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Abstract 

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

erythromycin, that is commonly used for the treatment of chronic, obstructive upper - 
and lower respiratory -, skin - and soft tissue -, as well as for gastric (duodenal ulcers 

caused by H. pylon] infections. 

During this study, polymorphic and pseudopolymorphic forms were evaluated, 

identified and characterised, using normal spectral and thermal methods, such as x- 

ray powder diffractometry, infrared spectroscopy, differential scanning calorimetry, 

thermogravimetrical analysis and thermal microscopy. 

Literature described Form 0, a solvate; Form I, a metastable polymorph; Form II, the 

thermodynamically more stable polymorph; Form Ill, a solvate (from acetonitrile) and 

Form IV, an amorph. 

Various solvents were used for slow recrystallisation of clarithromycin. The 

thermodynamically more stable Form II was prepared from acetone, methanol, 

benzene, dimethylformamide and tetrahydrofuran. Recrystallisations from acetonitrile 

produced Form II, and not Form Ill as reported in the literature. Two new forms, i.e. 

an ethyl acetate (Form V) and a chloroform solvate (Form VI) were prepared. 

Recrystallisation from both ethanol and iso-propanol produced Forms 0 and II. 

Although Form 0 desolvated prior to analysis, thus no longer contained the 

recrystallisation solvent, these crystals retained the structure of the solvated Form 0. 

Form 0 was recrystallised from n-propanol, n-butanol, dioxane and dichloromethane. 

Forms 0, 1, Ill, V and VI all transformed into the thermodynamically more stable Form 

II, after storage at room conditions. 

The dissolution results, relating to chloroform recrystallisation, showed that 

desolvation can improve the dissolution rate, since the chloroform solvate had a poor 

dissolution performance (61% afler 30 minutes), whilst the desolvated form was 

almost completely dissolved within 30 minutes (96%), in the 0.1 M sodium acetate 

buffer. 



Uittre ksel 

Klaritromisien is 'n 14-lid, ring-makrolied antibiotikum, en 'n derivaat van eritromisien. 

Klaritromisien word algemeen vir die behandeling van bakteriele infeksies, soos kroniese 

boonste - en onderste - respiratoriese -, vel - en sagte weefsel -, sowel as vir 

gastrorntestinale (duodenale ulkusse, veroorsaak deur H. pylon] infeksies gebruik. 

Tydens hierdie studie is polimorfiese en pseudopolimorfiese vorme geevalueer en 

gekarakteriseer, deur van tegnieke, soos x-straal poeierdiffraktometrie, infrarooi- 

spektrofotometrie, differensiele skanderingskalorimetrie, termogravimetriese analise en 

termiese mikroskoskopie gebruik te maak. 

Beskikbare literatuur het Vorm 0, 'n solvaat; Vorm I, 'n metastabiele polimorf; Vorm 11, 'n 

termodinamies meer stabiele polimorf; Vorm Ill, 'n solvaat (uit asetonitriel) en 'n amorfe 

Vorm IV beskryf. 

Klaritromisien is deur middel van 'n stadige rekristallisasie-metode uit verskeie 

oplosmiddels gerekristalliseer. Die termodinamies meer stabiele Vorm II is uit asetoon, 

metanol, benseen, dimetielformamied en tetrahidrofuraan gerekristalliseer. 

Rekristallisasies vanuit asetonitriel het, in teenstelling met die literatuur, nie Vorm Ill 

opgelewer nie, maar we1 Vorm II. Twee nuwe vorme, naamlik Vorm V vanuit etielasetaat, 

en 'n chloroform-solvaat, Vorm VI, is ook tydens hierdie studie berei. 

Rekristallisasies vanuit beide etanol en isopropanol het elk Vorm 11, sowel as die 

gedesolveerde solvaat, Vorm 0, opgelewer. Alhoewel Vorm 0 alreeds voor analise 

gedesolveer het, dus die rekristallisasie oplosmiddel verloor het, het hierdie kristalle die 

struktuur van die gesolveerde Vorm 0 behou. 

Vorm 0 is vanuit n-propanol, n-butanol, dioksaan en dichloormetaan gerekristalliseer. 

Vorms 0, 1, Ill, V en VI het na blootstelling van die kristalle aan standaardtemperatuur en 

standaarddruk (STD) toestande, na die termodinamies meer stabiele Vorrn II omgeskakel. 

Die dissolusie-resultate rakende chloroform rekristallisasie het getoon dat desolvering die 

dissolusie-tempo kan verbeter, aangesien die chloroform-sdvaat- mak gedissoleer - het 
- - - - - - - - - - - -  

- - - - - - - - - - - - -  
- - - - - - -  

(61% %a- 30 minute), tetwyl die gedesolveerde vorm byna volledig binne 30 minute 

opgelos het (96%), in die 0.1 M natrium-asetaatbuffer. 

Die dissolusie-resultate het goeie dissolusie-profiele vir meeste van die vorme getwn. 



Aims and Objectives 

Identification and Evaluation of Different Clarithromycin 

Polymorphic Forms 

Clarithromycin, the semi-synthetic derivative of erythromycin, is used in the 

treatment of certain infections (caused by bacteria), such as ear -, lung -, gastric -, 

skin - and throat infections. Since clarithromycin has been introduced as a 

measure of prevention and treatment of Mycobacterium avium infections in 

patients with AIDS, the need for cost effective generics has become essential. 

A literature search revealed five patents that had been registered on 

clarithromycin, which included the solvated Forms 0 and Ill, a metastable Form I, a 

thermodynamically more stable Form II and an amorphous Form IV. Since these 

patents were not very informative with regards to the physico-chemical properties 

of these polymorphic forms, it was decided to investigate the different polymorphic 

forms of clarithromycin. 

The following study objectives were set and pursued: 

A literature search to investigate and identify the physico-chemical 

properties of the different polymorphic forms described in the patents; 

The preparation of different clarithromycin crystal forms through 

recrystallisation from various solvents; 

The characterisation of the different crystal forms as either polymorphs, or 

pseudopolymorphs, according to their physico-chemical properties, using a 

representative set of analytical techniques; and 

The determination of the dissolution profiles of some selected crystal forms. 

- - - - -  - - - - - -  - - - - - - - - - -  
- - - - 

- - - - - 
- - - - - -  - - - - 

- - - - - - - - -  

- - - - - -  - - - - - -  - - -  ' washopeddthat the characterisation and evaluation of the various clarithromycin 

polymorphic forms would aid in providing a better understanding of the solid-state 

properties of this macrolide antibiotic. 



An attempt was also made during this study to establish a more comprehensive 

set of guidelines to the pharmaceutical industry that would aid in selecting the best 

form of clarithromycin to be used in manufacturing. 

The outcomes of this study also aimed at identifying and describing those 

analytical methods that could be used for the identification of the selected raw 

materials. 

These objectives were chosen, since only an understanding of the behaviour and 

the solid-state properties of drugs would lead to the implementation of acceptable 

methods that would ensure safe and effective dosage forms. 

xii 



Chapter 1 

The Influence of Polymorphism and Pseudopolymorphism on the 

Solid-state Properties of Drugs 

I I Introduction 

In South Africa, where generic manufacturing is widespread, active 

pharmaceutical ingredients, from numerous sources and at substantially different 

prices, are available to most pharmaceutical manufacturers. Given the large 

selection of suppliers, it may be difficult to choose the pharmaceutically most 

suitable raw material in terms of purity and physico-chemical properties. 

A generic formulation contains the same active ingredient(s) as its inventor 

product, no longer under patent protection. Any number of such generic products 

can be placed on the market, all with formulations similar to, but not necessarily 

identical to, the inventor product. However, all generic formulations must comply 

with the same stringent safety and quality requirements as stipulated for the 

inventor product (www.abpi.om. uk). 

The World Health Organisation (WHO) published guidelines on the registration 

requirements for interchangeability of generic (multisource) pharmaceutical 

products. These guidelines state that the generic products must satisfy the same 

standards of quality, safety and efficacy as those applicable to the corresponding 

innovator product. It is hence recommended that the quality attributes of a generic 

product should be tested against the innovator product, for which interchange is 

intended (WHO, 2002: 161). 

Although the production of generic drugs clearly is essential for economic and 

humanitarian reasons, it should not lead to deficiencies in the quality and standard 

of pharmaceutical products. Numerous articles, discussing the effects or 
- - - - - - - - - - - - - - - - - - - -  

- - - - - - - - - - - - - - - -  

infku6ncKof the physico-chemical properties, of pharmaceutical solids (active 

pharmaceutical ingredients [APl's] and excipients), on the manufacturing process, 

stability and bioavailability of various dosage forms, have been published (Bauer 

et a/., 2002:76, Byrn et a/. , 1995:3). 



Due to specificity of its registration, the quality of a generic or multisource product 

are based on the following three criteria: 

Quality of raw material; 

Stability studies; and 

Bioequivalence studies. 

Problems regarding the quality and stability of active pharmaceutical ingredients 

(APl's), such as polymorphism and other physico-chemical differences, are most 

common. These are, however, easily detected with appropriate analytical 

methods (Abelli et a/. , 2001 : 103). 

Two pharmaceutical products are bioequivalent if they are pharmaceutical 

equivalents, or alternatives, and if their bioavailabilities (rate and extent), after 

administration in the same molar doses, are similar to such degree that their 

effects, with respect to both efficacy and safety, will be essentially the same. The 

bioavailability of an active ingredient depends on intrinsic factors (granulometry, 

polymorphism, solubility, dissolution rate, level of purity, etc.), external factors and 

interpersonal variations among patients (Abelli et a/. , 2001 : 104). 

Polymorphic and pseudopolymorphic studies of drugs offer unique opportunities 

for the continuous improvement of pharmaceutical products and also serve as a 

source of information to the pharmaceutical industry. 

This chapter is thus directed towards the solid-state properties of drug substances, 

with special emphasis on crystal polymorphism and pseudopolymorphism. 

1.2 Polymorphism 

Opverp 
, -  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

ast decade, the occurrence of polymorphism among APl's and 

excipients has been extensively described. According to Grant (1 999:2), 

pharmaceutical solids exhibit polymorphism when the same pure substance exists 

in two or more different crystalline phases, having different arrangements and I or 

conformations of molecules in the crystal lattice. If a crystalline substance occurs 



in two crystalline forms, the one is always the thermodynamically more stable form 

at a given temperature, while the other is the metastable form. Sometimes there 

are more than two polymorphic forms for a particular identity, such as 

phenobarbital, having 1 1 polymorphic forms (Borka, 1991 : 16-1 8). Due to the 

differences in the unit cell parameters of polymorphic crystals, they display 

different physical properties, for example thermodynamic, spectroscopic -, 

mechanical -, surface - and kinetic properties (Grant, l999:1-33). 

Solvates, also known as pseudopolymorphs, are crystalline adducts, containing 

solvent molecules incorporated into the crystal structure, in either stoichiometric, 

or nonstoichiometric proportions, giving rise to unique differences in the physical 

and pharmaceutical properties of the drugs. If the incorporated solvent is water, 

the solvated form is called a hydrate (Vippagunta et ab, 2001 :4). 

Desolvated solvates form when a solvate is desolvated and the crystal retains the 

structure of the solvate (Byrn et a/., 1994: 1 148). Desolvated solvates are less 

ordered than their crystalline forms and are difficult to characterise, because 

analytical studies indicate that they are unsolvated materials (or anhydrous crystal 

forms), when in fact they have the structure of the solvated crystal forms from 

which they were derived (Byrn et a/. , l995:946). 

Byrn et a/. (1995:949) gave several reasons to emphasise the importance of 

characterising solvated and hydrated crystal forms: 

They may be the penultimate form, used to crystallise the final product and 

thus require controlled characterisation; 

They may form when the final crystallisation from solvents, especially mixed 

solvents, is not well controlled; 

They may be the actual crystallised form in a final product that is desolvated 

during a final drying step; and 

They may be the forms used in recovery for subsequent rework. 

Each possible crystal form of a polymorphic substance has a solubility value under 

a fixed set of conditions, such as solvent composition, temperature and pressure. 



If crystals of two forms have been produced, the system will always tend to 

produce only the less soluble of the two forms (Byrn, 1999:19). 

In monotropic systems the higher melting point is regarded as the more stable 

form, while in enantiotropic systems the higher melting form may be more soluble 

at a particular temperature, and therefore less stable. If the higher melting form 

has a lower heat of fusion, the system can be enantiotropic (Rocco & Swanson, 

1995:235). Put differently, when two polymorphs are enantiotropically related, the 

one polymorph is more stable at one temperature, whereas at a different 

temperature the other polymorph is physically more stable (Byrn et a/., 1995:950). 

Different polymorphs of a given compound may differ in structure and properties, 

such as the crystals of two different compounds. These differences among 

polymorphic forms are seen, for example, in variations of solubility, melting point, 

density, hardness, crystal shape, optical and electrical properties and vapour 

pressure (Haleblian & McCrone, l969:9ll). 

Table 1 .I illustrates the physical properties that may differ among various 

polymorphs (Grant, 1999:7). 



Table 1.1 List of  physical properties that may differ among various polymorphs 
Grant. 1 999:7) 

1. Packing properties 

a. Molar volume and density; 
b. Refractive index; 
c. Conductivity (electrical and thermal); and 
d. Hygroscopicity. 

2. Thermodynamic properties 

Melting and sublimation temperatures; 
Internal energy (i.e. structural energy); 
Enthalpy (i.e. heat content); 
Heat capacity; 
Entropy; 
Free energy and chemical potential; 
Thermodynamic activity; 
Vapour pressure; and 
Solubility. 

3. Spectroscopic properties 

a. Electronic transitions (i.e. ultraviolet-visible absorption spectra); 
b. Vibrational transitions (i.e. infrared absorption spectra and Raman spectra); 
c. Rotational transitions (i.e. far infrared or microwave absorption spectra); 

and 
d. Nuclear spin transitions (i.e. nuclear magnetic resonance spectra). 

4. Kinetic properties 

a. Dissolution rate; 
b. Rates of solid-state reactions; and 
c. Stability. 

5. Surface properties 

a. Surface free energy; 
b. Interfacial tensions; and 
c. Habit (i.e. shape). 

a. Hardness; 
b. Tensile strength; 
c. Compactibility, tableting; and 
d. Handling, flow and blending. 



All these concerns have led to an increased regulatory interest in the 

understanding of the solid-state properties and behaviour of drug substances. For 

approval of a new drug, the drug substance guideline of the United States Food 

and Drug Administration (FDA) states that "appropriate" analytical procedures 

need to be used to detect polymorphs, hydrates and amorphous forms of the drug 

substance, and it also emphasises the importance of controlling the crystal form of 

the drug substance during various stages of product development (Byrn et a/., 

1995:945). Control of the crystal form of the drug during the various stages of 

drug development is very important, since any phase change due to polymorphic 

interconversions, the desolvation of solvates, the formation of hydrates and a 

change in the degree of crystallinity can alter the bioavailability of the drug. When 

undergoing a phase transition, a solid drug may show a change in its 

thermodynamic properties, with subsequent changes in its dissolution and 

transport characteristics (Nerurkar et a/. ,2000:575-610). 

Processes, such as lyophilisation (freeze drying) and spray drying, may lead to the 

formation of a drug's amorphous form, which tends to be less stable and more 

hygroscopic than the crystalline form. 

Phase transitions in pharmaceutical solids can also be accelerated by processes, 

such as drying, grinding, milling, wet granulation, oven drying and compaction. 

The degree of polymorphic conversion will depend on the relative stability of the 

phases in question (as is described later in this chapter), as well as the type and 

degree of mechanical processing applied (Byrn et a/. , 1999: 17). 

Crystallisation plays a critical role in controlling the crystalline form and the 

distribution in size and shape of the drug. A crystalline phase is created as a 

result of molecular aggregation processes in solution that lead to the formation of 

nocki, which-Each a k6if5in-iize during the k l e a t i o n  phase, to enable growth 

into macroscopic crystals during the growth phase. 

The factors affecting the rate and mechanisms by which crystals are formed are 

solubility, supersaturation, the rates at which supersaturation and de- 

supersaturation occur, diffusivity, temperature, and the reactivity of surfaces 

towards nucleation. There are various forces responsible for holding the organic 



crystalline solids together, such as nonbonded interactions and hydrogen bonding 

(Byrn et a/. , 1 999:7-46). 

If the environment of a growing crystal affects its external shape, without changing 

its internal structure, a different habit results. These alterations are caused by the 

interference with the uniform approach of crystallising molecules to the different 

faces of the crystal (Haleblian & McCrone, 1975:1269-1280). Therefore, crystals 

are said to have different habits, when samples have the same chemical 

composition and the same crystal structure (i.e. the same polymorph and unit cell), 

but have different shapes (Byrn et a/., l999:lZ). Several factors may affect crystal 

habits, such as supersaturation, the rate of cooling and the degree of solution 

agitation, the nature of the crystallising solvent and the constancy of conditions 

(Hale blian & McCrone, 1975: 1269-1 280). 

The complex nature of manufacturing operations and regulatory requirements, 

distinctive to the pharmaceutical industry, demands a close look at the properties 

of a given drug and the possible variety of these properties among each of its 

solid-state forms. 

Given the endless chemical variety of modern drug molecules, it is thus obvious 

why solid-state studies have become vital to the characterisation of 

pharmaceuticals (Byrn et a/. , 1999: 14). 

1.3 The Importance of Polymorphism 

According to Byrn et a/. (1995:947), i f  8 pharmaceutical substance is known to 
- - - - - - - - - - - - - - - - - - - - - - - - - -  

have different polymorphic forms, it is necessary to examine the physical 

properties of each, for they can influence dosage form performance (bioavailability 

and stability) and I or manufacturing reproducibility. The properties of interest are 

the solubility profile (intrinsic dissolution rate and equilibrium solubility), stability 

(chemical and physical), crystal morphology (both shape and particle size), 

calorimetric behaviour and the percentage relative humidity (% RH) profile. 



1.3.1 Solid-state 

Solid drug substances have a wide and largely unpredictable variety of solid-state 

properties (Byrn et a/. , 1 995:945). 

During the development of a new chemical entity (NCE), it is the applicant's 

responsibility to maintain a consistent crystalline form, with adequate stability and 

bioequivalence throughout the product life, and to demonstrate the suitability of 

control methods. It is thus necessary that the applicant provides information that 

would prove that no change would occur in the solid-state form during 

manufacturing and storage, that the polymorphs would not give bioavailability 

problems and that appropriate manufacturing and control procedures had been 

established for the production of the desired solid-state form. This also applies to 

"the issue of samenessn in generic products (Chawla & Bansal, 2004:lO). 

1.3.1 .I Dissolution and solubility 

The physiological absorption of a solid dosage form usually involves the 

dissolution of the solid in the stomach. The rate and the extent of the dissolution is 

often the rate determining step in the overall absorption process (Kuhnert- 

Brandstutter, as quoted by Bernstein, 2002:243). 

The solubility of a solid substance is defined by Byrn et a/. (1999:16) as the 

concentration at which the solution phase is in equilibrium with a given solid 

phase, at a stated temperature and pressure. 

Solubilities and dissolution rates may vary due to different lattice energies of 

different physical forms (amorphs, polymorphs, or solvates) of pharmaceuticals. 

The rate of compound dissolution is dictated by the balance of attractive and 

disruptive forces that exist within the crystal-solvent interface. The effect of 

polymorphism on the solubility thus becomes critical. A solid with a greater lattice 

free - - - - - - -  energy (i,e. a -less - stable pdymurph) wi A tend  to dissolve faster, due to the 

release of a higher amount of stored lattice free energy, hence increasing the 

driving force for dissolution. 

Because all dissolved species of the same polymorphic form must be 

thermodynamically equivalent, each of these species will consume the same 



amounts of solvation energy. Different dissolution rates among different 

polymorphs of the same drug entity can result in varying degrees of bioavailability 

among different physical forms (Brittain & Grant, 1999:281). 

In their study, Haleblian and Biles (Haleblian & McCrone, 1969:916) compared the 

in vivo and in vitro dissolution rates, as well as a pharmacologic response of 

different forms of fluprednisolone. 

The in vitro aqueous dissolution rates of the anhydrous (forms I, II and Ill) and 

hydrated (a -monohydrate and P-monohydrate) forms of fluprednisolone are 

shown in figure 1 .I, whereas table 1.2 summarises the in vivo dissolution rate of 

fluprednisolone implants. 

0.5 
HOURS 

Figure 1.1 Dissolution rates of the various phases of fluprednisolone in distilled 

water at 23"C, and at 6 rpm. Key: 0 Form I; Form Ill; Form II; 
A P-monohydrate; A a-monohydrate (Haleblian & McCrone, 
1969:916). 



Table 1.2 The in vivo dissolution rate of fluprednisolone implants (Haleblian & 

McCrone, l969:916) 

I Form II I 0.1 86 I 1.26 I 

Ratioa 
1.61 

Phase 
Form I 

Compared with a-monohydrate. 
b. Corrected for in vivo dissolution rate pf anhydrous fluprednisolone. 

Dissolution rate 
mglcm21hr 

0.237 

P-monohydrate 
a-monohvdrate 

The dissolution rate ratio of the most and least energetic phases was 2.24. It thus 

proved form I to be the most energetic, and the a-monohydrate to be the least 

energetic. 

Pellets of each crystalline phase were implanted into male rats and those in vivo 

dissolution rates (as seen in table 1.2) were compared with the in vitro dissolution 

rates. The ratio between the highest and lowest energetic phases of the in vivo 

dissolution rates was 1.61, meaning that the biological uptake of the most 

energetic phase, form I (in pellet form), was 1.61 times that of the least energetic 

a-monohydrate. The adrenal cortex atrophy, resulting from the uptake of form I 

from pellet implants, was 1.46 times that of the a-monohydrate. 

0.1 6Zb 
0.1 47b 

These results illustrated the effect that different crystalline phases may have on 

biological activity, and suggested that when polymorphism occurs, it is important to 

evaluate the influences of the different polymorphic forms of the raw material used 

(Haleblian & McCrone, l969:916). 

I .I0 
1 .OO 

Solution-mediated phase transformations may explain the conversions that occur 

in suspensions or slurries, of one form into another. These phase transformations 

can also occur during the granulation process and thus need to be monitored 

during dosage form preparation. Solution-mediated phase transformations may 

occur during dissolution testing and may provide anomalous results (Byrn et a/., 

1999:274). 



Although exceptions exist, to achieve bioequivalence for a given drug compound, 

equivalent crystal structures in the drug substance are required (Brittain & Grant, 

1 999:28 1 ). 

Even though various tests are used to identify the polymorphic form present in a 

drug product, the safety and efficacy are still controlled by the potency assays and 

by means of physical tests, such as dissolution (Byrn et a/., 1995948). 

1.3.1.2 Bioavailability 

Each pharmaceutical compound has an optimal therapeutic blood concentration, 

as well as a lethal concentration. The bioavailability of the compound determines 

the dose present in the drug formulation. When a drug crystallises into two or 

more polymorphic forms, having different bioavailabilities, the optimal dose will 

depend on the polymorphic form used in the formulation. Since some drugs show 

a narrow margin between therapeutic and lethal concentrations, it is vital to 

understand the bioavailability of each polymorphic form completely, in order to 

control the crystallisation and formulation of the desired polymorph (Emkjer, 2004). 

If the absorption rate of an active ingredient is dependent upon the dissolution 

rate, the polymorphic form present will influence the dissolution rate, with either 

positive or negative consequences. The successful utilisation of a polymorph of 

significantly greater solubility (i.e. the metastable form), may in some instances 

provide acceptable therapeutic blood levels, compared with the less stable form. 

The existence of multiple crystalline modifications in a particular formulation may 

result in unacceptable dose-to-dose variations in drug availability (bioavailability) in 

the patient (Higuchi et a/., 1967:200). 

Mullins and Macek evaluated the pharmaceutical properties of novobiocin and 

identified two crystal forms of the novobiocin acid (Haleblian & McCrone, 

1969:914). One form was crystalline and the other amorphous. The crystalline 

novobiocin acid was poorly absorbed and therefore therapeutically inadequate 

systemic levels occurred after oral administration. Contrary, the amorphous 

novobiocin acid was readily absorbed and therapeutically active. The differences 

in availability were due to the differences in solubility in aqueous systems. When 

an excess of crystalline and amorphous novobiocin acid (less than 10 pm in size) 



was each dissolved in 0.1 M HCI, at 25"C, the amorphous solids were at least 10 

times more soluble than the crystalline acid. 

It may thus be expected that, due to this difference in solubility, the amorphous 

solid would be better absorbed from the gastrointestinal tract than the crystalline 

form. 

The differences in novobiocin plasma levels, following oral administration of 12.5 

mglkg of the amorphous novobiocin acid, the crystalline novobiocin acid and the 

orally active sodium salt of novobiocin (as used in tablet and capsule 

formulations), are shown in table 1.3. 

Table 1.3 Novobiocin plasma levels in dogs, following oral administrasion of 

different solid forms (Haleblian & McCrone, l969:9l4) 

Hours I after dose 

0.5 I 40.6 1 N.D. 

Crystalline 
novobiocin Sodium 

novobiocin 
mcg/ml phsma 

0.5 

14.6 I 29.5 I N.D. 

Amorphous 
novobiocin 

22.2 I 22.3 I N.D. 

(acid) 
mcglml plasma 

5.0 

16.9 I 23.7 I N.D. 

(acid) 
N.D. not detectable 

N.D. 

10.4 I 20.7 I N.D. 
6.4 I 17.5 I N.D. 

Unless special precautions are taken to assure that the amorphous state is the 

solid in suspension, it will convert into the crystalline form. If this slow conversion 

occurs, the formulation will become less and less absorbable, and will it finally lose 

its therapeutic effect entirely. 

Precautions may include the addition of materials to suppress crystallisation, 

hence preventing the amorphous novobiocin to convert into a crystalline form. 

Figure 1.2 shows the UV-absorbance of novobiocin in 0.1 M HCI, at 305 nm. 
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Figure 1.2 Absorbance of novobiocin in 0.1 M HCI, at 305 nm (Haleblian & 

McCrone, 1969:904). 

I .3.2 Stability and metastable forms 

The physical stability of a pharmaceutical compound is extremely important, since 

different polymorphic forms possess different physical properties, such as 

differences in solubility and bioavailability (Byrn et a/., 1999:266). Precise 

knowledge of thermodynamic stability and relationships between different solid 

phases is a pre-requisite for the manufacturing of robust APl's and their 

formulations (Giron, 2004). 

When it is possible for a substance to exist in more than one crystal form, thus 

having different polymorphs, the least soluble of these forms are considered the 

thermodynamically most stable form at a given temperature, whilst all the other 

forms are considered metastable forms (Brittain & Grant, 1999:280-281). 

Solubility differences between polymorphic forms, or solvates, may enable less 

stable (metastable) forms to convert into the most stable form. When this 



conversion between forms occurs, the measured solubility of each form will 

approach a value similar to that of the most stable form at the temperature of 

measurement (Brittain & Grant, 1999:280-281). 

Any metastable phase will have a higher free energy than that of the 

thermodynamically more stable form, thus once the activation energy barrier is 

overcome, this metastable form will undergo a phase transition into the 

thermodynamically more stable form. 

These conversions between stable and metastable phases may include the 

transformation of one polymorphic phase into another, the solvation of an 

anhydrous phase, the desolvation of a solvated phase, the transformation of an 

amorphous phase into a crystalline anhydrated or solvated phase, the degradation 

of a crystalline anhydrated or solvated phase into an amorphous phase, or the 

conversion of imperfect (less crystalline, more amorphous) crystals, having a high 

density of defects, into more perfect (more crystalline) crystals, having a lower 

density of defects (Brittain et a/., 1 999:279-330). Polymorphic transformation can 

be induced by changing the temperature during a manufacturing procedure, or by 

exposing the metastable form to increasing pressure, such as during tableting 

(Byrn et a/., 1999:266). 

There are cases where different crystal forms have different chemical stability, 

although there may be no significant differences in solubility (Byrn et a/., 

1995:950). 

A change in polymorphic form may lead to a change in the melting characteristics 

of a substance. This is one of the most important physico-chemical characteristics 

concerning the base of a suppository, which is dependent upon melting at body 

temperatures for the release the APl's. In such formulations a relatively small 

change in melting point may have severe consequences. If the melting point of 

the base is suppressed, the product may soften or melt at room temperatures, 

thus offering an impractical formulation. Contrary, if the melting point is enhanced, 

the suppository may not melt effectively after administration and thus be 

ineffective. 

Theobroma oil, a good example of a suppository base, exhibits three different 

crystal forms, each having a different melting point. Suppositories are being 



prepared by melting the theobroma oil and heating it to 60-70°C, after which the 

melt is quickly poured into moulds and cooled. These suppositories melt at 30°C, 

due to the lower melting point of the metastable a-form present in this formulation, 

and will therefore melt at room temperature during the summer, and liquefy in the 

patient's hands when inserting them. This metastable a-form will slowly change 

into the stable forms P1 and P. Suppositories that are prepared by heating the 

theobroma oil at a few degrees higher than the melting point, will have a higher 

melting point, making it easier to use, due to the formation of the 

thermodynamically more stable form P (Haleblian & McCrone, l969:9l3). 

To assure consistent quality and performance throughout the shelf-life, the 

thermodynamically most stable form of a drug is preferred (Huang & Tong, 

2004:331). This will ensure better control of the crystal form and the distributions 

in size and shape of the drug, since the presence of a metastable form during 

processing, or in the final dosage form, often leads to instability of drug release as 

a result of phase transformation (Rodrigues-Hornedo et a/., 1992:149-162). 

Probably every organic substance can exist as different polymorphs and the 

choice of the most suitable polymorph will determine whether the pharmaceutical 

preparation has good tableting properties, or if the therapeutic blood level, that 

would provide the desired pharmacologic response, would be reached. It is thus 

necessary to identify, characterise and study the stability of different polymorphs of 

drugs (Haleblian & McCrone, 1969:929). 

1.3.3 Amorphous forms 

Amorphous materials exhibit no long range order of the material, compared with 

crystalline forms. It may, however, have some short range order (Klug & 

Alexander, as quoted by Bernstein, 2002:253). These amorphous forms are in 

general more energetic than the crystalline materials, and tend to exhibit higher 

solubilities and dissolution rates. Due to these properties, some amorphous forms 

may have an advantage over crystalline forms, and may therefore be the most 

suitable form to use in the formulation of pharmaceuticals (Hancock & Parks, as 

well as Yu, as quoted by Bernstein, 2002:253). The presence of some amorphous 



material in a crystalline sample, may have a profound influence on the properties 

of the sample. 

Amorphous materials, because of their metastable state, are often difficult to 

prepare and may cause property changes, resulting in an unsuitable form for 

pharmaceutical use (Craig et ab, 1999, as quoted by Bernstein, 2002:253). Since 

more pharmaceutical products contain amorphous active ingredients, more 

attention should be paid towards the preparation, detection, characterisation and 

stabilisation of amorphous forms. 

In order to prepare amorphous forms of pharmaceutical materials, crystallisation 

procedures, far from equilibrium, such as (rapid) solidification from the melt, 

lyophillisation (freeze drying) or spray drying, removal of solvent from a solvate 

(desolvation), precipitation by changing pH, or by mechanical processing (such as 

granulation, grinding or milling), are used (Guillory, 1999: 183-226). 

A storage test, at conditions of 40°C and 82% RH, was performed by Yonemochi 

et a/. (Yonemochi et a/., 1999:334-335), to estimate the physico-chemical stability 

and the amorphous state of ground clarithromycin (CAMS) and a spray dried CAM 

sample. 

X-ray powder diffraction (XRPD) patterns of samples that were ground for 5, 15 

and 30 minutes, as well as a spray dried sample after 7 days of storage, are 

shown in figure 1.3. Crystallisation peaks were present in the XRPD patterns of all 

these samples. Crystallisation was thus found to occur in each of the ground and 

spray dried samples. 

The relationship between heat of crystallisation and storage time, calculated from 

DSC measurements, as shown in figure 1.4, were used by Yonemochi et a/. 

(Yonemochi et a/., 1999:334-335) in order to estimate the thermal properties of 

these amorphous samples. The rate of crystallisation in each of the ground 

samples decreased during the 3 days of storage, however, complete crystallisation 

did not occur after even 7 days of storage. Conversely, with regards to the spray 

dried sample, crystallisation occurred completely without any change in the 

crystallisation rate. These results showed that there should be a difference in 

structure between ground and spray dried CAM samples. 
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Figure 1.3 Changes in X-ray powder diffraction patterns of CAM after storage at 

40°C and 82% RH (Yonemochi et a/., 1999:336). 

'. '-. lC-..m 
I I I I I - I  

0 . 1 2 3 4 5 6 7  

Storage Time (days) 

Figure 1.4 Changes in heat of crystallisation of CAM after storage at 40°C and 

82% RH. Key: ground for 5 min; ground for 15 min; 0 ground 

for 30 min; A spray dried sample (Yonemochi et a/., 1999:336). 
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Figure 1.5 Changes in DSC curves of ground CAM after storage at 40°C and 

82% RH (Yonemochi et a/., 1999:337). 

Figure 1.5 shows the effect of storage time on DSC patterns of 5, 15 and 30 

minutes ground CAM. The broad exothermic peak present in the 75-120°C range 

disappeared for each sample with increasing storage time, while there was no 

change in the sharp exothermic peak in the 110-120°C range. According to these 

results, it can be assumed that the amorphous state (relatively speaking) that 

showed signs of crystallisation, formed in the early grinding state, while the other 

amorphous state which did not crystallise, formed after an increase in grinding 

time. In contrast, without any other force being applied to the samples, the 

amorphous state that crystallised formed in the spray dried CAM, due to its faster 

rate of drying, whilst this same amorphous state did not form in CAM that was 

dried under ordinary conditions (Yonemochi et a/., 1999:334-335). 



1.3.4 Phase transformations in the solid-state 

The transformation of one solid form into another, known as phase transformation, 

can involve the transformation of a single component into one or more 

components, due to changes in physical conditions (e.g. exposure to heat, 

grinding, etc.), during pharmaceutical processing. Examples of phase 

transformation include polymorphic transitions, crystallisation of amorphous solids, 

and solid-state solvation and desolvation (Datta & Grant, 2004:43). 

Pienaar (1 994: 127) illustrated phase transitions that occurred among polymorphic 

forms, by means of the differential scanning calorimetric (DSC) thermograms of 

nitrofurantoin crystal modifications. These transformations of polymorphic forms a 

and p into polymorph I1 had occurred during intrinsic dissolution. 

Studies of phase transformations in the solid-state are important, since the sudden 

appearance, or disappearance, of a crystalline form may threaten process 

development, with possible serious pharmaceutical consequences, if the 

transformation occurs in the dosage forms. Because the physical stability, 

solubility and bioavailability of drug dosage forms are influenced by the different 

physical properties of different polymorphic forms, as was discussed, an 

understanding of the kinetics and mechanism of phase transformations are of 

practical importance. 

The rearrangement of molecules into a new structure during phase transformation 

may occur among polymorphs, as well as when water or solvents escape the 

solvated crystals. Four steps to explain the mechanism of solid-solid physical 

transition have been proposed (Byrn et a/., 1999:259): 

a. Molecular loosening in the initial phase; 

b. Formation of an intermediate solid solution; 

c. Nucleation of the new solid phase and; and 

d. Growth of the new phase (Byrn et a/., 1999:259). 

Transformations can be induced by heat, pressure, grinding, tableting , etc. Phase 

transformations between stable and metastable forms are not unusual 

occurrences (Haleblian & McCrone, l969:927). 



De Villiers et a/. (1 99 1 : 12%) showed that chloramphenicol palmitate can undergo 

transformation into a more stable, less bioavailable polymorph upon heating. This 

was illustrated, using XRPD and DSC to study the thermal transformation of 

Forms A, B and C. Form B converted into Form A upon heating at 82°C for 1600 

minutes. Also, Form C converted into Form A via Form B on grinding or heating. 

1.3.5 Polymorphism in pharmaceutical excipients 

Pharmaceutical formulations contain active pharmaceutical ingredient(s), as well 

as excipients, that serve a variety of purposes, i.e. fillers, stabilisers, coatings, 

drying agents, etc. Solid material excipients exhibit varying degrees of 

crystallinity, e.g. from highly crystalline calcium hydrogen phosphate to nearly 

amorphous derivatives of cellulose. All these solids may show polymorphism, 

which may influence their performance in the formulation (Bernstein, 2002:242). 

Since different polymorphic forms may have a significant effect on the physico- 

chemical, formulation and processing parameters, as well as on the stability (shelf- 

life) of APl's and excipients, screening of pharmaceuticals, for their different forms, 

is important. The functionality of excipients can be modified by changing the solid 

form, of which a good example is the different forms in which lactose exist. These 

forms include two crystalline forms (anhydrous and monohydrate) and an 

amorphous form. When compared with the anhydrous form, the monohydrate 

crystals show a greater mechanical strength, while the anhydrous form readily 

adsorbs water, therefore making it unsuitable for wet granulation. Tablets, 

containing large amounts of the amorphous lactose, are subject to hardness 

changes during storage. It is thus important to control the crystal form of the APl's 

and excipients, and to use appropriate analytical procedures to detect and 

characterise different forms. An emphasis on the characterisation and control of 

the solid-state forms of APl's and excipients throughout processing, as well as in 

the final dosage form, are thus of utmost importance. 

Particle engineering and solid-state modification offer potent tools for designing 

excipients with 'tailor-made' properties (Chawla & Bansal, 2004:9-11). 



The presence of excipients in a formulation may. modulate phase conversions, and 

must hence be investigated in the dosage form, as well as in the bulk drug 

substance (Brittain & Fiese, 1999:358). 

1.4 Effects of Pharmaceutical Processing on Drug Polymorphs 

and Solvates 

A variety of phase conversions are possible upon exposure to the energetic steps 

of bulk material storage, drying, milling, wet granulation, oven drying and 

compaction. In this setting an environment as harsh as 80°C and 100% RH, for up 

to 12 hours, is commonplace. The mobility of water among the various 

components must also be considered (Bernstein, 2002:332). 

It is important to develop a well-defined preparation method that assures 

reproducibility of the desired polymorphic form that is to be used during the 

pharmaceutical dosage form production. If mixtures of forms cannot be avoided, 

quantitative control is needed to ensure that a fixed proportion of forms is 

obtained, and that the proportion of forms remains within the stated limit through to 

the retest date, and potentially throughout the shelf-life. Forms that interconvert 

become a problem and is it therefore customary to select a single form for 

production, if possible (Byrn et a/. , 1 995:948). 

The most important parameters to consider during the production stage of bulk 

APl's, are prolonged processing times due to batch size, improved product purity, 

a lengthy final crystallisation step to improve purity, yield improvement, increase in 

particle size, drying conditions of the product, and milling to improve the 

homogeneity or the reduction in particle size. During all these steps, the small 

energy barriers between crystalline forms are easily overcome, resulting in the 

undesired polymorphic form, a desolvated product, or an amorphous form (Brittain 

& Fiese, 1999:357). 

Once the kilogram bulk (API) has been produced in its preferred polymorphic -, 

salt - or solvated form, it will proceed to the pharmaceutics department. There it 

will be mixed with excipients, exposed to processing conditions, and converted 



into a marketable dosage form. These dosage forms must be formulated in such a 

way that they are homogeneous, scalable, stable and bioavailable (Brittain & 

Fiese, 1999:357). 

In solid dosage forms, the first opportunity for change in crystallinity will be in the 

blending and milling of the API with excipients to produce a homogeneous blend. 

The excipients in a formulation can exert a strong influence on polymorphic 

conversion and may create new phase transition pathways that did not exist for 

the pure API. It can be expected that polymorphs with similar thermodynamic 

energies may show an inclination towards conversion, during a milling operation 

(Brittain & Fiese, 1999:357). 

The most important parameters that may cause polymorphic conversion or 

dehydration of hydrates during the formulation stage, are milling, granulation, 

wetting and compaction. Other important factors include granulation, drying, 

tableting and drying of the film coating. In addition, one may have the migration of 

water between the APl's, excipients and capsule shells. All these parameters 

could become more important during prolonged processing times, when the batch 

size becomes sufficiently large (Brittain & Fiese, 1999:357). 

The most likely mechanism for polymorphic interconversion during the mechanical 

treatment of production, is that of nucleation and growth of a second phase within 

the original phase. Nucleation results from dislocation sites in a crystal, and since 

their higher free energy ensures that the energy needed for transformation is lower 

at these sites. The metastable phases will transform into the most stable form. 

The type and degree of mechanical processing applied, and the relative stability of 

the phase in question, will determine the degree of polymorphic conversion 

(Brittain & Fiese, 1999:357). 

The goal in any industrial pharmaceutical organisation thus is to have the 

thermodynamically stable polymorph, or solvate, present in the first scaled-up 

batch of the APl's. If this is achieved, all toxicology, pharmacokinetic and clinical 

studies should be conducted on the crystalline form that are likely to be included in 

the commercial dosage form of the API. Expensive retesting, when a more stable, 

but previously unknown polymorph, appears, will hereby be eliminated. Practical 

drug development programs will identify the preferred crystalline polymorph or salt 



group and also define the physico-chemical limitations (Brittain & Fiese, 

1999:358). 

There is, however, no substitute for multidisciplinary studies that aim at 

determining the likelihood of polymorphic interconversons at any time during the 

handling of a drug substance (Brittain & Fiese, 1999:357-358). 

I .5 Conclusion 

The use of multi-source drugs contributes largely to the accessibility of medicines 

to developing countries. In South Africa, generic manufacturing is a common 

practise and raw materials from numerous sources, at substantially different 

prices, are available to most manufacturers. 

Given the large selection of suppliers, it may sometimes be difficult to choose 

reliable suppliers and materials, having the most suitable profiles in terms of purity 

and physico-chemical properties. 

The solid-state properties of pharmaceutical compounds may have a profound 

impact on the ultimate bioavailability of APl's. It is thus important to assess the 

influences of polymorphism on the solid-state properties of the API and of the 

excipients that are to be used in the pharmaceutical dosage forms, prior to the 

manufacturing of generic products. 

To choose the suitable polymorphic form of an API for the preparation of a specific 

pharmaceutical formulation, it is important to determine which form will be the 

most stable, but still pharmaceutically effective, under the given conditions for this 

formulation. Once a suitable form has been identified, it is the manufacturer's 

responsibility to assure that the preferred form is used during the manufacturing 

process, and that the same form is present in the final, commercially produced 

formulation. 

Continuous evaluation of the pharmaceutical formulation during both the 

manufacturing process and the storage thereof, in order to evaluate the quality 

and stability of the polymorphic form in the formulation, is extremely important in 

assuring safe and effective drugs. 



Since effective packaging may help prevent potential polymorphic transitions, 

caused by, for example, light sensitivity and moisture adsorption, it is one of the 

factors that needs to be attended to, when evaluating a product's quality. 

The continuous re-testing of products that are currently available on the South- 

African market, should help prevent possible instabilities and changes that might 

occur in released products, and will therefore ensure that safe, effective and cost- 

effective pharmaceutical products are available to the public. 



Chapter 2 

Clarithromycin: Pharmaceutical and Pharmacological 

Background 

2.1 Introduction 

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

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

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

life (Dollery, 1999:C248). 

2.2 Description of Clarithromycin 

2.2.1 Formulae and molecular weight 

Empirical Formula: CssHsgNOis 

C 61.02%, H 9.30%, N 1 

Molecular weight: 747.96 

Structural Formula 

Figure 2.1 Structural formula of clarithromycin (Merck Index, 2001 :408). 



2.2.2 Nomenclature 

2.2.2.1 Chemical name 

6-0-Methylerythromycin A: 

(2R,3S,4S,5R,6R,8R, 1 OR, 1 1 R, 12S, 13R)-3-(2,6-Dideoxy-3-C,3-o-dimethyl-a-~-ribo- 

hexopyranosyloxy)-l1,12-di hydroxy-6-methoxy-2,4,6,8,10,12-hexamethyl-9-oxo-5- 

(3,4,6-trideoxy-3-dimethylamino-~-xylo-hexopyranosyloxy)pentadecan-l3-olide. 

2.2.2.2 Nonproprietary name 

Clarithromycin. 

2.2.2.3 Proprietary names 

~ i a x i n ~ ,   laci id@, ~laricid? 

2.2.3 Odour, colour and appearance 

Clarithromycin is an odourless, white to off-white, crystalline powder, with a bitter 

taste. Recrystallisation from a chloroform and diisopropyl ether (1:2) mixture 

produced colourless needles, whilst, orthorhombic needles were obtained from 

ethanol, during the synthesis of clarithromycin (Merck Index, 1996:2400). 

2.3 Pharmaceutics 

Clarithromycin and its generic are currently available for oral and intravenous 

administration from several manufacturers, including Abbott Laboratories, Neo 

Quimica, EMS I Sigma, Welex Chemicals Limited and Zhejiang Huayi 

Pharmaceuticals Co., Ltd. (ZHP). Since September 2004, the FDA also granted 

Ranbaxy Pharmaceuticals Inc. (RPI) approval for the manufacturing of USP 

clarithromycin tablets. 



2.3.1 Oral forms 

1. Biaxin" tablets (Abbott, USA) and Klaricida tablets (Abbott, UK) are both 

available in two strengths, i.e. 250 mg and 500 mg of clarithromycin. Both 

tablets are yellow, ovaloid, and film-coated. Biaxine tablets have the Abbott 

symbol and either 'KT' (250 mg) or 'KL' (500 mg) imprinted in blue. 

Klaricid" tablets are engraved with the Abbott symbol. The excipients in 

Biaxin" tablets include quinoline yellow (D & C yellow no.lO), propylene 

glycol, and sorbic acid. Clarithromycin tablets may be stored at room 

temperature, where they are protected from light and moisture. In the UK, 

the 250 mg Klaricid" tablets have a shelf-life of 2 years, whereas that of the 

500 mg Klaricid" tablets is 3 years. 

2. Biaxin" granules for oral suspension (Abbott, USA) are available in two 

strengths, which, when reconstituted, give 100 ml of suspension, containing 

either 125 mg15 ml, or 250 mg15 ml of clarithromycin. To reconstitute, 56 ml 

of distilled water should be added to the 125 mg15 ml dose, or 55 ml to the 

250 mg15 ml dose, and shaken well. The excipients are potassium sorbate 

and sucrose. The granules should be stored between 15°C and 30°C, and 

not be refrigerated. 

Klaricide pediatric suspension (Abbott, UK) consists of off-white granules for 

reconstitution, available in both 70 ml and in 100 ml bottles. To give a 

suspension containing clarithromycin of 125 mg15 ml, 37 ml of distilled 

water should be added to the granules in the 70 ml bottle, or 53 ml to the 

100 ml bottle, and shaken well. The excipients are also potassium sorbate 

and sucrose. The reconstituted suspension should be stored between 15°C 

and 30°C, and not be refrigerated. The unreconstituted Klaricid" 

suspension has a shelf-life of 18 months in sachets, and 2 years in bottles 

(Dollery, 1999:C250). 



2.3.2 Parenteral form 

Klaricid" intravenous infusion (Abbott, UK) is a sterile, white to off-white powder for 

reconstitution. A vial contains 500 mg of clarithromycin, lactobionic acid and 

sodium hydroxide. The powder should be reconstituted in two stages. First, with 

10 ml of sterile water for injection, thus a diluent that does not contain 

preservatives or inorganic salts. This reconstituted solution can be stored 

between 5°C and 25"C, but it must be used within 24 hours. 

Secondly, prior to administration, the solution should be further diluted with 250 ml 

of a suitable intravenous infusion. Compatible intravenous infusions include 5% 

dextrose, 0.9% sodium chloride, 0.3% sodium chloride and 5% dextrose, 0.45% 

sodium chloride and 5% dextrose, Ringer's lactate, 5% dextrose in Ringer's 

lactate, normosol-M in 5% dextrose, and normosol-R in 5% dextrose. A final 

dilution that is being stored at 5°C should be used within 6 hours. Compatibility 

with other intravenous additives has not yet been established. Klaricid" vials 

should be stored at no more than 30°C and protected from light. The 

unreconstituted Klaricid" intravenous infusion has a shelf-life of 4 years (Dollery, 

1999:C250). 

2.4 Clinical Pharmacology 

Clarithromycin and its 14-hydroxy metabolite have similar in vitro activities, that 

are the same or greater than that of erythromycin against most gram positive 

bacteria. They are also better absorbed than erythromycin, due to the fact that 

they are more acid stable than erythromycin. 

Bactericidal activity varies among species and exposure to high concentrations for 

several hours may be necessary. Clarithromycin has a higher activity than 

erythromycin against various species, such as Staphylococcus aureus and 

Haemophilus influezae. It has been suggested that the 14-hydroxy metabolite 

may act synergistically with the unchanged clarithromycin. While clarithromycin is 

also active against some mycoplasmas, most species of gram-negative bacteria 

are resistant, due to the inability of clarithromycin to penetrate the target. 



Resistance among generally sensitive species, which may be constitutive or 

inducible, may be due to a ribosomal modification that reduces binding affinity 

(Anderson et a/. , 1 988:923, Dollery, 1 999:C249). 

Cross resistance with erythromycin and other 14-membered-ring macrolides often 

occur, but such resistance in species is variable and partly depends on the extent 

of macrolide usage in hospitals (Dollery, 1999:C249). 

2.4.1 Mechanism of action 

The bacteriostatic, macrolide antibiotic, clarithromycin, is a selective inhibitor of 

protein synthesis, which antibacterial action exists in its binding to the 50s 

ribosomal subunit, and by blocking the formation of the initiation complex of 

susceptible organisms. By binding to the 50s ribosomal subunit, clarithromycin 

blocks the translocation of aminoacyl t-RNA from the acceptor site to the donor 

site, thus incoming t-RNA cannot access the occupied acceptor site, whilst the 

next amino acid cannot be added to the peptide chain (Chambers, 200t775). 

Clarithromycin does not activate the methylase enzyme, nor induce m-RNA, thus it 

is active against inducible bacteria in the absence of a strong inducer. 

Clarithromycin forms an in vivo active, 14-hydroxy metabolite, which shows 

antibacterial activity on its own, whilst it also appears to be working synergistically 

with the parent compound against some bacterial species. Clarithromycin is 

dependent on its metabolite for optimal gram-negative killing (Ahren et a/., 

2002:905, Salem, 1996:81). Since the concentration of the metabolite may vary 

amid individuals, the anti-bacterial effect of clarithromycin, together with its 

metabolite, may be higher than an in vivo clinical setting (Ahren et a/., 2002:906). 

It also has another advantage in its activity against Mycobacterium avium (Field et 

al., 2004:566) and M. leprae in humans (Chan et a/., 1994:515). 

The uptake of clarithromycin by human neutrophils, unlike penicillin or 

cephalosporin antibiotics, is high, which results in higher concentrations thereof in 

human macrophages, lymphocytes and polymorphonuclear leukocytes. This 

causes major activity against intracellular micro-organisms, such as S. aureus or 

Legionella (Salem, 1 996:81). 



Clarithromycin's clinical efficacy is enhanced by its potent anti-inflammatory 

effects. Clarithromycin has been demonstrated to inhibit interleukin-I (IL-1) 

production, by murine peritoneal macrophages, lymphocyte proliferation, and 

lymphocyte transformation of murine spleen cells at low concentrations (Salem, 

1996:81). 

2.4.2 Indications 

Adults: Clarithromycin is indicated for acute maxillary sinusitis or bacterial 

exacerbation of chronic bronchitis, due to Haemophilus influenza, Moraxella 

catarrhalis, or Streptococcus pneumoniae (Ahren et a/. , 2002: 9O5), and 

pneumoniae, due to Mycoplasma pneumoniae, Streptococcus pneumoniae or 

Clamydia pneumoniae. Uncomplicated skin - and sofi tissue infections, as well as 

pharyngitis or tonsillitis, due to Streptococcus pyogenes, are also treated with 

clarithromycin (Rxlist, 2004). 

Clarithromycin has with some success been introduced for the treatment and 

prophylaxis of Mycobacterium avium infections in patients having AIDS, however, 

resistance may develop. It has also been used with success as monotherapy in 

HIV-negative patients (Field et al., 2004:566, De Lalla et ab, 1992:1567). 

Clarithromycin therapy also resulted in significant improvement in patients with 

lepromatous leprosy (Ji et al., 1998: 1 1 18, Chan et al., l994:515). According to 

Dollery (Dollery, 1999:C249), it may have been the best treatment for cutaneous 

Mycobacterium chelonae. 

Clarithromycin has successfully been used in combination with amoxicillin and 

lansoprazole, or omeprazole, as triple therapy for eradication of Helicobacter pylon 

(Rxlist, 2004), as well as with pyrimethamine, in AIDS-associated toxoplasmosis 

(Dollery, 1999:C249). 

Children: Clarithromycin is used for the treatment of otitis media, due to 

Haemophilus influenza, Moraxella catarrhalis, or Streptococcus pneumoniae 

(Ahren et a/., 2002:905), as well as for those other indications given for adults 

(Rxlist, 2004). 



2.5 Pharmacokinetics 

2.5.1 Absorption 

Clarithromycin is rapidly absorbed from the gastrointestinal tract and it is stable in 

gastric acid. Food intake before administration slightly delays both the formation 

of the antibacterial, active, 14-hydroxy metabolite and the absorption of 

clarithromycin (Rxlist, 2004). Its bioavailability appears to improve when 

clarithromycin is administered with food. This makes clarithromycin ideal for oral 

use, but without having to consider meals (Salem, 1996:79). 

2.5.2 Bioavailability 

According to Salem (Salem, 1996:79), after administering a single dose of 500 mg 

of clarithromycin, a healthy, fasting person shows peak serum concentrations of 

2.51 pgImL within two hours. Clarithromycin shows a long serum half-life (4-9 

hours), whereas its absolute bioavailability, after oral administration, had been 

reported as approximately 55% of the administered dose. 

Clarithromycin's active metabolite, which is formed via first pass metabolism, also 

reaches a serum concentration of 2.1 pglmL, within two hours after the single 500 

mg dose is taken (Salem, 1996:79). 

After the administration of a 250 mg dose of clarithromycin every 12 hours, for 2-3 

days, steady-state amounts (1 pglmL) of both clarithromycin and its active, 14- 

hydroxy metabolite are reached. In children, the steady-state peak plasma 

concentrations for both compounds, after administration of 7.5 mglkg every 12 

hours, are 3-7 and 1-2 pglmL, respectively (Salem, 1996:79). 

2.5.3 Distribution 

According to Salem (Salem, 1996:80), both clarithromycin and its IChydroxy 

metabolite reach high concentrations in the lungs and they are widely distributed 

into most body tissues. 

Serum concentrations are exceeded by those of tissue concentrations, and due to 

the high intracellular concentrations, the accumulation that had been reported was 



negligible. Clarithromycin's in vitro protein binding was low, and the 14-hydroxy 

metabolite's protein binding decreased when the serum drug concentration 

increased (Salem, 1996:80). 

2.5.4 Metabolism and elimination 

According to Chambers (2001 :780), clarithromycin is mainly metabolised in the 

liver by cytochrome, P-450 enzymes. The primary pre-systemic metabolite, with 

similar antibacterial activity as the parent compound, is the (R)-epimer of 14- 

hydroxy-6-0-methylerythromycin A, which exhibits slower elimination (half-life 5.8 

hours), and evidently acts synergistically with clarithromycin against certain 

bacteria (Chambers, 2001 :780). 

This (l4R)-epimer is a major metabolite in both urine and plasma of humans, 

whilst the (14s)-epimer metabolite is 4-8 times less active than the parent 

compound. 

Other metabolic pathways are N-demethylation and the hydrolysis of the 

clarithrose sugar (figure 2.2) 

secondary metabolism (Dollery, 

These primary 

1 999:C250). 

N - W  

0 

products may also undergo 

Sly 
N - ' a  

Figure 2.2 Metabolism of clarithromycin (Dollery, l999:C25O). 



Clarithromycin and its principal metabolites are excreted in the faeces via bile, and 

in the urine via renal and nonrenal mechanisms. Approximately 20-30% of the 

dose is excreted as the unchanged drug. Clarithromycin has a one-compartment, 

open, pharmacokinetic model and seems to have non-linear, dose-dependent, 

pharmacokinetic elimination (Salem, 1996:80). 

2.5.5 Toxicity 

Clinical trials (Salem, 1996:81) proved that clarithromycin was well tolerated and 

no toxicity was described. Gastric irritation was the most common adverse effect 

experienced. 

All animal species being tested, showed hepatotoxicity at doses twice that of the 

maximum human daily dose. Renal tubular degeneration occurred in rats, dogs 

and monkeys at doses 3-8 times greater than the maximum daily dose for 

humans. Corneal opacity and lymphoid depletion occurred in dogs, after the 

administration of 3-12 times that of the maximum human daily dose (Salem, 

l996:8l). 

Clarithromycin had teratogenic effects in laboratory animals, but no data was 

available for its effects in pregnant women. Clarithromycin should thus be avoided 

during pregnancy, unless there are no appropriate alternative therapies available 

(Salem, 1 996:81). 

2.5.6 Contra-indications and precautions 

Clarithromycin should not be taken in combination with the following drugs, due to 

possible interactions that may occur: astemizole, carbamazepine, cisapride, 

cyclosporine, digoxin, disopyramide, ergotamine, fluconazole, lovastatin, 

phenytoin, theophylline, triazolam, valproate and zidovudine (Rxlist, 2004, 

Jackson, 1998). 

Patients with a history of porphyria may not use clarithromycin together with 

ranitidine-bismuth citrate (Jackson, 1998). 

Clarithromycin is excreted via the kidney and liver, thus patients with severe 

chronic diseases of these organs must be very cautious when using this drug. 



The elimination is significantly reduced in patients with creatinine clearance of 30- 

60 mllmin, thus the dose should be reduced to 50%, whereas in patients with 

creatinine clearance of less than 30 mllmin, it should be decreased by 75%. 

Clarithromycin is classified as a category C drug for use in pregnancy (Rxlist, 

2004). 

2.5.7 Side effects and adverse reactions 

Cross-allergic reactions between clarithromycin and other macrolide antibiotics 

may occur. When used repeatedly, antibiotics may cause bacterial, or fungal 

overgrowth, and superinfection in the mouth, intestinal tract or vagina. 

Observed side effects of clarithromycin included: 

Minor: Diarrhoea, nausea, abnormal taste (bitter taste), abdominal discomfort, 

indigestion and I or headache. 

M a r :  Severe diarrhoea, or abdominal cramps (Jackson, 1998). 

2.6 Conclusion 

Clarithromycin is a semi-synthetic derivative of erythromycin and it is used in the 

treatment of certain infections being caused by bacteria, such as pneumonia 

bronchitis, ear -, lung -, gastrointestinal -, skin - and throat infections. Since 

clarithromycin is a powerful antibiotic that is widely used, it is wise to evaluate its 

physico-chemical properties, as well as its inclination to polymorphism, seeing that 

polymorphism could influence the bioavailability thereof. 



Chapter 3 
- 

Clarithromycin: Methods for Characterisation and Analysis 

3.1 Introduction 

Since different polymorphs have different physical properties, which may influence 

the stability and bioavailability of active pharmaceutical compounds, it is necessary 

to evaluate crystal forms for the possible occurrence of polymorphism. 

The purpose of this chapter hence was to describe a set of representative 

analytical techniques that could be used to evaluate the physico-chemical 

properties of the different clarithromycin crystals that had been recrystallised from 

different solvents during this study. 

Brittain (1999:228) stated that the criteria to define the existence of polymorphic 

types should always be a non-equivalence of crystal structures. Ordinarily a non- 

equivalent x-ray powder diffraction (XRPD) pattern is observed for each suspected 

polymorphic variation of pharmaceutical compounds. The most useful methods 

available for the physical characterisation of solid materials include 

crystallography, microscopy, thermal analysis (TA), solubility studies, vibrational 

spectroscopy and nuclear magnetic resonance (NMR). Except for crystallography, 

all the other methods are considered as sources of supplementary information, but 

cannot be taken as definitive proof of polymorphism by themselves. 

3.2 Certificate of Analysis of Clarithromycin Raw Material 

The clarithromycin raw material that was used in this study was obtained from 

Teva (Tech Ltd. control no. 3761 001 02). The raw material was manufactured in 

February 2002 and was analysed on 26 March 2002. The information from the 

certificate of analysis is shown in table 3.1. 



Table 3.1 Certificate of analysis data 

Tests and methods I Results 

Identification: l nfrared Absorption ( Conforms 

USP 25 tests 

Specific rotation I -92.3" 

Description 

Crystallinity (by microscope) I Conforms 

A white crystalline powder 
(Conforms) 

pH (0.2% Solution) I 9.6 

Water content I 0.88% 

Residue on ignition I 0.003% 

Heavy metals I Less than 0.002% 

Assay (by HPLC) I 101 1.6 pglmg 

Impurity profile (by HPLC): 
Methyl CLM (6, l l )  
Methyl CLM (A) 
CLM Methyl oxime 
Any other impurity 

In-house tests 

0.25% 
Less than 0.15% 

0.07% 
0.23% 

Identification (by HPLC) 

Total impurities I 0.93% 

Conforms 

Residual solvents: Ethanol I 582 ppm 

Particle size distribution: 
Malvern "Mastersizer" 

Bulk density 

Tapped density 

0.166 glcm3 

0.287 glcm3 



3.3 Characterisation Methods 

3.3.1 Thermal methods 

Thermo analytical methods currently have a wide range of applications in the 

pharmaceutical industry, including: 

The design of the solid-state of new molecules; 

The control of raw materials; 

Stability studies; 

Compatibility studies; and 

The development of new formulations (Giron, 2002:323). 

Thermal methods of analysis include differential scanning calorimetry (DSC) and 

thermogravimetric analysis (TGA). DSC and TGA were performed on the 

clarithromycin crystals that were recrystallised from different solvents, in order to 

differentiate between possible polymorphic or pseudopolymorphic crystal forms. 

3.3.1.1 Differential scanning calorimetry (DSC) 

The DSC thermograms were recorded on a Shimadzu DSC-50 instrument 

(Shimadzu, Kyoto, Japan). Samples, weighing 3-5 mg, were heated in sealed 

aluminium crimp cells, at a heating rate of 10"Clminute, under a nitrogen gas flow 

of 35 mllminute. The instrument was calibrated, using an ultra-pure indium 

standard, having a melting point of 156.4"C. Samples were heated to a maximum 

temperature of 260°C. The DSC results were used for the identification of 

possible polymorphs and pseudopolymorphs, such as solvates or hydrates, and to 

characterise the different forms according to their melting points. The Merck Index 

(2001:408) reports a melting point of 222-225°C for clarithromycin that are 

recrystallised from ethanol, and a melting point of 217-220°C for needles being 

recrystallised from chloroform and diisopropyl ether. 



The melting point of the clarithromycin raw material was 226"C, as shown in the 

DSC thermogram (figure 3.1). This thermogram showed a melting endotherm at 

226"C, with an onset at 223.53"C and an endset at 231.3g°C. Decomposition of 

clarithromycin was represented by another endothermic peak at 288°C. 

Figure 3.1 The DSC thermogram of clarithromycin raw material. 

3.3.1.2 Thermogravimetric analysis (TGA) 

Thermogravimetric analyses (TGA) were done on all samples where 

pseudopolymorphic behaviour was suspected. Those TGA thermograms were 

recorded on a Shimadzu TGA-50 instrument (Shimadzu, Kyoto, Japan). Samples, 

weighing approximately 5-10 mg each, were heated in an open platinum cell, at a 

heating rate of 10°Clminute, under a nitrogen gas flow of 35 mllminute. Samples 

were heated to 160°C. 

The theoretical weight loss: 

Molecular weight ,, 
% Weight loss = x 100 

[Molecular weight ,,, + Molecular weight ,, ] 

This equation was used to calculate the theoretical weight loss (in percentage) for 

the identification of possible solvates or hydrates. This percentage was then 

compared to the experimental percentage weight loss as recorded on the 

Shimadzu TGA-50, to confirm the prospect of a solvate or hydrate. 



3.3.2 Microscopy 

A number of analytical techniques, such as XRPD and DSC, in combination with 

optical and thermal microscopy, are powerful combinations for detecting and 

characterising polymorphs. Microscopy is useful in the process of characterising 

polymorphic forms, based on the morphological information it provides. 

3.3.2.1 Thermal microscopy (TM) 

Hot stage microscopy provides a fast method for screening substances for the 

existence of polymorphism (Bernstein, 2002:94). 

According to Byrn et a/. (1999:75), in order to change the temperature of a sample 

under a microscope manually or automatically, a "hot-stage" device is attached to 

the microscope. By using this device on the microscope, any changes in a solid 

can be related to temperature by direct observation, or recording. In order to 

characterise the solid-state behaviour of a drug substance, the following 

microscopically observable types of thermally induced behaviour are of 

considerable interest: 

Change in birefringence without melting - possibly indicating changes in 

crystal structure; 

Change in transparency or outward appearance - indicating solid-state 

transformation, or chemical reaction; 

Signs of gas evolution (immersed in mineral oil) - indicating a loss of solvent, 

or a decomposition reaction; 

Crystallisation from a melt or solution - indicating a phase transformation; 

Melting behaviour and melting equilibrium - an identifying constant; and 

Sublimation - indicating a phase change. 

The determination of the index of refraction of the melt can serve as a confirmation 

of the existence of polymorphism, since all polymorphic forms must melt into the 

same liquid. Such studies provide detailed information of the temperature range 

over which polymorphs can exist, the degree of stability of metastable forms with 



regards to factors, such as temperature, time, mechanical or thermal shock and 

the presence of impurities (Bernstein, 2002:98). 

Thermal microscopy was performed on small amounts of samples, using a Nikon 

Eclipse E400 microscope (Nikon, Japan), and equipped with a Metratherm 1200d 

heating unit. The temperature was gradually increased to approximately 230°C, 

while examining the behaviour of the samples. Pictures were taken during this 

process, using a Nikon Coolpix 5400 digital camera (Nikon, Japan). 

3.3.2.2 Scanning electron microscopy (SEM) 

Scanning electron microscopy (SEM) offers greater magnification than optical 

microscopy. While studying polymorphs, it can be very useful in characterising 

and understanding differences in the properties of polymorphs. Differences in 

habit (monoclinic and orthorhombic), which are clearly revealed by both 

techniques, may not be obvious in the optical case for small grain size samples. 

Scanning electron microscopy can thus be exceptionally useful in the investigation 

of surface properties (Bernstein, 2002: 144). 

Photomicrographs of the different clarithromycin polymorph crystal forms were 

obtained, using a FEI Quanta 200 ESEM & Oxford INCA 400 EDS system (FEI, 

USA). The samples were adhered to a small piece of carbon tape, mounted onto 

a metal stud and coated with a gold-palladium film (Eiko Engineering ion Coater 

IB-2). 

3.3.3 Crystallographic methods 

Crystallography is mainly concerned with the structural analysis of solids. X-ray 

crystallography can be performed, using single or powdered crystals, and it is 

particularly useful in the process of characterisation of polymorphs and 

pseudopolymorphs (Brits, 2003:66). 



3.3.3.1 X-ray powder diffraction (XRPD) 

The X-ray powder diffraction profiles were obtained at room temperature, on a 

Bruker D8 Advance diffractometer (Bruker, Germany). The measurement 

conditions were: target, Cu; voltage, 40 kV; current, 30 mA; divergence slit, 2 

mm; anti scatter slit, 0.6 mm; detector slit, 0.2 mm; monochromator; scanning 

speed, 2OImin (step size, 0.025": step time, 1.0 sec). Approximately 200 mg of 

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

a preferential orientation to the crystals. The XRPD pattern of the clarithromycin 

raw material is shown in figure 3.2 and the peak positions and intensity values of 

the main diffraction peak angles are listed in table 3.2. 



Table 3.2 lntensity values (Itlo) at the main XRPD peak angles ("28) of the 

clarit hromycin samples 

position Intensity Main I 3 1 peaks 1/10 x 100 





3.3.3.2 Variable temperature x-ray powder diffraction (VTXRPD) 

Variable temperature X-ray powder diffraction (VTXRPD) patterns were recorded 

with an Anton Paar TTK 450, low-temperature camera (Anton Paar, Austria), 

attached to a Bruker D8 Advance diffractometer (Bruker, Germany). Samples of 

approximately 200 mg each were loaded into an aluminium sample holder, taking 

care not to introduce a preferential orientation to the crystals. Measurement 

conditions of target, Cu; voltage, 40 kV; current, 30 mA; divergence slit, 2 mm; 

antiscatter slit, 0.6 mm; detector slit, 0.2 mm and monochromator scanning 

speed, 2"lmin (step size, 0.025"; step time, 1.0 sec.), were used for these 

measurements. 

3.3.4 Molecular motion 

lnfrared spectroscopy (IR) is a standard technique for the characterisation of 

compounds in the current context of solid materials. IR is based on the 

measurement of the vibrational modes of bonded atoms, with absorptions in the 

usual range of 400-4000 cm-' (Bernstein, 2002: 125). 

3.3.4.1 lnfrared spectroscopy (IR) 

As stated by Silverstein et a/. (1981:95): "A peak-by-peak correlation [of the IR 

spectra] is excellent evidence for identity. It is unlikely that any two compounds, 

except enantiomers, would give the same infrared spectrum." However, one is not 

solely dependent on the IR spectra for the identification or characterisation of 

compounds. 

The infrared spectra were recorded, on a Nicolet Nexus 470-FT-IR spectrometer 

(Madison, Wisconsin, USA), over a range of 400-4000 cm-I, using the diffuse 

reflectance infrared Fourier transform spectroscopy (DRIFTS) method. DRIFTS 

spectrometry was implemented as the sampling method of choice, in order to 

eliminate the possibility of polymorphic transformations during conventional 

mulling, or KBr pellet sampling procedures (Roston et a/., 1993:293). Samples 

were prepared for DRIFT spectrometry by dispersing the raw material and I or 

sample in KBr. 



Table 3.3 lists the main absorptions, whilst the IR-spectrum of clarithromycin is 

illustrated in figure 3.3. 

Table 3.3 Main absorptions of the IR spectrum of the clarithromycin raw material 

Main absorptions I Wavenumber (an-') I 

) . . --- .. . - . .- . . . . ,  
4000 3000 2000 1 Ow 500 

Wawnumbers ( c m l )  

Figure 3.3 1R spectrum of the clarithromycin raw material. 



3.3.5 Powder dissolution studies 

Powder dissolutions were done on certain selected samples, in order to evaluate 

the potential influence of different polymorphic forms on the dissolution properties 

of clarithromycin. 

Powder dissolution was measured using Method 2, Paddle, of the USP 27 

(2004:2303). The paddles were rotated at 50 rpm and samples were taken from 

the dissolution medium at intervals of 10, 20 and 30 minutes. The concentration of 

dissolved powder was measured by means of HPLC (USP 27,2004:463). 

A 0.1 M sodium acetate buffer was prepared for the dissolution medium, by 

dissolving 13.61 g of sodium acetate trihydrate in 1 000 ml of purified water. The 

pH was then adjusted to 5.0 with 0.1 M acetic acid. The dissolution temperature 

was 37 k0.5'C. 250 mg of sample each was weighed and rinsed from the glass 

weighing boat into 10 ml test tubes with exactly 5 ml of the dissolution medium. 

125 mg of glass beads, with a mean diameter of 0.1 mm, were added to each 

sample and vortexed for 120 seconds. These samples were each transferred into 

the respective vessels, each containing 900 ml of dissolution medium. 

The dissolution rates of the samples taken at the 10, 20 and 30 minutes intervals 

were measured by means of HPLC analysis. Samples with a theoretical 

concentration of 0.277 pglml were injected for analysis on the HPLC, with the 

injection volume 10 pl, and the retention time 10 minutes. 

For the standard preparation, 27.7 mg of clarithromycin reference standard was 

dissolved in 10 ml of methanol in a 100 ml volumetric flask, and made up to 

volume with the dissolution medium. 

The HPLC system consisted of a Hewlett Packard 1100 (Hewlett Packard, 

Waldburg, Germany), equipped with a Waters Spherisorb ODs 150 x 4.6 mm 

column, with the UV detection set at 210 nm. The mobile phase was prepared by 

dissolving 9.12 g of anhydrous monobasic potassium phosphate in 1 000 ml of 

deionised water and filtered with a Milli-Q5O system. 350 ml of the 0.067 M 

monobasic potassium phosphate was then added to 650 ml of methanol. The pH 

was adjusted to 4.0 with 85% phosphoric acid. A flow rate of 1.5 mllmin was 

employed, and the column was operated at a temperature of 50°C. 



Table 3.4 Dissolution rate of clarithromycin raw material in 0.1 M sodium acetate 

buffer 

As shown in table 3.4, the raw material dissolved almost immediately in the 

dissolution medium. 

Time (min.) 

10 

The following formula was used to determine the percentage of clarithromycin that 

dissolved during dissolution testing, as was determined by HPLC: 

% Dissolved 

103 

A b ~ ,  X Csd X V O ~  X 1 0 0  X M ~ s s , ~ ~ ~ ~ ~ ~ ~  
% =  

A b ~ ,  X strength X Mass w,ghed 

Where 

Mass Weighed X 5 
Cstd = 

1 0 0 x 1 0 0  

A ~ ~ S E I  = Sample absorption 

Cstd = Standard concentration 

Vol = Injection volume 

Massthemtic = Theoretical mass 

A b%td = Standard absorption 

Strength = Strength of clarithromycin sample used 



3.3.6 Karl Fischer 

The moisture content was determined with a Metrohm 701 KF Titrino autotitrator 

(Metrohm, Switzerland). The Karl Fischer solution was calibrated against a 

predetermined mass of water and approximately 250 mg of sodium tartrate 

dihydrate dibasic powder. Samples of 50-250 mg each were used for all 

determinations. All experiments were performed in duplicate and the percentage 

of water (mlm) was calculated. 

3.4 Additional Tests Performed on Clarithromycin Raw Material 

3.4.1 Particle size analysis 

Particle size distributions in suspension were measured with a Galai-Cis-I (Galai, 

Israel) particle size analyser. This analyser uses dual discipline analysis, 

integrating laser diffraction and image analysis for particle sizing. Samples of the 

powder, suspended in a suitable dispersing solution (petroleum ether), were each 

placed in a small cuvette and fitted into the analyser. A small magnetic stirrer was 

placed inside the cuvette to prevent sedimentation of the particles during the 

measurement. The acquired data was used to compute the means, medians and 

standard deviations, based on the total particle population. The generated results 

indicated a median diameter of 3.9 pm (table 3.5) 

Table 3.5 Particle size of clarithromycin raw material 

I Clarithromycin I 3.9 I 
Sample 

Median diameter (pm) 
(by volume) I 



3.4.2 Optical rotation 

Optical rotation was measured with a Carl Zeiss visual polarimeter (Carl Zeiss, 

Oberkochen, Germany) at the sodium D-line. The measurement conditions were 

as follows: 

Solvent: chloroform; 

Concentration: 1 911 00 ml; 

Path length: 2 dm; and 

Temperature: 23°C. 

The specific rotation = [aID = 100a/#c, 

m e r e  

a = the observed rotation in degrees. 

# = the path length in dm. 

c = the concentration of the analyte (911 00 ml). 

The results are shown in table 3.6. 

Table 3.6 Observed optical rotation (a) and specific rotation [aID of the 

clarithromycin raw material 

I Concentration I Rotation ( 3  I 
Sample LOO rn~) I a I [a1 D 

The sample complied with the USP 27 (2004:463) specification, which states that 

the specific rotation of clarithromycin should be between -89" and -95". 

Clarithromycin 1.0001 5 -1.8 -89.98 



Chapter 4 

Clarithromycin: Patents and Characterisation 

4.1 Introduction 

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

Patent Numbers 5,945,405 (Form 0); 5,858,986 (Form 1); 5,844,105 (Form 11); 

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

Form 0, a solvate, which is converted into Form I by removing the solvent from the 

crystal lattice; Form I I which can be isolated directly through recrystallisation with 

organic solvents, or by heating the crystals of Form I; Form Ill, an acetonitrile 

(ACN) 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 when recrystallised from a 

chloroform and diisopropyl ether mixture. 

Since the XRPD patterns of the different crystal forms are unique for each form, it 

can be used to characterise and identify the various polymorphic forms. This 

powerful technique thus had been used as the main characterisation tool to 

differentiate between the various clarithromycin crystal forms in this study. 

4.2 Polymorphic Forms of Clarithromycin - a Literature and 

Patent Overview 

4.2.1 Form 0 (solvate) 

United States Patent: Pat. No. 5,945,405 

According to Spanton et a/. (1999:l-20), Form 0 can be recrystallised from 

ethanol, tetrahydrofuran, iso-propanol and isopropyl acetate. This solvated form is 

converted into the non-solvated Form I, by removing the solvent from the crystal 

lattice, which is done by exposing Form 0 to room conditions, or temperatures 



between 0-50°C. Form 0 is also converted into the non-solvated crystal Form II, 

by heating it under a vacuum at temperatures between 70-1 10°C. 

This patent describes a Form 0 solvate, having the structure within which S is a 

solvating molecule, selected from the group consisting of ethanol, isopropyl 

acetate, iso-propanol and tetrahydrofuran (THF). The XRPD peak position values 

of the Form 0 solvate, the ethanolate and the isopropyl acetate are shown in table 

4.1. The structure of Form 0 is shown in figure 4.1. 

Figure 4.1 The structure of Form 0 and Form Ill solvates (Spanton et a/., 

l999:Z). 



Table 4.1 Peak angle positions ("20) of the XRPD pattern of Form 0 solvate, 

Form 0 ethanolate and Form 0 isopropyl acetate (Spanton et a/., 

l999:2,lO) 

4.2.2 Form l 

Form 0 solvate ("28 f 0.2) 

United States Patent: Pat. No. 5,858,986 

Form 0 solvate Ethanolate - -- 
4.58 4.72 
6.50 6.60 

A comprehensive description of the preparation of Form I is given in U.S. Pat. No. 

5,858,986. The 2-theta angle positions of the XRPD pattern of Form I and the 

XRPD diffractogram are shown in table 4.2 and figure 4.2, respectively. The 

infrared spectrum of Form I is shown in figure 4.3. The DSC thermogram, figure 

4.4, shows an exothermic peak at 132.2"C (phase transition), an endothermic 

peak at 223.4"C, (melting) and another endothermic peak at 283.3"C, followed by 

an exothermic peak at 306.g°C (decomposition). At temperatures of 0-50°C, the 

solvent molecules are released from the crystal lattice of Form 0, resulting in a 

crystal structure corresponding to that of Form I, which in return converts into 

l s o e r o p y l  acetate 
4.76 
6.70 



Form II, upon heating in a vacuum oven for 18 hours, at 100-1 10°C (Liu et a/., 

1999: 1-1 6). 

TWO-THETA 

Figure 4.2 The XRPD pattern of Form I (Liu et a/., 1999:l). 
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Figure 4.3 IR spectrum of Form I (Liu eta/., 1999:2). 
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Figure 4.4 DSC thermogram of Form I (Liu et a/., 1999:3). 

4.2.3 Form ll 

United States Patent: Pat. No. 5,844,105 

Drugs that are currently on the market are formulated from this thermodynamically 

more stable Form II, hence the preparation of the current commercial entity 

requires the conversion of Form I crystals into Form II. This is done by heating the 

crystals of Form I under vacuum at a temperature below 80°C. Regardless of the 

fact that Form I can be converted into Form II, Form II can also be isolated directly 

by means of recrystallisation from a number of other common organic solvents, or 

mixtures thereof, thereby eliminating the additional conversion step as discussed 

in U.S. Pat. No. 8,844,105. These solvents include acetone, heptane, toluene, 

methyl tert-buthyl ether, N,N-dimethylformamide, ethyl acetate, xylene, mixtures of 

isopropyl-water, iso-propanol-water, tetrahydrofuran-water, ethanol-water, etc. 

Form 0 converts into Form I, which in return converts into Form 11, while Form Ill 

(section 4.2.4) can convert into Form II upon drying at a preferred temperature of 



about 90°C-105°C. The 2-theta angle positions of the XRPD pattern and the 

XRPD diffractogram of Form II are shown in table 4.2 and figure 4.5, respectively. 

The infrared spectrum of Form II is shown in figure 4.6. As can be seen in figure 

4.7, the DSC thermogram shows that Form II melts at 223.4"C, with the 

decomposition peak at 283.3"C (Liu & Riley, 1998: 1-20). 

Figure 4.5 XRPD pattern of Form II (Liu & Riley, 1998:4). 

Figure 4.6 IR spectrum of Form II (Liu & Riley, 1998:5). 



Figure 4.7 DSC thermogram of Form II (Liu & Riley, 1998:6). 

4.2.4 Form Ill 

United States Patent: Pat. No. U.S. 6,627,743 B l  

This polymorphic form is shown in figure 4.1, where S represents one, two or three 

acetonitrile (ACN) solvent molecules. Form Ill can exist in a mixture of other 

forms, or in a substantially pure form, having at least 90% of Form Ill. The crystal 

structure can be identified as a monoclinic crystal system. 

Preparation of Form Ill is described in U.S. Pat. No. 6,627,743 B1. Form II can be 

isolated from Form Ill by drying these crystals over a temperature range of 80- 

1 80°C, preferably at temperatures from 90-1 05°C (Liu et a/. , 2003: 1-1 4). The 

XRPD diffractogram, IR spectrum, DSC thermogram and TGA thermogram of 

Form Ill are shown in figures 4.8, 4.9, 4.10 and 4.1 1, respectively. The main 

XRPD peak positions of Form Ill are listed in table 4.2. 



Figure 4.8 The XRPD pattern of Form Ill (Liu et a/., 2003:l). 
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Figure 4.9 The IR spectrum of Form Ill (Liu eta/., 2003:2). 
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Figure 4.10 The DSC thermogram of Form Ill (Liu eta/., 2003:3). 

Figure 4.11 The TGA thermogram of Form Ill (Liu et a/., 2003:4). 



4.2.5 Form lV 

United States Patent: Pat. No. 6,599,884 

The preparation of the amorphous Form IV has been described by Avrutov et a/. 

(2003:l-26). The 2-theta angle positions and the XRPD pattern of Form IV are 

shown in table 4.2 and figure 4.12, respectively. 

TWO - theta 

Figure 4.12 The XRPD pattern of Form IV (Avrutov et a/., 2003:l). 



Table 4.2 Peak angle positions ('28) of polymorphic Forms I, 11, Ill and IV, 

according to the literature 

Peak angle positions ("28 f0.2) 
Form IV 

- 
- 

7.60 
8.10 

- 
- 

Form Ill 
- 
- 
- 
- 
- 

9.05 

Form I 
5.16 
6.68 

- 
- 
- 
- 

Form II 
- 
- 
- 
- 

8.52 
- 



4.3 Recrystallisation of Clarithromycin Crystal Forms 

4.3.1 Method used to obtain clarithromycin crystals 

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

solvents, as are listed in table 4.3, and categorised according to the forms already 

described in literature. Another aim of this study was to prepare and characterise 

novel polymorphic forms. 

Saturated solutions of clarithromycin powder were prepared in various solvents. 

These saturated solutions were prepared in 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. 

4.3.2 Sample preparation 

Inter-sample variations can occur due to polymorphic phase transformations, 

being induced by different sample handling procedures during sample preparation, 

such as different grinding pressures, or varying periods of grinding. This 

emphasises the importance of having to handle all samples equally and I or with 

the necessary care, to assure comparative and accurate results, and avoid inter- 

sample variation. 

With this in mind, an amount of crystals from each recrystallisation solvent were 

lightly ground (powdered), using a mortar and pestle. Sufficient sample was 

powdered to enable the analyst to perform XRPD, DSC and IR analysis on the 

same sample from each batch. 



Table 4.3 The analytical grade solvents used for the recrystallisation of 

clarithromycin 

Molecular 
weight 

Boiling point 
I°Cl Manufacturer 

Saarchem, South Africa 

Solvent 

Acetone 

Ethanol BDH Laboratory Suppliers, 
Enaland 

Methanol ACE Pty. Ltd., South Africa 

Benzene Merck, South Africa 

Ethyl acetate Merck, South Africa 

Saarchem, South Africa 

Dimethylformamide 
OMF) 

BDH Laboratory Suppliers, 
Enaland 

ACE Pty. Ltd., South Africa 

Tetra hydrofuran 
(TH F) 

Saarchem, South Africa 

Dioxane Merck, South Africa 

Acetonitrile (ACN) BDH Laboratory Suppliers, 
Enaland 

ACE Pty. Ltd., South Africa 

Dichloormethane Saarchem, South Africa 

Chloroform Saarchem, South Africa 



4.4 Clarithromycin Recrystallisations from Acetone, Methanol, 

Benzene, Dimethylformamide (DMF) and Tetrahydrofuran 

(THF) 

To characterise and identify the crystals that were recrystallised from the listed 

solvents, the methods, as discussed in chapter 3, were followed. The crystal 

form that was recrystallised from the different solvents mostly resembled that of 

Form II, as reported in the literature (section 4.2.3). The XRPD, IR and DSC data 

of these recrystallisations compared well with those of Form 11. 

4.4.1 X-ray powder diffraction (XRPD) 

The powdered crystals were prepared for XRPD analysis. The main peak angles 

and relative intensities are shown in table 4.4, and an overlay of the XRPD 

patterns is shown in figure 4.13. 



Table 4.4 Peak intensity ratios (Itlo) at main XRPD peak angles ("28) of clarithromycin crystals obtained through recrystallisation 

from acetone, methanol, benzene, DMF and THF 

Acetone Methanol 
Peak angles I Intensities Peak angles I Intensities 

Benzene I DMF I THF 1 
1 

Peak angles I Intensities I Peak angles I Intensities I Peak angles I lntensitlr 
I "20 I (Illo) , 



Table 4.4 (Continue) 

Peak angles 
"20 

20.3 
20.6 
21.3 
21.8 
22.2 
23.2 
23.9 

- 
24.8 
25.1 
25.3 

Acetone 
Intensities 

(1110) 
100.0 
17.5 
11.0 
12.4 
16.8 
19.3 
6.5 
- 

14.9 
9.5 

26.0 C 
- 

26.5 
27.8 
28.4 
28.6 

1 29.3 
30.1 -- 
30.6 
31.5 " 

THF Methanol 

25.9 
- 

26.4 
27.7 
28.4 
28.9 
29.3 
30.1 
30.6 

- 

Peak angles 
"20 
- 

20.5 
21.4 

- 
22.2 
23.2 
24.0 

- 
25.0 
25.2 

Peak angles 
"28 

20.3 
- 

21.1 
21.6 
22.0 
23.5 
23.8 
24.6 

Benzene DMF 
Intensities 

(1110) 
- 

30.7 

17.8 
15.4 

Intensities 
(1110) 

-' 
12.1 

f 

Peak angles 
"28 
20.0 
20.6 
21.5 
21.9 
22.3 
23.3 
24.0 

- 
- 

25.1 
- 

26.0 
- 

26.6 

- 

Intensities Peak angles Intensities 
(1110) "20 
4.9 - 
12.7 20.6 

21.5 L 
- 

22.3 
-. 23.3 

24.0 
- 

- 25.0 8.7 
5.2 - - - 

25.7 
26.1 
26.6 

25.8 
26.2 

- 
25.1 

- 

8.9 
18.6 

- 
,6.8 , , 

26.8 
27.7 
28.6 
28.9 
29.6 
29.7 
30.2 
30.7 

27.9 I 27.9 
28.6 28.6 

- 
29.4 
29.9 
30.2 
30.6 

- 
29.3 
P 

29.9 
30.2 
30.3 
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Figure 4.13 An overlay of the XRPD patterns of clarithromycin crystals (Form II)

recrystallised from acetone, methanol, benzene, DMF and THF.
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4.4.2 Infrared spectroscopy (IR)

The samples were each dispersed in potassium bromide (KBr)and their DRIFTS

recorded. The IR spectra of the crystals showed a characteristic spectrum, similar

to that of the reported Form II (figure4.14). The main IR absorptions are listed in

table 4.5.

-- . --- . .

I
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,
500

Wavenumbers (c~1)

Figure 4.14 An overlay of the IR spectra of clarithromycin crystals recrystallised

from acetone (cyan), methanol (red), benzene (green), DMF (blue)

and THF (purple).
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Table 4.5 The main absorptions in the IR spectra of clarithromycin crystals 

recrystallised from acetone, methanol, benzene, DMF and THF 

Acetone Methanol Benzene DMF THF 
Main Wavenumber Wavenumber Wavenumber Wavenumber Wavenumber 

absorptions (c m-l) (cm-l) 

1 3487 3502 3488 3488 3488 
2 2978 2976 2978 2978 2978 

4.4.3 Differential scanning calorimetry (DSC) 

The DSC thermograms were recorded. Approximately 2-5 mg of crystals were 

weighed into an aluminium crimp cell and sealed. The samples were heated at a 

rate of 10°Clmin, under a nitrogen purge of 35 mllmin. The thermograms obtained 

were similar to those of Form II. The endothermic melting peak maxima are listed 

in table 4.6 and the thermograms in figure 4.15. 

Table 4.6 The melting points of Form II recrystallised from acetone, methanol, 

benzene, DMF and THF 

Methanol 

Solvent 

Acetone 

I Benzene 1 225.02 1 

DSC peak maxima 
("C) 

228.33 

DMF 
THF 

224.81 

225.66 
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Figure 4.15 The DSC thermogram of clarithromycin crystals recrystallised from 

(A) acetone, (B) methanol, (C) benzene, (D) DMF and (E) THF. 

4.4.4 Conclusion 

Crystals recrystallised from acetone, methanol, benzene, DMF and THF revealed 

physico-chemical properties comparable to that of Form II. 

4.5 Clarithromycin Recrystallisation from Acetonitrile 

Crystals that were recrystallised from acetonitrile were characterised and 

identified, using the methods as discussed in chapter 3. 

Literature describes an acetonitrile solvate, Form Ill (section 4.2.4). Not all of the 

solvent had evaporated from the sample and these crystals were still immersed in 

acetonitrile at the time of analysis. Although the literature described that Form Ill 

was recrystallised from acetonitrile, an XRPD pattern, DSC thermogram and IR 



spectrum, identical to those of Form II and not Form Ill, were obtained during this 

study from acetonitrile recrystallisation. 

4.5.1 X-ray powder diffraction (XRPD) 

The powdered crystals were used for the XRPD measurements. The XRPD 

pattern (figure 4.16) resembled that of Form II, except for the presence of the 

diffraction peak at 7.3 "28, a characteristic peak for Form Ill (figure 4.8), which 

indicated that the sample may have contained a small fraction of the ACN solvated 

Form Ill. 

The main peak angles and relative intensities are shown in table 4.7, and the 

diffraction pattern in figure 4.16. 



Table 4.7 Peak intensity ratios (1110) at main XRPD peak angles ("28) of 

clarithromycin crystals recrystallised from acetonitrile 

Peak angles 
"28 
7.3 
8.5 
9.4 
10.8 
11.4 

Intenstties 
(Vlo) 
3.2 
24.0 



Figure 4.16 The XRPD pattern of clarithromycin crystals recrystallised from 

acetonitrile. 



4.5.2 Infrared spectroscopy (IR) 

The powdered sample was dispersed in KBr and its DRIFTS recorded. The IR 

spectrum showed similarities to that of Form II. The main absorptions are shown 

in table 4.8 and the IR spectrum in figure 4.17. 

Table 4.8 The main absorptions in the IR spectrum of clarithromycin crystals 

recrystallised from acetonitrile 

Main 
absorptions 

1 
2 
3 
4 
5 
6 

Wavenumber 
(cm-') 
3853 
3839 
3801 
3751 
3735 
3676 

Main 
absorptions 

31 
32 
33 
34 
35 
36 

Wavenumber 
(cm-' ) 
1255 
1171 
1108 
1089 
1069 
1051 



Figure 4.17 The IR spectrum of clarithromycin crystals recrystallised from 

acetonitrile. 

4.5.3 Differential scanning calorimetry (DSC) 

The DSC thermogram was recorded on approximately 2-5 mg of the crystals 

obtained. The powder was 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 mllmin. 

This thermogram showed a melting endotherm at a temperature of 223.47"C 

(figure 4.1 8), which was slightly lower than the melting point observed for Form 11. 

Figure 4.18 The DSC therrnogram of clarithromycin crystals recrystallised from 

acetonitrile. 



4.5.4 Conclusion 

Form II, having, a small fraction of the solvated Form Ill, was obtained through 

direct recrystallisation from acetonitrile in this study. 

Liu et a/. (2003: 1-1 6) reported that desolvation occurred between 80-1 80°C. This 

sample, however, desolvated at room conditions (temperatures below 30°C). 

4.6 Clarithromycin Recrystallisation from Ethyl Acetate 

The crystals that were recrystallised from ethyl acetate were characterised and 

identified, using the methods as discussed in chapter 3. These crystals that were 

recrystallised from ethyl acetate showed a unique XRPD pattern, compared to the 

forms reported in literature, and were 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 (figure 4.19). 

4.6.1 X-ray powder diffraction (XRPD) 

The XRPD patterns were recorded as discussed in section 3.2.3.1. The main 

peak angle positions and relative intensities are shown in table 4.9, and the 

diffraction pattern in figure 4.19. 



Intensities (VIOL 

Table 4.9 Peak intensity ratios (1110) at main XRPD peak angles ("28) of 
clarithromycin crystals recrystallised from ethyl acetate (Form V and Form 



20 

O 2  Theta 

Figure 4.19 An overlay of the XRPD patterns of clarithromycin crystals 

recrystallised from ethylacetate: (a) Form V and (b) Form V after 6 

months. 



4.6.2 Infrared spectroscopy (IR) 

The powdered sample (Form V) was dispersed in KBr and its DRIFTS recorded. 

The spectrum showed some similarities to that of Form II. The main absorptions 

are listed in table 4.10 and the IR spectrum in figure 4.20. 

Table 4.10 The main absorptions in the IR spectrum of clarithromycin crystals 

recrystallised from ethyl acetate (Form V) 

I 

Wavenumber 
(cm-' ) 
963 
934 
903 
892 
867 
844 
805 
781 
769 
754 
727 
698 
634 
617 
583 
557 
493 
462 
404 - 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Main 
absorptions 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Wavenumber 

3822 
3488 
341 1 
2978 
2940 
2876 
2835 
2796 
2780 
2340 
2128 
1961 
1733 
1691 
1617 
1458 
1422 
1378 
1364 
1320 
1278 
1256 
1171 
1 107 
1087 
1069 
1051 
1034 
101 1 
978 

Main 
absorptions 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 



Wavenumben (cml) 

Figure 4.20 The IR spectrum of clarithromycin crystals recrystallised from ethyl 

acetate (Form V). 

4.6.3 Differential scanning calorimetry (DSC) 

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 4.21). 

DSC 
mW 

t 

Figure 4.21 The DSC thermogram of clarithromycin crystals recrystallised from 

ethyl acetate (Form V). 



4.6.4 Scanning electron microscopy (SEM) photomicrograph

The SEM photomicrographof FormV (figure4.22) showed shapeless crystals of

varying size and form.

Figure 4.22 SEM photomicrograph of clarithromycin Form V recrystallised from

ethyl acetate.

4.6.5 Conclusion

The recrystallisation of clarithromycin from ethyl acetate produced a new crystal

Form V. Form V transformed into the thermodynamically more stable Form II,

after storage at room conditions for 6 months.

4.7 Clarithromycin Recrystallisation from Ethanol and Iso-

propanol

To characterise and identify the crystals that were recrystallised from ethanol and

iso-propanol, the methods of characterisation, as discussed in chapter 3, were
followed.

80
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4.7.1 Recrystallisation solvent: ethanol 

Two possible crystal forms were prepared by means of slow recrystallisation of 

clarithromycin from ethanol. Not all of the solvent had evaporated from the batch 

A sample, and these crystals were still immersed in ethanol at the time of analysis, 

compared to all the solvent being evaporated from batch B prior to analysis. 

Batch A: The crystals that were obtained showed XRPD, DSC and IR properties 

similar to those of Form II. Spanton et a/. (1999:2) stated that Form II can be 

prepared by exposing Form 0 to heating between 70-1 10°C, under a vacuum. The 

crystals obtained from recrystallisation were still immersed in ethanol, since not all 

of the solvent evaporated. Because these crystals were not exposed to 

temperatures exceeding 25"C, one may thus conclude that the recrystallisation 

product was indeed Form II and not the product of a desolvation process. 

Batch B: A second batch B showed an XRPD diffractogram comparable to that of 

Form 0 (section 4.2.1 ). Spanton et a/. (1 999:2) prepared an ethanolate (Form 0) 

through recrystallisation from ethanol. Spanton et a/. (1 999: 1-20) did not, 

however, discuss the IR properties of Form 0. The DSC thermogram of batch B 

was similar to that of Form I and the TGA analysis showed no mass loss, hence 

implicating no desolvation. 

In cases where materials, that are originally crystallised as solvates, but from 

which the solvent is being removed through vaporisation (induced by heat and 

vacuum), the term "desolvated solvates" is applied (Guillory, 1 999: 1 99). 

According to Spanton et a/. (1999:l-20), the solvent can be removed from crystal 

Form 0 between temperatures of 0-50°C. 

These "desolvated solvatesu frequently retain the crystal structure of the original 

solvated form and exhibit relatively small changes in lattice parameters. For this 

reason, they have been referred to as pseudopolymorphic solvates (Guillory, 

1 999: 1 99). 



4.7.1 .I X-ray powder diffraction (XRPD) 

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

recrystallised from ethanol. 

The main peak angles and relative intensities are shown in table 4.1 1, and the 

diffraction pattern in figure 4.23. The XRPD pattern of batch A was similar to that 

of Form II, whilst the XRPD pattern of batch B compared with that of Form 0. 



Table 4.11 Peak intensity ratios (1110) at main XRPD peak angles ("28) of 

clarithromycin crystals recrystallised from ethanol, compared to 

Intensities 

those of Forms 0 and II 



20 

' 2  Theta 

Figure 4.23 Overlay of XRPD patterns of clarithromycin crystals recrystallised 

from ethanol: (a) batch A and (b) batch 6. 



4.7.1.2 Infrared spectroscopy (IR) 

The powdered sample was dispersed in KBr and its DRIFTS recorded. The IR 

spectrum showed an IR profile similar to that of Form I (batch B), and Form II 

(batch A). 

The main absorptions are shown in table 4.12 and the IR spectra in figures 4.24 

and 4.25. 



Table 4.12 The main absorptions in the IR spectra of clarithromycin crystals 

recrystallised from ethanol 



, . . . , . - .  . I 
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Figure 4.24 The IR spectrum of clarithromycin crystals recrystallised from ethanol 

(batch A). 

Figure 4.25 The IR spectrum of clarithromycin crystals recrystallised from ethanol 

(batch B). 



4.7.1 .3 Differential scanning calorimetry (DSC) 

The DSC thermograms were recorded on approximately 2-5 mg of the crystals, 

each recrystallised from ethanol. The powders were weighed into aluminium 

crimp cells. The cells were sealed and the samples heated at a rate of 10°Clmin, 

under a nitrogen purge of 35 mllmin. Batch A showed a melting endotherm at a 

temperature of 222.10°C (figure 4.26). The DSC thermogram of batch B showed 

an exothermic peak at 83.3OC (with no desolvation peak) and an endothermic 

peak representing the melting point at 221 .7g°C (figure 4.27). 

Figure 4.26 The DSC thermogram of clarithromycin crystals recrystallised from 

ethanol: batch A. 
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4.0- 

Figure4.27 The DSC and TGA thermograms of clarithromycin crystals 

recrystallised from ethanol, representing batch B. 
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4.7.1 .4 Thermogravimetric analysis (TGA) 

The TGA analysis of batch B did not indicate any weight loss, thus no desolvation 

occurred (figure 4.27). 

4.7.1.5 Conclusion 

The crystals of batch A showed XRPD, DSC and IR results, similar to those of 

Form II. According to the XRPD results of batch B, recrystallisations from ethanol 

also produced crystals that correlated with the Form 0 solvate. The DSC and IR 

results of batch B, however, were similar to those of Form I. Although the XRPD 

results represented those of a solvate, TGA analysis showed no mass loss, as 

would occur during desolvation. DSC analysis also showed no desolvation 

endotherm, and could it thus be assumed that the form being tested represented a 

desolvated solvate. 

4.7.2 Recrystallisation solvent: iso-propanol 

The slow recrystallisation products from iso-propanol produced two different forms, 

i.e. batches A and B. At the time of analysis the crystals of batch A were still 

immersed in iso-propanol, while the solvent of batch B had already evaporated. 

Batch A: The crystals obtained, showed XRPD, DSC and IR properties similar to 

those of Form II. Spanton et a/. (1999:2) stated that Form II can be prepared by 

exposing Form 0 to an increase in temperature of between 70-1 10°C, under a 

vacuum. The crystals obtained from this recrystallisation process were still 

immersed in iso-propanol and were not exposed to temperatures exceeding 25"C, 

thus one could conclude that the recrystallisation product was indeed Form II and 

not the product of a desolvation process. 

Batch B: A second batch B showed an XRPD diffractogram comparable to that of 

Form 0 (section 4.2.1). Spanton et a/. (1999:2) prepared an iso-propanol solvate 

(Form 0) through recrystallisation from iso-propanol. Spanton et a/. (1 999:1-20), 

however, did not discuss the IR properties of Form 0. It could thus be assumed 

that the IR spectrum of Form 0 was represented by the IR spectrum in figure 4.28. 



4.7.2.1 X-ray powder diffraction (XRPD) 

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

recrystallised from iso-propanol. 

The main peak angle positions and relative intensities of both batches are shown 

in table 4.1 3, and the diffraction patterns in figure 4.28. 

According to the XRPD diffractograms, batch A was similar to the reported Form II, 

whereas that of batch B compared to the solvated Form 0. 



Intensities lntenslties 
(Illo) 
100.0 

Table 4.13 Peak intensity ratios (Illo) at main XRPD peak angles ("28) of 

clarithromycin crystals recrystallised from iso-propanol, compared to 

those of Forms 0 and II 
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Figure 4.28 An overlay of XRPD patterns of clarithromycin crystals recrystallised 

from iso-propanol: (a) batch A and (b) batch B. 



4.7.2.2 Infrared spectroscopy (IR) 

The powdered sample was dispersed in KBr and its DRIFTS recorded. Two 

batches showed spectra similar to those of Form I (batch B), and Form II (batch 

A)* 

The main absorptions are shown in table 4.14 and the IR spectra in figures 4.29 

and 4.30. 



Table 4.14 The main absorptions in the IR spectra of clarithrorn ~ycin crystals 

recrystallised from iso-propanol: batches A and B 

Batch A 
Wavenumber 

(cm") 

3468 
2977 
2940 
2906 
2876 
2834 
2796 
2779 

1732 
1725 
1691 
161 5 

1458 
1422 
1378 
1 364 
1354 
1332 
1320 
1278 
1256 
1172 

1107 
1086 
1069 
1052 
1034 
101 2 
1000 
978 
963 
934 
902 
892 
867 
844 
805 
781 
754 
728 
698 

633 
61 8 
583 
557 
493 
463 

Main absorptions 

1 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 

Batch B 
Wavenumber 

(cm-' ) 
3855 
3822 
3676 
3474 
2968 

2833 
2792 

2140 
1958 
1731 

1694 
1629 
1560 
1460 

1378 

1347 
1332 

1269 
1244 
1170 
1129 
1109 
1075 

1051 
1035 
101 1 
994 

953 

905 
890 
865 
833 
801 
783 
773 
752 
737 
697 
635 
61 8 
579 
556 
493 
459 
432 
414 



, . . . - - + - ~ - -  ".. . I ,  . . . . " ,  
4000 3000 2000 loo0 500 

Wavenumbem ( c m l )  - 

Figure 4.29 The IR spectrum of clarithromycin crystals recrystallised from iso- 

propanol: batch B. 

Figure 4.30 The IR spectrum of clarithromycin crystals recrystallised from iso- 

propanol: batch A. 



4.7.2.3 Differential scanning calorimetry (DSC) 

The DSC thermograms were recorded on approximately 2-5 mg of the crystals 

that were recrystallised from iso-propanol (batches A and 6). The samples were 

weighed into aluminium crimp cells. The cells were sealed and heated at a rate of 

10°Clmin, under a nitrogen purge of 35 mllmin. The thermogram (figure 4.31) 

showed a melting endotherm at a temperature of 223.2g°C (batch A). The DSC 

thermogram of the batch 6 crystals compared with that of Form II, but it had an 

exothermic peak at 88.4"C, which compared to Form I, as illustrated in figure 4.32. 

Figure 4.31 The DSC thermogram of clarithromycin crystals recrystallised from 

iso-propanol: batch A. 

TGA 

Figure4.32 The DSC and TGA thermograms of clarithromycin crystals 

recrystallised from iso-propanol: batch 6. 



4.7.2.4 Thermogravimetric analysis (TGA) 

The TGA analysis of batch B did not indicate any weight loss, thus no desolvation 

occurred (figure 4.32). 

4.7.2.5 Conclusion 

The crystals of batch A showed XRPD, DSC and IR results, similar to those of 

Form II. According to the XRPD results, recrystallisations from iso-propanol also 

produced crystals that correlated with the Form 0 solvate (batch B). The DSC and 

IR results of batch B, however, were similar to those of Form I. Although the 

XRPD indicated a solvate, TGA analysis showed no mass loss, as would occur 

during desolvation. DSC analysis also showed no desolvation endotherm. It 

could thus be assumed that this form (batch B) represented a desolvated solvate. 

4.8 Clarithromycin Recrystallisation from n-Propanol, n- 

Butanol, Dioxane and Dichloromethane 

4.8.1 Recrystallisation solvent: n-propanol 

The characterisation tools, as discussed in chapter 3, were used to identify and 

characterise the clarithromycin crystals that were recrystallised from n-propanol. 

According to the XRPD results, recrystallisation from n-propanol produced crystal 

structures that correlated with the solvated Form 0. The DSC and TGA results 

confirmed this. This solvate gave results correlating with those of Form II, when 

tested again after a period of time. 

4.8.1 .I X-ray powder diffraction (XRPD) 

The crystals recrystallised from n-propanol were powdered and used for the XRPD 

measurements. 

The main peak angles and relative intensities are shown in table 4.15 and the 

diffraction pattern in figure 4.33. 



Table 4.15 Peak intensity ratios (1110) at main XRPD peak angles ("28) of 

clarithromycin crystals recrystallised from n-propanol 

Intensities 
(lllo) (lllo) 

83.8 
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Figure 4.33 The XRPD pattern of clarithromycin crystals recrystallised from n- 

propanol: (a) n-propanol desolvated and (b) n-propanol solvate. 



4.8.1.2 Infrared spectroscopy (IR) 

The sample was powdered and dispersed in KBr and its DRIFTS recorded. The 

IR spectrum of the solvate showed similarities to those of Form I. 

The main absorptions are shown in table 4.16 and the IR spectrum in figure 4.34. 

The IR properties of the desolvated form were comparable to those of Form II 

(section 4.2.3). 



Table 4.16 The main absorptions in the IR spectrum of clarithromycin crystals 

recrystallised from n-propanol 
- - 

Solvate 

Main absorptions 
1 
2 
3 
4 

Wavenum ber 
(cm-') 
3474 
2968 
2833 
2792 
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Figure 4.34 The IR spectrum of clarithromycin crystals recrystallised from n- 

propanol: solvate. 

4.8.1.3 Differential scanning calorimetry (DSC) 

The DSC thermograms were recorded by weighing approximately 2-5 mg of the 

powdered crystals into aluminium crimp cells and sealing it. The samples were 

heated at a rate of 1O0C/min, under a nitrogen purge of 35 mllmin. The 

thermogram of the solvate showed an exothermic recrystallisation peak at 

100.53"C, an endothermic desolvation peak at 102.01 "C and a melting endotherm 

at 226.0g°C (figure 4.35). 

This thermogram differed from those obtained for crystals recrystallised from 

ethanol and iso-propanol (figures 4.27 and 4-31), due to the presence of a strong 

desolvation peak at 102°C. 

The DSC thermogram of the desolvated form compared with that of Form I1 (as 

discussed in section 4.4.3). 



Figure 4.35 DSC and TGA thermograms of clarithromycin crystals recrystallised 

from n-propanol: n-propanol solvate. 

4.8.1 -4 Thermogravimetric analysis (TGA) 

The TGA showed a weight loss of 6.481% (figure 4.35). The theoretical weight 

loss for an n-propanol solvate is 7.436%. It could thus be assumed that the 

clarithromycin crystals that were recrystallised from n-propanol represented a 

monen-propanol solvate. 

The lower experimental weight loss value indicated that the desolvation process 

had already commenced. 

4.8.1 .5 Variable temperature X-ray powder diffraction (VTXRPD) 

The VTXRPD patterns were recorded, as was discussed in section 3.2.3.2, to 

illustrate the desolvation of the n-propanol solvate. The VTXRPD pattern of the 

desolvated form resembled that of Form II (figure 4.36). This solvate proved to 

remain stable with heating over a temperature range of 25-85°C. 

The solvated peaks, characteristic of Form 0 (4.6 and 6.5"20), disappeared over a 

temperature range of 95-1 10°C, due to the desolvation process and its 

transformation into the thermodynamically more stable Form II. 
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Figure 4.36 The VTXRPD patterns of the n-propanol solvate when heated over a

temperature range of 25-200°C.
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4.8.1.6 Thermal microscopy (TM)

The photomicrographs of the n-propanol solvate at elevated temperatures (figure

4.37) were generated, using the method as described in section 3.3.2.1. The

melting point could not be clearly identified when crystals were immersed in

silicone oil. An evaluation of the crystals in the absence of silicone oil clearly

illustrated that the melting process had commenced at 216°C.

Crystals immersed in silicone oil at
29°C

Shattered crystals at 140°C

'"
" .

I

Initial, crystals at 23°C (without
silicone oil)

Crystals showed darker spots and
started to disintegrate at 78°C,

intensifying at 84°C

Crystals started to melt at 196°C,
melting complete at 206°C

II.
I ' . ,
I i4J '\
I
I fi;<!t

I

,.. ~.'.. ~ ., ~, ,
The melting process at 220°C (without

silicone oil)

Figure 4.37 The photomicrographs of the n-propanol solvate with heating over a

temperature range of 23-220°C.
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4.8.1.7 Scanning electron microscopy (SEM)

The SEM photomicrograph of crystals recrystallised from n-propanol (figure 4.38)

showed various shapes and sizes.

Figure 4.38 SEM photomicrograph of the clarithromycin n-propanol solvate.

4.8.1.8 Conclusion

The recrystallisation from n-propanol produced an n-propanol solvate, which

desolvated with time and hence transformed into the thermodynamically more

stable Form II during storage at room conditions.

4.8.2 Recrystallisation solvent: n-butanol

The recrystallisation from n-butanol produced crystals with an XRPD diffractogram

comparing with that of the Form 0 solvate. The DSC, TGA and IR results

confirmed that the crystals obtained from the recrystallisation, could be classified

as a Form 0 solvated form. After approximately 3-6 weeks the same sample was

re-evaluated and the XRPD, DSC, and IR results were similar to those of the

thermodynamically more stable Form II, indicating that desolvation took place, as

described by Spanton et al. (1999:1-20).
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4.8.2.1 X-raypowder diffraction (XRPD)

The main peak angles and relative intensities are listed in table 4.17 and the

diffraction patterns are illustrated in figure 4.39. According to the XRPD

diffractograms, the initial n-butanol solvate was similar to that of Form O.

Subsequent XRPD analysis illustrated that this Form 0 transformed into the

thermodynamically more stable Form II, on exposure to room temperature over a

period of approximately 3-6 weeks.

XRPD results of the solvated form (Form 0) indicated traces of Form II, thus

indicatingthe partial desolvation of the sample.

Table 4.17 Peak intensity ratios (1110)at main XRPD peak angles e28) of

clarithromycincrystalsrecrystallisedfrom n-butanol
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--- -- - - - ---

Desolvated form n-Butanol solvate

Peak angles Intensities Peak angles Intensities
°28 (1/10) °28 (1/10)
- - 4.5 62.4

6.6 3.9 6.4 11.3
7.4 2.9 7.6 2.2
8.6 28.6 8.9 27.7
- - 9.2 19.4

9.5 100.0 - -
10.0 47.4 9.8 17.9
- - 10.3 19.0

10.9 58.5 10.8 10.4
11.5 53.2 11.7 6.2
11.9 14.2 - -
12.4 12.0 12.4 2.9
- - 12.6 2.9
- - 12.9 4.7

13.2 7.3 13.5 100.0
13.8 20.0 13.7 48.0
14.1 18.1 - -
14.6 5.1 14.6 3.8
- - 14.9 14.3

15.2 40.2 15.3 2.0
15.5 11.9 - -
- - 16.1 5.8

16.5 23.1 16.4 3.6
16.9 36.2 - -



Table 4.17 (Continue)

- - --- - --
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Desolvated form n-Butanol solvate

Peak angles Intensities Peak angles Intensities
°28 (1/10) °28 (1110)

17.3 40.0 17.1 9.5
17.6 23.1 - -
18.1 23.1 18.0 30.6
18.4 1617 18.4 14.3
19.1 59.0 19.0 5.0

- - 19.6 5.2

19.9 19.9 19.9 3.2
20.1 44.8 20.2 5;6
20.5 27.6 20.5 4.9
21.4 16.6 21.2 4.4
21.5 14.6 21.6 3.5
22.2 29.7 22.2 2.5
- - 22.6 6.3
- - 23.0 4.4

23.2 22.9 23.3 3.6
24.0 7.4 23.8 4.8
24.9 21.1 24.5 2.2
25.1 16.7 25.3 2.9

- - 25.6 2.0
26.0 1.3.9 26.1 2.7
26.5 16.7 26.5 1.8
27.2 9.0 27.3 2.3
27.8 12.4 28.0 1.6
28.5 17.0 - -
29.3 14.9 29.1 1.3

- - 29.6 1.8
30.2 16.1 - -
30.5 17.5 - -
31.4 11.4 31.9 1.7
32.7 1.2.9 32.6 1.3
33.1 12.7 33.2 1.6
33.5 12.7 33.2 1.6
34.3 10.5 - -



Figure 4.39 The XRPD patternof clarithromycin crystals recrystallised from n-

butanol: (a) desolvatedForm II and (b) n-butanolsolvatedFormO.
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4.8.2.2 Infrared spectroscopy (IR)

The samples were dispersed in KBr and their DRIFTS recorded. The IR spectra of

the crystals recrystallised from n-butanol showed similarities to those of Forms I

and II. The main absorptions of the solvated form are shown in table 4.18 and the

IR spectrum in figure 4.40. The shoulder that formed in the region of 3414 cm-1,

indicated the partial desolvation of the n-butanol solvate. The IR spectrum of the

desolvated crystals compared to that of Form II (section 4.2.3).

Table 4.18 The main absorptions in the IR spectrum of clarithromycin crystals

recrystallised from n-butanol (solvated form)

110

- - - --- - - ---

Main Wavenumber Main Wavenumber
absorptions (cm-1) absorptions (cm-1)

1 3467 20 1011
2 2966 21 937
3 2939 22 903
4 2834 23 891
5 2793 24 866
6 2129 25 834
7 1958 26 805
8 1732 27 781
9 1692 28 753
10 1459 29 728
11 1422 30 698
12 1377 31 635
13 1311 32 618
14 1284 33 583
15 1170 34 556
16 1108 35 493
17 1074 36 460
18 1051 37 437
19 1035 38 417
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Figure 4.40 The IR spectrum of clarithromycin n-butanol solvated crystals.

4.8.2.3 Differential scanning calorimetry (DSC)

The DSC thermogram was recorded on approximately 2-5 mg of the crystals that

were recrystallised from n-butanol. The sample was weighed into an aluminium

crimp cell. The cell was sealed and the sample heated at a rate of 1DOC/min,

under a nitrogen purge of 35 ml/min. The DSC thermogram of the desolvated

crystals showed properties similar to those of Form II crystals.

The DSC thermogram of the n-butanol solvate showed an endothermic

desolvation peak at 1D6.96°Cand a melting endotherm at 225.85°C (figure 4.41 ).
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Figure 4.41 DSC and TGA thermograms of clarithromycin n-butanol solvated

crystals.

4.8.2.4 Thermogravimetric analysis (TGA)

The TGA thermogram of the n-butanol solvate showed a weight loss of 8.1%

(figure 4.41). The theoretical weight loss for an n-butanol solvate is 9.0%,

reinstating the above XRPD and IR observations that the n-butanol solvate had

started desolvating at room temperature.

4.8.2.5 Thermal microscopy (TM)

The photomicrographs at elevated temperatures for the n-butanol solvate (figure

4.42) were generated, using the methods as described in section 3.3.2.1. The

melting point could not be clearly identified when crystals were immersed in

silicone oil. An evaluation of the crystals in the absence of silicone oil clearly

illustrated that the melting process commenced at 220°C.
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Crystals immersed in silicone oil, at
28°C

Crystals still intact at 170°C

Crystals started to disintegrate at 120-
140°C

Melting complete at 194°C

Figure 4.42 The photomicrographs of the n-butanol solvated form with heating

over a temperature range of 28-194°C.

4.8.2.6 Scanning electron microscopy (SEM)

The SEM photomicrograph (figure 4.43) of crystals that were recrystallised from n-

butanol showed an amorphous habit.
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Figure 4.43 SEM photomicrograph of the clarithromycin n-butanol solvate.

4.8.2.7 Conclusion

Recrystallisation from n-butanol produced a solvate, which desolvated at room

conditions, and it was clear that a transformation of the solvate into the

thermodynamically more stable Form II occurred during desolvation.

4.8.3 Recrystallisation solvent: dioxane

The characterisation and identification of the crystals that were recrystallised from

dioxane, were based on the techniques as discussed in chapter 3. The dioxane

recrystallisations produced crystals with XRPD, IR, DSC and TGA profiles that

correlaterd-with~hose-ofthe-solvated Form O.- Exposure-of-the dioxane-solvate to

storage at room conditions for approximately 3-6 weeks induced desolvation. The

properties of the desolvated form correlated with the crystallographic and

thermodynamic properties, as were discussed for the thermodynamically more

stable Form II.
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4.8.3.1 X-ray powder diffraction (XRPD)

The XRPD patterns were recorded on powdered samples of the dioxane solvate

and of its desolvated form.

The relatively small peak at 6.5 °28 in diffractogram (a) (figure 4.44), indicated a

possible mixtureof the solvatedformand the desolvatedform(solvatedform «<

desolvatedform).

The main peak positions and relative intensities are shown in table 4.19, and the

diffraction patterns in figure 4.44.
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Table 4.19 Peak intensity ratios (1/10)at main XRPD peak" angles e28) of

clarithromycin crystals recrystallised from dioxane

116

Desolvatedform Dioxane solvate °29 values from literature
Main peak Main peak

Peak angles Intensities Peak angles Intensities angles Form 0 angles Form II
°29 (1110) °29 (1110) °29 °29
- - 4.6 51..1 4.6 " -

6.5 6.1 6.5 34.4 6.5 -
- - 6.8 1.8 - -
- - 7.6 31.6 7.6 -

8.5 52.7 - - - 8.52
- - 9.2 16.8 9.2 -

9.4 40.9 9.5 3.9 - 9.48
10.0 13.3 10.3 100.0 10.2 -
10.8 100.0 11.0 3.2 11.0 10.84
11.4 57.3 - - 11.6 -
11.8 20.1 11.8 15.3 - 11.48
- - 12.0 19.9 - -
- - 12.2 24.8 - 12.36

12.3 11.0 12.4 28.7 12.5 -
- - 12.6 19.8 - -

13.1 7.3 13.0 16.8 - -
13.7 28.8 13.8 87.9 13.8 13.72
14.0 32.8 - - - 14.12
- - 14.9 47.4 14.8 -

15.1 41.9 15.3 15.9 - 15.16
15.4 15.0 - - - -
- - 16.0 12.2 - -

16.4 19.1 16.5 20.4 - 16.48
16.8 37.0 - - - 16.92
17.2 51.9 17.1 49.2 17.0 17.32
17.4 42.9 - - - -
18.0 18.7 - - - 18.08
18.3 22.1 18.3 42.7 18.2 18.40
19.0 48.7 19.0 24.0 18.9 19.04
19.7 21.7 19.6 39.3 19.5 19.88
20.4 26.4 20.2 23.6 - 20.48
21.3 18.0 21.2 15.8 - -
- - 21.5 14.1 - -

22.1 37.5 22.2 7.1 - -
22.8 11.7 22.6 14.4 - -
23.1 28.3 23.1 16.2 23.1 -
23.9 9.9 23.9 20.9 24.0 -
24.8 26.1 24.5 8.4 - -
25.1 20.6 25.2 8.7 - -
25.9 16.3 26.2 16.9 - -
26.4 15.4 26.6 9.3 - -
27.5 13.3 27.5 7.4 - -
27.7 14.4 28.1 12.0 - -
28.4 19.0 28.3 8.6 - -
28.7 21.1 - - - -
29.2 17.6 29.0 5.1 - -
- - 29.7 8.2 - -

30.0 17.6 30.1 5.6 - -
30.5 14.2 30.8 5.3 - -
31.4 12.2 - - - -
31.9 13.6 - - - -
32.6 17.6 32.6 5.2 - -
32.9 15.3 33.2 5.1 - -
34.9 16.0 34.0 4.8 - -



Figure 4.44 An overlay of the XRPD patterns of clarithromycin crystals

recrystallised from dioxane at different stages of desolvation: (a)

desolvated Form II (containing a small fraction of the solvated form),

(b) starting to desolvate and (c) the solvated Form O.
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4.8.3.2 Infrared spectroscopy (IR)

The powdered sample was dispersed in KBrand its DRIFTSrecorded.

The main absorptions of the dioxane solvated form are shown in table 4.20, and

the IR spectrum in figure 4.45.

The IR spectrum that was recorded on the desolvated crystals was similar to that

of Form II(section 4.2.3).
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Table 4.20 The main absorptions in the IR spectrum of dioxane-solvated

crystals

119

Dioxane solvate
Wavenumber

Main absorptions (em"i)
1 3686
2 3469
3 2967
4 2833
5 2790
6 2687
7 1956
8 1731
9 1693
10 1627
11 1459
12 1378
13 1347
14 1332
15 1285
16 1269
17 1254
18 1170
19 1128
20 1109
21 1096
22 1076
23 1050
24 1035
25 1010
26 994
27 953
28 906
29 889
30 874
31 833
32 801
33 773
34 751
35 737
36 698
37 635
38 615
39 581
40 555
41 496
42 459
43 436
44 418
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Figure 4.45 The IR spectrum of clarithromycin dioxane solvate crystals.

4.8.3.3 Differential scanning calorimetry (DSC)

The DSC thermogram was recorded on approximately 2-5 mg of the crystals. The

sample was weighed into an aluminium crimp cell and sealed, and the sample was

heated at a rate of 1QOC/min,under a nitrogen purge of 35 ml/min.

The DSC thermogram showed an exothermic peak at 88.49°C, an endothermic

desolvation peak at 91.93°C and an endothermic melting peak at 225.78°C, as

illustrated in figure 4.46.

The DSC thermogram of the desolvated form compared with that of Form II

(section 4.4.3).
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TGA
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Figure 4.46 DSC and TGA thermograms of dioxane solvated clarithromycin

crystals.

4.8.3.4 Thermogravimetric analysis (TGA)

The TGA showed a weight loss of 9.621%, while the theoretical weight loss for a

dioxane solvate was 10.537%. This verified the previous observations from XRPD

and IR data, implicating that the dioxane solvate had already started to desolvate

at room temperature.

4.8.3.5 Conclusion

Clarithromycin recrystallisation from dioxane formed a dioxane solvate.

Transformation of the solvate into the thermodynamically more stable Form II

occurred, when the solvated form was exposed to storage at room conditions.

4.8.4 Recrystallisation solvent: dichloromethane

Clarithromycin was recrystallised from dichloromethane through slow

recrystallisation, producing crystals, representing a mixture of Forms 0, I and II. In

order to characterise and identify these crystals, the techniques as discussed in

chapter 3 were used.
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4.8.4.1 X-ray powder diffraction (XRPD)

XRPD patterns of the powdered samples were recorded. These XRPD patterns

showed a mixture of three forms, i.e. Forms 0, I and II. The desolvation of the

solvated Form 0 explained the presence of peaks of crystal Form I and I or Form

II. The main peak angles and relative intensities are shown in table 4.21, and the

diffraction pattern in figure 4.47.

Table 4.21 Peak intensity ratios (1/10)at main XRPD peak angles (028) of

clarithromycin crystals recrystallised from dichloromethane
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Dichloromethane solvate
Peak angles Intensities

°28 (1110)
4.4 3.0
5.0 16.1
6.5 14.3
7.9 4.6
9.0 3.1
10.0 94.2
10.4 11.4
10.8 4.9
11.3 8.7
11.8 9.3
12.0 23.0
12.4 4.8
12.8 8.1
13.6 6.0
14.0 21.7
14.6 3.6
15.3 11.9
15.5 20.2
16.2 100.0
17.3 5.6
17.6 5.9
18.1 4.5
18.9 11.8
19.9 5.6
20.3 13.0
21.3 10.7
21.7 7.6
22.8 7.5
23.7 6.4
24.6 2.8
25.0 5.3
25.9 8.7
27.6 4.6
32.3 3.8
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Figure 4.47 The XRPD pattern of clarithromycin crystals recrystallised from

dichloromethane.

1000

800

400

200

o

4 10 20 30

123



4.8.4.2 Infrared spectroscopy (IR)

The sample was dispersed in KBr and its DRIFTS recorded.

The IR spectrum (figure 4.48) of the crystals that were recrystallised from

dichloromethane was recorded and showed characteristic resemblances to those

of Form I.

The main absorptions are shown in table 4.22.

Table 4.22 The main absorptions in the IR spectrum of clarithromycin crystals

recrystallised from dichloromethane
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Main Wavenumber Main Wavenumber
absorptions (cm-1) absorptions (cm-1)

1 3469 21 1011
2 2966 22 995
3 2884 23 956
4 2832 24 937
5 2796 25 905
6 2135 26 890
7 1732 27 864
8 1692 28 837
9 1628 29 819
10 1558 30 801
11 1460 31 753
12 1379 32 698
13 1346 33 663
14 1331 34 635
15 1267 35 618
16 1170 36 578
17 1130 37 556
18 1110 38 550
19 1073 39 493
20 1053 - -
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Figure 4.48 The IR spectrum of clarithromycin crystals recrystallised from

dichloromethane.

4.8.4.3 Differential scanning calorimetry (DSC)

The DSC thermogram was recorded on approximately 2-5 mg of the crystals that

were recrystallised from dichloromethane, in a sealed aluminium crimp cell. The

sample was heated at a rate of 10.C/min, under a nitrogen purge of 35 ml/min.

The results showed a small exothermic recrystallisation peak at 90.20°C, an

endothermic desolvation peak at 98.90°C and an endothermic melting peak at

223.44°C, as illustrated in figure 4.49.
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Figure 4.49 DSC and TGA thermograms of clarithromycin crystals recrystallised

from dichloromethane.

4.8.4.4 Thermogravimetric analysis (TGA)

The theoretical weight loss for a dichloromethane solvate is calculated as

10.197%.

The TGA (figure 4.49) showed a weight loss of 2.169%, indicating almost

complete desolvation of Form 0, thus correlating with the DSC and XRPD results.

4.8.4.5 Variable temperature X-ray powder diffraction (VTXRPD)

The VTXRPD patterns were recorded as discussed in section 3.2.3.2. The initial

form at 25°C represented a mixture of Forms 0, I and II.

The VTXRPD (figure 4.50) shows the transition to the thermodynamically more

stable Form II at temperatures between 120-150°C, where the sample was

completely transformed into Form II.
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Table 4.23 Peak intensity ratios (1/10)at main VTXRPD peak angles (°29) of

clarithromycin crystals recrystallised from dichloromethane
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Initial 25°C) Final (150°C) °29 values from literature
Main peak Main peak

Peakangles Intensities Peak angles Intensities angles Form 0 angles Form II
°29 (1/10) °29 (1/10) °29 °29
4.4 3.0 - - 4.6 -
5.0 16.1 - - - -
6.5 14.3 - - 6.5 -
7.9 4.6 7.3 2.5 7.6 -
- - 8.4 43.9 - 8.52

9.0 3.1 9.3 73.7 9.2 9.48
10.0 94.2 - - - -
10.4 11.4 - - 10.2 -
10.8 4.9 10.7 100.0 11.0 10.84
11.3 8.7 11.3 80.8 - 11.48
11.8 9.3 11.7 16.7 11.6 -
12.0 23.0 12.2 21.0 - 12.36
12.4 4.8 - - 12.5 -
12.8 8.1 13.0 11.1 - -
13.6 6.0 13.6 24.0 - 13.72
14.0 21.7 13.9 21.7 13.8 14.12
14.6 3.6 15.0 56.8 14.8 -
15.3 11.9 15.3 16.1 - 15.16
15.5 20.2 - - - -
16.2 100.0 16.3 29.6 - 16.48

- - 16.7 30.6 - 16.92
- - 17.1 44.0 17.0 -

17.3 5.6 17.4 19.3 - 17.32
17.6 5.9 17.9 23.1 - 18.08
18.1 4.5 18.2 17.4 18.2 18.40
18.9 11.8 18.9 43.7 18.9 19.04
19.9 5.6 19.7 13.9 19.5 19.88
20.3 13.0 20.3 25.8 - 20.48
21.3 10.7 21.1 10.5 - -
21.7 7.6 22.0 23.8 - -
22.8 7.5 22.9 11.8 23.1 -
23.7 6.4 - - 24 -
24.6 2.8 24.7 13.9 - -
25.0 5.3 - - - -
25.9 8.7 25.7 9.5 - -
- - 26.2 9.6 - -

27.6 4.6 27.5 7.8 - -
- - 28.2 9.7 - -
- - 29.0 7.3 - -
- - 29.9 9.1 - -
- - 30.2 7.6 - -
- - 31.2 6.7 - -

32.3 3.8 32.5 7.2 - -
- - 34.7 6.4 - -
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Figure 4.50 The VTXRPD pattern of clarithromycin crystals recrystallised from

dichloromethane.
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4.8.4.6 Thermal microscopy (TM)

The photomicrographs of the crystals at elevated temperatures (figure 4.51) were

produced, using the methods as described in section 3.3.2.1. The melting point

could not be clearly identified when these crystals were immersed in silicone oil.

An evaluation of the crystals in the absence of silicone oil clearly illustrated that

the melting process commenced at 220°C.

I .

'. ...\.- .*, .. . .

Crystals immersed in silicone oil, at
26°C

Crystals still intact at 60°C

Recrystallisation at 85°C Melting at 205-21 O°C

Figure 4.51 The photomicrographs of clarithromycin crystals recrystallised from

dichloromethane, with heating over a temperature range of 25-
210°C.

4.8.4.7 Conclusion

The clarithromycin crystals that were recrystallised from dichloromethane, were

similar to those of Form O. However, they rapidly transformed into a mixture of

Forms 0 and I, followed by a phase transition of the Form I fraction into Form II, as

illustrated in the VTXRPD study.
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4.9 Clarithromycin Recrystallisation from Chloroform 

The crystals obtained from chloroform through slow recrystallisation showed some 

XRPD peaks that correlated with those of the solvated Form 0. 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 methods discussed in chapter 3. 

4.9.1 X-ray powder diffraction (XRPD) 

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 Ill, as described in literature. However, there were also peaks present that 

suggested a new crystal form, not yet being reported in the literature, i.e. Form VI 

(figure 4.52). 

The main peak positions and relative intensities are shown in table 4.24 and the 

diffraction pattern in figure 4.52. 



Table 4.24 Peak intensity ratios (1110) at main XRPD peak angles ("20) of 

clarithromycin crystals recrystallised from chloroform 

Form VI 
Peak angles 

"28 
4.6 
6.5 
9.1 
9.8 
10.1 
10.9 
11.6 

Intensities 
(1110) 
4.4 
10.8 
7.0 
83.6 
7.7 
19.1 
11.6 



20 

O 2  Theta 

Figure 4.52 The XRPD pattern of clarithromycin crystals recrystallised from 

chloroform. 



4.9.2 Infrared spectroscopy (IR) 

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. 

The main absorptions are shown in table 4.25 and the IR spectrum in figure 4.54. 

Table 4.25 The main absorptions in the IR spectrum of clarithromycin crystals 

recrystallised from chloroform 

I I Wavenumber I 
Main absorptions (cm" ) 

I 3468 



Wavenumben ( c m l )  - 
Figure 4.53 The IR spectrum of clarithromycin crystals recrystallised from 

chloroform. 

4.9.3 Differential scanning calorimetry (DSC) 

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 mllmin. 

These crystals showed an exotherm at 1 12.50°C, a desolvation endotherm at 

119.28"C, a small endotherm at 146.09"C and a melting endotherm at a 

temperature of 230.8g°C, as illustrated in figure 4.54. 



Figure 4.54 DSC and TGA t hermograms of clarithrom ycin crystals recrystallised 

from chloroform. 

4.9.4 Thermogravimetric analysis (TGA) 

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 1 3.75%. 

This result correlated well with those of the DSC and XRPD results being 

generated. 

4.9.5 Thermal microscopy (TM) 

The photomicrographs of the chloroform solvate at elevated temperatures were 

generated, using the methods as described in section 3.3.2.1. 

The melting process commenced at 225°C. 



Initial at 27°C Gas evolution starts, indicating start of
desolvation at 118°C

,.l,

- --

8
\

\

Gas evolution, indicating a loss of
solvent at 124°C

Gas evolution still taking place at
134°C

",

. ~).
. "~I.):

"
""
J

."

Gas evolution complete,
recrystallisation at 140°C

At 225°C melting starts, at 230°C
melting complete

Figure 4.55 The photomicrographs of clarithromycin chloroform solvate with

heating over a temperature range of 27-230°C.
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4.9.6 Scanning Electron Microscopy (SEM

The SEM photomicrograph (figure 4.56) of crystals obtained through

recrystallisation from chloroform(chloroformsolvated Form VI) showed shapeless

crystals, varying in shapes and sizes.

Figure 4.56 SEM photomicrograph of the clarithromycinchloroformsolvate.

4.9.7 Conclusion

The recrystallisation from chloroformproduced a new solvated Form VI. This form

showed 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.
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4.10 Conclusion

Different solvents were used for the recrystallisation 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.

The thermodynamically more stable Form II was prepared from acetone,

methanol, benzene, DMF and THF. Recrystallisations from ACN produced a

mixture of Form I and Form III (Form II »> Form III).

From ethanol and iso-propanol, both Forms 0 and II were recrystallised. Form 0

desolvated prior to analysis, and as such thus no longer contained the

recrystallisation solvent. However, these desolvated solvate crystals retained the

structure of the solvated Form O.

Form 0 was recrystallised from n-propanol, n-butanol, dioxane and

dichloromethane.

The crystal forms that were prepared showed no significant differences in melting

points, i.e. varying between temperatures of 222-228°C. The chloroform solvated

Form VI, however, exhibited a slightly higher melting point of 230°C.

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.

XRPD on the other hand proved to be an effective method of differentiation.

All forms being prepared, i.e. Forms 0, I, III, V and VI, transformed into the

thermodynamically more stable Form II, after a period of storage at room

conditions. Currently this thermodynamically more stable form is the form of

choice for the pharmaceutical industry.

Even though it seemed that this transition into Form II always occurred, the

presence of a solvated form during pharmaceutical processing may have a

profound impact on results, such as the dissolution rate.
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Chapter 5

Dissolution Study Performed on Different Clarithromycin

Polymorphic Forms

5.1 Introduction

The bio-distribution of active pharmaceutical ingredients (API's) is determined by

various factors, including gastric stability, Iyophility, solubility and the

administration route of the drug. All these factors could play an important role in

the bio-availability of the API rrork, 1988:1-13).

Bio-availability denotes the extent to which a drug reaches its site of action. For

most drugs, the site of action can only be reached once the API has been

successfully released from its dosage form, and dissolved in the carrier-body-fluid,

which in turn will be responsible for the bio-distribution of the dissolved API to the

site of action (York, 1988:1-13).

One can thus conclude that the dissolution rate of an API could be the rate limiting

step in the bio-distribution, or bio-availability of an API.

Allen et al. (1978:1087-1093) studied the dissolution behaviour of erythromycin

and found that contrary to the general rule, the anhydrous form gave the lowest

dissolution rate (less than 20% after 1 hour), whilst the dihydrate was the fastest

dissolving material (figure 5.1). They suggested that particle-particle interactions,

wettabality, or surface area were possible reasons for this. The tests that they

performed, however, showed no correlation between the surface area and the

dissolution rate. Hence, only particle-particle interactions and wettability were

proposed as possible explanations for this phenomenon.
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Figure 5.1 Dissolution profiles of erythromycin anhydrate (-.-), monoydrate (-

...-) and dihydrate (- -) (Brittain & Grant, 1999:315).

5.2 Dissolution Rate Profiles

In order to investigate the possible effect of polymorphic orientation on the

dissolution profile (extent and rate) of clarithromycin, six powder samples, of

various polymorphic character, were chosen for dissolution testing. The crystal

forms chosen included clarithromycin raw material (Form II), crystals obtained

from acetone recrystallisation (Form II), the dichloromethane solvated Form 0, the

desolvated Form II, the chloroform solvated Form VI and the desolvated Form II.

All dissolutions were performed as described in section 3.3.5.

5.2.1 Clarithromycin raw material (Form II) and Form II crystals

recrystallised from acetone

As discussed in chapter 4, crystals of polymorphic Form II were obtained through

recrystallisation from acetone.

Dissolutions were performed on these crystals and the results compared to that of

the commercially available raw material, Form II (figure 5.2 and table 5.1). The

USP 27, 2004:463) states that the amount of clarithromycin dissolved should be

within the range of 90-110%, with not less than 80% dissolved within 30 minutes.

The differences in dissolution rates between the raw material and the acetone
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recrystallisation product (Form II),were insignificant. Both samples were almost

completely dissolved within 10 minutes.

Table 5.1 Dissolution rates of commercially available clarithromycin raw

material and Form II crystals, recrystallised from acetone, in 0.1 M

sodium acetate buffer

5 10 15 20 25 30 35

Withdrawal time (minutes)

I-+-Acetone-RawMaterialI

Figure 5.2 Dissolution profile of Form II clarithromycin crystals, recrystallised

from acetone, compared to that of the commerciallyavailable Form II

clarithromycinraw material.
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Raw material Acetone
Interval % % Interval % %

(minutes) Dissolved C.V. (minutes) Dissolved C.V.
0 0.00 0.00 0 0.00 0.00
10 100.59 0.35 10 96.25 1.33
20 101.64 0.54 20 97.16 1.03
30 101.73 0.40 30 98.08 0.70
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5.2.2 Dichloromethane solvate Form 0 and desolvated Form II

Dissolution studies were performed on the clarithromycin

recrystallised from dichloromethane, and the results of

desolvated forms were compared (figure 5.3 and table 5.2).

The results showed that the solvated form had a slightly lower dissolution rate than

the thermodynamically more stable desolvated Form II. More than 80% of both

forms had dissolved within 30 minutes. The dissolution rate of the

dichloromethane desolvated Form II was somewhat lower, compared to that of the

raw material, i.e. 93% compared to 101%, after 30 minutes.

crystals that were

the solvated and

Table 5.2 Dissolution rates of solvated and desolvated clarithromycin crystals

recrystallised from dichloromethane, in 0.1 M sodium acetate buffer

5 10 15 20 25 30 35

Withdrawal time (minutes)

-+- Dichloromethane solvate _Dichloromethane desolvate

Figure 5.3 Comparison of the dissolution profiles of the solvated Form 0 and the

desolvated Form II clarithromycin crystals, recrystallised from

dichloromethane.
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Dichloromethane desolvate Dichloromethane solvate
Interval % % Interval % %

(minutes) Dissolved C.V. (minutes) Dissolved C.V.
0 0.00 0.00 0 0.00 0.00
10 89.58 1.10 10 81.67 0.90
20 92.53 1.73 20 84.76 2.83
30 93.35 0.45 30 84.28 0.29
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5.2.3 Chloroform solvate Form VIand desolvated Form II

The dissolution properties of clarithromycincrystals that were recrystallised from

chloroform,were evaluated and the dissolution rates compared, as shown in figure

5.4 and table 5.3.

The dissolution rate of the chloroform solvated Form VI was significantly lower

than that of the desolvated Form II,and also lower than that of all the other forms

being evaluated (figure 5.5). After 10 minutes, only 50% of the chloroformsolvata

had dissolved, compared to 92% of the desolvated Form II. After 30 minutes, only

62% of the chloroformsolvate had dissolved in the 0.1 Msodium acetate buffer.

Table 5.3 Dissolution rates of solvated and desolvated clarithromycin crystals

recrystallised from chloroform,in 0.1 Msodium acetate buffer

5 10 15 20 25 30 35

Withdrawal time (minutes)

-+- Chlorofonnsolvate _ Chlorofonndesolvate

Figure 5.4 Comparison of the dissolution profiles of the solvated Form VI and

the desolvated Form II clarithromycin crystals, recrystallised from

chloroform.
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Chloroform desolvate Chloroform solvate
Interval % % Interval % %

(minutes) Dissolved C.V. (minutes) Dissolved C.V.
0 0.00 0.00 0 0.00 0.00
10 92.02 3.65 10 50.08 4.03
20 96.22 1.73 20 56.51 4.20
30 96.95 1.81 30 61.99 5.41

120

100

'0 80CD
>
'0
fI) 60fI)
Q
ffl. 40

20

0
0



5.3 Mathematical Method to Compare Dissolution Profiles

In order to calculate the similarities between the dissolution data being generated,

the equation as described by Moore et al. (1996:64-67), was used.

The similarity factor values (f2) of a test sample and its reference sample would

equal 100, if they are the same. Similarity between dissolution profiles of samples

are indicated by f2values ranging between 50-100 (Moore et al., 1996:66).

Table 5.4 The similarity factors (f2) of dissolution profiles of various

clarithromycin crystal forms

144

---

Where

n = Number of dissolution time points.

Rt = Reference dissolution value, at time t.

Tt = Test dissolution value, at time t.

wt = Optional weighing factor.

Similarity
Reference Recrvstallisation solvent factor (f2)

Raw Material Acetone 68.37

Dichloromethane desolvate 50.85

Dichloromethane solvate 37.48

Chloroform desolvate 59.19

Chloroform solvate 17.17

Dichloromethane solvate Dichloromethane desolvate 53.97

Chloroform solvate Chloroform desolvate 20.45



The dissolution profiles of the clarithromycin crystals that were recrystallised from

acetone, dichloromethane (desolvated) and chloroform (desolvated), showed

similar dissolution profiles (100 < f2 > 50) (table 5.4), when compared to that of the

raw material, Form II.

A comparison of the chloroform and dichloromethane solvates with the raw

material, Form II, showed significant differences in their dissolution rates.

The dissolution profiles of the dichloromethane solvated and desolvated forms

showed similarities (f2= 53.97).

The chloroform solvated and desolvated forms had an f2 value of 20.45, hence

indicating a significant difference in their dissolution rates.

Figure 5.5 shows the dissolution rates of these different forms.

5 10 15 20 25 30 35

Withdrawal time (minutes)

~ Dichloromethane(b)_ Dichloromethane(a) Acetone
-*- Raw Material -jjE- Chloroform(b) ___ Chloroform(a)

Figure 5.5 Dissolution profiles of different clarithromycin polymorphic forms

indicating the average percentages dissolved in 0.1 M sodium

acetate buffer, at fixed time intervals: (a) desolvated form, (b)
solvated form.
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5.4 Conclusion 

The results relating to chloroform recrystallisation showed that desolvation can 

improve the dissolution rate, since the chloroform solvate had a poor dissolution 

performance (61% after 30 minutes), whilst the desolvated form was almost 

completely dissolved within 30 minutes (96%), in the 0.1 M sodium acetate buffer. 

Hence, the dissolution profiles differed significantly, as illustrated by the similarity 

factor of 20.45 for the chloroform solvated and desolvated forms. 

The dissolution results showed good dissolution profiles for most of the samples. 

All of the Form II samples showed good dissolution values without significant 

differences. 

The dissolution profiles of the clarith romycin crystals that were recrystallised from 

acetone, dichloromethane (desolvated) and chloroform (desolvated), showed 

similar dissolution profiles (100 < f2 > 50), when compared to that of the raw 

material, Form II. 

A comparison of the chloroform solvate and dichloromethane solvate with the raw 

material, Form II, showed significant differences in their dissolution profiles, as 

illustrated by the similarity factors of 1 7.1 7 and 37.48, respectively. 

The dissolution profiles of the dichloromethane solvated and desolvated forms 

also showed similarities (f2 = 53.97). 



Chapter 6 

Summary and Conclusion 

The solid-state properties of pharmaceutical compounds, including polymorphic 

forms, solvates and salt formations, may have a profound impact on their solubility 

and stability (Huang 8 Tong, 2004:332). It is important to keep these influences of 

polymorphism on solid-state properties, as well as the influences of such 

properties on pharmaceutical dosage forms in mind, when manufacturing generic 

products. The application of these basic physico-chemical principles, combined 

with appropriate analytical methodology, may provide a strategy for scientific and 

regulatory decisions relating to solid-state behaviour (Byrn et a/. , 1995:945). 

The flow chart on page 148 (figure 6.1) summarises the objectives and outcomes 

of this study. 

In the first chapter of this study, the influences of polymorphism and 

pseudopolymorphism on the solid-state properties of drugs were discussed. 

Continuous evaluation of a pharmaceutical formulation, during both the 

manufacturing process and the storage thereof, thus monitoring the quality and 

stability of the polymorphic form in the formulation, is extremely important in 

assuring safe and effective drugs. 

Chapter 2 described the physical properties of clarithromycin, a 14-membered- 

ring, macrolide antibiotic, and a derivative of erythromycin. It was said that its 

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

but that its absorption is more consistent, whilst it also has a longer half-life. 

Since different polymorphs have different physical properties, which may influence 

the stability and bioavailability of active pharmaceutical compounds, it was 

necessary in this study to evaluate the recrystallised clarithromycin crystal forms, 

for the possible occurrence of polymorphism. The purpose of chapter 3 thus was 

to describe a set of representative analytical techniques that may be used to 

evaluate the physico-chemical properties of different crystals forms. 



SUMMARY OF THE SOLID-STATE STUDY ON CLARITHROMYCIN 

Literature o v e ~ i e w  

Polymorphic and 
pseudopolymorphic 

behaviour of 
Clarithromycin 

Novel polymorphic 
and pseudopoly- 
morphic forms 

Form V 

Form VI 

Factors that could 
influence the stability 
of crystal properties 

Reproducibility of 
forms 

Transition of 
polymorphic and 
pseudopolymorphic 
forms 

Exposure to room 
temperature and 
elevated 
temperatures 

Influence of 
polymorphic and 

pseudopol y- 
morphic forms on 
dissolution profiles 

Figure 6.1 Summary of the solid-state study on clarithromycin. 



The clarithromycin polymorphic and pseudopolymorp hic forms, as described in the 

literature, were the focus of Chapter 4. Emphasis was thus placed on the basic 

knowledge available regarding the solid-state properties of clarithromycin, and an 

integrated characterisation strategy was implemented to broaden the 

understanding of clarithromycin's properties. 

Clarithromycin is reported to have at least 5 polymorphic modifications, i.e. Form 

0, a solvate which is converted into Form I, by removing the solvent from the 

crystal lattice; Form II, which can directly be isolated through recrystallisation from 

organic solvents, or by heating Form I crystals; Form Ill, an acetonitrile solvate 

and Form IV, an amorphous polymorph. 

The reproducibility of some clarithromycin polymorphic and pseudo polymorphic 

forms was found to be inconsistent, for example, Form II was prepared from 

solvents usually producing Form 0, whereas the recrystallisation of Form Ill from 

acetonitrile was unsuccessful. 

All the clarithromycin forms that were recrystallised in this study, transformed into 

the thermodynamically stable Form II, after a period of storage at room conditions. 

The recrystallisation of clarithromycin from ethyl acetate produced a new 

polymorphic Form V. 

After approximately six months of storage at room conditions, Form V transformed 

into the thermodynamically more stable Form II. 

The clarithromycin crystals that were recrystallised from chloroform, showed some 

XRPD peaks correlating with those of the solvated Form 0. However, also peaks 

distinctive to the new Form VI that was recrystallised in this study, were present. 

The IR, DSC and TGA results confirmed a chloroform solvate. 

The solvated forms that were recrystallised from n-propanol, n-butanol and 

dioxane, directly transformed into Form II upon desolvation at room conditions. 

Dichloromethane, however, showed a partial transformation of Form 0 into Form I, 

with only a fraction of Form I transforming into Form II, thus resulting in a mixture 

of Forms 0, I and II upon desolvation at room conditions. 



Clarithromycin crystals that were recrystallised from ethanol and iso-propanol, 

upon desolvation at room conditions, retained the structure of the solvated Form 0, 

hence producing desolvated solvates. 

In order to evaluate the effect of polymorphic orientation on the dissolution profile 

(extent and rate) of clarithromycin, six powder samples were chosen for 

dissolution testing, and the outcome of this study was described in Chapter 5. The 

crystal forms chosen, included the commercially available clarithromycin raw 

material (Form II), Form II crystals recrystallised from acetone, the 

dichloromethane solvated Form 0, the desolvated Form II, the chloroform solvated 

Form VI and the desolvated Form II. 

The results relating to chloroform recrystallisation, showed that desolvation can 

improve the dissolution rate, since the chloroform solvate had a poor dissolution 

performance (61% after 30 minutes), whilst the desolvated form was almost 

completely dissolved within 30 minutes (96%), in the 0.1 M sodium acetate buffer. 

Hence, the dissolution profiles of the chloroform solvated and desolvated forms 

differed significantly, as illustrated by their similarity factor of 20.45. 

The dissolution results showed good dissolution profiles for most of the samples. 

All of the Form II samples showed good dissolution values, without significant 

differences. 

The dissolution profiles of the clarithromycin crystals that were recrystallised from 

acetone, dichloromethane (desolvated) and chloroform (desolvated), showed 

similar dissolution profiles (100 < f2 > 50), when compared to that of the raw 

material, Form II. 

A comparison of the chloroform solvate and dichloromethane solvate with the raw 

material, Form II, showed significant differences in their dissolution rates, as 

illustrated by the similarity factors of 17.17 and 37.48, respectively. 

The dissolution profiles of the dichloromethane solvated and desolvated forms 

also showed similarities (f2 = 53.97). 

To conclude, important parameters for characterisation of polymorphic forms were 

investigated during this study, in order to determine and clarify the solid-state 

stability and transformation of clarithromycin polymorphic and pseudopolymorphic 

crystal forms. 



Although literature described five polymorphic forms of clarithromycin, few of the 

patents presented an adequate classification strategy, such as XRPD -, IR -, DSC 

- and I or TGA analyses . Hence, an opportunity for the development of a well- 

balanced set of analytical techniques, that would aid in investigating the solid-state 

properties of clarithromycin crystal forms, and that would provide a comprehensive 

frame of reference for the pharmaceutical industry, existed. 

The outcomes of this study emphasised the need for a set of uniform classification 

standards. There is a growing need to employ minimum characterisation 

strategies and standard requirements regarding the sensitivity of apparatus, hence 

the validity of information, such as XRPD peak positions that are used during the 

characterisation process. These standards would assist pharmaceutical engineers 

in identifying and classifying the most suitable crystal form for use in 

pharmaceutical manufacturing. 

The importance of reproducibility also needs to be emphasised, since it frequently 

happens that a certain polymorphic form occurs once and may not necessarily be 

easily reproduced. Since the use of a metastable form may lead to changes in the 

stability of a dosage, the thermodynamically more stable Form II, would be 

preferred for use during the manufacturing of clarithromycin dosage forms. 



Bibliography 

ABELLI, C., ANDRIOLLO, Om, MACHURON, L.. VIDEAU, J.Y., VENNAT, B. & 

POUGET, M.P. 2001. Pharmaceutical equivalence of generic essential drugs. 

STP Pharma Practiques, 1 1 (2): 1 02-1 1 5. 

AHREN, I.L., KARLSSON, Em, FORSGREN, A. & RIESBECK, K. 2002. 

Comparison of the antibacterial activities of ampicillin, ciprofloxacin, clarithromycin, 

telithromycin and quinupristin 1 dalfopristin against intracellular non-typeable 

Haemophilus influenzae. Journal of Antimicrobial Chemotherapy, 50:903-906. 

ALLEN, P.V., RAHN, P.D., SARAPU, A.C. & VANDERWIELEN, A.J. 1978. 

Physical characterisation of erythromycin: anhydrate, monohydrate, and dihydrate 

crystalline solids. Journal of Pharmaceutical Sciences, 67(8): 1 087-1 093. 

ANDERSON, R., JOONE, G. & VAN RENSBURG, C.E. 1988. An in-vitro 

evaluation of the cellular uptake and intraphagocytic bioactivity of clarithromycin 

(A-56268, TE-031): a new macrolide antimicrobial agent. Journal of Antimicrobial 

Chemotherapy, 22:923-933. 

AVRUTOV, I., LIFSHITZ, I., BOROCHOVITZ, R., MASARWA, B. & SCWARTZ, 

Em 2003. Process for preparing clarithromycin polymorphs and novel polymorph 

IV. United States Patent. Patent Number : 6,599,884. 

BAUER, Am, COUTEAU, Am, MONJANEL, F., PAGES, M., VIDEAU, J.Y. & 

YAMEOGO, 0. 2002. Effects of the physical characteristics of 73 furosemide on 

its release from generic tablets. STP Pharma Practiques, 12(2):76-84. 

BERNSTEIN, J. 2002. Polymorphism in molecular crystals. Clarendon Press : 

Oxford. 410p. 

BIRD, A.E. 1994. Amoxicillin. (/J Brittain, H.G. ed. Analytical profiles of drug 

substances and excipients). Vol23. New York : Academic press. 61 1 p. 



BORKA, L. 1991. Review on crystal polymorphism of substances in the 

European Pharmacopoeia. Pharmaceutica acta helvetiae, 66(1): 1 6-22. 

BRITS, M. 2003. Crystal polymorphism and pseudopolymorphism of venlafaxine 

hydrochloride. M.Sc. Dissertation, Potchefstroom University for C.H.E. 

Potchefstroom. 21 2p. 

BRITTAIN, H.G. 1999. Methods for the characterization of polymorphs and 

solvates. (In Brittain, H.G. ed. Polymorphism in pharmaceutical solids). New 

York, Basel : Marcel Dekker. 427p. 

BRITTAIN, H.G. & FIESE, E.F. 1999. Effects of pharmaceutical processing on 

drug polymorphs and solvates. P331-362. (In Brittain, H .G. ed. Polymorphism in 

pharmaceutical solids). New York, Basel : Marcel Dekker. 427p. 

BRITTAIN, H.G. & GRANT, D.J.W. 1999. Effects of polymorphism and solid 

state solvation on solubility and dissolution rate. (& Brittain, H.G. ed. 

Polymorphism in pharmaceutical solids). New York, Basel : Marcel Dekker. 427p. 

BYRN, S.R., PFEIFFER, R.R., STEPHENSON, G., GRANT, D.J.W. & GLEASON, 

W.B. 1994. Solid-state pharmaceutical chemistry: chemistry of materials. 

American Chemical Society. p1148-1158. 

BYRN, S.R., PFEIFFER, R.R. & STOWELL, J.G. 1999. Solid state chemistry of 

drugs. 2"d ed. West Lafayette, Indiana : SSCl Inc. 576p. 

BYRN, S., PFEIFFER, R., GANEY, M., HOIBERG, C. & POOCHIKIAN, G. 1995. 

Pharmaceutical solids: a strategic approach to regulatory considerations. 

Pharmaceutical Research, 12(7):945-954. 



CHAMBERS, H.F. 2001. Chloramphenicol, tetracyclines, macrolides, 

clindamycin & streptogramins. (/t~ Katzung, B.G. ed. Basic & Clinical 

Pharmacology, 8'h ed.). Lange Medical Books 1 McGraw-Hill. p1217. 

CHAN, G.P., GARCIA-IGNACIO, B.Y., CHAVEZ, V.E., LIVELO, J.B., JIMENU, 

C.L., PARRILLA, M.L. & FRANZBLAU, S.G. 1994. Clinical trial of clarithromycin 

for lepromateus leprosy. Antimicrobial Agents and Chemotherapy, 38(3):5 1 5-5 1 7. 

CHAWLA, G. & BANSAL, A.K. 2004. Challenges in polymorphism of 

pharmaceuticals. Current Research and Information on Pharmaceutical Sciences, 

5(1 ):%I 2. 

DATTA, S. & GRANT, D.J.W. 2004. Crystal structures of drugs: advances in 

determination, prediction and engineering. Nature Review / Drug Discovery 3. 

p42-57. 

DE LALLA, F., MASERATI, R., SCARPELLINI, P., MARONE, P., NICOLIN, R., 

CACCAMO, F. & RIGOLI, R. 1992. Clarithromycin-ciprofloxacin-amikasin for 

therapy of Mycobacterium avium-Mycobacterium intracellulare bacteremia in 

patients with AIDS. Antimicrobial Agents and Chemotherapy, 36(7): 1567-1 569. 

DE VILLIERS, M.M., VAN DER WATT, J.G. & LOTTER, A.P. 1991. The 

interconversion of the polymorphic forms of chloramphenicol palmitate (CAP) as a 

function of environmental temperature. Drug Development and Industrial 

Pharmacy, l7(lO): 1295-1 303. 

DOLLERY, C. 1999. Clarithromycin. (In DOLLERY, C. Therapeutic drugs. znd 
ed. 1999). London : Churchill Livingstone. C248-C253. 

EMKJER, M.J. 2004. Accelrys. (Effects of polymorphism and morphology on the 

bioavailability of pharmaceuticals.). [Web] 

http://www.accelrvs.com/cases/CAPP. html. [Date of access : 7 November 20041. 



FIELD, S.K., FISHER, Dm & COWIE, R.L. 2004. Mycobacterium avium complex 

pulmonary disease in patients without HIV infection. Chest 126. p566-581. 

GIRON, Dm 2002. Applications of thermal analysis and coupled techniques in 

pharmaceutical industry. Journal of Thermal and Calorimetry, 68:335-357. 

GIRON, Dm 2004. The solid state of pharmaceutical compounds: impact of the 

ICH Q6 guideline on industrial development. [Web] http:llwww.eurostar- 

science.oralconferenceslabstrph7/airon.pdf. [Date of access : 16 October 20041. 

GRANT, D.J.W. 1999. Theory and origin of polymorphism. @ Brittain, H.G. ed. 

Polymorphism in pharmaceutical solids). New York, Basel : Marcel Dekker. 427p. 

GUILLORY, J.K. 1999. Generation of polymorphs, hydrates, solvates and 

amorphous solids. (b Brittain, H.G. ed. Polymorphism in pharmaceutical solids). 

p183-226. New York, Basel : Marcel Dekker. 427p. 

HALEBLIAN, J. & McCRONE, W. 1969. Pharmaceutical applications of 

polymorphism. Journal of Pharmaceutical Sciences, 58(8):911-929. 

HALEBLIAN, J.K. & McCRONE, W. 1975. Characterization of habits and 

crystalline modification of solids and their pharmaceutical applications. Journal of 

Pharmaceutical Sciences, 64(8): 1 269-1 288. 

HIGUCHI, W.I., BERNARDO, P.D. & MEHTA, S.C. 1967. Polymorphism and 

drug availability 11: dissolution rate behaviour of the polymorphic forms of 

sulfathiazole and methylprednisolone. Journal of Pharmaceutical Sciences, 

56(2):200-207. 

HUANG, L. & TONG, W. 2004. Impact of solid state properties on developability 

assessment of drug candidates. Advanced Drug Delivery Reviews, 56:321-334. 



JACKSON, F.W. 1998. Jackson gastroenterology. [web] 

http:llwww.gicare.comlpatedlclarit hromycin. htm. [Date of access : 16 October 

20041. 

JI, B., SOW, S., PERANI, E., LIENHARDT, C., DIDEROT, V. & GROSSET, J. 

1998. Bacterial activity of a single-dose combination of ofloxacin plus minocycline, 

with or without rifampin, against Mycobacterium leprae in mice and lepromatous 

patients. Antimicrobial Agents and Chemotherapy, 42(5): 1 1 15-1 120. 

LIU, J. & RILEY, D.A. 1998. Preparation of crystal form II of clarithromycin. 

United States Patent. Patent Number : 5,844,105. 

LIU, J., RILEY, D.A. & SPANTON, S.G. 1999. Crystal form I of clarithromycin. 

United States Patent. Patent Number : 5,858,986. 

LIU, J., HENRY, R.F., SPANTON, S.G. 8 RILEY, D.A. 2003. 6-0- 

methylerythromycin: a crystal form I II. United States Patent. Patent Number : 

6,627,743 B l .  

NERURKAR, M.J., DUDDU, S., GRANT, D.J.W. 8 RYTTING, J.H. 2000. 

Properties of solids that affect transport. (& Amidon, G.L., Lee, P.I. & Topp, E.M. 

eds. Transport Processes in Pharmaceutical Systems). p575-610 New York, 

Basel : Marcel Dekker. 727p. 

PIENAAR, E.W. 1994. Characterisation of anhydrous and monohydrous crystal 

forms of nitofurantoin. Ph.D. Thesis. Potchefstroom University for C.H.E. 

Potchefstroom. 196p. 

ROCCO, W.L. & SWANSON, J.R. 1995. WIN 63843 polymorphs: prediction of 

enantiotropy. International Journal of Pharmaceutics, 1 1 7:231-236. 



RODRIGUES-HORNEDO, N., LECHUGQ-BALLESTEROS, Dm & WU, H. 1992. 

Phase transition and heterogeneous / epitaxial nucleation of hydrated and 

anhydrous theophylline crystals. International Journal of Pharmaceutics, 85: 149- 

162. 

ROSTON, D.A., WALTERS, M.C., RHINEBARGER, R.R. & FERRO, L.J. 1993. 

Characterization of polymorphs of a new anti-inflammatory drug. Journal of 

Pharmaceutical & Biomedical Analysis, 1 1 (4/5):293-300. 

RxLIST. 2004. Clarithromycin. [Web] 

http:/lwww.rxlist.com/c~il~enericlclarithpi.htm. [Date of access: 18 October 20041. 

SALEM, 1.1. 1996. Clarithromycin. (& Brittain H.G. ed Analytical profiles of drug 

substances and excipients). Academic Press. 24:45-85. 

SILVERSTEIN, R.M., BASSLER, G.C. & MORRILL, T.C. 1981. Spectrometric 

identification of organic compounds. 4th ed. New York : John Wiley 8 Sons. 

442p. 

SPANTON, S.G., HENRY, R.F., RILEY, D.A. & LIU, J. 1999. Crystal form 0 of 

clarithromycin. United States Patent. Patent Number : 5,945,405. 

The Association of the British Pharmaceutical Industry. [Web] 

http:l/www.abpi.ora.uk. [Date of access: 18 July 20041. 

THE MERCK INDEX. 2001. 1 3th ed. Merck 8 Co., Inc. 408p. 

THE UNITED STATES PHARMACOPEIA 27: THE NATIONAL FORMULARY 

22. 2004. Rockville : United States Pharmacopeial Convention, Inc. 3013p. 

VIPPAGUNTA, S.R., BRITTAIN, H.G. & GRANT, D.J.W. 2001. Crystalline 

solids. Advanced Drug Delivery Reveiws, 48:3-26. 



WORLD HEALTH ORGANIZATION. 2002. Guidance on the selection of 

comparator pharmaceutical products for equivalence assessment of 

interchangeable multisource (generic) products. ( h ~  WHO Technical Report 

Series). Annex 1 I(gO2): I61 -1 80. 

YONEMOCHI, Em, KITAHARA, S., MAEDA, S., YAMAMURA, S., OGUCHI, T. 8 

YAMAMOTO, K. 1999. Physicochemical properties of amorphous clarithromycin 

obtained by grinding and spray drying. European Journal of Pharmaceutical 

Sciences, 7:331-338. 

YORK, P. 1988. The design of dosage forms. (In Aulton, M.E. ed. 

Pharmaceutics: the science of dosage form design). Churchill : Livingstone. 

734p. 



Annexure I 

Poster presented 

Characterisation of Different Clarithromycin 

Polymorphic and Pseudoploymorphic Crystal Forms. 

25th Academy of Pharmaceutical Sciences Annual 

Meeting : Grahamstown, South Africa. 

September 2004. 



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.

Reference
s:
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2. Spenton, S.G.; Henry, R.F.; Riley, C.A.; Liu, J., Crystal form 0 of clarithromycin. US 5,945,405, August
31,1999.

3. Uu, J.; Riley, CA, Preperation of crystal form II ofcLarithromycin. US 5,844,105, December 1, 1998.
4. Ltu, J.; Henry, R.F.; Spanton, S.G.; Riley, CA, 6-O-Methylerylhromycin a crystal form III. US 6,627,743 81,

30 September 2003.

5. Structural formlAa of clarlthromycin obtained from: \8MW.(hgonph8-m.com, HI August 2004.
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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

1
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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.

eoo

eoo

-
30

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).
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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%.

DSC

"'"
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...' ..
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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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