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p-Aminophenyldimethylsulfonium p-Naphthalenesulfonate and Antibacterial
Activity!

By PuiLip E. WiLcox,? JouNn H

Kumler and Daniels* have proposed that the
anti-p-aminobenzoic acid activity of sulfonamides
is essentially due to the contribution of the reso-
nant form
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O

to the structure of these compounds. Accordingly
it might be expected that a compound such as a
p-aminophenyldimethylsulfonium salt would ex-
hibit activity of the sulfonamide type since the
positive sulfur should readily accept an electron
pair from the ring. This would result in the reso-

nant form
i s
’ “CH,

which would make a large contribution to the
structure of the molecule. Furthermore, from the
steric point of view, the p-aminophenyldimethyl-
sulfonium cation resembles p-aminobenzoic acid
and might possess anti-p-aminobenzoic acid activ-
ity in accordance with the general theory of meta-
bolic antagonists.

Another theory of sulfonamide activity, which
has been proposed by Bell and Roblin,® and Klotz,®
correlates the activity of these compounds with
their respective acid dissociation constants. From
this point of view, it would not be expected that p-
aminophenyldimethylsulfonium salts would show
activity of the sulfonamide type.

In any case, sulfonium compounds are of in-
terest entirely apart from their possible relation
to sulfonamides since certain sulfonium com-
pounds do have remarkable physiological activi-
ties.”® :

Although a great many variations of the sul-
fonamide structure have been studied, derivatives
in which the sulfur appears in the form of a sul-
fonium group have not been reported. This com-
munication describes the preparation and prelim-
inary microbiological assay of such a compound,
p-aminophenyldimethylsulfonium g-naphthalene-
sulfonate. The results furnish supplementary
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data on the question of the chemical structures
which are essential for antibacterial activity of
the sulfonamide type.

Many sulfonium compounds are unstable be-
cause of the ease with which they undergo dismu-
tation and dealkylation or dearylation. There-
fore, it was decided that the synthesis would have
the greatest chance for success if the final step was
the catalytic reduction under mild conditions of a
stable p-nitrophenyldimethylsulfonium salt. Pre-
liminary experiments on the hydrogenation of p-
nitrophenyldimethylsulfonium methyl sulfate with
palladium on activated carbon showed that the
compound must be reduced in acid solution in or-
der to prevent excessive reduction with the ab-
sorption of more than three molar equivalents of
hydrogen. On the other hand, in acid solution
never more than 809, of the theoretical amount of
hydrogen was absorbed even though the catalyst
was still active. This reduced solution proved to
be quite unstable. The rather insoluble picrate
could be isolated if picric acid was added imme-
diately, but attempts to isolate other salts more
suitable for antibacterial testing gave only mix-
tures or oils.

It was found, however, that a more stable solu-
tion could be obtained if the reduction was carried
out in methanol-water in the presence of an excess
of B-naphthalenesulfonic acid. When ether was
added to this solution, the desired p-aminophenyl-
dimethylsulfonium B-naphthalenesulfonate sepa-
rated as long needles. Since the g-naphthalene-
sulfonate anion proved to have no activity in the
microbiological tests, this salt was satisfactory for
testing.

The structure assigned to the product, namely,
p-aminophenyldimethylsulfonium B-naphthalene-
sulfonate, is based on the elementary analysis, the
method of synthesis, the fact that the compound
is quite soluble in polar solvents, but insoluble in
non-polar solvents, and the fact that it gives a
strong positive test for a free, primary amino
group with glutaconic aldehyde. The instability
of some of the sulfonium salts and the greater sta-
bility of the same cation in other salts is in con-
formity with the observations of other investiga-
tors, particularly those of Ray and Levine.?

p-Aminophenyldimethylsulfonium g-naphthal-
enesulfonate was tested for anti-p-aminobenzoic
acid activity against Staphylococcus aureus H in a
medium which has been described by McIlwain.!®
The compounds involved in the tests were dis-
solved in sterile water and added aseptically to
the sterile medium just before inoculation. Each
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tube was inoculated with one drop of a 24-hour
culture which had heen diluted thirty times. The
pH of the medium was 6.9 and, after twenty-four
hours of incubation at 37°, the growth was deter-
mined by measuring the turbidity with an Evelyn
colorimeter. For comparison, sulfanilamide was
tested in parallel with the sulfonium salt. The ac-
tivity of each compound was also tested in the pres-
ence of p-aminobenzoic acid at concentrations of
10 micrograms and 200 micrograms per milliliter.

TABLE I

THE ANTIBACTERIAL ACTIVITY OF p-AMINOPHENYLDI-
METHYLSULFONIUM B-NAPHTHALENESULFONATE (I), SuL-
FANILAMIDE (II), AND THE EFFECT OF p-AMINOBENZOIC

Acip
Cempound
p-Amino-
benzoic
acid

micro-
Tor I1 grams/ml,

Bacterial growth, expresesd in Evelyn units
in the presence of I or II at the following
concentrations, and p-aminobenzoic acid
Micrograms per ml

1000 500 250 125 625 317 O

I 0 0 0 5 11 25 28 30
I 10 0 4 13 15 22 24 32
1 200 0 13 18 25 25 26 29
I1 0 0 0 0 1 1 12 30
II 10 8 12 19 23 26 28 29
11 200 8 15 22 25 26 28 30

The results of representative tests are presented
in Table I. This table shows that sulfanilamide
produced almost complete inhibition of growth at
a concentration of 62.5 micrograms per ml., and
that the addition of either 10 or 200 micrograms of
p-aminobenzoic acid per ml. allowed almost full
growth at 250 micrograms and only partial growth
at 1000 micrograms of sulfanilamide per ml. p-
Aminophenyldimethylsulfonium B-naphthalene-
sulfonate produced complete inhibition of growth
at 500 micrograms per ml. and partial growth at
125 micrograms per ml. The addition of p-amino-
benzoic acid allowed almost full growth at 125
and partial growth at 500 micrograms per ml.
Sodium B-naphthalenesulfonate showed no anti-
bacterial action at a concentration of 2000 micro-
grams per ml.

These results show that the p-aminophenyldi-
methylsulfonium ion has a low order of antibac-
terial activity and that this activity is slightly re-
duced by p-aminobenzoic acid. Since it is prob-
able that this ion possesses a resonant form with a
quinoidal structure and a positive nitrogen, its
low activity indicates that such a resonant form
is not sufficient for high action of the sulfonamide
type. Apparently, for high anti-p-aminobenzoic
acid activity, it is necessary to have a negative
group comparable to the carboxylate group in the
position para to the amino group. However, it
must be recognized that the cationic nature of
the sulfonium ion may prevent the compound from
reaching the points where it could act against a
bacterium.

Although sulfonium compounds with a long
alkyl chain have high antibacterial activity, the
aryl sulfonium group in itself has but a low order
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of antibacterial activity.” In this connection,
Freedlander and French!' have recently shown
that methyldiphenylsulfonium nitrate shows no
antibacterial activity against E. coli, Staph.
aureus, B. proteus, or the tubercle bacillus. Our
results would suggest that the introduction of a
para amino group into an aromatic sulfonium
salt increases the antibacterial activity.

Experimental

Di-p-nitrophenyl Disulfide.—This compound was pre-
pared according to the method described for the ortho
analog by Bogert and Stull.12

p-Nitrophenylmethyl Sulfide.—The disulfide was con-
verted into p-nitrophenylmethyl sulfide, according to
Brand, in a yield of 619, by the reduction of di-p-nitro-
phenyl disulfide with alkaline sodium sulfide and subse-
quent direct methylation with methyl sulfate. The prod-
uct melted sharply at 72.0 to 72.5° in agreement with the
literature.

p-Nitrophenyldimethylsulfonium Methyl Sulfate and
Picrate.—p-Nitrophenylmethyl sulfide was methylated
with methyl sulfate according to the method of Brand and
Stallmann.!* The product was recrystallized once from
hot methanol and again by the addition of ethyl ether toa
methanol solution to give a yield of 849, m. p. 157.0 to
158.5° (dec.). The picrate was produced in a yield of
959, by the addition of a saturated solution of sodium
picrate to an aqueous solution, m. p. 135° to 136 ° as com-
pared to 137° as reported by Baker and Moffett.15

p-Aminophenyldimethylsulfonium Picrate.—Palladium
catalyst on activated carbon, prepared according to Har-
tung,’® was used for the hydrogenation of p-nitrophenyl-
dimethylsulfonium methyl sulfate (3.0 g., 10 millimoles)
dissolved in 100 ml. of 909 methanol which contained 20
millimoles of sulfuric acid. The hydrogenation stopped
abruptly after 24 millimoles of hydrogen had been absorbed
(80% of theory). When this solution is allowed to stand,
it became yellow and no crystalline sulfonium salt could be
isolated. However, when 3.0 g. (13 millimoles) of picric
acid in 100 ml. of water was added immediately to the
filtered solution, 8.2 g. (799 yield) of orange prisms sepa-
rated, m. p. 152 to 153 °.

Anal. Caled. for CsHuNS-CcHzN;OngOI C, 42.0;
H, 4.0; N, 14.0; S, 8.0. Found: C, 42.3, 42.3; H, 3.8,
3.7; N, 14.1,14.1; S, 7.9.

When a methanol solution of this picrate was refluxed
for a few hours, long needles of some different, much less
soluble picrate separated. This derived compound melted
at 165.0 to 165.5° and had an elementary analysis (C,
43.6; H,3.1; N, 14.5) which indicated that the conversion
may have been a reduction.

p-Aminophenyldimethylsulfonium g-Naphthalenesulfo-
nate.—p-Nitrophenyldimethylsulfonium methyl sulfate
(4.25 g., 14 millimoles) and B-naphthalenesulfonic acid
(3.60 g., 17 millimoles) were dissolved in 75 ml. of meth-
anol containing 5%, water, and the solution was hydro-
genated with palladium catalyst on activated carbon.
A total of 30 millimoles of hydrogen was absorbed or 727
of theory. The slightly yellow solution was filtered and
100 ml. of ethyl ether was added immediately. After
cooling at 0° for two hours, 3.9 g. (68% yield) of nearly
colorless needles of the monohydrate were collected. The
product was recrystallized by dissolving it in 120 ml. of
absolute methanol, removing the insoluble material by
filtration, adding 250 ml. of 30-60° ligroin, and cooling at
0°. The final yield of material was 3.1 g. or 54%, m. p.
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130° (dec.). The product was dried at 80° for four hours
for analysis.

Anal. Caled. for CgHyisNS-CyoH;0,S-H:0: C, 56.9;
H, 5.5; N, 3.7; §, 16.9. Found: C, 56.9, 56.7; H, 5.6,
5.8; N, 3.6,3.7; S, 16.7.

Further recrystallization did not raise the melting point,
but seemed to cause deterioration. The salt was soluble
in water, methanol, ethanol, and acetic acid, but was in-
soluble in ether, chloroform, and benzene. Aqueous base
causes the salt to decompose with the formation of an
orange color and water insoluble material.

Test for Free Primary Aromatic Amino Group.—Both
the p-aminophenyldimethylsulfonium picrate and 8-
naphthalenesulfonate yielded a color characteristic of
substances containing a primary aromatic amino group
when treated with 4-pyridylpyridinium chloride hydro-
chloride.!” On the other hand, the second picrate derived

(17) Feigl, “Qualitative Analysis by Means of Spot Tests,”
Nordemann Publishing Company, New York, N. Y., 1937, p. 283.
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1933

from the initial picrate by heating in methanol gave a com-
pletely negative test, indicating that the primary amino
group had been destroyed.

Summary

A new compound, p-aminophenyldimethylsul-
fonium B-naphthalenesulfonate, has been synthe-
sized. The picrate of the sulfonium cation has
also been prepared.

Microbiological tests showed that the sulfonium
sulfonate has a low order of antibacterial activ-
ity which is slightly reversed by p-aminobenzoic
acid.

The activity of the sulfonium salts has been re-
lated to the problem of the mode of action of sul-
fonamides.
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Mechanism of the Alkaline Cleavage of 8-Ketoalkylpyridinium Salts!

By RALPH G. PEARSON AND ROBERT L. DirrLoN

The alkaline hydrolysis of B-ketoalkylpyridin-
ium salts to give the corresponding acid and a
simpler alkylpyridinium salt? according to equa-
tion (1) was studied in some detail by Kréhnke.?

O
7
R——C——OII + R CHzlf > ()

He showed by kinetic methods that in the presence
of excess alkali the reaction was first order and
that the stronger the acid, II, formed by the re-
action, the greater the rate of hydrolysis. Fur-
thermore, he showed* that the initial reaction of
the cation, I, with alkali is a typical acid—base
equilibrium in which the cation acts as an acid

O H
- e S
RI
O

I
R-—c-—c]:-—yj > +HO0 (2)
RI

III

He proposed the name ‘‘enol-betaine” for the
isolable compound III, writing its structure with

(1) Based on the M.S, thesis of Robert L. Dillon.
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and Fuson, THIS JOURNAL, 04, 4407 (1932); (c¢) Babcock, and
Fuson, ibid., 85, 2046 (1933).

(3) Krdhnke, Ber., 70B, 864 (1937).

(4) Krohnke, ¢bid., 668, 604 (1933); 68B, 1177 (1935).

the double bond between the two carbon atoms.
The enol-betaines in general are highly colored,
soluble in organic solvents and not stable in air.
The mechanism that he assumed for the cleav-
age included the rapid establishment of equilib-
rium (2) and the subsequent rate-determining
reaction of the enol-betaine with excess hydroxide
ion and water. If reaction (2) goes well to the
right then pseudo first order kinetics will be ob-
O
C

I -
] —C—N > + H:0 + OH™ —>

R
’ /0 - N
R'CH—N > + R——C\O_ + OH- (3)

tained since hydroxide ion is not used up in (3).
However, Krohnke worked with only one set of
concentrations for all of the compounds which he
investigated and it can readily be shown that
there are several other mechanisms which will
turn out to be first order in excess alkali.

For example in the formally similar hydrolysis
of acetoacetic ester by dilute alkali, Goldschmidt
and Oslan® showed that the reaction was first order
under a variety of conditions and the mechanism
included an acid-base equilibrium and a rate-de-
termining reaction between hydroxide ion and the
unneutralized acetoacetic ester

R—

o
CH,—!J:—CH,——C<(;R + OH- <%

0
H ,0

CH,-—(u,-—c-—c< + H:0 (@
= OR

(5) Goldschmidt and Oslan, ébid., 8%, 3390 (1809); 88, 1140 (1900).



