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Thin-layer reversed-phase ion-pair chromatography

of some sulphonamides®
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Abstract: The retention behaviour of 15 sulphonamides was investigated by thin-laver reversed-phase ion-pair
chromatography (RP-IPC). Optimization of the retention and selectivity of thesec compounds was carried out by changing
the pH, the concentration of the ion-pairing counter-ion and the concentration of the organic solvent in the aqueous
maobile phase. The effects of various cationic and anionic pairing reagents in the mobile phase and the stationary phase
were investigated. The use of stepwise gradient elurion improved the spot shape and the selectivity of the separation.
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Introduction

Sulphonamides have been analysed by various
classical liquid chromatographic techniques
such as column [1-5]}, thin-layer [6-9] and
paper chromatography [10] but there have
been relatively few reports on the use of ion-
pair thin-layer chromatography [11-16] for the
determination of these drugs.

The aim of the present work was 1o compare
the retention of sulphonamides in systems
containing various cationic and anionic ion-
pairing reagents in the mobile phase and/or in
the stationary phase. Differences in selectivity
(as measured by ARy, values} of these systems
in either isocratic or gradient elution have been
determined.

Experimental
Chemicals

Tricaprylylmethylammonium chloride,
tetra-n-butylammonium  chloride,  tetra-n-

butylammonium bromide and di(2-ethylhexyl)-
orthophosphoric acid were from Fluka (Buchs,
Switzerland), camphoric acid was obtained
from Sigma (St Louis, MO, USA)., Cetyl-
trimethylammonium bromide and tetra-n-
butylammonium iodide and all other reagents
and solvents were of analytical grade from E.
Merck (Darmstadt, Germany); HPTLC RP-18
F.s4S, precoated plates (Fertigplatten) were
also obtained from E. Merck.

Chromatographic method

Experiments were carried out in a horizontal
sandwich chamber {17] with a glass distributor
of the mobile phase using: 10 x 10 cm pre-
coated HPTLC RP-18 plates; and plates
covered with a 0.25-mm layer of the slurry of
the sorbent obtained by mixing 25.0 g of
silanized silica gel Si 60 HF;s, (E. Merck) with
either 60 ml of methanol-water mixture (1:2,
v/v) or 60 ml of methanol containing an appro-
priate concentration of ion-pairing reagent.

lon-pairing coated HPTLC RP-18 plates
were prepared by dipping the plate for 5 min in
a 3% wi/v ethanolic solution of the counter-ion.
The dipped plates were then allowed to dry in
air and 2-pl samples of a 0.2% w/v solution of
each solute in methanol were applied 1 cm
from the edge of the plate and eluted over a
distance of 8 cm. Buffer solutions used as the
mobile phase were prepared by dissolving
0.5 ml of 85% w/w orthophosphoric acid in
80 ml of water and adjusting the pH to the
appropriate value with a saturated sodium
hydroxide solution. The pH of the buffer was
measured in the aqueous solutions and not in
the final eluent.

Stepwise gradient elution was carried out by
introducing consecutively under the distributor
a series of (.4-ml portions of the eluent which
contained decreasing concentrations of the ion-
pairing reagent. The spots of the compounds
were localized under UV light at 254 nm. The
results (the mean values of three measure-
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ments differing by no more than 0.05 Ry units)
and chromatographic conditions are given in
the figures.

Results and Discussion

Results for the sulphonamides listed in
(Table 1) are illustrated graphically as plots of

Table 1
Investigated compounds
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Ry against pH of the phosphate buffer sclution
in methanol as the mabile phase {Fig. 1). As
expected, the retention is a sigmoidal function
of the hydronium ion concentration and is very
typical for sulphonamides. The pH depen-
dence of retention provides preliminary infor-
mation on the acidic-basic properties of the
solutes, The inflection points are at the pH

qu@saznuna

Na. Generic name R Commercial name in Poland  Manufacturer
1 Sulphanilamide -H Pabiamid Polfa P.
2 Sulphacarbamide ~LO-NHh, Urenil Polfa P.
3 Sulphaguanidine —EC=NH Sulphaguanidinum Poifa P.
phag| NH, phag
4 Sulphacetamide -CO-CH, Sulphacetamidum Polfa P.
5 Sulphamethoxazole N!" 0 ]—l CHy Gantanol Roche CH.
~CO-CH=C~
6 Sulphadicramide H“EHCHB Irgamid Dispersa D.
3
O\N
7 Sulphafurazole [ Amidoxal Polfa P.
H3C CH3
. S
8 Sulphathiazole f ” Sulphathiazol Spofa CS.
N
9 Sulphamethizole -H/ S\“-CH3 Rufol Debat E,
N—N
CHy
10 Sulphaproxyline "CO‘@DuéH Merafin Potfa 0.
¥
CHy
N
i1 Sulphadiazine _</ \ Adiazine Theraplix F.
N"‘“>
N
12 Sulphamerazine {/ \> Sulphamerazine Poifa P.
N CH3
N~—-CH
13 Sulphadimidine -</ \> Sulphadimidin Spofa CS.
N= CH3
NﬁwcH:;
14 Sulphisomidine "}__m A Elkosin Ciba CH.
CH,
/ N\ QCHy
15 Sulphadimethoxine ¢ N Madroxin Polfa P.
M=t
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Figure 1
Plots of Ry values versus pH of the mobile phase of
methanol~0.09 M phosphate buffer (1:3, v/v). Adsorbent:
silanized silica gel. For the identification of the solutes see
Table 1.

equal to the pK, of the compounds, where
solute retention is very sensitive to the mobile
phase pH. Therefore a small change in pH
results in a large change in the Ry, value of the
solute. At low pH the retention is low whereas
at pH 3--5 the Ry is at a maximum value; at pH
6-7 retention decreases sharply and at higher
pH values (pH > 7) the retention of the
apionic form of sulphonamides is low and
independent of pH. The Ry, values of some
sulphonamides (sulphanilamide, sulphaguan-
idine and sulphadimethoxine) did not depend
on the pH of the mobile phase; similar Ry,
values were obtained in the pH range studied.
Good separation was obtained at pH 4-5 in all
cases.

Separation by RP-IPC was carried out in the

buffer solutions of pH 3.5 and 7.85 for the

anionic and cationic ion-pairing reagents,
respectively. Plots showing the effect of the
molar concentration of the tetra-n-butyl-
ammonium chloride (TBA-CI) in the mobile
phase (Fig. 2) or cetyltrimethylammonium
bromide (cetrimide) in the stationary phase
(Fig. 3) on retention of the compounds are
presented.

In both cases in the appropriate ranges of the
concentration of the ion-pairing reagent, lincar

243

R

05F

00

-05¢

Figure 2

Plots of R, values versus malar concentration of tetra-
butylammonium chloride (TBA-CI) in the mobile phase of
methanol-water-0.09 M phosphate  buffer (pH 7.85)
(3:3:4, viviv). Adsorbent: silanized silica gel.
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Figure 3

Plots of Ry, values versus molar concentration of cetyltri-
methylammonium bromide (cetrimide) in the silanized
silica gel. Eluent: methanol-water-0.09 M phosphate
buffer (pH 7.85) (3:3:4, viviv).

relationships were mostly obtained in accord-
ance with the equation: Ry =m C + k,
where C; is the concentration of the interacting
component. ion-pairing reagent of the develop-
ing solvent and k is a constant. The greatest
reduction of Rg values occurs at low concen-
trations of the ion-pairing reagent but the best
separation and strongest retention were
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observed at higher concentrations. More polar
compounds such as sulphanilamide, sulpha-
carbamide, sulphaguanidine and sulphacet-
amide had higher Rg values.

In Figs 4-8 the specific differences in ad-
sorption affinity are graphically presented as
chromatographic ‘spectra’ by plotting the Ry
value of the sulphonamides against the mobile
or stationary phase used, which e¢nables the
sclectivity of the systems to be compared.

The systems in which the mobile phase is the
same and the ion-pairing reagents in the
stationary phase are different are presented in
Fig. 4. The different chromatographic be-
haviour of sulphonamides is due to the nature
of the counter-ions used. For almost all the
sulphonamides investigated, the R, values are
in the optimal range (0.2-0.8) and only slight
differences in selectivity were obtained.
Sulphaproxyline and sulphadimethoxine were
not separated in the system containing TBA-1
as a counter-ion; sulphacetamide and sulpha-
carbamide were best separated in the system
containing TBA-CI as a counter-ion.

The Ry, values obtained for varipus systems
containing TBA-Cl as an ion-pair forming
counterion are shown in Fig. 5. In stepwise
gradient elution (system 1V) the separation
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Figure 4

R, values of the sulphonamides for the systems. I, Eluent:
methanol-water-0.09 M phosphate buffer (pH 7.85)
(3:3:4, viv/v) for all systems; adsorbent: silanized silica gel;
11, adsorbent: silanized silica gel with 0.01 mM g™ ! TBA-
Cl; I11, adsorbent: silanized silica gel with 0.01 mM g~!
TBA-IC (tetrabutylammonium iodide); IV, adsorbent:
silanized silica gel with 0.0l mM g™' cetrimide; V,
adsorbent: silanized silica gel with 0.01 mM g™! TCMA-Cl
(tricaprylylmethylammonium chloride).

M.L. BIEGANOWSKA etal.

Figure 5

Ry values of the sulphonamides for the systems. I, Eluent:
methanol-water—0.09 M phosphate buffer (pH 7.85)
(3:3:4, viviv) containing 0.5 mM TBA-Cl, adsorbent:
silanized sifica gel; II, eluent: methanol-water-0.9 M
phosphate buffer (pH 7.85) (3:3:4, v/viv), adsorbent:
silanized silica gel with .05 mM g~! TBA-CI; IIT, eluent:
as in system 1. Adsorbent as in system II; IV, four-step
gradient elution: methanol-water-0.09 M phosphate
buffer (pH 7.85) (3:3:4, v/v/v) containing 0.03, 0.02, 0.01
and 0.005 M TBA-Cl, respectively, adsorbent: silanized
silica gel.
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Figure 6

Ry values of the sulphonamides for the systems. I,
Fluent; methanol-water-0.09 M phosphate buffer (pH
7.85) (3:3:4, vivlv) with 0.5 M g™! cetrimide, adsorbent:
silanized silica gel; T, eluent: methanol-water—0.09 M
phosphate buffer (pH 7.85) (3:3:4, v/v/v), adsorbent:
silanized silica gel with 0.05 mM g™' cetrimide; I1I, eluent
as in system I, adsorbent as in system II; TV, four-step
gradient elution: methanol-water-0.09 M phosphate
buffer (pH 7.85) (3:3:4, v/v/v) containing 0.03, 0.02, 0.01
and 0.005 M cetrimide, respectively, adsorbent: silanized
silica gel; V, as in system 1V, adsorbent: silanized silica gel
with 0.05 mM g™ cetrimide.
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Figure 7

Ry values of the sulphonamides for the systems: 1, Eluent:
methanol-0.09 M phosphate buffer (pH 7.85) (6:4, viv),
adsorbent: HPTLC RP-18 plates dipped in 3% w/v TBA-
Cl in ethanol; II, eluent: as in system I, adsorbent:
HPTLC RP-18 plates dipped in 3% w/v TBA-Br in
ethanol; 111, eluent as in system 1, adsorbent HPTLC RP-
18 plates dipped in 3% w/v cetrimide in ethanol; 1V, four-
step gradient elution: methanol-0.69 M phosphate buffer
(pH 7.85) (6:4, v/v) with 0.03, 0.02, 0.01 and 0.005 M
cetrimide, respectively, adsorbent as in system III; V,
eluent: methanol-0.09 M phosphate buffer (pH 7.85) (6:4,
viv), adsorbent: HPTLC RP-18 plates dipped in 3% w/iv
HDEHP (di-2-(ethylhexyl)orthophosphoric acid) in the
eluent; VI, eluent: methanol-water (6:4, v/v), adsorbent
as in system V.

efficiency is better than in isocratic develop-
ment owing to the enhanced mutual displace-
ment of the solutes [18]. In this system almost
all compounds were separated.

Figure 6 shows the Ry, values of sulphon-
amides obtained for various systems containing
cetrimide as an ion-pairing reagent; the best
results were obtained when the counter-ion
was present in both phases simultaneously
(system III) and in gradient elution (system V).
The clution sequence of the compounds
changed with the addition of the counter-ion in
the stationary phase. These changes are advan-
tageous for optimization of the separation of
individual pairs of compounds.

The Ry values obtained on precoated
HPTLC RP-18 plates dipped in the counter-ion
reagent solution showed that the best results
were obtained for gradient elution with cetri-
mide as a counter-ion (Fig. 7, system IV},

Goed results were also obtained for anionic
ion-pair reagents, especially for camphoric acid
(Fig. 8). The selectivity parameter, ARy, for
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Figure 8
Ry values of the sulphonamides in the system. 1, Eluent:
methanol-water-0.09 M phosphate buffer (pH 3.5)

(3:3:4, viviv) containing 0.5 mM camphoric acid,
adsorbent is silanized silica gel; II, eluent: methanol—
water—0.09 M phosphate buffer (pH 3.5) (3:3:4, viviy);
adsorbent: silanized silica gel with 0.05 mM g~* camphoric
acid; II1, eluent as in system I, adsorbent as in system 11;
1V, four-step gradient elution: methanol-water-0.09 M
phosphate buffer (pH 3.5) (3:3:4, v/v/v) with (.03, 0.02,
0.01 and 0.065 M camphoric acid, respectively, adsorbent:
silanized silica gel.

each pair of investigated compounds, can be
easily estimated directly from the plots (Figs 4—
8). The ARy (Ryp2 — Ryqp) values are different
for the various systems owing to the differences
in the polarity of the substituents in the
structure of the sulphonamides and to their
interaction with mobile and stationary phases
containing ion-pairing reagents of different
properties.

The largest effect on retention and selee-
tivity was obtained when the ion-pairing re-
agent was incorporated in the stationary phase.

The possible application of the ion-pair
reversed-phase thin-layer data in the study of
quantitative structure—activity relationships
{QSAR) is demonstrated in Fig. 9 [19, 20].

The following regression equation for
correlation between the logarithm of the par-
tition coefficient, log P from the n-octanol-
water system [15] and Ry was obtained:

log P =203 Ry — 10
(r = 0.952, SD of the slope = 0.837).

This indicates indirectly that there may be a
correlation between Ry and biologicdl activity.
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Figure 9

Relationship between the Ry, value of each sulphonamide
(obtained by gradieni elution Fig. 6, system V, with
cetrimide as the ion-pairing reagent) and the logarithm of
the partition coefficient (log P value) [15].

The relatively high correlation coefficient (r)
indicates that the major factor (among other
factors [21-24]) that influences the retention of
solutes in the reversed-phase ion-pair chro-
matographic systems is solvophobic interaction
and that these systems can be used as an
approach for predicting the activities of con-
generic series of compounds [25-27].

Conclusions

Thin-layer reversed-phase ion-pair chro-
matography with cationic and anionic counter-
ions and isocratic or gradient elution has been
shown to be an efficient, straightforward and
cheap method for the analysis of mixtures of
sulphonamides. Stepwise gradient elution (not
widely used in planar chromatography) in-
creased the efficiency of separation and im-
proved the shape of the spots.

References

[1] E.R. Cross, J. Chromatogr. 478, 422-428 (1989).

M.L. BIEGANOWSKA eral.

[2] A. Weber and K.E. Opheim, J. Chromaiogr. 278,
337-345 (1983).

[3] M. Edstein, J. Chromatogr. 307, 426-431 (1984).

[4] 1. Wieling, J. Schepers, J. Hempenius, C.K. Mensink
and H.G. Jonkman, J. Chromualogr. 545, 101-114
(1991).

[5] 8.C. Su, A.V. Hartkopf and B.L. Karger, J. Chro-
matagr. 119, 523-538 (1976).

[6] R. Cieri, J. Chromarogr. 49, 492-502 (1970).

[7] S.L. Biagi, A.M. Barbaro, M.C. Guerra, G. Cantelli-
Forti and O. Gandolfi, J. Chromatogr. 206, 349-355
(1975).

[8] K. Datta and S.K. Das, J. Lig. Chromatogr. 11,
3079-3089 (1988).

(9] J. Sherma, W. Bretschneider, M. Dittamo, N.
DiBiase, D. Huh and D.P. Schwartz, J. Chromatogr.
463, 229-233 (1989).

[10] R. Robinsen, Nature 168, 512-513 (1951).

{11] R. Jain and A. Bhatia, J. Chromatogr. 441, 456457
(1983).

[12] L. Lepri, G.S. Desideri and V. Coas, J. Caromatogr.
405, 394—400 (1987).

[13] G. Szepesi, Z. Vegh, Zs. Gyulay and M. Gazdag, J.
Chromatogr. 290, 127-134 (1984).

[14] R.J. Ruane, 1.D. Wilson and J.A. Troke, J. Chro-
matogr. 368, 168—173 (1986).

[15] S. Lewis and 1.D. Wilson, J. Chromarogr. 312, 133~
140 (1984).

[16] 1.D. Wilson, J. Chromatogr. 354, 99-106 (1986).

[17] E. Soczewirski, in Planar Chromatography, Yol. 1
(R.E. Kaiser, Ed.), pp. 79-117. Huthig, Heidelberg
(1986).

[18] E. Soczewiriski and G. Matysik, J. Chromatogr. 8,
1225-1238 (1935).

[19] A. Leo, C. Hansch and D. Elkins, Chem. Rev. 71,
525-616 (1971).

[20] M.L. Bieganowska and E. Soczewinski, in Quenri-
tative Structure Activity Analysis, Symposium, Suhl
1976 (R. Franke and P. Ochme, Eds). Academie
Verlag, Berlin (1978).

[21] M.L. Bieganowska, E. Soczewiniski and M.
Janowska, Chromatographian 18, 99—-102 (1984).

{22] C. Horvath and W. Melander, J. Chromatogr. Sci. 15,
393-403 (1977).

[23] B.A. Bidlingmeyer, J. Chromatogr. Sci. 18, 525-531
(1980).

[24] E. Tomlinson, T.M. Jefferies and C.M. Riley, J.
Chromatogr. 159, 315-358 (1978).

[25] R. Kaliszan, J. Chromatogr. 220, 71-83 (1981).

[26] M. Bieganowska, Chromarographia 18, 456-438
(1984).

[27] M.L. Bieganowska and K. Glowniak, Acte Polon.
Pharm. 47, 35-38 (1990).

[Received for review 23 June 1992,
revised manuscript received 29 July 1992]



