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Serior Director Act. 523 RESPUESTA Folios: 29
DIRECCION DE NUEVAS CREACIONE. - - .
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
Bogota, D.C.

Re.: Expediente No. 09 149.186
Fase nacional de Solicitud de Patente PCT
a nombre de ACTIMIS PHARMACEUTICALS, INC.
Cédigo 011 — 378 - 444

En relacion con la solicitud contenida en el expediente de la referencia'y, en particular,
para dar respuesta al Concepto Técnico contenido en su Ultimo Oficio No. 14175,
proferido dentro del mismo, dentro del término conferido, por medio del presente
escrito me permito manifestarle: ' ! (2 °

1. Mi representada me ha dado precisas instrucciones de presentar un nuevo
capitulo de reivindicaciones.

2. En consecuencia, acompario al presente escrito las reivindicaciones 1 a 24,
junto con el comprobante de pago de la tasa correspondiente a catorce (14)
reivindicaciones adicionales a partir de la nimero 10, Recibo No. 4 L{ 1 0 67

3. Con respecto a las modificaciones hechas a las reivindicaciones nos permitimos
hacerle notar:

a) La reivindicacién 1 se modifica acogiendo las observaciones del sefior
Examinador. ' |

b) Se eliminan las reivindicaciones 19, 28, 38 y 47.

c) Se elimina el término “aproximadamente” de las reivindicaciones que lo
contienen y las reivindicaciones que contienen los términos “solvente”,
“temperatura predeterminada”, “anti-solvente” se eliminan del capitulo de
reivindicaciones.

4. Ahora bien, el sefior Examinador considera que los documentos WO
2004/096777 D1 y Farmacia Remington D2 afectan el nivel inventivo de las
reivindicaciones. Sin embargo, mi representada considera que las
reivindicaciones que se acomparian cumplen con el nivel inventivo frente a los
documentos citados, por cuanto:'
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La reivindicacion independiente 1 esta dirigida a un polimorfo de una sal
etilendiamina del &acido {4,6-bis(dimetilamino)-2-(4-(4-(trifluorometil)-
benzamido)bencil-pirimidin-5-il} acético (en lo sucesivo, “el Compuesto”), el
cual tiene un patrén de difraccién en polvo de raybs X con un pico
expresado en dos-theta a aproximadamente 5,9°.

En contréposicién, D1 esta dirigido a pirimidinas y.revela el Compuesto
solamente como uno de los 147 compuestos especificos que alli se
describen. Ver, p.ej., pagina 8, linea 22 a 18, linea 6 de D1. Sin embargo,
D1 no ensefia ni sugiere una sal etilendiaminica de ningin compuesto de
los alli revelados, mucho menos un polimorfo de una sal etilendiaminica del
Compuesto que requiere un patrén de difraccién en pc!:lvo de rayos X con
un pico expresado en dos-theta a aproximadamente 5.9°, como el aqui
relvmdncado Las deficiencias de D1 no pueden ser subsanadas por D2,
porque D2 solamente ofrece ensefianzas generalés de las ciencias
farmacéuticas.

D1 y D2 tampoco ofrecen motivaciéon a la persona medianamente versada

en la materia técnica correspondiente para llegar a la sal etilendiamina
cristalina reivindicada del Compuesto. Sin la ensefianza de la solicitud en

estudio, la persona medianamente versada en la materia técnica:

correspondiente no tendria una expectativa razonable a partir de las
ensefianzas de D1 y D2 de que se pudiera haber realizado una sal
etilendiaminica cristalina del Compuesto. Por ejemplo, el Compuesto
contiene cuatro grupos amino basicos (es decir, 2 grupos dimetilamino y 2
nitrogenos del anillo de pirimidina) y un grupo acido dgl &cido carboxilico, y
por ello, el Compuesto puede formar una sal zwitériénica, una sal de
adicién de base con una base; o una sal de adicién de &cido con un acido.
Para formar una sal con una base amina, la base amina tiene que competir
con por lo menos uno de los cuatro grupos basicos del Compuesto por su
grupo del acido carboxilico. A causa de esta complicacion, la gran mayoria
(14 de 18) de los compuestos de amina examinados en la solicitud en
estudio no forma sales cristalinas con el Compuesto apropiadas para usos
farmaceéuticos. Ver la Tabla 1 en las paginas 41 y 42 del PCT '781.

Ademas, es bien sabido que las técnicas quimicas suelen ser
impredecibles. Esto es especialmente cierto en el caso de los polimorfos de
un compuesto, incluidos los polimorfos de las sales. Ver Peterson et al.,

)
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“Expanding the Scope of Crystal Form Evaluation in Pharmaceutical
Science” J. Pharm. Pharmaceut. Sci 2006, 9, 317-326 (“no hay manera de
predecir la extensién préctica del polimorfismo de ningun compuesto
dado”); Bernstein, “Crystal Structure Prediction and Polyljnorphism” ACA
Transactions 2004, 39, 14-23 (“todavia queda mucho por conocer y hacer
antes de poder afirmar con. algun grado de confianza que la capacidad de
predecir una estructura cristalina a partir de una formula éstructural sola,
mucho menos de sus formas polimérficas”) Por consiguiente, habria sido
imposible predecir si una sal etilendiamina del Compuesto seria cristalina o
un sélido amorfo. ‘

Asi f)ue_s, sin la ensefianza de la presehte solicitud, la persona
medianamente versada en la materia técnica correspondiente no tendria
una expectativa razonable a partir de las ensefianzas de D1 y/o D2 de que
la sal etilendiaminica cristalina del Compuesto aqui reivirfldicado pudiera
haber existido. Por ello, la reivindicacion independiente 1 y sus
reivindicaciones dependientes tienen nivel inventivo por sobre D1 y D2,
solas o en combinacion.

La reivindicacion independiente 6 esta dirigida a un polimorfo de una sal
piperac‘inica del Compuesto, la cual tiene un patrén de difraccién en polvo.
de rayos X con uno 0 mas picos expresados en dos-theta a
aproximadamente 10,7, 15,9, 22,3, 0 24,0°. Sin embargo, D1 no ensefa ni
sugiere una sal piperacinica de ningun compuesto de los alli revelados,
mucho menos un polimorfo de una sal piperacinica del Compuesto que
requiere un patron de difraccién en polvo de rayos X con uno o mas picos
expresados en dos-theta a aproximadamente 10,7, 15,9, 22,3, 0 24,0°. Por
cbnsiguiente, por las mismas razones que aqui se expresaron para la
reivindicacion 1, la reivindicacion independiente 6 y sus reivindicaciones
dependientes tienen nivel inventivo por sobre D1 y D2, solas o en
combinacion. '

La reivindicacién independiente 12 esta dirigida a un polimorfo de una sal
benzatinica del Compuesto, la cual tiene un patrén de difraccion en polvo
de rayos X con uno o0 mas picos expresado en dos-theta a
aproximadamente 8,0, 11,5, 16,0, 17,5, o 23,4°. Sin embargo, D1 no
ensefia ni sugiere una sal benzatinica de ningin compuesto de los alli
revelados, mucho menos un polimorfo de una sal benzatinica del
Compuesto que requiere un patrén de difraccion en polvo de rayos X con
uno o0 mas picos eXpresado en dos-theta a aproximadamente 8,0, 11,5,
16,0, 17,5, 0 23.4°.
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Por consiguiente, por las mismas razones que aqui se expresaron para la
reivindicacién 1, la reivindicacién independiente 12 y sus reivindicaciones
dependientes tienen nivel inventivo por sobre D1 y D2, solas o en
combinacion.

4.8 La reivindicacion independiente 17 esta dirigida a un polimorfo de una sal
de colina del Compuesto, la cual tiene un patrén de difraccién en polvo de
rayos X con uno o mas picos expresados en dos-theta a aproximadamente
a6,5, 19,6, 20,0, 21,9, 0 26,1°. Sin embargo, D1 no ensefia ni sugiere una
sal de colina de ningun compuesto de los alli revelados, mucho:menos un
polimérfo_ de una sal de colina del Compuesto que requiere un patrén de
difraccion en polvo de rayos X con uno o mas picos expresad:os en dos-
theta a aproximadamente 6,5,‘ 19,6, 20,0, 21,9, o 26,1°. Por consiguiente,
por las mismas razones que aqui se expresaron para ia reivindi"cacién 1, la
reivindicacion independiente 17 y sus reivindicaciones dependientes tienen
nivel inventivo por sobre D1 y D2, solas 0 en combinacién.

5 Consideramos que con las correcciones efectuadas, el capitulo de
reivindicaciones que se acomparia reSuelve~las objeciones a la falta de nivel
inventivo de las mismas, plante @ por el sefior Examinador.

Le solicito se sirva agregar esté escrito y su anexo al expediente y'conceder el
privilegio solicitado. '

De Usted Atentamente,

o

P

GERMAN CASTIL IO GRAY: . SUNE
/- T.P. No. 2.978 del C.S.J. ™ '
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CRYSTAL STRUCTURE PREDICTION AND POLYMORPHISM .

Joel Bernstein
Dept. of Chemistry, Beri-Gurion University of the Negev, Beer Sheva, Israel 84120

1. ABSTRACT

fo predict: to foretell, prophesy, announce beforehand

Oxford English Dictionary ,
Since the early days of structure determination by diffraction methods the prediction of crystal structures of
small to medium-sized organic molecules from a structural formula has been a goal and a 'constantly
recurring theme of crystallographers. The challenge is even greater when considering the additional factor
of the possible ‘existence of polymorphic forms of the material, since true predictive capability requires
accounting for all crystal forms and theit relative stability. While considerable progress has been made and
some practitioners have even claimed that the goal has been achieved, a great deal still needs to be learned
and done before one can state with any degree of confidence the ability to predict a crystal structure from a
structural formula alone, much less its polymorphic forms. An even greater challenge is the prediction of

solvates, including hydrates. This contribution attempts to summarize some of the current thinking on the
subject. ‘

2. INTRODUCTION

At the outset to this contribution, I want to make it clear that I am an enthusiastic believer in the importance
of computational approaches to the understanding of interactions within molecular crystals and their
potential for aiding in the solution of crystal structures, as well as for surveying the energy landscape for
possible, even as yet unknown, structures. I have been following the development of this field for nearly
forty years, even with occasional personal forays into it. I am impressed by the progress that has been
made, and [ enthusiastically support and encourage those who are attempting to develop and refine the field
in general and its applications to polymorphs in particular. The rapidly increasing interest in polymorphism
in recent years, from the purely scientific point of view to the commercial and intellectual property aspects
has led to increasing (perhaps more correctly intense) interest in our ability to predict ab initio the existence
of multiple crystal forms for a particular compound. I do think that some of the hyperbole and optimism of
the past decade concemning our ability to predict even the possible existence of polymorphs was misplaced,
and this paper is an attempt to present my perspective on the current situation. Although I have attempted to
be objective, this minireview is the view from one person’s perspective, which must per force carry some
bias. '

As with many aspects of chemistry, much discussion and debate surround our definition of terms, and the
associated frame of reference. In this case, what do we mean by the term “to predict'? The Longman’s
Dictionary has a slightly different definition from that given by the OED above: “to see 'or describe in
advance as a result of knowledge, experience, thought, etc.” Using classical physics we can predict the path
of a cannon shell or an interplanetary space probe. In chemistry we can often predict the outcome of a
reaction or the bonding geometry around an atom. In the current context I view a prediction as the ability to
see or describe in advance a crystal structure simply on the basis of its molecular structure, The key phrase
in this definition is ‘in advance’. For a sound scientific prediction we don’t have to do the experiment to
know what the result will be. It may be technologically challenging or difficult to carry out the experiment,
but we expect the known scientific truths to be valid and the accepted scientific laws to be obeyed. By
either dictionary definition above the notion of a prediction in scientific terms carries with it some degree
of confidence, implied in the Longman’s definition “as a result of knowledge, experience, thought, etc.”
That is, we expect the prediction to be proven.

American Crystallographic Association® 14 ACA Transacllo:ns 2004, 39, 14-23
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In the context of the historical development of “predicting” crystal structures of small to medium
molecules, 1994 was a particularly notable year, with two nearly simultaneous publications. One was the
official announcement by Molecular Simulations Inc. (now Accelrys) in July of the availability of the
“Polymorph Predictor” program [1]. The second event was the publication in October of the q'timulating
paper by Angelo Gavezzotti [3] entitled “Are crystal structures predictable?” to which he gave the emphatic
one word opening response “No!” The dichotomy is glaring. How can there be a progtam for predicting
multiple crystal structure (i.e. polymorphs) if we can’t even predict a single crystal structure? Part of the
problem arises, of course, from how each author interprets of the definition of predict, and we will attempt
to address that aspect of the question as well as making a general assessment of the current situation as seen
from the perspective of this viewer. ‘

3. SOME HISTORICAL BACKGROUND

In the current context of automated CCD diffractometers and “black box” programs for the solution,
refinement and presentation of crystal structures it may be difficult to imagine (or to recall) the days when
the few text books on crystal structure analysis (e.g. 4,5]) contained whole chapters on “Tridl and Error
Methods” for solving crystal structures, more correctly for providing the initial model. In many4 ways these
were essentially means for describing the crystal structure in advance as a result of knowledge experience,
thought, etc., i.e. predicting the crystal structure. Much thought and effort went into these methods, since
the cost in time and work (often on the order of months) in getting it wrong could be frustrating, if not
disastrous. With the advent of powerful desktop or laptop computers armed with efficient software for
structure solution (generally by direct methods) and refinement, those chapters have disappeared from the
textbooks. However, the earlier need to use every means possible to arrive at a possible crystal structure

spawned some pioneering work and led to considerable understanding of the nature of crystals and crystal
structures.

The classic work in this area is Kitaigorodskii’s Organic Chemical Crystallography (6}, which contains
many still-valuable observations and insights on the nature of intermolecular interactions in molecular
crystals. Kitaigorodskii also built a “structure seeker” for the prediction/solution of crystal structures by
incorporating the principles of van der Waals radii and closest packing into a mechanical model. In the
middle 1960’s many of these ideas were incorporated by (the late) Don Williams into his PCKS program
{7], various versiotis of which he used as an aid for solving the structures of dibenzoylmethane (8], 2,4,6-
triphenylverdazyl [9] and others employed in solving the structures of some monosaccharides (101." A

“A personal note. In 1968 I was a postdoctoral fellow in Ken Trueblood's lab at UCLA. He was
working with Don Cram on the structures of paracyclophanes. One of these that came into the lab was
the hydrocarbon [2.2)meta,para cyclophane, which crystallized in the space group P2,2,2,. In those
days (before the birth of MULTAN, SHELX, etc.) such a light atom noncentrosymmetric structure was
considered non-routine at best and often not solvable, and it might have been laid it to rest. However,
the rigid molecule is very similar to [2.2]para,para cyclcophane which crystallizes in tetragonal space
group P4,/mnm, and we had.been reinvestigating the structure originally reported by Kathleen
Lonsdale [11]. The cell constants of the two structures were also very similar; however, whereas the
para,para derivative had crystallographic site symmetry mmm (a very rare case for molecular crystals
[6D), in space group P2,2,2,Z'=1, the meta,para derivative was required to have crystallographic site
symmetry 1. The four arrangements possible for the meta and para tings were generated as input into
the Williams PCK5 program at the locations suggested by the tetragonal structure. One of the four
produced a significantly lower packing energy than the others as a trial structure, and refined smoothly
on data collected manually on a General Electric quarter-circle diffractometer. However, the exocyclic
C-C single bonds were approximately 1.62A, a value much larger than any previously published,
Another set of data led to identical results, which we felt could not be published due to this
anomalously long bond. Sometime later, Renault er al. published another structure of the
compound( 12, also) in P2,2,2,, but with Z°=2, in which 3 out of 4 of the C-C single bonds exceeded
1.54, and subsequently many C-C single bonds exceeding the ‘standard’ 1.54A have been reported.

American Crystallographic Association® 15 ACA Transactions 2004, 39, 14-23
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parallel development at the time was Bill Busing’s WMIN program [13), which was used by Kvick and
Noordik to aid in solving the structure of 2-amino-4-methylpyridine [14].

The field has expanded rapidly over the past thirty years, with an increasing number of practitioners
developing a variety of methods. At least three useful summaries with many references to the historically
important and current developments have been given by Verwer and Leusen [2], Gavezzotti and F ilippini
[15] and Price [16]. Price et al. also compiled a useful “atlas’ of organic molecules which have been used in
crystal structure prediction studies carried out by lattice energy calculations [17]. Of the ~190 structures
reported in this survey 9 are denoted by the authors as having been carried out “in advance of an
experimental investigation” — much in the way that traditional predictions would be made.

The title of this paper involves the confluence of two subjects — the calculation of crystal structures on the
one hand and polymorphism on the other. hand. Some historical developments of the former were noted
above. In many ways the beginning of modern systematic study of polymorphism also can be traced to the
1960’s with two landmark papers by McCrone [18, 19]. In'the first of these McCrone made an oft-quoted
provocative statement about the occurrence of polymorphism:

“Every compound has different polymorphic forms, and the number of forms kaown for a given compound
is proportional to the time and energy spent in research on that compound.”

In spite of the implied universalism of this statement, there are many very well researched compounds for
which polymorphism has not been discovered: naphthalene, sucrose and the pigment perylene red are but a
few notable examples. Statistics on the occurrence of polymorphism are hard to come by, because almost
any data set is biased, and many instances of polymorphism are not properly reported (this includes false
positives as well as false negatives). For instance, a survey of the Cambridge Structural Database on the
keywords “polymorph,” “form,” “phase” and “modification” indicates that about 4% of the included
structures are polymorphic. A search on “hydrates and “solvates” results in about 23% hits. This survey is
biased by the fact that it includes only compounds for which the crystal structures have'been reported.
Perhaps closer to the other extreme, Steve Bym recently summarized work from SSCI on over 150
compounds for which >87% had more than one form, 37% were hydrates and 31% wer¢ solvates [20].
These statistics may be biased by the fact that some samples at least were known to be polymorphic when
received, or special efforts were made to identify multiple crystal forms, even if relatively unstable.
Additional statistical surveys have been reported [21). : :

The general situation is somewhere in between these two sets of statistics: the existence of multiple crystal
forms {polymorphs and/or solvates) is not surprising when found, but cannot be foreseen or expected for
any compound. Essentially, this has been the state of our knowledge and understanding for inany years, and
given the increasing interest and importance of multiple crystal forms, it is not surprising that considerable
efforts would be made to “predict” the possible existence of polymorphs in particular, and multiple crystal
forms in general. One result was the announcement of the “Polymorph Predictor” program in 1994,

4. WHAT WE CAN DO; WHAT WE CAN’T DO

In the introduction to a chapter in a 1997 book entitled Theoretical Aspects and Computer Modeling of the
Molecular Solid State edited by Angelo Gavezzotti, Robert Gdanitz, one of the authors éf the Polymorph
Predictor program, quoted three authorities on their view of our ability to predict crystal structures {22]. In
a since oft-quoted statement John Maddox, past editor of Nature, wrote in 1988 [23}): '
“One of the continuing scandals in the physical sciences is that it remains in general impossible to predict
the structure of even the simplest crystalline solids.”

Similar skepticism was voiced by F. Hawthome [24]:

“Thus a rigorous general solution to the question of crystal structure predicﬁon may not be forthcoming in
the near future.”

American Crystallographic Association® 16 ACA Transactions 2004, 39, 14-23
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and Fagan and Ward [25}:

“Unfortunately, the molecular interactions in a lattice become too complicated for any human or computer
to handle.” -

Nevertheless, in the same opening paragraph, Gdanitz [22] concluded that:

“....quite a few articles on predicting molecule crystal structures have been published, showing that the
problem has now become a rather routine task” (emphasis added).

Perhaps the telltale hint of the author’s true estimation of one’s predictive ability is the title of the chapter,
“db Initio Prediction of Possible Crystal Structures”. The prediction of possible crystal structures may be
routine, but the prediction of he crystal structure clearly is not.

A similarly over optimistic view of the situation may be found in the chapter by Verwer and Leusen [2] in
stating that ' ’

“...computational methods and algorithms that allow packing simulations with many degrees of
freedom,...were not developed until this decade (e.g. the 1990°s), making true ‘ab initio’ crystal structure
predictions possible on the basis of molecular information alone.”

Possible, perhaps, but the rate of success still leaves a lot to be desired before it can be claimed that the
problem has been solved, and crystal structures in general, or polymorphic structures in partiéular, can be
reliably predicted. In reviewing the general situation of the predictability of polymorphs in general,
Gavezzotti's emphatic “No” in 1994 and subsequent developments, Dunitz succinctly summarized the
situation in 2003. His current answer to the question is [26]:

“...still ‘No’, although at certain levels of discussion a ‘Maybe’ or even a conditional ‘Yes’, may be
entertained as possible responses”.

Perhaps the greatest service to this effort of developing methods to computationally survey possible crystal
structures has been performed by the Cambridge Crystallographic Data Centre, with a series of
competitional “blind tests.” Developers and practitioners of these methods have been invited three times
since 1998 to apply their methods to attempting to predict the crystal structures of three compounds on the
basis of molecular information aloné. The crystal structures of the candidate compounds have been done
but not published. The results of two of these blind tests have been published {27, 28]. The rules for the
competition say as much about our cutrent ability to computationally predict crystal structures as do the
results of the competition. These rules were laid out, “[t]o give a reasonable chance of success within the
practical limits of known computer programs*...™

- maximum number of atoms including H atoms did not exceed 40;

- space group required to be one of the ten most frequently encountered (i.e. P2,/c, P-J,
P2,2,2,,C2/c, P2,, Pbca, Pna2 1 Ce, Pben, C2);

- one molecule in the asymmetric unit;**

* The ground rules for the second blind test are quoted here. They differ only slightly from the first.

™ Most of the programs used for computing the lattice energy can not take into account the possibility of
the molecule lying on a crystallographic special position (Wyckoff position). In a recent survey [29] it was
shown that for Z'=1 approximately 71% of the molecules lack molecular symmetry, whilé those that have
an inversion center retain that in more than 80% of the cases, those with a rotation axis retain it in
approximately 50% of the cases, while those with mitror plane retain that element in about 30% of the
cases. Most of these structures with retention of symmetry would not be included in the computed crystal
structures since the programs are not capable of handling them. In some .algorithms, especially those that
compare the calculated powder pattern with an experimental one, the proper spatial arrangement of the
molecules might be found, but the space group would not be correctly assigned. Such was the case, for

American Crystallographic Association® 17 ACA Transactions 2004, 39, 14-23
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- no solvent molecules or co-crystals; .
- nodisorder in the determined structure:
- hydrogen atoms located experimentally in the determined structure.

In addition, the three candidate ‘molecules were categorized by perceived increasing difficulty for
prediction:

- rigid molecule with only C, H, N and O atoms, less than 25 atoms;
- rigid molecule with some less common elements (e.g. Br), less than 30 atoms;
- flexible molecule with two degrees of acyclic torsional freedom, less than 40 atoms.

What classes or features of structures are considered too difficult or too challenging for such a competition?
“Medium” or “large” molecules (>~40 atoms), all of the metal-containing complexes, most of the
compounds with less common elements, molecules with more than two conformational dégrees of freedom,
salts, solvates, and structures with more than one molecule in the asymmietric unit, or molecules lying on
special crystallographic positions (inversion center, 2-fold axis, etc.). While the eight allowed space groups
comprise approximately 80% of the CSD, by adopting such a restriction one is already reducing one’s
chance of success by 20%. This is a considerable fraction of the compounds that are of interest to “small
molecule” chemists. '

What kind of success was achieved for the two blind tests for which results have been published? There
were three molecules (but four structures — see below) and 11 participants in the first blind test, for a total
of 44 chances of success. Each participant was allowed three choices for each solution, so actually there
were 132 possible solutions. There were seven correct predictions, five of them being the first of the three
choices. 7/44 is a 16% success rate. C

It tumed out that the behavior of one of the compounds was particularly relevant to the title of this paper.
The compound is a liquid at room temperature, and was crystallized (in orthorhombic Pbea) in situ at low
temperature in a capillary on a diffractometer for the data collection and structure determination, which
served as the first structure of reference for the first blind test. A breakdown in the cooling system led to
melting, and all subsequent attempts at crystallization yielded a monoclinic P2)/c structure [29,30]. The
sequence of events suggests that the monoclinic form is the more stable one, in accord with Ostwald’s Rule
of Stages, and that the orthorhombic form should be classified as a disappearing polymorph {31]. In terms
of the computational prediction of crystal structures, the important point here is that four out of the seven
correct responses in the first blind test were for the orthorhombic structure {the less stable form) and if it
had not been found initially, the number of correct predictions would be reduced to three (7% success
rate). Moreover, if the monoclinic structure had initially crystallized one might never have known about the
existence of polymorphs in this system.

Seventeen groups participated in the second blind test, carried out on three structures for a total of 51
possible correct answers. The structures were correctly predicted by two groups for the first molecule, by
four groups for the second molecule, with no correct answers for the conformationally flexible third
molecule. The success rate is therefore 6/51 or 12%. The participants did conclude that there had been
significant progress on the ability to generate crystal structures for rigid molecules, and if the solution were
to be found among the top six, rather than the top three, solutions the success rate would rise significantly.
The failure of all participants to find a solution for the third molecule in the second round led to additional
attempts to prepare a polymorphic structure which might be found among the higher ranked computed ones
[32]. The authors determined that the blind test reference structure exhibited an unusual conformation,
which made the calculations less likely to succeed. After determining the cell constants of more than 80
crystals they obtained a second polymorph of the material crystallized from nitromethane; however, it
crystallizes with two molecules in the asymmetric unit with two different molecular conformations, so that

instance, for the original version of the “Polymorph Predictor”, which yielded a sélution for benzene in
space group F2,2,2, (Z=4, Z'=1, molecules on general positions), when it should have been Pbca (Z=4,
Z'=0.5, molecules on inversion centers). : .

American Crystallographic Association® 18 ACA Trahsactions 2004, 39, 14-23
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it would not have been included in any of the possible structures for the blind test calculatéd at the current
level of capability.

The example of acetic acid demonstrates one of the major difficulties and challenges still to be overcome.
An attempt to computationally predict the crystal structure(s) of acetic acid using both the prid-search
method [33] and the Monte Carlo approach [34-36] led to ~100 structures within a narrow energy range of
5 klJ/mol. With various modifications the experimental structure always had a low energy, but it was not
possible to distinguish it from the many other solutions. This led the authors to suggest that “other factors
need to be considered for genuine structure prediction.” In the realm of synthetic organic chemistry, a
parallel situation would be to claim that one has carried out the synthesis of the desired product which
indeed may be found in the reaction mixture along with ~100 other products, but we don’t know how to
independently identify or isolate that desired product.

All the methods for calculating lattice energies of possible crystal structures lead to a list that must be
ranked. Ideally, the real or possible polymorphic forms appear as the most stable forms in that list.
Historically, success has been measured by whether a structure, or polymorphic structures can be properly
accounted for, or predicted in that list and subsequently found. 1 would like to suggest an altemative
developmental approach, which 1 believe has been applied to a much lesser extent, but may be more
systematic and fruitful in terms of the long term development of these methods.

The polymorphic systems to be studied should be very well characterized in terms of the relative
thermodynamic stability of the various forms, monotropism, enantiotropism, heats of transition, and heats
of sublimation, etc., if possible. In the end, the lattice energies that are calculated can and should be
benchmarked against those experimental quantities. I do not underestimate the difficulties in obtaining
good quality thermodynamic data for all of these quantities, especially sublimation enthalpies, and the
paucity of laboratories where such measurements are made. The least demanding benchmark for one of
these calculations is that it reproduces the experimentally determined energetic ranking of the various
polymorphic forms, without regard to the actual quantities involved. At the next level of stringency, the
computed differences in energy between the various polymorphic forms should conform to the
experimentally determined differences. As the most demanding test, the computed lattice energies should
match the experimentally determined ones. Such a developmental process should result in a force field and
search procedure that are at least suitable for a class of functional groups and molecules similar to those of
the test molecule or group of molecules. Attempts to develop ‘universal’ methods or force fields are
reminiscent of the search for the Holy Grail.

The computational “proof of concept” experiment would then be to use that force field and those
computational methods to generate, ab initio, the crystal structures of all of the known polymorphs in the
energetic order in which. they are known to exist. Suitable (albeit demanding) test systems, might be a
compound like ROY, for which seven polymorphs have been identified and characterized (37,38), or p’-
methylchalcone, for which 13 polymorphic forms have been reported [39] and at least 5 structures have
been determined [40]. ‘
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) Table 1 .
Crystal forms obtained for N,N'dithiobisphthalimide [from 41]

 Form Sotvent for crystatlization Space group z ‘

Solvent-free pofymorpha : o
w CH,COOC,H, P2e 2
@ CH,OH Pra2y 1
) CH,CN or HCON(CH,); P2le 2
Polymorphis with sofvent hydrogen-bonded to (1)
© CH;NO, Pl 1
Solvent molecules are n Solated cavities - '
(7 . CeHsC1 P1 1
@®) " CelisCatls T Pyle 2
Sofvent milecules sre non-localized in channels o
@ e, e 0s’
%) . CHOH Cle 0s
() CHO Cle . 0.5
(10) . (CHJ)COHH,0 e 05
Solvent mokecules are localized-in channels
(£1) 1,4-(CHyLCoH, : Phin 1

1

(12) Col1sCH; Phyin

This process for developing reliable computational methods does not deal with any of the simplifying
limiting assumptions made for the blind tests. For crystal structure prediction those will have to be dealt
with as well. Some of the challenges are represented by the variety of polymorphs and solvates reported for
the relatively simple molecule N,N’-dithiobisphthalimide, summarized in Table 1 [41). The three solvent-
free polymorphs represent a challenge that might be considered possible today, but “predicting” the other
four solvated motifs is way beyond our current capabilities. '

The description above might leave the impression that computational methods have not progressed
sufficiently to provide useful chemical and structural information. As noted at the outset, the contrary is
true. In conjunction with a variety of analytical techniques, these methods can iprovide guidelines and
confirming parameters for modeling possible crystal structures. We are still a long way from crystal
structure or polymorph prediction, but we can leamn something about what we might want to look for and
obtain structural information when crystal structure analysis is difficult or not possible. The recent case
history of acetaminophen illustrates this synergism.

Acetaminophen/paracetamol (e.g. Tylenol®) is the most widely used analgesic and antipyretic which has
been known to be dimorphic for many years [42]. The commercially used Form I requires binders for
formulation; Form 11 does not require binders, but transforms to Form 1. Considerable effort has gone into

improving the solid state properties of acetaminophen, including the search for additional crystal forms that -

might have improved formulation and stability properties, and these efforts included a computational
search for possible new forms. Verwer and Leusen {2] completed one such study with the conclusion that

“Recalculation of the lattice energetic...established that this third structure is actually too unstable to exist.”

Chemists often see the prediction of the nonexistence of a substance as a chall{enge to make it,” and this
case was no different. In fact, at the time the statement was made there was already evidence in the

* Philosophers of science have also argued against this approach. For instance, the relevant quotation in a
recent book by the father-philosopher/son-scientist, Buddhist monk team: “But not to be able to find
something is no proof of its nonexistence.”{43]. '
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literature for a third form, detected by microscope hot stage methods [44-46]. Beyer et al. carried out
another set of calculations on the possible crystal structure of the compound {47]. Almost simultaneously, a
set of experiments based on high throughput crystallizations found evidence for a third form, which was
characterized by hot stage microscopy and Raman spectroscopy [48]. The X-ray powder diffraction pattern
measured by Peterson et al. [48] also closely matches one of the low energy computed structures of Beyer
et al,, although the latter had ruled it out as a possible structure on the basis of packing considerations. In

any event, the combination of experimental and computational techniques led to significant advances in the |

characterization and understanding of this system, and it is this synergism, especially between
computationally-derived models for crystal structures and powder diffraction [49] which promises to
provide the greatest immediate and near term benefit. '

5. THE CHALLENGES

What is the current status of our ability to predict crystal structures in :general and polymorphs in

particular? The situation was recently summarized by S.L. Price, one of the ledding practitioners in the field
[16]): ‘ :

“We cannot yet computatidnally predict the possible polymorphs of any given organic molecule.”

As we have pointed out above, and as Price further notes, the computational studies can provide useful
information about polymorphs that we might want to look for. They say nothing about their existence or
how they might be prepared. In fact, as Dunitz has noted in the same vein [26):

“We have a long way to go before we can think of predicting which polymorph will be
obtained under any given circumstances.”

From the computational point of view it must be shown that calculated lattice energies can truly reflect or
reproduce experimentally determined energetics. This will require much mote work on force fields, and the
development of computational tools for determining lattice energies. Good thermodynamic data are also
required on polymorphic systems to provide the standards against which these calculations can be
measured. It is still difficult to distinguish between the global minimum and local minima in computational
studies, which means that it is not always possible to computationally determine which polymorphic form
is the most stable, and how others may be thermodynamically related to it. Price has also pointed out the
necessity for assessing and modeling kinetic factors in the growth of different polymorphs,

In order for the computational techniques to be truly predictive, they must be more compsehensive. Hence,
on the more practical level some of the computational challenges that must be met along the way were
noted above. (In the following the numbers in parentheses are the current percentages of entries in the
CSD). Molecules containing only C,H,N,O comprise about %18.5 of the GSD. Provision must be made for
modeling crystals with conformationally flexible molecules, molecules larger than ~40 atoms, crystals of
salts, solvates (14.3% of CSD) and hydrates (10.1% of CSD), cocrystals, crystals of organometallic
compounds (56%), crystals with more or less than one molecule in the asymmetric unit (35%), crystals in
the ‘less common’ space groups (12.7%) — in short the technique must be generalized to cover all the
possibilities that are regularly encountered in laboratory situations.

By noting our current limitations Price and Dunitz have touched on some of the exciting challenges facing
those studying the chemistry of crystal forms — polymorphs and solvates. I would define them with three
rather general questions which we would like to be able to answer for any specific system:

- How many different crystal forms can we expect?
- How do we go about preparing those different crystal forms?
- What will be the properties of those different crystal forms if and when 1 obtain them?

This contribution made an attempt to assess where we are with regard ‘to the computational tools used to
address the first question. There has indeed been significant progress: since Kitaigorodskii’s pioneering
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work in the area, and in closing I was reminded of Martin Luther King’s inspiring remarks in a memorable
speech at the Lincoln Memorial 41 years ago: .

“We've come a long way, but we’ve got a long, long way to go.".
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ABSTRACT - The commentary seeks to provide a
brief history and perspective on the importance of
crystal forms of pharmaceuticals as a means of
achieving performance criteria. The expanding
scope of crystal form selection, emergence of
crystal engineering in pharmaceutical science and
pharmaceutical co-crystals are topics of this brief
review.

THE ROLE OF MOLECULAR CRYSTALS IN
PHARMACEUTICAL SCIENCE

Chemists and engineers in the pharmaceutical
industry generally seek to deliver crystalline forms
of their active compounds, mainly due to the
inherent stability of crystalline materials and the
well-established impact of crystallization processes
on purification and isolation of chemical substances
(1). Increasing attention is now being paid to the
impact of materials properties in drug discovery and
early development (2) as the drug compounds tend
to be very valuable materials. The pharmaceutical
industry’s mission for the material is to rapidly
advance development programs with good
confidence that form and formulation problems are
unlikely to arise and to maximize a compounds’
potential as a therapeutic. This commentary seeks to
raise the profile of crystal form studies and the
emerging topic of crystal engineering in
pharmaceutical science by discussing the “state-of-
the-art” relating to pharmaceutical crystals and by
expanding on possibilities that exist for future
developments. In keeping with the common goal of
making better products, faster and cheaper, we
propose a paradigm of pro-active material design in
pharmaceutical research. Rather than settling for the

physical forms that the pur¢  compounds

intrisically display, we should be aiming to
identify the physical / material properties required
of the target drug and make crystalline forms to
meet those needs. We are not yet-actively engaging
in crystal engineering in the industry, and therefore
we pose the question: How can we proceed toward
making the crystal form that we want to use?

ial

oA
_ Babstifomboramorptous forme:

Figure 1. Examples of the types of crystal forms of

pharmaceutical compounds used in products along with some
issues and opportunities associated with each example,
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Polymorphism and pharmaceuticals

The phenomenon of crystal polymorphism, where
the same chemical compound exists in more then
one unique crystalline form, has been appreciated
for over a century (3,4). Polymorphs of
pharmaceuticals and drug candidates can occur in
all types of phases (pure compounds, salts, solvates;
for examples see Figure 1), though there is no way
to predict the practical extent of polymorphism of
any given compound (5). Based on recent reviews
and commentaries, many strides have been taken
towards  better understanding of  crystal
polymorphism of pharmaceuticals
(6,7,8).According to lore and some published
examples, the puzzling and unpredictable
phenomenon of crystal polymorphism has affected
many projects in pharmaceutical research and
development over the last few decades. Although
most accounts of polymorphic transformation
during product development remain anecdotal, there
exist published examples of the problem from both
early stage compounds (9) and marketed drugs (10).

The impact of crystal polymorphism and
solvation state on pharmaceutical product value has
been iflustrated by costly product failures and
protracted patent litigation examples. The former
was most notably exemplified by the Norvir®
capsule product failure in 1998, which was
recounted and rationalized by solving the crystal

structures of the Ritonavir polymorphs (10). In.

theory, all pharmaceuticals are vulnerable to such
an unexpected and unlucky event which in the case
of Ritonavir resulted in enormous cost and
inconvenience for the innovator and impacted the
patients’ use of this important HIV drug for roughly
one year when no capsule formulation was
available. Recently a new, meta-stable form of 5-
fluorouracil was reported highlighting the potential for
even very old drugs to unexpectedly reveal new
polymorphs (11). On the litigation side, early entry
of generic versions of some notable drugs has been
enabled based on the use of a patently distinct but
pharmaceutically equivalent polymorphs (or
hydrates) (12). Ranitidine HCI (Zantac®) (5) and
Paroxetine HC! hemihydrate (Paxil®) (13) are but
two prominent examples where patent strategy and
gaming created significant uncertainty about the
value of a drug franchise. In response to these
challenges, the pharmaceutical industry has
developed processes and techniques for the

identification and characterization. of polymorphs
and solvates of compounds of . interest (6,14).
Academics are contributing with both experimental
and theoretical insights into crystal form study,
prediction and engineering (7). Regulatory agencies
also joined the effort in the 1990’s, as exemplified
by the decision-tree approach to evaluating the
impact of polymorphism on product performance
(15,16). 1t seems fair to conclude that developments
in the late 1980°s and many more during the 1990’s
have brought the industry’s level of awareness,
detection capability and decision making regarding
polymorphs and solvates to new heights.

Beyond crystals and polymorphs

Another phase type of interest in pharmaceutical
systems is the amorphous state of a compound.
Amorphous drug preparations of small molecule
drugs exist in the marketplace (17), and they
usually represent deliberate iefforts to avoid
crystalline forms in order to meet a delivery
objective. This is done when a: crystalline form is
unsuitable for oral absorption due to insufficient
aqueous solubility and inadequate dissolution rate,
particularly when particle size reduction does not
ameliorate the impact of the latter to a satisfactory
degree. Infrequently, however, no suitable
crystailine forms of a compound can be found
making the amorphous material the only viable
option. Examples include itraconazole, quinapril
HCI, zafirlukast, cilastatin and nelfinavir mesylate.
In such cases, it would seem important to gain
insights into the structural factors that lead to the
outcome, in an effort to assess risk of eventual
crystallization events. The characterization and
application  of  amorphouls  pharmaceutical
compounds and dispersions have been topics of

review elsewhere, and will not be further discussed,

given that the focus of the present contribution is on
crystalline compounds (18-20).

Particle size reduction of poorly absorbed
compounds is a proven approach to enhance
biopharmaceutical  performance. Milling to
progressively smaller sizes can be considered a
progressive approach towards amorphous, high-
energy states. A special case of such crystal size
modification is the advent of the nano-dispersion
approach in pharmaceutical products. A key
technology development in this regard s
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NanoCrystals® (Elan corp.), which has been
successfully applied in three oral products to date:
Rapamune®, Tricor® and Emend®. The latter two
compounds are excellent examples of the impact of
media milling and physically stabilizing a
crystalline dispersion of nanometer dimensions
(100’s of nm) particles with the ultimate goal of
significant  bioavailability improvement. The
physical challenge is one of re-growth of particles
(Ostwald ripening), which is addressed by the use
of specific surface stabilizers in formulation
development. The active ingredient in Tricor,
fenofibrate, is a low-melting, oil soluble (but water-
insoluble) substance. The bioavailability of this
compound is increased by decreasing particle size,
with the nano-dispersion being close to optimal. In
addition, the NanoCrystal formulation of Tricor
shows a decreased dependence of oral
bioavailability on food compared to the previous
formulation of Tricor (21) In the case of Emend, the
solubility of the drug substance, aprepitant, is on the
order of 0.3 pg/mL and the doses are in 100’s of
mg/day. Oral bioavailability of this drug is a strong
function of the particle size, with the smallest
achievable crystals being optimal (22) The example
illustrates that size modification is a viable strategy
to be considered alongside form modification.

Salt selection — A powerful strategy for crystal
form optimization

Pharmaceutical developers have focused efforts on
finding and formulating a thermodynamically stable
crystalline form with acceptable physical properties
for a given compound. This is reasonable, given the
need to avoid cascading from a eta-stable form to
a more stable one in unpredictable fashion.
Occasionally certain physical properties, such as
low aqueous solubility, are limiting to performance
of the compound, leading to poor oral
bioavailability or insufficient solubility for an
injection formulation. One of the main strategies
used to affect physical performance of a compound
and one that is often employed by pharmaceutical
scientists is the practice of salt selection (23). At
least half of compounds in marketed products are in
the form of a salt for one reason or another. This
fact alone speaks to the versatility of the salt
selection approach. Salt forms of a pharmaceutical
can have many benefits, such as improved stability

characteristics, optimal bioavailability and aqueous
solubility for an injectable formulation. Salts, like
all other crystalline forms, are subject to
polymorphism and solvate formation, thus requiring
the same form identification studies as are needed
for a neutral compound. A remarkable example of
co-optimization of properties is indinavir (HIV
protease inhibitor), which is marketed as the sulfate
salt ethanol solvate (24,25) The crystaliine free base
has variable oral bioavailability in dogs (26,27) and
humans (28). While acidic solutions of the base
compound showed good oral pharmacokinetics, the
stability of the drug in acidic solution is not
consistent with a product (26). Therefore, the
discovery of the salt. form ensured both shelf
stability and robust bioavailability performance.

The salt selection strategy is limited in two
ways. First, salt formation relies on the presence of
one or more ionizable functional groups in the
molecule; many drugs and development compounds
lack this feature. Second, our ability to predict a
priori whether a given compound will form a
crystalline salt (or salts) is non-existent. The ability
to actively identify crystalline salt forms has been
confined to manual empirical evaluation using
multiple sait formers for a given acid or base.
Recently advances have been made in the area of
high-throughput  salt selection and crystal
engineering  strategies associated with salt
formation (14,29-32), In one case, we have
advocated the simultaneous assessment of
polymorphism as a way to help rank the
developability of different crystalline salts (14).
While salt forms will continue to have a prominent
place in pharmaceutical science, the need for
enhanced productivity dictates that every advantage
must be sought to aid the design of an appropriate
crystalline form of an active molecule. Specifically,
the ability to design scaffolds into crystalline forms
will enhance our capacity to convert interesting
molecules into effective drugs. Crystal engineering
offers some additional tools in this regard.

Crystal engineering and co-crystals

Crystal engineering .is generally considered to be
the design and growth of crystalline molecular
solids with the aim of impacting material properties.
A principal tool is the hydrogen bond, which is
responsible for the majority of directed
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intetrmolecular interactions in molecular solids. Co-
crystals are multi-component crystals based on
hydrogen bonding interactions without the transfer
of hydrogen ions to form salts — this is an important
feature, since Bronsted acid-base chemistry is not a
requirement for the formation of a co-crystal. Co-
crystallization is a manifestation of directed self-
assembly of different components. Co-crystals have
been described of various organic substances over
the years (33,34) and given various names, such as
addition compounds (35,36) molecular complexes
(37,38) and heteromolecular co-crystals (39).
Regardless of naming convention, the essential
meaning is that of a multi-component crystal where
no covalent chemical modification of the
constituents occurs as a result of the crystal
formation. Pharmaceuticals co-crystals have only
recently been discussed as useful materials for drug
products. : '

Pharmaceutical co-crystals

Pharmaceutical co-ctystals can be defined as
crystalline materials comprised of an active
pharmaceutical ingredient (API) and one or more
unique co-crystal formers, which are solids at room
temperature. Co-crystals can be constructed through
several types of interaction, including hydrogen
bonding, n-stacking, and van der Waals forces.
Solvates and hydrates of the API are not considered
to be co-crystals by this definition. However, co-
crystals may include one or more solvent/water
molecules in the crystal lattice.

An example of putative design, a
construction and preparation process is shown in
Figure 2 for the 5-fluororuraciliurea 1:1 co-
crystal(40). This real example neatly illustrates the
opportunity and challenge that exists currently with
designing pharmaceutical co-crystals. Firstly, the
‘design’ is challenging because we have no ability
to predict the exact crystal structure that may result
from a crystallization attempt. By analogy to the
challenge of deriving protein structure from first
principles, the primary sequence (chemical structure
in our case) is known and elements of secondary
structure (the 2-D tape construction in Figure 2) are
somewhat discernible from primary information.
Prediction of the actual 3-D folded conformation
(tertiary structure or obtained by self-assembly) is
not possible. In other words, while we currently

have the ability to project which things associate in
what approximate manner on the secondary level,
crystal structure prediction is essentially an
intractable proposition. By extension, and just as
the exact function of a protein and quantitative
parameters of activity are not predictable from
primary and secondary structure, the prediction of
crystal properties is not possible in the absence of
structural information and measurements.

There is early evidence that practitioners
were aware that apparent co-crystallization of drugs
could lead to useful preparations (41). In fact, a
‘chemical compound’ composed of sulfathiazole
and proflavin dubbed flavazole was used to treat
bacterial infection during the Second World War
(42). The case of flavazole reveals insight into how
two different molecules might interact in a putative
co-crystal: “... flavazole is definitely a chemical
compound containing , equimolar proportions of
sulphathiazole and proflavin base. It is believed
that combination occurs through the acidic
sulphonamide group (SO:NH) of the sulphathiazole
and the basic centres of the proflavin. Perhaps the
most realistic expression of the formula would be to
Place proflavin and sulphathiazole side by side with
a comma between them."” (42) In the second half of
the 20" century, interest in co-crystals evolved into
the directed study of intermolecular interactions in
crystalline  solids  (43-45). The technical
development of routine single-crystal structure
determination led to a watershed of data, now
largely accessible through the Cambridge Structural
Database (CSD) (46,47). The structural data have
become useful for understanding the intermolecular
interactions in co-crystals in atomic level detail
(48). Using insight gained from analysis of the CSD
and directed experimentation, scientists attempt
design of co-crystals v’i'ith specific properties, such
as color or non-linear optical response, by selecting
starting components with appropriate molecular
properties likely to exhibit specific intermolecular
interactions in a crystal (49-52). However, even
when chemically compatible functional groups are
present it is not possible to accurately predict if a
co-crystal, a eutectic mixture or simply a physical
mixture will result from any given experiment. As a
result of these complexities, attention has been
directed at the identification and characterization of
intermolecular packing motifs with the goal of
developing principles for co-crystal materials (53).

320



J Pharm Phamaceut Sci (www. cspsCanada.org) 9 (3): 317-326, 2006

Degilgn- ‘
5 fluorouracil

vréa:

Figuré 2. Steps involved in crystal engincering of a
pharmaceutical phase, exemplified by the real example
of co-crystallization of 5-fluorouracil and urea.

development.

PROSPECTS FOR CRYSTAL ENGINEERING
AND PHARMACEUTICAL CO-CRYSTALS

At the beginning of the 21% century, the field of
crystal engineering has experienced significant
Importantly, crystal engineering
principles are now being actively considercd for
application to pharmaceuticals to modulate the
properties of these valuable materials (54). Because
the physical properties that influence the
performance of pharmaceutical solids are
reasonably well appreciated, there is a unique
opportunity to apply crystal engineering techniques
and the appropriate follow-up studies to solve real
world problems, such as poor physical and chemical
stability or inadequate dissolution for appropriate
biopharmaceutical performance of an oral drug. As
structures and series of pharmaceutncal co-crystals
have begun to appear, we again find that properties
cannot be predicted from the structures.
Nevertheless, occasional trends have been
suggested. For example, insoluble drug compounds
co-crystallized  with htghly water  soluble
complements tend to achieve. 'kinetic solubilities in
aqueous media several times: greater than the pure
form (55,56). There are also more possible phases
for each given active compound to consider, thus
there will arguably be a greater opportunities for
property enhancement. In terms of stability
enhancement and solubilization, the example of the
series  of  itraconazole  co-crystals  with
pharmaceutically acceptable 1,4-diacids (55)
suggests a strategy alternative to amorphous drug
formulation. The co-crystal options presented retain
the stability inherent in a crystalline state, while
allowing for solubilization that significantly
exceeds that of crystalline itraconazole base and
rivals the performance of the enginecred amorphous
bead formulation (Sporanox )-

‘Where are we now? From recent literature
it appears that knowledge gained over the past
century and increasingly sophisticated screening
techniques developed within the last decade are
paving the way towards design of co-crystals with
potentially improved pharmaceutical properties (55-
58) In terms of the application to pharmaceutical
systéms, the field of crystal engineering is
developing the retro-synthetic understanding of
crystal structure using reasoning that is analogous
to that applied by organic chemists. For examiple,
the retro-synthetic approach in covalent synthesis
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operates on the level of a single molecule, while the
analogous effort in crystal engineering focuses on
the “supermolecule”: The assemblies that define the
crystalline arrangement of the molecules as they
self-organize into the solid-state. The parallels
between the development of crystal engineering and
synthetic organic chemistry run still deeper.
Methodologies  for  carrying  out  these
crystallizations are being developed alongside the
development of new robust motifs (6,53,55,57,60).
The importance of the solubility and dissolution
relationships of the components of a putative co-
crystal is becoming a matter of .significant
investigation (56,60). The same can be said for the
roles of additives in templating novel forms.
Mechanical milling of materials has also been
documented as a means to make co-crystals, and a
recent example of polymorphic forms of
caffeine:glutaric acid illustrates the opportunities of
this type of processing to influence crystal form
(61). With an increase in the understanding of the
modes of self-assembly, one can start to address the
design aspect towards making pharmaceutical co-
crystals.

There remain several limitations to the
application of what is currently known to the design
of useful materials. As mentioned earlier, it remains
intractable to reliably predict crystal structure.
Multi-component crystals are well out of reach for
prediction due in part to complex energetic
landscapes, lack of appropriate charge density
models and a large number of degrees of freedom,
making computation unfeasible. Moreover, there is
only a qualitative understanding of the interplay
between intermolecular interactions and materials
performance, especially for properties relevant to
pharmaceuticals such as solubility, dissolution
profile, hygroscopicity and melting point. But the
saving grace of thé co-crystal approach comes in
two guises: Complementarity and diversity. On the
topic of complementarity, it is possible, by way of
CSD database mining for instance, to identify
trends of hetero-synthon occurrence in model
systems. As for the diversity aspect, the space of
possible co-crystal formers is large, limited only by
pharmaceutical - acceptability. Coupled  with
parameters such as stoichiometry variation and
increase in‘ the number of components (binary
systems can be expanded into ternary ones, etc.),
the opportunities appear vast.

THE FUTURE OF CRYSTAL ENGINEERING
IN PHARMACEUTICAL SCIENCE

Where are we going? At this point, we have only
just “scratched the surface of materials science-
driven pharmaceutical product design. In the 21*
century, practitioners of pharmaceutical chemistry
need to enumerate and exploit the opportunities of
crystal form design that nature affords us, and thus
gain increasing ability to design the materials we
need from the molecules that we seek to convert
into pharmaceuticals. Learning will be facilitated by
advances in crystallization; automation (6,62),
microscopy-spectroscopy techniques (Raman and
IR microscopy) and new techniques such as
terahertz spectroscopy and AFM, along with
increasingly sophisticated X-ray diffraction lab
instrumentation. In addition, further enhancements
in the data mining tools associated with the CSD
operating on an ever increasing number of high-
quality crystal structures will undoubtedly lead to
new knowledge and principles of interaction.

The challenge placed before pharmaceutical
scientists, now and in the future, is the following:
(i) to understand the requirement of a particular
compound in terms of materials structure and
propetties, and (ii) to creatively integrate crystal
engineering within the limits of pharmaceutical
acceptability of components to obtain new forms of
active ingredients with desirable properties for
formulation and delivery; It should become the
collective mantra of medicinal chemists, process
engineers and pharmaceutical scientists to “design
and make the material we need.” This mantra can
form the common aspiration for an industry that is
in significant need of innovation and productivity
enhancement. !

CONCLUSIONS

The rapidly evolving field of pharmaceutical crystal
engineering is primed for a prominent position in
the  development and  improvement  of
pharmaceutical  products.  Scientists in the
pharmaceutical industry’ need to be attuned to the
possibilities that the approach can offer. In the next
few decades, this awareness needs to become
general across the industry and among the
disciplines that contribute to drug development. The
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expanding role of crystal engineering in
pharmaceutical science is waiting to be filled with
insights and experience from past work in other
areas, stimulated by present challenges in the
interest of developing the drugs of the future.
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REIVINDICACIONES

1. Una sal en forma cristalina, que comprende etilendiamina y acido {4,6-
bis(dimetilamino)-2-(4-(4-(trifluorometil)benzamido)bencil) pirimidin-5-il}acético de la
Férmula I

I=

o ' Ng_N(CHy),
O)k Nw/\r\/COOH
FaC N(CHj3),

@D

que tiene un patrén de difraccion de polvo de rayos X con un pico expresado en dos

theta a aproximadamente 5.9°.

2. La sal de la reivindicacion 1, que tiene un termograma de DSC con una

endotermia a una temperatura pico de 123°C y una temperatura de inicio de 114°C.

3. La sal de la reivindicacién 1 o 2, que tiene un termograma de DSC con una

endotermia a una temperatura pico de 216°C y una temperatura de inicio de 212°C.

4. La sal de cualquiera de las reivindicaciones 1 a 3, que tiene que tiene una
solubilidad acuosa de 6 mg/ml a 25°C.

5. La sal de cualquiera de las reivindicaciones 1 a 4, que comprende de dos
equivalentes molares del acido de la Férmula | y un equivalente molar de

etilendiamina.

6. Una sal en forma cristalina, que comprende piperazina y acido {4,6-

bis(dimetilamino)-2-(4-(4-(trifluorometil)benzamido)bencil) pirimidin-5-il}acético

0 |N\ N(CHa),
N~ COOH

N
N(CH),

de la Férmuia [:

FiC
D



que tiene un patron de difraccion de polvo de rayos X con uno 0 mas picos

expresados en dos theta a aproximadamente 10.7, 15.9, 22.3 y 24.0°.

7. La sal de la reivindicacién 6, que tiene un patrén de difraccién de polvo de
rayos X con picos expresados en dos theta a aproximadamente 10.7, 15.9,
22.3y24.0°

8. La sal de la reivindicacién 6 6 7, que comprende de dos equivalentes molares

del acido de la Férmula | y un equivalente molar de piperazina.

9. La sal de cualquiera de las reivindicaciones 6 a 8, que tiene un termograma de
DSC con una endotermia a una temperatura pico de 203°C y una temperatura de
inicio de 98°C.

10. La sal de cualquiera de las reivindicaciones 6 a 9, que tiene un termograma de
DSC con una endotermia a una temperatura pico de 223°C y una temperatura de
inicio de 219°C.

11. La sal de cualquiera de las reivindicaciones 6 a 10, que tiene una solubilidad

acuosa de 5 mg/ml a 25°C.

12. Una sal en forma cristalina, que comprende benzatina y acido {4,6-
bis(dimetilamino)-2-(4-(4-(trifluorometil)benzamido)bencil) pirimidin-5-il}acético de la

Foérmula I

o ' Ng_N(CH,)
N N\K\L/COOH
H

£\ N(CHa)

D

que tiene un patréon de difraccién de polvo de rayos X con uno o mas picos
expresados en dos theta a aproximadamente 8.0, 11.5, 16.0, 17.5, 0 23.4°.



13. La sal de la reivindicaciéon 12, que tiene un patron de difraccion de polvo de rayos
X con picos expresados en dos theta a aproximadamente 8.0, 11.5, 16.0, 17.5, y
23.4°.

14. La sal de la reivindicaciéon 12 6 13, que comprende de dos equivalentes molares

del acido de la Férmula | y un equivalente molar de benzatina.

15. La sal de cualquiera de las reivindicaciones 12 a 14, que tiene un termograma de
DSC con una endotermia a una temperatura pico de 156°C y una temperatura de
inicio de 154°C.

16. La sal de cualquiera de las reivindicaciones 12 a 15, que tiene una solubilidad

acuosa de 0.08 mg/ml a 25°C.

17. Una sal en forma cristalina, que comprende colina y acido {4,6-bis(dimetilamino)-
2-(4-(4-(trifluorometil)benzamido)bencil) pirimidin-5-il}acético de la Férmula |

H
N(CHa)a

o lN\ N(CHa)»
@/U\ N.__~_ _COOH
FsC

(D

que tiene un patron de difraccidbn de polvo de rayos X con uno o mas picos

expresados en dos theta a aproximadamente 6.5, 19.6, 20.0, 21.9, 0 26.1°.

18. La sal de la reivindicacion 17, que tiene un patron de difraccién de polvo de rayos
X con picos expresados en dos theta a aproximadamente 6.5, 19.6, 20.0, 219y
26.1°.

19. La sal de la reivindicacién 17 o 18, que comprende de un equivalente molar del
acido de 1a Férmula | y un equivalente molar de colina.



20. La sal de cualquiera de las reivindicaciones 17 a 19, que tiene un termograma de
DSC con una endotermia a una temperatura pico de 195°C y una temperatura de
inicio de 193°C.

21. La sal de cualquiera de las reivindicaciones 17 a 20, que tiene una solubilidad

acuosa de 24 mg/ml a 25°C.

22. Una composicion farmacéutica que comprende la sal de cualquiera de las

reivindicaciones 1 a 21, y un vehiculo o excipiente farmacéuticamente aceptable.

23. La composicion farmacéutica de la reivindicacion 22, en donde la composicion se

formula para administracién oral, nasal, bronquial o tépica.

24. La composicion farmacéutica de la reivindicacion 22 o 23, en donde la

composicion se formula como forma de dosificacion individual.
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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
NIT : 800.176.089-2

/-
€ RECIBO DE CAJA No. 12 - 141069
Industria y Comercio '_
SUPERINTENDENCIA Bogota D.C., Diciembre 20 de 2012 - 14:40:16

RECIBIDO DE : CASTILLO GRAU & ASOCIADOS LTDA.

NI 800.098.704 RE
*** Soporte del Pago ***
TIPO PAGQ BANCO CUENTA No PAGO FECHA PAGO. VB PAGO
CONSIGNACION BANCO DE BOGOTA 062754387 409420852 20/12/2012 2.920.000.00
CONSIGNACION BANCO DE BOGOTA 062754387 534276713 20/12/2012 3.640.000.00

ol Cnnopptnq Pagados ***
CANT. RENTISTICO CONCEPTO

14 50005-01-01 SOLICITUDES

Vr.UNDITARIO Vr.CONCEPTO
1607 REIVINDICACION UNITARIA ADICIONAL 30.000.00 420.000.00
TREY INI&?CIALES : $420.000.00

SON: **CUATROCIENTOS VEINTE MIL PESOS MONEDA CORRIENTE***

Responsable: Z

Recibo de Caja Aplicado al Expediente No.

SUPERINTENDENCIA DE INDUSTRIAY COMERCIO

AT

Tra. 11 PATENTElYN Eve: 378 FASENACIONALI
Act. 523 RESPUESTA Folios: 29

Sede Centro: Carrera 13 No. 27 - 00 Pisos 3,4,5 y 10 Bogoté, D.C.- Cotombla

Web: www.sic.gov.co e-mal: Info@sic.gov.co Conmutador: (571) 5870000 Fax: (571) 5870284 Linea: 018000-910165 Call Center: (571) 6513240
, Diciembre 20 de 2012 - 14:40:17




