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Abstract

The stability and thermal behaviour of two anhydrate phases and a new mixed water:DMSO solvate of Olanzapine (2-methyl-
4-(4-methyl-1-piperazinyl)-10H-thieno-[2,3-b][1,5]benzodiazepine) are studied by different methods: differential scanning
calorimetry (DSC), X-ray powder diffraction (XRPD) and Raman scattering (RS). Single crystal structural data for the lat-
ter phase are presented, confirming the presence of the (Olanzatime) as the structural building unit of all known phases
of the drug, either anhydrate or solvated.

An apparent interconversion between both solid state forms is shown to be an artifact and explained in terms of a
melting—recrystallization process.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction schizophrenia ossenbach et al., 2004; Heresco-
Levy et al.,, 2004; Sclar et al., 20P3In the last
Olanzapine (2-methyl-4-(4-methyl-1-piperazinyl)- few years its pharmaceutical relevance prompted an
10H-thieno-[2,3-b][1,5]benzodiazepine) is arelatively intense research work regarding the different solid
new benzodiazepine which has been found use- state phases of the compound. In particular, in a
ful in the treatment of, among other psychosis, very complete report on the subjeddutzel-Edens
et al.,, 2003 three different anhydrides, three di-
mponding author. Tel.: +54 11 6772 7107, hydrated fom.'s’ a higher hydrate and a.n unqiSCIOS(ad
fax: +54 11 6772 7121. number of mixed solvates have been identified and
E-mail address: vega@cnea.gov.ar (D.R. Vega). characterized.

0378-5173/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/}.ijpharm.2005.05.035



34 G.I. Polla et al. / International Journal of Pharmaceutics 301 (2005) 3340

The fact that fractions of all three anhydrates could 2. Experimental
be obtained from desolvation of different hydrates, or
that two of them could convert into a third one through 2.1. Materials
temperature driven processes suggested that a common
packing pattern might be present, and that the many  Polycrystalline samples of the anhydrous polymor-
different structures in which the compound crystallizes phic forms(1) and (2) of Olanzapine were obtained
probably differ only slightly in their packing arrange- from Gador and Beta laboratories. Recrystallization
ment, irrespective of the solvate content. The crystal from different anhydrous organic solvents, with opti-
structure resolution of a stable anhydrate and severalmization of growth parameters, were attempted but the
solvated forms supplied a partial answer to this issue, asefforts to obtain single crystals were only successful in
in all of them the racemic compound paired both oppo- the case of fornil), where slow evaporation of an anhy-
site chiral moieties into almost identical dimeric units, drous methanolic solution yielded specimens suitable
built up around a symmetry centre and stabilized by for single crystal X-ray analysis. Though the attempts
internal, weak non-bonding interactions. These aggre- to obtain single crystals of fori2) were systematically
gates would in turn act as the elemental building blocks unsuccessful, as a by product of these trials single crys-
for the structural assembly. The hypothesis posed newtals of a new water:DMSO solvat&), were obtained
interesting questions about the stability of the different by direct crystallization from wet raw material.
crystalline phases as well as the characteristics of the
transitions involved in the transformation processes, 2.2. Methods
in particular, those which do not involve mass loss
but just a packing reshuffling, as were expected to  Single crystal X-ray diffraction data were collected
be the ones interconverting unsolvated forms of the at room temperature with a Siemens R3m diffractome-
compound. ter, with graphite monochromatized Maxadiation,

In the present work we have focused our interest on while temperature dependent X-ray powder diffraction
the stability of the two Olanzapine anhydrate phases data were gathered with Ni-filtered Cudfadiation on
of commercial relevance, viz., those named | and Il adigitalized Philips PW1080 diffractometer, equipped
in Reutzel-Edens et al. (20Q3)ut contradicting the  with an NMR Technologies, K20 heating stage.
original patent US Patent, 1997which labels them Programs used throughout the crystal resolution
exactly the opposite. In order to avoid confusion we and refinement processes: SHELXS, SHELXL
shall call them(1) and (2), respectively. The extra  (Sheldrick, 199y, SHEXLTL/PC Sheldrick, 1994
anhydrous phase therein reported as Il appeared onlyFull use of the crystallography data base at the CCDC
as an elusive desolvation product, and was accordingly (Allen, 2002 was also made for comparison purposes.
disregarded from our study. During the many crys- Crystallographic data (excluding structure factors)
tallization attempts a new, unreported water—-DMSO for compound3) have been deposited with the Cam-
solvate was generated (to be referred ta 3%, the bridge Crystallographic Data Centre as supplementary
crystal structure of which is also presented. publications No. CCDC 249078.

The behaviours of1) and (2) (and incidentally, Differential scanning calorimetry was performed in
(3)) were scrutinized as a function of time and tem- a Shimadzu DSC-60 equipment using dry & purge
perature, and fully characterized through differential gas, with a flow of 30 ml/min and a scan rate ranging
scanning calorimetry (DSC), X-ray powder diffraction from 2 to 10°C/min.

(XRPD) and Raman spectroscopy (RS). The latter = Thermogravimetric analysis was performed in a
technique was chosen as a probe of the low energy Shimadzu DTG-50 equipment, using dry air with a flow
vibrational modes, directly related to the crystal of 40 ml/min and a scan rate of 1@/min.

packing, and thus extremely sensitive for crystal phase  The long term stability of the different polymorphs
discrimination. was confirmed following the X-ray diffraction dia-

The combined results of all these techniques as grams as afunction of time (keeping samples &t®))
applied to the unsolvated formi¢) and(2), and the both when unperturbed and after illuminating them
new mixed solvat€3) are reported herein. with UV radiation.
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Optical microscopy studies were performed on
a Leitz Ortholux Il Pol-BK polarizing microscope
equipped with a Koflerheating stage and an on-purpose
adapted webcam. Raman spectra were recorded with
a Jobin Yvon T64000 spectrometer, equipped with a
N»-cooled charge-coupled device detector, using the &
514.5nm line of an Argon laser, with a power lower
than 5 mW on the sample surface.

3. Results

3.1. Structure analysis

As stated, single crystals could only be obtained for
one of the polymorphic anhydratrés) and a mixed Fig. 1. Molecular diagram of structu(d) showing the dimeric unit
water—-DMSO solvat€3). Both crystal structures were  (solvates omitted). In bold, the independent part (40% probability
determined by single crystal X-ray diffraction meth- ellipsoids) showing the numbering scheme used. In light lining, the
ods. The one fo(1) replicated, within experimental ~ symmetry related half.
error the results already reportedReutzel-Edens et
al. (2003)and Wawrzycka-Gorczyca et al. (2004a)
and no specific details will be given here. The structure presents some relevant crystallographic and refinement
determination of(3) showed it to be a new, mixed data, andrable 2 selected structural parameters.
(1:0.40) HO:DMSO solvate, and to be isostructural to The persistence of the dimeric motive along the
three other ones in the literature, viz., one of the many series of different Olanzapine structures (either anhy-
dehydrates reported iReutzel-Edens et al. (20Q3) drate or solvated) merits some attention.

a pure methanol solvateWawrzycka-Gorczyca et In spite of the rather weak interactions involved
al., 2004h and a mixed (1:1) bO:methanol one in connecting the molecular pairs, mainly-8- - -,
(Capuano et al., 2003 - - -, etc., the arrangement keeps almost unchanged

The solvato water molecule lays in a fully occupied throughout a variety of packing environments, con-
general position and it is well behaved, while the firming its intriguing efficiency in what could be
depleted DMSO unit shows some disorder around consider a leading case of molecular recognition. We
a two-fold axis. Since a split model for the DMSO have analyzed the extent of this persistency by way of
solvate produced unstable results the molecule wasa least squares fit (XP in SHELXTL/PC) of the dimer
refined as laying in the special position, bisected by herein described and all other Olanzapine dimeric
the rotation axis. This produced a much smoother units reported in the literature. The results could not be
refinement, though at the cost of large anisotropic more surprising: the largest discrepancy, found with
displacement factors (in particular for the sulfur atom). the anhydrate, presented an average atomic deviation
Accordingly, the highly prolate ADP reported should as small as 0.38. On the other hand, the best fit,
not be considered as representing genuine out-of-axisoccurred, as expected, with one of the isostructural
vibrations but just as a means of efficiently taking into solvates, and presented a mean deviation ofA.19
account the disorder. Both cases are presentedhig. 2a and b, respec-

The structure of3) shares the characteristics of all tively.

Olanzapine solvates, that is to say they are built up  As a way to assess the validity of one such com-
through the piling of (Olanzaping)entrosymmetric  parison, the three different resolutions of Olanzapine
dimers €ig. 1), staked into columns parallel to the anhydrate available to us (the one&iautzel-Edens et
crystallographia: direction, and connected with each al. (2003) Wawrzycka-Gorczyca et al. (2004a)d our
other through solvate-mediated interactioiable 1 own results) were compared through the same method.
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Table 1 Table 2
Crystal data and structure refinement @y Selected bond Iengthél for (3)
Empirical formula G7H20N4S, H0, 0.35(GHOS) S(1)-C(2) 1.725(3)
Formula weight 356.84 S(1)-C(14) 1.735(4)
Temperature 293(2)K C(2—-C(12) 1.359(4)
Wavelength 0.71078 C(2-N(@3) 1.401(4)
Crystal system Monoclinic N(3)—C(4) 1.424(4)
Space group C2le C(4)y—C(5) 1.388(4)
a 24.584(4A C(4)-C(9) 1.400(4)
b 12.5340(194 C(5)-C(6) 1.382(5)
¢ 15.153(3A C(6)-C(7) 1.374(5)
8 125.454(10) C(7)-C(8) 1.375(4)
Volume 3803.5(10A3 C(8)-C(9) 1.399(4)
Z 8 C(9)—N(10) 1.404(4)
Density (calculated) 1.246 g/cm N(10)-C(11) 1.293(4)
Absorption coefficient 0.222 mrt C(11)-N(15) 1.382(4)
F(000) 1519 C(11-C(12) 1.473(4)
Crystal size 0.30 mmx 0.10 mmx 0.10mm C(12)-C(13) 1.434(4)
6 range for data collection 1.92-2500 C(13y-C(14) 1.348(4)
Index ranges &h<29,0<k<14,-18<I<14 C(14y-C(22) 1.507(5)
Reflections collected 3436 N(15)-C(16) 1.458(4)
Independent reflections 333R(jnt) = 0.0278] N(15)—C(20) 1.464(4)
Completeness to 99.8% C(16)-C(17) 1.512(4)
0=25.00 C(17)-N(18) 1.461(4)
Absorption correction None N(18)—C(19) 1.458(4)
Refinement method Full-matrix least-squares®n N(18)-C(21) 1.475(4)
Data/restraints/parameters ~ 3339/2/233 C(19)-C(20) 1.508(4)
Goodness-of-fit oti» 1.030

Final R indices
[1>2sigmay)]

R indices (all data)

Largest differential peak
and hole

R1=0.0573,wB=0.1311

R1=0.0958, wR =0.1499
0.649 and-0.370 A3

The extreme vglues for the worst/best agreements were
0.0059/0.0048,, indicating a high degree of confi-
dence for the method.

3.2. Raman scattering

Raman spectra of formd) and(2) of Olanzapine
are shown irFig. 3, where four clearly discriminated
regions, (a)—(d), can be observed:

Region (d): this is the high frequency zone ofi€
modes covering 2700—3100 chand to which many
C—H groups contribute (benzene-8's, piperazine
C—Hay’'s, methyl G-H3’s, etc.). In this region, bands
differ both in intensities as well as in position.
Region (c): this is the medium frequency zone corre-
sponding to &C modes, located between 1500 and
1700 cn1t. To the energy shift characteristic of-@
modes, GC ones add the splitting of some bands.

Due to the fact that this is not an effect common to all
but only to a few bands the effect cannot be ascribed to
an increase in the number of independent molecules,
but more probably to the lowering of the site sym-
metry of some functional groups. This conclusion is
supported by3C and!®N solid state nuclear magnetic
resonance measurement reporteR@utzel-Edens et

al. (2003)

Region (b): by decreasing the energy of the vibra-
tional modes, the rest of th@ngerprint region
(600-1700 cm?) provides several features that may
be used to distinguish between both crystalline forms.
Region (a): but it is in this low wavenumber region
(below 400cnm?, where backbone deformations,
librations and lattice vibrations appear), that the
potentiality of the method as applied to phase dif-
ferentiation is more evident. In fact, we have used the
crystal packing sensitivity of these vibrational modes
in order to investigate the thermal stability @), as

a complementary study to those performed by alter-
native techniques. The temperature dependence of the
Raman spectra of fori2) is shown inFig. 4. Between
room temperature and 15C no evident changes in
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Form (1)
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— Form(2)
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Wavenumber (cm-1)

Intensity (arb. units)

Fig. 4. Temperature dependence of the Raman spectra of(®rm
Temperatures are givenin chronological order. The room temperature
Raman spectrum of forrfl) is included for comparison.

This should be correlated with the results presented
in the following section; the fact that the onset involved
appears as shifted might probably be attributed to the
Fig. 2. Least squares overlap showing the worst agreement betweenIaser probe introducing some local e_Xtra en_ergy, not
two different dimeric units (a) the one (@) vs. the one reported in  @ccounted for by the temperature testing device.
Wawrzycka-Gorczyca et al. (20044p) the one in(3) vs. the one The following two spectra irFig. 4, taken (while
reported inCapuano et al. (2003) cooling) at 70 and 30C show that the process does not
revert; comparison with the one on top (corresponding

the lattice modes may be identified, confirming that {, form (1) at room temperature) confirms the phase
form (2) remains stable until this temperature. HOW-  ransformations from forn2) to form (1).

ever, at 160C some new features alert about the onset

of a phase transition: two small shoulders located at

~25 and~100 cnt! grow dramatically as the tem-  3-3- Thermal studies (XRPD and DSC)
perature rises up to 18C.

The XRPD diagrams of formd) and(2) are shown
in Fig. 5 Important differences are clearly visible,
7 '(a{) a0 T ovlas el 1 g mainly inthe peaks at2=8.6", 12.4,14.4 and 16.9,
Fom (1) and which can therefore serve as useful discriminators
for form (1).
DSC studies of both anhydrous forms presented dif-
ferent thermal behaviours as showrHig. 6a and b.
Both diagrams show endothermic peaks, none of
u whichis related to weight loss as checked by TG analy-
Form (2)

sis. In both cases the transition withhsetabout 194C
is related to the final melting of both samples, with a
similar latent heat 4H (1) _ Liq) of about 143 J/g. For
0590 250 690 Bo0 10007200 1400" 1600 2500 3500 structure(1) this is the only anomaly in the thermal

Wavenumber (cm-1)

Intensity (arb. units)

behaviour.
Structure(2) shows instead a second endothermic
Fig. 3. Raman spectra of forni) and(2). peak withTonserabout 177 C and an exothermal signal
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. ) o Fig. 7. X-ray powder diffraction diagrams of fori@) taken as a
Fig. 5. XRPD diagrams of formd) and(2). Characteristic peaks of - ntion of temperature from 60 to 18Q. Characteristic reflections
form (1) were marked with *. of form (1) are indicated.

partially superposed to the latter; even at scanning rates
as low as 2C/min these two processes could not be
isolated. By cycling the samples between room temper-

5 T T T T T . . .y
ature andr'=180°C no signs of reversibility of these
o transitions could be observed. X-ray powder diffraction
o i diagrams taken as a function of temperature showed
— - , i this process to be associated with the appearance of
2 5l To = 193.5+/-0.8°C j i . X N
€ H=-143+/-8 Jig ! form (1) coexisting with form(2) in the temperature
o 1 range 160-180C (Fig. 7). Monitoring this transition
Q -10r 1 in the optical microscope with a digital camera showed
the appearance of small isolated crystallites in the orig-
15| 4 inally finely powdered sample, though no signs of local
melting were visually evident.
20 A S L . A satisfactory explanation for these facts can be
0 S0 100 ; 00150 200 2% given considering1)~(2) as a dimorphic monotropic
(@) 0 system (seeBernstein (2002)for details). Fig. 8
5 T T T T T
A
HLiq
or / (\"‘" 1 He
i i Ha
2
£ - . 3
o 1ok 0 =177.5+/-0.7°C | 5
2 &
-15+ To = 194.1+/-0.8°C b
H = -134+/-8J/g 7
20} . i
0 50 100 150 200 250 T | >
(b) T(°C) Temperature [K] Guig

Fig. 6. Differential scanning calorimetry diagrams (a) of structure  Fig. 8. Energy vs. temperature diagram for a dimorphic monotropic
(1); (b) of structurg2). system.



G.I. Polla et al. / International Journal of Pharmaceutics 301 (2005) 3340 39

presents a schematic energy versus temperature dia- 5 T . . . .

gram for such a case, where the three pairs of diver- | lag
gent curves represent the individual behaviours of the L\“ _
enthalpy {) and the Gibbs free energg] for forms of > Vo ear i \ |
(1), (2) and the liquid phase. = H'= 12641000 | | 1425
In this diagram the ;) values for modificatior2) £ \ l :(E«
stay above the corresponding ones(brall over the Q-5t A l S
fa) ( 14,0

RT-T» (ca. 170°C) range. The fact that our samples of \
form (2) kept stable aRT for long periods of time (ca. 1 I \"v—*TGA
year) can be interpreted as meaning thatthe energy bar- -10}  yegntiosee 134119 =~—— ﬁ

rier between both forms is high enough as to render the ) . . , .
spontaneous inter conversion process in the solid state 0 50 100 150 200 250
unlikely or, at least, the transformation kinetics quite TCO)

slow. Atca. 170C (T2 in Fig. 8) the Gibbs free energy Fig. 9. Differential scanning calorimetry diagram of water-DMSO
of the liquid phas&5ig becomes smaller than the one  solvate(3).

for (2) and melting of this form occurs (endothermic

peak in the DSC). However, at this temperature form assumption was checked by an X-ray diffraction, this
(1) is thermodynamically more stable than the melt time on quenched samples.

(Gq) < Giig), and immediate solidification 1) occurs

(exothermic peak in the DSC, almost superposed to the

| |

former one). 4. Conclusions
The integrated endo + exo peaks in thezone of
the DSC diagram (ifrig. 8 AH(3) — Liqg + AHLiqg— 1) = The present results could be considered as a quanti-

AH2) - 1)~ 0.4(2) J/g) ought to be a measure of the tative improvement to many qualitative results already
enthalpy (and accordingly of the stability) difference present in the pioneering works on the subject, viz.:
between both modifications.

The melting + recrystallization process is so fast as
to preclude its visualization by optical means, but the
clear morphological change from a finely grained tex-
ture belowT to one with distinct crystallites aboe
strongly supports the argument.

The surprising immediacy of this transformation (b)
might well be due to the eventual presence of unde-
tectable amounts of forr(l) in the bulk of form(2),
and which would act as seeds triggering the recrystal-
lization process.

Above this temperature the only modification
presentis forngl) (as confirmed by XRD and Raman),
stable up td";, where theGiiquid curve falls belowG )
and final melting takes place.

In the case of the water—DMSO solv#g, its ther-
mal behaviourFig. 9 showed some processes related
to the complete desolvation of the sample (weight
loss =13%, expected from X-ray refinement=12.7%).
The melting temperature is about 193 and the heat
of fusion (corrected by the previous weight loss) is
about 126 J/g, suggesting that also in this case form  As a final remark, it is perhaps worth emphasizing
(1) is obtained after desolvation. Also in this case the that most of the conclusions attained were the result of

(a) There are in Olanzapine crystal phases a structural
building block conformed by a dimeric unit which

is quite “rigid” irrespective of packing environ-
ment and in spite of the weak interactions involved
inits stability (we have enlarged the series of exam-
ples with the structure of a new solvate).

There is a different thermal behaviour in the two
most common anhydrate forms: for¢h) (which
crystal structure we have re-confirmed by single
crystal X-ray diffraction) does not present any
thermal anomaly up to the melting point. Form
(2), instead, presents a (seemingly) more complex
behaviour, but which can be easily explained con-
sidering(1)<(2) a dimorphic monotropic system:
our results confirm that forrl) is the stable one

in the solid state, as reported Reutzel-Edens et
al. (2003) and that the apparently puzzling “inter-
conversion” between both forms is in fact just a
melting process followed by an almost immediate
recrystallization.
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