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Chapter 4 

Clarithromycin 

 

4.1 Introduction 

Clarithromycin is a semi-synthetic 14-membered macrolide which differs from erythromycin 

in the methylation of the hydroxyl group on position 6 of the lactone ring.  This gives 

clarithromycin a better pharmacokinetic profile, fewer gastro-intestinal side-effects, increased 

acid stability and bioavailability (Rodvold, 1999; Amini & Ahmadiani, 2005).  Its activity 

against M. leprae (Anderson et al., 1988) and Mycobacterium Avium (Dautzenberg et al., 

1991), an opportunistic AIDS related infection is another major advantage over the parent 

compound (Salem, 1996). 

4.2 Description and nomenclature 

4.2.1 Chemical name 

6-O-methylerythromycin A: 

(3R,4S,5S,6R,7R,9R,11R,12R,13S,14R)-4-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-α-L-ribo-

hexopyranosyl)oxy]-14-ethyl-12,13-dihydroxy-7-methoxy-3,5,7,9,11,13-hexamethyl-6-[[3,4,6-

trideoxy-3-(dimethylamino)-β-D-xylohexopyranosyl]oxy]oxacyclotetradecane-2,10-dione (BP 

2012). 

4.2.2 Non-proprietary name 

Clarithromycin 

4.2.3 Proprietary names 

Biaxin®, Klacid®, Klaricid® (Salem, 1996). 

4.3 Formulae 

4.3.1 Empirical formula 

C38H69NO13 (USP 2011) 
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4.3.2 Structural formula 

 

Figure 4.1 Structural formula of clarithromycin (Medicines complete, 2012). 

4.4 Physical properties 

4.4.1 Molecular weight 

747.95 g/mol (USP 2011) 

4.4.2 Appearance & colour 

White to off-white crystalline odourless powder (Salem, 1996). 

4.4.3 Solubility 

Practically insoluble in water, soluble in acetone and in methyl chloride, slightly soluble in 

methanol (BP 2012). 

4.5 Pharmacology 

4.5.1 Mode of action 

Clarithromycin, like other macrolides, exerts its antibacterial effect by binding to the 50S 

ribosomal subunit of susceptible organisms, causing translocation of aminoacyl transfer-

RNA with subsequent inhibition of protein synthesis.  It was shown to be two to fourfold more 

active than erythromycin due to the synergistic effect with its in vivo generated active 

metabolite, 14-hydroxy clarithromycin, which on its own often displays more activity against 

bacteria than erythromycin (Salem, 1996).  Along with other 16-membered macrolides, 

clarithromycin is a poor inducer of mRNA and does not directly cause activity of the 
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methylase enzyme.  It therefore maintains activity against susceptible bacteria without the 

need for a strong inducer (Neu, 1991). 

Like spiramycin, it has the potential to achieve high concentrations in human neutrophils.  It 

therefore displays considerable activity against intracellular microorganisms such as S. 

aureus and Legionella (Anderson et al., 1988; Fernandes et al., 1986). 

At lower concentrations clarithromycin displays a considerable anti-inflammatory action; 

inhibiting interleukin-1 (IL-1) production by murine peritoneal macrophages, lymphocyte 

proliferation and lymphocyte transformation of mutine spleen cells (Anderson et al., 1996; 

Takeshita et al., 1989). 

4.5.2 Therapeutic activity 

The antibacterial activity of clarithromycin is similar to that of the parent compound.  It is 

mainly used for the treatment of respiratory tract infections including infections located in the 

oromaxillofacial and ophthalmic areas (e.g. pharyngitis, sinusitis, acute bronchitis, 

community-acquired pneumonia and otitis media) as well as various skin and soft tissue 

infections.  In vitro it displays activity against a broad spectrum of antibacterials including 

staphylococci, streptococci, Legionella, Haemophilus influenza, Neisseria gonorrhoeae, 

Chlamydia and anaerobes (Sturgill & Rapp, 1992; Fraschini et al., 1993).  It is implemented 

for both the treatment and prophylaxis of non-tuberculous mycobacterial infections and used 

as a second line drug treatment in leprosy.  In some countries clarithromycin is an alternative 

drug treatment to penicillins for prophylaxis of endocarditis (Martindale, 2011).  

Clarithromycin has been used in triple therapy, for the eradication of Helicobacter pylori in 

patients with peptic ulcer disease.  Furthermore, clarithromycin together with pyrimethamine 

is given as an alternative treatment regimen for toxoplasmosis (Martindale, 2011).    

4.5.3 Dosage 

Clarithromycin is usually administered orally or via intravenous infusion (Martindale, 2011). 

4.5.3.1 Adult dose 

The usual adult dose is 250 mg twice daily which may be increased to 500 mg twice daily in 

the case of severe infection.  In some countries the incorporation of modified release dosage 

forms allows for the convenience of a once daily administration. 
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A standard dose of 500 mg twice a day may be given intravenously in the form of an infusion 

containing 0.2% clarithromycin over a 60 minute period.  Treatment may continue for up to 5 

days.  However, switching to oral clarithromycin is recommended.  

Mycobacterium avium: 500 mg twice daily for prophylaxis or disseminated infection.  For 

treatment clarithromycin is administered twice daily in combination with other antimicrobials. 

M. leprae: 500 mg twice daily as part of an alternative multi-drug treatment regimen. 

H. pylori (associated with peptic ulcer disease): 500 mg twice daily in combination with 

another antimicrobial together with either a proton-pump inhibitor or H2-receptor antagonist 

for at least 7-14 days (Martindale, 2011). 

4.5.3.2 Paediatric dose 

The usual oral and intravenous dosage for children or infants is 7.5 mg/kg twice daily.  

Mycobacterium avium complex: oral dose of 7.5 mg/kg twice daily (to a maximum of 500 mg) 

is recommended for prophylaxis or in the case of disseminated infection.  For treatment the 

recommended dosage is 7.5 mg/kg twice daily which may be increased to 15 mg/kg (to a 

maximum of 500 mg) twice daily.  

Helicobacter pylori (associated with peptic ulcer disease): 7.5 mg/kg twice daily (to a 

maximum of 500 mg) as monotherapy or in combination with other antibacterials and a 

proton-pump inhibitor for 7 days in children aged one year and over (Martindale, 2011). 

4.5.4 Adverse effects 

As with spiramycin, the most frequent adverse effect is gastro-intestinal disturbances due to 

the stimulation of gut motility (Williams, 2001).  However, this occurs much less frequently 

and is usually mild in comparison with erythromycin.  Other reported adverse effects include 

smell and taste disturbances, stomatitis, glossitis, tongue and tooth discoloration and 

headache.  Transient CNS effects, arthralgia, myalgia, hypoglycaemia, leucopoenia and 

thrombocytopenia have also been reported.  Interstitial nephritis and renal failure are rare 

adverse effects.  Clarithromycin has been known to aggravate muscle weakness in patients 

with myasthenia gravis or induce the onset of new myasthenic syndromes.  Intravenous 

doses may cause phlebitis and pain at the injection site (Martindale, 2011). 
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4.6 Pharmacokinetics 

4.6.1 Absorption 

Clarithromycin is stable in the low pH environment of the stomach (Rodvold, 1999; Bahal & 

Nahata, 1992).  It is readily absorbed through the gastro-intestinal tract, the mean time for 

reaching maximum serum levels (tmax), being within the range of 1.8 to 2 hours.  The onset of 

absorption is slightly delayed when administered with food, whilst a slower rate of formation 

of the active 14-hydroxy metabolite is also noted.  Despite this, the bioavailability appears to 

be increased, which suggests that clarithromycin can be taken orally without regard to the 

timing or its administration with food (Chu et al., 1992). 

4.6.2 Bioavailability 

The absolute availability in healthy fasting subjects after receiving a single oral dose of 500 

mg of clarithromycin is approximately 55% (Nue, 1992).  Peak serum concentrations of 2.51 

µg/ml are reached within two hours of administration and display a long serum half-life of 4.9 

hours (Peters & Clissold, 1992). 

The active 14-hydroxy metabolite, formed by the rapid first-pass metabolism, takes two 

hours to reach the maximum peak serum concentrations (2.1	µg/ml) after administering a 

single 500 mg dose (Peters & Clissold, 1992). 

Both clarithromycin and the 14-hydroxy metabolite reach steady state within 2-3 days of 

administering a 250 mg, twice a day (every 12 hours) dosage regime.  Moreover, steady-

state peak plasma concentrations for the parent compound and its principle metabolite are 

then approximately 1 and 0.6 	μg/mL respectively.  When this drug is formulated in a 

suspension and given to fasting subjects, the steady-state concentration of clarithromycin 

and 14-hydroxyclarithromycin is approximately 2 µg/ml and 0.7 µg/ml respectively (Rodvold, 

1999). 

4.6.3 Distribution 

Clarithromycin and its 14-hydroxy metabolite are well distributed into most body tissue and 

fluids, having extensive diffusion into saliva, sputum, lung tissue, epithelial lining fluid, 

tonsils, nasal mucosa and middle ear fluid (Rodvold, 1999).  In addition both compounds 

have the ability to penetrate rapidly human neutrophils and alveolar macrophages.  These 

high intracellular concentrations allow tissue concentrations to exceed simultaneous serum 

concentrations; i.e. concentrations in lung tissue and fluids may be up to 30-fold higher.  In 
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adults, the mean apparent volume of distribution (Vβ/F) ranges between 191 and 306 L 

(Kohno et al., 1990a; Kohno et al., 1990b).  

4.6.4 Metabolism and elimination 

In vitro studies have shown that the major metabolic pathway for clarithromycin is 14-

hydroxylation and N-demethylation by the cytochrome P-450 (CYP) 3A subfamily of 

microsomes (Ferrero et al., 1990; Rodvold, 1999).  Clarithromycin is the only one of the 14-

membered macrolide group to undergo 14-hydroxylation in humans.  This active metabolite 

is recovered in high concentrations in both the plasma and urine.  The hydrolysis of the 

cladinose sugar is considered to have only a minor contribution.  These findings explain the 

majority of the interactions associated with clarithromycin and its 14-hydroxy metabolite 

(Rodvold, 1999).  

Clarithromycin together with its principle metabolites are excreted in the faeces via the bile, 

others through the urine via renal and non-renal mechanisms.  A considerable amount of 

unchanged drug is also excreted in this manner (20-30%) (Ferrero et al., 1990; Rodvold, 

1999).  The elimination of clarithromycin is non-linear, dose dependent and follows a one- 

compartment open pharmacokinetic model (Ferrero et al., 1990).   

4.7 The physico-chemical properties of clarithromycin 

According to the literature, clarithromycin exists in five forms.  Form 0 exists as a solvate, 

form I is a metastable form, form II is the stable form (Liu & Riley, 1998; Deshpande et al., 

2006), form III is a solvate of acetonitrile (Lui et al., 2003; Liang & Yao, 2008) and form IV is 

a hydrate (Avrutov et al., 2003).  The stable form II is used in formulations currently on the 

market. 

Form 0 is prepared by the recrystallisation of 6-O-methylerythromycin A in suitable solvents 

such as ethanol, isopropyl acetate, isopropanol, and tetrahydrofuran (Spanton et al., 1999).  

This form can be converted into form I, by exposing crystals to temperatures between 0ºC 

and 50ºC causing the crystals to desolvate.  Form I can in turn be converted to the stable 

form II by heating the crystals of this form to temperatures above 80ºC under a vacuum.  

Alternatively the conversion to form II is accomplished by heating form III (Liu et al., 2003) 

and form IV (Avrutov et al., 2003). 

In a previous characterisation study of clarithromycin conducted by De Jager (2005), 

recrystallisation was performed on a number of organic solvents.  Three solvents in 

particular: acetonitrile, chloroform and ethyl acetate, delivered interesting results.  
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Recrystallisation from acetonitrile failed to produce the solvate described in the literature. 

Instead this form presumably desolvates at room temperatures if the DSC and TGA results 

are considered.  According to Liang & Yao (2008) the solvate produced from acetonitrile is 

more stable than form II that is currently used in drug formulations on the market.  This is in 

sharp contrast to the claims made by De Jager (2005). 

More importantly during that particular study two new designated forms V and VI were 

produced from the recrystallisation from ethyl acetate and chloroform respectively.  After a 

certain period of time both of these forms converted to the thermodynamically stable from; 

form II.  It was decided to investigate these claims by performing a characterisation study on 

crystals prepared from acetonitrile, chloroform and ethyl acetate (see recrystallisation 

method: section 3.9) in order to establish the stability relationships between them. 

 

4.7.1 Clarithromycin raw material  

Differential scanning calorimetry (DSC) 

In the results of the DSC (figure 4.2) a single endothermic peak seen at 229.2ºC is 

representative of the melting point of the sample.  Beyond this point the sample starts to 

decompose, yielding a black substance in the DSC sample pan after the heating cycle is 

completed. 
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Figure 4.2 DSC thermogram of clarithromycin raw material. 

Thermal microscopy (TM) 

In adherence to the DSC results the TM micrographs captured during experimental 

proceedings indicate a melting transition starting at 227ºC. 

Table 4.1 Summary of the TM results of clarithromycin raw material 

   

Clarithromycin raw material 

at 22ºC. 

The melting process starting 

at approximately 227ºC. 

Melting complete at 231ºC. 
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Scanning electron microscopy (SEM) 

Unlike spiramycin, clarithromycin (figure 4.3) has a definitive crystal shape; exhibiting a 

tabular crystal habit. 

 

Figure 4.3 The SEM photomicrograph of clarithromycin raw material. 

X-ray powder diffraction (XRPD) 

The relative intensities give a good indication of the crystallinity of the API.  The peak 

intensity (I/Io) values beyond 3000 point to a high degree of crystallinity.  The peak angles 

(2ºθ) of the raw material are compared in table 4.2 to those of form II in the literature (Liu & 

Riley, 1998).  The XRPD pattern of the raw material correlates well with the pattern of the 

stable form II. 
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Table 4.2 Peak intensity ratios (I/Io) at main peak angles (°2θ) of clarithromycin raw material 

compared to the main peak angles of form II 

CL-RM Form II  

Peak angles 

(º2θ) 

Relative 

intensities 

(I/Io) 

Peak angles 

(º2θ) 

8.5 18.5 8.5 

9.5 35.4 9.5 

10.8 89.4 10.8 

11.5 100.0 11.5 

12.4 31.3 12.4 

13.8 19.0 13.7 

_ _ 14.1 

15.2 46.3 15.2 

15.5 14.3 _ 

16.5 18.2 16.5 

16.9 29.9 16.9 

17.3 38.7 17.3 

18.1 15.8 18.1 

18.3 14.3 18.4 

19.0 21.9 19.0 

19.9 11.2 19.9 

20.5 20.1 20.5 

21.3 13.9 _ 

22.2 17.4 _ 

25.0 18.2 _ 
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Figure 4.4 The XRPD pattern of clarithromycin raw material. 

 

Infrared spectroscopy (IR) 

DRIFTS were recorded as shown in figure 4.5 with main absorption peaks indicated in table 

4.3.  The results correlated well with form II reported in the literature (Liu & Riley, 1998). 

Table 4.3 Main absorption peaks of clarithromycin raw material with their corresponding 

wavenumbers. 

Main absorptions Wavenumbers (cm-1) 

1 1010.7 

2 1051.2 

3 1170.8 

4 1377.2 

5 1456.3 

6 2732.1 

7 2978.1 

 

Position [°2Theta] (Copper (Cu))
10 20 30

Counts

0

10000

20000

30000

 Clarithromycin
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Figure 4.5 The infrared spectrum of clarithromycin raw material. 

 

Discussion of the data generated from the raw material 

According to the IR spectrum, the raw material corresponds to the stable form, 

clarithromycin from II (Liu & Riley, 1998).  This is also confirmed by the XRPD pattern.  The 

DSC results did, however, show a much higher melting point than that previously reported.    

4.7.2 Acetonitrile (ACN) 

The recrystallisation technique (see section 3.9) from acetonitrile produces large single-

crystals with a prismatic-like crystal habit within a period of two to three weeks.   

The recrystallisation from this aprotic, polar solvent reportedly produces solvated crystals 

identified as form III of clarithromycin (Liu et al., 2003; Liang & Yao, 2008).  Single crystal 

XRPD performed on these solvated crystals identified it as belonging to a monoclinic crystal 

system (Liang & Yao, 2008).  
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Differential scanning calorimetry (DSC) 

In figure 4.6 an exothermic phase transition is seen at 133.7ºC, followed by an endothermic 

melting transition at 229.3ºC.  An exothermic event is usually an indication of 

recrystallisation. 

 

Figure 4.6 DSC thermogram of clarithromycin recrystallised from ACN. 
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Thermal gravimetric analysis (TGA) 

The differential thermal gravimetry thermogram (DTG) in figure 4.7 shows no indication of a 

solvate.  The theoretical weight loss for a 1:1 ACN solvate due to desolvation would be 

5.2%. 

 

Figure 4.7 DTG of clarithromycin recrystallised from ACN. 
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Thermal microscopy 

The hot-stage microscope showed what appears to be the formation of tiny crystallites at 

130ºC, which explains the exothermic event noted in the DSC thermogram. 

Table 4.4 TM results for clarithromycin recrystallised from ACN 

   

Crystals at 21ºC Crystals at approximately 

130ºC 

Melting transition complete at 

233ºC 

 

X-ray powder diffraction (XRPD) 

Table 4.5 shows the X-ray diffraction peaks for crystals generated from ACN in comparison 

with form III described in the literature (Liu et al., 2003).  The main peaks were recorded at 

4.4, 6.4, 10.1 and 10.2 º2θ.  As can be seen, the form obtained through ACN 

recrystallisation differed markedly from that of form III. 
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Table 4.5 Peak intensity ratios (I/Io) at main peak angles (°2θ) of crystals generated from 

ACN compared to the main peak intensities of form III 

CL-ACN Form III  

Peak angles 

(º2θ) 

Relative 

intensities 

(I/Io) 

Peak angles 

(º2θ) 

4.4 80.1 _ 

6.4 100.0 _ 

7.5 15.0 _ 

9.0 28.1 9.1 

9.9 47.8 9.6 

10.1 78.4 _ 

10.2 73.0 _ 

11.6 20.8 _ 

11.9 29.9 11.8 

12.6 17.5 12.8 

13.6 16.6 _ 

14.7 13.1 _ 

14.9 16.3 _ 

_ _ 15.3 

_ _ 16.0 

16.9 12.2 16.6 

_ _ 17.7 

18.3 16.32 18.2 

_ _ 18.8 

19.5 10.9 _ 

21.2 10.5 _ 

_ _ 24.9 
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Figure 4.8 XRPD diffraction pattern of clarithromycin recrystallised from ACN. 

 

Infrared spectroscopy (IR) 

The infrared spectrum of crystals generated from acetonitrile is shown in figure 4.9, with the 

main absorptions and corresponding wave numbers indicated in table 4.6. 

Table 4.6 Main absorption peaks of crystals generated from ACN with their corresponding 

wavenumbers 

Main absorptions Wavenumbers (cm-1) 

1 1010.7 

2 1051.2 

3 1170.8 

4 1377.2 

5 1458.2 

6 1732.1 

7 1978.1 

 

Position [°2Theta] (Copper (Cu))

10 20 30

Counts

0

10000

20000

30000

 CL - ACN
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Figure 4.9 The infrared spectrum of clarithromycin recrystallised from ACN. 

 

Discussion of the data generated from acetonitrile as recrystallising solvent 

Form III, as described in the literature is a solvate of acetonitrile.  Form III desolvates at 

175.6 ºC and melts at 226.6 ºC (Liu et al., 2003).  De Jager (2005) found that the DSC 

measurements showed no desolvation endotherm due to its rapid desolvation at room 

temperature.  Only a single peak was found at 223.47 ºC as a result of the melting transition.   

In this study the claims made by De Jager (2005) were confirmed as thermal-analysis results 

that did not indicate any reason to suspect a solvate.  The TGA showed weight loss only 

after the melting transition and subsequent decomposition of the sample had occurred.  

Theoretically solvated crystals produced from acetonitrile (a 1:1 solvate) should yield a 

weight loss of approximately 5.2 % before reaching the melting point.   

A crystallisation event, not noted in any of the previous characterisation studies, is seen at 

133.7ºC on the DSC thermogram and was also confirmed by the TM results.  The XRPD 

pattern of crystals generated from acetonitrile was compared to that of form III.  Although 

having similarities, it showed distinct peaks at 4.4, 6.4, 10.1 and 10.2 º2θ that were not 

present in form III.  In contrast the IR pattern corresponded to the thermodynamically stable 

form II.  This could have been the result of the grinding in the mortar and pestle, which led to 
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a polymorphic transition to form II.  Form III is ideally converted to form II between 

temperatures of 90ºC-105ºC at atmospheric pressure (Liu et al., 2003). 

Although having similarities to form III, distinct peaks in the XRPD pattern could be an 

indication of a new polymorphic form of clarithromycin, which converts to the 

thermodynamically stable form II when the necessary activation energy for polymorphic 

transition is provided.   

 

4.7.3 Chloroform (CF) 

The recrystallisation product from chloroform-produced crystals with a low-aspect ratio; the 

crystal habit was therefore recognised as being equant-like (Nichols et al., 2011). 

Differential scanning calorimetry (DSC)  

The DSC thermogram of chloroform shows an exothermic event at 113.9ºC followed directly 

by what appears to be a desolvation endotherm at 118.6ºC and a smaller endotherm at 

143.9ºC.  Melting occurs at 227.8ºC, slightly lower than the melting point of the raw material. 
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Figure 4.10: DSC thermogram of clarithromycin recrystallised from chloroform. 

 

Thermal gravimetric analysis (TGA) 

The TGA thermogram in figure 4.11 indicates a weight loss of 21.2%, the onset coinciding 

with the desolvation noted in the DSC.  This value is much higher than the expected weight 

loss of 13.8% for this particular solvent, which could be indicative of a 2:1 

chloroform:clarithromycin solvate.  The total moisture content of the sample, determined by 

Karl Fischer titration was measured as 0.03%.  Values in this range are generally associated 

with surface moisture. 
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Figure 4.11 TGA thermogram of clarithromycin recrystallised from CF. 

 

Thermal microscopy (TM) 

Crystals immersed in silicone oil were placed on a microscopical plate and covered with a 

cover slip.  The bubble formation in the silicone oil signals the release of chloroform from the 

crystal, confirming the desolvation event noted in DSC thermogram.  The loss of 

transparency (darkening of the crystals) is also a good indication of a desolvation process 

(Bhattacharya et al., 2009). 
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Table 4.7 Summary of the TM results for crystals generated from CF 

  

Crystals at 22ºC Gas evolution at 116ºC Melting process starting at 
approximately 225ºC 

 

Melting complete at 230ºC 

 

Infrared spectroscopy (IR) 

Figure 4.12 compares the IR spectra of the chloroform solvate to the desolvated form.  The 

spectrum of the desolvate was found to be similar to form II.  When compared to the 

solvated form, there are visible differences in the region between 1200 cm-1 and 1400 cm-1.  

In addition the solvate also appears to have a double peak at approximately 3500 cm-1. 
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Figure 4.12 Overlay of the infrared spectrum of clarithromycin recrystallised from 
chloroform, solvated (red) and desolvated (black). 

 

Stability studies 

X-ray powder diffraction (XRPD) 

A stressed stability study (40ºC and 75% RH) was done over a period of 12 weeks.  The 

crystals at week 0 were taken directly from the solvent before testing. 

Thereafter samples were placed in a Binder® climatic chamber for 12 weeks as explained in 

section 2.8, and withdrawn at weekly intervals for testing.  
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Table 4.8 Peak intensity ratios (I/Io) at main peak angles (°2θ) of clarithromycin recrystallised from chloroform over a twelve week stability 

study.
week 0 week 1 week 2 week 3 

Peak 

angles 

(º2θ) 

Relative 

intensities 

(I/Io) 

Peak 

angles 

(º2θ) 

Relative 

intensities 

(I/Io) 

Peak 

angles 

(º2θ) 

Relative 

intensities 

(I/Io) 

Peak 

angles 

(º2θ) 

Relative 

intensities 

(I/Io) 

_ _ 8.8 20.0 8.6 30.5 8.6 29.3 

_ _ 9.7 58.8 9.5 81.7 9.5 66.1 

10.2 67.6 _ _ 10.2 10.2 _ _ 

10.2 65.2 _ _ _ _ _ _ 

11.3 34.2 11.1 100.0 11.0 100.0 10.9 100.0 

11.9 15.9 11.7 65.6 11.5 73.4 11.5 77.8 

12.2 26.9 _ _ 11.9 11.8 11.9 11.6 

12.8 10.6 _ _ 12.4 10.5 12.4 12.0 

13.3 18.9 _ _ _ _ _ _ 

13.4 36.4 _ _ _ _ _ _ 

_ _ _ _ 13.8 21.4 13.8 23.1 

14.0 100.0 14.0 18.9 14.2 11.6 14.1 12.1 

15.1 16.6 15.2 23.3 15.2 42.8 15.2 39.7 

_ _ 15.4 22.6     
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Table 4.8 (continued) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

week 0 week 1 week 2 week 3 

Peak 

angles 

(º2θ) 

Relative 

intensities 

(I/Io) 

Peak 

angles 

(º2θ) 

Relative 

intensities 

(I/Io) 

Peak 

angles 

(º2θ) 

Relative 

intensities 

(I/Io) 

Peak 

angles 

(º2θ) 

Relative 

intensities 

(I/Io) 

16.6 13.5 _ _ 16.6 32.8 16.5 30.8 

16.7 14.8 16.7 22.9 _ _ _ _ 

_ _ 17.1 35.0 17.0 39.9 17.0 41.5 

_ _ _ _ 17.2 27.8 _ - 

_ _ _ _ 17.3 37.00 17.3 40.4 

_ _ 17.5 25.3 17.6 31.9 17.6 21.9 

_ _ 17.8 13.9 _ _ _ _ 

18.3 14.9 18.3 14.3 18.1 18.0 18.1 21.8 

18.5 22.7 _ _ _ _ _ __ 

18.7 17.5 _ _ _ _ _ _ 

_ _ _ _ 19.0 36.7 _ _ 

_ _ 19.3 30.8 19.1 49.4 19.1 44.5 

19.9 13.9 _ _ _ _ 19.9 12.9 
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Table 4.8 (continued) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

week 0 week 1 week 2 week 3 

Peak 

angles 

(º2θ) 

Relative 

intensities 

(I/Io) 

Peak 

angles 

(º2θ) 

Relative 

intensities 

(I/Io) 

Peak 

angles 

(º2θ) 

Relative 

intensities 

(I/Io) 

Peak 

angles 

(º2θ) 

Relative 

intensities 

(I/Io) 

20.6 18.8 20.7 15.3 20.5 24.3 20.5 23.2 

21.1 42.9 _ _ _ _ _ _ 

22.2 28.7 _ _ 22.2 22.6 22.2 23.0 

_ _ _ _ 23.3 12.5 _ _ 

_ _ _ _ _ _ 23.1 11.4 

24.0 14.0 _ _ _ _ _ _ 

24.1 20.5 _ _ _ _ _ _ 

_ _ _ _ _ _ 25.0 11.6 

30.9 11.5 _ _ _ _ _ _ 
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Table 4.8 (continued) 

 

week 4 week 6 week 8 week 12 

Peak 

angles 

(º2θ) 

Relative 

intensities 

(I/Io) 

Peak 

angles 

(º2θ) 

Relative 

intensities 

(I/Io) 

Peak 

angles 

(º2θ) 

Relative 

intensities 

(I/Io) 

Peak 

angles 

(º2θ) 

Relative 

intensities 

(I/Io) 

8.5 31.6 8.7 24.7 8.7 33.3 8.6 35.3 

9.5 72.2 9.6 60.5 9.6 93.7 9.6 89.8 

_ _ _ _ 9.6 89.1 _ _ 

10.9 100.0 _ _ 10.9 99.0 _ _ 

_ _ 11.0 100.0 11.0 100.0 11.0 100.0 

11.5 84.2 _ _ 11.5 72.4 11.5 84.4 

_ _ 11.6 70.6 11.6 71.4 11.6 68.3 

11.9 13.9 12.0 10.2 12.0 12.3 12.0 10.8 

12.4 13.2 _ _ 12.5 11.7 12.5 11.0 

13.8 26.0 13.9 18.7 13.7 17.9 13.9 21.1 

14.1 14.1 _ _ 14.0 23.8 _ _ 

_ _ _ _ 14.2 12.6 14.2 12.3 

15.2 45.0 15.3 32.1 15.3 31.2 15.3 38.5 
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Table 4.8 (continued) 

 

 

 

 

 

 

 

 

 

 

 

 

 

week 4 week 6 week 8 week 12 

Peak 

angles 

(º2θ) 

Relative 

intensities 

(I/Io) 

Peak 

angles 

(º2θ) 

Relative 

intensities 

(I/Io) 

Peak 

angles 

(º2θ) 

Relative 

intensities 

(I/Io) 

Peak 

angles 

(º2θ) 

Relative 

intensities 

(I/Io) 

16.6 29.7 16.6 26.9 16.6 36.2 16.6 27.8 

17.0 43.8 17.0 35.5 17.1 37.0 17.0 36.7 

17.3 43.4 17.4 31.4 17.4 31.6 17.4 30.5 

17.6 22.4 17.7 18.7 17.7 31.6 17.7 19.6 

18.1 22.4 18.2 16.7 18.2 18.6 18.2 17.9 

18.4 12.6 _ _ _ _ _ _ 

19.1 49.0 19.2 36.8 19.2 51.3 19.1 43.2 

_ _ _ _ 19.2 41.2 _ _ 

19.9 13.3 _ _ _ _ _ _ 

20.5 23.9 20.6 19.4 20.6 20.1 20.6 19.2 

22.2 24.1 22.3 19.4 22.3 21.1 22.3 19.2 

23.1 10.7 _ _ _ _ 23.2 11.3 

23.3 13.4 _ _ 23.3 14.6 _ _ 
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Figure 4.13 Overlay of the XRPD diffraction patterns of clarithromycin recrystallised from 

chloroform over a twelve week stability study. 
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Figure 4.14 Overlay of the DSC analysis performed over the twelve week stability testing. 

 

Discussion of the data generated from chloroform as recrystallising solvent 

The DSC thermogram of the crystals generated from chloroform matched the DSC 

thermogram reported by De Jager (2005) where a new form (form VI) was discovered.  The 

thermogram shows a desolvation peak at 118.6ºC.  The TGA results show the sample 

weight loss coinciding with the desolvation event in the DSC.  The experimental weight loss 

was 21%, higher than the theoretical weight loss of 13.2% for a 1:1 solvate, indicating the 

possibility of a 2:1 chloroform:clarithromycin solvate.  The theoretical weight loss for a 2:1 

chloroform:clarithromycin solvate would be 26.2%.  The slightly lower value could be 

indicative of solvent loss prior to analysis.  The TM results confirmed the solvate with gas 

evolution in the silicone oil indicating the desolvation event. 

Spectroscopic and crystallographic results for the solvated form were unique.  The IR 

spectrum had peaks between 1200 cm-1 and 1400 cm-1 and in the region of 3500 cm-1 that 

differed from the raw material or any of the other solvates reported by Liu et al. (2003) and 

Spanton et al. (1999).  Since the IR spectrum is only regarded as an ancillary tool for the 
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confirmation of polymorphism, XRPD was conducted to confirm the results.  The XRPD 

pattern showed unique peaks differing from those described in the literature and the XRPD 

pattern of form VI as described by De Jager (2005). 

Brittain et al. (2009) wrote that any metastable phase will have a bigger free energy than the 

thermodynamically stable phase.  However, once the activation barrier is overcome (e.g. 

desolvation of a solute), this form may undergo a phase transformation into the 

thermodynamically stable phase.  The DSC (figure 4.14) and TGA performed during the 

stability testing showed that after the first weekly withdrawal, the crystals had desolvated 

completely and transforms to the stable form II.  The IR spectrum of the desolvated crystals 

did not match the IR pattern of the initial solvated crystals.  Instead it resembled that of form 

II.  This meant that upon desolvation, the crystals generated from chloroform converted into 

the thermodynamically stable form.  XRPD diffraction was performed to confirm this.  In table 

4.8 and the main °2θ positions were identical to that described for form II.  Furthermore, 

XRPD patterns performed during subsequent weeks show the crystal persisting in the stable 

form for the remainder of the 12 weeks. 

 

4.7.4 Ethyl acetate (EA) 

Differential scanning calorimetry (DSC) 

The DSC of clarithromcyin recrystallised from ethyl acetate shows a single exothermic peak 

at 228.9ºC attributed to the melting point.  Since the DSC thermogram did not show any 

signs of desolvation, TGA was not performed.  
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Figure 4.15 DSC thermogram of clarithromycin recrystallised from EA. 

Thermal microscopy (TM) 

The melting endotherm on the DSC thermogram was corroborated by the micrographs 

captured on the hot-stage microscope.  There was no indication of gas evolution from the 

crystals in the silicone drop, confirming that no recrystallising solvent became entrapped 

within its crystal structure. 

Table 4.9 TM results for clarithromycin recrystallised from ethyl acetate. 

   

Needle shaped crystals at 
24ºC 

Melting staring at 226ºC Melting complete at 231ºC 
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Scanning electron microscopy (SEM) 

The crystals from this particular solvent had lath-like crystal habits, with an elongated, blade-

like crystal shape (Nichols et al., 2011).  On the contrary, the SEM images from the same 

solvent in the study by De Jager (2005), showed crystals with a low-aspect ratio; varying in 

shapes and sizes. 

 

Figure 4.16 SEM photomicrograph of crystals generated from EA. 

 

X-ray powder diffraction (XRPD)  

Table 4.10 Peak intensity ratios (I/Io) at main peak angles (°2θ) of clarithromycin 

recrystallised from ethyl acetate compared to the main peak angles (°2θ) of form II. 

CL-EA 
Form II 

(literature) 

Peak angles 

(º2θ) 

Relative 

intensities 

(I/Io) 

Peak angles 

(º2θ) 

8.5 69.4 8.5 

9.3 89.4 _ 

9.4 55.7 9.5 
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Table 4.10 (continued) 

CL-EA 
Form II 

(literature) 

Peak angles 

(º2θ) 

Relative 

intensities 

(I/Io) 

Peak angles 

(º2θ) 

10.7 77.5 10.8 

11.4 95.1 11.5 

11.8 46.2 _ 

12.3 17.8 12.4 

13.6 23.2 13.7 

14.0 100.00 14.1 

15.1 42.9 15.2 

15.3 20.9 _ 

16.4 24.6 16.5 

16.9 37.3 16.9 

17.2 43.5 17.3 

17.5 23.8 _ 

18.0 19.9 18.1 

18.3 15.00 18.4 

18.9 58.5 19.0 

19.7 25.7 19.9 

20.4 25.5 20.5 

22.1 26.3 _ 

23.1 15.3 _ 

24.9 12.0 _ 

25.0 10.2 _ 

28.4 17.4 _ 
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Figure 4.17 The XRPD diffraction pattern of clarithromycin recrystallised from ethyl acetate 

(CL-EA). 

 

Infrared spectroscopy (IR) 

Figure 4.18 shows the IR pattern of clarithromycin crystals generated from ethyl acetate, 

with the main absorptions and corresponding wave numbers indicated in table 4.11. 

Table 4.11 Main absorption peaks of crystals generated from ethyl acetate with their 

corresponding wavenumbers 

Main absorptions Wavenumbers (cm-1) 

1 1010.7 

2 1051.2 

3 1170.8 

4 1377.2 

5 1458.2 

6 1732.1 

7 2978.1 

 

Position [°2Theta] (Copper (Cu))

10 20 30

Counts

0

10000

20000

 RVE CL - EA (Fyn)
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Figure 4.18 The infrared spectrum of clarithromycin recrystallised from ethyl acetate. 

 

Discussion of the data generated from ethyl acetate as recrystallising agent 

The DSC, IR and XRPD results confirmed that the recrystallisation product from ethyl 

acetate led to formation of crystals belonging to form II, as reported in the literature.  

According to Liu & Riley (1998) crystal form II may be recrystallised from an array of organic 

solvents including ethyl acetate.  The new crystal form designated form V recrystallised from 

the same solvent reported by De Jager (2005) could not be reproduced.  Form V was 

reportedly a metastable form, converting into the stable form after approximately 6 months.  

However, this study proved that the thermodynamically stable form can be recrystallised 

directly from ethyl acetate. 

 

4.8 Solubility studies 

The solubility of each of the obtained crystals forms was determined and compared to the 

raw material.  The aim was to study the impact that polymorphism or solvate formation had 

on the relative solubility of clarithromycin.  The shake-flask method was used as described in 

section 2.8. 
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4.8.1 Results 

 

Table 4.12 Solubility test results of clarithromycin recrystallised from chloroform (CL-CF), 

acetontrile (CL-ACN) and ethyl acetate (CL-EA) with the raw material as reference (CL-RM) 

Test tube 

Concentration (μg/ml) 

CL-CF 

desolvate 

CL-CF 

solvate 
CL-ACN CL-EA CL-RM 

1 0.114 0.697 0.040 0.073 0.090 

2 0.104 0.443 0.049 0.079 0.084 

3 0.110 0.263 0.052 0.069 0.083 

4 0.120 0.444 0.050 0.076 0.086 

5 0.122 0.256 0.056 0.071 0.087 

6 0.188 0.256 _ 0.076 0.085 

Average 0.126 0.332 0.049 0.074 0.086 

sd 0.031 0.174 0.003 0.004 0.001 

Abbreviation: sd = standard deviation  
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Figure 4.19 A comparison of the solubility of the crystal forms generated from chloroform, 

solvate and desolvate (CL-CF), acetonitrile (CL-ACN) and ethyl acetate (CL-EA) with the raw 

material (CL-RM) as reference. 

 

4.8.2 Discussion of the solubility results 

The results of the relative solubilities were determined to be as follows: CL-CF solvate >CL-

CF desolvate > CL-RM > CL-EA > CL-ACN.  Since we know that form II is the stable form, it 

should theoretically be the form with the lowest solubility.  The XRPD patterns of both the 

raw material and the recrystallisation product from ethyl acetate resembled that of the stable 

form.   

Crystals generated from acetonitrile were found to be the least soluble of all the 

recrystallisation products.  The possibility of this metastable form undergoing a solution 

mediated polymorphic transition to the stable form during solubility testing could not be 

excluded. 

The solvated crystals generated from chloroform proved to be the form with the most 

favourable solubility profile.  The chloroform solvate and its corresponding desolvate showed 

4-fold and 1.5-fold increase in solubility respectively.  The thermodynamic theory of solvates 

states that a solvate will be more water soluble than the corresponding desolvate if the 

solvent forming the solvate is water-miscible (Grant & Higuchi, 1990).  Since chloroform is 

not water-miscible it should theoretically be less soluble in water than the desolvate.  

However, the fact that the solvate converts to the stable form upon desolvation explains its 
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solubility advantage over the desolvate.  In another study regarding the polymorphic forms of 

roxithromycin (Aucamp, 2010) it was also proven that roxithromycin chloroform solvate 

shows improved aqueous solubility in comparison with roxithromycin raw material.  An 

improvement of approximately 122% in solubility was reported for the water solubility of the 

roxithormycin chloroform solvate in comparison with roxithromycin raw material.  Taking this 

into consideration, it seems that the macrolide class of antibiotics truly contradict some 

physico-chemical behaviours dictated by current literature.  A future endeavour for this 

finding would be to investigate the mechanism involved during the determination of the 

solubility of chlorofrom solvates of these two macrolides.  The reason is that up to this point 

in time very limited information is available explaining why a chloroform solvate may exhibit 

improved water solubility.  

Graphpad® software was used to compare the solubility of the prepared forms with the raw 

material.  The two-tailed p-value for both acetonitrile and ethyl acetate was 0.0001.  This 

difference is, by conventional standards, considered to be statistically extremely significant. 

According to the software the two-tailed p-values for the chloroform solvate and the 

corresponding desolvate were 0.0015 and 0.0095 respectively.  The difference between 

these two forms and the raw material is deemed as statistically very significant. 

 

4.10 Conclusion 

The raw material used in this study corresponds to the thermodynamically stable form, 

clarithromycin form II, currently marketed by pharmaceutical companies.   

Crystals from acetonitrile failed to produce the solvate as described in the literature.  Instead, 

recrystallisation from this solvent yielded crystals with a unique XRPD pattern.  With the 

necessary driving force, this form seems to convert to form II.  It can thus be concluded that 

the ACN recrystallisation product yielded a meta-stable form, which transformed to the 

stable form II.  This transformation is evident at temperatures above 100°C. 

Recrystallisation from chloroform produced a solvate, with similarities to that of form VI as 

described by De Jager (2005).  However, XRPD patterns of the solvated crystals were 

unique.  After a stressed stability study was conducted, it was determined that this particular 

metastable form converts to the stable form upon desolvation. 

Recrystallisation from ethyl acetate produced crystals identical to form II.  This proved that 

the stable form can be directly isolated from this solvent without requiring the additional 

conversion step as was the case in the study conducted by De Jager (2005).   
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Solubility results indicate that the solvated form of chloroform has the most favourable water 

solubility profile compared to the other forms that were tested.  The fact that the solvated 

form was more soluble than the desolvate contradicts the thermodynamic theory of solvates.  

The observation that the solvate converts to the thermodynamically stable form upon 

desolvation, was deemed to be the most plausible explanation. 

In this study two new forms were recrystallised from acetonitrile and chloroform.  All the 

forms generated from this study convert to the thermodynamically stable form under a 

certain set of conditions.  Furthermore, complete characterisation of form V clarified some 

discrepancies regarding this form described in another study. 

  




