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Como resultado del examen de fondo realizado, con fundamento en el Articulo 45 de
la Decision 486 de la Comision de la Comunidad Andina, se comunica:

1. Documentos estudiados

Descripcion: Folios 45 a 101 27/0ctubre/2009
Reivindicaciones: Folios 102 a 104 27/Octubre/2009
Prioridad: KR 10-2007-0036574 13/Abril/2007

2. Analisis de la Prioridad

Se acepta la reivindicacion de prioridad porque esta solicitud fue presentada dentro
del plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con el de la
prioridad reivindicada.

3. Objeto de la invencién

Titulo de la solicitud: "Aspartato de acido-ciclopropil-6-fluoro-7-(8-metoxiimino-2,6-
diaza-espiro[3.4]Joct-6-il)-4-oxo0-1,4-dihidro-{1,8]naftidrina-3-carboxilico, método para
preparar el mismo, y composicion farmacéutica antimicrobiana que comprende |a
misma”.

El problema planteado en esta solicitud consiste en la necesidad de suministrar
agentes antimicrobianos derivados de quinolona mejorados contra Staphylococcus
aureus resistentes a meticilina (MRSA).

Para resolver este problema técnico la solicitud en estudio proporciona una sal de
acido aspartico del acido-ciclopropil-6-fluoro-7-(8-metoxiimino-2,6-diaza-
espiro[3.4}oct-6-il)-4-oxo0-1,4-dihidro-[1,8]naftidrina-3-carboxilico representada por la
formula (1)
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El objeto de la presente solicitud se relaciona con la Clasificacion Internacional de
Patentes (CIP): CO7D471/04//487/10, AB1K31/47, A61P31/00.

4. Excepcion a la Patentabilidad (Art 20 D 486 literal (d))

El objeto dé las reivindicaciones 10 no es patentable de acuerdo con el Art citado.
5. De la Solicitud de Patente

Reivindicaciones (Art 30 D 486, Art 22 PCT)

Las reivindicacion 3 no es clara, concisa, ni esta soportada en la descripcion cuando
emplea el término “disolvente” sin especificar a cual hace referencia, lo cual es
impreciso, no permite distinguir la invencién del: estado de la técnica, tampoco
permite que la persona del oficio normalmente versada en la materia distinga cual es
el disolvente en el cual es posible llevar a cabo la reaccion. Se sugiere eliminar el
téermino o definir los disolventes, de acuerdo a lo soportado en la descripcion, de
manera precisa de tal manera que pueda definirse claramente el objeto de la
invencion,

La relvindicacion 3 no es clara porque hace referencia a un procedimiento pero este
no se define mediante caracteristicas como alguna condicién especifica en que
debiera realizarse. Se sugiere, entonces, definir la invencidon por sus caracteristicas
esenciales.

La reivindicacion 9 es idéntica a la reivindicacién 1. Se sugiere eliminar esta
reivindicacion del pliego reivindicatorio.

6. Determinacion del Estado de la Técnica

El estado de la técnica se determiné con base en la fecha de presentacion de la
solicitud de prioridad 13 de abril de 2007 y se encontraron los siguientes documentos
gue anticipan el objeto de esta solicitud:

Item Documento | Titulo Fecha de Publicacion*
. Quinolone carboxylic acid
D1 WQ098/00393 derivatives 07/Enero/1999
In vitro and in vivo antibacterial
D2 Articulo' activities of DW-224a, a new Junio/2006

fluoronaphthyridone
Infusion soiutions of 1-
cyclopropy!-8-fluoro-1,4-di-hydro- .
D3 US 5.563.149 4-0x0-7-(1-piperazinyl)-quinoline- 18/Septiembre/1990
3-carboxylic acid
| D4 US 4 957 922 Aqueou§ sclutions of pyridone
: carboxylic acids

08/Octubre/1996

D1
http://worldwide.espacenet.com/publicationDetails/originalDocument?CC=WO&NR=9
900393A1&KC=A1&FT=D&ND=&date=19990107&DB=&locale=en_EP, divulga
(ejemplo 1, pg. 25, In 26 — pg. 26, In 13) el compuesto metano-sulfonato de acido-
ciclopropil-6-fluoro-7-(8-metoxiimino-2,6-diaza-espiro[3.4]oct-6-il)-4-oxo-1,4-dihidro-
[1,8]naftidrina-3-carboxilico, un método para su preparacidon y composiciones
farmacéuticas que la contienen.

" Park H et al In vitro and in vivo antibacterial activities of DW- 224a, a new fluoronaphthyridone;
Antimicrobial agents and chemotherapy: Vol. 50, No. 8; Junio 2006 pg. 2261-2264, fls. 158 - 161,
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D2 (fls 158 - 161) divulga (pg. 2261, fl 158) Ia sal clorhidrato de acido-ciclopropil-6-
fluoro-7-(8-metoxiimino-2,6-diaza-espiro[3.4]oct-6-il)-4-oxo-1,4-dihidro-[1,8]naftidrina-

3-carboxilico.

D3

http://iwww.google.com/patents ?id=UVkgAAAAEBAJ&pg=PA1&Ipg=PA1&dg=us+4957

922&source=bl&ots=fIRPCNg6Xs&sig=t8pD45cy49srZWoO-

ZLYOR _icqo&hl=en&sa=X&ei=cdoFUNGZJlyo8QSIYWACA&ved=0CDYQBAEWAA#Y

=onepage&q=us%204957922&f=false, divulga (ejemplo 42, col 13 - 16) la sal de
acido aspartico del acido-1-ciclopropil-6-fluoro-1,4-dihidro-4-oxc-7-(1-piperazinil)-
quinolina-3-carboxilico.

D4

http://www.google.com/patents ?id=2VgpAAAAEBAJ&pg=PA1&Ipg=PA1&dq=us+5563
149&source=bl&ots=vLSIG1jJHz&sig=ENLAjOEIrVAVae3F S6ndix2rV4Y &hl=en&sa=X
&ei=9INoFUMOUHIIO8ASBy8z5Bw&ved=0CDYQB6AEWAA#v=0nepage&q=us%205563

149&f=false, divulga (col. 4, ejemplo 8, col. 5, tabla 1) |la sal de acido aspartico del
acido-1-ciclopropil-6-fluoro-4-oxo-7-([1a,5a,6 ]-6-amino-1-metil-3-
azabiciclo[3.2.0]heptan-3-il)- 1,8-naftidrina-3-carboxilico.

7. Examen de Patentabilidad (Art 14 D486)

Nivel Inventivo (Art18 D486)

La reivindicacion 1 consiste en una sal de acido aspartico del acido-ciclopropil-6-
fluoro-7-(8-metoxiimino-2,6-diaza-espiro[3.4]oct-6-il)-4-ox0-1,4-dihidro-[ 1,8]naftidrina-
3-carboxilico representada por la formula (1):
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técnica:

Comparacion de ias caracteristicas técnicas esenciales, con las del estado de la
i 1

Caracteristicas

. D1 D2 D3 D4
esenciales ;
. Sal  de acido L e
sal de acido | Met@no-sulfonico t Sal  de - &cido g:;laértigg " jsapl)értigg deafcizi(l);
L - , - (ejemplo 1, pg. 25, ; clorhidrico de (pg. . ! T
aspartico de: N 26 - 26, In | 2261, 1l 158) (ejemplo 42, col | 4, ejemplo 8, col. ;
| 13 Pg. <5, : ‘ 13 - 16); 5, tabla 1):
3 acido-ciclopropil- acido-ciclopropil- | acido-ciclopropil- Acido-1- Acido-1- .
; B-fluoro-7-(8- | 6-fluoro-7-(8- B-fluoro-7-(8- ciclopronil-6- ciclopropil-6- i
metoxiimino-2.6- « metoxiiminc-2,6- | metoxiimino-2,6- propii-o- fluoro-4-oxo-7- :
' dic i : fluoro-1,4-dihidro- :
diaza- . diaza- diaza- 4-0x0-7-(1- ([10,5a,6B]-6- ;
espiro[3.4Joct-6- | espiro[3.4]oct-6- espiro[3.4]oct-6- iperazinil)- amino-1-metil-3- |
i)-d-0x0-1.4-  il)-4-0x0-1,4- i)-4-0x0-1,4- el azabiciclo[3.2.0Jhe
" dihidro- | dihidro- dihidro- garboxiﬂ‘ic:o- ptan-3-il)- 18-
[1,8]naftidrina~-3- | [1,8]Jnaftidrina-3- [1,8]naftidrina-3- (Ciprofloxacina) naftidrina-3-
carboxilico ‘ carboxilico carboxilico ' P _ carboxilico

.

Los documentos D1 y D2 se consideran el estado de la técnica cercano a la
invencién definida en la reivindicacion 1 porque divulgan la sal metano-sulfonato y la
sal clorhidrato de &cido-ciclopropil-6-fluoro-7-(8-metoxiimino-2,6-diaza-espiro[3.4]oct-

6-i)-4-oxo-1,4-dihidro-[1,8]naftidrina-3-carboxilico respectivamente.

La diferencia entre la invencion, definida en la reivindicacién 1y los compuesto de D1
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y D2 consiste en que divulga de manera especifica la sal aspartato del acido-
ciclopropil-6-fluoro-7-(8-metoxiimino-2,6-diaza-espiro[3.4]oct-6-il)-4-ox0-~1,4-dihidro-
[1.8]naftidrina-3-carboxilico.

Elefecto que logra el incluir esta caracteristica es que la sal tiene mayor solubilidad y
menor toxicidad.

Por lo tanto, el problema técnico objetivo que pretende resolver esta invencion se
puede formular como la necesidad de sales del acido-ciclopropil-6-fluoro-7-(8-
metoxiimino-2,6-diaza-espiro[3.4]oct-6-il)-4-0x0-1,4-dihidro-[1,8]naftidrina-3-
carboxilico con mayor solubilidad y menor toxicidad a los ya conocidos en el estado
del arte.

Sin embargo, es de conocimiento comun para la persona del oficio normalmente
versada en la materia que el mejoramiento de la disolucion de farmacos que son
acido o bases débiles poco solubles es uno de los principales motivos para la
formacion de sales (pg. 19y 28, fl 163). Ademas, que la seleccion y la preparacion de
una sal adecuada dan la oportunidad de modificar caracteristicas fisicoquimicas y
mecanicas de los farmacos que permiten el desarrollo de formas farmacéuticas con
mejor biodisponibilidad, estabilidad, entre otros (pg. 163, fl 164). Asimismo, que la
eleccion de una sal en particular esta determinada por la acidez o basicidad del grupo
ionizable, la seguridad del grupo potencial para la formacién de la sal (contra-ion),
indicaciones del medicamento, ruta de administracion y la dosis, entre otros (pg. 167,
fl 166)2, Ademas, la formacién de sales con acido aspartico ya esta divulgada en los
documentos D3 y D4, en donde diferentes agentes antimicrobianos del tipo
ﬂuoroquinolona3 forman sales con este acido para mejorar la solubilidad de los
compuestos (D3: ejemplo 42, col 13 - 16; D4: col. 4, ejemplo 8, col. §, tabla 1).

Por otra parte, aungue en la descripcion se encuentra soporte de la mayor solubilidad
de la sal aspartato del acido-ciclopropil-6-fluoro-7-(8-metoxiimino-2,6-diaza-
espiro[3.4]oct-6-il)-4-oxo-1,4-dihidro-[1,8]naftidrina-3-carboxilico en comparacidn con
el clorhidrato, no se encuentra soporte respecto del metano-sulfonato, ademas, en
D4 esta divulgado que la formacién de la sal aspartato con un agente antimicrobiano
del tipo fluorogquinolona incrementa de manera sorprendente su solubilidad (col. 4,
ejemplo 8, col. 5, tabla 1). Asimismo, aunque en la descripcion se encuentra soporte
de la toxicidad de la sal de la invencion respecto de la sal metano-sulfonato y del
clorhidrato, esto solo ocurre para el D-aspartato, no se encuentran soportes
correspondientes al L-aspartato. Por lo anterior, no se puede concluir que la sal
aspartato del acido-ciclopropil-6-fluoro-7-(8-metoxiimino-2,6-diaza-espiro[3.4]oct-6-il)-
4-oxo-1.4-dihidro-[1,8]naftidrina-3-carboxilico reclamada en esta solicitud tenga un
efecto técnico inesperado o una ventaja superior en comparacion con las sales
clorhidrato y metano-sulfonato del estado de la técnica cercano.

En consecuencia, la persona del oficio normalmente versada en la materia, se veria
suficientemente motivada de acuerdo a sus conocimientos comunes y lo divulgado en
los documentos D3 o D4 para formar sales de acido aspartico con el acido-
ciclopropil-6-fluoro-7-(8-metoxiimino-2,6-diaza-espiro[3.4]oct-6-il)-4-oxo-1,4-dihidro-
[1,8]naftidrina-3-carboxilico, en lugar del &cido metano sulfénico o el acido clorhidrico
de D1 o D2, respectivamente, para llegar asi al objeto de la reivindicacién 1 de la

? Handbook of pharmaceutical salts. Properties, selection and use; Wiley-VCH; 2002; Chapter 7 “A
procedure for salt selection and optimization”; pgs. 162-167; pgs 19y 28; (fls 162 - 166).

“De acuerdo al documento D2, el compuesto de la invencion es un antibidtico de la familia de las
floroquinolenas (pg. 2261, fl 158, col. 1)
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solicitud. Por lo cual se considera obvia.

Conclusion: La reivindicacion 1 cumple el requisito de novedad (Art. 16), pero no
cumple con el requisito de nivel inventivo (Art. 18) segun lo divulgado en los
documentos D3 con D1, D3 con D2, D4 con D1 0 D4 con D2.

Puesto que las reivindicaciones dependientes 2y 5 - 9 no mencionan caracteristicas
inventivas adicionales tampoco se pueden considerar inventivas.

La reivindicacion 3 consiste en un metodo para preparar la sal de acido aspartico del
acido-ciclopropil-6-fluoro-7-(8-metoxiimino-2,6-diaza-espiro[3.4]oct-6-il)-4-ox0-1,4-
dihidro-{1,8]naftidrina-3-carboxilico de la reivindicacion 1, que comprende la etapa de
hacer reaccionar acido 1-ciclopropil-6-fluoro-7-(8-metoxiimino-2,6-diaza-
espiro[3.4]oct-6-il)-4-oxo-1,4-dihidro-[1,8]naftidrina-3-carboxilico con acido aspartico
en un disolvente.

Comparacion de las caracteristicas técnicas esenciales, con las del estado de la técnica:

Caracteristicas D1 D3 D4

Método para preparar

esenciales {
|
i

Método para preparar

la sal de acido -
aspartico del acido- |

ciclopropil-6-fluoro-7-
(8-metoxiimino-2 .6+

la sal de acido metano
sulfénico del acido-
ciclopropil-6-fluoro-7-

- (8-metoxiimino-2,6-

diaza-espiro[3.4]oct-6-

Método para preparar
la sal de acido
aspartico de acido-1-
ciclopropil-8-flucro-1,4-

Método para preparar la |
sal de acido aspartico |
de acido-1-ciclopropil-6- -

fluoro-4-oxo-7-
((1a,50,6[B]-6-amino-1-

metil-3-

diaza-espiro[3.4Joct-6-  il)-4-0x0-1,4-dihidro- azabiciclo[3 2.0Jheptan-

il)-4-0x0-1,4-dihidro- [1.8]naftidring-3-

dihidro-4-oxo0-7-(1-
piperazinil)-quinolina-3-

3-il)-  1,8-naftidrina-3- ,

; [1,8]naftidrina-3- . carboxilico, que | carboxilico  (ejemplo y !
- carboxilico, que | comprende: (ejemplo 1, | 42, col 13 = 16); Z.a;r?qo’ig‘%o co[(cg" tab?é ;
+ comprende: pg. 25, In 26 - pg. 26, 11). plo 8, col. 5, |
' In 13) : g

' Hacer reaccionar acido | Hacer reaccionar acido
- 1-ciclopropil-8-fluoro-7- 1 1-ciclopropil-8-fluoro-7-
(8-metoxiimino-2.6- (8-metoxiimino-2,6-
diaza-espiro[3.4Joct-6- ~ diaza-espiro[3.4]oct-6-
i-4-0x0-1.4-dihidro-  il)-4-0x0-1,4-dihidro-
[1,8]naftidrina-3- [1,8]naftidrina-3-

Hacer reaccionar acido-
1-ciclopropil-6-fluoro-4-
oxo-7-([1a,5a,63]-6-
amino-1-metil-3-
azabiciclo[3.2.0]heptan-
3-i)- 1.8-naftidrina-3-

Hacer reacciopar
acido-1-ciclopropil-6-
fluoro-1,4-dihidro-4-
oxe-7-(1-piperazinil)-
quinolina-3-carboxilico
(Ciprofloxacina)

carboxilico carboxilico carboxilico
. . n &aci metano- . - . -
Con acido aspartico %Cﬁfénisg do etano ] Con acido aspartico Con acido aspartico

i

En un disolvente ~ En un disolvente | En un disolvente En un disolvente

Eldocumento D1 se considera el estado de la técnica cercano a la invencién definida
en la reivindicacion 1 porque divulga el método para preparar la sal metano-sulfonato
de acido-ciclopropil-6-fluoro-7-(8-metoxiimino-2,6-diaza-espiro[3.4]oct-6-il)-4-0x0-1,4-
dihidro-[1,8]naftidrina-3-carboxilico que comprende hacer reaccionar acido 1-
ciclopropil-6-fluoro-7-(8-metoxiimino-2,6-diaza-espiro[3.4]oct-6-il)-4-oxo-1,4-dihidro-
[1,8]naftidrina-3-carboxilico con acido metano sulfonico en un disolvente como etanol.

La diferencia entre la invencion, definida en la reivindicacion 1y el proceso de D1
consiste en que divulga de manera especifica que la reaccién del acido 1-ciclopropil-
6-fluoro-7-(8-metoxiimino-2,6-diaza-espiro[3.4]oct-6-il)-4-oxo0-1,4-dihidro-
[1.8]naftidrina-3-carboxilico se hace con acido aspartico.

Esta diferencia no parece conceder un efecto técnico inesperado al proceso
reclamado en esta solicitud ya que no parece presentar ventajas superiores en
comparacion con los procesos del estado de la técnica cercano.
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Por lo tanto, el problema tecnico objetivo que pretende resolver esta invencion se
puede formular como la necesidad de un procedimiento para la preparacién de sales
del dcido-ciclopropil-6-fluoro-7-(8-metoxiimino-2,6-diaza-espiro[3.4]oct-6-il)-4-oxo-1,4-
dihidro-[1,8]naftidrina-3-carboxilico alternativo a los ya conocidos en el estado del
arte.

Sin embargo, el proceso para la formacion de sales con acido aspartico ya esta
divulgada en los documentos D3 y D4, en donde diferentes agentes antimicrobianos
del tipo fluoroquinolona reaccionan con acido aspartico en un disolvente como agua
(D3: ejemplo 42, col 13 - 16; D4: col. 4, ejemplo 8).

En consecuencia, la persona del oficio normalmente versada en la materia, se veria
suficientemente motivada para utilizar el acido aspartico de acuerdo a sus
conocimientos comunes y lo divulgado en los documentos D3 o D4 en el proceso de
preparacion de sales de acido-ciclopropil-6-fluoro-7-(8-metoxiimino-2,6-diaza-
espiro[3.4]Joct-6-il)-4-ox0-1,4-dihidro-[1,8]naftidrina-3-carboxilico de D1, para llegar asi
al objeto de la reivindicacion 3 de la solicitud. Por lo cual se considera obvia.

Conclusion: La reivindicacion 3 cumple el requisito de novedad (Art. 16), pero no
cumple con el requisito de nivel inventivo (Art. 18) segun lo divulgado en los
documentos D3 con D1, o D4 con D1.

Puesto que la reivindicacion dependiente 4 no menciona caracteristicas inventivas
adicionales tampoco se pueden considerar inventivas.

8. Conclusion

Los requisitos de patentabilidad de la presente Solicitud estan afectados asi:

item Documento Reivindicaciones afectadas Requisito que afecta
D1 WQ099/00393 1-9 Nivel Inventive
D2 E Articulo 1-9 Nivel Inventivo
D3 ' US55683.149 | 1-9 Nivel Inventivo
. D4 _US4957.922 1-9 Nivel Inventivo

En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de la fecha de notificacion de la presente comunicacion. En caso de
no dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran
los impedimentos para la concesién, se denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.

—n =
JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

El anterior requerimiento fue notificado por fijacion en lista, de fecha

% B0 20— |

Elaborado por: Rubiela Pacanchique Vargas OW
Revisado por:  Jacqueline Alfonso Rozo
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DW-224a showed the most petent in vitro activity among the guinolone compounds tested against clinical
isotates of gram-positive hacteria. Against gram-negative bacteria, DW-224a was slightly lcss active than the
other luorequinelones. The in vivo activities of DW-224a against gram-positive bacteria were more potent than
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PN T apainst systemie dacteriel imlections in mice was also
rodh

v v wos presented e part ar the 43rd Interscicnce

aoveits swch as mettcallin-resistant Saoplndococeus warens

BRI 14 PN

cors Avtimirobial Agonts and Chemotherapy, Chi-
September 2003 (1 H. Kwak et al, abstr.

f"-ﬂ.ﬂ }

The studied campounds were obtained as follows. DW-224a,
wrorofloxacin, moxifloxacing and gemifloxacin were svathesized
criwe R & D Center. Dong Wha Pharmaceutical Tndustry,
Pud. Anvang Cive, Republic of Korea. Oxacillin was purchased
faom Sigma Aldrich Korea, Test organisms used in this study
were originally tsolated trom human clinical specimens. Fecal
snples were obtuned trom general hospitals in Scoul, Re-

CCorresponding author, Matling address: School of Life and Food
Svwiees: Hundong Global Usiversity, Puk-ku. Pohang City. Kyungbuk
TP TS Repriane of Korea. Phone: 82-54-261- 1333, Faa: 82-54-260-

bopaeil

rewakio Bandong cdun

public of Korea. between 2001 and 2004, The challenge organ-
isms used in the mouse svstemic infections were obtained as
follows: Streptococeus pneumoniae ATCC 6305 was obtained
from the Korean Culture Center of Microorganisms, Seoul,
Republic of Korea: Suaphvlococcenus avrens giovgio, Escherichia
cofi. 851E. and Morganella morganit 1375E were kindly pro-
vided by LG Life Sciences Lid., Daejon, Republic of Korea
{10y and Klebsiclla pneumonive P27, Streptococeus pyogenes
Bl4d, and MRSA strain P97 were selected through the
screening of clinical 1solates.

In vitro MICs were determined by an agar dilution method
as described by the Clinical and Laboratory Standards Institute
{(formerly National Committee for Clinical Laboratory Stan-
dards) (8). Mucller-Hinton agar medium was used for testing
acrobic and facultative organisms. Streptococcus pnenmoniae,
Streptoceccus pyogenes, and Moravella catarrhalis were grown

“on Mueller-Hinton agar supplemented with 577 defibrinated

2261

sheep blood (Hankuk Media Ltd., Gunpo City, Republic of
Korea). Mueller-Hinton agar supplemented with 3% Fildes
envichment (Oxoid Ltd.. Basingstoke, Hampshirc. England)
was used for Haemophilus influenzae. GCII agar (Difco) sup-
plemented with 1% IsoVitaleX (Becton Dickinson) was used
tor Nefsseria gonorshocar. Test strains were grown for 18 b and
diluted with the same fresh medivm to a density of approxi-
mately 107 CFU/ml. These test stramns were applicd with a
muitipiy moculator to agar plates contajning serial dilutions of
the antimicrobial agents, vielding 10° CFU per spor. Plates
were incabated at 37°C for 18 h and examined for grawth.
Neisseria gonorrhocae was incubated under 3% CO.. The MIC
was considered fo be the lowest concentration that completely

\
\
HN‘)

FIG. b Chemical structure of DW-2244.
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FABLE L In vitro antibacteriol activives of DW.224a and quinolones agamst clinical isolates

T ' -
MIC fugmd) Microorganism® Antimicrohial MIC (pg i)
wnent Range et iy, (e of isolatesy agent Rangs 007 a0,
SN0, DS O SR 003 i Moxifloxacin 0008~ 323 0125
Larroliovaeiy [ERET T (.3 , Gemifioxacin 0.015-0.125 .03 0.123
Montoxec (0] S 2R t XY :
Comflovasn 000006 G013 0.03 Curobadder freundii (13) DW-2244 N.008-16 01.06 i
Ciprofloxacin 0013 03
AN {2y W 24a 2 4 Moxifloxacin 0.123 2
Cipvofiosacn 5z 14 Gemifloxacin 0.008-4 3.03 0.3
Moxfloxaan 4 16
floxacin 2 4 Morganella morgansi (38) DW.2244 .0058-4 (.28 0.3
Ciprofloxacin 0.008-0.5 0.015 6.03
N NS DW-214a 018 0125 Maonxifloxacin Q.000—4 1,23 [
Ciprofionscin .17 2 Gemifloxacin 00082 (L3 0.125
NMoxiflovaoin 123 0.235
Cremiflossem BED N (1,25 Progevs mirabilis (21) DW.2244 124 M
Ciprofluxacin 1013 {06
MR R T ARTAL A n.2s 2 i Movifloxacin U 3
Civodh v em 086w R 32 a Gemifioxacin 323 (.28
Monirh e i b ’
Coontlon win 1 Vo Pty sulgards 118} DW.2244 11,33 [
: Ciprotioxacin nois LRI
T T - 3 Moxiflosacin 1251 .28 {13
[ Soend 64 ; Gemifioxacin H0.03-0.25 [BALHY 123
Mot e R CT ) iz
Cionnfoaacin 0a0ge 1 4 Serrata sncrcescens {39 DW.2244 0.2 2 32
Ciprofioxacin LA H 4
B ron iy terinti o0 DW-2 40 2-32 2 16 Moxitloxacin 000510 1 4
Ciprofioaain - 04 ] od Gemitloxacdin 012516 z N
Moxiflovwin {.5-04 3 od
CGemifloxacin 1504 2 RS Safmanefla crerica serevar DW-224a 0.00-0,00 006 .00
Typhi (153 Ciprofloxacin 0.03-0.1258 0125 (1128
U (o DW 224 [ERI T 0.3 1 ’ Moxifloxacin 0.015-0.00 B3 .03
Cpeotiaxacn i Rt 4 4 Gemifoxaan 6,080,125 .56 0123
Nesohoxacts e 4
Crge B 0 R 2 oinctobactor danaigat (37) DWW 224 0.008-5 028 A
Ciprotiosacin 0.008-64 0,123 in
R T [RA LR ({1a .13 i . Moxifluxacin XV RS 0.4 4
. PR o I . Gemifioxacin [ERUINERH] 4
s .5
(Li2 (3.2 L Acinewbacter caleosgencus (8)  DW-214a 0.008-1 0.008 o
g Ciprofioxacin - (L0S5-] 023 e
. T AU RS TS g 1.4in : Moxifloxacin LOOR=1 0123 —
sgreflosaan (g 1 2 Gemillexacin G.008-40.3 L3 e
Movfovaen L2503 0,23 0.23 i
ongein QUESL1T8 0 603 0128 I Stwnotrophomonas DW-2244 Q.06-64 1
. maloplulio {27y Ciprofloxacin 0.U15-16 O N
M T S Cia A0} 504 (L.0a i ; Moxifloxacin H.03-nd (415 i
Naoin {LOUS-64 L0135 a5 Gemifloxacn O015-32 0.2% i
Menatiogacn [ERIRSNCI [RRES) 3.3
venitlovadin 0.008-]6 0018 (28 Haemaphilus valligenzae (15) DW-2240 <OO0S-0N08 <H005 0.008
Ciprofiosacin < 0.008 HO08 0008
' Fraoobost feacan (AR JOUE-S G0 I ; Moxifloxacin Q.008--0.015 0008 0.015
xachny  0.008-2 .015 a5 Gemifloxacin < (1008 <08 <0008
Moutowom G008 046 t !
RSN AT $ o et X0 U3 i Moraxella catarthalis (20) DW-224 < U.006-0.03 01s 0.3
Ciprofiexacin - <(.008-0.06 (.03 n.0s
L IS I OE S ESENNE (1) B A LURIA P 1031 0473 0.8 f Moxfioxacin 0.0135-0.60 006 .06
e donawm g oi8-4.238 A B go6 i CGemilloxacin < O.008-0.03 003 0.U15
Meaovactr 0008~ N5 :
Cromutiesgein OS5 1660 Neisseria genotrhoeae (27) DW-2244 0.018-7 1 i
Ciproflonacin 3 8
At petentte e 50 [DWL 2 Bas XA RN t f Moxiflosacin 2 2
Ciprofivacm GOS0 .08 .5 gi Genifioxacin ] i
Meanbog omn [FRTRN N i !
Ciomafloes o D Gess? ‘b i Peviedomosnas acenginosa (22) DW.22a 2008 -0d & 14
? : Ciprofuxacin (10364 2 64
. i (IR vl o Maonifloxacin [EXTRSIEN, W G4 el
EXIN BRI H Gemifioxacin = 0 08— - 44
RRENEY withinsscepthle S gtens: MSUNS, merhiciihin-sasceptible coagulase-negative staphvlococeis MRONS. methiviliin-resistant coagulase-negat
Sy
Cvci esfenined i
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FABIE 2 ("nn’xparam’t’ in vivo activities of DW-224a against systemic infections in mice

ED, (mgkg) (9577 confidence limits)

NMicroorgnusm inocuium r("i'i MOuse ) Muun () Antimicrobial agent” MIC {pg/mh)

S anrens giorgo (1% 1% 5 DW-224a <(LO08 1.11 (0.17-4.64)
Ciprofloxacin 0.125 16.52 (1.27-18.99)
Moxifloxacin 0.03 178 (01.33-7.66)
Gemiftosacin <008 1.37(0.27-7.67)

MESA PIUT (S 2 1ah 5 DW-2243 025 15,52 (9.02-26.58)
Ciprofloxacin & =40
Moxifloxacin 1 3335 (20.38-61.33)
Gemifloxacin 0.25 2638 (15.03-47.28)

N opre o ATCU G305 ¢ - 10y DW-22da 0.008 0.55 (0.0020-1.67)
Ciprofloxacin 0.5 1046 (3.56-32.20)
Movifloxacmn BRIE) 20041620
Gemifioxacin XD 0.70 (0.15-2.43,

I T I = DW-2244 006 265 (0L65-13.75)

Ciprofloxacin 4 40
Moxifloxacin 0.23 Q.04 (2.16-73.6)
Gemitloxacin 0.06 283 (0.37-15.24)

roLedd RSL () < n N DW-224a 0.03 608 {1.64~38.80)
Ciprofloxacm 0.008 (.78 (0.10-3.20)
Maoxifloxacin 0.06 237(0.61-7.73)
Gemifloxacin w015 116 (025412

K pvaronomae PA2T (32 107 N DW-224a 0.06 97"( 77-36.20)
Ciprofloxacin 0.06 0 ¢0.00-2.59
Moxiftoxacin 0.25 (4 (0.30-10.6%)
Gemifloxacin 0.03 336 (1.42-20.20)

e 13TRT Dty R DW.224a 0.125 483 (0. 49-26.77)
Ciprofloxacin 0.008 L4 (117-5.91 \
Moxifloxacin 1258 S28(1.30- 184
Ciemifloxacin 0.00 341 (077-12 uh)

snistered ot ©and 4 h arfter imtection.
IRILH

Ty L agents werg o

iy vt

Chbited prowth onagar plates, disregarding a single colony or
: tunt haze caused by the inoculum,

The o vive sotivity of DW-224a against systemic infections
= e was deteommed. Four-week-old male ICR mice weigh-
St 22 g Dachan Bio Link Co., Ltd.. Eume-sung Gun,
~Lnubiv of herew) were ased for the svstemic imfection model.
oy were mabtained o ammal vooms kept at 23 = 2°C with
nfection
at 37°C for
ol For 8 opraegomac and S, pvogenes. trvplic soy agar

ceamowas sippremented with 877 defibrinated sheep blood.
Fououse s dmoey a, bacterial strains were suspended in 0.9%
et solution centaining 397 pastric muein (Difea). except for
< prenmenoe. ATCC 63050 which was suspended in 0.9%
sautte salution. Mree were used in groups of six for each inoc-
v urt ¢nd were challenged intraperitoneally with a single 0.3-mi
i *rt on ol the bacreriad suspension, corresponding ro an inoculum
vonge of B o 80 times the minimal lethal dose ot bacteria, Four

S~ e rebaive bunndite, fest organisms for |
v vultured o tovpuie soy agar medium (Difeo)

dose levels were used for each antibiotic, depending on the in
vitro antimicroebial activity of the compound. Antibiotics at vari-
e dose regimens were orally admmistered to mice twice. at 1
w4 h postmfection. Maoality was recorded for 7 davs. and the
wedian cifecrive dose needed to protect 30% of the mice (EDy,)

wus caleutated hy the Probit method (3). The challenge inoculum

FdIne W PUROR comiining 370 gastiie mucin. exvept for S prewmaoniae ATCC 6303, which was suspended in 0.9 saline

was sufficient to kill 100% of the untreated control mice. which
died within 48 h postinfection.

The in vitro efficacy of DW-224a against the clinical isolates
is presented in Table 1. DW-224a was slightly superior to
gemifloxacin and much more active than moxifioxacin and
ciprofloxacin against clinical isolates of gram-positive bacteria.
Against methicillin-sensitive S awrers and MRSA. the antibac-
terial wctivity of DW-224a was comparable to that of gemi-
floxacin but 2- 1o 16-fold more potent than those of moaifioxa-
cin and cprofloxacin. The MIC,s of DW-224a against
methicillin-sensitive S. aurens and MRSA were 0.03 pgiml and
4 pg/ml. respectivelys DW-224a was also more active than
ciprofloxacin and moxifloxacin and was slightly superior to
gemifloxacin against Staphylococcns epidermidis (MIC,,. 0.123
pg/ml), 8. pvogenes (MIC,,, 0.06 pg/ml). Enreracoceus facealis
{MICan. 2 pg/ml), and Enterococeus foecium (MIC,,,, 16 pg/
ml). Against 5. pirermoniae. the activity of DW.224a (MI1C,,,

(.03 pg/ml) was §- fold higher than that of gemifloxacin and at
1 cast Ho-fold higher than those of moxifloxacin and ciprofloxa-
cin. Among the compounds tested. DW-224a showed the most
potent antibacterial activities against gram-positive bacteria,
Aguinst most members of the family Enterobucreriaceae, the
activity of DW-224a was twofold or fourfold lower than those
of ciprofloxacin and gemifioxacin. respectively. but it was com-
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pasable to that of moxifloxacin. DW-224a inhibited 90% of the
Eocolt K preumoniae, Klebsiellu oxvtoca. Enterobacter cloacae.
Friterobacior aerogenes. and .\fm;guzzuléu ingrganii isolates at
concentrations of 1L G235 2025 and 05 pgymlb respectively.
Av vt Acfneionacior bagnannin (MIC, 4 peimih Ackiero-
Ve vpdoogoetaoss (MO, 10008 wermit). and Stenorropho-
MICL LT e miby DW-2244 showed an
oty compatoble to the other componnds. DW-224a was
ciust HomAueazee (MIC,, D008 pg/ml) and M.
Sarfio o MIC 003 wgomib). Against Noconoriocae. DW-
Sl tMEC, L pemby was eightlold more active than cipro-
Coxaem. The acinaty ol DW 224a against Pserdomonas
sewpainose (MIC .. 04 pe/ml) was inferior to those of cip-
refloxacin and gemifoxacin, but it was comparable to that of
reoviftovacin

nes mlioaph ti

NN TIVY de

e proteerive efficacy of DW-2244 against systemic infec-
tioss momice was compared with those of ciprofloxacin, moxi-
fonaein, und gemiflovacin (Table 2). DW-224a exhibited the
mast potent protective —*%‘ectx against systemic infections
wiesed b gram-positive bacteria. Against infection caused by
S cwreus giorgio the B xoof D\\ —224d. ciprofloxacin. moxi-
Sosaeim and gemitonacin were 111 1(1.‘73. 178, and 1.37

he of body weights respectively, Especially against guino-
ant & e PIOT (an MRSAYL DW-224a (EDy,,

iproflosacin (ED,. »40

; ciwes mere offective than ¢
b mevifieyacin (Li 353 mo kg and pemifloxacin
b leanme kan PYW-24a was aba the most effective drug
e ataed hfs strepiococet, weluding S0 prer-
arvecand N progenes strains, for whien the EDg s were 0.53
FTeN mg kg rospedtivedy, Butt DW-224a was shown to be
Loy eflective than the rest compounds against infections caused
Mo gram-negative urganisms. Against £ colr S51E. DW-224a
D 608 mg kgl was Ics« ACTiVC than ciprofioxacin (ED«,,
07 my ke moxiftoxaan (EDq,. 217 meske). and gemifloxa-
o (EDG, Llo mgihkey Ag.«xmsr K pncuwnoniae P427, the
EDgs of DW 2245, aproffoxacin, moxifioxacin, and gemi-
fosuciny were 770070, 2.64, and 5.36 mg/ke, respectively.
DWW 22 ED. .83 my kg was less active than ciprofioxacin
T P40 mekg) and gomiflosacin (EDg,. 341 mykg)
avatist M porgari 1373 but more active than moxifioxacin
PO, 2 me ket In o general the EDgs of DW-224a were
vof correlaied wih dn vitro MICs,
DW-2240 derconstrated potent invi

aatnnl el

vo und in vivo antibac-

Sl ies it both gram-positive and gram-negative
veeterna, The antibactertal  activities of DW-224a
andNRE gram-positive pathogens, such as MRSA, methicillin-
foststant coagutase-nepative staphviococei, S. prevmoniae. S.
crogcres, and £ dgecdliss were mare potent than those of the
reference compaunds, such as ciprofloxacin. moxifloxacin. and
semmifoxacin, DW-224a especially showed increased potency
avainst S, prenmoniae. which s the bacterial strain most fre-
quently solated from patients with community-acquired pneu-
moma and m::'i;‘-m.\ to bo oo significant cause of mortality,
Plowmeever, DW 2245 was slightly less active than other Buoro-

overali
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guinolones against members of the family Enrerobacteriacece.
It is a general trend that the improving antibacterial activities
of the fluoroquinolones against gram-positive bacteria is likely
assuciated with a relative decrease in activity against gram-

negative bacteria, but DW-224a was very active against gram-
negative réspiratory pathogens such as strains of H. influenzae
and M. catarrhalis. known as dinically significant pathogens.
These findings suggest that DW-2244, with its expanded anu-
pneumococcal activity, may be very useful for the treatment of
community-acquired respiratory tract infections, because
p-lactam resistance in H. influenzae and M. catuirhalis s &
documented problem in the community (9).

DW-224a at two times the MTC had very rapid bactericidal
activity against S. prenmoniae and S. awureus, regrowth after
24 h of incubation was not detected. and the minimal bacteri-
cidal concentrations of DW-224a were twofold higher than the
MICs for all test strains (J. Kwak. M. J. Seol. H. Kim. H. Park.
D. Choi, and Y. Jung, Abstr. 44th Intersci. Conf. Antimicrob.
Agents Chemother., abstr. F-1947, 2004),

In view-of its improved antbacterial activitics against gram-
positive bacteria and good pharmacokinetic profiles in animals.
the clinical usefulness of DW-224a should be established by
{urther studies.

This study was supported by a grant from the Korca Health 21 R & 1D
Project. Ministry of Health and Welfare, Republic of Korea (01-PI1-PG4-
O1PTO1-0013).
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Chapter 2

Solubility and Dissolution of Weak Acids,
Bases, and Salts

by Madhu Pudipeddi®, Abu L. M. Serajuddin, David J. W. Grant,
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1. Introduction

raprovement of dissolution rate of weakly acidic or weakly basic drugs
that arc poorly soluble is one of the primary reasons for preparation of
pharmaceutical salt formas {1 —7]. Salt forms have also heen used to control
drug dissolution (8] {91 This chapter examines the pH-dependencies of the
solubility and dissolution rate of pharmacentical acids, bases, and salts, and
the relevance of these dependencics i the selection of the final form.

f the excess solid phase may
v clemenez] analysis. 17 the ex

(H,0) ratic uati! the
s, complete couversion o the sa

ss solid contains the salt,
foriu fuay oceur at
ion of a ‘gel’

ome cases, an attempt to make
telow the solubility of the salt
(as estimated from the K, value) wili be unsuccessful due to precipitation
of the free unionized form. To further develop this point Anderson and
Flora (2] defined the term ‘stoichiometric solubility’. The stoichiometric
solubility of a 1:1 sait 1s the conceatratios of salt which can be dissolved in
pure H,0 with no farmation of a precipitate of the unionized free form. The
authors pointed out that the difficuities of low ‘apparent solubility” of a salt
due to free form precipilation may be encountered in the preclinical stages
of development when concentrated solutions in H,O are required for toxi-
cology testing. However, appropriate pH adjustment should overcome this
problem.

n ratios, often leading to for
As a resuli of the above phenomenon, in
a solutior of a 1:1 sait at a concentration w

3. Dissolution Behavior of Acids, Bases, and Their Salts

The term dissolution refers to the overall process by which a solid com-
pound dissolves in a liquid medium. while dissolution rate is the kinetic de-
scrptor giving the rate at which tbe dissolution iakes place. The concept of
solubility, on the other hand, implies that the process of dissolution bas
reached equilibrium, and the solution is saturated. Dissolution rate of solids
is of paramount importance in the development of pharmaceutical products
and quality control, Salt formation is onc of the most commenly employed
techniques to improve dissolution of weakly acidic or basic drugs.

A number of theories of the dissolution of sotids have been proposed {17}
[29] [30]. However, the simple. diffusion model may be adequate to describe
the dissolution behavior of most pharmaceutical solids in aqueous and non-
aqueous media. The diffusion layer model (Fig. 7) assumes that 2 thin film
of saturated solution of concentration ¢, exists at the interface of the dissolv-
ing solid and the dissolution medium. The dissolution rate is controlled by
the diffusion rate of solute molecules from this thin saturated film into the
bulk solution. The concentration of the solute ia the bulk is denoted by cy.
As the distance x increases from x =0 (at the sufface of the solid) to x=h (at
the beginning of the bulk solution), the conceniration decreases from c=c¢,
to c=cp. Beyond x=h, the bulk concentration remains uniform at ¢y, In the
simplest form of the theory, following Fick’s First Law, the rate of dissolu-
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1. Iatroduction

Uatil ca. 15 years

ago the drug discovery processes adopled by pharma-
ceutical companies involved the screening of large aumbers of cZ)mpouuds
that had been synihesized by the company’s research laboratories over many
yf:;;rs” Alternative sources of compaunds werc also available to some compa-
nies from wniversity laboratories, or as extracts from a multitude of natural
sources. Tn the kast 15 years; there has been a rapid change towards the use
of combi ial-chemistry ques which are now being used routinely
to prepare many thousands of compounds per year. As described in Chapt. 5,
these compounds are generally dissolved in dimethy] sulfoxide (DMSO) ro’
enable screening for activity in an enzyme- or receptor-based assay system.

Initial screening usually involves a highly automated *high throughput screen”

(HTS). If the number of ‘hits’ found is large, the numbers are. usually refined
by a more involved and specific ‘low throughput screen’ (LTS) and other se-
lection processes, until a manageable number of ‘leads’ is available. Often,
several of these ‘leads’ show only moderate activity, and further stractural re-
finement and optimization is invariably necessary, using a mixture of com-

putational techniques and intvition by the chemistry team, until a smaller

number (usually 1-5) of highly active potential ‘candidates’ remain.

These ‘candidates’ are usually relatively impure free bases, free acids, or
neutral molecules, and are often amorphous. Because they are dissolved and
stored in DMSO prior te being used ta screening procedures, there is no need
to ensure that they are crystalline. Also, the preparation of any salts of these
compounds is rarely necessary as the neutral/covalent molecule usually ex-
hibits better solubility in both DMSO and the assay system to be used by the
pharmacology group. As can be seen readily, these new procedures favor tipo-
philic molecules, whereas the majority of marketed drg substances are hy-
drophilic. The need for water-soluble candidates for use in drug developwment
and the vast majority of dosage forms has been recognized (1 -4] for many
yeass before the advent of ‘combinatorial chemistry’.

B;cause drug substances are designed to bind with a receptor, enzyme,
protein erc., they normally possess several functional groups capable of hy-
drogen bonding. Some of these functional groups may give potential for salt

formation and ths: reased hydrophilicity. This salt formation also gives
the pharmaceatical chermist and forraulation scientist the opportunity to mad-
ify the physicochemical (e.g., melting point, hygroscopicity, chemical stabil-
ity, dissolution rate stal form eze.) and mechanical (e.g..
hardness, clasticity efc.) characteristics of the potential drug substance and te
develop dosage forms with goad bioavailability, stability, manufacturabili
and patieat compli

For wealdy basic drug substances, salts of an inorganic acid (e.g., hydro-
chloride, sulfate or phosphate), a suifonic acid {mesy'ate, esylate. or iscthion-
ate), a carboxylic acid (acetate, maleate, or fumarate), a hydroxy acid (citrate
or lactrate), or possibly an amino acid (arginine or lysine} could be consid-
ered. Tn the past, hydrochloride salts have often been the first choice for
weakly basic drugs, since, as a consequence of the low counter-ion pK,, salts
can nearly always be forméed, and recrystallization from organic solverts is
normally straightforward. However, the potential disadvantages of ‘hydro-
chloride salts include unacceptably high acidity in formulations {e.g., paren-
teral products), the tisk of corrosion of manufacturing plant and equipment,
less than optimal solubility due to the risk of salting out, and the potential for
poor stability, if the drug is acid labile and hygroscopic [2].

Historjcally, prior to the severe regulatory constraints that abound today,
it had been possible to develop the neutral species (free acid.or free base) to-
gether with one or mote different salts. These different chemical forms were
often used for specific purposes. An excellent example of this concerns the
phenothiazine drug substance. prochiorperazine. The free base was used in
suppositories, as it was the most lipophilic form, the mesylate salt was used
in injections and in sachets for the preparation of an oral solution, whilst the
less soluble maleate was used for the manufacture of tablets.

Occasionally, salts were also prepared in former times to decrease drug
substance solubility for use in suspension formulations where very low sol-
ubility -is necessary to prevent ‘Ostwald ripening’, for taste masking (e.g.,
dextropropoxyphene napsylate suspension), or to prepare an extended release
product. Embonate salts have been used in suspension formulations to in-
crease the duration of action (e.g., chlorpromazine embonate). On some oc-
casions, the selection of a salt with only modest agueous sclubility may be
more suitable for use in tablet products prepared by wet granulation, since
the use of highly soluble salts can be deuimental to the granulaton pro-
cess. Depending on the dose required, aqueous solubilities in the range of
0.1-1.0 mg/m! will normally be sufficient to satisfy the dissolution require-

ments for standard, solid, oral dosage forms of drugs with good-to-moderaie
potency. However, for parenteral solution products, higher solubilities, per-
tiaps 10 mg/ml or greater, depending on the required dose and dose volume,
may be required. For parenteral formulations, the pH of solution (normally
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within an racge of 3-10 for intravenous solutions} s
monitorsG 1o help casure that te formulation will be well toler

Manipulation of drug substa
be employed to maodi

eptah

ould he
solubility by selection of salts raay also
y the pharmecokinetic profile of the drug {e.g., benza-
thine peniciilin and insuliv zine complexes used in pa 1S},
Salt formation may be aso adva bere the raeiting point of the ac-
tive moiety is low, and it 1§ necessary to mili or wicrons
dient to achieve adequate homogeneity. A suitably s
melting point that is 50— 100 °C kigher than that of the free
Also, heing more stals are dikely te be less plastic asd more
easily deformed by biitle fracture. .

Chapt. § describes some of the theoretical aspects behind salt forination.
This chapter describes some of the procedures adopted by the Preformula-
fion teamn at the Avensis Pharma {previously Rhéne-Poulenc Rorer) Dager-
ham Research Centre (DRC). These procedures are similar to a systematic
approach proposed by Morris er al. [3] but were devised empiricaliy with one
atm of how to obtain the maximum amount of information from the minimum
amount of precious candidate batch. The outline of the process is shown in the
Figure.

Where possible, we prepare a range of salts for each new candidate and
compare their properties in our preformulation program, which is designed
to give us the relative suitabilities of each one. Only oue salt form is devel-
oped, and its properties should be appropriate to the primary route of ad-
ministration and the intended dosage form proposed for initial marketing.
The properties of the drug substance required for one dosage form may be
quite different from those required for another. An understanding of the in-
fluence of drug substance, or its salt, properties on the finished product is
essential to ensure selection of the optimur salt form. Some of these aspects
are dealt with in more detail in Chapt. 4. The procedures demonstrated here
are also described in outline form in [5].

cnteral formeladd

ze the

€ ingre-

&

2. Salt Formation — Is It Necessary, Is It Feasible?

Each new molecule synthesized within the Discovery Chemistry group
has an entry prepared in the compound database. Among the first informa-
tion added as an entry into this database for each compound is the calculat-
ed pK, value of each ionizable group in the molecule (6 -9). Another early
entry is the calculated log P value. diately, a small amount of material
is made available, the values are determined cxperimentally on 1-2 mg of
sample by potentiometric titration (e.g., Sirius Model GLpKa apparatus,
Sirius Analytical Instruments 1id.), and the values determined experifnental-
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Figure. Process of salt selection and optirization

ly are again entered into the database. The log P value is usually determined
concurrently by chromatography using an octanol-toaded HPLC column
[10].

Synthesis of a working quantity of each new candidate is racely under-
taken at a scale (hat exceeds S g; the primary synthetic aim is to provide suf-
ficient compouad for activity screening in both cell and animal models. Once
activity is confirmed in these screens, the material remaining from this tirst
batch is usually further sub-divided across a small number of Departments.
The amount of drug substance made available to Physical Chemistry and the
Preformulation teams together rarely exceeds 1 g and is often less than 05g

With the pK, value of each ionizable group in the moleculc known,
either by experimental determination or by calculation, a list of potential salt
forming ageats (counter-ions) can be selected, for each candidate, based on
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that are available in !
Appendix}. Based upon
¥ is our comsidered opiniow that, for the formation of a steble .
there should be a minimur dilference of three units herween the pk,
vatue of the ionizable group and a f t ion. This is especially so
when the drug snbstance is a particutarly weak aoid or base where dispropor-
tionation back to the compenent parts viten ceauss in solution. This thea re-
sults in precipitation of the free acid or free base. Occasionally, an exception
may be found where a salt has an acceptable stability, despite there being a
smaller difference in the pKj vaiues.

1113 (see the tables n

To maximize the amount of data chlwned from small quantities of can-
didate drug substances, micro and semi-micro techniques have been devel-
cped and are used regulacly within our groups. A microplate technique has
been devised by the Aventis Physical Chemistry group for rapidly and qual-
itatively screening whether solid salts can be prepared. This involves dissolv-
ing ca. 50 mg of sample in a suitable, volatile solvent and adding a fixed vol-
urue of this solution, containing ca. 0.5 mg of sample, into each glass micro-
plate well. Concentrated solutions of each potential connter-ion in equimolar
proportion, or (if the molecule could form double or wiple saits)-other appro-
priate stoichiometric ratios, are prepared, and a few microlitres of cach is
added sequentially to each well. Thus, all the wells in line | (“x’-direction)
will contain the same combination of sample and counter-ion 1; ali the wells
in line 2 contain the same combination of sample and counter-ion 2, erc. Dif-
ferent, potential crystallizing solvents can be investigated systematically in
the ‘y'-direction. The wells are tuspected using an inverted microscope

(Leica, model DMIRB) at regular intervals for the appearance of crystals or |

solid. Occasionally, crystallization can be promoted by evaporation of any
excess solvent in some wells using a slow stream of dry N, gas.

Once the possible combinations of counter-ion and solvent(s) are identi-
ficd, stdies at a slightly larger scale (usually 10--50 myg) can be initiated to

coufirm the formation of a crystatline salt or an amorphous solid and initiate”

a study of any polymorphism. These studies give a lead to the chemist and
can help in the identification of future problems. Melting points are deter-
mined by hot-stage microscopy, and samples showing evidence of hygrosco-
picity can be cvaluated using a dymamic vapor sorption (DVS) analyzer
(Modet DVS-1, Surface Measurement Systems Lid.). There is usually suffi-
cient material for a preliminary powder X-ray study using an environmental
chamber (model D8 Advance, Bruker Instruments) to qualitatively determine
the presence of crystalline or amorphous material. Frequently, these studies
can also give information on the existence of solvates and hydrates, especial-
Ty if differential scanning calorimetry {DSC; Metiler Toledo DSC, model
£20), thermal gravimetic analysis (TGA; Metrler Toledo TGA, model 850),
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stage mi

opy are also vsed in the evaluation process. Most of
these studies can be accommodated, T care is taken, on 20
nie.

In paraiict with these studies, a prefiminary HPLC method is developed
withia ca. one week, and, after completion of minimal validation, it is used
to give an estimate of the purity of the original sample, whilst IR and other
spectroscopic techniques may be nsed to define the salt and the scoichiome-
y. Knowledge of the approximate purity is important at this stage, as the
presence of high levels of some impurities can ofien hinder crystallization
“poisoning’ erystal growth or promote the formation of a specific poly-
wmorphic form. Immediately after the developrnent of this HPLC method for
use in the assessment bf the main manufacturing impurities, the analytical
chemists turn their atention to the development of the corresponding stability-
indicating method. The development and partial validation of this method in-
volves the use of degraded solutions of the drug substance produced i ac-
celerated stress studics. This method takes ca. three weeks to complete and
can then be used in the early stability evaluation of salts; their solutions and,
ultimately, simple formulations.

Thus, by carefully planned studies using a small quantity of drug sub-
stance, it is possible to identify quickly the possibilities for the chemist to in-
vestigate, once larger quantities of drug substance are made. These studies
may point to a small group of potential salt formers for initial evaluation;
they also give the chemist ideas on possible recrystallization solvents that can
be tried.

25 mg of sam-

3. The Salt-Optimization Process — First Phase
3.1. Choice of the Salt Former (Counter-Ton)

The choice of salt former (counter-ion) depends on several factors, Ob-
viously the primary factor is that it should yield a crystalline salt. Crystallin-
ity in a salt affords a means of purification and removal of unwanted impu-
ities. Lack ol crystailinity (i.e., the salt is amorphous) normalty would be ex-
pected to lead to severe problems and uncertainties, if the product intended
ta be developed is a solid, oral dosage form. The prospect of unexpected and
unconuolled crystallization at some stage with just one baich, creating a
product recall, is something that the Quality, Regulatory, and Marketing
groups could not live with. Absence of crystallinity is often less of a prob-
lem if the dosage form intended is a liquid. :

The choice of salt is also governed fargely by the acidity or basicity of
the ionizable group, the safety of the counter-ion and the drug indications.
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