WD 2008/ 068593 PCT/ | B2007/ 003758 MOTI LI DE POLYMORPHS
This invention relates to polynorphs of a notilide and
woreaRoass9s or t he preparation and use of such PCT/IB2007/003758
pol ynmor phs. Gastrointestinal ("G") notility regul ates
the orderly novenent of ingested material through the

gut to ensure adequate absorption of nutrients,
el ectrolytes, and fluids. Proper transit of the G
contents through the esophagus, stomach, snall
intestine, and colMOTHdDEROLYMO@RBBHSNal control of
intralum nal pressure and several sphincters, which
regul ate their forward novenent and prevent back-fl ow.
Thid rtrentien i@lhtes to Pllyrhorphs Wht;ﬁbn.d@vahdqﬂetmlfbﬁmemfeaarauon
variety of circunstances, including disease and
andsuseyet Suchapolymermhst y di sorders i ncl ude gastroparesis
and gastroesophageal reflux disease ("CGERD').
Gastroparesis, whose synptons include stomach upset,
Gasteginteistinal, (“Gipmstility regulatesrthé iondgrlyi moVémedEd)faygested material

thrfg e Sk P RSP AR SCRHOn A el gtrais, and fluids.
Propepiraasit entediiadenéits mhﬁmtﬁe bé@;ﬁhagfubest@mhagm&" intstine,

nost conmon synptons are heartburn and dyspha3| a, Wwth
andytQier deperds P'&) Fﬁ@@%%l ieeptral ofdpisalupting] Rsessure ARd {gveral

sphitictéls; %ﬁgltél e?rsfoR/f/ar@' ofhrAaH dldﬁ Foreleifbddk-flow. The

I nmpai re Ity 1s 1np |cate ude anor exi a,
norgal Gl metititiepattesn ssawsbe impalcqﬂabmaweetyaafairy:umtanceasmcludmg

cle Cg i ntestinal pseudo-obstruction, irritable
d'S%acﬁﬁe%no glﬂfgr?%' gastritis, enesis, and chronic
consti patlon (coI oni ¢ inertia) Motilin.is a 22 am no
' tide h(]>rrmne secr et ed endocrine cells i

Gl '%Eﬁlﬂy | @Qrﬁ ARgludie, gastroparesis tﬂ"ﬁ’cga\%{ °?§°Rh?€9%qu\uix Irgilsease
“GERB@Pt GhstrépdraSis C%vhbéee;‘g%méfdn%‘lnﬁhﬁx% s%maé?l‘i’hg!sélt Yearlbi&n,

dm ni stration tic agentst hat a
nausea; andchveyiingsisghe defaye eveptyingaj stornagh carteptse (ZERD refers to

the 95067 B HedIndalFABEH g0 et & TS Sndt Mibgnat contepts nto

the ?sémgqs oThmm]?sbt%rdmoarﬁthtotris@e mgdﬁbgm arid?dysphasm with
tation o e actinonycetes Saccharo
blogef R Fiadh St AoRrb AR 4450 KMouS Ao Aaer Sxamples of Gl

disorders in which impaired Gl motility is lmpllcated include anorexia, gall bladder

stasis, postoperative paralytic ileus, scleroderma, intestinal pseudo-obstruction,
irritable bowel syndrome, gastritis, emesis, and chronic constipation (colonic inertia).

Motilin is a 22-amino acid peptide hormone secreted by endocrine cells in the
intestinal mucosa. lts binding to the motilin réceptor in the Gl tract stimulates GlI
motility. The administration of therapeutic agents that act as motilin agonists
(“prokinetic agents”) has been proposed as a treatment for Gl disorders.



antibiotic, is the nost abundant and inportant nenber

of the famly. 0 NMe2 Ra 11 s CHHO'' 3" (1)
weeooslsssaycin A Ra = OH Rb = M OH 1' 5"10 oPOI/(E2)07/003758

Erythronycin B Ra = H Rb =M 13, (3) Erythronycin C

Ra = OH Rb = H 7Rb1"0 (4) Erythro nmycin DRa H Rb H

H The side effects of erythronycin A include nausea,

vom ting, and abdom nal disgonfort. These effects

-have been traced to notilin agonist activity in
The epythioomcinsnara g familyraf mamrolides antibioticsi madé al the fermentation of

oS AN SR e BHPE Foibromihf, acommony oo
antiblatid, is/he)mdétbuliaat andOmportdat memibertddine farlly.” O O
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Ra 11 Ot{\ HO.. -5 (1)  Erythromycin A R® = OH, R° = Me
' v 5
B o> (20  Erythromycin B R®=H, R’ = Me

(3) ErythromycinC  R*=OH,R°=H
(4) ErythromycinD  R*=H,R°=H

The side effects of eryihromycin A include nausea, vomiting, and abdominal
discomfort. These effects have been traced to motilin agonist activity in
erythromycin A (1) and, more so, its initial acid-catalyzed degradation product (5).
(The secondary degradation product, spiroketal (6), is inactive.)

NMe, NMeo




(6) W WO 2008/ 068593 PCT/ 1 B2007/ 003758 3 Spurred by
the di scovery of notilin agonist activity in
we@eyoslosssay/ci n A and degradati on product 5, reBEHIEXET®3758
have endeavored to di scover new notilides, as
macrolides with prokinetic activity are called. Mich
of the research has centered on generating new
eryt hronmyci n anal ogs, either,via post-fernentation
chem cal transformation of a"naturally produced
Sparrgd iy dimy discowsry of enatitidiafgonist activity iim e hydldiongycirpArsgidi ¢
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Also potentially pertinent are other erythromycin scaffold compounds, even where
not designed to be motilin agonists, illustrative disclosures being: Krowicki et al., US
3,855,200 (1974); Radobolja et al., US 3,939,144 (1976); Kobrehel et al., US
3,983,103 (1976); Toscano, US 4,588,712 (1986); Agouridas et al., US 5,444,051
(1995); Agouridas et al., US 5,561,118 (1996); Agouridas et al., US 5,770,579
(1998); Asaka et al., US 6,169,168 B1 (2001); Kobrehel et al., DE 2,402,200 (1974);
Pliva Pharmaceuticals, GB 1,416,281 (1975); Pliva Pharmaceuticals, GB 1,461,032
(1977); Asaga et al., JP 2002/241391 (2002); Ryden et al.; J. Med. Chemistty, 1973,



(1995); Agouridas et aL, US 5,561,118 (1996);
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(1974); Pliva Pharmaceuticals, GB 1,416,281 (1975);
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Theldisclosates cfrad ofmmegpmgaioedn’rmtﬁam lbyonpefaiede heeein bvmef:eeence.
skilled in the art will understand that a nunber of

paraneters are relevant to the devel opnent of

ThoBd sHilldri. thE'aHSMII YindeRstarRVplat b inRfniseh of Parapiete Ry aéeievant to
scaffold in_ the natural grodum ng ort%anlsrrs has been

themVﬁm”E%nt&’ﬁin'ﬁ@@Ser Fisstiveitta evpdytionnef theerndromycin scaffold in
thema‘?ﬁr‘ap@tdfagjgr’?\g&rgé’ﬁgms%rbeeffeﬂrcﬁrveﬁcl{iﬁérﬂi%%lrﬁl %ﬁgiﬁgyyand not by

renal n m zati on cture-ac
prokmleac etficaby.p Thereforet considergblel rebm reBeains tirpptiimtizationiaf the

ct und

strughree ARV EY iR Bf youfR aoentfy o Bedtt e ids in fpoundesirable

for han@fide16 [Poksédrantibbclerial &ttivity. TSB! RARESHEL td @ l8rge
notilide having antibacterial activity may _induce the

pom@”ﬁmef!% whesenexposeite taa(ﬁ@@'qed‘%’r'@& ﬂ'ﬂtthﬁ%f?f fl activity may

indGEY tHal gy @t in enmé; kéénéiﬁn }/Clh%% iBlotids. or, a
activity I'l beneticia gut cter S, a

motificte mawm ae’e-baalelngl actiyity mMayniilk bepefidial iget bactadai Tihug, a

o GeheBl s @Mapdibiatdbnin Ao Bhbisblofai Aiiorer

activiyy ehgldeéredemsﬁl lmtrdb}' hQirdwb@ck Sorhiionly foung anwrigimbilides

sensi ti 1 Z€ th e not recept or meani.n that, ]
evaif%t%‘# tq date;ip |“%¢'5P'°86§§lty @&s&ﬁa@ﬁ% the,gwtilidy regepiar; meaaing
tha€lakiet fqeain Pﬁﬁs{? %hbé&; 88§é§8f | hi-‘tﬁuhd@ BYEiBx Wwdaker or no
Fourthly, | oaval | abi are concerns -
resppnse ({ehyphilaxis). eﬁdvrthlygﬁtaumtw and I@pawalgibﬂmowancarnm— wit-

nesh e RAT AIIATE S ol = bt SiorBanth i i BRE S dorvity
of isrsgcbndanyaegradation product. Fifthly, some compounds in the erythromycin
family have been reported to have undesirable pro-arrhythmic effects, including the
prolongation of the QT interval and the induction of véntricular arrhythmias. Limiting
these effécts to an acceptable level is desirable. Thus, there exists a continuing
need to develop new motilides, balancing the various different performance

requirements.



famly have been reported to have undesirable

pro-arrhythm c effects, including the prolongation of
wo bas@issvnt er val and the induction of ventri cuP@r/i1B2007/003758

arrhythmas. Limting these effects to an acceptable

| evel is desirable. Thus, there exists a continuing

need to devel op new notilides, balancing the various

di fferent perfornmance requi genents. WO 2008/ 068593

PCT/ | B2007/ 003758 5 Liu et a/., US 2006/ 0270616 Al
Liu(e2@a6YsS 20060027064 6eAt f@OSI) nndxyrpo&ited berin b eefereraiet (hereinafter
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formaRy ieivheFén FRBRBRRC ﬁ'D arﬁﬂdE BFe erl’@ctﬁltdl Vﬁhé&ﬁl@é A specific
vari abl es. As ecific lér;ispoun di scl osed there is

corpeeyil digelosed thaxms:ﬁorpag@ dak whichhpessasses antsdiragive balance

anotilide. O RAB. NROB."
°f@kf’%€$ﬁ§ﬁ,ﬁm ., RCOHHOOHOOOO 0°'0,,, 0
0 "0" 0O RE'"OH ~I) O?D(Ia) W Once a conpound has
been selected for devel opment as a possi bl e\ghjeni cal
candi dat BA consi deration nust be givenQojfornmul atuﬁ)g
it in_anyappropriatg- Rphar maceut i cal
-t‘req_.n,g,oco si derati on nust

possgl bl \encé o pol yrmor phsyel f p

t hey" i Tifer i r phar mace el e
pr opekdq b udi f’?g solubility,

hygIIos op| ity, density, and bi oa\kal Irabi |

pol y
anot her
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ol ynor phl duri ng storage.
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Once a compound has been selected for development as a possible clinical
candidate, consideration must be given to formulating it in an appropriate
pharmaceutical formulation. In turn, this means consideration must be given to the
possible existence of polymorphs. If polymorphs exist, they may differ in their
pharmacedutically relevant properties, including solubility, storage stability,
hygroscopicity, density, and bioavailability. One polymorph may more or less
spontaneously convert to another polymorph during storage. As a result of such
conversion, a formulation designed to deliver a particular polymorph may end up
containing a different polymorph that is incompatible with the formulation. A
hygroscopic polymorph may pick up water during storage, introducing errors into
weighing operations and affecting handleability. A preparation procedure designed
for use with a particular polymorph may be unstuitable for use with a different
polymorph. Even if no interconversion occurs, one polymorph may be easier to
formulate than another, making selection of the right polymorph critical. Thus, »
polymorph choice is an important factor in designing a pharmaceutical formulation.
(As used herein, the term “polymorph” includes amorphous forms and non-solvated



conversion, a formulation designed to deliver a
particul ar polynorph may end up containing a
wal2doB@essnt pol ynor ph that is inconpatible w thpehEB2007/003758
formul ation. A hygroscopi c pol ynorph may pick up
wat er during storage, introducing errors into
wei ghi ng operations and affecting handleability. A
preparation procedure designgd for use with a
parti cul ar pol ynorph may be Unsuitable for use with a
andjsolﬁmledmyst@lﬁh@/ faymsh as Epecified imguidelirer Q6AY@rcfitba ICH

(@bt CRTRPRRHER SR ot gl FGRlRhS o
Re?nétréﬂlcﬂﬁbf Pﬁdrmceumfdlyfmrmhnﬁﬁms@;) i s an inportant

actor in designing a phar maceutical formulation. (As
used herein, the term "pol ynorph" includes anorphous

4 BB SR S o Ror R 3l e sopeciay

desirablepioc use indpharmgpeedtital ferm@@aids. of t he | CH
(I'nternational Conference on Harnonization of
Techni cal Requirenents for Registration of

Corﬁbaumitm Wheﬁqir@pét@ﬂ ddéﬁﬂ]’ingJ&ﬂ‘ere Lid Fe21 A psifattioh) nwnitanﬁ@d ina
el ates to hs of conmpound la that are

fo"aé'a%td?a art %tﬁa'égg?caﬁpwlevom develapmRRt (iBisdarm indesignated
herb 48408l in@fsh IQQFQ@kﬁFh 68 BRRD. AVBRRIBLIGHBIA Aditibhal

the Liu® 616 cat | ,
polvrgombls Qﬁpommmed 14, dncledingonet (refarrdd i@ hepeie as Rdymerph 1V) that

nastifbyecbShaRIOF e R sl BB bor AfGiner

polyménpip designated Rolpraciph 11, also had sd'tawe praepeltie for ued i a
i Pol V) that has,i

PR e e B Dotk bhe oy, e ERG rrides
purified YsRnidtph W%‘f g5RbBand . MH‘&thhe'r 'emb?icﬁrﬁ? nﬁfdé/ﬁ%ﬁbt?nﬁed

properties for use in a pharnmaceutic

polyreih 1] ef eampeursdai nent th| s invention provides
purified polynorph IV of conpound la. In another
enbodi ment it provides purified polynmorph Il of

In anotheo enmtbodaneh) this wwbaﬂoreptmtﬂmmetﬁdd for Ipmpa‘rtngqmnfled

p rret hod, f or rified Poly
PolhSiE Rl eemRotician PPBPRS NG hpiskiine i 5 peorbany Bbr ph
Corﬁfuour@l‘éﬂ@f&ﬁféd Gy Heeéuﬁrdsqﬂomom{ ﬁ'té‘ pRiFaltdatiig aMd ddolih§ cycles

ural heating and cooling cyc
in the presence of a medium selected from dusopropyl ether (“DIPE”) and a Cs-C;

alkane or alkene (preferably heptane).

In another embodiment, this invention provides a method for preparing purified
Polymorph IV of Compound la, comprising preparing an ethyl acetate solution of
Compound la and adding a Cs-C; alkane or alkene to the solution to cause
crystallization of Compound la as purified Polymorph IV.



in the presence of a nmedium sel ected from diisopropyl
ether ("DIPE") and a C5-C7 al kane or al kene

w@ poosfoessabl y heptane). | n another enbodi nent, PI/E2007/003758
i nvention provides a nethod for preparing purified
Pol ynmor ph 1V of Conpound la, conprising preparing an
et hyl acetate solution of Conpound la and addi ng a
C5-C7 al kane or al kene to th? solution to cause
crystallization of Conmpound la as purified Polynorph

In anoth&2raBOdEN2H8 3B iMEMiIbBLPOAdEDE Phdrmacéuticahfotiatation

enbadi t d h t
comBvias Zuged HemaEY & GommredeepcBr AR dcsulraly
acéepideciprn@ind a pharmaceuti-cally acceptable

exci pient. In another enbodi ment, this invention
provi des a pharnmaceutical fornmulation conprising a

In é’rﬁ% Fr‘ér’ia éérﬂb?&%ﬂrrtﬂg nll\}en‘%n e Géé);(%? Eh I'ﬁggE'Lﬁlcal formulation

corhpnslhg B purified Mmcarpl’r&t Mdﬂompoﬂmdata amda @harma@aﬂlcaﬂy

ired rlc nmotility, conprising adm nistering
acqeg?a}lggzs?@@p ‘in need of such treatment a

therapeut| cally effective amount of a purified
Pol y ph IV of Conpound la; a urified Polynmorph IV
Th%an@BH%UHH‘eF Rroviges; adngtbiod qfn%*@ﬁ %grarwseaéemiﬂmpa@%d gastric
Y/ t
mofiRY S BIsiNg adhni BRI RS SBoiel inRfed & dulf iefefta!
thesapauticéllyeaffdetivg aorquint ofva oﬂnﬁEdTBolynwrph IV of Ctompound la; a

pufR B RLa b BPATETEYor L8k b ArrbRgHRY ' Blre
Polyhwaigmpeot Cﬁmbogﬁmwmr Us8'in fHY trédithent 64 Masefof &npaired
di_seasge of inpaired gastrlc motility containi ng a :
gastiie motilily; the YaeoRfhpynficsk Peymeminly ?f O'T‘ﬁ@U"NPeM ithsh
maﬁHfaTcﬁﬁé gPé?Hédi@a%eﬁt fHFfHéoﬁjeeﬂfnehf 664 Wade OF RgHRD astnc
npai red-gastric ty, conprising adm nisteri
motlhiy,aarwa pbatmacreu’meebbooﬁp@um for thet reatment of a disease of impaired

aad B P M H R ARBR n CorOl Bor on 1

of Conpound la for use as a nedicanent; a purified
Thg%véntéqgrgggé‘n{gr Bfov%)ﬁgound h!) o]; St)rgaatlng aldn setagg otf rll'%getllpeeé1 gastric
motility, comprising administering to a subject in need of such treatment a
therapeutically effective amount of a purified Polymorph I of Compound la; a
purified Polymorph Il of Compound la for use as a medicament; a purified
Polymorph li of Compound la for use in the treatment of a disease of impaired
gastric motility; the use of a purified Polymorph Il of Compound Ia for the
manufacture of a medicament for the treatment of a disease of impaired gastric
motility; and a pharmaceutical composition for the treatment of a disease of impaired

gastric motility containing a purified Polymorph Il of Compound la.

lilustrative examples of disorders which are diseases of impaired gastric motility
include (without limitation) gastroparesis, gastroesophageal refiux disease



gastric notility; the use of a purified Polynorph |1
of Conpound la for the manufacture of a nedi canent
wo e00stbss93 r eat ment of a di sease of inpaired gaBCT/iR2007/003758
notility; and a pharnaceutical conposition for the
treatnment of a disease of inpaired gastric notility
containing a purified Polynorph Il of Conpound Ia.
Illustrative exanples of disgrders which are di seases
of inpaired gastric notility include (w thout
(“GER]ID‘t),aarhcom)daggaﬂ blapderstasis, pastoperativp pagphdic ilees) scteroderma,

e daALe IR UlG e borf g Bl o

chnohmnsﬁpémp@@rm inettiad) EFfié PAIlmFSHEISHtAB Srivditibh @Fe
irritable bowel ndrone, gastritis, enesis, and

paticigHy effestiva 'ﬂﬁﬁ@ rgAteHI B AERPnerti a). The pol yror phs
of the invention are particularly effective in the
treatment of GERD. Figs. | a,’ 1b, 1c, Id, le, If and

Figsg 1ar to.r tprick det 3t anck1 garayemesatﬁati\m' XfrawpoiNdar diffraction

o b BRSPSy EIV' bt e o

resesiely) &f IGomgowgel Ia2a, 2b, 2c, 2d, 2e and 2f are
repr esentative differential scanni ng calorinetry

("DSC') scans for Polynorphs I, 11, 1V, V, VI (ethyl
Flgg.C 95326 éé’ rz@ QeW %j'dr %ﬁr§§@rﬁﬁﬁ\l’é/ E#f)érerﬁlfal SRy caibAmetry

, e are repr esentative
(“D@Ca)/scmsﬁoc Pohrpmfpmah bk 1\6rV,(Videigy) acetaterformprand VII,

Vv, Vi hyl f d
s BRI, Wby b, L (el scetate form and

synthetic schenme for the preparat| on of conpound Ia
entative FT-| R (fourier transfo

Fiqg:.]gfns kIP Z}ﬁ @cgﬂg ?igrargécpg;ﬁﬁ?r&ﬁhy ravr_mﬁtng vagogisorptlon (“GVS")

drBR6EP weel, FiTt ‘ : ;
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Comppynsidh 1V. Fig.8 is a representative 15N solid
state NMR scan for Polynorph IV. Polynorph | was
characterized as a white powder that was |argely

Figadwhpive s synthetiocngcheaus foy the piebatdtioneoflopmyiddid &t was
rel atively hygroscopic, showing an 8.5,/0
Fig.5 is a representative FT-IR (fourier transform infra red) scan for Polymorph IV.
Fig.6 is a representative FT-Raman scan for Polymorph IV.
Fig.7 is a representative '*C solid state NMR scan for Polymorph IV.
Fig.8 is a representative "°N solid state NMR scan for Polymorph IV.
Polymorph | was characterized as a white powder that was largely amorphous,

being poorly crystailine by XRPD. It was relatively hygroscopic, showing an 8.5%
weight increase between 0 and 90% RH (relative humidity). Thermal analysis



wei ght increase between 0 and 90% RH (rel ative
hum dity). Thernmal anal ysis WO 2008/ 068593
weEIBLE390D7/ 003758 9 showed an endot her m bet WB€mB2007/003758
anbi ent tenperature and 90 C due to solvent | oss. The
wei ght | oss acconpanyi ng the endot herm was 3. 0%
corresponding to 1.4 noles of water. Wen heated to a
tenperature between 75 and 1g0 C, Pol ynorph | | ost
crystallinity. Under aqueous conditions Pol ynorph I
shayegd/an eadotherma etween anm‘ﬂry iempératurefand 1°C duedo solvent loss.
o] hII Thesel ter obse ions mlitate
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GvS data for are shown in Fig
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pongrha ép?PtrSF&f'n%@%%% W’\bﬁﬁl |P0w8§%‘%rﬁemr%§ig$%rg§ﬁéﬁ Chffitate

no di scerna
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2a,\wide3a, pespevtivelyof compound (la). There was a
corresponding loss of crystallinity as evidenced by
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XRPD DSC, and GVS data for Polymorph Il are shown in Figs. 1b, 2b, and 3b,

respectively.

Polymorph IV was characterized as a white powder with particle size up to 50 ym
and acicular morphology. It was crystalline by XRPD. Its aqueous solubility was
0.77 mg/mL. At a purity level of 97.9%, it was not highly hygroscopic, with a 3.5%
weight uptake between 0 and 90% RH. The weight uptake did not lead to a change
in XRPD pattern upon reanalysis under ambient conditions. Thermal analysis
showed a broad endotherm between ambient and 65 °C due to solvent (water) loss
(1.5% weight loss). There was a melting transition with onset at 150 °C, with no
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pregargtion and characteristics of such other polymorphs being summarized below.

For varying reasons, these polymorphs are less desirable than Polymorphs It and IV
for formulation development. '

Polymorph Ili is a polymorph obtained after maturation (repeated heating and
cooling cycles) of the amorphous stearate salt of Compound la in DIPE. This
polymorph could not be isolated on scale-up and was not investigated further. Fig.
1c shows representative XRPD data for Polymorph IIl.

Polymorph V was prepared by maturation in +butylmethyl ether (“TBME”). It was
characterized as a white powder with small particle size (< 10 um) and no definable
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Polymorph Vil was obtained after maturation in toluene. It was characterized as a
white powder with small particle size (< 20 um) with no discernable morphology. It
was partially crystalline by XRPD. lts aqueous solubility was 0.75 mg/mL. It showed
constant weight loss by gravimetric vapor sorptioﬁ (“GVS”) analysis, with a
corresponding loss of crystallinity according to XRPD re-analysis under ambient
conditions. Thermal analysis showed a melting transition with an onset at 103 °C
accompanied by a 4.7% weight loss by TGA, equivalent to 0.5 mole of toluene.
Thus, it apears that Polymorph VIi is a hemi-toluene solvate. Polymorph Vi lost
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Table 1

XRPD Data for Purified Polymorph il of Compound la

Peak No. Angle 20 (degrees) | Relative Intensity
| (%)

1 3.5 22.5

2 6.2 12.7

3 6.9 100.0

4 7.9 180

5 8.5 12.7

6 9.2 26.2

7 96 47.7

8 10.4 23.4

9 11.0 14.2

10 11.9 13.0

11 12.4 16.5

12 13.8 19.2

13 14.7 15.4

14 15.2 ' 17.9




9 11.0 14.2 10 11.9 13.0 11 12.4 16.5 12 13.8 19.2
13 14.7 15.4 14 15.2 17.9 WO 2008/ 068593

wEaIshs2007/ 003758 13 15 18.0 22.9 16 19.5 3BCHIB2{7/003758
21.8 29.4 18 22.6 17.5 Fig. 1d shows a representative
XRPD pattern for Polynmorph IV. Table 2 is a
tabul ati on of major peaks in Fig. 1d. Thus,
aspect, Pol ynorph IV can be efined by its
characteristic XRPD peaks at 3.80.1, 7.50.1, 8.10.1,
9.60.1,1%mnd 11.00.1B.@egrees 20 or Bg29ts
charactgristic XRquqogaks at 3.80.1 174. 50.1, 16.10. 1,
16.50.[1," and 17.10.T degrees 20. TaBl& 2 XRPD Dat 4
for PuriZied Polyngripg |V of Conpoupd4 a Peak No.
Angl e 20 (degrees) Relative Intensit (%9 1 3.8 52.3
26.5P87 37.5 %8 481457 1%-58.9 15.9 6 9.6
100.0 ~ 7110830

in one

Fig. 1d shows a representative XRPD pattern for Polymorph V. Tabl‘e 2isa
tabulation of major peaks in Fig. 1d. Thus, in one aspect, Polymorph IV can be
defined by its characteristic XRPD peaks at 3.8+0.1, 7.5x0.1, 8.1+0.1, 9.6+0.1, and
11.0+0.1 degrees 28 or by its characteristic XRPD peaks at 3.80.1, 7.520.1,
16.1£0.1, 16.5+0.1, and 17.1+0.1 degrees 26. |

Table 2

XRPD Data for Purified Polymorph IV of Compound la

Peak No. Angle 20 (degrees) | Relative Intensity
(%)

1 3.8 52.3

2 6.5 20.7

3 7.5 33.3

4 8.1 45.7

5 8.9 15.9

6 9.6 100.0

7 11.0 83.0

8 11.3 28.1

9 12.2 27.2

10 13.0 25.8

11 13.3 31.8

12 13.6 25.0

13 14.4 25.6

14 15.4 25.5

15 16.1 37.4
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a representative DSC scan of Polynorph I'V. (In this
i nstance, the sanple of Polyorph IV was prepared
with DI PE according to Exanple 4.) Polynorph IV
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Thus, |j hF one aspect 9.3 ynor ph 1V cah4de characterifped
as havj aneltin dothermw th nset
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Fig. 2c shows a representative DSC scan of Polymorph 1V. (In this instance, the
sample of Polymorph [V was prepared with DIPE according to Example 4.)
Polymorph 1V exhibits a broad endotherm between ambient temperature and 110
°C, attributable to solvent loss, followed by a melting endotherm with an onset at
143-156 °C and a minimum at 149-161 °C. Such an endotherm is absent in the other
polymorphs of Compound la identified by us. Thus, in one aspect, Polymorph IV
can be characterized as having a melting endotherm with an onset temperature of
between about 143 and about 156 °C, distinguishing it from the other polymorphs of
Compound la. /

Fig. 3¢ shows a representative GVS scan of Polymorph IV at a constant
temperature of 25°C. Polymorph IV exhibits a 3.5% mass uptake between 0 and
90% RH. The mass gain/loss is very uniform upon multiple sorption and desorption
cycles. Polymorphs i (Fig. 3a), Il (Fig. 3b), and VI (Fig. 3d) exhibited mass uptakes
of 6-10% between 0 and 90% RH, and their mass gain/loss changed drastically
upon multiple sorption and desorption cycles. Polymorph Vi (Fig. 3e) exhibited a
3% mass uptake between 0 and 90% RH, but its mass gain/loss also changed
drastically upon multiple sorption and desorption cycles. Thus, in one aspect,
Polymorph 1V can be characterized as having a 3.5% mass uptake between 0 and
90% RH (at 25 °C) and a uniform mass gain/loss upon multiple sorption and
desorption cycles.
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following chemical shifts are observed (ppm relative to an external sample of
adamantine at 29.5 ppm, intensities equivalent to peak heights in brackets): 177.6
(4.68), 177.3 (3.6), 171.7 (1.18), 170.8 (2.68), 103.2 (5.08), 101.2 (5.08), 97.1 (5.09),
95.7 (6.76), 85.6 (2.27), 80.3 (2.72), 78.2 (6.35), 77.4 (5.09), 77.1 (5.42), 76.4 (11.6),
74.7 (7.69), 74.1 (9.97), 73.9 (10.11), 73.4 (4.39), 72.1 (2.62), 71.6 (6.35), 71.2
(5.61), 69.8 (1.75), 69.5 (4.22), 68.8 (5.34), 68.4 (4.79), 66.0 (5.13), 65.3 (5.72), 62.0
(2.31),52.9 (2.59), 51.2 (5.06), 49.5 (5.74), 45.7 (12), 44.4 (5.26), 39.9 (3.58), 36.6
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(1.67), 22.6 (5.05), 22.3 (10.17), 22.1 (6.25), 21.9 (4.88), 21.4 (7.3), 21.2 (6.22), 20.6
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is incorporated herein by reference.

-The polymorphs of the invention may be administered orally. Oral administration
may involve swallowing; so that the compound enters the gastrointestinal tract, or
buccal or sublingual administration may be employed by which the compound enters
the blood stream directly from the mouth. Formulations suitable for oral
administration include solid formulations such as tablets, capsules containing
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adm ni stration may be enployed by which the conpound

qugor rﬁulattIBﬁs HcARsE %ﬁééﬁ?\gbﬂbr&ﬁﬁtl éﬁg Eﬁ%%dr@ﬁ - Suc

ations suita ratlonln
formuldtions snayuba empicyed adfilkess irnsdfeoshardagapslies and typucally

coriRPe s el Oriengiinte walsr Stnar POy D dRae Gveh erariens
egdelq meﬂﬁktéllu&ié)a of b@ﬂﬁtabl@ldllt Bnd @ﬁfé olrhﬁ?d‘r@ d@@fl&lfﬁn@ ég@ﬁ?ts and/or
posone, films, ovules

s, solid solution,
Susg%ﬁmdmgcﬁselaﬂs f%ﬂﬁgifa&ml&ﬁ%ona_mam alsOrte iaPaIF% Y thaepqhisitution
of ?g@ﬁ&irﬂéﬂ é}{gﬁnp,goir%l é’@écqe?yr ups and elixirs. Such

ormul ations nmay be e oyed as fillers in soft or
hard capsul es and typi caIIy conprise a carrier, for,

T R e ———
% ter80 weghb% ofothe dﬂsabe ifbyn, TgoreaPpiCalNAIO®E wekjing ﬁ@fmﬁs@ Weight %
of i eaie Rt 1R IGRON 46 e Jeia, IS 0saa e IONER 8 dkintegrant.
Exeﬁﬁﬁ%@tof dﬁ.‘i’rﬁtebﬁﬁ?ﬁ@hcﬂ%"’é}ﬁlﬁrﬁ rsiﬁ?ch g%@ﬂﬁ'é %oﬂﬂn @Qﬁn%xymethyl

drug may nmake up from1 %to 80 weight
cellufoaehéalgmg@rbpavmethvbr:ellttkm @msogarmeﬁmﬁessmrghcroepwdone,

oo BB 8lcle, othl <RS00 et blip g g eg b
subskituted bydmkyphospyhd:eﬂgﬂmt stalrcrh; Ipn@@mttdsm&mh amd sodium

ate ar bo cel lul ose al cium .
aloRale e fic. dRriporeet Vil catdirssdrom Jensint o 23 Weight %.
In OHEOSABYHIHHRIE of tr@%mgeﬁmhmﬂtrow tr@diESmtéq?hﬁ‘t\/\}vulQ.%Hdﬂ%@Sfﬁ)m 5

m crocrystalline cellul ose, |ower al

weight % to 20 weight % of the dosage form. Binders are generally used to impart
cohesive qualities to a tablet formulation. Suitable binders include microcrystalline
cellulose, gelatin, sugars, polyethylene glycol, natural and synthetic gums,
polyvinylpyrrolidone, pregelatinised starch, hydroxypropyl cellulose and
hydroxypropyl methylcellulose. Tablets may also contain diluents, such as lactose
(monohydrate, spray-dried monohydrate, anhydrous and the like), mannitol, xylitol,
dextrose, sucrose, sorbitol, microcrystalline cellulose, starch and dibasic calcium
' phosphate dihydrate. Tablets may also optionally comprise surface active agents,
such as sodium lauryl sulfate and polysorbate 80, and glidants such as silicon

dioxide and taic. When present, surface active agents may comprise from 0.2 weight



substituted hydroxypropyl cellul ose, starch,
pregel ati ni sed starch and sodium al ginate. Cenerally,
W0 b@sassshint egrant will conprise from 1l wei ght BET/B28&7/003758
wei ght % In one enbodi nent of the present invention,
the disintegrant will conprise from5 weight %to 20
wei ght % of the dosage form Binders are generally
used to inpart cohesive qua{gtl es to a tabl et
formul ati on. Suitable binders include mcrocrystalline

% toed Wwelght & obte\baablst, andgglidantspaby edimplrise érogh 9@iveight % to 1

el i T S SRS R L RSSO i

steBbels, erdirPRtbardry, %H&ﬁbé@té’%dldﬁ@@ié&rﬁ fUﬁﬁér@tbSQnd mixtures of
contain diluents, such as | actose nmonohydr at e,

magpesiymdteiatewiib spdium urdsrhesid- I@anusegqriekaiby comprise from
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aII cel l'ul"oske, asic ca
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. rise rface . ctlve a such as od| um | a
ing gl BEuR Aif Sulfis CoBIENS, SayPuiiih, AdeRa preaenvatves and
tasfg-ﬂnagﬁﬁg ageftsl de and talc. Wen present, surface

active agents may conprise fromQ0.2 weight WO

2008/ 068593 PCT/ |1 B2007/003758 18 %to 5 wei ght % of

i o R0 T T T g6 o
90 weight Pmbinder, ifromm abosgt@ wveight ﬁh;mebmut(erS welght % dl]uent from about
2 wBfi vh . S0 R Rh eioft i tetiahs aad At AT B eignt % to

abcﬁmelweggr&L%yubmdnphat e. Lubricants generally conprise
from 0.25 weight %to 10 weight % In one enbodi nment

of the present invention, lubricants conprise from

Ta@et%léﬁdé}hby%bt&n?pr@@é&f‘&r?@ty orttﬂ)erohépﬂo Brm thH\8fs. Tablet blends

possi b ngredients I nc oxXl| an S,
or pstions @frw@da‘ may a@ieinaiivelyda wet- pdrgse:rrvaelt-gwwatad melt

congZoE BESE S0P BT R Al RohBh8cne o

mowﬁagdsrs dfdonay ee cobtethoralinodatéy; \Nahaiilbvéh be @i@apémaﬁad
2 wel %to out 10

Forfly s i HHRISIS ks cldcussen i Phamateylcal Bossdndras: Jablsts
Vol 2Pt H 10ebEingdH ar% LUQéérﬁﬁaﬁ (ME(%@I BlekRée Nty Vﬁbekt E@so).

compressed directly or by roller to formtab
Tabl et bl ends 1

Generally, Polymorph IV is purified as a result of a préparation procedure that
converts another polymorph of Compound la into it. In such instance, the amount of
Polymorph IVina sample is increased relative to its amount (which could be zero) in
the sample prior to the preparation procedure. Additionally, other impurities may
have been removed as a result of such purification. Preferably, purified Polymorph
IV contains a predominant amount of Polymorph 1V, to the exclusion of other
Compound la polymorphs. |



or portions of blends may alternatively be wet-, dry-,

or nelt-granul ated, nelt congeal ed, or extruded
whedosnesshabl etti ng. The final fornulati on my PONB206%003758

one or nore layers and may be coated or uncoated; it

may even be encapsul ated. Fornulations of tablets are

di scussed i n Pharmaceutical Dosage Forns: Tablets,

Vol . 1, by H., Lieberman andgd. Lachman (Marcel

Dekker, New York, 1980). GCenerally, Polynmorph IVis
A prefierredadethod of Hwoing parified Polpmparpit Vois tp dissether @ompaund la in

h h.,of Co d. |
et (Rt \Pen S Bt bifine S DR I0 Faishreudtblizautn of
Polymdr \ea!rﬁd an@natdr\wkér@ sHot‘mlcamwt P 4 :céwv';drvgpofg\lgéﬂeﬁ gteferably

pr I or (0] |

belewdl» %r/ev/VAEBwStnrwW is %nm@whahﬁﬁnsnttveég thgayrateyppatent in the
t

eth f%ééétgb Ytﬁ%nﬁc?fl ﬁ&g{cfla rogﬁéllﬁr%iélg%é{ltgﬁ‘lntbﬁgverature. Water

carpﬂmiirt&mmtodhe lsolutnon by@l sauplgbf lovfes. oTheh€ompolundilansed may

be BBl 38h 67 oo FAdtEn 1RG SAEFE Reler <ot er BB, fromoroh

1, dihyiirates). ROt Y eibil diéétal% rhay doniai recd ampaniacoflveaten
en ad C5- C7 al kane or al kene

cetate and th
Prefeyablyy e WRIRE CaMENs i e iyt Spiats RoiHan pt/conrﬁeu laiscelow
3.6%, mbkeegeeféﬁa Weléswweg %,'a‘PIW rhSé‘t‘i”é{eféfra fween about 1.1 and
prefera 0.005 %v/v urels
abas rehratv woﬁum 06 Vivhe Thawmielt@ontemttcarrbet kept attheg tesired

,o\,\@g\%?tg?lvlg% %'gér%];'h R#pgog%)egﬁﬂg \)\@{aﬂp%r ﬁorppirqati?% way

(@) i ntdsihp @ podymoiphirof Gompamnddlacthaf ismotitdydratbe Conpound

la used jmay e in the for f a po r aving so
) P Sryficne SorpouniEiagRed. segatiolsh 2t ab clor 7% ider a
vacdiuhydrate). O, the ethyl acetate may contain trace
amounts of water. Preferably, the water content in
(c) t hdJsing pighapwitut lewsiatar confent etbymnsiaie ar pre-dryieg dw ethyl
ace%atg % nore preferably below 1.9 % and nost
preferably between about 1.1 and about 1.9 %
(d) ( vdDryingy the leding acetatelsm).ltloﬁ' peom@tibe additivardf twads1Gy dlkqrie or
lkat tfhe deS|Ired rﬁ1w | evel s b% erl ous techni ques, used"’
alkeneyifQrn SRS With anydegHs sadiy Usi ng a pol ynor ph
of Conpound la that is not a hydrate. (b) Pre-drying

t he Conpound | a used, for exan? at 40 Cfor 17 h
Beqgawge of the sensitivity to water content in the ethyl acetate solution, it is

recommended that, prior to the addition of the Cs-C; alkane or alkene, its water
content be calculated or assayed, and, if above 3.6 %, the water content be lowered

before the addition of the Cs-C; alkane or alkene.

The crystallization temperature can range from about 20 °C to about 36 °C.
Generally, where the water content in the ethyl acetate solution at or below 1.9 %,
temperatures above 25 °C (e.g., 25 to 36 °C) are recommended for the generation of
Polymorph IV.



vacuum (c) Using high-purity, |low water content ethyl
acetate or pre-drying the ethyl acetate. (d) Drying
WO b@sosdsys acetate solution prior to the addit PONIE2007/003758
the C5-C7 al kane or al kene, for exanple with
anhydrous sodi um sul fate. Because of the sensitivity
to water content in the ethyl acetate solution, it is
recommended that, prior to tztaa addition of the C5-C7
al kane or al kene, its water “content be cal cul ated or
Examphesasf sudtable Cs-Cablixane and alkeriesehatadarbec osdcintthe above
| onered .before the additipon of the C5-C7 al kan
progpiafee(or i Bech ot et ain ShpedelineUeh A r om
cyAbsuHtarné). 1Cpérﬁteﬁ@02Lbeﬁ@n§ lSOE@fﬁlﬁhél habperfiies ntl’i‘&ah@t ﬁlhexene

content in the eth acetate solution at or below 1
Cy%heﬁaéﬁp@mptﬁf@s 15&%?@132 mnd the like. ndieptanagis wefadred.

recommended for the generation of Polynorph V. WO

2008/ 068593 PCT/ 1 B2007/ 003758 20 Exanpl es of suitable
Th€preClicalok thie invedtiah kan be fultiar walerdieod by defierertcedodivfodiowing

rocedure. (or in. h al ternative. mat urat . cedur e)

oxfTnBauhEn 6 pIdkiet O e b Bhstiuch 3% Bt & itaor:

2- pent ene, isopentane, neopentane, n-hexane, 1-hexene,

cycl ohexane, n-heptane, 1 -heptene, and the I|ike.
Examnéq)ﬂan@engr%mww ‘“Pﬁ@dw?%ﬁ:tl ce of this invention

can be further understood by reference to the ‘

foll ow ng exanples, which are provided by way of
XRPO patterns werne aolteated oofa Biuket AXBCPR GPB&‘aplif&aQtometer using Cu

CGener.al ytical Proced XRPD patterns wer
Korgaaten 49 o), pulorigies K52 sipps Bsaidet mifgpasoe for auto-
samglb%s%md@aﬁcﬁg bR @-&lﬂ@ﬁ?{onﬁp%h de@éﬁt@ﬂak-‘?éy S¥cs consisted
, laser video m croscope for auto- sanp
of q’oé@gla @ﬂbﬁgﬂ@lﬁ@yar mirgpr-gouplegh with gipiiihale gelémaém@&%mm
X-ray optics consisted of a single Gobel multilayer
mrror coupled with a pinhole collimtor of 0.3 mMm
Thg beamediverg'enm gentha effectivesize affthe Xtiaydeanzen the sdraple, was

X-r m on l e, was approximately 4 A
apRoR AR A< 658 FORBHE RSN aH, ot iniaves wilip sample-
detector distance of 20 cm which gave an effective 20 range of 3.2° to 29.7°.
Typically the sample would be exposed to the X-ray beam for 120 seconds.

XRPD patterns were obtained by Pharmorphix Ltd. (Cambridge, United Kingdom):
X-ray powder diffraction patterns for the samples were acquired on a Siemens
D5000 diffractometer using CuKa radiation (40 kV, 40 mA), 6-6 goniometer,
automatic divergence and receiving slits, a graphite secondary monochromator and
a scintillation counter. The data were collected over an angular range of 2° to 42° 20
in continuous scan mode uéing a step size of 0.02° 26 and a step time of 1 sec.
Samples were dried under vacuum at 30 °C for 24 h pnor to analysis, although other
drymg regimens are acceptable.



detector distance of 20 cm which gave an effective 20
range of 3.2 to 29.7. Typically the sanple would be
wepemesist o the X-ray beam for 120 seconds. XRPDIB2007/003758
patterns were obtained by Pharnorphix Ltd. (Canbridge,
United Kingdom). X-ray powder diffraction patterns
for the sanples were acquired on a Sienens D5000
di ffract oneter using CuKa r?i,i ation (40 kv, 40 my),
8-8 gonioneter, automatic vergence and receiVving
XR&D sampbsguraphdeeambtemm dangitioms el prepraced astlat Mate Specimens
scintillation. cou The. dat.a wer.e ed o
usi piior B8 i G el e et ST el o S00he O s Somple

wasl genﬂy pa@ltetﬁnfd t,'g:nﬂﬁ diarRéte? .8 Mimale® B@avttieeﬁ;ut)fntd pBkghed,
were dried under vacuumat 30 C for 24 prior

Zerpzbaéhar%ﬂsﬁ@ sifiarywatars £the Gem Rygewy il Aaa Srigeaton Drive,
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PeR SRR Stto HRE08 ¥ ROBRD3, OSR) MECHEK 8 Wiro A PR
stafipraryphedes speci mens usi ng powder as received without

grinding. Approximtely 25-50 ng of the sanple was

gently packed into 12 mmdi anmeter, 0.5 mm deep
GVS?dfaitIa vess aI?tb cd)Médﬁ(qud)by iPhaedorphie Lad A semplerhwérsl on a Hiden
AR50k S0 Aot AT BCEBERSD CoSAFe (pRTol Sies wer
typ%EW ho s%o§ C)gﬁﬁggfdgg aggoryﬂgrr! r?%r%gﬁjﬁ% %dﬂa&?ﬁ‘ Wass%?poﬂgéé as
outlmdab@lnw@ with twogsans gsigpene nomplaie sydler pilisemplesivgreloaded
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All sanblwsmeefeama@ﬁeul byeXIRPB afver GVS fanhvyelss CHhesstghdlamigsotherm

was BORQERELE! 50 1> hi b (BB arAls avey 8 Db SOsABEt E6Ro (40

%RH, 25 C). Al sanples were analyzed by XRPD after
GVS anal ysis. The standard isotherm was perforned at
25 C a¥carol URH i nterv&cen@&er a 0 to 90 %H range.
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The water content of ethyl acetate, n-heptane, and compound la was determined by
the Karl Fischer method. The water content.of compound la/ethyl acetate solutions
* was calculated based on mass balance and the results were expressed as % v/v.
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The water content of ethyl acetate, n-heptane, and
w@oimpoessdd | a was determ ned by the Karl Fi scheeT/1B2007/003758

nmet hod. The water content-of conpound |a/ethyl acetate

solutions was cal cul ated based on nmass bal ance and

the results were expressed as % v/v. WO 2008/ 068593

PCT/ 1 B2007/ 003758 22 FT-1R4¥ata was acquired using a

Ther noNi col et Avatar- 360 FTIR spectroneter , equi pped

with a Smart Gol den GateTNIsingIe reflection ATR

FrARSERR e R L A R ek S5 3T B oo

eqlﬂp;bécﬁwttﬁ@ Stha” Golder Capdmit Sn@g?]e oA xR @b&éé’ﬁérﬂdn%@nd

‘ Happ- Genzel apodi zation was used. Because the
ATBmsitals\w&ftzmg Seleide eplps)and TGS I@rn@t@ctor cFhespeaiiym was

colfelféd A2AFRBIROARMYS &9RNAIN R Dk Lhns HARAGRRZ

cause |ve |ntenS| I es
apdulizediontveaslusdd Becaose tHeoE‘é—lBespectrumanasatmmrdi@m usnﬁﬁmgle

o AR, B EolBar o udt e (BRI R il cause e
releliv dfteAsitibO ORINfAREPANTR Y0 differ fBHahbSY SOSPint é‘rﬁ&béd‘r@éﬁce FT-
at hi gher, wavenunber. Experinmental error, unless

IR gnacismin Yeine B discinuigl roul samplsapiepatations pPug &eithesnatyre of
ATRHELERME BhRGs STWer @\/alr@n ﬁﬁ’lﬁ:b\"’?@ emoFé‘ irftErRdd ﬂﬁan those at higher

assi gnnents are, rel at maj or band
wammbannEsmertm@ytahemomunlelsag#ubrwrsaﬂw;tedmvaswea om3. Peaks

By SR RGN BB oG5 i ebonmens r

reldtias ¢ 'thmﬂbwr bagaiimﬁéw?ednmgo theyare st Pagee dn' saluty ealues
to th ? strongest, band in the spectrum

measured from the baseline. When assessing spht peaks, the intensity value was

taken from the baseline but again the intensity was assigned relative to the strongest

band in the spectrum.

FT-Raman data was collected using a Bruker Vertex70 FT-IR spectrometer with a
Ramll FT-Raman module equipped with a 1664nm NdYAG laser and LN-
Germanium detector. All spectra were recorded using 2cm’ resolution and
Blackman-Harris 4-term apodisation, 300mW laser power and 4096 scans. The
sample was measured directly from its glass vial and exposed to the laser radiation.
The data is presented as intensity as a function of Raman shift and is corrected for
instrﬁment response and frequency dependent scattering using a white light
spectrum from a reference lamp using the Bruker Raman Correct function (Bruker
software — OPUS 6.0). Experimental error, unless otherwise noted, was =2 cm™.
Peaks were picked using ThermoNicolet Omnic 6.1a software. Intensity
assignments are relative to the major band in the spectrum so they are not based on
absolute values measured from the baseline. When assessing split peaks, the



FT- Raman data was col | ected using a Bruker Vertex70
FT-IR spectroneter with a Ranml| FT-Raman nodul e
weouspopssds Wi th a 1064nm NAYAG | aser and LN- GeP@EIB2001/003758
detector. Al spectra. were recorded using 2cni
resolution and Blackman-Harris 4-term apodi sati on,
300mMWV | aser power and 4096 scans. The sanple was
nmeasured directly fromits g% ss vial and exposed to
the | aser radiation. The dafa is presented as
intemsitynsilueywas takehuranm itlhe baseliRerinn aghirf theamiensity was assigned
r d,faor _instrunment response and frequency
rel%@‘ﬁ?:eﬁgléﬁﬁt@ﬁgﬁtaainﬁdn ?ﬁ@e‘gﬂ&ﬁ’ri te light spectrum
from a reference Ianp usi ng the Bruker Raman Correct

function, éBruk@r software - OPUS 6.0). Experinental
Solid state Gnpad N oNMR fatcwers: ealiectzdat aptignticonditoar on a Bruker-

Bld%r% A KSshaS pﬂgbé_ ES&HBN-;& Hish S%Héﬁ' o#é Brnﬂ@r-l‘:"i@éﬁg Avance

enS|t assi g ts are re ative maj or
500 MHih éll\:ﬁi)epemmmeter t hibg nﬁrczgmapebuuemam colbemeﬂ usisg 7mm BL

 CRATAS BT Simoladon s 658 Boq 1 BB by Beplasap at the

magid amgié byid\splinat mkﬁlakﬂfhefcambriémj hmgén @pe@tﬂi w_gstdllected
relative to the strongest

the in S assi
usip PPl Frsolplbkarans- PO aIEN MRGICAnSIa SEINNINS PR THANS
(CW%@)C%E%%@&&hr@é"anetﬂﬁe GRRYek | toog% A5, &hBdH®h decoupling

Biospin 4 robe positioned into a
fieldiod apprctiraaiely 99 kide |(4 Bio 9vobe) ArantekHE 60 mvmiprotx was applied.

51281 500y e P LT ol 8 v
adjdsteddo approximatzly 50T s, (Whieee F¢l; standis éor th@gm‘to? hgrgitudimél
en s ra were

ol Bimsioaladafep BoediLA PrIBD dplRcled Pt Pupision AUy

reléRflion expeliMeh)l MG rSHPSHJTRIM M@%%nceﬁ\?smg an external
cross-pol arization time was set to 2. prot on

stagdasigfiarysialiine éﬁamaﬂtampsgt%nwﬁapye@mﬁmance(w 2% ppm. The

Sl e A3 e AR ot fline s

labeler/Dilealdnirey seting ésadsarsned to e33hdppri.mat el y 1. 5*T1H
(where T1H stands for the proton | ongitudinal
relaxation tine cal cul ated based on a proton detected -

Exainple? - Gaéral PRocdiirefor Prefhrtidhl ONCamipdundERt ) - The
carbon spectrum was referenced using an external
Compound la was prepared as described in the Liu ‘616 Application, incorporated
herein by reference. Fig. 7 summarizes the synthetic scheme employed.
Erythromycin A (1) was reduced with sodium borohydride to produce intermediate
(9S)-dihydroerythromycin A (7). Demethylation of (9S)-dihydroerythromycin A (7)
with iodine in the presence of a base such as sodium acetate or
tris(hydroxymethyl)aminomethane (“TRIS”) yielded N-desmethyl-(9S)-
dihydroerythromycin A (8), whose alkylation with 2-iodopropane in turn yielded
intermediate 9. 'Alkylation of intermediate 9 with N-methylbromoacetamide produced



standard of crystalline adamantane, setting its

upfield resonance to 29.5 ppm The nitrogen spectrum
wormsnedses enced usi ng an external standard of PCT/IB2007/003758

crystalline 98% 15N | abelled D, L-al anine, setting its

resonance to -331.5 ppm Exanple 2 - Ceneral Procedure

for Preparation of Conpound |Ia Conpound |a was

prepared as described in theydiu " 616 Application

incorporated herein by reference. Fig. 7 sunmarizes
compeury ta.hEbe polyotesple okepmnpeent la ebtginedovilf deperd oa thenpest-

gt TomigLarg BttARRDSET | (o onyel n A (7).
Denet hyl ati on of (9S)-di hydroerythromycin A (7) wth
resence of a basehgcmph as.sodi um

The Biesrralich of GISTEEAS 85 ASOIAST ARPS BrSaMh AL URkp§4p 482 B2
(20058, iﬁé‘@lrpb'réisé RBEdRY by (&lencdl NHY QSh¥h86Y %té)f)p 8 aﬁd&) described
wh Kyl h 2-1od el ded

~ whose a ation w -1 odopropane 1h turn yi
in liint UBrinpligatiornNoal 1/pP47R6nfiled Nawv dr 2806, dhe digclasure of which is

e I ] produced WO 2008/ 068593
mcé@ﬁ?é@d@#m@% ‘conpound la. The pol ynor ph of
conmpound la obtained will depend on the. post-
chemigtry isolatio nd purification steps._The

EXER A PeRpatrapn of Ghiopaiiad i AG15alatobRs Peliimorph |
Santi et alL, US 6,946,482 B2 (2005), incorporat.ed
herein by reference. The denethylation step is al so

A Sdst Hreeaaeck Found hotign fiagh eauippesh with .2 mecksTica zg(rer and an
e Mot &Ryl pEEbAS Ul I Sibton of compoune
9 (& par 205 onmol), Rengthyiratommaeetdmide (3.4 gn 246 nitabl) irodyh

tetrﬁ?ﬂr%gd riﬁtg gﬁTﬂ#L ii%ogfrﬁ &ﬁtﬁ%&ﬁ% !ic? {P r‘]’{:lé'ﬁ Sﬁ§| 'igeq BlaRP .eéjolid |

pothSSIUADLIuOXie (25B&Y, 28 memBI, abE e vasliida8dn Whibatsh with
solution of conmpound 9 (156.7 g, 205 mmol),

N- net hyl
Stiripg R0H SBHBRNIEdER 7 The goactips TikbiT Was wifed 410 °C for 1 R. Thin
orb SRS LB PO 2P0 oflh Hef B WL s
corzpietemBig reclior avap quesncheld by addingrsatiratechNaHCO; solution (300

P Bt 55850 BOHER I MSABR 9B A8 o B
acetdted“HrOAVTEL 800 ML E TReURiiiebus Neyer dvds eitrachal WRRELOAB (2x1,500
| mLy.va‘?he combined organic layers were dried over Na,SO,. Crude compound la
(178.1 g) was obtained as a slightly yellow solid, which was then purified on a silica
gel column (2,800 g silica gel, 20 to 40 % acetone in hexane elution gradient, 1%
triethylamine) to give pure compound la (135 g, 79% yield).

To remove trace solvents and triethylamine, the above product was repeatedly
dissolved in dichloromethane and subjected to four rotary evaporator cycles and
then dried under high vacuum. It was then lyophilized from acetonitrile-\;vater (1:1
v/v, 4 mL/g), dried in a vacuum oven (16 h, 50 °C) to givé the final product (mp 106-
108 °C by capillary melting point apparatus). This work-up procedure yields



conpl ete. The reacti on was quenched by addi ng

saturated NaHCOB, solution (300 nlL). The m xture was
w@anosiosssened bet ween dil ute NaHCO3 (2,500 ni) pemiBbéndo37ss

acetate ("EtOAc," 1,500 nL). The aqueous |ayer was

extracted wth Et CAc (2x1,500 nL). The conbi ned

organic |layers were dried over Na2SO4. Crude conpound

la (178.1 g) was obtained ?ja slightly yellow solid,

whi ch was then purified on silica gel colum (2,800
comgpaind isaggRblymiZiph ¢ (e theaslizght eadotheherasnaroal 1Utd Whin the DSC

of {olgoiph tiodiig: 200y Thertiur Bl bmhiatie TEapied a ST Meting poin,

I t W epeatedly
SOH?EEEQ%gg%ﬁ%dllsgﬁggraonet Rgggggﬁﬁedﬁ%{%ct ed to four

rotary evaporator cycles and then, dried under high
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vacuum oven (16 h, 50 C) to give the final product (np

Cowngnajg B&géaﬁ&%h%t%ﬁ% %&%M%gg& l?\%rotrrlljge)cetamlde (84 g,

aodDﬁHdlB?-@%{) Q&é’ré%%so%dqﬁwmg |Laaﬁﬁ dreLy &Rd mhhlbndrrffgeq The

i ght endothermas circa 110 C|n t he

ye"pm %ﬂMiQﬁhWﬁS pﬁolﬁdgjo 023 °F, dikdediwjth B%P%@Eﬁ'ﬂﬁhf‘b‘éﬁﬁﬂde in THF
(OSSP TL) AR PR it PR
betReepdrand 8ACofStiing wascontinuenial =2 T whilede Prdgress pitthe
ool FALRNEeR b Do 0 R S Bpgeitic g patera
AftaversEmii, on6) a1ssltio3d Biof BeStdrting Mitefigueniinted. The reaction was

i nhi bi tor - freek_| The eIIow sol ution was cooled to 02

quenchad Withe?) “aNeRCOM2HR) hsEh%lﬁy@f%W?Eﬁ@%@fﬁWdﬁ@t peous
phe@ﬁ 'wad xtFRed withAEBrko (2 Q)’E)r 'ﬁ}q%g%rﬂblg‘é‘a' drﬁaﬁr@'lé\}e?é WeRd washed

tenperature bet vvee
witlt water{ii@d-)aandiited brimel (4. a Ih)e 'ﬂne)gngaﬂm mastem;as déed overivigSO,

tored by in-proce 0
(75 4 TR R e a8 BB by oG BBt BtiAq fogo mo).
The tembinedtfiltigesWess cohcsrrmed slyieltheompanid lras/@sight yellow
res,g‘uenched with 5 %NaHCO3 (2.6 Q The |ayers were

HB4PA2 84 and the aqueous phase was extracted with

Et OAc (2.9 L). The conbi ned organic |ayers were washed

with water (1.2 L) and then brine (1.2 L). The organic
Thepresiciuewias disseliiediracaigseq3.1 L, 8 mL/g) and the light yellow solution

was diluted with deionized water (3.1 L). The slightly turbid solution was cooled to O
to 5 °C range over 20 min,‘resulting in a precipitate (crystals visible at circa 10 °C).
The suspension was stirred for 15 min at 0-5 °C and diluted with additional deionized
water (3.1 L) over 30 min. The mixture was stirred for an additional 30 min at 0-5
°C. The solids were isolated by filtration and then rinsed with a mixture of acetone |
(0.15 L) and deionized water (0.30 L). The solids were air-dried overnight (ca. 16 h)
and then dried further (30 °C; 29 in. Hg) for 64 h to give Compound la (322 g) as an
off-white solid.



(75 g). The drying agent was renoved by filtration and
rinsed with EtOQAc (200 nL). The conbined filtrates

wowoos/oessprentrated to yield conmpound | a as a | P@hB2007/003758
yell ow residue (392 g). The residue was dissolved in
acetone (3.1 L, 8 nmJg) and the Iight yellow solution
was diluted with deionized water (3.1 L). The slightly
turbid solution was cooled t 0 to 5 C range over 20
mn, resulting in a precipitate (crystals visible at

Exampie5 +0Pi@paratiore of PopgmerpmIVas stirred for 15 min at
0-5 Cand diluted with additional deionized water
(3.1 L) over 30 mn. The mxture was stirred for an

DIF@I(JH olnﬂ_r)ahaﬁébded%oafonﬁb&;r@ ( J%I?ﬁbiﬁﬁsﬂ Y@soemlg?m ARl screw-

filtration and then rinse m Xt ur e “of

topa/&t bhevial and #s Eyntﬁntf weieostibiecledde Bree degting pnd Theling cycles
cet§Bbh el B0 0 G ol pgfel) g ebliold was

filteGaahpod adalyaed B XRPD afteadrying at 301PE dors@4 hgdwhid® showed that
2008/ 068593 PCT/ 7/ 003758 26 Exanple 5 - .
°°“¥gg%éﬂg’d§§>€m8fp*bb%ﬂgf’ﬁ?+’f ‘DIPE (1.0 nl) was added to
compound (la) polynmorph Il (250 ng) in a small screw
[ i and its contents were subjected to

1, & vial. The vijal )
H- Nm)% @“;l¥§'§|qf1 &%ﬁa'va&sph Y sepbiaiged 5@@\«@@ frageianegints (0.9%;
0.0¥ %ﬁﬁﬁ'b@n‘tg %11 PE 3ge§§rﬁv e]’fhe yze\@ag‘?érb( ed EP %IJrR@'\d/fn' Wker as

solid and ana
follows: amater f1o® my) wgs addasHoshsamwplet Hﬁ@iymoqunl)\éfSﬂ mg) froa small

sorsBiel il np rRen B 28 <300 72 e e AR AR st e guga ana

dried. %aaws bgab(ﬂﬂB)andf'HDlllﬂE shgsdthat meDmE’Eamen removed
repoved .b er as follows: water (1.0

rry| n
withQuy charaing they 'g%ﬁﬁ'TnQQDOI ymorph 1V (30 ng) in a
smal |  screw cap VI al and shaken at 25 C for 72 h. The
resulting solid was filtered and dried. Analysis by
Examnpie Gndltemalive Preparationaef Polynmnph INad been renoved,
W t hout changing the formof the sanple. Exanple 6 -
Al ternative Preparation of Polynorph IV Conpound |a

Conf@ouindyla (Betsg)divas disgelvedin ethyy heetats @ARE0 (il o ambierit
tem%gPe{tErrét. The water content of the ethyl acetate solution was 1.1 % v/v. The
light yellow solution was placed in a 500 mL three-neck rc;und bottom flask equipped
with an overhead stirrer (1KA RW 16 basic). The solution was stirred at 32 °C at 180-
185 rpm and n-heptane (80 mL) was added at a rate of 0.8 mL/min using a syringe
pump (KdScientific). Heptane addition was interrupted for 4 min after 50 mL of
heptane had been added, to permit refilling of the syringe. After another 30 mL of
heptane (for a total amount of 80 mL) had been added, the resuilting suspension was
stirred for another 2.5 h at 185 rpm and 32 °C. The suspended crystals of
Polymorph [V were collected by filtration using a ceramic 5 cm Buchner funnel and
Whatman #4 filter paper. The crystals were rinsed with 90:10 v/v heptane:ethyl

- acetate (20 mL) and air dried for 10 min. The crystals were further dried at 40 °C




tenperature. The water content of the ethyl acetate

solution was 1.1 %v/v. The |ight yellow solution was
w@b@smassvp a 500 nL t hree-neck round bottom f | BSKIB2007/003758

equi pped with an overhead stirrer (1 KA RW16 basic).

The solution was stirred at 32 C at 180- 185 rpm and

n- heptane (80 nL) was added at a rate of 0.8 nlmn

using a syringe punp (KdScientific). Heptane addition

was interrupted for 4 min after 50 nL of heptane had
undiereracednie@9.5 io higdrfor 16 hefieldingny.62fg oheolysorplyB/. Thé edentity of

a her nL. of eptane. (for. a al t of 80
tnerp8iuld s oimatkinty WEh E8ubnad g S e G v

stirred for another 2.5 h at 185 rpmand 32 C. The

suspended crystals of Polynmorph 1V were collected b

- The prRQTHPeR WA faRgaiecaiZin(e whishaisediradvced Rakymaspial IV ‘\(albeit
WitN\g%qigﬁ{l};%%ér:gHI r paper. The crystals were rinsed with
90: 1 v hept

ane: ethyl acetate (20 nL) and air dried
for 10 min. The crystals were further dried at 40 C WD

N L
identity of the product as Polynorph IV was confirned

by DSC and XRPD. The experinment was repeated at 25 C
Thijjerampia dso5bea theareparafion o rFqlxm@mrb!é}i) by mafurgtien in n-heptane.
-Hzol I ' ) Fn = 8 At :
n-HEpldie (00 (Y laslilei FONHBIOR, 1 dn 2 AR8) SEuRdeiaE kvl
wap sehieeteditor 2dfeaooglraycies hetvesn bengr4l T@ovena 24 h period, with

- - S ed t |-y nor ph
strfng - REPEF anqif s BB B RSty HOWfigehals; e e
protedurd caadte/ useal witty DIRB. bet ween 5 and 40 C over a 24 h

period, wth stirring. XRPD analysis confirned the

production of Polynorph-1V. The sane procedure can be

TheRrshothd BeliIBE ded&Hption 'of #d meﬁﬁé@idcﬁféjegepﬁlggﬁé?%g rafe chiefly

t
the 1nvention includes passages that are
“or exglusiyelveancemastwith partiglitan pees or @apects oh thesinventiomp dicis 40 be

undBletbof AR e P st ikt kOt b replled ey e
relevagt inenorecthan just thepassagetihahighis is dibelosed, srgethatthe
disc}?hq]%ﬁ'% 5:'g£eirlé?rrcmq5¢g gj@tgggagpgﬂrtgx?%teﬂ% ﬁ?pgbggf 0 g%eaﬁlg%rfgmd in
the difePsiTRas8agé< Biilarly, although the various figures and descriptions
herein relate to specific embodiments of the invention, it is to be understood that
where a specific feature is disclosed in the context of a particular figure or .
embodiment, such feature can also be used, to the extent appropriate, in the context
of another figure or embodiment, in combination with another feature, or in the

invention in general.

Further, while the present invention has been particularly described in terms of
certain preferred embodiments, the invention is not limited to such preferred
embodiments. Rather, the scope of the invention is defined by the appended claims.



the different passages. Simlarly, although the
various figures and descriptions herein relate to
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understood that where a specific feature is disclosed
in the context of a particular figure or enbodi nent,
such feature can al so be used, to the extent
appropriate, in the context Eff anot her figure or
enbodi nent, in conbination with another feature, or in

CLAIMS invention in general. Further, while the present
i nvention has been particularly described in terns of
certain preferred enbodi nents, the invention is not
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1. Purified polynorph IV of a conmpound having a-
structure represented by fornula la O--Y NHM 0 OH
HO,. HOHOO 0'O NHMeoM 't OH (la) e
characterized by XRPD peaks at 3. 8,17.5, 16.1, 16.5,
and 17.1 degrees 20 A1)~ obtai nfd uUsing copper

(Ia)

characterized by XRPD peaks at 3.8, 7.5, 16.1, 16.5, and 17.1 degrees 26 (+0.1)-
obtained using copper K-alpha, X-rays (wavelength = 1.5406 Angstroms).

2. Purified polymorph Il of a compound having a structure represented by
formula la

(12)

characterized by XRPD peaks at 3.5, 6.9, 9.2, 10.4 and 18.0 degrees 26 (+0.1)
obtained using copper K-alpha; X-rays (wavelength = 1.5406 Angstroms).



ot /NHe O- OHOHHO,, HOO 0. O0O" 0, OO000
"*OH (la) Owe characterized by XRPD peaks at 3.5,
W®208/088523 10.4 and 18.0 degrees 20 (0.1) obteeTEgR007/003758

usi ng copper K-al phas X-rays (wavel ength = 1.5406
Angstrons). WD 2008/ 068593 PCT/ I B2007/ 003758 29 3. A
nmet hod for preparing a purified Polynorph IV of a
compound having a structureygepresented by fornula

la, as defined in claim1l, conprising subjecting to a

pol ynmor ph of such conpound ot her than Pol ynorph IV to

3. 0 Ao RS pOeRa g 8RB SRR AP A SRhEa o o

str@d:tlammp%seﬂtd!@ bg forﬁnuld\la;rabfuéﬁn@d Wbldirﬁg t@n?h@h@s&bjectmg toa
wherein nmedi um | s hept ane.
polymose Phguc} PRIPPPYNCHOIBET l?mqurw 'VatQ:R!H‘p"é fRatincgng gooling
cydes il thE PréééhcetatEm@BiAfsascleatfth @u{;@:rmeﬁ e‘i‘ﬁér’ dffa 0l-c,
claiml, conprising preparing an acetate
alkgne or Alkenef such conpound and adding to the solution a
C5- C7 al kane ‘al kene to cause crystallization of
such conmpound as purified Polynorph IV. 6. A method,
4. accAmiethgd taccoildiignioSclaimh8rehereirhibeChedidmsis haptane.
al kene is heptane. 7. A nethod according to claimb5
or claim6, wherein the addition of a C5-C7 al kane or
5. al kgmgethed Wﬁ@parrngswuhf.é@tvwmdrﬁh e oF %rdaﬁgxﬂ}ndaqavmg a
t enper ature between 0 "and’ about
Strt(qéw@fr@pmﬂeﬁt%bmrm%@uas zisflaem iraglaint 13eorgprising preparing an

ethyl acetate solution of such compound and adding to the solution a Cs-C- alkane
or alkene to cause crystallization of such compound as purified Polymorph IV.

6. A method according to claim 5, wherein the Cs-C- alkane or alkene is
heptane.
7. A method according to claim 5 or claim 6, wherein the addition of a Cs-C7

alkane or alkene to cause crystallization is performed at a temperature between
about 20 and about 36 °C (preferably between about 25 and about 36 °C).

8. A method according to any one of claims 5 to 7, wherein water content in the
solution is less than 3.6 % (preferably less than 1.9 %) v/v.

9. A method according to any one of claims 5 to 8, further comprising the step
assaying the water content of the solution and, if the water content is above 3.6 %
v/v, reducing the water content prior to adding the Cs-C- alkane or alkene.



8. A nethod according to any one of clains 5 to 7,
wherein water content in the solution is |less than
WR208%655p3 ef erably less than 1.9 % v/v. 9. A P€L/Bd07/003758
according to any one of clainms 5 to 8, further
conprising the step assaying the water content of the
solution and, if the water content is above 3.6 %
v/ v, reducing the water contgnt prior to adding the
C5- C7 al kane or al kene. WD 2008/ 068593
10.PCTA [pb2003¢a 0B a6 rmBG&tiv0 compising woHied Exmlymbmhrw afta on

fied P . havi
cofBEid Boiifa 8 EhiobEE R S e hurigrRuiede, 58 TRERRAR A 'Y, and a
phmc@uﬂ;cauqmtc@?tablwemgml cal ly accept abI e exci pi ent.
11. A nmethod of treating a disease of inpaired gastric

~motility, conprising admnlsterlngtoasubject in

nee
110 rlnpHEhLS Toic hRrGAY g Al chiiierg
administering tor 2 subjpeiindareeddf ls;ach matmem a theragemtmfallyu eﬂen:trve

a8 o B P60 oA B ] By b

formalatiapes dptiageinl claigd hux di sease ("CGERD'). 13. A
purified Polynmorph IV of a conmpound having a structure

represented by fornula la, as defined in claiml1, for

12.US eTRS mRtHRCAERIERG 1o érhimMWV%érfeirﬁfﬁxePdiéé@gH mrAPM.@B g@stric

conmpound having a Structure represented

motily issgagieesapiagenl cetindiseadeofGERRD).n the treatment of
gastroesophageal reflux disease ("GERD'). 15. A
pharmaceutical fornulation conprising purified

13.PolAlpuriﬁJéﬂ Pblyaforph (") mpamdwpohadihwlr@ & biructure eepresented by
pr.esent e as defined in claim?2, and

tor R o EnHetAt . ok Biads & BsdrBMentr. 16 A method

of treating a disease of inpaired gastric notility,
risi ng adm nistering to a subject in need of such
(o}

14. t r pHfird Bolymaralp &V of 8 gompognaderingea stvetura represented by
forrﬂH|5'|£ 5&95@%"&?&1&? f8f g@e @gﬁggﬁﬁnegﬁ?’gﬁ%sg{o%tséaﬁédga? reflux

esen for
dlsease (“GERD”

15. A pharmaceutical formulation comprising purified Polymorph Il of a compound
having a structure represented by formula la, as defined in claim 2, and a
pharmaceutically acceptable excipient.

16. A method of treating a disease of impaired gastric motility, comprising
administering to a subject in need of such treatment a therapeutically effective
amount of a purified Polymorph Il of a compound having a structure represented by
formula Ié, as defined in claim 2.

17. The method according to claim 16 wherein the disease of impaired gastric
motility is gastroesophageal reflux disease (“GERD?").



17. The nmethod according to claim 16 wherein the

di sease of inpaired gastric notility is
w@amsnessdphageal refl ux disease ("GERD'). WO PCT/IB2007/003758

2008/ 068593 PCT/ 1 B2007/ 003758 31 18. A purified

Pol ynmorph 1l of a compound having a structure
represented by fornula la, as defined in claim2, for
use as a nedicament. 19. A pyrified Polynorph Il of "a

compound having a structure represented by fornula
la, as defined in claim2, for use in the treatnent of

1830 A TSR BB ARph Tl oot AGRE Sabind TavhtyE? PR
formela kas agdetindy/in dlairma) far Lise @sHivedicAmbnt: O H HO, ,

HOHO"CO OO ""OH (la) Ove substantially as
descri bed herein, with reference to the description

19.2NdA S AREA BSlymatph 1131 ddrf AR EBie
havi %’ a st rlygt u'}e rep redseﬁ?mgi @%F%Fgr?%@% E/g)y
forputaNa, asdefimed in claim 2, for use in the treatment of gastroesophageal reflux

disease (“GERD").

20.  Purified polymorph IV of a compound having a structure represented by

formula la

O/\wrNHMe‘\ /L\

(a)
- substantially as described herein, with reference to the description and drawings.

21.  Purified polymorph Il of a compound having a structure represented by

formula la

O/\\ﬂ/NHMe

o) ~N

\\

OH HO/
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PCT/ 1 B2007/ 003758 32 substantially as descri bed
wWheoosiosssosv t h ref erence to the descripti on andPCT/1B2007/003758

dr awi ngs.
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substantially as described herein, With reference to the description and drawings.



