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ABSTRACT

The biologically active Schiff’s base derived from sulphonamide displays conformational
polymorphism and thermochromic behaviour upon heating. The solid state reaction of the
polymorphic transformation has been studied using differential thermal analysis, thermo-
gravimetric analysis, electrical conductivity, X-ray powder diffraction and IR spectral tech-
niques.

INTRODUCTION

Polymorphic transformations convert one crystal form of a chemical
compound to another. The product of these transformations is the most
stable crystal form. On the other hand, polymorphs are interconvertible via
dissolution and recrystallization processes as well as solid state reactions.
Crystal polymorphs are common in the field of drug manufacture. The
presence of a polymorph can alter both the chemical reactivity and the
pharmaceutical properties, including the bioavailability, of a compound [1].
The polymorphism of sulphonamides has been studied extensively [1-35].
Results indicate that the widespread polymorphism of these drugs is prob-
ably due to (a) the availability of a variety of sites for hydrogen-bonding,
and (b) the occurrence of a number of ring—ring stacking modes [1]. Studies
have also been made of the conformational polymorphism (i.e. polymor-
phism in which the conformation of the molecule is strikingly different in
the two polymorphs) of various Schiff’s bases [6]. The present work investi-
gates the conformational polymorphism of a biologically active [7] Schiff’s
base (I) derived from sulphonamide.
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EXPERIMENTAL

The Schiff’s base 1 was prepared according to a method reported in
previous works [7,8]. Crystallization and recrystallization of the compound
were performed in ethanol. Differential thermal analysis (DTA) was per-
formed using a Shimadzu XD-30 thermal analyser with a heating rate of
10°C min~'. Thermogravimetric (TG) analysis was carried out by recording
the weight of the sample before and after a DTA run up to 180°C. The
conductivity measurements were taken using a Keithley 175 autoranging
multimeter with applied voltage of 250 V. X-ray diffraction analysis was
performed using a Shimadzu XD-3 diffractometer with Cu Ka. IR spectra
were measured quantitatively on KBr discs using a Perkin-Elmer 598
(4000-200 cm ') spectrophotometer.

RESULTS AND DISCUSSION
Thermal studies

The compound under investigation I shows a polymorphic transformation
upon heating up to 170°C, giving another polymorph Ia. This solid state
transformation reaction and the polymorphs obtained were studied using
DTA, TG and electrical conductivity techniques. The DTA curve for I (Fig.
1) shows an endothermic peak in the temperature range 100-165°C. This
peak can be assigned to phase transition; on the basis of TG measurements
which show no weight loss within that temperature range. The phase
transition reaction is irreversible, as can be seen from the absence of its peak
in the DTA curve for Ia (Fig. 1). The polymorph Ia does not revert to I
either on standing in air or on crystallization from ethanol (Fig. 1). The
phase transition peak is followed by two endothermic peaks at 246 and
280°C (Fig. 1), which can be assigned to melting and material decomposi-
tion, respectively. The energy of activation E, and the order of this phase
transition reaction were evaluated from the DTA peak. The value of E,, as
obtained by the method of Piloyan et al. [9] (Fig. 2), is 3.16 kJ mol . The
order value, as obtained by Kissinger’s peak asymmetry method [10], is 0.8.
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Fig. 1. DTA curves for I and Ia.

It is interesting that both I and Ia display thermochromic behaviour (a
reversible colour change from yellow to orange) upon heating up to 110°C.
The same phenomenon has been observed for many Schiff’s bases, especially
salicyl derivatives, and has been attributed to keto—enol tautomerism [11].

CH=N—R == CH—N—R
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This may explain the very weak reversible endothermic peak observed at
110°C in the DTA curve for Ia.

Further evidence for the present phase transition and its irreversibility is
furnished by the electrical conductivity behaviour of I with changing tem-
perature. The conductivity was recorded through ascending and descending
temperature within the range 30-206°C. The ascending run (Fig. 3) indi-
cates semi-conducting behaviour with activation energy AE of 0.50 eV above
the knee temperature of 181°C. Within the range 30-115°C the conductiv-
ity values are nearly constant. The temperature range within which decreas-
ing conductivity is observed (115-166° C) coincides exactly with that of the
endothermic DTA peak. This suggests that the energy of the system is
involved in the phase transition rather than in the thermal agitation of
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Fig. 2. A plot constructed from the DTA curve for 1.
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electrons, resulting in lower conductivity values. The descending run also
shows semi-conducting behaviour with the same activation energy AE of
0.50 eV above the knee temperature of 167°C. The constant conductivity
values within the temperature range 30-167°C, and especially 115-166°C,
suggest that the process under investigation is irreversible.

Spectroscopic studies

The phase transition was also studied using X-ray diffraction. Figure 4
shows the different X-ray diffraction patterns of I and Ia, indicating the
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Fig. 4. X-ray powder diffraction patterns of I and Ia.

presence of two phases (two polymorphs). IR spectroscopy can also be a
useful tool in the investigation of conformational polymorphism [1]. The IR
spectra of polymorphs I and Ia are significantly different (Fig. 5). Confor-
mational polymorphism is indicated by differences in the intensity, shape
and in some instances position of some peaks, especially those for YNH,,
phenyl ring overtones and combinations, »C-N, ring vibration and CH
out-of-plane deformation [12], in the regions 3500-3200, 2100-1800,
1350-1100, 1000-900 and 850-700 cm™!, respectively [1,13,14]. In other
words, the conformation of the molecule is strikingly different in the two
polymorphs I and Ia.
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