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Coordination of Ag(l) with the anion of a sulfanilamide (L) usually produces a non-conducting
compound of the composition Agl.. However, with sulfamethoxypyrazine and sulfacetamide an ionic
compound [AgL,]Ag is formed. Model substances demonstrate that the presence of one suitable
donor atom (the deprotonated acidic N) results in the formation of ionic compounds of type [AgL,]Na
and [AgL,]Ag. The presence of an aromatic NH, group as the second donor group results in the
formation of only one type, namely [AgL,]Ag. The silver compounds were studied by the use of
conductivity, UV and IR measurements.

lonische Silber-Verbindungen von Sulfanilamid-Derivaten und verwandten Stoffen.

Die Koordination von Ag(I) mit dem Anion eines Sulfanilamids (L) filhrt meistens zu einer
nichtleitfahigen Verbindung der Zusammensetzung AgL. Mit Sulfamethoxypyrazin und Sulfacetamid
bilden sich leitfahige Verbindungen der Zusammensetzung [AgL,]Ag. Modellverbindungen zeigen,
daB sich in Anwesenheit eines geeigneten Donoratoms (die deprotonierte Siure N) ionische
Verbindungen des Types [AgL,]Na und [AgL,]Ag bilden. Die Gegenwart einer aromatischen NH,-
als zweiter Donorgruppe fithrt nur zur Bildung eines Typs, namlich [AgL,]JAg. Von allen
Silber-Verbindungen wurde die Leitfdhigkeit bestimmt sowie UV- und IR Spektren aufgenommen.

In two preceding studies the preparation and characterization of 22 silver compounds of
sulfanilamides and related substances was described'?). The compounds were non-ionic
and had the composition Agl. (L = mono-anion of the sulfanilamide HL) with the
exception of three compounds (compounds no. 1,2 and 4 in table 1). These compounds had
ionic character and the composition [AgL,}Ag was proposed. An investigation of the origin
of this distinct character is the subject of this study. The results of this investigation may be
of value for the design of antibacterial agents from silver sulfanilamide class. The
commonly used antibacterial agent in the treatment of extensive burns silver sulfadiazine
(Flammazine®, Philips-Duphar, The Netherlands) has a very low water solubility: 0.2
mg/100 ml 3. The study of the relationship between physico-chemical parameters and
antibacterial activity of the silver sulfanilamides is in progress.
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In table 1 the spectroscopic and conductivity data of the investigated silver compounds
are summarized. For most ligands two types of complexes were prepared namely
compounds of composition AgL and [Agl.,]Na. L is the deprotonated ligand i. e. the acidic
proton is substituted by Ag(I). The analytical data of the silver compounds not described
before are given in table 2.

Table 2: Analytical data of the silver compounds.

com- Ag C H N S Na
pound calc. found «calc.,, found calc,, found wcale, found «calc., found calc.,, found
3 35.3 344 314 31.5 2.6 2.7 4.6 4.5 10.5 10.5

5 28.5 27.7 349 348 43 43 11.1 11.2 8.5 8.4

6 28.6  27.5 38.2 38.6 45 4.5 7.4 7.4 8.5 8.5

7 37.2 36.7 29.0 29.1 1.4 14 4.8 48 11.1 11.1

3a 20.5 20.3 36.4 36.8 3.1 3.2 5.3 5.2 12.1 12.1 44 3.9
4a 18.1 18.1  48.4 482 3.4 34 4.7 4.8 10.8 10.7 3.9 3.6
6a 16.1 16.8 43.0 43.1 5.1 5.2 8.4 8.3 9.6 9.4 34 34
Ta 21,8 23.0 339 33.0 1.6 1.8 5.7 5.7 13.0 127 46 4.3

The formation of ionic, conducting Ag(I) compounds is only possible when one suitable
donor atom per L (mono-anion) is present as is found with the barbiturates®. The
composition Agl can be described as [Agl,]Ag. As alogical consequence the counter-ion
Ag* can be substituted by another cation. These we have already described for barbiturate
compounds of the type [Agl,]Na*. The same complexing properties that occur with the
barbiturates are also found with the ligands forming the compounds 3/3a, 4/4a, 6/6a and
7/7a (table 1). These ligands also have one suitable donor atom namely the deprotonated N
atom. The attempted synthesis of compounds of the type [AgL,]Na was not successful for
the ligands 1, 2 and 5. These ligands have as a common structural element the presence of
an aromatic 4-NH, group. Comparison of the ligand pairs 2, 3 and §, 6 which differ in the
presence or absence of a NH, group, clearly shows the importance of this function in the
inhibition of the preparation of the compounds [AgL,]Na. The involvement of the NH,
group in the Agl complex formation with the ligands 1, 2 and 5 is also demonstrated by
their IR spectra. The shift of v(NH,) indicates a H,N « Ag interaction'?), These threc
ligands act as a bidentate.

The presentation of compounds 3a, 4a, 6a and 7a by [AgL,|Na is supported by their
conducting properties. The Ay values in the three solvents are in the range of an 1 : 1
electrolyte. The theoretical assumption of a mixture of AgL and NaL is out of the question
due to the method of preparation (NaL is soluble in aqueous solution) and their IR spectra
(not an addition of AgL and NaL). The presentation of the compounds 3, 4, 6 and 7 by
[AgL,]Ag instead of AgL is also supported by their conducting properties in the three
solvents. The lower Ay, values as compared with the corresponding [Agl.,] Na compounds
can be attributed to a smaller ionic mobility of Ag*. The shift of v¥(S-O) and v(C=0) to
lower frequencies upon complexation of HL to [AgL,]© is in agreement with former
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observations about the substitution of H in HL by metal ions (Ag, Na, Zn, Co, Cu)b#*87),
The values of v¥(S-0) for [Agl,]Naand [AgL,]Ag are about equal; the v (C=0) values of
[Agl,]Ag are lower (about 30 to 40 cm™) as for [AgL,]Na and may indicate a C=0 « Ag
interaction. Possibly the counterion Ag™ interacts with C=0O in the solid state.

The remaining problem that requires interpretation is the nature of the silver
compounds 1, 2 and 5. As previously concluded the ligands are, at least in the solid state,
bidentate. In contrast with the Agl. compounds reported in the preceding studies’? these
compounds have conducting properties. The values of Ay are about equal to the
compounds [AgL,]Ag discussed above. This indicates the same ionic structure in solution.
There is also a good resemblance between the IR-spectra of the closely related pairs of
silver compounds 2-3 and 5-6. The band positions of v¥(S-O) and v(C=0) are nearly
equal. These facts also indicate a [AgL,]Ag structure in the solid state.

The UV-spectra of [Agl,]Na and [AgL,]Ag are similar or nearly similar as was
expected. The band positions are only slightly different from HL but significantly different
from L (anion). These findings agree with our former results?.

The reaction of the ligands with the silver ion discussed so far can be summarized by the
following equations:

a) Agt + 2L — [AgL,]"
b) [AgL,]” + Na* — [AgL,]Na |
c) [Agla]” + Ag™ — [Agly)Agy

In the case where [Ag]/[L]<0.5 the ligands 3, 4, 6 and 7 react according to the equations
a) and b) and the ligands 1, 2 and 5 according to the equations a) and c). In the latter case
the complex anions [AgL, ] are coupled by Ag™ via the interaction with the aromatic NH,
groups. In the case where [Ag]/[L] = 1 all ligands follow the reactions a) and c). Here the
“excess” Ag? substitutes Na* in equation b) in the case of the ligands 3, 4, 6 and 7.

In contrast with the preceding compounds the silver sulfanilamides reported before!?)
are formed according to the reaction:

d) Agt + L - AgL{

Because of the presence of two or more donor atoms per L the formation of polymeric
compounds is likely. This polymerisation has been confirmed with silver sulfadiazine®.

It remains unclear why the ligands 1, 2 and 5 produce conducting silver compounds and
the other sulfanilamides non-conducting silver compounds.

The authors are indebted to Dr. A. S. Horn, Miss N. Teeuwen and Mr. J. J. Duitschfor their help in
preparing the manuscript.

Experimental

Reagents and chemicals

All chemicals used were of analytical grade. The drugs were supplied commercially. The preparation
of benzenesulfonamidobenzene was described? previously. Benzenesulfonylacetamide was prepared
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by condensation of benzenesulfonamide with acetic anhydride in pyridine and recrystallized from an
acetone-water mixture mp. 115-117° (lit.: 111-113°C).

Equipment and analyses

IR spectra: Perkin Elmer, model 577 (KBr, Nujol). Other details have been previously described!?.

Synthesis of the silver compounds

The procedure has been previously described!?.

Synthesis of silver sodium compounds

0.02 mole of the sodium salt of the sulfonamide or related compound were dissolved in 20 ml of water
(or 0.02 mole of the sulfonamide were dissolved in 20 ml of 1 N-NaOH) with gentle heating. To the
clear solution was added dropwise with stirring a solution of 0.01 mole of silver nitrate in 20 ml of
water.

After 0.5 hr. the white precipitate was separated, washed with a small quantity of water and dried at
105°C.

The attempted synthesis of a silver sodium compound with sulfamethoxypyrazine, sulfacetamide and
carbutamide was unsuccessful.

References

1 A.Bultand H. B. Klasen, J. Pharm. Sci. 67, 284 (1978).
2 A. Bult and H. B. Klasen, Arch. Pharm. (Weinheim) 311, 855 (1978).
3 S. M. Modak and Ch. L. Fox Jr., Biochem. Pharmacol. 22, 2391 (1973).
4 A. Bult and H. B. Klasen, Pharm. Weekbl. 110, 533 (1975).
5 W.J. Geary, Coord. Chem. Rev. 7, 8 (1971).
6 A.Bult, J. D. Uitterdijk and H. B. Klasen, Transition Met. Chem., in press.
7 A.Bult and H. B. Klasen, Spectrosc. Lett. 9, 81 (1976).
8 D.S.Cook and M. F. Turner, J. Chem. Soc. Perkin Trans. 2 1975, 1021.
[Ph 108]





