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Hepten Inhibition of Precipitation of Antisera Specific to the
p-Azophenylarsonic Acid Group, the p-(p-Azophenylazo)e

phenylarsonic Acid Group, and the p~Azophenylmethylarsinic Acid Group.

This work was carried out as a part of the Immmochemistry program at
the California Institute of Technology. A series of compownds similar to
phenylarsonic acid were prepared for thé purpose of examining the effect
of changes in the gtructure of the acidic group on the haptenic action.
Previous work has been done by Erlenmeyer and Bergerl who fownd that either
ovalbumin or horse serum globulin coupled with diazotized p—aminophenyl-
phosphonic acid gave precipitates with antisérmn homologous to the p-azo=
phenylarsonic acid group. However proteins coupléd with diazotized p-
aminophenylstibonic acid did not react with this gerum. Hawowitz and
Berin12 tested the inhibition of sixteen simple, easily available sub-
stances, including phenylphosphonic acid, on the precipitation of an antie
azophenylarsonic acid serum. bThe amount of inhibition was estimated vie
sually. Phenylphosphonic acid showed good inhibition, but the other sub-
stances, most of which were not very similar in structure, did not. Gross-
berg (unpublished results) found that benzoic and benzenesulfonic acids

inhibit poorly.

Exper imental Methods

Preparation of Compounds
Phenylarsonic acid.- Prepared by D. Browm .

Arsanilic acid.- Prepared by G. Cleland-

P- ’:g—}rydrogghenylazo)phenylarsonic Acid.~ Prepared by @. Ikeda ,



=D
Phenylphosphonic acid.- Prepared by the method of Michaelis
pr+rc1, L% pror, H25 greo, %05 pou,

A mixture of 60 ml. of phosphorus trichloride, 180 ml. of benzene and 16 g.
of anhydrous aluminum chloride was refluxed in an all glass apparatus on
an.oil bath for Y0 howrs. The mixture turned dark and two phases appeared.
The layers were separated, and the top layer was distilled up to 850 to
eliminate unchanged phosphorus trichloride and benzene. The residue (30
ml.) was extrécted with 50 ml. pet. ether. The ether layer was cooled to
0°, and was saturated with chlorine. A white precipitate appeared. Water
was carefully added, drop by drop, at 0°. A very vigorous reaction ensued.
Agueous sodium hydroxide was added till the solution was just blue to coﬁ-
go red, the solution was evaporated to 75 cc. and cooled. There appeared
to be two compounds present. The less soluble was phenylphosphonic acid.
The product was recrystallized twice from water. M.P. 158° C Yield 0.5 g.

Phenylstibonic acid.~ Prepared as described by Christiansenu. Half
amounts were used. The final precipitate was extracted with alcohol, then
with acetone, washed with water and dried. Yield 36%

Methylarsonic acid.~ Prepared by W. Renfrow.

Benzylarsonic Acid.~ Prepared by the method of Quick and Adams5.

¢cnzc1 + ASg0; — = b CHzAsO3H

A mixture of 12.6 g. benzyl chloride, 5 g. arsenious oxide, and 15 cc. of
10N agueous sodium hydroxide was refluxed with stirring for two hours. The
upper leyer was separated and discarded. The lower layer was made just
neutral, and the slight precipitate which came down was discarded. Acid
was added till the solution became just blue to congo red. The precipiw

tate was immediately filtered off, washed with cold water and dried.

M.P. 166-168°. 7Yield 1.7 g.



Phenylmethylarsonic Acid.~ Prepared by the method of Bertheim6.

4
b 45035 2> Puscr, 20, paso Cg—%L->/dcr13As02Na — > fCH, As0,E

A solution of 10 g. of phenylarscnic acid and O.1 g. potassium iodide in

50 ﬁl. of 12 N hydrochloric acid was saturated with sulfur dioxide at Qe
for 1 hour. The dichlorophenyl arsine separated as a heavy oil and was
added to 100 ml. of water containing 15 g. of sodium carbonate. The
phenylarsine oxide thus formed was dissclved in 8 ml. of 10 N sodium hye
droxide solution to which was added 32 ml. ethanol and Y ml. methyl iodide.
The progress of the reaction was followed by withdrawing a sample and ti-
trating with Iz~ in neuvtral solution. The reaction is complete in two
hours. 100 ml. water was added and this was extracted with 20 ml. ether.
The ether was discarded. With stirring, 8 g. of silver nitrate in 20 ml.
of water was added to remove the iodide ion. As soon as a drop of acid
gave no iodine color, 20 ml. of concentrated nitric acid was added. Sil-
ver iodide was filtered off. Then 10 g. more of silver nitrate in 20 ml.
water was added and the solution was just neutralized with ammonium hye
droxide. The silver phenylmethylarsinate was filtered off. The salt was
added to 8 ml. 6 N hydrochloric acid in 150 ml. water. When all the pre-
cipitate seemed to have become silver chloride, the filtrate was evapor=
ated to dryness on the water bath after neutralization to congo red with
ammonium hydroxide. The residue was extracted with 10 ml. hot alcohol,
filtered, and evaporated to dryness. This residue was dissolved in 1 ml.
water and reprecipitated with warm acetone. The precipitation was repeated

twice. Yield 0.5 g. M.P. 179.5° C.
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p:AmindEhenzlmetgxlarsinic Acid.=- Prepared by the method of Bertheim6.
) =xg*

(2) Wy ) AsOgBp %2 5 clmmmADascl, — %5 me,d Paso Es
1. 1{01

Mz ) As0-2B0 —gyr CH > W D Asgl.j%
10.8 g. (.05 mole) arsanilic acid was dissolved in &0 ml. 12 N hydrochloric
acid. The solution was saturated with sulfur dioxide at 25° C. 0.1 g.
of potassium iodide in 3 ml. water was added with stirring. After a few
minutes the entire contents became almost solid and was filtered. The
residue was added to 6 g. sodium hydroxide in 50 ml. water. Ammonivm hy-
droxide was added in excess to the hot solution. On cooling, p-amino-
phenylarsine oxide crystallized out. Yield 90%.

0.06 mole of the p-aminophenylarsine oxide was dissolved in 12 ml.
10 N sodium hydroxide. U4 ml. of methyl iodide was added. The mixture
was shaken until the titer with triicdide ion in neuiral solution became
small. This required about two hours. TFreshly prepared silver chloride
from 8 g. silver nitrate was added with stirring wntil a drop of acid gave
no iodine color. Then 20 ml. of 6 N hydrochloric acid was poured in, make
ing the solution blue to congo red. The silver chloride and silver iodide
were filtered off. On evaporation to about 40 ml. an orange color appeared
The solution was dried in a desiccator over calcium chloride and the re-
sulting solid mass was extracted with 50 ml. alcohol and treated with ani-
msl charcoal. After filtering off the charcoal, 100 ml. isopropyl ether
was added to the alcoholic solutioh. A light colored solid separated.
It was redissclved in alcohol and reprecipitated. Crystals were obtained
by dissolveing in a minimum of alcohol, adding a lerge excess of nitroben-

zene, and allowing the solvtion to evaporate #lowly. TYield 31%.. M.P. 201°
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Phegxldimetgzlarsinedigzdroxide.a
CHaMgI Br
yﬁAsClz ey ;ﬁAs(CHé)a -—fﬂj§—e7éks(CH3)QOHBr ._é§394>}2$s(CE5)3(0H)2

Methyl Grignard was made from 30 g., methyl icdide by the usual method.
0.1 mole dichlorophenylarsine in 30 ml. ether was dropped in with stir-
ring, at 0o C. After refluxing 1/2 hour, ice and dilufe HC1l were added.
The ether phase was separated, and the ether distilled off. The phenyle
dimethylarsine wae distilled at 60 mm. B.p. 1350/

To this point, starting with phenylarsonic acid, the yield was NO%.

The phenyldimethylarsine was dissolved in 150 ml. petroleum ether
(80-100°) and 10 ml. water was added. A 25% bromine solution in petro=-
leum ether was added drop-wise with shaking; wntil there was a very faint
yelldw color. The water layer was separated and evaporated to 3 ml. The
brownish solid which came out was dissolved in 30 ml. hot acetone. The
insoluble residue was filtered off and discarded. On cooling the solu~
tion, thick, pale brown crystals came out. On recrystallization from 5
ml. water and 30 ml. acetone, the hydroxybromide melted at 161-162°,
Yield, 0.6 g.

An agqueous solution of the hydroxybromide was shaken with excess éil—-
ver oxides. The solid was filtered off, and the solution of the dehydro-

xide was used directly.

Dissociation Constant of Phegxlmetlgzlarsinic Acid at 21.§° Ce

A portion of 0.0103 g. of the acid was titrated at 25.5¢ C., in 20
ml. Hy0, with 0.025 N NaOH. A Beckman Model G. pH meter was used. 2.00

ml. were required for complete neutralization.
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Datas
ml
- 6 + (A 6
+ 6 . A (ml. NaOH 10" x X = (H) x 10
NaOH pH H x 10~ Ratio FL = (oml. NaOH HA
0.6 5.32 L.z 0. 43 2,71
0.7 5.40 4.0 0. 54 2.16
0.85 B.54 2.9 0.4 ' 2.15
1.00 5.68 2.1 1. 00 2.10
1.15 5.82 1.52 1.35 2.05
1.30 5.96 1.10 1.86 2.05
2.1

From the inflection point pK = 5.65. This gives K = 2.2 x 106. pK of
As OzHp was similarly found to be = 3.7. This result was less accu-
rate than the previous one because too dilute a solution was used. Press—

9

man and Brown” found pK = 3.5 for this acid.

Experimental Procedure for Inhibition Tests.

Two separate sets of hapten inhibition tests were made with two

different sera. One cc. each of hapten, and of R! H 0

R! (antigen
HOsS SOsH XXX)
(8 = -8 <) X8 {__Pas0H,) in a buffer of 0,16 M boric acid con-

taining 0.9% sodium chloride at pH 8.0 were mixed and one cc. serum was
added. This mixture was allowed to stand at room temperature for one
hour, and then for approximately 24 hours in the refrigerator. The cen-

trifuged precipitate was then analyzed by the method described by Press—

manlo.



Analyses were run in triplicate. Average deviation from mean was
less than 2.5%. pH of the supernate, unless otherwise stated, lay be-
tween 7.9 and 8 1. Thanks are due to Mr. Grossberg for help with these
analyses.

Datas Set No.l. Serum: Anti-azophenlarsonic acid sheep servm. (anti
~R serum) wndiluted. Antigen diluted 1/26,000 for maximum precipitate.
Values are tabulated as fractions per—milde of the amount precipitated

in absence of hapten, 230/@.

Data: Set No. 2. Serum: Anti-azophenyleazophenylarsonic acid sheep
serum, (anti-R! serum) diluted to 1/2 concentration. Antigen diluted
1/40,000 to obtain maximum precipitate. Values are of the amount pre~

cipitated in the absence of hapten, 1624g.

Data: Set No., 3. Inhibition by some inorganic salts.
Conditions were the same as in set No. 1 pH 80 = 8.1 In triplim

cate.

Data; _Set No. 4. Four rabbits were injected with p-azophenylmethyl-

arsinic acid sheep serum. Three produced anitbodies. These three sera
were pooled and used for inhibition tests. 2 cc. of serum and testing
ant igen peazophenylmethylarsinic acid ovalbumin were mixed and varying
amounts of hapten in 2 cc. of buffer at pH 8.0 added. Stood 1 hour at
room temperature then 24 hours at 0° C. Values are tabulated as frace

tions pex—mitle of the amount precipitated in the absence of hapten,

Sg/(,go
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Data: Set No. 1

Inhibition by Haptens of the Precipitation of Mti <R Serum

Mntigen solution, 1 ml. (384g); hapten solution, 1 ml.;
antiservm, 1 ml. pH of supernates, 8.1

Moles hapten added XlOg
1.4 L1 123 37 111 333 1000

Fract. amount of precipitatea

p=Aminophenylarsonic acid 0.97 0.81 0.58 0.34

Phenylarsonic acid 1,00 0.90 0.67 0.39

Phenylphosphonic acid 099 080 077 0.50 0.17
Benzylarsonic acid , 0695 0.89 0.77 0.65 0,47
Phenylstibonic acid 0.99 0.95 0.93°
p-Aminophenylmethylarsinic acid 1.02 0.98 0.95 0.8C 0.61
Phenylmethylarsinic acid 1.00 1.01 1.02 0.92 0.66
Methylarsonic acid 1.00 1.03 1.00 0.91 0.72
Phenyldimethylarsine hydroxybromide 0.97 0.96 0.98 0.98 0.97
p-Aminophenylarsinoxide _ 0.99

a Amount in absence of hapten, 2304tg.

b PH, 802



Data: Set No. 2

Inhibition by Haptens of the Precipitation of Anti ~R' Serum

Antigen solution, 1 ml. (25 4g); hapten solution, 1 ml.;
antiserum, diluted with 1 vol. buffer, 1 ml. pH of supernates, 8.1

Moles hapten added XlO8

LY W1 123 37 gy 333

Fract. amount of precipitatea

p~Aminophenylarsonic acid 0.74 0.58 0.3
Phenylarsonic acid 0.90 0.72 0.F1
Phenylphosphonic acid 0.90 0.86 0.61 0.l42
Benzylersonic acid 1.09 0.88 0.88 0.27 0.16
Phenylstibonic acid .12 1.05 1.11 0.99
p-Arinophenylmethylarsinic acid- 1.03 0.95 1.07 0.90
Phenylmethylarsinic acid 1.00 0.96 0.97 0.93
Methylarsonic acid 1,03 1.08 0.95 0.93
Phenyldimethylarsine hydroxybromide 1.03 1.03 1.06
p-Aminophenylarsinoxide 1.03

a Amount in absence of hapten 162/_g.

1000

0.78
0.78
0.77
1.05
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Data: Set Ne. 3

Inhibition by Inorganic Salts of the Precipitation of Anti R Serum

Antigen solution, 1 ml. (3§/Kg); salt solution, 1 ml.;
antiserum 1 ml. pH of “supernates 8.0 - 8.1

lples sdded X310

Salt 1 10

Fract. amount of precipitatea
NagsHAsO,

0.92 0.1k
NaAsO, 1.16 0.40°
NagHPO, 0.94 4o
NagS0,. <95 79
NaGl 1.00

a Amount in absence of added salt 23?/ag.

b pH of supernatant, 8.4.
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Data: Set No. U

Inhibition by Haptens of the Precipitation of Antiw
azophenylmethylarsinic Acid Serum

Mntigen solution, 2 ml.; hapten solution, 2 ml.;
antiserum 2 ml. pH of supernates, 8.l.

Moles of hapten added XlO8
1 3 10 100 1000

Fract. amount of precipitatea

Phenylmethylarsinic acid 0,93 0.81 0O.73 0.00 0.00
Methylarsonic acid 79 .64 .53
p-(p~Hydroxyphenylazo)phenylarsonic acid .98 .71

Phenylarsonic acid « 93 «90 5T
Benzylarsonic acid .95 1.03 .68

Phenylohosphonic acid 1,03 1.05 .69

a Amount in absence of hapten, 89 ,.2.



Conclusions

1. Substitution of -CHz for —OH on the end group has a far greater
effect than has substitution of group:; onto the ring. Two substitutions
have a still greater effect. It is a question as to whether this is a
steric or a charge effect. |

2. L) AsOzH, inhibits anti WY C)AZ%ZH to about the same ex-
tent as QKSO:H inhibits anti ~NN QASOSHQ. This indicates that

the effect is not entirely steric.

CHg
3. Methyl arsonic acid, which has both the groups uA:'stH and
OH
I o - . CHa " ;
~hso o inhibits anti ~NN(T) Asg 3 fairly well, but anti NX { DasOpH

rather poorly.
' . 02z 93}’%
4. Steric effects could be tested by usingo AsOzE and DASO .
Hhe Substitution of P for As leads to no appreciable change in the
haptenic strength. However, a change of Sb for As causes the compound to
have no inhibiting effect. This can be correlated with the previously
noted fact that {_J SbOEp is really (34_» SbOp*Hz0) 2H0 with two

easily removable waters.

Suuary

1. Some compounds similar to Z’_} AsO.H, have been studied for ine

hibiting action.
CHz 6
{ o = . °
2. K, for DASOEH at 25.5 2.1 x 10
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