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FLUORENE ARSENICALS
1. INTRODUCTION

Organic arsenicals have, since the days of Ehrlich
and his monumental researches, been the subject of ever
increasing investigation. Many thousands of compounds
have been prepared; a good number of these have been
tested for therapeutlic value against, for example, try-
panosome infection and the syphllis spirochete; and
several more or less trustworthy rules of thumb have
patiently been constructed to correlate, to a minor ex-
tent, chemical constitution of arsenicals with thelir
therapeutic value.

In the search for better arsénicals, the poly-
nuclear and heterocyclic systems have been, to some
degree, neglected 1in favor of the benzene derivatives.
This 1s probably a reasonable negligence, slnce the
greater facllity ln preparatlon of benzene compounds,
thelr higher solublilitles, and the more easy assimila-
tion of these by the body have been three factors of
merit in their favor. Yet, in the light of how 1little is
actually known of the mechanism of arsgenical action,
evidently no aromatic or heterocyclic system should be
ignored, and useful compounds will undoubtedly be found,

if they do not already exist, for each of these parent
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systems. Thus, increasing investligatlon of the arseni-
cals of naphthalene, phenanthrene, anthracene, and the
like, 1s to be expected.

Now fluorene arsenicals have Dbeen the subject of
four chemical papers published more than a dozen years
ago. All of these compounds were based on the parent
fluorene-2-arsonic acid. In several cases, the compounds
showed favorable, but not remarkable, pharmacological
properties. In view of the many possibilitles offered by
thles hydrocarbon, it is the object of thls research to
extend the number of fluorene arsenicals to include new
types. Our object 1s two-fold: to prepare new arsenicals
for medical application, and, secondly, to extend, in so

doing, the chemistry of the fluorene system.
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11. ORGANIC ARSENICALS, GENERAL DISCUSSION

A, Nomenclature.

The naming and indexing of organic arsenic compounds

presents, even at present, a few difficultles not enfirely

surmounted. No wide scale adoption of any particular
system has been made, and there 1ls as yet an appreciable

variation between naming systems used in this country and

those used in England.

essentially that proposed by the International Union of
Chemistry in 1936 and 1938, and pretty well adopted by
CHEMICAL ABSTRACTS since 1937 (20).

The nomenclature adopted here is

TABLE 1

Radical Prefix
~AsHo Arsino
~Ag0 Arsenoso
-As09 Arso
=Ag{0)0H Arsinico
~As(0)(0§)2 Arsono
~Ag=As~ Arseno
-As(0H) o _——
=AsOH e
~p=As=~ Phospharseno
-Sb=As Stibarseno

suffix

Arsine

-t e v i

Arsinic acld

Arsonic acid

Arsonous acild

Arsinous acid

- - O

- e g v—
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Table I above lists radicals together with the proper
literal use of prefix and suffix. All other compounds nosb
namable according to the list given should be named, 1f
possible, as substituted arsines.

Examples of the nomenclature follow. The usual conven-
tion employing the dash (-) to indicate covalent bonds and an
arrow (<) to designate coordinate bonds between donor and ac-

ceptor atoms 1s retained.

H
'Af Cil- -AszZO
CH5

pe

methylphenyl arsine 2-nltro-4-chloro-arsenosobenzene

0
femo 2 e
0]

NHo H
2-arsonaphthalene d~amino-4-hydroxyphenyl arsonic
acid
t
O _As—OH HOw <:>_A S=a5m ~CH
¢
NH2 NHZ

methylphenyl arsinic
acid

3,3'=dlamino~4,4'~dihydroxy
arsenobenzene
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Br
s
~45-OH Cl—<:>—As-OH
R
NH,
Z=bromo~6~amino arsenous acid methyl-p-chlorphenyl arsinous
acid

(CHz) g-As-As-(CHz) o (CoHg) 4ASOH
tetramethyldiarsine tetraethylarsonium hydroxide

In the followlng sections, all chemical names will fol-
low the above rules except where, in cases of the very impor-
tant and well-known arsenicals, common names have largely been

adopted.
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B. The Theory of Therapeutic Activity.

Although much used in near-ancient days for treatment
of various diseases, lnorganic arsenlc compounds are now
but seldom employed as pharmaceutical reagents. The high
toxiclty of the compounds, especially with soluble triva-
lent forms, makes application extremely dangerous, The
most important inorganlc preparation still in use is '"Fowl-
er's solution", a dllute water solutlon of potassium arsen-
ite. It 1s employed as a tonic and for partlal relief in
cases of anemla, Hodgkin's disease, and rheumatism., It 1s
also used externally for treatment of skin disorders such as
psoriasls and chronic eczema. The preparation appears in
the U, 8. Pharmacopeila (88).

Indeed, the first general symptom of arsenlc polsoning
is one of 1lncreased appetite and body weight. The skin
takes on a healthier appearance and the red-cell count of the
blood increases. The use of white arsenic (Asg0gz) taken
internally by certain natives of Styria and Tyrol 1is saild to
increase general bodlly health and resistance to physical
fatigue. The extravagant claims made by these "arsenic
eaters" are not substantiated in fact, though apparently,
harmful effects need not follow since many of the users are
long-1ived (£9).

The use of aliphatic organic forms is limited to a few
preparations. Here, agaln, the toxicity is high, probably

because of easy hydrolysis in the body to lnorganic arsenic.
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The compounds still occasionally applied (73) are given

in Table II.

TABLE II
Compound Formula Application
0
sodium (CHz)o = qu psoriasis and
cacodylate ONa other skin dis-
eases; anemias,
leukemia {oral
or external).
Solarson CHz(CHo) 4CCL = CH.As.O(OH)ONH4 anemias, (oral,
subcut., or in-
tramuse. )
guaiacol (CHz) oAs0+0-CgHyeOCHz, Ho0 reglonal tuber-
cacodylate culosis (oral
or subcut.)
Elarson strontium chloroarseno exophthalmic
behenate (uncertain strue- goiter, anemias
ture) neuralgia (orall.

Aromatlic arsenicals have proved more advantageous in
the treatment of protozoal and bacterial infectlons. The
first preparation of an aromatic compound was accomplished
by Bechamp (8), in 1860 by heating aniline arsenate to
190-200°C, The structure of the compound was correctly es-
tablished by Ehrlich and Bertheim (45) who showed it to be
p-aminophenyl arsonle acid.

Beginning in 1875, Michaelis (76) and co-workers pre-
pared many aromatlc arsenic compounds and extended the methods

for preparing them to inoclude entirely new procedures. The

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



pharmaceutical importance of the compounds was recognized

by Ehrlich when it was shown by Thomas (14), and Breinl and
Kinghorn (16) that the p-aminophenyl arsonic acid of Bechamp,
popularly called atoxyl or arsanilic acld, had therapeutic
effects on experimental trypanosomiasis.

After many years of investigation, during which Ehrlich
and his students developed new arsenicals which they tested
for trypanocidal activlty, the compound referred to variously
as arsphenamine, salvarsan, kharsivan, or "806" was pre-
pared (47) which showed remarkable trypanocidal properties
as well as good action against splrillae and splrochetes.

The use of the compound against syphllls, framboesla, re-
current fever, etc., continues to the present day. Further
Investigation of aromatic arsenicals by many research workers
has resulted in the preparation of many thousands of com-
pounds, some of which have proved valuable ln chemotherapy.

A 1list of the more important of these is given in Table IIX.

Some serious effects follow the use of certain arseni-
cals, or the too frequently repeated use of others. Besldes
general symptoms of chronlc arsenlc polsoning, delayed actlon
on the nervous system sometimes appears. Thus, optlc nerve
injury, general neuritis, and mental deterioration may re-
sult (60). This is particularly so with atoxyl, arsacetin
and tryparsamide. It 1s known, too, that parasites may be-

come immune to an administered preparation in time and
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TABLE III
AROMATIC ARSENICALS IN USE

Compound Structure Use Dosase

—— —r— et

Arsphenamine HO= ~AsThAsg— -0H syphills, relapsing 0.3-0.4 g.
‘ fever, frombesia, (intraven.)
HC1l-NHp NHo+HC1 malaria, Hodgkin's
disease.
Neoarsphenamine HO-—< \,—As:As-aQ.OH
NaOSOCHENH NHCHo0S0Na Primary syphilis 0.8 g.

{intrav.)

Sulfarsphenamine HO- ~AszhAg- -OH

spirillicide, 0.400,5 g.
Na0 580CH 51 :}NHCHZOSOQNa general syphilis. (:SE;:X;S?C :
Silver 0\ .
arsphenamine NaO- ~-Ag=Ag- -ONe. like Arsphenamine 0.1~0,3 g.
/p cintraven. )

NH S Ho*% AggD
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Compound

Acetarsone

Mapharsen

Tryparsamide

Carbarsone

Arsacetin

TABLE III (Cont'd.)

Structure

HO- >-A505H2
\—-

7’
CHzCONH

Ho-f >-As:0
HC1-NH

2

NHgGOGHzNH—<: :>—A803HNa

NH QOONH— < > =As0 3HN8.

CH 5CONH= ¢ \ ~A50;HHa

N

Use

amebiasis, con-
genital syphilils,
Vincent's angina.

syphilis

trypanocide,
neuro-syphilis,
early paresis

intestinal ameb-
lasis,

antisiphylitic,

protozoal dliseases.

Dosage

(ora1§

0,03-0.04 ¢,
)

(intraven.

- [_J

8g
intraven.)

oo, 8

0.5-0.6 g.
(intraven.)

*0T



resistant strains of the bacteria or proiozoa appear (38).

[

¥y, the resistance 1s specific to one compound, and a

l"l

Usual
change 1in the compound administered is then 1Indicated. The
compound {(p-arsenosophenyl)-butyric acid has recently been
described as particularly effective against trypanosomes
since it does not readily glve rise to resistant strains (37).

Now the theory of therapeutic action of these com-
pounds includes the bellef that the trivalent forms are the
most potent, and that other forms (arseno compounds and
arsonic aclds) are first changed in the organism to the
arsenoso compounds which represent the effective type. This
bellef 1s substantiated by the fact that many arsonic acids
(for example, atoxyl or arsacetin) are inactive in vitro
but active in vivo (44). The compound 4-hydroxyphenyl
argonic acid wlll not kill trypanosomes in a test tube in
dilutions of 1 to 2% but the reduced form 4-hydroxy-
arsenoso benzene will completely sterilize trypanosomes
in vitro 2t a concentration of 1:10,000,000, Furthermore,

a parasite made drug-fast (immune) to a trivalent com-
pound will exﬁibit, likewlse, lmmunity toward the corres-
ponding pentavaleat compound and vice versa, (92)

The presence of the arsenoso group is said to disturb
the oxldatlon-reduction mechanism in the tissues of the
paraslte, and to a lesser extent of the host. Such action
probably 1nvolves the sulfhydril groups present in the

protein structure (101, 117).
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Res0+ 2RISH - Rhs ::E-ﬁ-‘ﬂgo
It is well known that certain sulfhydril compounds like
cysteine, thloglycollic acid and thiolactic acid have inhib-
1ting effects in the administration of arsenoso compounds.
Action of the arsphenamines is also delayed (31,32,33,118).
Reiner and Leonard {94) suggested a formation of
loose compounds of arsphenamine with serum proteins.
Such loose additlon compounds can sometimes be formed in
the test tube. In the case of a series of substituted
arsenosobenzene compounds, it was found (64) that the
systemlc toxlcity of these could be directly related to

the extent of binding by red blood cells elther in vivo

or in yitro. Also postulated (95) 1s the formation in

the body of compounds of the quinone imine type.
me o = e s
NH2=<:>—AS=O — NH:®:AS—OH

The oxidation-reduction concept of arsenical actlon
seems, then, well established and is in accord with the
theory of Bing and Sculy (29) in regard to inorganic
arsenlcal actlion in which alternate change from penta-
valent to trivalent arsenic 1s sald to be the maln action
in withdrawing oxygen from or giving oxygen to the living

tissues,
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13.

Now aside from the main action of the arsenic group
in organic arsenicals, 1t was very early recognized that
the organic residue has much to do with the variation in
toxic and curative properties. Ehrlich (41, 42, 43, 44)
developed some clear notions concerning the mechanism of
drug action. According to his views, an effectlve compound
1s at once possessed of a group poisonous to the parasite
(toxophore) and a group capable of anchoring ltself to the
cell walls of the parasite (naptophore). It is to this latter
king of group that the speclficlty and special actlion of the
compound is due. In the case of the benzene arsenicals,
the therapeutic results vary with the kind, number, and
relative poslitions of the groups. Ehrlich found that the
introduction of a para salt-forming group (-OH, “NH,)
was generally helpful in yieldling deslrable properties,
and that a third substituent group (-Cl, “NHp, -OH) ortho

to the -0H or -NH. usually increased the favorable effects.

2
An ortho ~CHz oOr -Noz group, however, in p-arsanilic acid

increases the toxlic qualitles.
To illustrate these general principals, comparison
information 1s presented in Table IV. The organisms

most frequently used for testing are ftrypanosoma equiperdum,

trypanosoma& rhodlsiense and trypanosoma lewlse. Therapeu-

tic index 1s defined as the ratio of minimum lethal dose

(minimum weight of drug per unit body weight capable of

killing the host) to minimum curative dose (minimum weight
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TABLE IV

{ Therapeutlc values in milligrams per 20 grams of mouse )

COMPOUND STRUCTURE M.L.D. M.C.D. T.I.
Arsencsobenzene <<::::>>~AS:O 0.08 0,025 2
p-hydroxyarsenoso- HO—<<::::>>—AS:O 0.20 0.038 5.8

benzene
p-aminocarsenoso- NH2~<<::::>>—AS=O 0.10 0.035 2.8
benzene
Mapharsen H0- >-—As=0 0.45 0,048 9.4
NHo
Atoxyl NH9~O—A503H2 7.1 4.8 1.5
Tryparsamide NHQCOCHZNH—O-ASOSHQ 40.0 4.5 9
Carbarsone NHQCONH'—O _As03Hg 4.0 1.0 4
Arsacetin GHZ,GONH-Q—ASOSHz 40.0  28.0 1.4
p~hydroxy-m-amino- HO-<<::::>>—ASOSH2 12.8 7.6 1.6
phenylarsonic acild
/
NH,
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of drug per unit body weight capable of killing the para-
site.) These three terms are frequently abbreviated to
T.I., M.L.D., M.C.D.

The data of Table IV should be accepted with some
caution since the literature is not always conslistent as
to therapeutic values. Results depend on methods of ad-
ministration, the paraslite employed, and the kind of

~animal submitted to the test. A real service to chemo-
therapy could be done by & systematlc standardization of
values of the many compounds so far tested. Only then
can sure lnterpretation of the correlation between structure
and therapeutic effects be made.

In general, arsenoso compounds are more toxic than
arsonic aclds, whereas arseno derlvitives are least toxilc
of all, Trivalent arsenicals seem to be useful generally
as treponemicidal agents (for example, against the syphilis
spirochete) whereas the arsonic acids are more effective
against protozoal disorders. Tryparsamlde 1s effective
in late syphllis, but not in the early stages.

The introduction into the benzene nucleus of a para
salt-formlng group (—OH,—NHg) lowers the toxlcity as well
as the activity of the compound. Sometimes, more favor-
able therapeutic ratios result. The methylation of the
phenolic or amino group is usually unsatisfactory, but
acetylation, particularly of the amino group, is very

effective for further reduclng toxic qualities. Nitro
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groups are usually without effect, and halogen atoms often
enhance by a good deal the toxic nature of the compounds.
The therapeutic index or ratlio 1s & more lmportant criter-
ion than toxlec or curative doses considered in themselves.
Mapharsen is much more toxic than arsphenamine, but the
curative properties of mapharsen are simultaneously
superior, and the therapeutic index of the compound 1s of
an order that makes it a valuable drug.

Eagle (35, 38, 39, 40) has made an extensive study of
the effect of substituent groups on the therapeutic proper-
ties of arsenosobenzene (arsenoxide) and some general prin-
cliples relating to this serles have been advanced.

The goal is, of course, to syntheslze compounds with
a high (safe) therapeutic index and of low toxicity. The
arsphenamines are stlll the best arsenlcals from thils
standpoint, but suffer from ease of oxidatlon and lack of
purity.

The fate of the organic arsenical in the body has
been the subject of scant investigation. R. R. Williams (120)
has made an effort to collect some of the information.
Apparently, a large quantity of the organic arsenical can
appear unchanged in the urine. For example, cacodylic
acid is excreted as such to the extent of 14% (62). Some
amount of unchanged arsphenamine can likewlse be detected.
In the few cases where changed metabolites have been iden-

tified, tnere is evidence that the mechanism of detomica-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



17.

tion is no simple one. In the case of arsphenamine, com-
pounds isolated in the execreta were p-aminophenol, o-acet-
aminophenyl sulfate, benzoxazolone, 3-hydroxy-4~amlno-
phenyl arsonic acid, and p~hydroxyphenyl arsonic acid {110).

Inorganic arsenic 1s also a common form for excretion (85).

C. Clinical Methods of Evaluation.

The clinical or experimental methods of assay or
evaluation of drugs is, genemally, & laborlous and pains—
taking procedure. The difficultles arising from proper
control and standardization of conditions, the selectlon
of experimental animals conforming to definite standards,
duplicatlion of proper strains of parasites used for in-
oculation, and the proper interpretation of results
gathered, sometimes over periods of many months, present
difficulties not entirely surmountable. As a rule, evalu-
atlions made must be re-checked for proper accuracy and
interpretations of the data made with full knowledge of
the failings of the methods involved. Usually, results on
a serles of compounds cannot be properly correlated un-
less determined under identical conditions, and usually
in the same clinic or laboratory by the same workers.

The various therapeutic values wlll differ, of
course, not only with regard to the parasite chosen for
testing, but also with the type of experimental animal.
Evaluations may be done in vivo when the various cura-

tive and lethal doses may be determined on rats, rabbits
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and the like; or they may be done in vitro when the
effect of drugs on parasite cultures in the test tube
is observed.

In the case of arsenicals, the parasite chosen 1s
one against which the arsenical type has been found
more or less effective. Hence, the choice may be the
syphilis spirochete since treponemlcidal activity is
frequently present; or may be one of many protozoal
forme. Arsenicals are effective agalnst amoeblc dy-

sentery caused by E. histolytlca, and agalnst various

forms of trypanosomlasis: African sleeping slckness

caused by T. rhodeslense, African trypanosomiasis

caused by T. gambiense, and South American Chaga's

disease caused by T. cruzi. A popularly used trypan-
osome injectlion 1s the trypanosomlasis in rats caused

by T. equiperdum. This last parasite is easy to keep

alive and responds well to clinical methods. It has
been shown (105, 118) that there 1s a close correlation
between therapeutic effects of arsenicals on rats

infected with T. equlperdum and those observed clinic-

ally with treponema pallidum (syphilis spirochete).
Cther artificially induced diseaseg used 1ln standardl-
zatlon are: splrillosis in hens or rabblts, recurrent
fever in mice, syphilis 1in rabbits.

In the case of in vivo assaylng for curative pro-

perties, a carefully chosen and standardized straln of
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parasite is inoculated into a seed animal (usually
rabbit) and a period of time between 24 and 48 hours
allowed to elapse for proper multiplication of the
organism. At the end of this time, a sample of blood
from the seed animal is checked and a count of para-
gite bodies per ml. is made. Certain limlts are ac-
ceptable, for example 30,000-50,000 or 150,000~
250,000 parasites per ml. of blood dependlng on the
particular disease. The seed animal 1s then killled
and the extracted blood, 1in measured quantitles, is
injected into a group of experimental anlmals. Gen-
erally, a group of 5 to 10 animals of carefully con-
trolled age, weight limits, and dlet are required for
each dosage of the drug to be administered. After

24 to 48 hours, a count is again made on each 6f the
animals and a carefully measured amount of drug 1is
administered, usually intravenously. All factors,
such as concentration and rate of injection must be
standardized. The amount of drug is calculated in
terms of weight of drug per welght of animal body.
Blood counts are made periodicelly, say at the end of
12, 24, 48, 72 hours and the Qarious effects are noted.
The animal 1s Judged cured if the parasite count falls
below & certain minimum number and remains such.

Many variations of the methods indicated above exlst.
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In the older procedures, animals were inTfected with
virulent strains known to produce death in the short time
of one to several days, and efficacy of the drug was
gauged by the number of experimental animals remaining
alive at the end of a fairly long interval (21). 1In
cther non-counting methods, the animal is watched, after
administration of the parasite, for well developed symp-
toms of the disease (several days to several weeks), then
is given a measured dosage of the drug and the effects
observed. Useful procedures have been formulated by the
U. 8. Public Health Service and other governmental lab-
oratories (34,83).

The toxiclty of the compound 1s determined in vivo
by administration of increasing doses of the drug to ex-
perimental animals (4~8 for each dose) and the number of
deaths in a specified interval of time noted (34). A
method has been suggested wherein the time elapsed before
death 1is taken as a graded response method for toxicity
determination (87).

in vitro methods for estimation of curative pro-
perties offer decided possibilities, These tests are, of
course, very easy to apply and take only a few minutes to
several hours for determination. The method usually con-
slsts In the additlon of a definite amount of compound to

a culture of the appropriate organlsm, and the effect is
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followed by microscopic count at frequent intervals over
a fairly short time period. Such in vitro tests cannot
be used with arsphenamine types or pentavalent arsenicals
which depend for thelr curative effect on certain redox
changes while in the animal host. The method has been
advocated (21,34) for assay of the arsenoso compounds
(arsenoxides).

In describing results of such clinical evaluation,
certain terms have become common. The dosage (calculated
as weight of drug per welght of animal) averagely just
sufficient to cure the diseased animal 1s called the
minimum curative dose (M.C.D.). The dosage averagely
Just sufficlent to kill the experimental animal 1s the
minimum lethal dose (M.L.D.). Other dosages are im-
portant besides: that which is averagely Just sufficlent
to have a minimal measureable effect on the parasite is
called the minimum therapeutic dose, while the dosage
above which more than a low percentage (say 5%) of the
animals would dle 1s termed the maximum tolerated dose.
The proper mathematical lInterpretation of the results
has been investigated (15).

The therapeutic value or index usually refers to
the ratio of minimum lethal dose (M.L.D.) to minimum
curative dose (M.C.D.).

It is to be remarked that results obtained by assay

with experimental animals are not necessarily indicative
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of corresponding efficacy when used on humans, even for
the same diseases. Cautious clinical evaluation with
humans must always follow the preliminary operations.
Yet, usually, these first therapeutic studles are re-
latively in proper order and serve to point out which of

the drugs possess promlsing characteristics and which are

useless.

D. Aromatic Arsenicals.
Since therapeutically valuable compounds are almost

exclusively arsonic acids (RAsOzHo), arseno (RAs = AsR), or

arsenoso compounds (RAsO), general methods for the pre-
paration of these willl be glven.
1. The Arsonic Acids (RAsOzHo).

The Bechamp Reaction. Historically the first direct

method to be dlscovered (8), the reactlon consists in
heating an aromatic amine or phenol wilth arsenic acid at
somewhat elevated temperatures (150-200 C.) for periods
ranging from several hours to several days. An amino or
phenolie arsonic acid 1s produced. Directlon is ortho
and para in all such cases. The para position is most
readlly attacked; ortho substitution ordinarily takes
place only 1if the para posltion 1is blocked, and, in such
cases, the ylelds are usually poor. No solvent is em-
rloyed and efflclent stirring is frequently the critiecal

feature of the reaction. The arsenic acld used varies
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from a highly concentrated agueous solution (80-85%) to
s0lid anhydrous arsenic acid. Mecst frequently, in ar-
sonation of amines, the amine is in appreclable excess
(2-5.moles) and acts somewhat as the solvent. Arsona-
tion of phenols generally lnvolves an excess of arsenic
acid., Yields range from 1% to 60%, with an average
yield of about 20%. The reaction probably takes place
through the formation of the arsenate and arsamic acid
very much like the bake process for sulfanlillic aclid.
Some small quantities of the arsinic acid (RpAsCoH) can
sometimes be 1solated. Preparation of arsanllic acid
by this method and preparation of p-hydroxyprhenyl ar-

sonic acld are desceribed in detail in Organiec Syntheses (56).

The Bart Reaction. This more generally used and

more successfully appllied reactlon represents the best
method for the preparation of arsonic acids (7). 4an
aromatic amine 1s dlazotized 1in the usual way and the
dilazonium solution 1s decomposed in the presence of aqueous
arsenite and a small amount of catalyst.

RNoX+NagHAsOz —» RAsOzHNat+Np+NaX

Sodium or potassium arsenite, or the equivalent solution
of arsenlous oxide in sodium or potassium hydroxide or
carbonate, may be used. Buflers, such as sodium carbon-
ate, bicarbonate or acetate, are frequently employed.

The yleld is apparently dependent on careful coantrol of pH
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which should be constant tonroughout the procedure and
somewhat on the basic side. The catalyst used is fre-
quently copper sulfate, but may represent other cupric or
cuprous salts, metallic copper, nlekel or cobalt, or
salts of nickel and cobalt. Sometimes, a second reducing
agent 1s simultaneously employed (sodium hydrosulfite,
hypophosphorous acid, sodium formaldehyde sulfoxylate).
Yields vary with the ease of dlazotization of the ori-
ginal amines. Average yileld 1is about 50%, but is fre-
guently much better. Diazonium fluoborates have been
newly employed in the Bart method with occasional im-
provement of yield.(102).

The Scheller Reaction. Really a modification of the

Bart procedure, this reaction used by Scheller to good
advantage (106), employs & non-aqueous medium of alcohol
(methyl or ethyl) or glaclal acetlic acid for diazotiza-
tion, followed by decomposition in the presence of an-
hydrous arsenlc trichloride, with a trace of catalyst,
commonly cuprous halides. The arsenic trichloride is
sometimes added before diazotization. Removal of the
solvent by distillation followed by hydrolysis gives the
corresponding arsonic acid.

+ - Hs0
RNpX+AsCly —> [RAsClz] 01 —2> RAsOgHgHEC

This method frequently gives good ylelds of pro-
ducts where the Bart reaction fails, but it is not al-

ways better than the Bart, Weak amines (for example,
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p-nitroaniline) frequently yield better results with the
Scheller reaction. We have found that acetone can be

used successfully as solvent for amlines of the fluorenone

The Bechamp, Bart and Scheller reactlons are treated
in the series, "Organic Reactions® (1).

Miscellaneous Methods. The method of Rosenmund (100)

is applicable only to a few compounds. An active aroma-
tic halogen compound 1s heated with potassium or sodlum
arsenite in bolling alcohol-water solution. Sealed tube
technlques are sometlimes necessary. Copper catalysts
have been used. Yields are as high as 45%. This method
is an extension of the more general Meyer reactlon in the
aliphatic fisld (75).

Oxidation of trivalent arsenic types can lead to ar-
sonic écids. Thus aromatic arslnes (RAst) may be oxi-
dized to arsonlc acids by niltric acid; arsenoso compounds
(RAsD) may be oxidized with hydrogen peroxide; and arseno
(RAsZAsR) types may be oxidized with lodine. Aromatic
dichlorarsines (RAsClz) may be converted to the tetra-
chlorides with chlorine gas, then hydrolyzed to glve
arsonic aclds. Since these trivalent compounds are fre-
quently syntheslzed from arsonlc aclds, these methods are
decldedly limlted 1n applicatilon.

Properties of the arsonic aclds. The arsonic acids,

as a class, are well-defined. OSome may be crystallized
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from water, but more often they are water lnsoluble. They
may be purified through their sodium, potassium or am-
monium salts which are, as a rule, easily soluble in water.
As dibaslc aclids, they can form two serles of salts 1n many
cases. The heavy metal salts are frequently insoluble in
water. Arsonlc aclds give no precipitates with cold magnesia
mixture, but an insoluble salt usually forms on heating, and
this fact has been employed in the separation of arsonlc acids
from inorganlc arsenic resldues.

Some few arsonlc aclds have been investigated as
qualitative or quantitative precipitating agents (54).
The arsonic aclds seem to combine with and precipltate
the quadrivalent metalllc elements of the fourth perilodiec
group. Both aliphatic and aromatlc arsonic aclds have
been investigated. The most wildely used are phenyl
arsonic, n-propyl arsonlc, p-hydroxyphenyl arsonic, and
p-n-butylphenyl arsonic aclds. Thus, zirconium alone,
or 1n the presence of aluminum, beryllium, bismuth,
copper, iron, manganese, nickel, trivalent earths, and
zinc has been estimated with phenyl arsonic acid (96).
Zirconlum has also been quantltdtively determined with
n-propyl arsonic acid (3), and with p~hydroxyphenyl
arsonic acid (111). Other applications have been made to
thorium, titanium, tin, and bismuth. The preclpitated
salt 1s not ordinarily wgighed as such but ignited
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in air or a current of hydrogen to the oxide of the heavy
metal,

The arsonic acild group is ordinarily firmly attached
to the nucleus, permitting nitration and halogenation of
the ring and oxidation of side-chains. Nitro groups
may be reduced to amines (catalytically, or with ferrous
compounds, sodium amalgam, or cold hyposulfite) keeping
the arsonic acid group intact, and the resulting amino
group may be diazotlized and replaced in the usual manner,

The compounds are fairly strong aclds. Ionizatlion
constante of some of them have been determined (89).,
Primary lonization constants are of the order 1 x 10m4
and secondary constants of the order 1 x 1079, Elec-
trical conductivitles have been investigated in the
hope of finding some correlation with pharmacological
attributes (104).

Some arsonic acids have good melting points, but
the majority of them form anhydrides or decompose in
the course of heating.

RAsOzHy; —> RAsO,+HG0
2. Arsenoso Compounds (Arsineoxides) ¢RAsO).

These compounds are most readily prepared directly
or lndirectly from the corresponding arsonic acids.
Arsonic aclds can be dlrectly reduced to the arsenoso
form by treatment with sulfur dloxide in the presence

of a trace of hydriodic acid. Sulfurous acid alone is
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slow %o act, but the hydrogen iodide is saild to act as
an intermediate catalytic reagent.

BAsOzHo +2HI —> RAsO +2Ho0 +15
The lodine 1g then reduced to HI by the actlon of sul-
fur dloxide. Other reducing agents such as phenylhy-
drazine or phosphorous acid, 1in alcohel or ether medium,
have been employed.

Treatment of arsonic acids with phosphorus tri-

chloride in inert solvents, or with sulfur dloxide in
an excess of hydrochloric acid, transforms them into di-
chlorarsines (RAsClZ). Hydrolysis of these compounds
with dilute aqueous alkali or carbonate gives the de-
eired arsenoso derivatives. Halogen acids reconvert the
compounds to the corresponding dihaloarsines. Similarly,
reduction of the arsonic acld group with hydriodic
acld gives the di-iodoarsine (RAsIp) which can then be
hydroclysed to RAsO. Compounds of the type RAsClz can
also be made from mercury dlaryls or aryl mercurichlor-
1des by treatment with arsenic trichloride.

HgRo +2AsCly —> 2RAsClp +HgClo

RHgCl+ AsCly; —»> RAsCl, 4 Hglly
Hydrolysis, again, 1s the final step to the arsenoso
compound.

The arsenoso compounds are crystalline materials,

generally insoluble in water, sparingly soluble in al-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



cohel, and more soluble in the less polar solvents like
benzene. They are soluble in concentrated acids and
alkali, but only slightly soluble in ammonia or alkall
carbonates. Their melting points are usually more
trustworthy than those of the arsonic acids, but the
compounds decompose on strong heatling into arsenic tri-

oxlde and tertiary arsines,
3RASO —> R5A3+A5205

3. Arseno Compounds (RAs I AsR).

Exemplified by the important group of arsphenamines,
these cbmpounds are prepared by reduction of arsonic
acids or arsenosgo compounds, or by coupling reactions
between primary arsines and arsenoso compounds or di-
chlorarsines to glve pure or mixed arseno types. Re-
duction of arsonic acids can be done with sodium hypo-
sulfite (NapSg04) or hypophosphorous acid (HzPOp). The
Tirst reagent requires warming, and the resulting ar-
seno derivative 1is somewhat contaminated wilth sulfur or
sulfur-containing compounds. Nitro groups present in
the original material are simultanecusly reduced to
amino groups. Thus, a well-known preparation of ars-
phenamine base involves the hyposulfite reduction of
3-niltro-4-hydroxyphenyl arsonic acid (46, 47).

Hypophosphorous acid, though more expensive, is a

more raplid and cleaner reagent. Reductlon of arsonlc
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acids may proceed in the cold or at room ftemperature, and
nitro groups are largely undistrubed (in the absence of
iodide). Other reducing agents such as stannous chlor-
ide in hydrochloric acid or sodium amalgam in alcohol
have been used. Both of these latter reagents also re-
duce any nitro groups present.

The reduction of the arsenoso compound to the
arseno form 1s effected by the same kind of reagents
as are employed on arsonic acids. The reaction, however,
proceeds more quickly, and low temperatures are feasible.
Stepwise reduction of the arsonic acld to the arsenoso
and finally to the arseno compound often results in
products of superior quality and purity.

Condensations of aromatic primary amines with
arsenoso or dichlorarsine groups can lead to unsymmet-
rical arseno molecules.

RAsHo +R'A80 —> BRAs - AsR'+4 HoO
RAsGlg'+ R'ASHB — RAs — AsRY 4 2HC1

These unsymmetrical compounds can less satisfactorily
be prepared by reduction of mixtures of arsonic acids
or arsenoso compounds.

The arseno compounds are crystalline materials
difficult to purify. They are, as a rule, insoluble
in water, acids, alkalls, or common organlc solvents.

Solubility groups may be present to alter such properties
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and are necessary for facile medicinal appllication. The
arceno linkage is not as strongly chromophoric as is the
analogous azo group and is, besides, more readlly oxi-
dlzed. Oxidation occurs slowly 1n the alr, 1s more
rapid in solution, especially 1n alkaline medium, and
a variety of chemical oxidizing agents can readily con-
vert them to arsenoso derivatives or arsonic acids. The
presence of nuclear substltuents generally lncreases
the oxldative instability. The arsphenamines nmust
usually ke protected from oxidation by packaging in an
inert atmosphere of nitrogen or carbon dloxide, and
thelr solutions must be used within a short time after
preparation. Toxieclty of the mixture lncreases with
the appearance of the arsenoso compound.

Melting polnts are generally unsatisfactory and
the compounds decompose on strong heating to give ter-
tiary arsines and elemental arsenic.

3RAg = AgsR —>» QRSAs-e-éLAs

4. Quantitative Arsenic Determination.

Estimation of the arsenic content, following de-
struction of the organic matter, may be gravimetric or
volumetric. The first usually involves the formation
of magnesium ammonium arsenate which is ignited to the
pyroarsenate and weighed as such. Intermediate puri-
ficatlion may involve the formation of arsenious sul-

fide. Volumetric determination involves elther the
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titration, with standard thiosulfate, of the lcdine
liberated when an excess of potassium iodide 1s added to
the acid soclution of arsenic acid, or the 1lodine may be
boiled away and the resulting arsenious acid titrated
with standard lodine 1in a scdium blcarbonate buffer.
Electrometric titration using standard bromate solu-
tions hes been employed with excellent results (22).

Oxidatlve decomposltion of the sample is the pre-
liminary operation in any event. This may lnvolve
fusion of the weighed sample in dry oxidation mixtures
such as sodium peroxide, or potassium nitrate (70,72,77,
86,90,113). Such fusion~in-air procedures are said to
give low results because of losses due to volatilization.
Instead, an acld treatment may be used for decomposition.
This may take the form of the usual Kjeldahl sulfuric
acid-potassium sulfate-copper sulfate mixture (48,68,84)
or the sulfuric acid may be combined with a more vigor-
ous oxidizing agent such as fuming nitric acld, ammon-
ium persulfate, or potassium permanganate (49,59,71,74,99).
A recent review and evaluation of these methods was made
by Banks, Sultzaberger, Maurina, and Hamilton (4).

The method used by us 1s a modification of that
of Robertson (98) and is as follows. A 0.2 gram sample
is digested in concentrated sulfuric acid (6 ml.) and
fuming nitric (2 ml.) at a temperature of 250°C. in a

small Erlenmeyer flask (125 ml.) for 1% hours. A4n
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additional 1 ml, portion of fuming nitric 1s added to

the slightly cooled material and heating is continued

for an additional half hour. The sample should be nearly
colorless at this stage. An additional nitrlc acild
treatment may be necessary. A one gram portion of am-
monium sulfate is added to destroy the oxides of nitro-
gen, and the sample is cautlously diluted with water to
about 70 ml.

One gram of potassium lodlde 1s now added with one
or two boiling stones. A clean, empty drying tube 1is
clamped against the mouth of the Erlenmeyer flask with
the small end of the tube down and the bulb ritting
closely to the rim of the flask. The solutlion 1s eva-
porated to 40 ml, to drive off most of the lodlne, and
the light yellow color 1is destroyed by careful addition
of 0.02 normal thiosulfate, and diluted quickly to 70 ml.
with water. The solution 1s then poured into a 500 ml.
Erlenmeyer flask containing 10 grams of sodium carbon-
ate and 50 ml. of distilled water. An additional 5-7
grams of sodium bicarbonate and 2 ml. of starch solu-
tion are added and the whole is titrated with standard

iodine solution. No blanks are necessary.
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III. FLUCEENE ARSENICALS.

Fluorene

The hydrocarbon Fluorene, whose structural form-
ula and accepted numbering system is given above, was
isolated by Berthelot from crude anthracene olil in
1867 (13). It was named by him to suggest the beauti-
ful fluorescence shown by the compound, especially in
solution. The molecular formula, C,zHyy, was estab-
lished by Barbier (6) and its structure finally eluci-
dated by Fittig and Schmitz (53). It is, at present,
available in 95% purity as a coal tar fraction.

Fluorene 1s a colorless solid of meltling point
114 C. and boiling point 296°C (760mm.). It can be
oxldized by dichromate and acetlc acid to the keto com-
pound fluorenone (65). Fluorencne, then, may be sub-
sequently reduced to fluorenol with zine dust and al-
kali (119) or sodium amalgam and alecohol (5,25). Thus,
three series of closely related compounds are avail-

able for synthesis.

)

Fluorenone Fluorenol

OH
GO~ H\C/
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Nitration of fluorene with concentrated nitric
acid in glaclal acetic acid gives Z2-nitrofluorsne (14)
which can be oxidlzed with sodium dichromate to the
corresponding nitrofluorencne (30), or reduced with
alcohol, zinc dust, and calcium chloride to 2-amino-
fluorene (14). Nitration with fuming nitric acid gives
a mixture of 2,7- (66%) and 2,5- (22%) dinitrofluo-
renes (2), These, similarly, can be converted by ox-
idation with chromic acld to fluorenones (30,82) or re-
duced to the dilamincfluorenes with zinc dust and alcohol.

Nitrofluorenones may, in general, be reduced to
aminofluorenones with ammonium sulfide (10,30) or amino-
fluorenols with zinc dust and ammonia (26).

Direct chlorination with chloroform as solvent
gives a mixture of 2-chloro and 2,7-dichlorofluorenes (63)
while good yields of 2-chlorofluorene can be obtalned in
benzene solution using an iodine catalyst (18). Indir-
ectly, 2Z-chlorofluorene may be obtained through Sand-
meyer reaction on the 2-amino compound (28),

Similarly, bromination gives 2-bromo and 2,7-di-
bromofluorenes (24,115). And, indirectly, the 2-brome
compound is prepared through the dilazo salt (27).
Bromlnation in ultra-violet light gilves largely the
9-bromo derivative (103).

The compounds 2-iodofluorene and 2-fluorofluorene
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are made by diazonium reactions on the corresponding
amines, the last invelving the preparation of the fluo-
borate (11,26).

Sulfonation gives first the 2Z-compound and then
2,7-f1luorene disulfonic acid. Quantitative yields of
the 2-sulfonilc acld can be obtained in acetic anhydride
as solvent (6). The 2,7-disulfonlc acid is obtained by
the action of concentrated sulfuric acld at 95 C. (108).

The Friedel-Craft reaction can be run normally on
Tluorene. acetyl chloride with anhydrous alumlnum
chloride can be made to yleld 2-acetyl or 2,7-diacetyl-
fluorene (93) and simllar reactlons with benzoyl chlor-
ide or benzyl chloride yleld corresponding compounds (55,57).

These are the main substitution reactions of fluorene.
More extensive discussions of fluorene chemistry can be
found in extant review articles (26,97).

It will be noticed that in all of the cases men-
tioned, substitutions of one ring with a group in the
2-posltion deactlvates the ring so that the second enter-
ing group takes the 7-positlon exclusively except 1n the
case of nitration when the S5-posltion is also, but to a
lesser extent, attacked.

This tendency for a second entering group to locate
itself on the unoccupled group 1ls also strongly in

evlidence 1n the fluorenone series. For example, nitration
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of fluorenone-4—carboxylic acid gives largely the V-

nitro compound with some small amount of the 5-nitro (78).
The action of sulfuric acid at 250-28C°C. on fluorenone
gives 2,7-disulfonlc acid (109). 2,7-dichlorofluorenone
can be made from fluorenone with chlorine and a trace

of lodine in chloroform (58), while the 2,7-dibromo
compound can be made by the actlon of excess bromine

on fluorenone (107). Similarly, 2,7-dinitrofluorenone
results from the action of boiling nitric acid (d. 1.52)
on fluorenone (108).

This fact of strong deactivation of one ring,
especlally in the case of a meta directing group, but
even for ortho-para directing groups, will be of im-
portance later in the discusslon of certain structure
proofs.

Now, no arsenic compounds of fluorene were reported
in the literatute previous to 1931. In that year, a pa-
per by Cislak and Hamilton (23) described the prepara-
tion of three compounds of fluorene in which the arsoniec
acld group occupied the 2-position in the molecule. The
first of these, fluorene-2-arsonic acld (I), was made
through the Bart reactlon of 2-aminofluorene with a
yield of 19%. The second compound, fluorenone—-2-arsonic
acid (II), was made in 21.5% yleld by essentially the

same reaction on 2-aminofluorenone. The third compound
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was made through a series of reactions starting with
2,7-dinitrofluorene. This was half-reduced with ammo-
nium sulfide to Z-amino-7-nitrofluorene, the aminoc group
was then protected by acetylation, and the compound

was then reduced with zinc dust, alcohel and calcium
chloride to 2~-acetamino-7-aminofluorene. Reaction of
the diazo salt of this with sodium arsenite 1in the usual
Bart reaction gave a very low yield (2.5%) of 2-acet-

amino~fluorene-7-arsonlc acid (III).

CHy “\T_Asosﬁg {/’ 00~/ \|~As0H,,

I II

CH3CONH- CHy~ \\I-ASO5H2

III

Analyses for arsenlc were given, but no melting points.
No mention was made of the possible medicinal use of
these fluorene arsenicals, and no evaluation of their
therapeutic properties was given.

In the same year, Morgan and Stewart (79) reported

a similar synthesls of fluorene-2-arsonic acid and
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fluorenone-2-arsonic acid. The compounds 2-fluorenyl-
dichlorarsine, 2-arsenosofluorene, the corresponding
compounds of fluorenone, and the semicarbazone of fluor-
gnone-2-arsonic acid were brlefly described. The sodium
salts of the arsonic acids I and II were tested for thera-

peutic activity on trypenosoma eguiperdum and found to

have minimum lethal doses (M.L.D.) of 0.25 mgs. and 1.0 mg.
respectively for 20 grams of mouse. No therapeutic
(curative) actlon was found even in maximum doses.

Also prepared was the compound 7-aminofluorenone-
2-arsonic acid (IV) by nitration of fluorenone-2-ar-
sonic acid followed by ferrous hydroxide reduction to
the amine. No proof of structure was given here and
reaction was merely assumed to follow analogous nitra-
tlons in the fluorenone series. The sodium salt of this
arsonic acid showed a M.L.D. of 20 mgs. and a slight

therapeutic action in maximum doses.

NH2— ~ CO —ASOSHg

IV
Reaction of arsonic acld IV wlth acetic anhydride,

chloracetic acid, and chloracetamide, gave compounds
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V, VI, and VII tabulated below with their therapeutic

values.
CH CONH Co -AsOzH, COOHCHoNH €O AsOgHg
v VI
M.L.D. 1l5mg. M.L.D. &0mg.
M.C.D. 1Omg. M.C.D. actlon only in

maximum doses.

NHECOCHQNH- ~CO -A305H2
VIiI
M.L.D. 30Omg.
M.C.C. action only in

maximum doses.

It will be noticed, as expected from similar ob-
servations 1in the benzene series, that the introduction
of the amino group in the 7-position (corresponding to
the para position in the case of benzene compounds)
lowers the toxicity of the fluorene arsenicals. The
compound 7-acetaminofluorenone-2-arsonic acid (IV) with
a ratio of minimum lethal to minimum curative dose
(therapeutic index) of 1.5 shows some promise.

In a second paper (80), Morgan and Stewart des-

cribed the preparation of several series of compounds
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based on the 7-aminofluorenone-~-2-arsonic acid. Arseni-

cals of the type

RNHGOGHgNH— co "ASOSHZ

were prepared in which R was successively methyl (CHB—),
phenyl (CgHg~) and p-acetophenonyl (CHz.CO.CgHyu~). All
were prepared by the Jacobs and Heidelberger method (67,69)
using the proper chloracetamide derivative in alkaline
medium. The sodium salts of these glycine amlde de-
rivatives were again tested for trypanccidal actlon, the
methyl compound showing a M.L.D. of 20 mg. and a slight
curative power, the phenyl compound hawving little or

no value, and the acetophenonyl derivative glving a

M.,L.D. of more than 50 mg. and no indication of curing.

A second series of compounds of the form

RCONH - 0 _ASOSHB

was investlgated ln which the compound R is CHg—~ had
already been prepared. By reaction of the correspond-
ing acids, anhydrides, or acid chlorides with 7-amino-

fluorenone-2-arsonic acid, four compounds were prepared
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in which R was respectively H, ethyl (CgHs-), n-propyl
{CHzCHoOHo-), and phenyl (CgHs-). It was observed that
curative powers are manifested when R is H, attains a
maximum when R 1s CHS—, and decr=ases rapidly when R 1s
stlll further lengthened. No curative power is present
when R is phenyl. The therapeutic results are tabulated

(sodium salts on tr. equiperdum, mgs. per 20 grams of

mouse,
R M.L.D. M.C.D.
H 20 20
CHz- 15 10
CHCH~ 5 5
CHgCHaCHy™ 1 nil
CgHgm 20 nil

A third serles of compounds of the substituted

urea type was described,

RNHCONH~ co —ASOSHZ

Arsenicals were prepared in which R is H, CH5-, C6H5-
(phenyl). The simple carbamido compound (R is H) in
the form of 1ts sodium salt gave a favorable therapeutic
reaction with a M.L.D, of 30 and a M.C.D. of 15. The

other two compounds were essentlally ncn-curative. All

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



43.

of these were prepaéred from 7-aminoflusrenone-Z-arsonlc
acid in alkaline medium through the action of potassium

cyanate or the corresponding carbimides (CHSNCO, 06H5NCO)q

In this paper, also, was descrlibed the preparation
of 7-hydroxyfluorenone-2-arsonic acid {VIII) by diazoti-
zation and hydrolysis of the 7-amino compound. Acetyla-
tion with acetle anhydride gave 7-acetoxyfluorenone-2-
arsonic acid (IX). The sodlum salts of these showed

comparatively good curatlve actlon with the followlng

results:
0
] .
HOw— CO~ —ASOSHQ CHgCO T:CO -As0zHo
VIII IX
M.L.D. 10 M.L.D. 6
M.C.D. b5 M.C.D. 3

There were described, besides, the preparation of
three disappointingly ineffective compounds, the firstg
(X) prepared from 7-aminofluorenone-2-arsonic acid and
carbonyl chloride, and the other two (XI and XII) by the

action of oxalic acid,

H205As_[/h\\/CO\I:::I_NHCONH_I/\\,-CO\ \\-AsOSHB
\\g/L_—‘— N
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COOH~ CONH- :coﬁ _AsOzHS

N

X1

00

il
HoOghs o\, -CO \{/ \,,..NH-C_G_NH.. /}/co ~450 4Hs
XII

In a third peper (81), Morgan and Stewart investi-
gated more fully the ureldes corresponding to the follow-
ing type.

RNHCONHCOCHoNH- CO ,~As0zHo

These were prepared from 7-aminofluorenone-2-arsonic

acld, sodium lodide, sodlum hydroxide and the correspond-
ing chlorcarbimides (ClCH,-CO-NH-CO-NHR). An increase

in the length of chain R rapidly destroys the therapeu-
tic value of the compounds as can be seen from the follow-

ing tabulation,

R M,L.D. M.C.D.
H 10 6
GHS- 10 inactive
CrHp= 10 only slightly
65
active
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A better result was had from the action of chloracet-
amide on the 7-hydroxy arsonic acid to glve 7-carbamyl-
methoxyfluorenone-2-arsonic acid (XIII) with a M.L.D. of
30 and a M,C.D. of 10,

In this last paper, the investigation of fluorenol
arsenicals was also deseribed (XIV). The 7-aminofluorenol-
2-arsonic aclid was bbtained by catalytic reduction with
hydrogen and platinum of 7-aminofluorenone-2-arsonic acid.
By reactions already glven, compounds were made iln which
R is -COCHz, —~CHoCONHo, -CONHp, ~CONHCHz, and ~CONHCgHs.

These were evaluated as below:

0 H OH
{
NH,CCHA0 CO~ -Ag0zH,  RINH- c / \, ~As0gH,
XIII XIV
_R_ MoLoDc MGCOQS
H 2 curative in maximum
doses

-COCHg 30 15
-GHECONHZ 3050 12.5
-GONH2 15-30 some 1in max. doses
-CONHGHS 12.5 slight
_GONHCGH5 12-20 slight

The above compounds complete the tabulation of

fluorene arsenicals already described in llterature.
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In summary, the most encouraging compounds so far

uncovered are listed in Table V.,

TABLE V
Compound M.L.D. M.C.D. index

7~acetaminofluorenong=o- :

arsonic acid 15 10 1.5
7-carbamidofluorenone~2-

arsonlec acid 30 15 2
7-hydroxyfluorenone=2-

arsonic acid 10 5 2
7-acetoxyfluorenone-2-

arsonic acid 6 3 2
7=carbamylmethoxyfluore-

none-2-arsonic acid 30 10 3
T-acetaminofluorenol=2=-

arsonle acid 30 15 2
7-glycineamldofluorenol-

2~arsonic aclad 30-50 12.5 2.5-4

Obviously, then,the flucrene arsenicals thus far
prepared offer little in the way of useful drugs. Thera-
peutic indexes should have a minimal value of 6 to 8 to
be safely employed. Yet, at least, activity in some of
them is fairly pronounced and, in view of the fact that
only two relative positions, the 2 and 7, have been ex-
plored, further research 1s warranted. The 2,7 positlons,
viewed as substituents of the biphenyl system, correspond

to the extended para, a form that would seem to offer the
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most 1ikely structure type in view of the corresponding

CO,

RN
X <ii’_——\.,__—— 2y ~AsOzHo
s iﬁd/ *

Regarded as benzophenone derivatives,
Undoubt-

benzene analogs.

the relative positions become meta 1n character.

% AsOzHo

7 ca< 2>

edly, the therapeutic values of various substituted bi-
phenyl and benzophenone arsenicals might here suggest

what types should be next attempted. But the llterature
is meager on the subject of arsenicals of these two parent
compounds. It may be that the extended para position
through the benzophenone portion of fluorenone, corres—
ponding to the 3,6 series, will turn out to offer most.
Fasy entrance into these positions of the fluorene sys—
tem 1s not yet possible.

A final conslderation must be made. It has been
shown (121) that certain of the fluorene derivatives
possess carcinogenic qualities. It might be of interest
to determine 1if fluorene-2Z-arsonic acid, like 2-acetyl-

fluorene, possesses such activity. Very few arsenicals
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have been evaluated carcinogenically as yet, and such
evalvation would be limited to compounds fairly innocuous
from the standpoint of arsenle content. In any event,
even should these fluorene arsenlicals show tGendencles
toward cancer formation, it 1s extremely doubtful
whether such actlon would prohiblt use of them as ar-
senicals. The course of arsenic treatment 1s short in
comparison with that required for positive carclnogenie

activity.
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IV. NEW FLUORENZ ARSENICALS

A. CGeneral Discussion.,

The new arsenicals preparsd by us are &ll of them
fluorenone derivatives. ©Some extension of the 2,7 deriva-
tives was first made, but the major portion of the work
centered about the newly prepared parent arsenicals
fluorenone-4-arsonic acid and fluorenone-l-arsonic acid.
Finally, the Bechamp type reactlon was attempted on three
fluorenone amines: 2-amlinofluorenone, 4-aminofluorenone,
and l-amlinofluorenocne, The avallability of these amlnes
was the greatest factor in determining choice of new de-
rivatives. The preparation of these new compounds will

be described in tals order.

1. Derivati%es of fluorenone-2-arsonlec acid.

The compound 2-aminofluorenone was prepared by
methods already described in the llterature. Direct
nitration of fluorene to glve 2-nitrofluorene (14),
followed by oxidatlion of the nitro compound to 2-nitro-
fluorenone (30), and reduction of this to 2-amino-
fluorenone was readily accomplished in good yleld.

We have made some improvement in the last reductlon
operation, using sodium sulfide-ammonium chloride-am-
monium hydroxide in an alcohol medlium and the detalls
are given in the experimental section. For transforma-

tlon of this compound to the correspondlng arscnilc
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acid, the Scheller modification of the Bart reactlion was
successfully employed. Diazotézation of the amine in
acetone followed by decomposition wlth an excess of ar-
senlc trichloride and a catalytic amount of cuprous
chloride gave yields of product which consistently bor-
dered on 40%. The Bart reaction, using an aqueous al-
kaline arsenite medium, generally gve yields some 20%
lower. Use of acetone as the solvent medlum for the
Scheller modification appears to be an innovation, for
no mention of its use in this regard was described 1in
the literature. The more usual solvents, ethanol and
glacial acetic acld, gave poorer results, especilally in
the case of acetlic acid, Attempts to vary the conditions
of the preparation or the mole-ratio of the reactants
failed to improve the yield further,
Fluorenone~2-arsonlc acid was then nitrated with
fuming nitric acid-sulfuric acld to give the 7-nitro
compound, and this was reduced to the corresponding
amine with alkaline ferrous hydroxide according to the
methods of Morgan and Stewart (79). Analysis for arsenic
wherever posslble gave close to the theoretical values.
A sample of 7-aminofluorenone-2-arsonic acid was
transformed into the first of the new compounds by add-
ing a water solution of the sodium salt contalning sod-

ium nitrite to a cold solution of sulfuric acid. The
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diazonium solution so obtained was then decomposed in
regular Bart fashion by addition to an alkaline arsen-
ite copper sulfate aqueous mixture. Purification of the
insoluble material obtained by acidification gave a
light yellow-brown material which analyses correctly,
after purification, for fluorenone-2,7-dlarsonic acid
(I) in 67% yield. Purification was made through the
sodium salt. The compound 1s somewhat soluble in hot

water and glacial acetic acld. The strongly acid

Ho03A 8- rC(k/\—AsOgHg

I
character of the compound was indlcated by the rapid
effervescence when placed in dilute sodium bicarbonate
solution at room temperature. The mono-arsonic acids of
the fluorenone serles react, in general, much more mildly
under the same conditions.

A gecond portion of 7-aminofluorenone-2-arsonic
acid was transformed into the corresponding arseno com-
pound by warming a suspension of it in glacial acetic
acld with an eXcess of hypophosphorous acid. The compound
was converted into the double hydrochloride and analysed

for arsenic as such (II). The product, a light brown
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HOL-NHg- F/co\, ° -As:As_m:co_]i\),-NHg»Hcl

/ N
11

powder, was extremely sensitive to oxidation, turning
dark on exposure to alr, especially when wet with water
or organlc solvents. Its arsenic content diminished on
standing, indicatling transformation to oxygenated com-
vounds. The solublility in water or in common organic
solvents as the free base or hydrochloride 1ls very
limited. Treatment of the hydrochloride with dilute
alkall liberated the yellow-brown di-amine. Diazotiza-
tion of the amine followed by coupling with beta-naphthol
in sodium acetate solution gave a bright red coloration
intensified by the addition of some alcohol., No other

arseno derivative in thls series has been reported.

2. Derivatives of fluorenone-4-arsonic acild.
a. Preparation of 4~aminofluorenone.
Recorded methods exlst for the synthesis of 4-amino-
fluorenone starting with phenanthrene. Phenanthrene was
oxldized in the usual manner (16) to phenanthraquinone

using concentrated sulfuric acid and sodium or potassium
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dichromate and purified through 1ts soluble bisulfite
addition compound. Oxidation of phenanthraqulnone to
diphenic acid (biphenyl-2,2'-dicarboxylic acid) can be
done in a variety of ways. Use of sodium dichromate (116)
or chromic anhydride (52) is common. A &ethod employing
alkaline permanganate (19) has been described. After much
experimentation with conditions and varieties of alkaline
media, the permanganate method has been used by us fo

glve easy and reproducible conversion, the details for
which will be found in the experimental section. Alka-
line oxidation of phenanthraquinone may seem to be a less
desirable procedure inasmuch as the benzlilic acid re-
arrangement of the compound to blphenylene glycollle acid
in dilute aqueous alkali allows of two concurrent re-
actions. Direct oxidation of phenanthraquinone ylelds
diphenic aclid, but oxidation of the rearranged compound

results in fluorenone,

COOH  COCH

TR :»-—:
i V)‘/ Czﬁﬁom{ (—O—)> oo

oNNe'
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Having studied the effect of various temperatures
and times of reaction, and & host of alkaline reagents
(sodium carbonate, sodium bicarbonate, various sodium
and potassium phosphates, sodium and potassium hydrox-
ides, sodium acetate, etec.), it was finally discovered
that barium hydroxide in sultable concentratlion afforded
the proper medium for good conversion to the desired
product., The advantage of the method 1is the fermation of
diphenic acid in good yield (65-70%), of high purity, in
a short time (2-3 hours).

Diphenlc acid 1s readily converted with concentrated
sulfuric acid at 140°C. to fluorenone-4-carboxylic acid

(66), and this can be transformed into the acid chloride

C™OH
OO - i
éOOH

COOH

with phosphorus pentachloride (61), then into the amide
by treatment with ammonla and finally into the cor-
responding amine by a Hofmann hypobromite reaction (68).
Conversion of the acld to acid chloride can readily be
accompllished also wlth thienyl chlorlide. The details for
this modification are included in & later section. Trans-
formation of the acld chloride to the amide was done in

most cases with agueous ammonlum hydroxide.
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b, Preparation of fluorenone-4-~arsonic acid.

This new parent arsenical (III) was prepared from
the amine by - a modified Scheller reaction carried out in
acetone using a procesdure pretty much the same as that

used in the preparatlon of the 2-arsonlic acid. Yield of

CO~

AsO 3Ho
III

light yellow product was consistently 40%. The material
was purified through the sodlum or ammonlum salt since
the solubility of the free acld 1in hot water or common
organic solvents 1s low. Arsenic determinations gave
results that checked with the theoretical value. The
erystalline orange-yellow monosodium salt was prepared by
dissolving a portion of the free acid in hot water with
the calculated quantity of sodium bicarbonate followed
by the additicon of several volumes of alcohol and sub-
sequent cooling to effect crystallization. The disodium
salt is readily soluble in water at room temperature to
give an orange-red solution.

A portion of finely divided fluorenone-#4-arsonic
acid was suspended in warm 6 normal hydrochloric acid,

and a small quantlty of potassium lodlde was added.
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The mixture was saturated with sulfur dioxide and allowed
to stand over night. This treatment gave the light
yellow amorphous arsenoso compound {(IV) which was insol-
uble in water, alkall, and somewhat soluble in hot hydro-
chloric acid or hot glacial acetic acid. Analysis for

arsenic confirmed the transformation. Another portion of

Co

Ag=0

IV
fluorenone~4=arsonic acid was suspended in glaclal acetilc
acid, refluxed to effect partial solutlion, and treated with
a small quantity of phosphorous trichloride. Immediate
dissolution was followed by a gentle reflux for a few min-
utes and, upon cooling, well-formed yellow crystals of the
dichlorarsine (V) separated. These were purified by crys-

tallization from glacial acetlic acid, analysed for arsenic,

co\/\

and submitted to melting point determination. The dichlor-
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arsines of This series scem to be especially suitable

for characterlzation. They are fairly stable crystalline
materials, soluble in most inert solvents, and glve good

melting poinis. Most of the corresponding arsonic acids

decompose on heating without melting.

¢. Nitratlon of fluorenone-4-zarecnlc acld.

Samples of fluorenone-4-arsonic acid were niltrated
in a mixture of sulfurlc and fumlng nitric aclds at
about 10°C. using & modification of the method of Morgan
and Stewart (79). Yield of light yellow nitro com-
pound was almost quantitative, and arsenlc analysis
checked with the value required for a mono-nitro fluorenone
arsonic acid. Purification was made through the sodium or
ammonium salts, these beilng readily soluble in water to
give red-orange solutlons, From a consideration of
the chemistry of fluorene, the compound was taken to be

7-nitrofluorenone-4-arsonic acid (VI).

NO - Co

N

A803H2

Vi

d. Proof of structure of 7-nitrofluorenone~4-
arsonic acid.

From a conslderation of the orientation influences
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present ln Tluorencne-4-arsonic acid, the likellhood

for the formation of the 7-nitro compound by direct
nitration 1s unquestlonably high. All discoverable,
analopgous reactions of the series lead to thils conclu-
sion, It should be remarked that the compound obtained
similarly by Morgan and Stewart from fluorenone-2-arsonie
acld was tacitly assumed to be the 7-nitro derivative (79).
Nevertheless, in order to establlish structure beyond dis-
pute, two methods of attack were followed,

In the first method, a small amount of the nitro-4-
arsonic aclid was converted to the dichlorarsine by a
method similar to the one used 1n preparation of fluore-
none-4-dichlorarsine. Agaln, beautiful yellow ecrystall-
ine material resulted which was soluble in hot glacial
acetlc acld and analysed correctly for arsenic content.
The melting point of this compound was found to be 231-

232°C,, and was the supposed 7-nitro-4-dichlorarsine (VII).

NOo- CO~.

A3012

VII

A sample of this material was intimately mixed with

mercuric acetate and submitted to fuslon at temperatures

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



59.

exceeding 30C°C, according to the procedure of Skiles

and Hamilton (112). Extraction of the melt with hot
glacial acetic acid yilelded a very small quantity of
yellow crystalline material, supposedly the 2-nitrofluore-
none. The melting polnt of this fuslon product, together
with melting points of pure 2-nitrofluorenone and a mix-

ture of the two are ftabulated.

MQF.
fusion product 212-214°¢C,
2-nitrofluorenone 218-218.5°¢C.
mixture 215.217°¢,

Such results are not conclusive, yet strongly sug-
gest that the fuslon product was indeed 2Z2-nitrofluorenone
contaminated with some starting material. The fuslon
product gave an evanescent Bellstein test for halogen. In
view of the low ylelds from this procedure, and since the
admittedly slim possibility of the nitro compound having
the s tructure 2-nitro-4-arseonic acid would not be ex-
cluded, this method was discarded.

The second method was more successful. A sample of
fluorenone~4-carboxylic acld was nitrated according to
the method of Moore and Huntress (78) yielding mostly
7=-nitrofluorenone-4-carboxylic acid with a small quantity
of the 5-nitro compound. The 7-nitro compound was trans-
formed by described procedures (78) through the chlorlde
and amide into the amine., This 7-nltro-4-aminofluorenone

was then converted by a modified Scheller procedure into
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the corresponding arsonic aeid in 43% yield. Conversion
of this intc the dichlorarsine gave 7-nitrofluorenone-~4-
dichlorarsine of unquestionable structure. The melting

point of thls compound, together with the melting point

of the supposed ldentical dlchlorarsine and a mixed

melting pcint of the two are tabulated,

M.P.
supposed 7-nitrofluorenone-—4- ~"“
dichlorarsine 231-232°¢,
known 7-nltrofluocrenone-4-
dichlorarsine 231-2329¢,
mixture 2531-232°C.

The product of direct nitration of fluorenone-4-
arsonic acid has therefore shown to be 7-nitrofluore-
none-4-2rsonic acid.

e. Preparation of 7-aminofluorenone-4-arsonic acid

and derivatives.

For the reductlon of 7-nitrofluocrenone-4-arsonie
acld to the amine (VIII) alkaline ferrous hydroxide was
‘again used. The 1solated pale-brown material was readily
soluble in dilute alkali, dilute hydrochloric acid, and
coupled after dlazotization wlth beta naphthol to give a

red color. Arsenic analysis gave the proper values,

NHZ-(/’\\ GO~
\\,/[;""_
VIII
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Two derivaitives of 7-aminofiuvorenone-4-arsonic acid were
prepared: the acetyl compound (IX) and the glycine-amide

derivative (X).

CH5CONH /. GO NHoCOCH oNH co

ASOSH? A803H2

~

IX X

The first, a crystalline orange material, was readlly made
by stirring a suspension of the amline 1in excess of acetlc
anhydride at a temperature of 70-80°C. for one hour.

The second, a deep purple-red compound, was prepared by the
addition of a slight excess of chloracetamlde to a potassium
salt solution of the amine arsonic acid, followed by a two
to three hour period of heating at 90°C. A small amount of
potassium lodide catalyzes the action. Correct arsenlec

analyses were obtalned.

3. Derivatives of fluorenone-l-arsonic acid.
a. Preparation of fluorenone-l-arsonlc acild.
Fluorenone-l-carboxylic acld can be obtained in a l1-step

chromic oxide oxidation of fluoranthene (50). Purification

COOH

Co
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of the crude material was done through the sodium salt (12).
The acid was then converted into the corresponding amine by
the usual route through the acid chloride, amide, and Hof-
mann reaction (66). Again, thionyl chloride was used for
conversion of the acid to acid chloride, and aqueocus ammonia
for conversion of acld chloride to amide. The final amino
compound is of a gold-yellow color in sharp contrast to 2-
aminofluorenone which is purple-red and the 4-aminofluorencne
which 1s red-crange.

Conversion of l-aminofluorenone into the corresponding

arsonic acid (XI) was best accomplished (40-45% yield) by use

TSOSHz
(/\\ co~ \,
-
XI

of a modified Bart reaction. The amine was dlssolved in
warm acetone and the solutlon poured into an excess of di-
lute hydrochloric acid with efficient stirring. The par-
tially precipitated amine and aminehydrochloride suspension
was then chilled and dlazotized in the usuval manner. The
diazonium solution was then added slowly to an alkaline
arsenite-copper sulfate mixture and the reaction completed
by warming. In this instance, the Scheller modification
was found to give ylelds inferlor by about 5-10%. The
product was light yellow in color and, as usual, was puri-

fled through the sodium salt. Analysis for arsenic gave

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



63,

the expected values.

The monoscdium salt of fluorencne-l-arscnic acld was
made by the addition of some alcohol to a hot sclution of
the acid in aqueous bicarbonate, followed by cooling to
effect crystal formation., A deep orange crystalline mater-
ial was obtalned, very soluble in water.

Using procedures similar to those employed in the 4-
argsoniec acid éeries, fluorenone-l-arsonic acid was con-
verted into the corresponding light yellow, amorphous arsen-
oso compound (XII) and the deep yellow, crystalline dichlor-

arsine (XIII). This last, as was expected, was easily sol-

?.s:o 75012
co VN
0 KU
XII XIII

uble in glacial acetic acid and gave a fairly sharp melting

point. Proper arsenilc contents were found in both.

b. Nitration of fluorenone-l-arsonic acid.

The procedure used for nitration of fluorenone-4-ar-
sonic acid was employed for the nitration of the l-arsonic
acid. Agalin, yields of pale yellow material were practically
quantitative, and correct arsenlc analyses were obtalned.
Now, the problem of structure proof of this parent compound

has not yet been solved. Agaln, from a consideration of
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analogous cases, including the very similer one of nitro-
fluorencne-4~arsonic acid, it can be assumed that the compound

is almost certainly 7-nitrofluorenone-l-arsonic acid (XIV),

ASOSH

(1))

XIv

2

In an effort to apply the mercuric acetate fuslon
technique to the problem, a portlon of the nitro compound
was transformed into the corresponding dichlorarsine using
the procedure already mentloned; this new compound, the
supposed 7-nitrofluorenone-l-dichlorarsine (XV), was then
purified by solution in glaclal acetic acid and analysed

for arsenlic. The melting point of the yellow crystalline

AsCl

-
(0

XV

material was 215°C. The results of the mercuric ace-
tate fusion of the nitrodichlorarsine, however, were
negative. No 2-nitrofluorenocne could be isolated from the

melt. Attempts to hydrolyze off the arsonic acid group with
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60-70% by weight sulfuric acid were likewise without result.
Work 1s progressing in several directions. The replacement
of the arsonic acid group by hydrogen is generally a diffi-
cult operation. Apparently, the strength of bond is greater
here than for the sulfonilc acid group. Instances can be
found in the literature where such a removal has been done
with sodium amalgam in special cases (2), or by the action
of hydriodic acld on the dichlorarsine. Such procedures
are not, however, at all general and may fall in this
instance. Reducing action would, of course, affect the nitro
group as well, and in any event, the transformation into 2-
nitrofluorenone would not absolutely eliminate 2-nitrofluore-
none-l-arsonic acid from the possiblilities, although it must
be admitted that such a possibility is slim indeed. Along
this line, a sealed tube method hydrolysis of the dichlor-
arsine with concentrated hydrochloric acld 1s being attempted.
Replacement of the arsonlic acid group by halogen can be
made proceding generally from the dichlorarsine to the
organo-mercuric chloride, and then to the lodo or brome com-
pound. But here, such a transformation is unfeasible in view
of the lack of the corresponding known fluorene compounds.,
Perhaps the most likely procedure would be to begin with
the nitration of the l-carboxylic acid of fluorenocne, deter-
mine the structure of the nitrocarboxylic acid (probably the

7-nitro-l-carboxylic acid) and proceed then in a fashion similar
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to the successful structure proof given above for 7-nitro-
Tlucrenone-4-arsonic ac¢id. Fluorenone~l-carboxylic acld has
been nitrated (51) but structure determination of the pro-
duct has yet to be made. Work along this line 1s in pro-
gress. For the present, the reasonable assumption will be
made that the compound corresponds to formula HIV,

c. Preparation of 7-amlinofluorenone-l-arsonic acid and
derivatives.

fluorenone-l-arsonlic aclid was accomplished in the usual manner
wlth alkaline ferrous hydroxide to glve a pale brown material
of proper arsenic content., This amino compound was readily
soluble in alkali and dilute hydrochloric acid, and dlazotized
and coupled wilth beta naphthol to give a bright wine-red color.

This compound 1s very probably, then, 7-aminofluorenone-l-

arsonic acid (XVI),
ASO5H2
NHp=.” "\ CO \( \,
0r()

XvI
Using procedures simllar to those employed in the 4-
arsonlic acld series, samples of 7-aminofluorenone-l-arsonic
acid were transformed into a dark orange acetyl compound (XVII)

and a dark purple-red glycineamide derivative (XVIII). These
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.AibsoSH.2 z?,soSHg
CHzCONH- ./ \ - GO~ W NHoCOCHoNH- .~ \ io_]/\
|
1\/ 1/ S
XVII XVIII

were analysed in the usual manner. The free amine ls less
reactive towards acetic anhydride than is 7-aminofluorencne-—-4-

arsonic acld and a higher reaction temperature for acetylation

was used,

4, The Bechamp reactlon on aminofluorenones.

The possibllity of direct introductlon of an arsonic
acild group into the flucrene nucleus by treatment of a fluor-
ene amine or phenol with arsenic acid according to the method
of Bechamp was considered. The disadvantage of the procedure
was seen to lie in the generally low ylelds obtalned and 1in the
necessity for subsequent structure proof. The advantage, on
the other hand, 1s that an amlne-arsonic aclid 1s directly ob-~
talilned and this could then be changed into a variety of amine
derivatives in the usual fashion. No application of the Be-~
champ reactlon to the fluorene series has yet been reported,
The compounds selected for trial were Z-aminofluorencne, 4-

aminofluorenone, and l-aminofluorenone.

O—co_\@_mﬁz O/CO\KD
' NH,
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It will be observed that slince the para position is
blocked in the case of 2-aminofluorencone, only poor ylelds
could be expected from the Bechamp reaction on this com-
pound. Actually, after many attempts to carry out the re-
action using a great many varilations 1in method, no product
could be isolated., ©Some of the original amine was recovered
in almost every case, the remainder representing largely
charred materlal from the oxidizing effect of hot arsenic
acld.

Similarly, in the case of 4-aminofluorenone no amine-
arsonic acid could be isolated from the reaction mixture.
In this case, fallure of the reaction was more surprlsing
since the para position is open. On the other hand, the
open para position is orthe to a meta-directing carbonyl
group which may be effective in lowerlng the activity of
that position.

Now l-aminofluorenone would seem to offer the best
possibilities for a reaction of this type. Not only 1s the
para position unoccupled, but that position 1is, besldes,

ortho to the benzene-benzene bond which activates the ortho
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hydrogen to some degres. Moreover, the melting point of the
amine is fairly low, 118°C., making possible a fluid melt at
the usual reaction temperatures (140-170°C.). 1In the first
attempt, a product was isolated in low yields (about 5%
based on the arsenic acid used) but of good appearance.

The product was orange-yellow in color, readlly soluble

in alkali, slightly soluble in dilute hydrochloric acid,

and tested for a free amino group by dilazotizatlion and
coupling with beta naphthol. OSubsequent improvements in
procedure ralsed the yield to 8-10%. Solid arsenic acid,
dried at 110°C., was used with én excess of the amine and
the mixture was heated at 180-170°C., for three to four hours.
The cooled melt was then extracted with dilute sodium hydrox-
lde, and the amine arsonic acld was precipltated from the
alkaline filtrate by careful acidification wilth dilute
hydrochloric acild. Full detalls are to be found in the ex-
perimental sectlion.

Structural proof for this compound has not yet hbeen com-
pleted. The material does not give correct arsenic values,
but even after purification through the sodium salt, yields
results 2 to 5% low. The presence of some arsinic acid
(RZASOEH), a usual by-product of Bechamp procedures, would
appear to explain the erratic analyses. Yet fractional pre-
cipitation of the compound from solutions of the sodium salt
with dilute hydrochloric acid gives, first, a fraction that

is lower in arsenic content than the value required for the
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arsinic acid, while the more acidic fraction formed secondly
gives results that approach the theoretical value for the
amine-arsonic acid. The main porticn is undoubtedly the ex~
pected product.

Both ultimate purification and proof of structure have
yet to be made. For structural determination, deamination
of the amino-arsonic acid through the dlazonium salt to give
the simple fiuorenone arsonic acld; conversion of the arsonile
acid to the dichlorarsine with 1ts characteristic melting
point; comparison of the melting point wlth that of the known
fluorenone dichlorarsines, followed by a mixed melting point
determination, would be fairly concluslve proof of structure.
The posslbllity of attachment of the arsonic acid group to
the unsubstituted ring can be ignored, and the compound is
almost certalnly l-aminofluorenone-2-arsonie acid, or l-amino-
fluorenone-4-arsonlec acid. In view of the generally more
facile substitution in the para position, the latter structure

(XIX) 1s for the present assumed correct. But the 2-arsonic
NH

\\,co\/J\\

AsOzHs
XIX
acld cannot be rejected as a posslibility in view of the fact

thet the Bechamp reaction on alpha naphthylamine glves the

2-compound (17).
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B. Experimental,

Temperatures given in the following section refer to
the Centigrade scale. Melting points were obtained with a
calibrated thermometer using an aluminum block. Where
melting polnts are not given in the case of the new arseni-
calsg, 1t may be inTerred that such melting temperatures
were indefinite or above 300°.
1, Derivatives of fluorenone-~2-arsonic acld.

2-aminofluorenone.

Fifty grams (0.222 moles) of 2-nitrofluorenone, 40
grams (0,753 moles) of ammonium chloride, one liter of
alcohol, and 200 ml. (3 moles) of concentrated ammonium
hydroxide were introduced into a &5 liter flask, fitted with
reflux condenser and dropping funnel. The mixture was gently
refluxed while & solution of 140 grams of NagS-9Ho0 (0,583
moles) in about 400 ml. of water was slowly introduced. The
mixture darkened at once and at the end of the addition
(about 45 minutes) was an almost clear red. Refluxing was
continued for one hour more.

The solution was now poured into & liters of water and
let stand several hours (or overnight). The precipitate
was filtered off and washed wlth water. It was then ex-
tracted by boiling with a solution of 150 ml, of concentrat-
ed (12 normal) hydrochloric acid in 1000 ml. of water. The
low solubillity of the hydrochloride required bolling tempera-
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ture and filtration while hot. The insoluble material was
extracted further with small portions of bolling dilute
hydrochloric acid. The filtrates were combined and the
residue, which was slight, was discarded.

The combined Filtrates were neutrallzed with sodium
hydroxide solution, and the precipitated amine was filtered
off, washed with water and dried. The compound was suffi-
ciently pure for most uses. A single crystallization
from dilute aloohol gave a melting point of 162-163°. The

average yleld from a number of runs was 35 grams (80%).

Fluorenone-2-arsonlic acld.

Ten grams (0.0512 moles) of finely divided 2-amino-
fluorenone was dlssolved in 400 ml. of acetone and 11.5
grams (0.112 moles) of concentrated sulfuric acld was
added drop-wise with efficlent stirring to preclpltate
some amine sulfate. The mixture was cooled to 5-10° and,
with stirring, a solutlon of 5 grams (0.0725 moles) of
sodium nitrite in 15 ml. of water was added over a perlod
of ten minutes through a dropping funnel, the end of which
was submerged in the acetone solution. The mixture, now
more heavy with precipltated material, was stirred for
thirty minutes more at a temperature not exceeding 100,
and 20 grams (0.110 moles) of arsenic trichloride was
added all at once. Stirring and cooling was extended 30

minutes more when one gram of freshly prepared cuprous
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bromlde was added and the mixture was warmed slowly on the
water bath to a tenperature of 40° where evolution of nitro-
gen was brisk. After nitrogen evolution ceased (30 minutes)
the material was poured, with stirring, into 1500 mi. of
water and let stand for 2 hours. The insoluble portlon

was filtered off and extracted with a warm (70-80°) solu-
tion of 15 grams of sodium blcarbonate in 800 ml, of water.
A second extraction using 5 grams of sodium blcarbonate in
200 ml. of water was made and the filtrates were combined
and treated with decolorizing carbon. The clear yellow
filtrate was cautliously acidified with 6 normal hydrochloric
acid until distinetly acid to litmus to give a light yellow
precipltate of the arsonic aclid. This was flltered off,
washed well with water, and dried. The yleld was 6.25

grams (40%).

For analysis, purification was made through the sodium
salt using sodium bicarbonate solutions at 60-70°, acidify-
ing with hydrochloric acid. The well-washed material was
dried over & steam bath and then in an oven at 110-115° for
6 to 7 hours or untll constant welght had been obtalned.

Arsenic calculated: 24.6% Arsenic found:s 24.4%

7-nltrofluorenone-=2-arsonic acid and 7-aminoflucrenone-2-
arsonic acid.

These compounds were prepared from fluorenone-2-arsonic

acid using procedures of Morgan and Stewart (79).
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Fluorenone=2,7-diarsonic acid.

Ten grams {(0.0313 moles) of finely powdered 7-amino-
fluorenone-2-arsonic acid was suspended in 100 ml. of water,
and 5.6 grams (0.100 moles) of potassium hydroxide was
added, and the mixture was warmed to effect solutlon. When
cool, 2.3 grams (0.0334 moles) of sodium nitrite was added
to the solutlon which was then cooled to 10° and intro-
duced slowly into a mixture of 150 ml. of water and 15 grams
(0.146 moles) of concentrated sulfuric acid held at 0°, The
addition requlred about 45 minutes. Stirring was continued
for 30 minutes more.

An alkaline arsenite solutlon was prepared by dlssolving
35 grams (0.626 moles) of potassium hydroxide, 15 grams
(0,0760 moles) of arsenious oxide and 1 gram of copper sul-
fate in 200 ml, of water. To thls arsenite solution, the
diazonlum solution was added at room temperature in 10 ml.
portions with stirring. Stirring was continued for 2 hours
more, and the mixture was then slowly heated on a water bath
to 90° until nitrogen evolution ceased. The material was
filtered, the filtrate treated hot with decolorizing car-
bon, and the resulting clear yellow soluftion acidified with
a slight excess of 6 normal hydrochloric acid to precipltate
the fine yellow-brown dlarsonic acid. This was filtered off,
washed well with water, and dried to give 9 grams (67%) of
material. For purification the product was washed with warm

1 normal hydrochlorlc aclid and dissolved twice as the sodium
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salt in dilute sodium blcearbonate sclution wlth decolecrige—

ing treatment in each case and precipitation with dilute
hydrochloric acid. For analysls, a sample of the material
was dried in the oven at 110° for 7-8 hours.

Arsenic calculated: 34.7% Arsenic found: 34,2%

7,7 -dlamino-2, 2} ~arsenofluvorenone dilhvdrcchloride.

A l-gram portlon of finely divided 7-aminofluorenone-2-

arsonic acid was suspended in 10 ml. of glacial acetic acid,

and 10 ml. of 30% hypophosvhorous acid was added. The mix-
ture was stirred in a water bath at 85-90° for 2% hours. The
buff-ecrange precipitate was filtered and transferred qulckly
to 100 ml. of bolled distilled water. The mlxture was made
alkaline with 2 normal votassium hydroxide, the lown free
base was filtered and transferred to 100 ml, of 3 normal
hydrochloric acld, and then filtered again as the buff-crange
hydrochloride. The product was washed with dilute hydrochlor-
ic acid and drled in a vacuum deslccator over sodium hydroxide
to give 0.65 grams (68%) of a light brown material which dark-
ened upon heating in the oven for one hour at 110°. The com-
pound was analysed as the dihydrochloride.

Arsenic calculated: 24.5% Arsenic found: 23.7%

2. Fluorenone-4-arsonlc acid and derivatives.

Diphenic acid.

Sixty-five grams (0.412 moles) of potassium permanganate

and 2 liters of water were lntroduced into a 5 liter, round-
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bottomed flask, and the whole was heated until the permangan-
ate dissolved. Then, 50 grams (0.240 moles) of finely pow-
dered phenanthraquinone was added and the flask was swirled
until the gquinone was dispersed throughout the liquid. Tech-
nical Ba(CH)ZnBHZO {125 grams, 0.397 moles) was added and the
flask again swirled untll the hydroxide largely dissolved.
The mixture was then refluxed for one hour, at the end of
which time the quinone had mostly disappeared. A reflux per-
lod much beyond this was found %o be disadvantageous.

The excess of permanganate was destroyed by the addition
of a little alcohol, the mixture was filtered hot and the
residue was extracted several times with small portions of
hot water, The filltrate was then evaporated to about two-
thirds the volume (about 1800 ml.) and finally treated with
2 grams of decolorizing charcoal, The material was then
filtered, and the filtrate was acidified with dilute hydrc-
chloric acid to precipitate a nearly white diphenic acid.

The mixture was cooled to room temperature (or lower) and
the acid filtered off, washed wlth cold water and dried.
The average yleld from several runs was 40.5 grams (70%) of

melting point 229-2500.

Fluorenone-~4~carboxylic acid.

The method of Graebe (61,66) was used on diphenic acid.
It is suggested that the fluorenone-4-carboxylic obtained
be washed several times by settling and decantation or siphon-

ing before final suction filtration. The material is very
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finely divided and slow to filter and wash on the funnel.
Melting point of the material reerystallized from glacial

acetic acid was 226-2279,

Fluorenone~4~carboxylic acid chloride.

Sixty grams (C.267 moles) of the finely powdered free
acld was placed in a one liter round-bottomed flask fitted
to a condenser arranged for downward distillation and a
water trap to absorb liberated fumes. Then, 200 ml. {2.70
meles) of thionyl chloride was introduced in a slow stream
through a dropping funnel. The mixture was.warmed slowly in
an oil bath until most of the gas evolutlon had cccurred and
a clear soclution was obtalned, when the excess thionyl chlor-
ide was dlstilled off and the temperature taken to 135° for
15 minutes. Application of suction during the final operation
1s advantageous but not essential.

After coollng, the solid product was loosened from the
flask by gentle warming, the large lumps broken up in a
mortar and the chloride recrystalllzed from benzene. The
yleld of yellow product was almost quantitative, melting

point 127-128°,

Mluorenone-4~carboxyvlic acid amlde.

A 50 gram portion of the finely divided acid chloride
was added in portions with gentle stirring to 300 ml. of
concentrated ammonium hydroxide, cooled in an ice bath, and
the mixture let stand 4 hours or overnight. It was then

filtered, washed well with water and drled. Yield of the
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erude product was 41.5 grams (90%). Melting point after re~
P 2~0
crystallization from alcohol was 229-2307. For conversion

to the amine, the crude amide was used,.

4d-aminofluorencne,

The hypobromite method of Huntress, Pfister and Pfister
(66) was used on fluorenone—4-carboxylic acid amide. It
was Tfound that with runs on larger gquantities of amide, the
recorded yileld of 74% could not be duplicated, but ran, in-
stead, to 60~65%. The melting temperature of the 4-aminc-

fluorenone after recrystalllization from alcohol was 158—1390.

Mluocrenone-4—-arsonic acigd.

The modified Scheller procedure used by us 1in the pre-
paration of fluorenone-2Z-&rsonic acid was employed. Yleld of
light yellow arsonic acid was 45%.

Arsenlc calculated: 24.6% Arsenic found: 24.9%

The monosodium salt was prepared by dissolving a weighed
quantity of the free arsonic acid (for example, 5 grams) in a
minimum amount of warm water (about 50 ml.) with the calculw~
ated quantity (1.05 moles, 1.4 grams) of sodium bicarbonate,
Dilution with an equal volume of alcohol or acetone resulted,
after a time, in the formation of yellow-crange crystals of
the salt containing an undetermined amount of water of hydra-
tion. The salt is readily soluble in cold water. After dry-
ing in the oven at 110° for 5 hours, arsenic analysis indicated

the presence of about two molecules of water.
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4-grsenoscfluorenone.

A one-gram portion of finely divided fluorenone—4-ar-
gonic acid was suspended in 25 ml., of 6 normal hydrochloric
acid, and 0,1 gram of potassium iodide was added. On
shaking, a slight 1odine color was formed. The suspension
was saturated 2t room temperature with sulfur dloxide, with
occaslonal shaking, heated to bolling and the solution again
saturated with the gas and allowed to stand overnight. The

f1lufly precipltate of the arsenoso compound was filtered off,

washed with dilute ammonla and water, and driled. Yield of
material was practically quantitative (about 1 gram). The
arsenosce compound was washed several times with carbon di-
culfide, dried to constant weight at 1109 ana analysed.

Argenic calculated: 27.7% Avsenic found: 27.6%

Fluorenone-4-~dichlorarsine.

A one-gram portion (0.00328 moles) of finely divided
fluorenone-4-arsonic acid was suspended in 10 ml. of glacial
acetic acld and the temperature raised to the boiling point.
Heating was interrupted and 1.5 ml. (0.0120 moles) of phos-
phorus trichloride dissolved in 5 ml. of glacial acetic acid
was introduced wlth swirling., The arsonic acid quickly dis-
solved to yield a yellow solution. The material was then
gently heated to near reflux for 5 minutes and allowed to
cool to yield well-formed crystals of the dichlorarsine. The
product was filtered, the yellow ecrystals washed with several

small portions of cold glaclal acetic acid and dried on a
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steam bath. Yield was consistently high at 80% (0.85 grams).
The melting polint of the compound affer recrystallization
from glacial acetic acid was 151-163°, Further purification
d1d not improve the melting point. The purified sample was
dried at 110° for 2 hours and analysed.

Arsenic calculated: 23.1% Arsenic found: 23,2%

7-nitrofluorenone~4-arsonic acig.

A mixture of 32,5 ml, (0.585 moles) of concentrated
sulfuric acid and 37.5 ml., (0.880 moles) of fuming nitric
acid (d. = 1.50) was cooled in an ice-bath ang 15 grams
(0,0492 moles) of finely divided fluorenone-4-2rsonic acid
was introduced with stirring. During the additlion, the
temperature was not permltted to rise above 10°. The mix-
ture was then stirred at room temperature for an additlonal
hour and then poured into 500 ml. of ice water. The preci-
piltated yellow product was filtered, washed with water and
dried. Yield of crude material was 15.5 grams (90%).
Purification was readily accomplished by dissolution in
dilute ammonia, followed by charcoal ftreatment and precipi-
tation with dllute hydrochloric acid. The pure nitro ar-
sonic acid was dried in the oven at 110° for 7 hours for
analysis.

Arsenic calculated: 21.6% Arsenic found: 21.5%

7-nitroflucrenone=4~dichlorarsine,

A 3 gram portion (0.00865 moles) of finely divided 7-
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nitrofluorencne-4-arsonic acid was suspended in 30 ml, of
bolling glacial acetic acid, and 2.5 ml. {0.0287 moles) of
phosphorus trichloride dissolved in & ml, of glacial acetic
acld was added slowly with swirling. The suspenslon cleared
as the arsonic acid dissolved to give a yellow solution, and
the mixture was then heated to near boiling for 5 minuies and
allowed to cool., The fine yellow needles were filtered of7,
washed with ice-cold acetic acid, and dried. The product
welghed 2.70 grams (85% yield). Purification was effected
by recrystallizatlion from glacial acetic acid to glive a pro-
duct melting at 231-232°, For analysis, the pure compound
was dried at 110° for three hours.

Arsenic calculated: £20.3% Arsenic found: 20.5%

7-aminofluorenone~4-~-arsonic acid.

To 200 ml. of water containing 10 ml. of 6 normal sodium
hydroxide was added 16.5 grams (0.0476 moles) of 7-nitrofluore-
none-~4-arsonic acid and the mixture was stirred and warmed to
effect solution. A solution of 100 grams (C.488 moles) of
commercial ferrous sulfate (containing about 3 molecules of
water of hydration) in 400 ml. of water was slowly made alkaline
by the introduction, with stirring, of 50% sodium hydroxide
solution. To the suspension of ferrous hydroxlde was added
slowly, with stirring the solutlon of the nitroarsonic acid
over a perlod of 30 minutes, The mlxture was then warmed

slowly on the water bath and maintalned at 90° for one hour
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with cons¥tant stirring. The material was then filtered by
gravity and the brown-black precipitate of ferric hydroxide
was washed thoroughly with 4 portions of boiling water. The
combined deep red filtrates were acidified with 6 normal
hydrochloric acid to the point of preclpitatlion, and preci-
pitation was completed by the addition of a little glaclal
acetic acid, The precipitated amine-arsonlc acid was ril-
tered off, washed with water, and dried to give 8.8 grams
(56%) of light orange-brown product. For purification, the
compound was dissolved in hot 3 normal hydrochloric acid,
precipitated by careful neutralization with ammonium hydrox-
ide and acetic acid, filtered, dlssolved as the ammonlum
salt in warm, dllute ammonium hydroxide, preclplitated as be-
Tore with hydrochloric and acetlc acids, flltered, washed
wlth water and dried. For analysis, a sample was dried at
110° for 5 hours.

Arsenic calculated: 23.5% Arsenic found: 25.2%

7-ocetaminofluocrenone-4-arsonic acid.

To 8 ml, of acetic anhydride, 1.5 grams of "7-aminofluore-
none-4-arsonic acid was added and the mixture was stirred in
a water bath at 75-80° for two hours., The amine gradually
dissolved to glve a dark red solution. The material was
then poured into 100 ml. of ice water aﬁd let stand with oc-
casional stirring for 15 minutes. The bright orange acetyl
compound was filtered off and dried; the yleld was practically
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quantitative. The compound is somewhat soluble in hot
glacial acetic acid. For analysis, a portion of the product
was purifiled through the ammonium salt and dried at 110° for

5 hours.
Arsenic calculated: 20.7% Arsenlec found: 20.2%

7-zlycineamidofluorenone~4-arsonic acid,

A 2 gram portion (0.00532 moles) of 7-aminofluore-
none-4-arsonic acid was mixed with 3.7 ml. of 2 normal po-
tasslum hydroxide solution and 5 ml. of water, then di-
luted with 15 ml. more of water and treated with 0.1 gram
of potassium 1lodide and 1.5 grams (0.0181 moles) of
chloracetamide. The clear wine-red solutlon was stirred
in a boiling water bath for 2% hours to give a red-purple
precipitate of the glycineamide derivative. The insoluble
portion was filtered and washed with water. The dry yield
was 2 grams (85%). The compound may be crystallized from
alcohol by the addition of some ether. Flne purple cry-
stals result. For analysis, the compound was purified
through the ammonium salt and dried atllo®,

Arsenic calculated: 19.8% Arsenic found: 19.8%

3., Proof of structure of 7-nitrofluorenone-4-arsonic acid,

a. Mercuric acetate fusion of 7-nitroflucrenone-4-dichlor-
arsine,

The method of Skiles and Hamilton (112) was used. A

1.5 gram portion of the supposed 7-nitrofluorenone-4-dichlor-
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arsine was intimately mixed with an equal amount of dry
mercuric acetvate and fused in a pyrex test tube set in a
sand bath, the temperature being rapidly raised to 340-350°
and maintalned at that level for 7-8 minutes. After cooling,
the test tube was crushed, and the charred material was
finely ground and extracted with two 5 ml. portions of boil-
ing glaclal acetic acld. The extract was treated with char-
coal, filtered, diluted with 2 ml. of water, and set to
crystallize. Some 0.1 gram of yellow crystalline material
was obtalned which gave an evanescent Bellsteln test for
halogen. Melting point of the product was 212-214°,

Melting point of pure 2-nitrofluorenone is 218°, A mixed

melting point of the two materials gave 215-217°,

b. Proof of structure through 4-amino-7-nitrofluorenone.

4-anino~7-nitrofluorenone.

This compound was prepared from fluorenone-4-carboxylic
acid using the procedures of Moore and Huntress (78). The
pure orange-red compound, somewhat soluble in hot alcohol,

glaclial acetic acld, and acetone melts at 289-290°,

f-nitrofluorenone-4-arsonic acld.

A 4 gram portion (0.0167 moles) of finely divided 4-
amino~7-nitrofluorencne was suspended in 200 ml, of acetone
and the mixture was refluxed for 5 minutes, then immersed in

an lice-bath and the temperature taken to 5° with mechanical

stirring. Concentrated sulfuric acid (4 grams, 0,039 moles)
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was added drop-wise, and a soluticn of 1.4 grams {0.019 moles)
of sodium nitrite in 8 ml. of water was added over a period
of 3-4 mlnutes. Stlirring was continued for 30 minutes when

8 grams (0.0441 moles) of arsenic trichloride was added all
at once and stirring extended an additional 30 minutes. A
0.2 gram portion of cuprous bromide was then added and the
mixture was stirred at room temperature for 1} hours. The
temperature was then ralsed to 40° on a water bath and mein-
talned at that temperature for 1 hour when nitrogen evolu-
tion had ceased. The acetone was steam distilled away and
400 ml, of water was added to the residue. The s0lid mater-
ial weas filtered off, washed with water, and extracted with
500 ml, of warm water containing 4 grams of sodlum bicar-
bonate, The filtrate was decolorized with carbon and acidi-
Tled with 12 normal hydrochloric acid to give a yellow pre-
clpitate of the nitroarsonic acid. This was filtered off and

dried to yleld 2.5 grams of product (43%).

7-nitrofluorenone-4-dichlorarsine.

The method used previously for the preparation of dichlor-
arsines was here employed on 1.3 grams of the 7-nitrofluore-~
none-4-arsonlc acid of known constitution. Yield was 1.1 grams
(53%) which was purified as before by crystallization from
glaclal acetic acid, and dried at 110° for analysis.

Arsenic calculated: 20.3% Arsenic found: £20.6%

The purified nitrodichlorarsine melted at 231-232° which

corresponded to that of the nitrodichlorarsine prepared from
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fluorenone-4-arsonic acid., A mixed meltlng point of the twec

ave 231-2320,

[}

0Q

4. Fluorenone-l-arsonic acid and derivatives.

l-aminoflivorencne.

Oxidatlon of fluoranthene to fluorenone-l-carboxylic
acld was accompllshed by the method of Fleser and Sellgman
(50) modified by the purificatlon procedure of Bergmann
and Orchin (12). The conversion of the carboxylic acld
to l-aminofluorenone was done using procedures of Huntress,
Pfister and Pfister (66). Melting point of the pure amine

was confirmed at 118-1190.

Fluorenone-l-arsonic acid.

A 15 gram portion (0.0768 moles) of l-aminofluorenone
dissolved in 150 ml. of acetone was poured into a mixture
of 100 ml. of 12 normal hydrochloric acid and 400 ml. of
water with effliclent stlrring. The amine was diazotized at
10° with a solution of 7.0 grams (0.096 moles) of sodium
nltrite, added below the surface over a period of 20 minutes.
Stirring was continued for 30 minutes more, and the addition
of 1 gram of urea was made. After 15 minutes, the mixture
was added in small portions to a solution of 15 grams (0.0760
moles) of arsenic trioxide, 15 grams of sodium bicarbonate,
80 grams of potassium hydroxide and 3 grams of copper sulfate
dissolved 1in 600 ml, of water. The additlon required 30

minutes and 6 normal sodium hydroxlde was added as necessary
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to maintain slight alkalinity. BEenzene may be used to
prevent foaming. The mixture was let stand 3 hours,
slowly heated %o bolling until nitrogen evolutlon was com-
pleted, filltered, and acidified with 6 normal hydrochloric
acid. The pale yellow solld was flltered off, washed and
dried to give 10.5 grams (45%) of the arsonic acid. Puri-
fication was accomplished through the sodium salt and the
compound was dried at 110° for analysis,

Arsenic calculated: 24.6% Arsenic found: 24.9%

The mono-sodium salt was prepared as in the case of

fluorenone-4-arsonic acid.

l-arsencsotfluorenone.

The procedure used in the preparation of the 4-arsen-
oso compound was repeated. Yield was 95% of light yellow

compound.

Arsenic calculated: 27.7% Arsenic found: 27.9%

Fluorenone-l~dichlorarsine.

The method of preparation was substantially the same as
that used for fluorenone-4-dichlorarsine. The yield of yel-
low crystalline material was 85%. Melting point was 138-140°,

Arsenic calculated: 23,1% Arsenic found: 23.3%

7-nltrofluorenone-l-arsonic acid.

Direct nitration of fluorenone-~l-arsonic acid was

effected as in the case of fluorenone~4-arsonic acid. Yield

of yellow product was 90%.
Arsenlc calculated: 21.6% Arsenic found: 21.1%
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7-nitrofluorenone-li-~dichlorarsine.

Prepared as in the case of the 4-derivative, the yileld
of yellow crystalline material was 80%. The product melted
at 215-217°,

Arsenic calculated: 20.3% Arsenic found: £0.0%

7—aminofluorenone~l-arsonic acid.

7-niltrofluorenone-arsonic acid was reduced to the
amine with ferrous hydroxide, using the procedure employed
in the 4-arsonic acid series. A light brown compound was

obtained in 55% yleld.
Arsenic caleculated: 23.5% Arsenic found: 23.1%

7~acetaminofluorenone~l-arsonic acid.

A 1.2 gram portion of 7-aminofluorencne-l-arsonic acid
was treated at near reflux temperature for 2 hours with 10
ml., of acetic anhydride. The orange-brown solution was then
poured into 25 grams of a mixture of lce and weter and allowed
to come to room temperature with occasional stirring. The
yellow-corange product was filtered and dried., Yield of the
acetamino compound was 0.6 grams (42%). Since purification
through the ammonium or socdium salt seemed attended with
hydrolysis, the compound was recrystallized from glacial

acetic acid for analysls and dried at 110°.

Arsenic caleulated: 20.7% Arsenlc found: 20.5%
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T=clveineamldefluorenone~l-2rsonic acid,

The compound was preparsd as in the case of the corres~
vending 4-arsonic acid derivative. Yield of red-purple com-
pound was 72%. TFor analysis, purification was erffected through
the ammonium salt.

Arsenic caleculated: 19.9% Arsenic found: 19.7%

5. The Bechamp reactlion on l-aminofluorenone.

Preparation of arsenic acid.

One hundred grams of pure arsenic pentoxide was refluxed
with 8500 ml. of water for one hour. The mixture was
cooled and filtered from the small amount of insoluble resi-
due. The clear solutlon was evaporated in a dish with fre-
guent stirring until the concentrated liquor had transformed
into a thick paste of crystals. The temperature in the
evaporation process was kept above 100°, but was not per-
mitted to rise above 115°, Upon cooling, the material sol-
idified entirely, and it was ground and dried in the oven
at 110° for 4 hours. It was then quickly transferred to a

tightly sealed contalner.

Arsonation of l-amlnofluorenone.

A 6 gram portion (0,0308 moles) of dry l-aminofluore-
none was placed in a 60 ml, Pyrex test tube and the tube
immersed some 1% inches in an oil-bath. The temperature was
elevated to 145° and 3 grams of solid arsenic acid (0.0187

moles, calculated as HzAsOy - Hgo) was added over a perlod
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of 10 minutes with continual hand-stirring. The tempera-
ture was then raised to 160-165° and maintained at that
level for 2 hours and 15 minutes., AT the end of the Iirst
15~20 minute perlod, the mixture had thickened considerably
and only occasional stirring was then applied. Moisture,
collecting on the upper walls of the test tube, was removed
by insertion of rolled filter paper from time to time. The
material was removed from the oll-bath, cooled, and extract-
ed with four 15 ml. portions of bolling 3 normal sodium hy-
droxide. The combined deep yellow flltrates were cooled and
carefully acidified with 6 normal hydrochloric acid until
slightly acid. The precipitated orange-yellow amlinoarsonic
acid, (probably l-aminofluorenone-4-arsonic acid,) was fil-
tered off, washed and dried to give 0.70 grams which corres-
ponded to 11.7% yleld based on weight of arsenic acid used.
Purification as the scdium or ammonium salt ylelded fractions
which gave 5-5% low arsenic contents. A better purification
was effected by the slow addition, with efficlent stirring,
of 1 normal hydrochloric acid to a sclutlon of the sodium
salt until about one-third of the material had precipitated.
This was then filtered off, and precipitation was completed
by the additlon of more hydrochloric acid to the filtrate.
The second fraction possesses an arsenic content that comes

within 1-2% of the proper value.
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V. SUMMARY AND CONCLUSION

Nineteen new fluorene arsenicals have been described.
The chemical structures of fourteen of these have been
established. For the remaining five compounds, the pro-
hable structures have been indicated.

The Bechamp reaction has been appllied, for the first
time, to the fluorenone amines, resulting, in the case of
l-aminofluorenone, 1ln a new arsenical.

Improvements in the preparation of some of the inter-
mediates have been reported, particularly in the case of
diphenlc acid and the use of the Scheller reactlon for the
preparation of fluorenone-2-arsonic acid. Acetone has been
recommended as the solvent for Scheller reactions in pre-
ference to alcohol or glacial acetic acid.

The pharmacological values of the new compounds have
yet to be ascertained. An attempt will be made to publish
any significant fact discovered pertaining to the pharma-
ceutical value of the arsenicals. The sodium salts of two
of them, fluorenone-l-arsconic acid and fluorenone-4-arson-
ic acid, have been submitted for screening.

It is hoved, in any event, that the chemistry of fluor-

ene has been, to some degree, advanced.
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