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G oy,{ﬁjglfﬁghhle}) oMtk StF uct ures of SGLT2
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amTNP QGBS sl 8T CRAH TGRS WER ﬁ{EY*EﬁﬂelTMﬁM Wet bf @sreand
nmet hods of treating disorders, such as di abetes,

t herewi th. BACKGROUND OF THE | NVENTI ON
10[ 0002] Approxi mately 100 mllion people worl dw de
suffer fromtype II I}Itm ichis
characterized by hypiéﬁrf#?ycem a due rlgdéwxcesm ve

Shepbilc grbepesnpinoeivhirdaeandrepecid phigmatphictsidtdl Btructures of

re .. the root cayses for which. are as yet
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di abetic conplications and beta cell failure seen in
advanced 15di sease. [0003] Pl asma gl ucose is normally
filtered in the gAéR@ijth@F BN PIERd actively
reabsorbed in the proximl tubule. N net%/ per cent of

10 gl 982le r dpproakestiin 1§hailkempreple sveeldweleisntferifeom type I diabetes
ep l. t
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t hat edom nant | ress ed in the e
S giein b SR Biol B P e Luh Ry peys gy gge
t hfhe ey QéprichbSsheti€ Eori R RIS laﬁxi et @l fhiRirs sdeR Upidaked
g substrate specificity, sodi um dependence, and
15| oli5$%%ati on of SGLT2 are consistent with the
Pr QRest i eslaha gm@oslallgltbrmmkéryd inlki@el inink lélomemlus and
sodi um dependent gl ucose transporter preéviously
chagtelyeeabseried iy thiuprarmebinbyle alNinkiyaeeogntd glicasg| reuptake in the
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Riﬁ?%&)actfczurgllrpth ltl‘IehﬂQ:ellJ’%g%ém&h]g%@ ﬁ%lﬁe?lp?iﬁ%%@ngﬁ:omcal
copmam‘qb obuker SGAT2het Bl arme(gmmlbl ogfn ¢0h@11pmg)bd nrethbrane-
t u? #131918 ?égglcgtq\{h It 1isupe} %JCO d%aaltl?/ < p&%ﬁ&e I]n(’.tihe earlgtgliJ %ggtsﬁr?ent of the
c oreme})pm)emahhblhesx; adlkbly tabe tntniage masspottergedpunditsio tir Gﬂﬁq

peci fj 0 SGLT2 umans, tations . in

o vaPe o ou Bt Rt e st foprderes pd BRatiAior SoLT2
gl R @S A dteht wRE e tbisbirtieg of th'éllﬁgﬁrcaﬁe}éitﬁ 1966 @ffRHity { 08ium-dependent
primary role of SGE.T2 in renal ucose reabsorption.
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predjcted to reduce plasma glucose levels via enhanced
gl e delacasg epteamprsyiter i tal %bs@gm@nt@éthemgmal tubule, since virtually all
[O lig§ ti [
paﬁ?%&?dco 6} Sse tpdﬁ,sﬁ%!n cf?\ﬂ ncc%gd];??lgﬂléqgfé&ﬁ?ﬁ efine cortex is
t heahébited by am:mtxsémg bhmsdemtraletsﬁmxfwrto e SGLARr Gblyumam
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30 of peivgiiipf fustikddevigastk OB peEshyNBle oFiSde Tefif Ra41%lucotdVVARY
OF THE | NVENTI ON 1000510ne aspect of the invention
r ef2PEPtog- &t §psh pitiedis, i5a4! m%@%qugn@ ERPOURIOBSS Alrriie
formula | HO HOV CH, pharmaceutical conpositions
cont ai ni ng crystal structures of conpound I, including
the (S)-propylene glycol ((S)-PG structure Ia which
is form SC 3 OH Conpound | al 15t he (R) - propyl ene
glycol ((R-PG structure Ib which is form SD-3 Okt
OH Conpound | b OH Conpound | c the ethylene glycol
structure Id which is formSB-1 Ot HO \-\2 H20 HO
Et hyl ene d ycol Conpound | e Form SB-2 processes for
prepari ng such crystal structures; the 1:2 crystalline
conplex with L-proline structure Ih whichis form3



Conpound Ij the 1:1 crystalline conplex wth
L- phenyl al ani ne structure 1k which is form2 Conpound
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di seases using the crystal structures of the conpound
I, conmpound la, conpound Ib, conpound lii, compound
i, conpound |Ij and conpound |k, and conpound Il as
defdnaedinhes@inSRA0GIoTRE be &@@i@iéﬂ% eﬁucfeq;iazyia %mcosene\telibevla
formof a non-crystalline solid is disclosed in U
Patndpficeiglucese syasetiopgn disheliciadtbsure of which in i t s
e ty t
e @pfﬁion $§%alg§]gl§@e;&§g@gg%a malﬁéﬁcﬁﬁtﬁeglastqﬂﬁﬁ nofRE blama
c rglmoad: by ﬁélamﬁng:tbnpwmbnld ghbadse i tha srind) ¢hesdby uumpmwmg insulin
(}I er]fsq v1ty gn d?egamnfg i cgevdllopm%qa%s a{jllggﬁjﬁ_c ]Cgﬁléﬁéjatugl?s? i_nghg Ibsence of
pr@@eSSmf@mv@nEﬁamln@:ﬁﬂﬁh.crystal structure and usi ng
such crystal structure to prepare crystalline conpound
la (S)-PG are al so provided. 15[0008]In still another
aspect of the pfe§@NﬂﬁAR!ﬁ®Fh@ﬂan@vﬁﬂYﬁ@ﬁ'|ine

nEound g which has the structure OEt fg al so

¥ ed P wgeq pbthe givaptimaplates ooyl é*m‘:t‘a"%lo & prpewsiof

fqhegﬁﬁgﬁqlng the di met hanol solvate Ig and using Ig
to prepare crystalline conpound la (S)-PG are al so
20provi ded. WD 2008/ 002824PCT1US200P¥071749 [ 0009] The
di met hanol solvate Ig and the @ &- b\t yne-di ol sol vate
If may be used as intermnmed pr=t'he preparation of
crystalline conmpound of fq
5[ 0010] I n yet anouhé

i a’l of the invention.
ct of the present invention,
a process for the pr oar.L}on of the crystalline
conpound (S)- PG of H%e .trQHture la (SC-3 form is
provi ded CEt HO HOVHOH 'C H3 H20 HO OH

o;{hﬁgoun t K@l com \ggré corrﬁ% % sgaﬁlgtmcttur%s(g%gm 011 I dl ng ing
Sethe éﬂ)-plnm)zle]:@,gﬁ(féﬁ,((saH’Cf)lshﬁdurE)éa:embb is f2dn SQOSOS,
Exanples 17 to 20), Q@ he structure OCEt Conpound
A treating conpouQP an al cohol solvent such as
nmet hanol or et , . aqueous base such as sodi um

3 eIevated tenperaturg, if necessary

hydr oxi de, an f necessary, under an inert
acj d such as 15hydro Tl% aC|d g

9
at nosphg
addi H§ a

neut r al,d o €act i 8 mi Xt Ui, for%cmmoud | Jof
the structgre CEt OH Conpound | , and treating®the
reacti on mxture containing conpound I with an organic
sol vent such as netdmpoubd Ibut yl et her, an aIkyI acetate

ch a fe t acet r opyl
oot ar dn B biswp e B (F PRty Mo bish el Syt of
optional |l y addi ng seed o5 of (S)-PG conpound |a (SC-3)

to the m xture, (S)-PG conpound la (SC 3
form. [0011] anot her aspect of the present

e

invention, ess for preparing the crystalline
CoNpHM PG of the structure [dn,(SP-3 feom Bkt
Yo * HO + HO OH or /’CH3
OH
Compound Ib

b}
S



| bHO HO""OH OH CH3 H20 HO OH 10(R)-propyl ene
glycol is provided which is simlar to the process for
g (S)-PG (SC-3- form) la described a
wo@é@%ﬁ%ﬁz that (R) - propyl ene glycol is enpl oyed%*ﬁ‘w%%@-’””
of (S)-propylene glycol. 15[0012]In still another
aspect of the invention, a novel process is provided
for preparing conmpound la Crystallinela (S)-PG (SC 3)
whi ch |thmth@elsortﬂmos?ﬁlﬁpoldflhydw@ﬁmﬁ@lﬁakéﬁdhéb‘ﬁ HRIES Aofl
the structure OEt OH to renove bhe nethoxy group by
treating conpound B (prepagedsag described in U S.
5Application Serial No .\4/7-1 75 filed December 23,
2003, Exanple 17), @ arline solvate such as
t he di net hanol 19 or the 1, 4-butyne-di ol
solvate (If),"4ith a redu0|ng/agent such as
triethylsilyl hysrigezgad ah &ct®at P ng2§tdup which is
a Lewis acid such ag,BF3. Et 20 or BF3. 2CH3COOH,
preferably BFS.ZC}BCEEH, and an organi c sol vent such
as CH3CN, and added water, &mmnat! ilmg out the
10conmpound of the structure HO HON' OH and treatlng
conpourtbe ¢thylpacglys) Stﬂ\cb'midé’ﬁéclg'ls)ﬁé’m SB-h the presence
of a solvent such as t-butyl ngthyl ether, optionally
W th seeds of conpound g )-PG, to forn1a crysta
and separating out

[ 0013] The abaye mrAfcess of the invention is a one-pot
oper ati on Rfhi ch mini mi zes- t he Hx oducti on of

i nt er medi at @y KeStbhing in inpﬁovgd yi eRdand
priority of thedy nal crystallineHonpound Ia.

[0014] The crystalline conmpound Ia which is also

referred to as Efgrehedividiopyl ene 5gl ycol sol vate of
velseor yst al FITHEVH

conpound | is a rrwelseerysta ucture andnis
part of the present i nvention. [0015] The conpound of
5f or nul ahgethdaes Bredsinicaree wigchys & din US

application Serial No. 10/745, @b fil ed Decenber 23,
2003, the disclosure of g¢highyin its entirety is

i ncorporated herein by arepce. 10 [0016] 1 n anot her
aspect of the present veNit 1 on, a process is provided
for preparipg apeoqpho- Et OH di hydrate (ethanol or EtOH
structure) rm|SA-[1 having the gructure Ic OHic
15whi ch i ncl udeS™~{N&mit eps of .di sselying eappound | in
et hanol and cooliBg the solution tonw0C to form
crystals of formula Ic form SA-1. [0017] Conpound | may
be prepared by di ss%hylengﬁ% (r)lgpoungorﬁol Mg ethanol by
preferably heatin forman oily product
whi ch is conpound 1. 20F0018]In yet anot her enbbdi nment
Ofpﬁhﬁm$ﬂwﬁmﬁm@mgm&hmnamﬁgﬁwHS%prOV|ded for form ng

Ei ny | onfbe EFe0iA Brea PG 1 G IR THET G it S

of di ssol ving conpound T|n aqueous et hyl ene glyco
preferably with heating, optional |y, upon
cool i ng, addi ng seeds of the (S)-propylene glyco
crystal 5form SC-3 (la) to the above sol ution, and
recovering crystals of ethylene glycol dihydrate form
SB-1 (1d). [0019]In an additional enbodi nent of the

i nvention, a process is provided for form ng the

et hyl ene glycol dihydrate structure form SB-2 OEt HO
HO He"OH\ -\ 2H20 HO Et hyl ene d ycol Form SB-2

-3




whi ch includes the steps of: di ssol vi ng conmpound |
i n aqueous ethylene glycol, preferably with heating;

wO zpsoesad | y, upon cool i ng, adding seeds of theCT/GS2007/071749
nono- Et OH-di hydrate crystal form SA-1 (Ic) to the
above sol ution; and 15recovering crystals of ethylene
gl ycol dihydrate formSB-2 (le). [0020]1n yet another :
enbodi ment of the present iavenki gn, @&eprocess is i
provi ded for preparing th e 1, 4- butyne-di ol *
solvate If OEt ., 4€Q-P{h tqdes the steps of
di ssol ving the base ¢onppund in an al kyl
acetate such as etHyyl ~p€é&loat e ropyl jpcetate or butyl
acetate or an al cohol gguch ap 1'Sqgproppanol or butanol,
or water, adding 2-butyne-1, 4tdi ojp~tgy t he sol uti on of
conpound B, heating the resultin§ m xtlye until the
di ol dissolves, cooling the m xture, and recovering
crystals of 1,4-butyne-diol sdiommeendh. Tol uene or

hept ane nmay be enpl oyed as, an anti sol vent when the
sol vat & #:YF%’M&@E ecip wgh Lwraﬁleérmma}c\@v% @ form 6
10100211The 1, 4- but yne-di ol | foecan be i sol at ed
and used to prepare conpo @
conti nuous process £ i

Pra G s-as descri bed
herei nafter. 100221l n addition, 4~ another aspect of

the present inventd®dn ya“rocegs fpr 15preparing the ,

crystal l i ne di net hanol oisol vate 1g\is provided G

wherei n the base conpound B 1002 i1l further in

accordance with the invention, a“process is provided

for bSpreparing the crystalline g&ﬂﬁLpgﬁol_solvate g

wherei n the base conpound B is dissolved i'’n a m xture

of et hignehlityakePBhOL:1ichsAlFeXbMpRx Mith L-proline structure Ij

nmet hanol / t ol uene/ heptane, or in a m xture of
5 meYHehis f9 ol aene/ et hyl acetate or other al kyl acetate,

with seeding with seeds_ofc dinet banol sol vate 1g.

100241The di net hanol @ @ and the

1, 4-butyne-gj @ SINE may~be used 10to prepare

crystalline conpound |a as_égscribed herein. 1002511 n

yet anot her asPecy (’ﬁ)cheH rgsent i RVaIstH,oN, | dpr ocess

for the preparatien of the ckystalline 1:2 conpl ex

wth L-proline of the struct Hh (form3) is

provi ded OEt HO HO\'#"/OH BH -2 Conpound 1h 15which

i ncl udes the steps of prow.dj mpound | of the

structure Owve HOV970 Fi(ﬁgéﬂfggﬁggted wi th nethanol to

formt hie Icr yisttallihe cenéneitihbptbnydahnisd @rubtyre Kk wihich-is form 2

CEt OH Conpound | form ng a sg]ution,gf L-proline in

wat er and an al cohol sol yént " su 35S nmet hanol, ethano

or isopropanol heajem tg ‘ alure within the

range from abod¥ 70[t oTabout treating conpound I

in an al cohol solyel hanol , et hanol, or

Si sopropanol, with t
(containing two tines the nunber
as conpound 1), and cooling tHze
about roomtenperature to form c@mpound |Ih. 100261In
still another aspect of the preg-np"invention, a
process for preparing the 10crystalline conpound 1:1
conplex with L proline of the ®mpgetdike |j,dform6) is
provi ded Conpound |i which includes the steps of
provi ding conpound |, treating a solution of conpound
I in an al cohol solvent such as ethanol or nethano
with a boiling solution of Lyproline 15in an
al cohol /wat er sol vent such as et hanol /water (enpl oying
about five tinmes as nuch conpound | as L-proline), and
cooling the resulting mxture (for exanple to from
about -10 to about -25C) to form conpound Ii.




WO 2008/ 002824PCT/ US2007/ 071749 1002711 n still another
aspect of the present invention, a process for the

&ﬁ@ ion of the crystalline hen1hydrate 0

\vogg %%Emnth L-proline of the structure Ij %CEH%Z&W%7TM9

H.5-2) whi ch has the structure 5is prOV|ded whi ch
includes the steps of providing seed crystals of t he

:1 conplex with L-proline (structure Ii

meﬂl@d&t ?féreéfé%’ad%be;ﬁé g &latgd digegiepgnghe ﬁrYétalz%ﬂC@aeS of the
Sol:(%;bd&ﬁd 0fchm %»Quntan 8REOurdiTb LcoRp S d TR, @R oM AIRFodkd;

an al cohol’/water solvent, and cooling the resul ting
m sd goapgundylky @rtdp@rna@lmdél fy dedinetblsRin- 10 to -25C to
formthe hem hydrate structure I] (formH 5-2). 10
1002811 n yet another aspect of the present invention,
5a ﬂmmﬁbssThecmmﬂmpaofMQthkhﬂmdﬁmmyéaamrmmsamoﬂpﬂEXS

ottt 't 05 BV aehS Ehifiei b BalbAiiEt i g

f ofdbipgradedS@teii byoRfeddncd. - phenylalanine in 15wat er
heated at from about 75 to about 85C, m xing.the
L- BHAAY | alniddionsigianethesnget of tomsatng. acrngg 14 GfgopRepnd
r e sl dibighs S tskige to from about 75 to about 85C, and
allowing the resulting solution to cool to room
tenperaturet()fornwconpo-nuﬁk. WO
2008/ 002824PCT/ US20Q7 %7 [ 0029] Anot her aspect of
the invention rela t Q6 ystal structures of a
conpound of th ‘uala Il R4 R24A\. 3cHO H- \R2
HON' | i Z)Hod7T Oy H ¢ which i$ alsg referrgd to as
the (9S)- prop\xi rqalycol ((S)-PG crystalline
structure M R, R2 and R2a are
i ndependent |y Witirogen, OH, OR5, alkyl, -OCHF2, -OCF3,
SR5a or hal ogen; R3 and R4 are |ndependently h¥drogen
1004, OR5b, al kyl, al kenyl, al kynyl, cycloallcyl, CR3,
efei‘r@(g: tﬁ@*l%t&ne-o@é@@ﬁ@’aor “b B@%ﬂ 561@@ rand
g%"% O%'S(m)hs - CH( OR5d) Red, % W
- NHSCO2 FggprocesNﬁqgmpryn g s quclggggal etlg@:@hmd ug@%h crysta] structure
-S ed heterocycle
mhﬁ%ﬁ%%$ec %ﬂ?g%%) or %‘ﬁ%?é?%gggﬁga?ﬁﬁkhe ring which
are N, O, S, SO, and/or SO, or 123 and R4 together

ISXniﬁﬂgﬁ]Z d(f Eloan%thgﬂp as\é\@ct 81h thE: ﬁre ngwen %)tngc regg(al { &8 ng)%und Ig

hemekmcwﬁmeqManh nay_contaln lto 4 heteroatqns in
15the ring which are N, 0, S, SO angéor SO2;
R5, Rs, R5b, Rs, R5d, Rs, RSr, 5 and R5' are
|ndependently aIkyI and Rs, Rob, 126 and
Rd are |ndependently hydr o : aryl al kyl aryl
or cycloallcyl, or d AR

nitrogen to whi chH® hey
five, six or seven ~

tached form an annel at ed
,g et er acyel®twhi ch may
contain 1 to 4 20heter ons in the ring which are N,

0, S, SO and/or SO2. 1ll30]|n addi tion, in accordance
with the invention, pharnmaceutical conpoéﬂtions

Confs§ HIRLAG 18 o t'hX Sél%'ethiﬁ& lé&‘v#r’e 28 ér%”&?%g}g Db Y ﬁ

pr ocesses for suc st Strucldredr are
aI dongoliaavi Qﬁbedtc Ig Sn(.ﬂ.ﬁlﬂ}%]lkﬁt pﬂebaraﬁl@ftthmhe agpeihd of (S)-RE are also
|nven%!$n relates to crystal structures of a conpound

f EREformula 111 HO He VOH OHIIl which is also
referred to as the (R)-propyl ene glycol ((R)-PGQ
crystalline structure II1, wherein R

and R2a are independently hydrogen, OH OR5, alkyl,

- OCHF2, -0CF3, 5-SRba or halbgén; R3 and R4 are
i ndependent |y hydrogen, OH, OR5b, al kyl, alkenyl,

al kynyl, cycloal kyl, CF3, -OCHF2, -0CF3, hal ogen,

- CONR6R6a, - CO2R5c, -CO2H, -COR6b, -CH(OH) R6',

- CH(OR5d) R6d, -CN, -NHCORS5e, - NHSO2R5f, - NHSQRAryl,

- SR5g, -SOR51', -SO2R5i, -SO02Aryl, or a five, six or
seven nenbered heterocycle which may 10contain 1 to 4



3 AcO 141411/ 4A R2 Ace ytiiiOAc OAc Compound C wherein
R, R, Ra, R3 and R4 are as descri bed above;

WO 2R0888a82hg conpound C with an al cohol sol vent PETAR2043/071749
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nmet hanol , and aqueous base such as sodi um hydroxi de,
and water, if necessary, under an inert atnosphere,
and el evated tenperature to form conpound D of the

st [puegdjur eTiAdiietand ol (oMaabNH4-Bughe diol @dtatd g ntak,i B¢ used
reacti on m xture containing conpound D with an %?mc

s oSVRIREeflifgss dhthy PropatHen ok crmlw cempeynd oirﬁOlmui@w of
acgtakgnsuch as ethyl acetate, nethyl acetate,

i sopropyl acetate, or butyl acetate, and (S)-propyl ene
gl ycol, optionally addi ng seeds of (S)-PG conmpound 11
to m xt nd 4

St llﬂf)pﬁ an o{ﬁﬁ}‘éﬁ %aoél%g C{p%t?gf {lﬁ’érep (r%etg Ve t(?(l%ﬁv J‘ocess [f(g)rq}% gre&aratlon
pr dfcksgydtdingroapanidi)-Pieof ﬂ&mtmsmml Iki($1® 3 dorrrp onmdwded

(R -PG of the structure H OH et R) - propyl ene

glycol I'll is provided whigh } Imlar to the process
for preparing (S)-PG I}—gesé d above except that
(R) - propyl ene gl ycol snployed in place of
(5)-propyl ene glycel A5t0035]1n still anothegy aspect
of the inventiPon, ovel proceﬁ IS I\P ed” f or
preparing conpou w4 R R3, 01BHl' z\ HO
--CO R21-120 H I ch incl udes the step of

reduci ng a conpoun8 E of the structure R4 R24y/ \R3
HOThThC R2 Ove HOV' ///0 H @PT“H‘B’(’V\H?ch is disclosed in

gé\,%]iﬁlgg%uid ahé & %?'i} dnl[ngz% qor Zgr og%é%aréc{ a%%e%@ﬁ)gm%.&

0 re reatin
c cappbeatign Bendl No. wlﬁmlfﬂgﬂ Dg:embc:r Buzdv3aBxamples 17 to 20), of
tr1]|l_eth%lt3| Iyl hydride and an activating group which is
WE™MRi d such as BF3..Et20, and an organic sol vent
such as CH3CN, and water, separating @ut the conpound
of the structure D and treatln gnpgound D with
(S)- propyl ene glycol in 15 sepce of a sol vent
such as t-butyl net hyl ether fonally with seeds of
corrpound I ((S)-R9 y~#Orm a crystal slurry of
compound 11 ((S)-PG ahd eparat| ng out conpound I
((S)- PG . 100361The‘\ca\bo € ‘fesscess of the invention is
a one-pot operation whi ®cm nimzes the production of
intermedi ates. 5 BRI EF DESCRI PTI ON OF THE FI GURES
100371The invention is ilhMssfAted by reference to the
acconpanyi ng draw ngs descri bed bel ow. [0038] Fl GURE 1
s hpEin€ edripthuad Bdvilisdnaldoaabrdivaht s28Ds maBhnabsemaast, 4

(experinental at roomtenperature) powder X-ray

di FAPAS CPEFUFsEadiHg hyfiroxKle, qndywapss i EF%%S%‘WL Wér an inert
STAMBIPAER, 4 cle9bied dnfeurl, QPR 1?435\/\% aft Q&H@uc@bé erved
(experinmental at roomtenperature

di midragslorip acip & neairalizsfthe Ihectl(opz)rmxn@ecwgmmmmnd 1 of the
sthiei,ure b, [0040] FI GURE 3 shows 13C NVMR CPMAS
spectrum for the (S)-PG crystalline 15structure la
SC-3 form [0041]FI GURE 4 shows 13C NVR CPMAS spectrum
for the (R -PG crystalline structure of |b.

[0042] FI GURE 5 shows a thernogravinetric anal ysis
(TG curve of the (S)-PG crystalline structure of Ia,
SC-3 form




20 [0043] FIGURE 6 shows a thernogravinetric analysis

(TGA) curve of the (R - PG crystalline structure of

I form [0044] FI GURE 7 shows a differ e
Wos?g%ﬁ’w‘ﬁ?‘ﬁg calorinetry (DS e) thernogram of thg%?@?@a071749

crystalline structure of the conmpound of formla, SC 3

form [0045]FI GURE 8 shows a differential scanning

calorimetry (DSC) thernogram 250f the (RL- PG
crystalline structure of |b. . 9 shows an
observed (experinental at roo ure) powder
X-ray diffraction pattern of t yne-di ol

solvate crystal line stryctyrest. [0047] FI GURE 10
shows an obserVed (expernfienfal at room tenperature)
powder X-ray diffraction'patt,ern of the di methano
sol vate crystalline stUct reoﬁg. 30[ 0048] FI GURE 11
shows a differential scann?%g cal orimetry (DSC)

t her nogram of the 1, 4-butyne-di ol I crystalline
structure If. WO 2008/ 002824PCT/ u%g’B%’%'g“flmg

[ OQ4Ph&bEHIRE rdbétiSIANSura c6ltdihiBE 86thpRhd $ 6@NAh Banic solvent such

calorinetryqéDSC) t her nogram of the di nmet hanol sol vate
cr ysnathyl trhatyd ethgie ey plsyigeetpty sughoe sty R caaREmehykacetpts,

cal [ = I : :
colh el L] Sl 0 KL i s
5t enh@i-RGuospopeind €8C-R) foahe Baitdre rtaderimgS)-patcompasmddh (3G:a
1:2 ksproline conplex crystalline structure I'h, form

3, TE%. 100511FI GURE 14 shows cal cul ated (sinmul ated at
-40C), hybrid (at roomtenperature) and observed

(e j ment al, at .room tepperature) powder X-r .
G TR G P riRget FBE bt M BeEbrotsiy Rpreparing e
cr ysk@iling Bengduhll B UFE of the str@iurt & (SB-11orh§052] FI GURE 15

shows cal cul ated (sinul ated at -40(%Et hybrid (at room
10 tenperature) and observed{%e eyi nental at room
Ffr

tenperature) powder X-ray d on pattern of the
I ne structure Ij,

1:1 L-proline hem hydrate
formH 5- 2. [0053]FI 36 shows a thennogrQ%Lnetric
anal ysis (T®BA) cirveyoffthe 1:2 L-proline_zeﬂb ex
crystal line structuré of,Lh, form® N1H0 oy

15[ 0054] FI GURE 17 Sshows, a t hernogravi netric anal ysis
(TGA) curve of the 1:f”L-proIine conpl ex crystalline

10structure of li, form6, N 1L{R{GOEEIIBRIRE 18 shows a

t her nogr avi.netric .anal ysis (T curve t 1
e o s A O SRR
H. GeslribddBo6td dxk&guiRfat IFD-shpneealydbifif employddah preasnisng
cal ori metry gDSC) t her nogram 20of the 1:2 L-proline
CoRIPER CEYA al | i ne structure Ih, form3, N1,
[ 0057] FI GURE 20 shows a differential scanning
calorinetry éDSC) t hernogram of the 1:1 L-proline
5cr yida) | i hestdlanpibexasgeqt gethe merifon) ¢ novebprases ispravided for
[ 005 o hows a differential scanning
ca?gﬁ%ﬁgg%gg?%%%§ thernogram of the 1:1 L-proline
hem hydrate crystalline structure Ij, formH. 5-2.
25[ 0059] FIGURE 22 is a schenmatic representation of a
conti nuous reaction set-up. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON [ 0060] The present invention provides, at
| east in pan, crystalline structures of conmpound | as
a novel material. 30[0061] The term "pharnaceutically
acceptabl e", as used herein, refers to those
conmpounds, materials, conpositions, and/or dosage
fornms which are, within the s?ope of sound nedi ca
judgment, suitable for contact with the tissues of
human beings and animals wthout excessive toxicity,
irritation, allergic response, or other problem
conplications commensurate with a reasonabl e
benefit/risk ratio. In certain preferred enbodi nents,
the crystalline structures of conmpound | of the
invention is in substantially pure form The term




15t hennogravi netric analysis (TGA). PREPARATI ON COF
CRYSTAL STRUCTURES [ 0065] The crystalline structures of

WO 206880028%4ent i on nmay be prepared by a variety oPCHESHOUET1749
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including for exanple, crystallization or
recrystallization froma suitable 20 solvent,
sublimation, growh froma nelt, solid state
transformation from another phawe, crystallization
froma supercritical '
Techni ques for cryst

or recrystallization of
a solvent m xture include,
S ion of thg sol ygnt, decreasing
t he tenperature of 1he solvent ure,.c @tal
seedi ng a supeoSaydr4ed sol vent TeH,ur e o t he
nol ecul e 25 and/om salt, freeze drying the sol vent
m xture, and addition of antisolvents (counter
solvents) to the | MShte M xture. High threughput
crystallization t QP $LIgs may be enpl oyed to prepare
crystalline structures, including polynorphs.
[ GRB8] xﬁxwetsalhesst@fofdédmeﬁ:g aicOGbsitid o MAd fhRfuphS, et hods
of preparation, and characterlzatlgn of drug
crystals are discussed in Solid-Ske em stoi of
Drugs, S.R 30Byrn, R R Pfgi and J. G Stowel |,
rd Edition, SSCI, West Laf di ana, 1999. WO
2008/ 002824PCT/ US2007/ 017491 0067] Seed crystal s nay
be added to any cﬁys 5 £ |on m xture to pronote
crystallization. As I p Clear to the skilled
artisan, seeding |s(ﬁse\ as'a means of control ling
growth of a particular @fystalline structure or as a
means of controlling the particle size distribution of
t He reproys thal mdthre&yrgrwdvﬁreaﬂxmnubiomgj § (prc;azlreﬂuﬂs dtsooihedin U.S.

unt S Z of the
¢ Uyt RHr AN R 2 ORGRS DEERERES, S0bd, ReadiE £10h
prothm‘.linepsalvhue cheh zashedBmethadv ehlvdtorg (&XHHTDJ!—Butyndf}dlol solvate

W AT SRR O PR S0 ARl et S whic
1974 1Lew® ama619ch?azhF;;-rEQOQEﬁTE:EQbH;@@@@iSp&ferWBFyﬁEHﬁ?@I@
needed to effectlvely control the growh of crystals

i gl A OtgaRiE Folvags el 25 CHs R} qnderiged \ﬁaéfgf yeuganErtihed by

skggbggm(ggglhhh&gl or mcronizing of |larger crystals,
or by mcro-crystallization of solutions. Care shoul d

be taken that mlling or m croni O5% crystal s does
not result in any change in_cr¥'s inity fromthe
desired crystal structure ¢1.%. afige to anor phous or
to anot her pol ynorph). p8]/As” used herein, the term
"room t enper at ur elo Or denot es an anbi ent

15t enperature from?2 0 %50 (68-77F). 100691l n
general, in preparﬂﬁb ckysPHl i ne conmpound | a as
descri bed bel ow, solven?%s) will be enplbyed to enable

I | a ref erabl
SR cOeb 1 ST S BrohdEn A RAMs bfser B PGB ribwen
Cray sbaly]rmaﬂql cthom optivghaldyf with eeedt sfoiippend la ((SPPRE) to FEm%
of the inveption ac ordln to the fallow
0 et R SPeoinBh EIE ki Fviiliend cpibousdigRe) PO
OEt 1. Et3SiH, BF30Et2 or BFSZCHBCOOH H20 (1 eq.),
CH3CN 2. MIBE, (S)-PG and Seeds 3. OH
Cycl ohexane 01-1 (Crystalline) compound (la
((S)-PG form SC-3 100711As seen in Schene |, conpound
Bor If or 1g (collectively-geferred to as conpound B)
wherei n conpound B in the formof an anorphous solid
or crystalline 5solid (If or Ig) is treated with a
reduci ng agent such as a silyl hydride, preferably an
allcylsilyl hydride, nore preferably triethylsilane
(or triethylsilyl hydride), in the presence of an
activating group which is a Lewis acid, such as BC13
Me2S, BBr3, BF30Et2, BCL3, or BF3 2CH3COCH,

‘l\";Lw ;'Jl



15 [0073] The crystalline conpound of the structure la
((S)-PG form SC-3 of the invention nmay al so be
\NOQB hed according to the reaction Schene IT W7 /07174
O SENE 110 4 - 45 e NaOAC Pﬁgﬁe 7T
eq. (S)-PG and seeds 2) Cycl ohexane FK]C}B beI/CH
H20 HO" OHOHla (5)-PG form SC-3 wherein corrpoundA

@HgateSMMAth an alcgg’I sol vent such as net hano
et K ¢ abavg BrGEYI° e dipisBion lﬁPSF%P%Ib’PW%’t ‘H]élﬁ]b
Wahﬁ’ﬁmﬂiéﬁi RGP AR PR 8 SeAMindliK Shproved VBl @hnd priority of

hydr oxi de such as NaOH, KOH or LiOH, preferably NaCH,
pr drediabirystalieresompaundiler t at nospher e such as nitrogen,

at l e

S e T LR S R st e

5t 0 gbf@@lmﬂb’@wmmnbdund [ B@'/M)]@T Itrefsadm@(stmchk}ased wiphilt obthe present
Iwg%ed in a nolar ratio of conpound A within 10t he

range “om about 3.5:1 to about 5.5:1, preferably from

abgamu5B: 1 Thecahmuhd 5f brmild BT Ghorbheus oot IR LI S,

cont Jn| s trea tth an organic
o PR R Lo 1B 5 P L5 Pt 2 B e el okyich
acqf i @tinsy Hexerjohed RRAYBy repir@fcer abl y i sopropyl
acetate, or MIBE, to separate out conpound | which is

10treated W th (S) propyl ene glycol to forma thick
sl 0 farm
Sl gLe) O Bl oLk IR g OR RICPRCY plcPosh Aorp e F
adieganng thhwomeﬁﬁl}ifdﬂnyma}ct(cm@ol Eﬁr@OcHr ysit@td) foren SA-1 having
COGE%H?QUJ§ is separated fromthe slurry enpl oyi ng
conventT onar procedures, for exanple, the slurry of
conpound la is treated with an_58Fgani c sol vent such
as cycl ohexane, iso-octaneCog” met hyl cycl ohexane,
pref erably cycl ohexane d g¢xystalline conpound la is
recovered. [0076]1n ca g out the formation of
compound | a, hfxe PG is enployed in a nolar ratio
to conpound | Wi th t g range f rompabout 2G,®: 1 to about
1.5:1, preferabi offedbout 0.98:1 to about 1.2: 1.
10[ 0077] As indi cateeH herein before, the (R)-propyl ene
gl ycol solvate Ib of conpound | may be prepanged in a

manner simlar to the corresponding (S)-propyl ene

151 phih indidgshs steps ehdisplyingeampeyryl i %tb@nogw Grirsothe padution
usesbrpe ﬂ@lf&rﬁsc@&alg @foﬂmpyd t%ﬂﬁsﬁhyw' 15[ 0078] The
process of the invention preparing the
rro H¥ B OHC@mﬁS)WdtI@Y(E@ch@ﬁ@ﬂ by disElgipg semprend Aeh ethorghby

g’é’zﬁg{éﬁ%ﬂ?&ﬁm Olr?pc)%)f}lr%g fo}%omﬂg E; C})%fi&gﬂ?chl IL E?I?I?AU%WI

wmw HOHwﬂhymatefonnSAl erar1cmmomw Ais

ved, in et to.a boil then di

IvRLUL S S L R e
fr mnnatgam ethy1dkQ:1pdoDtihy Fatt strpphe of Bbhyla 5 r om about
1.5:110 about 2.5:1. Ethanol is added and the m xture
cooled to a tenperature with the range from about -10C
to about -30C, preferably from about -15C to about
-25C. Conpound Ic is recovered as crystals of the
nono- Et OH-di hydrate. . 10079] The process of the
invention for preparing the ethylene glycol dihydrate
10structures form SB-1 and form SB-2 (conpounds Id and
| e, respectively), is carried out as foll ows.
100801Compound Id form SB-1 is prepared by dissol ving
conmpound A in aqueous ethylene glycol (water: ethylene
glycol fromabout 1:1 to aboy%_0.4:1, preferably from
about 0.7:1 to about 0.5:1), Dby heating at a
tenperature within the 15range from about 35 to about
55C, preferably from about 40 to about 50C, for about
1.5 to about 2 hours, preferably fromabout 0.30 mn
to about 1 hours. The mixture is cooled to a
tenperature within the range from about 10 to about
22C, preferably from about 14 to about 16C, and seeds




5 crystal formSB-2 le is fornmed by dissol ving
conpound A in aqueous ethylene glycol (water: ethylene

WO Zl0§/60%824 r om about 1:1 to about 0.4:1, preferBOrySI000HT1749
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about 0.7:110 about 0.5:1), by heating at a
tenperature within the range from about 35 to about
55C, preferably from about 40 to about 50C, for about
1.5 to about 2 hours, preferablgetfrom about 0.30 mn
to about 1 hour. The mxtmr s cooled to a 10
tenperature within thg
30C, preferably from 20 to about 25C, and seeds
of the ethyl eneg di hydrate crystals formSB-2 |l e
are added in a ratio to cipound A within the
range from abeot § 17w about 10Hr efetdd® y from
about 0.5 to aboutoH3% to formthe & hyl ene gl ycol
di hydrate crystal formSB-2 le. 15 [0082] The process
of the invention for premhheg dywel crystalling form of
conmpound B, that is If, isFear$B&d out in accordance
o ORISR e LRl b0
prmﬁalabld'vadd@admg;g to the follow ng reaction Schene

11 wher B GPSh et e st e (B T bt 2hy ! 6%

priopased @& t6thsabikediutitn, thSrecpatiap trya@Rlof Etaple@enoiycol

Se 075 filed Decenber 23, 2003 or In
‘gll’y%lﬁé‘lf\gl?]s%sz@j 6,515, 117), preferably in

subst antially pure form (for exanple 50 to 100% pur e),

is mxed with toluene/al kyl acetate (such as ethyl

ad@py e) Ingp gdgiHenahpmbestinery ehthe dnvention. ¢ pippess at pipeded for

Wi, Bhiflo RS, ARG ) hosd 70C,

pr ef e]r%bl ytfyr omggbout yg E'utrdnlégl %%Fﬁgg?

2-butyne-1,4-diol is added and R&at ed as above unti |
the diol dissolves, :C

If. 100841l n an aI er ~~. i vé process for preparing
conpougd 5B is dissolved in
an al kyl acet at as butyl cetate), gor, an al kyl
acetate/heptar’f@g( 5’h“to 1.5: 1)\%_\ ture g’t an

el evated tenperat e within the range from about 50 to
about 70C, preferably from about 55 to about 65C,

1, 4-butyne-diol is addEdy'ean@vete ni xture is ool ed to
roomtenperature to for n§°<5’i“3§§fzal s of conpound 1f.

[ GO8&] Inbludespredt@isiogd enbodi ment, conpound | f |s
crystallized froma m xture of 10 compound B_an

t ol uendF&MKPE caBRt A & N et cHplope éb’ﬁ‘g)l PrgfeEbht ‘éoth heating;
cont ai %{Jﬂ%aﬁy MPbH H@ohﬁ]gtdd@mgteéde bE@BGohe: Eﬁbﬂﬂﬁ hﬂe@é @l &al
wi thin the range from abou 1 to about :

priefre SAbl (%)ﬁ@él%aé%‘@wpm@ll apg about 9: 1. The m xture of
t ol uen I t ol uene
to proi e e ek R, e RO SR b P Heh "t e
range from about 40:1 to about 90 1, preferably from

a 60:.1 to aho 15enabl e form
o007 1 b et mBitiden SEpE P H3EHRP o SATR P ed
Crfyspralbdring@teldaystdlmqefm Butdnddiboyne-1di ol solvate If may
be nore easily effectuated enpl oying seed crystals of
compound If in an amount from about 0.1 to about 10%
preferably fromabout 0.5 to about 3% based on the

wei ght of starting conmpound B. 20 [0087]1n anot her
preferred enbodi nent, conpoungl-If (which may or nay
not be purified) is crystallized froma m xture of
compound B and al kyl acet ate/ heptane (preferably butyl
acetate/toluene) optionally with seeding with seeds of
crystalline conpound If enploying fromabout 0.1 to
about 10% preferably fromabout 0.5 to about 3% seeds
of If based on the weight of starting conmpound B. The
al kyl acetate 25will be enployed in a volune ratio




purified according to techni ques widely known in the
field of organic chemstry (e.g. precipitation,
extraction, recrystallization, and
‘NO% ron%%ography) The depr ot ect ed conpound IfPCT{/US""007/07m9
|tself be a useful internediate or end product. The
conpound If may be further reacted to obtain
pharmaceutically acceptable aﬁkd 20addi ti on or base
salts thereof using nethods 4t will be known to

t hose having ordi nar G the art.
[ 0095] Tenper ature @ F+on tine are two inportant

paranmeters in the gwnti nuous process desHgrt=shoom in
Scheme WA:H@ heYT1tthibati on can be operatgd contifyously
from-30C (%@d o‘-@% up to 20C (or higher), preferably
from about Ybout -10C, with mnutes to
seconds of reacﬁ?bn time. For the subsequent coupling
reaction, the streamof lithiated derivative G il
fu N the third
! SEhRETIeA, WA SRECATRMAL Dopkogam (the third
flow reactor if extra reaction ti i%tneeded for
conpl eti on. The coupling react % be operat ed
conti nuously at higher tenpér§ es.from-30C to -10C
(or higher), 30 preferably - about -30 to about
-20C, with m nut esid Osccdhds of reaction tinme. The
coupling streamis thg :jﬂM%o a batch reactor for
further reactions asOdeyCr/®ed herein. Wth continuous
processing, both lithiatdHon and coupling reactions can
be well integrated and operated at hi gh®r
t enpgallh@satduch bZdthg asaBb |p@t§pyﬁ h@witd @amtyPhsetald bihun alcohol
ef ficient tenperature control nEared with cryogenic
5 batweh 23 BaRrpeAng! grbuaggl, gt the}@ehﬂl Wy hdig) to the solution of
t esmﬁﬂo%aigeheefmg%e&ésﬂmuﬁnhhlte%ahh@ﬁlol msstoh)%s ,3BAYR the
process can be as high as 20C (not limted to
pr efxgyrgisng recpyering crypGds, ofvikti-pusyigedielrsatvategt. >193ue5\RAPhep@fne
th |
coral Pouhoradd dh bl R B i T i
process at -20C to - 30C, preferably ranged in 70 79

1,009 0 e ar e
10 ootV e P ARERAE dloLe P BESEP RS i B R
SCHEMEuhd/BOIRfoﬁm&ﬁlﬂﬂlaﬁma aintihidue proeeisak Batéh fRoySt ad ddsdtibed
F al. Internmediate A If 15[0099] Referring to Scheme
1m§ 9d conpound 1f, solid DVAP, |iquid
acetonltrlle and I|qU|d acetic anhydride are heated
to a tenperature within the range fromabout 70 to
ab 2185 Clnsifditive) i apetberiaspestrfithopreiest BummyPBagrocess for
15 Oﬂ%gmnyﬁ% &?stieﬁhné (ﬁmgt@l%cﬁgo (fe & is %@r:de?r i ethyl sil ane
and boron trifluoride acetic acid conplex or other
Lewis acid (as described with resp®¢t to Schenct |) are
added to 20t he reaction mix ci.‘lrfter conpl eti on of
the reaction, acetone orn sof vent is added. The
batch is marned (for EXPE rom about 20 to about
30C) and held w1 ethyIS|Iane |%5%Ensuned
Aqueous NH40Ac i s Q ,v the batc m xed, and
all owed to settl &%Un ¥pper and | ower phases form
Bat ch vol une of prodd%t in the rich upper ﬂ%ase IS
re of f acetonitrile to m nimum
aggﬁggﬁéﬁxmg%%%ﬁ%%#ﬁghanol is added at el evated
tenperature (> 60C). [00101] The product A
crystallizes out by cooling qr cooling with seeding (5
w % based on conpound If wet- ﬁ]lled nitrogen jet
n1||ed or a previous batch). [00102] The product is
recrystallized as either a wet or dry cake from SDA3A
et hanol. 1001031 The crystalline dinmethanol solvate
g of the invention is prepared according to the
foll owi ng reaction Scheme V. 5SCHEME V OHOH Conpound
BCrystalline 1 g wherein non-crystalline conpound B




according to the follow ng reaction Schenme VII.
SCHEME VI | [00110] A solution of L-proline in

WO 0B/8998P4 wat er is heated to boiling and a sol RETHR208EHT1749
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conmpound Tin ethanol or other alcohol solvent is
added. The resulting solution is cooled from-10 to
-25C at which tinme solids form which solids are the
1:1 crystalline conplex with L-proli®8 Ti which is
recovered enpl oyi ng conventi oreip edures. In carrying
A g the 1:1

ine is enployed in a

L-proline conplex Ti, the )
nolar ratio to cqpp™s Within the range 10from
about 1:4 to about 1:6.-|1®®111] The crystalline
L- prol i ne hem hydr &8 gonfibiex 1] of the invention is
pr epar ed according to h-- fol l owi ng reacgi on Schene
VII1. 15SCHEME VI I wherein a solution of L-proline
anid redshwiTh eethpaol 3<zrf0§n thegrypidine dimetpphsdyatakk er i s
heated to 70C to give a clear solution. The resulting
solution is cooled from-20 to -25C and seed crystals
of 106231 co¥ip) @xtheriin hecordanas] withethe invartnaaipheckss Afprerided for

gﬁ%@;iaﬁég &%{cﬁ%&lléng%lémgﬁan%f ohx(f:a? ﬂ\%n v&n ?em \ﬁg %?se faxa)gund%"ls

etdisnbkd inlheixtes of methghob@lieds ovine mmmrreofd ed and
reco d. as white cr stal li.ne_so
R B ettt PPt pussol eyl agtidi g omer
Crafigfl atdtdté) Gtk spbtRRyWih SRUNG d@sRARKsdVatedlg. t he
|nvent|on IS prepared 25according to the foll ow ng

4lon B@rﬁélﬁ@hm solgey fevid the 1.4-betyyesdig) sofvats Ié@’r’fbp‘éksed
[Q@gaile%hrele_r[ﬁﬁﬁﬂﬁé' IHd8a hSaedirtR@hyeg, in water with
heating. The resulting solutionis filtered and added
to an ethanol (or other al cohol) solution containing

g 25 g damﬁeo%égé thk g 8&19!;11‘% dv\%\ idnS aﬁ%@és??'or%ﬁe Hebion

t eofplartaifsmﬂene( c? yohiex Wuh brgtrolone off Qleob&mlr\? éld(fam BEiCprovided
The solution is subjected to conventjepnal recovery
procedures. The L-phenylal anipe goegplex Ik is
recovered as a white solid-igden ed as 1.1 conpl ex
of compound | wth L-Phe. ‘ The fol |l ow ng
exanpl es are provi ded 4 ogeegcri the invention in
further detail. HPheSg eXanpl es, ifchyset| forth the
best npde present| y.¢ @nglated Hirfcarrlyi ng out the
i nvention, are int'®nddd t8"illustrat gpd not to limt
the invention. [00115]°HThe prepar at icon of| conpounds of
formula | is generally described in U S. Pat ent
6, 414,126, and specifically descrddagdundthSchene 1 and
le 1 of U.S. 15Patent 5,515, 117. U.S. Patent
6, %ﬁh polgdesdhestepss! proxidingcosipgynsl Lof fhe; SHEEfF’i?or ated by
reference herein in their entirety. Stable forns of
conmpounds of fornula (1) can be crystallized as
solvates (e.g., hydrates). EXAMPLES 20 PREPARATI ON OF
CRYSTAL STRUCTURES EXAMPLE 1 Preparation of
(S)-Propyl ene dycol ((S)-PG Structure - Form SC-3 -
Formula | a 1) Isopropyl acetate,1 eq. (S)-PGHO 2)
Cycl ohexaneOH H20 HIM OH CH (S) - propyl ene glycol form
SC-3 [00116] Conpound A can be prepared as descri bed
in Exanple 1, Part E of U S. Patent 6,515, 117.
5[00117] A 10-L glass reactor equipped with a
t hernocouple and a nitrogen inlet was charged with
MeOH (1.25 L), deionized watez-(3.6 L) foll owed by 50%
aqueous NaOH (205.9 m, 3.899 nol). The residua
solution of NaCH in the neasuring cylinder was
transferred with water (94 m) to the reaction vessel
Conpound A (503.11 g, 0.872 npl) was added and the
m xture was stirred and heated to -68C 10over 1.5 h.
After 1 h, the circulation bath tenperature was
| onered from80 to 70C;, internal tenperature becane

b
N




aq. H3PX. Sol vent B: 90% CH3CN 10%H20 Start %8 = O,

final %8 = 100 Gradient time 8 mn; hold tine 3 mn.
wohhsigsdlion stop tine 11.0 nm Flow rate 2.5,/ Mt 071740

wave | ength 220 nm

2Neutral i zati on before phase split was done to prevent

contam nation of the 15product with NaOH (S)-PG

structure prepared wi t hout neutralizaggpn was sllghtly

basic [pH 8.3 of a suspensi on soni in water (-20
. od: Mbile Phase
A: 0.05% TFA in H20. Mbbil € 0. 05% TFA i n CAN.
Col um: YMC Hydrosphere04.». . Gradient:
30-909%8 over 45 nhmdtes, ~fiold 5 m nutes; back to 3098
and re-equilibrate for 10, mn. \Wvel ength: 20220 nm
I nj ection Vol une: ﬂﬁbl eﬁﬁerature Ambi ent EXAMPLE
A (S)-Propylene @ycolof(S)-PG Structure - Form SC-3
- Fornmula | a Compound A CraH33Cl1010 Exact Mass:
576.18 Mal. W.: 577.02 60 36; H 5.76; O, 6.14;

mpoun

0, 27.73 C2411a5C109 act ss: 502.20 Mol. W.:
50?011%8?1 G sofifios &f LJprdlme ?11 Saer & an ZI’C%] s&ven% g\lcﬁ%s Ricthanol,
Procedure [00119] "20g of compound A was charged to a
r eglbeisd omsoramnerheateé tmerea!p@na@reawdhlp theganpediongdhout 70 to
g/ﬁ%@q E% rcgg}g tm% CZ]FTPng_'{ng Irfllen ans aslc %Ivggt?s%qgt 9 étnanof & (e:ntro rr)r
5 andopebshol hathttheZhedted @ulaSorf @'ﬂL—pﬁHﬁd Qcﬁrﬁtalﬂﬁllg'p\lvehhﬁﬂth'é@uﬁber
AP. _The batch was cool ed 0C an ralized to
6. BLmO ‘?h'% a@ugrqlrae GOy v 15, ﬁﬁP%{’é‘S?‘?ede 1§ S?\%‘H&% Or@g‘“
I Hkhgﬁhbaﬁmkhoﬂ@ﬁ@@ﬁimmﬂm1001201 The product was
extracted fromthe reaction mxture into 100nL
|sopropyl acetate, the aqueous phase was split away
&&@]e Y 'irgﬁm a‘ﬂo@:@%?eéﬁ@ﬁﬂ? greg'él\fvintv&t%t @ﬁro&’é@g chr pl eparing the
con uctivity < 10 4ni/gm 1 nput). The aqueous
10 p heryetaiae cepppaund dleppmp ek yathd) priokieet 4 dire S[tm@tmﬂ] HogyO) is
Rieq) (S-(-0-1,2 Propanediol was added to the
gctlon m xture. 20 The batch was seeded with 0. 1g
conpound | seed. 160nL Cycl ohexane wag&Fadded and the
bat ch cooled to fromroomtenpe¥arurg to 5C. The batch
was allowed to stir at fro epparture to 5C at
| east 1 hour before |solat|=- ol ati on and Dryi ng
5[ 00122] Each | oadn® e ted ca s washed with
50/ 50 by vol une isoprq| cet at @NcyC| ohexane m xture.
The cake was dried #tO°30F i“RHa vacugm oven under M
vacuum (Cake is dry whePHKF = 3.6 -QE.lwa. Yield =
84@6(uncorrected) 10 Typical purity = 99.81AP Typica
PG content = 15.1 - 15.8% by GC EXAMPUEI D Preparati on

T T

gI ycol al@hpisotvantesuwess qirsaplan ecthasoingtt disiliaywelyioo ok roline

5as des d above for th - pr l.ene gl ycol .
5 ¢ PR AL e R B by e e By o fraes o
gl yoh comsoubs eeh 1i- ;aromh@cm%ori@ m@re@.muhéemamgb ¥fePéxampie to
20EXAMPLE 3 Preparation of Mno-EtOH D hydrate

( EfREFEPUIGHO forabpptsEs e tufory compappnd Ii.
2008/002824PCT/U82007/071749 Form SA-1 - Fornula Ic
NaOH, aq EtOH deprotection Conpound A Conpound B
Agueous EtOH crystallization

mg/ )]

- 13-



| cnono- Et OH-cl i hydrate form SA-1 MP 40C - 41C
[00124] Conpound A (1.0 g) was dissolved in EtOH (3.0

WO 20§/0¢32heating to a boil and the sol uti on waBCHUBLW#H71749

10

15

with water (7 m). 1 m EtOH was added and the

5m xture was divided in three portions for
crystallization at 20C, 5C and -20C. After cooling to
- 0017 - 20N ﬁﬁdlidrab[ﬁ:cﬁhﬂftl% ﬂr@sreﬂﬁdvefm@ h Jageess M fRe

40- 41C.. EXAMPLES 4 Prepar ati on, of
Etiisnagsien ef e swse{la«na é?faihéd‘ﬁ@ﬂfrélwéBl qompex wyisL-praline of the
1%’?&6&%&?{{&%'5%%]4 s t}B%%H&EJe' vely HO ,d, Ot Id
(formsS le (form SB-2) OHHO 21-120 OH'OH

Et hyl ene GI ycol 1001251 To obt aj
of the ethyl ene glycol «
conpound A (0.5 gm) wg
glycol (0.3 nL water;
heati ng at 45 o ! .
tenperature, see s s 0 rTg) vveré added. The
reaction mxturé’ hrs, to provide
white crystalline st d. The cr®stals were filtered,
washed with water and dri ed. o obtgﬁn t he pol ynor phic
formof the ethylene glycol e seed crystals

f as moﬁﬂed—whiéh 1&@101@911*1@ eteps (Vﬁﬁoxddlﬁg el @frsial} oREHEEIOUSOm lex
eth ene glycol (S)-pro ernet% ycol stal form

%e‘r @r%ﬁé&'”?‘ﬁre&btf ek e pese éry@@/%éb forgs hyip af@led
C rsxﬁlhaih of OTIRSB°k) bﬁ&;@fﬁ@@h@coﬁpwwﬁﬁ%ﬂ %fcéﬁél@va?er@@i(/&t

|tered and washed with excess water. 510
okﬂnélcmlmgehepednym@'lpﬂxtme ftartempdrattufediront yoleri@ tgi2pt®to form

it BT Rre I 5 Phy T ene gl yool by heating.

Upon cool | ng seeds of the nono- Et OH-di hydrate crystal
faor é e addeg‘gto obtain the ethyl ene glycol
di IR at néFSPé’f’ T 1SB7H P SBE Propeit (KA BPISFESS f9 PEqparing the
Criystgbsiline@ngiéd 8K EPhaithNAshedcitd R fexCess water.
10 1001271 IFI NWMR for forns SB- 1 and SB- 2: NMR (400
I\/Hz,DI\/BO)8129(t 3H, J = EC|—|3)315(m
H), 3.33 (bs, 6H -CH2), 3.45 3H), 3.6 (bdd, J =
14Hz, 1H), 3.9 (bm 5H, 2), 4.43 (t, 1H, J

%%the pol ynor phic form
crystal form SB-1 Id,

gkved i n aqueous ethylene
et hyl ene glycol) by

1
= 7.4 Hz, OH), 4.86 OH), 4.95 (g, 1H,
-OH), 6.82 (d, 2HHO H, 7.8 (d, 2H J

2.5 Hz, J =11.4

11.4 Hz, Ar-H), 722 (dk
) H, 151 3C NVR (400

Hz, Ar-H), 7.35 (t, ”‘éH J_OI'og
MHz, DMBO) 5 12.49, 59.98, 60.6 NBD. 69, 68.10, 72.51,
76.11, 78.51, 79.02, 112.09, 125.16}~626.47, 127.38,
128.61, 129.02, 129.73, 135.62, 137.48, 154.70.
EXAMPLE 6 Preparation of (S)-PG &gl .ual.gFormSC3 |a
CEt 1. Et3SiH BE3 'CEt2 H20 (1 eq.), CH3CN 2. MIBE,

( $) prd@ded v dgu Ry tlectpx ahfermB®s Sos pirtophfoushaniatagine in

U ARB A S VD e

URGET cofipbliOE ReaBit ARTANRME soBSn SIRMIBRut 75 to about 85°C, and
borontri fl uorl de di ethyl etherate (2.3 nL, 18.4 mmol)

arfdovEedhe IRl elution tecorhisl rpom AmnsFatiye Faifor cempoust B e
m xture for about 1 hour, triethylsilane ( 3 nL, 18.4
mmol ) was added. The resulting m xture was held for
about 1 hour, and then conpound B (prepared as
described in Exanple 17) in 10 nL acetonitrile was
added. The batch was held at 5 to 10C. On conpl etion
of the 10 reaction as deternmisqed by HPLC, the reaction
m xture was quenched wi th aqueous ammoni um acetate (24
m.; 85 g) in 200 nL water. The phases were separated
and product rich organic phase was dried over sodi um
sul fate. The product rich organi c phase was
concentrat ed under reduced pressure. 1001291 Water (13
ng, 0.7 mol, based on 0.3g crude conpound B input),
(S)- 15propyl ene glycol (56 ng, 0.7 mmol),




crudeCrystalli ne Conpound Blg [00130] Crystals of
nmet hanol solvate I g were obtained by dissolving pure
B in nmethanol and stirring at room

Wotczggnggfea?%?ure. A white slurry fornmed after a ng%Té%sigo’wmnw

and was found to be crystalline nethanol solvate Ig.

10[ 00131] The so formed crystalline di-MOH solvate Ig

may he used in place_ of conpound B in the preparation

of 1WPykt armpther @8?&5 B{hivanR Telalst Bt PRIl esRf|acogipound

EXAMRL EorBiula 11 Preparation of Crystalline D -MOH

Solvate I g from Unpurified Conpound B 15in 80/ 20

Met hanol / Tol uene using Seeds [0 132] 6g of conpound B

(HPLC AP approxi mately 80%) di ssolved in 15 nL of

80/ 20 net hanol / t ol ueméﬂ\,,{ 013 ]\Seeds (about 1% of

starting conmpound B) of{“cad kg crystals were

added and the m cooled to f a slurry

cont ai ni ng cry¥tal's. 134] Hitnes sdourr puwas stirred

for 6 hours bef 0@\' }’/S‘E[i ng. [00135] The wet cake was

found to be crystal |4 ne nethanol solvate If but |oses

crystallinity if | eft" open for a few hout's. EXAMPLE 9

25Bmenad atd @rerel tdA\rd @hpidpgleRt ol k)P0 ¥ak@iting sthichi 11,
Unpuri fi ed lCorrrpound B ?%I\?&?ﬁan%%o &egigllﬁleptlang
SusihgreBeeds [00136] 2.5 g of conpound B (91.5% was

added t@ @254 ptai. | J:ak i i i net |
R
t heSREOapielngdn;| a. [00138] 2 nL nethanol was added.

aaden. Fonidor S IEopta R Giinob”o0ki dieha fvEe

an dydi eyl Oft: | HOE HiR - C81H: S ak@ef, cCONR “RBUCE,R W C Ce Bk & 0MES,

i SO Qn chper O GA s, found

10, oA BDRET 2B et hahon s Rvare T B £ 2
undssrVasout, at0,334, orfBve, 8 6l {04 mPRVEIES hdtéddycle which may
crystallinity. 101001401 Yield = 1.7 = 74. 5% X
(cEPHERd &8y betereatons te i Fiae Moith RrpY f%tﬁtg ePnaforxpsrdf ¢nd
Fi guk®cthoh widDhd ddudiiQo $ich AeRck fh¥ihdbhd HenNBREY five, six or
sol vat'e ng may be used in place of conpound B in the
pr &yar seinberedtarbpayslear heterecysbnpocineiay eondain 4 ést h¢tireetoingin

Ex e Eﬁﬁ%{P ration of Crystalline
151, m&%yﬁéﬁh&?o ’ b%\%zg%gnﬁé grzbm Conpound B in
Tol ueneRERAY R ABEL RY RO h §*SBEdwd R™ are independently alky}; and

[ 00142] 1s 4-Butsyp&- di ks sol yat e, can, be cry llized in.
i o Kyl Beelay B ald 8 BTy e RochR nifrodtyr T gy Gty o
aceyasalyl, caRE albR® t@cther WEIDME @RARGE to ViIEAMO) Jre AftacRYERdmM
wat er. Tol yene.20and hept ane act as anti-sol vents when
cr%wﬂ%%f S ¢ ol RYA" BORRCEI e ¢509/8 3oy (copta 1o
20Weh@Blo¥bmSanpe WA whichas 4] 3 0 kweshdid s645mL t ol uene.
The solution was heated to 60C and 75nL ethyl acetate
added. 1.5 eq 2-1:Lutyne-1,4-diol (= 13.3g) was added
an i hel : is .l
o B o e o om0 D tchlf, SRR o
s eedsp(sEDNyJontining 4 ciystblstrectdiealf c@Bp@wdplound grdckssemfor
ad - The .m Xt ur s ;hel d for our at 55C.
oS P BB DR Bnbe®The T xture vas
25cool ed to 25C over 6 hours. The resulting slurry was
stirred faor. 3 hours before isaolatin not her | i quor
coM3Fhs S e vt 4/ e U A OB L TS BOR e
t okbtiepsind o2@BkorBlubiMil acetate, and dried under vacuum
at 45C to yield crystals of 1,4-butyne-diol solvate
If. 30 [00144] HPLC AP = 99.%%; Pot ency = 80.7 wei ght %
(Expected potency = 83.6% for 1.1 solvate). Yield =
95% EXAMPLE 11 Preparation of Crystalline
1, 4-Butyne-diol Solvate If from Conpound B in Butyl
Acet at e/ Hept ane [ 00145] 0.5g Conpound B (91 wei ght%
was di ssolved in 3.5nm butyl acetate + 53.5nL heptane
at 60C. 1.5 eq 2-Butyne-1,4-diol was added and the
m xture cooled to roomtenperature. The resulting




EXAMPLE 14 Preparation of Crystalline FormH. 5-2
of L-Proline Conpound | Hem hydrate - 15Structure |j

WO BIop/0§282440 401 HN?_ ,, 0 OH Crystalli nePCBHYSIEX071749

10

15

20

25

lj 1001491 A solution of L-proline (0.23 g, 2 mmol)
and conpound 1(4.34 g, 10 mmol) in 31 nL of 97%

et hanol /water was briefly heated to 70C to give a

cl ear solution. The resulting sok#iti on was cooled to
-20C and seed crystals of gonpoufd | 201:1 conpl ex
wWith L-proline structyse |1 f m“\? were added. After 3
days at -20C, solids wer¥ via filtration,
and the filter cake was wi th col d ®¥-200

et hanol. The r | oltkds were sugpendgd in 5 niL
of heptane, follo ,,fip1tration and washing wth
heptane to give ®9 ofo white solid. The materi al
(0.02 g) was further @rystallized from 20M Et OH H20

e WY e R e

mwhgreinn 1.1 nL of 90% 5 ethanol/water was briefly

heat ed boi ldng and a .s ti,on of 0 I 4
ol 1 TR G MEpaS M et ool YR g St
solsefighalpsy; cool ed to -20C for 2 h during which tine
sol ids f;orned. The sol ution was ored at room

t emper & GrLRf e eﬁ%ﬂflﬁl.“i Brc{ﬁ@%’ ’%9 ag@ﬁtaﬁ?ef’ﬂg@ﬁylﬂhd

t hg/cRURET, 0at, a0CHFASOCeIBYIBskn, IIBNREFALOONG:, SObLESCORFE
washed In 1 m of MIBE and the solids were dried .
undEHORIY v EER: Mo g e IGOR ™ g NGFS QeRANNES iy ld- SR,
CORb®ISNL Gor [ -1 ' :

o CR R TSR SRR,k e e Aplorkp S er I FRTBL Shich may
hezntaig) togoldtareptens grioavingawkjelr XN, 8y SR antlipr 80y ot Bl snd
c T _ t _ ! '
CoORLBLILI%A G200l IRbEF ek SRR e e o
undevencretrhherdrbrarivggeliadeheafoch el whiniphexconiatohl lo-ddretirdan@ns in

(structure. |j 5-2). .BEXAMPLE 15 Preparation of
1:151le E‘P%/%{"gp Ia*er}i%ngpe%%%ﬁrtsﬁzt- Phenyl al ani ne -

St ruct lu:fﬁ;eRi",kRSbH@[,mSQ ]1:;, RPQRY IR0 add ?qal@?xﬁq@pm@ntly(al@l; and
Crystal i ng Go ex 1001501, L- phenyl al ani ne (424

T, 2. 56 Kool Ihadnlt s eiAsRenoR R ipb gy or
108RGalkIh6r RESUIR RgetB& W tBOni@Sen| b WhRhegkyandaadpdorm
to an ethanol solution (6.5 nL) containing 1 gram of
cotpBnHered five. 35 Amdiey MPRBcied SeRtoryide Which rp Roveig | to 4
hemi@thid H0fe ANAvALL 808 dL 8 €9 0hast g8Ly Lo Toom
tenperature (crystal forfafion was first observed at
55C). The solution was stored at 4C. The sol uti on was
fi ed the .cr | s re washed with 20%

weld R0 o1 RS iR T s MEPNE bRl 1

| . cohfpositiomteentambnpwagstdl strddaes of @euppsidlll dnded pfocaresor nl
of 50% wat er/ et hanol a5 above to.give 910 ng of a
WHITERENEB Y hatn T e hgfef!siPBDVE%ﬂpl ex of conpound I
with L-Phe (64% structure Il, form2 as determ ned by
1H NMR i ntegration. EXAMPLE 16 Preparation of )
Coliplind Imfyeiangtheniprel @HUIS PLaseH iyenigt. &RAWCEs fjyl thawjeparation
R i . 1 - i . . . -

N L N U e S L
s e of progdingrresopppural(d (iihglingwide B wel’ ie afkenyi odalkynyl, all
100152] A -30C chiller for the lithiation reactor 5
(jacketed static mxer 5) was set up. 100153] A -30C
chiller for the coupling reactor 22 (jacketed static

M xer 22) and a pre-cooling-héat exchanger (not shown
in Figure 22) for the conpound D/tol uene 10feed was

set up. Continuous Lithiation [00154] The two feeds of
E/ THF/ toluene (2.74 mM/mn) and Q nanely, n-BuLi in
hexane (0.41 mM/mn), were m xed and conbi ned t hrough
jacketed static mxer 5 15(-30C). [00155] Before

punpi ng the D/toluene feed, toluene (2.96 m/mn) was

b



[00160] Sanples were collected at the outlet of the
m xer 22 for HPLC anal ysis. Sanples were taken before
r the collection into the NMSA- MeOH rqeﬁ%@g
wo%g%é@%z% ycosi dation 15[ 00161] The coupling reac |2000§7%'71749
stream 24 was fed to a 500-m reactor 25 containing
MSA and net hanol or HC1l/ MeOH at <-10C with stirring.

[OO%G%J After the collection were finished, the . .

r e StV PISh ™Y Re breaergdusipgpipcedpres as drechfied i Yt pRRlggiopsierial
an®oh ey 7455 - 114008 Rber 2608 2L aniHies N7 XS Y CoMBSstheRLLd
up to 35C. The reaction was deemed 20conpi ete (about 6
hrs) until HPLC anal ysis indic§ted rﬁat desi | yl at ed
hem ketal H RAP < 0.3 % _,TheRrea n was cooled to
roomtenperature (20C) and oh/ reactPon m xture was
held for 16 hrs to form conp . Fermation of
Crystals of If 25[001g4 s crystallized with
2-but yne- 1, 4- di ol %) 1n fol ®ne/ Et0Ac to yield
crystals of If. EXQANP “ToRy epar ati on of
Internedi ate A Cryst@.ine Final Internmediate A
100165] Solid conmpound If (50.0cghposQld d DVAP (1.2
g), liquid acetonitrile (450 5nL), and liquid acetic
anhyeteinde, RER MR} aiER Bar6 BAdgGhell @be250 M fl ask
reactor. [00166] The batch (77C) was heated and held

Suntil rEHEPE EHMRWAP Cevitr an diphelapl veraupiatsoretinas!], epbiagous
(5 furhhl ' G
e PF e e g by SO Sl BARr f es By G 7 mosphere.
t o anddevatedderoperatug i@ @TeIpmppundD elohpstatchion of t he
reaction, acetone (36 nL) was added, [00170] The batch
(21C) was warnmed and held untj!| trijethylsilane was
consuned. [00171] Aqueoys, N OAc wt % 450 nlL) was
added and the batch was my a.Lpb d to settle unti
upper and | ower phases forje #172] Batch vol une
of product in theH j en ,phase was reduced by
distilling 150ff acetonitiri |® to m ninum agitation
Et hanol SDA3A (1 LuowasytHanged at el evated
tenperature (> 60C) . [ 73] The product was
crystallized by cooling or cooling with seeding (5 wt%
based on conpound If wet-m || edCompoyrddgen jet mll ed,
or a previous batch). The product was typically
i s&rbirEtng the seaption pixgirg comaping $rapouTR & Wity Eganplvent

10T EGIKSE ﬁielhklz@gnﬁ%ﬂﬁk Lh &y PacRile sQER Qre)lgzﬁ ak@atd LMy acetate,
et hanol SDA3A. CRYSTAL STRUCTURE CHARACTERI ZATI ON
[ 0GemspylEestate.air bytyk arstats; esd @hroropaleang!yed, aphienatlyyeddiag sceds
st | [ ) [ rein my
GeohSPORLRERET N Refe BEN Y B0 S R RNE! P
characteristics within a reasonabl e range of error,

de i ng,on.test conditions, purity, equipnmept and.

ot RS bR aE RBE phBRArer Y invbion P oPET b AT spitine the
15 ar trysth0i0d Z8hAeae (1 PG b the ktucedirk [11 be apparent to those

skilled in the art that various nodifications and

variations can be made in the present invention

wi t hout departing fromthe scope and sprit of the

i nvention. O her enbodinents of the invention will be.
apparent to those skilled in the art from
consideration of the specification and practice of the
i nvention disclosed herein. Applicants intend that the
specification and exanpl es be consi dered as exenpl ary,
but not limting in scope. 5 X-ray Powder Diffraction
[001771 One of ordinary skill _in the art wl]l

appreci ate that a powder X—f&i‘diffraction pattern may
be obtained with a neasurenment error that is dependent
upon t he neasurenent conditions enployed. In
particular, it is generally known that 10intensities
in a X-ray powder diffraction pattern may fluctuate
dependi ng upon neasurenent conditions enployed. It
shoul d be further understood that relative intensities

2




15standard known to those skilled in the art. The
relative intensities, however, may change dependi ng on
WO 2802834t al size and norphol ogy. TABLE 1 Sel BST/HE200URD749

Peaks (20 0.2) (S)-PG (la) (R-PG (1b) H5-2, 1:1
L-proline (hem hydrate ) ( N1, 1:2 L-proline (I1h) N1
1:1 L-proline (li) 3.8 3.9 3.9 3.33.97.68.08.86.5
9.58.18.715.58.6 15.4 8.7 8.3 15.8 15.7 15.7 15.2
15.6 16.5 16.4 15.9 15.7 17.2 7.8 17.2 17.5 17.1 19.2

19.4 18.9 18.7 18.9 99R19 .8 19.7 20.1 20.3 20.8
20.2 20.3 20 Soli \ N ar Magnetj c Resonance
[ 00180] The Struct ur esy ) - PGR%Ia) -PG (1 b),

1, 4- but yne- di gb 8¢+ %afe { and, di et , solvate lg

were characteriz solid state NI\/R techm ques.
[00181] Al solHY- S at®HC- 13 NVR measur enents wer e
made with a Bruker ®8X-

{R)-propylene glycol "

is provided which is similar to the process for preparing (S)-PG II described above

except that (R)-propylene glycol is employed in place of (S)-propylene glycol.

5 [0035] In still another aspect of the invention, a novel process is provided for

preparing compound II

10 (which is disclosed in U.S. application Serial No. 10/745,075 filed December 23,
2003) to remove the methoxy group by treating compound E with a reducing agent,
such as triethylsilyl hydride and an activating group which is a Lewis acid such as
BF;.Et,0, and an organic solvent such as CH3;CN, and water, separating out the
compound of the structure D and treating compound D with (S)-propylene glycol in

15  the presence of a solvent such as t-butylmethyl ether, optionally with seeds of

- 18-




5 400, 400 Mz NWVR spectroneter. Hi gh resolution
spectra were obtai ned using high-power proton
WOQ@@ gRhing and the TPPM pul se sequence and r 38R/ us2007/071749
fbltude cross-pol arization (RAWCP) wth mag?c an g’i
spl nning (MAS) at approximately 12 kHz (A B. Bennett
et al, J. Chem Phys 1995, 103, 6951; G Metz, X W
and S. O

2 1¢marpyd ﬁﬂﬁé TR fﬁé?re} @C%alﬁﬁmafof SO 1993 Upéékf‘%é@ 98 nt o

a GphvafiLiut d@apaNd i ¢SGR rotor was used for each
experiment. Chem cal shifts (8) were referenced to

ext083¢lal  Rbtheie Bivecspt the fventiingha prceRl ePRIFtIgNEEHeNC e

b Ear | d D.L. VanderHart,
efnﬂﬁmﬁ%thEEro%ﬁct%ggoggmrllgﬁ L1§5 ng) aF00182] Tﬁg er Har

Sresult| ng 13C NMR CPMAS spectrum for structure (S)-PG

and (R)-PG are ectively.
15[ 00183] The &@%ﬁﬁﬁﬁgﬁ?@ﬁﬁ@ﬁ EfeURESCE! | &

st poa7]car Diwins@eioh istilfusdfatefl By rd?eenvtdo (HR)aefmmnging atveiths
bel ow. i g Table | A and Table 2 and for 1, 4-butyne-di ol
soflGeiEAPFO%Nd di met hanol sol vate Ig are |isted bel ow

| Njobad) esFRAyRDY sKfhs Ja%ﬁﬂ’e‘é@"(élfﬁﬁiaiéd a@sﬁ@g @Ad &Js&us& ures
denonstrating substantially simlar

MR pea
10 posikpéropntal gireemitempesas) mdpraxfryy @iffmcnm patnmwéthms)tl?ﬁ
150/1%%1119%&51@&&%' §(?§ }\ﬁ are deened 20to fall
within 0 '

e scope e |nvent|on (i.e., equivalent to
t hE9039jr u cFIﬁI&E R shavst abatred (beleowentallABdm: tApBraotmoniiR X-

Peak Positions fo ne G ycol Solvate |la
25%6‘?%2‘1‘ ffa‘l?‘fi{fﬂ/ﬂh&“gg%)’ ‘%&&%ﬁ B%éﬁ’ “1.00 (d, 3H, J
= 02§ Hzr ICFCQU@B‘B])QWSP COAMR CPBIAS shecinfn RBtHIZS)-PG crystalline
-CH2Q11 % 9 30 (m 4H, H2, H3, H4, H-5) 3.43 (m
15| $ruciprglSC-2iasm. (my 1H), 3.69 (bdd, H J = 4.4 Hz,

H‘ ﬁj@)l] 3. 91’(3"0[3:‘5 @-%OW@H%C NMR cpfddd spe&:ﬁl%) for ﬂxe:%ﬁ) f’@’c Hitine
OH), 4.44 (dt, 2H, J = 2.

m;tmcw@e@bd 1H, J = 5.7 H, -OH), 4 94 and 4. 95 (2d,
2H00420H) B - _
28190821010 igh 182 Gy 2oy Hany s (o fe: {he (520
8. Ostidine Aructdye of 12, 3C-F batm. 1H, 1.9 Hz, Ar-H), 7.36 (d,
1 =8 TABLE 2. SS 0S| tl

20 8HE“P%‘;‘]pﬁ@@?ﬁ@@%ﬁ&hw&gw&eﬁf%@e i R $Ci S8
(WGB@sﬁmnemmuﬁebbmmDmoﬂn 15.8 17.6 17.6 39,3 39.0

0.
79{034% Fléﬁ%éé WSS‘ g%?%“tﬁzﬁ?f%m%g 02%2 ?éryl(%%thei‘%‘?gr g¥n
128k fe (SY¥% QystdBnestructure of the compound of form Ia, SC-3 form,
[0045] FIGURE 8 shows a differential scanning calorimetry (DSC) thermogram

25  of the (R)-PG crystalline structure of Ib.
{0046] FIGURE 9 shows an observed (experimental at room temperature) powder
X-ray diffraction pattern of the 1,4-butyne-diol solvate crystalline structure If.
[0047] FIGURE 10 shows an observed (experimental at room temperature)
powder X-ray diffraction pattern of the dimethanol solvate crystalline structure Ig.

30 [0048) FIGURE 11 shows a differential scanning calorimetry (DSC) thermogram

of the 1,4-butyne-diol solvate crystalline structure If,
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135.7 132.0 139.1 135.6 158.0 139.2 157.9 [00185]
These data are strictly valid for a 400 MHz

WO 2988928%bhot onet er. 5 TABLE 2A Prot on NVR PeaRCT/US2007/071749
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15

20

25

30

Positions for 1,4-Butyne-diol Solvate If [00186]11-1
NVMR (400 MHz, CDC13) 6 1.33 (t, 3H, J = 7.1 Hz, -CH3),
2.90 (s, 2H, -CH2), 3.39 (s, 9H, -OCH3), 3.4-3.65 (m
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1?065@ COG1B el fs s¥1§ws §§0u4§ed (%ﬁmillﬁlted §04§’23 r§§tdl room

63. 34, 69.98, 72.53 00. 95 6,(12,
12empetatukp @ndl@asewefgceﬁmnnmgl Frpor mnmﬁiturﬁmb“@l@r X-ray

s Aty o (23 Comalihe contits: Hne ke ph95. 20 1

1HONNIR ( 4Q0UMHZ 14 @W&ﬂﬁ)latﬁd GindGatd at -804C), hybrid (al rddén
), 2.38- 254 (m | ) 25 (s 2H -C2), 3.2 (m
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1 4.23, 127.40, 128.2, 129.44, 131.2, 131.4, 132.45,
7.38, 138.57, 156.84. Elenental analysis
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6. 75; Found C 59.35, H5.97, C her mal
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structures are Oeé% g gures 5 and. 6, res}gectlvel
@i?tl | IS5 UEST T edpEnasit CISHSOHBIE BT A DS g
mﬂf%eqf 1 Efp‘%ﬂ}ﬁ'e%gﬁtaﬂhﬂé COp BE 5eriBalr8 o Of, 18k HOTYr €
anal yzed 00190] TGA curves for the 1:2 L-proline
cdi$itex ¢ UtR¥e21| shpw a giffsrantial ssompigerlorimegy dOSEetharmperam
L- I re shown
[ nd?ll’t:]%lglu?gﬁ 8§em¥g‘{]§gﬁte§%&§r esléﬂbl(é%{ellb?(%ﬂﬁé\e?g ht | oss
cdPe¥d pondSURE e a ndiemand repeesertatmn ¢f ® nentinode redction set-up.
L-proline per nole of structure analyzed. Differenti al
Scanning Cal orimetry [00191] The solid state thernal
behavi or of DERAILED PESCRIPF(IQ)N BB THE mvmmmne-

30dj ol sol vate |If, dinmethanol solvate Ig

896& li ne hewreSFWémfnioeraws?ﬁ Aldeast ingae, qnﬁ%alhneﬁmcwre“ of
L -Rpbiddg Hembidlak®| || structures were investigated
by differential scanning calorinmetry (DSC). The DSC
cuPWdd f orhetipren (PEyRGUtigalhvgc¢RLlPG Usedkareint raferssio dhoee

Fi \ I

I L T R S R R R
salfvaind nbaglicst judgihem esitanefos bowt mvith Biegissies of lunsemdein2s and
respectively. The DSC curves for the 1:2 L-proline
conplex Ih, the 1:1 L-prolin20econplex Ii and the 1:1
L-proline hem hydrate Ij structures are shown in
Figures 19, 520 and 21, respectively. 1001921
Differential scanning calorinetry (DSC) experinents
were perfornmed in a TA InstrunentsTM nodel QL000. The
sanpl e (about 2-6 ng) was wei ghed in an al unm num pan
and recorded accurately recorded to a hundredth of a
mlligram and transferred to the DSC. The instrunent
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1001961 When indicated, crystals were cooled in the
cold streamof an Oxford cryo systemd during data

woSBldifRsdlson. 5(00197) The structures were soly %‘b{@ﬁéﬂ?;‘ml?w

5i

10

Irect nmethods and refined on the basis of observe
reflections using either the SDP5software package with
m nor | ocal nodifications or the crystall ographic
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151001991 Unit cel |l paraneters for, the (S)-P

st TUEELr o TPaaly B3/ selapod 19 e dtoBerets T3 T‘é‘Eﬂ“éTeSsis kpgyvn
useg J]ﬁﬁ&bﬁ‘ismtﬁ@us!é@ héremehbly RBFATRIES to PG i%ﬁﬁcp@arvmg the
ceII refers -to the nunber of nol ecul es” of Conpound in
t héamphemica] gompprpeiEb diffpyt spatial qrrapggmaenisey thegyolggles,

b BmS SE RS it e Shs Pty o g sappé it
6330r11pd@'gi;pz,, thay diffg1i9 packs R aé;d geometrical arranggmentt @d’pne@r@)(hibit
raphlc a

Fhffer Tt }%s:lly¥lsc£1a1:)lr(|)§)% 125 tsuc:h as meEt{ng\gomt skxf'{pe 00?01 (?Ein? ?y/, g%dness
dr d@fomtdbﬂﬂyglsasﬂm}e rchsefﬂhthdn ﬁld%mﬂﬂﬁwmken,dmé onc?heM tﬁmpel ative-

15 (C;?tglgliltyl r&f@nslclgaotg/% glio%lﬁ%sbﬁ {éejg}mnetlgwl en%tFotroplc For
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25

30

278 mop P cP/sydidh, the GabthRGlabBaf Betw&@nl tREH0001i@Phses remains
pr ocessi ng user interface: Collect: Data collection

sobt ?gé agth %etaturﬁbsrﬁha%geé Ny comg_agg g 9 gpLgigpic system there

Cr yasy 8 L8NS YRsdA8Rm %ﬁi@hﬂ{ abil h&f Ardd
d azer, J. :Ap Igﬁér Cryst., 198 ESt ;11@?%(5 E%NS%EFEQSStrSESteure

Def Bieaivreat pmmpsfé’t@é@@rp@w af Pmtquuﬁnsnwwmewwilﬁoim

Sc atghey feRg;- gﬁ Ay including ' and./-, in the SDP
30?1932);68 vve? en ‘fromthe" Internati onal Tabl es for

Cr jﬂlﬂtﬁéll I ogalapihydf thkgmoghndteismyes Bif theiimghiaom mEnigd raord ded
1th 9%{1 aﬁtlalld' rpél(ci é}}as%ie%rllog_n%éhlgc?hf:a)’/tm@fthe&rese{l%q of(’jl d%mmant
C abmbhllrﬁbﬁﬂsﬂi@e erysiphiae sigicatiParklpOaadly nfiakd nodnio @k onk or more
set fort .the positional garafmeters for the] Igsg PG | g
st P\?}Ert cmzséa line shgegtures: o Bgprgsence of more than one crystalline structure of the
invention in a sample may be determined by techniques such as powder X-ray
diffraction (PXRD) or solid state nuclear magnetic resonance spectroscopy
(SSNMR). For example, the presence of extra peaks in the comparison of an
experimentally measured PXRD pattern (observed) with a simulated PXRD pattern
(calculated) may indicate more than one crystalline structure in the sample. The
simulated PXRD may be calcuiated from single crystal X-ray data. (see Smith, D.X_,
“4 FORTRAN Program for Calculating X-Ray Powder Diffraction Patterns,”

Lawrence Radiation Laboratory, Livermore, California, UCRL-7196, April 1963; see
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Posi tional Parameters for (S)-PG at T= 25C Atom X Y Z
CL 0.7313 0.4674 -0.2101 05 0.8119 0.5766 -0.0701 04

WO 90Fa@3290. 5458 0. 0056 03 0.5115 0. 3666 - 0. 024BCDES2007/071749
0.9646 0.2671 -0.0316 02 0.4895 0.5889 -0.0811 C2
0. 6024 0.5045 -0.0697 C12 0.7946 0.4228 -0.1261 C5
0.8198 0.6301 -0.0398 017 0.1633 0.2154 -0.2179 C8

0. £394in0s. 7§,(ﬁﬁn ORI aﬁl\ﬁ@cooi' 9dend @@8§G09g&2899.1 @Amencan
0.5084 0. 5441 -0. 0373 0.7059 0. 6639 -0, 082

0. Frpnmaggutie Review, 2098 6 2, 80). Preferably, the crystalline stmcture has
substantially pure phase homogeneity as indicated by less than 10%, preferably less

than 5 %, and more preferably less than 2 % of the total peak area in the

5  experimentally measured PXRD pattern arising from the extra peaks that are absent
from the simulated PXRD pattern. Most preferred is a crystalline structure of the
invention having substantially pure phase homogeneity with less than 1% of the total
peak area in the experimentally measured PXRD pattern arising from the extra peaks

that are absent from the simulated PXRD pattern.

10 [0064] The various crystalline structures of the invention described herein may be

distinguishable from one another through the use of various analytical techniques

known to one of ordinary skill in the art. Such techniques include, but are not limited L
to, solid state nuclear magnetic resonance (SSNMR) spectroscopy, X-ray powder
diffraction {PXRD), differential scanning calorimetry (DSC), and/or

15  thermogravimetric analysis (TGA).

PREPARATION OF CRYSTAL STRUCTURES

[0065} The crystalline structures of the invention may be prepared by a variety of

methods, including for example, crystallization or recrystallization from a suitable
20 solvent, sublimation, growth from a melt, sohid state transformation from another

phase, crystallization from a supercritical fluid, and jet spraying. Techniques for

crystallization or recrystallization of crystalline structures from a solvent mixture

include, for example, evaporation of the solvent, decreasing the temperature of the . a

solvent mixture, crystal seeding a supersaturated solvent mixture of the molecule -
25  and/or salt, freeze drying the solvent mixture, and addition of antisclvents (counter

solvents) to the solvent mixture. High throughput crystallization techniques may be

employed to prepare crystalline structures, including polymorphs.

[0066] Crystals of drugs, including polymorphs, methods of preparation, and

characterization of drug crystals are discussed in Solid-Stare Chemistry of Drugs, SR.
30  Bym, RR. Pfeiffer, and J.G. Stowell, 2™ Edition, SSCI, West Lafayette, Indiana,

1999.
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C4 0.7190 0.4796 -0.0240 C10 0. 7203 0.5412 -0.1732 C17
0. 2586 0.3689 -0.2079 C19 0.4171 0.6835 -0.2198 Cl11

13822 -0.1562 C9 0.6397 0.7259 -0.16
WO%."%KZ@ES%. 8771 -0.1822 Cl4 0. 4508 0.6852 - 0. 1%?@%07’07”49

10

15

20

0.3841 0.5376 -0.1712 Cl6 0.2861 0.3765 -0.1788 C20
0.1012 0. 0595 0 1979 C18 0.3232 0.5239 -0.2279 C21
0.0030 -0.0944 -0Q.2137 6 maXus sol ution and

r ei{qoﬁ%]ms n§e‘§’oqlY%R?é% paybg pdded ig anw&%‘évlza@nfmx@ff oy note,

EdwgtBizatidn. NsQHBYBBleao thels®WRH hrtisdh, scelRB K R84 as RS of
a conputer programfor the solution and refinement of

cr yertepllingteropeth 9f a partipwen caystal lingstrignre i ppa meanappanoNing the
088ar9c1§ ZQ@ thr%%?lgn 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 effectively control the
growth of crystals in the batch. Seeds of small size may be generated by sieving,
milling, or micronizing of larger crystals, or by micro-crystallization of solutions.
Care should be taken that milling or micronizing of crystals does not result in any
change in crystallinity from the desired crystal structure (i.¢. change to amorphous or
to another polymorph).

{0068] As used herein, the term “room temperature” or “RT” denotes an ambient
temperature from 20 to 25°C (68-77°F).

[0069] In general, in preparing crystalline compound la as described below,
solvent(s) will be employed to enable formation of the crystalline compound Ia,

preferably having a bulk density as described below.

[0070] The crystalline compound of the structure Ia (S-PG) SC-3 of the invention

prepared according to the following telescoped reaction as shown in Scheme L.
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-0.0854 088 0.1294 0.2019 -0.0742 C88 0.1652 -0.0245
-0.0920 C89 0.2791 0.0335 -0.1051 C87 0.0645 -0. 1005
WO 2008/01282% 099 0. 2722 0.4482 -0.0319 H21 0. 6171PCI/RSHB7/071749
. 0753 H121 0.8544 0.3092 -0.1123 H51 0.7993 0. 8404
. 0347 HB1 0.5805 0.9176 -0.1225 He1l 0.9563 0. 6296
.0070 H62 1.0096 0.6774 -0.0422 H31 0.5776 0. 7529
. 0321 H11 0.6920 0. 8863gcArRf®3 HA1 0.7271 0. 2607
.0265 HL91 0.4656 0. 8069 -0.2353 HL1l 0. 8552 0.2316
. 1658

1. Et;SiH, BF30Et; or BF3* 2CH3COOH
Hy0 (1 eq.),
CH4CN

2. MTBE, (8)-PG and Seedsr

Cyclohexane

HO OH T
la

CHs,

(Crystalline) compound (fa {(S)-PG) form SC-3
[0071] As seen in Scheme 1, compound B or If or Ig (collectively referred to as
compound B) wherein compound B in the form of an amorphous solid or crystalline

5  solid (If or Ig) is treated with a reducing agent such as a silyl hydride, preferably an

alkylsilyl hydride, more preferably triethylsilane (or triethylsilyl hydride), in the
presence of an activating group which 1s a Lewis acid, such as BCl;  Me;S, BBr;,
BF;0Et, BCls, or BF; « 2CH:COOH, preferably BF:0Et; or BF; ¢ 2CH:COOH and
an organic solvent such as CH:CN, CH;CN/toluene or CH3;CN/dichloromethane,

10 methylene chloride or water, ata temperature within the range from about -15 to
about 25°C, preferably from about 5 to about 10°C, to reduce compound B and form

the corresponding base compound I

which is separated from the reaction mixture and treated with (S)-propylene glycol

15 ((5)-PG)and an organic solvent such as an alkyl acetate as set out hereinbefore,
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H131 0.5284 1.0619 -0.1717 H132 0.6093 0.9308 -0.2010
H151 0. 4086 0.5437 -0.1488 H161 0.2335 0.2640 -0.1632

wo33Rlos%21483 -0.1065 -0.1854 H202 0. 0535 0. 183kynfadBRdi740
83087 0,519 - 0. 2503 H2L1 - 0. 0806 -0. 2358 L

-0. 2014 H212 -0.0562 0.0572 -0.2256 H213 0. 0387
-0.2305 -0.2306 H2 0 4362 0.4237 -0.0836 H3 0.4297

0.4310 -0, 0299 H4 738 0, 9827
0. DB FROIGTIRY! st 67 LB Ty edie 091853 e nelyssess of
0. 2dbpoun® ($200) 8@ lar ratio of seeds Ia:compound B within the range from

about 0.1 to about 10%, preferably from about 0.5% to about 3%), to form a crystal
slurry of compound ((S)-PG) Ia and separating out crystalline compound ((S)-PG) Ia
5  from the crystal slurry.
[0072] In carrying out the above telescoped reaction of Scheme I, the silyl
reducing agent will be employed in a molar ratio to compound B within the range
from about 1.2:1 to about 4.5:1, preferably from about 2:1 to about 4:1, while the
activating group {Lewis acid) will be employed in a molar ratio to the silyl reducing
10 agent within the range from about 1.2:1 to about 4.5:1, preferably from about 2:1 to
about 4:1. (S)-propylene glycol ({(S)-PG) will be employed in a molar ratio to
compound B within the range from about 0.9:1 to about 1.5:1, preferably from about
0.98:1 to about 1.2:1; water will be employed in a molar ratio to the (S)-PG within the
range from about 0.95:1 to about 5:1, preferably from about 0.99:1 to about 2:1.
15
[0073] The crystalline compound of the structure Ia ((S)-PG) form SC-3 of the

invention may also be prepared according to the reaction Scheme II set out below.
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0. 3059 -0.1396 -0.1196 H871 0.0875 -0.2595 -0.1270
H872 -0.0137 -0.1453 -0.1008 H873 0.0462 0.0938

WO 2098/028%t H89 0. 4203 - 0. 0719 -0. 0817 H88 0. 065BCDUIBEN071749

10

-0.0608 HO91 0.2473 0.6301 -0.0234 H992 0.2108 0.3906
-0.0463 100201] Unit cell paraneters for the

nono- et hanol di hydrate (ethanol or EtOH structure)
form SA-1, fornula | c aredusvadibel ow in Tabl e 5.
TABLE 5 Unit Cell Data.for Ethanol SA-1 (Ic) Formlc
SA-1 T a(A) b(A) 4 798(1) c(A) 13y z' SG P2, V",
Deal e

1)4-45eq.

AcO NaOH (as
W 1N solution)
Q
Ac methanol

4 -45eq.
+ NaOAc

Compound 1

1) MTBE, 1 eq. (S)-PG and seeds

2) Cyclohexane

(S)-PG
form SC-3

wherein compound A is treated with an alcohol solvent such as methanol, ethanol or
isopropyl alcohol, preferably methanol, water and aqueous base such as an alkali
metal hydroxide such as NaOH, KOH or LiOH, preferably NaOH, preferably under
an inert atmosphere such as nitrogen, at an elevated temperature within the range
from about 50 to about 85°C, preferably from about 60 to about 80°C to form
compound 1.

[0074] The aqueous base will be employed in a molar ratio of compound A within
the range from about 3.5:1 to about 5.5:1, preferably from about 3:1 to about 5:1.
[0075] The reaction mixture containing compound 1 is treated with an organic
solvent such as methyl-butyl ether (MTBE) or an alkyl acetate as described above,

preferably isopropyl acetate, or MTBE, to separate out compound I which is treated
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11.519(1) 22.648(1) 94.58(1) 6,4 1.307 0.05
T =tenmp (C for crystallographic data 5 Z' = nunber

wogg?ﬁo?'%%ml ecul es per asynmetric unit Vm = V4hidoo7071749

i0

15

drug nol ecul es per cell) R = residual 1 ndex
(1>3sigma(l)) = density of crystal calculated SG =
space group 10 [00202] Table 6 below sets forth the

posi.tiognal paraneters for the form SA..| (nono-
ot RSP oe a}eaﬁ}wfwufeﬂ%% thiekghirryeapipping opesllinanredig] 1a (5)-

AL 9T for&®er sli Opt Iy, Qeedb Of wn%%uﬂd gs)-ﬁey Rt AeMoXheVredetion
CL 0.7673 0.0854 -0.4142 02 0.8652 0.6413 -0.1468 05

0. gB5prep Thagrystaiiing g@wpragad 1 ipecparagddprothe glugg peplzing

8 g%%%nt%mg@%éz‘rce:d%e%;;}’%)gexgliielg,otﬁg gg}%rg) Dflé)%ﬁ)oiu(?d ﬂé}sﬂ’geagd with an
organic solvent such as cyclohexane, iso-octane or methyl cyclohexane, preferably
cyclohexane, and crystalline compound Ia is recovered.
[0076] In carrying out the formation of compound Ia, the (S)-PG is employed in a
molar ratio to compound I with the range from about 0.9:1 to about 1.5:1, preferably
from about 0.98:1 to about 1.2:1.
[6077] As indicated herein before, the (R)-propylene glycol solvate Ib of
compound I may be prepared in 2 manner similar to the corresponding (S)-propylene
glycol solvate 1a except that (R)-propylene glycol is used in place of (S)-propylene
glycol. -

[0078] The process of the invention for preparing the mono-EtOH-dihydrate

{ethanol or EtOH/structure) form SA-1 (compound I¢) is shown in Scheme III below.

_27-



-0.2110 -0.3797 04 0.7928 0.7549 0.0061 C7 0.7605
0.5175 -0.2375 C3 0.6679 0.6209 -0.0790 Cl4 0. 4816

WO 2103/092824 0. 3866 CL0 0. 7629 0.2551 -0.3461 CL3PQI/GSWPT/071749
0.5268 -0.3868 C8 0.6801 0.5902 -0.2843 C9 0.6770
0.4593 -0.3397 C6 0.9968 0.7646 -0.0652 Cl2 0.8423
0.3089 -0.2459 C4 0.7906 0.6184 -0.0498 C5 0.8704
0.7698 -0.0896 C15 0.4335CH2GBlIr0. 3337 Atom X Y Z
C11 0.8449 0.1815 -0.3008 CL7

NaOH, aq EtOH

deprotection

Compound A Compound |

Aqueous EtOH

crystallization

mono-EtOH-dihydrate
form SA-1

wherein compound A is dissolved in ethanol by heating to a boil then adding water in
volume ratio to the ethanol within the range from about 1:1 to about 3:1, preferably
5  from about 1.5:1 to about 2.5:1. FEthanol is added and the mixture cooled to a

temperature with the range from about -10°C to about -30°C, preferably from about
-15°C to about -25°C. Compound Ic is recovered as crystals of the mono-EtOH-di-
hydrate.
[6079] The process of the invention for preparing the ethylene gly;ol dithydrate

10 structures form SB-1 and form SB-2 (compounds Id and le, respectively), is carried
out as follows.
[6080] Compound 1d form SB-1 is prepared by dissolving compound A in
aqueous ethylene glycol (water: ethylene glycol from about 1:1 to about 0.4:1,
preferably from about 0.7:1 to about 0.5:1), by heating at a temperature within the

15 range from about 35 to about 55°C, preferably from about 40 to about 50°C, for about
1.5 to about 2 hours, preferably from about 0.30 min to about 1 hours. The mixture is
cooled to a temperature within the range from about 10 to about 22°C, preferably

from about 14 to about 16°C, and seeds of the mono-EtOH-dihydrate crystals Ic or
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0.

0.

2911 -0.0396 -0.3851 C20 0.141 -0.3384 -0.4319 C19
4321 .0. 2052 -0.4377 C18 . 0.3377 0.0255 -0.4384 C16

0751 -0.3330 C21 0.0431 -0.5128 -O0.
Wogmﬁémg”g 6071 -0.0516 088 0.2324 -0.2097 -O0. %5{73&]5%@%’07”49

10

15

20

25

OCoo00oO0o

. 1155 -0.3014 -0.2376 C88 0.2065 -0.4150 -0.1969 099

.4409 0.0604 -0.1784 H21 0.6816 0.2833 -0.1387 H11

83 0. 1. 864 H3 0.6356 0.8307. -0. 0805 H131

 Bynopecd v dtiegon in Som SBs R A Sk LipolaHeRs K1
. Bdifigound A within the range from about 0.1 to about 10%, preferably from about 0.5

to about 3%, to form the ethylene glycol dihydrate crystal forim SB-1 Id.

[0081] In accordance with the present invention, the ethylene glycol dihydrate
crystal form SB-2 Ie is formed by dissolving compound A in aqueous ethylene glycol
(water: ethylene glycol from about 1:1 to about 0.4:1, preferably from about 0.7:1 to
about 0.5:1), by heating at a temperature within the range from about 35 to about
55°C, preferably from about 40 to about 50°C, for about 1.5 to about 2 hours,
preferably from about (.30 min to about 1 hour, The mixture is cooled to a
temperature within the range from about 10 to about 30°C, preferably from about 20
to about 25°C, and seeds of the ethylene glycol dihydrate crystals form SB-2 Ie are
added in a molar ratio to compound A within the range from about 0.1 to about 10%,
preferably from about 0.5 to about 3%, to form the ethylene glycol dihydrate crystal
form SB-2 le.

[0082] The process of the invention for preparing the crystalline form of
compound B, that is If, is carried out in accordance with Scheme IV set out below.
[0083) The crystalline 1,4-butyne-diol solvate If of the invention is prepared

according to the following reaction Scheme TV.

SCHEME IV

CHy-C=C—GHj
o o HE—C EC_(I:H
_— "

HO OH

Compound B Crystalline
if

wherein non-crystalline compound B (which may be prepared as described in U.S.
patent application Serial No. 10/745,075 filed December 23, 2003 or in U.S, Patent
No. 6,515,117), preferably in substantially pure form (for example 50 to 100% pure),
is mixed with toluene/alkyl acetate (such as ethyl acetate), and the mixture heated to a

temperature within the range from about 50 to about 70°C, preferably from about 55
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0.7524 -0.2770 Hel 1.0365 0.5668 -0.0787 H62 1.0037
0.7711 -0.0175 H121 0.9040 0.2455 -0.2092 H41 0. 8196
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tg Q¥ cut @5 QL gﬁmtﬁe 21 911@ 01H§ a&ieg 11§(§h &te’é%@ Zbox@ u%7t e a'}%l dissolves,
5091 0.3623 -0.

st;ggds@)_f oFppouUNg _I@@ﬂg:lded and the m:xture cooled to form crystals of compound
If.

[0084] In an alternative process for preparing crystalline compound If, compound
5 B s dissolved in an alkyl acetate (such as butyl acetate) or an alkyl acetate/heptane

(0.5:1 to 1.5:1) mixture at an elevated temperature within the range from about 50 to

about 70°C, preferably from about 55 to about 65°C, 1,4-butyne-diol is added, and

the mixture 15 cooled to room temperature to form crystals of compound If,

[0085] In 2 preferred embodiment, compound If is crystallized from a mixture of

10 compound B and toluene/alkyl acetate (preferably ethyl acetate) containing a volume
ratio of toluene to alkyl acetate within the range from about 1:1 to about 19:1,
preferably from about 4:1 to about 9:1. The mixture of toluene/alkyl acetate will
include sufficient toluene to provide a molar ratio with compound B within the range
from about 40:1 to about 90:1, preferably from about 60:1 to about 80:1, so as to

15  enable formation of the 1,4-butyne-diol solvate If,

[6086] The crystallization to form 1,4-butyne-diol solvate If may be more easily
effectuated employing seed crystals of compound If in an amount from about 0.1 to
about 10%, preferably from about 0.5 to about 3% based on the weight of starting
compound B.

20 [0087] In another preferred embodiment, compound If (which may or may not be
purified) is crystallized from a mixture of compound B and alkyl acetate/heptane
(preferably butyl acetate/toluene) optionally with seeding with seeds of crystalline
compound If employing from about 0.1 to about 10%, preferably from about 0.5 to i
about 3% seeds of If based on the weight of starting compound B. The alkyl acetate N

25 will be employed in a volume ratio with heptane within the range from about 0.5:1 to

about 2:1, preferably from about 1:1 to about 1:1.5.

|0088] The crystalline 1,4-butyne-diol solvate If may also be prepared in a
continuous process as shown in Scheme VA,

30 [0089] The synthesis of solvate If involves two sequential steps with compound E
and compound D: (1) Lithiation of compound E to generate a lithiated intermediate

G, and (2) coupling of the lithiated intermediate G with compound D.
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[0090] Referring now to Figure 22, a schematic process flow diagram (similar to
that disclosed in U.S. Patent No. 7,164,015 which is incorporated herein by
reference), i1s shown. In this embodiment, the entire process for preparing compound
If as shown in Scheme IVA is performed under non-cryogenic conditions. An
aromatic reactant E having a group suitable for I.i and halogen exchange is stored in a
first vessel 1 at room temperature. A lithium reagent Q is fed into a second vessel 2,
also at room temperature, The aromatic reactant E and the lithium reagent Q are
transferred from the vessels 1 and 2 via pumps 3 and 4, respectively, to a first
jacketed static mixer 5. The temperature of a reaction to produce a lithiated anion
species is regulated at from about -30°C to about 20°C, 1n the first mixer 5 by a
chiller 6.

[0091] The lithiated anion spectes G thus formed is fed directly from the first
mixer 5 to a second static mixer 22 along a conventional transfer line 19. A carbonyl

substituted reactant D is fed into a third vessel 20 at room temperature and is
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8 bel ow sets forth the positional paraneters for the
form SB-1 15(ethyl ene glycol) Id at -50C. TABLE 8
Fractional Atom c Coordinates for Form SB-1 at T=-50C

ALRIRLrdd a Phimf) 27 286u - A82P26 Ohdd 88s G188 Elnfraad9 Qithin
-0. 1537 017 0.1901 -0.1911 -0.3791 C13 0.5791 0. 5319

- 0B8BBLOBom abou 1100 4Ba -300° (M aBbthen passq, 18 SR Be@nd Jarketed

g T e

- Gied@E9iH220y486dond cBEIBA23. 0. 3849 C 0. 7451 0. 6551

) {0(}972?9 u%thgf psrgcse%sigg' L%ngd%rg gl}gdmzdgt:?ogn COHﬁ\lttiglrlrS] occurs where H is fed
into & conventional reactor 25 where it is treated with acid in an alcohol solvent,
preferably MSA/MeOH or HCI/MeOH, to form H’ (desilylated hemiketal) which
further converts to glycoside B. Further additional work-up and back extraction and
crystallization with 2-butyne-1,4-diol (J} in toluene/EtOAc produces crystalline
product If. The reactor 25 may be maintained at room or other non-cryogenic
temperature during the course of any subsequent reactions.
[0093] The lithium reagent used is desirably an organo lithium reagent. Suitable
organo lithium reagents include n-BulLi, s-BuLi and t-BuLi. Others will be apparent
to those having ordinary skill in the art,
[0094] After completion of the reaction, the desired product If can be isolated and
purified according to techniques widely known in the field of organic chemistry {e.g.
precipitation, solvent extraction, recrystallization, and chromatography). The
deprotected compound If may itself be a useful intermediate or end product. The
compound If may be further reacted to obtain pharmaceutically acceptable acid
addition or base salts thereof using methods that will be known to those having
ordinary skill in the art,
[0095] Temperature and reaction time are two important parameters in the
continuous process design shown in Scheme IVA: the lithiation can be operated
continuously from -30°C (or lower) up to 20°C {or higher), preferably from about
-17° to about -10°C, with minutes to seconds of reaction time. For the subsequent
coupling reaction, the stream of lithiated derivative G 18 further mixed with the
compound D stream (the third feed) in a mixer. The mixed flow can be then sent to a
flow reactor if extra reaction time is needed for completion. The coupling reaction
can be operated continuously at higher temperatures from -30°C to -10°C (or higher),
preferably from about -30° to about -20°C, with minutes to seconds of r;aaction time.
The coupling stream is then sent to a batch reactor for further reactions as described

herein. With continuous processing, both lithiation and coupling reactions can be
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with efficient temperature control, compared with cryogenic batch reactors on scale.
[0096] The operating temperature of continuous lithiation in the above process
can be as high as 20°C (not limited to), preferably -17 to -10°C, while generating >95
RAP, of the desired lithiated intermediate G.

[0097] In the coupling reaction, the coupling product from the above process at

-20°C to -30°C, preferably ranged in 70-79 RAP.

[0098] Compound If may be employed to prepare crystalline intermediate A as

shown in Scheme IVB.

SCHEME IVB

Preparation of Intermediate A

OEt

Ci < DEL Cct OEt
HOCHz 4 O O O Ac0 O O 1. E4,5i ¢ BF ; # 24c0H 0. O @
_omap
o™

AcO
OMa [~oma R B,
\)
"1t TN, 7 80%  acg K 2. Acatone Aco™ “0ac
3. SDA3A EtOH
OAc crystallization > 80% OAc

Crystalline Final Intermediate A
if

[0099] Referring to Scheme VB, solid compound If, solid DMAP, Liquid
acetonitrile, and hiquid acetic anhydride are heated to a temperature within the range
from about 70 to about 85°C and held until reaction is complete.

[00100]  The batch is cooled (e.g. 5°C). Triethylsilane and boron trifluoride acetic
acid complex or other Lewis acid (as described with respect to Schemg I) are added to
the reaction mixture. After completion of the reaction, acetone or other solvent is
added. The batch is warmed (for example from about 20 to about 30°C) and held
until triethylsilane is consumed. Aqueous NH,QAc is added and the batch is mixed,
and allowed to settle until upper and lower phases form. Batch volume of product in
the rich upper phase is reduced by distilling off acetonitrile to minimum agitation.
SDA3A Ethanol is added at elevated temperature (> 60°C).

[00101] The product A crystallizes out by cooling or cooling with seeding (5 wt%
based on compound If wet-milled, nitrogen jet milled, or a previous batch).

[00102] The product 1s recrystallized as either a wet or dry cake from SDA3A

ethanol.
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0. 0080 -0.1639 C6 0.9880 0.6960 -0.0759 088 0. 1661
-0.7610 -0.1669 089 0.0461 -0.2291 -0.2249 C88 0.1970
WO 20088@8%+ - 0. 1946 C89 0. 1423 -0.4698 -0.2450 HBOI/LB20000B749
-0.1368 -0.2011 H88 0.0999 -0.9161 -0.1930 H2 0.5081

0. 3212 -0.1695 H3 0.5158 0.5512 -0.0479 H6 1.0592
0.3693 -0.1043 HO81 0.3142 0.5218 -0.0410 H982 0. 3908
0. 7860 -0.0248 HO991 0.4708 -0.1672 -0.1673 H992 0. 3887

0.0065 -0.1290 H41 0.8040 0.4214 -0.0458 H31 0. 6366
0.188H3] The crystalline dimethanol solvate Ig of the invention is prepared

according to the following reaction Scheme V.

5 SCHEME V

2MeCH

Compound B Crystalline S
lg
wherein non-crystalline compound B (which may be prepared as described in U.S.
patent application Serial No. 10/745,075 filed December 23, 2003 or in U.S. Patent
No. 6,515,117), preferably in substantially pure form (50 to 100% pure), is dissolved
10 in mcthanol, 2 mixture of mcthanol/tolucne, or a mixture of
methanol/toluene/heptane, a mixture of methanol/methyl t-butyl ether
(MTBE)/heptane, or a mixture of methanol/toluene/ethyl acetate or other alkyl acetate
with stirring, to form a white slurry containing crystalline dimethanol solvate Ig. The
crystalline dimethanol solvate Ig may be recovered from the slurry using conventional
15 procedures, such as filtration.
[00104] The above process may be carried out at room temperature;-although
elevated temperatures of up to about 20-25°C may be employed to enhance
crystallization.
[00105] In a preferred embodiment, compound Ig is crystallized from a mixture of
20  methanol/toluene containing a volume ratio of methanol to toluene within the range
from about 6:1 to about 1:1, preferably from about 3:1 to about 5:1. The mixture of
methanol/toluene will include sufficient methanol to provide a molar ratio with
compound B within the range from about 80:1 to about 10:1, preferably from about
40:1 to about 20:1, so as to enable formation of the dimethanol solvate Ig.
25 [00106] The crystallization to form dimethanol solvate Ig may be more easily

effectuated employing seed crystals of compound Ig in an amount from about 0.1 to
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-0. 2193 H151 0.4529 0. 3653 -0.2956 H161 0.2954 0.0652
-0.2987 H181 0. 3033 -0.0383 -0.4826 H191 0. 4696 0. 2685

-0.4759 H201 0. 1135 -0.1601 -0.4631 Atom X Y Z H202
0. ¥oup 10%, prgfeeblygrom apuip § fo ehgupyglased on the weight of starting

compound B.

{00107]  In another preferred embodiment, compound Ig (which may or may not be
purified) is crystallized from a mixture of methanol/toluene/heptane with seeding
with seeds of crystalline compound Ig employing from about 0.1 to about 10%,
preferably from about 0.5 to about 3% based on the weight of starting compound B.
The methanol will be employed in a volume ratio with toluene within the range from
about 1:0.5 to about 1:6, preferably from about 1:1.5 to about 1:2.5, and a volume
ratio of heptane:toluene within the range from about 2:1 to about 0.5:1, preferably

from about 1.3:1 to about 0.5:1.

[00108] The crystalline complex 1:2 L-proline Ih of the invention is prepared

according to the following reaction Scheme V1.

SCHEME V1

Hz0

isopropanol

Compound | L-proline

crystalline complex

wherein a solution of L-proline in water is heated to a temperature within the range
from about 70 to about 90°C and an alcohol solvent such as methanol, ethanol or
isopropy! alcohol, preferably isopropyl alcohol, is added. A solution of compound 1
is added to the above L-proline solution (which is stirred), wherein compound I is
employed in 2 molar ratio to L-proline of about 0.5:1. The solution is cooled slowly
to room temperature during which time solids form. The solution is filtered to
remove solids which are washed with alcohol solvent. The solids are dried and
recovered in the form of a white solid which is the 1:2 L-proline crystalline complex

Ih, form 3, N-1.

[00199] The crystalline 1:1 L-protine complex Ii of the invention is prepared

according to the following reaction Scheme VII.
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0.8133 0.9822 -0.0746 0.5013 0.9285 -
5 0.ofzgopqundd @ cthanol or other alcohol solvent is added. The resultmg solutlon is

cooled from -10 to -25°C at which time solids form, which solids are the 1:1

crystalline complex with L-proline Ii which is recovered employing convention

procedures. In carrying out the above procedure for preparing the 1:1 L-proline

complex Ii, the L-proline is employed in a molar ratio to compound I within the range

10 from about 1:4 to about 1:6.-

[00111]  The crystalline L-proline hemihydrate complex I} of the invention is

prepared according to the following reaction Scheme VIIIL

15 SCHEME VII1
Cl OEt g cl O OEt
ethanol
noW ”/on Ho ’fou Ci . 0.5H0
Compound | g OH

1
wherein a solution of L—proline- and compound I (4.34 g, 10 mmol) m ethanol/water is
heated to 70°C to give a clear solution. The resulting solution is cooled from -20 to
-25°C and seed crystals of 1:1 complex with L-proline 1i are added. After 3 days at

20 -20°C, solids are collected via filtration, and the filter cake is washed with cold
(-20°C) ethanol. The resulting solids are suspended and recovered as a white

crystalline solid Ij, H0.5-2 employing conventional procedures.

[00112}  The crystalline L-phenylalanine complex Ik of the invention is prepared

25  according to the following reaction Scheme IX.
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Compound| L-phenylalanine

OH

ctystalline complex
[00113] L-phenylalanine is dissolved in water with heating. The resulting solution
is filtered and added to an ethanol (or other alcohol} solution containing compound 1.
The resulting solution 1s heated at from 70 to 90°C and allowed to cool slowly to
room temperature (crystal formation is observed at 55°C). The solution is subjected
to conventional recovery procedures. The L-phenylalanine complex Ik is recovered

as a white sohid identified as 1:1 complex of compound 1 with L-Phe.

[00114]  The following examples are provided to describe the invention in further
detail. These examples, which set forth the best mode presently contemplated for
carrying out the invention, are intended to illustrate and not to limit the invention.
[00115]  The preparation of compounds of formula I is generally described in U.S.
Patent 6,414,126, and specifically described in Scheme 1 and Example 1 of U.S.
Patent 5,515,117. U.S. Patent 6,414,126, and U.S. Patent 5,515,117 incorporated by
reference herein in their entirety. Stable forms of compounds of formula (1) can be

crystallized as solvates (e.g., hydrates).

EXAMPLES

PREPARATION OF CRYSTAL STRUCTURES

EXAMPIE 1
Preparation of (S)-Propylene Glycol ((S)-PG) Structure —
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1} Isopropyl acetate, 1 eq. (S}-PG HO LH3
2) Cyclohexane HOY “HOH * HoO = HO/\\OH
CH

{S)-propylene glycol
form 5C-3

[00116] Compound A can be prepared as described in Example 1, Part E of ULS.
Patent 6,515,117. '

;‘:. . :.\
Lo
it

5 [00117] A 10-L glass reactor equipped with a thermocouple and a nitrogen iniet
was charged with MeOH (1.25 L), deionized water (3.6 L) followed by 50% aqueous
NaOH (205.9 ml, 3.899 mol). The residual solution of NaOH in the measuring
cylinder was transferred with water (94 ml) to the reaction vessel. Compound A
(503.11 g, 0.872 mol) was added and the mixture was stirred and heated to ~68°C

10 over 1.5 h. After | h, the circulation bath temperature was lowered from 80 to 70°C;
internal temperature became 65°C. Afier a total of 3 h HPLC' indicated completion
of reaction, Compound I AP ~99.5. After the mixture was cooled to 25°C, isopropyl
acetate (2.5 L) was added. The mixture was stirred for 10 minutes and then the
aqueous layer was separated (pH = 12.5) and organic layer was washed with water (1

15 L). During this wash the pH of the biphasic system was adjusted to 6.0 with conc.
HC1 (5.0 m1) and then the aqueous layer was separated.” The organic layer was
collected in a separate vessel. The reactor was washed with water (2 L), MeOH (2 L)
and flushed with nitrogen gas. The wet solution of compound B was recharged into
the reactor and (S)-propylene glycol ({S)-PG) (67.03 g, 0.872 mole) was introduced.

20 Optionally, seed crystals of (S)-PG la may be added at this stage. Instantaneous
crystallization produced a thick slurry. After stirring for 1 h, cyclohexane (2.5 L) was
added rapidly over 10 minutes and the stirring was continued for 21 h, The product

was filtered through a filter paper (Whatman #5, Buchner funnel 24” diameter). The
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- ofifmoan pieprapidged ok bad> minweoJ he iRpigtoevas washed with a

mixture (1:1) of MTBE/cyclohexane (2 x 1 L) and dried under suction for 0.5 h. The
solid was transferred to a pyrex tray and dried under vacuum (25 mm Hg) in an oven
at 25-30°C for two days till water analysis by KF corresponded to monohydrate (3.6
wt.%). The (S)-PG product Ia was obtained (0.425 kg, yield 97%) as a snow white
solid, HPLC® AP 99.7.

[00118] Seed crystals may be prepared by dissolving compound I in a solvent such
as MTBE and treating the resulting solution with (S)-propylene glycol and
proceeding as described above without the use of seeding.

'"HPLC: Column: YMC ODS-A (C-18) 83, 4.6 x 50 mm. Solvent A: (.2%
aq. HzPO4. Solvent B: 90% CH;CN/10%H,0 Start %B = 0, final %B = 100 Gradient
time 8 min; hold time 3 min. Integration stop time 11.0 min. Flow rate 2.5 ml/min.
UV wave length 220 nm,

*Neutralization before phase split was done to prevent contamination of the
product with NaOH. {8)-PG structure prepared without neutralization was slightly
basic [pH 8.3 of a suspension sonicated in water (~20 mg/ml)].

*HPLC method: Mobile Phase A: 0.05% TFA in H,0. Mobile Phase B: 0.05%
TFA in CAN. Column: YMC Hydrosphere 4.6x150 (3u). Gradient: 30-90%B over 45
minutes, hold 5 minutes; back to 30%B and re-equilibrate for 10 min. Wavelength:

220 nm. Injection Volume: 10ul. Temperature: Ambient
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Y Z H201 0.0802 0.2769 -0.2296 H202 0.1742 -0.0142
-0.2253 H211 -0.0281 -0.1580 -0.2236 H212 0.0418

WO 2098805834 - 0. 1889 H213 -0.0522 0.0728 -0.1931 PRTUSABEB71749
0.7450 -0.0867 H3 0.4455 0.9047 -00257 H6 0.9900
0.7115 -0. 0140 H4 0.7487 0.9051 0.0180 H891 0.1791
0.0911 -0.1307 H892 0.2524 -0.1815 -0.1307 H881 0. 0688
-0.3227 -0.1317 H882 - 0. BRAGIPIE 9846 - 0. 1095 H89

0.1389 0.3052 -0.0871 H88 0.0278 -0.3039 -0.0685 H981
0. 2546 (SpPrepylene Glycol ((S)-PG) Structure - Form SC-3 - Formula Ia

1)4 -4.5 eq.
NaOH (as 3N
solution)

methanol
T0-75°C

Compuound A

CaoH3aCIC
Exaet Mass: 576.18
Mol. Wt.: 577.02
C, 80.36; H, 5.76; CI,6.,14; 0, 27.73

1) Neutralize to pH 6 - 7.5 using
N acetic acid

2) Isopropyl acetate
3} (8)-(+)-1,2 propanediol (1 eq.}
4) Cyclohexane

o

CaqH35CI10g
Exact Mass: 502.20
Mol, Wt.: 502.98
C, 5731 H, 7.01; CI,7.05;, 0, 28.63

5 Procedure
[00119]  20g of compound A was charged to a reactor at ambient temperature and
pressure. 30mL Methanol and 49.75mL 3N NaOH were added to the reactor and the
reaction mixture was heated to 80°C or reflux, and held about 2-3 hours for reaction
completion < 0.5 AP. The batch was cooled to 20°C and neutralized to pH 6.0-7.5

10 using con. HCl or IN acetic acid (requires ~ 1ml/gm input).

Extraction

{00120}  The product was extracted from the reaction mixture into 100mL

isopropyl acetate, the aqueous phase was split away and the organic phase washed
15 with water until conductivity < 10mS (~ 4mkL/gm input). The aqueous phase was

split away.

Crystallization
[00121] 2.8g(1.05 eq) (S)-(+)-1,2 Propanediol was added to the reaction mixture.
20 The batch was seeded with 0.1g compound [ seed. 160mL Cyclohexane was added
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-0. 0523 H991 0. 3186 0.3564 -0.0924 HI992 0.4542 0. 2696
-0. 0893 [00207] Unit cell paraneters for the
wokofwdwdyne-di ol solvate If are |isted bel ow i @Tﬁ@b(ﬁmn@
11. 5TABLE 11 Unit Cell Data for 1,4-Butyne-dio
Solvate If FormT a(A) b(A) c(A r Z SGVif, R _
Da YDl (10 25 21.576(7) 6.755(1) 18.335(5) 102.96( _
651 .055 1.339 YD | glo -50 21. 537(4?
e ?@7@% Batcwok‘éf? gym oy Rgmnppepre 19562 Bhpbaichy pllamet to stir
at &R Cbmburt [es-€ral LN 1A WAL Rofltbat Z = nunber
of drug nol ecul es per asymretric unit = V(unit
cell)/(Z drug nol ecul es per cell) 10R = residual index
(I Dcal c - density of crystal calculated SG
= Esﬁzactg’ gé‘g?prymg [ 00208] Table 12 bel ow sets forth
5t heoooz)i t Eactalbadafisoimédeake vas whihed ¥t 5080 Yneeldimelisopropyl
15sol vzate If at 25C. _TABLE 12 Tabl e of . Fracti onal
At BRI exsihar s g0 The cokepie Jried HidBTC B \parun prenginder

= #nGacuum. (Cake is dry when KF = 3.6% - 4.1%).

Yield = 84% (uncorrected)
10 Typical purity =99.81AP
Typical PG content = 15.1 - 15.8% by GC

EXAMPLE 2
Preparation of (R)-Propylene Glycol Structure - Ib

15 (R)-propylene glycol 1b
[00123] The (R)-propylene glycol structure was prepared using the same process
as described above for the (S)-propylene glycol structure Ia (Example 1) except that

(R)-propylene glycol was used in place of (S)-propylene glycol. -

20 EXAMPLE 3
Preparation of Mono-EtOH-Dihydrate (Ethanol or EtOH Structure} —
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Atom XY Z CL | 0.4766 0.0404 0.0954 01 0.4009 0.0489

0. 4240 02 0.2487 0.0360 0.2866 03 0.3361 0.3116 0.3700
WO yW86H028280 - 0. 0335 0.5564 C 0.4341 -0.0386 OPCDHYE200D071749

0. 2694 -0.0045 0.4212 C3 0.3808 0.0618 0.4929 05

0.2184 -0.1421 0.4159 06 0.1438 0.7685 0.0893 C4

0. 3553 0. 1186 0.3597 C5 0.4405 0.0690 0.1713 Co 0. 4608

-0.0547 0.2314 C7 0. ZBErsh SA-101H2mla3R08 C8 0. 3662

0.2182 0.2312 C9y o

AcO NaOH, aq EtOH
e N/
AcO OAc deprotection
OAc
Compound A

Aqueous EtOH

crystallization

mono-EtOH-dihydrate S
form SA-1 S
_ MP 40°C - 41°C
[00124] Compound A (1.0 g) was dissolved in EtOH (3.0 ml) by heating to a boil
and the solution was diluted with water (7 ml). 1 ml EtOH was added and the
5  mixture was divided in three portions for crystallization at 20°C, 5°C and -20°C.

After cooling to -10 to -20°C, crystals were formed which have M.P. 40-41°C.

EXAMPLES 4 AND 5
Preparation of Ethylene Glycol Structure Forms SB-1 and SB-2 —
10 Formulation 1d and Ie, Respectively

OEt Id (form SB-1)
le {form SB-2)

H . 2H20

OH

Ethylene Giycol

[00125] To obtain the polymorphic form of the ethylene glycol dihydrate crystal
form SB-1 Id, compound A (0.5 gm ) was dissolved in aqueous ethylene glycol (0.3
mL water: 0.5 ml ethylene glycol) by heating at 45 °C for 30 min. Upon cooling to
15 room temperature, seeds of the SB-1 (10 mg) were added. The reaction mixture was
stirred for 16 hrs, to provide white crystalline solid. The crystals were filtered,

washed with water and dried. To obtain the polymorphic form of the ethylene glycol
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0. 3737 0.3483 0.1029 07 0.4545 -0.2052 0.5425 C10
0.3205 -0.0595 0.4899 C11 0.1993 0.4901 0.0635 C12

woloihag- 4646 0.1010 C13 0.3863 0. 0987 o.293§£§%§%mnm7rmg

10

15

2100 0.1692 C15 0.4368 -0.0055 0. 55
0.2546 0.3872 0.0663 C17 0.2011 0.6771 0.0960 C |
0.3867 0.4541 0.3863 C | 9 0.3147 0.6507 0.1327 czo
289.0,1572,0,1310 (21, 0, 0758 1,0412.0.0907 €22
Plydats sepfsayspis P SBa! 1 9@mpPupd 436 dsaltpin egapous cthylene

0. Q@gﬁ (S)-propylene glycol crystal form SC-3 Ia were added to obtain the ethylene
glycol dihydrate crystal form SB-1 Id (Example 4). These crystals were filtered and
washed with excess water.

[00126] To obtain the polymorphic form of the ethylene glycol dihydrate crystal
form SB-2 le (Example 5), Compound A was dissolved in aqueous ethylene glycol by
heating. Upon cooling, seeds of the mono-EtOH-dihydrate crystal form SA-1, ic
were added to obtain the ethylene glycol dihydrate crystal form SB-2 Te (Example 5).
These crystals were filtered and washed with excess water.

[00127] 'H NMR for forms SB-1 and SB-2: 'H NMR (400 MHz, DMSO) § 1.29
(t, 3H, J = 6.98 Hz, -CH3) 3.15 (m, 4H,), 3.33 (bs, 6H, -CH2), 3.42 (m, 3H), 3.6 (bdd,
J=11.4Hz, 1H), 3.9 (bm, 5H, H-1, -2CH,), 4.43 (1, 1H, ] = 7.4 Hz, OH), 4.86 (d, 1H,
J=2.4,CH), 495 (q, |H, -OH), 6.82 (d, 2H, ] = 11.47 Hz, Ar-H), 7.8 (d, 2H, ] = 11.4
Hz, Ar-H), 7.22 (dd, 1H, J=2.5 Hz, ] = 11.4 Hz, Ar-H), 7.35 (t, 2H, J= 10.96, Ar-H;
BC NMR (400 MHz, DMSO) 8 12.49, 59.16, 60.61, 60.69, 68.10, 72.51, 76.11,
78.51, 79.02, 112.09, 125.16, 126.47, 127.38, 128.61, 129.02, 129.73, 135.62, 137.48,
154.70.
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0.7849 0.2826 C24 0.1613 0.4969 0.2531 C25 0.1208
0. 6569 0.2679 C26 0.0508 0.9415 0.3041 09?* 0.0699
WO 2006/8¢2829. 3388 010* 0. 0921 0.9885 0.3889 H 0PYHES2007/071749
-0.1199 0.3347 H2 0.2539 0.1293 0.4275 H3 0.3717
0. 2007 0.5020 H4 0.4923 -0.1485 0. 2306 Atom XY Z H5
0. 3090 -0.1481 0.3449 H6 0.3335 0.3078 0.2311 H7
0.4083 0.4406 0.1034 H8 G368MrPQEZ/11 0. 0573 H9 0. 3310
-0.1996 0.4860_H O
Preparation of (S)-PG Solvate Form SC-3 Ia

OEt

1. Et3SiH, BF; - OEt;
H,0 (1 eq.},
CH4CN

2, MTBE, (S)-PG and Seeds
Cyclohexane
>85%

Amorphous white
Solid

Compound B

Crystalline
la

[00128] To acetonitrile (12 ml.), at batch temperature of 8-10°C under nitrogen
S5 atmosphere, was charged borontrifluoride diethyletherate (2.3 mL, 18.4 mmol) and

water (0.82 mL, 4.6 mmol). After holding the above mixture for about 1 hour,
triethylsilane ( 3 mL, 18.4 mmol) was added. The resulting mixture was held for
about 1 hour, and then compound B (prepared as described in Examplé 17) in 10 mL
acetonitrile was added. The batch was held at 5 to 10°C. On completion of the

10 reaction as determined by HPLC, the reaction mixture was quenched with aqueous
ammonium acetate (24 mL; 85 g) in 200 mL water. The phases were separated and
product rich organic phase was dried over sodium sulfate. The product rich organic
phase was concentrated under reduced pressure.
[00129] Water (13 mg, 0.7 mmol, based on 0.3g crude compound B input), (S)-

15  propylene glycol (56 mg, 0.7 mmol), t-butylmethy! ether (5 mL, ~17 mL/g compound
B input), compound Ia seeds (~ 20 mg) were mixed and held for | hr., to form a

crystal slurry. Cyclohexane (10 ml., 33 mL/g compound B (input)) was added. The
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0.1605 0.4349 0.0399 H11l 0.4728 0.0808 0.5536 H12
0. 4259 0.0056 0. 6018 HL3 0. 2525 0. 2624 0. 0444 Hld
14073 0.4272 H'S 0.3705 0.5779 0. 399
WO%.“%%SZ 4724 0.3430 HL7 0.3536 0. 7062 0. 155?‘7%2007’“7”“9
0.2607 0.8821 0. 1533 H19 0.0586 1.0179 0. 0384 H20
0.0746 1. 1804 o 1009 FQl 0.0510 0. 9710 0.1197 raz
0.1691 1.04 0. 0.
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0. ;9854

EXAMPLE 7
Preparation of Crystalline MeOH Solvate Ig

OEt OEt

2MeCH HO OMe » 2MeOH
HOY "Yon
OH
crude Crystalline
Compound B g

[00130] Crystals of methanol solvate Ig were obtained by dissolving pure
compound B in methanol and stirring at room temperature. A white slurry formed
after a few days, and was found to be crystalline methanol solvate Ig.

[00131] The so formed crystalline di-MeCOH solvate Ig may be used in place of

compound B mn the preparation of crystalline compound Ia as described in Example 6.

EXAMPLE 8
Preparation of Crystalline Di-MeOH Solvate Ig from Unpurified Compound B
in 80/20 Methanol/Toluene using Seeds

[00132] 6g of compound B _(HPLC AP approximately 80%) was dissolved in 15
mL of 80/20 methanol/toluene.
[00133]  Seeds (about 1% of starting compound B) of compound Ig crystals were
added and the mixture was cooled to form a slurry containing crystals.
[00134] The slurry was stirred for 6 hours before isolating.
[00135] The wet cake was found to be crystalline methanol solvate If but loses

crystallinity if left open for a few hours,

EXAMPLE 9
Preparation of Crystalline Di-MeOH Selvate Ig from Unpurified Compound B

in Methanol/Toluene/Heptane using Seeds
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0. 0916 0.5641 H27 0.4478 -0.2782 0.5791 H28 0.1742
0.3703 0. 3468 H30 0.0208 0.9935 0.2512 H31 0.0199
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0.4493 0.1953 * Atom c occupancy factor is 05 due to
di sorder of 2-butyne-1,4-diol solvent in the crystal
structure. [ 002091 Table 13 bel ow sets forth unit

celob13pRr B LR Sorhund BEOTF PHLIEAGIed30h YahBla8bPvial WHBLE
13 Unit Cell Data for D nethanol Solvate Ig Form a(A)

b(PgSnetic/Bu(bey c(A) Do SGv. M-1 (1lg) -50 20.948(3)
(g){)ﬁﬁ}?!ﬁ 2)4 11'1@%01%3‘1{627)35 28R4 1 gé?oé\;le tﬁé‘éompound Ta. T =tenp

for the crystall ograp = nunber of
dridf138b| et ullasctivap] wissyaddet iaxt, wedds OBM.mp@uM( lgrurystals (about

ceﬂ%NJ&ga‘g{{eﬂg nol ecul es per cell)
[00139] 4 mL heptane was added over 30 minutes and the mixture was stirred for
12 hours. Wet cake was isolated on a Buchner funnel. The wet cake was found to be
crystalline methanol solvate Ig. It was dried under vacuum at 30°C. The resultant
powder lost crystallinity.
[00140] Yield = 1.7 g=74.5% (corrected). Characterization XRD pattern of
crystals: Figure 10.
[00141] The so formed crystalline MeOH soivate Ig may be used in place of

compound B in the preparation of crystalline compound Ia as described in Example 6.

EXAMPLE 10
Preparation of Crystalline 1,4-Butyne-diol Solvate If from Compound B in
Toluene/Ethyl Acetate using Seeds

[00142] 1,4-Butyne-diol solvate can be crystallized in an alkyl acetate (e.g. ethyl,
propyl or butyl acetate), alcohol (e.g. isopropanol, butanol) or even water. Toluene
and heptane act as anti-solvents when crystallized in alkyl acetate.
[00143] 50g (90.3 weight%) Compound B was dissolved in 675mL toluene. The
solution was heated to 60°C and 75mL ethyl acetate added. 1.5 eq 2-butyne-1,4-diol
(= 13.3g) was added and the mixture held at 60°C until the butyne diol dissolved.
The solution was cooled to 55°C and 0.1% seeds (50mg) of 1,4-butyne-diol
compound If was added. The mixture was held for 1 hour at 55°C. Compound If
started crystallizing. The mixture was cooled to 25°C over 6 hours. The resulting
shurry was stirred for 3 hours before isolating (mother liquor cone was < 3mg/mL),
filtered and washed with 180mL toluene + 20mL ethyl acetate, and dried under
vacuum at 45°C to yield crystals of 1,4-butyne-diol solvate If.
[00144] HPLC AP =99.5%. Potency = 80.7 weight% (Expected potency = 83.6%
for 1:1 solvate). Yield = 95%.
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R = residual index (I>2sigma(l)) = density of crystal
cal cul ated SG = space group 10(00210] Table 14 bel ow

0}%8700% Shth the positional paraneters for thePCT][U82007fo71749

5

10

15

20

anol solvate Ig at -50C. TABLE 14 Tabl
Fractional Atonm ¢ Coordi nates for Di net hanol Sol vate
lg at T =-50C AtomX Y Z CL | 0.4845 0.0519 0.0975 01
0.3999 0.0334 0.4222 02 0. 2438 0.0327 0.2837 03 0.2919
-0. 0365 0.5534 04 0.2111 E¥\NE8& . 4115 05 0. 1409

0. i dhrBeSIBdC taﬂln%:i%BQ(ggg-gﬂ)lgoﬁﬁgaf Qom%&zg i B OButyl
0.4912 07 0.45 2193°0.5428 C2 0.4372 -0.0463

0.2932 C3 0.3958 0.2046 dcetwoffleptrng. 3540 0. 1054 0. 3588

S [(9)1219]17 OTS%'&)%%ZMI% B ﬂgl:lWE%htgo') 438 fissolved in 3.5mL butyl acetate +

3.5mL heptane at 60°C. 1.5 eq 2-Butyne-1,4-dio] was added and the mixture cooled
to room temperature. The resulting slurry was stirred for 12 hours, filtered and
washed with ImL 1:1 butyl acetate: heptane, and dried under vacuum at 50°C to
yield crystals of 1,4-butyne-diol solvate If. Potency = 85.1%. Yield = 90%.
[00846] The 1,4-butyne-diol solvate If may be employed in place of compound B
and employing the Lewis acid BF; ¢ 2CH3;COOH in place of BF;QFt; to form the

crystalline compound Ia.

EXAMPLE 12

Preparation of 1:2 Crystalline Complex with L-Proline - Structure Ih, Form 3

H,0

isopropanocl

Compound | L-Proline

Crystalline Complex lh

[00147] A solution of L-proline (11.5 g, 100 mmol) in 10 mL of water was heated
to 80°C and 100 mL and isopropanol was added. To the rapidly stirred solution of L-
proline was added a room temperature solution of compound I (21.4 g, 50 mmol) in
100 mL of 1sopropanol. Solids formed, and the solution was cooled slowly to room
temperature, The solution was filtered and the resulting solids were washed with
1sopropanol followed by hexanes. The solids were dried under vacuum oven to give
30.4 g of a white solid containing compound [ as a 1:2 crystalline complex with L-

proline (structure Ih, form 3).
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-0.0141 0.4180 C7 0.4666 -0.0556 0.2324 C8 0.4348

-0. 0197 0.5521 C9 0.3871 0.0889 0.2923 Cl O 0.3148
Boa8es29, 1014 C11 0.3669 0.2102 0.2310 Cl2 OPADPE2007/071749
0. 4955 0.0616 C13 0.3756 0.3437 0.1035 Cl14 0. 3159
-0.0680 0.4873 Atom X Y Z C15 0.2003 0.6811 0.0949

Cl6 0.2533 0.3883 0.0643 C17 0.4459 0.0675 0.1722 C18
0.3162 0.6471 0.1342 Cl9E8AABPLE 37551 0.1318 C20

03858 0.4414 0.3857 C21 . . .
Preparation of 1:1 Crystalline Complex with L-Proline - Structure Ii, Form 6

Compound |

Crystalline Complex li

[00148] A solution of L-proline (0.23 g, 0.2 mmol) in 1.1 mL of 90%

ethanol/water was briefly heated to boiling and a selution of compound 1 (0.4 g, 1
mmol) in 4 mL of ethanol was added. The resulting solution was cooled to -20°C for
2 h during which time solids formed. The solution was stored at room temperature
for 2 days. The vessel was centrifuged and the supernatant was removed. The
remaining solids were washed in 1 mL of MTBE, and the solids were dried under
vacuum to give 0.025 g of a white solid containing compound Iin a 1:1 crystalline

complex with L-proline (structure Ii, form 6).

EXAMPLE 14
Preparation of Crystalline Form H.5-2 of L-Proline Compound I Hemihydrate -

Structure Ij

cl OFt O o] O OFEt
? eﬁhanol HO
HOW "/OH HoW WOH 3 « 05H0

Compound | o5 o

Crystalline Complex lj

[00149} A solution of L-proline (0.23 g, 2 mmol) and compound I (4.34 g, 10
mmol) in 31 mL of 97% ethanol/water was briefly heated to 70°C to give a clear
solution. The resulting solution was cooled to -20°C and seed crystals of compound 1
1:1 complex with L-proline structure Ii form 6 were added. After 3 days at -20°C,
solids were collected via filtration, and the filter cake was washed with cold (-20°C)
ethanol. The resulting solids were suspended in 5 mL of heptane, followed by
filtration and washing with heptane to give 0.3 g of a white solid. The material (0.02

g} was further crystallized from 20/1 EtOH/H,O with slow evaporation of solvent and
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0.0747 1.0555 0.0906 C22 0.1419 0.9708 0.1140 08
0. 1606 0.3410 0. 3030 C23 0. 1681 0. 4908 0. 2528 097*
woSeRWG,d. 0537 03488 C24 0.0506 0.9411 0. 3043 Qh&007/071740
3.0871 %.9637 0.3888 H 0.3698 0.1882 0.5000 ﬁgk%.4§o§
Z0.1297 0.3339 H3 0.3403 -0.1573 0. 3401 H4 0. 2477
0.1190 0. 4240 H5 0.5002 -0.1450 0. 2324 H6 0. 4724
0. 0642 0.5527 H7 0.4230 -0.0062 0. 6000 H8 0. 3330 |
0. %‘@é?hf@?‘ el 19X dH ey Arapydlvpli SREtalsengineaAg atio of 4

molecules of compound I, 4 molecules of L-proline and 2 molecules of water per unit

cell, hemihydrate of 1:1 complex with L-proline (structure 1j form H.5-2).

5 EXAMPLE 15
Preparation of 1:1 Crystalline Complex with L-Phenylalanine - Structure Ik,
Form 2

Ho0

HzN EtOH
OH
(o]
Compound | L-Phenylalanine

OH

Crystalline Complex Ik
[00150} L-phenylalanine (424 mg, 2.56 mmol) was dissolved in 6 mL of water at
10 80°C. The resulting solution was filtered and added to an ethanol solution (6.5 mL)
containing 1 gram of compound I (2.36 mmol). The resulting solution was heated to
80°C and allowed to cool slowly to room temperature (crystal formation was first
observed at 55°C). The sclution was stored at 4°C. The solution was filtered and the
crystals were washed with 20% water/ethanol to give a complex of L-Phe:compound
15 L This material was further recrystallized from 10 mL of 50% water/ethanol as above
to give 910 mg of a white solid identified as 1:1.3 complex of compound I with L-Phe

(64%) structure Ik, form 2 as determined by '"H NMR integration. =
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- 0Psgp@pation of Compound If via Continuous Lithiation and Coupling Reactions

Lithiation
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H
u
ci OEt
Ct OEt
HOCHz, .G
HOCH, o 3. Crystallization with OMe
2-butyne-1,4-diol {J] in R iy,
| , OMe Tol/ EtOAc HO OH py OH
HoY “oH OH L — |
OH B

t
[00151] A reaction scheme similar to that shown in Scheme IVA and Figure 22

5  was employed.
[00152] A -30°C chiller for the lithiation reactor 5 (jacketed static mixer 5) was set
up.
[00153] A -30°C chiller for the coupling reactor 22 (jacketed static mixer 22) and a
pre-cooling heat exchanger (not shown in Figure 22) for the compound D/tohzene

10 feed was set up.

Continuzous Lithiation
[00154] The two feeds of E/THF/toluene (2.74 ml/min) and Q, namely, n-BuLi in
hexane (0.41 ml/min), were mixed and combined through jacketed static mixer 5
15 (-30°C).
[00155] Before pumping the D/toluene feed, toluene (2.96 ml/min) was sent into

the system as a make-up flow to maintain the overall flow constant at 6.1 ml/min.
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Unit cell paramaters for the 1:2 L-proline conplex
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TABLE 15 Unit Cell Data for 1:2 L-Proline Conmplex (Ih)

Continuous Coupling Reaction

[00157] The D/toluene feed (2.96 ml/min) was pre-cooled via a heat exchanger
before mixing with the lithiation stream.

[00158] The two streams namely G and D were mixed and combined through a
jacketed static mixer 22 (between -24°C and -30°C).

[00159]  The reaction stream appeared yellowish in color.

[00160] Samples were collected at the outlet of the mixer 22 for HPLC analysis.

Samples were taken before and after the collection into the MSA-MeOH reactor 25.

Methyl Glycosidation

[00161] The coupling reaction stream 24 was fed to a 500-ml reactor 25 containing
MSA and methanol or HCI/MeOH at <-10°C with stirring.

[00162]  After the collection were finished, the reaction mixture was kept at <-10°C
with stirring for another hour.

[00163] The reaction mixture was heated up to 35°C. The reaction was deemed
complete (about 6 hrs) until HPLC analysis indicated that desilylated hemiketal H’
RAP < 0.3 %. The reaction was cooled to room temperature (20°C) and the reaction

s

mixture was held for 16 hrs to form compound B.
Formation of Crystals of If

[060164] B was crystallized with 2-butyne-1,4-diol (I} in toluene/EtOAc to yield
crystals of If.
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[00265]  Solid compound If (50.0 g), solid DMAP (1.2 g), liquid acetonitrile (450
mL), and liquid acetic anhydride (63 mL) were charged to a 250 ml flask reactor.
[00166] The batch (77°C) was heated and held until reaction complete.

[00167] The batch was cooled (5°C).

[00168] Triethylsilane (72 mL), and boron trifluoride acetic acid complex (63 mL)
were charged to the reactor.

[00169]  After completion of the reaction, acetone (36 mL) was added.

{00170}  The batch (21°C) was warmed and held until triethylsilane was consumed.
[00171] Aqueous NH4OAc (33 wt%, 450 mL) was added and the batch was mixed,
allowed to settle until upper and lower phases formed.

[00172]  Batch volume of product in the rich upper phase was reduced by distilling
off acetonitrile to minimum agitation. Ethanol SDA3A (1 L) was charged at elevated
temperature (> 60°C).

[00173] The product was crystallized by cooling or cooling with seeding (5 wt%
based on compound If wet-milled, nitrogen jet milled, or a previous batch). The
product was typically isolated in > 75% yield. .

[00174]  The product was recrystallized as either a wet or dry cake from ethanol
SDA3A.

CRYSTAL STRUCTURE CHARACTERIZATION
[00175]  Crystal structures equivalent to the crystal structures described below and
claimed herein may demonstrate similar, yet non-identical, analytical characteristics
within a reasonable range of ervor, depending on test conditions, purity, equipment
and other common variables known to those skilied in the art.
[00176] Accordingly, it will be apparent to those skilled in the art that various

modifications and variations can be made in the present invention without departing
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apparent to those skilled in the art from consideration of the specification and practice
of the invention disclosed herein. Applicants intend that the specification and

examples be considered as exemplary, but not limiting in scope.

X-ray Powder Diffraction

[08177] One of ordinary skill in the art will appreciate that a powder X-ray
diffraction pattern may be obtained with a measurement error that is dependent upon
the measurement conditions employed. In particular, it 18 generally known that
intensities in a X-ray powder 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. Additionally, a
measurement error of diffraction angle for a conventional powder X-ray powder
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 structures of the instant
invention are not limited to the crystal structures that provide X-ray diffraction
patterns completely identical to the X-ray powder diffraction patterns depicted in the
accompanying Figures disclosed herein. Any crystal structures that provide powder
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 powder diffraction patterns is within the

purview of one of ordinary skill in the art.

{S)-PG (form SC-3) Ia, (R)-PG Ib, 1,4-Butyne-diol Selvate If and Dimethanol
Solvate Ig, Hemihydrate of 1:1 L-Proline Complex 1j (H.5-2), 1:2 L-Proline
Complex Ih and 1:1 L-Proline Complex Ii Structures

[00178]  About 200 mg were packed into a Philips powder X-ray diffraction
(PXRD) sample holder. "E:he sample was transferred to a Philips MPD unit (45 KV,

40 mA, Cu Ko,). Data were collected at room temperature in the 2 to 32 2-theta rage
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scatter slits, receiving slit: 0.2 mm, sample spinner : ON).

[00179]  Powder X-ray diffraction patterns for the (S)-PG (Ia), (R)-PG (Ib)

structures are illustrated in Figures 1 and 2, respectively. Powder X-ray diffraction
5  patterns for the 1,4-butyne-diol solvate If and the dimethanol solvate Ig are illustrated

in Figures 9 and 10, respectively. Powder X-ray diffraction patterns for the 1:2 L-

proline complex Ih, 1;1 L-proline complex 1, and the 1:1 L-proline hemihydrate
complex Ij structures are illustrated in Figures 13, 14 and 15, respectively. Selected
diffraction peak positions (degrees 26 = 0.2) for the (S)-PG (Ta), (R)-PG (Ib)

10 hemihydrate of 1:1 L-proline complex Ij (H.5-2), 1:2 L-proline complex Th and 1:1 L~

proline complex Ii structures are shown in Table 1 below. Characteristic diffraction

it

peak positions (degrees 26 £ 0.1) at RT, are based on a high quality pattern collected
with a diffractometer (CuKa) with a spinning capillary with 20 calibrated with a
National Institute of Standards and Technology methodology, and other suitable

15  standard known to those skilled in the art. The relative intensities, however, may

change depending on the crystal size and morphology.

TABLE 1
Selected PXRD Peaks (20 + 0.2%)

(S)-PG (1a) | (R)-PG (Ib) H.5-2, N-1, N-1
1:1 L-proline | 1:2 L-proline (Th} | 1:1 L-proline (Ii)-
(hemihydrate
) (1)) -
3.8 3.9 3.9 33 3.9
7.6 3.0 8.8 6.5 9.5
8.1 8.7 15.5 8.6 15.4
8.7 153 15.8 15.7 15.7
15.2 15.6 16.5 16.4 15.9
15.7 17.2 17.8 17.2 17.5
17.1 19.2 19.4 18.9 18.7
18.9 19.9 19.7 19.8 19.7
20.1 20.3 20.8 20.2 203

20
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[00180] The structures of (S)-PG (Ia), (R)-PG (Ib), 1,4-butyne-diol solvate If and
dimethanol solvate Ig were characterized by solid state NMR techniques.

[00181] All solid-state C-13 NMR measurements were made with a Bruker DSX-
400, 400 MHz NMR spectrometer. High resolution spectra were obtained using high-
power proton decoupling and the TPPM pulse sequence and ramp amplitude cross-
polarization (RAMP-CP) with magic-angle spinning {(MAS) at approximately 12 kHz
(A.E. Bennett et al, J. Chem. Phys., 1995, 103, 6951; G. Meiz, X. Wu and S.0. Smith,
J. Magn. Reson. A, 1994, 110, 219-227). Approximately 70 mg of sample, packed
into a canister-design zirconia rotor was used for each experiment. Chemical shifts (&)
were referenced to external adamantane with the high frequency resonance being set
to 38.56 ppm (W.L. Earl and D.L. VanderHart, J. Magn. Reson., 1982, 48, 35-54).
[00182] The resulting *C NMR CPMAS spectrum for structure (S)-PG and (R)-
PG are shown in Figures 3 and 4 respectively.

[00183] The major resonance peaks for the solid state carbon spectrum of (5)-PG
and (R)-PG are listed below in Table 1A and Table 2 and for 1,4-butyne-diol solvate
If and dimethanol solvate Ig are listed below in Tables 2A and 2B, respectively.
Crystal structures demonstrating substantially similar *C NMR peak positions,
wherein “substantially similar” means 10 to 15% of dimensionless value, are deemed
to fall within the scope of the invention (i.¢., equivalent to the structures illustrated

below).

TABLE 1A

Proton NMR Peak Positions for (S)-Propylene Glycol Solvate 1a
[00184] 'H NMR (400 MHz, de-DMSO0) & 1.00 (d, 3H, J = 6.25 Hz, PG-CHj), 1.29
(¢, 3H, ] = 6.98 Hz, -CH,CH3), 3.0-3.30 (m, 4H, H2, H3, H4, H-5), 3.43 (m, 1H, H-
6a), 3.53 (m, 1H), 3.69 (bdd, H, J = 4.4 Hz, H-6b), 3.9-4.1 (m, 5H, H-1, -CH;, -CH,),
438(d, 1H,J =45 Hz, OH), 4.44 (dt,2H, ] =22 Hz, ] = 5.7Hz), 4.82(d, IH, ] =
5.7 Hz, -OH), 4.94 and 4.95 (2d, 2H, 2-OH), 6.82 (d, 2H, ] = 8.6 Hz, Ar-H), 7.09 (d,
2H, ] =8.6 Hz, Ar-H), 7.22 (dd, 1H, J=1.97 Hz, 8.25 Hz, Ar-H), 7.31 (bd, 1H, 1.9
Hz, Ar-H), 7.36 (d, 1H, ] = 8.2 Hz, Ar-H).
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SSNMR Peak Positions / 3 (in ppm) Relative to TMS (Tetramethyl Silane)

(S}-PG | (R)-PG
5/ppm | &/ppm
16.2 15.8
17.6 17.6
393 39.0
60.9 60.9
63.3 63.2
69.8 67.4
76.9 69.7
78.7 713
79.4 79.2
113.8 79.8
123.6 1133
129.3 123.6
130.5 129.0
132.0 1304
135.7 132.0
139.1 135.6
158.0 139.2

157.9

[00185] These data are strictly valid for a 400 MHz spectrophotometer.

TABLE 2A

Proton NMR Peak Positions for 1,4-Butyne-diol Solvate If
[00186] 'H NMR (400 MHz, CDClz) 8 1.33 (t, 3H, J = 7.1 Hz, -CHz), 2.90 (s, 2H,
-CHy), 3.39 (s, 9H, -OCHs), 3.4-3.65 (m, 3H), 3.81 (bm, 2H), 3.91 (q,2H, J=7.1 Hz,
-CHy), 3.97 (m, 1H), 6.73 (d, 1H, J=8.6 Hz, Ar-H), 7.02 (d, 2H, ] = 8.4 Hz, Ar-H),
7.25 (s, 2H, Ar-H), 7.34 (s, 1H, Ar-H);  C (CDCI:) & 14,78, 38.43, 49.14, 50.57,
61.84, 63.34, 69.98, 72.53, 74.63, 100.95, 114.36, (2), 126.64, 129.19, 129.59,
129,71, 131.38, 134.30, 136.61, 138.50, 157.27. M.P. 103.08°C.

-56-

M



10

15

20

25

30

0.
0.

wogo
0.

oleoloNe

0441 0.5055 0.7380 087 0.7087 0.4793 0.6025 C88
1729 0.5956 0.8909 C89 0.4982 0.4992 0.6339 C90
. 2528 0.6324 C91 0.3008 0.6402 0.808
%8@%828. 4301 0. 6518 093 0.3078 0.7393 O. 9443"3@%2007’"7”49
2809 0.2490 0.6650 C95 0.3930 0.3137 0.6470 C96
. 0746 0.3688 0.6663 C97 0.6122 0.3067 0.6180 C98
. 2545 0.7117 0.8934 C99 0.6095 0.4314 0.6189 C100
. 0478 0.6254 0.9173 C110 ¥ABuB4B0. 8459 0.6019 0102
- 3952 Proton NMR Peak Positions for Dimethanol Solvate Ig

[00187] 'H NMR (400 MHz, DMSO-D6) § 1.26 (t, 3H, J = 7.1 Hz, -CHs), 2.38-
2.54 (m, 1H), 2.5 (s, 2H, -CHy), 3.2 (m, 1H), 3.35 (m, 3H, -OCHz3), 3.16-3.39 (m, 1H,
H-6), 3.41-3.42 (m, 1H, H-6), 3.9 (q, 2H, J=7.2 Hz, CH,), 4.05 (d, 4H, -CH,), 4.52
(t, 1HD), 4.75 (m, 2H), 4.95 (d, 2H), 5.23 (t, 2H), 6.82 (d, 2H, J =8.6 Hz, Ar-H), 7.07
(d, 2H, J = 8.6 Hz, Ar-H) 7.4 (s, 2H, Ar-H), 7.50 (s, 1H, Ar-H); " C(CDCl3) &
14.69, 48.28, 49.02, 60.81, 62.84, 70.05, 74.02, 76.81, 83.97, 100.64, 114.23, 127 .40,
128.2,129.44,131.2,131.4, 132,45, 137.38, 138.57, 156.84. Elemental analysis
Calculated for CogHz3Cl10g: Cale C 59.48, H6.34, C16.75; Found € 59.35, H5.97, Cl
6.19.

Thermal Gravimetric Analysis

[00188] Thermal gravimetric analysis (TGA) experiments were performed in a TA
Instruments™ model Q500. 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 purged with
nitrogen gas at 100mL/min. Data were collected between room temperature and
300°C at 10°C/min heating rate.

[00189} TGA curves for the (S)-PG Ia and (R)-PG Ib structures are shown in
Figures 5 and 6, respectively. Weight loss corresponds te one mole of water and one
mole of propylene glycol per mole of structure analyzed. -

[00190] TGA curves for the 1:2 L-proline complex Ih, the 1:1 L-proline complex Ii
and the 1:1 L-proline hemihydrate complex Ij structures are shown in Figures 16, 17
and 18, respectively. Weight loss corresponds to one mole of water and one mole of

L-proline per mole of structure analyzed.

Differential Scanning Calorimetry

[00191] The solid state thermal behavior of the (S)-PG Ia, (R)-PG Ib, 1,4-butyne-
diol solvate If, dimethanol solvate Ig, 1:2 L-proline 1h, the 1:1 L-proline Ii and the 1:1
L-proline hemihydrate Jj structures were investigated by differential scanning

calorimetry (DSC). The DSC curves for the (S)-PG Ia and (R)-PG Ib structures are
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solvate If and the dimethanol solvate Ig structures arc shown in Figures 11 and 12,

respectively. The DSC curves for the 1:2 L-proline complex Th, the 1:1 L-proline
complex i and the 1:1 L-proline hemihydrate Ij structures are shown in Figures 19,
20 and 21, respectively.

[00192] Differential scanning calorimetry (DSC) experiments were performed in a
TA Instruments™ model Q1000. The sample (a2bout 2-6 mg) was weighed in an
aluminum pan and recorded accurately recorded to a hundredth of a milligram, and
transferred to the DSC. The instrument was purged with nitrogen gas at 50mL/min.
Data were collected between room temperature and 300°C at 10°C/min heating rate.
The plot was made with the endothermic peaks pointing down.

[00193]  One of skill in the art will however, note that in DSC measurement there is
a certain degree of variability in actual measured onset and peak temperatures,
depending on rate of heating, crystal shape and purity, and other measurement

parameters.

Single Crystal X-ray Analysis

[060194] A single crystal for the (S)-PG Ia, structure, and for the 1,4-butyne-diol
solvate If, dimethanol solvate Ig, 1:2 L-proline Th, 1:1 L-proline Ti and 1:1 L-proline
hemihydrate Ij structures were obtained and investigated by x-ray diffraction.

[00195] Data were collected on a Bruker-Nonius' CAD4 serial diffractometer.
Unit cell parameters were obtained through least-squares analysis of the experimental
diffractometer settings of 25 high-angle reflections. Intensities were measured using
Cu Ka radiation (A = 1.5418 A) at a constant temperature with the ©-26 variable
scan technique and were corrected only for Lorentz-polarization factors. Background
counts were collected at the extremes of the scan for half of the time of the scan.
Alternately, single crystal data were collected on a Bruker-Nonius Kappa CCD 2000

system using Cu Ko radiation (L = 1.5418 A). Indexing and processing of the

' BRUKER AXS. Inc.. 5465 Bast Chervi Farkway Madison, W1 53711 USA

-5%.

.
gy




0.2173 1.0311 0.8129 C118 0.2502 1.2127 0.8951 C119

0.3763 0.8179 0.6434 C120 0.0002 0.9826 0.68606 C121
quo@ggo%gszg. 9881 0.5388 C122 0.2312 0.8864 0. 73%¢ 21071749

0. 3605 1.1913 0.8637 Cl124 0.0428 1.0292 0.733; g%%@”

0.7936 1.0536 0.5306 Cl126 0.0458 1.1266 0.9182 C127

0. 0732 O 8975 O 6629 C128 O 2697 0.7610 0.6655 0129

0.117 8835 596 Cl131,

0. %lr?sl lefga%fycsia&ﬁ:%e %ﬁfg@zi Qyt %Eﬁ*edﬂélz%)ﬂoeo S pestage” in the

0. tBhekt program suite.”

10

15

20

[00196] When indicated, crystals were cooled in the cold stream of an Oxford cryo
system® during data collection.

[00197] The structures were solved by direct methods and refined on the basis of
observed reflections using either the SDP software package with minor local
modifications or the crystallographic package, MAXUS.®

[00198] The derived atomic parameters (coordinates and temperature factors) were

refined through full matrix least-squares. The function minimized in the refinements
was Ty (|Fg| - ]FC|)2' Ris defined as T |[Fg| - |Fo|l/E [F] while Ry = [Zyw( |Fol -

[F o2/ Zvy |]F012]”2 where w is an appropriate weighting function based on errors in the

observed intensities. Difference maps were examined at all stages of refinement,
Hydrogens were introduced in idealized positions with isotropic temperature factors,
but no hydrogen parameters were varied.

[00199]  Unit cell parameters for the (S)-PG structure Ia form SC-3 are listed below
in Table 3. As used herein, the unit cell parameter “molecules/per cell” refers to the

number ¢of molecules of Compound in the unit cell.

TABLE 3
Unit Cell Data for (8)-PG (Ia)
Structure | T | a(A) b (A) c(A) | |po[vw [ Va2 ] SG |Decale| R

Ia ($)-PG | 25| 11.2688(8) | 4.8093(3) | 46.723(3) |90 [ 90 [ 901 633 | 1 | P2,2,2,} 1.319 | 069

T = temp (°C) for the crystallographic data.
7’ = number of drug molecules per asymmetric unit

Vo = V(unit cell)/(Z drug molecules per cell)

2 Otwinowski, Z. & Minor, W. (1997) in Macromolecular Crystallography, eds. Carter, W.C. Jr &
Sweet, R.M. (Academic, NY), Vol. 276, pp.307-326

* Collect Data coliection and processing user interface: Collect; Data collection software, R, Hooft,
Nonius B.V_, 1998

4 Oxford Cryosystems Cryostream cooler: J. Cosier and A M. Glazer, J. Appl. Cryst., 1986, 19, 105
53DP, Structure Determination Package, Enraf-Nonius, Bohemia NY 11716

Scattering factors, including /7 and /7', in the SDP software were taken from the” International Tables
for Crystallography”, Kynoch Press, Birmingham, England, 1974; Vol. IV, Tables 2.2A and 2.3.1
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Deal. = density of crystal calculated

SG = space group

5 J00200] Table 4 below sets forth the positional parameters for the (S)-PG Ia
structure at 25°C,

TABLE 4
Positional Parameters for (S)-PG at T= 25°C

Atom X Y Z
CL 0.7313 0.4674 -(0.2101

05 0.8119 10.5766 | -0.0701 Fa
04 0.7202 1 0.5458 | 0.0056 -
03 0.5115 10.3666 | -0.0246
06 0.9646 | 0.2671 |-0.0316
02 0.4895 |0.5889 |-0.0811
C2 0.6024 | 0.5045 |-0.0697
Cl2 |0.7946 |[0.4228 |-0.1261
C5 0.8198 | 0.6301 | -0.0398
017 10.1633 [0.2154 | -0.2179
C8 0.6391 |0.7665 |-0.1320
C6 0.9425 ]0.5628 | -0.0299
C3 0.5984 | 0.5441 | -0.0373
Cl 0.7059 |0.6639 | -0.0829
C7 0.7147 | 0.6097 | -0.1148
C4 0.7190 | 0.4796 | -0.0240
CI0  [0.7203 [0.5412 |-0.1732
C17 [0.2586 |0.3689 |-0.2079 - )

Cl9 |04171 06835 |-0.2198 L
Cll  [0.7959 03822 |-0.1562 ’
C9 0.6397 [0.7259 |-0.1622
Ci13 |0.5535 |[0.8771 |-0.1822
Cl4 104508 |[0.6852 |-0.1907
C15 103841 [0.5376 |-0.1712
Cl6 {02861 03765 |-0.1788
C20 {0.1012 [0.0595 |-0.1979
Cl18 103232 [0.5239 |-0.2279
C21  10.0030 |-0.0944 |-0.2137

il

6 , . . .

maXus solution and refinement sofiware suite: S. Mackay, C.J. Gilmore, C. Edwards, M, Tremayne,
N. Stewart, K. Shankland. maXus: a computer program for the solution and refinement of crystal
structures from diffraction data.
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0.1224 0.3825 0.2158 C149 0.1134 0.1822 0. 2345 C150

Z0.0001 0. 1822 0.2639 C151 0.1765 0.0951 0.3122 C152
1788 0.3149 C153 0. 7503 0.3375 0. 83

0 2

Wog.%’gé 8 5453 0. 8549 0155 0.5797 0. 4581 0. 80%@%2@7’0”749

0.2389 0.8101 C157 0. 6884 0. 4556 0. 8306 C158

0. 6576
0. 8656
0. 6813
0.4116
0. 3243

[00201]

0. 3215 0.8057 C |
0.2179 0.
0. 7306 0.

59 0.7926 0.2957 0.7527 C160

95 C60

7580057 027068 06506 01242 058
59 %. 2962 Y. 9340 9. 04
089 |0.3708 |0.0977 |-0.0854
088 ]0.1294 |0.2019 |-0.0742
C88 |0.1652 |-0.0245 |-0.0920
c89 02791 [0.0335 |-0.1051
cg7 |0.0645 1-0.1005 |-0.1124
099 02722 [04482 |-0.0319
H21 06171 {02877 |-0.0753
H121 |0.8544 103092 |[-0.1123
H51  |0.7993 {0.8404 |-0.0347
Hgl 05805 [0.9176 |-0.1225
H6l 09563 10.6206 |-0.0070
H62 [ 1.0096 |0.6774 |-0.0422
H31 [05776 107529 |-0.0321
Hil [0.6920 |0.8863 |-0.0793
H4l [0.7271 | 02607 |-0.0265
H191 |0.4656 |0.8069 |-0.2353
H111 ]0.8552 102316 |-0.1658
H131 05284 11.0619 |-0.1717
H132 |0.6093 {09308 |-0.2010
H151 |0.4086 {05437 |-0.1488
H161 02335 {02640 |-0.1632
H201 |0.1483 |-0.1065 |-0.1854
H202 |0.0535 10.1811 |-0.1804
HI181 |0.2987 10.5193 |-0.2503
H211 [ -0.0606 |-0.2245 | -0.2014
H212 |-0.0562 ]0.0572 |-0.2256
H213 [0.0387 |-0.2305 |-0.2306
H2 0.4362 10.4237 |-0.0836
H3 0.4297 104310 | -0.0299
H4 107387 |03750 |0.0172
H6 0.9827 |0.1877 |-0.0122
H881 ]0.1809 |-0.2154 |-0.0792
H891 102662 [0.2151 |-0.1200
HR92 10.3059 |-0.1396 |-0.1196
H871 10.0875 |-0.2595 |-0.1270
H872 ]-0.0137 |-0.1453 | -0.1008
H873 ]0.0462 |0.0938 |-0.1255
H89 |04203 |-0.0719 |-0.0817
H88 |0.0653 |0.1382 |-0.0608
H991 [0.2473 |0.6301 |-0.0234
H992 |02108 [0.3906 |-0.0463

Unit cell parameters for the mono-ethanol dihydrate (ethanol or EtOH

structure) form SA-1, formula Ic are listed below in Table 5.
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0.7268 0.1018 C61 0.2366 0.8510 0.0985 C62 0.2021
0. 9562 0.0266 C63 0.0946 0.8269 0.0685 C64 0.0736
WO 200326329. 0393 065 0.2708 0.1591 0.1241 066 OPGLTR2007/071749

0. 2319 0.0834 N67 0.2949 0.4330 0.0684 C68 0.2341

0.3504 0.0971 C69 0.3311 0.2307 0.1033 C70 0.0690

0.4256 0.0394 C71 0.1944 0.4576 0.0266 Cr72 0.0916

0. 3239 0.0659 C161 0.5540 0.4526 0.9706 0162 0. 4543

0. 4603 0.9840 0163 0.6026 0.3671 0.9467 N164 0.5722
0.6674 TABLE 5

Unit Cell Data for Ethanol SA-1 (Ic)

Form | T°| a(A) b(A) oA |« pe w286l Va| R |Due
Ic SA-1]-50 [ 11.519(1) [ 4.799(1) | 22.648¢1) | - | 94.58()| - [ 1 | P2, [624]1.307}0.05

T = temp (°C) for crystallographic data

5 Z’ =number of drug molecules per asymmetric unit
V=V (untt cell)/(Z drug molecules per cell)
R =residual index (I>3sigma(l))
Dealc = density of crystal calculated

SG = space group

10 3
[00202] Table 6 below sets forth the positional parameters for the form SA-1
(mono- ethanol-dihydrate), Ic at -50°C.

TABLE 6
15 Fractional Atemic Coerdinates for Form SA-1 at T=-50°C
Atom X Y Z

CL 0.7673  10.0854 | -0.4142
02 0.8652 0.6413 | -0.1468
03 0.8652 [0.6413 | -0.1468
06 1.0613 109910 |-0.0876
C2 0.6634 | 0.5087 | -0.1420
03 0.5964 | 0.4528 | 0.0442
C1 0.7531 [ 0.6504 | -0.1782
017 0.1965 |-0.2110 |-0.3797
04 0.7928 [ 0.7549 | 0.0061

C7 07605 05175 | -0.2375
C3 0.6679 10.6209 | -0.0790
Cl4 04816  [0.3213 | -0.3366
Cl0 0.7629 | 0.2551 -0.3461
C13 0.5827 | 0.5268 | -0.3868
C8 0.6301 0.5902 1-0.2843
C9 0.6770 1 0.4593 {-0.3397
Cé6 0.9968 .]0.7646 | -0.0652
Cl12 0.8423 1 0.3089 |-0.2459
C4 0.7906 |0.6184 {-0.0498
C5 0.8704 | 0.7698 | -0.0896
C15 0.4335 | 0.2531 -0.3337
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0. 9975 C165
1. 0029 Cil67

169
woguiidt 7)
1.0303 C173
0.9446 0175

0. 9687 At om
0. 5933 0. 3154

oleolololoNe

-63 -

. 7962 0.6796 1.0284 C166 0.7705 0.5623
.6633 0.7048 1.0426 C | 68 0.6369 0.5668
.5736 1.1664 0.9988 C170 0.6413
Rtee 12098 1 0440 C1 72 o sopETS tagTies
.7728 1.0572 1.0049 0174 0.5984 0.8670
4528 0.9612 0.9826 Cl76 0.5532 0.9542

Y. Z H104 0 4098 0.4245..0.2757 H1
o.Abm 1 ¥ 6757 Y z

Cil [08449 |0.1815 |-0.3008

C17 |02911 |-0.0396 |-0.3851

Cc20 |0.141 -0.3384 |-0.4319

C19 |04321 [0.2052 |-0.4377

CI8  [0.3377 |0.0255 |-0.4384

Ci6 |03405 |0.0751 |-0.3330

C21 00431 |-05128 |-0.4132

098 |03643 |0.6071 |-0.0516

088 |0.2324 |-0.2097 |-0.1501

cg9  [0.1155 |-0.3014 [-0.2376

C88 | 02065 |-0.4150 |-0.1969

099 |0.4409 |0.0604 |-0.1784

H21 |0.6816 |0.2833 |-0.1387

HIl 07283 |0.8620 | -01.864

H31 06356 |0.8307 | -0.0805

H131 06184 [0.5131 |-0.4303

HI32 05505 [0.7308 | -0.3806

H8l |06182 [0.7524 |-0.2770

H61 1.0365 |0.5668 | -0.0787

H62 | 1.0037 {0.7711 |-0.0175

H121 [09040 |0.2455 |-0.2092

H4l [08196 [0.4009 | -0.0436

H51 08385 [0.9826 |-0.0936

H151 |[04692 [0.3444 |-0.2915

H11l [09111 [0.0214 |-0.308]

H201 |0.1146 |-0.1875 | -0.4650

H202 | 02075 |-0.4764 |-0.4514

H191 |0.4703 |0.2491 |-0.4794

HI81 |0.3000 |-0.0606 |-0.4802

HI161 [ 03071 |0.0128 |-0.2910 R

H3 0.5153 |0.5297 | -0.0473

H2 0.5091 |0.3623 | -0.1752

H211 |-0.0028 |-0.6153 |-0.4507

H212 [ 0.0724 | -0.6675 |-0.3807

H213 | -0.0204 |-0.3772 1-0.3928

H6 1.1241 [ 09168 | -0.1118

H4 0.8466 | 0.6527 10.0359

HO81 03836 |0.7445 |-0.0185

H982 103063 |0.4696 |-0.0382

H891 {0.0626 |-0.4601 |-0.2593

HR92 00592 |-0.1642 |-0.2133

HR93 [0.1534 |[-0.1727 |-0.2709

H881 |0.2834 |-0.4603 |-0.2200

H882 10.1765 | -0.6100 |-0.1783

H88 102806 |-0.2965 |-0.1158



0.
0.

6123 0. 1863 H25 0. 3866 0.3009 0.3571 H7 0.2181
4202 0.3906 H16 0.4003 0.3732 0.5389 H21 0.5801

WO n0ga@3249. 5031 H231 0. 2065 0.4036 0.5514 H230PQI/XS247/071749

10

15

QOO0 O0OO0OO0O

. 5361 0.5495 H260 0.5550 0.1248 0.3793 H261 0.6617
.1611 0.4357 H22 0.8817 0.4891 0. 3161 H27 0. 5549

. 2379 0.3095 H13 0.9521 0.4556 0.4051 H24B 0. 8905
. 5029 0.1720 HPZARR- VO4% 0. A52% 0. T146, HI$ 0. 6455
. 3283 0. 1637 H?mﬁgw 3 E§)0’l4‘f15901_€85 ). 4471

' 1992 | 0.4889 -0.1137 1 -0.1762

[00203]  Unit cell parameters for the ethylene glycol form SB-1, formula Id are
listed below in Table 7.

TABLE 7
Unit Cell Data for EG-SB-1 (1d)

Form | T° | a(A) b A | cd Jal p° 1 [27[86G] Vu | R | Dee
1d SB-1]-50 | 11.593(8) | 4.766(5) [ 22.78¢3) | - [ 93389 | - | 1 | P2, | 628].19] 1.340

T = temp (°C) for crystallographic data

Z’ = number of drug molecules per asymmetric unit
V=V (unit cell)/(Z drug molecules per cell)

R = residual index (I>3sigma(l))

Deaic = density of crystal calculated

SG = space group

[00204]  Table 8§ below sets forth the positional parameters for the form SB-1
{ethylene glycol) Id at -50°C.

TABLE 8

Fractional Atomic Coordinates for Form SB-1 at T=-59°C

Atom X Y Z

CL 0.7590 0.0820 -0.4198
Q5 0.8631 0.5990 -0.1537
017 0.1901 -0.1911 | -0.3791
Cl3 0.5791 0.5319 -03885
03 0.5941 0.4849 -0.0439
Cl1 0.8381 (.1410 -0.3059
04 0.7851 {.8250 -0.0026
C10 0.7531 0.2610 -0.3514
02 0.5470 (.4971 -0.1739
C18 0.3341 0.0390 -0.4399
Cl4a 0.4851 {.3559 -(0.3849
Cl 0.7451 0.6551 -0.1789
Cl2 0.8281 0.2849 -0.2539
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0.1897 H60 0.9902 0.3430 0.1754 HSO 0.3733 0. 6344
0.1718 H 1 2 0.5145 0.6132 0.1167 H730 0. 4058 0.9277
777-435 0.5824 0.8169 0.2387 H34 0. 8870 O.
WO%?@”{‘ZE%‘Z&MS 0.6718 1.1140 0.1882 HA3 0. 3564 0. 2007071749

0.4332 H49 0. 1884 0.7171 0. 4650 H51 0.5357 0. 9155
0. 4000 HA7 0. 3640 1.0426 0.4342 H550 0.2010 1.1248
0. 4533 H551 0. 045911040 Q4708 H53 A Q5434 0.6098
0.3796 H53B 0. 6444tam 4506X0. 4370Y H44 0.659d 0. 9156
0. 4010 Cs 08711 |0.7820 | -0.0959

C19 0.4311 0.2230 -0.4349

C17__ 02810 | -0.0380 | -0.3919

C4 (07791 [0.6341 [-0.0569

7107530 | 0.4769 | -0.2399

C8 106751 | 05781 |-0.2889

CoO 06671 ] 04150 | -0.3429

2 06601 04850 1201429

C15 04250 02791  |-0.3379

C20 00.1391 -0.3181 -0.4309

C21 00331 |-0.476] | -0.4109

C3 06660 | 0.6460 | -0.0839

Ci6 03341 | 0.1049 | 03399

06 | 1.0280 | 04331 | .0.0685

098 03689 | 0.6530 | -0.0551

099 04310 | 0.0080 | -0.1639

C6 09880 ]0.6960 | -0.0759

088 01661 | -0.7610 | -0.1669

0OR9 0.0461 -0.2291 -0.2249

C88 01970 | -0.5606 | -0.1946

CR9 01423 | 04698 | -0.2450

Hg9 -0.0093 -0.1368 | -0.2011

H8® | 0.0999 | -0.9161 | -0.1930

H2 05081 |03212 | -0.1695

H3 05158 0.5512 -0.0479

H6 | 1.0592 | 03693 | -0.1043

HO81 | 03142 |0.5218 |-0.0410

HOS2 | 03008 | 0.7860 | -0.024%

H991 0.4708 -0.1672 | -0.1673

HO92 | 03887 | 0.0065 | 01200 |

H4l 08040 | 0.4214 | -0.0458

H31 | 0.6366 | 0.8606 | -0.0878

H51 08478 | 09977 | -0.1052

H21 | 0.6886 | 02707 | -0.1389

HI1 07300 | 08758 | -0.1869

H61 | 1.0435 | 0.7903 | -0.1060

H62 | 1.0031 | 0.7943 | -0.0335

08l |0.6253 | 0.7679 | -0.2848

HI1I | 08971 | -0.0206 | 03127

HI21 08920 | 02316 | -0.2193

HISI 04529 | 03653 | -0.2956

T16] | 02954 |0.0652 |-0.2087

HISI | 03033 | -0.0383 | -0.4826

HIOI | 04606 | 02685 | -0.4759

201 01135 | -0.1601 | -0.4631
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HA0 0.5387 0.7432 0.3119 H46 0. 6347 0.8402 0.1631 H45

0.6370 1.0795 0.2743 H52B 0.8851 1.0006 0.1739 H52A ;
WO 2003887824 9562 0. 1157 H38 0. 4415 0. 9538 0. 190RCHBSDO7/071749

0.9838 0.8359 0.1739 H36 0.5133 1.1183 0.1197 H31 ’

0.3740 1.1406 0.1748 H78 0.2893 0.4626 0.8307 Atom X

Y Z H91 0.2300 0.7037 0.7933 H79 0.4290 0.6296 0. 8786

H73A 0. 8131 0. 6F40om. F97% A7BIID. 6558 0. 6475 0. 6139

HI7 0.6926 0. 256350, [0.1990 | -0.4618 | -0.4495
211 | -0.0104 | -0.5787 | -0.4482
H212 | 0.0603 |-0.6313 |-0.3784
H213 | -0.0253 | -0.3295 | -0.3920
H891 | 0.0986 |-0.6418 | -0.2678
H892 |02033 |-03761 | -0.2733
H881 | 02163 |-0.3858 |-0.1655
11882 | 0.2762 | -0.6665 | -0.2039
H131 06119 |0.5248 | -0.4319
H132 | 0.5566 |0.7453 | -0.3781

[00205]  Unit cell parameters for the ethylene glycol form SB-2, formula e are
listed below in Table 9.

f”‘\;i
Ve
5 . TABLE 9
Unit Cell Data for EG-SB-2 (I1e)
Form | T° a(A) b(A) oAy laolpely 2] SG [ V.| R | Dy
le SB-2 | -50 [ 11.4950(1) | 4.7443(D) 44415450 | - | - | - | 1 |P2,2,2, | 606 | 050 ] 1.390

T = temp (°C) for crystallographic data
7’ = number of drug molecules per asymmetric unit
V=V (unit cell)/(Z drug molecules per cell)
10 R =residual index (I>3sigma(l))
Deaic = density of crystal calculated

SG = space group

[00206] Table 10 below sets forth the positional parameters for the form SB-2
15  (ethylene glycol) Id at -50°C.

TABLE 10

Fractional Atomic Coordinates for Form SB-2 at T=-50°C

Atom X Y Z
CL 0.7374  10.5149 | -0.2111
01 0.8133 109822 |-0.0746
02 0.5013 109285 | -0.0845
04 0.7289 1.0601 0.0035
03 0.5256 | 0.8247 | -0.0225
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0. 6062 HI0 0.5135 0.1579 0.6334 H92 0.3254 0.4776
0.6699 H89 0.4904 0.5936 0.6319 HI94B 0. 3235 0. 1904

0. 7591
0. 9067
0. 9544
0. 8949
0. 8950

HO4A 0.2237 0.1976 0.6335 H83 -0. 0976
5%@]@&07/971749

WO%.O%?SM

H86 -0.0138 0.5707 0.7560 H382 0.3324

HO8 0.1908 0. 7806 0.8796 H88 0.2352 0.5280

H100 -0. 0156 0.6845 0.8964 H101 0.0795 0.6672
H770 0. 4635..0_5569 Q_79021 HY]

HO930 0.3

Q04937 0.8202

pAtan §249X 0. 9503Y HR90 -B. 1149 0.5173
C13  ]05550 |0.9627 |-0.1935
06 | 0.0728 |0.7735 | -0.0353
C4 07265 |09455 | -0.0262
C3 0.6074 | 0.9836 | -0.0396
C8 | 0.6428 | 09915 | -0.1422
Cs 0.8145 | 1.0938 | -0.0449
C2_ | 0.6104 | 08706 |-0.0710
Cl 0.7042 | 1.0158 | -0.0896
017 |0.1616 {0.2406 |-0.1894
C10 | 0.7254 ] 0.6663 | -0.1761
Cl4 | 04505 ]0.7632 |0.1926
C12 | 0.7921 |0.6786 | -0.1254
C7 | 0.7155 |0.8961 |-0.1199
C17 | 02595 |04115 | -0.1926
C9 | 06431 | 08746 | -0.1706
Cll_ | 07977 10.5663 | -0.1538
C18 | 03043 | 04904 |-0.2191
C6 | 0.0384 | 1.0646 | -0.0348
C21_ | 0.0106 |-0.0544 | -0.2044
C15 | 0.4002 | 0.6700 | -0.1674
Cl6 | 03062 ]0.5028 |-0.1664
C19 0.4048 0.6705 -0.2196
C20 | 0.1094 |0.211 |-0.2133
089 | 0.1914 | 0.1344 | -0.0851
088 | 0.0643 | -0.3997 | -0.0870
C88 | 00717 |-0.2076 | -0.1097
€89 |0.1793 | -0.0404 | -0.1104
098 | 02861 |-0.0622 |-0.0315
099 03991 | 0.4406 | -0.0899
HI31 | 0.5987 |009339 |-0.2163
Hi32 | 05342 |1.1796 |-0.1916
H41 | 0.7470 | 07230 | -0.0250
H31 | 0.5865 |1.2077 | -0.0378
H81 | 0.5800 | 1.1634 | -0.1366
H51 | 0.7979 | 13174 | -0.0455
H21 | 0.6251 | 0.6488 | -0.0697
Hi1 | 0.6844 112377 | -0.0920
HI21 | 0.8481 | 0.5958 | -0.1080
HI11l |0.8591 | 03889 | -0.1576
HI81 |0.2593 | 04179 | -0.2399
HI51 | 0.4420 | 0.7303 | 0.1453
H161 | 02700 | 0.4433 | -0.1446
H191 |0.4500 | 0.7270 | -0.2410
H61 | 0.9486 | 1.1532 | 0.0124
H62 | 0.9940 | 1.1868 | -0.0502
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H117 0. 2800

0. 9658 0.8316 H123 0.4233 1.1238 0.8797

H Il 0.2317 1.2108 0.7948 H228 0.3143 0.7048 0.6931
WO pB@02329074 0. 7050 0. 6363 HL2A 0. 6658 0. 8985POT/H3UW7/071749

H12B 0.5824 1.0343 0.5241 H915 0.4621 0.8772 0.5316

HO09 0. 6624 0.9895 0.6775 H107 0.4780 0.8924 0.7134

H910 0. 3024 0. 7608 0. 5678 H124 -0.0101 1.0987 0. 7537

H120 -0.0905 1. §TRY. 06667 HIZZ0 3T64 0. 8472 0. 7576 H

| 16 0.2250 1. 029250 98.6:8:’0?9‘:8.27(% v W 91 0.8983

HB26 H202 10.i742 |-0.0142 |-0.2253
H211 }-0.0281 {-0.1580 |-0.2236
H212 [ 0.0418 |-0.2183 |-0.1889
H213 |-0.0522 }0.0728 {-0.1931
H2 0.4568 |} 0.7450 | -0.0867
H3 0.4455 ] 0.9047 | -00257
Hé 0.9900 |0.7115 |-0.0140
H4 0.7437 10.9051 [0.0180
H891 [0.1791 0.0911 -0.1307
Hg92 10.2524 |-0.1815 | -0.1307
H381 10.0688 |-0.3227 | -0.1317
H882 | -0.0006 | -0.0646 | -0.1095
H39% 0.1389 103052 | -0.0871
HRg8 0.0278 | -0.3039 | -0.0685
H981 |0.2546 |-0.0138 |-0.0523
H991 10.3186 | 0.3564 |-0.0924
H992 10.4542 [0.2696 | -0.0893

[00207]  Unit cell parameters for the 1,4-butyne-diol solvate If are listed below in
Table 11.

5 TABLE 11
Unit Cell Data for 1,4-Butyne-diol Solvate If

Form T a(A) b{A) c(A) o’ Be Y1Z (SG| Vm| R | D
YD-1 (6| 25 | 21.576(7) | 6.755(1) | 18.335(5) | - | 102961y | - | 1 [ C2 [ 651 ] 055 1.339
YD-1 (i [ -50 { 21.537(4) | 6.7273(6) } 18.267(3) | - 1029247} - 11 [ c2 645 [ .054] 1352

T = temp (°C} for the crystallographic data
Z’ = number of drug molecules per asymmetric unit
V= V(unit cell)/(Z drug molecules per cell)
10 R =residual index (I>2sigma(l))
D.aic = density of crystal calculated
SG = space group

[00208] Table 12 below sets forth the positional parameters for the 1,4-butyne-diol
15  solvate Ifat 25°C.
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0.0798 1.1653 0.9557 H118 0.1903 1.2849 0.8822 HI02

0.4593 1.0560 0.7941 H105 O.4954 1.3127 0.8984 H112
3240 0.9528 H113 -0.1207 1.0256 0.8

WOl 22 0 1960 1B30 01959 0. 5198 0 2a et USiiBieries
X Y Z H131 0.3065 0.6289 0.2579 HI36 -0.0527 0.7614
0.2616 H137 -0.0535 0.6049 0.2555 H136 0.0202 0. 6522
0.3427 H935 0. 1160 0. 7743 0. 3334 H134 0.1753 0. 5137
0.3200 H135 0.2861 0.6352 brBkEd2

Table of Fractional Atomic Coordinates for

1,4-Butyne-diol Solvate If at T =25°C

Atom X Y Z

CL1 0.4766 |0.0404 |0.0954
0Ol 0.4009 ] 0.0489 §0.4240
02 0.2487 | 0.0360 | 0.2866
03 0.3361 103116 {0.3700
04 0.2980 | -0.0335 {0.5504
Cl 0.4341 |-0.0386 |0.2933
C2 0.2694 | -0.0045 |0.4212
C3 0.3808 | 0.0618 | 0.4929
05 0.2184 |-0.1421 | 0.4159
06 0.1438 | 0.7685 | 0.0893
C4 0.3553 | 0.1186 | 0.3597
C5 0.4405 |0.0690 |0.1713
Cé6 0.4608 |-0.0547 {0.2314
C7 0.2958 |-0.0113 [ 0.3508
C8 0.3662 10.2182 10.2312
C9 0.3737 10.3483 10.1029
07 0.4545 ]-0.2052 | 0.5425
Cl0 0.3205 | -0.0595 | 0.4899
Cl1 0.1993 104901 | 0.0635
C12 03137 | 04646 | 0.1010
CI3 0.3863 | 0.0987 }0.2935
Cl4 0.3927 [0.2100 ] 0.1692
C15 0.4368 |-0.0055 |0.5534
Cl6 0.2546 ] 0.3872 1 0.0663
Cl17 0.2011 | 0.6771 0.0960
C18 -10.3867 |0.4541 0.3863 -
C19 0.3147 ]10.6507 0.1327
C20 0.2589 10.7579 10.1310
C21 0.0758 | 1.0412 {0.0907
22 0.1428 109704 ;0.1110
038 0.1617 |0.3320 {0.3009
C23 0.0884 | 0.7849 | 0.2826
C24 0.1613 | 04969 {0.2531
C25 0.1208 [0.6569 |0.2679
€26 0.0508 | 0.9415 10.3041
097* 10.0699 | 1.0883 | 0.3388
010* | 0.0921 |0.9885 10.3889
Hl 0.4482 | -0.1199 10.3347
H2 0.2539 10.1293 04275
H3 0.3717 | 0.2007 | 0.5020
H4 0.4923 1-0.1485 ]0.2306
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H944 0. 9296 0. 9035 0. 8114
H244 0. 8750 0. 7504 0. 7303
WO 1080028247802 0. 8212 0. 8719
0.6099 0.7203 0.7306
0.5726 0. 7555 0.8089

H842
H641
H252
H250
H152
HAG1

H143 0. 9361 0. 7508 0.8190
H144 0. 7682 0.8708 0. 7360
H742 0.7271 0. 6158POT/P5A87/07174%
H541 0.6871 0.6572 0.8300
HO952 0. 0994 0.2669 0. 3315

-0. 0039 0.1476 0.3381 H150 -0.0603 0.2607 0.2596

-0. 0651 O.
0.2600 0.1

é‘gizm 2518 2%513{0. 1@%620. 063 0. 3177
0 339%00 S sio '351149u115 0. 2409
H6 0.3335 103078 | 072311
H7 0.4083 | 0.4406 | 0.1034
HE 03681 | 0.2711 0.0573
H9 0.3310 | -0.1996 | 0.4860
HI0 0.1605 | 0.4349 | 0.0399
HIl 0.4728 | 0.0808 | 0.5536
H12 0.4259 | 0.0056 | 0.6018
HIi3 0.2525 | 0.2624 | 0.0444
H14 0.4194 | 0.4073 0.4272
Ht5 0.3705 | 0.5779 | 0.3998
Hi6 0.4041 |0.4724 | 0.3430
H17 0.3536 | 0.7062 | 0.1557
HI18 0.2607 | 0.8821 0.1533
H19 0.0586 | 1.0179 |0.0384
H20 0.0746 | 1.1804 | 0.1009
H21 0.0510 09710 10.1197
H22 0.1691 1.0491 0.0855
H23 0.1594 | 0.9831 0.1645
H24 02242 | 0.1281 0.2970
H25 0.18326 | -0.0801 | 0.4013
H26 0.2934 | 0.0916 0.5641
H27 0.4478 | -0.2782 | 0.5791
H28 0.1742 1 0.3703 | 0.3468
H30 0.0208 | 0.9935 |0.2512
H31 0.0199 10.8683 [0.3354
32 0.2091 10.5518 |0.2594
H33 0.1436 | 0.4493 |0.1953

* Atomic occupancy factor 1s 0.5 due to disorder of 2-butyne-1,4-diol solvent in the

crystal structure.

[00209]

5 g
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Table 13 below sets forth unit cell parameters for the dimethanol solvate
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0.3000 0.1287 0.2626 H149 0.0881 0.1498 0.1958 H161
0.7059 0.1256 0.7481 H160 0.5948 0.2388 0.7319 H159
woSodafid9- 3753 0.7372 H259 0.8547 0.2500 0. 7286 07174
% @%@ 8 3252 0.8732 H958 0. 9256 0.4012 0.8 1%? E%§§317r79
0.9261 0.2481 0.8168 HI57 0.6775 0. 1597 0.8286 HI56
0.5646 0.2627 0.8110 H620 o 2066 1.0481 0.0198 H62
0. 2205 0.9003 -0.0057 HB4Q 0.0377 1.0016 0. 0607 He4
0. 0037 0.9030 0.0061 H63 df®%bE 18. 7441 0. 0449 H630
0.0231 Unit Cell Data for Dimethanol Solvate Ig
Form T a(A) b(A) cfA) o Be 12 |8G| Vo | R Deakc
M2-1(Ig) [ -50 | 20.948(3) [ 6794 [ 18333 | - [ 1291 | - [ 1 [ c2 636 [ 038 [ 1.314 |

10

T = temp (°C) for the crystallographic data

Z’ = number of drug molecules per asymmetric unit

Vi = V(unit cell)/(Z drug molecules per cell)

R = residual index (I>2sigma(l))

Deaic = density of crystal calculated

SG = space group

[00210]

Table 14 below sets forth the positional parameters for the dimethanol

solvate Ig at -50°C.

TABLE 14

Table of Fractional Atomic Coordinates for Dimethanol Solvate Ig at T =-50°C

Atom X Y Z
CL1 0.4845 0.0519 0.0975
0] (0.3999 0.0334 0.4222
02 0.2438 0.0327 0.2837
03 0.2919 -0.0365 0.5534
04 0.2111 -0.1509 10.4115
05 0.1409 0.7749 0.0877
06 0.3348 0.2998 0.3692
Cl | 0.3785 0.0495 0.4912
07 0.4528 -0.2193 | 0.5428
C2 0.4372 -0.0463 | 0.2932
C3 0.3958 0.2046 0.1690
C4 (0.3540 0.1054 0.3588
C5 0.2917 -0.0207 | 0.3471
CG6 0.2638 -0.0141 | 0.4180
C7 0.4666 0.0556 | 0.2324
C8 0.4348 -0.0197 | 0.5521
C9 (0.3871 0.0889 0.2923
C10 0.3148 0.4622 0.1014
Cl1 (0.3669 (0.2102 0.2310
C12 0.1971 0.4955 0.0616
Cl3 0.3756 | 0.3437 0.1035
Cl4 0.3159 -0.0680 | 0.4873
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0. 8249 0.0931 H61l 0.2352 0.8932 0.1354 H590 0. 3226
1. 0165 0. 0923 H59 0.3766 0.8979 0.0586 H68 0. 2264

WO 2008962829, 1333 H710 0. 1967 0.5506 0.0213

At BET/KSX00Z071749

H71 0.2110 0.4051 -0.0068 H700 0.0336 0.4977 0.0623
H70 -0.0021 0.4046 0.0062 H72 0.0901 0.2437 0.0409
H720 0.0195 0. 3163 0.0900 H670 0.3256 0.5143 0.0915

H67 0.3726 0.39$Z; D959 K664 0 9439 0539
H766 0. 7706 0. 49F351T029% 056250.6311 0.0949
Cl6 02533 | 03883 | 0.0643
Cl7 04459 | 0.0675 | 0.1722
CIZ | 03162 | 06471 |0.1342
C19 02592 | 07551 | 0.1318
C20 | 03858 | 04414 | 03857
C21 00747 | 1.0555 | 0.0906
C22 01419 | 09708 | 0.1140
08 0.1606 | 03410 | 0.3030
C23 | 0.1681 | 04908 | 02528
097% 10,0005 | 1.0537 | 0.3438
C24 00506 ] 09411 | 03047
010* | 00871 | 09637 | 03838
I 03698 | 0.1882 | 0.5000
2 04508 | -0.1297 | 0.3339
3 03403 | -0.1573 | 0.3401
F4 02477 10.1190 | 0.4240
HS 0.5002 | -0.1450 | 0.2324
H6 0472400642 | 0.5527
7 04230 | -0.0062 | 0.6000
H3 03330 102987 | 0.2300
Ho 0.1568 04439 | 0.0375
H10 | 04115 | 04344 | 0.1041
HI1 03694 | 02681 | 00576
H12 03262 | -0.2083 | 0.4845
H13 02507 | 0.2654 | 00414
H14 03563 | 0.7000 | 0.1585
H15 02614 | 08773 | 0.1551
H16 04247 | 03814 | 04147
H17 03726 | 0.5474 04136
HI8 03943 | 04912 | 03308
HI9 | 00580 | 1.0375 | 0.0377
H20 | 00760 | 1.1934 | 0.1022
H21 ] 0.0460 ] 09899 |0.1168
H22 ] 0.1725 | 1.0486 | 0.0933
H23 ] 01560 |0.9729 | 0.1681
H24 02910 | 0.0922 | 0.5653
H25 | 0.1707 |-0.0975 | 0.3970
H26 04393 | -0.3086 | 0.5727
H27 102166 01321 | 0.2895
H28 | 0.1613 | 0.6164 | 02738
H29 | 0.1368 | 04726 | 0.2064
H30 02119 | 04855 | 02441
H31 01761 |0.3807 | 03503
H32* | 0.1139 | 1.1530 | 03322

-72-

0.9797




0.8720 0.6797 1.0604 H765 0.8229 0.7417 1.0042 H767
0. 6538 0.7982 1. 0537 H667 0.6468 0. 6543 1. 0723 H168
5849 0.9344 H664 0. 4798 0. 6384 1.00

wogf}%g’}%. 7339 0.9761 H170 0. 6545 1.0931 0. 93%T@@7’°”7“9
0.7695 0.9914 1.0304 H773 0. 8485 1.0349 0.9826 H672
0.8184 1.2380 1.0061 H7/72 0.8655 1.1783 1. 0629 H671
0.6469 1.2971 1..0548 k771 0.6369 1.1536 10734 H669
0.5570 1.2393 0.l974anH760X0 4876 Y1 1866710054

10

15

[00213] Unit cel|lH334r an@0&13s fB831the| 03371 -proline

conpl ex neat for{lHM*1 (6.0i2n 6) 1.02&F nuba703 :are |isted
bel ow i n Tabl e 1@H35* |0.0765 |0.8620 |0.2691
H367* | 0.0718 0.8698 | 0.4154
H377*% | 0.0679 1.0520 1 0.2715
H387* | 0.0601 |0.7968 |0.2848
H367* 1-0.0015 |0.9590 !0.2996

* Atomic occupancy factor is 0.5 due to disorder of methanol solvent in the crystal

structure.

[00211] Unit cell paramaters for the 1:2 L-proline complex form 3, formula Th are

listed below in Table 15.
TABLE 15
Unit Cell Data for 1:2 L-Proline Complex (Th)
Form | T°| a(A) Bb(A) o(A) o | p° [y 12718G[ vV, [ R D

N-1(Th) | -60 | 10.318(1) | 11.334(1) | 27.497(1) 9594 (9922 {00 | 4 | P, | 789 | 0.1 [ 1.343

T = temp (°C) for crystallographic data

Z’ = number of drug molecules per asymmetric unit
V=V (unit cell)/(Z drug molecules per cell)

R = residual index (I>3sigma(l))

Deaic = denstity of crystal calculated

SG = space group

[00212] Table 15A below sets forth the positional parameters for the 1:2 L-proline
complex (Ih) neat form N-1 at T = -60°C.
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TABLE 16 Unit Cell Data for 1:1 L-Proline Conplex (10
Form N1 (11) T a(A b(A) c(A a. J3 90 Z SG V.

WO 800282440 11. 441(1) 10.235(1) 45.358(1) 90 POT/RS2007/671749
13212121 664 0.08 1.311 T =tenp (O for
crystal | ographi c data Z' = nunber of drug
nol ecul es per asymetric unit 5V. =V (unit cell)/(Z
drug nol ecul es per cell) BRaBLEashdual i ndex
(1 >35| Deni c density of crystal cal cul ated SG

= spadd lgpaﬁﬁcmea%@mln}f q%ﬂ’@a&esﬁo Bppusdill L emplene

pos! ti onal par amet er §iihaLpldie bigkabn@hol i ne compl ex
(l'i) neat formN1 a BLE 16A

Tabl e of Fracti nAionAt om)é Ccordd na [ es Zf or | Conpound | i
1: 1 Conpl ex 15wi|tdht L- Podsine [Atxaaz X Y4633C1L 0. 4598
-0.1973 0.4564 Cob 0. 590%90 0.[231605 O} 3408
03 0.7564 | 0.4104 |0.2284
04 0.4729 |0.5010 | 0.2885
05 0.4376 | 0.6313 | 0.2067
06 0.8989 |0.3300 | 0.1500
C7 0.2926 0.3792 10.4153
C8 0.6818 02711 ]0.3799
C9 0.5724 0.5066 |0.2584
C10 0.7120 0.3675 |0.3085
Cil 0.6191 0.5325 [0.1740
012 0.5675 0.5324 | 0.1226
Cl3 0.8659 | 04113 |0.3834
Cl4 0.6573 0.3919 | 0.2567
Cl15 0.7888 | 0.3318 | 0.4049
Clé 0.3675 0.3524 | 0.4995
C17 0.5114  10.5240 10.2053
Cl8 0.7053 0.4187 10.1784
C19 0.2907 10.3510 | 0.4630
C20 0.4854 |0.2664 | 0.4264
C21 0.4996 [ 0.2842 | 0.4793
C22 0.8273 0.4301 |[0.3341
23 0.2056 | 0.4854 | 0.5344
24 0.8279 0.4316 |0.1519
C25 0.3898 0.3142 10.3967 |
C26 0.5900 | 0.1967 | 0.4055
c27 0.6395 1 0.2861 | 0.3305
C28 0.0776 0.5599 10,5411
129 0.8615 |0.7651 |0.4622
030 0.4735 1.0020 ]0.2917
031 0.4387 1.1337 1 0.2094
032 0.7479 1 0.9028 | 0.2288
033 0.8902 |0.8251 |0.1497
C34 0.8261 0.9016 |0.3336
C35 0.6485 0.8878 | 0.2580
036 0.5610 1.0347 10.1249
C37 0.6759. 10.7507 |0.3797
C38 0.5079 1.0262 | 0.2062
C39 0.4780 0.7554 |0.4220
C40 0.6312 0.7804 |0.3315
041 0.1584  10.9450 | 0.4656

i
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C2 0.4455 -0.0618 0.3755 C3 0.4764 -0.1649 0.4212 C4
0.5631 -0.2563 0.4083 C5 0.5270 -0.1401 0. 3597 Cb
,0. 0847 0.4052 C7 0.3350 0.0181 0. 4193
WwWO020 24 2007 74
%.%%%%30.1572 0.4619 C9 0.4038 0.1366 0. 4305 8?§$ 071749
0. 4700 0. 2275 0. 4154 01 0.5531 -0. 2303 0. 3104 Cl1
0.6684 -0. 0473 0.3232 C12 0.6871 -0.1530 0. 2745 02

0.6765 0.0755 0.

0. 5532 -0.1047

3403 13 05634 -0 2137..0.2780 Cl4
9@ [C15X0 60982Y-01023 012901 Cl16
C42 0.7041 | 0.8583 | 0.3076
C43 0.3624 | 0.6994 10.4359
C44 0.8678 | 0.8769 | 0.3809
45 0.5696 | 1.0064 | 0.2602
C46 0.6975 |0.9154 |0.1787
C47 0.3635 |0.9472 | 0.4341
C48 0.6156 | 1.0330 |0.1758
49 02666 |0.7602 |0.4513
C50 0.2689 | 0.8865 |0.4494
Cs51 0.4642 | 0.8736 |0.4176
C52 0.8214 [0.9316 |0.1526
53 0.5864 | 0.6836 | 0.4051
C54 [ 0.7948 | 0.8027 |0.4039
C55 0.1465 | 1.0758 |0.4752
Cs56 02078 | 1.0792 |0.5264
C73 0.7131 | 0.5906 |0.5918
C74  |0.6549 |0.5814 |0.5389
C175 10.0092 |0.3008 |0.6072
076 10.1209 |0.5563 | 0.8403
077 03970 [0.6243 |0.7788
C78 02253 [ 0.5273 | 0.8121
C79 0.3613 | 0.6922 |0.8623
C80 0.1934 {0.3303 | 0.6884
C81 0.1674 104723 |0.7614
C82 02412 10.3835 |0.7390
C83 0.0019 |0.4492 |0.6892
084 |0.4278 10.7982 |0.8605
085 |-00213 105180 |[0.919
C86 0.0441 10.5055 |0.73%0
087 | 0.7087 10.4793 |0.6025
88 0.1729 10.5956 | 0.8909
CgY 0.4982 10.4992 |0.6339
C90 0.5097 10.2528 |0.6324
C91 0.3008 ]0.6402 | 0.8083
92 0.3983 10.4301 |0.6518
093 0.3078 10.7393 |0.9449
94 0.2809 | 0.2490 | 0.6650
95 0.3930 | 0.3137 | 0.6470
C96 0.0746 | 0.3688 | 0.6663
C97 0.6122 10.3067 | 0.6180
C98 0.2545 10.7117 | 0.8934
C99 0.6095 104314 |0.6189
C100 | 0.0478 10.6254 |0.9173
Cl10 |0.0184 |0.8459 |0.6019
0102 03952 {1.1247 |0.7804
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0.5401 -0.3394 0.2628 03 0.7021 -0.1304 0.2442 04 |

0.8064 0.0378 0.2896 Atom X Y Z 05 0.5831 0. 4559 |
WO 290%6(9824C17 0. 5134 0.3474 0.4583 C18 0. 6039 OPGUDS2007/071749 fI;

0.4977 C 1 9 0.6740 0.6076 0.4990 06 0.6178 - 0. 4307

0.2703 C20 0. 4646 0.2450 0.4744 C21 0.5212 0. 3364

0.4270 C12 -0.1014 -0.2193 0.4531 07 0.0403 - 0.2096

0.3126 C22 0. 05(Zamm, 097 % 0. 330% C2B - 9. 00p6 - 0. 1191

0.3614 C24 0. 1705108 VXL4P- 398861 | 0.8415
0104 |0.6781 [0.9872 |0.5898
0105 [0.4317 |1.2935 |0.8633
C106 |0.5806 |0.9279 |0.6059
C107 | 0.4768 [0.8827 |0.6738
C108 | 0.1859 [0.8490 |0.6890
C109 | 0.5840 ]0.9396 |0.6532
C110 03778 [0.8134 |0.5924
Cl1l | 02988 |[1.1454 |0.8102
0112 03053 [1.2394 |0.9473
0113 |-0.0298 |1.0236 |0.9198
Cll4 101616 [0.9797 |0.7616
ci115 {04712 108729 [0.5711
c116 |[0.1655 11.0994 |0.8923
C117 102173 11031t [0.8129
Cc118 02502 |1.2127 |0.8951 i
C119 03763 |0.8179 |0.6434
C120 [0.0002 |0.9826 | 0.6866
C121 | 0.6693 | 0.9881 |0.5388
C122 | 0.2312 [0.8864 |0.7377
C123 | 03605 | 1.1913 |0.8637
C124 100428 [1.0292 |0.7357
C125 ]0.7936 | 1.0536 |0.5306
C126 |0.0458 |1.1266 |0.9182
C127 100732 ]0.8975 |0.6629
C128 10.2697 |0.7610 [0.6655
0129 [0.1176 |0.8835 |0.2145
N130 [0.2152 [0.6016 |0.2596
C131 |0.1172 [0.6843 10.2345
0132 02914 [0.8241 |0.2651
C133 ]0.1853 |0.8095 |0.2384 :
C134 [0.1980 [0.6021 |0.3121 L
€135 [0.0814 |0.6857 |0.3187 o
C136 | 0.0075 |0.6839 |0.2657
0137 105811 [0.9560 |0.8015
0138 10.7490 |1.0434 |0.8543
C139 10.7527 10.8332 [0.8327
C140 | 0.6889 10.9523 |0.8297
N141 [ 0.6668 10.7335 |0.8097
C142 [0.6961 |0.7064 |0.7572
C143 | 08711 ]0.8236 |0.8064
C144 |0.8046 10.7903 [0.7522
0145 [0.2901 }0.3199 |0.2689
N146 |0.2077 }0.0992 |0.2607
C147 0.1849 |0.3081 |0.2401

il
o
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C25 0.0641 -0.1848 0.2832 C26 0.1903 -0.1171 0.2772
C27 0.0159 -0.2652 0.4010 C28 0.0413 -0.3076 0.2646 08
woOodefiddsz4 0. 0766 0.3473 C29 0. 0527 -0.2262 0. @@%Sgg@,mmg

~0.0488 -0.1911 0.4174 09 0.2066 -0.1046 0. 2477
-0.1057 -0.0845 0.4057 C32 -0.0805 -0. 0464 0.3769 c33
-0.1758 0.0315 0.4210 C34 -0.0962 0.3657 0.4497 C35

0. 0119 0. 1514 0. 4289 6—0++-+o—0—7-596—0-
0.0892 0.4864 O. Rz & 0oR5 B 3177 4 4
0148 0.1224 0.3825 10.2158
C149 0.1134 0.1822 }0.2345
C150 -0.0001 | 0.1822 | 0.2639
C151 |0.1765 |0.0951 |0.3122
C152 [0.0624 [0.1788 ]0.3149
C153 0.7503 0.3375 |0.8345
0154 0.7509 0.5453 | 0.8549
0155 | 0.5797 0.4581 | 0.8039
N156 | 0.6576 0.2389 | 0.8101
C157 |0.6884 |[0.4556 |0.8306
C158 0.8656 0.3215 | 0.8057
C159 0.7926 0.2957 | 0.7527
Ci160 0.6813 0.2179 | 0.7580
057 0.2706 0.6596 | 0.1242
058 04116 0.7306 | 0.0823
N59 0.2962 0.9340 | 0.0695
C60 0.3243 0.7268 | 0.1018
Col 0.2366 0.8510 | 0.0985
C62 0.2021 0.9562 | 0.0266
63 0.0946 0.8269 | 0.0685
Cod 0.0736 0.9268 | 0.0393
065 02708 ]0.1591 |0.1241
066 |0.4177 [0.2319 |0.0834
N67 (0.2949 0.4330 | 0.0684
C68 0.2341 0.3504 | 0.0971
69 0.3311 0.2307 | 0.1033
C70 0.0690 0.4256 | 0.039%4
C71 (.1944 0.4576 | 0.0266
C72 0.0016 0.3239 | 0.0659
Clol | 0.5540 0.4526 | 0.9706
0162 |0.4543 0.4603 | 0.9840
(163 0.6026 0.3671 | 0.9467
Nied 0.5722 0.6674 | 0.9975
C165 0.7962 0.6796 | 1.0284
C166 0.7705 0.5623 | 1.0029
C167 (0.6633 0.7048 | 1.0426
C168 (0.6369 0.5668 |0.9718
N169 0.5736 1.1664 | 0.9988
C170 0.6413 1.0706 | 0.9734
C171 0.6560 1.2036 | 1.0440
C172 (.7913 1.1762 | 1.0303
Cl173 0.7728 1.0572 | 1.0049
0174 | 0.5084 0.8670 | 0.9446
0175 0.4528 0.9612 | 0.98206
C176 0.5532 0.9542 | 0.9687

419 010
87 C38



0.0796 0.2657 0.4373 C39 0.2088 0.4743 0.4694 C40
0.2378 0.6027 0.4670 C41 -0.1056 0.1472 0.4292 011

WO 2108/0498290. 0473 0. 2955 C42 0.1927 -0.0117 0. 29FOT/HI07/671749
0.1209 -0.4060 0.2699 C43 -0.1355 0.5267 0.3371 C44
-0.1317 0.4102 0.3168 N 1 -0.2217 0.3229 0.3311 C45
-0.1578 0.4809 0.3661 C46 -0.2328 0.3526 0.3628 013
0. 0687 0.4002 OJ[3RRE, 014 x0.Q02% 0. PATE 0. 344 CA7

-0.0235 0. 3422 V8642 [94R80 303845 Pg 37570 3220 C49
0. 3666 Hi 0.5933 03154 | 0.2391
Hil | 0.6757 ]0.6123 | 0.1863
H25 | 03866 |0.3009 | 0.3571
H7 02181 [0.4202 |0.3906
H16 | 04003 ]0.3732 ]0.5389
H21  10.5801 |0.2482 |0.5031
H231 | 0.2065 | 04036 | 0.5514
H230 | 0.2044 | 05361 | 0.5495
H260 | 0.5550 | 0.1248 | 0.3793
H261 | 0.6617 | 0.1611 | 0.4357
H22 | 0.8817 | 04891 | 03161
H27 | 0.5549 | 0.2379 | 0.3095
HI3 | 09521 | 0.4556 | 0.4051
H24B | 0.8905 | 0.5029 | 0.1720
H24A | 0.7945 | 0.4527 ] 0.1146
H18 | 0.6455 |0.3409 |0.1637
H9 | 0.6364 |0.5818 | 0.2730
H17 | 0.4471 |0.44957 | 0.1897
H60 |09902 | 03430 |0.1754
H50 | 03733 | 0.6344 | 0.1718
HI2 | 05145 |0.6132 | 0.1167
H730 | 0.4058 | 0.9277 | 0.2777
H35 | 05824 | 0.8160 | 0.2387
H34 | 0.8870 | 0.9544 | 03141
H48 | 06718 | 1.1140 | 0.1882
H43 | 03564 | 0.6038 | 0.4332
H49 | 0.1884 | 0.7171 | 0.4650
H51 | 05357 |0.9155 | 0.4000
H47T | 03640 | 1.0426 | 0.4342
H550 ]0.2010 | 1.1248 | 0.4533
H551 ]0.0459 | 1.1049 | 0.4708
H53A |0.5434 ] 0.6098 | 0.3796
H53B | 0.6443 ] 0.6506 | 0.4370
Ha4 109590 ]0.9156 |0.4010
H40 | 0.5387 |0.7432 | 03119
H46 | 0.6347 |0.8402 | 0.1631
H45 | 06370 |1.0795 |0.2743
H52B | 0.8851 | 1.0006 | 0.1739
H52A 107895 109562 | 0.1157
H38 | 04415 09538 |0.1901
H330 | 0.9838 | 0.8359 | 0.1739
H36 | 05133 | 1.1183 | 0.1197
H31  |03740 |1.1406 |0.1748
H78 | 0.2893 | 0.4626 | 0.8307

G
damge
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0.5397 0.3405 AtomX Y C50 0.3232 0.
0.5678 0.3983 0.3126 016 0.4793 0. 2316
13408 0.3341 C51 0. 2568 0. 3858
‘Vogwﬁégézg.ssgz 0.3227 C53 0. 1894 0. 5037
0.2977 -0.0348 0.4380 H2 0.5158 0. 5126

5141 0.3706 015
0. 3356 N2

0. 363
o 97gcﬁﬁ%zoo7/071749
0. 5088 H3

0.6427 0.4151 0.5106 H4 0.4640 0.2425 0.4980 H5 0. 3557

0. 0952 0. 4743 04028 0 01

2. 0.36656 H7Z 0O

-0. 0412 0.3172 HgAtom X Y Z
H91 [02300 [0.7037 |0.7933
H79 04290 [0.6296 |0.8786
H73A | 08131 ]0.6240 |0.5975
H73B | 0.6558 10.6475 |0.6139
H97 [06926 ]02563 |0.6062
H9O [05135 [0.1579 |0.6334
H92 [03254 [04776 |0.6699
H89 [04904 [0.5936 |0.6319
H94B [ 03235 [0.1904 |0.6915
H94A |0.2237 [0.1976 | 0.6335
HR3 | -0.0976 |0.4703 |0.6701
H86 | -0.0138 |0.5707 |0.7560
HR2 03324 [0.3549 |0.7591
HO8 [ 0.1908 [0.7806 |0.8796
H88 [0.2352 [0.5280 |0.9067
HI100 |-0.0156 |0.6845 |0.8964
H101 |0.0795 |0.6672 |0.9544
H770 | 04635 [0.5569 |0.7921
H840 [0.4937 [0.8202 | 0.8949
H930 |0.3569 |0.8249 |0.9503
H850 |-0.1149 [0.5173 | 0.8950
HI117 0.2800 0.9658 |0.8316
H123 |0.4233 |1.123%8 |0.8797
Hill [02317 |1.2108 |0.7948
H228 |0.3143 |0.7048 | 0.6931
HI28 |0.2074 |0.7050 |0.6363
HIZA |0.6658 |0.8985 |0.5209
H12B 0.5824 1.0343 | 0.5241
H9i5 |0.4621 ]0.8772 [0.5316
17909 |0.6624 |0.9395 |[0.6775
H107 [04780 [08924 [0.7134
0910 [03024 [0.7608 |0.5678
Hi124 |-0.0101 |1.0987 |0.7537
H120 |-0.0905 | 1.0129 |0.6667
Hi22 [03164 [0.8472 |0.7576
H116 [0.2250 [1.0292 [0.9073
H926 |-0.0153 [1.1891 |0.8983
H826 |0.0798 |1.1653 |0.9557
H118 [0.1903 |1.2849 [0.8822
H902 [0.4593 [1.0560 |0.7941
H105 [0.4954 [1.3127 ]0.8984
HI112 10.3566 |1.3240 |0.9528
HI113 |-0.1207 11.0256 |0.8942
H130 ]0.0880 ]0.6513 |[0.1960
H930 |0.1989 ]0.5128 |0.2411

-79-
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0.7354 -0.1139 0.3309 H9 0.6383 0.0438 0.2803 H10
0. 7509 -0.2206 0.2829 H11l 0.4937 -0.1547 0.2692 H12
WO 2nog8®324 0. 3750 0. 2689 H13 0. 5440 -0. 3256 0. 2B8OBUBMG7/071749

QOO0 O0OO0OO0O

. 5987 0.1273 0.
. 2740 0. 0426 0.
. 8274 0.0552 0.
. 5540 0.4072 0.
. 6030 -0.3278

. 1267

3371 H'S 0.5850 -0.4862 0.2863 H16
4038 H17 0.7825 -0.0885 0.2400 H18
2680 H19 0.4902 0.2088 0.3946 H20

Tifhm M2 9. 6304y U. P25 0. B665 H22

377 3065390385 O G357 O 2863 H4

H936 |-0.0527 |0.7614 |0.2616

Hi37 |-0.0535 |0.6049 |0.2555

Hi36 ]0.0202 |0.6522 {0.3427

H935 10.1160 ]0.7743 {0.3334

H134 10.1753 10.5137 |0.3200

H135 10.2861 0.6352 ] 0.3365

H944 10.9296 10.9035 |0.8114

H143 §0.9361 0.7508 | 0.8190

H244 (0.8750 |[0.7504 |0.7303

Hl44 [0.7682 |0.8708 | 0.7360

HI39 [0.7802 }0.8212 | 0.8719

H742 ]0.7271 0.6158 [0.7513

H842 10.6099 10.7203 | 0.7306

H541 |0.6871 0.6572 1 0.8300

H641 10.5726 | 0.7555 | 0.8089

H952 10.0994 [0.2669 |0.3315

H252 | -0.003% |0.1476 | 0.3381

HI150 |-0.0603 |0.2607 |0.2596

H250 | -0.0651 |0.1042 | 0.2518

HI51 ]0.1486 |0.0063 |0.3177

H152 10.2600 ]0.1251 |0.3397

H460 ]0.1968 |0.0115 |0.2409

H461 |0.3000 |0.1287 |0.2626

H149 |0.0881 0.1498 | 0.1958

Hi6l |0.7059 |0.1256 | 0.7481

HI60 |0.5948 |0.2388 ]0.7319

HI159 10.7564 [0.3753 ]0.7372

H259 10.8547 10.2500 |0.7286

HI153 10.7784 |0.3252 | 0.8732

H958 10.9256 10.4012 |0.8101

959 | 0.9261 0.2481 | 0.8168

H957 10.6775 |0.1597 | 0.8286

H956 ]0.5646  |0.2627 |0.8110

H620 [ 0.2066 | 1.0481 |0.0198

H62 0.2205 10.9003 | -0.0057

H640 | 0.0377 1.0016 | 0.0607

He64 0.0037 ] 0.9030 | 0.0061

H63 0.0897 10.7441 | 0.0449

H630 | 0.0231 0.8249 | 0.0931

H6l 0.2352 1 0.8932 10.1354

H590 103226 | 1.0165 | 0.0923

H59 0.3766 | 0.8979 |0.0586

H63 0.2264 | 0.3961 |0.1333

H710 [0.1967 ]0.5506 | 0.0213
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0. 0606 0.2892 H25 0.2335 -0.1001 0.3377 H26 0. 0060
-0. 0175 0.3198 H27 -0.0022 -0.1194 0.2737 H28 -0. 0459

wo2bshadsks 0- 2701 H29 0. 0431 -0.2942 0.2411 H30
-80.278 0.3606 H31 -0.1170 0.0351 0.3696 H32

ngréj}f%@monm

-0. 3485 0.4096 H33 -0.2543 0.2691 0.4432 H34 -0.1353
0. 4445 0.4589 H35 0.0544 0.0664 0.4241 H36 0.1640
0. 2598 0. 4365 f—0-—2414 00643040

0.0017 0.4412 |aAMARXY Y ¥ H3o Y Z
H71 |02110 |0.4051 |-0.0068
H700 10.0336 | 0.4977 | 0.0623
H70 | -0.0021 |0.4046 |0.0062
H72 [0.0901 |0.2437 [0.0409
H720 |0.0195 |0.3163 | 0.0900
H670 ]0.3256 | 0.5143 | 0.0915
H67 03726 [0.3954 |0.0559
H666 |0.8439 |0.5395 |0.9797
H766 |0.7706 |0.4978 | 1.0292
H665 |0.8720 |0.6797 | 1.0604
H765 |0.8229 |0.7417 | 1.0042
H767 |0.6538 |0.7982 | 1.0537
H667 |0.6468 |0.6543 | 1.0723
H168 ]0.6429 [0.5849 |0.9344
H664 |0.4798 |0.6384 | 1.0063
H764 ]0.5568 |0.7339 |0.9761
H170 | 06545 |1.0931 |09372
H673 [0.7695 [0.9914 | 1.0304
H773 |0.8485 |1.0349 |0.9826
H672 |0.8184 |1.2380 | 1.0061
H772 |0.8655 |1.1783 | 1.0629
H671 |0.6469 |1.2971 [ 1.0548
H771 |0.6369 |1.1536 |1.0734
H669 |0.5570 |1.2393 |0.9763
H769 |0.4876 |1.1366 | 1.0054

-0. 2171

[00213]  Unit cell parameters for the 1:1 L-proline complex neat form N-1 (form 6),

formula b are listed below in Table 16.

-81-



0. 2698 -0.0400 0.2435 H4A0 0.3320 0.0534 0.2734 HA1
0.1058 0.1381 0.3420 H42 0.0874 -0.4719 0.2852 H43

WO 209890938 0. 4388 0.2950 H44 -0.0541 0.5810 0. 3BCT/UBHH7/071749
-0. 2055 0.5941 0.3310 H46 -0.0797 0.4553 0.3782 H47
-0. 2106 0.5460 0.3796 H48 -0.3210 0.3680 0.3662 HA49
-0.1958 0.2728 0.3734 HSO -0.2972 0.3381 0.3195 H51
-0.1983 0.2279 0.3269 HS2 TAKITH#6 0. 4339 0. 2980 H53

0.2791 0.3273 0.3822 H54 0.1634 0.4233 0.3683 H55
0. 4032 Unit Cell Data for 1:1 L-Proline Complex (Ii)

Form | T° | a(A) b(A) A |eo|plv1Z] SG | Ve | R | Dege
N-1(Ii) [ -40 | 11.441(1) | 10.235(1) | 45.358(1) [ 90 [90 [ 90 2 [P2,2,2, | 664 | 0.08 | 1.311

T =temp (°C) for crystallographic data

Z’ = number of drug molecules per asymmetric unit
5 V=V (unit cell)/(Z drug molecules per cell)

R = residual index (I>3sigma())

Deaic = density of crystal calculated

SG = space group

10 [00214] Table 16A below sets forth the positional parameters for the 1:1 L-proline £

complex (11) neat form N-1 at T = -40°C.

TABLE 16A

Table of Fractional Atomic Coordinates for Compound Ii 1:1 Cemplex

I5 with L-Proline
Atom X Y Z
Cl1 0.4598 | -0.1973 | 0.4564
Cl 0.5901 | -0.2370 | 0.3766
C2 0.4455 | -0.0618 | 0.3755
C3 0.4764 | -0.1649 | 0.4212

C4 0.5631 | -0.2563 | 0.4083
C5 0.5270 | -0.1401 | 0.3597
C6 0.4236 | -0.0847 | 0.4052
C7 0.3350 | 0.0181 |0.4193
C8 0.4043 | 0.1572 [ 0.4619
C9 0.4038 |0.1366 |0.4305
C10 0.4700 | 0.2275 | 0.4154
01 0.5531 |-0.2303 | 0.3104
C11 0.6684 | -0.0473 | 0.3232
C12 0.6871 |-0.1530 | 0.2745
02 0.6765 |0.0755 |0.3403
C13 0.5634 |-0.2137 | 0.2780
Cl4 0.5532 {-0.1047 | 0.3260
Cl5 0.6982 {-0.0231 | 0.2901
Cl16 0.5401 |-0.3394 | 0.2628
03 0.7021 | -0.1304 | 0.2442
04 0.8064 | 0.0378 | 0.2896

-]2-



0. 5053 0.3835 H56 0.2799 0.6038 0.3764 H57 0.4555
0. 5795 0. 3393 H58 0.3097 0.6065 0.3283 H59 0.2013

woduiifis9- 3219 HE0 0.2077 0.2420 0.3345 [ 002kl diihoinas
ce e

paraneters for the 1:1 L-proline hem hydra

conplex H.5-2 Ij are listed belowin Table 17. 5TABLE
17 Unit Cell Data for Conpound | Conplex wth

L- Prol i ne Hem hyd+ate-Eor.m.113z2 Toemtemp (C) for
crystal | ographi c |dAtemn X' £ nWinber éf drug

nol ecul es per asyrffet ri|d).563iLt | AOMH FOM66&INIt cell)/(Z
drug nol ecul es perCigel | )0.51R4=| 0.84¢l4addal458hdex
(1>2sigma(l)) Dcaicg= dansizby| okoxr yeiah7 cal cul ated SG
= space group 5[ 0Q236] [Tpblse LBsbr] 0wsseh S| forth the
posi tional paranmgi®ys T|qQf¢RE| b sBok1BHahi Ne
hem hydrate for m{ig-8=2 14 4c45”Bh 5455 | 0.4744 | 12bl e of
Fractional Atoni g 'd'u }8S ' 364’&”(5@‘2’7'(5' lj 1:1

Con‘plex with 10L- YO [\ g mH. 5-2 at T =
~40C Atom X ¥ Z Gl .'8&34%? ﬂgg%gé g:ﬁéba? 02 -0.0812
0. 4445 0.3860 03 [671266 87485 020K91§33459 0226 0. 1123
0.3131 05 0.1988 ;22024 BIN215-087760G48h 0. 4518

C23_ 1-0.0026 [ -0.1191 | 0.3614
C24__ |0.1707 | -0.0312]0.3288
C25 0.0641 |-0.1848 | 0.2832
€26 |0.1903 | -0.1171 | 0.2772
€27 |0.0159 |-0.2652 | 0.4010
C28 | 0.0413 |-0.3076 | 0.2646
08  |0.1732 ] 0.0766 | 0.3473
€29 |0.0527 |-0.2262}0.3719
C30  [-0.0488-0.1911 | 0.4174
09 0.2066 | -0.1046 | 0.2477
C31__ [-0.1057 | 0.0845 | 0.4057
C32 | -0.0805 [ 0.0464 | 0.3769
€33 | -0.1758|0.0315 | 0.4210
C34 | -00962|0.3657 | 0.4497
C35 0.0119 10.1514 | 0.4289
C36__ | -0.1670 [ 0.2596 |0.4419
010 |0.0892 | 0.4864 | 0.4561
€37 |0.0235 |0.3777 | 0.4487
€38 |0.0796_| 0.2657 | 0.4373
C39 . |0.2088 | 0.4743 | 0.4694
C40  [0.2378 [0.6027 |0.4670
C41  |-0.1056 | 0.1472 | 0.4292
O11 03103 [0.0473 |0.2955
C42  10.1927 |-0.0117]0.2972
012 [0.1209 | -0.4060 | 0.2699
C43 | -0.1355 | 0.5267 |0.3371
C44 _ [-0.1317|0.4102 | 0.3168
Nl -0.2217 1 0.3229 | 0.3311
C45 | 0.15780.4809 | 0.3661
C46  |-0.2328 | 03526 | 0.3628
013 [0.0687 |0.4002 |0.3090
014  |-0.0027 | 02411 |0.3344
C47 | -0.0235]0.3422 | 03215
C48 _ [0.3738_0.4173 [0.3220
C49 __[0.3666 | 0.5397 |0.3405
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0.4471 C7 0.0829 0.3978 0.4505 C8 0.0836 0.2539 0.4134
09 0.0185 0.6897 0.4693 C10 0.0320 0.2460 0.3495 Ci1
WO 208883 0. 3075 0. 2867 Cl12 -0.0536 0.5937 0. 4BGEUSHB7/071749
0.1976 0.1996 014 -0.1314 -0.4139 0.0970 C15
0. 3083 0.3494 Cl16 -0.2316 0.2099 0.2582 C17
0.4011 0.2002 C18 -0.1786 -0.0508 0.1507 C19

- 0. 2858
-0. 0913
-0.1691
- 0. 3006
-0. 1830

- 0. 0480
-0. 2916

ff ulx 6 u FO. ?%%j
’C o“" 0525 Toahd Pos
015 0.5678 [0.3983 {0.3126
016 0.4793 10.2316 | 0.3356
N2 0.2751 | 0.3408 | 0.3341
C51 0.2568 | 0.3858 | 0.3637
C52 0.4900 |0.3392 | 0.3227
C53 0.1894 | 0.5037 | 0.4979
Hl 0.2977 |-0.0348 | 0.4380
H2 0.5158 {0.5126 | 0.5088
H3 0.0427 | 0.4151 |0.5106
H4 0.4640 | 0.2425 | 0.4980
H5 0.3557 10.0952 |0.4743
H6 0.4028 10.0143 | 0.3656
H7 0.4846 | -0.0412 103172
HB 0.7354 |-0.1139]0.3309
HO9 0.6383 [ 0.0438 | 0.2803
H10 0.7509 |-0.2206 | 0.2829
HI1 0.4937 {-0.1547 | 0.2692
H12 0.4535 |-0.3750 | 0.2689
H13 0.5440 | -0.3256 1 0.2395
Hi4 0.5987 10.1273 {0.3371
Hi5 0.5850 | -0.4862 1 0.2863
Hi6 0.2740 | 0.0426 | 0.4038
H17 (.7825 | -0.0885 | 0.2400
HI18 (0.8274 | 0.0552 | 0.2680
HI19 0.4902 | 0.2088 | 0.3946
H20 0.5540 | 0.4072 | 0.4143
H21 0.6504 | -0.2925 | 0.3665
H22 0.6030 §-0.3278 | 0.4194
H23 0.2586 1 -0.1789 | 0.2863
H24 0.1267 | 0.0606 | 0.2892
H25 0.2335 | -0.1001 | 0.3377
H26 0.0060 | -0.0175]0.3198
H27 -0.0022 | -0.1194 | 0.2737
H28 -0.0459 | -0.3511 | 0.2701
H29 0.0431 | -0.2942 | 0.2411
H30 0.1118 | -0.2782 | 0.3606
H31 -0.1170 | 0.0351 | 0.3696
H32 0.0467 | -0.3485 | 0.4096
H33 -0.2543 | 0.2691 | 0.4432
H34 -0.1353 | 0.4445 | 0.4589
H35 0.0544 | 0.0664 | 0.4241
H36 0.1640 | 0.2598 | 0.4365
H37 -0.2417 [ 0.0673 | 0.4058
H38 -0.2171 1 0.0017 | 0.4412

-84 -
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woGh9150 -0. 4216

10

C23 -0.1249 -0.1696 0.1325 C24 -0.2541 0.3000 0.1727
C25 -0.3658 0.0787 0.1687 C26 -0.3038 -0.2938 0.1114

0. 0824

C28

-0.0248 -0.

41
985 0.3144 0.0335 030 0.9014 0. 4113 GCAAGARTINS
Atom X Y Z 031 0.7834 0.1123 0.6447 032 0.8541 0.4766

0. 7040 C33 0.7408 0.2570 0.7376'

0.5162 035 0. 708

salded 241, 0. 5

35...36..0...26.1

0.6736 037 0. 8359

atayly X Y Z
H39  10.2698 | -0.0400 | 0.2435
H40  10.3320 |0.0534 |0.2734
H41  10.1058 |0.1381 |0.3420
H42  |0.0874 | -0.4719 | 0.2852
H43 | -0.1506 | 0.4388 |0.2950
H44 | -0.0541 | 0.5810 |0.3377
H45  1-0.2055 | 0.5941 |0.3310
H46  |-0.0797 | 0.4553 | 0.3782
H47 | -0.2106 | 0.5460 | 0.3796
H48  |-0.3210 | 0.3680 | 0.3662
H49  |{-0.1958 | 0.2728 | 0.3734
H50  [-0.2972 ] 0.3381 |0.3195
H51  ]-0.1983 [ 0.2279 | 0.3269
H52  ]0.3544 |0.4339 |0.2980
H53 02791 | 0.3273 |0.3822
H54  ]0.1634 | 0.4233 |0.3683
H55  10.4032 | 0.5053 | 0.3835
H56  [0.2799 | 0.6038 | 0.3764
H57  ]0.4555 | 0.5795 |0.3393
H58  |0.3097 | 0.6065 | 0.3283
H59  10.2013 |0.3456 | 0.3219
H60 0.2977 10.2420 | 0.3345

034 0.9142 0.1720

1 0.2500

[00215]  Unit cell parameters for the 1:1 L-proline hemihydrate complex H.5-2 [j

are listed below in Table 17.

TABLE 17

Unit Cell Data for Compound 1 Complex with ~
L-Proline Hemihydrate Form H.5-2

Form | T°C | a(A)

b(A)

C(A) o

pe 1 v 1Z

SG Vm R Dc.lh:

H.5-21 -40 [ 11.539

10.199

23.183 [103.96 [ 97.16| 9025 | 4

P, | 656 ] .06 1.349

T = temp (°C) for crystallographic data

7’ = number of drug molecules per asymmetric unit

Vo =V (unit cell)/(Z drng molecules per cell)

-85 -



. 7928
. 9041
. 7693

. 7967 0.0998 0.5824 C39 0.8661 0.3408

OPCOR2007/071749
0. 1825
0. 8565

0.9453 C38 0

0.6732 C40 0.8113 -0.0517 0.5552 C41 0.6608 0.3487
WO 00368282£42 0. 8842 0.3295 0.6081 C43

0.8324 C44 0.6478 0.3693 0.8244 C45

0.5787 CA46 0.7116 0.2945 0. 8580 C47

0.9247 C48 0.6523 0.6699 0.9393 C49

0. R L8¢kidaaPinfe %i%na@é% 0.8418 C51

0.7731 C-2 0.7
0. Be38 density of crystal calculated

SG = space group

18 0.8657 C53

. 6372
. 8079
L7171

QOO O0OO0OO0O

0.6130
0. 1861
0. 7906

5 [00216] Table 18 below sets forth the positional parameters for the 1:1 L-proline

hemihydrate form H.5-2 1.

TABLE 18

Tabie of Fractional Atemic Coordinates for Compound Ij 1:1 Complex with

10 L-Proline Hemihydrate Form H.5-2 at T =-40°C
Atom X Y zZ
CL1 -0.3207 10.2999 |0.1007
02 -0.0812 §0.4445 [ 0.3860
03 0.1266 10.3986 ]0.5119
04 0.0226 [0.1123 [0.3131
05 0.1988 10.2024 [0.4116
C6 -0.0400 | 0.4518 | 0.4471
C7 0.0829 10.3978 | 0.4505
C8 0.0836 |0.2539 10.4134
09 0.0185 | 0.6897 | 0.4693
C10 0.0320 ] 0.2460 | 0.3495
Cl1 -0.1475 10.3075  10.2867
Cl2 -0.0536 1 0.5937 10.4833
Cl13 -0.2858 | 0.1976 | 0.1996
014 -0.1314 | -0.4139 [0.0970
C15 -0.0913 10.3083 | 0.3494

Cl16 -0.2316 1 0.2099 | 0.2582 -
C17 -0.1691 1 0.4011 | 0.2002
C18 -0.1786 | -0.0508 | 0.1507
C19 -0.3006 | -0.0480 |0.1494
C20 -0.3629 | -0.1768 | 0.1287
C21 -0.1830 | -0.2916 [0.1133
C22 -0.1179 10.4052 [ 0.2576
C23 -0.1249 1-0.1696 |0.1325
C24 -0.2541 10.3000 |0.1727
C25 -0.3658 | 0.0787 | 0.1687
C26 -0.3038 | -0.2938 |0.1114
C27 -1-0.0150 | -0.4216 |0.0824
C28 -0.0248 | -0.4143 10.0214
CL29 1 0.6985 [0.3144 [0.9332
030 0.9914 104113 [0.6104
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C54 0.8594 1.0293 1.0095 C55 0.5690 0.4784 0.8512 C56
CL57 0.1318 0.2860 0.9213 058

0.9344 1.1572 1.
1474 0.
WOS".“@@%’}%. 1826 0.
0. 2155 0. 2845 0.

0. 2590 0. 1866 0.

0. 1310 0.6369 0.
0. 2203 -0.0149

0187
6392
5107
7366
7641

059 0.3774 0.4788 0. 707
061 0.5074 0.3673 0.607

%%2007/071749

C63 0.2440 0.2856 0.6735 Co4
C65 0.3642 0.3439 0.6737 C66

Q752 A7 N AK50 N 1865 QO 57
Mo |c69%X0. 2495Y0. 61414208
031 0.7834 |0.1123 | 0.6447
032 08541 ]0.4766 |0.7040
C33 0.7408 [ 0.2570 |0.7376
034 {09142 [0.1720 |0.5162
035 [07084 |-0.1271 |0.5485
C36 107611 02500 |0.6736
037 108359 [0.9717 |0.9453
C38 0.7967 10.0998 |0.5824
C39 0.8661 |0.3408 |0.6732
C40  {0.8113 |-0.0517 |0.5552
C41 0.6608 | 0.3487 |0.7637
C42 0.8842 03295 |0.6081
C43 0.7928 | 02013 ]0.8324
Ca4 0.6478 | 0.3693 |0.8244
C45 0.9041 |0.1825 |0.5787
C46 107116 ]0.2945 | 0.8580
C47 0.7693 | 0.8565 |0.9247
C48 0.6523 | 0.6699 |0.9393
C49 0.6372 | 0.6130 |0.8784
C50 0.6886 |0.6798 |0.8418
Cs1 0.8079 10.1861 |0.7731
Cs2 0.7539 | 0.8018 | 0.8657
C53 0.7171 ]0.7906 |0.9638
C54 0.8594 |1.0293 |1.0095
C55 0.5690 |0.47384 |0.8512
C56 0.9344 |1.1572 | 1.0187
CL57 [0.1318 10.2860 |0.9213
058 [02325 [0.1474 |0.6392
059 |03774 {04788 |0.7078
060 03769 101826 |0.5107
061 0.5074 103673 |0.6076
C62 02155 |0.2845 |0.7366
C63 0.2440 |0.2856 |0.6735
C64 0.2590 |0.1866 |0.7641
C65 0.3642 | 0.3439 |0.6737
C66 01310 |0.6369 |0.8752
C67 0.3659 [0.1865 |0.5718
C68 0.2203 | -0.0149 |0.5444
C69 02495 |0.6414 |0.8737
C70 102339 [0.1891 |0.8206
C71 0.2440 | 0.1366 | 0.5760
C72 02691 |0.8826 |0.9099
C73 0.3878 [ 0.3310 |0.6097
C74  10.0797 ]0.7646 |0.8952
C75 0.1225 10.3883 10.8232
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0.2339 0.1891 0.8206 C71 0.2440 0.1366 0.5760 C72
0.2691 0.8826 0.9099 C73 0.3878 0.3310 0.6097 C74

WO Z)08F@B20. 7646 0.8952 C75 0. 1225 0. 3883 0. 823PCT/USMOMIAN749
Y Z 076 0.0935 -0.0372 0.5272 C77 0.1466 0.3834 0.7646
C78 0.1643 0.2886 0.8500 C79 0.3160 0.7598 0.8907 080
0.3243 1.0074 0.9263 C81 0.0564 0.5089 0.8537 C82
0. 1501 0. 8831 O[3 B33P 2517 UT68 0. 9329 C84

0.4736 1.0085 178039 700035 | 0.0372 | 0.5272
C77 0.1466 |0.3834 |0.7646
C78 0.1643 | 0.2886 10.8500
C79 0.3160 |0.7598 |0.8907
080  [0.3243 |1.0074 |0.9263
C81 0.0564 |0.5089 |0.8537
C82 0.1501 | 0.8831 |0.9123
33 0.4517 | 1.0168 }0.9429
C84 0.4736 | 1.0085 | 1.0039
CL85 [0.2353 ]0.2852 }0.0943
086 | 0.4643 [0.4578 |0.3847
087 0.6024 ]0.1640 |0.4142
38 04307 103235 [0.3510
089 0.6471 03804 |0.5135
C90 0.5401 | 02370 |0.3503 P
091 0.4314 [ 0.6909 |0.4760 Ve
C92 0.5025 | 0.4655 |0.4471
C93 0.3782 |0.3234 |0.2879
094  10.3688 |-0.3850 |0.0770
C95 0.2412 |0.2163 |0.2011
096 [0.5177 |0.1054 [0.3143
C97 0.5871 |0.2380 |0.4145
CoR 0.5309 |0.6092 |0.4771
99 0.6100 |0.3805 |0.4525
C100 | 03806 |0.3946 |0.1963
C101  [0.2856 |0.2342 |0.2611
C102 03122 |-02671 ]0.0968
C103 10.1491 [0.1041 {0.1716
C104 10.2436 |-0.2032 {0.0581
C105 ]0.2886 |0.3016 [0.169%4
C106 {03259 |-0.21290 |0.1566
C107 104243 [0.4052 |0.2556
C108 10.1916 |-0.0835 |0.0830
C109 103595 |-0.4411 ]0.0145
C110  10.2039 |-0.0262 |0.1455
Cl11 [ 0.2741 |-0.0939 |0.1807
C112 | 0.4263 |-0.5693 |0.0039
0113 [ 0.6465 |0.6039 |0.6797
0114 [ 0.7349 10.7473 10.6386
NI115 | 04575 10.7439 | 0.6955
Cl116 [ 0.6529 10.7073 | 0.6592
Cl117 [0.5581 109376 |0.6856
C118 [ 0.4708 10.8468 |0.7558
C119 [0.5406 |]0.7887 |0.6584
C120 | 0.5558 |0.9548 |[0.7523
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CL85 0.2353 0.2852 0.0943 086 0.4643 0.4578 0.3847 087
0.6924 0.1640 0.4142 C88 0.4307 0.3235 0.3510 089

3804 0.5135 C90 0.5401 0.2370 0. 350
‘”nggé%%”g.agog 4760 C92 0.5025 0. 4655 o.447fcgg§zm”mT”49
0.3782 0.3234

. 2879 094 0.3688 -0.3850 0.0770 C95
0.2412 0.2163 0.2011 096 0.5177 0.1054 0.3143 C97
0.5871 0.2380 0.4145 98 0 5309 0 6092 0 4771 C99
0. 6100 0. 3805

14823 C100X0. 3806Y 0. 394620. 3963 C101
0121 | 0.1830 [ 0.6331 |0.6898
0122 10.2453 10.7852 | 0.6450
NI123 | -0.0372 | 0.6985 |0.6789
Cl124 | 0.0468 |0.7797 | 0.6565
Cl125 |0.0382 |0.9228 | 0.6945
C126 | 0.1683 | 0.7269 | 0.6638
C127 10.0337 |0.8955 [0.7569
Cl128 | -0.0365 [0.7591 |0.7436
NI126 1-0.3701 |-0.1217 ]0.3442
C130 |-0.1562 |-0.1273 |0.3652
0131 | -0.1554 |-0.0439 |0.3345
0132 | -0.0663 |-0.1700 |0.3912
C133 |-0.2876 |-0.3360 |0.3362
C134 [-0.2710 |-0.1891 |0.3727
CI35 [-0.3924 |-0.1926 |0.2793
Cl36 1-03216 |-0.3192 |0.2720
0137 104232 | -0.1933 ]0.3831
0138 [0.3366 | -0.0501 |0.3332
C139 10.2187 |[-0.2024 | 0.3678
NI140 10.1226 [-0.1310 [0.3394
Cl41 10.3337 |-0.1410 | 0.3604
Cl42 10.1992 | -0.3502 |0.334]
Cl143 [0.1599 [-0.3386 |0.2693
Ci44 10.0885 |-0.2109 |[0.2771
0145 10.2926 | 0.5997 | 0.5452
0146 10.5342 | -0.0128 | 0.4878
H150 }-0.0975 |0.3899 | 0.4641
H151 10.1418 [0.4590 |0.4337
Hi52 10.0313 [0.1936 |0.4337
Hi54 10.0862 |0.3044 |0.3298
HI55 1-0.1430 | 0.6195 |0.4745
HI56 1-0.0310 | 0.5943 | 0.5295
H157 1-0.1495 10.2477 |0.3663
H158 [-0.253% 1 0.1367 |0.2824
H159 [-0.1435 104768 |0.1772
HI160 |-0.1255 | 0.0440 | 0.1660
H161 [-0.4573 ;-0.1862 | 0.1271]
H162 | -0.0551 | 0.4859 |0.2809
H163 [-0.029%4 {-0.1642 |0.1321
H164 |-0.4249 |0.0580 [0.1988
HI165 |-0.4172 100974 |0.1293
H166 |-0.3545 |-0.3888 | 0.0944
Hi67 | 0.0443 -0.3425 0.1127
H168 ]0.0247 | -0.5195 [0.0867
Hi169 ]0.0584 |-0.4150 |0.0027

COO0OO0OO0OO0OO0
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0.2856 0.2342 0.2611 C102 0.3122 -0.2671 0.0968 C103
0.1491 0.1041 0.1716 C104 0. 2436 -0.2032 0.0581 C105
WO 003888240. 3016 0. 1694 C106 0. 3259 -0.2129 0. 1B6HUSH0T/071749
0. 4052 0.2556 C108 0.1916 -0.0835 0.0830 C109
-0.4411 0. 0145 C110 0.2039 -0.0262 0.1455 C111
-0. 0939 0.1807 C112 0.4263 -0.5693 0.0039 0113

QOO0 O0OO0OO0O

. 4243
. 3595
. 2741
. 6465
. 4575
. 5581

0.6039 0
0.7439 0

%‘tﬁxﬁ I14- 0. 734 u._47 07$386 N115
S -0—652906—9+—6—6592 Cl17

HI170 [-0.0829° 104910 | -0.0091
H171 | -0.0634 |-0.3139 |(0.0169
H176 }0.6840 |0.2850 | 0.6494
H177 107179 [0.1342 10.5591
H178 | 0.943} 0.3006 |0.6953
H179 [ 0.8770 | -0.0884 | 0.5846
HI80 |[0.8408 | -0.0648 }0.5117
HI181 |[0.6098 |0.4044 |0.7359
H182 | 0.8091 0.3693 | 0.5861
Hi83 [0.8427 |[0.1385 |0.8583
Hig84 | 0.9803 0.1446 | 0.6000
HI185 | 0.6091 0.6187 | 0.9683
HIB [0.6794 |0.6399 |0.7942
HI87 [0.8728 [0.1192 ]0.7530
HI88 [0.7902 |0.8541 |0.8361
HI89 {0.7271 0.8353 1.0122
HI% |0.7735 1.0569 1.0277
H191 }0.8986 |0.9597 1.0334
HI92 10.5005 |0.4927 |0.8176
H193 10.5288 | 0.4505 |0.8873
H194 | 0.9545 1.2004 | 1.0658
H195 | 1.0166 1.1315 1.0008
H196 | 0.8915 1.2288 |0.9952
H200 | 0.1797 | 0.3464 ] 0.6531
H201 [0.3128 [0.1093 |0.7423
H202 [0.4283 [0.2823 [0.6914
H203 [ 04309 |[0.1186 |0.5873
H204 0.2676 -0.0437 | 0.5075
H205 | 0.2503 -0.0734 | 0.5778
H206 |0.2938 |0.5478 |0.8573
H207 [0.2667 |0.1115 |0.8435 "
H208 | 0.1813 0.2008 | 0.5579
H209 | 0.3311 0.3978 | 0.5902
H210 |-0.0167 |0.7728 | 0.8951
H212 0.1131 0.4619 0.7424
H213 104107 |0.7527 10.8914
H214 10.0235 | 0.4869 |0.8923
H215 }[-0.0164 |0.5268 |0.8227
H216 |0.1131 0.9807 | 0.9295
H217 10.5000 |[0.9375 |0.9142
H218 |0.4930 1.1146 | 0.9386
H219 | 0.5658 1.0153 1.0223
H220 | 0.4299 1.0899 1.0326
H221 04370 |0.9127 1.0082
H223 ]0.3659 |0.2811 0.3724
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0.9376 0.6856 C118 0.4708 0.8468 0.7558 C119 0. 5406

0.7887 0.6584 C120 0.5558 0.9548 0. 7523
1830 0.6331 0.6898 0122 0.2453 0. 7852 0

‘Vo%é§§°%8.0372 0.6985 0.6789 C124 0.0468 o.779?g8ﬁé§%€m7f”9
C125 0.0382 0.9228 0.6945 C126 0.1683 0. 7269 0. 6638
C127 0.0337 0.8955 0.7569 C128 -0.0365 0.7591 0.7436

N129 -0.3701 -0.
0. 3652 0131 -O0.

_Atom X Y Z

. 1273

1217 3442 C130 -0.1562 -
S56tbm 0. 0489 (. 3345 zZ
H225 10.6059 102835 ]0.3311
H227 104295 |[0.4306 [0.4673
H229 10.5247 [0.1893 | 0.4346
H230 |0.5953 |0.6489 [0.4536
H231 | 05686 |0.6221 |0.5232
H232 |0.6812 104246 |0.4357
H233 04161 {04554 ]0.1692
H234 102450 {10.1769 |0.2870
H235 10.0958 10.0890 |0.2045
H236 10.0943 10.1338 | 0.1355
H237 10.2331 -0.2409 10.0101
H238 103791 -0.2651 1 0.1858
H239 104960 104787 |0.2767
H240 ]10.1390 {-0.0325 |0.0529
H241 10.2692 | -0.4672 | -0.0046
H242 10.3958 |-0.3734 |-0.0080
H243 ]0.2809 |-0.0523 |0.2290
H244 104221 | -0.6177 | -0.0443
H245 10.5184 | -0.5490 |0.0216
H246 103917 |-0.6427 |0.0251]
H248 10.4793 10.644% | 0.7024
H249 10.6424 |0.9714 | 0.6756
H250 ]0.4899 109910 |0.6668
H251 | 0.3871 0.8958 |0.7636
H252 104974 [0.8010 |0.7924
H253 104998 10.7712 | 0.6119
H254 10.6437 10.9322 |0.7755
H255 [0.5346 | 1.0526 | 0.7757
H257 [-0.1244 | 0.7021 | 0.6547
H258 -10.0245 10.7713 | 0.6086
H25% 10.1125 098382 |0.6931
H260 | -0.0412 ]0.9702 | 0.6791
H261 [0.1221 |0.8814 10.7786
H262 | -0.0061 |0.9737 10.7872
H263 | -0.1266 | 0.7806 | 0.7533
H264 10.0003 |0.6937 10.7698
H265 |-0.4482 |-0.1282 10.3648
H267 [-0.2055 |-0.3921 {0.3406
H268 | -0.3541 |-0.3919 {0.3515
H269 |-0.2776 |-0.1726 |0.4197
H270 |-0.4835 |-0.2219 |0.2664
H271 1-0.3651 |-0.1301 |0.2520
H272 {-0.2450 |-0.3036 | 0.2505
H273 1-0.3737 | -0.4037 |0.2429
H275 10.2126 | -0.18376 | 0.4150
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0132 -0.0663 -0.1700 0.3912 C133 -0.2876 -0.3360

0.3362 C134 -0.2710 -0.1891 0.3727 C135 -0.3924
WO-200809224 0. 2793 C136 -0.3216 -0.3192 0. 2720 O0R8T/US2007/071749

0.4232 -0.1933 0.3831 0138 0.3366 -0.0501 0.3332 C139

0.2187 -0.2024 0.3678 N140 0.1226 -0.1310 0.3394 Ci141

0. 3337 -0.1410 0. 3604 C142 0 1992 -0.3502 0.3341 C143

0. 1599 -0. 3386 - APYS [ © U8‘8§ =" 4 9 . 2771 0145

0. 2926 0.5997 0. . 345 o uare HIEG
-0.0975 0. 3899 c%%? .@Ml 2527 03631

02819 | -0.4071 ]0.3370
H278 |0.1354 |-0.4038 }0.3515
H279 [0.2344 |-0.3225 |0.2459
H280 [0.1069 |-0.4219 |0.2420
H281 | -0.0019 |-0.2405 |0.2681
H282 [0.1098 |-0.1545 |0.2449
H40 | -0.0494 |0.0591 |0.3246
H50 [0.2411 [0.2106 |0.4570
H30 101948 [04772 |0.5288
HOO {-0.0304 |0.7367 |0.4370
H910 |0.4288 {0.7378 | 0.43%87
H890 [0.5701 |0.3737 |0.5359
H870 |0.7447 10.1972 {0.4579
HO60 | 0.4441 [0.0598 |0.3281 Ty
H320 [0.7685 [0.5088 [ 0.6888
H30 1.0223 | 0.3832 | 0.5666
H34  [0.9788 [0.0971 |0.5019
H350 [0.7109 |-0.1813 |0.5836
H600 [0.4380 10.1072 | 0.4941
H61 0.5322 | 0.4602 | 0.6402
H590 02991 [0.5325 |0.6984
H76 | 0.0757 |-0.1438 |0.5063
H29N |-0.3483 |-0.0232 | 0.3484
H40N 10.1520 |-0.0373 |0.3393
HI5N 03746 107405 |0.6748
H23N |-0.0113 }0.6018 |0.6728
H946 | 0.4919 |-0.0828 |0.4471
HIW [0.2742 |0.6734 |0.5848
H846 [ 0.6016 |-0.0665 | 0.5089
H2W [ 0.3486 | 0.6479 [0.5212

UTILITIES AND COMBINATIONS
A. Utilities
[00217]  The compound of the present invention possesses activity as an inhibitor
- 5 ofthe sodium dependent glucose transporters found in the intestine and kidney of
mammals. Preferably, the compound of the invention is a selective inhibitor of renal
SGLT2 activity, and therefore may be used in the treatment of diseases or disorders

associated with SGLT?2 activity.

_02-




0. 1418 0.4590 0.4337 H152 0.0313 0.1936 0.4337 H154
0. 0862 0.3044 0.3298 H155 -0.1430 0.6195 0.4745 H156

WO 0 1367 0 2624 H1s0 0 1435 O 4768 0. TSTREYT™S

10

15

20

25

30

-0. 1255 0.0440 0.1660 H161 -0.4573 -0.1862 0.1271 H162
-0. 0551 0.4859 0.2809 H163 -0.0294 -0.1642 0.1321 H164
-0. 4249 0.0580 0.1988 H165 -0.4172 0.0974 0. 1293 H166
-0l0921y - AcgBgisLly. Dogempered ofthg npgent mvaut®y c@n he Wmipisee:d

0. Q)Zéf?mmals, preferably humans, for the treatment of a variety of conditions and

disorders, including, but not limited to, treating or delaying the progression or onset
of diabetes(including Type I and Type 11, impaired glucose tolerance, insulin
resistance, and diabetic complications, such as nephropathy, retinopathy, neuropathy
and cataracts}), hyperglycemia, hyperinsulinemia, hypercholesterolemia, dyslipidemis,
elevated blood levels of free fatty acids or glycerol, hyperlipidemia,
hypertriglyceridemia, obesity, wound healing, tissue ischemia, atherosclerosis and
hypertension. The compound of the present invention may also be utilized to increase
the blood levels of high density lipoprotein (HDL).

[00219] In addition, the conditions, diseases, and maladies collectively referenced

toas “Syndrome X” or Metabolic Syndrome as detailed in Johannsson, J. Clin.

Endocrinol. Metab., 82, 727-34 (1997), may be treated employing the compound of
the present invention.

[00220] The crystalline compounds (S)-PG (SC-3) {Ia), (R)-PG (SD-3) (Ib), SA-1
(Ic}, SB-1 (Id), SB-2 (Ie) 1:2 L-proline complex form 3 (Th), 1:1 L-proline complex
form 6 (11) 1;1 L-proline hemihydrate complex form H.5-2 (Ij) and 1:1.3 L-
phenylalanine complex form 2 (Ik) may be administered in dosage forms and in
dosages as disclosed in U. S. Patent No. 6,515,117 the disclosure of which in its

entirety is incorporated herein by reference.

B. Combinations ’ -

[00221] The present invention includes within its scope pharmaceutical
compositions comprising, as an active ingredient, a therapeutically effective amount
of a compound of formula 1, including (S)-PG(form SC-3, 1a), (R)-PG (form SD-3,
Ib), SA-1 (Ic), SB-1 (1d), SB-2 (Ie), 1:2 L-proline complex form 3 (Th), 1:1 L-proline
complex form 6 (11), 1:1 L-proline hemihydrate complex form H.5-2 (Ij), and 1:1.3 L-
phenylalanine complex form 2 (Ik), alone or in combination with a pharmaceutical
carrier or diluent. Optionally, the compound of the present invention can be utilized
as an individual treatment, or utilized in combination with one or more other

therapeutic agent(s).
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-0.5195 0.0867 H169 0.0584 -0.4150 0.0027 Atom X Y Z
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of the present invention include, but are not limited to, known therapeutic agents

useful in the treatment of the aforementioned disorders including: anti-diabetic
agents; anti-hyperglycemic agents; hypolipidemic/lipid lowering agents; anti-obesity

5  agents; anti-hypertensive agents and appetite suppressants.

[00223] Examples of suitable anti-diabetic agents for use in combination with the
compound of the present invention include biguanides (e.g., metformin or
phenformin), glucosidase inhibitors (e.g., acarbose or miglitol), insulins (including
insulin secretagogues or insulin sensitizers), meglitinides (e.g., repaglinide),

10 sulfonylureas (e.g., glimepiride, glyburide, gliclazide, chlorpropamide and glipizide),

biguanide/glyburide combinations (e.g., Glucovance®), thiazolidinediones (e.g.,

troglitazone, rosiglitazone and pioglitazone), PPAR-alpha agonists, PPAR-gamma
agonists, PPAR alpha/gamma dual agonists, glycogen phosphorylase inhibitors,
mhibitors of fatty acid binding protein (aP2), glucagon-like peptide-1 (GLP-1) or

15  other agonists of the GLP-1 receptor, and dipeptidyl peptidase IV (DPP4) inhibitors.
[00224] It is believed that the use of the compound of formula I in combination
with at least one or more other antidiabetic agent(s) provides antihyperglycemic
results greater than that possible from each of these medicaments alone and greater
than the combined additive anti-hyperglycemic effects produced by these

20  medicaments.
[00225]  Other suitable thiazolidinediones include Mitsubishi’s MCC-555
(disclosed in U.S. Patent No. 5,594,016), Glaxo-Wellcome’s faraglitazar (GI-
262570), englitazone (CP-68722, Pfizer) or darglitazone (CP-86325, Pfizer,
isaglitazone (MIT/J&J), reglitazar (JTT-501) (JPNT/P&U), rivoglitazone (R-119702)

25  (Sankyo/WL), liraghitide (NN-2344) (Dr. Reddy/NN), or (Z)-1,4-bis-4-[(3,5-dioxo-
1,2,4-oxadiazolidin-2-yl-methyl)]phenoxybut-2-ene (YM-440, Yamanouchi).
[00226] Examples of PPAR-alpha agonists, PPAR-gamma agonists and PPAR
alpha/gamma dual agonists include muraglitazar, peliglitazar, tesaglitazar AR-
HO39242 Astra/Zeneca, GW-501516 (Glaxo-Wellcome), KRP297 (Kyorin Merck) as

30 well as those disclosed by Murakami et al, “A Novel Insulin Sensitizer Acts As a
Coligand for Peroxisome Proliferation — Activated Receptor Alpha (PPAR alpha) and
PPAR gamma. Effect on PPAR alpha Activation on Abnormal Lipid Metabolism in
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: %%Sgdtent 6,653,314, the disclosure of which is incorporated herein by reference,

employing dosages as set out therein, which compounds designated as preferred are
preferred for use herein.

[00227]  Suitable aP2 inhibitors include those disclosed in U.S. application Serial
No. 09/391,053, filed September 7, 1999, and in U.S. application Serial No.
09/519,079, filed March 6, 2000, employing dosages as set out herein.

[00228}  Suitable DPP4 inhibitors include those disclosed in WO 99/38501, WO
99/46272, WO 99/67279 (PROBIODRUG), WO 99/67278 (PROBIODRUG), WO
99/61431 (PROBIODRUG), NVP-DPP728A (1-[{[2-[(5-cyanopyridin-2-
yhamino]ethyllaminolacetyl]-2-cyano-(S)-pyrrolidine) (Novartis) as disclosed by
Hughes et al., Biochemistry, 38(36), 11597-11603, 1999, TSL-225 (tryptophyl-
1,2,3,4—tetrahydroisoquinoline-3—carbo-xylic acid (disclosed by Yamada et al., Bioorg.
& Med. Chem. Lett. 8 (1998) 1537-1540), 2-cyanopyrrolidides and 4-
cyanopyrrolidides, as disclosed by Ashworth et al., Bioorg. & Med. Chem. Lett., Vol.
6, No. 22, pp. 1163-1166 and 2745-2748 (1996), the compounds disclosed in U.S.
application Serial No. 10/899,641, WO 01/68603 and U.S. patent 6,395,767,
employing dosages as set out in the above references.

[00229]  Other suitable meglitinides include nateglinide (Novartis) or KAD1229
(PF/Kissei).

[00230] Examples of suitable anti-hyperglycemic agents for use in combination
with the compound of the present invention include glucagon-like peptide-1 (GLP-1)
such as GLP-1(1-36) amide, GLP-1{7-36) amide, GLP-1(7-37) (as disclosed in U.S.
Patent No. 5,614,492), as well as exenatide {Amyhn/Lilly), LY-315902 (Lilly), MK-
0431 (Merck), liraglutide (NovoNordisk), ZP-10 (Zealand Pharmaceuticals A/S),
CIC-1131 (Conjuchem Inc), and the compounds disclosed in WO 03/033671.
[00231] Examples of suitable hypolipidemic/lipid lowering agents for use in
combination with the compound of the present invention include one or more MTP
inhibitors, HMG CoA reductase inhibitors, squalene synthetase inhibitors, fibric acid
cierivatives, ACAT inhibitors, lipoxygenase inhibitors, cholesterol absorption
inhibitors, ileal Na'/bile acid co-transporter inhibitors, up-regulators of LDL receptor

activity, bile acid sequestrants, cholesterol ester transfer protein (e.g., CETP
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PPAR agonists (as described above) and/or nicotinic acid and derivatives thereof.

1.
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0.9127 1.0082 H223 0. 3659 tom

[00232] MTP inhibitors which may be employed as described above include those
disclosed in U.S. Patent No. 5,595,872, U.S. Patent No. 5,739,135, U.S. Patent No,
5,712,279, U.S. Patent No. 5,760,246, U.S. Patent No. 5,827,875, U.S. Patent No.
5,885,983 and U.S. Patent No. 5,962,440.

[00233] The HMG CoA reductase inhibitors which may be employed in
combination with one or more compound of formula I include mevastatin and related
compounds, as disclosed in U.S. Patent No. 3,983,140, lovastatin (mevinolin) and
related compounds, as disclosed in U.S. Patent No. 4,231,938, pravastatin and related
compounds, such as disclosed in U, S, Patent No. 4,346,227, simvastatin and related

compounds, as disclosed in U.S. Patent Nos. 4,448,784 and 4,450,171. Other HMG

“m‘.‘éj

CoA reductase inhibitors which may be employed herein include, but are not limited
to, fluvastatin, disclosed in U.S. Patent No. 5,354,772, cerivastatin, as disclosed in
U.S. Patent Nos. 5,006,530 and 5,177,080, atorvastatin, as disclosed in U.S. Patent
Nos. 4,681,893, 5,273,995, 5,385,929 and 5,686,104, atavastatin (Nissan/Sankyo’s
nisvastatin (NK-104)), as disclosed in U.S. Patent No. 5,011,930, visastatin
(Shicnogi-Astra/Zeneca (ZD-4522)), as disclosed in U.S. Patent No. 5,260,440, and
related statin compounds disclosed in U.S. Patent No. 5,753,675, pyrazole analogs of
mevalonolactone derivatives, as disclosed in U.S. Patent No, 4,613,610, indene
analogs of mevalonolactone derivatives, as disclosed in PCT application WO
86/03488, 6-[2-(substituted-pyrrol-1-yl)-alkyl)pyran-2-ones and derivatives thereof,
as disclosed m U.S. Patent No. 4,647,576, Searle’s SC-45355 (a 3-substituted
pentanedioic acid derivative) dichloroacetate, imidazole analogs of mevalonolactone,
as disclosed m PCT application WO 86/07054, 3-carboxy-2-hydroxy-propane-
phosphonic acid derivatives, as disclosed in French Patent No. 2,596,393, 2,3-
disubstituted pyrrole, furan and thiophene derivatives, as disclosed in European
Patent Application No. 0221025, naphthyl analogs of mevalonolactone, as disclosed
in U.S. Patent No. 4,686,237, octahydronaphthalenes, such as disclosed in U.S. Patent
No. 4,499,289, keto analogs of mevinolin (lovastatin), as disclosed in Furopean
Patent Application No.0142146 A2, and quinoline and pyridine derivatives, as
disclosed in U.S. Patent No. 5,506,219 and 5,691,322.
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atorvastatin, fluvastatin, cerivastatin, atavastatin and Z1>-4522,

[00235]  In addition, phosphinic acid compounds useful in inhibiting HMG CoA
reductase, such as those disclosed in GB 2205837, are suitable for use in combination
with the compound of the present invention.

[00236] The squalene synthetase inhibitors suitable for use herein include, but are
not limited to, a-phosphono-sulfonates disclosed in U.S. Patent No. 5,712,396, those
disclosed by Biller et al., J. Med. Chem., 1988, Vol. 31, No. 10, pp. 1869-1871,
including isoprenoid (phosphinyl-methyl)phosphonates, as well as other known
squalene synthetase inhibitors, for example, as disclosed in U.S. Patent No. 4,871,721
and 4,924,024 and in Biller, S.A., Neuenschwander, K., Ponpipom, M.M., and
Poulter, C.D., Current Pharmaceutical Design, 2, 1-40 (1996).

[00237] In addition, other squalene synthetase inhibitors suitable for use herein
include the terpenoid pyrophosphates disclosed by P. Ortiz de Monteliano et al, J.
Med. Chem., 1977, 20, 243-249_ the famesyl diphosphate analog A and presqualene
pyrophosphate (PSQ-PP) analogs as disclosed by Corey and Volante, J. Am. Chem.
Soc., 1976, 98, 1291-1293, phosphinylphosphonates reported by McClard, R'W. et
al, JA.C.S,, 1987, 109, 5544 and cyclopropanes reported by Capson, T.L., PhD
dissertation, June, 1987, Dept. Med. Chem. U of Utah, Abstract, Table of Contents,
pp 16, 17, 40-43, 48-51, Summary.

{00238} The fibric acid derivatives which may be employed in combination the
compound of formula I include fencfibrate, gemfibrozil, clofibrate, bé&zafibrate,
ciprofibrate, clinofibrate and the like, probucol, and related compounds, as disclosed
in U.S. Patent No. 3,674,836, probucol and gemfibrozil being preferred, bile acid
sequestrants, such as cholestyramine, colestipol and DEAE-Sephadex (Secholex®,
Policexide™), as well as lipostabil (Rhone-Poulenc), Eisai E-5050 (an N-substituted
ethanolamine derivative), imanixil (HOE-402), tetrahydrolipstatin (THL),
istigmastanylphos-phorylcholine (SPC, Roche), aminocyclodextrin (Tanabe Seiyoku),
Ajinomoto AJ-814 (azulene derivative), melinamide (Sumitomo), Sandoz 58-035,
American Cyanamid CL-277,082 and CL-283,546 (disubstituted ﬁrea derivatives),
nicotinic acid, acipimox, acifran, neomycin, p-aminosalicylic acid, aspirin,

poly(diallylmethylamine) derivatives, such as disclosed in U.S. Patent No. 4,759,923,
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sadased in U.S. Patent No. 4,027,009, and other known serum cholesterol lowering

agents.
[00239] The ACAT inhibitor which may be employed in combination the

5  compound of formula I include those disclosed in Drugs of the Future 24, 9-15
(1999), (Avasimibe); “The ACAT inhibitor, C1-1011 is effective in the prevention and
regression of aortic fatty streak area in hamsters”, Nicolosi et al., Atherosclerosis
(Shannon, Irel). (1998), 137(1), 77-85; “The pharmacological profile of FCE 27677: a
novel ACAT inhibitor with potent hypolipidemic activity mediated by selective

10 suppression of the hepatic secretion of ApoB100-containing lipoprotein”, Ghiselli,
Giancarlo, Cardiovasc. Drug Rev. (1998), 16(1), 16-30; “RP 73163: a bicavailable
alkylsulfinyl-diphenylimidazole ACAT inhibitor”, Smith, C., et al, Bioorg. Med.
Chem. Lett. (1996), 6(1), 47-50; “ACAT inhibitors: physiclogic mechanisms for

s

hypolipidemic and anti-atherosclerotic activities in experimental animals”, Krause et
15 al, Editor(s): Ruffolo, Robert R., Jr.; Hollinger, Mannfred A., Inflammation:
Mediators Pathways (1995), 173-98, Publisher: CRC, Boca Raton, Fla.; “ACAT
inhibitors: potential anti-atherosclerotic agents™, Sliskovic et al., Curr. Med. Chem.
(1994), 1(3), 204-25; “Inhibitors of acyl-CoA:cholesterol O-acyl transferase (ACAT)
as hypocholesterolemic agents. 6. The first water-soluble ACAT inhibitor with lipid-
20 regulating activity. Inhibitors of acyl-CoA:cholesterol acyltransferase (ACAT). 7.
Development of a series of substituted N-phenyl-N’-[(1-
phenylcyclopentyl)ymethyl]ureas with enhanced hypocholesterclemic activity”, Stout
et al., Chemtracts: Org. Chem. (1995), 8(6), 359-62, or TS-962 (Taisho IO
Pharmaceutical Co. Ltd).
25 [00240] The hypolipidemic agent may be an up-regulator of LD2 receptor activity,
such as 1(3H)-isobenzofuranone,3-(13-hydroxy-10-oxotetradecyl)-5,7-dimethoxy-
(MD-700, Taisho Pharmaceutical Co. Ltd) and cholestan-3-01,4-(2-propenyl)-
(3a,4a,5a)- (LY295427, Eli Lilly).
[00241]  Examples of suitable cholesterol absorption inhibitor for use in
30  combination with the compound of the invention include SCH48461 (Schering-
Plough), as well as those disclosed in Atherosclerosis 115, 45-63 (1995) and J. Med.
Chem. 41, 973 (1998).
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Drugs of the Future, 24, 425-430 (1999).
[00243] The lipoxygenase inthibitors which may be employed in combination the
5  compound of formula { include 15-lipoxygenase (15-LO) inhibitors, such as
benzimidazole derivatives, as disclosed in WO 97/12615, 15-1L.O inhibitors, as
disclosed in WO 97/12613, isothiazolones, as disclosed in WO 96/38144, and 15-LO
inhibitors, as disclosed by Sendobry et al “Attenuation of diet-induced atherosclerosis
in rabbits with a highly selective 15-lipoxygenase inhibitor lacking significant

10 antioxidant properties”, Brit. J. Pharmacology (1997) 120, 1199-1206, and Comicelli
et al, “15-Lipoxygenase and its Inhibition: A Novel Therapeutic Target for Vascular
Disease”, Current Pharmaceutical Design, 1999, 5, 11-20.

[00244] Examples of suitable anti-hypertensive agents for use in combination with
the compound of the present invention include beta adrenergic blockers, calcium

15  channel blockers (L-type and T-type; e.g. diltiazem, verapamil, nifedipine,
amlodipine and mybefradil), diuretics (e.g., chlorothiazide, hydrochlorothiazide,
flumethtazide, hydroflumethiazide, bendroflumethiazide, methylchlorothiazide,
trichloromethiazide, polythiazide, benztiiazide, ethacrynic acid tricrynafen,
chlorthalidone, furosemide, musolimine, bumetanide, triamtrenene, amiloride,

20  sprronolactone), renin inhibitors, ACE inhibitors (e.g., captopril, zofenopril,
fosinopril, enalapril, ceranopril, cilazopril, delapril, pentopril, quinapril, ramipril,
lisinopril), AT-1 receptor antagonists (e.g., losartan, irbesartan, valsaitan), ET
receptor antagonists (e.g., sitaxsentan, atrsentan and compounds disclosed in U.S.
Patent Nos. 5,612,359 and 6,043,265), Dual ET/AII antagonist (¢.g., compounds

25 disclosed in WO 00/01389), neutral endopeptidase (NEP) inhibitors, vasopepsidase
inhibitors (dual NEP-ACE inhibitors) (e.g., omapatrilat and gemopatrilat), and
nitrates.

[00245] Examples of suitable anti-obesity agents for use in combination with the
compound of the present invention include a beta 3 adrenergic agonist, a lipase

30  inhibitor, a serotonin (and dopamine) reuptake inhibitor, a thyroid receptor beta drug,

SHT2C agonists, (such as Arena APD-356); MCHRI1 antagonists such as Synaptic
SNAP-7941 and Takeda T-226926, melanocortin receptor (MC4R) agonists, melanin-
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0. and Tpkeda T-226926), galamn receptor modulators, orexin antagonists, CCK

agonists, NPY1 or NPY5 antagonist, NPY2 and NPY4 modulators, corticotropin
releasing factor agonists, histamine receptor-3 (H3) modulators, 11-beta-HSD-1

5 inhibitors, adinopectin receptor modulators, monoamine reuptake inhibitors or
releasing agents, a ciliary neurotrophic factor (CNTF, such as AXOKINE® by
Regeneron), BDNF (brain-derived neurotrophic factor), leptin and leptin receptor
modulators, cannabinoid-1 receptor antagonists (such as SR-141716 (Sanofi) or SLV-
319 (Solvay)), and/or an anorectic agent.

10 ]00246] The beta 3 adrenergic agonists which may be optionally employed in
combination with compound of the present invention include AJ9677
(Takeda/Dainippon), L750355 (Merck), or CP331648 (Pfizer,) or other known beta 3
agonists, as disclosed in U.S. Patent Nos. 5,541,204, 5,770,615, 5,491,134, 5,776,983
and 5,488,064,

ot
e

15 [60247] Examples of lipase inhibitors which may be optionally employed in
combination with compound of the present invention include orlistat or ATL-962
(Alizyme).

[00248]  The serotonin (and dopamine) reuptake inhibitor (or serotonin receptor
agonists) which may be optionally employed in combination with a compound of the

20 present invention may be BVT-933 (Biovitrum), sibutramine, topiramate (Johnson &
Johnson) or axokine (Regeneron).

[00249] Examples of thyroid receptor beta compounds which may be optionally
employed in combination with the compound of the present invention include thyroid
receptor ligands, such as those disclosed in WO 97/21993 (U, Cal SF), WO 99/00353

25  (KaroBio) and WO 00/039077 (KaroBio),

[00250] The monoamine reuptake inhibitors which may be optionally employed in
combination with compound of the present invention include fenfluramine,
dexfenfluramine, fluvoxamine, fluoxetine, paroxetine, sertraline, chlorphentermine,
cloforex, clortermine, picilorex, sibutramine, dexamphetamine, phentermine,

30  phenylpropanolamine or mazindol.
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heal i ng, tissue ischem a, atherosclerosis and
hypert ensi on. The conpound of the present invention
may al so be utilized to increase 10the bl ood | evel s of
hi gh density lipoprotein (HDL). [00219] In addition,
the conditions, diseases, and nal adies collectively
referenced to as "Syndrone X' or Metabolic Syndrone as
detailed in Johannsson, J. din. Endocrinol. Illetab.,
82, 727-34 (1997), may be treated enpl oying the
compound of the present invention.
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15[ 00220] The crystalline conmpounds (S)-PG (SC 3)
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present invention includes within its scope

£ i i\t ri.Si tive
1 A USRS e ERERIR QNSRRI Al 35: o1 %,
conpound of formula | 9Et ncluding (S)-PG form SC 3,
la), (R-PG (foeimySDi3, Ib), SA-1 (lc), SB-1 (1d),
SB-2 (le), 2 L-proline conplex form3 (h), 1:1
exX form6 (li), 1:1 L-proline
> conplex formH 5-2 (lgw), and }pl. 34

i ne conplex form k), ajpne oK_gEH
a f o) ).
r huent.

conhphattOfiomi th a arnmaceuticd&H carrier o
Opti onalgyy, the conpound of the present invention can
be utilized 30as an individual treatnment, or utilized
i n conbi nati on #emRogelaor nore ot her therapeutic
agent(s). [00222] O her "therapeutic agent(s)"
suitable for conbination with the conpound of the
2. The @yssléing (S)FRE odrmpgountd B {fute SCER) tacarding ad clhinim tledadtaized by unit

known therapeutic agen useful in the treatnent of
cell parﬁquéeréF‘ﬂ?S?HEgl& %ﬂﬁl&b‘ogh%{s’fla@% i ncludi ng: anti-diabetic
Cell din@§iBhs: anti-hyperglycem c agents; hypolipidemc/lipid
| oweri ng agents; anti-obesity 5agents;
amitil 2§88 Aensi ve agents and appetite suppressants.
0 anpl es of suitable anti-diabetic agents for
%sggiﬁiggﬁbination with the compound of the present
¢ avene3@nAi ncl ude bi guani des (e.g., nmetformin or
ﬁ? Bfornin), gl ucosi dase inhibitors (e.g., acarbose or
“% i9€GESS i nsulins (including insulin secretagogues
QL Jorsptbbn sensitizers), neglitinides (e.g.,
pagl i nide), 10sul fonylureas (e.g., glimepiride,
’gf?@%@@ﬁ@i gliclazide, chlorpropan de and glipizide),
' i de/ uri de conbinations (e.g., d ucovance),
%ﬁ?gggppd#%%y?bnes (e.g., troglitazone, rosiglitazone
Sokcplegadyntnastaanenif =RPPAR- al pha agoni sts, PPAR-ganmm

. agoni sts, PPAR al pha/ ganma dual agoni sts, gl ycogen .
wherein eSS WA Y of SEId RS ARCORRCIuT G A ARop By mBfrafusg ny chkegferized by
fractionfll A¢thi0 GoBrdRfafls QustRE My & 1UeaAR Tablekie peptide-1 (GLP-1)

or 15ot her agonists of the GLP-1 receptor, and
di peptidyl peptidase P1 (DPP4) inhibitors. [00224] |t
3. The iRk SR 3 bl L W ErH RN oDy b form.
- antidiabetic agent(s) provides antihyperglycenc

resul.ts greater th at sible fromea of the
4. The elting e sorbmond tnliga L2 Secaufiog HEFTRGi Firpreried By peaks
in the p&Wdtr kL@ dffthdtioR YRRE at/ 28 Whkie£f B L 9. P GdLg.e R Py 0 h8sE: 0.1,
20 nedi canments. [00225] Other suitable
152 £ hilaZeh 9-4i Hebit Qred8-Pact-Liaed 0.1 $@li-shi ' s MCC- 555
(disclosed in U S. Patent No. 5,594,016),
G axo-Wel l conme's faraglitazar (d-262570), englitazone
(CP-68722, Pfizer) or darglitazone (CP-86325, Pfizer,
i saglitazone (MT/J&J), reglitazar (JTT-501)
(JPNT/ P&U), rivoglitazone QR 119702) 25(Sankyo/ W),
liraglutide (NN-2344) (Dr. Reddy/NN), or
(2)-1, 4-Dbi s-4-[ (3, 5-di oxo-
1, 2, 4- oxadi azol i di n- 2-yl - net hyl ) ] phenoxybut - 2- ene
(YM 440, Yananouchi). 1002261 Exanpl es of PPAR-al pha
agoni sts, PPAR-gamma agoni sts and PPAR al pha/ ganma
dual agonists include nuraglitazar, peliglitazar,




10squal ene synthetase inhibitors, for exanple, as
disclosed in U. S. Patent No. 4,871,721 and 4, 924, 024
and in Biller, S. A, Neuenschwander, K., Ponpipom
MM, and Poulter, C D., Current Pharmaceutica

Design, 2, 1-40 (1996). 100237]In addition, other

squal ene synthetase inhibitors suitable for use herein

5. The ARSI BB R S R o i ey o
solid staf®43> RER sﬁeb@mﬁa;aﬁag Isu&taﬂhggpﬁﬁn@r lpeﬁtmﬁqs%ﬂ% 2,17.6,39.3,

esqual ene op o hat e analo
60.9, 63.; Get 800 87, EHACY il 1305, 1AA0. el 38dend 158.0 ppm.
1976, 98, 1291-1293, phosphlnylphosphonates reported
by mCard, RW et al., J.ACS., 1987, 109, 5544 and
6. The ccy;stdllwr(ﬁhﬁﬁe&mpepm tad torimyS (3 paoondinE th clan®H Dharacterized bya

different}i% gctsaﬁ_tgltgg ¢ {!llg-lgl’b’lf:féy g}e ool ﬁlfnémg % 6%@0%6611111;} Eﬁe léngfsof Ulgout 50°C to

about 7848 obds shoWAMRFiurel 002381 The fibric acid derivatives
whi ch may be enpl oyed in conbination the conpound of
formula | include fenofibrate, genfibrozi
. The cﬁs%ﬁli&r(gf ?G B Sﬁ‘rﬁd Br(fﬂlﬁ SC& sz[c%lldﬁ{&a&) Clairft I5I g&fa&tgﬁf’erd%y a
e, pProbucol, and relate npoun
thermal gi’a‘smetrmaiynls OuSe withtabnut 1867% &elgmlossﬁ'pmpabowm@h temmbrature

o bei n referred, bile acid 25sequestrants,
up fo ab&%%d ?"réﬁsﬁ“’é’“% y%éﬁ‘l é col esti pol and DEAE- Sephadex
(Sechol ex(r), Policexide), as well as |ipostabi
( Rhone- Poul enc),  Ei sai E-5050 (an N-substltuted
8. API‘O&%SH QEB‘IGBWQ%ﬂ%%W}md (eI $-3) HOE- 402) |

tetrahydrolipstatin OEt
|st|gnastanylphosoph e (SPC Roche)

am nocycl odesar YabeSe yoku) [onot o AJ-814
(azul ene deri yati\ve), nell tonD) Sandoz
58- 035, 30 Anericgp E§anan1d CL 2 ? and CL-283, 546

(di substituted urea derlvatlves) nlcotlnlc aci d,
aci pi nox, acifran, nosal i cylic acid,
aspirin, poly(dlaIIyI ﬂy ah@hﬂﬁ]derivatives, such as
comprisiflg:scl osed in U S. Patent No. 4,759,923, quaternary
an1nﬁ@£g]y(dialIyIdinethyIannDniun1ch|oride) and
treating GoxHpQ such as disclosed in U 'S. Patent No.
4,027,009, and other known.se cbel esterol | owering
agents. 1002391 The [ whi ch may be
enpl oyed i n conbeaiaty 6 SCOon
i ncl ude those disgc bﬂ Drugs of the Future 24,

9-15 (1999), (Awégln1igg "The ACAT inhibitor, Cl1-1011
is effective in the prevention and r&gressi on of

i an orgBHE biGer bl RS BERICRE sEhicnaty Y €24 Fsgypa
crystailing zoBppuidiladfopnRCGraL & pyvidalS)pR@ tivsallok cbopodiddd (fora SC-3).
novel ACAT inhibitor with potent hypolipidemc
activity nmedi ated by sel ective 10suppression of the
9. The phﬁa@tac&raﬁ k@l 8 WheRBPREAIONPE! R shdlind dbﬁiliibﬁﬁ&hrffonn SC-
CGhj sel ancarl o, Cardiovasc. Drug Rev. (1998),
3) are adi@(tsz)the rfect@e mix{yre 73163: a bi oavai | abl e
al kyl sul finyl -di phenyl i m dazol e ACAT i nhi bitor",
Smth, C, et al, Bioorg. Med. Chem Lett. (1996),
6(1), 47-50; "ACAT inhibitors: physiologic nechanisns
for hypolipidemc and anti-atherosclerotic activities
in experinmental animls", Krause et 15al, Editor(s):
Ruffol o, Robert R, Jr.; Hgllinger, Mannfred A ,
I nfl amati on: Medi at ors Pat hways (1995), 173-98,
Publ i sher: CRC, Boca Raton, Fla.; "ACAT inhibitors:
potential anti-atherosclerotic agents", Sliskovic et
al., Curr. Med. Chem (1994), 1(3), 204-25;
"I nhi bitors of acyl-CoA: chol esterol 0-acyl transferase
(ACAT) as hypochol esterol em c agents. 6. The first
wat er - sol ubl e ACAT inhibitor with I[ipid- 20regul ating




25 (KaroBi o) and WO 00/039077 (KaroBi o). [00250] The

nonoam ne reuptake inhibitors which nay be optionally

enpl oyed i n conbination with conmpound of the present

i nvention include fenfluram ne, dexfenfluram ne,

fl uvoxam ne, fluoxetine, paroxetine, sertraline,

chl or phenterm ne, cloforex, clorterm ne, picilorex,

si butram ne, dexanphetani ne, phenterm ne, 30

nol 11 . i | . . .

10, A O o R oA (o PP Vit Qumpises treating
compounmbBbi nati on with the conpound of the present invention

i ncl ude topiramate (Johnson & Johnggn),

dexanphet am ne, phenterni y| pr opanol am ne or

mazi ndol . 10Q2321°Thtaforénent i oned patents and

patent applications_lar .,,,?'Wtor por at ed 5herein by

reference. [00253¥°Thg aBbve ot her therapeutic agents,

when enpl oyed in conbPHhation with t hg conpound of the

present invention may be used, for exanple, in those
with a resireing egent irdthe aresence ol ehactivheg goumt prowdg cap@anddce,

as in the patents set out abqje or ggs ot herw se

determ ned by one of ordi $ | inthe art. 10 -

101 - dains 1. ué PS8 ve 8) - propyl ene gl ycol

((S)-PG solvate coppound la (form SC-3) Ot CH

Conpound la 2. Thé&%ryst &l ine (S)-PG conpound Ia

(form SC-3) accordingt'o claim 1 charfacterized by unit

. ¢ t j1a : I Welek
ecating o3 A GF Bropy Rt Gl Rt et g Pl Ml mpound
Ia (form43C-FPB(189 redctin-midQuirel dy thegsestioe o Gn degpnseslvEnt-to peovide

.degr ees ace = P212121 Mol ecul es/asynmetric
CryStathﬁ?‘fm@“T&@%é%‘?ﬁegﬁasur ement of said crystalline

structure is at roo Qip QFte and characterized by
' i natgs substantially as |isted

Q( .
I ne cr_?ppound of claiml
wherein sai & g is_ims«u&s@ éntiall% pure form
4. The crystalli (S) -PG cc?rrpommd fa ('F rm SC- 3)
according to claim1 characterized by peaks in the
powder x-ray diffraction pattern at 20 va ues of 3.8
0.1, 7.6 0.1, 8.1 0.1, 87 0.1, 15.2 0.1, 15.7 0.1,
17.1 0.1, 18.9 0.1 and 20.1 O.1. 5. The

1. TSl A PR 5 TR B e R s B B B
the acti@ﬁﬁ%%foﬂﬁisf@ﬂév@i@ agidbstantially simlar peak positions
at

.2, 17.6, 39.3, 60.9, 63.3, 69.8, 76.9, 78.7,
79.4, 113.8, 123.6, 129.3, 130.5, 132.0, 135.7, 139.1

12. The?é}gc} e}né %&81%?1@% cldim 10Fherdiy Hedbddc ti§ e shd de

according to claim1 racteri Zed by a
activatingj grbey B MBH;OE 3¢ BT 20H;CAQH. netry t her nogr am havi ng an
endothermin the range of about 50C to about 78C or as
shown in Figure 7. 7. The crystalline (S)-PG conpound
13. A phétess dTpRepaiingdryRaiiak @blﬁﬁom 18(@iAse-pharacteri zed by a
thermal gravinmétric analysis curve with about 18. 7%
wei ght | oss from abou BrotenPérature up to about
240C or as showq_ic e S la (form SC- 3,
(S)-PG conpMPsitfig: [treating conpound AFHA in an
or gani ¢ sol verso™ “dyase - angb (9) -y op lIiene gl ycol,
optional |y addi ng ®eeds of (S)-PG crystalline conmpound
la (form SC-3), to provide (S)-PG crystalline conpound
la (form SC-3). 9. Theapsna¢®®s) according to claim8
wherein seeds of (S)-PG crystalline conpound la (form
SC-3) are added to the red®#ion m xture 10. A process
for preparing a crystalline conmpound la (form SC- 3),
whi ch conprises treating conpound B OH with a
reduci ng agent in the presence of an activating group
to provide conpound | Cl CEt "OH CH treating
compound I with (S)-propylene glycol, optionally
addi ng seeds of crystalline conpound la (form SC-3) to




13. A process of preparing crystalline conpound |a
(formSC-3) CIOEt HO-%40 40 'OH H20O HorTh OH la
(form (S)-PG which conprises treating conpound If HO
HO'1TOHOH O+ If with acetic anhydride in the presence
of di net hyl am nopyri dine CH3CN to provide conmpound B
OR o OAcB' treating conpound B' with a reduci ng agent
. in the presence of .an activating group and CH3CN to

which coprse et SPREHAAE A" AcO' ACOAcOI nt er medi ate A
treating internediate A w seetand then wth
(S)-propyl ene glycol, addi ng seeds of
crystal | i ne comp@uny - -3) to the reaction
m xture, in the pgs Lf an _ogrganic solvent to
provide crystalline cgmound | §(fofth SC3) eli HO CH3
HO'' OH HO7---OH H20 Ia 14. The process according to
claim 13 wherein the reducing agent {ds an alkylsilyl
hydri de and the activating group is a Lewis acid. 15.

with acetihanhydodeioshepresandé nfdimsthylaniineplysidink £7HBICIN tolpeovidakompognd B’
agent is triethylsilane and tae actéE\{ati ng group is
BF30Et 2 or BF3s2CH3COOH.

treating compound B' with a reducing agent in the presence of an activating group and CH;CN to

provide intermediate A

AcO  intermediate A
treating intermediate A with a base and then with (S)-propylene glycol, optionally adding seeds
of crystalline compound Ia (form SC-3) to the reaction mixture, in the presence of an organic

solvent to provide crystalline compound Ia (form SC-3)

14. The process according to claim 13 wherein the reducing agent is an alkylsilyl hydride and

the activating group is a Lewis acid.

15. The process according to claim 13 wherein the reducing agent is triethylsilane and the

activating group is BF;OEt; or BF;02CH;COOH.

105



