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Referencia: Solicitud de PCT Patente de Invencién denominada Una
Nueva Forma Cristalina de 4-[((4S)-5,7-difluoro-3,4-dihidro-2H-
cromen-4-ifjoxi]-N,N, 2-trimetii-1H-benzimidazol-6-carboxamida y un

Método de Preparacion de la Misma.

Asunto: Respuesta al Requerimiento No. 15129 de 2016.

Expediente No. NC2017/00053%6

Juan Carlos Cuesta Quintero, mayor de edad, identificado como aparece al pie de mi firma,

obrando en mi calidad de apoderado de la sociedad CJ Healthcare Corporation, doy

respuesta al Oficio No. 1182 de 2018, bajo los siguientes términos:

1.

Tituio.

De acuerdo a las objeciones planteadas por parte del Examinador en cuanto al titulo,

solicitamos respetuosamente se tenga como titulo de la invencién el siguiente:

“Una Nueva Forma Cristalina de 4-[((45)-5,7-difluoro-3,4-dihidro-2H-cromen-4-
ioxij-N,N, 2-trimetil-1H-benzimidazol-6-carboxamida y un Método de
Preparacién de la Misma”

Nivel Inventivo.

2.1. No todos los compuestos tienen un polimorfo vy una persona experta en

ia_materia no puede preparar facilmente tal polimorfo a través de

experimentos repetidos.

Lo siguiente se describe en Acc. Chem. Res., 1995, 28 (4), pp 193-200 (adjunto como
Anexo 1) conocido antes de la fecha de presentacion de la presente solicitud (ver

pagina 194, columna derecha, lineas 42-54 del Anexo 1, énfasis afiadido):



The universality suggested by McCrone’s statement may, however, be considerably

tempered by the fact that fewer than 5% of the compounds in the Cambridge Structural

Database (CSD) are known to be polymorphic (although it must be admitted that

crystallographers typically choose one crystal specimen from their sample and leave
it at that). Moreover, some very widely studied compounds have shown no evidence

of polymorphic behavior, even though they have been crystallized and handied for

many years under a far-ranqing variety of conditions; naphthalene is an example that

immediately comes to mind.

Esto indica que es un conocimiento técnico comun en la técnica que es dificil predecir
si un compuesto puede estar presente en una forma cristalina, y si es asi, bajo qué

condiciones se forma dicha forma cristalina.

D2 simplemente describe las condiciones de cristalizacion para sitagliptina, un
farmaco que tiene una estructura completamente diferente a la del compuesto
reivindicado de Formula 1. A la luz del conocimiento técnico comun en la técnica, es
dificil predecir que las condiciones de cristalizacion de D2 serfan aplicables al

compuesto de Férmula 1.

A pesar de la experimentacidon sobre aproximadamente 1.000 condiciones de
cristalizacion conocidas durante la investigacion sobre las formas cristalinas del
compuesto de Formula 1 de la presente invencion, el solicitante no pudo descubrir
una forma cristalina del mismo; por lo tanto, se reconocié que el compuesto existia

solo_en una forma amorfa (no cristalina) durante un periodo de tiempo

considerablemente largo hasta que se completé la presente invencion.

Bajo tales circunstancias, la forma cristalina A de la Reivindicaciéon 1 es una nueva
forma cristalina que se investigo por primera vez y nunca se estudid previamente, y
por lo tanto no se puede derivar facilmente a través de la experimentacion rutinaria

convencional.

2.2 La forma cristalina A de la Reivindicacidn 1 tiene un efecto notable

inesperado en comparacién con el compuesto no cristalino de D1.

A. Fotoestabilidad

En los Ejemplos, el contenido de isdmeros Opticos se incrementd en mas de 10 veces
en la forma no cristalina, y el de las impurezas aumento casi 3 veces después de 4
semanas. Por el contrario, no se detecté ningln cambio en el isémerco dptico o

contenido de impurezas en la forma cristalina A, incluso después de 4 semanas.



Ademas, se demostré que la forma cristalina A mantiene un contenido de compuestos
relacionados dentro del valor estédndar para la aprobaciéon de un medicamento
farmacéutico, lo que lleva a la conclusion de que la forma cristalina A tiene excelente

fotoestabilidad (véanse el Ejemplo experimental 4 y la Tabla 1).

B. Higroscopicidad

En los Ejemplos, el compuesto no cristalino en la etapa inicial mostré una
higroscopicidad de 1,32, y la higroscopicidad medida después de 4 semanas aumento
marcadamente. Por el contrario, el compuesto de forma cristalina A por si mismo no
mostré ninguna higroscopicidad, e incluso después de 4 semanas mostré una
higroscopicidad tan baja como 1/20 a 1/10 de la del compuesto no cristalino (ver el

Ejemplo Experimental 5y la Tabla 2).

C. Inducibilidad de eleciricidad estatica

En los ejemplos, el compuesto no cristalino mostré un indice de Carr (Cl) de 41% a
42%, mientras gue la forma cristalina A mostré un valor de Cl de 24% a 28%, que es
aproximadamente 60% del Cl del compuesto no cristalino, confirmando asi que la
forma cristalina A tiene una capacidad de induccion de electricidad estatica
significativamente menor y una fluidez excelente (véanse el Ejemplo Experimental 6
y la Tabla 3).

En conclusién, en comparacion con el compuesto no cristalino, la forma cristalina A
tiene excelentes efectos, tanto como dos veces como minimo y 20 veces como
maximo, y por lo tanto, un experto en la materia no podria predecir faciimente la forma

cristalina A y sus efectos a través de la experimentacién de cristalizacion

convencional rutinaria.

Por ultimo, indicar que las presentes reivindicaciones tienen un ambito de proteccién
equivalente a las reivindicaciones concedidas en la patente US 9,908,870 B2 (adjunto

como Anexo 2).

Teniendo en cuenta todo lo anterior, consideramos que la Reivindicacién 1 es
inventiva. El resto de reivindicaciones son también inventivas en virtud de su

dependencia o referencia a la Reivindicacién 1.

Respecto al pago de la solicitud del examen de patentabilidad, es importante informar a este
Despacho que no se solicitd la modificacién del capitulo descriptivo o reivindicatorio. Por esta

razén, no se hace necesario la presentacion del pago correspondiente.



Esperamos haber dado respuesta en su conformidad al presente requerimiento.

Cordialmente,

Juan Carios Cuesta Quintero.
C.C. 79.339.809 de Bogota
T.P. 43273 del C.S. dela J.
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Introduction

When & compound exhibits polymorphism—the ex-
istence of more than one crystal structure—it may be
important to obtain a particular pelymorph under
controlled and reproducible conditions. However, this
is not always easy to achieve. Tales of difficulties in
obtaining crystals of a particular known form or in
reproducing results from another laboratory (or even
from one's own!) abound. Indeed, there are cases
where it was difficult to obtain a given polymorphic
form even though this had previously been obtained
routinely over long time periods. Several monographs
contain explicit or passing references to these prob-
lems,! but much of this lore has gone undocumented,
especially in the last 30 years or so. In this Account
we present and discuss old and new examples.

Crystallization is a process taken for granted by
most practicing chemists; the majority of the tech-
niques were developed long ago and are described in
all standard laboratory texthooks. It is the standard
method for purifying solid compounds, and chemists
generally believe that they can control the process, at
least when it yields the desired product. What is
disturbing about the phenomenon of disappearing or
elusive polymorphs is the apparent loss of control over
the process: we did the experiment last week and got
this result, and now we cannot repeat it! This kind
of statement can lead to raised eyebrows or even to
outspoken expressions of disbelief. We have ourselves
experienced the frustration of not. being able to
reproduce an experimental result that was undoubt-
edly obtained earlier.

Crystallization: Nucleation and Growth

The process of erystallization of a compound from
solution or from the melt is poorly understood. At
least two stages must be distinguished: the formation
of a critical nucleus and its subsequent growth. The
first step is decisive in that it can be regarded as being
associated with a free energy of activation and is
therefore rate limiting. Under suitable conditions,
that step may be delayed almost indefinitely. For
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ingtance, Faraday? observed that molten sulfur in a
flask cooled to room temperature did not entirely
solidify. When a drop of the fluid material was
touched, it immediately crystallized; untouched, some
drops were retained for a week in the fluid state.
Faraday noted that this supercooled state of sulfur is
analogous to that of water cooled below its freezing
point, although the temperature difference is much
greater (the freezing point of sulfur is 119 °C); De
Coppet found that samples of salol (phenyl salicylate)
could be kept in the liquid state at rcom temperature
for perieds of several years.® When nucleation is
rapid, the formation of many nuclei leads fo many
crystals, whereas slow nucleation tends to produce a
smaller number of larger erystals. Of course, stirring,
shaking, or other disturbances of the liquid phase
during the crystallization process can affect the out-
come.

A striking case where nucleation was decisive in
determining the result of a crystallization experi-
ment has been described recently.* Sodium chlorate
(NaClOs) crystallizes in the chiral space group P2,3;
that is to say, individual crystals of this substance may
occur in enantiomorphic forms. Normally, crystal-
lization from solution produces the enantiomorphs in
roughly equal numbers. Kondepudi, Kaufman, and
Singh® found, however, that stirring an aqueous
solution of this substance leads to a predominance of

* Corresporidence may be directed to either author,

*ETH.

* Ben-Gurion University.

{1) Buckley, H. E. Crystal Growth; Wiley: New York, 1951. Tipson,
R. 8. Crystallization and Recrystallization. In Technigue of Organic
Chemistry; Weissberger, A., Ed.; Interscience Publishers, Inc.: New York,
1956; Volume I1I, Part I, Chapter III, pp 395—562. Holden, A.; Singer,
P. Crystals and Crystal Growing; Doubleday: New York, 1960,

(2} Faraday, M. Experimental Researches in Chemistry and Physics;
Taylor and Francis: London, 1853, p 212. On the following page, Faraday
apologized for not having acknowledged observations along similar lines
made earlier (in 1813) by M. Bellani: “I very fully join in the regret.. that
scientific men do not know more perfectly what has been done, or what
their companions are doing; but T am afraid the misfortune is inevitable.
1t is certainly impossible for any person who wishes to spend a portion
of his time to chemical experiment, to read all the books and papers
that are published in connection with his pursuit: their number is
immense, and the labour of winnowing out the few experimental and
theoretical truths which in many of them are embarrassed by a very
large proportion of uninteresting matter, of imagination, and of error,
is such, thet most persons who try the experiment are quickly induced
to make a selection in their reading, and thus, inadvertently, at times,
pass by what is really good.” Since Faraday’s times, these difficulties
have multiplied out of all proportion, but we may still use his words to
la;:niéegize to any scientists whose works we may similarly have over-
coked.

(3} De Coppet, M. L.-C. Ann. Chim. Phys. 1807, 10, 457. “La surfusion
dure done depuis bientét 6 ans.” In another experiment, de Coppet
reported that a sample of sodium sulfate, supersaturated with respect
to the decahydrate, had still not crystallized after 25 years. In geners],
the higher the temperature to which the liguid was raised and the longer
the time it was held af high temperature, the more resistant the liquid
was to crystallization. Heating a liquid destroys residual order.

(4) McBride, J. M,; Carter, R. L. Angew. Chem. 1981, 103. 298; Angew.
Chem., Int, Ed. Engl. 1991, 30, 293,

{5) Kondepudi, D. K.; Kaufman, R. J; Singh, N. Science 1890, 250,
975,
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crystals of one handedness, sometimes right, some-
times left, but not depending on the direction of
stirring. In checking this result, McBride and Cartert
showed by video recording that a single nucleation
event can produce almost all of the crystals formed:
“...Crystals begin nucleating at random, but the first
crystal to be struck by the stirrer clones hundreds or
thousands of new nuclei. Growth of so many nuclei
soon lowers the concentration of the solute below the
threshold for spontaneous formation of primary nuclei,
so that there is no way to begin crystallization of the
enantiomer.” '

Seeding

One way of influencing the crystallization process
is by seeding, and here we need to differentiate
between what we may term intentional and uninten-
tional seeding. Intentional seeding is a common
practice among chemists who wish to coax crystalliza-
tion of a compound from solution or from the melt;
small crystals or crystallites of the desired material
{seeds) are added to the system. In this way, the rate-
limiting nucleation step, which may be extremely slow,
is circumvented. For this method to be applied, it is
of course necessary that a sample of the crystalline
material is available; that is, the compound must have
been already crystallized in a previous experiment.
When polymorphic forms of a substance are known
to occur, intentional seeding with one of the poly-
morphs is a useful and often the most successful way
of preferentially producing it rather than the other.

Seeding may also oceur if small amounts of the
crystalline material are present as contaminants:
unintentional seeding.® Unintentional seeding is often
invoked as an explanation of phenomena which oth-
erwise are difficult to interpret. We shall argue in
favor of this explanation, although there is no con-
sensus about the size and range of activity of such
seeds, which have never actually been directly ob-
served.” Estimates of the size of a critical nucleus
range from a few tens of molecules to a few million
molecules.® With a size of about a million molecules,
even a speck (107% g) of a compound of molecular
weight 100 contains approximately 10'® molecules,
sufficient to make 10'° such nuclei. One can think of
local seeding, where the contamination may apply to
the experimentalist’s clothing, a portion of a room, an
entire room, a building, or even, with increasing
degrees of implausibility, to a district, 2 town, a
country, a continent, and so on. In the limit we have
what has been proposed as universal seeding (plan-
etary seeding would be a more accurate expression),
where the whole planet is assumed to be contami-
nated.” A seed that promotes formation of a crystal-
lization nucleus need not necessarily be composed of
the same molecules as the compound that is to be
crystallized. Specks of dust, smoke particles, and
other small foreign bodies can act as seeds in promot-

(6) It is well-known that it is often difficult to crystallize a newly
synthesized compound. Subsequent crystallizations may be essier,
hecause of the presence of suitable seeds.

(7) Chemists and physicists have long become accustomed to postulat-
ing models as explanations for phenomena that cannot be directly
chserved. The existence of atoms is perhaps the classic example.

(8) Mullin, J. W. Crystailization, 3rd ed.; Butterworth-Heineman
Ltd.: Oxford,1993; pp 182-185.

(9) The claim for “universal seeding”, taken literally, is obviously
absurd. After all, the universe is estimated to contain about a millimole
of stars, sc one seed per star (per solar system)—not much—would need
about 100 kg of the compound in question (MW =~ 100),
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ing crystallization, which is the reason laboratory
chemists often scratch the walls of a glass vessel with
a glass rod to encourage a solute to crystallize.1?

Polymorphism

We have mentioned the phenomenon of polymor-
phism, which is commonly understood as connoting
the ability of a compound (or of an element to
crystallize in more than one distinet crystal structure.
According to McCrone,'! “A polymorph is a solid
crystalline phase of a given compound resulting from
the possibility of at least two different arrangements
of the molecules of that compound in the solid state.”
Because polymorphs have different structures, they
may differ greatly in density, hardness, solubility, and
optical and electrical properties; e.g., diamond and
graphite are two polymorphic forms (allotropes) of
carbon. Many compounds are known to crystallize in
polymorphic forms. In the inorganic and raineralogi-
cal fields, these sometimes have different names, e.g.,
ZnS, wurtzite and sphalerite; CaCOj, calcite, arago-
nite, and vaterite; TiQq, rutile, brookite, ard anatase;
but, more generally, different polymorphic forms are
denoted by letters, A, B, C or o, 3, y, etc., or by Roman
numerals, I, II, ITI, etc., depending on the preference
of the discoverer. McCrone'! has provocatively sug-
gested that “every compound has different polymor-
phic forms, and that, in general, the number of forms
known for a given compound is proportional to the
time and money spent in research on that compound.”
In support of this, McCrone observes that many
compounds of industrial importance (i.e.. those on
which a great deal of time and money are spent) are
known to exhibit pelymorphism: silica, iron, caleium
silicate, sulfur, spap, pharmaceutical products, dyes,
and explosives. Such compounds, unlike the vast
majority of compounds that are isolated, are prepared
and crystallized not just once but repeatedly, under
conditions that may vary slightly from time to time.
Similarly, in the biomolecular area, where much time
and effort is invested in attempts to crystallize pro-
teins under many slightly different conditions, poly-
morphism is frequently observed.!? The universality
suggested by McCrone’s statement may, however, be
considerably tempered by the fact that fewer than 5%
of the compounds in the Cambridge Structural Data-
base (CSD) are known to be polymorphic (although it
must be admitted that crystallographers typically
choose one crystal specimen from their semple and
leave it at that). Moreover, some very widely studied
compounds have shown no evidence of polymorphic
behavior, even though they have been crystzllized and
handled for many years under a far-ranging variety
of conditions; naphthalene is an example that im-
mediately comes to mind.

Here we shall be concerned exclusively with molec-
ular erystals, where the molecule may have the same
shape in the two polymorphs or it may have a different
shape, resulting in what has been termed “conforma-

(10) “Auch das Reiben mit einem Glasstab an der Wandung des
Geftsses schafft Keime, an deren Vorhandensein die Kristallisation
gebunden ist.” Organikum; VEB Deutscher Verlag der Wissenschaften:
Berlin, 1977; p 46,

{11) McCrone,W. C. Polymorphism In Physics and Chemistry of the
Organic Solid State; Fox, D., Labhes, M. M., Weissberger, A., Eds;
Interscience: New York, 1963; Vol. II, pp 726~767.

(12) For example, according to the Protein Data Bank {distributed
by Brookhaven National Laboratory, Upton, NY), the extensively studied
human hemoglebin is known in monoclinic, orthorhombic, and tetragonal

modifications; lysozyme in triclinic, monoclinic, orthorhombic, trigonal,
tetragonal, and hexagonal ones.
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Figure 1. Free energy vs temperature diagrams for two polymorphs, with crossing peints where their free energies cross: left,

enantiotropic system; right, monetropic system.

tional polymorphism”.*® McCrone’s criterion!! is that
polymorphs are different in crystal structure but
identical in the liquid or vapor states. This implies
that crystals containing molecules with different
atomic arrangements are to be classed as polymorphs
if the molecules concerned interconvert rapidly in the
melt or in solution to give the same equilibrium
mixture. Thus, this definition would encompass not
only conformational isomers but all kinds of isomers
in dynamic equilibrium. In phase-rule terminology,™
the various polymorphs and the liquid obtained by
melting them constitute a one-component system (or
a two-component system if we consider solution of the
polymorphs in a given solvent).

Clearly, this definition is not completely satisfactory
and leaves several kinds of borderline cases open: are
syn- and gnii-oximes in the solid state to be classed
as polymorphs or as separate compounds? What
about the various molecular species involved in the
complex equilibria among open-chain and cyclic forms
of saccharides (constitutional and configurational poly-
morphs)? How long are we supposed to wait for
equilibrium to be established? Should different hy-
drates or solvates of a given compound be classified
as polymorphs? (The term pseudopolymorphism has
been proposed to cover such cases.) Definitive answers
to these and similar questions cannot be given; they
depend on one’s point of view. In the same way, there
seems to be no unequivocal way of distinguishing
between polymorphic transformations and solid-state
chemical reactions. There are borderline cases that
show characteristic features of both.

In molecular crystals, free energy differences be-
tween polymorphs are usually quite small, a matter
of a few kilocalories/mole at most,’ and depend on
temperature, mainly because of the entropic contribu-
tion to the free energy. Because of the thermodynamic
relation G = H — TS, the form with the higher entropy
will tend to become the thermodynamically more
stable form as the temperature is raised (Figure 1).
Thus, over a small temperature range, and particu-
larly between room temperature and the melting
point, one polymorph or another can. change from
being the stable form to being metastable. If the

(13) Bernstein, J.; Hagler, A. T. J, &m. Chem. Soc, 1978, 100, 873.
Bernstein, J. Conformational Polymorphism In Orgaric Solid Stuate
Chemistry; Desiraju, G., Ed.; Studies in Organic Chemistry, Vol. 3%;
Elsevier: Amsterdam, 1987; pp 471518,

(14} See, for example: Findlay, A.; Campbell, A. N.; Smith, N, The
Phase Rule and its Applications, 9th ed.; Dover: New York, 1951.

(151 Kitaigorodskii, A. 1. Adv. Struct. Res. Diffr. Methods 1970, 3, 173.

. thermodynamic transition temperature is below the

melting point, the polymorphic system is known as
enantiotropic (not to be confused with enantiotopic, a
term applied to atoms or groups in a molecule that
are related by an improper symmetry operation but
not by a proper one, e.g., the two methylene H atoms
in ethanol) and the transition is in principle reversible;
if the trausition temperature is above the melting
point, then the system is monotropic and the transi-
tion can take place only in one direction. A metastable
form can persist for years, or it can undergo spontane-
ous transformation to the stable form.

Mechanisms of Polymorphic Transformations

The title of this section promises more than it can
deliver, because the mechanisms of polymorphic trans-
formations in molecular crystals are largely unknown.
The one type of transformation for which some level
of understanding can be claimed is order—disorder
transformations, where the high- temperature phase
has essentially the same molecular arrangement as
the low-temperature one and differs from it only by
an increase in the crystallographic site symmetry of
the structural units. This increase in apparent mo-
lecular symmetry is due to an increase in crystal
disorder such that the space-averaged, time-averaged
distribution of matter has a higher symmetry than the
instantaneous distribution in an individual unit cell.
The reverse transformation corresponds to the onset
of an ordering process. Such transitions are usually
classified as “second-order” from the thermodynamic
point. of view, and, since they are virtually the only
ones that can be handled on a theoretical basis, they
receive the most attention in textbooks. From reading,
one might even get the impression that order—disorder
transformations are the prototype of phase transitions
in general, but this is not the case.

Presumably, as in the primary crystallization proc-
ess, the mechanisms of most solid—solid transforma-
tions involve the formation of critical nuclei of the new
phase, followed by their growth. According to My-
nukh,® the nucleation step is critically dependent on
the presence of “suitable” defects. Depending on the
nature of these defects, nuclei of the new phase may
be formed at different temperatures and grow at
different rates. Thus, defects in the initial crystal
structure may be necessary for initiating (or cata-

(18) Mynukh, Yu. V. J. Cryst. Growth 1874, 38, 284; Mol. Cryst. Lig.
Cryst. 1979, 52, 467, 505.
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lyzing) nucleation of the new phase. Indeed, in some
cases, the transformation can be induced by mechani-
cally introducing defects, for example, by scratching
the surface of the crystal with a pinpeint. On the
other hand, there are alse examples where the trans-
formation is virtually instantaneous (and in one case
even reversible), causing the crystals to “jump”.V’

Solid-state transformations in molecular crystals
often show a high degree of hysteresis. It may be
necessary to heat the low-temperature form to a
temperature well above the thermodynamic transition
temperature before signs of phase transformation can
be detected. Even when no solid—solid transformation
of the low-temperature form occurs below the melting
point, this is not sufficient proof that the system is
monotropic; the transformation may simply be too
sluggish to be observed. Similarly, transformations
in the reverse direction, produced by cooling the high-
temperature form, are also invariably accompanied by
hysteresis. This can be so severe that a high-temper-
ature form can sometimes be kept indefinitely at
temperatures well below the transition point. Thus,
X-ray structure analyses at 100 K have been made of
crystal phases more than 200 K below their thermo-
dynamic range of stability.!8

Vanishing Polymorphs

Woodard and McCrone'® described several cases
where, after nucleation of a more stable crystal form,
a previously prepared crystal form could no longer be
obtained. Other examples were described by Webb
and Anderson,?® who wrote, “Within the fraternity of
crystallographers anecdotes abound about crystalline
compounds which, like legendary beasts, are observed
once and then never seen again.” In a sober comment
on these views, Jacewicz and Nayler?! criticized some
of the more exaggerated claims. While admitting the
role of seeding in promoting nucleation, they argue
that the disappearance of the metastable form is a
local and temporary phenomenon and conclude that
“any authentic crystal form should be capable of being
re-prepared, although selection of the right conditions
may require some time and trouble.”

In most of the examples cited by these authors,
relevant questions are left unanswered. Many chem-
ists remain skeptical about a subject that calls into
question the criterion of reproducibility as a condition
for acceptance of a phenomenon as being worthy of
scientific inquiry. Nevertheless, there are well-
documented cases of crystal forms that were observed
over a period of time but not thereafter, having been
apparently displaced by a more stable polymorph. The
relevant literature is scattered and almost impossible
to find by subject searches. In the remaining space

(173 Gigg, J.; Gigg, R.; Payne, S.; Conant, R. J. Chem. Soc., Perkin
Trans. 1, 1987, 2411, Ding, J.; Herbst, R.; Praefke, K; Kohne, B;
Saenger, W. Acta Crystailogr., Sect. B 1981, 47, 788. Steiner, T; Hinricha,
W.; Saenger, W.; Gigg, R. Ibid., in press. Zamir, 3.; Bernstein, J;
Gresnwood, D. J. Mol. Cryst. Lig. Cryst. 1884, 242, 193. Etter, M. C;
Seidel, A. R. J. Am. Chem. Soc. 1883, 105, 841. Kohne, B.; Praefke, K ;
Mann, G. Chimic 1988, 42, 138,

(18} For example, the white high-temperature modification of dimethyl
3,6-dichloro-2,5-dihydroxyterephthalate, unstable below about 340 K,
crystal structure analysis at 98 K. Yang, Q.-C.; Richardson, M. F.; Dunitz,
J.D. Aeta Crystallogr., Sect. B 1988, 45, 312. Richardson, M. F.; Yang,
Q.-C.; Novotny-Bregger, E.; Dunitz, J. D. Ibid. 1986, 46, 653.

(19) Woodard, G. D.; McCrone, W. C. J. Appl. Crystallogr. 1878, &,
342.

(201 Webb, J.; Anderson, B. J. Chem. Educ. 1978, 55, 644.

(21) Jacewiez, V, W.; Navler, J. H. C. J. Appl. Crystallogr. 1979, 12,
396.
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we review published examples, present some new
results, and try to put the subject into perspective. We
begin with one of the best-studied examples.

1,2,3,5-Tetra-O-acetyl-f-D-ribofuranocse (I). The
early history of this compound reads like a mystery
story. As first prepared in 1946 in Cambridge, Eng-
land, by Howard, Lythgoe, and Todd,? the compound
had melting point 58 °C.

ACO OAc

ACO  OAc
H

Virtually the same melting point was measured for
material prepared by a different method in Jena by
Bredereck and Hoepfner.?® When several batches of
the same material were prepared soon afterward
(1949} in a different laboratory on the other side of
the Atlantic, in New York, by Davoll, Brown, and
Visser,?® the first three preparations had melting point
56—58 °C, but the fourth run yielded material with a
distinctly higher melting point, 85 °C. Around the
same time, in Jena, by direct acetylation of ribose,
Zinner® obtained a mixture of two tetraacetyl deriva-
tives, one the ribopyranose and the other the ribo-
furanose, with a melting point of 82 °C for the latter.
The two high-melting compounds appeared to be
identical, although the nature of the structural dif-
ference between them and the low-melting form was
unknown. So far, so good; innumerable examples of
polymorphism are known. The low-melting form can
be called A, the high-melting one B.

After some time, however, the melting pcints of the
early New York preparations had risen to 85 °C, and
it was no longer possible to prepare the A form.?* A
sample of A was sent from Cambridge, but when it
was exposed to the air in New York, in a laboratory
that contained samples of B, the crystals of A rapidly
became opaque and transformed to B. In the mean-
time, transformation of A to B was also found to have
taken place in Cambridge. Since the A formm could no
longer be obtained in the New York laboratory, further
experiments involving this form were movec! to distant
Los Angeles, where it was shown that when 1 g of A
(melting point 57 °C) was inocculated with 1 mg of B
{melting point 85 °C), the melting point of the sample
was raised to 7577 °C within 2 h and to 77—79 °C
overnight.?* Similar phenomena were observed in
Manchester.?® Low-melting A was first obtained, but
when B was introduced into the laboratory, the whole
of the material had the higher melting point and the
low-melting form could no longer be prepared.”’

The scene now changes to Philadelphia, where
Patterson and Groshens?® (the same Patterson as in
the Patterson function used in crystallography) took
on the task of measuring X-ray diffraction data for the
two crystalline forms. Low-melting A was found to
be monoclinic, space group P2;, and the crystal was

{22) Howard, G. A; Lythgoe, B,; Todd, A. R, J. Chem. Sce. 1847, 1052,

(23) Bredereck, H.; Hoepfner, E. Chem. Ber. 1948, 81, 51.

(24) Davell, J.; Brown, B. B.; Visser, D. W. Nature (london) 1852,
170, 64.

(23) Zinner, H. Chem. Ber. 1850, 83, 153.

(28) Farrar, K. R. Nature (Londonj 1982, 170, 896.
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Figure 2. Stereoviews of the two forms of I. In both cases the view is on the plane of C1-0~C4 of the furanocse ring: upper,
monoclinic A form: lower, orthorhombic B form. For clarity, only carbon atoms are labeled.

sufficiently stable to last for 7 weeks. At the end of
this time, crystals of B were introduced into the room.
After three days, the A crystal was unchanged, but
when powdered B was sprinkled over the A crystal,
the latter transformed completely to B in a few
minutes. The transformed material still had the
external shape of the original A crystal, but it was
opaque and polycrystalline with no preferred orienta-
tion of the crystallites. Crystals of B were found to
be orthorhombic, space group P2,2:2;, with quite
different cell dimensions from A. Patterson and
Groshens noted that the molecular volume increased
by about 2% during the A to B transformation (A,
383.9 A%, B, 392.5 A%).

In the early 1950s it would have been a major
undertaking to determine the atomic arrangement in
these noncentrosymmmetric erystals by X-ray analy-
sis, and it was only some 20 years later that the crystal
structure of form B was determined.?® The. authors
made no mention of the other polymorph. Essentially
the same structure was found by Poppleton,®® who
commented that an attempt to prepare the “rare” A
form by application of high pressure was unsuccessful.

Comparison of the structures of the two forms only
became possible when the elusive A form was obtained

(27) The state of affairs was summarized by Brown et al. (Brown, G.
B.; Davoll, J ; Lowy, B. A. Biochem. Prep. 18955, 4, 70) as follows: “The
form first reported melted at 58° or 56° and the form melting at 84° was
initially termed the B form. & number of laboratories have observed the
transformation of the low melting into the high melting form and once
the latter is obtained the former is not encountered.” For another
contemporary account of the confusion, see: Overend, W. G.; Stacey, M.
In The Nucleic Acids; Chargaff, E., Davidson, J. N., Eds.; Academic
Press: New York, 1955; Vol. 1, p 44,

(28) Patterson. A. L.; Groshens, B. P. Nature (Londonr) 1954, 173, 388.

{29).James, V. J.; Stevens, J. D. Cryst. Struct. Commun, 1973, 2, 608,

1301 Poppleton, B. J. Acta Crystailogr., Sect. B 1978, 32, 2702.

in Budapest and its crystal structure determined.®!
There is no simple structural relationship between the
two polymorphs; the crystal packing is quite different,
and although the ribose ring and its directly attached
atoms are nearly superimposable, the molecules adopt
different conformations with respect to the orienta-
tions of the acetyl groups about the bonds C2—02,
C3-03, and C5-05 (Figure 2).

According to force-field calculations® the intra-
molecular nonbonded potential energy of the form A
conformation is lower than that of the B conformation
by 15.7 kJ mol™!; that is, the more stable molecular
structure is found in the low-melting polymorph. This
is reasonable, because, as mentioned earlier, the
thermodynamic stability of a high-temperature form
must be due to its higher entropy rather than to its
lower potential energy (see Figure 1). The increase
in molecular volume on going from the A to the B form
is consistent with this.

In spite of all the work done on this system, we still
do not know the thermodynamic transition point,
where the two free energy curves cross. From the
many instances where A has been reported to trans-
form spontaneously to B, we can infer that the
transition point lies somewhat below normal labora-
tory temperature. Thus, form A iz likely to have been
present as a metastable species during most of its
existence. In spite of its thermodynamic instability
with regpect to form B, it may have tended to crystal-
lize first from solution because of a more rapid rate
of nucleation, a kinetic factor. Once formed, the
crystals of A may endure for a longer or shorter period,
depending on the local temperature and other factors.

(31) Czugler, M.; Kdlman, A.. Kovdcs, J.; Pintér, I, Acta Crystaliogr.,
Sect. B 1981, 37, 172
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The solid-state transformation to B may take place
spontaneously, or it may be catalyzed by the presence
of seeds of B. In subsequent crystallization experi-
ments in the same laboratory the presence of B seeds
will circumvent the kinetic advantage of form A; once
such seeds are present in the laboratory atmosphere,
the lower solubility of thermodynamically stable B
must tip the balance in its favor, resulting in the
virtual “disappearance” of metastable A from labora-
tories “contaminated” by B.

It is also possible that, when first prepared, the A
form was preferred thermodynamically as well as
kinetically. Although normal laboratory temperature
is nowadays taken as around 25 °C, this can by no
means be taken as typical of former times.?? Besides,
the immediate postwar period was marked by severe
fuel shortages in Eurcpe. British and German labo-
ratories at that time must often have been consider-
ably colder than 25 °C, except in warm summer
weather. Was form A obtained in Cambridge and
Jena during cold weather conditions, when the ambi-
ent temperature fell below the thermodynamic transi-
tion point? After so many years it is difficult to find
out.

There are clearly many questions left unanswered,
and this is typical of the information that can be
gathered today from the literature about these phe-
nomena. The accounts of the optical rotation meas-
urements are particularly confusing. For example,
Davoll, Brown, and Visser® reported that when a
methanolic solution of A was inoculated with a minute
amount of B, the specific rotation [alp changed from
about —3.5° (the normal value for solutions of A) to
about —13.5° (the normal value for solutions of B). The
authors were somewhat at a loss to explain this, since
they considered o, 3 isomerism at the anomeric carbon
atom to be unlikely (although we shall encounter
examples later). In contrast, Farrar® found that
solutions of the two forms in chloroform had nearly
the same specific rotation [a]p of about —12°, the value
expected for B, From this result, correctly as we now
know, Farrar considered the difference between the
two forms to be merely one of dimorphism in the solid
state; equilibrium among the various conformational
states is attained rapidly in chloroform solution,
regardless of whether the solution is prepared from
the A or the B form. What about the different results
in methanolic solutions of A and B? It seems most
unlikely that interconversion would be slow enough
to be observable from optical rotation measurements.
QOur tentative conclusion is that these measurements
are unreliable.

Benzylidene-di-piperitone (II}. The compound
was first prepared in Sydney, Australia, in 1921 as
large pale yellow prisms (mp 59860 °C, a form). After
a second form appeared (mp 63—64 °C, yellow rhombic
prisms, B form), it was difficult to reproduce the

CHay
O

CHy

&)
i

original o form, and the conditions leading to each

Dunitz and Bernstein

form were carefully determined.® Several vears later,
in St. Andrews, Scotland, only a third polymorph (mp
6870 °C, faintly yellow small needles, y form) could
be obtained,* and it was found that o and j transform
readily into ¥ “by inoculation” (seeding). Once seeds
of y were present, even intentional seeding of solutions
or melts with a or § seeds yielded only the y form.
The authors wrote, “It seems clear, howevar, that the
fortuitous presence of a nucleus of the y form is
sufficient to suppress the production of the « and 8
forms: such nuclei may have been carried from one
building to another in the two sets of Su. Andrews
experiments—for example, on the clothes of the
operators—in spite of precautions.”

In 1987, the same compound was prepared in
Bangalore, India,® by the same method as used in
Sydney.3 Only the o form was obtained znd used in
solid-state photochemical reactions. The authors wrote,
“Innumerable attempts to obtain the § form were
met with failure”, and they did not even mention the
y form.

Benzocaine Picrate (ITY), A low-melting (132 °C)
form has been used as a pharmacopeial standard 3 A
higher-melting (162-163 °C) form is obtained by
drying this material at 105 °C for at least 1 h or by
vacuum drying/sublimation (100 °C/ 0.1 mmHg).%"
Experiments in two labaratories showed that, once the

COOC,Hs NO,
i ON7 j: “NO,
NH, OH

m

latter form had been obtained, the lower-melting form
could no longer be prepared. It was realized that
drastic measures were called for. All samples were
discarded, equipment and laboratory benches were
washed, and, following a waiting period of 8—12 days,
the low-melting form could again be obtained. This
“purging” procedure was followed several times with
reproducible results.

Melibiose (IV) and Mannose (V). The Pfanstiehl
Chemical Company, in Waukegan, IL, specialized in
isolating and purifying natural products. One of these
was the disaccharide S-melibiose IV, with crystalliza-
tion as the final purification step. The production ran
into a problem:® “Then one day, for no apparent
reason, the melibiose turned cut to be of the o variety.
Try as they might, the Pfanstiehl chemists could not
get a batch of melibiose to crystallize in the £ form.
They finally concluded that mere traces of the a form
in the air or on the equipment were enocugh to seed
the solutions, but where it came from 'was never

{32} As an indication of earlier typical laboratory temperatures, it may
be recalled that the calorie was defined as the amount of heat necessary
to raise 1 g of water by 1 °C at 15 °C.

{33) Read, J.; Smith, G. 8. J. Chem. Soc. 1921, 119, 779.

{84 Dewar, J.; Morrison, D. R.; Read, J. J. Chem. So-. 1936, 1598,

(35) Kamagapushna, D.; Ramamurthy, V., Venkatesan, K. Acta
Crystallogr., Sect. C 1987, 43, 1128,

{38} Pharmeopoea Nordica. See also The Merck Index, 8th ed,, rap 134
*C.

{871 Nielsen, T. K.; Borka, L. Acia Pharm. Suec. 1978, 9, 503,

(38} Ind. Eng Chem. December 1953, p 1la.
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determined. They gave up the manufacture of that
particular item, but are convinced that in some other
locality in which there is not a trace of o-melibiose, it
could be possible to crystallize the 8 sugar.” %
Similar problems arise with mannose V. Once the
o anomer was obtained, recrystallization from alcohol
was no longer a suitable method for purifying the 8
anomer,* which could still be obtained from the
mixture by extraction at 0 °C with 80% alcohol.#!
We include these two cases involving epimerization
at the anomeric carbon atom as examples of polymor-
phism because they fit McCrone's criterion; once
dissolved, o- and S-melibiose equilibrate rapidly, and
so do o- and fA-mannose. Of course;, each pair is
usually regarded as two separate, isomeric com-
pounds. We are here in one of those borderline areas
where insistence on precise definitionis may not be
productive.
N-(4-Methylbenzylidene)-4-methylaniline (VI).
Over the years, we have been interested in benzyl-
ideneanilines. In 1968 J.D.D. reported the cell con-
stants of several derivatives, among them the subtitle
compound.*® This work was repeated in J.B.’s Iabora-

Me -

Vi

tory in 1673.4 After a break of about 8 months the
original crystals did not diffract well, and recrystal-
lization experiments were undertaken to prepare
crystals suitable for structure determination. For

(39) The problem may still exist. From a survey of chemical catalogs,
including those of Merck, Fluka, BDH, Aldrich, and Sigma, only the a
form seems t» be available.

(40} Levene, P. A. J. Biol. Chem. 1888, 108, 419.

(41 Powers, H. B. C. Z, Zuckerind. 1971, 21, 272.

(42) Bitrgi. H.-B.: Dunitz, J. D.; Zust, C. Acta Crystallogr., Sect. B
1968, 21, 482.

{43} Izak. 1. Senior Thesis. Ben-Gurion University of the Negev, Beer
Sheva, 1973,
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nearly three years, many recrystallization experi-
ments, often preceded by the synthesis of fresh batches
of the compound, were undertaken, resulting in the
discovery of two new polymorphic forms, but the
original one could not be obtained.** Suspecting that
our laboratory had been “infected” by seeds of the two
newer polymorphs, we took advantage of the opening
of a new laboratory about a kilometer away, o try
again from scratch, using new reagents, virgin glass-
ware, and a “new” student, whose contact with the old
laboratory and its inhabitants was forbidden. The
first attempt to prepare the original form under these
conditions was successful.
3-Phenyl-1-p-tolylprop-2-enone (p’-Methylchal-
cone) (VID). Experiments made in 1988-89 at the
ETH provide another example. Following earlier
reports that p’~methylchalcone was polymorphic,® the
compound was obtained with a melting point close to
55 °C (Weygand’s f§ form).*® This was the average

0
=

CHy
YVH

onset temperature of the melting endotherm peak in
a DSC apparatus, as observed for 21 crystalline
samples, recrystallized from hexane and from ethanol.
One sample, prepared by sublimation, had a higher
melting point of 75.5 °C (Weygand’s o form). Shortly
afterward, it was noticed that the melting point of a
sample that had been measured three weeks earlier
had increased from 54.6 to 76 °C. From then on, only
the high-melting form could be obtained from numer-
ous recrystallization experiments from a variety of
solvents. Only in the DSC apparatus could the low-
melting form sometimes be obtained as microcrystals,
by supercooling the molten liquid, but these reverted
instantly to the high-temperature form when removed
from the DSC cell (which is normally covered and
shielded from the atmosphere). The most likely
explanation is that after the high-melting o form had
been prepared, the laboratory atmosphere was con-
taminated by sseds of this form, which acted as
catalysts for the solid-state transformation and as
critical nuclei in the subsequent crystallization experi-
ments. The same explanation had been given many
vears earlier by Weygand:*® “...Die Ruckverwandlung
in die stabile Form erfolgt beim Bertithren mit einer
Spur o-Produkt fast augenblicklich, in Ratimen, die
mit a-Keimen infiziert sind, meist sehr bald beim
blossen Stehen an der Luft.”

Xylitol (VIID). Two crystalline forms of xylitol were
reported in the early literature: a metastable, hygro-
scopic monoclinic form melting at 61 °C and a stable
orthorhombic form melting at 94 °C.#* When a sample
of the monoclinic form was introduced into a labora-
tory where the orthorhombic form had been prepared,
the crystals “changed in a2 few days into the high-

(44} Bernstein, J.; Bar, 1.; Christensen, A. Acta Crystallogr., Sect. B
1976, 32, 1609. Bar, L.; Bernstein, J. Jbid. 1977, 33, 1738, 1982, 38, 121.
(458} Weygand, C.; Mathes, A Justus Liebigs Ann. Chem. 1828, 445,
29.
{48} Miiller, R. Diplomarbeit, ETH-Zurich, 1988,
(47} Wolfram, M. L.; Kobn. E. J. J. Am. Chem. Soc. 1842, 64, 1739,
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melting stable form on exposure to the air of the
laboratory.” ¥ The crystal structure of the ortho-
rhombic form was determined by Kim and Jeffrey,
who wrote: “Attempts to obtain the lower melting
monoclinic form from alcoholic solutions either at room
temperature or close to 0 °C have hitherto been
unsuccessful. We invariably grow the orthorhombic
crystals. Itis interesting to note that although xylitol
was first prepared as a syrup in 1891 there was no
report of crystallization until fifty vears later, when
it was the metastable hygroscopic form that was
prepared first. Having now obtained the stable form,
it is difficult to recover the metastable crystals.... The
availability of appropriate nuclei in the laboratory is
clearly a determining factor, as is well known to
carbohydrate chemists.”

Concluding Remarks

While we are far from being able to present a theory
of disappearing polymorphs, we hope that we have at
least taken the mystery out of the phenomenon.
Prospects for gaining additional contrel over the
nucleation and growth processes are good. With the
use of “tailor-made” impurities, the growth of a
particular crystal form can be suppressed and thereby
the growth of other forms can be promoted.’® Gener-
ally, interest in polymorphs is on the increase, and
even becoming almost fashionable, as polymorphism
can be regarded as a topic in supramolecular chem-
istry: supramolecular isomerism, in fact.

One regular feature can be discerned. All our
examples of disappearing polymorphs involve mol-
ecules that can adopt different shapes: mostly mol-
ecules with conformational freedom but some with
different configurations (epimers such as o and 3
sugars) or different arrangements of their parts (e.g.,
benzocaine picrate). In solution or in the liquid phase,
all these conformations will be in dynamic equilibrium.
There is no reason why the conformer present in the
thermodynamically stable crystal form should be the
most stable conformer in solution. One can imagine
that interconversion barriers run up to about 20 kcal/

(48 Carson, J. F.; Waisbrot, S. W.; Jones, F. T. J. Am. Chem. Soc.
1943, 65, 1777.

(49) Kim. H. 8.; Jeffrey, G. A. Acta Crystallogr., Sect. B 1888, 25, 2607,

{50) Weissbuch, I.; Zbaida, I).; Leiserowitz, L.; Lahav, M. J. Am. Chem.
Soc. 1987, 109, 1868,

(51) Cat’s Cradle Copyright 1963, Kurt Vonnegut, Jr., reprinted by
permission of Donald C. Farber, Attorney for Mr. Vonnegut.
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mol, corresponding to interconversion rates up to a few
seconds, certainly not immeasurably rapid compared
with the rate of formation of critical nuclei. Thus,
formation of nuclei of a stable crystal modification
could easily be hampered by a low concentration of
the particular conformer required, while another
conformer could be incorporated in rapidly growing
nuclei of a less stable crystal form. It is also possible
that a metastable form (at room temperature and
higher) was actually obtained as the thermodynami-
cally stable form at somewhat lower temperature
below the thermodynamic transition point. Unfortu-
nately, we do not have the information that would be
required to check all these points. In ary case, we
believe that once a particular polymorph has been
obtained, it is alwways possible to obtain it again; it is
only a matter of finding the right experimental condi-
tions.

Postseript

A dramatic science-fictional implementation of the
seeding phenomenon was presented over 30 years ago
by Kurt Vonnegut, Jr., in his novel Cat's Cradle; the
following is taken from the chapter ensitled “Ice-
Nine” 51

“There are several ways,” Dr. Breed said to me,
“in which certain liquids can crystallize—can
freeze—several ways in which their atoms can
stack and lock in an orderly, rigid way.”

That old man with spotted bands invited me to
think of the several ways in which canron balls
might be stacked on a court-house lawr, of the
several ways in which oranges might be packed
into a crate.

“So it is with atoms in crystals, too; and two
different crystals of the same substance can have
quite different physical properties.”

He told me about a factory that had been
growing big crystals of ethylene diamine tartrate.
The crystals were useful in certain manufacturing
operations, he said. But one day the factory
discovered that the crystals it was growing no
longer had the properties desired. The atoms had
begun to stack and lock—to freeze—in a different
fashion. The liquid that was crystallizing hadn’t
changed, but the crystals it was forming were, as
far as industrial applications went, pure junk.

How this had come about was a mystery. The
theoretical villain, however, was what Dr. Breed
called “a seed”. He meant by that a tiny grain of
the undesired crystal pattern. The seed, which
had come from God-only-knows where, taught the
atoms the novel way in which to stack and lock,
to crystallize, to freeze....

J.B. is grateful to the Israel Acuderny of Scier.ces and the
U.S.~Israel Binational Science Foundation, who have sup-
ported his studies of polymorphism. We both acknowledge
our debt to many colleagues who have piqued our curiosity
and excitement by making us aware of exaumples of dis-
appearing polymorphs.
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1
CRYSTALLINE FORM OF A
BENZIMIDAZOLE DERIVATIVE AND A
PREPARATION METHOD THEREOF

CROSS-REFERENCES TO RELS
APPLICATIONS

This application is a U.S. national phase application of
International PCT Patent Application No. PCT/KR2015/
012383, which was filed on Nov. 18, 2015, which claims
priority to Korean  Patent Application Nos. 10-2013-
(009326, filed Jan. 20, 2015. These applications are incor-
porated herein by reference in their entireties.

TECHNICAL FIELD
The present wvention relates to a novel crystalline form
of a benzimidazole derivative defined by a particular X-ray
powder diffraction pattern, and a preparation method
thereof.

BACKGROUND ART

Generally, when a drug is present in various forms includ-

ing a non-crystalline form, one or more kinds of crystalline :

form etc., it is obvious in the art that pharmaceutically
important factors such as solubility, release characteristics,
and bioavailability may vary among their forms. Particu-
farly, in a compound where optical isomers can be present,

2ach isomer may exhibit differences not only in physico- °

~hemical properties but also in pharmacological activities
and toxicities. Therefore, it is very important to manufacture
and/or separate an optical isomer having high pharmaco-
‘ogical activity and low toxicity with high-purity. Specifi-
cally, regarding polymorphic crystalline forms, if multiple
“ypes of crystalline forms are mixed upon completion of the
entire formulation procedure due 10 the occurrence of
hanges in polymorphic crystalline forms, if may lead to a
hange in the pharmaceutical properties of the final drug and
thereby 1induce unexpected pharmacokinetic responses.
Accordingly, it is very important to obtain a compound in a
pure, single crystalline form in order to secure reproducibil-
ity of the drug.

Furthermore. in selecting from various erystailine forms,
or between a crystalline form and a non-crystalline form, the
non-crystalline form has advantages of increasing pharma-
centical efficacy and exhibiting fast action due to its high
solubility in general. However, the non-crystalline form has
disadvantages of a short shelf-life and dificulty in adjusting
the release
instability. In contrast, the crystalline form, although it has
low solubility and thus has a low bioavailability per unit
weight, also has advantages in that it can'secure stability and
prepare formulations capable of long-acting’ release. As

such, because the crystalline form has higher stability and 3

lower solubility than the non-crystalline form, it is necessary
1o sacrifice solubility when stability is given top priority,
wheveas stability may be sacrificed when solubility should
e considered first. thus making the decision on how to meet
toth stability and solubility is difficult.

DISCLOSURE

Techunical Problem

The present inventors have made many efforts to develop
a form of compound having long-term storage stability and

speed and blood concentration of the drug due to 50
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industrial applicability in order to utilize 4-[{(48)-5,7-di{-
luoro-3,4-dihvdro-2H-chromen-4-yHoxy ]-N.N . 2-trimethvi-
i H-benzimidazole-G-carboxamide {“Formula | compound™.
hereinafter), which is one of the benzimidazole derivatives
known to have an acid pump inhibition activity, for formu-
lation purposes. As a result, they discovered that the novel
crystalline form of the compound having a particular X-ray
powder diffraction pattern is hardly changed chemically
and/or physically under a long-ferm photo-stressed condi-
tion, has a low hygroscopicity, and bas an extremely low
static-electricity-inducing capability, and is thus advanta-
geous for formulation, and due 1o the excellent stability of
the crystal form itself, it is very usetu] for Jong-term storage
of the compound. thereby completing the present invention.

O

)

Technical Selution

An object of the present invention is to provide a novel
crystalline form of a compound of Formula 1, which is easy
to prepare and has excellent stability.

Advantageous Effects

The crystalline form A of a compound represented by the
following Formula 1 according to the present invention,
compared to the non-crvstalline compound, is hardly
changed chemically and/or physically under a Jong-term
photo-stressed condition, has a low hygroscopicity, and has
an extremely low static-electricity-inducing capability, thus
being advantageous for formulation, and dve to the excellent
stability of the crystal form itselfl it is very useful for
long-term storage of the compound.

DESCRIPTION OF DRAWINGS

FIG. 1 presents an X-ray diffractogram of a novel crys-
talline form A of the Formula 1 compound according to an
exemplary embodiment of the present invention.

FIG. 2 presents an IR spectrum of a novel crystalline form
A of the Formula 1 compound according to an exemplary
embodiment of the present invention.

FIG. 3 presenis a thermogram of a novel crystalline form
A of the Formula 1 compound accerding to an exemplary
embodiment of the present invention by DSC (differential
scanming calorimetry),

BEST MODE

In order to accomplish the above objects, the present
invention provides a crystalline form A of compound rep-
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resenfed by the following Formula 1 havisg an X-ray

powder difiraction pattern with peaks at diffraction angles of

.15 10.0°, 12.6°, 14.9°, 15.6°, 16.5% 17.2°, 19.6°, 23.1°,
24.2°, 28.1°, 30.2° and 31.6° (2020.2°).

[Fomula t}
o}

Ry

W

‘The novel crystalline form provided in the present inven-
tion may be further specified as deseribed herein below,

For example, the crystalline form A of the compound
represepted by Formula 1 is characterized in that it has an
endothermal peak at a temperature between 220° C. and
225° (. in differential scanning calorimetry.

Additionally, the crystalline form A of the compound
represented by Formula 1 is characterized in that it has an IR
spectrum with characteristic absorption peaks at 832 em™,
1071 em™, 1127 em™, 1326 cm™, 1403 em™, 1440 em™,

1

1598 cm™, 2934 cm™, 3062 em”, and 3124 em™.

In another aspect, the present invention provides a methed

of preparing a crystalline form A of a compound represented
by Formula 1 comprising suspending the compound repre-
sented by Formula 1 in any random form in acetonitrile or
water; subjecting the resulting solution to heat-treatment
while stirring for 1 hour to 24 hours; and cooling the
resulting solution to room temperature followed by ripening
crystals while stirring for 1 hour 1 48 hours.

In particular, the stirring with heat-treatment may be
performed by increasing the femperature up to from 50° C.
to 120° C.

In still another aspect, the present invention provides a
method of preparing a crystalline form A of a compound
represented by Formula | compnsing dissolving the com-
pound represented by Formula 1 inany randomformin C,
aleohol or acetone; crystallizing the compound by adding an
antisolvent (o the resulting solution; and ripening the resuli-
ing crystal while stirring for 6 hours to 24 hows at room
temperature.

In particular, the C,_, aleohol may be methanol, and the
antisolvent may be water or isopropyl ether, but are not
limited thereto.

As used herein, the term “antisolvent™ refers 10 a solvent
which shows low selubility or insolubility to a target com-
pound, and can be used to precipitate a target compound by
adding it to a selution in which the targer compound s
dissolved. Therefore, in the method of preparing the crys-
tallime form A according to the present invention, the crys-
tallization of a compound can be achieved by adding an
appropriate antisolvent to the solution where the compound
is already dissolved, considering the solvent type and the
solubility of the compound in the solvemt, etc, The crystals
produced therein may have an X-ray powder diffraction
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pattern, an endothermal peak, and/or an IR spectrum with
characteristic absorption peaks as described above,

Additionally, in order to obtain the product with high
purity by removing impurities, remaining solvents, etc., the
method may further comprise filtering or drying, The filter-
ing and/or drying may be performed without limitation using
a method known in the art.

MODE FOR INVENTION

Hereinafter, the present invention will be described in
more detail with reference to the following Fxamples.
However, these Examples are for itlustrative purposes only,
and the invention should not be limited by these Examples.

Example I: Preparation of Crystalline Form A
Using Acetonitrile

50 of  (=)-4-[({48)-5.7-difluoro-3.4-dihydro-2H-

g

¢ chromen-4-vljoxyl-N,N, ,2-trimethyl- 1 H-benzimidazole-6-

carboxamide was added to 400 mL of acetonitrile, and the
mixed solution was heated unil its inner temperature
reached 60° C. The mixed solution was stirred for 3 hours
at the same temperature, and then slowly cooled to room

* temperature. The crystals were ripened by stiring the mixed

solution for an additional 3 howrs and the resulting solid was
filtered. The harvested solid was dried at 40° €. under
vacuum to obtain 435 g of the title compouad, the crystalline
form A of the Formula 1 compound (yield: 90%, m.p.:

Y 222230 C).

Example 2: Prepasation of Crystalline Form A
Using Methanol

50 g of  (~)4-J((48)-5,7-difluoro-3 4-dihydro-21-
chromen-4-yljoxyl-N.N.2-trimethyl-1H-benzimidazole-6-
carboxamide was added 10 100 mlL of methanol and dis-
solved. The compound was crystallized by adding the mixed
solution to 900 ml. of distilled water dropwise. The crystals
were ripened by stirring the mixed solution at room tem-
perature for 12 hours, and the resulting solid was filtered.
The harvested solid was dried at 40° C. under vacuum t©
obtain 46 g of the title compound, the crystalline form A of
Formula 1 compound (yield: 92%, m.p.: 222:3° C.).

Example 3: Preparation of Crystalline Form A
Using Purified Water

50 g of  (~)-4-[((48)5,7-difluoro-3 4-dihydro-21-

! chromen-4-yloxyl-NN,2-trimethyl-1H-benzimidazole-6-

carboxamide was added to 250 mL of purified water, and the
mixed solution was heated until its inner temperature
reached 100° C. The mixed solution was stirred for 12 hours
at the same temperature, and then slowly cooled to room

$ temperature. The crystals were ripened by stirring the mixed

solution for an additional 36 hours and the resulting solid
wag filtered. The harvested solid was dried at 40° C. under
vacuum to obtain 49 g of the title compound, the crystalline
form A of the Formula 1 compound (yield: 98%, m.p.:

22237 C).

Example 4: Preparation of a Crystalline Form A
Using Acetone

50 ol (=)-4-{{(48)-5,7-difluoro-3 4-dihydro-2H-
chromen-4-y1foxyl-N,N,2-trimethyl- 1 H-benzimidazole-6-
carboxamide was added to 230 mL of acetone and dissolved.

1
=3
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The compound was crvstallized by adding the mixed solu-
tion to 500 ml of isopropyl ether dropwise. The crystals
were ripened by stirring the mixed solution for an additional
12 hours and the resulting solid was filtered. The harvested
solid was dried at 40° C. under vacuum to obtain 45 g of the
title compound, the crystalline form A of the Formula 1
compound (vield: 90%, nup.: 222+3° C.).

Comparative Example 1: Preparation of a
Non-Crystalline Compound

The non-crystalline compound 1 was prepared according
to the method disclosed in Example 2 of Japanese Patent No.
4481344,

Experimental Examiple 1+ X-Ray Diffraction
Spectroscopy Analysis of Crystalline Form A

For the X-ray powder diffraction analysis of the crystai-
line form A of 4-[({48)-5,7-difluoro-3,4-dihydro-2H-
chromen-4-yhoxy]-N. N 2-trimethyl-1H-benzimidazole-6-
carboxamide prepared in Examples 1 to 4, spectra were
measured and analyzed using a STOE grazing incidence

diffraction measurement device (X-ray wavelength: 0.01 A 5

w 100 A, scanning speed/second: 0.02), and the represen-
tative result is shown in FIG. 1.

Specifically, the crystalline form A of 4-[{((48)-5,7-dif-
lnoro-3,4-dihydro-2H-chromen-4-y1joxyl-N,N, 2-trimethyvl-

1H-benzimidazole-6-carboxamide of the present nvention X

prepared in Examples 1 to 4 were all confirmed in the X-ray
diffractogram to have characteristic peaks at diffraction
angles of 8.1°, 10.0°, 12.6°,14.97, 15.6°,16.5°,17.2°, 19.6°,
23.1°,24.2° 28.17, 30.2° and 31.6° (2620.2°) (FIG. 1.

Tixperimental Example 27 IR Spectrum Analysis of
Crystalline Form A

IR spectrum analyses were performed for the crystalline
form A of the Formula 1 compounds prepared in Examples
1 1o 4. The spectrum measurements and analyses were
performed using Fourier-IR Spectrometer {Bruker Corpora-
tion} and the representative result is shown in FIG. 2. From
the FIG. 2. it was confirmed that all crystalline form A of the
Formula 1 compounds prepared in Fxamples 1 to 4. of the
present invention had IR spectra with characteristic absorp-
ton peaks at 832 em™', 1071 em™, 1127 e, 1326 em™,
1403 em™, 1440 cm™, 1598 em™, 2934 em™, 3062 e,
and 3124 em™.

Experimental Example 3: Differential Scanning
Calorimetry Analysis of Crystalline Form A

Differential scanning calorimetry (D8C) was performed s

“or the crystalline form A of the Formula 1 compounds
prepared in Examples 1 to 4. The DSC thermal analyzer
srom TA Instruments was used to analyze the DSC thermo-
gram and the representative result is shown in FIG. 3. From
the results, it was confirmed that all erystailine form A of the
Formula 1 compounds prepared in Examples 1 te 4 of the
present invention had endothermal peaks at a temperature
between 220° C. and 2257 C.

From the Experimental Examples above, it was confirmed
that all crystalline form A of the Formula 1 compounds
prepared in Examples | to 4 had the same characteristics.
Accordingly, further experiments were performed using the
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representative crystalline form A of the Formula 1 com-
pound prepared in Example 1.

Experimental Example 4. Stability Test of
Crvstalline Form A Under a Photo-Stressed
Condition

In order to examine the stability of the erystalline form A
of the Formula 1 compound prepared in Example I under a
photo-stressed condition, the compound was exposed at
given test conditions, i.¢., 1,200,000 lux or higher and 200
Wim® or higher, and the changes in its appearance, optical
purity, and content of related compounds were measured.
Additionally, the change tn color was observed by the naked
eve, and the results are shown in Table 1 below,

TABLE 1

Crystal fom Noneery Crystalline fomi A

Period initial stage  after 4 weeks  initial stage  after 4 weeks
Appearance white vellow whire
powder paweder powder
Content of 0.04% 0.47% NIn
optical isomers
Content of 0.16% 131 o

pmpnTities

As shown in Table 1, the crystalline form A of the
Formula 1 compound was shown to have excellent aptical
purity compared to the non-crystalline form. Additionally,
no optical isomer was detected in the crystalline form A, i.e..
100% optical purity was maintained, even after exposed
under a photo-stressed condition for 4 weeks, whereas the
content of optical isomers was increased by 10-fold in the
non-crystalline form thereby markedly decreasing its optical
purity. Additionally, when observed with the naked eve, the
non-crystalline form showed a white color as the pure
compound, and gradvally turned vellow due to exposure to
hight, whereas no noticeable color change was observed in
the crystalline form A under the same condition. Further-
more, the crystalline form A was shown (o maintain a
content of related compounds of (1.1% or below, which is a
standard value forpharmaceutical drug approval, not only as
it was but after treated under a 4-week photo-stressed
condition, whereas the non-crysfalline form showed refated
compounds content of 0.16%, which was higher than the
previously mentioned standard value, for the compound
itself, and its content of related compounds increased by
3-fold or more after a 4-week photoexposure. From these

3¢ resulls, it is obvious that there will be marked differences

between the two forms in terms of optical purity and the
content of related compounds, considering more than one
vear of shell-life required for conventional pharmaceutical
drugs from manufacture to distribution to customers.
Conclusively, these results demonstrate that the crystal-
line form A of 4-[((458)-5,7-difluoro-3 4-dihydro-2H-
chromen-4-vhoxy]-N,N,2-trimethyl- H-benzinidazole-6-
carboxamide according to the present invention has
excellent photostability compared to the same compound in
a non-crystalline form, prepared in Comparative Example |.

Experimental Example 5: Hygroscopicity Test of

Crystalline Form A

Compounds with low hyvgroscopicity are advantageous in
preparing formulations, and also are advantageous for stor-
age. Additionally, compounds with high hygroscopicity are
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not advantageous in that they are diflicelt to formulate, and
reproducible results may hardly be obtained even though
formulations can be successfully achieved. In this regard,
the hygroscopicity of the crystalline form A of 4-[((48)-53,
T-difluoro-3,4-dihydro-2H-chromen-4-yJoxyl-N,N,2-trim-
ethyl-1H-benzimidazole-6-carboxamide according to the
present invention was measured and compared with those of
the non-crystalline compounds, and the results are shown in
Table 2 below.

TABLE 2

Crystal form Nop-crystalline form Crystalline formn A

Period inirial stage  after 4 weeks sl stage  after 4 weeks
33% RH 1.32 MN.D. 7
759 RH ¢

0.2%

93% RH

As shown in Table 2, the non-crystalline compound at the
initial stape showed a bygroscopicity of 132, and the
hygroscopicity measured after 4 weeks increased markedly,
along with the increase in relative humidity. In contrast, the
crystalline form A compound itself did not show any hygro-
scopicity, but, after being stored in conditions of 33%, 75%,
and 93% relative humidity for 4 weeks, respectively, it
showed a gradual increase in hygroscopicity values,
although the values were still as low as © be below 0.3,
corresponding to 5% to 9% of that of the non-crystalline
compound. From these results, it was confirmed that the
crystalline form A compound has significantly lower hygro-
scopicity than that of the same compound in 4 non-crystal-
line form, and 1s thus useful for preparing formulations and
storage.

Experimental Example 6: Static-Electricity
Inducibility Test of Crystalline Form A

Considering that materials with high induncibility of static-
electricity are generally difficult w handle under the condi-
tions of the pharmaceutical technology, and in pardenlar
under the pharmacological conditions for conventional
industrial crude drugs, and are also not easily realized as
drugs with uniforim content, the static-electricity inducibility
of the crystalline form A of the Formula 1 compound of the
present invention was examined and compared with those of
the same compounds in non-crystalline form, and the results
are shown 1n Table 3 below,

TABLE 3
APl Form BD (g/ml.) TD {ghml) CT* (%}
1323 4102
form 4211
Crysualline 23444
fom A 032 2889

*Carr's Index (CIy <30 value - good fowability

As shown in Table 3, the crystalline form A of the
Formula 1 compound of the present invention was shown 1o
have higher bulk depsity (BD) and tapped density (TD),
compared 1o that of the non-crystalline compound, respec-
tively. The CI values obtained from these parameters by the
following equation were in the range from 24% to 29%,
much lower than the CI values of from 41% to 42% for the
non-crystaline compound, thus confirming that the crystal-
line form A of the Formula 1 compound of the present
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invention has significantly lower static-glectricity inducibil-
ity and excellent flowability compared to that of the non-
crystalline compound.

Cl=10ux{1~-BLF 1),

From the above, it was confimed that, because the
crysialline form A of the Formula | compound of the presen
invention has lowered static-clectricity inducibility and

_ improved flowability, unlike the non-crystalline compound

which is difficult to formulate due 1o its low density and high
static-electricity, formulations are prepared using the crys-
talline form A of the Formula | compound of the present
invention, and it has advantageous physicochemical prop-
erties to improve convenience in preparation and to enhance
content uniformity during the formulation process.

Experimental Example 7: Crystal Stability of
Crystalline Form A

Finally, a crystal stability test was performed 10 examine
the stability of the crystalline form itself, and the results are
shown in Table 4 below.

TABLE 4
API form Crystailine form DSC o Co
Initial stage erystalline form A 223
373

After 4 weeks crystalline form A

(9

As shown in Table 4, the crystallive form A of the
compound represented by Formula | was shown to mainiain
the crystalline form A as a form of an active pharmaceutical
ingredient (API), which is the same as in the initial stage,
after the 4-week weatment under severe stability testing
conditions (60£2° €., 80+5% R}, This suggests that the
crystalline form A of the compound represented by Formula
1 can maintain its physicochemical properiies without any
change in crystalline characteristics even affer long-term
storage, thus having an advantage enabling long-term stor-
age.

The ivention claimed is:

1. A crystalline form A of a compound represented by the
following Formula 1 havigg an X-ray powder diffraction
pattern with peaks at diffraction angles of 8.1°, 10.0°, 12.6%,
14.9%, 15.6° 16.5°, 17.2°%, 19.6°,23.1°,24.2°, 28.1°, 30.2°,
and 31.6° (26£0.2%):

{Formula 1]
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2. The crystalline form A of claim 1, wherein the crys-
talline form A has an endothermal peak at a temperature
between 220° C. and 225° (. in differential scanning cale-
rimetrv.

3. The crystalline form A of claim 1, wherein the crys
talline form A has an IR spectrum with characteristic absorp-
tion peaks at 832 e, 1071 em™', 1127 em™, 1326 em™,
1403 em™', 1440 em™, 1598 em™', 2934 cm ™', 3062 em ™,
and 3124 cm™",

4. A method of preparing a crystalline form A of a
sompound represented by the following Formula 1, com-
prising:

suspending the compound represented by Formula 1 in

any random form in a solvent sclected from the group
consisting of acetonitrile, €, , alkylacetate,
dichlorealkane, chloroform, tetrahydrofuran, toluene.
di(C, , alkvhether, (C, ; alkvlC, ., alkvlether, C,
alkyl ether, water and a mixture thereof:

subjecting the resulting solution to heat-treatment while

stirring for 1 bowr to 24 hours; and

cooling the resulting solution to room temperature fol-

lowed by ripening crystals while stirring for 1 hour fo
48 hours:

{Formuda 1]
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5. The method of claim 4, wherein the solvent is acetoni-
trile, methyl acetate, ethyl acetate, isopropyl acetate, 1,2-
dichloroethane, methvlene chloride, chloroform, tetrahvdro-
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furan, toluene, diethyl ether, isopropyl ether, tert-butyl
methyl ether, water or a mixture thereof.

6. The method of claim 4, wherein the heat-freatment is to
increase the temperature up to from 50° C. 10 120° €.

7. A method of preparing a crystalline form A of o
compound represented by the following Formula 1. com-
prising;

dissolving the compound represented by Formula Linany

random form in a solvent selected from the group
consisting of €, aleohol, acetone, and a mixture
thereof;

crystallizing the compound by adding an antisolvent to

the resulting solution; and

ripening the resulting crystal while stirring for 6 hours to

24 hours at room temperature:

[Formula 1}

8. The method of claim 7, wherein the solvent is metha-
nol, ethanol, isopropanol, n-propancl, n-butanol, isobutanol.
t-butanol, acctone. or a mixture thereof.

9. The method of claim 7. wherein the antisolvent is
water. isopropy! ether, acctonitrile, diethyl ether, tert-buty]
methy! ether, or a mixture thereof.

10. The method of claim 4, further comprising filtering or
drying.

11. The method of claim 7. further comprising filtering or
dryving.






