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(57) Abstract: Improved pharmacentical compositions are provided comprising one or more HIV protease inhibiting compounds
having improved dissolution properties in a mixture of a fatty acid, ethanol, and water.




DEC. one or nore H V protease inhibiting conmpounds risin dpd CBEGIQUQEC
2003 WD 00174677 . For two-letter codes and ot her abbrevialions, refer to
';“hﬁ (C)-::;II _ ance Notes on SRR, 60 !@ evgtl onm"m “- [ |
PCT/ USO0/ 14342 1 I I\/PRO\/ED PHARVACEUTI CAL FORMULATI ONS Techni caI F| eld This
I nvent | R¥tws-RiterboBS atd@rhbridpirOMeek, folras serGewt | cal  fornul ati ons conprising at

| east Giae Nbiks\vin Cqpiesahdxthiyreviationsiapredringg the begimpound i n a pharmaceutically

accept aliig e eadhragtlirdrve of heP A §@rgte chain fatty acid, ethanol,, and water,
wherein said H V protease inhibiting conmpound contained therein has

i nproved solubility properties. Background of the Invention Inhibitors of
human i mmunodefi ci ency virus (H V) protease have been approved for use in
the treatment of H'V infection for several years. A particularly
effective H'V protease inhibitor is

(2S,3S,59)-5-(N-(N-((N-met hyl - N-((2-1sopropyl -




t hi azof yl ) et hyl ) am no) car bonyl ) am no- 1, 6-di phenyl - 3- hydr ﬁyggga@m
(ritonavir), which is nmarketed as NORVIR(r). “Ritonavir | 0 have
utility feoodduwa7i nhibition of H'V protease, the inhibitloﬂCBKBPWMB~2

i nfection and the enhancenent of the pharnmacokinetics of conpounds which
are netabolized by cytochrome P450 nonooxygenase. Ritonavir is
particularly effective for the inhibition of HV infection when used
alone or in conbination with one or nore reverse transcri ptase

i nhibitors and/or one or nore other HV protease inhibitors. WO 00/ 74677 1
0 DEC 2003 PCT/ US00/ 14342 HIV protease;inhibiting conpounds typically are
characterized by having poor oral bioavailability and there is a
continuing need for the devel opment of inproved oral dosage forms for HV
prot ease inhibitors which have suitable oral bioavailability, stability

and side effects pr bgﬁﬁg CAES FRSRUPLATSORgPar ation are
“disclosed in U S. I:;‘zgl‘PI BI % |ssued July 30, ?%96 t he

di scl osure of which is herein |ncorporated by reference. This patent

di scl oses processes for preparin%?rltonaV|r mhlch produce a crystalline
pol ynmor ph of ritonavir, known as rml. Another process for
the preparation of ritonavir is disclosed in U S. Patent No. 5,567,823,

I ssued (ctober¢2. invention relates to improved pharmaceutical

formulations comprising at least one HIV. protease inhibiting

compound in a pharmaceutically acceptable solution of a long
chain fatty acid, ethanol, and water, wherein said HIV protease
inhibiting compound contained therein has imprbved solubility

properties.

Background of the Invention

Inhibitors of human‘immunodeficiency virus (HIV) protease
have been approved for use in thé treatment of HIV infection
for several years. A particularly effective HIV protease

8 inhibitor is (28,3S,58)-5-(N-(N-((N-methyl-N-((2- 1sopropy1 -4-

“ thlazolyl)methyl)amlno)carbonyl)amlno 1,6-diphenyl-3-
hydroxyhexane (ritonavir), which is marketed as NORVIR®.
Ritonavir is known to have utlllty for the inhibition of HIV
protease, the inhibition of HIV infection and the enhancement
of the pharmacokinetics of compounds which are metabolized by
cytochrome P450 monooxygenase. Ritonavir is particularly
effective for the inhibition of HIV infection when used alone

or in combination with one or more reverse transcriptase

inhibitors and/or one or more other HIV protease inhibitors.




1996, the disclosure of which is herein incorporated by rdf8rBrzce00¥ne
process di,scl in this patent also produces ritonavir t Llne
Form I. gh§ﬁﬁ§§@ﬁtical conpositions conprising ritonavir EF&ﬁ%Mﬁ B
pharmaceutically acceptable salt thereof are disclosed in U.S. Pat ent :
Nos. 5,541, 206, issued July 30, 1996; 5,484,801, issued January 16, 1996;
5,725,878, issued March 10, 1998; and 5, 559, 158, issued Septenber 24, 1996
and in International Application No. W98/22106, published May 28, 1998
(corresponding to U S. Serial No. 08/966,495, filed Novenber 7, 1997),

t he di sclosures of all of which are h% rein incorporated by reference. The
use of ritonavir to inhibit an HV infeection is disclosed in U S. Patent
No. 5,541,206, issued July, 30, 1996. The us of ritonavir ;Ln conbi nation

with one or MbFe e P8 \IBOPFEERE SOTDEY YUSHH 14342
transcrl a S.
Patont | o= 18 43 A 7 Bvidg Bobx ?f’ﬂwagiﬁhgéﬂ’l'ﬁte’?{a%%&?%% el

in conblanaiqmnumfg areedrEvor ehel Jevpiopwest PAhimproved exahidsisagsm Hi V
I nfecti scl 4 882 er 7,
1997. T&grﬁgb Iﬁﬁfd%ﬁé#?a?% éﬂﬁéﬁ&éofﬁe gﬁsﬁ |ﬁ%§%§%ﬂ'o%%%hpounds
biocavailability, stability and side effects profiles.
Ritoﬁavir and processes for its preparation are disclosed

in U.S. Patent No. 5,541,206, issued July 30, 1996, the

disclosure of which is herein incorporated by reference. This
patent discloses processes for preparing ritonavir which
produce a crystalline polymorph of ritonavir, known as
crystalline Form I. |

Another process for the preparation of ritonavir is
disclosed in U.S. Patent No. 5,567,823, issued October 22,
1996, the disclosure of which is herein incorporated by
reference. The process disclosed in this patent also produces
ritonavir as crystélline Form I.

Pharmaceutical compositions comprising ritonavir or a
pharmaceutically acceptable salt thereof are disclosed in U.S.
Patent Nos. 5,541,206, issued July 30, 1996; 5,484,801, issued fi?
January 16, 1996; 5,725,878, issued March 10, 1998; and
5,559,158, issued September 24, 1996 and in International
Application No. W098/22106, published May 28, 1998
(corresponding to U.S. Serial No. 08/966,495, filed November 7,
1997), the disclosures of all of which are herein incorporated
by reference.

The use of ritonavir to inhibit an HIV infection is

disclosed in U.S. Patent No. 5,541,206, issued July 30, 18996.

The use of ritonavir in combination with one or more reverse




met aboli zed by cytochronme P450 nonooxygenase is di scl osed 10 DEC 200801349,
_ publi sheq,‘,gg(gmw 16, 1997 (corresponding to U. S. Seri al TR G8F, 774,
- filed June , 1996). The disclosures of all of these patents and patent
applications are herein incorporated by reference. Exanples of HV
protease inhibiting conpounds include N (2 (R -hydroxy-1 (S) -indanyl)
-2 (R -phenylnethyl-4 (S) -hydroxy-5- (1- (4- (3-
pyridylmethyl)-2(S)-N -(t-butyl carboxam do) - pi perazi nyl))-penta neam de
(for exanple, indinavir).and rel ated conpounds, disclosed in European
Patent Application No. EP 541168, pullished May 12, 1993, and U.S. Patent

-~ No. 5,413,999, issued My 9, 1995, both of which are herein incorporated
by reference;

N- t ent - BEEPFCEERERTEr dTPLPIERFS R SRR LIh R Y S}nffﬁf% 2quf

nol yl caghapybkedlias pakagipaylentamMao)Hd3s |523 ( 4aSsu8dSJune 3, 1997.
I soqui nol i ne-3(S)-carboxam de (for exaqP e, saquinavir) and at ed
conpound@be HisecPds&d toRaYLS 1B iGaP AL 101 gL gone; @ u@ﬂrﬁhﬁg 23, 1993,
which ig.] 15RO ; ' ' 1IV infection is disclosed in
5(S)-Bo%ygggﬁgg46%?$%§§$%%§?§P§ﬁ3%§%$%?%§?%henyInethylhexano | -

(L) - Val u(.15).- Plasemur PMaal iSn-644y| 888 del ssued ePatebetofpodRds - vébGOP$$6F¢ 4

110 DE%f%%%gvir‘to enhance the pharmacokinetics of compounds

metabolized by cytochrome P450 monooxygenase is disclosed in WO

97/01349, published January 16, 1997 (corresponding to U.S.
Serial No. 08/687,774, f£iled June 26, 1996). The disclosures
of all of these patents and patent applications'are herein
incorporated by reference.

Examples of HIV protease inhibiting compounds include
N- (2 (R) -hydroxy-1
(8) -indanyl) -2 (R) ~-phenylmethyl-4 (S) -hydroxy-5- (1- (4~ (3~
pyridylmethyl)—z(s)—N'—(t-butylcarboxamido)-piperazinyl))-penta
neamide (for example, indinavir) .and related compounds,
disclosed in European Patent Application No. EP 541168,
published May 12,v1993, and U.S. Patent No. 5,413,999, issued
j May 9, 1995, both of which are herein incorporated by
reference;
N-tert—butyl-decahydro-z«[2(R)-hydroxy-4-pheny1—3(s)-[[N—(z—qui
nolylcarbonyl)-L-asparaginyl]amino]butyl]—(4aS,8aS)—
isoquinoline-3(S) -carboxamide (for example, saquinavir) and
related compounds, disclosed in U.S. Patent No. 5,196,438,
jesued March 23, 1993, which is incorporated herein by
reference;
S(S)—Boc—amino-4(s)-hydroxy-s—phenyl-z(R)-phenylmethylhexanoyl-

(L) -val- (L) -Phe-morpholin-4-ylamide and related compounds,




PCT/ US00/ 14342 di scl osed in European Patent Application Noj EDEC 20603
publ i shed _Mar ¢ , 1993, which is incorporated herein by <) ws 1
-Naphthoxyggéyew%%eta- met hyl t hi o- Al a- (2S, 3S) ﬁb%ﬁkﬁgﬁng 7
- 3- am no- 2- hydr oxy- - 4- but anoyl 1, 3-thi azolidi ne-4-t-butylam de (for
exanpl e, 1-Naphthoxyacetyl -M a-(2S, 3S) - AHPBA- Thz- NH-t Bu) , :
5-isoqui nol i noxyacetyl -beta ---nethylthio-Al a-(2S, 3S)-3-am no-2-h

ydr oxy- 4- but anoyl - 1, 3-t hi azol i di ne-4-t-butyl am de (for exanple,

| Qa- M a- Apns- Thz- NHt Bu) and rel at ed conpounds, disclosed in European
Pat ent Application No. EP490667, published June 17, 1992 and Chem
Pharm . Bull. 40 (8) 2251 (1992), which are both incorporated herein by
reference; [1 S [1 R(R),25])-N ) .

di net hyl @t sglpaatindfc ZupoRprn( Pakemty ARRIIdEiRhdfe 2- R)aP 34§61 -

(phenyl o] - 4 oloz( 2 (s c s . .

i ol i rraL BBEN Phnoho R8sl ahish A% AnS IR e BSTE P

rel at ed rofppende,; di stlapiethonyaleEE yRatbertta -Ape tiloyal tloho ANBla- (082863701

publ i shed_May 29, 1992 and PCJ Patent. Application ., No. 93/ 2336 .

publ i shet® \BW&RBar -2y Areays 4 -HEHEARGY Wi i égz%{}ﬁe %66?%8?3{338‘1&?

ref er ences (M0-Q0474677 108Nt R xyRbetyl Mtk - (28, 3S) -AHPBA-Thz -NH-tBu) ,
5-isoquinolinoxyacetyl-beta-~nethylthio-Ala-(2S,38)-3~amino-2-h
ydroxy-4-butanoyl-1,3-thiazolidine-4-t-butylamide (for example,

iQoa-Mta-Apns-Thz-NHtBu) and related compounds, disclosed in
European Patent Application No. EP490667, published June 17,
1992 and Chem. Pharm. Bull. 40 (8) 2251 (1992), which are both
incorporated herein by reference; [1 S-[1 R-(R-),28*])-N1
(3-100(1,2 -
dimethylethyl)amino] carbonyl] (2-methylpropyl) amino] -2-hydroxy-1
- (phenylmethyl)propyl] -2-[(2-
quinolinylcarbonyi)amino]—butanediamide (for example, SC-52151)
and related compounds, disclosed in PCT Patent Application No.
W092/08701, published May 29, 1992 and PCT Patent Application
No. W093/23368, published November 25, 1993, bo;h of which are

herein incorporated by reference; g?




NH2 (for example, VX-478) and related conpounds, disclosedlithDECT2003at ent
Appl i cat i &0 GdO46MNO 94/ 05639, published March 17, 1994, WhiPCH/U®0/14342

i ncorporated herein by reference; 1 0 DEC 2003 PCT/'.1SQ0/ 14342 WO

00/ 74677 6 (for example, DMP-323) or H2ZN Y |I 10 DEC 2003 PCT/ US00/ 14342
(for exanple, DWP-450) and rel ated conpounds, disclosed in PCT Patent
Application No. WO 93/07128, published April 15, 1993, which is

i ncorporated herein by reference; WO 00/74677 7 HO 1 0 DEC 2003

PCT/ USO0/ 14 342 for exanple, AGL343, (nelfinavir)), disclosed in PCT

Pat ent Application No. WO 95/09843, pagblished April 13, 1995 and U. S

- Patent No. 5,484,926, issued January

NH>
OH
NN N
T g O// \\O
O - .
P

(for example, VX-478) and related compounds, disclosed in PCT

Patent Application No. WO 94/05639, published March 17, 1994,

which is incorporated herein by reference;

O
Y HO N ‘ OH
H

N




-

16, 1996, which are both incorporated herein by reference; ?%%E[fgﬁﬁ 677
8 OH OH O 3 -1 P (for exanple, BM5 186, 318) disc
Eur opean ﬁéfﬁ%ﬁg Application No. EP580402, published Januarif/8 ,Oi Sﬁi "
which is incorporated herein by reference; W 00174677 1 0 DEC 200 ‘
PCT/ USO0/ 14: 4., 9 (for exanple, SC-55389a) and rel ated conpounds di scl osed

in PCT Patent Application No. WO 9506061, published March 2, 1995, which

is incorporated herein by reference and at 2nd National® Conference on

Human Retroviruses and Rel ated Infections, (Washington, D.C, Jan. 29 -

Feb. 2, 1995), Session 88; and (for exgnple, Bl LA 1096 BS) and rel ated
conpounds di sclosed in European Patent Application No.. EP560268,

publ i shed Septenmber 15, 1993, which is incorporated herein by reference;

and WO 00/ 74677

(for example, DMP-323) or

H2N

HO OH

(for example, DMP-450) and related compounds, disclosed in PCT
Patent Application No. WO 93/07128, published April 15, 1993,

which is incorporated herein by reference; ‘ ‘fé




10 OH '1 0 " DEC 1003 PCT/US00/ 14342 CF3 (for exanple, U 14969@EC2003

rel ated coupeusigs di sclosed in PCT Patent Application No. ME/85306742,
publ i shed Novenber 16, 1995, which is incorporated herein by reference;
or a pharmaceutically acceptable salt-of any of the above. O her exanples
of H'V protease inhibiting conmpounds include conpounds of formula I: CH3
HC1jH ~ NV yNHA "NH 4 Rl WO 00/ 74677 11 PcTruso |I! wherein Rl is

| ower al kyl and R2 and R3 are phenyl and related conpounds or a
pharmaceutically acceptable salt thereof,

7

° 7
PhS

for example, AG1343, (nelfinavir)),
disclosed in PCT Patent Application No. WO 95/09843, published
April 13, 1995 and U.S. Patent No. 5,484,926, issued January

16, 1996, which are both incorpofated herein by reference;

R
o




di sclosed in PCT Patent 'Application No. WD 94/ 14436, publlshed Jﬁmz
1994 and g f%; nt No. 5,541, 206, issued July 30, 1996, ok |ch
are incor Dot W48 herein by reference. The conpounds of forﬁﬁTé’P’H@@' -
useful to inhibit HV infections and, thus, are useful for the treatnent
of AIDS. In particular, the conmpound of formula 1, has been found to be
especially effective as an inhibitor of HV protease. The nost preferred
conmpound of forrmula Il is (2S, 3S, 55 -5- (N (N ( (N Methyl -
((2-isopropyl -4-thiazolyl)methyl) -amno) carbonyl) valinyl) am no) -2-
(N- ((5-thiazolyl nethoxycarbonyl) amno) -1 6-di phenyl -3-hydroxyhexane
(ritonavir; a conpound of fornula 111§ or a pharmaceutically acceptable
salt thereof. OQther exanples of H V protease inhibiting conpounds al so

i ncl ude conmpounds of formula IV: WO 00/74677 12 1V J. 0. DEC 2003

PCT/ USOQ/ 14342 mherecn*Rl IS benzy1°t£2 is benzyl or loweralkyl, R3 is

| ower al kyl and R5 is2r andF§eIateo npounds or a pharmaceutically

cl osedgin U‘?Qpﬁ%&ﬁ?t Application No.

accept a t herseof
08/ 572, %@Cm\/\,

\\\Illll

. Ph

N
0/\“/
0

(for examble, BMS 186,318) disclosed in European Patent
Application No. EP580402, published January 26, 1994, which is

incorporated herein by reference;

H g H
N N A NN
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filed Decenmber. 13, 1996 and U.S. Patent Application No. 08 filed
Novenber g ookR3$; and | nternational Patent WO 00! 74677 13 11_ %14

PCT/ "u SO 142 42 Application No. W97/21685, published June 19, 1997
all of which are incorporated herein by reference. A preferred corrpound
is the conpound of formula IV wherein Rl and R2 are benzyl, R3 is

i sopropyl and R5 is A nost preferred conpound of fornula IV is (2S, 3S,
55) - 2- (2, 6Di net hyl phenoxyacetyl)

am no- 3- hydroxy-S-[ 2S- (| -t et rahydro-pyri m d-2-onyl)-3-net hyl butanoyl ]
am no- 1, 6- di phenyl hexane (a conpound @f formula V) or a pharmaceutically
-acceptable salt thereof. The preparation of a conpound of formula Vis
disclosed in U S. Patent Application No. 08/572,226, filed Decenber 13,
1996 and U. S. Patent Application No. 08/753,201, filed Novenber 21, 1996

-and | nt gdiatd-and 1 LAt SOL 5 EPPIa L aah@NréDat ¥O 8dmBdGBEs ﬂblhk:iliﬁ%@ iU,
1997. A conpound of formula I11_has an aqueous_solubility of

appr oxi rPeﬁtéWt G‘QEH%‘H&% Fer WPIP5P60e:, aPu]Bﬂ-P-sbedTﬂﬁé'cl’ﬂsz:céﬁﬁSdered to
b t f |
e extr af&?ee base a§é’<§m@%¥% f‘)‘g ref%?éﬁé@rﬁndaa@%‘&u tQor ﬁq’rrru a

11 1nt rm wo ected to provide very [ow ora
bi oavai I@dmﬂe:te,ncé non Human Retroviruses and Related Infections,

(Washington, D.C., Jan. 29 - Feb. 2, 1995), Session 88; and

(for example, BILA 1096 BS) and related compounds disclosed in
European Patent Application No. EP560268, published September

15, 1993, which is incorporated herein by reference; and




fact, the free base formof a conmpound of formula I, WO OO/ijfi&£1§Gér )
11 O DEC‘%ggé éé-(:c FUSO01/! 434.: adm nistered as an unfor d lid
in a capsUl @ 86%¥4%e form is characterized by a bioavai | abiPGI{YS08f434gss
than 2% following a 5 ng/kg oral dose in dogs. Acid addition salts of a

conpound of forrmula Il (for exanple, bis-hydrochloride, bistosylate,
bi s-net hane sul fonate and the |ike) have aqueous solubilities of <0.1
mlligranms/mlliliter. This is only a slight inprovenent over the

solubility of the free base. This | ow aqueous solubility would not nake
practical the adm nistration of therapeutic amounts of an acid addition

salt of a compound of forrmula |11 as ¥h aqueous solution. Furthernore, in
view of this low aqueous solubility, it is not surprising that the
bis-tosylate of conpound II1, adm nistered as an unfornulated solid in a
capsul e dosage form is chzs terizggzﬂe a bioavailability of Iess than
2% following a 5 ng/ kg ora se in=dogs. In order to have a suitable ora

dosage form of a conpound of fornulg Ill, the oral bioavailability of a
compound of formula Il shpuld be & |east 20% Preferably, the oral

bi oavail ability of a corgedl om t he dosage form should
be greater than about 4

s

th’#n\“-¢ﬂ°

(for example, U-140690) and related compounds disclosed in PCT
Patent Application No. WO 9530670, published November 16, 1995,
which is incorporated herein by reference; or a
pharmaceutically acceptable salt'of any of the above.

Other examples of HIV protease inhibiting compounds

include compounds of formula I:

H;C o
...—-'“ :‘:H’ 0 ? OH ’ﬁ\
A Th ™0 NA,
0 Ry 5.7
Rs




greater than about 50% One neasure of the potenti al usefulp spepf,an oral
dosage fwoHmuedis7® phar maceuti cal agent is the bioavailabilb&?&é@égﬂw&d
after oral adm nistration of the dosage form Various factors can affect
the bioavailability of a drug when adm nistered orally. These'factors

I ncl ude aqueous solubility, drug absorption throughout the
gastrointestinal tract, dosage strength and first pass effect. Aqueous
solubility is one of WD 00/ 74677 15 J. 0 DEC 2003 PCTAUSOG ' 14342 t he nost
i nportant of these factors. Wen a drug has poor aqueous solubility,
attenpts are often made to identify ?glts or other derivatives of 'the
drug which have inproved aqueous solubility. Wien a, salt or other

derivatj t ug.J ' ified i_C s good ,aqueous solubility,
1o gohErSin RE L8 Spir, nRDL SOB b M A ki h: aed Br Leree
~salt orcompoundsi e wi phapmavedeithelgphicaspteiile diwvaviahdabbkity. The
bioavai$abiiitg of the oral solution formulation of.a drug is then
gener al #y564e82dsinhBCT: BRESRE Bprlaearipmodlrai Whiq4 4344 Hgai Pl inhed
ot her ogaiyd9sageslonng @r.g.”PﬁEHﬁEdNoEorS,%é\iaréé)%t,y U d SSH0Py SYCh as
patient conpliance and taste masking, a solid osageE?ornl SUEH A%
capsul e996s bathabfywhiehearedinverparhited dhetesiagdyf arefetaneser , Tios al
compounds of formula I are useful to inhibit HIV infections

and, thus, are useful for the treatment of AIDS.

In particular, the compound of formula II, has been found

to be especially effective as an inhibitor of HIV protease.

CHj
e &l
=N Ths OH o
R = N NH 2 ’u\
:L)\NH NHT o TN,
o ' . SY

CH3 CH3

The most preferred compound of formula II is
(2s,38,58) -5~ (N- (N~ ( (N~

A
v

Methyl-N- ( (2-isopropyl-4-thiazolyl)methyl) -amino) carbonyl)
valinyl)amino) -2- (N- ((5-thiazolyl methoxycarbonyl)amino)-1
6-diphenyl-3-hydroxyhexane (ritonavir; a compound of formula
III) or a pharmaceutically acceptable salt thereof.

Other examples of HIV protease inhibiting compounds also

include compounds of formula IV:




solid dosage forms, such as a tablet or a powder, and the Ilr@,Dng|m3drug
generallyvm@@thﬁ7a | ower bioavailability than oral solutiqps. ﬁﬁ
drug. One goal of the devel opnment of a 'suitable capsule dosage orm
obtain a bioavailability of the drug that is as close as possible to the
i deal bioavailability denonstrated by the oral solution formulation of
the drug. :Wile sone drugs would be expected to have good solubility in
organic solvents it would not necessarily follow that oral

adm ni stration of such a solution would give good bloavallablllty for the
drug. It has been found that a conpo of formula Il has good
solubility in pharmaceutically acceptdble organic solvents and that the
solubility in such solvents is enhanced in the presence of a
pharmaceutically acceptable long chain fatty acid. Adm nistration of the
WO 00/ 74677 16 10 DEC 2003' PCT/ US00/ 14342 solution as an encapsul at ed
dosage forn1(§f el astic caps@Qi es @y hard gelatin capsgkes) provi des an
oral boavaila q ut 60% or ngje. Sojubility

i nhi biting conpelite i mp
art to .
| Rz

v

wherein R1 is benzyl, R2 is benzyl or loweralkyl, R3 is

loweralkyl. and R5 is

X

-N NH

- Nj!\N‘H i

and related compounds or a pharmaceutically acceptable salt
thereof, disclosed in U.S. Patent Application No. 08/572,226,
filed December 13, 1996 and U.S. Patent Application No.
08/753,201, filed November 21, 1996 and International Patent




provi de an i nproved pharmaceutical fornul ation conprising a one
H V protsggﬁy% | bi ting conmpound havi ng enhanced dlssolut¥¢ﬂ1q ? Xies.
O 00/ 746 ef Description of the Drawi ngs 10 DEC 200 pEspo/iasa

| US00114342 Figure 1 illustrates the powder X-ray diffraction pattern of
t he substantially pure Form| crystalline polynorph of ritonavir. Figure

2 illustrates the powder X-ray diffraction pattern of the substantially
pure Form 11l crystalline polynorph of ritonavir. Figure 3 illustrates the
equilibriumsolubility of Ritonavir Formll. Figure 4 illustrates the
equilibriumsolubility of Ritonavir Forml. Figure 5 illustrates the

. effect-of added water on the squbiFF%y of Ritonavir Formll. Figure 6
iIIustrates_the.dissolution/proflIe of Ritonavir Formll crystals. Figure
7 il usbPaiésatpensBop| #0931l &8 sviisished Bine R9onk997, Faiin bfand | |

“as a fupghianaof §RTRSEAYNR G Wi BPLEIAN0Le

A preferred compound is the compound of formula IV wherein

R1 and R2 are benzyl, R3 is isopropyl and R5 is

£

A most preferred compound of formula IV is (28, 38,

58) -2- (2, 6Dimethylphenoxyacetyl)
amino-3-hydroxy-5- [2S~ (1-tetrahydro-pyrimid-2-onyl) -3-methyl
butanoyl] amino-1,6-diphenylhexane (a compound of formula V) or
a pharmaceutically acceptable salt thereof. The preparation of
a compound of formula V is disclosed in U.S. Patent Application

%9 No. 08/572,226, filed December 13, 1996 and U.S. Patent
Application No. 08/753,201, filed November 21, 1996 and
International Patent Application No. W0 97/21685, published
June 19, 1997.

A compound of formula III has an aquepus solubility of
approximately 6 micrograms per milliliter at pH >2. This is
considered to be extremely poor aqueous solubility and,
therefore, a compound of formula III in the free base form
would be expected to provide very low oral bicavailability. In

fact, the free base form of a compound of formula III,




J..0 DEC | WO 00/74677 PCT[ C-SOQO 14342 18 Summary of the Invention The
I nstant invention provides a pharnmaceutical conposition co ?sﬂﬁm 2903
| east one WHVW/p460T ease i nhibiting conpound in a pharnaceut Ega 06714342
acceptabl e solution of a long chain fatty acid, ethanol, and water,
wherein said H V protease inhibiting conpound contained therein has

I mproved solubility properties. Detailed Description of the invention The
i nstant invention conprises a solution of an H'V protease inhibiting
conpound or a conbi nation of HV protease inhibiting conpounds or
pharmaceutically acceptable salts thereof in a pharmaceutically
accept abl e organic solvent conprisingga mxture of at |east one
pharmaceutically acceptable |long chain fatty acid, ethanol, and wat er .

The CcoMpashiho8epéat e bAShARb I [ r deor
solubility for FFV pr ot ease |n%rbpggﬁgdg%ﬁ§38¥ g@;ﬁ nt %%% §% §ﬁ1

conpar eci 8 oclanaaggmszednipmat bopsvailakdlt tadeet! Mederthan pzef eba&ebwmg
conp05|téo§ he |n¥egtgon is.a_solution conprising (a) an HV protease
i nhi biting c% DU ] 80ﬁB|989§0n of H'V protease inhibiting

conpounds ( pr abeaakbyi td cnospatRd oFf d heodgsunt Sof1fQfmula III (for
example, bis-hydrochloride, blstosylate, bis- methane sulfonate
and the 11ke) have agqueous solubilities of <0.1
milligrams/milliliter. This is only a sllght improvement over
the solubility of the free base. ‘This low aqueous solubility &
would not make practical the administration of therapeutic
amounts of an acid addition salt of a compound of formula IIT
as an aqueous solution. Furthermore, in view of this low
aqueous solubility, it is not surprising that the bis-tosylate
of cbmpound III, administered as an unformulated solid in a
capsule dosage form, is characterized by a biocavailability of
less than 2% following a 5 mg/kg oral dose in dogs.
In order to have a suitable oral dosage form of a compound
of formula III, the oral bioavailability of a compound of

formula III should be at least 20%. Preferably, the oral

bioavailability of a compound of formula III from the dosage
form should be greater than about 40% and, more preferably,
greater than about 50%.

One measure of the potential usefulness of an oral dosage
form of a pharmaceutical agent is the biocavailability observed
after oral administration of the dosage form. Various factors
can affect the biocavailability of a drug whén administered
orally. These  factors include aqueous solubility, drug
absorption throughout the gastrointestinal tract, dosage

strength and first pass effect. Aqueous solubility is one of



IV or saqui- navi r or nelfinavir or indinavir or, nore pre tUEC 26’03
conpound_g ggyla [11 or V or WD 001746 77 19 10 DEC ZQ&iF
a

PCTIUSOO&’4§% qgui navir or nelfinavir or indinavir,
preferably, a conpound of the formula Ill or V); or a conblnatlon of a
conmpound of the fornmula Il or nelfinavir and another HIV protease
inhibitor (preferably, the conmpound of the formula I'V or saquinavir or
indinavir or nelfinavir,,or, nore preferably, a conbination of a conpound
of the formula 111 or nelfinavir and another H 'V protease inhibitor
(preferably, the conpound of the forggla V or saquinavir or indinavir or
~nelfinavir), or, nost preferably, onbi nati on of a conpound of formula
1l and a conpound of formula V) in the amount of from about 1% to about
k. 50% the ePepBbiPPOrEBRTapbuthrEet 62866 -409haTorRe APRBIRRADPIOTf r om

- about Q«é@é&l bQHiuﬂQ?(‘iQ%l,WEtQ@ ek 59% R éjtﬂd)rhdémlﬁr)salts

phar maceati ca Iy accepta org nic sol vent which conprises a
pharnacentothéfydeaavepuabbeofongecHaug M@nphahavh|nmpﬁmwednaqueoﬁsfrom

O/
about 20 81??€§t Q%Aégpre %b of ot %P%%Ra(%@é(%f the drug is

identified which has good aqueous solubility, it is generally

Ff)\ﬁﬁ/i« 342

accepted ﬁhat an aqueous solution formulation of this salt or
derivative will provide the optimum oral ‘biocavailability. The
biocavailability of the oral solution formulation of a drug is
then generally used as the standard or ideal bioavailability
against which otherkoral dosage forms are measufed.

For a variety of reasons, such as patient compliance and
taste masking, a solid dosage form, such as capsules, is
usually preferred over a liquid dosage form. However, oral
solid dosage forms, such as a tablet or a powder, and the like,
of a drug generally provide a lower biocavailability than oral
solutions of the drug. One goal of the development of a
suitable capsule dosage form is to obtain a bioavailability of
the drug that is as close as possible to the ideal
) biocavailability demonstrated by the oral solution formulation

of the drug.
‘While some drugs would be expected to have good solubility
in organic solvents, it would not necessarily follow that oral

3
H
H

administration of such a solution would give good i

biocavailability for the drug. It has been found that a /

§
i

compound of formula III has good solubility in pharmaceutically
acceptable organic solvents and that the solubility in such
solvents is enhanced in the presence of a pharmaceutically

acceptable long chain fatty acid. Administration of the -




about 75% by weight of the total solution or (ii) a mxture mééuf ‘
pharnaceg%bﬁgllg acceptable long chain fatty acid in the AA%- rom
about 209 P8Ya¥8Ut 99% (preferably, from about 30%to aboRCT/BS80H¥34Rei ght -

of the total solution; (2) ethanol in the anobunt of from about 1%to
about 15% (preferably, from about 3% to about 12% by weight of the total
solution; (c) water in the anount of from about 0.4%to about 3.5% and
(d) a pharmaceutically acceptable surfactant in the amount of from about
0% to about 40% (preferably, fromabout 2% to WO Da/ 74C77 20

PCUSOf f 434" -"3 about 20% and nost preferably, fromabout 2.5%to about
15% by wei ght of the total solution.1$n a preferred enbodiment of the
invention, the solution is encapsulated in a soft elastic gelatin

capsul e$°2~SE€§>noﬁS anhgngapsivdiated aposrge Pormer(abify, ellagtic capsules

phar macgyt i I t all rgani c _splvent co ises fraom about 50%to
Bbout 50 BEPeYeTRET: Bl TR, =nopeny: Boramy ardcy of
phar macast htghl gsaabeptalglos @rgadree sol vent or m xture of

phar maceutical ly. gcceptabl e organic solvents conprises from about 50%to
about 75% by SRl I5Y IR thexeioxe| apj é@portant factor in the

formulation of HIV protease inhibiting compounds.
Thus, it would be an important contribution to the art to

provide an improved pharmaceutical formulation comprising at

least one HIV protease inhibiting compound having enhanced

dissolution properties.
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phar maceuicralsys7accept abl e long chain fatty acid in the ooRk

about 40%to about 75% by weight of the total solution; (2 ano

the anount of from about 1% to about 15% by wei ght of the total

solution; and (3) water in the anount of from about 0.4%to about 3.5% by
wei ght of the total solution. Mre preferred pharmaceutically acceptable
sol vents conprise (1) a pharmaceutically acceptable long chain fatty acid
in the amount of from about 40%to about 75% by wei ght of the total
solution and (2) ethanol in the amupy of from about 3%to about 12% by
wei ght of the total solution. Even nore preferred pharmaceutically
acceptabl e solvents conprise (1) oleic acid in the anmount of from about
40% to about 75% by we et hanol in the
WO OO 74c77 21 1 0 DEC 4 i about 3%to
about 12% by wei ght of the total solutlon I n one enbodi nent bf the

invention, a F'I@’Lﬁ:e Pf &f BT ©er £08BOSHE Qeweért ﬁerhg\/a%ﬂac'ﬁo% A

conpr|5|q9 ritonavir in the anount of from ab
t e substantially pure Form I crystalline polymorph of

Preferred pharmaceutically acceptable solvents conprise (13 (. DEC ?g[p om

ritonavir.

Figure 2 illustrates the powder X-ray diffraction pattern
of the substantially pure Form II crystalline polymorph of
ritonavir. -

Figure 3 illustrates the equilibrium solubility of
Ritonavir Form II.

Figure 4 illustrates the equilibrium solubility of
Ritonavir .Form I.

Figure 5 illustrates the effect of added water on the
soiubility of Ritonavir Form II.

Figure 6 illustrates the dissolution profile of Ritonavir
Form II crystals.

Figure 7 illustrates the 3D plots for the solubility of
Ritonavir Form I and II as a function of temperature, water,

and ethanol.




to about 30% (preferably, from about 5% to about 25% by ) GG @ﬁﬂthe
total solution, (b) a pharnmaceutically acceptable organic™solvent which
conpri sesW-q\ﬁoéY“G’%har maceutical |y acceptabl e | ong chain fattyCEEISA/I434% he
anount of from about 40%to about 99% (preferably, from about 30%to
about 75% by weight of the total solution or (ii) a mxture of (1) a
pharmaceutically acceptable |ong chain fatty acid in the-amount of from
about 40%to about 99% (preferably, from about 30%to about 75% by

wei ght of the total solution and (2) ethanol in the anmount of from about
It to about ,.5% (preferably, from about 3%to about 12% by wei ght of
the total solution, (c) water in thel®munt of from about 0.4%to about
3.5% and (d) a pharmaceutically acceptable surfactant in the anmount of
from about 0% to about 20% (Sumhargbb¥. theo@nvaimiiior?. 5% to about 10% by
wei ght of the total solution. In a nore preferred enbodi nrent of the

I nvention, the solution is encapsulated in a soft elastic gelatin

capsul e (SEC) TRealREFANGelBVERLILPs BreVide i Phaieageet bErdd

conposi td RpO9E 1 £ NEni BYRPLE Q3ng Bt2 18G4 | GORPr:Sd ) 1k by in

the anpurt et Ign pRemBE SR Ing 350 ASRsT, 55 pfdad) 1hh1 812K
compound in a pharmaceutically acceptable solution of a long
chain fatty acid, ethanol, and water, wherein said HIV protease
inhibiting compound contained therein has improved solubility

properties.

Detailed Degcription of the Invention

The instant invention comprises a solution of an HIV
protease inhibiting compound or a combination of HIV protease
inhibiting compounds or pharmaceutically acceptable salts
thereof in a pharmaceutically acceptéble organic solvent
comprising a mixture of at least one pharmaceutically
acceptable long chain fatty acid, ethanol, and water.

The compositions of the instant invention provide greatly {3
improved solubility for HIV protease inhibiting compounds
contained therein when compared to analogous compositions
without added water.

A preferred composition of the invention is a
solution comprising (a) an HIV protease inhibiting
compound or a combination of HIV protease inhibiting
compounds (preferably, a compound of the formula II or
IV or saquinavir or nelfinavir or indinavir or, more

preferably, a compound of formula III or V or




PCT/ USO0/ 14342 from about 1 % to about 30% (preferably, froT b 236/3 to
,lg? A

about 259 ei-ght of the total solution, (b) a pharmaceyfl 4
acceptabﬁ?#ﬁ%%ﬁﬁ% sol vent which conprises (1) oleic acid%% {8 &6 unt

of from about 15% to about 99% (preferably, from about 30%to about 75%
by weight of the total solution or (ii) a mxture of (1) oleic acid in

t he anobunt of from about 15%to about 99% (preferably, from about 30%to
about 75% by weight of the total solution and (2) ethanol in the anount
of from about 1%to about 15% (preferably, fromabout 3% to about 12%
by wei ght of the total solution, (c) ter in the amount of from about

. 0.4% to about 3.5% and (d) polyoxyl =35 castor oil in the anount of from
about 0% to , about 20% (preferably, fraom about 2.5%to about 10% by

wei ght cﬁaqqkﬁ§%&51°§oPGEﬁ6ﬁ?VFﬁ‘Sﬁ &PEANRYEE p&T eMasE enbodi nent of the

| venti QrefdiapPpl Ukl 08npSuBACBESEhE! Ed:hilid Saft Bl 33LI G.0q atin capsule

(SEC) or a hard gelatin capsu e. nost preferred conpodition of the
i nvent i crerilsimat sohubfoa compeusdngf( &her ifogmanliar IiIn drhe anmount of about

or gan, ¢ OTVER” bhi SR0 BBREPRECETY R RERPBSR WP LoeH ¢ aci d i Che amount
of frommbetér9%y | orBROEbMPEUMEY o¥eL Bl fofrmiie et Jr
saquinavi} or indinavir or nelfinavir, or, more
preferably, a combination of a compound ©of the formula
9 III or nelfinavir and another HIV protease inhibitor
(preferably, the compound of the formula V or saquinavir
or indinavir or nelfinavir), or, most preferabiy, a
combination of a compound of formula III and a compound
of formula V) in the amount of from about 1% to about
50% (preferably, from about 1% to about 40%; more
preferably, from about 10% to about 40% by weight of the
total solution, (b) a pharmaceutically acceptable
organic solvent which comprises (i) a pharmaceutically
acceptable long chain fatty acid in the amount of from
about 20% to about 99% (preferably, from about 30% to
) about 75% by weight of the total solution or (ii) a
mixture of (1) a pharmaceutically acceptable long chain
fatty. acid in the amount of from about 20% to about 99%
(preferably, from about 30% to about 75% by weight of
the total solution; (2) ethanol in the amount of from
about 1% to about 15% (preferably, from about 3% to
about 12%) by weight of the total solution; (c) water in
the amount of from about 0.4% to about 3.5%; and (d) a
pharmaceutically acceptable surfactant in the amount of

from about 0% to about 40% (preferably, from about 2% to




solution and (2) ethanol in the anmount of from about 396'to about 12%

r ef er abl out. 12% by weight of the total solution, (c % gdisg]aﬂghe
gm)unt of &9@% out WO 06/ 74u77 23 1 0 DEC 2003 PCkf USCID?PF:/ E, 4% t 0
about 1.5% and (d) pol yoxyl 35.castor oil in the amount of about 60 by - .
wei ght of the total solution. In a nost preferred enbodi nent of the
invention,, the solution is encapsulated in a soft elastic gelatin
capsule (SEC) or a hard gelatin capsule and the solution also conprises
an antioxidant (preferably, BHT (butylated hydroxytoluene)) in the
anount, of about 0.025% by wei ght of the total solution. The term
"pharmaceutical |y acceptable long chai® fatty acid" as used herein refers
to saturated, nmono- or di unsaturated Cl2 to C18 carboxylic acids which
are |iquieaRuat20% ot BREEr BYaferaplat efreth |aboptc i 5% fadt gbactds ar e
NONO- UNSAE 4l é%&h o o] ' i Which are liguids at room
terrperatﬁgr‘é{aﬁiﬁﬂost p%ggr?fé Fé%éic%%lg’%flﬁr{’yq&iad Rgg’g‘?’é*'% acid. The
anount cémed BmernpbHyeHei hntBatpbar, Medeulsicdale igPMPsi tion of the instant

i nvention conprjses_fromabout 0,4%to about 3.5% by weight of the total
solutioﬁe%$aégﬁiﬁted in a soft elastic gelatin capsule (SEC) or

a hard gelatin capsule.
Preferably, the pharmaceutically acceptable organic

solvent comprises from about 50% to about 99% by weight

of the total solution. More preferably, the
pharmaceutically acceptable organic solvent or mixture
of pharmaceutically acceptable organic solvents
comprises from about 50% to about 75% by weight of the
total solution.

Preferred pharmaceutically acceptable solvents
comprise (1) a pharmaceutically acceptable long chain
fatty acid in the amount of from about 40% to about 75%
by weight of the total solution; (2) ethanol in the
amount of from about 1% to about 15% by weight of the
total solution; and (3) water in the amount of from
about 0.4% to about 3.5% by weight of the total %
solution. More preferred pharmaceutically acceptable
solvents comprise (1) a pharmaceutically acceptable long
chain fatty acid in the amount of from about 40% to
about 75% by weight of the total solution and (2)
ethanol in the amount of from about 3% to about 12% by
weight of the total solution. Even more preferred
pharmaceutically acceptable solvents comprise (1) oleic
acid in the amount of from about 40% to about 75% by

weight of the total solution and (2) ethanol in the




Preferably, the weight of the total solution of water is fr D . 4%
to about WoQlidmre preferably from about 0.4%to about 1%;;@ ﬁ

nost preferred being about it. In addition, the solution conposition of
the invention can conprise antioxidants (for exanple, ascorbic acid, BHA
(butyl at ed hydroxyani sol e), BHT (butyl ated hydroxytoluene), vitamn E,
vitam n E PEG 1000 succinate and the like) for chemcal stability. The
term "pharnaceutically acceptable acid" as used herein refers to (i) an
i norgani ¢ acid such as hydrochloric acid, WD oo/ 74677 24 ,i 0 DEC 2003
PCT/ USo W4 342 hydrobrom c acid, hy@{0|od|c acid and the like, (ii) an
-organic nmono-, di- or tri-carboxylic acid (for exanple formc acid,
acetic adiepi ci i Jic acid carbic acid,
aspart i %ﬁlggflé g’lgerj?(zigﬁc agj(ﬁ“ﬁ:l utt3c/°r ?a% gictl g‘L alﬁ%h‘ﬁ?fgh 8??d ilSI uconi ¢ aci d,
gIucurompcaacsdlﬂgabmctaron|c aC|d gl utam c acid, heptan0|c aci d,

hexanoi ¢ aC| funagﬁ& (of] c acid, Iactoblonlc aci d, nalonlc aci d,

mal ei ¢ aci d, @é%ﬂQFt IQQ?z%ﬂYFnﬁkﬁﬁncaaﬁPﬁe pectinic acid, 3-

pheny| ppepiranive deiotpddi®iich ¥ GLhé)ll\fa}é §OQJ>9 Lgopaci d, succinic
acid, tartaric acid, undecanoic acid and |||? a sul foni ¢

acid (f6PmexaspRg, (senzdkemavioniin the amount of from about 1%
to about 30% (preferably, from about 5% to about 25%) by
weight of the total solution, (b) a pharmaceutically

_acceptable organic solvent which comprises (i) a
pharmaceutically acceptable long chain fatty acid in the
amount of from about 40% to about 99% (preferabiy, from
about 30% to about 75% by weight of the total solution
or (ii) a mixture of (1) a pharmaceutically acceptable
long chaiﬁ fatty acid in the amount of from about 40% to
about 99% (preferably, from about 30% to about 75% by
weight of the total solution and (2) ethanol in the
amount of from about 1% to about 15% (preferably, from
about 3% to about 12%) by weight of the total solution,
(c) water in the amount of from about 0.4% to about 3.5%

}J and (d) a pharmaceutically acceptable surfactant in the

amount of from about 0% to about 20% (preferably, from

about 2.5% to about 10%) by weight of the total
solution. '

In a more preferred embodiment of the invention,
the solution is encapsulated in a soft elastic gelatin
capsule (SEC) or a hard gelatin capsule.

An even more preferred composition of the invention

is a solution comprising (a) ritomavir in the amount of




acid, sodiumbisulfate, sulfuric acid, canphorsulfonic aCid’LQVQEC‘Zm
dodecyl sulf, ? cid, ethanesulfonic acid, nethanesulfonic ‘acit-> ‘3
isethionic<§§¢g¥ hapht hal enesul foni ¢ acid, p- tol uenesul f onFETASVEIEME t he
like). The term "pharmaceutically acceptable surfactant” as used herein
refers. to a pharmaceutically acceptable non-ionic surfactant for
exanpl e, pol yoxyet hyl ene castor oil derivatives (for exanple,

pol yoxyet hyl enegl yceroltriricinol eate or polyoxyl 35 castor oi
(Crenmophor (& EL, BASF Corp.) or pol yoxyet hyl enegl ycerol oxystearate
(Crenmophor VRH 40 (pol yet hyl enegl ycol 40 hydrogenated castor oil)) or

Cr enmophor, &RH 60 ( pol yet hyl enegl ycol 6@ hydr ogenated castor oil), BASF’
Corp. and the like) or block copolyners of ethyl ene oxide and propyl ene
oxi de, HEH VN lask P yRgeE hgpénépp“ﬁlfwm@@yopyﬂme didamctk 5Eopol yners

oL PoLYGR e g s ol p0e SRVERL, (RS URNIET 20 1 1 DC 2002
Pol oxamelid)938 phaRolameaner ANy andephabliek orgaBASF soMangdotye Gorp.) or a
mono Tl it de Sl Mes8o%0EY ThMEE Snbank 2F From about Sea® &

to about 99% (preferably, from about 30% to about 75% by

weight of the total solution or (ii) a.mixture of (1)

oleic acid in the amount of from about 15% to about 99%

(preferably, from about 30% to about 75% by weight of

the total solution and (2) ethanol in the amount of from

about 1% to about 15% (preferably, from about 3% to

about 12%) by weight of the total solution, (c) water in

the amount of from about 0.4% to about 3.5%, and (d)

polyoxyl 35 castor oil in the amount of from about 0% to

about 20% (preferably, from about 2.5% to about 10%) by

weight of the total solution.

In an even more preferred embodiment of the invention, the
solution is encapsulated in a soft elastic gelatin
capsule (SEC) or a hard gelatin capsule.
A most preferred composition of the invention is a

solution comprising (a) ritonavir in the amount of about

10% by weight of the total solution, (b) a

pharmaceutically acceptable organic solvent which

comprises a mixture of (1) oleic acid in the amount of

from about 70% to about 75% by weight of the total

solution and (2) ethanol in the amount of from about 3%

to about 12%, preferably, about 12%, by weight of the

total solution, (c) water in the amount of from about

.




pol yoxyet hyl ene (20) sorbitan nonool eate (Tween 80), polyoiwkqnngmﬁ (20)
sor bi t an Wsh@sesr at e (Tween 60), pol yoxyet hyl ene (20) soriit/gresiizss
nonopal mtate (Tween(r) 40), polyoxyethylene (20) sorbitan nonol aurate
(Tweens 20) and the like) and the like) or a sorbitan fatty acid ester
(including sorbitan laurate, sorbitan oleate, sorbitan palmtate,
sorbitan stearate and the like). A preferred pharmaceutically acceptable
surfactant is polyoxyl 35 castor oil (Crenmophor @ L, BASF Corp.),
pol yoxyet hyl ene (20) sorbitan nonol aurate (Tween@ 20), polyoxyethyl ene
(20) sorbitan nonooleate (Tween@80) @ a sorbitan fatty acid ester, for
exanpl e sorbitan oleate. A nost preferred pharmaceutically acceptable
sur f act anty % S:OD(QB&XMI.%}%_Cé@éo(dpiboi%ﬁﬁ?pﬂgréggto%ggl GRr Ryl As used
herein, the term"substantially pure", when used in reference to a
pol ynor gosnts ialormReut ¢efly swepght pef yibe photel sbllokawvhr., Form | or
Form 11, whigh i t b % pure. This_neans that the
pol ynor ph ofqg}fiﬁgégg d%%gﬁ%?é %ﬂ% g?ﬁéﬁ rg%tﬁgﬁ ABEGETERof any ot her
conmpoundhandolivtiqraris clepsubesedoin consaf o amagtabageaaeah 10% of any
other formaqf rjtonavir. N%re pre{erably, the term"substantially pure"
refers {6PF yarﬁﬁﬁr}h G 3 irrdeelakdr farsrleorndl thewerdotiosr7 26
also comprises an antioxidant (preferably, BHT

(butylated hydroxytoluene)) in the amount of about

0.025% by weight of the total solution. ,

. The term "pharmaceutically acceptable long chain fatty
acid" as used herein refers to saturated, mono- or di--
unsaturated C;; to C;s carboxylic acids which are liquids at
room temperature. Preferred long chain fatty acids are
_mono-unsa;urated Ci16-C20 carboxylic acids which are liquids at
room temperature. A most preferred long chain fatty acid is
oleic acid. | i

The amount of water employed in the pharmaceutical

composition of the instant invention comprises from about 0.4%

to about 3.5% by weight of the total solution of water.

) Preferably, the weight of the total solution of water is from

| about 0.4% to about 2.0%; more preferably from about 0.4% to

about 1.5%; and the most preferred being about 1%.

In addition, the solution composition of the invention can
comprise antioxidants (for example, ascorbic acid, BHA
(butylated hydroxyanisole), BHT (butylated hydroxytoluene),
vitamin E, vitamin E PEG 1000 succinate and the like) for
chemical stability.

The term "pharmaceutically acceptable acid" as used herein

refers to (i) an inorganic acid such as hydrochloric acid,




J O DEC 2WB C f' UStdO% 4 42 which is greater than about 95@6?%L§E£T@ﬁﬁ
nmeans thagvgmﬁﬁﬁpplynnrph of ritonavir does not contain noré'th vabdldt 5%
of any other conpound and,' in particular, does not cont ai AHOTRY £33N
about 5% of any other formof ritonavir. Even nore preferably, the term
"substantially pure" refers to a polynmorph of ritonavir, FormI| or Form
I1, which., is greater than about 97% pure. This neans that the

pol ynorph' --of ritonavir does not contain nore than about 3% of any ot her
conpound and, in particular, does not contain nore than about 3% of any
other .formof ritonavir. As used herein, the term"substantially pure",
when used in reference to anorphous 4% onavir, refers to anor phous
ritonavir which is greater than about 90% pure. This nmeans that the

anor phoudY¥ eBRAVEF 8624, nBYdEedrsdis mrid Emedh tmutikd 0% bi) anp otdyemnic

conpoun . 1 gspagtiguka | nore than about 10%.0f any
ot her f g‘lr'\%ﬂgf ! r?%ong%i :ﬁ%‘.lt I\E?gggg&&gg aﬁgﬁ a(tfﬁ)g PR %bs?ﬁﬁ?‘?&l PFiGur e,
when usealcenicretiedenaéiphcameighoud gidienawdild, refer et 8c280r Bhedsbic
ritonaviré.$hich IS greater t pan about 95% pure. This neans that the
anor phoudC+Pt oRSPRFE46e8ChEr DEREALT Asre abeutacd, ofamphosirer
conpounda@and, ¢ LC \ : N han, about . 3% of any
ot her form of ?P?gﬁg%%r#E%eéng%gﬁgﬁeﬁ?g?%%ggVyé%#é?%ern1f§u%é%§htiaIIy
pure", vatntamed aaid, heptanoic acid, hexanoic acid, fumaric acid,

lactic acid, lactobionic acid, malonic aéid, maleic acid,

nicotinic acid, oxalic acid, pamoic acigd, pectinic acid, 3-
phenylpropionic acid, picric acid, pivalié acid, propionic
acid, succinic acid, tartaric acid, undecanoic acid and the
like) or (iii) a sulfonic acid (for example, benzenesulfonic
acid, sodium bisulfate, sulfuric acid, camphorsulfonic acid,
dodecylsulfonic acid, ethanesulfonic acid, methanesulfonic
acid, isethionic acid, naphthalenesulfonic acid, P-
toluenesulfonic acid and the like) .

The term "pharmaceutically acceptable surfactant"
as used herein refers to a pharmaceutically acceptable
non-ionic surfactant for example, polyoxyethylene castor
0il derivatives (for example, QQ
polyoxyethyleneglyceroltririciholeate or polyoxyl 35
castor oil (Cremophor (&EL, BASF Corp.) or
polyoxyethyleneglycerol oxystearate (CremophorVRH 40
(polyethyleneglycol 40 hydrogenated castor oil)) or
Cremophor, &RH 60 (polyethyleneglycol 60 hydrogenated
castor oil), BASF Corp. and the like) or block
copolymers of ethylene oxide and propylene oxide, also
known as polyoxyethylene polyoxypropylene block
copolymers or polyoxyethylenepolypropylene glycol, such




reference to amorphous ritonavir, refers to anorphous rltonhﬁ|DEC§§m§h S
greater thaneadgout 97% pure. ThIS nmeans that the anorphousctised does
not contain nore than about 3% of any other conpound and, in particular,
does not contain nore than about 3% of any other formof ritonavir. WD
00/ 74677 27 1 0 DEC 2003 The conposi.tion and preparation of soft elastic
gelatin capsules is well known in.the art. The conposition of a soft

el astic gelatin capsule' typically conprises fromabout 300 to about 50%
by wei ght of gelatin NF, from about 20%to about 30% by weight of a

pl asticizer and from about 25%to abeut 40. by weight of water. ‘

Pl asticizers useful in the preparation of soft elastic gelatin capsules
are glyger or HpF ly C e; or conbinations
thereofggAPg%8 g&?gﬁgggftPB%ﬁ%%%%%%&e%§¥l%9£§¥?#g¥§%%¥a conposi tion
conpri sPodogahati' a3BB, EHlpxalie) seaboummlkfé’ﬁ)]bi}kgyel H#rn3F gl ycerin (USP)-

(about 96% .active; about 13.2% by mel urified water (USP) (about
27. 4@6beﬁBPBEF? CogPhit OF apBorq fek g QEﬁ%QﬁF%ﬁﬂ ht) and titani um

di 0xi depSBky6ahguind %oy s‘éﬁ"l:ﬂ'%ta)n (o Sfdmplastic gelatin capsul e

material can also” conprise additives such as preservatives, opacifiers,
dyes orPOﬁ-Vm¢§hY&naet H&O0))j lserbitan monooleate (Tween 80),

polyoxyethylene (20) sorbitan monostearate (Tween 60),

polyoxyethylene (20) sorbitan monopalmitate (Tweene 40),

. polyoxyethylene (20) sorbitan monolaurate (Tweens 20)
and the like) and the like) or a sorbitan fatty acid
ester (including sorbitan laurate, sorbitan oleéte,
sorbitan palmitate, sorbitan stearate and the like). A
preferred pharmaceutically acceptable surfactant is
polyoxyl 35 castor oil (Cremophor@EL, BASF Corp.),
polyoxyethylene (20) sorbitan monolaurate (Tween@) 20),
polyoxyethylene (20) sorbitan monooleate (Tweene@ 80) or
a sorbitan fatty acid ester, for example sorbitan
oleate. A most preferred pharmaceutically acceptable
surfactant is polyoxyl 35 castor oil (CremophorsEL, BASF

) Corp.).

As used herein, the term “substantially pure”, when used
in réference to a polymorph of ritonavir, refers to a polymorph
of ritonavir, Form I or Form II, which’is greater than about |
90% pure. This means that the polymorph of ritonavir does not
contain more than about 10% of any other compound and, in
particular, does not contain more than ébout 10% of any other

form of ritonavir. More preferably, the term “substantially

pure” refers to a polymorph of ritonavir, Form I or Form I1I,




Various nethods can be used for manufacturing and filling thd BECtﬂm3

el astic lbdAxeeapsul es, for exanple, a seam ess capsule gethod, a
rotary ng?ﬁ%g”?ﬁgseloped by Scherer) or a nethod using a_L?&éngéﬁﬁf%e or
an Accogel machine and the Ilike. Also various manufacturing machi nes can
be used for manufacturing the capsules. Hard gelatin capsules are
purchased from Capsugel, G eenwod, S.C. Capsules are filled manually or
by capsule filling nmachine. The target filling vol ume/wei ght depends on
the potency of the filling solution in conmbination with the desired
dosage strength. WO 00/ 74677 28 10 DE962003 PCT/ USOQ 14342 |In general, the
conpositions of this invention can be® prepared in the follow ng manner.

The phatg pacgut.i cal | acceptabl.e 1ong _chain fatty acid and ethanol and
wat er a&gggiaﬁfe%r%éﬁﬁﬁnﬁﬁéﬁLRQP?Fog§I5P§Ge€, mgiagts et the

anti oxi Hier Y ArQiRaser | dbeBi hOE . -8Rl of tHILV o I Gt &ase
inhibitg?2§“?; added and stirred until dfsso%béhBk%ﬁékh%%hfﬁg%gﬁﬁﬁiéﬁﬁy
accept aBr¥ Stbese canpdundadaedl, win hpatrkinoglathe dapsr apt aienteinimo t he

v M XU e I g ol fos et e A oot eese
preferably, the term “substantially pure” refers to a polymorph
of ritonaﬁir,’Form I or Form II, which is greater than about
97% pure. This means that the polymorph:of ritonavif does not
contain more than about 3% of any other compound -and, in
particular, does not contain more than about 3% of any other
form of ritonavir. |

As used herein, the term “substantially pure”, when used
in reference to amorphous ritonavir, refers to amorphous
ritonavir which is greater than about 90% pure. This means
that the amorphous ritonavir does not contain more than about
10% of any other compound and, in particular, does not contain
more than about 10% of any other -form of ritonavir. More
preferably, the term “substantially pure”, when used in
reference to amorphous ritonavir, refers to amorphous
ritonavir, which is greater than about 95% pure. This means
that the amorphous ritonavir does not contain more than about
5% of any other compound and, in particular, does not contain
more than about 5% of any other form of ritonmavir. Even more
preferably, the term “substantially pure”, when used in ‘
reference to amorphous ritonavir, refers to amorphous ritonavir
which is greater than about 97% pure. This means that the
amorphous ritonavir does not contain more than about 3% of any

other compound and, in particular, does not contain more than

about 3% of any other form of ritonavir.




el astic¢ gelatin capsules. Simlar increases in the solubilqt BEC:?%?
pr ot ease wigydsikét;ors in oral solution formul ati ons may be Tatdyed Ry the
addition of water in ranges as disclosed herein. Oral solution

formul ations are disclosed in U S. 5,484,801, issued January 16, 1996,
the disclosure of which is herein incorporated by reference. WO 00/ 74677
29 EXAMPLES 1 0 DEC 2003 The follow ng Exanples will serve to further
illustrate the instant invention. Powder X-ray diffraction anal ysis of
sanpl es was conducted in the follow ng manner. Sanples for X-ray
diffraction analysis were prepared byyspreading the sanple powder (wth
no prior grinding required) in a thin |layer on the sanple. holder and

gently flattenin e .\ ' scope-slide. Nicolet.12/V X-ray
Diffraction g\%t gr%h%s?igg?& ﬁﬁ%%%ﬁ%%ﬁ%\% (ﬁfg %%E%n%f%?t?cﬁ?%\?t%’é‘ur ce:
Cu- Kal ; cResgdes2160wedQ. CODWIWGNTheia; axScaTiRat eompo OO degr ee/ a1 Buke; Step
Size: 0,02 degrees; .Wavel ength: 1.540562 angstroms. Characteristic powder
X-ray dFFPPEEEi 8 BEPPeHTQE ﬁ¥839§¥ﬁ¥;%Rﬂ?Y%ﬁﬁﬁt@%Pmo?b%%Fy%prﬁQ in
terme (i%bbh& 808ULY weRQit! o G0 Ne 2) £ Mbh haigdu@! 2 6%ebl e ¥aLEalbhi ty
o] . 10. ~

by weight of a plasticizer and from about 25% to about 40% by

weight of water. Plasticizers useful iq the preparation of soft

elastic gelatin capsules are glycerin, sorbitol or propylene

glycol and the like; or combinations thereof. A preferred soft
elastic gelatin capsule has a composition comprising gelatin NF
(Type 195) (about 42.6% by weight), glycerin (USP) (about 96%
active; about 13.2% by weight), purified water (USP) (about
27.4% by Weight), sorbitol special (about 16% by weight) and
titanium aioxide (USP) (about 0.4% by weight).

The soft elastic gelatin capsule material can also
comprise additives such as preservatives, opacifiers, dyes or
flavors, and the like.

Various methods can be used for manufacturing and filling
the soft elastic gelatin capsules, for example, a seamless
jj capsule method, a rotary method (developed by Scherer) or a
| method using a Liner machine or an Accogel machine and the
like. Also various manufacturing machines can be used for
manufacturing the capsules.

Hard gelatin capsules are purchased from Capsugel,
Greenwood, S.C. Capsules are filled manually or by capsule
filling machine. The target filling volume/weight depends on

the potency of the filling soclution in combination with the

desired dosage strength.




This allowabl e variability is specified by the U S.  Phar me¢qpgEE fRoes
1843- 1844 Q}a§5%7 The variability of f 0.10 is intended t0<gﬁﬂpﬁﬁéﬁwhen
conpari ng tmo powder X-ray diffraction patterns. In practlc

diffraction pattern peak fromone pattern is assigned a range of angul ar
positions (two theta) which is the neasured peak ‘position 0.1 and a
diffraction pattern peak fromthe other pattern is assigned a range of
angul ar positions (two theta) which is the neasured peak position 0.1
and if those ranges of peak positions overlap, then the two peaks are
considered to have the sane angul ar gsition (two theta). For exanple, if
a diffraction pattern peak fronlone g tternis deternined to have a peak
1 0 DEC 2003 CIO 00/ 74677 i'i. i'/tJS60/14 " , 30 position of 5.200, for
conpari son p&%@e’f% aq}P%V\%‘B‘FEOSQ/SFPﬁﬁl PEt §?h&ISI SRy etd Qe gan dbee

assi gne Asd | t Wes 0 3 n peak
fron1thg€§tuﬁ &(fﬁuééhnﬁﬁﬁgéatterﬁéPge%ete?gf gga%%ahg@gqgﬂéégg position
of 5. 3gcdeptaipaiéndreipipobastyhacadl andbkehaanilalaind watat case the
peak to he assigned a position in the range of 5.25 - 5.45. Because there

i's overﬂ%?%ﬁﬂ%&mﬁlE?ﬂ?ﬁﬁ&F?%ﬁg@%oﬁflﬁeéR %os?%?%ﬂsw§tbrtéﬁanple 5.10 -
5. 30 andm 2 add) s ey ngagéapg PAngBTRBLS oY fuiSRULS UL %19 have

t he same angular - position
' protease inhibitors, is added and stirred until dissolved. The

pharmaceutically acceptable surfactant is added with mixing.

The appropriate volume of the resulting mixture needed to
provide the desired dosé of the HIV protease inhibiting
compound)s) is filled into hard gelatin capsules or soft
elastic gelatin capsules.

Similar increases in the solubility of HIV protease
inhibitors in oral solution formulations may be obtained by the
addition of water in ranges as disclosed herein. Oral solution
formulations are disclosed in U.S. 5,484,801, issued January

16, 1996, the disclosure of which is herein incorporated by

reference.




Solid state nuclear magnetic resonance anal ysis of sanples 1 BaBEG o83 ct ed
in the folwowimgrmanner. A Bruker AMX-400 MHz instrument wesr/useei<wict h
the foll owi ng paranmeters: CP- MAS (cross-polarized nagi c angle spinning);
spectroneter frequency for 13C was 100. 627952576 MHz; pul se sequence was
cp2lev; contact tinme was 2.5 mlliseconds; tenperature was 27.0 C, spin
rate was 7000 Hz; relaxation delay was 6.000 sec; 1st pulse width was 3.8
m croseconds; 2nd pul se width was 8.6 m croseconds; acquisition tinme was
0. 034 seconds; sweep width was 30303.0 Hz; 2000 scans. FT near infrared
anal ysis of sanples was conducted in the follow ng manner. Sanples were
-anal yzed as neat, undiluted powders contained in a clear glass 1 dram
vial. A N colet Mgna System 750 FTigkRyppggtrometer with a N colet SablR
near infrared fiber optic probe accessory was used with the follow ng
paranmeters: the source was white light; the detector was PbS; the
beansplitter S E2: sanpl e_spacing 1.0000; . digitizer bi, was 20;
mrror vel oci @ew%’%l.%"i’ég) gﬁé‘[’)ﬁ;&ﬁ u‘?\%gﬁ/ ¥& 0% B9 %‘8‘““ gr71§ LEG S
2003 wasth@. Q8stsaephieveatiowas 1.0; the high pass filter was 200. 0000;
the | ow pass filter was 11000. 0000; the nunmber of sanple scans was 64,
the col | ecti oFoWERHt K-Way #SIfractdpds analysisesdl wammlamavass comndugeed

nunber Oﬁhseﬁ@ @8&&5§1W§5m§ﬁﬁgi. Samples for X-ray diffraction analysis

were prepared by spreading the sample powder (with no prior

. grinding required) in a thin layer on the sample holder and
gently flattening the sample with a microscope slide.

A Nicolet 12/V X-ray Diffraction System was used with the
following parameters: X-ray source: Cu-Kal; Range: 2.00-
40.00° Two Theta; Scan Rate: 1.00 degree/minute; Step Size:
0.02 degrees; Wavelength: 1.540562 angstroms.

Characteristic powder X-ray diffraction pattern peak
positions are reported for polymorphs in terms of the angular
positions (two theta) withvan allowable variability of + 0.1°.
This allowable variability is specified by the U.S.
Pharmacopeia, pages 1843-1844 (1995). The variability of %

)é 0.1° is intended to be used when comparing two powder X-ray
diffraction patterns. In practice, if a diffraction pattern
peak from one pattern is assigned a range of angular positions
(two theta) which is the measured peak positibn + 0.1° and a
diffraction pattern peak from the other pattern is assigned a
range of angular positions (two theta) which is the measured
peak position + 0.1° and if those ranges of peak positions
overlap, then the two peaks are considered to have the same

angular position (two théta). For example, if a diffraction

pattern peak from one pattern is determined to have a peak




t he nunber of FFT points was 8192; the | aser frequency was t@%.?mﬁn1-l;
t he inte&% %&9k§g1peak position was 4096; the apodization Wgs ==Y £70¢
Happ- Gen ; nunber of background scans was 64 and thé“ﬂ‘éﬁ@?éﬁﬁd
gain was 1.0. FT md infrared anal ysis of sanples was conducted in the
foll ow ng manner. Sanples were anal yzed as neat, undiluted powders., A

Ni col et Magna System 750 FT-IR spectroneter with a Spectra-Tech |InspectlR
vi deo m croanal ysis accessory and a Germani um attenuated t ot al
reflectance (Ge ATR) crystal was used with the follow ng paraneters: the
source was infrared; the detector was MCT/ A, the beansplitter was KBr;
sanpl e spacing was 2.0000; digitizer3®its was 20; nmirror velocity was
1.8988; the aperture was 100.00; sanple gain was 1.0, the high pass
filter R@8iROONROOE0S -RRE /| SRTpELLMHAY i2Pn WRSYR0666. 0B@0allowableber of

I ; : ; || ect.i th 19.9 ds; .th
- osol ut T aAtapd T chog L ibhE Ee EEA e R pafRnetag BRRO L ER SRS of
FFT poi phngeasf8592,0°t hesl.ager. frecuescypsfssdh’P8ak EFomlitheh®ther

interferogran1peak position was 4096; the apodization was triangular; the
nunber S+ELpaCkEPHURRLECERSs IRasetArBRyed hEChBENEr BuRGadaPRsiddor ®f

Differeatkab s i QL | | ViSd S 9% e : t '
the ol Tobing bamner TRt oRe FReERea: St iopaBRes baltdansdats, Htud
Di f f er enheape8Skanw kg Gsisignect @y pwsiit ton 29t0thas rasge, ofl 65n@5wi t-h

Nbdulatgq4 5? S%@Qg%g% %%E%EOQ§L6¥gr apqgézégg%“the two ranges of peak

positions (for example, 5.10° - 5.30° and 5.25°- 5.45°) the two
peaks being compared are considered to have the same angular
position (two theta).

Solid state nuclear magnetic resonance analysis of samples
was conducted in the following manner. A Bruker AMX-400 MHz
instrument was used with the following parameters: CP- MAS
(cross-polarized magic angle spinning); spectrometer frequency
for 13C was 100.627952576 MHz; pulse sequence was cp2lev;
contact time was 2.5 milliseconds; temperature was 27.0 °C;
spin rate was 7000 Hz; relaxation delay was 6.000 sec; 1lst

pulse width was 3.8 microseconds; 2nd pulse width was 8.6

microseconds; acquisition time was 0.034 seconds; sweep width
was 30303.0 Hz; 2000 scans.

FT near infrared analysis of samples was conducted in the
following manner. Samples were analyzed as neat, undiluted
powders contained in a clear glass 1 dram vial. A Nicolet
Magna System 750 FT-IR spectrometer with a Nicolet SabIR near
infrared fiber optic probe accessory was used with the
following parameters: the source was white light; the detector

was PbS; the beamsplitter was CaF2; sample spacing was 1.0000;

digitizer bits was 20; mirror velocity was 0.3165; the aperture




32 1 0 'DEC 2003 P' CT/USOQ 14342 The anal ysis paraneters wergj sggp¥m3
wei ght : 2w280mg;77pl aced in a covered, uncrinped al um num panycideati:ng
rate: room tenperature to 150C at 5C/ m nute under a nitrogen purge.
Exanpl e 1 Preparation of Anorphous' Ritonavir Form 1 crystalline pol ynorph
of ritonavir (100 g) was nelted at 125C by heating Form|I. The nelt was
mai ntai ned at a tenperature of 125C for 3 hours. The nelt was rapidly
cooled by placing the container holding the nelt into a Dewar fl ask
containing liquid nitrogen. The resulting glass was ground wth a nortar
and pestle to provide anorphous ritongyir (100 g). Powder X-ray
~diffraction analysis confirned that the product was anorphous.

Di fferenjdalsdcanni L et ol apal y§is eryyneg .t e gl ass
ranst £ e e e e DS A R P AR A oT Rt ot
45. 4C ardP O I0; erhis bow 49a88CEikieh wasi APOIOOt. 0®0 048 tABRCNuUmMBARY 5 74677

33 1 0 DEC 2003 117 7USCO. P. - | anpl.e 2 _Preparation of Crystalline

Ritonaﬂ%a% ?rﬁQ?gs was 6&1 éhé coffegglon lené%% was 75.9 sggonés;
the resolution was 8.000; the number of scan points was 8480;
the number of FFT points was 8192; the laser frequency was
15798.0 cm -1; the interferogram peak position was 4096; the

apodization was Happ-Genzel; the number .of background scans was

64 and the background gain was 1.0.

FT mid infrared analysis of samples was conducted in the
following manner. Samples were analyzed as neat, undiluted
powders. A Nicolet Magna System 750 FT-IR spectrometer with a
Spectra—?gch InspectIR video microanalysis accessory and a
Germanium attenuated total reflectance (Ge ATR) crystal was
used with the following parameters: the source was infrared;
the detector was MCT/A; the beamsplitter was KBr; sample
spacing was 2.0000; digitizer bits was 20; mirror velocity was
1.8988; the aperture was 100.00; sample gain was 1.0; the high
pass filter was 200.0000; the low pass filter was 20000.0000;
'j the number of sample scans was 128; the collection length was
79.9 seconds; the resolution was 4.000; the number of scan
points Qas 8480; the number of FFT points was 8192; the laser
frequency was 15798.0 cm -1; the interferogram peak position
was 4096; the apodization was triangular; the number of
background scans was 128 and the background gain was 1.0.

Differential scanning calorimetric analysis of samples was
conducted in the following manner. A T.A. Instruments Thermal

Analyzer 3100 with Differential Scanning Calorimetry module

2910 was used, along with Modulated DSC software version 1.1A.




Anor phous rltonaV|r (40.0 g) was dissolved in boiling anhyqrgqﬁﬂpqh ol
(100 m.). ghiowing this solution to cool to roon1tenp§L%k§% QP
saturated so tlon was obtai ned. After standing overnight

tenperature, the resulting solid was isolated fromthe m xture by
filtration and was air dried to provide Formll (approximtely 24.0 Q).
Exanpl e 3 Preparation of (2S)-N-((iS)-i-Benzyl-2-((4S,SS)-4-benzyl-2-o0xo-
1, 3-oxazolidin-5-yl)ethyl)-2-((((2-isopropyl-1,3-thiazol -

yl) met hyl ) ami no) car bonyl ) ani no) - 3- met hyl but ananm de Exanpl e 3a Preparation
of (4S,5S)-5-((29)-2-1t- butyloxycarbon% am no- 3- phenylpropyl) 4-benzyl -1,
3-oxazol i di n-2-one (2S, 3S,5S)-2- Am no-"3- hydr oxy- 5-t - butyloxycarbonylanlno-
1,6-dip glheane succinate salt (30 g, 63 nmol; U S. Patent No.

5, 654, 4 R&lYRi S, BRYRPRECKS YeEs- n|@ﬁﬂ@%ﬁnﬂ%%ﬁh%bna@eZBhyﬁno@ﬁﬁ@ﬁdde
(22.2 g;1). 5 cBpk8aY, Manc51532ad (16,3.4) Were
m xed vmlth 30 c(:)rrL of wat gf gﬁ@ g aﬁhnﬁm“ﬁgﬂh acea@{rg&ng%g?he ﬁ‘lgg() ure was
stirred tRmpeoRturenper abAre a(br Sab?duunwemunﬂeas.a et oogeni pukgger was
then separated. and heated at about 60C for 12 hours, and then Wc)

00/ 74677 34 1 0 'DILL Z603 PCTIUSOO | 4342
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Example 1 .
Preparation of Amogghous‘kitonavir

Form I crystalline polymorph of ritonavir (100 g) was
melted at 125°C by heating Form I. The melt was maintained at

a temperature of 125°C for 3 hours. The melt was rapidly cooled
by placing the container holding the melt into a Dewar flask
containing liquid nitrogen. The resulting glass was ground
with a mortar and pestle to provide amorphous ritonavir (100
g). Powder X-ray diffraction analysis confirmed that the
product was amorphous. Differential scanning calorimetric

analysis determined that the glass transition point was from

about 45°C to about 49°C. (Measured onset at 45.4°C and which

ends at 49.08°C, with a midpoint of 48.99°C).




stirred at 20-25C for 6 hours. 3 nL of ammoni um hydr oxi de 1(3%@ﬂﬁﬁﬁwi ain
wat er) wascaddesd7and the m xture stirred for 1.5 hours. Therrnssstising
m xture was washed with 4 x 200 nL of 10% aqueous pot assi um car bonate and
the organic | ayer was separated and evaporated under vacuumto provide an
oil. The oil was suspended in about 250 nlL of heptane. The heptane was
evapor at ed under vacuumto provide a yellow solid. The yellow solid was
di ssolved in 300 m. of THE and 25 nlL of 10% aqueous sodi um hydroxi de was
added. After stirring for about 3 hours, the mxture was adjusted to pH 7
by addition of 4N HClL (about 16 nlL).z3The THE was evaporated under vacuum
to | eave an aqueous residue, to which was added 300 nL of distilled
water. After stirring this m xtur i be, suspensi on of solids
resulted. The solid was collected §%§$$é%$a%ion and'the filtered solid
was washed with Reeeparatdof pif) Crysteddrimle Ridrdrisonis (BstthtIny in the
desired product. Exile 3b Preparation of
(4S, 5S)-5-((2S) - 2- am no- 3- phenyl propyl )- 4-benzyl -1, 3-oxazol i di n-2-one The
crude, wet pp s Biamlaerida was, ¢lgyr rigpd cii’sé&hvé@liﬁlﬁgi'ﬁ)#ﬁa”d the
slurry was heated to 70C with stirring. After 1 hour, THE (100 ) was
added aRBhYErous§tarnedC (AP mant i faklowingrshigheohuikionetwas t hen
al | owed c . - wa ' er t - . . 1he THE
as T oTE0ad By ST R eR T v Sevo e el ke vAS GREainet-
After standing overnight at room temperature, the resulting

solid was isolated from the mixture by filtration and was air

dried to provide Form II (approximately 24.0 g).

. Example 3
Preparation of (28) -N-((18) -1-Benzyl-2-((48,58) -4-benzyl-2-oxo-
1l,3-oxazolidin-5-yl)ethyl) -2-((((2-isopropyl-1,3-thiazol-4-
yl)methyl)amino)carbonyl)amino)-3-methy1butanzmide

Example 3a
Preparation of (48,58)-5-((28)-2-t-butyloxycarbonylamino-3-
‘ﬁ phenylpropyl) -4-benzyl-1,3-oxazolidin-2-one

A(ZS,BS,SS)—2—Amino-3-hydroxy-5-t-butyloxycarbonYlamino—
1,6-diphenylhexane succinate salt (30 g, 63 mmol; U.S. Patent
No. 5,654,466), ((S-thiazolyl)methYI)-(4—nitropheny1)carbonate
hydrochloride (22.2 g; U.S. Patent No. 5,597,926) and sodium
bicarbonate (16.2 g) were mixed with 300mL of water and 300 mL
of ethYl acetate and the mixture was stirred at room

temperature for about 30 minutes. The organic layer was then

separated and heated at about 60°C for 12 hours, and then




WO 00/ 74677 35 0 DEC 2 solution was cool ed to about SC, canlqﬁmF() J

pr eci pi ta\R Odﬁgtc?n occur. The aqueous mi xture was adjusted to

addi tion oF V58% aqueous sodi um hydr oxi de (about 18.3 g). Tﬁé RSB

m xture was extracted with ethyl acetate (2 x 100 nL) at about 15C. The
conbi ned organic extracts were washed with 100 nL of brine and the
organic | ayer was separated and stirred with sodiumsulfate (5 g) and
Darco G60 (3 g ) . This mxture was warmed on a hot plate for 1 hour at
45C. The hot m xture was then filtered through a bed of diatonmaceous
earth and the filter pad was washed with ethyl acetate (100 nL). The
filtrate was evaporated under vacuum 86 provide an oil. The oil was

redi ssol ved in nethylene chloride (300 nL) and the solvent was evaporated
under vatdomedltet r2&23IMdad |6 Mesursri e3l Al BEOEmRHIRMAtHAF B SH0LEE |
vacuum t rovi de the, de5|red prod ((18.4 g) as a glassy syrup. Exenple
3c Prepé%{?? | AR S \Wake; ‘ia%eﬁééﬁd g‘r hesynigthere vyt 2roR8- for

1, 3- 0xa1Qlsi Gdinks ! )'ﬁié‘ﬂ‘és@l'ﬂlﬁézmi§99 %pWaé v&%déﬂH@Witﬁ 4 x 200 mL of

yl) met hyl ) am no) car bonyl ) am no met hy butana
N- (( N- MBORy laaygous et ampsyiun - catﬂpcazetyl pmel He) cargarn)c chapenywis
-L- Val'ggﬁ&%&é@é{aég;evapoéated under vacuum to provide an oil. The

oil was suspended in about 250 mL of heptane. The heptane was

evaporated under vacuum to provide a yeiiow solid. The yellow

s0lid was dissolved in 300 mL of THF and 25 mL of 10% aqueous
sodium hydroxide was added. After stirring for about 3 hours,
the mixture was adjusted to pH 7 by addition of 4N HCl (about
16 mL). The'THF was evaporated under vacuum to leave an
aqueous residue, to which was added 300 mL of distilled water.
After stirring this mixture, a fine suspension of solids
resulted. The solid was collected by filtration and the
filtered solid was washed with water (1400 mL) in several

portions, resulting in the desired product.

Example 3b v .
Preparation of (48,58)-5-((28)-2-amino-3-~phenylpropyl) - %3
4-benzyl-l1l,3-oxazolidin-2-one

The crude, wet product of Example 3a was slurried in 1N
HC1l (192 mL) and the slurry was heated to 70°C with stirring.
After 1 hour, THF (100 mL) was added and stirring at 65°C was
continued for 4 hours. The mixture was then allowed to cool to

20-25°C and was stirred overnight at 20-25°C. The THF was

removed by evaporation under vacuum and the resulting agueous




U.S. Patent No. 5,539,122 and International Patent Appli catfqn DESo2003

. W98/ 00410%¢C 06M&7pr oduct of Exanple 3b (10.0 g, 32.2 mmol) pamdisss 14342
1- hydr oxybenzotriazole (5.2 g, 34 mvl) were dissolved in WO 00/ 74677 36
'10 DEC 2003 PCT/ US00/ 14342 THE (200 mi). 1, 3-dicyl cohexyl carbodiim de
(DCC, 7.0 g, 34 mmol) was then added to the THE m xture and the m xture
was stirred at 22C for 4 hours. Citric acid (25 nmL of 10% aqueous

sol ution) was added and stirring continued for 30 mnutes. The THE was
t hen evaporated under vacuum The residue was dissolved in ethyl acetate
(250 nmL) and washed with 10%citric ax5d solution (175.m). Nad (5 g)
was added to accelerate the separation of the |ayers. The organic |ayer
was sequ halilon Yash ' % Sioh U honate (2 x 200.nL) .and
wat er (?08&1%})# The gfrj)g%mn%% lT'I‘:glyézeﬁ;&lv\t/faséli&lHenrgag‘fgllendg over s%’&?ﬁﬁ?%ﬁ#é?@ te20

g), filtecstrand Tieapenmems UMCETWIvE oL acﬁ@ste&utbingg 7PH9deea 4% &
) and then heptane

of a foa&%vmas dissolgﬁp i n.ho e%g#% cetate (150

(75 L) oS RS R R 0 Ao tir FRAOWS hRoP Bbpt aRevas snddddeand
the nixtwistiae heal ecdardai ieh Dok, L 050 hature, n

precipitate forned. The solvents were e%/g%éo%g?%% &%dgﬁéggﬁg'% %‘#dgﬁ?é&

resi due W&SCr edTssotomblinedaorgrhice eoft r2Q® sriweatd Wa stac@tvid €4 1900 "hi, of

hept ane. ,The smal f %pount of, quissolved solid
brine and the organic layer was separated and stirred with

sodium sulfate (5 g) and Darco G-60 (3 g). This mixture was

warmed on a hot plate for 1 hour at 45°C. The hot mixture was
then filtered through a bed of diatomaceous earth and the
filter pad was washed with ethyl acetate (100 mL). The

filtrate was evaporated under vacuum to provide an oil. The

solvent was evaporated under vacuum. The resulting oil was
dried at room temperature under vacuum to provide the desired

product (1874 g) as a glassy syrup.

Eiggglg 3c ‘
Preparation of (28)-N-((18)-1-Benzyl-2-((4S,58)-4-benzyl-2-oxo-
1,3-oxazolidin-5-yl)ethyl) -2-((((2-isopropyl-1,3-thiazol-4-
yl)methyl) amino) carbonyl) amino) -3 -methylbutanamide

N- ((N~-Methyl-N((2-isopropyl-4-
thiazolyl)methyl) amino) carbonyl) -L-valine (10.6 g, 33.9 mmol;
U.S. Patent No. 5,539,122 and International Patent Application
No. W098/00410), the product of Example 3b (10.0 g, 32.2 mmol)

and l-hydroxybenzotriazole (5.2 g, 34 mmol) were dissolved in




was renoved by filtration. The filtrate was evaporated unde, { b?ﬁu
the residyg, Weney ssolved in a mxture of 100 nmL ethyl ace gt

heptane, giving a clear solution. The solution was cool ed FbTA¥6&9§Wd a
white precipitate formed. The m xture was allowed to sit at -15C for 24
hours. The resulting solid was collected by filtration, washed with 1:1
ethyl acetate/heptane (2 x 24 nL) and dried in a vacuumoven at 55Cto
provi de the desired product as a beige solid (16.4 g). 'J ~J pEC 2003 WO
00174677 ~T~,tUSQ(i 14342 37 Exanple 4 Preparation of Crystalline
Ritonavir (Formll) To a solution of .595 g of ritonavir Forml in 10 nL
of 200 proof ethanol was added appro nately 50 m crograns of the

pr oduct c. This.mxture was allowed to stand at about 5C for
24 hour sﬁfe{F E@a‘ﬂ})éﬁr’n nglml‘y@t%}’ CoREXYLegrPosd imide | (REE: i BnOt & 0@gh O. 45
T eron mledn fidd arhdihdddq ded ednt onupr fibelerd AR FOLOLLL, Exam! e

Alternative Preparation of Crystalline R tonavir rm gégtate

(6.0 L/ lsgzarrad teona290) fms 4addrtbd 0 ¢l PDAVEEIEFQRE InrpPlod :!B@“ééi
Form | q Formll) in a_ reaction vessel. The m xture was stirr

heat ed 156’ %émt?nt"fﬁs A49ed 373 5t Br#ngscrRSdnURE Bt 130 onimasesi | t'a!hed

THF was then evaporated under vacuum. : The residue was
dissolved in ethyl acetate (250 mL) and washed with 10% citric
acid solution (175 mL). NaCl (5 g) was added to accelerate the

separation of the layers. The organic layer was sequentially
washed with 10% aq. sodium carbonate (2 x 200 mL) and water
(200 mL) . The organic layer was then dried over sodium sulfate
(20 g), filtered and evaporated under vacuum. The resulting
product (20.7 g of a foam) was dissolved in hot ethyl acetate
(150 mL) and then heptane (75 mL) was added. Upon cooling,
another 75 mL- of heptane was added and the mixture was heated
to reflux. Upon cooling to room temperature, no precipitate
formed. The solvents were evaporated under vacuum and the
residue was redissolved in a mixture of 200 mL ethyl
acetate/100 mL heptane. The small amount of undissolved solid
was removed by filtration. The filtrate was evaporated under
vacuum and the residue was diséolved in a mixture of 100 mL
ethyl acetate/ 50 mL heptane, giving'a clear solution. The

solution was cooled to -10°C and a white precipitate formed.

The mixture was allowed to sit at -15°C for 24 hours. The
resulting solid was collected by filtration, washed with 1:1

ethyl acetate/heptane (2 x 24 mL) and dried in a vacuum oven at

55°C to provide the desired product as a beige solid (16.4 g).




(utilizing a centrifuge punp and 5X20 i nch cartridge filtek
porosity &g dorzem crons) and the filtrate was allowed to c E&@L at a

rate of 2-10C/ hour. To this solution was added ritonavir Forn1|| seed
crystals (about 1.25 g of FormlIl seed crystals/kg of ritonavir) and the
m xture was stirred at 52C for not less than 1 hour at an agitation rate
of 15 RPM The m xture was then allowed to cool to 40C at a rate of

10C/ hour. Heptane (2.8 L/kg of ritonavir) was added at a rate W¢c) .

00/ 74677 1 0 DEC 2003 PCTI US00/ 14342 38 of 7L/ minute with mxing. The

m xture was allowed to cool to 25C ag7a rate of 10C/ hour wi th m xing.
Then the m xture was stirred for not |ess than 12 hours at 25C. The
product was isolated by filtration using a Heinkel type centrifuge (run
time approximately 16 hours). The product was dried at 55C wunder vacuum
(50 mMmm Hg) for 16-25 hours to provi @eamglenavir crystal FormlIl. Exanple
6 Preparation of us Rit pnavir Form/| (40 g) was dissol ved
in met hyl ene chI5?ﬁﬂ%%gﬁ?9ﬂ3énﬁ%¥§t€%iﬁ??oﬁlﬁﬁgagFﬁmA§°§Ed§& Jover 15
mnutes to a round bottom fl ask equi pped with an overhead stirrer and

contai ning hexanes (3.5 L). The resulting slurry
To a solution of 1.595 g of ritonavir Form I in 10 mL of

200 proof ‘ethanol was added approximately 50 micrograms of the

product of Example 3c. This mixture was,allowed to stand at

about 5°C for 24 hours. The resulting crystals were isolated
by filtration through 0.45 micron nylon filter and air dried to

provide ritonavir Form II.

Example 5
Alternative Preparation of Crystalline Ritonavir (Form II)

Ethyl acetate (6.0 L/kg of ritonavir) was added to
ritonavir (Form I or a mixture of Form I and Form II) in a
reaction vessel. The mixture was stirred and heated to 70°C
until all solids were dissolved. The solution was filtered
(utilizing a centrifuge pump and 5X20 inch cartridge filters
having a porosity of 1.2 microns) and the filtrate was allowed
to cool to 52°C at a rate of 2-10°C/hour. To this solution was
added ritonavir Form II seed crystals (about 1.25 g of Form II
seed crystals/kg of ritomavir) and the mixture was stirred at

52°C for not less than 1 hour at an agitation rate of 15 RPM.

The mixture was then allowed to cool to 40°C at a rate of

10°C/hour. Heptane (2.8 L/kg of ritonavir) was added at a rate




was allowed to stir for 10 m nutes. The precipitate was filh?ﬂ@%‘:}a% ~
dried at roon1te%€erature I n a vacuum oveh to provide anorp i £dlavi r

(40 g). WBOW 677 39 Exanple 7 Preparati on of Anorphous RPEBABPA4320
DEC 2003 PCT/1US00/ 14342 Ritonavir Form| (5 g) was dissolved in nethanol
(8 nmL). This solution was slowy added to a round bottom fl ask equi pped
with an overhead stirrer and containing distilled water (2 L), while

mai ntai ning the internal tenperature near 0C. The resulting solid was
filtered to give a sticky solid which was dried in a vacuum oven to give
anor phous ritonavir (2.5 g). Exanple 8 Conparative Solubilities

Sol ubility experinments were performed38n the various fornulations of

Ritonavir Form|l and Formll. Data is provided in Figures 3-7. Table 1
provi de®ihétleimietoey Withsnizing . t hFhepmastmoeytwaenla Kbpesd i tbo8owilt keut
water. Exgnple 9 illustrates the pharnaceutical conposition containing
wat er . RO BoRRag7rate of 10 C/hour with mixing. Then the mixture was

stirred for not less than 12 hours at 25°C. The product was
isolated by filtration using a Heinkel type centrifuge (run
time approximately 16 hours). The pfoduct was dried at 55°C

under vacuum (50 mm Hg) for 16-25 houré.to provide ritonavir

crystal Form II.

Ex le

Preparation of Amorphous Ritonavir

Ritonavir Form I (40 g) was dissolved in methylene
chloride (60 mL). This solution was slowly added over 15
minutes to a round bottom flask equipped with an overhead
stirrer and containing hexanes (3.5 L). The resulting slurry
was allowed to stir for 10 minutes. The precipitate was

filtered and dried at room temperature in a vacuum oven to ,%}

provide amorphous ritonavir (40 g).




1 0 DEC 2003 PCTI USOQ 14342 Tabl e 1. Conposi tion of Form{ g DEC 7003 and

T-2. Conpwoebbssty 1T- 2 ng/ gng/ capnyg/ gng/ cap R tonavi r 200. 02801R20§:48200. 0
Al cohol , dehydrat ed, USP100.0100.0100.0100.0 A eic acid,

NF650. 0650. 0600. 0600. 0 Pol yoxyl 35 Castor G| 50.050.0100.0100.0
(Crenmophor EL(r)) BHTO.010.010.010.01 WO 00/ 74677 1 0 DEC 2003

PCTI USQD/ 14342 41 Exanple 9 Preparation of Norvir(r) Soft Gelatin
Capsul es, 100 ng The foll ow ng protocol is enployed in the preparation of
1000 soft gelatin capsules: Scale Arount (ng/capsule) Nanme(a) Q S
Nitrogen, N. F.Q S. 118. OEt hanol, 39

Example 7

Preparation of Amorphous Ritonavir

Ritonavir Form I (5 g) was dissolved in methanol (8 mL).
This solution was slowly added to a round bottom flask equipped

with an overhead stirrer and containing distilled water (2 L),

a@ while maintaining the internal temperature near 0°C. The

resulting solid was filtered to give a sticky solid which was

dried in a vacuum oven to give amorphous ritonavir (2.5 g).

Example 8
Comparative Solubilities

Solubility experiments were perfqrmed on the various
formulations of Ritonavir Form I and Form II. Data is provided
in Figures 3-7.

Table 1 provided hereinbelow illustrates the

pharmaceutical composition without water. Example 9

illustrates the pharmaceutical composition containing water.




dehydrated, USP, 200 Proof118.0 2.0Ethanol, dehydrated, USP ﬂgg%chﬁfz;o
0. 25But yl a@gqoq%g;oxytol uene, NFO.25 704. 750 ei ¢ ACi d, NF703,

100. ORi t onavi r 0 10.0Mater, purified, USP (distilled)10. OP%HUWGI“WXW
35 Castor GO l, NF60.0 5.0000 eic Acid, NF5.000 A mxing tank and suitable
container are purged with nitrogen.118.0 g of ethanol is weighed,

bl anketed with nitrogen, and held for |ater use. The second aliquot of
ethanol (2 g) is then weighed, and m xed with 0.25 g of butyl ated

hydr oxytol uene until clear. The m xture is blanketed wth nitrogen and

hel d. The main m xing tank is heated to 28 C (not to exceed 30 C). 704.75
g of oleic acid is then <charged into 4%e ni xi ng tank. 100.0 g of
ritonavir is then WO 00/ 74677 42 1 0 DEC 2003 PCa /USC6! 14342 added to the
ol ei ¢ actrdbiet b . Movmpds i tidre tdFa el At _1h oxytpl uene is then
added to the m xing tank, foll owertcélqJ by %/%%gﬁcljgé éﬂgf }%t 'lanol neasur ed
previo 10 of water is then

char gedContponérite t ank T-1 T-2

mg/g mg/cap mg/g mg/cap

Ritonavir - 2000 2000 2000  200.0
Alcohol, dehydrated, USP 100.0 1000 1000 1000
Oleic acid, NF 650.0 6500 6000 - 600.0
Polyoxyl 35 Castor Oil 50.0 500 1000 100.0
(Cremophor EL®)

BHT 0.01 0.01 0.01 0.01

SR
R

——




and mi xed until the solution is clear;(for not less than 30 {nfrREEIN03 The
. sides of mmowsssel are-scraped for ritonavir, and m xed fprr/08ic/1.€8S

than an additional 30 mnutes. 60.0 g of Polyoxyl 35 castor oil is charged
into the tank and mxed wuntil uniform The solution is stored at 2-8 C
until encapsulation. 1.0 g of the solutionis filled into each soft

gel atin capsule (die: 18 oblong [18BE]; gel: 005L2DDXHB- EP; gel

dyes: .white 920P)., The soft gelatin capsules are then dried, and stored
at 2-8 C. Exanple 10 Protocol for Oral Bioavailability Dogs (beagle dogs,
m xed sexes, weighing 7-14 kg) were #fasted overnight prior to dosing, but

were permtted water ad libitum Each dog received a 100 g/kg
subcut aneous dose of histam ne appgggdﬁﬁéﬂy 30 mnutes prior to dosing.
Each dog received a single dosage formcorresponding to a 5 ng/ kg dose

of the drug. Tremostims éblNoreirBysepprcslaeial vap@uids,! oot s of

wat er. Bl ood sanpl es were obtai ned fromeach aninmal prior to dosing and
0.25, 0.5, 1.0, 1.5, 2, 3, 4, 6, 8, 10, and 12 hours after drug

adni ni strat i ofte Thel lpwing REstosepai &t etployed e tée getdpatation of
centrif UkRAQ FPEM IS ILEn ¢apsuVes00/ 74677 43 1 0 DEC 2003 PCT/tJSGO 14342

Scale ’ ' Amount
(mg/capsule) Name - (9)
Q.8. Nitrogen, N.F. B Q.S.
118.0 Ethanol, ”
dehydrated, USP, 200 Proof | 118.0

2.0 Ethanol, ,

o, dehydrated, USP, 200 Proof 2.0
0.25 Butylated Hydroxytoluene, NF 0.25
704.75 Oleic Acid, NF 704.75
100.0 Ritonavir 100.0
10.0 Water, purified, USP (distilled) 10.0
60.0 Polyoxyl 35 Castor 0Oil, NF 60.0
5.000 Oleic Acid, NF 5.000

A mixing tank and suitable container are purged with
nitrogen. 118.0 g of ethanol is weighed, blanketed with
nitrogen, and held for later use. The second aliquot of
ethanol (2 g) is then weighed, and mixed with 0.25 g of
butylated hydroxytoluene until clear. The mixture is blanketed

with nitrogen and held. The main mixing tank is heated to 28

°C (not to exceed 30 °C). 704.75 g of oleic acid is then

charged into the mixing.tank. 100.0 g of ritonavir is then




C until analysis. Concentrations of parent drug were deter @emzd))mm
reverse paﬁ§§whgygimﬁth | ow wavel ength W detection follow.ngd..: 00/14342
liquid-liquid extraction of the plasma sanples. The parent ﬁﬁﬁsgﬁﬁﬁ“
under- the curve was cal culated by the trapezoidal nethod over the tine
course of the study. The absolute bioavailability of each test
conposition as «calculated by conparing the area under the curve after
oral dosing to that obtained froma single intravenous dose. Each
capsul e or capsule conposition was evaluated in a group containing at

| east six dogs; the values reported are averages for each group of dogs.
10 DEC 20 -11 WD 00/ 74677 PCTI US00/ 143 44 CLAIMS W Claim 1. A

phar maceutj cal_conposition which iis. a solution__conprising: (a) an HV
proteas€ °ﬁﬁﬂﬁ?' 9 bﬁnacaé WitBnBikdffon Tore gbhanetfuseylarediting
COMpOUNdyd Ry UIMUCRE UL ! EALEY 288EAPERPkRSRILA UL | 4D)1dved by
phar maceutically acceptabl e organic solvent whic conpri ses a I ong ¥hai n
fatty adi® ol Grixt@f eebhahohgmeshukadf preyisuisdy amhdetmhansd ; for at

least 10 minutes. 10 g of water is then charged into the tank

and mixed until the solution is clear (for not less than 30
minutes). The sides of the vessel are.scraped for ritonavir,

and mixed for not less than an additional 30 minutes. 60.0 g

of Polyoxyl 35 castor oil is charged into the tank and mixed
until uniform. The solution is stored at 2-8 °C until
encapsulation. 1.0 g of the solution is filled into each soft
gelatin capsule (die: 18 oblong [18BE]; gel: OOSLZDDXHB?EP;
gel dyes: .white 920P). The soft gelatin capsules are then
dried, and stored at 2-8 °C.

) Example 10
Protocol for Oral Bioavailability

Dogs (beagle dogs, mixed sexes, weighing 7-14 kg) were
fasted overnight prior to dosing, but were permitted water ad
libitum. Each dog received a 100 pg/kg subcutaneous dose of
histamine approximately 30 minutes prior to dosing. Each dog
received a single dosage form corresponding to a 5 mg/kg dose
of the drug. The dose was followed by approximately 10
milliliters of water. Blood samples were obtained from each
animal prior to dosing and 0.25, 0.5, 1.0, 1.5, 2, 3, 4, 6, 8,

10, and 12 hours after drug administration. The plasma was

separated from the red cells by centrifugation and frozen (-30




(c) water; and (d) optionally a pharmaceutically acceptabl § BuBEQ0adt. 2.
The conpowddd/pe7according to Caiml wherein said H 'V pror@€assed/nikdbi ti ng
conmpound is (2S, 3S,5S)-5-(N- (N ((N-rethy
N-((2-isopropyl-4-thiazolyl)methyl) am no) carbonyl) am no-1, 6-

di phenyl - 3- hydr oxyhexane (ritonavir). 3. The conposition according to
Caim1l wherein said conbination of H V protease inhibiting conpounds is
(2S,3S,55)- 5- (N (N ((N-nethyl-N ((2-isopropyl-4 thiazolyl)nmethyl)

am no) carbonyl) am no-1, 6-di phenyl - 3- hydroxyhexane (ritonavir) and (2S,
3S, 55)-2-(2, 6D nmet hyl phenoxyacetyl) 43

am no- 3- hydr oxy-5- (2S- (| -tetrahydro-pyri m d-2-onyl)-3-nethyl butanoyl)

am no- 1o aheny r T ork4 42 4.
The COHS%SS%IOH a%%%? ?ﬁa Y%bgﬁé?%ﬁggménglngsggggﬁﬁvggn¥%#%§ge i nhibiting
corrpoundeoemmnbdnm aeveirsd Yhaset ¢mgec widh Qidw n@awﬁ@l'@@@ﬂdsws sel ect ed

fromthg grouE co tln %l 3S, 58) -5- (N (N-_((N-net hyl - N

((2--i sBpFEREYES &’2’& | P@Pﬂ%‘) 1)%% th% Eifsﬁ@ﬁw

?yggoxyggﬁ?gés(r'&Q@aﬂdfént2§ru§3afg§ uﬂ&eﬂrﬁﬂé*c&f¢%rW%QVéafEulated
bypthgytrape201da1 method over the time course of the study.
The absolute bioavailability of each test composition as

calculated by comparing the area under the curve after oral

dosing to that obtained from a single intravenous dose. Each
capsule or capsule composition was evaluated in a group

containing at least six dogs; the values reported are averages

for each group of dogs.




t hi azol yl ) net hyl ) am no) carbonyl) am no-I,6-di phenyl - 3- hy %xﬁ
(ritonaviwo@mdef2S, 3S, 5S)-2-(2,6- Dinethyl phenoxyacetyl) per 01 5

am no- 3- hydr oxy-5-[ 2S- (1-t et rahydr o- pyri m d- 2- onyl ) - 3- net hyl tanoyT ]

am no- 1, 6-di phenyl hexane; N- (2 (R) -hydroxy-1 (S) -indanyl) -2 (R)
-phenylnethyl-4 (S) -hydroxy-5- (1- (4- (3-

pyridyl methyl)-2(S)-N -(t-butyl carboxam do) - pi perazinyl))-penta neam de
(indinavir); N-tert-butyl-decahydro-2- [2(R)-hydroxy-4-phenyl-3 (S) - [
[N- (2-qui

nol yl car bonyl ) - L- asparaglnyl]an1no]buaxl] (4as, 8aS)-|squ|noI|n
e-3(S)-carboxam de (saquinavir); 5 (S) -Boc-amno-4 (S

- hydr oxy- 6- phenyl -2 (R) -

phenyl net hyl hexanoyl - (L) - Val - (L) - Phe-He2848 i n-4-yl amide; 1

- Napht hoxyacet yl - bet a- met hyl t hi o-. Al a- (2S, 3S)-

3-am no; 2- hydr.oxy-4-but anoyl 1,3-thiazolidine-4-t-butylam de;

5- |soquﬁﬁbl facet yl - bet a- net hyl t hi o- Al a- (2S, 3S) - 3- ani no- 2- hy

dr oxy-4-but anoyl -1, 3-thi azolidine-4-t-butylamde; [1S [1R (R) , 2S*])
-N[3-[[((i,1 - dinethylethyl)anino]carbonyl](2 met hyl propyl )am no] -2 WO
00/ 7467% -46 Fypirasma deutt jxtmhytompbyh k ponpyhl cbr [1(92-a solution
qU|noI|nyIcarb0@wngnnol but anedi am de; VX-478

(a) an HIV protease inhibiting compound or a combination

of HIV protease inhibiting compounds, or
pharmaceutically acceptable salts thereof;

(b) a pharmaceutically acceptable organic.solvent which
comprises a long chain fatty acid or a mixture of long
chain fatty acids and ethanol;

(c) water; and

(d) optionally a pharmaceutically acceptable surfactant.

2. The composition according to Claim 1 wherein said HIV
protease inhibiting compound is (2§,3S,5S)-5- (N- (N-( (N-methyl-
N-((2-isopropyl-4-thiazolyl)methyl)amino)carbonyl)amino-1,6-

diphenyl-3-hydroxyhexane (ritonavir).

3. The composition according to Ciaim 1 wherein said
combination of HIV protease inhibiting compounds is (2S,38,58)-
5- (N- (N- ((N-methyl-N-((2-isopropyl-4-
thiazolyl)methyl)amino)carbonyl)amino-1, 6-diphenyl-3-
hydroxyhexane (ritonavir) and
(28, 38, 58)-2-(2,6Dimethylphenoxyacetyl)
amino-3-hydroxy-5-[28- (1-tetrahydro-pyrimid-2-onyl) -3-methyl

butanoyl] amino-1,€6-diphenylhexane.




DWVP-323; DWP-450; AGL343 (nelfinavir); EMS 186,318; SC 89EC 2083 LA
1096 BS; 800/ kE740690, or a pharmaceutically acceptabl e seft/ibhacsaf if
0 DEC 206 PCTIUSQOQO 14342 5. The conposition according to Claiml wherein.
said long chain fatty acid is oleic acid. 6. The conposition according to
Caiml wherein said surfactant is Polyoxyl 35 castor oil (Crenophor EL O
). 7. The conposition according to Claiml1l wherein the solutionis
encapsul ated into a hard gelatin capsule or a soft gelatin capsule. 8.
The conposition of Caim1l wherein the solvent conprises (:L) a
pharmaceutically acceptable |Iong chaies fatty acid in the amount of from
about 40%to about 75% by weight of the total solution; (2) ethanol in
the anount of from about 3% to about 12% by weight of the WO 00/ 74677 47
1 0 CEC 2003
4. The composition according to Claim 1 wherein said HIV

protease inhibiting compound or combination of HIV protease
inhibiting compounds is selected from the group consisting of:
28,38, 58) -5- (N- (N- ( (N-methyl-N- ( (2-isopropyl-4-
thiazolylfmethyl)amino)carbonyl)amino—i,6—diphenyl—3—

hydroxyhexane (ritonavir);

28,38,58) -5- (N- (N- ( (N-methyl-N- ((2-isopropyl-4-
thiazolyl)methyl) amino) carbonyl) amino-1, 6-diphenyl-3-
hydroxyhexane (ritonavir) and (2S, 3S, 58)-2-(2,6-
Dimethylphenoxyacetyl)
- amino-3-hydroxy-5- [2S- (1-tetrahydro-pyrimid-2-onyl) -3-methyl
butanoyl] amino-1,6-diphenylhexane;

N- (2 (R) ~hydroxy-1 .

(S) -indanyl) -2 (R) -phenylmethyl-4 (S) -hydroxy-5- (1- (4~ (3-
pyridylmethyl) -2 (S) -N' - (t-butylcarboxamido) -piperazinyl)) -penta
neamide (indinavir);
N—tert-butyl-decahydro—2°[2(R)—hydroxy;4—phenyl—3(s)-[[N—(z—qui
B nolylcarbonyl) ~-L-asparaginyl] amino] butyl] - (4aS, 8aS) -isoquinolin
e-3(8) -carboxamide (saquinavir);
5(S) -Boc-amino-4 (S) -hydroxy-6-phenyl-2 (R) -
phenylmethylhexanoyl- (L) -Val- (L) ~Phe-morpholin-4-ylamide;
1 -Naphthoxyacetyl-beta-methylthio-Ala-(2S, 3S)-
3-amino-2-hydroxy-4-butanoyl 1,3-thiazolidine-4-t-butylamide;
5-isoquinolinoxyacetyl-beta-methylthio-Ala- (2S,3S)~-3-amino-2-hy

droxy-4-butanoyl-1,3-thiazolidine-4-t-butylamide;
[18-[1R- (R~),25*])-N' [3-[[[(1,1 -
dimethylethyl)amino] carbonyl] (2-methylpropyl)aminol] -2-




PCTI U SO0/ 143 42 total solution; and (3) water in the armur\q @fD
about 0. 4%d gyaReut 1. 5% by wei ght of the total solution. %24 Q.
conposition of Gaim1 wherein the solvent conprises (1) oI e R

t he amount of from about 40% to about 755. by weight of the total-
solution; (2) ethanol in the amunt of from about 30 to about 120 by
wei-ght of the total solution; and (3) water in the anount of from about
0.4%to about 1.5% by weight of the total solution. 10. The conposition
of Caim9 wherein the H'V protease inhibiting conpound is selected from
t he group consisting of: 25 3S, SS) -5 (N (N ((Nnethyl-N (
(.2-isopropyl-4- thiazolyl)nethyl)am no car bonyl) am no-1, 6-di phenyl -

hydr oxy ritopavir)s . 2S, 3S,5S GN- (I\l-nethyl-l\l-((Z-isopropyI:
t hi azol &m‘gﬁﬂ ’ﬁﬁ%?%%?’%%ﬁﬁ’?& HSYII]G :\f-p( enyl - 3- hydr oxyhexane

(rit onayuindithyZfarBony P Him2n62 ,-@utlalnléatﬂa&ﬂlla@noxyac etyl)

am no- 3V€eldroxy 5-12S- (I -tetrahydro-pyri m d- onyl) 3-net hyl but anoyl]

am no-1 henyl hexane; N (2(R)-hydroxy-i (S) -indanyl) -2 (R
- phenyl Wﬁn@zﬁ (S) -hydroxy-5- (1- (4- (3-

DMP-450;

AG1343 (nelfinavir);
BMS 186,318;
SC-55389a;

BILA 1096 BS; and
U-140690,

or a pharmaceutically acceptable salt thereof.

5. The composition according to Claim 1 wherein said

long chain fatty acid is oleic acid.

6. The composition according to Claim 1 wherein said

surfactant is Polyoxyl 35 castor oil (Cremophor EL®) .

7. The composition according to Claim 1 wherein the )
solution is encapsulated into a hard gelatin capsule or a soft

gelatin capsule.

8. The éomposition of Claim 1 wherein the solvent
comprises (1) a pharmaceutically acceptable ldng chain
fatty acid in the amount of from about 40% to about 75%
by weight of the total solution; (2) ethanol in the

amount of from about 3% to about 12% by weight of the




pyridyl met hyl )-2(S)-N - (t-butyl car boxani do) - pi pérazi nyl)) - p¢rl VECNBOY de

- (i ndi navi %o od74677DEC 2403 WO 00/ 74677 PCT/ USO0/ 14342 48 PCT/US00/14342
‘N-tert-butyl-decahydro-2- [2 (R) -hydroxy-4-phenyl-3 (S) - [ [N (2-qu

nol yl carbonyl ) - L- aspar agi nyl ] am no] butyl]- (4aS, 8aS)-|squ|noI|n

e-3(S)-carboxam de (saquinavir);

5(S) - Boc- am no-4(S) - hydr oxy- 6- phenyl - 2(R) -

phenyl et hyi hexanoyl - (L) - Val - (L) - Phe- nor phol i n-4-yl am de; 1 :

- Napht hoxyacet yl - bet a- met hyl t hi o-- Al a- (2S, 3S) 3 -am no- 2 -hydroxy-4

-butanoyl 1, 3-thiazol'idine-4-t-butylgm de; 5-isoquinolinoxyacetyl-beta

-methylt:hio-Aa -(2S, 3S)-3-am no-2-hy

o oxy 4eBubanoybide BoAD ARk e dabebit vhare' wldiie (48 £k » 25°])

di met hyebhy! ) @nidko] car badydyt 2- mes iyl pyopywelighitnolof2- thelr oxgtil. _

(phenylneh él) propyl 1 - 2 - [, (2 -

qui nol i APHE&EMEEBNyYI ) ami no] - but anedi ami de;  VX-478; DWVP-323; DVP- 450;

AGLl343 (nelfinavir) ; BM5 186, 318; SC-55389a; BILA 1096 BS; and

9. The composition of Claim 1 wherein the solvent
comprises (1) oleic acid in the amount of from about 40%

to about 75% by weight of the total solution; (2)

ethanol in the amount of from about 3% to about 12% by
weight of the total solution; and (3) water in the
amount of from about 0.4% to about 1.5% by weight of the

total solution.

10. The composition of Claim 9 wherein the HIV
protease inhibiting compound is selected from the group
consisting of:
2S8,38,58) -5- (N- (N- ( (N-methyl-N-( (2-isopropyl-4-
thiazolyl)methyl) amino) carbonyl)amino-1, 6-diphenyl-3-
hydroxyhexane (ritonavir);

) 28,38, 58) -5- (N- (N- ((N-methyl-N- ((2-isopropyl-4-

“ thiazolyl)methyl) amino)carbonyl)amino-1, 6-diphenyl-3-
hydroxyhexane (ritonavir) and (2S, 35, 58)-2-(2,6-
Dimethylphenoxyacetyl)
amino-3-hydroxy-5- [2S- (1-tetrahydro-pyrimid-2-onyl) -3-methyl
butanoyl] amino-1,6-diphenylhexane;

N- (2(R) -hydroxy-1
(S) -indanyl) -2 (R) ~phenylmethyl-4 (S) -hydroxy-5- (1~ (4-(3-
pyridylmethyl) -2 (S) -N'- (t-butylcarboxamido) -piperazinyl)) -penta

neamide (indinavir):;




U- 140690, or a pharnmaceutically acceptable salt thereof. 11l QhQEC 2003
conposi ti aim9 wherein the HHV protease inhibitin S
ritonavir?ﬂ?%éﬁgzs, 5S) - 2- (2, 6-di met hyl phenoxyacet yl) ani%gf@ﬁ?&ﬂﬁgu
hydr oxy-5- (2S- (| -t etrahydro- pyri m d-2-onyl)-3-nethyl WO 00/ 74677 49

but anoyl ) ami no- 1, 6di phenyl hexane, indinavir, saquinavir, nelfinavir, or
VX-478. 1 0 DEC 2003 PMJS00/ 14342 12. The conposition of Caim1l wherein
the HHV protease inhibiting conpound is ritonavir or a conbination of
ritonavir and another HV proteaBe inhibiting conpound. 13. The
conposition of Claim12 wherein the glution IS encapsulated in a soft
elastic gelatin capsule (SEC). 14. The conposition of Caim1 which

el gt -5 CERE PR SR ARt 15 PAPR b Vieetvr 6 aphgnadcape blbr (et
Z gl)\lj te ng gg)lgghﬁg{ng?lgﬁ -hléésgfﬁoﬁfir?ﬂ PahlndBudRynt 19k, shiddm ARoUL; 157850
e-3 (S) -carboxamide (saquinavir);
5(8) -Boc-amino-4 (S) -hydroxy-6-phenyl-2 (R) -
phenylmethylhexanoyl- (L) -Val- (L) -Phe-morpholin-4-ylamide;
1 —Naphthéxyacetyl-beta-methylthio»Alam(28, 38) -
3-amino-2-hydroxy-4-butanoyl 1,3-thiazolidine-4-t-butylamide;

5—isoquinolinoxyacetyl-beta-methylthio-Ala—(2S,BS)-3—amino-2—hy
droxy-4—butanoyl-1,3-thiazolidine—4-t-butylamide;

[1S- [1R- (R-),28*])-N* [3-[[[(1,1 -
dimethylethyl)aminc]carbonyl](2-methylpropyl)amino]-2-
hydroxy-1 - (phenylmethyl)propyl]-2-[(2-
quinolinylcarbonYl)amino]—butanediamide;

VX-478;

DMP-323;

DMP-~450;

AG1343 (nelfinavir);

BMS 186,318;

SC-55389a;

BILA 1096 BS; and

U-140690,

or a pharmaceutically acceptable salt thereof.

11. The composition of Claim 9 wherein the HIV
protease inhibiting compound is ritonavir, (28, 38,

5S8) -2- (2, 6-dimethylphenoxyacetyl) amino-3-

hydroxy-5- (28~ (1-tetrahydro-pyrimid-2-onyl) -3-methyl




solution and (2) ethanol in the amount of from about 3% to mo 1 by
wei ght of wid@w4egizal sol ution; and, (c) water in the anount wr/fgdank
0.4k to about 1.5k by weight of the total solution; and (d) polyoxyl 35
castor oil in the anmount of from about 0% to about 20!k by wei ght of the
total solution. WO 00!'74677 50 15. The conposition of C aim 14 which
conprises: (a) ritonavir in the anmount of from about 5% to about 10t by
wei ght of the total solution, (b) a pharmaceutically acceptabl e organic
sol vent which conprises (1) oleic acid in the amount of from about 70%to
about 75% by wei ght of"the total solufgon; and (2) ethanol in the anount

- of fron1about 3% about 12@6by meight of the total solution; (c) water in

t he ano%%& y?a “ﬁﬁloxyl 9 *g?éfﬁ%%ﬁin ht of the total

sol uti on; SLor o7 nt of about 6% by
- wei ght @hqﬂﬂndmﬂﬁﬂ ﬁﬁﬂﬂﬂnaﬂir;Ubr'NK»@@BDOS|t|on of daim 15 wherein the
solution is encapsulated in a soft elastic gelatin capsule (SEC).
12. The composition of Claim 1 wherein the HIV
protease inhibiting compound is ritonavir or a
combination of ritonavir and another HIV protease

inhibiting compound.

13. The composition of Claim 12 wherein the
solution is encapsulated in a soft elastic gelatin

capsule (SEC).

14. The composition of Claim 1 which comprises:
(a) ritonavir in the amount of from about 1%

to about 30% by weight of the total solution;

(b) a pharmaceutically acceptable organic
solvent which comprises (i) oleic acid in the amount of
o from about 15% to about 99% by weight of the total
solution and (2) ethanol in the amount of from about 3%
to about 12% by weight of the totél solution; and

(c) water in the amount of from about 0.4% to

about 1.5% by weight of the total solution; and

(d) polyoxyl 35 castor oil in the amount of \
from about 0% to about 20% by weight of the total

solution.




WO 00/74677 | l’Cur/EEOCO/Z?y?z ‘
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15. The composition of Claim 14 which comprises: :
(a) ritonavir in the amount of from about 5%
to about 10% by weight of the total solution,
‘(b) a pharmaceutically accéptable organic
- solvent which comprises (1) oleic acid:-in the amount of

from about 70% to about 75% by weight of‘the total

solution; and (2) ethanol in the amount of from about 3%
about 12% by weight of the total solution; _
(c) water in the amount of from about 0.4% to
about 1.5% by weight of the total solution; and
..(d) polyoxyl 35 castor oil in the amount of
about 6% by weight of the total solution.

16. The composition of Claim 15 wherein the

solution is encapsulated in a soft elastic gelatin

capsule (SEC).






