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General Introduction.

At the present time the accepted methods for the treatment 
of cancer are limited almost exclusively to complete removal of 
the malignant tissue by surgical means or destruction of the 
malignant cells in situ by X-rays, or frequently to a combina­
tion of both methods. T,Each of these methods has its recognis­
ed limitations, and whether or not they have nearly been reached, 
there would clearly be immense advantages ... since dissemina­
tion is an outstanding feature of the disease ... in any less
local or more systemic control of malignant growth, such as

72acould presumably be achieved by chemical means alone.11 In
fact, attempts to cure cancer by the use of a wide variety of 
chemical agents have been known for many centuries. Ihus 
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 and animal organs have also 
been tried, but no successful treatment of the disease has 
emerged from all these 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 

malignant growth should be explored as well as the role of



microorganisms as causal agents for cancer. Although the re­
sults of these investigations .as a whole have been disappoint­
ing, a few interesting observations have been made. Aor 
instance, it Y/as noted many years ago that patients with ad­
vanced malignancy (more particularly carcinomas; occasionally
recovered from the disease after an acute bacterial infection

73(more usually erysipelas; . W. Coley studied this and showed 
that the toxins of S. erysipelatis were responsible. later 
work showed that b . prodigiosus formed more effective toxins.
Various preparations of these toxins have been made differing7^
in their therapeutic effects. Shear and his collaborators have 
found that the active fraction of these toxins contains a sub­
stance of the nature of a polysaccharide having a nitrogen 
content of about 2$. Trials with mice have shown that doses 
sufficient to effect cure cause a large percentage of deaths. 
However, those mice which recovered from the treatment usually 
remained free from tumours after the regression of the original 
tumour. Some cases of human cancer have been treated but the 
results show that the toxin is not a "cure" for cancer. never­
theless it does destroy some cancer cells before they develop 

an immunity to it.
Another attempt at toxin therapy has recently been made 

111by Roskin v/ho found that some bacterial toxins and protozoan



endotoxins in adequate doses inhibit the development of certain 
experimental tumours in animals and 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 trials.

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

0) 7 5 , 7 7modelled on Windaus1 formulaj^for colchicine in the hope that
some of them may not only retain its jmitotic activity bat possess a
more selective action on the malignant cells than does colchicine,
and be in addition less toxic to the organism. The resalts with
the compounds so far prepared have not been enc oar aging. Since the

78stractare of the colchicine is still in doabt , 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 phenylurethsne (zvilj
causes mitotic effects exactly of the same nature of those of

97colchicine. lempleman and Sexton found that ethylphenylcarba- 
mate (XVIII) arrested the growth of cereals at lower concentra­
tions than did colchicine. The first of these observations led

98Haddow and Sexton to examine the effects of a number of phenyl 
urethanes on animal tumours. Phenyl urethane and also iso- 
pro pylphenylcarbamate (XV1I£) were found to cause a signifi­
cant inhibition in the growth of spontaneous mammary cancer in 
the mouse. The effect persisted only for so long as the drug 

was administered and soon disappeared when the latter was



withdrawn. Both these suhstanoes produced similar inhibition

on the growth of the Walker rat carcinoma 256. later it was
found that ethyl carhamate I urethane) produces similar effects.

When urethane (XIX) and isopropyl phenylcarbarnate were
administered to cases of inoperable cancer in humans the effects
on the tumours were slight hut it Y/as observed (by Paterson et 

99al. ) that urethane in some cases caused a' fall in the leuco­
cyte count. Phis latter observation led to the administration

99of urethane to cases of leukaemia and in a number of these
favourable results were observed. Although in some cases the
palliative effect was very great, it was not permanent and
relapses may be observed and immature cells reappear in the
blood. It is of interest that there is a close resemblance
between the leucocyte responses to urethane and those brought
about by X-ray treatment.

She examination of a number of miscellaneous substances
for tumour inhibitory action has been made by various workers.

79 <lfor instance, Williams tested sunmin, several azo dyes and
87histamine without success: 3. Boyland , in an extensive study

on the chemotherapy of cancer, examined muscle extracts, hept- 
aldehyde, citral, certain aromatic bases including benzidine,
4 :4*-diaminodiphenyl ether and 4 :41-diaminodiphenyl sulphoxide. 
With some of these materials inhibitory effects of varying



degree were observed on animal tumours, the effect usually 
lasting only so long as the drug was administered. Apparently 
the results have not justified trials in human 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
search, it has been found that methyl-bisi p -chloroethyl;amine
(H1T2 j (II) and tris-chloroethylamine( III; are of special inter- 

11 5aest . fhe use of tris-chloroethyl amine has had to be 
abandoned because of its toxicity. Investigations on the 
effects of Elj on cancer of the lung in humans have been made 
and varying degrees of amelioration, some very marked, were ob­
served, but the effects were usually transient. u-ood but tem-

115aporary responses to Jdl2 were also shown by hodgkin’s disease 
It is not possible to assess the final usefulness, if any, of 
this compound at this stage. In a recent study, Rhoads’1'12 has 
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 
their maximum effect on rapidly growing tissue either normal or 

malignant.
O KRecently it was el&inj&j that pteroyl- ^jf-glutamyl-^ - 

glut amyl glutamic acid (t5@Ep8H5S^) (see note lYj is identical 

with the active fermentation L. casei factor. Phis factor



lias been shovwi to oaase complete regression of about one third 
of spontaneous breast tumours in treated mice. ihe substance 
is now being tested on cases of inoperable buman 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. formerly thought to be folic acid but
the latter compound has now been shown to be inactive.

A different approach to the problem of the growth inhibi-
•]tion of tumours was made some years ago by naddow . In the 

initial experiments the influence of polycyclic aromatic hydro­
carbons on the growth of implanted tumours in rats was investi­
gated and it was found that certain of these substances (e.g.,
Is 2:5:6-dibenz anthracene ( Y) or 3 :4-benzpyrene (Yljj v/hen in­
jected into rats caused a significant inhibitory effect on the 
growth of the tumours. Ihose substances which produced in­
hibition also had the property of producing cancer on prolonged 
application in rats, whereas a number of non-carcinogenic poly­
cyclic aromatic hydrocarbons (e.g., phenanthrene and anthracene) 
were completely devoid of inhibitory effect. In a series of

1 - 7papers published from 1937-1942 Haddow and his collaborators 

considerably expanded 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. fhis aspect of the problem is 
discussed briefly below.

80-84, 115b .Bison, haddow and their collaborators , m  a
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 
maintained on a 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 maintained on a low protein diet (IQja) showed immediate 
growth inhibition on treatment with DBA, but these animals sur­
vived longer than those similarly treated on the high protein 
diet. i'he diets were made up so as to possess approximately 
the same calorific value. fhe authors concluded that, since the 
growth inhibitory action of the DBA is dependent on the protein 
content of the diet, then the growth inhibitory action of car­
cinogenic hydrocarbons of this type is brought about by direct 
interference with protein metabolism resulting in the prevention 
of protein synthesis.

If the 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.



This was a point of considerable interest in view of the earlier 
v/ork of Haddow .and bis collaborators and was investigated by 
Bison and Haddow®2 . They found “that the mechanism of the 
tumour inhibitory action of DBA appears to be essentially the 
same as that of its body growth inhibition. Both 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." y/ith animals on a low 
protein diet (5 or 10J* protein) complete growth inhibition could 
be obtained for a long period. However, it was not possible 
to inhibit the growth of the Walker rat carcinoma 256 complete­
ly in these animals although a very considerable slov/ing down 
of the growth, rate of the tumour is obtained. finally, a stage 
is reached when the growth of the tumour at the expense of the 
normal body tissues becomes the predominant factor. The 
authors conclude that "it is highly probable that complete con­
trol of tumour growth is not attainable with an inhibitor of 
the type of DBA and could only be achieved by a substance having 
a more specific action on tumour cells. There is no evidence 

that DBA has such specific action."
The same authors found that the tumour inhibitory action

84. 5c ' '.of 2 1-chloro-4-dimethylaminostilbene (VII) also depends

on the protein content of the diet. On a 20jj protein diet



almost no tumour inhibitory action on the Walker carcinoma 256 
was shown, 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 than on 
the body growth of the animal (the reverse was the case with 
DBA) • This 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

84 115cby Haddow and his collaborators ’ for tumour inhibitory 
action and several of the amino compounds (e.g., 2 1-methyl-4- 
dimethyl amino sttELb ene ( Vi'll) and o( - (p - dimethylaminophenyl j - -  

( ©< -naphthyl>~ ethylene (IA;jwere reported to have a very marked 
activity. In all these cases too, incorporation of a suffici­
ently high percentage of protein in the diet greatly diminished 
or completely abolished the inhibitory effect. It should be 
noted that all these aminostilbenes were subsequently shown to 
be carcinogenic. The 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 of 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 chemotherapy of cancer is to be made later.

The dependence of the carcinogenic activity of carcino­
genic compounds on diet is not limited to the carcinogenic 
aromatic hydrocarbons and the arninostilbenes but is exhibited 
also by the carcinogenic azo dyes1®1"11®. Indeed, a relation 
between the carcinogenicity of a carcinogenic compound and diet 
seems to have first been recognised in studies with the latter 
compounds. Japanese workers1®1,1®2 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 when 1J-15). of liver or yeast1®1 was

lj2added to the diet, or when the basal diet was wheat , the in­
cidence of tumours was considerably reduced. American workers
have considerably expanded these earlier observations. rhe

103 104addition of caesin or riboflavin , of protein and a vitamins
and of dried egg albumin1®® all reduced the incidence of

liver tumours in rats fed on a basal diet containing p-dimethyl-
aminoazobenzene. The addition of a detergent to the basal diet

lu5or the replacement of the c o m  oil used by mineral oil also 
reduced tumour incidence. In addition to these substances of



anti-carcinogenic effect others have been found which exert a co-
earcinogenic acrion. Biotin apparently falls in this cate- 

1 u6gory . the effect of a given dietary supplement has also
been shown to depend on the particular carcinogenic aso dye

,1 J7 . .. 109,110 „ . , or.used . Although investigations ox these efxecxs nave
been actively pursued their mechanism is not yet clear. How­
ever, it is probably different from that in the case of the 
carcinogenic aromatic hydrocarbons and their derivatives.

It may be noted that the amino sti lb ene s mentioned above 
are not oestrogenic. growth inhibition caused by oestrogens 
probably differs from the retardation brought about by the non- 
oestrogenic carcinogenic compounds. for example, the action of
oestrogens may be inactivated by a growth hormone as was shorn

86 81 by Griffiths and xoung . In addition Slson and Barren have
shown that stilboestrol inhibits the rate of tail growth of rats
on a BO/b protein diet, but that DBA has no effect under these
conditions. Thus the inhibitory effect of stilboestrol is not
related to the protein content of the diet as is that of DBA
and the aminostilbenes. Also in contrast to stilboestrol,
administration of pituitary growth hormone to rats maintained
on a high protein diet and treated with DBA may bring about some

increase in growth, but it appears at the same time to increase
the toxic action of the DBA, since the growth increase is soon



followed by the death of the animals.
90The discovery of Cook and Dodds and of Cook, Dodds,

91Hewett and Lawson that the potent carcinogenic hydrocarbons 
5:6-cyclopenteno-l:2-benzanthracene (XI) and 3s4-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 above 
DBA was found devoid of activity but some of its 9110-derivati­
ves, notably 9 :10-di-n~propyl-l:2:5j6-dibenz-9?10-dihydroanthra- 

» *
quinol (XU) showed considerable oestrogenic activity. Later

g
this latter substance was found by Haddow and Robinson 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

qrz 94stilbene ° and triphenylethylene derivatives . Certain tri­
phenyl ethyl ene and stilbene derivatives which had been shown to
possess oestrogenic activity also showed tumour inhibitory 

7action . The treatment of patients with advanced cancer of the 
prostate with the strongly oestrogenic diethyl stilboestrol iM.il 

has been found in many cases to produce considerable clinical 
improvement. The usual results are relief of pain, partial re­

gression of both the primary tumour and metastases and general



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

723ported using triphenylchloroethylene ' (XIV). However, Ha&dow 
72aand G-reene obtained relatively disappointing results in

clinic al trials using oC - di- (p- ethoxyphenyl) -^-phen^-.^-bromoethylene
(LBS) (XV). In this connection it may be noted that Buu-Ho'f

88 89and his collaborators * in france have described the prepara­
tion of a number of tri phenyl ethylene derivatives which have 
been examined for both oestrogenic and tumour inhibitory activi­
ty. One compound, viz. o*'-broxno- -triphenylethylene (Y 59) 
(XVI) was found to be of some value in several cases of pro- 
static cancer. Partial or complete cessation of tumour growth 
v/as observed together with general physical improvement as long 
as administration of the drug was continued. She oestrogenic 
activity of Y 59 is less than that of stilboestrol and of DBB 
and the authors conclude that ,!the therapeutic efficacy of this 
type of substance against pro static cancer does not depend on 
its oestrogenic activity and that the beneficial effects ox 
oestrogens are not exclusively due to a biochemical castra­
tion111 . Phere is no evidence available to show that cancer of 

the prostate can be cured by the use of oestrogenic substances, 
but the growth of both the primary tumour and the met as o as e s 
may be arrested, accompanied in some cases by partial regression,



14.

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 a successful chemotherapy for 
cancer has been limited in spite of the considerable work in this
field. Uor can this be regarded as surprising when the diffi-

72^culty of the problem is considered. Haddow 0 has recently 
emphasised that the cancer cell is but a modification of the 
normal somatic cell. inother serious difficulty is that the 
malignant variant of the normal cell is apparently quite per­
manent and only occasionally known to be reversible. Studies 
of the enzyme systems of normal and malignant tissues^6 have 
shown that tumours have qualitatively the same enzyme systems 
as normal tissues. The possibility of the discovery of enzymes 
unique to malignant tissues cannot, of course, be excluded in 
the present state of our knowledge, but as yet there is not 
evidence of the existence of such enzymes. With regard to the 
differences known to exist, one of the most notable i:s the 
relatively low content in tumours of aerobic catalytic systems,
e *S*» eyetochrome, cyctochrome c, succinic dehydrogenase,

. . .   ̂ 96,124catalase, xlavm, etc. . These considerations make evi­
dent the difficulty of obtaining a chemotherapeutic agent speci­
fic only to the malignant cell and without action on normal and



15.

particularly actively dividing tissues. Moreover, a chemo­
therapeutic agent for cancer would presumably have to bring 
about the destruction of every malignant cell in contrast to 
chemotherapeutic agents against microorganisms where a lOOf. 
extermination of the organisms by the agent is not essential 
for successful control of the infection. She body does not 
develop an immunity to cancer as it does after attacks of cer­
tain diseases. In spite of these serious difficulties the 
slight advances which have been achieved in recent times offer 
some encouragement for the continuance of the work.
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Part I .

Synthesis of ( 2 T :11 -laphtha)-2;3-flaorene 
and of (1* ?2l~lap'h.t'h.a)~l;3"flu.orene.



17.
3 ynt Tie si s of ( 2 1 :11 - H aohtha) -2:3- f luo r ene.V . — --   , ■ -r ■ — ■ ■ -----  ■    ■-J--------  --  --- -
(a) Preliminary Investigations.

Dactivity . It has
Rgrowth ox tumours .

1:2:5:6-Dibensfluorene (I) has feeble cancer producing
Dactivity . It has also a very marked inhibitory effect on the

9book and Preston , as part of a searcti for
compounds having a still more pronounced growth inhibitory
activity, prepared a number of derivatives of 1:2: 5 ;6-dibenz- 
fluorene. Included in this programme was the synthesis of 
2:3-(21tl1-naphtha)-fluorene (II).

Ihe following methods of synthesis were investigated by 
Cook and Preston. Since 9:10-dihydrophenanthrene 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 :3-(1r : 2r-naphtha) fluorene10( Ilaj should yield II. 
Ho?/ever, the product of chloromethylation of 9 jlO-dihydrophen- 
anthrene was mainly the 3-substituted derivative. 1’he Priedel- 
Grafts reaction between benzoyl chloride and 9 :10-dihydrophen- 
anthrene was then investigated and 2-benzoyl-9:10-dihydrophen- 
anthrene (III; shown to be the main product. fhe corresponding 
carbinol was obtained by reduction of III with sodium amyl- 
oxide, but attempts to cyclise this to the



required flaorene failed. in Bibs pyrolysis on 2-phenylacetyl- 
flaorene (IY) was then tried hat the resalts were not of practi­
cal valae. It was hoped that the 2- ft-phenyl ethyl fla or ene 
might andergo cyclodehydrogenation with alaminiam chloride, bat 
in view of the ansatisfactory resalts obtained from the Glemmen-
sen redaction of 2-phenylacetylflaorene, this approach was

11abandoned. Binally, ethyl indene-213-diearboxylate (Y) was

converted into the anhydride (Yl) of cis-indane-1;2-dicarboxylic
acid, bat the work was interrapted before the action of YI on
yg-naphthylmagnesiom bromide coaid be examined ( see below) •

In the present investigation of the synthesis of 2;3-
( 2T :1 ’-naphtha)-flaorene work was carried on from this point.
It was proposed to condense the above anhydride with ft -naph-
thylmagnesiam bromide (cf. work of Weizmann and Bergmarm, and of

12-17Bieser and others ) and complete the synthesis according to 
the scheme:

It'

TvT -Y- *vr

IE
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The condensation of VI with p  -naphthylmagnesium bromide 
yielded, however, mainly neutral products which could not be 
identified and the scheme was abandoned. In the preparation 
of Yl for the Grignard reaction several modifications of pre­
vious procedure were investigated. Gook and Preston (loc.cit.) 
had reduced ethyl in&ffne-2:3- die arboxylate catalytic ally and 
hydrolysed the indane diethyl ester so obtained with alcoholic 
potash to an acid of m.p. 228°, which they believed to be the 
cis-indane-1:2-diearboxylic acid.. Professor Gook (unpublished 
dataj subsequently showed it to be the trans acid and isolated 
the cis acid, m.p. 197°. Gook and Preston had converted the 
trans acid to the cis-indane -1«. 2-dicarboxylic acid anhydride 
using acetyl chloride, a process which was accompanied by a good 

deal of tar formation. The catalytic reduction of indene- 
2:5-dicarboxylic acid has now been investigated and shown to 
yield mainly the cis acid together with some unidentified oily



material. Ethyl indene-2:3-dicarboxyl ate was also reduced and 
submitted to acid hydrolysis, when a product consisting pre­
dominantly of cis acid was obtained. The cis acid is con­
verted smoothly to the anhydride on treatment with acetyl chlor­
ide. A small quantity of the acid was also successfully con­
verted to the anhydride by heating with tetrachloroethane

9 9(Mason1 s method ).
In connection with the above scheme, the action of VI on 

tetralin in nitrobenzene solution containing aluminium chloride 
was also examined, but again the product consisted mainly of 
neutral 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 1-di ethyl arninobutan- 
3-one (VIII) on ketotetrahydro-2jS-benzofluorene (IX) . If the 
condensation took place as indicated, then subsequent reduction 
and dehydrogenation of the pentacyclic ketone should yield the 
required hydrocarbon. This method of adding a 6-ring to a
suitable ketone was first employed by du keu, MeQuill*n and

25 26Bobinson , and subsequently extended by Wilds and Shunk , and
27by Goznforth and Robinson

J.



In a number of experiments using .varying conditions, how-
ever, the ketone (IZ) was recovered unchanged. Attempts were
then made to build the desired 6-ring on to IZ using a Refor-
matsky reaction involving ^-bromocrotonic methyl ester with
subsequent isomerisation and cyclisation as described by Cook 

31and Schoental for 3-chrysenol. The scherae was as follOY/s

The Reformatsky reaction (after hydrolysis) yielded 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 the crude acid with palladium black as 
described by Cook and Schoental (loc.cit.). In conjunction 
with this work the Reformatsky reaction on ketotetrahydro-2:3- 
benzofluorene and ethyl bromoacetate was examined. From this 
an acid corresponding to Z or ZI was isolated.

tSoryj e S/Scx 7*7 
h n j  i*jt />v /

h/A-ok.
red*.<*e

unr Ty



Conversion of this acid to the delay dr ogenated form XEII, leng­
thening the side chain of XEII by one of several standard pro­
cedures and subsequent cyclisation should lead to the desired 
pent acyclic ketone (XII) • However, in view of the large 
number of steps involved, this approach to the synthesis of II 
was set aside in favour of the synthesis starting with hZt'Bi’g- 
dibenz anthracene and described in a subsequent section (p. 37).

Experimental.
(In this and subsequent experimental sections all 

melting points are uncorrected).
p  -Phenylpropionic acid was prepared by reduction of cinnamic 

acid with Raney1s nickel aluminium alloy and aqueous sodium 
hydroxide essentially according to the method of Papa, Schwenk

TO "I Oand v/hitman * . Cinnamic acid (29.8 g.; 0.2 mol.) dis­
solved in 10JI sodium hydroxide (900 ml.) was heated to 90° and 
maintained at 90-95° during the addition of the alloy (90 g.) . 
Phe time of addition was 60-70 minutes and the mixture was heat­
ed a further 1-1*5 hours at 9 0-95°, allowed to cool, diluted 
with water and filtered, and the alloy washed well with water. 
Phe combined alkaline liquors were run in a thin stream, with 
constant stirring, into 750 ml. of concentrated hydrochloric 
acid. Phe hydrocinnamic acid which separated as an oil soon



solidified. It was collected, washed and dried on a porous 
tile. Yield 80-85^ of the theoretical amount. H.p. 43-45°.

Ethyl &  -phenylpro;oionate. yg-Phenylpropionic acid i 118 g.;, 
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 and the aqueous layer 
extracted 3 times with benzene. Phe 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°/l8 mm. was 
obtained.

20Ethylben.z yIoxaloacetate (cf. method of A. v. Auwers )•
300 §*. of absolute ether and 20 g. (0.513 g. atom.) of potassium 
pellets were placed in a 1 1. 3-necked flask fitted with a 
mercury-sealed mechanical stirrer, a dropping funnel, and a con­
denser, and the apparatus v/as protected from moisture with 
calcium chloride tubes. Stirring was commenced and absolute 
alcohol (30 g.) added dropwise over a period of hour._ 
Stirring was continued for a further ij- hours, when the bulk of 
the potassium had dissolved. Ereshly distilled ethyl oxalate



£4.

(73 g.; 67.7 ml.; 0.5 mol.; was then added (15 minutes), the
mixture being cooled occasionally with ice water. Stirring 
was continued for another J--1 hoar and ethyl--phenylpropion­
ate (89 g.; 87.7 ml.; 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 v/as separated and 
the yellow aqueous layer extracted twice with ether. The com­
bined ether extracts were washed with water, dried with sodium 
sulphate, the ether removed and the residual oil distilled 
under reduced pressure, when unchanged ethyl oxalate was first 
collected, and then unchanged ethyl-^ -phenylpropionate; a 
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 oil 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 oil 80-115 g.
It was submitted to cyclisation without further purification.
i • 2 1Wislicenus and Mlinsesheimer state that ethylbenzyloxalo- 

acstate cannot be distilled without decomposition even in 
vac uo.



Ethyl indene-2;3-dicarboxylate and indenQ-2;g-aicarboxylic acid. 
The procedure of Bougau.lt (loc.cit.) using concentrated sulphuric 
acid was modified as follows: .ethylbenzyloxaloacetate (114 g.)
was added with constant shaking to concentrated sulphuric acid 
(500 ml.; d 1.84). The addition occupied 3 minutes. The 
mixture became hot and developed a deep red colour. After 
standing 6-8 days at room temperature, the clear red solution 
was decomposed with crushed ice (1500 g«), when a pale yellow 
oil and traces of darker gummy material separated. The oily 
layer was extracted with benzene, ana the benzene extract washed 
3 times with sodium carbonate solution, the first alkaline 
extract being deep red and the others nearly colourless. The 
sodium carbonate washings on acidification yielded a light brown 
oil which on standing solidified to a sticky solid. Without 
further purification this was dissolved in acetic acid and 
concentrated hydrochloric acid (3 vols. acetic acid* 1 vol. of 
concentrated hydrochloric acid) and heated on the water bath 
until no further solid separated (3-5 hours). The solid was 
identified as indene-2 :3-dicarboxylic acid* The original 
material was presumably one or both of the half esters. The 

benzene extract (see above) was v/ashed with water, dried over 
sodium sulphate, and the benzene removed under reduced pressure, 
when a pale yellow oil remained, which solidified to a pale



yellow crystalline solid on cooling. Draining on a porous tile 
gave colourless crystals of m.p. 73-75°, which crystallised from 
petroleum ether (40-60°) had m.p. 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 began after 2-3 hours, 7/as complete (4-6 hours;. 
■The mixture was diluted with ice water and the indene-2:3-di- 
carboxylic acid collected and washed. It 7/as a cream coloured 
powder, m.p. 220-222° (decomp.; the m.p. may be varied appre­
ciably depending on the rate of heating) . This product was 
quite 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 v/ith which it is decarboxyl at ed to indene- 
2-carboxylic acid (VII). Por instance, decarboxylation is 
effected by boiling for a short time in dilute acetic acid or in 
water, the latter procedure gives a cleaner product.

Seduction of indene-2:3-diearboxylic acid. The acid (5.1 g.; 
0.025 mol.) 7/as suspended in alcohol (400 ml.;, and shaken 7/ith
2 g. of a palladium/charcoal catalyst23 or 7/ith 0.1 g. of a

24palladium black catalyst and hydrogen (at approximately atmos­
pheric pressure) until absorption ceased (about lOfc in excess



of the theoretical volume was usually absorbed). After removal 
of the catalyst the alcohol was evaporated under reduced pressur 
leaving a sticky solid, from which the oily material was removed 
by rubbing with a little ethyl acetate. The acid crystallised 
from water had m.p. 190-192° (decomp.; the m.p. can be varied 
appreciably depending on the rate of heating). Yield 2.5 g.
The residual oil 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 ethylindane-1:2-decarboxyl ate. Ethyl in- 
dene- 2:3-decarboxyl ate (2.6 g.) 7/as reduced as described by 
Cook and Preston (loc.cit.). Do attempt was made to induce 
the oily 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 v/ater 
(ca. 4 hours). Considerable crystalline material was now 
present and more separated on dilution 7/ith v/ater. The colour­

less crystalline product was collected and washed with a little 
water. Yield 1.86-1.91 g. M.p. 187-189° (decomp.).



cis-Indane-l:2-dicarboxylic acid anhydride.
(a). ejLs-Indane-1:2-dicarboxylic acid (2.4 g.j and freshly dis­
tilled acetyl chloride (10 ml.) were refluxed, v/hen the solid j 
dissolved after 1 hourrs heating to give a clear, pale brown j

I
solution. After 4-5 hours the bulk of the acetyl chloride was j
distilled off, and the rest removed in vacuo over sodium hydrox- |

1ide. The crystalline residue 7/as rubbed with a little dry ether j 
to remove oily matter, filtered and washed with ether. Yield j  
1.4 g. of colourless crystals. M.p. 97-98°. j
(b) . 0.14 g. of cis-indane-1:2-dioarboxylic acid was mixed with j

I10 ml. of dry tetrachloroethane, and the mixture heated in an oil j 
bath so that the solvent slowly distilled. The last traces were 
removed by heating at 150°/23 mm. A pale brown oil remained j
which on standing deposited crystals. Rubbing with a 1:1 mixturejs
of dry benzene/cyclohexane gave colourless crystals of m.p.96-98°.|

iif
Action of & -naphthylmagnesium bromide on cis-indane-1:2-di- 
earboxylic acid anhydride. ap hthylmagnesi um b romi de ( p r e -
pared from 17 g. of -bromonaphthalene, 2 g. of magnesium and 
60 ml. of absolute ether) was added to a warm mixture of 15.4 g. 
(0.082 mol.) of indane dicarboxylic acid anhydride (5-10 min­
utes) in absolute ether (60 ml.) and benzene (sodium dried, 

thiophene free, 70 ml.), when there v/as an immediate separation 
of a bulky yellow precipitate and the mixture boiled briskly.
After refluxing for 2 hours and standing at room temperature



for 36 hours the reaction 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 material 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 
p resumab ly 2:21 - dinaphthyl.

Prom the sulphuric acid 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 above). The material 
which separated on acidification v/as shown to consist mainly of 
cis-indane-1:2-dicarboxylic acid and no other solid could be 
isolated from this acid fraction. There was a considerable 
amount of oily material insoluble in sodium carbonate solution.
It was not found possible to obtain any appreciable quantity of 
crystalline material from this and Vacuum distillation failed to 
give any useful results.

The action of cis-indane-1:2-dicarboxylic acid anhydride on
tetralin dissolved in a solution of aluminium chloride in



nitrobenzene was then investigated. Tetralin was selected 
instead of naphthalene since substitution would be expected to 
take place exclusively in the y3 -position. Indane-1:2-dicar- 
boxylic acid anhydride (1.3 g.j, and tetralin (1.1 g w e r e  mixed 
and added to 2.2 g. of aluminium chloride dissolved in 15 ml. of 
dry, pure nitrobenzene and cooled to 0°. The mixture became 
orange brown. It was retained in the ice bath for 12 hours and 
then at room temperature 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 brown, 
hard, resinous material remained. On extraction with aqueous 
sodium carbonate a trace of cis-indane-1:2-diearboxylic acid 
was recovered, but the bulk of the product was neutral. It 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.

getotetrahydrO"2t5~benzofluorene (.IXJ was first prepared by 
28Koelsoh and the procedure slightly modified by Lothrop and 
29Ooffman . Under friedel-Orafts conditions succinic anhydride 

reacts with fluorene mainly in the 2-position and the resulting 
2-fluoroyl parppionic acid is reduced by ulemmensen reduction to 
J'-A-fluoryl-butyric acid, which is cyclised by anhydrous hydrogen 
fluoride to the required ketone in excellent yield.



&  -ffluoroylpropionic acid was prepared using exactly the quan­
tities and conditions given by Xoelsch (loc.cit.J, hat it was 
found more convenient to purify the crude product hy crystallisa­
tion from dioxane, when it was obtained as colourless needles, 
m.p. 211-212°. Yield 70-80^ of the theoretical amount.

^ -gluorylbutyric acid. When the reduction was carried out 
according to the directions of hoelsch the product was difficult 
to purify. She Martin modification®^ of the Clemmensen re­
duction method gave good yields of a purer product. Granulated

30azinc (140 g.j was amalgamated according to martin’s method 
after preliminary cleaning with dilute hydrochloric acid. fo it 
were added in the order named, acetic acid (480 ml./, toluene 
{280 ml.), concentrated hydrochloric acid (300 ml.) and 
fluoroylpropionic acid (60 g.j, and 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. fhe crude J'- 
fluorylbutyric acid was collected, washed with dilute acid and 

then with water and crystallised from 80y acetic acid, filtering 
hot to remove a small amount of a high melting impurity. Yield

48-53 g. of colourless solid of m.p. 150-151°.



Xetotetraliyd ro-2:3-b enz o fla o r ene. finely powdered ^-fluoryl-
butyric aeid was added to a large excess of anhydrous hydrogen
fluoride in a platinum dish at room temperature (ca. 10°), the
mixture was stirred well, covered, and allov/ed to stand overnight.
The residual hydrogen fluoride was allowed to evaporate and the
alkali insoluble material crystallised from alcohol or sublimed in

ovacuo. Colourless crystals, m.p. 149-150 . Yields better
* 29than 9Oy (cf. Lothrop and Coffman j.

l-Diethylaminobatan-3-one was prepared essentially according to 
the directions of Wilds and Shurik; (loc.cit.J but 3 times their 
quantities were used. It was necessary to distil the product 
5 times in vacuo to free it from high boiling impurities. It 
was obtained as a colourless oil b.p. 67-69°/ll mm. The meth- 
iodide was prepared according to the directions of Wilds and 
Shunk.

Ihe attempted condensation of the methiodide of Till with 
IX was carried out in the presence of alcoholic sodium ethoxide 
and of sodium methoxide in methanol/benzene solution. from all 
experiments a large proportion of the ketone was recovered un­
changed, and if heating of the reaction mixture had been pro­
longed, small quantities of a high melting substance ( that was 
not identified) . It was also shown that prolonged refluxing of 
ketotetrahydro-2:3-benzofluorene with alcoholic sodium ethoxide



gives rise gradually to tlie same high melting product.

U-bromosucoinimide was prepared according to the method of 
32Ziegler et al. The methyl crotonate v/as prepared according

33to the method of Purdie and Marshall . The y  -bromoc rotonic 
methyl ester was prepared according to the method of Ziegler 
(loc.cit.j, carbon tetrachloride being used as solvent.

The Reformatsky reaction between 12 and y  -bromocrbtonic 
methyl ester was tried under varying conditions, of which the 
following seemed most satisfactory. Arsenic-free zinc (acti- 
vated according to the method of J?ieser and Johnson J (2.6 g.j 
was placed in a 250 ml. 3-necked flask fitted with a mercury 
sealed mechanical stirrer, a dropping funnel and a condenser, 
and the apparatus was protected from moisture with calcium 
chloride tubes* The zinc was heated with a little benzene and

t
mercuric chloride, the ketone (4.7 g.; 0.02 mol.J, dissolved in
benzene was added with stirring, and then the y-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 a few minutes, the mixture -was refluxed on the water 
bath, when the separation of the addition complex soon commenced. 
The mixture was heated and stirred for 3 hours. Substitution of 
a mixture of benzene and toluene for benzene, or a shorter time



34.

of refluxing gave even less satisfactory results. Methanol was 
then stirred into the still warm mixture when most of the 
addition complex dissolved. The solution was decanted from the 
residual zinc which was washed with methanol/benzene. The 
yellow b.enzene/methanol solution was shaken with dilate hydro­
chloric acid, washed with water (twice), and the benzene removed 
ander redaced pressure. The yellow semi-solid residue contained 
considerable quantities of unchanged ketone which could be re­
covered by vacuum distillation, but attempts to vacuum distil 
the higher boiling fractions remaining after removal of the 
ketone lead to widespread decomposition (pressure ca. 0*2 mm.;. 
The crude 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 some 
of the dark colouring matter. On acidification of the filtered 
aqueous layer a brown powdery solid was obtained (yield 40-60'y 
of the theoretical amount without allowing for unchanged ketone) .
Acid hydrolysis of the crude mixture did not prove satisfactory.

37Dehydration of the crude hydroxy ester v/ith thionyl chloride
36or phosphorus pent oxide before hydrolysis did not improve the 

product. It was not found possible to purify the crude acid



and it 7/as esterified either with ethereal diazomethane or by 
refluxing (12 hours; with methanol saturated with anhydrous 
hydrogen chloride. By either method a light reddish brown solid 
was obtained which appeared to be crystalline when examined under 
the microscope. It 7/as 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-

24ing with palladium black (l/lO or more of the weight of the
31

ester was used) in a nitrogen atmosphere at various temperatures , 
but before sufficient temperature to allow isomerisation could 
be obtained, much darkening of the material always took place.
The various methods (crystallisation, distillation in vacuo, 
chromatography on silica) tried for the purification of the pro­
duct were unsuccessful; and this was also the case with the acid 
obtained on its hydrolysis. Finally, the crude acid 7/as treated 
with anhydrous hydrogen fluoride, when a large proportion of an 
alkali insoluble brown powder was formed which could not be 
crystallised. Subjected to chromatography (on alumina) a large 
number of bands were obtained. After elution of these a posi­
tive test with phenylhydrazine was obtained 7/ith one of them, but 
the quantity of crystalline material 7/as insufficient for further 
purification. The action of anhydrous hydrogen fluoride on the 
unisomerised acid was examined, but no satisfactory result could

be obtained.



Reformatsky reaction on ketotetrahydro-2:3-benzofluorene and 
ethyl bromoacetate. The aiqparatus and procedure used for the 
case of y-bromocrotonic methyl ester were satisfactory. It 
was found best to dehydrate the resulting ester (by refluxing 
a benzene solution of it with phosphorus pentoxidej before 
hydrolysis with alcoholic potassium hydrogide in a nitrogen 
atmosphere. The hydrolysis product was poured into v/ater, ex­
tracted repeatedly wi th chloroform, and the filtered aqueous 
layer on acidification gave 3 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 v/hich first separated. The 
product was a light brown powdery material readily soluble in 
water, from which the acid was 'precipitated on acidification. 
CrystsXLised from benzene, it had m.p. 166-167.5°. Yield 1.4 g 
(25^ of the theoretical amount if no allowance for unchanged 
ketone is made) . A portion for analysis was crystallised from 

petroleum ether in which it is sparingly soluble. Colourless 

needles, m.p. 167-168° (decomp.)*

(Found; C, 82.9; H, 5.6. C19H160S rea-aires °» 82,6; E ’ 5*8'"



Synthesis of (2’ :1 Mlaphtha)-2:3-fluorene . 
(h) Introduction to Experimental.

( 21 ;11 -U aphtha)-2;3-fluorene (II) was eventually syn­
thesised according to the following scheme:

XV7f/

Criegee, Marchand and Wannowius64 found that phenanthrene 
reacts with osmium tetroxide and pyridine to give an osmium 
containing Gomplex, which on hydrolysis with dilute alkali gave 
9 :10-dihydroxy-9 :10-dihydro phenanthrene in good yield. This 
reaction was recently extended by Go ok and Schoental88 to a 
number of other polycyclic, condensed ring aromatic hydro­
carbons. The point of attack in the molecule was often not 
that place which is most usually attacked by chemical reagents. 
For example, 1:2-benzanthracene gave exclusively the 3;4-diol. 
This diol was identified by conversion to the corresponding
phenol by dehydration, the methyl ether of the latter being

r/0identical with synthetic 3-methoxy-l :2-benzanthracene



Moreover this diol was oxidised by chromic acid to the known
711 :2-benz-3:4-anthraquinone . It seemed highly probable from 

this resalt that in the case of 1:2:7:8-dibensanthracene (XIV/ 
osmiom tetroxide would react in the 3:4-position to give the 
diol (XVI) . It was found that the mono-quinone formed by 
cautious oxidation of the diol from 1:2:7 :8-dibens anthracene
14/m.Sg^se an ortho quinone (it condensed readily with o-phenylene
diamine forming a quinoxaline derivative (XIX)) and not the

y 66 known l:2:7:8-dibenz-9:10-anthraquinone . Oxidation of XVI
was carried out with sodium dichromate in acetic acid, but in 
spite of a considerable variation in conditions the required 
quinone (XVII) was always contaminated with appreciable amounts 
of a very sparingly soluble orange byproduct, which analyses as 
a di-quinone and presumably has the structure XXI and not XX 
since 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 obtained pure by 
cautious vacuum sublimation. i’urther attack on the diol (XVI)



by the dichromate, a strong oxidising agent, might be expected 
and other methods of oxidation were examined. Heating with 
copxoer sulphate and pyridine caused either no effect or, on 
prolonged heating, some fission of the bond apparently took 
place with production of acidic materials* On boiling with 
chloranil in xylene the diol was gradually converted to a dark 
mass from which no quinone was isolated. I'he diol was pro­
bably dehydrated to the 3/4-phenol which is readily oxidised 
to black materials (see below) . following a report by Boyland 
of the preparation of phenanthrene quinone from 9 :lQ-dihydroxy- 
9 :10-dihydro phenanthrene by oxidation with permanganate, this 
procedure was applied to XVI but only traces of quinone were 
obtained. It has recently been found (Miss 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, 
quinone in good yield. In the x^Qsent case, however, this
oxidation 'was too slow to be of value. v/hen XVI was heated

a. is i owith azodicarboxylic acid diethyl ester at 100-110 for some



hours oxidation to the quinone XVII took place in moderate 
yield and no contamination with the orange impurity was detected. 
Ho products of Hiels-XLder reaction between XVI or XVII were 
detected but since the arrangement of bonds typical of anthra­
cene no longer exists in XVI and XVII, this is not to be ex­
pected .

Conversion of XVII to the required (2‘ *1*-naphtha) -2:3- 
fluorenone (XVTII; 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 intermediate in 
the reaction it might possibly cyclise to give (1* s2*-naphtha)- 
1 :2-fluorenone (XXXII) and not the required (21;11-naphtha)- 
2 :3-fluorenone. In confirmation of the structure XVIII the 
analogous transformation with Is 2-bens anthracene-3:4— quinone 
was studied. The two ketones theoretically possible in this 
case are 1:2-benzfluorenone and 2:3-benzfluorenone, both of 
which are known. When pure 1:2-benzanthracene-3:4-quinone 
was treated with litharge under exactly the same conditions as 

those used with 1 ;2:7 ;8-dibenzanthracene-3:4-quinone a ketone 
of m.p. 149-151° (150.5-152.5° after crystallisation from al­
cohol) was obtained agreeing in properties with the known



2:3-benzfluorenone. It was converted to its oxirne m.p. 230-

Ho 1:2-benzfluorenone was detected in the sublimate from the
litharge fusion. It is highly probable that the reaction with
the 1 :2:7 ;8-dibenz anthracene-3:4-quinone proceeds in an
analogous manner and that the ketone thus obtained is therefore
(2T :1’-naphtha)-2:3-fluoren one (XYIII; .

(21 :1’-Uaphtha)-2:3-fluorenone was reduced to (2T:1~
naphtha)-2:3-fluorene (II) by heating with hydrazine hydrate
in a sealed tube. Attempts to apply Huang !,Union’s modifica- 

67tion of the Wolff-Kishner method to this reduction were not 
successful although the modification gave satisfactory yields 
of fluorene from fluorenone.

The 1:2:7:8-dibenzanthracene needed for the above syn­
thesis is not available commercially and it was found desirable

A Ato modify the synthesis of Gook in several particulars. The 
scheme of synthesis is set out below:

231° fdecomp.; ( 2 ;3-benzfluorenone oxime has m.p. 231°. 1:2-
B enzf luorenone has m.p. 132.5°, oxime m.p. 202° (decomp.;;.
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2~Carboxy— l:ll-dinaphthyl ketone (XXIIj was prepared
66according to the method of Gook . Gook reduced this keto 

acid with zinc dust and dilate potassium hydroxide, hu.t the 
resalting 2-carboxy-l:1?- dinaphthylmeth ane (XXIII j coald. not 
he parified and v/as used in the crade state for cyclisation.

A crystalline prodact has nov/ been obtained from the crade re­
daction prodact after sabmitting it to chromatography on
silica, bat the yield v/as poor. Gonsiderahly better yields

67were obtained by applying Haang-Minlon1 s modified 7/olff- 
Xishner method to the redaction of XXII, and XXIII has now been 
obtained analytically pare. A very sparingly solable by- 
prodact, corresponding in analysis to the azine XXYI (see 
formula p*39), was always formed in these redactions in spite 
of considerable variations in the proportion of the hydrazine 
ased. fhis modification of the Wolff-Xishner redaction is a 

asefal alternative method to the zinc dast/alkali redaction of 
this type of keto acid, and is saperior to catalytic hydrogena­
tion in so far as the naphthalene naclei are not sabject to the

risk of redaction.



2- Garb oxy-1:1f - dinaphthylmethane was cyoli sed smoothly to 
1:2:7 :8~dibenz snthranyl-10*-acetate (XXIV) in good yield. XXIV 
coald not be redaced directly with zinc dast and dilate alkali 
becaase of the difficulty of hydrolysing the acetate under these 
conditions. Use of concentrated alkali (which effected hydrolys­
is of the acetate) and zinc dust was undesirable becaase of the
loossibility of reducing the naphthalene residues. However,

68following the procedure of S'ieser and Hershberg , the acetate
was readily split by reflating with excess of n-butyl magnesium
bromide. fhe anthranol (XXV) was- not isolated bat redaced

69immediately according to Martin’s procedure to give 1:2:7 :8- 
dibenzanthracene (XIV) in fair yield.

Experimental.

2-Garb oxy ;1:1*-dinaphthylketone (XXII) > In the oxidation of
2-methyl-l :1’ -dinaphthylketone it was found that freshly pre­
pared and sublimed selenium dioxide gave no better yields than 
samples of commercial selenious acid (B.D.H.) • Because of the 
shortage of suitable glass tubing attempts were made to carry 
out the reaction on the same scale in a small stainless steel 

autoclave, but the product was either a dark gum or a sample of 
XXII of inferior quality. In working up the prodact (from the 
sealed tubes) it v/as found more convenient to dissolve the crude
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ketone/keto acid mixture (after washing free from selenious 
acid) in chloroform, and to extract the keto acid 7/ith sodium 
carbonate solution. The acid recovered by acidification of this 
extract had m.p. 232-234°, and after crystallisation from acetic 
acid (charcoal) it had m.p. 239-240°, and was suitable for re­
duction. The crude ketone remaining after removal of the
chloroform was used for further oxidations without preliminary 
purification.

2-Garboxy-1:11 -dinaphthylmethane (XXIII) . ( a) • In view of the
persistent formation of the azine (ZIYI) as byproduct, the pro­
portion of hydrazine used in the modified Wolff-Xishner re­
duction was varied considerably. When equimolar proportions 
of hydrazine and the keto acid were used, a yield of about 
of XXIIT and a large proportion of XXYI were obtained. Increase 
of the proportion of hydrazine to 4 moles increased the yield of 
XXIII to approximately 50)c, but considerable azine was still
formed. further increase of hydrazine to 8 moles did not im­
prove the yield of XXIII, but its quality decreased with this 
large excess of hydrazine. The proportion of azine rorrned also 
increased. The reason for this behaviour is not clear. The 
following procedure was found satisfactory end details of a 

typical experiment are? the keto acid (X XII/ (3.26 g.; 0.01
mol.), 9 0̂ 2 hydrazine hydrate solution (2.21 ml.), potassium



hydroxide (1.9 g.) , and diethylene glycol (25 ml.) were mixed 
and boiled gently under reflux for 1.5 hours. The water con­
denser was then removed and the temperature of the mixture 
(thermometer in liquid) allowed to rise to 190-195°. The con­
denser was replaced and the mixture refluxed for a further 6 
hours. The solution was poured into water (500 ml.), when the 
very sparingly soluble sodium salt of the azine (XXVI) preci­
pitated in finely divided form. After heating to coagulate the 
suspension, the sodium salt (0.63 g.) was removed by filtration* 
The filtrate after treatment 7/ith charcoal was acidified while 
still 7/arm and the crude acid taken up in benzene. The benzene 
extract was washed with a little warm water, dried and passed 
through a column of silica (2 x 4 cm.), v/hen brown resinous 
impurities were removed. The pale straw coloured crystalline 
acid left after removal of the solvent from the benzene eluate 
was washed 7/ith a little benzene/petroleum ether and finally 
with petroleum ether. It v/eighed 1.83 g. ( 58y of the theoreti­
cal amount) . M.p. 207-208°. This product was pure enough for
cyclisation. For analysis it 7/as crystallised tv/ice from ben­
zene and then from QCfjo acetic acid and finally from benzene, 
giving a colourless crystalline mass of m.p. 207-208°.
(Found: 0, 84.9; H, 5.26. C22H1602 requires C, 8^.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 wasoobtained as cresr coloured lates, m.p. 301-3. (Found:
C, 31.6; H, 4.46; H, 4.33; H i'T̂ re quire s C, 31.3;
H ? 4.32; N, 4.32 %).



150-170° andix heating is rapid, complete fusion may take place. 
■The acid almost immediately solidifies as the temperature is 
raised and melts again at 207-208°.
(bj . The keto acid was reduced with zinc du.st and U potassium

A Ahydroxide solution as described by Gook . 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.

Gyclisation of 2-carboxy-l:lf-dinaphthylmethane. The procedure
i1,LS

of ]?ieser and Herschberg ' ?/as followed closely. The acetate 
(XXIVJ was a pale faun coloured mass of needles of m.p. 254— 
256°. Yields 85^ or better. After crystallisation from 
benzene containing 15ft of alcohol, the acetate was recovered as 
colourless needles, m.p. 255-256°, and was satisfactory for 
splitting and reduction. This compound was prepared by Gook 
by another method.

1:2:7 ;8-Dibenzanthracene (XIV;. The following is a typical 
preparation. The dry, pov/dered acetate (3.6 g.) and sodium 
dried thiophene free benzene (60 ml.) were added to the Grignard 
reagent prepared from magnesium turnings (2.06 g.;, n-butyl 
bromide (10.23 ml.) and absolute ether (50 ml.), and the mixture 
refluxed for one hour* The ether y/els allov/ed to distil 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 tv/ice 
with warm water, and v/ithout delay, refluxed with zinc dust 
(8 g.;, and 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;,
for a note on thejpurification of XIV see belowiLpSfJ.

1 :2:7 ;8-Dibenz-3i4-dihydroanthracene-5:4-diol (XVI) .
(a), formation of the osmium tetroxide/pyridine complex (XV;.
Bee ryst alii sed 1 : 2 :7 :8-dibenz anthracene (1.64 g.; 0.0059 ml.;,
pure pyridine (1.44 ml.; 0.018 mol.), and osmium tetroxide 
(1.53 g.; 0.006 mol.) in sodium dried, thiophene free benzene
(62 ml.) were mixed and allowed to stand at room temperature (8- 
18°) in a stoppered flask until precipitation of the complex v/as 

complete (12 days) . The precipitate was collected and washed 
with benzene until the washings were colourless. The yield of



crude complex was practically quantitative. (The formula XV
lias been assumed following the results of Griegee et alu4 and

6 5of Go ok and Schoental -
(b) . Hydrolysis of the complex. Without any preliminary purifi­
cation the above complex was shaken with methylene chloride 
(60 ml.) and 1% potassium hydroxide solution (150 ml.; contain­
ing also 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 presumably to the 
formation of traces of quinone during the shaking. ihe emulsi­
fied mixture was filtered immediately hydrolysis was complete.
The diol was washed with water and dried in vacuo over potassium 
hydroxide. The colourless solid weighed 1.41 g. (76.6^ of the 
theoretical amount; . M.p. 226-228° (decomp.). Mrom the 
filtrate a further 0.11 g. of discoloured diol was obtained.

1:2:7 ;8-Dib enz-5:4-dlhydroanthraoene- 5:4- diacetate. ihe diol
(XVI; possessed very poor powers of crystallisation (cf. Cook 
and SchoentalJ • Attempted crystallisation led, moreover, to a 
deterioration in the quality of the product. It was therefore 
characterised by conversion to the more easily purified diacetate 
which was prepared as follows: the diol was mixed with excess of

pyridine and acetic anhydride and after standing at room tempera­
ture 1-2 days the mixture 7/as heated on the water batn ior 20
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minutes to complete the reaction. ihe oily, pale yellow solid 
which separated after diluting the aeetylating mixture with ice 
and excess hydrochloric acid was talien up in benzene. ihe ben­
zene extract was washed, dried and passed through a column of 
silica (2 x 4 cm.;, when the yellow impurity was removed. The 
colourless solid left after removal of the benzene from the 
colourless eluate Y/as crystallised from benzene/aleohol (1 s 1;
giving a colourless mass of fine needles, m.p. 224.5-226°. A

osecond crystallisation gave a product of m.p. 225-226.5 .

(Pound; G, 78.7; E, 5.05. G26H 20°4 re<l*ires C, 78.8; E,5.Q9y)

1;2; 7 :8-Pibenz-5-(or 4-} -methoxyanthracene . Ihe diol (XVI)
was further characterised by conversion to l:2;7:8-dibenz-3- (or 
4-)-methoxyanthracene. ihe crude phenol was prepared by boiling 
the diol with acetic acid containing a few drops of concentrated 
•hydrochloric acid for several minutes. After standing a few 
minutes the darli solution was poured into ice water and the dis­
coloured solid collected, washed tv/ice with water and drained 
rapidly since the precipitate rapidly darkened on contact with 
air (cf. Cook and’Schoental) • It'was dissolved in 6 II sodium 
hydroxide and excess dimethyl sulphate added. The solution oe- 
came 7/arm and separation of the methyl ether soon commenced.
After f hour the reaction was completed by heating 20 minutes on 
the water bath. After diluting with water the product was



colleoted, washed well, dried and dissolved in warm petroleum 
ether (60-80 }, and the solution passed through a column of 
alumina ( 2 x 5  cm.), when the coloured imx>urities we re removed. 
Removal of the solvent from the colourless fluorescent eluate 
left a colourless crystalline residue, m.p. 180-185°, which was 
crystallised from petroleum ether (80-100°) giving- a product of 
m.p. 181.5-185.5°. A second crystallisation from petroleum 
ether gave a product of m.p. 182.5-185.5°.
'(bounds C, 89.4; E, 5.56. G22-^16G requires 0, 89.2; E, 5.44;.;

It2:7 :8-Dihenz-5:4-anthraquinone (XVII) .
(a) . To reduce the amount of sparingly soluble orange impurity
(probably XXI) formed during the die hr o mate oxidation of the
diol, attempts were made to carry out the oxidation using only
the theoretical quantity of sodium dichromate. However, under
these conditions only a portion of the diol was attached. In
practice it was necessary to use an excess of dichromate and
boil the mixture for a few minutes- Longer heating at lower
temperatures (e.g., on a boiling water bath) did not improve the
yield and some diol v/as not attacked. The yields of XVII were
never very satisfactory, but the following procedure is the

1most satisfactory so far tried; the diol (0.52 g.; mol.)

sodium dichromate (0.5 g. in water (2 ml.) and acetic acid (75 
mk.)) were mixed and heated rapidly to boiling and boiled for



8-10 minutes• The red quinone precipitated in the "boiling
solution as the diol dissolved. She mixture was diluted with
warm water and the quinone collected and washed well with warm
water. The crude product (0.44 g.) had m.p. 260-270° (decomp.)

oAfter crystallisation from tetrachloroethane it melted at 310
(decomp.) and further crystallisation did not raise the m.p.
During crystallisation small amounts of an orange impurity
(m.p. 340° (decomp.)), sparingly soluble in tetrachloroethane,
Were separated. This material has now been obtained analytically
pure and is probably represented by XXL (see below). Complete
separation of this impurity from XVII could not be effected by
fractional crystallisation from tetrachloroethane and chloroform
but when the product crystallised tv/ice from tetrachloroethane
was sublimed cautiously at 0.3 mm. XVII sublimed first and was

oobtained analytically pure. Bright red needles, m.p. 310 
(decomp.). (T'ound: C, 85.8; H, 3.86. ^22^12^2 requires
0, 85.7; H, 3.93^).
(b) . The diol (0.16 g.; 0.0005 mol.) and azodicarboxylic acid
diethyl ester (3 g.) were mixed and heated in an oil bath at

o o100-110 (bath temperature) and later at 105-115 until all the

diol had disappeared and no more quinone precipitated from the
solution (10-12 hours). The large excess of ester was
apparently necessary to act as solvent tor the diol. After
cooling the mixture was diluted with alcohol and the quinone



o 2 .

collected and T/ashed well with alcohol. Y.p. 300° (decomp.;. 
Yield 70-80 mgrns. Ihis product was satisfactory for conver­
sion to ( 2 1 :1’-naphtha)-2:3-fluorenone. In some cases for no 
apparent reason the m.p. of the product was lower and crystal­
lisation from tetrachloroethane was necessary to give a product 
of m.p. 310° (decomp.; . Ihe yield then was also lower.

Ihe quinoxaline derivative of 1 ;2 ;7 :8-dibenz-5:4-anthraciuinone 
(XIX) . When the quinone (XVII) was heated with excess -0-phenyl- 
©nediamine in acetic acid solution separation of the quinoxaline 
derivative began almost immediately and the reaction was com­
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 tetrachloroethane separating as tiny, yellow needles of 
m.p. 327-329° (decomp.) which was not raised by further 
crystallisation. Ihe analyses for C, id, and I weres-
G, 82.84; II, 3.92; II, 7.07>. (G28H16H2 requires G, 88.4;
H, 4.24; am, 7 .37;-} . A sample of the analysis specimen was 
then examined for chlorine and gave a positive qualitative test. 
A Garius estimation subsequently gave Gl, 5.60;-, mailing a total 
of 100.43/1 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 stage no more



quinone was available for another preparation but there is 
little doubt that the compound described is the required 
quinoxaline derivative.

(2f ;11 -Haphtha) - 2:3-fl uorenone .(XVIII) . Ihe purified quinone 
(0.28 g.) Y/as intimately mixed with 7-8 times its weight of 
litharge and the mixture divided into 3 (approximately) equal 
lots* Bach lot Y/as introduced into an apparatus fitted for 
vacuum sublimation. Ihe mixture was heated at ordinary 
pressure and at 260-270° (metal bath temperature) , a brisk re­
action spread through the mass and it became dark. After 
maintaining it for 1-2 minutes at this temperature vacuum was 
applied and the orange ketone sublimed rapidly at 0.3 mm/260- 
27 0°. Ihe sublimate (total of 3 lots, 110 mgms.) melted at 
250.5-251.5° and after crystallisation from alcohol/benzene 
(2:1) gave tiny orange needles, m.p. 252-253°. Further 
crystallisation did not raise the m.p. (Found; 0, 90.0;
H, 4.18. CniH . ft0 requires C, 90.0; H, 4.32JI). When the 21 12
decomposition was carried out Y/ith batches of material con­
taining each more than about 0*1 g* quinone, the yields were 

lowered.

( 2 f :11-IIaphtha) - 2:3-fluorene (II) * (2* :11 -Naphtha)-2 :3-
fluorenone (75 mgms.) and 50/- hydrazine hydrate solution

(0*2 ml.) were heated in a sealed tube at 200-210° for 7%-
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Yj- hours. The discoloured crystalline product was collected,
washed well with water, dried and dissolved in warm petroleum
ether (60-80°)• The warm solution was passed through a column
of alumina (1*2 x 4 cm.), when the coloured impurities were
strongly adsorbed and the colourless, fluorescent hydrocarbon
passed readily into the eluate. Removal of the solvent from
the eluate left a colourless crystalline residue of m.p. 169- 

o171.5 . Crystallisation from alcohol gave colourless, almost 
cubical crystals, m.p. 171.5-173°.
(Round; C, 94.8; H, 5.35. C21H14: requires 0, 94.7; H, 5.30^) .

Rurther purification of 1:2:7 :8-dibenzanthracene . A samp 1 e of 
recrystallised 1 ;£:7 ? 8-dibenz anthracene (21V) was dissolved in 
hot petroleum ether (60-80°) and the solution while still warm 
passed through a column of alumina (B.D.H.), when small amounts 
of coloured impurities were strongly adsorbed, and the hydro­
carbon passed through the column as a colourless, homogeneous 
fluorescent zone. ihe colourless residue left after removal
of the petroleum ether from the eluate was collected and washed

owith a little petroleum ether, m.p. 19 5-196.5 . After crystal-
olisation from ethanol/benzene (3:2) XCY had m.p. 196*5-197 .5 .

After three crystallisations from methanol/benzene (1:1) the
om.p. was 197-198 .
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Ihe sparingly soluble orange byproduct from the oxidation of 
1:2:7;8- dib enz - 5; 4- anthraq uinone (of. p.47). Considerable 
difficulty 7/as experienced in separating the last traces of 
XVII from the orange material* It was therefore boiled again 
with excess dichromate to oxidise the last traces of the mono- 
quj.no ne, and the product, recovered by poaring into water, was 
collected, washed, dried and extracted several times with boil­
ing tetrachloroethane in which it v/as sparingly soluble. 
Crystallisation of the tetrachloroethane insoluble material 
from diethylene glycol gave tiny orange needles, melting with 
decomposition above 340°. (f'ound: C, 78.1; H, 3*16.

^gg^lO^A requires G > 78.1; H, 2.98^).

The di quinoxaline derivative (XXL a) » The di quinone was sus­
pended in acetic acid and boiled gently with excess of o-phenyl- 
ene diamine for 15 minutes. The separation of the diquinoxal- 
ine began immediately on warming and was soon comiDlete. The 
mixture was cooled, diluted with alcohol, and the precipitate 
collected and 7/ashed 7/ell with alcohol. It 7/as very sparingly 
soluble in all the organic solvents tried (including dioxan, 
tetrachloroethane and diethyleneglycol) except o-dichlorobenzene 
from which it separated in very small yellov/ crystals. m.P. ^  

360°. (tfound: 0, 84.7; H, 3*75* G34Hi8IT4 relaires
0, 84.6; H, 3.76$) .



Ihe synthesis of (1' :2! -naphtha)-1 ;2r^lnorene (XXVIij >

( a) • introduction.
(15 :2 1 -ITaphtha;-1:2-flu.orene (XliYIl; was prepared accord­

ing to the scheme set oat below.
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* VJOOJL

(e.c~,

'V'coor H

yyy

9 , .
M i "

XX X* (u*?̂ 5Y*rst)

COkM

) 3 0

if} O

,\<x f̂ WVSlsrs? Ctt
XXVTTei

7stkorr

>«nj
1 3

o
Y}0 3 O^

jr«c

0 :
_ / >  

« £H*<-v\ /
(w>arf

^ a z o

C t J C  "■
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oi-( 2-Pluorenyl)-o-nitrocinnamic acid (XXIX) (prepared by 
a Parkin reaction between f iuo rene-2-acetic acid (XXVIii j and 
o-nit rob enzaldehyde) has the cis configuration, since on re­
daction it yields an amino acid (XXX) and not a carbostyril
derivative (XXXI) which would be expected if this acid possessed

40the trans configuration (of. Buchanan, Gook & Loudon ). i’he
predominant formation of the cis acid is in agreement with the

41 - 113conclusions of Ruggli and Staub and ox Taylor and Hobson
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 cis configuration of the 2 aryl radicals 
in the resulting cinnamic 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-o< - ( 2-fluorenyl)-o-aminocinnamic 
acid (XIX) may take place in position 1 or 3, yielding either 
XXVII a or Ila. It had been assumed when the synthesis was 
first studied with the object of preparing (21 :11 -naphtha; - 
2 :5-fluorene, that cyclisation would more probably occur in 
position 3. This had been shown to be the case in the
cyclisation of J'-(2-fluorenyl)-butyric acid to ketotetrahydro-

282 :3-benzofluorene by koelgche"'.. The cyclisation of 2-fluorenyl-



o-benzoic acid also takes place in the 3-position63 nowever
neither of these ring closures involves a Pschorr reaction, and 
the possibility that cyclisation would take place in the 1- 
position could not be excluded. Ihe synthesis of (E1:!1- 
naphtha)-2:3-fluorene (iij (which has already been described) by 
an unambiguous route was actually carried out subsequent to the 
Pschorr reaction described in this section. Since the acid 
Ila must yield II by decarboxylation and since the hydrocarbon 
obtained by decarboxylation of the Pschorr acid had the same 
molecular formula but iss distinct from II, it seems that 
oyolisation during the Pschorr reaction must have taken place 
in position 1, yielding XXVIIa which must yield (l 1 ;2* -naphtha) - 
l*2-fluorene (XXVII) on decarboxylation. Phe fluorenone (XiXlI) 
produced by oxidation of XXVII has also the same molecular 
formula as XVIII, but is distinct from it.

XX*/ v

In carrying out the Pschorr reaction with cis-r?(-(2~ 
fluorenyl)-o-aminocinnamic acid, some difficulty was encountered.



Attempts to effect diazotisation by the direct method using
so.lpTiu.ric acid/sodium nitrite (in presence of methanol/* (cf.Cook,

40Bachanan & London } were not successful. Even on standing 
20 hoars mach of the amino acid was recovered unchanged. It 
coaid not be separated from the diazoniam salt by filtration 
owing to the sparing solability of the latter. It was foand 
possible to effect complete diazotisation by addition of amyl 
nitrite to a solation of the amino acid in alcohol acidified 
with concentrated hydrochloric acid (cf. 41-45). With sal- 
pharic acid the diazotisation Y/as incomplete. hing closare 
was effected by addition of freshly prepared copper powder to 
the saspension of the diazoniam salt in alcohol -with oat pre­
liminary dilation with water.

An alternative procedare to the above synthesis v/as also 
explored.

following a method dae to Hewett o-chlorobenzaldehyde 
was condensed with flaorene-2-acetic acid las its sodiam salt) 
in a Perkin reaction to give cis- ( 2-flaorenyl)-o-chloro- 

cinnamic acid. Attempts to effect ring closare of this acid 
by alkali fasion were not saccessfal. iemperatares safficiently

co*.H

> *  v/t f V

46



high, to cause dehalogenation of the material led to widespread de­
composition and no pare prodact was isolated from the reaction 
mixture.

(b) Exp e ri ment al.
2-Acetylfluorene was prepared on three times the scale given by

38Bachmann and Sheehan . ihe procedare was that given hy these 
aathors except that it was found better to keep the reaction 
mixtare at 5-10° daring the addition of the flaorene and to stir 
for 3 hoars at 0-lu° 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 prodact Y/as found more convenient 
than vacuum distillation. Ihe prodact crystallised from alcohol 
(charcoal) rather than from acetone in which it v/as very soluble, 
was obtained as colourless crystals, m.p. 127-128°.

flaorene-2-acetic acid (IXVIIIj . (a). Ihe preparation of
this compound from 2-acetylfluorene by a Willgerodt reaction

38is described by Bachmann and Sheehan • ihe alternative pre­
paration38 by an Arndt-Eistert reaction from flaorene-2-car- 
boxylic acid did not seem attractive. Using the proportions 
of reactants given by Bachmann and Sheehan, the flaorene-2- 
acetic acid was found to be contaminated with considerable



quantities of flaorene-2-oarboxylic acid. The latter acid was 
isolated and converted to its methyl ester using ethereal
diazomethane, m.p** after crystallisation from methanol, 125-

O A7126 (cf. Fortner^ ). The discrepancy is probably due to the
variable concentration of the ammonium polysulphide solution.
Bachmann and Sheehan prepared their reagent according to the

4.4directions of Kieser and Kilmer , i.e., by saturating concen­
trated ammonia with hydrogen sulphide and then stirring into 
this solution l/lO of its weight of sulphur. In the present 
investigation also the ammonium sulphide reagent was first 
prepared by Kieser’s and Kilmer’s method. Using this reagent 
the following proportions of reactants gave satisfactory re­
sults, viz., 3 g. 2-acetylfluorene, 9 ml. polyammonium sulxfhide 
solution and 15 ml. of dioxan. Increase of the proportion of 
polysulphide much beyond this limit led to the formation of 
fluorene-2-caxboxylic 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 general agreement with Willgerodt's

50-52
original observations on this type of reaction , 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



reagent led to the production of neutral products. Similar
44,48 49observations have been made by later workers *

After many experiments had been completed, a number of
papers dealing with the Willgerodt reaction appeared. In

48particular, De far and Qarmack found that a more reproducible 
sulphide reagent is prepared by suspending in concentrated 
ammonia 1/10 of its weight of sulphur and passing in hydx-ogen 
sulphide until the sulphur just dissolves. Later preparations 
have been carried out using this reagent. It has been found 
necessary to increase the proportion of reagent to 12.5 ml. 
for 3 g. of 2-acetylfluorene, and 15 ml. of dioxan to obtain 
the same yields as previously. The time of heating (at 160- 
170°j 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. The procedure for 
working up the product has also been varied and the following 
method has been found to be the most satisfactory.

2~Aeetylfluorene (3 g.j, ammonium sulphide reagent 
(12.5 ml.j, and dioxan (peroxide free; 15-17 ml.; were heated 
in a small stainless steel autoclave at 160-170° for 8 hours 
and left to cool overnight. The contents were washed out with 
alcohol and evapoi’ated to dryness on the v/ater bath. The crude
amide was then dissolved in acetic acid (40 ml.j and concentrated 

hydrochloric acid (12 ml.j, the mixture reflu&ed for 7 hours,



and poured into water. The precipitate was collected, washed 
and dissolved in hot dilute sodium carbonate solution (250- 
300 ml.} and filtered (filter cel was added to improve filtra­
tion} . The crude acid recovered by acidification of the fil­
trate -was crystallised from 50jo alcohol (oharcoalj, v/hen it was 
obtained as a colourless, crystalline mass, m.p. 175-177°. 
Yields, 1.8-2.0 g. Occasionally, for no apparent reason, an 
experiment gave a lower yield accompanied by some tar formation, 
although the same conditions and reagents from the same batch 
were used.

49bIt is stated that the Kindier 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 ?;ould seem desirable to 
run a small scale experiment to test each new batch of ammonium 
sulphide reagent.

lote on melting point of fluorene-2-aoetic acid. When the
-3crystallised fluorene-2~acetic acid was sublimed at 3 x lu mm.

and the sublimate crystallised from benzene, the m.p. obtained
was 183°. Bachmann and Sheehan reported 186-187° (after vacuum

39 osublimation and crystallisation) and v. Braun and Engel 178

for a product prepared by hydrolysis of 2-fluorenyl acetonitrile 
and subsequent crystallisation from alcohol.



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

39acetonitrile have been prepared by v. Braun and Engel , but
the preparation of the former from 2-aminofluorene via the
nitrile, 2-fluorenylmethylamine and 2-fluorenylcarbinol is too
laborious for a large scale method. The chloromethylation of

114-flu o re ne was next investigated. Dziewonski and Tanek state 
that methylal, fluorene and chloroform in the presence of 
phosphorus pentoxide give 2;21 -difluorenylmethane (m.p. 201- 
202°; . ho mention of the isolation of the chloromethyl com­
pound is made in the abstract. In the present investigation 
the chloromethylation of fluorene has been studied under a 
variety of conditions, but the yields of chloromethyl compound



were always poor due to the ease with v/hich it polymerises 
(c f . v • j'raun and isingelj . Attempts to use the prooedure 
described in organic Syntheses for the preparation of o< - chloro­
methyl naphthalene and various modifications thereof were very 
unsatisfactory. Slightly better results were obtained by use 
of paraformaldehyde solution in acetic acid saturated with 
hydrogen chloride, with or without the addition of 2inc chlor­
ide, as chloromethylating agent. When the reaction was allowed 
to proceed until all the fluorene was consumed, practically all 
the chloromethyl compound was polymerised. It Y/as found 
necessary to stop the reaction wdien much unchanged fluorene 
was. still present. Separation of the chloromethyl compound 
from the fluorene Y/as not practicable, but the mixture of the 
two was treated with excess concentrated potassium cyanide 
solution and acetone. Ihe crude nitrile thereby obtained was 
not purified but hydrolysed. rJ?he resulting fluorene-2-acetic 
acid was readily separated from the accompanying neutral im­
purities. After a number of experiments it Y/as found better 
not to heat the chloromethylating mixture but to add a little 
zinc chloride as catalyst and allow it to stand several days at 

room temperature. The details of a typical experiment are: 
dry hydrogen chloride was passed into a mixture of paraformalde­
hyde (6 g.; 0.2 mol.) and glacial acetic acid (200 ml.) until



all the paraformaldehyde had dissolved. Fluorene (13.3 g.;
0-08 mol.) and powdered zinc chloride (0.5 g.) were then added
and the passage of hydrogen chloride continued for y hour
longer. Ihe flask was then stoppered and allowed to stand
at room temperature for 4y-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 drained well. ihe product
was treated immediately with excess concentrated potassium
cyanide solution and sufficient acetone to dissolve it and the
mixture refluxed for 2y-3 hours. After removal of the acetone
the oily residue was diluted with water and the resulting solid
collected, washed well and hydrolysed with a mixture of acetic
acid/concentrated hydrochloric acid (3:1). The crude product
obtained after diluting the hydrolysis mixture with water was
digested with dilute sodium carbonate solution and filtered.
If necessary, the filtrate was heated with charcoal and again
filtered. Ihe colourless fluorene-2-acetic acid recovered by

^ oacidification 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 practically pure fluorene. Yield of
the fluorene-2-acetic acid based on the fluorene used is 25$:.
If the residue left after sublimation of the fluorene is

- 2 osublimed at 1.5 x 10 mm./225-24Q (temperature of heating



jacket) a crystalline sublimate is obtained which after 
crystallising from acetic acid and twice from petroleum ether 
had m.p. 201-202°. (Found: G, 94.1; H, 5.81. Calculated 

for G27H 2Q’ G > 94.2; H, 5.85/S) . This is evidently the
1142:21-di flu or enylme thane described by Dziev/onski and Panek

G i s - - ( 2-Fluo renyl)-o-nitrocinnamic acid (XIIX) . The sodium
salt of fluorene-2-acetic acid Y/as employed in the first Perkin
condensations, but in later experiments the triethylamine salt

53 54was used since it gave better yields * . The following pro­
cedure Y/as finally adopted. Fluorene-2-acetic acid (dried at 
110°; 5.6 g., l/40mol.), o-nitrobenzaldehyde (4 g., ca. 5$C
excess), triethylamine (2.52 g., 3.45 ml., l/40 mol., dried 
over potassium hydroxide) , and acetic anhydride (analar., 30 
ml.) were mixed and heated at 85-95° (oil bath temperature) for 
11-11.5 hours. The clear, pale brown solution Y/as poured, 
v/hile still warm, into 250 ml. of cold Y/ater with vigorous 
stirring and let stand 12 hours or longer. The mixture was 
then heated on the water bath for 1-2 hours until the oily solid 
had completely solidified, cooled, filtered, v/ashed and the 
still damp residue dissolved in ca* 230 ml. of hot benzene.
The solution Y/as cooled and filtered to remove a little trans-o- 
nitrocinnamic acid, and then extracted repeatedly v/ith dilute 
sodium carbonate solution until practically all acidic material



was removed. The combined alkaline extracts v/ere heated on the 
Y/ater bath with a little charcoal, filtered and the crude cis- o( 
(2-fluorenyl)-o-nitrocinnamic acid Y/as recovered from the 
filtrate by acidification with concentrated hydrochloric acid. 
(Yield of the crude acid 8.75 g., 98.5'Jc). Crystallised from 
5Of acetic acid, then from 50^ alcohol and finally from 
benzene/petroleum ether (80-100°), it gave bright yellow 
needles, m.p. 215-216° (probably decomp.). (Found: C, 74.2;
H, 4.32; I, 3.88. Cg2H 1504I requires C, 73.9; H, 4.23;
31, 3.92^) .
Hote. In this Perkin reaction a temperature of 85-95° gave 
higher yields than one of 90-100° (of. AmsttiLtz and Spitzrniller^) 
When the sodium salt v/as used heating for 7 hours at 130-140° 
or 8 hours at 115-125° gave yields Y/hich v/ere much smaller - 
ca* 6£yfc - than ?/hen the triethylamine salt was used.

cis- o(-(2-Ff uorenyl)-o-aminocinnamic acid (XIV). Follov/ing the 
usual procedure for the reduction ofo^-arylsubstituted-o-nitro- 
cinnamic acids (cf. 40,4-2,43,44) (XIV) Y/as reduced Y/ith ferrous 
sulphate and ammonia. In most experiments the crude nitro acid 
from the Perkin reaction was used without further purification 
since the same product Y/as obtained as from the purified acid.
A typical experiment was as follov/s: to 22 g • of ferrous 

sulphate (FeSO. .7H90 ) dissolved in 50 ml. of warm v/ater



cis- <* - ( 2-fluorenyl;-o-nitrocinnamic aoid in 100 ml. of water 
and 140 ml. of concentrated ammonia, and the mixtare was heated 
on the Y/ater hath for nearly 2 hoars. After dilation Y/ifp 
hot water and addition of charcoal, the mixtare was hoiled for 
a few; minates and filtered. The residaes were washed re­
peatedly with hot Vfo ammonia until they were practically free 
from amino acid. This washing was always tedious because of 
the sparing solubility of the ammonium salt of the amino acid.
The combined filtrate and v/ashings were acidified with aeetic 
aoid, when the bright yellow amino acid separated. It had 
m.p. 217.5-219.5°. Yield 1.9 g. (77^ of the theoretical amount) 
It was further purified by dissolving in hot dilate sodium 
carbonate solution and heating1 on the water bath with charcoal. 
The acid recovered from the filtrate by acidification with 
acetic acid had m.p. 217-219° and is sufficiently pure for 
cyclisation. ffor analysis it was crystallised first from 
alcohol giving yellow needles, m.p. 217-219° (probable decomp.)
which on crystallising twice from benzene had m.p. 217.5-219.5 
(probable decomp.) . (j?ound: C, 80.9; H, 5.05; H, 4.14.
G 22^17^2^ 0, 80.7; H, 5.25; IT, 4.28$).
This acid forms sparingly soluble sodium and ammonium salts. 
The reduction has also been carried out on a larger scale, but 
the yields ?/ere somewhat lower.

o



Qyclisation of cis-o(-( 2-fluorenylj-o-aminocinnamic acid.
(a) * Diazotisation methods using sodium nitrite and an aqueous 
suspension of a salt of the amino acid gave always incomplete 
diazotisation. Owing to its sparing solubility it was not 
possible to separate the diazonium salt from the unchanged 
amino acid by filtration.
(b) . 3?or complete diazotisation by the amyl nitrite method it 
was necessary to use HOI in plane of sulphuric acid and carry 
out the reaction at room temperature (ca* 20°) . A typical 
experiment was as follows: cis-o( - ( 2-fluorenyl)-o-amino- 
cinnamic acid (1.58 g.) was dissolved in warn alcohol (250 ml.) 
and cooled to 10-15°. (It was necessary to use sufficient 
alcohol to dissolve the amino acid completely at room tem­
perature) . Concentrated hydrochloric acid (52 ml.) was poured 
in rapidly, the mixture shaken and redistilled isoamyl nitrite 
(5.5 ml.) added without delay in one portion. If the tem­
perature had risen above 20° the mixture was cooled to 20° and 
let stand at this temperature 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 separation of the hydrochloride begins or diazo­
tisation will be incomplete.

To decompose the diazonium salt freshly prepared copper

powder v/as added and the mixture shaken at room temperature



until a negative coupling test was obtained, with ^  -naphthol. 
The cyclised acid began to precipitate towards tbe end of tbe 
reaction. The temperature usually rose several degrees during 
tbe decomposition but was never all07/ed to exceed 30°.

Uote. The copper powder used was prepared by tbe method of 
91Gattermann and stored under water. Specimens which bad 

turned darb gave lower yields. With amounts of amino acid 
larger tban tbe above quantity tbe yields also decrease. It. 
also seems disadvantageous to decrease appreciably tbe large 
proportion of alcohol. A dioxan/alcohol solution may be 
superior but no dioxan (cf. 43,43,45) v/as available. Addition 
of excess of sodium bypopbospbite solution (cf. 41) during tbe 
decomposition did not seem an advantage. In tbe absence of 
copper powder tbe bypopbospbite did not effect complete decom­
position. In one experiment copper powder was omitted and 
tbe acid suspension of tbe diazonium salt neutralised witb 
sodium carbonate solution (cf. 40). The mixture was allowed 
to stand at room temperature until tbe coupling test witb 
napbtbol was negative ( one hour) . From tbe reaction 
mixture a crude substance was isolated wbicb could not be 
purified completely but by its behaviour was apparently XXVIIa* 

The reaction mixture was diluted to 1200 ml. witb cold 
water and tbe precipitate collected and washed.. It is
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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 Y/hich it Y/as
almost completely soluble, digested with a little chaxcoal and
the solution filtered. Ihe cream coloured acid was crystallised
from acetic acid to give a cream coloured nicely crystalline
product of m.p. £50-251° weighing 0.91 g. (60 . 65* of the
theoretical amount) . A sodium fusion test for nitrogen and
chlorine on this material Y/as negative.

For analysis this acid Y/as crystallised twice more from
acetic acid without raising the m.p. and finally from benzene
containing lOji of alcohol, Y/hen it v/as obtained as a cream

ocoloured crystalline mass of needles m.p. 251-252.5 (decomp.). 
Considerable sublimation takes place belov/ the m.p. of this 

acid. (Found: C, 85.0; H, 4.40. G£2H14°2 re(lllires G ’ 85*2;
H, 4.55J*) •
The acid is sparingly soluble in benzene, readily soluble in 
alcohol and acetone, moderately soluble in acetic acid. From 
the crude reaction product there Y/as also isolated in small 
amounts an acid of m.p. 269-271°. It gave an empirical 

formula of 824H19°6 °n and was in to° sma11 an amount
to investigate further. (Found: C, 71.4; H, 4.76/*).



(I1 :2*-naphtha)-1;2-fluorene (XXVIIJ . (a) Heating a quinoline
solution of the Pschorr acid with copper powder for 3 hours 
caused practically complete decarboxylation, but no pure com­
pound could be isolated from the crude neutral product.
(bj (XXVIIa) (crystallised from acetic acid, m.p. 250-251°; was 
mixed intimately with 1-2 times its weight of dry copper 
powder and heated at ordinary pressure at 260-280° in a metal 
bath for several minutes. The product ?/as then sublimed 
under reduced pressure (0*2-0.4 mm. with a bath temperature 
of 300-320°j. The decarboxylation procedure should be carried 
out on a small scale, preferably with each batch containing 
not more than 0.2 g. of acid. The yields are always poor 
(e.g., in a favourable case 0.85 g. of XXVIIa yielded 0.15 g.
( 20y) of purified (I 1 ;2 '-naphtha)-1 s2-fluorene).

The sublimate was a deep cream crystalline mass en­
crusted with a thin layer of red material (probably a mixture 
of the quinone QOXIIIj and the ketone (XXXIIJ (p. 58)). It 
wq,s digested with Ifc sodium hydroxide solution on the water 
bath, filtered hot and washed well with hot water. Acidifica­
tion of the filtrate precipitated small amounts of unchanged 
acid. The alkali insoluble residue was dried and dissolved 
in petroleum ether (60-80°), and passed through a column of 
alumina (10 x 2 cm.; h.D.H.). The red impurities were more 
strongly adsorbed than the hydrocarbon which was slowly eluted



by petroleum ether as a uniform, colourless band (strongly 
fluorescent in ultra violet light). Elution may be completed 
by addition of 10 and finally 20y of benzene to the petroleum 
ether. Alternatively the column may be cut after development 
with petroleum ether and the hydrocarbon eluted with chloroform. 
Evaporation of the petroleum ether eluate left a faintly yellow 
crystalline product which, crystallised from petroleum ether 
(60-80°), gave colourless crystals (plates, m.p. 158.5-159.5°). 
(Eound; 0 , 94.7; H, 5.23. ^21^14 requires 0, 94.7; H, 5.30/1)

(XXVII) may also be crystallised from alcohol, v/hen it 
separates as a mixture of needles and plates. ihe m.p. observed 
under the microscope showed that the needles melted several 
degrees below/ the plate forms. The melt allowed to cool 
deposited only plate forms of the above recorded m.p. Another 
sample of the same batch of material crystallised only from 
petroleum gave only the plate forms. The needles uncontaminated 
by plates were not isolated. (XXVII) is very soluble in ben­
zene and chloroform, moderably soluble in alcohol and petroleum 
ether.

Afthr removal of . XXVII the red material was eluted with 
chloroform, when it divided into two main bands of which the 

most strongly adsorbed - a bright yellow band - left a yellow 
crystalline solid (m.p. 237.5-242°) on evaporation of the



solvent. There was not sufficient of this material for com­
plete purification, hut it is probably an impure specimen of 
the substance of m.p. £43-244° isolated from the oxidation 
products of XXVII I see below).

Oxidation of (1 T ;2!-naphtha)-l;2-fluorene. A sample of the 
hydrocarbon v/as dissolved in acetic acid and to the boiling 
solution excess sodium dichromate was added, the mixture re­
fluxed for 15 minutes, and poured into water. The yellow 
precipitate was extracted with benzene. The extract was 
washed with water, then with aqueous sodium carbonate until 
the washings were alkaline, and again with water. After 
drying over sodium sulphate the solution was passed through 
a column of alumina (2 x 8 cm.; B.D.H.). The first eluate 
(yellow) passed through easily and on evaporation left a yellow 
orange crystalline residue (slightly sticky). Crystallised 
from benzene in which it was readily soluble, and then from 
alcohol, it gave a homogeneous mass of orange needles, m.p. 
152-153°. (Eound: C, 90.0; H, 4-39. GgpSqgC requires
0, 90.0; H, 4.32ft). The analysis agrees with (1* s2 1 -naphtha) -

1:2-f1uo renone (XXXII).
A more strongly adsorbed red band was eluted with chloro­

form. On evaporation of the solvent a yellow crystalline 
residue of m.p. 238-240° (decomp.) remained. It Y/as



crystallised from benzene in which, it was sparingly soluble, 
giving a homogeneous mass of yellow plates, m.p. 243-244° 
(decomp.) . There was not sufficient material for further 
purification. (found: u, 84.4; &, 4.03. G H 0 requires&JL JL& &
G, 85.1; H, 4.08$) .
The product is probably (XXXIHi). Contamination with a little 
(XXXIV) would account for the low carbon analysis, and the two 
quinones would probably not be separated readily by chromato­
graphy.

Attempts to prepare a picrate and a 1 :3:5-trinitrobenzene 
derivative of (XXVII) failed.

llote. further investigation of the decarboxylation of the 
Pschorr acid.

(c) . The acid v/as mixed with finely powdered soft glass and the 
mixture treated similarly to the case using copper powder.
The acid sublimed unchanged.
(d). An acetic anhydride solution of (XXVila) was ref'luxed 
with copper powder. Ho crystalline material could be isolated 
from the product. Only a very small amount of material was 
available from this test and the results were not conclusive.
(e) . A small amount of (XXVIIa) v/as converted to its silver 
salt by standard procedures. The dry, finely powdered silver 
salt (cf. 56) was added in portions to boiling quinoline
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(synthetic, dried over potassium hydroxide j (the flask was 
heated in a metal hath). After re fluxing 0.5 hoars the mixture 
was cooled, diluted with benzene, extracted repeatedly with 
dilute hydrochloric acid, washed with water and then with 
sodium hydroxide solution. Acidification of the alkaline 
extract gave only traces of the unchanged acid. The benzene 
layer after drying over calcium chloride v/as passed through a 
column of alumina (B.D.H.j. Evaporation of the filtrate left 
a crude sample of (XXVII) . It was contaminated with a red 
material, presumably a mixture of (XEXII; and (XXXIII; . Hot 
sufficient of the acid was available at this stage to allow a 
quantitative comparison of the yields by this method with 
those from (b) (p.73).

ois~ ck- (2-fluorenyl)-o-chlorocinnamic acid (XXXV; . Sodium 
2-fluorenyl acetate (1.35 g .; 0.0055 mol.;, o-chlorobenzalde­
hyde (0.77 g.; 0.0055 mol.) and acetic anhydride (7.5 ml.)

owere mixed and heated in an oil bath at 130-140 (oil bath 
temperature; for 8 hours. the product, while still warm, was 
poured into cold -water (100 ml.) with vigorous stirring, and 
let stand 12 hours or longer. The mixture was then heated on 
the water bath until the oily solid had completely solidified 
(1-2 hoursj, filtered hot, and the insoluble residue -washed with 
hot water. On cooling a little crystalline material separated
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from the filtrate. This v/as shown to "be mainly trans-o- 
chlorocinnamic acid and v/as rejected. The brown insoluble 
residue was digested with hot dilate sodium carbonate solution 
on the water bath until no more solid dissolved and filtered 
hot. The crude acid recovered by acidification of the fil­
trate was crystallised repeatedly from benzene, once from 
aqueous acetone and again from benzene, giving a homogeneous 
mass of colourless needles, m.p. 229-231° {slight decomp.;. 
(Round: C, 76.1; . H, 4.36; 01, 10.3. Gg^H^gO^Gl requires
G, 76.2; H, 4.36; 01, 10.23ft). This material is presumably
the cis isomer. It is readily soluble in alcohol, acetone, 
acetic acid and benzene, and less soluble in petroleum 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-chloro cinnamic acid. Removal of the benzene 
left an oil which solidified on treatment with alcohol. 
Crystallised from alcohol (charcoal) it gave light yellow 
crystals, m.p. 137.5-138.5°. Crystallised again from petroleum 
ether (80-100°) it gave a pale yellow crystalline mass of m.p.

presumably trans- &(- ( 2-fluorenyl) - ( o-chlorop]jenyl;-ethylene

L38-139 . {Round: G, 83.4; H, 4.84; Cl, 11.24.

requires 0, 83.3; H, 4.99; 01, 11.7l£). The compound i

COX7I) •



Part II.

Synthesis of °( -( 2-flu.orenyl)- yS -aryl- 
ethylenes.



Synthesis of **-( 2-fluorenyl j - p  - arylethylen.es. 
a ) . Introduction.

It has already been stated in the General Introduction
that certain basically substituted ^-diarylethylenes possess
both carcinogenic and tumour inhibitory properties {the degree of
the latter--effect depending on the protein content of the diet of

115cthe experimental animal) . In a recent report 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 -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
crease in the size of certain substituents leads to a decrease 
in activity. Rinally only the trans isomers of these - 
diarylethylenes show the biological properties in question. To 
account for these observations 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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3
X =• H, #Ox> ** °C ) " Ĉ x.

A coplanar arrangement of the aryl nuclei is also essential for 
the existence of form A, and this is obtained only in the trans 
forms of the otjZ - di aryl ethylene s . 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 general formula B Y/as undertaken with the object 
of submitting them to biological examination. the substituents 
in the para position were not limited to basic groups since it 
seemed of interest to test the general hypothesis in this 
respect. Ad far as it is known no -di aryl ethyl enes with
one of the aryl groups a 2-fluorenyl
radical have been prepared and examined 
for tumour inhibitory properties. The 
9-fluorenyl derivative (XLYIJ has been 
reported to be active^4 .

Since it has been reported
that certain °</3 - diaryl- 

127ethylamines possess
tumour inhibitory action octt̂

H (tf



the preparation of compounds of the general formula C was 
investigated. Only a preliminary exploration has been made 
in this section partly through lack of time and psxtly due to 
the unattractive properties of some of the intermediate compounds 
A description of the compounds obtained is given in the experi­
mental section.

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

Af*W

<t/S

The Perkin reaction gave satisfactory results in all the cases
indicated, and where a comparison was carried out tri ethyl amine

\
as catalyst gave better yields than sodium or potassium acetate. 

j?or X - h , OCH, 01 decarboxylation of the cis -o( -( 2-fluorenyl}~ 
cinnamic acids gave fair yields of the cis -o( - (k-fluorenylj - p  ~ 

(p-substituted-phenyl;-ethylenes which could be smoothly 

isomerised to their trans isomers by heating with iodine in
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benzene. In the ease of the nitro compound, however, the 
decarboxylation gave very poor yields of the cis isomer. This 
also isornerised smoothly to its trans isomer. Reduction of 

this trans- - ( 2-fluorenyl)-/S -fp-. nitrophenyl) -ethylene (XXXVIII) 
with stannous chloride gave the corresponding amino compound 
which v/as purified as its H-acetyl derivative. However, the 
amount of nitro compound available by the above method Y/as not 
sufficient to allow the preparation of a sample of the H-acetyl 
derivative for biological testing.

Another route to trans - -( 2-fluorenyl) - (p-nitro-
phenyl)-ethylene v/as obtained by the following series of re­
actions. p - Hi tro phenyl acetyl chloride v/as condensed v/ith
fluorene under Rriedel-Grafts conditions and the resulting 
2-fluorenyl-p~nitrobenzyl-ketone (XXXIX) was reduced by alumin­
ium isoprop oxide to the corresponding carbinol (XXXIXa) . This 
was dehydrated v/ith acetic anhydride containing hydrogen 
chloride, v/hen (XXXVIII) was obtained in small quantity.

Trans-<*-( 2-fluorenyl)- yS-(phenyl)-ethylene (XXXVII) and 
c*42-fluorenyl)-yS -(p-nitrophenyl)-ethylene (XXXVIII) v/ere also 
prepared in very small yields by coupling diazotised 2-amino-
fluorene with cinnamic and p-nitrocinnamic acids respectively,

58
according to the method of Meerwein, Bllchner and van Xmster

59and of Bergmann and coworkers . further description of these 

experiments is included in the experimental section. The



mechanism of this interesting reaction is still a matter of
dispute hut some evidence supports the free radical mechanism 

cf.118,121indicated below r~ XVv I

*=* [ir*J + “  i ^'-- < 0 ^ 0 /  5 *---

* H ^  +  H-H : c.
aL ft

X
6z'

HU+<*>x+ flvCft~C.HQr <---  tfy
fiyr

ec H o o ^ H  -- *- trance.*/*1 -t-H* +CC*.
fr' .........

ho* + <Uts.&>- Of* — p & j * +  £*3**4. O

The free aryl radical Ar1 may add to either the ^  or p  carbon 
atom of the cinnamic acid giving I or II • However, the pro­

duct finally isolated
^ //<so».// fa ■ 4 corresponds to addition of A r 1

QrCH —  C« - CH
f̂br k xo>H i-0 ^  carbon atom. It

118
XL JL- has been pointed out that

the free radical I will be 
more stable than the alterna­

tive free radical II since resonance in the more symmetrical
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system represented by I will be greater than the resonance in 
system II. Ibis idea receives farther support’ from tbe obser­
vation tbat in tbe acrylic and crotonic acid series addition 
of A r 1 takes place at tbe p  -carbon atom. Ihas:

6 c*. f t -yw H + +
U R  CH ■=. c. H • C rS frv’-t ~  c,------ --- > fry. <s —
C ; * R »
jj? - H)£ ̂  3 3 77T

tur
Vr

.ft ct
fry* C- —  ^ ^

R (i

I

1%t f t f t ' U e  i h . i ^ r n ^ U a ' f - e  rvuJ.,'c <*.)% <*♦-?:

/I/ it. ft
fry £ —  C < W  cv ft C, —  &  erf

R H R fiJ
nr TV

Of tbese III can be stabilised by resonance of tbe odd electron
witb tbe CH groap, bat in IV stabilisation by resonance witb H
or OH_ is not possible. Hence it is assamed tbat III will 

o
bave tbe lower energy content and, therefore, will presamably 
be more easily formed. Tbe free radical mechanism also ex­
plains the roles of tbe acetone, sodiarn acetate and capric ions 
Oaproas ions are said to bave no catalytic effect in tbe Meer-
wein reaction. In tbe case of diazoniam pompoands there is

121,126independent evidence that in solvents sach as baffered



aqueous acetone some dissociation to free radicals takes place. 
Waters has shown that a solution of a diazonium chloride in 
aqueous acetone (free acid neutralised by chalk) attacks copper 
mercury, silver, gold, etc. to give metallic chlorides and even 
organo-metallie compounds, while in the absence of the acetone 
the corresponding reactions do not occur.

Since the experiments described in this report have been
125carried out it has been claimed by Indian workers that in 

the Meerwein coupling of aryl diazonium chlorides with maleic 
acid acetone is not essential to the reaction. Ho experiments 
on the coupling reaction with cinnamic acids were reported.

]?or the preparation of -(2-fluorenyl)-^-(p-dimethyl- 
aminophenyl)-ethylene (ZLIV) fluorene-2-acetic acid was heated 
with p-dimethylaminobenzaldehyde in the presence of piperidine 
(cf. for example 128) . Considerable amounts of resinous by­
products were also formed. The corresponding o( -(2-fluorenyl) 
p-dimethylaminocinnamic acid was not isolated from the reaction 
mixture. The ethylene obtained is presumed to have the trans 
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 oi-( 2-fluorenyl)-p-

dimethylaminocinnamic acid by methylation of ^ - ( 2-fluorenyl;- 
p-ami no cinnamic acid unonr various conditions, but a pure pro­

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



by sab sequent de carboxyl at ion of tb.e required cinnamic acid v/as 
abandoned.
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Since the cis or trans configuration of the <*/$ - di aryl- 
ethylenes is of importance in connection with their biological 
properties, the evidence for the configurations of the compounds 
prepared is briefly described* As already mentioned in a pre­
vious section (p. 57 ) the <*-arylcinnamic acids prepared by 
Oglialoro’s modification of the Perkin reaction have exclusive­
ly or predominantly 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 available) there is generally little 
isomerisation and the resulting stilbenes have predominantly 
■ the cis 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 
trans form seems invariably to be the more strongly adsorbed 
(alumina as adsorbent ). In the present ?/ork the isomers 
were all fluorescent and the zones could be distinguished under 
ultra violet light. Using this guide, small amounts of trans- 
<*-( 2-fluorenyl) - yS -(phenyl)-ethylene (XXXVII) were separated 
from the cis isomer, when the decarboxylation product from the 

pure cis-0(-(2-fluorenyl)-cinnamic acid was chromatographed on 
alumina. Similar separations were effected wi'th the other pair 
of isomers prepared by decarboxylation of the corresponding



cis-arylcinnamic acids. When the isomers are colourless or
non-fluorescent it is usual to search for an indicator which

116will show different colours v/ith the two isomers . If the
chromatography is carried out at room temperature there is, as
a rule, no isomerisation on the column.

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

58,59,122seem always to have the trans configuration . Kuhn
and Winterstein1 s modification of the Perkin synthesis using
litharge as catalyst often favours production of the stilbene

59,122,117at the expense of the cinnamic acid . However, when
this reaction was applied to fluorene-2-aeetic acid and p-nitro-
benzaldehyde only cis-oC-( 2-fluorenyl)-p-nitrocinnamic acid was
obtained and no trans stilbene could be isolated.

123Weygand has recommended the use of molecular compound 
formation to separate geometrical isomers. kor instance, small 
amounts of stilbene 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 
iso-stilbene was obtained in crystalline 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 geometrical isomer has 
"been isolated from the Meerwein reaction. All these products 
are believed to have the trans configuration although definite 
proof has only been forthcoming in a fey/ cases5^ ’122. for 
instance, coupling of benzene diazonium chloride with cinnamic 
acid produces stilbene, the trans configuration of which has 
been clearly demonstrated by various independent methods.

In the present series of compounds the main product from 
the decarboxylation of the Perkin acids has been assumed to 
possess the cis configuration and the higher melting, less 
soluble 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 Meerwein reactions studied. for the 
nitro, methoxy, and chloro compounds the supposed trans isomers 
exhibited liquid crystal formation. In the case of the p- 
dimethylamino-compound melting was accompanied by widespread 
decomposition and there was no possibility of observing liquid 
crystal formation. The property of liquid crystal formation

57
is shown by numbers of trans isomers and has been recommended
as a criterion for distinguishing them from the cis compounds.

119It has been suggested that the rate at which bromine 
is removed from the trans and cis stilbene dibromides by iodide 
ions according to the reaction ^ _

ft & -i- 6 -L -- ? S



can "be used as a method for distinguishing between eis and trams
119isomers. In the cases investigated bromine was eliminated

much more rapidly from the dibromides from the trans compounds
(i.e., from the rneso dibromides). fhis method has not been
investigated in the present work. Other well known physical

120methods for distinguishing between the cis and trans isomers 
are dipole moment, X-ray, and ultra violet absorption measure­
ments. In the case of dipole moments, the moments of the 

' individual groups may obscure those due to their cis or trans 
configuration. Moreover, the apparatus necessary for the 
measurements is not always available, a difficulty which applies 
also to X-ray methods, which have the additional disadvantage 
of requiring more time than most of the other methods.

b j. Bxperimental. 
lype B Compounds.
ois-( 2 - ffl uo renyl)»p-nit roc innamic acid. Bluorene-2-acetic acid 
(5.6 g.; l/4Q mol•; dried at 110°), p-nitrobenzaldehyde 
(4 g.; 5$ excess), tri ethyl amine (I.G.I. product dried over
potassium hydroxide; 2.52 g.; l/40 mol.) and acetic anhydride
(23.2 ml.; 25.5 g.; l/4 mol.) Y/ere heated at 85-95° (oil bath
temperature) for 11-11.5 hours. The product, while still warm, 
was poured into cold water, and after standing 12 hours or 
longer, the mixture was heated 1-2 hours on the water bath until



the oily solid had completely solidified. It v/as cooled, 
collected and washed. the 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°, Y/hich Y/as sufficiently pure for decarboxylation. Bor 
analysis the acid Y/as crystallised tv/ice from 90ji acetic acid 
and then from alcohol, when it Y/as obtained as bright yellow 
platelets of m.p. 262-263° (decomp.). (Bound: G, 73.9;
H, 4.28; jtf, 3.94. ^22^15^4^ requires 0, 73.9; E, 4.23;
B, 3.92^).

cis- - ( 2-ffluorenyl) - (S - ( p-nitrophenyl)-ethylene. Ih e copper
powder used in this and subsequent decarboxylations was pre­
pared according to the method of G-atterrnann and stored under 
water. It was dried on a porous tile immediately before use.
In later decarboxylations copper chromite catalyst was often 
used in place of the copper powder. There v/as no significant 
different in yields in any of the examples studied. Gis-c*- 
( 2-fluorenyl)-p-nit roc innamic acid (1.8 g.; 0.005 mol.) v/as
dissolved on warming in quinoline (20 ml.; dried over potassium 
hydroxide) and 2-3 times its weight of copper powder was added. 
The mixture v/as maintained at 210-215 (metal bath temperature j 
for 10-12 minutes, when the initial brisk reaction had practi­
cally ceased. The still warm mixture was poured into benzene,



filtered, and the benzene layer washed repeatedly with dilute 
hydrochloric acid, then v/ith water and finally with sodium 
carbonate solution. Acidification of the alkaline extract 
showed that decarboxylation was practically complete. The 
benzene solution v/as dried over sodium sulphate and chromato­
graphed on alumina (B.D.H.j. A broad homogeneous yellow band 
passed first down the column followed by a number of bands which 
varied from orange to dark red. It v/as necessary to use 
several columns to effect complete separation of the yellow 
material. Removal of the benzene from 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 needles of m.p. 134-135.5°. 
Crystallisation from alcohol gave bright yellow needles, m.p. 
134-156°. (j?Otmd: C, 80.7; E, 4.92; I, 4.54. a2lH15°21'1
requires G, 80.4; H, 4.83; B, 4.47>9). The eluates from the 
above mentioned orange and red bands were examined. The 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 v/ide-spread decomposition of the 

molecule.



trans- q< -( 2-Eluorenyl j - £ - ( p-nitrophenyl) -ethylene (XXXYlIl) .
( a) • ois- <* - ( 2-Bluorenyl) - jb - (p~nitrophenyl) - ethylene was 
dissolved in pure, dry benzene, a few crystals of iodine added 
and the benzene distilled, when the trans isomer usually 
separated from the hot solution during the distillation. The 
crystalline residue was maintained at 140-150° (oil bath tem­
perature) for a further 10-15 minutes, then cooled, stirred 
with sulxDhurous acid solution, collected and washed. After 
crystallisation from benzene/alcohol (4:1) it melted at 222- 
223° to an opalescent liquid which became clear at 252-253° 
(slight decomp.). . (Bound: G, 80.6; n, 4.93; ii, 4.39.
^21^15^2^ requires G, 80.4; H, 4.83; B, 4.47J9) .
(b) . A mixture of 2-aminofluorene (0.91 g.; 0*005 mol.), con­
centrated hydrochloric acid (1.5 ml.) and water (7.5 ml.) was 
heated to 100° and cooled rapidly 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-nitrocinnamic acid (0.97 g.; 0.005 mol.) suspended

H Hin analar, acetone (130 ml.) and solutions of sodium acetate 
(2 g. in 6.5 ml. of water) and cupric chloride (0.86 g. in 2.5 
ml. of water) were added immediately. Bo reaction took place 
at room temperature (15-20°) and the temperature of the mixture 
was cautiously raised until steady evolution of gas set in and



the diazonium salt and the p-nitrocinnamic acid steadily dis­
appeared (1.5 hoars) (bath temperature 30-40°). The reaction 
mixture was then steam distilled, when acetone (probably 
containing some ehloroacetonej passed over and then a mixture 
of neatral solids, subsequently identified as fluorene and 
2-chlorofluorene. The brown powdery, non-volatile residae 
was filtered, then digested with warm sodium carbonate solution 
and again filtered. Acidification of the combined filtrates 
gave 0.85 g. of p-nitrocinnamic acid. The dry carbonate in­
soluble residue was shaken with benzene and the resulting deep 
brown solution passed through a column of alumina (B.D.E.:;
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. Kemoval of the solvent from this yellow eluate 
left a slightly sticky, ye11ow crystalline residue which after 
v/ashing 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° 
to an opalescent liquid which became clear at 252-253° (slight 
decomp.). A mixed m.p. with the product obtained by method (a) 
gave no depression.
(c). Pure 2-fluorenyl-p-nitrobenzyl-ketone (X&XLl; (see below 
p.110) was mixed with excess of an approximately 1 molar 
solution of aluminium isopropoxide in dry, thiophene free



■benzene and the benzene slowly distilled through a rod and disc 
fractionating column (20 cm.) until no further test for acetone 
was obtained in the distillate (about 10 hours). benzene was 
added to the reaction mixture at intervals during the distilla­
tion to maintain the volume constant. The reaction mixture 
was decomposed with ice cold hydrochloric acid and the benzene 
subsequently distilled. The residual suspension of a yellow 
crystalline solid v/as filtered and the residue washed. The 
product had m.p. 172-175°, and after crystallisation from 
alcohol melted at 175-176.5°. A second crystallisation from 
alcohol did not alter the melting point. (Pound: G,
H, 5.27; h, 4.25. requires 0, 76.1; H, 5.17;

Iff, 4.23$).
The carbinol was dehydrated by boiling with acetic an­

hydride containing dry hydrogen chloride for Zg hours. 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 crystallisation 
from benzene/alcohol (4:1) it melted at 222-223° to an opales­
cent liquid which cleared at 253.5-254.5°. A mixed melting 
point with the x̂ Q&U-Cj'k from (a) gave no depression.



trans- <X - ( 2-Pluorenyl) - ji - ( p- ac e ty 1 ami no phenyl) - ethylene .
A mixture of trans- - ( 2-fluorenyl) - ft - ( p-nitrophenyl; - ethylene, 
stannous ohloride and equal volumes of acetic acid and con­
centrated hydrochloric acid was heated on the water bath until 
reduction of the nitro group was complete (ca. 4 hours;. On 
cooling the reddish precipitate was collected and worked up 
by standard procedures, but the amine did not crystallise well 
and was converted to its acetyl derivative by heating with 
acetic anhydride. After crystallising from acetic acid the 
acetyl compound had m.p. 273-275° (decomp.;. A second 
crystallisation from acetic acid gave a pale straw' coloured 
crystalline product, m.p. 278-280° (decomp.j.
(Pound: 0, 85.0; ii, 5.82; I, 4.69. requires
G, 84.90; H, 5.89; I, 4.315;).

cis- q< -( 2-Pluorenyl)-p-chlorocinnamic acid. The p-chloro- 
"benzaldehyde was prepared according to the Organic Syntheses 
directions for the p-bromo compound except that it was found 
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 110°;,

triethylamine (6 ml.; 0.04 mol., the same quality as in 
previous Perkin reactions;, acetic anhydride (37.2 ml.; and



p-chlorobenzaldehyde (6.8 g.; 20y excess) were mixed and heated
under a nitrogen atmosphere at 85-95° for 11.5 hours. The 
product while still warm was poured into v/ater 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. The residual salt was dissolved 
in hot water (500 ml.; charcoal) and filtered. The cream 
coloured acid (6.9 g.) recovered by acidification of the 
filtrate had m.p. 236.5-238.5°. for analysis it was crystal­
lised from benzene giving a product.of m.p. 242.5-243.5° and 
then 3 times from 90fo acetic acid,j giving cream coloured needles 
or prisms, m.p. 24 5. ©-245.5°. (found: 0, 76.0; H, 4.35;
01, 10.33. QggE^gOgGl requires G, 76.2; ii, 4.36; Cl, 10.23^).

cis- o^-( 2-fluorenyl) - ̂  -( p-chloro phenyl) - ethylene . A solution
of o< -( 2-fluorenyl)-p-chlorooinnamic acid (1.73 g .; 0.005 mol.) 
in quinoline (20 ml.) was heated with 2-3 g. of copper powder 
at 205-210° (metal bath temperature) until the initial brisk 
reaction had subsided (10-12 minutes). The mixture, while 
still warm, was poured into petroleum ether (60-80°; 25o ml.;,
filtered, and the filtrate extracted successively with dilute 
hydrochloric acid and then sodium carbonate solution as



described for the corresponding nitro compound. ilo unchanged 
acid was recovered on acidification of the sodium carbonate 
extract. The dry petroleum ether extract was chromatographed 
on alumina (B.D.H.). A broad homogeneous colourless band, 
weakly fluorescent in ultra violet light, passed first down 
the column, followed by a narrow colourless more strongly 
fluorescent band (the trans isomer), and theuby a heterogeneous 
yellow zone. Qn removal of the solvent the first colourless 
eluate left an almost colourless, slightly greasy residue of 
m.p. 97-99° (0.82 g.; 54/ of the theoretical yield). for
analysis and biological examination it was crystallised from

i

alcohol,.giving colourless needles, m.p. 103.5-104.0°. It was 
crystallised again from alcohol giving a product of the same 
m.p. (found: G, 83.5; H, 5.16; 01, 11.57. ^ 2 1 % 5 G1
requires G, 83.3; H, 5.00; 01, 11.71/).

trans- U -( 2-fluorenyl) - f> -( p-ohlorophenyl) -ethylene. Pure 
cis- oi - ( 2-fluorenyl) - yg-(p-chlorophenyl)-ethylene was isomerised 
by heating with iodine in benzene exactly as described for the 
corresponding nitro compound. The crude product had m.p. 220-
222° to an opalescent liquid. It was crystallised from benzene

containing 15/ alcohol, giving colourless crystals (opalescent 

plates) of m.p. 225-226° to an opalescent liquid which cleared 
at 238-239°. After two further crystallisations from the same



solvent mixture it had m.p. 224.5-225° to an opalescent liquid, 
clearing at 239-240°. (Pound: 0, 83.2; H, 5.00; 0 1, 11.49.
G21H 1501 requires G, 83.3; H, 5.00; 01, 11.71^) .

cis- o( -(2-ffluorenyl)-p-methoxycinnamic acid. ( a)• A mixture of
flaorene-2-acetic acid (2.24 g.; 0.01 mol.), anisaldehyde
(1.46 ml.; 20̂ ' excess), triethylamine (1.38 ml.; 0.01 mol.)
and acetic anhydride (5 ml.) .was heated at 9o-95° for 11 hoars.
The prodact while still warm was poared into water and after
standing 12 hoars or longer the crade acid was parified throagh
its sparingly soluble sodiam salt in an analogous manner to the
chloro compound. Yield 1.25 g. (36)2 of the theoretical amount)
of a colourless acid of m.p. 271-272° (slight decomp.;. It
was crystallised from 90)2 acetic acid giving a product (pale

ocream needles or prisms) of m.p. 273-274.5 . Two further 
crystallisations from alcohol did not alter the m.p.
(Pound; G, 80.7; n, 5.17; G23518°3 re(laires 83.7;
H, 5.30%■) . When the above preparation was carried out on twice 
the scale a 43)t yield was obtained.
(b). A mixture of fluorene-2-acetic acid (2.24 g.), anisalde- 
hyde (1.46 ml.), finely powdered, freshly fused potassium 

acetate (1 g.; 0.98 g. 7 0.01 mol.) and acetic anhydride
(5 ml.) was heated at 110-120° for 8 hours. hy this time the



separation of a little dark resinous matter had commenced and 
heating was .stopped. the product, while still warm, was poured 
into cold water and after standing IS hoars or longer the crude 
acid was purified through its sodium salt as under (a).
Yield 0.9 g. of a product of m.p* 261-26 5°.

c i s- o( - ( 2-ifluor enyl) - - (p-methoxyphenyl) - ethyl ene . <*-1 2-
j?luorenyl)-p-methoxycinnamic acid (1.71 g.; 0.005 mol.) was
decarboxyl at ed by heating in quinoline solution (20 ml.) with
2-3 times its weight of copper powder at 205-210° (metal hath
temperature) for 10-12 ruinates. She prodact was worked up as
described for the corresponding chloro compound. 0.9 0.
(60y?j of a colourless, slightly greasy crystalline product was
obtained after chromatography. kor analysis and biological
examination it was crystallised from alcohol giving a prodact
of m.p. 92-92.5°. Crystallised again from alcohol the pro-

oduct formed amass of shiny plates^m.p. 91-91.5 .
(Pounds 0 , 88.7; H, 6 .22. c22s 18° requires 0, 88.5;
H, 6.08$).

When the decarboxylation was carried out on half the above 
scale the yield rose to 7Oy of the theoretical amount. As 

with the.chloro compound, a thin band of the more strongly 
adsorbed trans isomer passed down the column between the cis 
isomer and the coloured impurities. She eluates from the



101

strongly adsorbed yellow bands on the column were examined.
They contained crystalline material bat it go aid not be puri­
fied.

trans- pi - ( 2-fluorenylJ -y8 - ( p-methoxyphenyl] - ethylene. 8is-o(-
( 2-fluorenyl) - - (p-methoxyphenyl]-ethylene was isomerised by
exactly the sane method as used for the nitro and chloro com­
pounds. After crystallisation from benzene containing lOy 
of alcohol the product had m.p. 225-226° to an opalescent liquid 
which cleared at 265-266° (slight decomp.j. A second crystal­
lisation gave a product (colourless plates with a pearly 
sheen] of m.p. 226-227° to an opalescent liquid becoming clear 
at 264-265° (slight decomp.]. (found: C, 88.6 ; E, 6.00.

^22^18^ reCiait,es U, 88.5; H, 6 .08y ) .

Gig- oj -( 2-.g,laorenylj -cinnamic acid. A mixture of fluorene-2- 
ac etic ac id (2.24 g .; 0. Ul mol. ) b enz aide by de (1.22 m l .;
2Gfe excess), triethylamine (1.38 ml.; 0.01 mol.; and an etic 
anhydride (5 ml.; was heated at 9u-100° for 11-11.5 hours.
The. product was worked up as in the cases of the chloro and 
methoxy compounds and gave 1.89 g. (6j .5y of the theoretical 
amount] of an acid of m.p. 217-219° after purification through 
the sodium salt. for analysis the acid was crystallised three 
times from 9 alcohol giving a mass of small, colourless 
needles, m.p. 220-222° (slight decomq.). (found: G, 84.4;



H, 5*24. ^22^16^2 ^  q & i - 0, 8 -̂ • 6 ; ji, 5*17^) •

cis- c<- ( 2-Flaorenyl) - ̂6 - shenyl-ethyleno ■ cis-^ -( 2-Fluoreny 1} ■
cinnamic acid was decarboxylated by heating its quinoline 
solution with copper powder 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 
alumina column as a weakly fluorescent, colourless sons. It 
was followed by a narrow, more strongly fluorescent colourless 
zone which-on elution and removal of the solvent left a small 
quantity of the trans isomer. As in previous cases more 
strongly adsorbed coloured zones followed the trans isomer 
but the materials from them could not be purified. The yield 
of the cis compound recovered from the chromatography varied 
from 74-64$ of the theoretical amount starting with 0.5-1.5 g. 
of acid. For analysis and biological examination the colour­
less, slightly greasy material from the chromatography was 
crystallised twice from alcohol giving shiny plates of m.p. 
74.5-75.0°. (Found: 0, 94.2; H, 5.98. retires
C, 94.0; H, 6 .00y )•

trans-o( -( 2-f f luorenyl)- (phenyl) - ethylene (XCTII) .
(a) The pure cis isomer was isomerised by exactly the same method 

as described for the nitro, chloro and methoxy compounds. The 
crude product crystallised from alcohol, in which it was



sparingly soluble, in.tiny plates of silky appearance, m.p. 
S18-219°.
(u; A mixture of 2-aminofluorene (2.6 g., l/70 mol.), concen­
trated hydrochloric acid (4 ml.) and water (20 ml.) was heated 
to 100° and then cooled rapidly with vigorous stirring to 
0-2°. The suspension of the hydrochloride was diazotised with 
sodium nitrite (l.l g.; 0.98 g. = l/7Q mol.) in water (5 ml.).
The separation of the sparingly soluble, yellow diazonium salt 
soon commenced and 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 cinnamic acid

U V

(2.1 g.; l/70 mol.) in analar. acetone (30 ml.), and sodium
acetate (4.7 g.j l/30 mol.) in water (15 ml.) and then 
cupric chloride (1 g.) in water (3 ml.) were added immediately.
The temperature of the mixture was 14° and there was no
noticeable rise in temperature. The mixture was allowed to 
stand at room temperature (16°) with frequent shaking until 
the yellow diazonium salt had completely disappeared and the 
slow evolution of gas had ceased (about 24 hours) • The 
mixture was diluted with water and steam distilled, when 
acetone (probably containing some chloro acetone) passed over 
followed by some fluorene. The residue in the flask was 
filtered, then digested with warn sodium carbonate solution 
and again filtered. Acidification of these filtrates gave



0.6 g. of cinnamic acid of m.p. 131-133°. The carbonate in­
soluble residue was insoluble in sodium hydroxide solution.
After drying it was dissolved in benzene and the solution
passed through a column of alumina (B.D.H.), when a yellow zone 
passed rapidly down the column followed by a dark hetero­
geneous zone. The benzene was removed from the yellov; eluate 
and the yellow crystalline residue dissolved in petroleum ether 
(60-80 )• On passing this solution through a second column 
of alumina the yellow impurity was strongly adsorbed and a 
colourless crystalline residue of m.p. 214-216° was recovered 
from the eluate. After 2 crystallisations from alcohol it 
gave tiny silky-looking plates of m.p. 218.5-219.5°.
(Found? '0, 94.0; H, 6.05. Q21H16 requires C, 94.0; H, 6.00fi) .
A mixed m.p. with the product obtained under (a) gave no
depression.

trans- o( -( 2-Fluorenyl) - yg - (p-dimethyl amino phenyl) - ethylene 
(XLIY) . A mixture of dry, powdered fluorene-2-acetic acid 
(3.36 g.; 0.015 mol.), p - di methyl am inobenz aldehyde (2.4 g.;
B.D.H. Analar.) and piperidine (1.5 ml.) was heated to 130-
140° (oil bath temperature), when a reaction set in and the

1 omass liquefied. After &£ hours at 130-140 the reddish brown
viscous product v/as digested with warm sodium carbonate 
solution and the resulting yellow suspension extracted re­
peatedly with chloroform in which the bulk of the alkali in-



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 alcohol. Yield 0.85 g.; 
m.p. 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 2XIV 
was obtained as a pale yellow shiny crystalline mass, m.p. 259- 
261° (decomp.). (Sound: C, 8 8 .8 ; H, 6.87; II, 4.55.
^23^-21^ requires G, 88.7; H, 6.80; h, 4.50y). The alkaline 
layer after extraction with chloroform (see above) was heated 
to coagulate a little tarry material, cooled and filtered 
(filter aid). Acidification with acetic acid gave 0.9 g. of 
a crude acidic product which after crystallising tv/ice from 50^ 
acetic acid (charcoal) was shown to be fluorene-2-acetic acid 
by m.p. and mixed m.p.

cis^ °C- ( 2-Fluorenyl) -p-aminocinnamic acid. cis- «<-1 2-Fluoren- 
yl)-p-nitrocinnamic acid was reduced with ferrous sulphate 
and ammonia 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,



106 .

dissolved in hot sodium carbonate solution and the solution 
filtered (filter aid). The acid recovered by acidification 
of the filtrate with, acetic acid had m.p. 247-249° (decomp.) 
and weighed 2.2 g. (from 2.7 g. of the nitro acid). After 
several crystallisations from 90^ alcohol the acid crystallised 
in dull yellow crystals, m.p. 250.5-252° (decomp.).

( Round; 0, 80.9; H, 5.40; I, 4.23. C22H17^2^ requires
0, 80.7; H, 5.25; 1, 4.28?o) .

ffype G Compounds.
Q<~( 2-fluorenyl)-p-amino-di hydro cinnamic acid (XL). Attempts
to reduce the ethylenic bond and the nitro group of o<~(2-
fluorenyl)-p-nitrocinnamic acid by shaking its alcoholic or
acetic acid solutions with hydrogen (atmospheric pressure) and 

24palladium black did not yield a satisfactory product. When 
an alcoholic suspension of the nitro acid was shaken with 
Raney nickel and hydrogen (20-25 atmospheres) at 40-60° satis­
factory reduction was obtained. 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 crystals, m.p. 250-251.5° 

(decomp.). (Round; 0, 80.3; H, 5.88; 1, 4.29.
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GggHioUgii requires 0, 80.2; H, 5.81; IT, 4.25$>) . Preliminary 
attempts to convert the GOOH group to M g  using the Schmidt 
reaction have been inconclusive.

4f

2-3?luorenylmethyl-p-mefrhoxyphenyItrketone (XLIj . iF‘luorene-2- 
acetic acid (2.24 g .; 0.01 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; 30 ml.) was 
mixed with anisole (1.25 ml.) and cooled in an ice bath.
JPinely powdered aluminium 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 overnight at room 
temperature the product was decomposed with ice and hydro- 
chlorid acid in the usual way. The unchanged anisole was re­
moved in steam, and after cooling the insoluble residue 
collected, 7/ashed with dilute hydrochloric acid and then with 
water. Yacuum sublimation gave 1.6 g. (51^ of the theoretical 
amount) of a product of m.p. 172-177°. This 7/as crystallised 
from 9Of!> acetic acid, giving a mass of colourless needles, 
m.p. 183-184°. When subsequently crystallised from acetone 
the m.p. 7/as not raised. (Pound: G, 84.4; H, 5.92.
CgghigOg requires G, 84.0; H, 5.77^).
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2-Pluor enyl methyl - p -me th oxyph enyl - k et oxime. A mixture of
2-fluorenylmethyl-p-methoxyphenyl-ketone (0.74 g.; 0.0024
mol.), hydroxyl amine hydrochloride (u.35 g.), hydrated sodium 
acetate (0.68 g.), alcohol (75 ml.) and v/ater (3 ml.) was 
refluxed. The ketone dissolved in 1-2 hours, and after re- 
fluxing 4-J- hours the mixture was filtered hot to remove pre­
cipitated sodium chloride. On cooling, the colourless oxime 
separated from the filtrate, m.p. 193-196° (yield, 0.62 g.) .
A further quantity of less pure material was recovered from 
the filtrate. 3?or analysis the product was crystallised tv/ice 
from alcohol, giving colourless crystals of m.p. 197.5-199° 
(slight decomp.). (Pound: G, 80.3; E, 5.92; 1, 4.37.

^22^19^2^ retires G, 80.2; 11, 5.81; P, 4.25^).

Be duct ion of the oxime with sodium amalgam/acetic acid.
6 2Following the directions of Dodds, Lawson and Williams for 

the reduction of compounds of the type Ar.GHg.G = DOH.Ar1, 
the above oxime v/as suspended in a mixture of alcohol and' 
acetic acid at 50-60° and treated with 2.5fc sodium amalgam, 
sufficient acetic acid being added to maintain the solution 
acid. It was not found possible to purify the colourless 

product (no unchanged oxime v/as recovered) and in an attempt 
to prepare the acetyl derivative of the supposed arnine (XLI1), 
the product was refluxed for 10 minutes with acetic anhydride
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containing a few drops of concentrated sulphuric acid. The 
still warm solution was poured into v/ater, and after decom­
position of the anhydride the prodact was collected and washed. 
It was crystallised 5 times from benzene containing 10ji alcohol 
giving a mass of small silky looking plates of m.p. 226-227.5° 
to an opalescent liqaid which cleared at 262-262.5° (slight 
decomp.). (Pound: 0, 88.5; H, 5.88. ^22^18^ requires
0, 88.5; H, 6 .O85I). A mixed m.p. with trans- d -( 2-fluorenyl) 
- ft-{p-methoxyphenyl;-ethylene of the same m.p. gave no de­
pression. Presumably during the reduction or attempted 
acetylation ammonia split off from the amine (XLII) leaving 
the ethylenic derivative.

Seduction of -( 2-fluorenylj-yff-( p-methoxyphenyl) - ethylene.
Pure cis- <<-( 2-fluorenyl) - ft-(p-methoxyphenyl)-ethylene
(0.298 g.; 0.001 mol.) in acetic acid (50 ml.) was shaken

23with hydrogen (1 atmosphere) and palladium charcoal at room 
temperature until hydrogen in about 10)i excess of the theoreti­
cal amount had been absorbed (10 minutes) , when absorption 
ceased. After removal of the catalyst the filtrate v/as 
diluted with v/ater, v/hen a colourless precipitate (XLIII)

separated. It bad m.p. 154-155° ^ 4  after crystallisation 

from alcohol gave colourless prisms of the same m.p.

(Pound: C, 87.8; H, 6.74. G 22^20^ relaires 88.0;
H, 6.72^1) .



( 2-Pluorenyl jup-nitrobenzyl-ketone [UZ1X) • Dry, powdered 
p-nitrophenylac etic acid (18.1 g.; 0.1 mol.; was added with
shaking, portionwise, over 10-15 minutes, to a mixture of 
phosphorus pentachloride (23 g., lu?l excess) and dry, thiophene 
free benzene (30 ml.). After the initial reaction bad sub­
sided, the mixture v/as heated at 80-85° (oil bath temperature) 
for 20 minutes and the benzene/phosphorus oxychloride then 
removed under reduced pressure at temperatures $  85°.
Pluorene (16.6 g.; 0.1 mol.) and carbon disulphide lanalar;
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 mixture became slightly warm 
After standing at room temperature for 4 hours the mixture had 
set to a solid mass. It was decomposed with ice and hydro­
chloric acid in the usual way and then steam distilled until 
the bulk of the unchanged fluorene was removed. While still 
hot the non-volatile residue was filtered and washed, and then 
digested with warm sodium carbonate solution and again filtered 
Prom the two filtrates about 2 g. of p-nitrophenylacetic acid 
wererecovered. The crude brown residue (26.2 g.) underwent 
much decomposition when- sublimed at u-1 mm., and. a preliminary 
purification ?/as effected by passing its benzene solution 
through a column of silica. Removal of the solvent and
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washing the residue with benzene left a yellow crystalline 
material (about 50p recovery), v/hich after crystallisation from 
benzene had m.p* 206.5-208.5°. Crystallised from acetic acid 
it had m.p. 208.5-210.5° (pale yellow prisms). A final 
crystallisation from benzene gave cream coloured thin plates of 
m.p. 210.5-211.5°. ii'oand: G, 76.8; J±, 4.73; ii, 4.30. 
CgiHigOjh' requires G, 76.6; ji, 4.59; Jbi, A .26>) .

The reduction of 2-fluorenyl-p-nitrobenzyl-ketone. In addition 
to the aluminium isopropoxide reduction of this ketone (p.94; 
other methods of reduction were investigated.

V

a). nydrogenation of an alcoholic solution of XXXIX in the 
presence of Pd/charcoal catalyst and a little hydrochloric acid 
gave a high melting product which could not be purified.
b ) . A mixture of the nitro ketone, acetic acid/concentrated 
hydrochloric acid 12:1), and stannous chloride was heated on 
the water bath until reduction of the nitro group was complete 
(a purple colour 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 stirred with concentrated sodium hydroxide 
solution and again filtered and washed. The crude amine was 
not readily purified and was boiled for a short time with 
excess acetic anhydride. After decomposition of the excess



acetic anhydride the dark coloured product was crystallised 
from petroleum ether (80-100°)/benzene (3:1) (charcoal), when 
it was obtained as. a nearly colourless mass of plates. Re­
peated crystallisations from the same solvent mixture gave

o ,colourless, shiny plates, m.p. 201-202.5 . (Round: 0, 78.69;
H, 5.50; 1, 4.02. ^25^21^3^ requires 0, 78.31; H, 5.52;
H, 2.65-1. G23H19021I requires C, 80.91; H, 5.61; B, ' .10,''; .
The analysis indicates a diacetyl derivative (2LY) contaminated 
with a little of the mono-acetyl compound.
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App endix.
The biological examination of certain of the lluorene Derivatives.

Professor 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 are (.2' ;11 -naphtha)-2s3-fluorene (II;, (l1^ 1- 
naphtha)-Is2-fluorene (XTVII; , the cis and trans isomers of 
o( - ( 2-flu.orenyl; - - ( p - me thoxy-phenyl; - ethylene, - i 2-flaorenyl; - 

(p-chloro-phenylj - ethylene, oi - ( 2-flu.orenyl) -y*> - ( phenyl, - 
ethylene and the trans isomer of <?(-( 2-flaorenyl; - f>-(p-dimethyl- 
aminophenyi;-ethylene. The examination is not yet complete bat 
Professor HacLdow has kindly sapplied the following preliminary 
report, inclading a brief accoant of the experimental methods 
employed.

The tests for inhibitory activity have been carried oat 
asing the Walker carcinoma 256 growing in an inbred strain of 
albino rat. On the day following sabcataneous tumour implanta­
tion, the test series is injected intrap eri tone ally with 2 cc . 
of a sterile solution, or, if necessaiy, a sterile fine suspen­
sion, of the compound being examined. The dose has been 
approximately 250 mg. per kg. body ’weight. The growth of the 

tumours is inspected daily and compared with that in a control 
series implanted from the same tumour at the same time and



treated by intraperitoneal injection of the solvent alone, in 
this case peanut oil. ibe final resalt is determined by a 
comparison of weights of tumours, after their removal between 
two and three weeks from the start of the experiment.

So far only i I 1 ;2-naphthaj -1:2-fluorene has given clear 
evidence of inhibitory properties. It is also being tested 
for carcinogenicity. In this case application was to the 
skin of mice, using an Q.lfe solution of the substance in 
benzene. Papillomata have now appeared on some of the mice 
so treated. ( 2* :ll -laphtha)-2:3-fluorene is also being 
tested for carcinogenicity.


