This article was downloaded by: [University of Haifa Library]
On: 20 August 2012, At: 10:50

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,

UK

Molecular Crystals and

Liquid Crystals Science

and Technology. Section A.
Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Solid-State Stability of

Indomethacin Solvates
Vidya Joshi  , Joseph G. Stowell ? & Stephen R. Byrn

a

& Department of Medicinal Chemistry and Molecular
Pharmacology, Purdue University, West Lafayette,
IN, 47907-1333, USA

Version of record first published: 04 Oct 2006

To cite this article: Vidya Joshi, Joseph G. Stowell & Stephen R. Byrn (1998): Solid-
State Stability of Indomethacin Solvates, Molecular Crystals and Liquid Crystals
Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 313:1,

265-270

To link to this article: http://dx.doi.org/10.1080/10587259808044286

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-

and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259808044286
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 10:50 20 August 2012

sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [University of Haifa Library] at 10:50 20 August 2012

Mol. Cryst. Lig. Cryst., 1998, Vol. 313, pp. 265-270 © 1998 OPA (On Publishers Association)

Reprints available directly from the publisher Amsterdam B.V. Published under license
Photocopying permitted by license only under the Gordon and Breach Science
Publishers imprint.

Printed in India.

Solid-State Stability of Indomethacin Solvates

VIDYA JOSHI, JOSEPH G. STOWELL, and STEPHEN R. BYRN
Department of Medicinal Chemistry and Molecular Pharmacology, Purdue
University, West Lafayette, IN 47907-1333, USA

Desolvation kinetics of two indomethacin (IMC) solvates namely methano-
late and zert-butyl alcohol (TBA) solvate were studied at 60-100 °C by iso-
thermal thermogravimetric analysis. The solvates can transform to one of
two true polymorphic forms, & or y. Solid-state desolvation of IMC pre-
dominantly proceeds by a nucleation-limited mechanism as described by
Avrami-Erofeev kinetics. The activation energies of desolvation as deter-
mined from these kinetic data were 34.1 kcal/mol and 17.6 kcal/mol for the
methanol and TBA solvates respectively. The rank order of activation energy
correlates well with the hydrogen-bonding strength and the crystal packing of
the solvates. The methanolate desolvates to the metastable o form, whereas
the TBA solvate desolvates to the equilibrium ¥ form at all the temperatures
studied.

Keywords: indomethacin; solid state; desolvation, kinetics, polymorphic
transitions

INTRODUCTION

Increased molecular mobility in the crystal lattice can explain certain physical
and chemical properties of a compound such as reactivity, hygroscopicity,
stability, and bioavailability. The long range goal of this research is to deter-
mine if solid-state nuclear magnetic resonance (NMR) in correlation with sin-
gle crystal X-ray crystallography can be used to investigate molecular
“looseness” of a solid substance. An important area that preoccupies prefor-
mulation groups is structure-property-reactivity relationships. If a positive
correlation between molecular “looseness/ mobility” and solid-state reactivity
is achieved in the early stages of development, it can serve as one of the most
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crucial factors in determining the “most desirable crystal form for manufac-
ture.”

Indomethacin (IMC) is a potent non-steroidal anti-inflasnmatory agent.
IMC was chosen as a model compound for our research because of its ability
to crystallize in different polymorphic forms, and to form stoichiometric sol-
vates from a range of organic solvents. It exists in two true polymorphic
forms (e and 7) and an amorphous form. This paper addresses the following
issues: (i) desolvation kinetics of two IMC solvates namely methanolate and
tert-butyl alcohol solvate (TBA), (ii) correlation of the desolvation behavior
with the molecular “looseness” of the solvates as obtained from single-crystal
X-ray structures of the solvates; and (iii) polymorphic transitions of the two
solvates.

RESULTS AND DISCUSSION

Crystals of the two IMC solvates were grown by slow evaporation of the

FIGURE 1 Crystal packing diagrams for IMC methanolate (left) and

IMC TBA solvate (right). Both unit cells are viewed down
their b axis.
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methanol and TBA solution, respectively, under ambient conditions. Both
solvates crystallized in the space group P2,/n with 4 molecules per unit
cell. ' Fig. 1 shows the crystal packing of the two solvates.

Desolvation studies of the IMC solvates were carried out at a range of
temperatures (60-100 °C) using isothermal thermogravimetric analysis
(TGA). Since IMC solvates can transform to one of two true polymorphic
forms, a or y, the characterization of polymorphic transitions of these sol-
vates is also extremely important. The solvates and the unsolvated crystal
forms of IMC have unique FTIR absorption spectra and X-ray powder pat-
terns, and hence were characterized by a combination of these two tech-
niques. Molecular looseness in the solid-state can be expressed in terms of
the static disorder as determined from the packing density and hydrogen-
bonding strength in the crystal lattice.

Desolvation Kinetics
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FIGURE 2 Curve fits of IMC desolvation data to standard kinetic
equations in the solid-state.?!

Desolvation is monitored by isothermal TGA at various temperatures. The
fraction reacted, f, is plotted against time and and modeled to several classic
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solid-state nucleation-growth equations. /! The best-fit equation is chosen to
calculate the overall desolvation rate constant k. Fig. 2 illustrates Avrami-
Erofeev kinetics (Eq. 1) which most closely fits the desolvation data.

J=1-exp [(-k)"] 1)

The shape of the curve is sigmoidal as is common for most non-
topochemical reactions in the solid-state. The curves are characterized by (1)
an induction period at low f values, (2) a growth period with an inflection at
intermediate values of f, and (3) a decay period at high f values. Avrami-
Erofeev kinetics assume that the reaction is controlled by the growth and
propogation of high-energy sites or nuclei. Once the product is formed it be-
comes a source of strain in the crystal lattice and then acts as a new nucleus,
disrupting the molecular interactions of the neighboring molecules and causing
them to react. This chain is propogated from one molecule to the next until it
is terminated when a product molecule is encountered.

The Arrhenius dependence of the rate determining parameter, %, is tested
by plotting In(k) as a function of reciprocal temperature. The slope of this
line is the activation energy (E,) of desolvation and it describes the energy
barrier that the solvate has to overcome to undergo desolvation. Fig. 3 shows
the Arrhenius plots for the two solvates. It is clear that the methanolate has
an activation energy (34.1 kcal/mol) almost twice that of the TBA solvate

—e—methanolate
-5F E, = 34.1 keal/mol

;| —® TBA solvate
E =17.6 kcal/mol

a
-7 I 1 L i
2.65 2.7 2.75 2.8 2.85 2.9 2.95 3 3.05

1000/T(K)

i

FIGURE 3 Arrhenius plots of rate constants of IMC desolvation.
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FIGURE 4 Hydrogen bonding network in IMC solvates

(17.6 kcal/mol). This behavior can be explained by Kitaigorodskii’s close-
packing theory ®! He suggests that the basic factor that affects free energy of
a crystal is its packing density. The methanolate and the TBA solvate have a
packing density of 1.393 g/em® and 1.296 g/cm’® respectively. According to
Kitaigorodskii, the denser or more closely packed crystal has the smaller free
energy. The lower packing density results in increased intermolecular space
from loose packing, which could facilitate the faster release of product gas
molecules.

Looking closely at Fig. 1, it can be seen that in both the solvates, the host
and the solvent form a twelve membered ring which must be disrupted to ef-
fect desolvation. Fig. 4 represents a diagram of the hydrogen bonding network
in the two crystal solvates. The distance b between the host carboxyl oxygen
and the solvent hydroxyl oxygen is 2.589 A in both the solvates. However,
the distance a between the host carbonyl oxygen and the solvent-OH oxygen
is 2.728 A and 2.841 A in the methanol and TBA solvates respectively. This
significantly longer bond length in the TBA solvate implies a weaker hydro-
gen bonding network, which is consistent with a lower barrier to desolvation.
Thus, the rank order of activation energy of the two solvates correlates well
with the hydrogen-bonding strength and crystal packing.

Polymorphic Transitions

Fig. 5 shows the FTIR absorption spectra of the solvate and non-solvate
forms. The different crystal forms show unique absorption in the carbonyl
stretching region. The C=0 band at 1700 cm™, 1691 cm™, 1734 cm™ and
1716 cm™ were used as indicators for the methanolate, TBA solvate, & and ¥
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forms, respectively. The methanolate desolvates to first form a desolvated
solvate, which has a melting point of 134 °C as determined by DSC. This
form, upon further exposure to elevated temperatures, converts to the o-
form, indicating that the desolvated material has similar energetics to the a-
form rather than the «form. The TBA solvate does not form an isolable in-
termediate, but transforms directly to the yform.
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Fgamma

-TBA solvate 3

methanolate -

20 .

1800 1750 1700 1650 1600

Wavenumbers (cm?)

FIGURE 5 Solid-state FTIR spectra showing the characteristic carbonyl
stretching frequencies (labeled with an asterisk,*) of the dif-
ferent crystal forms of IMC in KBr pellet.

These trends in the polymorphic transitions illustrate how the final crys-
tal form can be manipulated the by varying the solvent used in the final puri-
fication step.
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