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INTRODUCTION

Since the memorable work of Ehrlich which led to the

introduction of arsrvhenamine into medicine, extensive work

has Yeen carried out in the field of orranic arcenlicals and
is veing continued at the present Ltime. The poscsibilities
are stilll far from exhausted, for as yet the "ideal" trypano-

cide has not teen discovered.

Among the many directions which these investigations
have teken is a study of the halosenated arsenicals, partic-
ularly ths chlorine, bromine and iodine compcunds. lany
have been found to have tryranocidal =action but none have
teen used medicinally because of hish toxicity or undesir-
atle side reactions.

A survey of the available literature has revealed that
no work has been published on the organic arsenicals con-
taining the lightest of the halogens, fluorine, in the arom-
atic nucleus. This is possibly due to the fact that only in
the laet few years has it been posgitle satisfactorily to
introduce fluorine into the organic molecule.

The apparent lack of studies on the pharmacological
properties of organic fluorine compounds plus the findings
of Midgely and Henne (1-3) with regard to the low toxicity
of fluoroform and dichlorodifluoromethane has stimulated an
interest in the therapeutlic possibilities of other fluorine

derivatives.



From purely theoretical consideratlions, based on the
reriodic table, it should prove interesting to investigate
the effect of fluorine substitution into a physioclogically
active molecule. If a comparison is made of a series of
analogues containing the first, second, third, and fourth
elements of groups IV, V and VI of the periodic table the
general impression develops that the compound containing the
first element of each group 1s appreciably less toxic than
its analogues. For example, the organic silicon compounds
have no desirabvle physiological effect; the phosphilines,
arsines, and stibines are much more toxic than the corres-
ponding amines; the thio compounds are also generally more
toxic than the corresponding oxygen analogues as may be seen
by comparing the alcohols with the mercaptans, and the thio-
ether, (ClCHgCHp)eS, of notorious "mustard gas" fame with
the relatively inoccuous ether, (ClCHgzCH,)30. If such a
generalization is valid also for group VII, then the fluorine
compounds certainly merit investigation. At the present time
it is still impossible to say whether fluorine compounds do
possess any therapeutic value over the corresponding chlorine,
bromine and iodine derivatives. Certainly the low toxicity
of CHFa and CClaFg5, mentioned above, does add plausibility
to such a hypothesis.

Other desirable physiologlical properties of orcanic
fluorine compounds are indicated by work carried out in these
laboratories by Zenitz (4), who in a preliminary report on

p-fluoropropadrine found a pressor activity comparable to



propadrine without any indication of tachyphalaxis, and by
Dunker (5), who found that p-fluorophenylmercurichloride is
a more effective germicide in serum than the corresponding
chlorine derivative. Furthermore, Kraft (&) in his studies
of fluorotyrosine made the interesting speculation that the
"antithyroidal protective" postulated in the blood may be a
fluorine-containing substance quite similar to fluorotyrosine.
These observations prompted an investigation into the
rroperties of the hitherto unknown fluorinated orsanic arsen-
l1cals. In the preparation of such compounds the unusual
stabtility of the diazonium borofluorides, used for the intro-
duction of fluorine, suggested their use in the Bart reaction
for introducing arsenic into the molecule. Accordingly a
study was made of the use of the dlazonium borofluorides in
tre Tart reaction preliminary to the synthesis of the fluor-

inated phenylarsonic aclds.



THE MODIFIED BART ARSENATION

Literature Survey

The. distinction of preparing the first aromatic com-
pound of arsenic belongs to Bdchamp (7) who in 1860 noted
that aniline arsenate when heated with an excess of aniline
did not yleld colored products until a temperature of 190~
200° €. had been reached. Three years later he described a
colorless product which he had obtained by heating aniline
arsenate under the above conditions (8). He regarded thié
new substance as an acidic anilide of the formula C4pHHg0gASN.
It remained for Ehrlich and Bertheim (9) in 1907 to prove
that the compound actually obtained was p-aminophenylarsonic
acid (arsanilic acid). The reaction generally known as the
Bébhamp Reaction consists of heating arsenic acid with an
excess of aniline. The conditions of the reaction as well as
the methods of isolating the resulting arsganilic acid have
been veried a rreat deal. After much speculation and study
by verious workers the reaction mechanism generally accepted

is as followis:

H OH OH
NHa H-N-0-As=0 H-}-As=0 NHg
H OH OH

-HgO
“+ :x3A504 —_———>» 1 I ———— > ————
HO-As=
CH
Aniline Aniline Arsono Arsanilic

arcgenate anilide acid



The yields of arsanilic acid by this method are upward to
304 of the theoretical. The reaction has also been applied
to various substituted anilines and to phenol with varied
degrees of success.

In 1875 Michaelis (10) began his investigation of arom-
atic arsenicals, discovering two general methods for intro-
ducing arsenic into the benzene ring. He showed that mercury
diaryl derivatives, which were readily obtained by the inter-
action of sodium amalgam and the bromo derivatives of arom-
atic hydrocarbons, would react readily wlth arsenic tri-
chloride to form aromatic chloroarsines.

CelgBr + HgNag ----- > Hg(CgHglg + 2 NaBr

(CeHg)aHg + 2 AsClg =—----» 2 CgHgAsClg + HgClg
The primary dichloroarsines were readily converted into the
corresponding arsonic acid by oxidation with hydrogen per-
oxide in glacial acetic acid.

CgHgAsClg —--=-=-—-—- > CgHgAsOgHg

glac. HOAc
This method, however, is limited to the preparation of 4di-
hzalogenated arsines with hydrocarbon or phenol-ether residues.

In 1902 HMichaelis and Reese (11) described a second
general method which was found to be more convenient and more
advantageous than the mercury diaryl method. Tertilary arom-
atic arsines were prepared by condenslng halogenated hydro-
carbons with arsenic trichloride in the presence of sodium.

3 CgHgCl + AsClg + 6 Na ---=-- » (CgHglaAs + 6 NacCl

The tertiary arsines were then used in preparing primary



derivatives by heating with arsenic trichloride under pres-
sure at 250° C. The main product was the primary dichloro-
arsine, wnlle some secondary arsine was formed as a byproduct.

(CeHglsAs + 2 AgClg ----- » 3 CgHgAsCl,

This method is also limited to the preparation of those
arsenicals having hydrocarbon or phenol-ether residues.

In a modification of the mercury dlaryl synthesls Roeder
and Blasi (12) in 1914 employed the arylmercurichlorides.
These aromatic mercurichlorides were readily obtained by
treating benzene, its homologues and derivatives with mer-
curic acetate in acetic acid solution. The resulting aromatic
mercuriacetates were then converted by double decomposition
with calecium chloride or other suitable metallic chlorides
into aryl mercurichlorides. These mercurichloride compounds
were then reacted with arsenic trichloride at 100° C., and

he corresponding aryldichloroarsines were formed.

Hii-Ac HN-Ac HN-Ac HN-Ac
Hg(AC) 2 C&Cla ASCla
———————— > ——————> e
HgOAc HgCl AsClg

Carboxyl, hydroxyl, and amino groups, if present in the
nucleus, must first be protected by alkylation or acylation
to prevent interaction with arsenious chloride. The disad-
vantage of this method lies in the fact that in most direct
mercurations there is always some dimercurated derivative
formed which 1s difficult to remove.

Despite the fact that Rosgsemund (13) in 1921 succeeded
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in obtaining a slight amount of phenylarsonic acid by heat-
ing bromobenzene withh aqueous tripotassgium arsenite and a
little coppersulfate in a sealed tube at 180-200° C. for six
hours, it can be safely stated that no method has yet been
devised by which aromatic hydrocarbons may be directly
arsenated.

A valuvable general method for synthesizing aromatic
arsonic aclids was developed by Bart (14), who in 1910 found
that the arsenic group could be introduced into the benzene
ring through use of the diazo reaction. The method consists
in diazotizing aromatic amines and treating the resulting
diazo or isodiazo compounds with sodium arsenite in either
alzaline or neutral solution, the reaction proceeding accord-
ing to the equation:

Ar.1l=N.X + NaglAsOg ~----- » Ar.AsO(QNa)p + NaX + Ng
In the prevaration of phenylarsonic acid by thls method the
vields obtained with the normal diazobenzene compound are
less than with the potassium 1sodilazo oxide. If, however,
the starting materials are nuclear substituted arylamines,
the reactivity of the correspondins normal diazo compounds
1s increzsed to sucn an extent that conversion into the
arsonic 2cid proceeds very readily without the necessity of
first preparing the isodiazo compound.

Bart explained the mechanism of the reaction on the
basis that an intermediate diazoniunr arsenite was formed,
then the =l=lN- linkage split off, and the arsonlic acld group

entered the ring in the position previously occupled by the



amino group:

N=N.Cl N=N-0-Ag-ONa HO~As=0
7 ~OH ~ ONa
‘/ .
+ NaaHASOS oy U S | (- S + Na
N\

Later that same year Bart (15) noted that the reaction
wilth normal diazo compounds could be facilitated bty the use
of catalysts such as metallic coppsr, cuprous hydroxide or
other copper salts in the absence of free alkali. In 1912
(16) he further improved his original method by employing as
catalysts metallic copper, silver, nickel, cobalt or their
salts in alkaline solution, thereby facilitating the removal
of the diazo nitrogen at low temperatures, and at the same
time obtviating the formation of byproducts.

In 1919 Mouneyrat (17) modified RBart’s method of synthe-
sizing arsonic acids by-causing normal diazo compounds to
react with cold or warm, aqueous or dilute alcoholic solu-
tions of arsenious acid in an acid, alkaline or neutral
medium, and in the presence of special catalysts depending
uponn the particular medium selected. The following year H.
Sehmidt (18) claimed that Bart’s reaction proceeded most
smoothly on treating normal diazo compounds with potassium
arsenite in neutral or slirhtly acid medium without the z2id
of 2 catalyst.

Since the time of Bart’s first work hls method has been
used by numerous investilgators in preparing arsenicals and

each hag made his own minor modificatinns of conditions for



the reaction.

Note: Whille the present investigation was in progress
Doak (19) published a report, "A liodified Bart Reaction", in
which he developed the alcoholic Bart reaction described by
Scheller (20). The aromatic amine in absolute alcohol was
diazotized with sodium nitrite and then cuprous bromide added.
The mixture was thoroughly stirred, warmed to 60° until no
more nitrogen was evolved and then distilled with steam.
This method was said to produce satisfactory yields of p-sulf-
amido-, m-sulfamido-, m-nitro-, 3-nitro-4-methyl-, and
m-carboxyphenylarsonic acids.

Although in many instances the yields are satisfactory
when the original Bart reaction is employed, the procedure
does have certain disadvantages, mostly because of the in-
stability of the diazcnium intermediate. The diazotilzation
must be carried out at temperatures of 0° C. or lower; the
diazonium chloride must be prepared just prior to its use in
the arscnation; the temperature of the solution must not te
2llowed to rise while it is being added to the sodium arsen-
ite solution; and it is also necesssary to lower the temper-
ature of the arsenite solution before addition of the
diazoniur solution. If these precautions are not observed
avpreciable amounts of tarry products are formed and the
yields are correspondingly decreased.

Previous work in these laboratories by Dunker, Starkey,
and Jenkins (21, 22) has demonstrated that the diazonium
btorofluoride intermediates are superior to the diazonium
chlorides for the preparation of aromatic mercary compounds
and for the introduction of a nitro group into an aromatic

nucleus. It may now be stated that the diazonium borofluor-

1dee can also be used to advantage 1n the Eart reaction.



10

They are easily prepared and can be igolated and purified
before being used in the arsonation. The diazotiaztion in
fluoboric acid can be carried out in an ordinary ice bath
without giving particular attention to the temperature and
the resulting diazonium borofluoride then filtered out in
yields up to vractically quantitatlive, washed free from im-
rurities and dried with alcohol and ether. When thorougchly
dried and placed iIn an evacuated desiccator they may be kept
satisfactorily for long periods of time, the staltility vary-
ing with the individual compound. Large quantities of bthecse
internediates can thus be prepared and used later at one’s
convenience. Eecause of their greater stability the diazon-
iun borofluorides in colution have less tendency to decom-
=oge Trefore reasting witly the codium arsenits, ani 28 2
rasalt e amount of tars for—-ed 1gs decreasczd even when the
zrazonzation is carried out at rooun tenrerature.

The reactions mna; be indicated as follows:

HEF, NagHA=O,4

Ar-THg  —==--—-- > Ar-ligBFy ~======--- > Ar-AsOazHg

Thnese resctions have been arplied to aniline and to
various substituted anilinez to demonstrate the influence of
trhe naturse of substituente such &2 nitro, chloro, methyl,
aceto, etnoxy, carboxy and cartethoxy as well as the effect
of the position of trese substituents in the original
aniline molecule on the replacement of tie awine by the
arsonic acid groun. Reference to the preparatlor of the

1ndividual compounds will be mentioned speciflcally later.
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Experimental

I Preparation of Phenyldiazonium Rorofluoride

NHg NgBF,
+ NaNOg + 2 HBFg ----> + NaBFy + 2 HgO

The method is that given by Balz and Schiemann (23) as
modified by Starkey (24). To 120 cc. (0.7 mol) of 50% fluo-
toric acid in a 600 cc. beaker was added 23.3 g. (0.25 mol)
of aniline while stirring. iost of the amine dissolved and
crystallized upon cooling the solution in an ice bath. While
stirring vigorously, a solution of 12 g. (0.25 mol) of sodium
nitrite in 35 cec. of water was added slowly from a separatory
funnel, keeping the temperature of the mixture below 10° C.
Then the addition was complete, the =o0lid was filtered on a
sintered ~lass funnel, washed twice with cold alcohol and
then twice with ether and partially dried by drawing air
through it. he resulting white crystalline solid was dried
nver night in an evacuated desgiccator. The yield was 47.3 g.

representing 987 of the theoretical.

II Preparation of Phenylarsonic Acid

7 NgBF,. CugCle AsOgllag
I + NagHAsOz + NaOH ------- > + NaBFg + Ng
N\
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The phenyldiazonium borofluoride prepared above, repre-
senting the yield from 1/4 mol of aniline, was suspended in
300 cc. of cold water and added slowly to a solution contain-
ing 52 g. (0.4 mol) of NaAsQgyz, 160 cc. of 107 sodium hydrox-
ide solution (0.4 mol) and 10 g. of cuprous chloride in 600
ce. of water ét room temperature. The diazonium borofluoride
was added with vigorous stirring over the period of an hour,
ether being used to control excessive foaming produced by the
evolution of nitrogen. As the reaction progressed, 100 cc.
of 107 sodium hydroxide solution (0.25 mol) was added to main-
tain the propsr alkalinity. The reaction mixture was stirred
for an additional half hour and allowed to starid over night.
It was then heated to 65° C. for a half hour and the by-
products and copper salts filtered out with suction. The
filtrate was acidfied to litmus paper with concentrated hydro-
chloric zcid znd any tarry materiasl sevarsting was filtered
off. The Tiltr=te was then concentrated with charcoal to
about 200 cec, filtered and the hot filtrste acidified to
congo-red paper with concentrated hydrochloric acid. The
solution wae chilled over night and the precinitated phenyl-
arsonic scid filtered off. A second crop of crystals was
obtzined by further concentrating the mother liguor. The
cormbined crops were then recrystallized and boneklacked from
water. The weight of white crystals wos 29.3 g. representing
58% of the theoretical yield. PBart (25) reported a yield of
55% by his originzl method.

The phenylarsonic acid melted at 156.5° C. and upon
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continued heating lost one molecule of water yielding the
corresponding anhydride, CgHgAsOg. The following melting
points are reported in the literature: 156°, (18); 158°,
(26); 158-162°, (27). |
Analysis: Sample weight, 0.2004, 0.2004 g.
Calculated for CgH,AsOg: As, 37.08%
Found: As, 37.05, 37.02%

IITI Preparation of o-Nitroprhenyldiazonium Borofluoride

NHg NgBFg
+ NaNOg + 2 HBF4 =-=~->» + NaBFq + 2 HgO
NOg NOg

The diazotization of 34.5 g. (0.25 mol) of o-nitro-
aniline (Eastman technical) by the method described in I,

gave 58.4 g. of yellow crystals representing 984 of the

theoretical yield.

IV Prevaration of o-MNitrophenylarsonic Acid

BF‘ Cuac:l.a ASOsl\Tag
+ NagHAsOg ~-=-====- > + NaBFg + Ng
NOg NaCH NOg

"‘
iv2

The o-niltrophenylarsonic acid was prepared by the
met%od degcribed in II using 29.2 g. of o-nitrophenyl-
diazonium borofluoride (representing the yield from 1/8 mol
of the 2mine). When recrystallized from water the nitro acild

separated as pale yellow plates which contained one molecule
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of water of crystallization. The yield was 20.€ g. repre-
senting 67% of the theoretical. Rart (25) reported a yield
of 937 of the crude arsonic acid.

The acid melted with decomposition at 232-34° C. The
following melting points are rerorted in the literature:
232°, (18); 233°, (25); 235-40°, (28).

Analysis: Samrle weight, 0.2004, 0.2004 ¢.

Calculated for C.HgAsNOg.Hp0: As, 28.26%

Found: As, 28.18, 22.21%

V  Prervaration of m-Nitrorhenyldiazonium Borofluoride

0ga NOg
+ Wall0g + 2 HEF, ----» + MNaBFy, + 2 HgO
I\TI_I 8 I\Tg BF4
When 34.5 g. (0.25 mol) of m-nitraniline was diazotized
according to the method described in I a practically gquanti-

tative yield of rale tan crrstzsls was obtained weiphing B9 g.

VI repnarction of m-iitrorhenylarsonic Acid
IIOQ CU.gClg 1?03
+ I‘IagHASOS ------- > + NalEFy + Ng
NaCH
1TaBYF, AsCgliag

m~llitrophenylarcsonic 2cid was prepcred accoriing to the
method described in II using 1/4 mol of the diazoniun boro-
fluoride. The crude e2cid was recrystellized from water and

yielded 29 g. of light yellow crystals representing 477 of
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the theoretical. Bart (25) reported a yield of 28% by his
method. Doak (19) obtained a 54% yield by his modification
of the method 6f Scheller.

The acid melted at 182° and then gradually resolidified
without further change up to 250° C. Bart reported that it
loses water at 180° and carbonizes above 230° without prev-
ious melting. If, however, the tube contalning the acid was
introduced into sulfuric acid hezted to 200°, it melted at
once and quickly resolidified to the anhydride. Other melt-
ing points reported are: 196-200°, (29); 200°, (18).
Anelysis: Sample weight, 0.2004, 0.2004% g.

Calculated for CgHgAsliOg: As, 30.33%

Found: As, 30.29, 30.37%

VII Preraration of p-Nitrorhenyldiazonium Borofluoride

Ol OgN
+ KaNOg + 2 HBFg ----> + NaBFg + 2 HgpO
IHg NgBFg

The diazotization of 34.5 g.(0.25 mol) of p-nitraniline
(

gave a practically gquantitative yield of pale yellow solid.

zstman technical) according to the method described in I

Q)

VIII Preparation of p-Nitrophenylarsonic Acid

Cgll CugClg OgN
+ llagHAgOg —-~==-=-- > + NaBF, + Ng
lngF‘ NaQOH ASOaNaa



The p-nitrophenylarsonic acid was prepared by the same
method as described in II using 1/8 mol of the diazonium boro-
fluoride. When recrystallized from water 24.3 g. of pale
vellow, minute leaflets were obtained representing 79% of the
theoretical. Bart (25) obtained a 457 yield. The purified
acid decomposed at about 300° C.

Analysis: Sample weight, 0.2004, 0.2004 g.

Calculated for CgHgAsNOg: As, 30.33%

Found: As, 30.28, 30.32%

IX Preparation of o-Tolyldiazonium RBorofluoride

2 CHg CHg
+ 2 HBFg + NaNOg --->» + NaRFg + 2 HgO

When 26.8 g. (0.25 mol) of o-toluidine was diazotized
by the method described in I a practically quantitative

'yield of pale pink solid was obtalned.

X Preparation of o-Tolylarsonic Acid

CHa CugCly CHg
+ I‘IazﬁASOa ——————— ) + NaBF4 + Iﬂa
NaEF4 ila.QH ASOSNas

Fhen 25.7 g. (0.125 mol) of the above o-tolyldiazonium
bvorofluoride was used as described in II the crude o-tolyl-
arsonic acid was obtained as pale cream colored crystals.

It was recrystallized from water and ylelded 17 g. of color-
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less needles representing 637 of the theoretical. Bart (25)
reported a 50% yield.

The purified acid melted at 159-50° C. without decomp-
osltion. The same melting point was reported by Falmer and
Adams (30), a2nd by La Coste and lMichaelis (26).

Analysis: Sample weight, 0.2004, 0.2004 g.

Calculated for Cn,HgAsOg: As, 34.67%

Found: As, 34.70, 34.72%

XI Preparation of m-Tolyldiazonium Eorofluoride

CHg CHa
+ 2 HBF, + NaNOg ----» + NaBF, + 2 HgO
NHg NgBFe
The diazotization of 26.8 g. (0.25 mol) of m-toluidine
in the manner described in I gave 50 g. of pale pink crys-

tals representing a yield of 97%.

XITI Preparztion of m-Tolylarsonic Acid

CHs CueCls ¢  CHs
+ I‘:aa}IA503 ——————— > | + N.aEF4 + 1\1"8
Na.OH
N\
IanF4 ASOaI\Iaa

The m-tolylarsonic acid was prepared accordings to the
method described in II using 25 g. of the above diazonium
borofluoride (representing the yield from 1/8 mol of the
amine). When recrystallized from water the acld was ob-

tained as small, colorless needles weighing 14.6 g. which
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represents 54% of the theoretical. Bart (25) reported a
46% yield by his original method.

The acid melted at 150° C. without decomposition.
Michaelis (31) rerorted a melting poin£ of 150° and Parmalee
(32) reported 149° ¢.

Analysis: Sample weight, 0.2004, 0.2004 g.

Calculated for C,HgAsOg: As, 34.67%

Found: As, 34.64, 34,699

XIITI Preparation of p-Tolyldiazonium Borofluoride

CHs CHs
+ 2 HEFg + Nall0g ---> + lMaBF, + 2 HgO
NHgp NgBF,.

Fhen 26.8 g. (0.25 mol) of p-toluidine was diazotized
by the method described in I 47.4 g. of white crystals were

ottained representing a yield of 92%.

XIV Preparation of p-Tolylarsonic Acid

CHga CugClg CHj
+ NagHAsOg --=---- > + NakEFg, + Ng
NaBF¢ NaCH AsOzNag

The p-tolylarsonic acid was prepared according to the
method described in II using 23.7 g. of the above diazonium
borofluoride (representing the yield from 1/8 mol of the
amine). When recrystallized from water 19.7 ¢. of small,

colorlesgs needles were obtained representing a yield of 73%.
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Palmer and Adams (30) revorted a yield of 50-65% by the
method of Bart. The acid darkened at 300° C. agreeing with
the report of La Coste and Michaelis (33).
Analysis: Sample weight, 0.2004, 0.2004 g.
Calculated for C,HgAsOg: As, 34.67%
Found: As, 34.63, 34.71%

XV Preparation of o-Chlorophenyldiazonium Borofluoride

Cl Cl
+ 2 HBF, + NalNOg ---> + NaBFg + 2 HgO
NHs NgBF4

The diazotization of 31.9 g. (0.25 mol) of o-chloro-
aniline by the method described in I gave 55.4 g. of a

white powder representing a yield of 98%.

XVI Preparation of o-Chlorophenylarsonic Acid

Cl CugCla Cl
+ MNagHAsCg --=-=--- > + NaBFg + Ng
NgBFe NaOH AsOgNag

When one-half of the above diazonium borofluoride
(27.7 g.) wes treated by the method described in II the
crude o-chlorophenylarsonic acid was obtained as cream-
colored needles. Decolorization with charcoal in dilute
alcohol yielded 15.4 g. of white needles representing 52%

of the theoretical. Palmer and Adams (30) reported a yield
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When heated rapidly the pure acid melted at 182° C.
The following melting points are found in the literature:
180°, (29); 181°, (25); 182°, (34); 186-187°, (30).
Analysis: Sample weight, 0.2004, 0.2004 g.
Calculated for CgHgAsClOg: As, 31.68%
Found: As, 31.65, 31,70%

XVII Preparation of p-Chlorophenyldiazonium Borofluoride

Cl1l Cl
+ 2 HEF, + 1Jal’0g ---» + NaPBFg + 2 HgO
NEg NgBF4

When 31.9 g. (0.25 mol) of p-chloroaniline was diazo-

tized by the procedure of I 54.8 g. of white crystals were

obtained representing 974 of the theoretical yield.

XVIII Preparation of p-Chlorophenylarsonic Acid

Cl CugClg C1
+ llagHAsOg -===—--- > + NaBFg + Ng

One-half of the above diazonlum borofluoride (the yield
from 1/€ mol of zmine) was treated by the procedure described
in II. When recrystallized from dilute alcohol 18.6 g. of
minute, colorless nsedles were obtalned reprecenting a yleld
of 63%. Palmer and Adams (30) reported a crude yield of

60~-85% by the ususal Bart method.

lio change was observed in the acid when 1t was heated
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to 300° c.
Analysis: Sample weight, 0.2004, O.2004 £ .
Calculated for CgHgAsClOg: As, 31.68%

Found: As, 31.63, 31.67%

XIX Preparation of p-Ethoxyphenyldiazonium Borofluoride
OCaHs OcﬂHs

+ HEF, + NaNOg ~---» + NaCl + 2 HgO

NHg.HC1 NgBF,

One-fourth mol (43.4 g.) of p-phenetidine hydrochloride
was added to a solution containing 60 cc. of fluoboric acid
and 27.5 g. (0.25 mol) of sodium fluoborate in 40 cc. of
water and then diazotized and purified in the manner pre-
viously described. After removing the color with difficulty

51 g. of pale purple crystals were obtained representing

87 4 of the theoretical yield.

XX Preparation of p-Ethoxyphenylarsonic Acid

CClels CCghg
+ MNagHAsOg ------- > + NaBFg + Ng

NaBFg AsOgllag
One-half of the above diazonium borofluoride (25.5 g.)
wag reacted with sodium arsenite as described in II. Re-
crystallization from water ylelded 22.5 g. of small, white,
lustrous prisme representing 73% of the theoretical. Bart

(25) reported a practically quantitative yield of the acid.
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This acid melted at about 185° C. and gradually darkened
as the temperature was raised further. Nichaelis (35) re-
ported a melting point of 209-10°. Bertheim (27) found that
on rapid heating it melted at 185° with foaming, then resolid-
ified and did not melt again below 245° C.

Analysis: Sample weight, 0.2004, 0.2004 .

Calculated for CgHy,As0.: As, 30.4497

Found: As, 30.35, 30.38%

XXI Preparation of o-Carboxyphenyldiazonium Eorofluoride

CC0H COOH
+ 2 HBF‘ + NaNOg - + NaBF4 + 2 Hao
I\THa .NQBF.‘

One-fourth mol (34.2 g.) of anthranilic acid was diazo-
tized according to the procedure described in I. The
diazoniun borofluoride did not crystallize out until after
all of the sodium nitrite nhad been added. When filtered out
and dried it wrs obtained as white crystals. However, since
it could be isclated in only a 46% yield because of its
solubility the aqueous, acid csuspension of the diazonium boro-

fluoride was used for the succeeding arsonation.

XXII Preparation of o-Carbtoxyvhenylarszonic Acid

COCH CugClz CCOH
+ llagrihsCg —-—-——=—=- > + NabBFg + lig
IIgD,F4 NaQCH ASOal'aa



23

The arsonation was carried out in the usual way as
described in II using the suspension of the diazonium boro-
fluoride mentioned above. It was necessary to add more
alkali in order to neutralize the excesgss fluoboric acid pres-
ent in the suspension. When recrvstallized from water 40 g.
of white crystals were obtalned rerresenting 554 of the
theorztical. Lewis and Cheethan (38) reported a yield of

This

9

cid Jdid not melt helow 300° C. which agrees
with the revorts of Rart (25) and ~f Hiratuka (29).
Analysis: Sample weight, 0.2C0%4, 0.2004 ¢.

Calculated for CnH,AsOg: As, 30.45%

Found: As, 30.35, 30.38&:%

XXIII Freperztion of p-Carboxyphenyldiazonium Borofluoride

CcCH COCH
+ 2 HBFe + 11all0g --->» + alFg + 2 HgO
:—:{g IIEBF*

Then 34.3 g. (0.25 mol) of p-arinobenzoic acid was
dizzotized Ly the methol “escrited in I a yleld of 49.5 g.

N4
of whit= crystals waz obtained repressnting 47 of the
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XXIV Preparation of p-Carboxyphenylarsonic Acid

cooH COONa

NQBF* ASOaNag

The p-carboxyphenylzarsonic acid (p-benzarsonic acid)
was rrerared by the method described in II using all of the
diazonium borofluoride obtained above. When recrystallized
from- water 41.2 g. of white, lustrous crvstals were obtained
rerr=senting a yield of 67%. Lewis and Hamilton (37) re-
vorted a S50-607 yield by the usual Bart method. This acid
decomposed without melting at 232° C., which agrees with the
rerort of EBart (25). However, Hiratuka (29) reported a
melting point of 283°.

Analysis: Sanmple weight, 0.2004, 0.2004 g.

Czlculated for C,H,AsOg: As, 30.45%

Found: As, 30.33, 3C.407

XXV Prerarztion of p-Carbethoxyphenyldiazonium Eorofluoride

C00C Y, COCC gt
+ 2 HBF, + Nall0g —----> + UaBF, + 2 HgO
I‘H"Ia IIaDF*

Thne diazotization of 41.3 g. (0.25 mol) of ethyl p-amlno-
benzoate by the method described in I ylelded 64.8 g. of the
white, crystalline diazonium borofluoride representing 98% of

the theoreticeal.
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XXVI Preparation of p-Carbethoxyphenylarsonic Acid
COOCgHg COOCgHg
+ NagHAsOg ----—--- > + NaBFg + Ng
NgBFe AsOgNag

One-half of the above diazonium borofluoride (the yield
from 1/8 mol of amine) was treated by the procedure described
in TI. In order to avoid prossible hydrolysis of the ester
the reaction mixture was concentrated at room temperature

with 2 current of air. After recrystallization from water

o

C.5 g. of small, lustrous crystals were obtained repre-
senting 607 of the theoretical yield. Although this compound
has been previously prepared by esterification of p-benz-
arsonic z2e¢id no record has been found of its preparation
directly from ethyl p-aminobenzoate.

The acid melted at about 260° C. forming an infusible
vrowder as rerorted by Fourneau and Cechislin (38). The
anzlysis indicates there mey have been a slight hydrolysis
of the ester during the concentration process.

Analysis: Sample weight, 0.2004, 0.2004 ¢.
nalculated for CgHjpiAs0g: As, 27.337%
Found: As, 27.80, 27.85%
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XXVII Preparation of p-Acetophenyldiazonium Borofluoride

0=C-CHg 0=C-CHg
+ 2 HEF, + NaNOg ---» + NaBF, + 2 HgO
NHg NgEFq

Yhen 33.8 g. (0.25 mol) of p-aminoacetophenone (East-
man practical) was diazotized by the mrthod described in I
a yvield of 56 g. of white crystals were obtained represent-

ing 955 of the theoretical.

XXVIII Preparation of p-Acetorhenylarsonic Acid
O:C—C:’{s OZC"CHS

+ NagHAsOg ---—--- > + NaBF, + Ng

:;QEF‘ ASOaNaa
Cne-half of the above diazonium rorofluoride was used

to rrerare p-zcetonhenylarsonic acid by the method described

Y
)

-
H

Then recrvstallized =2nd bonetlacked from water
21.3 . of cream-colored, minute needles were oktained
representing 70% of the theoretical yield. Gibson and Levin
(39) rervorted =z €67 yield by the uvsu2l Bart method.

The purified 2c¢id ~=lted st 175° C. which agrees with
thet found by Zibson =2nd Levin.
Analysis: Samrle weight, 0.20C4, 0.2004 ¢.

calculated for CzHgAzO.: As, 30.69%
Found: As, 30.£0, 30.657



TARLE I

DIAZONIUM BOROFLUORIDES

Amine used % yield Amine used

Aniline 98 o-Chloroaniline
o-Nitraniline 98 p-Chloroaniline
m-Xitraniline 99 p-Phenetidine
p-Kitrzniline 99 o-Aminobenzoic acid
o-Teoluidine 99 p-Amninobenzoic acid
m-Toluidine o7 Sthyl p-aminobenzoate
p-Toluidine a2 p-Aminoacetoprhenone

% yield
98

37
L6
84
98
ol

27



TABLE II

ARSOKIC ACIDS OBTAINED FRCM DIAZONIUM BCOROFLUCRID

s
}1:1.)

Freviously Analysis
% yield reported elting As %

Arsonic zcid obtained % vield point Calc., Found
Phenyl- 58 55, (25) 156.5° 37.08 5705
37.02
o-litrophenyl- &7 93, (25) 232-34° 28.26  28.18
dec. 28.21
m~Xitrophenyl- 47 28, (25) 182° 30433 30.29
5%, (19) 30437
p-Nitrophenyl- 79 45, (25) 300° 30.33  30.28
dec. 30.32
o-Tolyl- 63 50, (25) 159-60° 34.67 34,70
34.72
m-Tolyl- 54 46, (25) 150° 34,67 34,64
34.69
p-Tolyl- 73 50-€5, (3C) 3CC° 24,07 34.63
dec. 34,71
o-Chlorophenyl- 52 60-75, (3C) 1&2° 31.68 31.65
31.70
r-Chloroprenyl- 63 €0-85, (30) atove 31.6E 31..63
300° 21.67
p-Etnoxyprenyl- 73 pract. (25) 1£5° Z20.44 30.35
ouant. 3C.38
o~Carboxyrthenyl- €5 50-60, (36) above 30.45 20.38
300° 20.35
p-Carbtoryrhenyl- £7 50-C0, (37) 232° 30.45 20.35
dec. Z0.40
p-Carbathozy- €C o 260° 27.33 27.80
phenyl- 27.85
p-hcetorhenyl- 7O 66, (29) 175° 30.69  30.60

30.65
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FLUORINATED ARSENICALS
Literature BSurvey

One of the earliest methods for the preparation of
aromatic fluorine compounds was that proposed by Wallach
(40) who heated diazopiperidides with concentrated hydro-
fluoric acid. The method is quite unsatisfactory because
of the instability of the intermediates. In 1898 Valentiner
and Schwarz (41) prepared aromatic fluorine compounds by
heating a diazonium chloride solution with 70Z hydrofluoric
acid. Swarts (42) that same year diazotized the amine in
TO0% hydrofluoric écid and heated the solution of diazonium
fluoride. In 1927, Balz and Schiemann (23) prepared fluoro-
benzene and other aromatic fluorine compounds by means of
the thermal decomposition of the stable dry diazonium boro-
fluorides. Since that time Schiemann and coworkers (43-64)
nave extended the reaction to the preparation of a great
nunber of fluorine compounds.

RockBuller (65) in a comprehencsive review of the prep-
aration of 211 types of organic fluorine compounds reported
that direct fluorination of aromatic compounds with fluorine
gas is unsatisfactory. He found that the action of fluorine
on benzoic acid produced a mixture of mono- and polyfluor-
1nated acids (6€). When he treated acetanilide with lead
tetrafluoride; a small amount of p-fluoroacetanilide was

obtained (67). Whearty and Bancroft (68, 69) obtained a



mixture of polyfluorinated chlorobenzcnes by the action of
fluorine gas on the chlorobenzenes. LElgelow and coworkers
(70-72) have likewise found mixtures produced by direct fluor-
ination. In 1936, Gottlieb (73) prepared 2,4-dinitrofluocro-
Ptenzene from 2,4-dinitrochlorobenzene and potassium fluoride.

During the extensive work that has been done on organic
arsenicals several score have been prepared contalning the
halogens, chlorine, bromine and iodine in their nucleus.

A survey of the literature has revealed only one aromatic
arsonic acid containing fluorine, however, it does not have
the flucrine in the benzene ring. Steinkoph and Jaeger (73)
prerared rhenylarsonic acid-3-sulfonyl fluoride as one of a
series of aromatic sulfonyl fluorides. lo arsenicals were
found in which the fluorine was substituted directly in the
arorzatic nu-leus.

From the rharmacologiczal results that have been reported
for the halogenzted arsenicals no general conclusion can be
drzsm as to their toxicity and therapeutic action. Ehrlich
and Hats (74) revorted that 3,5-dichloro-4-hydroxyrhenyl-
arsonic z2cid wzs effective against Spirocheta recurrentis in
mice tut unfortinately caused Jdisturbances 1n the nervous
system. A tremor of the he»d 2nd neck persisting for ceveral
days was produced by & gingle dose. On the other hand,
Fiemsa (75) reported that 2,2tdichlorohexaminobenzene
(Dichloroarsalyt) HgN C1 Cl 1Hg

1—1,;1\1@%:%@1%12

Hal HHg
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was practlically as effective against rabbit syphilis as
sllver arsphenamine without producing any observable detri-
mental action on the nervous system. Karrer (76) found that
the tolerated and lethal doses of 3,5-dichlorophenylarsonic
acid in mice were about twice the doses for 3,5-dichloro-4-
iodophenylarsonic 2cid and p-iodophenylarsonic acid indicat-
ing that para- substitution produces an increase in toxicity.
He zalso found thot these compounds produced icterus in the
mice. Fischl and Schlossberger (77) revorted that 2-chloro-
tryparsamide when tested against the trypanosome in mice had
a higher chemotherapeutic index than "Tryparsamide" itself
wnile the 3-chloro derivative had an index about one-half

that of "Tryparsamide”

H}.\I. cHa. CO.l\THB HI\IQ CHS.CO-I‘IEIQ
2-Chloro- Cl 3-Chloro-
tryparszamide tryporeoamide
c1l
ASOaHa AsOgHg
Hzythornthwzite (78) vroduced = number of bromine deriv-
atives of phenylarsonic acid 2nd arsenobenzene ond tested

)

tr

3

er for their toxlcity and curative action against Trypano-
goma eouinerdun in mice. In no case did the compounds show

index over the corresconding

i_lo

2n increszs=d chemotheraneut

were much less.

nd inn moslt case

6@
w

untrominst~2d compounds
Hlacellum (79) prepared 2 number of arsenicals containing
iodine an? sted them against Trypannsoma equiperdum in nicec.

The ozt effective of these was 5,5 diio.odi%oetvls 2lvarsan

-

which hed an index of 1:1C.
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I I

In contrast to salvarsan it was remarkably stable in solu-
tion and produced no undesirable nervous effects. Karrer
(80) reported that several iodophenylarsonic acids which he
fesﬁed were quite toxlc and produced icterus in mice.

It may be readily seen that while there is no zagreement
on the effect of halogens in organic arsenicals, in somne
cases favorable results have been obtained. As has been
previously mentioned {(pp. 1-3) fluorine substituted hydro-
carbons have been fouﬁd to have low toxicities, and other
fluorine substituted compounds have been suggested as
possible therapeutic agents. If our reasoning from the
periodic table, already mentioned, is correct that fluor-
inated compounds should be less toxic than the correspond-
ing chlorine, bronine or iodine compounds then the fluor-
inated arsenicals conceivably may be found desirable. With
this thought in mind a series of fluorinated phenylarsonilc
acide has been prepared. The fluorine was introduced by the
method of Schiemann (23) =2nd the arsenic wasg introduced by

the modified EBart method described on page 12.
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Experimental

I Preparation of o-litrofluorobenzene

NO 8 Sand NC 2

——————— > + Ns -+ BFa
NaESFe A F

The method used was that given by Schiemann and
Pillarsky (49). About 60 g. of o-nitrophenyldiazonium
torofluoride (previously described pg. 13) was mixed thor-
oughly —ith atrout an equal quantity of sand. This mixture
was rlaced in a 500 cc. pyrex distilling flask having the
delivery tube tent so that the flesk could b~ clamped on
its side. Thzae flask was then connected to a condenser and
the conpround was collected in a cooled 500 cec. filtering
flask to which suction was 2pplied by means of & water pump.
A trap contailning water was ploced between the pump and the
receiver. The flacsk was heated slowly, bercinning near the
surfzace of the mixture and woriing down as the compound was
decomposed. When the decomposition was complete, the flask
we.e heated strongly to drive over the lzst »f the nitro-
fluorobenizene. After cooling, the sand was shaken out and
uzed agsin in the succeeding decompositlions. After each run
the cnndensgser wasg washed out ether and the water in the trap
was extrazcted with ether. The combined distillates and ether
extracts were treated with a saturated, adqueous sgolution of

sodium carbonate to remove any discolved boron trifluoride.
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The ether was then dAistilled off and the rem&ining contents
of the flask subjected to steam distillation. The distil-
late was saturated with sodium chloride and the o-nitro-
fluorobenzene removed by means of a separatory funnel. From
3 mols of diazonium borofluoride there was obtained 58 g. of
a rale yellow liquid representing 13.7% of the theoretical.

Schiemann and Fillarsky (49) reported 2 19% yield.

II Preparation of O-Fluoroaniline

¥ F
2 + 3 Sn + 14 HCl ---» 2 + 3 SnCl, + 4 150
NCq Mg HC1

1-3

-

1e reduction of the o-nitrofluorobenzene was carried
out with tin end hydrochloric 2acid. To 10C g. (excess) of
nmossry tin and 58 g. (0.41 mol) of o-nitrofluorobenzene in

a 2 1. round-tottomed flask eguipred with a condenser was
added with =hzXine and cooling when necessary, 200 cc. of
concentrated hydrochloric acid. “Vhen the addition was com-
nlete the mixture wag refluxed for 30 minutces 2and cooled.
The nixture was dilut=d with 300 cc. of water and then made
slirntly alkaline with a 507 sodius hydroxide solution. The
mixture was then steam distilled 2nd the amine separated.
The acueous portion was saturated with sodlum chloride,
extracted with ether, the ether layer senarcted, drled and
the other distilled off on a water bzath. The combined o-fluor-

sniline weighed 29.6 g. representing 65% of the theoretical.
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III Preparation of o-Fluorophenyldiazonium Borofluoride

F F
+ 2 HEFg + NaNOg ---> + NaBFg + 2 HgO
NHg NgBFe

To 27.7 g. (0.25 mol) of o-fluorocaniline in 160 cc. of
fluoboric acid in 2n ice bath was added with stirring 18 g.
(C.26 mol) of sodium nitrite dAissolved in 35 cc. of water.
The precipitate was filtered out with suction, washed with
2lcohol and ether and thorouchly dried in an evacuated
desiccator over phosrhorous rentoxide. A vield of 38.€ o.

—

of pv2le rink crret~ls were obtained representing 75% of the

F CugClg F
+ 1TcpHAsCy —=—=——-- > + NabFe + llg
2= MNaCH AsOglNag

Vo
'

o-Tluoropnenylersonic acid was propared by the follow-
ing mrocedure. An agueous suspension of 19.2 . of o-fluoro-
phenyldizzonium borofluoride (the yield fron 1/€ wol of

ine) =2e 2dded slowly to 2 solution contalning 28 g.

2

3

(C.2 mol) of ilahz0Cgz, 8¢ ce. of 10% sodiun hydroxide colution
ond 3 z. of currous chloride in 40C cc. »f water at room

temrerature. The diazonium borofluoride was added with
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vligorous stirring over a period of an hour. Ether was used
to control excessive foaming as nitrogen was evolved. As
the reaction progressed 50 cc. (0.125 mol) of 107 sodium
hydroxide solution was added to ﬁaintain ﬁhe proper alkalin-
ity. The reaction mixture was stirred for an additional
half hour, then heated to 65° C. for 15 minutes and filtered
with suction. The filtrate was acidified to litmus paper
with concentrated hydrochloric acid and any tarry material
separating was filtered off. The filtrate was then concen-
trated on 2 hot plate with charcoal to about 250 cc. and
Filtered and the hot filtr=te acidified to congo-red paper
with concentrated hydrochloric acid. A small amount of dark
material was filtered out and the solution further concen-
trated to about 100 cc. and then allowéd to crystallize in
the ice tox over night. The crystals were filtered with
suction and a second crop of crystals was obtained by
concentrating tne mother liguor. The combined crystals were
purified by dissolving in ammonium hydroxide, filtering and
reprecipitating with hydrochlofic acid. There was obtéined
11.5 g. of white, lustrous crystals representing 427 of the
theoretical yield.

The o-fluorophenylarsonic acid melted at 152-3° C. with-
out decomposition. It gave a positive test for fluorine by
the method of Feigl and Krumholz (81) and snalyzed correctly
for arsenic content. It was found to be readily gsoluble in
hot water, slightly soluble in cold water, quite soluble in
hot and cold alcohol but only very gligzhtly soluble in ether



and in other organic solvents.
Analysis: Sample weight, 0.2004, 0.2004 g.
Calculated for CgHgAsFOg: As, 34.05%

Found: As, 34.02, 33.95%

V Preparation of m-Nitrofluorobenzene

NCg Sand NOg
——————— > + Ng + EFg
NgEBFg F
The Zecomposition of 2.5 moles of m-nitrophenyl-
diazoniun torofluoride (vreviously described pg. 14) by the
procedure decscribed in I yielded 183 g. of m-nitrofluoro-
benzene or 527 of the theoretical. Schiemann and Plllsarsky

(49) revorted a 547 yield.

VI Preparation of m-Fluoroaniline

F F
2 + 3 Sn + 14 HC1L ---> 2 + 3 SnCly + 4 Hg0

Tre entirs zmount of m-nitrofluorotenzene from above
wez reduced with tin and hydrocnhloric acid as given in II
ard yislded 117 g. of m-fluoroaniline representing 827 of

the theor=ticz2l.
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VII Preparation of m-Fluorophenyldiazonium Borofluoride

F F
+ 2 HBF‘ + Na.N-Oa _-_—— -+ NaBF4 + 2 1{20
NHg NgBTg
When 27.8 g. (0.25 mol) of m-fluoroaniline was diazo-
tized by the method described in III a yield of 47.6 g. of
wvnite crystals were obttained representing 91% of the

theoretical.

VIII Prepraration of m-Fluorophenylarsonic Acid

7 CuaC].a / r
+ NagHAsOg ------- > ‘ + NaBFe + Na
NaQH N\
N'QEF‘ ASOaI\Taa

WThen 23.8 g. of m-fluoropnenyldiazoniun borofluoride
(the vield from 1/8 mol of amine) was used in the arsonation
ae descrited in IV there was obtained 10.3 g. of cream-
colores crystals revpresenting 37.5% of the theoretical yield.

The purified acid melted and darkened at 147-48° C.
It gave trme gualitative test for fluorine and analyzed cor-
rectlsy for arsenic content. Tts colunilitiee were found to
e 22 those of its ortho isomer described in IV.
Anzlvsis: Sample weight, O.2004, 0.2004 ¢.

nalculated for CgHgAsFOg: As, 34.05%

Found: As, 34.10, 34.15%
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IX Preparation of m-Fluoroacetanilide

¥ + (CHg.CO)g0 =----» F + CH3COOH
NHg HN-COCHg

To 27.8 g. (0.25 mol) of m-fluoroaniline was added
30 g. (0.3 mol) of acetic anhydride and the mixture refluxed
for oné hour. The hot mixture was poured with rapild stirring
into 500 cc. of cbld water. The pink-colored solid was
filtered out with suction and washed with water. The com-
ﬁined filtrates were chilled over night and yielded a small
crop of white needles. The combined yield weighed 33.4 g.
or 88% of the theoretical. BRBefore recrystallization it
melted at 85° €. and aft=sr recrvstallization from dilute
2lcohol melted at 86° C. A small amount was then recrystal-
lized from benzene and obtained as small, white needles
melting a2t 87.5° C. Swarts (£2) reported a melting point
of 84.5° ¢., Braun and Rudolbh (83) reported 88° C.

X ©Preparation of 4-Nitro-3-fluoroacetanilide

NOg

HN-COCHg HN-COCHg
To 15.3% #. (0.1 mol) of m-fluoroacetanilide in 75 g. of
concentrated sulfuric acld wos slowly 2dded 10 p. (0.11 mol)

of concentrated nitric acid in 10 g. of concentrated sulfuric
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acid with the temperature at 0° C. or lower. The mixture
was allowed to stand in the ice box over night and then
poured upon 300 g. of ice. The yellow-colored solid was
filtered out with suction and thoroughly washed with cold
water. The yield of compound was 18.5 g. representing 93%
of the theoretical. A small amount when recrystallized from
toluene yielded pale yellow crystals melting at 176.5-77° C.

Several attempts were made to hydrolyze the compound to
the free fluoronitroaniline. An aqueous hydrochloric acid
solution and an alcoholic hydrochloric acid solution was
used and the mixture refluxed for several hours but no
satisfactory product could be isolated. Since the hydrolysis
was unsuccessful the compound could not be definitely

characterized and was not considered further.

XI Preparation of p-Nitrofluorobenzene

031; Sand OQN
_______ > -+ Ng =+ BF3
NaEFg A ¥

Two z2nd one-half moles of p-nitrophenyldiazonium boro-
fluoride (previously described on pg. 15) were decomposed
by the procedure described in I and yielded 200 g. of

p-nitrofluorobenzene representing 577 of the theoretilcal.
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XII Preparation of p-Fluorocaniline

F F

2 + 3 Sn + 14 HClL —-=-=-2 2 + 3 SnCly + 4 HgO

NOg NHg
The entire amount of p-nitrofluorobenzene from above
was reduced with tin and hydrochloric acid as described in
II a2nd yielded 120 g. of p-fluorocaniline representing 787

of the theoretical,

XIIT Preparation of p-Fluorophenyldiazonium Zorofluoride

r F
+ 2 HEF, + Nalllg =---> + llaBlFy + 2 g0
Nefg NgDFa
The dizzotization of 27.8 g. (.25 mol) of p-~fluoro-

aniline ty the method described in III yielded 43.6 g. of

white crystals renresenting 83% of the theoretical.

XIV Freparation of p-Fluororhenylarsonic Acid

F F
Py
CUQCla /
+ liagHAsCg —-=-~---- > \ + MalFg + lg
I1a’
I‘!aEF‘ ASOQIT&S

The p-fluorornh~nylarsonic zcid was propared by the
procedure “escribed in IV using 21.8 g. (the yield from 1/
mol of emine) of p-fluorophenyldiazonium borofluoride.

There was obtained 14.3 g. of white, lustrous crystols
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representing 527 of the theoretical.

No definite melting point could be observed for this
acid but as the temperature was raised it gradually changed
form to an infusible powder which decomposed above 250° C.
Sucn behavior is frequently observed in arsonic acids which
lose one molecule of water to form the anhydro-acid. It
gave the qualitative test for fluorine and analyzed satis-
factorily for arsenic content.
4nalysis: Sample weight, 0.2004, 0.2004 g.

Calculated for CgHgAsFCg: As, 34.05%

Found: As, 34.12, 34.15%

XV Preparation of 4-Fluoro-3-nitroaniline

iiHg Hg

p-Fluorozniline was nitrated by the procedure of
Folleman (84). To 27.2 o. (0.25 mol) of p-fluoroaniline in
90 cec. of concentrated sulfuric acid was added a mixture of
1 2. (0.2° mol) of fuming nitric acid (sp. gr. 1.5) and
€0 g. of concentratzd sulfuric acid. During the addition
the temperzture was not 2llowed to rise above 5° C. The
mixture was =2llowed to ztand at 0° C. for one hour and then
poured over £00 g. of lce. “While being chilled it was
neutralized with 28% ammoniuwn hydroxide and the dark preclp-

1itate then filtered off with suction. This product was
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recrystallized from water usin@ charceoal and was obtained as
yellow needles weighing 16 g. which reprosents 4150 of the

theoretical. The compound melted at 96.5° C. Holleman (84)
reported a melting voint of 98° ¢. and Swarts (85) reported

96° C.

XVI Preparation of 4-Fluoro-3-nitrophenyldiazonium

Borofluoride
F F
NCg NOg
+ 2 HEFg + NaNQg --->» + NaBF, + 2 HgO
I\u:s NQBF‘

Tne diazotization of 15.C g. (0.1 mol) of 4-fluoro-
3-nitreaniline »y the method described in III yiclded
25.3 g. of yellow-trown crystals renresenting 994 of the
theoretical. Thnen heated ropidly it decomnosed between
171° 2n% 178° C. This compound has not been previously

in the availelle literazture.

o1

rerorte

X7II Freparastion of 4-Fluoro-3-nitrophenylarsonic Acid

A. TFrom 4-Fluoro-3-nitrophenyldiarmonium Zorofluoride

b F
1iCq Cu,Cle 7 N\ 1Cq ]
+ llagHAsOg —===~-- > + MNalzl g, + Mg
NaOH N
1TaoFe AsCgliag

The entirz azmount of the dliazonluxn Lorofluoride from

wa.s uses in the arsonation as drgcribed in IVv. Then

agove

recryetzllized and horizhlacked from woter there was obtalined



9.3 8. of yellow compound representing 35%

theoretical.
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of the

The purified zc¢id did not melt but decomposed above

300° C.
satisfactorily for arsenic content.
Analysis:
Calculated for CgHgAsFNCg: As, 285.27%
Found: Ag, 28.07,

B. Preparation by direct nitration
F F
HgS04 NOg
+ ENOg —-=--=--- >
AsCgtlig AsOgHg

p-Fluoropnenylarsonic acid (described

nitrzted by the method of Earber (86). To

Sample weight, 0.2004, 0.2004 ¢.

It gave a positive test for fluorine and analyzed

28.15%

pe. 42} was

(0.1 mol)

22 g.

of p-fluororhenylarsonic acid in 45 cc. of concentrated

sulfuric zcid was added 9 g. (0.14 mol) of fuming nitric

acid@ (sp. gr. 1.5). The nmixture was heated on a water bath

for 2 hours znd vnen cool was poure? over 250 . of 1lce.

While being coole? the acild was partially neutralized with

godiun carzonate. The yellow colored arsonic acid which
preciplitated was filtered out and washed with cold water.

By concertrating the filtrcte 2nd chilling for several days

obtained. The combined pale

a8 second crop of crystals wase

yellow crystals wveizhed 18.5 g. represgenting TO% of the

theoretical.
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When heated slowly this acid did not melt but gradually
changed in form to a powder which decomposed above 300° C.
If, however, the compound was placed in the melting point
bath already heated to 145° it melted at 148-53° C. It gave
the positive test for fluorine. The arsenic enalysis and
the melting point behavior indicate that the arsonic acid
isolated by this method contained one molecule of water .of
crystallization. The structure of this compound is assumed
to be as indicated because of the analogy in preparing the
correswonding chloro compound. However, the 2-nitro isomer
is not ruled out on the basis of evidence thus far available.
Analysis: Sample weight, 0.2004, 0.2004 g.

Calculated for CgHgAsFNOg: As, 28.27%

Calculated for CgHgAsFNOg.HgO: As, 26.47%

Found: As, 26.55, 26.60%



FLUORCPHFNYLDIAZONIUM BOROFLUORIDES

Axine used

TABLE III

Percent yield of

47

diazoniwn borofluoride

o-Flucroaniline

m=-Fluorozaniline

p-Fluoroaniline

4_Tluoro-3-nitroaniline

FLUCRINATED AROLATIC ARSONIC ACIDS

Arsonic acid

o-Fluororhenyl-

n=-Fluororiznyl-

TAELE IV

Percent felting

vield noint

4o 152-3°

27.5 147-8°

v=Fluoronhenyl- 52 above
220°
L_Fluoro-3Z-nitrorhenyl- 35 above
= o]
AC0
4-7Tluoro-Z-nitrorh-nyl- (a) 70 148-53°

(2 Frorm Zirect nitrzotion of p-fluororhenylarsonic

i
al

ztruecture not

n0lated writh

75

Analysis

AS 73
Cale. Found
34,05 4,02

%235.95
3L, 05 24,10
34,15
34.05 34,12
34,15
28,27 n&.07
98 ® 15
26.47 n6.55
2C.50

aclid;

on=s rnol=acule of water of cryctallization;

conclusivaly nroved,
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ANALYTICAL

The arsenicals which have been prevared were analyzed

[

for their arsenic content L the —ethod of Cislak ond
Hamilton (87). Pecoause they have modifiecd the proczdure

since thelr work wos publishe? th~- exact detolls are gilven

M

In the potentioretric det=rrmination of arsenic an
a-provimetely /20 potossiun bromate golution is used. The

following eauation illustrates the recction invelved.

V)

XBrCs + 3 Aspls =----- > 2 Kir + 3 Asals

DIAGRAX OF APPARATUS

|
D
- s AN
H B \ , D
Cc (”:’;__
Y P T
B

To Potentiometer

Key to symbols:

0 = fzalomel =2lectrnde T = Colvnnometer

P = Platinum =2lectrode D = 5C cc. burette

T = Bealrler 3 = Tealontenl stivrer
T = Ten key
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As illustrated in the diagram a saturated calomel
electrode was used as the cathode, a platinum electrode
8s the anode and these electrodes were connected directly
to a Leeds-Northrup portable potentiometer. A mechanical
stirrer was provided. A single dry cell furnished the
oprposing circuit.

Procedure:

The exact factor weight of the substance was weilghed
on a cigarette paper and the paper and sample introduced
into a 300 cc. Kjeldahl flask. Twenty gramg of anhydrous
sodium sulfate and 30 cc. of Conc. sulfuric acid was then
added to the sample in the flask =2nd the nixture heated
gently over a small flame for about 15 minutes. The flame
wag then increased and the digestion continued until the
solution became clear and colorless which usually required
about 30 minutes. The flask was removed and cooled to
about 80° C. and diluted with about 70 cc. of distilled
water. The solution was transferred quantitatively into a
600 cc. bealer and to this solution 30 ce. of conc. sulfuric
acid was added and sufficient water to make the total volume
of the solution about 400 cc. The solution was then ready
for titration.

A few cc. of the potassium chloride solutlon was run
through the cell and then the arm of the half cell and the
platinum wire were rinsed with dietilled water. The two
electrodes were then immersed in the solution to be titrated

and the stirrer started.
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The resistance of the potentiometer was adjusted so
that there was no deflection of the galvanometer when this
instrument was thrown into the circuit by means of the tap
key. The bromate solution was then added slowly from the
burette with the tip under the surface of the solution.

At this stage of the titration the solution was added at
the rate of 4 cc. per minute. After the addition of each
cc. of the standard solution the galvanometer was thrown
into the circuit and the deflection of the galvanometer
needle observed. The deflection at this point was so slight
that by merely increasing the resistance a very small amount,
corresponding to one or two hundredths of a volt, the null
roint was again reached. When the end point was only about
2 cc. away from that calculated, the rate of addition was
slowed down until barely perceptidble. When the end point
was reached, one drop of the bromate solution caused a
rather complete deflection of the galvanometer needle. This
single drop threw the needle to one side so strongly that
resistance of at least .2-.4 volt was necessary to balance
the circuilt.

The potassium bromate solution was standardized against
pure arsanilic acid by the akove procedure. In this way
the manipulative errors were nullified. Since there is no
indication when one is approachning the end point an exact
factor weight was taken each time for a sample so that the
end point could be anticipated. The percent of arsenic was

then read directly from the burette. For example, 100 cc.



of an exactly N/EO rotassium bromate solution would require
0.1873 g. of pure arsenic by the calculations,

14591 x 1/20 x 1/10 = 0.1873 g. When 0.1873 g. of arsanilic
aczd was titrated 32.25 ce. of the unknown bromate solution
was used and since the calculated arsenic content of’arsan-
ilic acid is 34.52¥% a direct prorortion showed that the
correct factor weight for the unknown bromate solution was
0.2004 g. This calculated factor weight was verified by the
titration of several samples of arsenilic acid before it was
used for the analysis of the arsenicals in gquestion. Then
oy taking exactly this weight of any arsenical the percent
of arsenic was read directly from the burette. In order to
transfer the sample without loss 1t was weighed on a counter-
talznced cigarestte paper. The paper also provided sufficilent

organic matter to serve as a gulde in the complete digestlon
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SUMMARY

Preliminary to the synthesis of 3 series of fluorine
substituted phenylarsonic acids, an investigation was made
of the use of diazonium borofluorides in the Fart synthesis
of aromatic arsonic acids. These diazonium borofluoride
intermediates offer definite advantages over other diazonium
compounds because of their great easge of preparation and
greater stabrility. They may be isolated, purified and
stored for appreciable periods of time. The yiells of

rsonic 2cids in most instances compared favorably with

0

yields obtained by the original and otherwise modified Bart
method; in several instances the ylelds were increased,
generally in the case of pvara-substituted derivatives.
Fhenylarsonic acids with [luorine substituted in the
nucleus have been prerared for the first time. They were
svnthesized using the diazonium boroflucride modification

of the Bart method. TFour such compounds were obtained

viz., 1. o-Fluorophenylarsonic acid
2. m-Fluorophenylarsonic acld
Z. p-¥luorophenylarsonlc acid

4-Tluoro-3-nitrophenylarsonic acid

The prervaration of necessary fluorinated intoroedistes

Anz2lytical data chorzcterizinge the new conpounds are
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