PROCESS FOR PREPARI NG ATAZANAVI R BI SULFATE AND NOVEL
FORMS REFERENCE TO OTHER APPLI CATI ONS 5The present
application takes priority fromU. S. provisional
WEEPIS0883ION Nos. 60/ 568,043, filed May 4, 200/USEHE/015333
60/ 607,533, filed Septenber 7, 2004, the disclosures

o The | ORI HORB AR s a2AN LR BERGeATE,

process for preparing AR NOVELAtERSES | nhi bitor
atazanavir bisul fate and novel forns thereof.

BACKGROUND OF THE | NVENTI ON U S. Patent No.
5,849, 911 to FReSiginetE o O IR RPPEICATRINSS Of
azapepti de H 'V 15protease | nﬂ.:'ﬂbﬁlcl% ors (which includes

Sat azanaW¥he prescni apipliteaion takbepriorinufen LS. Reovistpaal agplipation Nos.
R 608,043, mudmay aBod bl s0/607 3435184 Serfimbed 7, A8 ine
al Koxycarnonyl, I'§’secondary br tertiary |owet

al ldysclosured fwehichadrk itkcbrporatel huvein talrkfgtence20R3 i s phenyl
that is unsubstituted or substituted by one or nore
| oner al koxy radicals, or C4-C8 cycl oal kyl, R4

i s phenyl or cycl ohgxgl.peRcrHIDSIENTIGN i n the
4-position by unsaturated heterocyclyl that i s bonded

10y way &he prefenhigvesion seteste mprasess forrseragng BiedilViprejease
at %ﬂﬁbito?%ﬁbﬂ?bi@&l?a@% drdvé il PeReort ONB sel ected from
ni trogen, oxygen, sultur, sultinyl 25(-SO) and
sul fonyl (-SO2-) and is unsubstituted or substituted

by | ower al kyl o - ,
i ndependent |y ofﬁﬁg%cﬁgéﬂﬁebgﬁ%@@gﬁﬁgs nment i oned
for R2, Uahatent No. 5,888,911 ndapdadest diyclaks Rieries of dzapuptide HIV
al koxycar bonyl, or a salt thereof, provided that at
157 o R B PG VBRI G AEr r BB ERE GPFERDFhc udes
vari ous pharmaceutically acceptabkg acid addition
salts thereof. 5Severab net hods [ForOpr paring the
azapepti des are pmoyi,d%%ﬁ@ﬂ%m Jb.gfaarati on of a
compound where Rl arfd , and gnd R5 Bte i n each
case two identical radi®al ssgwherein R dianino
compound of the structure (asQs 10i s condensed with an
aciwteefn t he structure (b) or with a reactive acid
derivatjve therﬁ%f, %erei n R and R2' are as defined
for RL Rnit} 9% alkexyraf8MYiRo and R5, respectively. 15
| n fornRNG sadoRda 8VicHiaBNBWENAIIRY of d&ePlRNBicRIWaPk N e

di am no_conpound (a) which will have the structure OH
20NH2  3HRY 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 I to 4 hetero atoms selected from nitrogen, oxygen, sulfur, sulfinyl

25  (-80-) and sulfony! (-8O;-) and is unsubstituted or substituted by lower alkyl or by
phenyl-lower alkyl,

R;, independently of Ry, has one of the meanings mentioned for R,, and



is prepared by coupling the epoxide 20 BOCI.JH wth

a hyrazi nocarbamate in the presence of isopropyl

al cohol to formthe protected di am ne OH BocNH NHBoe
BiOHA0e0839 t reat ed wi th hydrochl oric acid i n REF&IS2005/015333
presence a solvent such as tetrahydro- furan to form

the diagne, (a N."}-..., NH2 3 a he .

i am neRp et BT Rucd EERDEREHEE et BRERGPerids?
WN 8 af kast %ersﬁﬁ-%rﬁﬁlng/%rﬁﬁb i@ Pregedit Ghichincludedoby or a
reactive ester thereof enploying a c?upllng agent such
as pharmaceutically acceptable acid addition salt§ thereof.

0- (1, 2-di hydro- 2-oxol-pyridyl)-N, N, N, Nl-tetrarnethylu
roniumtetrafluoro-borate (TPTU). It has
sbeen f ofevdrdl mathotihfor gieparingdhef azenephides are povidest ingipdingind

therefore undesi y abl e, f or, JUse i Is e
R e e L A
Si ndphtiedl radicalspiwhetin 2 dimtifeconippuld afttkee saktureof t he
azapeptide HV protease inhibitor known as atazanavir
whit¥h has the structure (also referred to as
atazanavir bisulfate or atazanavi.r,sulfate).
Exanple 3 of Singh et al. de %rifoes the preparation of
at azanavir bisulfate inHyg wupf Type-11 crystals
whi ch are a hydrated hygroégopic and crystalline form
and Type-1 crystals which apRear to be an
anhydr gus/ desol vat ed. crystalline form BRIEF
EO%WPW?%V@“WEFW FE I n accordance

W the present invention, novel forns of atazanavir
bi sul fate 10 are provided which includes Pattern C
material and Form El Pattern material is preferred.
In addition, in accordands™y e present invention,
a process is provided for pHepagling atazanavir
bi sulfate in the formof Form A crystals  (bul k drug)

( Wot whh aractiefaeidrdedvitoe derhyfpdeteircRy sedRs aferas Brfinedifer 13
of U S. Patent 6,087,383 to Singh et 15 al). The
Fo@ﬂi‘%‘?‘?@fﬁ*%“%%bﬁﬁ?e@éwj’{/ the process of the

15i nvention have a desired substantially consistent
particle size distribution and substantially .,
consi st lforag ptaganayir emeloxpg the aboyg déﬁfpﬁi%%’a cPrPeyRd (2)
co ls Cmterial, a partially
cr&é?%ﬁ??%g&ﬂgfgbkgﬁg which is formul ated with various
excipients to prepare the drug prodgcty 20The process
of the invention for preparing BEQrmA orystals of
atazanavir bisulfate salt enpl a rbdi fi ed cubic
crystal l'i zation techni quegpherein sul furic acid is
added at an increasi&% réﬁe agccording to a cubic
equation (as describ héret nagnesne and incl udes the
steps of reacting a sol#ti of atazanavir free base
in an organi c sol vent (?ﬁ[ij;ch t he atazanavir
bi sul fate salt is substan ly insoluble) with a
first 2% portion of concentrated sulfuric acid in an

anbuepared yeaunrlingjthaepodide t han about 15% preferably
| ess than about 12% by wei ght gfp the atazanavir free

base, addi ng seeds of aPaP¥ne bi sul fate Form A
crystals to the reaction m xt&re, and as crystals of
atazanavir bisulfate form addi addi ti onal
concentrated sulfuric acid in m pl e stages at

i ncreasing rates according to a cubic equation to
effect formation of FormA crystals. 5In addition, in
accordance with the present invention, a process is
provi ded for preparing a formof atazanavir which is
derived from and includes atannavir bisulfate, and
which is referred to as Pattern C material. Pattern C
may be produced



by suspending crystals of Form A in water and drying.
Alternatively, Pattern C material may be forned by
subjecting crystals of Form A to high relative
wornoei/10884nf 10 greater than about 95% RH (waREFUS2805813333
for at Ieast 24 hours. Pattern C material may al so be

for dpb ranul ating the atazanavir bisulfate or
qﬁﬁ?ﬂ% anQ?azanaV|r bi sul fate and exci pients
and dryi ng the wet graaml at jen. | WNBpe ef erred

enbodi nent, Form A cr{st ats e—i xed with fornul ating
exci pients such as one—t ~¢ bul ki ng agents, for

eX 3 leGrdsace 08 Bop@Pfl aRbhdTRs forrk AeH HoBétePMianiR, such as
crospovi done, and wet granulated to directly form
Pattern C material in adm xture wth & exci pi ents.
Further in accordance with the presest jnvention, a
new form of atazanavir bisulfatg i$ pr%V|ded nanely,
Form E3 which is a highly ggy ne formof the

tri et hanol ate sol vatge a¥Yaza ir bisulfate. 20Form
E3 is prepared by sIBﬂ?h?{/\'r;ﬁ'g\ét awipvavi r free base in
et hanol, treating the sl@rry.wth concentrated

sul furic acid, heating adi ng the resulting
solution with ethanol wet rystals, treating t he

A RS B PRl S o0 UG Sl
fuq&ﬁg&”bﬁn@ﬁgg&gggg? with the present invention, a
process is provided for 25 preparing Form A crystals

of atazanavir bisulfate which |nclﬂ' the steps of
preparing a triamne salt of Jcture WO
2005/ 108349PCT/ US2005/ 015333 acid (preferably
the HCL (3 nol es) salt)oﬁno v out isolating the
triam ne salt, reagﬁdng g triamne salt with an
active ester, prefefabty “Nhessdiructure 5 in the
presence of a base and&_organi c solvent to form
atazanavir free base wi t hout isolating, is
converted to the atazanavwif bisulfatepya a nodified
cubic crystallization technlque as descri bed herein.
| n Buddiamiomis isotataiomd nskaris hewextieoupling step Sdte if isyeagtell 3ath an
a novzb atazanavir 10 bisulfate conposition is

d which includes atazanavir bi sul fate as Form A
crystals or Pattern C materi and a pharmaceutically
acceptable carrier there;ﬁi The phar maceutical |y
acceptable carrier QH | ers, binders,
di si ntegrants, Iubrlcants Hand! ot her onventiona
Oexci pi ents. The various forms Of ata®navir bisulfate

ac GOk PGy el ek ﬁﬁrebﬁé’rﬁﬂ&ﬂuﬁé"a FoRpliREagt e s%&@ﬂ@-t(?ﬁidﬁﬁdma -0x0-

usi ng vari ous tec ni ques, the operation of which are
we | TFpykidpi, NN N dsteamﬂrhsdmrmnwartw@wmorbqrate fHREWQBrt. The
forms nmay be characterized and di stingui shed usi ng
single crystal X-ray diffraction, which is based on
unit c elttlhaﬂ'ﬁ&&lfb@ﬂﬁhﬁtmeaﬂaxﬁnsfré@ase snpstbide anf therefoor m

at a _fixed_anal ytical, erature. A detailed
15je SRS BRIIB TP WAL 16 HE6 Y BUAIBEN T Stout &

Jensen, & Rakn6 Ucder383 kedinidt AR UistldsesAhdbiat atecalt oPfle
Gui de, Macnillan Co., New York 1968), Chapter 3,

wh meweptsderf&lwemrnteﬁaﬁe@vbmr knewn asplazanaxi avieh has the structure
Al ternatively, the unique arrangenent of atoms in
spatial relation within the crystalline lattice may be
characterized according to thg _observed fractiona
atom ¢ coordi nates. Another neans of characteri zi ng
the crystalline structure is by powder X-ray
diffraction analysis in which the experinmental or
observed diffraction profile is conpared to a

sinmul ated profile representing pure powder material,
both run at the sane anal ytical tenperature, and
measurenents for the subject formcharacterized as a
series of 20 values. 5Qher nmeans of characterizing




Form A may be characterized by the solid-state NWR
(SSNVR) chemi cal 5 shifts substantially as shown in
Table 4 and by the spectrum substantially as shown in
WO#se0849 Form A may be characterized by fr TV EAe{I5/015333
atom c coordi nates substantially as |isted in Table 5.
Form A salt nay be characterized by noisture-sorption

i sotherns with about 10 0. 1% wei ght g |n,|n t he range
from25 to 75% RH at 25C. In one_asy of the present

i nvention, Pattern C may be char eri zed by the
observed povvder X- di ffract 0 attern H,$0,

substantial ly as°sh N guf e I a different
aspect of the~py ve«i\lm °Q may be
characteri zed by aHdi fiif erenti al Hsc calorinetry

t her nogr am subst ant i all y a F| gure 7 15

havi ng an endot her m t ypi cal n the range from about
76.7 to about 96.6C and fromabout 156.8 to about
163al8Gefdad & 4li didzena@irbisaliie of atafniviresuffatels ent

i nvention, Pattern C nay be characterized by a thernal
gravinetric analysis curve having a wei ght |oss of

about 2pdd@At 33Poi gh 3¢2a5Qe&ﬁdeﬁhm?ﬂegﬁaudnceﬁata@inmbemmfate in
4. 4% up to about 190C substantia as shown in 20

5Fi dhaferng of Typedtestela Wé@hwetarhyméfdﬁw&@mw@ﬁd sryglpidine form
For,

" S - §E, FUCE AREE L R, iy ROWTAR0 A A uinEiti
following: a = 10.749A b = 13.450(4) A 25c = 9.250(2)

A a = 98.33(2) .5 PRge group
Pl 30 Mol ecul Mﬁé@“{%%ﬁéﬁ%e crystalline
f or m i SIpdccadaitt with3Ke present invention, okl fdrens e stazzmpachisdfate
he present i.nvention, Form E3 gaﬁg g ﬁf cterjzed 81
10 { GELTTOYE WEHPEREGREPR & BEodA] gl Hem ¢ pafegy s
inJabls 6. In a different aspect of the

preésent invention, FormE3 may be characterized by 5

si mul at Boeddiignoibserovdasowifkibie PXsend JIveRHomy RBIOPEH is provided for
patt 0] Fi h

G PrER AR B el BE GR0UT R ALC AL Uk gy (yhleh e
be refrredtotae ﬂ"yﬁedCtrjl!z}alﬁn cﬂxﬁrﬁgleemf iUz8. PaeatiNg.6g)87,383 to Singh et

B R SR T s

sulstsamtiig) Jo)is@t@nﬁﬁﬂm siz8 distriutien dnkd sub&ariiaBy cirfsisenmtan
aspect of the present invention, Form E3 may

cha@pdiglesizesand apseraployed e CRIVETT oM Piﬂt&eﬂaﬁﬂwf’g APAigEy

h

cusPEfe 11, hERd: R B b 4o AhoiPioRYlo rapt the dhe
aspeeiuctof the invention, Form E3 may be characterized

208 qure 10 SoER B THELERTIRAR b P APl duldbavi

Fi giuEatd sghansopal xﬁwa@ddeﬂb(cwmnaammema@ wadin sulfuric acid
observed (experipental at_roomtenperatu

) r .
X- ispAAden Hiop ARAFGaSHRE Fl¢ fesprding tep RUp! @aEO%{%i)éCS%‘tv’%?’ef@B}aﬁ?ﬂ’
A aﬁ&’ﬁ'cﬁluésethgstéﬁmv?ea%mg £do¥sboRbf ShaHMi& tabe AR BrAnic

Figure 3 shows ‘a differential scanning calorinetry

( DS@lyertt Kiorrhigy therateganir bisuifaterspl mseb&targﬁﬂws@uwﬁbw%@ first

gr avi.nmet i g, %,
2538 ST oL GuRAl By R TR Bl BB 15
s hgyserabsly bdos tha stsbuf EXperyi waightt af the ktazapevir frem’pﬂec,altidme)zeeds of
powder X-ray diffraction pattern (CukKa X = 1.5418 A)

of Pattern C, Figure 7 shows differential scanning
calorimetry thernogramof Paitern C




Figure 8 shows a thermal gravinetric analysis curve of
Pattern C, Figure 9 shows cal culated (sinulated) (220
and observed (experinmental at 30 roomtenperature)
poveviogdss ay diffraction patterns (CuKa X = HCIBURRBISAYS333
of Form E3; Fi gure 10 shows the crystal structure of
Form E3; . and gure 11 shows a, differenti al

s c PRI ORPHRP Form 9 p&@é)to {hearactien Rixtye 38d pheesals ghg

a_tRREIRIr bk Fh h&‘dngﬁl:lﬁ(@hzﬁ c@ﬂé‘eff@até?if suﬁﬂlﬁmcﬁﬁm multiple

5DETAI LED DESCRi PTI ON THE | NVENTI ON

pr stager atiineveasing miesgeovdiog D, a ebiclegupdion tnelfpst ﬁorm’#@ﬂﬁé Form A

at g, vir bisulfate, nanely, Form E3 and Pattern C,

as nmovel materials, in particular in pharnmaceutically
saccept ali siditamnnin afévedanes with thia @resent énventgal, & process is provided for

acce t abl e used .here s to

TG Tom el gt Shih GefEoh AfiaRa s
f orbmﬁlmbl & vara is Widritd o idantdl CSeepealoPatsan mdnayaﬂupecaiuced
judgnent, suitable for contact with tgg}tlss

hu Mﬁuwém%%cra%ls aff ovay A vate and dgige %ﬁnge%eﬁw ¢
ir %Jtaiau Ay b@fdnﬁEcgbfsuB}%%ﬂﬁ%rb%ﬁtals(Hf FRtR A to m%cma@me humidity of

CO[Tp I cati ons commensurate wth a reasonab
10b e rgedfater than gkout 86%RH (waterarpaa) for gﬁrleafSé% !wr% rs8ern enetgrial

R T

p Uraezanasis bisaste hmi @acrp;enmd] dryinglthe wetrgromtationavi ng a

urit reat bout_ 90% i ncl.udi n or, exanpl.e
Pbout ”ofhg Pikfeires CoBafnat il Bls ity o B QR
abQHéipi@ﬁt%:ucﬁ\kk@ dhe St7fibre atmwg a4, iR b@aﬁpw iMtosq bl GlRstE
100% As used herein oly refers to
15cr Wisindegramie seckrassroseridege.tang %&@%@ﬁﬁomﬂwﬁﬁfbg?ﬁ‘fﬂbﬁ
butmaqelr{agglr tclﬁtﬁﬁ%hn%e égcw%enents of the nol ecul es,
o}

at ons I ons mng the crystal. As .
used heFuaither irsaskorderst withftlerjgesent laveunqrstaaﬂewlfm diazaaaivir

a |l ecule, ato ad/r'n. th
PRl e A her0lhe 3p E3 SR it s BE R S
t herighianslatd solvae @hramwmsuman@ sol vent nol ecules in
the sol vate_pnmy be present, lay arr
20and/ or BowbE: srieaesd bXshgmige ﬁ@ﬁ*’t"a‘”%rfée é‘%ﬂ" Ub‘%wmg the

co @Iuﬁity %&%%héehﬁﬁte@sﬁhﬁ 68 QRR R 28 SedHRRS @glﬁﬁugmﬁmbh @ith
anoun he sol vent nol ecul es. For exanpl e

SO Ietbamd wmt Eﬁ crystalsniseating thie orette; vetheheptane (%pﬂlgbw&‘@m such as
nol r art| al loss of solvent from
théﬁgeo e\%gpéﬁ}{e), ﬁﬁéﬁnégfln%?’glsn of the crystalline forns

may be PtilbRirthedinatddidamubsitiatie pesény inyentionph peess is provided for

honD eneity, jndicati t he e of a.dom nant
e gk el st fRE arhaRet IR fRar
ifsalpbethOkiru¥ase ot her crystalline forns.
The presence of nore than one crystalline formin a
sanpl e may be determ ned by techni ques such as powder
X-ray diffraction (PXRD) or solid state nucl ear
magnetic - 10- resonance spectroscopy (SSNVR). For
exanpl e, the presence of extra peaks in the conparison
of an experinentally neasured PXRD pattern with a
sinmul ated PXRD pattern nmay indicate nore than one
crystalline formin the sanple. The sinul ated PXRD may
be cal cul ated fromsingle crystal X-ray data. see
Smith, D.K, "A5 FORTRAN Program for Cal cul ating
X-Ray Powder Diffraction Pattegrns," Law ence Radiation
Laboratory, Livernore, Califofnia, UCRL-7196 (Apri
1963). Preferably, the crystalline form has
substanti ally pure phase honpbgeneity as indicated by
| ess than 10% preferably Iess than 5 % and nore
preferably less than 2% of the total peak area in the
experinmental |y measured PXRD pattern arising fromthe
extra peaks that 10 are absent fromthe sinul ated PXRD
pattern. Mst preferred is a crystalline form having



anount of seeds needed depends on the size of the seed
avai | abl e and the desired size of an average product
particle as described, for exanple, in "Progranmed
waododsaysma$ batch crystallizers,” J. W Ml i nPcamgs2005/015333
Nyvlt, Chem cal Engineering Science (1971) 26:369-377.
In general, seeds of small size are negeded to
effectively control the 20 growth offf¢
bat ch. Seeds of small size may be. _gesn
sieving, mlling, or mcronizii Iarger crystal s,

or by micro-crystallizatigm of"Sefutions. Care should

be taken that mlling,pr cijoni zi ng of crystals does

not result in any chang in cryﬂqa@4|n|ty fromthe
desired crystal form (i e, ange to anorphous or to

anot her pol ynorph). 25A d m xture may be filtered
under vacuum and the isola¥ed solids may be washed

wi t.h ita ol vent

r eéP&?Ee{%ﬁ '1&1% g]lt(ﬁglmgtéf ngrrtT)(a?iH %&3 1&%&&5 ramin salt reémmg the
purtgeming saf Widhi sh ddfiee ches] prefdrably wé thelstriereref orm  The

i sol ated solids may be anal yzed by a suitable

spectroscopic or anal yticgal hni que, such as SSNVR
DSC, PXRD, or the like, tfp ajsurg fermation of the
preferred crystalline Tor mint €N 3 product. The

resulting crystalline form's ypy/. |y produced in an

anount of greater than about 70 q!j» % i sol at ed

yield but preferably greater than“s0 wei ght % based
1% 1::9:'% Qiaas%taa@argm SolfinBie fhiddh Safihb@i & ba¥e which,

I'n t e crystallization -12- procedure. The

p r o'dtlvout xncslgmgexs@gmertbcé@ the atpranaydichisubiewvima mogifieg cubic

screento.del I f necessary.

Cr)@{s ]fzia%%ltf&unﬁ%mg?d& I;i)l%ldl‘lri%mar ed directly fromthe

reacti on nedi um of the flnal process step for

preparing tazanaV|r bi sul f achi eved

or 5. e atitn. Bupceiganss Wil O st SR e POt e brdh

1oa Hhuee Eoﬂfaoéﬁldﬁtzb‘ pRvieEd &BicN fiefuled dtianavi Kikulfateas Bomy Al
bi sultate nay be crystallized. Alternatively

cr yeeyistals gr Ratigrp .Crmatnml ad apharmaseatically agseptable cafffebﬂwfsfor The
SOly&Rtac ALy ROch B Gy inSHidt ABLE, BRIKE Blshtdafins,

IS purpose |nc e any ose sol vents descri bed
heﬂﬁnmwMSmmﬂudwngmpummndepnmaﬂssoIvents such as

| cohol d t | |
ToBy ey oA R ofe PR HE BB b AR By e
15be chirhdt@iRd ubiag vatey &cﬁﬂ&{ue@,ﬂﬂ@@pefﬁdn bf‘rﬁ'}:ﬂch aieagell known to

inorganic salts, and the like, followed

wi tthose eBerdimary skHL iartheart The o ey b6 |°baéf‘ﬁte ?%’J] distihguished

r e%%g 'si'ﬁglle%ﬂlsﬂﬁ 0Dy BffacBbn, GANGENbAsBd S8lukiPcdlGAR¥@ements of &

exces vent or gaseous constituents. |f

di stoiglel cagstabnf 2 Hrmmph Syesthnalytieal tempersbire Aetaied description of

di still te coll ry e

£ adpi eelfs ]}%Prr%}decg | n%tgut Qr(enge% %%gtg}%sﬂ?et%lﬂtﬁﬁ. APractical
20st iGuideNMacafiRRAIdoL, New o (1968) IOhkp!er Bwhv@ys befrclgemtermrated by

gui dance, the reactjon sol ution

abatferepger AXtersivelyy ?)')“)lq‘{el*?ém%%ﬁf“@f‘h‘ﬁlat"\%ﬁ g ﬁ%a“BL’rega} ign within

SO |tl‘{ee€?'§'staﬂf?ﬁg IAGIBORAY bd ShaklekikRChc@tling 10 Be bBREVH Gractiony] atomic
be sanpl ed and assayed to determ ne the extent of t he

r ezovrdmateandnethe mganspinhargetenzingthe xystakiag siEchire |5 by powder
standard process techniques. If desired, additiona
reaction solvent nmay be added .20 or removed to

optim ze reaction concentration. Preferably, the fina
concentration is adjusted to about 50 wt % at which

Lh

point a slurry typically results. It may be
preferable to add solvents directly to the reaction
vessel without distilling the reaction m xture.

Preferred solvents for this purpose are those which
may ultimately participate in the crystalline lattice
as di scussed above in connection 25 with sol vent



15 about 55C, preferably from about 40 to about 50C.
The reaction is allowed to continue for a period from
about 12 to about 60 m nutes, preferably from about 15
W AMbroes3480 m nutes. The reaction m xture i SPEEEHEEH 015333
with crystals of Form A atazanavir bisulfate enpl oyi ng
an anount of seeds within the range fr magouflfr 0.1 tq_ .
abatrraygiifpesionoalyws wrvhichihe experpentakior Shienysq Gittractiog protile is
abQu, B fYa WehEetl pr&ﬁéﬁﬁre%tiﬁé‘?y%b% nfateriaf, B3@ M@Vt the
free base remar ni ng In the reaction mxture while
naisame axalyvigaltteraperasaret ngrinaspurernenss faf thy seliesy &ray dhpracterized as a
vvithi.né)%?& rnange from about 35 to about 55C,

pr eFEPEBrY VS about 40 to about 50C. The reaction is
sal | owed Otlger aRbiksi dT@Barbudrizingahie/fota nlay bausednsuok gs sudid state
Thereafter, 25sul furi ciLd 1S added in nmultiple

st AYelarMagarIG RYOnENE i@%‘%@géﬁi%wﬁch%oc FPGPEC) and
€ QYRdrQINErATmERiR GhaIARA TOR) O Whise phrambletridaii@\erused in

bi sul fate whi ch upon drying produces Form A crystals.
Theompbipgticey toghtragterize thy spbicgideMyor phol ogy of the

at azanayj [ : : W

a1l oFbin Rl Gy SAnheacebl by BAIERARRRAL sbhabiily
10t heq@3Oeo s falowizat i on rate. It has been found that a
nodi fied "cubic" crystallization technique (acid added
at an increasing rate according to a cubic equation)

pr @lidBmendi®@isat i vely larger, nore well defined

atannavir bisulfate crystals, along wth a narrower
particl @ 88k ange and fewer fines, than a constant

addi ti opg-habgs@y¥stal lization. The slowinitial acid
flow rate has been shown to favor crystal growth over
15secondacy &12d(Bdt i on. Thus, as the surface area

i ncr eases;é(ggégz)parti cle size, the 5seed bed is able to
accept e’ mtteasi ng acid flow rate w thout inducing
secondapy nuct7egtion. The slow initial addition rate
allows tine for the crystals to grow |l arger, |,

i ncr easl P04 rean size. The cubic crystallization

pr Qv de ess conpressible filter cake, which

ai §§h%r§%®f (l!:ct i ve cake deliquoring and washi ng, as
20ne IMolesileglasynmgetdc ooit € easily dried product with fewer

hard | unps than the constant ition rate
cry'g‘l"’éeln}' G &gty ?g‘lﬂ? ?taﬂ’oaﬂa%ﬂe cubi c

crystallization nethod enployed is a tenperature
controlled crystallization derived fromMl]in, ,
"Cryst aFpiny Atayrpe chargctemgged ’by irg@@pal atomic coordinates substantially as

But - Hej R j i ‘
Pt BAAPSH: S A e S Bu s r e
25(f max - Fdmnp méythervbaradtrided py siwhibatesl afidekser@dpondergk-ray

te rature for crystallization.20Trai n= Endi ng
teﬁﬁ%ﬁ‘%ﬂoﬂlpétt%? S“%F%’étiagy i sj“gi”flé?]ﬁtg?ﬁel': El apsed time in
cryst al Fbmdhingdy HeichEradterizzl by a Giffepdntislrsyainalg daloaitiean (DSC)
tinme. ~Since the crystallization %r%taz nav,ilr
bi Shermegramihaviagar erstotherm pyih PRk opetiot plowt Mgy oy{eupstantially as

sul, Mﬁﬁ@kf‘i” the tenperature variable is replaced

wi th aci ume in Equation (1). In this equation,
the variable representing the m ni mumvolune is
renoved. where WO 2005/ 108349PCT/ US20051015333
Vtime = Volunme of sulfuric acid added during el apsed
time period Vtotal = Total volune of acid representing
the 90% charge tine= Elapsed tinme in crystallization
time total = Total crystallization tinme. 5Equation (2)
is referred to as "the cubic equation.” By

controlling the crystallization rate using this
expression, nucleation is controlled w thin acceptable
limts as the system nmaintains a constant | ow | evel of
super sat urati on.



10Form A crystals are identified by powder x-ray
diffraction pattern and crystal structure as shown in
Figures 1 and 2, respectively. The Form A crystals of
moewediwdse bisul fate or the Pattern C mat eriBfT/ER0R@13333
as Form E3 prepared as descri bed above are the final

atazanavir bisulfate and n_he enpl.o .

pr oduct £°F% |A mRnRe %rf’?tﬁrﬁcg ﬁy g gneﬁg%[ipg_léaﬁ %/rg&n_%%lar%HQTGA) cmf’
aCC GRY 52 GBI O wEBRL 18¢s@p @S Bboaf 100RE td MS0SO silsmantiEtas ehawn in

materi al“may be prepared by exposing Form A crystals

to Ragired. f ol | owdrbbzlladr yi ng. e d Igtg anot her pr oce%ss

in acco e bRY.SRE NVIR (SBUNRN Bhefmical
mat er i alﬁzgéngg} rgg‘{leorhnege%ﬁggpossi r119 cryst al(s of . ?:orm A
5t 0 shifghubsedngis iy shown o Tapledfang by thespedtiarsubpaiiigllpsoghown in
RH,F}:agrgger ably fromabout 95 to about 100% RH (water

va y“for at 20 | east 24 hours, preferably from

about 240t Aak@tle chdrabyerited by fractionall atoraie codrdmates substantially as
enmbodi ment of the invention, Pattern C material is

pr épstaddr TaBle et granul ating atazanavir bisul fate Form

A 10 pregdus e Qiiave Shfctézed Bavisfurdidptondscehemnsiwith eput
drying the granulées. In carrylar%/g _outt the wet _
1cggammaﬁtergi?gq§nqctéwingq frem 36 4 3{)&}13 Bﬁiiﬂ fat};}vvl Il be

granyl ated in wate GUBEERkfeBzed by th

i bl S T S ik @g%% e
pr efueéradd powdet Niray diffeactiampgetefr substattiolly asGbown irbgwe 5.

60C. The I%Ibryi ng st e‘goﬁd |1 be pr efter aglt%/e cgr A8 cPlcterized
for at IBadiTespatped of digpresent IvERIo, Dy e G S|

Pr &fyef @Rt¥nddl QIhARE UiloSnéts Bérfieraklsubsaitially as shown in Higere 7
Patt'ern C material may al so be formed b

wet .
1591 amyingtan egdatbemdyrisally inte iR PR RO I h 1A abgyt PFE°C and from
presenc f con Lonhal pharmaceutical excipients,

for? é??taﬁgﬁet?ag?w‘ﬁ?gi’bﬁgre bul ki ng agents, preferably

| act ose,1n QRAETRént BPett off iRl pidsarg imvetidon, Patteed €mady|bg characterized
crospovi done, and _dryjng as gdescri be bove .t

Pat ot Heahgiegimegic FHIYSRANE VRA YHBTAS® QoS! LR sbou
It {0 i tA90TC JuBstaatialy as shown in
pr e*%rgg‘ﬁgggjg%gﬁ Q?%S%éqgn%‘?gf?ﬁa?p, tg\%gai%:h is formul a{ed for
2@dnFiginst8r ati on in the treatment of diseases caused by
vi ruses 5as descri bed herej naf . :

mat er i allniagcoéfﬁ’ﬁ?%&%ég’lef é‘"’&%?ﬂ’ ¥ tg)r nblc?)(\)/%fleEr3 I)?E fgi&{a&c%zed by
di f §agldoRiphidaatagk Bhow iaTabie 5| subftamgially e@ial to the follpwing:
FormE3 is eregggred by slurrying atazanavir free base
in et harfgt 10¥4%4ting the slurry with concentrated

sul furi g, agt oying a nolar ratio of acid: free
base 1OC-bvvi tq%q%(ﬁgp‘?ange fromabout 1:1 to about 1.1:1,
2heati ng ¢h8.26@2UAt i ng sol ution at from about 30 to

about 40C_ §§$ Lhg the solution wth ethanol wet E3
crystal i anavir sulfate, treating the m xture

Wi th hept angopane ot her sol vent such as hexane or
toluene), filtering, and drying to yield atazanavir

bi sul f ate= H&+-$83(B8 (tri et hanol solvate). 15The seedi ng
step wil| eqpll oy an anount of seeds to effect

f or WECT B19U8f 'E3 crystals, for exanple a nolar ratio of
3@t apmnavics/adynsndtdiaimdt E- 3 seeds: free base within the
range from ab(f,ut 0. Q2: 1bt 0 g%%ut 0.04: 1. Form E3

i s Maehbr Feales fEEEaY AU &3 i ffracti on pattern as
shown in Figure 7 and crystal structure as shown in
Figure 6. 20l n accordance withgthe present invention,
the atazanavir in the formof Its free base is

prepared by treating a solution of a protected

triam ne salt of the structure (where PG

represents a protecting group such as

t - but yl oxycarbonyl (Boc) or trifluoroacetyl,

preferably Boc, with an acid, preferably hydrochloric
acid (where Boo 25is used), or a base (where
trifluoroacetyl is used) in the presence of an organic



10 in the presence of a base such as K2HPO4,

di i sopropyl et hyl am ne, Nmet hyl nor phol i ne, sodi um
carbonate, or potassium carbonate, preferably

Kl2oddA@ds49i N t he presence of an organi ¢ sol vEIR/USR0NESH15333
as met hyl ene chloride, a mxture of ethyl acetate and
butyl acetate, acetonitrile or ethyl acetate,

preferably nethylene chloride, at a tenperature within
the ran r 50 dharfabtefed b
about 1$§g{f§%mn?%§ut ﬁ%‘ E)R:S ? %’;&%ﬁté@ g?zoéﬁa}%clrﬁ )?Eéee base. Y
Therptiatabatbmit doordinmitay sulgtaamllyn’g lipted BxTagle &.s prepar ed

by r eacﬁ)l}’ ggléggc%g %g& lgg&e grcéc}tle t gvcntiow&ﬁl ]ﬁcﬁibf‘bc characterized by

prefera _
N (sipblhred whd/diKyedplatey R-3Y &ffrativmprtiems netsabtially as shown in
S(é) 3, 4 epoxy-butane, with the hydrazine carbamate

PEPEG i s preferably Boc in the presence of

i sopro prll a @iffé%@lisp@crt oPthB @fesdtk GABRIonSEWG M EXmaebddnattedzed by
but anol Atazanavi r bisul fat e 1S us

ad i differential posnning calommety Ay BeEEH haringar °n‘&§??éféu%“fayy githin
n_bej t e 11.
RGBS i A P05 SR
10r et r ovi rhah diffeeetnea@ect ofthp prisailt inyemtioncFaroni T mby b%qim‘at:fan@d by

ot e such H V-1 or H V-II r

bfrerLera e i ustabined e AR B, PR Bk
Df 81'5'056: BisMnBiIH3e Showhf inZ@mesi I bisul fate, especn al y
Pattern C material, FormA or Form E3, preferably

Pat t er n IiCa diffeeant agpeesof o A ptionRgITHES maske ?*}?faz&teﬁé?dl%dhe
of tr es, especially by
B et SRR R URRA R Al R CD, PEETLRY

15l5st ages, wherein a therapeutically effective anount

of atazanavir j orm A or
FormE3 is adﬁlhi@#é$i§(§ﬁ¥§?é§§§b?ﬁﬁfﬁ %Fgective in
the tregiRdi sifwsalcHlafl $@A6Re@SREW)ahd ybdered (expenmental at
war m bl ooded ani mal, for exanple a human bei ng %F

ac coomttemyferaims) piwdeh e diffrastienipalions 4SWse Agsheth8 W

Al or,its prelimnary stages, requires such

tr t. The preferred dose to be administered to 20
2onvar m bl Q@@.@dzﬂmmhescrydtﬂrsmmapfﬁodmuh;an bei ngs of

apprOX|nateI od ht
about 1.fsgwe ﬁlFoé’fSé‘rdéE 9X %ﬁ%ﬁ%ﬁ’k ‘W{;Pos g?H’rgou?gq%" é@
d, fdh £xanple fromabout 50 ng to about 600 ny per
person per day, divided preferably into 1. to
doses V\/rFlgme ralyowsraghererbgrpyietris @nglysis %"%@ﬁé}e‘\)ﬁfﬁaﬂg
Usual 'y, ﬁwﬁg Hogmadul t dose. It
is pref eFr1 +|5§}§0‘§.,m n(?g%%dedsm‘l' yOft 25At azanavi r
2%i sul f atlreg@aﬁ Slerws a@ahrmrmd.(atpenmm afraen Emparatese)jpgwder X-ray

enpl.oyed for th ve maceut i cal uses.
Sui HEREEoCRANS &ggﬁd&%‘%ﬁg“%ﬂt ern C material or
Form A %gd%@v Blhcﬁ% afcﬁfferﬁﬁtfhh scagMThféaddrinadtiyaherinoglatcef Pattern C;
tabl ets, powders, capsules, and elixirs. %ltht ]CO to

600 ny d‘hgtmii ishawsi atheregl @ﬁwmﬁ%‘weaﬂﬁ%ﬂﬂ‘éfbo
physi ol %b oY %I%Hfa?éﬁ %ﬁp‘:ﬁf 2§°Cgcaﬂﬂ 'bb&'f'ved (experimental at
exci pi e dar,© rese Ive

33 Ofxloamémlmﬁamﬁy §owdelr K-y di‘ﬁfrictldmpmefrmr(@u&g 7~C=all 5618 A)pof Form
by accepted pharnmaceutical practice.
Phaftmceuti cal conpositions for oral adninistration
can be obtai ned by conbining the active ingredient
with solid carriers, if desir granul ating a
resulting m xture, and processing the mixture, if
desired or necessary, after the addition of
appropriate excipients, into tablets, drag& cores,
capsul es or powders for oral use. It 5is also possible
for the active ingredients to be incorporated into
plastic carriers that allow the active ingredients to
di ffuse or be released in nmeasured anounts. The
bul ki ng agents or fillers will be present in the




gl ycol ate, mcrocrystalline cellul ose, or other known
di sintegrant, preferably croscarnell ose sodi um
The lubricant will be optionally present in the
Ridopameidbi cal conposition of the invention PECR/E$R005/015333
anmount within the range fromabout 0.1 to about 4% by
weight, 5 preferably fromabout Q.2 tq about 2% by
wei ght  Bigurehkd howptisicnishstrusseengfFegn 57 4| et i ng
| ubri paﬂéndasft‘i' 3Rk & aitRfentlAS Mg cRlotiME Y @S5 C)Irmagem of
not |im 0, nhmgnesium stearate, zinc stearate,
c al Foimti iR3sdreiar thtrenal gravimetrcansgibeurveend FosrEdri ¢ aci d,
palmtic acid, sodiumstearyl fumarate or hydrogenated
vegetable oils and fats, or other known tableting
g ubricants, PEVAQLED BESCRIPTION OF THE MNVENTHOMNeof
preferably magnesi um 10stearate.,. Capsul es_ar
hard gelTAE PHSTAFVERLE PEOY eé’laéifa%td‘f‘ P?ﬂ’g%g’lsé’ga Apsul @%mfate’
madg Ry #ehAts Mhddted ®ladadveLmdefials, 38 pittiasardh pleemadeutdzally
sorbitg. The hard gelatin capsul es may incluyde. th
ac taceeptablegforel Tha termn pharmaseytisally roespiahiG) - 88 PSCF’E‘FWB& ?ﬁf‘ﬁf 5
Wt 'cl)xjns&ﬁuds,%gh ?s?cdr%%ﬁ%ﬁs, a1 ARk sbe FSTHE Rvhadh are, within the
starches, *crospovi done and/or glidants, such as talc
1001 stopergnesidmedidabadgatent, saiteblé for eentdct weth iettigsues of human

stabilizers. I.n soft gelatin | t '
g i e e BT At Gubb TP MRl or other
SUi $rghbig cBinpNcati¥es ddir@ithsurats with aacasbrmbleybensfitiisk paipalrf dertain
oi I or I'iquid, polyethylen I ls, it Ii | se i.ng
pos¢ismed grahodiments, prystallige gwgf %’? fg%?ﬁﬁlﬂ?%é?&@ é?‘fﬁﬁm ] 2‘% g
to ) NGutRieanal d" e fue&EHtkein, means a
pre g?t%g%ﬁg gm&% the i nvgﬁ}t?iron., 20 EC;(AI\/PL%Ol o
151- Iebn(pPymd kiving2-pprijyveatsr thansbant _QQ'f/agngp@l{lg, for example, about 91%,
I N- (et hoxyearBony L) - Loderbsut 959% % 7%, about 98%,
l e |°H\/‘ﬁlé(lry'ﬁl$ ur%%?%llgg(o gg_gtﬁf}c?srjg%?s (/5-’ b Oélh?/ /-’Za-bg\gta?hezgnoél,’£
Bi sabofiegoes, and abduFDs0%.A) (At azanavir bisulfate - Form
A) 5A OHN aci " . .
(1+1- ( Py %P%FE%IW ?@W@ﬂ‘}’& 1refrsdp coystalline foyms haying the same
r boguEaal {Ebn bIVETFQ¥H spatiRhE Ry derZentzafiexaclecdds) Gbms,
(Triramne. 3HCl Salt)) 10To a 1000 mi, 3-neck,
20 ouand/dp éns dermingabr cdbtek ed with mechanical stirrer,
nitrogen, %kfﬁer@ﬁis&i%ﬁE@h% § cRE@Re Yem Fddededuleatom,

protecte rram

14 4aridfiy fond it furihprivetajis ma¢cles of Gsabyest erselveps infPERpeddnto
honyBam np) - 4( S) - hydr oxy- 6- - .
o sahRb: feail e DR s psle At Sy
( 50%gmr; an%n%@nﬁ@lt ﬁzlfdjcﬁraoioﬁmclaﬁbdtagmmt. i'ﬂpubl)wats prag oemtaid
as described in Z. Xu et .al., Process,Resear n

2 PevEihOpHERAITIPBIUp BRI AN AL rrEmefRes. For
Pr oé)&ﬂ@ﬁ&, h E(g{nﬁé L4k 2 BVt ddoidde aSh@ABE Solv¥ho@eRsules may result

ar an

Rese Devel oprment, 6, 323-328 (2002)) and the
r esfrbthipagiablossr afisolners feegi thes@dvbtehi | e mai ntai ning the

tenperatdre,at oLI.o ided Gwith substantially pure
20Conce aﬁnd:lleéc?f fcfr ggﬂ%g&?%sg%ygjg%%w L, O.S§2 rml_e):p
4. 6pipde honie@nédriedichting thepresacd ofardomiineantamount ofa yipgle

such that the t erature of the reactiaon mi .

3§ angiiaine KD REAPETANMBECTIE 4 QRE Pt o A i Salline forms.
heaj gyt Qndoftntord Blan 8Rclcradillind R ind sampldwmay Bradtdnnimed by
was | udged conpl ete by HPLC assay. ter .was adEI?d "
( 70tegidques such ay powder ﬁ%vagjd Fragtion PLATR Slafe PHEIFYr pagnetic
the reaction m xture, the reaﬁéion m xture was
agitated for 15 minutes and t'he phases 5were all owed
to separate. The upper, product (triam ne.3HCL
salt)-rich aqueous oil was transferred to an addition
funnel . B. 10( Active Ester of
N- I net hozycar bonyl -L-tert-1| euci ne (



To a 3000 nL, 3-neck round bottomflask fitted with
nmechani cal stirrer, addition funnel, nitrogen inlet,
and tenperature probe was added
Wombde¥uear bonyl L-tert -1 eucine (77.2g, 0.408CTro$2005/015333
2.30 eq.), 1-hydroxybenzotriazole (HOBT) (60.8 g,
0.450 nol, 2.53 eq.), and N ethyl .

N -resionaich y;beammmaswk)a Foogiainpledide prBmCy ofixirp @paky igthe

. oL rmpragh of s ttrally eSSy R¥ o Fe et b iliinlkicd PxRD

St igatt@fl nakly iiidutembre URMTRAE artystalting fofim 206G sample.| The simulated

formati on of the active ester | ete d
by FlEmaybe calculated from single crystal iray a. see Sma{lsn ]5 kdg‘ﬁ

1- [FAO}(MN F‘Mtg'rcgn Wr LRRERYAL X HapPoddbr-IoiRdctibh Paredr i) Zyeatnce

bonyl)-L-ter

20(Redestiny Litomator) Lingraores Falifosyja 1GRIcHA0-(SpuL kRd) deferadly,
ég:tges sﬁa\}/ln Ip %)grgﬁafﬁﬁg%&%ur@gﬁ%gﬁs}ﬂ%%lgﬁ n‘fdlcated b less than

eq. 108, preficratle ibeian § Momdmeprepederabls dss then2 %oﬂ@@@ta«mwk

of water (11.3 of

ko pieagh e Sarieenesd rta QR Paneiing ol pesks ta
108C tard/ £hs QR i O bivdul 63 FNFEP phitesh. | MoRpreferRd isToeryftaliine form

stirred active ester/aqueous K2HP m_ Xt yg e S 0

ad ating RebsiieloL R RIBIRHOTAEOTSHY PATeA IR defdie il Rckrea

chlinieds éﬁhénﬂy%eaﬁn&?ﬁm pRtterd afsitgOfratn thelexith paks that are

mRi Nt ai Nt ng agitati on and a pot tenperature between 5

ancbMCfrom the simulagef PRI} pasterddi ti on of the sol ution of

t he Par d , h

react o 7 FE iRl Rk AR B, The
1530-f36allatedongs that lﬂﬂ)rﬁaattdtbw la viatiety of)mpthodtzgmpl@émg ferrexemple,

Judged conplete b ssa

B S eSS 5 Yt e SRR o
M GhelQkSIRNYtAte RRARIMWEAS FHEP Afcilics ghafsé,tllﬂ?stam&aﬁ@pﬁﬁm aspent
aqueous phase. The product rlch organi c

wassuperotiend] e rand it RerppiPeAT eguesitor 0&%19@30130%@??{%@1&&“0“
of cBI C g}n%q'%ﬁr{s ]%m ﬁ&)l&eﬁpﬁﬂmmrg ifIRIdE, f@ioexa%fe BapbraGdrest the
triam’ne ases were al lowed to separate, and

20 hesobpanticcagising te tghmaumﬁﬂxe@ﬂimw ahixture, crystgiseedipghed

roduct ric e t]
P Goprtrgef sy iR A A ot o R o e gaéﬂé‘h@%
HPLfnx@a&8 axd @adlﬁ&eoﬂan@damng gevuatephbrsms)sh mmesdlvbiltemamrﬂ ve
esters to be below 0.3 1.1. each. Th ses d
a1 oved Cd Pl i AR RVEY e (L P e R T
':@é%gter ga%-gﬁ Bf Hl‘ug Eg%@%ﬂ:‘ &iscﬁﬁé@ £ SVHE-SYRS OREni & rUgs, S.R.
/g of protected triam ne Iﬁﬁ@na

2f'p H=ByrB)R. Rt H&:ftﬁhméé GaStosvell) 2"Ohdigion, $SEbpN et Lafaysit
pe hsﬁqueous phase was renbved. The rich
dg ? phase was washed with 10 w v% NaCl (475 ni,
4 75 nlL/Ryr ofystpllicitattatinignésahdt mmploppolvint aheichows of gelpent or

aqueous phase renmoved. 20The concentr at

bt o pal SentrBm P b rdrors ot 1B o Eituiliyof e
- an piRhRE e8RtalRhid Bdhafuy,iagé dapot pRbsuldsF t]limdo%ent
D. Sol vent EXchange from 012C12 i nto

30nc e€aminNione phspl Yo meayiba smeloYest {1 EXARlE, hafmReUpY BaY be
basg, Lﬂ)ﬂk Wb !u?ﬁ a 'ﬁpst l@&l@% aford Ssondfok, foRsRel Boht adbifidrastian
25f7 d ani cal stirrer, tenperature probe
andantibtént tcadacmaseabmdmslay of the sompreied in the solution and to afford the
N-net hyl pyrrolidone (148 mi; 1.25 ni/g of Part C free
base based on in-process quantﬂflcatlon assay). The
sol ution was concentrated to ca. 360 nL (2.5-3.5 nlL/g
of Part C free base) using a jacket tenperature of 70C
or less; 500 nL of acetone (4-5 nlL/g of Part C free
base) was added to the concentrated sol ution and the
30 mxture was distilled to a volune of about 400 niL
or less. The acetone addition and distillation were
repeated until in-process assay indicated the CH2C12

'J\



Stage m ., /kg/h mL(H2SO4)/ h g(H2SQ4)/ h Duration (mn)

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

FWo héd10850 After addition of H2SO4 waspCcousHet0a5333
the slurry was cooled to 20-25C for at least 1 h with
agitation. The slurry was agitated at 20-25C for at

| eagirmdtidn of ThystalsbiAswdnfistheensia b solwerd irf whitk the gompelnd fres low

nmot her, i quor s.recycl ed as needed f
Contiy SalepivesE {aripedis ARRACSlab: Elirdth porpgtar
acetg@ts( 5- 10 nlig of free base; 1200 nL acetone). The

bi sulfate salt was dried at NMI 55C i
Che. LOD 10596 F60R RIIER sy S P RS DTS o abePoai ghdior

£r Yy stk B %ag%%ngamwm&@ 2z e Ayivh FXRR heRBE1EREMEEA

patterns an spectrum and found to be .
( nofissshitipat dHY temo sty cpsyuseheseipfmeapga satyrptgd prleianmst e

BRI 5. 0 ARl i s
atazanavir bisulfate or salt thereof to afford a heterogeneous mixture of atazanavir
bisulfate or salt thereof and a solvent at a given temperature. Suitable solvents in this

10 regard include, for example, polar aprotic solvents, and polar protic solvents, and
mixtures of two or more of these as disclosed herein.

Seed crystals may be added to any crystallization mixture to promote
crystallization. As will be clear to the skilled artisan, seeding is used as a means of
controlling growth of a particular crystalline form or as a means of controlling the

15  particle size distribution of the crystalline product. Accordingly, calculation of the
amount of seeds needed depends on the size of the seed available and the desired size
of an average product particle as described, for example, in "Programmed cooling of
batch crystallizers," J.W. Mullin and J. Nyvit, Chemical Engineering Science (1971)
26:369-377. In general, seeds of small size are needed to effectively control the

20  growth of crystals in the batch. Seeds of small size may be generated by sieving,
milling, or micronizing of larger crystals, or by micro-crystallization of solutions.
Care should be taken that milling or micronizing of crystals does not result in any
change in crystallinity from the desired crystal form (i.e. change to amorphous or to
another polymorph).

25 A cooled mixture may be filtered under vacuum, and the isolated solids may
be washed with a suitable solvent, such as cold recrystallization 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,'or the like, to assure formation of the preferred crystalline form of the

30  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

Co-12-



a pO .z, sg dcalc R +22 9.861(5) 29.245(6) 8.327(2
93. 56(2) 114.77(3) 80.49(3) 2150(2)2 PI 1.240 0.06 (T)-
tenp(C) for the crystall ographic data. Z' = nunber of

grd% %kﬁ ules per asymetric unit 15 TABLE 2civesrhes/ook3ss
acti ona Paranmeters and Their Estimated Standard

Devi ations for FormA Atomx Y z B(A2) SI 0.3230(4)

0. 5A6ddAreD The Pt ndy G4 9¢ridled oBBTe fhrgughamesh sergen to delump

0.4 %gzoduct %ne essary506o( 3) 0.5498(4) 11.1(3) 12.0(4)

Crystailine forms may be prepared directly from the reaction medium of the
final process step for preparing atazanavir bisulfate. This may be achieved, for

5  example, by employing in the final process step a solvent or mixture of solvents from
which atazanavir bisulfate may be crystallized. Alternatively, crystalline forms may
be obtained by distillation or solvent addition techniques. Suitable solvents for this
purpose include any of those solvents described herein, including protic polar solvents
such as alcohols, and aprotic polar solvents such as ketones.

10 By way of general guidance, the reaction mixture may be filtered to remove
any undesired impurities, inorganic salts, and the like, followed by washing with
reaction or crystallization solvent. The resulting solution may be concentrated to
remove excess solvent or gaseous constituents.. If distiliation is employed, the
ultimate amount of distillate collected may vary, depending on process factors

15  including, for example, vessel size, stirring capability, and the like. By way of general
guidance, the reaction solution may be distilled to about {fraction (1/10}} the original
volume before solvent replacement is carried out. The reaction may be sampled and
assayed to determine the extent of the reaction and the wt % product in accordance
with standard process techniques. If desired, additional reaction solvent may be added

20  or removed to optimize reaction concentration. Preferably, the final concentration is
adjusted to about 50 wt % at which point a slurry typically results.

It may be preferable to add solvents directly to the reaction vessel W1thout
distilling the reaction mixture. Preferred solvents for this purpose are those which
may ultimately participate in the crystalline lattice as discussed above in connection

25  with solvent exchange. Although the final concentration may vary depending on
desired purity, recovery and the like, the final concentration of free base I in solution
is preferably about 4% to about 7%. The reaction mixture may be stirred following
solvent addition and simultaneously warmed. By way of illustration, the reaction
mixfurc may be stirred for about 1 hour while warming to about 70°C. The reaction is

30  preferably filtered hot and washed with either the reaction solvent, the solvent added
or a combination thereof. Seed crystals may be added to any crysiallization solution

to initiate crystallization.
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various forms described %1%1711( r@y lg')e' (ﬁsstié}lg%i)shab%lﬁom one another
through the use of various analytical techniques known to one of ordinary skill in the
art. Such techniques include, but are not limited to, solid state nuclear magnetic
resonance (SSNMR) spectroscopy, X-ray powder diffraction (PXRD), differential
scanning calorimetry (DSC), and/or thermogravimetric analysis (TGA).

One of ordinary skill in the art will appreciate that an X-ray diffraction pattem
may be obtained with a measurement error that is dependent upon the measurement
conditions employed. In particular, it is generally known that intensities in a X-ray
diffraction pattern may fluctuate depending upon measurement conditions employed
and the shape or morphology of the crystal. It should be further understood that
relative intensities may also vary depending upon experimental conditions and,
accordingly, the exact order of intensity should not be taken into account.
Additionally, a measurement error of diffraction angle for a conventional X-ray
diffraction pattern is typically about 0.2% or less, preferably about 0.1% (as discussed
hereinafter), and such degree of measurement error should be taken into account as
pertaining to the aforementioned diffraction angles. Consequently, it is to be
understood that the crystal forms of the instant invention are not limited to the crystal
forms that provide X-ray diffraction patterns completely identical to the X-ray
diffraction patterns depicted in the accompanying Figures disclosed herein. Any
crystal forms that provide X- ray diffraction patterns substantially identical to those
disclosed in the accompanying Figures fall within the scope of the present invention.
The ability to ascertain substantial identities of X-ray diffraction patterns is within the
purview of one of ordinary skill in the art.

The term “Form” as used herein with respect to Form A and Form E3 refers to
a homogeneous crystal 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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0 3b7i85ll? atZa)salct)'iszsggsStaﬁn%i)all)P ih?o]iglgé z?xzd igélgc{eg )acelgolzne, a mixture of acetone and
N-methy! pyrrolidone, ethanol, a mixture of ethanol and acetone and the like, to
provide a solution baving a concentration of atazanavir free base within the range
from about 6.5 to about 9.7% by weight, preferably from about 6.9 to about 8.1% by

5  weight atazanavir free base.

The solution of atazanavir free base is heated at a temperature within the range
from about 35 to about 55°C, preferably from about 40 to about 50°C, and reacted
with an amount of concentrated sulfuric acid (containing from about 95 to about
100% H,80;) to react with less than about 15%, preferably from about 5 fo less than

10 about 12%, more preferably from about 8 to about 10% by weight of the total
atazanavir free base. Thus, the starting solution of atazanavir free base will be
initially reacted with less than about 15%, preferably from about 5 to about 12%, by
weight of the total amount of sulfuric acid to be employed. During the reaction, the
reaction mixture is maintained at a temperature within the range from about 35 to

15  about 55°C, preferably from about 40 to about 50°C.

The reaction is allowed to continue for a period from about 12 to about 60
minutes, preferably from about 15 to about 30 minutes.

The reaction mixture is seeded with crystals of Form A atazanavir bisulfate
employing an amount of seeds within the range from about 0.1 to about 80% by

20  weight, preferably from about 3 to about 8% by weight, based on the weight of
atazanavir free base remaining in the reaction mixture while maintaining the reaction
mixture at a temperature within the range from about 35 to about 55°C, preferably
from about 40 to about 50°C. |

The reaction is allowed to continue until crystallization begins. Thereafier,

25  sulfuric acid is 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

30  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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narrowet particle size range and fewer fines, than a constant addition rate
crystallization. The slow initial acid fiow rate has been shown to favor crystal growth
over secondary nucleation. Thus, as the surface area increases with particle size, the
seed bed is able to accept the increasing acid flow rate without inducing secondary
nucleation. The slow initial addition rate allows time for the crystals to grow larger,
iﬁcreasing the mean size. The cubic crystallization provides a less compressible filter
cake, which aids in effective cake deliquoring and washing, as well as giving a more
easily dried product with fewer hard lumps than the constant addition rate crystallized
product.

The cubic crystallization method employed is a temperature controlled
crystallization derived from Mullin, “Crystallization, 3" Ed.”, 1993, Butterworth-

Heineman, Pubs. and is defined by the following simplified equation:

Eime ] 3 o))
T = Trax = (Tmax ~ Tmin) X time total

where
Tnax = Starting temperature for crystallization
Tmn = Ending temperature for crystallization
time = Elapsed time in crystallization

time (o = 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,

. 3
Viime = Vit X time (2)
time ol

where
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Vet = Total volume of acid representing the 90% charge

time = Elapsed time in crystallization

time (o= Total crystallization time.

5  Equation (2) is referred to as “the cubic equation.”

By controlling the crystallization rate using this expression, nucleation is
controlled within acceptable limits as the system maintains a constant low level of
supersaturation. |

10 Form A crystals are identified by powder x-ray diffraction pattern and crystal
structure as shown in Figures 1 and 2, respcctiveiy.

The Form A crystals of atazanavir bisulfate or the Pattern C material as well as
Form E3 prepared as described above are the final atazanavir bisulfate and can be
employed as drug products for administration to patients.

15 In accordance with the process of the invention, Pattern C material may be
prepared by exposing Form A crystals to water followed by drying.

In another process in accordance with the present invention, Pattern C material
may be formed by exposing crystals of Form A to high relative humidity of greater
than about 95% RH, preferably from about 95 to about 100% RH (water vapor), for at

20  least 24 hours, preferably from about 24 to about 48 hours.

In another embodiment of the invention, Pattern C material is prepared by wet
granulating atazanavir bisulfate Form A to produce granules of atazanavir bisulfate
and then drying the granules.

In carrying out the wet granulation process, the atazanavir bisulfate will be

25  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

30 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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admixture with the excipients.
1t is the Pattern C material, ¥orm A or Form E3, preferably Pattern C material,

which is formulated for administration in the treatment of diseases caused by viruses
5 as described hereinafter.
Pattern C material is characterized by its powder x-ray diffraction pattern as
shown in Figure 3.
The Form E3 is prepared by slurrying atazanavir free base in ethanol, treating
the slurry with concentrated sulfuric acid employing a molar ratio of acid: free base
10 with the range from about 1:1 to about 1.1:1, heating the resulting solution at from
about 30 to about 40°C, seeding the solution with ethanol wet E3 crystals of
atazanavir sulfate, treating the mixture with heptane (or other solvent such as hexane
or toluene), filtering, and drying to yield atazanavir bisulfate Form E3 (triethanol
solvate).
15 The seeding step will employ an amount of seeds to effect formation of E3
crystals, for example a molar ratio of atazanavir bisulfate E-3 seeds:free base within
the range from about 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.
20 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

1

~“d
=
N

OH

(whete PG represents a protecting group such as t-butyloxycarbonyl (Boc) or
trifluoroacetyl, preferably Boc, with an acid, preferably hydrochloric acid (where Boc

PGNH -
NHPG

3

25  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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preferably from about 30 to about 40°C, to form the triamine acid salt, preferably the

hydrogen chloride salt of the structure

~
N
N

OH

HN\V,!\V,N
I “NH, - 3HC!

O

5  and without isolating the triamine acid salt, reacting the triamine acid salt with an

?

active ester of an acid of the structure

o]
H
\OJ\,iNo
H
o ]

preferably the active ester of the structure

o .
\OJJ\N*roxN/N\\N
H
i @

>

10 in the presence of a base such as KsHPOq, diisopropylethylamine, N-
methylmorpholine, sodium carbonate, or potassium carbonate, preferably KoHPO,, in
the presence of an organic solvent such as methylene chloride, a mixture of ethyl
acetate and buty} acetate, acetonitrile or ethyl acetate, preferably methylene chloride,
at a temperature within the range from about 25 to about 50°C, preferably from about
15 30 to about 40°C to form atazanavir free base.

The protected triamine starting material is prepared by reacting the epoxide

PGNH\V/A:?
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3(R)-3,4-epoxy-butane, with the hydrazine carbamate

=N NHNHPG
<\ /> < >

where PG is preferably Boc in the presence of isopropyl alcohol or other alcohol such

as ethanol or butanol.

Atazanavir bisulfate is useful for administration to a warm-blooded animal,
especially a human being, for the treatment or prevention of a disease that is
responsive to inhibition of a retroviral protease, especially a retroviral aspartate
protease, such as HIV-1 or HIV-II gag protease, for example a retroviral disease, such
as AIDS or its preliminary stages.

Atazanavir bisulfate, especially Pattern C material, Form A or Form E3,
preferably Pattern C material or Form A, may be used in a method of treating diseases
caused by viruses, especially by retroviruses, especiatly AIDS or its preliminary

stages, wherein a therapeutically effective amount of atazanavir bisulfate Pattern C

- material, Form A or Form E3 is administered in a dose that is effective in the

treatment of said disease especially to a warm-blooded animal, for example a human
being, who on account of one of the mentioned diseases, especially AIDS or its
preliminary stages, requires such treatment. The preferred dose to be administered to
warm-blooded animals, for example human beings of approximately 70 kg body
weight, is from about 3 mg to about 1.5 g, preferably from about 10 mg to about 1.25
g, for example from about 50 mg to about 600 mg per person per day, divided
preferably into 1 to 4 single doses which may, for example, be of the same size.
Usually, children receive half of the adult dose. It is preferably administered orally.
Atazanavir bisulfate Pattern C material, Form A or Form E3 is employed for
the above described pharmaceutical uses. Suitable compositions 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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Pharmaceutical compositions for oral administration can be obtained by

combining the active ingredient with solid carriers, if desired granulating a resulting
mixture, and processing the mixture, if desired or necessary, after the addition of
appropriate excipients, into tablets, dragée cores, capsules or powders for oral use. It

5 is also possible for the active ingredients to be incorporated into plastic carriers that
allow the active ingredients to diffuse or be released in measured amounts.

The bulking agents or fillers will be present in the pharmaceutical
compositions of the invention in an amount within the range from about 0 to about
95% by weight and preferably from about 10 to about 85% by weight of the

10  composition. Examples of bulking agents or fillers suitable for use herein include, but
are not limited to, cellulose derivatives such as microcrystalline cellulose or wood
cellulose, lactose, sucrose, starch, pregelatinized starch, dextrose, mannitol, fructose,
xylitol, sorbitol, corn starch, modified corn starch, inorganic salts such as calcium
carbonate, calcium phosphate, dicaleium phosphate, calcium sulfate,

15  dextrin/dextrates, maltodextrin, compressible sugars, and other known bulking agents
or fillers, and/or mixtures of two or more thereof, preferably lactose.

A binder will be optionally present in the pharmaceutical compositions of the
invention in an amount within the range from about 0 to about 20% weight, preferably
from about 1 to about 10% by weight of the composition. Examples of binders

50  suitable for use herein include, but are not limited to, hydroxypropy! cellulose, comn
starch, pregelatinized starch, modified corn starch, polyvinyl pyrrolidone (PVP)
{molecular weight ranging from about 5,000 to about 80,000, preferably about
40,000), hydroxypropylmethyl cellulose (HPMC), lactose, gum acacia, ethyl cellulose,
cellulose acetate, as well as a wax binder such as carnauba wax, paraffin, spermaceti,

25  polyethylenes or microcrystalline wax, as well as other conventional binding agent
and/or mixtures by two or more thereof, preferably 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

30  disintegrants suitable for use herein include, but are not limited to, croscarmellose

sodium, crospovidone, potato starch, pregelatinized starch, comn starch, sodium starch

-21 -



067 0.3150(8) 0.7090(3) 1.1840) 6.4(2) 068 0.5587(9)
0.6986(3) 1.377(1) 6.6(2) N52 0.4313(9) 0.7713(3)
1.2710) 4.9(2) N55 0.4709(8) 0.8265(3) 1.0332(9)

dcdodsoha® 0. 7555(8) 0.7179(3) 0.7280) 0. 6018)1/ds26(sA)5333
4.4(2) N63 0.9491(8) 0.7852(3) N89 1.0260) 0.4719(3)
0.7110) 6.0(3) C51 0.4420) 0.7247(4) 1.2820

glycolate, microcrystalline cellulose, or other known disintegrant, preferably

croscarmellose sodium.

The lubricant will be optionally present in the pharmaceutical composition of
the invention in an amount within the range from about 0.1 to about 4% by weight,
preferably from about 0.2 to about 2% by weight of the composition. Examples of
tableting lubricants suitable for use herein include, but are not limited to, magnesium
stearate, zing stearate, calcium stearate, tale, carnauba wax, stearic acid, palmitic acid,
sodium stearyl fumarate or hydrogenated vegetable oils and fats, or other known
tableting lubricants, and/or mixtures of two or more thereof, preferably magnesium
stearate.

Capsules are hard gelatin capsules and also soft, sealed capsules made of
gelatin and a plasticizer, such as glycerol or sorbitol. The hard gelatin capsules may
include the active ingredient in the form of granules, for example with fillers, such as
lactose, binders, such as starches, crospovidone and/or glidants, such as talc or
magnesium stearate, and if desired with stabilizers. In soft gelatin capsules the active
ingredient is preferably dissolved or suspended in suitable oily excipients, such as
fatty oils, paraffin oil or liquid polyethylene glycols, it likewise being possible for
stabilizers and/or antibacterial agents to be added.

The following examples represent preferred embodiments of the invention.
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1~[4-(Pyridin-2-yl)phenyl]-S(S)-2,5-bis{[N-(methoxycarbonyl}-L-tert~
leucinyl]amino}-4-(S)-hydroxy-6-phenyl-2-azahexane,
Bisulfate salt (Form A) (Atazanavir bisulfate - Form A)

5
A.
Z
N
OH
HeN Y N‘Nuz <acid
(1~[4-(Pyridin-2-yl)phenyl]-S(S)-Z,S-bis[tert—-butyloxycarbonyl)amino]-4(S)~
hydroxy-6-phenyl-2-azahexane 3HCl (Triamine.3HCI Salt))

10 -To a 1000 mL, 3-neck, round-botiom flask fitted with mechanical stirrer,

nitrogen inlet and temperature probe was added the protected triamine 1-{4-(pyridin-
2-yl)pheny1]-5(S)-2,5—bis[tert-butyloxycarbonyl)amino] -4(8)-hydroxy-6-phenyl-2-

azahexane

7

OH

BocNH N.
: NHBoc

15 (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 BMS8-232,632, Organic Process
Research and Development, 6, 323-328 (2002)) and the resulting shurry was agitated
while maintaining the temperature at from about 5 to about 22°C.

20 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

-23 -



0.8996(5) 0.433(3) 12.1(7) ©69 0.3230) 0.6588(4)
1.202(2) 8.8(5) C70 0.2370) 0.84090) 1.2320) 5.6(3)

C71 0.0920) 0.8701(5) 1.080(2) 7.6(4) C72 0. 352& 1)
M@BAx(0839 1. 328(2) 7.1(4) C73 0.1870) 0. 8195{ElyUS2005/015333
1.3620) 8.90) C74 0.570(1) O. 8825(4) 0.907(2) 6.4(3)

C75 gﬁéegooa%)d éqgﬁzo 4 afgggjg r}lgct e was Igeazedgj?o tcc)) 4%98 gnci agitated

10

15

20

25

until the reaction was judged complete by HPLC assay.

Water was added (70-210 mL, 0.7-2.1 mL/g protected triamine input) to the
reaction mixture, the reaction mixture was agitated for 15 minutes and the phases
were allowed to separate. The upper, product (triamine.3HCI salt)-rich aqueous oil

was transferred to an addition funnel.

(Active Ester of N-methoxycarbonyl-L-tert-leucine ( ~o0 ﬂ OH )]
o]

To a 3000 mL, 3-neck round bottom flask fitted with mechanical stirrer,
addition funnel, nitrogen inlet, and temperature probe was added N-methoxycarbonyl-
L-tert-leucine (77.2g, 0.408 mol, 2.30 eq.), 1-hydroxybenzotriazole (HOBT) (60.8 g,
0.450 mol, 2.53 eq.), and N-ethyl N'-dimethylaminopropyl carbodiimide (EDAC)
(82.0 g, 0.430 mol, 2.42 eq.), followed by CH,Cl, (880 mL; 8.8 mL/g of protected
triamine input) and the mixture was stirred at ambient temperature (18-25°C) until

formation of the active ester is complete, as judged by HPLC.

C. 1-[4-(Pyridin-2-yl)phenyl]»S(S)-Z,wais{[N-(methoxycarbonyl)-L-tert—
leucinyllamino}-4(S)-hydroxy-6-phenyl-2-azahexane (atazanavir free
base)

Anhydrous dibasic potassium phosphate (K;HPO4; 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 KzHPOy).

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 siowly added the aqueous
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C77 0.188(2) 0.9614(6) 0.826(2) 11.2(5) C78 0.244(2
0.9942(6) 0.960(2) 15.2(7) c79)o. 405533 0. 9935(6)( )
1.062(2) 13.9(7) C80 0.504(2) 0.9552(4) 1.043(2)
Qo30Bd10642(3) CB1 0.6440) 0.6672(4) 0. 832( 2)PCKIBR005/015333
0.7620) 0.6266(3) 0.8390) 4.7(3) C83 0.7230) 0.5934(4)

0.696(2) 6.1(3) C84 0.8220) 0.5547(4) 0.695
C85oMtioT Part A hydrogen chloride s)alt over a pcsiogl of 1.5t0 g ?1 w?ﬁlcg( 3)
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maintaining agitation and a pot temperature between 3 and 20°C.

After the addition of the solution of the Part A hydrogen chioride salt was
complete, the reaction mixture (coupling reaction) was heated to 30-40°C and agitated
until the coupling reaction was judged complete by HPLC assay.

The coupling mixture was cooled to 15 to 20°C and the lower, product rich
organic phase was separated from the upper, spent aqueous phase.

The product rich organic phase was washed with 1M NaH;PO4 (880 mL;
pH=1.5; 8.8 mL/g of protected triamine input; 5 mole eq. wrt protected triamine), the
phases were allowed to separate, and the spent aqueous phase was removed.

The washed product rich organic phase was stirred with 0.5 N NaOH (800
ml; 8 mL/g of protected triamine input) until HPLC assay of the rich organic phase
showed the active esters to be below 0.3 LY. each. The phases were allowed to
separate and the spent aqueous phase was removed.

The rich organic phase was washed with 5% NaH,PO, (450 mL, 4.5 mL/g of
protected triamine input; pH=4.3), the phases were allowed to separate and the spent
aqueous phase was removed.

The rich organic phase was washed with 10 wiv¥% NaCl (475 mL, 4.75 mL/g
of protected triamine input) and the spent aqueous phase was removed.

The concentration of title free base in solution was 120 to 150 mg/mL with an

in-process calculated yield of 95-100 mol%.

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-boftom 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 CH3Cl, level had reached the target endpoint. At crystallization volume,

_25-



10

15

20

{

0,5478(4) 0.8280) 5.0(3) C86 1.009(1) 0.5783(4)

0.971(2) 6.60) C87 0.9080) 0.6184(4) 0.971(2) 6.4(4)

C88 1.0760) 0.5070(4) 0.8270) 5.5(3) C90 1.1110)

0.4326(4) 0.690(2) 7.4(4) WO

R e kst ot A O
Qo4Rd &fnedntulBdcDasd so-'fﬁ@n 9ach -233Q( NutbrAFA%(B)/g of free base.

The bath temperature was maintained at 40-50°C 1o prevent crystallization of free
base. The solution was polish filtered through a 10-micron or finer filter while
maintaining the temperature at 40 to 50°C. The polish filter was rinsed with acetone
(125 mL, 1.0 mL/g of free base) and the rinse was added to the rich free base

acetone/N-methylpyrrolidone solution which was used in the next step.

E. 1-[4-(Pyridin-2-yl)phenyl-5(S)-2,5-bis{[N-(methoxycarbonyl)-L-tert-

leucinyl]amino}-4(S)-hydroxy-6-phenyl-2-azahexane bisulfate salt

About 10% (2 g) of the total charge of concentrated sulfuric acid (19 g, 1.10
eq.) was added to the free base acetone/N-methylpyrrolidone solution of Part D, while
maintaining the temperature at 40-50°C, via subsurface addition.

The reaction mixture 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. 5 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 by experiment and is shown

in the table below.

TABLE 1
Stage | mL/kg/h | mL(H,SO4)/h | g(H,SO4)/h | Duration (min)
i 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
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0.936(2) 6.9(4) C94 1.038(1) 0.7005(4) 0.584(1) 4.8(3)

C95 1.196(1) 0.7055(4) 0.717(2) 6.7(4) C96 1.021(2)

0.7049(5) 0.392(2)

8.9(4) C97 0.998(1) 0.6536(4)

O.ohds Y347 . 6(4) N59 0.7084(8) 0.7114(3) 0. 86BOYUBIE0PI333
H391 0. 047 0.523 0.383 6.0* 1-1891 0.931 0.477 0. 646

5. 8*

H151 0.491 0.471 0.600 3. 8*

H15"

bisulfate salt was filtered and the mother liquor was recycled as needed to effect

complete transfer. The filter cake was washed with acetone (5-10 mL/g of free base;

1200 mL acetone). The bisulfate salt was dried at NMT 55°C under vacuum until the

LOD <1% to produce a crystalline material.

The crystalline product was analyzed by PXRD, DSC and TGA patterns and

SSNMR spectrum and found to be (non-solvated) Form A crystals of the title

bisulfate (see Figures 1 to 5).

TABLE 2
Table of Crystallographic Data
Form A
1°C| a(A) | bA) | ¢A) | «° pe v° | V(A" |Z'|sg|dcalc| R
322 ] 9.861(5) | 29.245(6) | 8.327(2) | 93.56(2) | 114.77(3) | 80.49(3) [ 2150(2) | 2 |P1]1.2400.06

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

7’ = number of drug molecules per asymmetric unit

TABLE 3
Table Of Fractional Parameters and Their Estimated Standard Deviations
for Form A
Atom X y z B(A2)
Si 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 §0.335(1) 0.5498(4) | 0.383(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)
§51 0.6177(4) |0.4505(1) | 0.4003(5) |7.2(1)
0150 10.596(1) 0.4430(4) | 0.564(1) 12.5(4)
0152 ] 0.518(1) 0.4921(4) | 0.317(1) 13.8(4)
0153 1 0.588(1) 0.4121(3) | 0.289(2) 12.2(4)
0154 §0.768(1) 0.4587(4) 10.454(1) 12.1{4)
04 0.6985(7) | 0.1753(3) | 0.6456(9) |5.7(2)
Q7 0.1687(8) |0.1941(3) 10.3411(9) |6.5(2)
011 -0.0352(7) |0.2482(3) |0.0308(8) |5.7(2)
0l4 0.2280(7) |0.1769(3) |-0.233(1) 16.1(2)
Ql5 0.0399(8) |0.1335(3) | -0.330(1) |6.4(2)
017 0.6169(7) | 0.2821(3) | 0.963(1) 7.1(2)
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C6l |0.884(1) |0.7334(4) |0.766(1) [4.2(3)
Tce2 109140y  10.7392(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 | 02371) |[0.8409(4) [1.232(1) [5.6(3)
C71  |0.092(1) [0.8701(5) |1.080(2) |7.6(4)
C72  |0352(0) [0.8744(4) |1.328(2) |7.1®)
C73 1 0.187(1) [0.8195(6) |1.362(1) |8.9(4)
C74 | 0570(1) |0.8825(4) [0.907(2) |6.4(3)
C75 [0450(1) [0.9206(4) [0919(1) |[6.3(3)
C76 | 0296(2) ]0.9236(5) |0.813(2) |8.1(4)
C77 ]0.188(2) ] 0.9614(6) | 0.826(2) ] 11.2(5)
C78 |0.244(2) [09942(6) [0.960(2) |15.2(7)
Cc79  [0.4053) [0.9935(6) |1.062(2) [13.9(7)
C80 | 0.504(2) ! 0.9552(4) |1.043(2) |[9.3(5)
C81 | 0.644(1) |0.6672(4) |0.832(2) |6.23)
c82 10.7621) 10.6266(3) |0.839%(1) [4.7(3)
C83 [ 0.723(1)  |0.5934(4) | 0.696(2) |6.1(3)
Cc84 |0.822(1) [0.5547(4) | 0.695(2) |5.903)
C85 |0.967(1) |0.5478(4) [0.828(1) |5.03)
C86 | 1.009(1) |0.5783(4) [0.971(2) |6.6(4)
C87 [0908(1) [0.6184(4) {0.971(2) [6.4(4)
Cc88 | 1.076(1) |0.5070(4) |0.827(1) [5.5(3)
Co0 | 1.111(1) | 0.4326(4) |0.690(2) |7.4(4)

The yield of prBdlBE2006H5333

| es
s for

0(5)
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0.2932(3) 1.1074(4) 4.23(8) 012 0.1057(4) 0.1088(3)
0.9299(4) 4.16(8) 015" 0.329(1) -0.0602(9) 1.064(1)
4.8(3)* .3 015" 0.324(2) -0.1560) 1.003(2) 3.2(3)* .17
M@05(10¥342 B( A2) Cccupany if not e wual to 1PQEBS2005/015333
0.3312(7) -0.1150(6) 1.0380(8) 4.9(1)* .53 016

0.1810(5) -0.1433(3) 1 1819(4) 5. 70)

Atom X y z B(A2)
Co1 | 1.258(2) | 0.4262(5) [0.792(2) |7.8(4)
C92  [1.324(2) [0.4578(5) [0.918(2) |8.7%(5)
C93  [1.230(1) |04994(5) |[0.936(2) |6.9(4)
C94 [1.0381) [0.7005(4) |0.584(1) |4.8(3)
€95 | 1.196(1) 10.7055(4) 10.717(2) |6.7(4)
C96  11.021(2) 0.7049(5) | 0.392(2) | 8.9(4)
C97 |0998(1) [0.6536(4) [0.614(2) | 7.6(4)
N59 | 0.7084(8) | 0.7114(3) |0.866(1) |5.1(2)

H391 10.047 0.523 0.383 6.0*
HE9l 10.931 0.477 0.646 5.8%
H15' 10491 0.471 0.600 3.8*
H15" 10440 0.512 0.322 4.6*

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

included.

5  Anisotropicaily 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)].

10 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.
15 The crystals produced by cubic crystallization where H,SOs 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
20  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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086 0.391(1) 0.6646(7) 0.6196(9) 11.5(4) 089

0.3714(7) 0.5646(5) 0.3408(6) 6.5(2) 090 0.7502(4)
0.2721(3) 0.8957(5) 4.99(9) 095 0.4984(4) 0.0446(3)

QT 1B88(043494. 50(8) 096 0.6644(4) 0.0315(3) OPGBER(UE)015333
4.83(8) 097 0.4651(4) 0.0667(3) 0.4636(4) 5.08(9)

098 0.6112(5) 0.1957(3) 0.6332(5) 5.90) N2

TABLE 4 .
Carbon-13 SSNMR Chemical Shifts for Form A, measured relative to TMS

(tetramethyl silane)

B/ppm
26.9
27.5
33.9
37.7
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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0.4938(5) 0.6229(3) 1.0921(5) 4.80) N5 0.5365(4)
0.4385(3) 1.1609(4) 3.16(8) N O 0.2952(4) 0.2239(3)
0.8056(4) 3.17(8) N11 0.2716(4) 0.1163(3) 0.7961(4)
VEB0B)os3adll4 0. 1336(5) -0.0874(4) 0.9743(5) HCH032005M3833
-0.2764(4) 0.0574(3) 0.2878(4) 3.24(8) C 1 0.4011(6)
0.5893(4) 0.9712(7) 5.30) C3 0.6225(5)
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EXAMPLE 2
Atazanavir Bisulfate - Pattern C Material
Method A:
Form A crystals of atazanavir bisulfate (prepared as described in Example 1)
(25.33 g) were suspended in 200 mL of water and the mixture was stirred
mechanically to produce a thick gel which was dried.
The dried mixture was ground with a spatula to produce Pattern C material. A

powder X-ray diffraction pattern of Pattern C material is shown in Figure 6.

Method B:
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 scanming 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) ina
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.
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0.6026(4) 1.0813(5) 3.90) C4 0.6231(5) 0.4896(3)
1.0873(5) 3.19(9) 6 0.5220(5) 0.3284(3) 1.1691(5)
3.14(9) CB8 0.4026(5) 0.2632(3) 1.0653(5) 3.21(9) 9
Gvd 105 (dB}490. 2747(4) 0.9050(5) 3.60) Cl2 0. 1radO(pos5/015333
0.0661(4) 0.8596(5) 3.40) C13 0.1592(5) -0.0523(4)
0.8367(5) 3.80) Cl15 0.2248(6) -0.1124(5)

10

15

20

The solution was heated 10 37°C and seeded with 10 mg of amorphous atazanavir
bisulfate derived from Form E3 crystals (by exposing Form E3 crystals to ambient
temperature), and the mixture was agitated for 15 min. Heptane (380 mL, 8.25 ml/g
of free base) was added over | hour. The resulting crystatlization mixture was
agitated for 8 h at 15-25°C. Crystallized atazanavir bisulfate was filtered on a
Biichner funnel. The product cake was washed with 184 mL (4 mL/g of free base) of
1:1 ethanol : heptane. The product cake was washed with 46 mL (1 mL/g of free
base) of heptane. The resulting product was dried under vacuum at 40-50°C until it
had an LOD = 0.97%. The yvield of product was 47.7 g (0.0594 mol, 74.3 mol %) of
atazanavir bisulfate Form E3 (triethanol solvate) with HPLC HI=100.0 (see Figures 9
and 10).

TABLE 5
Table of Crystallographic Data
Form E3
T°C| a(A) b(A) c(A) a® go y° V(A {7 sg | dealc | R

-23 1 10.749(5) | 13.450(4) | 9.250(2) | 98.33(2)] 95.92(3) | 102.82(3) [ 1277(2) | 1 | P1 [1.223 [0.06

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

Z’ = number of drug molecules per asymmetric unit

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 1

S99 0.5568(1) |0.0760(1) | 0.5936(1) 3.45(2)
ol 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) 0.929%(4) 4.16(8)
015 0.329(1) -0.0602(9) | 1.064(1) 4.8(3)* 3
015" | 0.324(2) -0.156(1) 1.003(2) 3.2(3)* 17
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1.0627(6) 4.60) CL17 0.2720(9) -0.1732(6) 1.2842(7)
7.3(2) C18 0.1818(9) 0.5715(9) 0.8940) 11.2(3) C19
0.7292(7) 0.6818(4) 1.1928(7) 5.8(2) C20 0.7250)

WO Do 1. 169( 1) 10.7(3) C21 0.8613(9) 0. BGHBEB)5/015333
1.1650) 10.5(3) C22 0.7100) 0.6694(7) 1.3507(8)

10.2(3) €23 0.5 1 58(5) 0.3135(4) 1.3298(5)

Atom X y z B(A2) | Occupany if not
equal to 1
015 0.3312(7) | -0.1150(6) | 1.0380(8) | 4.9(1)* 53

016 | 0.1810(5) | -0.1433(3) | 1.1819(4) | 5.7(1)
086 | 0.391(1) | 0.6646(7) | 0.6196(9) | 11.5(4)
089 | 0.3714(7) | 0.5646(5) | 0.3408(6) | 6.5(2)
090 | 0.7502(4) | 0.2721(3) | 0.8957(5) | 4.99(9)
095 | 0.4984(4) | 0.0446(3) | 0.7188(4) | 4.50(8)
096 | 0.6644(4) | 0.0315(3) | 0.5660(4) | 4.83(8)
097 ] 0.4651(4) | 0.0667(3) | 0.4636(4) | 5.08(9)
098 | 0.6112(3) |0.1957(3) ] 0.6332(5) |5.9(1)
N2 | 04938(5) |0.6229(3) | 1.0921(5) |4.8(1)
N5 ] 0.5365(4) | 0.4385(3) | 1.1609(4) |[3.16(8)
NI10 ] 0.2952(4) | 0.2239(3) | 0.8056(4) | 3.17(8)
NIT | 0.2716(4) | 0.1163(3) | 0.7961(4) | 3.08(8)
Ni4 | 0.1336(5) | -0.0874(4) |0.9743(5) | 4.9(1)
N38 | -02764(4) | 0.0574(3) | 0.2878(4) | 3.24(8)
Cl 0.4011(6) | 0.5893(4) | 0.9712(7) | 5.3(1)
3 106225(5) | 0.6026(4) ] 1.0813(5) |3.9(1)
C4 ] 0.6231(5) | 0.4896(3) |1.0873(5) |3.1909)
C6  10.5220(5) |0.3284(3) | 1.1691(5) | 3.14(9)
C8 | 0.4026(5) |02632(3) | 1.0653(5) |3.21(9)
C9 ] 0.4165(5) | 0.2747(8) | 0.9050(5) | 3.6(1)
C12 [ 0.1740(5) | 0.0661(4) | 0.8596(5) | 3.4(1)
C13 | 0.1592(3) | -0.0523(4) |0.8367(3) |3.8(})
CI5 ] 0.2248(6) |-0.1124(5) | 1.0627(6) | 4.6(1)
C17 | 0.27209) | -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) | 0.6818(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° 10.710(1) | 0.6694(7) | 1.3507(8) | 10.2(3)
C23 | 0.5158(5) | 0.3135(4) | 1.3298(5) | 3.8(1)
C24 | 0.6305(6) 10.3765(4) | 1.4359(5) | 4.0(1)
C25  10.7519(7) | 0.3708(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)
€29 | 0.6112(8) |0.4430(5) | 1.5589(6) | 6.0(2)
C30 10.3043(5) | 0.2519(4) ] 0.6582(5) | 3.6(1)
C31 | 0.1813(5) | 0.2051(4) | 0.5532(5) |3.4(1)
C32 1 0.0645(5) |0.2123(4) | 0.5934(5) | 3.9(1)
C33 | -0.0489(5) | 0.1725(4) |0.4957(5) |3.8(1)
C34  |-0.0441(3) | 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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3, 80)

0.7519(7) 0.3708(6) 1.4192(7) 6.1(2)

0.4279(7) 1.5213(9) 7.9(2)

WEBPG(08)498. 6( 2)

C24 0.6305(6) 0.3765(4) 1.4359(5) 4.00)

C25

C26 0.8581(7)
C27 0.8398(8) 0.4935(6)

C28 0.7150) 0.5002(6) 1.65P6(/P2005/015333

8.0(2) C29 0.6112(8) 0.4430(5) 1.5589(6) 6.0(2) C30
0. 3043(5)}102519(4}0.-6582(5).3-60)

Atom X y A B(A2) | Occupany if not

equal to 1

C36 0.1867(5) | 0.1568(4) | 0.4095(5) |3.91)

C37 -0.1615(5) | 0.0853(4) 10.2417(4) |3.11(9)

C39 -0.3885(5) [0.0247(4) 10.1969(5) |3.9(1)

C40 -0.3891(5) | 0.0200(4) | 0.0470(5) |4.2(1)

C41 -0.2737(6) 1 0.0465(4) | -0.0057(5) | 4.1(1)

C42 -0.1596(5) |1 0.0781(4) | 0.0890(5) |3.7(1)

C43 0.0488(6) 1-0.1114(4) |0.7094(6) |4.6(1)

C44 -0.0819(7) | -0.0958(6) |10.7378(9) |6.8(2)

C45 0.0496(9) | -0.2266(5) | 0.6929(9) | 7.8(2)

C46 0.0797(8) | -0.0738(5) |0.5667(7) |6.2(2)

C84 0.569(1) 0.7880(9) ] 0.725(1) 6.3(3)

C85 0.448(1) 0.7726(9) | 0.673(2) 8.4(4)

C87 0.204(1) 0.445(1) 0.405(2) 10.6(4)

C88 0.240(1) 0.517(1) 0.316(1) 8.6(3)

Co1 0.8826(7) ] 0.2919(5) 1 0.8896(8) | 5.8(2)

C92 0.9613(7) | 0.34359(6) | 1.035(1) 7.8(2)

H38! | -0.275 0.053 0.403 3.2

H891 |0.397 0.602 0.446 6.6

H981 | 0.658 0.219 0.717 6.6

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

included.

5  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)].

10 Form E3 is characterized by the differential scanning calorimetry thermogram
having an endotherm typically within the range from about 89.4 o 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.
15
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C31 0.1813(5) 0.2051(4) 0.5532(5) 3.40) C32 0.0645(5)
0.2123(4) 0.5934(5) 3.90) C33 -0.0489(5) 0.1725(4)
0.4957(5) 3.80) C34 -0.0441(5) 0.1243(4) 0.3503(5)
VA BPYN834€35 0. 0756(5) 0.1176(4) 0.3097(5) IrQUYS20034IF333
2005/ 108349PCTI US2005/ 015333 Atom x Y z B(A2) Cccupany
if not enial to 1 C36 O. 1867(}% 0.1568(4)

EXAMPLE 4

Atazanavir bisulfate Pattern C capsule formulations having the following

compositions were prepared as described below,

Ingredient Stock Granulation® | 50-mg Capsule | 100-mg Capsule | 200-mg Capsule
(%o wiw) (mg/Capsule) | (mg/Capsule) | (mg/Capsule)

Atazanavir bisuifate 63.2 56.84° 113,67 227.34°
Lactose, Monohydrate, NF 30.4 27.33° 54.69° 109,35
Crospovidone, NF 6.0 5.39 10.78 21.58
Magnesium Stearate, NF 0.4 0.36° 0.72° 1.44°
Purified Water, USP or qsf q.s."° g.5.° q.sf
Water for Injection, USP
Size #4 Capsule - 1 Each - ~
Size #2 Capsule - - 1 Each -
Size #0 Capsuie - - — 1 Each
Total Fill Weight 100.0 £9.9 179.9 359.7

®  Atazanavir bisulfate Stock Granulation for Capsules (55.5% w/w as the Free
Base) was used to manufacture the 50 mg, 100 mg, and 200 mg capsules.

®  This amount is expressed in terms of atazanavir bisulfate at 100% potency, and is

10  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.

15 9 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.

20 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

25  material. The wet granulation was dried in a tray dryer and was sized using a hammer
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0.4095(5) 3.9(1) C37 -0.1615(5) 0.0853(4) 0.2417(4)
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) CA4l

300 BTGB 0. 0469(4) -0.0057(5) 4.1(1) C42 POIISYE(BY333
0.0781(4) 0.0890(5) 3.7(1) C43 0.0488(6) -0.1114(4)

0. 7094 4.6(1) C44 -0.0819(7) -0.0958(6 7
mill. (ThZ: remammg crospowdone was ad& d) to the ma?le (gragxulatlonsazl g\%)

mixture was mixed in a PK V-blender. Magnesium stearate was added and the
mixture was mixed until a substantially uniform stock granulation was formed.
The appropriate weight of stock granulations were filled into capsules to

5 produce 50 mg, 100 mg and 200 mg capsules containing atazanavir bisulfate.

EXAMPLE 5
Atazanavir bisulfate Form A material powder for oral use formulation having
the following composition is prepared as described below.

10

Ingredients Amount (% w/w)
Atazanavir Bisulfate Form A 3.79
Aspartame, NF 10.00
Sucrose, NF 81.21
Orange vanilla flavor 5.00

Atazanavir bisulfate Form A is mixed with aspartame, orange vanilla flavor
and sucrose in a suitable mixer. The mixture is milled using a2 hammer mill, followed
by a second mixing operation to obtain a uniform mixture. The product is filled into

15  high density polyethylene bottles.
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6.8(2) C45 0.0496(9) -0.2266(5) 0.6929(9) 7.8(2) C46
0.0797(8) -0.0738(5) 0.5667(7) 6.2(2) C84 0.5690)
0.7880(9) 0.725(1) 6.3(3) C85 0.4480) 0.7726(9)
0.673(2) 8.4(4) C87 0.204(1) 0.449(1) 0.405(2)

R B R(D S,511) 3ie 8 60 o

1, A process for preparing atazanavir bisulfate in the form of Form A
crystals, which comprises reacting a solution of atazanavir free base in an organic
solvent, which is acetone, a mixture of acetone and N-methylpyrrolidone, with a first
portion of concentrated sulfuric acid in an amount to react with less than about 15%
by weight of the atazanavir free base, adding seeds of Form A crystals of atazanavir
bisulfate to the reaction mixture, as crystals of atazanavir bisulfate form, adding
additional concentrated sulfuric acid in multiple stages at an increasing rate to effect
formation of atazanavir bisulfate crystals, and drying the atazanavir bisulfate to form

Form A crystals.

2, The process as defined in Claim 1 wherein the solution of atazanavir
free base is initially reacted with from 5 to 15% by weight of the total amount of

sulfuric acid employed.

3. The process as defined in Claim 1 wherein the solution of atazanavir
free base is initially reacted with from 8 to 12% by weight of the total 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 35

to 55°C.

5. The process as defined in Claim T wherein the solution of atazanavir
free base is heated to a temperature within the range from 35 to 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 0.1 to 80 weight % of Form

A crystals based on the weight of atazanavir free base.
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C92 0.9613(7) 0.3439(6) 1.035(1) 7.8(2) 14381 -0.275
0.053 0.403 3.2 14891 0.397 0.602 0.446 6.6 HI81
0.658 0.219 0.717 6.6 Most hydrogens have been
omtted; only the hydrogens on N9 and the acid are

i ncl uded. 5Anisotropically refined atons are given in
the formof the isotropic equival ent displacenent
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about 89, Uhetroogsibis dodied inaslagndvirharein Hieypwniq golvent for the
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about 150C as shown in Figure 11. 15 WO
2005/ 108349PCT/ US2005/ 015333 EXAMPLE 4 .
At aZanavi’ PHICSEH IPRpiEP g (B ﬁtaéﬁr@ﬁﬁﬁﬁugﬂﬂd’@ﬁﬁﬁﬂa‘% fgfesial,
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escribed bel'ow. "I ngredi ent Stock Granul ation (% w w)
huitid ity oCapeast eboungd CaREuUbe)t 166024hoCapsditlen drying,

10. A process for preparing atazanavir bisulfate Pattern C material, which
comprises

(a) reacting a solution of atazanavir free base in an organic solvent, which
is acetone, a mixture of acetone and N-rnethylpyrrolidone, with a first portion of
concentrated sulfuric acid in an amount to react with less than about 15% by weight
of the atazanavir free base, adding seeds of Form A crystals of atazanavir bisulfate to
the reaction mixture, as crystals of atazanavir bisulfate form, adding additional
concentrated sulfuric acid in multiple stages at an increasing rate to effect formation
of atazanavir bisulfate crystals, and drying the atazanavir bisulfate to form Form A
crystals;

(b) suspending the crystals of Form A atazanavir bisulfate from step (a) in
water and drying the suspension to form Pattern C material; or

() subjecting crystals of Form A atazanavir bisulfate from step (a) to high
relative humidity of greater than 95% RI for at least 24 hours to form Pattern C
material from step (a); or

(d) wet granulating atazanavir bisuifate Form A crystals from step (a) and
drying the wet granulation to form Pattern C material; or

(e) mixing Form A crystals from step (a) with one or more formulating
excipients and wet granulating the resulting mixture to directly form Pattern C

material in admixture with the excipients.
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(rmg/ Capsul e) 200-ng Capsul e (ng/ Capsul e) 227. 34b

At azanavir bisulfate 63.2 56.84b 113.67b Lact ose,
Monohydrate, NF 30.4 27.33" 54.69' 109.35

Crospovi done, NF 6.0 5.39 10.79 21.58 Magnesi um
Stearate, NF 0.4 0.36d 072d 1.44d Purified Water, USP
or Vatey fog H@bﬁ%r‘p?&%anﬁésﬁaﬂnﬁm bifite J.S." Size #4
Capsule - 1 Each - i ze #2 Capsule - - 1 Each - Size
#0 Capsule - - - ,/I

o
N

Al

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

- H,80,

=

2
N

OH

N
HzN\._*/ NH, + acld

o

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

¢
H
0O

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

acid of the structure

base of the structure

e
™
N
O OH
N t!
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to 15%i5y w&hglptocess, tshdefingd dbh Griuit vhereis gl Hagg g NaOH, KOH,

acj d I 3T S def | . ‘ “
STt TR AR P Ao o
i Sméthyltiogihbying eadt ¢d wigahicf sdme8 tso nieBoddsy wdprges ehyl acetate,

he f | furi.c. aci
. Sgrophuoeeehup b SR PNRLRY il

atazanavir free base is reacted with the first portion

of sulfuric _acid at a,t erature. within, the ran .
From 390 o 8BeprosSs sy gecelh 2 Whurh PRRHENER ang the sctve
WhELL LM EREISPA hipeRted wahia Zenaverfroht Eetoll@3@ i s heat ed

to a tenperature within the range from 35 to 55C

before it is reacted with sulfuric acid, 6.The process

as defiped iq Ho@és@aé dURA &l Olath @6 Waaein e rimikdlat a0fl the active
30at azanavi r ?ree base and sulfuric acid is se

ded \
wi dster farrea@ed. int the goesardegHt KAAP&k asdherbase &ﬂ?é‘ﬁ“é‘l’ﬁefﬁa@&tﬁ’de as the
onsoiivl?aet wei ght of atazanavir free base. 7.The process
as defined in daim1l wherein the seeded reaction
m xture is heated at a tenperature within the range
from35 to C. The ess fi ™ abMflseeding the
wher ei Ersllgt he%?’dﬁ%ﬁ% gsoldgfér%? t? o?@tﬁ%gqaitng@glﬁg\%?sfree & .
bagitire &f frethasee abtose endnMe-neatiyIpyrwHtenel Wit r erastale gtfeatazanavir
9. A process for preparing the atazanavir bisulfate
Paﬁ“ﬁ‘églﬁf'c material, which conprises subjecting FormA
crystals of atazanavir bisulfate to a high relative
10hum dity of at IFast about 95 %bRIl—}“%l%r at | east 24
hours akfd t KeROERSy [opgreparing atazagyir U Scess f or
preparing atazanavir bisulfate Pattern C erial,
whi ch conpri ses (a) reacting a so\ytl on of
atazanavir free base in an organic enty” which 15i s
acetone, a m xture of acetone and

N-rnet hyl pyrrolidong, h a fdys
concentrated sul furijc a idﬁin n gnount Mo geact with
| ess than about o Dy rght” o tﬁz}ﬁa\ﬁr free
base, addi ng seeds of "Foran A<crystal s azanavi r
bisulfate to the reaction m' as c¢rystals of
atazanavir bisulfate form addrg additional
concentrated sulfuric acid in nmultiple stages at an
increasing rate to effect formation 200f atazanavir

bi which atreprisey preparg aaﬁanwwq!fggetntfé’%ds%h%\}ﬁ? structure
bisulfate to form Form A crystals; (b)

suspendi ng the crystals of For#2 A atazanavir bisulfate
fromstep (a) in water and drying the suspension to
formPattern C material; or (c) subjecting
crystals of Form A atazanavir bisulfate fromstep (a)
to high 25relative humdity of greater than 95% Rl -1
for at least 24 hours to formPattern C material from
step (a); or (d) wet granul ating atazanavir

bi sulfate Form A crystals fromstep (a) and drying the
wet granulation to formPattern C material; or

(e) mxing FormA crystals fromstep (a) with one or
nore formul ati ng 30exci pi ents and wet granul ating the
resulting mxture to directly formPattern C nmateri al
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and a base in the presence of an organic solvent to
forma solution of the atazanavir free base of the
structure and converting the free base to the
corresponding bisulfate salt by treating a sol ution of
free base in nethylene chloride with Nnethyl
pyrrolidone and acetone, heating the ve mxture to
remove nethyl ene chloride and treatifg tlhe above

m xture with sulfuric acid to f wDi sul fate salt
of the free base wherein the sul ic acid is added at
an increasing 5rate accordphg o e foll ow ng
equatlon where Vdrn, ot X i tinme total |
Vtime Vol une of sulfur|£ aC|dN363€§ during el apsed

time perlod Vtotal = Totame of acid representing

the 90% charge tinme = El aps ime in crystallization

10ti metoial = Total crystal 'F¥zation tine or_total tinme

f aeactiog the a:rhmmng(t mgirogen chloridesalt PH aara@%%tea% HEtHBed in

Caim1l where the triamne salt is the hydrochl oride

sal t 13. The process defined in daim1ll

wherein the active ester t he agudthas the structure

14. The process as definé® i§ CJai M{11Mwherein the base

is an al kali netal hydroxide, ah al/kali ne earth netal

hydr oxi de, an al kali netal carbona an al kal i ne

earth nmetal carbonate, an al kali netal phosphate, an

aI elfa@l JRORak R fiRkAle dhesphakehRiidan thganiobitibasé theSiee base of
. The process, as defined in Caim214 wherein the

baéeﬁngnNhCH My(OH) 2, K2HPO4, MyCCB, NaZCCB K2C33,

triethylam ne, diisopropylethylamn ne or

Nmet hyl nor phol i ne and the organic so

chl ori de, ethyl acetate di chl or oet

tetrahydrof uran, acetonitrile or

nmet hyl ene

N, N—dlnethylforrnantde OH process as
defined in Clalntllh Y &..and t he
active ester are re ctéb az tenpenat e imthin the
range from 30 to 40C e ess as
defined in Caim16 wherein the am ne salt and t he

active 15ester are reacted in the presence of ]
asintrhehWersehionide.med kot verime s e bges 9dhg ??é’e%“t}‘éﬁ isulfate salt via &
18, il ' ol akidl RClddel Bgard hkreasing rate
st &% rygtgggilﬁﬁ)é ttg ﬂ“egﬁ{lfex@ﬁe?eeh gtfl%ffele base, acetone and :

N- mebhiiigay ehredbildangequiatibn cryst al s of at azanavir

20bi sul fate. 19. A process for preparing

atazanavir bisulfate which conpriges preparing a

triam ne hydrogen ¥kori de Yakt Xof Wﬁe structure OH

NH2 3HC reacting the triam ne Hy@#ogeh chloride

salt with an active ester of structure and K2ZHPO4 in

t hehgeesence of methylene chloride to forma solution

of the {rIee basgnRlor Eﬁﬁjtt@%&lﬂ%ﬂ&ﬂd&iuriﬁg Blapeeti biyle @agod

chlori dei™and converting the free @ g‘;ohthe

corres p‘dtatdl ey Tonk@hineg & asid|representing 18 BY°%G charee

nySta|{ hzatl o, LashniiAugsuhgsinn the sulfuric acid is

added at an |ncPeaS|ng rate according to the fallow ng

equat i ofim¥/ud ¥ fetakiysalligation time or total time for acid charging.
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[ x -, tinme tine total ..) 3 where 10Vtine - Vol une
of sulfuric acid added during el apsed tine period

Vtotal = Total volune of acid representing the 90%
charge time = Elapsed tinme in crystallization
thnetotai = Total crystallization tinme or total tine

for achg c AROLIPE10HE $ Svhase itk ismedic aidGk atidad at an
1 V\,hergﬁl'n t éﬁ%éfu{%FSu?siz(% la(:i léll i s added at an i ncreasing

r dicecaging oatclaaugrding to He folbivwiogwangti®quat i on where tine 3
Vtotat xtinme tine tawl 5Vtinme = Volunme of sulfuric
acid added during el apsed _tine riod otal = Total
vol ume of acid r¥preSent i rigpat He |d rge time =

El apsed time in crystallization (f%stbja, = Tot al
crystallization tine or total tine for acid charging.
1@2kreThe process as defined in Caim10 wherein the
sul furic acig, t L ERS blaGsel &t nea&Or di ng
to the ‘)1?"61 I o%ok%eﬁggﬁr%naca%dﬁd{ﬁg?al,gsxti me p@ti me tag
where Vim = Total volume of agid iepnesentingthg #8%hagg | f uri ¢
acid added during, .el a ' period 15Vtotal =

Tot al slg]euné%gq‘ps%ctfﬁée lgzﬁgé’éfﬁ@ng the 90% charge tine
= El apsiat, L=l eryctajlhédn tirmartotnl timeter etidrhagimgt al
crystallization tine or total tine for acid charging.
22.Use of atazanavir bisulfate Pattern C nmaterial or
Form AQr Foréhicdesh af ddfined 200Rmufl @ehere thé swfuric acid is added at an
medi cament for treatj n1% di seases, caused by

r apereRping e gccording to the lfowing equation

: 3
Viime = Vit X .t.{.lll_@_.__..
HME

Vime = Volume of sulfuric acid added during elapsed time period

where
Viw = Total volume of acid representing the 90% charge

time = Elapsed time in crystallization

time,e = Total crystallization time or total time for acid charging.

22. Use of atazanavir bisulfate Pattern C material or Form A or Form E3 for the

manufacture of a medicament for treating diseases caused by retroviruses.
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