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1. Yo, Luz Clemencia de PAEZ, mayor de edad, domiciliada en
. Bogotd, D.C., identificada c¢on la Cédula de ciudadania N°

35.456.344 de Usaquén, obrando como apoderada del solicitante en el
asunto antes identificado, me refiero al Oficioc Ne. 621 notificade
por fijacién en lista del 14 de Enero de 2011. Mediante memorial
radicado el 6 de abril de 2011 solicité un plazo de treinta (30) dias
para dar respuesta a este oficio.

2. Mediante el Oficio No. 621 se puso en conocimiento del
solicitante el informe del examen de fondo gque contiene las
observaciones hechas por su Despacho sobre la presente solicitud de
patente. Atiendo a las observaciones de la siguiente manera:

3. De la solicitud de patente.

Su Despacho enuncia:

e« “La descripcién de la solicitud no divulga la invencién de
manera suficientemente clara y completa para su comprensidn. Asi
como tampoco presenta informacién suficiente para gque una
perscna versada capacitada en la materia técnica pueda
ejecutarla”.

e “lLa descripcidén inicialmente presentada no tiene informacién
suficiente, para la caracterizacidén completa del polimorfo de
interés. Las tres bandas en el infrarrojo medioc, el punto de
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fusién y los datos cristalogridficos basicos no son suficientes
para caracterizar de forma inequivoca el polimorfo”.

¢ “Asimismo, la divulgacidén inicial debid haber presentadc datos
que demuestren la estabilidad del polimorfo durante el proceso
de obtencién de la composicidn en la forma de interés”.

¢ “Lg materia reclamada en el capitulo reivindicatorio no esta
definida y por tanto no es clara. Ni el punto de fusidn, ni las
tres bandas en el IR caracterizan inequivocamente el cristal del
compuesto 2-cloro-N-{4'-clorobifenil-2-11) -nicotinamida
monoclinica de férmula (1). Son necesarios mids estudios
analiticos, que en conjunte demuestren la existencia y 1la
novedad del polimorfo*.

e “"El procedimiento de obtencidén del cristal, que come un todo
sigue siendo una generalizacidén amplia sin sustento en 1la
descripcidén, presenta ahora una restriccidén que no se encuentra
sustentada en la descripcidn. El intervalo especifico 20 a 50°C
ne habia sido indicado en la divulgacidén inicial”.

Con respecto a lo sefialado por su Despacho, mi representada desea
seflalar lo siguiente:

En primer lugar, deseamos poner de presente gue no estamos de acuerdo
con la afirmacién del Sefior Examinador en relacién con el hecho gque
las tres bandas en el infrarrojo medio, el punto de fusién y los datos
cristalograficos bdsicos no son suficientes para caracterizar de forma
inequivoca un polimorfo. Lo anterior debide a gque el Examinador
Gnicamente sustenta su punto de vista a partir de apreciaciones
personales y no proporciona ningln sustento o argumento cientifico que
sustente dicha afirmacién.

Ahora bien, con el fin de demostrar que los datos de infrarrojo y el
punte de fusidn szon empleados para caracterizar pelimerfos y due
contrario a lo gue afirma el Sefior Examinador SI pueden caracterizar
de forma inequivoca el mismo, se presentan a continuacién citas de un
libxo ampliamente conocido en el &rea cientifica de polimorfos y
cristales moleculares titulado “Polymorphism in Molecular crystals”
anexo al presente memorial escrito por el Sr. Joel Bernstein.

El Sr. Joel Bernstein se especializa en estudios del estado sélido
organice, con énfasis particular en entender y utilizar polimorfos,
relaciones de estructura-propiedad, patrones de enlaces de hidrégeno y
materiales organicos conductores. El1 Sr. Bernstein ha realizado
aproximadamente 160 investigaciones y articulos relacionados sobre
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estos temas y es autor del libro “Polymorphism in Molecular Crystals”;
publicado por *“0xford University Press”. Con el fin de demostrar la
experticia del Sr. Bernstein en el area de los polimorfos, se presenta
anexo al presente memorial su hoja de vida.

A continuacidn, presentaremos apartes del texto cientifico arriba
mencionado con respecto a la validacidén de las metodolegias para
identificar la forma polimorfica II: Espectrescopia IR (bandas IR en
la tabla 1) vy cristaleografia de rayes X (Parimetros de unidad de celda
en la tabla 2):

3.1 Esgpectroscopia IR, bandas IR.

En su libro ‘“Polymorphism in Molecular c¢rystals”, el Sr. Jcel
Bernstein claramente afirma que “la espectroscopia de infra rojo ha
side uno de log métodos ampliamente usados para investigar la
propensidén de materiales para formar polimorfos” (ver pégina 125).
Adicionalmente, afirma gue *“el espectro IR de diferentes polimorfos
muy a menudo exhiben varias caracteristicas similares con diferencias
que se muestran en bandas particulares (como en el presente caso), las
cuales pueden. . .proporcionax marcadores distintivos para la
caracterizacidén polimorfica y distincidén”.

También esta el caso para la forma cristalina II de boscalid en el
cual presenta tregs bandas IR distintivas comc se define en 1la
descripcitn y en la reivindicacidn 1. Estas tres bandas han sido
encontradas por medio de trabajo de investigacidn y constituyen bandas
caracteristicas de la forma II cristalina reivindicada.

Asimisme, el Sr. Bernstein también proporciocna un ejemplo similar para
bandas IR distintivas para polimorfos en la Figura 4.28 (ver pagina
127) para las formas 1 y 2 del clorhidrato de ranitidina, mostrando
asi gque las bandas de IR pueden ser suficientes para caracterizar una
forma polimorfica de una molécula organica como en el caso de la forma
II de boscalid.

Adicionalmente, el Examinador cuestiondé la pureza de las muestras ¥y
afirma que las bandaz IR pueden ser causadas por impurezas. A este
respecto, vale la pena resaltar que en el pliego descriptivo de la
presente solicitud (ver pdgina 3 de la solicitud internacional)
claramente se menciona gque la conver=zidn del anhidrato del compuesto
de formula I de forma I a la forma II se da a lugar cuantitativamente.
Para una persona versada en la materia lo anterior muestra que el
producto {(modificacién II}) debe ser (esencialmente) pura en términos
guimicos asi como en pureza del polimorfo. De modo que, el producto no
contiene cantidades de la forma I.
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Ademds, una persona versada en la materia sabe que las bandas IR de un
compuesto quimico {0 polimorfo) no se wven influenciadas por un bajo
contenido de impurezas. Por tanto, las diferencias en las bandas IR de
ambos polimeorfos solamente pueden resultar de perturbaciones de las
vibraciones debido a variaciocnes en la conformacidn o por factores
ambientales entre los arreglos cristalinos de ambos cristales (ver
pagina 125 de librc de Bernstein) y se deben a formas polimorficas
determinadas.

3.2 Parametros de celda (constantes basadas en la cristalecgrafia de
raycs X) .

En el estado del arte es ampliamente conocido que “los métodos de
cristalografia de rayos X, los cuales reflejan directamente las
diferencias en una estructura de un cristal, en la mayoria de los
casos puede ser definitivo en la identificacidén y caracterizacidn de
polimorfos” y por tanto “la difraccidn de rayos X es considerado el
método mas definitivo para identificar polimorfos y distinguirlos
entre si” (ver paginas 111 y 112 de texto de Bernstein).

En contraste a la opinién del Sefior Examinader, la presente solicitud
de patente SI contiene datos sobre la difraccidén de rayos X en la
tabla 2 de la descripcidn, los cuales se incluyen como parametros de
celda derivados de medidas realizadas por difraccidén de rayos X. A
este respecto, se aclara a su Despacho que es ampliamente conocido que
la estructura de un cristal de un sélido melecular puede ser descrita
en términos de su celda unitaria, la unidad periddica més pequefila gue
posee simetria vy propiedades quimicas. La celda unitaria se da por los
parametros de red que se refieren al espacic, longitud de los ejes de
la celda vy los angulos entre las terminaciones. A este respecto, el
Sr. Bernstein claramente afirma que “la difractometria de rayos X son
(usualmente) empleadas para determinar detalles de la estructura
molecular vy cristalina del gdélido- 1longitud de enlace, &angulos de
enlace, interacciones intermoleculares, etc. y son la fuente mas
precisa de datos métricos sobre estas caracteristicas estructurales”
(Ver pagina 112).

Dichos datos acerca de los parametros de la celda unitaria se divulgan
en la tabla 2 de la descripcién de la presente solicitud los cuales
claramente demuestran que el polimorfo de interés es nuevo en
comparacién a la forma I del estado del arte debido a las diferencias
en las longitudes a y ¢ asi como en el anguloc B.

De otro lado, el Sr. Bernstein también afirma que “aquellos resultados
que deben ser empleados para simular en el computador el patrdn de
difraccién de un polvo del mismo material. Dicho patrdn puede servir
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como un estdndar para el patrdn de difraccidn del polvo, no asociado
con impurezas, la presencia de polimorfos, o las dificultades
experimentales”. Lo anterior, demuestra la validez de los parametros
de celda en términos de que caracterizan inequivocamente e identifican
el polimorfo de interés. De modo que la descripeidén de la solicitud
divulga la invencidén de manera suficientemente clara y completa para
su comprensién y presenta informacién suficiente gque en. conjunto
demuestran la existencia y la novedad del polimorfo.

3.3. Proceso para la cbtencién del pelimorfo de interés (forma II).

Con respecto al proceso para obtener la forma cristalina II, se pone
de presente a su Despacho que no compartimos la opinidn del Sefior
Examinador en relacidén con que no sge revela informacidn s=uficiente
para ejecutar dicho proceso. Lo anterior por las sigulentes razones:

La descripcidén de la presente solicitud de patente se refiere a dos
procesos para la obtencidn de la forma cristalina II.

El proceso 1 no envuelve pasos de molienda, secado, granulacidn o
mezcla bajo concentraciones especificas. La disolucién del anhidrato
de forma I en un solvente polar no requiere de concentraciones
especificas para que sea comprensible para una persona versada en la
materia.

Asimismo, el proceso 2 no envuelve pasos de molienda o secado,
granulacién. En este proceso se especifica la concentracidn de los

cristales semilla: “de 0.01 a 20% en peso”.

3.4 Estabilidad del polimcrfo de interés.

Los resultados mostrados en la pagina 6 de la solicitud internacional
demuestran que las suspensiones agroquimicas del anhidrato de forma II
{formulacidn &) son diferentes a aguellas reveladas en el estado del
arte previo {(anhidrato I: formulacidén B) incluso después de 7 dias de
almacenamiento y resulta en una menor cantidad de precipitacidén de
residuos.

3.5. Modificacidén de una solicitud en tramite.

Dada la importancia que tiene esta sclicitud para el solicitante y su
voluntad de avanzar en la discusidn de las objeciones planteadas por
su Despacho y con el fin de atender las anteriores observaciones y de
acuerde con el articulo 34 de la Decisidén 486, se presenta un nuevo
capitulo reivindicatorio come sustituto del anteriormente presentado
conformado por 7 reivindicaciones. De tal manera que, las objeciones
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formuladas a este respecto quedan superadas respectivamente con las
modificaciones realizadas de la siguiente manera:

¢ Se ha revisado la redaccidn del capitulo reivindicatorio con el
fin de hacer claridad sobre la materia que se solicita proteger
v sobre el alcance de la misma.

¢ En particular, la reivindicacién 1 ha sido redactada nuevamente
y ahora especifica los pardmetros de celda obtenidos por
difraccidén de rayos X incluidos en la tabla 2 del pliego
descriptivo de la presente solicitud de patente.

¢ Adicionalmente, en la reivindicacidén 2 se especifica gue en el
paso b) se disuelve 2-cloro-N-(4'-clorobifenil-2-il) -
nicotinamida moncclinica de fdrmula I, ¢gque funde a los 144 -
145°C, en un disclvente polar prético seleccionade de alccholes,
glicoles, cetonas, éteres, ésteres, amidas, dimetilsulfdéxido o
mezclas de é&stos ¢ en un hidrocarburc aromatico seleccionado de
benceno, tolueno y xileno a una temperatura entre 20 a 150 °C,
de conformidad con la ensefianzas del pliego descriptivo. De modo
que la objecién formulada a este respecto se debe tener por
gsuperada.

¢ Asimismo, en la nueva reivindicacidén 2 ahora se especifica que
el disclvente polar prético se selecciona de metanol, etancl y
propanol, etilen glicel, dietilen glicol, acetona,
ciclohexanona, dioxano, tetrahidrofurano, etil acetato,
dimetilformamida o dimetilsulfdxido.

Asi entonces, con las aclaraciones arriba mwencionadas vy las
modificaciones realizadas al capitulo reivindicatorioc, el mismo es
ahora claro v ceonciso y por tante las objeciones formuladas a este
respecto se deben tener por superadas. S5in embargo, en el evento gue
el Despacho considere que una modificacién adicional sea necesaria,
regpetuosamente le solicito hacer uso de la facultad gue le otorga el
articule 45 inciso 2. de 1la Decisidn 486 de la Comisidn de la
Comunidad 2Andina a efecto de requerir nuevamente de nuestra parte
cualquier complementacidn o aclaracidn.

Adicionalmente, mi representada desea poner de presente lo siguiente:

El efecto mejorado de la nueva forma cristalina ha sido demostrado en
la descripcién de la presente sclicitud por comparacién directa entre
formulaciones idénticas conocidas en el estade del arte comprendiendo
la forma cristalina I. La Unica diferencia entre las formulaciones
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comparadas es la forma cristalina de la boscalida usada. Por lo tanto,
la contribucién al estado del arte en términos de una menor formacidn
de residuos es una contribucidén que se debe a una nueva forma
cristalina II per se.

De otro lado, es importante resaltar gque en el estado del arte no se
sugiere o encefia re-cristalizar la boscalida. En efecto, se pone de
presente gue una perscna versada en la materia no puede predecir con
certeza absoluta la existencia de las posibles formas cristalinas de
boscalida sin experimentacién alguna. Por lo tanto, la re-
cristalizacidén de la boscalida con el fin de obtener una forma
cristalina con una estabilidad mejorada no se puede derivar de manera
obvia u evidente a partir del estado del arte toda vez que no se habia
revelado con anterioridad a la presente solicitud que al disolver 2-
cloro-N-(4'-clorcbifenil-2-il}-nicotinamida menoclinica de formula I,
en un disolvente polar prdético a una temperatura entre 20 a 150 °C se
obtendria una nueva forma cristalina de boscalida.

4. Puesto que se han atendido a cabalidad las observaciones hechas por
. su Despacho sobre la presente =zolicitud de patente, respetuosamente
solicito se continlie con su tramitacién.

5. Anexos.

e Nuevo pliego reivindicatorio conformado por 7 reivindicaciones.
¢ Formulario de modificaciones.

¢ Copias de partes del libro: "Polymorphism in Molecular
Crystals”.

Sefior Director,

7 5
Voo BbrrenaDSpbldes
LUZ CLEMENCIA DE PAEZ
C.C. N° 35.456.344
T.P.A. No. 23.555
COLO-00361-841-057-9
&& MGMA\MGM\ ID-192980\WPCL0361
. \ No. M-2011-192580\MGM
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Industria y Comercio
SUPERINTENDENCIA

FORMULARIO UNICO DE CORRECCIONES Y MODIFICACIONES

Espacio reservado para el adhesivo de radicacion

O SOLICITUD. DE "3?3

D Correccion de Error Material . Modlﬂcamon a una solicitud
Nombre: BASF AKTIENGESELLSCHAFT:* ‘
Sociedad constituida y existente bajo ras leyes de
Alemania. - IDENTIFICACION
SOLICITANTE T A S
Direccion: 67056 Ludwigshafen, = - .¢
Alemania T k CC D NIT O
[ CE. d - Oto O
Domicilio: Ludwigshafen, B '
Alemania e, o Numero:
Teléfono: 546 09 70 Fax: 2494070
E-mail: clientes@cavelier.com
: Nombre: LUZ CLEMENC!A DE PAEZ -I-D—ENTIHCAC'ON
Direccion: Carrera 42. No, 72-35
REPRESENTANTE | Teléfono: 347 36 11 CcC. NIT O
O APODERADO  |Fax: 211 86 50 CE. O Otro O
E-mail: clientes@cavelier.com Cual
Domicilio: - Bogoté, Colombia. Numero  35.456.344 T.P.23.555

1
o

@ Ntimero de expediente: 05.088.317-

Descripcion de la correccién o modlf:cacmn sollcltada
Presento nuevo capitulo relvmdmatono compues por 7 relvmdscamones con et fin de superar las

objeciones hechas por Su Despacho a;lg'_preseqtg sollc_ltud de patente y pido respetuosamente que

el examen de patentabilidad sea realizado sobré estas nuevas reivindicaciones presentadas.

Comprobante de pago No.

O Anexos
Comprobante de pago de la tasa por $118.000, por concepto de modificaciones.

Comprobante de pago por  reivindicaciones adicionales después de la decima
reivindicacion por
Poderes, si fuere el caso

a0 od

Documento que acredita la existencia y representacion legal de las partes, cuando sean
personas juridicas.
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REIVINDICACIONES.

l. 2-cloro-N-{4'-clorcbifenil-2-il} -nicotinamida monoclinica de
férmula I:
O |
G
caracterizado porque funde a los 147 - 148°C y en el espectro

infrarojo muestra al menos una de las siguientes bandas
caracteristicas: 868cm-1, 917cm-1 y 1675cm-1;
¥y presenta los sigquientes parémetros de celda:

Clase

= Monoclinico.

Grupo espacial = P21/c
Longitudes de la celda:
a=1162.5 pm

b=1134.2 pm

c= 1283.2 pm

Angulos correspondientes de la celda:
o {alfa)=90°

p

(beta)=114.52°

y (gamma}=90°

2.

Procedimiento para la preparacién del compuesto 1 de acuerdo
con la reivindicacidn 1, caracterizado porque

aj se disuelve 2-cloro-N-(4'-clorobifenil-2-il) -
nicotinamida monoclinica de fdérmula I, que funde a los
144 - 145°C, en un disolvente polar proético selecciconado
de metancl, etancl y propanol, etilen glicol, dietilen
glicol, acetona, ciclohexanona, dioxano,
tetrahidrofurano, etil acetato, dimetilformamida,
dimetilsulféxido o mezclas de éstos o en un hidrocarburo
aromdtico seleccionade de benceno, tolueno y xileno a
una temperatura entre 20 a 150 °C, y

b) se separa del disoclvente por <cristalizacidén tras
habérselo enfriade temperaturas entre 0 a 30°C.

Procedimiento para la preparacién del compuesto I de acuerdo
con la reivindicacidn 2, caracterizado porgue como
disolventes polares prdticos se emplean alcocholes, ésteres o
cetonas.

Procedimiento para la preparacidn del compuesto I de acuerdo
con la reivindicacién 3, caracterizado porgque como alcohol se
emplea el metanocl o el etanol.

Procedimientc para la preparacidn del compuesto I de acuerdo
con la reivindicacién 2, caracterizado porque en la etapa a)
se disuelve el compuesto de férmula I a una temperatura de
entre 40°C y 115°C,



6. Composiciones fungicidas caracterizada porque contienen el
compuesto de férmula I de acuerdo con la reivindicacidén 1 vy
aditivos inertes.

7. Composiciones fungicidas de acuerdo con la reivindicacién

8, caracterizadas porque contienen de 0,la 95% en peso del
compuesto de férmula I de acuerde con la reivindicacidn 1.

MGM\MGM\ ID-192995\WPCL0361
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Analytical techniques for studying and
characterizing polymorphs

You can observe a lot just by watching (Yogi Berra)

4.1 Introduction

Since polymorphs represent different crystal structures essentially every physical or
chemical properly may vary among the polymorphic structures of a material, A con-
|sequence of this is the fact that virtually any technique that measures the properties
of a solid material may in principle be used to detect polymorphism and to character-
ize the similarities and difference mmong polymorphic slructuresﬁ')me techniques
are more sensitive to the differences in crystal structure or molecular environment,
as opposed (o molecular structure, and in many cases these are to be preferred in
detecting and characterizing polymorphs.

The intent of this chapter is to survey the most commonly employed of these ana-
Iytical techniques with an eye to demonstrating how they are being used to discover
and characterize polymorphs, There is considerable literature associated with each of
these techniques and in the sense of being able to cover all the details and ramifica-
tions of each technique we do not intend to be comprehensive here. Rather, we will
limit ourselves to bricfly and qualitatively describing the principles of the technique,
when necessary, to providing some leading references for further reading and entry
to the literature, and to giving some examples of the application of the technique
to the characterization and study of polymorphsjBecausc every technique provides
differcnt information and some techniques will not distinguish among a particular set
of polymorphs, the importance of utilizing a wide variety of techniques for the iden-
tification and characlterization of a polymorphic system cannot be overemphasized
(Threlfall 1995; Brittain 1999a; Bugay 2001).

4,2 Optical/hot stage microscopy

Hot stage microscopy provides a rupid method for sereening substances for the
existence of polymeorphism, n spite of the wtilily of this echnique, it has not
enjoyed the widespread use il deserves. Micrascopy wis much ignored during the
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middle decades of the twenticth century, due, in part at least, to the subjective
nature of the observations and ‘measurement’ and to the lack of practitioners lo
pass the knowledge and insight on to their scientific progeny. However, its utility
and importance arc being increasingly recognized (McLafferty 1990; Streng [997:
Bernstein and Henck 1998).

Three of the traditional centres of activity in chemical microscopy (Cornell

University, University of Innsbruck and McCrone Asssociates) have provided n

ber of Jlent literature for becoming acquainted with the polurizing
micrascope cquipped with a hot stage and it’s use in studying polymorphism (Kofter
and Kofler 1954; McCrone 1957; Kuhnert-Brandstitter 1971; Chamot and Mason
1973; McCrone er al. 1978; Kuhnert-Brandstitter 1982; Cooke 1998). The use of the
microscope declined, in part at least, in an age of increasing quantification, due to
the lack of quantitative measures that can be attached to visual observutions. Fholo:
graphic records of microscopic observations were more in the realm of geologists and
biologists than that of chemists. However, the ready availability and relutively low
cost of video recording with the capability of digitally capturing individual mages
or sequences of images bodes well for the future of chemical/thermal microscopy in
(he study of polymorphism,

The most generat use of the microscope for the study of polymorphism is sim-
ply for observing the homogeneity or diversity of a crystalline sample, Variations
in size, shape or colour may indicale the presence of polymorphism and the need
for further ination (see, for i Fig. 3.2). As noted in Section 2.4.1, differ-
ences in crystal habit are not necessarily indicative of polymorphism. Further physicul
characterization of the individual crystals may involve measurements such s apii-
cal constants (Hartshorne and Stuart 1960, 1964; Wahlstrom 1969: McCrone ¢t al.
1978) or interfacial angles (Winchell 1943; Porter and Spiller 1951: ‘Terpstn i
Codd 1961).

By far the most useful accessory to polarized light microscopy is (he ol suge
originally invented by Lehmann (18774,b, 1888, 1891, 1910) (Fig. 4.1) md now
used in the versions developed by Kofler and Kofler (1954) and the Mettler Compnny
in 1968 (Woodard 1970; Jutian and McCrone 1971) (See also Kuhnert-Brandstilitey
1971, 1982), Melting point determination on small samples is perhups the most abvi-
ous application for hot stage microscopy. With practice, the true melting poinl (e,
the temperature at which the solid and its melt are maintained at equilibrium) e be
readily determined. Melting point is perhaps onc of the longest used physicul con-
stants for characterizing solids, although as Borka (1991) has pointed out different
polymorphs can have similar melting points. An oulstanding exumple is that ol tri-
morphic D-mannito} (Burger et al. 2000) for which the melting points are lorm §
166.5°C; Form It 366"'C and Form TH 150-158"C incongruently. A variety of other
properties may be examined and studied with this versatile tool, which should be the
first option for any characlerizution of @ solid matevivl, espeeially in the search for
polymorphs. .

‘e systemttic use of the hot stuge mivroseope emplaying mainly the Koler hat
stige was originnby deseribed in the buok by Kofler md Kofler (1954) (the Tounders
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Fig.4.16 TGA traces for the anhydrous and monohydrate forms of glucose. (Reprinted from
Schwarz and de Buhr 1998, with permission.)
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Fig.4.17 DSC traces for the anhydrous and monohydrate forms of giucose. {Reprinted from
Schwarz and de Buhr 1998, with permission.) X .

caleulate the sume quantity at  dilferent tempesuture, 72, from the difference in the
heat capacities of the two palymorphs: .

Al ) = AT wtE) H LR T AC .

. X-RAY CRYSTALLOGRAPHY n

Table4,1 Heats of sofution AH; (keal mol~!) measured at 25°C
and calculated heats of transition AH, for the two palymorphic
forms of sedium sulphathiazote in two different solvents (adapted
from Lindenbaum and McGraw 1985)

Acetone Dimethylformamide
AH 2.853 £0.026 ~1.113+ 0012
AHy 1.229 + 0.0i6 —2.740 % 0.023
AH, (at 25°C) 1.624 3 0.042 1,627 £ 0.035

Some typical ples of these arc given by Lindenbaum et al. (1985).
For quantitative analysis of mixtures, Botha ef al. (1986) have demonstrated how
the percentage composition of two polymorphs may be determined essentially over
the entire range of composition by measurements of the heats of solution of the
pure polymorphs. Additional details on many aspects of the applications of solution
microcalorimetry to the study of polymorphs and solvates may be found in the book
by Hemminger and Hohne (1984), the chapters by Grant and Higuchi (1990) and
Brittain and Grant (1999) and the recent paper by Qu and Grant (2001).

44 X-ray crystallography

X-ray crystaliographic methods, which reficct differences in crystal structure, in most
cases can be definitive in the identification and characterization of polymorphs, and
whenever possible should be included in the analytical methads utilized to define a
polymorphic system.

In the application of X-ray diffraction methods to the study of molecular solids in
general and polymorphic systems in particular a distinction is often made between
powder methods and single crystal methods. Traditionally, the former have been
used for the qualitative identification of individual polymorphic phases or mixtures
of phascs, while the latter have been employed for the determination of the detailed
molecular and crystal structure. Fortunately, the gap between these two subdisciplines
is being bridged, and much can be gained in the study of polymorphs by the cross-
fertilization of these two techniques. For instance, single crystal structure solution
techniques are being applied to powder data to solve larger and previously intractable
crystal structores (Andreev et al. 1997; Shankland ef al. 1997; Tremayne et al. 1997;
David et al. 1998; Chan ef al, 1999; Putz ef al. 1999) with subsequent refinement
by Rietveld methods (Young 1993), and this ficld is expected to grow rapidly with
increasingly bqwerful X-ray sources and computing resources. The increasing appli-
cation of synchrotron radiation to powder diffraction is also contributing significantly
to closing this gap: in some cases revealing polymorphism not obscerved by laboratory
sele X-ray sources (Safo 1999),
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Recent and continuing developments in the field of clectron diffeaction of very
small single crystals may also serve to bridge the gap between classical powder and
single crystal diffraction techniques (Voigt-Martin ef al. 1995; Dorset 1996; Dorset
et al. 1998; Yu et al. 2000b).

The fundamentals of X-ray powder diffraction techniques arc summarized in a
number of texts and reviews (Azaroff and Burger 1958; Bish and Reynolds 1989;
Jenkins and Snyder 1996). The X-ray ditfraction pattern from a solid results from the
satisfaction of the Bragg condition (nA = 2d sin @), where A is the wavelength of the
X-ray radiation, and d is the particular spacing between individual parallel plancs.
The condition can be satisfied when the angle 8 between the incident radiation and
that set of planes results in constructive interference. The X-ray powder diffraction
pattern of a solid is thus a plot of the diffraction intensity as a function of 26 values (or
equivatently,  spacings) and may be considered to be a fingerprint of that solid. The
values of the d spacings reflect the dimensions of the unit cell, while the intensities are
dite to the contents of the unit celf and the way the atoms and molecules are arranged
therein. As polymorphs comprise different solids with different unit cells and different
arrangements of molecules within the unit cell they have different fingerprints—
most often as different as the X-ray powder patterns of two different compounds.
Thus X-ray powder diffraction is probably the most definitive method for identifying
polymorphs and distinguishing among them. Typical experimental powder patterns
for two polymorphs are given in Fig, 4.182

Single crystal X-ray crystallographic techniques are employed to determine details
of the molecular and crystal s of the solid—bond lengths, bond angles, inter-
molecular interactions, etc., and arc the source of some of the most precise metric
data on these structural features (Dunitz 1979; Giacovazzo 1992; Glusker et al. 1994).
The three-dimensional results are obtaincd from the collection of three-dimensional
diffraction data. Those results may be used to simulate computationally the two-
dimensional diffraction pattern to be expected from a powder of the same material.
Such a calculated powder pattern may serve as a standard for the powder diffraction
pattern, unencumbered by impurities, the presence of other polymorphs, or the exper-
imental difficuitics ated below. The othcr side of this coin is the attempt to
obtain the full three-dimensional crystal structure from the two-dimensional powder
diffraction pattern, as noted above. Some of the important features of powder diffrac-
tion are di d here. Those ing from single crystal studies are alluded to in
many other places throughoit this work.

There are some reported cases of two genuinely polymorphic structures exhibiting
very similar powder diffraction patterns. One of these cases, the two polymorphs

2 There have been a number of reports of polymorphic systems in which the reader might be led to
:t xome similarity in the powder pattern of two polymorphs because they crystallize in the same
§ roup. There is no physical basis for this expectation. Except for the systematic absences of certain
retlections duc to spave group symmetry polymarphic steuctures in the same space group und different cell
vanstuts will e differeot powder diffeaction patterns. On the other hand, polymorphs with simitur cell
constunis but Jierent spice groups iy exiibil some simitarity in X-ray posier diffraction patlens. but
Whiese vies ine veey mire (vide dnfrad. See also Seclion 243,
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Fl.g. 4.18 X-ray powder diffraction patterns for the two polymorphs of paracetamot. (From
Nichols and Frampton 1998, with permission.)

of terephthalic acid (Davey ef al. 1994), is shown in Fig. 4.19. These two patterns
are remarkably similar, save for the 26 region just above the large peak at ~30°,
In such cases, there must be a structural explanation for the similarities in powder
patterns. The two structures crystallize in the triclinic space group PT with different

" cell constants as given in Table 4.2 (Bailey and Brown 1967, 1984; Herbstein 2001).
. As shown in Fig. 4.20 and discussed by Berkovitch-Yellin and Leiserowitz (1982)

and Davey et al, (1994) both structures are characterized by the formation of infi-
nite hydrogen-bonded chains. The chains are organized into two-dimensional sheets
that differ to some extent hetween the two polymorphs in the relationship between
neighbouring chains. The oflxet of neighbowring sheets is more significant, and com-
prises the principal difference between the two structures, However, since the major
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Fig 419 X-ray powder diiTowction patterns caleulated Grom the erystal structures for the two
Tornss of terephthalic aeld, tpper, Forn 1 fower, Form B (ARer Davey ef al, 1994.)
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Tabled4,2 Crystallographic cell constants for the two polymorphs

of terephthalic acid

Reported cefls® Reduced cells®

Form 1 Form 11 Form [ Form 1I
a () 773 9.54 376 5.027
b(A) 6.443 534 6.439 5.36
c(A) 3.749 5.02 7412 6.991
() 9275 86.95 83.16 7204
£C) 109.15 134.6 80.87 76.03
) 9595 104.9 88.53 87.09

@ After Bailey and Brown (1967, 1987).

P Herbstein (2001), The cell forthe reduced cell arebased on those
reported by Colapi 1 al. (1984) und D i e al. (1990) (for Form
1) and by Fischer er al, (1986) (by neutran dilfraction) for Form t1. Since
they follow the convention for repurting reduced cells (internationid Tables
1987) they uppear in a ditferent order from the vriginal; also by convention
the cell angles are defined as acute.

contribution to the X-ray scattering is from the sheets, the similarity in structures is
manifested in the similarity in powder patterns.®
Some other examples of very similar X-ray powder diffraction patterns have been
noted. One of these is D,L-leucine (Mnyukh et al. 1975) for which the spectral data are
clearly distinguishable. Another is caffeine (Fig. 4.27) (Svzuki ef al. 1985; Griesser
2000), which is discussed in the next section. Karfunkel et af. (1999) also quoted the
“surprisingly similar powder patterns’ of some diketopyrrolopyrrole derivatives and
have attempted to develop a model to describe the structural basis for similar powder
palterns,
- The preparation of samples for powder diffraction can lead to variations and incon-
i ies among on the same sample (e.g. Potts et al. 1994). Jenkins
and Snyder (1996) have summarized the possible causes for compositional variations
between the original sample and that prepared for the diffraction experiment; grinding
of the sample (generally required to reduce preferred orientation) vide infra can lead
to amorphism, strain in individual particles, decomposition, solid state reaction or

¥ A cautionary note is in order here. In principle there is ble freedom in choosing the axial
system in triclinic unit cells, and in some higher symmetry oaes as well (intemnational Tables 1987).
The ion calls for choosing the led reduced celt (Mighell 1976; Burzlaff et al. 1983; Baur
und Tillmanns 1986), and there are a number of computer programs available for doing carrying out this
cell reduction (LePage and Donnay 1976; Macicek and Yordanov 1992). For example, both the unreduced
und reduced vells are presented in Table 4.2, Mostcr phi now routinely check that the
recarded cell is in fact the reduced one, and all data ion progs on d di do
the reduction. However, muny literature values bave not been checked for the presence or absence of the
reduced eell. Cell reduction can also fead to the recognition of a vell of different symmetry (International
Tables 19873, As n result, s comparison of unit celt constunts which leads to the conclusion that two
struetures e polymarphs niay be in error. One way to cheek for identity or difference in polymorphs is
to ealetitte the powder pattern, which is invarisnt o e diolee of vell, although different choices of cell
el Beined o obitenent richexiug of peaks for ideitial diftruetion patterns.
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Fig.4.25 A typicalcalibration run of amixture of two polymorphs using the Rictveld analysis.
The calibration sumple was prepared using S per cent of Forim B in a mixture of F?m}s A and
B. The upper truce shows the laborutory data for this sample. The next two rows indicate the
positions expected for the diffraction peaks of Forms B and A, The bottom trace shows the
rms deviati Iting from the refi of the bi of the full patterns for the two
forms ngainst the measured pattern. The best fit is obtained for a value of 4.6 per cenl Form B.
(From Newman et al. 1999, with permission.)
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Fig.4.26 Calibration curve for mixtures of polymorphs A and B using laboratory X-ray data
and Rietveld analysis. The value for the 50 per cent mixture was obtained from synchrotron
data. (From Newman e? al. 1999, with permission.)

of the system values at least as low as | per cent aie o ble using quantitative
X-ruy analysis (Tanninens and Yliruusi 1992),
Artiliciul newral network (ANN) theory (Zupun and Gusteiger 1991), which has

heen appliced to other ureas of quantitutive chemical minlysis (Bos wid Weber 1991)
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has recently been claimed to be useful in the quantitative analysis of mixtures of poly-
morphs using X-ray diffraction methods (Agatonovic-Kustrin ef al. 1999, 2000). In
studying the two polymorphs of ranitidine hydrochloride, and comparing the method
to the more conventional method employing polynomial regression, the authors
showed that the ANN methods yiclded a smaller standard deviation and relative error,
especially for the region of lower concentrations of Form 2, as low as 1-2 per cent,
Depending on its general applicability, the ANN methodology may be a potential
alternative 1o the more traditional methods of quantitative analysis of mixtures, and
the authors suggest extending the use to entire patterns (rather than a few selected
peaks as in their study) as has been done with partial least squares methods in the
quantitative analysis of mixtures using IR methods (see the next section),

4.5 Infrared spectroscopy

Infrared spectroscopy is of course a standard technique for the characterization of
compounds in the current context of solid materials. Because it is based on the
measurement of the vibrational modes generally of bonded atoms, with absorptions
usually in the range of 4004000 cm~! it is primarily 2 tool for investigating molecular
properties rather than solid state properties.

] Nevertheless, for half a century (Ebest and Gottlieb 1952), it has been one

|

of the most widely used methods for investigating the propensity of materials to
form polymorphs (Kuhnert-Brandstitter and Junger 1976), including thermedynamic
details such as transition points and number of components (Gu 1993). Fourier trans-
form infrared spectroscopy (FTIRY) is clearly the current method of choice, having
replaced traditional grating and prism spectrophotometers (Krishnan and Ferraro
1982; Brittain 1997). Since the characteristics of bonds or bonded atoms are moni-
tored with this method, it is the perturbations of those vibrations due to variations in
conformational or environmental factors among polymorphs that can lead to the dif-
ferences in spectra. In gencral, many molecular features are constant from polymorph
to polymorph and the effect of environment on particular bonds and their vibrational
manifestation may not be sufficiently large to be evident as differences in the IR
spectra among polymorphs (Fig. 4.27), e.g. caffein (Suzuki et al. 1985; Griesser
2000) and trovafioxacin mesylate (Norris et al. 1997), especially when presented in
graphical form on a reduced scale. Hence, IR spectra of different polymorphs quite
often exhibit many similar features with differences showing up in particular bands,
which may, however, provide distinctive markers for polymorphic characterization
and distinction (Rig. 4.28), The FTIR i ion and provides precise
location of absorption bands, and that information, coupled with the IR assignments
and comparisons for the various polymorphs, allows a means of characterization
and comparison which is not available to the reader who is presented with a series
of graphical ‘spectra. Much information about the similarities and differences among
polymorphs is often lost in such a graphical presentation. An example of the preferred
mode of presentation is in Fig. 4.29 and Table 4.4 Tor two forms of lamivudine. While
it is not always possible 1o moke

of the bands (0 molecular bonding or —
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Fig.4.27 Upper: FTIR spectra of the two anhydrous modifications of caffein, exhibiting very
similar featurcs, Lower: X-ray powder diffraction patterns of the same modifications, showing
considesable similarity, but distinguishable with the use of an expanded scale in the region
11° < 20 < 13°, Other diffc can be d d upon close inspection. (From Griesser
2000, with permission.)

functional groups, the tabulation of distinguishing peaks among polymorphic systems
should be encouraged as standard practice, Evaiuntion of the statistical significance of
similarities and differences in the spectra is considerably fucilitated by the inclusion
of information on the experimental precision al peak focution.
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Fig. 4.29 FTIR spectra of the two forms of lamivudine, Note that the two spectra are pre-
sented as nearly overlaid as possible to facilitate comparison, In addition, the vibrational origin
of signilicant peaks has been identified and the peak positions for the two polymorphs are
compared in Tuble 4.4 (Harris ef al. 1997). (Figure from Lancaster 1999, with permission.)

Tabled.d IR assignments and frequencies for the two polymorphs of
famivudine (From Harris ez ef. 1997, with permission.)

Assignment Form | Form i

vou® 3545 —_

Ve Von 3404, 3365, 3341, 3232 3376, 3328, 3270, 3201
Ve 1662 1652

ven 1643 1636

vee 1613 1613

veolSon 1053 1060

2 Of g hydration water molecule,

Since determination of the IR spectra of polymorphs is often catried out for the
purpose of comparison, sample preparation becomes a particularly important factor
in the experimental procedure (Bugay 2001). Threlfall (1995) has reviewed many of
the factors that must be taken into consideration in this regard, including labelling of
polymorphic forin (obvious, but in view of the confusion in polymorph nomenclature
(see Section 1.2.3) still a potential problern), sample purity {both chemical and poly-
morphic purity), crystal size, crystal habit and orientation (Griesser and Burger 1993;
Kobayashi ef al. 1994), instability to pulverization and grinding (Farmer {957; Hoard
and Elkovich 1996; Threlfall 1999), solubility in the mulling medium or hydration
(Kuhvert-Brandstitter and Riedmann 1989), desolvation of a solvate (Burger and
Ramburger 1979a,0) or instramiental variables (Free und Miller 1994),

b+ g

.
i
i
i
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A number of experimental alternatives to traditional IR transmission spectroscopy
are suitable for overcoming some of these complicating experimental factors. In the

hnique of diffuse refl infrared Fourier form specl py (DRIFTS)
(Hartauer et al. 1992; Neville ef al. 1992) the sample is dispersed in a matrix of
powdered alkali halide, a procedure which is less likely to lead to polymorphic trans-
formations or loss of solvent than the more aggressive grinding necessary for mull
preparation or pressurc required to make a pellet (Roston ef al. 1993). For these rea-
sons, Threlfall (1995) suggests that DRIFTS should be the method of choice for the
initial IR examination of polymorphs. He has also discussed the possible use of atten-
uated total reflection (ATR) methods in the examination of polymorphs and provided
a comparison and discussion of the results obtained on sulphathiazole polymorphs
from spectra run on KBr disks, Nujol mulis and ATR.

In spite of many of the potentiai experimental pitfalls and difficulties (which should
be viewed here as caveats rather than as deterrents), IR spectroscopy is still one of
the simplest and most widely and routinely employed analytical tools in the study
and characterization of polymorphs. Some other modifications, developments and
‘hyphenated techniques’ are worthy of note here, since they often considerably
enhance the potential of the technique while reducing the drawbacks. Perhaps the
most obvious of these is the combination of microscopy with FTIR spectroscopy
for visual examination and spectral characterization of small areas in heterogencous
samples or identity and analysis of the spatinl distribution of components of mixtures
(e.g. pharmaceutical formulations) (Messerschmidt and Harthcock 1988).

Photoacoustic spectroscopy is based on the absorption of modulated, rather thun
direct, radiation; hence, it is independent of the linear absorption, thus climinating

ion due to sample thickness or high extinction coefficients. Specti
can be measured on neat samples without dilution (Vidine 1982; Graham et al. 1985;
McCletland e? al. 1992), This avoids the polymorphic changes that might be browght
abaut by grinding, but particle size plays a role in such measurements (Rockley
et al. 1984). An example of a study of a polymorphic system by photoacoustic spue-
troscopy on polymorphic forms sensitive to mechanical perturbations has been given
by Ashizawa (1989).

Justas polarized tight enhances the utility of optical microscopy inthe study of poly-
morphic systems, so polarization can be used in conjunction with IR spectroscopy.
As we shall show later in greater detail (see Section 6.3.2) polarized specirascopic
methods provide detailed information on the directional properties which dislinguish
the spectral features of polymorphs. Thus, for instance, the directional propertics of
a polymorphic transformation of fatty acids (Kancko ef al. 1994a—¢) snd inferences
about the differences in packing modes (Yano 1993) have heen investigaled with
polarized IR methods.

As with other analytical technigues previously widely used for potymorph chirae.
terizatian (i.c. polymorph identity), IR spectroscopy is being incrensingly empioyed
as a technique For quantitative analysis (e.g. polymorphic pority) (Aldridge er ol.
1996; Blneo er af, 2000; Bugiy 2001: Stephenson ef af. 20015 Putel of of. 20003
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A typical example has recently been given by Bugay (1999) for cefepime dihy-
drochloride (Bugay et al, 1996). The question of polymorphic purity (more correctly
in this case purity of crystal modification) involved in determining the amount of
a dihydrate in a marketcd monohydrate form. As seen in Fig. 4.30(a), the two
madifications have quite distinct IR spectra in the 3000-4000cm~" range, and a
mixture of 5 per cent dihydrate in the monohydrate clearly shows how the peak of
the former just below 3600cm=' may be used to quantify its presence, To extract
quantitative jnformation, a calibration curve of known w/w mixtures was prepared
in the working range of 1.0-8.0 per cent, using diffuse IR reflectance. The statis-
tical analysis led to the graph shown in Fig. 4.31, with a limit of detection of 0.3
per cent, a minimum quantifiable level of 1.00 per cent, and a good cross-validation
with an independently developed assay based on X-ray powder diffraction (see
Scction 4.4).

For the cases of the quantitative analysis of mixtures of crystal modifications in
which the distinction between two spectra is not as favourable or where unambiguous
identification of many of the characteristic absorption peaks is desired (Zenith 1994),
the method of partial least squares (Haaland and Thomas 1988) may be required.
This technique originally developed for the use in the near IR spectral region uses the
entire (digitized) spectrum, rather than an individual peak or small number of peaks.
Some applications to the quantitative analysis of mixtures of polymorphs have been
given by Geladi and Kowalski (1986}, Hartauer ef al. (1992), Tudor et af. (1993) and
Jaslovsky er al. (1995) (the fatter two with Raman spectroscopy), and it appears that
this is a method that will see increasingly widespread use.’

An alternative procedure for the recognition of a minor polymorphic component in
a polymorphic mixture has been reported by Aldridge et al. (1996). This methad
employs pattern recognition of the near-IR spectra of the polymorphs (Ciurczak
1987) to distinguish between them. Near-IR spectroscopy may be advantageous over
mid-IR since sample preparation procedures have less chance of inducing polymor-
phic conversion and there may be spectral differences in the former which are not
apparent in the latter (Bugay 2001). In this study the authors compared the near-
1R reflectance spectra in the range 1100-2500cm™" of the desired polymorph, and
undesired polymorph, a hydrate, a solvate and the free acid of the material using two
pattern recognition algorithms, the Mahalanobis distance method and the SIMCA
residual variance method (Gemperline and Boyer 1995) to determine the preferred
method for detecting unwanted small guantities of undesired crystal forms. The for-
mer algorithm gave better results, indicating that levels as low as 2% of the undesired
polymorph may be detected, although the number of samples studied was too fow to
determine proper limits of detection.

3 The desirubility of using the entire spectrum (and hence every absarption peak) for both dentification
and quantification is particularly relevant in tight of a recent count decixion which required the pluintiftin
a patent infri fitlgation invelving o particulur potymorphic form to show that all the peaks in the
patent were present in the defeadant” uxed infringing product, In thu litigagion the peaks were X-ray
powder difireetion muaimin bul the same principles would apply (o peaks in 1 spectia (see Seethon 10.2),
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Fig.4.30 (a) IR spectra for the monohydrate and dihydeate of ccfepime dihydmchhfrid'c: th)
spectrum of a 5/95 w/w mixture of the dihydrate in the wonchydrate. The arrow indicutes
the distinet dihydrate absorption used in the quantitative analysis. (From Bugay 1999, with
permission.)

4.6 Raman spectroscopy

Infrared and Raman spectroscopy are often grouped together, since hath lcc.hniquc.\'
provide information on the vibrational modes of a compound, H'(\wcvcr. since the
Lwo spectroscopic techniques are based on different physical principles the scl}'cllnn
rules are different, Infrared spectrascopy is an absorption phenomenon, wll!k‘ the
R(IIl‘lu"n\spcclrusvupy is hased on o seattering phenomenon (Rnumn. and Krishhn
1928). In general, infraved energy is absurbed by polar groups. while rhintion Is
more effectively seuttered in the Ruman effeet by symmetric vibrations wih nonpolig
groups (Colthup ef af. 1990; Ferenro wie Nuknmato 1994). For most muotecnles other

.
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