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Preface 

Since the middle of the last century, it has been noted that organic 
molecules can be obtained in more than one distinct crystal form, a 
property that became known as polymorphism. Once experimental 
methods based on the diffraction of x-rays were developed to determine 
the structures of crystalline substances, it was quickly learned that an 
extremely large number of molecuies were capable of exhibiting the 
phenomenon. In addition, numerous compotmds were shown to form 
other nonequivalent crystzlline structures through the inclusion of sol- 
vent molecuIes in the lattice. 

It was also established that the structure adopted by a given com- 
pound upon crystallization would exert a profound effect on the solid- 
state properties of that system. For a given material, the heat capacity, 
conductivity, volume, density, viscosity, surface tension, diffttsivity; 
crystal hardness, crystal shape and color, refractive index, electrolytic 
conductivity, melting or sublimation properties, latent heat of fusion, 
heat of solution, solubility, dissolution rate, enthalpy of transitions, 
phase diagrams, stability, hygroscopicity, and rates of reactions are all 
determined primarily by the nature of the crystal structure. 
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I. INTRODUCTION 

Many pharmaceutical solids exhibit polymorphism, which is frequently 
defined as the ability of a substance to exist as two or more crystalline 
phases that have different arrangements and/or conformations of the tool- 

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


m 
x 

2 Grant 

(b) 

Fig. 1 Molecular structure of (a) acetarninophen and (b) spiperone. 

ecutes in the crystal lattice [ 1-3]. Thus, in the strictest sense, polymorphs 
are different crystalline forms of the same pure substance in which the 
molecules have different arrangements and/or different conformations 
of the molecules. As a result, the polymorphic solids have different unit 
cells and hence display different physicalproperties, including those due 
to packing, and various thermodynamic, speclroscopic, interracial, and 
mechanical properties, as discussed below [1-3]. 

For example, acetaminophen (paracetamol, 4-acetamidophenol, 
4-hydroxyacetanilide, shown in Fig. la) can exist as a monoclinic form, 
of space group P21/n [4], which is thermodynamically stable under 
ambient conditions. The compound can also be obtained as a less stable 
o~daorhombic form, of space group Pbca, and which has a higher den- 
sity indicative of closer packing [5-7]. The unit celts of these two forms 
are compared in Fig. 2 and Table 1. The molecule of acetaminophen 
is rigid on account of resonance due to conjugation involving the by- 

Fig. 2 View of the unit cell contents for two polymorphs of acetaminophen: 
(a) orthorhombic form (b) monoclinic form [4,5,7]. (Reproduced w~th permis- 
sion of the copyright owner, the American Crystallographic Association, 
Washington, DC.) 

(a) 

(b) 
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Table 1 Crystal Data for Two Polymorphs of Acetaminophen 

Crystal data and 
structure refinement     Orthorhombic phase       Monoclhaic phase 

Empirical formula C~HgNO~ CsH~NO~ 
Formula weight 151.16 151.16 
Crystal system Orthorhombic Monoclinic 
Space group Pbca P21/n 
Unit cell dimensions a = 17.1657(12) ~ a = 7.0941(12) ~ 

b = 11.7773(11) ,~ b = 9.2322(1i) ~ 
c = 7,212(2) 2~ c = 11.6196(10) 

Volume 
Z 
Density (calculated) 

ot = 90.000° ~ ~- 90,000° 
,6 = 90,000° ,6--- 97.821(10)° 

7/ = 90.000° 7’ = 90.000° 
1458.1(4) ,~3 753.9(2) 2~~ 
8 4 
1.377 g/cm3 1.332 g/cm3 

Crystal s~ze 
Refinement method 

Hydrogen bond 

length§ and angles 

0.28 × 0.25 × 0.15 mm 
Pull-matrix least-squares 

on F2 

0.30 × 0.30 × 0.15 mm 

Full-matrix least-squares 

on F~ 

H(5)O(2) 1.852(26) ~         1.772(20) ~ 
H(6)O(1) 2.072(28) ~ 2.007(18) ~ 
O(1)--H(5)O(2) 170.80(2.35)° 166.15(1.75)° 
N(1)--H(6)O(1) 163.52(2.19)° 163.93(1.51)° 

Source: Refs. 4, 5, and 7. Reproduced with permission of the copyright owner, the 
American Crystallographic Association, Washington, DC. 

droxyl group, the benzene ring, and the amido group. Therefore the 
conformation of the molecule is virtually identical in the two poly- 
morphs of acetaminophen. On the other hand, the spiperone molecule 
(8-[3-(p-fluorobenzoyl)-propyl]-l-phenyl-l,3,8-triazaspiro[4,5]decan- 
4-one, shown in Fig. lb) contains a flexibIe -CH2-CH2-CH2- chain and 
is therefore capable of existing in different molecular conformations 
[8]. Two such conformations, shown in Fig. 3, give rise to two different 
conformafional polymorphs (denoted Forms I and EO, which have dif- 
ferent unit cells (one of which is shown in Fig. 4) and densities, even 

Form I 

Form II 

Fig, 3 The molecular conformations of the spiperone molecule in potymor- 
phic forms I and II [8], (Reproduced with permission of the copyright owner, 
the American Pharmaceutical Association, Washington, DC.) 

though their space groups are the same, both being P21/n, monoclirdc, 
as shown in Table 2 [8]. 

As mentioned above, the various poIymorphs of a substance can 
exhibit a variety of different physical properties. Table 3 lists some of 
the many properties that differ among different polymorphs [1-3,9]. 
Because of differences in the dimensions, shape, symmetry, capacity 
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