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TRA: 11 PCT-PATENTE DE INVENCION CAPITULOS I Y I FOLIOS: 20

ACT: 519 PRESENTACION

DIRECCION DE NUEVAS CREACIONES
2020
Bogota, D.C.,

Abogado(a)/Sefior(a)
LUZ CLEMENCIA DE PAEZ

Asunto: Radicacion: 12-121222- -4

Tramite: 11

Evento: 378

Actuacion: 519

Oficio: 9344

Folios: 20
Patente de Invencion X Patente de Modelo de Utilidad
Via Nacional
Via PCT (Fase Nacional) X Capitulo | X | Capitulo Il
No. Solicitud Internacional PCT/JP2011/055953
Fecha de Presentacion Internacional 14/03/2011

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

1. Documentos estudiados

Descripcion: Radicado 12-121222-00000-0000 18/julio/2012

Reivindicaciones: Radicado 12-121222-00000-0000 18/julio/2012
Radicado 12-121222-00001-0000 24/julio/2012

Prioridad: JP 2010-062155 18/marzo/2010

2. Analisis de la Prioridad

Se acepta la reivindicacion de la prioridad porque ésta 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

De acuerdo con lo establecido en el numeral 1.2.2.2 del capitulo primero del Titulo 10
de la Circular Unica para efectos del examen de patentabilidad, se tendra en cuenta la
tasa pagada por la solicitante al momento de comenzar el examen para las
reivindicaciones adicionales; esto es que cuando la solicitud contenga méas de diez (10)
reivindicaciones y no se haya pagado la tasa complementaria, solo se estudiaran las
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cubiertas por la tasa pagada. En el presente caso se estudiaran las reivindicaciones 1
a 72 del capitulo reivindicatorio radicado bajo N° 12-121222-00001-0000

Titulo de la solicitud: “Derivado de imidazol sustituido con cicloalquilo”

El problema planteado en esta solicitud consiste en proporcionar compuestos con
actividad inhibitoria de TAFla.

Para resolver este problema técnico la solicitud en estudio proporciona un compuesto
de formula (1):

Compuesto |

El objeto de la presente solicitud se relaciona con la Clasificacion Internacional de
Patentes (CIP): A61K 31/00, 31/415, CO7D 233/54, 401/06, 401/12, 403/12 y 417/06.
4. De la solicitud de patente

Reivindicaciones (Art 30 D 486, Art 22 PCT)

La Reivindicacion 1 no es clara porque la definicibn de un sustituyente como
“profarmaco” es relativa y no permite distinguir la invencion del estado de la técnica. Se
sugiere sustituirlo por un término preciso que se encuentre en sustentado en el
capitulo descriptivo.

La Reivindicacion 71 no es clara porque aunque en la reivindicacion se define un
sustituyente R este no se encuentra representado en la formula estructural.

Las Reivindicaciones 72 y 73 no son claras ni concisas porque la definicion de los
sustituyentes PG!, PG? y PG® como “un grupo protector para el grupo amino” son
relativos y no permite distinguir la invencion del estado de la técnica. Se sugiere
sustituirlo por un término preciso que se encuentre en sustentado en el capitulo
descriptivo.

5. Unidad de invencién (Art 25 D 486)

La Solicitud no cumple con el Requisito de Unidad de Invencién porque se refiere a por
lo menos 5 Grupos Inventivos.

Los Grupos Inventivos estan definidos por las siguientes caracteristicas esenciales:

1° Compuestos en los cuales el nucleo esta caracterizado por ser derivados del acido
5-amino-2-[(1-propil-1H-imidazol-4-il)metil]valérico.

2° Compuestos en los cuales el nucleo esta caracterizado por ser derivados del acido
2-[(2-aminoetil)amino]-3-(1H-imidazol-4-il)propanoico

3° Compuestos en los cuales el nucleo esta caracterizado por ser derivados del 4cido
2-[(4-aminobutan-2-il)oxi]-3-(1H-imidazol-4-il)propanoico.

4° Compuestos en los cuales el nucleo esta caracterizado por ser derivados del acido
2-(3-aminopirrolidin-1-il)-4-(1H-imidazol-4-il)butanoico.

5° Compuestos en los cuales el nucleo esta caracterizado por ser derivados del acido
del (1-metilciclohexil-1H-imidazol-4-il)acético.
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6. Determinacion del Estado de la Técnica

El estado de la técnica se determind con base en la fecha de presentacion de la
solicitud de prioridad: marzo 18 de 2010 y se encontraron los siguientes documentos
gue anticipan el objeto de esta solicitud:

p . Fecha de
Item Documento Titulo Publicacion
J. Med. Chem. “Discovery of Potent & Selective
Inhibitors of Activated Thrombin- .
2007, 50, . o . -
b1 Activatable Fibrinolysis Inhibitor for the 11/Septiembre/2007
6095-6103 Treatment of Thrombosis”
“Derivados de imidazol en calidad de
D2 ES 2299026 inhibidores de TAFla.” 10/enero/2007
D3 WO003/061652 3-(imidazolyl)-2-alkoxypropanoic acids 31/julio/2003
as tafia inhibitors.
“3-(imidazolyl)-2-aminopropanoic acids
D4 WO003/061653 for use as tafi-a inhibitors for the 31/julio/2003
treatment of thrombotic diseases”

El documento D1™ divulga los resultados de un estudio de la relacién estructura

actividad de inhibidores de TAFla con la siguiente estructura.
NH,
R

T
‘N OH

B (Pag. 2 Esquema 3a)

El documento D2 divulga inhibidores de TAFla de férmula (1)
X

D?,)r\,(\m—\’
—~0 VU N:j o
(P&g. 15, Reivindicacion 1)

El documento D3® divulga inhibidores de TAFla de férmula (1)

RS
7
R N\ 8
R R
(CH2),
1 RS
N o "yt
2 5
o Lo
R
3N 4R2 Ra , .o . .z
% (Pag. 141, Reivindicacion 1)

El documento D4 divulga inhibidores de TAFla de férmula (1)

H7
s\
R N\Hs
R5
1 SCH,),

R o (Péag. 2, Resumen)

7. Examen de Patentabilidad (Art 14 D486)

1: http://pubs.acs.org/doi/abs/10.1021/jm0702433

2:http://worldwide.espacenet.com/publicationDetails/originalDocument?
FT=D&date=20080516&DB=EPODOC&Iocale=en_EP&CC=ES&NR=2299026 T3&KC=T3&ND=2

3:http://worldwide.espacenet.com/publicationDetails/originalDocument?
FT=D&date=20030731&DB=EPODOC&Ilocale=en_EP&CC=WO&NR=03061652A1&KC=A1&ND=2

4. http://www.google.com/patents/W0O2003061653A
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Nivel inventivo (Art 18 D486)

Prosperidad

La reivindicacion 1 consiste en: “Un compuesto representado por la formula general (1)
0 una sal farmacolégicamente aceptable del mismo...” (Pag. 4 del radicado N°. 12-

121222-00001-0000).

2
R'" RO Compuesto |
Comparacion de las caracteristicas técnicas esenciales, con las del estado de la
técnica:
Caracteristicas esenciales D1 D2
Un compuesto de formula
NH,

R

{7

N OH

Un compuesto de férmula |

o]
(Pag. 2 Esquema 3a)

Un compuesto de formula general

X
Y R3 Compuesto R Ki 0
6 hidrégeno 140 nM / N—Y
4 (racemato) F
N \ OR 20 n-propilo 46 nM U —
\Q 21 n-propilo 10 nM Z O N
N /N (25)
R R O A P Py . .z
Compuesto | y un compuesto de formula (Pag. 15, Reivindicacion 1)
/r NH,
L
o, H
N OH
o}
(Pag. 5, Tabla 1, Compuesto 8 a 19)
A R Y
representa -cicloalquilo (Cs-Cs), en
donde cicloalquilo no esta sustituido o
esta sustituido, independientemente
entre
n-propilo sf, una, dos o tres veces con R1, en
. . n-butilo donde R1 representa
representa un grupo cicloalquilo de C3 a n-pentilo
C12 el cual puede ser isop ronilo ) ) 3
sustituido por uno a tres grupos idénticos o >oprop a) fenilo, en el que fenilo no esta
diferentes seleccionados de un hlisd?guglr?o sustituido 0 esta
grupo fluoro, un grupo hidroxi, un grupo 9 sustituido,independientemente
alquilo de C1 a C6, un grupo alcoxi de metilo entre si, una, dos o tres veces
ClacCe6,un grupé ariloxi y un grupo _etilo _con -alquilo (C+-Ca),
heterocicliloxi: cmlc;buulflneulo b) triazolilo o piridinilo,
’ enetilo

3-hidroxipropilo

¢) -alquilo (C:-Cy),
d) -cicloalquilo (C3-Cs),

e) -CF,,
f) -O-CFs,
g) fldor o
i) cloro, y
Y CHz-CH,-CH,-NH X
CH,-CHRs-CH,-NHR6 il -CH,-Aminopiridilo
R* z

1) un &tomo de hidrégeno,
2) -alquilo (C1-Ce),

_ . Hidrégeno 3) -alquil (C;-C¢)-OH,
Hidrégeno o un grupo profarmaco 2) -alquil (Co-C.)-cicloalquilo (Co-Ce) 0
5) -alquil (C1-C10)-O-C(0)-O-
cicloalquilo (C3-Ce).
Realizaciones preferidas Ejemplos Ejemplos
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Q N
N
<\N \ COOH \~\N )/ "
4 £

2
Compuesto 1 (Pag. 142) £ N
Ki 21nM W o T ) N
N N o
=
E o}

/ Compuesto 21 ] HO
NH, Ki 10nM Ejempl_o 1 (Pag. 9)
/L (Pag. 6, Conclusiones) Ki 30nM
N
: HaC  cH
N COOH \\\ NH,

Compuesto 35 (Pag. 221)
N
AR o
N

Ki 5,1nM

-
05\_\
4\2
% /N

0
N :)/
<\N Lo Compuesto 11 _ HO
S0 . Ki 84nM Ejemplo 333 (Pag.14)
’ ; Ki 3nM
Compuesto 40 (Pég. 238) (Pag. 5, Tabla 1)
Ki 4,0 nM

Reivindicaciones 51 a 55y 57 a 61.

El documento D1 se considera el estado de la técnica cercano a la materia reclamada
en el primer grupo inventivo definida en la reivindicacion 1 porque divulga derivados
del acido 5-amino-2-[(1-propil-1H-imidazol-4-il)metiljvalérico con actividad inhibidora
de TAFla (Pag. 5, Ej. 20 y 21)

La diferencia entre la invencion, definida en la reivindicacion 1 y el compuesto de
formula (1) divulgado en el documento D1 es que la solicitud define en la posicion 1 de
anillo imidazolilo un sustituyente cicloalquilo mientras que el documento D1 divulga un
sustituyente n-propilo e hidrogeno.

El efecto que logra el remplazar el grupo n-propilo por grupo cicloalquilo de 3 a 12
miembros en la posicion 1 de anillo imidazolilo es obtener inhibidores de TAFla.

Por lo tanto, el problema técnico objetivo que pretende resolver esta invencion se
puede formular asi: como obtener compuestos alternativos con actividad inhibitoria de
TAFla.

Sin embargo, el documento D2 divulga compuestos derivados del acido 3-(6-amino-
piridin-3-il)-2-(1-cicloalquil-IH-imidazol-4-il)-propidnico inhibidores de TAFla.

En consecuencia, la persona del oficio normalmente versada en la materia, estaria
motivada a remplazar el grupo n-propilo en la posicién 1 del anillo imidazolilo por un
grupo cicloalquilo u otra serie en los compuestos divulgados en el documento D1 de la
manera que lo sugiere el documento D2 para llegar asi al objeto de la reivindicacion 1
de la solicitud. Por lo cual se considera obvia.

Puesto que las reivindicaciones dependientes 2 a 37, 62 a 70 y 73 y las
reivindicaciones independientes 50 a 61, no mencionan caracteristicas inventivas
adicionales tampoco se pueden considerar inventivas.

La reivindicacion 38 consiste en: “Un compuesto representado por la formula general

(I-2) o una sal farmacolégicamente aceptable del mismo...” (Pag. 15 del radicado N°.
12-121222-00001-0000).

Expediente 12-121222- -4 1° Art 45.



Industria y Comercio
SUPERINTENDENCIA

Compuesto 1-2

Pros

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

técnica:

Caracteristicas esenciales

D3

D2

Un compuesto de formula |

NHR®

Un compuesto de formula (I) o una sal
farmacéuticamente aceptable

Un compuesto de férmula general

0 %

Ji 3 4 2 3
0 R’ R o
3 (Pag. 141, Reivindicacion 1) —
NT_R Or* z—0 U N
\QN ) Ejemplificado por compuestos de
; 2
RO RO formula (Pag. 15, Reivindicacion 1)
Compuesto | CH,
A NH
/§N (:)/\/ 2
R#NMOH
o
(Pag. 54, Compuestos 46 a 48 y 50)
A R Y

representa un grupo cicloalquilo de C3 a
C12 el cual puede ser
sustituido por uno a tres grupos idénticos o
diferentes seleccionados de un
grupo fluoro, un grupo hidroxi, un grupo
alquilo de C1 a C6, un grupo alcoxi de
C1 a C6, un grupo ariloxi y un grupo
heterocicliloxi;

se selecciona de

(a) un grupo alquilo C1-6 de cadena
lineal o de cadena ramificada
opcionalmente sustituido

(b) un grupo alguenilo C2-6 de cadena
lineal o de cadena ramificada
opcionalmente sustituido

(c) un grupo alquinilo C2-6 de cadena
lineal o de cadena ramificada
opcionalmente sustituido
(d) arilo,

(e) heterociclo aromatico,

(f) heterociclo, y
donde los sustituyentes opcionales en
los grupos (a), (b) y (c) anterior se

seleccionan a partir de: cicloalquilo Cs.
7, arilo, heterociclo aromético,

heterociclo, ORY, NR*R, S (O) P R™,

OC(O)RY, CO, R*, CON R*R™,
SO2NR™R™, halo y NHSO,R™, y
dondepes0,102;

representa -cicloalquilo (Cs-Cs), en
donde cicloalquilo no esta sustituido o
esta sustituido, independientemente
entre
si, una, dos o tres veces con R1, en
donde R1 representa

b) fenilo, en el que fenilo no esta
sustituido o] esta
sustituido,independientemente
entre si, una, dos o tres veces
con -alquilo (Cy-Cy),

b) triazolilo o piridinilo,

c) -alquilo (C:-C),

d) -cicloalquilo (Cs-Ce),

e) -CF3,

f) -O-CFs,

g) fldor o

i) cloro, y

CH2-CHR:-CH,-NHR6

O-CH;-CH;-NH:

X

-CH,-Aminopiridilo

R4

4

1) un &tomo de hidrégeno,
2) -alquilo (C4-Ce),

Expediente 12-121222- -4

o . Hidrégeno 3) -alquil (C;-C¢)-OH,

Hidrégeno o un grupo profarmaco 4) -alquil (Co-C.)-cicloalquilo (Ca-Ce) 0
5) -alquil (C1-C10)-0O-C(0)-0O-
cicloalquilo (Cs-Ce).
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Realizaciones preferidas Ejemplos Ejemplos
5 N
=N o}
HSC”\’N/: : -
>
° N
J/ (Pag. 36, Compuesto 1) ! == NH,
N O ?Hs ( \
/\/N\ \ /
H,C /=N CH, \
& LL ~ - P
N COOH

Compuesto 24 (Pag. 190)
Ki 8,1nM

o
(Pag. 39, Compuesto 9)
H

HO
Ejemplo 1 (Pag. 9)
Ki 30nM

W

N
/=N O/Q Moy e
/lNHZ HCTN \)\/H]/OH @
N

o
(P4g. 40, Compuesto 10) N |

N o) oH, o
<\ l\)\ =N o/;\/ NFe " 7
N COOH HN P H OH HO

Compuesto 25 (Pag. 192) Ejemplo 33 (Pag.14)
Ki 7,0nM o Ki3nM
(Pag. 56, Compuesto 51)
Ki 26 nM (Pag 140)

El documento D1 se considera el estado de la técnica cercano a la materia reclamada
en el tercer grupo inventivo definida en la reivindicacion 38 porque divulga derivados
del a&cido 2-[(4-aminobutan-2-il)oxi]-3-(1H-imidazol-4-il)propanocico con actividad
inhibidora de TAFla (Pag. 54, Compuestos 46 a 48 y 50).

La diferencia entre la invencion, definida en la reivindicacion 38 y el compuesto de
formula (1) divulgado en el documento D3 es que la solicitud define en la posicién 1 de
anillo imidazolilo un sustituyente cicloalquiloCs... mientras que el documento D3 divulga
multiples sustituyentes para esta posicion pero no revela un grupo cicloalquilo.

El efecto que logra el incluir un grupo cicloalquilo de 3 a 12 miembros en la posicién 1
de anillo imidazolilo de los derivados del acido 2-[(4-aminobutan-2-il)oxi]-3-(1H-
imidazol-4-il)propanoico es obtener inhibidores de TAFIa.

Por lo tanto, el problema técnico objetivo que pretende resolver esta invencion se
puede formular asi: como obtener compuestos alternativos con actividad inhibitoria de
TAFla.

Sin embargo, el documento D2 divulga compuestos derivados del acido 3-(6-amino-
piridin-3-il)-2-(1-cicloalquil-IH-imidazol-4-il)-propidnico inhibidores de TAFla.

En consecuencia, la persona del oficio normalmente versada en la materia, estaria
motivada a remplazar el grupo n-propilo en la posicién 1 del anillo imidazolilo por un
grupo cicloalquilo u otra serie en los compuestos divulgados en el documento D3 de la
manera que lo sugiere el documento D2 para llegar asi al objeto de la reivindicacion 38
de la solicitud. Por lo cual se considera obvia.

Puesto que las reivindicaciones dependientes 39 a 43, no mencionan caracteristicas
inventivas adicionales tampoco se pueden considerar inventivas.

La reivindicacién 44 consiste en: “Un compuesto representado por la féormula general

(I-3) o una sal farmacolégicamente aceptable del mismo...” (Pag. 18 del radicado N°.
12-121222-00001-0000).
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Compuesto -3

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

Caracteristicas esenciales D4 D2

Un compuesto de formula () o una sal
farmacéuticamente aceptable

, Un compuesto de formula general
Un compuesto de férmula |

NHR® R X

- o
®\ [Nj R"‘a il 4 JN—Y
R' R° 0

Compuesto | (Pag. 15, Reivindicacion 1)

(Pag. 2, Resumen)
Rl

se selecciona de

(a) un grupo alquilo C,sde cadena
lineal o de cadena ramificada
opcionalmente sustituido

(b) un grupo alquenilo C. de cadena representa -cicloalquilo (Cs-Cs), en
lineal o de cadena ramificada donde cicloalquilo no estéa sustituido o
opcionalmente sustituido esta sustituido, independientemente
entre
sf, una, dos o tres veces con R1, en
donde R1 representa

(c) un grupo alquinilo C.¢de cadena
lineal o de cadena ramificada

representa un grupo cicloalquilo de C3 a opcionalmente sustituido

C12 el cual puede ser . ) i
sustituido por uno a tres grupos idénticos o (d) arilo, c) feml(_), en el que fenilo no esta
diferentes seleccionados de un sust!tu!do ) o esta

grupo fluoro, un grupo hidroxi, un grupo (e) heterociclo aromatico, sustltu@o,lndependlentemente
alquilo de C1 a C6, un grupo alcoxi de entre si, una, dos o tres veces

C1 a C6, un grupo ariloxi y un grupo (f) heterociclo, y _con -alquilo (C+-Ca),
heterocicliloxi; b) triazolilo o piridinilo,
(9) hidrégeno; c) -alquilo (C+-Ca),

d) -cicloalquilo (Cz-Cs),
estando los sustituyentes opcionales | €) -CFs,
en los grupos (a), (b) y (c) anterior se | f) -O-CFs,
seleccionan a partir de: cicloalquilo C, | @) flior o
7, arilo, heterociclo aromatico, i) cloro, y
heterociclo, OR*, NR*R*, S (O) P R*,
OC(O)R™, CO, R™, CON RIR,
SO2NR™R, halo y NHSO,R™, y
dondepesO,1o02;

R® v X
RS
CH,)
N R N,( " -CHx-Aminopiridilo
nes2y
R% R® y R®son hidrégeno
R* y4
1) un &tomo de hidrégeno,
2) -alquilo (C1-Cs),
S . Hidrégeno 3) -alquil (C1-Ce)-OH,
Hidrégeno o un grupo profarmaco 4) -alquil (Co-Cy)-cicloalquilo (Ca-Ce) 0
5) -alquil (C4-C40)-0O-C(0)-O-

cicloalquilo (Cs-Ce).
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Realizaciones preferidas Ejemplos Ejemplos

2 N
N .., = N\NH,
“
HO NH,

Z N
N 2
\\NHZ N b
\=N Ejemplo 1 (Pag. 9)
(Pag. 63, Compuesto 3) Ki 30nM
N N
<\ h i O’ HaC CHs
N COOH Ho Nl ",
Compuesto 26 (Pag. 199) N
Ki 21nM ~ ! i , Nz
N N
o™ t¥e
(Pag. 64, Compuesto 4)
HO
Ki menor a 10uM Ejemplo 33 (Pag.14)
Ki 3nM

El documento D4 se considera el estado de la técnica cercano a la materia reclamada
en el cuarto grupo inventivo definida en la reivindicacion 44 porque divulga derivados
del acido 2-(3-aminopirrolidin-1-il)-4-(1H-imidazol-4-il)butanoico con actividad
inhibidora de TAFla (Pag. 2, resumen).

La diferencia entre la invencion, definida en la reivindicacion 44 y el compuesto de
formula (1) divulgado en el documento D4 es que la solicitud define en la posicién 1 de
anillo imidazolilo un sustituyente cicloalquiloCs.1. mientras que el documento D3 divulga
multiples sustituyentes para esta posicion pero no revela un grupo cicloalquilo.

El efecto que logra el incluir un grupo cicloalquilo de 3 a 12 miembros en la posicion 1
de anillo imidazolilo de los derivados del &cido 2-(3-aminopirrolidin-1-il)-4-(1H-imidazol-
4-il)butanoico es obtener inhibidores de TAFIa.

Por lo tanto, el problema técnico objetivo que pretende resolver esta invencion se
puede formular asi: como obtener compuestos alternativos con actividad inhibitoria de
TAFla.

Sin embargo, el documento D2 divulga compuestos derivados del acido 3-(6-amino-
piridin-3-il)-2-(1-cicloalquil-IH-imidazol-4-il)-propionico inhibidores de TAFla.

En consecuencia, la persona del oficio normalmente versada en la materia, estaria
motivada a remplazar el grupo n-propilo en la posicién 1 del anillo imidazolilo por un
grupo cicloalquilo u otra serie en los compuestos divulgados en el documento D4 de la
manera que lo sugiere el documento D2 para llegar asi al objeto de la reivindicacion 44
de la solicitud. Por lo cual se considera obvia.

Puesto que las reivindicaciones dependientes 45 a 49, no mencionan caracteristicas
inventivas adicionales tampoco se pueden considerar inventivas.

La reivindicacién 71 consiste en: “Un compuesto representado por la féormula general
siguiente...” (Pag. 24 del radicado N°. 12-121222-00001-0000).

Expediente 12-121222- -4 1° Art 45.



Indusiria vy Comercio
SUPERINTENDENCIA

(a s

(Pag. 2, esquema 3)

Prosperidad
P s

Caracteristicas esenciales D1 D2
Un compuesto de formula general Un compuesto de formula Un compuesto de formula (Ib)
/s
‘., o Y
Fi /N7
Q HO =)
N /\Y éﬂ 1 X ()
—N ,N CHO (esquema 1)
Q es COOH, CHO o Hidroximetilo (Pag. 2, esquema 3) En donde y es (C,-Cs)-cicloalquilo

El documento D1 se considera el estado de la técnica cercano a la materia reclamada
en el quinto grupo inventivo definida en la reivindicacion 71 porque divulga derivados
del (1-alquil-1H-imidazol-4-il)acetaldehido.

La diferencia entre la invencion, definida en la reivindicacion 71 y el compuesto
divulgado en el documento D1 es que la solicitud define en la posiciéon 1 de anillo
imidazolilo un sustituyente metilciclohexilo mientras que el documento D1 revela un
grupo alquilo.

El efecto que asociado a la diferencia es obtener compuestos intermediarios en la
sintesis de inhibidores de TAFla.

Por lo tanto, el problema técnico objetivo que pretende resolver esta invencion se
puede formular asi: como obtener compuestos alternativos compuestos intermediarios
en la sintesis de inhibidores de TAFla.

Sin embargo, el documento D2 divulga compuestos derivados del 4cido (1-cicloalquil
Cs.12-1H-imidazol-4-il)acético

En consecuencia, la persona del oficio normalmente versada en la materia, estaria
motivada a remplazar el grupo alquilo en la posicion 1 del anillo imidazolilo por un
grupo cicloalquilo u otra serie en los compuestos divulgados en el documento D2 de la
manera que lo sugiere el documento D2 para llegar asi al objeto de la reivindicacion 71
de la solicitud. Por lo cual se considera obvia.

8. Conclusion

Los requisitos de Patentabilidad de la presente solicitud estan afectados asi:

Item Documento Reivindicaciones afectadas Requisito que afecta
J. Med. Chem.
D1 2007, 50, la37y50a71 Nivel inventivo
6095-6103
D2 ES 2299026 la71 Nivel inventivo
D3 WO003/061652 38a43 Nivel inventivo
D4 WO003/061653 44 a 49 Nivel inventivo
Expediente 12-121222- -4 1° Art 45.
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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 del dia siguiente de la fecha de notificacion de la presente comunicacion.
En caso de no dar respuesta al presente requerimiento, o0 si a pesar de la respuesta
subsistieran los impedimentos para la concesion, se denegara la patente.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término faltante de
sesenta (60) dias para dar respuesta a este requerimiento y presentarla por escrito.

Finalmente, se le recuerda al solicitante que si como respuesta a este requerimiento llegara
a modificar el capitulo reivindicatorio y éste contenga mas de diez (10) reivindicaciones, no
pagard la tasa de modificacidbn voluntaria pero si la correspondiente al pago por
reivindicacion adicional.

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.

0 T
JESUS FERNEL GARCI |

Director de Nuevas Creaciones (E)

El anterior requerimiento fue notificado por fijacion en lista, de fecha 2014-08-05

Elaboro: Lenin Roberto Guerrero
Reviso: Consuelo Leguizamon Leguizamon

Expediente 12-121222- -4 1° Art 45.
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Discovery of Potent & Selective Inhibitors of Activated Thrombin-Activatable Fibrinolysis

Inhibitor for the Treatment of Thrombosis

Mark E. Bunnage.* ¥ Julian Blagg." fohn Steele.” Dafidd R Owent Charlotte Allerton,t Andrewe B. McElroy." Duncan Miller.?
eacy Ringert Ken Butcher® Kevin Beaumont? Koren Fvansd Andrew ). Gray . Stephen B Holland 8 Neil Feeder

Robett 5. Mooret and David G. Brown*

Prizer tilobal Rexearch tmd Developmuont, Staedisch Laboratories, Bamsgote Boad, Kem C113 9N UK

Receivvd Mareh 4, 2007

Thrombin-activatable fibrinolysis inhibitor (TAF[} has emerged as a key link between the coagulation and
fibringlysis cascades and represents a promising new (argel for the treatment of thrombosis. A novel serics
of imidazolepropicnic acids has been designed (hat exhibit high potency against activated TAFL (TAFla)
and excellent sclectivity over plasma carboxypeptidase N (CPN), Structure activity relationships suggest
that the imidazole moiely plays a key role in binding to the catalytic zinc of TAFla. and this has been
supported by crystallographic studies using porcine pancreatic carboxypeptidase B as a surrogate for TAFIa.
The SAR program led to the identification of 21 (TAFIa Ki = 10 nM, selectivity TAFla/CPN > 1000) as
a candidate lor clinical development, Compound 21 ¢xhibited antithrombotic efficacy in a rabbit model of
venous thrombosis, yet had no effect on surgical bleeding in the rabbit. In addition, 21 exhibited an excellent
preclivical and clinieal pharmacokinetic profile. characterized by paracellular absorption, low clearance,
and a low volume of distribution, fully consistent with its physicochemical propertics of low molecular
weight (MW = 239} and high hydrophilicity {log £ = —2.8). These data indicate 21 {UK-396,082) has
potential as a novel TAFIa inhibitor for the treatment of thrombosis and other fibrin-dependent diseases in

humans.

Introduction

Thrombotic diseases are among the more common causes ol
mortality and morhidity in the developed world. A number of
agents are available for the trealment and prevention of
thrombotic diseise, bat these are generally anti-coagulants wilh
significant drawbacks, including varving degrees ol adverse
hemorrhagic side-eflects. Heparin and fow-molecular-weight
leparing are administered parenterally and are thus gencrally
used as short-term treatments only, Chronic oral antithrombotic
therapy is cemered on the use of warfarin. which requires regular
patient monitoring because of its significant safery liabilitics,
theluding severe adverse bleeding events and significant drug—
drug interactions, Overall, there remains a clear medicat need
for new antithrombotic agents that are safer than esiablished
therapies and are suitsble for chronic oral administration,

Activation of the coagulation cascade tends ultimately to
thrombus formution through the generation of thrombin and the
subseguenl consersion ol soluble fibrinogen to librin, Fibwin
polvnterizes o lorm an insoluble matris (hat acts as an essential
scattold tor the developing thrombus. IFibrin is repulated by the
balance between its synthesis via the coagulaiion caserde and
its clestrance via the fibrinolvsis cascade. Fibrinolysis resulls
from the gencration ol plasmin. a serine protease that breaks
down librin to soluble fibrin degradation products (FDPsyy
ultimatehy leading o dissolution of the thrombus. The pharma-
ceutical industry has devoted considerable effort to the discovery

* Ta whom correspondence should be addressed Address. Plizer Global
Research and Development. Sandwich Laboratonwes, ipe 432, Ramsgale
Road, Kent CT13 ONL UK Tl b4d 1304 68974 Fax. 4.0 (30
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of potential new antithrombotic agents that act on the coagula-
tion cascade, particularly inhibitors ol thrombin and factor Xa
Until recenily. very little attention has been devoled 10 agents
that can cnhance fibrinolysis.

Thrombin-activatable fibrinoly sis inhibitor {TAFDE s a 60-
kida ghycoprotein zymogen Jound in human plasma.? Thrombin
has been shown o convert TAFL From Ui inactive Zymogen to
its activated Jorm (TAFla), a proteclyiic cleavage reaction that
is significantly augmenied by thrombomoduling TAI s {also
known s plasma carboxypeptidase B and carboxy peplidase
LI%) is an unstable basic carboxypeptidase that has been found
1o signiltcantly inhibit endogenous fibrinolysis. and TAFI has
thus emerged as the molecular link between the coagulation
and fibrinolysis caseades. ™ [t is believed that the inhibition of
tibeinalysis by TAFTa ts due 10 its ability to down-regulate the
formation of plasmin. Plesmin s generated from the zymogen
plasminogen by the action of tissue-lype plasminogen activ ator
{#-PA). Both +-PA and plasminogen contain kringle domuins
that recognize key C-termingl lyvsine vesidues on fibrin and aid
the formation of a temary complex between £-PA. plasminogen.
amd fibrin that is believed 10 be critical Lo the generation of
plismin al the site ol a thrombus, In addition, cleavage of {Tbrin
1o the FDPs by plasmin results in exposure ot new C-terminal
lysine residues. thereby amplifying the generalion of plasmin
and further enhancing clot Iysis. TAFIa bs implicated in the
removal of the C-terminal [ysine residues from both fibrin and
FDPs. thereby inhibiting plasmin generation and reducing,
(thrinolysis. Conseyuently, infibition of TAFa bas the potential
to exhance endogenous librinolysis and thus represents an

< Abbreviations  FDPs, fibrin degradation products: TAFL thrembin-
avtivatable ibrnolyss inhibator, TAFTe, actvated trombin-sctvatalde
librinedy sis inhibtior, ~PA, tissue-type plasminogen activator, CPAC bovine
pancreatic carboxypeptidase A, ACE, angiotensip-convertiy enzyvme.
pUPE, pancreane carboxg pepudase 13 CPNL human plasina carbosy pep-
udase N, GER, giomerudar filiratron rate
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Sclhieme v
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S0WXE-200
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TR =Et 26:R=Et
tH1:R=nPr 2R =n-Pr
12: R = n-Bu Z8: R = n-By
13: R = n-Pentyl 28: R = n-Pantyl
14: R = hPr 30 R=1Fr
15: R =iBu M:R=iH8u
1681 R =Bn I R=Bn
17: R = Pheneliy 33: R = Phenethyl
18: R = Cyclobutylimethyt M4: R = Cyclobulylmethyl
191 R = 3-Mydroxypropyl 35; R = 3-Hydragypropy

9 Reagents' (s} carbonyidiimidazele, DMFE, (b} RX (X = Bror 1),
CHyCN. {e) 1, concd HCI ar HaS0yg; i1, Dowex SOWXE-201

attractive new antithrombotic approach that does nol rely on
the direct inhibition of coagulation. As such, an inhibitor of
TAFla could potentiadly exhibit antithrombelic efficacy with
greatly reduced potential for hemorrhagic side effects compared
o an anticoagulant. Tn iltis paper we deseribe the discovery ol
a serfes of novel, potent. and selective small molecule inhibitors
of TAFla and the identilication of 21 {UK-396.082) as a
candidate [or clinical evaluation in tw treatment of thrombosis
and related discases.”

Chenistry

Synthests of the thiol-containing compounds 3 and 5 (Chart
13 has been reporled in the fiterature.® The imidazole-based
targets descrlbed in this study were prepared as ilfustrated in
Schemes 1—4. Compound 8 was mepared starting from L~
histidine methy| ester 227 (Scheme 1) Reductive alky lation of
22 with ferf-burvl ¥ 2eaxocthyearbamate” gave the protected
intermediate 23, Fivdrolysis of 23 using TFA in methanol-water
wis ollowed by saponifieation and ion exchunge chromatog-
raphy to alford 8. The (14)-substituted alkyl analogues of 8
{eompounds 9--19) were prepared {Scheme 2) using a variation
of the regiospecilic histidine alkylation methodology reported
by Jain and Cohen.' Thus, intermediate 23 was contdensed with
carbonyldiimidasole 1w afford the cyelic intermediae 24
Alkylation of 24 with the appropriate alky | browide or iodide
then provided the salt intermediates 25-35. which were
subjected 1o acidic hydrobysis o afford dw targets 9—19.
Initially. this latter acid hydrolvsis step was conducted using

Bunnage ef al.

Seheme 3¢

7 NHTF
Bre -~ _~NHTF

\“D a \”0\

hY O
= e O
— ﬁAT \fohﬁ ~
o © o o©
36 aB
l b
NHTT NHTr
R R
} N
§ 4 o L
N ~ N e
Q O
43: R = SEM 41: R = SEM
44: B = n-Pr 42: R = nPr

NH,
R
M

EA L o
3% R =SEM
o 40: /= n-Pr

6:R=H
20: R =n-Pr

“Reagents: {a) i, Nail, THFT, ii, N-{3-bromapropyl)-N-tritylamine 37,
18-crown-6, (b} 1, Nal{, THF; ii, aldehyde 3% or 49; (¢} Pd/C, M, EtOH (R
= SEM} or NaBHa, CuCl, MeOH (R = #-Pr); (d} 1, ag. NaOF, dioxane; 0,
aq HCL i, Dowex 30WXE.200.

concettaled aqueous My drochlorie acid, in Jine with the
literature precedent, For certain substrates, however, we found
that these conditions also led o the generation of an impurity
that corresponded 1o the regioisomeric {1,5)-substituted imida-
sole, We reasoned that this apparent loss of regiospecificity
could stem from a chloride-ion-mediated dealkyiation of the
salt occurring in competition with the hydroly tic ring-opening
reaction. Subseyguent ring hydrolysis of this dealkylated inter-
mediate would then provide an unsubstituted imidazole that
could react in a non-regiaselective manner with the alky ]
chloride that had been generated in situ. On the basis of this
analysis, the hvdrolysis step was examined using concentrated
aqueods sulfurie acid in an attempt to avoid such in sty
dealkylation (e sulfiae counterion being much less nucleophilic
than chloride). Notably. under these conditions. the hydrolyvsis
step preceeded withowl complication to afford the desired
analogues as single pure regioisomers.

The racemic turgets 6 and 20 were prepared as illustrated i
Schieme 3. Deprotonation of tricthy] phosphonoacetate 36 with
sodium hydride followed by alkylation with the known!!
bromide 37 provided intermediate 38, Wadsworth—Emmons
coupling of 38 with the appropriate imidazole carboxaldehydes
39 or 40 alforded the corresponding alkenes 41 and 42 as
mixtures ol £ and Z stereolsomers, The imidazolecarboxaldeydes
39 and 40 were readily prepared under standard conditions'?
via alkylation of imidarole d-carboxaldehyde® with 2-{trimeth-
visilvhethoxy maetlnt ehloride (SEMCT and #-propy! bramide,
respectively, Reduction of the alkene 4F wus achieved by
catalytic hydrogenation to aiford the protected intermediate 43
as o rpcemate. [n some cases. this catalylic hydrogenation
reaction was lound to he somewhat capricious because ol
vompelitive detritylation and lactam formation. Consequently,
o NaBHy CuCl-mediaed conjugate reduction strategy ' was
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Scheme 4

-
(}140

Q . r

o
45

21 47
@ Reagents: (a) i, LUMDS, THF, i, aldehyde 49, (b) i, I"d black, Ha,
EtOH; i, chiral HPLC resolution; {¢) i, ag LiOtl, THF, #, ag. HCI, 1,
Dowex SOWXE-20.

employved w reduce 42 i the corresponding racemic intermedi-
ate 4. Global deprotection ofhoth 43 and 44 could be uchieved
vid sequential saponification and acid hydrolysis to altord. alier
ion exchange chromatography, the racemic targets 6 and 20,

Compuoumnd 21 was prepared as a single enantiomer using a
lactam-hased synthetic strategy {Scheme 4. commencing with
the known Bog-substituled piperidinone 45, Compound 43 was
deprotonated with lithivm hevamethyldisilazide (LIHMDSY. anl
the resultant enolate was treated with carbinaldehyde 40. Uipon
workup, the aldol addition product readily dehy drated w alTord
46 as a single stereoisomer fotlowing chromatography. Catels tic
hydrogenation of 46 over paltadium-black. and chiral high-
periormance ligquid chromamgmph_\-' (HPLC) resolution of the
racemic product provided the intermediate 47 as a single
crantiomer { =99% e.c.). Ring opening of the Boc-substiuted
tsclam maiety in 47 was effected under the mild lithium
hdrovide conditions described by Grieco and co-workers.'! and
the product was subjected to acid hydralysis and ion exchange
chromatography to provide 21 (295% c.e.). The (25} absolute
stereochemistry of 21 (and thus 47) way evident [ron an X-ray
struetural analysis off 21 coerystallized in porcine pancreatic
carboxypeptidase 13 (pCPBRY (wide ifrad. This (25} stereochem-
istry was subscquently contirmed through single-crystul X-ray
crystallography of the heavy-alom containing devivative 49
{I'igure 1). which could be readily seeured from the known'*
quinidine salt 48 (Scheme 5). An eflicient large-scale route to
21 has also recently been reported.!*

Results aund Discussion

At the outset of aur program, there had been no reports of

potent. nonpeptidic inhibitors of TAFTa, ™" THoweser. although
corboxy peplidases had attracted little intcrest as poteotial drug
targets. pioneering historical work en small-molecule inhibitors
of pancreatic carboxypeptidases suggested o us that u TAFTa
inhibiter could potentially be identified by de nova design.
indeed. the rional design of carboxypeptidase inhibitars in the
19705 proved key landmarks in modern medicinal chemistn
antd the basis tor the discovery of anglotensin-converting enzyine
(ACEY inhibitors. For example, in 1973, Byvers and Wolfenden'®
demonstrated (he “by product aralogue concept™ in the design
of henzylsuecinic acid (1) as a potent, selective. and compelitive
inhibitor of bovine panereatic carboxypeptidase A {CPA). CPA
recogmizes C-terminal hydrophobic amine acids, and it was

Journal of Medicinal Chemisiry, 2007, Vol 30, No. 24 6097

NHBac

Vigure . Single-crystal X-ray structure of 49 confirming the (25}
stereachiemistry ol 21

Scheme 5
NHaoq NHBoc
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48 (guinidine salt) 49
2 Reagents: (a) EDCI, HOBL, N-methyl morpholine, d-bromobenzy-
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Figare 2. Schematic modet of the binding site of CPA {liustrating the
proposed binding mode of the inhibitor and peptide substeate.

g
[N

m..gm/

reasoned' that | kinds to CPA as illustrated schematically in
Figure 2. with the g-benzy1 group in the 81’ specificity pocket,
the g-acid moiety binding to the catalytic 7zine (mimicking the
scissile amide bond in the substraie). and the e-acid mimicking
the C-terminal peptide acid. Cushman and Ondetti®™! extended
the binding model of Ein CPA 1o the design of inhibitors for
the related zine-dependent dipeptidase ACL. leading to the
discovery ol the antihypertensive agent 2 (eaptopril. (1-[{285)-
3-mereapto-2-methyipropiom 1}-1-proling) (Chart 1}, in which
a thiol moiety was utilized as a high affinity ligand for 7inc. In
addition, Cushman and Ondetli also demonstrated!® that a thio]
motety could be used as & zince ligand in carboxypeptidises and
flustrated bow specificity could be achieved through judicious
choter of 817 substitution. Thus, 3 (SQ-14.603) was found to
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exhibir excetlent activity against CPA (Ki = 11 nM) and bigh
selectivity (> 101 008-fold) over porcine pancreatic carboxy pep-
tidase I3 (porcine pCPB), a closely related carboxypeptidase with
specificity for C-terminal basic residues {ie. Arg and Lys).
Conversely, replacing the Phe mimetic in 3 with an Arg mimetic
gave 4 (50-24.798). which cxhibited excellent potency for
porcine pUPE (KE = 0.42 nM) and high sclectivity over CPA
£ 10 000-Fold). Since porcine pCPB and TAFla are both basic
carbosy peptidases, we decided 0 prepare 4 and determine its
activity gaainst TAT Ly Gratitvingly. 4 proved a highly potent
TAFLa inhibitor (Ki = 4 nM} and became the starting paint for
our SAR program.

Although 4 exhibited excellent activity apainst TAFIa, further
profiling highlighted a number of significant issues with the
compound. In particular, attemplis W establish the pharmaco-

kinctic propertics of 4 were complicated by the instability of

the compotnd in plasmd (due to the tree thiol group undergoing
rapid disullide conjugation reactions). In addition. we also found
4 1y exhibit high potency (Ki = 2 nh) against human plasma
carboxypeptidase N (CPN)L o result consistent with thal obtained
previously by Plumnter and Ryan.™ Achieving high selectivity
for TATla over CPN way a key objective since CPN s hnown
W play a critical rele in the clearance of anaphylatoxing such
as 30,77 In light of the inverse selectivity of 4 and the
complexity associated the free thiol moiety . attention was turied
to (he identification of a new template that wilized an alternative
o a thiol moicty as the ligand oy zine,

Despite the prevalence of histidine as an endogenous ligand
for zing in proteins. the use ol an imidazole moiety as the zine
ligand in metalloprotease inhibitors has been underexplored.
Notably, however. Kim and co-workers™ deseribed a hey study
on the potential for imidasole to ligaw zine in g series of CPA
inhibitors. In light of this work. we decided to investigaie
whcther an imidagole moiety could serve as a replacement for

Bunnage ¢! al.
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Figure 3. Schematic wodel of the binding site of TAFIa illustrating
the possible binding modes of compound 8.

the thiol moiety in 4. En roule 1o 4, the simple amino analoguc
5 was also prepared® and Tound o exhibit moderate activity
against TAFla (Kt = 300 nM), and compound 6 was therefore
identified {Chart 2) as a key target to examine the potential for
imidazole-based inhibitors of TAFla. In addition, while the
chemistry 10 aucess & was in d(.vclupma.ni compounds 7 and §
{Chart 2) were Identified as analopues of 6 that could be readily
assembled from 0- or L-histidine, and these compounds were
thus prepared for examination as pelential TAFla inhibitors.

Compound 8 proved to be a signilicant vew lead. The
compouie was 3 maderately potent. non-thicl nhibiter of TAFla
(i = 344 nM) and. in dramatic contrast to the original thiol
leads, was inactive against CPN{KI = 10 uM). By comparison,
the antipede 7 exliibitetl only very weak inhibition of TAFla
(Ki = 17 gM). The observation that 8 was significantly more
active thap 7 at fisst sight appeared highly surprising: it the
imidizzole moiely was binding to the catalytic zine in TAFTa as
predicied (Figure 3. Made A). then the sense of chiralily of 8
would be opposite thel found in the endogenous peplide
substrate. This raised the possibility that 8 could potentially bind
1o TAFIa in an unexpected orfentation in which the imidazole
muotely resided in the 817 speciiicity pocket and the diamine
fragment cvordinated Zine (Figure 3. Made B). Ellorts to resolve
this binding mode dichotomy throngh direct coctystallization
and structural elucidation of 8 complexed with TAFla were
unsuceassiul, Moreos er. aitempts Lo cacrystallize 8 with porcine
PCPI as g potential sutrogate tor TAFla (eicle infira) also fhiled.
In the absence ol structural information, we embarked en an
SAR analysis ol 8 with a view towards the optimization of
poteney against TAFa.

Potency optimization wis soughl through the incorporation
ol hydrophobic binding, und the template was examined for
toleration of a methy| substituent probe. [n this regard, analysis
of imidazote substitution provided promise since the methyl-
substituted imidasole analogue 9 exhibited encouraging activity
against TAFa (Table L. This led us to undertake a ful! analysis
of alkyl-substitttion SAR at this pesition, and data For selecled
analogues are collected in Table Notably. alky! chain
extension resulted in the optimization of activity against TAFIa.
but this reached a platcau between p-prapy | and a-baiyl and
furtier increases i alky! chabn length were detrimental, In
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Tuble 1. TAFIa Inhibitwn Data tor Compounds 8- 19

J/Ni-'l

%
S oH
Q
compound R Ki (nM)
8 I 344
b Me 235
10 £t 250
11 n-Pr 84
12 i-Bu 70
13 n-penty! 160
14 i-Pr 430
15 -Bu 100
16 Br 269
17 phenethyl 140
1] cyciobutylmeihyl 124
9 3-hydroxyprapyl 1
Chart 3
\ NH, \ 2),NH,
{7 5 g
N OH N OH
a
20 21

addition. although larpe lipophilic groups could be well-tolerated
{e.p. 171 groups with larger cone angles (e.g., 16) were
somewhat less favored. These data suggested to us that the
Nesubsiituent resided in a lpophilic channel that projected out
of the active site into solvent. In this conlexd, it was nolable
that substitution of the alky | ¢hain with polar tunctionality was
also well<tolerated (e.g., 19)

The SAR in Table | was of particular nole in the context of

the polential binding modes discussed above (Figure 3). Indecd.
if Mode I3 binding was in operation. such atkyl substitution
would serve to localize the tmidazole sp? lone pair onte the
appusite nitrogen to that imoked as having potential to bridge
1o the speciticity Asp at the base of the 51" pecket. This analysis
suggested (hat the binding mode in which imidazole ligated zine
thade A remained the most likely . despite having the opposite
sense of chiralily 1o that of the endogenous peptide. Notably.
in this binding mode, the secondary amino functionality in
compounds $—19 would petentially be redundant.

)i the basis of the above SAR anabysis, examination of the
original carbon-chain serics, exemplified by 6. continued to
represent a key objective, Indeed. o route (o this series was
secured, and racesre & (Ki = 140 ahl) was [ound to be &
significantly mare potent TALTa inhibitor thun {enantiopure)
8. further supporting the Mode A binding oricmation. In
addition. (he imidazole-substitution SAR established for 8 was
found to track directly into this aew template, with the racemic
n-prom b analogue 20 (Chart 3) exhibiting excellent potency
apainst TAFla (Ki = 46 nM), Resolution confirmed that the
binding interaction was also highly stercospecific in this
template, and 21 was identified as the preferred enantiomer (Ki
= 10 nML el en-21, Ki > 700 aM). Engyme Kinetic studies
with 2F conlirmed the compound as a competitive reversible
inhibitor of TATIa (with a derived Ki of 2 nh by Linewemer—
Burke analysish. Imporantly. 21 also exhibited excellent
scheetivity for TAFla over CPN (= HOOD-Told).

Compound 21 was found o exhibit moderate potency against
porcine pCPB (Ki = 206 nM). and we decided Lo attempl the
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Table 2. Active Site Sequence Differences within 5.0 A of the Shell of
21 [or Pancreatic Carboxypeptidases”

033 207 243 247 251 154 255

pCPB, borine  bpCPB L., 5. G. L. 5. 8§ D
pCPB, porcine ppCPB L. S.. G. L. A 8 D
TAFla V.. S. G. L. P. @ b

# All other residucs within 5.0 A are identical 1 cach species,

Figure 4. Structure of 21 in porcine pliPB {14 A

Fignre 5. Structure of 21 in poreine plPB showing key interactions
and distances (A). The catalylic zine in this representation 15 displayed
as a puple sphere.

cocrysiallization of 21 with porcine pCPB as a surrogate for
TAEla. Porcine pCPB was considered a suflable TAFIa sur-
rogate due lo its high degree al sequence identity (80%) in the
autive site region (Table 2). Additionally. homology models of
TAFla based on the available carboxypeptidase structures
predicted that none of the residues that dilfered between porcine
pCPB and TAFTa would be significamly involved in inhibitor
binding. Attemnpts Lo cocrystatlize 21 with porcine pCPB were
successful, and the X-ray structure of the complex wis
determined 1o high resolution (1.4 Ay (Figure 43, Examination
of the active site of this structure (Figure 5} confirmed our SAR
analysis that the imidazole moiety in 21 was indecd involved
in ligation ol the catalytic zine (Mode A). This crystallographic
data further highlights the wility of an imidazole moiety os o
suitable zine ligamd in zine-metafloprotease inhibitors. The
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remaining key interactions were also as predicted (Figure 3%
the primary amine in 21 bridged 10 the key Asp253 at the basce
of the 817 specificity pocket. the aeid moiely formed a salt bridge
with Areld3, mimicking the C-terminal acid of the substrate;
and the Imidazole alkyl substituent was found to reside in a
tipophilic channel, which projected out of the active sile iato
sohvent, adjacemt o Tyr 199, Finally. this high-resolution
structure indicated that the absolute conliguration of 21 was
{285y (Figure 3}, in line with the stercochemisty ol 8. The
observation that 21 has an opposite stercochermical oricniation
relalive (o the endogenous peptide substrate is very interesting
and may refleet the peomelric constraints associated with a
highty directional imidazole— /ine inmeraction. Further. the ability
of TAFa to accommodite o ligand with this stereochemistry
mizy also provide a rationale for the high CPN selectivity of 21
relalive Lo the original hiol-based lead 4.

The antithrombotic potential of TAFIa inhibition was estab-
tished through esploring the elTicacy of 21 in rabbit models off
venous thrombuosis and surgical bleeding, Compound 21 dem-
onstrated elfcacy i the thrombosis model with a maximat
inftibition of thrombus formation of spproximately 33%. yot
caused e increase i bleeding in the surgical blood loss model
when compared to svehicle-treated animals. In contrast. admin-
istration of - PA vaused a 66% inhibition in thrombus generation,
but this was associated with a dramatic (14-1okd) Increase in
blood loss. These data support the conclusion that TAl L
inhibitors have potential as nosvel. stand-alone antithrombotic
agents with significantly enhanced safety marging over esiab-
lished agents.2?

The phurmacokinetics of 21 were found 1o be fully consistent
with its physicochemical properties ol low melecular weight
(MW = 239} and high hvdrophilicity (log L3 = —2.8). Following
intray enows {iv) bolus administration in a2 dog (0.6 meka). 21
had pharmacokinetics characterized by low total plasma clear-
ance (Clp = 3.1 mL'minKg). commensurate with passive repal
elimination {glomerular filtration riate (GFRY in dogs =2 3 mls
min/kg), and a vers low volume of distribution {0.35 T/Kg).
Renal elimination was confirmed by wrinary excretion studies
o dug in which 96% of an iv dose ol 21 was recovered in the
urine as unchanged drug. The terminal climination half-life of
20 in a dop was L4 h and. on the basis of oral dog
pharmacokinctic studies {1 medkg), oral bioavailability was
found to be 42%, Sinve 21 displayed exclusively non-hepatic
clearance in the dog. (his moderate bloavaitubility likely reflects
incomplete absorption of 21 via the paracellufar route. Indeed.
2T was lound to have negligible Tux across Caco-2 monolayers.
conlirming that transeellular absorption was unlikely.?® Since
a rat is considered u more reliable prediclor of paracchlubar
absorption potential in man.™ the absorption of 21 in this species
was also assessed, Gratilyingly, 2E was found (o exhibit ~20%
absorption in the ral, suggesting that the compound had
excellent potential for bicavaitability in humans. On the basis
of the above studies. compound 21 was selected for clinical
development.

In Phase | clinical studies, compound 20 was very well-
talerated and exhibited an excellent pharmucokinetic profile.
lully consistent with the preclinical predictions. Human hall-
lile Tollowing iv dosing was found to be 4 h. characterized by
i low total clearance (Clp = 1.3=2 mL/minKg), in line with
human GER, and a low volume ol distribution (0.5 L/Kg). Oral-
dosing of 21 confirmed good oral bioseailability (7, = 23%),
a e of 46 h. and dose-lincar pharmacokinetics, Notahly,
bioavailability and f.. were not effeeted by co-administration
of 21 with food,

Bunnuge et of,

Conclusion

In this paper. we have described a novel series of inhibitors
of TAFTa (hat utilize imidazole as a zine lgand. These studies
led to the identification of 2T as a potent (Ki = 10 nM), highly
sclcetive (sel. TAFIa/CPN > 10003 competitive inhibitor of
TAFLa. Compound 21 eshibiled antithrombotic efficacy in a
rabbit model of venous thrombosis. yet had no effect on surgical
hlecding in the rabbil. In addition, 21 cxhibited excellent
preclinieal and ¢linical pharmacokinetics characterized by good
paracellnlar absorption, low clearance. and a low velume of
distribution. filly consistent with its plysicochemical propertics
ol low molecular weight (MW = 239) and high hvdrophilicity
tlog £ = —~2.8). These data indicate 21 has polential us a novel
TAFIa inhibilor for the treatment of thrombosis and related
fibrin-dependent diseases in hwmans.

Experimental Section

{A} Bivlogy. (1) Assay for Inhibition of TAFLu. (i) TAFI
Activation, 1uman TAF! {frecombinant or purified) was activated
by incubating 20 gL of stock selution {360 ge/mLY with 10 g, of
human thrombin (10 NIF unisfmb), 10 gl of cabbit thrombo-
moddin (30 ae/mlo, 6yl of caleium chioride (50 mM} in 30 1.
of 20 mM 5| 2-hydrosyethyl|piperizine-N-[ 2-ethanesulfonic acid}
{HEPES) bufier containing 150 mM sodiumn chloride and 0.G1%
TWEEN 80 (polyoxycthylene—sorbitan menooleate}, pll 7.6, for
20 min at 22 *C, Al the end ol the incubation period, thrombin
wis newtralized by the addition of 10 gl of PPACK {p-Phe-Pro-
Arg chieromethyl ketone} (100 ad). TAFla selution was stored
on ice for 5 min und finally diluted with 173 gl of HEPES butter.

(i) Ki Determination (UAFIs). A number of ditferent dilulions
of the test compoumnd i waler were made up, To 20 gL of each
dilution was added 150 4L of HEPES bufier and 10 gL of TAFla,
which was then preincubated for 15 min at 24 °C, Te each dilution
was then added 20 b furylacryloyb-alanyl-lysine at a standard
congenteation. Substrate lum over was measured by reading the
absorbance of the reaction mizture at 330 om every 15 5 for 30
min. The reaction was performed al 24 °C. and samples were mixed
lor 3 s prior to each nbsarbance reading. A graph of percent
inhibition against st compound concentration was then plotied.
from which the 1Ceq, vitlue was calculated, The Ki value was then
culeulated using the Cheng—Prusetf equation,

{(iti) Effects of Compound 21 in Rabbit Medels of Yenons
Tlrambosis and Surgical Bleeding., Thrombus formation in the
anesthetized rabbit (New Zealand White, Harlan, male, 2.0--3.0
kg) was induced by the insertion of a collagen-coated thread into
hoth jugular veins for 1 h, afier which the thrombi were removed
and weighed, !nipavenously administered 21 had no effect on
thrombus weight at projected Iee plasma concentrations of below
80 aM {# = 3 estimated to he approximately § nM). butl at
approximately 80 nM {r = 6) it caused a signiliconl 37% inhibition
in thrombus weipht campared Lo that in velicle-treated animals (1
= |01 Increasing the free plasma coneentrations of 2§ had no
greater inhibitery efTect. in comparison, ©-PA (10 gefkg/min; n =
6}, al a dose that caused a significant 43% depletion in circulating
fibrinogen, coused & sighificant G6% inhibition in thrombus
generation compared 1o that in schicle-treated animals (¢4 = 13).
To confirm the antithrombatic activity and maximal efteet of 21,
a repeat study was carried out. 21 (@ approximately 800 nM: # =
6} caused 2 signilicont 36% inhibition of thrombus Formation
compared 1o vehicle-treated animals {7 = 3. In an additional group
of unesthetized rabbits, 21, at a dose (100 #gikg/min pretreated lor
30 min and infused throughout: 1 = 31 that is estimated lo have
achieved a free plasma concentration ol approximaltely 80 40, had
no efteet on surgical blood loss when compared (o thal of vehicle-
reated mnimals (7 = 4). [n contrast, -I'A, infuscd at a dose (10
papckgiming 7 = 4) that caused g 66%% inhibition in thrombus
generation in ihe efficacy study. caused an approximalely 14-[old
inerease in surgical blecding (mean increase from 1o 14 g total
blood lossy. All he above i vive studics invelved terminal
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anacsthesia of the rabbits, were conducted in compliance with
national legislation. and were cthically reviewed.

(B Chemistry, Meliing points were determined on a Gallenkamyp
melling poiol apparatus using plass capillary lubes and were
uncorrecied. Unless otherwise indicated, all reactions wore carried
out under a nitrogen atmasphere, using commerciaily avaitable
anhydrous sohents, The term (088 Ammonia” tefers to a com-
meecinlly available aqueous ammonia solution ol abow 0.88 specifie
gravity, Thin-layer chromatography was perlomed on glass-backed
precoated Merek silica gel (60 2347 plates. and compounds were
visualized using UV fight. 5% aqueouns potassium permanganale,
ur chloroplatinie acid/potassium todide soluion, Silics gel column
chromatography was carried out using 10— 63 e silica gel {Moerck
silica ge! 60). lon exchange chromatopraphy was performed using
DOWEN S0WX8-200) ion-exchonge resin thal had been prewashed
with deionized water. Proton NMR spectra were measured on a
Varian Inova 300, Varian Inova 400, or Varian Mercury 400
spectromeler 10 the selvents specified. In the NMR spectia, only
exchangeable protons that appeared distinet from the solvent pesks
are reported, Low-tesoliution mass specira (RRMS) were recorded
on either a Fisons Trio 1000, using (thermospray positive ionization,
or a Finnigan Navigalor, using electrospray posilive of negative
ionization. Fligh-resolution mass spectra (HRMS) were recorded
on a Bruker Apex 11 F I-AS vsing clecirospriy positive ionization.
Combustion analyses were canducted by Exeier Analytical LK.
Led., Usbridge. Middlusex, LLK. Oplical ratations were determined
at 25 °C using u Perhin-Elmer 341 polarimeter using the solvents
and concentrations speeilted.

() (25)-2-|(2-AminneihyDamino}-3-(Hf-imidazol-4-y1pro-
panoie Acid (8). Trillucoroacetic acid (17 mL) was added drapwise
e a stirred solution of 23 (2,38 ¢ 8.2 mmol) in methanobwater
{2714 mL}. The reaction was slightly cxothermic with evolution
of carhon dioxide gus. Ihe minture was stirred at room temperature
for 4 h, and the solvent was removed by evaporation under redueed
pressure o give a colorless oil, which was dried in vacuo overnight.
The resultant oil was treated with agqueous sodiom by droxide
solution (1 N) until the solution was at pll = 8, A further portion
ol agqueous sodium hydrovide salution (1 N, 30 ml.) swas added.
and the solution was stirred at woom lemperature Jor 72 h. The
solution was concentrated under reduced pressure 10 10 mL and
purified by ion exchange chromatography (DOWEX S0WXE-200;.
cluting with o sulvent gradient of deionized water/(L.88 ammnonia
solution (100:0 to 97:3). The solvent was remaved by evaporation
under reduced pressure Lo afford a yellow oil, which was dissolved
in dejonized water (13 mL} and {reese-dricd overnight to allord a
toam. This material was dissoh ed in deionized water/methanol (Y3
3y and further purified using MCL gel (55 g} chromatography.
eluting with a solvent gradient of dejonized water/methanol (95:5)
o afford the ttle compound, 1,12 g 69% yield. 111 NMR (D20,
360 Mz 6: 2.61—2.87 (. 4113 2,92 (m, 211), 3.23 (L 11D, 6.6
(5. 1HDL 7.59 (s TH LRMS: miz 1992 (MH7), [alp = +1.74 (¢
012, deionized water). Anal (Cel [Nz L3ILOY C, LN

(2) General Procedure for 1hvdrofysis of Salis 253—33 (Methad
B). Lither concentraied hy drochlorie acid (6 N. 3 mL) or concen-
{rated sulfuric acid (23— N. 3 ml.} was added to a stirred solution
of the requisite sall 2533 (0,32 mmol) in water (5 ml.). and the
mixture was heated at reflux for 17 b, The mixture was allewed 1o
cool to room temperature, and the solvent was removed by
evaporation under retduced presstive. The residue was purified by
ion eschange chromatography (DOWEX SOWXE-2000, eluting with
deionized water/(L88 ammaonia (97:3).

{3) (253-2-](2-AminocihyDamino|-3-(1-methyl- I H-imidazol-
d-yhpropanoic Acid (9 Prepared Trom the product of 23 according
o Method I3 (using coned [1:80) and isolated in 32% yicld: 'H
NMR (D0, 400 M) o1 2.60-2 80 (m, 4}, 2.90 (m. 211} 3.24
(L 1HY 3,53 s, 3 6.77 (s, 1) 745 s, 1H) LRMS: miz 211
(ML g = =58 (o 0,120 methanol). Anal. (ColinNaty= LA5HA0))
Cool N

) (28)-3-Amino-2-[(E-n-propyl-1 H-imidazol-4-ylimethyl]-
pentanaic Acid {21} Lithium hydroxide monohydrate (1.1 2. 28
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mmal) and waler (28 L) were added to a solution of the laclam
47 {3 g. 9.33 mmol) in terabydrofuran (THE; 43 mLY. and ihe
reaction was stirred at room tempermure for 18 b The solution
was neutralized using aquoous hydrochloric acid t6 N), then more
acid (15 mt.. 6 NY was added, and the solution was stirred at room
wmperature for 4 b The mixture was purilied directly by ion
exchange chromatography (DOWEX SO0WXE-200), cluting with a
solvent gradient of deionized water0.88 ammeniu {100:0 10 97:33,
1o give the title compound as a white solid, 2.1 g, 94% yield 'H
NMR (D00, 400 Mz o0 0.60 (L 3HD) 1.30 (., 2FHL B30 (i,
2HY 1535 (m 218 2.26—2.40 (. 2H), 2.37 (dd, 1H) 2.76 (m,
201 3.68 (1 21 6.66 (s 1Y 7.30 (o, LD HRMS: iz 231099
(MH ). caled 2401706, [ay = +2.80 (¢ 0.1, deionized water),
filp = —4.9 (¢ 0.16, methanol). |[&]p = —35.0 {¢ 010, cthanol},
2=93% e by capillary electrophoresis analysis, Anal (Ci2d [Ny
(1L3H203 COHL N,

(3} Methyl (25)-2-({2-|(rert-Butosyearbonylansinajethyl}-
amine)-3-(1 H-tmidazol-d-ylprapancate (23} -HTistidine methyl
ester 22 (7.93 g, 32.8 mmol) and sodium acetate {10.75 g, 131
mmel} were added o o stirred solution of fert-buty } A-(2-oxocthy!)-
carbumate {5.22 g. 32,8 mmol) in methanol (106 ml.). Molecular
sieves (4 Ay and sodivm evunoborohydride (4,12 g, 65.0mmol) were
added, and the mixture was stivred al room lemperature for 17 b,
Aqueous hydrochlorie acid (2N, 4 mLy was added. and the mixture
was then basified with saturated agqueous sodium carbonate solution
o pli = 16, The mixture was filtered 1o remove solid, which was
washed with methanol. Methano! was removed by cvaporation
under reduced pressure, and the residual agueous solution was
extracted with ethy] acctate (2« 300 mL). The combined organic
extracts were then dricd (MgS0O,), flered. and concentrated under
reduced pressure. Phe resultant residue was purified by column
chromatography on silica gel. eluting with a solvent gradiem of
dichloromethanermethanal (964 o 92:8), 1o afford the tltle
compound as a eolorfess oil. §.07 g, 79% yvield, "M NMR (CTXCl,.
300 Mz Az L2 (s 90D, 2.63 tm, 11}, 2.90 (m, 210, 3.07 (m.
THYL 309 gm, THY 330 (o TH), 358 (my, FHY 3.73 (s, 3H), 5.22
(br s, THL 697 (5 11D, .02 (br s, 2111 7.91 (5. 110 LRMS: miz
S350 (MIT

{6} Methyl (78)-6-12-|(rert-Butoxyenrbonylaminolethyl}-5-
wxe-5,0,7.8-tetrghy droimidazo[ 1 S-¢]pyrimidine-7-carboxy lnte
{24). Carbonyldiimidarole (156 mp. 0.959 mmol) was added 1o a
stirred solution ol 23 (300 mg. (1959 mmeol) in ¥ N-dimethy lfor-
mamide {5 mL), and the minture was heated at 60—70 °C for 17
Iv. The solvent was removed by evaporation under reduced pressure,
and the residue was dissolved in salurated agueous sodium hydrogen
carbonate solution and extracted with dichloromethane. The
combined orpanic extracts were dried (Ma80,). filrered, and then
cuncentrated under reduced pressure. The residue was puritied by
column chromatopraphy on silica gel. eluting with dichloromethane/
merthanal (93:3), fo wTord the title compound as a colorless ail,
210 my, 67% yield, 'H NMR ([3:0. 300 MHzy o 1.40 (s, 91
3.20—2.60 (m. 311 3,70 (s, 3114 4,08 tm. 1H), 4.33 (m. 1), .82
(br m. 1H). 6.80 ts, THY 8,13 (s LD LRMS: miz 339 (M)
[l = +39.2 (¢ 0.12. dichioromethane).

{7) General Procedure for Alloykation of 24 {(Method A). The
appropriate atkyl bromide or iodide (2—5 equiv) was added 10 a
stirred sotution of 24 {200 mg. 0.592 nunel) in acetonitrile (5 ml.).
and the mixture was heated at refhs lor 17 h under @ nitrogen
atmosphere. The mixture was allowed to cool to room temperature,
and {he sobvent was removed by evaporution under reduced pressare.
The residue was purified by column chrematography on silica gel.
cluting with dichloromethane/methanel {99:10). to afford the
product salts 25335,

{8) {75-6-1 2-{{terr-ButoryearbonybBaminolethy [}-7-(methoxry-
carbany-2-methyb-5-4x0-3,6,7,8-1etrahydroimidazo|1,5-c|pyri-
midin-2-ium Indide (25). Prepared according o Method A using
methy [ iodide {3 equiv) and isolated in 73% yield. "1 NMR
(OMS0, 400 MHz) &: 132 (s, 9FH). 309323 (m. 311}, 345 (m.
2H), 3.64 (s 3H). 3,86 (s 3H), 3.95% (m. T 186 (m, T 6,91
(s, 11 7,60 €. TIIY, 9.80 (s, 1FD. [y = +36.2 (e 0.1, methanol ).
Anal. (Cm} |[SN.{{)5[' 1.231 |30) C, LN
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{9 fert-Butyl {IE)-2-Oxo3-|(1-a-propyl-L-imidazol-4-y1}-
methylene]-L-piperidinecarboxylaie {46). A solution of lithium
Bis(trimethylsily Damide in THEF (435 ml., 1 M. 43.5 mmol} was
added dropwise 1o a cooled (=78 °C) solution of fert-butyl 2-0x0-
1-piperidinecarboxylate 453 (8.7 g, 43.5 mmody in THIF (120 ml.).
and. onee the addiiion was complete. the solution was allowed to
warm to 0 "C and then stir for an hour. The solution was recooled
tr =78 °C. asolution ol the aldehyde 40 (1 g 28.9 mmol} in THF
(40 ml.y was added. and the reaction was then allowed to warm o
toom femperature. The reaction misture was stigred for 18 b and
then pariitioned between water and ethy | scelate. The phases were
separaled. and the orpanic phase was deied (MaSO5). fillered. and
concentrated under reduced pressure, The residue was purified by
celmnn chromatography on silica gel. eluting with dichloromethane/
methanot {93:5). w give the title compoaund, 4 g, 43% yield. 'I
NAMR (CDCL 300 M) & 0.89 (0 3H). 150 {0 91 178 am.
200, L8O (m, ZH 3.00 (m. 210, 570 (1 211, 3,85 (1 2H) 7.07
{s. TH. 746 (50 TH 7062 (s 1110 LRMS: iz 32003 (MU

(10) tert-Buiyl {35)-2-Ono-3-{{1-propyl- i-imblazol-d-y [}
methy]|-1-piperidinecarbuyylate (7). A mixture of 46 (6.6 g, 20.6
mmobi and palladiumm black (700 mg) in ethanol (120 mbL) was
hydrogenated at 4 atm and 60 °C for 18 b, The cooled mixlure
way filtered through Arbocel. washing through with ethy! acetate.
amd the filirate concemrated under reduced pressure. The crude
product was purificd by column chromatograply on silica gcl,
eluting with dichloromethane/methanol (97:3). to allord the race-
maie of the title compounds as a yetow oil, 4.3 g, 63% yichl, This
racetnic compound was resolved by 11PLC using a Chiraleel 0G
254 column (260 mm) and hexane/isopropanal {70:3() as cluant, at
arate of 10 ml/minute. o give the Gle compound (1,36 g, relention
tme [5.23 min. 98.9% e.c.) and its antipode (1,56 g, retention time
LD min, 99,59 e.e). Data for 47 'H NMR (CDCl,, 300 M1z}
0 092 (L 300 .54 (s YL LRO (o A1 2,00 (m. 218, 2.03—
285 (m. 210 5019 ¢, 1300 358 (w111, 390398 (m, 31)).
6.72 (s, 1113, 7.37 (5. tH), LRMS: miz 322.3 (MH). [y = +27.7
{c .22, dichioromethane).

{113 {285-N-{-Bromobenzy B-5-[{fert-butoxycarhbonyliamine]-
2+ ¢ L-p-propyl-1H-imidazol-4-yDmethylfpeatanamide (49). 1-(3-
Limethylaminopropy -3-ethy learbodiimide hydrocehloride (EDBCTY
(2.9 2. 1.5mmab was added to a stirred mixture of known guinidine
saft 481 (1 g, 1.5 mmol}, L-hydroxybenzotrinzole hydrate (110B8)
(0.205 g, 1.5 mmol), Y-methy] morpholine (0.33 ml., 3 mmel) and
4 bromo bengy lamine (2.8 g, 1.3 mmol) in dey CIRCER at Q- 5 L
The mixture was allowed 1o warm to room temperature and wis
stirred Tor 72 b, The esuliant solution was then concentrated under
reduced pressure, and the residue was suspended in saturated sodium
carbonate selution (20 m}b) and then extracted with ethyl acetate
(3 < 20 ml) [he ethyl acetate solution was then dried (NapS0O4).
filtered, and eoncentrated under reduced pressure, The erude product
was purified by column chromatography on silics gel. using an
clution pradicnt of dichloromethancmethanol (100:0 1o 97.5:2.5),
to pive the tithe compound as a glass [bllowing suspension and
evaparaiion from ether, (L6 g, 8U%6 vield. The ghass was recrysial-
ized from ethy| acclate/Mexane to give colarfess erystals, which
were {iltered and dried and confirmed to be =99.53% c.e. by chiral
HPLE (ehiral cohann OG250 % 4.6 nun; retention time 5.923, 'H
NMR (CDCIE 400 M) O 0.90 L0 31 143 {5, 911), 1.49--1.53
(m. 3110 1.69—1.78 (m, 3H0. 2.66—2.85 (m. 215, 3.76 (t. 21T}, .17
(dd. THD. 340 (dd, tH) .65 (s, TH), 6.538 (s, THL 6.73 (s, 1HL
7.00 (d, 218 7.28 (5. HIIL 7.37 () 2H LRMS: /o 506.5, 308.5
(MH*). flo = — 10,7 (¢ 0,103, methanoly, MPL 102—103 "C. Anal,
(Cad 3sBrNgDy) € Ho N Reorystallization of a small (30 mg)
sample of the crystalline product from ethy] acetateshexane gave
single crysiabs of 49 suitable For X-ruy erystallography studies
{conlinming absoluie conliguration as S).

(€ Crystallization, X-ray Data Colleetion and Structure
Solution for Compound 21 in Poreine pCPB (Figure 4), Porcine
pCPD was purchased rom Sigma {C6138) in the activated form.
‘The protein was dissolved in MiHi-( water at o concentration ol
10 mgfml.. Inhibitor complex was preformed with a 60-lok! motar
cucess of inhibitor dissolved in Milli-Q water. Crystals of the

Hurneige e wl.

complex with 2T were grown by vapor diffusion (2 #1 protein and
2 pl: reservoir butler) using the hanging drop meihod. The reservoir
was 100 mM NakKPQg pll 6.8 200 mM zine acclater 0%
PEGR000. Precipitate, which forted upon mixing of the reservoir
solution, was removed by centrifugation. Crystals grew over &
period of several wecks and were of tetragonal forn, spage group
P4,2,2. with eell dimensions ¢ = 82.248, F = 82.248, anel ¢ =
93761 A and @ = # = ¥ = Y0.0. Crystals were ervoprotected
using 25% glyeerol, and data were collected to 2.0 A 31 100 °K on
a Rigaku RUMHER and R-axis TV image plaie. Additional data. on
the same sample. was collected 1o 1.4 A at the ESRF on station
ID1J EH2. All datla were processed using DENZO The data were
combined for refinement with an overall £ merge of 998 for all
data and completeness 0f 98,5% In the final resolution shell between
145 and 1.4 A

All data reduction and subsequent refinement were performed
using the CCP4 program suite.’t The structure was selved by
molscular replacement methods using ihe program AMORI®? The
depusited coordinates pdbinsa.cnt were used o buikd & search model
where the pro-domain residues were removed. Analysis clearly
ideniifed the presence of the inkibitor 21 in the active site of the
protein. Additionally the high-resolution structure indicated se-
quence anomalies with the deposited sequence in the PDRB eniry
INSA. A patent publication US 3672496-A reveals 8 corrected
sequence (PTD gi273 1308) For poreine panereatic carboaypeptidase
3. with which this high-resoluifon structure is in agreenient (as
usedl it more recent PDB structural deposition 125R). Sequence
changes and modeling of the inhibitor were performed using the
graphics program QGUANTAL

The structure was refined using REFMAC?Y with the inclusion
ol two vinc atoms and 305 sobvents molecules with o final R faclor
ol 19% and an R of 2% The Ramachandran conformational
parameters generated by PROCHECK indicate that the structure
is in accordance with eapected values.

Coordinates for this complex have been deposited with the
Protein Do Bank (PDT3 code2I13W).

(D} X-ray Data Colleetion and Siructure Solution for
Compuund 49 (Figure 1), X-ray diffraciion data were recorded at
ronm emperature using o Bruker AXS SMART-APEX CCD arca-
detector diffractometer { Mo Ko radiation). Intensitics were inte-
graled’s from several series of exposures, llach exposure covered
£1.3° in ¢, with an exposure time of 60 s. and the total daia et was
more than a sphere. Data were correeted for absorption using the
multiscans method * The erystal structure was solved by direet
methods using SHELXS-97 and refined by the method of least-
squares using SHELXT.-97,3

There were two molecules in the asymmetric unit. cach with
the same chirality (ORTEP drawings ol both molecules are inchinled
in Supporting Information, Figure 6). Refinement of {he structure
proceeded normally. atthough the propyt groups of both molecules
were found to be disordered, and each were modeled over two
overlapping canformations. The eccupaney of the two vonforma-
tiens was defermined {rom a refinement job where the thermal
parameters of the aloms in question were lixed at some reasonable
value while their occupancies were allowed 1o reline: atoms in the
sAIme group were assigned g common occupancy, while occupancies
of the two conformations were constrained to sum to |, In this
way. the twa propyl orientations in both molecules were tfound to
have & 0.5 accupancy, The occupuancies were fxed al these values
for all subsequent jobs., Mild restraints were placed on these
disordercd groups to give them a reasonable geometry.

All heavy mtoms were refined with anisotropic temperature
factors, exeept those in the disordered propyl groups which were
refined with isotropiv temperature factors, All hydrogen atoms were
placed in caloulated positions and allowed o refine with a riding
modet and isotropic temperatore factors.

Pertinent crystal. data colleetion, and structure refinement details
are summarized in the Supporting Information (Table 3). Atomic
coortlinates. bond lengths, bond angles, wrsion angles, and femn-
perature factors are also included in the Supporting loformation
{Tables 4—8).



FAFhe bibubnors for the Trearnent of Thrombosis

e absoluwe configuration for this structure was determined by
tire method of Flach. ™ Both malecules in the asymmetric unit were
found o have an 8 configuraiion at the chiral center. tor a final
refined Flack parameter of —0L316 (7).

Aclomowledgment, We would like 1o thank 1d Hawkeswood.
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contribitions o the biology studics. and Ldel Evrard, Keith
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stucies.

Supporting Information Available: ORTEP plots and erystial
structure data for compound 49, Experimental details Tor compounds

6. 1%

~20, 246 - 35, und 3844 Analytical dats for largel compounds

6 and 8 - 21 and selected intermediates. This material is available
tree of charge vin the Internct at hitpy://pubs.acs.org.
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