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RELATIONSHIP OF STRUCTURE TO ANTIMICROBIAL ACTIVITY
IN ANIONIC SURFACTANTS

B. V. Pagset, A. A, Golubyatnikova, UDC 661.185:547.476:61.281
N. V. Eunina, 5. V. Nekrasov,
and E, T, Mordvinova

Many synthetic surfactants are known to display biological activity. Antimicrobial
activity is that most commonly found, owing to the ability of these compounds to interfere
with the permeability of the cytoplasmic membranes and osmotic equilibria in the cell, and
to react with its lipids and proteins. These effects of surfactants result in loss from the
bacterial cell of substances important for its vital processes, denaturation of proteins,
and interference with enzymic equilibria [7]. More detailed studies are currently in pro-
gress on the relationships between antimicrobial activity and the structures and surface
activity of cationic surfactants [1]. 1In the case of anionic surfactants, relationships
between structure and antimicrobial activity have been established for the series of n-alkyl
sulfates CyHzn+1080sNa [5]. No such studies have been carried out with surfactants of more
complex structure, particularly those containing biologically active groupings.

We have made a systematic study of the synthesis and properties of surfactants derived
from sulfosuccinic acid, in the course of which the influence of structure on the antibac-
terial activity of the surfactants was established for a series of sulfosuccinic acid ester
anilides of general formula

RINHCOCH(SO,Na)CH,COOR?,
I— XXI11

where R = CgHs (I — 1V); CoHyCl = 4 (V— VII); CgHyCl, = 2,4 (VIII—IX);
caH.OH—_-z'f(x(,xn; CoH,OH = 3 (XII, XIII); C¢H,COONa = 4 (XIV, XV):
EH,COOCH; = 4 (XV1, XVII): CgH,SO,NH, = 4 (XVIII — XX1II). ’
R?=CgHl,, (1, V,; VIIL, XVIIT); CyoHgy (11, VI, IX, X, XIT, XIV, XVI, XIX);
CiaHsa (XX); CooBlas (111, VII, XXI1); CygHae (IV, X1, XITI, XV, XVII, XXII):
: ‘ CyoHgy (XXITI).

In this series of compounds, the biological activity of the anilide grouping was varied
by changing R*. The substituted aniline starting materials used were sulfanilamide, chloro-
anilines, and aminophenols, which are bacteriostats; aniline, which is not bacteriostatic
in low concentrations; and p-aminobenzoic acid and its ethyl ester, which are involved in
the normal metabolism of bacteria, thereby stimulating their growth [4]. The surface activity

of the compounds of this series was varied by changing the size of the radical R? from Cs
to C).G.
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Fig. 1. Plots of bacteriostatic activityversus
the length of the hydrophobic grouping in the
surfactants. The abscissa represents the number
of carbon atoms (ng) in the hydrophabic moiety of
the ester group in the surfactant, equal to
cbsd-103 (in moles/liter). 1) I-TV; 2) XVII-
XXIII.

These sulfosuccinic acid ester anilides were obtained as follows:

0O
Vi
—C. 2 L 2 —_COOR?
t \O R:OH “’"COOR socl, ] COOR NHR® | R*  Nasso,
! N
~C<\ L—cooH Lcoa i'~—-C0NHR1
-0

/CHZ—COOR2
—» R'-—NHCOCH
\SO3Na

The previously described monoesters of maleie acid [3] were obtained by heating solutions
of maleic anhydride and the appropriate alcohol in benzene. The acid chlorides of the mono~
alkyl maleates were obtained im the usual way {2] by boiling the alkyl maleates with thionyl
chloride in dry chloroform. The amines were acylated by boiling with the acid chlorides in
dry dioxane in the presence of equimolar amounts of sodium carbomate. The ester anilides
of sulfosuccinic acid were synthesized by boiling aqueous-alcoholic solutions of the maleate
ester anilides with soidum metabisulfite. The desired preducts were isolated from the re-
action mixtures by precipitation with acetome, and twice recrystallized. The physicochemical
properties, elemental analyses, and antimicrobial activity of the compounds obtained (I-
XXIII) are given in Table 1. Examination of the relatiomship between structure and surface
and biological activity showed that in nearly all these sulfosuccinic ester anilides, in-~
creasing the size of R® over the range Cs—C., resulted in higher surface activity, opjn for
these compounds being reached at reduced surfactant concentrations, In most of the sur-
factants obtained, opip fell within a fairly narrow range (30-33 J/m?), owing to the similar-
ity of their structures. It is noteworthy that the introduction of polar groups into the
anilide grouping usually affects adversely the surface active function. For example, in
c—aminophenol derivatives, Opin = 341072 J/m®, and in the case of p~aminobenzoic acid a
value of 39¢10? J/m® is reached. This behavior of the surfactants appears to be due to
a deterioration in the hydrophiliclipophilic balance (HLB) in the molecule, Derivatives of
m-aminophenol are exceptional, since despite the presence of an additional hydrophilic group,
the surface activity was very high (Umin = 28 J/m*®). This appears to be due to the formatiom
of a hydrogen bond between the phenolic hydroxyl and the amide group. This results in a

decrease in the hydrophilicity of this grouping, and the HLB of the molecule as a whole is
not adversely affected.
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Microbial tests of the surfactants obtained were carried out by the standard serial
dilution method against Staph. aureus, which is usually sensitive to anionic surfactants,
Escherichia coli, and the yeast Candida albicans. Bacteriostatic activity was shown by
nearly all the compounds, except for the p-aminobenzoic acid derivatives, the sensitivity
of Gram-positive bacteria (Staph. aureus) being usually one to two orders of magnitude greater
than that of Gram-negative bacteria (Escherichia coli) (Cpgq values between 2010°—10“ and
3¢10-10° mole/liter respectively).

Examination of the minimum bacterjostatic concentrations of the surfactants showed that
their antimicrobial activity (against Staph. aureus) was not related to that of the anilide
grouping. For example, aniline derivatives of sulfosuccinates have Cbsd values of the same
order as those of chloroaniline and sulfanilamide derivatives, whereas sulfosuccinates ob-
tained from aminophenols are less active., The derivatives of p-aminobenzoic acid and its
ester are completely inactive., This could, on the one hand, be the result of their low sur-
face activity, but on the other hand it is possible that a further deactivating factor is
the incorporation of cleaved p-aminobenzoic acid in the normal metabolism of the microorgan-
isms.

A closer relationship between surface and biological activity may be discerned in two
series of surfactants, namely the aniline derivatives (I~IV) and the streptocide (sulfanil-
amide) derivatives (XVIII-XXIII). Despite the considerable differences between the structures
of the anilide groupings, both series display high biological activity which varies linearly
with the length of the hydrophobic radical in the surfactant. Figure 1 shows plots of the
minimum bacteriostatic concentration of the surfactants on the length of the radical R?,
from which it will be seen that over the range from Cs to C,e¢ they correspond to the changes
in the surface-active properties (it will be seen from Table 1 that as R® is increased over
this range, the concentrations necessary for the attainment of Omin decrease).

The dependence of bacteriostatic activity on surface-active properties has been studied
previously [5], and our findings are in accordance with the established concepts of the
effects of surfactants on microorganisms. A novel finding is, however, that as our results
show the presence of a bacteriostatic grouping in the combined state in the surfactant mole-
cule does not enhance the antimicrobial acitivity of the surfactant. It is noteworthy that
the biological activity of substituted anilines incorporated into the anilide groupings of
the surfactants obtained is largely determined by the presence of free amino-groups. They
were, however, found to be firmly bound, since the rate of hydrolysis of anilides under
neutral conditions (such as are present in the microbiological tests) is extremely slow,

For instance, on heating an aqueous solution of (XXI) at 100°C for 30 min, which is equivalent
to heating at 37°C for 300 h, no cleavage of sulfanilamide (reaction with B-naphthol [7])
was observed,

Tn order to confirm this conclusion in other cases, we synthesized some surfactants of
general formula
o]
i N
ROOCCHZ—(;IHCNH-—/ Y N\
soNa NS

e

CH,CI

3

where R = CsH,1 (XXIV), CegHir (XXV), and CioH2:, which incorporate as the biologically active
grouping the highly active antifungal compound l-p-chlorobenzyl-2-methyl~5~aminobenzimidazole
(XXVII) [8]. The antifungal activity of this compound is virtually independent of the presence
of an amino-group or any other substituent in the 5-position of the benzimidazole ring,

being fully maintained in the unsubstituted l-p-chlorobenzyl-2-methyl-benzimidazele. It is
noteworthy that the latter compound forms the active constituent of the currently used anti-
fungal preparation chlormidazol, developed by the West German Company Chemie Gruenthal [6].
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Hence, in the surfactants (XXIV-XXVI), the incorporation of the surface-active grouping does
not block the functional groups responsible for the biological activity of the benzimidazole
moiety of the molecule,

Compounds (XXIV-XXVI) were synthesized from the benzimidazole (XXVII) [9] as follows:

CHCeH,Cl CH,CeH,Cl
i CHCOOR 1
7 N\\ éHcoc1 N NaHSO,
Jeo St et
HNS N4 ROCOCH=CHCONH-" " \N
XXVII

> XXIV—XXVI

Acylation of the benzimidazole amino-group was effected by boiling a solution of the
compound in dry dioxane with the acid chloride of the appropriate alkyl maleate in the pre-
sence of potassium carbonate. Sulfonation of the maleate ester amides thus obtained was
effected by heating with NaHSOs; in aqueous alcoholic solution. It was found that the rate
of sulfonation decreased rapidly as the length of the alkyl chain R was increased, As a
result of hydrolysis of the ester group on prolonged heating, it was not possible to obtain
compounds in which R contained more than ten carbon atoms.

As would be expected, compounds (XXIV-XXVI) displayed surface activity which varied
depending on the structure of the hydrophobic protion of the molecule in accordance with
the rules mentioned above, For instance, the minimum surface tensions (at a surfactant con-
centratigon of 51072 mole/liter) of (XXIV) and (XXVI) were 5.6¢10"% and 3.9¢10~% J/m®? re-
spectively.

The antimicrobial activity of the original compound (XXVII) and its surface-active
derivatives (XXIV-XXVI) were determined by serial dilution against the yeast Candida albicans.
It was found that the the high biological activity of the original benzimidazole (XXVII),
which exerted bacteriostatic effects at a concentration of 4.8+10" mole/liter, was consider-
ably reduced when a surface-active groupings was introduced into the molecule. For example,
the most active compound (XXVI) had C 1.1107% mole/liter, a value similar to that obtained
for anicnic surfactants against Candida albicans.

It has been reported [8] that the mode of action of antifungal benzimidazoles {(chlorm-
idazol) and imidazoles (chlortrimazol) is, like that of anionic surfactants, related to their
membranotropic properties. This is alsoc indicated by the synergistic effects of anionic
surfactants on the fungistatic activity of these compounds [8]. However, in the case of
simple anionic surfactants (alkyl sulfates CoH2p+150sNa), it has been shown that binding to
elements of the microbial cell is mediated by the hydrophobic moiety of the molecule [5].
From these observations, in conjunction with our cwn findings, it may be concluded that in
anionie¢ surfactants or more complex structure which incorporate both hydrophobic radicals
and biologically active groupings, the latter play no part in interactions with bacterial
cell membranes. The structure of the hydrophobic radical plays a dominant part in the anti-
microbial activity of the surfactants obtained.

EXPERTIMENTAL (CHEMICAL)

IR spectra were obtained on a UR-20 spectrophotometer with LiF and NaCl prisms, in
vaseline oil.

The starting materials for the synthesis of the sulfosuccinic acid ester anilides

(maleic acid ester anilides) were obtained by similar methods, as exemplified by the synthe-
sis of tetradecyl maleate m-hydroxyanilide. To a solution of 2.18 g (0.02 mole) of m-amino-
phenol in 10 ml of dry dioxane was added 2.12 g (0.02 mole) or anhydrous sodium carbomnate,

and 7 m1 (0.02 mole) of tetradecyl maleate acid chloride was then added dropwise over 20 min
at a temperature not exceeding 10°C. The mixture was kept for 1 h at 20°C, and heated for

3 h on the water bath. The mixture was cooled, and the product precipitated with 15 ml of
water, the solid filtered off, and washed on the filter with water to give 5.5 g (72%) of
technical product, mp 142-145°C, which was used in the next step without further purification.



Synthesis of Sulfosuccinic Acid Derivatives (I-%XX1II1) {(meneral method). To a solution

added 5 ml of a saturated aqueous solution of sodium. metabisulfite, and the mixture heated
on the water bath for 4 h. After cooling, the product was precipitated from the mixture with
10 m1 of acetone. The product was purified by recrystallization from water or 507 aqueous
alcohol to give a colorless powder which did not melt on heating to 280-300°C. The physico-
chemical properties and elemental analyses of the compounds (I-XXIII) are given in Table 1.

The above method was used to sulfonate maleate ester anilides derived from l-p-chloro-
benzyl-2-methyl-5-aminobenzimidazole, except that the reaction mixture was heated for longer
periods of time. In the preparation of (XXIV), the mixture was boiled for 12 h to give a
yield of 30%. Found: Cl 6.67; N 2.80; S 6.02. Cz,H,sCINOsSNa., Calculated: Cl 6.89;

N 2.72; S 6.22,

In the preparation of (XXV), the mixture was boiled for 36 h, yield 31%. Found Z:
Cl 6.50; N 2.63; S 6.01,- Cp,Ha2CINOsSNa. Calculated %: Cl 6.34; N 2.50; S 5,75,

In the preparation of (XXVI), the mixture was boiled for 60 h, yield 10%. Found %:
Cl 5.93; N 2,28; S 5.62. C,3H3¢CINOgSNa. Calculated %: Cl 6.07; N 2.40; S 5.47.
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