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TRADUCCION OFICIAL No. 494/07 de Un documento escrito en inglØs el cual 

para su identificaciori se sella can el sello del Traductar. Este es una 

Traduccion OficLal efectuada el dia 20 de naviembre de 2007 per IN Sra. Maria 

Teresa Lara cc. 41.568055 de Bogota, Traductora Oficial segün Resolucion 

Na. 01016 del 2 de octubre de 1998 expedida pare’ Ministerio de Justicit 

= = = = = = = = = = = = = = = = = = = = = = 

Roder otorgado par WYETH respecta de la solicitud He patente titLjlada 

TIGECICLINA Y METODOS DE PREPARACIÆN". Certificación notarial suscrita 

Per frhcheLle McGowan Notario PÆblica del estado ic Nueva Jersey, 

legalizaciones subsiguientes. 

S 
EL PODER Y LA CERTIFICACION NOTARIAL NO SE TRADUCEN POR 

ENCONTRARSE EN INLES V ESPAOL EN EL DOCUMENTO ORIGINAL. 

[Sellol MICHELLE L. McGOWAN 
VON Noteria P’bIico, Estado de Nueva Jersey 

No. 2108903 
1-jabjlltada On el Candada de Morris 

La common expire el 9 de febrero de 2011 

� 
(Sello notarial 

On relieve) 

APOSTILLE 

(Convention de La Haye du 5 octobre 1961) 

11 Pals: Estados Unidos de America 

2. Este documento piJbjico ha side firmado par: Michelle L. McGowan 

3. actuando en calidad de: Njotario Piiblico de Nueva Jersey 

4. lleva el sello/timbre de: Michelle L. McGowan, Notaria 



P 5 
Traducciôn  Oficial No. 494/07 - Pâgina 2 

CERTIFICADO 

5. an Trenton, Nueva Jersey 

6. el dia 5 de julio de 2007 

7 pot- Bradley Abelow, TESORERO DE NUEVA JERSEY 

8. No. A296286 

9. Sellofrimbre: 10. Firma 

(Sella del Estate (Fdo.) Bradley Abelow 
de Nueva Jersey) 

La anterior as traducclón fiel y complete del documento an referenda, de la 
cual Sc deja copia en este archivo para so confrontation. 

- 

Maria Teresa Lara R. 
cc. 41.568055 de Bogoth 
Traductora Oficial segón 
Resolucion No. 01016 del 
2 its actubre de 1998 del 
Ministerio de Justicia 

S 
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2. 

3, 

4. 

S. 

6. 

7. 

S. 

9. 

APOSTILLE 

(CONVENTION DE LA PACE DU 5 OCTOBRE 1961) 

COUNTRY. UNITED STATES OF AMERICA 

THIS PUBLIC DOCUMENT HAS BEEN SIGNED BY: 
MrCRErE L MC GO WAN 

ACTING IN THE CAPACITY OF: 
NOTARY PUBLIC OF NEW JERSEY 

BEARS THE SEAL/SThNF OF: 
MICHELLE L MC GOWAN, NOTARY 

CERTIFIED 

AT TRENTON, NEW JERSEY 

THE 5TH DAY OF JULY 2007 

BY: Bradley Abelow, NEW JERSEY TREASURER 

NO, A296286  

SEAL/STAMP: 10. SIGNATURE 

�cI 
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POWER OF ATTORNEY 

The undersigned. 

WV ETH 

with offices at 

Five Giralda Farms, Madison, NJ 07940, 
United States of MneHca 

declares that it hereby grants 63 

ALVARO CORBEA-ORDCMSEZ end/or 
OLGA GEORGETTE OTERO and/6r 
mCARDO METKE awl/or 
JUAN PABLO CONCHA 

all members ot the law find Raisbeck, Land, Rodriguez & Rueda 
with domicile at Ày. 82 No. IC - 62, 6Th floor, of Bogoft ID. C.. 
Colombia, and for so long as they remain members of the law 
finn a fidl and sufficient power of attorney and respect to 
Colombian patent application(s) based On FCT/US20061020119 
and entitled "TIGECVCLINE AND METHODS OF MBPARATION’ 
and to obtain patent protection thereof, for which purpose I (we) 
authorize the said attorneys to represent me (us) before any 
authonties or persons, avirl or withoutjrnisdiction, speeialiy those 
administrative administrative contentious and judicial, as well as 
before Arbitration Court, in all patters concerning the following: 
a) Obtaiiainenl of a patent(s) based upon said patent application(s), 
including filing of assignments, change of name or address, 
voluntary cancellation; arid defending oppositioas, caacellatinns, 
nullity, sent mandamus, and in general the tied, penal, an 
administrative processes relating to more rights. 

I hereby ratify all lawthl demand previously taken on behalf of this 
company by the aforementioned attorneys with respect to the 
mentioned matters. 

Done and subscribed in 

On the day of Juno 2007 

Signaune of the person issuing the Power 

WYETH 

Wi)Jiaji H. Cainan 
Assistant Secretary 

R,SbaJc Lots Rotlioa 6 Ruoda 
At  82 No. 10-62 5IhIaor 
Boocti. Celoffibla 

an  540.066.040-3 
Tel: +57 I 634 0500 
Faa: +57 I 3762111 

skaret. win 

EITHER BE ABOGAUG 

La abajo rirmada, 

WflTH 

con ofacinas en 

Five Giralda Farms, Madison, NJ 07940, 
Eslados Unidos he America 

deolarn pore] pressure due otorga a 

ALVARO CORREA40100f4EZ You 
OLGA GEORGETFE OTERO ye 
mCAROO METKE yb 
JUAN PABLO CONCt{A 

Todos miembros de to firma de abogados Raisbeck, fare, 
Rodriguez An Rueda, con doniicilio on Is Ay. 92 No. W - 62 
Nao 6 on Bogota ID. C., Colombia, 31 basta Onto coIns continten 
siendo nliem6ros de a front, coder Amerind ampUo y suicierite 
con respecto a Is solicilud(ee) de patente en Colombia basada(s) 
en PCDLrS20O6a020229 y addhada 
"tTflThCTOT,TNa V M9’Onfls fll PRPApA�
r I OH 

y Cara obtener Is prodecom de paterae use he maIne, a 
efecto autoriza (stains) a los dichos apoderados pars quo me 
(Los) represenren artte crwlcsqtheea atjtoridades V p0,30*53, 
ej4rzan o no junsdiccion, especialinente and in del at 
adanjiisorne, ccnreociosa-edmthit,tii’o y judicial, Sal come 
Ins tribunales tie arbivamento, en todo In concerasiente a los 
siuieotes asanws: a) Obsession do INS) pfleaIets) de invention 
basada(s) on Ia mencionada solicited de patent; incluyendo 
peseMac2oo do lra,pasos, cambio de nonibre 0 direcciôn. 
cancelaoión voluntaria; y deknsa on opositiones, cancelaciones, 

ulidodes, Is tvte]a, y or general procesos civics, penales, 
adnainistrativos relacionados con ostos derechos. 

Igualniente, ratifico tnclo In actuado en derecho hosts cI 
monicnto en nombre he ,to compaflia ,or cualqLtsera do los 
menciooaados apoderados on los corms mencionados. 

Dado y linnsdo car 

A los 29 dias del riles de junlo de 2007 

Firma its In persona quo firma of t’oder 
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On this dayof June 

2007 the undersigned Notary 

CERTIFIES 
I. Thai William H, Calan 

sal his hand on the foregoing document. 

Abs 29 diasdel mile de Junta 

do 2007 ci suscrito Notazio 

DA FE 
Que WILLIAM FL calnan 

susesihiA de an puo y lea ci documento quo aniecedo. 

2. That the grantor is to me personally lumern and that he/she has 2. Que conozco at otorgante y quo data time capacidad legal 
legal capactty to executo the iirnfrument. para el Otorgamiento. 

3. That the printer has executed the foregoing document as 3 Que el otorgante or suscrito at referido docupncnto on sat 
carÆcter de 

lssisians Secrgte.y Subsacretari o 

ofthe judicIal person WYETH do Ia persona juridica WYETH 

4. That Be judicial person WYETH 4 Que it persona juridica WYETH 
having its Jiome office in con same an 

Five Gjralda Farms, Madison, NJ 07940, Five Gralda Farms, Madison, NJ 07940, 
United States of America Estados Unidos or America 

, duly ozanized, has present legal existence and that the estÆ legalmeore constitajida, quo tiene existeocia legal 
purposes for which the power of attorney is granted are within actual y quo ci aoto pam el cual se otorga at carrier esta 
the were of its corporate purposes, coniprendido cne loss cut constiwyen sat objet0 social. 

5. That the grantor has in fact the referred to authority and that 5 Que el otorgante tiene efrctivamente Is representación quo 
his/her representation is legal. ostenta y que esta as legitima. 

�rhat t have based certifications 3, 4 and 5 above on lie a, Que he basado In certificaciones 3.4 y 5 aliteriores en Its 
following authentic documents for such purpose exhibited to me siguientes docunientos autØnticos quo at efecto so Inc 
and which I mention specifically, giving their dates and thcir efliberon y quo t"enciono espetfflcamen& ranexprSoa 
origin or souroc: de ntis fachas y do an orisen 0 procedencia: 

Minutes of the Board of Directors Meeting held on April 2-Ta, 
Actasde to reunión We Junta Directiva celebra-
cia �1 25 de abrfl tie 2007. 

In 
Nntar rubjic.

 In &c_U:t, IT Malaria Notice y  

ISHILLE L McGOW*jg 



LA 

TRADuCC16r orrcrAL Na. 495/07 ic on dacurnento eschto an ingles, el cual 

pare so identificac6n Se sells con el sells del Traductor. Este es one 

rraducclon Oi9cial efectuada el dia 20 de noviembre the 2007 per la Sra. Maria 

Teresa _ara, cc. 41568055 de BogotA Traductora Oficiel segtn Resolución 

No. 01015 del 2 de octubre de 1998 expedida per el Ministers de iJJsticla. 
= = = - = = = = = = = = = = = = 

Ceión a WYETH del invento tltulado "TIGECICLINA V METODOS DE 

PREPARACION". Certificaclon notarial suscrita per Barbara A. Kiely, Noland 

PUbJico del estado de Nueva Jersey, y legalizeclones subsigulentes. 

AM102036 

DECLARACIÔN 3URAMENTADA 

Yo, Michelle L. McGowan, Asociada pare Legalizaciones, Wyeth, certified per a 

presents qua In cable adjunta ha sido comparable con ía Cason orcginal (pare 

Is U.S.S.N. 60/685285 titulada: "TIGECICLINA V !4ETCDOS DE 

PREPARACION"), fechada el 11 de noviembre its 2005 de Anthony Scott 

Pilcher, Jeffrey Marshall Home, Adam Joseph Toper, Joseph James McCauley 

III y Adam P. Michaud; y fechada el 21 de noviembre de 2005 de Sylvain 

DaigneauLt y Michel Bernatchez; y fechada el 28 as noviembre be 2005 de 

Lalitha Krishnan y Phalk-Eng Sum a Wyeth y que ía citable copia es fieL copia 

del original. 

bado a las 27 das del flies de jun10 de 2007, an Madison, Nueva Jersey, 

Estates Unitas de America. 

PARA USO EN COLOMBIA 

Wyeth 

(Edo.) Michelle L. McGowan 

Michelle L. McGowan 
Asociada pare Legalhzaciones 
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RECONOCIMIENTO 

Estate de Nueva Jersey 
) 

Condado de Morris 

A los 27 dias del mad de junio de 2007, ante ml personalmente 

comparecith Michelle L. McGowan Asoclada para 1_egalizaciones de Wyeth, a 

quen conozco y de quien me consta due as la persona descrita an el 

instrumento anterior y quien lo SLlscribió, y reconocio ante ni Ember suscrito el 

mismo. 

� (Edo.) Barbara A. Kiely 
Notario Püblico 

(Sello notarial 
en relieve) 

tsellol Barbara A. Itlely ID. 33893 
.4 Notaria P[ibltco de Nueva Jersey 

Al Comislón  expire el 20 de juniio de 2009 

me 

C5i6n tie frivento 

En virtud del pago por la CESIONAkIA al CEDENTE de contraprestación 

vthlida y valiosa, el recite de la cLial Se reconoce por La presente, el CEDENTE: 

(1) Nombre Complete del Inventor: Lalitha Krishnan 

Residencia: 2 Sonia Court, Suffern, New York 10901 

Ciudadania: Estados Unidos 

(2) Nombre Complete del Inventor: Phalk-Eng Sum 

Residencla: 16 Chamberlain Court: Pomona, New York 10970 

Ciudadania: Estates Unidos 

(3) Nombre Complete del Inventor: Sylvain Uagneault 
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Residencia: 201 Des Peupliers, Laval, QC, CanadØ H7R 1G6 

Ciudadania: Canada 

(4) Nombre Complete del Inventor: Michel Bernatchez 

Residencia: 3990, boul. Goulb-est, Montreal-nord, Qc, Canada H1.H ICE 

Ciudadania: CanadS 

(5) Nombre Complete del Inventor: Anthony Scott Richer 

Residencia: 178 Arbor Lane, Colchester, Vermont 05445 

Ciudadanla: Estados midas 

(6) Nombre Complete del Inventor: Jeffrey Marshall 1-forne 

Residencla P0 Box 288, 3 East Street, Mooers, New York 1.2958 

Ciudadania: Estados Jnidos 

(7) Nonibre Complete del Inventor: Adam Joseph Tuper 

Resldencia: 10 Oakwood Drive, Rouses Point, New York 12979 
IN Ciudadania: Estados Unidos 

(8) Nombre Complete del Inventor: Joseph James McCauley Ill 

Residencia: 73 Beekman Street, Plattsburgh, New York 12901 

Ciudadania: Estados Unidos 

(9) Nombre Complete del Inventor: Adam P. Michaud 

Residencia: 3 Pomfret Lane, Essex Junction, Vermont 05452 

Ciudadanla: Estados Unidos 

par Is presents vende cede y traspasa a Is CESIONARIA: 

Wyeth 
Five Giralda Farms 
Madison, Nueva Jersey 07940 
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y a los sucesores, cesionariDs y representantes legales de Is CESIONARIA, 

todo derecho tftulł e interØs Para los Estados Unidos y 5L15 posesiones 

territoriales y an todos los palsies extranjeros, Incluidos todos los derechos a 

reclamar prioridad  an y sabre el invento titulado; 

TIGECICLINA V METODOS DE PREPARACION 

e inventado par el CEDENTE y ins siguientes inventores adicionales, an caso 

de haberlos: 

el cuar Se encuentra an Is Solicitud Provisional de los E.U. No. 60/685285 

presentada el: 27 de mayo de 2005 

Yo, el suscrito CEDENTE, par Is presente autorizo y solicito Is 

insercion anterior del nOmero de solicitud y Is fecha de 

presentación, una vez Se COnozCan, 

flu 
gal [marcar tambiØn Si Se estØn cediendo solicitud(es) extranjera(s)J 

[X] y cualquier equivalents legal de las m,smas an un pa’s extranjero, 

incluyendo el derecho a recamar priDridad Encluldas todas y code una de tas 

mejoras aJIl divulgadas, y an y sobre todas las Patentes qua bayan de 

obtenerse Para dicho invento an virtud de Is solicitud anterior o cualquier 

solicitud provisional, no provisional, de contlnuaciôn, divisional de renovacion 

o sustituta de Is misma posteriormente presentada, y respecto de Patentes, 

cualquier reemisidn 0 reexamen de las mismas. 

El CEDENTE pacts par el presents qua no as he becho ii Se hare ni Se 

reatarÆ nThguna ces6n, yenta, acuerdo a gravamen que pudlese entrar an 

corifricto con esta cesión. 

El CEDENTE autoriza a la CESIONARIA a presenter solicitudes y recibir 
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Patentes para dcho invento an cualquiera as dchos palses en Su prOpio 

nombre, o an nombre del CEDENTE, a su eleccrôn. 

El 
CEDENTE pacte y aclierda sucribir U caterer cualquier garantia 

adiciorial necesarla del titulo sabre dicho invento y cualquier Patente qLie 

pueda expemrse Para ci n,ismo y, an cualguier momenta, a solicitud y nor 

cuenta de Is CESIONARIA, entregar cualquier testimonlo an cualquier 

interference, litgio a proceso relaclonado con el mismo y otorgar todos los 

documentos qua puedan ser necesarios o convenentes pars perfeccionar el 

tituLo sabre dicho invento 0 cualquier Patente qua pueda otorgarse pace el 

mismo a la CESIONARIA, sus sucesores, cesionarios U otros representantes 

Jegales y, an cualqu;er momenta, a solicitud y par cuenta de la CESIONARIA 

suscriblr cualquier continuecion continuaclÆn an parts, solicitud divisional, de 

reriovaclon 0 sustituta de Is misma, y an cuanto a Patentes y reemision 0 

- reexamen de las mismas, a cualquier otra solicitud adjcionat de Patente pare 

dicho invento 0 cuaLquier parts del mismo, todas las cuales solicitudes 
cualequiera 

Patentes qua Se expidan sabre las mismas son par la presente 

cedidas a Is CESIONARIA, y harÆ todos los juramentos 0 declaraciones licitos, 

y realizarØ todo los actos licitos requeridos care adquirir las mismas, sin otra 

compensaciÆn, pero par cuenta de La CESIONARrA, sus sucesores, cesLonarios 

U otros representantes legales. 

El CEDENTE autoriza y soiicita al Comisioriado de Patentes expedir todas 

y cane una de las Patentes de los Estados Unidos pare dicho invento 

resultantes de cualquiera de las anteriores solicitudes a su CESIONARIA. 

(Fdo.) Lalitha Krishnan Nov. 28, 2005 

Lalitha Krlshnan Fecha 

RECONOCIMIENTO 
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’4 

Estado de Nueva York 
ss 

Condado de Rockland } 

A its 28 dcas del Miss de noviembre de 2005, compareció personelmente  ante 

M! Lalithe Krishnan, a quien eonozco come Is misrna persona descrita an ci 

nstrLjmento anterior v quien lo otorgô y reconoció  hater otorgado el mismO, 

par su propla voluntad y pars Its propôsitos alli senalados. 

(Fdo.) Rose Ann D. Jastrow 

Notaria Püblico 

[Sella] ROSEANN D. JASTROW 
I NO. 01JA6085616 

NABILITADA EN EL CONDADO DE RCCIKLAND 
I Ml COMISION EXPIRA 01-06-2007 

I c 

(Fdo.) Phauk Eng sum Nov. 28 2005 

Phaik-Eng Sum Fecha 

I EecPNOCIMIENTO 

Estado de Nueva York 
£5: 

� 
Cantata de Rockland 

.4 los 28 din del nies de noviembre de 2005, compareclo persoriaLmente ante 

m PhaiIc-Eng Sum, a quien c0n02c0 come, Is rnisrna persona descrita an ci 

instruniento anterior y quien La otorgó, y reconoció haber otorgado el mismo, 

par su propia voluntad y pare as pro pósitos all! s&aiados. 

(Fdo.) Rose Ann D. Jastrow 

Notarlo PibLico 

[Sello) RCSEANN D. JASTROW 
NO. 01JA6065516 

HABILITADA EN EL CONDADO DE ROCKLAND 
MI COMISLON EXPIRA 01-06-2007 
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(Edo.) Sylvain Daigneault 

Sylvain Daigneault 

RECONOCIMIENTO 

Estado de CANADA 
Ss: 

Pravincia de QUEBEC 

21 Noviembre 2005 

Fecha 

.4 los 21 dies del mes de novjembre de 2005, compareció personalmente ante 

ml Sylvain Daigneault, a quien conozea Como Is misma persona descrite en �1 

instrumento anterior y quien Ia otorgó y reconoció haber otorgado el mismo, 

par su propta voluntad y para Its propositos all[ sealados. 

(Fdo.) Line Martin 

Notaric PLbllco 

Line MARTIN, notario 
91 para Is Provincia do Quebec, CanadØ 

Cl 1 
is 

Mi comisión es vitalicla 

........... ------............ ------ ------------- ----- ------------------ --------------------------.............................. 

(Edo.) Michel Bernatchez 21-Mo-2005 

Michel Bernatchez Fecha 

RECONOCIMIENTO 

Estada de CANADA 
55: 

Pravincia de QUEBEC 

A los 21 dias del mes de noviembre de 2005, coripareció personalmente ante 

ml Michel Bernatcbez, a quien conozco como Is misrna persona descrita an el 

instrumento anterior y quien lo otorgó, y reconoció haber otorgado el mismo, 

por su propia voluntad y pare los propositas all  senalados. 
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(Fdo.) LThe Martin 

Notaria PjbIico 

Line MARTIN, notate 
para Ia Provincia de Quebec, Canada 
Mi torsion as vitalicia 

(Fdo.) Anthony Scott Pilcher 11 -Nov-2005 

Anthony Scott Pilcher Fecha 

RECONOCIMIENTO 

Estada de Vermont 
ss 

Condado de Chittenden } 

A its II thas del mes de rlbviembre de 2005, comparedà personalmente ante 

ti Anthony Scott plicher, a quien conaxco conic la misma persona descrita on 

el instrumento anterior y quien Ia otorgo, y reconocio hater otorgado et 

niismo, per su propla voluntad y pars Its propósitos  all( seNalados. 

(Fdo.) Julie A. Winterbottorn 

Notario P’blico 

[SeUo] Julie A. Winterboitam 
Notario Publico Estado de Nueva York 

No. 01W18023921 
Hobilitada an el Condado de Clinton 

La common expiria el 3 de mayo de 2007 

(Fdo.) Jeffrey Marshall Home 

7effrey Marshall Home 

Estado de Nueva York J-- 
as: 

Condado de Clinton 

RECONOCIMIENTO 

11-NOV-2005 

Fecha 
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A los 11 dies del mes de noviembre de 2005 comparecio personalmente ante 

ml Jeffrey Marshall Home a quiet, conozcQ coma a rnisma persona descrfta 

an el instrumento anterior y quien lo otorgà, y reconoció haber otorgado el 

mismo par su propia valuated y Para Ids propósitos sill selialados. 

[Sella] Julie A. Winterbottoni 
Notario PUblico, Estado do Nueva York 

No, 01W16023921 
-labilitada on el COndado do Clinton 

La comisiOn expire el 3 de mayo de 2007 

rj 

Julie A. Winterbottom 

Notario P’bIico 

(Fdo.) Adam Joseph Tuper 11 -Nov-2005 

Vj
 Adam Joseph Tuper Fecha 

o RECONOCINIIENTO 
-

aw 
mpg 

Esthdo de Nueva York 
ss: 

Condado de Clinton 

A ids 11 din del ones de noviembre de 2005 comparecio personalmente ante 

ml Adam Joseph Tuper, a qulen conozea coma Ia misma persona descrita an el 

instrumento anterior y quien lo otorgô, y reconocio raper otorgado el mismo, 

par so propia voluntad y Para Jos propbsitos ali seæalacios. 

(Edo.) Julie A. Winterbottom 

Notario Pijbiico 

[Sella] Julie A. Winterbottom 
Notario Piblioo, Estado do Nueva York 

No. 01W16023921 
iHabilitada an el Condado de Clinton 

La comisiOn expire 01 3 de mayo do 2007 
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(Fdo.) Joseph James McCauley III 11-Nov2005 
Joseph James McCauley 111 Fecha 

RECONOCIMIENTO 

Estado de Nueva York 
55: 

Condado de Clinton 

A Los 11 dias del flies de noviembre de 2005, COmpareciô persorialmente ante 

mi Joseph James McCauley III, a amen conozco coma Is misma persona 

descrita an el instrumento anterior y qulen IQ otorgo, y recanoció hater 

otorgado el mismo, par su propia voluntad y para los propositos alli seialados. 

(Fdo.) Julie A. Winterbottom 

Notarlo PÆblico 

(Sello] Julie A. Winterbottom 
Notario PtThlico, Estado de Nueva York 

Na. 01W16023921 
Habilitada an el Condado de Clinton 

- La comisiOn expire at 3 de mayo de 2007 

- 

� 
(Edo.) Adam P. Michaud 11 -Nov-ZOOS 

Adam P. Michaud Fecha 

RECONOCIMIENTO 

Estado de Vermont 
55: 

Condado Os Chittenden } 

A Its 11 ties del mes de noviembre S 2005, comparecló personalmente ante 

ml Adam P. Michaud, a quien conoaco coma to misma persona descrita en at 

iristrumento anterior y qu?en to otorgó, y reconoclâ  hatter otorgado Cl mismo, 

par su propia valuated y pare Los propósltos alli sealados. 
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(Fdo.) Juice A. Winter-bottom 

Notarlo Piblico 

[Sello] Julie A. Winterbottom 
Notario Poblica, Estado de Nueva York 

No. OIW(6023921 
Habilitada an el Conciado de Clinton 

La comision expire el 3 de mayo de 2007 

APOSTILLE 

(Convention de La Haye du 5 octobre igGi) 

1. Pas Esfrados UfljdoS de America 

2, Este documento pblico he sido firmedo par: Barbara A. Kiely 

3. actuando en calidad de: Notaæo P(ibllco de Nueva Jersey 

4. Ill el sello/timbre de Barbara A. Klely, Nataria 

CERnEICADO 

S. en Trenton, Nueva Jersey 

5. at dia 5 de Julio de 2007 

� 

7. par Bradley Abelow, TESORERO DE NUEVA JERSEY 

S. No. A296294 

9. Sello/Timbre: 10. Firma 

(Sello del Estedo (Edo.) Bradley Abelow 
de Nueva Jersey) 

La anterior as traducciAn Lie’ y complete del docume.nto on referencia, de Ia 
cuai Se deja copia en este archivo para w confrontacion. 
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APOSTILLE 

(CONVENTION DE LA HAYE DU 5 OCTOBRE 1961) 

.1. COUNTRY: UNITED STATES OF AMERICA 

2. THIS PUBLIC DOCUMENT HAS BEEN SIGNED BY: 
BARBARA A KIELY 

3. ACTING IN THE CAPACITY OF: 
NOTARY PUBLIC OF NEW JERSEY 

.4 SEARS THE SEAL/STANP OF 
I BARBARA A KIELY NOTARY 

CERTIFIED 

5. AT TRENTON, NEW JERSEY 

6. THE 5TH DAY OF JULY 2007 

7. BY: Bradley Aje1ow, NEW JERSEY TREASURER 

B. NO, A296291 

9, SEALJSflJW: 10. SIGNATURE 
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AFFIDAVIT 

I, MicheHe I. McGowan, Leg&ization Associate, Wyeth, do hereby certify that the 

attached copy has been compared with the original Assignment (for US.SN, 60(685,285, 

entitled: 1IGECYCLNE AND METHODS OF PREPARATION’) dated November 

200$ from Anthony Scott Filcher, Seffrey MacshaU Home Adam Joseph Thper, Joseph 

James McCauley ifi, and Adam P. Michaud; and dated November21 2005 from Syh’airt 

Paigocault and Michel Bematchez; and dated November 28, 2005 from Lalitha Krishnan 

and Phaik-Eng Sum to Wyeth and that the said copy is a may copy of the original. 

Dated this 272o day of June, 2007, at Madison New Jersey, united States of 

America. 

� 
Wyeth 

Michelle L. McGowan 
Legahzation Associate 

TO BE USED IN COLOMBIA 
ACKNOWLEDGMENT 

State of Mew Jersey 

) 
Countyofucrris ) 

On this 27th day of June, 2001, before me personally appeared Michelle L. 

McGowan, Legalization Associate of Wyeth, to me known arid known to me to be the 

individual described in and who executed the foregoing ferrurmah, and she 

acknowledged to me that she executed the 

saha?4
 assay iffy 

Barbara A. Kiely rn m93 

Notary Public of Nw ierscy 

My Coinmisttl Expires Julie 20, 2009 



Dzt<at No: M410203� LI 
Patent fI/j 

AesiorIn11l of Invention 

In consideration of the payment by ASSIGNEE to ASSIGNOR of good and valuable 
tonsdemon, inerrecept of Which is hereby ackno.1edged, 
ASSIGNOR: 

(I) Full Name of Inventor: Lalitha Krlsrinan 
ResIdence: 2 Sofia Court, Suffem, New Yorl< 10901 
Citizenship: United States 

(2) Full Name of Inventor Phaik-Eng Sum 
Residence: IS Charnbedaln Court, Pomona, New York 10970 
Citizenship: United States 

(3) Full Name of Inventor: Sylvain Daigneault 
Residents: 201 Des Peupliers, Laval, Oc, Canada HiM 106 
GftizerI1Ip: Canada 

(4) Full Named inventor: MFchel Bernatchea 
Residence: 3990. boW. Gouln-edit, Monbeal-nord, Cc, Canada NIH 106 
Citizenship: Canada 

(5) Full Name of Inventor. Anthony Scott Piicher 
Residence: 178 Artor lane, Colchester Vermont 05448 
Citizenship: United States 

(6) Full Name of Inventor: Jeffrey Marshall Horns 
Residence: P0 Box 288, 3 East Street, Mooers. New York 12958 
Citizenship: United States 

7) Full Name of Inventor. Adam Joseph Tudor 
Residence: 10 Oakwood Drive, Rouses Point, New York 12979 
Citizenship: United States 

8) Full Name of Inventor: Joseph Janos McCauley Ill 
Residence: 73 r3eek,nan Street Plattsburgh, New York 12901 
Citizenship: United States 

AssimonINew.P,o1&orJ.doI - Re, site Page I oil Assignment of Invention 
Provisional Application 



Docket No: AM1O2O3S LI 
Patent 

(9) Full Name of Inventor Adam P. Michaud 1), 
Residence: 3 Pornfret Lane. Essex Junction, Vermont 05,152 fL 
Citizenship: United Stales 

hereby sells, assigns and transfers to ASSIGNEE: 

Wyeth 
Five Giraida Farms 
Madison, New Jersey 07940 

and The successors, assigns and egaL representatives of the ASSIGNEE the entire right, title 
and interest for the United States and it territorial possessions arid in all foreign countries, 
including all rights to claim priority. In and to the invention entitled: 
I1GECYCLINE AND METHODS OF PREPARATION 

and Invented by ASSIGNOR and the following additional inventors, if any 

and which is found In U.S. Provisional Applicaon No. 60/685,265 filed on: May 27, 2005. 

U Vive the ASSIGNOR signing below, hereby authorize and request Insertion 
above of the appllcaon number add filing date, when they become known. 

[also check if foreign application(s) is(are) also being assigned] 

and any legal equivalent thereof In a foreign country, 

including the right to claim prioriFg, including any and all Improvements disclosed therein, and 
In and to all Letters Patent to be obtained for said invention by the above application or any 
subsequently filed p’msionaI, nonprosional, centinuation, divisional, renewal, or substitute 
thereof, and as to Letters Patent any reissue or re-examination thereof 

ASSIGNOR hereby covenants that no assignment, sale, agreement or encumbrance 
has been or will be made or entered into which would conflict with this assignment. 

ASSIGNOR authorizes ASSIGNEE to make applications for and to receive Letters 
straddler said Thvenon &, any of said countries n s on name, or in ASSIGNOR’s name, 
at its election. 

ASSIGNOR covenants and agrees to execute or procure any further necessary 
assurance of the the to said invention and any Letters Patent which may issue therefore and 

� to, at any time, upon the request and at the expense of ASSIGNEE deliver any testhiony in 
any interference, litigation or proceeding related thereto and execute all papers that may be 
necessary or desirable to perfect the dre to said invention or any Lette,s Patent which may 
W granted therefore in ASSIGNEE, its successors, assigns or other legal representatives, 
and that to, at any time, upon the request and at the expense of ASSIGNEE execute any 
continuation, continuation-in-pail, divIsional renewal or substitute thereof, and as to Letters 
Patent and reissue or re-examination thereof, or any other additional appiicalions of Letters 
Patent for said invention or any pan thereof, all of which applications and any Letters Patent 
Issuing thereon are hereby assigned to ASSIGNEE, and will make all rightful oaths or 
dsc(aracns, arid do all fewl acts requisite Or procuring the same theroln, without further 
compensation, but at the expense of ASSIGNEE, its Successors, assigns or other legal 
representatives. 

A..JgnmI1NewAw’Provialosi.dot - na,i zs Page 2 of 7 Assignment of Invention 
Provisional Application 
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Patent 

ASSIGNOR atthorizes and requests the Commissioner of PalenN to Sue any and all 
Letters Patent at the United States for said invention resulting from any of the aforesaid 
applications to its ASSIGNEE. 

I - 

Lalitha Krithnan Date 

ACKNOWLEDGMENT 

Stats of New York 
as  

Counrj at Rockland } 

On tl day of2005, LalItha Krishnan personally appeared 
before me, known by th10 be the same person described in and who executed The 
foregoing instrument, and acknowledged that be/she executed the same, of his/her own free 
will and for the pwposes set forth. 

PQSWX B. JASTROW 
NO. DA&8 S 

QUAUFID IN ROCRLMB 00UtTY 
MY COMMrnSION EXPIRES Ol.O64oP7 

/ Notary Publ 

mentNep.P,ovisinM.doI�Re,ze5 Page afT Assignment of Invention 
Provisional ApplicatIon 
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Patent ’I 

AIw >?,)-ooJ 
Phalk-kitg 

ACIQ*YWLEOGMEWT 

Stabaot Newyork 
as 

County of Rockland 

On the 28"ay of 25, Phaik-Eng Sum personally appeared 
before me, known by me to be the earns person described In and who executed the 
toregcng insvv"enI and ackno44edged that he/she executed the same, of hisTher own free 
Will and for the purposes set forth. 

ROMEANN 0. JASThOW 
NO, OIJA6O5816 

QUALIPID IN RCcIu,M1D COUIff( 
LI COMNISSION UPIRES 

Sylv In Daigneault 
t 

Date 

ACKNOWLEDGMENT 

Stateof @AUMfl4 
} 

as: 
County off)AflJ,!LU: (9 I 

On the !J- day of kJQLL 44.4A 2fi5, Sylvain Daigneault personally appeared 
before me, known by male be the same person desoribeq in and who executed the 
foregoing instrument and acknowledged that hekhe executed the same, of his/her own free 
Will and for the purposes set forth. 

ç U?,eMAHTlN, FLOtrj 
ror fr Prnvince otQueecCar,ada 
MYonimission is for irfe 

Notary Public 

M&lmEtSwAProisSoi - s. ats Page 4 of 7 Assignment of Invention 
Provisional Application 
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Patent 

Michel Bernatchez 

toKIcW LED GMENT 

State at OIg)Aflh 
as: 

County offJJocJ/ua or 
(sxcatç 

On the !thday of Qx-c S44 2005, Michel Bernatcliez peronaiIy appeared 
before me, known by me to be the same person describe in and who executed the 
foregoing instrument. and acknowledged that he/she executed the some. of fisher own free 
.4J and for the purposes set forth. 

Tit, notarl 
Provhce of Que, Cada 

My corrnØcI3t 

I - -M _- 
to 

______433?________
 ____ _______ Pcher Date 

ACKNOWLEDGMENT 

State of 1* 
Ba: 

county of C 

On the Itt i. day of 2005, Anthony Scott Pilelier personally appeared 
before me, known by me to be the same person described in and who executed the 
orSQong nsIral,ent and acknowledged that he/the executed the same, of his/her own free 

� will and for the purposes set forth. 

Julie A. wIntflrbotorn 
Notary PuiC, State Ql New Nara 

No. 0Itrn602392I 

Public 
CuaFlied in Clinton COuntVao Cr, 

Commission Expires May 3. 

zs Page 6 o 7 Assignment of Invention 
Provisional Aplicatlon 
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.Jeffrev(h#1 Horre Date 

A(XiNOWLEDGMEN I 

State of IkL-L 
County  

On the payed VcJthLtAr 2005, Jeffrey Marshall Home personally 
appeared before me, know,, by me to be the same person described in and who executed 
,e toregofng instwmonl and acJcnoMedged that he/she executed the same, of hisTher own 

free will and for the purposes set forth. 

JULIO A. W,nterbotlom 
Notary Public, State of New ti1c 

No. 01W Le02392 I
 Qualified In Clinton County 

Commission Expires May L Notary Public 

P2K 

ACKNOWLEDGMENT 

State of NEW YoL 
as  

County of Oi, aJ 

On the tW day of Ak’Ve,,’ThEt. 2005. Adam Joseph Totter personally appeared 
before me feet by me to he the same person described in and who executed the 
foregoing instrument, and acknowledged that ho/she executed the same, of hisTher own free 
will and for the purposes set forth. 

Julie A. wrlMtboftcrr? 
Notary Pubho.stMeofr Von’NO

 
 (1 4 

Quaffed in Clinton COU_1 Notary public 
Commission FxpfteS 4ay 3, 

AsirmemNewpcp-Provlonst - Rev as Page 6 of   Assignment of Invention 
Provional Application 
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jimpejannifs uley III \j Care 

CIOWLEDGNT 

State of IJQ4i) 

County of 

Celtic Vt day of LDkt4uJ 2005 Joseph James McCauley Ill personally 
appeared Store me, known by mar to be the same pe’son doscilbed in and who executed 
the foregoing instrument, and acknowledged that he/she executed the some, of halter own 
tree will and ’or The pu,poses eel forth. 

Julie A, Wlrtlerbotlom 
Notary Public, State of New \tdc 

No, OIWIO02391 
OuallrntI h CLinton County 

PubIio 
Ocitnhlselon ExpIrS Maya, 

Merii P. Michajid Date 

AtKPOMJO$MENT 

$ateot V&H- 
55: 

County of  

Carter day of 2005, Adam P. Michaud personally appeared 
before me, mown by me to to the same peson described in and who exeouled the 

� foregoig inttrunlent, and acknowledged that he/she executed the son,., of his/her own free 
wig and torts purposes set ?o,gt 

Juice A. M’tetboitom 
NOt3r Public. St8t ol New VOrI< 

ComnhL6,O p.rre Ma 3. 
No  01W16023921 _____________ ____________ ________________ 

ouaiced in CUntCI’ CouflIY Notary Public 
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I1GECVCLINE AND METHODS OF PREPARATION 

This appflcauon claims bone&t of U.S.Prov’isiona!Appflcatlon No. 

601685,285, filed May 27, 2005, the contents of which are incorporated herein by 

reference. 

(0011 Disclosed herein are methods of preparing at least One compound of 

formula 1, 

/ 

0 

ON 

or a pharmaceutically acceptable salt thereof, 

wherein Ri and P2 are each independently chosen from hydrogen, straight 

� 
and branched chain (Cj-Ce)all’l, and cycloalkyl, or P1 and fl2, together with N, 

form a heterocycle; P Is -NFOR4, where Rs and R4 are each independently chosen 

from hydrogen, and straight and branched chain (C1-C4)aI&yt; and i ranges from 

1-4 

[002] in one embodiment, Ri is hydrogen, P2 s t-botyi, R Is -NR3R4 where 

R2 Is methyl and P4 is methyl, and n is 1, for example, tgecycline. Tigecycline, (9-
(t-butyI-glycylamido)-minocycvne, TBA-MINO), (4S,4aS5afl,12aS)-9[2(IeIt-

butylamino)acetanlido].47-bls(dlmethylamlno)-1 ,4,4a,5,5a,6,1 I ,12a-octahydro-

3,10,l2,12a-tetxahydro,-1,1 1-dioxo-2-naphthacenecarboxamide, where R is 

hydrogen,Rt-buty4R(sn1effiylRds MOW, and n Is 1. flgecydllne!sa. 

glycylcycline antibiotic and an analog of the semisynthetic tetracycline, 

� 
minocycline. Tigecycline Is a ł-t-butylgIycyamido derivative of mlnocycline, as 

shown In the structure below: 

ON oio 

Tigecycline 

[003] Tigecycline was developed in response to the worldwide threat of 

emerging resistance to antibiotics. Tigecycline has expanded broad-spectrum 

1 
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:1 

antibacterial activity both In vitro and in viva.. Glycylcycline antibiotics, like:1 

tetracycline antibiotics act by inhibiting protein translation in bacteria. 

10043 Tlgecycune is a known antibiotic in The tetracycline family and a 

chemical analog of minocycline. it may be used as .a treatment against drug- / 

resistant bacteria, and it has been shown to work where other antibiotics have 

failed. For example it is active against methicllHn-reslstant Staphylococcus 

aureus, penicillin-resistant Streptococcus pnQumoflfae, vancomycin-resistant 

enterococci D.J. Beldenbach at. al., Diagnostic Microbiology and Infectious 

Disease 40:173-177(2001); H.W. Boucher at. al., Antimicrobial Agents & 

Chemotherapy 44:2225-2229 (2000); P.A. Bradford din. Microbial. Newsiett. 

26:163-168(2004); 0. Milatovic at. al., Antimicrob. Agents Chernother. 47:400-

404(2003): A. Patel at. al., Diagnostic Microbiology and Infectious Disease 

36:177-179(2000); P.J. Petersen at &., Anumicrob. Agents Chemother. 48:2596-. 

. 2601 (2002); and P.J. Petersen at al., Antimicrob. Agents Chemother. 43:738-

7441999) and against organisms carrying either of the two major forms of 

tetracycline resistance; efflux and ribosomal protection (C. Betriu at. al. 

Antimicrob. Agents Chemother. 48:323-325 (2004); T. Hirata et. S. Antimicrob.. 

Agents Chemother. 48:2179-2184(2004); and P.J. Petersen at. aLAnhimiorob. 
Agents Chemotlier, 43:73B-744(1999). 

[005] Tigecycline may be used in the treatment of many bacterial 

injections such as complicated intra-abdominal infections (clAl), complicated skin 

and skn structure infections (cSSSl), Community Acquired Pneumonia (CAP), 

and Hospital Acquired Pneumonia (RAP) indications, which may be caused by 

gram- negative and gram-positive pathogens, anaerobes, and both methicililin- - � 

susceptible and methiculin-resistant st,ains of Staphylococcus mucous (MSSA and 

MRSA). Addtonaç figectidine  may be used to beat or control bacterial 

Infections in warm-blooded animals caused by bacteria having the TetM and TetK 

resistant determinants. Also, tigecycline may be used to treat bone and joint 

Infections, catheter-related Neutroporila, obstetrics and gynecological infections, 

or  treat other resistant pathogens, such as VRE, ESBL, enterics, rapid growing 

mycobacterla, and the like. 

[006] Tigecycilno suffers some disadvantages in that it may degrade by 

epirnerization. Eplmerization is   known degradation pathway in tetracyclines 
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generally, although the rate of degradation may very depending upon the 

tetracycline. Comparatively, the epknerlzatlon rate of tigecychne maybe last, 

even for example, under mildly acidic conditions and/or at mildly elevated - 

temperatures. The tetracycline literature reports several methods scientists have 

used to by and minimize epimer formation in tetracyclines. in some methods, the 

formation of calcium, magnesium, zJnc or aluminum metal salts with tetracyclines 

limit epmer formation when done at basic p1-Is in non-aqueous solutions. 

(Gordon, P.N, Stephens Jr, CR., Noseworthy, M. M., Teare, F.W., U.K. Patent 

No. 901,107). to other methods,(robkes, U.S Patent No. 4038,315) The 

formation of  metal complex Is performed at acidic pH and a stable solid form of 

the drug Is subsequently prepared. 

[007] Tigecycllne differs structurally from Me epirner In only one respect 

� ><czT ’� 
UAI _IAI 

[0081. In tigecyOline, the N-cllmethyl group at the 4 carbon Is cis to the 

adjacent hydrogen as shown above In formula I, whereas in the spinner (i.e., the 

C4-eplmer), formula Ii, they are trans to one another In the manner Indicated. 

� Although the Iigecyclir,e spinner Is believed to be non-toS under certain 

conditions It may lack the anti-bacterial efficacy of tigecycline and may, therefore, 

� be an undesirable degradation product. Moreover, the amount of epimerization - 
� can be magnified when synthesizing flgocycne ins large scale. 

[009] Other methods for reducing epimer formation Include maintaining 

p1-Is of greater than about 6.0 during processing; avoiding contact with conjugates 

of weak acids such as formates, acetates, phosphates or boronates; and avoiding 

contact with moisture Including water-based solutions. With regard to moisture 

protection, Noseworthy and Spiegel (U.S. Patent No. 3,026248) and Nash and 

Haeger, (U.S. Patent No. 3,219,529) have proposed formulating tetracycline 

analogs In non-aqueous vehicles to Improve drug stability. However, most of the 
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vehicles included In these discsures are more appropriate for topical than 

parenteral usa. Tetracycline epimerization is also known to be temperature 

dependent so production and storage of tetracyclines at low temperatures can 

also reduce the rate of spinner formation (Yuan PH., Sokoloski TO., J. Pharm. 

Sci. 66:1646-1650,1917; Pawelezyk, E., Matiak, B, Pol. J. Pharmacol. Pharm. 

409-421,1982). Several of these methods have been attempted wilhtlgecycline 

but apparently none have succeeded In reducing both spinner formation and 

oxidative degradation while not Introducing additional degradants. Metal 

- complexation, for example, was found to have little affect on either spinner 

formation or degradation generally at basic pH. 

10101 Although the use of phosphate, acetate, and oitrate buffers Improve 

solution state stability, they seem to accelerate degradation of tigecycline in the 

� lyophuized state. � Even without a buffer, however, epimorizatlon is a more serious 

problem with tigecycline than with other tetracyclines such as minocycline. 

� [0111 In addition to the C4-epimer, other Impurities Include oxidation by-

products. Sorr,e of these by-products are obtained by o,ddatlDfl of the D ring of 

the molecule, which Is an aminophenol. Compounds of formula 3 (see Scheme I 

below) can be readily oxidized at the C-I 1 and C-12a positions, isolation of 

compounds of formula 3 by precipitation with a non-solvent can have the problem 

that oxidation by-products and metal salts ooprecipitato ‰fth the product resulting 

in very Im purifies. The oxidation and degradation of the nucleus of compounds 

of formula Scan be more pronounced under basic reaction conditions and more 

so on large-scale operations since processing times am typically longer and thó  

compounds are in contact with the base for a longer time: 

(012] Moreover, degradation products maybe obtained during each of the 

0 different synthetic steps of a scheme, and separating the required compound from 

these degradation products can be tedious. For example, conventional - 

purification techniques, such as chromatography on silica gel or preparative HPLC 

cannot be used to purify these compounds easily because of their chelating 

� properties. Although some tetracyclines have been purified by partition 

chromatography using columns made of diatomaceous earth Impregnated with 

buffered stationary phases containing sequesteting agents like EDTA, these 

techniques can suffer from very low resolution, reproducibility and capacity. 
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These disadvantages may hamper a large-scale synthesis I-IPLC has also beenhi 

used for purification but adequate resolution of the various components on the 

HPLO columns requires the presence ofion-pairing agents , the mobile phase. 

Separating the final product from the sequestering and on-pafring agents in the 

mobile phase cart be difficult. 

[013] While on asmall-scale The impure compounds obtained by 

precipitation may be purified by preparative reverse-phase HPLC, purllication by 

reverse phase liquid chromatography Can be inefficient and expensive when 

dealing with kilogram quantities of material. 

[0141 Accordingly, there remains a need to obtain the at teast0tre 

compound of tormula 1 ins more purified form than previously achieved. There 

also remains a need br new syntheses to minimize the use of chromatography for 

purification. 

(0t5] Disclosed herein are methods for producing tetracyclines such as 

0 tigecycline, as generically illustrated in Scheme 1 below: 

Nj 

T 
0 

Scheme I 

[016] Ri and A2 are each Independently chosen from hydrogen, straight 

and branched chain (GI-C6)alt4, and cycIoaIl4, or RI and A2, together with N, 

torm a heterocycle; and P Is �NR3194, where (13 and P4 are each independently 

chosen from hydrogen, and straight and branched chain (C1-C4)alIwI; and 

ranges from 1-4. 
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[017] The compound of formula 2 Is also known as a iliinocycIlne Or 

mThocdine derivative. Reaction at the compound of formula 2 with at least one 

nitrating agent results In a -NO2 substltuentlo farm The compound of formula 3 

The -NO2 substttuent in formula 3 can be subsequently reduced to an amino, such 

as by hydrogenation, to lorm the compound of formula 4. Finally, acylatlon of the 

compound of formula 4 generates the compound ol formula l, 

£0183 Disclosed heroin are methods for performing reactions to produce 

the compound formula 1, e.g., nitration, reduction, and acvlation reactions. Also 

disclosed are methods lot purifying the compound formula 1. 

10193 The methods disclosed herein can form the desired product while 

reducing the amount of at least one impurity present in the final product, such as 

epimer lormalion, the presence of starting magenta, and oxidation by-products. 

Such reduction in impurities can be achieved dosing at least one stage of the 

synthesis, I.e., during any one of the nitration, reduction, and acylatlon reactions. 

The methods disclosed heroin can also facilitate large scale synthesis with 

suilable parities of the final products. 

DRAWINGS 

10201 FIG.1 depicts an exemplary scheme for preparing tigecycilne. 

[0213 AG. 2 depicts an exemplary scheme for preparing Ilgecycllne. 

10221 FIG. 3 depicts an exemplary scheme for preparing tigecycline. 

DEFINITIONS 

[023] It should be noted that, as used In this specification and the 

appended claims, the singular forms "a," "an" and "the" include plural referents 

unless the content clearly dictates otherwise. Thus, for example, reference to a 

composition containing "a compound includes a mixture of two or more 

compounds. it should also be noted that the term "or is generally employed in Its 

sense Including sand/or unless the content clearly dictates otherwise. 

(024] ’mgecycllne" as used herein Includes tigecycline in free base form 

and salt forms such as any phamiaceulically acceptable salt, enantioniers, and 
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epirriers. Tigecycline, as used herein, may be formulated according to methods 

known In the art. 

[025] ’Compounł"  mused herein refers to a neutral compound (e.g a 

free base), and salt forms thereof (such as pharmaceutically acceptable salts). 

The compound can exist in anhydrous form, or as a hydrate, or as asowate. The 

compound may be present as stereosomers (e.g., enantiomers and 

diastereomers), and can be isolated as enantlomers, racemic mixtures, 

� diastereomers, and mixtures thereof. The compound in solid farm can exist. in 

various crystalline and amorphous forms. 

� 

1026] "Pharmaceutically acceplablV as used herein to referlo those 

compounds, materials, compositions, and/or dosage forms which are, within the 

scope of sound medical Judgment, suitable for use in contact with the tissues Of 

patients Without excessive toxicity, inimlion, allergic response, or other problem or 

. 
complication commensurate with a reasonable rislcenefJt ratio. 

[027] "Cycloalkyr as used herein refers to a saturated carbocyclic ring 

system having 3 10 6 ring menibert 

[028] Heteroc,cie# as used herein refers to a monocyclic heterocycle 

group containing at least one nitrogen ring member and having 310 8 ring 

members in each ring wherein each ring is saturated and not otherwise 

substituted. - - 

NITRATION 

[029] One embodiment discloses a method of preparing at least one 

compound of formula 1, 

� a 
0)1 

- ! KNN
 Ha 

OH 0 

or a pharmaceutically acceptable salt thereof, 

wherein Ri arid S2 are each k,depehdonI’ chosen from hydrogen, straight 

and branched chain (C,-Cs)allq’I, and cycloalkyl, or Si and R2, together with N. 

form a heterocycle; As �NR3P4, where As and R4 are each Independently chosen 
7 



WO 20061U0418 

- 

PCTflJS2OO/Q2O229 

from hydrogen, and straight and branched chain (Ci-C4alky!; and oranges horn 

1-4. 

(0301 One embodiment discloses a nitration reaction where the product of 

the nitration is not Isolated. Accordingly In one embodiment, the method 

comprises 

(a) reacting at least one nitrating agent with at least one compound of 

formula 2, 

64OH 

L.LLLLs.‰ 

2 

or a salt thereof, to produce a reaction mixture comprising an IntermediaI; 

and . 

(b) further reacting the intermediate to form the at least one compound 

of formula 1. 

[031] in one embodiment the intermediate ’snot isolated from the 

roac Von mixture. - 

[032] The at least one compound of formula 2 can be provided as a free 

base or as a salt. In one embodiment, Meal least one compound of formula 2 is 

a salt."Salts* as used herein may be prepared in situ or separately by reacting a 

free base with a suitable acid. Exemplary salts Include, but are not limited to, 

hydrochloride, hydrobrornide, hydrolodide, phosphoric, nitric, sulfuric acetic, 

benzolc, citrlc,.cystein, tumaric, glycolic, maleic, succinic, tartaric, sulfate, and 

chDroben,ensuJJonate salts. In another embodiment, the salt can be chosen from 

alkyisuitonic and aryisulfonic sails. In one embodiment, the at least one 

WormDurni of formulaE Is provided as a hydrochloride saI ores a suliate salt 

(033] NItrating agent" as used herein refers to a reagent that can add a 

-NO2 substituent to a compound, or transform an existing substituentto an -NO2 

substituent. Exemplary nitrating reagents include nitric acid and nitrate salts, such 

as alkali metal salts, e.g., <NO3. Where the nitrating agent Is  nitric acid, the 

nit,lc acid can have a concentration of at least 80%, such as a concentration of� 

85%, 88%, 90% 95%, 99%, or even 100%. 
8 
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[034] The nitrating agent can react with the at least one compound of 

formula 2 in any solvent deemed suitable by one of ordinary skill in the alt, In one 

embodiment, the reaction is performed in the presence of sulfuric acid and/or 

sulfate salts. In one embodiment, the sulfuric acid used Is concentrated sulfuric 

acid, e.g., a concentration of at least 50%, 60%, 70016, 801/6, 85%, 90%, or at least 

95%. 

[035) In one embodiment, the at least one nitrating agent is provided in a 

molar excess relative to the at least one compound of formula 2. Suitable molar 

excesses can be determined by one of ordinary skill in the art and can include but 

are not limited to, values such as at least 1.05, e.g., a molar excess ranging from 

1.05 to 1.75 equivalents, such as a molar excess ranging from 1.05 to 1.5, or from 

1.05 to 1.25, or from 1.05 to 1.1 equivalents. In another embodiment, the molar� 

excess Is 1.0, 1. 1, 1.2, ISor1.4equiaIenzs. 

0[036] In one embodiment, the at east one nitrating agent is reacted with 

the at least one compound of formula 2 by adding the at least one nitrating agent 

over a period of time. One of ordinary skill in the art can determine a time period 

over which the total amount of nitrating agent is added to optimize the reaction 

conditions. For example, the addition of nitration reagent can be monitored by, for 

example. HPLC, to control the amount of the at least one nitrating agent used. In 

one embodiment, the total amount of the at least one nitrating agent is added over 

a period of time of at least 1 h, such as a period of time of at least 2 In, at least 3 h, 

at least 5 In, at least 10 hat least 24 h, or a period of time ranging from i h to 1 

week, ranging from 1 It to 48 h, ranging from 1 h to 24 h, or ranging from 1 Into 12 

[037) The at least one nitrating agent can be added oontinuou*. 
10 [038] In one embodiment, the nitrating agent can be reacted with the at 

least one compound of formula 2 at a temperature ranging from 0 to 25°C, such 

as a temperature ranging from S to 15°C, from & to 10°C, or from 10 to  1St. 

10391 An "Intermediate as used herein refers to a compound that is - 

formed as an intermediate product between the starling material and the final 

product. In one embodiment, the Intermediate Is  product Of the nitration at at 

east one compound of formula 2. For example, the intermediate can be at least 

one compound of formula 3 or a salt thereof, 



WO 2006/1304181 I PCT/US2006(020229 
2.) 

7. 

OzM on 0 W 0 0 ail 

[040] The intermediate can exist as a free base or as a salt, such as any 

of the salts disclosed herein. In one embodiment, the intermediate Is a sulfate 

saw. 

(041] Inone embodiment, the intermediate is not isolated from the 

reaction mixture. OReaction mixture" as used heroin rejers to a solution or sluhy 

comprising at least one product of a chemical reaction between reagents as well. 

as by-products, e.g., Łmpuritles (including compounds with undesired 

stereochemistries), solvents, and any remaining reagents such as starting 

� 

materials. Inane embodiment, the Intermediate is the product of the nitration and 

is present in the reaction mixture, which can also contain starling reagents (such 

as the nitrating agent andlor at least one compound of formula 2), by-products 

(such as the C4.eplmer of either formula 2 or formula 3). In one embodiment the 

reaction mixture is a sk,’, whore a slurry can be a composition comprising at 

least one solid and at least one liquid (such as water, acid, or a solvent) e.g., a 

suspension or a dispersan of soflds. 

10423 In one embodiment, the nitration reaction produces the intermediate 

while generating a low amount of the corresponding 04-eplmer. For example, 

� where the intermediate is the at least one compound of formula 3, the nitration 

results In the formation of C.-eplmerot formula 3 in an amount less than 10%, as 

� 

determined by high performance liquid chromatography (1-IPLO). In another 

embodiment, the 04-epimer is presrrf In an amount less than 5%, less than 3%, 

less than 2%, less than 1%, or less than 0.5%. 

(0431 HPLC parameters for each stop, i.e., nitration, reduction, and 

ao4ation, am provided in the Examples section. 

(0441 (none embodiment, the nflmlion Is performed such that the amount 

of starting material, e.g., the at least one compound of formula 2. Is low. in one 

embodiment the at imst one compound of formula 21$ present in the nitration 

10 
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product In an amount less than 10%, as determined by f-IPLC, or less than 5%, 

less than 3%, less than 2%, less than 1%, or less Than 0.5%. 

1045) In one embodment, the nitration can be performed ina large scale. 

In one embodiment, large scale refers to the use of at least I gram of the 

compound according to formula 2, such as the use of at least 2 grams, at least 5 

grams, at least 10 grams, at least 25 gram, at least 50 grams, at least 100 grams, 

at least 500 g, at least 1 kg, at least 5kg, at least 10 kg, at least 25 kg, at least 50 

kg or at least 100 kg 

10481 In one embodiment, the reducing forms at least one compound of 

formula 4, 

OH 

NHa 

OH 

� 4 

MI 0 

. 

or a salt thereof. 

[0471 In one embodiment, the further reacting In (b) comprises reducing 

the intermediate. In another embodiment, the method further comprises acylating 

the reduced intermediate. 

t048] Another embodiment disclosed herein is a method of preparing at 

east one compound of formula 1, 

� 

or a pharmaceutically acceptable salt thereof, 

wherein P1 is hydrogen, R2 is t-but)4, R is �NR5R* where Ra Is methyl and 

A4 is methyl, and n is 1, 

comprising: 

(a) reacting at least one nitrating agent with at least one compound of - 

formula 2, 

II 
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or a salt thereof, to produce a reaction mixture comprising an intermediate; 

and 

(b) further reacting the intermediate to form the at least one compound 

- of formula 1, 

[049) In one embodiment, the Intermediate is not Isolated from the 

reaction mixture. 

10501 In one embodiment, the at least one compound of formula lie. 

gecycIIne. 

� [051] Another embodiment disclosed herein is   method of preparing at 

� least one compound of formula I 

� . 

OR � R:_N . - 

or a pharmaceutically acceptable sail thereof, 

wherein Ri and P2 are each independently chosen from hydrogen, straight 

and branched chain (C1-Co)all’i, and oycloailq4, or Ri and IRa, together with N, 

form a heterocycle; R is �NR3R4, where R and R4 are each Independently chosen 

from hydrogen, and straight and branched chain (01-04)allq’l; and n ranges from 

� 1-4, 

comprising: 

(a) reacting at least one nitrating agent with at least one compound of 

formula 2, 

12 
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� OH - 

IOj 
0110 &io - 

2 

or a salt thereat to produce a slurry; and 

(b) further reacting the slurry to form the at least one compound of 

formula 1. - - 

[052] In one embodiment R1 is hydrogen, P2 is t-butyl. P is -NP3R4 where 

R3 is methØ and A4 Ismethyl, and n Is 1. In another embodiment, Pre at east one 

compound of formula I is tigecycline. 

0531 Another embodiment disclosed heroin is a method of preparing at 

east one compound of formula 3 or a salt thereof, 

ON 

01 

0 ON 

wherein As -NR3R4, where A, and R4 are each Independently chosen 

from hydrogen, and straight and branched chain (C,-04Q11w1 
comprising: - 

reacting at least one nitrating agent with at east one compound of formula 

2 or a salt thereof, 

� - çNH2 

ON o ON 

wherein the reacting is Performed at a temperature ranging from 5 to 1St. 

[0541 Another embodiment disclosed herein is a method of preparing least 

one compound of formula 1, 

13 
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� ’N, 

0 OH

 

or apharmaceutically acceptable salt thereof, 

wherein Ri and P2 are each independently chosen from hydrogen, straight 
and branched chain (CjCa)aflq’I, and oycloali’I, or Ri and A2, together with N, 
form a heterocycle; A is �NR3R4. where JR8 and A4 are each independently chosen 
from hydrogen and straight and branched chain (01-C4)aIi,i; and n ranges from 
1-4, 

comprising: - - 

(a) reacting at least one ntreting agent with at feast one compound of 

formula 2 or a salt thereof to produce a reaction mixture comprising an - 

� 
ntemledate; and 

OH 

(b) further reacting the intermediate to form the at least one compound 
of formula  

wherein the reacting in (a) is performed at a temperature ranging from 5 to 
15-C. 

(055] In one embodiment, Ph is hydrogen, R2 Is t-butyl, P3 is methyl, R4 is 

* methyl, and n is 1. 

REDUCTION 

[056] One embodiment discloses a method of preparing at least one 

compound of formula 4, 

14 
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OH
 

ON 0 

or a salt thereof, 

wherein A = �NR3R4, where Pa and 1% are each independently chosen 

from hydrogen, and straight and branched chain (C,-C4aIl, 

comprising: 

combining at least one reducing agent with a reaction mixture, such as a 

reaction mixture slurry, comprising an Intermediate prepared iron a reaction 

between at least one nitrating agent and at least one compound of formula 2, 

OH 

2 

or a salt thereof. 

t057) In one embodiment, the method describes a one-pot’ process 

where the nitration and reduction steps are performed without isolating the 

products of the nitration from the nitration reaction mixture-

[0583 In one embodiment, Ri Is hydrogen, Re is t-butyl, Ra is methyt, 94 is 

methyl  and nisl. - 

(059) -Reducing agent" as used herein refers to a chemical agent that 

adds hydrogen to a compound. In one embodiment, a reducing agent is 

hydrogen. The reduction can be performed under a hydrogen atmosphere at a 

suitable pressure as determined by one of ordinary skill In the an. In one 

embodiment, the hydrogen is provided at a pressure ranging from 1 t 75 psi, 

such as a pressure ranging from 1 to50 psi, or a pressure ranging from I to 40 

psi. 

[060) In another embodiment, the reducing agent is provided In the 

presence of at least one catalyst. Exemplary catalysts include but axe not limited 

to, rare earth metal oxides, Group VIII metal-containing catalysts, and salts of 

is 
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Group VIII metal-containing catalyst An example of a Group VUl melalcontalnlng 

catalyst Is paUadlum, such as palladium on carbon. 

O61] Where tile catalyst Is palladium on carbon; Inone embodiment, the 

catalyst is present In an amount ranging from 0.1 pans to I part, relative to the 

amount of the at least one compound of formula 2 present prior to the reaction 

Mth the at least one nitrating agent. 

[0821 In one embodiment, the intermediate is at least one compound of 

formula 3. In one embodiment, in the compound of formula 3, R, is hydrogen, A2 

is t-butyl, 1R3 Is methyl, A4 is methyl, and n Is 1. 

063J One at ordinary skill in the art can determine a suitable solvent for 

the reduction reaction. in one embodiment, prior to the combining, e.g., prior to 

the reduction, the reaction mixture is combined with a solvent comprising at least 

one (01 -Ca) alcohol. The at least one (Cl-Cs) alcohol can be chosen, for example, 

from methanol and ethanol. 

[0641 one of ordinary skill In the an can determine a suitable temperature 

for the reduction reaction. In one embodiment, the combining, e.g., the reduction, 

is performed at a temperature ranging from Otto 60°C, such as a tomperawre 

ranging from 20t to 40t, or  temperatuco ranging from 26°C to 28°C. 

(065] In one embodiment, after the combining, e.g., after the reduction, The 

resulting reaction mixture is added to or combined with a solvent system 

comprising a (CrO) branched chain alcohol and a (Cr4) hydrocarbon. In one 

embodiment, the (CrC0) branched chain rucohol;s isopropanol. In one 

embodiment, the (CI -Cs) hydrocarbon is chosen from hexane, heptant, and 

octane. - 

[066) In one embodiment, after the combining, e.g., after the reduction, the 
� resulting reaction mixture Is added to the solvent system at a temperature ranging 

from 000 to SOt, such as a temperature ranging from Otto 10*0. 

[0671 In one embodiment, the method further comprises isolating the at 

least one compound of formula 4 as a solid, or as a solid composition. In one 

embodiment, the at least one compound of formula 4 Is precipitated or Isolated as 

a salt such as any of the salts described herein. 

(0661 In one embodiment, the solid composition comprises a C4-ep1mer.ot 

formula 4 in an amount less than 10% as determined by high performance liquid 

16 
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chromatography. In another embodiment, the C4.ep4mer is present in an amount 

Jess than 5%, less than 30/6, less than 2%, less than 1%, or less than 0.5% 

(069] In one embodiment the solid composition comprises the at least one 

compound of formula 2 in an amount less than 2%, such as an mount loss than 

1%, or less than 0.5%, as determined by high performance liquid chromatography. 

0701 In one embodIment, the reduction can be performed in a large scale. 

In one embodiment large scale refers to the use of at least I gram at the 

compound according to formula 2, such as the use of at least 2 grams, at least 5 

grams, at least IC grams, at least 25 gram at least 50 grams, at least 100 grams, 

at least 500 g, at least 1 kg, at least 5 kg, at 1088110 kg, at least 25 kg, at least 50 

Kg, or at least 100 kg. 

[071] Another embodiment disclosed herein is a method of preparing at 

least one compound of formula 1 

S0 
OH 

 

g 
on 

 8 

or a pharmaceutically acceptable salt thereof, 

wherein R and P2 are each Inbependentty chosen from hydrogen, straight 

and branched chaIn (C,-C8)aiky), and cycoallwl, or B, and A2, together kJVIth N. 

form a heterocycle; Rig �NA3R4, where P5 and a4 are each independently chosen 

from hydrogen, and straight and branched chain (C1C4alil; and n ranges from 

1-4, 

comprising: 

� (a) combining at least one reducing agent with a reaction mixture, such 

as a reaction mixture slurry, comprising an intermediate prepared from a reaction 

between at least one nitrathig agent and at least one compound of formula Z 

NHt 

17 
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or a salt thereof, to form a second inlormediale; and 

(b) further reacting the second intermediate in the reaction mixture to 

prepare the at least one compound of formula 1. 

[0721 In one embodiment, Ri is hydrogen, R2 is t-butyl, Aa is methyl, P4 is 

methyl and n is I. 

10731 In one embodiment, the intermediate is at least one compound of 

formula 3 or salt thereof, and the second intermediate is at east one compound of 

formula 4, 

or a sail thereof. 

� (0741 In one embodiment, the further reacting in (b) comprises acylating 

the second Intermediate. In one embodiment, prior to the ayiating, the second 

intermediate can be precipitated or isolated as a salt. 

(0753 Another embodiment disclosed herein is a method of preparing at 

east one compound of formula 4  o a salt thereof, 

gm 

I NH a 

an 0 

wherein R = �NR3P41 where % and A4 are each Independently chosen 

* from hydrogen, and straight and branched chain (Ci-C4aikyl, 

comprising: 

reducing an intermediate of formula 3 or a salt thereof, 

n1 
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(I 

[076] In one embodiment, the Intermediate of formula 3 maybe present In 

a reaction mixture slurry. -. 

[077] In one embodiment the reducing comprises combining at least one 

reducing agent with the reaction mixture. 

1078) Another embodiment disclosed herein is a method of preparing at 

east one compound of formula 1, 

On
 

� - 2. AI /kJçJç1çH. 

or a pharmaceutically acceptable salt thereof, - 

wherein Ri and R2 are each independently chosen from hydrogen, straight 

and branched chain (Ci-Cs)ailcyl, and cycloailqil, or Ri and R2, together with N. 

form a heterocycle; R is �NflR4, where R3 and 1% are each Independently chosen 

from hydrogen, and straight and branched chain (C1-C4alkyt; and n ranges from 

1-4 

comprising: 

(a) reacting at least one nitrating agent with at least one compound of 

S formula 2 or a salt thereof to prepare a reaction mixture, 

NRI 

It 
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(b) without Isolating or precipitating any solids from the reaction mixture, 

combining at least one reducing agent with the reaction mixture to prepare an 

Intermediate; and 

(a) preparing the at least one compound of formulet I from the 

Intermediate. 

[079] Another embodiment disclosed herein is method of preparing at 

east one compound of formula 1, 

Nt. 

0 OR 

OR 0 OR 0 

’I 

or a pharmaceutically acceptable salt thereat, 

wherein Ri and fl are each independently chosen from hydrogen, straight 

� and branched chain (CiCalkyi, and cycioalIiI, or Ri and P2 together with N, 

form a heterocycle; R’S �NA3A4, where Pa and R4 are each independently chosen 

from hydrogen, and straight and branched chain (CI-C4aIkyf; and n ranges from 

14 

comprising: 

(a) combmmg at least one Group VIII metal-containing catalyst In the 

presence of hydrogen with a reaction mixture, such as a reaction mixture slurry, 

prepared from a reaction between at least one nitrating agent and at least one 

compound of lorrnuia 2 or a salt thereof, - 

\/ 
A 

ççNH. 

OR 

[080] In one embodiment, the at least one Group Viii metal-containing 

� catalyst is present in an amount ranging from 0.1 parts tot part reiative to the 

amount of the at least one compound of formula 2 present prior to the reaction 

� with the at least one nitrating agent. 

joel] Another embodiment disclosed herein is a composition comprising, 
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Li 

at least one compound of formula 4, 

V 

ON

 

or a sait thereof, 

wherein A Is �NRR, where Rs and P4 are each independently chosen 

from hydrogen, and straight and branched chain (Ci-04)alIql, 

wherein a C.-eplmer of formula 4 is present In an amount less than 10%, 

as determined by high performance liquid chromatography. 

(0821 In one embodiment, Ri Is hydrogen, IRa is 2-butyl, R, Is methyl, 94 is 

methyl, and n is 1. 

ACYLA11OPI 

10831 One embodiment of the present disclosure provides a method for 

preparing at least one compound of Formula 1: 

D 
ON 

or a pharmaceutically acceptable salt thereof, 

wherein Ri and A2 are each Independently chosen from hydrogen, straight 

and branched chain (C1-00)aIl, and cycloall’I, such as (C3-00)cycloalkyl, or Ri 

and A2, together with N, form a heterocycle, such as a 5-membered ring; R Is - 

NR3R4 where Ra and R are each independently chosen from hydrogen, and 

straight and branched (C, -C4allql; and n ranges from 1-4, 

comprising reacting at least one compound of Formula 4: 

HzN 

ON
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or a salt thereof, 

with at least one aminoacyl compound In a reaction medium. In One 

embodiment; the reaction medium may be chosen from an aqueous medium and 

at least one basic solvent in the absence of a reagent base 

J084] In one embodiment, the method for preparing a compound of 

formula Us a method for preparing tlgecycline: 

H OH 

NH. 

0 MO 

Tlgecycllne 

or a pharmaceutically acceptable salt thereof. 

(085] in one embodiment, variable n is 1 % is hydrogen, R2 is 1-butyl, and 

R3 and R4 are each methyl. In another embodiment, variable ii Is 1, Ri and Ra, 

� together with N, forms a pyrrolidinyl group, and R3 and Ra are each methyl. The 

salt of the at least one compound of Formula 4 may be a halogenated salt such 

as a hydrochloride salt. 

[086] The reaction medium may be a solvent chosen from a polar aprotic 

solvent or mixture of solvents thereof. in one embodiment, the polar ap,otic 

solvent is chosen from acetonitdle, I ,2.d%methwq’ethane, dimethylacetamide, 

dimethylformamlde, hexanethylphosphoramlde, N,N’-dlmethyleftiyleneUrea, N,N’-- 

dimethylpropyleneurea, methylene chloride, N-methylpyrroIIdnone, 

tetrahydrofuran, and mixtures thereof. In another embodiment, the polar aprotic 

solvent is chosen from acetonittile, dimethylformamide, N,N-- 

dimethylpropyleneurea, N-methylpyrrolidlnone, tetrahydroturan, and mixtures 

� thereof. The at least one basic solvent may be a mixture of acelonhtdle and NM-- 

dimethylpropyleneurea. In another embodiment, the at least one two solvent 

maybe a mbdure of water and N,N’-dlmethylpropØeneurea. In a further 

embodiment, the at least one basic solvents N,14’-dln,ethyiprbpyleneurea. 

[087] The reaction medium may be an aqueous medium. In a further 

embodiment, the at least one basic solvent In the absence of a base Is water In 

the absence of a base. in another embodiment, the reaction medium may be at 

least one basic solvent in the absence of a reagent base. A basic solvent is   
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solvent capable of accepting, either partially or fully, a proton. A reagent base 

refers to a base that Is added at the start of The reaction, either concurrently Or 

sequentially with the at least one compound of Formula 4 and the at least One 

aminoacyl compound and is capable of accepting, either partially or fully, a proton. 

A reagent base also refers to a base that is added during the reaction. 

(0883 The at least one ammoacyl compound maybe chosen from 

6mInoàcyl halides, aminoacyl anhydædes, and mixed aminoacyl anhydrides. In 

one embodiment, the arninoacyl compound is is at least one aminoacyl halide of 

Formula 6: 

or a salt thereof, 

wherein Ri and R2 are each independently chosen from hydrogen, straight 

and branched chain (CI-00)alIM, and cycloallq4, or Ri and R2, together with N 

farm a heterocycle; n ranges from 1-4; and wherein 
a 

is a halogen chosen from 

fluoride, bromide, chloride, and Iodide. 

10893 in a fujiher embodimentQ is chloride. The salt of the compound of 

Formula 6 may be chosen from a halogenated salt. Halogenated salt refers to 

any salt formed from interaction with a halogen anion, such as a hydrochloride 

salt, a hydrobrornide salt, and a hydrolodic salt. In one embodiment, the 

halogenated salt is a hydrochibilde salt. 

(090) The at least one amipoacyj halide of Formula 6 maybe obtained by 

� a method compilslng: 

A) reacting at least one ester of Formula 7: 

or a salt thereof, 

with at least one amine, fl,R2NH to prepare at least one carboxylic acid, 
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wherein Ri and R2 are each Independently chosen from hydrogen, straight 

and branched chain (C,-COaIkyI, and cycloaIIeI, or Ai and A2, together with N. 

forni a heterocycle; X is a halogen chosen from bromide, chloride, fluoride and 

Iodide; A’s -ORo, where p0 is chosen from straight or branched (C1-00)alkyl and 

arylalkyl, such as aryl(C1-C6)alkyi e.g., where awl Is phenyl; n ranges from 14; 

and 

B) reacting the at least one carbo,q’I(c acid With at least one chlorinating 

agent to give at least one amlnoacyl compound Of Formula 6 or a salt thereof. 

1091) In one embodiment, R1 and Re may each be t-butyl. In another 

embodiment, Ri and R2, together with N, may form a heterocycle, such as 

pyrrolidine, and Re may be arylalkyl, such as beazyl, in another embodiment, fl Is 

one, In a further embodiment, XIs bromide. 

[092] In another embodiment the at least one ester of Formula 7 is  

hydrochloride salt An excess of amine R1IRRNH compared to the ester of Formula. 

� I may be present in the reaction to prepare at least one carbolic acid. in one 

� embodiment, the at least one chlorinating agent may be thionyl chloride. In 

another embodiment, the reaction of the at least one carboxylic acid with at lead 

one chlorinating agent Includes addition of a catalytic amount of 

dimethyllormamide. An excess of chlorinating agent relative to the at least one 

carboxylic acid may be present in the reaction to give at least one aminoacyl 

compound of Formulae. When R5 is arylalkyl, the aryialiwl of the at least one 

compound of Formula 7 may be cleaved by hydrogenation after reaction with the 

at least one amino to give the at least one catho,q’lIc sold. - 

[03] The reaction of the at least one carboxylic acid with a chlorinating 

agent may be performed at a temperature ranging from 55 t to 85 C, such a 

from 80 CC 10 85 C, and further such as 55 T, In one embodiment; an additional 

amount of chlorinating agent may be added to the reaction to effect completion, 

such as attaining a level of less than 40% carboxylic acid. Following reacting the 

at least one carboxyllc acid with at least one chiorinating agent, the resulting 

suspension may be filtered to remove sails, such as t-bulylamine hydrochloride 

safts. The arnirloacyl halide of Formula 6 may be Isolated as HO salt or treated 

with an inorganic acid, such as hydrochloric acid, to prepare an aminoacyl halide 

salt 
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0943 In another embodiment, the at least one amlnoacyl halide of 

Formulae is obtained by a method comprising: 

reacting at least one carbolic acid of Formula St 

or a salt thereof, 

wherein Re is chosen from straight or branched (C1C6)allq’l, and n ranges 

from lto4,and  

with at least one chlorinating agent to give at least one aminoacyl halide of 

Formula 6 or a salt thereof. - - 

(0951 In another embodiment, the at least one carboxylic acid of Formula 

is a halogenated sail, such as a hydrochloride salt. The time peæod for reacting at 

least one compound of Formulae Mth at least one chlorinating agent may range 

from Ito 50 hours, such as from 2 to 45 hours, and further such as Ito S hours. 

The at least one carboxylic acid of Formula B may have a particle size of less than 

150 microns, such as less than 110 microns and further such as ranging from 50 

to 100 microns. A compound of Formula Shaving a given particle size may be 

attained by milling the compound. 

f098J Reacting at least one compound of Formula 4 with the at least one 

aminoacyl compound may be conducted at a temperature ranging from otto 30 

°C, such at from 2000 to 25 0C, such as from 10°C toll 0 such as from 0 0 

to 6 °C, and further such as from 200108 ’C. The time period for reaction may 

range from I hour to 24 hours, such as from 0.5 hours to 4 hours, and further 

such as from 2 hours to   hours. An excess of aminoacyl compound relative to 

the amount of  compound of Formula 4 may be used in the reaction In one 

embodiment, the excess may be 3 equivalents of aminoacyl compound 101 

equivalent of the at least one compound of Formula 4. In another embodiment, 

the ratio of aqueous medium to the at least one compound of Formula 4 may be 

6:1 w/w or 5:1 volumes. In one embodiment, the aminoacyl compound is added 

to orcomWncd with a sojution of the at least one compound of Formula 4 in an� 

aqueous medium. 
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(0973 in one embodiment, where the reaction medium Is an aqueous 

medium) the pH of The aqueous medium may be adjusted to a pH ranging from 4 

to 9, such as from 5 to 7.5, such as from 6.3 to 6.7 such as from 7.0 to 7.5, 

further such as 8,6, and still further such as 7.2. Water may be added prior to 

adjusting the pH. Adjusting the pH may Involve addition of a base, Including but 

not limited to ammonium hydroxide. The concentration of ammonium hydroxide 

may range from 25% to 30%. In another embodiment, an acid, such as 

hydrochloric acid, maybe used to adjust the pH. The reaction medium during pH 

adjustment may be at a temperature ranging from -5 °C to 25 °C, such as from 

5°C to  °C, and Iurthr such as from 0 PC to 5CC 

[098] Following adjustment of the pH, at least one organic solvent or 

mixture of solvents maybe added to the aqueous medium. In one embodiment, 

the at least one organic mixture 01 solvents may comprise methanol and 

. 
methylene chloride. The concentration of methanol may range from 5% to 30%, 

including but not flmited to20% and 30%. In another embodiment, the at least 

one organic solvent or mixture of solvents comprises tetrahydrofuran. The 

temperature of the mixture may range from 15 PC to 25 °C. 

[099] In one embodiment, the aqueous medium may be extracted with a 

mixture of at east one polar prolic solvent and at least one polar aprotic solvent 

In one embodiment, the at least one polar aprolic solvent comprises methyene 

chloride and the at least one polar prolic solvent comprises methanol. In another 

embodiment, the aqueous medium is extracted .with at least one polar aprotie 

solvent, such as methylene chloride. The extraction may be conducted at a 

temperature ranging from 5 t to 25 °C, further such as from 0 t to 5°C. In a 

. further embodiment, the pH of the aqueous medium Is adjusted to a range from 

7.0 to 7.5, such as 7.2, after each exlracfion. The extraction process may be 

repeated for example, up 1010 times. 

(0100] In one embodiment, the combined organic extracts may be treated 

with a drying agent, such as sodium sulfate. The organic extracts may also be 

treated with charcoal, such as Norit CA-I. The solids are removed by filtration to 

give a solution. in one embodiment, the solution may be concentrated to afford 

the compound of Formula 1. 

20 



W() 2006/130418 PCTRJSZOO6/020229 

10101] The compound of Formula 1 obtaIned from the reaction Maybe 

crystallized in at least One organic solvent or mixture of solvents. In one 

embodiment, the organic mixture of solvents comprises methanol and methylene 

chloride. Crystallization may, for example, occur at a temperature ranging from - 

15 °C to 155 °C, such as from 0°C to 15°C, and  further such as from 2 °C t05 °C. 

101021 In another embodiment, following extraction, the resulting organic 

mixture of at least one polar protlo solvent and at least one polar arotic solvent 

maybe concentrated to give a slurry and filtered to give the at least one - 

compound of Formula 1 Connotation and filtration may, for example, occur at 0 

°CtoS°C. 

101031  method for preparing a cornpothld at Formula I may be performed 

using greater than 5 grams of the amine of Formula 4, such as greater than 10 

grams, such as greater than 60 grams, such as greaterthaci 100 grams such as. 

greater than 500 grams, such as greater than 1 kilograms, and further such as 

greater than 10 kilograms. 

101043 One embodiment discloses a compound prepared by any of the 

methods described herein, Including but not limited to a compound of Formula 1, a 

compound of Formula 4, a compound of Formula 8, a compound of Formula 7, a 

compound of Formula B and salts thereat. Another embodiment includes a 

composition comprising a compound prepared by any of the methods described 

herein. The composition may further comprise a pharmaceutically acceptable 

carrier. . 

(0105) In one embodiment, the composition may comprise at least One 

compound of Formula 1: 

0 OH � P 

Formula   . 

or a pharmaceutically acceptable salt thereof, 

wherein n Is 1, R and fl2 together with N, forms a t-butyl group, and R 

and P4 are each methyl. In another embodiment, the composition may compuise 

at least one compound of formula 1 
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Formula 1 

or a pharmaceutically acceptable salt thereof, 

wherein Rh and H2 are each independently chosen from hydrogen, straight 

and branched chain (C,-06)alkyl, and cyaloalkyl, or RI and 82 togeTher with N. 

form a heterocycle; Ris �NR5R4, where Ric and 194 are each independently chosen 

from hydrogen, and straight and branched (0,-C4)a1lcyl; and n ranges from 14, 

and 

less than 05% of The 0-4 epimer or the at least one compound of Io,inuia 1 

or a pharmaceutically acceptable salt thereof. 

[0108] In a lurther embodiment, the composition may comprise Tigecycline: 

N’ 
, 

t0u 
L__JN IN 

OH?OH 

Tigecycline 

or a pharmaceutically acceptable salt thereof, and 

less than 05% of the 04 spinner of Tigecyàllne or a pharmaceutically 

acceptable salt thereof. 

[01073 In one embodiment, the compound of Formula 1 prepared by any of 

the methods described herein contains less Than 100% ImpuritIes as detrrained 

by high performance liquid chromatography, such as less than 50/6 Impurities, 

� 
such as less than 2% impurities, and turther such as 1-1.40/6 Impurities. In a 

further embodiment, the compound of Formula 1 contains a C4-epimer in an 

amount less than 1.0% as determined by high performance liquid 

chromatography, such as less than 0.5% C4-eplmer, and further such as less Than 

0.2% 04-eplmer. in one embodiment, the compound of formula 1 contains less 

that 1% mlnocycllne as determined by high performance liquid chromatography, 

such as loss than 0.6% minocycllne. In another embodiment, the compound of 
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I formula 1 contains less Than 5% dicNoromethane, such as less than 2-3% 

I dichioromethane, - 

[0108 One embodiment of the disclosure includes a method for preparing 

I at least one compound of Formula 1: - 

QN 

Formula  - 

or a pharmaceutically acceptable salt thereof, 

wherein Hi and 132 are each Independently chosen from hydrOen, straight 

and branched chain (C1-C6)aiI,l, and cycIolkyI, or Ri and H2, together with N, 

form a heterocycle; R is �NR8A4, where Rs and P4 are each Independently chosen 

from hydrogen, and straight and branched (C1-C4aIkyi; and n ranges from 1-4, 

� comprising: 

A) reacting at least one nitrating agent with at least one compound of 

Formula 2: - 

NN 

Formula   - 

or a salt thereof, - 

to prepare a reaction mixture sluny comprising at least one compound of 

I

 

Formula 3: 

� H 
Formula 3 

I on salt thereof, 

B) combining at least one reducing agent with the reaction mixture slurry 
I 

to prepare at least one compound of Formula 4, 
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04 Poe 

Formula 4 

or a salt thereof, and 

C) reacting the at least one compound of Formula 4 with at least one 

aminoacyt compound Ina reaction medium chosen from an aqueous medium. And 

at least one basic solvent in the absence of a reagent base 

t01091 The compound 01 formula I prepared by this method may be 

tigecyline. 

[0110) Another embodiment of the present disclosure includes a method for 

preparing at leastone compound of Formula 1: 

0H 

bHN 

J  

a 

Formula 1 

or a pharmaceutically acceptable salt thereof, 

wherein Ri and Ra are each Independently chosen from tiydcogen, straight 

and branched chain (Cl-C)aIkyl, and cycloallq4, or R, and R2, together with N, 

form a heterocycle; P Is �NR3P4, where Aa and R4 are each independently chosen 

from hydrogen, and straight and branched (01-04)alkyl; and a ranges from 1-4,. 

comprising: 

A) combining at least one reducing agent with a reaction mixture sluny 

comprising at least one compound of Formula 3: 

H 
- OH 

OaN 
- Mi2 

OH 0

 

ON 0 

Formula 3 

or a salt thereof, 

to prepare at least one compound of Formula 4: 



a 
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Mat 

Porn,uIa4, 

or a salt thereat and 

B) reacting the at least one compound of Formula 4 with at least one 

aminoacyl compound In a reaction medium chosen from an aqueous medium and 

at least one basic solvent In the absence of  reagent base. 

(0111] In another embodiment, the compound of formula I prepared by the 

above method may be tigecyline. 

PURIFICATION 

(01 12J One embodiment of the present disclosure provides a method for 

� purring at least one compound of Formula 1 

D OK 
R ft 

Formula I 

or a pharmaceuticaiy acceptable salt thereof, - 

wherein R1 and A2 are each independently chosen from hydrogen, straight 

and branched chain (C,-CaIkyI, and cycloaliq4, or ft and B,, together with N, 

� fon,, a heterocycle; A Is �NRR4, where % and B, are each Independently chosen 

from hydrogen, and straight and branched (C-C4}alkyl;and n ranges from 14, 

� 
comprising: 

A) combining the at least one compound of Formula 1 with at least one 

polar aprotic solvent and at least one polar protic solvent to give a first mlxure, 

B) mbdng the first mixture for almost one period of time such as from .15 

minutes to 2 hours at a temperature ranging from 0°C to 40°C, and 

C) obtaining the at least one compound of Formula 1. 

[0113] As used herein, the tern, obtaining refers to Isolating a compound 

at a useful level of purity, including but not limited to levels of purity greater than 
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90%,95%, 96%, 97%,98%, and 99%, the level of purity may be determined by 

high pressure liquid olvomoatography. 

[0114) In one embodiment, thernethod for purifying at least one compound 

of Formula linvolves the steps 

A) combining the at least one compound of Formula I with at least one 

polar sprotic solvent and Worst one polar probe solvent to give a first mixture, 

B) mixing the first mixture for a period of time at a temperature ranging 

from 30 OG to 40 

C) cooling the first mixture to a temperature ranging from IS °C to 25 °C 

and allowing the mixture to stand without mixing (or a second period of time, 

0) cooling the first mixture 10 a temperature ranging from 0°C to 6°C and 

allowing the mixture to stand without mixing bra third period of time and 

) obtaining the at least one compound of Formula I. 

� 
[01 151 In one embodiment, the method may Include at feW one compound 

� of Formula 1 where n Is 1, Ri Is hydrogen, R2 Is t-butyl, and A3 and R4 are each 

methyl. Another embodiment includes at least one compound of Formula 1, 

where n isi, 91 and Rg, together with ’l, forms a pyrrolidinyl group, and A3 and R4 

are each methyl, the at least one compound of Formula I that is combined with 

the at least one polar eprotic solvent and the at least one polar protic solvent may 

be provided in a form chosen 1mm a solid, a slurry, a suspension, and a solullori. 

[01 161 in one embodiment the at least one polar apratic solvent may 

chosen from acetone, 1 ,2dichloroethane, methyl acetate, methyl ethyl ketone 

methyl isobutyl <elena, methylene chloride, and ethyl acetate. In a further 

embodiment, the at least one polar aprotlo solvent may be chosen from demons 

and methylene chloride. In another embodiment the at leastorie polar protic 

solvent may be chosen from methanol, ethanol, isopropanot, and t-butanal In a 

further embodiment, the at least one polar protic solvent may be methanol. 

10117] The combination of the at least one polar apTotic solvent and at least 

one polar protic solvent may Include acetone and methanol. Another embodiment 

provides a combination at the at least one polar aprotic solvent methylene 

chloride, and the at least one polar probe solvent, methanol, in a further 

embodiment, the combination of the at least one polar aprotlo solvent and at least 

one polar protic advent may Include methyl acetate and methanol. The 
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compound of Formula 1 may, for example, be combined with equal volumes of the  
at least one polar aprotic solvent and the at least one polar protic sohtnt. 

O1 18) In one embodiment, the first mixture may, for example, be mixed for 

a first period of time ranging from 30 minutes to 2 hours where the temperature 

ranges from ISO to 25 OC, then for a second period of time ranging from 30 

minutes to 2 hours, where the temperature ranges Horn 0 t to 2 °C. In one 

embodiment, the first period of time and the second period of time are each I 

hour. In another embodiment, the method may comprise mixing the first mixture 

for at least one period of time ranging from 30 minutes to 2 more at a temperature 

ranging from 15°C to 25 °C, then filtering the first mixture to obtain a solid. The 

method may further comprise combining the solid with at least one polar aprotic 

solvent and at least one polar protic solvent, such as at equal volumes, for a first 

Period! of time ranging from 30 minutes to 2 hours at a temperature ranging from 

15 OC 1025 C, and filtering to obtain a second solid. Ina further embodiment, 

these combining and filtering steps may be repeated two to fifteen times. 

101191 The method for purifying a compound of Formula 1 may further 

comprise obtaining a said from the first mixture, and combining the solid With at 

least on  polar protic solvent and at least one polar aprotit solvent to obtain a 

second mixture. The second mixture may, for example, comprise methanol and 

meiflylene chloride in a ratio by volume ranging from 1:5 to 1:15 

methanol:methylene chloride. In one embodiment, the second mixture may be 

mixed at a temperature ranging from 30 t to 36 t and then filtered to obtain a 
solution. In a further embodiment, the concentration of the polar protic solvent in 
the solution may be reduced to a level below 5%, and the solution may be mixed, 

for example, at a temperature ranging from 0 C to 8 °C, for a time period, for 

example, ranging from 30 minutes to 2 hours prior to filtering. 

101201 In one embodiment, mixing the 51,-st mixture may occur during a 

period of time ranging from 10 to 20 minutes, such as 15 minutes. Inane 

embodiment, cooling the first mixture to a temperature ranging from tS OC b ES 

t and allowing the mixture to stand without mixing may occur during a second 

period of time ranging from 30 minutes to 3 hours, such as from 1 hour to 2 hours. 

The first mixture may be further cooled to a temperature ranging from 0°C to 6°C 
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and slowed to stand without mixing for a third period of time ranging from 30 "2< 

minutes to 2 hours, such as 1 hour. 

[07211 Obtahlng the compound of Formuia I may include Sfltering any 

mixture described herein through at lent one filler selected from pyrogen 

reducing filters and carffying filters. 

[01223 As disclosed herein, rn)xing may be carried out by using a 

mechanical mixing device, for instance, a stirrer or agitator. Mixing may also be 

effected by solubility of the compound having Formula I In the solvent system 

Increasing the temperature may increase soIubli’ 

[01231 In one embodiment, when at least one compound of Formula Ils to 

be combined with at least one polar aprotic solvent and at least one polar protic 

solvent, the at least one compound of Formula 1 may be used in the form of a 

pharmaceutically acceptable salt thereof. Where at least one compound Of 

Formula 1 is obtained as the product of the method of the invention, the at learn 

one compound of Formula I may be recovered in the form of a pharmaceutically 

acceptable salt thereof. 

101241 In another enibodiment, where a compound of Formula I is obtained 

by the method according to the Invention, the compound may be converted into a 

pharmaceutically acceptable salt thereof by addition of an acid. 

[0125] In one embodiment, the at leact one compound of Formula 1 may be 

14S-(4o,1 2ao)1.4,1-Bis(dimethylamino)-9-[(t-butylamino)acetyl]amino-

I ,4,4a,5,5a,6,1 1,1 2a-octahydro-3,1 0,12,12a-tetrahydroxy-1 11 -dioxo-2-
- . naphthacene-carboxamide, such as phaimaceuticaily acceptable salts such as 

HCI salts. In another embodiment, the at least one compound of Formula I may 

be [4S-(4a, 1 2aa)p,7-Bis(dimethylarnino)-9-(pyrroidlnyl)acetyl]arninoJ-

� . 

naphthacene-carboxamide, such as pharmaceutically acceptable salts such as 

HCI safe. 

[012811A method for puri’ing at least one compound of Formula 1 may be 

a method for purifying tigecycline, compiis]ng: 

A) combining tigecycline with at least one polar aprotic solvent and at least 

one polar probe solvent to give a fist mixture, 
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8 mixing the first mixture for at east one period of time, for example, 

ranging from 15 minutes to 2 hours and at a temperature ranging from 0°C to 40 

°C, and 

C) obtaining Ilgecycline. 

[01273 The tigecycllne that Is combined withal least one polar aprotio 

solvent and at least one polar protic solvent may be provided in a form chosen 

from a solid, a slurry, a suspension, and a solution. In one embodiment the 

tigecycline obtained from the method may contain less than 1% of the C4 epimer 

of tigecycline or a pharmaceutically acceptable salt Thereof as determine by high 

pressure liquid chromatography (HPLC). 

(0126] The at least one compound of Formula I obtained from the method 

may contain law than 3.0% Impurities as deteriiIned by I-IPLC, such as ies than 

1.0% Impurities, such as less than 0.7% Impurities. In another embodiment, the at 

. least one compound 01 Formula 1 may contain less than 20% of the C4 epimer of 

the compound of formula I or a pharmaceutically acceptable salt thereof, as 

determined by HPLC, such as less than 1% of the 0-4 epimer, such as lees than 

0.5% Cl the C-4 epimer. 

10129] The method may be performed on greater than 5 grams of The at 

east one compound of Formula 1, such as greater than 50 grams, such as 

greater than 100 grams, such as greater than 500 grams, such as greater than 1 

kilogram, and further such as greater than 10 kilograms. 

£0130) One embodiment discloses a compound prepared by any of the 

methods described herein, including but not limited -to a compound of Formula I 

and tigecycline. Another embodiment includes a composition comprising a 

S 
compound prepared by any of the methods described herein. The composition 

may further comprise a phantiaceuticafly acoeptabie carrier. 

[0131] In one embodiment, The composition may comprise at least one 

compound of Formula I; 

- R 
a - OH 

Rj?N 
11112 HN J  

(CH)r’ OH 0 0 

Formula I 
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or a pharmaceutically acceptable salt thereof, 

wherein n is 1, R1 is hydrogen, Re is t-butyl, and Ps and P4 are each 

methyl. 

[0132) One embodiment of the disclosure includes a method for preparing 

at least one compound of Formula 1: 

B 
0 ON 

N 
N 

Formula 1 

or a pharmaceutically acceptable salt thereof, 

wherein Ri and 112 are each independently chosen from hydrogen, straight 

and branched chain (C,-Ce)alkyl, and cycloalli, or ft and R2, together with N. 

forms heterocycle; R is �NR4, where Rs and R4 are each Independently chosen 

from hydrogen, and straight and branched (C-C4)aIIq’l; and n ranges from 1-4, 

comprising: - 

A) reacting at least one nitrating agent with at least one compound of 

Formula 2: - 

-. OH 

Nit1 

OH 
H 0 

Formula 2� 

or a saft Thereof, 

to prepare a reaction mixture, such as a reaction rnbdure slurry, comprising 

an intermediate, such as at least one compound of Formulas: 

Formula 3 

or a salt thereof, 

W020061130118  
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B) combining at least one reducing agent with the reaction mixture slurry 

to prepare a second Intermediate, such as at least one compound UI Formula 4, 

Formula 4 

era salt thereof, 

C) reacting the second intermediate with at least one aminoacyl compound 

in a reaction medium to obtain at least one compound of formula J. In one 

embodiment, The reaction medium is chosen from an aqueous medium, and at 

least one basic solvent in the absence of a reagent base. Additional stops may 

Incude for example at lest one of: 

0) combining the at least one compound of Formula I with at least one 

� polar apiotic solvent and at least one polar protip solvent to give a first mixture, 

E) mixing the (Iit mixture for at least one period of time, such as ranging 

from IS minutes to 2 hours, at a temperature, such as ranging from 0 G to 4000. 

and 

F) - obtaining at least one compound of Formula I In one embodiment, any 

of the Intermediates at the methods disclosed may be isolated or precipitated out. 

In another embodiment, two or more steps of any of the methods disclosed are 

"one-par procedure. 

f01321 Another embodiment of the disclosure includes a method for 

preparIng at least one compound of Formula 1: 

�ON  

Formula  

or a pharmaceutically acceptable salt thereat 

wherein R1 and R2 are each independently chosen from hydrogen, straight 

and branched chain (Ci-Ce)aikyl, and cycloaliql, or R, and A2, together with N, 
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lorm a heterocycle; B Is �NA3A4, where B3 and H4 are each Independently chosen 

from hydrogen, and straight and branched (01-C4alkyl; and n ranges from 14, 

comprising: 

A) combining at least one reducing agent with a reaction mixture, such as a 

reaction mixture slurry, comprising at least one compound of Formula 3: 

Formula 3 

or a salt thereof, to prepare at Itarst one In(ermediate, such as a compound 

of Formula 4, 

R 

� 

OH 

ranuuie 4 

or a salt thereof,. - 

B) reacting the Intermediate Withal least one aminoacyl compound In a 

reaction medium chosen from an aqueous medium to obtain the compound of 

Formula I Inane embodiment, the reaction medium may be chosen from at least 

one basic solvent in the absence of a reagent base. Additional steps may include, 

for example, at ’east One of: - 

C) combining the at least one compound of Formula 1 with at least one 

polar aprotic solvent and at least one polar probe solvent to give a that mixture, 

� D) mixing the first mixture brat least one period 01 lime, such as ranging 

from 15 minutes to 2 hours, at a temperature, such as ranging Iron, 0 00 1o40 OC, 

and 

E) obtaining at least one compound of Formula I 

(01 M] A further embodiment 01 the disclosure Includes a method for 

preparing at least one compound of Formula 1: 
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OR 

Formula  

or a pharmaceutically acceptable salt thereof, 

wherein Hi and Rz are each Independently chosen from hydrogen, straight 

and branched chain (Ci-05)aIkyI, and cycloaHq, cm1 and A2, together with N 

form a heterocycle; R Is �NBfl4, where As and R4 are each independently chosen 

from hydrogen, and straight and branched (CI-C4alkyl; and n ranges from i-- 

4,comprislng: - 

A reacting at east one compound of Formula 4: 

R N

OH

 

� 

PormuIa4 . 

or a salt thereof, - 

with at least one aminoacyl compound in a reaction medium, for example, 

chosen from an aqueous medium, and at least one basic solvent in the absence 

of a reagent base to obtain the compound of Formula 1. Additional steps may 

include at least one of: 

B) combinIng the at least one compound of Formula 1 with at least one 

polar aprotic solvent and at least one polar protic solvent to give a fiit mixture, 

0) mixing the first mixture for at least one period at time, such as ranging 

� from 15 minutes to 2 hours, at a temperature, such as ranging from 0 00 to 4000, 

and 

D) obtaining at least one compound of Formula 1. 

(01351 Any of these methods disclosed for preparing a compound of 

Formula I may be a method for preparing a compound of Formula 1, where n Isi, 

Ph Is hydrogen, R2 is I-bowl, and p3 and 94 are each methyl. 
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[0136] Pharmaceutical composition" mused herein refers to a medicinal 

composition. The pharmaceutical composition may contain at least one 

pharmaceutically acceptable carder. 

(01373 Pharmaceutically acceptable excipient’ as used herein refers to 

pharmaceutical carriers or vehicles suitable for administration of the compounds 

provided herein including any such carriers known to those skilled in the art to be 

suitable for the particular mode of administration. For example, solutions or 

suspensions used for parenteral, intradental, subcutaneous, or topical application 

can include a sterile diluent (e.g., water for injection, saline solution, fixed oil, and 

the like); a naturally occurring vegetable Oil (e.g., sesame oil, coconut oil, peanut 

oil, cottonseed oil, and the like); a synthetic fatty vehicle (e.g., ethyl oleate, 

polyethylene glycol, glycerine, propylene glycol, and the like, Including other 

� 
synthetic solvents); antimicrobial agents (e.g., benzyl alcohol, methyl paraberis, 

and the like); antioxidants (e.g., ascorbic acid, sodium bisulfite, and the like); 

chelating agents (e.g., ethylenediaminetetraacelic acid (EDTA) and the like); 

buffers (e.g., acetates, citrates, phosphates, and thelike); and/or agents for the 

adjustment of tonicity (e.g., sodium chloride, dextrose, and the Ike); or mixtures 

thereof. By further example, where administered intravenously, suitable carriers 

include physiological satins, phosphate buffered saline (PBS), and solutions 

containing thickening and solubilizing agents such as glucose, polyethylene 

glycol, polypropyloneg)ycol, and the like, and mixtures thereof. 

[01281 By way of non-limiting example, tigecycline may be optionally 

combined with one or more pharmaceutically acceptable excipients, and may be 

administered orally In such forms as tablets, capsules, dispersible powders, 

granules, or suspensions containing, for example, from about 0.05 to 5% of 

suspending agent, syrups containing, for example, from about 10 to 50% of sugar, 

and elixirs containing, for example, from about 20 to 50% ethanol, and the like, or 

parenterally in the form of sterile injectable solutions or suspensions containing 

from about 0.05 to 5% suspending agent in an isotonic medium. Such 

pharmaceutical preparations may contain, for example, from about 25 to about 

90% of the active ingredient in combination with the carrier, more usually between 
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about 5% and 600/6 by weight. Other formulations are discussed In U.S,Patent 

Nos. 5494,903 and 5,529,990 th,ich are herein incorporated by reference. 

[0139] The term pharmaceutIcalIy acceptable salt- refers to acid addition 

salts or base addition salts of the compounds In the present disclosure. A 

Pharmaceutically acceptable salt Is any salt which retains the activity Of the parent 

compound and does not impart any deleterious or undesirable effect on the 

subject to whom it Is administered and in the context In which It Is administered 

Pharmaceutically acceptable salts include metal complexes and salts of both 

inorganic and organic acids. Pharmaceutically acceptable salts include metal 

salts such as aluminum, calcium, iron, magnesium, manganese and complex 

sails. Pharmaceutically acceptable salts include acid salts such as acetic 

aspartic, ailcylsulfonic, arysulfonic, axetil, benzenesulfonlc, benzoic, blcathanlo, 

bisulfurta, bitartwic butyric, calcium edotate, camsylic, carbonic, chlorobenzolc, - 

cilexetli, citric, eidetic, edisyllc, estolic, esyl, esylic, formic, fumaric, gluceptic, 

� gluconlc, glutamic, glycolic, glycolylarsanilic, hexamlc 

hydrabarnic, hydrobromic, hydrochloric, hydrolodic, hydroxynaphthoic, Isemlonic, 

� lactic, lactobionlo, rnaleic, maBc, nialonic, mandeflc, mothanesulfooic, meth)4nitric, 

melbylsulfuric, rnucic, n,uàonic, napsylic, nitric, oxalic, p-nitromethanesuonIc, 

pamoic, pantothenic, phosphoric, nionohydrogen phosphoric, dihydrogen 

phosphoric, phthalic, polygalactouronic, propionic, salicylic, stearic, succinic, 

sulfamic, suifanilic, suffonic, sulfuijo, tannic, tartaric, teocilo, toluenesullonlc, and 

the like. Pham,aceutioa)Jy acceptable salts may be derived from amino acids 

including but not limited to cystelne. Other acceptable salts may be found, for 

example, in Stahl at al., Pharmaceutical Sails: Properties, Selection, and Use, 

Wiley-Veil; lst.edltlon (June iS, 2002). 

� 

101401 Other than in the examples, and whore otherwise Indicated, all 

numbers used in the s*ecification and claims are to be understood as modified in 

all instances by the tenn "about.0 Accordingly, unless Indicated to the contrary, 

the numerical parameters set forth in this specification and attached claims are 

approximations that may vary depending upon the desired propenies sought to be 

obtained by the present disclosure. At the very least and not as an attempt to 

limit the application of the doctrine of equivalents to the scope of the claims, each 
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1-2 
numerical parameter should be construed in light at the number at significant 

digits and ordinary rounding approaches. 

10141] Notwithstanding that the numerical ranges and parameters setting 

forth the broad scope at the disclosure are approximations, the numerical values 

set forth in the specific examples are reported as precisely as possible Any 

numerical value, however, Inherently contains certain errors necessarily resulting 

from the standard deviation found in their respective testing measurements. 

10142] The following examples are Intended to illustrate the invention In a 

non-limiting manner. 

EXAMPLES 

NITRATION 

j0143j Minocychne was prepared according to the method described In U. 

� S. Patents No. 3226436. 

0144I }-IPLC analyses were petormed under the following condffions: 

’Column: nertsll ODSS 5pm, 25 x 0.46 cm 

Mobile 80% A + 20% B, where 

Phase: A = 90% (005 M KH2PO4 + 5 niL triethylamins/L phosphate + 

-lPO4 to pH 8)/10% Acetonitrile adjusted to PH 3.0 with I-13PO4. 

- B = Acetonitrile 

Flow rate 1.0 mI/nm 

Uelecon 250nm. 

Comparative Example it Preparation of 9-nlfromlnocycflne 

- [0145] This Example describes the nitration of rninooycline where the 

product at the nitration was Isolated. 

(0146j 13.44 grams ot minocycline p-chlocobenzenesuffoflate (La., 4$-

(4alpha,12aalphafl-4,7bs(dlmethyls(Mno-,4,4a,55a,6,1 1,12a-octahydro-

3, 10,1212a-tetrahydro,-11 1-dioxo.2-naphthacenecarboxamide p- - 

chlorobenzenesulfonate) was added slowly with stirring to 50 mL of concentrated 

sulfuric acid. The solution was cooled to 015*C; Nitric acid (900A, 0,6 ML) was 
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added slowly and the solution was stirred at 0-160C for 1-21 until the reaction 

was complete, as determined by HPLC. The solution containing the Intermediate 

9-nhtrominocycne sulfate (i.e.,(4S-(4aphal2a&pha)-9-nitro]-4,7-

bls(dlmethylamino)-1 4 ,4a 5 586 ,i I ,12a-oaahyd,o-3I012,12a-tetrahydroxy-

1 ,11-daxo-2-naphthacenecathoxamida su’fate) was transferred with stirring to 

300 got ice and water over 20 mm. The pH of the quench was adjusted to 5.0-5.5 

with 28% aqueous ammonkjm hydroxide while maintaining the temperature 

between 0-Bt. The precipitate was filtered and washed with water (ax lOrnL), 

The solid was dried under vacuum under a stream ol nitrogen to give 9 got crude 

9nitrominocycUne sulfate. 

� 10147) Analysis (area %) by I-IPLC showed a purply of 90% with a C4 

epimer content of 1.5%. M$(FAB): n* 503 (M+H), 502 (KU). The product was 

� isolated by precipitation at its isoelectric point from an aqueous solution. The 

. crude sulfate molar yield was 45%. 
� 101481 Table I below lists data for other nitration processes: 

Table I 

Nitrominocycilne impurities minocycline 

(pg/mg) 

Molar yield (14) 

H 
A43.15 3.62 38 

rr 

27.69 34 

� 
(0149 It can be seen that isolation of the 9.nitronhlnocycline resulted In a 

high amount of impurities, 

Comparative Example 2, PreparatIon of 9-nitrominocycIlne 

jOISOJ This Example describes the nitration of minocycline where the 

product of the nitration Is isolated. 

10151] A 2-L multi-neck glass flask was equipped with a mechanical stirrer, 

thermocouple, liquid addition tube, nitrogen line, and gas outlet to a 200% (wt.) 
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caustic scrubber. The flask was charged with sulfuric acid 660 Be (1,507 9, 819 

mL, 15 moles). The solution was cooled too .20C. Minocycline.1-1131 (92.7% 

potency, 311 9,055 moles) was added to the sulfuric acid over 0.7 hours at C - 14 

t with stirring. After addition, the mixture was stirred at OC for 05 hours to 

obtain a yellow solution. Nitric acid (95.9% nitrate content, 48 9, 32 rnL, 0.73 

moles, 1.25 mol equivalents) was added over 3 hours while keeping the mixture at 

0-2 ’C. The mixture was stiff ed at Ot for 0.3 hours (dark redfloiack solution), 

Analysis (area %) by HPLC showed: 00% minocycllne, 15.60/o 9-ntrominocycNne, 

0.2% largest single imptglly.(LS9; relative retention time to minocycilne (Rflfl 

2.08. 

0152) A 22-L multi-neck glass flask was equipped with a mechanical 

stirrer, thermocouple, and a condenser with nitrogen protection. The flask was 

charged with 6,704 9(8,540 mQ of isopropanoi (IPA) and 1,026 g (1,500 mL) of 

hoptanes. The solution was then cooled too - St. The -nitrominooycline 
� reaction mixture was transferred to the 22-I.. flask over 2 hours at 0.- 39°C to yield. 

a yellow slurry. The slurry temperature was maintained at 34-39°C for  2 hours 

then cooled to 20 - 34t and stirred at 20 - 34 t for 14.6 hours. 

(0531A solution of isopropanol 3028 g (3,857 mL) and heptanes 660 g 

(965 mL) was prepared and maintained at 20 - 25°C (4:1, 11PA:heplanes by 

volume). The slurry was filtered on a 30-cm diameter BQthner tunnel using 91 

Whatman filler paper under vacuum and nitrogen protection. the resulting wet 

cake was transferred to a 4-1. glass Erlonzneyet flask, equipped with a mechanical 

stirrer and nitrogen protection. The cake was slurried by adding 1808 mL of thi 

prepared PMioptanes solution for 0,5 hours at 23- 260C. 

(0154) The slurry was filtered again as described above. The wet cake was 

� restarted two more times as above (total of three resluræes). After the last 

filtration, the cake was maintained under vacmJm under nitrogen protection for 0.2 

hours. The product was dried at 400C under 23 - 11 mmHg of vacuum for 48 

hours to a loss on drying (LOD, BOt, 1 hour, >49 mmHg vacuUm) value oIl .54. 

The weight of 9-nitrominocycline sulfate obtained was 380. lOg, HPLC Strength 

76.3% (as the distillate salt), total impurities = 3460/6, largest single impurity (LSl) 

9.460% (RAT = 0.94). Yield from minocycllne.HCI = 86%. Yield corrected for 

strength of product and starting material = 71%. 
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[01561 It can be seen that Iscrarfing the 9-nftrominocycline compound 

resulted in a product having a iaW percentage at kvpurflies. 

Example I 

[0156] Table 2 below outlines nitration experiments conducted using The 

procedure outlined in Comparative Example 2, where the following variables were 

modified: nitric acid addition time; reaction temperature; molar equivalents of 

nitric acid (relative to minocycline HCI); and agitation rate. In accordance with the 

methods disc}osed herein, none of these reactions were quenched or worked up 

to isolate product The sole analytical tool used was 1-IPLO analysis. 

L1] 
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"NOs 

Addwoo ’me

ins)

Roacibi 

Temp. 

(’C)’ 

mci 

EqutQ. 

ANO, 

Mina 

Area %) 

H 
0Nftro 

(Area 

%) 

Tot. Imp. 

(Area 94) 

RRI 0.44 

(Area %) 

A0.51 

(AM %) 

RRTO.67 

(Area N 

RR’T’1.28 

(Ma %) 

a 0 IN 7.6 69.7 22.7 as 34 5.7 9.6 

2.25 0 1,2 5.2 702 24.5 0.4 4.8 8.9 ’0.8 

2.5 0 12 2.4 0R2 29.4 0.0 5.4 B.g 9 

2.75 0 1.48 0.0 6&6 24.4 0.0 6.t 11.2 14.0 

2 0 tSG 40 580 41.0 03 6.6( 11.1 17.0 

225 0 1.5 0.7 50.6 46.7 0.0 7.2 11.2 9,0 

22 20 1.30 7,5 84.3 38.2 2.8 8.6 ItS 5.1 

245 20 IS 4.0 52.0 44,0 2.9 iE 172 5.6 

2.7 20 1.56 2.7 52.0 45.3 3.2 11.0 19.4 6.2 

0.25 0 1,36 1.6 uT 41.7 58 0.0 13$ 1S.4 

_0 -5 0 1,62 0.5 42.8 55.4 58 0.0 24.6 aeJ 

0.6 0 is 2.1 ThT 34S 3.5 0.0 9.4 18.2 

1.62 0,7 48.5 55.8 5.8 0.0 21,5 235 

-T4--o is 22 we 37.2 5.7 0,0 12,5 15,3 

2 0 1.62 0.4 48.3 56.8 9.3 0,0 23.7 19.7 

1.6 0 12 4.6 60.9 
[ 

24.5 3.1 0 92 21 - 

20 1.62 0 48.5 51.6 6.1 0 16.1 26.6 216

 leg i.e rt.& 26.3 as a 9 12.5 

3.1 5 1.58 0 60 40 0.1 0 15.6 15.4 

2.4 6 1.01 3.8 74.8 21,8 1.0 0 4.1 

2 8 1.33 0 70 30 42 9.3 - 0 14.0 

Onfle bath ternpratur was monitored in micas  due to vesse size. 

2Reacflon was at 6t% at ogin& mlnocythe concerton. 

3Agitaflon was Igorous compared to an other exparwnenls. 

4HNO5 was added at 50w1% in HSO, 

[0157) It can be seen that despite the various conditions attempted, the 

amouni of starting minocycline was present In an amount Isms than 10% and 

under certain conditions, was substantially removed 

Example 2 

!DThB) Experiments were also perlorned that modified the nhlsatlon 

reaction, the reaction quench, and work up of the nitration reaction. The 
46 



+0 
W020061130418 PCT/1J520061020229 

experiments were conducted using the procedure outlined in Comparative 

Example 2 modtying the following vaæables: nitric acid addition time; reaction 

temperature; molar equivalents of nitric acid (relative to mlnocyclioe HQ); 

temperature of the quench; composition of the quench solution; addition time of 

the reaction mixtuni to the quench solution; and wash method of the Isolated 

cake. The data are shown In Table 3 below. The sole analytical tool used was 

HPLC analysis. 

Table 3 

HNOa 

adc  ltiQr 

(his.) 

Reaccbn 

Temp. 

(t)1 

,no. 

EqiiM 

HNQ3 

Strength 

0 
HSO4 

sa c) 

- 

Tot 

Inn f% LSI 1%) 

Oueiwh 

comp 

. 

Quenob 

mow: 
CC) 

quench 

Md. 

lime 

(hit) 

. 

’Wash 
MethodS 

Yield

(colt, 

%r 

4.6 6 .1.67 02,7 40.1 21,6 JPM,ep 0 0.1 1 60 

4.6 6 LeT 6t4 39.’ 18.8 IPM,Op a. 0.1 1.66 

51 5 1.76 55,8 38.2 18.3 IRA 01O2 1 56 

5.1 5 175 56,0 28$ 
192

 PA r02 I 52 

5 163 754 29.5 19.1 FMep 0 I 70 

5 1,68 74.5 fl.8 15.9 PNhep 34 flI 79 

S 1.51 82.6 222 13,0 ’PA. 0 I 1 64 

5 1.61 84.8 22.4 12$ IPA 34 I t 102 

i

6 1.80 84.3 72 72 lPNhop 2 I SO 

’5 101.8  62 PM,ap a 2 1 IN 

� OnW the bath temperature was monored M these Teactns due to Vessel size. 
a When IPA was used as the quench, heptones were then added to cbtaAn the oomposon Ot the 

ont;1ruti qI.enth mixture. 

Wash method 1; wet oake was washed on fine fifter wfth 4:1 ’PAtep. (vol.). Wash method 2: 

wet cake was skirilod three times withal ?.A:hep. Prod,). Wash method All used 20% More wash 

Si 
’Viola Is corrected for strength of the prr4uct and sts’ng materiaL 

The quench was staled at Ut hell Immediately heated to 84CC 6Td held at WC for the 

remaInder of the quench.  

50%. 

[01593 It can be seen from the data of Table S that the yield was at least 
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Example 3 .2 

016O This Example shoe the results of varying the amount of nitric acid 

On equivalents) needed for the nitration step. The nitric acid was titrated at 89.5%. 

and amount used corrected accordingly. 

[01611 Three trials were performed. Trial 1 used 1.26 equivalent nitric acid, 

Trial 2 used 1.09 equivalent, and Trial 3 used 100 equivalent nlirt acid. 

[0162] The HPLC completion test of trial 1 showed no signal of 

minocycline while completion testlor trial 2 showed 25% unreacted starting 

material. Both reactions were hydrogenated and then converted to the 

smlnominocycne hydrochloride salt using the SLP procedure. 

(01631 Hydrogenated product I (from Trial 1) showed a minocycline content 

of 0.37%; Strength = 83.0%, total imp, = 3.20%; single Imp. = 0.52%; opEner 

content = 1.1% 

� . [0164] Hydrogenated product 2 (tram trial 2) showed a minocycline content 

of 1.6%; Strength = 84.20%; total imp. = 400%; single imp. = 0.36%; eplrner 

content= 1.0%. 

101651 Trial 3: Strength = 830%; total imp. = 5.0%; single imp. = 2.7%; 

spinner content 11%. 

REDUCTION 

[0166] 4PLC analyses were performed under the following conditions: 

Column: Inensil 00536 pm 26 x 0.46 cm 

Mobile 80% A + 20% B, where 

Phase: A = 90% (0.05 M KI-12PO4 + 5 mL trlethylaminelL phosphate + 

115PO4 to pH Q 10% Acetonitrile adjusted 10 p14 6.0 with 

I-hPO4 

B = Aceronitrile 

Flow rate 1.0 rnLmmln 

Detection 250 nm 
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Example  12 

10167] ThIs Example describes a hydrogenation reaction where the 9-

nitrominocyoline Intermediate was not isolated. 

01681 101 grams of minocycline p-chlorobenzenesullonate was added 

slowly with stirring to 27 mL of concentrated sulfuric acid. The solution Is cooled 

to 0-2-e. Nitric acid (0.6 mL, 900/6) was added slowly and the solution was stirred 

at 0-20C for 1 -2 h until the reaction was complete as determined by I-PLC. After 

the nitration was complete, the solution containing the intermediate 9-

nitrominocycline sulfate was transferred with stirring to 150 mL of Isapropanol and 

1200 mL of methanol while keeping the temperature below 10-15°C. The solution 

was hydrogenated at 26-28°C at 40 psi torah in the presence of 10% Pd on 

carbon catalyst, which was 50% wet. Alter hydrogenation was complete the. 

catalyst was filtered off and the solution was slowly poured Into 250 mL 

� . sopropanol with stirring at 0- St. The solid (3.49) was filtered off. Crude purity 

by HPLC (area %) was 90%. C4-oplmer was present in an amount of 0.90%). 

MS(FAS): rnJz 413 (jvl+l1) 472 (Mi.). 

Example 2 

101 691 This Example describes Ł hydrogenation reaction where the 9-

nitromlnocycline Intermediate was not Isolated. 

101 70) 84.3 grams of minacycline p-chiorobenzenesuifonate was added 

slowly with stining to 3689 of concentrated sulfuric acid. The solution was cooled 

to 10-15°C. Nitric acid (6.0 ml, fuming) was added slowly. The solution was 

stirred at 10-15°C for  to 2 h until the reaction Is complete, as determined by 

� I-IPLC. After the nitration was complete, the solution containing the intermediate 9-

� nitrominocycline sulfate was transferred with stirring to 0.3 Kg at methanol while 

keeping the temperature below 10- 15t. The solution was hydrogenated at 26-

28°C at 50  psi for 2-3 h in the presence of 10% Pd on carbon catalyst, which was 

500% wet. After hydrogenation was complete the catalyst was filtered off and the 

solution was slowly pouted Into 0.6 kg of isopropanol and 03 Kg 01 n-heptarie with 

stirring at 0-5 °C. The solId was filtered off. 
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10171) The wet solid was dissolved in 100901 water at 0-5°C. The mixture 

was stlned and the organic phase was separated and discarded To the aqueous 

phase was added 14.49 at concentrated 1101 The pl-$ of the solution was 

adjUsted to 4.0 – 0.2 with ammonium hydroxide. 100mg of sodium sulfite was 

added and the solution was seeded with 100 mg at 9-aminominocycflne. The 

mixture was stirred for 4 hat 0- St and the product was filtered and dried to give 

28.5 got solid. Purity by E1PLC (area %) vas 96.5%, with 0.9% 04-epimer. 

MS(PAB): nz 473 (M+14), 472 (Mi.). Yield :54.2%. 

Comparative Example I 

[0172]This Example describes a hydrogenation reaction whore the 9-

nitrominocycline intermediate was isolated. 

[0173] 52.0 kg of minocyciine.HCl (92.4% potency) was charged 104.8 

� 
pads (251 kg) sulfuric acid 660 Be at 0 to 16t ina 300 gallon vessel and stirred 

to effect removal of 1-101. 1.48 kg of nitric acid, fuming 100% (95.9% nitrate 

content, 1.26 equivalents) was charged over 3 hours and 20 minutes. 

[01741 HPLC analysis Indicated ,.1% minocycline remained. Accordingly, 

0.31 kg of nitric acid, fuming 100% (95.5% nitrate content, 0.05 equWaents) was 

added. HPLO analysis still Indicated >1% minocycline remained. Another 0.74 kg 

of nitric acid, fuming 100% (95.5% nitrate content, 0.12 equivalents) was added. 

As HPLC testing once again indicated >1% minocycllne remained, another 111 

kg of nitric acid, turning 100% (95.6% nitrate content 0.19 oquivlents) was 

added, after which <1% minocycline remained. 

(01151 The nitration reaction mixture was transferred to a solution of 21.5 

� 
parts IPA IS.3 pails heptane (1220kg)PA/ 171 kgbeptan))at0to36O. The 

slurry was filtered (lengthy ffltmtlon time), washed with IpATheptane 4:1 and dried 

at NM? 40°C to an LOD of MAT 6%, leIdThg 70,9 kg of sulfate salt (97% crude 

for use In reduction reaction. 

Example 2l 

10 1761 This Example describes a hydrogenation reaction where the 9-

nitrominocyoiine intermediate Was not isoIaIed 
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10177125.0 kg of minocycljne.HCJ (9440/6 potency) was charged to 7.3 

pails (183 kg) sulfuric acid 680 Be at S to 15 C in a 100 gallon vessel and stirred 

to effect removal of Rd. 25015 kg of nitric acid. 65% (86.60% nitrate content, 1.25 

equivalents) was added to the vessel over 78 minutes at 9 to 15°C. 

tOIlS) HPLC analysis indicated sl% minocycline remained. Another 0.21 

kg nitric acid, 85% (86.6% nitrate content 0.13 equivalents) was added. As HPLC 

once again indicated >1% minocycllne remained, another 0,261 kg nitric acid, 

85% (66.8% nitrate content, 0.13 equivalents) was added. As l-IPLC still indicated 

>1% minocycllne remained, another 0.174 kg nitric acid, 65% (86.6% nitrate 

content, 0.09 equivalents) was added, after which It appeared the reaction 

reached a plateau at 1.7% minocycllne starting material.. 

[0179) The nitration reaction mixture was transferred to 4.2 pads (106 kg) 

methanol at -20 to lot. The quenched batch was adjusted to 4 io1OC and 

used as-Is in the reduction reaction. 

Comparative Example 2 

[01603 This Example describes a hydrogenation reaction where the 9-

nitrominocycline intermediate was isolated. 

(0181 j 104 Kg minocycicne.HCI (90.3% potency) charged to 4.8 parts (502 

kgj sulfuric acid 868e at C - IrC In a 300 Q&HQO vessel and shred to effect 

remcvaio( HCI. 15.2 kg hming nhnc acid (100.4%, 1.25 equivalents) charged 

over 3 hours at 0- rc, 100 rpm. As HPLC testing indicated >1% minacyclino 

remained another 0.139 kg fuming nitric acId (100.40%, 0.06 equivalents), was 

added after which minocycline <1%. The nitration mixture was transferred to a 

. solution of 21.5 parts IPA /3.3 part heptane at 0-36-C. 

10182] The slurry was filtered (lengthy Mallon time), washed with 

lpMieptane 4:1 and dried at NMT 40°C to an LOD of NMT 6%, yielding 140 kg of 

sulfate salt (95% crude yield) for use In reduction reaction 

Example  

[0183] This Example describes 
a 

hydrogenation reaction where the 9-

nitrominocycllne intermediate was not isolated. 
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[0184J 104 kg rn}nocyclne -CI (90% potency) charged to 1.3 parts (783 kg) 5 
sulfuric acid 66ee at 5-1St and stirred to effect removal of HCI. 14.9 kg turning 

nitric acid (100% 125 equivalents) was charged over 1 hour at5-lSt, 120 rpm. 

As I-IPLC anly&s indicated that >1% mlnoycline remained, another 0.69 kg 

fuming nitric acid (100%, 0.06 equiatents), was added after which rnlnocyollne 

<1%. 

(01 851 the nhtrn%ion mixture was transferred to 4.2 parts (440 kg) methanol 

at -10 to -200C. The quenched batch was adjusted to 4- 10°C and used as is In 

the reduction reaction. 

ComDqrotIve Examp* 9 - 

(0188] The Example describes a hydrogenation reaction WneTO the 9-

nitromloccycline intermediate was isolated. Proportions of solvents/reagents are 

� 

relative to The initial charge of minocycilne prior to nitration reaction. 

� tale?) The 9-nitrominocyollne sulfate reaction mixture of Comparative 

Example 4 was quenched into 2240 kg (21.5 parts) Isopropanol and 342 kg (3.3 

partt) heptane, over 1 hour, while maintaining the batch temperature at   to 3&C. 

� The resulting slurry was stirred at 30 to SBt for 2 hours, then cooled and stirred 

at 19 to 25t for 1 hour. One half of the slurty was likened, washed with 3 x 205 

kg IPM,eptane (4:1) v/v and dried at NMT 40t to an LOD of NMT 6%. Filtration 

� and drying took 16 days (for 7 of these days the wet cake was idle under nitrogen 

during a scheduled plant shutdown) and yielded 58 kg of sulfate salt. The second 

� half of the slurry was drummed and refrigerated pending fIlter availability. It was 

refrigerated for 12 days, than charged back to the vessel and stirred ala 10 6C 

for 2 days, then adjusted to 19 ta25eC, filtered, washed with a x 205 kg 

tPNheptane (41) v/v and dried at NMT 40°C to an LOD of NMT 8%. Filtration 

and drying took 6 days and yielded 82 kg of sulfate salt 

[01 863 Both sub-lots of 9-nitrotninocycilno sulfate were dissolved In 672 kg 

(6.5 pares) methanol and 8,4 kg (0.08 pans) water for Injection, LiSP at 19 to 25°C 

and reduced to 9-am)nominocyoline sulfate using 10 psig hydrogen gas and 214 

Sig (0,026 parts) Palladium on Carbon, wet 10% (wM). The hydrogenation 

reaction took 10.5 hours and resulted in no detectable starting material. 
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0189 The g-aminomlnocycPne sulfate reaction mixture was filtered to 

remove ca%alyt and quenched Into a solution of 1.860 kg (16 parts) IPA 1710 (6.6 

Paris) heptane at 0 to ZC Over 1 hour. The resulting mixture was adjusted to 19 

26 25°C and stirred for 1 hour. 

[01 90) The 9-aminomlnooyclne sulfate slumy was filtered on a Nutsohe 

filter, washed with 2 x 162 kg (1.5 parts each) IPAl heptane (4:1) v/v and dried at 

400C to an LOD of ass than 4%. The filtration, washing and drying look 10 days 

and gave 94.0 kg of 9-am)nominocyclne sulfate. Alter filtration, solids were 

observed In the mother liquors. These were tittered, washed wIth 113kg IPA / 

heptane (4:1) vN and dded at 40°C to an LOD of less Than 4%. 24.1 kg were 

recovered and retained as a separate r0t. Total crude yield of 9-aminominocyoflne 

sulfate from mh,ocycflne was 84%. 

fill 91) The. 94.0 kg 1’ clop’ of dried 9amlnpmlnocycline sulfate and 0.064 

kg (0.0008 parts) sodium sulfite were dissolved In 538 kg (5.17 pans) water for 

iojstlion, LISP and cooled too to M. 0  k hydrochloric sold  20-Be was required 

to bring the 9-aminominocycilne sulfate solution pH to 1.1 40.1 because the 

initial PH was 1.16. 48,3 kg (046 pads) of hydrochloric acid, reagent was added 

to the 9-aminominocycline solution, forming 9-aminomlnocytlino HCI. 56 Kg (0.54 

parts) oI ammonium hydroxide, 28% and 40 kg (0.039 parts) hydrochloric acid, 

reagent were added to the solution to obtain a batch pH of 4.0 4-/- 0.2, 

[01921 The batch was then stlried for 90 minutes at 0 to 6°C while ensuring 

the pt-1 stayed at 4.0 +1- 0.2. The final pH reading was 4.05 pH unIts. The batch 

was flared on a Nutsohe filter, washed with 2 x 33 kg (0.3 parts each) water for 

injection (pRod to 4.0) pro-cooled to 2 to St followed by 2 x 26.1 kg (025 parts 

acetone (pie-cooled to 2 to 8°C) and dried at NMT 40 t to a moisture content of 
� NMT 7.0%. 43.2 kg of 9-Aminominocycllne BOl was isolated, a 40% yield from 

ninoovoUne HCI. - 

101931 Processing at the 24.1 kg 2nd crop’ of dried 9-anhinomInocyclIfle 

sulfate through the salt change proceeded similary to the process as described in 

the previous four paragraphs using proportional quanies of reagents. An 

additional 9.9 Kg of 9-Aniinominocyclkie HCI were recovered representing an 

incremental additional yield at 9.2%. The total batch yield Including both crops 

Was 531%. 
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Example  
10i This Example describes a hydrogenation reaction where the 9-

nihormnocycllne Intermediate was not Isolated. Proportions of solvents/reagents 

are relative to the Initial charge of minocycline prior to nitration reaction. 

[0195] The 9-iStromincycIIne sulfate reaction mixture from Example 7 was 

hansterred into 440 kg (4.2 parts) of methanol, over 90 minutes, while maintaining 

the batch temperature at -20 to -10°C and the s9itaVon rate at 130 RPM. 

[019611he quenched batch was adlusied to 4 to 10°C and reduced to 9 

arninorninocycline sulfate using 60 psig hydrogen gas. and 52 k9 (0.5 pads) 

Palladium on Carbon, wet 100/6 (wM?). The hydrogenation reaction took S hours 

� and resulted in no detectable starting material. The 9-amlnominocy0line sulfate 

reaction mixture was filtered to remove catalyst and quenched into a so’ution of 

1241 kg (12 parts) IPA/ 537 kg (5.2 parts) heptane at 17 Io23°C, aver 30 

� minutes. The resulting mixture was than cooled to -1810 -12t and stirred for I 

hour. 

(Q197 The resulting 9-aminomlnocyoline sulfate slurry was filtered on a 

Mutsche tutor in two portions and washed with a total of 3.6 parts PA / heptano 

(2:1) vN pro-cooled too to 6°C and 506  kg (4$ parts) cold heptano. The filtration 

and washing took 99 hours for both portions (filtered in two portions due to size 

Dmitation of the filter). The 9-amlnDrc)lnocyo(ine sulfate wet cakes were dissolved 

in ISO kg (1.4 parts) water for injection, LiSP at 0 to 6°C and The upper organic 

layer separated off as waste. 

tOIDB] 257 kg (0.3 parts) hydrochloric acid, 20Be was added to the 9-

emlnomlnocycline sul?ata solution at 0 to 6°C for conversion t09-

� aminominocycline HOC. Ammonium hydroxide, 26% was added to the reaction 

mix to obtain a batch p14 of 4.0 +1-0.2; this took 49.5 kg .(O46 parts). 015 kg 

Sodium sulfite (0.0014 parts) was added to the reaction mixture. 

101991 The batch was seeded wIth 5g of 9.4rnlnominocycline HCI and 

stirred for 3 hours while maintaining the pH at 4.0 +1- 0.2 using amrnonlum 

hydroxide, 28% (took 0.05 parts), The batch was filtered on a Nuksthe filter, 

washed with I part water (or injection (plied to 4.0) pre-cooled to 2 to St 
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followed by 0.2 parts isopropano (pm-cooled to 2 to 
at) 

and dr(ed at NW 500C 

to an LCD of WIT 10.0% and a moisture consent of NW 8.0%. 

[02003 63.1 kg of 9-Amloomlnocycfine NC! was isolated, a 59% yield from 

minocyaline HCI, 

[0201)1ablo 4 beb#i sts the Comparative Data. 

Botch 
so

Stre’giJ Sttfit 1GW Jn� Ep 

(kg n,hiccycUr ODietted ftnpudlis 
. 

j.eoflt 

HCO yWd lmpudt 

V 
Enmps WN 841% 403% .449% 270% 276% 

days 

Ccmw. e2wo 90.4% 370% 6.48% 0.04% Lfl% 9 
aflS . 

I) 

ThC 9.12% a73% S% 2 

dwror 

Cotr, 104 804% 46%’ lflufl% OSS% &IB% 

Eor’o . duys 

057% 248% 

(tbo‘A‘v% 104W 97.7% 57% 0.72% 14 
4or6  _____rPlOo 

’oyc thne from mthocyce.MCUo 9-amh’omoc)vPe Ha 

om6tnd1oldof 1and%4cms 

3Dces not hc4ude 7day rant shutdovm tat occurred dudng process. Ooesndude sure to 

process 2nd crop. 

10202] Table 4 ndlcates that hydrogenation of a reaction mixture without 

isolation results in a product with a k,we,r amount of impurilles and C4-eplmer. 

ACYLATION. 

102031 HPLC analyses were performed under the following conditions, 
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Column: Was G8 5 cmi, 15x0.400m 

Mobile 

Phase: 
30% (DOS WI Kf-fzPO, + 10 niL &iothylamir,e/L phosphate 

+ 

to p1-I 62 20% AcelonhtTlle 
+ 0.5 g NaEDTA 

Flow rate 1,0 muniln 
-. 

Defection 2sQnon 

Example  

N$-Øutyin,e Hydrochloride  

(OW41 To a mbdure of t-butyl amine (1.571) and toluene (1.3514 at 4550 

CC is added t-buty( bromoace(ate 420 ml), The mixtures Stiffed foil hL 50-60 

CC, the temperature is inereased to 76 CC over I h, After 2h at 75 CC, the mixture 

� is cooled to -42–3 CC and let stand for  h. The solid Is collected by tiltration, and 

the filtrate is concentrated by distluation (3040 OC, 25-35 mm Hg) to a volume of 

�25 ifiL. The rasul%3ng concentrate is cooled to 20-25°C and SN CI (1.45 kg) is 

added. After 3 h, the phases are separated and the aqueous phase a - 

� concentrated by distation (3040 be, 25-35 mm Hg) to a volume of 590 niL. 

lsopropanol (2.41) is added and the mixture is concentrated by distillation (15-20 
ba 10-20 mm Hg) to a volume of 990 rqL The resulting slurry is cooled to -12–S 

°C over 30 mm, and let stand for I Ii. The saud Is collected by flftratiqn, washed 

with i-NON, and dried (46–3 CC, 10 two Hg) for 24 It to afford (401.9 g, 86%) of 

the desired product. 

Example 2 

N4-Butvlolvcine Acid Chbride Htrcd,3oæde 

J02051 To a mixture of mined N-I-butylglyclne hydrochlorIde (250.0 g), 

toluene (1.14 Q, and DMF (1.1 g) is added thionyl chloride (143 ML) Over 20 mm. 

The mixture Is brought to 6&95 -C and heated with stirring for 3 Ii. After cooling 

to 20°C, the solid is collected by filtration under N2, washed with toluene, and 
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.9 
drIed (40 00, 10mmHg) for 16h to afford the desired product (260.40,93.8%). 

Putty? by HPLC area %: 96.12% 

Example S 

iloecycilne 

(0206jTo a mixture of 9-amnom)riocyline.HCI (140.0 g) and cold (04°c) 

water (840 mL) is added N-t-butylglyolne acid chloride hydrochloride (154.09) 

over 15 ,nn with stirring. The mixture is stirred at 0-4°C for 1-3 h. Ammonium 

hydroxide (126g. 300/6) is added to bring the pH to 7.2 .t,ilo maintaining the 

temperature at 0-10 OC. Methanol (930 mL) and CH2Cl2 (840 niL) are added and 

the mixture Is stirred at 2025 00 for Ii while maintaining the pH at 1.2 by 

addition of ammonium hydroxide (8.5 g, 30%). The phases are separated, and 

the solids are combined with the organic layer. The aqueous layers extracted 

� 
with 0K020 x 840 mLS x420 ML) and the pH of the mixture Is adjusted It 7,2 

during each extraction, to The combined organic ayers is added methanol (200 

niL) to afford a solution. The solution Is washed with water 2x140 mL), then dried 

over sodium sulfate 1140 g) with stirring for 30 mm. The mixture is Thtered and The 

filtrate Is concenuated by distillation (20 C, 15-25min Hg) to a volume at 425 at, 
To this mixture Is added CH2C12 (1.4 L) and the distil is repeated two times. 

The resulting suspension is cooled to 0-2 ac and stirred for 1 Ii. The solid Is 

collected by filtration, washed with 0500 CHaCl2 (2 x 150 niL), and dried (65-70 

°C, 10mmHg) for 24 ito afford S the desired product (120.0 g, 75%). PurIty by 

IIPLC area %: 98.9% and 0-4 opm,er 012%. 

� 
Example PA 

tioecunp 

10207110 a mixture of e-aminomlnocyline.I-Icc (100.0 g) and cold (0-4 t) 

water (600 niL) was added N4-bthylglycjne acid chloride hydrochloride (Iloog) 

over 50 min with stirring. The mixture was stirred well at 0-4 0C for 1.5 it 

Arnrnonium hydroxide (112 g, 28%) was added to bring the pH to 7.2 wliiCd 

maintaining The temperature at0-5 °C. Methylene chlo,de (600 mU then 

methanol (440 niL) were added and the mixture was stirred at 0-5 t for 30 mm, 
Si 
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while maintaining the pH at 7.2 by addition of ammonium hydroxide (10.0 g 28%). 

The mixture was warmed to 20-25 OC over 15 mm. Methanol (244 ml-) was added 

and the phases were separated. The aqueous layer was extracted with CH2CII (1 

x 600 mL, 3 x 300 mL) and the p1-lot the mixture was adjusted to 7.2 during each 

extraction. To the combined organic layers was added methanol (144 mL) to I 
afford a solution. The solution was washed with water (2x100 mL), then dried 

over sodium sulfate (100 g)wim stirring for 30 miii. The mixture was fi’tered and 

the filtrate was concentrated by distillation (20 °C, 60-120mmHg) to a volume of 

400 mL. To this mixture was added CHad2 (1.0 L) and the distillation was 

repeated two times. The resultino suspension was cooled to 0-2°C and stirred for 

I h. The solid was collected by filtration, washed With 0-5 t CH2Cl2 (2 x 110 

at), and dried (65-70 00,20mm Hg for lob, then 3-5 mm Hg for 16 h) to afford 

the desired product (82.4 g, 71.70/6). purIty by I-PLC area ¶4: 98.5% and 0-4 

� 

minter 0.28%. 

Eamol.4 

N-t-BUNlolvpjne Acid Chloride Hydrochloride 

[0208? t-6u4’Iamlne (88 g) was dissolved 10300 ml- of toluene. The 

mixture was heated h45-50 °C and 117.5 g of 1-butylbromoacetate was added 

over 1 It wtlfle maintaining the temperature at 50-60 C. The mixture was heated 

to 75 C for 2 hours. The reaction mixture was then cooled to 12.15°C and 

stfrped (0,1 hour. The solids were I ilte,ed off and washed with cold toluene. The 

solid which was t-bulyiamlne hydrobromide was discarded. The filtrate was 

� 
cooled to 10-12°C and HCI gas was bubbled in for 0.5 h. The mixture was 

� stirred Iota hat 10-12 °C then the product was collected by filtration and washed 

with cold toluene. The product was dried under vacuum at 40-50°C to give  1019 

� of N-t-bMylgyclne hydrochloride. MS: rThz 187 (M+) 

£0209) N-t-buIylglycine hydrochlorIde (7 g) from the material prepared as 

described above was added to 35 mL of toluene. ThIonyl chloride (11.6 mL) was 

added and the slurry was heated at 75-80°C for I h. The suspension Is cooled to 

20 t and the solid is collected by filtration and washed with 2XI5 ml- of toluene. 
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suIting solid Is dried under vacuum at 40 °C to afford 4.4 g (66% yield) of 

.uct, which is protected from moisture and used immediately in the next step. 

Example S 

floecycline 

102101 9-Am(nomInocycne (10.00 g) was added portion-wise 1060 niL of 

� water at 0-5 t. t-Bulgyclne acid chloride hydrochloride (10.98 g) was added 

� portion-wise keeping the temperature at 0-5 °C. After strung for 40-60 mm., 30% 

arnmonium by&oxde was added dropwlse to the reaction mixture while keeping 

the temperature at 0-5 QC to adjust pt-I to 7.2. To the solution was added B3 mL 

methanol foliowed by 60 ML methylene chloride. After stirring for 15 min., the 

phases were separated. The aqueous phase was extracted with .4 X 4OrnL 

methylene chloride adjusting pit to 7.2 before each extraction. To the combined 

� organics was added tO ML methanol, and the solution was dried over sodium 

sulfate, After filtering, the solution was concentrated to give a suspension (net 

weight 5lg). The suspension was stirred at 5-10 Odor 1 Ii then filtered. The solid 

was washed with 2 X 10 ML cold methylene chloride, then dried to gIve 8.80 g of 

product (758% yield). Purity by MPLC area %: 98.40/6 and 0-4 epimer 0.1%. 

M5(FAB): mix 566 (Miii); 565 (Mi. 

Example B 

� 

N-t-SutyCpwlne ACC ChWide 

1021 1] t-Butviamine (1.6 kg) was dissolved In 136 t. of (oIueno. The 

mixture was heated to 45-60 t, and 548 got 1-bLitylbrornoacetate Is added over I 

I, while maintaining the temperature at 50-60 IC. The mixture was heated at 75 

°C for 3 ft The reaction mixture was then cooled 1012-15°C and stirred for  P. 

The solids were filtered off and washed with cold toluene. The so’id which was t-- 

butylamine hydrobromide was dscs,ded. The filtrate was concentrated to - 800 
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ML by distilling off the solvent. The concentrate was cooled, to 25°C and 900 mL ’ 
-9 

ot6M -CI was added to the mbture. After st%rring torsh at2O tO 25 PQ the 

phases were separated. The organic phase was discarded and the aqueous 

phase was concentrated to a volume of 600 at Isopropanci (Z4 14 was added 

W the concentrate. The slurry, was cooled to -1210 .9 CC and held for 0.5 h. The 

product was collected by filtration, washed with cold isopropanol, then dried under 

vacuum at 40,50 OC to give 408 got sold. Purity by NMR >95%. MS: rtVz 187 

1012 N-t-butylglyclne hydrochloride (250 g) from the material prepared as 

described above was added to 1.3 Lot toluene and 7.5 mL of DMF. Thionyl 

chlorIde (143 mL) was added and the slurry is heated at 80-85 00 for 34 It The 

suspension Was cooled to 20 t and the solid was collected by filtration and 

washed with 2X250 mL of toluene. The solid was dried in vacuum at 4000 to 

� 
afford 260 g (82% yield) at product. Purity by HrLC area %: 98.2% 

Examp4e7 

TiwcwiIne 

(0213) 9-Aminominocyline.HCI (140.09) was added port(dn-wlse to 840 mL 

of water at 0-4 °C. t-Butylglyclne acid chloride hydrochloride (154 g) was added 

over 15 min with good stirring while maintaining the temperature at 04 C The 

solution was stirred for 141 It- The pH of the mixture was adjusted to 7.2–0.2 wIth 

30% ammonium hydroxide while maintaining the temperature at 0-IC PC. 

� Methanol (930 mL) and 840 mL of meihylone chloride were added to the solution, 

which was stirred for  h at 20-25 °C. The phases were separated. The aqueous 

phase was extracted with 3*600 mL of methylene chloride, and the organic 

phases were combined, dried and concentrated to a volume Of approximately 500 

mL The resulting suspension was cooled to 0-2°C for I h. The scUd was filtered 

and dried to give 120 got product (75% yIeld). Purl!)’ by HPLC area %: 98% 04 

eplmer 0.1%. MS(FAB): m/z 586 (M+H); 586 (M*). 
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Example B 

Pvrrolidlnvlacetic acid hvdrochrido 

10214] Pyrrolidine (14.2 ) was dissoved In 40 mL of methyl t-butyl ether. 

The solution was cooled to 0 as -5 OC. Serizyt bromoacetats (22.99) was added 

dropwiso with stining. The INek white slurry was sirwd for 0.5 hat 0-5 ’C. The 

solid was filtered off and washed with methyl t.butyi ether. The filtrate was 

concentrated to give 21.39 of pyrroildinyibeozyl acetate. The benzs4 otter (21.0 

g) was dissolved in 200 mL of methanol and 4.09 of 100/6 Pd/C catalyst (50% wet) 

was added. The solution was hydrogenated at 40 psi for Oh. The catalyst Was 

filtered off and washed with methanol. The filtrate was concentrated to give 11.8 

got pyrrolidinyl acetic acid as a colorless oil. 15.89 pyrrolldinyl acetic acid was 

slurried In 15 mL of methyl-t-butyl ether. Acetonitrfle (15 ml) wa added and the 

suspension is cooled too-St. Ethereal HCI (120 mL, 1.0 M) was added with 

� stuff ing. The resulting white precipitate was filtered, washed with methyl t-butyi 

ether, and dried to give 15  of pyrrolidinyl acetic add hydrochloride. Purity by 

GUMS area%: 96%. MS: nilz 129 (M+). 

Example 9 

14$-Ma 

1 .4.4a,5,Sa,6,1 1 ,12a.ocIahWco3.1Q,1212a-M,a1wdroxv-1 .1 1-dioxo-2-

� naobthacene-carbpmlde 

[0215) Pyrrolidinylacetic acid (7.7 9) was suspended In? mL of scetonitrfle. 

After cooling to 0-5 °C, S.2 mL of th3or,yl chloride was added slowly with stirring. 

� The suspension was heated to 55 C. The dark solution was kept at 55°C for 0.5 

hand than cooled to room temperature to afford pyrrolidinylacetyl chloride 

hydrochloride. 9-Arninorninocycflne hydrochloride (5.0 9), prepared as described 

in Example 4 above, was suspended in 5.0 mL of water. The suspension was 

cooled to -15°C. To this suspension was added dropæse the solution of 

pyrrolidinyiacefll chloride hydrochloride prepared as described above keeping the 

temperature below 2200. The dark reaction mixture was stirred at 22-25 C for S 

h. Water (2 mL) was added to the mbture, and the pH was adjusted to 65–0.2 
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with 300/6 ammonium hydroxide. The solution was extracted with GXIG mL of 

CH206. The organic extracts were pooled and concentrated at 40°C. Anhydrous 

ethanol (10 mL) was added to the concentrate, and the slurry was stirred at 5-7 t 

for 1 h. The solid was filtered and dried in vacuum at40 ’V to afford 
as 

got 

product. Purity by I-IPLC area%: 98.7%, (>4 eplmer 0.4%. MSWA6 mhz 586 

M+H); 585 (M4’) 

Example 10 

TioecciIne 

(0216] 9-Aminominocycline (4.09) was added portion-wise to 10 ml-of 

acotonitrile and 5 niL of bM?U at 10-15 °C. t-Butylglyclne acid chloride 

hydrochloride (4.4 g) was added porton-se keeping temperature at 10-I5 ’V. 

After stirring for 2 Ii, 10 niL MeQH and 17 rut of water was added slowly to the 

� reaction mixture maintaining temperature between 10-17 C. Amrnankini 

hydroxide (300k) was added dropwise to the reaction mixture, keeping The 

temperature at 5-8 °C, to adjust p11107.2. To the solution was added 15 ML 

metnylene chloride. After stIrring tar 15 mm,, the phases were separated. The 

aqueous phase was extracted with 2X20 nit of methylene chloride, adjusting pH 

to 7.2 before each extraction. To combined organics was added 700 mg 01 Norlt 

CA-1 (charcoal) and 10  sodium sulfate, then the mixture was filtered. The cake 

was washed with 2X20 mL of methylene chloride. The solution was concentrated 

and the resulting suspension was stirred at 5-8°C for 16 h. After filtering, the 

solid was washed with 2 X 10 niL cold moth4ene chloride, then dried to give 2.3g 

of product (50% yield). Purity by HPLC area %: 95.20/6, C4 spinner 0.5%. 

� MS(FAB); m(z 686 (M+H); 565 (Mt). 

Examples 11-19 

Tipecycline 

!0217 Examples 11- 19 followed the procedure of Example 10 with the 

solvent modificotian as indicated below. 

n. 
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C 

xample Solve Yield Results’ 

Ht  
OMPU 50% Pori95.2% 0-4epimen 05%em: 

3.35%

 F12 46% PurI’:98.1%, C4epimerO.5%,sm:.7% 

1120 

(1:1) 

13 OMPU 60-72% requited e$enslve workup 

- �yield,6 - 

MSCN gscaie 

TIlE Reaction does not go to competOn0 

MaCN -- "incomplete 
reactIor?CHeCI

 -- "ir,compteto reaotion

 -- ReathiiTasnotsuccessluI 

r14 

2° 

NMP -- eaoflon worKs we cr1 sma scale "Id to 

a eompiels reaclIoIfDMr
 58% Unknown impudty: 1.5% 

Example 20 

N-t-BuMalvccrie Acid Chloride l+wdrtchjodde 

(02181 To a 5-L multi-neck flask with a mechanical stirrer, thermocouple, 

condenser with a nitrogen line to a 30% (wt.) caustic scrubber, and a 250-mt. 

� pressure equalizing addition tunnel was added the milled N-t-bu4gIycine 

hydrochloride (436 g, 2.60 moles, d(O.5) = 103 pm) toluene (1M8 g, 2,263 niL), 

and N,N-dmethyIformamlde (13.6 g, 14.4 niL 0.19 moles). Thlony(ehlottde (405 

9,248 niL 3.40 moles) was added to the off-w4*e slurry, using the 250-mL 

PtRIty as enad by HPLC area. Sn, =stsr*igmaterla) 9-Mibiioqine. 

Reaoflon mlxlurn was quenched with isopropan&-eTh4 aotaIe, then priftiYoned between water 
and GI W6The orgaSc phase was oor’centreled, then diluted wiTh toluene prior to soleticn of 
mepmduct 

LJ 
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addition funnel over 33 Min at 20-22 t. The slurry was slowly heated to 80°C 

over 1 hour, then stirred at 80 O for 2 hours. After S hours the reaction was 

complete by thin layer chromatography (<2% starting material). The yellow-

orange suspension was cooled to 20 t over 32 mm., then stirred at iS� 20 t 

for 32 mm, The solid was collected by vacuum filtration on a 15-cm Sachner 

funnel using #42 Whatman paper. The cake was washed with three portions of 

Winans (272 g, 314 it each wash) at 20-25 °C. The wet caked was died with 

suction for 20 minutes under nitrogen protection. The product was then dried in 

an oven with a vacuum of 23 mm Hg and 36 t for 21.2 hours to \I1&d a loss on 

drying of 1.23%. Weight of t-butyamInoacgl chloride HCI obtained = 462 g, GC 

strength = 91.00/6, lfl Identification = positive. Yield from t-buyIam)noacatic acid 

HCI 96%. Yield corrected for strength of product and starting material = 67% 

Example 21 

N-t-BuIvlvcine Acid Chloride Hydrochloride 

10219) To a 5-L mul1lneck flask with a mechanical stirrer, thermocouple, 

condenser with a nitrogen line to a 25% (wt.) caustic scrubber, and a 250-mi-

pressure oquazing addition tunnel was added the mflmed F4-t-butylglyclne 

hydrochloride (450 g, 2.66 moles, d(Q.5) 864 pm), toluene 12,883 Q, 3,31OmL), 

and N,F4-dlmethylformamide (15 g, IS mi- 0.21 mo)es). Thioriyi chloride (4229, - 

269 mL, 354 moles) was added to the white SlurTy, using the 250-niL addition 

funnel over 19 min at 19� 22’C. The slurry was slowly heated to 79 t over 7.1 

hours then stirred at 79-82 t for 44 hours. The reaction was checked at 3 

hours and found to be incomplete by thin layer chromatography (TLC). An 

� 

additional 26 ML (42 g, 0,35 moles) of thionyl chloride Was added. After a total of 

27 hours, the reaction was still Incomplete by TLC and an additional 28 nit. (429, 

0.35 moles) of thionyl chloride was added. After a total 0144 hours, at 79-62 

t, the reaction was complete by ltD c 4% starting t-but4aminoacetic acid HCl). 

The dark brown suspension was cooled to 26 t over 17 mm., then stirred at 21 - 

25 t for 37 min. The solid was collected by vacuum filtration on a 2-1 coarse 

glass smntered funnel. The cake was washed with six portions of toluene (262 g, 

325 ml- each wash) at 20� 25 C. The wet caked was dried with suction for 16 

minutes under nitrogen protection. The product was then dried In an own wit a 
64 
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C 

vacuum 0123 rnmllg and 38 OGfo, 28.1 hours to yield an toss on drying of 0.75%. 

Weight of t-butylamnoacetyl chloride HCI obtained = 395g, GC strength = 69.5%, 

A identification = positive. Yield from t-butylamlnoacetic acid HQ = 79%. Yield 

corrected for strength of product and starting material = 71%; 

Example 22 

Tioemline 

0220) 9-Aminominocycilne HCI (43.0 kg) was dissolved in 258 kg 6L0 

pans water) for injection at   to   OC. N-1-Bulygiyclne acid chloride HCI (413 kg 

1.1 parts 3.01 equivalents) was added to the batch solution slowly .while 

maintaining the batch temperature at 0 to 6 C. The reaction mixture was stirred 

ter 1 ii and determined 10 have 0.2% starting material (additional N4-ButyIglyIne 

acid chloride HCI not required). The GAR-938 reaction mixture was then brought 

� 
to pH 7.2 41- 0.2 using 32 kg (07 pads) of ammonium hydroxide, 28% and 2  k 
reagent hydrochlonc acid (to readjust overshoot). The initial pH equaled 0.42 and 

the final pH equaled 7.34. Methylene chloride (342 kg, 8 parts) and 448 kg (3.4 

pans) methanol were added to the reaction mixture at 0 to 7 00.  The pH 

was 109, no adjustment was required. The batch waswarmed to 19W25 -C. 

Methanol (83 kg, 1.9 parts) was added and the lower organic phase was split off. 

The product remaining In the aqueous phase was then extracted into the organic 

phase using 1 x 342 kg (Spans) and 3 x 172 kg (4 parts) methylene chloride while 

maintaining pH at 7.2 +/- 0.2 with ammonium hydroxide, 28%. Methanol (49 kg, 

1.14 pans) was added to the resulting methylene chloride/methanol solution, 

which was washed with 2 x 43 kg (1 part) water for injection before being dried 

� 
- with 43 kg (1 part) sodium sulfate. Three vacuum distillations were then 

performed to remove methanol with chases of 568 kg (13.2 Paris) methyleno 

chloride added prior to the second and third distillations. The residual level of 

methanol In the mother Uquor was 021%. The bath was filtered, washed with 2 x 

60 kg (1.4 parts) of pro-cooled into 6°C) mothylene chloride. The resulting crude 

material was not dried, but isolated as a wet cake. (72.5 kg, 38.2 kg dry weight as 

calculated from loss on drying), affording a 77% yield from 9-aminominocycilne 
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HCI, Wet cake analytical results: minocycline 126%, single largest impurity 

0.37%, C4 epirner = 0.50%. 

Example fl 

I ioecyeII no 

(0221j 9-Amft,oninocycIThe -101(61.0 kg) was dissolved In 258 kg 16.0 

parts waters for Injection at 0 to 6 OC. N4-Buiylglyclne acid chloride NCr 167.1 kg, 

1.1 parts, 301 equivalents) was added to the batch solution slowly while 

maintaining the batch temperature at 0 to 6 C. The reaction mixture was stirred 

for 3.5 hand determined to have 0.13% starting material (additional N-t 

ButyIgycine acid chloride HO not required). The reaction mixture was then 

brought to p1-4 7.2 4- 0.2 using 45 kg (0.7 parts) of ammonium hydroxide, 28% 

The initial pH equaled 0.82 and the ¶ln&I p1-i equaled 7.07. Methylene chloride 

� 
(485 kg, 8 parts) and 210 kg (3.4 pans) methanol were added to the reaction 

� mixture at 0 toe t. Since the PH WOS still In range (7.04), no adjustment was 

� required. The batch was warmed to 19 to 25°C. Methanol 118 kg, 1.9 pads) 

was added and the lower organic phase was split oil. The product remaining In 

� the aqueous phase was then extracted into the organic phase using 1 x 485 kg (B 

parts) and 3 x 244 kg (4 parts) mothylono chloride while maintaining the pH at 7.2 

+1- 0.2 with ammonium hydroxide, 28%. Methanol (70 kg, 1.14 pads) were added 

to the resulting methylene chloride/methanol solution, which was then washed 

with 2 x 61 kg (1 part) water for injection before being dried wIth 61 kg (I pait) 

sodium sulfate. Three vacuum dIstillations were then pedarmed to remove 

methanol th chases of 805 kg (18.2 Parts) methylene chloride added prior to the 

� 
second and third distillations. The residual level of methanol In the mother riquor 

Was 005%. The batch was filtered and washed with 2 x 85 kg (1.4 pads) of pm-

cooled (0 to 6 C) methylene chloride. The resulting crude material was not dried. 

but Isolated as a wet cake (103 kg, 53.4 kg dry weight as calculated from loss on 

drying, affording a 76% yield from 9-aminominocycline HCI. 
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Comparative Example 24 

Tiqecyoline Monowdrochlorlde 

Example 20; 9-chloroacetaawdominocyciine 

0222] Methylene chloride (1.3 L) was cooled to 0-2°C in a 3-t round-

bottom flask fitted with a mechanical, stirirer, a thermometer and a 1-L addition-- 

(unnel. Recrystallized 9-aminbminocycllne hydrochloride (400 g) was added 

portion-wise with stirring. Triethylamine (428 mL) was added over 10 Thin, while 

keeping the temperature between 0-2 bQ The reaction miture was stirred for 10 

mm. and then cooled to -22 00 A solution 01280 p chloroacetic anhydride in 540 

ml methylene chloride was than added at such a rate that the temperature did not 

rise above S°C. An additional 132 ml of methylene chloride Was used to rinse the 

� 

addition funnel, The reaction mixture was assayed by HPLC IS min after the start 

of anhydride addition. When the amount of starting material present was less 

than 2%, the reaction was quenched with 680 ml. of DOSM sodium bicarbonate 

solution. The mixture was stirted for 15 mm, then transferred to a 5-I. sopamiocy 

tunnel. The phases were allowed to separate. The methylene chloride phase was 

separated and washed with an additional 680 ML of 0,05M sodium bicaitonale 

solution . The washed methylene chloride solution was added dropwise Into 17 t_ 

of a 10:1 mixture of n-tieptane and isopropand (15.4 Lot n-heplane and 1.54 Lot 

isoprcpanoO. The slurry was Srrad for 5 ruin, and then allowed to settle for 10 

ruin. The supernatant was decanted oft and the precipitate was filtered throogha. 

coane-poroslty trifled-tunnel. The said was washed with 2 L of 10:1 n-- 

heptene:isopropanol. The solid was dried at 4000 under vacuum to afford 5600 

of the crude product. 

Eicampfo 248: flgecyc&ie 

[02231 Crude 9-ohloroacetamidominoc,cllne (100 g) was added at oom 

temperature (25-28 °C) slowly  with efficient stirring to 500 mL of t-butylam}ne in a 

1-I. two-necked round-bottom flaskfttted with a stinier and thermometer. Sodium 

iodide (10 g) was added and the reaction mixture was stirred at room temperature 

for 7.5 Ii. The reaction was monitored by I-IPLC and when <20/6 starting material 

remained. 100 at of methanol was added and the solvent was stripped off On a 
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rotary evaporator at 40@C. laths residue was added 420 roL of methanol and 

680 ml at water. The solution was cooled to 0-2t and adjusted to pH 7.2 with 

concentrated (Cl (91 ml) to give a reaction mixture volume of 1200 niL. It was 

diluted to 5.6 1w1Th water and the pH was adjusted to 40-42 with concentrated 

HG! (12 mL). Washed Amberchromfi4CG1e100) (860 9) was added to the 

solution and the mixture was stirred for 30 mm., adjusting the pH to 404.2. The 

resin was filtered off and the spent aqueous solution was assayed by HPLC for 

product and stored at 4-8 t. The rosin was Worried In 4.8 Lot 20% methanol In 

water (4 I. methanol + 16 Lwater). The suspension was stirred for 16 mm,, 

adjusting pH 4.0-4.2. The resin was filtered off and the filtrate was essayed for 

product. The extraction of the resin was repeated Smote times with 4.a t. of 120% 

methanol in water. Alt the resin extracts and he spent aqueous solution from 

above were pooled and the pH was adjusted to 70-7.2 with 300J, ammonium 

hydroxide. The aqueous solution was extracted with 6X2.8 L of methyiene 

chloride, adjusting the pH to 7.0-7.2 between extractions. The pooled rvethyiene 

chloride extract was tittered through 250 g of anhydrous sodium sulfate, 

concentrated to 500 ML and cooled to 0.3 00. After the product crystallized, the 

slurry was stirred for 1 hat 0-3 4C, The solids were filtered, washed with 2X 50 

niL of cold roethytene chloride and dried at 40 t under vacuum to afford 26 got 

solid. 

� Example 240: The cyoiine Mortohydmc&orkie 

� 02243 tigecycline (49 g, 0.084 mole) was dissolved portion-wIse In 500 ml. 

01 water for n3ection with sflrtng. The solution was filtered through a medium 

porosity funnel and washed wiTh 420 at of water for injection. The solution was 

cooled to 0-2 be and 6.8 nt of oontentrated 401 was added dropwse while 

maintaining the temperature between 0-2 t The Initial pH was 8.0 and the This) 

PH was 60. The solution was opftllized by freezing the sample at -30 be and 

lyophilizing at 15 -C. The shell temperature was raised to 21 be for 2 Ii. The 

resulting solid (49.6 g) was ground and stored at 4-5 be. Elemental Analysis: C 

W2.92% theory, 51.75% lour4; H (8.73% theory, 6.76% found); N (10.85% 

theory, 10.32% found); Cl (5,40/6 theory, 5.5% found). 
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ComoorativeExamp)e25 

tpecycIne MonohvdrocthoridG 

Example 25A; 9-cflloroacetemIdornh,ocyciine 

0225] MeUiylene chloride (326 mL) was cooled to -S to   °C and 9-

Aminominocycno hydrochloride (ioo 9) was added portion-wise cver 10 mm. 

Trlethylamine (77.8 g) was added while maintaining the temperature at -1010-5 

ec A solution of 97% chloroacetic anhydride (709)0 methylene chloride (133 

mL) was prepared by stirring at 20-25 C and added to the reaction mixture of 45 

min while maintaining the mixture temperature at -10 to -2°C.  The flask 

containing the GhIOIOaCBIJC anhydride solution was rinsed with 31 ml nelbylene 

chloride and the rinse added to Me reaction mixture. After stirring for 30 ,,nn., the 

reaction was assayed by HPLC to determine lithe reaction Was complete. 

� Aqueous sodium bicarbonate (185 ml, DOSM) was added over 30 mlii While 

maintaining the reaction mixture temperature at 0 to 5 0C. After stirring for 10 

mm., the layers were separated and sodium sulfate (15.9) was added to the 

organic layer. The mixture was stirred for IS rain eta to Soc and fliterod. The 

resulting cake was rinsed with methylene thlorlde (2 x 38 mL) and the combined 

inhales were transferred into 4.19 Lot 10:1 heptane:isoprapanol over 20 mm, 

loliowed by a 15 mL methylene chloride rinse at the filtrate f4ask. The resulting 

suspension was stirred for 15 min at 20 to 25 t, then filtered. The cake was 

rinsed with OBO mL of 101 heptane:isopropanoi and dried for 24 hat 371040 t 

(5-10mm Hg) Pudty by HPLC area%: 15.1. 

Example 259- TJegiolIne 

� (0228] 9-Chloroacetamldomlnocycline 100 9) was added with vigorous 

stirring to 483 ml. of -bu1yiamine at 0-10°C In a 2-L mufti-neekod round-bottom 

flask fitted with a stirrer, theotiomotor and condenser. Sodium iodide (16 g) was 

added and the reaction mixtuco was stirred at 3a-aB °C for 4  it, The reaction 

mixture was assayed by IIPLC for completion, then cooled to 5-10 CC. Methanol 

(300 mL) was added over 10 mm., then the reaction solution was concentrated by 

distiflation (10-17 t, 88 Hg) to 350 moL. A second portion of methanol (600 

mL) was added lathe concentrate, and the mixture was concentrated by 
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disthtation to 350 ml, Methanol (46 mL) and cold water (665 mL) were added 

vtslle maintaining the reaction temperature below 30 °C. The solution was cooled 

to 0-5°C and the pH adjusted to 40 with 100 mLof H 20 °Be. The soltrnon 

was transferred to a 5-L mimi-neck flask with a 500 mL water rinse, then diluted 

With 1 L.ofwater. Alter stirring for I hat 0-6 OC, washed Amberchrom(PG161) 

resin3 was added and the resulting suspension was stirred for 30 mm. at 20-25 °C 

The suspension was filtered and the resulting wet cake was added to 340 ml of a 

5:1 watermethanol solution. The filtrate was set aside. After stining for 30 Min. 

at 20-25 t, the suspension was filtered and the resulting wet cake was added to 

a second 340 it portion of a 51 water:methanol solution. This second filtrate 

was set aside. this suspension was filtered and the resulting wet cake was 

added to a third 340 mL portion of a 5:1 water:rnelhaool solution. After fHteiing, - 

the third ftrate wa, combined with the first and second filtrates and cooled to 0-5 

� 

°C, The pH was adjusted to 7.0 with ii mL of 28% ammonium hydroxide. The 

solution was stirred at 0-5 t tar 16 h adjusting the pH 107.0 as necessary, and 

at 22-25 °C for i It, adjusting the pt-I to TO as necessary. The aqueous solution 

was extracted with me%hylene chloride (5 X 980 mL), adjusting the pH to 7.0 for 

each extraction. The combined organic phases were transferred to a separatory 

tunnel and The aqueous layer was separated. The organic layer was coIDbir,ed 

with 100 p sodium sulfate and stirred for  hat 20-25°C The suspension was 

filtered through a celite pad and the cake was dosed with 250 mL of methylene 

chloride. The filtrate was concentrated by distiation (-5 to 5 QØ  150 mm Hg) to 

150 nfl., then cooled to 0-5 t for I It, The resulting suspension was filtered and 

the cake was washed with 0-5°C methytene chloride  (2 x 30 ml). The wet cake 

� was stirred in methylene chloride J335 mL) and methanol (37 mL) at 2642°C  until 

a solution was obtained. The solution was filtered through celito, rinsing the celite 

with methylene chloride (2% lB ml), and concentrated by distillation (-6 toG OC, 

150mm Hg) to 64 mL The concentration procedure was repeated twice, first 

8The washed MlaercInvfi(CGISIM) resin was prepared by add{Pg 183 q of tmere4 
homrogon}ze kflb.,thFfle{CG16IM) res1 ¶o340 niL eta &: watarMlethenoi soluflon. After 
stbkg lot hat 22-25 t, be suspeSon was Thtered to gM a wet cake That was d’jed by 
sLcton. The wet take was stirred In 34OmLoa5d wMeranetI,snoI sotut(co for I hret2ot, 
U’en terM The process we, ropeats once mate to aflord. The washed resin 
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adding 335 ml methylene chorida and reducing The volume to 55-70 mc then 

adding 254 ml methylene chloride and reducing the volume to 90-105 ML. The 

resulting suspension was stirred far 1 h at 0-5 t, than filtered and washed with - 

10C methylene chloride (2 x25 ml.). The solid was dried at 35-40 00 lot 18 ii, 

then at 45-50 4C for 27 ft Purity by HPLC area%: 97.1 %, C-4 epithet 1.23%. 

PURIFICATION 

Example 1 

tiQecycIlne 

� [0227] A mixture of crude ilgecyctine (110.09) and methyl acetate (1.65 L) 

was stirred and heated to 30-35 t and methanol 550 ML) was added over 15 

� 
mm, After holding at 30-35 C, the warm solution was fI)tered over rifusorlal earth 

� (36 g) and the cake was washed with methyl acetate (2 x 106 g). The filtiate was 

� concentrated by dIstillation (20 °C, 150mmHg) to 560 ml. Methyl acetate (1.11.3 

was added and the resulting suspension was concentrated by distillation (20 C, 

150 turn Hg) to 550 ml. This step was repeated, then the concentrate was cooled 

to 0-4 0 for I I,. The resulting solid was collected by filtration and washed with e-- 

5 OG methyl acetate (2 x 150 m14. The solid was dried under vacuum (65-70 C, 

10 mm Hg) for IN ito afford $8.0 g(89.i% yield) of the desirodpioduct. Purity 

by HPLO area %: 988% and 0-4 spicier 0559s. 

Example  

�Timigtollne 

0228) garninominooyline.HCI (140.0 g) was added portion-wise to 840 ML 

of water at 0-4 t. t-Butylglyclne acid chloride hydrochloride (154 9) WaS added 

over 15 Min with good stirring while rnantaIning The temperature at 0-4 °C The 

solution was stirred for 14 ii. The pH of the mixture was adjusted to 72–0.2 with 

30% ammonium hydroxide while maintaining the temperature at 0-I0 <C. 

Methanol (930 mL) and 540 ml at methjIene chloride were added to the so4ulion, 

which was stirred for 1 hat 20-25 C. The phases were separated The aqueous 
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phase was extracted with 3X600 ML of methylene chloride, and the organic 

phases were combined, dried and concentrated to a volume of approximately 500 

mL. The retuning suspension ws cooled to 0-2 t for  h. The sofld was filtered 

and dried to give 120 g of product (75% yield). Purity by HPLC area %: 98%, 0-4 

epirnerO.1%. M8(FA): mhz 586 (M4-H); 686 (M) 

Example 3 

Tioecdine 

t0229 Tigooyoflne (16.00 g) prepared as described in Example 2 was 

added to 113 ml. of acetone and 113 mL of methanol The suspension was 

stirred at 20-25°C for  h, then cooled to 0-2 °C. After stirring for  I,, the 

suspension was filtered and washed to give 12.659 of product (83.7% ,4eki). 

Purity by -(PLC area % >99%, (>4 epmer 040/,. 

Example4 

Tioecvcne 

102301TigecycTh,e 105 g) prepared as descdbed in Example 2 was added 

to 800 ml at acetone and 800 ML of methanol. The suspension was stirred and 

heated to 20-35 C for 15 mm, then cooled to 20-25 OQ After holding at 2D-26 00 

for I Ii, the suspension was cooled to 0-4°C and held far  h, The solid .s 

littered, washed and dried to give 83  of product (191/6 yield). Purity by HPLC 

area %: >99%, C4 eplmer. 0.4%. 

40 
Example  

TI go cv cln 

(02211 to a 1-I. multi-necked flask equipped with a meohanlcgl stlr,t and 

nitrogen protection, was added 94.3 got wet crude tigecyclh,e,4 methanol (305 g, 

366 niL), and acetone (2919, 368 m14. The mixture was stirred at tG �23 t for 

’Crude tigecycllne was prepared from minacyoline.H01 obtained from the supplier 
Interchem. 
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4 hours. The slurry was filtered on a 9-cm 86chner funnel with #1 WhaiJuan 

paper. The wet cake was washed with methanol (819,110 mL) at2O-25 C. 

The wet cake was dried with suction and nitrogen protection for 01 h. The wet 

cake (75.3g) was transferred back to the 1 .L multi-necked flask and a solution Of 

methanol (232 g, 295 at) and acetone (244g. 309 ml..) was added. The slurry 

was aimed at 15-20 t for 5.5 hours. The slurry was filtered on a 9-cm BUchne, 

funnel with 1 Whatman paper. The wet cake was washed with methanol (70 9, 

Ba mL) at 18-24°C, The wet cake was dried with suction and nitrogen 

protection for Ut Ii. The wet cake (WO g) was transferred back to the 1 -1, Multi-

necked flask and a solution of methanol (195 g 247 ml.) and acetone (167g.. 

236 niL) was added. The slurry was stirred at 18-24 t for 3 hours. The slurry 

was filtered on a 9cm BQchner funnel wIth #1 Whatman paper. The wet cake 

was washed with methanol (65 9’ 70 mL) at 20� 25 bO. The wet cake was dried 

with suction and nitrogen protection for 0.1 l. The wet cake (489 g) Was sampled 

� for high pressure liquid chromatography (HPLO) analysis (total impurities 

0.62%, minocycline = 0.17%, 0-4 eplmer = 0.85%, largest other single impurity 

0.05%). 

(0232] The wet cake (48.9 g) was transferred to a 2-L multi-neck flask with 

a vacuum distillation set up. To the wet cake was added a premixed solution of 

methanol (90 D, 114 ml.) and dichlororriethane (1,023 g 772 mL). The slurry was 

stirred at 15-20 t to obtain a red solution. The solution was distilled to 160 ml. 

at 13-17°C with   vacuum of 330 mmHg over 0.8 hto yield an orange slurry. 

Tome 2-L flask was added dichloromeihane (8189,617 m14 and the Sony was 

redistilled to 183 mLat6-13°Cwlihavacuum ofslr mmHg overo.7It. 

� Pichloromethane (635 g, 479 ml.) was added and the slurry redistilled to 183 ml-

at 6�It with a vacuum 01817 mmHg over 0.6 hours. The resulting orange 

slurry was cooled to   - S C and held at 0-5 t, with stirring, for 2 hours. The 

slurry, was filtered on a 7-cm Büchner funnel with *1 Whatrnan paper. The wet 

cake was washed with two 89 g (52 mL) portions of dleblommethano at 0°C. The 

wet cake was dried with suction, under nitrogen protection, lots mm. A sample of 

the wet cake (48.7 g) was submitted for HPLC analysis (total impurities = 049%, 

minocycrine 0.12%, C-4 eplmer 0.32%, other impurIties 0%.) The wet cake 
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was Then dried at 26 t with a vacuum at c 10 mrni4g for 57.5 hours to a 

dchIoromeThane level of 2.2%, gMng 32.39 of tlgeyciine (34.2% yie)d). 

[0233] This procedure was followed using crude ligecycflne that had been 

prepared from Mlnocycine.HCI obtained from suppliers I-lovione and Nippon 

Ecayaku. A comparison of the impurities present in the Ilgecylino obtained from 

the above process using each source of Minocycflne.HCI starling material is given 

in Tables 1 and 2. These tables Indicate that the process provides a good yield of 

ligecycline with a low level of Impurities. 

TABLE I 

MinoyclinesHOl jVlIne Total - Recovered C.4 epimer In 

$ource processing Impurities in Mina, final 

stage final cycilne.HCI (%) TiecyciIne 
au

 

- TigeycLine (%) 

(%) 
Mppw Kaku crude 0.71 0.33 0.26 

Crude 
Nippon Kaysku pudlied 0.26 0.13 0.13 

purified 
In in crude crude 0.66 0.17 . 0.29 
Interchem purified 0.380.70 0.15 

purified 
Floviorie crude crude 0.64 0.18 an  

Fiovone purified purified 
- 0.89 0.23 0.14 

TABLE 2 

Test Nippon Kiiir Interchem Hovlone 

LDescription Orange ier Orange powder ThThnge 
powder 

LYield (9) 28.5 32.3 36.4 

Strength (%) ioo 99.6 99.6 

Total impurities 0.23 0.25 
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S 

LSI (%)[RRT3 bYØ o.ia 10.64 0.07(0.673 

Mi,yoflne (%) 0.13 0.10 0.13 

£plmer (%) 0.13 015 0.14 

OIohIoromethiiTt 1.3 2.2 2.1 

Mothanoi (%) 0.001 0.003 0.002 

-bri AoMeoe 1%) 0.001 brt 

Heptarfl 0.001 brt bd 

sopropyl aicohc4 01M bit  btl 

tfoJuene (ppm) 

Wölmeth* 

forrname (ppm) 

Water (l,%) 1.32 on - 0.51 

Residue on 

;gnton (%) 

0.039 - 0.0Q 0.014 

In Posve Pot%tive 

(1 

-219.4 -213.4 -218.7 

________________ 
CrystaIflny Cłntorms 

____________________________ 
Conforms Conforms 

Yield (%) 21 - 26 24 

Yi&d (aectW 24 30 27 

-TOO trom Mino 

(%) 

10 12 13 

______ 

Yieldfrom Mirlo 

(corrected, %)IO 
11 13 14 

1. On an anhydrous basis. soWent Irqe. 2. xcJudThg spinier. 3. Largest stng%e Wnpuflty çLI) 

exoh.dlng 04 spimr and Mhiooycre. Helaliv retenuan ’ime (RAT) relatve ,oeM-9ss. 4. brt 

below reportC4lg knit, 0.05%or HPLO. 5. brl at 0.0005%. 0, brl ot 0.0003%. 7. Mat 0.0030% 

(single sample), a, bri of 2 ppm. 9. brl of 63 ppm. It Corrected for Strength of tmlfrg material 

and product. 
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TioecycIine 

[0234] Crude Tigecycline wet cake (72.5 <g, 38.2 kg dry weight) was 

stirred and slurried In 191 kg IS parts) acetone and 191 kg IS parts) methanol. 

The slurry was then warmed to 30 to 36 °C, Immediately cooled to 19 to 25 °C 

and held at 19th 25°C for two hours. The slurry was then cooled toOtos°C, 

and he’d at 
o 

toe t for  flour. After tiftering and washing with 2 x 34 Kg (0.9 

parts) aStone(%tethanol (1:1), The wet cake was then lesled joy minocycline 

(023%), 9-aminornlnocycune (0%), and for the largest skgle impurity other than 

the C4 eplmer (0.09%). The 0-4 eplmer content Was 1.12%. Based on The 

analytical data, an additional reslurry was not performed. To the wet cake was 

added 440 kg (11.5 pads) of methylene chloride and 39.3 kg (1.0 parts) methanol 

and the mixture was heated to 30 to 36°C to dissolve. The batch solution was 

filtered through 0.2-micron pyrogen reducing and 0.2-micron clarifying filters. 

Three vacuum distillations were then pedormed to remove methanol with 

methylene chloride chases (440 kg and 339 kg, respectS’ae) be(ore the second 

and third distillations. The residua’ methanol level was 0.3%. The batch was 

cooled too 16°C and stirred for 1 hour. The batch was filtered, washed with 2 x 

42.1 kg (1.1 pads) of pre-cooled (-1$ to -7 DC) methylene chloride and dried at no 

more than 60°C to a loss on drying ol<2.5%. The material was milled to give 

22.3 kg of Tigecycline (58% yield). Purity by HPLC area %: 98.2%, 04 opimor. 

1.55%, Minocycline 0.1%, 9-amlnomlnocycllne 0%, single largest other Impurity 

Example 7 

TipecycliTi? 

102351 Crude TigecycHre wet cake (103.5 kg 53.4 kg dry weIght) was 

stined and siunied in 191 kg (5.1 pads) acetone and 191 kg (5.1 pans) methanol. 

5Dry weight cajculated form loss on drying data. 

Dry weht calculated form Ics on drying data. 
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The slurry was then warmed 1030 to 36°C, immediately cooled to 19 to 25 °C, 

and held at 19 to 25 OC for two hours. The slurry was then cooled to   to 6°C, 

and held at 0 to 6°C for 1 hour. After filtering and washing with 2 x 34 kg (0.9 

parts) acetonelmethanol (1:1), the wet cake was then tested for minocycilne 

(0.12%), 9-amlnominocyoflr,e (00/6) and for largest single Impurity other than C4 

eplrner (0.13%). The 0-4 epimer content was 0.37%. Based on analytical data, 

an additional raslurry was not performed. To the wet cake was added 440 kg 

(11,7 parts) of methyleno chloride and 55.7 kg (i.0 pans) methanol and the 

angUne was heated to 30  36°C to dissolve. The batch  solution was filtered 

through O.S-ailcron pyrogen reducing and 02-micron clarityng filters. Three 

vacuum distillations were than performed to remove methanol, with meth4ene 

chloride chases (624 kg and 481 kg, respectively) before the second and third 

distillations. The residual methanol level was 1.07%. The batch was cooled too 

� to   tend stirred for I hour. The batch was filtered washed with 3 x 59.1 kg 

(1.1 parts each) of pro-cooled (-13 to 7 °C) mahene chloride and dried at no 

more than 60 C to a loss on drying of <2.5%. The material was rallied to give 

31.7 kg of Tigecyccine as a first crop. A second crop consisting of residual product 

In the crystallizer provided an additional 2.5 kg. both crops represents 64% Yield 

from crude Tigecycllne. 

[02361 While the invention has been described by discussion of 

embodiments of the Invention and non1lmitng examples thereof, one of ordinary 

skifi in the art may, upon reading the specification and claims, envision Other 

embodiments and variations Which are also within the Intended scope 01 the 

invention and therefore the scope of the Invention s},a)l only be construed and 
� defined by the scope of the appended claims. 
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WHAT IS CLAIMED I& 

1. A method for preparing at least one compound of Formula 1: 

N 

OR N 
_??c0z_ 

014 0 

Formula I 

or a pharmaceutically acceptable sail thereof, 

wherein B, and B2 are each Independently chosen from hydrogen straight 

and branched chain (C,-Cs)ai(qI, and CycLoaliwl, 011% and Ra, together with N, 

brrn a heterocycle; Re -Nfl3R4, where As and R4 are each independently chosen 

� 
from hydrogen and straight and branched (C,-04alkyI; and n ranges from 1-4, 

comprising reacth,g at least one compound Of Formula * 

H2N 

on 

Formula 4. 

or a salt morsel, 

with at least one aminoacyl compound In a reaction medium chosen from 

an aqueous medium, and at least one basic solvent )n the absence of a reagent 

base 

2. A method according to claim 1, wherein n isi, R, Is hydrogen, Pa is 

t-buiyl, and A, and A4 are each methyl 

S. A method according to claim 1, wherein psi, Ri and 92, together 

with N, forms a pyrroildinyl group, and (Is and P4 are each methyl. 

4. A method according to any one of clams I ID 3, wherein the salt of 

Me at least one compound of Formula 4 Is a halogenated salt. 
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S. A method according to claim 4 wherein the halogenated salt Is  

hydrochloHde salt. 

6. A method according to any one at claims Ito 6, wherein the reclion 

medium is an aqueous medium. 

7. A method according to any one at claims itO 5 whereIn the reaction 

medium is at least one basic solvent In the absence of a reagent base. 

S. A method according to claim 7, wherein the at least one basic 

solvent is chosen from a polar aptotic solvent or mixture of solvents thereof 

providing at least one basic polar aprot solvents present 

9. A method according to claim B, wherein the at least one basic 

solvent is a mixture of acetonitrile and N,N-dimethylpropyleneurea. 

10. A method according to claim 8, wherein the at east one basic 

solvent Is NN-dimelhylpropIeneucea. - 

11. A method according to claim 1, wherein the at least one aqueous 

solvent is water. 

12. A method according to any one of claims I to II, wherein the 

’ reacting with the at least one amlnoac4 compound Is at a temperature ranging 

from 0 °C to 6 °C. 

iS. A method for preparing Ilgecyctine: 

a 

t-sV 
0110 

� tigecycline 

or a pharmaceutically acceptable salt thereof, 
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comprising reacting a compound of Formula 4k 

Nj’ 

Formula 4A 

or a sact thereof, 

with at least one smlnoacyl compound in a reaction medium chosen from 

an aqueous medium, and at least one basic solvent in the absence of a reagent 

bass . 

14. A method according to claim 13, wherein the ligecycline Is 

tigecycilne hydrochloride. 

15. A method according to claim 13 or claim 14, whereIn the sail of the 

at least one compound of Formula 4 Is a halogenated salt. 

16. A method according to claim 15, wherein the halogenated salt Is a 

hydrochloride salt 

11. A method according to any one of claims 13 to 16, wherein the 

reaction medium isan aqueous medium. 

16. A method according to any one of claims 13th 16, wherein the 

reaction medium is at least one basic soivent In the absence of a reagent base 

19. A method according to claim 18, wherein the at least One basic 

solvents chosen from a polar aprotic soiveni or mixture of solvents Thereof. 

20. A method according to claim 19, wherein the at least one basic 

solvent Is a mixfljye of aoetonilrile and N,N-dlmethyipropyleneUrea 
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21. A method according 0 clatm 19, wherein the slices! one basic 

solvent Is NN’-dimelh)lpropyieneurea. 

22. A method according to claim 16, wherein the at least one basic 

solvent in the absence of a reagent base is water in the absence of a reagent 

base. 

23. A method according to any one ot claims 13 to 22, wherein the 

reacting with the at least one aminoacyl compound isat a ternperatureranging 

from 0 t to 8 C. 

24, . A method according to any one of claims 1 to 23, wherein the. 

reacting with the at least one amlnoaoyl compound Is for a time period ranging 

� 

from 30 minutes to 4 hours. 

25. A method according to any one claims 1 to 24 wherein the at least 

one aminoacyl compound is chosen from aminoacyl halides, aminoacyl 

anhydrides, and mixed aminoacyl anhydrides. 

W. A method according to claim 25, wherein the at least one amlnDacyl 

compound is at least one aminoacyl halide of Formulae: 

- - 

. Formula  

or a sail thereof, 

wherein fl, and R2 are each Independently chosen from hydrogen, straight 

and branched chain (Cl-Ce)allwl, and cycloalkyi, or Ri and 192, together with N, 

form a heterocycle; n ranges Irom 1 -4; and wherein Os a halogen chosen from 

bromide, chloride, and iodide. 

27. A method according to claim 26, wherein Os chloride. 
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� 26. A method according to claim 26 or 27, wherein The at least one 

arninoac4 compound is   halogenated salt. 

- - 29. A method according to claim 28, wherein the halogenated salt is a 

hydrochloride salt. 

30. A method according to any one of claims 26 to 29, wherein The at 

least one amlnoacyi halide of Formula 6 Is obtained by a method comprising: 

A) reacting at least one ester of Formula 7: 

Formula  

or a salt thereof, 

with at least one amine, flHaNH, to prepare at least one carbo,q4Ic acid, 

wherein fl, and A2 are each Independently chosen from hydrogen, straight 

and branched chain (01-C)akyl and cycIoall4, or Hi and B,, together with N, 

form a heterocycle; X Is a halogen chosen from bromide chloride, fluoride and 

iodide; A’s -OR& where R Is chosen from straight or branched (C1-C)alkyI and 

alkyl aryl; and n ranges from 1-4; and 

B) reacting the at least one carbo,lIc acid with at least one chlorinaVng 

agent to give at least one aminoacyl compound of Pormula.6 or a salt thereof. 

31. A method according to claim 30, wherein R5 and R6 am each t-butyl, 

�n is 1, and X is bromide. 

32. A.method according to claim 30 or claIm 31, whemlo the a? Ieastone 

chlorinating agent comprises thionyl chloæde. 

33. A method according to any one of claims 30 In 32, wherein the salt 

is a hydrochloride salt 
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34. A method according to any one of claims 26 to 29, wherein the at 
east one aminoacyl halide of Formula 6 is obtaIned by a method comprising: 

reacting at least one carboxylic acid of Formula 8 

ROH 

Formulae 

or a salt thereol, - 

wherein RE is chosen from straight or branched (CI-Co)allwl, 
with at least one chlorinating agent to give at least one aminoacyl halide of 

Formula 6 or a salt thereof. 

35. A method according to claim 34, wherein R5 and P0 are each t-butyt. 

36. A method according to claim 34, wherein at least one chlorinating 
agent comprises thionyl chloride. 

37. A method according to claim 34 or claim 35, wherein the salt is a 
hydrochloride salt. 

38. A method according to any one of claims 34 to 37, WhereIn at least 
one carboxylic acid of Formula 8 has a particle size of less than 150 microns. 

39. A method according to claim 3 ’.therein the at Jeast one carboxylic 
acid of Formula 8 has a particle size 01 less than 110 microns. 

40. A method according to claim 38, wherein the at least one carboqtljc 
acid of Formula   has a particle size ranging from 50 to 100 microns. 

41. A method according to claim 6, further comprising the step at 
adjusting the p1-I of the aqueous medium to a pH ranging from 7.0 to 7.5. 
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42. A method according to claim 41,wherein the pHafter adjusting IS 

7.2.
  

- 43. A method according to claim 41 or claim 42, further comprising 

adding to the aqueous medium at least one organic solvent or mixture of solvents. 

44. A method according to claim 43, wherein The at least One organic 

mixture 01 solvents comprises methanol and methylene chloride. 

45. A method according to claim 44, wherein the at least one organic 

mixture of solvents comprises an amount of methanol ranging iron 5% to 30%. 

46. A method according to claim 45, wherein the at least one organic 

� 
mixture of solvents comprises 20% methanol. 

� 47. A method according to claim 45, wherein the at least one organic 

mixture of solvents comprises 30% methanol. - 

48. A method according to any one of claims 4310 47, Wither 

comprising extracting the aqueous medium with a mixture of at least one polar 

prolic solvent and at least one polar aprotc solvent. 

49. A method according to claim 48, wherein the at least One polar 

aprotic solvent comprises methylene chloride and the at least one polar piotlo 

solvent comprises methanol. 

50. A method according to any one of claims 43 tO 47, further 

co,npnslng extracting the aqueous medium with at least one polar aprotie solvent. 

Si. A method according to claim 50, wherein the at least one polar 

aproic solvent eomprises methylene chloride. 
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52. A method according to any one of claims 48 to 51, wherein the 

extracting is conducted at a temperature ranging from 0 °C to S CC. 

53, A method according to any one of claims 48 to 52, further 

comprising adjusting the pH of the aqueous medium to a range from 7.010 7.5 

after each extraction. 

54. A method according to claim 53, wherein the p1-I is 7.2. 

55. A method according to any one of claims Ito 54, further comprising 

crystallization of the at least one compound of Formula 1 In at least one organic 

solvent or mixture of solvents. - 

� 
56. A method according to claim 55, wherein the organic mixture of 

solvents comprises methanol and methylene chloride. 

- 57. A method according to claim 56 or claim 56, wherein the 

crystallization occurs at a temperature ranging from -15°C to 15 C. 

56. - A method according to claim 48, further comprising concentrating 

the mixture to give a slurry and filtering to give the at least one compound of 

Fomitial, 

59. A method according to claim 56, wheigln the concentrating and 

� 
fitering occurs at a temperature ranging from U C to  ’C. 

60. A compound prepared by the method of any one of claims I to 59. 

61. A composition comprising at least one compound of claim 60. 

62. A composition according In oaim 61 furthercomprising a 

pharmaceutically acceptable carder. 
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63. A composition according to claim 61 or claIm 82, wherein the at least" 

one compound of claim 115 at least one compound of Fomiula 1: 

OK 

N IN 
(cH2. 

Formula I 

or a pharmaceutically acceptable salt thereof, 

wherein, Isi, Ri and R2, together will, N, forms a t-butyl group, and R 

and fl, are each methyl. 

64. A composition comprising at Jeast,one compound of formula 1: 

R N 
Oh 

N NHe 
(CPI,jii au a 

Formula 1 

or a pharmaceutically acceptable sail thereof, 

wherein Ai and B2 are each independently chosen from hydrogen, straight 

and branched chain (0i-C6)a1lwl, and cycIoaliwi, or Rh and H2, together with N, 

form Q heterocycle; B is -NRR4, where 9 and P4 are each independentw chcen 

from hydrogen, and straight and branched (Cr-04alkyJ; 0 ranges from 14 and 

Jess the,, 05% 01 the 04 spinner at the at least one compound of formula I 

or a Pharmaceutically acceptable salt thereof. - 

� 65, A composition comprising tigecycilne: 

"1 
OH 

am 0 

.SLAIINXX(NH2 

tigecycline 

or a pharmaceutically acceptable salt thereof, and 

Was than 05% of the C4 epimer of Tigecycline or a pharmaceutically 

acceptable salt thereof. 
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66. A composiffon according to claim 65, wherein the tigecycline is 

VQecdne hydrochloride. 

7. A method for preparing at least one compound of Formula 1: 

GO 

OK 0 

Formula I 

or a pharmaceutically acceptable salt thereof, 

wherein F, and R are each independently chosen from hydrogen, straight 

and branched chain (Cl-05)alkyl, and cyojoalIg4, or A1 and R2, together with N, 

form a heterocycle; 4 is �NR,R, where Rs and a4 are each Independently chosen 

from hydrogen, and straight and branched (Ci-C48 IiI and n ranges from 14, 

- comprising: 

A) reacting at least one nitrating agent with at (east one compound Of 

Formula 2:  

No 

Formula 

or a sa’t thereof, 

to prepare a reaction mixture slurry comprising at least one compound of - 

� 
Formula 3: 

OH 0 

Formula  

or a salt thereof. 

B) combining at (east one reducing agent with the reaction mixture slurry to 

prepare at least one compound of Formula 4, 
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Formula 4 

or a salt thereof, and 

C) reacting the at lead one compound of Formula 4 with at least one 

anilnoacyl compound Ir7a reaction medium chosen from an aqueous medium and 

at least one basic solvent in the absence of a reagent base. 

68. A method for preparing tigecycline: 

ON OH 0 

OH

 

or a pharmaceuticaily acceptable salt thereof, 

comprising: 

A) reacting at least one nitrating agent with at least one compound of 

Formula 2A: 

04 

Formula 2A 

or a eaft thereof, 

� to prepare a reaction mixture slurry comprising at least one compound of 

Formula 3A: 

"V 

Formula 3A 

or a salt thereof, 

EBI 
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B) combining at least one reducing agent with the reaction mbdure slurry to 

prepare at least one compound of Formula 4k 

Formula 4* 

or a salt thereof, and - 

C) reacting the at least one compound of Formula 4A with at least one 

aminoacyl compound in a reaction medium chosen from an aqueous medium, and 

at least one basic solvent in the absence of a reagent base 

60. A method accordfngto claim ea, wherein the tigecycDne Is 

gecdne hydrochionde 

70. A method for preparing at least one compound of Formula 1: 

:N 

- Formula I 

or a pharmaceutically acceptable salt thereof, 
� wherein Ri and R2 are each independently chosen from hydrogen, straight 

and branched chain (O,C6)alkyl, and cycIoaft4, or P1 and R2, together With N, 

’ form a heterocycle; R Is �RaR., where R3 and A4 are each sndependently chosen 

from hydrogen, and straight and branched (CrC4aliwl; and n ranges from 1-4, 

comprising: 

A) combining at least one reducing agent with a reaction mixture slurry 

comprising at least one compound of Formula 3: 
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ea 

- 

a%0*10
 OH 

Formula 3 

or a salt thereof, 

to prepare at least one compound of Formula 4: 

’V 

HgN 

%a2 

Formula 4 

of a salt thereof, and 

B) reacting the at least one compound of Formula 4 with at least one 

S aminoacyl compound In a reaction medium chosen from an aqueous medium, and 

at least one basic solvent In the absence of a reagent base. 

71 A method for preparing tigecycline: 

’V N’ 
0 �OM 

WWI w%_i. mi 
oH 0 OH 0 

tigeoycllrte 

or a pharmaceutically acceptable saft thereof, 

comprising: 

A) combining at least one reducing agent with a reaction mixture slurry 

comprIsing at least one compound of Formula SAr 

’V 

OH 6 8 
Formula 3* 

or a salt thereof, 
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to prepare at east one compound of Formula 4A: 

OH 

NN 

OH9 OH 0 

Formula 4A 

or a salt thereof, and 

B) reacting the at least one compound of Formula 4A with at least one 

minoacyl compound in a reaction medium chosen from an aqueous medium, and 

at least one basic solvent. In the absence of a reagent base. 

72. A method according to Claim 71, the VgeoycIThe Is . 

tigecycilne hydrochloride. 
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I. 

TIGECICLINA V METObOS bE PREPARACIÔN 

La presents solicitud reivindica el beneficio de Is Solicitud Provisional de 

EEUU. N 60#385 285, preseritada el 27 de mayo do 2005, cuyo contenido esta 

inoorporado aqul a modo do referenda. 

So reve!an mØtodos para preparar, al meno, Un compuesto de formula 1, 

Ft IN 

OH 

o una do sus sales aceptables pone usa farnlaceuf(CQ, 

donde R1 y R2 so sejeccianan, eada uno en forma independiente, de 

hidrageno, aiquilo (01-C6) do cadena lineal y ramificade y oicloalquilo, 0 Ri y Fz 

junta con N. former on heteroc1olo Roe �NR3R4, donde R3 yR.. Se seleccionan, 

code uric an forma independiente, de hLdrOgeno. alquiLo (Ci-C4) do cadets lineal 

ramificada; y in oscila enlre 14. 

En una realizaclOn, R as ilidrOgeno R2 as thutito, Res �NFR4 donde 

es niet?lo y R as metilo y n as 1, par eemplo tigecJdina. Tgeciolina, 9-tbutiL-

glicjlaniido)-m.nociclina, TDA-M!NO), (4S4aS5aR I 2a8)-9-t2-(ter-

butilamino)acetamido4,7-bi(dimetiLaniirio)-1 ,4,4e,5,Sa,6,1 I ,12a-octatiidro-

3,10,12 1 2s-tetahidroxj-1 .11 -dicxo-2-naftacercarboxamida, donde ft as 

hidrOgeno, R2 es t-butilo R3 es melilo, R4 as metilo, y n as 1. La Tigecicline as Un 

antibiOt’co de gliciloiclina y un anÆlogo do is tetracicLine semisLntetica minccicfina, 

La tigeciclina as or 94-butilgticilamido derivado de Is minodciina, segUn as 

observe an Is estructura a continuaciOn: 

C.214384 o On 

D. P.0 -

OH 0 OH 0 

1igeciclna 



La ligecicitna Se creO en respuesta a as amenaza inundial de Is creciente 

resistencia a los antibioticos. La tigecicitna done one activLdad antibacteriana de 

an)plio espectro tanto in vitro como in vivo. Los antibiOticos con glialcfctirot wi 

los de tetraciclina, actUan inhibiendo Ia conversion de Las proteirias an as 

bacterias. 

I La tigecjclina as on antibiOtico conocido de Is tortilla its Is tetraciclina 
y 

on 
I 

analQgo qufrriico de is minociclina. Se puede user conG tratainiento contra las 

I 
bacterias resistances a ids rm,acos 

y 

Be demostrO que fundona an aquellos 

I casos donde otros antibioticcs no funcionarL Par efempo, CS active contra Al 

I Staphiloococcus aureus resistants a Is metidlina, Streptococcus pneumot1ie 

I

 

resistance a Is penicilira, enterococos resistentes a a vancomicina (D.J, 

I Beidenbach at  al., Diagnostic Microbiology 
y 

Infectious Disease 40:173-177 

(2001); H.W. Boucher at  al., Antimicrobial Agents & Chemotherapy 44:2225-2229 

(2000) P.A.Bradford Olin, Microbial, News!ett. 26:163-168 (2004); D. Milatovic et -

aL., Arnimicrob. Agents Chemother. 47:400404 (2(NO3); R. Fatal et. al., Diagnostic 

Microbiology 
y 

Infectious Disease 38:177 17g (2000); P.J. Petersen et af, 

Antimicrob. Agents Chemotber. 46:2595-2601 (2002); 
y 

P.J. Petersen et. 81., 

Antimicrob. Agents Chemother, 43:738-744H999), y contra organiarnos qua 

presentan dos tomes principales de resistencia a La tetracicliria: efLu;o 
y 

protecciOn ribosomica IC. Batriu at. al,, AntinhicrDb. Agents Chemotlier. 48:323-

I 
325 (2004); T. Hirata et. at. Antirnicrob. Agents Ghemother, 48:2179-2184 2004); 

I y 
P  , Petersen at. al., Antimicrob. Agents Chemothar. 43:7381. 

I La tigeciclina se puede usar para el tratariiiento de ranches rtfeCCiQn�S 

I bacterianas, tales coma infecciones intra-ebdominale (clAl), infecciones is Is 

estructura cutªnea 
y 

de per complicada (cSSSI), neumonia contraida an Is 

comunidad (CAP) 
y 

neumonia contralda an el hospital (HAP), provocadas, tel vez, 

par pstOenos gq-am-rrngalivos 
y 

gram-positivos, aneerobios, 
y 

cepas susceptibles 



a Is meticilina 
y 

resislentes a Is rnetLcillna del genera StraphRoococcus auflus 

(PUISSA 
y 

MRSA). Adenias, La tigecicLina se puede user pare tracer 0 control 

Infeccicnes bacterianas an animLes de sangre caliente causadas p01 batteries 

quo presentan datenninantes resisternes a TetM 
y 

TetK. Tambleri, Is tigeciclina 

se puede User pars tratar infeccianes Oseas 
y 

adiculares, nwtropenia relacionada 

con ctŁteres e infeocLones ginecoldgicas, 0 para tretar orros patogenos 

resistentes, tales coma bacterias VRE, ESBL, entericas, micobecteriss de 

crecimiento rØpide 
y 

similare& 

La hgapdma tiene algunas desventajac ye qua puede disniinuir par Is 

epimerizacian. La epimerizaciOn as uris conocjda ruta de degradación de las 

tetraciclirias an general, a poser de qua ía tasa S degradaciOn puede variar 

sequin Is tetreciclina. A cornparacian, La ass de Is epimerizaciOn de to 

tigeciclina puede ser rapids, incluso, par ejemplo, an condiclones acidicas loves 

pa a temperatures moderademente a}tas. En Is bibLiagrafla de Is tetraciclina, Se 

informan verbs rnØtodos usados par cienttæcos para lector de minimizer to 

formacian de epimeros Is tetraciclinas, En algunos nitodos, Ia forniacion do 

sales metatices de calcio, magnesia, zinc a aluminio can tetraciclinas limitan Is 

formaiOn de epirneros cuando so realize an soludones no acuosas con niveles 

do pH bÆsicss. (Gordon, RN, Stephens Jr, G., Noseworthy, M. M., Time, 

F.W., - Patente S Reno Undo N0901.107). En atros mŁtodos, (Tobkes, Palento 

de EE.ULJ. No 4038.315) Is torrriacin do un complejo metalico as Ileva a ctho all 

un p1-i acidicos 
y 

Se prepare, an consecuencia, una forms de sOlido eatable del 

fârmaco. 

La tigeciclina ciiere estruduralmente de sit epImero an solo un sentido. 



FORMULAI FORMUIAIL 

En is tigecicljna, al grupo $dimetilo an el carbona 4 as cis at hidrogeno 

adyacente tal como as niuestra an fa fOrniufa 1, mEenfras qua o epfrnero e5 decir, 

el epirnero Ce), formula ii, son mutuarnente trans an Is manera indicada. A 

pesar 
do quo so cree quo S epfrnero de tigocidina no as tôxicb. as posibie qua an 

comas condiciones carezca do a eficacia antibactedana do Is tgecickina y qua, 

pot a and, sea on producto de deradadOn indeseable. Pdemâs, La cantidad de 

epimerización Se puede Licrementar cuando as smlawi ligeciclina a gran escata. 

Otros mØtodos pare reducir Is torrnaciOn de epimeros incluyen mantener 

as niveles de pH par sabre 6,0 durante el proceso; evitar ci cantacto con 

conjugados de àcidos debiLes tales coma formalos, anemias, fosfatos 0 boronatos 

evitar el contecto con Is humedad, par ejernplo, con soluciones acuosas. Con 

respoclo a a pmlecdOn contra to rumored, Nosewonihy y Spiegel (Patente 

estadounidense U 3.026.248), y Nash 
v 

Haeger. (Patento estadoun5deris& No 

3.219.529) sugirieron formular anaLogos do tetraciclinas an vebicutos no acuosos 

para meiorar Is estab3lidad del fârmaco. Sin embargo. La mayor perle de Ids 

vehiculos incluidos en estas revelaciones son màs apropiados para uso tOpico 

qua parenteral. Se salon, tarnbiŁn, qua Is epinierizaciob de Is tetraciclina depende 

de Is temperature, do modo que Ia produccian y el alniacenamiento de as 

tetraciclinas a bajas temperatures tambien pueden reducir La vaLocidad do 

formaciôn de epimeros ((Yuen,  PH., Sokoloslci, T.D,, J. Pharm. So. 66: 1648-

1650,1977: Pawolczyk, E., Matlak, B, Pal, J. PharmacoL. Pharm. 34: 409-421, 
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1982). Se han probado varies de estos metodos con a Iigedclina, pero, 

aparentemerie, 

ninguna Na podido redudr La formacion de epimeros 
y 

a 

degradadon oxhdatLva, mientres qua no Se incorporen degrSantes adicionales. 

Sc deseubriO qua e( comp!e$niieno con metales, par ejeniplo, no tiene tin gran 

eject,, sabre a forrnaoLon de epinieros a degradadon, generalmenfe con PH 

bØsico. 

Si can et use do btæfors do tosfato. acetate 
y 

rLtreto majors la estabhlidad 

del estado de La soludOn, parecertan acelerar la degradeci5n as a Eigeoidina en 

el estdo liofilizado. No obstante, Lncluso sin La presencia de un butler, Is 

epimerizaciOn as tin problems mayor con la tgedcIina que oon otras tetraciclinas, 

Wei; come Ic minociclina. 

Ademàs del epimero de 04, olras impt,rezas incluyen productos derivados 

de oxidaciOn. Pl4unDs de estos productos derivados surgen de a oxidaciari del 

nilLo D tie Is molecule. que as in aminoenoL. los compuestos de fOrmul 3 

(vease Esquema I a continuacion) Sc pueden oxidar facilmenle an las posiciones 

C-Il 
y 

GI 2a. El aisLamiento tie los conipuestos no formula 3 par ,nedio do 

precipitaeiOn con no no solvenle presents el problema tie qua los productos 

derivados tie Is oxidaciOn 
y 

las sales metAlicas Se coprecipitan con et producto, a 

coal do Lugar a grados racy bajos de pureza. La oxLdaciOn 
y 

6egradacit5n del 

nOcleo do los oompt,esos tie formula 
a 

pueden 5cr nlÆs pronunciadas en 

Scondiciones de reaccian bâsicas 
y 

mAs tarnbien an operaciones a gran 

debida a qua Los Nenipos de proceso son, er general, r,iayares 
y 

los comnpuestos 

eslan on contecto con La base durante un tiemnpo mayor. 

Ademâs, los produotos as degradaciOn Sc pueden oblener durente cada 

uno tie ios diferentes pasos tie tin esquema 
y 

La tarea de separar el compuesto 

deseado tie los productos tie degradacion puede resultar tediasa. Par ejemplo, 

no se pueden usar tØcnicas do purifieadon convericionaLes., taLes como, 



croniatografle sabre gel do &lice a HPLC preparative para La purificaciOn sencilla 

do estos compuestos debido a sus propiededes quelante. A pew de qua 

algunas tetraciclinas fusion purfficadas par media de crornatografla de parficion 

usando CQIL,mnas bathes do tierra de diatomees impregnadas con bused 

estacionarias aniodiquadas (con buffer) qua coritenian agentes secuestrantes 

coma EUTA, dichas tecnicas pueden ecarrear tins resoluciOn, reproducciOn 9 

capacLdad muy bajas. Dichas desventajas puede diflcultar La stritesis a gran 

escala. TantlOn so ha usado Pa HPLC pare purificadn, pero tins adecuada 

resolucLOn de los varies cornponentes sabre las columnas do HPLC requiere do la 

presence de agents apareadar do was en a fase movil. Separar of producto 

final do Jos agentes secuestrantes y apareadores do !ones an a fase mcviI puede 

resuutar dificil. 

Si bien of one pepuena escala, Los compuestos impuros obtenidos par 

media de precipitaciOn as pueden purificar por media do HPLC de tasa inversa 

preparative, dieha purification puede ser irieficiente y costosa cuando Se trabaja 

con kilogramos de material. 

De asia maclore, sigue existiendo one necesidad do obtener el at nienos Un 

compuesto de foniiula I an Uris forms niàs puriticada quo to qua so obtuva 

anteriormerite tambfØn, sfgua exLsendo una necesided de canter con nuevas 

sinlesis pare minimizer of uso de crornatografla a fines de purificaclon. 

En (a presento, so raveled mØtados pars producir letracidinas, tales coma 

Jgeciclinas, segfwi se ilustra an forma general one’ Esquema I a continuacion: 
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Agente nitrante 
Agente reductorf 
catalizador 

OH 0 cilo 0 0140 

2 L 3 

-0I 
OK :N YH 0 Cmr 0 1 0401 OK 0 oi 0 

4 1 

Esquemal 

R, 
y Pc Se seleecionan, cada arc en forma independ3enle, de hidrôgerio, 

aiquilo (C, -Gs) de cadena lineal 
y 

ramificade 
y 

cicloalquilo, a Ri 
y 

R2, junto Con N 

ton-nan un heterocicLo; 
y  es �NRiR4, deride P3 yR4 eq seeccionan, cads uno an 

form independients, its bidrOgeno 
y 

alquila (C, -C4) de cadena lineal 
y 

renuificads; 

ynvaria antis f-4. 

El campuosto de fOrmula 2 es tarnbiØn conocido conic ups minocicliria o on 

derivado de Øste. La resociOn del compuesfo de fOrmula 2 con al menDs on 

agerite nitrante prupoitona un sustiluyenle -NO2 due forms on conipuesto de 

fOrmula 3. El sustituyente N01 de La fOrmula 3 Se puede reducir a Un amino, par 

Smedio de hidmgenadcn, pot ejernpLo, paid format el compuesto de formula 4. 

Finalmente, Is acilacion del compuesto do fOrmula 4 genera el conipuesto de 

formuLa 1. 

En I@ presents, se revelan metodos pera reaLizar reacciones para producir 

el compuesto de fOrwuls 1, par ejeinplo, niracion, reduccion 
y 

acilaciOn. 

TambiOn, so reveLan metodos pars purificar el compuesto de fOrmula 1. 

Los rnOfodos revelados pueden former of prodvcto deseado niienfras qua 

reducen Ia canlidad de, at menos, una impureza presents en at producto final, al 



coma Is forniadÆn its epirneros, to presencia S react&os de partida y productos 

derh,ado, de oxidaciOn. ThI reducoiOn de TnpLJrezaS as puede lograr durante al 

nianos ups rose de a sirnesis, pot ejemplo, durante cualquiera de as siguientes: 

nhtracian, reducciOn 
y 

acilacion. Los mØtodos revelados al lsn2biºn facilitan 

sintesis a gran escaLa can purexas adecuadas dr, Jos productos finales, 

FIGURAS 

La Figure 1 Llustra on esquerna eemptLficativo para preparer igectiipas. 

La Figure 2 muetra an esquema eiemplicativo para preparar tigeciclinas. 

La Figura 3 muostra tin esquema ejeniplilicatWo para preparar Ugeoctmoo. 

DEFINICIONCS 

ISCabe notar que, coma se use actrai an a presente rnemaris descriptive 
y 

las 

reivindicacjones anodes, las forxnas singulares mn", La 
y 

el incLuyen los 

relerentes an plural a menos qua as el contenio ndique clararnente to oantrario. 

Mi pot eernplo, La referenda a one oQmposiciOn qua cortiene un compuesto 

induye una mazda do dos o mas compuestos. Tambien, Se deberia destacar que 

at tØrrnino O  $e use, generalmente, an el sentido qua incluye !�y/o! a menUs qua 

el contenido indique clararnente to contrarlo. 

La ’igecicIina coma se use equl incluye tigedeiina an forma debase libre 

format; de sales, tales como cuLquier sal aceptable para use farrnacOut?co, 

enantimeros y epimeras. La ligecollina, tal so use an La presente, Sc puede 

* ÆrmuLar de acuordo con mºtodos conocidos en  of 

EL tØrmino compuesto, segQn Se use an Is presente, fiace referenda a in 

compuesto neutral (pot e5ernpla, one base Iibre) 
y 

sus sales (tales comb sales 

aceptabies pars use Iarmaceutico). El comuesto puede exstir an one forms 

anhidrida o come un hidrsto o coma un solved, El compuesto puede ester 

presente an forma do estereolsomeras por ejempio, enantiôrneros 
y 

diastereOmeras 
y 

Sc puede asIar an forma do enantiOnieros, mezelas racemicas, 



dfasteredrneros y sus mezclas). El compuesto an forma solids puede existir an 

varied foresee cristalinas y amends. 

!Aceptble pare use fisnmac6uhcd? 3eg6i SC use aqui, hace referenda a 

annelids carnpue&os, mateyiales, con,posiciones y1c, lormas de dosificacidri one 

eslan dentro del alcane del oriterio cndico time, adecitados pace usar an 

I contacto eon tejidos de pacientes sin toxicidad ftxtasv8, ,rrffacion, respuesta 

aWgica u otro problems 0 oornplicadOn acorde con una proporcion razonable de 

I riesgolbeneficio. 

"Cicloafquiqo, segcrI Be use equi, have referenda a Un sistema anular 

carbociclicos saturado qua tiene 3 a 6 miembros anulares. 

I !Heterooiclo! seg1n Se usa aqul, hace referencia a an grupo heterocicl5co 

monocclico due contene a, rnenos un nitrgeno coma rniembro y cjue tiene 3 a 

miernbros anulares an cada anhllo, donde cada anillo as saturado y no &us(jtljido 

I de otro modo. 

I NIIRACION 

Una reaLizaciôn revels on rnetodo pera preparar al menos on compueslo de 

formula t 

Of 

No 

o one de sus sales aceptabtes para use farrnacØQtico. 

doride R, y R2 so seIecconan, cada uno an forma independiente, de 

bidrOgeno, alquilo (Cl-C6) de cadena lineal y ramificada y cicfoalquico, o i 

unto con N formed un heteraciclo; R as �NR3R4 donde Ri y a. se seeccionan, 

cada one an some independlente, de hidrôgeno, aiquilo (CI C4) lineal 

ramificado; y n oscila entre 14. 
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Una realizadori revefa una reacckri do nit raciOn donde of producto do Is 

nftraciOn no seaisla. Do esta lorrna  on one realizaciOn  el nelodo comprende: 

lacer reaccionar of menot on agente nitrante con al mends an compueso 

de fOrmula 2. 

Wa
 

PH 04 
0 oil 0 

2 

0 one do sus sales, para produdr one rnezcla do reaccian qus comprenda 

00 
on intormnediario 

, 

hater reaccionar, edemAs, el intermediano para former of al menos on 

compuesto do lOrmula I 

En one realizatiOn, of intermnedLarto nose aisle de fa mezcla do reaccjOn. 

El or mnenos on compuesto do formula 2 Se puede proporcionar an forma do 

base libre o sal. En una realizacion, of al menDs on compuesto do formula 2 es 

one Sal, Segin Se use an Is presents, as ’safes" so ptieden pro parar in situ o on 

forma separada hthendo raaccionar tins base lore con in acLdo adecuedo. 

A]gunos ejemplos de sales incluyen, an limftarse a elfas, sates clortiddcas, 

bronihidricas, yodhidrato 

fosforitas, nitricas, sulfjiricas, ateticas, benzenes, 

cfthcas, do cistelna, fumaricas, glLcOlicas, meleLcas, sutcinLcas, tartarices, de 

sulfates 
y 

clomobencensulfunato. En otra realizacion, is sal so puede sereccionar 

do sales afquiqsurfOruoas 
y 

arllsurfOnioas. En una realizaciOn, or at menos on 

compuesto de fOrmula 2 Se proves comb on sal clorhidrica buns sal suffato. 

Segun se use equr, el ’agents itrante hate referenda a on reactivD qua 

so puddle adherir an sustituyente -NO2 a on comuesto, 0 transformer on 

sustituyente exLstente an on sustituyente -NO2 Algunos relmUvoS ejempii1ca0vos 

induysn ªcidos nitricos 
y 

sales do nitratos, tales coma sales do metales alcalinos, 



par ejemplo, KNC3. DonS at agente nitrane 05 in âddo nitrico, el acido nitrico 

puede toner one concentraciOn de, al monde, 80%, tat coma Un mncentraciOn is 

85%, 86%, 90%, 95%, 99%, a Lnduw 100%. 

El agente ntrante puede reaccionar con at al menDs on campuesto de 

fOrmula 2 an cualguier saivente considerdo adecuedo par on experto an to 

materia, En one reaLizaciOn, a rsacciOn se realize an presenoia de Un acido 

suclunco y?o sales do su}fatos. En una realizaciOn, el Æcido suIlrico usado as 

Æcido suifOrico concentrado, par ejemplo, one concentraciOn S at manna 50%, 

60%, 70%, 80%, 85%, 90%, 6 at manna 95%. 

En una realizaciOn, Se proporciona el at manes up agente nitrante on on 

exceso molar relacionado con al al menDs tin compues’ de fOrmula 2. Un experto 

an ci arle puede determ?nar hs excesos mo$arss adecuados, Østos pueden incluir, 

sin limitarse a silo, valores tales corno al menus 1,05 g, un exceed molar an at 

rango do equivalentes de 1.05 y 1,16, tat coma do eceso molar qua osdie enire 

1,05 y 1,5, a 1,05 y 1,256 105 y 1, 1. En otra realizacion, el exceso molar as de 

equivalentesa 1,05: 1,1: 1,2.1,3; 61,4. 

En one realizacian, at menes an agents nhfrante rsacciona con at al meflos 

an cornpuesto S fOrmula 2 egregando el at arenas on agente nitrantes durante on 

periodo S tiempo. Un experto an el arte puee calcutar an periQao do tiernpo 

Para incorporar La topUdad del agente nilrante a fin de optimizar las condiciones 

S raacciOn. Par ejemplo, el agregado de on reactivo de nitraoiOn Se Puerto 

controtar par media de, par ejempto, HPLC, pare corroborar Is canlidad del at 

menos on agente nitrante usado. En one reaiizacian. La cantidad total del al 

menos on agente nitrante Se agrega durante Un periodo de fiempo S at menUs 1 

hora, tat onmo on perfodo de liempo deal menDs 2 horas, al nienos 3 horas, al 

menos 5 horas, a] menDs Whores, at menDs 24 horas, a Un perlodo do tiempo 
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que vane eritre I horny I semana, qua vane antic i bore y 24 horas, 0 1 horsy 

2 horas. 

El at menos un agente nitrane Sc puede agregar an forma continua. 

En una realizacian, el agente nitranle puede reccionar con el of nienos Un 

compuesto de fOrmuie 2 on tin rang, as temperature de 0 a 250C, de mode qua [a 

temperature vare entre 5 y 15°C, 5 y I OC, dOy 15CC. 

Un fnterniedrario segân se ma aqul, face referenda a an compuesto 

formado come tin producto intermediario entre ci material be partlda y of producto 

final. En una rea[zaciOn, el ntenrnadiario as un producto de la nitradon del al 

memos in conipuesto de formula 2. Par ejemplo, el fnterrned(ario puede ser, al 

mends, un cornpuesto de fOrmula 3o una de are sales. 

OK 

"a M  CIH6Ho 

El intermediarlo puede existir come base libre o come sat, como cuslquier 

sal revelada an to presents. En una realizaciOn, ci rintermediaro as ama sal 

sulfato. 

En una mal[zacion, of nterrned[ario no so aisia de [a mezcia de reaccian. 

La ’mazda de reaccion", seg(ln be use aqui, here referenda a una solucion a 

suspensiÆri qua comprende aL mono, in producto de una reacciôn qulniica entire 

reactivos y, tambien, productos derivados, por ejemplo, impurezas (qua iric[uyen 

conipuestos con estereoqufrnicas indaseadas), solventes y cualquier restos de 

reactivos, tales como material do partide. En una realizaciOn, ci interrnedcario as 

ci producto do [a nitraciOrt y estâ presents an a niezola de reacciOn, qua tambieri 

puede contener reactivos do partida (tales comb el agente nitranle & of menos 

tin cornpuesto de fOrmula 2), produclos derivados (tales comm el epimero de C4) 
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be formula 2 o 3. En una reekzac[On, Is mezc(a de reacciOn �6 ma suspensiOn, 

condo una suspension puede ser una composidOn qua commando of rfieflos un 

solido y al menus un liq uido (taL coma ague, äcido 0 Up sarvente), par ejernplo, 

una suspensiOn o una dispersion de sOjidos. 

En una reaLizaciOn, Is reaccian de nitraciOn produce of Lntermediario 

rrientras se genera one cantidad pequefla del epimero de Gt correspondienle. 

Par ejemplo, donde el intermediariv as al menus un compuesto S formula 8, a 

nitracion provoca In formacion do in epirnero do Cq do fOrmLJja an una cantidad 

menor a 10%, segün determinado  par Is cromatografia liquids do alta resolucion 

(I-IPLC). En otra realizatiOn, or epinlero do Q asia prasonle en ins canticiad 

,nenor a 5%, manor a 3%, menor a 2%, ni000r a 1% a menor a 0,5%. 

Los parmetros be -IPLC pare cads paso, par ejCmpIO, r?iiraciOn, reducdOn 

y aciLaciOn Se propercLonan on Is seccion do Ejemplos. 

En una reazeoi6n, Is nitracian as realize do tai manors qua Is cantjdad do 

material do partida, pot e)emplo, a’ a) menas un compuesto do formula 2, es bajo. 

En una reaLizadon, of manes un compuesto be fOrmufa 2 estª preserite on a? 

producto de nitiscron on una canlidad menur a 10%, segUn determinado par 

I-IPLC, a menor a 5%, menor a 3%, menor a 2% menor a 1% 0 menor a C!5%. 

En una reali;aciOn, Is ntfrsdOn so puede roalizar a gran escala. En ufla 

realizaciOn, gran escla Sc refiere al uso de of menus un granlo be compuesto 

do acuerdo con La formula 2! EaL coma el use do ci menus 2 gramos, deal menus 

5 gramos, do of menus 10 gramos, do of rnerios 25 gramos, de of menus 50 

gramos, do of menus 100 gramos, do a? menus 500 grcmos, do a? menDs I 

!dLogramo, tie ci mores S kiiogamos, de al menus 10 Icilogramos, de al menus 25 

kilogramos, deal menos 50 kilogramos a deal menus 100 kL?ogramos. 

En una rea!jzadón Is reducciôn forma el of menus un compuesto de 

fOrmuLa 4, 
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R 

0 ON 
4. 

H 

on  0 
ON

0 

4 

o urla as sus sares, 

En una rearizacon, ta prOxma raaccj&i an b) comprende redudr at 

intermeularic. En otra reoizadOn, el mØtodo comprende adsrriÆs aci[ar at 

intermedada redudda. 

Qua reaizarAOn revelada as on mØtodo para preparer al mends on 

cornpuesto S formula 1. 

ON

 

N H N)çN H2 

o una de rug sales aceptabres pars usa atonac6ucca, 

donde Ri as hdrOgeno, F es t-butijo, R es �NRaR4 donde IJ3 as metilo y 

R4 as metio y n as 1,, 

qua comprende: 

Oscar reaccionar at menDs on agente nitrante con at menos Un compuesto 

S fOrrnuia 2, 

OH 

ch 

 *1, 

0 
OH 0 

2 

una as sus sates, para proudr una niezcla de reacciOn qua comprend 

Un Intermadlano y 
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hater reacdonar, edemas, & intermedario pars former el at meflos Un 

campueslo de fOrmula 1. 

En una realization, el intermodiarto no so aisla do Is mozela de rescoión. 

En una realización, el at  mi un compuesto de formula i es tigeciclina. 

Otra reaLizaciOn reveloda e an metodo pars paperer of "nos tin 

compuesto de formula I 

09

 

044, 
arN (cHa!;?:?oEoo 

o tins de sus sales aceptables pars use farmaceutioo. 

donde Ri y R2 so selecdonan, coda uflo an forms independiente, de 

hidrogeno, alquilo (Cl-Cg) de cadena lineal y rscnificada y cioloalqiso, a Ri 

unto con N, forman tin heterociclo R as �NRR4, donde R3 y R4 Se seleccionan, 

cada and an fonna independiente, de hidrógeno, alcuilo C,-34) lineal 

rarnificado; y in oscila entre 14  

quo comprends: 

hater reaccionar of nienos an agents nitrante con al menus an cornpuesto 

de formula 2, 

am

 
NMI

 

0 OK 0 

2 

and de sus sales pare former tine suspension 

hater reaccionar, edemas , a suspensiOn pars former an tompuesto de 

formula 1. 



16 

donde Ri as hidrogeno, as t-butilo, R es �NR3R4 donde R as rnelilo y 

H4 as metilo y n as 1. En otra realizaciOn, of al merios Un compuesto de formula 1 

as gecidina. 

Otra realizacLon revetads an Is presarlat as Un melodo pare prepa’T Si 

menos un oompuesto do fOrmula so una de sus sales, 

018 

donde H to �rRR4, donde Rs y H4 se seleccionan, code uno on forms 

S iridependiente do Iiidrageno y siquilo (Ci-C4) de cadena (meal y ranilficada, 

qua compronde: 

hacer reacdonar al manna Un agente niftanie eon of nionos Un corn puesto 

do fOrmula 2 o una do sus sales. 

0 

OH 

OH 

2 

donne Ia reaccian se lave a cabo en an tango do temperalura do 5 a 15°C. 

Otra reaiizacian revelada as Un melodo pars preparar at menos an 

conipuesto do formula 

10

 OH

 

o Una de sus sales aceptables pare uso tarmaceutico. 

donde Rt y A2 so soleccionan, cads uno an forms Lndependiente, de 

hfUrOeno, alquilo (C1 -C,) do cadena lineal y ramiLcada y cicloaLquilo, 0 R, y H2. 
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junto con N, forman un heterocicLo; R es �NR3R4, dor,de ft yR4 se seteccinriari, 

cede uno en forma independiente, do hidrOgeno, aIquilo C,-04) lineal 

ran,i1cado; y n odla entre 1-4, 

quo comprende: 

hecer reaccioner ci meflos un agents ritrante con al nienos an Corn puestQ 

as formula 2 o one do sus sa’es pars preparer uris mezola do reaccion que 

comprenda an intermedharlo y 

08 

HQH2 

fiacer reeceLonar, edemas, el intem,odiario pare former el al Inenos an 

cornpueslo do formula I 

dande Is reecciOr  an C) as love a cabo an un rango de temperature do  a 

150C. 

En aria reaiizacOn R as h$drOgeno, R as t-butiio, ft as motile, A. as 

met5loynest 

REDUCCIOU 

I Una reajiradori revea an melodo pare preparer al menUs un cornpuesto de 
I tOrmue 4, 

I . 
OH 

H2 
CM 

OH 0 

4 

o UM de sus sales, 

dance R �NRR, donde R y R so selecdonan, cada uno an foniie 

independiente, y aiquilo CiC4) do cadena lineal y ramificada, 

quo cornprende: 



)q3 

combinar, a) manes, on agents reductor con one n,ezcla do reacciari, come 

POT ejemplo one meacta de reacciôn, qua comprenda up tntermnediario prepwado 

a pertir Is una reccf6ri entre, a) manes, on agente ntranle y aL rflenos. UP 

compuesto de tOrmuja 2, 

CH 
OH 0 014 0 

2 

o one de sus sales, 

En una reaNzacidn, et mtodo describe on procesa de !Ufl solo recipients’ 

dances as pesos de nitrecion y reduociOn so tievan a cape sin aistar fee prouctos 

ia Is nitraciOri de Is  mezota de nitradon. 

En una realizectOn, N es tifdrOgeno, R es l-butiIo, P2 as metilo, P4 an 

rnetio y n as L 

Agente reductor significa, an Is presents, on agents quimico quo agrega 

hidrogeria a un compuesto. En una re&tzacidri, up agente reductor as hidrogena, 

La reducctôn so puede naiizar bap una atmbsfera de hidrOgeno a una preston 

adecuada segt)n to determine on expense an el arte. En una realizaciOn, at 

hidrageno so proporotona an on range do preston de 6,9 a 517 RPa (I a  7 psi), 

tat coma Un range de prestOn cia 6,9 a 344 kPa (1 a 50 psi) o on range de Preston 

de 6,9 a 276 We (1 a 40 psi). 

En one realizacian eL agents reductor se proporciona an presencia de, at 

manes, Un catalizador. Algunos catalizadores do eemplo incluyen, sin limItarse a 

elLa, oxides as metales de tierra rare, catalizadores quo contienen metales del 

Grupo VIII y sales del calalizador qua contiene metales del Grupe VL(I. in 

e)empto tie un catalizedor quo contiene up metal del grape VIII es paladia, por 

ejemplo, paladlo sabre carbono. 



Cuando el oataTzador as p&adio sabre carbono, an una rea]zaci6n, of 

cataflzador sets presente an ins canffdad qus oscHa entre 0,1 partes a I pane, 

con respecto a La cantdad de of fOrmula 2 presents antes be Is reacciOn con SI aL 

Mamas on aQene ni,anIe. 

En ura reaLizadôn el intermediario as, of memos, an r.ompuesto do fârmuia 

3. En one realizack,n, an of conipuesto as fOrmula 3, R es hidrOgeno, Pc es 

butiLo, ka as media, Pt as metiLo 
y 

n as 1. 

Up experto or at one puede delenminar on solvents adecuado para Is 

reecc?On de reduction. En una yeaIzed6n, antes de realizar Is combinaciOn, as 

decir, antes de Is reducciªn, Is mezcla de reacciOn as  combina tori on sofvena 

SqLrs camprende of menus un alcohol (Ci-C). El al menus tin alcohol (CI -Cs) se 

puede seleodonar, per eiernplo, de metanok 
y 

etanar. 

Un experto an aT one puede detenninar one tempsralura adecueda pare Is 

reaccLn be rec!uoc4n. En una realizadon, Is conibinacidn, per ejemplo, Is 

reduccion, so rea}iza a on Tango de temperature afire 0G 
y 

50C, per sample 

enfre 20C 
y 

40’C, 0 entre 2&C 
y 

29t. 

En tins realizacion, despues de reeLizar la combination, as decir, despues 

be Is reduccion Is mezcta its neacciOni resultante so agrega a o 95 combina con) 

on sisterna de solvents qua compounds tin alcohol C, -Cs) be cadena ramLticada 

tin hidrocarburo (01-C8). En one realization, at alcohol be cadena ramifloada (C1 -

C) as Lsopropano!. En one rea!LzaclOn, el hdrocarburo ç01-05) Sc seeccionia he 

bexano, heptarlo 
y 

octane. 

En una realization, despues as is combirradOn, es decir, daspuØs be Is 

reduccon Is niezcla he reaction resultants se arega a] sjsterrra be solvents an 

Un range de temperature be OCa 5DT, per ejemplo, be 0C a lOt. 

Si una raaiizadOn, el rnetodo coniprende edemas aisiar el aT menus Un 

compueslo be formula 4 an forma be on sOildo 0 be una composition sOlids. En 
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una reazadOn, el al menDs un compuesto de formula 4 Se precipite 0 SO aila 

coma un sal, como par ejernPio cualquier sal descrita on la presenle. 

En uris reelizadari, la composiciOn solida comproride un opimero do 04- do 

formula 4 an un eantidacj manor a 10% segUn deterrninado par cromatografia 

liquids Lie site resolucfrn. En Was restzaciOn, at epimero de C4- łstâ pres&nte 

an Uris cantidad manor a 5%, manor a 3%  manor a 2%, manor a 1% 0 manor a 

05%. 

En uris realization  to composiciOn abtida comprende eL al menos Un 

compuesto do fnnula 2 an one centidad manor a 2%, coma par eiernplo Una 

cantidad manor a 1%, o manor a 05%, segQn deternjinado per Is crornatografia 

liquids do site resolucLOn 

En una realizaclon, Is reduccion so puede realizar a wan escala. En una 

I realization, !gran escala" as ref ere at uso de al rnenos un gram as compueslo 

I do acuerdo con to formula 2, tal coma at uso deal means 2 gramos, deal meno 

5 gnannos, de al menos 10 gramos, Lie a! menos 25 gramos, do at moms 50 

I gramos, Lie al menos 100 gramos, do at menos 500 gramos. Lie al menos I 

k$logramo, deal menos 5 kilogranios, de al arenas 10 Icilowamos. Lie at nienos 25 

kiLogremos, Lie el menos 0 kilagrarnos ode al menDs 100 kiJogramos. 

I Otra realizaciOn revelada es un metodo pars preparer at nienos Un 
I compuesto do fOrmula 1, 

I "V R 
- OH 

-I 

a una Lie sus salea aceptables Data uso farmacŒLjtico. 

donS Ri y R2 so seleccionan, cada Una an tone independiente, do 

FlidrOgeno, aiquilo (C,-Ce) do cadena Lineaf y reriiificsda y cicloalquilo, o Ry y , 

)unto con N, forman un beterociclo; R as �WR3P4, donde ft y R4 Se seleccionan, 
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cade uno on forma indepordfanle, de hidrogeno, aiquilo (Gi-G4) lineal 

raMticado: y n oscila entre 14, 

I

 

qua comprende: 

I 
combinar, al rnenos, an agente redudor con tins rneoLa de reaccion, coma 

I

 

per ejemplo tins rnezcla de rescdOn, que cornprende tin intermediado preperado 

psrtir dv una reaccion entre, a! menos. Un agents nitrante y, a] renos, Un 

compuesto de formula 2, 

ON 

00 
omoso

 

o tine de sus sales pare formar tin segundo ntermediario 

hacar rearzisrar tambjer, of segundo interrnediario an Is mezcla de 

reaccion pare preparar el a! menos Un compuesto de formula I. 

En una realizacion, F es hidrogeno, R as t-buti!o, Ra es netilo, F. as 

roetilo y n 85 1. 

En una realiascion, of intermediario as at rnenos un compuesto de formula 

So tins de sus sales, ye! Segundo nlermed]ar]o as al mends Un compuesto de 

fOrniu]a 4 

R 

I OH 0 

4 

o una de sus safes, 

En una realizaciOrt, Is proxirna reacciOn on b) compreride acilar el segundo 

]nummeciaror En ails realinciOn, antes de Is ecilacian. of Segundo inlermediario 

as puede precip]tar o aislar en forma as sat. 
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cItra realization revelada or a presents es Un metodo pare preperar al 

menos an campuesto de fOrmula 4o una de sus sales, 

OH 0 CH 0 

4 

donde R= �NR3R4, donde R y R4 Se selecoLonan, coda uno on forms 

independiente, tie hidrOgeno aLguilo(CI-G4) de cadena lineal y ramificada, 

que oomprende: 

reducir Un in(ermediario de fOrmvia 3 0 Jna de sos sales, 

[4c006 a ] 

En Uris realjzadOn, el nlermcdiario de fOrmula 3 esth presente an one 

mezcla de reacciOri an suspension. 

En and realizadon, & paso de reduociOn comprende cambinar al menos an 

agents  reduceor con is mezcla de reacciOn. 

Otra realizaciOn revelada as Un metodo para preparar a’ menos Un 

Is cornpuesto tie fOrmula 1, 

a 
0 OH 

NH 

OH 

 

o una de sus sales aceptables pare use iarmaceutico. 

donde Rj y i as seleccionari, cads uno an forms indeperidienle, tie 

hidrOgeno, alquilo (CI -Cs) de cadena lineal y rarnificade y cicloalquilo, 0 Ri y R, 



23 

unto con N, forniari on heterociclo; R as -NRs, donde R y Rd Se seleccionari. 

eada uno an forms independiene, do hidrOgen&, alquilo (C, -C4) lineal 

ramiiicado; y n oscila entre 14, 

qua comprende: 

hater reacdonar of nisnos on agerlte nitrante Carl al menos tin cornpuesto 

de fOrmula 2 0 una de sus sales pare preparar una merda do reaction, 

R IN 

04 
WZ

 

54 Or OI C 

Ssin sisfar fos sOLidos de Is mazda do reaccLOn o sin precipitarLos, combiner 

a! menus Un agente reductor con Is mezefa de reaccian pars preparar Un 

ir?termathario )’ 
preparar of at mends un compueslo de formula i a partir del intermedisrie. 

Otra realimcian reveLada as un metodo pare preparar al menus no 

compuesto de formula 1, 

ON  N 
OH 

IN /?o 
OH 

(2 

0 una do sus sales aceptables pars uso farmaceutico 

Iparade Ri y R2 as seleccionan, cads are en forma independiente, de 

hidrógena aLquilo (CI -Ca) de cadene Lineal y ramificada y cidoalquilo, C Ri y 4 

I

 

junto con N, tormari tin heterociclo; R as -rJR3R4, donds R yR4 Sc Seleccionarl, 

coda urn en forma independiente, de hidrôgeno, elquilo (Cl-C4) lineal 

ramiticado; y n oscila once 14. 

quo commerce: 
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combiner al menus an catkzador qua contanga un metal del grupo VItI an 

presencia de hidrOgeno con uris mezda de reacciOn, Carlo par ejemplo, ucla 

merca de reacdOn an suspensiOn, preparada a parir de una reaCcion de at 

rienos un agente nitrante eon at menos un compueslo de fOrnitda 2 a via do sus 

sales. 

OH 

oil 

0 0 US  

2 

En una realizaciOn, el at mantra un catalizador qua contenga un metal del 

grupo VIII estÆ presents an una carload que oscrla entre 0,1 partes a I pane, Con 

respecta a Is cantidad de at menus un compuesto de formula z, presente antes de 

to reacciOn con at ai memos an agente nitnante. 
Otre raiizacion reyslada on la presente as una composidoni qua 

compren de 

at menos an compuesto de formula 4, 

MIN 

3s 
NMI

 

o Una de sus sales, 

condo R as �NRaR, donde % y R4 as seteecionan, code uno an forma 

independiertte de hidrOgeno 
v 

alquilo C-(34) do caderia lineal y ramificada, 

donde un epinieno de C4 de formula 4 safe presents en Una cantidad 

rnenor a 10%, segn detenminada par cromatografia liquids de site resoluciôn 

En una realizadOri, R as hidnbgeno, R as Wutilo, Rs as mewo, P as 

metiloyni eel, 
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ACILACION 

Una realzacion de ’a presents nvendôn propordona un metodo para 

preparer al menos tin compuesto de formula 1, 
\/ 

014 

una do sus sales aceptabtes pare use farrnaceutico. 

donde Rs y R2 as selecciorian, cada uno on torma ndependienta, de 

I hidrogeno, aiquito (C, -CU de cedena Jnaal y rarnificada, tel comb eiclolquLlo (C3-

06), a R y , junto con N, farmen un heterociclo, tar coma un anflo do 5 

membros; R as �NR3R4, donde R y R4 as seleccionan, coda uno an forma 

independente, de hdngeno, akluiJo (C, -C4 lineal o ramiticado: y n oscila entre - 

I 4, 

qua cornprende reaccionar al nienos un cQmpuesta do fOrmula 4:, 

0 OH NOI 

ON 

I ° 0 o,qo 
I 4 

a ta do sus sales, 

con at menDs un compuesto de aminoedlo an no media de reacdOn. En 

olra realizaciôn, el media de reacciOn se puede seleccionar de On media acuoso 

ci menDs tin solvents bÆsico sin una base reacliva. 

En una rvalizadOn el metodo pare preparer un compuesto do formula I as 

un metodo pars preparar tiQeeLcfina: 
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\z 

0 

NJ 

OH 
60 

Tigeciclina 

o una be sus sales aceptables pam use tarniaceutico. 

En una realizaciOn, Is  variable in as R1 at idrOgeno, R  as t-buIiIo, R4 y & 

son, cada uric, meo. En una rea}izaoiOn, la variable p esi, Ri y R2 an 

conjunto con IN, torman on grupo pirrolidinilo y Ha y R4 son, cars uric. nietilo. La 

sat del at menos on compuesto do FOm,ua 4 probe ser Una sal halogenacla, tal 

come, una sal dorhidrica. 

Et media do reacc?ôn puede ser in scivento seleccionado is Un soLvento 

aprotioc polar o one mezola be solventes. En una realizacion, of solvents aproffoc 

polar so sefecciona do aceLonfOio, 12 dimei  dimetilacetemida, 

dirneuformamida, hexametilfosforamida, N N’-ciimetilstilenurea, 

dimetllpropileriurea, cloruro de metiteno, NrnetftpirroLdinona, leparidarfuram , 

sus mezcLas. En otra realiaciOn, ci solvents apratico polar Se selecciana de 

acetontrilo, dinietilforramida, N,N4ime({letffenurea, N-meti!pirroiidinona, 

tetrahidroturano y sus mezdas, El el menos on solvents bØsico puede ser una 

mezcla de acetonitrilo y N,N’-dinietilpropilenurea. En ofra realfraciOn el of menus 

on soLvente bsiw puede 5cr una rne,da de aqua y N,N’-dimetilpropilenurea. Y 

an otra realizacian, el ci mends on solvable bsfco as NN-dimetilprcpienurea. 

El media S roaccion puede ser on medic acuoco. En Ora realizaciôn, el al 

menos on solvente bªsico an ausencia de  one base as ague  En otra realfi 

of media do reacciOn quads ser al menus on solvents bàsioo sin one base 

reactiva. On solvents bâsico as on solvents quo puede aceptar, parcial 

totalmente, on protOn. Un base reactiva hace referenda a one base due so 

agrega al cornienzo do Ia reaccion, an forme simultªnee 0 consecutive, con of al 
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menos un cornpuesko do FOrmula 4 y el al maned un compuesto de aminoacilo 

que puede aceptar, pardal a totarmene, in protOn. Una base reaotWa tamben 

hace referenda a and bass qua Se a9rega durante a reacctOn. 

El of rnenos un compuesto de aminoacilo Se puddle seleccionar de haLuros 

do an,inoaco, anhdridos do aminoacilo y anhidrido de aninoacilo mezolados. 

En una realizadan, el compuesto de aminoaciro as of manors an haturo de 

aminoacilo de Formula 6: 

una de 502 sales, 

donde Rj y R2 se seleocionan, code one an forme indepsndiente, de 

hidrOgeno alquLo (Ct-C&) tie cadena lineal y ramificada y cicicalquilo, 0 Ri y P2f 

unto can N. forman un heternoicco; n oscila entre 14; y donde Q as on halOgeno 

selecdoriado tie fluoruro, bromuro, cloruro y yoduro. 

En otra reaiizadØn, 0 as cloruro. La sal del compuesto de Formula 6 as 

puede seleccionar do una so( halogenoda. Las sales balo9enadas son cualquier 

sal formada a partir tie la interacdOn con on anion hatO9enO, of come one Sal 

c$othiduica, one sal bromhidrica y un Sal yodhidrica. En una realizeciOn, Is sal 

ha(ogenada as une sal dorhdrica. 

El al mares on haluro de aminoacilc, de FOrmuia 6 so anode Qbtener per or, 

metodo qua coniprende: 

A) hater reaccionar a) moods no compuesto tie fOrmula 7: 
0 

OH A 
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o one de sus sates, 

con al metros urta amina, R1RzNH, pars preparar at nenos on dodo 

carboxilico, 

donde Ri 
y 

R2 so seleccionen, cads onto on forms independiente, de 

hidrogeno, atquJo (Gi-C) de cadana lineal 
y 

ramtftcada 
y 

chcloalquilo, 0 Ri 
y 

Rz, 

unto can N, forman on heterootclo X as on hatogeno seleccionado do bmmuro, 

I cloruro, fluorura 
y 

yoduro, Ass -CR& dDnde Rose setecciona de aiquilo (Gi-C) do 

cadena tineal o rarnificado 
y 

atqijlarLlo, tal coma arilaiquito (Ci-G), par eempIo 

donde arilo as feni(o; n oscila entre 14 
y 

I B) tracer reaccionar of at menos on Æcido cerboxftico con at menos Un 

I agents de cJoradOn 
y 

proporcionar at menos on compuesto aminoacilo de 

I 
Forniuta 60 une do sus safes. 

I En una reatizacion, Ri y R6 pueden ser, coma uno, obufffu. En are 

I reatizacion, Ri 
y 

R2, junto can N, pueden briar on heteroctelo, tel Coma 

pirroridina, 
y 

R pusde ser arijalquito, tal come bencjlo, En otre realLzaciOn, n As 

one. En otra realizacian, Xes bromuro, 

En otra realtzaciOn, et at nenos on ester de fÆrmu]a 7 as une Sal 

clorhiddca. Un e,cceso de amha R1R2NH comparado con el ester de Formula 7 

I puede estar presents an Is reacciOn para preparar at mamas on acidQ carbo4ico. 

En one reaIizaciar, of ci manna on agente de cloracion puede ser ClorurD S 

tionijo. En Otis rsatizacton, Is reacdOn del at menos on âcido carboxitico con al 

trends on agente do ctoracior1 induye at agregado do awe cant?riad catatitica ic 

dimetilformamida. tin exceso do agente de doracian del at menos on Æcido 

carboxUicc puede estar presente an to reaccion pars proporcionar ci mends on 

compuesto S aminoecilo de FOrmula 6. Cuando as arilaIqLiiJo, at arilaiquilo dot 

at moons on compuesto Ic Formula 7 Se puede segmenfar per niedic S 
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h]droganadOn dspues de ’a reacciOn con to e[ r,ieros one amins pera 

proporcionar at at rnenos on ªcido carox(L]co. 

La reaccian del at menos on acido carboxjlico con on egente de cloraclon 

Se puede real]zar a una tempecatora on el rango de 550C y 85°C,  come per 

ejerpp]o 80°C y 85°C y, tarnbien, 5C. En one res]izscidn, una cantidad edicional 

de agents de cloracLOn Se puede agregar a La reaecLOn pare completarla, come 

per ejempto! pare tograr e] n]vei do Æddo carboxilico menor a 4%. Despues de I 

reacciÆn del at menos on Æcko carboxilico con el at manes on agente cia 

c]oraciOn, Se puede hurst to suspen]On resultante data eliminar sales, tale coma 

sales clorhidrices de thutilarnina Bl haluro do aminoad!o de FOrmula 6 as 

puede aislar come one sal de I-ICL a tratar con on âcido inorganico, tel come Æcido 

c]or]iidrico, pars preparar una set de haluro de am]noacLlo. 

En otra realizacian el at manes on haturo do sminoacLic de FOrn1u]a B so 

puede obterier par on metodo qua comprende: 

reaccionar at maclos up àcido carbox]]ico de formula B: 

R/ 

0 one do sot; sa’es, 

donde F� Se se]ecciona de a]uu]o (CiCa Lineal a rarit(?cado, y 2 osci]a 

anita I , 4, 

con a’ nienos on agente do cloratiOn para pmporcionar on haluro de 

arninoaciLo de Formula 6 a one do sus sales. 

En otra TeaLiZaCJon, el a] rnenos on acido cerboxilico do FormuLa 8 as una 

sal halogenada, tel coma, one sal ctortiidr]ca. El tlempo data hater reaccionar aI 

at menos on compuesto de Formula 8 con at menos on agerito do cloraciOn puede 

verar entre I a 50 horas, como pot eempJo entre 2 y 45 hares y tarnbien care I 
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3 horas. El a] menos on acidn carbnxILco de Frrnula 8 puede terar on tamaha 

be pasiloula rnerlor a 150 microrIe, coma par ejeniplo manor a 110 micrones y, 

tanibjØn, varier entre 50 ’j 100 rnicrones. Un compueso de Formula B quo hone 

determinado lanao he particutas so puede oötener mokLendo el compuesto. 

Hadar rsacdanar at means on compueso de FOrmula 4 con SI al menos on 

compuesto do aminoacilo $o puede Ilover a cabo on un rango do hemperatura do 

0°C a 30CC. came per eenipIo be 2000 a 260C, do I0C a 170C, be VC a 6C y, 

tamben, de 2C a 6C, Ef Lempo de reaccOn prsde estar an el range be I hors a 

24 hares, come par ejernpko, do 0,5 horas a 4 hares y, tarnbien, be 2 hares a B 

hares. En fa reaccion, so puede usar on exceso be compuesto do alTlirloacilo 

respecto de Is cantidad do an compuesto do FOrmula 4 En una realizeciOn, el 

exceed pueS ser do $ equlvalentes del compuesto be arninaneilo par caba 

equivalents del al manes Un compuesto do Formula 4. En otra realfzadOn, La 

proporciOn del medic acuoso y of al maned on compuesto de FOmiuka 4 puede set 

do  a I lop eS a 1 an volumen. En one realizaciOn, el campueso do arnnoaco 

so ircorpora an n 55 combine can Is soluciOn del at manes on comnpuesto do 

FOrmula 4 an on media acuoso. 

En one realizadOn, bonds el media be reacciOn as on medic acuoso, of pH 

del media scuoso as puede austar at pH Cr, of range be 4 y 9, 00010 par ejemplo S 

7,5; 6,3 y 67; 7,0 y 7,5 y tamben haste 72. Se puede incorporar agus anted 

be austar el pH. Ajustar el pH quads mp!icar el agregado de one base, quo 

incluya, sin limiterse a etLos, hidrOxidQ do amonio. La concentración be hidroxido 

be amonio puede variar erttrc 25% y 20%. En We resLizecion, on acido, tal coma 

on Acido clorhidrico, se puedo ussr para ajustar of pH. EL media be reacetOn 

durante ot ajuste del pH puode eslar an un range be temperature be 5C y 25CC, 

coma par eempLo Sty 8C y, tambien, Q'C y 500 



Despues del ajuste del pH, a! manes Un solvents orgartico o rnezcia de 

solventes as puede agrear al media acuoso. Ins one realizaciOn, la al menos are 

mezola organics de soiventes puede comprenden metanol 
y 

cloruro de metileno. 

La concentraciOn de metanol puede ester an el rango de 5% y 30% Ia cual 

induye, sin limitarse a ello, ci range de 20% 
y 

30%. En atra realizacion, ci a] 

menas un solvents organics a mezcla de solventes comprende tetrabidrofurano, 

La temperature de Ia mezola puede varier entre 15°C 
y 

25°C. 

En LJrla realjzacjOn  el media acuoso se puede extreer CDn una mezcla de eL 

menos un solvents polar prOtico 
y 

al menos wi solvents aprOflco polar. En una 

reaiizaciori, ci el manes un solvente aprOtico polar comprende cloruro de rnetilsno 

ye! al mares Un solvents polar prOtico comprende material. En are realiiaciOii, 

el media acuoso Ce extras can al menas un solvents aprOtico polar, to[ coma 

cloruro de meliLeno. La sxtracdOn as puede Ilevar a cabo an un range de 

temperature de -5°C 
y 

25°C, tambien entre 0°C 
y 

5°C. En otra reatizacidri, el ph 

del medic acuoso Se ousts al range de TO 
y 

’5 coma par ejemplo 7,2, despuØs 

as Is sxtracciOn El proceso as extracciOn se puede repair, par ejernplo, hasa 

unmaxima de 10 varies. 
En 

una rea(izacir5n, (Os extracros orgànicos combinados so pueden tratar 

con up agents secanre, all on,o, sulfato de sodio. Los extractos organicos 

{ambiØn se pusden tratar can carbon vegea), tal coma Nadi CA-I. Los sOLidos so 

eLiminan par fihiraciOn 
y 

asi Se obtiene one solucion. En una rea!izacian, Is 

soludOn Se puede concentrar a tin de proporcionar el cornpuesto de Formula 1. 

El compuesto de FOrmula I obtenido par reacciOn Se puede cristalizar an al 

rnerlos un solvents organico a mnezcla de solventes. En una realizaciOn, la al 

msnos una rnezcia arganica de solventes comprende material 
y 

cloruro de 

nietileno. La oristalizadOn puede ocurrir, par ejempio. an un range do 
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temperature de -15CC y I550C  corro per eje,npp 0C y 15CC y, IambiØri, 2C 

En otra reaLizadon, despues de Is extracciori, Is mezoLe organice 

resullantes de al trends un solvents polar protico yal mends Un solvents aprOtico 

,olar Sc puede concenfrar a fin de prOpLVCiDnar una suspersiOn y so puede filtrar 

pare proporcionar al menos un compuesto to Formula I. La concentradOn 

tiltraciOn puede, por ejemplo, ocurrim a 0C y 54C, 

On rnetodo pare preparer un compuesto do FOrmula I so puede realizar 

usando mâs its 5 grants do amine do Formula 4,  come par ejeniplo mM do 10 

gramos, mas de 50 grams, mae de 100 grants, mas do 500 gramos, mes do 1 

kilogramo y, tambien, miss 10 kilogramos. 

Una realizacion revels un compuesto preparado par medjo de cualquiera 

de los malodor; descritos aquj incluso -sip limitarse a elLo- on conipuesto do 

Formula L un compussto de FOrmuia 4, ur compuesto do Formula �, un 

conipuesta do Formula i, un compuesto de FOrmula 8 y are sales. Dire 

reatizaciOn ncluye una composidOn quo comprende Un compuesto preparado per 

media de cualguiera de los metodos descritos an Is presente. La composicion 

puede compronder, edemas, on vebiculo acepteble para uso farmaceutico. 

En una realizeciOn, la composicOn puede comprender oP at manes un 

compuesto de formula I: 

� R 

Formula I 

one Is sus sales aceptables pars use faniiaoØutim 

donde n as 1, RI y R2, junto con N, tormen un grupo t-butilo, y R3 y R4 

son, coda uric, metilo. En una realizaciOn, Is cornposiciOn puede comprender al 

melts in compuesto its formula I: 
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R 

H N 
NHz 

ON 0 

Formula I 

0 una de sus sales aceptables pare uso farmaceutico, 

donde Ri y ft1 as seleccianan, cada uno or, forma independiente, de 

bidrageno, alquilo (Ci-C) de cadena Prreao y ramiiicada y cicloalquilo, C R y ft, 

unto con N, forman un (ieterocicia; R es �NRR4, donde R yR4 $9 soleccionan, 

cads uno an forma indelpenaiente, de hidrOgeno, alquijo (Ct-C4) lineal 

raryilficado; y n OSCL(a entre 1-4, 

as menor del 0,5% del ep(mero de C4 del a? memos Un compuesto de 

Formula 1 a una sal eceptable para use farrnaceutieo. 

En otra realizaoiOn, Is coniposicion puede comprender Ti9ec4ina: 

OH 

Mc 

Tigecioliria 

una de sus sales aceptables pars uso farmaceul?co, 

menor a 0.5% del epirnero de C4 de flgeciciiria a Uris do sus sales 

aceptabLes pare uso farrnacØutico. 

SEn una realizaciOn, el compuesto as Formula t preparado par cualquiera 

de los metodos descritos an Is presents contiene menos de 10% do impurezas, 

seg(in lo determinado per Is cromatografia liquida do ails resoluciôn , coma par 

ejempLo menos de 5% do impurezas, mends de 2% do impurezas y, lambroln, 

nienos de 1-1,4% do impurezas. En otra realizaclori, el compuesto do Formula I 

contiene un epimero de C4 an tins caritidad menor 5 1%, seam lo determinado 

par Is crometografla liquids de elta resoluciOn, comb par ejemplo menor a 0.5% 

del epimero de C4 y, tambien, manor a 0,2% del epimero de C4. En una 
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reatizacLOn, at conipuesta do (Orrriula I coruLene rnenos del 1% de r,inocicltha 

segtn to deterininado par Is cromatogratia liquids de alto rendimiento, conic par 

ejemplo 0,6% de minociclina, En otra realizaclOn, el compuesto de Formula 1 

contisne manes de 5% de dicloromatano, coma par ejemplo rneno del 2-3% de 

diciorometano. 

Una realizaciOn de Is preserite invencion proporciona un metodo pare 

preparar a) menos un compueslo de formula 1: 
\/ 

R 

Ri C 11 
OH 

HN 
N H 

H 

 

Formula I 

one de sus sales aceptables pars use tarmaceutico, 

donde R, y R2 se selecdonar,, cads two an forma independiente, de 

hldrageno, alquilo (Gi-Cc) de cadena lineal y ramiricada y ddoaquilo, a R, y ft. 

unto can N, torman un heterociclo; R as �NR3R4, donde ft y R4 as seleccionan, 

cads uno an forma independiente, do bidrOgeno, aiquilo (CI 04)lineal 

ramficada; y n oscils entre 1-4, 

quo comprende: 

hater reaccionar al means no aente nhtrante con at menDs un compuesto 
łe formula 2: 

I. 

Me 

I 

OH 

Formula 2 

una do sus sales, 

para preparer una suspension as rrezoLa de reacciOri qua comprenda al 

rnerios on campuesto de Formula 3: 
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ON 

02N 
0 

We 

ON 0 OHO 

Formula 3 

o una do sus sakes, 

combiner at menDs un agente Suctor con a suspensiOn de mezca be 

reacciOn pare preparer al menos L  co,puesta de Formula 4 

OH 

NH2 

I II L oH 0 ON a 

Formula 4 

o one do sus sales, 

hater reaconar at at menos un compuesto be FOrmula 4 con al nienos un 

cornpuesto do amLnoaclo an un media do reacoiOn seleccionado do ur media 

ecuoso, y al menDs un zalvente basico sin ups base reactiva. 

El compuslo do formula I preparado par me&o do dicho mØtodo puede 

ser tigecidina. 

Otto realizaciOn do La presents irwencion prOpOrcOna an nØtodo pare 

paperer al manes an eompuesto be fOrmula 1: 

B 

00 04,

 

Formula 1 

o ucia do sus sales aceptabkes paja use farmacutico, 

dandle Ri y Ft so seleccionan, coda uno an forma independLente, do 

hirOgeno, acquilo (C, -C) do addend lineal y ramiiicada y cicloalguiLo. 0 Ri V 

junta can N, lorman un heterociclo; R es �NRR4, condo R yR4 se seleccianan, 
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cada uno on forma independiente, de Ilidrogeno, Aquila (Ci-C4) lineal 

ramificado in oscila entre 14 

que comprende: 

combiner al Manor; un agente reductor con Is suspension de mezela do 

reacciOii qua comprenda al moors, un compuesto de Formula 3: 

ON 

OaN 

ON a ON 0 

Formula 3 

o una de sus sales, 

pare prepare al menos No compuesto de Formula 4: 

ON 

ON 
Fl; N 
J ha 

ON a OR o 

Formula 4 

o una de sus sales, 

bacer reaccionar el of menos an compuesto de Formula 4 con al mends Un 

compuesto de aminoacilo an un media de reacciOn seleccionado do un medio 

acuoso, y al memos un solvente basico sin una base reactive. 

En otra realizaciOn, of compuesto do formula I preparado par medic de 

dicho mØtodo funds ser tigeciclina. 

PURIFICACION 

Una realizaciOri do Fe presente invencion proporciona un metodo pare 

purifpcar al memos on compuesto de FOrmula 1: 

Formula 1 
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o una de sus sales aceptables fare usc farmacØutico 

doncle ft y R2 so seleccionan, code uno on forma independents, de 

bidrOgeno, alquilo (Cl-CO) de caderia lineal 
y 

ramificada 
y 

cicloalquilo, a Ri 
y R2, 

unto con Ni fDmlan un beterociclo; R as �NlRaR. donde R3 
y 

H4 Se seleccionan, 

cads uno en forma independents, de tiidrógeno, aiquilo  (Cl-C4) lineal 

ramificado; 
y 

n oscila ontre 14, 

quo comprende: 

combiner el at menos un compuesto de Formula I con al menos un 

solvents aprOtico polar y, at menos, un solvents prOtico pout proporcionar una 

primers mezcla, 

Smezclar Is primate mezcla dLjrante at menos un periodo de tiempo de 15 

minutes a 2 tiaras, par ejemplo, an un rango do temperatura de 0°C 
y 

40°C, 

caterer of menos un compuesto do Foram Is I. 

SegUn as use an la presents, el tºrmino ’obtener hare referenda a Un 

compuesto con un rival de pureza Util, par ejemplo, sin llmitarse a ello, niveles de 

pureza rnayores a 90%! 95%, 96%, 97% 98% 
y 

90%. El rival de pureza so 

made determiner par media de cromatografia liquids do alta presión. 

En una realizaciOn, of metodo para purificar al menos un compuesto de 

FOrmula 1 incluye los pasos de: 

cornbinar at at menos un compuesto do Formula I con al menos up 

solvente aprOtico polar y, al menos, un solvents prdtico pars proporcionar use 

primera mezcla, 

mezolar Is primers mezcla durante un periodo do tempo an un rango de 

temperature do 30°C 
y 

40C, 

enfriar Ia primera mezela a un rango de temperature de 150C 
y 

25°C 

dejarla reposar sin mezclar durante un segundo periodo de tiempo, 
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enfriar to priniera rnezcla a in range de temperature de 0°C y 6°C y dejarla 

reposar sin mezclar duranle on segundo periodo de tienipo, 

obtener at nienos un compvesto de FOrmuLa 1 

En one realización, el meodo puede incluir al menDs on compuesto de 

Formula I donde fl as 1, R  as bidrOgeno, ft as t-butitn 
y 

R3 
y R* son, cade una, 

metilo. Otto realLzaciOn ircluye at menos on compuesto de Formula i, donds 

near, 
y ft an contents con N brian on grope pirrolidinilo 

y 

Rs 
y 

P4 son, 

code and metilo, El ci menDs un compuesto do Formula i qua as combine con 

el at rnenoe on solvents aprOtico polar yel ci menDs on solvents polar protico 

puede star an forma de sdlido, lechada, suspension 
y 

one solucioni. 

En una realizadon, el at menos Un solvents aprOtico as pumps seleccionar 

de acetone, I ,2-dicloroetano, acetato do metilo, rnetil etil cetons, metil isobutil 

cetona, doruro de metiLeno 
y 

acetato de stile. Er, otra realización, el a] nienos un 

solvents aprótico polar so puede seleccionar its acetone 
y 

cloture de rnetileno. 

En otra realizaciOn, at at rnenos on solvents polar prØtico se pusde selecoonar do 

material, atonal, isopropanol 
y 

tbutanol. Y an otra realizaciOn, ci ci menas on 

solvents aprotico polar puede ser metanol. 

La Qombinacian del a] riienos un solvents aprOtico polar ye] at menus on 

solvents War prOtico puede incluir acetone 
y 

metanol. Otto realizacion 

propotiona one combinacyOn del ci rnenos Un solvents aprk5tico polar, cloture de 

metileno, 
y 

el a] menos un solvents polar prStico, rnetanol. Yen otre realizadOn, 

Is combineciOn del a] merios on solvente aprOtico polar yet at nienos on soivenfe 

polar prOtico puede incluir puede incluir acetate de metilo 
y 

metanoL, El 

compuesto de Formula I puede, per ejemplo, ester combinado con vol(imenes 

guales del 4 mares Un solvents aprOtico polar 
y 

el ci menos un solvents polar 

protico. 



En una rea(izaciOn, Is primers mezoja se pijede riezelar, par ejemplo, 

durante un primer periodo de tiempo an el range de 30 minutes y 2 hares, ounce 

Is temperature puecie varier entre 15°C 
y 

25°C, luego durante an segurdo periodo 

de tiempo qua vane entre 30 minutes 
y 

2 horns, donde lee temperatures pueden 

variar entre 0°C 
y 2°C. En una realización, el primer periodo de tempo y el 

segundo periodo de tiernpo son cia ucla hone, En una realization, el metodo 

puede comprender mezclar as pnirnere mezcla durante al rnenas un periodo ale 

tienipo que oscile entre 30 minutes 
y 2 bores a un range as temperatura de 15°C 

y 

254C, luego ftftrar Is primers mercia y obtener, de esle mode, an solido. El 

mØtodo puede comprender combiner or solido con at memos un soLvente aprOtico 

0 polar y, al manes, un solvents polar prtico, par eempIo en vokLmenes iguales, 

duranle an primer periodo do tempo qua vane entre 30 minutes 
y 

2 horas a un 

rango de temperature de 15°C 
y 

25°C 
y 

luego filtrarlo a fin as obtener wi se9undo 

sôlido. En otra reetizacion, estos poses de cQmbjnado 
y 

flitcado Se pueden repetir 

entre 2 
y 

15 veces, 

El n,etodo pars purtficar un conipuesto its Formula I puede CQmprendOT 

ademas obtener un soitdo de Is pnirnera mezcIa 
y 

combinar or solido can ci menos 

an soivonle polar notice 
y 

at menos on solvents aprOticci polar, 
y 

351 obtener una 

segunda mezola. La segunda n,ezcla puede, par eernp!o, comprendar nielanol 
y 

ctoruro de metUcno an una relaciOr, an voUmen an or range de nietanol: cloruro de 

S metilena its 1:5 a 1:15. En una realization, la segunda mezola se puede mezciar 

an an range de teml,eratura qua oscile entre 30°C 
y 

36°C 
y 

Juego Se puede filtrar 

pare obtener una soludón. En otra realization, Is corcentraciOn del solvente 

polar prOtico de Is solution se puede reducir a on nveI per debap del 5%, 
y 

Is 

sofucion se puede mezclar, par ejemplo, a in range de temperature de 0°C 
y 

6°C, 

durante an periodo de tiempo, par ejemplo, que vane entre 30 minutos y2 bras 

antes del f’ltrado. 
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En urla realczaci p. so puede mezclar a primera mezcla durante an periodo 

Os Iiempo cue osoils entre 10 y 20 nhinutos, per eempla, 15 mthutos. En una 

realLzacian, entriar Is primers mezcle a un rango de temperaftua de 15°C y  250 

delarla reposar sin niezclar pueden suceder aureole an segundo perlodo de 

tiempo quo oscle antic 30 minutos 
y 

3 hands, per eempIo entre I hard 
y 

2 hares. 

La primera niezola se puede entriar, tarnbiØn, an an range as ternperatura do 0°C 

a 60C 
y 

so puede dejar reposar sin mezclado durante an tercer periodo de tiernpo 

qua oscile entre 30 minuos 
y 

2 bores pot ejernplo, 1 hard. 

La obtenniOn del compuesto de Formula I puede incluir tiltrar cualquier 

mezcla desorits aqul a travea de un filtro seqeodonado do tilfros reducleres cia 

$ 

pfrOgenos 
y 

filtros clariiicadores. 

Como so revela an la presente, el merciada puede Ilevarse a cabo 

utilizando un dispositivu meoÆnice de mezelado, par eemplo un mezclador o 

egitador, El mezctado tamblen puede efectuarso par solubilidad del compuesto de 

Formula I en al sistema de soLventee. El aumento de la temperature puede 

aurnentar la solubilidad. 

En una realizacion, cuando of mends an compuesto de Formula 1 ye a 

combinare con al mends no solvente apr6co polar 
y 

al memos an solvente polar 

prôleo, p1 al menus un compuesto de Formula I puecie utilizarse an forma de sal 

aceptable pare usa farmaceutico del rnismo. Cuenca al mends Un compuesto de 

SFOrmula I se obieno orrio producto del mØlodo de la invenciOn, e[ al nienos un 

compuesto de Formula 
i puede recuperarse an forrna de sal aceptable pare use 

tarmacŁutico del n,ismo. 

En otra reaLiraciori, cuando an compuesto de Formula 
i Se obtiene par ci 

mØtodo do acuerdo con la invenciOn, ci compuesto puede convertirse an una sa 

aceptable paid use tarrnaceutico del misrno par agregado ic un Øcido. 
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En an rea!izaciOn, ci at means in compuesto de ForrnuJa I panda ser 4S -

(4a, I 2aa)1-47 -bis(thmeti(amino)-9-cC(t-butilamno)acelamh,o 

I 4,4a5,$a,6.I I ,I2aoctaritdco3, 10, I2,I2a-tetrahidrox-1I 1-dioxo-2-naftaceri-

carboxamida, coma sales aceptabies pare uso farmaeeutico, par eemplo, sal de 

HC. En an reaizadOn, el ci rnenos an compuesto de Formula I puede ser [4$-

(4a, I 2aa)H7-Ris(dmetlamino)-g-[(pirroTidLnil)acefih1amno1-I ,4,4a,5 ,5a,6, 11,1 Za-

octahidro-3,10, 12,12a-tetrahidroxi-1 ii -dioxo-2-naftacen-caroxamda, coma 

sales aceptables pare use terrnaoeutico, par ejemplo, sal de HCI. 

Un metodo pare purificar al menos an eonipuosta do FOrmula I puede ser 

an mØtodo pars puriticer tigeciclna, qua comprende: 

5 combinar tigeccf[na con af demos on solvente aprOlico polar 
y 

a! means on 

solvents pratico y, asi. proporcnnar inc phmera mezcla, 

rnozctar a pclmera rnezcia durante al menos an periodo do tempo de, par 

ejemplo, 15 minutes a 2 bores 
y 

on on range de temperature de 0°C 
y 

40°C, 

obtener Is Ugeociina. 

La tigectclina que se combine con et a’ means an solvente aprOtice polar 

ci at menDs an solvents polar prOtico puede ester an forrna de sOlkJo, lethada, 

suspensiOn 
y 

aria soLucion. En one reallzaciOn a ttgeciclina obterilda a party del 

metanot puede contener menor de 1% oaf epfrnero do C4 do t$gedcltna o aria Sal 

farrnaceutican,erite aceptable, segOn h deterrninado par Is cromatagratia !lquida 

S do atta resoluciOn (HPLG). 

8 al rnenes on compaesto de FOrmula I obtantdo par ci m&odo ponds 

contener menos do 3,0% rio irripurezas, segn lo determinada par HPLC, par 

e)emplo means do 1,0% do inlØurezas, par eemplo manes do 0,7% de Lmpurezas. 

En otra reelizacion, el al moms an compuesto do Formula I puode contener 

manna de 2% del epimero dc C4 del compuesto do Formula I 0 una do mis sales 

aceptables pare use farrnaceutico, segn la determtnado par HPIC, come por 
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ejemplo menor al 1% del epn1ero de C4, por eemplo menor al 0,5% del epimero 

de C4. 

El metodo 1 Se puede reazar usando mM do 5 gramos do amhna de 

Formula i, coma pore5empio rnàs de 10 gramos màs do SO gramos, màs de 100 

gramos, mM de 500 gramos, mans de I kilogramo y, tambien, mÆs 10 kilogramos. 

1kw realzadOr, revels url compuesto preparado por cuaIquera de los 

metodos deschos an Is presents. inclusa -sin !irnitarze a sIlo- Un compuesto de 

Formula I y t]gecLclina, Otra reaLzaoion iricluye ucla eomposiciôn due comprende 

Un compuesto preparado por media do cuacquiera do los inØtodos descritos an a 

preserite. La composicion pusS comprender, edemas, up vehiculo acepteble 

para Use farmaceutico. 

En ura reafizaciOn, a coaiposjoon puddle comprender el a! mends Un 

compuesto de formula I 

:>N 

Formula I 

o una de sus sales eceptables para us* tarmaceutico, 

condo n as I, R, es hidrôgono, S2 at t-butilo, 53 y R son, cede uno, rnetiko. 

Una rea!izacion S Is presents invenciOn incuye Un rnØtodo pats pi-eparar 

al menos un compuesto do formula I: 

R 

a 
OH 

: \ 
N H2 

Formua I 

o ucla do sus sales aceptables pare uso farmscoubco, 
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dcnds At y R2 as sIecciorian, code uno an forma ince,ecidertte, do 

hidrOgeno, aiquilo Ci-C) be cadena lineal y ramilicada y cicrosiquiro a Ri y f, 

junto con N, forman no heIerocio R as �N5R4. donde F, y R se seleccicrian, 

cada uric on forma independLente, be hidrOgeno, afquiro (C, -04j lineal 

racnLtcado; y n osc$a enlre 14, 

clue compreride: 

hacor Teacconar al menus Un agents nitrante con at menus up compue&o 

be formula 2: 

Formula 2 

o Una be sus sajes, 

pars proparar on mazda be reacción, tl come, una  suspension de mezcla 

do reaccion, qua comprenda un interniediaria, come par elempto at menus Un 

compuesto do EOrmua 3: 

0 OH 0 

� FórrnuCa 3 

o one be sus sates, 

combiner aL menus an agonte reduclor con Is suspension de Mazda be 

reaccion pars preparer Un segundo Lntermediario, coma par ejemplo at menus Un 

compuesto de Formuta 4, 
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OKOH g 
0 OH 0 

Formula 4 

Dune do Bus sales, 

hcer reaccionar el segundo intenneciaro Carl aT menos Un conapuesto do 

sr,iinoedlo en on media de reacciOn pars obtener al rnenos an compuesto de 

formula t En una realizeciOn eT media de reacOOn so selecciona do on rnedLo 

aCUOSO y ST mimes Un sorvente bas;co sin twa base reactiva. Entre los paos 

adicionafes Se ncLuye, par eempTo, al menos uno do lot siguientes: 

conibinar el al menos in compuosto rio Formula i con al menos an 

saLverie aprOtico polar y, al menDs, on solvente prOtLco pars proporcionar uric 

primers rnezcla, 

mezclar a primers mezola durante at rnenos on periodo do tempo do W 

minutos a2 Tiaras, par ejernplo, an on range do temperature do 0°C  y 40°C, 

caterer at manna on compuesto do EôrmuTa 1. En tins realizaciOn, 

cuelquiera do Its LntermediarLos do Los rnetodos rev&ados as puede obtener par 

aislamiento a precipitecion. En otra reaLraciOn, dos a rnas pasos de los rntodos 

revelados son prooedfmlentos de uii recTpLenr&. 

Otra reafizacidn do a preserite invention induye Un rnetodo pars preparer 

ST menUs on COfl1UOSQ do formula I: 

:1.__ 

Formula I 

Uris do SUS saTes aceptables pars uso tarmaceutico, 
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dandle R, y R2 Se se!ecdonan, cada uric an forma ndeponbiente, de 

hdrogeno, aiquilo (CI -C6) be cadena lines( y ran’iffeada y dciaaPqtho. a R, y Re, 

Juno con N, fornian un heterodcIo fk es �NRRt donde Ri y R se seecconan, 

code two an forma ndependiente, de hidrO9enD, aiquic (CI-C4) nneal y 

rarnificso y n osdpa 9ntre 14, 

quo comprende: 

conithnar & mencs un sgente rductor eon una mezda de roacciôn, conic 

par eempto un suspensOn de mezca do reacelOn, qua comprenda, at menos, un 

cotpuesto Oe Frxrnua 

3OH

 

Fórmuca 3 

uria as sus saes, para preparer al menos up interrnedfario, lot conic Un 

compueso do FOrmu!a 4, 

Hj 

0 OS 0 

Formula 4 

0 ur,a de sus sales, 

hcer reacdonar el intermedario con eL menos Vn conipuesta be 

am,noauD en un media de reacoLon selecctonado do un medo acuoso paid 

obtener e! cornpuesto de FOrmula 1, En una realizacton, & cnSo de roacesOn so 

puede seleccione, de al menos un olvente bsTco sin una base reaclha. Entre 

as pesos adictonales so incluye, per ejeniplo, al menos uno do los siguentes 
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cop,bnar a) al rnenos on compunto de EOrmua I con al nienos Un 

solvente aprót$co polar y, at manes, un solvents prdtio pare propordoriar une 

Primers mezela, 

niszclar a primers mazda durante al menos un percodo de tiempo de 15 

minutes a 2 haras, per ejernplo, an un range do temperature de 0C y 40’C, 

obterier ai maclos tin compuesto de Formula 1. 

Otra realizacOn cia is presene nvenc6n ncLuye un mAtodo pars preparar 

at menos on compuesto de formula 1: 
\q/ 

0 
OH 

COfai 
HIN 

’??OHOO, 

1% 

Formula i 

o one do sus sales aceplables pare use farmaceutico, 

c!onde R y R2 se seleccionan, cada uric an forma ridependiente, de 

hidrOgsno, acquflo (C,-C do cadena lineal y ramificada y acloairl a R y ft, 

junto can N, tormen on heteraciclo; R as �NR3R. deride 1k3 y FRU Se selecconan, 

cads uno an forma indoperidionte, do hidrogono. alquhlo CrC4) lineal 

ramiicado y n osciha entre 14, quo comprendo: 

reaccionar at mertos un compuesto do FOrmula 4: 
\ y’ 

00 
HZN 
41;1; 

Formula 4 

o una de iz sales, 

tonal mends un compuesto de emirioacilo an urt rneckio de reacciôn,  per 

ejempjo, seleccinnado de un media acuoso, y at menos on solvente bàsico sin 
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una base rectjva. Enre las p0502 a&c$nnales Se Suede incILlir 31 rilenos uric de 

los siguLentes 

cornbimr el al menus on compuesta de FOrmu!a I con al nienos on 

saverite aprOico polar y, a menos, on solvents prOt(co para propordenar una 

primers nieZca, 

rnezclar IS primera niezcla durante al manes un perlodo de tieropo do 15 

minutes a 2 horas, par ejernplo, an on range de temperature de 0°C 
y 

40°C. 

obener a! menos in compuesto de F6rmua t 

Cuaquiera de estos mØlodos reveledos para preparar tin compuesa de 

Formula I ponds ser on netodo pare preparer tin compuesto be Formula 
i 

donde n as 1 R, as hidrOgeno, R2 as I-buWo 
y 

R3 
y 

R4 son, cede uno, meTho. 

CQUPOS!CIONES FARMACaIJTICAS 

La frase cornposiciOn Jarmaceutia segUn Se use en fa presente es L1fl0 

coriiposioiOn mediciriac. La compostiOn farmaceutita puddle contener Cl nienos 

Un vehiculo aceptable para Use farmaceutico. 

La tress ’excipiente aeptable para use farmaoeuticc tel conio as use an 

IS presente hace reterencia a vehiculos Iarniaceutfcos adecuados pare ia 

adminLstracion de los oornpuestos de a invendOn, que incluyen vehiculos qua los 

expertos an la meteria conSderan adecuados pare el modo particular de 

administratiOn. Par ejemplo, algunas soluciones a suspensones usadas para 

* aplicac{On parentera!, inlradØrn,ice, subcutSnea 0 topics pueden inclufr tin 

di!uysnte estØril (per eiemplo, agua pare inyeccion, soludOn saline, aceite lijo a 

sirnilares); una aceTic vegetal (par aornp!o, acaite de sesame, aceite de cow, 

acolta de manl, aceite be semilla do algodon 
y 

smi!ares) on vehoulo graso 

sintØtco (par e)emplo, olsato do etilo, politetifenglicol, gItcerns, propi!erlico) 
y 

sirnilares, qua incloyeri otros solvenles sintØticos); agentes antirnicrobianos (par 

ejemplo, alcohol bencitico, maid parabenos 
y 

sirni!ares); antioxidantes (par 
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ejemplo, aside ascórbTco, b(scdfito do sodio 
y 

similares); agerites quelantes (par 

ejemplo, aside etilendLarninetetracØtico (EUTA) 
y 

similates); bufteres (per ejemplo, 

acetetos, citretos, ft,stato 
y 

sirnilares); y(o agentos para e auste de La tonLcidad 

pot ejernpLo, cloruro de sodlo, dextrosa 
y 

siniflares) a sus mezcas. A more de 

otto eiernplo, cuando La administracion as inlraOnarusa, los VehLCUIOS adecipados 

incluyen solución sauna fisiolOgica, soluciOn saline protegida con fosfato PBS) 
y 

solucn can agentas espesantes 
y 

solubilizantes tales coma glucosa, 

polietiengHcoL, paLpropiJenglicol 
y 

sirnilares 
y 

sus iriezctas. 

A rnodo de ejernplo no brounte, la tigecclina so puede combinar 

ficionalniente, con one a mªs excipentes sceptables pare use farrnaceutico 
y 

Se 

pueden adniLnstrar orelmente en forma de compririido. Spsula, polvos 

dispersebles, granules a suspensiones qua contengan, par ejemplo, do 0,05% a 

5% del agente do suspensiOn. arabes quo oontengan, pot eempIo de 10% a 50% 

de azUcar 
y 

elixires quo contengan, par ejempi,, do 20% a 50% de etanol 

smularas, a an forma parenteral par medic do solcicfones nyeclabLes esteriLes 0 

suspensionas qua contengan de 005% a 5% de agente do suspension an on 

media LsotOnco. Tales preparacuones farrraceut[cas pueden contenor, par 

ejemplo. do 25% a 90% del ingrediente active an combinacion con er vehculo, 

niÆs usuarmente entre 5% apraximadamente 
y 

60% an peso. Otras fOrmuIacones 

as revelan an Las patentes de EE.UU. M 5.494.903 
y 

5.529.990, incorporadas a Is 

presente a rnodo de re(erenc{a. 

Los ternhinos ssI aceptable pace use fatrnacØLitico" Se refieren a sales ODO 

adioIOn de âcidos a sales con adiciOn de base de fps cornpuestos de la presente 

invendOn, (inc Sal aceptable pare use farmaceubco as cualquier sal one retengs 

’a actividad del compuesto made 
y 

qua no imparte ningUn efecto nocivo 0 

Lndeseabe el sueto a quien Se le adniinistra of conipuesto 
y 

en 
& 

contexto an 0’ 

quo so adrninistra, Las sales aceptabLes care use fantiaceutico incluyen 
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compfeos ce nietaf y sales do sodas inorgØnicos y orgänicos. Las saes 

areptables para uso farrneceutco ncluyen sales rnetâliaz tales como sales de 

aILmPnIO, caldo, hierro, magneso, manganese 
y 

sakes comp$e)as. Algunas sales 

eceptables pare use ¶armaceutice incluyen sales do àcjdo aceIcn, aspärlico, 

aquNsidfOnkco, arilsuffOnico axetilico, bencensuftonco, benzorco, bicarbOnico, 

bisulrco, btarterico, butlrico, its ecetato do catcie, camsirico, carbOnco, 

dorobenzo.co, cfexetlrco, citrico, edØtico, edisirico., estolico, eMlico, ositico, 

formico, tumarIco, gluceptico, glucOnrco, gruramico, glicouco gLicoLilarsenhlico, 

hexârn]co, hexilresorcinoico, hidrabarnico, bromhldrico, esorhidrico, yodhidrico, 

hidroxinaltoico, isetidnico, lØctico, lactobianico, niareico, malice, majônico, 

rnandelico, m&ansujfOnico, metilnitrico, metilsLjff’rico, mCCiCQ, niUC6n,CO 

napsltLco, nitrico, ox&ico, p-r,itrometansu]fOnico, pamoico, pantotØnico, Iosfohco, 

monohidrogeno fDsfOdco, dihidrogeno IosfOrioo, ttØlhco, poligaLectourntco, 

proplOnico, salicilico, estoÆdco, succnico, sultamico, sultanilico, sultonico, 

suk’rico, estannoso, ta’kªrico, teOclico, toluensuitOnico 
y 

simi]ares. Las sales 

aeeptables pare uso farniaceutico pueden derivan do aniinoâcido, PQT eemplo, 

cistecna, sin linlitarse a ells. Se pueden hallar otras sales aceptables, par 

ejempco, on Staht at al., Pharmaceubcai Sa)s: Properties, Selection, 
y 

Use, WLle’ 

VGH; 1 edicin (15 de junio de 2002). 

A excepción de los eenipros 
y 

do los cases; an los quo se indique la 

Pcontra;io, todos las numeros usedos an to merlioria 
y 

roivindicaciones deben 

nterpretarse come modificados per el termino aproxiniadamente’ Do esta 

nianera, a rnenos quo Se indigue la contrarlo, los paranietros nuniØricos rnaicedoas 

an (a presente niernoria descriptiva 
y 

on as reivindicaciones anexas son 

aproximaciones quo pueden varier segUn las propiedades deseadas qua Se 

pretenden lograr per rnedio do to presectte invenciOn. Per Ultimo, 
y 

sin intericiones 

do imier Is aplicaciOn de la doctrine de ics oqu?valentes al arcance de las 
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reiv5r,dicacones, case parÆnietro numdco debers n&pretarss onmaderando at 

nUmero do digifos signhficativos y las tecnicas de recorded habitual. 

A baser de qua Ids ranges y perAmetros numØricos qua consthuyen e 

ampio alcance be to reveladbn son aproximaciones, Ins vafores numOrcos 

expresados en Ids eempos especit)cos son In mas creases posFle. Sin 

embargo, todo valor nurnedco cnnflns inherentemerne derlos errores qua 

provienen. esencielrnente, as to desviadOn estandar de las respeotivas 

mediciones do las pruebas. 

Los siguienles ejempLos tienen per obetiva ilustrar is invention de Una 

flaflera no itmitarle. 

EJEMPLOS � ________ 

NITRAC CO N 

La minodclina Se preparO de acuerdo con ei metodo descrito an la patente 

de EE.IJU. No 3226.436. 

Los anÆljsjs Qor I-tPLC so realizaron an as snuientes condciones: 

0 

Columna: norisil ODS3 5 pm, 25 x 048 cm 

Ease rnÆVLt: 80% A 20% B. donde 

A = 90% (KH2PO4 0!05 M + S ml de trieilamina/I fosfato 
+ 

a pH 6)(0% de ecetonktrilo aiustado a pH 3,0 con HPO4 

B = Pcetonitrilo 

Caudal de flvjo 1.0 muniin 

OetecciOn 250 nn 

Ejemplo Coinparafivo 1; Preoaracion dog amilrominociclin  

Este ejemplo describe to nifraciAn de minociclina donmie at products de is 

nifraciOn Se aisib. 



Se Lncorporarori 13.44 gramos do pclorobencensulfonato de minociclina 

(es deeir, p-dorobencensultonate as t4S-(4atfa.l2aala*’4,7-bis(dimethanhino)-

I ,4,4a,55a,6,1 l,12a-octahidrc-3,1 012,1 2a-letrahidroxi4, I l-4oxo-2-

naftacenecsrboxarnrda), lonamente y agitarido, 8 50 niL do acido suffUrco 

ceneentrado. La sotucion so enfró a 0-I5C. So agrogO àcLo nLtrIco 90%, 0,6 

MI) anlarnente y so agitô Is soLución a 0-I5C duranto 1-2 hcras hasta quo Is 

reacciOn so complelO, seg(in Is determinado per HPLC. La solucEon quo oontenia 

eL sulfso de interme6io (es dedr, sulfate do 4S-(4affa,I2aafta)-

9-nitrol-4.7-bis(dimetLfamfno)-1,44a,5,Sa,6, 11, i2a-octahidro-3,1012,1 2a-

teIrahLdroxi-I.11-ioxe-2-naftecenecarbexarnEda) so IransfiriO agitando a 300 g do 

hiolo y aqua duranto 20 nilnutos. EL pH del templedo so austO a 5,0-5,5 con 28% 

As NEdrOxido do amonio acuoso miantras as mantuvo Is temperature en 0-8C. Be 

fiLtro el preoLpitado y so avO con Aqua 2 x W ml). El r6lido as seco or mcio baja 

un fLujrj do nLtrgeno y so obtuvo 9 g do sulaIo do 9-nitrominociolina bruto. 

El analisis (Area %) per HPLC mostro ma pureza do 0% con Un contenido 

do eplmero do C4 de LS%. MS(FAB): mfz 503 (Md-I-), 502 (Mo-). El p,oducto so 

aisLO per precipitaciOn on su punto isoelØctrico a partLr as una sotuciOn acuosa. El 

rsndLriiiento molar del sulfato bruto Yue do 45%, 

Ls Tabla 1 muestra Ins datos do Qt(OS procesos do nitracian: 

S labial 

[ninocicIina Impurezas Minockiina 

(pg(mg) 

Rendimiento 

molar(%) 

A 43,5 3,62 38 

B 27,88 5,5 34 
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So obsena qua e asamienIo de 9-nkraniinociciina proporclonO una grail 

cantldad do impurezas. 

Eempto Cainpsratkvo 2: PreparatiOn de 9-nitrominocLelina 

Este ejemplo describe a qitradOri do mnodcI5na doride Se aislo e[ producto 

dole nitradOn. 

Se equipO on baTon do vidric do bocas rnO$tipres do 2 L con un aghtador 

mecØriLco, una termocupla, un tubo pare agregado do lft?uidos, uric lines do 

nitr6eno 
y 

una sahida de gases a un separador càustico a] 30% (en peso). El 

balon Se cargO con àcido sulforico 66°Be (,5C7g, 619 ml, 15 moles). La soludan 

S so enfria a 0-2°C. Se Is agrega lICE do rninacLcrfria t1cMdrato do minocicrins) 

92,7% do polericia, 311 g, 0,58 moles) al Æcido su]fUhco dvrante 0,7 bores a 0-

14°C, egitando mientras tantu. Despues del agregado, Is rnezcka Se 39r696 a 0°C 

durenta 0,5 horse 
y 

se obtuvo una soluciOn arnarilta. Sc agregO Æcido nitrico 

(959% do conlenjdo do nitrate. 48 Q, 32 ml! 0,73 moles, I 25 equivakentes do mph) 

duranie 3 horas mienuras se niantenia I@ niezda a 0-2t. La mezcia so agitO a 

0C durarite 0,3 horas (soitmion de color raja oscuro1negro. Er enasis (area %) 

par HPLC motrO 004 do minodcLmne 75,6% do 9-nitrorTlinociclina, 8,2% do 

irnpureza individual mayor (Lsr) tiempo relative de retendbn pore a niinodcrina 

(RRT) 2,08. 

* Se eqLtipO un balOn do vidrio de bocas mUltipLes de 22 1 can on agitador 

mecarlico, lermopar 
y 

Ui, coridonsador con proteeciOri de nitrOgeno. Et baLOn so 

cargo con 6,704 g (6540 ink) do isopropanol (EPA) 
y 

1,026 g (1500 ml) do 

heptanos. La soluciOn so entrib a 0-5°C. La mazda de reacciOn de 9-

nftrominociclmna so tranlriO al baTon de 22 I duranto 2 hares a 0-39°C  y Se obtuvo 

una suspension amarilta. La temperature do la suspension so rnantuvo a 34-39°C 
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dLirante 2 bores y luego as oriftiO a 20-34C y Se aflO a 20-34°C dLjrante 14!6 

,or. 

So prepare one solucjOn de isopropanol 3,028 g (3,857 riifl y Medtaws $50 

(955 ml) 
y 

se Is manuvo a 20-25°C IPA:heptarios 4:1 an volumen), La 

suspsnsiÆn se tiftrO sabre rn embudo Suchne, de 30 cm de diarnetro can Model do 

fihtro Whatman No I at vecto 
y 

con protecciOn Os n5tjt9eno. La torte hmeda 

’esultante as trerisfLriO a an balon Ertennieyer do vedro de 4 equipado con un 

ag&ador mecanico 
y 

protecelOn do nitra9eno. Le forta Sc suspendO agregàndo]e 

1,608 me de to souciOn proparada de IPN heptanos duranfe 0,5 Mores a 23-26°C. 

La suspensOn Se fillrO 
nuevamente, tel como Se ecribiO arrma. La tons 

hUmeda so voMó a suspender dos vases ones come as indico anteriormente (un 

total as 3 suepensiones). DospuØa do Is C1tma Thtradôn,  IA lana Se rnantuvO ar 

vacio bajo proteccion do nitrogeno durare 0,2 hares. El producto as seca a 40°C 

ba)o an vacio do 23-11 mmHg durante 48 horas testa tillS perdJda dot valor de do 

secado PVS, 80°C, 1  hard, > 49 mmHG de vacio) do 1.54. 8 peso dai suffato do 

g-nftnrninacidina abtendo be its 38010 g, Is Concentcion per HPi_C No do 

76,3% (coma ser dsuiieto), al total do impurezas tue do 4!6%, to impuroze 

individual mayor (1St) The do 9,46% (RRTh 0,94). El rendimento del HCI as 

minociclina tue de 86%. Ef rondimtento corregido a Is concentradon dol produce 

yel material do particle. 71% 

* So observe qua el aislamiento dcl compuesto do 9-nlrominociclina 

praporconO on producto con gran parcentale do n,urezas. 

Ejemplo I 

La table 2 a continuacôn muestra os expermentos S nitracthn realizedos 

usando el procedimiento revoado en el Ejemplo Comparative 2, donde so 

modificaror, lea siguientes vadables: ternind, Os adc$On de âcido nftrico; 

omperatura do reacdOn, equivalentes motares d& acido nilrico (con repecto at 



(A 

54 
/1 

LA 

S 

HCl de rninocielina) y velooLdad de agitaciari. De acuerdo con Los nietodos 

revelados on Ia presente, ninguna de estas reaccLones Se templO use sometib a 

in tratannienhe 1nal psi-a aisIar al prouclo. La onica herramienta enalitLos usads 

fue analisis p0, IHPLC 

Table 2 
Tieropo 

de 

adiojon 

e HNOs 

(hotas) 

Tempe 

rtura 

do 

reacoi 

0(’C)1 

Equivalent 

e molar de 

HNO3 

JMine (àrel 

%) 

J 
I 
I[minocioli 

9-nitro 

(Area 

lmpurezaRRT 

S totale(tiempo 

rea %) ide 

Iretendon 

ide 

100) 04 

[(area %) 

RRT 

(tempo 

do 

reteno64etenoiOn 

do 

minocioli 

na) 0,51 

(Area %) 

RRT 

(iempO 

6 

be 

[minoololi 

83 0,5? 

%) 

EtRI 

(tiempo 

do 

retencOn 

do 

rninocicli 

08) I .23 

(area %) 

2 0 109 7,13 89,7 22.7 08 3!8 08 

2.25 0 1,2 [5,2 70,3 24.5 [0,4 4.3 10,8 

25 0 1,3 2.4 6&2 294 00 129 

2,75 0 1,43 65!6 5,7 [11,2 14,0 

2 4,0 55,0 410 Ill() 170 

2,25 0 1,5 5O!6 48,7 0,0 7.2 11.3 19,0 

22 20 136 7,5 543 362 ZS 8$ I&S I 

2,45 20 1 5 40 52$ 44.0 2,9 10.0 17,7 5,6 

2.7 20 1 $6 2,7 52,0 45,3 3,3 II 
$ 

194 

0,25 0 1,36 tO 567 41.7 6,3 0.0 13,9 18,4 

05 0 162 0.6 43,9 554 5,3 00 N$ 23,2 

ks 
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2.4 0  73 2,2 60$ 31,2 5,7 0,0 12.3 15.3 

3 01 $2 0,4 43,3 563 9,3 0$ 22.7 197 

1,5 0 1,3 
46 809 3,1 0 3,5 21 

2 0 162 0 43,5 51$ 5l 0 16l 268 

2.S S .38 71$ 26.32,8 0 3 

41115 31 5 tse 0 60 40 6l 0 15$ -4 

2,4 S I,07 3$ 74.6 21,6 1 G 0 , 

5 133 0 70 30 42 93 149 
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Solo Se mntroI6 Is temperature de bano an dichas reacciones debido al 

tarnano del recipiente. 

La reacciôn suoediO a 50% an peso do la concerftraciOn de minocidina 

original. 

Se agitO energicamente an comparaciOn con el resto de los experimentos. 

Se agregO HNO3 al 50% an peso an H2SO4  

Se observa que, a pesar de las varies condhciones usadas, a cantidad do 

minociclina estuvo arasona an ucla cantidad manor a 10% y an de,tas 

cordiciones, sea eJiminO notablernente. 

Ejemplo 2 

Tambien Se realizaron experimentos quo inodificaron Ia reacciOn do 

nitraciOn el ternplado do Is reacciOn y el tratamiento final de Is reacciOn de 

nitraclOn. Los experimentos Se ffevarar a cabo usardo el procedimienlo detalladc 

on a) Ejernplo Corn parativo 2, perU con niodificaciones an las siguientes variables: 

tiempo de adiciOn del ªcido nitrico, temperatura do reaccion, equivalentes molares 

del acido nitrico (con respecto al -ICI do minociclina), temperature del tempLado, 

composicion de la soluciOn de templado, tiempo do adiciOn do Is mezcla do 

reaccion pare tempter la solucian y rnØtodo de fell do 18 torte aisleda. Los 

dates Se rnuestran a continuatiOn an la labia 3. La Unica lierramienta analitica 

usada fue analisis par HPLC. 

’S 
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do 
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(corr. 

4.5 5 t.67 62,7 40,t 21lPAfl*p 0)o,i I 60 

4,6 5 1.67 61,0 39.7 18,8lPNhepff34G  I 56 

5,1 5 TtTS 65,0 362 tS,3 lPAt

 5 50 38,9 18.2 iA  I 52 

1.03 5.4 25 ThHThPATheP70 

3 5 ]I.63 748 270l8lPAftlpl  I 79 

1,51 83.6 2Z2 13.0 IPA  1 64 

3 5 I I.5l 84,8 22,4 12,13 IPA1 
1-

 1,36 64,3 7.7 7,2 IPA/hep  I 90 

3,5 -5’ 1.30 101, 8 11,4 0.3 IPA)hsp  2 104  

SOlo Se controlo Is temperatura de beno an diches reeceLones debido al 

tamarlo del recipiente. 

2 Ctjando Se UO IPA comb temprado, as agregaron luego los heptanos 

pare obtener Ia composiciOn de Is mezola de templado original. 

Metodo do ii 1: Ia torte hUmoda Se Javô sabre le ILitro con 4:1 IPA: 

heptanos (vol.). Metal do lavado 2: Is torte hümeda Se susiol tres veces 

con IPA hectares 4:1 (vol.). El niØtodo do lavado No 2 use5 Un 20% de soluciOn do 

Iavado quo el mØtodo NO 1. 

4E1 rendimiento Se corrigió par Is concentration del producto y el material 

S 
do partida. 

So conlenzO all tomplado a 0CC, luego so calentô de inmedieta a 34CC y 

so mantuJo a 34CC durante el real del tempLedo. 

En los dotes do Is Table 3 Se observa quo or rondimiento rue all of ryisnos, 

50%. 

EJemDIo 3 

Eats Ejemplo describe lots resultados de Is variaclOn do Is cantidad do 

àcido nitrico (en equivalentes), necesitada pare el peso do nitraciOn. El acido 

nitrico Se titula a 89,5% y ía cantidad useda seconeg16en consecuencia. 
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Se realizaron tres ensayos. En of ensayn I se usO an equivalente de 1,25 

de âcido nitrico,  an at ensayo 2. Un equivalents de 1,09 y an el Ensayn 3 Se usO 

Un equivalents de 100 do acidic flitrico. 

El analisis de tinatizacion par l-IPLC del Ensayc I no most -6 rostra do 

niinociclina, mientras quo or anailsis del Ensayc 2 most tO Un 2.5% do materiai do 

partida sin reaccionar. Ambas macclones Se hidrogenaron y uego as convirtieron 

sal clorhidrica de aminominociclina usando el procedimiento SLP. 

El pradueto hidrogenado 1 (del Enseyo 1) mostrO Un cantonal do 

mhoctlina de 037%; Concent,aciOn = 83.0%, total de impureZaS 320% 

impurezas individuales= 0,62%, cornenida do epimeros = 1,1%. 

El producto hidrogeriado 2 (del Ensayo 2) mostrO an cantonal de 

minodclina do 16%; Concentration 84,2%, total do impurezas 4,00%, 

mpurezas individuaies= 0,35%, contenido its epimeros = 10%. 

Ensayo S: ConcentraciOn 83,0%; total do impureas = 5,0%; Inipurezas 

iridividuales = 2,7%; contenido do eplmeros = 1.1%. 

REIDIJCCION 

I  nr P01 P an Lc jnI!,flt rnnrrinnp 

Columns: lnertsil ODSS 5pm, 25 x 0,46 can 

Ease rnOvil: Täö% A + 20% B, donde 

A 
= 90% (KF-12PO4 0,05 M + 5 ml do trieilan,ina/l do fosfata + 

H3PO4 a pH 6)110% do acetonitrilo ajustado a pH 6,0 con H3PO4 

B = Acetonitrilo 

Caudal do flujo 1,0 MI/min 

Deteccian 250 pm 

Elemplo I 

Este Ejemplo describe una reaccion do hidrogeneciOn donde el 

mntermediario do a 9-nitraminocicliria no so aislo. 
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Se a9regaron 10,1 gramos de p-olorobericensulfonto do minociclina, 

lentamente y agitando, a 27 ml do acido sulforicc concentrado. La soluc’on so 

enfrio a 0-2°C. Se agregó àcjdo riltrico (90%, 0,6 ml) lenlarnento 
y 

se agitÆ Is 

soluciOri a 0-20C durante 1-2 boras haste que to reacoit5n 85 completO, segün Lo 

determinado por I-PLC. Una vez completa a nifracion, La snluciOn quo contenia ol 

sulfato de 9-nromThociclina Lntsrmedio se transfirió agitando a 150 ml do 

isopropanol 
y 

1200 ml de metariol, mientras se nianterlia Is temperature par 

debajo de los 10-150C. La soluciôn se IiidrogenO a 26-28°C a 40 psi durante 3 

hoes an presencis de 10% Is paladin come carbono como catalizedor, que tenia 

uris humedad do 50%. Despues de la hidrogenadon, el catalizador se fI(trO 
y 

Ia 

soluciOn so vertlo fentannerVe sri 150 ml do isopropanol, agLtando a 0-5°C. El 

solido (3,4 9) so obtuvo mediarite tiltracion. EL anÆlisis por L-IPLC mostro un 

pureza brute de 00 %( area %). El epimero de Q estuvo presents On ma 

centidad do 0,9%. MS(FAB): mlz 473 (M+H), 472 (M+). 

Eemplo 2 

Este Ejemplo describe una reaction do bidrogenación doncie el 

n(errnediario de a 9-riitrominocicina no so aisIO. 

Se agregaron 84,3 grarnos do p-clorobencensulfonato de minociclina, 

lentamente y agitando. a 368 gramos de ªcido sultcirico concentrado. La solucion 

Se enfria a 10-15°C. Lentamente, se Is agrego âddo nitrico (6 ml, fumante). La 
to solución Se agitO a 10-15°C durante I a 2 horas, haste que Se completó a 

reaccin segtTh a detern,inado par -iPLC. Una yez oomplola a nitration, Ia 

solutiOn quo contenia e’ sulfata de 9-nitrominociclina in(ermedio Se transtiriO 

agilando a 0,3 kg de metanol, mantras se rnanteriia to temperature par debajo de 

los 10-150C  La solucin se hidrogenO a 26-28°C a 50 psi durarite 2-3 horas en 

presericia de 10% do paladio sabre csrborio coma catalizador, que tenia unto 

humedad de 50%. Despues as to hidrogenacion, el catalizador so ftlfrO 
y 

Is 
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solucion Se verliÆ lentamente an 065 kg do isopropano! 
y 

0,3 kg de n-heptano 

agitando a 0-5°C. El solido as obtuvo mediante filtradon, 

El sOldo himedo so disotviO en IOU gramos do agua a 0-5°C- La nnazda  Se 

agita 
y 

Is lass organics Se separd 
y 

deseclU Se le agregO a Is rose acuosa 14,4 

gramos de HCI conceritrado. El pH de Is soluciOri as ajusto a 4,0 
– 0,2 con 

bidrOxido do amonlo. Se agregaron 100 mg do sultito do sodlo 
y 

Is soludon Se 

sembro con 100 mg do 9-anilnocidina. La mezcla as agitO durante 4 horse a 0-

5°C y el produco se 111rO y Ce seoô pare pjoporciona 28,5 gramos de. La pureza 

segin HFLC (area %) foe de 96,5%, con 0,9% do spimero de C4. MS(FAB): m/ 

473 (M*H), 472 (M+). Rendimiento :542%. 

CjempIo Comparative I 

Este EjernpLo describe aria reacc6n do hdrogenaciOn doSe se aLsJO eJ 

interniediarlo do a 9-riitrominociclina. 

Se colocaron 52,0 kg do FICI de rninociclina (sal clorhidrica do minociclina) 

en 4,8 panes de thcido sultonico a 660 Be a an temperature de 15°C en on 

recipients do 300 galor,es 
y 

so spits pars eliminar ci Ha. LJespuØs de S ions 

20 mmtdos, so colocai-on 7,48 kg de acido nitrico 100% fumante (95,9% de 

contenido de nitrato, 1,26 equivaLentes). 

El anÆlisLs por I-JPLC indicO on resto de mLnociclina >1%- De esta forma, 

0,31 kg de ªcido nitrLco, fumante 100% (95,5 contenido de nitrato, 0,05 

equivaLen(s)se agreganin a Is merda. El anSlisis por I-IPLC siguiO indicando Un 

resin do minocicLina >1%. Be esta forma, 074 kg do Æcido nitrico, tumante 100% 

(95,5 contenido do nitrato, 0,12 equivalentes) Se agregaron a Is mezcla. 

Nuevamente, FIPLC rnostrO tin resto de minodciina >1%, por In tanto, Se volvieron 

a agregar 1,11 kg do acido nitrico, fumante 100% (95.5 
% 

contenido do nitrafo. 

0,19 squivalentes), despuØs lo cua el resto do minocicliria tue <1%. 
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La mezola de reacciOri de riitraciÆn Se transfiriô a una soiución de 21,5 

partes do IPAI$!3 partes do beptano (1120 kg iPN171 kg do heptano) a 0-36°C. 

Be filtrO to suspension (tiempo de filtracion prolongado), Se lava con lPNheptaro 

4:1 y Se seco a no n,as de 40°C pare ob(ener one prdida durante el secede  

(LOG) do no mM do 6%, lo cual proporcionO 70.9 kg do sal aulfato (rendirniento 

brute de 97%) pare user an one reecciOn do reaccion. 

Elemplo 3 

Este Ejemplo describe una reaccion de hidrogenaciOn ounce el 

intermediarlo 9-nitrominociclina nose aisIO. 

Be colocaron 250 kg de HCI de minociclina (94,4% do polencfa) an 7.3 

� Parkes be eddo sulf(jrico (18$ kg) a 66° Sea yea temperature de 5815°C an un 

recipiente de 100 palaces y Se spite pare slimmer el -Id. Se agregaron 25015 

kg do acido nitrico, 65% (86% do contenido de nitrate, 1 25 equivalenles) al 

recipiente, despues de 78 minutes a 9-15CC. 

El anAlisis per HPLC indicO on resto do rninocidina >1%. Otros 0261 kg 

do acido nitrico, 85% (86.6% de contenido de nitralo, 0,18 equiva(entes) Sc 

agregaron a fa meSa. Gado quo HPLC volviO a indicar Un resto de minociclina 

>% So agregaron atros 0,261 kg do dodo nitrtco, 85% (86,6% do contenido de 

nitrate, 0,13 equivaLentes) a la mezcla. Dada quo HPLC volvia a indicar on resto 

do minocjclina >1%, so agregaron otros U174 kg  de Æcido nitrico, 85% (86,6% de 

contenido de nitrate, 0,09 equivalentes) a la mezcla, deopueb do Ic cual so via qua 

Is reacciOn IlegO a una rneseta con 1,7% del material de parties de minocicLina. 

La mezcla de riltraciori so cokocO en 4,2 pertos do metaniop a -20-10°C. El 

Pole teYnpJado se ajusto a 4100C y Se use do esta manera en Is reaccion de 

red U cciO n, 



lemDLo Comparativo 2 

Este Clandso describe twa reaction be hjdmgsnadOn donde so aLsIO el 

intermediario de a 9-nitrorninocLclina. 

Se colocaron 104 kg de HCI be minoddina (sal clorhidrica do minociclina) 

(potencia be 00,3%) on 4,8 partes de acido sult(jrico (502 Kg) a 66°Be a in 

lemperatura de 0-1 0CC on Un recipiente do 300 galones 
y 

se a’lO para eltmiriar 

HCI. Sc colocaron 15,2 kg de acido rWtrico fumante flOO,4%, 1,25 equivalentes) 

durante 3 horas a 0-6°C, 100 rpm, Dado que HPLC mostrO Un resto do 

minociclina >1%, Se volvieron a agregar 069 kg do Æcido nftrtco (100,4% 

contenido de nitrato, 0,06 equivalentes), despuØs to cual el resto de minociclina 

rue <1%. La mezcIa do nitradon so colocO en una souciOn do 21.5 parfes be IPA’ 

2,3 ported be hepano a 0-360C. 

La suspension so uLtra (tiempo de tiltracton prolongado), Se lava con 

lpNheptano 4:1 
y 

so seco a no mas do 400C para obtener una perdida durante el 

secado (LCD) be no mas do 6%, lo cual proporciona 140 kg be sal sulfate (95% 

rendimiento brulo) para lear on Is reaccian de reducciOn. 

Ejemræo 4 

Este Ejemplo describe una reacdon do hidroqenacion donde et 

intermedLarlo be is 9-nitrominocicliria no Se aislo. 

So colocaron 104 kg be NC’ do minocidina (sal ctorhidrica do minocictina) 

(potencia do 90%) on 7,3 partee do acido sulfUrico (763 kg) a 6606e a una 

temperatura be 5-15°C 
y 

Se agitO pan eliminar el HG’. Se coJocaron 14,9 kg de 

Side nitric* fumante (100%, 125 equivalerites) durarite 1 hera a 5150C. 120 

rpm. Dade que HPLC mostro un recta de minociclina >1%, so volvieron a agregar 

0,69 kg do acido nitrico fumante (100%! 0,06 equivalentes), dospuØs to cual el 

resto do minociclina rue ci %. 
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La mezola do nitracion as colocO an 4,2 panes (440 Icy) de material a -10 a 

20°C. El late  tempLado as ajustO a 4 a 10°C 
y so usO Is esta manors an la 

reacoiôn de reducci,n. 

Elemplo Corriparativo 3 

Este Ejemplo describe una reaccion do bidrogenaciOn dandle Se area el 

intermedierio de a 9-nitromiriociclina. Las proporciones do solventes(reaclivos 

estani relacionadas con Is cargo Lnicial de minocidma anterior a to reacckOn be 

nitraoiOn. 

La meaca do reacdOn do suifato do 9-nitrominociclina del Ejernlo 

Comparalivo 4 as templo a 2240 kg (21.5 partes) do isopropanol 
y 

342 kg (3,3 

partes) do tartaric, durante I tiora, rnientras so mantenila Is temperature a 0 a 

360C. La suspension resultar,te so agIta a 30 a 360C durante 2 hares, luego so 

enfrio 
y 

as agito a 19 a 25CC durante I liora. La mitad de La suspension as filtro, 

so Lavo con 3 x 205 kg de IPN heptano (4:1) We 
y 

so soda a no mas do 40°C para 

obtener una perdida durante el secado (LCD) de no mas do 6%. El tiltrado 
y 

el 

secado duraron 16 dlas (durante 7 dias de laid cuales, ía torta hümeda as  dejO 

ba]o nitrOgeno durante un cierre de planta programado) 
y 

so obtuvieron 58 kg be 

sal suffaid. La otra milad de ?a suspensiOn so agitO an Un tambor 
y 

so entnO a a 

espera do Ia disponibilidad all fltro. So rehigero durante 12 died, luego as cargo 

nuevamente en at recipients 
y 

as agitO an Un renal de temperature dog a e°c 

aureate 2 dies, luego so ajusta a 19 a 25°C as  filtrO can 3 x 205 kg de IPN 

heptano (4:1) v/v 
y Se said, a no mas do 40°C con una perdida durante el secado 

(LOD) de no mas do 6%. La tiltraciOni 
y 

el secado duraron 6 died 
y 

as obtuvieron 

82 kg de la sal sulfato. 

Arnbos sublotes do sulfato do 9-nitrominocicLina so disolvieron en 672 kg 

(6,5 partes do rnetanol 
y 

8,4 kg (0,08 panes) do ague pare inyecciOn, USE a 19-

25°C 
y 

se redujo a sulfato do 9-aminoninocicIina usando 70 psg do gas do 



I hidrOgeno 
y 

274 kg (0026 pales do paladio sabre earborlo, bumedad de 10%) 

I (porcentaje on peso). La reaccion do hidrogenacion turn 10,5 bores 
y 

no all 

rastros detectables do material de particle. 

La mezcla de reaccion de sulfato de 9aminomirioc{clina Se lThro pars 

eliminar el catalizador 
y 

Se templO an una sotucidn de 1660 kg (16 panes) de IPAI 

710 06,6 panes) do beplano a 0 a 27°C durante una We. La mezcla resutante Se 

ajustd a 19-25°C 
y so agitO durante I hors, 

La suspension de su!fato de 9-aniinominoctclina so tiltrO can Un liltro 

Nutsche, se Jai can 2 x 162 kg (1.5 panes cads uno) de IPN beptano (4:1) v/v 

so seco a 40°C  paid canner una perdida durante el secado (LOD) do no mas de 

� 4%. La filtraciOn, el lavado 
y 

el secado duraron 10 dies 
y 

as obtuvo 94,0 kdg de 

sulfate de aminorntnoctdina. DespuØs do Is filtraclOn, as observaron sôlidos an 

be licores maclie. Se filtraron, so lavaron con 113 kg do IPA/ heptanos (4:1) v/v 

so secaron a 40°C con una perdida durante el secado menor a 4%. Se 

recuperaron 24.1 kg 
y 

as conservaron comb Un lute separado. El rendirniento an 

bruto total de sulfate de 9-entinominociolina a panic do minocictina fue do 64%. 

Los 94,0 kg de Is "printers cosecha" del sulfate de 9-aminomnociclina sets 

0,084 kg (0,0008 parts) do suircto as sodlo (ueron disueltos en 536 kg (5,17 
I 

pales) do ague pars inyecciOn, lisP 
y 

se enfriaron a 0-6°C. Se necesid 0  k do 

addo clorhdnico, 200Be, pars Ilevar el ph de Is saurian do sulfato de 9-

I aminorninociclina a 1,1 +/- 0,1 porque el ph intcial flue de 116. Se agrogaron 48,3 

I kg (0.46 pales) de acida clorbidrico, reactive, a la soluciôn de 9-amtnominocictina 

asi Se obtuvo HCI de 9-aminominociclina. Se agregaron 56 kg (0,54 pales) do 

I hidroxido de ernonlo, 28% 
y 

4,0 kg (0,039 partes) as acido clurhidrico, reactivo a 

Is soluciôn pars obtenor Un lute con p1-I de 4,0 +/- 0,2. 

I 
A ooritlnuacion, el tote Se agitO durante 90 minutos a 0-6°C, asegurandose 

I

 

qua el on so mantuviera a 40 */- 0,2, El pH final fue de 4,5 unidades do pFf. El 
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lots as filtro sabre con un tiltro Nutsohe se lavO con 2 x 3 kg (0,3 partes cads 

Una) de agua pars inyacciOn (con un PH Ilevado a 40) preenfriada a 2 a &C ye 

oontinuaciÆn se agregaron 2 x 261 kg (025 parts de acetone (preentriaa a 2 a 

VC) y Se secO a no mas de 40°C, con UP contendo de tiumedad resultants, do no 

miss de 7,0%. Se aislaron 43,2 kg de HCl de Q-arntnominocidina, con VI) 40% de 

rendimfen(o de HQ as rninooiclina. 

El pr000so do 24! 1 kg do OJa segunda cosecha de sulfate de 9-

aminominociciina coca a traves del carnbio de sales realizó de Is misma manera 

quo S proceso descrito anteriorinerle an los cuatro prratos precedentes, usando 

cantidades proporcionaLes de reactivos. Se recupero una cantidad adicional de 

S9,9 kg de MCI do 9-aminominociclina to cual represents un ineremento adicional 

de 9,2% en el rendhmien(o. El rendimiento total del late do antas cosechas rue 

de531%, 

Elemplo S 

Este Ejemplo describe una reacciOn do hidrogonaciOn donde el 

intermediario do a 9-nitrominociclina no Se aislô. Las proporciones do 

solventes(reacttvos estan relacionadas con a cargo iniciaf de rninodcNna anterior 
ala 

reacctOn do nitraciOn 
La 

mezcla do reacciOn do suIf&o do 9-nitrominocjclina del Ejemplo 7 Se 

colocO an 440 kg (4,2 partes) do rnetanol. durante 90 minutos mientras as 

mantuvo a temperature del lots a -20°C a -10°C y Is veloddad de agitacion a 130 

rpm. 

El lots templado se gusto a 4-100C y Se redujo a sultalo do 9-

amiriominaciclina usando 50 psiq de gas do hidrOgeno y 52 kg (05 panes) de 

paladio sabre carbono, liumedad del 10% (en peso). La reacción de 

hidrogenaciori duró 5 boras y no deja rastros detectables de material do partida. 

La mezola do reaction de sulfate de 9-aminominocicllna so filing Para slimmer el 



cataHzador y so ten,plO an una solucian de 1,241 kg (12 partes) de IPN 537 kg 

5,2 panes) de beptano a 17 a 23°C durante 30 nlinutos. La niezola resultants as 

enfrio a 180G a -120C 
y 

so agitO durante I hora. 

La suspension resultants de sulfato de 9-aminominociclina se filtra an dos 

porones do Un fittro Nutsche 
y 

so lay6 con Un total de 3,6 partes de IPAJ beptario 

(2:1) v/v preenfriades a 0-6°C 
y 

506kg (4,9 partes) de heptano frio. La filtraciOn 

of lavado duraron 99 horns para anibas porciones (filtradas an dos porciones 

debido a Is limitacion be tamano del filtro). Las tortas hUniedas be sulMo be 9

aminomiriodcfina Se disoMeron an 150 kg (1!4 partes) de ague pairs inyeccian, 

USA a 0-6C ya capa orgnica supe’ior so separo coma desecho. 

� Sc agregaron 25,7 kg (0,3 panes) de ªddo clorhidnico a Is soluciOn do 

sulfato de 9-arninomLnociclina aO-6°C 
y 

asi so convirtiO an HCI be 9-

arninominociclina. Se agregO bidroxido de amonio 28% a Is mezcla de reecciOn a 

fin de obtener Un late con pH be 4,0 /- 0,2; esto do luger a 49.5 kg (0,48 artes) 

Se agregaron 0!15 kq  de sulfito de sodio (0 0014 panIcs) a Is moods de reacciOn. 

Se sembrO este lote 5 g de HCI do 9-aminominociclina 
y 

te agilo durante S 

horas mientras Se mantenla at ph a 4,0 +/- 0,2 usando hidroxidc, do amanko, 28% 

(0,05 partes). El loto Se (trO sabre can tin filtro Nutsche, so JavO con 1 parte de 

aqua pare inyeccOn (con Un pH Iavado a 40) preentriada a 2 a C 
y 

a 

continuaciOn as agregaron 0,2 panes de isopropanol (preerifniado a 2 a &C) 
y 

so 

seco a no ms be 50°C, con una perdida durante el secado (LOD) de no mas de 

10 0%  
y 

un contenido do hurnedad de no mas de 8,0%. 

Se aislaron 63,1 kg de HCl de 9-aminominocidina con Un 59% de 

rendimiento de HCI be rninocicIin, 

La Tape 4 a continuadon npuestra los Defoe Comparativos. 
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labia 4 

Lote Escala cancen- eodLmienta Totl a nipureza pirnero 1iiiodtI 
(kg de Nd ae radon orreOLdo ddimDureZa ’ndMdua cicl& 
n,ioocicJos)li conentra. ayor 

Im 

(EjeytipLo 
) 

90kg 449% 7e% ?8% B jF&S 

E)smpo 52 kQ 204% 37,0% 545% 0$47, 15% 24 dI5 

compara-- 
tivO 1) 

D 72% 79% -s2 ko.-------- 3% 27.2% a.8% 27d  

7J1pW t04 kg 304% O% 079 0,63% 3,18% 38 diaB 

coflipara-
tLvo 2 ô 3) 

8 .6% 3l 
% 

057% 246% 

-
 

I---- 377% 7%3$% I 2% ZP2% 4 Olas 

0 

- rcioIde.Jem.deiicIde minociclinaa HCide9-anhinociclina. 
2 rendimjento combinado de a 10 y 20 coseohe 

No Se incluye ci derre de la plants do 7 dias qua ocurriO duran(e at 

proceso, si incluye el tiernpo cars procesar Is segunda coseclia. 

La tabla 4 indica que Is hidrogenacjon de una rnezcla de reacciOn sin 

ajsiamiento da Iugr a un producto con uns cantidad manor de impurezas y 

epimero de C4  

ACIL&CION 

Los anàlisis  Par FIPLC Se realizaron an Iss Si ujentes condiciories: 

CaliLod"
 

C8
 5 Pon, 15 X 0r45 cm 

Paso mc; ml de  :1 04 

Caudal lujo 

10 

/min 

De�tem

  Ejemplo I 

Clortiidrpta do N-t-butiLgiicina 



A uris mezoLa de amino do t-butilo (IS7 y tolueno (135 I) a 45-50C se Is 

agrega bromaacetao do tbutflo (420 ml), La mazda Se aglt durante I bore a 

50-60°C, Ia ternperatura subiO a 75°C daspuØs do una hora. Despues de 2 horas 

a 75°C, Ia mazda Se enfriO a -12–3°C y Se deja reposar durante 1 hors. El sOlido 

Se racogiO mediar,te tiltredOn 
y 

SI f,Itrado Se concentrO par destiladón (30-40°C, 

25-35 mm HG) a Un volumen de 825 ml. El concentrado resultants Se enfria a 

20-25°C 
y 

so agregeron 6N de FICI (1 45 kg). Despues do S bores, las fases Se 

seperaron 
y 

Is fase acuosa so coricentrO por destilaciOn (304000. 25-35 mmHG) 

haste up volumen de 590 ml. Se agrego sopropanoL (2,4 I) y Is mezcle so 

concentrO par destilsciôn (15-20°C, 10-35 mm Fig) Fiesta un volumen de 990 m1 

S La suspension resultants so enfria a -12–3°C durante 30 minutos 
y 

56 dejO 

reposar durante ins hare. El sOlido se recoglO par filtraciôn Se la’io con i-PrCIH 

Se seco (45–3 ’C, 10 mm Hg) durante 24 horas, can lo cual so obtuvo el producto 

desoedo (407,9g. 86%) 

EjempIe 2 

ClorhLdrato do clorLiro de N-t-butilalicina 

A una mezcla de clortiidralo Is Pt-butilgiLcina moIido (250.0 g), tolueno 

(1,14 L) 
y 

OME (TI g so Ic agrego olar-um do tionilo (143 ml) durante 20 min . La 

mercia so lievO a 80-85 °C y Se calentO agiando durante 3 bores. Despus do 

I entriarla a 20°C, eL sOlido so recoglO par filtracLon baja NI2, so lavO can tolueno 

I so seco (40°C, 10 rim Hg) durante 16 bores pare dar lugar ci producto desesdo 

I (260.4g93,8%). Pureza par area 
% de HPLC: 98,12% 

Ejemplo3 

I Tigeciclina 

I A una mazda do HCI de 9-eminomiriodilina (140,0 g) y sgua fria (04°C) 

I (840 ml) se le agrega clorllidrato do clonjro do acido do FI-t-butilgLicina (154,0 g) 

I despues do 15 mm, agitando. La mezola so agita a 04 C durante 1-3 horas, So 



Is agrego hidrOxido de amonlo (126 g, 30%) pars Ilevar at pH a 7,2 mientras As 

mantera Is temperature a 0-10 °C, Be agrego metanol (930 ml) 
y 

Cl-I2CL2 (840 

ml) 
y 

Is mezela Se agito a 20-25°C durante 1 hora, mientras el pt-I Se mantuvo a 

7,2 por el agregado de hLdrOxido do aluminio (135 g, 30%). Las lases Se 

separaron 
y 

los solidos As combiriaron con Is capa orgànica. La caps acuosa 55 

extrajo con CF-12C12 (1 x MO ml, 3 x 420 ml) 
y 

el pt-i de Is rtezcla so ejtjstO a 7,2 

durante cads extraccian. A las capas organicas cornbinadas Se lea egregO 

r,ietanol (200 ml) 
y 

so obtuo one solucion. La soluoLOn Se lavo con agua (2x140 

ml), uago so secO con suLfato de sodjo (140 9) 
y 

so continue agitando durante 80 

minutos. La mezola so filtro ye! fiLtrado so contentrd por destifación (20°C, 15-25 

� mm E-I) haste in volumen de 425 ml. A dicha mezola Se to agrego CftC (14 I) 

y 

la destilaciOn Se repitiô dos veces. La suspension resuLtante so enfrid a 02°C 

se agito durante I hors. El solido Se recoglo por filtraciOn, Se IavO con CH:C12 a 0-

5°C (2 x 150 ml) 
y 

so seed (85-70°C, 10 mm Hg) durante 24 bores,  can Ia cual so 

obtuvo el producto deseado (120,0 g, 75%) Pureza por area % Us HPLC: 98,9% 

y 012% do epimero de C-4. 

Elernplo 3A 

Tigeciclina 

A una mezcla do HCI do 0-amironilnocilina (100,09) 
y 

agile fda (0-4°C) 

(600 ml) sole agregO clorhidrao do oLoruro do Æcido do N4-buflgkicina (110,0 g) 

despues de 50 mm, agitando. La merc(a so auto bier a 04 °C durante 1,5 

home, Be to agrego hldrOxido do arnonio (112 g, 28%) pare llevar 0! pH a 7,2 

rTlLen(ras so mantenla a emperatura a 0-5°C, Be agregO cloruro do rnetanol (600 

ml), luogo metanol (440 iii) 
y 

Is rnezcla Se spits a 0-5°C durante 30 n,inutos, 

mientras of pH Se maritenia a 7,2 por at agregado de hidthxido de ajurninjo (10 

9! 28%). La mercia Se calentO a 20-250C durante 15 mmnutos. Be Jo agrega 

metanol (244 mr) y as fases Se separator. La capa acuosa so extrajo con Cl*C12 
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(1 x 600 ml, 3 x 300 ml) 
y 

#1 pH de La mezola e ajusto a 7,2 durante code 

extraccion. 4 lae capas o,gànicas combinadas se les agrego metanol (144 nil) 

se obtuvo uria saluciOn. La SQLUC)On se lavO can aqua 2x1 00 ml), luego as see6 

con sulfato de sodlo (100 g) v so continua agitando durante 30 nilnutos. La 

mezels so filtrO 
y & 

filtrado Se concenfrO poT łestil2dOn (20°C, 80-120 mm Hg) 

hasta in volumed do 400 ml. A dlcha mezePa $0 e agregO Cl-mCI7 (10 I) 
y 

Is 

doelilscion $o repitiO dos veces. La suspension resultante so enfriO a 0-2°C  y so 

agitO durante I hors. El soltdo so recogió par filtraciôn, so lavo con 0-5°C CIH2Cl2 

(2 x 110 mit 
y 

Se seco (65-70°C. 20mid Hg) dot-ante 18 hot-as, Judge 3-5 mm Hg 

durante 16 boras) con lo coal so obtuvo at producto deseado (82,4 9. 717%) 

Pureza per area 
% 

do NPLG: 96,5% 
y 

028% de epimero do 04. 

Ejemplo 4 

Ciorhidratods ccoruro de N-f-buiilgficina 

Se disolvio t-butitamina (88 g) an 300 nI de fojueno. La me2Ca so calentO 

a 45-50°C 
y 

55 agregaron 1175 9 de t-butilbromoacetato durante I lord mientras 

one Se maritenia Is temperature a 50-60°C. La mazda Se calernO a 75°C Out-ante 

2 herds. La mazda resultants Se enfrio a 12°C a-15°C 
y 

so agiO durante 1 hora. 

Los sOlidos Se filtraron 
y 

so lavaron con tolueno trio. Ef sdlido, brornhidrata Os 

butilamina, Se desetho. El filtrado so enfriO a 10-120C 
y 

So him bullir gas 0� Rd 

durante OS bores. La mezcla Se agitO durante 3 horas a 10-12°C, "ego At 

producto as recogia par filtration 
y 

Se lava con toluene  trio. Ef producto so seco At 

vscio a 40-50C 
y 

so obtuvo el clorhidrato de N-t-butilgLicina. MS: m/z 167 (M+) 

En 35m1 de tolueno. Se agrsgo el material preparado come so describiO 

arriba, clorhidrato he M-butilglieina (7 gramos). Sc agregO cloruro do fionilo 

(11,6 ml) 
y 

to suspension so calenta a 75-80°C durante I hors. La Suspensin Sc 

enfria a 20°C 
y 

el soiLdo so recoglO per tittraciOn 
y se lava eon 2 x 15 her de 

tolueno. EL sOlido resultante Se secO at vaeio a 400C 
y 

Se obtuvo 4,4 g (65% de 
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I rendimiento) del producto, que esta protegido contra Is humedad 
y 

quo so uso do 

I inrnediato an el prOxinlD Paso, 

Ejemplo5 

Tieciclina 

So agrego per panes 9-Aminornnodc&ia (10.00 g) a 80 nI de aQua a 0-

5°C. Se Is  agrego per partos clorhidralo de cloruro de Øcido do t-butiiglciria (10,98 

g). mantenienda Ia temperature a 0-5°C. DespuM do agitar durante 40-60 

minutes, so agrego per partes 30% do hidroxido do amonio a Is mezcla de 

reaceian mieritras so mantenia Is temperatura a 0-5°C pare ajustar el pH 872. A 

Ia soluciOn as le agrego 85m1 de riletano 
y 

Iueo 60 ml de cloture de metileno. 

SDespues do egitar 15 niinuto, Ian loses as separaron. La lass aouosa as extrajo 

eon c}oruro de methane 4 X 40m1, con el p1-1 ajustado a 7,2 antes do cads 

extrathOn. A as organicos cornbir,ados so es agregaron lornI de rnetanol 
y 

Is 

soturiOn so seco con sulfalo do sodo. DespuØs dot filtrado, a soluciOn Se 

concentro 
y 

se obtuvo una suspension (peso note : 51 9). La suspension se agito 

a5-100C durante I horsy Liege so filtro. El saline so tavo con 2 X 10 mOe cloruro 

do metiLeno, lunge so sec y so obtuvo 8,80 g clef producto (76,8% do 

rendiniiento). Pureza par area 
% 

do HPLG: 984% 
y 

01% do epirnero do C-4. 

I MS(FAB): rn/i See (M+F-I); 585 (Mt). 

I EiemIoS 

I flratodeclorurodeNbuUhlLdne 

I So disoLvio t-butilamina (1,5 kg) an 135’ do tolueno. La mozcls as calenta 
I a 45-50°C 

y 

so agrego 548 g do I-butilbrornoaoetato durante I hors, rnientras so 

niaritho fa temperatura a 50-60°C. La ne2cIa so caJento a 75°C duranle 3 herds. 

La niezofa de reaccion so en(riO a 12-15-C 
y 

as agitO dumnte I hors. LDS sOlidos 

I 
Se filtraron 

y 

as Lavaron con toluene Mo. El solidu, bromtüdrato do -butiIamina, so 

I desechó. El filtrado se concentrô a -800 rnL destiLando at solvents. Ef concentrado 



as enfrib a 250G y Se agregaron 900 ml de 61J do HCl a Is mezela. Depues do 

agitar durante 3 hems a 20 250C  las roses so separaron. La tase orgànica as 

desecho y Is fase acuosa so concentrÆ a un volumen do 600 ml. Se agrego 

isopropanol (2,41) al concentrado. La suspensiOn Se enttiO a -12/-9°C y se 

mantuvo ast duranle 0,5 horas. El produtto $0 r500giO por filtracion, so lavO con 

isopropanol irLo y luego as agito al vaclo a 40-50°C a fin do obtener el slido (408 

g). La pureza par RMN tue >95%. MS: mhz 187 (M+). 

En 1,3 1 d toluene y 7,5 ml do DMF Sc agrego el material preparedo come 

se describLO arriba, clorhidrato do N-t-butilqlLcina (250 gramos). So agregO 

cloruro do tionifo (143 ml) y is suspensidn so caieritO a 80-80°C durente 3-4 bores. 

La suspension as enfriO a 20°C y el sôLido Se TOCO9IO par filtracion y so IavO con 2 

250 nil its toluene. El s6do so secO aI vaoio a 40°C y so obtuvieron 260 9 del 

producto (82 % de rondimniento). Pureza par area % de I-PLC: 98,2% 

iemDIo 7 

Tigeciclina 

Be agregO ucr de 9-aminomninocilina (140,0 g) a 840 nil do C9IJS a 04 °C. 

$o Is agrdpO clorfiidrato de oloruro do acido do t-butilqlioina (154 9) durante 15 

minutes, mientras as agitaba enØrgicarnente y Or rnantenia Is temperature a 0 

4°C. 

La soluciOn so agitO durante 1-3 hora 

� El pH do Is mazda Sc a$ustO a 7,2–0,2 con 30% do hlidnixidQ do arnonic, 

mientras se mantuw la temperature a 0-10°C. Se agregaron a   soluciOn metanol 

(930 ml) y 840 ml do cloruro do metileno, quo se agitó durante I bora a 20-25°C. 

Las fases as separaron La rose across Se extrajo con 3X600 nil de cloruro do 

metileno y las Issas orgØnices Se combinaron, Se secaron y as concentraron a Un 

volumed de 500 ml aproximadamente. La suspension resultante as enfriO a 0-

2°C durante I hors. El solido Se We y se 5cc6, COn lo cuel so obtuvo 1209 del 
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producto (75% do rendimiento). Purea par area 
% 

do f-PLC: 98%, Q1% do 

epimero do C4. MS(FAB); m/z 586 (M+H); 585 (M4). 

Elemplo 8 

Clorhicrata de lidinilacetico 

So disoLvia pirrolidina (14,2 g) an 40 ml de moth t-bLithl eter, La solucLOn So 

enfria a 0 a -5°C, Se agrego bronicacetato do bencito (22,9 g)  9ota a gala 

nhlentras so aitaba. La espesa suspensiOn blander so agitO durante 0,5 horas a 

0-50C. El salrdc so MtrO y so lavc con maul 1-butil OIer. El fiifldo Se concentric 

so obTuve 21,39 do acolato do pirrolidinilbencilo. El ester de bencilo (21,10 g) as 

disoLvia an 200 ml do metapal 
y 

so agregO 40g do 10% de paladin sabre carborto 

� 

coma catalLzador (0% do humedod). La soluciOri so bidrogeno a 40 psi durante 6 

hores. El catalizador Se filtro 
y 

Se lava can rnetanol. El filtrado oe concentrO 
y 

so 

obtuvo 11,8 g do acetate do pirrotidinilboncilo an terms de an aceite incoloro. Se 

suspendid acido acetico do pirrolidinilo (15,8 g) an 15 ml do metil thutil afar. Se 

agrega acetonitrilo (15 nil) 
y 

la suspension so enfria a 0-5°C. Mienlras so agita,a, 

so egrego -(CT stereo (120 ml, 1.0 M). El precpitado banoa resultente As  iiltrO, 

so laeO con metif l-buti ter 
y 

so seco a fi do oblenor 15 9 de clorhidrato do ÆcLdo 

acØtica do pirrndnilo. Puraza sog!n area % GCIMS: 98%. MS: mfz 129 (Fvl+). 

EjempIog 

14S-(4a, 1 2aa)I4,7 -Bis(dirnetilamino)-9-1(pirralidinL0acetillaminol-

I 4,4a55a,64j2?gabJto-3 10 1212a-tetrahidioxi-1 .1 1-dioxo-2-naftacen-

carboxamida 

So suspendiO acido pirrolidinLlacetico (7,7 9) on 7 nil do acotonitrilo. 

DespuŒs do entriarla a 05°C, so sgre9aron 5,3 ml do oloruro do tionilo, 
lentamente 

y 

agitando. La suspension so agito a 55°C. La salucJOn oscura so 

mantuvo a 55aC durante 0,5 tiaras uego so enThO a temperatura ambionte a fin 

do oblener clorhidrato do doruro do oirrolidinilacetila. Clorbidrato do 9-
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eminominocictina (5,0 g), preparado segun lo descrilo an of Ejomplo 4 

entoriormenle, Se susperidia an 5,0 ml de agua. La suspension Se enftiO a -15CC. 

A niche suspension so agrego gota a gota la soluctOn do di do cqoruro de 

pirrolidinilecetilo sequin so describid anteriornienlo, 
y 

so mantuvo Ia tsrnporatura 

p01 debajo do 22C. 1a rnezda de reaocion oscura se agilO a 22-25°C durante 3 

horas. See agregO aqua (2 ml) a Is rnezcia yel pH so ajustO a 65O,2 con 30% 

de hidrOxido do arnonio- La solucion as extrajo con 6 x 15 ml de Cf-11C12 Los 

extraclos orgÆnicos so agruparon 
y 

concentraran a 40°C. Al concentrado so le 

agregO etanol anhidrido (10 ml) 
y 

Is suspension as agitO a 5-7°C durante 1 bore. 

El salidc as fiflro ysecO at vacio a 400C a fin do Lograr 3,5g del produclo. Pureza 

� 

por area 
% 

do HPLC: 98,7 %, 0,4% do epirnera do C4. M$(FAO): m/z 586 (M’-H) 

585 (Mt). 

Ejemplo 10 

IQ iclina 

So agrego par partes 9-Aminoniinocicina (4,0 9) S 10 ml do ecetonitrilo 
y 

5 

ml de DMPU a 10-15°C. Se to agreg  por partos ciarbidrato do cloruro de àcido 

do t-bulilglicine (4.4 g), manteniendo Is temperature a 10-15°C. Despues do agilar 

durarite 2 horse, as le agrego a ia reaction 10 nil do MeOH 
y 

17ml de aqua 

ornaments, mientras a temperature so rnantenia a 10-I PC. Cola a gota, so 

incorporO hidrOxido de amonio (30%) a La mezcla do reacoiOn y Se mantonia Ia 

temperature a 5-8°C pare ajustat of pH a 7,2. Luego, so ineorporaron I 5m1 do 

cloruro do metilono. Despues do agitar 15 miriutos, las fases so separaron. La 

fase acuosa so extrajo con 4 X 20m1 do cLoruro de motileno, con el pH en 7.2 

antes de cada extraccian. A los orgÆnicos combination, so agregaron 700 mg de 

Norti CA-I (carbon vegetal) 
y 

log de sulfato do sadie, Luega Is mezola Se filtra. La 

torte so lavO con 2 x 20 on do cloruro do metileno. La soluciOn so concenlrO 
y 

fa 

suspension resultante Se agitO a 5-80C durante 16 horas. OespuØs del fLtrado, ol 
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sOlido so lava con 2 x 10 ml de cloruro do metLleno trio, luego Se Secô a fin de 

obtener 2,5 g del producto (50% de rendimiento). Purea par area % de 1-IPLC: 

95,2%, epimero do C4: 0,5%. MS(FAB): rn/I 586 (Mi-H): 585 (Mi-). 

Elemplos 11-19 

fiaeicIina 

Los ejempIos 11-19 Se realizaron segan el procedimiento del Ejempfo 10, 

modificando el solvents segln Se detalla abajo. 

Ejemplo Solvents Rendi- Resultado 1 

miento 

11 DMPU 50% Pureza: 952%, epimera de 34: 0,5%! sin: 

3.35% 

12 DMPU- 46% Pureza: 98,1%, epimero de C4: 0,5%, Sn,: 

H20(1:1) 0,7% 

13 DMPU- 60-72% necesitO un tratamien(o final mayor 

MeCN de 

rendimie 

nb, 6 g 

de 

esoala 

14 TF-I 
- La reacciOn ma Sc cornpleLii. 

15 MeGN - &reafon incomplete 

CH2Cl2 -- reaccldn incompieta 

17 TFIF:H20 -- ReaccLOn compteta. 

18 NMP -- La reaccion funciona pequera escara. 58 

reaociOn compLeEa,_________ 
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Ejemplo solvente Rendi.esuItado 

miento 

I 

19 DMF1 58% Impureza desconocide: I 

Ejemplo 20 

ClorhLdrato do cloture de N-t-butIlalidna 

A on balªn do bocas mciltiples do  L coil on agitador mecnico, terrpapar, 

condensador can una linea do nitrôgeno a 0% (en peso) de depurador caustico 

un embudo pare La suicide do ecualizaciOn do presion so agrego dorhidrato do N-- 

tbutiLglidne molido (436 g, 2,6 moles d(05) = 103 tm), toluene (1958 g, 2,263 

ml), y NNdin,etilformamida (13,6 g, 14,4 ml, 0,19 moles). Luego, so ncorpora 

cloruro do tioniLo (405g. 248 ml, 3,4 moles) ale suspension blancuzca usando el 

erubudo do adicion do 250 ml durante 33 niinutos a 20-30°C, La suspensiOn so 

celento a 80°C durante 1 hors, luego Se aqua a 80°C durante 
a 

horas. Despues 

de 3 boras, La reaccion as completO par cromatoçrafia do cape line (c2% del 

Material do partida). La suspensLOn amarillo-anararujada se enftiO a 20°C durante 

32
 minutes, luego Se spite a 15-200C durante 32 minutes. El solido so recogiO par 

filtracion 
al vaclo sabre Un embudo Bucher do 15 cm usando Un papeq Wl,aftnari 

No 42, La tone Se lava can tres porciones de tolueno (2/2 g, 314 ml cada evade) 

a 20-25°C.  La torta hUmer4a Se secó par sucdOn durante 20 munutos bale 

protecciOn de nhlrOgeno. El producto Se seco, Lusgo, en u borne a un vacJo de 

23 mm I-iq y 38°C durante 21,2 hones pan propQrcionar unto pØrdida durante el 

secede do 1,23%. Peso del MCI do corura do t-butilaminoacetiuo obtenido 4629 

ConcentracLon per GC z 910%. identificacuOn lH = costive. Rendimiento del HCI 

La niezola de reaccion so temple con isopropanol-aceteto de etilo, luego so 
dividia entre aqua y CH202. La fase organica Se concentrO, luega so duil4t con 
toluerio antes do el aislamiento del producto. 



do aeido t-butLlaminoacetico 96%. El rendimienta corregido a Is concentracian 

del producto 
y 

el material de particle : 87% 

Ejemplo 21 

Clorhidreto de cloruro de N-1-buliLgticina 

A on baton do bocas mlNples do 5 I con on aitador mecànico, termopar, 

coriderisador con one l7nea do nLtrOgeno a 25% (en peso) do depurador caustico 

in embudo pal-a a adiciOn do ecualizacian de presion so agrego clorhidrato do N-

t-bulilglicina molido 4509, 268 moles d(0,5) = 664 Lm), toluene (2863g. 3,310 

ml), 
y 

NNl-dimetilformarnida (15 g, 15 ml, 0,21 moles). Luego, so incorporO 

cloture do tionilo (422 g, 259 ml, 3,54 moles) ala suspension blancuzca usando e! 

* ombudo do adiciOn de 250 nil durante 19 minutes a 19-22°C. La suspension so 

calerttO a 79°C durante 7,1 notes, luego se agitÆ a 79-82°C durante 44 horas. La 

reacciOn Se verified despuOs do 3 bores 
y 

so descubria quo esteba incompleta par 

media do cromatograf[a de capa find (TLC). So agregaron 26 ml (42 9, 0,35 

moles) do cloruro do tiorillo. Despues de Un total do 27 hares, Is reacción segula 

incomplete se9On TLC 
y 

se egregaron 26 ml adicionates do cloruro do tionflo (42 

g, 0,35 moles). Despues de on total do 44 was, a 79-820C, La raacciOn so 

completO segUn TLC 
( 

<4% do HCl do Æoido its t-bulilarninoacetico do partida). 

La suspension marrOn oscuro so enfriO a 25°C durante 17 minutos, luego so egitÆ 

a 21 -20°C durante 37 minutes, EL sôlido se recogiO per  filtraciOn al vaoio sabre un 

embudo sinterizado do vidrio grueso do 2 I. La torte so love con seis porciones do 

toluene (282 9, 325 ml code !avado) a 20-25°C. La tons  hUmeda so seco per 

succiOn durante 16 minutos ba]o protecciOn do nitrOgeno. El producto so seth, 

luego, en on home a on vac[o do 23 mm Hg 
y 

380C durante 26,1 holes pare 

proporcionar this perdida durante a] secede do 078%, Peso del HCI do cloruro 

do t-butLaminoacetilo obtenido 395 9, ConcentraciOn por GC z 89)5%, 

Identifloacion IR = positive. Rendimiento del HCI do Æcido tbutifarmacdc6tco 
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79%. El rendimiento corrogido a Fe concentraciOn del produdo 
y 

el rnatehal Os 

partide:= 71% 

Ejempia 22 

TiqedcVna 

Se thsolviO HCI de 9-aminonuinocictina (43.0 kg) an 258 kg (6,0 panes de 

agua) pare inyecdOn a 0 - 6 OC. Se agregO cloruro de Æcido de N-t-butilglicina 

(47,3 kg, 1)1 panes, 3,01 equivalentes) a Ia sotucion del late mientras se 

mantenla la temperature del lots 0 a 6CC, La mezcla de reaccion se agita currents 

I bores 
y 

as calouta on conlenido do 0.2% do material do pertida (no as necesilO 

Un adicional HOl do cloture as acido de N-t-butilglicina). La mezcla de reacciOn 

GAR-936 se Ilevo a on pH do 72 4/- 02 usendo 32 k (0,7 partes) de hidrOxido de 

emonio. 25% 
y 

2kg do ai clorbidrico reactive (pare volver a ajustar eL exceso). 

El pH inicial era de 0,42 yet pH final do 7,34. Se agregaron cloture de metileno 

342 kg 8 panes) 
y 

148 kg (3,4 panes) de material a Is mezela de reacciOn a 0-

7°C.  Dade quo el pH era do 7,09, nose necesito ajustarlo. El tote se ca(entO a 19 

260C, Se acrego melanol (83 kg, 1.9 partos) 
y a faso Qrganiica inierior So 

sepal. El producto restarts an ía rose acuosa se exhale an Is fase organica 

usando 1 x 342 k (6 pales) 
y 

S x 172 kg (4 panes) de cloruro de rnetileno 

mier1ras se msntuvc ot pH a 7,2 -/- 0,2 can hidrxido do amonio, 28%- Se 

agrega nietanol (49 k, 1,14 panes) a a saurian resultants do cloruro de 

mefiteno/metanol, pie Se Javô  can 2 x 43 kg (1 perle) de aqua para inyecciOn, 

antes do quo Se lavara can 43 kg (1 parte) de sultato do sodia. Se realtzaron tros 

destilacionos at vaoio pane dimmer el metanot con agregado do 568 kg (13,21 

panes) de cloruro de nietilerio antes as Is segunda 
y 

terrors destitaciOn. El nivel 

residual de metanol an 01 liquido addle foe de 021%- Se fil(rô of lote, Se lava con 

2 x eO kg (1 ,4 panes) do cloruro do metileno preenfriado (0 a 60C). El nieterial 

brute resultants nose seco, poro so aislô an forms de una tons himeda (72,5 Icg. 
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38,2 if do peso nato, segUn Se calcula a parlir do Is perdida durante el secado), 

to coal dio Luger a 77% de rendimiento a HCL do 9-aminominocicltna. Resultarl 

anailticos do Ia lorta h(irTeda: minociclina = I ,26%, impureza individual mayor = 

0,37%, eptmero de C4 050%, 

Ejemplo 23 

flicIina 

Se disolvio FICL de 9-aminominocicLina (61,0 kg) an 258 kg (6,0 panes do 

agua) pace inyoccibni a 0 -6 °C. Se agregO doruro do acido de N-t-bulilglicinia 

(67.1 kg! 1,1 partes, 3,01 equivalentes) a Is solucion del late, miontras so 

manteria Ia temperature del late 0  6°C. La mezcla de reacotOn so agito durante 

3,5 hares 
y 

so celculo un cantenido do 0,13% de material de partida (no so 

necesito on adicional HO do cloruro de Æcido do N-t-butilglicina). La metals as 

reaccion as IlovO a all 1,2 i-f- 0,2 usando 45 kg de bjdrOxido do amonlO, 28%. 

(0,7 partes) El all iniotal era de 0,82 
y 

el pH fire1 do 7,01. $e agregaron oloruro 

de metileno (485 kg, B panes) 
y 

210 kg (3,4 partes) do metanol a Is rnezcta ic 

reaccion a 0-6°C, Dado quo el pl-1 soguta estarido dontro del rango (7.04), no so 

necesitO ajustarlo. El tote Se catenta do 19 a 250C. Se agregd nietanot (118kg! 

1,9 partes) 
y 

Is tase organica inferior so separo. ES producto restante on La lase 

acuosa Se extrajo an [a lass orgØriica usando I x 485 kg 18 partes) 
y 

3 x 244 kg is 

pares) de cloruro do metileno mientras so manteriia el pH a 7,2 ’/- 0,2 con 

bidroxido as arnonlo, 28%. Se agrogO rnetanol (70 kg, 1,14 panes) ala solution 

resultants de cloruro do metjleno(metenol, qua so lavO can 2 x 61 kg (1 pale) do 
ague 

pam inyecciOn, elites de que so socara can 61 kg (1 parIs) do suLfato do 

sodio, Sc reaLizaroni des destilaciones el vacto para etiminar at metanol Con 

agregado do 805 kg (13,21 ades) do cloi-uro do metileno antes de Is segunda 

Eercera destilac?On. El rival resdua) do maternal on or Ilpuido madre foe do 

0,050y, Se 511r0 at Iota yso lavO con 2 x 35 kg (1,4 pales) de cloruro do metileno 
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preenfriado (Ga 60C). El material brute resultante nose secO, pare so aisO an 

forms de una (orta ’Omeda (103 kg, 534 kg de peso nab, segun so calcuio a 

parflr do a pØrdida duranto ci secede), Ia cual die luger a 76% de rondimiento a 

HCl de 9-aminominociclina. 

Ejemplo Comparative 24 

Monoclorhidrato do tigecicliria 

Ejemplo 244: 9-cioroaoetamidominociclina 

Se enlrlo cloture de metilono (1,3 
) 

a 0-2°C an un bslOn Ce base redonda 

Ce 3 I equipado con Un agiador mecanico, an {etmOrnetro 
y 

Un embudo pore 

agregados de 11. Per partes, se aprego agitando clorhidrato de 9-

sminominociclina (400 g) recristalizado, Luego, so incorporo trietilamina (428 ml) 

durante 10 minutes, rnientras Se mantenia Is temperature mitre 0-2°C. La mezde 

do reaction so spite durante 10 minutes 
y 

luego so enirlo a -22°C. Se agrego a 

coritinuacion, una soludOn de anhidrido cloroacetico (280 g) a cloture de metileno 

(540 ml) a tal volocidad qua Ia temperature no peso de los 5&C. Se usaron 132 nil 

do cloruro do meUfeno adiclonai pars enjuagar ek ernbudO pare agragados. So 

analizO Is mzc}a do reacciOn per HPLC, 15 minutes dospues del comienzo do la 

adicion its anhidrido. Cuando Is cantidad do material do partida prosente era 

manor a 2%, Is reaction Se temple con 680 ml its 0,05 M do soluciOn do 

bicarbonate do sadie. La mazda so agito durante 15 minutes, Wage so transfirlO a 

un embuda separador do Si. So espero a quo las fases Se Separaran. La lase de 

cloture de metileno se separo 
y 

Se lave con 680 ml no solucion adicional de 0,05 

M do bicarbonate do sodlo. Dicha saludOn lw,ada se agrego gala a gala or, 171 

do una mazda do 10:1 do heptana e isapropanol (15,4 I do oheptano 
y 

1,54 I 

do isopropanol). La suspension so agitO durante S minutes 
y 

luego so dejO asentar 

durante 10 minutes El 
sobrenadente 8e deoantO 

y 

el precipitate so filtro a traves 

do un embuda curl fritas do porosidad gruesa. El sOLido so lava con 21 de 10:1 do 



n-riepterio:isopropanol. Ef siido so secO a 40°C aI vacio a n de obtener 550 

del producto an brute. 

Ejamplo 24B: Tigeciclfna 

Se agregO 9-oLoroacelamidominodcliria bruta 100 g) a temperature 

ambiente (25-28°C) lentamente 
y 

agitando energicaniente a 500 ml de 

butitamiria an Un baron de 11 de base redonda 
y 

can dos bocas, squipado Con Lfl 

agitador 
y 

um termOmefto. Se agregO yoduro de sodio (10 g) y Is mezcla de 

reaccian Se agito a temperatura ambiente duranle 7,5 bores. La reaction as 

controlO pDr media de l-IPLC 
y 

cuando quedaba merlos del 2% de material de 

partida, as agregO 100 mL de metanol 
y el solvente Se reextrajo an Un vaporizador 

� 

rotative a 4QC. Al residuo Se a agregartn 420 ml de metanol 
y eao 

ml de aQua. 

La sotuc6n se enfrid a 0-2°C 
y 

Se ajusto a ph 7,2, can HClconceritrado (91 ml) a 

fin de obtener ma mezcla de reaction con on volumen de 1300 ml. Se diIuyo a 

6,5 I con aqua 
y 

el pI-I as ajusto a 4,04,2 can MCI concentrado It  ml). Se 

agregô Amberchrom (CG161cd) lavado (860 g) a Is solucion 
y 

Is mezola Se 

agitO duranle 30 minuCos 
y 

as ajusto ei pH a 4042. La rosins se fltrO 
y 

a 

soludon acuosa usada Se analizO par FIPLC pare buscar el producto 
y 

as 

alrnacenô a 4-8°C La  resins as suspendia an 4.8 1 d 20% de metanol an aqua (41 

its metanol � 16 r de agua). La suspension as agitO durante 15 minutes ye’ pI-1 as 

a5ust6 a 4,04,2. La resina Se filtrO 
y 

p1 tjltrado Se analizo para observar el 
prOdUctD. 

La extraccidn de Ia resina Sc repitid 3 veces mas our 4.8 I de 20% de 

metanoi an aQua. Se egruparon todos ]as extractos de reina 
y 

Is so!ucion aCUOSS 

usada anteriormente 
y as ajustO el pH a 7,0-7,2 con 30% de bidrOxido de amonio. 

La fase acuosa Se extrajo con 6 x 2,8 I de cloruro de metileno, can el pH an 7,0-

7,2 entre las extracciories. El extracto its cloture its metileno agrupado Se fLltrO a 

troves de 250 g de sulfato do sodio anhidrido, as concentrO a 500 ml 
y 

so enfriO a 

0-3°C.  Despues de qUO el producto as liubiera cristalizado, Is suspensiOn Se agitO 
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dvranls I bore a U3°C. Los sOlidos so filtraron, so lavaron carl 2 x 50 ml do 

cicrurQ do rnetileno lila y so secO a 400C al vsclo e fin do proporcioner 26 g de an 

solido. 

qemp(o 240: Monoc(orh(drato de tiecdllna 

Agitando, Se dIsolvio tigeciclina (49g, 0,084 mel) par partes an 500 ml de 

ague pare n\JecdOrl. La soludon so filtro a treves do Up embudo poro,o media 
y 

so love con 420 ml do agua pare inyocciOn. La solucLon Se entriO a 0-2°C 
y 

see 

agregO 5,6 ml de I-ICL concentrate geta a gate, mLentras Se rnantenia Is 

temperature entre 0-2°C. El pH iniclal tue do 8.0 
y 

el final do 6. La soludOn Se 

liofilizo congelando Is mustard a -30°C 
y 

liofilizando a -15°C. La temperature de 

* 

aimacenarniento subjo a 210c durante 2 horas. El solido resultants (49,6 g) se 

molio 
y 

so almaconO a 4-5°C. .AnÆljsis elemental: C (lei 52,92%, experimental 

5175%); H (feoria 6,73%, experimental 6,75%); N teorla 10,65%, experimental 

10,32%): Cl (teoria 5,4%, experimental 5,5%). 

EiemDlo Comoarativo 25 

Monoclorhidrato de tigeciclina 

Ejemplo 251 9-cioroaoetamidominociclina 

Se enfrio cloruro de nietileno (325 ml) a -s a 0 °C 
y 

Se agrego per partes 

clorhidrato do 9-arninominociclina (100 g) durante 10 minutes. So agregO 

lrietilamina (77,6 g), mientras Be mantenia Ia temperature a 10 a -5 °C. Se 

� prepare una soluciOn do 97% its anhidrido cloroacetico (70 g) an cloruro do 

metilena f 13 ml) agitando a 20-25 °C y as incorporô a Is mezcle de reaccibri de 

45 minutes, mienhias so niantenja Ia temperature de rnezcla a -10 a -2°C. EL 

baldn qrjo contend Is soluciOn do anhldrido cloroscetioo se enjuagO con 31 ml do 

clorura do molileno 
y 

el enjuague aportO a Is mezcla. DespuŁs do agitar durante 

30 minutes, (a reaction so observO par HPLC pace doerminar Si Is reacciOn Se 

complain. Se agreed bicarbonato do sodlo acuoso (SS nil, 005 M) durante 30 
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mnutos, madras Se manlenla Is temperature do reaction a 0 a 5°C. Dospues do 

agiter durante 10 minutes, las capas so separaron y Se agrego sulfate do sodjo 

(15 g) ala caps oryanica. La rnezcla as agito durante 15 minutes de 0 a 5°C y as 

filtrO. La torte resultarle as erijuagO con cloruro de metileno (2 x 38 ml) 
y 

los 

filtrados combiriados Se translirieron an 419 I do 10:1 do beptano:isopropanol 

durante 20 minutos, seguido par an enjuague do 15 ml do cloruro de metileno del 

balOn do tiltrado. La mecla as agita durante 15 minutes de 20 a 25°C y, iuega, Se 

filträ.  La torts so enjuagO con 680 ui do 10:1 hepteno:isopropanol 
y 

Se soco 

durante 24 ’cr95 do 37 a 40°C (5-10 mm Hg). Pureza per area 
% 

de HPLC: 18,1, 

EjempIo 258: T/geciciina 

� 

So agrego 9-cloroacelamidominociclina (100 g) agitendo eneryicamente a 

483 ml do t-butilarnina a un range do temperature do 0 a 10°C an  un balOn do 21 

debase redonda 
y 

bocas m(’ltiples, equipado con un agitador, un terrnametro 
y 

un 

condonsador. Se agrego yoduro de sadie (16 g) 
y 

to reaccion so agita a 33-38°C 

durante 4 horas, La mezcla de reaccian Se observo mediante NPLC pars 

determinar quo so hubjera compretado, luego Se enfriO a 5 a 10°C. Se agrego 

metanol (300 ru1) c$urante 10 rruinuws, lueg° Ia solucton do roaccion so concentrO 

por destiIciOn 10-170C, 68 mm Hg) haste 350 ml. So agregO una segunda 

porciOn do rnetanol (600 ml) at concentrado 
y 

Ia mezcla Se concentrO par 

deStilaciOn a 350 ml. $e agregaron metanol (46 On 
y 

ague trla (565 ml) mientras 

so mantenia Is temperature do reaccian per debajo do 30°C. La soluciOn so enfrio 

do 0 a 50C yet all so ajusto a 4.0 con 100 ml de IHCI 20 °Be. La soluciOn Se 

transfiria 
a in balon do bocas m(jltiptes do 5 litres con 500 ml do enjuague de 

agLJa, luego so dLluyo can I I do aqua. Oespues as agitar duralule I hera a 0-5°C, 
lavo

 can Anubercilromfi(CG161) ressral 
y 

la suspension resultante So agito 

durante 30 minutes a 20-25°C, La suspensiOn as  filtro 
y 

Is tone hUmeda resultants 

so incorporO an 340 ml de soluciOn do agua/metanol 5:1 . El filtrate $e warto, 
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Despues de agiar durante 30 minutos a 20-250C, Is suspension Se fLItro 
y 

Is torte 

htmoda resultarite Se incorporo a una segunda porciOn de 340 ml do una sclucLOn 

do 5:1 de ague metanal. EL segundo filtrada Se apartO. La suspension se tiItrO 

Is torte h(imede resultante Se incorporo on uris tercera pardon de 340 ml de 

soluciOn de agualrnetanoL 5:1 Despues del filtrada, el tercer tiltrado Se combirlo 

con el primero 
y 

el Segundo, 
y 

so enfrid a 0-5°C. El pH Se siustO a 7,0 con 11 ml 

de 28% de tiidroxido de anionic. La soluciOn Se sgitô a 0-5°C durante 16 horas, el 

pH Se ajustO a 7,0 si resultaba necesarlo, 
y a 22-250C durante 1 hors, austando 

pH a 7,0 si reultaba necesarlo. La solucion acuosa Se extrajo con cloruro de 

metileno (5x 980 ml), 
y 

el tI so ajustaba a TO en code extracciOn. Las fases 

torgànica  combinada Be transfirieron a on embudo separador 
y 

Is dapa acuosas 

Be separO. La cape orgnioa se cornbiriO con 100 g do sulfate de sodie 
y 

so agito 

durante one hors a 20250C. La suspension Se filtrO a troves do no paper ceiLfe 

la torte Se enjuaga con 250 ml de cloruro de metileno. El ifllredo $e concentrO per 

destilaciOn (-5 a 5°C, 150 mm Hg) a ISO mt, luego Se onfriO a 0-50C durante I 

hors. La suspensiOn resultants Se tiLtro 
y 

Ia torte so rave we 0-5°C cicrurc de 

metilena (2 x 30 ml). La We hUmeda so agitd an clanjro do rnetileno (335 711) 

metanal (37 ml) a 26-3r0 haste qua so obiuvo Ia soluckin. La solucOn so fltro a 

eaves de on caiRo, quo esiaba enjuagado con cloruro do m&ileno (2 x 15 ml) 
y 

so 

ooncentrO par desiilacidn (-5 a YC, ISO mm Hg) a 54 mu. El procso be 

conceniracibri Se repitió dos yoces, prumero medianly op agregado de 335 nil do 

cloruro as metffeno 
y 

Is reduccuon del volumen a 55-70 nil, luego modiante el 
agrogede

 de 254 rr1 do cioruro be metiloric 
y 

Ia reducdOn del volumen a 90-105 
ml. La suspenson resullanle so agto durante one hare a 0-5°C, luega as  ultra 

so lava con clorijro be melileno (2 x 25 ml) a -1 Ut. El sOlido So seco a 35-40°C 

durante 16 ,oras, lusgo a 45-50°C durante 27 boras. Puroza per area % de 

HPLC: 97,7°/U, 123% do epirnero do 04. 
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PURIF1CACI6N 

EiemDIo I 

hg ed cling 

Una mezola de tigeciclina brute (110,0 g) y acetato de metUa (1,621) se 

mezclO 
y 

calentO a 30-35°C 
y 

as le agregO metanol (550 mg durente 15 minutos. 

DespuØs de mantenerla a 30-35°C  Is salucian Se fittro sobre tierra de infusorios 

(36 g) 
y 

la tons Se lava con acetate de metllo (2 x 106 g), El filtrado Se concentrO 

par destilacion (20CC, 150 mrnHG) a 560 ml. Sets agre9O acetate de metiro (1,11) 

ye suspension resultante as concentrO par destitacion (20C, 150 mmH) a 550 

ml. Este peso Se reIitiO, luego at concentrado se enfriO a 0-4’C duranre 1 hors. E 

sôlido
 resultants as recogiO par tIltracion 

y 

as lave a 3-$°C eon ecetaa do meWo 

(2 x 150 ml). El salido Se sect al vaclo (65-70C, 10 mrnHg) durante 100 Noras 

Se 
obtuvioron 98,0 g (801% de rendimiento) del producto aeseado. Purera par 

area 
% de HPLC: 98,8% 

y 

0,55% de epimero de C-4, 

Ei ample 2 

na 

Se agre6 an porciones HCI de 9-Aminominociina(l40.0 9) a 840 nil de 

aqua e 0-4°C. Se agrego clorhidrato S cloruro S ªcido de $-butirglicina (154 g) 

durante 15 minutos agilando enØrgicamente 
y 

manteniendo a temperature a 0-4 

C 
La soluciOn as agitO durante 1-3 hares. Et MI cia is rnezola Se ajustO a 1220,2 

con 
30% de hidroxido S amonio, mientras as rnantenfa a temperature a 0-10 °C. 

Se agregaron rnetanol (930 ml) 
y 

840 mt as clonjro Us nietileno a a 

soluciOn, qua Se agila durante 1 here a 20-25’C. Las fases as Separaron. 

La fase acuosa Se extrajo con 3X600 nil S crotro S rr*stileno 
y 

as fases 

org6nicas so combinaron, se secaron 
y 

as concentraron a Un votumen de 500 ml 

aproximadamente. La suspensiOn resuftante so enfrid a 0-2°C durante I bore. El 

salido Se filtrO 
y 

Se sect, con lo cual Se obtuvo 120 g dci producto (75% do 



reridimiento). Pureza par area 
% 

de HPLC: 98%. 0,1% do epfniero de C4. 

MS(FAB): mhz 586 (M+I-I); 585(M). 

Ejemplo 3 

dina 

$e preparo to tigectciina (15,009) segUn an Ejemplo 2 
y 

Se Is agregO a 113 

ink do acetona 
y 

113 ml do rnetanol. Las suspension as agilO a 20-25°C durante I 

hare, IuegQ Se enfhO a 0-2°C. DespuŁs do agiter durante I hors, Is suspensiOn as 

lfn5 
y 

Se favO a hide obterier 1255 a de) produto 837% de rendimien(o). L 

pureza sogUn HPLC (area %) tue>99 %, con de epimero C-4 

Eiomp(o4 

S 
So prepara Is tigericlina (105 g) segczn ci Ejemplo 2 

y 

so In agregO a 800 ml 

do acetone 
y 

800 ml de metanot. La suspensiOn as agitO 
y 

calentO a 30-35°C 

durante 15 minutos Luego as enirlO a 20-25°C DespuØs Se mantoneda a 20-25°C 

durante 1 harp Is suspensiOn so enl’rLO a 0-4°C 
y 

so niantina 1 tiora. Er soiido so 

Ultra, as lava 
y 

as secO, con to cual Se obtuvieron 53 g deL produc(o (rendimiento 

de 79%). Pureze par area 
% do l-IPLC: >gg %, epimero de C4: 0,4%. 

jemplo5 
Tigecid in a 

A Un balOn de bocas m(iltiples do I litro equipado con Un agitador 

mecnico y protecciOn de nitrOgeno, as In aregeron 943 g do tiflcitlirla brute 

h(imeda4 metenol (305 g, 386 ml) y acetone (291 g, 358 ml). La mazda do 

reacciOn Sc agitO a 16 - 230C durante 4 hares. La suspension Se tiltrô sabre an 

embudo BUchner do 9 cm con papel Whatman No 1. La tons hameda Se lava can 

metariol (87 g, 110 ml) a 20-25t, La torta hOmeda Se secO con suction 

protection de nitrageno durante 0,1 hare. So Is transfiriO (75,3 9) do nuevo at 

balan de bocas miltipIes de 1 htra y so Is agregO una soludOn de metannl (233g, 
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295 ml) 
y 

acetons (244 g, 309 ml). La suspension Se agito a 15 �20 ’0 dLlrante 

5,5 horas. La suspension Se filtrO sabre Un embudo Buchner do 9 a con pope[ 

Whatmari NO I La torte h(imeda Se lavO con metanol (70 g. 88 nil) a 1 8-24C. La 

torla liUmeda so seco con suociOn 
y 

protecdan tie nitrOgerio durante 0.1 tiora. Be 

to trarisfirio (59,0 g) de nuevo at beLOn do bocas multiples de 1 litro 
y 

Se le agreO 

one soluciOn de rnetanoL (247 ml) y acetone (187 g, 236 ml). La suspension Se 

agito a 18 - 24CC durante 3 hares. La suspension so filtrO sobre in eriibudo 

Büohner do 9 civi con papal Wliatrnan No 1. La torte hUrtecla so lava con rnetanol 

(55 g, 70 ml) a 201 La tons hÆmeda se seco con succion 
y 

proteccion as 

nitrogeno durante 0,1 tiara. So tomaron muestras do ía pare analizarles per 

S cromatografia liquida de all presiOn (IIPLC) (total do inipurezas = 0.62%, 

mhnociclina r 017%, epimero do 04 = 0,35%, otras impurezas individuales 

mayores = 0,05%). 

La torta himeda (48,9 9) Se transfiria a on balOn do bocas rnaltipies dO 2 

Lilros con up sistema de destilaciari al vaclo. A elLa so le egregO una pramercia an 

fomia de soluciOn do rnetenoL 90g. 114 ml) 
y 

dicloromeano (1,023g. 772 ml) La 

suspension Se agito a 15 
- 20 t 

y 

so obluvo on solución roja. Las soluciOn Se 

destiló a 160 ma 13-170C  con vatic de 330 mmHg durarite 0,8 horas 
y 

so obtuvo 

one suspensiOn aneran$eda. A un bacon as 2 lftros so ía agrego dLCQrOrnOtanQ 

(818g. 617 ml) 
y 

(a suspensiOn so volyid a destflar a 183 ml a   -’St a up vaclo 

do 817 mmHg duranle 0,7 horas. So Ic kncorporO diclorometano (635g. 479 ml) 

ys suspensiOn so volviO a destilar a 183 ml a 6-7G con un vacio do 817 mmHg 

durante 0!6 tiaras. La suspensiOn anararlada resultanta So enfriO a 0-500 Y se 

mantuvo a 0-5°C, agitado. 2 hors. La suspension Se filtrO Sabre in embudo 

Ucbner de 7 ciii win papel Whatman NO 1. La lana hUmeda so lava con dos 

porciones do 69 g (52 nil) de dThloronetano a D-C. La torte unmade se seco con 

succfrOn 
y 

protecc?On do nitrogeno dui-anle 5 munutos. So tome one muestra de Is 



orta hQmeda bard anaizarla HPLC total do inlpurezas = 0!49%, minociclina 

0,12%. epimoro do 04 = 0,32%, otras impurezas individuales maycres = 0%). La 

tons so secO a 25 C con Un vacio < 10 mmHg durante 57,5 horas haste on nivel 

do dicioromeiano de 2,2%, con lo cual se obtuvieron 32,39 do tigeciclina 342% 

do rendirniento). 

Este procedimiento as siguio usando Tigeciclina preparada con VIOl do 

minodcliria, obtenida da Job provadores J-iovione y Nippon Kayaku. En las 

Tablas I y 2 Se cornparan las impurezas presenles an Is Ti9edclina obtanida a 

partir del procoso mencionado, usando cada fuerite de material de partida de VICI 

do minociclina. Dchas tapas indican quo el pr000so proporciona on buen 

rendimiento do Tigeciclina oar’ on bajo nivel de irnpurezas. 

LABIAl 

Fuente de MCI Etapa do Total de MCI do Total do 

de mlnocicllna proceso do lmpurezas finales minociclina epinlero do 

Is on tigeciclina (A) recuperado {%) C4 final on 

tlgecicllna   tigeciclina (%) 

Nippon Kayaku bruto 0,71 0,33 026 

an bruPj 

Nippon Kayaku purificado 0,26 0,13 0,13 

puriticado 

Interchem brute brulo 0!66 0.17 0,29 

Lnterchem purificado 0,38 0,10 0!I 5 

Pu rificado 

1-lovione brute brulo 064  0,18 0,32 

Hovione purificado 0,39 Di 3 014 
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Fuerite de lid Etapa de Total de liCi de lotal de 

de minocicilna proceso de impurezas finales mnocicIina epimero do 

a

 

an tigeciclina (%) recuperado (%) C4 final en 

purificado  

TMLA 2 

Ensayo Nippon Kayaku Interchem [vlono 

Descripcion Poll anaranjado Polvo anaranjado RoNdo anaranjado 

Rendimierito (g) 28,5 323 36,4 

Concentracion (%)’ 100 99,6 99,6 

]mpurezas totales 

(%)2  

0,13 0,23 0,25 

LSI (impura2a 

individual mayor) 

(%) (RRR?  

by)4 013 L0641 
L 

0,07 [0,67) 

(%) 0,13 0.10 0,13 

Epimero C%) 013 0115 0,14 

(%) 13 2,2 2,1 

Metanot ftC) 0,001 0,003 0,002 

Acetona (%) 0,001 brI5 fbrl 

Heptano (%) 0,001 br16 I brl 

Alcohol isopropilico 

(%)  

0,002 bri7 bri 

HTo1n0 (ppm) br18 bri bri 

N,N-Dimetil- 

formamLda_(ppm)  

brI9 bri bri 



S 

Agua (KF! %) 1,32  0,72 051 

Residue nor ignitiOn 0039 0!005 0!014 

(%)  

IR Positive Posifrc  Positive 

Rotacion -219,4 -213,4 -218,7 

especlfica1 ()  

Cri ste ’in’ dad Correcto C orrecto Co ricto 

Rendimiento_(%) 21 26 24 

Rendimiento 24 30 27 

(corregido, %)"  

Rendimiento a partir 10 12 13 

de Mino (%)  

Rendimiento a partir 11 13 14 

do Mno (corregido. 

I. Sobre ins base snliidra, libre de solvenle. 2. $in incluir ci epirnenD. 3. 

lmpurea individual mayor (LSI) sin incluir el epmero de C4 y [a mLnocioLina. 

liempo de retention relative (RRT) con respecto a GAR-936 4. brl: interior at 

limite de reports, 0,05% pare -(PLC. 6. brl as 0,0005%. 6. bd de 0,0003%. 7, bri 

de 0!0030% ormtestra Cinica), 8. on de 2 ppm. 9. brl de 63 plan. 10. Rendimiento 

corregido ale concentraciOn del producto ye! material de partida. 

Elemplo 6 

iciina 

Se suspendió una lots h(’meda de tigociclina brute (72,5 kg , 38,2 kg de 

peso 55cc) as agitO y suspendiO an 191 kg (5 partss) Os acetona y 191 kg 5 

partes) de nietanol. La suspension Se calentO de 30 a 36°C,  as enfriO 

inmedietamerite de 19 a 25°C y Se mantuvo a 19-250C durante dos horns. La 
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suspensiton Se entriO de 0 a 60C y Se niantuvo a 6°C durante I bore. Despues del 

filtrado 
y 

el lavado con 2 x 34 as (0,9 partes) de acetonafrnetario (1:1), Is torta 

humeda Se evakia per Eu contenido de miriociclina 
(0,23°/c), 

9-aminomiriociclina 

(0%) 
y 

per Eu impureza indMdual mayor dfferente al epimero S 04 (009%). El 

contenido de epirnero de C4 foe de 112%. Seg(’n late dal analiticoEi, no se 

realizO one nueva suspension. A Is brta himeda as Ia agregaron 440 kg (11,5 

panes) de cloruro de metilerto 
y 

39,3 kg (1,0 partes) de metanol 
y 

Is mezcla Se 

calentO a 30 a 36°C para disolverse. La souciOn del Iota Se fijird a troves de 

filtros de pirogeno reductores 
y 

clarificantes de 0,2 micrones. Se realizaron tres 

deslilaciones al vacio para eirninar at metanol con agregado de clorura de 

metileno (440 kg 
y 

339 kg, respectivamente) antes S Is segunda 
y 

tercere 

destilacion. El oval de melanol residual rue de 03%. El late as entriO a 0°C a 

60C 
y 

so agita durante I hora. El late se ultra, se lavO con 2 x 42,1 kg (1,1 partes) 

de cLoruro de metileno preenfniado (-13 a -7°C) 
y 

as  seco a no rnas de 60°C basta 

one perdida durante el secado <2,5%. El material Se molia 
y 

Se obtuvieron 22,3 

kg de tieciclina (58% de rendimiento). Pureza par area % de l-IPLC: 98,2%, 

eplmero de C4: 1,55%, Minociclina 0,1%, 9-aminominociclina 0% impureza 

individual mayor 
= 0,08%. 

EIemDlo I 

Tigeciclina 

Sc suspendiô una tonla hUmeda de tigeciclina brute (103,5 kg 53,4 kg 

peso seco6) as agitO 
y 

suspendiO an 191 kg (5,1 partes) do acetone 
y 

191 kg (5.1 

partes) do metanol. La suspension as calentO de 30 a 360C, as enfnia 

inmediatamente do 19 a 25°C 
y 

as mantuvo a 19-25°C durante dos horas. La 

suspension Se enfria de 0 a 6°C 
y 

se mantuvo do 0 a 6°C durante I hera. 

DespuØs del fiitrado 
y 

el Iavado con 2 x 34 kg (0.9 pales) de acetona/metanol 

(1:1), Is tons hOmeda as evalud par so contenido de minoriclina (0,12%). 9 
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amnominociclina (0%) y par su mpqreza individual mayor difarente al eplmero de 

C4 (0,13%). El contenido de epimero de C4 foe de 037%. Segir los rates 

arialiticos, no Se realize una riueva suspension. A is none hUmeda Se Is 

agregaron 440 kg (11,7 partes) do cloruro de metileno y 55,7 kg (1,0 partes) de 

ureteral y Is mezcla Be celento a 30 a 36&C pars disolverse. La soluciOn del late 

Se filtrO a raves de filtros de pirOgeno reduotores y clarificantes de 0,2 micrones. 

Se realizaron tres destilaciones at vaclo pairs eliminar el metariol con agregado de 

clortjro de metileno (624 kg y 481 kg! respectivamente) wiles do Is segunda 

tercera destjlacjOn. El riivel de metariol residual tue de 1,07%. El late se entire 

as 0°C a 6°C y Se agitO durante 1 hare. El tote Se tlltrO, Se levO con 3 x 59,7 kg 

(1,1 partes) de cloruro de rnetileno pie entriado (-13 a -rC) y Se seco a no mas 

as 60°C rests una pØrdida durante el secede <2,5%. El material Se mall6 y Se 

obtuvieron 31,7 kg do tigecicliria an oslidad de primera cosecha. Una segunda 

cosecha qua consists an at products residual an el cristalizador propoiciond area 

2,5 to Ambas cosechas represented Un 64% de rendimierito de Is ligeciolina 

bruit 

Si bieri esta invencian Se decribio segin las diferenles realizaciones de Is 

invenciOn y sus ejempJos no lirnitantes Jos expedos an el carnpo pueden, 

despues de Leer Is rnemcrLa y ]as reivindicaciones, prever ones realizadones 

vadacianes daniro dal alcance pensado de a invencOn y par Jo tanio, el alcance 

* de Ia invencion solo dabs ser nterpretado y deilriido par el alcance de Its 

reivindicaciones anexas. 
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07- 1353Z6 

Relvindicaciones 

Flabiendo asi epecialmente descripto y determinate la naturaleza de Is presents 

invencion y a forma come Ia miscue he de set- lievada a a praaica, so dedara 

reivindicr come de propiedad y dereclo exclusive. 

1 Un metodo pare preparer at menos un compuesto de Formula 1: 

N 

0 

:NN 
(Cf1Jn

 

Of 0 H a 

Formula I 

* 0 una sal aceptable pare use farmaoeutico del mislilo, 

donde H y Ha so seleccionan cada uno an forms independients ne 

hidrOgeno, alguilo (Ct-Ce) do cadena recta y ramificada, y cicloalquilo, 0 Ri y R2, 

junto con N, fomian un bsterodclo; R as �NR3P4 deride R y R. ee seleocionari 

cede uno an forma independiente de bidrogeno, alquilo (01 C4) de cedene recta 

rarnicsda; y If oscila onUs 1-4, 

qua comprende racer reaccionar at marine on compuesto de Formula 
4a

 

0H

 

pN 

Formula 4 

una sal del mismo, 

con aJ manes on compuesto con grupo arninosoilo an un medio de reacdOn 

seleccionado de un made ecuoso, y at menos un solvents bÆsico an ausencia de 

one base reactive. 

2. Un metodo be acuerdo con a reivindicadOn I, donde n be 1, R as 

hidrogeno, R1 be t- but ilo, yR3 yR.. son cede uno melo. 
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3. Un metodo de acuerdo con Is reivindicacion I donde n 55 1, Ri y 

R1, junta con N, forman on grupo pirrolidinilo, yRa yR4 son cada uno meblo. 

4. Un rnØodo do acucrdo con cualquiera de as reivindicaciones I a 3, 

donde Is sal del S menos Un compuesto do Formula 4  a una sal lialogenada. 

5. Un metodo de acuerdo con Ia reivindiceciOn 4, donde is sal 

halogenada as Un clorbidrato. 

6. Un metodo de acuerdo con cualquiera do las reivindicaciones 1 aS, 

donde el medic de reaccjOn es un medic acuoso. 

7. Un metoda do acuerdo con cualquiera do las reivindicaciones I a 5, 

ounce el media do reaccion as at rnenos on solvents bªsico en ausencia de una 

* base reacvva. 

8. Un metodo do acuerdo can Is reivindicaciOn 7, donde el aI menos Un 

solvente bªsico as  selecciana do Un solvente paler aprotico 0 mezcla do solventes 

de los misnios quo provee at menos Un solvents polar basico aprOtico qua asia 

preserite. 

9 Un mØtado do acuerdo con ia reiv?ndicaciOn 
a, 

donde 01 a) menos Un 

solvents basico as una niezola de acetonitrilo 
y 

N,N’-dimefflpropilenurea. 

10. Un metodo de acuerdo con Is reivindicaciOn 8, donde el at menos un 

solvents basico es N,N’-dimeillpropilenuree. 

� 11. Un metodo de acuerdo con Is reivindicacion 7, donde el at menos on 

solvente acuoso es aqua 

12. Un metodo do acuerdo con cualquiera de las reivLndicaciones 1 a 

11 donde Is reaccion con el at menus on compuesto con grupo aminoacilo as a 

una t&mperatura quo oscila entre OT y60C. 

13. Un malodor para preparer tigeciclina: 
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TigecIcIina 

o una sa aceptabe pare usa farmacOulco de Ja misme, 

qua comprende hacer roacconar rn compuasto de FOrmuia 4k 

N, 

0 

ON 

HIM 
N 

ON 0 ON 0 

p 
F6rmula4A 

o una sal del misruc, 

con al manes un compuesto con grupo aminoacilo an un medio de reaccian 

selecetonado do un medio acuoso, y al manes up solvents bØsico an ausencia do 

una base reactive. 

14, On mØtodo do ecuerdo con Is reivindicadbn 13, donde Is tigeciclina 

es tigeciclina clorbidrato. 

15. On metodo do acuerdo can Is reivindicacian 13 a Ia reiviridicacidn 

14 donde la sal del al menos up conipuesto de Formula 4 as una sat halogeneda. 

16. On metodo de acuerdo con Is reivindicaciOn 5, donde Is sat 

halogenada as un clortiidrata. 

17. On mØtodo de acuerdo con cualquiera de las reivindicaciones 13 a 

16, doride ci medic do reaction as un medio acuoso. 

16. On mØtodo do acuerdo con cualquiera de las reivindicaciones 13 a 

16, donde el medic do reaction as al manes un solvents bØsico an ausencia Ic 

uris base reactiva. 



95 - 7 

19. Un metodo de acuerdo con la reMndicaciOn B, donde el al menos in 

solvents bàsico Se selecciona de on solvents polar aprOtico 0 niezda de solventes 

de Ins mismos. 

20. Un metodo as acuerdo con fa reivindicaciOn 9, donds al a) peones in 

solvenle baste as una mazda de acetonitri!o 
y 

NNl -dimefilpropilenurea. 

21. Un metodo de acuerdo con Is reijindicaciOr 9, donde el a! menos in 

solvents basioo es NNdimeWpropilenurea. 

22. Un metodo de acuerdo con la reivindicacian B, donde el al menos Un 

solvents bàsico an ausencLa de una base reacve as ague an ausencia de one 

base reecWia. 

* 23. Un metoda de acuerdo con cua)quiera de Jos reivinclicaciones 13 a 

22, donde Is reaccion con el al menos in compuesto con grupo aminoacilo as a 

una temperature qua oscils entre 0C 
y 

60C. 

24. Un mØtodo de acuerdo con cualquiera de las reivindicaciones I a 

23. donde la reaccion con el al rnenos in compuesto con grupo arninoacilD es per 

in periodo de tienipo one osoi!a eritre 30 minutos 
y 

4 horas. 

25. tint mOtodo de acuerdo con oualquiera de as reivindicaciones I a 

24 donds el al menoR in compuesto con grupo aminoacilo se selecciona de 

haluros de aminoaciLo anhidddos de aminoacilo, 
y 

anbidridos de aminoacilo 

mixios. 

26. Un rnetado de acuerdo con Is rejvindicacLon 25, donde al al menos 

in canipuesto con grupo aminoecilo as a) menos in haluro de aminoacüo de 

Formula 6: 
R2 0 2 

a 

R 

Formula 6 

o ins Sal del mismo, 
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deride Rj y R2 se seleccionan care uno an forma independierite de 

hidrogeno, aiquilo (Cl-C6) de cadena recta yramificada, y cicloalquilo, 0 R1 y R2, 

junto con N, furman Un hetsrocicio n oscila antre 1-4; y deride 0 e un hageno 

seleccionedo de broniuro, cloruro y wduro. 

27. Un metodo do acuerdo con La reivindicaciOn6, deride Q as cloruro. 

28. Un mŒtodo de acuerdo con la reivindicacion 26 0 27, donde of of 

manes Un compLiesto Con grupo aminoacilo sauna sal tialogenada, 

29. Un metodo de accede con la reivindIcaciOn 28, donde Is Sal 

halogenada as Un clortiidrato. 

30. Un metodo de acusrdo con cualgujera de las reivindicaciones 26 a 

29, donde at al arenas un baluro de anuinoacilo do FOrmula 6 Se obtiene mediante 

Un mØtodo qua comprende: 

A) tracer reaccionar al panes on ester de FOrmula 7: 

’C 

{CF11I A 

Formula 7 

0 one sal del mismo, 

con al menos una amine R1R2NI-I, pare preparar a’ menos un acido 

carboxilico, 

It deride Ri y Rz Se seleccionan cada uric an forma independiente de 

bLdrOgeno, alquilo (CiCa) de cadena recta y ramitiesda, y ddoalquLlo, 0 Ri y R, 

junto con N, forman Un beterociclo; X as on halOgeno seleccionado de bromuro, 

otoruro, (luorun, y vduro A es-OR5, donde Rose selecciona dealquilc (C, -C) de 

cadena recta o ramiticada y elquilsdlo; y ri oscila entre 1 -4; 

B) hacw reaccionar at at manna on acidic carboxilico con al menos un 

agents clorante para dar at mares on compuesto con grupo aminoaclo do 

Formula 6 0 Une sal del nhisnlo, 
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31 On metado do acuerdo con la roivindicacion 30, done Rs y P8 son 

code uno t-butilo, n as 1, y X es brornuro. 

32. On rretodo de acuerdo con Is reivindicacian 30 0 Ia reivindicacion 

31, donde el at rnonos un agento olorante comprende cloruro de tionilo. 

33. On metoclo de acuerdo con cualquiera do las reivindicaciones 30 a 

32 condo la sales on olorbidrato. 

34, On metodo do acuerdo con cusiquiera de las reivindicaciones 26 a 

29, cones el al menos on baluro do aminosoilo do Formula 6 Se obtiene niediante 

Un metodo q no comprende: 

tracer reaccionar at menos in acido ca,boxilico do Formula 3i 

S HI 
N 

OH 

Formula 

cone sal del mismo, 

donde Rs Se selecoLona de alquilo (G, -Cs) de cadena recta o ramiticada, 

con at mines on agents clarence pars darn at mares in nature do 

aminoacilo de Formula 6o una sal do! mismo. 

35. On metodo de acuerdo con Is reivindicaQiOn 34, donde Re yR6 son 

cada one t-butilo40

 

. 
36. On mOtodo do acuerdo con Is reivindicaciOn 34, donde at nienos in 

agents clorante comprende cloruro de tionito. 

37. On metodo de acuerdo con la reivindicaciOn 34 0 to reivindicaciOn 

35, rands Is sales in clorilidrato. 

38. On metoda de scuerdo can ouaLquiera do las reiiindicaciones 34 a 

37, donde al menos on acido carboxilico do Formula 8 tons on tsmaflo de 

parIcuIa de menos do 150 microns. 



39, Un mØtodo de acuerdo con la reivindtcaciOn 38, donde at menos on 

Æcido carboxilico de Formula 8 liens Un lamano de particula de mono! de 110 

miorones. 

40. Un nielado de acuerdo con la rsivindicaciar 38, donde al menos on 

Æcido carboxftico do FOrmula 8 eene un tannall do partfcuia quo oscila entre 50 

100 micronos. 

41. Un rnetodo de acuerdo con la reivindicaciOn 6, qua ademas 

comprende el parse de a5ustar el PH del medlo acuoso a an pH quo osdia enfre 

7,0 y7 5. 

42. Un melodo de ecuerdo con Ia rsivindicaciOn 41, donde et pt-f Iiiego 

S del aiusle as 7.2, 

43. He metodo do ecuerdo con Is reivindicactOn 41 0 La reivindicaciOn 

42, quo ademas comprende agregar al medio acuoso al manes an solvente 

organico 0 mezda do solvontes, 

44. Un melodo de acuerdo con la rsivindicadôn 43, donde La al manna 

one rnezcla do solventes organicos comprende melanot 
y 

ctoruro de m&Hen,. 
45. Un metodo do acuerdo con a reivinthcaciOn 44, donde la al menus 

one mezcla do solvenles organicos comprende una proporciOn de metanol qLIe 

oscila entre 5% 
y 

30%. 

46. Un melodo de acuerdo can la reivindicaciOn 45, all La al manna 

one mezcla do sotventes organico8 comprende 20% do melanol 

47. Un n,etodo do acuerdo Con 8 roivindicacion 45, donde Is a! menos 

one mezc!a de solventes organicos comprende 30% de metanol. 

48. Un n,elodo de acuerdo con cualquiera do las reivindicaciones 43 a 

47, quo ademas comprende extraer el media acuoso con one mercia deal manes 

Un solvenle polar prOtico 
y 

al menus up solvenle polar aprotico. 



49. Un metodo de acuerdo con Ia reivindicecidri 48, doride el at menos 

on solvente polar sprbtico comprende contra de metileno 
y 

el at menos Un 

solvents polar police comprerde metanol. 
50. 

Un mØtQdo do acuerdo can cualquiera de Jos reWindicaciones 43 a 

47, qua aiemÆs comprende extraer el media acuoso can S manors Un solvents 

polar eprôtioo. 

51. Un metodo de acuerdo con to reivindicaciOn 50, donde el at menos 

Un solvente polaraprOtico coniprende cicruro do meileno. 

52. Un metodo de acuerdo can cuaLqUiera de las reivindicadones 48 a 

51, donde La extraccion Se conduce a one temperature quo osdia entre 0'C 
y 

5CC. 

53. Un metodo do acuerdo con cualquiera de las reivindicadones 48 a 

52, que attempts comprende of ajuste del pH del medin acuaso a Un tango do 7,0 

a 7,5 Juego decade extraccion, 

54. Un tØlodo do acuerdo con la reivindiccian 53, donde el all as 7,2. 

55. Un metodo de acuerdo con cualquiera de las reivindicaciones 1 a 

54, qua ademàs oomprende Is crstaIizaciOn del at nones tin oQrnpLE5o de 

FOrmula len at nienos on solvente 0 mezc de soLventes orgÆnicOs. 

56. Un metodo de acuerdo con Is reivindicacian 55, donde Is niezcta de 

solventes organicos comprende metanol 
y 

clonjro do metileno. 

57. Un metodo do acuerdo con ía reivindicaciOn 55 o Is reivhdicaciOn 

Is 55, donde to crjstalizaciOn ocurre a una temperature qua oscila entre -1 5C 

150e, 

58, Un metodo de acuerdo con Ia reivindicacion 48, qua edemas 

comprende contemner to mezcla pare dar one suspension y filnr pera dar ci at 

monos on compLesto de FOrmula 1. 

69. Un metodo de acuerdo con to reivindicacian 58, donde In 

concentradan y tiltracian ocurren a one temperature qua osdia entre 0'C y 5'C. 



60. Un comptjesto preparado por el niØkdo de cua!quier de Las 

reivindcacLones 1 a 59. 

61 Una composioiôn qua comprende al monos un compuesto de la 

reivindicaciOn 60. 

62. Una composiciOn de acuerdo can Is reivindicacion 61, qua edemas 

I compi-ende un vehiculo aceptablo para iso farnlsceutico. 

I 63. Una composiciOn de acuerdo con Is reivindicaciOn 61 0 Is 

reivindicacion 62 doncle d a! nienos un conipuesto de Is reivindicac’On I es al 
I 

menos up compueso de FOrmula 1: 

00 
_NN/ThN’a 

Formula I 

o uria sal aceptable pars uso farmacØutico del misnio, 

donde n es 1, Ri y ft, junta we N, former un grupo t-butilo, yRs yR4 son 

cede uric mefo. 

64. Una coniposicion qua cornprende al menos on cornpuestn de 

tOrniula I: 

OH 
N ,1JL 

H _i_YILT_I 1y NM2 Ri N(CH,fl ch 0 o’ 

Formula I 

o ups sal sceptable pars uso (arrnacOutico del mismo, 

doride R y R2 as seleccianan code and an forma independiente de 

hidrogeno, alquilo (Ci -Ce) de cadena recta y ranuificada, y dc!oalquilo, 0 Ri y R2, 

unto con N, forman un heterocLclo S as �NRR4, donde R y Ri Se seleccionan 

csda uno en fornia independiente do Ilirirogeno yalguiLo (CrC4) de cadena recta 

y ramificada; n oscila entre 14, y 
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menos del 05% del epimero an C-4 del ci menos Un compuesto de formula 

1 0 ups sal aceplable pare unto farmaceutIco del mismo. 

65. Una coniposiciOn qua cornprende ligeciclina: 

a - 
OH 

tau FIN 

OR 0 oH 0 

tigeciclina 

o one sat acepabIe pars uso farmaceutTho do Ia misrna, 

menos del 05% del epirnero an CA de Tigecicliria 0 una sal aceptable 

pare usa farmacØutica del mismo, 

66. Una composicion de acuerdo con Is reivindicaciOn 65, donde Ia 

ligecicfina es Eigectclina clorliidrato. 

67. Un moods pare preparer ai menos on compuesto de FOrmula 1: 

CH 

tm 

Formula I 

una sal aceptthle pare usa farmacØutico del mismo, 

donde Ri y R2 as seleocianan code uno an forms independiente de 

hidrOgeno, alquilci (C -G) de cadena recta y ramifncada, y cicloalquilo 0 R, y R2, 

Sjunto can N, forman on heterociolo A as �NR3R4, donde Ra y R4 se seleccionan 

cede uno on forma iridependiento de hidrogeno, aiquilo (0-C4) de cadena recta 

ramiticada n oscila enlre 14, 
qua comnprenda: 

A) honer reaccionar at menos Un agents nitrente con at arenas un 

compuesto de Formula 2: 
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R 
OfrI 

NH2 
CH 

OH OH 0 0 

Formula 2 

o one sal del mLsrnc, 

para preparar one mezcla de reacciOn on suspension qua comprende al 

mews on compuesto Is Formula 3: 

RCH
 0 

N 

OfrI 0 
t 

FOrmula 3 

o one sal del mismo, 

B) combiner of menus on agents reductor con La mezcla de reacciOn an 

suspension card preparar of mews on compuesto do Formula 4, 

R N 

I II  

OH 

HZN 
IS

NH2 

OH C OH 0 

Formula 4 

0 una sal del misma, 

C) hacer reaccionar of of mews; on campuesro do FOrmula 4 oon a meflos 

on compuesto can grope arninoaoLlo an on medic de reacciOri seleccionado be on 

meddle acuoso, y al menus Un solvents bØsico an ausencia de one base reactive -

6B. Un nietodo pairs preparar tigecicilnaCH  

1 H 

- N H2 
0 0(1 0 

tigeelcllna 
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o one sal aceptable pars uso farmaceutico de Is misma, 

qua comprende: 

A) bacer reaccionar al manes on agents nitrante 03(7 al rnenoS an 

compuesto de Formula 2k 

H 
OH 

N/f 

H. 

°I 0 OH 0 

Formula 2A 

o una 8al del mismo, 

pars preparer on niezcla de reecciOri an suspensiOn qua coniprende al 

memos on compuesto de Formula 3A: 

N N 

OH 

O’N CH 
OHO 04  

Formula 3A 

o una sal del mismo, 

B) combiner al menus on agents reductor con La mezola de reacciOn an 

suspension pars preparer al menus Un compuesto de Formula 4k 

N 4 

OH 

II N id;): N 112 

OH 0 

Formula 4A 

a one sal del mismo, 

C) hacer reaccionar el al menos on compuesto do Formula 4A con ci 

menos on compuesto con grupo aminoacilo an on media de recciOr 

seleccionado de an media acuoso, y al maned on solvents basico an ausencia de 

one base reectiva. 
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69. Un rnØtodo de acuerdo can Ia reivindicecion 68, donna la tigeciclina 

as tigeciolins cloitlidrato. 

70. Un metoda pare preparar al meno2 un compuesto de Formula 1: 

R 
OH 

N 
N 

MN 

- c?iHO-

 

 

N H2 

(0H1)n 

Formula I 

O una sal acepteble pare use tarmaceutico del mismo. 

donde Ri y R se selecconan cada one Cr, forma ndependiente de 

hidrogeno aiquilo (01-c6) do cadena recta y ramificada. y cicloalquilo, a Ri y R2, 

unto con N, forman un heterociclo; R as -NR3R4, condo R3 y R4 Se seleccionan 

code uno an forms independiente de hidrogeno, aiquilo (C, G4)de cadena recta 

ramificad; n osoila entre 14, 

due comprende: 

A) combinar al menos un agente reductor con una mezc!a de reaccian an 

suspensiOn que comprende al rnenos un compuesto de FOrrnuia 3: 

FOrmula 3 

* 0 una sal del misma, 

pare preparar al menus Un compuestode Formula 4: 

I OH 
OH  

FOrmula 4 

o ma sal del mismo, 
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B) hacer reacdonar eJ almonas un conuesta de Formula 4 canal menos 

un compuesto can grupo aminoacilo an un media de reecdon seleccionado de un 

media acuoso, y al merios un solvents basIco an ausencia de una base reactive. 

71. 6  metodo pars preparer gecidina: 
NJ 

OH

t.1 Ht

 

qj
  

Of’ 0 OH 0 

tigecicliria 

a una sal aceptable para usa farmaoeutico de Is misma, 

que comprende: 

A) combiner al manes un a9ente reductor con una mezcla de reaccian an 

suspension qua comprende al menos un compuesto de Formula 3k 

N" 

Formula 3A 

0 tine sat del mismo 

pare preparer al nienos un compuesto de Formula 4A: 

N N 

a OH He 

SN Ha 
H N 

ce 
of’ 0 

Formula  4A 

o una sal del mismo. 

B) lacer reaccionar el al manes un compuesto de FOrmuLa 4A con al 

manes un compuesto can grupo aminoacilo an un medic de reacciOn 

seleccionado de un media acuoso, y al manna un solvente basico en ausencia de 

una base reactive. 
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I. This opnion contains indications relai to he following items: 

Box No- I Basis bible opiron 
o Box No. II Priority 

C Sox No Ii Nonestablishmont of opinion wtth regard to noveity, inventwe slop and indLatrial appF]abiFily 

B Box No. IV lsok of unity or Invention 
Box No, V Reasoned statemeni under Rule 42ba. path wer, regard to navolly. ipventr.e step or industrial 

appr’oabil(y; oltationt and explanarions suppoctinc such statement 

O Box No. VI Certain doclitTlents cted 

C Box No. VII Certain defects in the frenalionaIapp!irIion 

C Box No. VIII Certain observatione on the international appijoation 

2. FURTHER ACTION 

It a demand for International preliminary examination is made, this opinion will usually be consIdered to be a 
written opinion of the Internatbrtal presentment, &amkth,g AvIht4ty IPEA) ekoept that this does not apply where 
the applicant chcosos an AMthority other than this one to be the PEA and the chosen ’PEA has notiled the 
Intemafionar aurau under Hcüe  eamomf that w,ilIen opinions of this International Searciiin9 Authority 
Oil not be so considered. 

If this cDlnion is, as provided above, oonsidered to be a written opinion of the IPA. the Anderson  Is inited 10 
sijmrt to the PEA a oi reply lopether, where appropriate, with amendments, before the expiration or 3 months 
from the data or mailing or Form PCTSAJ2O or before the expiration of22 months from the prtorLty data  
whichever expres bier. 

For furthe, options, see Forni PCT1SNZ2O. 

3. For further aetalla. see notes to Form PCTASA20. 
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WRITTEN OPINION OF THE International application No. 
INTERNATIONAL SEARCHING AUTHORITY PCTkJS200520229 

Box No.1 Basis ot the opinion 

1. Wth regard to the language, tills cph’ìon  has been estabJshed on the basis of: 

0 ire nternaflonal application in the languags In which it was flied 

translation of the international application into which is tie language of a translation lurnished forma 
rx’rposes of international search (Rules 12.3had and 23.1 (bfl. 

2. With regard to any nucleotide and/or amino acid seqtjence discsec( in tim internattna açItaon an 
necessary to the claimed invention this opinion has been established on the basis of: 

a, type of material: 

a sequence listing 

U tab4e(s) related to the sequence listing 

b Format OF material: 

� 
U on paper 

C in electronic Form 

c. time of filingmirnishing: 

C contained in me international application as Med. 

C flied together with lie international application a glectonic torm. 

C ftjrnislied subsequently to this Authority for the purgotes of seacti. 

Ll 

3. 0 In addition, in the case that more than one version or copy of   sequence usting andbr table reading thereto 
has been flied or furnished, the required statements that the iMocmstion in the subsequent in addtional 
copes is identical to that in the application as flied or doo not go beyond the appbcatlon as filed, as 
a1propriate, were rurnishet 

4. At1itionaI comments: 

Form PCflSN2al4Apri 2005) 



WRITTEN OPINION OF THE Internatfonal appiicaon Na. 
INTERNATIONAL SEARCHING AUTHORITY PCT&JS2006020229 

Box No. Ill Non-establishment of opinion with regard to novelty, Inventive step and industrial 
licabilUy 

The qjesioris whether the clam,ed invention appears aide novel, to involve an inventive step to be non 
obvious), or  be industrially applicable have not been examined in respect of 

C) the entire international apIication 

claims Not 1 (part)-5part),7$,1 2(part)-1 6(part),i8,l9,23(part)-40(part),55(part)-57pait),67(patt)-72(pact) 

because: 

O the said international application, or the said claims Nos. relate to the following subject matter which 
es not rtquire an intenational search (specify): 

Me descr)tion, claims or drawings (ate pat,Wa eementc tslow) or said claims Was. I parl)-5(pad), 
78,1 2(paft)-16(part)I8,1 9,23(part)-40(part),55(part)-57(part)57(part)-72(part) are so unclear that no 
meaningful opinion oca be (armed (eay): 

See separate Sheet 

Me c(alrns, or Imal clam’s Nos. l(paitI-5Wa,th7812pa,O-l6partX131923(part)40patt)55(part)-57(part). 
� $7(part)-72(part) are so inadequately supported by the description that no meaningful opinion could be 

formed (spec): 

See Separate sheet 

O no international search rerrt has been esbhls,ed br the whole application or to’ said claims Was, 

O a meaningtul opinion could not be formed without the sequence listing; The applicant did not, within die 
presorted time limit 

O furnish a sequence listing an paper complying with the standard provided for in Annex C ol the 
Administrative kistwctions, arid such listkng was noravai!atle to the International Searching 
Authority in a term and manner acceptable to II. 

o furnish a sequence listing in electronic form complying with the standard provided for in Annex C 
of the Adathifsb’ative nstwcbons, and such list)flq was not avahabLe to the International Searching 
AuthorIty in a torm and manner acceptable to iit 

o pay the required late furnishing fee for the lurnishing of a se!Jence Isting In response to an 
Thvitatlon under Rules 13tetia) or (bb. 

0 a meanhig&iI cglnion could not be tanned without the rabies related to the sequence listings; the applicant 
did not, within the prescribed time rirnit, furnish such tables in electronic form complying wiTh the technical 
requirements provided for in Annex C-tt& at the Administrative Instructions, and such tables were not 
available to the lnlernaIonal Searching Authority in a term and manner acceptable to it. 

C] the tables related to the nuoleoude andr amino and sequence listing, Win etec%tonic torni only, do not 
comply with the technical requirements provided for W Annex C-his of the Administrative Instructions. 

O See Supplemental Box for further detaits 

FcWS PCISW237? 2005) 



A 
WRITTEN OPINION 

or 

THE International a,Iicainn No. 
INTERNATIONAL SEARCHING AUTHORITY PCW32006020229 

Box No. V Reasoned statement under Rule 43b!s.1(Q)(I) with regard to novelty, inventive step Or 
industæai appJJcabiIIIy; cItations and expianMtous supporting such statement 

1. Statement 

Novelty (N) Yes Claims 1-5967-72 
No: claims 8066 

Inventive Step (IS) Yes: Claims 69-11 12(part),I7,20-22.23part)-40(pait),41-54!s5(paTt)-
57(p-.58.59 

No: Claims I -578,1 2(part)-1 B(part),1 8,I9,23(pafl)-40(part),55(parI)-
57(part?,87-72 

Industrial apIicaL,iIity (IA) Yes: claims 1-72 
No: Claims 

2. Citations and explanavor’s 

Ssee Separate Sheet 

rj 
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WRITTEN OPINION OF THE International aSOon No, 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) PCTRJS2006/020229 

Reference is made to the following documents: 

Dl: Bloorganic & Medicinal Chemistry Letters, 1999,9, 1459-1462 
02: Journal of Medicinal Chemistry, 1994, 37, 1 84-188 
03: EP0682790 
04: Drugs of the Future, 2001 26, 851-858 

Re Item Ill 
Non-establishment of opinion with regard to novelty, inventive step and industrial 
applicability 

0 
Claims I (part)-5(part),7812part)-18part),18,1 9,23(pan)-4O(part),5S(part)-57part), 
67(pan)-72(part) are not supported by the description as required by Article 6 POT, as 
their scope is broader than justified by the description. The reasons are that, according 
to the examples of acylation (examples 3,345 7, 9, ID and 11-19), the acylation 
reaction as claimed in this application works in the absence of a reagent base only in 
water, acetonitriLe or DMPU or in a mixture of these solvents. In other solvents 
(examples 14-I9), the acvlation reaction does not work Dreads to an impure 
compound. 

Re Item V 
Reasoned statement with regard to novelty, inventive step or Industrial. 
applicability; citations and explanatlonssupporting such statement 

� 1 The present application does not meet the criteria of Article 33(1) POT, because 
the subject-matter of claims 60 to 66 is not now in the sense of Article 33(2) PCT. 

The compounds disclosed in this application are already known (see UI. 
compounds 8 and 16), therefore the subject-mailer of claim 60 is not new in the 
sense of Article 33(2) POT. 

Moreover the use of the compounds disclosed in this application In atomposition 
is also not new in the sense of that these compounds were, already known (see 
Dl, compounds 6 and 16), therefore the subject-matter of -claims 61 -W is not new 
in the sense of Article 332) PCT, 

Foci, PCT/SA/237 {Stçra1e Sheet) jt*teM I (EPO-1i1 200e) 
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WkI1TEN OPINION or THE International appIictlon No. 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) PCT/US2006/020229 

2. Document 02 is regarded as being the closest prior an to the subject-matter of 
claim 1, and discloses (see Expecimental Section, compounds 17 arid 19, p188): 

A method for preparing compounds analogous to compounds of formula 1 of this 
application, comprising reacting a compound of formula 4 of this application, with 
an aminoacyl compound in a mixture of acetonitrile and DMPU in the presence of 
sodium carbonate. 

The subject-matter of claim I differs from 02 in that the process is realized in a 
reaction medium chosen from an aqueous medium, and at least one basic 
solvent, in the absence of a reagent base, 

The subject-matter of claim 1 is therefore new (Article 33(2) PCT). 

The problem to be solved by these differences is to find a an alternative process 
to the known process of 02. 

According to the examples of this application 4examples 3-7.9-19), the technical 
problem has been solved only in the case of water, acetonitrile or DMPU or in a 
mixture of these solvents. Thus the technical problem has not been solved for the 
all scope of claim 1. Therefore the subject-matter of claim 1 can not be considered 
as involving an inventive step (Adicle 33(2) PCT). 

Dependent claims 2-5,7-8,12-16,18-19,23-40,55-57,67-72 do not contain any 
features which. In combination with the features of claim 1 to which they refer, 
meet the requirements of the POT in respect of inventive step. 

None of the documents cited in the search report show or suggest that the 
reaction can be performed without a reagent base such as Sodium carbonate and 
also in an aqueous medium. Therefore the subject matter of claims 6, 9-11,17,20-
22 appear to be novel and inventive. 

Claims 1 2(part),23(parl)-40(part),41 -54,65(parl)-57(part);58 are dependent on at 
least one of claims 6,9-11.17,20-22 and as such also meet the requirements of 
the PCT with respect to novelty and inventive step. 

Form PcTnsN2374.para1flh..tHShe.t2k�PO’ApdP 2005) 
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WRI11›EN OPINION OF THE International apØcatlon No. 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) PCT/U82006/020229 

3. Further remarks 

ai Claims 1 � 13, 67-68, 70-7I do not meet the requirements of Article 6 PCT in that 
the matter for which protection is sought is not clearly defined. It is not clear lithe 
expression in the absence of a reagent base refers to ’reaction Medium’ and 
hence En the aqueous medium and the basic solvents, or if it refers only to the 
basic solvent. According to the examples of this application, it is assumed that the 
expression ’in the absence of a reagent base refers to ’reaction medium". The 
search was based on this understanding of the claims. 

3.2 Claim 11 refers to claim 7, wherein the reaction medium is at east one basic 
solvent and not an aqueous solvent. Therefore there is an inconsistency between 

. claim 7 and claim 11. Therefore claim II does not meet the requirement of Rule 
6.4(b)PCT. 

3.3 Claim 31 refers to 1%, which has never be cited previously and therefore has no 
definition, 

3.4 Claim 35 refers to claim 34, wherein R. does not exist. 

3.5 In claim 83, the expression ’R1 and R. together with N, forms a t-butyl group’ is 
unclear and leave the reader in doubt as to the moaning of the technical feature to 
which it relers, thereby rendering the definition of the subject-mailer of saiciciairns 
unclear, Article 6 POT. 

3.6 Contrary to the requirements of Rule 5.1 (a)lhi)PCT, the relevant background an 
disclosed in Dl and D2 is not mentioned in the description, nor is these 
documents identified therein. 

Faqm PCTIIS0o17 (S.paata Sh..t) (Sheet 3) (SPO4riI 2fl) 
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