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application takes priority fromU.S. provisional
application Nos. 60/568,043, filed May 4, 2004, and
60/ 607, 5BROCES® FOR PRERRING ATDAZANAEIR BISULFATER: s
of which are incorpora [N reference. FIELD
OF THE | NVENTI ON 10 Th%ﬁﬁrlﬁﬁ*ﬁw%ﬂ ion relates to a
process for preparing the HV protease inhibitor

atazanavir bisulfate and novel forns thereof.
BACKGROUND OF REFEREMWTE TONOTHERPRROICABIONSS849, 911

to Fasg)er et al. di.scloses. a. series of azapeptide H V.

15 pr oﬁ%%n%"@s‘?fﬁ APRIICRE P K GHPTYILY E‘Sff’u@eﬁ Péﬁvészg’ﬂﬁgé}?g‘jcatlon Nos.
/568,08 §i18d W1ay 4! H6d4V bk 607833 méd $ PrdthbdRYy, b, i H

\l/\l\l,g](b RSO RS Bs aa/hé?%q n Rlalﬁs ower al keogxycar bonyl [ R2

i disdeswwesiafiwhiolt atedntdrporatet dierein by fefdremue. | ower

al kyl thi o-1ower alkyl, 20 R3 is phenyl that is

unsubstituted or substituted by one or nore | ower

al koxy radicals, oprEfDGF FYE PRVENTION S phenyl or

cycl ohexyl each substituted in the 4-position by

unsat uThd pdsent atventiaryelagds tb girodess foo pobpdriby thedyIVoprotease
ring.carbon atom has from5 to ripg atons,

cloht @ﬁ%taF%Pﬂr%lnggt& d oy eigel-ected from

ni trogen, oxygen, sulfur, sulfinyl 25 (-SO) and

sul fonyl (-SO2-) and is unsubstituted or substituted

by | ower al kyl BAOCKGROVND OFCIHE INVENTION,

i ndependently of R2. has qne of the. neganings, nentioned
for ReU-Sakatent NoypB4Rydb) tedgissder q&eﬂﬂ Sinser) Biss ghazapgptide HIV

'Sé}ﬁfeg%'}%ﬁ)ﬁéf)}’s hiéﬁljiacéli(li\aegt ﬁ%a@)@é’l‘?ﬂ@qgé’ Ltﬁc_ 8 ?m' ng

ereo rov at at st one sa
group i s present which includes va&ai ous
R, OH 0
H H
R1 ~ N \*/ N ~ N ~
N Y N Rg
H 5 = Ho o _
\R3 5
wherein

R, is lower alkoxycarbonyl,

R; is secondary or tertiary lower alkyl or lower alkylthio-lower alkyl,

Rj; is phenyl that is unsubstituted or substituted by one or more lower alkoxy
radicals, or C4-Cg cycloalkyl,

R4 is phenyl or cyclohexyl each substituted in the 4-position by unsaturated
heterocyclyl that is bonded by way of a ring carbon atom, has from 5 to 8 ring atoms,
contains from 1 to 4 hetero atoms selected from nitrogen, oxygen, sulfur, sulfinyl
(~SO-) and sulfonyl (-SO,-) and is unsubstituted or substituted by lower alkyl or by
phenyl-lower alkyl,

Rs, independently of R;, has one of the meanings mentioned for R, and
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pharmaceutically acceptable acid addition salts
thereof. 5 Several nethods for preparing the

wazmpegsides are provided including preparatiptr/o$2085/015333

conmpound where RL and R6, and R2 and R5 are in each
case two identical radicals, wherein a diamno
co rrpo Ry irafeperitently pfiRi, s weaplkOkyydartianid; or N,sNt—ﬂEreoREprQ\ﬁded
.Fiﬁ ondensed th an acid of the StructH
at. at c@s} ons BR-TRFming grqupds Pregent ddch igeluAesy @

t fined for R1

&%ﬁﬁgé%ugﬁg f%?a%ggaﬁga%%sg?égggé?%$gfy 15 In formng

at azanavi r enploying t he above nethod t he di am no

compound ( which wll ve the structure .

H2NN, p&iqze@i@ethng f@fr@ﬁ%ﬂ@aalwze %P&dﬁﬁaretm%wé@;wﬂaém@

gs}ﬁ@mdqh of2%a o\GQd %919{%/ 1%,%%%96 %Uﬁ%p@?é@:ﬁ’gﬁ ca¥d
Faz1 nocar : ---] 1n the presence of

|1éerproanyiﬂlcalscwheﬂem a)dlhmnrm dongpopnd véthesttudnem ne  OH
B(o)cNHI ' -~ NHBoc
a

\Ra

is condensed with an acid of the structure

(b)
R,
R1'\N)\H/OH
H
o

or with a reactive acid derivative thereof, wherein R; and R, are as defined for R,

and R¢, and for R and Rs, respectively.

In forming atazanavir employing the above method the diamino compound (a)

which will have the structure

4

NJ
NH, - 3HCI

HzN\é/k/
©

is prepared by coupling the epoxide

BocNH\/<c|)

-2



5 which is treated with hydrochloric acid in the
presence a solvent such as tetrahydro- furan to form

wa hesaisar ne (a) / | ONN OH HZN, - ~N, NHZ 3HC1 ¥ciy/us20bse015333
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diamine is isolated and used in the next coupling step
where it is reacted with an acid (b) OCH NH 100
(with ehymzinwgarbameteest er t her eof enpl oyi ng a coupl i ng
agent such as O (1, 2-di pydrg-2- oxQ:

1-pyridyl)-N,N, N , N @_a_@l_ﬁgw%%tetrafl uor o- bo
rate (TPTU). It has Deed f that the dianine free
base is unstable and therefore 15 undesjirable for use
i in the pissarica @l iseprapybalcohed to form shapratesteddiamyng.  pat ent
No. 6,087,383 to Singh et al. disclosesthe bisulfate
salt of the azapeptide HV protease |inhjbitor known
as atazanavir which has the struye ex, 3 WO

2005/ 108349 PCT/ US2005/ 015333 @ 4 0 OHO O1\N
N, N YNYO1* 1 JY NHH Odgal' " tat'so referred to as
atazanavir bisul f at thzagavir sulfate). Exanple 3
of Singh et al. des%orclﬁgé{tﬁhé pNEBR&r at i on of
atazanavir bisulfate in <

&

which is treated with hydrochloric acid in the presence a solvent such as tetrahydro-

e

furan to form the diamine (a)

7

OH

N .
“NH; - 3HCI

o,

The diamine is isolated and used in the next coupling step where it is reacted with an

acid (b)
0
\O )J\u OH
° (b)

or a reactive ester thereof employing a coupling agent such as O-(1,2-dihydro-2-oxo-

1-pyridy])-N,N,N' N'-tetramethyluronium-tetrafluoro-borate (TPTU).

It has been found that the diamine free base is unstable and therefore
undesirable for use in preparing the free base of atazanavir.
U.S. Patent No. 6,087,383 to Singh et al. discloses the bisulfate salt of the

azapeptide HIV protease inhibitor known as atazanavir which has the structure



5 the formof Type-IIl crystals which are a hydrated
hygroscopic and crystalline form and Type-I crystals

wovioshosagpear to be an anhydrous/ desol vat ed crecst/esionsies33s
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form BRIEF DESCRI PTION OF THE | NVENTION In

accordance with the present invention, novel forns of
atazanavir bisulfate 10 are provided gghich i ncl udes
Pattern C material and Form E3. Pattenq d material is

preferred. In addition, in accor@dangé With the present
i nvention, a process is provided J preparin
atazanavir bi suld atg-1 n thgyf of m g Forn1A'EﬁVgtals
(bul k drug) Qg?i h dre Hrefferrged t aﬁ Type | crystals
in Exanple 3 NS 'i!ms,»rrff‘; '\NO.\, /343 o Singh et
15 al). The Form R crystal s prepared bygt he process of

the invention have a desir ubstgntially consi stent
particle size distribution substantial ly

consi stent nean particle size, and are enployed in

t (abocefered & aratiankdt bisulfatConsthameir sulfatgarti al |y
crystalline material, which is fornulated with various
exci pients to prepare the drug product. 20 The

proces ik :
o o st U B SRRl B o e
cthy $éral bf PaietId orysetshahiohl ere\at tadeted Isygréscopic aad coystallime form
added at. an increasing rate accordi n/% %ﬁ a qc}ubi C .
eadabyinsr crvstalyiedichiappgar e beahanydrops/desphypted ey stallige form.
steps of reacting a solution of atazanavir free base

in an organic solvent (in which the atazanavir

bi sul f at e sal BRIEF DESCRIRTION OF THH INVENTIOMN a
first 25 portion of concentrated sulfuric agid in a

.

amount Intascordarae With the PeesentipERtGRAIAY e igoms ohigranayh B'gﬁulfate
2N N R R, Rl n g Rl C i

Réedfel#®d 005/ 015333 at azanavir bisulfate Form A

crystals to the reaction m xture, and as crystals of .

at azan@additionsim acgerdancsrwith he @resentaBYANEPBAProcess is provided for
con tr ; Y i pl .
AU AL SUELE LA b P R Bl otih are

efefeefet tb a§ Topd Dityahls HOERanple Grof $1.8 Faterf No) 6080383 enSingh et
in accordance with the present invention, a process is

prlbvThedliprmop crystadppiepargd by thermiocsss af the avgntien haticcarflesiged

derived from.and in ! nayi ' -
R DR PO SRR RO Pt Bl pean
NEEYtide si2e Qi GeslemPloysd imRBE e rverstonyts tPatternat nfatrial A paftially
wat er and dryi ng.. Arter natively, Pattern C nmaterial
narystgling maml,tyau@lmjf@mulﬁgd wp%laaplss e hioprepare thyiirug
rperloélltlcitve hum dity of

The process of the invention for preparing Form A crystals of atazanavir
bisulfate salt employs a modified cubic crystallization technique wherein sulfuric acid
is added at an increasing rate according to a cubic equation (as described hereinafter),
and includes the steps of reacting a solution of atazanavir free base in an organic
solvent (in which the atazanavir bisulfate salt is substantially insoluble) with a first
portion of concentrated sulfuric acid in an amount to react with less than about 15%,

preferably less than about 12%, by weight of the atazanavir free base, adding seeds of

-4-



10 greater than about 95% RH (water vapor) for at
| east 24 hours. Pattern C material nay al so be forned

wyosedssgr anul ati ng the atazanavir bisul fate oPCEUS2005/015333
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conmbi nation of atazanavir bisulfate and excipients

and drying the wet granulation. In a preferred

ettbzrgiayie hrsulfie rme A erystaksite therreaation el xtire, fanl @8 erystalsiofg
bul ki

R B bRuBRE Lo o305 SHTRA pabesble o SR ol Hppiore

aftageh @sﬁ@wa@hﬁ? eate@a(&om%g 18ab]calqastidrotodfeBClotMati M Form A
Pattern erial in adm xture with the excipients.

Feystaler in accordance with the present invention, a

new for maf. atazanavir bi ate bro i ded, na

For m 22 AR RERESH g bty ofSsPriRuHigh s Bobemes provided for
Eﬁrbﬁérh@@fo%%f%&&é{@afvﬁ \%cms%a{)@d/framtana%élaae% -ataZ8ndv@r M

Is prepared by slurrying atazanavir free base in
ikl fage, and mehachi in gefetred tostlPrattyrn\KE triateziah cRatterm€enlay be produced

ul f d d the, res
B SePei S o ERBE Al 200 §Bote A lEREG O Pt C
N e B MY B@fdﬁﬁe& 8p §u1£J QJtmgtcP;%falsS&* Pfo%tA%l ﬁ%hf’%élative humidity of
t ol uene or hexane)] ltering and drying. Still

f greatbiethan abaat eé%o&Hc(watm wpqrh@r pirleast 3# honmse Pattem,C material

rocess, i i ded for rin rmAcr stal s
DRSS RS bt e iy i eblagiie 0 A o7ar ackic gL o Shdnbistion of
PASRRALViPBisRIfkk 'aﬁ‘c‘l‘lef%%léﬁ’tk bind®4 i@h@WeH&FaHﬁlﬁtloé V\D
2005/ 108349 PCT/ US2005/ 0153 - acid

~ ( pnef ey embedinEint, (Fiémmﬂ as}taks atet mlmddvrth fomnutating
solatlnﬁlhhetr amnequzl?l1 reacting t e1 triam ne
SECPIEAS S B¢ PUROESRFINE Eﬁf‘é‘f‘se Hisrgmpre lagfases PRg, % P
QlSlQ(e@ragtsNELNhldél crd's'pglldéné Bnd REt %fﬁﬁﬁ?t@&?o @1“1‘6(91 %‘ﬁﬁ Egt&‘iin C

organi c solvent to form atazanavir free base

vnéthoaitiniadmixitiiengith the ezcipieetst ed to the ataz anaV| r

bi sulfate via a nodified . cubic
I'a ursher in accordance with the present invention, a new form of atazanavir

bisulfate is provided, namely, Form E3 which is a highly crystalline form of the
triethanolate solvate of atazanavir bisulfate.

Form E3 is prepared by slurrying atazanavir free base in ethanol, treating the
slurry with concentrated sulfuric acid, heating and seeding the resulting solution with
ethanol wet E3 crystals, treating the mixture with heptane (or other solvent such as
toluene or hexane), filtering and drying.

Still further in accordance with the present invention, a process is provided for
preparing Form A crystals of atazanavir bisulfate which includes the steps of

preparing a triamine salt of the structure



crystallization technique as described herein. In
addition, in accordance with the present invention, a

wozoshosateazanavir 10 bisul fate conposition i spEI/osAoceels333
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whi ch includes atazanavir bisulfate as Form A
crystals or Pattern C material, and a pharmaceutically
acceptable carrier therefor. The aceutically
acceptable carrier may include fJ bi nder s,
di sintegrants, |ubricants, and er Nconventi ona
exci pients. The various forns o& _atazanavir bisulfate
according to the inventi gy be 15 characterized
usi ng various technithl Q\gger Li on of which are
well known to those of:= ordlnary skill in the art. The
forms may be characterizeg™agd di stingui shed using
single crystal X-ray di ffi on, which is based on
uni t ceII nmeasur enent s of single crystal of a form
ré?elfab |(3/ o) satlﬁ qﬂ@ﬁ@tﬁb’ﬁﬁsolfnr%e&@'tﬁﬁgme salt, reacting the
scrlp |on unit’cell's is provide St out
Jteinméne, sal- vﬁﬂyalﬁaatwetesnee pBdérablyiof diel structuée Pr act i caI 20
@Qui de, Macm|lan Co., New York (1968), Chapter 3,
whi ch is herein incorporg ref erence.
Al ternatively, the uniqueg| arfan ene& of atoms in
LY

spatial relation wthig ne lattice may
be characterized accordingtto herved fractional

atom c coordi nates. Anot her nean characteri zing
the crystalline structure is by powdef -6 WO

2005/ 108349 PCT/ US2005/ 015333 X-ray diffractian
alftahe/RieseTicn ofih Pase aPHOTERetOl BB AtagpRain Azgs base which,

of %ﬁ({\ﬁ?sto'lﬁﬁ pirs%fo L&ted%o tf&oagi}%eg?r lglg’ulﬁatec‘lv %l 1@5&ﬁed cubic

erep ésen I Ng pure mat el al run at

t digstalfigatonasetnyquecaldesceivpé hareine €, and measur ement s f or
the subject formcharacterized as a series of 20
values. 5 Ot her nmeans of characterizing the form may

be us%’adﬁ%%%@@c%@&hr&e%lﬁ EAt‘?ﬁ‘Jen'E{BQ tlt;d\}%l a anav1r
resonance erent 4 scann|ng ‘cal ori me

(S Batessinpdsittnis praidedi width includeatyginavie bisA)fate BO @sm A
paraneters nmay al so be used in conbination to

cmtd@ pePatesn Qrea@ublj, ard a pharmacenyiesiycepntablg carmignthegsdor. The
aaxr'rfalé:(:teﬁ{li:aﬁleyta}(]:gé/p%téﬂ]% «t;arf’lgxl ﬁla@fﬁlﬁg&ﬂ 5 iﬁ*gﬁglfs,a%}glb@gjr%ts,

Qu&@&@s And Btﬁeﬁ&)n%éﬁt(cﬁl)al é(mpl&nt@ = 8.327(2) A

The various forms of atazanavir bisulfate according to the invention may be
characterized using various techniques, the operation of which are well known to
those of ordinary skill in the art. The forms may be characterized and distinguished
using single crystal X-ray diffraction, which is based on unit cell measurements of a
single crystal of a form at a fixed analytical temperature. A detailed description of
unit cells is provided in Stout & Jensen, X-Ray Structure Determination: A Practical
Guide, Macmillan Co., New York (1968), Chapter 3, which is herein incorporated by
reference. Alternatively, the unique arrangement of atoms in spatial relation within
the crystalline lattice may be characterized according to the observed fractional atomic

coordinates. Another means of characterizing the crystalline structure is by powder

-6-



a = 93.56(2) ~3 = 114.77(3) 80.49(3) Space group 1
20 Mol ecul es/asymmetric unit 2 wherein the crystalline

wo groemess4at about +22C. Form A may be char act epdmeskobs/015333
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fractional atom c coordi nates substantially as |isted

in Table 3 and the crystal structure substantially as
sXieandiffradtioglanelygis i @hiebrthe éxpermebial ohelrsanted diffredtidnyprofile is
si mul at ed and observed powder, X-ra iffractjon
SRR 2 B AP 5 TS OSSP PRI B ENA B Ty t the
rg%ebﬁﬁghem&h[g&aﬁﬁe ahY nRadirdth &SR iR subfeRPIrGcharacterized as a
calorimetry (DSC) thernogram having an endothermw th
pseeiks of ktalads. about 165. 6C substantially as shown in
Figure 3. -7 WD 2005/108349 PCT/ US2005/015333 Form A

may beOtgnmsRRsichaigcisyzing theformimay baHsrSurl anipiidypiate

ST GBI SRR W) Aahnind Sl (DSC) and
4therngd] Erakimetyiclaaalgsia (BGART Thed phyanictees may allo beaised NVR

(SSNWR) chenmical 5 shifts substantially as shown in
TegmItanation g chragtaidzesthe sebienidbst anti al |y as shown in

Fi gur [ ' :
ot o B SR B LB ERA AT B LR Yl Y Blantaly
Sequkbtonhéfotidkingray be characterized by
nol sture-sorption isotherns with about 10 0. 1% wei ght
gain in the range from25 to 75% RH at 25C. In one

t of.the present invention, Pattern C may be
gﬁgalfgbnfeenrslmtzngd by the observed powder X-ray
di ffractbo@s(Paktern substantially as shown in Figure
5. In a different aspect of the present invention,
Pat t ertr 29-383(6b& characterized by a differential
scanni ng igretry thernogram substantially as shown
in Fi gcurggéb%éé{rﬁavi ng an endothermtypically in the
range § e@msgpput 76.7 to about 96.6C and from about
156.8 to about 165.9C. In a different aspect of the
pr esenft =ild¢diAf3)dn, Pattern C may be characteri zed

y = 80.49(3)°

Space group 1
Molecules/asymmetric unit 2

wherein the crystalline form is at about +22°C.

Form A may be characterized by fractional atomic coordinates substantially as
listed in Table 3 and the crystal structure substantially as shown in Figure 2.

Form A may be characterized by simulated and observed powder X-ray
diffraction patterns substantially as shown in Figure 1.

Form A may be characterized by a differential scanning calorimetry (DSC)
thermogram having an endotherm with peak onset at about 165.6°C substantially as

shown in Figure 3.



by a thermal gravinetric analysis curve having a
wei ght 1 oss of about 2.4% at about 125C and a wei ght

wo oms/1@éB4mbout 4. 4% up to about 190C subst ant i &tT/ySmes/015333
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shown in 20 Figure 8. In accordance with the present

i nvention, FormE3 nmay be characterized by

cryst af dmgAamt}q e dhataatenigedbyoathermal gravimesic analysis (TGA) curve

e g?{%?p?%g? bXQggéguotgso%%?@;gﬁ O%\%_tg J é&%i‘%s galg'za(sss}lown in
Yizurk@2- 82(3) Space group P 1 30 Mol ecul es/ asymetric
?t when the crystalline formis at about -23C. -8

V\D ZOCIEdr&DB&AeQ/ J(ChatdSpiaed Byl tha 3811d-|stateaNMK (WR) chemical

aspect of the present mvenﬂgg Form

Hispubstaptially %)ﬁh?%é‘? Tahle # a5d By the SIPS?}F‘HP mWséagltlally as shown in

ng&Ite%ntlally as listed in Table 6. In a different

aspect of the present invention, Form E3 may be

char ackati Aenhyye charssteninédbefactivtabdismio@drdioateesubstantially as
X-ray diffraction patterns substantially as shown in

Hi ialgblad a different aspect of the present

I nvent i
i 1 o A e e e e B St ot e it ahou

emd%t\laﬁgmgamnqaé kahgwifiohi 26 tot 156 RengesPCom about 89 4
to about 96. 6C substantially as shown in Figure

In a dinfaneaspact akthe presert inveatipn.fagiam ¢ ﬁtheu CbhfaCfFH?—‘?ﬁ by the

PPy BOuAROETRL GG in e o BTy B BMRR Y B 5

about In@@eﬁ:ﬂb&s‘p@ﬁtdf@hd preksit HRONtb, Baﬂ'e’ib ICem8y bé Elha’liacterlzed
di fferent aspect of the invention, For m E3 may

chyea didferanitiabsratying halorimetyy ﬂ@mggrmaubﬁtén%kysqs ah@mm Kigure 7
N RN L T
AfduPPsE YPEbAEXEdCTENt Al at
In a different aspect of the present invention, Pattern C may be characterized
by a thermal gravimetric analysis curve having a weight loss of about 2.4% at about
125°C and a weight loss of about 4.4% up to about 190°C substantially as shown in
Figure 8.
In accordance with the present iﬁvention, Form E3 may be characterized by
crystallographic data as shown in Table 5, substantially equal to the following:
a=10.749 A
b=13.450(4) A
-c =9.250(2) A
o =98.33(2)°
B =95.92(3)°
y=102.82(3)°
Space group Pl
Molecules/asymmetric unit 1

when the crystalline form is at about -23°C.

-8-



roomtenperature) powder X-ray diffraction patterns
(CuKa k = 1.5418 A) of FormA; 20 Figure 2 shows the

wa@eopstadz4st ruct ure of Form A; Figure 3 shows aPCT/US2005/015333
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differential scanning calorimetry (DSC) thernogram of
Form A; Figure 4 shows a thermal gravinetric analysis
curve (TGA) of Form A Fi gure 5 shows a G 13 solid

Sstate re 6 _sho observed .

(ex perllg‘lr?e‘?w‘?ff% ené?SpFBt&fw%? Efnﬁ?’ét Onpgsﬂﬂ’é E3 gy Characterized by
dfrztcftl%ﬁﬁtdt&ﬁlc%ﬁcﬁﬁﬁes(s@Hﬁﬁfftla Iy‘as listed 18TABIe ®f Pattern C
Figure 7 shows a differential scanning calorinetry

t her. rrdgraadtffefenpmpearqf tie; pregentjumvent®ns Roms E3 mdyevenablaracterized by

rravimetric ana sis,cC ttern
il ane neafed PaRa S s es Sast bty as shown n
(}q Rerg mental at 30 room tenperature) powder X-ray

diffraction patterns (Cuka a. = 1.5418 A of Form E3;
- 9 WO ReOEfeR8sdpeRCT SRees! BY&BR®, Feiny b8 endylbesthewsterized by

LTI L e o e
e 5 S O

The prI@Mfferenvsgpbctmf tlmwsedemvexatonL Eeusm EB mnagafet qharactenzed by

forns of atazanavir bisulfate, Form E !
Pathernal gravimgtricapalysisghpeihayiag ai W?l%iarl@ﬁseé pRoUt; lﬂ At abou

pf@"?%ﬁﬁéﬁqtfaﬁ I shGES B{.a E%§ form The term

nmace y acce , as used herein, refers

to thesediterpoLpes, of iRt ivértios, FaanPP sialibe l%ﬁaraatﬁﬂi@ifby the
dosage forms which are, within the 10 scope of sound

respitelstrupyerysHbstantiallyi asshpwn foFigesnilact with t he
ti ssues of human beings and animals w thout excessive
toxicity, irritation, allergic response, or other

probl em conpl i BRIEFIDESORTETION UETHE FIGURESSonabl e
benefit/risk ratio. In certain preferred enbodi nents,

c r yst dfigimed smmabﬁlatqde(snbé@ed)l(%ﬁﬁ?d aséIObservmﬁeémnmréal at
substantially m . The ter st [l
preP@ temagraug@om%@ﬁg%{a SAeion ppgerns :Bﬁﬁgﬂg“ 33#448

greater than about 90% i ncl udi ng, for exanple,
a out 91 % about 92% about 93% about 94% about
95% aitiguite 29¢Rowvs aloery st AucaboeffF@BA; about 99% and
about ]-lgl?l?é)?) shows a differential scanning calorimetry (DSC) thermogram of
Form A;
Figure 4 shows a thermal gravimetric analysis curve (TGA) of Form A;
Figure 5 shows a C-13 solid state NMR of Form A;
Figure 6 shows an observed (experimental at room temperature) powder X-ray
diffraction pattern (CuKo A = 1.5418 A) of Pattern C;
Figure 7 shows a differential scanning calorimetry thermogram of Pattern C;
Figure 8 shows a thermal gravimetric analysis curve of Pattern C;
Figure 9 shows calculated (simulated) (22°C) and observed (experimental at
room temperature) powder X-ray diffraction patterns (CuKa A = 1.5418 A) of Form

E3;



As used herein "polynmorph" refers to crystalline forns
havi ng the sane chem cal conposition but different

woepasi@d49ar r angenent s of the nol ecul es, at ons,PC120S2005/015333

10

15

20

25

30

and/or ions formng the crystal. As used herein
"solvate" refers to a crystalline formof a nolecule,
at om Figwrg/18rshpwp thetdnystalfstnethesrofdiommdidnendrol ecul es of

o yot diPiusd1SHOVR & Bifert SR8 Bl onflelry PSD) therppgram of
T E aHBY tREmAT % eRtetlidarfilysisQ@i a6 Firhapgenment

and/ or a non-ordered arrangenent. The sol vate nmay
contain 25 either a stoichionetric or

xanpl e, | DETAIEERPEScaRTaOR PR BRNTERTION,: of
sol venthdmbtRatin®entBiYpro@iaty, bt lehdt MpRATHINA of @&anSfir bisulfate,
solvent fromthe sol vate. Sanples of the crystalline

framely, reym B3 and RattamdC vas nve uhaserdals, iim paryicplar i phatmansutically
h Lty, i ndi cating the. " a_doni nant
REHIE o Thh e sy il Ao pGP R R SL bR Rarefgr o
NhERIcoHPRUMS nﬁierﬁ[@c&apéﬁﬁcﬁls%ﬂaﬁr d%lelg%thhﬁi Which @fevithin the

The presence of nore than one crystalline formin a
saop of souypd hneditel judgmentdsuitabletfordomitapt wathdhe tissues pidwdesn

-ray diffractio PXRD). or so]id.state nuclear
U e enip A i B SRS OB R P o) B8, Y FES S aponse,or other
MR SBANGf pHRATIHs R MARMs irte MR a rda@naBledf¥RbBt/ridk1tio. In certain
presence of extra peaks in the conparison of an

eprgferredrembadimentsparystaicie FORD qf dtee dase hvindisalss thiereof areanl

PXRD ttern.may .indi caje nore than,one crystalline

bR RGr R e T SPATLGUY Uy driy Heim, mes a
Rsbihg @Bhthy Mt Rerth SRt 90% cIERhE foSSAmPR, bBout 91%,

C[()%kﬁ]ldhﬁ% 5 IF%:{?RHZ%%r o%r am f or Calocuci ati %gox- Ray ou ’

Fbouited2%h) dbbnt?3% caboRPe4%;) absut' 93% vabent e % Rédiut?7%ebout 98%,

Laboratory, Liver e, California, UCRL-7196 (April

ng‘St)gégo/giraé‘fié’k%l ’;Qfapmt he crystalline form has

subst L ah! LXN » kb Min@SorntHat o8 Bin

| ess t a%éh%g%wplr%eﬁgﬁgl )l}b?ffggcg&?httg%ns %}:;r&g{r?dﬁ{r%gree ©

pheféabbdmpdsithen Hh diff@etospdtial heargetrehtspd dhe maleeales, atoms,

t he experj rre,ntglll melasur ed PXRD pattern arising from

taped/ogyans formping the ¢ixstalio are absent from the simul ated

PXRD p f i I Jsi 14N

avi e s tEe g SRR LEERaR 2k R oMol et

tahdfor idsahattftuehdr cbathing @akecatesaf aisnlveteorer|vents iemordratgd into

measured. PXRD pattern arising fromihe extra peaks .
i eryata line sisuethie. TS P PR TBo ReHIET B @5@#@%5@/@? present in a

P j stk ki Rgef -
TR 08y RSB R TR S8 Rl B
rRithped gdichiontetiias: mingtotchignedtiio dmountrofltheddobegnt arolecules. For

exanpl e, . L :
exmggle, a solvate with a nonstoichiometric amount of solvent molecules may result

from partial loss of solvent from the solvate.

Samples of the crystalline forms may be provided with substantially pure
phase homogeneity, indicating the presence of a dominant amount of a single
crystalline form and optionally minor amounts of one or more other crystalline forms.
The presence of more than one crystalline form in a sample may be determined by

techniques such as powder X-ray diffraction (PXRD) or solid state nuclear magnetic
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crystallization or recrystallization froma suitable
sol vent, sublimation, growh froma nelt, solid state

wao zessdssearat i on from anot her phase, cryst al I ZMT/USBOOS/015333
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froma supercritical fluid, and jet spraying.

Techni ques for crystallization or recrystallization
atsonayc spetirgseopyO(SENNRRNF6r examypk) therpragen¢eeofi axth peleks in the
for exanple, evaporatjon of t he 20 sol vent, decrea
toEPeE QTP EAN grpeBmentally Bspspasd PXRIRatiem mgtswwlatei b%%p

ﬁ%lﬁgfgx%a?m &eﬁm&%tt#&fe‘é Ies g&ilgﬁ@fonm i bl t'f‘ﬁe simulated

€ an or sal rying the so Vent

'BXRDreay bdchladsted from siiglaatystabXuentsa. see Smith, D.K,, “A
(countersolvents) to the solvent mxtu

dFARERAN feraamigr s Wf”ﬂ%Rah@PW%rsD@fmiﬁoé‘dXéf’%ﬁ”o Cavwrence

f
ARG TR bl B AR DO PP Al 9637 Sfhgrably.
Rhetifybtallinedbain AaGubSamidtlyl pur@pithsEdombgeneitpaCindicddédtby less than
Lafayett Indlana 1999). For crystalllzatlo
tlék/hmreifa@b ot lge thawrp ? wnémqr@meferﬁwé lesp dhane? %Grof $bn totahpeak

ireq B0 Efchinl hicly B & pARRTPARI AR OAGHOEx TP éiks that

iy shsehi framtth@simutadd PXRD), patteth. \Wps rprefﬂéxeec’sisra&:rynialhiméforrn
sol vent, 30 Conbi nati ons of solvents may ) %
fwl%ﬁ&h’ﬁlﬂ@lallﬁ’h%lrf‘cﬂr?é%b?mogﬁﬁ\?l%é’lthé‘%ﬂs &laﬁm 1| /z @8 theﬁP I'peak area

N T

%sédﬁ@o@ﬁﬂ%@ﬁﬁdlateamﬂa)@@dtm.l on and to afford the -11
WD 2005/ 108349 PCT/ US2005/ 015333 y formation of

cryst direcednpessar the @re\pemtiong erysiglling dermsargknewn fmige art. The
oy r@ﬁﬁp%g)r%gy Seﬁ/"lﬁe Spsf'e: % l%}}et Varj g’r’%ftalﬁ%.\mﬁ%sz EHOFL?(PITIgS foe gfiample

&Q&ﬁﬁﬁiz&xon'dﬂ rév?fbstzﬂﬁidﬂ@ﬂ fidtn @Eﬁ%[@so%éﬁﬁ tsabl$mat10n, growth from a
atazanavi r fate i s suspended and/or 5 stirred in

aneltiisphid st@tegcﬂm@mam@ fapmenether phage, rcyystaumélﬁnrﬁwl be

h d dj ssol
JEBRRurS RAE R et BB, Bloed R e BTt Yooy fization
Rifepstalife Rimafida 4 sdlait eftureitiale, Toyexahiple, €0actionaT the

additi onal anount of atazanavir bisulfate or salt
tshbieab decroasing thpderapem@tu@rquhm%%wt mxiures erystel seeding a

at azanavi r S te aqr, salt thereof an s | vent
PEFSER el mR BBkl ROER o efir g te ven
BRAire, AndGEddARn of ahtiDRRIR| (BourbsiverR§to theCsobdny Riditere.

and pol ar Erotl c solvents, and mxtures of two or

more dErystabssd dmsgsdinslodingaelymearchs megnsly of pgp@@@rlgn,rmsl

added to rystallizatio t
g B R A SSHR Y RISl SUPF AR s S
yrh SRR, PRAFEY, R8I1S. VeSS EIRANSSCf, West Lafayette, Indiana
(1999).

For crystallization techniques that employ solvent, the choice of solvent or

solvents is typically dependent upon one or more factors, such as solubility of the
compound, crystallization technique, and vapor pressure of the solvent.
Combinations of solvents may be employed, for example, the compound may be
solubilized into a first solvent to afford a solution, followed by the a&dition of an

antisolvent to decrease the solubility of the compound in the solution and to afford the
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controlling gromh of a particular crystalline form or
as a neans of controlling the 15 particle size

walk@smoddut i on of the crystalline product. Accordi/osdoys/015333
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cal culation of the anount of seeds needed depends on
the size of the seed avail able and the desired size
oformatlam{ of aystajpr ddm‘rmsmeﬁtlmh eolamtdxewhrdhhhel corthpsund has low

d coo] i ng of
I Iam %@EE soffrepis mrppwngﬁgyssa Is ﬁadﬁ Pole and pagpolar
EE@{,&&@H ng Science (1971) 26: 369- 377 I n general,
seeds of small size are needed to effectively control
t he 20Irgomenhéthod ta:px;ep&ralcqstats ttapariagir bisul fBeedsl suspéndedahd/or

ﬁ%é?e@%)zgl SEIgta g 2&2{%@3 agbfy " n%ﬂ}lcfgglla; be %eated to promote

I
[ ibcta il PH el S AP ?é%%%#?ff.hﬁ Seans ESiEtdicer
r eardriavir bisaifgte ozhaaly duelr&’bf cwhish alalyiatsotcpnfairoan addtional amount of
desired crystal form(i.e. chan%%to anor phous or to

a%%‘ﬁ’éYlf pitulfatsos salt ﬂrzs%f;\t%fé&rréa e3QE5ReOYSaRixpue of atazanavir
‘911?%9 dr 4 EreISf‘ attd) vé&féhﬁ%&@u@ 0 Fgﬁéolé@éIverI?sem this
a SUIt e SO ven SucC
r mgm)dslhdhﬂet Zait ¢xampda lpeknhprodasbldérts dnd pokie prosicsblvemg camnd

pur to afford the deSIred crystalllneform The
&t 5 prorRenf thase apAisplgsddhersinag sui tabl e

spect r I I §ﬁ[}]§{l§

DSC, P ,&%Sﬁalg ﬁlea@:%?fg&é&g a%gxﬁ'?%h%gr mal?1 I on o
pewteNizegore rAsivill bé clearfto tina killedhetisia, editigds usede a means of
resultl ng crystalline formis t%pl cal | y produced in an

sRntEelling grg fearpartl%ﬁ%r caystaktine7iorper gha mgansef eongglling the

t r.ald
ogﬁtlﬁg s% di ?) ac{% épz{ea s&?}ﬁ }oiaﬁ{ta i eccgﬁng&1 ac]{ c?ﬁﬁgrq of the
eapbw of s¢erds hb@led ray pénals bh Zid siteof-tAesdé@av bl el AhIIA desired size

PCT/ US2005/ 015333 procedure. The product may be
cofrAn 4vernge prosiiskrattielp ap degaribedafgiexampleeip 't éogémm% cooling of

ARG SCERIT . LB bR R TR thhe 157

f 261369-B7 DCRSEn&ral ReddBlof BMEP Sizt BE ritbaeind @¥fettivailp tortdl the
Thi s %be achi eved, for 5 exanpl e, by employing in
t gfevith elgrygiele et bsttcép Sgedseifwmall size may,hegeaersted by sieving,

solyents f.ro v hi sul

. ylglil%lqr mlgrémzw% ﬁté?} Qn@ Ar )ysx?lgm i&hﬁy% St solu’uggs
obireisREEd BY takies tthdt neitlin@rbr %c@ﬁiz\/@ruf omgbell$ d6¥3 not result in any
techniques. Suitable solvents for this purpose

i Fhengalia caysfalbinity fromethe desited coysigb farmi (beorhaagastoramorphous or to
[ n%l udi ng P Ch)l c pol ar solvents such as al cohols, and
aapprgf e %8?51? 5ol vents such as ketones. 10 By way of

gener ah @bl digfire iAG bE ER6lel AR vabuking, dM@hdBolatddis8li@may
to renove any undesired inpurities, inorganic salts,

apedwashed Withea sufiteble splvantpsucheas nplﬁgewstﬂllzatlon solvent, and dried

under a nitrogen purge to afford the desired crystalline form. The isolated solids may

be analyzed by a suitable spectroscopic or analytical technique, such as SSNMR,
DSC, PXRD,Vor the like, to assure formation of the preferred crystalline form of the
product. The resulting crystalline form is typically produced in an amount of greater
than about 70 weight % isolated yield, but preferably greater than 90 weight % based

on the weight of atazanavir bisulfate originally employed in the crystallization
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reaction or crystallization solvent. The resulting
solution may be concentrated to renobve excess sol vent

wW®20ogaessous constituents. If distillation is anpli/oy®o/015333
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the wultimate anount of distillate collected may vary,
dependi ng on process factors 15 including, for
epmapduze. Vespretuesinay, bestomriHecher paassdtshiougly a mashi serhen to delump

I, ke. of general qguidance, the reaction
sﬂwemf_ﬁﬁf’ﬁﬁifﬁcssa istilled to about {fraction (1/10)}

t he or fgjstdiine f68hs Ry BEbRIparea Airkeil frb@RhA AR medium of the
carried 'out. The reaction na&é?e sanpl ed and assayed

t finalg@regess step fanprepating atapdnayhdisulfatst i1his mayibe achieved gfor
product .i n_accor dance ith standar r,ocess

PG e b 1 e S BEeT SHAR <P BRT SRS phsgivents from
NR%icRe IRk HMoulRke MBPBY 8FstafiZ00! ANA8tiVERAry¥lline forms may
concentration. Preferably, the final concentration is

abg olztined by distiiatiors® satvest additivi te¢hnppient Saitatileisatyents for this
typically result | t be preferable to.add ..
SBRpETintIuRs st 14hes splYetss dEsePiogh RRR el b Brpric poler solvents
diy2hiak hicBRolt NdTaB A eI fMhr RbXEME Suchs&kfnegd sol vents

for this purpose are those which may ultimtely

part i cBpatag of genenal guidaste lthd neactiontmixbee asty dieddigsssldd remove
above in cannection 25 with solvent. e ange. Althou

R BB e, BB RSy B O e B
gi];éﬁ%ﬁc}h or' ceysPMRZa¥ioft @Qllvtaﬁ'tf? "I*He‘f_@sulﬁr{gesfoidﬂ@)ﬁ:m%&c&ﬂkéxﬁia't&lﬁo

ree base | in solution is preferably about 4%to
ateowdve E¥sesT helvers ac gassnunionstituentsmlf disillstion fseanployed, the

LS et B Rt BRI
Sﬁicfuﬁﬁ'%, fd?rexérﬁgfét veksd1Qide, WHihE cHBDITYIUnd heARRUIBy WSy %f general

The reattion I's 30 preferably filtered hot and washe
wgditlareke ] the reatctien scdatddr may botiselid totaheutsidtacton (16dt@)¢ dhe original

or ac i nation thereof., Seed crystals nay be added

t ¥Plumg %3%% Ealy ¢ ZERACS oIS GET 6 Out. o et iganay b sampled and

c [Li j - . 0

R a0 O PUGELAGT T BT USROREL B8
dwith istagdard Ipaddess clariyene Ifatesirdis ndditionml géactibe selsentaiay be added
various anal yti.cal techni ques known to o f ordinar

R4 Temoy e torRptimizg rea%%@ﬁmla&egrqf%@rlugtg? ey cogpeptration is
i . .
N e e

di f f r ait mayrbe(prefeiable tdiatld esleadts diredilysc dhemeagion vessel without
calorinetry (DSC), and/or therpogravinetric anal ){lsi S ..
distaljing dhrereatiop ik AIF-y Prsksrrad spryepts don4hys Rypase are those which

( . . |

AR LRy PR AL Sy RERIR RSl B
u@ith sbliventreralsdnge maihoughothe iffhiklanacentatioy edy vhry depending on
particular, it is generally known that i ntfegsi ties.in_
adegire@ purity; fepoveey prshthg Jikedhe finghroneengrtion ef despbatai iysolution

UR %?efgr‘?iﬁﬁz%bgﬂieﬁ% t& %bqit t7b/<9 nlshe%yétﬁ% Sxture may be stirred following

solvent addition and simultaneously warmed. By way of illustration, the reaction
mixiure may be stirred for about 1 hour while warming to about 70°C. The reaction is
preferably filtered hot and washed with either the reaction solvent, the solvent added
or a combination thereof. Seed crystals may be added to any crystallization solution

to initiate crystallization.
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10 and the shape or norphology of the crystal. It
shoul d be further understood that relative

WO mioemes3sd es may al so vary dependi ng upon experdTestoad/ 015333
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conditions and, accordingly, the exact order of
intensity should not be taken into account.
Addi t i Bheavaripps formsalesoribee herermay beodistinguishableifomm angjanother

Grpdaieuenierel X, Sul1iacion paL e e e
(26 SUcRGHIRRFed mcREShPafd §t )imiRA%0, S8R sARONREaP magnetic

measurenent error should be taken into account as .
pesdnance (S§NMR) specadwopyrefiraygoedied diffraction (BXRANgdigksrential

Consequently, it js to, be nder st ood that. t rystal
FoRTb AR S0 apﬁl(%ﬂilﬁ?na%r%\‘?i@em ang ym_st@%oyf he
cryst ghy 51‘)&%@3})_}@“} BY BY b Svitkappécidicl thi3atX .04y MekdcBbApattern

conpletely i1dentical to the X-tay di fftractl on
pasy b olstaited withednéasutehentecmrthatny depgnéény upers the measurement
di s¢) osed herein, An 0 crystal forns that provide X%
rcgyglaliom pmeloyedh M#@i@ Eingensally gpwn Fhad it ILS&!CSﬂ%a§-faY
o pRELARES o IcBGHARD A 1 ceeDl P gl dRidns employed
adnid|thé shape oamoeptology of tiesdrgstali &l shiodkelitei fuither widerstaod that
diffraction patterns is within the Ilourvi e\{v of ..one of
delativappensiies mayrpliongnadepending upes rXpepgicptal gendidens and,
%@E&dﬁlgyﬁm LEEP&ALr SrInERGR sRo@Bhof BE AKERiiGh&REnt ©

a geneous crystal structure. The term"Pattern
asddisethllyed eeasustrhéntreaspetdiffravtiPatnge for@ conventiomhl X-ray
refers to a characteristi g, X-ra di ffractjon patternp.
mf,fralca?wa%ﬁr&m\??ﬁy w%ap-?£ & SShPrafrst Y abow S 5 dscussed
r ; '
IR AT ofd REATRMSS of MetE A0 oB5: Wld BPRRARAS&Eolnt s
| pevtainingoto theafopsnegmaibhetdifpactioAanglys t @biseqientlyy ia isaodei r
bisulfate salt, a nodified cubic crystallization

rundristagddhatshecrysial lerms ohibe astankinysBERNATE net limited iodhe grystal

2] | G 3

AR R o SR B AR e o
kiifftdcfian patsethd ddpictedingh@ndcoaiphyying Biguresdésciusdd herelnu dersy
acetone, a m xture_of acetone and N-nethyl . )
pyystal ifoaesibat rovida - raydiffractign @a‘ééfm%wbaﬁeﬁalbmée%{ torfhose

he.l | t [ | Lkt j . .
SRR Ao B AT e prsent iyegion
ITHRMbARY td afkefaih Quibdbaitial RlertUidd\vf Wetagliiffraptied patebhsyis within the

fromabout 6.9 to about 8.1 % by 5 weight atazanavir
frusdewod one Pherdingryskibin &€ 2t azanavir free base is

heat t I it hi.
351 o Higsn sEERT AR b el A1 L GREFBARYS refers o
AemapedesiBaeyse structure.

The term “Pattern” as used herein with respect to Pattern C material refers to a

characteristic x-ray diffraction pattern.

The term “atazanavir bisulfate” as employed herein refers to atazanavir
bisulfate as well as atazanavir sulfate.

In carrying out the process of the invention for preparing Form A crystals of
atazanavir bisulfate salt, a modified cubic crystallization technique is employed

wherein atazanavir free base is dissolved in an organic solvent in which the atazanavir
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wi th an anount of concentrated sul furic acid
(containing fromabout 95 to about 100% H2SO4) to

wo mastossad h | ess than about 15% preferably freomesoos/015333
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5to less than 10 about 12% nore preferably from
about 8 to about 10% by wei ght of the total
abbisul fmavalt is bulestariale insdlhuble, arkilinclsdeaat étnge, sohixtire of adfetone and

atazan vir free base wl| itially reacte

| Wagetl nymiatidone. edagolpt E*‘@P%Po‘?tijf BFAndsEions v s o

1&5‘171d@¥1 sofifiofl ‘éw%g claﬁcetnh #hAbn SMMAhavif froUbdseWithiRHeGange
be enpl oye ring the reaction, the reaction

nfrmhmbeutl 65 meatouad Nedbytveizht, eprqfemhlylfrom abdutiord tolabout 8.1% by

range from ab(éut 35 to 15 about 55C, preferably from
aweight AerapavinBerbassoC. The reaction is allowed to

cont i nyg go%t &%{tz{zgl?avfnr R0 3RO }éthelt%dtaP% fErafi within the range

m nut es, pre era roma out 15 to about® 30 m nutes.

Themabaet 3500 abbutt35°€, px@f@ﬁﬂﬁﬁdmvubbht 40 psdbalis508C, kat readied
atazanavir bisulfate n&w an anmpunt of seeds
BuEC gl

thhmamﬁéntrcemgécwré}Wﬂa (qoptagng fromoseny 9> tepbout
(gh' h& Bfﬁ %a%? Lv%tklflé’sg i, g’ggtna\‘/%’g) 191‘3 ybfgos/%lk&%%'yn@ l%l'léss than

i dbohh 2%Em6id @efemvxi fto@ abbi Etonabond HJ%I byavelidie of ﬁﬁabﬂaD n
m xture at a tenperature within the rangefromabout
FWazapavibae besCThys.dhestaning solurienpbfetanayip fiep bassotl be

5'0(%?{115}%0% ﬁh P S Jthsén g{xlﬂ.?\llqyg?' égfetfegrgﬁgf'f%gf H(P{I | to about. la%, by

Begi ns aric aci

| ﬁex@ﬂﬂﬁdhé fbtzﬂléhiduﬁ{ 6f sulfagescidto BolemployedsDudng te@eaction, the
according to the cubic equation as described below to
f IsReHoatmixae i mamtasraﬂdfaétaéemmr@mrw@mndhwﬁge Berucabenas3s to

BB o oyt ot a3 30T B P e sar ¢ for med
are depgndsiionds ailme@fé)cﬂohhﬁ’ﬁb fofh Eel‘i)(fd trb@ abehf U foGbout 60

acid, which determ nes the 30 crystal Ilzatlon rate.
Imn‘rmm prefematily fnoch ativat 1 atoabouf 3@oinutesbi ¢

R R DR Ay P L
iﬁﬁﬁ(}%ﬁ?%%mpg’/ HROBRHiR %’é’fan%eeﬁ@lh IaB&!.ao i %%ﬁt SR

i ned atazanavir bi sul e crystals, along wt
aweight; prefirably dram ebait $itg ebow B@{eb)awdlghehesedfantbs weightiof

a constant addition.rate stallizati sl o .

HREnaYT Her RS TR i BN TUR B NEOC ot Bt sgection
/68 Sto aBSutl93eC, preferabl

TPt o VPR RGRIVALK G EAk AR W0 285y %G, prefembly

bfeemiao@biOatotabowtc®@Pt the increasing acid fl ow rat e

wi t hout i nduci ng secondary . nucl eatiopn, The, sl ow

it alheestiandn aawe 9lqopiauY leYéﬁaﬂ{Zﬁté%P‘g%{lSm Thegepfter,
gs{u(l)fo{rll: AL@8E added in multiple stages at an increasing rate according to the cubic

equation as described below to form atazanavir bisulfate which upon drying produces
Form A crystals.

The crystal particle size and morphology of the atazanavir bisulfate salt
formed are dependent on the addition rate of the sulfuric acid, which determines the
crystallization rate. It has been found that a modified “cubic” crystallization

technique (acid added at an increasing rate according to a cubic equation) provides
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i ncreasing the nmean size. The cubic crystallization
provides a | ess conpressible filter cake, which aids

wo mosfidsset i ve cake del i quoring and washi ng, aspe®U$2088015333
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giving a nore easily dried product with fewer hard
| unps than the constant addition rate crystallized 10
Prebively. largBe mib ivell definéddthianavir bisulfat bodtabsyplony edthi 5
a tenperature _controlled crystallization g rived from
MRATTOVYET particleciz rangeaanddig wentingsgthan a gorstant 5@1@? F#¥ft h-

.  Pubs. . ¢ .
R on” IR Sy R0 it AAF R Pl e LEPnPH) Bl crystal growh
( dwerxecondaty Mhcl¥atidnTETHWR} &l thevhiefaee dreaxncreastsawith particle size, the
tenperature for crystallization_ 20 Tm.n = Ending

t woap pdusiable tpaecept fheriaprepsing ach flowirale witheubindueing serondary
S L R bl G A b
binstehding theibeadaide! AfHeabiR)crisilizmidh provides 29 egsatompdéssible filter

sul furic acid, the tenperature varjable is replaced
vakp, wlich aids ir pideqtive clepdaliaseringiand washing, as wehlas giyipg a more

t hewvar.i o . ) o '
50 Bl By ROCRSRL Y 105, BB MG o eyt
d&ct- 16 WO 2005/ 108349 PCT/ US2005/ 015333 Vme =
ol ume_of sulfuric acid added during el apsed tine

per i odTha @big crystzidizationmeihad employed i 4 teppetstine cogralled

90% [ { = ed~LiJm:J r L 1jiggat )
AR ooy e ORRC I Chb R f e (583 bidrwort
(Hpink$anh, Fudk rad i§ Gefafed Hyhke folloivingsimplifiedequabyn:
controlling the crystallization rate using this
expression, nucleation is controlled within

acceptable limts as the sys em e ntai ns a copst ant
| ow | evel o,&_ upe@at ulﬁ.atﬂ n—fl:e-t- QCk:jorm A crystal’'s are
i dentified y@@m max = @) WGt on pattern and

crystal

where
Tmax = Starting temperature for crystallization
Tmin = Ending temperature for crystallization
time  =Elapsed time in crystallization

time ) = Total crystallization time.

Since the crystallization of atazanavir bisulfate is controlled by the addition
rate of sulfuric acid, the temperature variable is replaced with acid volume in
Equation (1). In this equation, the variable representing the minimum volume is

removed.

time total

Viime = Vioal X [tﬂe__] } (2)

where
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structure as shown in Figures 1 and 2, respectively.
The Form A crystals of atazanavir bisulfate or the

waoratos/e0s34C material as well as Form E3 preparec/es2005/015333

10

15

20

25

30

descri bed above are the final atazanavir bisulfate and
can be enployed as drug products for adm nistration

to patVght s.= ¥Yolumt cfsafutdandé addddduting epipoaitine peridde
inventjon, Pattern C material may be_ prepared by

exposi NgulForT aakyglumg p§ a¢ig repagsehtingthe Slechsieedr yi ng.

I n anofher pr [ C i with the present
inventtltngg, Pa?faﬁer%]lt@qen@t%%t%wﬁﬁ%y be forned by

exposi tige glysTatabergdtalhigationAih@ hi gh rel ative humdity

of greater than about 95% RH, preferably from about
dsquagion oL refoed wRias(thercabioegpdiion.” f or at 20 | east 24
hours, preferably from about 24 to about 48 hours. In
anot her enbodi rent of the invention, Pattern C

mat er i BY comrdlligptheeeysbylixeibn r43¢ asing ais egpradsivhanaiteation is
bi sul fate Form A to produce granul es of atazanavir
rosoled withinwecentable gﬁyﬁSr@g therfystgmanaintains a gonstant lowilgvel of
out e t granul ation process, the atazanavir

bsllill ﬁﬁtsfr‘kgfq\eé%vr\lﬁll be 25 granulated in water and dried at

a t enpesrad Areeystdlé Rienddnti€ied B @ewlerontaaifftacdbn parterdbant crystal
80C, preferably within the range from about 50 to
atgturgacshopmeindiigyreyl andd ragpestivele preferably carri ed

oL b RSk R gt g vt

FedrineF N pfephRt QF dadcribBy ative ardxfe fiaslnmazahyvirbisulfate and can be
granul ati atazanavir 30 bisulfate FormA in the

n
pfrf@@@mﬁeasdg'ugpwdéﬁﬁ fgrrdmiphiaationde pelieds. exci pi ent s,

| act ool WoBpengE P loe ARAErR Y 1 M AR b KRl RBt e
Réz& s DY 8% SOt mEIDrmA efysfaBlb Yvatdrasové indryingnd dryi ng

as descri bed above to formPattern C material in .
admi xtlnrasothier procpss i pedoplaageg withthe presenhmvpatiare Pattezn C material

mat eri al Form A or Form E r ef.er ahl 2at t er n,.

TBEPt Ririne Bk Buposte R PEF R Ab Hih pE1als hEE of greater
t#8n ABRRADIBIRHOprefbr SN HBM HRUETTHotboMt TOOSSRH @va& vapor), for at
descri bed hereinafter. Pattern C naterial is

clast 34 thentsz pugfepgbly frompabatit?4 to-abayt 48 idursict i on pattern

i.n Fi .e 3. The. F E3 | . b
¥ ur v raotes safdife st ot E o @R, Padcin RERRRLFEls Hepgred by wer
t HenBhtiid MaMinbitr SROEAR FoAk AdtoPbdude igfantfes Gf RERARYir s udfate
nolar ratio of acid: free base

and then drying the granules.

In carrying out the wet granulation process, the atazanavir bisulfate will be
granulated in water and dried at a temperature within the range from about 40 to about
80°C, preferably within the range from about 50 to about 60°C. The drying step will
be preferably carried out for at least about 2 hours, up to about 20 hours, preferably
from about 8 to about 10 hours.

The Pattern C material may also be formed by wet granulating atazanavir
bisulfate Form A in the presence of conventional pharmaceutical excipients, for

example, one or more bulking agents, preferably lactose, one or more disintegrants,
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10 with the range fromabout 1:1 to about 1.1:1,
heating the resulting solution at fromabout 30 to

wabostosd®C, seeding the solution with ethanol rel/UE805/015333

10

15

20

25

crystals of atazanavir sulfate, treating the m xture
with heptane (or other solvent such as hexane or

t srbfeeatdy crobpdvidonengnd diviclg ds Wesagbedaboive tel faxmaRateay € material in
bi sul fate Form E3 .(triethanol solvate). 15 The
sladkige witBghe@aCIPigihl oy an anount of seeds to ef f ect

f or mat r &@ | © mat 1,
of at alggstr}gg}b?l%%f]su %%1?,&_%&%6%373@%6 ase a materia

t Wkich &nembilacd fabadthin®tr@Borlint the &balntenﬂoﬂ]ﬂseﬁhsesﬁxaumd&ﬂ viruses
is i dent|f| ed 32%/ powder x-ray diffraction pattern as
sHEIRFE €% and crystal structure as shown in

Fi gur ePaQtenge A)ﬁfﬁﬁ?%ﬂ?{)&?ﬁ%@ BP itk B Béref LaiFeRBOE bR as

t he at'azanavir se 'S
heparigdidiye Breating a sol ution of a pr ot ect ed

triamne salt _of the structure / | ) .
PGNH * ThenF P31 Ripared Itslpgyipg §@m@vg'¥pe,egé'é% i gtanol, treating
£ ?Flrrg/%'al @cfilc%ntpaﬂé&/ %u?fﬁylg %1%%%]0}(11%)%}110%} ratllo of acid: free base

roacetyl’, prefera

pwith eHeabthge fiy raboid 1ot 'td)abﬂ;m t1(lvhetiag Iﬂﬁmregﬁtmg smls’eai) at from
or a base (where trifluoroacetyl is _used)

mb@s}tem@ %vputaw& g%miirtg the pojupen with ethagel %ﬁ%ﬁr@%‘s of

AaE s "R (3 ST plbbE RS hevane

f@ttbhﬁleﬁé)eﬁﬁéﬁx@, hf®dryiig ta yletdrperzaavit ®isol fatei ForlES (tagthaol
from about 25 to about 50C, preferably from about 30

t®hviut 40C, to formthe trianmine acid salt,

pr ef erapl

Dr f ST el o R ORARR A A of s e egmatio ofE3
V\érSr:hélHtfot & 1k B@ndlferatié bpdthr@ade bduak E-3 sede ficd badeheithin
triamne acid salt with an active ester of an acid of

t the range diomy pleou®0.02:1 to about 0.04:1.
Form E3 is identified by powder x-ray diffraction pattern as shown in Figure 7

and crystal structure as shown in Figure 6.
In accordance with the present invention, the atazanavir in the form of its free
base is prepared by treating a solution of a protected triamine salt of the structure

=

X
N

OH

PGNH\V/!\V/N\
: NHPG

(whete PG represents a protecting group such as t-butyloxycarbonyl (Boc) or

b

trifluoroacetyl, preferably Boc, with an acid, preferably hydrochloric acid (where Boc
is used), or a base (where trifluoroacetyl is used) in the presence of an organic solvent

such as methylene chloride, tetrahydrofuran, or methanol, which solvent is preferably
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\O-N CH H O preferably the active ester of the
structure O O)~NO,NEINIIN H O 10 in the presence of

wa2dssessuch as K2HPO4, dii sopropyl et hyl am ne, pd¥/US2005/015333

10

15

met hyl nor phol i ne, sodi um carbonate, or potassium
carbonate, preferably K2ZHPO4, in the presence of an
omgtameﬁe shlbyide)tat 8 taiipeastureplithih eerangd mmcheouwizsrtbmbumtéwc

of eth acet ate _and but X‘l acet at acetonltnllé’
emrﬁgﬁrabiﬁcefm abous 3t abatt U5 e faranbe sining geid saltypr erably the
t e from about 25 to about

@%ﬁ reor%a ls{a{l@?ft&%@%g%tﬁ{%gw 30 to about 40C to form
atazanavir free base. The protecte
material is prepared by reacting t
PGNH, ,, 4 -19 WD 2005/ 108349
PG is preferably Boc such as
N-(tert-butyl oxycarbonyl®t 2(’S) -am no- 1| - phenyl -
3(R) -3, 4- epoxy- but ax Nthe té%(grazi ne carbamate -N
- NHNHPG where PG is pfeferabrl'y2 in the presence of
i sopropyl al cohol or o Icohol such 5 as ethanol

j am ne starting
e dpoxide O
S 805/ 015333 where

or butanol. Atazanavir fate is useful for
adm nistration to a vvarm f'ooded ani mal , especi aI ly a
human, bei ng for the treatnent or prevent| on

cAngsighout rglating erté@ﬁwﬁsq%saﬂtorqaﬁ tingthe trapmige aald salt with an
r 1Eﬁ©ﬁ ially a retroviral aspartate
138:518?}4%%12%6&%&‘2 ?[ or HHV-11 gag protease, for
exanpl e aretrowral di seas such as AIDS or its
prelimnary stages. Ataza®aviyY bisulfate, especially
Pattern C materi al, Fo&m,/u\ QraH E3, preferably

Pattern C material or Focfmﬂ y be used in a nethod
of treati ng di seases caused byPviruses, especially by
ret{ ses, es eci AIDS or its prelimnary

prefera lyt e active es er of ructure

\Ug

in the presence of a base such as K;HP Oy, diisopropylethylamine, N-

2

methylmorpholine, sodium carbonate, or potassium carbonate, preferably K;HPOy, in
the presence of an organic solvent such as methylene chloride, a mixture of ethyl
acetate and butyl acetate, acetonitrile or ethyl acetate, preferably methylene chloride,
at a temperature within the range from about 25 to about 50°C, preferably from about

30 to about 40°C to form atazanavir free base.

The protected triamine starting material is prepared by reacting the epoxide

PGNH\/<(J)

©
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15 stages, wherein a therapeutically effective anount
of atazanavir bisulfate Pattern C nmaterial, Form A or

wozooem@s349 s adm ni stered in a dose that is ef fBCL/UY®05/015333

the treatnment of said disease especially to a

war m bl ooded ani mal, for exanple a human bei ng, vvho
owhexe E6uUn prafcrablryeBQﬁsutlh es Weteri-onploxpiaskonybs2(S)-amino-1-phenyl-

SRR Ceaordniieish e BrPn BIBBSS b0 am nf st er oc

to 20 war m bl ooded an l's, r exaNgP@ human bei ngs

of approximately 70 ght, is fromabout 3

ng to about 1.5 g, pr rab fromabout 10 ng to

0B oot LB B FR P b g

t;@e@a@bn@l@tﬁmes whi ch may, for exarrpl e, be of t he
same size. Usual ly, children receive half of the

adul t dose. i's pr eferably adm nistered orally. 25
At azanayir_ bisu t
Eor m taF%naquTsuflfs‘ 1]s o?ef{:llefh &g%@stgg &érgcdr agrglé#inbﬁ)o%d animal,

r&agédrﬁmmﬁﬁ{ beig For the ire@blett GQipasitibh 0Ns dzeseahaiing
Pattern C nmaterial or FormA or FormE3 for oral

adsronsize tainhdntiomef angrovisg|psetease rsperaaldy a regrayaal aspartate

e S0P e ey LM RREAHD B, s

VRN ITISeor i6réliBinaryestadepi ent, binder, preservative,
stabilizer, 30 flavoring, etc in a unit dose formas

cal | ecAtaganalyiy baw&,f@m espepitly Reftesu i meﬁerl@is Bemm Acor Form 3,

GBI PO F by or e A B e oGRS R T brang ciscases

RMu By iFuRsk, efR cRAY by SetidViHuSd] @ptciwlly AIDYlok Hs preliminary
carriers, if desired granulating a resultin m xt ure,

atapeprdrass |artgera1bre1t1n¢1 effestivé ameay iof edzaravin %%féﬁrRPﬂem C

ft t t
PSP Agud oo egs ABpLTRee T A nd Sk L
Ustmért 0B 5did dakesR d@ﬁ&'fdl@zl t6 afviirmtH1SoR@tanitRali Rl %%}hﬁe tauman
to be incorporated Iinto'plastic carriers t hat

thengawthiovn acogume of engt &f th@Hl@nﬁ¢rb¢de11&9asebee8pe¢lelbséHD$ fr its
sured anounts.. The b e or filletrs

e lnae, b TRt eeR. e Brrate e oRibe afthinistered t

| aeblo88ed e{hlﬁﬁlsaf@ Hﬁémﬁlfe thidnén baﬁgsr @F%r(f}ﬁﬁﬁﬂe@bmlﬁg Qody

to about 95% by wei ght” and preferably from about
tweightoistfr@s byt 3vweg gmbomt 151gepreGeratdnosi atah 10 mgamﬁbelst 1.25
tabl e for us

T doram Pl O BB o e S B iy el il
gﬁéfe}’ﬁ%ysm&ﬁl 88 bingR dE'sé‘sr@lﬁElYﬁﬁa?' fot Bangst, bel TS5 BneeRd

[ act os sucr ose arch, pregelatini zed
sfsualip, childrenressive o thoadultf dase.t hssaprefetgbly a@thlmstered orally.

ol 15 Aeass B IEsy BHEL FOEAA PLETBhES frafgoyed for
Ghe B ve YT RHRE PRA R e Gith FhdE Stitdbf &mpositions containing Pattern C
material or Form A or Form E3 for oral administration include tablets, powders,
capsules, and elixirs. About 10 to 600 mg of active ingredient is compounded with
physiologically acceptable vehicle, carrier, excipient, binder, preservative, stabilizer,

flavoring, etc., in a unit dose form as called for by accepted pharmaceutical practice.
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15 dextrin/dextrates, maltodextrin, conpressible
sugars, and other known bul ki ng agents or fillers,

wW@Dsees3md xt ures of two or nore thereof, preferebty2005015333

10

15

20

25

30

| actose. A binder will be optionally present in the
pharmaceutical conpositions of the invention in an
anountPharthientitdl eomposjdofs forombadmin(thtombaute Gdned by

Voring s s T ot GRSt b  rsting
; o f i e

A0 B By BRI e o B0 e bl bkt

appopriatel exccipixhtss tirgto cabletsyuhlagée edres,aapsud¢sarrplowdpo! fpworal/uise. It

b o s TS B2 S s b o airs

I
o e R S T S L e
acet at’Ehe ladking hfentsorafieaxwill belpresenti hthe phararacewtixal wax,

paraffin, spermaceti, 25 polyethylenes or
IROBR9EHIQRS @f the HyeREn inan At ﬁ’étgﬁlt the Fange, GoBhhquh Qto about

L . of .
P95l p UL STy BXgbay 2L ot
vdonlpobigionpExamplel vf pulkigragents ot fikerp baitabiecfou isecladrein include, but
conposition of the invention_ in an armuHI W ﬁ@l n the
raEn B! mpided tanesiiulase dervasiygt sushgs BYcTReygtatline cpilwlpgs oppyged

f . t - St i
AT B8, SR ord RS, aflcpapyi o
ugtitdiedoebitol doeh seech, Miotlifizd @omadtarth, ihdrgghit ealts such as calcium
croscarnel |l ose sodium crospovidone, potatg starch,

PeERpaRig: FalginmPhesphagh dicalsiym phespbafe, lawm sildatar ch - 21
#é%%ééxﬁ?é?,ﬁal%%Qﬁ? ?%QQ&Qg? %]agg )éﬁc? b@Lknown bulking agents
rocrystalline cellalose, or other known

cirFilletsc aniciot mixpire$ of 64 or meoreabatesiprefepstdy odisem  The
lubricant will be optionally present in the .
phar mekt binderwill boepfiesially pres@t in the @hanmaseticghcqmpegifions of the

anount within t . ! (3]

AETfon th b b BORRR SR b 0 G ab a0 el Beteratly
ViRirg !aboxﬁfl tb fasglﬁqrmppsy {vie 1t oﬁh&ﬁ@hﬁ@sitﬂfn. Bxapiés oftbinders

| ubricants suitable for use herein include, but are

rvitable fartusel hergin inplydediut are not imited to, hydrexyrropycgtialose, com

cal ¢i um st earate, talc,..carnau ; [ Cr-AC

SR P LR S RN ARt B BshaSicteve
hutdlRURP Meftht Yo@a1aMbR abbiltS,000do hBda 80000 OprbfEabiy avgut
tableting lubricants, and/or m xtures of two or nor

149008ty rsnepropainphyhegiiessa FPMG), dtckase e acaspss gibgheellulose,

are hard | atin,,capsul.es_an l.s0 | eGe .
PR E P BN AR S BRalBhbs yEE obllnp, spermacer
gJon‘éﬁ{g‘PéneQ br :Rdrbéry&hilind Max hareelDal dhdritofapsivh&lbindig agent
i'nclude the active ingredient in the formof granules,
faodl/os mexures byitei o mare thereod prpferably hydroxypropyl cellulose.

The disintegrant will be optionally present in the pharmaceutical composition

of the invention in an amount within the range from about 0 to about 20% by weight,
preferably from about 0.25 to about 15% by weight of the composition. Examples of
disintegrants suitable for use herein include, but are not limited to, croscarmellose

sodium, crospovidone, potato starch, pregelatinized starch, corn starch, sodium starch
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10

1

Wi

20

| act ose, binders, such as starches, crospovidone
and/ or glidants, such as talc or 15 nmagnesi um

woebtm@anedsey and if desired with stabilizers. | nPeDt$2005015333

gelatin capsules the active ingredient is preferably

di ssol ved or suspended in suitable oily excipients,
sglpdolas, micadarystalihescel jphsefdriothen khown disimegrant, preferably

pol yet hngne lycols, it |ikew se being possible for
srafsrmel %S%ﬁﬂmor anti bacterial agents to be added.

The f ' . -Dpef i ;

of -t hol 1R AT, 85 B B S Bl A7 g ghtte S0 ComBBiifon of
RET IVBROAHINhF3BAint RXANMRDE rdnge from about 0.1 to about 4% by weight,

[%N&Aé P%é&glgpgb%é%gpgiy I%(I}/%I)Sy(“%)@gé qsfﬁé gon{lposition. Examples of

Db Uy D R Ry BT R0yt o

NitBaraxe, zinc stearate, calcium stearate, talc, carnauba wax, stearic acid, palmitic acid,
1-[ 4- ridin-2-yl)phenyll-5(S)-2,5-bis[tert-butyl ox
gsgﬁl[j@h é,tppgrghg\mﬂratg)é )?droge);lated v(eggtab%e oils anc[ }ats, or other known

e T

witdalateechani cal stirrer, nitrogen inlet and

tenmperature probe was added the protecte ri am ne
1- FE (GRPsRigs gte hard gelatin capsules and aﬁso so%t, sea?e& capsules made of

A RS G P YR I PSR SR R! mey
NiiHade theacivObgeedidht in/the g of grmehlESHET R ahpleOwitt fillérs, such as

nL/g of protected triam ne input) prepared as
dacfess, bdersnsyzh axtaggheg | crosppyigeresan dantp, sypRyas talc or

PSR ) AU Y O B s e v
Ragreaieatis phctelablyaligpirilor s@pedd®d-is 8ditabBOSIR) gxcipients,Rach as
resulting slurry was agitated while nmintaining the
tfatipeilnmaradiimeil o Havidpelrethylang ghiselst it Siiewise being possible for

stabilizers and/or antibacterial agents to be added.

The following examples represent preferred embodiments of the invention.
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15

20

20 Concentrated hydrochloric acid (68 nL, 0.82 nole,
4.6 eq.) was added to the reaction mxture at a rate

weobi1esiat the tenperature of the reaction nm xear/es2005/015333

remai ned -23 WD 2005/ 108349 PCT/ US2005/ 015333
between 5 and 30C. The reaction m xture was heated to
30 to 40C and agitated UBXAMPRE Ireaction was judged

0. 7 2 1 E Yy DRRE - BB RB g oY parBomy -t

reaction mleﬂctﬁ;ﬁ]anme}Jaf(sy«hy@fbxmeﬁbueﬁynmamm ed
for 15 m nutes ‘and t he phases 5 were all owed

separ at e. Biselfatepalt, (Fprmak)((t&ta(ztanaﬂmbml&m—l FgamtA) rich
aqueous oil was transferred to an addition funnel. B.
O Ok NO,N-N~IN HOO 10 (Active Ester of

Ny et hoxycar bonyl -L-tert-leucine (\0"k NOH)) HO
To a 3000 nmi, 3-neck round bottomflask fitted with
mechani cal stirrer, addition funnelZnytrogen inlet,
and tenperature pr obe was added thoxycar bonyl -
L-tert-leucine (77.2g, 0.408 .30 eq.),

1- hydr oxybenzotri azol e (HO3T) 8 g, 0.450 nol,

2.53 eq.), and N-ethyl NQHi thyI am nopr opyl|
car bodi i m de ( EDAC) F&G\(,&\,O Ngyu 0,430 mol, 2.42 eq.),
foll owed by CH2C12 (880:=ni; 8. '§me7g of protected

triam ne input) and the™wj re was stirred at ambi ent
tenperature (18-25C) unti ormati on of the active

'ester is conplete, as judg by HPLC. C.

oxy ;,l?{,’*glrﬁ l§‘2?y1¥ﬂh)epyﬁ %é)' L2 §-(b@[fe?t-ﬁu@1§xyta£ﬁ%d(ﬁ5‘§mno] _4(S)-

| euci nyl hgmm}&ﬁhé‘:)ylkww:thxxaxﬁeMQhVTn&nWh&aﬂt))
(at azanaw r free_ base) Anhyd dtj basi c pot assl
phospht &1 QQ@Z‘lqboi'ln"@QGO‘Q‘d bOPOHUH ittedl vigh wgchaniga Stlner

L e

2-yDphenyl]-5(S)-2,5-bis[tert- butyloxycarbonyl)ammo] -4(8S)-hydroxy-6-phenyl-2-

azahexane

4

OH

BocNH <
NHBoc

©

(100 g, 0.178 mol), and CH,Cl, (500 mL; 5 mL/g of protected triamine input)
(prepared as described in Z. Xu et al., Process Research and Development for an
Efficient Synthesis of the HIV Protease Inhibitor BMS-232,632, Organic Process
Research and Development, 6, 323-328 (2002)) and the resulting slurry was agitated
while maintaining the temperature at from about 5 to about 22°C.

Concentrated hydrochloric acid (68 mL, 0.82 mole, 4.6 eq.) was added to the

reaction mixture at a rate such that the temperature of the reaction mixture remained
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25 The K2ZHPO4 sol ution was added to the active ester
solution prepared in Part B. To the stirred active

weEshsnésagueous K2ZHPO4 mi xture was sl ow y addededes2005/015333

10

15

20

25

aqueous -24 WD 2005/108349 PCT/ US2005/ 015333

solution of Part A hydrogen chloride salt over a

pedgtiveeh ®and 3 (. OTHE @adtiontmilkire Was héasddiordd tagOt@ahdagitated
and_a pot tenperature between 5 and 20C. After the

el theorsagion was judgadiconpless by RELE=as6aYA hydr ogen

chl ori I ' 1

(coupl Vet s oS! (OCTBIEL 37 3 inl ATl Rd Hidthide o fo the
Sreti¢tidnl mixin@re cthel pdactign mietatei vaas agitatedl fiskgleSdm muirgslaad ¢helphases
HPLC assay. The coupling m xture was, cQoled to 15 to .
owereshlaweR do separate- gt Pradust (teanaing3EIGl salbeTigh aqueous oil
S fyr . spent aqueous phase. The
p‘?g%%%{&%egﬁgg}rl tégcﬁlngggﬁglglé was washed with 1 M NaH2PO4
(880 nm.; pH=1.5; 8.8 nL/g of protected triam ne

input; 5 nole eq. wt protected triamne), the 10
pBases were allowed to separate, and the spent aqueous
phase was renoved. The washed product rich organic

phase was stirred with 0. OH (800 ni; 8 nL/g of
protected triam ne inp\utﬂj\un i | &PLG assay of the rich
organi ¢ phase showed tde tiyé o6t eNs to be bel ow

0.3 1.1. each. The phases reoal lgwed to separate

and the spent aqueous phase was r d. 15 The rich
organi ¢ phase was washed with 5% Na=2PO4 (450 nL, 4.5
m./g of protected triamne input; pH=4.3), the phases
were allowed to separate and the spent aqueas ase
was renoved. The rich organic phase was washed wilth 49
w vodAetive EstgrofiN-methpxycsrbepyldi-testdgusinedd of | 2T n )

i nput) and the spent aqueous phase was renoved.” 20oThe
concentration of title free base in solution was 120

t o 150TegAR00 wils, B-neak reund Pogemsitask sitted vathaaeghapicy] syifrer,

95:.100 aol % .D. Sol yent h f i
SO AR e S g P8R LT R Wlgcamony
bps&rt-Rlciel (PN25,10.4083060 2130.eq3; NAGHrok Pendotbiaidlo MOBIIKG0.8 g,

25 fitted with nmechanical stirrer, tenperature probe,
ahd50lied,i2.53a¢q. ) and diretbyl e rdimethylandueigdpyl carbodiimide (EDAC)

IR T
gt?ﬂagﬁﬁ@iﬁgﬁ‘? $nd BRGEANEWAY stiRed Rt ambiht Wmfefathred] B-25E | il

ar t ree base) using a jacket tenperature of
oforineten of3h8 activeadster somimphete,(ad jadgeti by HFLQRart C free
base) was added to the concentrated solution and the

C. 1-[4-(Pyridin-2-yl)phenyl]-5(S)-2,5-bis{[N-(methoxycarbonyl)-L-tert-
leucinyl]amino}-4(S)-hydroxy-6-phenyl-2-azahexane (atazanavir free
base)

Anhydrous dibasic potassium phosphate (K,HPOy; 226 g., 1.30 mol, 7.30 eq.
wrt protected triamine) was dissolved in 1130 mL of water (11.3 mL/g of protected
amine; 5 mL/g of K;HPO,).

The K,;HPO, solution was added to the active ester solution prepared in Part B.

To the stirred active ester/aqueous K;HPO4 mixture was slowly added the aqueous

.24 .
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D. Solvent Exchange from CH,Cl, into Acetone/N-Methylpyrrolidone

To the rich Part C free base solution in a 3000 mL, 3-neck round-bottom flask
fitted with mechanical stirrer, temperature probe, and distillation condenser, was
added N-methylpyrrolidone (148 mL; 1.25 mL/g of Part C free base based on in-
process quantification assay). The solution was concentrated to ca. 360 mL (2.5-3.5
mL/g of Part C free base) using a jacket temperature of 70°C or less; 500 mL of
acetone (4-5 mL/g of Part C free base) was added to the concentrated solution and the
mixture was distilled to a volume of about 400 mL or less.

The acetone addition and distillation were repeated until in-process assay

indicated the CH,Cl, level had reached the target endpoint. At crystallization volume,
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0 564(the r%z%ctl?)gxdfr)uxture was seeded with 5.0 wt % (wrt calculated free base in
solution) of bisulfate salt. The seeded mixture was agitated at 40-50°C for at least 30
minutes during which time the bisulfate salt began crystallizing as evidenced by the
mixture increasing in opacity during this time.

The remaining sulfuric acid (17.8 g) was added over ca. S h in five stages
according to the following protocol, defined by a cubic equation, while keeping the
temperature at 40-50°C.

The rate of each addition stage was determined according to the cubic

equation described hereinbefore and is shown in the table below.

TABLE 1
Stage | mL/kg/h | mL(H,SOs)/h | g(H2SO,)/h | Duration (min)
1 4.62 0.579 1.065 60
2 6.93 0.868 1.597 60
3 16.55 2.073 3.814 60
4 30.26 3.790 6.974 60
5 48.47 6.071 11.171 23

After addition of H;SO4 was complete, the slurry was cooled to 20-25°C for at
least 1 h with agitation. The slurry was agitated at 20-25°C for at least 1 h. The

226 -
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T= temp(°C) for the crystallographic data.

Z’ = number of drug molecules per asymmetric unit

TABLE 3
Table Of Fractional Parameters and Their Estimated Standard Deviations
for Form A
Atom X y vA B(A2)

S1 0.3230(4) | 0.5467(1) | 0.5608(5) | 8.0(1)
0100 | 0.431(1) | 0.5060(3) |0.649(1) |11.1(3)
0102 10.335(1) | 0.5498(4) |0383(1) | 12.0(4)
0103 | 0.360(1) | 0.5877(4) |0.655(2) | 12.0(4)
0104 | 0.176(1) | 0.5384(4) |0.528(1) [ 11.8(4)
S51 | 0.6177(4) | 0.4505(1) | 0.4003(5) [7.2(1)
0150 | 0.596(1) | 0.4430(4) |0.564(1) | 12.5(4)
0152 | 0.518(1) ] 04921(4) |0317(1) [ 13.8(4)
0153 | 0.588(1) | 0.4121(3) |0.289(2) |12.2(4)
0154 | 0.768(1) | 0.4587(4) | 0.454(1) | 12.1(4)
04 | 0.6985(7) |0.1753(3) | 0.6456(9) |5.7(2)
07 | 0.1687(8) |0.1941(3) |0.3411(9) | 6.5Q2)
O11 | -0.0352(7) | 0.2482(3) |0.0308(8) |5.7(2)
014 | 0.2280(7) |0.1769(3) |-0.233(1) [6.1(2)
015 |0.03998) |0.1335(3) |-0.330(1) | 6.4(2)
017 | 0.6169(7) |0.28213) 0.963(1) [7.12)
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C22  |0.583(2) 0.1160(5) |0.997(2) |8.0(4)

C23 | 0.748(2) 0.1713(5) |1.215(1) |8.2(4)

C24 |0.365(1) 0.1079(4) | 0.356(2) | 6.6(4)
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-28 -



067 0.3150(8) 0.7090(3) 1.184(1) 6.4(2)
1.377(1) 6.6(2)
wd.2@3A¢d3)0 4. 9( 2)

0. 6986( 3)

068 0.5587(9)
N52 0.4313 9 0.7713(3)

N55 0.4709(8) 0.8265(3) 1.03821/8%2005/015333

4.22 NB0 0.7555(8) 0.7179(3) 0.728(1) 4.6(2) N63
0.9491(8) 0.7852(3) 0.601(1) 4.4(2) N89 1.026(l
0. 471(9|(;3) Atom1l(l) & 0(3 Gl 0. 4;(%;) 0. _423?2(1;2)
1-282(1) PefLS] (exa ) ZViahac) THI00Rbq). 1XC
8;%&32|)C35§§5§ 023/ (B TDSTETE) o3[ TRIDAR)” daay 1°
0. 7959( 4) | @5 Ba6| W?w(é}q 07798%3) g ATOLR_F2eA)
0. 854( 1) [3061 3) [ 0.6825(D). 8 Mﬁ%(@mm%l(@ 1663@)
4.2(3) (62640. 91a.7062(D). 7393143(3D. GABA2I(H). 4(3)9(264
0.839(1) [008596(@390.(8)13]| 0.859803) | IBB(0) 78H( 1)
0. 8996( 5)| G733 §3136¢) T Th 70503) O-[328d(T) T [B:HE) 2
1.202(2) Bogf 7] o518, 2 69&@8&(394%%@);:%mb o(2)
0. 8744( 4) . M>%28 Mmﬁ)m OTAY33) " b (1) fs’%(?gf
1.362(1) |NB%  (@ATe9@®70] 08265@RoHU3RBDo7da32E 4 3)
C75 0. 450/(N§0 0. DRIBIAS) 0] 9TI79(B) 6.3 B8(1)c78 4@h6([2)
0. 9236(5)| N6B13P0.8491(8) | C7B5D3189(R§01Q1P614(4H2)
27828(2%5m8¢(5 égg(g)i o.l?ggg%sidg;lmﬂﬁ(& ge%gé;s.)z 7
M NICETIGRA L2 10 433: 19 7oo(BP0 % 35

o 3525 ek ehaslip oL 7oBey SRt S RS T
4.7(3)  qe85h_ 7pasid 95030349 >6gao;9$_q}\ 3y 4:1G)

C56 | 0.519(1) 0.8353(4) 10.887(1) 1 4.7Q3)

C57 | 0.644(1) 0.7959(4) | 0.886(1) | 4.5(3)

Ccs58 | 0.587(1) 0.7494(4) | 0.854(1) [5.2(3)

C61 0.884(1) 0.7334(4) |0.766(1) |4.2(3)

C62 [0914(1) [0.7392(4) [0.603(1) |4.4(3)

C64 | 0.839(1) 0.8196(4) |0.513(1) |4.6(3)

C66 | 0.785(2) 0.8996(5) |0.433(3) |12.1(7)

C69  ]0.323(1) 0.6588(4) | 1.202(2) | 8.8(5)

C70 |0.237(1) 0.8409(4) [1.232(1) |5.6(3)

C71 | 0.092(1) 0.8701(5) |1.080(2) |7.6(4)

C72  [0.352() 0.8744(4) | 1.328(2) |7.1(%

C73  |0.187(1) 0.8195(6) |1.362(1) |8.9(4)

C74 |0.570(1) 0.8825(4) |0.907(2) |6.43)

C75 | 0.450(D) 0.9206(4) |0.919(1) |6.33)

C76 | 0.296(2) 0.9236(5) |0.813(2) |8.14)

C77 10.188(2) |0.9614(6) |0.826(2) |11.2(5)

C78 |0.244(2) 0.9942(6) |0.960(2) | 15.2(7)

C79 |0.405(3) 0.9935(6) | 1.062(2) | 13.9(0)

C80 | 0.504(2) 0.9552(4) | 1.043(2) |9.3(5)

C81 | 0.644(1) 0.6672(4) |0.832(2) |6.2(3)

Cc82 | 0.762(1) 0.6266(3) | 0.839(1) |4.7(3)

C83 [0.723(1) |0.5934(4) |0.696(2) |6.1(3)

C84 |0.822(1) 0.5547(4) ]0.695(2) |5.903)

C85 |0.967(1) 0.5478(4) | 0.828(1) | 5.0(3)

C86 | 1.009(1) 0.5783(4) |0.971(2) | 6.6(4)

C87 | 0.908(1) 0.6184(4) |0.971(2) |6.4(4)

C88 | 1.076(1) 0.5070(4) |0.827(1) |5.5(3)

C90 | 1.111(1) 0.4326(4) |0.690(2) |7.4(4)

-20.



5.9 3 C84 0.822(1) 0.5547(4) 0.695(2) C85 0.967(!)
0.5478(4) 0.828(1) 5.0(3) €86 1.009(1) 0.5783 4

W®2051¢3)9 6. 64 C87 0.908(1) 0.6184 4 0.971( 2)P@L/ds05/015333

5

10

15

20

C88 1.076(1) 0.5070(4) 0.827(1) 5.5(3) €90 1.111(1)
0.4326 4 0.690 2 7.4(4) -29 WD 2005/108349
PCT/ US2005A03R3B3 Atomx y zy-B (|A2) £91 1. BRLR)
0. 420205\ Doy SRR () 0 iy ST T78Gy)
6 9(4)  dda%h opbiPACh ZhUAs780) " a9 182) JEIG) o
1.196(1) |C%nas)k30(1y17( S398AG) 4] 0-0382) * 19(4)
0. 7049( 5)| @492| PPIY1Y( 4) 0.7097(4D. IIBEIA(LD. d5BHAN)
0.6142 7./6C09 NbI96(1Y08403054711401.3)7(D) 866(.T(H 5. [1( 2)
H39} 0. 04i/cdk 52P1 02388 607045891 009582342)0 R19(@) 646
5.8 Zﬂgmﬁ 290 God{§ U 0B36(4Y | 0B8R2 4206@) 512
h&/droge'nc j bt, Q‘&é E ”:’9:]73\“29326 .Ib 896 g 1 1) e
Anisotrolﬂzﬁ 6 ng&rlun fQ:QLf form of
the isotr/dp8 en®d3hl ent | Oci’dpl acarkedd par edar
defi ned asH1§'4/[30.491 [ a2* BOI471) + HO.60Q. 2) |3.82*B([3, 3)
+ ab(cos| gasma) 6.B4A, 2) xT0aa@cos bed.392 B( 1,{3).6% bcj(cos
al pha)*B(Z2,3)]. 10 Form A is characterized by a
differential scanning calorinetry thernogram havi ng
d‘v[oﬁdtj'dtdgenmavy fiecmbmiftedj orly thetttydragangien Nocwd dlzoasid are
5l C to about 200.9C as shown in Figure 3. FormA
il8clyfiedy characterized by a thermal gravinetric
anal ysis curve having a negligible weight loss up to

about 100 to 150C.
Anisotropically refined atoms are given in the form of the isotropic equivalent

displacement parameter defined as: (4/3) * [a2*B(1,1) + b2*B(2,2) + ¢2*B(3,3) +
ab(cos gamma)*B(1,2)x+ ac(cos beta)*B(1,3) + be(cos alpha)*B(2,3)].

(3]

Form A is characterizéd by a differential scanning calorimetry thermogram
having an endotherm typically within the range from about 165.6°C to about 200.9°C
as shown in Figure 3.

Form A is also characterized by a thermal gravimetric analysis curve having a
negligible weight loss up to about 100 to 150°C.

The crystals produced by cubic crystallization where H,SOy is added at an
increasing rate according to the cubic equation described above were relatively larger
and more well-defined, and had a narrower particle size range and fewer fines, than
crystals obtained employing constant addition rate crystallization.

The filter cake obtained using the cubic crystallization technique was less
compressible than that obtained using constant addition rate crystallization, which
aided in effective cake deliquoring and washing and produced a homogeneous

product.
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15 The crystals produced by cubic crystallization
where H2SO4 is added at an increasing rate according
w0 gooshes3gubi ¢ equati on descri bed above were rep@t/Uy®by/015333
| arger and nore wel | -defined, and had a narrower
particle size range and fewer fines, than crystals
obt ai ned enpl oyi ng constant addition rate
crystallization. The filter cake obtained using the
cubl c crystallization techdiAfleEvas 1 ess 20

(nﬁ?f X Baﬁghm (;hg?l}tlféigﬁl ﬁlq‘\kﬁﬁ' P8 &%n d‘%@ Yelative to TMS

effectlve cake deli quorqtaga,ﬁacﬁ y\ﬁﬁmepg and produced a
honogeneous product. -30 05/ 108349

PCT/ US2005/ 015333 TABLE 4 &ppxlnonL 13 SSNVR Cheni cal
Shifts for Form A, neasuref)¢ el atfve to TMS
(tetramethyl silane) S/ m 7)59 27.5 33.9 37.7

49.2 53.5 62.7 63.3 66 5 2 69.5 122.6 123.7
125.3 126.1 127.6 128.5 37?

49.2

53.5

62.7

63.3

66.0

69.2

69.5

122.6
123.7
125.3
126.1
127.6
128.5
129.4
131.1
134.4
138.8
139.7
140.6
143.2
143.9
149.9
150.3
153.9
159.3
172.0
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wOPODAMBRO05/ 015333 EXAMPLE 2 At azanavir Bi sul P@E/ES2005/015333
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Pattern C Material Method A: Form A crystals of
atazanavir bisulfate (prepared as described in Exanple
1) 5 (25.33 g) were suspeXAMPLE 2200 nL of water and

the m xture was stirred_. nmechanjcal l roduce a

thick gel whi cHAtREINAYIT E!f.'ﬂf’me-nié?‘it%f&yﬁ%ﬁ%‘gf'é was

M@ q,%gth a spatula to produce Pattern C material. A
er X-ray diffraction pattern of Pattern C materi al

i s shdwmmi A chisgils &f fazaddiMeisiifate @refaordasAleseritetian Exahple 1)

at azanavir bisul fate was t gran | at ed usin

! a
42555 @ viste suaneie RO - Wakis DS tHEGUEIRA 51iged
] t . : ss was dried in
B L T s U T i
scr eerTheldiedmixaye Giak Eraamt ivath a gpatuletorprodudetPattern C material. A
resul tant product is consistent with Pattern

rmetsler Xtray diféetion pattemsolafigmeC matqnigd {ssshawe 1p Sigure 6.
characterized by the differential scanning calorinetry
thernogram shown in Figure 7 having an endotherm
tMethodlBy in the range from about 76.7 to about 96.6C
and from about 156,8 to about 165. 9C. ) .

Form A crystals of atazanavir bisulfate was wet granulated using a sufficient
amount of water (about 40% w/w) in a suitable mixer-granulator. The wet mass was
dried in an oven. The product was sized using a suitable screen. The x-ray diffraction
pattern of the resultant product is consistent with Pattern C material as shown in
Figure 6.

Pattern C is characterized by the differential scanning calorimetry thermogram
shown in Figure 7 having an endotherm typically in the range from about 76.7 to
about 96.6°C and from about 156.8 to about 165.9°C.

Pattern C is also characterized by a thermal gravimetric analysis curve having
a weight loss of about 2.4% at about 125°C and about 4.4% at about 190°C as shown

in Figure 8.

EXAMPLE 3
Atazanavir Bisulfate — Form E3 (Triethanol Solvate)

Atazanavir free base (prepared as described in Example 1, Part C) (3.0 g, 4.26
mmol) was slurried in dry, 200 proof ethanol (20.25 mL, 6.75 mL/g of free base) in a
100 mL, 3-neck round-bottom flask fitted with a mechanical stirrer, temperature
probe, and a pressure-equalizing liquid addition funnel.

Concentrated H,SO4 (0.25 mL, 0.46 g, 4.69 mmol, 1.1 eq.) was added to the
slurry of atazanavir free base which was maintained at 20-25°C. The resulting
solution (KF of 0.2 to 1.0% water) was polish filtered (Whatman #1 paper), the filter

rinsed with 2.25 mL of absolute ethanol and the rinse added to the filtered solution.

-32-



Pattern Cis also characterized by a thermal
gravinetric analysis curve having 20 a weight |oss of

waboet0349% at about 125C and about 4. 4% at abeor/ud0H15333

10

15

20

as shown in Figure 8. EXAMPLE 3 Atazanavir Bisulfate
- Form E3 (Triethanol Solvate) 25 Atazanavir free base
( Phiccqudutizoh wiss lebatedrto B aimd seedddpwwith 10 nfgpsft alaprphdudatgzanavir

(it Ve T By Egerysiaiely g§g§s9$a§é%°&@832%?s t'o ambient
%e&?gf‘%u{rg)? Ba Bﬁ%&?ﬂﬂ% \Was g%tdtédt RE 135D Fe r@q ) 1 § Zr?gmL/g

rer enperat ure probe, and a pressure-

I mfdiaecbam:)dvdsl added overd| hou@ﬁh:ﬂ&t;ﬁlﬁhgidrykﬁﬁ@éﬁéx@nﬁﬂufﬁwas
was added to the

sfraﬁafeg f@lr 8 htaai%n%é\ﬁ o Cﬂﬁ@@lﬁ@d@@l@aﬁvm%@twwﬁmrﬁ@ an at

t
28356 IR, R3S B A e e o
f 1: tethanolr i Hepeasie Wb pdddét dake 9hs @bﬂﬁﬂlﬁlﬂl %ﬁ@’(@mb@d}f free
the rinse added to the filtered solution. -32 WD

Jpeo) of heptane P& tml@lespo)ﬁgsmas dricd usden vacuwm\aa 4015636 uatil it
d‘ 0
RTRL A0 AP Mo BT T OB AR oo o

Faizinkdr bisyigitalFerh @3 ribtiembl solwitg)eriet HPEL, HBN100 K)f'(ﬁee Figures 9
m xture was agitated for 15 mn. Heptane (380 niL, 8.25

0)of free base) was added over | hour. The

resulting crystallization mxture was 5 agitated for 8
h at 15-25C. Crystallized atazanavir bisul fate was
filtered on a Buchner funmaBLEBe product cake was
washed with 184 nL rrL/ of free base) of 1:1

et hanol : heptane. &mllogaﬂéﬂmt%vashed with 46
mL (1 nL/g of free base) ‘i?f e@%ane The resul ting
product was dried under vac J0m 40-50C until it had

cLOAy (. 99X Thewy! ¢l ¢ -of| pgodyct ywas| MAY 1 [ sg[dcalc | R

93 DRF29@H113.43014)9 9 BRD(2) 198.38(2) | B9 9&8 A 4 0 )3Y3) [ 1297 @Y 1§ 1.223]0.06

rm E3 ({11 et hanol 30| vate) w th HPLCC H =I00. See
g d 10 E 5 Table of Crystallographic
[gg? 15&!@& R;‘ 6{2 B c(A) a R V(A3) Z' sg
dral gufbero? 31%8{1153 d3sAa0Edk $i250(2) 98.33 2
95.92(3) j 10 .82(3) 11277(2) 1 P1 11.223 0.06 T=

tenp(C) for the crystall ographic data.

TABLE 6
Table of Fractional Parameters and Their Estimated Standard Deviations
for Form E3
Atom X y z B(A2) Occupany if not
equal to |

S99 0.5568(1) 0.0760(1) 0.5936(1) 3.45(2)

0Ol 0.4200(5) 0.5541(4) 0.8496(5) 6.9(1)

02 0.2889(5) 0.6016(4) 1.0066(6) 8.1(1)

04 0.7004(4) 0.4509(3) 1.0233(4) 4.23(8)
08 0.2913(4) 0.2932(3) 1.1074(4) 4.23(8)

012 0.1057(4) 0.1088(3) [0.9299(4) 4.16(8)
o158 0.329(1) -0.0602(9) | 1.064(1) 4.8(3)* 3
015" 10.324(2) -0.156(1) 1.003(2) 3.2(3)* 17
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Zl

= nunber of drug nol ecul es per asymretric unit
TABLE 6 Tabl e of Fracti onal
waestosmeszed St andard Devi ati ons
B(A2) Cccupany if not

20

Par aneters and Their

0.07600) 0.5936(1) 3.45(2) 01 0.4200

for Form E3 AtBIm/KS20057015333
equal to 1 S99 0.5568(1)
5) 0.5541(4)

o.(g?@ Bho) 6. 1) ]0Z 0, 2889(5) . 6013(3%% 0CRE®Yany if not
o [T ba 0 700i(3) 0 ssos(n £ 02a8(h 4 gaCElol
¢Q§ML$@&\03K& mwxwﬁﬁﬁ 0502083
1. o@h@m QIBIGF)  [30.14333) o BI8IO8) . 057EB 1) 1 003(2)
3.2085 * 0391(1) 33| B6a605/ 10@33%(% UE3005/[015333
Atiop8X y| @3B(#42) Cocdgday if0.pd08(@quab.s( 1| 015
0.334¢( 7 0775T2'(1550 @)27210380(BRoFHH( 1) 4.99p3 [016
> 163@“5 Qﬂ&‘&ﬁ)’ (T R AT AL 450 20 )
0. 13433, &) 0odatd} | o 1StYL L0 A660k4) S 54:83(8) el oo -7 ks
4.|9398) | 046514203 R066763) 0dabia3olh 7} BRBIO) 4 s0rs)
096098 661A.64)2(6) 03D5(937(3)0. I5B63H243) 4] SAB) 097
0. {65 1( 4) 0.49DK6Y ( 3)0.6222636(|4).0R108( 9) 43(H 1| 098
0.6442(5) 083458y (3)0.4386832([9).1680(4). 49386E) 0. 6229( 3)
1 ONEG( OV 030Fky | N2H30mI0 N di30d#38p8 ) (8) 1609(4)
3-EPE B0 55 b 2T AR R 220 Tosa)” 53’%%) 317(8)

N14 |0.1336(5) |-0.0874(4) |0.9743(5) |4.9(1)

N38 | -0.2764(4) |0.0574(3) |0.2878(4) | 3.24(8)

Cl1 0.4011(6) [ 0.5893(4) [0.9712(7) |5.3(1)

C3 0.6225(5) | 0.6026(4) | 1.0813(5) |3.9(1)

C4 0.6231(5) |0.4896(3) |1.0873(5) |3.19(9)

C6 0.5220(5) |0.3284(3) |1.1691(5) |3.14(9)

C8 0.4026(5) |0.2632(3) | 1.0653(5) | 3.21(9)

C9 0.4165(5) |0.2747(4) ] 0.9050(5) | 3.6(1)

C12 [0.1740(5) |0.0661(4) |0.8596(5) |3.4(1)

C13  ]0.1592(5) |-0.0523(4) |0.8367(5) |3.8(1)

C15 |0.2248(6) |-0.1124(5) |1.0627(6) | 4.6(1)

C17 |0.272009) |-0.1732(6) |1.2842(7) | 7.3(2)

C18 |0.1818(9) |0.5715(9) |0.894(1) 11.2(3)

C19 [0.7292(7) 10.6818(4) |1.1928(7) |5.8(2)

C20 |0.725(1) [ 0.7914(6) | 1.169(1) 10.7(3)

C21 {0.8613(9) |0.6645(8) | 1.165(1) 10.5(3)

C22  |0.710(1) 10.6694(7) [1.3507(8) |10.2(3)

C23 ] 0.5158(5) |0.3135(4) |1.3298(5) |3.8(1)

C24 [ 0.6305(6) |0.3765(4) |1.4359(5) |4.0(1)

C25 [0.7519(7) 10.3708(6) | 1.4192(7) |6.1(2)

C26 | 0.8581(7) |0.4279(7) |1.5213(9) |7.9(2)

C27 |0.8398(8) |0.4935(6) |1.6375(8) |8.6(2)

C28 [ 0.715(1) 0.5002(6) | 1.6576(7) | 8.0(2)

C29 |0.6112(8) |0.4430(5) |1.5589(6) | 6.0(2)

C30 |0.3043(5) 10.2519(4) |0.6582(5) |3.6(1)

C31 ]0.1813(5) 10.2051(4) |0.5532(5) |3.4(1)

C32  |0.0645(5) 10.2123(4) ]0.5934(5) |3.9(1)

C33 | -0.0489(5) [0.1725(4) [0.4957(5) |[3.8(1)

C34 | -0.0441(5) |0.1243(4) |0.3503(5) |3.16(9)

C35 |0.0756(5) |0.1176(4) |0.3097(5) |3.9(1)
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0.9613(7)

0.3439(6) |

1.035(1)

y

-0.275

0.053

0.403

0.397

0.602

0.446

0.658

0.219

0.717

Most hydrogens have been omitted; only the hydrogens on N9 and the acid are

included.

Anisotropically refined atoms are given in the form of the isotropic equivalent
displacement parameter defined as: (4/3) * [a2*B(1,1) + b2*B(2,2) + c2*B(3,3) +
ab(cos gamma)*B(1,2)x+ ac(cos beta)*B(1,3) + be(cos alpha)*B(2,3)].

Form E3 is characterized by the differential scanning calorimetry thermogram

having an endotherm typically within the range from about 89.4 to about 96.6 as

shown in Figure 11.

Form E3 is also characterized by a thermal gravimetric analysis curve having a

weight loss of about 14.7% at about 150°C as shown in Figure 11.
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WD 2005/ 108349 PCT/ US2005/ 015333 Atomx y z B(A2)
Cccupany if not equal to 1 C36 0.1867(5) 0.1568(4)

wW®20089865) . . 3.9(1) C37 -0.1615(5) 0.0853(4) BCRULIH0H)15333

3.11(9) C39 -0.3885(5) 0.0247(4) 0.1969(5) 3.9(1)

C40 -0.3891(5) 0.0200(4) 0.0470(5) 4.2(1) C41
-0.2737(6) 0.0469(4) -0.ORSAMPLE4L(1) C42 -0.1596(5)
0.0781(4) 0. 0890 5 3. 7(|‘(1a C43 0.0488(6), -0.111 %4),
0. 709 @;amwg(qlau gamie formulgbors(teying the fallogyng

6, 8(2 0.6929(9) 7.8(2) C46
o°.°6fgﬁ?)7‘(“§§?4 aﬁ%d%%?‘é‘@sodeg%‘é%?% "2(2) E:szl 0. 5539%”
0.7880(9) 0.725(1) 6.3(3) €85 0.448(1) 0.7726(9)

67?( 7\ o A(A\ 7 0. 204(1) Q. d4490(1). - _.0 _AQ5(2

0. 6( 4Jneredig® 0. 24 O 5@@5&% )5°ﬂ1g§11€§(1)ﬂe 108-mg Cspshbsﬁ‘go-mg Capfﬂ)'e
(Atazanpyif Bisulfpte035( | ) 7 Q63D g1 36842751 o _ABB70_403 232534
HageseoMaghydmtes¥b 0 4463%f 5 10812733558 o 24890 717 40%35°
Noespovidens. Mens have bedd onitired338nly] me_‘%@d.r_egeﬂsﬁ_—l 2158 |
(M_SEM&&EE@N%GHHMMI nchdded?38 aAnd sot O-Lhicalty L4

B at 5. S, 8.

I At re|givefiin the f&m of |t he%Fsot r opi ¢ @
(L\?LJ?S, pigcgion. gﬁ.‘ heoront partet oot red—ass {48y
rgize;a#éﬁapsw L ok Dio oy T t:’)_* [ ach; B b /-
1Size #7Copsule o\ o 170 o) o e B UE T 1 Each -

de e o attoos beta) YBn Sy v poteos | —hy
T Wi ST 119 Forg S TS chgpgetel T Zemisly tie 55y,

scami g cat orinetTy t hernogranm taving

an endothermtypically within the range from about

89. AthAnaPYkul$he StRE Gramayibn for Eagiled (34 59FwrwndBe Feee
al so characterized by a thermal gravinetric analysis

cBasepwhawsed do manwiarihr the §8 sng 1 08 by and 2007 sepalrsut
150C as shown in Figure 11.

®  This amount is expressed in terms of atazanavir bisulfate at 100% potency, and is
equal to 55.5% w/w as the Free Base.

®  The amount of lactose, hydrous will vary depending on the purity of atazanavir
bisulfate and the amount of magnesium stearate used.

¢ The amount of magnesium stearate used may vary from 0.4% w/w to 0.8% w/w.

®  This is used for processing only and is removed by drying.

The stock granulation of atazanavir bisulfate was prepared as follows, in
which Pattern C material was formed.

Atazanavir bisulfate Form A, lactose hydrous, and a portion of crospovidone
(3 % by weight of total crospovidone present) were mixed in a planetary mixer. The
resulting blend was wet granulated with purified water to convert Form A to Pattern C

material. The wet granulation was dried in a tray dryer and was sized using a hammer
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15 -35 WO 2005/ 108349 PCT/ US2005/ 015333 EXAMPLE 4
At azanavir bisulfate Pattern C capsule fornul ations

w2oosmes3tdhe fol l owi ng conpositions were prepar€Enus®05/015333

10

15

descri bed bel ow. Ingredient Stock G anulation 50-ng
Capsule 1 100-ng Capsul e 200-ng Capsule (% w w)

(vaddl. Cﬁmahla)nnﬁg@bﬁiamddne ywa addedatp she m)jlledAframdationi and the
bisulfate 63.2 56.84 113.67 227.34 Lactose,

NBIIHG d‘faatr@xew BPKAV-blendere Magnggumisiepragg was eglded and the

xgﬂg%v& Sglg gd %tﬁlzﬁl}i;&gwl f [ efggl\.l/\Zt er, Pﬁglr%%@g%&d
Thesapprajsiaee whighiof stark gkzmu@:ionm w,ereUSRdSnmecaMules to
Capsule- | Each - Si ze #2 Capsul e - - 1Ecg Si ze
Arodags S0 mae.-100 Tog and3me pagsyfes EpPEIngS Yreangyip disulfdreg
179.9 359.7 5 a Atazanavir bisulfate Stock

Granul ation for Capsules (55.5% w w as the Free Base)
was used to manufacture tPEAMPELE,S 100 ng, and 200 ngy

capsules. b Thi;s amount is expressg fj
at azarfipranayirdigwlizied omm A grerad PRWESF, fon P-%e fowléawlavmg

nt of | actose,
e R A o B b ARcHSS BeccrOF sEBRITE
atazanavir Dbi sulfate and the anmpunt of nagnesium
Stearate use 15 d The anpunt of rate
used nmay van\ngredien®, 4% w w to 0. 8Xmpunt (YeWiwi § s
used for progassinagr BiwfagTbrinsA r enoved3fpg drying. 20
The stock griafghaihomnel atazanavir bisyd@te was
prepared as rsq}c (ggszFln whiThr Pa Tern gi,ﬁaterlal was
formed. Ataz A maLTI—UI m7A; |a5:9 se—hydr ous,
and a porti o# rapge vanulala (3196 by 9P ght—of total

crospovi done present) vvere m xed in a planetary m xer.

The r S . | t abigh

ot r FRADS AR A0S0 bt Rl v
and sucrose in a suitable mixer. The mixture is milled using a hammer mill, followed

by a second mixing operation to obtain a uniform mixture. The product is filled into

high density polyethylene bottles.
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25 material. The wet granulation was dried in a tray
dryer and was sized using a hammer -36 WO 2005/ 108349

wEPLAUBRE05/ 015333 mll. The remnai ni ng crospordTOSM®05/015333
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was added to the mlled granulation and the m xture
was mxed in a PK V-bl ender. Magnesi um stearate was

MIEATIRTLAEMBD KS:ure was m xed until a substantially
uni form stock granul ati on was forned. The appropriate

wei ght of stock granul ations were filled into capsules

cont ai hi ng APsaur prarity AeRad? BellinE 3R BBy ofEom A

kirpetdl6, abig cir 86 pRscBéRtih@h selamsless dt@saneviafreé!Bse in an organic
formul ation having the follow ng conposition is

probysat, él whichithe bishifate stiepiatazanavir isgrbsiprtiplly ingebihle, v(itha first

w azanavir, Bisul fat.e Form A 79 , 0
orhien OLGERORE AR 8 S b ttdh foten AR R BIEG aple 15%
AbyaR ABRVA{Tthd htadnhadlr EreE BAIE) A disy Bed el ParihA asyadlé aff@azanavir
orange vanilla flavor and sucrose in a suitable

rhixdfate tprthe rdagtion mixturenss qrestals of #tazanania bisuHaieifprm, adding

fal,l b d m xi. L t in.
B ot SRR A iR Rt Rab o e TRl of
dRfshivir BRUAE BYSBNE alPdt @ She atdZandlr BRRYHFAEAS &stth Form A
PCT/ US2005/ 015333 WHAT IS CLAIMED IS: 1. A process

fasystgds.epari ng atazanavir bisulfate in the formof Form
A crystals, which conprises reacting a solution of
atazanavir free base in an organic 5 solvent, in which

the bisul fafge %@Eéss af aatRAdNaYim 1| WhéeRsthaBluadh ¥f atazanavir
insoluble, with a first portion of concentrated

sfidefhasé @ inttially reacted veithofiem aboutrSetacbowi 146 bi sweighih ghthe total
about 15% .by wej ght. of, the atazanavir free base,
M%OE%%%&FIJF%PWWM ystal s of atazanavir

bisulfate to the reaction m xture, as crystals of

atazanavir bisulfate form adding addjitional ,
concerd.r at ethespriotess ag defiried in flawml it whereinghe gelutienof atazanavir

e e 1T e PR PP PO GBobt TP b elgf o ol

amount of sulfuric acid employed.

4. The process as defined in Claim 1 wherein the atazanavir free base is
reacted with the first portion of sulfuric acid at a temperature within the range from
about 35 to about 55°C.

5. The process as defined in Claim 1 wherein the solution of atazanavir
free base is heated to a temperature within the range from about 35 to about 55°C

before it is reacted with sulfuric acid.
6. The process as defined in Claim 1 wherein the reaction mixture of

atazanavir free base and sulfuric acid is seeded with from about 0.1 to about 80

weight % of Form A crystals based on the weight of atazanavir free base.
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crystals. 2. The process as defined in Caim1l wherein
the solution of atazanavir free base is initially

wo smstesdsoM th from about 5 to about 15% by weigtw/Uus#005/015333

10

15

20

25

30

the total 15 anobunt of sulfuric acid enployed. 3. The

process as defined in Caim1 wherein the solution of

atazangvi r THe 6cdiaaeddfiet i Claith| lywheraiatthel sesdedireaction mixture

about 8 to about 12% by weight of the total appunt of

deh¢ated & ademgerahpt Byidel thegange frrRealiaub 32 sxabaut et ned

in Cdaiml wherein the atazanavir free base is

reacted with the first portion of sulfuric acid at a

t enperg@t ur T prbédis hefin@d g Claimm whdreintth Brgtamcabrwum for the

55C. 25 5. The process as defined in Caim] wherei

tvzasO L bobasos anetonarmmHUfof destppsoknd N-hathyl o hdane,

t ature f.rom about 35 to about

5&%@310 gf&”élx% gereac (?QC%({nﬁ sul furic acid. 6. The

process as defined in Claim1l wherein the reaction

m xture of 30 atazanavir free base and sulfuric acid

i s sedded whtararmavgrhigbetetPaiemn € mag@iat 80  wei ght % of

Form A crystal s based on the wei ght of atazanavir free

base. -38 WO 2005/108349 PCT/ US2005/015333 7. The

procesy. as Hef dongsbuhd allietined In Ghemel whichgs B&esed material

reaction mxture 1is heated at a terrperature W thin

tatazanamybistlifaserchdsacierizg by sheaprovder 35ay dgfragtipn xpﬂﬁsme%@stantlally
erei p the organic solvent for

lﬂécc%daé'tcgf‘gﬂ’atg‘?trshf’mémﬁ%ée 's acetone, a mixture of

acetone and N-nethyl pyrroli done et hanol, or a

m xture of ethanol and acetone. 9. Atazanavir

bi sul fldt e PEha @nrrpogndas defingd in 6;@1111(9 wirieh i ls: @hﬁp@fmﬁze@éy a

in Clai |s Patt e n
TSR G P Y O e imotin s Byl o plsRlancs ity pae
ddhg{,vﬁqﬁ;p;@pe pattern substantially in accor dance W th
that shown in Figure 6. 11. The conmpound as defined in
Caim9 which is characterl zed by a 15 differenti al

2coor dince. T SPTERARAL =S AR R g i€ ghabagidlized by
gtsgﬂg&ll‘ Qﬁvﬂﬁet@i@fahﬁl%is birvEs@stanBallinCdt cdrdahden il tHAL §Hoeh in
Figure 8.

13.  The compound as defined in Claim 9 prepared by suspending Form A
crystals of atazanavir bisulfate in water or subjecting Form A crystals of atazanavir
bisulfate to a relatively high humidity of at least about 95 % RH for at least 24 hours

or wet granulating Form A crystals of atazanavir bisulfate and then drying.
14.  Pattern C prepared by the process of Claim 24.
15.  The compound as defined in Claim 9 in the form of a pharmaceutical

composition prepared by mixing Form A crystals of atazanavir bisulfate with one or

more formulating excipients and water followed by drying.
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thermal gravinetric analysis curve substantially in
accordance with that shown in 20 Figure 8. 13. The

waowpoesath as defined in Caim9 prepared by suspBusiong015333
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Form A crystals of atazanavir bisulfate in water or
subjecting Form A crystals of atazanavir bisulfate to

a rel atg.vel Borhi Bhohatazaaatiy bhilfae. | east about 95 % RH
for at least 24 hours 25 or wet granulating FormA
crystal s of atazanavir bisulfate and then drying. 14.

compoulls asTHRRR ot BFELRUT ERAmte S flelh & fthandR

oA KPERItE A6 ir bidQIfaemposi tion prepared by m xing Form
A crystals of atazanavir bisulfate with one or nore

formul ati ng exci pients and water followed by drying.

.72, 0OOTESR LR AT, o BB P

at azana € conpoun

Gap A& d peRfreshba@ntially'ih @t doadidk @ tréth tharlshewe iwFigure 9.
atazanavir bisulfate. 5 18. The conpound as defined in

Claim 16 as characterized by a powder X- ray

di ff i b i - : :
that efbun THF sergtried 458G Crab 1 BRAY BEGERaNbfbnue
GuBbtantddlyRayiwvagn Fierergstal structure 10

substantially shown in Figure 10. 20. The conpound as
definedi n Caim116 which is characterized by

fractigpal .atom c coqrdinat t iall '
e Tarth- s, THERsEdiR o iREn SR A hRY W ciiiddbhE Ty
WA iBnalautsiiRR6EdRRdt&L@bEintia0ly s lisded @9Tabioc dat a

substantially equal to the follow ng: Cell dinensions:
a = 10.749(5) A 20 b = 13.450(4) A c = 9.250(2) A a

- 98- 342 Riceotmpourli ¥ defthed it il hnichTs HARRFerftEOYP

crystallographic data substantially equal to the following:

Cell dimensions:
a=10.749(5) A
b=13.450(4) A
c=9.2502) A
o = 98.33(2)°
B =95.92(3)°
y=102.82(3)°

Space group Pl

Molecules/asymmetric unit 1

wherein said crystalline form is at about -23°C.

22.  The compound as defined in Claim 16 which is characterized by a
differential scanning calorimetry thermogram data substantially in accordance with

that shown in Figure 11.
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Mol ecul es/asymmetric unit 1 wherein said crystalline
formis at about -23C. 22. The conpound as defined in

waEkasmsk® whi ch is characterized by a 30 di fferBU$1084/015333

10

15

20

scanni ng cal orinetry thernogram data substantially in
accordance with that shown in Figure 11. -40 WO
2005/ 108349 PCT/ US2005/ 015333 23. The conpound as

deflnedln Claim16 which_is .characterjzed a. .

t her med3- gr abisEARRAung 43 Acfined ip Glajm kﬁi‘ﬁélegm %E}CWHC‘ bya
e A ?m@ﬂrﬁ: t&nﬁl?ﬁg cOvE Wibstdhtially g}’ic@or:!?lgmc%thaﬁshown in
proces or prepafing atazanavir® bisulfate Pattern C
neigereildl as defined in Aaim9, which conprises (a)

suspendi ng crystals of Form A atazanavir bisulfate in
wat er and dryi ng the suspension to formPattern C

mat er i3 : - h |
at azanaw r }&1 ?f\%oéiw{f%ﬁgr gﬁl?{/sg étﬁgfattdﬁ Mena as
odefiate in Cta&m 995%dRHoi1qmsad I east 24 hours to for m

Pattern C rraterl al; or anul at azanavi f
bi sul f@ e aaPRAAEIY§ipE 0 ?A%? aa%‘ilb jsylgate rogier and drying

Pﬁg ts&{p@ns%mtﬁﬁhﬁatteﬁ% &nqiengl )8'r ng Form A crystals with

rimul’ating exclipients and 15 wet
g r anul @) i ngsubjeeting styktalsrd Foim tAustezdnavidi brsatﬂaﬂeyo hcghm:latxve
Pattern C material in adm xture wth the excipi

Dmimidity obeasr fhon 95 veRHPh leashahhetys fo forw Haftging merial; or

2501 5 0042 B B e i Dl

pifoﬁﬁa’ratta@@niatdramdﬂe salt of the structure

(d) mixing Form A crystals with one or more formulating excipients and
wet granulating the resulting mixture to directly form Pattern C material in admixture

with the excipients.

25. A process for preparing atazanavir bisulfate

=
o
N
'HzSO4
o} o, oM o
\OJJ\N N\;/k/N\N N\n/o\
Ho oo = H o

in the form of Form A crystals, which comprises preparing a triamine salt of the

structure
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acid and wthout isolating the triamne salt, reacting
WO hestessaari ne salt with an active ester of anp@EDUSR00$/015333

the structure OCH NHO 5 and a base in the

presence of an organic solvent to forma solution of

the atazanavir free base of the stryetyre / I O OHO

HCC, 0k NNNMNNO HH JY O - / and

converting the free base to thg redpondi ng

bi sul fate salt. 10 26. The progg as defined in Caim

25 where the trianine sal$"is[thé hydrochloride salt

[ 1 [ 1T "N OH\ H2N =N Nél—!gc -42 WO

2005/ 108349 PCT/ US2005/ 15333 7. ?he process as
defined in Cdaim?25 mheﬁetiiﬁhe active ester of the

acid

and without isolating the triamine salt, reacting the triamine salt with an active ester

(o)
X
H (o)

5 and a base in the presence of an organic solvent to form a solution of the atazanavir

of an acid of the structure

free base of the structure

=
NS
N
0 OH | o
J IR XN N_ o
~ ~ ~
0~ N - N
SESUD Q!

and converting the free base to the corresponding bisulfate salt.
10 26.  The process as defined in Claim 25 where the triamine salt is the

hydrochloride salt

=
>
N

“NH, - 3HC!

OH
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has the structure 0 ONO,N- NN HO 5 28. The
process as defined in Caim?25 wherein the base is an

wabdoahoszmet al  hydroxi de, an al kal i ne earth nmep@it/US2005/015333

10
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25

hydr oxi de, an al kali netal carbonate, an al kaline
earth netal carbonate, an alkali netal phosphate, an
al kal 127 eaTlidprovdsabs géfrdia Chaimr25 wherdinghdadtivb @ster oflifle acid
29. The process, as defined in Claim27 wherein the
bReséhe SruRios,  KOH,  My(OH) 2, K2HPO4, MyCO3, Na2CCB,
K2CO3, triethylamne, diisopropylethylamne or

N- et hyl nor phol i ne and phe gani ¢ solvent is

met hyl ene chl ori de, e\t@ryjl\ atetafe, N di chl or oet hane,

t et rahydrof uran, acet TNl arorN” SN

N, N- di et hyl f or mam de. 15130.0 The}-p{ocess as defi ned
in Claim25 wherein the triam ne and the active
ester are reacted at a tenperature=aithin the range
fromabout 30 to about 40C. 31. The process as
defined in Caim30 wherein the triamne salt and the

activ st ef
the bt aniPorpF EEhat i ENEnPLBRAER B bl FEANwRSi meal
Jdrobtide, pn alkalifie wlﬂﬁétahleﬂimxidé;laﬁlaIRaBSnMﬂefaﬁjdnatehﬁl alkaline
free base is converted to the correspqndi ng bisulfat
saarth nesjalicaghonpiggamalkyi metab phosphatecan alkplime .eﬁ%merﬁl phpgphate or
c}ﬂll Anq@ #th N- net hyl pyrrolidone and acet one,

e P € above m xture to renove 25 net hyl ene
chl ori de and treating the above m xture with sul furi c
acid to formthe bisulfate salt of the free base., -

V\Df 200%). 108BeprPesEs, @s@eﬁgqct)mé%l%l 2’5 wherpethg bascdls %ﬂaQsH KOH
ol ang R SR, SR T B A5 e o

W&ﬁbﬁilﬁ@tﬁiﬁlneﬁnc&ﬂﬁmg@\/d dolvent Buhéthylene hiSdde, Tthgl acetate,
process as defined in Claim25 wherein the sulfuric

abﬁldowostbaa@é@rahadr@ﬁamra@?@agmh@g)r PaNedimethyHarpaimids. t he

followi ng equation 3 Vtinme = Vtotal x tine

30.  The process as defined in Claim 25 wherein the triamine salt and the

active ester are reacted at a temperature within the range from about 30 to about 40°C.

31.  The process as defined in Claim 30 wherein the triamine salt and the
active ester are reacted in the presence of KoHPOy as the base and methylene chloride

as the solvent.

32.  The process as defined in Claim 25 wherein the free base is converted
to the corresponding bisulfate salt by treating a solution of free base in methylene
chloride with N-methyl pyrrolidone and acetone, heating the above mixture to remove
methylene chloride and treating the above mixture with sulfuric acid to form the

bisulfate salt of the free base.
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time total 10 where Vtine = Volune of sulfuric acid

added during el apsed tine period Vtotat = Total
woglosmessef aci d representing the 90% char ge tiPEI/ES2005/015333

El apsed time in crystallization 15 tine total = Total

crystallization tine or total tine for acid chargin

35 A 3% oc €Be frocesp aegedimed gn GlamaiZantindipg she step of seagimg the

AR cLS S gkenert Ngma PRy s ey

aﬁéd]fag the structure / | \NOH\ H2N'-~N,

20 reacting the triam ne hydrogen chlori de salt
vvlth an actlve ester of structure -44 V\D 2005/ 108349
PCT/ U 005/ 5333 O

5> in the'dres c@ wrs ﬁ%&‘d}lﬁegﬁ‘é W&Sl‘ﬁléer?lﬂ Ifegs? fic deid s added
SR L i Plhsy rhidBcldr8Rie 18R foRbwind@qaitioact ure O i OH 0 H
CO0O5 HNvV v N, N NyO

Viime = Viotar X [&n_‘l_e_] 3
time (otal
10
where
Vime = Volume of sulfuric acid added during elapsed time period
Vi = Total volume of acid representing the 90% charge
time = Elapsed time in crystallization
15 time (ota1 = Total crystallization time or total time for acid charging
35. A process for preparing atazanavir bisulfate
g
SN
H,S0,

0
\OJ\N n\)\/N\N)IH“\ﬂ/O\
"s % : : 0

which comprises preparing a triamine hydrogen chloride salt of the structure

NS
N

NJ
NH, - 3HCI

'HzN\é/'\/
. ©

reacting the triamine hydrogen chloride salt with an active ester of structure

3
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ONJY H- H OO 5 in nethylene chloride, and
converting the free base to the correspondi ng

whe@mshésmie salt via a cubic crystallization tBChUSIOE015333

10

15

20

36. A pharmaceutical formulation conprising atazanavir

bi sulfate Pattern C material as defined in Claim?9

and a pharnmaceutically acceptiable carrier 10

therefor. 37. The fornmul as defined in Caim 36

conpri sing atazanavir ~_hi teopPatNtern C material,

one or nore fillers, on® off nofe sifit egrants,

optionally one or nore binderSQ, ptionally one or

nore glidants or lubricants. 15 3 e fornmulation as

defined in Caim36 conprising atazanavir bisulfate

PaidtieHP (@, ifakepresdnce bBmthyRne chlosifow omea, sohnidn of the free base

CQ;gnesmmstearate 39. A pharnmaceutical formulation
ﬁ%@ﬁ%ﬂqmgeForn1E3 of atazanavir 20 bisulfate as

defined in Caim116 or Form A of atazana bi sul fate

and a pharmaceutical acceptable carrief” therefor. -45

WO 2005/ 108349 PCT/ US2005/ 015333 At A}

treating diseases caused by retrov §

conpri ses adm ni st er to a hung =;‘|ent in need of

treatnment a therafeut cah}y Hf ect i gmount  of

atazanavir bi SbLlf t @lefined in
daim9 or Form%A OE rm_E3 5 - aT(

in methylene chloride, and converting the free base to the corresponding bisulfate salt

- —
N O

via a cubic crystallization technique.

36. A pharmaceutical formulation comprising atazanavir bisulfate
Pattern C material as defined in Claim 9 and a pharmaceutically acceptable carrier

therefor.

37.  The formulation as defined in Claim 36 comprising atazanavir
bisulfate Pattern C material, one or more fillers, one or more disintegrants, optionally

one or more binders, and optionally one or more glidants or lubricants.

38.  The formulation as defined in Claim 36 comprising atazanavir

bisulfate Pattern C material, lactose, crospovidone, and magnesium stearate.
39. A pharmaceutical formulation comprising Form E3 of atazanavir

bisulfate as defined in Claim 16 or Form A of atazanavir bisulfate and a

pharmaceutical acceptable carrier therefor.
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40. A method of treating diseases caused by retroviruses, which comprises
administering to a human patient in need of treatment a therapeutically effective
amount of atazanavir bisulfate Pattern C material as defined in Claim 9 or Form A or

Form E3.
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