (75 ml.) and water (3 ml., was
refluxed. Tne ketone dissolved in 1-2 hours, and after re-
fluxing 4% hours the mixture was filtered hot to remove pre-
cipitated sodium chloride. On cooling, the colourless oxime
separated from the Tiltrate, m.p. 193-196° (yield, 0.62 g.).
A further quantity of less pure material was recovered from
the filtrate. Por analysis the product was crystallised twice
from alcohol, giving colourless crystals of m.p. 197.5-199°
(slight decomp.) . {Found: G, 80.3; I, H.92; N, 4.37.

.Q22H1902N requires G, 80.2; i, B.81; i, 4.25%).

Reduction of the oxime with sodium amalgam/acetic acid.

Following the directions of bLodds, Lawson and 7illiams®? for
the reduction of compounds of the type Ar.CH,.C = NUH.Ar',

the above oxime was suspended in a mixture of alcohol and
acetic acid at 50-60° and treated with 2.5 sodium amalgem,
sufficient acetic acid being added to maintain the solution
acid. It was not found possible to purify the colourless
product (no unchanged oxime was recovered) and in an attempt
to prepare the acetyl derivative of the supposed amine (XLII1),

the product was refluxed for 10 minutes with acetic amhydride
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containing a few drons of concentrated sulphuric acid. The
still warnm solution was poured into water, and after decom-
position of the anhydride the product was collected and washed.
It was crystallised 5 times from benzene containing 10% alcohol
giving a mass of small silky looking plates of m.p. 226-227.5°
to an opalescent liguid which cleared at 262-262.5° (slight
decomp. ) « (Found: ¢C, 88.5; H, 5.88. Cooll{gU requires

C, 88.5; H, 6.08%). A mixed m.p. with trans- L -(2-fluorenyl)
:-ﬁ—Wp-mefhoxyphenylj—ethylene of the same m.p. gave no de-
pression. Presumegbly during the reduction or attempted
ecetylation ammonia split off from the amine (ZLII) leaving

the ethylenic derivative.

Reduction of a<-(z—fluorenyl)-/g~(p-methoxyphenyl)—ethylene.

Pure cis-<&-(2-flaorenyl‘—/ﬁ—(p-methoxyphenyl)~ethylene

(0.298 ge; 0.001 mol.) in acetic acid (50 ml.) was shaken
with hydrogen (1 atmosphere, and palladium charGOal25 at room
temperature until hydrogen in asbout 10% excess of the theoreti-
cal amount had been absorbed (10 minutes), when absorption
oeésed. After removal of the catalyst the filtrate was
diluted with water, when a colourless precipitate (XLIIL)
separated. It had wm.p. 154-1559 4ng afﬁér crystallisation
from alcohol gave colourless prisms of the same m.p.

(found: C, 87.8; H, 6.74. Cooling0 requires G, 88.0;

H, 6.72%).
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(2-Pluorenylip-nitrobenzyl-ketone (XIAIZ, . Lry, powldered

p-nitrophenylacetic acid (18.1 g.; V.1l mol., was added with
shaking, portionwise, over 10-15 minutes, to a mixture of
phosphorus pentachloride (23 g., 1U% excess) and dry, thiophene
free benzene (30 ml.,. After the initial reactionhad sub-
sided, the mixture was heated at 80-85° (0il Dbath temperature)
for 20 minutes and the benzene/phosphorus oxychloride then
removed under reduced pressure at temperatures } 85°.

Fluorene (16.6 g.; 0U.1 mol., and carbon disulphide (analar;
dried over calcium chloride; 45 ml.) were then added, and
when the mixture had come to room temperature, finely powdered
aluminium chloride (19 g.) was added gradually (30-40 minutes).
A brisk reaction proceeded and the mixzture became slightly warm.
Aftér standing at room temperature for 4 hours the mixture had
set to a solid mass. It Wag deconmposed with ice and hydro-
chloric acid in the usual way and then steam distilled until
the bulk of the unchanged Tfluorene was removed. While still
hot the non-volatile residue wag filtered and washed, and then
digested with warm sodium carbonate solution and again filtered.
Fromvthe two filtrates about 2 g. of p~nitropheny1acetie acid
were recovered. ine crude brown residue {(26.2 g., underwent
much decompogsition when  sublimed at 0.1 mm., and a preliminary
purification was effected by passing its benzene solution

through a column of silica. Removal of the solvent and



washing the residue with benzene left a yellow crystalline
material (ebout 50 recovery), which after crystallisation from
benzéne had m.p. 206.5-208.5°.  Crystallised from acetic scid
it had mep. 208.5-210.5° (pale yellow prismsj. A final
crystallisation from benzene gave cresm coloured thin plates of
MeD e 210.5;211.50. {Pound: C, 76.8; i, 4.73; L, 24.30.

321315?§N requires C, 76.6; d, 4.59; &, 4.26%).

The reduction of 2-fluorenyl-p-nitrobenzyl-ketone. In addition

to the aluminium isopropoxide reduction of this ketone (n.94,
other methods of reduction were investigaﬁe&.\

a) . aydrogenation of sn alcoholic solution of XXKIX in the
presence of Pd/charcoal catalyst and a little hydrochloric acid
gave o high melting product which could not be purified.
b). A mixture of the nitro ketone, acetic acid/concentrated
hydrochloric acid (2:1;, and stennous chloride was healed on
the water bath until redvction of the nitro group wags conplete
{a purple coloﬁr is no longer obtained with alcoholic sodium
hydroxide; c¢f. 130) (7-9 hours). After diluting the mixture
with concentrated hydrochloric acid and cooling the precipitate
was collected and étirred with concentrated sodium hydroxide
solution and agein rilftered and weshed. The crude amine was

not readily purified and was boiled for a short time with

excess acetic snhydride. After decomposition of the exces
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acetic anhydride the dark coloured product was crystallised
from petroleum ether (BO—IOOOJ/benzene (2:1) (charcoal,, when
it was obtained as a mnearly colourless mass of plates. Re-
peated crystallisations from the same solvent wixture gave

colourless, shiny plates, me.p. 201-202.5°. (Found: C, 78.69;

n

H, 5.50; W, 4.02. Cpgfy Ogll requires C, 78.31; H, 5.52;
N, 3.650. CgzH;90s requires C, 80.91; H, 5.61; N, 4.107).
The analysis indicates a diacetyl derivative (XLV) contaminated

with a little of the mono-acetyl compound.
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appendix.

The biological examinaltion of cerftain of the #luorene Derivatives.

Frofesgor A. Haddow; Chester Beatty Research Institute,
the Royal Cancer Hospital, has undertaken to examine the follow-
ing compounds for tumour inhibitory and/or carcinogenic activity.
The compounds gre (27:1"-ngphtha)-2:3-flvuorene (II), (1':2'-
naphtha;-1:2-fluorene {(XXviIj, thé ¢is and trans isomers of
XF(Z-fluorenyl)—/g-(p-meﬁhoxy-phenyl)-ethylene,ci-(z-flaorenyl)~
P-(p—ehloro-phenyl}—ethylene,cx-(z-fluorenyl)—/s-(p}phenyl)—
ethylene and the trans isomer of d-Jz-fluorenylr-P-(p-dimethyl-
eminophenyl)-ethylene. The exgmingtion is not yet complete but
Professor Hsddow has kindly supplied fhe following preliminary
report, including a brief account of the experimental methods
employed .

The tests for inhibitory activity have been carried out
using the Walker carcinome 256 gfowing in an inbred strain of
albino rat. Un the day following subcutaneous fumour im)lanta-
tion, the test series is injected intraperitoneally with 2 cc.
of a sterile solution, or, if necessary, a sterile fine suspen-
sion, of the compound being examined. The dose has been
apprbximately 250 mg. per kg. body weight . The growth of the
tumours is ingpected daily and compared with thqt in a control

series implanted from the same tumour at the same time and
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treated by intraperitonesl injection of the solvent alone, in
this caée peanut oil. The fingl result is deterwmined by a
comparison of weights of tumours, aftef their removal between
two and three weeks from the start of the experiment.

8o far only (1':2-naphtha)-1l:2-fluorene has given clear
evidence of inhibitory proPerﬁies.r It is 4lso being tested
for carcinogenicity. = In this case application was to the
skin of mice, using an 0.1% solution of the substance in
benzens. Papillomats have now appesred on some of the mice
50 treated. (2':l‘-Naphtha)-?:B-fluorene is also being

tested for careiﬁogenicity.



