MOTI LI DE POLYMORPHS This invention relates to pol ynorphs of a
notilide and nmethods for the preparation and use of such pol ynorphs.
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Motilin is a 22-amino acid peptide hormone secreted by endocrine cells in the
intestinal mucosa. Its binding to the motilin feceptor in the GI tract stimulates Gi-
motility. The administration of therapeutic agents that act as motilin agonists
(“prokinetic agenis™) has been proposed as a treatment for Gi disorders.
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The erythromycins are a family of maciolide antibictics made by the fermentation of
the actinomycetes Saccharopolyspora erythraea. Erythromycin A, a commonly used
" antibiotic, is the most abundant and important member of the family.
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The side effects of e.ryihromycin A include nausea, vomiting, and abdominal
discornfort. These effects have been fraced 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.)
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Those skilled in the art will understand that a nunber of paranmeters
are relevant to the devel opnent of notilides. Firstly, the evolution
of the erywarwng/@ess®dscaffold in the natural produci ng oPGEIB28IT0AS
been driven by antibacterial efficacy and not by prokinetic efficacy.
Therefore, considerable roomrenmains for optimzation of the
structure-activity relationship for notilin agonists. Secondly, it is
in fact undesirable for a notilide to ppssess antibacteri al acti vity.
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The present invention relates to pol ynorphs of conpound la that are
especially desirable for use in pharmaceutical fornulations. Conpeound
| a, when pwepasssdsaascording to the Liu '616 Applicati onpCims2abioed7eed
inaformthat is not optimzed for formul ati on devel opnent (this
formis designated herein as Polynmorph | - see Exanple 3 below). W
have di scovered additional pol ynorphs of conpound | a, including one
(referred to herein as Pol ynor ph V) that has inproved properties for
use in a pharmaceutical fornulation. Another polynorph, designated

Pol ynor ph LY ef &}, 415 RAR6/Q2AC6161A8 (208 incomeratedl hekain biy reference (hereinafter

brovi des. 1 174 < R RaREn EGHE’FE*"Q*Q“@&WB*“'#E% srrifa S bole

it provi dé@’ﬂm i,f‘lill'mmp(ﬂ yﬁer R1, aﬂﬂ Roarp structural variablesioAlspecific

enbodi nen

PO oor o PP ACLBERL B BTG (5. i EBEsceBR AR AR KRR
of Conpourmd ptopertifsdor & thdtitiddner ei n as Pol ynorph |1 to plural heating
and cooling cycles in the presence of a nmedium selected from

dii sopropyl ether ("D PE') and a C5-C7 al kane or al kene (preferably

heptane). In another enbodiment, this invention pEdea et hod for
preparing purified BSl ynorph LV gf Conpound |a, @o i si ng\p/@k)arl ng
npound | a and addilagsa C5- C7NalRane or

an et hyl acet at e sgolytion of
al kene to the splu i oh grF H@use~crystal | i zati onl of Gupddnd a as
M. ~-7 | n Jano her enbodi wj nv nt| on

purified Pol yndp
provi des a phar'ny L1 cial r ari on conpri SI ng A ur i ynor ph
d a 9 armaceutically acqépt eRC] p| ent In

| V of Conpound|Ta
anot her enbodi iQvention provides eutical

formul ati on corrprlsmgapu fied Pol ynorph | ou la and a
pharmaceutically accepta exel pient. The invention hﬁ%
provides: a negpod of tregdtd a di sease of 5rrpa| red g#s "
motility, conprising admnistering to a subj ect 'in need® such
treatment a therapeutically effective anmount- of a purified Pol ynorph

|V of ‘Co fi

b radi canonee 8 doipdind s HeBfl sSRHIbPHpIelofherit SRS A Cha 157 B9
t r eat ment cedidatg; eansidieragion Fﬁ*p%tlhe@i\f@hbtfﬂrmulﬁmg it intgn apprepidie of a
purified Fﬁér)ﬂﬁ&b ficel %rmulacﬁ%ﬁpg}?’ﬂﬂn |sfrﬂéaﬁst(}?)rf§%$’§t%ﬁ ot b%fqn?en to the

medi canen or t e treat nent | Sease al re
motility; pasaﬂa!@epistﬂma@épﬂﬁymmhmrif)p@vmominsfemst,tthey rrragahffmm thefr a

o GonBaRRp LR IabIAR oftidried nARMES LA SoBiige o) Y ™" P
tg eating hygtbs;mqumtyotﬂensrtp,aanobblogmlabmty e polymorphanpy neiragr less

1 i t 1
oy doout edifar sty etPles to bioREF oot Al SRAEE ! A8 airepyit ofsuch
Co (rjrpound it:c:mve:atslqlijx:;Ira:c formadlaffon glmignri]ﬁd id de‘!wéi(mpmiaalaf ﬁolilmbrpl?ga?ﬁn?ﬁg
nedl canen
(T ont ooer antdinfd dEEnE PoyHR gt s Jasarmeatit vih B Stmilaians "t e

purified Eygrasmpwpdljrmoiphcﬁﬁa@pmdjplvaatérQiurtr@%téFagéf|ﬁﬁbdﬁdﬁ1@érr@s into
nedi canment for the tr eatmﬁa%f&of a di ease of alred gastric

mot i | ty; WEIRANG GRPERNARE & Fling ol f\cﬂfe et aredie desigged

di sease ofor s dith Chaaeuiar folyfRériphihay Sé,ﬂﬂﬁﬁjlﬁblwoﬁuﬁ'fvitﬁ hetﬁlrfé?@fhtynvr ph
Il of Co ound la._ 11l ustrative exanples of disorders which are

di seases BRIYMapE: Fxen §astintercanyedsion §ecUfe 008 eolymarplo (nay|Berfasiar tan)
gast r opar Ryphglatedihah aR8HPNASKRAY sbREidh0oithe figRtSolymorph critical. Thus, ;

poiymorp_h choice is an important factor in designing a pharmaceutical formulation. ¢
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8 ("CERD'), anorexia, -gall bladder stasis, postoperative paralytic
il eus, scleroderma, intestinal pseudo-obstruction, irritable bowel
syndrone, wgasind/ee®3 enesis, and chronic constipation (BPOIBI/N003758
inertia). The polynorphs of the invention are particularly effective
in the treatnment of GERD. Figs. la, Ib, Ic, id, le, if and I g are
representative X-ray powder diffraction ("XRPD') patterns for

Pol ynmorphs I, I'l, 111, 1V, V, VI (ethylgacetate form, and VII,
respectlvely, of Corrpound la. Figs. 2a, 2b, 2c, 2d, 2e and 2f are
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Pol ymorphs |, II, 1V, VI (ethyl acetate form), and VIIl, respectively,
of Conpound la. Fig. 4 shows a synthetic schene for the preparation
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ls_a representat i ve FT-Raman

infra red) for Pol
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and 90%RH$reIa|Y umdltg)Ex Thermal apalysis 9
herein as Polymorph I - se ample 3 below). We have dlscovered additional
polymorphs of compound la, mcluding one (referred to herein as Polymorph V) that
has improved properties for use in a pharmaceutical formulation. Another
polymorph, designated Polymorph li, also has suitable properties for use in a
pharmaceutical formulation. Thus, in one embodiment, this invention provides:
purified polymorph IV of compound la. In another embodiment it provides purified

polymorph Il of compound {a.

In another embodiment, this invention provides a method for preparing purified
Polymorph IV of Compound la, comprising subjecting to the polymorph of
Compound la referred to herein as Polymorph 1l to plural heating ahd cooling cycles
in the presence of a medium selected from diisopropyl ether (“DIPE”) and a Cs-C7
alkane or alkene (preferably heptane).

In another embodiment, this invention provides a method for preparing purified
Polymorph IV of Compound 13, comprising preparing an ethyl acetate solution of
Compound la and adding a Cs-C; alkane or alkene to the solution fo cause
crystallization of Compound la as purified Polymorph IV.
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stearate salt of Conpound la in D PE. This pol ynorph could not be
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nor phol ogy. It was crystalli-ne by XRPD and its aqueous solubility was
0.72 ng/ nmL. Thermal analysis showed a nelting transition wi th onset
at 100 C. Wwa mxesssl ated with an 8. 7% wei ght | oss by TEX/me2gewoezisent
to 1 nole of TBME, suggesting that Polynorph Vis a nono TBVE

sol vate. Pol ynorph V decreased in crystallinity after one week's
storage at 40 C and 75% RH and converted to Pol ynorph |1 during
solubility analysis. Its being a solvatg nmilitated against its
desirabiligéﬁas a candidate for fornul ati on devel opnent.

Repriesent at FEEDXRADCERXR, palbbiadeer stasis,mestopsraiive patatgicsleuarsalerodergia,
le and 2d ih%%aﬁaggégé%%bgﬂcggﬁgﬂnﬂé bbﬁ?lgggré%{}'g%trﬁéyéﬁ\@éié,'eﬂﬁ

pol ynor ph obtain ) ~acetate, acetate, or anisole.
Smal |, st egiperic geasgitpetion polanicisediap bdwrpoltnerphs abtherievandign aw netri c

anal ysi s (q%pe ‘ﬁ%}ﬁe%ﬁ i Lt mly of iso-structural
sol vat es. éuéar\] 0 er%gﬁgétﬂ%%g’rléqtﬁz%i@l acetate derived formwas

107 C, the correspondi ng onset for the i,sopropyl acetate formwas 90

C. The ani i 0 s at nd..110 C
Pol ynor ph %ﬁggo;riaie’p}[' g'?iﬂ?tg\ég f%wrﬁ%%%p{?\é%h@%’ %%g'lag P§P’d§gd@%?'%%5% RH
or to Pol y(%6RBD")Ipditernd for Balymogorsd| WAil] iV, V, ¥h@Eind asetatd Rrapandndl, on
to Pol ym)rrgh. I¥ sluggﬁzts %‘Eﬁ.’ it is not stable enough to be a

desi r-abl e "EAREYRY 'GP Pation devel oprent, Representative XRPD,
DSC, and GVS data for Polynorph VI (ethyl acetate forn) are shown in
Figs. if, 2e ng, 3 ectiely. Pol rph VI I was obtained, after
b at 1 oG8 2 8hont 3 2R 2 e eren Ay e dutererl SRR ey
smal | par t('B$e”)seass {of PAlyarphd |, N, o Wive eyl abbrtdmimhaireowm, |t was
partially crystall i&g;b XRPD. Its aqueous 'solubility was 0.75 ng/ni.
It showed r@%&%“ﬁ"o’lﬂi” "ﬁ%?o'-‘lnéiéé- by gravimetric vapor sorption ("GVS")
analysis, with a corresponding |oss of crystallinity according to
XRPD re-anal ysi s _under_ anbient conditions. Thermal analysis showed a
mel ting t Fd8&i3a 3R, 9913¢. 3nd 38ase represamiative gravimpstis vegopgorplian FGVS”) -
wei ght |0%%aﬁé’fo-|:@6lyn%}ehé’ﬁ‘!ll‘?m, VI QetflytacdRherdtin) LR1dAN G, sﬁé&hﬁei | &
apears that Polynorph VII1 'is a hem=-tol uene sol vate. Eo ym)r%'h VI
lost 12 &omapaundilai ty after one week's storage at 40 C and 75% RH
and converted to a m xture of Polynorphs Il and IV during solubility
analysis. Its being a solvate and its instability made it a |ess

desi r abl e Rigrfistisea syithelin sahems fonthedrepasatiemof. cormmueddat at i ve XRPD,
DSC, and GVS data for Polynorph VII are shown in Figs. |g, 21, and
3e, respectively. Fig. I b shows a representative XRPD pattern for

Pol ynor ph Rig.5 iTalepresentative B8 Klauiientransiormdning jet) spambar Ratynkdrgh IV.b.
Thus, in one aspect, Polynorph Il can be defined by its
characteristic XRPD peaks at 3.50.1, 6.90.1, 9.20.1, 9.60.1, and

10. 40. 1 d&ig.6és a2éproserigiivet IST-Edaarancican ifat Rotyi6liph Ideaks at 3. 50. 1,
6.90.1, 9.20.1, 10.40.1 and 18.00.1 degrees 20.

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 characlerized 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

-



13 15 18.(; 22.9 16 19.5 31.4 17 21.8 2a4 18

WO 2008/068593 PCT/AB2007/003758

¢ .
showed an endotherm between ambient temperature and 0 °C due to solvent loss.
The weight loss accompanying the endotherm was 3.0%, corresponding to 1.4
moles of water. When heated to a temperature between 75 and 100 °C, Polymorph |

" lost crystallinity. Under agueous conditions Polymorph | converted to a second
polymorph, referred to as Polymorph Il. These latter two observations militate
against the selection of Polymorph | as a polymorph for formulation development.
Representative XRPD, DSC, and GVS data for Polymorph | are shown in Figs. 1a,
2a, and 3a, respectively.. :

Polymorph Il was characterized as a white powder with small particle size (< 10 pm)’
and no discernable morphology. XRPD showed it to be crystalline with some
amorphous content. When kept at between 5 and 0% RH, Polymorph 1l showed a
4% weight loss, equivalent to 2 moles of water per mole of compound (la). There
was a corresponding loss of crystallinity as evidenced by XRPD re-analysis under
ambient conditions, suggesting that Polymorph It is a di-hydrate. Thermal analysis
showed a broad endotherm between ambient temperature and 100 °C due to .
~ solvent (water) loss. This loss corresponds to a 5.0% weight loss, equivalent to 2.5
moles of water, the additional water content attributable to Polymorph I's being
hygroscopic. There was a loss of crystailinity between 50 and 75 °C. Polymorph'll
also loses crystallinity during vacuum drying at 30 °C for 72 h. Representative
XBPD, DSC, and GVS data for Polymorph il are shown in Figs. 1b, 2b, and 3b,
respectively. ‘
Polymorph 1V was characterized as a white powder with particle size up to 50 HmM
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 highily hygroscopic, with a 3.5%
weight uptake between 0 and 90% RH. The weight uptake did not [ead to a change
in XRPD paitern upon reanalysis under ambient conditions. Thermat 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 .



22.6 17.5 Fig. 1d shows a representative XRPD pattern for Pol ynorph
V. Table 2 is a tabulation of major peaks in Fig. 1d. Thus, in one
aspect, Polprodspissby can be defined by its characteri stpcrmsRidRomasks
at 3.8-10.1, 7.50.1, 8.10.1, 9.60.1, and 11.00.1 degrees 20 or by its
characteristic XRPD peaks at 3.80.1, 7.50.1, 16.10.1, 16.50.1, and
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change in XRPD paitern on heating up to the melt. Neither storage at 40 °C at 75% |
RH for 10 weeks nor 'handling during solubility analysis produced any significant
changes.’ Its retention of crystallinity upon heating and its storage stability make
Polymorph IV a good candidate for development in pharmaceutical formulations.
Representative XRPD, DSC, and GVS data for Polymorph 1V are shown in Figs. 1d,
2¢, and 3c, respectively. Representative FT-IR, FT-Raman, °C solid state NMR and -
15N solid state NMR data for Polymorph IV are shown in Figs. 5, 6,7 and 8
respectively. '

Polymorph IV can be prepared from Polymorph Il by maturation (repeated heating
and cooling cycles) in diisopropyl ether. A Cs-C; alkane or alkene, such as
(preferably) heptane also can used —the material so produced initially contained
some Polymorph !l, which, howsver, was removed (as determined by XRPD) after
drying under vacuum. The number of cycles is at teast two, preferably 3, though a
larger number of cycies (e.g., up to 12) can be used. The temperature range for the
cycles is typically between 5 and 50 °C, preferably between 25 and 50 °C over a 24
h period.

Additionally, we also discovered several other polymorphs of Compound Ia, the
preparation 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 1l is a polymorph obtained after maturation (repeated heating and
cooling cycles) of the amorphous stearate salt of Compound ia in DIPE. This
polymorph could not be isolated on scale-up and was not investigated further. Fig.
1¢ shows representative XRPD data for Polymorph lIl.

Polymorph V was prepared by maturation in #butylmethy! ether (‘TBME"). It was
characterized as a white powder with smalt particle size (< 10 pm) and no definable
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morphology. It was crystalline by XRPD and its aqueous solubility was 0.72 mg/mL.
Thermal analysis showed a melting transition with onset at 100 °C. This correlated
with an 8.7% weight loss by TGA, equivalent to 1 mole of TBME, suggesting that

'Polyl"norph V is amono TBME solvate. Polymorph V decreased in crystalliﬁity after

one week's storage at 40 °C and 75% RH and converted to Polymorph Il during
solubility analysis. Its being a solvate militated against its desirability as a candidate
for formulation development. Representative XRPD and DSC data for Polymorph V

are shown in Figs. 1e and 2d respectively.

Polymorph VI is a partially crystalline polymorph obtained from ethyl acetate,
isopropy! acetate, or anisole. Small, stepped weight losses were observed during
thermogravimetric analysis (TGA), suggesting that it is a family of iso-structural:
solvates. The endotherm onset for the ethyl acstate derived form was 107 °C; the
corresponding onset for the isopropyl acetate form was 90 °C. The anisole form had
two endotherms, with onsets at 98 and 110 °C. Polymorph Vi converted to
Polymorph IV upon storage at 40 °C at 75% RH or to Potymorph IV or Il during
solubility analysis. Its conversion to Polymorph IV suggests that it is not stable
enough to be a desirable candidate for formulation development.

Representative XRPD, DSC, and GVS data for Polymorph VI (ethyl acetate form)
are shown in Figs. 11, 2e, and 3d, respectively.

Polymorph Vil was obtained after maturation in tofuene. It was characterized as a
white powder with small particle size (< 20 um) with no discernable morphology. It
was partially crystalline by XRPD. lis aqueous solubi’ﬁty was 0.75 mgfmL. [t showed
constant weight loss by gravimetric vapor sorptioﬁ ("GVS”) éna!ysis, 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 VIl is a hemi-toluene solvate. Polymorph VIi lost
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crystallinity after ohe week’s storage at 40 °C and 75% RH and converted to a
mixture of Polymorphs (I and IV during solubility analysis. Its being a solvate and its
instability made it a less desirable candidate for formulation development.
Representative XRPD, DSC, and GVS data for Polymorph VIl are shown in Figs.
14, 2f, and 3e, respectively.

Fig. 1b shows a representative XHPD pattern for Polymorph 1ll. Table 1 is a
tabulation of the major peaks in Fig. 1h. Thus, in one aspect, Polymorph il can be
defined by its characteristic XRPD peaks at 3.5+0.1, 6.9+0.1, 9.2+0.1, 9.6x0.1, and
10.420.1 degrees 20 or by its characteristic X—RPD peaks at 3.520.1, 6.9+0.1,
9.240.1, 10.440.1 and 18.0+0.1 degrees 26.

Table 1
XRPD Data for Purified Polymorph It 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
17 96 47.7 -
8 10.4 23.4
9 11.0 14.2
10 11.9 13.0
11 124 16.5
12 13.8 19.2
13 14.7 15.4
14 15.2 , 17.9
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Fig. 1d shows a representative XRPD patiern for Polymorph IV. TabI]é 2isa
tabulation of major peaks in Fig. 1d. Thus, in one aspect, Pblymorph iV can be
defined by its characteristic XRPD peaks at 3.820.1, 7.520.1, 8.1+0.1, 9.6+0.1, and
11.0+0.1 degrees 26 or by its characteristic XRPD peaks at 3.8+0.1, 7.5-1':0.1,

16.1+0.1, 16.520.1, and 17.1+0.1 degrees 20.

Table 2

XRPD Data for Purified Polymorph IV of Gompound 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 1.3 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 16.1 374
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Fig. 2c shows a representative DSC scan of Polynorph IV, (In this
-instance, the sanple of Polynorph IV was prepared with DI PE accordi ng
t o Exanpl ew® QoodAwB3paor ph 1V exhi bits a broad endot her m bet/1m2ert/003758
anbi ent tenperature and 110 C, attributable to solvent |oss, followed
by a nelting endothermw th an onset at 143-156 C and a m ni num at
149- 161 C. Such an endothermis absent in the other polynorphs of
Compound | a identified by us. Thus, in4@ne aspect, Polynorph IV can
be characterized as _having a nelting endothermw th an onset
tenperature of betWBen about 183 and about 15632 di stinhguishing it
fromthe other polygorphs of Ggipound la. Fig.ge3 shows a
representative GV scan of Polynorph IV at a constant tenperature of
25C. Pol ynorph | V[&&hibits a 3.74% mass uptake 3B ween 0 and 90% RH.
The mass gain/los Bs very uniqfigo m upon mul tiple, sorption and
desorption cycl es| Pol yrmrphs Fig. 3a), Il (Fig. 3b), and M (Fig.
3d) exhibited nas$20pt akes of 280:20% bet ween 0 288 90% RH, and their
mass gai n/loss ch Qged drasti I{y upon nul ti %sgq sorption an ‘
desorption cycles ol ynor ph (Fig. 3e) ex ted a 3% masis upt ake
bet ween 0 and 909 B21-1, but |2nsB mass gai n/ | oR0.@l so changed
drastically upon %tl pI e sor%é,%n and desorptégop cycles. Thus, in
one aspect, Poly h IV can haract eri zed “4s’ havi ng a 3. 9% nmass
upt ake between 0 and 90% RH (at 25 C) and a uniform nass gain/l oss

7008/ 06350HBCAS SIS foravaitia 1o S3ad B momlve ol ihis hstanes e
scan of P@awrmé ahpdnymo?arﬁvfwéd @*ébﬁ&dfﬁtﬁlDFFtEQéd&dilﬁﬁ tPERGGIplec4Ty 1) ey
be noted (s = str w = weak, experinmental error is +1-
2cm 1) : 3§§>1¥fﬂ?fph3‘3%§mfs ailg%f giydother m'ewyveem@m%t tempergtyrs and 110
1450(m, P@ﬁftﬁﬂutaﬂlé’?(%Blilentlé’%k‘lI’Gl!owéa%g(é%emﬁ%é%%em%m oM onset at
1176(s), 1167 ? 1130(w), 1108 053

1029(w), a/)’nmlg!}m ) 45%13@‘( v&'): Oélgg'gqr}@ndél@ef(rwp al:gm\zlaf\z ithe other
833(w) 8%(yfﬂor Hd 8 %mp&éﬁc( ré{)lder?t%&wug GrHug) ng% a\%?ééf’v?}flywph \

foll ow ng peaks are particularly distinctive:

1130(w), Fapdephamdered as)havingg meﬂmmdathe@pmﬁ*ean ensel terrreriue of
scan of PeeliRiibdu 1433 a%utoifﬁd“b Wi FRARY itTRrh b 6tﬁEr PalyBYpHSof
noted (vs = very strong, g, 1am w =

exper i nentG@mpaungriaj s +1- 2cm1) 2977(vs); 2940(vs), 2916(m,
2848(s), 2719(m, 1726(w),, 1662(w), 1463(s), 1412(w), 1374(w),
1356(m, 1330(w) 1282(w), 1249(w), 1208(w), 1160(nm), 1130(w),
1109(w), howmm(mv)senmme (GWS S%BQWQIWGW)/ ata3nsjant 900(w) ,

5270w é%ﬁ%faﬂﬁééf 25:0 Fotirfjron {8 3etpre 4 xeimesh e uethiebage

The fol | 0WOPgREMThe sness gairetioss isuteay Lifatirsaporchiftiple sbﬁsﬁ&(nsand @3¢poy

736(w) an ( ent d, state N
soan' bt poyORSHamblets { RO, FE BRE AN & pHbea ’t%do@amafaF{R Shm
rel ative tob6a@% kbiveanl0 am‘moee RH, aatrdiahamtnase qain/188s bhanyed dradiagy ti es
equi val ent ptor? npu?tlplfe sorpgon and gescgr%{: ion cy és. %o?y'n‘?orph VIl (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 IV 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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Fig.5 shows a representative FT-(R scan of Polymorph V. The follpwing main
absorption bands (cm™) may be noted (s = strong, m = medium, w=weak,
experimental error is +/- 2cm™): 3381(m), 2973(m), 2936(m), 1721(m), 1674(m),
1558(w), 1450(m), 1408(w), 1375(m), 1347(m), 1325(Ww), 1272(w), 1250(w), 1176(s),
1167(s), 1130(w), 1108(s), 1080(w), 1053(w}, 1038(w), 1029(w), 993(s), 982(w),
958(m), 930(w), 898(m), 864(w), 844(w), 833(W), 804(w), 778(W), 753(W), 724(W),
701(w) and 668(w). The following peaks are particularly distiﬁctive: 1558(w),
1347(m), 1130(w), 1108(s) and 993(s).

Fig.6 showé a representative FT-Raman scan of Polymorph V. The following main
Raman shifts (cm™) may be noted (vs = very strong, s = strong, m = medium, w =
weak, experimental error is +/- 2em™): 2977(vs), 2940(vs), 2916(m), 2848(s),
2719(m), 1726(w), 1662(w), 1463(s), 1412(w), 1374(w), 1356(m), 1330(w), 1282(w),
1249(w), 1208(w), 1160(m), 1130(w}, 1109(w), 1058(w), 1037(w), 1000(w), 983(w),
960(w), 933(w), 900(w), 865(m), 829(w), 812(w), 773(w), 753(W), 736(w), 670(w), -
615(w), 527(w), 486(w), 460(w), 433(w), 407(w), 346(w), 279(w) and 226(w). The
following shifts are particularly distinctive: 1463(s), 933(w), 736(w) and 615(w).

Fig.7 shows a representative °C solid state NMR scan of Polymorph IV. The
following chemical shifts are observed (ppm relative to an external sample of
adamantine at 29.5 ppm, intensities equivaleht to peak heights in brackeis): 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
(3.32), 35.6 (3.82), 35.5 (3.41), 34.6 (3.29), 34.0 (2.48), 33.5 (5.01), 32.9 (2.86), 32.8
(7.31), 32.2 (5.15), 29.4 (1.69), 28.4 (6.71), 27.1 (5.53), 26.2 (3.22), 23.6 (7.16), 23.3
(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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(7.42), 20.5 (8.01), 19.9 (9.82), 19.5 (2.79), 19.2 (6.23), 18.9 (7.85), 18.4 (2.93), 17.8
(5.67), 12.7 (6.44), 11.6 (4.1), 11.3 (5.13), 9.6 (6.09) and 7.7 {7.11). The following
chemical shifts are particularly distinctive: 177.6, 170.8, 45.7, 28.4, 12.7 and 7.7

ppm.

Fig.8 shows a representative "N solid state NMR scan of Polymorph IV. The
following chemical shifts are observed (ppm relative to an external sample of DL-
alanine at -331.5 ppm, intensities equivalent to peak heights in brackets): -270.8

| (4.29), -273.4 (12), -342.4 (8.16) and -345.1 (9.27).

The polymorphs of the invention can be used in formulations of compound la, in
combination with the usual non-toxic, pharmaceutically acceptable carriers for
tablets, pellets, capsules, suppositories, pessaries, solutions, emulsions,
suspensions, and any other form suitable for use. Polymorph 1V is especially
preferred for handling purposes as the drug substance and for use in solid

' formulations.

Excipients that can be used include carriers, surface active agents, thickening or
emuisifying agents, solid binders, dispersion or suspension aids, solubilizers,
colorants, flavoring agents, coatings, disintegrating agents, lubricants, sweeteners,
preservatives, isotonic agents, and combinations thereoi. The selection and use of
suitablé excipients is taught in Gennaro, ed., Remington: The Science and Practice
of Pharmacy, 20th Ed. (Lippincoit Williams & Wilkins 2003), the disclosure of which
is incorporated herein by reference.

The polymorphs of the invention may be administered orally. Oral administration

may involve swallowing; 50 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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particulates, liquids, or powders, Iozénges (including liquid-filied), chews, multi- and
nano-particulates, gels, solid solution, liposome, films, ovules, sprays and liquid
formulations. ‘
Liquid formulations include suspensions, solutions, syrups and elixirs. Such
formulations may be employed as fillers in soft or hard capsdlés and typicaily
comprise a carrier, for:example, waier, ethanol, polyethyiene glycol, propylene
glycol, methylceliulose, or a suitable oil, and one or more emulsifying agents and/or
suspending agents. Liquid formulations may also be prepared by the reconstitution
of a solid, for example, fllom a sachet.

For tablgt dosage forms, depending on dose, the drug may make up from 1 weight
% to 80 weight % of the dosage form, more typically from 5 weight % to 60 weight %
of the dosage form. In addition to the drug, tablets generally contain a disintegrant.
Examples of disintegrants include sodium starch glycolate, sodium carboxymethyl
cellulose, calcium carboxymethyl cellulose, croscarmellose sodium, crospovidone,
polyvinylpyrrolidone, methyl cellulose, microcrystalline cellulose, lower alkyl-
substituted hydroxypropyi cellulose, starch, pregelatinised starch and sodium
alginate. Generally, the disintegrant will comprise from 1 weight % to 25 weight %.
In one embodiment of the present invention, the disintegrant will comprise from 5
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, anhydi‘ous and the like), mannitol, xylitol,
dextrose, sucrose, sorbitol, microcrystailine 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 'activé agents may comprise from 0.2 weight



20.6 16 (7.42), 20.5 (8.01), 19.9 (9.82), 19.5 (2.79), 19.2 (6.23),
18.9 (7.85), 18.4 (2.93), 17.8 (5.67), 12.7 (6.44), 11.6
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% to 5 weight % of the tablet, and glidants may comprise frorm 0.2 weight % to 1
weight % of the tablet. Tablets also generally contain lubricants such as magnesium
stearate, calcium stearate, zinc stearate, sodium stearyl fumarate, and mixtures of
magnesium stearate with sodiurm lauryl sulphate. Lubricants generally comprise from
0.25 weight % to 10 weight %. In one embodiment of the present invention,
lubricants comprise from 0.5 weight % to 3 weight % of the tablet. Other possible
ingredients include anti-oxidants, colourants, flavouring agents, preservatives and
taste-masking agents.

Exemplary tablets contain up'to about 80% drug, from about 10 weight % to about
90 weight % binder, from about 0 weight % to about 85 weight % diluent, from about
2 weight ‘% to about 10 weight % disintegrant, and from about 0.25 weight % to
about 10 weight % lubricant.

Tablet blends may be compressed directly or by roller to form tablets. Tablet blends
or portions of blends may alternatively be wet-, dry-, or meli-granutated, meit
congealed, or extruded before tabletting. The final formulation may comprise one or
more layers and may be coated or uncoated; it may even be encapsulated.
Formulations of tablets are discussed in Pharmaceutical Dosage ‘Forms: Tablets,
Val. 1, by H. Lieberman and L. Lachman {Marcel Dekker, New York, 1980).
Generally, Polymorph [V is purified as a result of a pfeparation procedure that
converts another polymorph of Compound a into it. In such instance, the amount of
Polymorph Vina sample is increased relative fo 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. '



(4.1), 11.3 (5.13), 9.6 (6.09) and 7.7 (7.11). The follow ng

chem cal shifts are particularly distinctive: 177.6, 170.8, 45.7,
28.4, 12.7 and 7.7 ppm Fig.8 shows a representative 15N solid state
NI VIR scan of Polynorph IV. The follow ng chem cal shifts are
observed (ppmrelative to an external sanple of DLal anine at -331.5
ppm intensities equivalent to peak heights in brackets): -270.8
(4.29), -273.4(12), -342.4(8.16) and -345.1 (9.27). The pol ynorphs of
the invention can be used in fornulations of conpound la, in
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(d) Drying the ethyl acetate solution prior to the addition of the Cs-C5 alkane or

alkene, for example with anhydrous sodium sulfate.

Because of the éensitivity 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 calculaied 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 V.
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(b) Pre-drying the Conpound | a used, for exanple, at 40C for 17 h
under a vacuum (c) Using high-purity, |ow water content ethyl
acetate or pmdrying the ethyl acetate. (d) Drying the ethyl acetate
solution prior to the addition of the C5-C7 al kane or al kene, for
exanpl e wi th anhydrous sodi um sul fate. Because of the sensitivity to
water content in the ethyl acetate solution, it is recomrended that,
prior to the addition of the C5-C7 al kane or al kene, its water
content be cal cul ated or assayed, and, if above 3.6 % the water
content be ['woew#ohsisef ore the addition of the C5-C7 aPREmMa00GI3ZRKene.
The crystallization tenperature can range from about 20 C to about 36
C. CGenerally, where the water content in the ethyl acetate sol ution
at or below 1.9 % tenperatures above 25 C (e.g., 25 to 36 C are
recommended for the generation of Poly#brph |V. 20 Exanples of
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procedure (or. in the alternative matyration eure
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neopent ane, wak gbetigrrekedlintoci2anma d:ame@érptblamdeeprbahﬁ@é @un hto Polidieqat, ene,
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can be furt ere ovm ng exarrp ‘es,
whi ch are pP@OﬂSY@dnlby‘BTMQQOMQei PA 16803 UBAN Pélrsdemmenweremn indhe on.
Exanple 1 - sg@aepodRal ytical Procedures XRPD patterns were
coll ected on a Bruker AXS C2 GADDS diffractoneter using Cu Ka
radi ati on (40kV, 40md), automated XYZ stage, |aser video m croscope
for aut o- samvisadaEpwhd alscm;cn@ctaa dy &’hiﬂhﬁgﬂfx, Rtadl ianeambI@Q fleraiireéh @latd@ﬁt or-.
X-ray optic nsi st single Ge ti rror cou
W e’ bi nnEPASIB Rie Sorefer o CRa P oP e ge e e 8 P
effective siypealf1ame. )‘(mcagturb@dmrptimt—dmomammbdhemasammmedm ely 4
mm A 0-8 cg éuld%r A r
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seconds. All samples were analyzed by XRPD afier GVS analysis. The standard isotherm

was performed at 25 °C at 10 %RH intervals over a 0 to 90 %RH range. |

Scan 1 Scan 2
Adsorption (%.RH)  Desorption (%RH) Adsorption (%RH)
40 85 10
50 75 . 20
60 65 - 30 .
70 45 40
80 35
90 25
15
5

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 resulis were expressed as % v/v.



XRPD patterns were obtained by Pharnorphix Ltd. (Canbridge, United

Ki ngdom): X-ray powder diffraction patterns for the sanples were
acquired on a Sienens D5000 diffractoneter using CuKa radiation (40
kV, 40 md), 0-0 gonioneter, automatic divergence and receiving slits,
a graphite secondary nonochromator and a scintillation counter. The
data were col |l ected over an angular range of 2 to 42 20 in continuous
scan node using a step size of 0.02 2Q and a step tinme of 1 sec.
Sanmpl es were dried under vacuumat 30 C for 24 h prior to analysis,
al t hough ot ke 2088068398 regi nens are acceptable. 21 XRROaszopdogss run
under anbient conditions were prepared as flat plate specinens using
powder as received w thout grinding. Approximtely 25-50 ng of the
sanmpl e was gently packed into 12 nmdiameter, 0.5 mm deep cavities
cut into polished, zero-background (512 silicon waf ers (The Gem
Dugout, 1652 Princeton Drive, Pennsylvania State Coll ege, PA 16803,
USA). Al cinmens were frun in the stationary node. GVS data was
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ﬁyC! 3_- All g@lrmiee&t mbrebmmgm%aractowmhgﬁamﬁmschnﬁomw -Gengdlent  ( rgog)
um |ty an erature . S €. Ze
RRhD B oy ERrsian ok el Apeauling 1.1 pedhun AT BadRed iy G 110 %
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(R Scan 2,158 HidHshiD of itfRika ARt PG oV IRole 4@nrart fbsafbance FT-

IR spectrum using KBr disc or nujol mull sample preparations. Due to the nature of

ATR FT-IR, the bands at lower wavenumber are more intense than those at higher
wavenumber. 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 ﬁot based on absolute values
measured from the baseline. When assessing split 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
Ramil FT-Raman module equipped with a 1(564nm NdYAG laser and LN-
Germanium detector. All spectra were recorded using 2cm’ resolution and
Blackman-Harris 4-term apodisation, 300mW [aser 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 Hamah Correct function (Bruker
software — OPUS 6.0). Experimental error, unless otherwise noted, was + 2 ¢m™.
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



75 20 60 65 30 70 45 40 80 35

WO 2008/068593 PCT/B2007/003758

23
intensity value was taken from the baseline but again the intensity was assigned
relative to the strongest band in the spectrum.

Solid state C** and N'® NMR data were collected at ambient canditions on a Bruker-
Biospin 4 mm CPMAS probe positioned into a standard-bore Bruker-Biospin Avance
500 MHz NMR spectrometer. The nitrogen spectrum was collected using 7mm BL
~ CPMAS probe. The sample was packed into 4 and 7 mm ZrO; rotors; placed at the
magic arigle and spun at 7.0 kHz. The carbon and nitrogen spectra were collected
using a proton decoupled cross-polarization magic angle spinning experiment
(CPMAS). The cross-polarization time was set to 2.5 ms.. The proton decoupling
field of approximately 90 kHz (4 mh probe) and 70 kHz (7 mm probe) was applied.
5120 (*C) and 30,000 (**N) scans were collected. The recycle delays were
adjusted to approximately 1.5*Tyy (where Ty stands for the proton longitudinal
relaxation time calcula’ged based on a proton detected proton inversion recovery
relaxation experiment). The carbon spectrum was referenced using an external
 standard of crystalline adamantane, setting its upfield resonance to' 29.5 ppm. The
nitrogen spectrum was referenced using an extemal standard of crystalline 98% °N
labelled D,L-alanine, setting its resonance to -331.5 ppm.

Example 2 — General Procedure for Preparation of Compound la

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 jodine 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
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compound la. The polymorph of compound la obtained will depend on the post-

- chemistry isolation and putification steps.

The preparation of intermediate 9 is also described in Santi ef al., US 6,946,482 B2
(2005), incorporated herein by reference. The demethylation step is also described
in Liu, US Application No. 11/591,7286, filed Nov. 1, 2006, the disclosure of which is

- incorporated herein by reference.

Example 3 - Preparation of Compound la and Isolation as Polymotph |

A B-liter three-neck round bottom flask equipped with a mechanical stirrer and an
internal thérmocouple_.- temperature probe was charged with as solution of compound
9 (156.7 g, 205 mmol), N-methyl bromoacetamide (37.4 g, 246 mmol) in dry
tetrahydrofuran (“THF”, 1,800 mL), with cooling fo 0 °C in an ice bath. Solid
potassium tbutoxide (25.3g, 226 mmol, 1.1 eq.) was added in one batch with
stirring and under nitrogen. The reaction mixture was stirred at 0 °C for 1 h. Thin
layer chromatography (1:2 hexane-acetone eluent) showed that the reaction was
complete. The reaction was quenched by adding saturated NaHCO; solution (300
mL). The mixture was partitioned between dilute NaHCOj3 (2,500 mL) and ethyl
acetate (“EtOAc,” 1,500 mL). The aqueous layer was extracted with EtOAc (2x1,500

'mL). The combined organic layers were dried over Na;S0,. Crude compound ia

(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 anq triethylamine, the above product was repeatedly
dissolved in dichioromethane and subjected to four rotary evaporator cygles and
then dried under high vacuum. 1t was then lyophilized from acetonitrile-water (1:1
viv, 4 mL/g), dried in a vacuum oven (16 h, 50 °C) to give the final product (mp 106-
108 °C by capillary melting point apparatus). This work-up procet_iure yields



The water content of ethyl acetate, n-heptane, and conpound | a was
determ ned by the Karl Fischer nmethod. The water contentof conpound
| a/ ethyl acetate solutions was cal cul ated based on nass bal ance and
the results were expressed as % v/v. 22 FT-IR data was acquired
using a ThernoNi col et Avatar 360 FTIR spectronei er equi pped with a
Sri:left Golden GateTm single reflection ATR accessory (di anond ATR
crystal with zinc selenide optics) and d-TGS KBr detector. The
spectrum was collected at 2cm 1 resolution and a co-addition of 256
scans. Happ-¥awepisgpodi zati on was used. Because the FTT/IBROGHBEBr um
was recorded using single reflection AIR, no sanpl e preparation was
required. Using ATR FT-IR w Il cause the relative intensities of
infrared bands to differ fromthose seen in an absorbance FTIR , ,
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are not basehkbsewslEsthaéewirabEIDRe (29435 UT letcdmibinadtdnganitslagdrs were Wiished
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basel i ne but "again € Tntensity ‘was’’assi g c"ative to
strongest b&sd)i mhe deingggentrwas rersotaddy ditetion @xbBringad with SIOH20&mb). wer e

col I 'ect ed afnQRihiGiRdd P Wé@%né&ﬁtr@te@_délﬁéﬂ BhRsRI ié‘aéfmigglf %é_}‘{z%wpr obe

positioned into a standard-bore Bruker ospi n Avance 50 NVR
spect r onet efeSi¥RE39R D1 ogen spectrum was col | ected using 7mm BL CPMAS

probe. The sanple was packed into 4 and 7 nm Zr02 rotors; placed at

th i I d ‘ 7.0 kHz. T d.nit t
e L 2B R B Bl Beb e SR BRI B S
angl e spi nnivagdikeubwitimaeiinize@Maes)(3. 1 Th el e sligitlyjobia sordion was tdores! tadls
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. ed bhased_on . detected, proton ‘
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D, L- al ani neptf-wbita $alid- i t s resonance to -331.5 ppm Exanple 2- General
Procedure for Preparation of Conpound |la Conpound |a was prepared as



24 conpound | a. The pol ynorph of conpound | a obtained will depend on
t he post-chem stry isolation and purification steps. The preparation
of internediate 9 is also described in Santi et al., US 6,946, 482 B2
(2005), incorporated herein by reference. The denmethylation step is
al so described in Liu, US Application No. 11/591, 726, filed Nov. 1,
2006, the disclosure of which is incorporated herein by reference.
Exanpl e 3- Preparation of Conpound |la and Isolation as Polynorph | A
5-liter three-neck round bottom fl ask equi pped with a nechani cal
stirrer and vagdfissennal thernocoupl e tenperature probecmasouiansged
with as solution of compound-9 (156.7 g, 205 nmol), N nethyl

br onbacetam de (37.4g, 246 mmol) in dry tetrahydrofuran ("THE , 1, 800
m.), with cooling to OCin an ice bath. Solid potassiumtbutoxide
(25.3 g, 226 mol, 1.1 eq.) was added 26n one batch with stirring and
under nitro Is ' stirred at O Cfor 1 h. Thin
| ayer chrong?%BP%gﬁyﬁ%?&%hﬁﬁQghé@gﬁg?%ﬂé el uent) showed that the
reaction was conplete. The reaction was quenched by addi ng saturated

NaHCOB sol upirp (3R Was)adda@ﬂdshmbmq@@ayﬁ@mfi |15 %8@?;@ het $eanscebiv-ut e

NaHCO3 (2500 ml. nd, ethyl acetate Ac," 1, ni). The aqueous
| ayer was elfPr t&‘ﬂ VW? i"ﬁmﬁtc@ﬂ@m@ﬂﬂé 8#iecid)to thm%h%t%p%aoc@p%&?feé

I gye_r_ s \C/i{/er ebétwbe:_dambilemt télhﬁ?ﬁ‘@ﬁre ﬁdgﬂgem_ﬁmwﬂ perod, T8 rdsuting Wékd was

obt ai ned as,, i aht id,. . o e r a
silica gel fé%r%‘ln%'%? a%%’%d' %?%@eré@f'w@@t kg@%(é 4&)’3@% ghé\h?(ﬂth exane
el uti on gr acéreptsionigFolyhetphyY had eegurred gi ve pure conpound |a (1359,
79% vyield). To renove trace solvents and triethylam ne, the above
product was.repeatedly dissolved in dichloromethane and subjected to

four rotary "EOMFHRVEI of theiFobymermrh W sepbigineg howebirags ampuisdiai | t
was then | yo.phiehbim%hté)roomﬁg:ﬁ%mﬁ.t Thd ItBIPEaK!h f@rrerlﬁavéu by/s&wryﬂngnﬂu@gterdfl Bgdc
N a vacuu ven Lve a r -

by capi 11 ar PG teles (o mhl e et & siiin Fob s 9SS ot R 1B, o s
25 conpoundsdrew-gsp Hal andehaiteniat 250E bor 7R6. Jhe gistitig sdlidiveasriitersdend ca 110
Cin the DSGof ﬁ!?19‘y¥igp¥ REPb dnd 'FiNR SRovled thA thd BIFEGEHR tﬁgménweﬁ,on
reported a simlar nelting pornt, so it appears that this 1s the

pol ynor ph d¥iqut ehanding hedompidagpample. prepar ati on of Conpound | a and
| sol ation as Pol ynorph Il Conpound 9 (light orange material, 353 g,

462 mmol ) apd N-bro cetamde (84 g,. 600 la, 1.3 €q) were

di ssol ved i xweéfh@?ﬁ?atéﬁg}a"%agmgth?iﬁmomg‘fgl'Xr -free). The yellow
solution was cooled to 012 C, diluted with 1 M potassiumt-butoxide
in THF (549 - : ' ' iptaining the
t enper at ur ngJgF (\J/\@gﬁa %@Jw % (%58@?% }ﬂ%ﬁﬁgaﬁ%@é%hq*@{fggnﬁéngz C while

t he progrestemperatuie Tewateorpnigatofibmpthirasetaigsoluiopwae &4 6 ML Ehe or :
di sappear anggt pitowlsBlutidd \Wad Matiih 500\ Yhred-Petk rBundidttorPliek by %

Gppid

of the start]ng nmaterial remj . The reaction was _guenched W 5 %
NaHOOs (2 6wit) oh aymeeps e A BRCig et T Soinepmit RO R bl
extract ed wiggdrphi &hean-Kepiabeld0 mTheacaided aeal rade ofdnd mLIndiy asing asyringeashed
with water nd: [0 D€ . i S
dried over %]@gﬂ*d?‘?%“‘gb"f' h%ﬁ)égﬁ ra@ :a'rtl'é&g‘éserl_lr%e"u {S}E F%ﬁ%@@f ﬁﬁﬁaﬁ'@ i;Ngt ion
and rinsed heptanethad Aeer aBipdnippermiheefigrmefitheeyrings.t Maregotherd mL of
concent r at efbgidhelto? b ot QAT 8b LG Radbbdrikitided Fhé RMIEIRS bitpEnsichWasd) -

stirred for another 2.5 h at 185 rpm and 32 °C. The suspended crystals of

' Palymorph IV were collected by filtration using a ceramic 5 cm Buchner funnel and
Whatman #4 filier paper. The crystals were rinsed with 80:10 v/v heptane:ethyl

: ac,etate (20 mL) and air dried for 10 min. The crystais were further.driéd at 40 °C
Kd



The residue was dissol Ved in acetone (3.1 L, 8 mJg) and the |ight
yel |l ow solution was diluted with deionized water (3.1 L). The
slightly turbid solution was cooled to O to 5C range over 20 nmm
resulting in a precipitate (crystals visible at circa 10 C). The
suspension was stirred for 15 mn at 0-5C and diluted with additional
dei oni zed water (3.1 L) over 30 mn. The mxture was stirred for an
additional 30 min at 0-5 C. The solids were isolated by filtration
and then rinsed with a m xture of acetone (0.15 L) and dei oni zed
wat er (0. 30 wo 200985980l i ds were air-dried overni ght (@®&1r/meo7ie)37snd
then dried further (30 C 29 in. Hg) for 64 h to give Conmpound | a
(322 g) as an off-white solid. 26 Exanple 5- Preparation of

Pol ynmorph 1V DIPE (1.0 nL) was added to conpound (|l a) pol ynorph I
(250 ng) in a small screwtop vial. Th&’vial and its contents were

subj ected t Qniémasuieaiisg r@%ﬁ)re@ﬁj VidGinG Y 8 @t PER BRI |@.n%§guhnmy of
d. Th I d was

tenperature _and 50 C qver a h peri od, € resulting so

filtered ang‘eaﬂﬁﬁ?%@ﬁgwmw a‘f“?g‘l’”ﬁéﬁ‘?ﬁ BPRY 288 X8PPor 24 h, whi ch
showed t hat conversion to Polynorph IV had occurred. 1H NWR anal ysis
of the Poly ; ' d trace anpun 0. 9% 0

equi val ent s;m%% pﬁ'&@ﬁ‘f@%ﬁ%&%@%ﬁﬁhﬁéﬁ? 8??6\9%# %‘3535“% "B i\ﬂl&?ﬁ%l n
wat er as fomithaslightiydewer¢eldd ) was added to a sanpl e Pol ynmorph |V
(30 mg) i'n a small screw caO vial and shaken at 25 C for 72 h. The
resulting solid was filtered and dried. Anal éSi s by XRPD and 1H NMR

showed t hat APl PrARgthep aliornatitajkreraratipe pbBelvalesdiylVng t he for m of
the sanple. Exanple 6- Alternative Preparation of Polynmorph IV

Compound | a(2.0 - s dissalved in e | acetate (12.0 i), at

anmbi ent terrgé'rs’ a %’ﬁ%‘?@ﬁc‘g‘g&%@gﬁ?&%l@ﬁf?} %‘%‘y’?%@h Wg'a@&%w?@%nf% on
was 1.1 % vhsHepigne ($a0gis) waelatided te Glolytrioqoh I\Wwas siphisadwicap diab e Wizl

t hr ee- neck ; Mof ' j ' irrer.(1KA
RS basi c) IR SArd 81Tz nedibof 3R Baeth §3pd ) 4 B S08 bbb S

n- hept ane ( 87Re-) XK apg|yRisiconfirmedtihe progaction gf RelwherphdV.nthessasyr i nge

punp (KdSci pricedurs tan hlepdeanathasigEt i on was interrupted for 4 mn after
50 nL of heptane had been added, to permt refilling of the syringe.

After another 30 nL of heptane (for a total anmpunt of 80 ni) had been
added, the Tesiokdgoing detaiipedsscaption®s thetinventish ihdlidespatsgbs habard cfeflyl 85

Tt rati on D as ey Bea S Holo bR MR R b e Rt 8% | ¢ of
paper. The yndesstegdshgighie isfoncertly and ¢ongeniargeythat apgpticles fastirg magbet at e
(20 L) andredvent it theh jubinbissadd h iioft BlaltEd ahitirkbie 011 ed at

disclosure herein includes all the appropriate combinations of information found in

the different passages. Similarly, although the various figures and descriptions

herein refate to specific embadiments 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.



27 under vacuum (29.5 in Hg) for 16 h, yielding 1.62 g of Pol ynorph
V. The identity of the product as Polégnrph.lv was confirnmed by DSC
and XRPD. The experinent was repeated 25 C, which al so produced
Pol ymorph IV (albeit with a slightly |lower yield). Exanple 7- Another
alternativi e preparation of Polynorph IV This exanpl e desoribes the
preparation of Polynorph IV by naturéﬁkﬁp i n n-heptane. n-Heptane
(500 pL) was added to Polynmorph | imasmall screwcap vial. The vial
was sUbjected to 12 heat/cool cycles between Sand 40 C over a 24 h

Po yror ph 1V Treottaspofitefi 7l S LAmBSHAGRG ¢ R Wil EMef c o g

det ai | ed debgfarpwizola of the invention includes passages that are
chiefly or exclusively concerned with particular parts or aspects of
the invention. It is to be understood that this is for clarity and
conveni ence, that a particular featureNHklg be rel evant in nore than
just the passage in which it is di sed, and that the disclosure
herein includes all the appropriagfe c i nations, of information found
in the different passages. Siml
and descriptions herein rela
invention, it is to be un
di scl osed in the context of
feature can al so be used, {9|the
of another figure or enbodig
or in the invention in geqéral
has been particularly describ y
embodi ments, the.invention i@ noy |ireddo such preferred
enbodi ments. Rather, the scope ofl the irffventjon is defined by the
appended clains. 28 Cains 1.Purified | yporph 1V of a conpound
having a structure represented by fornul a 9% OH

Me

st pod tthappwhere specific feature is
E%L J arH®i,g or enbodi ment, such
t et appfoprilate, in the context
t, 4,n _cenbi Lon Ay th another feature,
Furft her@" whi '@t h& present invention
inJterms of certain preferred

la

charactérised by XRPD peaks at 3.8, 7.5, 16.1, 16.5, and 17.1 degrees 20
{20.1) obtained using copper K-alkpha X-rays (wavelength = 1.5406
Angstroms).

2. A method for preparing a purified Polymorph IV of a compound having
a structure represented by formula la, as defined in claim 1, comprising
subjecting Polymorph I of such compound to plural heating and cooling
cycles in the presence of a medium selected from diisopropyl ether and a Cs-
Cy alkane or alkene, wherein said Polymorph [l is characterised by XRPD
peaks at 3.5, 6.9, 9.2, 10.4 and 18.0 degrees 26 {+0.1) obtained using copper
K-alkphas X-rays (wavelength = 1.5406 Angstroms).

3. A method according to claim 2, wherein the medium is heptane.



-~

Fa characterised by XRPD peaks at 3.8, 7.5, 16.1, 16.5, and 17.1
degrees 20 (0.1) obtained using copper K-al kphai X-rays (wavel ength =
1.6406 Angstrons). 2. A nethod for preparing a purified Polynorph IV
of a conpound having a structure represented by fornula la, as
defined in claim1, conprising subjecting Polynorph Il of such

conpound to 4l urai ' - ' | e a
medi um sel eg{?ed rrg%ﬁgé F@%ﬁ%@ﬁ(&gﬂﬁ@gc{ g’ﬁg@?@sﬂ/ 6#5 4 aneegfavg' kene,
wher ei n sai é Fwciuie repmesented bihiormulada, asedefingd KRFDNMp G aompaising. 5, 6. 9,

X1 ays. (wayernrn et ghels ecliubh of ek Bthdipl MBI e £
claimz2, mh@pbrﬁigngt%-@mikm orsalkemsttacause @gstalisatianrd shadedropound
prepari ng aag&wﬁécﬁﬁ?gﬂoﬁm@ph |V of a conmpound having a structure

represented , as defined in claim1, conprising
preparing an ethyl acetate solution of such conmpound and adding to

the solution a - : cr i | of
such conpourr%d asC‘a [5'u%]rt P?‘# gg&g%lﬁ@ﬁcgirtléﬁ%\}bﬁergﬂ%ig%ﬁ%%ﬁé&%gﬁ?%ﬁg is’t o]
cl ai m 4, whéepianet he C5-C7 al kane or al kene is heptane. 6. A nethod
according to claim4 or claim5, wherein the addition of a C5-
B. A method according to claim 4 or claim 5, wherein the addition of a Cs-
Cv alkane ar alkene to cause crystallisation is performed at a temperature
between about 20 and about 36°C (preferably between about 25 and about

36°C).

7. A method according to any one of claims 4 to 6, wherein water content
-in the solution is less than 3.6% (preferably less than 1.8%) v/v.

8. A method according to any one of claims 4 to 7, 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,

9. A pharmaceutical formulation comprising purified Polymoprh IV of a
-compound having a structure represented by formula la, as defined in claim 1,
and a pharmaceutically acceptable excipient.

10. A purified Polymorph IV of a compound having a structure represented
by formula la, as defined in claim 1, for use as a medicament.

11. A purified Polymorph IV of a compound having a structure represented
by formula la, as defined in claim 1, for use in the treatment of
gastroesophageal reflux disease (“GERD").



C7 al kane or al kene to cause crystallisation is perforned at a
tenperature between about 20 and about 36C (preferably between about
25 and about 36C). 7. A nethod according to any one of clains 4 to
6, wherein water content in the solution is less than 3.6%
(preferably Iess than 1.9% v/v. 8. Agnethod according to any one of
claims 4 to 7, further conprising the step assaying the water content
of the solution and, if the water content is above 3.6%v/v, reducing
the wat er tant € ugs ofox purdfisald®blymorphdV Gba@émpbliad Badng alskeciare 9. A
pharmaceutical formulation co i.Sin urifi.edq Pol h 1V of a
conpound h@f?ﬁ&”&@%@@ﬂlﬁéa’r%‘{e@%ﬂgb aigy, 1ig %F@%H%B{”é%oﬁ%fi ned in
claiml, amddrapieat foharRiiréfMehyofaReRpésphagsyeeMiediteaseIGERDDUri fied
Pol ynorph 1V of a conpound having a structure represented by fornul a
la, as defined in claiml, for use as a nedicanent. 11. A purified
Pol ynmorph 1V of a conpound having a structure represented by fornul a
|l a, as defined in claiml1, for use in the treatnent of

gast roei ophageal reflux disease (UGERD'). 30 12. The use of a
purified Polynmorph IV of a conpound having a structure represented by
formula la, as defined in claiml1, in the manufacture of a nedi canent
for the treatnent of gastroesophageal reflux disease ("GERD").



