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WD 2007/ 070589PCT/ U52006/ 047571 1 CRYSTALLI NE FORMS OF
1- BENZOYL- 44244- METHOXY- 7- ( 3-

woly?'ll_izd’/ésssll—l- 1,2, 4- TRI AZOL- 1- YL) - 1- [ ( PHOSPHONCOM¥ T ASTd0¥led 7571

PYRROLJ 2, 3-CI PYRI DI N- 3- YL] - 1, 2- DI OXCETHYL] - PI PERAZ1NE
5CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s
application clains the benefit of U S. Provisional
Application Serial Nunmber 601750, 247 fil ed Decenber

14, 2005. 10FI ELD OF | NDUSTRI AL APPLI CABI LI TY The

P gfsengiﬁﬁg% 0E05; i&gﬁﬁ&i&ﬁ%ﬁwﬁh%&wmg-

e e T IR ™
n C R -3- ]—ZIl,Z- E -P

II;)?Y rol of 2, 3% {Jyr ilci i1ii-3-yl]-1, 2-di oxoet hyl | - pi per azi

ne. The PEREFIREPERENGCE TO RELISTEBEPELICATIING €S to

a pharmaceutical conposition conprising the

crystalline forms, as well of nethods of using the )
cr yshis applicatinnelaims thy benefitaf B85t Prvisipnal atigy Beial

NERERTROP S MO RRIRAPASD Y "W (R

I mmunodeficiency virus -1) infection remains a major

i oot ed wor | S OF INRLSERIAR; ABRGECARIITY, DE0P

cases of H'V and AIDS (acquired inununodeficiency

syndrone) has. risen rapi .. In 2002, .-.5.0 mllion ne
h eaBF BhesenrL AR RIS 6 eysalin ot st aer4-12-
[ﬁhﬁ&ofx_ryomﬁhﬁﬁaf | Iy\}-\?‘_&l{-n leTjJuyam ‘}’-dL&]Mt—[@phﬂspﬂﬁn&d&&)rhélﬁyl]-lﬂ-
treatpent of.. e nine nucl eosi reverse
Dy SR SRR in-Oret) Lo oS oY O TOPeragR o) Be PR i8vtian also
&l Rt (aZpHeME SR aDEorfgositi G cd?ﬁﬁﬁsﬁﬂzg fhle crystalline forms,
di dangsine tor Videx(r)), stavudine (or Zarin,
a3 Wil pmethods of using the cystalline formps in thedrestmensrof Y grd/or
%1 £l mBASKIr obBHAMEIALE chRiaIKAARREL, Ten of ovir
I soproxi | fumarate salt (or Vireae), Conbivir(r) 30
(contains -3TC plus AZT), Trizivir(r) (contains

abacavir, |arai i ?ﬂﬂ) PdPM?:Cﬁ ﬁpé' ee
non- nucl eosi deﬂrlgie(reg{eo ran?crl ptase |Ig'i[1‘|h2l|(xt ors:

nevirapi ne (or Viranune), del avirdine (or

SR b AR o OBl S b i

pioblemi| vaith aumsstirsated 4D anillion pevplaafedted wotldwade dt,the end of 2002.

el fravir, arn Vi, I navir,. Kal et ]l opi navj r
Th R B Rb Lo OF I e ds DS oisd et tises wrgsame) bas
rif%rﬁ%ﬁmw.it fn :maytaﬁ .@aimxi_sﬂﬁlbwqﬁfelbﬁ@&fw&reltegore@a 3@@ :.m million
rans] € I raln viral _repllicat]on i usedad al one,
PeplE dief o &DS s SrTemtlycrveiiatle opes foRMedTeatteR: ofEY felude
nitkALerasde Rl mswld}stsse Wﬁhﬂ@?@&%pﬁf&%ﬁ%ﬁfél@ﬁ% n

fact, si %ni ficant reductions in death rates anon
cqrabinatyns

zidoaidineer AZTdor Retravieadidandsine (er Videx®), stavudine

f 5t ' d Licat i foo. . .
SR BRGT e s BB S BBl B b33 B i), pcavi
sucRiatd (or Z#eh®), TRYovilEbRBXS fikhbiabPdafl (br Vatehd®), Combivir®

conbinat i on dru%_theyggh§s. I nsuf ficient drug potency,
(oontrinsodB G pine 2 T)e Jirizivir etpontaing abagevistlamivugdines aud
SHe } A . |ty

AR b for bSO RS ole U Brf e A FiERB e nbiBiBne cor
Viramues?), dejavietiine YorRgscaiptaByand ebvirez (on Susiva®) cand eight

suppressi.on of 10 sensitive viryses. Furthernpre, the |
PYRHSTRBEHF Dafeash SPIPHos,0F 2PRIVad ForIAHAnS, Faalayir ndinavi,
rifoRiaPir NRAANVER) atripBerdal 8O 1PMavir) KA1 RPHoh RV R fand Witk 07 and

| eads” to the appearance of drug-resistant variants and

treatnent failures when sub-optinmal drug

concentrations are present (Larder and Kenp; Gulick;

Kuritzkes; Morris-Jones et al; Schinazi et al; Vacca

and Condra; Flexner; Berlchout and Ren et al; (Ref.
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4 Gis selected fromthe group consisting of

wo bewrnjaekenyl , phenyl, hydroxy, methoxy, hal openus2006/047571

-NR23C(0) - (Cl1. 6) al kyl , -NR24R26, -S(0) INlc COOR26 and
- OONR24R26; wherein said (C 4al kyl is optionally
substituted with hydroxy, dinethylamno or one to
three sane or different hal ogen; 5R26 is selected from
the group consisting of hydrpgen and (Cl4al kyl ;
R20, R21, R22" R23, R24, , are independently selected
fromthe groyp consisting of hydrogen, (Cl4allcyl and
Atagayn(Reyates ) ﬁaqlsO%hese drHgs Raryonly dransign Yéesgaewm

re I'ﬂ',%ﬁgﬁri &ilal'odi‘ YowRieRVbher Bsed in co b%aﬁﬁﬂ?ﬂhh% §have a

066, 745 al so specifically discloses t
prefmpd @ﬁF@ct orfeiresniesand diseaseprogrdssiond i ff@teqnzmﬁmecbxctmns in

R BT RGN 5% riindy dposmnyd g pepmscpence of

thewidespread Iappqlcalilelp)om' cbwbihation|thgmpyli Hlodeydi, déspitedheseoet

mgéﬁ%&% gﬁl‘gg: %(gﬁ)né Pf%née ult:rr% &@ fﬁll mlq:matlm? d(%gthefaﬂ:ms

Ingtiffidicht dru& p@tdncymaﬂ-edrnym)nce, restricted tissue penetration and drug-

s riaions piing atfai e babE LS b aRAtr Y Bhalggs cannot be

phdspHciyRdd ﬁ@émgrmns)fmasa aébcuhefainhe filtyHiplad s@]ﬁés@fon of
SCREIG EaUsEon FRTPEOSF bt hiEh BEHODIPR e A Bbid tthover of HIV-1

co&mxﬁwwﬂméﬁa@iehvinc&iﬁo%at?mﬂoﬁmu@ﬁehs,leacﬁla the- dppeatafédlof
onooxy) met hyl ] -1 Hpyrrol o Uﬁy“ din-3-yll-1, 2-di oxg

drag-esi t«nmgéraa epd tregtpens Q%}hae% %ﬁ@%-opmﬁbfavgfcementratwns

aré sf&aeﬁﬁw}&} Qﬁ@ﬁ%m?} GulitREK fril tz'ice?*']ﬁ@n% -R€lef Af Schinazi et al;
reliab and reproduci bl € nethods for the manufacture,

Vangpiapd a?amdm Flexiner; Berkhauiend Renst pls (Ref. 6r14)).f Bhgreiore, novel

a0 SURLE bR R Slinet smance patterr, gad fayorgle

phiati@edkin@itic as well asThafety padies aiemeeded orprpyvide mitws treatment

o?moﬁt alline forns of 1-benzoyl-442 [4

P loxy-7-(3-methyl-1H1, 2, 4-triazol -1-yl)-1-((phospho
nooxy) met hyl]-1H 5

41 (8 Srprtiod S iy 100 Bl L 20, B0 elatfing e

beERSHEUS. Peoviisiona Appticatien saeaemmamcmmlsmd filed Blebember

1033000 tf 681555300 Flcenfpren i3 2004 rdiparpptit hersiny roference

in Gl ¥0BFPY dig@oses aRPMEE bF eoﬁafaﬁfadse(og pharmiibedtically aeéeptable salts
shoul d not be considered [imting with respect to any

therepBofdhmtoramlae possessing similar or identical
physical 10 and chemical cgaracterd stlcs but rat her

it should be understood that thes gnatl ons are
nmere identifiers that sh nt pr et ed accordi ng
to the characterizati on wnf oncal SO presented

her ei n. Rf lﬁa

1- benzoyl-442- (4- et hoxy 787 3- /[-1,2,4-triazol
R )0,
[(ph@ﬁ@’eﬁnooxy) met hyl] - 1H pyrrol o[ 2, 3-c] pyri di n-3-y1] -

o oeth era e Is identifi,ed as Co o nd
(1) Rt bros aahiehe Byl Bt vhon Ko My dors not St o
| ustwemw&L NB#Fth the oﬂg@m&v&hwh@wm doéd Adtaxisk;0 a

crystalline formof Conpound (1) conprising Form

01- 1Y35 € of Conpound (1). In a second
enmbogl! fBRy %eﬁem%gﬁ Bk helogeh;osure relates to a
cryst al'l'i'ne form of rrpound ( ) conprising Form

02- SA-1 of Compound (I). 25 WO

2007/ 070589PCT/ US2006/ 047571 6 In a fourth
enbodi nent, the present disclosure relates to a
crystalline formof Conmpound (I) conprising Form
03- SA-2 of Conpound (1). Inafifth
enbodi nent, the present disclosure relates to a
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10FI G 10. illustrates differential scanning
calorinmetry pattern and thernogravi netric analysis
wopabvensgoof Form 03- SA-2 of Conpound (1). PCT/US2696/047571
11.illustrates the |labeling of atons (except H at oms)
in Form 03-SA-2 of Conpound (1). 15 FIG 12.
illustrates experinental and sinul ated powdered X-ray
diffraction patterns (CukKa X=1.5418 A at T = 293 K) of
Form 03- DSA-2 of Conpound (1)3. FI G
'13.illustrates differential scanning calorinetry
pattenn 20 thernogravinetric analysis pattern of
For ni{)ésglé‘g{ 8°%f Compound (1). DETAI LED DESCRI PTI ON OF
THE Wﬁmyﬂﬁheﬂi N tach 6CWARNMRaYbEOtiddpendeatly optionally

| east |n ar crystalline forns of 25, oun 1),
Subgfifu e«ﬁ&?%ﬂ%éﬁ%ﬁfﬁ d frae Gsrvgae ST e
pﬁla%glyggpgiﬁlﬁbmel ates to pharmaceutical conpositions
conprising the crystalline forn(s), as well of nethods

of ud K eeroysm&mweutl@almasvfepﬁbleﬁéow apbigsalt thereof;
H V and/ or AIDS, and nethods for obtaining such

crystalline form(s). Conpound (1) is 1-benzoyl-442-(4-
met ha&gs»s‘ele(cmmttnyhegmumcenmsmngaﬁol 1-y1) - 1-[ (phospho

nOOXy)gﬁt yl]-1H 30

pyrrog R% pyri di n- 3- yldzm%%cﬂ‘éxoet hy13- pi per azi ne

. Congc nd '8 %wherel and crijped by Fornul a

(1), 07/ 070 PCT/ S2806) 5?2%1 '8 Definitions

5 - r#IAS\UBEd herein "poR R efers to :
crystal I"n&% orns havi ng the Rame® cheni cal conposition

but di ffer ent spatl al arrangerrents of the nol ecul es,

at ons, d/ of, | ‘{ mng the crystal . 10As used
her eifa"; 1%04 Kas BY, sk oFa @F%/%@blmﬁi?l@nf’%ﬁqﬂﬂfof methyl, with

ﬂﬁr@@féF "i#o?ﬁioré‘ Hvolof RSO F{“aérefrﬂéth?ﬁr conpri ses
ecules of a solvent or solvents I ncdrporated into
the crystalline lattice structure. The sol vent

o] €GHS 0 udd o R Uy Bl TRY @ LEERS].phiA E@ P Hainy,

arr angemen arr
pyritinyt, @yeimidinylrpuinding], usmqmrmlmyhlqmnamhnyl; quipoxalinyl,

e aing), GABENsrb A aRSrdilh cheh B ECH R e

nﬁﬁpsmm?topmhﬁwhmlsnﬂmd Wwith fitom bhew s teaibetsaekcteld from the
sol vent, f.rom_t ol vat e nma ccu
SERuPRansistpe gf mg Nﬁﬁ‘fi &\ﬁ%‘% methoxsh hdiosymethyband

halogepound (1) W|th|n t he crystalllne lattice
structure 20As used herein "anorphous” refers to a
solid formof a nolecule, atom and/or ions that is

not g ysSfei’éc':éd"lﬁom/iﬁe b%ﬁé&&uﬁ%féy&BGS(G)?R”dhﬁeé&Y a

definitiye X-ray diffraction patt used herein,

C( :Bq ;i ftenyl qmrl@teromb wheseig smd pm!: enkateroaryhis
B i B .ncﬁespﬁg%g?@%g?&f%%wem o
ﬁ;om one @thr@Gsan@/r diﬁ‘ﬁ:re@esubsﬁtueﬁ% sebnttd%om/ﬁ gittersin hategoaryl

ls( ﬁ Ct%({]é %fcﬁlg' %nsitsﬁ.?ga Qﬁ&%‘é”g %o fitie) Co rrp ound

2007/ 070589PCTI U82006/ 047571 9 remaini ng mat er| aI

conpr of t.he coppound, and/ or .

 eneth BT romabe Bl Genpi G L frpem? Sy, thienyl,
isvxagél§lard Gazoblys w@z’éfﬁik@ﬁaﬂﬂ pﬁenyl diiiﬁllﬁh@l thien OIyl , isoxazolyl and
crystalline form of be deene

oxazlylAte ing eupyncif&rlx omowat sqbﬁnwa%d wtbmnpw thpe.spme or different
hbf}3en6r MEIndie 13GhrBé sARESH iR sIB#ISerdtd ledéP il G;

thi's time known 5 and generally accepted in the art,

where the remai n| ng |l ess than 10 wei ght % of mat eri al
conprises other forn(s) of Conpound (1) and/or

reaction inpurities and/or processing inpurities. The

term "pharnmaceutically acceptable", as used herein,

refers to those 10 conpounds, materials, conpositions,
and/ or dosage fornms which are, wthin the scope of




causi ng regression of the disease state. Synthesis of

wo ssmpmsged (1) : 25Conmpound (1) may be prepar edp¢i5u§@06/047571
nmet hods well known to the skilled artisan of organic
synthesis, as well as nethods taught in commonly owned
U. S. non-provisional Patent Application Serial No.
11/066, 745 (filed February 25, 2005) which 'is
i ncorporated by reference hedein inits entirety 30
Gener al Preparatlon of Crystalline Materials:

2007/,07058 / us 006/ 047571 ,.11 t
recr V3¢ §¢ F‘i’t B RCR srﬁfsttmglocfr(égf)g'hwtl Z@fﬁﬁﬁﬂ(e%%l ghenyl
hyglr6xy, Ianéth@ty aangbﬁ,, NI COB(ClPalkyla NRIRFAL-B D), NRIR,

anotzl:;;(;itrl 4 rﬁg}{& C{s}’s al l | za Fﬁ%rjsa%lggin lﬁ&ﬁ‘f}ﬁ%‘i‘?éﬁsb'}%{qw

hﬁfroiye Qﬁﬁ‘t&&@idnhﬁafoh' @ﬁe af thedeysabi or dlﬁ‘efdﬁt BElokEgM a
sol ve m Xture include, for _exanple, 5 evaparation of

t he Rdliyeplecteddama thei gigup pensitingathydrogenmnd(Ci-9alkybn
M X1 gee p2C R2S b g8 episng. RS hiichd Wélbeed fovh WRroup

m xturé of t He ol ecul e and/or sal reeze drying the

cansistingof hiydogen, (Candladiand —GHDENBAR S0l vent s

(cou nts) to the solvent m xture. Mei
throRS§%S§L%$ystalIlzatlon techni ques may be enpl oyed

t o pREpEdRZ rmyes eaxhl independentty Hrezimethylg pol ynoi phs. 10
Crystal s of drugs, including polynorphs, nethods of
preparation, and characterization of drug crystals are
di scUsS eAlpplivation Sdr. Blal @/066£74i5Hl soyspetifidallg sliscloses the
Byrn, RR Pfeiffer, and J.G Stowell, 2'14 Edition
cazgpund\\ost | afayette, |ndiana (1999). 15 For
crystallization technlque t hat enpl oy solvent, the

choi ce of sol vent or solv nts is typically dependent
upon Ong or nore fa QJESEfEBaS solubility of the
nt

compound, cryst II| i que, and vapor
pressgre vent Conbi nati ons of solvents may
be e oﬂ d, Wor anpl e, the conmpound may be 20

sol ubi IyYzedNintg a first solvent to afford a sol ution,
follo bthhenadd|t|on of an antisol vent to decrease
the splugjlit9dPhe conpound in the solution and to
af f or e form@H on of crystals. An antisolvent is a

sol vent \i n which the conpound has | ow solubility.

25Sui t abl e solvents for preparing crystals include

pol ar and nonpol ar sol vents. Exanples of solvents for

cr ySthﬁHfai kadts ﬁﬁefwﬁr 'dﬁ?eﬁ'eﬁtflbnﬁx aﬂﬂie&}on&wume flgbenzoyl—4-[2-[4-

n- pentane, n-hexane, n-hepta n- oct ane e
etk Grine iy £ Pl w@}hgltpwmm YUty L
p?ltrbf%[z 33y 33 N 2-didk bSBPI Piperagihe @UPAic idinigt @-(rer .

|oxane tetran drofitran, chlor

banzpylnipsazirdeyDiore) acetyny‘t et &( -Inezhnlr 12%1@2 dnisrald yD-

é???;nn oaﬁil,j) EW%%%%%ﬁ%%& Hgédq%?%ﬁg%g Bélalts_ and solvates

therenfasioce the different Sormsanahasie, differeny p Iand/er elrpanical

PRTEHENCTHESS SO IIANT picalEs AR i °4f°1p?é“ﬁ32f’ﬂ?2 43
niethicayelH(3-mickley]- -1 y2, 4 trinzgl-Y.ed)- 1-{@1dspmqoxy)methy1] -1H-

pSlol bR Ol ot oSy TR Ry sals apdpelvtes thereof for’

ldrngthQ BivkagkGd.aThere byélyé a aséd fireelidbld Hﬁd! i—epacchicﬁﬂe methods for
hexachloroacetg but an gﬁ t - but alcoqﬁ

the rg AR gy eqloniand iog tﬁé’ﬁ feasible '
comRldxtizaiehopanol , and 2 but anol . 5In one nmet hod to
prepare crystals, a conpound is suspended and/ or
stirred in a suitable solvent to afford a slurry,

whi cki may be heated to pronote dissol ution.

Seed crystals may be added to any crystallization

m xture to pronote crystallization. Seeding nay be
enpl oyed to control growth of a particular 10

pol ynmorph or to control the particle size distribution




WD 2007/ 070589PCTTUS2006/ 047571 14 One of

ordinary skill in the art will appreciate that an
WO)2007070889f f r acti on pattern nmay be obtai ned W tPCTAIS2006/047571

nmeasurenent error that is dependent upon the

measur enent conditions enployed. In particular, it is

generally known that intensities in a X-ray

diffraction pattern may fl uctuate dependi ng upon

measur enent conditions enployed. 5 It should be

further understood that relative intensities may al so

vary dependi ng u %@Fﬁg i %ﬁn&%ﬂi ~AS and,
accordi ngly, thegexac G?HQE 0 |ntengﬁ9§pshould not

be taken into account. Additionally, a measurenent

f diffracti f . iqnal X
i 1 { PR S POV oA BN Sso e ik g
nﬁﬂfdkyd?m-&ﬁmgﬂilmwﬁeﬁ%r[(?mphﬁhcimy}rﬁgmm]i-mo
account as rtal nin 0] e ) ar oy enentl one
5 pwpb{%.étq]m?dg?@rﬂ&l ieegtiemerarine; sltp g gotvates thereo.

ErSibRiasa0 8f fhaad e/ olal idcMdEthefe dHAPackdtde@Merein as Forms -
invention are nof limted to the créstal fornms that

Ol & 258 Ady -QR-Efnd ctOBo¥AFaned rids ek ety names used herein

. . - ray 0 I; fybs It hG
t‘% ﬁgfl%%&?&%ﬁzgg%i ng i¥§ Udr ie)fé .}glf-sl :: Ig%é%g F)Efgirﬁeb? r? @ %ﬁ@r@d
lipriting wiithirespest toamy qthensubistante posyesdingfsimilat omidpaticad physical

10 afy BRGRIL é!a}&éﬁérﬂ%@é ib‘i:?%ﬁcf;& it %}gcﬁ:gd ?%gﬁ&é}ét‘égd' t{tﬁegels

acconpanyil ng Figureés scope 0O
dpsigsation; arevmertei identifidre thalb shoulg be interpeated a¢gording to the
ﬁubstanniaL Lden&iti s of X-h diffraction patterns
charagleREUeROTRAPOR BRCHFCSREAIF™ 8 di nary skill in the

?rp. Liﬁemﬁse, it is g? be understood that any crystal
: . . > 3 X
cal onrbepyEBEE metberiar e e AAERr s Do)

15 [@ﬁdéﬂionﬂ@kﬁﬁiéﬂgé}smﬂﬁbw@@s- Waiyupl,QSdipxoemhyl]-piperazme

.Substantially identical to those disclqgsed in_the
isidenfiind a5 Grmpoyd @shergin ang is deseribgd by Fopmuly (:he
present invention. The ability to agcertain
substantial identjties of these patfllerng is within the
purvi ew of one of ®rdinaryyskilfl % tHhe t. 25
Uility: Crystall] ; undN{#), its salts
and sol vates, al ination with other
compounds, can b N0 tr€at AIDS and/or HV

i nfection. 30 The¢ crystalline fornms of the

i nvention may be ¢#B nul beﬁEwMth one or nore

exci pients or otfer/Nateri @ys to provide formnul ations
suitable for the trieatnent of the indications
identified above. 2007/ 070589PCT/ US2006/ 047571 15
The crystalline forns of thelyresent i nvention may be
adm ni stered by various routgs, and can be di ssol ved
in various solvents prior to adm nistration.

I n
accon -
20 DUCOTARTEG dlfolihf By HIRRCINRTH 8 crBupithl it of
Comppasd (T) compoising et GlgH2-1 of Condpeutd (s such as H V
infection and AIDS. The treatnent involves
adm nistering to a patient in need of such treatnent a

phar ﬂﬁ&%ﬂédgﬁéﬁmmh efi, tﬁd;frlem'ﬂ%?fbbﬁt@ rélapdsad mysﬁf liifietform of
carrier _and a therapeuj] Y- ecti anount of a
Compougd ( ﬁenwaﬁmsﬁ%@%%éi B Compound Qre. 10The

25 phar maceuti cal conposition may be in the form of
oral |.y-adm ni strabl e suspensi ons or tablets; nasa

spr aya a thirgd embeadimeng,the presenf disclosiirs rolates top cryRiaiinedorm of
Coinpohudf !(%%oﬁfﬁk@ﬁw& GEBONYST CHmBLERPENOUS

suspensi ons Or suppositories. Wen adnministered orally

as a suspension, these conpositions are prepared 15
according to techniques well-known in the art of

phar maceutical fornulation and may contain

m crocrystalline cellulose for inparting bulk, alginic
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TEA=Tri fl uoroacetic Acid DC] 1, 2- D chl or oet hane

WO 260G =D chl or omet hane TRAP=t et r apr opy| anmei/ug§3006/047571

perrut henate TH 7=Tet r ahydof ur an

DEPBT=3- ( Di et hoxyphosphoryl oxy) -1, 2, 3-benzoiriazin-4(3

11) - one 25DVAP=4-di et hyl am nopyri di ne P-E: DC=Pol yner

supported 1-(3-dinethylam nopropyl) - 3-

et hyl ear bodi i m de 6

EDC=1- <3- di met hyl am nopr opy1l) - 3- et hyl car bodi i m de

E',\\I/F K‘l{g’ﬁl\fog%tgfet | fg{?%r&? %dlﬁ' sgo;-,%{_| Hﬁbl%s&re%gﬁ?es to a crystalline form of
Cotp BRI (TRécinsrising Bomi 08+5412c0fATermpound (I).

azai ndol e=1H Pyrrol o-pyridine WO -

2007/ 070589PCT/ US2006/ 047571 17 4-a2ai ndol e

5- azgy Hfifth enBoaEien A0k Hreeaf disc10aire relatePtdca DB Ade fovid of

Pl P- COPh 10NaHVDS EDAC TMS % 15 8? THE Et O kc
CCL@PWL@%W&@“DEBALW@ P@@hg Me Ph

| H-pyrrol o[ 3, 2-b] pyri dine 1H Pyrrol o[ 3, 2-c] pyri di ne

1H pyrrol o[ 2, 3-e] pyridine 1H Pyrrol o[ 2, 3-b] pyri di ne
4- MeThesg yane pther aspects. of the Hiselosare willpecpmednare apparent from the

- ' '?locﬁ i £] uor onet hanesul f onoxy
foﬁs’%%@%r%rp gfgﬁgdi Benzoyl pi perazi ne Sodi um
hexanet hyl di si | azi de
1- (3- Di net hy el Mh}n rlib@q '
Tri met hyl si I%?EED chl or onetar?g?gngqgh or oet (g%e

Met hanol Tetrahrdrofuran Ethyl Acetate . Lithium

di i | am de, 2.2, 6, 6-1et L pi [ di .
e R S e
dekchivsll bolywenzot ri azol e  Benzyl oxycar bonyt  Pyri di ni um .

chl orochromat e Met hyl Phenyl The crystalline
materi al s of Conpound (1) described herein may be

for Ppi@'fj e ginﬁy&tﬁfbs RRBErIRERIL gxfcﬂéingtcl)ﬁfﬁbﬁb\;/ﬂfrﬂﬂ Xardd/ diffraction
enpl oyed I n therapeutl c _and/or pro actli C
PaREIIK T ok KO k208 KARE FOSER O 2t CPpPrad D-

, the admnistration of the crystalline conpound

to

(1), alone or in conbination with one or nore other
phar FiG.cuillustaates didferéntial sepaning calerinelay paitergends t hat
1

By . 7 _ ¢ :
B R T R e L
The methods preferably conprise adnministering to a

pati ?f& Fillustrates the labeling of atoms (except H atoms) in Form 01-H2-1 of

Compound (I).

FIG. 4. illustrates simulated powdered X-ray diffraction patterns (CuKo.
A=1.5418 A at T = 173 K) of Form 02-SA-1 of Compound ().

FIG. 5. illustrates the labeling of atoms (except H atoms) in Form 02-SA-1 of
Compound (I).

FIG. 6. illustrates experimental and simulated powdered X-ray diffraction
patterns (CuKo A=1.5418 A at T =293 K) of Form 03-E.5-1 of Compound (J).
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pharmaceutically effective amount of the novel
crystals of the present invention, preferably in

WOco7H70882i on wi th one or nore pharnaceuti cal | PCT/US2006/047571

acceptable carriers and/or excipients. The relative
proportions of active ingredient and carrier and/or 5
exci pient nmay be determ ned, for exanple, by the
solubility and chemi cal nature of the nmaterials,
chosen route of adm nistrati @n and standard
pharnaceutical practice. The crystall.ine forns

. ni st e at|e in
s uc ﬁﬁ&? erbg’ﬁé'ﬁ%% Hﬁ%ﬁ’ rfghaigcamgeoalgglggﬁg & |a rn(an c h of
thefthSdravintditic atalysis paitaiR &f Felrh@3eE.501 of Compednd @).ease
formul ations), pills, powders, granules, elixirs,
tinctures, suspensions, syrups, and emnul sions. They
may BiG®. MRsasis HeThbé1RG dffatomb (X¢epaMd atdi) il Fofth 03-E.5-1 of
|nfu5|og£, i ntraperitoneal, subcutaneous, or
Compeapdddul ar form all using dosage forms well - known
to those of ordinary skill in the pharnmaceutical arts.
They may be adm ni stered al one, but generally will be

admi EI@I%ﬂB@MTQsmmegmpmg@gm@teq powdered X-raydisEaction
rR RN e AP CER 285 K P orkl SR Bk bl B B0

regi men for the crystalline forns of Cbnpound (1)

wi || f, coudrse dependi ng upon _known C S,

suchFIE 1t fbonaR e ais SRER B e d e, e
thefhdgravintstria gaslysia patterhof Fota 03RSIA +2Doff €omapound (1).

adm ni stration; the species, age, sex, health, nedica

condition, and weight of the recipient; the nature and

ext eptG.of1. I RBr& S ReAdBling YT abdiél (XcetH Gtdnis) #h Form 03-SA-2 of

treatnent; the frequency of treatnent; the route of
ComapwidD-at i on, the renal and hepatic function of the

patient, and the effect desired. A physi ci an or

veterinarian can determ ne and prescribe the effective

anpuBIG o 2. ilestates experimental andysimplated pevidered Srrayediffrantion
al S e

PRI 1000t A8 KA RS p U iiond

adm ni stered at about the sane tine. The dosage of t he

crys form und at w |l

ou t Byt L Bsp g Aupreret S opii el e fpetels 450, 1
thkfiRogdravimafic agillysis phttcthiof Forrh03-DSAL2 6ﬂCamp6ﬁM$ mlline

form of the conmpound chosen and the physiol ogical 30

characteristics of the particular patient under

treat ment. pEPANIAD DERIRIFAIOAVOF THE INVBISEION

initially and, if necessary, increased by snal

increnments until the desired effect under the

circ B?égﬁﬁlsd % sru?@g s, #Gbast in part, ¢ stallme forms of

2007/ 070589PCT/ US200 /047571 19 qé of
Compevnd () salis aud solvates therepfy The psctﬁene@s@oom elsso iganerally

I ST Sl S TAT ) vt of

nmﬂm@eefuﬂdgﬂgauwﬁaﬂuﬂdhnn@)hsmemwauﬂnmbéEﬁvﬁmdﬁséﬂrﬁhwnd

gg\/od% q‘ﬁ%ﬁ%ﬁs‘b’ﬁ, i a%’wl?sg»_ %nagﬁ bR [2-4-

magﬁ_fcynagﬂ-mteﬂlﬁ-lml29}4&%591i;@ﬂy-[@ﬂbifsitmomgky)ﬁmwmlﬁf-al
atl on rom o_abou
P@aiﬁ W@-ﬁﬂ? i’odlng?q&gylﬂ é’éBF%p@hFo m&%&) Brein and is

déseﬁbéﬂlpﬁpbﬁnaﬂmm stration. In each particular case,
t he doses may be determined in accordance with the

factors distinctive to the subject to be treated, such
as age, weight, general state of health and other
characteristics which can influence the 10 efficacy of
the medicinal product. The crystalline forns of
Conpound (I) may be administered in a single daily
dose, or the total daily dosage may be admi nistered in
di vi ded doses of two, three, or four tines daily.
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WO ovcorg3ss at i ng the crystalline forns of Conpopariu§iops/ddrs7

the required anmounts, in the appropriate solvent, with
vari ous of the other ingredients enunerated herein, as
required, followed by filtered sterilization.
Ceneral ly, dispersions may be prepared by
incorporating the sterilized830 active ingredient into
a sterile vehicle which contains the dispersion nedi um
and any other required ingredients.5ln the case of
sterile powders for the preparat|on of sterile
i njectabl e solutioms, the uref rr ds of

\Q/jlng the freeze

preparation may i

dryi ng techni que Ay eld a powder of the
active ingredi enm { 007h)70589PC T/ US2006/ 047571
22 plus any additipnal} despred ingredient fromthe

previously sterilenfilbesell ggl ution thereof. As woul d

be apparent to qégz:son ofégrdlnary skill in the art,

once arned with he teachings of the present

di scl osure, when dissol ved, Conpound (I) loses its

crystalline structure, and i g therefore considered to

be a solution of Conpound (1Y% Al forms of the

present invention, however, may be used for the

preparation of liquid forrmulations in which Conpound

’D@@?"ﬁﬁy be, for exanple, dissolved or suspended. In

addition, the crystalline forns of Cbnpound (1) may be

|ncorporated 10 into solid fornulat . The

| i quitg nseshhersin Tnodymampl” spietEs te SRYSIAL n% oy & ffge
cHeEAl Q:%h'}bogftioln' VA3 Qlff&eﬁt%ﬁ%‘él%’ﬂaﬁ%ﬂﬁ&ﬁ& SRaRUhbRBkles, atoms,

conposi tions. exanpl & of such conponents is
and&mmmﬁﬁmnmnsﬂuggmﬂm,conpoS|t|ons of the invention as

an emul sifying agent in the range 15 of fromO0.05 to

1% by wei ght, and all conbi nati ons and subconbi nati ons

of rAsgeed herctns‘rfmbratqf’demm erystallingi form pf @amolecule, atom,

RS, 50 B Fr B Bl oG B REET oo VB oA sp orfBraced

m& tiercrystaliipt éaticd stowigrendhe soltvhmt maokgulee inithediobvate may be
P b S R LA P neBe D AFEEsefar TG fivate mey

POl da
cdﬂnﬁXﬂeCEiﬂleﬁQtstdidﬂildﬁhﬁtr&, ortnepitofthiotfetfit amcunesf the Bob&nt

(D

OO

flav ents and coI rants
mglecalsst, %315? aEe. 2.5 aﬁ?ft?“?ﬁ‘é‘f’?“ﬁ“é%%‘t‘°‘é‘?‘ <§§8iveﬂf
molRule8 HiSSrebinl ﬁ‘@nﬂfaaﬂlﬁﬂobwve@ﬂ friof thistsbivatd, FBolVatveinay

of skill in the art and will be even bet
ogFyp PR EITBATE 8T PHEMREIEORBr Mg e dhin gue ﬁﬁftlttefef Compound (T)
wﬂﬁiﬂlgi‘?s%ﬂlmgﬁmce structul®l® crystalline f orms of
Conpoun may al so be coupled with soluble polyners
as targetable drug carriers. Such polyners can incl ude
pol yﬁt 3&&?)&5&% “eﬁh w’qafef@tgoi éﬂ?ﬁrfonn of a molecule, atom,
pol yhydr oxypr opy acry henol
anpijoryilons| that mdtydrystd&par Aam;almwphé ﬂopbnMWFiéﬁ definitive
e substituted 30 with palmtolyl
X?égqﬁﬁp h&@%ﬁ%@%m capsul es of the crystalline forns of
Compound (1) may contain the crystalline Cbnpound (1)

and the I uid Qr solid.co qsl |ons es h
Cel afrst BerstnS SHRRALRLE P el e o B e atine
forit; bhedfis h asﬁ@,aﬁnd BAvhE A putit) gxuhtes fhadego welghv¥s mcludmg greater

nesi umstearate, stear cid a he

009 §10980 oI008 54 Db pg gt Y Sud P i equal t
a&ﬁxtllﬁﬁf'ivéight%@@diﬁﬁ&ﬁa%ﬁdbésé@ bfttle wBiphb of el cehoand. The
capsul es can be manufactured as sustained rel ease

products to provide for continuous rel ease of

nmedi cation over a period of hours. Tablets can be

sugar coated or filmcoated to mask any unpl easant

taste and to protect the tablet fromthe atnosphere or
enteric 5coated for selective disintegration in the
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Form 03-E. 5-1 of Conpound (1) Form
03-E. 5-1 of Conpound (1) is a hem ethanol ate of

WORBHATIIPS salt with 20 enpirical fornula of PCT/US2006/047571

C25H25. 1" 1205P1 Cal iN, 03 0.5 C2H5CH. The single
crystal of FormO03-E.5-1 is characterized in Table 5.
Each of the atons (except H) in FormO03-E5-1 is

| abel ed according to FIG 8. The fractional atom c
coordinates of are listed in9Table 6. 25 Form 03- SA-2
of Compound (7) Form 03-SA-2 of Conpound (1) is a

SRS S S Ryl S gt

IOpEHRS 20d/oCPid@ssing impurities asising/Som| itsgirepasptiom 3F@rexample, a

cof 3 € ooy i P g llelBoll B 3 3Phs o

pithiy drested than 90 vadight %, aomeakunat s mehnsthet dnest dds time known

Tabl e 25 Fqor.m.03- - 2 Conpound_ (I . Eor
Soserelly A5ESeAEH b BHRATE Fhrs the ROTPAess e 10 meight oA of

nitéIRDYenpEias ciheh Ban(S) WBTthgouha{l) @hd/fop keactidn Shpirities and/or

5Table |. Single Crystal Characterization of Form
Proeessing upEOHSSs at ur e293(2) K Wavel engt hl. 54178 A 10

Crystal system space groupMnoclinic, P2(1)/c Unit

cell dimensjonsa = 17.2174(18)A a= 90 15b =

18. 17 teroy Jpharmacputisaily agqepable 9@83\?&99%@5%@23@@ those
céfﬂ#ab’tﬁﬁ%%%;te%ﬁl cbrpbSifion;ah&/et a&&%e ¢SS Wiiith ate, Avithin the

Mg/ n8. sorption Eoeff] cientl. 474 mm 1 F(000) 1296
s@ppof abunst medicakjudgment syitabloforeentct withdhe Hssuga phhuman

ol 654 oS BTy e i b

probilem ed@plicdtichs 28 mirRénsutate with arsainalerbshefidmnslcmtioo Ig certain
=.39.6085. 5 % 30 ti . Al . d
s SRR BT  HAESL AR

substantid Fy phrenfioimi X | east - squares on F2 Data /

restrainte, kparanetersl1423 / 0 / 379 35CGoodness-of -fit

on F21.066 Final R indices (1>20(1)]R1L = 0.0806, wR2 =

0. 186%he R:.jrh??ﬁ\.&gﬁnfklﬂlﬂ' ixﬂﬁich ax)daﬁl ce?, 8 ds'bﬂd thewdia, medhs2heBkilled in

Largest, diff, peak _ an ol e0..246 and, - 0. 265 e. A: 3. 40
wewidrpasidstsd teihgdhe sasne vhop falien inig,pacoynt variagles fch as

irfsBaffn bR Jintitatioh) 4nd aRREuRiéHia¥iah YRfiaticiD etcQPi C

di spl acenment paraneters (A2 x 103) for Form 01-82-1.

Uleq) is defined as one third of the trace of the

or t hggERGhi 288 stdntiallf PER cryXty®’, as used herein, refers to samples of
crystalline forms provided with substantially pure phase homogeneity, indicating the

presence of a dominant amount of a single polymorph and optionally minor amounts
of one or more other polymorphs. The presence of more than one polymorph in a
sample may be determined by techniques such as powder x-ray diffraction (PXRD)
or solid state nuclear magnetic resonance spectroscopy. For example, the presence of
extra peaks in the comparison of an experimentally measured PXRD pattern with a
simulated PXRD pattern may indicate more than one polymorph in the sample. The
simulated PXRDPXRD may be calculated from single crystal x-ray data. see Smith,
DX., “4 FORTRAN Program for Calculating X-Ray Powder Diffraction Patterns,”
Lawrence Radiation Laboratory, Livermore, California, UCRL-7196 (April 1963).
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Ueq) PM 8692(3) 2452(3) 886(5) 58(2) .0(1) 7863(7)

WO 20487B%9 691(11) 85(4) 10 0(2) 9208(6) 2345( HCLESWOSTL

74(3) 0(3) 9134(6) 2119 (5) -166(11) 85(4) 0(4)
8450(6) 3230(6) 438(9) 73(3) 0(5) 4159(9) 1141(5) 590
(10) 57(3) 0(6) 5716(9) 2151(6) 4721(15) 81(5) 15
og;g($;41(9) 2605( 7) 2202(1%% 82(5) 0(8) 2990(8)

The term “slurry”, as used herein, means a saturated solution of the
compound, which may also contain an additional amount of the compound to afford a

heterogeneous mixture of the compound and a solvent at a given temperature.

"Therapeutically effective amount” is intended to include an amount of the
crystalline forms of Compound (I) that is effective when administered alone or in
combination to treat HIV and AIDS. The crystalline forms of Compound (I) and
pharmaceutical compositions thereof may be useful in treating HIV or AIDS. If
Compound (I) is used in combination with another medication, the combination of
compounds described herein may result in a synergistic combination. Synergy, as
described for example by Chou and Talalay, Adv. Enzyme Regul. 1984, 22, 27-55,
occurs when the effect of the compounds when administered in combination is
greater than the additive effect of the compounds when administered alone as a single

agent.

As used herein, “treating” or “treatment” cover the treatment of a disease-
state in a mammal, particularly in a human, and include: (a) preventing the disease-
state from cccurring in a mammal, in particular, when such mammal is predisposed
to the diseaze-state but has not yet been diagnosed as having it; (b) inhibiting the
disease-statz, i.e., arresting it development; and/or (c) relieving the disease-state, i.e.,

causing regression of the disease state.
Synthesis of Compound (I):
Compound (I) may be prepared using methods well known to the skilled

artisan of organic synthesis, as well as methods taught in commonly owned U.S. non-
provisional Patent Application Serial No. 11/066,745 (filed February 25, 2005) which

‘is incorporated by reference herein in its entirety.

General Preparation of Crystalline Materials:

Procedures for the preparation of crystalline forms are known in the art. The

crystalline forms may be prepared by a variety of methods, including for example,
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6428(13) 82(5) bil(1) 6889(16) 1504(10) 1580(30) 55(6)
14(2) 5481(18) 686(7) -1765(18) 62(6) 11(3) 6844(14)

WOXDOT/a78389- 1530(30) 50(4) 20 11(4) 7493(18) 443CI)US2006/047571

-982(15) 59(5) N(5) 7666(15) 1106(13) - 2890(20) 57(6)
14(6) 3989(13) 1677(11) 3686(18) 62(5) 14(7) 2982(11)
670(9) 4620(20) 61(5) C(1) 6560(20) 1757(8) 2710(20)
49(6) 25 C(2) 6280(20)

11

crystallizasion or recrystallization from a suitable solvent, sublimation, growth from a
melt, solid state transformation from another phase, crystallization from a
supercritical fluid, and jet spraying. Techniques for crystallization or
recrystallization of crystalline forms from a solvent mixture include, for example,
evaporation bf the solvent, decreasing the temperature of the solvent mixture, crystal
seeding a supersaturated solvent mixture of the molecule and/or salt, freeze drying
the solvent mixture, and addition of antisolvents (countersolvents) to the solvent
mixture. Eligh throughput crystallization techniques may be employed to prepare
crystalline forms including polymorphs.

Crystals of drugs, including polymorphs, methods of preparation, and
characterization of drug crystals are discussed in Solid-State Chemistry of Drugs,
S.R. Bym, R.R. Pfeiffer, and J.G. Stowell, 2™ Edition, SSCI, West Lafayette, Indiana
(1999).

For crystallization techniques that employ solvent, the choice of solvent or
solvents is typically dependent upon one or more factors, such as solubility of the
compound, crystallization technique, and vapor pressure of the solvent.
Combinations of solvents may be employed, for example, the compound may be
solubilized into a first solvent to afford a solution, followed by the addition of an
antisolvent to decrease the solubility of the compound in the solution and to afford
the formation of crystals. An antisolvent is a solvent in which the compound has low

solubility.

Suitable solvents for preparing crystals include polar and nonpolar solvents.
Examples of solvents for crystallization include, for example, toluene, n-pentane, n-
hexane, n-heptane, n-octane, n-decane, n-dodecane, diethyl ether, methyl tertiary-
butyl ether, triethylamine, diisopropyl ether, dibutylether, 1,4- dioxane,
tetrahydrofuran, chloroform, 1,1-dichloroethane, ethyl acetate, 1,2-dichloroethane,
1,2-dibromoethane, dichloromethane, butyl ethanoate, 1-butanol, 2-methyl-2-
propanol, 1- propanol, 1-octanol, ethanol, methyl ethyl ketone, acetone,
cyclohexanone, 2-hexanone, cyclopentanone, 2-heptanone, 4-methyl-2-pentanone,

acetonitrile, butanenitrile, ethylene glycol, methanol, diethylamine, glycerol, water,
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1218 (13 ) 520(50) 54(11) C(3) 6160(20) 942(11)

WO 2060¢68) 58 (8) C(4) 4815(13) 753(9) - 1190¢@HusHIEENsT1

C(5) 4880(20) 1092(11) 190(30) 56(8) C(6) 5580(20)
1328(11) 1000(40) 64(13) 30 C(7) 5780(20) 1689(10)
2440(30) 49(8) C(S) 7729(15) 1491(9) ' 1654(17) 61(6)
C(9) 6967(18) 1280(10) -2670(30) 57(6) C(10)
7994(15) 588(13) -1820(40) 63(7) C(11)

methyl acetate, isopropy! acetate, butyl acetate, t-butyl acetate, hexachloroacetone, 2-
butanol, t-butyl alcohol, diethylene glycol, 1-, 2-, or 3-pentanol, 2-methyl-1-
propanol, and 2-butanol.

In one method to prepare crystals, a compound is suspended and/or stirred in

a suitable solvent to afford a slurry, whicl\l may be heated to promote dissolution.

Seed crystals may be added to any crystallization mixture to promote
crystallization. Seeding may be employed to control growth of a particular
polymorph or to control the 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. Nyvlt,
Chemical Engineering Science, 1971,26, 369-377. In general, seeds of small size are
needed to control effectively the growth of crystals in the batch. Seed of small size
may be generated by sieving, milling, or micronizing of large crystals, or by micro-
crystallization of solutions. Care should be taken that milling or micronizing of
crystals doss not result in any change in crystallinity form the desired crystal form

(i.e., change to amorphous or to another polymorph).

A cooled crystallization mixture niay 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 solid state nuclear magnetic resonance, differential scanning calorimetry, x-
ray powder diffraction, or the like, to assure formation of the preferred crystalline
form of the product. The resulting crystalline form is typicaily produced in an
amount of greater than about 70 weight % isolated yield, preferably greater than 90
weight % isolated yield, based on the weight of the compound originally employed in
the crystallization procedure. The product may be comilled or passed through a mesh

screen to delump the product, if necessary.
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8805(12) 276(9) -1620(20) 95(6) 35 C(12) 3391(11)
1028(9) -411(18) 82(6) C(13) 5320(20) 1956(9)

WOZBPQBBY 53(6) C(14) 4470(20) 2089 (14) 30BCEABP006/047571

63(7) C(15) 3197(13) 1884(8) 3658(16) 56(5) C(16)

2626(10) 1235(11) 3533(16) 71(7) 40 C(17) 3762(14)

410(8) 4532(17) 63(5) C(18) 4348(10) 1045(10)

4757(15) 57(5) C(19) 2655(14) 360(13) 5690(30) 55(6)
. 13

Crystalline forms may be prepared directly from the reaction medium of the
final process for préparing Compound (I). This may be achieved, for example, by
employing in the final process step a solvent or a mixture of solvents from which
Compound (I) ma}} be crystallized. Alternatively, crystalline forms may be obtained
by distillation or solvent addition techniques. Suitable solvents for this purpose
include, for example, the aforementioned nonpolar solvents and polar solvents,
including protic polar solvents such as alcohols, and aprotic polar solvents such as

ketones.
Characterization:

The crystalline forms of Compound (I), its salts and solvates can be
characterized by a number of methods, including but not limited to, Powder X-Ray
diffraction (PXRD), simulated powder X-ray patterns (Yin. S.; Scaringe, R. P.;
DiMarco, J.; Galella, M. and Gougoutas, J. Z., American Pharmaceutical Review,
2003, 6,2, £0), Differential scanning calorimetry (DSC) experiments, Solid-state C-
13 NMR measurements, (W.L. Earl and D.L. VanderHart, J. Magn. Reson., 1982, 48,
35-54), Raman spectroscopy, Infra-red spectroscopy, Moisture sorption isotherms
(VTI--variable temperature isotherms), and hot stage techniques.

The forms may be characterized and distinguished using single crystal x-ray
diffraction, which is based on unit cell measurements of a single crystal of a
particular form at a fixed analytical temperature. A detailed description of unit cells
is provided in Stout & Jensen, X-Ray Structure Determination: A Practical Guide,
Macmillan Co., New York (1968), Chapter 3, which is herein incorporated by
reference. Alternatively, the unique arrangement of atoms in spatial relation within
the crystalline lattice may be characterized according to the observed fractional
atomic coordinates. Another means of characterizing the crystalline structure is by
powder x-ray diffraction analysis in which the diffraction profile is compared to a
simulated profile representing pure powder material, both run at the same analytical
temperature, and measurements for the subject form characterized as a series of 20

values.
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C(20) 1920(20) 614(14) 5970(20) 80(10) C(21)

WO 2780ds8) 186(12) 6130(20) 95(9) 45 C(22) 62B(1/052006/047571

530(20) 6570(30) 154(13) C(23) 630(20) 1270(20)
6770(30) 153(12) C(24) 1240(20) 1703 (14) 6640(30)
124(11) 0(25) 1878(12) 1340(20) 6199(19) 96( 10)
0(1W 10482(16) 1379(15) 2580(30) 375(14) 50 0(2W
11290(90) 1740(100) 410(180)14340(80) WO

2007/ 070589PCT/ US2006/ 047571 27 Table 3. Single

o ysbgla of or: u%% %{c{llzl’?lttilg grt%illi%&)@c?a%é %_t %.n X-I:xeary)&%ééc%{oﬁ pattern
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.
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. Additionall&, a measurement error of diffraction angle for a
conventional X-ray diffraction pattern is typically about 5% or less, 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 forras 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.

Likewise, it is to be understood that any crystal forms that provide differential
scanning calorimetry (DSC), thermogravimetric annalysis (TGA), and/or moisture
sorption isotherms 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 these patterns is within the purview of one of

ordinary skill in the art.
Utility:

Crystalline forms of Compound (I), its salts and solvates, alone or in

combination with other compounds, can be used to treat AIDS and/or HIV infection.

The crystalline forms of the invention may be formulated with one or more
excipients or other materials to provide formulations suitable for the treatment of the

indications identified above.
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Wavel engt h CryStal system space group
5Uni .t cell dinensions 10 Volune 2, Cal cul ated density
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The pharmaceutical composition may be in the form of orally-administrable
suspensions or tablets; nasal sprays, sterile injectable preparations, for example, as

sterile injectable aqueous or oleagenous suspensions or suppositories.

When administered orally as a suspension, these compositions are prepared
according to techniques well-known in the art of pharmaceutical formulation and
may contain microcrystalline cellulose for imparting bulk, alginic acid or sodium
alginate as a suspending agent, methylcellulose as a viscosity enhancer, and
sweetners/flavoring agents known in the art. As immediate release tablets, these
compositions may contain microcrystalline cellulose, dicalcium phosphate, starch,
magnesium étearate and lactose and/or other excipients, binders, extenders,

disintegrants, diluents and lubricants known in the art.

The injectable solutions or suspensions may be formulated according to
known art, using suitable non-toxic, parenterally-acceptable diluents or solvents, such
as mannitol, 1,3-butanediol, water, Ringer’s solution or isotonic sodium chloride
solution, or suitable dispersing or wetting and suspending agents, such as sterile,
bland, fixed oils, including synthetic mono- or diglycerides, and fatty acids, including

oleic acid.

Compound (I) may be present in the novel crystalline forms as the neat form,
solvate and/or hydrate. A wide variety of solvents may be employed in the
preparation of the solvates of Compound (I). Preferred solvents include, for example,

polar solvents, including polar protic and polar aprotic solvents. In preferred form,
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the solvent employed in the preparation include, for example, DMF or acetone,

preferably acetone. The ratio of Compound (I) to solvent in the solvates mai}; vary

and dependls, for example, on the particufar solvent selected and the methods for

preparing the solvates. . Preferably, the solvates are monosolvates, hemisolvates,

non-stoichiometric or disolvates.

Abbreviations:

The following abbreviations, most of which are conventional abbreviations

well known to those skilled in the art, are used throughout the description of the

invention and the examples. Some of the abbreviations used are as follows:

h

1t

mol
mmol
g

mg

mL
TFA
DCE
CH.Cl
TPAP
THF
DEPBT

DMAP
P-EDC

EDC

DMF
Hunig’s Base
mCPBA

azaindole

hour(s)

room temperature

mole(s)

millimole(s)

gram(s)

milligram(s)

milliliter(s)

Trifluoroacetic Acid

1,2-Dichloroethane -

Dichloromethane

tetrapropylammonium perruthenate
Tetrahydofuran
3-(Diethoxyphosphoryloxy)-1,2,3-benzotriazin-4(3H)-
one

4-dimethylaminopyridine

Polymer supported 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
N,N-dimethylformamide
N,N-Diisopropylethylamine
meta-Chloroperbenzoic Acid

1H-Pyrrolo-pyridine
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4-azaindole = 1H-pyrrolo[3,2-b]pyridine
5-azaindole = 1H-Pyrrolo[3,2-c]pyridine
6-azaindole =  1H-pyrrolo[2,3-clpyridine
7-azaindole = 1H-Pyrrolof2,3-b]pyridine
PMB = 4-Methoxybenzyl
. DDQ = 2, 3-Dichloro-5, 6-dicyano-1, 4-benzoquinone
OTf = Trifluoromethanesulfonoxy
NMM = 4-Methylmorpholine
PIP-COPh = 1-Benzoylpiperazine
NaHMDS = Sodium hexamethyldisilazide
EDAC = 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide
™S = Trimethylsilyl
DCM = Dichloromethane
DCE = Dichloroethane
MeOH = Methanol
THF = Tetrahrdrofuran
EtOAc = Ethyl Acetate
- LDA = - Lithium diisopropylamide
TMP-Li = 2,2,6,6-tetramethylpiperidinyl lithium
DME = Diﬂaethoxyethane
DIBALH = Diisobutylaluminum hydride
HOBT = 1-hydroxybenzotriazole
CBZ = Benzyloxycarbonyl
PCC = Pyridinium chlorochromate
Me = Methyl
Ph = Phenyl

The crystalline materials of Compound (I) described herein may be
formulated into pharmaceuticai compositions and/or employed in therapeutic and/or
prophylactic methods. These methods include, but are not limited to, the
administration of the crystalline compound (I), alone or in combination with one or
more other pharmaceutically active agents, including agents that may be useful in the

treatment of the disorders mentioned herein.
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The methods preferably comprise administering to a patient a
pharmaceutically effective amount of the novel crystals of the present invention,
preferably in combination with one or more pharmaceutically acceptable carriers
and/or excipients. The relative proportions of active ingredient and carrier and/or
excipient may be determined, for example, by the solubility and chemical nature of

the materials, chosen route of administration and standard pharmaceutical practice.

The crystalline forms of Compound (I) may be administered to a patient in
such oral dosage forms as tablets, capsules (each of which includes sustained release
or timed release formulations), pills, powders, granules, elixirs, tinctures,
suspensions, syrups, and emulsions. They may also be administered in intravenous
(bolus or infusion), intraperitoneal, subcutaneous, or intramuscular form, all using
dosage formss well known to those of ordinary skill in the pharmaceutical arts. They
may be administered alone, but generally will be administered with a pharmaceutical
carrier selected on the basis of the chosen route of administration and standard

pharmaceutical practice.

The dosage regimen for the crystalline forms of Compound (I) will, of course,
vary depending upon known factors, such as the pharmacodynamic characteristics of
the particular agent and its mode and route of administration; the species, age, sex,
health, medical condition, and weight of the recipient; the nature and extent of the
symptoms; the kind of concurrent treatment; the frequency of treatment; the route of
administration, the renal and hepatic function of the patient, and the effect desired. A
physician or veterinarian can determine and prescribe the effective amount of the
drug required to prevent, counter, or arrest the progress of the thromboembolic
disorder. Obviously, several unit dosage forms may be administered at about the
same time. The dosage of the crystalline form of Compound (I) that will be most
suitable for prophylaxis or treatmnent may vary with the form of administration, the
particular crystalline form of the compound chosen and the physiological
characteristics of the particular patient under treatment. Broadly, small dosages may
be used initially and, if necessary, increased by small increments until the desired

effect under the circumstances is reached.
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By way of general guidance, in the adult, suitable doses may range from
about 0.001 to about 1000 mg/Kg body weight, and all combinations and
subcombinations of ranges and specific doses therein. Preferred doses may be from
about 0.01 to about 100 mg/kg body weight per day by inhalation, preferably 0.1 to
70, more preferably 0.5 to 20 mg/Kg body weight per day by oral administration, and
from about 0.01 to about 50, preferably 0.01 to 10 mg/Kg body weight per day by
intravenous administration. In each particular case, the doses may be determined in
accordance with the factors distinctive to the subject to be treated, such as age,
weight, general state of health and other characteristics which can influence the
efficacy of the medicinal product. The crystalline forms of Compound (I) may be
administered in a single daily dose, or the total daily dosage may be administered in
divided doses of two, three, or four times daily.

For oral administration in solid form such as a tablet or capsule, the
crystalline forms of Compound (I) can be combined with a non-toxic,
pharmaceutically acceptable inert carrier, such as lactose, starch, sucrose, glucose,
methylcellulose, magnesium stearate, dicalcium phosphate, calcium sulfate, mannitol,
sorbitol and the like.

Preferably, in addition to the active ingredient, solid dosage forms may
contain a number of additional ingredients referred to herein as "excipients". These
excipients include among others diluents, binders, lubricants, glidants and
disintegrants. Coloring agents may also be incorporated. "Diluents", as used herein,
are agents' which impart bulk to the formulation to make a tablet a practical size for
compression. Examples of diluents are lactose and cellulose. "Binders", as used
herein, are agents used to impart cohesive qualities to the powered material to help
ensure the tablet will remain intact after compression, as well as improving the free-
flowing qualities of the powder. Examples of typical binders are lactose, starch and
various sugars. "Lubricants", as used herein, have several functions including
preventing the adhesion of the tablets to the compression equipment and improving
the flow of the granulation prior to compression or encapsulation. Lubricants are in
most cases hydrophobic materials. Excessive use of lubricants is undesired,

" howeyver, as it may result in a formulation with reduced disintegration and/or delayed
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dissolution. of the drug substance. "Glidants", as used herein, refer to substances
which may improve the flow characteristics of the granulation material. Examples of
glidants include talc and colloidal silicon dioxide. "Disintegrants”, as used herein,
are substances or a mixture of substances added to a formulation to facilitate the
breakup or disintegration of the solid dosage form after administration. Materials
that may serve as disintegrants include starches, clays, celluloses, algins, gums and
cross-linked polymers. ‘A group of disintegrants referred to as "super-disintegrants"
generally are used at a low level in the solid dosage form, typically 1% to 10% by
weight relative to the total weight of the dosage unit. Croscarmelose, crospovidone
and sodium, starch glycolate represent examples of a cross-linked cellulose, a cross-
linked polymer and a cross-linked starch, respectively. Sodium starch glycolate
swells seven- to twelve-fold in less than 30 seconds effectively disintegrating the

granulations that contain it.

The disintegrant preferably used in the present invention is selected from the
group comprising modified starches, croscarmallose sodium, carboxymethylcellulose
calcium andl crospovidone. A more preferred disintegrant in the present invention is

a modified starch such as sodium starch glycolate.

Prefirred carriers include capsules or compressed tablets which contain the
solid pharmaceutical dosage forms described herein. Preferred capsule or
compressed tablet forms generally comprise a therapeutically effective amount of the
crystalline forms of Compound (I) and one or more disintegrants in an amount
greater than about 10% by weight relative to the total weight of the contents of the
capsule or the total weight of the tablet.

Preferred capsule formulations may contain the crystalline forms of
Compound () in an amount from about 5 to about 1000 mg per capsule. Preferred
compressed tablet formulations contain the crystalline forms of Compound (I) in an
amount from about 5 mg to about 800 mg per tablet. More preferred formulations
contain about 50 to about 200 mg per capsule or compressed tablet. Preferably, the

capsule or compressed tablet pharmaceutical dosage form comprises a therapeutically

effective amount of a crystalline form of Compound (I); a surfactant; a disintegrant; a
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binder; a lubricant; and optionally additional pharmaceutically acceptable excipients
such as diluents, glidants and the like; wherein the disintegrant is selected from
modified starches; croscarmallose sodium, carboxymethylcellulose calcium and

crospovidone.

For oral administration in liquid form, the crystalline forms of Compound (I)
can be combined with any oral, non-toxic pharmaceutically acceptable inert carrier
such as ethanol, glycerol, water and the like. The liquid composition may contain a
sweetening agent which to make the compositions more palatable. The sweetening
agent can be selected from a sugar such as sucrose, mannitol, sorbitol, xylitol,
lactose, etc. or a sugar substitute such as cyclamate, saccaharin, aspartame, etc. If
sugar substitutes are selected as the sweetening agent the amount employed in the
compositions of the invention will be substantially less than if sugars are employed.
Taking this into account, the amount of sweetening agent may range from about 0.1
to about 50% by weight, and all combinations and subcombinations of ranges and
specific amounts therein. Preferred amounts range from about 0.5 to about 30% by
weight. |

The more preferred sweetening agents are the sugars and particularly sucrose.
The particle size of the powdered sucrose used has been found to have a significant
influence in the physical appearance of the finished composition and its ultimate
acceptance for taste. The preferred particle size of the sucrose component when used
is in the range of from 200 to less than 325 mesh US Standard Screen, and all

combinations and subcombinations of ranges and specific particle sizes therein.

Sterile injectable solutions may be prepared by incorpoﬁting the crystalline
forms of Compound (I) in the required amounts, in the appropriate solvent, with
various of the other ingredients enumerated herein, as required, followed by filtered
sterilization. Generally, dispersions may be prepared by incorporating the sterilized
active ingredient into a sterile vehicle which contains the disbersion medium and any
other required ingredients. In the case of sterile powders for the preparation of sterile
injectable solutions, the preferred methods of preparation may include vacuum drying

and the freezz drying technique which may yield a powder of the active ingredient,
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plus any additional desired ingredient from the previously sterile-filtered solution
thereof.

As would be apparent to a person of ordinary skill in the art, once armed with
the teachings of the present disclosure, when dissolved, Compound (I) loses its
crystalline structure, and is therefore considered to be a solution of Compound (I).
All forms of the present invention, however, may be used for the preparation of
liquid formulations in which Compound (I) may be, for example, dissolved or
suspended. In addition, the crystalline forms of Compound (I) may be incorporated

into solid formulations.

The liquid compositions may also contain other components routinely utilized
in formulating pharmaceutical compositions. One example of such components is
lecithin. Its use in compositions of the invention as an emulsifying agent in the range
of from 0.05 to 1% by weight, and all combinations and subcombinations of ranges
and specific amounts therein. More preferably, emulsifying agents may be employed
in an amount of from about 0.1 to about 0.5% by weight. Other examples of
components that may be used are antimicrobial preservatives, such as benzoic acid or
parabens; suspending agents, such as colloidal silicon dioxide; antioxidants; topical

oral anesthetics; flavoring agents; and colorants.

The selection of such optional components and their level of use in the
compositions of the invention is within the level of skill in the art and will be even

better appreciated from the working examples provided hereinafter.

The crystalline forms of Compound (I) may also be coupled with soluble
polymers as targetable drug carriers. Such polymers can include
polyvinylpyrrolidine pyran copolymer, polyhydroxypropylmethacrylamidc-phenol,
polyhydroxyvethyl- aspartamidephenol or polyethylene oxide-polylysine substituted
with palmitolyl residues. Gelatin capsules of the crystalline forms of Compound (I)
may contain the crystalline Compound (I) and the liquid or solid compositions
described herein. Gelatin capsules may also contain powdered carriers such as,

lactose, starch, cellulose derivatives, magnesium stearate, stearic acid and the like.



10

15

20

25

30

79  C(102) -5079 9811 5309 79 WO
2007/ 070589PCT/ 11S2006/ 047571 .29 Table 5. Single

woogwombsoChar act eri zati on of Form 03-E. 5-1 Tonpes@oed@arsm

Wavel engt h 5Crystal system space group Unit cell

di mensi ons 10 Vol unme Z, Calcul ated density Absorption
coefficient 15F(000) Crystal size O range for data
collection Limting indices 20Refl ections collected / -
uni que Conyl eteness to 8= 60258 Absorption correction
Max. and m n transm ssi on 25Refi nement nethod Data /

estraints araneters, Goodness -fit on F F' nal, R
it it S TS sk Compresard tablets, Bty tablels Mt chpsules
cBf Bk n?ditdfeféﬁlr@d ag Qﬁsfxﬁhed(réeaﬁé 337&1u6ts|‘@ PRSVit8 fér: coatinGows release
35.594(2)A a = 90 = 2790(4) A p97.080(3) c =

of egigstion gyer apeaRoEkgis 1 T#Ylats cgn be sugey qpgieder filgyepated to

dﬁBc]anngﬁélegsa% td&t@mﬁ?to?i:rgtegt]*hg% etXorh égmar&phere or enteric
i prtce o B e b Oty [R(i nt)

coalgd fguefectise disintepuahins in tpamsaptestinaracly | - nat ri x
| east-squares on F2

In general, water, a suitable oil, saline, aqueous dextrose (glucose), and
related sugar solutions and glycols, such as propylene glycol or polyethylene glycols
are suitable carriers for parenteral solutions. Solutions for parenteral solutions are
prepared by dissolving the crystalline Efavirenz in the carrier and, if necessary,
adding bufiering substances. Anti-oxidizing agents such as sodium bisulfite, sodium
sulfite, or ascorbic acid either alone or combined, are suitable stabilizing agents.
Citric acid and its salts and sodium EDTA may also be employed. Parenteral
solutions may also contain preservatives, such as benzalkonium chloride, methyl- or

propyl-paraben and chlorobutanol.

Suitable pharmaceutical carriers are described in Remington's Pharmaceutical
Sciences, Mack Publishing Co., the disclosures of which are hereby incorporated

herein by reference, in their entireties.

The preferred crystalline form of Compound (I) may serve as component (a)
of this invention and can independently be in any dosage form, such as those
described above, and can also be administered in various combinations, as described
above. In the following description component (b) is to be understood to represent

one or more agents as described herein suitable for combination therapy.

Pharmaceutical kits which may be useful for the treatment of various
disorders, and which comprise a therapéutically effective amount of a pﬁarmaceutical
composition comprising a novel form of Compound (I) in one or more sterile
containers, are also within the ambit of the present invention. The kits may further
comprise conventional pharmaceutical kit components which will be readily apparent

to those skilled in the art, once armed with the present disclosure. Sterilization of the
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Form 01-F2-1 of Compound (I)

Form 01-H2-1 of Compound (I) is a di-hydrate with empirical formula
CasHz6N7CgP; « 2H,0.

The single crystal of Form 01-H2-1 is characterized in Table 1.

Each of tlie atoms (except H) in Form 01-H2-1 is labeled according to FIG.
3. The fractional atomic coordinates of are listed in Table 2.

Form 02-SA4-1 of Compound (I)

Form 02-SA-1 of Compound (1) is a hemiethanolate octahydrate of di-sodium
salt with empirical formula of C;5H2sN;0sPNa; « 8H;0 - 0.5C;HsOH.

The single crystal of Form 02-SA-1 is characterized in Table 3.

Each of the atoms (except H) in Form 02-SA-1 is labeled according to FIG.

5. The fractional atomic coordinates of are listed in Table 4.

Form 03-E.5-10f Compound (1)

Form 03-E.5-1 of Compound (I) is a hemiethanolate of mono-TRIS salt with
empirical formula of CasHaeN7OsP; *+ C4H; N1 03 - 0.5 C;H;0H.

The single crystal of Form 03-E.5-1 is characterized in Table 5.

Each of the atoms (except H) in Form 03-E.5-1 is labeled according to FIG.

8. The fractional atomic coordinates of are listed in Table 6.

Form 03-SA-2 of Compound (I)
Form 03-SA-2 of Compound (I) is a hemiacetonate hemihydrate of mono-
TRIS salt with empirical formula of C2sH26N70sP1 » CsH1N1Os » 0.5H20 - 0.5C:HeO.
The single crystal of Form 03-SA-2 is characterized in Table 7.
Each of the atoms (except H) in Form 03-SA-2 is labeled according to FIG.

11. The fractional atomic coordinates of are listed in Table 8.
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Form 03-DSA-2 of Compound (I)
Form 03-DSA-2 of Compound (I) is a mono-TRIS salt which is a dehydrated
and desolvated formo of Form 03-SA-2.

Table 1. Single Crystal Characterization of Form 01-H2-1

Temperature
Wavelength
Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient
F(000)

Crystal size

©® range for data collection
Limiting indices

Reflections collected / unique

Completeness to 6 = 39.60
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints./ parameters
Goodness-of-fit on F?

Final R indices [I>2¢(I)]

R iadices (all data)

Largest diff. peak and hole

293(2) K
1.54178 A
Monoclinic, P2(1l)/c

a

17.2174{18)A
o= 90°
18.1242(19)A
B = 105.191(4)°
9.3705(9)A
y = 90°
2821.9(5) A3
4, 1.458 Mg/m®’
1.474 mm™
1296
0.18 x 0.15 x 0.01 mm
2.66 to 39.60°
-13<=h<=13, -13<=k<=14,
-7<=1<=7
4367 / 1423 [R(int) =
0.1318] .
85.5 %
SADABS
1.000 and 0.557
Fgll—matrix least-squares on
F
1423 / 0 / 379
1.066
R1 = 0.0806, wR2 = 0.1864
Rl = 0.1146, wR2 = 0.2028
0.246 and -0.265 e.A™

b

C




5621(1) 46(1) C(1) 3483(1) 6826(6) 3842(1) 38(1)

WO 0270589 03( 1) 5168(7) 3281(1) 36(1) C(3) 3B (92006/047571
4441(8) 2880(1) 41(1) 25 C(4) 4121(1) 1637(7) 3212(2)
51(1) C(5) 4061(1) 2252(7) 3627(2) 41(1) C(6)

3847(1) 4108(7) 3670(1) 36(1) C(7) 3705(1) 5188(7)
4030(1) 37(1) C(8) 3262(1) 8359(7) 3107(1) 46(1) 30
Cc(9) 3383(1) 26 |

Table 2. Atomic coordinates ( x 10%) and equivalent isotropic
displacement parameters (A2 x 10°) for Form 01-H2-1.
Uleqg) is defined as one third of the trace of the
orthogonalized Uij tensor.
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15

20

25

30

35

40

45

50

x b z Ul(eq)
?(1) 8692(3) 2452(3) 886(5) 58(2)
_0(1) 7863 (7) 2046(8) 691(11) 85 (4)
0(2) 9208(6) 2345(5) 2464(10) 74(3)
0(3) 9134(6) 2119(5) -166(11) 85(4)
04) 8450(6) 3230(6) 438(9) 73(3)
0(5) 4159 (9) 1141(5) 590(10) 57(3)
0(86) 5716(9) 2151 (6) 4721 (15) 81(5S)
Q(7) 4141(9) 2605(7) 2202(13) 82 (5)
0(8) 2990(8) -173(7) 6428(13) 82(5)
(1) 6889(16) 1504(10) 1580{30) 55(6)
M(2) 5481(18) 686(7) ~1765(18) 62(6)
PI(3) 6844 (14) 911(12) -1530(30) 50(4)
M(4) 7493(18) 443(9) -982(15) 59 (5)
M(5) 7666 (15) 1106(13) -2890(20) 57(6)
M{6) 3989(13) 1677(11) 3686 (18) 62(5)
¥(7) 2982 (11) 670(9) 4620(20) 61(5)
c(1) 6560 (20) 1757(8) 2710(20) 49(6)
c{2) 6280(20) 1218(13) 520(50) 54 (11)
C(3) 6160(20) 942 (11) -950(30) 58(8)
c(4) 4815(13) 753(9) -1190(30) 54 (6)
c(5) 4880 (20) 1092(11) 190(30) 56(8)
c(6) 5580 (20) 1328(11) 1000(40) 64(13)
(7 5780(20) 1689(10) 2440(30) 49(8)
c(8) 7729{15) 1491(9) + 1654(17) 61(6)
ci{9) €967(18) 1280(10) -2670(30) 57(6)
c(10) 7994 (15) 588(13) -1820(40) 63(7)
c(11) 8805 (12) 276(9) -1620(20) 95(6)
c(12) 3391 (11) 1028(9) -411(18) 82(6)
c(13) 5320(20) 1956 (9) 3520(30) 53(6)
C(14) 4470(20) 2089 (14) 3030(20) 63(7)
c(15) 3197(13) 1884 (8) 3658(16) 56(5)
c(16) 2626(10) 1235(11) 3533(16) T1(7)
c(17) 3762(14) 410(8) 4532(17) 63(5)
c(18) 4348(10) 1045(10) 4757 (15) 57(5)
c(19) 2655(14) 360(13) 5690(30) 55(6)
c(20) 1920(20) 614(14) 5970(20) 80(10)
c(21) 1278(19) 186(12) 6130(20) 95(9)
c(22) 629(17) 530(20) 6570(30) 154 (13)
c(23) 630(20) 1270(20) 6770(30) 153(12)
c(24) 1240(20) 1703 (14) 6640(30) 124(11)
C(25) 1878(12) 1340(20) 6199(19) 96 (10)
o(iw) 10482(16) 1379(15) 2580(30) 375 (14)
0 (2W) 11290(90) 1740(100) 41.0(180) 340(80)
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15
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25

30

5037(8) 2172(2) 52(1) C(10) 3645(1) 7796(8) 1981(2)

58(1) C(11)

WOL6BA(70389- 573(7) 3969(2) 63(2)
4507(2) 43(1) 35. C(14)

3740(2) 9697(9) 1724(2) 115(2)

(12)

C(13) 3761( lpctfrsedoéha7sm

4140(1) 4025(8) 4732(1) 45(1)

C(15) ~4480(1) 1450(7) 5226(1) 49(1) C(16) 4374(1)
812(7) 5670(1) 49(1) C(17) 3733(1) -2(7) 5348(2)
59(1) C(18)

: 27

Table 3. Single Crystal Characterization of Form 02-SA-~1

Temperature

Wavelength

Crystal system, space group
Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient
F(000)

Crystal size

0 range for data collection
Limiting indices

Reflections collected / unique

Completeness to 6 = 65.49
Absorption correction

Max. and min. transmission
Ref inement method

Datia / restraints / parameters

Goodness-of-fit on F?

Final R indices [I>206(I)]

R indices (all data)
Extinction coefficient
Largest diff. peak and hole

173(2) K
1.54178 A
Triclinic, P-1
a = 6.4392(12)A

o = 99.082(11)°
13.349(2)A

B = 95.,975(12)0°
21.041(4)A

v = 80.207(12)°
1775.9(6) A3
2, 1.486 Mg/m’
1.661 mmt
834
0.62 x 0.03 x 0.01 mm
2.14 to 65.49°
-7<=h<=7, -l4<=k<=15,
-22<=1<=24
9051 / 5226 [R{int) =
0.09831
85.1 %
SADABS
1.000 and 0.749
ggll—matrix least-squares on
F
5226 / 0 / 4871

b

[+

1.144
Rl ="0.1086, wR2 = 0.2554
Rl = 0.1373, wR2 = 0.2674
0.0007(3)

0.604 and -0.524 e.A™3




3834(1) 626(7) 4904(2) 55(1) 40 C(19) 4062(2)
wO028EW3¢s3y 5839(2) 53(1) C(20) 4418(1) -3458pb¢1/US2006/047571

6084(2) 44(1) C(21) 4741(1) -3755(7) 5886(2) 51(1)

C(22) 5054(2) -4692(8) 6112(2) 65(2) C(23) 5052(2)

-5317(8) 6535(2) 76(2) 45 C(24) 4730(2) -5082(8)

6736(2) 83(2) C(25) 4410(2) -4182(8) 6508(2) 66(2)

N(101) 2345(1) 1293(6) 3682(1)g4( 1)

Table 4. Atomic coordinates ( x 10%) and equivalent isotropic
displacement parameters (A% x 10°) for Form 02-SA-1.
U(eg) is defined as one third of the trace of the orthogonalized
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55

Uij tensor.

x h's z Uleq)
P{1) —-4237(3) 7620(2) 623 (1) 16(1)
0(1) -4989 (9) 8163(4) 1326 (3) 25(1)
0(2) -5171(8) 6554 (4) 520 (3) 22(1)
0(3) ~5197(8) 8294 (4) 166(3) 22(1)
0(4) -1871(8) 7657 (4) 650(3) 25(1)
0(5) 2971(9) 6724 (5) 3257(3) 37(2)
0(6) -443(9) 4328(5) 1972(3) 34(2)
o(7) -623(10) 5024 (5) 3498(3) 34(2)
o(8) 8772(10) 2512(5) 2958(3) 40(2)
N(1l) -3283(10) 7198(5) 2088(3) 22(2)
N{2) 83(11) 9077 (6) 3216(4) 33(2)
‘N{3) -2903(11) 9486 (5) 2603 (4) 25(2)
N(4) -4611(12) 9754 (5) 2928(4) 31(2)
N(5) -4533(12) 10601 (5) 2080(4) 31(2)
N(6) 2561 (12) 4517 (6) 3211(4) 34(2)
N(7) 5741 (12) 3115(6) 3293 (4) 32(2)
c(1) -2782(13) 6193 (6) 1988 (4) 25(2)
c(2) -1727(12) 7723 (6) 2524 (4) 21(2)
c{3) -1474{13) 8732 (6) 2781 (4) 25(2)
c(4a) 1524 (14) 8414(7) 3380(5) 33(2)
C(5) 1479(14) 7403(7) 3130(5) 29(2)
C(6) ~279(12) 7022(6) 2704 (4) 24(2)
c(7) -951(13) 6043 (6) 2361(4) 24(2)
c(8) ~-5253(12) 7582 (6) 1812(4) 22(2)
c(9) -2903 (13) 10008(6) 2114(4) 25(2)
c(10) -5520(14) 10418(7) 2588 (4) 27(2)
c{iy) -7555(15) 10885(7) 2743(5) 39(3)
c(12) 4739 (15) 7096 (8) 3710(6) 44(3)
c(13) -149(13) 5019 (7) 2410(5) 27(2)
C(14) 656(14) 4851 (7) 3085(5) 29(2)
c(15) 3338(15) 4299(7) 3846(5) 36(2)
C(16) 4190(14) 3229(8) 3772(5) 36(2)
c(17) 4981 (14) 3376(7) 2664(5) 32(2)
c(18) 4121 (14) 4434(7) 2745(5) 31(2)
C(19) 7652 (14) 2726(7) 3400(5) 33(2)
C(20) 8481 (14) 2595(7) 4058(5) 32(2)
c(21) 8767 (16) 3406 (8) 4583 (5) 39(2)
c(22) 9755 (17) 3241 (10) 5166(6) 54(3)
Y C(23) 10388(18) 2291(11) 5258(6) 59(4)
c(24) 10121(18) 1497 (10) 4760(6) 54(3)
c(25) 9200(16) 1651 (8) 4168(6) 42 (3)
Na (1) -27(5) 4278(2) 751(2) 32(1)
Na{2) 584 (5) 824(2) 799({2) 27(1)
o(1w) ~582(9) 2420(4) 342(3) 30(2)
o(2w) 702 (10) 5950 (5) 649(4) 41(2)
o(3wW) 3223 (10) 3816(5) 1156(3) 33(2)
o(aw) -3536(9) 4645(4) 623(3) 27(1)
O (5W) ~2364(9) 19(4) 135(3) 26(1)
o{6wW) 929(9) -739(4) 1222(3) 30(2)
o (7wW) 3859(9) 1718¢4) 1081(3) 29(1)
o(8w) -868(11) 1918(5) 1629(4) 40(2)
0(101) ~-3944 9520 4308 48
C(101) ~4921 1018% 4691 79
c({102) -5079 9811 5309 79




C(100) 2381(1) 1642(7) 4167(1) 40(1) C(101) 2762(1)
720(7) 4368(2) 55(1) 50 0(101) 3063(1) 1335(6) 4132(1)
WOBmOT070589( 102) 2353(1) 4024(7) 4246(1) 57(1) PCI(USREI6/047571

2678(1) 5114(5) 4152(1) 67(1) C(103) 2058(2) 516(8)
4341(2) 73(2) O(10A) 1756(3) 1422(14) 4227(3) 75(3)
55 0(108) 2000(3) -1430(20) 4230(4) 92(4) 0(100C)
2038(3) 504(16) 4742(4) 59(3)
29

Table 5. Single Crystal Characterization of Form 03-E.5-1
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Temperature

Wavelength

Crystal system, space group
Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient
F{(CO0O0)

Crystal size

© range for data collection
Limiting indices

Reflections collected / unique

Completeness to 6= 60.58
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Gocdness-of-fit on F?

Final R indices [I>2c(I)]

R indices (all data)

Largest diff. peak and hole

293(2) K

1.54178 A
Monoclinic, C2/c
a = 35.594(2)A

o = 90°
b = 6.2790(4)A

B = 97.080(3)°
c = 30.6961(19)A

y = 90°
6808.1(7)A%
8, 1.420 Mg/m®
1.349 mm™
3064
0.62 x 0.02 x 0.01 mm
2.50 to 60.58°
«39<=h<=37, -6<=k<=6,
~34<=1<=32
16059 / 4932 [R{int) =
0.0844]
96.0 %
SADABS
1.000 and 0.796
Fgll—matrix least-sgquares on
F
4932 / 0 / 472
0.955
Rl = 0.0619, wR2 = (0.1236
R1 = 0.1245, wR2 = 0.1426
0.299 and -0.245 e.A™




0(201) 4628(2) 8300(11) 2632(2) 79(2) C(201)

wO04a08(®89 10130(30) 2382(19) 125(11) C(202) p&P034086047571
10250(30) 2474(18) 125(11)
W)2007/ 070589PCT/ US2006/ 047571 31 Table 7. Single
Crystal Characterization of Form 03-SA-2 Tenperature
Wavel ength 5Crystal system space group Unit cel
di mensi ons 10Vol unme Z, Cal cul 2@ed density Absorption
coefficient F(000) Crystal size 15range for data

coll egLppn oLi mtdng e&%g&éce%e | gcid A&%&‘«‘Q!ﬂﬁ%ﬁ@ﬂt isotropic
uni qUE; SNGRERLSE §RSSRetle@sb(a2 2 1(94 6Pk IQRE.5-1

corr eotedn iBefié figrBnis Rkhatird of the trace oBatlae /
restrakmqyohapmmttiar®n%ﬁoodness of-fit on F2 Final

R indices [1>20(1) ¥2|ndices ¢ Jdat a) ExtEnction  Ulea
coef fi BfEnt Large pea§ gg hol e 3 gg;ﬁi; jgzi;
WD2007, ﬁ?0589PCNB @ 47571 éble 8. AlLemt 49 (1)
coordl.sag)es ( x 1Q@43s@nd equi abem) i sotr asre(1) 49(1)
di spl aceqent paramzevrery (A2 x3263)4) or FOr3®Ee8LISA- 2. 49 (1)
| eq) PéSidefined #39dfe thlrd16P9ﬂﬁe tracé°6#(¥he 54(1)

353 65 (1)
ort hog'éh%t’l i zed 11 |4zogf§1§sor 56(5) 4729(1) e
o(s) 3768 (1) -3613(6) 5844 (1) 96 (1)
N (1) 3483 (1) 6854 (5) 3404 (1) 38(1)
N(2) 3986 (1) 27086) 2844 (1) 52 (1)
N(3) 3667(1) 5526(6) 2482 (1) 43(1)
N(4) 3842(1) 7331(7) 2362 (1) 59(1)
N(5) 3364 (1) 6428(7) 1848(1) 56(1)
N(6) 4143 (1) 2180 (6) 4952 (1) 45(1)
N(7) £070(1) -758(6) 5621 (1) 46 (1)
(1) 3483 (1) 6826 (6) 3842 (1) 38(1)
=(2) 3703 (1) 5168 (7) 3281 (1) 36(1)
2(3) 3787(1) 4441 (8) 2880 (1) 41(1)
o(4) 4121 (1) 1637(7) 3212(2) 51(1)
2(5) 4061 (1) 2252(7) 3627(2) 41(1)
2(6) 3847 (1) 4108(7) 3670 (1) 36(1)
2(7) 3705 (1) 5188(7) 4030 (1) 37(1)
=(8) 3262 (1) 8359 (7) 3107(1) 26 (1)
=(9) 3383 (1) 5037 (8) 2172(2) 52 (1)
(10) 3645 (1) 7796 (8) 1981 (2) 58 (1)
Z(11) 3740(2) 9697 (9) 1724 (2) 115(2)
(12) 4433 (1) ~573(7) 3969 (2) 63 (2)
2(13) 3761 (1) 4840 (7) 4507 (2) 43 (1)
c(14) 4140 (1) 4025 (8) 4732(1) 45(1)
C(15) 4480 (1) 1450 (7) 5226 (1) 49 (1)
C(16) 4374(1) 812(7) 5670 (1) 49(1)
(17) 3733(1) -2(7) 5348 (2) 59 (1)
(18) 3834 (1) 626(7) 2904 (2) 55 (1)
o (19) 4062 (2) -2603 (9) 5839(2) 53(1)
©(20) 4418(1) -3458(7) 6084 (2) a4(1)
c(21) 4741 (1) -3755(7) 5886 (2) 51 (1)
2(22) 5054 (2) -4692(8) 6112(2) 65 (2)
2(23) 5052 (2) -5317(8) 6535 (2) 76(2)
C(24) 4730(2) -5082(8) 6736 (2) 83(2)
2 (25) 4410(2) -4182 (8) 6508 (2) 66(2)
N(101) 2345(1) 1293 (6} 3682 (1) 44(1)
©(100) 2381 (1) 1642(7) 4167 (1) 40(1)
2(101) 2762(1) 720{7) 4368 (2) 55 (1)
0{101) 3063 (1) 1335(6) 4132 (1) 65 (1)
¢ (102) 2353 (1) 2024(7) 4246 (1) 57 (1)
0(102) 2678 (1) 5114(5) 4152 (1) 67(1)
<(103) 2058 (2) 516(8) 4341(2) 73(2)
0(102) 1756(3) 1422(14) 4227(3) 75(3)
0(10B) 2000 (3) -1430(20) 4230 (4) 92 (4)
0(10C) 2038 (3) 504 (16) 4742 (4) 59(3)
0(201) 4628(2) 8300(11) 2632 (2) 79(2)
C(201) 4808 (10) 10130 (30) 2382 (19) 125(11)

c(202) 5201(10) 10250(30) 2474 (18) 125(11)
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30

Xx r z 0 (ag) P(1) 2400 (1) -1012(2) 2897 (1) 45 (1)
0 (1) 2024 (1) -1939(5) 2360(1) 49(1) 0(2) 2448 (1)
WO 2930710599 3390(1) 54 (1) 0(3) 2702 (1) - 1428(HDI/US2006/047571
2826(1) 53 (1) 10 0(4) 2324 (1) 1394 (5) 2883 (1) 53
(1) 0(5) 826 (1) 4216 (6) 2334 (2) 61 (1) 0(6) 1425
(1) -139(7) 3709(2) 78(1) 0(7) 567 (1) 349(7) 2788(2)

Crystal system, space group
Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient
F(000)

Crystal size

6 range for data collection
Limiting indices

Reflections collected / unigue

Completeness to 6 = 24.94
Absorption correction
Refinement method

Data / restraints / parameters
Goodness~of-fit on F?

Final R indices [I>20(I)}

R indices (all data)
Extinction coefficient

Largest diff. peak and hole

80(1)
31
Table 7. Single Crystal Characterization of Form 03-SA-2
Temperature 293(2) K
Wavelength 0.71073 A

Monoclinic, C2/¢

a = 43.985(2)A  « = 90°
b = 6.3142(3)A B =
125.742(4)°

c = 30.2438(17)A vy = 90°

6817.6(6)A°

8, 1.399 Mg/m®

0.152 mm™?

3019

0.30 % 0.02 x 0.0 mm

2.80 to 24.94°

-52<=h<=51, -7<=k<=7,
-35<=1<=35

18438 / 5934 [R{int) =
0.1655]

99.2 %

None

Fgll—matrix least~-squares on
F

5934 / O / 472
1.006

Rl = 0.0718, wR2
Rl = 0.1697, wR2
0.0010(2)

0.256 and -0.291 e.A™

0.1474
0.1917




0(8) 1221 (1) 8772 (9) 4661 (2) 108(2) 15 N(1) 1519
wO0(08(7/0705868(6) 2434 (2) 46(1) 151(2) 1038 (1) p@bUStods/os7571
1370(2) 55 (1) 1(1(3) 1357 (1) -156(7) 1330 (2) 49(1)
151(4) 1192(1) -2003(8) 1064(2) 64 (1) N5 1659 (1)
-1090(8) 996(2) 61 (1) 20 N(6) 842 (1) 3250(7). 3322

(2) 56 (1) N(7) 909 (1) 6073(7) 4090(2) 55 (1) CU
1507 (1) -1409(8) 2876(2) 32

rable 8. Atomic coordinates ( x 10%) and equivalent isotropic
displacement parameters (A% x 10%) for Form 03-SA-2.
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Uleqg) is defined as one third of the trace of the
orthogonalized Uij tensor.

x Y z U(eq)
P(1) 2400(1) -1012(2) 2897(1) 45(1)
o) 2024 (1) -1939(5) 2360¢1) 49 (1)
0{2) 2448(1) -1930(5) 3390(1) 54 (1)
a(3) 2702(1) -1428(5) 2826(1) 53(1)
0(4) 2324 (1) 1394(5) 2883 (1) 53(1)
¢{5) 826 (1) 4216 (6) 2334(2) 61(1)
©(6) 1425(1) ~139(7) 3709(2) 78(1)
¢(7) 567 (1) 349(7) 2788(2) 80(1)
Q(8) 1221(1) 8772(9) 4661(2) 108(2)
N{1) 1519 (1) -1468(6) 2434(2) 46(1)
M(2) 1038(1) 2675(7) 1370(2) 55 (1)
¥ (3) 1357(1) -156(7) 1330(2) 49 (1)
1 (4) 1192(1) -2003(8) 1064(2) 64 (1)
Ni(5) 1659(1) -1090(8) 996(2) 61 (1)
NN (6) 842(1) 3250(7). 3322(2) 56 (1)
w(7) 909 (1) 6073(7) 4090(2) 55 (1)
(1) 1507{1) -1409(8) 2876(2) 48(1)
c(2) 1306(1) 222(8) 2098(2) 45(1)
c(3) 1232(1) 939(8) 1609 (2) 46 (1)
c(a) 910(2) 3798(9) 1614(2) 58(1)
Cc(5) 956 (1) 3162(8) 2084 (2) 48(1)
C(86) 1160(1) 1313(8) 2339(2) 43 (1)
c(7) 1286(1) 216(8) 2836(2) 45(1)
C(8) 1740(2) -2980(8) 2365(2) 49 (1)
c(9) 1633(2) 333(9) 1288(2) 54 (1)
c(10) 1385(2) -2495(10) 869(2) 64(2)
c(11) 1306(3) -4438(12) 534 (4) 113(3)
c(12) 582(2) 6006(9) 2048(2) 67(2)
c(13) T 1213(2) 567(8) 3248(2) 56 (2)
c(14) 843(2) 1470(9) 3088(2) 55(1)
c(15) 505(2) 4004 (9) 3261(2) 58 (1)
c(16) 599(2) 4552 (8) 3812(2) 56 (1)
c(17) 1247(2) 5284 (10) 4157(2) 66(2)
c(18) 1160(2) 4730(9) 3614(3) 66(2)
c(19) 923(2) . 7838(10) 4344(2) 62(2)
c(20) 575(2) 8704 (9) 4248 (2) 61(2)
c(21) 269(2) 9248(10) 3739(3) © 69(2)
c(22) -38(2) 10196 (11) 3670(3) 89(2)
c{23) ~-38(3) 10616 (17) 4102(5) 138(4)
c(24) T 271(4) 10150(20) 4619(4) 186 (6)
c(25) 580(3) 9187(16) 4693 (3) 124 (3)
c(100) 2600(1) 3753(7) 4292(2) 45(1)
N{101) 2642 (1) 4084 (6) 3838(2) 45(1)
C(101) 2226(2) 4698(9) 4112(2) 57(2)
0(101) 1928(1) 4131 (8) 3578(2) 66(1)
C(102) 2612(2) 1344(9) 4382 (2) 60(2)
0(102) 2286(1) 338(6) 3960(2) 70(¢1)
c(103) 2924 (2) 4818(10) 4795(3) 75(2)
0(103) 3003(3) 6699 (15) 4729 (4) 79(2)
0(1a3) 3240(4) 3680(20) 5004 (5) 63 (4)
0(1RB3) 2913 (8) 5010(40) 5196 (12) 93(7)
o(iw) 0 -1790(80) 2500 151¢17)
0(201) 49(9) 5520(50) 705{14) 129(10)
c(201) -372(16) 4640(90) ~100(20) 150(20)
c(202) -23(16) 5270(70) 270(20) 112(14)
C(203) 229(17) 5170(90) 220(30) 140(20)
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48(1) C(2) 1306 (1) 222(8) 2098 (2) 45 (1) C(3) 1232
(1) 939(8) 1609 (2) 46 (1) 25 C(4) 910(2) 3798(9) 1614
WO )7/685891)  C(S) 956 (1) 3162(8) 2084 (2) 48(PUI/US0@)047571
1160 (1) 1313(8) 2339 (2) 43 (1) C (7) 1286(1) 216(8)
2836(2) 45(1) C(S) 1740 (2) -2980(8) 2365 (2) 49 (1)

30 C(9) 1633 (2) 333(9) 1288(2) 54 (1) C(10) 1385 (2)

- 2495( 10)
33

The present invention is further described in the following examples. All of -
the examples are actual examples. These examples are not to be construed as

limiting the scope of the appended claims.
EXAMPLES

Example 1.1 Form 01-H2-1 of Compound (I)

25 mg of the free acid was dissolved in 1 ml of MeOH. 3 open-ended
capillaries v‘;ere placed in the vial to help stimulate nucleation and crystallization.
Slow evaporation at RT afforded square-like plates and crystalline solids of much

smaller particle size on the capillaries.

Example 1.2 Form 02-SA4-1 of Compound (1)

1. 100 mg of the Compound (I) free acid (0.171 mmol) was mixed with ~0.4 mL of
IN NaOH (0.4 mmol), the final pH was 6.5.

2. TPA (3.5 mL) was added into the clear aq. Solution @ 30-35 °C and slowly

cooled to r.t. in ~1h.

3. Solid was slowly crystallized out from the solution.

4. Allowed the suspension stirred at r.t. for 2h and the solid was collected by
filtration.

5. The filter cake was rinsed with IPS (2x 2.5 mL).

6. The resulting solid was dried @ 55 °C under house vacuo to afford 72 mg of
white solid.

7. Under microscope, it was semi-crystalline solid.

8. The solid was dissolved with 1.5 mL of EtOH @ 50-55 °C and slow cooled to r.t.
in ~1h.

9. The clear solution was stand at r.t. for 7 days and hair like crystals was observed

under microscope.
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869 (2) 64 (2) C(11) 1305(3) -4438(12) 534 (4) 113

wOoQRe)7/0763842) 582 (2) 6006(9) 2048(2) 67 (2) CbdBUS20b6dF571

(2) 567(8) 3248(2) 56 (2) 35 C(14) 843 (2) 1470(9)
3088(2) 55 (1) C(15) 505(2) 4004(9) 3261 (2) 58 (1)
C(16) 599 (2) 4552 (8) 3812 (2) 56 (1) C(17) 1247(2)
5284(10) 4157 (2) 66 (2) C(18) 1160(2) 4730(9) 3614
(3) 66 (2) 40 C(19) 923 (2) 34

Example 1.3 Form 03-E.5-1of Compound (1)

50mg of mono-TRIS salt was dissolved in 0.2 ml water at RT, then 1.0 ml
EtOH was added and a clear solution was obtained. 2 open-ended capillaries were
placed in the vial to help stimulate nucleation and crystallization and the vial was
covered with Al foil. 2 weeks later thin plate-like crystals were formed on the

capillarfes.

Example 1.4 Form 03-SA4-2 of Compound (I)

50rng of mono-TRIS salt was first dissolved in 0.2 ml water at RT, then 1.0ml
acetone was added. White precipitation occurred after adding additional 0.6 ml
acetone. The vial was heated at 80°C until a clear solution was obtained. The
solution was removed from the heat and cooled naturally to RT. Long thin needles

were observed within 2 hours.

Example 1.5 Form 03-DSA-2 of Compound (1)

Preparation of di-tris salt of Compound (I)-di-tris
1. Combined Compound (I) free acid 0.50 g, in 2 mL H20, pH 1.02

2. 3M of Tris amine aq. solution was added into the free acid aq. solution to pH to
7.32

3. The crude deep red solution was filtered through a pad of celite, 3 mL H20 was

used to rinse the celite pad.

4. Acetone (75 mL) was added slowly into the aqg. Solution at room tempéfanlre

over a period of 1h, seeded atr.t..

5. After stirring at r.t. for 3h, the suspension was collected by filtration and rinsed
with 150:1 acetone-water (2x 5 mL)

6. The solid was dried at high vac. for 3h and house vac. @ 55 °C for 24h with
nitrogen bleeding.

7. It afforcded 0.355 g of product (51% based on SM, 60% based on purity of SM).
8. HPLC showed AP>99%, mother liquor has 5-10% of product.
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7838(10) 4344 (2) 62 (2) C(20) 575 (2) 8704(9) 4248

(2) 61 (2) C(21) 269(2) 9248(10) 3739 (3) 69 (2)
WOQO®2)705838( 2) 10196(11) 3670 (3) 89 (2) C(23pCcTABLM)/047571

10616(17) 4102 (5) 138 (4) 45 C(24) .271 (4) 10150(20)

4619 (4) 186 (6) (C(25) 580 (3) 9187 (16) 4693 (3) /24

(3) C(100) 2600 (1 ) 3753(7) 4292 (2) 45 (1) N(101)

2642 (1) 4084(5) 3838 (2) 45 (1) 0(101)

35

Preparation of Compound (I)-monotris

9. 0.35g of di-tris salt in HO(3mL) was added 50 mg (1eq) TFA to pH was 3.3, .
reaction was seeded and heated up to 37 °C and slowly heated to 40 °C for 2h.
Acetone (60 mL) was added into the solution and the solution was slowly cooled .

to r.t. in ~2h and white solid was slowly showed up.

10. After stirre& atr.t. for 3 h, the white suspension was collected by filtration under
N2 and rinsed with acetone (2 x 10 mL)

The solid was dried under vacuo to afford 0.241g (80% recovery, 49% from Crude

acid) of product, HPLC showed >99% AP and NMR showed 529:tris 1:10~1.01.

Example 2.  Single Crystal X-ray Measurements (PXRD)

Single Crystal X-ray Diffraction method was used to characterized some of
the samples obtained in Examples 1.1-1.5 using at least the procedure described
below. Simulated PXRD is also plotted.

The results are shown in FIGs.1, 4, 6, 9 and 12.

Table 9 lists the selected PXRD peaks that describe Form 01-H2-1, Form 02-SA-1,
Form 03-E.5-1, Form 03-SA-2, and Form 03-DSA-2 of Compound (I).




2226(2) 4698(9) 4112 (2) 57 (2) 50 0(101) 1928(1) 4131
WO b@y09BE8 (2) 66 (/) C(102) 2612 (2) 1344 (NCHBERob@)sT
60 (2) O (102) 2286(1) 338(6) 3960 (2) 70 (1) 0(103)

2924 (2) 4818 (10) 4795 (3) 75 (2) 0(103) 3003(3)
6699 (15) 4729 (4) 79 (2) 55 0 (1A3) 3240 (4) 3680(20)
5004 (5) 69 (4) 0(183) 2913 (8) 5010(40) 5196(12) 93
(7) O(1W O -1790(80) 25003851 (17)

Table 9. Positions (degrees in 26) of Selected PXRD Peaks

Form Form Form Form Form

01-H2-1 02-SA-1 03-E.5-1 03-S4-2 03- DS4-2
53 4.3 5.0 5.0 5.0
7.2 6.7 5.8 7.2 7.3
97 | 7.4 7.2 8.2 8.3
10.6 8.5 8.1 9.9 10.1
10.9 10.0 10.0 10.9 11.0
11.7 11.8 11.0 T 144
13.2 12.9 11.6 14.9 15.0
13.8 13.5 12.0 15.4 15.5
14.5 14.1 13.2 15.9 16.0
15.7 14.8 16.1 16.7 174
17.0 15.5 17.0 17.3 184
17.7 16.0 17.5 17.7 18.9
18.2 16.5 19.0 20.1 194
19.6 17.1 20.4 20.6 20.2
20.3 18.5 21.1 21.9 20.6
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0(201) 49 (9) 5520(50) 705(14) 129 (10) 0(201)
-372(16) 4640(90) -100(20) 150(20) 60 0(202) -23(16)

WOZRGTN7PY) 270(20) 111 (14) 0(203) 229 (17) BCTASI@)/047571

220(30) 140 (20) WD 2007/070589PCT/ U52006/ 047571 33
The present invention is further described in the
follow ng exanples. Al of - the exanples are actua
exanpl es. These exanples are not to -be construed as
limting the scope of the appénded clai ns. 5EXAMPLES
Exanple 1.1 Form Ol-H2-1 of Conpound (1) 25 ng of the

free ' C%?t ' q,lw.p,_g in 1 mM of MeOH 3 open-ended
Is?’%llges V\%frjjég%l aced)

capi in the vial to help stinmulate

nucl aBirdrer SMABT\2K L0 diffiactometdd eghipped wigographiter at

RT af f or ded .squar e: i ke.nl at ' ds,.
o oA Rt H50580 RS et leblion s
attharpodm@ tdmperfaairen A2fulAlala st was epliected (sing the @ scdn mbde over

of the, oun L), free acid 71 ) was .
A3k P DO oo p PR ke pEROR G5 AR ehipifica) gbsorption
chirtotith itillzed the SKDABS Pouline apsobstedditidhe diffaétometdr{Biuker

aa$] Sal ut i on {"c) 30-35 C and, slqowy cogled to r.t.

1.0
1998, SMART apd SAINITLL S frgracgiseiar Crawel andInteegaion
Sbitwadd) BHhkQ N XS, Madisbn, WilcOHSR, USA)S USRSl @At E1l phltheters
at r.t for 2h and the Solid was coll ected by
wzot deterpined ysing the ente deigeset.i | t er cake was rinsed with
| PS (2 stenchuZs Wer®solVaEby aﬁg.g:da&gcz,&sow%d&f YiRsq BY iRy b matrix

55C under house vacuo to a of Whi { o sol i d.
least-squdess teshniguesopsing the SIELXd L sofiase pegkage (Shslduick, GM.

1867, SHEEXTE. Sftubfifs Beaaiifitn righate, Véiston 10, 33et Aks,
Malistn, Stiseasis (USAL).aThe finction nfinitnized dmthelrafinerhente was Z(|Fq|
crystals was observed under m croscope. WD 5 12
- P/ RO ReE s AP 6 [FUVESFY| SdhileRapH [Ewk. [BolFJFe)/Zyy [Fol 1,

03- E. 5-1of Conpound (1) . 50nag of nono-TRIS salt
whese Wiis o approptinteoyeighiing/imetion bassit ontereass i Gepbsenved
AL TR FOLARE oSl e BB Y s o ofinmont. Al
nethydiages atoms watd refined withrapgtotopiczheinun digplhcehrent paameters.

dwth fail. .2 .| at thing-
The hydededp ataips dshriatetar i higeRedfRumE MEe ol in the final
diffareideck duribr heapswiisleShe Bosifioiionfthe othea hydifdgay atfns were
c {111%{: Y 'gxix_s al, ea 1z§d fglecrn:“?ltetr}gi IWs'n‘iloslta\mlneddarci Qonod lzenrgTEhS V}a’%& grrxglaeg. They

were assigned isotropic temperature factors and included in structure factor

)

calculations with fixed parameters.

Simulated PXRD patterns

All the simulated PXRD patterns were calculated from refiried atomic
coordinates of crystal structures at the room temperature, by using JPOW software
(Materials Data Inc. 2001. JPOWD. Powder Diffraction Simulation and Structure
Display. Materials Data Inc, Livermore, California, USA).
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10 acetone was added. Wiite precipitation occurred

woaba7e70s39di ng additional 0.6 m acetone. The pePUSYB§047571

heated at 80C until a clear solution was obtained. The
solution wits renmoved fromthe heat and cool ed
naturally to RT. Long thin needl es were observed
wthin 2 hours. 15 Exanple 1 5 Form 03-DSA-2 of
Conpound (1) Preparation of 38-tris salt of Conpound
(I')-di-tris |I. Conbi ned Conmpound (I) free acid 0.50 g,
in 2 H0Q. . pH 1. 2.. 3 f.llri 1 ne aq. solution
Emplﬁd'dedu&# e’ftff’ég%?'gg"% 4 ré(ﬁ?};%a)‘g?} on to pH to

7.32 20 3. The crude deep red solution was filtered

e LBIG pad B tohasacit aed syt of e SRR od Fogmeles

1101.8 ukﬁ% a'i%astsﬂk Lﬂrd)déﬁuﬁtders&%d SOR! TMOBEEXRD is also
eri od | h, seéded at rt. 5. After stirring at

plotted. for 3h t he suspension was col |l ected by

filt [ '?%e,g cetone-water (2x 5

L) g‘% E.Feﬂi was %ﬁgﬂe%watjla%ngr}%vac for 3h and

house vac. @55 t for 24h with nitrogen bl eeding. 7.

It agj Fogg% 5 g of product (51% based on SM 60%

based on ty of SM. 8. IIPLC showed AP>99% not her

| i qudiffeemtisl scdfniof cplovithetty. (DSA) experiments were performed in a TA

In%; %%8 %?;%658 gp égf(y Sf%%g’ag%ﬁe g&{ SEIS aﬁ@ilgs)(ﬁas weighed in an

op&4l8midumaan af slm]iecﬁﬁhmgxt’(l bﬁal)olEEAd recopdedvasutitdy to a
AEEIER OEE TN N N T —

Md?dgl?gm gastdd eoml/minz gmata g@le\:; bene@éclub%tweemm tednperature and
coaQl e to.r In n Ite s | S S
30N E@tAN] /mfoheaﬂfls sates TP plaj vias made wiih the JO?TWM%&

pSiMERgAsVAN was col lected by titration under N2 and
rinsed with acetone (2 x 10 nL) The solid was dried
under vacuo to afford (1241g (80% recovery, 49% from
EGEMAR AC1 O ephio DiRGmel ic Atsis >99% AP and bi/VIR
Khip 20 nePholiDehEl ic diis. Eﬁan}sl e 2. Single

Cryst al X-ray I\/leasurenents (PXRD) Single Crystal X-ray

Di ffHRs ﬁ:a% @agﬁjﬁ

t he sarrpl es‘g%(%al ne ﬁﬁg&tﬂ%r 1- .gﬁ@?ﬁS@%E%mples

1]1eh$wsitigat mast@:dwecede@cdﬂsmbbddw@w Sainpriatest RYRPXRBIS0S

p@kég plotted. 15The results are shown in FIGs.1, 4, 6,
nd 12. Table 9 lists the sel ected PXRD peaks that

des c hle eedadts mrdshomar ih, F1IGsr 2n )20S8Ad13. For m 03- E. 5- 1,

Form 03- SA-2, and Form 03- DSA-2 of Conpound (1): 36

Table 9. Positi ons (degrees in 20) of Selected PXRD

Peak $GA (pern pbn)H2 Form 0244-1 Form 03-E.5-1 Form

(7)3 2S yegn rgrfn?‘glgie%l%‘ga@%@l%(alﬁg) expern:ne%ts5 w(e)re7performz:d?n aTA
Instrm:nents"M model Q500 or 2950. The sample (about 10-30 mg) was placed in a

platinum pan previously tared. The weight of the sample was measured accurately
and recorded to a thousand of a milligram by the instrument The furnace was purgéd
with nitrogen gas at 100mL/min. Data were collected between room temperature and
300°C at 10°C/min heating rate.



10.6 85 8.1 9.9 10.1 10.9 10.0 10.0 10.9 . 11.0 11.7
11.8 11.0 11.8 14.4 13.2 12.9 11.6 14.9 15.0 13.8 13.5
12.0 15.4 15.5 14.5 14.1 132 15.9 16.0 15.7 14.8 16.1
16.7 17.4 17.0 15.5 17.0 17.3 18.4 17.7 16.0 17.5 17.7
18.9 182 16.5 19.0 20.1 19. %glg' 6 17.1 20.4

CLAIMS

What is claimed is:
1. A crystalline form of Form 02-SA-1 of Compound (I):

which is a hemiethanolate octahydrate of di-sodium sait with empirical formula of Ca5H,4N;05P;Na, - 8
H20 * 0.5 C,HsOH,characterized by a powder x-ray diffraction pattern comprising four or more 26
values (CuKo A=1.5418 A) selected from the group consisting of 4.3+0.2, 6.7+0.2, 7.4+0.2, 8.50.2,
10.0£0.2, 11.810.2, 12.940.2, 13.540.2, 14.1+0.2, 14.840.2, 15.540.2, 16.0£0.2, 16.5+0.2, 17.1+0.2,
18.510.2, at a temperature of about 163K to about 183K.

2. The crystalline form according to claim 1 characterized by unit cell parameters equal to the
following:
Cell dimensions: a =6.4392(12)A

o= 99.082(11)°
b = 13.349(2)A
B =95.975(12)°
¢ =21.041(4)A
y = 90.207(12)°
Space group: Triclinic, P-1
Molecules/unit cell 2

wherein said crystalline form is at a temperature of about 163K to about 183K.

3. The crystalline form according to claim 1 characterized by: atomic coordinates as listed in
Table 4.



20.6 20.2 20.3 18.5 21.1 21.9 20.6 WO

2007/ 070589PCT1US20061047571 37 Single Crystal Data
(VE' D) A Braker SMART 2K CCD diffractoneter

equi pped with graphitenonochromated Cu Ka radi ati on,
(A. = 1.54056 A) was used t? col lect diffraction data
at the roomtenperature. 8 data set was coll ected

4. Us 'Tnegcrfgﬂ'ﬁmg rm %@Jbrdﬂirr% §cS }ﬁelrfu%eg Hﬁ% f%%gge%%g % 'anvéel? x-"Flary dlffr?ctlon

cryst tect or I st anc
Patte&'b%‘iﬁ'rpﬁ’f'"%fwe CoPere 2P valves (EUHo 1a §418D sepgirdion tbag'iomeconSlstmg of
4.3:@3,5000 2t rakovd, 8.b+d.5)@0.0id 4, nagionrab e 4 Bsokes, 1AXD 2, 19982,

sl o? ATV e, OB AT 0, o o

USA) The final unit cell paraneters were determn ned
5. USITRgcrystlling Rirrh a€coftiigao 816in. 1 ch@ktbriZed bylgr XLF§ oW Giffraction (PXRD)

patef ot € it el L B L Bt R aierH ot g n i
SHELXTL sof twar e package (Sheldrick, GM 1997,

6. SHE.chy&thlline fSini $iFbii €3-D811QF BbAguh®M: Pr ograms. Version
5.10, Braker AXS, Madison, Wsconsin, USA ). The
ftnction mnimzed in the refinements was Em(W1 -Ris
defined as E11F01- 1Fcl1ll/E1F01 whiPe Rw = [1w 1FO01
-1Fcl) 2/ 1wlF012] 1\Lg 15 V\Ag)er erl)N\l propriate

s i

wei ghting functionj based e observed
b/%a re exam ned at

intensities. Df

al | stages of refindnent|. | non- hydrogen atons were
refined with anis OmC th8rna| di spl acenent
paraneters. The hy rod\p ons associated with

hydr ogen bondi ng in the final difference
Fouri er maps whi e/Phe posHt i ons of the other hydrogen
atons were 20 cal cylated froman idealized geonetry
with standard bond | engths and angl es. They were

assigned isotropic tenperature factors and included in

o B S LMl Bl TR RORRIE Lo, 0

CHsgHich#pigizokhya Mderm ray ditiragtiop patiesrt jompdsing fowriog more 26 values (CuKo
A=1.518 Méer‘e%tea%oﬁfthe%a&fétca:hss%ﬁ% M%touds @% @b 2tf1@+of209 If1"3ro 2, 10 0:0.2,

1ok S001 1 s Pt ey

R T Tofod e ahisgg2t 1402,
a tenfPeratire of abouDR& Pltaghout2ir@r i al s Dat a I nc, Livernore,
California, USA). WD 2007/ 070589PCTI US2006/ 047571 38

Ex le 3. " Differential Scanning Calorinetly (DSC)
DeFagastallae (Y BecRKias 4R B EERE Brunti el @a?ﬁreé%equa' to the

follovodat ai ned i n Exanpl es 1.1-1.5 using at |east the
pr egesidSiofescri bed bel ow. Sinul at ggl Q@Qg) al so
5plotted. The results are shown in FI Gs , 7, 10 and

13. DSC (open pan) Differential sc#hmPhg calorinetry

(DSC) experinments were perforned |rb==167190(k10¥\

I nst nment sm nodel QLO00 or 2920. Tth_ (about 2-6

ng) was wei ghed in an open al um num pan or “seal ed pan

with pin hole and recorded accurat ¢ 33489 é“??gndr edt h

of amlligram and transferred to w$@°DSC. The

| ng*gg,ggg was purged w th nitrogengasinatcpdnm n.
ha\a‘y&fre col | ected between roomtenperature and 300C

at “FUAt$¥ating rate. The plot vas made with the

enderdiesa aystedink ®orib & 4 0 taniperaguralaabout Bdrgnphmuti25°C.

Ther nogravanetric Analysis (TGA) TGA was used

to characterized sone of the sanples obtained in

Exanples 20 1.1-1.5 using at | east the procedure

descri bed below. Sinmulated PXRD is al so plotted. The

results are shown in FIGs. 2, 7, 10 and 13. TGA (open

pan) 25Thermal gravinetric analysis (TGA) experinents

were perfornmed in a TA I nstrunent sTM nodel 00 or

2950. The sanpl e (about 10-30 ng) was placed in a

pl ati num pan previously tared. The weight of the

sanpl e was neasured accurately and recorded to a



Space group: Ml ecules/unit cell a = 6.4392(12)A a=
99.082(11) b = 13.349(2)A 13 = 95.975(12) c =
21.041(4)A y = 90.207(12) Triclinic, P-1 2 wherein
said crystalline formis at a tenperature of about
163K to about 183K. 3. The cr¥st alline form according
to claiml characterized by: atom c coordi nhates as
listed in Table 4. 40 4. The crystalline form
accordi ngll to claim1 further characterized by a powder
8. x- MBSy CriiFling e peRordingtie elain GchaRFtpized BY: Riopis ceprdwatne@aszlated in
Tablwél ues (CuKa X=1.5418 A) selected fromthe group
consisting of 4.30.2, 6.70.2, 7.40.2, 8.50.2, 10.00.2,
80.2, 12.90.2, 13.50.2, 14.10.2, 14.80.2, 15.50.2,
9. 16 Tb*bCfota"t['e fo agcording ta gjaim 6 fytherghamcterized by @ @AWSF %ayrdiiraction
pattedf coaripBsitg fil6 Bkmdre 2atamues (GBRK=1.5518 A wicctel Fbr kHeighkip kcisting of
sogf etk BRSO TEEL 160 DA 05 2R
17.080 17 8+ 0ah 6%9*‘%@,0 4402, 6t afrﬁ:temmr@thretoh@nouszmm dbput 25°C.
FIG 4. 6. Acrystalllneformof Form 03-E. 5-1 of

sal teo(\gljwnsgﬂ&e }orm raccgréang ftoo ?Iw sgt%%g%ﬂgiwger dl;l;ractlon (PXRD)
patteq gf 4 mg@ature@’f @0@22:%6,3@%%& ®raceordnbeywith thes wiakevn iFIGag.
diffraction pattern corrpri sing four or nore 20 val ues

1. ngI] Igea(ﬁéta%mes 4@%%@(’:6\ rd%l%léc(e) % E%gg]erfz?%b)gﬁgﬁger‘%%nsglq_%%é rc]:iinmetry
(DS H@pmdgpanDip ageoid@ncdpgthzhat ghotva G177 0+0 2 17 50 2 19 040
2 20 440 2, 21.10.2, at a tenperature of about 20C to
abaut 25C. 7. The crystal orm accordi n
12. & POHS el ord peepie D S B ereR Bt Grgt s sl analysis (TGA
diagrefdn dcgdriensg with tha@leshdwrdip fiéhdi ons: a = 35.594(2)A a = 90 b
= 6.2790(4)A f3 = 97. 080(3) C = 30 6961(19)A V = 90

P noc c
13, op BB R B i 5iF bl Meests St shEto e gpotatine
form genorsing20¢king . kasedien P& Eesight 4fthe GompPhitione anydsftrdtier cameri§ing an
phard&de0ticdi dagiet. 0 cl ai m 6 characterized by: atomc
coordinates as listed in Table 6. 9. The crystalline
formaccording to claim6 further characterized by a
14. politeearystalipexfprrel pgcpiding td @aim P awhessimsaisosaty of Ginmgurid (és sobstantially
pureore 20 val ues (CuKa X=1.5418 A) selected fromthe
group consisting of 5.00.2, 5.80.2, 7.20.2, 8.10.2,
10.00.2, 11.00.2, 11.60.2, 12.00.2, 13.20.2, 16.10.2,
17.00.2, 17.50.2, 19.00.2, 20.40.2, 21.10.2, at a
tenperature of about 20C to about 25C. 10. The
crystalline formaccording to claim®6 characterized by
an X-ray powder diffraction (PXRD) pattern, at a
tenperature of about 20C to about 25C, in accordance
wth that shown in FIG 6. 11. The crystalline form
according to claim6 characterized by a differenti al
scanning calorinetry (DSC) thernmogramin accordance
with that shown in FIG 7. 12. The crystalline form
according to claim6 characterized by a therno
gravinetric analysis (TGA) diagramin accordance with
that shown in FIG 7. 13. A pharnaceuti cal
conposition in solid formconprising at | east 5 weight
% of the crystalline formaccording to claim1, based
on the weight of the conposition, and further
conprising a pharmaceutical carrier. 14. The
crystalline formaccording to claim1, wherein said
salt of Conmpound (l) is substantially pure.




