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REF: EXPEDIENTE 06-111-944 

TITULO SOLICITADO: "PROCESO PARA PREPARAR BISULFATO DE 

ATAZANAVIR V NUEVAS FORMAS" 

PUBLICACION: Gaceta 583 de 18-12-2007, nUmero de publicaciôn 
817. 

PRIORIDAD: US 601568,043 de 04105/2004; US 601607,533 de 

07/09/2004; US 11/1 19,558 de 02/05/2005 

SOLICITANTE: BRISTOL MYERS SQUIBB COMPANY 

APODERADO: JUAN PABLO CADENA SARMIENTO 

TRAMITE: PRESENTACIÔN DE OPOSICION 

� / 

JOSE LUIS REYES VILLAMIZAR, mayor de edad, identificado como aparece al 

pie de ml firma, abogado en ejercicio, titular de la tarjeta profesional nUmero 44655 

del Consejo Superior de la Judicatura, obrando en calidad de apoderado de  
sociedad LABORATORIO FRANCO-COLOMBIANO, LAFRANCOL S.A.( en 

ejercicio de lo dispuesto por el artIculo 42 de la Decision 486 de 2000, muy 

respetuosamente me permito formular la siguiente 

I. PETICION 

Negar el beneficio patentario a la solicitud contenida en el expediente 06-111-944, 

por no cumplir con los requisitos de patentabilidad a que se refieren los artIculos 

14 y 18 de la DecisiOn 486 de la Comunidad Andina de Naciones, con base en los 

fundamentos de hecho y de derecho que me permito exponer a continuaciOn. 

Carrera 17 No. 88-23 Of 205 Tels.: +57 1 655 7795, +57 1 621 2631, Fax: +57 1 621 2542 
inforeyes-abogadoscorn - www.reyes-abogados.com - Bogota, Colombia. 
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ft i Li.- rL I iipIt ( ) En la columna 30, revela: rT11Jfl I lIp; I ’.. U’-.Mk I ’E .j I 111 t tc,Ii El I -I a U Si bien es cierto no se hace mención especIfica de la sal Bisulfato, ni del cristal A de Bisulfato de Atazanavir, no es menos que este compuesto forma una gran cantidad de sales con Æcidos inorgÆnicos como el âcido sulfUrico o Æcidos orgÆnicos, adicionalmente, se observa que los compuestos mencionados en Ia anterioridad son capaces de estar en forma de hidratos

 o en forma de cristales, to que evidentemente demuestra que, la solicitud en trâmite carece de nivel inventivo, ya que, una persona medianamente versada en la materia estÆ en capacidad de generar la sal Bisulfato o cualquier otra que permita mejorar las caracterIsticas de solubilidad del Atazanavir o de cualquier otro fÆrmaco y la forma mÆs adecuada del mismo, ya sea forma cristalina, polimorfa, amorfa, etc. b) La patente americana US 6,087,383 de titulo "BISULFATE SAL OF HIV PROTEASE INHIBITOR" y publicada el 11 de julio de 2000, revela la sat 



cristalina de Bisulfato del compuesto de fOrmula (II), el cual corresponde a 

Atazanavir y que tiene una inesperada alta solubilidad/tasa de disoluciOn y es 

biodisponible por via oral con respecto a su forma base: 

II 

� Como vemos, lo anterior demuestra claramente que, la sat de Bisulfato de 

Atazanavir pertenece at estado del arte; ahora bien, en 10 que respecta a que 

la sal estÆ forma cristalina debemos decir que, la misma no es mÆs que una 

caracteristica fIsica del compuesto y que, si bien es cierto no se especifica si 

es la forma A o la conhiguraciOn C, no es menos la clara y previa existencia de 

formas cristalinas de la sal Bisulfato de Atazanavir, quedando demostrada una 

vez mâs la  ausencia de nivel inventivo de la solicitud en trmite. 

En cuanto al proceso en si, si bien es cierto aCm no hemos encontrado una 

anterioridad que revele lo mismo, no lo es menos que tanto el proceso de la US 

6,087,383 y el revelado en la solicitud colombiana permiten la obtención de los 

mismos compuestos (Bisulfato de Atazanavir), sin que el proceso reivindicado 

demuestra ventajas tØcnicas significativas frente at arte anterior, ni Ileve a obtener 

un principio activo mejorado o distinto al conocido, circunstancia que compromete 

el nivel inventivo de la solicitud. 



Por lo expuesto anteriormente reitero la peticiOn de declarar fundada la presente 

oposicion, de negar en consecuencia el privilegio solicitado, y de ordenar el 

archivo del expediente respectivo. 

IV. FUNDAMENTOS DE DERECHO 

Son fundamentos de derecho el CapItulo I, artIculos 14 y 18 (Requisitos de 

Patentabilidad), el artIculo 30 (Reivindicaciones) y el artIculo 42 (Oposiciones) de 

la Decision 486 de 2000. 

V. SOLICITUD DE PLAZO EXTRA PARA SUSTENTAR LA OPOSICION 

En desarrollo de lo dispuesto por el articulo 42, inciso 21 de la Decision 486, 

solicito comedidamente a su Despacho el plazo adicional de sesenta dIas para 

sustentar Ia presente oposición. Para los anteriores efectos, me permito anexar la 

constancia de pago correspond iente. 

VI. PRUEBAS 

Ruego que se tengan como tales, sin perjuicio de que el Despacho considere 

oficiosamente, en particular de las allegadas por el suscrito a los expedientes 

mencionados en este escrito, las siguientes: 

informe Internacional de BUsqueda practicado por la Oficina Europea de 

patentes a la solicitud internacional WO 05/108349 publicada el 17 de noviembre 

de 2005 y mÆs especIficamente a su aplicaciOn internacional PCT/US05/1 5333. 

La patente americana US 5,849,911 titulada "ANTIVIRALLY ACTIVE 

HETEROCYCLIC AZAHEXANE DERIVATIVES, publicada el 15-12-1998, 

columnas4, 30, y capItulo reivindicatorio. 

La patente americana US 6,087,383 de titulo "BISULFATE SAL OF HIV 

PROTEASE INHIBITOR" y publicada el 11 de julio de 2000. 

VII. ANEXOS 

Para efectos del trÆmite correspond iente, me permito anexar al presente escrito 

los siguientes anexos: 



1. Certificados de existencia y rep resentaciOn legal de Lafrancol S.A. 

2. Poderes para actuar. 

3. Constancia de pago de las tasas de tramitaciOn de oposiciôn. 

4. Constancia de pago para sustentar la solicitud de prórroga a que se refiere 

el artIculo 42, inciso 21 de la DecisiOn 486. 

5. Copia para correr traslado al solicitante. 

6. Las mencionadas en el acÆpite de pruebas 

VIII. NOTIFICACIONES 10 

El suscrito recibirÆ notificaciones en la secretarla de su Despacho o en mi oficina 

localizada en la Carrera 17 No. 88-23, Oficina 205, Fax (1) 621.25.42 de esta 

ciudad. Lafrancol S.A., las recibirª en sus oficinas localizadas en la Carrera I No 

46-84 de Cali. 

Seæor Superintend 

JOSE4IkJfSREYES VILLAMIZAR 

C.C. 79’152.473 de LJsaquØn 
T.P. 44.655 de C.S.J. 
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(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

19) World Intellectual Property Organization 
iiu io iu 

i 0111111111111111111111101111111111111111111111111110 ni iii iii 
International Bureau 

(43) International Publication Date PCT 
(10) International Publication Number 

17 November 2005 (17.11.2005) WO 2005/108349 A3 

(5 1) International Patent Classification: 
.461K 31/14 (200601) C0711) 213/56 (2006-0 1) 

(21) International Application Number: 
15333 

(22) International Filing Date: 1 May 2005 (03.052005) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 
60/568,043 4 May 2004 (04.05.2004) US 
60/607,533 7 September 2004 (07.09.2004) US 
11/119,558 2 May 2005 (02.05.2005) US 

(71) Applicant (fur all designated States except US): BRIS-
TOL-MYERS SQUIBB COMPANY [US/US I; Route 
206 and Province Line Road, 1inceton, NJ 08543-4000 
(US). 

(72) Inventors; and 
(75) lziventors/ApplicanLs (for US only): KIM, Soojin 

[US/US]; 21 Linden Avenue, West orange, NJ 07052 (US). 
LOTZ, Bruce, T. [US/US]; 16 Windsor Lane, Yardville, 
NJ 08620 (US). MALLEY, Mary, F. [US/US]; 50 Merion 
Place, Lawrenceville, NJ 08648 (US). GOLJGOUTAS, 
Jack, Z. [US/US]; 101 Westerly Road, Princeton. NJ 
08540 (US). DAVIDOVICH, Martha [US/US]; 159 Fern 
Road, East Brunswick, NJ 08816 (US). SR(VASTAVA, 
Sushil, K. [TN/ITS]; 9 Kayann Drive, Dayton, NJ 08810 

(81) Designated States (unless otherwise indicated, for every 

kind of national protection available): AE, AG, Al,, AM. 

AT, AU, AZ, BA, BB, BO, BR, 8W, BY, BZ, CA, CH. CN. 

CO, CR, CU, CZ. DE, DK, DM, DZ, EC, EE, EG, ES, FT. 

GB, GD, GE, GH, GM, HR, I-lU, ID, IL, IN, IS, JP. Mi, 

KG, KM, KP, KR, KZ, LC, LK, l,R, LS, Ef. LU, LV, MA, 

MD, MG, N{K, MN, MW, MX, MZ, NA, NI, NO. NZ, OM. 

PG, P1-I, PE, PT, RO, RU, SC, SD. SE, SG, SK, SE.. SM, 
sy, ’rl, TM, TN, TR, TT, TZ, ETA, IJG, US, lIZ, VC, VN. 

’[U, LA, ZM, ZW. 

(84) Designated States (unless otherwise indicateti for every 

kind of regional protection rivailible): ARJPO (BW, GM. 

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 

ZW), Eurasian (AM, AZ. BY, KG, KZ, MD, RU, Ti, TM). 

European (AT, BE, BG, CH, CY, CZ, DE, DK, FE, ES, Fl. 

FR, GB, GB., HU, IF, IS, IT, Ef, LIT, MC, NL, PL, PT, RO, 

SE, SI, 8K, TR). OAPI (BE, BJ, CF CG, CI, CM, GA, GN, 

GQ, GW, ML, MR, NE, SN, TD, TG). 

Declarations under Rule 4.17; 
- as to applicant’s entitlement to apply for and be granted a 

patent (Rule 4.17(4)) 
- as to the applicant’s entitlement to claim the priority of the 

earlier application (Rule 4. 17(iii)) 

Published: 
- with international search report 

(88) Date of publication of the international search report-
2 November’2006eport;2November2006 

For two-letter codes and other abbreviations refer to the "Guid-

(74) Agents: RODNEY, Burton et al.; Bristol-Myers Squibb once Notes on Codes and Abbreviations" appearing at the begin-

Company, P.O. Box 4000, Princeton, NJ 08543-4000 (US). fling of each regular issue of the PCT Gazette. 

� 

=__ (54) Title: PROCESS FOR PREPARING ATAZANAVIR BISULFATE AND NOVEL FORMS 

(57) Abstract: A process is provided for preparing the HIV protease inhibitor atazanavir bisulfate wherein a solution of atazanavir 

- free base is reacted with concentrated sulfuric acid in an amount to react with less than about 15% by weight of the free base, seeds of 

Form A crystals of atazanavir bisulfate are added to the reaction mixture, and as crystals of the bisulfate form, additional concentrated 

sulfuric acid is added in multiple stages at increasing rates according to a cubic equation, to effect formation of Form A crystals of 

atazanavir bisulfate. A process is also provided for preparing atazanavir bisulfate as Pattern C material. A novel form of atazanavir 

bisulfate is also provided which is Form El which is a highly crystalline tricthannlate solvate of the hisulfate salt from ethanol. 
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INTERNATIONAL SEARCH REPORT 
[International application No. 

PCT/(3S05/15333 

A. CLASSIFICATION OF SUBJECT MATTER - 
IPC(8): A61I 31/44( 2006.01);CO7D 213/56(2006.01) 

USPC: 5141357;546/332 
According to International Patent Classification (1f’C) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
U.S. 5141357; 546/332 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
CASONLINE SEARCH, WEST 

C. DOCUMENTS CONSIDERED TO BE RELEVANT  

Category Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 

Y US 5,849,911 A(FASSLER eta!) IS December 1998 (15.12.1998), column 33, 36, various 1-40 
claims and examples. 

V US 6,087,383 A (SINGH et al) II July 2000 (11.01.2000), column 1 and 2. 140 

[=J Further documents are listed in the continuation of Box C. [II] Sec patent family annex. 
Special categories of cited documents: "V Inter document published after the international Iiting,dale or priority 

date and not in conflict with the application but citedhe understand the 
A’ document defining the general state of the an which is not considered to be of principle or theory underlying the invention 

particular relevance 
document of particular relevance; the claimed invention cannot be 

’E earlier application or patent published on or alice the international filing date considered novel or cannot be considered to involve an iuivanlsve step 
when the document is taken alone 

"I." document which may throw doubts on priority claim(s) or which is cited to 
establish the publication darn of another citation or other special reason (as ’Y" document of particular relevance; the claimed invention cannot be 
specified)  considered to involve an inventive step when the document is 

combined with one or more other such documents, such combination 
0’ document referring to an oral disclosure, use, exhibition or other means being obvious to a person skilled in the in 

F" document published prior to the international filing due but Inter than the "Sc’ document member of the same patent family 
priority date claimed 

Date of the actual completion of the international search Date omaiIiij arch report c i,juy 

24 July 2006 (24.07.2006) 16119, 6 I-k 
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Name and mailing address of the ISA/US Authorized 0th 
Mail Stop PCT, Attn: ISAJ1JS  
Commissioner for Patents SHAILENDRA.. KIJMAR 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 Telephone No. (571)272-1600 

Facsimile No. (571) 2.73-3201  

Form PCT(ISN2LU (second Sheet) (April 2005) 
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[57] ABSTRACT 

There are described compounds of formula I, 

5., (1’) 

RL/Hy N}i NLc:VNI1n 

wherein 

R1 is lower alkoxycarbonyl, 

P.2 is secondary or tertiary lower alkyl or lower alkylthio-

lower alkyl, 

R3 is phenyl that is unsubstituted or substituted by one or 

more lower alkoxy radicals, or C4�C8cycloalkyl, 

R4 is phenyl or cyclohexyl each substituted in the 
4-position by unsaturated heterocyclyl that is bonded 

by way of a ring carbon atom, has from 5 to 8 ring 
atoms, contains from Ito 4 hetero atoms selected from 
nitrogen, oxygen, sulfur, sulfinyl (�SO--) and sulfo-

nyl (�SO2�) and is unsubstituted or substituted by 

lower alkyl or by phenyl-lower alkyl, 

R5, independently of R2, has one of the meanings men-

tioned for R2, and 

Rn, independently of R1, is lower alkoxycarbonyl, 

or salts thereof, provided that at least one salt-forming group 

is present. 

The compounds are inhibitors of retroviral aspartate pro-

tease and can be used, for example, in the treatment of AIDS. 

They exhibit outstanding pharmacodynamic properties. 

11 Claims, No Drawings 
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or (S)-configuration, the (S)-conllgural km being espe- tuted or substilkilud by lower alkyl or by phenyl-lower alkyl, 
cially preferred in the case of the carbon atoms carrying the wherein heterocyclyl preferably has the meanings defined 
radical R2 and/or R in compounds of formula I. above as being preferred. 
Accordingly, the compounds in question may be in 11it ltrm The compounds of formula I preferably have the formula 
of isomeric mixtures or in the form of pure isomers, pref- 5 13, 

erably in the form of enantiomcrically pure diastereoiso-
mers. 

Lower alkoxycarhonyl is preferably 

R4 (h) 

n o 
C-C4alkoxvcarhonyl wherein the alkyl radical may he 
branched is especially 

R, Cit NH N Jj, NU 

0 ’NIi’ ’j( "rsi’i c( i or unbranched, and ethoxycarbonylor 
methoxycarbonyl. 

_ 

o : A 
Secondary or tertiary lower alkyl is especially sec-butyl, 

tert-butyl or isopropyl. 
Lower alkylthio-lower alkyl is especially methyithiom- wherein the radicals are as defined. 

ethyl, is Salts are especially the pharmaceutically acceptable salts 
Phenyl that is unsuhstitutcd or substituted by one or more of compounds of formula 1. 

lower alkoxy radicals is especially phenyl that is unsubsti- Such salts are formed, for example, by compounds of 
tuted or substituted by from one in three lower alkoxy formula I having a basic R,-CFl,-carrying nitrogen atom as 
radicals, especially methoxy. In the case when there are three acid addition salts, preferably with inorganic acids, for 
methoxy substituents, these are especially in the 2,3,4- 20 example hydrohalic acid, such as hydrochloric acid, sulfuric 
positions of the phenyl ring and in the case when there is one acid or phosphoric acid, or with strong organic sul Ionic, 
methoxy substituent, that substituent is especially in the 2-, sulfo or phosphoric acids or N-substituted sulfamic acids 
3- or, more especially, in the 4-position, Unsabstituted (preferably: pKa.el). Other salts may be present when basic 
phenyl is preferred. hcterncyclyl radicals, such as pyridyl, are present in R4. 

C4-05cycloalkyl is especially cyclopentyl or, more 25 Those salts includes especially acid addition salts with 
especially, cyclohexyl organic or inorganic acids, especially the pharmaceutically 

As R, phenyl is preferred to cyclohexyl. acceptable salts. Suitable inorganic acids are, for example, 
In phenyl or cyclohexyl substituted in the 4-position by hydrohalic acids, such as hydrochloric acid, sulfuric acid 

unsaturated heterocyclyl that is bonded by way of a ring and phosphoric acid. Suitable organic acids are, for example, 
carbon atom, has from 5 to 8 ring atoms, contains from 1 to 30 carboxylic, phosphonic, sulfonic or sulfarnic acids, for 
4 hetero atoms selected from nitrogen, oxygen, sulfur, example acetic acid, propionic acid, octanoic acid, decanoic 
sulfinyl (�SO---) and sulfonyl (�SO--) and is unsubsti- acid, dodecanoic acid, glycolic acid, lactic acid, 
tuted or substituted by lower alkyl or by phcnyl-lowcr alkyl, 2-hydroxybutyric acid, gluconic acid, glucose monocarboxy-
the corresponding heterocyclyl has especially the following lie acid, fumaric acid, succinic acid, adipic acid, pimelic 
meanings: 35 acid, suberic acid, azelaic acid, tnalic acid, tartaric acid, 

Unsaturated hctcrocyclyl that is bonded by way of a ring citric acid, g.lucaric acid, galactaric acid, amino acids, such 
carbon atom, has from 5 to 8 ring atoms, contains from I to as glutamic acid, aspartic acid, N-methylglycine, acetylami-
4 hetero atoms selected from nitrogen, oxygen, sulfur, noacetic acid, N-acetylasparagine or N-acetylcystcine, pyru-
sulfinyl (�SO---) and sulfonyl (�SO2�) and is unsubsti- vie acid, acetoacetic acid, phosphoserine, 2- or 
tuted or substituted by lower alkyl, especially by methyl, or 40 3-glycerophosphoric acid, glucose -6-phosphoric acid, 
by plienyl-lower alkyl wherein the lower alkyl radical is glucose-i-phosphoric acid, fructose- 1,6-bisphospltoric acid, 
unbranchcd or branched, especially by 1-methyl -l- rnaleic acid, hvdroxymaleic acid, methyhnaleic acid, cyclo-
phenylethyl, is especially one of the following radicals hexanecarboxylic acid, adamantanecarboxylic acid, benzoic 
bonded by way of a ring carbon atom: thienyl (thiopbenyl); acid, salicylic acid, 1- or 3-hydroxynaphthyl-2-carboxylic 
oxazolyl; thiazolyl; imidazolyl; 1,4-thiazinyl; triazolyl that 45 acid, 3,4,5-trimethoxybenzoic acid, 2-phenoxybeuzoic acid, 
is unsubstituted or, especially, substituted by 1-methyl-l- 2-acetoxybcnzoic acid, 4-aminosalicylic acid, phthalic acid, 
phenyl-ethyl or preferably by tert-butyl or especially by phenylacetic acid, mandelic acid, cinnamic acid, glucuronic 
methyl, such as 1-, 2- or 4-(methyl or tert-butyl)triazol-3-yl; acid, galacturonic acid, methanesulfonic or ethanesulfonic 
Ic trazolyl that is unsuhst itti ted or, especially, substituted by acid, 2-hydroxyethanesulfonic acid, ethane -1,2-disulfonic 
1-methyl-i-phenylethyl or preferably by lower alkyl, such 50 acid, benzenesulfonic acid, 2-naphtbalcnesullonic acid, 1,5 -
as by tert-butyl or especially by methyl, such as 2H-tetrazol- naphthalenedisulfonic acid , 2-, 3- or 
5-yl substituted by 1 -methyl-1 -phenyl-ethyl or preferably by 4-methylhenzenesulfonic acid, methylsitlfuric acid, ethyl -
lower alkyl, such as by tcrt-butyl or especially by methyl, or sulfuric acid, dodccylsulfuric acid, N-cyclobcxylsulfamic 
1H-tetrazol-5-yl substituted by tert-butyl or especially by acid, N-methyl-, N-ethyl- or N-propyl-sulfamic acid, or 
methyl; pyridirtyl; pyrazinyl; and pyrimidinyl; more espe- 55 other organic protonic acids, such as ascorbic acid. 
cially 2- or 3-tlaienyl (-thiophcn-2-yl or thiophen-3-yl); When negatively charged radicals are present, such as 
ihiazol-5-yl, thiazol-2-yl; 2H-tctrazol-5-yl that is unsubsti- tetrazolyl in R4, salts may also be formed with bases, e.g. 
tuted or, especially, substituted in the 2-position by metal or ainiuouiuoi salts, such as alkali metal or alkaline 
1-methyl-1-phenyl-ethyl or preferably by tert-butyl or cape- earth metal salts, e.g. sodium, potassium, magnesium or 
cially by methyl; il-I-tetrazol-5-yl substituted in the 60 calcium salts or ammonium salts with ammonia or suitable 
1 -position by methyl; pyridin-2-yl; pyridin-3-yI; pyridin-4- organic amines, such as tertiary m000amincs, e.g. triethy-
yl; or pyra2in-2-yl. lamine or tri(2-hydroxyethyl)-amine, or heterocyclic bases 
R4 is preferably phenyl substituted in the 4-position by e.g. N-ethyl-piperidine or N,t’t’-dimetbylpiperazine. 

unsaturated heterocyclyl that is bonded by way of a ring For the purposes of isolation or purification it is also 
carbon atom, has from 5 to 8 ring atoms, contains from 1 t 65 possible to use pharmaceutically unsuitable salts, for 
4 hetero atoms selected from nitrogen, oxygen, sulfur, example picrates or perchiorates. Only the pharmaceutically 
sulfinyl (�.SO----) and sulfonyl (�SO---) and is unsubsti- acceptable salts or the free compounds (optionally in the 
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29 
such as tlimet bylh )rrnarnicle, at preferred temperatures of 
from �10° to 40° C., especially from 0° to about 30° C. 

In a compound of formula I wherein R,1 is 4-(I-. or 
2 -phenyl -lower alkyl, such as I.- or 2-.(t-methyl-1-
1hcnylethyl)-tctrai d-.-yl)phenyl, the phenyl-luwer alkyl 

radical (preferably 1 -methyl- 1-phenylethyl) can be removed 

by treatment with a strong mineral acid, such as sulfuric 
acid, in aqueous SolutiOLl, preferably at temperatures of front 
�20° to 30° C., for example at 0° C. 

General Process Conditions 

All the process steps given in this text can be carried out 
under reaction conditions known perse, but preferably 
under those specifically mentioned, in the absence orusually 
in the presence of solvents or diluents, preferably those 
solvents or diluents that are inert towards the reagents used 
and are solvents therefor, in the absence or presence of 
catalysts, condensation agents or neutralising agents, for 
example ion exchangers, such as cation exchangers, for 
example in the H form, depending upon the nature of the 
reaction and/or the reactants at reduced, normal or elevated 
temperature, for example in a temperature range of from 
approximately �1000 to approximately 190° C., preferably 
from approximately �80° to approximately 150° C., for 
example from �80° to �60° C., at room temperature, at from 
�20° to 40° C or at the boiling point of the solvent used, 
under atmospheric pressure or in a closed vessel, optionally 
under pressure, and/or in an inert atmosphere, for example 
under an argon or nitrogen atmosphere. 

In the case of all starting materials and intermediates, salts 
may he present when salt-forming groups are present. Salts 
may also be present during the reaction of such compounds, 
provided that the reaction will not be affected. 

IT, all reaction steps, any isomeric mixtures that are 
formed can be separated into the individual isomers, for 
example diastereolsomers or enantioniers, or into any 
desired mixtures of isomers, for example racemates or 
diastereoisomcric mixtures, for example analogously to the 
methods described under the heading "Additional process 
Steps". 

In certain cases, for example in the case of hydrogenation, 
it is possible to carry out stereo-selective reactions so that, 
for example, individual isomers may be obtained more 
easily. 

The solvents from which those suitable for a particular 
reaction can be selected include, for example, water, esters, 
such as lower alkyl -lower alkanoates, for example diethyl 
acetate, ethers, such as aliphatic ethers, for example diethyl 
ether, or cyclic ethers, for example tetrahydrofuran, liquid 
aromatic hydrocarbons, such as benzene or toluene, 
alcohols, such as methanol, ethanol or 1- or 2-propanol, 
nitrites, such as acetonitrile, halogenated hydrocarbons, such 
as methylene chloride, acid amides, such as 
dimethylformamide, bases, such as heterocyclic nitrogen 
bases, for example pyridine, carboxylic acid anhydrides, 
such as lower alkanoic acid anhydrides, for example acetic 
anhydride, cyclic, linear or branched hydrocarbons, such as 
cyclohexane, hexane or isopentane, or mixtures of those 
solvents, for example aqueou.s solutions, unless the descrip-
tion of the processes indicates otherwise. Such solvent 
mixtures can also be used in working.-up, for example by 
chromatography or partitioning. 

The invention relates also to those forms of the process in 
which a compound obtainable as intermediate at any stage is 
used as starting material and the remaining steps are carried 

out or the process is interrupted at any stage or   starting 

30 
material is formed under the, reaction condilion.s or is used 
in the form of a reactive derivative or salt, or a compound 
obtainable in accordance with the process of the invention is 
produced under the process conditions and further processed 
in situ, it being preferable to use those starting matcrial.s 
which result in the compounds described above as being 
preferred, especially those described as being especially 
preferred, more especially preferred and/or very especially 
preferred. 

10 The preparation of compounds of formula I is preferably 
carried out analogously to the processes and process steps 
given in the Examples. 

The compounds of formula I, including their salts, may 
also he obtained in tile form of hydrates, or their crystals 

is may include, for example, the solvent used for erystallisa-
tion. 

Pharmaceutical Compositions 

The invention relates also to pharmaceutical compositions 

70 comprising compounds of formula J*,, which means espe-
cially a compound of the formula I, and most especially of 
formula Ia. 

The pharmacologically acceptable compounds of the 
present invention may be used, for example, in the prepa-

25 ration of pharmaceutical compositions that comprise an 
effective amount of the active ingredient together or in 
admixture with a significant amount of inorganic or organic, 

solid or liquid, pharmaceutically acceptable carriers. 

The invention relates also to a pharmaceutical composi-

30 tion suitable for administration to a warm-blooded animal, 

especially a human being, for the treatment or prevention of 
a disease that is responsive to inhibition of a retroviral 
protease, especially a retroviral aspartate protease, such as 

HIV-1 or HIV-II gag protease, for example a retroviral 

35 disease, such as AIDS or its preliminary stages, comprising 

a compound of formula I’, or a pharmaceutically acceptable 

salt thereof, in an amount effective in the inhibition of the 

retroviral protease, together with at least one pharmaceuti-
cally acceptable carrier. 

o The pharmaceutical compositions according It, the inven-

tion are compositions for cntcral, such as nasal, rectal or 
oral, or parenteral, such as intramuscular or intravenous, 
administration to warm-blooded animals (human beings and 
animals) that comprise an effective dose of the pharmaco-

45 logical active ingredient alone or together with a significant 

amount of a pharmaceutically acceptable carrier. The dose of 

the active ingredient depends on the species of warm-

blooded animal, body weight, age and individual condition, 
individual pharrnacokirictie data, the disease t6 be treated 

50 and the mode of administration. 
The invention relates also to a method of treating diseases 

caused by viruses, especially by retroviruses, especially 
AIDS or its preliminary stages, wherein a therapeutically 
effective amount of a compound of formula 1° or a phar. 

55 maceutically acceptable salt thereof is administered in a 
dose that is effective in the treatment of said disease espe-

cially to a warm-blooded animal, for example a human 

being, who oil account of one of the tuentiotaed diseases, 
especially AIDS or its preliminary stages, requires such 

60 treatment. The preferred dose to be administered to warm-

blooded animals, for example human beings of approxi-

mately 70 kg body weight, is from approximately 3 mg to 

approximately 3 g, preferably from approximately 10 mg to 

approximately 1.5 g, for example approximately from 50 mg 

65 to 1(X)0 mg per person per day, divided preferably into I to 

3 single doses which may, for example, he of the same size. 

Usually, children receive half of the adult dose. 
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lad ic acid (90%), Celluli e-FlP-M-60, silica gel (Aerosil 
200) and delonised water (2 g). 

Example 66 
ltirmulalion as solution (II): 

The formulation comprises 18.4 mg of the title compound 
from Example,46 as active ingredient, 5 mg of cellulose -
I-I PM-6flh, 40 lug o -ine1thylpyrrol itlone and doable -
distilled water ad 1 ml. 

Example 67 
Analogously to one of the afore -mentioned processes, there 
are prepared: 
A) t-[4-(pyridin-2-yl)phenyl]-4(R)-hvdroxy-5(S)-2,5-bis 

[N-(N-rnc I hoxyca rbonyl-(L)-ierl -leucyl)aminoj-6-
phcnyl-2-azahexanc; 

B) 1-[4-(pyridin-2-yl)phenyl]-4(R)-hydroxy-5(R)-2,5-bis 
[N-(-metb(sxyca rhunyl-(1.)-teri-leucvl)am ino]-ó-
phenyl-2-azahexane; 

C) l.-[4-(pyridin-2-yl)phcnvl]-4(S)-hydroxy-5(S)-2-[N-(N-
methoxycarbonyl-(L)-tert-lcucyl)-amino-5-l’.f-(N-
methoxycarhonyl-(D)-tert-Leucyl)amino]-6-phenyl-2-
azahexane; or 

D) 1-[4-(pyridin-2-yl)phcnyl]-4(S)-hydroxy-5(S)-2-[N-(N-
methoxycarbonyl-(D)-tert-leucyl)-amino]-5-[N -(N - 
methoxycarbon),l-(L)-tert-leucyl)amino]-6-phenyl-2-
azahexanc. 
What is claimed is: 
1. A compound of the formula  

R,"ANHN 

T 
Cif 

NH 

N 

 wherein 
R, is lower alkoxycarhonyl, 
R2 is secondary or tertiary lower alkyl or lower alkylthio-

lower alkyl, 
R3 is phenyl that is unsubstituted or substituted by one or 

more lower alkoxy radicals, or 
C,4�05cycloalkyl, 
R4 

is phenyl or cyclohexyl each substituted in the 
4-position by unsaturated heterocyclvl that is bonded 
by way of a ring carbon atom, has from 5 to 8 ring 
atoms, contains from ito 4 hetero atoms selected from 
nitrogen, oxygen, sulfur, sullinyl and sulfonyl and is 
unsubstituted or substituted by lower alkyl or by 
phenyl-lower alkyl, 

R5, independently of R2, has one of the meanings men-
tioned for R, and 

R5, independently of R1, is lower alkoxycarbonyl, 
or a salt thereof. 

2 A compound according to claim 1 of formula fa, 

2 
I (ta) 

V OFt / 0 
I:H 

’N(( 
NQ3) )L ,Nt 

NH CH Ra 

0 
RS 

R3 

wherein the radicals are as defined in claim 1, or a salt 
thereof. 

3. A compound of formula la according to claim 2, 
wherein 

86 
R1 is lower alkoxycarbonyl, 

Rc is isopropyl, sec-bId tyl or tert-hiityl, 
is plienyl or cyckdlcxyl, 

R4 is phenyl substituted in the 4-position by one of the 
l:ollowin, radicals bonded by way of a ring carbon 
atom: rhienvl; oxazolyl; ihiazolyl; imidazolyl; 1,4-
thiazinyl; triazolyl that is unsubstituted or substituted 
by .1 -methyl -1 -phenyl-ethyl, tcrt-butyl or by methyl; 
tetrazolyl that is unsubstituted or stlhstduted by 

10 1-rnethy11-phenyl-uthyl, tort-butyl or by methyl; 
pyridinyl; pyrazinyl; and pyrimidinyl; 

R5 is isopropyl, sec -butyl, tert-butyl or methvlthiomethyl, 
and 

R5 is lower alkoxycarhonyl. 
- or a salt thereof. 

4. A compound of formula La according to claim 2, 
wherein 

R1 is methoxycarbonyl or ethoxycarbonyl, 

20 R, isisopropyl, sec-butyl or tert-butyl, 

Ra is phenyl, 
R, is phenyl substituted in the 4-position of the phenyl 

ring by 2- or 3-thienyl; thiazol-5-yl; thiazol-2-0; 
211-tetrazol-5-yl that is unsubstituted or substituted in 

25 the 2-position by 1-methyl-i-phenyl-ethyl, tert-butyl or 
by methyl; 1L-J-tetrazol-5-yl substituted in the 
i-position by methyl; pyridin-2-yl; pyridin -3-yl: 
pyridin-4-vl; or by pyrazin-2-yl; 

R, is isopropyl, sec-butyl, tert-butyl or methylthiomethyl; 
30 and 

R5 is methoxycarbonyl or ethoxycarbonyl; 
with the proviso that at least one of the two radicals i.2 and 
R3 

is 

rert-hutyl, provided that R1 is phenyl substituted in the 
4-position of the phenyl ring by 2- or 3-thienyl; tbiazol-5-yl; 

.35 thiazoL-2-yl; 2H-tet.razol-5-yl that is unsubstituted or substi-
tuted in the 2-position by 1-methyl-1 -phenyl-ethyl, tert-
butyl or by methyl; I lI-tetrazol-5-yl substituted in the 
1 -position by methyl; pyridin-3-yl; pyridin-4-yl; or by 

pyrai.in-2-yl; 

40 or a salt thereof. 
S. A compound of formula la according to claim 2, 

wherein 
R1 is methoxycarbonyl or etboxycarbonyl, 
R2 is isopropyl, see-butyl or tert-butyl, 

R3 is phcnyl, 
R4 is 4-(thiazol-2-yl)-phenyl, 4-(thiazol-5-yl)-phenyl, 

4-(pyridin-2-yl)-phenyl or 4-(2-meihyl-tetrazol-5-yl)-
phcnyl; 

50 R, is isopropyl, sec-butyl, rert-butyl or methylthioniethyl; 
and 

R5 is methoxycarbonyl or ethoxycarbonyl; 
or a pharmaceutically acceptable salt thereof. 

6. A compound of formula Is according to claim 2. 

55 selected from the following compounds: 
1 -[4-(thiazol-5-yl)-phenyl]-4(S)-hydroxy-2-N-(N - 

wethoxycartionyl-(L)-valyl)amino-5(S)-N-(N-
wethoxycarbonyl-(L)-tert-leucyl)amino-6-phenyl-2-
azahexare; 

60 l[4(thiazol-5-yl)-phetiy1]-4(S)-hydroxy-2-N-(N-
mcthoxycarbonyl-(L)-iso-lcucyl)amino-5(S)-N-(N-
methoxycarbonyl-(L)-tert-leucyl)aniino-6-phenyl-2-
a.ahexane; 

1-[4-(thiazol-5-yl)-pheoyljl-4(S)-hydroxy-2-N-(N-
65 methoxycartonyl-(L)-S-methyleysteinyl)- amino -5(S)-

1-(N-me Ehoxycarbonyl-(L)-tert-leucyl)am ino-6-
pbenyl-2-azahexane; 
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I [4-(thiao1-5-yl)-phenyl]-4(S)-hydrOXy-2N-(N- I [4(py rid in-2-yl)-phenyl]-4(S)-hydrOXY-2-N-(N-

etho xycÆrboiyl-(L)-valyl)amino-5(S)-N-(N- methoxycarbonyl-(L)-tert-leUcYl)amiflo-5(S)( 

methoxycarbonyl-(L)..tert-leucyl)amino-6-phcnyl-2- methoxycarbonyl(L)-valyI)amino-6-P hen yl-2-

azahexane; 
1[4(thiazol-5-yl)-phenyl]-4(S)-hydroxy-2N-(N- 

azahexane; 
5 or in each case a pharmaceutically acceptable salt thereof. 

methoxycarbonyl-(L)-tert-leucyl)arnino-5(S)-N-(N- 7. Acompound of formula la according to claim 2 named 

methoxycarhonyl-(L)-valyl)amino-6-phenyl-2- i-[4-(thiazol-5-yl)-phenyl]-4(S).-hydtoXY-5(S)-2,5-hiS-[N-

azahexane; (N-methoxycarhonyI-(L)-tert-Iducyl)-amino]6-phenyl2-

1-[4-(thiazol-5-yl)-phenyl]-4(S)-hydroxy-2-I1-(N- 
azahexane, or a salt thereof. 

io 8. Acornpound of formula la according to claim 2 named 
mcthoxycarbonyl-(L)-tert-leucyl)amino-5(S)-N(N- i-[4-(2-methyl-211-tetrazo1-5-yl)-phenylI-4(S)-hYdroxY-5 
methoxycarbonyl-(L)-i,o-leucyl)amino-6-phenyl-2- (S)2,5bis-[N-(N-methoxycarbonyl-(L)-tert-leucyl)aminoJ-
azahexane; 6-phcnyl-2-azahexane, or a salt thereof. 

t-[4-(thiazol-2-yl)-phenyI]-4(S)-hydroxy-5(S)2,5-biS- 9. A compound of formula La according to claim 2 named 
[N-(N-rnethoxycarbonyl-(L)-tort-leucyl)-amino]-6- 

15 i-[4-(pyridin-2-yl)-phenyl]-4(S)-hydroxy-5(S)-2,5-biS-[N-
phenyl-2.azahexane; 

. (N-methoxycarhonyl-(L)-tert-leucyl)-amino]--PhcflYl-2-
1 -[4_(thiazol-2-yl)phenyI]-4(S)hydroxy-2-N-(N- azahexane, or a salt thereof. 

methoxycarbonyl-(L)-tert-leucyl)amioo-5(S)-N-(N- 10. A pharmaceutical composition suitable for adminis-
methoxycarbonyl-(L)-valyl)amino-6-phenyl-2- tration to a warm-blooded animal for the treatment of AIDS 
azahexane; 20 or its preliminary stages, comprising a compound of formula 

S 
1-[4-(thiazol-2-yl)-phenyl]-4(S)-hydroXy-2-N-(N- 

methoxycarhonyl-(L)-tert-Ieucyl)amino-5(S)-N-(N- 

Jk according to claim 1, or a pharmaceutically acceptable 
salt thereof, together with at least one pharmaceutically 

methoxycarbonyl-(L)-iso-leucyl)amino-6-phenyl-2- acceptable carrier. 

azahexane; 11. A method for the treatment of AIDS or its preliminary 

1-[4-(pyridin-2-yl)-p hen yl]-4(S)-hydroxy-5(S)-2,5-bis- 25 stages, wherein a therapeutically effective amount of a 
compound of formula J* according to claim 1, or a phar 

[N-(N-methoxycarbonyl-(L)-valyl)amino]-6-phenyl-2- 
maceutically acceptable salt thereof, is administered to a 

azahexane; 
l-{4-(pyridin-2-yl)-phenyl]-4(S)-hydroxy-2-.N-(N- 

human, who on account of said disease requires such 
treatment, in a dose that is effective in the treatment of said  

methoxycarbonyl-(L)-valyl)amino-5(S)-N-(N- disease. 
methoxycarbonyl-(L)-tert-leucyl)amino-6-phenyl-2- 
azahexane; and * * * * * rj 
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[57] ABSTRACT 

The present invention provides the crystalline bisulfate salt 
of the formula - 
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which is found to have unexpectedly high solubility/ 

dissolution rate and oral bioavailability relative to the free 

base form of this azapeptide liv protease inhibitor com-

pound. 

2 Claims, S Drawing Sheets 
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BISULFATE SALT OF l-IIV PROTEASE forming agents, including sulfuric acid, there is no rnunlioo 
INHIBITOR of the particular bisulfate salt which is the subject of the 

present application. 
This application claims priority from Provisional Appli-

cation 60/071,968 filed Jan. 20, .1.998 5 SUMMARY OF THE INVENTION 

The present invention provides the hisulfate salt of corn -
BACKGROUND OF THE INVENTION pouhlil I above having the structural formula 

1. Ficid of the Invention 
The present invention provides the novel crystalline bisul-

fate salt of the azapeptide HIV protease inhibitor of the 10 

formula 

1\ 
N ’5 

H3CO)0

 

ç

L 
N 

Ott 

N NyOCH3 

II 

15 

20 

25 

which exhibits unexpectedly superior aqueous solubility/ 
dissoluoon behavior compared to other salts, and siguili- 30 

cantly improved oral hioavailability in animals compared to 
the free base. The bisulfatc salt is thus useful for pharma-
ceutical dosage forms of the above-indicated protease 
inhibitor, particularly oral dosage forms. 

2. Background Art 35 

Published PCT patent application WO 97140029 discloses 
a series of azapeptide 1-UV protease inhibitors reported to 
have a high degree of inhibitory activity against the HIV 

DETAILED DESCRIPTION OF THE 
INVENTION 

virus. One of the agents included within the scope of wo Compound I as disclosed above is a weak organic base 

97/40029 is the compound having the structural formula 40 with an aqueous solubility of less than 1 tg/mL at 243 C. 
The crystalline free base form as a suspension in water or oil 
has poor oral hioavailahility in animals, probably because of 

/ its extremely low solubility in these vehicles. 

N For development of pharmaceutical formulations, particu-
45 larly oral dosage forms, the active ingredient must have 

sufficient oral bloavailability. Since the free base furor of 

/ \ compound I did not possess such bioavailability, acid addi-
tion salts were explored by the present inventors. A number 

- \J/ of commonly used acid addition salts such as the 
o OH 9 50 hydrochloride, benzenesulfonate, methanesulfonate, 

)L. ..._-.. )L ocI p-toluenesulfonate, phosphate, nitrate, 1,2- 
H3c0 

T T ’f ethanedisulfonate, isethionate and sulfate were evaluated, in 
o o addition to the bisulfate salt of the present invention. All of 

these salts in their crystalline form exhibited lower aqueous 
is solubility (1-3 mgimL or less at 24z3 C.) than the bisulfate 

which had a solubility under the same conditions of approxi-
mately 4-5 mg,’mL, 

and the chemical name [3S-(3R’, 8’R, 9R*, 12R)J-3,12- Solid state transformation was observed when the other 
b is( 1,1-dirnethvlethvl)-8-hydroxy-4,i1-dioxo-9- acid addition salts mentioned above were suspended in 
(phenvlmethyl)-6..j4-(2-pyridinyl)phenylme thy l]-2,5,6,l0, 60 water, probably due to their dissociation to form the free 
13-pentaazatctradecanedioicj acid, dimethyl ester and is base. In the majority of cases, this transformation was 
under evaluation as a possible second generation HIV pro- accompanied by gel formation. Unlike the other salts men-
tease inhibitor. tioned above, the extra proton of the bisulfate salt prevents 

WO 97/40029 discloses the free base form of azapeptide the coiaversiott to the free base which, as mentioned above, 
derivatives such as compound I and also various pharma- 65 is very insoluble in water and has poor oral bioavailahility. 
ceutically acceptable acid addition salts. While several The unusual solubility behavior of the bisulfate salt in water 
organic and inorganic acids are mentioned as possible salt is further elaborated in the following 
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In general, conversion of salts to the unionized form or 

vice versa can be explained on the basis of pl-1-solubility 
theory. The solubility of the free base in water was deter-
mined as a function of p1-I at 24–3°  C. and is shown below. 
The p1-I at which the compound exhibits the highest solu-
bility is referred to as and was found to be approxi-
mately 1.2. It has been reported in the literature that at 
plI>pl-I,, of a weakly basic organic compound, the equi-
librium solid phase in an aqueous suspension of the com-
pound is the free base. At pH<pH the equilibrium solid 

10 
converts to the corresponding salt form. The term "equilib-
rium solid phase" refers to the undissolved or excess solid in 
a suspension of the compound in water after sufficient 
equilibration time. When a salt of a weak base is equilibrated 
in water in an amount exceeding its solubility limit (i.e., a 
suspension of the salt in water), the resulting pH of the 15 

suspension may fall on either side of the pH, depending 
on the strength of the acid among other factors. When the 
resulting pH is greater than the pH,,,, the suspended solid 
converts to the free base. 

Studies conducted with methane sulfonate and hydroehlo- 20 
ride salts, in particular, of the free base confirmed the above 
described general findings reported in the literature. 
Amounts in excess of the solubility of these salts were 
equilibrated in water at 24–3° C. for at least 24 hours. The 
pH of the suspensions after equilibration was 2.1–0.1 which 25 
is greater than the PHrna. The undissolved solids from these 
suspensions were isolated, air-dried, and characterized. By 
thermal and elemental analysis the undissolved solids from 
these suspensions were identified as the free base. This 
behavior was expected based on the pH-solubility profile 

30 
shown in FIG. 1 and the studies reported in the literature. 

When an excess amount of the bisulfate salt was equili-
brated in water a modification occurred in the solid phase in 
equilibrium with solution. However, the undissolved solid 
phase after equilibration was not the free base, although the 35 
p1-I (1.9–0.2) of the suspension was greater than the PH m,,, 
and comparable to the pJi of the suspensions of methane 
sulfonate and hydrochloride salts described above. The solid 
phase after at least 24 hours of equilibration was identified 
by elemental analysis as a hydrated form of 2:1 salt of the 40 
free base form and sulfuric acid (referred to as the sulfate 
salt). This behavior of the bisulfate salt is unexpected based 
on pH-solubility theory. 

When an excess amount of the sulfate salt, in turn, was 
equilibrated in water a modification occured in the solid 45 

phase in equilibrium with solution. The undissolved solid 
from this suspension was isolated, air-dried, and character-
ized. Thermal and elemental analysis of this undissolved 
solid phase was similar to that of the free base although the 
conversion of the sulfate salt to the free base was not as 50 

definitive as that of the methane sulfonate and hydrochloride 
salts. From a pharmaceutical point of view the propensity of 
salts to convert to the free base in an aqueous environment 
is not desirable due to the low oral bioavailability of the free 
base. Thus, the bisulfate salt due its unique solubility behav  55 -
ior in water offered unexpected superiority. 

The solubility behavior of the bisulfate salt in water was 
also unexpected considering the interaction of compound I 
free base and sulfuric acid in water. For example, the free 
base exhibited a solubility of less than 1 mg,/mL in water at 60 

a pl-I of �1.8 adjusted with sulfuric acid, compared to 4-5 
mg/niL solubility of the bisulfate salt in water at comparable 
p1-I conditions. Based on pH-solubility theory the free base 
and the salt are expected to exhibit similar solubility at a 
given oH. . 65 

4 
mals relative to the free base. The absolute oral bioavail-
ability of the bisulfate salt was found to be approximately 
20% in dogs when administered in unformulated solid form 
placed in a gelatin capsule. In comparison, the crystalline 
free base had minimal oral bioavailability in dogs. 

In addition to optimal solubility, satisfactory physical 
stability in the solid-state is another desirable property of 
pharmaceutical salt forms. The term physical stability indi-
cates the ability of the salt form to retain its crystal structure 
(including solvents of crystallization, if any) under storage/ 
stress conditions. Significant changes in the physical nature 
of the salt form as indicated by thermal methods such as 
differential scanning calorimetry are undesirable, The bisul-
fate salt exhibited excellent solid-state physical stability 
when stored at 40° C./75% relative humidity (RH) for as 
long as 9 months as shown in FIG. 2a. Differential scanning 
calorimetry revealed no significant changes in the thermal 
behavior of the stressed sample of-the bisulfate salt com-
pared to that of the unstressed sample (stored at 2-8° C. in 
a closed container). The methane sulfonate, hydrochloride, 
and the sulfate salts, on the other hand, showed significant 
changes in their thermal behavior when stored at 40° C./75% 
RH for as little as two weeks as shown in FIGS. 2b, c, and 
d. While differences in physical stability of salt forms is not 
unusual, the propensity of a particular salt to form solvates 
(or crystal modifications) and its ability to retain the solvent 

of crystallization (the physical stability of crystal 
modifications) under storage/stress conditions cannot he 
predicted apriori. 

FIG. 2a represents Physical stability of the bisulfate salt. 
The solid line represents the unstressed material. The dotted 
line represents the material stressed at 40° C./75% RH for 9 
months. 

FIG. 2b represents Physical Stability of the hydrochloride 
salt. The solid line represents the unstressed material. The 
dotted line represents the material stressed at 40° C./75% 
RH for two weeks. 

FIG. 2c represents Physical stability of the methane 
sulfonate salt. The solid line represents the unstressed mate-
rial. The dotted line represents the material stressed at 40° 
C./75% RH for two weeks 

FIG. 2d represents Physical stability of the sulfate salt. 
The solid line represents the unstressed material. The dotted 
line represents the material stressed at 40° ç./75% RH for 
two weeks. 

The bisulfate salt may be prepared by forming a solution 
of free base of compound I with sulfuric acid in solvents 
such as acetonitrile, isopropanol, ethanol, or acetone and 
then isolating the so-produced bisulfate salt. 

Because of its high bioavailability as well as its good 

crystallinity and stability, the bisulfate salt is very useful in 
preparing oral dosage forms of compound I. The examples 

which follow illustrate preparation of representative oral 
formulations. 

The bisulfate salt, and formulations thereof, are used as 
described in WO 97/40029 for the treatment of diseases 
caused by viruses, especially retroviruses such as the HIV 

virus. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

Example 1 

Preparation of Bisulfate Salt from Ethanol 

The enhanced solubility/dissolution behavior of the bisul- To a 500 mL three-necked round bottomed flask equipped 

fate contributes to its improved oral bioavailability in ani- with an overhead stirrer and dropping funnel, 15,013 g 
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6,087,383 
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(0(1213 mole) of free base compound 1 and 1.1.3 mL or 200 
proof ethanol were added with stirring. To this suspension, 
1.28 m L concentrated sulfuric acid was added dropwise over 
90 seconds. Alter the addition of sulfuric acid, a clear 
amber-colored solution was obtained. The solution was 5 

polish filtered using #1 Whatman filter paper and washed 
with 5 mL of 200 proof ethanol. To this solution was added 
58 ml, ofheptanc and 37.5 mg (0.25 wt %) of seed crystals 
of the compound of formula II followed by 55 mL of 
additional heptane. The resulting mixture was stirred for 6 10 

hours at 300 rpm. The resulting crystal slurry was filtered 

6 
lrrri acciuntitrile, ethanol-heptane r ir ace tone. They are now 
referred to as Type -11 crystals. The Type -I crystals appear to 
he an anhydrotrs/deolvated crystalline material while the 
i’’pe-lI crystals are a hydrated, hygroscopic crystalline 
form. 

Example 4 

Preparation of Capsule Formulations of Bisulfate 
Salt 

and washed with 50 mL ethanol/heptane (1:1) solution and A. Capsules (50 and 200 mg free base equivalent) 
dried under vacuum at 600 C. overnight -to afford 15.11 g of 
the desired crystalline bisulfate salt (88.4 mole % yield) Capsules are provided for oral administration in which the 

having formula II above, capsule is a si7e #0, gray, opaque, hard gelatin capsule 
containing the bisulfate salt of formula II formulaed as a 

Characterizing Properties of Bisulfate Salt wet granulation with lactose, crospovidone and magnesium 
stearate. 

Anal, Calcd. for C15N50.1.0 H2SO4: C, 36.84; H, 
B. Capsules (100 mg free base equivalent) 6.78; N, 10,37; S, 3.99. Pound: C, 56.72; H, 6.65; N, 10.41; 

S. 3.83. m.p. 195.0°, H200.28% (Ku). 
20 

Capsules are provided for oral admiitistration in which the 
capsule is a size #0, gray, opaque, hard gelatin capsule 

Example 2 containing the bisulfate salt of formula U suspended in 
Gelucire 44114. Gclurc 44/14 is a saturated polyglycolizcd 

Preparation of Bisulfate Salt from Acetone glyceride consisting of mono-, di- and triglycerides and 
25 

5M H2SO4 (8.52 mL, 42.6 mM) was added dropwise to II1unIO arid di-fatty acid esters of polyethylene glycol. Cap -

a suspension of the free base compound of formula 1(30.0 subs are prepared by melting Gelucire 44/14 at 45_700 C. 

g., 42.6 mM) in acetone (213 mL) stirred mechanically in a followed by addition of the bisulfate salt with stirring. The 

50° C. oil-bath. Aclear solution was obtained almost linme- molten mixture is filled into hard gelatin capsules and 

diately. The solution was seeded with crystals of the free 30 
allowed to cool and solidify. 

base compound of forriiula 1l After two minutes, a precipi- We claim: 
tate formed which became a paste. The mixture was stirred 1. The bisulfate salt having the formula 
at 50° C. for one hour, at 25° C. for 30 minutes and at 0° C. 
for 2 hours. The solid was filtered and the first filtrate was It 

used to transfer the remaining material in the flask to the 
.s 

filtration funnel. The product was washed with acetone, then OH 
heptane, and dried under vacuum overnight to give 31.48 g

 

(corrected yield 92%) of the bisulfate salt of formula II, m.p. 
198-199° C. dec. H3CO 

11 
Anal. Calcd. C01452N,0.7.1.0 H,SO4.0.2 l-l.O: C, 56.59; 40 

H, 6.80; N, 10.42; 5, 3-98; H20, 0.45. Pound: C, 56.66; H, 
6.78; N, 10.50; S. 4.20; ILO, 0.45 (KF). 

Example 3 
45 

Preparation of .Bisulfate Salt from Isopropanol 

Aqueous sulfuric acid (5.0 M, 0.20 mL, 1 mM) was added 
to a suspension of the free base compound of formula I 
(0.704 g, 1.00 mM) in isopropanol (4.0 mL) chilled in an 

50 
ice -bath. The ice-bath was removed and the mixture stirred 
at room temperature. The suspension had dissolved after 15 
minutes. The solution was seeded with crystals prepared as 
in Examples 1 or 2 above and stirred for 5 hours. 1’lie solid 
was filtered and the filtrate was used to transfer the solid 
from the flask to the funnel. The product was washed with 

55 

heptaiie and dried under vacuum to give 0.752 g of crystal-
line bisulfate salt of formula II, yield 90%, m.p. 160-190° 
C., dec. 

Anal. Calcd. for C11N0.,J.0 H2SO4.2.0 H20; C, 60 
54.40; FE, 6.97; N, 10.02; S, 182; 1120, 4.29. Found: C, 
54.25; H, 6.73; N, 10.02; S. 3.67; 14,0, 4.53 (1(F). 

The crystals obtained from isopropanol showed a powder 
x-ray diffraction pattern different from the crystals obtained 

NC) NOCH,’H2.SO4. 

2. A pharmaceutical dosage form comprising the bisulfale 
salt of claim I and a pharmaceutically acceptable carrier. 
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