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Seæora Jefe, 

DIVISION DE NUEVAS CREACIONES 

Superintendencia de Industria y Comercio 

E. S. D. 

Referenda : Expediente N° 07.089.192 

Asunto : Oposición a la solicitud de patente de Invendón 

titulada "PURIFICACIONDE RAPAMICINA" 

Solicitante : WYETH. 

Opositora : GYNOPHARM SA. 

Publicada en la Gaceta de la Propiedad Industrial 

N° 584 del 31 de diciembre de 2007 

Yo, ELIANA ISA URA MORENO BOHORQUEZ, a ogada en ejerciclo, 

identificada como aparece al pie de su firma, con tarjeta profesional No. 

83823 del Consejo Superior de la ela, en ml condición de 

apoderada de la sociedad Gynopharin S.A. cnformada bajo las leycs de la 

Repb1ica de Colombia y domiciliada en la ciudad de Barranquilla, 

Colombia, atentamente manifiesto que estando dentro del tØrmino de ley 

y por orden expresa de mi representada, presenrn oposicion a La oncesion 

del registro de la Patente de Invencion tirulada "PURIFICAcION DE 

carrera 13 N 119-95, Oficiria 101. TeL (571)2 1312 13 - Fax. (571)6 12 19 79 
L mul negocIos@optlm I n- wni www optinlum-co corn 

Bogo Colombia 



RAPAMICINA ’ cuyo titular es W7YETH, y pido a Usted decla rat 

fundada esta oposiciOn y en consecuencia negar el registro de la patente 

solicitada. 

1. INTERES PARA ACTUAR 

Conforme a lo dispuesto en el articulo 42 de la Decision 486 de 

2000 de la CAN, estando dentro del tØrmino estipulado pot la icy, 

manifiesto ci legitirno interØs de nuestra representada para oponerse al 

registro de la patente de la referencia, atendiendo a que la solicitud 

pretendida no cumple con ios requisitos dispuestos en la Icy corno se 

analizarÆ rnÆs adelante y d"ser concedida afectaria directamente la 

comercialización de a1gun1(productos de mi representada, que contienen, 

en particular Rapamicina. Por lo tanto, solicito respetuosamente a ese 

Despacho se sirva tener en cuenta la presente oposicion dentro del trÆmitc 

administrativo que se surte en esta Superintendencia. 

2. FUNDAMENTOS DE HECHOS 

2.1. La solicitud objeto de la presente hie precentada ci 30 de agosto de 

2007, reivindicando prtoridad bajo la solicitud US20050657910P 
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2005’03-02; y fue publicada en Colombia, en la Gaceta de la Propiedad 

Industrial No 584 del 31 de diciembre de 2007, cuya publicación 

internacional corresponde a la W02006093745 del 8 de septiembre de 

2006. 

2,2. La solicitud colombiana 07089192 objeto de la preserite oposici5n, 

se refiere a Rapamicina que tiene una pureza mayor del 98% y un 

indice de color amarillo menor de 1; donde dicha Rapamicina tiene 

una proporción isomØrica B:C mayor de 30:1; tiene una proporción 

isomØrica B:C mayor de 35:1. Adicionalmente se refiere a una 

composición que comprende rapamicina y un portador 

fisiologicamente compatible; donde dicha composición que cotnprcnde 

rapamicina, tiene una proporciOn isomØrica B:C mayor de 30:1; en 

donde la proporción isomØrica es mayor de 35:1. 

0 2.3. Ahora hien, con base en ci articulo 14 de la Decision 486 de la. 

CAN consagra lo siguiente: "Los palses miembros otorgasªn patentes para 

Las invenciones, sean de producto o procedimiento, en todos Los campos de La 

tecnologia, siernpre que sean nuevas, tengan nivel inventivo y sean susceptibles 

de apUcación industrial". Asi las cosas, las invenciones objeto de patente 

deben ser nuevas y tener nivel inventivo. Bien, pues antes dc la fecha de 

prioridad de esta solicitud se encuentran los siguients documentos que 

afecta la patentabilidad de Ia presente olicitud 
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� Di: US200 1039338 publicada ci 8 de noviembre de 2001. 

� D2: US3993749 publicada el 23 de noviembre de 1976. 

2.4. Ahora bien, ci documento Dl se refiere a un proceso regioselectivo 

para preparar 42-ester o Øter de rapamicina y los intermedios de 3 1-silil 

Øter. Particularmente en la, pÆgina 1 pÆrrafo 0003 se revela Ia existencia 

previa de la rapamicina demostrando que es conocida con anterioridad. 

Segün esta anterioridad Dl se demuestra la pre-existencia de dicha 

sustancia, por to que no podria set novedoso que la misma ahora se 

tilde de novedosa pot ci simple hecho de tenet un particular grado de 

pureza. Ahora bien, a partir de este documento Dl tambiØn es posible 

deducir una reacción de  rapamicina con clorometilsilano en etil acetato 

en presencia de imidazol para sintetizar 31, 42 0-trimetilsilano 

rapamicina cortforme se indica en ci ejetnplo 1, pagina 4. En este 

ejemp o Se divide el grupo trimeti Si ano con act 0 su irico para 

obtener rapimicina. A.-,f la cosas como to evidencia dicho documento 

Dl la presertte solicitud no es novedosa pues to revelado ya se 

encontraha en ci estado de la tØcnica, particularmente en ci documento 

Dl. 

2.5. El documento D2, pot su parte revela un antibiótico de rapamicina 

que es obtenibie por cultivo de Streptornvce hygroscopicus NRRL 

5491 en un medio acuoso nurritivo. Como se evidencia, este 
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documento ya revelava con casi 30 aæos de anterioridad la existencia de 

la rapamicina. Particularmente, en la columna 5 ilneas 29 a 41 este 

documento anterior revela la purificaciOn de rapimicina por medio de 

carbon vegetal. Por to tanto, cualquier persona versada en la materia, a 

partir de Ia materia revelada en dicho documento D2, en combinaciOn 

con la materia definida en ci documento Dl, puede ilegar de manera 

evidente a tin proceso para purificar rapamicina usando productos 

naturales tal como carbon vegetal. Asi las cosas, visto dicho documento 

D2, en combinaciOn con ci documento Dl, la presente solicitud carece 

evidentemente de altura inventiva. 

2.6. Por lo tanto, este documento objeto de oposición a la iuz del 

documento Dl carece evidenternente de NOVEDAD y con base en ci 

documento D2, carece de ALTURA INVENTIVA. 

2.7. En consecuencia y de acuerdo a lo descrito anteriormente, se deriva 

� que Ia solicitud colombiana 07089192 no puede pretender tin 

monopolio pot- patente toda vez que lo que pretende no cumple con 

dos de Los tres requisitos necesarios para su protecciOn. 

2.8. Que por consiguiente, respecto a la solicitud pretendida se tiene 

que: 

2.8.1. CARECE DE NOVEDAD: Segün  la, decisiOn 486 de la 

Comunidad Andina de Nacionc, ArtIculo 16.- "Una invención s 
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considerard nueva cuando no estÆ comprendida en el estado de La tØcnica. 

El estado de la tØcnica comprenderÆ todo 10 que haya sido accesible at 

pvblico por una descripcidn escrita u oral, utilización, comercialiación o 

cualquier otro medio antes de La fecha de presentaciOn de La solicitud de 

patente o, en su caso, de La priorid,ad reconocida. ". A la fecha de 

prioridad, 2 de marzo de 2005 ya era conocido, pues como se 

detnostrO, era parte del arte anterior con base en ci documento Dl y 

D2, la rapamicina sobre la cual busca protección en el capItulo 

reivindicatorio. 

28.2, CARE NCIA DE ALTURA INVENTIVA. Segun la DecisiOn 486 

de la Comunidad Andina de Naciones, Articulo 18..- "Se considerarÆ 

que una invenciOn tiene nivel inventivo, si pam una persona del oflcio 

normalrnente versada en La materia te’cnica correspondiente, esa invención 

no hubiese resultado obvia ni se hubiese derivado de manera evidente del 

estado de La tØcnica. ". A la fecha de prioridad, 2 de marzo de 2005 a 

partir del documento D2 en combinación con Dl, puede Ilegar de 

manera evidente a un proceso para purificar rapamicina por medios 

naturales sobre ci cual busca protecciOn en ci capitulo 

reiviridicatorio. 

2.9. Dado lo anterior, es posible deducir que la solicitud y 10 

reivindicado no es objeto de patentabilidad pues es contrario a lo que 

dicta la Decision 486 de la Comu n khtd Andina de Nac:iones, Articulo 
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14.- "Los Palses Miembros otorgarÆn patentes pa’ra las invenciones, sean dc 

producto o de procedtmiento, en todos los campos de la tecnologia, sieinpre que 

sean nuevas, tengan nivel inventivo y sean susceptibles de aplicación 

industriaL ". La solicirud pretendida no cumple con dos de los tres 

requisitos de patentabilidad. 

2.10. Por todo to anterior, atentamente solicito a usted que se sirva 

declarar fundada la presente oposicion y negar el registro Patente de 

invenciOn denominada "PURIFICACION DE RAPAM1CINA’ cuyo 

titular es WYETH, solicitud Colombiaria que apareció publicada en la 

Gaceta de la Propiedad Industrial N° 584 del 31 de diciembre de 

2007. 

3. PRUEBAS 

0 De conformidad con to dispuesto por las normas vigentes, solicito a 

usted tener como prueba en este asunto los siguientes: 

� Dl: US2001039338 publicada el 8 de noviembre de 2001. 

� D2: US3993749 publicada el 23 de noviembre de 1976. 
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� Dl: US2001039338 publicada el 8 de noviembre de 2001. 

� D2: US3993749 publicada el 23 de noviernbre de 1976. 

6. NOTLFICACIONES 

Para efectos de notificaciones que por disposición del art{culo 50 del 

Decreto 01 de 1984 debe hacer su Despacho, informo que mi 

representada y la suscrita recibiremos notificaciones en la Secretarla de su 

Despacho o en mis oficinas situadas en la Carrera 13 No 119-95, Of, 104 

de esta ciudad de Bogota. 

Seæor Superintendente, 

� _ 

ELIANA ISAURA MORENO BOHORQUEZ 

C.C. .5 1’975.664 de Bogota 

T.P.A. 83823 del C.S. de la J. 
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FODERJIECIAL 

Yo, LUIS PALACIOS ARAGON, mayor de edad y veemo de la ciudad de 
Barranqulila (Colombia), 4eutiflcado como aparece al pie de ml firma, quien en el 
presente documento a$a en cahdad de Representante 1#0de la sociedad 
GYNOPRARM S.A. sociedad legalmente constituida 

yr?botorgo
cthada en la ciudad 

de Barranquilla (Colombia), por el presente docume  a la doetora 
ELL4NA ISAURA MORJNO BOHORQUEZ, abogada en ejercicio, 
identificada como aparece al pie de su firma, eon taijeta profesional No 83823 
del C.S. de la .1., poder especial, ampho y suficiente, para f oposlcio 

eg  observaciones a la sobeitud de patente No 07.089.192  
"PURWICACION DE RAPAMICINA", cuyo titular e ., pubhcada 
en la gaceta No. 584 del 31 de Diciembre de 2007. 

Nuestro apoderado queda facultado, de manera expresa, para realizar todo tipo 
. de actos necesarios para ilevar a eabo el trÆmite de la oposición, mcluyendo, sin 

liuntación, preparar y presentar solicitudes, bacer declaraciones, pagar tasas, 
contribuciones e unpuestos, recabar los tItulos o certificados Asimismo quedan 
autorizados para impugnar adniunstrativa y judicialmente todo lo que fuere 
resuelto en el expediente a que se bace expresa referencia en el presente poder, 
eon todas las facultades generales y especificas que fuera requerido para ella. 

Dc la misma manera, ademÆs de las facultades que le conflere la naturaleza del 
presente mandato, se encuentran facultados para recibir, desistir, transigir, 
sustituir, y reasuinir el presente poder, incoar acciones, mterponer recursos y 
demÆs facultades conferidas por la ley. 

Dado y Firmado en 
2008.. 

GYNOPHARM 54 fl 
IdIlly 

a los 12 dIas del mes de Marzo de 

Ødula de Extrjjjta: 10. 319788. 
NIT: So 4 I 

fL cucQ czi? 
ELIANA ISAURA MORENO BOHORQUEZ 
C.C. 51’975664 de Bogota 
T.PA,. 83823 del C.S. de Ii J. 
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CI!ICADb ACIQNI 

CAMARA DE CQMRCIO DE B1RRNQUILLA S 

Fecha : 20080312 Hora Certificado 18:25:01 

Operacion : 02CP20312099 PAGINA.No. 2 

Direccion Para notificaciones judiciales: 
CL 80 No 78 B - 201. 
De la ciudad de Barranquilla. 

/ERTIFICA 

DURACION: El t?rmino e duraci?n de la sociedad se fij? hasta el 
16 de Dic/bre de 2047. 

CERTIFICA H 
OBJTO SOCIAL: a) La fabricac’ion’ de capsulas y otro productos simi-
tares a partir de materiales ta1como gelatinas u otros de distin-

:�ta naturaleza, que puedan ser�üt’ilizados coluo envases o .recipientes 
e productos y sustancas quiinicas, farmaceuticas y cometicas, Para 

usa y consume humane y efei:inario. b) La invest igacion,.dsarro110 
y fabricacion de toda c]ae de pruducto y SuStancia mimicas, far-
maceuticas y cosmetica:4 nara use y conumo humane, ani:nI y vegetal. 
c) La compra y Venta de meterias pr–nas , insumos y J)YOCtUCtOS inter-
.medios necesarios -para los prccesos cI fahcac on do sustancias 
ttixnicas, fariTtaceuticas y sosmeticas, asi coma ia comercializacion 
il*erna y externa de los praductos tenimnados. ) La compra, yenta, 
importacion, exportacon y distribucior: de-toda alase de elementos 
instrumentales y oqitpos, medicos, quinurgicos, odono1ogicos y hos-
pitalarios Para la saLud humans y animal. e) Actuar como represeri-
tante o agente do prsor:as naturaes y juridicas nacionales y ox-
tranjeras en la realizacios do opera: iones a transacciones relacio-
nadas con la industria farmaceutica y en especial con cualesquiera 
�de las actividades descritas en los literales a), b), c) y d) antes 
transcritos. f) Prestar los servicios de aeesoria y consultoria en 
as areas administrativa, do mercadeo, analisis eunice, asistencia 

� cnica, investigacion, costos y produccion Øxportaciones, importa-
cidnes, ventas, relacionadas con iguales o similares actividades a 

� -las que constittiyen el objeto do GYNOPHARi S.A., asi. coma los de pu-
b’lieidad y promocion do productos quimicos, cosmeticos y farmaceuti-
cos para uso, humano, animal ..oindustrial. g) Adquirir, operar, admi-
nistrar y expTotar, a. cusiquier titulo,ernpresas a establecimientos 
dedicados a Ii investigacion-desarro1lo, fabricacion a comerciali-11 

- zacion de productos quimicos, farmaceuticos, hospita1ario o cosine-
ticos. En desarrollo do su objeto princip1; la socie podra to-

Tma interes social coma accionista, socioo undador..dempresas quo 
tedgan igual a similar objeto; comprar, vŁnder, imrtar y exportar 
na1narJas, insumos y repuestos requer.dos para el desarrollo de 
sue actividades; tomar dinero en prestamo,finatciar ygarantizar las 

- operaciones comerciales que celebre con teccrosrelativas a su ob-
� jeto; celebrar y ejecutar tado tipo do actos y contratos necesarios 
Para desarrollar susoperacices; girar, aceptar, otorgar- y protestar 
todo tipo de titulos valores e instrumentos negociables; comprar, 

- *** CONTINUA *** 
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L: :; Ci?CAbo ACIONt 

C11v1ARA DE COMERCIO DE BARRANQtJILLA 

Fecha : 20080312 Hora Certificado 18:25:01 

Operacion : 02CP20312099 PAGINANo. 4 

CERTIFICA 

seg?n Acta No 15 del 18 de Febrero de 2008 correspondiente a 
lAth1ea de Accionistas en Bogota, de la sociedad: 

DQPRAR4S.A.---- --------- ---------------------------------------------------
arte pertinente se inscribi? en esta C?mara de Comerciô, 1 

de Febrero de 2008 bajo el No. 137,919 del libro respectivo, fueron 
hechos los siguientes nonibra.mintos: 

CLA&E: JUNTA DIRECTIVA 

Principales 
1. L1bet Poal Manuel CC. **.*.**l4,670,196 
2 Zn Reherman T.eonardo Andres CC  ******2,760,271 
3.Qroquin Diego Cc.** .*’***7,688,292 
4. M Œ1ere Gonzalez Aiidzes Leonardo CC - ******79,950,262 

� S1ente 
1. Agudelo Pelaez Duis Hernando CC******14238,997 

� 2. Aroca Almanza AiiLb Aye iina Ccn******36,718,415 
3. Penararida Urbina Adrima tao1a Th******53,120,683 
4 tovar Vasquez Ruth CC.******52,175,756 

CERTIFJCA 

Que seg?n Acta No 15 dcl 30 de OcLabre de 2003 respondinte a 
Ia Junta 1, Directiva en Baranquill, dela sociedac: GYNOPHA4.A. 
cuya parte pertinente se inscrihi? en esta C?rnara de Conterió, ci 
06 -’de Nov/bre del 2003 bajo el No. 107,783 del libro respt,yo, 
fueron hechos los siguientes nobranentos: 

Cargo/Nombre / Ident–ftcai?n 
Ørente General. j � 

Palacios Aragon Luis Alberto CE *********319, 788 

CERTI.ICA 

QUe seg?n Acta No. 4 del 03 de Marzo de 2008 correspondiente a la 
Junta Directiva en Barranquilla, de la sociedad: GYNOPHAR S.A. 
cuya parte pertinente se inscribi? en esta C?mara de Comercio, el 
L1 e Marzo de )008 bajo el No 138 342 del libro respective, 
ueocgsQs siguientes nombramientos 

Identificaci?n 
uleTte del erente 

Nollao1i Centurion Andres Fernando CE.*********351,283 

CERTIFICA 

ue seg?n Acta No. 2 del 13 de En --998 de 1998 correspondiente a la 

*** CQNTITJA *** � 
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NIT 800176089-2 

/ 

L JL’ r Ci 

REC!BO OFICIAL SE CAJA 03- 2522 
WZO 28 DE, 2008 

No. 07-0,49192- -000020000 

H 

4 F 1H/ 

*$*** CONSI6NACIDN *fl** 

DEPO8ITANTE TIPS PASO BANCO CUENTh No PASO FECHA P50 Vr. PASO 

SYNOPHARN S A CONSISNACION 8ANCO SE BOGOTA 06214307 648410 27/03/2008 28.000.00 

LAS PROCAPS CUNSIGNACION BANCU SE BOGOTA 062754387 4767284 06/0312008 482.000 00 
LAB. PROCAPS CONSISMCION EANCO SE BOGOTA 062754387 4767281 14/03/2008 t,338000.00 

Wfl C U N C E P 1 0 $$$** 

CANT. RENTISTICO CONCEPTO 
If 

_______________/!!°---------TOTAL
 

1 50005-01-04 PRESENTAC!UN SE OBSERYACIUNES 12 MARCAS V LEMAS COMERCIALES 266000.00 
TOTAL ; $ 266000.00 

DOSCIENTOS SESENTA Y SEIS NIL PESOS 
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This invention provides a regioselective process for prepar-
ing a 42-ester or ether of raparnycin, and 31-silyl ether 
intermediates. 



US 2001/0039338 Al 

REGIOSELECTIVE SYNTHESIS OF EAPAMYCIN 
DERIVATIVES 

[0001] This application claims the benefit of U.S. Provi-
sional Application No. Not Yet Known, which was con-
verted from U.S. patent application No. 09/408,830, filed 
Sep. 29, 1999, pursuant to a petition filed under 37 C.F.R. 
153(c)(2)(i). 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to the regioselective synthe-
sis of derivatives of rapamycin at the 42-position, which are 
useful for inducing iminunosuppression, and in the treat-
ment of transplantation rejection, graft vs. host disease, 
autoimmune diseases, diseases of inflammation, adult T-cell 
leukemia/lymphoma, solid tumors, fungal infections, and 
hyperproliferative vascular disorders. 

[0003] Rapamycin is a macrocyclic triene antibiotic pro-
duced by &reptomyces hygroscopi,cus, which was found to 
have antifungal activity, particularly against Candida albi-
cans, both in vitro and in vivo [C. Vezina et al., J. Antibiot. 
28, 721 (1975); S. N. Sehgal et al., J. Antibiot. 28, 727 
(1975); H. A. Baker et at., I. Antibiot. 31,539 (1978); U.S. 
Pat. No. 3,929,992; and U.S. Pat. No. 3,993,749]. 

[0004] Rapamycin alone (U.S. Pat. No. 4,885,171) or in 
combination with picibanil (U.S. Pat, No. 4,401,653) has 
been shown to have antitumor activity. R. Martel etal. [Can. 
J. Physiol. Pharmacel. 55, 48 (1977)] disclosed that rapa-
mycin is effective in the experimental allergic encephalo-
myelitis model, a model for multiple sclerosis; in the adju-
vant arthritis model, a model for rheumatoid arthritis; and 
effectively inhibited the formation of 1gB-like antibodies, 

[0005] The immunosuppressive effects of rapamycin have 
been disclosed in FASEB 3,3411 (1989). Cyclosporin A and 
FK-506, other macrocyclic molecules, also have been shown 
to be effective as immunosuppressive agents, therefore use-
ful in preventing transplant rejection [FASEB 3, 3411 
(1989); FASEB 3, 5256 (1989); R. Y. Caine et al., Lancet 
1183 (1978); and U.S. Pat. No. 5,100,899]. 

[0006] Rapamycin has also been shown to be useful in 
preventing or treating systemic lupus erythematosus [U.S. 
Pat. No. 5,078,999], pulmonary inflammation [U.S. Pat. No. 
5,080,899], insulin dependent diabetes mellitus [U.S. Pat. 
No. 5,321,009], smooth muscle cell proliferation and intimal 
thickening following vascular injury [U.S. Pat, No. 5,516, 
7811, adult T-cell leukemia/lymphoma [European Patent 
Application 525,960 Al], and ocular inflammation [U.S. 
Pat. No. 5,387,589]. 

[0007] Numerous rapamycin 42-derivatives are known, 
typically being esters (carbon and sulfur based) or ethers of 
the 42-hydroxyl group of rapamycin, that are produced by 
esterification or etherification of the 42-position. Esterifica-
tion of rapamycin at the 42-position was commonly pre-
pared by directly reacting rapamycin with acylating agents 
in order to afford the desired product. The chemistry 
appeared to be rather simple. However, as rapamycin con-
tains two secondary bydroxyl groups at positions 31 and 42, 
attempts to discriminate between these two functional cen-
ters in order to achieve a selective synthesis of 42-nionoa-
cylated product posed a difficult challenge. This type of 
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non-regioselective reaction also produced a 31,42-bis-acy-
lated by-product and as well, some unreacted rapamycin 
remained in the reaction mixture. The final result was a 
lower yield that required extensive purification to obtain 
pure 42-monoacylateci product. 

DESCRIPTION OF THE INVENTION 

[0008] This invention provides a regioselective method 
for the preparation of a 42-ester or ether rapamycin having 
the structure 

[0009] wherein 11 is an ester or ether, which comprises: 

[0010] (a) treating rapamycin with a silylating agent 
to form rapamycin 31,42-bis-silyt ether; 

[0011] (b) selectively hydrolyzing the 42-silyl ether 
in mild acid to provide rapamycin 31-silyl ether; 

[0012] (c) treating the rapamycin 31-silyl ether with 
a suitable esterifying or etherifying reagent to form 
rapamycin 31-silyl ether 42-ester or ether; and 

[0013] (d) selectively hydrolyzing the 31-silyl ether 
in mild acid to provide the desired rapamycin 42-es-
ter or ether, 

[0014] Preferred 42-esters and ethers of rapamycin which 
can be prepared by the method provided by this invention 
are disclosed in the following patents, which are all hereby 
incorporated by reference: alkyl esters (U.S. Pat. No. 4,316, 
885); aminoalkyl esters (U.S. Pat. No. 4,650,803); fluori-
nated esters (U.S. Pat. No, 5,100,883); amide esters (U.S. 
Pat. No. 5,118,671); earhamate esters (U.S. Pat. No. 5,118, 
678); silyl ethers (U.S. Pat 1 No. 5,120,842); aminoesters 
(U.S. Pat. No. 5,130,307); acetals (U.S. Pat, No. 5,51,413); 
aminodiesters (U.S. Pat. No.: 5,162,333); sulfonate and sul-
fate esters (U.S. Pat. No. 5,177,203); esters (U.S. Pat. No. 
5,221,670); alkoxyesters (U.S. Pat. No. 5,233,036); 0-aryl, 
-alkyl, -alkenyl, and -alkynyl ethers (U.S. Pat. No. 5,258. 
389); carbonate esters (U.S. Pat. No. 5,260,300); arylcarho-
nyl and alkoxycarbonyl carbamates (U.S. Pat. No. 5,262, 
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423); carbamates (U.S. Pat. No. 5,302,584); bydroxyestcrs 
(U.S. Pat. No, 5,362,718); hindered esters (U.S. Pat. No. 
5,385,908); heterocyclic esters (U.S. Pat. No. 5,385,909); 
gem-disubstituted esters (U.S. Pat. No. 5,385,910); atninoal-
kanoic esters (U.S. Pat. No. 5,389,639); phosphorykarham-
ate esters (U.S. Pat. No. 5,391,730); carhaniate esters (U.S. 
Pat. No. 5,411,967); carbamate esters (U.S. Pat. No. 5,434, 
260); amidino carbamate esters (U.S. Pat. No. 5,463,048); 
carbamate esters (U.S. Pat. No. 5,480,988); carbamate esters 
(U.S. Pat. No. 5,480,989); carbamate esters (U.S. Pat. No. 
5,489,680); hindered N-oxide esters (U.S. Pat. No. 

P.apaniyciu 

CH 

[El 

105N I1SO4/acetone 
0-.5°C. 
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5,491,231); biotin esters (U.S. Pat. No. 5,504,091); and 
0-alkyl ethers (U.S. Pat. No. 5,665,772). These patents also 
disclose methods for esterification or etherification utilized 
in step (c), above. 

[00153 The following scheme illustrates the regioseleetive 
preparation of rapamycin 42-ester with 2,2-bis-(hydroxym.. 
ethyl)propionic acid, as a representative 42-ester of rapa-
mycin, which can be prepared according to the method 
provided in this invention. The original synthesis of rapa-
mycin 42-ester with 2,2-bis-(hydroxymethyl)propionic acid 
is disclosed in U.S. Pat. No. 5,362,718, 

Scheme I 

Chorotrnnethylsi 
trmmidazole/EtOd 
0-5° C., 30 Mil 

a 
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-continued 

1. 2N 80fl1IFi0-3’ C. 

2. Silks gel chrom 

P31 

[0016] While the chemical preparation of rapamycin 
esters and ethers appears to be simple, and the desired 
products are obtainable, the synthetic yield of the esters and 
ethers is often poor. As rapamycin contains two secondary 
hydroxyl groups at positions 31 and 42, attempts to dis-
criminate between these two functional centers in order to 
achieve a selective synthesis of 42-monoester such as corn-
pound [B1 poses a difficult challenge. For example, the 
synthesis of rapamycin 42-ester with 2,2bis-(hydroxymetb-
yl)propionic acid described in U.S. Pat. No. 5,362,718, 
example 10, was non-regioselective, the 31,42-bisester by-
product was also generated. As a result, the crude product 
[B] after work-up contains the desired product [B], 31,42-
bisester by-product and unreacted rapamycin. In an effort to 
consume the remaining starting raparuyciu, the reaction was 
allowed to proceed for a longer period with negative con-
sequences, the quantity of the 31,42-bisester increased sig-
nificantly. The resulting crude product [B] is contaminated 
with unreacteci rapamycin and 31,42-bisester, and subse-
quent column chromatography purification effort has proved 
to be difficult as the 42,31-bisester has a very close retention 
time with product [B]. Overall, the major obstacle in large-
scale production of compound [B] appears to be the non-
regiospecificity that is further complicated by purification 
difficulties. This invention overcomes these difficulties by 
providing a regioselective synthesis of 42-esters or ethers of 
rapamycin by selectively protecting the 31 -hydroxyl group 
as a silyl ether (i.e., compound [D]), leaving the 42-position 
hydroxyl accessible for regioselective esterification or 
etheriflcation to produce 311 -0-silyl, 42-esters or ethers (i.e., 
compound [E]). The 31 -hydroxyl group can then be depro-
tected under mild acidic conditions (i.e., compound [B. 

[0017] In accordance with this invention, it is preferred 
that the 31, and 42-hydroxyl groups are protected as trialkyl 
silyl ethers. The 42-silyl protected hydroxyl group of the 
31,42-bis-silylated rapamycin can be selectively cleaved 
under mildly acidic conditions to provide 31-silyl rapamy-
cin. The silylating agents used for this transformation are 

Nov. 8, 2001 

Rapamycin 42-ester with 
2,2-bis.(1vy4roxyniethyl)propionic acid 

common, commercially availble chiomalkylsilanes, such 
as chlorotrimethylsilane, c1ilrotriethylsi1ane or chlorot-
ripropylsilane. However, the bulkier the trialkylsilane, the 
more time is needed to deprotect in acid media during the 
penultimate chemical step to regenerate the 31-hydroxyl 
group. Also, a longer reaction time in the acid media 
generates more degradation b’-products. Although, chlorot-
rimethylsilane, chlorotriethyl$ilane or chlorotripropylsilanc 
can be used for the preparation of rapamycin 31-0-trialkyl-
silyl ethers, chiorotrimethylsilane is the preferred silylating 
agent. The trimethylsilyl grOup is more acid labile and 
therefore easier to dc-protect during the transformation and 
in effect, this minimizes the formation of degradation prod-
ucts. The preparation of 31-0-trimethylsilyl rapamycin [D] 
is described in Example 1. Rapamycin is treated with excess 
chiorotrimethylsilane in ethyl acetate at 0-5° C. in the 
presence of an organic base and the 42- and 31- hydroxyl 
groups of rapamycin are silyated to form rapamycin 31,42-
bis-0-trimethylsilyl ether in quantitative yield. The common 
organic bases such as imidaztle, I -metbylimidazole, triethy-
lamine and NN-diisopropylóthylamine can be used for the 
general silylation reaction. However, imidazole is found to 
be the preferred base for the silylation of rapamycin as the 
reaction is completed within 30 minutes. 

[001$] Selective do-protection of the 42-0-trimethylsilyl 
group of rapamycin 31,42-bis-04rimethylsilyl ether to form 
rapamycin 31-0-trimetbylsiyl ether, is effected in situ at 
0-5° C. with ethanol, ethanol-water mixtures, water, diluted 
inorganic or organic acids. Sulfuric acid (OS N) is preferred 
since the reaction is clean and can be completed in 4-5 It. A 
number of organic solvents can be used for silylation and in 
particular, DMF is often mentioned in the literature. How-
ever, in this invention, ethyl acetate is the preferred solvent. 

[0019] The esterification or etheritication of the 31-pro-
tected rapamycin can be carried out under conditions 
described in the patents tisted above. For example, in 
Scheme I, the acylation of rapamycin 31-triniothylsilyl ether 
was accomplished using 2,4,6-trichlorobenzoyl mixed anhy-
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dride of 2,2,5-tritncthyl[1.3-dioxanc]-5-carboxylic acid in 
the presence of 4-dimethylaminopyridine or a similar 
reagent. In addition, 2,2,5-trimethyl[1.3-dioxane]-5-car-
boxylic acid chloride was also found to be an effective 
acylation agent in this invention in the presence of 4-dim-
ethylaminopyr.idinc or a similar reagent. For the acylation 
conditions, methylene chloride is the preferred solvent 
rather than tetrahydrofuran which was described in the prior 
art. In addition, lower reaction temperature of less than 0° 
C., with -20 to .-15° C. or lower being more preferred, 
provides better results than the room temperature acylation 
described in U.S. Pal. No. 5,362,718. In Scheme 1, the 
acylation products, 31-0-TMS, 420rotected-bydroxy) 
esters (compound [ED can be further treated with diluted 
acid to convert them to 42-(protected-hydroxy) esters (com-
pound [B]) or used directly to make final product 42-hy-
droxyestexs (final product [C]). This methodology can be 
used to prepare other esters or ethers of rapamycin, by 
simply varying the esterfiying or etherifying agent used. 

[0020) In Scheme I, conversion of compound [B] to rapa-
mycin 42-ester with 2,2-bis-(hydroxymethyl)propionic acid 
[C], can be accomplished under mildly acidic conditions. It 
is preferred that aqueous sulfuric acid is used, as it mini-
mizes the formation of impurities generated when aqueous 
hydrochloric acid is used, as described in the U.S. Pat. No. 
5,362,718, The tetraene impurity formed when using hydro-
chloric acid has been reported to be difficult to separate from 
the desired product by column chromatography (Caufield et 
al, Tetrahedron Lett., 1994,37,6835). It is also preferrable to 
carry out the hydrolysis at 0-5° C. rather than room tem-
perature as described in U.S. Pat. No. 5,362,718. 

[0021] The synthetic route disclosed in this invention 
provides several distinct advantages over the synthetic meth-
odology which has been published for the preparation of 
rapamycin esters or ethers; mainly in the yield and ease of 
puritication of the desired 42-esters or ethers. As this is a 
regioselective synthesis, the overall yields of the desired 
42-esters or ethers is dramatically improved. For example, 
the synthetic methodology taught in U.S. Pat. No. 5,362,718 
provides compound [B) in a 35% yield, whereas, the syn-
thesis of [B] is accomplished in 85% yield using the meth-
odology disclosed herein. Additionally, the conversion to 
rapamycin 42-ester with 2,2-his-(hydroxymethyl)propionic 
acid from [B] is accomplished in approximately 75% yield 
using the process described herein, whereas only a 20% 
conversion is provided using the methodology of U.S. Pat. 
No. 5,362,718. 

[0022] Using the same methodology, 42-ethers of rapa-
mycin can be prepared in a regioselective manner. As an 
example, U.S. Pat, No. 5,665,772 discloses the preparation 
of 40-0-alkyl ethers of rapamycin in a non-regioselective 
manner. Owing to nomenclature differences, the 42-position 
of rapamycin (as named in this invention) is referred to as 
the 40-position in U.S. Pat. No. 5,665,772. These positons 
are identical. Using the methodology disclosed herein, rapa-
mycin 31 -0-trimethylsilyl ether can be treated with, for 
example, 2-(t-butyldimethylsilyl)oxyethyl frifiate) to pro-
vide 31-0-trirnethylsilyl, 42-0-[2-(t-butyldimethyisily-
l)oxy]ethyl-rapamycin. Removal of the silyl protecting 
groups from the 31-hydroxyl group of rapamycin and from 
the 42-hydmxyethyl moiety can be accomplished under 
mildly acidic conditions, such as dilute sulfuric acid to 
provide 42-0-(2-hydroxy)ethyl rapamycin. The non-regi-
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oselcctivc formation of other 42-ethers of rapainaycin is 
disclosed in U.S. Pat. No. 5,665,772. These also can be 
prepared regioselectively via rapamycin 31-0 Irimethylsilyl 
ether. 

[0023] This invention also covers 31-silyl ethers of rapa-
mycin, which are useful in the preparation of the 42-esters 
and ethers of rapamycin, as disclosed herein. The silicon 
moiety as represented by �SiR’R°R’", contains 3 groups 
which can be the same or different. Typical allyl ethers of 
this invention contain R’, R", or R" moieties which are alkyl 
of 1-6 carbon atoms, phenyl, or benzyl groups. The alkyl 
groups can be branched or straight chain. It is preferred that 
W, R", and R’° he alkyl groups, and more preferred that R’, 
R", and R" are methyl or ethyl. It is still more preferred that 
the 31-silyl ether is rapamycin 31-0-trimethylsilyl ether, 

[0024] The following examples illustrate the preparation 
of rapamycin 31-silyl others and a rapamycin 42-ester, 
which is representative of the compound which can be 
prepared by the process of this invention. 

EXAMPLE I 

Rapamycin 31-0-trimethylsilyl ether 

[0025] A solution of rapamycin (25.0 g, 92.4% strength; 
25.28 mmol) in 750 mL ethyl acetate was cooled to 0-5° C.; 
7.5 g (110.20 mmol) of imidazole was added and stirred to 
form a solution. To this cold solution 11.0 g (101.25 mmol) 
of chlorotrimethylsilane was added dropwise over 30 mm 
and stirred for a further 30 min at 0-5° C. in order to 
complete the formation of rapamycin 31,42-bis-0-trimeth-
ylsilyl ether. A 50 mL quantity of 0.5 N sulfuric acid was 
added dropwise over a 10 min period and the mixture was 
stirred for 2.5 h at 0-5° C. The reaction mixture was 
transferred into a separatory funnel and the aqueous layer 
was separated and extracted with 125 mL ethyl acetate. The 
organic layers were combined and successively washed with 
brine (125 mL), saturated sodium bicarbonate solution (100 
mL), water (125 mLx2) then brine to pH 6-7. The organic 
layer was dried over anhydrous sodium sulfate and evapo-
rated under reduced pressure to give a beige color foam 
product, 28.5 g (theory 24.94 g). HPI,C analysis showed it 
contained 86% (by area %) of rapamycin 31-0-trimethylsi-
lyl ether and 7% of raparnycun. The product was used 
directly for the subsequent reaction. 

[0026] LC/MS electrospray (+) mode (M-.H)..985. 1H 
NMR (400 MHz, d-6 DM50) ô 4.60 (m, ill, (42C)OH), 
4.10 (m, 1H, C(31) H), 3.09 (m, 1H, C(42) H), -0.027 (a, 
9H, 31-0-TMS). 

EXAMPLE 2 

2,2,5-Trimethyl[1 .3-dioxane3-5-carboxylic acid 
chloride 

[0027] A solution of 2,2,5-trimethyi[1 .3-dioxane]-5-car-
boxylic acid (17.42 g, 0.1 mol) in 200 mL of dry toluene was 
warmed to 40° C., and 26.0 mL of oxalyl chloride (37.83 g, 
0.3 mol) added dropwise over a period of 30 min and then 
stirred at 40° C. for 2.5 h. The reaction mixture was 
evaporated under reduced pressure to remove solvent and 
excess oxalyl chloride. The residual product was evaporated 
twice with dry toluene (200 mL), then dried under high 
vacuum at 40° C. for 2 h to obtain 19.75 g of product as an 
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orange colored liquid. H NMR (300 MHz, CDC1) 64.28 
(214, ci, J=10.5 Hz), 3.76 (211, ci, J’40.5 Hz), 1.46 (3H, s), 
1.29 (311, a). 13C NMR (75 MHz, CDCI3) 8 176.43, 98.76, 
66.06, 52.07, 25.82, 21.20, 18.10, 

EXAMPLE 3 

Rapamycin 31-0-triinethylsilyl ether, 42-ester with 
2,2,5-trimethyl[1.3-dioxane}-5-carboxylic acid 

[0028] Method A: 

(0029] To a solution of the 2,2,5-trimethyl(1.3-dioxane]-
5-carboxylic acid (9.77 g, 56.08 mmol) and N,N-diisopro-
pylethylamine (12.00 g, 92.80 mmol) in 200 ml, methylene 
chloride at room temperature under nitrogen, 2,4,6-trichlo-
robenzoyl chloride (1335g. 54.73 mmol) was added and the 
resulting mixture was stirred for 5 h at room temperature. 
The reaction mixture was cooled to -20 Co -15° C. and a 
solution of rapamycin 31-0-trimethylsilyl ether (28.50 g, 
crude, made from 25.28 mmol of rapamycin) in 120 mL 
methylene chloride was added. A solution of 4.-dimetbylami-
nopyridine (11.68 g, 95.60 mmol) in 110 mL methylene 
chloride was added dropwise over a 2 b period. The reaction 
mixture was further stirred for 16 b at -15 to -16° C. The 
reaction mixture was quenched with 100 mL water and the 
organic layer was separated and washed with 0.5 N sulfuric 
acid (180 mL), followed by brine (100 mL), saturated 
sodium bicarbonate solution (100 mL), water (100 mLx2), 
brine (100 mL) to pH 6-7. The organic layer was dried over 
anhydrous sodium sulfate and evaporated under reduced 
pressure to afford the title compound (33.18 g) as a beige 
color foam. 

[0030] La/MS electrospray (4) mode (M+NH4)4160. 111 
NMR (400 MHz, d-6 DMSO) 64.57 (m, 111, C(42)H), 4.10 
(in, 111, C(31) H), 4.03 (ci, 211), 3.57 

(ci, 21-1), 1.34 (a, 311), 
1.24 (s, 311), 1.13 (a, 3H), -0.023 (a, 911, 31-0-TMS) 

(0031] Method 11: 

(0032] A solution of rapamycin 31-0-trimethylsilyl ether 
(11.00 g; from 10.0 g of rapamycin; 11.15 mmol) in 120 mL 
methylene chloride, containing 2 mL of N,N,-dimethylfor-
mamide, was stirred under nitrogen and cooled to -15 ° C., 
4-dimethylaminopyridine (4.80 g, 39,29 mmol) was added 
and the mixture was stirred to form a solution. To this cold 
solution a 7.5% solution of 2,45-trimethyl[1.3-dioxanel-5-
carboxylic acid chloride (42.18 g; 16.42 mmol) in methylenc 
chloride was added dropwise over a 2 h period. The solution 
was further stirred for 1 h at -.15° C., and an additional 7.5% 
solution of acid chloride (14.06 g, 5.47 mmol) in methylene 
chloride was added over a 30 min period. The reaction 
mixture was further stirred for 16 h at -15 C. to -16° C. The 
reaction mixture was quenched with 100 mL brine and the 
organic layer was separated and washed with cold 0.5 N 
sulfuric acid (1(00 mL), brine (100 mL), saturated sodium 
bicarbonate solution (100 mL) water (100 mL), brine (100 
mL) to pH 6-7. The organic layer was dried over anhydrous 
sodium sulfate and evaporated under reduced pressure to 
afford product (12.15 g) as a yellow foam. 

EXAMPLE 4 

Rapamycin 42-eater with 2,2,5-trimethyl[1 .3-duos-
ane]-5-carboxylic acid 

[0033] A solution of rapamycin 31-0-trimethylsilyl ether, 
42-ester with 2,2,5-trimethyl[1 .3-dioxane]-5-carboxylic 
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acid (33.18 g; from example 3, method A) in 100 mL of 
acetone was stirred and cooled to 0-5° C. To this cold 
solution 17 mL of 0.5 N sulfuric acid was added dropwise 
over a 10 min period and the mixture was stirred for 2.5 h 
at 0-5° C. A solution of sodium bicarbonate (1.44 g) in 20 
mL water was added over a period of 20 mitt followed by an 
additional 33 niL water over a period of 30 min the product 
started to precipitated after about, 1 Ii of stirring. The mixture 
was stirred overnight at 0-5° C. and after filtration the solid 
product was washed with 60 ml, of acetone-water (1:1). The 
product was dried in a vacuum oven at 30° C. to obtain 28.85 
g of product (83.9% strength, 89.3% overall yield from 
rapamycin). The H NMR of the product was identical to the 
product described in U.S. Pat. No. 5,362,718 example 10. 

EXAMPLE 5 

Ragamycin 42-ester with 
2,2-bis-(hydroxymethyl)propionic acid 

[0034) Method A-

[0035) A solution of rapamycin 42-ester with 2,2,5-trim-
ethyl[l .3-dioxane]-5-carboxylic acid (28.85 g; from 
example 4) in 276 mL of tetrahydrofuran was stirred and 
cooled to 0-5° C. To this cold solution 83 niL of cold 2 N 
sulfuric acid was added dropwise over a 30 min period and 
the mixture was stirred for 60 h at 0-5° C. The reaction 
mixture was diluted with 600 mL of ethyl acetate and 
washed with 120 mL brine. ’’he aqueous layer was extracted 
once with 120 mL of ethyl acetate and the organic extracts 
were combined and washed with saturated sodium bicar-
bonate solution (120 mL), water (200 mLx2) and brine (120 
mL) to pH 6-7. The organic phase was dried over anhydrous 
sodium sulfate and evaporated under reduced pressure at 
room temperature to obtain product (28.42 g), as a beige 
color foam. The crude product was chromatographed on a 
silica gel column and eluted with 3096 acetone in heptane to 
give 18.06 g of pure product, a white solid (69.4% overall 
from rapamycin). The ’11 NMR of the product is identical to 
the product described in U.S. Pat. No. 5,362,718 example 
11. 

(0036] Method 13: 

(0037] A solution of rapamycin 31-0-tmmethylsilyl ether, 
42-ester with 2,2,5-triniethyl[1.3-dioxane]-5-carboxylic 
acid (23.25 g, prepared from 20.06 g of rapamycin, strength 
92.7%, 20.34 mmol) in 230 mL of tetrahydrofuran was 
stirred and cooled to 0-5° C. To this cold solution 115 mLof 
cold 2 N sulfuric acid was added dropwise over a 45 win 
period and the mixture was stirred for 88 ii at 0.-5o C. The 
reaction mixture was diluted with 500 mL of ethyl acetate 
and washed with 100 mL, brine. The aqueous layer was 
extracted once with 100 mL of ethyl acetate and the organic 
extracts were combined and washed with saturated sodium 
bicarbonate solution (80 mL), water (80 mLx2) and brine 
(100 mL) to ptt 6-7. The organic phase was dried over 
anhydrous sodium sulfate and evaporated under reduced 
pressure at room temperature to afford product (22.48 g), a 
beige color foam. The crude product was chromalographed 
on a silica gel column and eluted with 30% acetone in 
heptane to give 1630 g of pure product as a white solid 
(78.4% overall from rapamycin). The 111 NMR of the 
product is identical to the product described in U.S. Pat. No. 
5,362,718 example 11. 
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EXAMPLE 6 

Rapamycin 31,42-bis-0-trimethyisilyl ether 

[003$1 A solution of rapamycin (10.0 g, 94.3% strength; 
10.3 mmol) in 150 mL ethyl acetate was cooled to 0-5° C.; 
3.0 g (44 mmol) of imidazole was added and stirred to form 
a solution. To this cold solution, 4.4 g (40,5 mmol) of 
cblorotrimethylsilane was added dropwise over a 20 mm 
period and following this, the solution was stirred at 0-5° C. 
for a further 30 min. The reaction mixture was filtered to 
remove the imidazole HCI and the filtrate was evaporated 
under reduced pressure to obtain a yellow foam. Heptane 
(200 niL) was added and stirred at room temperature for 20 
min and the mixture was filtered. The filtrate was washed 
with 40 ml, of saturated sodium bicarbonate solution, then 
twice with water (80 mL), then brine (50 mL). 

[0039] The organic layer was dried over anhydrous 
sodium sulfate and evaporated to obtain the product, a 
yellow foam of 11.42 g (98.6%). 

[0040] LC/MS electrospray (.-) mode (M-11)-.1057. H 

NMR (400 MHz, d-6 DMSO) 8 4. 10 (in, 111, C(31) H), 3.31 
(in, 111, 0(42) B), 0.057 (s, 911, 42-0-TMS), -0.027 (s, 911, 
31-0-TMS). 

EXISMPLE 7 

Rapamycin 31-0-triethylsilyl ether 

[0041] A solution of rapamycin (5.00 g, 92,7% strength; 
5,07 mmol) in 75 mL ethyl acetate was cooled to 0-5° C.; 
1.50 g (22.03 mmol) of imidazole was added and stirred to 
form a solution. To this cold solution, 3.05 g (20.23 mmol) 
of chiorotriethylsilane was added dropwise over a 10 min-
utes period. The mixture was stirred for 30 min at 0-5° C., 
then stirred at room temperature overnight to complete the 
formation of rapamycin 31,42-bis-0-trietbylsilyl ether, Fol-
lowing filtration of the reaction mixture, the filtrate was 
evaporated under reduced pressure at room temperature to 
remove most of the solvent. The residual solution (ca. 10 
mL) was dissolved in 60 niL acetone and 15 mL of 0.15 N 
sulfuric acid was added and the mixture stirred for 25 Ii at 
0-5° C. The rapamycin 31,42-bis0-triethylsilyl ether dis-
appeared at this stage. The reaction mixture was diluted with 
80 niL of ethyl acetate and successively washed with brine 
(60 mL4), saturated sodium bicarbonate solution (40 ml), 
water (60 mLx2), brine (60 mL) topH 6-7. The organic layer 
was dried over anhydrous sodium sulfate arid evaporated 
under reduced pressure to obtain a product of light yellow 
gum, 6,92 g (theory 5.21 g). IIPLC analysis showed it 
contained 95.2% (by area %) rapamycin 31-0-triethylsilyl 
ether and 0.9% rapamycin. 

EXAMPLE 8 

Rapamycin .1-0-tripropylsilyl ether 

[0042] A solution of rapamycin (5.00 g, 92.7% strength; 
5.07 mmol) in 75 mL ethyl acetate was cooled to 0-5° C.; 
1.50 g (22.03 mmol) of imidazole was added and stirred to 
form a solution. To this cold solution, 3.91 g (20.3 mmol) of 
chiorotripropyisilane was added dropwise over 10 ruin 
period. The mixture was stirred for 30 ruin at 0-5° C., then 
at room temperature for 21 Ii to complete the formation of 
rapamycin 31,42-bis-0-tripropylsilyl ether. Following flitra-

tion of the reaction mixture, tb 
under reduced pressure at room te 
of the solvent and the residual so 
mL acetone. A 15 mL quantity of 
added and the mixture was stirr 
raparnycizi 31,42-bis-0-tripropyl 
this stage. The reaction mixture 
ethyl acetate, and successivel 
mLx2), saturated sodium bicar 
water (40 niLx2), and brine (50 
layer was dried over anhydrous 
rated under reduced pressure to 
yellow gum, 8.07 g (theory 5.43 
it contained 96.7% (by area %) ii 
pylsilyl ether and 1% of rapam 
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filtrate was evaporated 
raperature to remove most 
ution was dissolved in 60 
).25 N of sulfuric acid was 
l for 45 h at 0-5° C.; the 
.ilyl ether disappeared at 
as diluted with 100 mL of 
washed with brine (40 

onate solution (40 mL), 
.L) to pH 6-7. The organic 
odium sulfate and evapo-
obtain a product of light 
;). HPLC analysis showed 
f rapamycin 31-0-tripro-

or ether of rapamycin 

wherein R is an ester or ether, which comprises: 

(a) treating rapamycin with a silylating agent to form 
rapamycin 31,42-his-silylother; 

(1) selectively hydrolyzing the 42-silyl ether in mild acid 
to provide rapamycin 31-ilyt ether; 

(c) treating the rapaznycizl 311-silyl ether with a suitable 
esterifying or etherifyung reagent to form rapamycin 
31-silyl ether 42-ester or ether, and 

(d) selectively hydrolyzing I 
to provide the desired rai 

2. The process according to 
agent in step (a) is a trialkylsi 

3. The process according to 
agent in step (a) is trhnetbyls 

4. The process according to 
to perform the hydrolysis in s 

. A process for preparing 
ether, which comprises: 

(a) treating rapamycin witi 
inert solvent in the pre 
provide rapamycin 31,42 

31-silyl ether in mild acid 
iycin 42-ester or ether. 
in 1, wherein the silylating 
halide. 

nn 2, wherein the silylating 
chloride. 
in 3, wherein the acid used 
(b) is dilute sulfuric acid. 
pamnycun 31-trimethyisilyl 

chlorotrimetbylsilane in an 
nee of a suitable base to 
,is-trimcthylsilyl ether; and 
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(b) treating the 311 ,42-bis-trimcthylsilyl ether with dilute 
acid to provide rapamycin 314rimethylsilyl ether. 

6. The process according to claim 5, wherein the base in 
step (a) is imidawle, 1-methylimidazole, triethylarnine, or 
N,N-diisopropylethylamine. 

7. The process according to claim 6, wherein the acid in 
step (b) is sulfuric acid. 

8. A process for preparing rapamycin 42-ester with 2,2-
bis-(hydroxymethyl)propionic acid, which comprises: 

(a) treating rapamycin with a silylating agent to form 
rapamycin 31,42-his-silyl ether; 

(b) selectively hydrolyzing the 42-siiyi ether in mild acid 
to provide rapamycin 31-silyl ether; 

(c) acylating the rapamycin 31-silyl ether with 2,2,5-
trimethyl{1.3-dioxane]-5-carboxylic acid chloride or 
the 2,4,64riehlorobenzoyl mixed anhydride of 2,2,5-
trirnethyl[l .3-dioxane]-5-carboxylic acid to give rapa-
mycin-31-0-trimethylsilyl ether, 42-ester with 2,2,5-
trimethylfl.3-dioxane]-5-carboxylic acid; 

(d) selectively hydrolyzing the 31-silyl ether in mild 
dilute acid to provide rapamycin 42-ester with 2,2,5-
trimethyl[l.3-dioxane]-5-carboxylic acid; and 

(c) treatment of rapamycin 42-ester with 2,2,5-trimethyl 
[1.3-dioxane]-5-carboxylic acid with mild acid to pro-
vide 42-ester with 2,2-bis-(hydroxymethyl)propionic 
acid. 

9. The process according to claim 8, wherein the silylating 
agent is a trialkylsilyl halide. 

10. The process according to claim 9, wherein the sily-
lating agent is chiorotrimethylsilane. 

Ii. The process according to claim 10, wherein the acid 
used in steps (b) and (d) is sulfuric acid. 

WA 
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12. The process according to claim 11, wherein the 
acylation in step (c) is carried out at less than 00 C. 

13. A process for preparing 420-(2-hydroxy)ethyl-rapa-
mycin which comprises: 

(a) treating rapamycin with a silylating agent to form 
rapamycin 31,42-bis-silyl ether; 

(b) selectively hydrolyzing the 42-silyl ether in mild acid 
to provide rapamycin 31-silyl ether; 

(c) treating the rapamycin 31-silyl other with a an ethyl-
ene glycol equivalent containing an acid labile 
hydroxyl protecting group protecting on one terminus 
of the ethylene glycol equivalent and a leaving group 
suitable of alkylating a hydrxyl group as the other 
terminus of the ethylene glycol equivalent. 

(d) hydrolying the protecting groups on the 31-postion 
and on the 42-hydroxyethyl position under mildly 
acidic conditions. 

14. The process according to claim 13, wherein the 
silylating agent is is a trialkylsilyl halide. 

15. The process according to claim 14, wherein the 
silylating agent is chiorotrimethylsilane. 

16. The process according to claim 15, wherein the 
ethylene glycol equivalent is 2-(t-hutyldimethylsilyl)oxy-
ethyl triflate). 

11. The process according to claim 16, wherein the acid 
used in steps (b) and (d) is sulfuric acid. 

18. A compound which is a rapamycin 31-0-silyl ether. 
19. The compound of claim 18, in which the 31-0-silyl 

ether is a trialkylsilyl ether. 
20. The compound of claim 19, which is rapamycin 

31-0-trimethylsilyl ether. 
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1571 ABSTRACT 

Antibiotic rapaniycin is producible by culturing 
Streptomyces hygroscopicus NRRL 5491 in an aqueous 
nutrient medium. Rapamycin has antifungal proper-
ties. Methods for its preparation and use are disclosed. 
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RAPAMYCIN AND PROCESS OF PREPARATION 
This application is a division of application Ser. No. 

460,665, filed Apr. 12, 1974, now U.S. Pat. No. 
3,929,992, granted Dec. 30, 1975, which, in turn, is a 
continuation in part of Ser. No. 293,699, filed Sept. 29, 
.1972, now abandoned. S 

BACKGROUND OF THE INVENTION 
A. Field of Invention 
This invention relates to an antibiotic, a new compo-

sition of matter called rapamycin, and to a process for 
its preparation, �’ S 

B. Description of Prior Art 
The antibiotic of this invention is readily distin-

guished from prior art compounds of its class by its 
profound antifungal activity and its relatively low order 
of toxicity. . 

More explicitly, the ultra violet spectrum of rapainy-
cm, noted herein, indicates that this compoundbelongs 
to the class of antibiotics known as triene antibiotics.. In 
this particular class there are only five compounds 
reported previously, Trienine, A. Aszalos et al.3 J. Anti-
biotics, 21,611(1968) is a triene antibiotic with antitu-
mor activity which also shows marked activity against 
gram positive organisms and only marginal activity 
against Candida strains, The antifungal triene reported 
by J. J. Armstrong, et al., Nature, 206,. 399 (1965) and 
Mycotrienin reported by C. Coronelli et al., J. Antibiot-
ics, 20, 329 (1967) are probably identical. Both have 
low antifungal activity (MIC against C.1 albicans: 5 
’jg/ml) and high toxicity (LO in mice: 15 mg/kg). The 
remaining two antibiotics - Resistaphylin, S.’ Aezaiva 
et al., J. Antibiotics;"14, 393 (1971) and Proticin, G. 
Nesemann et al., Naturwisscnschaften, 59, 81 (1972)-
are readily distinguished from the compound of the 
Present invention in that they exhibit antibacterial 
without any antifungal activity. 

BRIEF.SUMMARY OF THE INVENTION 
Rapamycin is a chemical compound producible by 

culturing a rapamycin-producing organism in anaque-
ous nutrient medium. The compound has the property 
of adversely affecting the growth of fungi,�for example, 
Candida albicans and Microsporum gypseum. Accord-
ingly, rapamycin may be used to prevent the growth of 
or reduce the number of certain fungi in various envi-
ronments. 

The rapamycin - producing organism used for this 
invention, Streptomyces hygroscopicu.c NRRL 5491; 
was obtained from Easter Island soils and samples 
thereof have been deposited, without restrictions with 
the Northern Utilization and Research Division, Agri-
cultural Research Service, U.S. Department Of Agricul-
ture, Peoria, Illinois, U.S.A. 

It is to be understood that the invention is not-limited
to the use of the particular organism herein described, 
but includes variations and mutants obtained by tiauraI 
selection or by treatment of the microorganism with, 
for instance, Ultraviolet rays, X-rays, N-methyl-N"-
nitro-N-nitroso-guanidine, manganese chloride; m-
phor, nitrogen mustards, and the like, as well as poly-
ploids of the varous mutants. 

Streptomyces hygroscopicus NRRL 54915
 

develops 
abundantly in culture media usually employed for culti-
vation of other organisms of the same genus. It.is ’capa-
ble of growing at teæiperatures ranging from 20* to 350 
C., preferably at about 28° C, on çzapek’s agai glu-

cose asparagine agar, glycerol asparagine agar, starch. 
agar and peptone beef agar. Also, the organism grows 
very well on yeast extract agar, malt extract agar, 
starch-inorganic salts agar, oatmeal agar, oatmeal-

5 tomato agar and Rennet’s agar. On potato slices there is 
no aerial mycelium, but substrate growth is well devel-
oped and buff in color. On all media, the aerial growth 
is at first white then grayish with black spots. Sporo-
phores are often compact, forming a spiral of more 

10 ’thaii ten spores. Substrate growth is light yellow to 
almost colorless and in some media pale brown. Oca-
sionally a yellowish pigment is produced. The organism 
is H2S- and melanine-negative; 

Carbohydrate utilization by Streptomyces hygro-
15  NRRL 5491 was studied in carbon utilization 

agar (ISP Medium .9) according to the procedure stan-
dardized by the International Streptomyces Project 
(ISP). 

The best utilized carbohydrates were 1)-gluc6se, me-
20 sitol, 0-fructose and D-mannitol; less well utilized car-

bohydrates were rhamndse raffinose, xylose, starch 
and arabinose. Carbohydrates not utilized were sucrose 
and cellulose. 

The environment and nutritional requirements for 
25 the fermentation of Streptomyces hygroscopkus NRRL. 

5491 are similar to ’those necessary for the production 
of antibiotics by other aerobic microorganisms. Thus, 
aerobiosis can be sustained in a liquid nutrient medium 
inoculated with a sterile culture incubated in flasks 

30 placed on shaking machines. For industrial production, 
metal tanks with internal aeration and agitation by 
means of paddles can be substituted. Rapamycin is also 
produced by surface cultivation. The microorganism 
requires as nutrient elements assimilable carbon and 

35 organic nitrogenous substances. The presence cf min-
eral salts is desirable. Cultivation is best effected when 
the initial pH of the culture medium is between 6.5 and 
7.5  the optimum pH being aroudn 6.8-7,3. 

The utilizable Sources of assimilable carbon for the 
40 production of the antibiotic are very diverse, there 

being included sugars (for example, glucose, D-fruc-
tom, D-mannitol. maltose, arabinose, rhamnose, raffi-
nose, xylose, and the like), dextrin,’ starches of different 
types of origina, glycerol (and other polyalcohols), 

45 inositol and animal and vegetable fists, as well as esters 
thereof. The sources of organic assimilable nitrogen 
which -actively stimulate growth and favor production 
of rapamycin are substances such as soybean meal, 
cotton meal and other vegetable meals  (whole or par-

50 tially or totally defatted), meat flours or animal viscera, 
various peptones, casein hydrolysates, soybeab hydro-
lysates, yeast hydrolysates, lactalbumin, wheat glutins, 
distillers solubles, corn steeps, molasses, urea and 
amino acids. 

55 Mineral salts, such as the chlorides, nitrates, sulfates, 
carbonates and phosphates of sodium, potassium, am-
monium and calcium, should be included in appropri-
ate concentrations. The nutritive medium should con-
tain a number- of trace elements such as magnesium, 

60 iron, manganese, and zinc. 
The inoculum of the above medium for the fermenta-

tion is provided with a fresh slant of Streptomyces hy-
groscoplcus NRRL 5491. 

Under the described conditions and with the temper-
65 ature of cultivation at about 20°-35° C. preferably at 

about 250 C, maximum -production of rapamycin in 
tanks is obtained in from about two to about eight days. 
Alternatively, the pH may be controlled.during fermen-
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tation in tanks and maintained at about pH, 6.0, and -. DETAILS OF Thll IN VENTK N 
glucose in ay be added continuously from about 2 days  � 
after beginning to the end of fermentation, thus obtain- gapamycin is useful as-an antifungal agent against a 
ing maximum yields in about four to rive dys; number of pathogenic fungi; for example, Candida albi-

Thereafter a variety of procedures may be employed Øans, and other candida species, Mkrosporum gypseunz, 
in the’ isolation and purification of rapaniycin,"for ex- Trichophyton mentagrophyter, Asperqillw" .sp., and Spa-
ample, solvent extraction, partition chromatography, 
silica gel chromatography, liquid-liquid distribution’ in 

rotrichum sp.. 
The inhibitory activity of rapaxnyein is especially 

a Craig apparatus, and crystallization :from solvents, pronounced against Candida aibicans and said last or-
Solvent extraction procedures are preferred fOr’ com JO ganism may be used advantageously for may purposes. 
mercial recovery inasmuch as they are less time con- The antifungal activity of this compound is demon

-awning and less expensive. S 

’ strable in standard tests used for this purpose, for ex-
Generally speaking, raparnycin may ’be’ harvested by 

’methods. �’ 
ample, in the tests described in "Antiseptics, Disinfec-
tants, Fungicides imol Sterilization" 0. F. Reddish, Ed., one, of the following 

1. The fermentation mixture is extracted With a sub’. I  2nd ed., Lea and ’Febiger, Philadelphia, 1957 or by D. 

stantially ’water-inimiscible solvent, preferably a lower C. Grove and. W. A. Randall in "Assay Methods of 

aikaæol, for example n-butanol,’n--pentaæolor the corn- 
"Pentasol"or’ 

Antibiotics",’ Med. Encyci. Inc., New York 155. 
When the antibiotic of this invention is employed as mercial mixture of pentanols known as 

n-hexànOl, or a substantially water-immiscible lower an antifungal agent in warm-blooded animals, e.g. rats, 

alkyl lower alkanoate, for example, ethyl acetate, bury! 
. 

20 it. may be used alone or in combination with pharma-
ceuticafly acceptable carriers, the proportion of which acetate, amyl acetate or the commercially availäblØ 

mixture of amyl acetates, or a substantwry water- is determined by the solubility and chemical nature of 

immiscible halogenated aliphatic hydrocarbOn, for ox- . the compound, chosen route of administration and 
standard biological practice. For example,, an antifun-amp!, chloroform, metbylene dichkiride or dichioro- 

ethane. The extracts are dried and concentrated under 25 
gaily 

effective amount of the antibiotic may be adniinis-

re4ucØd’ pressure to yield an oily residue which is terOd orally in solid form containing, such excipients as 
starch, sugar, ’certain types of clay and so forth’. Simi-

turn extracted with a water-miscible solvent, preferably 
a’lôwcr alkanol for exathple methanol or ethanol. Said lady, such an amount may also be administered orally 

last-named extracts ’are filteredthrough diatomaceous through in the form of solutions or suspensions  ,or the antibiotic 
may be ’injected’ parenterally. For parenteral adminis-

earth ("CelitO"), and the flltr t e under tration the antibiotic may, be used in the form of a 
reduced pressure to yield an oily residue containing 

’ 

sterile’ solution or suspension containing other solutes 
crude rapamycin. . ’ 

It. The fermentation mixture is filter b throu a pad 
’the’ 

or suspending agents,’ for example, enough saline or 
glucose to make, the solution isotonic, bile sails, acacia., 

of diat9maceous earth ("Celite") and filter cake s gelatin, sorbitan monoleate, polysorbate 80 (oleate 
contain:ing the mycelium is, extracted as ,.desdribed esters of sorbitol and its anhydrides copolymerized with 
below, under (c). The filtrate, i.e. the mycelium-free, ethylene oxide) and the ’like.’.’’. 
fermentation mixture, is extracted several times with a The dosage of the present antibiotic will vary with the 
substantially water-immiscible solvent, for example, a’ form, of administration and the particular compound 
lower alkanol, lower alkyl lower alkanoate or haloge- 40 chosen. Furthermore, it will vary with the particular 
nated aliphatic hydrocarbon as exemplified above in host under treatment Generally, treatment is.initiated 
section (a). The extracts are dried and concentrated with small dosages substantially less than the optimum 
underreduced pressure, to yield an oily residue which 15 dose of the compound. Thereafter, the dosage is in-
extracted: With a water-miscible solvent, preferably a 

� 

creased by small increments until the optimum effect 
lower’alkanol, for -example methanol or ethanol. Said. .45 under the circumstances is reached In general, ’the 
last-named extracts arc.treated in the same manner as compound ’of this invention is most desirably adminis-’ 
described above under (a) to yield an oily residue con- tered at a concentration level, that will generally afford 
taming crude rapamycin.,  antiflingaily effective results without causing any harm-

c. The mycelium is separated from the fermentation ful or deleterious side effects and preferably at a level 
mixture and extracted ’with. a suitable water-miscible 50 that is in a range of from about 1.0 mg to about 250 mg 
solvent, preferably a lower alkanol, for example media- per-kilo per day, although as aforementioned variations 
no! or’Cthanol. The extract Is concentrated by evapora- will occur. However,a dosage level that is in the range 
tion to the aqueous phase, which in turn is extracted of from about’ 10mg to about 100 Mg per kilo per day 
with a substantially water-immiscible solvent, such as a is most desirably’employedin order to achieve effective 
lower alkyl lower alkafloate, halogenated aliphatic by- $5 results. 
drocarbon "or: a substantially ’watCr-immiscible lower. In addition, the agent may be employed topically. For 
alkanol. as described’ abOve or an’aromatic hydrocar- topiàäl application-it may be formulated in the form of 
boa, for example benzene or toluene. The latter-extract solutions, creanis,.or lotions in pharmaceutically as’. 
is evaporated"undcr reduced pressure to yield an oily ceptable vehicles containing 0.1 - 5 percent, preferably 
residue containing crude raparnycin. ’. ’’.. 60 2 percent of the agent, and maybe administered topi-, 

’The’ crude rapantycin obtained by any of the pro- 
ceases" described in sections (a),’ (b), or (c) is then 

caily’to’the infected’area of the sldn. 
’ Rapamycin may also be used for cleaning and disin-, 

purified by a variety of methods, for example WO feczing laboratory equipment, surgical instruments, 

above. Preferred methods include absorption of thelOcker 
’rudt rapamycin on an absorbent,’ for instance char- 

rooms,’ or shower, rooms of sensitive fungus 
65’ organisms. .For’su h purposes it is preferred to use 0.1 

10% solutions of rapamydin’iii a, ower,alkanol, pref-
coal Or silióa  gel from a solution In a substantially non- 
pOlar, flrst’sOivent, followOd by elution’thCrefroifl with 

- 

erably methanol, diluted with 10 - 100 volumes of 
, 

a secOnd solvent, more polar ’than said first solvent.’ ’ water contamniiig’O.001-0.1 %  of’a’non-ionic surface-
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active agent, for, example, polysorbate 80 U. S. P., 
immediately before applying it to the objects to be 
cleaned and disinfected. 

PREPARATION 

In one embodiment of this invention ,rapamycin is 
prepared in the following manner: 

A suitable fermenter is charged with production me-
dium 8KM (see Example 1). After sterilization and 
cooling, the medium is inoculated with a first stage 
inàculum preparation of Streptomyces hygroscopicus 
NRRL 5491. 

A maximum titre of 20 to 100 pg/ml of the antibiotic 
is reached in the fermentation mixture after 2.-S days, 
usually after’ about 5 days, as determined by the cup 
plate method and Candida albicanc as the test organism. 
The mycelium is harvested by filtration with diatoma-
ceous earth. Rapaxnycin is then extracted from the 
myceliuin with a water-miscible solvCnt, for. example a 
lower alkanol, preferably methanol or ethanol. The 
latter extract is then concentrated, preferably under 
reduced pressure, and the resulting aqueous phase is 
extracted with a water-immiscible solvent. A preferred 
water-immiscible solvent for this purpose ,is methylene
dichioride although chloroform, carbon tetrachiaride, 
benzetie, n-butanol and the like may also be used. The 
latter extract is concentrated, preferably Sunder re-
duced pressure, ’to afford the crude product as an oil. 

The product may be purified further by a variety of 
methods. Among the preferred methods of purification 
is to dissolve the crude product in a substantially non-
polar, first solvent, for example petroleum ether or 
hexane, and to treat the resulting solution with a suit-
able absorbent, for example charcoal or silica gel, so 
that the antibiotic becomes absorbed on the absorbant. 
The absorbant is’ then separated and washed or eluted 
with a second solvent more polar than the first solvent, 
for example ethyl acetate, methylene dichloride, or a 
mixture of methylene dichloride and ether (preferred). 
Thereafter, concentration of the wash solution or elu-
ate affords substantially pure rapamycin. Further puri-
fication is obtained by partial precipitation with a non-
polar solvent, for example, petroleum ether, hexane, 
pentane and the like, from a solution of the rapamycin 
in a more polar solvent, for example, ether, ethyl ace-
tate, benzene and the like. Still further purification is 
obtained by column chromatography, preferably em-
ploying silica gel, and by crystallization of the rapamy-
cin from ether.:’ 

En another preferred embOdiment of this invention a 
first stage inoculum of ’Streptomyces Izygroscopicus 
NRRL 5491 is prepared in small batches in a medium 
containing soybean flour, glucose, ammonium sulfate, 
and calcium carbonate incubated at about 25°C at pH 
7.1 7.3 for 24 hrs. with agitation, preferably on a 
gyrotary shaker. The growth thus obtained is used to 
inoculate a number of somewhat larger batches Of the 
same medium as described above which are incubated 
at about 25° C and. pH 7.1 -7.3 for 18 hrs with agita-
tion, preferably on a reciprocating shaker, to obtain a 
second stage inoculum’ which is used to inoculate the 
production stage fermentera.  

The production stage fernienters are equipped with 
devices for controlling and maintaining pH At a prede-
termined level and for continuous metered addition of 
nutrient They are charged with a medium containing 
soybean flour, glucose, animonium sulfate, and potas-
sium phosphate, sterilized, and the pH is adjusted to pH 

6 
5.8 - 6.2. The fermenters are inoculated with the sec-
ond stage inoculum described above and incubated at 
about 25° C with agitation and aeration while control-
ling and maintaining the mixture at approximately pH 
6.0 by addition,of a base, for example, sodium hydrox-
ide, potassium hydroxide or preferably ammonium 
hydroxide, as required from time to time. Addition of a 
source of assimilable carbon, preferably glucose, is 
’started when the concentration of the* latter in the 

10 broth has ’dropped to, about 0.5% wt/vol, normally 
about 48 hrs after the start of fermOntation, and is 
maintained until the end of the particular run. In this 
manner ’a fermentation broth containing about 60 
&g/ml of rapamycin as determined by the assay method 

1-5 described above is obtained in 4 - 5 days, when fer-
mentation is stopped. 

Filtration of the mycelium, mixing the latter with a 
water-miscible lower alkanol, preferably methanol, 
followed by extraction with .a halogenated aliphatic 

20 hydrocarbon, preferably trichloroethane, and evapora-
tion of the solvents yields a first oily residue. This first 
oily residue is dissolved in a lower aliphatic ketone, 
preferably acetone, ’filtered from insoluble impurities, 

:25 the filtrate evaporated to yield a second oily residue 
which is extracted with a water-miscible lower alkanol, 
preferably methanol, and the latter extract is evapo-
rated to yield crude rapamycin as a third oily residue. 
This third oily residue is dissolved in a mixture of a 

30 lower aliphatic ketone and a lower aliphatic hydrocar-
bon, preferably acetone-hexane, an absorbent such as 
charcoal or preferably silica gel is added to adsorb the 
rapamycin, the latter is eluted from the adsorbate with 
a similar but more polar solvent mixture, for example a 

35 mixture as above but containing a higher proportion of 
the aliphatic ketone, the eluates are evaporated and the 
residue is crystallized from diethyl ether, to yield pure 
crystalline rapamycin. In this manner a total of 45-58% 
of the rapamycin initially present in the fermentation 

40 mixture is recovered as pure crystalline rapamycin., 

CHARACTERIZATION 

a. Purified rapamycin is a colourless crystalline com-
pound, ni.p. 183°-185’  C after recrystallization from 

45 ether; 
b. rapamycin is soluble in ether, chloroform, acetone, 

methanol and dimethylformamide; very sparingly solu-
ble in hexane and petroleum ether and substantially 
insoluble in water,, 

c. rapamycin shows a uniform spot on thin layer 
plates of silica gel G (E. Merck A. G., Darmstadt) 
developed with a -variety of thin layer chromatography 
solvent systems; for example, ether-hexane 40:60 (Rf =’ 
0.42), isopropyl alcohol-benzene 15:85 (Rf = 0.5) and 

55 ethanol-bOnzene 20:80 (Rf 0.43); 
d. rapamycin obtained from four successive fermen-

tation batches gave the following values on repeated 
elemental analyses: 

60 
AVERAGE 

C% ’67.24, 66,14, , 67.26, 66.72. 66.84 
� 8.93, 8.12, 8.92, 8.9. $.84 

N% 1.39, 1.37, 1.28, 1.38, 1.37 

65 

e. rapamycin exhibits -the following characteristic 
absorption maxima in its ultraviolet absorption spec-
trum (95% ethanol): 
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267 nm (Eicm 417). 277 nm (Eicm1 541) and 288 
nm 416); 

f. the infrared absorption spectrum of rapamycin in 
chloroform is reproduced in FIG. I and shows charac-
teristic absorption bands at 3560. 3430, 1730, 1705 
and 1630-1610em’; 

Further infrared absorption bands are characterized 
by the following data given in reciprocal centimeters 
with (s) denoting a strong, (m) denoting a medium, and 
(w) denoting a weak intensity band. This classification 
is arbitrarily selected in such a manner that a band is 
denoted as strong (s) if its peak absorption is more than 
2/3 of the background in the same region; medium (m) 
if its peak is between 1/3 and 2/3 of the background in 
the same region; and weak (w) if its peak is less than ‰ 
of the background in the same region. 

2990cm"(m) lISScm’(m) 
2955 cm (s) 

. 

1129 cm’ (s) 
2919 cm’ (s) 1080 cm’ (s) 
2858 cm (a) 1060 car’ () 
2815 cm’ (in) 1040 ear’ (in) 
1440 cm (s) 1020 cur’ (in) 
1365 car" (in) 978 cur’ (s) 
1316 cur" (in) 905 cm (in) 
1272 cm (in) 888 cur’ (w) 
1178 cur’ (a) 866 cur’ (W) 

g. the nuclear magnetic resonance spectrum of rapa-
mycin in deuterochloroform is reproduced in FIG. 2; 

h. the minimum inhibitory concentration of rapamy-
cin against various microorganism is listed below: 

Rapamycin: 
Organisms (mg/ml) 

Candida albicans (5 strains) 0.02 to 0.1 
C. catenulata <0.1 
C. lipotytica 2.5 
C. .eetla:oidea <0.1 
C. :ropkalis 0.1 
C. pseudtropkalis > 5.0 
C. parapsiosis <0.1 
C. morrera <0.1 
C. Intennedia <0.1 
M.gyps.arn 12.5 
T. mentagrophytes - > 1000 

8 
EXAMPLE I 

Microorganism 

Streptonzyces /zygrnscopicus NRRL 5491 was grown 
and maintained on oatmeal-tomato paste agar slants 
(T. 0. Pridham, et al., Antibiotic Annual 1956-1957, 
Medical Encyclopedia Inc., New York, p. 947) and in 
Roux bottles containing the same medium. Good 

10 growth was obtained after.7 days of incubation at 28° 
C. Spores from one Roux bottle were washed off and 
suspended into 50 ml of sterile distilled water. This 
suspension was used to inoculate the first stage inocü-
lum. 

15 The first-stage inoculum medium consisted of Emer-
son broth [l. L. Emerson et al., J. Bacteriol, 52, 357 
(1946)1 0.4%; peptone, 0.4%; sodium chloride, 0.25%; 
yeast extract, 01.%; and glucose, 1%; p14 7.0; flasks 
containing the above medium were inoculated with 1% 

20 of the spore suspension described above. The inocu-
lated flasks were incubated for 30 hrs. at 28°C ona 
reciprocating shaker set at 65 r.p.m. (4 inch stroke). 

Production stage 

The production stage was run in 250-liter New 
Brunswick fermenters Model F-250, equipped with 
automatic antifoarn addition system and pH recorder-
controller. The fermenters were charged with 160 liters 
of an aqueous production medium (8 KM) consisting 

30 of the, following constituents: S 

35 

40 

45 

I. rapamycin exhibits a LDas (i.p., mice) of 597.3 – So 
28.1 mg/kg and a LD80 (po., mice) of >2,500 mg/kg. 

In protection studies, mice were infected by intrave-
nous injection of C. albicans ATCC 11651. At 1,4 and 
24 hours after infection, mice were administered 10 
mg/kg (s. C.) of rapamycin. At this dose 50% of the 55 

mice were protected. Treatment with 25 mg/kg (s.c.) 

soluble starch 1,0% 
� (NH4)2904 0.5% 
K,HPO4 �. 0.5% 
glucose (Cerelo*e) 1.5% 

� M8SO4 0.025% 
ZnSO4 0005% 
MnSO4 0.001% 
FeSO4,. 7H2O 0.002% 
CaCO,, 0.2% 
"Blackatrap" molasses 0.548 
hydrolyzed casein (NZ-Case, 
Sheffield ChemIcal, Norwich. S 

New York) 0.5% S 

lard oil (Lams No. 1. Swift 
Canadian Co., Toronto) 0.2% 
pH 7.1 to 7.3 

The fermenters were sterilized at 121°C for 45 min-
utes, cooled and inoculated with one flask (2% inocu-
lum) of first stage inoculum. Incubation temperature: 
28°C; aeration: 0,5 vol/vol/mm.; agitation: 250 r. p. in. 

A titre of Ca; 20 1zg/ml, determined by microbiologi-
cal assay on agar plates seeded with Candida albicans, 
was reached in 5 days. The fermentation was stopped. 

Extraction and isolation of the antibiotic was per-
formed by one of the following methods: 

EXTRACTION 
offered complete protection. When rapamycin was a. The fermentation mixture was extracted twice with 
administered orally, at 10 mg/kg 4 out of 10 mice cur- I v/v of n-butanol. The combined butanol extracts were 
vived, and at 25 mg/kg complete protection was oh- washed with 1 v/v of, water, dried with anhydrous so-

60 diam sulfate and evaporated to dryness under reduced served. 
A 1% suspension (0.2 ml) of rapamycin in water 

pressure ’to yield a residue. The oily residue was ex-

containing 1.5% polysorbate 80 (Tween 80), when 
tracted three times with 2 litres of methanol. The com 
bined methanol extracts were passed through diatoma-

injected intradermally into a rabbit’s ear caused no ceous earth ("Celite") and evaporated to dryness to 
irritation. Similarly, two drops of a 0.5% suspension 65 yield an oily residue containing crude rapamycin; 
applied to a rabbit’s eye caused no irritation. b; The fermentation mixture was filtered over diato-

The following Examples illustrate further this inven,- maccoos ’earth ("Celite"). The filtrate was extracted 
tion. ’ twice with 1 v/v of ethyl acetate. The ethyl acetate 
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extracts were washed. ’with ’1 volume of water, dried 
with anhydrous sodium sulfate and evaporated un4er 
reduced pressure to dryness. The residue was extracted 
twice with. 1 liter of methanol. The methanol extracts 
were evaporated under reduced pressure to yield an 
oily residue containing crude rapamycin. . : ". 

c. The mycelium obtained as described’under section 
(b) was washed with I to 2 volumes of water.. The 
washed. mycelium was extracted three’ times with, S 
volumes of methanol’per.weight’of wet mycelium each 
time. The methanOlie’ extracts were.pooted and, con-
centrated under reduced pressure to a small’volume of 
an aqueous phase containing: approximately:"lO% v./vol 
methanol. This aqueous phase was extracted three 
times with I vol. of methylene chloride; the methylene 
chloride extracts were combined, dried with anhydrous 
sodium sulfate and evaporated to yield an ’oily residue. 

The oily residue was diluted with 1 volume of petro-
leum ether, and 30% w/v of charcoal (Darco 060) was 
added. The mixture was stirred for half an hour and 
filtered. The charcoal, which retained substantially all 
of the product, was washed twice with the volume of 
petroleum ether. The charcoal was elated thred times 
with 5 vol. (based On the weight of the barcoaJ) of a 
mixture of’ methylene chloride and ether (50:50). The 
methylene: chloride-ether extracts’ were evaporated to 
dryness and the residue dissolved in a small amount of 
ether. The crude product ’was obtained by precipitatiOn 
from the ether solution with’cold petroleum ether. 

Alternatively, thc’oily residue obtainedhy any’ Of the 
extraction procedures desçæbed. above was diluted 
with I vol. of hexane and passed through a preparative 
column of silica gel 0: The product was absOrbed on 
the column. The silica gOl G containing absorbed prod-
uct was washed with several volumes or hexane and 
50:50 hexane-ether mixtures. The product was elated 
from the column with ether. The ether eluant was evap-
orated to a small volume and crude product obtained 
by precipitation from the ether solution with cold pe-
troleum ether. 

Purification 
The aforementioned crude product was purified fur-

ther by column chromatography on silica gel 0 Merck 
(50:1 wA’) in hexane-ether (50:50). The product was 
eluted from the column with ether. The ether eluate 
was evaporated to a small volume. Purified rapatnycin 
was precipitated with petroleum ether. The analytical 
samples were prepared by crystallization from ether, 
m.p. 183°-185°C. 

EXAMPLE 2 
S/reptomyce.r hygroscopielur NRRL 5491 is grown 

and spores are obtained in the same manner as de-
scribed in Example 1. 

First Stage lnoculum 
Erlenmeyer flasks (500 ml) are filled with 100 ml of 

the following medium: 

Soybean flour (Archer-Daniels Co.. "4% _t/vol 
Midland, Mich."Special X") 
Glucose (Cerelose) _2% wt/vol 
Ammonium sulfate = 0.3% wI/vol 
Calcium carbonate - 0.15% wt/vol 
Water to volume, pH 7.1 to 7.3 

10 
The flasks,are. sterilized at 121° for 35 minutes.and 

cooled to. 25°. The tlasks’are inoculated with 4% (4 in]) 
of spore suspension described above and incubatcdon 
a gyrotary.shaler. (2inch stroke) at 240 rpm for 24 

firsat25°C. . ,, 
Second Stage.lnoculum 
Twenty-four liter flat bottomflasks containing 3:2 1 

of the,inoculum medium described above at pH 7.1 
7.3 are sterilized bylutoclaving at 1210 for 35 minutes, 

10. shaken to resuspend the insoluble material and resteril-
ized for another 45.,minütes. The flasks are cooled to 
25° and inoculated with 64 ml of first stage inoculum, 
placed; on a reciprocating shaker (4 inches stroke) set 
at 65 rpm and incubated for 18 firs at 25 C. 

5 Production Stag. . . 
The production stage is run in 250 liter New Bruns-

wick fermenters Model F-250 equipped with automatic 
antifoam addition system. and p1-1 recorder-controller. 
The tormenters are charged with 160 liters of an aque-

20 ous production, medium consisting of the following 
constituents: 

Soybean flour (Archer-I)aniels Co., 
- 3% ’ wt/vol 

25 Midland, Mich., "Special X") 
Glucose (Cerelose) . 3% wt/vol 
Ammonium sulfate 0.1% wi/vol 
Potaainth phosph5te (jnonobasic) 

= 

0.5% wt/vol 
Afltifo,uin Agent ("OF-143 

- PX" �0.05% . wt/vol 
Maser Chemicals, Inc., Gurnee, 01.,) 

30 ’ 
The fermenters are sterilized at 121° C for 30 min-

utes, ’cooled, and the pH is adjusted to 5.8 to 6.2 with 
ammonium hydroxide. They are then inoculated with 
One flask (2%) of second stage’ Inoculum and fermenta-

3$ tion is allowed to proceed at 250.C, with aeration at 
0.25 v/v/nu’n and agitation at 200 rpm.’ 

The pH of the fermentation broth starts to drop at 30 
- 35 hours and is controlled at 6.0 until the end of 
fermentation by the automatic, on demand, addition of 

40 ammonium hydroxide. At about 48 hrs. of propagation 
the glucose concentration in the broth drops to about 
0.5%, and continous addition of 40% glucose solution 
is started at a rate of 3.75% of fermentation mixture 
volume per day and continued until the end of fermen-

45 tation. A titer of about 60 pg/mI. determined by micro-
biological assay on agar plates seeded with Candida 
albicans is reached in 4 to 5 days. The fermentation is 
stopped at this point. 

Extraction and isolation of the antibiotic is per-
50 fonnCd by the following procedure: 

The fermentation mixture is filtered over diatoma-
ceous earth (Celite) to recover the mycelium. A typical 
400 liter batch obtained from three t’ermenters yields 
about 60 kg of wet mycelium. The wet mycelium is 

5 mixed with 1 vol/wt of methanol by agitation and the 
mixture is extracted twice with 2 vol of trichioroethane 
(methyl chloroform), yielding about 250 liters of tn-
chioroethane extract containing about 22.- 24 g of 
rapamcyin. The trichloroethane extract is evaporated 

60 to dryness under reduced pressure to yield I to 1.4 kg 
of oily residue. This residue is added slowly with agita-
tion to 5 vols of acetone and the resulting precipitate is 
separated by filtration. The acetone solution is evapo-
rated to dryness under reduced pressure to yield an oily 

65 residue. This oily residue is extracted twoce with 2 and 
1 vots of methanol respectively. The combined metha-
nol extracts are filtered and the remaining oil is dis-
carded. The methanol extract containing rapamycin is 
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evaporated to dryness under reduced pressure to yield f. has a characteristic infrared absorption spectrum 
200 to 300 g of oily residue. This residue is dissolved in shown in accompanying FIG. 1; 
S v/wt of 15% acetone in hexane. To this solution of the g. has a characteristic nuclear magnetic resonance 
oily residue, silica gel (Merck) is added in an amount spectrum as shown in accompanying FIG. 2; 
equal to twice the weight of the oily residue and the 5 h. has a minimum inhibitory concentration of 0.02 to 
mixture is stirred for about one hr. The mixture is fU- 0.1 gsg/ml against Candida albacans; and 
lured on a sintered glass funnel and the filitrate re- 1. exhibits a LD (i.p., mice) of 597.3 28.1 mg/kg 
jested. The silica gel containing rapamycin is washed and a LI)50 (p.o., mice) of >2,500 mg/kg. 
with several volumes of 15% acetone in hexane. The 2. A method of inhibiting the growth of pathogenic 
washed silica gel is eluted with. 30% acetone in hexane. 10 fungi in a mammal which composes administering to 
The eluant is evaportated to dryness to yield about 60 said mammal an antifungally effective amount of the 
to 150 g of dry residue. The dry residue is dissolved in antibiotic rapamycin which 
ether and pure rapamycin is separated by crystalliza- a. is a colourless, crystalline compound with a melt 
tion. A typical run containing about 24 g of crude rapa- 

between 10 14 
ing point of 183° to 1850 C, after recrystallization 
from mycin yields and g of pure crystalline ether; 

product. b. is soluble in ether, chloroform, acetone, methanol 
We claim: and dimethylforniamide, very sparingly soluble in 
1. A pharmaceutical composition which comprises a hexane and petroleum ether and substantially in-

pharmaceutically acceptable carrier and an antifun- 
20 

soluble in water; 
. gaily 

effective amount of the antibiotic rapamycin c, shows a uniform spot on thin layer plates of silica 
which gel; 

a. is a colourless, crystalline compound with a melt- d. has a characteristic elemental analysis of about C, 
log 

point of 1830 to 185° C, after recrystallization 66.84%; H, 8.84%; N, 1.37%; 
from ether; 25 e. exhibits the following characteristic absorption 

b. is soluble in ether, chloroform, acetone, methanol maxima in its ultraviolet absorption spectrum (95% 
and dimethylforinamide, very sparingly soluble in ethanol); 267 am 417), 277 am 
hexane and petroleum ether and substantially in- 541) and 288 urn (E,°’° 416); 
soluble in water; f. has a characteristic infrared absorption spectrum 

c. shows a uniform spot on thin layer plates of silica 30 shown in accompanying FIG. 1; 
gel; g. has a characteristic nuclear magnetic resonance 

d. has a characteristic elemental analysis of about C. spectrum as shown in accompanying FIG. 2; 
66.84%; H, 8.84% N, 1.37%; h. has a minimum inhibitory concentration of 0.02 to 

e. exhibits the following characteristic absorption 0.1 pg/mI against Candida albicans; and 
maxima in its ultraviolet absorption spectrum (95% i. exhibits a LI),0 (i.p, mice) of 597.3 – 28.1 mg/kg 
ethanol): 267 inn 417), 277 inn (El(m and a LD4q (p.o., mice) of >2,500 mg/kg. 
541) and 288 416); * * * * * 

40 
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