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Abstract 

The thernml prppertfcs o? lovastatin ware inveStlgattd by I%C and Tti. Melting 

point and heat of fusion were detcrmimd and the thermo-oxidatlve stability 

was studied. 

Lovastatia. shown below. ia a potent inhibitor of RUG-CoA reductase. the 
rate-controlling enzyme In cholesterol biosvnthesie. 

‘PollowIng laolation of crud. prOduct, it ia purified by various crystallf8atfw 
sequonce8 fra appropriately chosen solventsr prior to n lllln~ to flnlehed 
prOduet* and 8ubrcquent formul8tion a8 a dru(t. In Optfri8tifJ prOC888iSlg 

condition8, and 8cale-up fro8 laboratory via pilot plmt to larm ma18 f8CtOq 
productiOn. it f8 88S8lXtial that a 8-18, rapid and reproducible methOd be 
available to a88868 the adv8nt8ges , diaadv8xitage8 and llmitation8 of a wide 
r8ngr of purification prOCOdure8. In the phanucoutlcal fi8ld. a8 in zany. 
8uch aethod8 very often involve uaruring hou ~011 8 drug tith8tand8 phy8icP 
chaical 8tr888; a them81 8tl888 wthod nOrVlly bei- aployed. IIt Or&r t0 
develop 8 8uuft8ble te8t prOe8durO. it i8 fir8t oeC8888m to obt8in 8lI IlZldOr- 
standing of the overall thermocbaic81 behavior of the drag, Such 8s 
iUV88ti@8tfOa ha8 been made, 8nd in thi8 p8wZ , tb8 8alfent feature8 ifill b8 
briefly dr8cribed. 

Thawd An&sis Pmce lIhir ICXA Conp.w~ Jiwndem, Iad, 2135 Aug. 1988 
tlO4OdH1i88iSO3.!U) b 1988 Ekvia sciena PpMidar B.V. 



42 

Experimental 

All heat flow measurements have been made with'the Mettler TA 3000 system, 
using the -16O'C to +600°C DSC furnace. In studying the purely thermal behav- 
ior, the standard 40 ul aluminum crucibles were firmly packed with Lovastatin, 
-12-14 mg. After crimp-sealing, the aluminum lids were depressed, enabling 
good sample-container contact following fusion, a condition found necessary to 
ensure repeatable recrystallization. The minute amount of entrapped air does 
not effect any significant 'o_xldation during fusion, as confirmed by open 
crucible measurements in a nitrogen atmosphere. For thermo-oxidative-studies, 
-8-10 mg of sample were loosely placed in the open crucible. All gas flow 
rates were maintained at 50 ml min-I. The weight-normalized DSC data will be 

shown as a function of the reference crucible temperature, but quoted signifi- 

cant temperatures are those of the sample. Weight change measurements have 
been made in open alumina crucibles in the TA 3500 thermogravimetric analyzer, 
with 100 ml min-' gas flow rates. The TG data is presented as a percentage of 
initial sample weight as a function of the sample temperature, based on the 
Mettler Curie Point calibratjon procedure. 

Results 

Figure 1A shows the melt endotherm8 for two specimens of a highly pure refer- 
ence standard Lovastatin sample, 
heating rate of 0.5'C min-'. 

measured in the region 16O“C to 18O'C at a 
Eight such measurements on this HPLC standard 

yielded the following: 

AH 
f 
- 44.31 + 0.88 kJ mol-' 

Tf - l,73.33 + 0.05"C 

The purity of this sample, measured by melting point depression, is 99.90 f 
0.04 mol percent. There is no perceptible degradation of Lovastatin during 
fusion. Thus, three consecutive melt-recrystallizations on one sample yielded 
AR = 43.44, 43.69 and 43.50 kJ mol-', and T 
co6ling, f! 

- 173.3, 173.1 and 173.1'C. On 
irrespective of the rate, the me1 solidifies to a vitreous solid, 

which exhibits a well-defined glass transition in the 20 - 30°C region, fol- 
lowed by a sharp exothermic recrystallization in the 90 - 100°C region. The 
8.32 mg sample, whose melt endotherm is shown in Figure IA, was rapidly cooled 
to -2O'C, and then heated to 15O'C at LO'C rnln-'. The glass transition and* 
recrystallization are shown in Figure 1B , with the glass transition shown in 
more detail in Figure 1C. It should be pointed out that it is only necessary 
to cool the melt to below the glass transition region to observe it. It is 
pertfnent to note that the recrystallization enthalpy, 67.12 J g-l (27.12 kJ 
mol ), is only 61% of the fusion enthalpy. This is a repeated observation 
with Lovastatin. Measurements on the fusion and recrystallization of high 
purity dimethyl terephthalate showed that the fusion and recrystallization 
enthalpies agree wiahin ~1%. Thus, the marked inequality shown by Lovastatin 
is not an instrumental artifact. Although there is no thermal evidence, during 
either rapid or slow cooling , of any recrystallization in fused Lovastatin, it 
is assumed that approximately 30% of the vitreous solid is in an ordered state. 
However, If indeed correct, it has no effect on the characteristic glass 
transition temperature region. Arbitrarily, the sample temperature, Tge, at 
the midpoint of the transition 60% ACp), has been selected as a measure of the 
glassiness of the solid melt. Repeated measurements of the purely thermal 
behavior of Lovastatin have indicated a measurement precision of 0.3*C for Tga. 

In an air environment, Lovastatin oxidizes exothermically in the 140 - 16O'C 
region, dependent upon the heating rate. Figure 2A shows the exotherms for two 
specimens of the reference standard heated at l°C min-I. Prior to the exotherm 
onset, there is a characteristic weight gain of -1.0%. as shown in Figure 3A, 
complete by 135'C. and during the exothermic excursion, a gradual evaporative 
weight loss commences. By 150°C, the preceding weight gain is lost. In pure 
oxygen, the characteristic weight gain increases to -1.6%. This corresponds to 
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an absorption/adsorption of ca. 1 atom oxygen per 2 mols Lovastatln. These 
events almost completely preclude the observation of any endothermic activity 
associated rith the fusion of residual Lovastatln and its oxidation products 
above 150V. As shown in Figure 2A, at the low heating rate, excellent repro- 
ducibility In measuring the enthalpp of the oxidation process is obtained. 
Rowever. at a higher heating rate, 10% min-1, as shown In Figure 2B, although 
the early stage of the exotherm Is clearly seen, the fusion process comences 
prior to the copnencement of the evaporative weight loss, shown in Figure 3B. 
Thus, one Is severely llmlted in the renge of heating rates that can be used In 
attempting to study the kinetics of the oxidation process. Furthermore, one 
cannot use the TG data for a kinetic analysis. The low heating rate oxidation 
exotherm, Figure 2A. Is similar In profile to the recrystalllaation l xotherm, 
shown In Figure 1B. Both exhibit characteristics of thermal processes con- 
trolled by random nucleation (A2. A3) mechan1sms.l 

A limited amount of DSC data characterizing the oxidation of a secondary 
Lovastatin sample at low heating rates, 0.1 - 0.5% l in-l, was analyzed using 
the generalized Kissinger equation1 , yielding the followlng values for the n th 
order kinetic parameters: 

II - 0.6 - 1.0 E - 438.9 kJ ~1-1 A - 1.25.1054 nln-1 

Although not strong evidence, these results are not Inconsistent. As previ- 
ously shownl, extremely high values of the kinetic parameters result when data, 
whose source is an A3 controlling mechanistic reaction, Is treated as an n th 
order reaction, 

Oxldatlvely stressed Lovastatin, vhen subsequently melted In an Inert en- 
vironment and cooled, also yields a vitreous solid, which also exhibits a 
characteristic glass transition. Only if the extent of oxldatlon Is minimal 
will the glassy solid recrystallize following the transition. The temperature 
range over which the glass transition occurs moves increasingly higher with 
Increase In the extent of the prior oxldetlon. Kxtenslve measurements have 
shown thst the sample temperature, Tgs. at the midpoint of the transition, Is 
highly sensitive to the extent of the oxidation of the particular sample. 
These facts form the basis of a simple procedure for assessing the relative 
reactivity of Lovastatin samples. 

The sample is oxldlred Isothermally at a suitably chosen temperature for forty 
five minutes in an air atmosphere In the DSC furnace. The lsothermel tem- 
perature selected Is approximstely 10% below the onset temperature of the 
oxidation l xotherm at a dynamic scan rate of 1% mln-I. Thus, the sample will 
only be mlnlmally oxidized. 6ormally. 130% Is used. Bowever, for very 
unreactive samples. 140% has bean used. Following the low level isothermal 
stress, the sample Is quickly mslted In a nitrogen l tmosphare Isothermally at 
160% for two minutes. It Is. then rapidly cooled to -20% before heating at 
10% mln-1 to 150% In the same environment to monitor the glass transition. 
As previously indicated. Tgs is employed as a measure of the relative oxidatlve 
stability of the sample. 

There Is a linear relatlonohlp betuesn Tgs and the lowering of the Lovastatin 
content In an oxldatlvely stressed sample am assayed by KPLC. For example, as 
prevlously Indicated, Tge for an unstressed sample Is 25.C. whereas in an 
werly oxldiaed sample contalniag only 66% Lovastatln, the Tge is 30.C. 
Although the difference of S*C,ls small, due to the precision of the measure- 
ment of Tge, the.procedure has proved highly successfpl in l stabllshlng the 
relative oxidatlve stability of Lovastatln samples produced by a variety of 
techniques. 
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Traditionally, the relative oxidative stability of materials, particularly 
certain classes of polymers, has been evaluated by measuring the induction time 
which precedes the onset of exothermic activity. If the isothermal temperature 
is such that the rate of oxidation is insufficiently large to be observed by 
DSC. then the method fails. It has been shown for Lovastatin that, under such 
circumstances, the Tge value is measurably different from the value obtained as 
a result of a purely thermal stress. 

The ease with which a Lovastatin sample can be oxidized will depend upon 
crystal morphology, mean surface area and particle size distribution. Vari- 
ations in such factors as a result of changes in sample preparation and 
pretreatment can be detected by the Glass Transition method. 

In conclusion, similar behavior to that found in Lovastatin, has been observed 
in related compounds. It is highly probable that similar effects could be 
observed in many other compounds susceptible to oxidation, which form a glass 
upon solidification of the melt. 
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