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Coho resultado del Examen de Fondo realizado, con fundamento en el Articulo 45
de'la Decision 486 de la Camision de la Comunidad Andina, se comunica;

1. ‘\Documentos estudiadd;s

Descripcion: Folios 287 a 656 10/Enero/2008
Reivindicaciones: Folios 657 a 715 10/Enero/2008
Dibujos: Folios 717 a 718 10/Enero/2008

Prioridad: US 60/697,590 11/Julio/2005
2. Analisis de la Prioridad
|

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

|

3. Objeto de la invencion
|

Titulo de la solicitud: “Inhibidpres de Agrecanasa Glutamato”.
|

El problema planteado en esta solicitud consiste en la neéesidad de suministrar

inhibidores de metaloproteindsas, que incluyen inhibidores de MMP y agrecanasas.
|

Paral resolver este problema técnico la solicitud en estudio proporciona un
compuesto de la férmula (1), (Il) y métodos para su preparacion.
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El objeto de la presente Solicitud se relaciona con la Clasificacion Internacional de
Patentes (CIP). CO7C 237/22,237/42,235/84, 231/16, 323/41, 259/06; CO7D 317/58,

333/24, 213/56, 277/30; A61K 31/166, 31/36, 31/381, 31/4409, 31/426.
4. Excepcion a la Patentabilidad (Art 20 D 486 literal (d))

El objeto de las reivindicaciones 27 — 31 no es patentable de acuerdo con el Art
citado.

5. De la Solicitud de Patente
Titulo

El titulo no es claro, se sugiere especificar que los compuestos son derivados de
glutamato con actividad inhibitoria de agrecanasa.

Reivindicaciones (Art 30 D 486, Art 22 PCT)

En la reivindicacion 1 no es claro a que se refiere el solicitante con “un grupo de
acido mimético”, se sugiere realizar las aclaraciones necesarias.

La reivindicacion 20 se encuentra como independiente, sin embargo, ésta no cuenta
con ninguna caracteristica esencial que la haga diferente de la reivindicacion 1,
adicionalmente, varias reivindicaciones independientes de una misma categoria son
un claro indicio de falta de concisién, por lo cual se sugiere dejar esta reivindicacion
como dependiente de la reivindicacion principal 1.

En el paso a) de la reivindicacion 33, la estructura de la férmula (V) se encuentra
cortada. Se sugiere allegar una copia legible de la misma.

La frase "bajo condiciones efectivas” de las reivindicaciones 32 - 35, es imprecisa,
por lo cual no permite distinguir la invencion del estado de la técnica. Se sugiere
sustituirla por las condiciones especificas en cada uno de las etapas del
procedimiento.

Las reivindicaciones 34 y 35 que se encuentran encabezadas como un compuesto,
se definen por una secuencia légica de etapas, por lo tanto se sugiere encabezarla
como un método o procedimiento que es el real objeto de la reivindicacion.
Adicionalmente, se recuerda al solicitante que una reivindicacion de producto, sélo
puede ser definida en términos de su proceso de fabricacion si: el producto es nuevo
e inventivo y no se puede definir por sus caracteristicas esenciales.

Las reivindicaciones 1, 4, 5, 20, no son concisas porque las definiciones de R;, Rj,
Rs, Re, Ry, Re, Re, Rig, Ry1, Ri2, Ri3, R1a y Rys incluyen géneros funcionales como
arilo, arilo biciclico, arilo triciclico y cicloalquilo, sin definir el numero de carbonos y
heteroarilo, heteroarilo biciclico, heteroarilo triciclico, heterocicloalquilo sin definir el
numero de carbonos, nimero de heteroatomos ni los heteroatomos presentes;

Expediente 08 001924 1er Art45




806
apicionalmente la gran cantidad de posibilidades en cuanto a sustituyentes no
permite definir el alcance de la invencién y da lugar a un sinnumero de compuestos
qbe no tienen soporte en la descripcion. Se sugiere restringir la solicitud a una
rgzonable generalizacion del tipo de compuestos que ha sido sintetizado 6 probado,
es decir, que se encuehtran debidamente soportados. En la descripcidén se

encuentra:
i

l Sustituciones ' | Soporte de los ejemplos presentados

' W -C(0O)-

I R, Fenilo] bifenilo, SH-fluoreno, 9-oxo-9H-fluoreno, tienil, piridin, furoil,

l; R. H

| Rs } -CO;H

! R4 | -CO,Et, -CO,H, “CONHz, -CONRgR g, -CH,-O-

ﬁ AlquilCy_pj alquenilC, 3, alquinilC,, cicloalguilCa., fenilo, -CH,-O-, -C(O)-, -
R O-alquilCy.4 -O-arilCsg , -O-alquilCy-arilCg, alquilC4-O-, -NH-, furil,

[ benzodiczol, piridin, tiazolll, tienil, dihidrobenzofuranil, naftil, 9-hidroxi-9H-
i fluorenil, -OH, -NHC(O)-, haldgeno
|
!

Ry L H, alquilCy.,, ariloCg, pirimidin, piridin,
Rg H, alquilCy.,

\ Re \ H, AlquilC4.,
‘ R 2,3-dijidro~1H-2-i|-indano, alquilCy.4, cicloalquilCs.g, alquilCy.,-OH,
'l‘ T adamantil, naftilo
I R AlquilC.,, Tenil, -O-alquilC,_, cicloalquilCs, benzodioxol, adamantil, naftilo,
] 12 furilo, tienilo, morfoling, pirimidin, -NQ,, -NH,, -OH, -CF;, halégeno
1 R.. AlquilCy.4,| alquenilC,, ariloCs, -OalquilC,_,, cicloalquilCy, arilo sustituido
. e con NH,, naftil, -OH, -CF3, halogeno
: m 3 T 0.1,
Ty j | 2

|

Las reivindicaciones 32 — %35 no so concisas porque se refieren a los pasos del
proceso como hidrolisis del éster de alquilo, hidrolizar el grupo protector amina,
hidrdlisis del acido carboxilico protegido sin definir cada una de las etapas con los
compuestos que participan y las condiciones de cada una de las etapas.
Adicionalmente, las formulas (IH1), (IV), (V), (VI), (VII) y (VIlI) en sus radicales Ry, Rs,
Re, R7, Rg, Ri1, Ri2, Ris, R1d y Rys se encuentran definidas por géneros funcionales
como arilo, arilo biciclico, arilo triciclico y cicloalquilo, sin definir el numero de
carbonos; y heteroarilo, heteroarilo biciclico, heteroarilo triciclico, heterocicloalquilo
sin definir el numero de carbonos, numero de heteroatomos ni los heteroatomos
presentes. Adicionalmente, [la cantidad de posibilidades en cuanto a sustituyentes
dan lugar a un sinnumero dge compuestos que no se encuentran soportados en la
descripcion. Se sugiere restiingir la solicitud a una razonable generalizacion del tipo
de éompuestos que se hanjutilizado en los métodos de sintesis, es decir, que se
enclentran debidamente soportados.

l
Des:\cripcién (Art 28 D 486)

En la tabla 1 (Pags. 352 -362, Fls. 637 — 647) no es claro el significado del simbolo
“@”,\ ni de la abreviatura “nolinh”, Se solicita realizar las aclaraciones necesarias.

Se requiere al Solicitante hacer las aclaraciones necesarias.

\
6. U\nidad de invencion (At 25 D 486)

La Solicitud no cumple con e| requisito de unidad de invencion porque el concepto
comun inventivo que se refiete a compuestos de formula (1) o (Il) como inhibidores
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de metaloproteinasas ya se encontraba divulgado en el documento D1, por lo tanto
se encuentran por o menos 6 grupos inventivos.

Los grupos inventivos estan definidos por las siguientes caracteristicas esenciales:

1° Compuestos de férmula (1), (la) o (II) cuando R+ es fenilo (Divulgados en D1)

2° Compuestos de formula (Ib)

3° Compuestos de formula (Ic)

4° Compuestos de formula (Id)

57 Proceso de obtencidén de compuestos de formula (11) de las reivindicaciones 32 y
34 (Divulgado en el documento D3) ‘

6% Proceso de obtencion de compuestos de formula (I1) de las reivindicaciones 33 y
35 (Divulgado en el documento D1)

Se sugiere presentar las solicitudes divisionales que considere necesarias, 6 limitar .
la solicitud inicial a una sola invencién, eliminando de ella las otras invenciones.

7. 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: 11/Julio/2005 y se encontraron los siguientes documentos que
anticipan el objeto de esta solicitud:

[ item T  Documento Titulo Fecha de Publicacion
E U TAKAHASHI K ET
AL, Bioorganic &
D1 i Medicinal
‘ ; Chemistry, Vol. 13,
Pags. 4527 - 4543

Novel Matrix Metalloproteinase

Inhibitors: Generation of Lead 23/Mayo/2005
Compounds by the in Silico (Disponible en internet)
Fragment-Based Approach

Sulfonamide and Carbamide

Derivatives of ,

| D2 wQO 01/90077 6(5H)Phenanthridinones and 29/Noviembre/2001
, Their Uses

i ;(\tJEE;SEhRe’mUi'stET Carboxypeptidase-Mediated

P D3 Vol. 28, Paas ?9/8’8 Release of Methotrexate from 1989

i e _’2257‘ . Methotrexate a-Peptides

D4 US 5665777 | DIPhenyl Hydroxamate Infibitors | g /q0 o i ce/1997

of Matrix Metalloproteinases

D1 divulga (Pag. 4527, resumen, Fl, 815) derivados de acido L-glutdmico inhibidores
de metaloproteinasa y el procedimiento para su sintesis.

D2nttp://worldwide espacenet.com/publicationDetails/originalDocument?CC=WO&NR=0190077A1&K
C=A1&IT=D&ND=&date=200111298DB=&locale=en EP divulga (Pag. 1, lineas 10 - 31; Pag.
19. compuesto 25) compuestos inhibidores de PARP Utiles para el tratamiento de
patologias como la osteoartritis y composiciones de los mismos.

D3 divulga (Pag. 2290, FI. 822) un procedimiento de sintesis de [N-(4amino-4deoxi-
10-metilpteroil)-a-glutamil]-L-alanina dihidrato (MTX-a-alanina)

D4http‘//worldwide espacenet.com/publicationDetails/biblio?DB=worldwide.espacenet.com&l=0&ND=3
&adlacent truedlocalezen EP&FT=D&date=19970909&CC=US&NR=5665777A&KC=A divulga
(Col. 1, lineas 6 - 45; Col. 40 — 41, reivindicacién 1) compuestos inhibidores de
metaloproteinasas para el tratamiento de patologias como la artritis reumatoide y la
osteoartritis.
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8.| Examen de Patentabilidad (Art 14 D486)

Novedad (Art 16 D486)

La reivindicaciéon 1 consiste en un compuesto de la formula (1)

P2

l

/(CHz)m\W/N R

Ay
(CHa)p
Ry
(1}

0 LLna sal farmacéuticamente aceptable de éste.

Comparacidn de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

|

Caracteristicas esenciale D1 D2

. Un compuesto de formula: Un compuesto de férmula: Un compuesto de
' Tz formula:
: (CHgln N Ay M

l H-/ 2 \w/ LA o

(GHa); ;
\ |
] ) o I.;l/k\/\COOH
- W: -C(O)- -C(0)- -C(O)-
R

/[ Ry: fenilo sustituido con R, N [ j\ﬁo
" heteroarilo triciclico, | l N
' Rg: alquilCig e e O
R H H
‘ Raw_~

R3: -COHNH g -COOH

\ R, NHOH

R CONHMe

R,;: “LONRQRK}, "COOH, - COOH

l(*{i H;g ORs conn” -COOH
R,o alquilCy¢ sustituido con R;, X: H?C,"»O-\u,.«OE*
[m: 0 0 0
P2 2 2

Laé_p caracteristicas esenciales del compuesto de la formula (1) de la reivindicacion 1
habian sido divulgadas previamente en D1y D2. Eldocumento D1 ensefia derivados
de acido L-glutamico inhibidores de metaloproteinasa como los compuestos 2b, 7, 8
y g que coinciden con la pcompuestos de la formula (I) cuando W: -C(O)-, Ry:
heteroarilo triciclico, Rz: H, R3: -COHNH, R4: -CONRgR 1, -COOH o0 -(CH3),OR7, Rs;
alquilCq.s, Re: H, Rqg: alquilG+.s sustituido con Rz, m: 0y p: 2 (Pag. 4527, resumen,
FI. B15; Pag. 4528, tabla 2| FI. 815). El documento D2 revela un compuesto que
concuerda con el compuestp de la formula (l) cuando W: -C(O)-, Ry: arilo triciclico,
R;:iH, R3: -COOH, R4 -COOH m: Oy p: 2 (Pag. 19, compuesto 25)

El documento D2 también da a conocer composiciones del compuesto (Pag. 86,
reivlindicaciones 6 - 9).

En consecuencia, la reivindicacion 1 carece de novedad, segun lo divulgado en el
documento D1.

Expediente 08 001924 1er Art|45
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Las reivindicaciones dependientes 2 - 3,7, 8, 13, 15, 25 y 26 no mencionan alguna
caracteristica que haga nuevo al objeto de la reivindicaciéon 1, por lo cual se
considera gue no son nuevas.

La reivindicacion 20 consiste en un compuesto de la férmula (I1)
o]

By

e}

>

NRyRy5

COLH

m

o una sal farmacéuticamente aceptable de éste.

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

Caracteristicas esenciales

Un compuesto de formula;

" Un compuesto de formuia:

H

D1

Ry N ! Me"JN 5 5}
NR 4R ¢ o
\[( 1475 i L "‘\"\., ", f/[‘\ T
} ) ! hd d :J' "ﬁ’ =
| : o \‘\‘;'-""(:A\‘H-
! Az
\ o X: OH
| @
' Ry fenilo sustituido con Rs I‘ “‘U
i Rsi anUi‘C1_6 Vol
. T~ Me
i R2§ H H
: R‘,4: H H
- Rysz alquilCyg -CH; |

Las caracteristicas esenciales de la composicion de la reivindicacion 1 habian sido
divulgadas previamente en D1, el cual ensefia derivados de acido L-glutamico
inhibidores de metaloproteinasa como los compuestos 2b, 7, 8 y 9 que coinciden con
la compuestos de la formula (1) cuando W -C(O)-, Rq: fenilo, Ry H, Rs: alquilCi.g, Ria;
Hy Ris: alquilCq (Pag. 4529, FI. 816; Pag. 4534, Fl. 818).

En consecuencia, la reivindicacion 20 carece de novedad, segun lo divulgado en el
documento D1.

Las reivindicaciones 32 y 34 consisten en un método para sintetizar un compuesto
que comprende:

a) Tratar un compuesto de la férmula (I11):

.
Y,

o
Hr{ COpH

RotN—1

COy-alquilo

Con una amina, bajo condiciones efectivas para proporcionar un compuesto
que tiene formula (IV):

Expediente 08 001 924
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CONRq4R45

COsp-atquio

avy,

810

b) Tratar el compuesto de la férmula (IV) bajo condiciones efectivas para la
ster de alquilo, suministrando por lo tanto un compuesto que
tiene la férmula (1.

hidrolisis del

Comparacién de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

O
R1“'< _/CONR14H15
RQN .,

N\
COH

(.

i " Caratteristicas esenciales

D3

' Un metodo para
comprende:

sintetizar un compuesto que

o}
Ri—{  CONRyAs
RyN—7

Un métedo para sintetizar el
compuesto [N-(4aminc-
4deoxi-10-metilpteroil)-a-
glutamil}-L-alanina dihidrato

. Con una amina, bajo condiciones efectivas para
. proporcionar un compuesto de formula (I1V)

A

0
—~ GONARys
AeN—,

COp-alquite
avy.

| " com (MTX-a-alanina) que
| @, comprende:
Tratar un compuesto de la férmula (i)
. O
R1"§N_{COQH
COy-alquito Tratar MTX y-ter-butil éster

con trietilamina para
proporcionar el compuesto di-
ter-butil ester de MTX-a-Ala

Tratar el compug
condiciones efec
de alquilo, sumin
formula (11)

sto de la formula (IV) bajo
tivas para la hidrélisis del ester
istrando un compuesto de

O
y/
Ay CONR;4Rs
RN—,

.\COZH
m.

Tratar el di-ter-butil éster de
MTX-a-Ala con THF y HCI
para obtener MTX-a-Ala

Las caracteristicas e
divulgadas previamer
compuesto [N-(4amin
alanina) que compren
el compuesto di-ter-b
obtener MTX-a-Ala (H

En consecuencia, las
el documento D3.

Las reivindicaciones
aue combrende:

bag. 2290, Fl. 822)

a) Tratar un compuesto de la férmula (V):
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senciales del método de la reivindicacion 16 habian sido
te en D3, el cual da a conocer un método para sintetizar el
b-4deoxi-10-metilpteroil)-a-glutamil}-L-alanina dihidrato (MTX-a-
de tratar MTX y-ter-butil éster con trietilamina para proporcionar
Util ester de MTX-a-Ala, el cual es tratado con THF y HCl para

reivindicaciones 32 y 34 no son nuevas, segun lo divulgado en

33 y 35 consisten en un método para sintetizar un compuesto
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Q

_>—OH
PGy-Rs

_>—-O-P62
ol
($2)

Con una amina, bajo condiciones efectivas para proporcionar un compuesto
que tiene formula (VI):

Q
NR14Rs
PG,-RgNj )

“ror

)

b) Hidrolizar el grupo protector amina de un compuesto de la formula (V1), bajo

condiciones efectivas para proporcionar un compuesto que tiene la férmula
(Vil): '

o
_NAR
RgHN—,
- yro-re,
O
(Vi
c) Tratar el compuesto de la féormula (VIl) con un &cido carboxilico, bajo

condiciones efectivas para proporcionar un compuesto que tiene la férmula
(VII:

o Q
R’Efm J:—Nmms
—o>~o-p@2

(Vi);
d) Tratar el compuesto de la férmula (VIII) bajo condiciones efectivas para la
hidrélisis del acido carboxilico protegido, suministrando por lo tanto un

compuesto que tiene la férmula (11):
0

Rt‘{ _/CONRMRw
RaN—,

COH

o Py

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

Caracteristicas esenciales D1 ‘
- Un método para sintetizar un compuesto () de Un método para sintetizar un |
formula compuesto de formula 2a 022 |
| o] H . ‘
H’;{N..{CONR“R‘S L NG x
i R S T A T
o I e T
an 2 ' T e
que comprende: que comprende:
o ) Tratar el compuesto de
. Tratar un compuesto dg la formula (1V) formula 19
}—OH HO, 0 ?
AN+ i
PG¢-Rsl . Ri oot Ry
»—O-PG?_ I o
Q (&)
W R, O'Bu, OBzl
- Con una amina, bajo condiciones efectivas para | R, OBzl, Boc
" proporcionar un compuesto de férmula (V)
‘ 0 con NH,Me para proporcionar
L )NRuRs un compuesto de formula 20
. P(:H‘RzN ‘Y H
N fis}
——>_‘O'PGZ Me™ T
o R f
N NP N
i
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eristicas esenciales

D1

| Hidrolizar el grupo protector
| compuesto de la
I efectivas para p
i tiene la formula (

amina de un
formula (VI), bajo condiciones
oporcionar un compuesto que

10

e}
. HNJLNRM%
2)

TN0-PG,
o

(v,

Hidrolizar el grupo protector

Tratar el compusg
acido carboxilico,
proporcionar un q
{(VHD:

sto de la férmula (VII) con un
bajo condiciones efectivas para
ompuesto que tiene la formula

0 Q
m;ﬁF)LNHMms

(VIIy

Tratar el compuesto con
cloruro de 4-metilbenzoilf para
obtener el compuesto 21

¢ Tratar el compu

condiciones efect
carboxilico proteg
compuesto que tig

Ry

osto de la formula (VI bajo
ivas para la hidrdlisis del acido
do, suministrando por lo tanto un
2ne la formula (I1):
o]

—R-:{N —{CONRWR“;

\COZH

.

Tratar el compuesto con TFA-
H,O o H,, Pd-C, EtOH para
obtener el compuesto 2a 0 22
H
R
Rl\ﬂ/’\.“/’,\

R1: -OH

812

s caracteristicas esenciales del método de las reivindicaciones 33 y 35 habian

lo divulgadas previa
mpuesto 2a o 22
Jporcionar un com

mente en D1, el cual da a conocer un método para sintetizar el
que comprende tratar el compuesto 19 con NH,Me para
buesto de férmula 20, hidrolizar el grupo protector, tratar el

mpuesto con cloruto de 4-metilbenzoil para obtener el compuesto 21 y tratar el

mpuesto 21 con TF
mo se muestra en |

| consecuencia, las
documento D1.

vel Inventivo (Art1

Ina sal farmacéutic:

3 D486)

oediente 08 001 924

@*":ﬁ:

1er Art 45

amente aceptable de éste.

A-H,0 o Hj, Pd-C, EtOH para obtener el compuesto 2a o0 22
a tabla (Pag. 4529, esquema 1, Fl. 816)

reivindicaciones 33 y 35 no son nuevas, segun lo divulgado en

reivindicacion 16 gonsiste en el compuesto de la reivindicacion 1 de la formula

)
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Comparacion de las caracteristicas técnicas esenciales, con las del Estado de Ia Técnica:

e

‘Caracterfstic_gg)esgrlciale§'__ :_ D1 7 D5
. Un compuesto de Un compuesto de formula:
Un compuesto de formula: | formula: S
s ; o ¥
NN T,
N\ — ~ x o N ¥ ()
o KOHN.\\/,/\,\_ J’!“‘N"k‘\ o H R! ) "
A
o4 M
(Idy RS
X
rlz R TK&(C}{W/ N
\/ * % ! R‘),,,
] : N /l l~ p 0
C ; N . 2
\ H n_1
R:H
X:NH
/N ’”
@ ., |
== T e '
@ No se menciona @R’

_-CO,H -COOH -CONH-OH
R,: H H H
i R
Ry -CONRGR o, -COOH. - o Ilq
‘{CH,)-OR; NR3

Rey Rig: H, alquilCyg, aril,
heteroaril opcionalmente
sustituides con Ry, 0 Rgy Ryg
juntos forman un grupo ciclico
de 5 — 7 miembros que
contiene hasta 3 heteroatomos
seleccionados de N, O 0 S,

CUINE Me
COOH

- o~ O
CONH™ e

R?y R® H, alquilC e, fenil, fenil
sustituido, piridil, piridil

sustituido; o R? y R® tomados
junto con el atomo de nitrogeno |
forman un heterociclo saturado |
de 5 -6 miembros que puede |

tener un heteroatomo adicional |
seleccionado de NRY, 0.0 S |

Los documentos D1 y D4 se consideran el estado de la técnica cercano a la
invencion definida en |a reivindicacion 16 porque divulgan compuestos inhibidores de
metaloproteinasas. El documento D1 da a conocer compuestos inhibidores de
metaloproteinasas de la matriz que corresponden con la compuestos de la formula
(ld) cuando Rgﬁ H, R4i -CONRng‘ -COOH o -(CHg)nOR7, Rgi H Yy R1ol anuilC1_6
sustituido con Ry, y da a conocer que estos compuestos son derivados del acido L-
glutamico o del acido 4-aminobutirico (Pag. 4527, resumen, Fl. 815; Pag. 4528, tabla
2, Fl.815; Pag. 4535, Fl. 819). El documento D4 ensefia compuestos inhibidores de
metaloproteinasas de la matriz que concuerdan con la formula (Id) cuando Ry H, Ry
-CONRgR1p, -COOH o -(CH2)nOR7, Rg y Ry H, alquilCys, aril, heteroaril
opcionalmente sustituidos con R1z, 0 Rgy Ry juntos forman un grupo ciclicode 5 - 7
miembros que contiene hasta 3 heteroatomos seleccionados de N, O 0 S (Col. 1,
lineas 6 -14; Col. 40 — 41, reivindicacion 1).

La diferencia entre la invencién, definida en la reivindicacién 16 y los compuestos del
documento D1 es el anillo fenilo B.

El efecto que logra el incluir el anillo fenilo B es la inhibicidon de metaloproteinasas
Expediente 08 001 924 1er Art 45



?omo las agrecanasas.

Por lo tanto, el problema
puede formular asi: “cém
i%hibidores de metalopro

Sin embargo, la utilizaci
inhibidores de la metalop
lineas 6 -14; Col. 40 -
tambien se ensefia el us
r‘“netaloproteinasas (Pag.
En consecuencia, la pers
EI anillo fenilo B para for
del documento D1 para ll
lo cual se considera obv

|
Eonclusién:

a reivindicacion 16 cum
requisito de nivel inventi

g Conclusion

814

técnico objetivo que pretende resolver esta invencion se
0 modificar el estado de la técnica para obtener compuestos
teinasas alternativos”.

on de compuestos que incluyen el radical bifenilo y son
roteinasas ya esta divulgada en el documento D4 (Col. 1,
41, reivindicacién 1). Adicionalmente el documento D1
o de radicales bifenilo en los compuestos inhibidores de
4534, FI. 818).

ona del oficio normalmente versada en la materia, incluiria
mar un bifenilo segun el documento D4 en los compuestos
egar asi al objeto de la reivindicacion 16 de la solicitud. Por
a.

ple el requisito de novedad (Art. 16), pero no cumple con el
/o (Art. 18).

abilidad de la presente Solicitud estan afectados asi:

Los requisitos de Patent
Poltem Documento Reivindicaciones afectadas Requisito que afecta
TAKAHASHIK BT ALy 5 7 8 13, 20, 25, 26, 33, 35 Novedad
. Bioorganic & Medicinal
bt Chemistry, Vol 13
- Pags. 4527 - 4543 6, 11, 16, 21 Nivel Inventivo
D2 | WO 01/90077 1-3,7,8, 13, 15,20, 25,26 Novedad
| KUEFNER, U. ET AL,
D3 ' Biochemistry, Vol. 28, 32, 34 Novedad
| Pags. 2288 - 4297
D4 | US 5,665,777 6, 11,16, 21 Nivel [nventivo

En cumplimiento del arti
Andina, se le indica que
contados a partir de la f
de no dar respuesta a
subsistieran los impedin

|

!Notiﬁquese el presente ¢
‘capitulo quinto del titulo

culo 45 de la Decisién 486 de la Comision de la Comunidad
debe dar respuesta dentro del termino de sesenta (60) dias
=cha de notificacion de la presente comunicacion. En caso
| presente requerimiento, o si a pesar de la respuesta
nentos para la concesion, se denegara la patente.

bficio conforme a lo dispuesto en el numeral 5.2, literal e), del
primero de la Circular Unica No. 10 de 2001.

P

| JOSE LUIS SALAZAR
Director de Nuevas Cre

El anterior requerimig

| 28 16072012
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ovel matrix metalloproteinase inhibitors: Generation of

lead compounds by the in silico fragment-based approach

Kanji Takahashi, Masahivo Tkura. Hivomu Habashita, Minora Nishizaki.
Tsuncyuki Sugiura, Shingo Yamamoto, Shingo Nakatani,” Koji Ogawa. Hiroyuki Ohno,
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a1 and Masaaki Toda

3-1-1 Sakurai, Shimamaio, Mishima, Osoka 615-3385, dopan

fed 13 Apel 2005

”—’—’m'qu T arder (o ideatity th sl ragem e
we performed in sitivo screening using the LUDT prog
selected ta link with ulo(lm fragne At fydrosaamic &

1. tntroduction

Matrix metailoproteinases (MMPs), a family of zinc-
containing cndopeptidases. have been shown to play
a central rolc in vario Al and pathophy-
siological cvents smbryonic development,
bhmocvu implantaiion. nerve growth, ovulation, mor-
phogenesis, angiogenesis, tissue resorption, and tissue
remaodeling. In addition, the overexpression or dysregu-
lation of MMPs is associated with several discase pro-
Coss such & tumor  melastasis,  arthritis,
.Irlhcrmclx.rom( ancurysm, breakdown ot the blood
brain barricr, periodontul discase, skin uleers. corncal
ulcers, gastric ulcers. and liver fibrosis. In patients with
these (h\czu::\ MMPs are considered o be a potential
drug n (act, a number of MMP inhibitors
(\'fMPh) !mvc been developed \t\x,ldl of which huave
shown some cfficacy in clinical teials.'

2

Inhibition of MMPs s related to the coordination be-
tween the inhibitor molecule (generully as an anion)
and the catalytic metal ion, with or without substitution
of the metal-bound water molecule. MMPLs should have

* Corresponding author, Tel +S1 7S 961 1ST fax: =81 75 9a2
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As u result,
d (hn |l1 i

carricd out using an ia silico tech-
+of MMP-i thirough hydrozen bonds.
V- NEIMe) was
c. By this approuch, the L-gintamic acid
wransformation to reduce its peptidic
-3, and -9,

a zing-binding meicty attached to a substructure that
interacts with the substrate recognition sites ol the en-
zyme. The strongest kanown class of MMPls is the
hydroxamates, which have been shown to hind biden-
tately to the catalytic Zn(IT} of the enzyme, causing it
to adopt a distorted trigonal bipyramidal gecometry.?
The hydeoxamate anion forms a short and strong
bydrogen bond with the carboxytaic moicty of Glu
219, which is oriented toward the unprimed binding re-
gions, whereas the NH hydroxamate parlicipates in a
hydrogen boud with the carbonyl oxygen ol Ala [82.
cveral strong interactions occur af the zinc site
without uny signilicant unfavorable contacts

To discover the substructure interacting with the sub-
straie recognition sites of MM Ps, NMR-hused screcning
has proven Lo be a valuable approach. For this ap-
proach, individual small compounds wre mixed with a
"N-labeled protein to cvaluate their binding affinity
By this method, 4-cyanobiphenyl was found to show
weak binding (o the SIY pocket in the case of stromelysin
{MMP-3) and then was connected with hydroxamic
acid Wrough an appropriate linker to successtully pro-
duce  potent inhibitors of MMP-3. Although  this
NMR-based fragment approach is a powerful method
ol discovering | compounds. a significant amount
of isotope-labeted proftein is required for screening

s 3
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iy probles

HoHy

MMPs, detatle -k HEUEIE i Compraad X o Gy
s of MMPIs s we x\ s bl
d

riazion sbouwi the binding si
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MMP [ MMPY MMPA MMP-2

NMR cyperiments.
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de novo program, LUD T
struciures that might inferact wwh AMinG s

cre. we report the 1
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the S1° pocket of MMPs
of our m silico Tragment-based appro
minery SAR data for the identified U

(.‘mnpouml was prepaced as outlined i Scheme 2
jiation of 25, whic cpared from 24, with
a glutatic

of the test compounds- Hsted-—Faties 1 methylamide by ihe conventional procedures afforded
described i Schemes 1-8. Svathesis of compounds 26b. Withour N-protection in 26a, an exclusive intra-
i in the following A-

2ub. snd 5 s outlined in Scheme 1. Condensitiion ol . plac v -
ally pure glutamic acid derivatives 19ab with mcthylamide (ormation  reaction.  Deprotection  af
c afforded 20a) sectively. Catalytic  26b with a catalytic hydrogenation resulted in 3.
" 200 pmwd(,d 2la, while acidic depro- . .
tection of 20b gave 21h. Acidic deprotection of 2la re- Compound 4 was synthesized as outlined in Scheme 3.
sulted in while catalytic hydrogenation of 2b A-Acylution of d-aminobutyric acid with 4-meth-
produced 22. The carboxylic acids 2a and 22 were con vibenzoylehleride in the presonce of sodium hydroside
verted to hydroxamic acids (2b and 5) by the condensa gave 28, y»')\\cln wus converted o the corresponding
tion with O-benzylhydroxyamine followed by catalytic hydroxamic acid 4 by the usual method.
hydrogenution.

2. Chewistry

b2

Compound 6 was also synthesized (fom (9h as outlined
in Scheme 4. Condensation of 19h sith 4-methyl aniline
affocded 30, catalytic hydrogenation of which gave 31
Condensation of 31 with O-beazylhydroxyamine pro-
dueed 32, Acidic deprotection of 32 resulted in 33, which
was converted to 34 according to the usuval N-acctyla-
lion. Deprotection of 34 by catalytic hydrogenation pro-
duced the hydroxamale 6.

Synthesis of 7--8 is described in Scheme 5. N-Acylation
of a protected glutamic acid with 4-methylbenzoyl
chloride aflforded 36. deprotection of which by catalytic
hydrogenation provided the carboxylic acid 37. Conden-
tiou of 37 with 25 gave 38. Acidic deprotection of 38

5
6 >100 >100 o >

*fubiibition percentage at 1 M.
" Not tested

activity peofiles

“Table 2. Efleet of the chemival modification of €1 carbertylic acid moiety of t-glitamic acid anatoy on t

Compnund X 15 M)

MMP-1 MMP-) MMP-3
CONHMe o 3 S
7 coont NT NT > L0
¥ conn M 2 NT s
9 45

>l w

*fabibiticn percentay

w
anhydride foliowed by farmation—of-the V=
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Sehewe [ Syathesis of 2ab, and 5, Reagenls' (0 ¢ip CICOVBu, NMM
muchvibenze N CH
EGN. D

chiunde. pyadine or S-metiylbonzo chboride
) Pl OO,

resulted in 39, catalytic hydrogenation of which led to 7.
Candensation of 39 with 4-amino-L-butanol afforded 40,
atter which deprotection by the usual method produced
8

202 {S1. R, - OBu, Ry
20b (R R, - OBzl R; -

- 2(SIR=OCH
22(RL Ry O

_ 232S). R, = NHOB:
- 7 23b{R). R, = NMOB!

2b (S). R, = NHOH
L orS(R), R = NHOH

T (i NI (511 P CLMeOH or 4 N HCHosane: () &
(W FEA HLO or Ha 10 CLEROH, de) TCENHLOBAL EDC, OB

Synthests of 9 15 outhined in Scheme 6. A commereially
availuble protected glutamic acid 41 was converted (o
45 by the following sequence of reactions. Formation
afan activated ester of 41 followed by sodium borohy-

BAUN 1 = BN
2 2
N
o vy .
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e 2 Sy it
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262X O
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~ T3tR-OH
c
[ ~32R = NHOBzI

X
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Schate 4. Synthesis of 6. Reagonts: (1) d-methylaniline, EDC, HOBE
DME: td) 4 N HClidioxane: (¢ AGO. ProNEL (0 H P C, MeOF,

dride reduction, gave 42. after which O-atkylation with
cthoavethylehloride provided 43. Catalytic hydrogena-
tion of 43, followed by acvlation with d-meth-
ylbenzoyl chloride. afforded 44, afier which aikaline
s cesulled in 45 Condensation of 45 with O-
vhhydroxylamine  foltowed by
actdic deprotection produced 9.

Synthesis of 10 13 is deseribed in Scheme 7. ¢2-Alk
ation of a 4-amino-A-heazoyl-butyric acid 28 with be
zvloxymethylehloride afforded 46, condensation  of
which with O-beazyl hydroxviamine provided 47. Par-
tial hydrogenolysis of 47 gave £3, which was converted
te an aleohol 19 hy treatment with boron tribromide.
After optical resolution of 47 using a chival HPLC col-
ouma, (he resulling two cnantiomers were deprotected
by Gualvtic hydrogenation to praduce 11 and 12

respeetively.

nis ah Saminobutyeic aend, NaOTE ag, THE: ¢h) FICENEGOBA, EDC, HOBL PONEL DME ot i, Pd O

N

HoHEHRA oy
a N J\ﬂ/ N e
- 8O X .
e
Z

° Me

33

1N, DMEC D) Ho Pd CLEtOAR: @1 HCINHLOBZL EDC, HOBL EuN,

Compounds 14 18 were synthesized as described in
Scheme 7. Condensation of casboxylic acids 48a ¢ with
aniinobutyric acid cthyvi ester afforded 49s ¢ alkaline
hydrolysis of which gave S0a e. respectively. Coundensa-
tion of - with O-(2-mcthoxypropane-2-vlhvdroxyl-
amine. followed by acidic deprotection, produced 14 8.
respectively.

3. I sitico generation of lead compounds

To order to design new MMP inhibitors. we selected the
of connecting (o neats by an appropriate
The fiest fragment was intended to interact with
the catalytic Zn(I1} ion. Based on intormation about
known MMPIs. we selected formic acid and N-formyl
hydroxylamine as candidte fragments. The sccond
pent was expected (o lorm hydrogen honds around

9.8
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Scheae 6. Synihesis of 9. Reagenls . . .
methylbenzoy] ehioride. €GN, pockel Lo satisfy the sterie and lipophific reguirements of (Fig. 1). As the methyl moicty ol Ala was suggested
the cnzyme pocket 1o be dirccied towards the zinc site. we decided to con-

neat this methyl group with the first fragment using a

the SI° pocket and to be involved in the van der Waals is available about the binding sites of MMPIs. Most A scarch ol the standacd LUDIL library was carried simple linker (methylene group). 1t was also thought
interaction with the pocket. LUDY was wsed us o de MMPIs bind to the same enzyme pockel and occupy out to ideatify  candidate  second Ihis that the methyl moicty of ¥-acetyl should be located
novo program lo detect ragments with the possibility common subregions, Around the St pocket. they alt search cesulted inoa list of 83 small molecules. in the lipophilic SI° pocket. However, this muthyl
of showing a sccond interaction with collagenase show @ common interaction with Pro238 and Leul81 Although  N-acetyl-t-alanine - N-methylamide  {Ae-1.- group was too smudl to Gl the cavity, so we replaced
(MMP-1).% Tach MMPL denates o hydrogen bond to a proline res- Ala-NTIMe) had a relutively low LUDI scare, we 1t with a d-methylphenyl group. Based on the above-
idue (Pro238) and accepts 4 bydrogen bond from a leu- tested it because of the case of svatlicsis and the vrien- mentioned analysis. we designed  the glutamic acid
From the X-ray crystalfogeaphy and the well-cstablished cine residuc (Leul§. We reasoncd that a novel tation of the a-methyl group. A docking study of Ac- derivali 2ab and performed a docking study. Ax
AR duta on inhibition of MMPs by awmccous inhibi- whibitar should have the ability o form these two key ~ALa-NTEMe with MMP-1° s ted the formation sre 2. compound 2b scemed to Gt the ac
tors, detailed theee-dimensional stractecal information hydrogen bonds. [t shoukl alse contain a lipophilic S1° of Key hydrogen bonds with 3% aod Leul8) tive site of MMP-{

g



Figuee 1. Do ol A

CAyE
- Sy S

Figure 2. Doching stady of 2h with MMP-1

Based on the promising outcome of in silico simulation,
compounds 2ab were syathesized, and their inhibition
of MMP-1. -2 -9 aind -3 was measured in vitro. The car-
wctd 2a did not show an at whibitory

ty at 100 uM. but the hydroxamic acid 2b did dem-
onatrated moderiste 1o weak inhibitory activity { Fable £}

4. Structuee activity celationships

AsshowninTable L the ciiect of chentical modification of
the [wo amide moictics of 2b on the actvily profile was
investigated in arder o confirm the results of in silice
model The glutaric acid derivative 3showed complete

loss of inhibitory activity. but the acid
derivative 4 sull showed weak inhibition of MMP-1
MMP-2 and MMP-9. This result indicated that the benz-
amide moicty is more important for interaction with the
target enzyme than the formamide moicety. Conversion
2S-contiguration of 2b o a 2R-conliguration
loss of inbibitory g
Cand MMP-3 a0 HD adicated that the
insupporting the inter-
R-conliguration
s fo disturb interaction with the cnzyme, In order
10 confinm the importance of hvdrogen bonds, a relro-in-
verse wnalogue of 2b synthesized and cvaluated for

R e an,

Ml Tiese restuls sup
1 2h showed 1o ctivity
at the henzaande

fnhiotion o VISP 1
fnhioit tae MAMPs at
ported (e vora ot sl von

Borat 0

onel avdrose
wls (Chaet 13

Based on the anove i o aprimization
was coadactad withowt bl ceditication of the
hvadrox, I'he doesing siwdy of 2b with
MMP 1 indi 1 the Voot tie nide meicly

1 whothe ename and couwtd be
CUQUETNS e Accordingly. ity
of Uiis part wilh o avdropinlic substitucut
ed. Ay shows e Table 2.
cid morcty ge 7. which s
inhibile v Repla
oup witk ydroxybutyl moiety ve-
subted ia 8, with cetention of the nbibitory activity
inst MMP-1 and MMP-20 e order to reduce the
peptidic natere and maintain hvdeophilivity, the &-
methylformamide moiety was repleced with w 1-cth-
oxymethoxymoeth oicty, The resulting compound
9 showed an increase of inbibitory activity against

MMP-1 and MMP-3.

Hydroxamate-containing compounds are known to be
susceptible to hydralysis to form the corresponding
carboxylic acids in vivo, Onc promising approach to
prevent such hydrolysis is the inteoduction of & subst-
tuent near the hydroxamate moicty, so the eflect on
the activity profile of incorporation of a hydroxy-
methyl group at the g-position of 4-aminobut
analog 4 wus investigated. Fortunately, introduction
of a hydroxymethyl moicty at the a-position of 4 gave
10, which showed an incre of nhibitory activity
st MMP-1 and MMP-2. (+)-Fsomer 11 showed
more polent inhibitory activity against wli of the tested
isoforms than ¢ )-somer 12, introduction of o beazyl-
oxymethyl moicty at the s-position ol 4 afforded 13,
which showed a significant increase of inhibitory activ-
ity against all the MMP isoforms tested. As a result,
the carbon nest (0 hydroxamate was also found to
be another site for further chemical modification as
illustrated by 13.

Za =0
20X HONIE 3

Chaet £ New chemnend teds for MAMPIS

e

attrly v s e denzamade muiely ol
el fe localed v i ST cavity of
shown o Feare 7 Althoush wll MMPs

lerences of

pic. the ST cavities of M\ Roand S oare known o

atiade moiety ol 2h was L
1418 were sy

wits ovalaated. R

theleyelo
\ showed  increased
MMP-: und reduced sctivity agunst
Couversion of the wmethvt group of 14 {0 an
n-propyl group wliorded IS, which showed @ decreas
of activity zuainst MMP-1 and an increase of activity
againsl MMP-2. Replacement of ihe 4-niethylbenzoy!
moicly o 4 with & benzofucn-2-yl moicty provided
i of inkibitory actvity against MMP-1, -2,
3. conversion to the S-(4-methviphenylethynylyfu-
ylmoiety or the S-(4-chlorophenylifuran T moi-
resulted in 17 or 18 and both showed 2 significant
of inhibilory activity against MMP-2 and
MMP-3 A similar tread was observed in the case ol
substrate-based inhibitors. ™ While the selective MMP-
Uinhibitors had short and buiky substituents such
cyelobesyl or isobutyl groups at the P17 site, the selective
or MMP-3 inhibitors had long substituent
Is r 4-phenylbutyl groups at that site, The
suits strongly suggested that the benzamide moicty was
located in the S1° cavity.

hevano
activity

[ summary. we succeeded in the generation of structur-
ally new Iead compounds that acted as MNMPIs using the
in silico fragment approach. As shown in Figure 3, 2b
was designed by replacing the M-acetyl residue of com-
pound 1 with a 4-methylbenzoyl residue, followed by
connection of the methyl moiety of the Ala unit of com-
pound | with an N-formylhydrosylamine by a simple
linker, mcthylene. Compounds 2b. 8. and 11 inhibited
MMP-2 sclectively, while 9 and 14 inhibited MMP-1
sclectively relative to the other MMP isoforms. Com-
pound 13 inhibited all of the MMP isolorms although
its inhibitory activity against MMP-i and MMP-2 was

9
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5.9, 5-4Beasyloy)l{beazyloxy)earbonyljamino}-S-ovo
pentanoic acid {26¢) and bewzy) NS-(methylunina)-5-
oxopentanovl|benzyloxycarbamate (26b)

To a stivred solution of glutaric w
t l o mnml) in acetoniteite (10 miy were
GO mmoly and  d-(dimethylu
i n mmol) at room tewperature.
wits stirred for 40 b st room temperstus
deide (1.2 LD mmel) and 4-(diw )
22”42 numel)-were eI TRE iy
was stirred for 3D at room temperature, and con
traled under reduced pressure. The residue w
with § N HCL and exuracted with EtOAc, The extract
W ished with brine, dried over MgSO,, and Glirated.
Concentration under reduced pressure pave 2 white pow-
der, which was triturated with hexane to allord 26a as a

Glutaric s

white powder (4.57 ¢): TLC Ry= 0.67 (CHCE: MeOI
AcOfi, 182 To a stirred mixture of 26a (1.1 g,
2.99 mmol}, methylaine (40% in McOH. 0.50 g,
5.98 mmol}, N N-(diisopropyljethylamine  (1.56 m

§.97 mmoi), and [TOBt (686 mg, 448 mmol) in UMI‘
(Dml) was added EDCHCI (859 me. 445 msuol; at
0 °C. “The misture was stirred for 64 1 at an ambicni em-
peratuce, and diluted with EGOAc. The suspension was
hed with brinc, | N HCI, brine, satd NaHCO. and
e, and dricd over MgS0,. Removal of the volatiies
in vacuo provided a white powder, which was triturated
O to give 26b (68 my, 7% vield (rom 25) as a col-
s silky powder: 'HENMR (CDCI,. 200 MH2): 5 7.41
11, 7.34 . ST, 5.54 (e, (1), 5,27 (5, 2000, 490 (s,
0 Hz. 2H), 280 (d, / L 3ED,
2.24 (1, J = 6.6 Tz 28Dy, 2.02 (m, 20)

5.10. N-Hydroxy-V'-methylpentancdiamide (3)

The title compound was obtained as colorh tals in
§1% vield from 26 according to the analogous proce-
g on of b, TLC

MS (APCLL neg
40 \'} iz 159 (M HY < AR (KB 3234, 294, 1646,
1562, 1459, 1313, 1291, 1165, 1092, 1074, 23, 604,
439con 1N NMIR (200 ML DMSO-dgi: ¢ 1030
9.30 (he. 1H). 930 8.30 (m, 11
(d. /=481 31, 205 \r .
7 20 L0, 3 201y HRMS

led for Cal ;N 0( 1610936, Vound 1610926

acid (28)

To u stirred sy
11O oamoly in

cnsion of d-aminebuivric wcid (13 g
(24 miy were added |N NaOIL

2N T and extracted w
X mL_\uLu b
Hes i

lx\l wilh dieth;

Aot Benzylox v jaminul-4-oxobut ylj-d-methyt-
bemgamide (29)

© titke compound was oblained as u white powder in
cld (rom 28 according to the analogous proce-
deseribed for the preparativn of 23a: TLC
10:0: "1 NMR {200 MH

e v § AR S RS
2HDL 6.60 (o (1) 490
S8l 2H0, 239 (s 3y,

\m 7[[1 I‘V‘(m R H )

N4l ydroxyamiao-d-oxobutyl)-4-methyihens-
amide (4)

e title compound was obtained as colorles:

bed for the preparation of 2b:
{CHCL, MeOILL, 10:1): MS (APCL neg. 40 V)
(M H) IR (KBr) 1674, 1613, 1608, 1564, 1510, 1458,
1436, 1360, 1332, 1313, 1258, (233, 0197, 1178, L1D1
1024, 969cm ' B NMR (200 Milz, DMSO-dyy &
10.39 (s T, 870 (s PHDL 8240 (1 = 5.2 Mz TR 7.74
(A, 7= 81 Hz 2H), 7.25 ¢l /= 8.0 Hz 2H),
J =66, 52107, 210, 235 (s, 3D, 202 (1, J g
2 TIRMS  (IFAB) th.d lm
71239, Found 237.1244.

5.14. Benzyl V=(reet-butoxycarbonyl)-A'-(4-methyiph

yl)-o-glataminate (30)

To a stirred solution of 19h (6.75 g. 20.0 mmol) in DMI
20mb)  were  added  p-methylanitine (431 g
30.0 mmol), tricthylamine (8,36 mi., 60.0 mmol). 1-
hydrosybeazotriazole monohydrate (3.67 g, 24.0 mmol)
and  1-3-(dimethviaminoipropyi]-3-ctiylcarbodiinide
hydroehloride (4.60 ¢, 24.0 mmo) at 0 °C. The reaction
mixture was stirred at room emperature for 16 h. The
selution was difuted with EtOAe. and washed sequen-
tially with IN [ICL saturated NallCOs. and brine
The erganic layer was dricd over MgSO,. Removal of
the volatiles in vacuo provided hrown oil, which wi
recrysiallized from LIOAc p-hesane (141 1o give 30
(8,14 ¢, 98% vield) as colorless crystals: TLC R, = 054
(ELOAC n- 2:3); 'HNMR (200 Mz CDCL)
5 8.30 (hbr CTHL AL Gd, T =80T
2HL 83 § D, 306 fd. /=13000
(H S0 =130 Mz THD. 428 fm, THL 262 (o
T 250 dme BODY 230 §s 3y, o 1L 202t
144 g5, 911,

ol

[ ——

ERREH A Hid 4 B,
S5 A rereButoxa carbony -V < domeihypheny h-u-a-
elutamine {31)

— {he treoompinad
cetorless o lrom 30

ibed f

Me( !

AcO

tert-Rutoxyearbonyl)- Vobearylox y-
wethyiphenyly-n-gluamamide (32)

hite powdet [
¢ 31 according o J $ proce-
toesertped Tor the preparation of N
2 <041 (CHCT, MeOIL 10D,

ST, V-Renryloxy-V-(aethylpheayl-o-glutammide (33)

A solution ot 32 (3.2 7
oo 2T Was stered at room temperstice {or
3h. The reaction mixture v g ¢ an oily
duc. which was tritwrated with &
(274 2 96% vickdy as a white powd
FCHCT MeOFE AcOEH, 18:2:1).

rest

e R,-\l‘A

5.18. N-Acetyl-Vobeazy loxy-V-(4-methylphenyl)-n-
elutamamide (34)

Toastivred solution of 33378 myg, 1.00 mmol)in C1Cl,
(Smb) were  added N N-(diisopropyliethylamine
.38 mL, 2.2 mmel)y and acetic anhydride ($.094 mi,
LA mmoly at 0°C. The reaction mixture was stirred at
room termaperature tor 16 h. The mixture was concen-
trated under reduced pressure (o give a powder. which
was washed with 1,0, EN HCL H:0, saturated NaH-
COs5, 1,0, and dried under reduced pre: The ob-
tained powder was dissolved in McOH. The sotution
wits evaporated (o give a solid, which was triturated with

e 34 (320 mg, 83% yield) as a white powder:
TLC Ry = 0.5 (CHCl-MeOFL 10:1).

2.19. N -Acetyl-A-hydroxy-V'-(dmethylpheayl)-o-
glutamamide (6)

The titke compound was oblained as a white powder in
89 vield from 34 according to the analogous procedures

described for the preparation of 2b: TLC Ry=
(CHICT, MCOILL 10:1): MS (APCL ncg. 40 V)
(M 2 (R (KBr) 3269, 2900, 1657 1607, 1335,
1381, £287. 1257, 1109, 1086, 102
610,504 e ' ENMR {200 ME,
(s, 1HY 9 ~;4 L TH), $.70 (s. TH), 8.16 (d
11D, 7.48 b J = $.3 Lz 21). 7.10 {d, J = 8.4 Lz 21),
437 (. 1||) 225 (s 3D 2.00 (m, 2HD, .87 (s 310,
1.95 1.70 (m. 2H); optical rotation fzf} +18.2° {¢ 0
MeOHY  HRMS  (FAB) caled  for  CrytlagN:Og
2941434 Found: 294.1453

DMSO-dy): 0 1041
J =78 Mz,

Beary! 1-rerr-butyl N-(4-methylbenzoyl)-1.-
gluum te (36)

30.3 mmol) in CHCH,
ropyhethylamine

Towstiveed solution of 35 (16.0 ¢
(S0ml)  were  added

viateo ;mmdu \\uhu \\h\ b owas i
ane <o give 36.£10.6
Ry - 819

der

320, -rerr-Butyl Nod-methThearoyUn-ghutamate (37)

e title compound was obtaied
from 36 n w vickd avcordiag to
cvibed for the prepd
COChy 6 .70

crystals
wdogous prove-
n Ur‘ 22 'H NMR
2H). 7224
(H), 471 {m
L LHD 205 (m,

{
IH) 149 (s, “Hl

| (benzyloxy)earbonyl}-
minate (38)

5.22. tert-Butyl N-betzyloxy-
N d-methylbenzoyl-r-x-glic

To a stirred sofution of 37 {643 m .00 mmal) in DMI7
{10 mL) were added 23 (315 mg. 2.00 mmol), 4-(dimeth-
vlaminoipyridine (24 mg. 0.20 wimol). and 1-{3-(dimcth-
viamino)propyl|- rhodiimide  hydrochloride
{422 mg. 2.20 mmol} at ¢ °C. The mixture was stired
at room icmperature for 16 h, and diluted with EIOAc
The suspension was washed with bring, 1 N HCL brine,
saturated NatICOy, brine, dried over MgSO,. Removal
of the volatiles in vicuo provided a colorless oil, which
purified by silica gel chromatogeaphy with EtOAc
n-hexanc (3:7) (o give 38 (992 mg, 88% yield) us & color-
les TLC R =027 (EtOAc -n-hexane, 3 't
NMR (200 MEfy, CDCly): 8 7.72 , /-wn 21,
7.38 (m. SH). "\(l (i, SED. 7 ‘0 (d, J=8.9 Hz, 2H),
689 id. J=T8Hz 1H), 525 s “H), 489 d,
J=10.0 Hz, 1), 4.85 (d. /= 100z, 1), 472 (m,
). 294 (m, 21D, 238 (s, 310), 2.30 (m 1), 2.6 (m.
1H), 1.49 (s, 9H & optical rotatiou |2 ;7 +6.84° (¢ 0
CHCly).

5.23. N-Benzyloxy-A-[(benzyloxyycarbonyll-V-(4-
wethylbenzoyl)-c-glutamine (39)

A solution of 38 (98¢ mg, 1.75 mmol) in tifluoroacetic
acid (Sml) was stirred at room temperature for 3h
The reaction mixture wi aporated (o give a crude
oil. which was purified by silica gel chromatography
with AcOIl MeOIE-CHICI, to give u solid,
which wus triturated with diisopropylether o give 39
(495 mg. 56% yicld) as a while powder: TLC R, =030
{C H(h MeOtl AcOL 18201 .

24, M-Hydroxy

*(d-methylbenzoyl)-1.-ghutamine (7)

The title compound was oblained as & white powder in
9s Id from 39 & o the wnad
as described for prepa
43 (EOAC ACOIT 150, §:1:11: MS (APC,
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Figure . Moleculas Gesign of o -ghuians acid anatos 2b,

stronger than that against MMP-9 and MMP-3. These
new t-glutamic acid or 4-aminobutyric acid-based struc-
tures should undergo divi chemical moditications to
identify i selective inhibitors because ol
ad good (unctionality. Further opti-
mization of these compounds will be reported in the
near future

5. Experimental

Analgtical samples were homogeneous as confirmed
by thindayer chromatography (TLCH amd v
spectroscopic data consistent with the aned
tures. Al 'HONMR spoctra were obtained with a -
i Gemini-200 or MERCURY-300 spectrometer. The
chemical shift valucs are reported in ppm (8} and
coupling constants {/) in hertz (Hz). Fast atom bo;
bardawcnt {FAB) and clectron ionization (El) mass
spectra were obtamed with a JEOL IMS-DX303HE
or  IMS-700  spectrometer.  Atmospheric  pressurc
chemical ionization (APCIT} mass spectra were deter-
mined by a Hitachi M-1200F1 speclrometer. Matrix-
assisted laser desorption ionization (MALDD ma
spectra were obtained on a PerSeptive  Biosystems
Voyager™ Elite spectrometer. TR spectra were meat-
sured using a Perkin-Elmer ITIR 1760X or JASCO
TR430 " spectrometer.  Column ehroniatography
was carricd out using silica gel [Merek silica 0
£0.063 0.200 mm). ko Geb €200, j
60D, or Fuji Silvsia BW-235) TLC was dm pu-
med on silica gel (Merck TLC plate, silica gel 60
The following abbieviations tor sul\'cnl\: and
reagents wre used: THE, (cteahydrofuran: EtOAc.
cthylacctate:  MceOIL  methunol:  EtOH,  cthanol:
DME, N N-dimethylformamide:  CEHLCL, - dichloro-
methane; CHCl, ehlorotornm: EDCHCL, H-{3-(dimeth-
ylaminojpropyl]-3-cthylearbodiimide  hydrochlorid
EEOBL,  |-hydrosvbenzotriazole: HMPA, hexamethy
phosphoramid . trillworoacetic acid: DMSO.
dimethylsulfoxide: AcOTL acetic 0. dicthyle-
ther: Buli, butyllithium; ¥ITC isuthiocya-
nate; MOCAC.  7T-meth Opa.
N-3+(2 ddinitropheny )=t -2, 3-diminopropionyl: - Dup.
2 4-dinitropheayl.

-
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5.1 tert-Butyt A-(benzytoxy)earbonyl]-V-methyl-i -
glutaminate (20a)

To a stirred solution ol S-rerr-butyl N-car hnbcn/o\\
glutamate (1923 (1.0¢ g, 2.97 mmol} in THE (6 mL) were
added M-methylmorpholine (040 ml., 3.6 mmol) und
isobutyl chioroformate (.30 mL. 3.6 mmol} at -20°C
Alter strring at - 20°C (m (Smlm C: amount of
aqueous methylamine dded o the
mixture. and then it was w.lrmul o Toonm \\,mpualuu
The reaction mixture was diluted with and
washed with | N FHICL saturated NaHCO5 d brinc.
The organic layer was dried over MygSQOy. Removal of
the volatiles in vacuo provided a solid, which was puri-
fied by silica gel chromatography with MeOI- CHC,
{3:97) to give the title compound 204 in guaotitative
yicld as a white powder: TLC Ry = 0.7 ‘\((,”(‘I‘ MeOH,
9. by MS (APCH, pos. 2()\)1;/ 3S1(M+ID'; 'HNMR
{200 MHz, CDCly g (o, 3§, 6.24 (brs, LED,
5.63 (m. IH] 442 (m, {H). 2.81 (d,
L 200, 207 185 (m. 20D,

144 (s. 9i0).

5.2. ters-Butyl V-methyl-V-(4-methylbenzoyh)-1.-ghut-

aminate (212)

Catalytic hydrogenation of 202 (1.18 ¢. 3.37 mmol) in
McOH (12 ml) was conducted at room temperature
for 210 in the presence of $% palladium on cacbon
(57 mg) at atmospheric pressure. Removal of the cata-
lyst by Qitration followed by cvaporation of the sol-
vent alforded the amine in 98%. vield as a white
wmorphous powder: TLC Ry =0.29 (CHCl; McOH.
9:1). To a stirred solution of the above amine
(500 mg, 2.31 mmol) in pyridine (3 ml) was added 4-
wcthylbenzoyl chloride (9.30 mL. 2.8 mmol) at 0°C,
Alter sticring at roowm temperature overnight, the reac-
o mixtu il
sulution was
COy and brine, wud dried over MgSO,. Removal of
the volatiles i vacuo provided an oily cesiduc. which
was purificd by silica gol chromatography  with
MO CHCL {3:97) to give 21a (499 my. 63% vicld)
as a white powder: TLC R, =046 (CHCT, MeOL,
9 MS (APCL pos. 20 V) 355 (M+Hy™, ' NMR

inae A Sidbfasdis b o D Bhaon Yheed Chems oy Lin g B

200 M COCam o sl St TR G
X P PR A iz 2 601 658
EEE NS § SRR U RIS 7oootly i 84
FooAR i, SH Yos Yes o 4O MG o0 3D
43 s, vl

Caethyl-n-gluta-
(d-methytbenzoyl)-

5.3, Benayl A (rere-butosycacbonyt
minate (20b) wnd henssl Vomethyley
-glutaminate (21b)

Che cende 200 was oblained ws @ while powder i 80"«
cid from S-benayt N rrerr butony ?
¢ 11901 according 1o tle wnalogous procedures s

i prepatition of 20 Compotnd 20b;
20 (1tOAe nhexane, 11 A solution of
. IUUvmmlv in 4N HCWdioxane (30 mLy
wats stirred at room temperaiure for Lh. The reaction
mixture was evaporated o give the amine hydrochio-
s w vellow oil. To u stirred solation
of the wbove amine hydrochloride {100 mmol) n
CHLCl (S0 ml) were added tricthylamine (3.4 mlL,
24 mmol) and  4-methvibenzoyl chloride (139 mL,
(0.5 mmol) at §°C. After stirring at room temperaturc
overnight. the solution was washed with 1 N HICL sat-
urated NaHCOs, and brise, and dricd over MgSO..
l{cmowl of the volatiles in vacuo provided 21b
(2.39 2. 65% yicld) as a white powder: TLC R,
(CHCly McOH 30:0): MS (BE pos) anfz 368 (M7):
E NMR (200 MIlz, CDCL: 6 7.90 7.70 (m, 21D,
740 7.10 (m. SID), 6.60 6.30 (br. TH). 5.12 (s, 2H),
4.80 450 (u. 240, 281 (d, /=48 Hz 3H), 240 (s,
3H), 2.80 2.10 (m, 3}

5.8 V-Methyl- V(4 vi-1. ine (2a)

A solution of 21a (499 mg. 149 mmol) in a mixed sol-
vent of THA H;0 (3 mL:0.3 ml) was stirred at room
lemperatuic for 1 h. The ction mixture was evapo-
rated Lo give Za (416 me. 100% yicld) as a white powder
TLC Ry =0.40 (CHCly McOH. 9:8); MS (FAR, pos.)
nif= 279 (M+EDT IR {KBr) 3343, 2944, 1647, 1527,
1503, 1434, 1415, 1290, 1210, 946. 897, 834, 761. 653,
34, 484 em U NMR (200 MEHz, DMSO-dg): 6

s, 1), 833 (d, /= 7.8tz 2H), 7.86 7.78
(my, 3H), 7.26 (d. /= 8.1 Hz, 281, 440 425 (m. 111),
259 (d. J =48 Huo 3H). 236 (5, 3H). 230 223 (m.
2H), 2.05 1.2 (m, 2615 optical rotation [y +5.65° {c
054, McOHY;, HRMS (FAB) caled for CsllsN20y:
279.1345. Found: 279.1339.

N -Methyt- V(4 ¥ibenzoyl). inc (22)
Catalytic hydrogenation of 2ib (2.38 g. 6.46 mmel) in
FLOEL (65 ) conducted at toom temperature for
Uh in the presence of 10% palladium on carbon
(344 mg) at atmospheric pressure, Removal of the cata-
lyst by filteation foliowed by evapotation of the solvent
allorded 22 (1.63 g. 91% yield) as a white powder: TLC
R =020 (CHCl; MeOFL S MS (FAB. posy 279
(MHED T IR (K Bo) 3339, 3260, 1735, 1698, 1651, 1531
1305 1416, 1306, (210, 947, 870, 835, 761, (92
S3em T NMR 200 METZ, CDCHL A+ CDLODY: §
73 7.60 (n 200, 722 T4 fm 2FB 66 LS .

®

[ S N (N D A ORI LR E A I 1 40
22 v U

36,0\ -(Ikn/\lu\\) S -methyt V(4 muln beny
glutamamide (23} and V-hydrox)
methy thenzoyl)-t -glutamamide {2h)

ng, L9240 mmonin DME
Tnydrosylamine hydrocalo
azobe tono:
tricthytumine 40 153w,
nethylaminajpropyi] -3 ciiyl
c (213 mg, LI mmoly

Toastoradsolusven ot
(1 mby were adeed (ber

tide
hvdeate 1L
[RERREI
carbodi vdrochior
0°C. After stisiag at
Ton mixtere w uted with FtOAe. The resulting
pension wits ed with ¢ N HCL saturated NatiCO;.
and brine, wnd dried over MeSO;. Removal of the volu-
tites in vacuo provided 234 (205 mg. 58% yicld) as a white
powder. Compound 23a. 11.C Ry= 0.44(CHCT, McOH.
9:1). Calalytic  bydrogenation  of  23x (205 mg.
0.699 mmol) in a mixed solvent of MeOH CHCI
3 L) was conducted at room temperature in ihe pluulu.
of 5% palladivn on carben ¢22 mg) at atmospheric pres-
sure. Removai ol the catalyst by filiration followed by
cvaporation of the solvent afforded a solid. The resulti
solid was pumhul bysil Lehromatography with a gra-
dient 0 97) o MeOIl CLIC
to give 2 ield) as 4 white amorphous pow-
der. (ompmmd ST O Ry = 0.69 (CICL McOIL4:1);
MS (FAB. pos.) miz 294 (M+H) "1 IR (KBr) 3267, 1636,
1538, (189, 8§38, 753, 433 cm ': 'H NMR (200 MHz,
DMSO-doy: 8 10.37 (br s, LED), $.69 (m, L1, §.43 (d.
J= 7.6 Hz 1D, 7.85-7.79 (m. 3H), 7.25¢d. J = 8.0 U
2H), 440 4.25 (ny, T 259 (d. /= 4.6 Hz, 3. 2.06 (s.
3H), 2,10 185 (m. 41T); oplical rotation [o]y +7.96° (¢
0.515. MeOHY HRMS (FAB) caled for CoyHuN:Oy
294.1454. tound: 294.1437.

o
&

5.7, V(Benzyloxy)-N'-me % {4-methylbenzoyl)-n-
glutamamide (23b) and NV -hydroxy-V'-methyl-A*-(4-
methytbenzoyl)-v-gluramamide (5)

“The hydroxamate 23b was obtained as a white powder

in 61% yield from 22 according to the analogous proce-
dures as deseribed Tor the proparation of 23a. Com-

pound 23b: TLC R, =0.69 (CHCl; McOH, 5:1). The
hydrogamic acid S was obtained as a white powder in
94% yicld from 23b according to the analogous proce-
dures as described for the preparation of b, Campound
2 TLC Rp=0.30 (CHC, MeOH, 10:1). MS (APCL
neg. 20V) mifz 292 (M—t1) ; IR (KBr) 3322 1652,
1615, 1537, 1506, 1449, 1413, 1384, 1302, 1257, 1184,
1075, 1031, 834, 752, 686. 60buem ': T NMR
{200 Milz, COODY: ¢ 772 4d. /=80 1z
J =80 Hz 2H) 450 444 (m, LHD 2 S,
{s, 3t 1.85 (m, 4ty optical rotation
{olfy - 5.767 (¢ 0.545. McOI); HIRMS (FAB) caled (or
<, .llv.,N $04r 294.1454. Found: 294.1456.

8. Benzyl henzyloxyearbamate (25)

Fo a sticred suspension of 24 (16.0 1% mmoly in
CHCl (100 mil) were added ¥ V-tdiisopropyhicthyl-

b1 8
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Carboxypeptidase-Mediated Release of Metbotrexate from Methotrexate
«-Peptides’

Frer Uit mans, Yoleada DD

Division of Bicchensisiry. Deguirtnient
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ABSTRACT: Methotre
acid}, and basic (argi
of MTX Ak, MTX-Asp.
and absorbance spectra. Thun pm\ d
acids. Reactions were monitored by
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Kaein §. Vitels, sad b M ucaaskens®

). acidic (aspartic
authenticity
(ml}sxb’, and NMR

§ were hydmlyzod by car Dox)pc,phdasgs to yicld MTX and the amino
g a nmhyn‘rln assay for the amino ac

ds and HPLC and spec-

trophotometric
much slower rat
B (CP-B); marginal act
MTX-Arg; biphasic

withthe kno

ity was observed with (h:

xypeptidase A {(CP-A} nydraly
MTX-Asp and WT‘( Arg \1'[X -Ala was also a substeate for '\anc;muc carboxypeptidase
enzyme and MTX- Arg Humanr serum hydr
nhibition of this activity by 2- (mercaytomethyl)

red MTX-Ala and, ata

red only
guamdlnccthyl)nloproplanatc was

Rewcase ol MTX
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{[BF Biotechn ca gcl(( T fakery:
(pore size 5.2 um, \ngz»
Carboxypeptidase G, iotated fram Preudomonas sp. strain

RS-16 (Sherwood et al, 1983) was kindiy provided by Dr. |

Biochemisiry, Vol 28, No. 5.

vacuum. The
fyl m_cu.‘x,’cl; or

imml" was nco»crcd by the abave
deochioride). a

ase obtained as an ail.}
an (1962}, 125-126 °C).

Butyl N-{4-Aming-d-dzoxy-10-methyipieropl)-L
“ster). The procedure of
Rusowsky et al. (1981) was modified in the following maanes

4-Armino-4-deoxy- | 0-methylpteroic acid {4.96 g, 143 mmal,
containing 0.5
of diethyl

y-rers-

T preseCe ot Twotypes-of

arboxypeptidase (P>

of the MTX peptides toward L1210 cetls in culture was cnhamcd considerably in the pn;sc—\cc of thc

appropriate curbrxm:,
and 2.4 X 16 M, respe

ases.

MTX-Ala was much loss toxic
tively), but in the presence of CP-A the [Dsy of the peptide improved to 8.5 X
16 M. Similar rcsuhs were obtained with MTX-Asp/CP-A s

o MTX (1D valucs of 2.0 X 107 M

d MTX-Ala/CP-B comt

ations. MTX-Arg

showed good cytotoxicity (1D of 5.0 X 107 M), due to CP-N activity ia the fetal bovine seeum of the

culture medium:
are discussed.

Mclho(rexa;e {MTX}," which is used extensively in cancer
chemotherapy, enters cukaryotic Lclls vig ‘m aclive transport
system whose primary substrate is 3 h 12

rclusion of CP-B lowered the IDgo to that of MTX. Possible c

nical uses of MTX peptides

it would be desirable for release of the drug to occur only in
the vicinity of tumor cells, thereby sparing normal ceils from

[reviewed by Henderson (1986)]. After m(mr\al!zauon MTX
is polyglutamylated (which erbarces its retention in the cells),
and the cytotoxicity of MTX polyglutamates resuits primarily
from their potent inhibition of dihydrofolate reductase [re-
viewed by Huennckens et al. (1987)]. A membrane-associated
falate-binding protein in L1210 mouse feukemia cells, which
mediates the iransport process, has been solubilized and
partially characterized (Henderson & Zevely, 1984; Pricc &
Freisheim, 1987). Substrate specificity of the transport system

destructicn.  This might be accomplished by
linking the enzyme to a monoclonal antibody targeted to the
tumor.

The alanine, aspastic acid, and arginine derivatives of MTX
(MTX-Ala, MTX-Asp, and MTX-Arg), whose structures are
shown in Figure 1, were selected as model peptides of MTX
containing neutral, acidic, and basic amino acids. The present
report describes the syathesis of these compounds via the
general procedures developed by Rosowsky et al. (1981) and
Piper et nl {1982), their susceptibility to hydralysis by car-

has been obtained from studies on the uptake or inhibitor
activity of various folate compounds. (L has been found, for
example, that derivatization of the carboxyl groups via amide
or ester formation greatly impairs internalization of the sub-
strate: in this respect the a-carboxyl appears to be more critical
than the v-carboxyl (Sirotnak ct al., 1979)

The above consideraticns suggest that MTX «-peptides (i.c.,
derivatives in which amino acids are joined via an amide
linkage lo the a-carboxyl of MTX} might have chemothera-
peutic potential. These compounds would ot be taken up
readily by cells, but, if they could be hydrolyzed enzymatically,

ree MTX would be available for uptake and cell 'Gll. Ideai

TManuscript BCR-51°8 from the Research (nstitute of Scrinps Clinic.
Supported by an Outstanding investigator graat i CA-39%36} from the
National Cancer [nstitute, Natienal i of Heaith, and by a grant
(CH-31Y) from the Americen Cancer Society. A preliminzry accoual
of this work has been presenicd efsewhere {Kuefner e al.. 1988)
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H006-2960,7/89/0428-2288501.50,/0

, and the of the free drug, generated
in this manncr, for 11210 celis in culture.

EXPERIMENTAL PROCEDURES
Materials '

The following were obtained from the indicated commercial
sources: 2,4.5.6-tetraaminopyrimidine sulfaie hydrate, di-
hydroxya\.ucnc I xmc\hvlzmmo;bcv\zouc acid, triphenyl-
mate, Pd on
charcoal, and Celite (Aldrich); 3-(4,5-dimethylthiazol-2-
¥1)-2,5-diphenyltetrazolinm bromide. V-Cbz-L-Glu y-tert-butyl
ester, L-Ala rert-butyl ester hydrochloride, L-Asp di-ters-butyl
ester hydrochloride, t.-Asg methyl ester dihydrochoride,
hippuryl-Phe. hippuryl-Arg, nichydrir, ninhydria with acrosol

! Abbreviations

MTX, methotrexate: MTX-Ala, -Asp, 2ad -Arg.
peptides in which thz ind

ted amino acids are finked covalently to the

byl f MTX CP-A, B N, and G carboxypeptidase A B. N.
and M amide: DMSO, dimethyl sulfoxide; THE,
mmmdwmu Dy conconiration prodacing SO% cal kit

© 1989 American Chemical Socicty

R Bertino {Memarial Stoan Ketlering Ct T Center). MT
and a cloned human dihydrofolate ceductase were gifts from
Br. S. Kerwar { Lederic Labacatori z.al and Dr. I Freisheim
{Medical College of Ohia), res

Dicthyl phosphorocyanidate wa prepan.c\ by the procedure
of Rosowsky et al. {1981}, except that the reaction mixture
was stireed for i2 h after addition of CNBr. Human serum
was obtained by centrifuging whole blood (obtained from the
General Clinical Research Center of this institution) at 2500
pm and 5 °C for 3 min. The supernatant was dialyzed against
three changes of 0.83% NaCl and stored frozen. Just prior
to use, the serum was diluted 1:4 with salive, made 0.5 mM
in CoCl,, and kept at 25 °C for 2 b. The activated serum was
thea centrifuged {3000 rpm. 10 min, § °C) and used imme-
diately.

Synthesis of MTX Pepiides

$-Amino-4-deoxy-10-methyiptersic Acid. 2,4,56-Tetra-
aminopyrimidine sulfate hydrate {35.0 g, 0.137 mot) was re-
acted with dlhvdro\yacclonc (37.0 g, 0.203 mol) o produce
24 ylypteridine [ ing to the
procedure of Rmowek) etal. (1985)]. Yicld: 18.2 g (70%).
TLC (system A) Ry = 0.70. Vigorous oxygenation was re-
quired during the condensation step ta minimize formation
of the 6-methylpteridine (R, = 0.58) as a secondary product.
Treatment of the 6-(hydroxymethyl)ptoridine {1225 g, 63.7
mmol) with Br; in the presence of triphenylphosphine provided
the 6-bromo derivative. The latter, without isolation, was ther
reacted with p-(methylamina)benzoic acid in the presence of
diisopropylethylamine to produce 4-amino-d-deoxy-10-
methylpteroic acid (Rosowsky ct al., 1985}, The produet,
recovered by lyophilization, was obtaincd as the semihydrate
Yield: 21.8 g (95%). TLC (system B) R, = 0.57. 'H NMR
(DMSO-dg) 8.73 (s. | H, 7-H). 8.20 (broad. 2 H, NHy), 7.78
(d.J = 9 Hz, 2 H, pheayl). 7.27 (vr0ad. 2 H. NH,), 6.87 (d,
J =9 Hz, 2 H. phenyl), 4.87 {s. 2 ki, Cif,). 3.23 ppm (s, 3
H. NCH,).

N-Carbobenzoxy--glutamic Acid w-Methyl y-tert-Buty!
Diester Hydrochloride. N-Cbz-Glu y-tert-butyl ester (16.85
2. 50 mmol} was converted to the a-methyl v-tert-butyl diester
treatment with CH, 1. using the durc of Rosowsky et
all (1981). Yield 17.2 g (97%). An aliquot {8.68 g
mmol) of this intermedizte (yellow oif) was us

idate (3.62 g, 22.2 mmo)) and ¢
.2 mmol} in 508 mL of absolute DMF.
ter the mixture was stirred at room emperature for 2 h,
Glu a-methyl y-tert-butyl dicster hydrechloride (3.76 g, 14.8
mmolj and triethylamine (4.1 mL. 29.6 mmol) were added
and sticring was coatinued for 72 h. The sclvent was removed
in vacuum {at 45 °C), and the residue was dissolved in 800
mL of CHCl,. The solution was extracted twice with 500 mi
of 1% NH,OH (allowing time for the slow separation of
emulsions), and the organic fraction was dried over Na,SO,.
Removal of the solvent in vacuum yiclded a brown oil (2.0 g}
The latter was dissotved in CH,Cly/acctone/CH,OH (7:7:1)
and chromatographed on silica gel. Appropriate fractions werc
pooled and evaparated to dryness to obtain a yeliow, amorp-
hous powder. Yicld: 5.66 g (73%). TLC {system E) R, =
0.46. 'H NMR (DMSO-d;) 8.60 (s, | H. 7-H}, 8.28 (m, 1
H. CONH}, 7.75 (d. 2 H, J = 9 Hz, phenyl), 7.6-7.4 (m, 2
H, NH,), 6.83(d, 2 H, / = 9 Hz, pheryl), 6.59 {bread, 2 H,
NH,), 4.79 {broad, 2 H, ArCH;N), 4.6-4.2 (m, | H, «-CH),
3.63 (s, 3 H, COOCHS), 3.20 (s, 3 H, NCH;}. 2.4-1.8 (m,
4 H, CH,CH,), 1.33 ppm (s, 9 H, COO-t-Bu).

The a-methyl group in the above product was removed by
hydrolysis in base with the following modification {which
provides a granular, rather than gelatinous, product) of the
procedure of Rosowsky et al. (1981). (A) Ba(OH)y8H,0
{1.57 g. 5 mmol) was added to 40 mL of H,0, and (B) MTX
a-methyl y-tert-butyl (2.35 g. 5 mmel) was added to 40
mU of CH,;OH. (A) and (B) were each heated 10 50 °C {with
stirring) for 15 min and then cooted to room temperature. The
two solutions [(A) still slightly turbid| were combined and
stirred at room temperature. After 30 min, examination by
TLC (system E) indicated that hydrolysis had been completed.
Na,S0, (780 mg). dissolved in 5 ml. of warm 11,0, was added
1o the solution, and after 3 min, the fine precipitate of BaSO,
was remaved by filtration through Celite. The precipitate was
washed with a minimal amount of CH,OH. and the pH of the
filtrate was adjusted to 4.5 with 10% acetic acid. A
standing for 12 h at =30 °C, the mixture was filteced lhrouy,h
sintered glass to collect the precipitate. The latter was wamcd
with C,H;OH and ether. dried in air, and then dricd in high
vacuum over PyO;. The product, MTX y-fert-butyl ester, was
ubtained as a yellow, amorphous powdec. Yieid: 2.3 g (90%;
TLC (system C) Ry = 0.45. 'H NMR (DMSO-dg) 8.60 (s,

B
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ure was cooied to 4 °C, the precipitate was
oved by filtration and washed with dry DV
iltraies were concenzrated under high vacuua (t
perature below 40 °C), and the yollow oil was
acetenc. Fhe mixture was stirred for 6 h and
and the precipitate was recovered by il n. The material
was suspended in 10 mL of CHyOH, stirreG overnight at room
temperature, recoverad by filiration, washed with CH;0H,
and dried under vacuum. From the fitrate, additional material
- was obtained by evaporating the solvens, adding a smail
ameunt of CH,0O8, and rcpcating the procedure. The product,
the di-zerz-butyl ester of MTX-c-Ala, was obtained as a bright
yellow, amorphicus powder. Yield: 9 (52%). TLC
(system C) R, = 0.76; (system F) R, 3 Anai for
CaHaNgOg (525 2): caled C 58,38, H 6.80. N 19.77; found
C 5749, H6.83, N 19.15. 'H NMR {DMSO-d,) 8.60 (s,
H, 7-H). 8.26 (m, | H. NH}, 7.97 (m. | H, NH), 7.77 (4,
2H.J = 9 Hz, pheay}), 7.7-7.4 (broad, 2 H, NH,}. 6.82 @
2 H,J = 9 Hz, pheayl), 6.57 (broud, 2 iy
broad, 2 H. ArCH,N), 4.5
(m. 1 H, a-CH), 3.20 (5, 3 H, N'CHI;~ 25417 (m, 4
CH,CH,), 1.37 (s, 18 H, 1-Bu), 7
CHy).

The ci-terr-butyl ester of MTX-a-Ala (959 mg. 1.5 mmol)
was suspended in 15 mL of THF, and 20 ml of 2.5 N HCI
was added. The solution was heated to 55 °C for 5 h, cooled
to room temperature, and neutralized with 5 N NaOH. THF
was removed by evaporation. the solution was adjusted to pH
4.5 with HC. and the yellow precipitate containing a portion
of product was recovered by filtration. The precipiiate was
washed with H,O and saved. The combined filirates were
desalted by using Cyy reversed-phuse silica gel that had beer
prepared in the following manner: C,y silica gel {15 mL) was
placed on a sintered glass funnel (3.5 oot in dianicter) and
washed with 100 mL of CH,CN//wi 1), followed by 200
mb of 16" N HCL. The combined filtrates wese applied to
the gel in 20-ml, portions. The coloriess fflucat was dis-
carded, and the gel was washed with 46 miL of J0~* N HQ
If the fiftrate was yeliow, it was acidificc 1o pH 4, reapplied
to the gel, und washed with an add tiona! 4G mL of dilute acid.

roduct was eluted wil
almost colorless. (Silica gel can be regenerated by washing
alternatively with 25% CH,OH and CH,OH and then
ing it i iate was evaporated ai 25 °C undes
). and the remaining 1:0
:extonded

was cemoved by bricf Iy

St o o ven excess
dmww wow Tk
231 vun washed

Comloor 0
CNKECOL L
Fractions (1% al 1 were ea
Frovedures)

for CUHZ,\ O4:24,0 1551 555
22.45; found C 49.61, H 5.75, N 21
(s. 1 H.7-H). 7.92-7 70 {m. 2
J =9 Hz, pheoyl}, 74-T.i {m, 2 H, 2 X Nt
J =9 Ha, phenyl), 6.37 (braad,

ArCH,N), 4.31-3.99 (;
293 (s, 3 H, NCH,;, 2.15
2 H, CH,), 0.98 ppm

(N-(4- Amino-4-deoxy- ) -1
aspartic Acid Dzhmm (MTX-a-aspartic Aeid). MTX
y-rert-buiyl ester (£.28 g, 2.5 mmol) was reacted with Asp
di-ters-butyl ester bydrochloride (744 mg. 2.64 mmol) via the
procedure described 2bove for the syathesis of MTX-a-Ala.
The crude product {tri utyl ester of MTX-a-Asp), cb-
tained as an oil, was dissoived in CH,Cl,/CH,OH {10:1) and
chromatographed o silica gel (2.5 X 26 cm; 230-400 mesh)
using the above sofveat for efution. Fractions (10 mL) were
examined for product by TLC {sce below). Appropriaie
fractions were evaporated, and the oil was taken up in 15 mL
of CHyOH and stiered for 12 h. The precipitate was recovered
by filtration and dried under vacuum. From the filtrate,
additional material could be obrained by repeating the pre-
cipitation procedure. The product, tri-rers-butyl ester of
MTX-a-Asp, was obtained as a brigh! yeilow, amorphous
powder. Yield: 1.02 g (55.3%). TLC (system C) Ry = 0.9:
(system F) Ry = 0.52. Anai. for CyHy,NeO, (737.86): caled
C 58.60, H 6.97, N 17.09; found € 58.53, H 6.76, N 16.96.
'H NMR (CDCl;) 8.64 (s, § H, 7-F}, 7.84-7.63 (m, 4 H,
NH,. phenyl}, 7.38-7.60 (m, 2 6, 2 X NH), 6.63 {d, 2 1, /
= 8 Hz, pheayl), 5.55-5.27 (m, 2 H, NH,}, 4.84-4.50 (m. 4
H, ArCH,N, 2 X a-CH), 3.19 (s. 3 H. NCH,), 2.90-2.69 (m,
2 H, CH,), 2.58-2.30 (m, 2 H, CH,), 2.26-1.99 (m, 2 H.
CHy), 1.36 ppm (s. 27 H, 3 X COO--Bu).

To remove the blocking groups, the tri-tert-butyl ester of
MTX-a-Asp (1.02 g, .38 mmal} was subjected to acid hy-
drolysis, as described for MTX-a-Ata. The product, MTX-
a-Asp, was oblained as a yeilow, amurphous powder. Yield:
164 mg (21%). TLC {system G) R, = 0.18. Anal. for Cypr
HpNoOg-2H,0 (605.6): caled C 47,60, H 5 16, N 20.82;
found C 47.16, H 5.41.N 2115, 'H NMR (DMSO-4;) 8.35
(s, | H.7-H). 8.6-7.6 {m, 2 H, NH,}, 7.50 (d. 2 H, J =
Hz, pheoyl), 7.4-7.1 {m, 2 H, 2 X NH), 6.57 (d, 2 H, J
8 Hz, phenyl), 6.40 (bread, 2 H. NH;), 4.37 (s, broad, 2 H.
ArCH,N), 4.33-391 (m, 2 11, 2 x a-CH), 2.58 (s, 3 H.
NCH;), 1.5 ppm 12 m. 6 K. 3 X CHy)

[N-(4-Amino-d-deoxy-10-methyipieroyly-a-giutamyl)
arginine Dihydrate (MTX-c-arginine). MTX y-reri-butyl
esier (1,02 g, 2.0 mened), ('m)-ylgxmn* (616

H, a-CH. LH,
147 (m, 211, CHy), 1.87- 148 {m,
3 H, J=7Hz, CH;)

ed toss of product dec to sublimation The dry materiai
was combined with the previous pre and suspended in
3mlLof HO. NaOH (1 N) was added dropwise {with

DOM temperaiure
t»ydmchcc (S84 mg, 2.24 mmal) wa.

Reeose of MIX irom MIX a-Peatides

N0 wAs s el at foo temperat: T RNTTIPRE T &
o5 of ety acetate aed w

~er Three vo
3 for 2t ut (20 °CL the yellow superaztan:
< the on was suspeaded i 20 mL of ace-
1 and stirred vigorously T
:d 2nd dried Lader va
u) o-methyl fArg)
A HC. was obtiried o5 an orenge-veluw. wmorphaus
pawder, it was used, witkout further purificatuwn, as described
below, Yield 138 g (34%). TLC (system B) R,=025 'H

)H \H

'v‘u:r) 6 47- 6 9 (m ’ H, \l{,) 4 <A (bvu d,
ArCH,N], 4.30-3.86 (m, 2 H, 2 X «-CH). 3.3% (s,
COOCH;). 2.97 (s, 3 H.NCH,}. 2. ‘6 Ll {m, [0 H, 5%
CH,). 1,10 ppm (5. 9 H, COO-1-Bu).

The dicster of MTX-a-Arg was first treated to remove the
methy! blocking group. The material (1.35 g, 1.88 mmol) was
dissolved in 30 mL of CH,OH by vigorous stircing at room
temperatuce. Ba(OH)y- sn O (264 g. 8.36 mmol) was sus-
pended in 120 mL of H,0, a'!d the mixture was stirced at 50
°C for 16 min. The two solutions were combined and stirred
at room temperatare for 60 h. An additional amourt (393
mg, t.88mmoai) of Ba(OH}; in 50 mL of warm H,0 (50 °C)
was added. and stirring was resumed for anotker 5 b, or uncil
TLC (system B) indicated complete consumption of the
starting material. To hydrolyze the zerl-butyl group, the
solution was then adjusted to pH | with SN HC and stirred
for 30 mir. TLC (system G) verified that both blocking groups
had been removed.

Further purification of the product was ished via

1\
,;
3

Buhenasire Dol 3 M 5 iy 2391
Tae Tz 6 HL 2 X NH NHy prenls 694 6135 4
V1), 477 foroad 2 1L ARCTT,N, $.49 4 %
FH e CHY, 39% 230 ¢m, UHL a-CH), 3.8 15, 3 1, NC
24 14 ppm im0 H S X CHy

Methods

Assay Procedures for tn ymatn Hydrolvss of MTX
Pepides. (4) T1.C. MTX peptides ca. | mM; were treated
i varioss protcolytic ensyimes. I sach fnstaace, she pll
¢ uffer com;

ted; sudstrate omitted) were
1ed at 25 40 °C for 24‘\ At
s were removed and exal ¢

w\nous time intervals, 2’iqu
"LC (system G). Ryvalues: MTX-Ala (033} MT.
\0 18); MTX-Arg (0.19). MTX (0.34); Ala {C.26); Asp (0. l“)
and Arg {0.10)

iB} Ninhydrin, Hydrolysis of MTX-Ala. catalyred by
CP-A, was measured by the following procedure. CP-A {35
135 woits/mL in 9% LiCl) was added to MTX-Ala (1.2
mi, 1.0 mM in 0.025 M Tris—0.5 M NaCl. pH 7.5), and the
tacubated at 25 °C. At various time iatervals,
50-gL. aliquots were removed and analyzed for Ala according
ahydric method described by Spies (1957). Absor-
¢ 570 am were determined by using a Hewlett-Packard
spectrophatometer (Model 8450A) and corrected for the
me control {enzyme added to substrate, follewed im-
jately by ninhydrin and subscquent processing)
centrations of the product (Ala) were calculated from
standard curve, and the results are averages of duplicate de~
terminations. Onc unit of CP-A will hydrolyze 1.0 umo! of

the following procedure. To the above solution, Na,SO, (1.60
g £1.3 mmol), dissolved in a minimal amount of H,0, was
added, and after 10 min at room temperature, the precipitate
was removed by filtration. The filtrate was adjusted o pH
7, and the solutica was passed through a nyloa filter to remave
additional BaSO,. The pH was adjusted t6 4.5 with | N HCI,
which caused some precipitation of product; this was recovered
by fltration, washed with H,0, and saved. The combined
filtrates were desalted over C,y reversed-phase silica gel, as
described above for MTX-Ala. The product was eluted from
the gel with 75% CH,OH and recovered as a solid after re-
moval of solvent. The dry material was combined with the
previous precipitate and suspended in 4 mL of F,0. NaOH
(1 N) was added dropwise until the salid dissolved (scc pre-
caution regarding this step in synthesis of MTX-Ala). By use
of the procedure described previously for the preparation of
MTX-Ala, the solution was chromatographed on DEAE-
Trisacryl (2.5 X 20 cm), and effluent fractions were monitored
by HPLC (system B). In addition to remoevirg im:puritics, this
step also partially separated the D.1- and L.1-diastercomers
(see Discussion) of MTX-Arg. Early, intermediate, and late
(ractions coatained the D.L form, the DL, mixture, and the
1L form, respectively. Appropriate fractions were combined.
and the selutions were desalted over silica gel and taken to
dryness (CH,OH removed by high vacuum; H,0 removed by
brief lyophiiization) as described p: y far MTX-Ala.
The products were obtained as yellow, amarphous powders.
Total yicld: 435 mg (34.1%). The more adurdan: n1.% ma-
terial was used for characterization of the product. TLC

(system G} R, o 19 Anal. ro. C,éH,sCpros 2H,0
(683.1): fnund C 46.39, H
547N 2432 L‘
9.t Lm‘ZH.ZX\H)S") 3 (m,

‘L ’\IH ? H]

hippucylphenylalanine/min at pF 7.5 and 25 °C.

(Q) Spec trophoromemc Hydrolysis of MTX-Ala by CP-A
was measured by the following procedure. MTX-Ala (50 uL.,
1.6 mM} and Tris buffer (440 1L, 0.1 M, pH 7.3, containing
0.2 mM ZnS0,} were added 10 a 1-cm quartz cuvette. sz
of the solution was determined by using a Gilforc spectro-
photometer (Madel 252), and after 5 min. 5 4L of a solution
of CP-G, (9 units/mL) was added. Al 1S min, 6 pl. of a
solution of CP-A (31.4 units/mL) was added, and A,y was
cecorded as a fuaction of time. The initial rate was determined
from the tincar porticn (first S min) of the curve. A value of
¢mu = 8.3 (Levy & Goldman, 1967) was used to calculate the
concentration change for the overalt reaction (MTX peptide
~ d4-amino-4-deoy-10-methylptercate). One unit of CP-G,
will hydrolyze 1 wmol of MTX/min at pH 7.3 and 30 °C
(McCullough et al, 1971).

(DY HPLC. Hydrolysls of MTX-Ala by CP-A was
sured by the following procedure. The mixturc for the spec-
trophotometric assay (see above) was used, cxcept that .64
unit of CP-A was present and CP-G; was omitted. Reactions
in identical samples (at 37 °C) were initiated by addition of
CP-A. At various time intervals, one sample was placed in
ice ta stop the reaction. The samples were heated {90 °C,
min) and centrifuged {1 min; Eppendorl microcentrifuge,
Model 3414). Aliquots (20 kL) of the supernatants were
analyzed by HPLC {system A).

Cytotoxicity of MTX Peptides. These measursments were
performed by using a microculture technique and calorimetric
assay, adapted from Mosmann {1983} and Finlay et ab. (1986).

Cytotoxicity of MTX-Ala, activated by CP-A, was mcasmcu&

by the following procsdure. Late-log 11210 celis were sus-
pended (167 celis/ 135 uL) in RPMI 1640 medium containing
3% diatyzed fctal bovine serum. 200 units/mL penicillie, and
200 ug/rmi. steeptemycin. Using a multichannel pipettos, 135




