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(PRIMER EXAMEN DE FONDO)

CARILOS R. OLARTE, mayor de edad y vecino de Bogots, identificado tal como aparece al pie
de mi firma, en mi caracter de apoderado de la sociedad solicitante, me permito manifestar lo
siguiente ante el auto emanado por ese Despacho, dentro del plazo legal previsto en el articulo 45

de la Decision 486, en los siguientes términos:

l. En primer lugar, con el animo de brindar mayor claridad a la materia reivindicada, me

permito presentar un Capitulo Reivindicatorio Modificado, que reemplaza en su totalidad al

Capitulo Reivindicatorio presentado al momento de radicar la solicitud.

As{ entonces, el Capitulo Reivindicatorio Modificado contiene los siguientes cambios:
- se han combinado las Reivindicaciones 1 a4 y 7 en la nueva Reivindicacion 1;
- sc han eliminado las Reivindicaciones 8 y 10;
- las antiguas reivindicaciones 5, 6 y 9 se han reenumerado como nuevas

Reivindicaciones 2 a 4, respectivamente.
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Valga anotar que las modificaciones efectuadas al Capitulo Reivindicatorio cumplen a cabalidad
con lo estipulado en el Articulo 34 de la Decision 486, ya que éstas de ninguna manera implican
una ampliacion de la proteccidn correspondiente a la divulgacion contenida en la solicitud inicial,

por el contrario, éstas corresponden a una franca limitacion de la materia reivindicada.

2. a- El Examinador argumenta que el titulo de [a solicitud no define apropiadamente la
invencion,
b- Atendiendo la observacion del Examinador, ¢l titulo de la solicitud ha sido

modificado a:

“SAL POTASICA DEL COMPUESTO N-(4-FLUOROBENCIL)-5-HIDROXI-1-METIL-2-
(1-METIL-1-{[(5-METIL-1,3,4-OXADIAZOL-2-IL)CARBONIL]AMINO}ETIL)-6-0X O-
1,6-DIHIDROPIRIMIDIN-4-CARBOXAMIDA Y CRISTALES DEL MISMO”.

3. a- El Examinador sefiala que la Reivindicacién 10 no es patentable porque reclama

un uso.

b- Considero superada la anterior objecion en tanto que se ha eliminado la

Reivindicacién 10 del Capitulo Reivindicatorio Modificado adjunto.

4. a- El Examinador sefiala que la patente WO 2003/035077 (D1), afecta el nivel

inventivo de la presente invencion.

El Examinador argumenta que D1 divulga un compuesto base con la misma formula del
Compuesto A de la presente invencidn, y que adicionalmente, 1J1 sugiere una lista de sales de
dicho compuesto. El Examinador argumenta ademas, que D1 sdlo se diferencia de la presente

invencidn en que la presente invencidn reclama especificamente la sal potasica del Compuesto A.

El Examinador concluye que cualquier persona medianamente versada en la materia, sigwmendo
las ensefianzas de D1, habria sido capaz de obtener la sal potasica aqui reclamada, y
adicionalmente, que la solicitud no conticne evidencia de efectos mejorados o sorprendentes
derivados de los cristales de la sal potasica del Compuesto A reclamados en las Reivindicaciones

2 a9, cristales que encontraria obvios cualquier persona medianamente versada en la materia a la
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luz de lo divulgado en D1, correspondiente a otros cristales de la misma familia de compuestos

(Ejemplo 16).

b- 1) En primer lugar, Hlamo respetuosamente la atencién del Examinador al

hecho que la presente invencion ha sido limitada a una sal monopotdsica cristalina anhidra del

Compuesto A, de acuerdo con el Capitulo Reivindicatorio Modificado.

Ahora bien, respecto al arte previo citado por el Examinador, es importante sefialar que D1 revela
un amplio nimero dc compuestos, entre los cuales se menciona el Compuesto A y sus usos

terapéuticos, solos o en combinacidén con otros agentes.

Vale la pena resaltar que ¢l Capitulo Descriptivo de csta solicitud, se reconoce la existencia de
D1 como arte previo relevante en la presente invencién. Sin embargo, D1 no revela, ni sugiere,
la sal monopotasica anhidra del Compuesto A. De la misma forma, D1 no divulga o sugiere
siquiera que la sal monopotasica anhidra del Compuesto A podria presentar formas cristalinas, y
menos aun ¢ cristal especifico tal como se reclama en el Capitulo Reivindicatorio Modificado.
Precisamente, los inventores de la presente solicitud reclaman especificamente una forma
cristalina concreta la sal monopotasica anhidra del Compuesto A, la cual fuc caracterizada por
sus propiedades termodinamicas (patrones de difraccion por rayos X en polvo y calorimetria

diferencial de barrido).

De nuevo, el documento D1 no proporcionan ninguna referencia a las formas cristalinas de
nminguno de los compuestos alli divulgados, ni mucho menos, a la forma cristalina de la sal
monopotasica anhidra del Compuesto A retvindicada en la presente invencion. De acuerdo con
lo anterior, D1 no puede afectar el nivel inventivo de la presente invencion, pues no sugiere de
ninguna manera la forma cristalina especifica reivindicada. Por lo tanto, la presente invencion
debe ser entendida como un polimorfo de la sal novedosa de un compuesto conocido, y no como

un polimorfo novedoso de un compuesto conocido. El problema que se soluciona con la presente

invencion es proporcionar una forma alternativa del Compuesto A (raltegravir) que tiene

propiedades mejoradas como su biodisponibilidad (ver Capitulo Descriptivo, pagina 4, lineas 4 a

25), y no solamente proporcionar un palimorfo altermativo de una sal monopotasica de raltegravir

con propiedades mejoradas.

The present invention should thus be understood as a polymorph of a novel salt of a known
compound as not as a novel polymorph of a known compound.
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Consequently the problem to be solved is the provision of an alternative form of raltegravir
having improved propertics such as bioavailability (see page 4 lincs 4-14 of the present
application). The problem is not the provision of an altcrnative polymorph of monopotassium
raltcgravir with improved propertics.

Aparentemente, para el Examinador es facil argumentar que el compuesto aqui reivindicado se
encontraba divulgado en DI, asi como sus sales, y que el técnico medio en la materia habria
obtenido especificamente la sal monopotasica anhidra y su cristal mediante un proceso obvio a
partir de lo divulgado en D1, olvidando sin embargo el proceso investigativo necesario para

obtener ¢l polimorfo reivindicado.

Adicionalmente, presento a continuacion los resultados de un estudio de biodisponibilidad
realizado en perros, a los que se les administrd una dosis de 45mg/Kg de la sal 4cida del

Compuesto A, y la sal monopotasica cristalina anhidra de la presente invencion:

AUC (uM*h) Cnax (HM)
Fenol libre Sal potasica Fenol libre Sal potasica
Perro Y 9.7 108.1 4.7 63.8
Perro X 56.2 245.9 26.7 120.9
Promedio 32.9 177.0 15.7 92.3

Los resultados del estudio demostraron que la sal monopotdsica cristalina anhidra del Compuesto
A de esta invencidn, presenta menos variabilidad individuo a individuo, y una mejora

considerable tanto en ¢l parametro AUC, como en la concentracion maxima.

Teniendo en cuenta los resultados, considero respetuosamente que para la persona medianamente
versada en la materia, a partir de las ensefianzas en D1, no habria podido ser obvio prever cudl
compuesto alternativo a la forma écida libre de raltegravir podria mejorar la biodisponibilidad.
No existe ensefianza alguna en D1 sobre como este objetivo (aumentar la biodisponiblidad)
podria ser alcanzado por una sal monopotdsica cristalina anhidra, y de hecho, tal ensefianza

tampoco existe en el estado gencral de la técnica.

The applicant considers that it would not be obvious to the skilled person from D1 what
alternative to the free acid form of raltegravir would improve bioavailability. There is no
teaching in D] that this will be achicved by the anhydrous crystalline monopotassium salt, nor
any general teaching in the art to this effect.

ii) En este sentido, es importante resaltar que el polimorfismo es un problema

vigente en particular para las industrias farmacéutica y de alimentos, ya que solamente algunos
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polimorfos tienen propiedades deseables (p.cj. estabilidad, propiedades de flujo mejoradas,
biodisponibilidad, disolucién, etc), por lo que la patentabilidad de éstos se basa en las

. . . . 1
propiedades ventajosas logradas con nuevas formas cristalinas.

No puede olvidarse que la busqueda de polimorfos no es predecible, por lo que siempre los

cientificos investigadores deben explotar intensamente su conocimiento y creatividad con el fin
de desarrollar nuevas formas cristalinas. De hecho, no hay un método general para la prediccién
de estructuras cristalinas a partir de una formula molecular; el disefio de solidos organicos que

respondan a propiedades deseadas previamente continda siendo un suefio.?

Teniendo en cuenta lo anterior, es importante resaltar que ademas de no ser posible garantizar a

priori la obtencidn de formas cristalinas, tampoco es posible predecir cuantas formas son posibles

v qué propiedades presentara cierta forma particular. Es decir, algunos compuestos son

polimérficos y otros no los son, y no hay un método conocido que permita predecir cuales
compuestos podrian provecr formas cristalinas adicionales.  Igualmente es virtualmente
imposible anticipar, con aceptable grado de certeza, cudl sera su estructura tridimensional, cudles
sus propiedades fisicoquimicas (tales como tasa de disolucién, higroscopicidad, solubilidad,
biodisponibilidad, etc.) y cual sera su estabilidad. Ni siquiera un conocimiento profundo de la
teoria de cristales o una amplia experiencia especifica en el drea, permitirian a una persona
medianamente versada en la materia anticipar inequivocamente los anteriores hechos, basandose
en la divulgacién general det compuesto de D1 y la teoria de cristales solidos, pues solamente con
la invencién de la presente solicitud se logrd la obtencion de las formas cristalinas reivindicadas,

sin seguir ningan tipo de indicacidn o enserianza del arte previo.

Evidencia de lo anterior se puede encontrar en el articulo “An experiment in crystal structure
prediction by popular vote” de Graeme et al, adjunto al presente memorial como “Anexo 17,
publicado y disponible en el momento en el que se radicd la presente solicitud, en donde se
evidencia la no predictibilidad de una forma cristalina de un compuesto dado. En este estudio, se
evalia la habilidad de diferentes experimentadores cristaldografos expertos para predecir
estructuras cristalinas correctas a partir de una lista de estructuras cristalinas diferentes para un
compuesto dado. La metodologia del estudio involucra dos compuestos especificos (5-fluoro-2-
oxindol y 3-quinoclidinol racémico) con estructuras rigidas, que no se encontraban publicadas en
la base de datos de Cambridge (Cambridge Structural Database -CSD-), para las cuales se

generaron diferentes estructuras cristatinas por métodos computacionales, en las que se buscaba

' University of Minesota. http://www chem.umn.edu/groups/sieptnann/rescarch/phasc.php
2 G.R, Desiraju, Nature Materials, 1, 77-79 (2002)
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el menor empaquetamiento energético posible, de las cuales se escogieron 5 estructuras para ser
incluidas en el test. Posteriormente, se realizé una competencia de prediccidn de la estructura
cristalina en el Centro de Datos Cristalograficos de Cambridge (CCDC por sus siglas en inglés),
donde los participantes del concurso, con diferentes afios de experiencia en cristalografia (ver
Figura 5, pagina 1988, desde profesionales recién graduados y cristalografos con mas de 30 afios
de experiencia) debian determinar cuél de las estructuras era mas probable que fuera la real forma
cristalina, a partir de cierta informacion para cada estructura (densidades calculadas, grupos
espaciales y condiciones de crecimiento del cristal) y acceso a la visualizacion de las cstructuras a

través de un computador.

Los resultados demostraron que la estructura de la forma cristalina real del compuesto 1 (5-
fluoro-2-oxindol) fue la menos popular entre dichos expertos por un margen significativo (pagina
1989, parrafo de conclusiones, linca 7-9). Para la segunda molécula, que resultaba ser mas dificil
de analizar (s6lo se recibieron 38 andlisis, mientras que para la molécula I, se recibieron 50), ya
que las diferentes estructuras cristalinas se¢ podian distinguir menos, no se pudo establecer una
marcada diferencia entre la popularidad de las diferentes estructuras cristalinas, sin embargo, la

estructura cristalina obtenida experimentalmente fue de nuevo la menos popular.

De lo anterior se puede concluir que el estudio de las diferentes formas cristalinas de una
molécula especifica no es tarea facil, requiere experiencia y experticia, asi como no cs posible
predecir a partir de técnicas rutinarias (como lo sefiala el Examinador) y tampoco mediante

técnicas computacionales a disposicion de los expertos.

Dec la misma forma, adjunto al presente memorial se encuentra el articulo “Matertals Engincering

of Solid-State Dosage Forms” en donde se establece que:

“A pesar de la investigacién rigurosa, nuestro conocimiento sobre
nucleacidon y cristalizacion se encuentra lejos de ser completo: nuestras
habilidades para predecir y controlar la morfologia cristalina y el

polimorfismo son decepcionantemente limitadas™ (mi traduccion).

Dado el esfuerzo involucrado en el desarrollo de estas mejoras, v dado que éstas proporcionan
ventajas comerciales competitivas, y se derivan directamente de la investigacion y creatividad
humanas, el sistema de patentes debe garantizar su proteccion. El Examinador no puede basarse

en apreciaciones subjetivas para privar al inventor de la proteccién merecida para su desarrollo

novedoso v no sugerido por el estado de la técnica. En el mundo entero las formas cristalinas

Phgina 6 de 9



OLARTEMOURE

OLARTE MOURE & ASOCIADOS LTDA.

cspecificas son consideradas no-obvias y por ende, materia patentable. Si bien en los
medicamentos actuales, o las moléculas candidatas a ser medicamentos, es posible encontrar
multiples formas sélidas, algunas similares, algunas drésticamente diferentes en sus
caracteristicas técnicas, estas formas, son todas candidatas para obtener proteccion via patentes
de manera individual.® Asi las cosas, la investigacion de las diferentes formas sélidas de un
medicamento puede conducir al desarrollo de nucvos productos con propiedades mejoradas, tales

como mayor estabilidad, que resultan ventajosos y descables en operaciones de procesamiento

farmacéutico a gran escala.

El Examinador debe tener en cuenta que el analisis de nivel inventivo no puede estar basado en si
es 0 no posible obtener la invencion reclamada, pues claramente era posible, toda vez que las
formas polimérficas reivindicadas existen. Esta aproximaciéon conllevaria a que ninguna
invencion seria patentable, volviendo asi inoperante el sistema de patentes. En este caso, el
hecho que pudiera existir eventualmente una minima motivacion general para llevar a cabo
trabajo experimental para determinar si hay otras formas fisicas (monohidrato y formas
cristalinas), no hace el resultado positivo obtenido (es decir la invencion) obvio o evidente; si asi

fuera, cl trabajo experimental seria inneccsario. El que sea obvio intentar, no neccsariamente

hace obvia la invencion.

Adicionalmente, como también lo ha determinado el Tribunal Andino de Justicia,-“lo obvio es
aquello que salta a la vista de manera clara y directa; lo “que se encuentra o ponc delante de los
0jos, muy claro o que no tiene dificultad”. Lo evidente consiste en la “certeza clara y manifiesta
de la que no se puede dudar, cierto, claro, patente y sin la menor duda”. Continta el Tribunal
diciendo que “una invencidn goza de nivel inventivo cuando a los ojos de un experto medio en el
asunto de que se trate, se necesita algo mas que la simple aplicacion de los conocimientos
técnicos en la materia para llegar a ella, es decir, que de conformidad con el estado de la técnica

el invento no es consecuencia clara y directa de dicho estado.™

Asi las cosas, durante ¢l analisis de una solicitud de patente, el Despacho debe poder citar

anterioridades que especificamente motiven a una persona versada en el arte a combinar los

elementos del estado de la técnica y a intentar Jas opciones especificas para llegar a Ia solucion
inventiva reclamada. No es suficiente alegar que la persona versada podria llegar a la invencion,

puesto que, como se ha dicho, este criterio desdibujaria por completo el sistema dc patentes,

* Sherry L. Morissetie, et. Al,, “High-throughput crystallization: polymorphs, salts, co-crystals and solvates of
pharmaceutical solids”. Advanced Drug Delivery Reviews 56 (2004) 275-300.
% Proceso 10-1P-2009, pagina 12, parrafos 5y 6.
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elevando el requisito de nivel inventivo a tal punto que nada seria patentable € indicaria que en
todos los casos no hubo creatividad inventiva en el desarrollo de nuevas invenciones, porque

éstas siempre serian vistas como logros apuntados por el estado de la técnica.

Dec hecho, quiero anotar que el desconocimiento de las estructuras cristalinas polimorficas
especificamente reivindicadas en la presente solicitud constituye innegablemente la evidencia de

que se esta frente a una “estructura cristalina inesperada”, con lo cual cumpliria el requisito de

patentabilidad de nivel inventivo, como bien lo sefiala el Examinador al establecer que dichas
formas son novedosas, y ademas, como lo demuestran los resultados del estudio de
biodisponibilidad realizado en perros, una mejor actividad. El Examinador parece rechazar el
principio establecido por ¢l Manual Andino de Patentes que establece que un compuesto tiene

nivel inventivo cuando (1) el compuesto tiene estructura inesperada, o (i) cuando el compuesto

exhibe un uso o un efecto sorprendente. 3

En conclusidn, el documento citado no proporcionan ninguna referencia a las formas cristalinas
de ninguno de los compuestos alli divulgados, ni mucho menos, a la forma cristalina de la sal

monopoldsica cristalina anhidra del Compuesto A reivindicada en la presente invencion.
5. Por todo lo anterior, considero que las objeciones presentadas por el Examinador en su
examen de fondo No. 473 han sido resueltas y por consiguiente solicito respetuosamente que el

Despacho tenga por cumplidos los requisitos de patentabilidad y proceda con la concesion de la

patente.

Atenlamente,

7

CARLOS R. OLARTE
C.C. No. 79.782.747 de Bogota
T.P. 74.295

* Manual Andino de Patentes. OMPI, EPO, Secretaria de la Comunidad Andina, 2004. Seccion 10.8.1.
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Anexo:

Capitulo Reivindicatorio Modificado.

Anexo 1: Graeme, D., et al “An experiment in crystal structure prediction by popular
vote”, Crystal Growth & Design. Vol. 6, No. 9. Pages 1985-1990. 2006.

Ancxo 2: Editorial “Materials Engineering of Solid-State Dosage IForms”

Pharmaceutical Research Vol. 25, No. 4, April 2008. Pages 949-952.
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Expediente 07-055.540
Primer Examen de Fondo

P2007/0000%1
CAPITULO REIVINDICATORIO MODIFICADO
(Primer Examen de Fondo)
1. Una sal monopotdsica cristalina anhidra del Compuesto A, que se caracteriza por un

patron de difraccion de rayos X, obtenido usando radiacion de cobre Ka, que comprende

valores en grados 20 de 5.9, 20.0 y 20,6, en donde el Compuesto A tiene la férmula:

O

I}
Ohe cHy, O

2. La sal potasica cristalina anhidra del Compuesto A de acuerdo con las
Reivindicacion 1, que se encuentra caracterizada por un patrén de rayos X que comprende

valores en grados 260 de 5.9, 12.5, 20.0, 20.6 y 25.6.

3. La sal potasica cristalina anhidra del Compuesto A de acuerdo con las
Reivindicacion 1, que ademds se caracteriza porque muestra una curva de calorimetria
diferencial de barrido, obtenida a una velocidad de calentamiento de 10°C/min en una
campana cerrada en atmosfera de nitrogeno, que muestra un solo un Unico proceso

endotérmico con una temperatura pico de aproximadamente 279°C.

4. Una composicion farmacéutica que comprende una cantidad terapéuticamente
efectiva de la sal monopotasica del compuesto A como se ha reclamado en cualquiera de

las Reivindicaciones | a 3, y un vehiculo farmacéuticamente aceptable.

& ok ok o ok ok ok k ok ok ok ok ok

Pagina 1 de 1



5, NL
& MIENCN
WOLG. M09
1985 9]

Perspective

An Experiment in Crystal Structure Prediction by Popular Vote

Gracme M. Day** and W, D. Sam Motherwell?

Department af Chemisiry, University of Cambridge, Lensfield Road, Cambridge, UK, CB2 1EW, and
The Cumbridge Crysrallographic Date Cenere, 12 Union Road, Cambridge, UK, CB2 1EZ

Received Mov 28, 2006,  Rewvised Manuscript Received Julv 5, 2006

@ This paper contains enhanced objects avadlable on the Internet at http:i/pubs.acs.orgierystal,

ABSTRACT: The ability to identify the crystal structures of small molecules by visual inspection, given a list of computer-
generated low-cnergy possibilitics, has been tested in an experiment conducted at an international crystallographic conference. The
surprising resull of the test was that the experimentatly observed crystal structures were the least popular af five choices for the two
molecules included in the test, casting doubt on the reliability of crystallographic intuition as a complement to computational methods

in crystal structure prediction.

Introduction

Crystal structure prediction (C§1), a developing area of

computational materials chemistry, has progressed to the point
that the best methods can usually produce, at least for small
rigid molccules, a short list of computer-gencrated orystal
structures that we can be confident will contain the observable
structures, starting from no more than the molecular diagram.!
The caleulated ordering of encrgics is almost always used to
choose the most likely crystal structure from the list of caleulated
possibilitics, and the cnergies of the potential structures are often
very close, so that the calculated order of stabilily ts very sen-
sitive to small errors in the model used to cvaluate Iattice ener-
gics, Furthermore., which of these computer-gencrated crystat
strucrures results from a particular crystallization cxperiment
is influenced by inadequately understood kinetic influcnces
during nucleation and growth. The goal of crystal structure pre-
diction thetefore prompts the question: what can we usc to
distinguish those crystal structures that will be observed from
the many unobservable but encrgetically competitive alterna-
tives? Encrgy calculations can, of course, always be improved,
through parametrization of atom—atom model potentials? or the
development of more sophisticated approaches to calculating
Iattice cnergies.’ Furthermore, dynamics simulations give access
to frec energies, to account for temperature and pressure effects,?
and sophisticated simulations of crystal nucleation might pro-
vide insight inte kinetic factors’ What has been relatively

* To whom correspondence should be addressed. Tel +44 () 1223
336390, E-mail: gmd2Ti@eam.ac.uk.

! Depurtment ol Chemistry, University of Cambridge, Lensficld Road,
Cambridge, UK, CB2 1EW,

T The Canbridge Crystallographie Dat Cennie, 12 Union Road, Cam-
bridge, UK, C32 IFZ.

10.1021/cg060313r CCC: $33.50
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Figure 1. Molccular diagrams of 5-fluoro-2-oxindole, molecule 1 {left)
and 3-quinuclidingl, inelccule [1 {right).

Table 1. Crystal Data for 5-Fluoro-2-oxindole (I} and
3-Quinuclidinol ([1)*

1 11
chemical farmula CrHsFNO C7HaNO
fw 151.14 127.18
crystal sysiem, space group monaoclinic, P2, monoclinic, P2i/n
temperature/K 180(2) 120(2)

a A 4.3901(3) 6.4549(3)
b A 7.1531(5) 10.4034(4)
e, A 11,0189(8) 10.1283(5)
B, deg 92.880(3) 92.9420(10)
v, A? 345,59(4) 679.25(5)
7z 2 4

D (caled), g em™3 1.452 1,244

# (Mo Ka), mm™! 0.115 0.083

Ry 1.0329 0.0597

wilty 0.0822 0.1513

“ CIFs of both struclures are deposited as Supporting Informalion.

unexplored to date is the uscfulness of erystallographic intuition
or cxperience. Through working with and analyzing crystal
structures as part of daily research. does the crystallographer
develop experience that can be used ta visually distinguish
between “pood” and “bad” erystal structures, 1o pick out from
a smal] set which structure is maost likely to be observed? 1f
such an ability could be established, it would supplement the
uscfulness of current computational methods whereby caleula-
tions pravide a “short list” of likely crystal structures fram which

@ 2006 American Chemical Sociely
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Figure 2. Caleekaled hattice cncrgy vs density plots for §-Aunrc-2-oxindole (left} and 3-quinaclidined (rigin). Each point is a distinct erystal structure

and the structures included in the test are highlighted in red.

an experienced crystallographer could choose the most likety.
Furthermore, an exploration of the eriteria used in making such
judgments could guide the future development of modeting
methodalogies.

To test the idea, an experiment was designed with some
similarities to a weight-judging competition described in a 1907
letter by Francis Galton,* where visitors to a cattle show werc
challenged to correctly guess the weight of an ox. His results
(the distribution of guesses was found to have value in accurately
cstimating the animal’s weight) were presented as an “investiga-
tion into the trustworthiness and peculiarities of poputar
judgments”. Indeed, intiitions and hunches do play a role in
guiding almost all forms of rescarch, so nvestigations into their
reliability are both interesting and valuable. A century since
Gallon's investigation, we present the curious resuits of our
similar experiment, with the challenge changed to the prediction
of crystal structures by visual inspection; the recent congress
of the International Union of Crystallography (IUCr) (Florence,
August 2005) was chosen as a venue.

@ Readers arc invited to take the crystal structure prediction
test before reading the results of this paper.

Methods

We selected a small set of rigid molecules avinlable from Aldrich
but not published in the Cambridge Structural Database (CSD). We
then determined the crystal structures of two of these (Figure 13 in our
own laboratory” {Table 1): 5-fluoro-2-oxindole (which we will refer
to as molccule I} and racemic 3-qunuclidino! (maolccute 11).

Crystal structures were geperated by computational methods of
searching for low-energy packing possibilities for both molevules. CSP
ealculations were performed in the same way as in our previous studics
of similar molccules.t The comptational details are unimporiant to
the test but are avuilable as Supporting {nformation. What is importunt
is that crystal structures were compnter-generated in a way that the
low-cnergy packing possibilitics ol cach motecule were explored
reasenably completely (nine of the most common space groups were
searched. which cover about 3% of known molecular crystal structures)
and that a high-guality energy modet was used to energy minimize the
resulling crystal structures (using a rigid molecular geometry throughout,
fixed from isolaied molecule quantum mechanical caleulations). Onee
the set of low-cnergy crysial structures had been gencrated, a subset
was chosen to be included in the tesi. For both motecules. five of the
caleulated crystal structures were chosen as follows;

{1} the caleulated giobal minimum in lattice encrgy

a)

Fipure 3. Hydrogen bond {a) chains and (b} dimers found in the low
engrgy crystal structures of S-fluoro-2-oxindole (molecule 1), Grey =
carhon, hluac = pitrogen, red = oxygen, yellow = [luorine, white =
hydrogen. Packing diagrams of all five structures are available as
Supponting Infonuation.

{2} the laltice energy minimurn corresponding (o the observed crystal
structure for cach molecule? (in neither case did the global minimuwn
correspond 1o the observed crystal sfructure)

(3) three additional largets chosen as a representative sample of the
low-energy computer-generated crystal siructures

The (ive structures for cacl melecule were randomly tabeled A—E:
these are highlighted on plots of the lattice enerpies and densities of
alt Tow-energy computer-generated crystal structures {Figure 2).

For molecute 1, both dimer and catemer hydrogen-bond motifs
{Figure 3) appear in the set of low-energy crystal structures, so examples
were chosen ol each (two dimer structures with clearly difTerent packing
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Tahle 2:  Space Group, Energics, and Hydrogen Bonding Information on the Five Putative Crystal Structures of S-Flaoro-2-oxindele
(Maolecule 1)

d (N--0) calculated lattice
structure spuce group? packing and hydrogen bonding ) density (gfom?) energy (k)mol)
AP P buckled sheeis ol hydrogen-bond chains 2,988 1.382 -79.38
B Pl stepped sheets of hydrogen-bond dimers 2.942 1.453 =837
C Phic planar sheets ol hydrogen-bond chains 2,904 1.373 ~$0.67
D Phin buckled sheets of hydrogen-bond dimers 2972 1.404 —81.72
E Phin helical hydragen bond chains 2922 1.396 —78.87

“In the selling as presented in the test, * Observed structure, ¢ Global minimum in lattice encrgy.

Table 3:  Space Group. Energics. and Hydrogen Boading Information en the Five Putative Crystal Structures of Racemic 3-Quinuclidino)
{Muleeule 11)

d{N---O) calculated lattice energy
struclure spage group” hydrogen bonding (A densily (g/om*) (kJ/mol)
A Piin homochiral chains along b, neighboring chains in the 2.492 1.208 —8A.42
a and ¢ dircctions are antiparallel and parallel,
respectively
[B] Phea racemic ehains along ¢, neighboring chains in the 2,465 1,185 —85.11
a and b directions are antiparallel and parallel,
respectively
Cch P2i/n racemic chains along { 101], neighboring chains along 2483 1.226 -87.85
b are antiparaliel aligned and all chains in the
{ac) plane are parallel
D Pa racemic ¢hains along a. neighboring chains in the 251K 1190 —R2.44
b and ¢ dircetions are paralle] and antiparallel.
respectively
E¢ Phin racemic chains along [101]. neighboring chains along 259 1.220 —83.00

b are antiparalle! aligned and all chains in the

(ac) plane are parallel

i the scuting as presented in the test. ® Global minimum in lattice energy. € Observed struclure.

Figure 4. Hydrogen-bond chains in two of the low energy crystal
structures of 3-quinuclidinal {molecule 1T (a) structure A and (b)
structure E. Packing diagrams of all Give structures are available as
Supporting Information.

of the dimer units and three chain structures, with varying chain
geometry and alignment of chains). Some details of the five structures
are presented in Table 2.

The low-cnergy erysial structures of molecule [1 are much more
stmilar. The hydrogen bonding is the same in all of the siructures —
chaing of O—H--«N hydrogen-bond chains (Table 3}. Most of the crystal
structures contain chaing with aliernating R and S cnantiomers (e.g..
Figure 4b), while some contain homochiral chains {c.g., Figure da).
The differences between structures are much more subtle than for
malecule 1, and so we considered this a more dilficult test.

The procedure for the test was as Tollows: a poster advertising the
crystal structure prediction competition was displayed at the Cambridge
Crysiadlographie Data Centre (CCDC) exhibition stand at the 1UCr
conference, and a monetary prize was offered to increase the popularity
of the experiment.'® Participants were allowed to enter guesses for either
or bmh molecules and, to keep cenditions as controlled as possible,
were asked to work alone, could not take the structures away from the

stand, and were allowed a maximum of 13 min for cach molecule,
Three views of ecach crystal structure were supplied in paper form, along,
with the calculated densitics. space groups, and condifions of crystal
growth {thce forms used in the fest arc provided in Supporting
[nformation}. and a computer was availahle to visualize and analyze
all of the structures, using the Mercury crystal sirncture analysis
program.!' Participants were asked to choose their three favorite
structures and rank these as | (udged as most likely to be the real
erystal struciure), 2. and 3. The entry forms also incleded questions
regarding the length and type of crystallographic experience of the
emntrant and for comments on the criteria used 10 judge the struciures.

Results and Discussion

We rcecived 30 entries for molecule | and. as might be
expected. foewer people tried their luck with the seemingly more
difficult molecule 11: only 38 entries were received for this
molecule. There was a mix of expericnce among the participants,
ranging from graduate students to litelong crysiallographers with
over 30 years of experience. The distributions of guesses,
catcgorized by the participants™ experience, are presented in
Figure 5. (Note thai not all eniries listed sccond and third
choices: 49 and 44 of the 50 gave second and third choice
gucsses for molecule 1, respectively, while 37 gave second and
third choices for molecule IL)

We first tested the data against the hypothesis 1hat the guesses
were random, in which case each crystal structure should have
received the same number of guesses. A y? iest against this
hypoihesis shows that. for molecule [, the observed deviation
from such an even distribution is significant at a level greater
than 0.005 (> 99.5% confidence shat the observed trend is
significant); there were real preferences cxpressed for certain
structures over others. The second choices were also unevenly
distributed. However, within the third choices, the five structures
were equally popular, The differences in papularity of the five
crystal structures of molecute 11 were less pronounced, and
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statistical tests show that the data do not differ significantly
from the case in which all structures were equi-popular {the
observed deviations arc only significant at a 0.25 confidence
level). Either there were no Features of the low-cnergy crystal
structurcs of molccule I that lead to consistent preferences or
the sample size of 38 was not large enough to canfirm such
preferences.

It is clear from Figure Sa that structures B and C were
preferred for molecule [, while structure A—the true crysial
structure of 5-fluoro-2-oxindole—was the least favorite. col-
leeling enly 2 of 50 votes. In fact. of the 44 participants who
assigned first, second, and third structures, only 16 (36Y%%) had
the coerect structure among these three; there was a clear
aversion to this crystal stucture. While there is a low conlidence
in the significance of the molecule 11 results, it is intercsting to
nolc that the observed crystal structure of 3-quinuclidinol was
also the least popular among the five options—in 1otal, of 88
entries for the two molecules, only six (7%) gave one of the
observed crystal structures as first preference, While the
distribution of guesscs docs vary with the lenglh of crysial-
lographic experience (Figure 5), there is no indication that longer
experience leads 1o improved ranking of the correct ¢rystal
struciurcs.

The unexpected outcome raises the question of how the
participants made their chaices, and it is noteworthy that the
global minimum energy structure was one of the most popular
for both molecules (the global minimum was one of the two
most popular for molecule | and the second most popular for
molecule 11). Not being supplied with the calculated lattice
energics, the two obvious criteria for those thinking in terms of
packing cnergy arc the crystal density—the most dense having
the greater van der Waals contribution to the lattice cnergy—
and quality of specific interactions, such as hydrogen bonds.
Somic stated that the density was a part of their eriteria, but the
distribution of guesses docs not show this as an overall deterni-
nant of the predictions: for hoth molecules, the lcast densc of
the five structures (C for molecule |, B for molecule 1) was
the most popular first cheice, with the most dense either equally
popular (B for molecule I} or second most popular (C for
muolecule IT}. Hydrogen-bond geometries also might have played
a role. The N:--O hydrogen-bond distances were ardered
C<E<B=<D<Aformolecule land B < C < A <
D < E for molecule 11, and shorter donor—acceptor distances
are normally thought to give stronger hydrogen bonds. Although
only 9 of 50 (molecule 1) and 5 of 38 (molcecule 11) peaple
mentioned hydrogen-bond geometry in their criteria. the most

Z



Perspective

structure A

structure B

Crvsial Grawsh & Dexign, Vol 6, No. 9. 2006 1989

structure C

fﬁ& Ly >
Ko

—

N P P, I S
s ) '_-5"\ = —— axy e

b ~ .t et = —
s L o} ST
\P-'—'\z' .. pES————_ e i —
e " }
\*‘""“ [P S e e
e ~ —_—as o
) \ - = P - ' i r—
[P P U

Figure 6. Hydrogen bonding (top) nnd stacking (bottom) in structuwres A, B, and C for 5-fluore-2-oxindole. Grey boxes are included to highlight

the areas of similar packing between structures B and C.

popular structure for cach molecule had the shortest hydrogen
honds and the least popular structure had the longest hydrogen
bonds. 2

The mest popular crystal structures for molecule § (B and €)
show the most planar packing of molecules (Figure 6) and.
despite the differing hydrogen bonding, have remarkably similar
molecular arrangements; non-hydrogen-honded molecules (high-
lighted by gray boxes in Figure 6) are amranged in almost exactly
the same way. That B and C received the saime number of first
votes shows that there was no consistent preference for chain
ar dimer hydrogen bending. and it was the overall packing of
molcenles in these two structures that was atiractive. Some
participants expressed a belief that the C—H---F and F---F
interactions between dimers (B} and chains (C) scomed favor-
able, although these contacts arc longer than the sum of van
der Waals radii.

Conclusions

A first controlled test of crystallographers’ ability to visually
select the correct crystal structure from a short Jist generated
by crystal structure prediction calculations has been performed.
We anticipated at worst an even distribution of gucsses, showing
no discriminatory ability in visual asscssment of crystal
structures, and cxpected to find a preference among the guesses
for the real, experimentally obtained structures. Instead, we
found that, for one of the molecules (1), the “corrcct’ erystal
structurc was lcast popular by a significant margin. For the other
{molecule 1) whose crystal siructurcs were less easily distin-
guished, there was only weak evidence for a consistent
preference being piven to some structures over others, although
again the experimentally observed structure was least popular
as first choice. The resuits of this experiment cast doubts on
our initial lunches or intuition when it comes to the “goodness™
of o proposed crystal structure. Undoubtedly. with no time
constraint and access to everyday research tools—be they
databascs, molecular modeling. or visualization sofiware—the
results might have been different.'? Testing crystallographers’
abilities to judge computer-gencrated crystal suctures with his
or her normal 100ls at hand would be an interesting further
investigation but heyond the scape of this study.
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Supporting Information Available: (1) Details of the small manual
screcn for crystal structures of molecules T and [1. {2) Compuiational
details of the lattice energy search, (3) Forms used in the test. including
the pucking diagrams and crystal information lor the five caleulated
strectures of buth molecules, {4) CIFs of the experimentally delermined
crystal structures of 5-fluorg-2-oxindole and 3-quinuclidinel, (5) CIFs
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hydrogen bonds. The sample size of people who only used the printed
packing diagrams, which bad no intennolecelar distances shown, are
too small 1o assess whether the lack of such information significantly
atfeeted the choice of stuchures.

In the case of S-fluaro-2-oxindale. an analysis of the Cambridge
Structural Database (CSD) of all published melecular crystal
structures might have been misleading. The non-floorinated 2-oxin-

Perspective

dole has one repevted erystal strueture (CSD refeade ZOYLIY, with
hydrogen-bond diners insiead of the chains seen in 2-fluoro-2-
oxindele. A wider scirch of the CS1) shows a nearly equal distribution
of dimers and chains in molecules containing the same NH—C=(
fragment in a planar five-membered ring.

CGOA0IIIR



Pharmucesiical Rexearch, Vel 25, Nu 4, April 2008 (4 2007;
THO. VAN LENOA-DT-047.4-2

FEditorial

Materials Engineering of Solid-State Dosage Forms

Pubfisher! anfing Novegsber 6, 2007

Qrzame crvaiatline maleraly play & centoal role inothe
pharnuceutical ndusioy as el as in fine chemicals. Physico-
chemival proporties not ondy ffeci formufation and produc-
ton, but also the performance and smbility of produets.
Begiuse the majority of pharmacestical materdads are sedid
and most of the solid gre crysiatline, controlling crystal growth
and consequent masterisls properties of drag substances and
excipents hug beoome one of essential tasks 1a the indusury,
demanding # considerabic amoust of ipvesiment and posing
significant chalienges for scizntins, Crystad sive and shape are
kaows 1o Bave & great infheence on leomuiation and enit
eperations civding How, hlending, granalation and compac-
Lon. Uncontroffed and wnpredictable properties may feud o
peothuei Tailure wuch as content incopsisteney {egn, sub- and
super-poteneyt of sofid dosage forms, cited o3 ane of the maiy
rensoas o product seeall by the FDA, which are oficn cansed
by segregaiion and poor flowability. Furthermore, befng
vnable to identify or select a suitable polymorphic foems of a
drug makes {1s products suscoptible to phuse transformation,
and conseguertiy ifficstt o mest desclution and hinavail-
ahility requiremens, likely putting padtents” Hit ip jeopusdy
and throwing a comuuny into & narket crisis,

Understanding of crystal growih is eritically needed in
onder 1 contrel paileslate propertiss. in spite of vigorous
research, owr knowlodpe of nuclention and eovstafiizaion i3
far from being complowe; our abilivies o predial and control
arystal morphelogy and polvmorphism are disappinntingty
timdled, it is widely recogaized thar solvests or additives can
signdfcant affect crysial growth inclading growth morphotogy
(halit) and polymorphism of organie crystals. For instance,
co-solvents have been uiithized 0 control covstal minephoiogy
{1} Umcovering the mechanistic role plaved by solvent in
enhapeitg or inbibiting crysial growih has been vvolved in two
general houghts, In one theory, JUIs suggested that solvent-
surface teractions resuli in the change of interfacis) iension,
causing so-called saface rovghoning and vafations in growil
min of orvami fees (2). Alternatively, B ow proposed that
solvent molecrles act in g similar way 10 additives, preferen-
tisfly adsorbed ou speeific faces, posing un additionasl energy

n

barider for sohite moleenles o attuch w salid surfaces {3). The
effect of additives on growih morphwiogy has heott extsnssily
cxamined by Labav, Leiscrownz and co-workars {4y, ey
demonstrated using “Wilor-made” or struciuralfy similar
additives to afier crysial mompholegy. I s postulated that
additive molecuies adsord and replace hos wmelteiles on
erystul sirfrens die 1o sémilie molegudne geometyies, Dejrend-
ing on i structeral difference between the host and addiive
mureculey, ottachmert of sofue moleodss to specfic s
may be hindered, leading to o differsat morphalogy. Interest.
ingly, one of onr earlier sudios showed e appearine of 8
dew face of avglaminophen single cevsials by using a il
made additive

wihtich may uor he sololy due to the goomelry
hisdrance {3 Nonclbeless, the theorstics]l models that are
available for crystal groswih wworphology pradiction are
incapable of modeling the solvent or addiive effect: a
systematic approach considering dilferent growth envivon-
mests remaing heing diseovered,

Because of the significance of solvmeorphism in the drig
development, 2 huge amount of experimental observaiions
have besn made, stpulating vast interesis and discussions
abomg propenies, amvsis, preparaien and manulaciore of
polvmarphic systons of drog crvstals. Polvmarph %"i‘wnim{ ot
a new drug becomes routine, nol cmh- bevausy of the
retuirement by the FDAL bur alio Jdue w ihe fuet that o
differam polymorph may give a campany gn oxlia edge o
extend ihe patent fife and protect the waskiet of a high-profis
drug. It s pot surprising to sex hgh-thraughput crystntlistion
(HTC) developed in the fast fow vears, In f3¢, a now form of
avetaminopher was repovied by one W company (6). 1t
appoars supportive io the oftenegqneied Me{lrone's argomnien
thut the awmber of forms discovered Is np 10 the tme and
resources spent on them {7 Growing differeny polymomnphis of
organic oystals in sobvenis has beer wadely reporied. Fow
anenpis, however, can be found in ti;e hueratpre lusizating
die pse of addiives in nucleation of different forms. Addi
o show the potential fo slabiltee one form over others i 2
sobvent (). Collestive effects by scdvent and additive rmbe #
difficul: 1o efucidate and desige additives 10 contzal poly-
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morphs. Faeled by tecont iroests i mnom‘hnolog" and
supra-motecntar chemistrv, crvwlal engineering is atiracting
fremendons attestions from variens fields. b is still embryonie,
demandimg ek more fundamendal siadies, The curress
approach hased on desigming syrihong for a specifle archilee
ture lizs in mclecular shape and steroochemisry. Co-crysiab
lization of drug compounds has recenlly astracied lots of
atention due 10 the potestial for improving selnbilfiy as well
as for extonding intelleetudd propenies of drug producs {9), In
addstion, many novel approackes for comrolling crystal forms
have been roported, including epitaxy (303, selfenseembled

dokaver (SAM} (1}, poivmers {123, capillary {13) and even
faser (3D A recens stmdy of seeding one form by snother s
puviguing {13%, The paper by Les. Loe and Myerson in this
theme section hightighss their recent effort o using SAMs to
woduee polymorphs of two maodel diug compounds, mefo:
namie actd and sulfathizzole, By applving sderofabocation
fechaigues, they formed aftormating micropatiernms on glass
subgirate with iwo SAMs of different iyophilic prepeértios on
whict untform droplets o drag solutions wire formed. Upon
weaporation, crysipiling particles wee doveloped from the
draplels; more intersstingly, differen: polymarphs could
appenr on the same substeate copcomituntiy.

Thi mechanistic understanding of pohsmorphic formaion
of erganie crvsials, however, remaing 1w be o preat chatlenge,
Palymorphs of an organic erystal have different energios und
thermal sabilites, Theorstive] siudies huve Boen focused on
therimodynamicy and kinelics of crvsul growth regarding
pitymorph formation, resutiing in dewloprent of sevaral widely
adopied phcnnmenn!ogicni and thermodynumic rules (Ostwald
rele, phase rule, denmty rule, gic). The role of & solvent has been
thearght as a kinefic factor that may tmp a metastable form ol
erysial duz 1o G5 gher selubtlity In the sebaai. However, why o
pnigue ervsial strughure iy formed in A speeific sdivent remaing
nnanswered, Furthermore, to predict polymorphie structayes is
even more challenging. Must of carreni ap-wr\ achos (163, which
v to search the globad enerpy space ancd ideatily loveonergy
erystal structures, face o momupenial hurdie in tackling this
problem, becsuwse il intermolecular neractions in organic
eryslals are weak and the energy difference between # sable
form and a metusiable form cian be ax smul) as o few kilojoubes/
mol, or even smitlter, bevend the certwinty of swable encrpy
wikanlahon methods, Due 1o the limitaion of evorgye models
sueh as foron fickd 10 caloulate molicalar interaciions, limited
suceess as heen achioved. Uising quantum mechanical methods
{5 ot of question 4. prosest becanse compriation of the whole
c;;wgv space I3 overwhebming, In lew of searching endless
combinations of maolecules in the crystalliae sate, the clovtronic
structure of crysial needs o be studied and the imgipsc
cleciromic property of mobecude may provide further tasighis
on the iotermolecular intersctions and molecnlur packing in
selid wiate, fikely inspiring the dcvc!npmcni of mew prediciion
methads. The puper by our group in this theme soction
discusses wwo poiymorphs of indomethacin by cleclronic
caleulitions and coaformational snabwsis. The unique ¢lecironic
strveture of the moleeule as unveiled by densily Punctionat
theory concepls s likely io actount Yor the conformational
Hesbifisy and subsequens polymorphic formation.

Despite erytailine maierialy being dominant in drug
deveiopment and wmanafacturing, mnorphons substances are

Li

alo playing @ key role for two reasons. Finst, the amorphous
sidie may provide desivable properties such s higher disseju.
don rate thun the crystaliine comerpart puriiculasty whee
hasdling poorly water soluble drugs (17}, Compared with
Tysials, fhe amoephots staie has higher imornad encigy and
higher appareat sohubility dus @ the lieking of the foagrange
order. Second. wninte miu(! amorptions particles may e
renduced daring the mandfacturing process, such as millme,
resulifsg in the waviation in the manuficturabiiily and
subsrguent concerns of product qualily, Because the amore
phous stnte i¢ thermaodynamicaliy unsiable, 4 can teaosorm
e a more stpble srysialine form, To prevent the phaw
teansiramation, amorphons deugs ace typicably dispersed into
a polymer mautx forming & sold salution, caffed solid
dispersion, Mobility of dreg molecwles §s rednced by the inter-
asminn between drug maleculos and polviers, seindmizing e
chanee of reerysiallization of mnorphous dropgs. Nonetheloss,
splid dispersion systems may still face stability chailenges and,
over time, drug molecales may aggregase and crystaitize with
ar without help of tempesature osciflation, moisiure adseip-
fion, or other conditons under which pnivnlcr chatay 34 e
prevont she nucleation and erystal growth, To malstds ihe
amorphows state in sofid dispersiony has been a huge task.
Therelore, snderstanding the ineraction betwess dritg raole-
cules and polvmers in solid state requires considerable
atienliong and lvestigations. The paper by Komee and Tayior
in this theme seciion offers 3 fresh glimpse an stabilizing solid
dispersions of ¢ drug corapound, fladipine, stored at differond
relative humidifies. By meusuring the nucleation sate and
coliecling infrered specton along with thermal and moisture
sotplion analyses, B was found that altheugh polymers in the
sofid dispersions. eohunead the warer ppteke, they were still
capable of reducing the pucloniion of the amarphos drug.
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Intervies Questions for Dr. Tongtet 4

1.

What ¢o yru think helds the key to your svecess as a
pheimacentical seiendist?

- Maderstanding of Tundamomiad scionces as well as what
the pharmaceutical industry nceds.

< What do vou coosidier W b your key tesearch accomplish-

mants?

- Exploring molecudar preking and intermolecniar inie
action of organic crystals with compulational tools and
RIOURE FOrcis microscopy.

951

3. Whan was the furnisg point i vour career?

&

&

-)

e =

G

. What s the &

~ Bepginning 4 apn mdq\undeﬂ researcher when trving to
estallish a niche of its own.

. Whe ate the individual: whe moest isfluenced your

seseugeh oirger?
- Kinam Purk, Ken Morsis, Steve By, and George Zografi.

. Phamaaceutical svicatisis are faved with the dilemnm of

having to publish m Momedical or basic sciency journals,
Does it mean culiing cdge science wili nol Heely bo
featured i the Pharmacentics] Research?

- Pharmaceutics) Research 15 )l and will b the Gagship
Journal in pharmaceutical sciences, so T believe it will and
should disseminate 2av significant work that s inferesting
tr the whole pharmace sutical field, be it biomedical ot
funcumental,

G, Whore §v the field of materials cripincerise of solid dosage

forms goise, and how do the articles in the theme section il
the wap?

—The field is Facing pressures from the mdustry, megiiatery
agensies and consumers for the drag products fo be of high
guality and accoumtability, 1 will beeomy 1he reehity tha
every mannfactiring siep needs 10 be thoroughly stadted
and understond, Therefore, particde engingedog is playing a
maore and mone important tole in the materials engineering of
solid dosage lorms, requiring comprehensive understanding
andk control of particle properties, For this purpose, e and
mere pHcroscopic and molequiar technigues wilk be
emploved. The three aglicles in ihe theme section offer @
ghimpse of fundamental stusdios of phavmaccutical solid-state
muagerials, including understanding and convol of erystal
structure and investigation of molecular inferactions of the
wnerphous stale,

I What ste the challenges for maferials engineering of solid

dosags forms and how can they be overcome?
~ A vast amossmit of lierature exisls focusing on the large-seile,

phensmenaiopical, and empineal aspects of i solid dosage
fonm dc.vdnpmsm What is lacking and requives tremondons

efforty is the fundioneniat understsuding and conivel of
panticde propertivs. Such efforts oom address noi only the
sohubility, disschuion, and Dioavailabilizy issues, bat the
handling and processing difficulties during formudstion and
manuiacturing of sofid dossge forms ns well,
key to developing successint colleberglive
relativnsinps?
~ Specialiy and commitment. Woi only s vour contsibution
uegie, U you alto nocd to be willing to take a leaid 4 the
infant stage and someldmes Lo pat in significent efforts on
e tssnes fike seheduling @ mecting and following sp od a
TEHL,

. What i vour philesashy of educaring gradoate siudens?

g
- My advising philosophy is to give studesis the freedom 10
explorg, gliow tham ¢ make mistakes, and gtimbiate their
research interesis, 1 valae thelr motvaion, creativenizss,

-ptlention to delaily pod homesty w e greatey).

. Whal are the challeages facing the phanmacestival scienees?

- Pharmaceutical sciences have always beea at the mergng
point between materids copinezring and biomedicn! re-
seareh. The balance of the {wo facets Is dewrmined by (hL
funiding trend {or kack of funding: for the last decade, more
focus has been shifted 10 biofopical and elinical studies,

9
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while the pharmaceuticad materials science and englncering
remadn significanly onderfunded. As 3 rosull, there bs an
eniarging pap in {he graduste education berwesn what the
indusiry nevds and wha! the university cen provide, How to
fill the eap. I beliove, is the higeest challenge Facing the
pharmaccutical seiences,

1L What i3 the place {or collzhorstion with industrv in

academial
~ First of all, there should be more conversations between
the industry and academie. Such cfforts remain sporadic

Li

aind unsystematic. Seeond. the graduate education needs 3
great parucipation by the indesiry. As fewsr and fower
faculty members come Tom indusuy, many educstion
programs becume isolated from the resd world Thicd,
therg should be more funding suppost from the indusiry. A
few consortia currently support some scademis research,
btst 1he scale of support is limited and a penoral, sysiematic
mechanism is needed. Finally, & closer warking relation-
ship would be greatly benchicisl between ihie industrys
inheuse seientists and asademic researchers.

Tongle; Li
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