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Polymorph of a Pharmaceutical

Technical Field
( This invention relates to a novel crystalline polymorph of (25,3S,5S)-5-(N-

(N-((N-methyI-N-((2-isopropyl-4-thiazoIyl)methyt)arhino)carbonyl)—L-
valinyl)ar-ﬁno)-2-(N-((S-thiazolyl)methoxycarbonyl)amino)—1 B-diphenyl-3-
hydroxyhexane, methods for its preparation, methods for its use as a
pharmaceutical agent and pharmaceutical compositions comprising the novel
~ crystalline polymerph. This invention also relates to en amorphous form of
S (28,38.58)-5-(N-(N-((N—methyi-N-((2-i$opropyl-4-thiazoiyl)methyl)amino)—
carbonyl)—L-valiny[)amino)-2-(N-((S-thiazolvi)methoxycarbonynamino)-1 ,6-

dighenyl-3-bydroxyhe<ane and mathods for its preparaiion

Background of the Inveat.cn

' Inhibitors of huma ~ immunodeficiency virus (HIV) protease have been
approved.for use ir the treatment of H1V infection for several years. A partcularly
effective YIV protease int iitor is (2S,3S,55)-5-(N-(N {(M-methyl-N-((2-isopropyl-
4-thiazoiyl)methy!)amino)carbony!}-L-vaIinyI)amino)-Z-(N-((S-thiazolyl)-
methoxycarbony.)amino)-1,6-diphenyl-3-hydroxyhexane (ritonavir), which is
marketed as NCRVIR®. Ritonavir is known to have utility for the inhibition of HIV
protease, the inhibition of HIV infection, the inhibition of cytochrome P450

monooxygenase znd the enhancement of the pharmacokinetics of compounds
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vihich are metaholized by cytochrome P450 monooxygenase. Ritonavir is
particularly effective for the inhibition of HIV infection when used alone or in
combination with one cr more reverse tianscriptase inhibitors and/or one or more
other HI\ nrotease intibitors.

Ritonavir and processes for its preparation are disclosed in U.S. Patent
No. 5,641,206, issued July 30, 1996. This patent discloses processes for
preparing riionavir which produce a crystalline polymorph of ritonavir which is
termed crystalline Forrn |. Substantially pure Form | has the powder X-ray
diffraction pattern, '*C solid state nuzlear magnetic resonance spectrum, the FT
near infrared spectrum and the FT mid infrared spectrum which appear in FIGS.
1, 4, 6 and 8, respectively. The angular positions (two theta) of the characteristic
peaks in the powder X-ray diffraction pattern of substantially pure Form | shown
in FIG. 1 are 3.33° £ 0.1°,6.76° £ 0.1°, 8.33° £ 0.1°, 14.61° £ 0.1°, 16.33° + 0.1°,
16.76° £ 0.1°, 17.03° £ 0.1°, 18.02° £ 0.1°, 18.62° £ 0.1°, 19.47° £ 0.1°,
19.86° £ 0.1°, 20.25° £+ 0.1°, 21.46° £ 0.1°, 23.4€° £ 0.1° ancd 24.36° £ 0.1°.

Anotner process for the preparation of ritonavir is disclosed in U.S. Patent
No. 5.567,823, issued October 22, 199G. The process disclosed in this patent
aiso producas ritonavir as crystalline Form |

Pharmaceutical compositions comprising ritonavir or a pharmaceutically
acceptabie salt thereof are aisclosed in U.S. Patent Nos. 5,541,206, issued Julv
30, 1996; 5,484,801, issued January 15, 1996 5,725,878, issued March 19,
1998; and 5,559,158, issued September 24, 1996 and in Internaticnal Applination
No. WO98/22106, published iMay 28, 1928 (corresponding to U.S. Serial No.
08/966,495, filed November 7, 1997).

The use of ritonavir to inkibit an HIV infection is disclosed ir. U.S. Fatent
No. 5,541,208, issued July 30, 1996. The use of ritonavir in combination with one
ot more reverse transcriptase inhibitors to inhibit an HIV infection is disclosed in
J.S. Patent No. 5,635,523, issued June 3, 1997. The use of ritonavir in
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combination with one or more HIV protease inhibitors to inhibit an HIV infection is
disclosed in U.S.'Patent No. 5,674,882, issued October 7, 1997. The use cf
ritonavir to inhibit cytochrome P450 monooxygenase and to enhance the
pharmacokinetics of compounds metabolized by cytochrome P4350
monooxygenase is disclosed in WO97/01349, published January 16, 1997
(corresponding to U.S. Serial No. 08/687,774, filed June 26, 1996).

it has now been unexpectedly ciscovered that ritonavir can bn pregared as
a new crystalline polymorph which is termed crystalline Form Il

All pun'ications, issued patents and patent appiications cited herein are

hereby incorporated by reference.

Brief Description of the Drawings

FiG. 1is the powder X-ray diffraction pattern of the substantially pure Form |
crystalline polymorph of ritonavir. o

Fi3 2 is the powder X-ray diffraction pattern of ti~e substantially puie Form |I
crystalline polymorph of ritonavir.

FIG. 3 is the powder X-ray diffraction pattern of substantially pure amorphous
ritonavir.

FIG. 4 is the 400 MHz solid state 3¢ nuclear magnetic resonance spectrum of
the substantially pure Form ! crystalline polymorgh of ritonavir.

FIG. 5 is tne 400 MHz solid state 3¢ nuclear magnetic resonance spectrum of
the substantially pure Form Il crystalline polymorph of ritonavir.

FIG. 6 is the FT near infrared spectrum of the suhstantlaliy pure Form | crystalline
polymorph of ritonavir.

FIG. 7 is the FT neav infrared spectrum of the substantially pure Form il
crystalline polymorp:1 of ritonavir.

FIG. 8 is ihe FT mid infrared spectrum of the substantially pure Form | crystalline

polymorph of nton.avir.
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FIG. 9 is the FT mid infrared spectrum of the substantially purc Form il crystalline
polymorph of ritonavir.
FIG. 10 is the different’al scanning calorimetric therimogran for substantially pure

amorphous ritonavir.

Disclosure of the Invention

In accordance with the present inventior., there is a novel su_bstantiauy
pure crystalline polymorph of (2S,3S,5S)-5-(N-(N-((N-methyl-N-((2-isopropyl-4-
thiazo'yl)methyl)amino)carbonyl)-L-vaiinyl)amino}-2-(N-((5-thiazolyl)-
methoxycarbonyl)amino)-1,6-diphenyl-3-hydroxvhexane (ritonavir). For the sake
of ideniification, this crystalline polymorph is designated as the Form |l crystalline
polymorph of ritonavir.

Substantially pure Form Il has the powder A-ray diffraction pattern, ve
solic¢ state nuclear magnetic resonance spectrum, the FT near infrared specirum
and the FT mid infrared scectrum which appear in FIGS. 2. 5, 7 and 9.
respectively. The two-theta angle positicns of characteristic peaks in the powder
X-ray diffraction pattern of substantizily pure Form Il as shown in FIG. 2 are:
867°+0.1°.9.88 +0.1°,16.11°+0 7" 1670 £ (.1, 17.30" £ 0.1°
17.78°+0.1°, 18.40° £ 0.1°,18E63° = C 17 2007°+ 0.1° 2065° £ 0.1°,
21.71°£0.1°and 25.38° £ 0.1°.

More preferably, substantiallv pure Form | is characizrized by peaks in the
powder X-ray diffraction pattern heving two-theta angl< positions as shown in
FIG 2 of:
867°+0.1°,9.51°+£0.1°,9.88°+0.1°, 10587 + 5 1°. 13 72° £ 0.1°,
16.11° £0.1°, 16.70° £ 0.1°,17.36° £ 0.1°, 17 72° £ 5.1°, 18.40° £ 0.1°,
18.62° +(0.1°, 19.52° £ 0.1°, 19.80° + 0 1°, 20.07° £ 0.1, 20.65° £ 0.7°,
2149°+£0.1°, 21.79°£0.1°,22.23°+ ¢ ", 222272 0% 22152 0.1 and
2862°+0.1°.
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The subs:zntially pure Form (I crystalline polymorph of ritonavir can be
prepared from amorphous ritonavir by contacting amorphous ritonavir with a
C1-C3 alcohol. The method of contacting may be either by saturating the
amorphous compo'und in the solvent at ambient temperature and then allowing
the mixture 1o stand for an extended period of time (for example, overnight) or by
dissolving the amorphous compound in the solvent at elevated temperature,
preferably, at reflux, followed by cooling the solution to room temperature and
isolating Form 1l

In one embodiment of the process, the substaatially pure Form Il
crystalline polymorph of ritonavir can be prepared from amorphious ritonavir by
preparing a saturated solution of amorphous ritonavir in a C1-C3 alcohol at room
temperature and isolating Form Il which results. In practice this can be
accomplished by dissolving a sufficient amount of amorphous ritonavir in the
C1-C3 alcohol at elevated temperature (up to reflux) such that when the solution
is allowed to cool to room temperature a saturated solution is obtained, from
which Foirmi | precipitates and can be isolated. A preferred solvent {or the
preparation of Form Il is anhydrous ethanol. lsaiation of tha resulting solid
srovides Ferm L.

Substantially pure amorphous ritonavir is prepared from the Form |
crystalline polymorph of ritanavir by raelting Form | ritonavir and rapidly cooling
‘e melt. Isolation of the resulting solid provides amorphous ritonavir.

Substantially pure amorphous iitonavir can also be prepared by slowly
adding a solution of ritonavir form | in a suitable solvent (methylene chloride and
the like; preferably, methylene chloride) at a concentration of, preferably, aoout1
q ¢ ritonavir per about 1.5-2.0 mL of solvent (preferabiy, about 1 g of ritonavir/
about 1.5 mL of methylene chloride) to an anti-solvent (for example, hexane or

nepiane and the like; preferably, hexane) at a concentration of about 60-110 mL
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of antisolvent/ g of ritonavir; preferably, about 85-90 mL of hexane/ g of ritonavir,
folicwed by isolation (for example, by filtration) of the resulting solid.

Similarly, substantially pure amorphous ritonavir can also be prepared by
slowly adding a solution of ritonavir Form ! in a suitable solvent such as methanol
or the like at a concentration of, preferably, about 1 g of ritonavir per about 1.5-
2.0 mL of solvent (preferably, about 1 g of ritonavir/ about 1.5 mL of methanol) to
an anti-sclvent such as methyl t-butyl ether (MTBE) or the like at a concentration
of about 60-150 mL of antisolvent/ g of ritonavir, preferably, about 9C-110 mL of
MTBE/ g »f ritonavir and, most preferably, about 100 mL of MTBE/ g of ritonavir,
followed by isolation (for example, by filtration) cf the resulting solid.

Suostantially pure amorphous ritonavir can also be prepared by slowly
adding a solution of ritonavir Form | in a suitable solvent (for example, methanol
and the like; preferably, methanol) at a concentration of about 1 g of ritonavir per
about 1.5-2.0 mL of solvent (preferably, about 1 g of ritonavir/ about 1.6 mL of
methanol) to water at about 0°C at @ concentration of about 400-500 mL of water/
a of ritonavir (preferably, about 400 mL of water/ g of ritonavir), followed by
isolation (for example, by filtration) and drying of the resulting solic.

Substantially pure amorphous riionavir can also be prepared by
lyophilization cf a solution of ritonavir Form |. Preferred solvents are C1-C6
alcohols. A more preferred solvent is isobutanoi. |

Alternatively, in a preferred process, substantially pure Form Il can be
prepared by seeding a solution of ritonavir Form | ir @ suitable solvent
(preferat!y, a C1-C3 alcohol; most preferably, ethanol} with undissolved
(2S)-N-((1S)-1-Benzyl-2-((4S,5S)-4-benzyl-2-oxo-1,3-oxazolidin-5-yl)ethyl)-2-
[(((2-1sopropyl-1,3-thiazol-4-yl)methyl)amino)-carbonyl)amino)-3-
methylbutanamide. In a preferred method, ritonavir Form | is dissoived in ethanol
(preferabiy, 200 proof ethanol) at a cencentration of from about 150 g/ L to about

200 g/ L, preferably, about 160 g/ L. To the solution is added seed crystals of

.
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(2S)-N-(115)-1-Benzyl-2-((4S,5S)-4-benzyl-2-oxo-1,3-oxazolidin-5-yl)ethyl)-2-
((((2-isopropyl-1,3-thiazol-4-yl)methyl)amino)carbonyl)-amino)-3- )
methylbutanamide in the amount of from about 0.02 g to about 0.10 g bf seed
crystais/ g or ritonavir. The amount of seed crystals added is such that it exceeds
the saturation amount in the solvent being used so that there are undissolved
seed crystals present in the ritonavir solution. The mixture is allowed to stand at
a temperaiure of from about 0° C to about 15° C (preferably, about 5° C) {or from
about 12 hours to about 48 hours (preferably, about 24 hours). The resulling
crystalline ritonavir Form Il is isolated by filtration. '

In yet another preferred alternative method, substantially pure Form Il can
be prepared by recrystallization of Form | or mixwres of Form | and Form Il from
a solution in 2 suitable solvent (for cxample, ethyl acetate or isopropyl a2cetate or
chloroform and the like other solvents with like dielectric constant; preferably,
ethyl acetate), with seeding with Form |l crystals, followed by addition of an anii-
solvent ffor example, ieptane, hexane, icluene, petroleum ether and the like
other anti-solvents with like dielectric constant; preferably, heptane). The amount
of seed crystals added is such that it exceeds the saturation amount in the
solvent oeing used so that there are undissolved seed ciysiais present in the
ritonavir solution. In a preferred method, ritonavir (Form | or a mixture of Form |
ard Form ll) is dissolved in ethyl acetate (from about 4.0 L to about 6.0 L/kg of
ritonavin) with heating (at from about 65°C to about 70°C). The solution is slowly
cooled to from about 55°C to about 50°C, preferably about 52°C. Seed crystals
of ritonavir Form il (from about 0.5 g of Form Il seed crystals/kg of ritonavir to
about 10.0 g of Form |l seed crystals/kg of ritonavir, preferably about 1.25 g of
Form Il seed crystals/kq of ritonavir) are aaded and the mixture (s stirrec for
about 1 hour at-a temperature of from about 55°C to about 50°C, prefeiabiy about
52°C. The amount of seed crystals adced is such that it exceeds the saturation

amount in the solvent being used so that there are undissolved seed crystals
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present in the ritonavir solution. Heptane (from about 1.6 L/kg of ritonavir to
abeut 4.0 L/kg of ritoravir; preferably, about 2.6 L/kg of ritonavir) is added with
mixing and the mixture is allowad to slowly cool to about 25°C and is then stirred
for at least 12 hours at about 25°C. Tre product is isolated by
filtration/centrifugation and is dried under vacuum with heating. On 3
manufacturing scéle (300-400 kg batches), it has been observed tha isolation by
filtratiori/centrifugation is considerably faster for Form Il than for the
corresponding amount of form | (16 hours versus 24-30 hours).

It has also been found thzt Form Il or mixtures of Form Il and Form | can
be converted to substantially pure Form | by dissolving the Form Il or mixture of
Form Il and Form | in a suitable solvent (for example, ethyl acetate or isopropyl
acetate and the like, preferably, ethyl acetate) at a concentration of about 1 kg of
ritoravir/4 L of solvent (preferably, ethyl acetate) with heating. The hot solution of
ritonavir is slowly added (preferably, through a filter) to a slurry of seed crystals
of ritonavir Form | (from about 0.5% to about 10% by weight relative to amount of
ritonavir Form i o1 mixiure of Form Il and Form |- preferably, trom about 0.5% to
about 5% by weight and, most preferably, from about 0.5% to about 1% by
weight) in an anti-solvent (for example, heptane or hexane and the like;
preferably, heptane) at a conceniration of about 1 kg of ritonavir (Form il or
mixture of Form Il and Form 1) per about 4-8 L of antisolvent (preferably, about 1
kg of ritonavir (Form [l or mixture of ~orm Il and Form [}/ about 4 L of heptane).
The mixture is coolec to about 20°C and stirred for at least 3 hours. Isolation (fer

example, by filtration) and drying of the resulting solid prevides ritonavir Form |,

The following examples wil! serve to furih2r illustrate the preparation of the

novel forms of ritonavir of the invention and the conversion of Form i to Form 1.
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Example 1
Preparation of Amorphous Ritonavir

Form | crystalline polymerph of ritonavi- (100 g) was melted at 125°C by
heating Form |. The melt was maintained at a temperature of 125°C for 3 hours.
The melt was rapidly cooled by placing the container holding the mélt into a
Dewar flask containing liquid nitrogen. The resulting glass was ground with a
mortar and pestle to previde 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).

Example 2

Preparation of Crystalline Ritqnavir (Form [I)

Arorphous ritonavir (40.0 g) was dissoived in boiling anhydrous ethanol
(100 mL). Upon allowing this solution to coo! to room temperature, a saturated
sclution vras obtained. After standing overnight at rcom temperature, tne
resulting sclid was isolated from the mixt_dre by filtration and was air dried to

p.ovide Form ii (approximately 24.G g).

Example 3
Preparation of (25)-N-((1S8}-1-Benzyl-2-((4S ,58)-4-benzyi-2-oxo-1,3-oxazolidin-5-

ylethyl)-2-(({(2-isoprepyl-1,3-thiazol-4-yl)methyljamino)carbonyllamino)-3-

metnylbutanamide
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Example 3a
Preparation of (45.55)-5-((2S5)-2-t-butyloxycarsonylamino-3-phenylpropyl)-4-

banzyl-1,.3-oxazolidin-2-one

(23.3S.5S)-2-Amino-3-hydroxy-5-t-butyloxycarbonylamino-1,6-

diphenylhexans succinate salt (30 g, 63 mmol; U S. Patent No. 5,654 ,466),

((5-thiazolyl)methyl)-(4-nitrophenyl)carbonate hyclrocnior_ide (22.2 g; U.S. Patent

No. 5,597.926) and sodium bicarbonate (16.2 g) ware mixed with 300mL of water

and 300 mL of ethyl acetate and the mixture was stirred at room temperature for

about 3C minutes. Thz organic layer was then separated and heated at about B
( 60°C for 12 hours, and then stirred at 20-25°C for 6 hours. 3 mL of ammonium -~

hydroxide (289% ammonia in water) was added and the mixture stirred for 1.5 R

hours. The resulting mixture was washed with 4 x 200 mL of 10% aqueous

potassium carbonate and the organic iayer was separated and evaporated unde,

vacuum to provide an oil. The oil was suspended in about 250 mL of heptane.

The neptane was evapcrated under vacuuim to provide a yeliow sali. The yeliow

solid was dissolved in 300 mL of THF and 25 mL of 10% aqueous sodium k

hydroxide was added. After stirnng for about 3 hours, the mixture was adjusted

to pH 7 hy addition of 4N HCI (about 16 ml.). The THF was evaporated under

vacuum to leave an aqueous residue, to which was added 300 mL of distillec

water. After stiriing this mixture, a fine suspensisn of solids resulted. - The ‘solid

was coliected by filtraticn and the filtered solid was washed with water (1400 mL)

In several portions, resulting in the desired prod.ict.

Examole 3b

Preparation of (4S,5S)-5-((2S)-2-amino-3-phenylpropyl)-

4-benzyl-1,3-oxazolidin-2-one

The crude, wet product of Example 3a was slurried in TN HCI (192 mL)

’ 8nc the slurry was heated to 70°C with ctirring. After 1 hour, THF (100 mL) was

10
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added and stirring at 65°C was conﬁnued for 4 hours. The mixture was then
allowed to cool to 2C-25°C and was stirred overnight at 20-25°C. The THF was
removed by evaporation under vacuum and the resulting aqueous solution was
cooled to about 5°C, causing soine precipitation tc occur. The agqueous mixture
was adjusted to pH 7 by addition of 50% aqueous sodium hydroxide (about 18.3
g). The resulting mixture was extracted with ethyl acetate (2 x 100 mL) at ahout
15°C. The combined organic extracts were washed with 100 mL of 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 hoi
mixture was then filtered through a bed of diatomaceous earth and the filter pad
was washed with ethyl acetate (10C mL). The filtrate was evaporated under

- vacuum to provide an oil. The oil was redissolved in methylene chloride (300 mL)
and the solvent was evaporated under vacuum. The resulting oil was dried at
room temperature under vacuum to provide the desired product (18.4 g)asa

glassy syrup.

Exa'rngieg:_
Preparation of (2S)-N-((1 S)-1-Benzvl-2-((4S.55)-4-benzyl-2-oxo-1,3-oxazolidin-5-
ylhethyl)-2-((((2-isopropyl-1.3-thiazol-4-yl\methyl)amino)carbenyhamino)-3-

meathylbutanamide

N-((N-Methyl-Ni (2-isopropyl-4-thiazolyl)methyl)araino)carbonyl)-L-valine
(10.6 g, 33.9 mmoi; U.S. Patent No. 5,539,122 and International Patent
Application No. WO98/00410), the product of Example 3b (10.0 g, 32.2 mmol)
and 1-hydroxybenzotriazole (5.2 g, 54 mmcl) were dissolved in THF (200 mL).
1,3-dicylcohexylcarbodiimide (DCC, 7.0 g, 3¢ mmol) was then added to the THF
mixture and the mixture was stirred at 22°C for 4 hours. Citric acid (25 mL of

10% aqueous solutior) was added and stirring continued for 30 minutes. The

i1
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THF was then evaporated under vacuum. The residue was dissolved in ethyl
acetate (250 mL) and washed with 10% citric acid solution (175 mL). NaZCl (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 !ayer 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 mixturc 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 niL ethyl aceta tel1’00 mL heptane. The small amount of undissolved solid
was removed by tiltration. The filtrate was evaporated under vacuum and the
residue was dissolved in a mixture of 106C 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 (o sit at --15°C for z4 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 sclid (16.4 g)

"H NMR (DMSO-dg) & 7.84 (1H, doublet J=3.6), 7.71 (1H, singlet), 7.32-7.11

(11H, multipler), 6.09 (1H, doub'et J=8.5), 4 51 (1H AB J=16.2), 4.43 (1H AB

J=16 2), 4.22 (1H, muitiplet), 4.07 (1H. multiplet), 3.96 (1H, dcublet of doublet
J=7.3.7.4), 3.65 (1H, multiplet), 3.23 (1H, septuplet J=6.9), 2.89 (3H, singlet),
2.84-2 A0 {4H, multiplet), 1.94 (1H, muitiplet), 1.76-1.49 (2H, multipiet), 1.30 6.
doublet J=6.9), 0.80 (3H, doublet J=5.8), 0.77 (3H, doublet J=5.8)

12
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3¢ NMR (DMSO-dg) 6 177.2, 171.5, 157.6, 157.5, 152.8, 138.3, 136.5, 129.5,

129.2, 128.2, 128.0, 126.4, 126.0, 114.0, 77.2, 59.9, 57.6, 48.2, 46.2, 404, 40.1,
39.1, 34.5,32.4,30.3,22.8,22.8,19.4, 18.3.

Example 4
Preparation of Crystzalline Ritonavir (Ferm 1)

To a solution of 1.595 g of ritonavir Form in 10 mL of 200 proof ethanol
was added an amount of the product of Examplze 2¢ (approximately 50
micrograms) such that all of the added amount of the product of Example 3c did
not dissolve. This mixture was allowed to stand at about 5°C for 24 hours. The
resulting crystals were isolated by filtration through 3.45 micron nylon filter and air

dried to provide ritonavir Form IL.

Example 5
Alternative Preparation of Ciystalline Ritonavir (Form [l)

Eihy! acstaie (5.0 Likg of ritonavir) was aaded 1o ntonavir (Form 1 or 2
mixture of Eorm | and Form Il) in a reaction vessel. The mixture was stirred and
heated to 70°C until all solids were dissolved. The solution was fiitered {tilizing
a centrifuge pump and 5X20 inch cartridge filters havina a porosity of 1.2
e microns) and the filtrate was allowed to cool to 52°C at a rate of 2-10°C/hour. 1o
this solution was added an amount of ritonavir Form Il seed crystals (about 1.25 g
of Form Il seed crystals/kg of ritonavit) such that all of the seed ciystals did not
dissolve and the mixture was stirred at 52¢C for not less than 1 hour ai an
agitation rate of iﬁ RPM. The mixture was then allowed to cool to 40°C at a raie
of 10°C’hour. Heptane (2.8 Likg of ritonavir) was added at a rate of 7L/minute
with mixing. The mixture was allowed to cool to 25°C at a rate of 10°C/hou with

mixing. Then the mixture was stirred for not less than 12 hours at 25°C. The

13
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produst was isolatad by filtration using a Heinkel ype centrifuge (run time
approximately 16 hours). The product was dried at 55°C under vacuum (50 mm

Hg) for 16-25 hours to provide ritcnavir crystal Form Il.

Example 6

Preparation of Amorphous Ritonavir

Ritonavir Form | (40 g) was dissolved in methylene chloride (60 mL). This
solution was slowly added over 15 minutes to a round boticm flask equipped wiih
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 previde amorphous ritonavir (40 q).

Example 7

Preparation ot Amorphous Ritonavir

Ritonavir Form | (5 g) was dissolved in methanol (8 mL). This solution was
slowly added to a round bottom flask equipped with an overhead stirrer and
containi.ng di:r;tilled water (2 L), while maintaining the internal iemp=rature near

°C. The resulting solid was filtered to give a sticky solid which was dried in a

vasuum oven at 20-25°C for 12-18 hours to give amorphous ritonavir (2.5 g).

Example 8

Preparation of Ritonavir Form |

Ritona sir Form Il {1 kg) was added to a reactor (A), followed by the -
addition of ethvl acetate (4 L). This mixture was refluxed until all of the solids

were dissolved.

14
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To a separate reactor (B) was added an amount of seed crystals of
ritonavir Form | (5 @), followed by the addition of heptane (4 L), such that all of the
seed crystals did not dissolve. This mixture (a slurry) was stirred at 23°C 15°C.

~ The hot solution from reactor A was slowly filtered, using a 0.2 micron filter
cartridge, into the mixture in reactor B over not less than 2 hours. The resulting
slurry in reactor B was cooled to 20°C and stirred for not less thar. 3 hours. The
resulting slurry was filtered, the filtered solid washed with heptane and then dried

in a vacuum oven at 65°C to provide ritonavir Form L

A preferred pharmaceutical composition comprising ritonavir, especially,
ritonavir Form 11, has the following composition, encapsulated in a soft elastic

gelatin capsule.

Ritonavir Form Il 100.0 mg

Ethanol dehydrated 120.0 mg _
Oleic acid 709.75 mg

Butylaied hydroxytoluene 0.25 mg

Polyoxyl 35 castor oil 60.0 mg

(Cremophor EL®)

Water 10.0 mg

The preierrzd composition can be prepared according to the following

method.



i

WO 00/04016

PCT/US99/16334

The following protocol is employed in the preparation of 1000 soft gelatin

capsules:

Scale Amount

{mgl/capsule) Name (a)

Q.S. Nitrogen, N.F. Q.S.

118.0 Ethanol, 118.0 '
dehydrated, USP, 200 Proof

2.0 Ethanol, 20
dehydrated, USP, 200 Proof

0.28 Butylated Hydroxytoluene, NF 0.25

704.75 Oleic Acid, NF 704.75

100.0 Ritonavir Form Il 100.0

10.0 Water, purified, USP (distilled) 10.0

60.0 Polyoxyl 35 Castor Oil, NF 60.0

£.000 Oleic Acid, NF 5.000

A mixing tank and suitable container are purged with nitrogen. 11€.0 g of

ethanol is weighed, blarksated witn nitrogen, and held for later use. The sezond

aliquot of ethanol (2 g) is then weighec, and mixed with 0.25 g of butylated

hydroxytoluene until clear. The mixwrs is hlanketad with nitrogen and heid. The

main mixing tank is heated to 26 °C (not io exceed 30 °C). 704 75 g of oleic acid

is then charged into the mixing tanx. 100.0 g of ritonavir Form li is then added to

(he oleic acid with mixing. The ethanoi/butylated hydroxytoluens is then added to

the mixing tank, followed by the 118.0 g of ethanol measured previously, and

mixed for at least 10 minutes. 10 g of water is then charged into the tank and

mixed until the solution is clear (for rot less than 30 minutes). 60.0 g of Polyoxyl

35 castor oi! is charged into the tank and mixea until uniform. The solution is

stored at 2-8 °C until encapsulation. According to the nrocedures described in

16
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International Patent Application WO98/22106. 1.0 g of the solution is filled into
each soft gelatin capsule and the coft gelatin capsules are then dried, and stored

a1 2-8 °C.

As used herein, the term «substantially pure”, when used in reference to a
polymorph of ritonavir, refers to a polymorph of ritcnavir, Form | or Ferm I, which
is greater than ahout 90% pure. This means that the polymiorph of ritonavir does
not contain more than about 10% cf any other compound and, in particular, does
not contain more than about 10% of any other form of ritonavir. More nreferably,
the term “substantially pure” refers to 2 polymorph of ritonavir, Form | or Form Il
which is greater than about 95% pure. This means that the polymorph of ritonavir
does not contain more than about 5% of any other compound and, ir: particular,
does not contain more than about 5% of any other form of ritonavir. Even more
preferably, the term “substantially pure” refers to a polymorph of ritonavir, Form |
or Form II, which is greater than about 97% pure This mieans that the polyracrph
of ritonavir does not contain more than about 3% of any other compound and, in
particu'=r, Joes not contain more than about 3% of any other form of rilonavir.

As used herein, the term “substantially pure”, when used in reference 10
amorohous ri‘onavir, refers ¢ amorphous ritonavir which is greater than abeut
90% pure. This means that the amoarphous ritonavir does not contain more than
aocut 10% of any other compound and, in particular, does not coriain mere than
about 10% oi any other form of ritonavir. More preferably, the term “substantially
pure”, when used in reference to amarphous ftonavir, refers to amorphous
ritonavir which is greater than about 95% pure. This means that the znuuuphoua
ritor.avir does not contain more than about 5% of any other compound and, in
particular, 30es not contain more than about 5% of any other form of tior AT

Even mere preferably, the term “substantially pure”, when used in reference (o

17



WQ 0u/04016 PCT/USY9/16334

amorphous ritonavir, refers to amorphous ritonavir which is greaier than abouit
97% pure. This means that th2 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.

Powder X-ray diffraction analysis of samples was conducted in the
following manner. Samples for X-ray diffraction analysis were prepar-ed by
soreading the sample powder (with no prior grinding required) in a thin laver on
the samgle holder and gently flattening the sampl= with a microscope slide.

A Nicolet 12/V X-ray Diffraction System was used with the fcllowing parameters:
X-ray source: Cu-Ka'; Range: 2.00-40.00° Two Theta; Scan Rate: 1.00
degree/minute; Step Size: 0.02 degrees; Wavelength: 1540562 angstroms.

Characteristic‘powder X-ray diffraction pattern peak positions are reported
for polymorphs in tefms of the angular positions (two theta) with an allowable
variability of £ 0.1°. This allowable variability is specified by the U.S.
Pharmacopeia, pages 1643-1844 (1995). The variability of £0.1° is intended to
be used ‘when comparing two powder X-ray diffraction patterns. In.raci<e ifa
diffraction pattern peak from one pattern is assigned a range of angular positions
(two theta) which is the measurad peak position + 0.1° and a diffraction patiern
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 ~onsidered to have the same angular positicn
(two theta). For example, if a diffraction pattern peak from one patiern IS
determined to have a peak position of 5.20°, for comparison purposes the
allowable variability allows the peak tc be assigned a positioi in (ae range of
5.10° - 5.3C°. If a comparison peak from the other diffractior vattern s

determined to have a peak position of 5.35°. for comparison purposes the

18
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allowable variability allows the peak to be assigned a position in the range of
5.25° — 5.45°. Because there is overlap between the two ranges of peak

positions (i.e., 5.10" - 5.30° and 5.25° — 5.45°) the two peaks being compared are

considered to have tha 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 °C was 100.627952576 MHz; pulse sequence was
cp2lev; contact time was 2.5 milliseconds; temperature was 27.0 °C; spin rate
was 7000 Hz; relexation delay was 6.0C0 sec; 1* pulse width was 3.8
microsaconds; 2™ puise width was £.€ microseccnds; acquisition time was 0.034
seconds; sweep width was 30303.0 Hz; 2000 scans.

FT near infrared analysis of samp'es was conducted in the following
manner. Samples were analyzed as neat, undiluted powders contained in a
ciear glass 1 dram vial. A Nicolet Magna System 750 FT-IR spectrometer with a
Nicolet SablR near infrared fiber op.ic probé 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 0.31€5; the aperttre was 50.00; sample gair was 1.0; the high pass
filter was 200.0000; the low pass filter was 11000.0000; the number of sample
scans was 64; the collection lenath was 75.9 seconds; the resolution was 8.000:
the number of scan points was 8480, the riumber of FIFT points was 8192 the
laser frequercy was 15798.0 cm -1; the interferogram peak positicn was 4096:
the apodization was Happ-Genzel, the number of background scans was 64 and
the background gaia was 1.0. _

FT mid infrared analysis of samples was conducted in the following
manner. Samples were analyzed as nzat, undiluted povsders. A Nicolet Magna

System 750 FT-IR spectrometer with a Spectra-Tech InspectIR video

18
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micrcaralysis 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 *.0; the high pass filter was 200.0000; the low pass filter was
200C0.0000: the number of sample scans was 128: the collection iength was 79.9
seconds: the resolution was 4.000; 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 4096G: the apodization was triangular; the

number of background scans was 128 and the background gain was 1.0.

Differential scanning calorimetric analysis of samp'es was conducted in
the following manner. £ T.A. Instruments Thermal Analyzer 3100 with Differential
Scanning Calorimetry module 2910 was used, along with Modulated DSC
coftware version 1.1A. The analysic narameters weie! Sample weight: 2.28 mg,
placed in a covered, uncrimped aiuminum pan, Heating rate: room temperature
to 150°C at 5°C/minute under a nitrogen purge.

The foregoing is merely illustrative of the invention and is not intended to
fimit the inver.tion to the disclcsed embodirnents. Veriatiors and changes which
are obvinus to one skilled in th= art are inteniced to be within the scope and

nature of tne invention which are defined in the appended claims.
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1. A process for nrenaring a charmaceuticai composition ccmprising ritonavir,
said process comprising:

adding Form Il crystalline ritonavir to a receptacle; and

convertirg said ritonavir and additional ingredients in said receptacle to said
pharmaceutical composition.

2. The process according to ciaim 1, wherein caid receptacle is a mixing tank.

3. The process according to claim 1, further comprising adding said additional
ingredients to said receptacle.

4. The process according to claim 1, wherein said converting comprises mixing
ritonavir and said additional ingredients in said receptacle.

5. The process according to claim 1, wherein said pharmaceutical composition is
a solution.

6. The process according to claim 1, wherein said Form [l crystalline ritonavir
has « haracteristic peaks in thie powder X-ray diffraction pattern at values of two theta of
8.67° +0.1°, 9.88° + 0.1°, 16.11° = 0.1°,16.79° £ 0.1°, 17.36° £ 0.1°, 17.78° = 0.17,
18.40° £0.1°, 18.93° £ 0.7°, 20.07° £ 0.1°, 20.65° = 0.1°, 21.71° £ 0.1°and 25.38° = 0.1°.

7. The process according to claim 1, wherein said Form Il crys.ailine ritunavir has
characteristic peéks in the powder X-ray diffraction pattern at values of two theta of 8.67° £ 0.1°,
9.51° £0.1°,9.88° £ 0.1°, 10.97° £ 0.1°, 13.74° £ 0.1°, 16.11° £ 0.1°, 16.70° £ 0.:°, 17.36° = 0.1°,
17.78° £0.1°, 18.40° £ 0.1°, 18.93° £ 0 1°, 19.52° + 0.1°, 19.80° + 0.%°. 20.07° + 0.1°, 20.65° +
0.1%,21.49° £ C.1°, 21.71° £ 0.1°, 22.23° £ 0.1°, 25.38° + 0.1°, 26.15° + 0.1° and 28.62° + 0.1°.

8. The pharmaceutical composition prepared accoraing to the process of claim 1.

9. A process for preparing a pharmaceutical compaosition compris« «; filonavir,
said process comprising:

adding Form |l crystalline ritonavir to a receptacle; and

mixing ritonavir and additional ingredients in said receptacle.

N
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10. The pharmaceutical composition prepared according to claim 9.

11. A process for preparing a pharmaceutical ccmposition comprising ritonavir, said
pProcess comprising:

adding ritonavir comprising Form [l crystalline ritondvir to a receptacle; and

converting the added ritonavir and additional ingredients in said recentacle to saia
pharmaceutical composition.

12. The process according to claim 11, wherzin said receptacle is a2 mixing tank.

13. The process according to claim 11, further comprising adding said additional
ingredients to said receptacle.

14. The process according to claim 11, wherein said converting comprises
mixing ritonavir and said additional ingredients in said receptacle.

15. The process according to claim 11, wherein said Form Il crystalline ritonavir has
characteristic peaks in tne powder X-ray diifraction patiern at vaiues of two theta of 8.67° = 0.1°,
9.88° £0.7°, 16.11° £ 0.71°, 16.70” £ 0.1°, (7.36° £ 0.1°, 17.78° £ 0.1°, 18.40° + 0.1*, 18.93° + 0.1",
20.07° +0.1°, 20.65° + 0.1°, 21.71° + 0.1°and 25.38° = 0.1°.

16. The process according to claim 11, wherein said Form Il crystalline ritonavir has
cheracteristic peaks in the powcer X-ray diifiaction pattern at values of two theta of 8.67° + (0.1°,
9.51° £ 0.1°, 9.886° £ 0.1°, 10.97° £ 0.1°, 13.74° £ 0.1°, 16.11° £ 0.1°, 16.70° + 0.1°, 17.36° = 0.1°,
17.78° £ 0.1°, 18.40° £ 0.1°, 18.93° £ 0.1°, 19.52° £ 0.1°, 19.80° £ 0.1°, 20.07° £ 0.1°, 20.65° =
0.1°, 27.49° £ 0.1°, 21.71° £ 0.1, 22.23° + 0.1°, 25.38° + 0.1°, 26.15° + 0.1° and 22.62° £ 0.15.

17. The pharmaceutical composition prepared according to the process of clain 11,

18. A preccess for preparing a pharm.aceutical composition comprising ritonavir,
said process comprising: =~ -

adding ritonavir comprising Form |l crystalline ritonavir to a receptacle; and

mixing ritonavir and additional ingredients in said receptacle.
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10. The pharmaceutical composition preparea according to claim 9.

11. A process for preparing a pharmeceutical composition comprising ritonavir, said
process comprising:

adding ritonavir comprising Form: [l crystalline ritondvir to a receptacle; and

converting the added ritonavir and additional ingredients in said receptacle to said

pharmaceutical compositior..
12. The process according to claim 11, wherzin said receptacle is a mixing tank.

13. The process according to claim 11, further comprising adding said additional

ingredients to said receptacle.

14. The process according to claim 11, wherein said converting comprises

mixing ritonavir and said aaditional ingredients in said receptacle.

15. The process according to ciaim i1, wierein said Form li crysiaiiine vitonavir hias
characteristic peaks in the powder X-ray diffraction pattern at values of two theta of 8.67° +0.1°,
9.88° + 0.1°, 16.11° = 0.1°, 15.70° + 0.1°, 17.36° £ 0.1°, 17.78° £ 0.1°, 18.40° = 0.1°, 18.93° £ 0.1°,
20.07° +6.1°, 20.65° +0.1°, 21.71° = 0.1°and 25.33" = 0.1°.

16. The process according tc claim 11, whergin said Form Il crystalline ritonavir has
characteristic peaks in the powder X-ray diffraction patiern at values of two theta of 8.67° = 0.1°,
9.51° £0.1°,9.88° £ 0.1°, 10.97° = J.1°, 13.74° £ 0.7°, 16.11° £ 0.1°, 16.70° £ 0.1°,17.36° £ 0.1°,
17.78° £0.1°, 18.40° £ 0.1°, 18.22> £ 0.1°, 19.532° £ 0.1, 19.8C° £ 0.1°, 20.07° £ 0.1°, 20.65°
0.1, 21.49° + 0.1°, 21 71° £ 0.1°, 22.23° + 0.1", 25.38° = 0.1°, 26.15° £ 0.1° and 28.62° +0.1°.

17. The pharmaceutica: compcsitior prepared accordirg to the process of claim 11.

18. A process fo._Dfepah-“g a pha: maceutical composition comprising ritonavir,
said process ccmprising: )

adding ritunavir compnising Form i crystaiiine ritonavir to a receptacle; and

mixing ritonavir and additior al ingredients in said receptacle.

L -



19. The pharmaceutical composition prepared according to claim 18.

20. A process for preparing a pharmaceutical composition comprising ritonavir,
said process comprising adding Form [l crystalline ritonavir to a reactor to produce said
pharmaceutical composition.
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Apstract:

POLYMORPH OF RITONAVIR

A new crystalline polymorph of ritonavir and methods for its use and preparation aie
disclosed. '
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