STUDIA UNIVERSITATIS BABEŞ-BOLYAI, PHYSICA, SPECIAL ISSUE, 2001

I. BRATU, RODICA GRECU, GH. BORODI, FELICIA GOZMAN-POP, M. BOJITA

Spectroscopic investigation of some polymorphic drugs. Part I. IndomethacinE

Spectroscopic investigation of some polymorphic drugs. 

PART I. IndomethacinE
I. BRATU1, RODICA GRECU2, GH. BORODI1, 

FELICIA GOZMAN-POP3, M. BOJITA3
1National Institute for Research and Development of Isotopic and Molecular Technologies, 

P.O. Box 700, R-3400 Cluj-Napoca 5, ROMANIA, E-mail: ibratu@L30.itim-cj.ro

2"Raluca Ripan" Institute of Chemistry, Fantanele 30, R-3400 Cluj-Napoca

3"Iuliu Hatieganu" University of Medicine and Pharmacy, Pasteur 6, R-3400 Cluj-Napoca

ABSTRACT. The polimorphism of Indomethacine, an antiphlogistic drug, was investigated by X-ray diffraction and FTIR spectral methods. The recrystallization from various solvents has as effect the formation of two polymorphs and different solvates.
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Introduction

An adequate selection of the drugs crystalline structure is a major task of the pharmacists. They should include in their investigations the thermodynamical and stability aspects and also the behavior of these drugs in living organisms.

In a crystalline material the constituent molecules are part of an orderly three-dimensional structure. Often, depending on the particular crystallization conditions, the molecules arrange themselves in various forms (crystal lattices). This type of crystalline material is said to be polymorphic and each of its crystal ordering is called a polymorph. In other words the polymorphs are substances with the same chemical composition but presenting different crystalline forms (various crystallographic systems, lattice parameters and position of the atoms in the elementary cell). When the crystal lattice include solvent molecules in its structure, the recrystallization leads to the formation of solvates or ˝pseudo-polymorphs˝.

The significance of polymorphism to the pharmaceutical industry lies in the different properties (e.g. solubility, dissolution rate, chemical reactivity, melting point, resistance to degradation, bioavailability) of various polymorphs, which dictate the biodisponibility of the active substance.

The Indomethacine i.e. 1-(p-chlorobenzoil)-5-methoxy-2-methylindol-3-acetic acid is a drug that presents antiphlogistic, analgesic and antipiretic activities. There exist discussion in the literature concerning the polymorphism of the Indomethacine [1]. In order to study the polymorphism of this drug, the X-ray diffraction patterns and infrared spectra are used in the present paper.

Experimental

Indomethacine was prepared in accordance to literature [2]. By recrystallization from toluene and methanol two polymorphic forms, named I (m.p. 153–154() and respectively II (m.p. 159–164(), were obtained. Other samples were prepared by recrystallization from benzene, chloroform, ethanol and ethyl ether.

X-ray diffraction spectra were obtained with a DRON-2 powder diffractometer using the CuK( radiation and a Ni filter. Infrared spectra were registered in the 400–4000 cm–1 spectral range with a JASCO-610 FTIR spectrometer using KBr pellet and chloroform solution techniques. 

Results and Discussion

There are some questions concerning the number of the polymorphs of Indomethacine: three (( with m.p. 154.5–155.5(, ( with m.p. 158-160(( and ( with m.p. 160-161.5() [1] or only two (form II with m.p. 160(, form I with m.p. 154() [3,4]. It is known only the fact that Indomethacine with therapeutic efficiency, named here form I, is a crystalline powder (triclinic crystallographic form [1]), m.p. 153–154(.

A polymorphic transformation is characterized by a change in which a reorganization of ions appears, atoms or molecules that occupy the nodes of the lattice. For different polymorphs one can modify the crystallographic system, the parameters of the elementary cell and the mode of the distributions of the atoms in the elementary cell. The parameters of the elementary cell determine the positions of the diffraction maxima whereas the positions of the atoms the intensities of the diffraction lines.

Our data evidence two polymorphs of Indomethacine. One can see, by inspection of the Fig. 1, different diffraction lines and different angular position and intensities of the lines for the samples of Indomethacine obtained by recristallization from toluene (form I) and methanol (form II). That means different parameters of the elementary cell and distinct positions of the atoms in the cell. The triclinic elementary cell having the parameters given in literature [1] is confirmed from X-ray diffraction spectrum of Indomethacine I.

Each polymorph, usually has typical, differential IR and NIR spectra by virtue of atomic vibrations in the molecule being influenced by their differential ordering in the crystal lattice. Infrared spectra of Indomethacine I and II registered in chloroform solution are identical while the spectra of these samples prepared using KBr pellet technique are different (Figure 2). This situation is characteristic for polymorphs and is due to difference in crystal structure. 


For Indomethacine: 

[image: image1.wmf]N

C

H

3

C

O

O

O

H

C

C

H

2

H

3

C

O

C

l


infrared spectra suggest that hydrogen bonds have an important role in structure of polymorphs. Comparative to Indomethacine I, the frequency of both C=O stretching vibrations is shifted to lower values. 
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Figure 1.  X-ray diffraction spectra for Indomethacine I and II polimorphic forms.

The thermal behaviour and infrared spectra indicate that Indomethacine sample recrystallized by us from chloroform (m.p. 95–104() is a ˝peudo–polimorph˝; solvent molecules are included in the crystalline lattice. The position of ν(C=O) bands from infrared spectrum is significant. We assigned them as follows (in bracket is indicated the solvent used for recrystallization):







((C=O) 

((C=O)(carboxy)

Indomethacine I  (toluene)


1717.3 cm–1
     1691.7 cm–1
Indomethacine II (methanol)


1700.4 cm–1
     1677.8 cm–1
Indomethacine     (chloroform)


1696.1 cm–1
     1676.8 cm–1
Indomethacine     (ethanol)


1691.7 cm–1
     1679.7 cm–1
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Figure 2. FTIR spectra of various samples of Indomethacine polymorphs (––) (form I, up; form II, down) and ″pseudo-polymorphs″ (---) (recrystallized from chloroform, up; from ethanol, down).


The use of benzene as solvent does not influence the structure of Indomethacine I. The sample obtained by recrystallization from ethyl ether has spectra alike Indomethacine II. The existence of two colored polymorphs prepared by Borka [5] using as solvent benzene and methanol is questionable.

Conclusions

Indomethacine has two polimorphic forms and the infrared spectra of the solid samples prepared by KBr technique can be used to identify the therapeutic active form (Indomethacine I). The frequency of ν(C=O) bands is quite characteristic and distinct from that of the other polymorphic form or solvates.
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