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Asunto - Solicitud de patente: “DIACILHIDRAZINA CRISTALINA Y

EL USO DE LA MISMA”

Solicitante . INTREXON CORPORATION
Fecha de solicitud : 7 de Abril de 2014
1. Yo. Luz Clemencia DE PAEZ, en mi condicion de apoderada de la sociedad

solicitante de la patente de la referencia, me refiero al oficio No. 5360 notificado por

fijacion en lista el 19 de Mayo de 2015.

2. Mediante oficio No. 5360 se puso en conocimiento del solicitante el informe que
contiene las observaciones hechas por su Despacho sobre la presente solicitud de
patente. Las observaciones realizadas en el oficio se refieren a la presencia de
reivindicaciones referentes a un uso o segundo uso, a la claridad del pliego reivindicatorio
y al nivel inventivo de las reivindicaciones 1 a 10 y 12 a 13 en vista de los documentos D1:
US2009163592 y D2: H.G. Brittain. Segunda Edicion, Informa Healthcare, NY, 2009.

3. Respuesta a las objeciones

De este modo y con el objeto de atender las objeciones arriba mencionadas, se

desea presentar las siguientes modificaciones, aclaraciones y argumentos:

3.1. Modificacion de una solicitud en tramite

De acuerdo con el articulo 34 de la Decision 486 de la Comision de la Comunidad
Andina, donde se establece que la modificacion de una solicitud es posible en cualquier
“EXCELENCIA LEGAL EN UN MUNDO SIN FRONTERAS”
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momento del tramite mientras no implique una ampliacion de la solicitud inicial, me

permito presentar un nuevo pliego reivindicatorio conformado por 12 reivindicaciones.

Se han introducido las siguientes modificaciones al capitulo reivindicatorio:

Las reivindicaciones 3, 4 y 11 han sido eliminadas del pliego reivindicatorio. Lo
anterior no puede ser considerado como un desistimiento de la materia alli
revelada y mi representada se reserva el derecho de volver sobre la misma
durante el tramite de la presente solicitud de patente.

La reivindicacion 1 ha sido redactada nuevamente, de tal forma que ahora se
refiere a la forma Il del N-(1-ter-butil-butil)-N'-(2-etil-3-metoxi-benzoil)-hidrazida
cristalina del acido (R)-3,5-dimetil-benzoico.

La nueva reivindicacion 12 se encuentra dirigida a un kit que comprende la
composicién de acuerdo con la reivindicacion 7, donde la composicion comprende
de 0.01 a 99% en peso de la forma Ill de N-(1-ter-butil-butil)-N'-(2-etil-3-metoxi-
benzoil)-hidrazida del acido (R)-3,5-dimetil-benzoico. Materia que se encuentra

debidamente soportada en la pagina 16 del capitulo descriptivo.

Por lo anterior, las objeciones formuladas por el Examinador en cuanto a la

presencia de reivindicaciones referentes al uso y la claridad y concision del pliego

reivindicatorio se ven superadas. En consecuencia, se solicita atentamente tener en

cuenta este nuevo pliego reivindicatorio para el nuevo analisis de patentabilidad.

3.2,

Argumentos con respecto a la falta de Nivel Inventivo

El articulo 18 de la Decision 486 senala lo siguiente:

“Articulo 18.- Se considerara que una invencion tiene nivel inventivo, si para una
persona del oficio normalmente versada en la materia técnica correspondiente, esa
invencion no hubiese resultado obvia ni se hubiese derivado de manera evidente

del estado de la técnica”.
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Una invencion se considerara inventiva si la misma no hubiese resultado obvia a
partir del arte previo para una persona del oficio normalmente versada en la materia. Esto
a su vez implica que el Examinador a cargo de esta evaluacion debe colocarse en el
momento exacto en el que el inventor buscaba resolver el problema técnico contemplado
en la solicitud y para el cual poseia la literatura y el conocimiento disponibles en dicho

momento.

Siguiendo entonces los lineamientos de la Jurisprudencia aplicable al analisis del
nivel inventivo de una solicitud de patente, se considera que una anterioridad o una
combinacion de dos anterioridades puede afectar dicho requerimiento de patentabilidad, si
una persona medianamente versada en la materia encuentra ensefianzas o sugerencias
claras que, a partir de un conocimiento medio en dicho campo, le permitan llegar de
manera obvia a la invencion reivindicada. Adicionalmente se considera que una mejora

sustancial, un efecto inesperado o una ventaja con respecto al arte previo es un indicio de

nivel inventivo, por cuanto aporta un salto tecnolégico en la regla técnica.

A este respecto, respetuosamente solicitamos atentamente la reconsideracion
de las razones por las cuales se objeta el nivel inventivo, con base en la siguiente

informacién:

Como primera medida la presente invencion se encuentra dirigida a la forma lll
del N-(1-ter-butil-butil)-N'-(2-etil-3-metoxi-benzoil)-hidrazida cristalina del acido (R)-3,5-
dimetil-benzoico. De acuerdo con el documentoladjunto de la declaraciéon del Doctor
Robert E. Hormann que fue presentada en la Oficina de Patentes de Estados Unidos
de América, el documento D1 revela la forma |l, ésta forma es obtenida por una rapida

cristalizacion/precipitacién de metanol/agua y tolueno/heptano (Ver Ejemplo 86 de D1).

El polimorfismo como tal, es impredecible. De acuerdo con Braga et al.
(Anexos) aunque las formas de un cristal han sido y siguen siendo objeto de intensas
investigaciones, el polimorfismo es un fenémeno que aun representa retos cientificos

grandes. Incluso afirma que es muy dificil predecir si una molécula dada se cristalizara



CA Y 1

o2 L.-LJ

LIER

08§

= L

en una o varias formas cristalinas (Pagina 27). Asi mismo menciona que no existe
ninglin protocolo para el tamizaje del polimorfo que pueda garantizar la identificacion
de todas las formas cristalinas de la molécula dada (Pagina 31). Por consiguiente, y
con base a lo anterior es evidente que una persona versada en la materia no tendria
una expectativa razonable de obtener la forma lll, tal y como se reivindica en la

presente solicitud con base a los documentos D1y D2.

Asi, en los argumentos arriba presentados se pueden identificar claramente un
indicio de presencia de nivel inventivo de acuerdo con el numeral 2.13.5.3.1 de la
“GUIA PARA EXAMEN DE SOLICITUDES DE PATENTE DE INVENCION Y MODELO
DE UTILIDAD" de su despacho:

« Efecto técnico sorprendente, ya que el incremento en la estabilidad que presenta
la forma Il por debajo de 45°C con respecto a la forma Il revelada en el
documento D1, no hubiese podido ser esperada por ninguna persona versada en

la materia.

Por lo tanto, se le debe otorgar una compensacion a mi representada que
demuestra nuevos hechos (efectos sorprendentes e inesperados) a las ensenanzas
descritas en el estado de la técnica y contribuyen con el desarrollo de la tecnologia,
teniendo en cuenta que la estabilidad de la forma cristalina es supremamente
importante toda vez que un cambio en la forma del crista podria afectar la

biodisponibilidad del compuesto.

En vista de lo anterior se establece que el efecto técnico mejorado de los
cristales de forma lll objeto de proteccién en la presente solicitud frente a cristales
cercanos del estado de la técnica (cristales de forma Il) en términos de una mayor
estabilidad permite solucionar el problema planteado en la presentes solicitud que
consiste en la necesidad de proporcionar una forma cristalina con estabilidad mejorada
del compuesto N-(1-ter-butil-butil)-N'-(2-etil-3-metoxi-benzoil)-hidrazida cristalina del
acido (R)-3,5-dimetil-benzoico. Adicionalmente, como se mencioné anteriormente la

solucién a este problema técnico no esta divulgada ni sugerida en el estado de la
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técnica toda vez que no se ensefia ni sugiere un cristal con la forma aca recitada y que
presente los efectos técnicos ventajosos del mismo en los documentos citados.
Teniendo en cuenta lo anterior y que el “INSTRUCTIVO EXAMEN DE SOLICITUDES
DE PATENTES DE INVENCION Y MODELO DE UTILIDAD" de su Despacho
establece que: “Pero, si gracias a su estructura cristalina, el polimorfo reivindicado
soluciona de manera inesperada el problema técnico objetivo, por ejemplo porque
presenta una eficacia farmacéutica superior a la de sus pares amorfos o a las de otros
cristales, el polimorfo se considerara inventivo”, se puede concluir que la presente

solicitud tiene nivel inventivo.

En efecto, vale la pena resaltar que la forma polimorfica reivindicada es el
resultado de un estudio cuidadoso y amplio de una serie de factores y condiciones que
(i) en primer lugar, no pueden ser obviamente derivados a partir de los documentos D1
y D2 toda vez que dichos documentos no ensefian ni sugieren las condiciones
especificas por medio de las cuales se puede obtener dicho cristal y que (ii) en
segundo lugar, permiten la obtencion de la forma Ill aca reivindicada, que es bien
definida y perfectamente reproducible (ver descripcién tal como fue originalmente
presentada) y que especialmente tiene valiosas caracteristicas en términos de

estabilidad. De esta manera, el inventor tuvo que escoger y ensayar:

- El solvente, a partir de los posibles solventes seleccionados de:
o solventes polares,
o solventes apolares,

solventes hidrofilos y

o

solventes hidrofobos.

£

- La temperatura, a partir de diferentes temperaturas,
= El rapido enfriamiento de soluciones,

- La opcion adicional de un segundo solvente,

- Velocidad de agitamiento,

= El calentamiento,

- La sublimacion,

S El cambio en el pH.



Por lo tanto, no es suficiente saber que la cristalizacion es posible, dado que adn es

necesario ensayar y escoger las condiciones a ser empleadas para dicho fin.

Tal como se sefiald previamente, el(los) arreglo(s) cristalino(s) especifico(s) y el
numero de arreglos posibles de un polimorfo no son predecibles. Aun cuando la
persona medianamente versada en la materia predijera que el polimorfo de cierta

sustancia existe, no hay una_ensefianza o sugerencia general en el arte que permita

predecir cémo obtener un polimorfo particular. Cabe anotar que aun en nuestros dias

no existe un método especifico para realizar dicha tarea y tampoco para identificar y
apreciar las propiedades y las caracteristicas de un polimorfo particular antes de ser

identificado.

Finalmente, se tiene que ninguno de los documentas citados por el Examinador se
encuentra dirigido a un problema técnico que sea comparable con el que se resuelve
en la presente solicitud. Por lo tanto, consideramos que la manera en la que el
Examinador ha combinado el arte previo demuestra claramente que su analisis se ha
realizado en retrospectiva, por cuanto utiliza la solucion reivindicada en la presente
solicitud para interpretar el arte previo. Esto es inadmisible, toda vez que el
Examinador debe colocarse en el momento en el que se propuso la solucion al
problema técnico sin tomar la solucién reivindicada como punto de partida. Los
documentos que el Examinador debe considerar relevantes en el estudio de
patentabilidad son aquellos que buscan resolver un problema técnico comparable, de
manera que un inventor los hubiera tenido en cuenta al momento de buscar una

solucion al problema técnico.

3.3 Presentacion de una solicitud divisional

En virtud del Articulo 36 de la Decision 486 mediante el cual se establece la
posibilidad de dividir la solicitud en dos o mas fraccionarias, se presenta en esta
oportunidad una solicitud divisional, junto con un pliego reivindicatorio conformado por 14

reivindicaciones.

(e}
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Dicha solicitud divisional se refiere a las formas IV, V, VI, VII, VIII y IX del N-(1-ter-
butil-butil)-N'-(2-etil-3-metoxi-benzoil)-hidrazida ~ cristalina del &cido  (R)-3,5-dimetil-
benzoico mientras que la solicitud parental se refiere a la forma 1l del N-(1-ter-butil-butil)-
N'-(2-etil-3-metoxi-benzoil)-hidrazida cristalina del acido (R)-3,5-dimetil-benzoico. Asi, es
claro que la materia de invencion recitada en el nuevo pliego reivindicatorio de la solicitud
parental y la nueva solicitud parental no se sobrelapan entre si. Teniendo en cuenta que
la nueva solicitud divisional (i) se presenta durante el tramite de la solicitud, (i) la materia
de la solicitud divisional NO se solapa con la materia reclamada en la parental, (iii) se
presentan los documentos necesarios para formar su expediente y (iv) se presentan junto
con el presente memorial comprobantes de pago de las tasas correspondientes a la
presentacion de una nueva solicitud divisional, se solicita atentamente dar tramite a dicha

solicitud divisional.

Teniendo en cuenta que se cumplen con los requerimientos exigidos por el articulo

mencionado, se solicita atentamente dar tramite a esta solicitud divisional.

3.4 Concesion de Solicitudes equivalentes

Aunque compartimos la opinién de su Despacho, en cuanto a que la concesion de
una solicitud de patente en otros paises, equivalente a la solicitud Colombiana, no obliga
a su Despacho a otorgar el privilegio de patente para la misma invencion, si constituye un
antecedente favorable para el estudio de patentabilidad que respetuosamente solicitamos
tener en cuenta. Por lo tanto, informamos a su Despacho que la presente invencion ha
sido otorgada por la Oficina de Patentes de Estados Unidos de America con el numero
8,946,294,

A este respecto, deseamos poner de presente que si bien cada pais es auténomo
de conceder o negar una solicitud luego de la realizacion del estudio de fondo, es claro
que el hecho de que la novedad y el nivel inventivo de una invencion hayan sido

reconocidos por varias oficinas a nivel mundial, es un indicio de la patentabilidad de la

o
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misma toda vez que (i) el estudio de novedad y nivel inventivo en todas las Oficinas de
Patentes del mundo es realizado por personas con conocimientos técnicos en el area de
interés que son consideradas personas idoéneas para emitir conceptos sobre la
patentabilidad de una invencion y que (ii) los resultados de los exdmenes de novedad o
de patentabilidad efectuados respecto a solicitudes extranjeras pueden ser reconocidos
como suficientes para acreditar el cumplimiento de las condiciones de patentabilidad de la

invencion, tal como se senala en el articulo 46 de la Decision 486:

“Articulo 46.- La oficina nacional competente podra requerir el informe de expertos
o de organismaos cientificos o tecnoldégicos que se consideren idoneos, para que emitan
opinién sobre la patentabilidad de la invencion. Asimismo, cuando lo estime conveniente,
podra requerir informes de otras oficinas de propiedad industrial.
De ser necesario, a efectos del examen de patentabilidad y a requerimiento de |a oficina
nacional competente, el solicitante proporcionara, en un plazo que no excedera de 3
meses, uno o mas de los siguientes documentos relativos a una o mas de las solicitudes
extranjeras referidas total o parcialmente a la misma invencion que se examina:
a) copia de la solicitud extranjera;
b) copia de los resultados de examenes de novedad o de patentabilidad efectuados
respecto a esa solicitud extranjera;
[

La oficina nacional competente podra reconocer los resultados de los
examenes referidos en el literal b) como suficientes para acreditar el cumplimiento

de las condiciones de patentabilidad de la invencion” (Negrilla fuera del texto).
3.5 Conclusion
Por todo lo anterior, el documento D1, el documento D2, o su combinacion, no

resultan anterioridades validas capaces de afectar el nivel inventivo de la invencion de la

presente solicitud.

S
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Por lo tanto, consideramos que el Examinador esta pasando por alto que una sola
diferencia con respecto al estado de la técnica, permite concluir que el objeto reivindicado
es nuevo. Ademas, estd excluyendo el hecho de que el inventor en el momento de
solucionar el problema técnico de la solicitud tuvo que emplear habilidad inventiva, pues la
presente invencion no resulta de la mera extrapolacion de las ensefianzas del arte previo,
como se afirma. Se esta desconociendo el mérito investigativo empleado y que esta

aportando una ventaja al arte previo.

4. Puesto que se ha dado respuesta a todas las objeciones formuladas por el
Examinador, se solicita atentamente proceder al otorgamiento de la solicitud de patente.
En este sentido, respetuosamente recordamos al Examinador que la patente no podra ser
negada con base en objeciones diferentes a las expuestas en la accion oficial No. 5360,
toda vez que al no haber sido trasladadas a mi representada, dicha decision violaria tanto
el tenor literal del articulo 45 de la Decision 486 como el derecho constitucional al debido
proceso. En este evento, y con base en el inciso 2 del articulo 45, respetuosamente
solicitamos al Examinador expedir una nueva accién oficial que permita a mi representada
contra argumentar las mismas o modificar la solicitud con el fin de cumplir los requisitos

de patentabilidad.

5. Anexos

+ Nuevo pliego reivindicatorio conformado por 12 reivindicaciones.

e Comprobante de tasa por la solicitud divisional por valor de $478.000.

e Capitulo descriptivo y pliego reivindicatorio conformado por 14 reivindicaciones de
la solicitud divisional.

e Comprobante de pago por 4 reivindicaciones adicionales despues de la décima por
valor de $ 128.000 de la solicitud divisional.

¢ Poder para la solicitud divisional.

» Formulario por concepto de presentacion de una solicitud divisional.
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e Braga, D. et al. Crystal Polymorphism and Multiple Crystal Forms. Springer-Verlag
Berlin Heidelberg, 2009.

e Declaracion del Doctor Robert E. Hormann.

Senor Director,
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REIVINDICACIONES MODIFICADAS

1. Una forma Ill del N-(1-ter-butil-butil)-N'-(2-etil-3-metoxi-benzoil)-hidrazida cristalina
del acido (R)-3,5-dimetil-benzoico,

que se caracteriza por tener un patron de difraccion de rayos X de polvo con picos
en 8.14, 8.52, 9.62, 11.02, 11.90, 12.16, 14.02, 14.62, 17.00, 17.88, 18.56, 19.02, 19.24,
20.51, 20.93, 22.19, 22.73, 23.22, 24.31, 24.53, 25.91, 26.22, 27.36, 27.73, 28.70, 30.84,
31.52, 32.30, 33.19, y 34.39 grados 20;

2; La forma Il del N-(1-ter-butil-butil)-N'-(2-etil-3-metoxi-benzoil)-hidrazida del acido
(R)-3,5-dimetil-benzoico de acuerdo con la reivindicacion 1, donde dicha N-(1-ter-butil-
butil)-N'-(2-etil-3-metoxi-benzoil)-hidrazida del acido (R)-3,5-dimetil-benzoico es la forma

Il pura.

: § La forma Il de N-(1-ter-butil-butil)-N'-(2-etil-3-metoxi-benzoil)-hidrazida del acido
(R)-3,5-dimetil-benzoico de acuerdo con cualquiera de las reivindicaciones 1 a 2
caracterizada porque tiene una distribucion de tamano de particula promedio de 10 ym o

menos.

4. La forma Il de N-(1-ter-butil-butil)-N'-(2-etil-3-metoxi-benzoil)-hidrazida del acido (R)-
3,5-dimetil-benzoico de acuerdo con la reivindicacion 2 caracterizada porque tiene una

distribucion de tamano de particula promedio de 10 pm o0 menos.

5 La forma Il de N-(1-ter-butil-butil)-N'-(2-etil-3-metoxi-benzoil)-hidrazida del acido
(R)-3,5-dimetil-benzoico de acuerdo con la reivindicacién 3 caracterizada porque tiene una

distribucion de tamario de particula promedio de 1 ym o menos.

6. La forma Il de N-(1-ter-butil-butil)-N'-(2-etil-3-metoxi-benzoil)-hidrazida del acido (R)-
3,5-dimetil-benzoico de acuerdo con la reivindicacién 4 que tiene una distribuciéon de

tamano de particula promedio de 1 um o menos.

F Una composicion caracterizada porque comprende la forma Il de N-(1-ter-butil-
butil)-N'-(2-etil-3-metoxi-benzoil)-hidrazida del acido (R)-3,5-dimetil-benzoico de acuerdo

con cualquiera de las reivindicaciones 1-6 y uno o0 mas excipientes.

8. La composiciéon de acuerdo con la reivindicacion 7, caracterizada porque dichos
uno o0 mas excipientes comprenden uno o mas excipientes farmacéuticamente

aceptables.



9. La composicién de acuerdo con la reivindicacion 8, caracterizada porque dichos
uno o mas excipientes farmacéuticamente aceptables comprenden Miglyol 812, fosfolipon

90G, o succinato de tocoferil polietilenglicol 1000, o una mezcla de los mismos.

10. Un método de fabricacion de una composicion caracterizado porque comprende
mezclar la forma Il de N-(1-ter-butil-butil)-N'-(2-etil-3-metoxi-benzoil)-hidrazida del acido

(R)-3,5-dimetil-benzoico de cualquiera de las reivindicaciones 1-6 y un excipiente.

11.  Un método para producir la forma lll cristalina pura de N-(1-ter-butil-butil)-N'-(2-etil-
3-metoxi-benzoil)-hidrazida del acido (R)-3,5-dimetil-benzoico de acuerdo con la
reivindicacion 2, caracterizado porque comprende: (a) equilibrar una suspension de N-(1-
ter-butil-butil)-N'-(2-etil-3-metoxi-benzoil)-hidrazida del acido (R)-3,5-dimetil-benzoico,
cristalina o amorfa, por al menos 0.5 hora en uno o mas solventes que forman no solvato
a alrededor de 26°C o menos; y (b) aislar dicha forma Il cristalina pura de N-(1-ter-butil-

butil)-N'-(2-etil-3-metoxi-benzoil)-hidrazida del acido (R)-3,5-dimetil-benzoico.

12.  Un kit que comprende la composicidn de acuerdo con la reivindicacion 7,
caracterizado porque la composicion comprende de 0.01 a 99% en peso de la forma lll
de N-(1-ter-butil-butil)-N'-(2-etil-3-metoxi-benzoil)-hidrazida del acido (R)-3,5-dimetil-

benzoico.

CPT\CPT\ID-413814\WPC20991



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: Confirmation No.: 6287
HORMANN ef al. Art Unit: 1628
Application No.: 13/606,444 Examiner: Barsky. Jared
Filed: September 7, 2012 Atty. Docket: 2584.1070001/RWE/MFG
For: Crystalline Diacylhydrazine and
the Use Thereof

Declaration of Robert E. Hormann, Ph.D., Under 37 C.E.R. § 1.132

Mail Stop Amendment
Commissioner for Patents
PO Box 1430
Alexandria, VA 22313-1430
Commissioner:

I, Dr. Robert E. Hormann, hereby declare that:

1 1 am the Senior Director of Chemistry, Human Therapeutics Division, at

Intrexon Cerporation.

Z 1 am a co-inventor of U.S. 8,076,517 and of the instant application.
g Example 68 of U.S. 8,076,517 states that "[w]ith respect to [(R)-3,3-
dimethyl-benzoic acid N-(1-tert-butyl-butyl}-N'-(2-cthyl-3-methoxy-benzoy!)-

hyvdrazide], samples obtained by rapid crystallization/precipitation from either
methanol/water or toluene/heptane yield the same powder X-ray diffraction pattern (daia

not shown) .. .. (U.S. 8.076.517. column 131. lines 47-33. emphasis added).

The "data not shown" in Example 68 of U.S. 8,076.517 is provided herein

as Figure 1.
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3. The polymorphic form of (R)-3,3-dimethyl-benzoic acid N-(1-tert-butyl-
butyl)-N'-(2-ethyl-3-methoxy-benzoyl)-hydrazide obtained in U.S. 8,076,517 by rapid
cryvstallization/precipitation from either methanol/water or toluene'heptane corresponds

to Form IT of the instant application (see the PXRD of Figure 11).
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Abstract This chapter discusses the phenomenon of polymorphism in organic and
organometallic compounds, Polymorphism is first introduced and then, to give the
work some context, background information is given concerning properties and
techniques for characterizing the solid phases. In particular, desolvation and inter-
converstion are examined, and the gas—solid reactions are presented as a successful
route o obtaining new crystalline phases. Co-crystal definition is then desceribed and
the problem in distinguishing co-crystals and salls is evaluated.
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1 Introduction

The isolation, identification and characrerization of different crystal forms (poly-
morphs, solvates, salts and co-crystals) of the sume molecule or of aggregates of the
same molecule with other molecules represents one of the most active areas of mod-
ern solid state chemistry, The investigation of crystal forms impacts on fundamental
science as well as on utilitarian objectives because different crystal forms may dis-
play a range of different physico-chemical properties, which may affect application
and utilization of the solid materials.

Polymorphism [1] is one of the most fascinating phenomena of solid state chem-
istry and indeed is a “difficult” phenomenon, studied for many decades mainly. and
separately, in the lields of organic and inorganic chemistry. In spite of the huge
efforts of many researchers our knowledge of the phenomenon is still embryonic,
and the relationship between growth of a erystalline phase and nucleation of the first
crystallites is often mysterious. It is a fact that, despite the ambitions of the scientist,
crystal construction is not yet strictly under human control. Many examples exist of
appearing and disappearing polymorphs, some of which have had great practical
consequences. The reader is addressed to the review by Dunitz and Bernstein for a
number of intriguing examples [2].

2 Definition of Crystal Forms

Although the existence of three different crystal forms of calcium carbonate (calcite,

vaterite and aragonite) was identified by Klaproth in 1788 [3], formal recognition of

the phenomenon of crystal polvmorphism is attributed 1o the work of Mitscherlich
in 1823 [4]. In more general terms, the solid phase of a material, whether formed
of organic molecules. inorganic ions or extended covalent networks, can exhibit dif-
ferent structures which, although possessing the same chemical composition, may
manilest different properties. In addition 1o these polymorphic modifications the
material may also lack long-range order and appear as an amorphous solid, which
can be considered as another polymorph.

A number of authors have suggested that polymorphism is ubiquitous in crystal
chemistry. McCrone stated long ago that: “.. .every compound has different poly-
morphic forms™ and thal, “...in general, the number of forms known for a given
compound is proportional to the time and energy spent in research on that com-
pound™ [5]. In 1951 Findlay noted in his book that polymorphism: “...is now
recognized as a very frequent occurrence indeed” [6]. Buerger and Bloom stated:
*...palymorphism is an inherent property of the solid state and it fails o appear
only under special conditions™ [7]. Similarly, Sirota wrote in 1982; “Polymorphism
is now believed to be characteristic of all substances, its actual non-occurrence aris-
ing from the fact that @ polymorphic transition lies above the melting point of the

substance or in the area of as yet unattainable values of external equilibrium factor

or other conditions providing for the transition™ [8].

|X
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In 1965 Kuhnert-Brandstiitter investigated by hot stage microscopy three
common classes of drug: 70% of barbiturates, 60% of sulphonamides and 23%
of steroids exist in various polymorphic or solvate forms [9, 10].

A number of statistical estimates of the extent of polymorphism have also been
carried out. A search of the Cambridge Structural Database on the keywords “poly-
morph”, “form”, “maodification” and “phase” indicated that about 3.5% of the
~350.000 entries fall into this category. Approximately 25% of the entries are either
solvates or hydrates. Other studies based on different selection criteria reveal a much
larger occurrence [11-13]. For instance, Griesser and Burger have collected infor-
mation on about 600 polymorphic forms and solvates (including hydrates) of phar-
maceutical compounds that are solid at 25°C [14].

Even though crystal forms have been and are the subject of intense investigations,
polymorphism as a phenomenon still represents a substantial scientific challenge,
Indeed itis hard to predict whether a given molecule will erystallize in one or several
crystal forms, whether it will form solvates with different stoichiometries or will
ever be “happy™ to link up with other molecules and form stable co-crystals. Such
variability and unpredictability have been taken by some scientists as an intrinsic
drawback of being able to construct desired crystal structures (and obtain relevant
properties) from a purposeful choice of the molecular components. which is the
paradigm of molecular erystal engineering [15-19].

In recent times the concept of crystal polymorphism has expanded beyond its
original boundaries to encompass crystal forms of the same molecule with different
molecular partners. These may be solvent molecules in solvates [20]. or counterions
il the molecule can be made non-neutral (by say proton or electron transfer |21]). or
other molecules in co-crystals [22]. It is worth noting that the formation of solvate
and hydrated forms is commonly observed during polymorph screening, therefore
the use of the term “pseudopolymorphism™ to describe solvate forms of a given
molecular crystal ought to be discouraged, at least because solvates may, in turn, be
polymorphic [23-25].

In this paper we shall discuss all four different types of crystal forms ol the same
molecule: polymarphs of the mere molecule, solvates and hydrates, molecular salts
and co-crystals (when the same molecule can be co-crystallized with different co-
crystal formers). All these crystal forms are summarized in Fig. 1.

3 Properties of Crystal Forms

From thermodynamic principles. under specified conditions only one polymorph is
the stable form (except at a transition point) [26]. In practice, however. due to ki-
netic considerations, metastable forms can exist or coexist in the presence of more
stable forms. The relative stability of the various crystal forms and the possibility
of interconversion between crystal forms, between crystals with different degree of
solvation, and between an amorphous phase and a crystalline phase can have very

%
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Fig. 1 Schematic representation of the structural relationship between “true” polymorphs, solvates.
co-crystals. salts and the amorphous phase

serious consequences on the lile and effectiveness of a polymorphic product and the
persistence over time of the desired properties. The variety of phenomena related
to polymorphism requires a thorough mapping of the “crystal space™ of a substance
that is ultimately intended for some specific applications (¢.g. drugs. pigments, agro-
chemicals and food additives. explosives, etc.).

The industrial production and marketing lines need to know not only the exact
nature of the material in the process, but also its stability with time, the variability
of its chemical and physical properties as a function of the crystal form, cte. The
search for and characterization of crystal forms is therefore a crucial step n the
development of i new chemicals with relevant consequences on intellectual property
issues [1,27-29].

Diflerent crystal forms are often recognized by differences in the colour and
shape of crystals, A striking example of these two properties is provided by the
dilTerences in colour and lform of the crystal forms of ROY (ROY —red, orange,
vellow polymorphs of 5-methy]-2-[(2-nitrophenylamino|-3-thiophene carbonitrile)
[30.31]. Colour and shape are only some of the possible differences and Table 1
summarizes some major possible differences in chemical and physical properties
between crystal forms and solvates of the same substance. In addition, one has to
consider that new and different properties may derive from a change in the nature
and chemical composition of the same molecule as a consequence of salt formation
or co-crystallization, For each new crystal form obtained, a full characterization

f
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Fig. 2 Examples of chemical and physical propertics that can differ among crystal forms and
salvates of the same substance

should be done since the new form can have different properties, such as higher
solubility or higher melting point (Fig. 2).

4 Characterization of Multiple Crystal Forms

The exploration of the “erystal form space™ of a substance is the search of poly-
morphs and solvates in order to identify the most stable form and the existence
ol unstable forms that interconvert (enantiotropism) or do not (monotropism) as a
function of the temperature. This also applies to amorphous and solvate forms. The
relationships between the various phases and commonly used industrial and research
laboratory processes are schematically illustrated in Fig, 3,

It is worth stressing that polymorph assessment in industrial research and de-
velopment as well as during processing is part of the system of quality control.
Therefore it is necessary 10 make sure that the scale-up from laboratory preparation
to industrial production does not introduce variations in crystal form, Polymorph
assessment also guarantees that the product conforms to the guidelines of the appro-
priate regulatory agencies and does not infringe the intellectual property protection
that may cover other crystal forms [32].
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The screening of crystal forms is best achieved by the combined use of several
solid-state techniques, such as hot stage microscopy, differential scanning calorime-
try, thermogravimetric analysis and X-ray diffraction. Powerful complementary
tools are also provided by solid-state spectroscopic techniques such as solid state nu-
clear magnetic resonance spectroscopy [33] and Raman spectroscopy [1]. Of great
relevance is the possibility of determining the molecular and crystal structure of a
crystal form by means of single crystal X-ray diffraction. This technique, although
much more demanding than powder diffraction in terms of experiment duration and
data processing, has the great advantage of providing detailed structural information
on the molecular geometry. Furthermore, it affords insight into the factors control-
ling the packing of the molecules in the erystal and the nature and structural role of
solvent molecules. Knowledge of the single-crystal structure allows a direct com-
parison between the X-ray powder diffraction pattern, calculated on the basis of the
structure. with the one measured on the polycrystalline sample as it will be difTusely
used in the following description ol specific cases.

Importantly, the calculated diffraction pattern is not affected by the typical
sources of errors of experimental powder diffraction (preferential orientation. mix-
tures, presence of amorphous phase) that often complicate or render uncertain the
interpretation of measured powder diffractograms; hence the calculated powder pat-
tern is often referred to as the “gold standard™ pattern for a crystal form.

The search for various crystal forms requires that the behaviour of a solid
phase is investigated as a function of the variables that can influence or deler-
mine the outcome of the crystallization process, e.g. temperature, choice of solvents.

2\
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crystallization conditions, rate of precipitation, interconversion between solid forms
(from solvate to un-solvate and vice versa), pressure and mechanical treatment. ab-
sorption and release of vapour, ete. [24]. Techniques such as hot stage microscopy.
DSC and micro-DSC can be used to obtain a semiempirical energy—temperature
diagram [34, 35] that can be helpful in designing protocols for screening for crys-
tal forms.

Another powerful tool for the investigation of the structural relationship between
crystal forms is variable temperature X-ray diffraction that provides information on
phase transitions and or on adsorption/desorption of solvent molecules (and chemi-
cal reactivity, of course, but this is of less concern in this context).

Beside the traditional thermal and solution methods for obtaining new crystal
forms, many other methods are being used or developed in the guest for multi-
ple crystal forms. Some of these methods are based on the knowledge of crystal
structures in the literature [16], the application of crystal engineering principles
(based on hydrogen-bonding patterns) to the preparation of new multicomponent
solids [36,37], the induction of crystal forms by using polymeric substrates [3§], the

development of high-throughput crystallization technology [39], the utilization of

solid-solid and solid-gas reactions [40], solvent-free synthesis [41,42]. the desolva-
tion of solvated crystals [43] and crystallization from a supercritical solvent [44.45].
These methods, combined with the development of new technology [39]. the at-
tempts to design and control crystal structure [46]. combined with some spectacular
encounters with new (and undesired) crystal forms [47] (see Sect. 5) and some high
profile pharmaceutical patent litigations [1], have led to many new techniques for
exploring the erystal form space of any particular substance.

5 Examples of Crystal Form Identification and Characterization

There is no protocol of palymorph screening that can cuarantee the identification
of all crystal forms of a given molecule. As pointed out in the previous section,
the understanding of a system exhibiting multiple crystal forms is best achieved
by studying the system with a wide variety of analytical tools. We have chosen to
illustrate this aspect by means of two recent examples coming from our own work.

The first example is that of cinchomeronic acid, which has been known for al-
most a century [48]. The cinchomeronic acid 3 4-dicarboxypyridine is one of the six
isomers of the acid pyridinedicarboxyl: all isomers are widely utilized in the con-
struction of coordination networks [49-51]. The presence of two of cinchomeronic
forms is reported in the PDF-2 [52], while the crystal structure has been determined
only for one form [53]. We have investigated the structural relationship between
these two crystal forms by a combined use of single-crystal X-ray diffraction, IR
and Raman spectroscopy. and solid state NMR spectroscopy |54]. Form 1 crystil-
lizes in an acentric orthorhombic group, while form 11 crystallizes in a centric mon-
oclinic group (Fig. 4), due 10 a static disorder for the nitrogen position (Fig. 5).
The zwitterionic nature of the acid in both forms has been confirmed by 'H MAS,
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hydrogen bonds among the chains and the overall ervstal structure formed by the three interpene-
trating networks in form I ¢t interactions N=H - ---0— and C=H -+ O— among the chains and the
2D-network present in form 11 d

'*C CPMAS and "N CPMAS (Fig. 6). The single crystal structures give us a view
of the hydrogen bonds formed by the molecule of cinchomeronic acid in the solid
state: in both structures the molecules of cinchomeronic acid form infinite chains via
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Fig. 6 "N CPMAS spectra of cinchomeronic acid: form | {(top) and form 11 (bortom) recorded at

MHz with a spinning speed of 5 kHz which confirm the zwitterionic nature of cinchomeronic
acid n both cryvstal phases

short O-H—O hydrogen bonds between the carboxylic and carboxylate groups (sec
Fig. 5). In form 1 the zwitterion chains are ordered and are connected via N-H—O
interactions to form a threefold interpenetrating networks. In form 11, on the other
hand, the presence of static disorder leads to crystallographic equivalence between
the ~COO and ~COOH groups (sce Fig. 5) and the nitrogen atom is disordered over
two positions, which leads to a longer and weaker N~H—O hydrogen bond consis-
tent with the IR and Raman spectra. Both forms decompose before melting without
any interconversion, which suggests the presence of a monotropic system, while
the slurry experiment indicates that form I is the thermodynamically stable form.
The crystal structure and spectroscopic analysis indicate that the difference in sta-
bility can be ascribed to the strength of the hydrogen bonding patterns established
by the protonated N-atom and the carboxylic/carboxylate O-atoms. The possibility
of optimizing the hydrogen bond interaction in form I, with respect to the somewhat
looser interactions allowed by the packing in form II might be responsible for the
stabilization of the crystal structure of form 1.

Another example is provided by the two different crystal forms of the salt
[HN{CH>CH;)3NH| [OOC{CH;)COOH], obtained depending on preparation
technique (grinding or solution) and crystallization speed. Form 1, containing
mono-hydrogen malonate anions forming conventional intramolecular O-H--- 0O
hydrogen bonds and inter-ionic N-H - - - O hydrogen bonds, is obtained by solid-state
co-grinding or by rapid crystallization, while form 11, containing both intermolecu-
lar and intramolecular O-H- - -O hydrogen bonds, is obtained by slow crystallization

4
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Fig. 7 Form | (rop) and 11 (heton) of [HN[CH2CHa );NH]IOOC(CH, )JCOOH]> and the hydrogen
bonded anion - - cation chains present in their crystals. Form [ is obtained by solid-state co-
grinding or by rapid crystallization, while form 1 1s obtained by slow crystallization

(see Fig. 7). Form I and II do not interconvert, while form I undergoes an order-
disorder phase transition on cooling. One can envisage the two crystalline forms as
hydrogen bond isomers of the same solid supermolecule [55].

6 Examples of Solvate Crystal Forms and Interconversion

An intriguing case of interconversion between unsolvate and solvate crystals is
observed when |[N(CH2CH,)3N] is reacted with maleic acid [HOOC(HC=CH)
COOH]. The initial product is the anhydrous salt [HN(CH,CH, );N| [OOC(HC =
CH)COOH], which contains chains of "' /N=H---N'*! bonded cations [HN(CHa
CH, )zN|" and “isolated” [OOC{HC=CH)COOQH]| ™ anions [56].

Upon exposure to humidity the anhydrous salt converts within few hours into the
hydrated form [HN(CH2CH;)sN] [OOC{HC=CH)COOH] - 0.25H,0, which con-
tains more conventional “charge-assisted” " 'N-H-.- O'~ ) hydrogen bonds between
anion and cation (see Fig. 8). This latter form can also be obtained by co-grinding.

In a similar process, crystals of IRLI(T](,—C(,H{,)EMBF.1:3 have been crystal-
lized from nitromethane as the solvate form [Ru{n®-CgHg)2![BF,]5 - MeNOs.
These solvate crystals, if exposed to air, rapidly convert to the unsolvate form
IRu{"I]f’—C(,Hf.‘J:j'[BF.;J;. The nature of this latter compound was established [rom
single crystals obtained from water in the presence of seeds of the powder material
obtained from desolvated crystals [Ru(n®~CgHg)2][BF4]> - MeNO; [57]. The oppo-
site process, namely solvent uptake, can often be activated by mechanical trealment
ol unsolvate crystals, There are several reports that even gentle grinding of a powder
product may lead to the formation of a hydrated product [58-60].

Another example is provided by the hydrated salt [Co(ns—CsHs)a|' [Fe(ns—
CsH4COOH)(ns-CsH4COO)| - H20O, which is obtained by simply grind-
ing in air the crystalline powder of [Co(ns—CsHs)al"[Fe(ns—CsH;COOH)
(Ms—CsH4COO)|~ that precipitates from THF or nitromethane on reacting
[Co(ns—CsHs)a] with [Fe(ns—CsH4COOH)] [61]. Once [Co(ns-CsHs)a] ! [Fe

1S
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Fig. 8 Views ol the packing and hydrogen bonding in  the anhydrous  salt
[HN{CH2CH; ):N| 0OOC(HC=CITJCOOH]| (lefr) and of the hydrated salt [HN{CH:CHa s} /]
[OOC{HC=CH|COOHIH20y 25 (right)

(Ms—CsH4COOH ) (ns-CsH4COO0)| -H20 has been obtained by grinding. its single
crystals can be grown from water or nitromethane, while crystals of the anhydrous
form are no longer observed, However, on heating, the hydrated form loses water at
373 K and reverts to the starting material.

7 Solid-Gas Reactions: A Route to New Crystal Forms

Solid—gas reactions have been known for a long time and have recently attracted a
renewed interest in the strive to find environmentally friendly processes. Since the
reactant is a crystalline solid, the issue of whether different crystal forms would re-
act in the same or a different way towards a gaseous reactant is of interest to the
discussion. We have tackled this question by exploiting solid—gas reactions between
crystal polymorphs of the same acidic substance and vapours of volatile bases, in-
vestigating in turn the inverse process, i.e. removal of the vapours from the crystal
structures by thermal treatment.

The possibility of different chemical behaviour of polymorphic modilications
has been explored before only in the case of indomethacine amorphous and ¢rystal
forms reacted with ammonia by Stowell, Griesser, Byrn et al. [62]. We have inves-
tigated two rather different systems, namely the polymorphic forms of harbituric
acid [63] and of ferrocene dicarboxylic acids [64], which have been reacted with
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Fig. 4 Hydrogen bomd networks present in the diliydrate form a. form I b and form 11 ¢ of harbituric

acid

volatile bases. Solid barbituric acid is known as two polymorphic forms (forms
and 11) and as a dihydrate form for which single crystal data are available allowing
computation of the theoretical powder diffractograms [65-68]. Views of the pack-
ings of the three forms are shown in Fig. 9. De-hydration of the dihvdrate form has

also been investigated, showing that it releases water to yield exclusively crystals of

form 1. We have been able to show that forms I, 1T and the dihydrate form of barbi-
turic acid react with ammonia leading to the same crystalline ammonium barbiturate
salt NH4(C4H3N;O5 ). while the gas-solid reactions of form Il with methylamine
and dimethylamine yield the corresponding crystalline salts CH3NH3(C4H3N>O3)
and (CH3)2NH2{C3H3N203), respectively, The processes are shown in Fig, 10.

Thermal desorption of the bases at ca. 200°C leads to formation of a new crys-
tal form of harbituric acid, form 111 as confirmed by H'-NMR spectroscopy and
by chemical behaviour. Unfortunately several attemplts to crystallize compound T
yielded only the formation of the dihydrate form (Fig. 11).

Similarly, the reactions between solid 1-3 dimethylbarbituric acid (dmb)
with vapours of NH; and of the volatile amines NHa2(CHz). and NH(CHa),
have been investigated [69]. The barbiturate salts [NHg]dmb. [NHz{CHz|]dmb
and [NH2(CHz)>]Jdmb have been characterized by X-ray powder difTraction
(XRPD). differential scanning calorimetry and thermogravimetric analysis. The
solid-gas reactions were monitored by UV-Vis spectroscopy in the solid state.
In the case of [NHa(CHa)2]dmb, recrystallization from methanol yields the salt
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[NHa2(CHz )| [DMB] - 2 DMBA], while recrystallization of 'NH3({CHj3)ldmb vields
both the dimerization product [NH;(CH;)|[{COiN;2Hg)>—OH - 2H>0 and the hy-
durilate salt NH3(CH3) 2[(CgO3N2Hg )1 . i.e. the product [NH3(CHz ) |dmb is only
accessible via. the solid-gas reaction.

In an analogous study, crystalline form 1 (monoclinic) and form IL (tr-
clinic) of ferrocene dicarboxylic acid [Fe(n’~CsH;COOH 1] have been reacted
at room lemperature with the gaseous bases NHi, NH2(CH:) and NH(CHj )2
[64]. The two crystal forms behave in exactly the same way in the solid-
gas reaction generating the same products, identified as the anhvdrous crys-
talline salts [NHyla[Fe(n’-CsH,C00)1], [NH3CH;la[Fe(n®~CsH.COO),]. and
[NI-I;(CH;;‘,|3j3[l~'{:i_'nj—C5 H;COOJ.]. Interestingly though, all these crystals revert
via vapour release exclusively to the metastable crystalline form 1. as shown in
Fig. 12.

This is not surprising per se, because there is no reason why, if the reaction is
quantitative, the crystalline salt product should “remember™ which crystal form it
comes from, It is instead of relevance that forms I and IT of [Fe(n ~CsH;COOH )5 |
are not known to interconvert via a solid-solid phase transition, hence they consti-
tute a monotropic system. The ammonia absorption/release process, therelore. can
be seen as a solid state way to convert the thermodynamically stable form 11 into the
metastable form I The process is schematically represented in Fig. 13.

1
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Fig. 12 Comparison between the experimental powder diffractograms of compound 1, obtained
from the solid—gas reaction with ammonia of form L (tep) and form 11 (bottom), respectively
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Fig. 13 Reaction of crystalline forms [ and 11 with vapours of NH; yields the same salt. which
upon heating and removal of NHy generates only the monoclinic form 1

Hydrated NH, (vap) Hydrated NH, (vap)

8 Co-Crystals and Salts, Co-Crystals or Salts?

In this last section we focus on co-crystals. Although co-crystals, i.c, multicompo-
nent crystals containing chemically different molecular units in the asymmetric unit
have long been known [70], they have recently become an important field of new
discoveries and innovation under the strive to find new drugs and the potential of

extension of [P protection on existing ones [71-73].
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The definition of a co-crystal is still matter ol debate [74, 75]. The definition
initially put forward by Aakeroy focused on the aggregation state: “co-crystals
are made from reactants that are solids at ambient conditions™ [76] and has also
been taken up by others [71,77]. This definition, however, is not without ambiguity
(see below). We prefer to take up Dunitz’ more liberal view of co-crystals as “en-
compassing molecular compounds, molecular complexes, solvates, inclusion com-
pounds, channel compounds, clathrates, and other types of multi-component crys-
tals.” This view has been echoed recently by Stahly [78] who wrote that: “co-crystals
consist of two or more components that form a unique crystalline structure having
unique properties.” Al the bottom line, these multicomponent systems ought to be
looked at as crystals of supermolecules whereby the component units interacting via
non-covalent interactions generate collective physico-chemical properties that are
different from those of the homo-molecular crystals formed by the components.

One may wonder whether solvates would fall under the same broad definition.
We would argue in favour, not only because solvent molecules themselves form their
own crystalline materials at appropriate temperature (ice!) but also because, as we
have argued above. solvate crystals do not necessarily come from solutions since
vapour or any other volatile molecule can be taken up from the ambicent atmosphere
and become incorporated into the crystal. Since we are dealing with crystal forms.
it is useful to also remind the reader that the term pseudopolymorphism is not ap-
propriate o refer 1o solvate forms of a given molecular crystal [23, 79. 80| because
solvate crystals can themselves be polymorphic!

In a recent paper, Bond listed a number of interesting controversial examples
of co-crystals [81]. For example, dioxane, C4HgQ>, forms isostructural 1:1 two-
component crystals with Io, Bro or Clo. which at room temperature and 1 bar pres-
sure are solid, liquid, and gas, respectively [82-84]. Clearly a distinction based on
the agaregation state of one component has little signilicance.

The crystal structures of 13 co-crystals formed by n-alkylcarboxylic acids and
pyrazine in 2:1 stoichiometry have been reported [85,86]. The acids include formic
acid, which is liquid at room temperature, up to the tridecandioic acid which is solid.
Pyrazine is also a solid, Clearly, the early members of this series cannot be called
solvates only because the co-former is liquid, while from decanoic 1o tridecandioic
the acid/pyrazine systems are co-crystals. Another example is the two-component
crystals formed by picric acid forms and benzene, naphthalene and anthracene
(amongst others), which contain stacks of alternating molecular components that
are clearly comparable in all three structures [87-89], All of these crvstals are sta-
ble at room emperature.

Not only it is difficult to distinguish between a co-crystal and o solvate (us a
matter of fact all molecules are solid and form crystals at sufficiently low temper-
ature) but it is also often difficult 1o distinguish hetween a crystal and a salt. As
discussed above in the case of hydrogen-honded systems between acids and bases
the transition between a salt and a co-crystal may be a very semantic issue depend-
ing exclusively on the position of a proton along a N+ - - O supramolecular link [90].

Proton transfer along a hydrogen bond poses an interesting question about
polymorph definition. In fact, proton mobility along a hydrogen bond (say [rom

A
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O-H---Nto'7'O---H-N""') may not be associated with a phase transition. even
though it implies the formal transformation of a molecular crystal into a molecular
salt. This situation has been observed, for instance, for the proton migration along
an O-H--- O bond in a co-crystal of urea—phosphoric acid (1:1) as a function of
temperature [91.92],

Mootz and Wiechert have isolated two co-crystals of pyridine and formic acid:
in the 1:1 co-crystal, proton transfer from formic acid to pyridine does not take
place, while in the :4 co-crystal N=H'"/. .. O interactions are present (see Fig. 14)
[93]. Examples of this kind are rare, but serve to stress how the phenomenon of
polymorphism can be. at times, full of ambiguity.

In order to tackle the problem of the co-crystal or salt nature of acid-base
adducts we have used the same approach illustrated above in the case of the poly-
morphs of barbituric and cinchomeronic acid, namely a combined use of diffraction
and spectroscopic methods in the investigations. We have shown that mechanical
mixing of a di-nitrogen base [N(CH>CH,)3N] (dabco) and of dicarboxylic acid
HOOC(CH3),COOH(n = 1-7) affords a series of hydrogen-bonded adducts of gen-
eral formula [N{CH,CH3 )3N -H-|OOC(CH; ),COOH]|(n = 1-7, that is to say 1C3.
1C4, 1C5, 1C6. 1C7, 1C8, and 1CY) (see Fig. 15) [21].

These compounds can be classified as co-crystals or salts depending on whether
proton transfer from oxygen to nitrogen takes place or not along the O-H—N
bonds [94]. In order to address this issue we have compared the results of an X-ray
investigation carried out on single crystals grown from the solid-state products by
seeding the corresponding methanol solutions with those obtained from the poly-
crystalline powder by solid-state 'H and '°N and "*C spectroscopy.

For example, it has been possible to correlate the isotropic 'H and "N chem-
ical shift data with the N-O distances of the atoms involved in the hydrogen
bond interaction in a serics of solid adducts of formula [N(CH>CH, ',I;_N'J--I—I—
[0O0C(CH,),COOH](n = 1-7) (Fig. 16). The 'H MAS and "N CPMAS NMR
data are in agreement with the X-ray data and allow discrimination belween the
proton transfers for the 1C3 and 1C5 adducts and the strong N - - - H-O interactions

N
‘]
ey

Fig. 14 The 1:1 co-crystal of pyridine and formic acid where the proton transter does not occur
(lefty and the 1:4 co-crystal of pyridine und formic acid where the formate anion 1s present (rieht)
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Fig. 15 Schematic representation ol the packing motives in [N(CH2CH; |3N]-H-{OOC(CHa ),
COOH]{n = 1-7. i.e. 1C3. 1C4, 1C5, 1C6, 1C7, 1C8, and 1C9)

(without proton transfer) for the 1C4, 1C7, 1C8 and 1CY co-crystals. 1C6 repre-
sents an intriguing case in which one of the nitrogen atoms of dabco is intermediate
between the protonated and non-protonated forms. Density functional theory, ap-
plied to explore changes upon hydrogen bonding in the 'H and '°N shielding
parameters, is in agreement with the experimental values found by solid-state NMR
spectroscopy [93.96].
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Fig. 17 Mclting point alternation in neutral acids and in compounds 1C3-1CY

Comparison of melting point data of the neutral organic acids and of the co-
crystals and salts discussed herein yields another interesting observation. As shown
in Fig. 17, the melting points ol compounds 1C3-1C9 follow a trend very similar
to that of the acids, i.c. they show an alternation of melting points as a function of
the even—odd carbon chain length,
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In summary. at room temperature malonic and glutaric adducts are salts; adipic is
ambiguous; succinic, pimelic, suberic and azelaic adducts are co-crystals. Diffric-
tion data and solid-state NMR data are in agreement except in the case of compound
1C6, which shows proton motion on the NMR time scale. Salt or co-crystals — does
it matter? The melting points of compounds 1C3-1C9 do not correlate with the salt-
like or co-crystal nature of the adducts, but rather with the even—odd carbon chain
length in spite of the substantial differences in supramolecular arrangements in the
crystals of the adducts with respect o those of the parent diacids.

On closing this discussion on co-crystal systems, it is useful Lo cite few examples
(selected from the many available in a rapidly expanding literature) ol the impor-
tance of co-crystals in the pharmaceutical field, Piracetam, {2-0x0-1-pyrrolidinyl)
acetamide), has been co-crystallized by Zaworotko et al. with gentisic acid and p-
hydroxybenzoic acid (see Fig. 18) [22].

Co-crystals of 4-hydroxybenzoic acid (4HBA) and 2.3.5.6-tetramethylpyrazine
(TMP) (2:1) have been reported as a case of supramolecular synthon polymorphism
in a co-crystal (sce Fig. 19); in [act the two forms exhibit difTerent hydrogen bond
interactions. The co-crystal form [ does not follow the hierarchy of hydrogen bond-
g, and converts into the stable form I1, which follows the hierarchy of hydrogen
bonding [97].

In yet another example, a co-crystal of caffeine and adipic acid [98] has been
isolated by a co-crystallization methods based on a suspension/slurry containing
both components of the co-crystal system. This approach provides an optimal
environment for the putative co-crystal formation because the activity values of both

Fig. 18 Co-crystals of piracetam, (2-oxo-1-pyrrolidinyl) acctamide with gensitic a and ¢, and
p-hydroxybenzoic acids b and d
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Fig. 19 Lincar chain formed through carboxylic acid dimer and hydroxyl O=H-.-N hydrogen
bonds in form T {rop). Hermingbone network in form 11 (bottom)

Fig. 20 View of caffeine—adipic acid trimers along the erystallographic plane (1 =2 0). The trimers
are linked via hydrogen-bonded adipic acid molecules into molecular tapes

components are held at one. This method was applied to 16 pharmaceutically related
co-crystal systems and was found to be 100% successful [99]. In the case of the
co-crystal caffeine/adipic acid, a suspension of caffeine and adipic acid (1:1 molar
ratio) in acctonitrile was prepared and equilibrated overnight at ambient tempera-
ture. The powder X-ray diffraction pattern of the solid after equilibration indicated
formation of a new solid phase, which was then characterized as shown in Fig. 20.
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Fig. 21 Anti-parallcl centrosymmetric carbonyl—carbonyl interaction between two molecules (top)
and the packing motl (hotonn) ol chlorzoxazone in co-crystal form 1. Repulsive C-H - - - CI-C
inleractions are in light grev

Evaporative crystallization experiments containing equimolar ratios of the AP1
and guest has been instead used o obtain co-crystals of chlorzoxazone with car-
boxylic acids [100], Two polymorphs of a chlorzoxazone:2,4-dihydroxybenzoic
acid co-crystal and one form of a chlorzoxazone:4-hydroxybenzoic acid co-
crystal have been characterized and the crystal structure of chlorzoxazone:2.4-
dihydroxybenzoic acid (form 1) reported and analyzed, revealing an uncommon
carbonyl-carbonyl interaction and a destabilizing C-H- - -CI-C interaction (see
Fig. 21).

9 Conclusions

The scope of this review has not been that of providing the reader with a comprehen-
sive coverage of the topic of crystal forms, rather we have aimed at an introductory
view of the phenomena of multiple crystals forms in general, and polvmorphism in
particular, For reasons ol space, many problems have not been addressed (e.g. theo-
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retical methods to study polymorphism), in particular the computational exploration
of the possible crystalline structures of a given molecule. The interested reader will
find in the necessarily limited number of relferences a good starting point for further
reading.

The question on whether a crystalline material contains only molecules A in
different arrangements (e.g. polymorphs), or molecules A and molecules B. and
whether this latter association ought to be considered a co-crystal or a solvate 1s
somewhat semantic. It is unquestionable, however, that crystals ol different com-
position not only have difTerent crystal structures but also may possess different
physical properties, such as solubility, thermal behaviour, resistance to mechanical
stress, gas-absorption/release capacity, colour, melting point ete. These differences
may be relevant, and carry economical and practical implications, when consider-
ing, for instance, the bio-availability ol a drug or the thermal stability of a pigment.

Reproducibility and predictability are paradigms in the exact sciences. This is
why, beside all the utilitarian reasons associated with the marketing of solid state
materials, we would like to learn how to make polymorphs, or, which is the same,
how Lo effectively prevent polymorph formation. If seeds of a polymorphic mod-
ification can be obtained Irom non-solution methods (i.e. mechanical, thermody-
namical. perhaps solid state reactions) these can be used in the seeding process.
which may allow growth of less kinetically favoured crystal forms. Seeding may be
valuable not only to obtain the desired crystalline form, but also to prevent crys-
tallization of undesired forms. One could argued that polymorphism, with its high
degree ol serendipity, could be the nemesis of crystal engineering because poly-
morphism is in logical contrast with a discipline that aims to control and reproduce
univocally a given crystal structure. This is not true (rather the investigation of erys-
tal forms) of the way a molecule recognizes another molecule, whether the same or
a different one, and links to form stable or metastable supramolecular arrays, it 1s
rather a way fe fune synthelic and assembly strategies to obtain the desired crystal
structure, which is the paradigm ol crystal engineering.
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Estados Unidos de América | 1750 Kraft Drive, Suite 1400, Blacksburg, Virginia ‘ Blacksburg ‘

! 24060, Estados Unidos de America | ‘

Direccion electrdnica | No. Fax \ Namero telefonico |

: | e

clientes@cavelier.com “ 2118650 ‘ 347 36 11 ‘

D Autorizo expresamente a la Superintendencia de Industria y Comercio para que todas las comunicaciones sean enviadas a
través de la direccion de correo electronico

| 3. Datos del apoderado: \

Apellidos y Nombre Documento de identificacién Tarjeta profesional

l De Paez Luz Clemencia C.C. 35.456.344 TFP.A 23.558 ‘
I |
Direccion y domicilio [ Ciudad |
- |
Carrera 4° No. 72 =35 '| Bogota ‘I
| Direccién electronica No. Fax Namero telefénico ‘
cavelier@cavelier.com 12118650 347 36 11 I
: 1 | |

En caso de haber presentado poder general para asuntos que se adelanten ante la Delegatura de Propiedad Industrial, sirvase

indicar el nimero de su radicacion o protocolo de poder general \
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=% Comprobante de pago
Comprobante de pago

No. 0092609
No. 0092610

Fecha: 2015/08/24
Fecha: 2015/08/24

4. Datos del tramite
CONVERSION DIVISION FUSION
Expediente Expediente : 14.074.474 Expediente
De:
De: A De:
A A
1
l
5

6. Anexos

por $128.000

O & X [

Copia de la solicitud y sus anexos en formato magnético

Comprobante de pago de la tasa de presentacion solicitud por $478.000.

Comprobante de pago por 4 reivindicaciones adicionales después de la décima reivindicacion

Poder, si fuere el caso con el que se acredita |a representacion

Documento que contiene la conversion, division o fusion de la solicitud

7.Firma

|

Nombre y apellidos

LUZ CLEMENCIA DE PAEZ

|
|
i C.C. 35.456.344 DE Usaquen

CPT\SDC\D-AF282387\WPC20991

| Firma
|

Wl &En VEEAN LN \9(/{(,(&;2

Tarjeta Profesional 23.555
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NOTA: Esta es una solicitud de division de la materia contenida originalmente en la solicitud de
patente No. 14.074.474. La solicitud de division de la materia se hace como consecuencia de las
observaciones hechas por ese Despacho y que fueron dadas a conocer al solicitante por medio del
oficio No. 5360 notificado por fijacion en lista del 26 de mayo de 2015. Por lo tanto pido que esta
solicitud de division de materia sea tratada con el beneficio de presentacion de la solicitud original, esto

es 07 de abril de 2014 y la prioridad que alli se reivindica 08 de septiembre de 2011.

Nota: La copia basica original se encuentra en el expediente No. 14.074.474
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