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Surface tension, conductivity and NMR data for tetraalkylammonium salts of lasalocid in water show that they 
behave as surfactants; their high solubility thus involves lasalocid anion self-aggregation. 

Lasalocid 1 is one of a growing class of naturally occurring 
carboxylic polyether ionophores , isolated from strains of 
Streptornyces. 1 These substances, acting in membranes, are 
very soluble in organic solvents, as also are their metal cation 
and tetraalkylammonium salts. In methanol, unlike the 
monovalent metal salts which are strongly associated, the 
tetraalkylammonium salts are highly dissociated electrolytes. 
This is clear from analysis of the titration curves of these 
ionophores with te traalk ylammonium me thoxides ,2-4 and 
from conductivity data for the salt solutions.5 Monovalent 
metal complexes of the ionophores are formed by coordina- 
tion of the metal by the oxygens along the chain and formation 
of a pseudo-ring through head-to-tail buttoning; the metal 
cation is enclosed in the cavity thus formed. Tetraalkylam- 
monium cations are not able to enter this cavity both because 
of their size and because of the unfavourable interactions 
between the oxygens and the outer alkyl groups of the cation. 

Even in chloroform, ion pairs or  triplets are formed, not 
complexes. 6.7 

In water, although carboxylic natural ionophores are 
practically insoluble and their monovalent metal salts only 
sparingly soluble,s.g their tetraalkylammonium salts were 
shown, first by Cox et ul. , lo  to be highly soluble. What then is 
the state of carboxylic ionophore anion solutions in water? 
Some answers to this question are offered here. 

Measurements of the surface tension of aqueous solutions 
of lasalocid tetramethyl- and tetraethyl-ammonium salts as a 
function of their concentration results in the usual y = f(1og c) 
surfactant graph (Fig. 1); the aqueous solution surface tension 
decreases linearly then stabilizes. Critical micellisation con- 
centration (c.m.c.) values thereby obtained are about 1.1 x 
10-2 and 6 x 10-3 mol dm-3 respectively for the tetramethyl- 
and the tetraethyl-ammonium salts at 25°C. A smooth 
increase of the c.m.c. with temperature was observed from 10 
to 50 "C. Using a Gibbs absorption isotherm for 1 : 1 electro- 
lytes, the excess surface concentration and the surface area of 
a single lasalocid anion were estimated; this area is about 
200 A* in the temperature range investigated, suggesting that 
lasalocid anion lies flat on the surface, most probably with all 
the oxygens in contact with the water and the alkyl groups 
pointing away from the surface. 

Solubilities were found to be very high even at very low 
temperatures; Kraft points could not be reached. 
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Fig. 1 Surface tension y of aqueous solutions of Me4N+ * and Et4N+ 
lasalocid salts in water at 25.0 "C as a function of their concentra- 

tion. c 

Conductivity experiments also showed specific conductiv- 
ity-concentration ( K  vs. c) and molar conductivity-square 
root of concentration (A vs. fi) plots typical of surfactant 
solutions. The c.m.c values estimated from the first type of 
plot, corresponding to the intercepts of two straight lines 
obtained at low and high concentrations, were somewhat 
higher than those obtained from surface tension experiments: 
1.4 x 10-2 and 9 x 10-3 mol dm-3 respectively for lasalocid 
tetramethyl- and tetraethyl-ammonium salts. The second type 
of plot (Fig. 2) showed that below the apparent c.m.c., A 
varied linearly with c, the slope being akin to the 
theoretical Onsager slope calculated using an initially extra- 
polated value of A(). More sophisticated processing using the 
conductivity eqn. (1) limited to c terms with theoretical 
expression for E and S parameters" afforded better A(] values: 
A" (Las- Et4N+) = 48.9 and AO (Las- Me4N+) = 62.8 which 
leads to a mean value of hO = 17.5 52-1 cm2 mol-1 for the 
lasalocid monomeric anion in water; given the charge and size 
of this species, this is within the range of expected values. 
Evidently then, lasalocid tetraalkylammonium salts in dilute 
aqueous solution are strong electrolytes, highly dissociated to 
tetraalkylammonium cation and lasalocid monomeric anion. 
Processing of the whole K vs. c data using the Evans procedure 
12 provided the ratio of the number of fixed counter-ions to the 
number of lasalocid anions in the aggregates; this is, for the 
tetraethylammonium salts, of the order of 0.65 assuming 
agregation numbers ranging from 20 to 80. 

The 13C and 1H NMR spectra of lasalocid tetramethyl- 
ammonium salt in D 2 0  were expected to provide some 
information on the structure of both monomers and aggreg- 
ates. Proton, carbon broad-band and carbon J-modulated 
spectra were recorded at various concentrations using a 
Bruker MSL 300 NMR spectrometer. Well resolved spectra 
were obtained under the c.m.c. Above the c.m.c., a broaden- 
ing of the signals was observed. In the proton spectra, no 
reliable 1HJH or 1 H J T  correlation experiments could be 
done. Assignments could therefore only be made by compari- 
son with spectra in methanol for the same species.6 By this 
means, complete assignments were achieved for 13C reso- 
nances, but not for 1H resonances for which only some signals 
could be reliably identified. Spectra at various concentrations 
gave data on both monomeric lasalocid anion and the anion in 
aggregates. In methanol, it was shown6 that lasalocid anion is 
monomeric and has a rather open structure, i.e. with relative 
freedom of its tail (from C-12 to C-23), the main hindrance 
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Fig. 2 Molar conductivity A of Me4N+ * and Et,N 0 salts of lasalocid 
in water at 25.0"C as a function of the square root of their 
concentration, c 

affecting the salicylic head, probably through an 0 2 . . . H 0 4  
hydrogen bond. 13C chemical shifts for the monomeric anion 
species in water, observed at low concentrations, can be 
compared with values reported in methanol .6 With allowance 
being made for systematic variations due to differences in 
standardisation in the two solvents, the main effects, corre- 
sponding to shifts towards high fields, were observed for C-7, 
C-8, C-9 and C-14, C-30. This corresponds to conformation 
changes in these regions, probably related to complete 
unfolding of the anion molecule by cleavage of the O2-..HO4 
ligation, this being favoured by strong solvation of all the 
oxygens of this species in water. 

Above the c.m.c., the broadening of the signals may be 
mainly ascribed to restricted internal motion in the aggre- 
gates13 and slow exchange between monomers and aggre- 
gates. 13C and observable 1H chemical shifts for con- 
centrations below and above the c.m.c. (8 x 10-3 and 
10-1 mol dm-3), show some significant differences; 13C 
chemical shift variations from monomers to aggregates are all 
positive for methyl and ethyl groups, the greater variations 
being observed for C-26 (0.4 pprn), C-27 (0.6), C-28 ( l . O ) ,  
C-31 (0.8) and C-34 (0.6). This would correspond to the 
location of these groups in a more hydrophobic environment 
in the nucleus of the aggregate. Other changes concern the 
salicylate group and its ligation to the rest of the molecule: 5-H 
(-0.18 ppm) and 6-H (-0.13), and C-1 (-0.9 pprn), C-6 
(-0.9), C-7 (1.3) and C-8 (1.7), and are probably related to 
perturbations resulting from partial interactions of the car- 
boxylate group with the counter-ions; C- 11 which bears an OH 
group is also affected (-0.8 pprn); small conformation 
changes occur in the tetrahydrofuran ring, more marked ones 
in the tetrahydropyran ring. Thus the aggregation involves 
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some conformational and internal changes in the anion 
molecule. 

The size, shape and structure of the aggregates will be 
investigated using various methods. In addition, experiments 
involving other carboxylic ionophores show that aggregation 
of their anions also occurs in water. Further research is in 
progress to investigate these effects more fully. 
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