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JOSE LLOREDA CAMACHO & CO. (%

Calle 72 No. 5-83 Piso 5, Bogotd, D.C.  Tel: 6065700 Fax 8069701
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SUPERTNDUSTRIA Y COMERCIG
Radicacion : 88863910 RBRESSA7 Folios: 13
Fecha (ND): 2805-18-85 §9:36:12 '

Tranite : 802 PATENTES D 1 REGISTROYY 129 COMPLEMEN
Dependencia: 2809 DIVISION DE NUEVAS CREACIONES

Senor
SUPERINTENDENTE DE INDUSTRIA Y COMERCIO

DIVISION DE NUEVAS CREACIONES
E. S. D.

Re: P1.-ABBOTT LABORATORIES.-Solicitud de Patente de

Invencién 'gara “OA-AZALIDAS CON ACTIVIDAD

ANTIBACTERIAL"-Clase A.61K.-Expediente numero
00-063.018.-

1. Me refiero @a mi memorial de 12 de Febrero de 2001, mediante
el cual se dividio la solicitud de la referencia en dos solicitudes.

2. De conformidad con lo sefialado en el numeral 4 (1) ¢ del
mencionado escrito, anexo me permito presentar copia del nuevo
capitulo reivindicatorio que'comprende las reivindicaciones originales
1,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17 y 18, renumeradas
y una reivindicacién 15, quedando asi el capitulo reivindicatorio para
la solicitud original, compuesto por 17 reivindicaciones.

3. Ruego a usted tomar atenta nota de lo anterior y proceder de
conformidad.

Sefior Superintendente,

'ALICIA LLOREDA RICAURTE
T.P. 53.215



REIVINDICACIONES

LO QUE SE REIVINDICA ES:

1. Un compuesto de férmula (1}

o sales farmacéuticamente aceptables del mismo, donde R' y R® son
independientemente seleccionados del grupo que consiste de

(1) hidrégeno
(2) aquil -C4-Cgz-,
(3) alquentil -C3-C12-,
y
(4) alquinil -C3-C12-,
donde (2)-(4) pueden ser opcionalmente substituidos con uno,
dos, o tres substituyentes independientemente seleccionados
del grdpo que consiste de
(a) balégeno,
(b) -OR?, donde R® es seleccionado entre el grupo que
consiste de
(i) hidrégeno
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donde (i) y (i) pueden ser opcionalmente

(i) alquil-C4-Cs2-,
(iii) heteroalquil -C2-C12-,

substituidos con uno, dos, o tres substituyentes

independientemente seleccionados del grupo que

consiste de
(1" aril,
(2') aril substituido por el reemplazo
independiente de uno, dos o tres atomos de
hidrégeno con -F, -Cl, -Br, -l, -OH, -NO, -CN, -
(CO)-alquil-C4-Cg, -C(Q)-aril, -(CO)-heteroaril, -
CO,-alquil, -COz-aril, -COx-heteroaril, -CONH,
-CONH-alquil-C4+-Cs-, -CONH-aril, -CONH-
heteroaril, -OC(O)-alquil-C4-Cg, -OC(O)-aril, -
OC(O)-heteroaril, -OCOzalquil, -OCOz-arll, -
OCOzheteroaril, -OCONH,;, -OCONH-alquil-
C1-Ce¢-, -OCONH-aril, -OCONH-heteroaril, -
NHC(O)-alquil-C4-Cg-, -NHC(O)-aril, -NHC(O})-
heteroaril, -NHCOz-alquil, -NHCOzaril, -
NHCOz-heteroaril, -NHCONH;, -NHCONH-
alquil-C1-Cg-, -NHCONH-aril, = -NHCONH-
heteroaril, -SO2-alquil-C4-Cg-, -SO2-aril, SO»-
heteroaril, -SO,NHz, -SO;NH-alquil-C4-Cs-, -
SO2NH-aril, -SO,;NH-heteroaril, alquil-C4-Cg-,
cicloalquil-C3-Ce-, -CF3, -CH2CF3, CHCIp, -
CH20H, -CH2CH2;0H, -CHaNH32, -CH2S0O2CH3,
aril, heteroaril, bencil, benciloxi, ariloxi,
heteroariloxi, alcoxi-C4-Cg-, metoximetoxi,
metoxietoxi, amino, bencilamino, arilamino,
heteroarilamino, alquilamino-C4-C3-, tio, ariltio,
heteroariltio, benciltio, alquiltio-C1-C¢-, ©
metiltiometil. '
(3') heteroaril, *



y
(4") heteroaril substituido por el reemplazo

independiente de uno, dos o tres atomos de
hidrégeno con -F, -Cl, -Br, -1, -OH, -NO, -CN, -
(CO)-alquil-C4-Cs, -C(O}-aril, -(CO)-heteroaril, -
CO2z-alquil, -COz-aril, -COz-heteroaril, -CONH>,
-CONH-alquil-C4-Cg-, -CONH-aril, -CONH-
heteroaril, -OC(O})-alquil-C4-Ce, -OC{O)-aril, -
OC(O)-heteroaril, -OCOz-alquil, -OCOz-aril, -
OCOs-heteroaril, -OCONHz, -OCONH-alquil-
C1-Ce~, -OCONH-aril, -OCONH-heteroaril, -
NHC(O)-alquil-C4-Cg-, -NHC(O)-aril, -NHC(O)-
heteroaril, -NHCOz-alquil, -NHCOz-aril, -
NHCOgz-heteroaril, -NHCONH,;, -NHCONH-
alquil-C1-Ce¢-, -NHCONH-aril, -NHCONH-
heteroaril, -SOz-alquil-C1-Cg-, -SOz-aril, SO2-
heteroaril, -SO;NH2, -SO.NH-alquil-C4-Cs-, -
SOzNH-aril, -SO2NH-heteroaril, alquil-C¢-Cs-,
cicloalquil-C3-C¢-, -CFa, -CH.CF3;, CHCl,, -
CH;0H, -CH2CH,0H, -CH;NH,, -CH2SO,CH3,
aril, heteroaril, bencil, benciloxi, ariloxi,
heteroariloxi, alcoxi-C1+-Ce-, metoximetoxi,
metoxietoxi, amino, bancilamino, arilamiho.
heteroarilamino, alquilamino-C4-Cj-, tio, ariltio,
heteroariltio, benciltio, alquiltio-C4-Cs-, o©
metiltiometil.

(iv) aril, _

(v) aril substituido, como se definié anteriormente.

(vi) heteroaril,

Y

(xv}) heteroaril substituido, como se definié

anteriormente. .
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(c) -NR''R'?, donde R' y R' son independientemente
seleccionados del grupo que consiste de ‘

(i) hidrégeno

(ii) alquil -C4-C12-,

(iii) heteroalquil -C2-C12-,

donde (ii)) y (ii) pueden ser opcionalmente
substituidos con uno, dos o tres substituyentes
independientemente seleccionados del grupo que

consiste de
(1) aril,
(2') aril substituido, como se definid
anteriormente.

(3') heteroaril,
Y
(4') heteroaril substituido, como se definid
anteriormente.
(iv) aril, '
(v) aril substituido, como se definid anteriormente.
(vi} heteroaril,
Y
(xv) heteroaril substituido, como se definiéd
anteriormente.

R" y R*, junto con el 4tomo al cual estan unidos, forman un

anillo heterocicloalquil, donde el anillo heterocicloalquil puede

ser opcionalmente substituido por el reemplazo independiente

de uno, dos o tres atomos de hidrégeno con -F, -Cl, -Br, -, -OH,
-NO,, -CN, -(CO)-alquil-C4-Cs, -C(O)-aril, -(CO)-heteroaril, -
COz-alquil, -COz-aril, -COz-heteroaril, -CONHz, -CONH-alquil-
Cy-Cg-, -CONH-aril, -CONH-heteroaril, -OC{O}alquil-Cy-Cg, -
OC(O)-aril, -OC{O)-heteroaril, -OCO,-alquil, -OCOz-aril, -OCO,-
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heteroaril, -OCONH;, -OCONH-alquil-C4-Cg-, -OCONH-aril, -
OCONH-heteroaril, -NHC(O)-alquil-C4-Cg-, -NHC(O)-aril, -
NHC(O)-heteroaril, -NHCOz-alquil, -NHCOz-aril, -NHCO-
heteroaril, -NHCONH2, -NHCONH-alquil-C4-Cg-, -NHCONH-aril,

-NHCONH-heteroaril, -SOs-alquil-C1-Ce-, -SOgz-aril, S0,

heteroaril, -SO,NH;, -SO.NH-alquil-C4-Cg-, -SO,NH-aril, -
SO;NH-heteroaril, alquil-C-Cg-, cicloalquil-Cs-Cg-, -CFa, -
CH3CF3, CHCI;, -CH20H, -CH2CHZ;0OH, -CHzNH,, -CH2S02CH3,
aril, heteroarii, bencil, benciloxi, ariloxi, heteroariloxi, alcoxi-C,-
Cs-, metoximetoxi, metoxietoxi, amino, bencilamino, arilamino,
heteroarilamino, alquilamino-C4-C3-, tio, ariltio, heteroariltio,
benciltio, alquiltio-C1-Cs-, 0 metiltiomaetil.

(d) =N-O-R®, donde R® es definido arriba,

(e) aril,

(f) aril substituido, como se definié anteriommente.

(g) heteroaril,

(h) heteroaril substituido, como se definié anteriormente.

(i) cicloalquil -C3-Cg-,

(j) cicloalquil -Cs-Cg- substituido por el reemplazo

independiente de uno, dos o tres atomos de hidrégeno con

-F, -Cl, -Br, -1, -OH, -NO,, -CN, -(CO)}-alquil-C4-Cs, -C(O)-

aril, +(CO)-heteroaril, -COz-alquil, -COzaril, -CO.-

heteroaril, -CONH2, -CONH-alquil-C4-Cg-, -CONH-aril, -

CONH-heteroaril, -OC(O)-alquil-C4-Cg, -OC(O)-aril, -

OC(O)-heteroaril, -OCOgzalquil, -OCOz-aril, -OCO,-

heteroaril, -OCONH;, -OCONH-alquil-C4-Cg-, -OCONH-aril,

~-QCONH-heteroaril, -NHC{O)-alquil-C1+-Cg- -NHC(O)-aril, -

NHC(O)-heteroaril, -NHCO-alquil, -NHCOz-aril, -NHCO»-

heteroaril, -NHCONH;, -NHCONH-alquil-C{-Cg-, -

NHCONH-aril, -NHCONH-heteroaril, -SOz-alquil-C1-Cs-, -
- SOz-aril, SOz-heteroaril, -SO;NH,, -SONH-alquil-C1-Cg-, -

S0;NH-aril, -SO;NH-heterparil, alquil-C4-Cs-, cicloalquil-

ol
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C4-Cs-, -CF3, -CH2CF3, CHCI;, -CH.OH, -CH,CH.OH, -
CHaNH2, -CH2SO2CH3, aril, heteroaril, bencil, benciloxi,
ariloxi, heteroariloxi, alcoxi-C4-Ce-,  metoximetoxi,
metoxietoxi, amino, bencilamino, arilamino,
heteroarilamino, alquilamino-C4-Cy-, tio, ariltio,
heteroariltio, benciltio, alquiltio-C4-Ce-, © metiltiometil.

(k) heterocicloalquil,
() heterocicloalquil substituido, como se definié
anteriormente.
(m) -NHC(O)R®, donde R® es definido arriba,
(n) -NHC(O)OR", donde R'® es seleccionado entre el
grupo que consiste de
(i) alquil -C4-Cy2-,
(ii) heteroalquil -C4-Cy-,
donde (i) y (ii) pueden ser opcionalmente
substituidos con uno, dos, o tres substituyentes
independientemente seleccionados del grupo que
consiste de
(1') aril,
(2) arl substituido, como se definié
anteriormente.
(3') heteroaril,
y :
(4") heteroaril substituido, como se definid
anteriormente,
(iii) aril,
(iv) aril substituido, como se definié anteriormente.
(v) heteroaril,
Y
(vi) heteroaril substituido, como se definié
anteriormente.



w03

(0) -NHC(O)NR''R'2, donde R y R'? son definidos arriba,
(p) -OC(O)R", donde R'® es definido arriba,

(q) -OC(O)OR', donde R es definido arriba,

(r) -OC(O)NR"R'?, donde R'' y R'? son definidos arriba,
(s) -C(O)R®, donde R?® es definido armiba,

(t) -COzR®, donde R® es definido arriba,

y
{(u) -C(ONR''R'?, donde R'"' y R ? son definidos arriba;

R*y R°® son hidrégeno;

0

R*y R® juntos son -C(0)- o -(CHz) .-, donde x es uno, dos, o tres;

0

R® y R® juntos son -C{O)- o -(CHy) x-, donde x es definido arriba;
R’ es seleccionado del grupo que consiste de

(1) hidrégeno
(2) alquil -C4-C12-,
(3) alquenil -C3-C12-,
(4) alquinil -C3-C12-,
(6) heteroalquii -C2-C12-,
(6) heteroalquenil -C4-C42-,
{7} heteroalquinil -C4-C12-,
donde (2)-(7) pueden ser opcionalmente substituidos con uno,
dos, o tres substituyentes independientemente seleccionados
del grupo que consiste de
(a) halo,
(b) hidroxi,



(c) -NR'"'R' donde R y R'? son definidos amiba,
(d) aril,
(e) aril substituido, como se definidé anteriormente.
(f) heteroaril, y
(g) heteroaril substituido, como se defini6é anteriormente.
(8) -C(O)R®, donde R? es definido armiba,
(9) -CO2R®, donde R® es definido arriba,
y
(10) -C(O)NR''R'?, donde R'' y R son definidos arriba;

y

R® es hidrégeno o un grupo protector hidroxi

2. Uncompuesto de acuerdo con la Reivindicacién 1, en donde R*
¥ R® son hidrégeno.

3. Un compuesto de acuerdo con la Reivindicacién 1, en donde
R*y R® juntos son -C(O)-.

4. Uncompuesto de acuerdo con la Reivindicacion 1, en donde R®
es hidrégeno.

5. Un compuesto de acuerdo con la Reivindicacién 1, en donde R®
es metil.

6. Un compuesto de acuerdo con la Reivindicacién 1, en donde R’
es -CHz-CH=CH3 0 -CH>-CH=CH-(3-quinolinil).

2y
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7. Uncompuesto de acugrdo con la Reivindicacién 6, en donde R
es -CHz-CH=CH,.

8. Un compuesto de acuerdo con la Reivindicacién 6, en donde R'
es CHz-CH=CH-(3-quinolinil}.

9. Un meétodo para la preparacion de los compuestos de acuerdo
con la Reivindicacién 1, el método comprende

..'_1 (a) reaccion de los compuestos de la férmula (la)

En donde R', R4, R}, R” y R® son como se definié en la
Reivindicacion 1, con un agente activador oxima para formar
compuestos de férmula (lI1)
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e N(CHy);

(b) reaccion del producto del paso (a) con un agente reductor;

(c) opcionalmente, alquilacién del producto del paso (b); y

(d) opcionalmente desproteccién del producto del Paso (c).

" 10. El método de acuerdo con la Reivindicacion 9, en donde el

agente activador oxima es un haluro de sulfonilo.

11. El método de acuerdo con la Reivindicacién 10, en donde el
haluro de sulfonilo es cloruro de para-toluensulfonilo, cloruro de
metanosulfonilo, cloruro de para-bromosulfonilo, o cloruro de para-
bromosulfonilo.

12. El método de acuerdo con la Reivindicacion 9, en donde el
agente reductor es borano en tetrahidrofurano, boranoedimetil

sulfuro, cianoborohidruro de sodio, o borohidruro de sodio,
opcionalmente en presencia de un 4cido.

13. El método de acuerdo con la reivindicacion 12, en donde el
agente reductor es cianoborohidruro de sodio en presencia de acido.
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14. El método de acuerdo con la Reivindicacién 13, en donde el
acido es acido acético.

15. Un compuesto intermediario en la preparacién de los
compuestos de acuerdo con la Reivindicacion 1, el cual tiene la
férmula:

o sales farmacéuticamente aceptables del mismo, en donde R', R y

R8son como se defini6 en la Reivindicacién 1.

16. Una composicién farmacéutica que comprende una cantidad
farmaceuticamente efectiva de un compuesto de la Reiv_indicacién 1
o de la Reivindicacibn 15 en combinacibn con un portador

farmacéuticamente aceptable.

17.  Un compuesto de acuerdo con la Reivindicacién 1 o la
Reivindicaciéon 15 seleccionado entre el grupo que  consiste
de

Compuesto de la formula (lll): R! es -CH,CH=CH,, R* es hidrégeno,
R es hidrogeno, R® es hidrégeno,

Compuesto de la férmula (I): R! es -CH,CH=CH_, R* es hidrégeno,
R5
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es hidrogeno, R® es hidrogeno, R7 es hidrégeno, R® es hidrégeno,
Compuesto de la férmula (1) R' es -CHz_CH=CH2, R* es hidrogeno,
R5

es hidrégeno, R® es metil, R es hidrégeno, R? es hidrégeno

y

Compuesto de la férmula (I): R' es -CH,CH=CH-(3-quinolinil), R* es
hidrogeno, R® es hidrégeno, R® es metil, R” es hidrogeno, R® es
hidrégeno.

— 4
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SUPERINTENDENCIA DE INDUSTRIA 'Y COMERCI z/l—
DIVISION DE NUEVAS CREACIONES

2020 .
Bogota, D.C., 14 de diciembre de 2005

ici i T | 561
Apoderado: Alicia Lloreda Ricaurte Oficioe—~ i .i7 1o

REFERENCIA: Radicacién No. 00-63018

Tramite 002
Evento 001
Actuacion 430
Folios

Como resultado del examen de fondo, realizado con fundamento en el articulo 45
de la decisién 486 de la Comisién de la Comunidad Andina, se le comunica:

Documentos estudiados:

& Capitulo descriptivo folios 5 a 59;

& Capitulo reivindicatorio, folios 198 a 208;

€ 1° examen de forma, folio 152 a 154,

€ Solicitud de la cual se reivindica prioridad, folios 84 a 147;
€2° examen de forma folio 181;

& Solicitud del examen de patentabilidad, folios 183 a 188;

Objeto de la invencion:

La presente solicitud cuyo titulo es “9A-AZALIDAS CON ACTIVIDAD
ANTIBACTERIAL". El objeto de la solicitud son los compuestos de derivados de
9%-azahomoeritromicina, con actividad bactericida.

El objeto de !a invencion se puede clasificar segun la clasificacion intemacional
como A61K 31/70, 31/71.

Evaluacion de los requisitos de patentabilldad:

El articulo 14 de la Decisién 486 de la Comunidad Andina establece que: “Los
Paises Miembros otorgaréan patentes para las invenciones, sean de producto o de
procedimiento en todos los campos de la tecnologla, siempre que sean nuevas,
tengan nivel inventivo y sean susceptibles de aplicacién industriarl’.
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En cumplimiento del articulo 14 de la Decision 486, se procedié a evaluar los
requisitos de novedad, nivel inventivo y aplicacién industrial con el fin de
establecer la patentabilidad de la invencién reivindicada en la solicitud en estudio.
Reivindicaciones 1 a 17 de los folios 198 a 208, consultada la fuente de
informacion con que cuenta este despacho se encontrd el siguiente documento:

2\

item | Documento Fecha de publicacién Titulo

D1

EP0109253

23-05-1984

Epimeric azahomoherythromycin A
derivatives and intermediates
therefor

D2

EP0259789

16-03-1986

Metal complex of N-methyl-11-aza-
10-deoxo-10-dihydroerthromycin A,
method for the manufacture thereof
and their use in the manufacture of
pharmaceuticals

D3

US4474768

02-oct-1984

N-methyl-11-aza-10-deoxo-10-
dihydroerithromycin A, intermediates
therefor

D4

US5686587

11-nov-1997

Intermediate for azithromycin

D5

WO09856801

17-dic-1998

C-4"-subtituted macrolide derivatives

D6

WO09856802

17-dic-1998

C-4"-subtituted-9-deoxo-9A-aza-9A-
homoerithromycin A derivatives

D7

US4464527

07-ago-1984

Antibacterial 9-deoxo-9A alkyl-9A-
homo-erythromycin A derivatives and

intermediates thereof

Evaluacion de la novedad:

El articulo 16 de la Decision 486 de la Comisién de la Comunidad Andina dispone
que: “Una invencién se considerard nueva cuando no esta comprendida en el
esfado de la técnica”.

En la solicitud en estudio se reclaman compuestos que comprenden la férmula
general: (1)

-L.a anterioridad D1 ensena la sintesis total de epimericos de 9%-azalidas con
actividad antibacteriana, andlogos de eritromicina A , modificados en N (9%), en
4", en 11 y 12, con los mismos sustituyentes, o con otros analogos que
conservan el ampliamente conocido efecto antibacterial de los macrélidos; los
compuestos de la anterioridad caen dentro de lo que se reclama como nuevo con
la formula general (1) en la solicitud en estudio; entonces los compuestos de la
solicitud en estudio no son nuevos.
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-Las anterioridades D2, D3, D4, D6 y D7 ensefan la sintesis total de derivados de
9%-azalidas con actividad antibacteriana, andlogos de eritromicina A , modificados
en N (9%), en 4", en 11 y 12, con los mismos sustituyentes, o con sustituyentes
analogos, siendo especifica la presente anterioridad respecto a la generalizacion
de la formula (1) de la solicitud en estudio; entonces los compuestos de la solicitud
en estudio no son nuevos.

-La anterioridad D5-La anterioridad D1 ensefia la sintesis total de epimericos de
9%-azalidas con actividad antibacteriana, analogos de eritromicina A, modificandos
en N (99, en 4", en 11 y 12, con los mismos sustituyentes, o analogos, para
conservar el ampliamente ¢onocido efecto antibacterial de los macrdlidos; los
compuestos de la anterioridad caen dentro de lo que se reclama como nuevo con

. la formula general (I) en la solicitud en estudio; entonces los compuestos de la

solicitud en estudio no son nuevos.

No { Documento: Reivindicaciones afectadas: | Requisito afectado

D1 | EP0109253 1a17 Novedad y nivel
inventivo

D2 | EP0259789 1a17 Novedad y nivel
g inventivo

D3 | US4474768 1a17 Novedad y nivel
' inventivo

D4 ([ US5686587 1a17 Novedad y nivel
. inventivo

D5 | wWO09856801 1a17 Novedad y nivel
inventivo

D6 | W09856802 1a17 Novedad y nivel
inventivo

D7 | US4464527 1a17 Novedad y nivel
inventivo

i

En cumplimiento del articulo 45 de la Decision 486 de la Comisién de la
Comunidad Andina, se le indica que debe dar respuesta dentro del término de
sesenta dias contados a partir de la fecha de notificacion de la presente
comunicacién. En caso de no dar respuesta al presente requerimiento, o si a
pesar de la respuesta subsistieran los impedimentos para la concesién, se
denegara la patente.
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Epimeric aznhomosrythramycin A derivaitve and intermediates thersfor,

Antibacterial 4”-spl-8-dacxo-8a-methyl-9a-aza-8a-homo-
-arythromycin A, pharmaceutically-acceptable saits thereof,
pharmaceutical compositions comprising antibactarislly-ef-
fectife amounts thereof, a method of treatmeant of beotertsl In-
fections with antibacterially effective amounts thereof, and In-
tarmediutes for the synthaals thereof from erythromyoin A.

EP O 109 253 A~

Ul



@

10

15

0109253

-1—

EPIMERIC AZAHROMOERYTHROMYCIN A DERIVATIVE
AND INTERMEDIATES THEREFOR

The present invention is concerned with anti-
bacterial 4"-epi-9-deoxo-9a-methyl-9a-aza-9a-~homo-
erythromycin A, pharmaceutically-acceptable salts
thereof, and intermediates useful in the preparation
thereof from erythromycin A. -

Erythromycin A is a well-known macrolide anti~
biotic, having the formula (I), which has found
extensive clinical use. :

(T)

The present therapeutic compound ia the 4"~

epimer of the previously reported erythromycin A

derivative of the formula (II), the

(II) R=methyl -
{(III) R=hydrogen
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(V) R-methyi, zazlnhydrogen
(V) Rshydrogen, % and_:1 togethersoxygen
(VI) Rez=zl=hydrogen

The present therapeutic compound (IV) shows a

" relatively broad spectrum of antibacterial activity

which includes erythromycin A susceptible organisms
and, in addition, fully incorporates the m&jor respl-
ratory pathogen Hemophilus influenzae. Its high oral
absorption and extraoxdinarily long half-life in vivo
renders compound (IV) of especial value in the oral
treatment of susceptible bacterial infectioens in
mammals. L

The present invention also encompasses inter-
mediates usaeful in the synthesis of 4"-apl-9-deoxo-9a-
methyl-9a-aza-9a-homoerythromycin A (IV) as follows:

(a) A compound selected from the group consisting
of 4"-epi-9a-aza-9a-homoerythromycin A and the 9-~deoxo
derivative thereof; of the above formulae (V) and (VI),
respectively. .

(b) 4"-Epi-erythromycin A oxime.

(c) A compound selected from the group consisting
of 9a-benzyloxycarbonyl-9-deoxo-4"-deoxy-4"-oxo-9a-
aza-9a~homoerythromycin A, of the formula (VII); 9=




-

v
%)
. 0109253@\?/

deoxn-&'-deogy-4'-oxn-Qa—mathyl-Qa-aza-sa-homoe:ythro-

mycin A, of the formula (VIIa); and the corresponding

2'=0~(C,~C;)alkanoyl derivatives thereof of the

formulae (VIII) and (VIIIa). Acetyl is the preferred
5 value of 2'=-0-{( cz-cs Yalkanoyl.

(CH3),

~CH

CHS

(VII) Rlabenzyloxycarbonyl, ﬁzan
(VIII) n}-benzyloxycarbonyi, Rzntcz-c3)a1kanoy1
{VIIa) Rlwmethyl, R2=m

10 (VIXia) al-msthylf nz-(bz-c3)a1kanoy1

(d) A compound selected from the group consisting
of the 2'-O-acetyl- and the 2'=-0O-propionyl-9%-deoxo~9a-
banzoyloxycarbonyl-%a-aza-9a-homoerythromycin A, of the
formula (IX). The 2'=~O-acetyl derivative is of particu-

15 lar value.
(Cﬂa)z

CH,y

CHg

f"
A “OH

-

CH3 OCKs

(IX) Rl=benzy10xycarbony1, R2=(C2-c3)a1kanoyl
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(A}(B)(C)Y(D), (B)(A)(C)(D) or {(B)(C)(D)}(A). The
various intermediates and final product are isolated
by standard manipulative methods (e.g., extraction,
precipitation, evaporation, chromatography, éryatal-
iization).

(A)(B) (C) (D)

The operational segquence (A)(B)(C)(D) involves
initial conversion of erythromycin A (I) to 4-epi-~
erythromycin A, according to the method of Sclavolino
et al. (supra). The latter is then converted, in
virtually quantitative yleld, to {"-epi-exythromycin A
oxime by reaction with hydroxylamine or preferably, a
hydroxylamine salt such as the hydrochloride. Under
presently discovered, preferred conditions, at least
ona molar equivalent, usually an excess, a.g., 10=-30
equivalents, of the hydroxylamine is employed; in an
excess of a weakly basic, tertiary amine (preferably
pyridine) as solvent; at a temperature in the range 0-
50°, conveniently at ambient temperature.

The resulting 4"-epi-erythromycin oxime is re-
arranged to the 4"-epi-9a-aza~-9a-homo‘derivative (V)
via a Beckman rearrangement. The preferred conditicns
enploy an exceses (e.g., 3-4 molar equivalents) of an
organic sulfonyl chloride, breferahly methane sulfonyl
chlorida, which is reacted with the oxime (as free base
or as an acid salt) in a mixture of a lower ketone
(e.g., methyl ethyl ketone, acetone) and water con-
taining a large molar excess of sodium bicarbonate, at
a tempeﬁature'of 0-50°C., preferably at 0-30°C.

The C~9 amide carbonyl of (VvV} is then convenlently
reduced to the coxresponding dihydro derivative, i.e.,
4"-epl~9-dedxo-9a-aza-%a-homoerythromycin A (VI) by
reduction with sodium borohydride (praferably in excess
to force the reaction to completion in a reasonable
time period, but with at least two equivalents). The
reduction is carried out in a suitable protic solvent,
such as a lower alkanol (preferably methanol) at 0-50°



.

10

15

20

25

0

A7

0109253 Q/VL

-7~

{preferably at or bel w 38°). Excess NaBH, is care-
fully decomposed by quenching the reaction in dilute
aqueous acid, ' . )
Final methyia&ion to yleld the compound (IV) is
accomplished by reductive methylation, using form-
aldehyde in the presence of a reducing agent, such as
hydrogen and a nokle metal catalyst, sodium cyanobor-
hydride,'or, preferably, formic acid. The reaction is
praferably carried out with at least one equivalent
each of formaldehyde and formic acid in a reaction
inert solvent at 20-100°C. The preferred solvent is
chloroform. In this solvent, reactants are conveniently
combined at ambient temperature and.then heated at
reflux to force the reaction to completion.
Alternatively, methylation of (VI) to (IV) is
accomplished by oxidatively protecting the dimethyl-
amino group &s its N-oxide (simultanecusly forming the
9a-N-hydroxy derivative), methylating with methyl
iodide, with (at least in part) simultaneous 9a-N-
deoxygenation, and reduction of the resulting 9a-
methyl~3"-N-oxide. Oxidation of (VI) is readily
accomplished by reaction with hydrogen peroxide,
generally in excess of the minimum necaessary two molar
equivalents, in a reactiun inert solvent at 1l0-50°C,,
conveniently at ambient temperature. In this manner
9a-hydroxy=-3'-N-oxide (X) is formed. The latter is

methylated and deoxygenated to (XI) with methyl iodide

conveniently in a reaction inert solvent (e.g.,
methylene chloride} at 0-50°C. (conveniently at ambient
temperature), preferably in the presence of a solvent
insoluble base which will neutralize formed acid (e.q.,
HEI when methyl icdide is the methylating agent). With
methylene chloride as solvent, an excesa of potassium
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carbonate is the base of choice. Thus the excess base
and formed sodium iodide are completely removed by
simple filtration prior to isolation of the 9a-methyl-

'3 -N-oxide (XI). FPinally, removal of the 3'-N-oxide

group is readily accamplished by hydrogenation over a
noble metal or Raney nickel catalyst. In this hydro-
genation, temperature and pressure are not critical,
e.g., suitably 0-100°C. and a pressure which ranges
from aubatmospheric to 100 atmospheres or more., Most
convenient are ambient 'i:emparatura and moderate ‘pres-
sures, €.g., 2-8 atmospheres. Sultable noble metal
catalysts inclunde palladium rhodium and platinum, of
the supported or non-supported type, well known in the
art of catalytic hydrogenation. The preferred catalysts
are palladium supported on carbon and Raney nickel.

(B) (a) (C) (D)
The operational sequence (B) (A) (C) {D) involves

initial conversion of arythromycin A (I) to S5-deoxo-9a-
aza-%a-homoerythromycin (IXIX), via erythromyein A

" oxime and 9a-aza-Sa~homoerythromycin, according to the

method of Kobrehel et al. (supra). In this connection,
the novel process, described above for 4"-epi-erythromycin
A oxire, is advantageously employed for the preparation
of the intermediate erythromycin A oxime. '

The 2'-hydroxy group of compound (IIX) is first
protected in the form of its acetate or proplonate
ester. Acylation is selectively accomplished by
reacting é&mpound (III) with a2 limited excess of
acatic or propionic anhydride in a reaction inert
solvent (e.g., methylene chloride) at 0-30°C. (con-
venieqtly ambient temperature). The limited excess of
anhydride is used to compensate for reagent consumed in
side reactions, e.g., undesired acylation of other
groups, particularly the 9a-nitrogen.
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The resulting 2'-(c2-c3)a1kanoy1 derivative is
then protected on 9a-nitrogen with a benzyloxycarbonyl
group. Thus compound (IX) is formed by reaction of the
above 2'-ester with carbobenzoxy chloride, in a re=-
action inert solvent in the presence of a base.
Particularly well suited are Schotten-Baumann con-
ditions, i.e., reaction of the 2'—ester with the acid
chloride under aquecus, alkaline conditions, e.g.,
aqueous tetrahydrofuran, maintaining the pE 7.5-8.5
with dilute NaOH as the acid chloride is added and as
the reaction proceeds. Temperature is not critical,
but will generally be in the range 0-50°C., convenlently
ambient.

The C-4" hydroxyl compound (IX) is then oxidized
to C-4"-oxo compound (VIII) by the action of oxalyl
chloride/ dimethylsulfoxide at low tamperature (=40
to —-80°C.) in a reaction inert solvent {(e.g., methylene
chloride), followed by treatment of the cold reaction
mixture with an exceas of a tertiary amine (e;g.,
triethylanine). The alkanoate aster protecting group
is removed by solvolysis, preferably by contact with -
excess methanol at 0-100°C. thereby forming compound
(VII). -

Hydrogenation over Raney nickel catalyst, using
conditions as described above, converts compound (VII)
to 4"-epi-9-deoxo-9a-aza-%a-homoarythromycin A (VI).
The latter is converted to the 9%a-N-methyl derivative
(IV) according to one of alternative methods as de-
gcribed above.

(B} (C) (D) (A)
This operatlonal sequence involves initial

conversion of erythromycin A to the above compound of
the formula (II) according to my above cited co-
pending application, using methods detailed in. the
Preparation section below. C-47 epimerization is
then accomplished according to the steps and methods

il
92
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described above. The 2'~hydroxy group is protected

by acylation, the 4"-hydroxy group is oxidized to the
4"-oxo group, preferably substituting trifluorcacetic
anhydride for oxalyl chloride; the protecting acyl
group is removed; and the 4"-oxo group catalytically
hydrogenated to the desired 4"-epimeric hydroxy

group. In thig case, the preferred catalyst is Raney
nickel.

Since compound (IV) of the preseant invention
contains two basic nitrogen atoms, pharmaceutically
acceptable mono and 4i acid addition salts are formed
by contacting the free base (IV), respectively, with
substantially one equivalent of the acid or with at
least two equivalents of the acid. BSalts are generally
formed by combining the reagents in a reaction inert
solvent; if the salt does not pracipitate directly, it
is isolated by concentration and/or addition of a non-
solvent. Suitable pharmaceutically acceptable acid
addition salts include, but are not restricted to those
with BECl, HBr, HNO,, H,SO,, HO,CCH,CH,CO.H, cis- and
trans-HO,CCHCHCO,H, CH,SO,H and p-CH,C.H,S05H.

The antibacterial activity of the compound of the
formula (IV) is demonstrated by measuring its minimum
inhibitory concentrations (MIC's) in mcg./ml. against
a variety of microorganisms in brain heart infusion
{BHI) broth. Generally twelve 2 fold dilutions of the
test compound are employed, with initial concentration
of the test drug being in the range of 50 to 200
mcg.lml.' The susceptibility (HIC)'of the test organism
is accepted as the lowest concentration of compound
capable of producing complete inhibition of growth as
judged by the naked eye. A comparison of the activity
of 4"=epi-9~deoxo-9a-methyl=-9a-aza-9a-homoerythromycin
A (Iv) with that of an erythromycin A control is shown
in replicate in the Table I.

0109253L2?J
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@ Metai compiexes of N-methyl-11-aza-10-deoxo-10-dihydro-erythromypin A or .
11-aza-10-decwo-10-dihydroerythromyoin A, method for the manufacture thereof and thelr use in the
manufaotura of pharmaceuticals.

@ New 21 complexes of N-methyl-11-aza-10-decxo-10-dihydroerythromycin A or 11-aza-10-deaxo-10-
dihydroerythromycin A with bivelert metals chosen from the group compriging Cu*2, Zn*2, Co*2, NI*2 and Ca*2,
a process for thelr manutacture and their use In the manufecture of antibiotically ective pharmeceuticale.
) New 21 complexss of N-methyh11-aza~10-decxo-10-cihydroerythromycin A or 11-aza-10-decor-10-
- dihydroerythromycin A with bivatent metais chosen from the group comprising Cu*2, Zn*2, Co*2, Ni*2 and Ca*2
are¢ made by reacting N-methyi-11-aze-10-deoxo-10-dlhydroarythromycin A or 11-azs-10-decxo~10-dhhydroeryth-
- romycin A In s free base form or in'its weter-soluble salt form with salts of said bivalent metals. The
P compounds possass antiblotic activity.
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METAL COMPLEXES OF N-METHYL-11-AZA-10-DEOXO-10-DIHYDROERYTHROMYCIN A OR 14-AZA-10-
DEOXO-10-DIHYDROERYTHROMYCIN A, METHOD PFOR THE MANUFACTURE THEREOF AND THEIR USE IN
THE MANUFACTURE OF PHARMACEUTICALS

The present invention-relates to new, biologically ective compounds of semigynthetic 154-membersd
macrolide antlbiotics N-methyk11-aza~10-deoxo-10-dihydroerythramycin A or  11-aza-10-demm=-10-
dihydroerythromycin A with bivalent metals, to methods for the manutacture thereof and to their use In the 1
menufacture of pharmaceuticais.

[ By means of chemicaj transformations of the C-8 keto group of erythromycin A there were synthetized
16-membered macrolides possessing a nitrogen atom In the aglycona ring, namely 11-aza-10-deoxo-10-
dthydroerythromycin A (U.S. patent 4,328,334) and N-methyi-11-a2a-10-deoxo-10-dihydrosrythomycin A
(Beigian patent 892,357 and GB patent 2,084,283 resp.), which is an effective antibacterial agent in the
freatment of gram-positive and gram-negative microorganisms and exhibiied an important activity In

10  preliminery in vivo tests. .

it has been known that the presence of meials and the formation of metal complexas resp. might
substantially Influence the stabiiity, distribution, blotransformation, elimination and other characteristice of -
pharmacsuticals, especlally of antiblotics.

According to the [Herature(J. Pharm. Pharmec. 18 (1868) 728) erythromycin A may theoretically yield a

15 wax complex with Co*2, but it doss not yisld any complexes with Cu*2, Ca*2, Mg*2, Ni*2 and Zn*2 lons.

Tha metal complexas of N-mathyl-11-aza-10-demo-10-diydroerythromycin A and 11-aza-10-deoxo-10-
dihydrosrythromycin A have, according to the Applicant’s own esarch of prior art, not been described as
yot.

it has now been found that new useful complaxas of N-methyl-11-aza-10-deoxo-10~-dihydrosrythromycin

20 A (la) and 11-aza-10-deoxo-10-dihydroerythromyeln A (Ib)

\ Ia R:CH3-

arac\"/:m EX
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o
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with bivalent metals chosen from the group compriging Cu*2, Zn*z, Co*2, NI*2 andCa*2 In the ratlo of 2:1
may be obtained In a simple manner and In high ylelds by means of the clalmed process.

One object of the present Invention are new 2:1 complexes of N-methyl-11-aza-10-demw-10-
dihydroerythromycin A and 11-aze-10-deoxo-10-dlhydroerythromycin A of the above clted formulae Ia gnd *
Ib with Gu*2, Zn*2, Co*2, Ni*2 and Ca'?, which exhibit a superior pharmacological, specifically & superior
antiblotic activity. e

Another object of the presam invention ts & new process for the manufaciure of sald new meial
complexes, which is performed In such a manner that N-methyl-11-aza-10-deoxo-10-dihydroerythromycin A
of the formula la or 11-aza-10-deoxo-10-dihydro erythromycin A of the formula [b or salts thereof are
renctod with salts of bivalent metals chosen from the group comprising Cu*2, Zn*2, Co*2, Ni*2 andCa*2, In a
molar ratio of 2:1, at amblent tamperature.
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When the reaction is performed with the compounds la or Ib [n their salt form, said compounds la or Ib
are first converted into thelr watar-soluble salts, e.g. a hydrochloride, by means of sultable acids,
whareupon the reaction is performed in aquecus solution with a salt of sald bivalent metals. The pH of the
reaction solution is adjusted to 8-11 by adding alkall lyes (pH-stating) and the product is Isclated by means
of filtration (mathod A).

When the reactants la and Ib are used in their free base form, the reaction with the metal salt is
performed In an alcohol-water mbdure while adjusting the pH value by means of alkall lyes and evaporafing
the alcohol under reduced pressure. The product Is Isolated by flitration (method B).

The antiblotical activity was assessed on the test organism Sarcina lwiea ATGC 8341 es aevident fram
the following Bxamples. The new comploxas exhibited a potent antiblotic activity, Therefore a further object
of the present invention Is a phaymaceutical composition comprising an effective amount of the nsw metal
comploxes cof N-methyl-11-aza-10-deoo-10-dihydroerythromycin A or 11-aza-10-deaxn-10-dlhydroaryth-
romycin A, a method of treating human and animal infections, and a method for the manufacture of
pharmacsuticals comprising the metal complexes of the compounds of the formula la or ib.

The present invention le illustrated but in no way limited by the following Examples. |

Example 1 (Method A)

0.749 g N-methyi-11-aza-10-deoxc~10-dihydroerythromycin A wera charged Ino & 100 mi beaker and
dlssaived under stirring and the addition of 1 N HCL in 50 ml of water {0.02 M saiution) (pH about 8).

Then there were added 0.088 g CuClk x 2H:0 (D.01 M solution with respect to Cu*?) and the stirring was
continued under a stepwise addition of 0.1 N NaOH untll the pH value of B.5 was achieved. Subeequertly,
the reaction mixiwe was stimed for 2 hours at & constant pH veive (pH-stating), then the violet-coloured
precipitate was sspirated, waahed three times with 10 ml of water and dried; and yleld wes 0.64 g of the
product (81.8 %). '

Cu-analysis: (polarographic method, 0.1 N HCl, Eyp = 025 V;

SCE - eaturaiad caiomel stectrods)

Calc.: 4.07 %

Found: 4.1 % )
Activity: 834 U/img Sarcina lutes ATCC 8341, '

Exampie 2 (Method B)

in 50 ml of a 0.02 M solution of N-maethyl-11-aza-10-deoxc-10-dihydroerythromycin A in 80 % ww
methanol there were dissolved 0.088 g CuCk x 2H:0 (0.01 M solution with respect to Cu*?). After the
adjustment of the pH value to 86 with 0.1 N NeOH It was kept stiming for two hours at ambient
temperature. The reaction mixturs was eveporated at reduced pressure 1o about half T voluma, the violet-
coloured precipitate was aspirsted, washad threee times with 10 m| of water, driad and afforded 0.62 g of
the product (79.3 %).

The analysie of the product was identical as in Exampila 1.

Emmﬂa 3

The process was performed as described in Example 1 with the sole exception that 0.088 g ZnChk were
added Instead of CuCh and the pH value was kept adjusted at 8.6. There were obisined 0.81 g of a white-
coloured product (77.8 %).

Zn-analysis: (atom absorption specirophotometric mathod)

Calc.: 4.18 %
Found: 4.5 %
Activity: 852 U/mg Sarcina lutes ATCC 0341,

3
783
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Example 4

The pmcass was performed as described in Example 1 with the sole exception that 0.118 g CnCI; X
8H0 were added InsleadofCuChandﬂaepHvaluemhnptadlmhdata.a There were obtained 0.83 g
of a light green-coloured product (80.7 %).

Co-analysis: (polarographic method, 0.1 N HCI - 0.1 N KCl (1.25).

Eiz= -1.80 V; SCE)

Calc.: 3.70 %

Found: 4.1-%

Activity: 849 U/mg Sarcina lutea ATCC 8341.

Example S

The process was porformed as described In Example 1 with the sole exception that 0.118 g NiCk x
6Hz0 were added instead of CuClk and the pH value was kept adjustad et 8.6. There were obtained 0.682 g
{79.8 %) of a light green-coloured praduct.

Ni-analysis: (polarographic method, 0.1 N HCI - 0.1 N KCl {1:25),

Eia= -1,65V, 8CE)
Calc: .77 %
Found: 43 % _
Activity: 852 U/mg Sarcina lutea ATCC 8341.
Example 8

i The procass was performed as described in Example 1 with the sole exception that 0.074 g CaClz x
2H:0 were added Instead of CuCh and the pH value was kept edjusted at 8.6. There were obiained 0.80 g
(77.8 %) of a white-coloured product.

Ca-analysie: (atom absorplion specirophotometric method)

Calc.: 280 %

Found: 3.3 %
Activity: BS8 L/mg;Sarcina lutea ATCC 8341.

Example 7

The process was performed as described In Example 1 with the sole exception that 0.735 g 11-aze-10-
deoxc-10-dihydroarythromycin A were charged Instead of N-methyl-11-aza-10-deoxo-10-dihydroeryth-
romycin A and the pH value was kept adjusted at 8.0. There were Isclated 082 g of a violst-colourad
product (80.8 %),

. Cu-analysis (polarogrephic method: 0.1 N HCl)

Balc 414 %

Found: 4.4 %

Activity: 845 U/mg Sarcing lutea; ATCC 8341. .

Example 8

The process was performed as described In Example 2 except that there were charged 0.736 g 11-aza-
10-deaxo-10-dihydroerythromyein A instead of N-methyl-11-aza-10-dec-10-dihydroerythromycin A and
0.088 g ZnCh instead of CuCh, while keeping the pH value adjusted at 10.0 for three hours. There were
teolated 0.53 g (89.0 %) of a white-coloured product.

Zn-analysts: (atom absorption spactrophotometric mathod)

Calc.: 410 %
Found: 4.8 %
Activity: 530 U/mg Sarcina lutsa ATCC 8341..

726



10

15

oasm | A

Example 8

The process was performed as described in Example 4 except that 0.735 g 11-aza-10-demw-10-
dihydroerythromycin A were charged instead of N-methyl-11-aza-10-tdecxo-10-dihydroerythromycin A and
the pH value was kept adjusted at 10. There were Isoiated 0.54 g (70.8 %) of a light green-coloured
product.

Co-Analysis: (polarographic method, 0.1 N HCI - 0.1 N KCI)

Calc.: 3.72 %
Found: 4.1 %
Activity: 435 U/mp Sarcina lutea ATCC 9341.

Exampie 10

The process was performed as described In Examnple 8 with the sole axception that 0.118 g NICk x
8H,0 were charged instead of CoCh. There were isolated 0.58 g (73.2 %) of a light green-colourad product.
Ni-Analysis: (polarographic method, 0.1 N HCl - 0:1 N KC})
Culc.: 3.70 %
Found: 4.1 %
Activity: 500 U/mg Sarcina lutea ATCC 8341.

Example 11

The process was performed as described in Example 8 with the sole exception that 0.074 g CaCk x
2H0 waranduodmmuofGoGh.Theromlsolmeﬁzg(ea.D%)alawhlta-coloured product.
Cea-analysis: (atom absorption spectraphotometric method)
Calc.: 256 %
Found: 3.0 %
Activity: 517 U/mg Sarcina lutea ATCC 8341,

Claims

1. A compiex of N-methyl-11-aza-10-deoxo-10-dihydroerythromycin A of the formula (ta) or 11-aze-10-
deoxo-10-dihydroarythromycin A of the formula (Ib)

Ha
“ .
Iz R = CH3
Ib R =H
07 O3
CH3
(i3

with bivalent metals chosen from the group comprising Cu'2, Zn*3, Co*2, Ni*2, Ca*2 In the ralio of 2:1.

2. A process for preparing @ complex of N-methyl-11-aza-10-deoxo-10-dlhydroarythromycin A (la) or
11-az8-10-deoxo-10-dihydroerythromyein A (Ib)



10

18

-
-
="
n

CH

H
o
="
[1]

=4

with bivalant metals chosen from the group comprising Cu'2, Zn'2, Co*2, NI*2 andCa*2 In the mtio of 21,
which comprises: .

A) the reaction of a compound of the formula (18) or (Ib) In the form of itz water-scluble salt with a sait
of a bivalent metal chosen from the group comprising Cu*2, Zn*2, Co*2, NI*Z and Ca*?, In a molar ratio of
2:1, In an aqueous solution and at amblent tsmperature whils kesping the pH value adjusted at 8-11, and
the isoiation of the product by means of filtration, or .

B) the reaction of a compound of the formula (1a) or (Ib) with a salt of a bivalent metal chosen form
the group comprising Cu'2, Zn*2, Go*2, NI*2 and Ca*2, In a molar mtio of 2:1, at ambient temperature, In an
alcohol-aquecus solution whiie keeping the pH value adjusted at 8-11 by the addition of alkall lyes, the
evaporation of the alcoho! under reduced presswe after tho performed reaction and the isolation of the
preduct by filtration.

3. A process as claimed in claim 2, wherein the watsr-soluble salt of the compound (fa) or (ib) Is a
hydrochloride.

4. A process as claimed In claims 2 or 3, whersin the metal salt Is a chloride.

5. The use of 2:1 complexes of N-methyl-{1-aze-10-decxo-10-dihydroerythromycin A or 11-aza-10-
dem-10-dihydresrythromycin A with bivalent metals chosen from the group comprising Cut2, Zn*2, Co'z,
NI*2 and Ca*2 in the manufacture of antibiotically active pharmaceuticals.
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11-AZA-10-DEOX0-10-DIHYDROERYTHROMY- . '

mA.mmnmnmmnmon s

APPLICATION )

T'hnapph::honuaeonﬂmnﬁm—h—paﬂofcopend- 10
mglpphcathet No. 39‘9,40[ ﬁledJuly 19, 1982. '
now ebandoned.

_ BACKGROUNDOF'I‘!-IBINVEN'I'ION" ”

'I'hulnvmﬁonrelnatoanoveldmdll-nnp
o wherdnhhhydrogen.nﬁmoylhvlngﬁmZto?.
lo-denlo-lo-dlhydmu'ythrouydnAuuﬁllnlnmﬂ- * carbon stoms or 3-carbethoxypropionyl; and Ryishy- . © -
. bmmmmmmw andtopro- dmgn.alhnoylhwhgﬁmZhoSeubmaﬁmor N
'wuforthmrprepnnumMoreparuedaﬂyitmmkﬂMmmﬂ S
to the N-methyl derivative of 11-aza-10-deoxo-10-dihy- . .m"‘l“"’l‘fmm‘mm“m“h‘m

.pounds are the pharmacentically acceptable acid addi-
d.roerythmmycm A, to phnrnweuhmlly accqmble ﬁmnllsﬂmeof Mmmﬁdﬂg.bmbym

' ; stearste, mundelate, pamoate, benzoats, succinate, lac-
ErythromycmAuamdldemﬂhbhcpmdueed taté, p-toluenesulfonate and

by fermentation and described in U.S. Pat. No. 20 This invention also includes the intermediates of for--
2,653,899, Numerous derivatives of erythromycin- A ‘®oulee II, ITI and III-A:

have been prepared in efforts to modify its biclogical
and/orphlmaoodynnmi_cpmpuﬂu.ﬂryth:m'ydnA
'atuuwithmmo—nddiwboxylwmdsmrepoﬂedm
Antibiotics Annual, l”LlMProc.SympodumAnﬂ-
biotica (Washington, D.C.), pages 500-513 and 514-521,
respectively. U.S, PaLNo.S.AllT,Qﬂdgmbuthecye—
lic carbonate ester of erythromycin A, the reaction 40
pmductoferythmmycmAundethylmncu‘bonltG.n
an active and antibacterial agent. ’

U.S. Pat. No. 4.328.334.medMay451982.dumibu
11-azg-10-deoxo-10-dihydroerythromycin A, . certain 4
N-acyl and N-(4-substituted benzrenesolfonyl) deriva-
tives thereof having antibacterial properties, and a pro-
cess for their preparstion.

The alkylation of primary and/or secondary amine ’n
groups of compounds which include a tertiary amine
group is generally complicated. However, it is common
pracﬂcetoptotectterﬁnryamimmupuinamheﬁm—s;
pounds by converting them to N-oxides prior to alkyla-
tion (Greene, “Protective Groups in Organic Synthe-
sis”, John Wiley & Soms, Inc,, N.Y., 1981, pg. 281).

SUMMARY OF THE INVENTION 60

It has now been found that the N-methyl derivative
of 11-aza-10-deoxo-10-dihydroerythromycin A and its
-, 4"- and/or 2'4"-acetyl-, propionyl- and 3-carbe-
tlmxypropuonyl derivatives are effective antibacterial %
agents against gram-positive and gram-negative bac-
teria. The compounds have formula I nei




3
-continued

The compounds of this invention of formula I can be 3

named as N-methyl-[ 1-aza-4-O-(L-cladinosyl)-6-O-(D-
desosaminyl)-15-ethyi-7,13,14-trrihydroxy-
'3,5,7,9,12, 14-hexamethylozacyclopentadecane-2-ones.

_ However, for simplicity, they are riferred to herein 25 10

N-methyl derivatives of 1l-aza-10-deoxo-10-dihydro-
erythmmyun A, the nomencistore used in U.S. Pat.

" - 'No. 4,328,334,

The compound of formula IT (R1=R3—H) is named
in kike manner as N-hydroxy-11-aza-10-deoxo-10-dihy-
. . droerythromycin A N'-oxide, the term “N'-axide™ re-

" ferring to oxide formation on the dimethylamino group 5,

" of the desosaminy] moiety. ‘The alkylsted structure of
formula III'(Ry=Ra=H) is named as N-methyl-11-dza-
'10-deoxo-10-dihydroerythromycin  bis .N-oxide. The

stereochemistry at the {1-aza atom of formula IIT is not- 25

yet known. However, said formula III is intended to
embrace the diastereomers.
As an alternative to the nomenclature used above, the

parent compound of formula IV below can be naméd ag 3

" 9-deoxo-9a-azs-9s-homoerythromycin A. Using ‘this
'systemtheeompoundsoffomulalwhudnuchofk’

and R3is hydrogen is named 9—deoxo-90-msthyl—9a-¢n- .

9a-bomoerythromycin A. .
. .. Compounds offomulnludphatmmhnﬂym—
‘-eq’hblemdlddlmmhthmofmef&dvem

- .mmulgdnugrm-podﬁvemmome.g

' Wmnephwmktoorgmimo.s.hmnﬂa

: “multocida and' Nelsseria sicca. Additionally, they exhibit

N dgniﬁﬂntacuvitywﬂumwlumm 'I'Ilo“
. N-methyl-derivative (formula I, Rz=Ry=H), is supe-.

rior to erythromycin A and 11-aza-10-deoxo-10-dihy-
" droerythromycin A in jts in vitro sctivity against Hee-
mophilus.

_ : The N-methyl derivatives (formuia I) surprisingly
'nndunexpeculynhibuonlwﬂvttyaphumm-pm-
" itive and gram-negative microorganisma. The N-methyl

" activity is exhibited by ll-lza-lo-deom 10-dihydroery-
‘thromycin' A.
DETAILED DESCRIPTION OF THE
INVENTION -

The N-methy! derivative of 11-aza-10-deoxo-10-dihy-
droerythromycin A (formula I) is prepared from 11-aza- &3
10-deoxo-10-dihydroerythromycin A (formuls IV) by
the following reaction sequence:

4,474,768

The oxidation of 11-aza-10-deoxo-10-dihydroery-
thromycin A is condiicted in 8 reaction-inart solvent,
ie., one which does not react with reactants or products

.to produce undesired substances, utider the conditions

perphthalic acid.
'Ihechmeeoflolvaudepudl.mput,upunthe
Mﬁummmmlmmhoxr
dizing agent such as hydrogen peroxide or peracetic
mmhdblewlvenlshomdbennd.“n
ondmsaaeuuoflowwubawlnﬁty c.g. per-
benzoic or m-chl

E;'

Sdhblelnlvenufotmemththelmuondlm'

mﬁmmﬁhﬂmech]mﬂe.chlmmethﬂl.eg

. dioxane, tetrahydrofuran.

Theomdaﬁmncumedomunmbimt

%mnmdaﬂdizingngmtiluedmme
maximum . conversion of 11l-aza-10-deoxo-10-dihydro-
erythromycin A, the limiting reactaat. In geuneral, from
abont 1.0 mole to about 35 moles of oxidant per mole of
said limiting reactant is used. In practice, for the sake of

economy, from aboit S to about lSmoluafoﬂdmtm_

: Theammcondeofformuhllthulpmdnueduthm'
. alkylated by reaction with en appropriate alkylating

_gmtwchun;e:hylmdﬂeorb:mn:d::qam-
! derivative of formula I (Rz=Rj=H) exhibits significant 33

" oral ictivity in vivo whereas no practical orsl in vivo

and organic amines such as hindered amine bases, e.g.
2,6-lutidine, said substances being used in at least stoi-
chiometric amonnt based on the alkylating agent used,

mdkyhmgammgmulﬂyuudinmu
bmdupantheameunﬂemctntnmngﬁomequi—
* molar to up to 1005 exces.

‘The slkylation resction, when methyl iodide is used
as alkylating agent, is conveniently carried out at ambi-

ent temperature. Alkylation by means of methyl bro-



g[é
Illlllllllllllll®

United States Patent pg ) Patent Number: 5,686,587
Yang 451 Date of Patent: Nov. 11, 1997
[$4) INTERMEDIATE FOR AZITHROMYCIN 4518590 /1985 Hmsks et al. meemerrm e 51474
4526889 7/19S Bright 514129
[73] Assignee: Pfizer Inc., New Yark, N.Y. . FOREIGN PATENT DOCUMENTS
(21] Appl No..  S37,74% 13712 41985 Europesa Put. OFF .
. 50392 91992 Baropem Put OF .
[22) PCTFiled: Mar 14, 1994 gm 1992 Buropesn Pat. OF .
. USE2547 795 1011992 Emropemn Put. OF. .
[6] ECTNa:  PCT 508699 101992 Baropesn Pa OF
§371 Dato:  Now 13, 1995 gg 1g:gg Europesn Pet. Off.
§102(c) Date: Now. 13, 1995 ! Buopem Pw.OL.
OTHER PUBLICATIONS
[67] PCT Pub. No.: WOS4/26758
Bright et ai. J. Antibictics, vol. No. 8, 1029-1047
PCT Pub. Date: Nov. 24, 1994 (1588). L, No- &
Gasc et al, ). Astibiotics. vol. 44, No. 3, No. 313-330
Relsted US. Application Data (1991).
[63] Cotinstion of Sex. No. 64,610, May 19, 1950, ag;,n‘fn. J. Qrg. Chem,, vol 39, No. 17, 2492-2454
1] mQA° . CO7H 17A8; CO8B 0100 %:lldcl;o-d. J. Chan. Soc. Perkin Trans. L (1986),
u T P R — § S S - ; ’ : =
a1 U8 : 1 S14729: %"255 Jones, J. Org. Chem., vol. 57, 43614367 (1992).
[58) Field of Search 336/12, 172,  Primary Examiner—Jokn Kight
536/173. 174, 179, 185, 7.1, 125; 51429  Assiceww Exaniner—Howsrd C. Lee
Attorney, Agent or Firm—Peter C. Richardson; Gregg C.
{561 References Cited Benson; James T.‘;onu C
U.S. PATENT DOCUMENTS 57 ABSTRACT
s noes Soboubel ¢t €l oo IUA  orppound having formata (D). Abso, & process of making
0% ooy Bt~ DM iiriayea cummlageeing 0 xipoun f s
4474768 10/1984 Bright Qg0 (D) and N-methylating the redoced product.
45250 41985 Hmmetel oo s1a29
4317359 5N985 Kobrehal etol oo 53614 11 Claims, No Drawings



5,686,587
1 2

INTERMEDIATE FOR AZITHROMYCIN a

This is a §371 national stage appHcation of PCT/US94/
02547 filod intermationslly on Mar 14, 1954, which is a 3
continnation of U.S. application Ser. No. 08/064.610, filed
May 19, 1993, now abandoned.

FIELD OF THE INVENTION
10

This invextion relates to antibiotics, and particalarly
Ms(l)muwwu.ul&ulfammu

imown antibiotic azithromycic, (2) to & proccas for making 15 4y vy nesents also disciose that (1) and certain deriva-

azithromycin with the intermediate. and (3) to 4
making the intermediste. ()0 proccsses tives thereof possess antibacterial properties.
In particulsr, the procedure for making szithromycin from
A involves relatively strong reaction condi-
tiomudmuibed.h in Djokic et al., J. Chem.
2 Soc. Perkin Trans. I, 1881, (1986), wherein the preparation
BACKGROUND OF THE INVENTION of 10-dihydro-10-deoxo-11-azaerythromycin A from an

imino ether precursor was effected by catalytic hydrogena-
tion in acetic acid under 70 xtm of H,.

d&vﬂmgﬂnhmmﬂhioﬂcfw;dﬁmﬁeﬂms » SUMMARY OF THE INVENTION
a strain wm a suitable modium as
tanght in U.S. Pat. No. 2.653.899. Erythramycin, which Is In a firut aspect, this invention provides a compound

produced in two forms, A and B. is represented by the  having fonmmla IN
following structure (T): ~~ -

@ Compound III, 9-deoxo-l1-deoxy-9.11-epoxy-9.9a-
didebydro-9a-aza-9a-homoerythromycin A, hercin also
referred to as & 9.11-imino ether, has utility as an interme-
“dltefumﬂnglﬂlllmwdn.lndcmlnrewudwa
direct precursor of azithromyein having formnila IV, shown
below. The precursor of Farmula IV meed only be
N-methylated (position 9a) to produce azithromycin.
wm.mmmmm;
30 process of making szithromycin, comprising reducing the
The structure reveals that the antébiotic is comprised of  (9,11-4imino ether) compound of formula I to Sa-aza-9-
three main partions: & sugar fragment known as cladinose,  deoxo-9a-homoerythromycin A, a compound having for-
a scoond sugar mojety containing a basic amino substituent ~ mmla IV
known as desosamine and a fourteen membered lactone ring
referred to as erythronolide A or B or as the macrolide ring, 33 - "

Azithromycin is the U.S.AN. (generic name) for 9a-aza-
9a-methyl-9-dooxo-9a-homoerythromycin A, & broad spec- &0
trum antibacterial compound derived from erythramycin A

was independently disoovered by Bright U.S.

Pat. No. 4474.768 and Kobrebel et al, U.S. Pat. No.

4517359, and was named N-methyl-11-a2a-10-dooxo-10-
A in these patents. Tt has the follow- 65
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#mnmmmmdm
inafmﬁulﬂﬁhhwdmpwﬂuamd
making an intexmediste of formmila HI, comprising leomer-
izing a compound of formuila V,

A

in a suitabie sclvent.

In still & further aspect, this invention rovides an addi- A general reaction scheme for (1) making the intermadiste
tional process of making an intermediste of formmis I,  9,11-imino ether and (2) uaing the intermediate 9,11-imino
comprising treating a compound of formula VI ether 1o make azithromrycin is shown in Scheme 1:

Scheme 1
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In the ahove scheme the starting material in stop A,
campound (V1) is the E-isomer of 9-deoxno-
erythramycin A and can be made by known procedures such
as the straightforwerd reaction of Brythromycin A with
hydroxylamine to produce the erythromycin B-oxinme as the
major isorner. The oxime is treated with tosyl chloride in the
presence of pyridine as a basc and in a suftable solvent such
s a dialkyl ether (c.g dicthyl cthex), thereby initially
forming a comresponding O-tosy]l oxime which is a suitable
mecurser in the Bockmann rearangement of ketoximes.
Importantly, the shoold be maintnined below
-10° C. to favor formation of the 9,11 imino ether, com-
poand I, over compound V. the 6,9 imino ether, and
compound VIL Genernily it is preferved 10 maintain the said
temperatore below -20° C., and most preferred to maintain
the below 40 * C. At the low tomperstures
employed. and depending on the exact temperature
the reaction can takr as long as scveral dxys to go
to compietion, although appreciable amounts of 9,11-imino
ether TE are availahle from workup of the reaction medium
after mnch shorter reaction times, ¢.g.. on the arder of & day.
The amount of tosyl chiaride employed is at least equivalent
to the amount of A 9-B-oxime. To ensure
compietion of the reaction within a roasonsbie time: the tosyl
chioride can be used in excess, with a 2:1 equivaleats ratio
being preferred. The mixture will typically contain a mixinre
of compounds V, I, and VII, per Scheme I, Step A, which

exampie, as Silica Gel 60 from EM Science, Gibbstown,
N.J.) with tolpene, chioroform and mixedina
ratio, respectively, of 20:1:1 as the cluting solvent system.

The fact that 9,11-imino cther I 1s made per Step A Is
suprising (n view of literatore precedent (Djokic et al,
supra) wherein the erythromycin A 9-B-oxime of erythro-
mycin A yielded 6,9-imino ether V only.

If spprecizbic amounts of 6.9-lmino cther V are formed,
it can be isomerized to compound Il by dissolving it in a
suitsble solvent. Any of a number of solvents can be
employed such as tetrahydrofuran, {THF). lower alcobals,

can also be empiloyed. To speed the rate of lsomerization a
catalytic amount of acid can be added to tho reaction
medinm. The acid employed is not critical 50 long ma it is not
msed in an amount which results in clexvago of cither of the
sugar fragments from the macrolide ring. Organic aclds (c.g.

triflucroacetic acld, p-toluenesnifonic ackd) or inorganic
(hydrochlorie, sulfuric) acids may be employed. 1t is pre-
ferred 0 nse camphorsulphonic acid in an amount of 0.1
equivalent pex equivalest of compouad V at a temperature of
from 15° C. 1o reflux. typlcally room ttmpessture, for &
period sufficlent for isomerization to occur, typicelly a
period of from abont 12 hours to about 7 days or longer.
Convearsions of essentislly 100% after about 7 days in
denterochlorafarm are feasihle using this novel procedare.
‘Total yisids of the intermediate IIT of over 90%, based on the
weight of the starting material, are facilely obtainable by
combining componnd IIT abtained direcily from scheme I
with compound IN obtained by [somerizing compound V
(also obtained from scheme 1) in denterochloraform.

Compound IT1 can be rediced to compound IV, the direct
procursor of azithromyeln, by any of a aumber of conven-
tional methods, but under much milder
conditions than those kpown in the art for reducing mac-
rolide imino ethers. Reduction can be effected under a
hydrogen pressure of about 50 psl in the presemce of
platinum dicxide catalyst and in glacial acetic acid solvent.
Yields approaching 90% are obtaipable within reaction
times of 48 hrs. Other methods of reduction empiloying
conventional reducing agents such as sodium bardhydride
are also feasihlo. Reactions employing borohydride are
typically conducted with stizring in a saitabie solvent such as
methanol at & temperstre of 0° to room temperstare, and
employing &t least one equivalent of borohydride. Workmp
can proceed as in Dijokic et al., sopra.

Compound IV can be methylated to obtain azithromyein
a8 conventionally known in the art, for example by the
Bschweller-Clark resction in which compound IV js reacted
with a comhination of farmic acid and formaldehyde, most
suitahly perfoarmed with a 1-3 molar excess of formaldehyde
and formic acid in an eppropriste solvent, preferably in a
halogensted hrydrocarbon, e.g., chlaroform or carbon tetra-
chlaride. The reaction is generally coaducted at reflux for a
petiod of 2 to 8§ hours. The axrithramycin can be isolated by
coaventional means mch as by shaple solvent evaporation.
¥ further purification is desired, such can be cffected
conventionally, far examplc column chromatography
through silica gel an eluting solvent comprising,
by volume, 3-10% chloroform., and 0.1-19% amomondium
hydroxide,

The invention will now be illustrated by moans of the
following examples which are not, however, to be taken as
limiting:
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9
EXAMPLE 1

9-Deoxn-1]-decxy-9,11-epoxy-9 Sa-dilydro-Se-aza-
9a-homoerythromycin A (compound. IIT)

: Brythromycin A 9-oxime (6.11 g
&ldmnd)w-dludwdinpyddiu(ﬂml)ndcmledm
—45° C. To this solution was added & precoaled (—45° C.)
solution of 1 chiodde (3.2 g, 16.9 mmol)
mmanetlowummmmmmmm

12 hours. The mixture was potred fnio cold weter and stirred
while the pH was sdjusted to 5 whh aqueons ZM HCL The
solntion was extracted with 75 mL quantities of methylene

Sa-homoerythromycia A (V) at 2/1 ratio (0.49 g). A pare
sample of I was obtained as follows: The mixture of V and
I was dissolved in deuterochloraform and stirred at room
temperature for 12 hours. Afier removal of solvent in vacoo,
the residue was chromatographed on silica gel
(cluenttoluenc/CHCL/ELN 20:1:1) to afford the pure ttle
compound as » white solid. *
95.3,83.0,823,81.1,71.7,76.7.764,75.1, 73.2.72.1.70.1
09.4.65.9.65.1,63.5,49.3, 434,403, 396.34»6.34-6.293.
28.7, 250, 242, 21.7, 21.66. 21.0, 193, 18.1, 174, 113,
109, 'HENMR {CDC1,, partial): 5.03 (bx d, 1H), 4.81 (dd,
J=10.1, 1.8 Hz, 1h), 4.61(d, }=7.3 Hz, 1h), 450 (D, }=4.7
Hz, 1H), 439 (d, J=§.5 Hz, 1H), 4.14 (m, 1H), 3.95 (m, 1H),
3.69 (d, }=5.9 Hz, 1H), 3.67 (s, 1H), 3.54 (m, 1H), 3.31 (s,
3H). 324 (m, 1H), 3.00 (t. J=9.7 Hz, 1H), 2.70 (m, 1H), 2.66
(m. 1H), 2.25 (s, GH), 1.97 (s, 3H), 138 (4, }=0.6 Hz, IH),
1.28 (s, 3H), 1.25 (d, J==5.4 Hz, 3H), L22 (3, 3H), 1.21 (8,
3H). 1.20 (s, 3H), 1.18 (s, 3H), 1.175(3, 3H), 1.M4 (4, }=7.2
Hz, 3H), 0.88 (t, =72 Hz, 3H). FAB-mass:m/e:-731, 573,
398, 158; high resclusion mass caled for CpHyNy)ya:
731.4696; found 7314744,
Method B:

A solution of 9-epoxy-9.9a-diydro-

A (compound V) (100 mg,

Sa-aza-Sa-homoerythromycin

3.57 mnol) in CDCl, (1.5 mi) was stirred at room tempera-
ture for 36 hours. "HNMR spectrum of an aliquot sample
indicated that the reaction mixtore comtained 9-decxo-6-
deoxy-6,9-epoxy-9.9a-dihydro-9a-aza-9a-
bomoerythromycinA (compound V) and 9-deoxo-11-deoxy-
9.11-deoxy-9,11-epoxy-9,9a-dihydro-9s-nza-%a-
hmmeryﬂnumya.nA(mdm) ot ratio 1.7/1. Afex
scven days, the isomerization of compound V to III was
compiete, as indicated by “HNMR spectrum. Evaparation of
the eolvent afforded the title compouad in quantitative yield:
it was identica] with that obtained according to method A.

EXAMPLE 2
9-Decxo-9u-aza-9a-homoerythroorycin A
(compound IV)

A solution of the title compound of example 1 (231 mg.
0316 mmol) in acetic acld (20 mi) was hydrogenated over

10

PO, (13.1 mg, 0.058 mmol) mder hydrogen (50 psi) at
room temperature for 48 hours. The catalyst and the solvent
wero removed. The residue oll was dissolved in methylene
chloride and washed with 10% aqueous potassium carbonate
and trine, and driod over magnesium sulfsie. The salvent
evapanated in vacuo to afford the tifle compound pure (199
mg. 0.27 mmol, yleld:85.8%); it was identical by compari-
son with a known sampile of the title compound.

10 What is claimed is:

1. A conipound having formula I

.'ZAmdmﬂmmmm
ing a compound of formula IN

and thereafier N-methylsting the said compound of farmula
IV st position 9a.

6 3 Aprocess as defined in clabm 2, wherein said compound

of formala I Is reduced with hydrogen in the presence of
platinum dicxide catalyst.
4. Aprocess s defined in cleim 2, wherein said compound

&s of formmla IV is N-meéhyisted by treating said compound of

formmla IV with a combination of formic acid and formal-
dehyde,



, 027
238

._,.

5,686,587
11 12
%. A method of reaking a compound having formula I 8. A process of making a compound heving formmla I
am) am

15 comprising dissolving a compound of formuls V '
compuising treating a compomd of formula VI comprising
treating the B-isamer of formula VI ' ol w

~ VD

| (Y,
!.m )
E“j 20 in a solvest for s time safficiest to produce said compound

of formmia I
with tosyl chloride in the presence of pyridine at a tempers- in:nﬁbm;dhb;;md:mnhmﬁdm
ture less than sbhout ~10° C, 7 days.

ture is less than sbout ~20° C. . and the reflux temperaturo of deuterochiaraform.

. 1L. A process ss defined in claim 10, wherein said
7. A process as defined in claim 6, wherein said tempera-  fsomerization is conducted at room temperature.
tare is Jess than about -40° C. LIRS
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5 C-4"-SUBSTITUTED MACROLIDE DERIVATIVES
Background of the |nvention
This invention relates to novel C-4" substituted macrolide dersivatives that are useful as
antibacterial and antiprotozoa agents in mammals, including man, as well as in fish and birds.
This invention also relates to pharmaceutical compositions containing the novel compounds and
10 to methods of treating bacterial and protozoa infections in mammals, fish and birds by
administering the novel compounds to mammals, fish and birds requiring such treatment.

' Macrofide antibiotics are known to ba useful in the treatment of a broad sprectrum of
bacterial and protozoa Infections in mammals, fish and birds. Such antibiotics include various
derivatives of erythromycin A such. as azithromycin which is commercially available and is

15 referred to in United States patents 4,474,768 and 4,517,359, both of which are incorporated
herein by refarence in their entirety. Uké azithromycin and other macrolide antibiotics, the novel
macrolide compounds of the present invention possess potent activity against various bactarial
and protozoa infections as described beiow.

Summary of tha invantion
20 The present invention relates to compounds of the formula
CH,§ N(CH,),

and to pharmaceutically accaptable salts thereof, wherein:
X is <CH(NR®R™)-, -C(0)-, -C(=NOR")-, -CH,NR"-, or -N(C-C, alky)CH,- wherein the
first dash of each of the foregoing X groups is attached to the C-10 carbon of the compound of
25 formula 1 and the last dash of sach group is attached to the C-8 carbon of the of the compound of
formula 1;
R' is H, hydroxy or methoxy:
R?is hydroxy;

8
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RY is C,-Cy, alkyl, C,-Cyq alkenyl, Cy-Cs, alkynyl, cyano, -CH,S{O),R® wherein n is an
integer ranging from 0 to 2, -CH,OR", -CH;N{OR®)R®, -CH,NR®R"®, -(CH,)n(Cs-C1 aryl), or
~{CH2)n(5-10 membered heteroaryl), wherein m is an integer ranging from 0 to 4, and wherein the
foregoing R® groups are optionally substituted by 1 to 3 R groups;

or R? and R? are taken together to form an oxazolyl ring as shown below

0
R-"}:N

R*i8 H, -C(O)R®, -C(O)OR®, -C(O)NR’R"™ or a hydroxy protecting group;

R® is -SR®, {CH,),C(O)R® wherein n is 0 or 1, C;-Cyp alkyl, C5-C, alkeny, Ca-C,q alkynyl,
=(CH2)n(C¢-C1p aryl), or -{CH,)(5-10 membered heteroaryl), wherein m is an integer ranging from
0 to 4, and wherein the foregoing R® groups are optionally substituted by 1 to 3 R'® groups;

each R® and R’ is independently H, hydraxy, C,-C, alkaxy, C4~Cq alkyl, C-C, alkenyl, C,-
C; alkynyl, {CHy)m(Cy-C1p aryl), or -{CH2)n(5-10 membered hetercaryl), wherein m is an integer
ranging from O to 4; .

each R® is independently H, C,-C., alkyl, Cs-Cyo alkenyl, C-C,q alkynyl,
«(CH,)CR"'R™*(CH,)NR¥R" wherein q and r are each independently an integer ranging from 0
to 3 axcept q and r are not both 0, {CH;)m(Cs-Cyg aryl), or {CH,)m(5-10 membered heteroaryl),
wherein m is an integer ranging from 0 to 4, and wherein the foregoing R® groups, except H, are
optionally substituted by 1 to 3 R™ groups;

or where R® is as -CH;NR*R', R' and R® may be taken together to form a 4-10
membered saturated monocyclic or polycyclic saturated ring or a 5-10 membered heteroaryl ring,
wherein said saturated and heteroaryt rings optionally include 1 or 2 heteroatomns selected from
0, S and -N(R")-, In addition to the nitrogen to which R' and R® are attached, said saturated ring
optionailly includes 1 or 2 carbon-carbon double or triple bonds, and said saturated and heteroary!
rings are optionally substituted by 1 to 3 R"® groups;

each R® and R" is independently H or C,-C, alkyl;

each R", R¥, R" and R™ is independantly selected from H, C,-Cyg alkyl, {CHz)n(Cs-C1o
aryl), and -(CH,)(5-10 membered heteroaryl), wherein m is an integer ranging from 0 to 4, and
wherein the foregoing R, R'2, R™ and R™ groups, except H, are optionally substtuted by 1 to 3
R' groups;

or R™ and R™ are taken together to form -(CH,),- wherein p is an integer ranging from 0
to 3 such that a8 4-7 membered saturated ring is formed that optionally includes 1 or 2 carbon-
carbon double or triple bonds;
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or R™ and R are taken together to form a 4-10 membered monocyciic or polycyelic
saturated ring or a 5-10 membered heteroaryl ring, wherein said saturated and heteroaryl rings
aptionally include 1 or 2 heteroatoms selected from O, S and N(R"Y-, in addition to the nitrogen to
which R"™ and R™ are attached, sald saturated ring optionally includes 1 or 2 carbon-carbon

double or triple bonds, and said saturated and hetercaryl rings are optionally substituted by 110 3

R'* groups; _
R is H, C,-Cyo alkyl, CCo alkenyl, or C;-Cyo alkynyl, wherein the foregaing R'® groups

* are optionally substituted by 1 to 3 substituents independently selected from halo and -OR",

each R" is independently selectad from halo, cyano, nitro, triflucromethyl, azido,
-C(O)R", -C{O)OR", -C(0)OR, -OC(O)OR", -NR*C{O)R’, -C(O)NR'R’, -NR*R, hydroxy, C,-
Cq alkyl, C,-C; alkoxy, {CHa)m(Cs-C1o aryl), and -(CH,)n(5-10 membered heteroaryl), wherein m
is an integer ranging from O to 4, and whémin said aryl and heteroaryl subsituents are optionally
substituted by 1 or 2 substituents independently selected from halo, cyano, nitro, triflucromethyl,
azido, -C(O)R", -C(O)OR", -C(O)OR", -OC(O)OR", -NR°C(O)R’, -C(O)NR’R’, -NR'R’,
hydroxy, C,-Cs alkyl, and C,-C¢ alkoxy; - '

each R" is independently selected from H, C,-C,q alky), C-C, alkenyl, C;-C,, alkynyl,
~(CH)m(Cs-C1o aryl), and <{CH,).(5-10 membered heteroaryl), wherein m is an integer ranging
from O to 4;

with the proviso that R® s not H where R® is -CH,S(0),R".

Preferred compounds of formula 1 include those wherein R' is hydroxy, R? is hydroxy, R®
is -CH,NR*R" or -CH,SR® and R*is H.

Other preferred compounds of formula 1 include those wherein R! is hydroxy, R is
hydroxy, R? is -CH,NR®R™, R* is H, R' and R" are each selected from H, C,-Cyq alkyl, CCyp
alkenyl, and C-C,, alkynyl, wherein said R'® and R® groups, except H, are optionally substituted
by 1 or 2 substituents independently selected from hydroxy, halo and C,-Cq alkoxy. Specific
preferred compounds having the foregoing general structure include those wherein R'® is elther H
or is selected from the following groups from which R® is also independently selectad: methyl,
ethyl, aliyl, n-butyl, isobutyl, 2-methoxyethyl, cyclopentyl, 3-methoxypropyl, 3-ethoxypropyl, n-
propyl, isopropyl, 2-hydroxyethyl, cyclopropyl, 2,2,2-trifluoroethyl, 2-propyny|, sec-butyl, tert-butyl,
and n-hexyl.

Other preferred compounds of formula 1 Include those wherein R is hydroxy, R® is
hydroxy, R® is -CH,NHR®, R* is H, and R® is {CHa)n(Ce-Cyp ryl) wherein m is an integet. ranging
from 0 to 4. Specific preferred compounds having the ﬁmgdng general structure include those
wherein R® is phenyl or benzyl. '

Other preferred compounds of formula 1 inclde those wherein R' Is hydroxy, R is
hydroxy, R® is -CH,;NR™R®, R* is H, and R™ and R® are taken together to form a saturated ring.

w
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Specific preferred compounds having. the foregoing general structure include those wherein R
and R* are taken together to form a piperidino, trimethyleneimino, or morpholino ring.

Other preferred compounds of formula 1 include those wherein R' is hydroxy, R? is
hydroxy, R® Is -CH,NR'R®, R* is H, and R'® and R" are taken together to form.a heteroary! ring
optionally substituted by 1 or 2 C,-C, alkyl groups. Specific preferred compounds having the
foregoing general structure include those wherein R' and R® are taken together to form a
pymrolidino, triazolyl, or imidazolyl ring wherein said heteroaryl groups are obﬁonally substituted

* by 1 or 2 methyl groups.

Other preferred compounds of formula 1 include those wherein R is hydroxy, R? is
hydroxy, R* is -CH,SR®, R* Is H, and.R" is selected from C,-Cy, alkyl, C-Cyo alkenyl, and Cy-Cyo
alkynyl, wherein said R® groups are optionally substituted by 1 or 2 substituents independently
selected from hydroxy, halo and C,-Cg; alkoxy, Specific preferred compounds having the
foregoing general structure include those wherein R® is methyl, ethyl, or 2-hydroxyethy!.

Other preferred compounds of formula 1 include those wherein R' is hydroxy, R? is
hydroxy, R* Is H, and R? is selected from C,-Cy, alkyl, C-C,, alkenyl, and C;-C,, alkynyl, wherein
said R? groups are optionally substituted by 1 or 2 substituents independently selected from
hydroxy, -C(O)R”, -NR"R’, halo, cyano, azido, 510 membered heteroaryl, and C;-Cq alkoxy.
Specific preferred compounds having the foregoing genel;al structure include those wherein R® is
methyl, allyl, vinyl, ethynyl, 1-methyl-1-propenyl, 3-methoxy-1-propynyl, 3-dimethylamino-1-
propynyl, 2-pyridylethynyl, 1-propynyl, 3-hydroxy-1-propynyl, 3-hydroxy-1-propenyl, 3-
hydroxypropyl, 3-methoxy-1-propenyl, 3-methoxypropyl, 1-propynyl, n-butyl, ethyl, -propyl, 2-
hydroxyethyl, formyimethyl, 6-cyano-1-pentynyl, 3-dimethylamino-i-propenyl, or 3-
dimethyiaminopropyl.

Other preferred compounds of formula 1 include those wherein R' is hydroxy, R is
hydroxy, R* is H, and R is -(CH,){5-10 memberad heteroaryl) wherein m is an integer ranging
from O to 4.. Spacific preferred compounds having the foregoing general structure Include those
wherein R® is 2-thienyl, 2-pyridyl, 1-methyl-2-imidazolyl, 2-furyl, or 1-methyl-2-pyrolyl.

Other preferred compounds of formula 1 include those wherein R' is hydroxy, R? is
hydroxy, R is H, and R® is {CH;)n(C¢-Cyo aryl) wherein m is an integer ranging from O to 4.
Specific preferred compounds having the foregaing general structure include those wherein R® is
phenyl.

Specific compounds of formuta 1 inciude those wherein R? and R? are taken together to
form an oxazolyl ring as shown below

u3
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R:j-_-N

wherein R® is as defined above. ' -
Specific compounds of formula 1 include those wherein R is selected from the following:_

R'
I

\.(\xa’\/" oR®
RO

wherein )C is O, S or -N(R™)-, and whereln the -OR® group may be attached at any
available carbon on the phenyl group.

The invention also relates to a pharmaceutical composition for the treatment of a
bacterial infection or a protozoa infaction in a mammal, ﬁsh. or bhird which comprises a
therapeutically effective amount of a compound of formula i, or 2 pharmacautically acceptable
salt thereof, and a pharmaceutically acceptable carier.

The invention also relates to a method of treating a bacterial infection or a protozoa
infection in a mammal, fish, or bird which comprises administering to said mammal, fish or bird a
therapeutically effective amount of a compound of formula 1 or a pharmaceutically acceptable
salt thereof.

The term “treatment’, as used herein, uniess otherwise indicated, includes the treatment
or prevention of a bacterial infection or protozoa infection as provided in the method of the
present invention.

As used herein, unlass otherwise indicated, the terms “bacterial infection(s)” and
“protozoa infection(s)” include bacterial infections and protozoa infections that occur in mammals,
fish and birds as well as disorders related to bacterial infections and protazoa infections that may
be treated or prevented by administering antibiotics such as the compounds of the present
invention. Such bacterial infections and protazoa infections, and disorders related to such
infections, include the following: pneumonia, otitis media, sinusitus, bronchitis, tonsillitis, and
mastoiditis related to infection by Streptococcus pneumoniae, Haemophilus influenzae, Moraxella
catarrhalis, Staphylococcus aureus, or Peptostraptococcus spp.; pharynigitis, rheumatic fever,
and glomerulonephritis related to infection by Streptococcus pyogenes, Groups C and G
streptococl, Clostridium diptheriee, or Actinobacillus hasmolyticum; resplratory tract infections
related to infection by Mycoplasma pneumoniae, Legionella pneumophlia, Streptococcus

/
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The term "5-10 membered heteroaryl”, used herein, unless otherwise indicated,
includes aromatic hetsrocyclic groups containing one or more heteroatoms aach selected from O,
S and N, wherein each heterocyclic group has from 5 to 10 atoms in its ring system. Examples of
suitable 5-10 membered heteroaryl groups inciude pyridinyi, imidazolyl, pyrimidinyl, pyrazolyl,
(1.2,3,) and (1,2,4)-triazolyl, pyrazinyt, tetrazolyl, furyl, thienyl, isoxazolyl, oxazolyl, pymolyl and
thiazolyl. _

The phrase “pharmaceutically acceptable sali{s), as used herein, unless otherwise

" indicated, includes salts of acidic or basic groups which may be present in the compounds of the

present invention. The compounds of the present invention that are basic In nature are capable of
forming a wide variety of salts with various inorganic and organic ackis. The acids that may be used
to prepare pharmaceutically acceptable acid addition salts of such basic compounds of are those
that form non-toxic acid addition salts, je., saits containing phanmacologically acceptabie anions,
such as the hydrochioride, hydrobromide, hydmiodide, nitrate, sulfate, bisuifate, phasphate, acid
phosphate, isonicotinate, acetate, lactate, salicylate, citrate, acid cifrate, tarirate, pantothenate,
bitartrate, ascorbate, succinate, maleate, gentisinate, fumarate, gluconate, glucaronate, saccharate,
formate, benzoate, glutamate, methanesulfonate, ethanesulfonate, benzenesulfonate, p-
toluenesulfonate and pamoate [Le, 1,1'-mathylene-bis(2-hydroxy-3-naphthoate)] salts. The
compounds of the present invention that include an amino moiety may form pharmaceutically
acceptable salts with various amino adqs, in addition to the aclds mentioned above.

Those compounds of the present invention that are acidic in nature are capabie of forming
base salts with various pharmacologically acceptable cations. Examples of such salts include the
alkali metal or alkafine earth metal salts and, particularly, the calcium, magnesium, sodium and
potassium salts of the compounds of the present invention,

Certain compounds of the presant invention may have asymmetric centers and therefore
exist in different enantiomeric and diastereomic forms. This invention relates to the use of all optical
isomers and starscisomears of the compounds of the present invention, and mixtures thereof, and to
all pharmaceutical compositions and methods of treatment that may employ or contain them. -

The present invention includes the compounds of the present invention, and the
pharmaceutically acceptable salts thereof, wherein one or more hydrogen, carbon or other atoms
are repiaced by isotopes thereot. Such compounds may ba useful as research and diagnostic tools

below and the description that foliows. In the following Schemes, uniess otherwise indicated,
substituents X, R', R?, R?, R%, R%, R®, R', R®, R" R™, R", R%, R™ R*™ R" R™and R" are as
defined above.

<
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Background of the invention i

This invention reletes to novel C4" substituted derivatives of 9-deoxo-8a-aza-9a-
homoerythromycin A that are useful as antibacterial and antiprotozoa agents in mammals,
including man, as well as in fish and birds. This invention aiso relates to pharmaceutical
compositions containing the novel compounds and to methods of treating bacterial infections and
protozoa infections in mammals, fish and birds by administering the novel compounds to
mammals, fish and birds requiring such treatment.

Macrolide antibiotics are known to be useful in the treatment of a broad sprectrum of
bacterial infections and protozoa infections in mammals, fish and birds. Such antibiotics include
various derivatives of erythromycin A such as azithromycin which is commercially available and is
refarred to in United States patents 4,474,768 and 4,517,359, both of which are incorporated
herein by reference in their entirety. Like azithromycin and other macrolide antibiotics, the novel
macrolide compounds of the present invention possess potent activity against various bacterial
infections and protozoa infections as described below.

Summary of the Invention

The present invention relates to compounds of the formula

and to pharmaceutically acceptable salts thereof, wherein:

R’ s H, hydroxy or methaxy;

R is hydroxy;

R® is C,-Cyp alkyl, Cs-Cyo alkenyl, C,-Cy, allyny!, cyano, -CH,S(0),R* wherein n is an
integer ranging from 0 to 2, -CH,OR®, -CH.N(OR)R®, -CH.NRPR'®, {CH,)u(Ce-C1o aryl), or
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foregoing R’ groups are optionally substituted by 1 to 3 R" groups;
or R? and R*are taken together to form an oxazolyl ring as shown below

S

=N
Rs

R' i H, -C(O)R’, -C(OJOR’, -C{ONR’R'™ ar a hydroxy protecting group;

R®is -SR*, {CH,),C{O)R* wherein n is 0 or 1, C,-C,p alkyl, C1-Cy, alkenyl, C,-C,o alkynyl,
«{(CH2)m(Cs-C 1o aryl), or {CH,),{5-10 membered hetsrcaryl), wherein m is an integer ranging from
0 to 4, and wherein the foregoing R® groups are optionally substituted by 1 to 3 R"® groups;

each R® and R’ is indepandently H, hydroxy, C,-C, alkoxy, C,-C, alkyl, C-C, alkenyl, C
Cy alkynyl, ~(CHa){CyC1o aryl), of <CH,).(5-10 membered heteroaryl), wherein m Is an integer
ranging from O to 4;

each R’ is independently H, C,-C,, alkyl, C+-C,, alkenyl, C-C,, alkynyl,
«(CH,),CR"R™*(CH,)NR™R" wherein q and r are each independently an integer ranging from 0
to 3 except q and r are not both 0, {CH_)(Ce-C,g aryt), or -(CH,),(5-10 membered hetaroaryl),
wherein m is an integer ranging from 0 to 4, and wherein the foregoing R® groups, except H, ere
optionally substituted by 1 to 3 R"® groups;

or where R® is as -CH,NR'R"®, R" and R* may be taken together to form a 4-10
membered monocyclic or polycyciic saturated ring or a 5-10 mambered heteroaryl ring, wherein
said saturated and heteroaryl rings optionally include 1 or 2 heteroatoms selected from O, S and
-N(R")-, in addition to the nitrogen to which R** and R® are attached, said saturated ring optionally
includes 1 or 2 carbon-carbon double or triple bonds, and said saturated and heteroary! rings are
optionally substituted by 1 to 3 R groups;

sach R’ and R" is independently H or C,-C, alkyf;

each R", R", R™ and R" Is independently selected from H, C,-C,o alkyl, {CH,){Ce-Co
aryl), and <(CH,),(5-10 membered heteroaryi), wherein m is an Intager ranging from O to 4, and
wherein the foregoing R"', R, R™ and R" groupe, except H, are optionally substituted by 1 to 3
R groups; :

or R" and R" are taken together to form -(CH,),- wherein p ls an integer ranging from 0
to 3 such that a 4-7 membered saturated ring is formed that optionally includes 1 or 2 carbon-
carbon doubie or triple bonds;

or R and R* are taken together to form a 4-10 membered monocyclic or polycydic
saturated ring or a 5-10 membered heteroaryl ring, wherein sald saturated and heteroaryl rings

25
25\
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optionally include 1 or 2 hetercatoms selected from O, S and -N(R%)-, in addition to the nitrogen to
which R and R* are sttached, said saturated ring optionally includes 1 or 2 carbon-carbon
double or triple bonds, and said saturated and heteroeryl rings are optionally substituted by 1 to 3
R*" groups; :

R is H, C-Cyo alikyl, C7-Cyo alkenyl, or C,-Cyo alkynyl, wherein the foregoing R™® groups
are optionally substituted by 1 to 3 substituents independently selected from halo and -OR";

each R™ Is independently selected from halo, cyano, nitro, trifluoromethyl, azide,
C(OR", -C(O)ORY, -C(OYOR", -OC(0)OR", -NR'*C(O)R, -C(OINR°R’, -NR°R’, hydroxy, C,-
C, alkyl, C,-Cq alkoxy, {CH;)n(Cs-C1o aryl), and {CH,)n(5-10 membered heteroaryl), wherein m
is an integer ranging from 0 to 4, and wherein said aryl and heteroaryl subsituents are optionally
substituted by 1 or 2 substituents independently selected from halo, cyano, nitro, trifiuoromethyl,
azido, -C(O)R", -C(O)OR”, -C(OJOR", -OC(O)OR", -NR'C(O)R’, -CONR'R’. NR'R’,
hydroxy, C,-Cq alkyl, and C,-C, alkoxy;

each R is independently selected from H, C,-Cy aliyl, C1-Cy, alkenyl, C-Cyo alkynyl,
«{CHy)(Ce-C1o aryl), and -{CH,),(5-10 membered heteroaryl), wherein m is an integer ranging
from 0 to 4;

with the proviso that R® is not H where R® is -CH,S(O),R".

Preferred compounds of formula 1 include those wherein R' is hydroxy, R? is hydroxy, R®
is <CHNR'"R® or CH,SR®, and R* is H.

Other preferred compounds of formula 1 inciude those wherein R’ is hydroxy, R? is
hydroxy, R® is -CH,;NR'R™, R* is H, R" and R® are each selected from H, C,-C,o alkyl, Cx-Cyo
atkenyl, and C»-C., alkynyl, wherein sald R'® and R® groups, except H, are optionally substituted
by 1 or 2 substituents independentty selected from hydroxy, halo and C,-C, alkoxy. Specific
preferred compounds having the foregoing general struchure include those wherein R* is either H
or is selected from the following groups from which R® is aiso independently selected: msthyl,
ethyl, allyl, n-butyl, isobutyl, 2-methaxyethyl, cyclopentyl, 3-methoxypropyi, 3-ethoxypropyl, n-
propyl, isopropyl, 2-hydroxyethyl, cyclopropyl, 2,2,2-trifroroethyl, 2-propynyi, sec-butyl, tert-butyl,
and n-hexyl. :

.Other preferred compounds of formula 1 Include those wherein R' Is hydraxy, R? Is
hydroxy, R® Is <CH,;NHR®, R is H, and R® Is -(CH,),{Ce-C1o ary!) wherein m is an integer ranging
from 0 to 4. Specific preferred compounds having the foregoing general structure include those
wherein R® is phenyl or benzyl.

Other preferred compounds of formula 1 inciude those whereln R' is hydroxy, R? Is
hydroxy, R® is -CH,;NR™R’, R* is H, and R*® and R® are taken together to form a saturated ring.
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Specific preferred compounds having the foregoing general structure include those wherein R
and R® are taken together to form a piperidino, trimsthyleneimino, or morpholino ring.

Other preferred compounds of formula 1 inciude those wherein R' is hydroxy, R® is
hydroxy, R® is -CH,NR"R®, R* is H, and R™ and R® are taken together to form a heteroaryl ring
optionally substituted by 1 or 2 C;-C, alkyl groups. Specific prefemed compounds having the
foregoing general structure include those wherein R'® and R® are taken together to form a
pyrrolidine, triazolyl, or imidazolyl ring wherein said heteroaryl groups are optionally substituted
by 1 or 2 methyl groups.

Other preferred compounds of formula 1 include those wherein R' is hydroxy, R® is
hydroxy, R® is -CH,SR®, R* is H, and R® is selected from C,~Cy, alkyl, Cx-C,, alkenyl, and C4C,q
alkynyl, wherein said R® groups are optionally substitted by 1 or 2 substituents independently
selected from hydroxy, halo and C,-C, alkoxy. Specific preferred compounds having the
foregoing general structure hdudohosewlwnhR'lsmhyl. othyl, or 2-hydroxyethyl.

Other preferred compounds of formula 1 include those wherein R' is hydroxy, R? is
hydroxy, R* is H, and R® is selected from C,-Cy alkyl, C-Cy alkenyl, and C;-C, alkynyl, wherein
said R® groups are optionally substiuted by 1 or 2 substituents independently selected from
hydroxy, -C(O)R", -NR°R’, halo, cyano, azido, 5-10 membered heteroaryl, and C,-C, alkoxy.
Specific preferred compounds having the foregoing general structure include those wherein R® is
methyl, allyl. vinyl, ethynyl, 1-methyl-1-propenyl, 3-methoxy-1-propynyl, 3-dimethylamino-1-
propynyl, 2-pyridylethynyl, 1-propynyl, 3-hydroxy-i-propynyl, 3-hydroxy-1-propenyl, 3-
hydroxypropyl, 3-methoxy-1-propenyl, 3-methoxypropyl, 1-propynyl, n-bulyl, ethyi, propyl, 2-
hydroxyethyl, formyimethyl, 6-cyano-1-pentynyl, 3-dimethylamino-1-propenyl, or 3-
dimathytaminopropyl.

Other preferred compounds of formula 1 include those wherein R' Is hydraxy, R? is
hydroxy, R* Is H, and R® is <{(CH,),(5-10 membered heteroaryl) wherein m is an Integer ranging
from 0 to 4. Specific preferred compounds having the foregoing general structure inciude those
wherein R® is 2-thienyl, 2-pyridy!, 1-methyl-2-imidazolyl, 2-furyl, or 1-methyl-2-pyrrolyl.

Other preferred compounds of formula 1 include those wherein R' Is hydroxy, R is
hydroxy, R' is H, and R® Is <{(CH,){Cs-Cyo aryl) wherein m is an integer ranging from 0 fo 4.
Specific preferred compounds having the foregoing general structure include those whereln R® is
phenyl.

Specific compounds of formuta 1 Include those wherein R? and R® are taken together to
form an oxazolyl ring as shown below
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1

9-DEOXO-9A-ALKYL-9A-AZA-9A-HOMOERY-
THROMYCIN A DERIVATIVES AND

INTERMEDIATES THEREFORE s

BACKGROUND OF THE lNVBNTlON
This invention relates to novel derivatives of 9-deox-

o-9a-aza-9a-homoerythromycin “A, to intermediates 10

therefor and to processes for thelr preparation. More
particularly it relates to Sa~ethyl and Sa-n-propyl deriv-
atives ofWhmmthmmm A, to
pharmaceutically acceptable acid addition salts thereof
and the use of said compounds as antibacterial agents, to.
intermediates therefor, and to processes for their prepa-
Erythromycin ‘A i8 a macrolide antibiotic produced

by fermentation and described in U.S.. Pat. No. 20

2,653,899, Numerous 'derivatives of erythromycin A
have been prepared in efforts to modify its biclogical -
and/or pharmacodynamic propertiea. Erythromycin A’
esters with mono- and dicarboxylic acids are reported in 28
Antibiotics Annual, l953-1954,Pmc.SympodmAntl
biotics (Washington, D.C.), pages 500-513 and 514-521,
respectively. U.S. Pat. No.. 3,417,077 describes tha cyc-
lic carbonate ester .of erythromycin A, the reaction
modnﬂofuyﬂuomymAmdﬁhyleneMu 30
an active antibacterial agent. .

US.Pnt.No.4,328,334,nlnedMny4. lDﬂ?.ducribn
9-deoxo-9a-aza-9a-) A and refers to it
by the name 11l-aza-10-deoxo-10-dihydroerythromycin ~
A, Smmdmpmnduamgemndedaxomo)”
derivative of erythromycin A, nitrogen (aza) being the
additional atom of the ring’ system, the nomenclatire
9-deoxo-9a-aza-9a-homoerythromycin A is preferred -
fmmmnngmofthempomdsdmm
invention.

Belgian Pat. No. 892,357, published July 1, 1982, and
its British counterpart, Application No. 2,094,293A,
published Sept. 15, 1982, disclose the N-methyl deriva-
tive of 9-deoxo-9a-aza-9s-homoerythromyoi
does my co-pending U.S. application Ser. No. 441,981,
filed Nov. 15, 1982, which claims priority from U.S.
application Ser. No. 399,401, filed July 19, 1982, now
abandoned, The 4"-epimer of sald N-methyl derivative 0
is the subject of my co-pending U.S. application Ser.
No. 441,979, filed Nov. 15, 1982. My co-pending U.S.
application Ser. No. 497,473 filed May 23, 1983 end
now abandoned, claims. cyclic ether. derlvuﬂvu of 9-
deoxo-h-am!h—homou'ythromym A and s 4"- 38

epimer. .

U.S. Pat. No. 4,382,085, Inuedmy:i. l9l!dunrlbs
4"-epi erythromycin A; i.c., the 4"—OH group has the.
nnhleonﬂgnnﬂan.mf'—OHlnerylhromydnAhu
the equatorial confignration.

SUWARYOFTHBINVENTION
It has now been found that 9a-ethyl and 9a-n-propyl
derivatives of 9-deoxo-9a-aza-9a-homoerythromycin A I
are effective antibacterial agents agninst Gram-positive

and Gram-negative bacteria. The compounds have the
formula (T)

whereinnis 1 or 2.

*Also included in-this invention, and uscful for the
same purpose as formula (T) compounds, are the phar-
maceutically acceptable acid sddition salts thereof. In-
cluded among sald salis, but by no means limited to said
salts, are those enumerated below: hydrochloride, hy-
drobromide, sulfate, phosphate, formate, acetate, propi-
onate, butyrate, citrate, glycolate, lactate, tartrate, ma-
Iste, maleate, fumarate, gluconate, stearate, mandelate,
pamoate, benzoats, mecinate, lactate, p-toluenesulfon-
ate and asparate. -

‘The present hvm-hoembncupmu-smd
intermediates useful for the preparation of compounds
of formula (I). 'I'hemtu‘med:nteamrepreunﬁed by
fomuh(ﬂ)bdow-

yoin A,:as 45 ¥

whueinYh—NHCHOor

e
—-—NaC

Theﬁntpmceurotpreparlng:eompomdofror-
mula(l)wherdnnhzcompﬂmmcﬂngncompomd
offomnln(ll)wherdn!’h

o o
=NE=C

with tri-n-butyl tin hydride and arobisisobutylnitrile ina
reaction-inert golvent at a reaction temperature of about
" 125° C. The preferred solvent is xylene. .

The other process of this invention leading to a com-

pmdolfmmuha)whrdnnhleompdmmﬂug E

a compound of the formula
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with

{a) agueous scetaldchyde In the presence of hydrogen
and palladium-on-charcoal in & reaction-inert solvent,

- .wherein the preferred solvent is ethanol, or nltamu-.ly,

(b) acetaldehyde and sodium cyanoborohydride in a

. reaction-inert solvent at a pH of about 3.9, wherein the 0
preferred solvent is methanol,

Ahowithmthempeofthepmtmvenhonha
tion an antibscte-

pharmacentical composil comprising
mlmountofacompoundoﬂ‘ormuh([)nmhphrmn— 25

ceutical carrier, nndnmethodformungnbnctennl
infection in & mammal which comprises administering
to said mammal an sntibacterial effective amount of a

‘compound of formula (I).
Compounds of formula (I) and pharmaceutically ac- 3p

" ceptable acid sddition salts thereof are effective antibac-

terial agents against Gram-positive microorganisms,

‘¢.8. Staphylococcus awreus and Streptococcus pyogenes,

and against Gram-ncgative microorganiyms, e.g., Pos-
turella multocida and Neisseria sicca in vitro. Addition-
ally, compounds of formula (I) exhibit significant activ-
ity against Neixseria gonorrhea and Haemophilus in vitro
and aguinst many Gram-positive and Gram-nogative
microorganisms in vivo. In their useful oral activity and

" unexpectedly long serum half-life in mammals, the for-

mula (I) compounds are like Heoxo-h-methyl-h—an—
9a-homoerythromycin A, and quite unlike the corre.
sponding Sa~desmethyl compound 9-deoxo-9s-aza-9a-

homa-ythrmnycm A which exhibits no practica! oral
activity in vivo, and a substantially shorter serum hatf-

. life,

DETAILED DESCRIPTION OF THE
INVENTION

‘I'hceompoundofformula(!)whnunnnlhpn-

_pared by the reductive alkylation of 9-deoxo-9s-aza-9s-

A using aqueous acetaldehyde and

‘hydrogen in the presence of a-palladium-on-charcoal

- catalyst in a resction-inert solvent.

In practice, the 9-deoxo-9a-aza-9a homoerythmy-
cin”A is combined with at least a ten fold excess of

4

It is preferable to employ aqueous acetaldehyde, for
example, a 379% solution of aceialdchyde in water.

The reaction-inert solvent employed in the aforemen-
tioped process should be one which amply solubilixes
the reactants and does not react to any appreciable
extent with the siarting reagents or product. In this
particular process the .preferred solvent is ethanol al-
though it is appreciated that a large number of other
solvents may be employed with simjlar resmlts. -

Amondtypeofreduchvellkyhmmmed
toprepareaeumpoundofformnh(l)whmnul
camprises reacting 9-deoxo-9i-aza-9a-homoerythromy-
dnAwnhluhldehydemdwdhmcymoborohyﬂndc
in a reaction-inert solvent at a pH of about §59. -

In practice, 9-deoxo-9a-aza-98-homoerythromycin A
is combined with a one bundred. fold molar excess of”

‘acetaldehyde in an sppropriate reaction-inert solvent;

and the pH adjusted to about 5.9 with acetic acid. To
the resulting mixture is added over a period of abont ten.
minutes & five fold molar amount of sodium cyanoboro-
hydﬂde.lfueededthepﬂundjulmdbytheddiuonof
acetic acid.

The preferred mctlmmerl lolvent. having the
aforementioned characteristics for this reaction is meth-
nnol,llthoughmmyothuwlvmnmbemedmﬂ:

- gimilar results.

s

At ambient therucﬂmn;enu:lly
complete in about sixteeni‘to-eighteen- hours. Shorter
mctlonumuepomblelfthemcdontunpamumn
mised shove room temperature.

'l'heproductuobtnhedbymmfamﬂnrmthme
gkilled in the art. Further purification can be achieved
by normal methods such as recrystallization or chroma-
tography.

Preparmunofampaundoﬁormuha)whmn
is 2 comptises treating a compound of formula (1)
wherein Y is L

—-NEC

whh m-n-butyl tin hydride in a rucunn-mert solvent.

. ©.@
QLY = ~=N==C)
lwombmedmthaﬁ&yfuldmhrmtoftd—n-bntyl

tin hydride in an appropriste solvent, and the tempera-
ture raised to about 125° C. To the hot reaction mixture

. is added over & pericd of one honr a five fold molar

acetaldehyde in a reaction solvent containing about an -

equal welght of 396 palladium-on-charcoal: The result-

ing mixture is shaken at room temperature in a hydro- 0

gen atmosphere at an initial pressure of abont 50 psi.

Undudlaecondiﬁomﬂnmcuonhwuﬂycomplm
Inabouttwalvetolutemhoun

On completion of the reaction the catalyst is filtered

and the product obtained by conventional means, If a 65

purer product is desired it may be so purified by con-
n;v-:mﬂmmuwhureaymnmorchmmntog-
Y .

mnntofmbiﬁobutylninﬂe.’l‘hemcﬁmmpm )
55 ture is maintsined for about forty-five minutes after
completion of the addition.

The preferred reaction-inert solvent for the aforedes-
cribed process is xylene, although many other solvents
can be employed with eimilar results.

Oncomplemoftherucﬂonthepmductunohted
byeonvmhumlmmandpurlﬁedbychtmwsnph
mgonuhapl

The preparation of the compound of formula (II)
whuemYn
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5
and other necessary intermedintes nseful for this process
are described hereafter in the examples.
Also considered part of the present invention are the
4"-epimers of the compounds of formula (I) as follows:

wherein n=1 or 2

Thus, for any given value of n, the epimeric forms of
said componnd differ structurally only in the configura-
ton of the chiral center at the 4”-position; ie., the
4"—OH group is either axial or equatorial. The axial
configuration is
‘line and the equatorial by a broken line of attachment of
the OH group to the 4”-position.

Acid addition salis of the compounds of this inven-
tion are readily prepared by treating compounds having

formula (T) with at least an equimolar emount of the 30

appropriate acid in a reaction-inert solvent or, in the
case of the hydrochloride salts, with pyridinium hydro-
chlgride. Since more than one basic group is present in
2 compound of formula (I), the addition of sufficient

acid to satisfy each basic group permits formation of 35

polyacid additionsalts. ‘The acid addition saits are re-
covered by filtrstion if they are insoluble in the reac-
tion-inert solvent, by precipitation by addition of a non-
solvent for the acid addition salt, or by evaporation of
the solvent.

A variety of Gram-positive microorganisms and cer-
tain Gram-negsative microorganisms, such as those of
spherical or ellipsoidal shape (cocci), are susceptible to
compounds of formnla (I). Their in vitro activity ia

readily demonstrated by in viiro tests against various 45

microor] in a brain-heart infosion medium by the
usual two-fold serial dilution technique. Their in vitro
activity renders them useful for topical application in
the form of cintments, creams and the like, for steriliza-

unnpurponu.eg sick room utensils; and as industrial 50

antimicrobials, for example, in water treatment, slime
control, paint and wood preservation.

Formwu'ome.eg.formlmalnpphm.hwﬂl
ofteri be convenient to compound the selected product

by methods well known in the pharmacist’s art inio 35

lotions, salves, ointments, creams, gels or the like. For
such purposes, it will generally be acceptable to employ
concentrations of active ingredients of from about 0.01
percent up to about 10 percemt by weight based on total

composition. The dosage form is applied at the site of 60

infection ad libitum, generally at least once & day.
Additionally, formula (I) compounds of this inven-

nonmwﬂvemm&mpouuvemdmm

negative microorganisms in vivo via the oral and/or

by a solid or wedged shape 23

zf).a/

tially uniform weight with the test organiam and subse-
quently treating them orally or subcutancously with the
test compound. In practice, the mice, e.g. 10, are given
sn intraperitoneal inoculstion of suitably diluted cul-
tures containing approximately 1 to 10 times the LD op
(the lowest concentration of organisms required to pro-
duce 100% deaths). Control tesis are simultanecusly
ron in which mice receive inooulum of Jower dilutions
as a check on possible variation in virulence of the test
organism. The test compounnd is administered 0.5 hour
post-inoculation, and is repeated 4, 24 and 48 hours
later. Sarviving mice are held for 4 days after the last
tregtment and the number of survivors is noted.
When used in vivo, these novel compounds can be
administered orally or parenterally, e.g. by subcutane-
ous or intramuscular injection, at a dosage of from
about 1 mg/kg. to about 200 mg/kg. of body weight per
day. The favored dosage range is from about 5 mg/kg.
to about 100 mg/kg. of body weight per day and the
preferred range from about 5 mg/kg. to about 50
mg/kg. of body weight per day. Vehicles suitable for
parenteral injection may be cither aquecus such as wa-
ter, isotonic saline, isotonic dextrose, Ringer’s solution
or non-aqueocus such ss fatty oils of vegetahle origin
(cotton seed, peanut oil, corn, sesame), dimethylsnifox-
ide and other non-aqueous vehicles which will not in-
terfere with therapeutic efficiency of the preparation
and are non-toxic in the volume or proportion used
{glycerol, propylene glycol, sorbitol). Additionally,
compositions suitable for extemporaneous preparation
of solutions prior to administration may advantageously
be made. Such compositions may include- liquid dilv-
ents; for example, propylene glycol, diethyl carbonate,
glycerol, sorbitol, etc.; buffering agents, hyaluronidase,
local anesthetics and inorganic salts to afford desirable
pharmacological properties. These compomnds may
also be combined with various pharmaceutically ac-
cepublemencan'lﬂlindudmgwlld diluents, aqueous
vehicles, non-toxic organic solvents in the form of cap-
sules, tablets, Jozenges, troches, dry mixes, suspensions,
solutions, elixirs and parenteral solations or suspensions.
In general, the compounds are used in various dosage
forms at concentration levels ranging from about 0.5
percent to sbout 90 percent by weight of the total com-
In the examples presented herein, no effort was made

jtorewverthemnﬂmumamoumufpmdﬁapmdmed

or to optimize the yield of a given product. The Exam-
ples are merely illustrative of the process and of the
products obtainable thereby.

Inallmmplu.ﬂletems “vanillin/ethanol/HiPO4
spray” and ‘‘venillin/H3PO4 spray” refer to a solution
oflO;.ol‘vmil]m.lOOmLofethmolmdlmml.of
HiPO,.

The term “xylens” rdhltothceommnlmuture
of xylene isomers, boiling range 137°-144° C.

EXAMPLE |
9-Deoxo-9a-ethyl-9a-aza-9a-homoerythromycin A

To 10 ml. of methanol was added 1.0 g. (1.36 mmoles)
of 9-deoxo-92-aze-98-homoerythromyein A: (U.S. Pat.
No. 4,328,334) and 5.95 g. (0.135 maole) of acetaldehyde,
and the pH of the resulting solution adjusted to 5.9%

parenteral routes of administration in animals, including 65 with a 109% methanolic solution of acetic acid. To the

man. Their in vivo activity is more limited as regards
susceptible organisms and is determined by the usaal
procedurs which eompmmfechn.gnﬂceofmbum

rﬂmmewnaddedﬂ?m; (6.8 mmoles) of
sodium cyanoborohydride portionwise over a period of
ten minutes. After a final adjestment of the pH from 6.3



