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INTRODUCTION

Since the memorable work of Ehrlich which led to the 
introduction of arsphenamine into medicine, extensive work 
has been carried out in the field of organic arsenicals and 
is being continued at the present time. The possibilities 
are still far from exhausted, for as yet the "ideal” trypano- 
cide has not been discovered.

Among the many directions which these investigations 
have taken is a study of the halogenated arsenicals, partic­
ularly the chlorine, bromine and iodine compounds. kany 
have been found to have trypanocidal action but none have 
been used medicinally because of high toxicitj^ or undesir­
able 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 last few years has it been possible 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 Mldgely and Henne (1-3) with regard to the low toxicity 
of fluoroform and dichlorodifluoromethane has stimulated an 
interest in the therapeutic possibilities of other fluorine 
derivatives•
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From purely theoretical considerations, based on the 
periodic table, it should prove interesting to investigate 
the effect of fluorine substitution into a physiologically 
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 is appreciably less toxic than 
its analogues. For example, the organic silicon compounds 
have no desirable physiological effect; the phosphines, 
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, (C1CHSCHS )sS , of notorious "mustard gas" fame with 
the relatively inoccuous ether, (ClGH^CHa)s0 . 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 CHF3 and CCl2Fa, mentioned above, does add plausibility 
to such a hypothesis.

Other desirable physiological properties of organic 
fluorine compounds are indicated by work carried out in these 
laboratories by Zenitz (4), who in a preliminary report on 
p-fluoropropadrlne found a pressor activity comparable to



propa&rine 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 (6 ) 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 
properties of the hitherto unknown fluorinated organic arsen- 
icals. In the preparation of such compounds the unusual 
stability 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 
stud_y was made of the use of the diazonium borofluorides in 
the Be.rt reaction preliminary to the synthesis of the fluor­
inated phenylarsonic acids.
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THE MODIFIED BART ARSENATION

Literature Survey 
The. distinction of preparing the first aromatic com­

pound of arsenic "belongs to Be'champ (7) who in i860 noted 
that aniline arsenate when heated with an excess of aniline 
did not yield colored products until a temperature of 190- 
200° C. 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 this 
new substance as an acidic anilide of the formula CiSHe06AsN 
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 
Bechamp 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 arsanilic acid have 
been varied a great deal. After much speculation and study 
by vs.rious workers the reaction mechanism generally accepted 
Is as follows:

NH8
H OH 

H-N-0-As=0 
6 hP  -Hs0

+ h3Aso4 —— >• I! ----- >■

OH
H-N-As=0

OH
 >

Aniline Aniline
arsenate

Arsono
anilide

H0-As=0
OH

ArsanilIc 
acid
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The yields of arsanilic acid "by this method are upward to 
30^ 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 with arsenic tri­
chloride to form aromatic chloroarsines.

C6H 5Br + HgNas --------- Hg(C6H 6 )s + 2 NaBr
(C6H 5)3Hg + 2 AsC13 ----> 2 C6H 5AsC1s + HgCls

The primary dichloroarsines were readily converted into the 
corresponding arsonic acid by oxidation with hydrogen per­
oxide in glacial acetic acid.

h 2osCgHgAsClg — ^  C6HeAs03Ha 
glac. HOAc

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

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

3 C6H 6C1 + AsG13 + 6 Na  V  (C6H B)3As + 6 NaCl
The tertiary arsines were then used In preparing primary
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derivatives by beating with arsenic trichloride under pres­
sure at 250° C. The main product was the primary dichloro- 
arsine, while some secondary arsine was formed as a byproduct.

(C6H 5) qA s + 2 AsCla ----- > 3 C6H6AsCla
This method is also limited to the preparation of those 
arsenicals having hydrocarbon or phenol-ether residues.

In a modification of the mercury diaryl synthesis 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 calcium chloride or other suitable metallic chlorides 
into aryl mercurichlorides. These mercurichloride compounds 
were then reacted with arsenic trichloride at 100° C., and 
the corresponding aryldichloroarsines were formed.
HK-Ac HN-Ac HN-Ac HN-Ac

AsCl

HgOAc HgCl AsCla
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 is difficult to remove.

Despite the fact that Rosemund (13) In 1921 succeeded
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in obtaining a slight amount of phenylarsonic acid by heat­
ing bromobenzene with aqueous tripotassium 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 hj^drocarbons may be directly 
arsenated.

A valuable general method for synthesizing aromatic 
arsonic acids 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 
alkaline or neutral solution, the reaction proceeding accord­
ing to the equation:

Ar. 17=17. X + Na3As03 ----- > Ar.AsO(ONa)s + NaX +
In the preparation of phenylarsonic acid by this method the 
yields obta,ined with the normal diazobenzene compound are 
less than with the potassium isodiazo oxide. If, however, 
the starting materials are nuclear substituted arylamines, 
the reactivity of the corresponding normal diazo compounds 
is increased to such an extent that conversion into the 
arsonic acid 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 diazonium arsenite was formed, 
then the -H=N- linkage split off, and the arsonic acid group 
entered the ring in the position previously occupied by the
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amino group
N=N.C1 N=N-0-As-ONaV ATT H0-As=0

+ NasHAsOa ——— >

ONa
+

Later that same year Bart (15) noted that the reaction 
with normal diazo compounds could he facilitated by the use 
of catalysts such as metallic copper, 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 obviating the formation of byproducts.

In 1919 Mouneyrat (17) modified Bart'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 
upon the particular medium selected. The following year H. 
Schmidt (18) claimed that Bart's reaction proceeded most 
smoothly on treating normal diazo compounds with potassium 
arsenite in neutral or slightly acid medium without the aid 
of a, catalyst.

Since the time of Bart's first work his method has been 
used by numerous Investigators in preparing arsenicals and 
each has made his own minor modifications of conditions for
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the reaction.
Note: While the present investigation was in progress

Doak (19) published a report, "A Modified Bart Reaction", in 
which he developed the alcoholic Bart reaction described by 
Scheller (20). The aromatic amine in absolute alcohol was 
diazotizred 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 diazonium intermediate. The diazotization 
must be carried out at temperatures of 0° C. or lower; the 
diazonium chloride must be prepared just prior to its use in 
the arsonation; the temperature of the solution must not be 
allowed to rise while it is being added to the sodium arsen­
ite solution; and it is also necessary to lower the temper­
ature of the arsenite solution before addition of the 
diazonium solution. If these precautions are not observed 
appreciable 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 
borofluoride intermediates are superior to the diazonium 
chlorides for the preparation of aromatic mercury compounds 
and for the introduction of a nitro group into an aromatic 
nucleus. It may now be stated that the diazonium boro fluor­
ides can also be used to advantage in the Bart reaction.
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The3̂ are easily prepared and can "be isolated 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 practically quantitative, washed free from im­
purities and dried with alcohol and ether. When thoroughly 
dried and placed in an evacuated desiccator they may be kept 
satisfactorily for long periods of time, the stability vary­
ing with the individual compound. Large quantities of these 
intermediates can thus be prepared and used later at one *s 
convenience. Because of their greater stability the diazon­
ium borofluorides in solution have less tendency to decom- 
tose before reacting with the sodium arsenite, and as a 
result the amount of tars formed is decreased even when the 
arsonation is carried out at room temperature.

The reactions may be indicated as follows:
KEF* Na8HAs03Ar-lTHa ------- > Ar-hsBF* ----------> Ar-AsC3H 3

Na..C2 Cu3Cl3
These reactions have been applied to aniline and to 

various substituted anilines to demonstrate the influence of 
the nature of substituents such as nitro, chloro, methyl, 
aceto, ethoxy, carboxy and carbethoxy as well as the effect 
of the position of these substituents in the original 
aniline molecule on the replacement of the amine by the 
arsonic acid group. Reference to the preparation of the 
individual compounds will be mentioned specifically later.
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Experimental

I Preparation of Phenyldiazonium Eorofluoride

+ NaN08 + 2 HBF* ---- NaBF*+ NaBF* + 2 H eO

Tine method is that given by Balz and Schiemann (23) as 
modified by Starkey (24). To 12C cc. (0.7 mol) of 50^ fluo- 
boric acid in a 600 cc. beaker was added 23*3 g. (0.25 mol) 
of aniline while stirring. Most of the amine dissolved and 
crystallized upon cooling the solution in an ice bath. While 
stirring vigorously, a solution of IB g. (0.25 mol) of sodium 
nitrite in 35 cc. of water was added slowly from a separatory 
funnel, keeping the temperature of the mixture below 10° G. 
When the addition was complete, the solid was filtered on a 
sintered glass funnel, washed twice with cold alcohol and 
then twice with ether and partially dried by drawing air 
through it. The resulting white crystalline solid was dried 
over night in an evacuated desiccator. The yield was 47*3 g* 
representing of the theoretical.

II Preparation of Phenylarsonic Acid

+ NasHAs03 + NaOH + NaBF* + Na
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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 NaAsOa , 160 cc. of 10/ sodium hydrox­
ide solution (0.4 mol) and 10 g. of cuprous chloride in 600 
cc. of water at 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 10/ sodium hydroxide solution (0.25 mol) was added to main­
tain the proper alkalinity. The reaction mixture was stirred 
for an additional half hour and allowed to stand 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 
filtra-te was acidfied to litmus paper with concentrated h3rdro- 
chloric a.cid and any tarry material separating was filtered 
off. The filtrate was then concentrated with charcoal to 
about 200 cc, filtered and the hot filtrate acidified to 
congo-red paper with concentrated hydrochloric acid. The 
solution was chilled over night and the precipitated phenyl­
arsonic acid filtered off. A second crop of crystals was 
obtained by further concentrating the mother liquor. The 
combined crops were then re cry stall! zed and boneblaclted from 
waiter. The weight of white crystals was 29*3 g. representing 
58/ of the theoretical yield. Bart (25) reported a yield of
55^ by his original 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, C6H 5AsOs . 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 C6H 7As03 : As, 37*08%

III Preparation of o-Nitrophenyldiazonium Borofluoride

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 98/ of the 
theoretical yield.

IV Preparation of o-Nitrophenylarsonic Acid

method described in II using 29.2 g. of o-nitrophenyl- 
diazonium borofluoride (representing the yield from 1/8 mol 
of the amine). When recrystallized from water the nitro acid 
separated as pale yellow plates which contained one molecule

Found: As, 37.05, 37.02/

8

8
+ NaNOs + 2 HBF* ---->

N0S
NgBF*

+ NaBF*. + 2 Ka0

+ NaaHAs03
CuaCla
-------
NaCH

A s 0 3 U a <g
NO 8

+ NaBF* “t* Ng

The o-nitrophenylarsonic acid was prepared by the
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of water of crystallization. The yield was 20.6 g. repre­
senting 67% of the theoretical. Bart (25) reported a yield 
of 93% of the crude arsonic acid.

The acid melted with decomposition at 232-34° C. The 
following melting points are reported in the literature:
232°, (18); 233°, (25); 235-40°, (28).
Analysis: Sample weight, 0.2004, 0.2004 g.

Calculated for C6H 6AsN05.Hs0 : As, 28.26/
Found: As, 28.18, 28.21/

V Preparation of m-Nitrophenyldia,zonium Borofluoride

ETC* f \ j Q s
+ I-raNOg + 2 HEF4,  > I II + NaEF* + 2 H s0V VNH» N8BF4

TThen 34.5 6- (0.25 mol) of m-nitraniline was diazotized 
according to the method described in I a practically quanti­
tative yield of pale tan crystals was obtained weighing 59 g.

VI Preparation of m-Nitrophenylarsonic Acid

liOs Cu.gClg x y 0 g
+ NasHAsOa —------ ^ I |J + NaBF* + Ng

V  /  IIa°H W
NgBF* AsOgKag

m-llitrophenylarsoni c acid was prepared according to the 
method described in II using 1/4 mol of the diazonium boro­
fluoride. The crude acid was recrvstallized from water and 
yielded 29 g. of light yellowy crystals representing 47/ of
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the theoretical. Bart (25) reported a yield of 28^ "by his 
method. Doak (19) obtained a 3^% yield by his modification 
of the method of 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 containing the acid was 
introduced into sulfuric acid heated to 200°, it melted at 
once and quickly resolidified to the anhydride. Other melt­
ing points reported are: 196-200°, (29); 200°, (18).
Analysis: Sample weight, 0.2004, 0.2004 g.

Calculated for C6H 6AsN05: As, 30. 33/°

VII Preparation of p-Nitrophenyldiazonium Borofluoride

The diazotization of 34.5 g.(0.25 mol) of p-nitraniline 
(Eastman technical) according to the method described in I 
gave a practically quantitative yield of pale yellow solid.

VTII Preparation of p-Nitrophenylarsonic Acid

Found: As, 30.29* 30.37/^

+ KaN0a + 2 HEF* ----> + NaBF* + 2 Hs0

NaOH
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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 
yellow, minute leaflets were obtained representing 79/ of the 
theoretical. Bart (25) obtained a 45/ yield. The purified 
acid decomposed at about 500° G.
Analysis: Sample weight, 0.2004, 0.2004 g.

Calculated for C6H 6AsN05 : As, 30.33/

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 obtained.

X Preparation of o-Tolylarsonic Acid

When 25.7 g. (0.125 mol) of the above o-tolyldiazonium 
borofluoride 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 yielded 17 g. of color-

Found: As, 30.28, 30.32/

IX Preparation of o-Tolyldiazonium Borofluoride

+ 2 HBF* + NaNOs

CHa
NSEF*

Cu8Cl3 CHa
+ l'Ta2HAs03 ------- V

NaOH AsOAs03Na3+ NaBF* + Na
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less needles representing Syfo of the theoretical. Bart (25) 
reported a 50^ yield.

The purified acid melted at 159-60° C. without decomp­
osition. The same melting point was reported, by Palmer and 
Adams (30), and by La Coste and Michaelis (26).
Analysis: Sample weight, 0.2004, 0.2004 g.

Calculated for C9H eAs03 : As, 34.67^
Found: As, 34.70, 34.72^

XI Preparation of m-Tolyldiazonium Eorofluoride

CHa f  M CKa+ 2 HBF* + NaNOg — — — — ̂  I II haBF^ + 2 HgOs/ V
NHg N 8BF*

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^*

XII Preparation of m-Tolylarsonic Acid

CHq CUgjClg
+  h a g K A s 0 3 — — — — — — | -j- N a E F *  +  N g

NaOH
Ng-bF^

The m-tolylarsonic acid was prepared according to the 
method described in II using 25 g. of the above diazonium 
borofluoride (representing the yield from l/8 mol of the 
amine). When recrystallized from water the acid was ob­
tained as small, colorless needles weighing 14.6 g. which

AsO«Na
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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) reported a melting point of 150° and Farmalee 
(32) reported 149° C.
Analysis: Sample weight, 0,2004, 0.2004 g.

Calculated for C7H 0As03: As, 34.67/

When 26.8 g. (0.25 mol) of p-toluidine was diazotized 
by the method described in I 47.4 g. of white crystals were 
obtained representing a yield of 92/©.

XIV Preparation of p-Tolylarsonic Acid

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 g* of small,

Found: As, 34.64, 34.69/

XIII Preparation of p-Tolyldiazonlum Borofluoride

CHS
NH»

+ 2 HEF* + NaNOa --->
CHS

n 3bf*
+ NaEF* + 2 HgO

+ NasHAs03
CugCl
NaOH

8 ch3
As03Na3

+ NaE'F4 + Ng

colorless needles vie re obtained representing a yield of 73/-
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Palmer and Adams (30) reported 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 C7H cAs03 : As, 34.67^

XV Preparation of o-Chlorophenyldiazonium Borofluoride

The diazotization of 31*9 6 * (0.23 mol) of o-chloro- 
aniline by the method described in I gave 55*4 g. of a 
white powder representing a yield of 98%.

XVX Preparation of o-Chlorophenylarsonic Acid

Yfhen one-half of the above diazonium borofluoride 
(27.7 g.) was treated by the method described in II the 
crude o-chlorophenylarsonic acid was obtained as cream- 
colored needles. Decolonization with charcoal In dilute 
alcohol yielded 15*4 g. of white needles representing 52% 
of the theoretical. Palmer and Adams (30) reported a yield 
of 60-75%.

Found: As, 34.63, 34.71%

NHS
Cl

+ 2 HBF4, + NaNOs + NaBF* + 2 Hs0

+ NaBF* + N
NaOH



2 0

mien 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 C6H 6AsC10a : As, 31.68^
Found: As, 31.65, 31.70^

XVII Preparation of p-Chlorophenyldiazonium Borofluoride

ci A►  I I  + NaEFa, + 2 Hs0

When 31*9 g. (0*25 mol) of p-chloroaniline was diazo- 
tized by the procedure of I 54.8 g. of white crjrstals were 
obtained representing 97% of the theoretical yield.

XVIII Preparation of p-Chlorophenylarsonic Acid

One-half of the above diazonium borofluoride (the yield 
from l/8 mol of amine) was treated by the procedure described 
in II. When recry stabilized from dilute alcohol 18.6 g. of 
minute, colorless needles v^ere obtained representing a yield 
of 63%. Palmer and Adams (30) reported a crude yield of 
60-85^ by the usual Bart method.

No change was observed in the acid when it was heated
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to 300° C.
Analysis: Sample weight, 0.2004, 0.2004 g.

Calculated for C6H 6AsC103 : As, 31.68%

Found: As, 31.63, 31.67^

XIX Preparation of p-Ethoxyphenyldiazonium Borofluoride 
0CsH e 0CaH 6/\ f

+ HEF* + NaN0B  > | || + NaCl + 2 Ha0
V  \
NHa.HCl N3BF*

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 % of the theoretical yield..

XX Preparation of p-Bthoxyphenylarsonic Acid 
C C 3 K 5 0CsHs

0 Cu3Cl3 y  II+ Na3HAs03 ------- >  + NaBF* + Ns

NaOH ^
N 3BF4 AsOaNaa

One-half of the above diazonium borofluoride (25*5 g. )
was reacted with sodium arsenite as described in II. Ke-
crystal1ization from water yielded 22.5 g- of small, white,
lustrous prisms representing 73/£ of the theoretical. Bart
(25) reported a practically quantitative yield of the acid.
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Tills acid melted at about 185°  C. and gradually darkened 
as the temperature was raised further. Michaelis (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° G.
Analysis: Sample weight, 0.2004, 0.2004 g.

Calculated for CqH u A sO* : As, 30.44^

XXX Preparation of o-Carboxyphenyldiazonium Borofluoride

One-fourth mol (34.2 g. ) of anthranilic acid was diazo- 
tized according to the procedure described in I. The 
diazonium borofluorid.e did not crystallize out until after 
all of the sodium nitrite had been added. When filtered out 
and dried it was obtained as white crystals. However, since 
it could be isolated in only a 46% yield because of its 
solubility the aqueous, acid suspension of the diazonium boro- 
fluoride was used for the succeeding arsonation.

XXII Preparation of o-Oartoxyphenylarsonic Acid

Found: As, 30.35, 30.38/*

GOOH COOH
+ NaNO + NaBF* + 2 H s0

COOHCOOH + NaBF* + N
NaOH
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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 excess fluoboric acid pres­
ent in the suspension. TVhen recrystallized from water 40 g. 
of white crystals were obtained representing 55p of the 
theoretical. Lewis and Cheethau i (.36) reported a yield of 
50-60y. This acid did not melt below 320° C. which agrees 
with the reports of Bart (25) and of I-Iiratuka (29).
Analy si s: Sampl e wei ght, 0. 2004, 0. 2004 g .

Calculated for C7H 7As06: As, 30.45^
Found: As, 30.35> 30.3£;'o

XXIII Preparation of p-Carboxyphenyldiazonium Borofluoride 

COOH COOH

+ 2 H-oF̂ . + I’m aNOa ——

7Then 34.3 g. (0.25 mol) of p-arhnobenzoic acid was 
diazotized by the m e t h o d  described in I a yiel': of 49-5 S 
of white crystals was obtained representing S4y of the 
theoretical.
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XXIV Preparation of p-Carboxyphenylarsonic Acid

COOH COONa
CusCla 

+ NaaHAsOa ------- >
NaOH

As03i\as

+ NaEF* + Ns

flie p-cartoxyphenylsrsonic acid (p-benzarsonic acid) 
was prepared by the method described in II using, all of the 
diazonium borofluoride obtained above. When recrystallized 
from water 41.2 g. of white, lustrous crystals were obtained 
representing a yield of 67^- Lewis and Hamilton (37) re­
ported a 50-6pf^ yield by the usual Eart method. This acid 
decomposed without melting at 232° C. which agrees with the 
report of Bart (25). However, Hiratuka (29) reported a 
melting point of 233°.
Analysis: Sample weight, 0.2004, 0.2004 g.

Calculated for C7H.7As0 e : As, 30*45$

XXV Preparation of p-Carbethoxyphenyldiazonium Boro fluoride

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

Found: A s , 3G.33, 30.40$



COOCaH s

NaaBF.

COOCoIi

+ NaBF^ + N

AsO 3 NStja
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XXVI Preparation of p-Carbethoxyphenylarsonic Acid

CfUg Clg
+ NasHAsOd -------->

NaOH ^

One-half of the above diazonium borofluoride (the yield 
from 1/8 mol of amine) was treated by the procedure described 
in II. In order to avoid possible hydrolysis of the ester 
the reaction mixture was concentrated at room temperature 
with a current of air. After recrystallization from water 
20.5 6 * of small, lustrous crystals were obtained repre­
senting 60/ of the theoretical yield. Although this compound 
has been previously prepared by esterification of p-benz- 
arsonic acid no record has been found of its preparation 
directly from ethyl p-amlnobenzoate.

The acid melted at about 260° C. forming an infusible 
powder as reported by Fourneau and Cechslin (38). The 
analysis indicates there may have been a slight hydrolysis 
of the ester during the concentration process.
Analysis: Sample weight, 0.2004-, 0.2004 g.

Calculated for CgHnAsOgi As, 27*33/
Found: As, 27-80, 27*85/
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XXVII Preparation of p-Acetophenyldiazonium Borofluoride

0=C-CKs C=G-GHq
>

+ 2 HBF. + NaNOs  > I || + NaBF. + 2 Hs0
s /  V,
NHa N qBF*

^hen 33.8 g. (0,25 mol) of p-aminoacetophenone (East­
man practical) was diazotized by the method described in I 
a yield of 56 g. of white crystals were obtained represent­
ing 95?j °f tlie theoretical.

XXVIII Preparation of p-Acetophenylarsonic Acid 
0=C-CHa

Cu3Cla 
+ NaaHAs0a ------->>

 ̂ f NaCH
As0aNas

One-half of the above diazonium borofluoride was used 
to prepare p-acetophenylarsonic acid by the method described 
in II. ''Then re crystallized and boneblacked from water 
21.3 g. of cream-colored, minute needles were obtained 
representing 70~s of the theoretical yield. Gibson and Levin
(39) reported a €6% yield by the usual Bart method.

The purified acid ^elted at 175° 0. which agrees with 
that found by Gibson and Levin.
Analysis: Sample weight, 0 .2004, 0.2004 g.

Calculated for C8H 9As04,: As, 30.69/^
Found: As, 30.60, 30 . 657̂

0=C-CHa

+ NaBF.*. + N
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TABLE I 

DIAZONIUM BOROFLUORIDES

Amine used yield Amine used fo yield
Aniline 98 0-Chiore an i1i ne 98
o-Nitraniline 98 p-Chloroaniline 97
m-Nitraniline 99 p-Phenetidlne 87
p-Nitraniline 99 o-Aminobenzoic acid 46
o-Toluidine 99 p-Aminobenzoic acid 84
m-Ioluiaine 97 Ethyl p-aminobenzoate 98
p-Toluidine 92 p-Aminoacetophenone 91
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TABLE II

ARSON10 ACIDS OBTAINED FROM DIAZONIUM BOROFLUORIDES

Previously Analysi s
% yield 

Arson!c acid obtained
reported 
% yield

Ji el ting 
point

As %
Calc. Found

Fiienyl- 58 55, (25) 156.5° 37.08 37.0537.02
o -IT i t r o pbeny 1 - 57 93, (25) 232-34°

dec.
28.26 28.18

28.21
m-Nitroplienyl- 47 28, (25) 

54, (19)
182° 30.33 30.29

30.37
p -Ni t r o plie ny 1 - 79 45, (25) 300°

dec. 30.33 30.28
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 50-65, (30) 300°
dec.

34.67 34.63
34.71

o-Cnloropheny1- 52 60-75, (30) 182° 31.68 31.6531.70
p - C lol o r o ph. e ny 1 - 63 60-85, (30) above

300°
31.68 31.63

31.67
p-Etnoxypbeny1- 73 pract. (25) 185° 30.44 30.3530.38
o-GarboxypBe ny1- 65 50-60, (36) above

300°
30.45 30.38

30.35
p -Garbo xypEeny1- 67 50-60, (37) 232°

dec.
30.45 30.3330.4o

p-CarbetEoxy-
pEenyl-

60 0 260° 27.33 27.80
27.85

p-AcetopEenyl- 70 66, (39) 175° 30.69 30.60
30.65
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FLUORINATED ARSENICALS  

L i t e r a t u r e  S u r v e y

One o f  t h e  e a r l i e s t  m e th o d s  f o r  th e ,  p r e p a r a t i o n  o f  

a r o m a t i c  f l u o r i n e  compounds w as t h a t  p r o p o s e d  by W a l l a c h

( 4 0 )  who h e a t e d  d i a z o p i p e r i d i d e s  w i t h  c o n c e n t r a t e d  h y d r o ­

f l u o r i c  a c i d .  The  m e th o d  i s  q u i t e  u n s a t i s f a c t o r y  b e c a u s e  

o f  t h e  i n s t a b i l i t y  o f  t h e  i n t e r m e d i a t e s .  I n  1 8 9 8  Y a l e n t i n e r  

an d  S c h w a rz  ( 4 l )  p r e p a r e d  a r o m a t i c  f l u o r i n e  compounds by  

h e a t i n g  a  d ia z o n iu m  c h l o r i d e  s o l u t i o n  w i t h  70$ h y d r o f l u o r i c  

a c i d .  S w a r t s  ( 4 2 )  t h a t  same y e a r  d i a z o t i z e d  t h e  a m in e  i n  

7Q £ h y d r o f l u o r i c  a c i d  and  h e a t e d  t h e  s o l u t i o n  o f  d ia z o n iu m  

f l u o r i d e .  I n  1 9 2 7 ,  B a l z  an d  S c h ie m a n n  ( 2 3 )  p r e p a r e d  f l u o r o -  

b e n z e n e  a n d  o t h e r  a r o m a t i c  f l u o r i n e  compounds by means o f  

t h e  t h e r m a l  d e c o m p o s i t io n  o f  t h e  s t a b l e  d r y  d ia z o n iu m  b o r o -  

f l u o r i d e s .  S in c e  t h a t  t im e  S c h ie m a n n  and c o w o rk e rs  ( 4 3 - 6 4 )  

h a v e  e x t e n d e d  t h e  r e a c t i o n  t o  t h e  p r e p a r a t i o n  o f  a  g r e a t  

n u m b er o f  f l u o r i n e  com pounds.

B o c k f f iu l le r  ( 6 3 )  i n  a c o m p re h e n s iv e  r e v i e w  o f  t h e  p r e p ­

a r a t i o n  o f  a l l  t y p e s  o f  o r g a n i c  f l u o r i n e  compounds r e p o r t e d  

t h a t  d i r e c t  f l u o r i n a t i o n  o f  a r o m a t i c  compounds w i t h  f l u o r i n e  

g a s  i s  u n s a t i s f a c t o r y .  He fo u n d  t h a t  t h e  a c t i o n  o f  f l u o r i n e  

on b e n z o i c  a c i d  p r o d u c e d  a m i x t u r e  o f  mono- and p o l y f l u o r -  

i n a t e d  a c i d s  ( 6 6 ) .  When he t r e a t e d  a c e t a n i l i d e  w i t h  l e a d  

t e t r a f l u o r i d e ,  a  s m a l l  am ount o f  p - f l u o r o a c e t a n i l i d e  was  

o b t a i n e d  ( 6 7 ) .  W h e a r ty  and B a n c r o f t  ( 6 8 ,  69) o b t a i n e d  a



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

During the extensive work that has been done on organic 
arsenicals several score have been prepared containing 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 fluorine In the benzene ring. Steinkoph and Jaeger (73) 
prepared phenylarsonic acid-3-sulfonyl fluoride as one of a 
series of aromatic sulfonyl fluorides. ho arsenicals were 
found In v:hich the fluorine was substituted directly in the 
aromatic nucleus.

From the pharmacological results that have been reported
for the halogenated arsenicals no general conclusion can be
drawn as to their toxicity and therapeutic action. Ehrlich
and Hata (74) reported, that 3,5-dichloro-4-hydroxypheny1-
arsonic acid was effective against Spirocheta recurrentis in
mice but unfortunately caused disturbances in the nervous
3ystem. A tremor of the he^d and neck persisting for several
days was produced by a single dose. On the other hand,

/G-iemsa (73) reported that 2, 2-di chlorohexaminobenzene 
(Dichloroarsalyt) H eN Cl Cl NHS
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was practically as effective against rabbit syphilis as 
silver 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 acid and p-iodophenylarsonic acid indicat­
ing that para- substitution produces an increase in toxicity. 
Ke also found that these compounds produced icterus in the 
mice. Fischl and Schlossberger (77) reported that 2-chloro- 
tryparsamide when tested against the trypanosome in mice had 
a higher chemotherapeutic index than "Tryparsamide" itself 
while the 3-chloro derivative had an index about one-half 
that of "Tryparsamide11.

Hi'?. CHa . CO. NHa HIT. CHa . CO. NHa
2-Ch.loro- Cl f' 3-Chloro-
tryparsamide | II tryparsamide

0 1 V/ \
A s O g x ^ .g  A s O q H q

Haythornthwaite ( 7 8 )  produced a number of bromine deriv­
atives of phenylarsonic acid end arsenobenzene end tested 
them for their toxicity and curative action against Trypano­
soma equiperdum in mice. In no case did the compounds show 
an Increased chemotherapeutic index over the corresponding 
unbroninated compounds and in most cases were much less.

Hac&llum (79) prepared a number of arsenicals containing
iodine and tested them against Trypanosoma equiperdum in mice,

/The most effective of these was 5 ,5 -diiododiacetylsalvarsan
which had. an index of 1:10.
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CHqCO.NH H N . c o c h 3

HO s=As( OH

I  I

I n  c o n t r a s t *  t o  s a l v a r s a n  i t  was r e m a r k a b ly  s t a b l e  i n  s o l u ­

t i o n  a n d  p r o d u c e d  no u n d e s i r a b l e  n e rv o u s  e f f e c t s .  K a r r e r  

( 8 0 )  r e p o r t e d  t h a t  s e v e r a l  i o d o p h e n y l a r s o n i c  a c i d s  w h ic h  he  

t e s t e d  w e re  q u i t e  t o x i c  and p r o d u c e d  i c t e r u s  i n  m ic e .

I t  may be r e a d i l j 7, s e e n  t h a t  w h i l e  t h e r e  i s  no a g re e m e n t  

on t h e  e f f e c t  o f  h a lo g e n s  i n  o r g a n i c  a r s e n i c a l s ,  i n  some 

c a s e s  f a v o r a b l e  r e s u l t s  h a v e  b e e n  o b t a i n e d .  As h a s  b e e n  

p r e v i o u s l y  m e n t io n e d  ( p p .  1 - 3 )  f l u o r i n e  s u b s t i t u t e d  h y d r o ­

c a rb o n s  h a v e  b e e n  fo u n d  t o  h a v e  lo w  t o x i c i t i e s ,  and o t h e r  

f l u o r i n e  s u b s t i t u t e d  compounds h a v e  b e e n  s u g g e s te d  as  

p o s s i b l e  t h e r a p e u t i c  a g e n t s .  I f  o u r  r e a s o n i n g  f ro m  t h e  

p e r i o d i c  t a b l e ,  a l r e a d y  m e n t io n e d ,  i s  c o r r e c t  t h a t  f l u o r -  

i n a t e d  compounds s h o u ld  be l e s s  t o x i c  t h a n  t h e  c o r r e s p o n d ­

i n g  c h l o r i n e ,  b ro m in e  o r  i o d i n e  compounds t h e n  t h e  f l u o r -  

i n a t e d  a r s e n i c a l s  c o n c e i v a b l y  may be fo u n d  d e s i r a b l e .  W i t h  

t h i s  t h o u g h t  I n  m in d  a  s e r i e s  o f  f l u o r i n a t e d  p h e n y l a r s o n i c  

a c i d s  h a s  b e e n  p r e p a r e d .  The f l u o r i n e  was i n t r o d u c e d  by t h e  

m e th o d  o f  S c h ie m a n n  (23) and t h e  a r s e n i c  was i n t r o d u c e d  by  

t h e  m o d i f i e d  E a r t  m eth o d  d e s c r i b e d  on page 1 2 .
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F lo w  sheet.
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Experiment al

I Preparation of o-Nitrofluorobenzene

0

Si NCa
F

+ Ka + BFa

The method used was that given by Schiemann and 
Pillarsky (4-9). About 60 g. of o-nitrophenyldiazonium 
borofluoride (previously described pg. 13) was mixed thor­
oughly with about an equal quantity of sand. This mixture 
was placed in a 500 cc. pyrex distilling flask having the 
delivery tube bent so that the flask could be clamped on 
its side. The flask was then connected to a condenser and 
the compound was collected in a cooled 500 cc. filtering 
fl ask to which suction was applied by means of a water pump.
A trap containing water was placed between the pump and the 
receiver. The flask was heated slowly, beginning near the 
surface of the mixture and working down as the compound was 
decomposed. When the decomposition was complete, the flask 
was heated strongly to drive over the lest of the nitro- 
fluorobenzene. After cooling, the sand was shaken out and 
used again in the succeeding decompositions. After each run 
the condenser was washed out ether and the water in the trap 
was extracted with ether. The combined distillates and ether 
extracts were treated, with a saturated, aqueous solution of 
sodium carbonate to remove any dissolved boron tri fluoride.



II + 3 Sn + 14 H C 1  > 2
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The ether was then distilled off and the remaining 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 6* of 
a pale yellow liquid representing 13.7% of the theoretical. 
Schiemann and Pillarsky (49) reported a 19% yield.

IX Preparation of O-Fluoroaniline

F
+ 3 SnCl* + 4 IIs0 

IIHg.HCl

The reduction of the o-nitrofluorobenzene was carried 
out with tin and hydrochloric acid. To 100 g. (excess) of 
mossy tin and 58 g. (0.41 mol) of o-nitrofluorobenzene in 
a 2 1. round-bottomed fle.sk equipped with a condenser was 
added with shaking and cooling when necessary, 200 cc. of 
concentrated hydrochloric acid. Tnen the addition was com­
plete the mixture was re fluxed for 30 minutes and cooled.
The mixture was diluted with 300 cc. of water and then made 
slightly alkaline with a 501? sodium hydroxide solution. The 
mixture was then steam distilled and the amine separated.
The aoueous portion was saturated with sodium chloride, 
extracted with ether, the ethnr layer separated, dried and

ether distilled, off on a water bath. The combined o-fluor- 
aniline weighed 29.6 g. representing 65/? of the theoretical.
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XII Preparation of o-Fluorophenyldiazonium Borofluoride

To 27*7 g. (0.25 mol) of o-fluoroanlline in 160 cc. of 
fluoboric acid in ?n Ice bath was added with stirring 18 g. 
(0.26 mol) of sodium nitrite dissolved In 35 cc. of water. 
The precipitate was filtered out with suction, washed with 
alcohol a n d  ether and thoroughly dried in an evacuated 
desiccator over phosphorous pentoxide. A yield of 35.6 g. 
of pale pink crystals were obtained representing 75u of the 
the oretical. If allowed to stand, this compound gradually 
darkens in color.

IV Preparation of o-Fluorophenylarsonic Acid

o-Fluorophenylarsonic acid was prepared by the follow­
ing procedure. An aqueous suspension of 19-2 g. of o-fluoro- 
phenyldiazonium borofluoride (the yield from i/p mol of 
amine) was added slowly to a solution containing 26 g.
(C.2 mol) of ITaAsCa, 80 cc. of 10% sodium hydroxide solution 
and 3 a. of cuprous chloride in 400 cc. of water cat room 
temperature. The diazonium borofluoride was added with

+ 2  HBF4 -f NaNO + NaBF* + 2 HgO
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v i g o r o u s  s t i r r i n g  o v e r  a  p e r i o d  o f  a n  h o u r .  E t h e r  was u s e d  

t o  c o n t r o l  e x c e s s i v e  fo a m in g  as  n i t r o g e n  was e v o l v e d .  As 

t h e  r e a c t i o n  p r o g r e s s e d  5 0  c c .  ( 0 . 1 2 5  m o l)  o f  10?? sod ium  

h y d r o x i d e  s o l u t i o n  was a d d e d  t o  m a i n t a i n  t h e  p r o p e r  a l k a l i n ­

i t y .  T h e  r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  an a d d i t i o n a l  

h a l f  h o u r ,  t h e n  h e a t e d  t o  6 5 °  0 .  f o r  15  m in u t e s  and f i l t e r e d  

w i t h  s u c t i o n .  Th e  f i l t r a t e  was a c i d i f i e d  t o  l i t m u s  p a p e r  

w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  a n d  a n y  t a r r y  m a t e r i a l  

s e p a r a t i n g  was f i l t e r e d  o f f .  The f i l t r a t e  was t h e n  c o n c e n ­

t r a t e d  on  a  h o t  p l a t e  w i t h  c h a r c o a l  t o  a b o u t  2 5 0  c c .  and  

f i l t e r e d  a n d  t h e  h o t  f i l t r a t e  a c i d i f i e d  t o  c o n g o - r e d  p a p e r  

w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  A s m a l l  am ount o f  d a r k  

m a t e r i a l  w as f i l t e r e d  o u t  and t h e  s o l u t i o n  f u r t h e r  c o n c e n ­

t r a t e d  t o  a b o u t  1 0 0  c c . and t h e n  a l l o w e d  t o  c r y s t a l l i z e  i n  

t h e  i c e  b o x  o v e r  n i g h t .  The c r y s t a l s  w e re  f i l t e r e d  w i t h  

s u c t i o n  a n d  a  s e c o n d  c ro p  o f  c r y s t a l s  was o b t a i n e d  by  

c o n c e n t r a t i n g  t h e  m o th e r  l i q u o r .  The co m b ined  c r y s t a l s  w e re  

p u r i f i e d  by  d i s s o l v i n g  i n  ammonium h y d r o x i d e ,  f i l t e r i n g  and  

r e p r e c i p i t a t i n g  w i t h  h y d r o c h l o r i c  a c i d .  T h e r e  was o b t a i n e d  

1 1 . 5  S -  o f  w h i t e ,  l u s t r o u s  c r y s t a l s  r e p r e s e n t i n g  42% o f  t h e  

t h e o r e t i c a l  y i e l d .

Th e  o - f l u o r o p h e n y l a r s o n i c  a c i d  m e l t e d  a t  1 5 2 - 3 °  C. w i t h ­

o u t  d e c o m p o s i t io n .  I t  g a v e  a  p o s i t i v e  t e s t  f o r  f l u o r i n e  by  

t h e  m e th o d  o f  F e i g l  a n d  K ru m h o lz  ( 8 1 )  an d  a n a ly z e d  c o r r e c t l y  

a r s e n i c  c o n t e n t .  I t  was fo u n d  t o  be r e a d i l y  s o l u b l e  i n  

h o t  w a t e r ,  s l i g h t l y  s o l u b l e  i n  c o ld  w a t e r ,  q u i t e  s o l u b l e  i n  

h o t  and  c o l d  a l c o h o l  b u t  o n ly  v e r y  s l i g h t l y  s o l u b l e  i n  e t h e r
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and in other organic solvents.
Analysis: Sample weight, 0.2004, 0.2004 g.

Calculated for C6H 6AsF03 : As, 34.05/£
Found: As, 34.02, 33-95/0

V Preparation of m-Nitrofluorohenzene

The decomposition of 2.5 moles of m-nitrophenyl- 
diazonium borofluoride (previously described pg. 14) by the 
procedure described in I yielded 183 5- of m-nitrofluoro- 
benzene or 52^ of the theoretical. Schiemann and Pillarsky 
(49) reported a 54m yield.

VI Preparation of m-Fluoroaniline

OF A F
+ 3 Sn + 1 4  HC1 ------>  2 I I + 3  S n C l*  + 4  Hs0

V
■1C a KHa-HCl
The entire amount of m-nitrofluorobenzene from above 

7/as reduced with tin and hydrochloric acid as given in II 
and yielded 117 g. of m-fluoroaniline representing 82h of 
the theoretical.
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VII Preparation of m-Fluorophenyldiazonium Borofluoride

F
+ 2 HBF* + NaHOa ---> + NaBF* + 2 H a0

KHa NeBF*
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 
white crystals were obtained representing 91/ of the 
theoretical.

VIII Preparation of m-Fluorophenylarsonic Acid

'.Then 23.8 £. of m-fluorophenyldiazoniun; borofluoride

as described in IV there was obtained 10.3 S* cream-

The purified 8-cid melted and darkened at 147-48° G.
It gave the qualitative test for fluorine and analyzed cor­
rectly for arsenic content. Its solubilities were found to

NaOH
As03Naa

(the yield from 1/8 mol of amine) was used in the arsonation

colored crystals representing 37*5/ of the theoretical yield.

be the same as those of its ortho Isomer described in IV.
Analysis: Sample weight, 0.2004, 0.2004 g.

Calculated for C6H eAsF03 : As, 34.05/
Found: As, 34.10, 34.15/

of<Q
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Preparation of m-Fluoroacetanilide

+ (C H a . C 0 ) 80   > + CH3COOH

NHS HN-COCH3
To 2 7 * 8  g .  ( 0 . 2 5  m o l )  o f  m - f l u o r o a n i l i n e  was ad d e d  

30 g .  ( 0.3 m o l )  o f  a c e t i c  a n h y d r i d e  and t h e  m i x t u r e  r e  f l u x e d  

f o r  one h o u r .  T h e  h o t  m i x t u r e  was p o u r e d  w i t h  r a p i d  s t i r r i n g  

i n t o  5 0 0  c c .  o f  c o l d  w a t e r .  The p i n k - c o l o r e d  s o l i d  was 

f i l t e r e d  o u t  w i t h  s u c t i o n  a n d  w ashed w i t h  w a t e r .  The com­

b i n e d  f i l t r a t e s  w e re  c h i l l e d  o v e r  n i g h t  and y i e l d e d  a s m a l l  

c r o p  o f  w h i t e  n e e d l e s .  The c o m b in e d  y i e l d  w e ig h e d  3 3 - 4  g .  

o r  88% o f  t h e  t h e o r e t i c a l .  B e f o r e  r e c r y s t a l l i z a t i o n  i t  

m e l t e d  a t  85°  C. an d  a f t e r  r e c r y s t a l l i z a t i o n  fro m  d i l u t e  

a l c o h o l  m e l t e d  a t  86°  C. A s m a l l  am ount was t h e n  r e c r y s t a l ­

l i z e d  f ro m  b e n z e n e  and  o b t a i n e d  as  s m a l l ,  w h i t e  n e e d le s  

m e l t i n g  a t  8 7 * 5 °  8 . S w a r ts  ( 8 2 )  r e p o r t e d  a m e l t i n g  p o i n t  

o f  8 4 . 5 °  8 . ,  B ra u n  and R u d o lp h  ( 8 3 )  r e p o r t e d  88°  C.

X  P r e p a r a t i o n  o f  4 - N i t r o - 3 - f l u o r o a c e t a n i l i d e

To 15.3 g. (0.1 m o l)  o f  m - f l u o r o a c e t a n i l i d e  i n  75 £• of 
c o n c e n t r a t e d  s u l f u r i c  a c i d  was s lo w ly  added 10 g. ( 0.11 m o l)  

o f  c o n c e n t r a t e d  n i t r i c  a c i d  i n  10 g .  o f  c o n c e n t r a t e d  s u l f u r i c

HK-COCHs HN-COCH*
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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 IS.3 S* 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

Two and 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 57^ of the theoretical.

Sand >
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XXI Preparation of p-Fluoroaniline

+ 3 Sn + 14 H C 1  >  2 + 3 SnCl* + 4 H s0

HOs NHa
The entire amount of p-nitrofluorobenzene from above 

was reduced with tin and hydrochloric acid as described in 
II and yielded 120 g. of p-fluoroaniline representing 
of the theoretical.

XIII Preparation of p-Fluorophenyldiazonium Borofluoride 
F F/ \  ✓

+ 2 KEF* + NaBICs  >  I |[ + ITaBF* + 2 Us0
%/ X
KHS Na3F*

The diazotization of 27.8 g. (0.25 mol) of p-fluoro- 
aniline by the method described in III yielded 43.6 g. of
white crystals representing &3% of the theoretical.

XIV Preparation of p-Fluorophenylarsonic Acid 
F F

A S. Ci ̂  m  _CugClg
+ UaaHAs03 ------- >ha OH ^

-f Nab + It

a--* AsOolTa,
The p-fluorophenylarsonic acid was prepared hy the 

procedure described in IV using 21.C' g. (t.ie yield frô . 1/4 
rnol of amine) of p-fluorophenyldiazonium borofluoride.
There v/as obtained 14.3 g. of white, lustrous crystals
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representing 52fo 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° G. 
Such 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.
Analysis: Sample weight, 0.2004, 0.2004 g.

Calculated for C6H 6AsFOa : As, 34.05^
Found: As, 34.12, 34-.15,̂

XV Preparation of 4-Fluoro-3-nitroaniline

p-Fluoroaniline was nitrated by the procedure of 
Eolleman (84). To 27*8 g. (0.25 mol) of p-fluoroaniline in 
90 cc. of concentrated, sulfuric acid was added a mixture of 
18 g. (0.28 mol) of fuming nitric acid (sp. gr. 1.5) and 
80 g. of concentrated sulfuric acid. During the addition 
the temperature was not allowed to rise above 5° C. The 
mixture was allowed to stand at 0 C. for one hour and then 
poured over 800 g. of ice. 7/hile being chilled it was 
neutralized with 2S/£ ammonium hydroxide and the dark precip­
itate then filtered off with suction. This product was



44

recry stall! zed from water using charcoal and was obtained as 
y ^ H o w  needles weighing 16 g. which represents 4l/£ of the
theoretical. The compound melted at 96.5° 0. Holleman (84) 
reported a melting point of 98° C. and Swarts (85) reported 
96° C.

XVI Preparation of 4-Fluoro-3-nitrophenyldiazonium

The diazotization of 15.6 g. (C.l mol) of 4-fluoro-
3-nitroaniline by the method described in III yielded 
25*3 g- of yellovj-brown crystals representing 99% of the 
theoretical. Tnen heated rapidly it decomposed between 
171° and 178° C. This compound has not been previously 
reported in the available literature.

XVII Preparation of 4-Fluoro-3-nitrophenylarsonic Acid
A. From 4-Fluoro-3-nitrophenyldiazonium borofluoride

Borofluoride
F F

-i- 2 HBF* + NaN0s  > NO 8
+ NaBF* + 2 H s0

F F

mount of the diazonium borofluoride from

s. oove v/as used in the arsonation as drscribed in IV. Vhen
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9 - 3  g .  o f  yellow compound r e p r e s e n t i n g  35^  o f  t h e

theoretical.
The purified acid did not melt hut decomposed above

satisfactorily for arsenic content.
Analysis: Sample weight, 0.2004, 0.2004 g.

Calculated for C6H 6AsFNCs : As, 28.27?£
Found: As, 28.07, 28.15^

B. Preparation by direct nitration 
F F

p-Fluorophenylarsonic acid (described pg. 42) was 
nitrated by the method of Barber (8 6 ). To 22 g. (0.1 mol) 
of p-fluorophenylarsonic acid in 45 cc. of concentrated 
sulfuric acid was added 9 &• (0.14 mol) of fuming nitric 
acid (sp. gr. 1.5)- The mixture was heated on a water bath 
for 2 hours and when cool was poured over 250 g. of ice. 
While being cooled the acid was partially neutralized with 
sodium carbonate. The yellow colored arsenic acid which 
precipitated was filtered out and washed with cold water.
By concentrating the filtrate and chilling for several days 
a second crop of crystals was obtained. The combined pale 
yellow crystals weighed 18.5 6 - representing 70% of the 
theoretical.

300 C. It gave a positive test for fluorine and analyzed

+ Hi$03

AsC3Ka As 0 3 H J5
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vVhen h e a t e d  s l o w l y  t h i s  ac id , d i d  n o t  m e l t  "but g r a d u a l l y  

c h a n g e d  i n  fo rm  t o  a  p o w d e r  w h ic h  decom posed a b o v e  3 0 0 °  G.

I f ,  h o w e v e r ,  t h e  compound was p l a c e d  i n  t h e  m e l t i n g  p o i n t  

b a t h  a l r e a d y  h e a t e d  t o  1 4 5 °  i t  m e l t e d  a t  1 4 8 - 5 3 °  C. I t  g a ve  

t h e  p o s i t i v e  t e s t  f o r  f l u o r i n e .  The a r s e n i c  a n a l y s i s  and  

t h e  m e l t i n g  p o i n t  b e h a v i o r  i n d i c a t e  t h a t  t h e  a r s o n i c  a c i d  

i s o l a t e d  b y  t h i s  m e th o d  c o n t a i n e d  one m o le c u le  o f  w a t e r  - o f  

c r y s t a l l i z a t i o n .  The  s t r u c t u r e  o f  t h i s  compound i s  assum ed  

t o  be a s  I n d i c a t e d  b e c a u s e  o f  t h e  a n a lo g y  i n  p r e p a r i n g  t h e  

c o r r e s p o n d in g  c h l o r o  com pound. H o w e v e r ,  t h e  2 - n i t r o  is o m e r  

i s  n o t  r u l e d  o u t  on  t h e  b a s i s  o f  e v id e n c e  th u s  f a r  a v a i l a b l e .  

A n a l y s i s :  S am ple  w e i g h t ,  0 . 2 0 0 4 ,  0 . 2 0 0 4  g .

C a l c u l a t e d  f o r  C6H6A sF N 05 : A s ,  2 8 .2 7 /£

C a l c u l a t e d  f o r  C6H 6A s F N 0 5 .H s 0 :  A s , 2 6 . 4 7 #

F o u n d : A s , 2 6 .5 5 #  26.60%
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TABLE III

f l u o r o p h e n y l d i a z o n i u m  b o r o f l u o r i d e s

Pei’cent yield, of A-line used diazoniurn boro fluoride
o-Fluoroaniline 75
a-Fluoroaniline 91
p-Fluoroaniline 83
4-Fluoro-3-nitroaniline 99

TABLE IV

FLUCRINATED AR0L1ATIC ARSOFIC ACIDS
Analy si s 

Percent Felting As %Arsonic acid yield noint Calc. Found
o-Fluorophenyl- 42 152-3° 34.05 34.02

33.95
m-Fluoroplienyl- 37*5 147-8° 34.05 34.10

34.15
p-Fluoropbenyl- 52 above

250° 34.05 54.12
34.15

4-Fluoro-3~nitrophenyl- 35 above
300° 28. 27 28.07 28.15

4-Fluoro-3-nitroph~nyl- (a) 70 148-53° 26.47 26.55 26. 60

(a) From direct nitration of p - f 3. u o r o ph. enylarsonic acidj
iso 1 ated witb. one reolecule of water of crystallization;
structure not conclusively proved.
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ANALYTICAL

The ?-rsenicals which have "been prepared were analyzed 
for their arsenic content by the method of Cislak and 
Hamilton (8 7 )* Because they have modified the procedure 
since their work we.s published thc exact details are given 
here .

In the potentiO’mtric determination of .arsenic an 
approximately h/20 potassium bromate solution is used. The 
following equation illustrates the reaction involved.

H +
2 r'BrCs + 3 AsaC3 ------ > 2 KEr + 3 Asa05

DIAGRAM OF APPARATUS

To Potentiometer

Key to symbols:
C = Calomel electrode G = Gal variometer
P — Platinum electrode D = pC cc. burette
p. _ Beaker 2 = ihohnni cnl stirrer
T = Tap key
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As i l l u s t r a t e d  i n  t h e  d ia g r a m  a s a t u r a t e d  c a lo m e l  

e l e c t r o d e  was u s e d  a s  t h e  c a t h o d e ,  a p l a t i n u m  e l e c t r o d e  

a s  t h e  an o d e  an d  t h e s e  e l e c t r o d e s  w e re  c o n n e c te d  d i r e c t l y  

t o  a  L e e d s - N o r t h r u p  p o r t a b l e  p o t e n t i o m e t e r .  A m e c h a n ic a l  

s t i r r e r  w as p r o v i d e d .  A s i n g l e  d r y  c e l l  f u r n i s h e d  t h e  

o p p o s in g  c i r c u i t .

Procedure:
T h e  e x a c t  f a c t o r  w e i g h t  o f  t h e  s u b s ta n c e  was w e ig h e d  

on a c i g a r e t t e  p a p e r  and t h e  p a p e r  and  s a m p le  i n t r o d u c e d  

i n t o  a  3 0 0  c c .  K j e l d a h l  f l a s k .  T w e n ty  gram s o f  a n h y d ro u s  

so d iu m  s u l f a t e  a n d  3 0  c c .  o f  C on e, s u l f u r i c  a c i d  was t h e n  

a d d e d  t o  t h e  s a m p le  i n  t h e  f l a s k  and  t h e  m i x t u r e  h e a t e d  

g e n t l y  o v e r  a  s m a l l  f la m e  f o r  a b o u t  15  m in u t e s .  The f la m e  

was t h e n  i n c r e a s e d  and  t h e  d i g e s t i o n  c o n t i n u e d  u n t i l  t h e  

s o l u t i o n  becam e c l e a r  and c o l o r l e s s  w h ic h  u s u a l l y  r e q u i r e d  

a b o u t  3 0  m in u t e s .  Th e  f l a s k  was rem ove d  an d  c o o le d  t o  

a b o u t  8 0 °  C. and  d i l u t e d  w i t h  a b o u t  7 0  c c .  o f  d i s t i l l e d  

w a t e r .  The s o l u t i o n  was t r a n s f e r r e d  q u a n t i t a t i v e l y  i n t o  a 

6 0 0  c c .  b e a k e r  and  t o  t h i s  s o l u t i o n  3 0  c c .  o f  c o n c . s u l f u r i c  

a c i d  was ad ded  an d  s u f f i c i e n t  w a t e r  t o  make t h e  t o t a l  vo lu m e  

o f  t h e  s o l u t i o n  a b o u t  4 0 0  c c .  The s o l u t i o n  was t h e n  r e a d y  

f o r  t i t r a t i o n .

A fe w  c c .  o f  t h e  p o ta s s iu m  c h l o r i d e  s o l u t i o n  was r u n  

t h r o u g h  t h e  c e l l  and t h e n  t h e  arm o f  t h e  h a l f  c e l l  and  t h e  

p l a t i n u m  w i r e  w e re  r i n s e d  w i t h  d i s t i l l e d  w a t e r .  The tw o  

e l e c t r o d e s  w e re  t h e n  im m e rs e d  i n  t h e  s o l u t i o n  t o  be t i t r a t e d  

a n d  t h e  s t i r r e r  s t a r t e d .
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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 
point 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 perceptible. 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 circuit.

The potassium bromate solution was standardized against 
pure arsanilic acid by the above procedure. In this way 
the manipulative errors were nullified. Since there is no 
indication when one is approaching 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.
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of an exactly N/20 potassium bromate solution would require
0*1873 g* of pure arsenic by tire calculations,
74.91 x 1/20 x l/lO = 0.1873 S* When 0.1873 g* arsanilic 2
acid was titrated 32.25 cc. of the unknown bromate solution 
was used and since the calculated arsenic content of arsan- 
ilic acid is 34.52/* a- direct proportion 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 arsanilic acid before it was 
used for the analysis of the arsenicals in question. Then 
by 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 it was weighed on a counter­
balanced cigarette paper. The paper also provided sufficient 
organic matter to serve as a guide in the complete digestion 
o f the s amole.
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SUMMARY

Preliminary to the synthesis of a series of fluorine 
substituted phenylarsonic acids, an investigation was made 
of the use of diazonium borofluorides in the Bart synthesis 
of aromatic arson!c acids. These diazonium horofluoride 
intermediates offer definite advantages over other diazonium 
compounds because of their great ease of preparation and 
greater stability. They may be isolated, purified and 
stored for appreciable periods of time. The yields of 
arsonic acids in most instances compared favorably with 
yields obtained by the original and otherwise modified Bart 
method; in several instances the yields were increased, 
generally in the case of para-substituted derivetives.

Phenylarsonic acids with fluorine substituted in the 
nucleus have been prepared for the first time. They were 
synthesized using the diazonium borofluoride modification 
of the Bart method. Four such compounds were obtained 
viz., 1. o-Fluorophenylarsonic acid

2. m-Fluoropheny1arsonic acid
3. p-Fluorophenylarsonic acid
4. 4-Fluoro-3-ritrophenylarsonlc acid

The preparation of necessary fluorinated intermediates 
is described.

Analytical data characterizing the new compounds are 
given.
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