_; €3é~~s-nno<q: vg~r 6*sT~sox?15 JA N 2003 i e~Ane~ds n~a~~~n ronnoron on.

anar me~e~r ~osi Technical Field This invention relates to a novel

crystal line polynorph of (2S, 3S,5S)-5-(N ZQ;J
(N-((N-met hyl -N-((2-isopropyl -4-thiazolyl)nmethyl)am no)carbonyl) LvaI 9 )a
m no) - 2- (N- ((5-t hi azoi yl ) met hoxycar bonyl ) am no) - 1, 6- di phenyl - 3hydr oxyhexane
, methods for its preparation) nethods for its use as a pharna

agent and pharnaceuti cal conpositions conprising the noveI crymmm i“"’mmﬂl"”m
pol ynmorph. This invention also relates to an anor phou
(2S,3S,55)-5-(NN(N-((N-nmet hyl - N-((2-1sopropyl -4-thi azol yI)rrethyI)aﬁ?%%Scarb

onyl)-L-valinyl)am no)-2-(N((5-thiazol yl)nethoxycarbonyl)am y
| - 3- hydr oxyhexane and net hods for its preparation Background (m WHM @@m

| nvention Inhibitors of M@drgﬂm@pﬁamgﬂm@ |(H'V) protea

been approved for use in € Lreatnen intfectron for severaq °§/2ears

A particularly effective H'V protease inhibitor is
(2S,3S,59)-5-(N(N-((N-nmet hyl - N- ((2-1sopropyl 4-thi azol yl ) met hyl ) am no) car bo
nyl ) -L-valinyl)am no)-2-(N-((5-thiazolyl)nmethoxycarbonyl)am no)-1, 6-Bi pheny
| - 3- hydr oxyhexane (ritonavir), which is marketed as NORVIR. Ritonavir is
known to have utility for the inhibition of HV protease, the inhibition of
H V infection, the inhibition of cytochrome P450 nobnooxygenase and the
enhancenent of the pharnmacokinetics of conpounds 15 JAN 2003 which are
net abol i zed by cytochrome P450 npnooxygenase. Ritonavir is particularly

effectivE f.or, tl:ig i nh| b|ti on of HV infection when used alone or in

conbi nat nore reverse transcriptase inhibitors andlor one or
nore ot her H r

preparation a%a JN Eﬁé?t«# %n%agfgw%?ﬂoﬁé g@%&é@‘é}???%?%%’é uI y " 30,
1996. ThiNs( Pﬁﬁ\@ﬂiylm—ﬁ(@-ﬁep&);M-Gcthmwfmetml‘)apﬁmm nlrbdrtyﬁ)naw r whi ch produce
a crystalline poly tonavir whic crystalline Forml

Subst antY%{InWa‘anQ &&Mﬁ tmaéoiylmeﬁmw&arbmwrwnpﬂ &:@lﬁpbﬁnwa’h ern,' 3C

solid st E r |nfrared
spectr unﬁgﬁawéﬁ? ! ﬁf’egﬂg{i]# f"ér‘@i‘ﬂ%gg?{‘r %V\%tlhgﬁgf 'ﬂgsa‘f'g—el %Q IGS. 1, 4, 6 and
8, respeghamtdceutitatageiildnd ptitaiddedical éavapb&iabas compriBimgaRamaveeri stic
peaks in the powder X-ray_diffraction pattern of substantially pure Forml

shown i nciystalling pelymers hi inventiryalso elatey tgagzamompheus farmet. t 0.1

001 | Eeas e NN meti Ny (2-Sobidevt dyNazonditesvidgie) ang 2. 36 ¢
0.1. A“Qéﬂb%hglsz FS/1)aRiind)2e- &Qr(%@@ﬁna&b%n@thbkfr Bohyl)drgingi-g@.osed in U S.

Patent No. 5 823) ‘i ssued t ober 22 he process disclosed in
t hi s pat diphenyl-3- hydroxyhexane and methods for its preparation

Background of the Invention

Inhibitors of human immunodeficiency virus (HIV) protease have been
approved for use in the treatment of HIV infection for several years. A particularly
effective HIV protease inhibitor is (2S,3S,5S)-5-(N-(N-((N-methyl-N-((2-isopropyl-
4-thiazolyl)methyl)amino)carbonyl)-L-valinyl)amino)-2-(N-((5-thiazolyl)-
methoxycarbonyl)amino)-1,6-diphenyl-3-hydroxyhexane (ritonavir), which is
marketed as NORVIR®. Ritonavir is known to have utility for the inhibition of HIV
protease, the inhibition of HIV infection, the inhibition of cytochrome P450

monooxygenase and the enhancement of the pharmacokinetics of compounds
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_al so-produces ritonavir as crystalline FormI|. Pharnmaceutical 0
conprising ritonavir or a pharmaceutically acceptable salt theﬂ;?%g 2083
disclosed in U S. Patent Nos. 5,541, 206, issued July 30) 1996; 5, 484, 801,

i ssued January 16, 1996; 5,725,878, issued March 10, 1998; and 5, 559, 158,

| ssued Septenber24, 1996 and in International Application No. W98122106,
publ i shed May 28, 1998 (corresponding to U S. Serial No. 08/ 966,495, filed

Novenber : A4 i MRRRR | Vb pieat:ion i s

0 o1 oeed MR mefABoltagy B ol ELARRIE P4 MBRbAkiadtRsS! RildNE T o ° o
ritonavir pasticuiaby effective Yortthe antdbition b HiVriafeetior wheansswd glbasriimhi bi t ors
to inhibit an HV infection is disclosed in U S Patent No., 5,635,523,

i ssued Jusenmpinatiyy withrene gemere revessadianscrptase infibitorsianeier:ore RpMALEI on

with one qr re,H V. _prot inhibitors to inhibit an HV infection is
di scl osed%lﬂﬁgr&"g/ PB&PEH? "ﬁlﬁ& %r,s674, 882, issued Cctober 7, 1997. The use of

ritonavir to i nfitdhdvicAh@ phoiEBeS a0t PrRparAef A% disdigsé@ it BB P Atehbe
phar macoki neti cs of conpounds netabolized by cytochrone P450 nonooxygenase

i s di scl odal 5,64 W06, (sRied, Jubyi80j 9261 Thisupatentidiscloses ptanesses famdi ng t o

US. Serial No. 08/687,774, filed June 26,. 1996). | now been .

unexpect 13&’99%5'%%6%?%' Whigh é’P 5%5iWé&H‘"B@O@’BBM@@H%‘)’yM@'& $stal line
ol*ynor ph ' ' ' I | | i ssued

oy B B S aL Gl haPUl bagiaPEsey St

r ef er ence qifiidcbn [Batterh F“C%blﬂfsthf@nﬁléé\# REgnEtiCresbnafcé '@.Peé‘ﬁ’&ﬁ'x‘? thelFrray

diffraction pattern of the substantially pure Form1 crystalline pol ynorph

of ritonavidar iffréxedspectium apdube F TXmidinfdiréd spettram wisith @ppeaf int FIGS.
substanti al l)QZ\,I pure Form 1l crystalline polynorph of ritonavir. FIG 3 is

the powdert. & €agndiB; respactivalypdinecanguar B%B?%{Malthwqa@f thesghprgstaristic
L ona e innb el 300 R el U G S Pap SR e
ritonavir.n 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°, 23.46° £ 0.1° and 24.36° £ 0.1°.
Another process for the preparation of ritonavir is disclosed in U.S. Patent
No. 5,567,823, issued October 22, 1996. The process disclosed in this patent
also produces ritonavir as crystalline Form .
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 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 use of ritonavir to inhibit an HIV infection is disclosed in U.S. Patent
No. 5,541,206, issued July 30, 1996. The use of ritonavir in combination with one
or more reverse transcriptase inhibitors to inhibit an HIV infection is disclosed in
U.S. Patent No. 5,635,523, issued June 3, 1997. The use of ritonavir in
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_FLG 5 is the 400 MHz solid state ~3C nucl ear magnetic reso ce spectrum
© of the substantially pure Form Il crystalline polynorph of ﬁZOW{BG
6 is the FT near infrared Spectrum of the substantial l'y pure Forml
crystalline polynorph of ritonavir. FIG 7 is the FT near infrared spectrum
of the substantially pure Form 1l crystalline polynmorph of ritonavir. FIG
8is the FT md infrared spectrumof the substantially pure Forml
crystalline polynorph of ritonavir. 3 15 JAN 2003 FIG 9 is the FT md
infrared spectrum of the substantially pure Form Il crystalline polynorph

of ritorRAMPinatipEwithoone of H@TGH'Vé?*@ﬁaﬁﬁl'n@%‘?fﬁltﬁgn@ﬁlt@r"l"r’r’é‘f infectiondd nogr am
For S UoSAiBBilsBl LS BRI 8Sy4 b42N81da oPlcBe] 754087 Orybllid vent i on i

accordance w resent | nvent'r on I'S a ho ally pure

crystal litppanplty rmﬂmhc bch&)‘&\@SASS)méndd&y@Hnééélaﬁattbxelnhbhéé e sopr opyl -
t hi azol yl ) met hyl ) am no) car bonyl ) - L-val i nyl éﬁm no %&)5 t hi azol yl) rret hox
ycar bonypg)%nmmklﬁt@s@fﬁﬁmmgsmﬁﬁbﬁym eytoe ltOcm%lFﬂ For the sake of

cryst al | RRoBaY g1 G e BB TR Bt BT BBl nae 1 he
powder XdotisBohtiryabiLos, BREPNB, 088757914, ficH Airfe 261015%). magnet i c

resonance spectrum the FT near 1nfraréd spectrum and th "FT mid infrared

spect rum whi clt regspeaw been kin€pededly, dlgcmnede&thateﬂsqnmnn ol pe pibparedad het a
angl e positions of characteristic peaks in the powder X—ray di ffraction
patt er n BMeWiE/SiinePolymonph whighhs tered shsRine PRI 2 4 o:

8.67t0.1,9. 88 18.40 t
0.1, 18.93 t%@"}%"@%%s%d%’a‘“%&%% %’5"%‘;'6‘3%‘933;5‘1@?@ F‘S%i&gﬁ% 25.38 t
0.1 . Mohergbysheomoratedpybrefarahédl |y pure Form Il is characterized by peaks
in the powder X-ray diffraction pattern having two-theta angle positions as
shownlnFIGZOf867~01,951t01,988t01,1097t01,
13.74 t f0161 9h901670t01,1736t01,1778t01,
18.40 t B 0.1, 19.80t 0.1, 20.07t 0.1, 20.65

21 0.1 . RiG4919tHe Béwc?eﬂ )‘(Qa})difﬁaét?&rppéﬁé’rﬁ oithé sdb@ntalyOpdntord® 62 t 0.1 .
crystalline polymorph of ritonavir.
FIG. 2 is the powder X-ray diffraction pattern of the substantially pure Form Il
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 '*C nuclear magnetic resonance spectrum of
the substantially pure Form | crystalline polymorph of ritonavir.
FIG. 5 is the 400 MHz solid state '*C nuclear magnetic resonance spectrum of
the substantially pure Form 1l crystalline polymorph of ritonavir.
FIG. 6 is the FT near infrared spectrum of the substantially pure Form | crystaliine
polymorph of ritonavir.
FIG. 7 is the FT near infrared spectrum of the substantially pure Form 11
crystalline polymorph of ritonavir.
FIG. 8 is the FT mid infrared spectrum of the substantially pure Form | crystalline
polymorph of ritonavir.



“ritonavir can be prepared from anorphous ritonavir by contacti 2@@3
ritonavir with a Cl-C3 al cohol. The nmethod of contacting nay be elther
saturating the anorphous conpound in the solvent at anbient tenperature and
then allowing the mxture to stand for an extended period of tine (for
exanpl e, overnight) or by dissolving the anorphous conpound in the sol vent

2 el evauag, Lognes prn nRERIPEA N Y MELLbmntaly BURIFBIMILOLEaREe.

solution to room errpera UPE and 1 sol'atin n one e I ren

the pr ocqﬁgymbhgh slrshavit.i al |y pure Form I | crystalline pol ynor ph of
ritonavir_can be prepared from anorphous ritonavir by preparing a saturated
sol uti on IG.&bis ghe differentist soanning cala@imesicdhesnegram fovsubstantiailyauree and

i sol ati ng_ For whi ch results. In practice this can be acconplished by

di ssol vi %"Sépl?fuﬁ RORANT- amount of anor phous ritonavir in the Cl-C3 al cohol
at elevated tenperature (up to reflux) such that when the solution is
allowed to cool to roomtenperature a saturated solution is obtained, from
whi ch ForDiddlogpurecsfithiedheentiod can be i solated. A preferred solvent for the
preparation of Form !l is anhydrous ethangl. lsolation of the resulting

sol i d provides nﬁppﬁrdanceswﬁs%%megreny"w&naoan@ﬁpm@ r}qVﬁbﬁ'e\Qﬁt?”’i'%ﬂYpr epar ed

fn h | f
H tonavi P VaRR RO PR B Y e I e B BB R o
provi des twa:zrd»}rpnethw)émmyr:zrrboﬁyrl)s.wmtny@bhvn@pzqr\a«artpm@g, i t onavi r can

al so be prepared by s|lowy ad a solution of ritonavir Form1l in a

sui t abl e Rethaxycahosyhgmgrg- bﬁrcbphwleﬁnhvdmyheme frrtenewa)bllim thetsayeene

chl ori de) oncen ratio ref erabl about navr r. per
about 1. soBugRElER iRl e B R R deiBn ety g e PPl 1
mL of et Qy) }QB ﬁtrornggp,_ to an anti-solvent (for exanple, hexane or

hept ane aﬁdklﬁ?ep L preferably, hexane) at a concentration of about

60-110 nL 5 Susstéﬁnéﬂﬁ&ﬂa Rl thascthe @diwded dXotay diffaeion patiemf &bl y,
about 85-90 nL of hexanel g of ritonavir, followed by isolation (for

exanpl e) s@rhcf stiater amlear) magnemreremahcersgestrum th&iFT heal injrasadspexcttiinl | y
pure am)rg $L€| [: to r can also b <5’b FEared tp/ %n% addci)ng a solution
rit ona9nd tpF Hmi "ﬂ rareg Jreqyiug WhicharPealdn S PadcANbP: the |ike at a
concentra{; Prekenah ok fofldhke: RD I mL of
d cﬂv%yy"rﬁ &8 %tagi’rg@léltp itn8lof’ch Q&%h%tr 6%151_ mg%ano

sol vent (prefera about onavir/ abou ) to

an anti - s¥lnagrdiffraatidn pattemdsfxdutistdmtajly petrd EorMIl lE)shmwrt imeFIG.Kearat a
concentrati on of about fi0 nL of antisol ventl ritonavir,

pr ef er abl §,67apbi!” 93)83;1@%1_ 65 MTBED 9. 670" o dvi 37&@3 + @dst preferably,
about 10017L7%a MBE{B QODL Oqot qgaé@lori 0f1(al %Q‘fﬁd ibg 1|osgb%t5|og:n%ét or exanpl e,

by filtration t'he ' resultin d.” Substanti al'l y~pure “anorphous

ritonavir 2qamn al 89°4 Q5g|gag;e@|1by slowy adding a solution of ritonavir
Forml in a suitable solvent (for exanple) nethanol and the |ike;

pref erabl y) rreNiHﬂ@lf?feéabM wihstantiallypiuse Formdbisucharagterized hypeaks ingbe

about 1.5- ref rabI titonavir/ about 1.6
ntof met RANGES XBvifartos paR5 folRaha BBt afuP st A< Hhtn 30 500" nt
of water/ gggob gfi tonavir (pref erably, about 400 nL of water/ g of
ritonavir), followed by isolation (for exanple, by filtration) and drying
of the re8b7° :E]Q 1509547 +RHE %881 4l0.1°, p@rﬁ? “atrOrfnd8s74°i+ Orfdyi r can al so be

Sorvent s abel ik 64" ShERI I aRToRe B0 oy I sEP e 18 R0 anol .
18.93° £ 0.1°, 19.52° £ 0.1°, 19.80° £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°.
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.A'I.'ter natively) in a preferred process, substantially pure For I can be
" prepared by seeding a solution of ritonavir Form1l in.a sui tamé JBIN'@BOS
(preferably, a Cl-C3 al cohol; nost preferably, ethanol) w th undissol ved

(25)-N-((1

S)-1-Benzyl - 2- ((4S, 5S) - 4- benzyl - 2- ox0- 1, 3-oxazol idin-5-yl)ethyl)-2((((2-iso
propyl -1, 3-thi azol - 4-yl ) met hyl ) am no) - car bonyl ) am no) - 3net hyl but anam de. In
a preferred nethod, ritonavir Form| is dissolved in ethanol (preferably,

200 proof ethanol) at a concentratjon of from abou 50 gl .L to, about 200
gl L, pref eraﬁpﬁJbétﬁﬁm'ﬁ"xmr@FOLm Ihrvefaling PahRTPhX @D ystal s of

6 15 ) . . : ) .y
3 - 1- peighatedtin iohbYE Monavy by contasting amarphious ptonavitwith 8 (5. 5o
propyl - TRCBhiestl - Fhel metideyof) cumtactireamiagrbe pitien hogatdratingytheut anam de in
t he amount of from about 0.02 g to about 0.10 g of seed crystals/ g of

ri t onaviamorpheusrempeusd in theiselivest al ambistdempesature andthen allowiegds t he

saturati [N | vent, bei n t ha ere are undissol ved
eed or Ji% AEEF lo Aokt EReXasaRAt o S firkDse ShashilE Y ry S e o
stand algigsohingp HePdmbpiius ESbatinyin theCsbReabMbielited teRpafALAD v, about 5
C) for fromabout 12 hours to about 48 hours (preferably, about 24 hours).
The r esréfenaply,ratsetilix,ifobowed dyaooioting dhensblution togobat tednfmrafuretandt i on. I n
yet anot, hcgr ,rs)rgf erred alternative method) substantially pure FormIll can be
pr epar edSBJIRGEPYRALA| 1 zati on of Form | or nmixtures of Form!| and Form ||

froma soluti L ] I ( L cetate or
i sopropyl ace"’?gp g'ég‘?b c?ccﬂﬁ??'gp gF"?né)gerﬁ)gg%ﬁ’e{q%lri@%ﬁﬁé@y&g{reﬁ?{@ I& th I'ike
di el ect rdrystaling palymorphedfeitahavir cat bglprepated fidm smnblpiresditogavit by Form | |

crystals, followed by addition of an antisol vent (for exanple, heptane,
hexane, REPainga sgtiratadesalitiomef amesphos rilgnavitiné Caritd alcohobatroom t h' | i ke

added 1 SeEwErRRHEING [SGELASY HoMEEh RS e o TERBRREC I LRBE Vene bl ng
used so éd&ahqdlibﬁé@b9@%wmh§%oéufﬁ@leﬁﬁ%o%yar ahﬁ:ql@ﬁwsemonjbmrtimmeri tonavir

solution. In'a preferred nethod) ritonavir (Forml or a mxture of Farm|
and For 1403 alsohiolsat ellenaded hemphidturec@patcerefiuxpauctbthat whed thetselutioout 6. 0
L/ kg of ritonayir) with heatin t fromabout 65C to out 70C). The

sol ot | orePUSRRIP FoBlibi ol trrhoeiiedt ot e salitin BtaNBReReabl y about
52C. Se I iSit U r bd ) rmll seed
crystal g{;ﬂ%mﬁ@i I'fgflgé\ﬁ'tréttgg%‘aﬁgocl?ﬁﬁé&s iag}égf qggfér?f#l %gglg é%éﬁﬁl sl kg of

ri t onavipreppratioarafioymalb cuaniydtbug etliartadr nsdlatise eflthe yesulling/datidof

ritonavir) are added and the m xture is stirred for about 1 hour at a

t enper at RIC¥IAEF FABWN.-about 55C to about 50C, preferably about 52C. The
anmount of se : j i ati on amount
in the sol veﬁ?u et%‘ﬁ%é}@el%g%q?@to %tg Eg?lég\gbeg %rr?g)légés\&(; \alg%mgeiﬁhg{ ystals 7
present e¢mstallimerpdiymerph ofsiitonbivio by rhieipihgri€ortd | donalbivwindlrapidly kgolirfg
ritonavir to about 4.0 L/kg of ritonavir; preferably, about 2.8 Ukg of

ri t onavi the melt.atspdation efithgirgsuina selid Reovides @meorphols FitREYiIt o sl owi y cool

broduct i s i sonoxaftaly e drhbifelSundhavfiaha B At I NES A bum
with heaédidiﬁ? A3vl@ticrpolritopbvir IFdEmSaalaesuitdtle 40 elng (rhathyha® chibfiddandbeen

observed that isolation by filtrationlcentrifugation is considerably faster
f or For nthel likeh arefembly, meethylanesgiloride)jptaroancentfatiosy of prefembiy @bout dr sus
24-30 hourg). lt.has als found that Formll or mxtures of FormlI
and For nBiot Sianayir hes abort a2 ol idsashs (P Btatly. Aaclt | ©oFBeBR¥rll ng. t he
Form I 1 i e laA ' %

excanpl ¢, 0 [MACOEeHBlIEhE cridey & Hh artsGEM (G pirioe Rolare By ety
acet at e) heptaneamidtbetlike} pafecibly hextné) &baaoncehtration of dbdutd0-$00 weint
(preferably, ethyl acetate) with heating. The hot solution of ritonavir is
slowy added (preferably, through a filter) to a slurry of seed crystals of
ritonavir Form1l (from about 0.5%to about 10% by weight relative to anount
of ritonavir Formll or mxture of _Formll and Form|; preferabl~r, from
about 0.5%to about 5% by wei ght aﬁd, nost preferably, from about 0.5%to
about 1 % by weight) in an anti-solvent (for exanple, heptane or hexane and
the like; preferably, heptane) at a concentration of about 1 kg of
ritonavir (FormIl or m xture of FormIl and Form1l) per about 4-8 L of
antisolvent (preferably, about 1 kg of ritonavir (FormIl or m xture of
Formll and Form 1)/ about 4 L of heptane). The mixture is cooled to about
20C and stirred for at least 3 hours. Isolation (for exanple, by
filtration) and drying of the resulting solid provides ritonavir Forml.
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Preparation of Anorphous Ritonavir Form| crystalline pofynorph of
“ritonavir (100 g) was nelted at 125C by heating Form|. The n£5t ﬁ 003
mai ntai ned at a tenperature of 125C for 3 hours. The nelt was rapi yz

cool ed by placing the container holding the nmelt into a Dewar flask
containing liquid nitrogen. The resulting glass was ground with a nortar
and pestle to provide anorphous ritonavir (100 g). Powder X-ray diffraction

| ysi fi d.fhat th dyct h . Diff tiagl, Ni
car of | ot antsAEnLt d O clcltai BiF eralY. AHOLL BZSS0 PSR! BT KA1 1 om

bout 45 : : ; [ ds at 49.08C,
\?\,i '? ﬁ a m(%gggw%tg%lsé%cﬁgg(éw%n%FgﬂgﬁH@%gfgg ﬁf)én%(% It?gp;sgtﬂgﬁ”i ﬁeaRi tonavi r
(Form 1) Anor Simgilzsrly, isubsaritially Alredagorplcugiitsivicerini alsdbe Iprégaredydr ous

et hanol (100 mL). Upon allowi ng this solution to cool to roomtenperature,
a sat ur at dewhpaddingra splvtiopadirifanavirdferat | iy a syitablespivant gueh as metbanol

T a o ted KA S EPhERRe R S BRTelab N Bt 1 ¢ B PBaVheL pbo g1 §- o)
Exanpl e %.Brﬁﬂﬁf%ﬂﬁht%réfé’@mﬁ\,l‘aﬁﬁlﬁg ﬁg{]%f r}ﬁ?ﬂé%f Zbdit4S AL of methanol) to

-4-benzyl - 2-oxo0- 1, 3-oxazol 1 din-5 vy )-2-~;
((2- i soprapphtidsobartisauchl asimethyhibuigl edmen (M EREp onthedikerat)a Goncentration

met hyl butapamde 9, _ f f ~ 5 SAN 3 .Exanpl.e 3a_ Preparati 0 S. 5S;
oY D Shahad & 159 ek ot aRyselnenos 2 siataNin rgterptly. about 80-Plo L ot

bend- 1. 3- | | d P . .

5S5)-2- Am Wﬁ{/ fr'gt;?)%/":“gﬂ %ﬁﬁ?/?%@y%fgg%tgxy?%%‘tn%qolfné'd‘?fp 2%5( ﬂg;gﬁ%nasv Ueci nat e
salt (30 f@llok@dbpisoldtion (fdﬂaé)esrmmﬁp})gl Biltehibnd @6 the resulting solid.

((5-thiazolyl)nethyl )_—aii4- ni trophenyl ) carbonate hydrochloride (22.2 g; U S
Patent No. 5, 5§¢psémtl WP UED @MATP e Ftehadircamaiso bg)praparedhwelawl t h 300nL

P enpor at upREE s atih <8 i fieEo ™ Fis g Syl Yol ot Betile. aeRReLS and
heat ed at ;pBeHé |ilkd refirably, Muthanol B aldopReRirhti6® 8f 8bod0r g o€ ritdfavit geurs. 3

nmL of armmoni um hydroxi de (%/29% anmonia in water) was added and the m xture
stirred fabodt 65EAOmsL ofiselverd (prefergblyi, abaut1 \gaef NMasdndd abbiouh14 mL2G0 nl of

i e e R M R T TR T
o I, o AR RSB B A LB 2

10% aqueoispligtioh (on Syatinple, by fleaticr)ded driyirigesf thiel rekiulligg kelid.about 3 hours,
the m xture was adjusted to pH 7 by addition of 4N HCl (about 16 nli). The

THF was evapor Substantidly prie amarpbous stanamiy caualsaderprepdrasi by o whi ch was
added 3dO L.distilled wateg.. After-stiyrd hi,s m xiure, j ne
suspensi O}y@@pﬂ%gﬁpﬁsofrae%(apﬁ’@apf f:m)é\agglﬁod sbgeg?{rggf8§|38§? qrﬁCEf-gH on and
the filteapbhe®.i A mMefe PRFERE] Yoiventaligebithf@P nL) in several portions,
resulting in the desired product. Exanple 3b
Alternatively, in a preferred process, substantially pure Form 1l can be
prepared by seeding a solution of ritonavir Form | in a suitable solvent
(preferably, a C1-C3 alcohol; most preferably, ethanol) with undissolved
(28)-N-((1S)-1-Benzyl-2-((4S,5S)-4-benzyl-2-0xo-1,3-oxazolidin-5-yl)ethyl)-2-
((((2-isopropyl-1,3-thiazol-4-yl)methyl)amino)-carbonyl)amino)-3-
methylbutanamide. In a preferred method, ritonavir Form | is dissolved in ethanol
(preferably, 200 proof ethanol) at a concentration of from about 150 g/ L to about

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

6



C Pf.épar ation of ~4S.5S)-5-((2Sy-2-am no- 3-phenyl proeyl)

" 4-benz~rl-1. 3-oxazol i di n-2-one The crude) wet product of Exan1:>|pr3&N1v2§03
slurried in 1 NHC (192 nL) and the slurry was heated to 70C with
stirring. After 1 hour, THF (100 nL) was 10 t 5 ~a N 2003 added and
stirring at 65C was continued for 4 hours. The m xture was then allowed to
cool to 20-25C and was stirred overnight at 20-25C. The THF was renoved by
evapor ati on under vacuum and the resulting agqueous sol ution was cooled to

ZS}’EEL 23@%%@%@ L3l bR uhenriane s bRl 0 e 18, 3
T 2 100 mL
about iS@Q#I | ne %Zrdé\%- lgﬁ%x gﬁﬂng?%tbm @S&B?Lelc()o )r(ﬂ_ of brl) ngt

and the megwlbutdnamdewamswpauateblframdatxtutﬂrwg\m abonstcmnurg olddeat e (5 Q)
and Darco G60 29 This.m xture was war ned on plate for 1 hour at
sidheio gl

45C. Thecrb@ta %QPGF' nayy. tieamprRkelseaderysigh BithablBXeeRES eart h
and the § %aﬁg aII?o‘Iu %Eu EIIRQ S\M\%Eutﬁtenﬁ I]Iéefu%@Ih%tIrIéIQ ikl deIL%aneoI trate was

evaporat vacuum o pF OV RS FedrSSoNNVEd in

net hyl en@eédn baystale préSéhtiih therfitbriab e soNbticANt ThiemiMRNe aiibReduBdRany aguum
The resulting oil was dried at roomtenperature under vacuumto provide the

desired prtemperawmoﬂfrgm about le@lksgbeyflﬁf C IER@rﬁqmabIﬁab@ubﬁ)%@afmrdmmf

§ r2IS)~2|I hgébg&tz%lgew gzltq é&‘%ﬁs SS&MééB{ﬁ? Oyt %ﬁgf) H;egflggul?mg
bonyl SRV
(Iifz(&ml\//e '&gﬁlﬁﬁ? g‘tl sop)r/'%)%y ﬂi@[gr?ﬁag%&b% Itratchn | ) am no) car bonyl ) -L-val i ne

(10.6 g, 33.9lmyel andthsr prdéead aNeméwé?rﬁethaa sutsktamtizly pairé G (Pabant
Application No. W98/ 00410?) t he product of Exarrpl e 3b (10.0 g) 32.2 mmol)
and 1- hybﬁ@(?l@éfﬁéb’?y regrystallization gy Foem tep n)ixigeeeoid &rabl ard FosmTiHfForro0 ) .

1, 3-dicyl h I d dded to th
THE i oD i S BBRaRb G efp et ety @ Blste B RobRe BERE Bl 0° 2
Nl of 10¥hRAGRPKSasPHE I.Mthwsoﬁdﬁ&dmnﬁﬂkéudédtﬂ@c@@ahhmwlfeml 30

m nutes. The 11 15 J A N 2003 THF was then evaporated under vacuum The

resi due wﬁsjl dlcemie)/edth see;:hhg'wwadémrm H qrestalsniollowed by=addittbrwof an 80% citri c
aci d sol ut 75 nL NaCl dded t ccel rate t epar ation
o The’) obRat tref xBriple, Menlae Paire U, aaIIdttH 1655 aq
sodium c I Wwas
Shen dr i g r?&‘ovﬁﬁertﬁgéﬁeﬁtsz\ﬂﬁ Wcét d%"lé’ctI’I@ICSH @%Pg ably, hf‘ep?é g #MShnt

I'um sul | | t and evaporat ed under
vacuum ”ﬁlﬁeeedsnuy?.talsgadﬂanﬁlscsmmﬁat?t gxcéedzs theaaturatisn dimosiok rethe n hot et hyl

t at dth hept 75 dded. | th
scel ate (1E0 ThLnAen SRlane, (1o Tl e S0, Vbon SoplL g, another
I T,
cool 19, Yipf AMPLLEIDE! 4 bRlona Bl el S oBRARKIER RIS

mL et hyl amcefatnelll@disbovedtimathyl abetatetrdmabound.Oolf taialolh B0\ ekl 661 i1 d was
renoved by filtration. The filtrate was evaporated under vacuum and the

resi due WE@naNinawitly baating tatfrore @beubBSKDtr abowt 137(C) ackieas@tion isyslowdpt ane,
| | ut h | ut d t
ot oot b ¢ £oOTbIG AR At ABLC Pt Blre el a2 s Sted chbaisur o
Th | t t hyl
neet at ol i EnER} EBHAER BBOLEG SH of Folh i dedh @Bty df ifndyil & V1
the desi rabuytridddigtoféForm heege csyﬂtaldlk(gl@‘ ritoggvir, préfeMNIR, GBDERACH AS)g 6f 7. 84 (1
H, doublet J=8.6), 7.71 (1 H, singlet)) 32-7.11 (11 H, multiplet), 6.09
(1 H, dodtarar llﬁe@dsqryst@ls;hg pﬁannABlr)Ja@aQqed andm\e(mmmrﬁssasﬂm'ediyr 4.22 (1
H nultiple (1. H ti i edoubl et
1=73, 7IEB ‘}é%émd’la‘ha t%‘??%bﬂ@t%f?’@ ?§°k’€5§3{3 @e%‘?‘iﬁ:i%«b Jg@fﬁéja bg‘%@“'( 3H,
| et V4 49 (2H,
il 1 ol 135G 5 ARRE Sped el padgd i ot fnaf elbdud the gatifybn70 (2

doubl et JarhoBiht ik the solvent being used so that there are undissolved seed crystals
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15 JA N 2003 ~3C NMR (DVMBO-ds) b 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, 40.4, 40.1, 39.1, 34.5, 32.4, 30.3, 22.8, 2281!19;-‘5 ﬁs
Exanpl e 4 Preparation of Crystalline Ritonavir (Formll) To olA 260
1.595 g of ritonavir Forml in 10 nL of 200 proof ethanol was added an
anmount of the product of Exanple 3c (approximtely 50 m crograns) such that

R o e T
I I '
ai 1o sdvan STIGLEPAaL e, pOOR AR DB AGIAMA p8%0 Wb o,

of Cryst ailixing aRt e eiktiurd I%Oéllaswad)toEélbwly @@cﬂtt@tamh@%%@léfm eftheh smayi r)

was added to ritonavir (Forml or a mxture of Forml and FormlIl) in a
reaction foesstdast TRdourx atiasBowt@5°€t | The gracthutt iesotated dy70C until all solids
wer e di ssolved. The solution was filtered (utilizing a centrifuge punp and
5X20 i ncHiilratienicapkifugationrandisdried undgsrastn with heatinger@R®) and t he

Sol ut  on SECHREHRE s TR 400 o asfhe B farreteerBlibe Bty 1 o

g of For niltratisRREnGHYSAtRINSE leBnSiterdABIp fastef Jor Ftsihh B iRan dbd thef t he seed
crystals did not , dissolve and the m xture was stirred at 52C for not | ess

than 1 homrrasporrdl@amunbnf EmldﬂGImuRPNBrSM‘iﬁ?»ﬁthanWas then all owe(cjidtg
| to 40C at t f 1 CI It

2t a rate of rltfaemiTeBepd FURGAPRLFOTRA A RS EEFSim At BBl o 25c

at a ratey % foﬁ%?té”@% s%&gnﬁﬁ]lg dfge FUEF:‘{S‘I %WASNQE%@ fhe'BSrmlll &F Fifkthid ofnOt

| ess than ours at
Form Il and Form | in a suitable solvent (for example, ethyl acetate or isopropy!

acetate and the like; preferably, ethyl acetate) at a concentration of about 1 kg of
ritonavir/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 |l or mixture of Form Il and Form |; preferably, from 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 concentration of about 1 kg of ritonavir (Form || or
mixture of Form Il and Form 1) per about 4-8 L of antisolvent (preferably, about 1
kg of ritonavir (Form Il or mixture of Form 11 and Form 1)/ about 4 L of heptane).
The mixture is cooled to about 20°C and stirred for at least 3 hours. Isolation (for

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

The following examples wili serve to further illustrate the preparation of the

novel forms of ritonavir of the invention and the conversion of Form ll to Form I.



: '_p}-bduct was isolated by filtration using a Heinkel type cent r1i ug%@{m
" tinme approximately 16 hours). The product was dried at. 55C und¥®r :}50

nm Hg) for 16-25 hours to provide ritonavir crystal Formll. Exanple 6
Preparati on of Anorphous Ritonavir Ritonavir Forml (40 g) was dissolved in
met hyl ene chloride (60 nL). This solution was slowy added over 15 m nutes
to a round bottom fl ask equi pped with an overhead stirrer and contai ning
hexanes (3.5 L). The resulting slurry was allowed to stir for 10 m nutes.
The precipitate was filtered and dried at roomtenperature in a vacuum oven
to provide anorphous ritonavir (40 g). Exanple 7 Preparation of Anorphous
Ritanavir Ritonavir Forml (5 g) was dissolved in nethanol (8 nL). This
solution was slowy added to a round bottom fl ask equi pped with an over head
stirrer and containing distilled waxempl€1L), while nmintaining the
internal tenperature near_0C. The rfe ul ting S&lid was filtered to give a
sticky solid which was driZi&Raraiopn QfAMOL HENAWI 25C for 12-18 hours to

A tonavi - For hel ! EBRKAInG fevRlen oY SRS SO st el E b . T
addi t! onh@atied Pytm ACThelrfer &gb)SmgigtB’\ilﬁ%dg"Sghl{éﬁmﬁéﬁlétdréfolfqéS@b $oX3 hogls! of the

solids were ssol ved. 14 To a separate reactor (B) was

added anTheonelt was ragidly coojed by plading theocantaindrdrakding{tbe gelt intd howed by t he
addi ti on_of heptane (4 L), such that al| of the seed crystals did not
di ssol veDewardlagk gontaining ligyidnitiegens Ihereedting gass was oreindwithgol ut i on

ot norgtar sy s aslolds afpholls HithaRin 190 e oy P2C 1 D5

slurry i giffraedroandlysiesorfreieitHan tRd pratudt Was dmdrfous diffeesistial han 3
hours. The resulting slurry was fil teredél the ~Itered solid washed with
8

hept ane &gaanming satprimeiric analysiscdetaimined that beiass teagsitga painomMas fromForm | .
A preferred ph ceuti.cal .copposition comrj.si ritonavir,, especially,

ri F onavi p%pr;)fl(‘?z{ 10 %?;{%“t eCt dMDmUﬁ%g es |4§6ﬂ§ a@ﬂcvétﬁ'gnleé‘tdécﬁ?n a so1¥t
elastic gel G WiARSHidhoint of 48.99°C).

g9

Example 2
Preparation of Crystalline Ritonavir (Form I1)

Amorphous ritonavir (40.0 g) was dissolved in boiling anhydrous ethanol
(100 mL). Upon allowing this solution to cool to room temperature, a saturated
solution was obtained. After standing overnight at room temperature, the
resulting solid was isolated from the mixture by filtration and was air dried to

provide Form |l (approximately 24.0 g).

Example 3
Preparation of (2S5)-N-((1S)-1-Benzyl-2-((4S.55)-4-benzyl-2-ox0-1,3-oxazolidin-5-

ylethyh-2-((((2-isopropyl-1. 3-thiazol-4-ylymethyl)amino)carbonyl)amino)-3-

methylbutanamide




Ritonavir Form I1100.0 ngEt hanol, dehydrated120.0 ngd eic aC| d709. 75

" ngBut yl at ed hydr oxyt ol uene0. 25 ngPol yoxyl 35 castor oil 60.0 gr '9

EL) WAt er 10. 0 ng The preferred conposition can be prepared accor \'@) (é)
foll ow ng nethod. 15 ~ 5 ~aN 2003 The foll ow ng protocol is enployed |n
the preparation of 1000 soft gelatin capsules: Scal e Anount |nygl capsul el
Name (g) Q S.Nitrogen, N F.Q S.118. OEt hanol , 118. Odehydr at ed, USP, 200

Pr oof 2. OEt hanol , 2. Odehydr at ed, USP, E200 Ergofo 25But yl at ed Hydr oxyt ol uene,
NFO. 25704. 750 ei ¢ Aci d, NF704 7510 ir Form11100.010. OVt er,

purified, B t g ; : ; ‘ 9] Qdeic
Aci d, NFSQQA' i e . 3 n ‘ 4

nitrogen. 118.0 g of et hanol ben azcblidimﬁeow WIth nltrogen and hel d
for later use. The second aliquot of et hanol gq i s then weighed) and
n xed with 0. 28SgE9HJd-Hmipe hy@froé)(yﬁ'bbuh/ﬂ@‘)’mf Qnydaraino-1.8he mixture is

(ot to- SRheT P ane BIER0 T SRS Bt lo. 384G, (re” ©
i Xi ng tq(BcthQ&err@th 4-hﬂﬂ9pﬁé gﬁ@émdn'atéﬁ aﬁ&m@m@egztzagt DS PRe[t aci d

Wi th mxing. The et hano butyI at ed hydr ox uene IS en added to the
m xi ng t a¥k, 5,667 |92% @ndysadigmibisaogats (. B @) werawaixed adthp3@mb of waterand

d f f. wat h ed i t.he tank
and i XS&r{&%Wr@ﬁhe?em%@psw%en&t@s‘fm%%%@é‘tfpg?ﬁ mér% °rs;9re 60. 0

f I ydﬁgm t 3%Pm | et ' éﬁ?)tu't
gnioforp% e sol umﬁgrgﬂg orpéa&gtapﬂa 'ﬂtén}% %? encaps atlon ccording to

t he proc&eCefordestigureednd thé stirréd al 20N 52T dr Bnlicursaty mialf aRghenium
Application W98/22106, 1.0 g of the solution is filled into each soft

gel atin dugsoxideatRf% mmmonia fewatarhwesgsdedsantd the: mixturerstised fand.5t or ed
hours. The resulting mixture was washed with 4 x 200 mL of 10% aqueous

potassium carbonate and the organic layer was separated and evaporated 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 yellow solid. The yeliow
solid 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 HCI (about 16 mL). The THF was evaporated under
vacuum to leave an agueous 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
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 1N HCI (192 mL)
and the slurry was heated to 70°C with stirring. After 1 hour, THF (100 mL) was
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“at 2-8 C. As used herein, the term"substantially pure", mheqossjgxi
reference to a pol ynmorph of ritonavir, refers to a pol ynorph ' M&ﬁﬂa
Forml or Formll, which is greater than about 90% pure. This neans t hat
t he pol ynorph of ritonavir does not contain nore than about 1 D% of any
ot her conpound and, in particular, does not contain nore than about 10% of
any other formof ritonavir. Mre preferably, the term"substantially pure”
refers to a polynorph of ritonavir, Forml or FormIl) which is greater

h b 95% pure. This. h £ i _d
cont ai n e oAt Ea At S3sLoPas shN By FubE il gkl QUB hel'ar . Goes
; ¢ o . . ;
or of or abfy MR Gl B8 2BIRL A e St el B 2020 CE TG THHE RS e
ri tonavi femdvidby evdpdratioh uhjenbacluarg that sultingnaqsous dfidiopweas Thi s

means that the polynorph of ritonavir does not contain nore than about 3%
of any octrled toaboulifGwausing seme iprecipitationte ogotr. coe afuweous mixtgn about

our 0", witen agkisted o prTpiadaon of A00p RS EoL e SRR B hof phous”
ritonavi é).""f*h& Peétﬁ’tir%ﬁn%ﬁfe WH3 a8ty \%ﬁ%é?ﬁ{gﬁaca@ﬂes(zﬁm P-PLQ%?/ agtB t

anor phou ritonavir oes not contaln nore t out

conpound{8rCl, The coaibingd!bejaniclerFatistweevashedwith 10tmLadfBiineldlig ple any
other formof ritonavir. Mre preferably, the term"substantially pure",

when usedrganic layer was seperatad andaiisrad wthaodiumrsatfates (S @) antbPpreus-60
ritonavir igh is greater than about 95% pure, This means_that the

fror phout® B+ Ss Rl e waragd 02 mhabPIEte Harn! B5BLEt S50 TR DOt hor
conmpound j ' r j 409 any
ot her 1 ofirare b Rriat fifereBlinrclfes Bl aRimiactiE o adE L (R0 1Y
pure”, waer wastbd with efrat asetaté ¢100'mL) - The-Mtibite O3isasvapplned uhdepnavi r,
refers to anmorphous ritonavir which is greater than about 97% pure. This

neans t h¥acuyrs taprevideas ail t birioil wagdesisssivedin methwignechindde &5HUmL3% of

any ot her Q n i n rticular 0 i n_.nor han _.about 3%
ofany oeRANE SpieRF WA cyARBrHeY BuRLyaSEFRy "o FethidaRRS st

sanpl es \@smaerperdtart Lnddhaaduin Ry\gfw/id@maesimrmci FfB.l(g') a¥a
diffraction analysis were prepared by spreading the sanple powder (with no
prior griglatisygyrémuired) in a thin layer on the sanple holder and gently
flattening the sanple with a mcroscope slide. A Ncolet 12/V X-ray
Diffraction Systemwas used with the follow ng paraneters: X-ray source:
Cu- Kal; Range: 2.00-40.00 Two Theta; Scan Rate: 1.00 degreel m nute; Step

Si ze: 0.02 degrees; Wavel ength: 1.540562 angstrons. Characteristic powder

I
t 0.1 . SX3:
pages 1843- 184 421D mietifyITaming ) damb Gi#Eehihg)-8¢ used
when conpar e e, if a

V V_d K OT NS. pra )
diffraction pattern peak from onmeflatlbgtanansidassi gned a range of angul ar
positions (two theta) which is the nmeasured peak positiont 0.1 and a

of

di ffraction pdH@F-MesadN2-dsanrrapylct-tiazelmathyhammngscajheaylklvalige

angul ar id ] . t i i IBAF ! kiont 0.1
ang if tm@&t¢'§%8&r§?l'Eggkﬁés%tﬁ%nésgggg% ap, mgﬂqﬁﬁggk%}gb{eaks are
consi der efppiation Nd PeO98/0D4409 thapre@stt sfExdrhpie 3MetRd g, BR2 mxsipl e) if a
diffraction pattern peak fromone pattern is determ ned to have a peak

posi ti on a1d $-hydroxybenzoinipaeleddr2 pudp oyvel)iwerexdissolued in VHFi(@B80IM)y al | ows
t he peak e assigned a,posit,| iy th an of 10 -,,5.30

conpar i soﬂgﬁﬁﬁwcfﬁ?%&f%@%&ﬂ@? (pﬁb'rggtq'gﬁ{ 5‘5’?&&%’@53968898?%%131? ‘E—Uf}have a
peak posi . : i ; : ~Q0~

al | owabl eﬁqii/)ggriea r}thF]t% 3“ gﬁfl%m‘ggﬁgﬁ%gggz?;& g?i?soﬁ‘gﬁe Qcﬁég@ﬁﬁtfg t he
range of m%%we%ué%om@ﬁgm Adtiiceand stiMiIg édntiieieseen30 htiniiee . raeges of
peak positions (i.e., 5.10 - 5.30 and 5.25 - 5.45) the two peaks being
conpared are considered to have thq1sane angul ar position (two theta).
Solid state nucl ear magnetic resonance anal ysis of sanples was conducted in
the foll owi ng manner. A Bruker AMX-400 MHz instrument was used with the
foll owi ng paranmeters: CP- MAS (cross-pol arized magi ¢ angl e spi nni ng);
spectronmeter frequency for ~3C was 100. 627952576 MHz; pul se sequence was
cp2lev; contact tine was 2.5 mlliseconds; tenperature was 27.0 C, spin
rate was 7000 Hz; rel axation delay was 6.000 sec; 15 pulse width was 3.8
m croseconds; 2"d pulse width was 8.6 m croseconds; acquisition tine was
0. 034 seconds; sweep wi dth was 30303.0 Hz; 2000 scans. FT near infrared

_________ o o N - r 1



manner. Sanpl es were anal yzed as neat, undiluted powders contained  in .
"clear glass 1 dramvial. A Nicolet Magna System 750 FT-1R spe tﬁodﬂMrzauﬂa h

a Nicolet SablR near infrared fiber optic probe accessory was used with the
foll owi ng paraneters: the source was white |ight; the detector was PbS; the
beansplitter was CaF2; sanple spacing was 1.0000; digitizer bits was 20;
mrror velocity was 0.3165; the aperture was 50.00; sanple gain was 1.0;

t he high $ass filter was 200.0000; the | ow pass filter was 11000.0000; the
nunber of THaENpaS theyaevaparated undérvawiunec Therresidugiwaswissalged irsethyhds; t he

5B DA o AR R PR g VLT
peak Pos! sty MG, HAMARLISRON® HBR. SHEBljardbyEruRe O

anal ysi s séquentidllgwastedwitd U0t aqi sodiom Earbbaaten@ 200 enl.) fHriwhes (200¢€
anal yzed as neat, undiluted powders. A N colet Magna System 750 FT-IR
spect r omefdy). inenorgagilayenwasdhen sigd aversodiyap sulfate (26 g).Ailleredend

ARy orystapsoBted Bafeyy &, TelPRS it HbflATeR .S 8 Reodflnes hac” '~
i nfrared, d%@@lv@ﬂtiﬁmretW%cMég\ﬂ 50 AfL)ARIMRN HdptandVers }iﬂﬁgwa% ey . spaci ng

was 2.0000; digitizer bits was 20; mrror velocity was 988; the aperture
was 100. OUposanalingganatheas 5ImD;of heptariegivap addefiianddhe waizte® vz30Estetthe | ow

Coi Tect i off 1&gt AORBR CAOITY L AGALEDREi5: DR APGALARIONIS80 T NEIRONABer of
scan ol N rdRpaBaBed UNael VABRImAndThE B8N WaE R Mved NS hBBfa ot

frequency was e interterogram peak position was

apodi zat i 200 wAls ethy| zwetater 100 fe heptdes. The Batkoamoot slaattisseiredlefigand t he
background gain was 1.0. Differential scanning calorinmetric anal ysis of

sanpl es wWA@SdemAYedy filiratine. fide itiptegwas eraporatedrupden yaguugnand ¢herher nal

Anal yzer ' ' it Lal. [ | Qi l,e. 2910 was used,
al ong wi tﬁ%ﬁ“ﬁe@%@%ggﬁ P?@Vﬁﬁgy js?i n'%?.e?&x' %@%’r@?% Eeéﬁpﬁ'_rret ers
were: Sanghind\Bi 4K sclufiéh MFhePsAIash WasdoRieioRd1094Nahd BRATeAbeEigiam Pan;
Heating rate:” roomtenperature to 150C at 5C/ m nute under a nitrogen purge.
The for egfmeed. sThemeixiurelwassaliaved to sit at Ke5i0 {24 leourandThes reiltinght ended
tolimt the invention to the disclosed enbodi nents. Variations and changes
whi ch ar e selif Masscallectribby fitration. washad with: 1:4redhylacetrtetheptange(2x 2Ai n t he
scope and ture of the invention i re defrned,in the appended cl ai ns.
20" ° 18" SIS e IS wrRLEHLO B ARE B Brob g B el Hodia §1ror oh o
(2S, 3S, 55be@‘e(%lfd\k1(d.b|‘§'7?t hyl - N- (( 2i sopropyl -4-thi azol yl ) net hyl ) am no) car bo
nyl)-L-valinyl)am no)-2- (N ((5thiazolyl)methoxycarbonyl)am no)-1, 6-Bi phenyl
- 3- hydr OXVWW(W%%@@MHﬁ,ta@umeab@e.en e gmy!iﬁ@eﬁ; 7@y ghif raction
pattern at val ues of t theta of 8.67t 0.1, 9.88t 0°1°, 16.11 t 0.1 ,
16. 70 t Oéim, Alitiset), 8.0 (1HL GolBlet Jgslsg 453 A% ABQ=46.2)18.4331H ABL , 20.07
t 0.1, 20.65t 0.2, 21.71 t 0.1 and i5.38 t 0.1 . 2. The crystalline

pol ynor ph J&l6@)ad R21( Wil trullipleth &t @F {81 moufiiptetys 3.96 (1, ¢oukdetrof doublet

o 56 {0 JR7PEE B e mapRh, B U Setiniet by 2 dq it 117 36
' Soloy ¢ 282 eQ i mbiicith 11 90t et §78-1 48 Pa3 oyl 9 39 @R, -1

25.38 t 0.dbublet@=859Y, 0080 (3K dbilBetar=5.8Y) 0177 (3H, ddubletuksigynti al |y pure
crystalline pol ynorph of

(2S,3S,59)-5-(N-(N-((Nnmet hyl -N-((2-1sopropyl -4-thiazol yl ) met hyl ) am no) car bo
nyl)-L-valinyl)am no)-2-(N

((5-thiazolyl)nmet hoxycarbonyl )am no) -1, 6- Bi phenyl - 3- hydr oxyhexane with
characteristic peaks in the powder X-ray diffraction pattern at val ues of
two theta of 8.67t 0.1 ) 9.88t 0.1, 16.11 t 0.1, 16.70t 0.1 ) 17.36t
0.1,
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- 17.78t 0.1, 18.40t 0.1, 18.93t 0.1 ) 20.07t 0.1, 20. t 0.1, 21.71
't 0.1 and 25.38 t 0.1 . 21 15 JAN 2003 4. The substanti al IGE%U&A?N 2003
crystalline polynorph of Claim3 with characteristic peaks in the powder
X-ray diffraction pattern at values of two theta of 8.67 t 0.1, 9.51 t

0.1, 9.88t 0.1, 10.97t 0.1, 13.74t 0.1, 16.11 t 0.1, 16.70t 0.1 ,
17.36 t 0.1 ) 17.78t 0.1, 18.40t 0.1, 18.93t 0.1, 19.52t 0.1, 19.80

t 0.1, 20.07t 0.1, 20.65t 0.1 ) 21.49t 0.1, 21.71 t 0.1, 22.23t

0.1, 2538t 0.1, 2fi.15t 0.1 and ' 28.62t 0.1 . 5. Substantially pure

aror phoud3C iINMRaDMS 06dg) B1€7 5.2 $T A5} 1 87 I6y 16W5e 18218, IB6LE; 136L®MRG.5, of C aim

5 characterized by a glass transition fromabout 45C to about 49C. 7. A

process f120.2,M282 e1#8.at 12614 0126.0e1 €L 0PI 5019, G738, 82 c4B1R 484ngoaddi ng a

solution of ritonavir to an antisolvent. 8 A process for the preparation

of the c8Rpbt5032.41 303 B266#3r8,sl%4 HHadi ng a solution of ritonavir in

nmet hyl ene chloride to hexane. 9. A process for the preparation of the

conmpound of Claim5 conprising adding a solution of ritonavir Form1 in

met hyl ene chloride at a concentratipgpfpleapout 1 g of ritonavir per about

1.5-2.0 mL of nethylene chloride to hexane at a concentration of about

60-110 nL of hexane pePregpamation of Qrgsialline. Rifchavik (foooédlys for the

Preparati on ofr { he gompaynd.of el m 2 OB | & M¥mL of 200 proot ethand

was added an amount of the product of Example 3¢ (approximately 50

micrograms) such that all of the added amount of the product of Example 3¢ did
not dissolve. 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 1i.

Example 5
Alternative Preparation of Crystalline Ritonavir (Form Il

Ethyl acetate (6.0 L/kg of ritonavir) was added to ritonavir (Form | or a
mixture of Form | and Form |l) 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 an amount of ritonavir Form |l seed crystals (about 1.25g
of Form Il seed crystals/kg of ritonavir) such that all of the seed crystals did not
dissolve 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 of 7L/minute
with mixing. The mixture was allowed to cool to 25°C at a rate of 10°C/hour with

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

13



adding a solution of ritonavir Form| in nethylene chloride at a
“concentration of 22 ~5J AN 2003 about 1 g of *ritonavir r about 1.5
nmL of nethylene chloride to hexane at a concentration of ab(l$ M?ggs of
hexane per gramof ritonavir. 11. A process for the preparation of
conpound of Claim5 conprising adding a solution of ritonavir in nethanol
to methyl t-butyl ether. 12. A process for the preparation of the conmpound
of Claimb5 conprising adding a solution of ritonavir Form1 in nethanol at
a concentpraducirwas issiaied by f@raifonrwsmgnaxﬁﬂembet typemantafugeran timeof rret hanol

h 60-
1 tonavi EPPIOXTRIEY LLaEBhr TPRETBRUGHMEE %’B‘Rd?ﬁhﬁg] ot (& a5
compr i Si 1)l B GOIUb LPRAL i RRAY TRy 1 0 et hanol at a
a about 1 é’

concentration o onavir-per a u 1.5 nL of nethanol to
hexane at a concentration of about 90 110 nL of hexane per gram of
ritonavir. 14. A process for the preparation of the conpound of Cdaim5
conprising adding a solution of ritEx2mple®n nethanol to water. 15. A

process for the preparati of tt.he ound of aim5 conprising adding a
sol ution of ritonavir Forﬁﬂi@—ﬁ@%&w ! reho rati on of about 1 g of
Ritonavir Form | (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).

Example 7
Preparation of 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
containing distilled water (2 L), 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 at 20-25°C for 12-18 hours to give amorphous ritonavir (2.5 g).

Example 8
Preparation of Ritonavir Form |

Ritonavir Form |l (1 kg) was added to a reactor (A), followed by the
addition of ethyl acetate (4 L). This mixture was refluxed until all of the solids

were dissolved.
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© riitonavir per about 1.5-2.0 nL of nethanol to water at a concentration of
“about 400-500 nL of water per gramof ritonavir. 16. A proceﬂsSf\ﬁAN%
preparation of the conpound of Claim5 conprising adding a sol UtfTo 03

ritonavir Form1l in nmethanol at a concentration of about 1 g of ritonavir
per about 1.6 nL of nmethanol to water at a concentration of about 400 niL of
wat er per gramof ritonavir. 23 - ~15 ,JQ N 2000 17. A process for the

preparation of the conpound of Claim5 conprising |Iyophilization of a
solution of ritonavir. 18. A process for, the prepatation of the conmpound of
Claim5 conpr %Pﬁ%ﬁﬁ?ﬁ?‘?&?‘?wa&“&e&ﬁmw@ﬁ“gf’% ?f“?@ﬁ&(ﬁt?‘sioﬁ i sobut anol .
19. A pr%ﬁ?ﬁr%i‘mtlgﬁ ng,rf%ﬂévaéﬁ'Wﬂh@faddil%ﬁépﬁéﬁ!%'ea(wI}’), BUEPtHal ¥Rl ihé ne

pol ynmor ph of C aim nprising seeding a solution of ritonavir with seed
cryst al ssedd ¢3Sals\did(riot dissolve. This mixture (a slurry) was stirred at 23°C +5°C.
S)-1-Benzyl - 2-((4S, 55) - 4- benzyl - 2- oxo- 1, 3- oxazol i di n- 5- ;:gféet hyl ) - 2&( ((2-iso
propyl -1, 3-t hhebet sautjon fretmigacien Awvascslpwbnhiitsresh Heing3hB2Wiasor SRafni de in

an anount_such that, there e ' t [ Lyt i on of
"'t onavi partikige. SR o DRGSRt BYPEHREREE AR Rorle: amie Tost i
crystal | SfyhR RAREIPE vPds EdAEAS 2000 RISt RRFdI tess thahW hQlivsOf Thét onavi r
ina Cl- | cohol wth seed crystals of (25)-N((1

S) - 1- Benmduitihg( $14®y wR)s-fitebed Al fitered $0IR} washed iwitmhéptahe aniythin 2iried( ( 2-1 so
propyl -1, 3-t hi azol - 4-yl ) net hyl ) am no) car bonyl ) am no) - 3- net hyl but anami de in
an anountn 8 yapuumavenias 66°arte piavdedBpRair EBBR lcrystals in the sol ution of
ritonavir. 21. The process of Claim20 wherein the C1-C3 al cohol is

et hanol . 22. A process for the preparation of the substantially pure
crystalline pal iditidaCSmpbSitios ¢ i t4 ritonavir
with seed cr y?‘t%rlg?r%‘a ’?’??@na?\?imr“é%or m ?al):ﬁh?'gl ?gﬁgﬂggyﬁﬁ%w i %gnﬁbo ! n

ant i - sol vitortavirdorm H, HasitheNoROOBg2Z2mpositioe evrcapsulatad iprepéirelastan of t he

substantially pure crystalline
gelatin capsule.

Ritonavir Form i 100.0 mg
Ethanol, dehydrated 120.0 mg
Oleic acid 709.75 mg
Butylated hydroxytoluene 0.25 mg
Polyoxyl 35 castor oil 60.0 mg
(Cremophor EL®)

Water 10.0 mg

The preferred composition can be prepared according to the foliowing

method.
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pol ynmorph of Claim 3 conprising seeding a solution of ritonavir in ethyl
“acetate with seed crystals of ritonavir FormlIl, followed by adqli i\iﬂN’f
hept ane. 24. A process for the preparation of the substantially pﬁjr 2003
crystalline polynorph of Claim3 conprising seeding a solution of ritonavir
in ethyl acetate at from about 50C to about 55C with seed crystal s of
ritonavir FormlIl, followed by addition of heptane and cooling to about
25C. 25. A process for the preparation of substantially pure ritonavir
crystalline polgetdoldwiRgmprotoandiseemplayeddd dive greparation obA00d soft pelatini r to a
slurry ofcgmadesgrystals of ritonavir crystalline polymorph Forml in an
anti-solvent. 26. The process of Caim25 wherein the solvent is ethyl

acetate agga he anti-solvent is heptane. 27. A processl_}‘mo e preparation
of substa I i gpnavir crystalline pol ynorph For conpri si ng:
(a) di ssoto¥ B acetate—wth—heattne H—eoreent rati on

of about 1 kg of ritonavirl4 L of ethyl acetate; (b) adding the hot

sol ution @fsri tonavir of l\ﬁ{rﬁﬁeﬁaf)dﬁo a slurry of seed cry | s of ritonavir
crystalliné polynorph Form I'¥in heptane; and (c) cooling thé resulting

m xture te1glgout 20C. 28 EtHamolpr ocess of C aim 27 where{tg.0he ratio of Form
| seed crystals to starting ritonavir is fromabout 0.5%to about 10% w w.

25, dehydrated, USP, 200 Proof

2.0 Ethanol, 2.0
dehydrated, USP, 200 Proof

0.25 Butylated Hydroxytoluene, NF 0.25
704.75 Oleic Acid, NF 704.75
100.0 Ritonavir Form | 100.0
10.0 Water, purified, USP (distilled) 10.0
60.0 Polyoxyl 35 Castor Oil, 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 Form 1l is then added to
the oleic acid with mixing. The ethanol/butylated hydroxytoluene 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 not less than 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. According to the procedures described in
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" ~-5'~a~ Q03 , 29. The process of Caim27 wherein the ratio d
crystals to starting ritonavir is fromabout 0.5%to about S%MJQN 2@@5

process of Claim 27 wherein the ratio of Form| seed crystals to starting

ritonavir is fromabout 0.5%to about 1 %ww 26 .A

A A&H. A Au. A. A& A59. A&3. A" N3. A9l . Aay. AL. AsF. A& AA@ . ALI . A. A9(, . A(. ALS. A{. A
L(. A A@ Ay ; K&HTZ< e

4(pux-w~ytni d_ZU] ca]ca] ca] ca]c(aU] c(a]ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]c

o gg];g] &ﬁwpniﬁﬁﬁﬁ% @F]"]%%JA‘]C'%WQQ%@]@% { Eﬁ'}h%aﬁaoé‘i{%']s{gfg dMa] ca] ca] ¢
U cral caraoh oot %ﬁ’ﬂgEééééé%@kﬁik%ﬁaﬁ*‘c?%mﬁfe&sagdg G SPSPREY | cra o

aj cMa] c"at ef;apc&kaV] c&al] ca] ca] cMa] c”Ma] cMa] cna] ca] ca] c”a] c”a] ca] caj c"a] chalc
<a] ca] ca] cal ca] ca] ca]ca] ca] c*al I I JJINN=OOOOQQOXXX/ YYYYY7ZzZ[[[#\ __"ztnid_Z
Uy e [V] ca] c(a] ca] ca] ca] c”a] c*a] ca] ca] ca] c”a] c”a] ca] ca] ca] c*a] ca] ca] c*a]calc
a] cal] cfa] cMa]c”a] cMa] ca]c*a] ca] ca] c”a] cnha

' bThcddddeZeee* gsggghhhhh>i Ki ai j MkkOmmsnynn| wr mhc™Yj e [\/] ca] c*a] ca] ca] ca]
ca] ca] cal]ca As used herein, the term “substantially pure”, when used in reference to a
Ul c”ral] ca] ca] c: a] ca] ca] ca] ca] ca] ca] ca] ca] cg]ca] ca] ca] c(a] ca] ca]|c’\a] cajc”alc

a] cha nnPOEOMPHVE MPDRVIK-refers i RIRAVNPERY) eFrppayisd] @a] ke kerm I, which

cal cal cat ARt R RO SRR TRpGE iR PRSP g hrElaERl Cur O

] ca] ca] CMCBB%%@%Q&%@L@%%%W@%@@LQ mboahd ahgaincsdrfialidr, eesB({ ?>[ +

}xsnid_Z]]c]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal ca] ca] ca] c*a] ca] ca] ca

] ca] ca] capt apotaih cadredhanjabajt 40 fmymt)wef f-cB(T{ otitohawini Marg pedfesdtdn] cal cal
;? 1:;]31 1:;]31 k ic?'rl Qa&bsa%lxﬁﬁ alﬁ/a;lucrgl re?fle koly orp ?]nfoa an Iggln(w: ?]o?g]o(r:r%]lfa] c(ale
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, in 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 I, which is greater than about 97% pure. This means that the polymorph
of 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.
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 ritonavir.

Even more preferably, the term “substantially pure”, when used in reference to
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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 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-Ka1; 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 anguiar positions (two theta) with an allowable
variability of £ 0.1°. This allowable variability is specified by the U.S.
Pharmacopeia, pages 1843-1844 (1995). The variability of £ 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 position £ 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 theta). For example, if a diffraction pattern peak from one pattern is
determined to have a peak position of 5.20°, for comparison purposes the
allowable variability allows the peak to be assigned a position in the range of
5.10° - 5.30°. If a comparison peak from the other diffraction pattern is

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

18



" 109G ()-0 $109G& ()-T 10" 10"
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“Tovgge TP BygHR o Highirdhp peek B B denitnsid b I p rrlT s & ()
10g 10g 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 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 3¢ 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; 1* pulse width was 3.8
microseconds; 2™ 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 was 50.00; sample gain 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 coilection length was 75.9 seconds; 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-Tech InspectiR video
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1017 10% Qa'l W& dd with he % ﬂ%vsl}\g p%lrg%%térg 'S sbircs \glgs¥nsfrared 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; the number of sample scans was 128; the collection length 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 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. The analysis parameters were: Sample weight: 2.28 mg,
placed in a covered, uncrimped aluminum 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
limit the invention to the disclosed embodiments. Variations and changes which
are obvious to one skilled in the art are intended to be within the scope and

nature of the invention which are defined in the appended claims.
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CLAIMS

What is claimed is:

1. The crystalline polymorph of (25,3S,5S)-5-(N-(N-((N-methyl-N-((2-
isopropyl-4-thiazolyl)methyl)amino)carbonyl)-L-valinyl)amino)-2-(N-((5-
thiazolyl)ymethoxycarbonyl)amino)-1,6-diphenyl-3-hydroxyhexane with
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°, 16.70° £ 0.1°, 17.36° £ 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°.

2. The crystalline polymorph of Claim 1 with characteristic peaks in the
powder X-ray diffraction pattern at vaiues 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° £ 0.1°, 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°,
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°.

3. The substantially pure crystalline polymorph of (2S,3S,5S}-5-(N-(N-((N-
methyl-N-((2-isopropyl-4-thiazolyl)methyl)amino)carbonyl)-L-valinyl)amino)-2-(N-
((5-thiazolyl)methoxycarbonyl)amino)-1,6-diphenyl-3-hydroxyhexane with
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°, 16.70° £ 0.1°, 17.36° £ 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°.
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4. The substantially pure crystalline polymorph of Claim 3 with
characteristic peaks 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° £ 0.1°,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°,
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°,
5. Substantially pure amorphous ritonavir.

6. The substantially pure amorphous ritonavir of Claim 5 characterized by

a glass transition from about 45°C to about 49°C.

7. A process for the preparation of the compound of Claim 5 comprising

adding a solution of ritonavir to an antisolvent.

8. A process for the preparation of the compound of Claim 5 comprising

adding a solution of ritonavir in methylene chloride to hexane.

9. A process for the preparation of the compound of Claim 5 comprising
adding a solution of ritonavir Form | in methylene chloride at a concentration of
about 1 g of ritonavir per about 1.5-2.0 mL of methylene chloride to hexane at a

concentration of about 60-110 mL of hexane per gram of ritonavir.

10. A process for the preparation of the compound of Claim 5 comprising

adding a solution of ritonavir Form | in methylene chloride at a concentration of
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about 1 g of ritonavir per about 1.5 mL of methylene chloride to hexane at a

concentration of about 85-90 mL of hexane per gram of ritonavir.

11. A process for the preparation of the compound of Ciaim 5 comprising
adding a solution of ritonavir in methanol to methyl t-butyl ether.

12. A process for the preparation of the compound of Claim 5 comprising
adding a solution of ritonavir Form | in methanol at a concentration of about 1 g of

ritonavir per about 1.5-2.0 mL of methanol to hexane at a concentration of about
60-150 mL of hexane per gram of ritonavir.

13. A process for the preparation of the compound of Claim 5 comprising
adding a solution of ritonavir Form | in methanol at a concentration of about 1 g of
ritonavir per about 1.5 mL of methanol to hexane at a concentration of about 90-

110 mL of hexane per gram of ritonavir.

14. A process for the preparation of the compound of Claim 5 comprising

adding a solution of ritonavir in methanol to water.

15. A process for the preparation of the compound of Ciaim 5 comprising
adding a solution of ritonavir Form | in methanol at a concentration of about 1 g of
ritonavir per about 1.5-2.0 mL of methanol to water at a concentration of about

400-500 mL of water per gram of ritonavir. '

16. A process for the preparation of the compound of Claim 5 comprising
adding a solution of ritonavir Form | in methanol at a concentration of about 1 g of
ritonavir per about 1.6 mL of methanol to water at a concentration of about 400

mL of water per gram of ritonavir.
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the solution of ritonavir.

20. A process for the preparation of the substantially pure crystalline
polymorph of Claim 3 comprising seeding a solution of ritonavir ina C1-C3
alcohol with seed crystals of (2S)-N-((1S)-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 an amount such that there are

undissolved seed crystals in the solution of ritonavir.
21. The process of Claim 20 wherein the C1-C3 aicohol is ethanol.
22. A process for the preparation of the substantially pure crystalline

polymorph of Claim 3 comprising seeding a solution of ritonavir with seed crystals

of ritonavir Form i, followed by addition of an anti-solvent.

24



T 10% & ()- M, -./>| 0bU410 $10984& ()-10(10(10( fB810% & ()- 33! 10% & () -

C @10% & ()- 3.S10% & ()- >X|[:bU410 y3"109%@& ()- L10%G& ()15

L 10984 ()- LF 1098& ()- L10%4& ()- Fq |[:bU410 @ GLO%&' () M
"1098& ()- " &L0Y& ()- S10%& ()- s !1098& ()-L|[:bU4l0 -z1098& ()- +
10984 ()- 9* "1098& ()- (1098& ()- FYAOYR& ()-

#1008@&' ()-d, /012 [ NA410109A0%0% 9 109 ()- &6 10984 ()- |4 109%& ()- 2
"10984&' ()- 1109%& ()-2C7y|[: NA41010 Y+310cy@cy@ ()- ! 10%@BU@ () -

F" 1094B Y& I 1094 YR - 1 109%aB % 00 % 1 1 1098&' -
Y1098 () - (@%Mz’f %3&6’ ﬂﬁg &Sy ]}@@ é‘i‘e Hystafine X
" 10%B % ()-
L0 @s iyrhofiH of tla;«m;}gsleomb@.ﬁ@ ée%ég%%mam 6%%@@\/&):; eth ﬂgc@(&e& .
s 10984 (v)nth eeed@mals)of rl&namp/ﬁ’&‘r(\)ll- devqed/waddltmabfr@pme() - 10984 () -
,YL098&' ()- C*y 1098& ()- (109%& ()- L':!110%& ()-)rvu4l0 310%& () -

L109%9& ()- 0" 1098&' ()- @O0%0%0% 8 109%& ()- s210%& ()- *-vU410

310%& () - L1PP8 ;grb'cess %r%ﬂ%é%fa@ﬂ ofthe substantially pure crystalline
polymorph of Claim 3 comprising seeding a solution of ritonavir in ethyl acetate at

from about 50°C to about 55°C with seed crystals of ritonavir Form Il, followed by

addition of heptane and cooling to about 25°C.

25, A process for the preparation of substantially pure ritonavir
crystalline polymorph Form | comprising adding a solution of ritonavir to a slurry

of seed crystals of ritonavir crystalline polymorph Form | in an anti-solvent.

26. The process of Claim 25 wherein the solvent is ethyl acetate and the

anti-solvent is heptane.

27. A process for the preparation of substantially pure ritonavir crystalline
polymorph Form | comprising:
(a) dissolving ritonavir in ethy| acetate with heating at a concentration of about 1
kg of ritonavir/ 4 L of ethyl acetate;
(b) adding the hot solution of ritonavir of step (a) to a slurry of seed crystals of
ritonavir crystalline polymorph Form | in heptane; and

(c) cooling the resulting mixture to about 20°C.

28. The process of Claim 27 wherein the ratio of Form | seed crystals to

starting ritonavir is from about 0.5% to about 10% w/w.
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29. The process of Claim 27 wherein the ratio of Form | seed crystals to

starting ritonavir is from about 0.5% to about 5% w/w.

30. The process of Claim 27 wherein the ratio of Form | seed crystals to

starting ritonavir is from about 0.5% to about 1% wiw.
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