






















































M. de Jaaer1, W. Liebenberg1, M. Brits1
1 Research Institute for Industrial Pharmacy, School for Pharmacy, North-West University,

Potchefstroom Campus, Potchefstroom, 2520, South Africa.

Purpose
To prepare different crystal forms of clarithromycin from organic solvents by recrystallisation, and to determine the physico-chemical properties of these different crystal forms.

Background
Clarithromycin is a 14-membered ring macrolide antibiotic -a derivative of erythromycin, with a similar spectrum of activity and clinical uses, but with a more consistent absorption and

a longer half~ife. [I)

Methods

Clarithromycin raw material was recrystallised from acetone, methanol, ethanol, n-propanol, iso-propanol, n-butanol, DMSO, THF, DMF, ethyl acetate, chloroform, ACN, benzene,
dioxane, ethanol-water mixture (50:50). Various analytical techniques used to characterise the different polymorphic forms of clarithromycin included: DSC (Shimadzu DSC-50), TGA

(Shimadzu TGA-50), IR (Nicolet Nexus 470-FT-IR spectrometer), XRPD (Bruker D8 Advanced diffractometer) and TM (Nikon thermo microscope).

Results
The literaturel2"]describes Forms 0, I, II, III and IV as
follows: Form 0 a solvate, Form I a metastable form, Form II
the stable form, Form IIIan acetonitrile solvate and Form IV
as amorphous. Drugs currentlyon the market are formulated
from the thermodynamicallymore stable Form II.Therefore,
preparation of the current commercial entity requires
converting the Form Icrystals into FormII.
Crystals recrystallised from dioxane showed definite
similarities to those of the Form 0 as described in the
literature. Acetone, ethanol, ethanol-water mixture (50:50),
ethyl acetate and THF produced crystals similar to those of
the described Form II.
According to TGA and DSC results it seemed that
recrystallisation from chloroform produced crystal forms
representative of a chloroform solvate. The XRPD patlems
of the chloroformsolvate confirmed that it differed fromthe
published solvates, Forms 0 and III.
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Figure 1: Overlay of DSC thennograms: Fonn II(red) and CHCI, solvate
(blue). TGA thermogram (blue dotted line) of the chlorofonn solvate
indicating a weight loss of 20.274%.

Figure 2: Overlay of IR-speclJa: Form II(red) and CHCI, solvate (blue).

Figure 3: TM images of the chloroform solvate submerged in silicon oil, indicating the desoIvation process at various temperatures: (A)
3O'C, (6) 119"C. (C) 145"C, (D) Melting process.

Table 1: XRPD peak-list lor Form ()I'I.CHCI, solvate
& Form 11I[011forthe range: 3 - 25 '20.

Figure 4: XRPD pattern of the chlorofonn solvate.

Conclusion

Apart from the published solvates, i.e. Forms 0 and III (from acetonitrile) as described in literature, a
chloroform solvate with different physico-chemical properties were prepared and characterised

according to differences shown in the DSC, TGA, IR and XRPD results.
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INTRODUCTION

Clarithromycin, a 14-membered-ring, macrolide antibiotic, is a derivative of

erythromycin. Its spectrum of activity and its clinical uses are very similar to those

of erythromycin, but its absorption is more consistent, whilst it also has a longer

half-life (Dollery, 1999:C248).

Clarithromycin is reported to have at least 5 polymorphic modifications, U.S.

Patent Numbers 5,945,405 (Form 0); 5,858,986 (Form I); 5,844,105 (Form II);

6,627,743 B1 (Form III) and 6,599,884 (Form IV).

These forms can be summarised as: Form 0, a solvate, which is converted into

Form I by removing the solvent from the crystal lattice; Form II which can be

isolated directly through recrystallisation with organic solvents or by heating the

crystals of Form I; Form III, an acetonitrile solvate; and Form IV, an amorphous

polymorph.

The Merck Index (2001:408) reports a melting point of 222-225°C for

clarithromycin (crystals from ethanol) and a melting point of 217-220°C for needles

recrystallised from a chloroform and diisopropyl ether mixture.

The aim of this study was to prepare and characterise novel polymorphic forms.

EXPERIMENTAL

Methods of preparation

In this study, clarithromycin raw material was recrystallised from a number of

solvents. The raw material that was used in this study was obtained from Teva

(Tech Ltd. control no. 376100102). Saturated solutions of clarithromycin powder

were prepared in various solvents. These saturated solutions were prepared in
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glass polytops, by heating each solvent close to its boiling point, whilst stirring

continuously with a magnetic stirrer and slowly adding the clarithromycin powder.

The polytops were then sealed with perforated plastic caps, allowing the solvent to

slowly evaporate at room temperature. The results that were obtained will be

described in the following section, according to the different solvents used.

X-Ray Powder Diffractometry (XRPD)

The X-ray powder diffraction (XRPD) profiles were obtained at room temperature

with a Bruker D8 advance diffractometer (Bruker, Germany). The measurement

conditions were: target, Cu: I<B-filter, Ni; voltage, 40 kV; current, 30 mA;

divergence slit, 2 mm; anti scatter slit, 0.6 mm; detector slit, 0.2 mm; scanning

speed, 2°/min (step size 0.025°; step time, 1.0 see). Approximately 200 mg of

sample was loaded into an aluminium sample holder, taking care not to introduce

a preferential orientation of the crystals.

Thermal Analysis

Differential scanning calorimetry (DSC) thermograms were recorded with a

Shimadzu DSC-50 instrument (Shimadzu, Kyoto, Japan). Samples weighing

approximately 3-5 mg were heated in closed aluminium crimp cells, at a rate of

10°C/minute, under nitrogen gas flow of 35 mUminute.

Thermogravimetric (TGA) thermograms were recorded with a Shimadzu TGA-50

instrument (Shimadzu, Kyoto, Japan). The sample weight was approximately 5-8

mg and a heating rate of 10°C/minute, under nitrogen gas flow of 35 mUminute,
was used.

Infrared Spectrophotometry (IR)

IR spectra were recorded on a Nicolet Nexus 470-FT-IR spectrometer, over a
-1

range of 600 -4000 em . The diffuse reflectance method was used.
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Scanning electron microscopy (SEM)

Photomicrographs of the possible clarithromycin polymorph crystal forms were

obtained with a Philips XL 30 Scanning electron microscope (Philips,

Netherlands). The samples were adhered to a small piece of carbon tape,

mounted on a metal stud and coated with a gold-palladium film (Eiko Engineering

ion Coater IB-2).

RESULTS AND DISCUSSION

The crystals that were recrystallised from ethyl acetate were characterised and

identified. These crystals recrystallised from ethyl acetate showed a unique XRPD

pattern, compared to the forms reported in literature, and was hence identified as

the following form in the existing nomenclature, i.e. Form V. Although the XRPD

pattern of these crystals showed significant differences, the IR spectrum did not

show any differences when compared with that of Form II. The melting point as

determined from DSC analysis, was recorded as 223°C. After approximately six

months at room conditions, Form V transformed into the thermodynamically more

stable Form II. The diffraction XRPD pattern of Form V is shown in figure 1.
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Figure 1 An overlay of the XRPD patterns of clarithromycin crystals

recrystallised from ethylacetate: (a) Form V and (b) Form V after 6 months.
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The powdered sample (Form V) was dispersed in KBr and its DRIFTS was

recorded (Figure 2).
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Figure 2 The IR spectrum of clarithromycin crystals recrystallised from ethyl

acetate (Form V).

Approximately 2-5 mg of the crystals were weighed into an aluminium crimp cell

and sealed. The DSC thermogram was recorded, which showed a melting

endotherm at a temperature of 223.66°C (figure 3).

223.eeC

...'

Figure 3 The DSC thermogram of clarithromycin crystals recrystallised from

ethyl acetate (Form V).
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The SEM photomicrograph of Form V (figure 4) showed shapeless crystals of

varying shapes and sizes.

Figure 4 SEM photomicrograph of clarithromycin Form V recrystallised from

ethyl acetate.

The crystals obtained from chloroform through slow recrystallisation showed some

XRPD peaks that correlated with those of the solvated Form O. Some of the

XRPD peaks, however, also showed peaks distinctive of a new form that was

classified during this study as Form VI. The IR, DSC and TGA results confirmed a

chloroform solvate. This characterisation and identification of these crystals were

done according to the characterisation methods.

The XRPD patterns were recorded on the powdered samples of the crystals that

were recrystallised from chloroform. The majority of XRPD peaks showed

resemblances to both the solvated Forms 0 and III, as described in literature.

However, there were also peaks present that suggested a new crystal form not yet

reported in the literature, i.e. Form VI (figure 5).
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Crystals that were recrystallised from chloroform were powdered, dispersed in KBr

and the DRIFTS recorded. The IR spectrum showed similarities to that of Form I

(figure 6).

3000 2OCO

7.

55

eo

55

Wav.numb8..~m-1)

Figure 6 The IR spectrum of clarithromycin crystals recrystallised from

chloroform.
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Figure 5 The XRPD pattern of clarithromycin crystals recrystallised from

chloroform.



Approximately 2-5 mg of the crystals that were recrystallised from chloroform were

weighed into an aluminium crimp cell and sealed. The sample was heated at a

rate of 10°C/min, under a nitrogen purge of 35 ml/min. These crystals showed an

exotherm at 112.50°C, a desolvation endotherm at 119.28°C, a small endotherm

at 146.09°C and a melting endotherm at a temperature of 230.89°C, as illustrated

in figure 7. The TGA thermogram showed a weight loss of 13%, indicating a

chloroform solvate, thus correlating well with the theoretical weight loss of a

chloroform solvate of 13.75%.
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Figure 7 DSC and TGA thermograms of clarithromycin crystals recrystallised

from chloroform.

The SEM photomicrograph (figure 8) of crystals obtained through recrystallisation

from chloroform (chloroform solvated Form VI) showed shapeless crystals, varying

in shapes and sizes.
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Figure 8 SEM photomicrograph of the clarithromycin chloroform solvate.

The recrystallisation from chloroform produced a new solvated form, Form VI.

This form had a melting point of 230°C, somewhat higher than that of the other

forms. The DSC and TGA results confirmed the presence of a solvate, and the IR

spectrum was comparable to that of Form I, except for the broad "shoulder" in the

region of 3060-3270 cm-1.

CONCLUSION

Different solvents were used for the recrystallisation study of clarithromycin. Two

new forms were prepared, i.e. a new polymorphic form from ethyl acetate, Form V,

and a chloroform solvate, Form VI.

These new forms were characterised, using spectral and thermal methods. The

existence of solvates was also confirmed with thermal microscopy.

Although IR may be used as a method for the identification of clarithromycin, it

was not an effective method of characterisation for distinguishing between the

various polymorphic and pseudopolymorphic crystal forms of clarithromycin.

Contrary, XRPD proved to be an effective method of differentiation.
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