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angiogenesis, erythropoiesis, hemoglobin' F production, energy metabolism, intlammation,

vasomotor function, apoptosis and cellular proliferation. HIF can also play a role in cancer, in
which it is commonly upregulated, and in the pathophysiological responses to ischemia and
hypoxia.

20 The HIF transcriptional complex comprises an heterodimer (HIFaf): HIF is a constitutive
nuclear protein that dimerizes with oxygen-regulated HIF subunits. Oxygen regulation occurs
through hydroxylation of the HIF subunits, which are then rapidly destroyed by the proteasome.
In oxygenated cells, the von Hippel-Lindau tumor suppressor protein (pVHL) binds to
hydroxylated HIF-subunits, thereby promoting their ubiquitin dependent proteolysis. This

25  process is suppressed under hypoxic conditions, stabilizing HIF and promoting transcriptional
activation by the HIF complex.

Hydroxylation of HIF-subunits can occur on proline and asparagine residues and can be

mediated by a family of 2-oxoglutarate dependent enzymes. This family includes the HIF



DESCRI PTI ON OF THE | NVENTI ON The present invention relates to approxi mtely
pure crystalline pol ynorphs, wherein these 10 pol ynorphs are the pol ynorphs
of the cowpaursthiofe3Formula I, O nH OH'RN , 0 'o For rulraaN20iBe9ssonpound
of Fornula | of the present invention can exist in one or nore crystal
forms. The present invention provides a crystalline polynorph of the
conpourpgolef hydvoxglhse ibozymes (PHDs), which hydroxylate Pro 402 and Pro 564 of human HIF1,
15N-[ (4- hydr oxy- 2- oxo- 8- ( 3- et hyl - pheny1) - 2H 3- col or al kenyl ) car bonyl ]
gl yci nes willes preetoe hthihitivg i F OnH)r wirict dydmxplatss ¢vsalfi0d of hygeaHIFhe lnbibytmr ph
Crystalline Form | that exhibits an X—raé powder diffraction pattern having
gn
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and 20.2. Preferably, 'the X-ray powder diffraction pattern
char actigfibisérs Gsepoak sSW 2004 6553840, WOD20070H359 and WO2011006355.

DESCRIPTION OF THE INVENTION

The present invention relates to approximately pure crystalline polymorphs, wherein these

10 polymorphs are the polymorphs of the compound of Formula I,
Chy L OH

Formula I
The compound of Formula I of the present invention can exist in one or more crystal forms.
The present invention provides a crystalline polymorph of the compound of Formula I,
15  N-[(4-hydroxy-2-ox0-8-(3-methyl-phenyl)-2H-3-coloralkenyl)carbonyl] glycine.
The present invention provides a preferable crystalline polymorph Crystalline Form 1 that
exhibits an X-ray powder diffraction pattern having characteristic peaks at diffraction angles 20
of 7.1°, 12.4° and 20.2°.
The present invention further provides preferred embodiments of the Crystalline Form 1.
20 Preferably, the X-ray powder diffraction pattern has characteristic peaks, expressed in terms
of the interplanar distance of 12.4A, 7.2 A and 4.4 A.
Preferably, the X-ray powder diffraction pattern has characteristic peaks at diffraction
angles 20 of 7.1°, 10.4°, 12.4°, 17.0° and 20.2°.

Preferably, the X-ray powder diffraction pattern has characteristic peaks, expressed in terms



WO 2013/ 017063PCT/ CN2012/ 079361 of the interplanar distance of 12.4A, 8.5A
7.2A, 5.2A and 4. 4A Preferably, the X-ray powder diffraction pattern
has char awbenixatire3peaks at diffraction angles 20 of 7. PCTRN2P120009361 12. 4,
13.3, 17.0, 20.2 and 27.6. Preferably, the X-ray powder diffraction pattern
has characteristic peaks, expressed in terns 50f the interplanar distance
of 12. 4AtheliBteban diskanc? oA 448, FAA, 32AA5 24 4l 4nll. 3. 2A. Preferably, the
X-ray powder diffraction pattern of the Crystalline Forml is shown as in
Figure 1. Hih&rably,aﬂled?(ﬁfay gomidsn doiitacéom paiégin chasdciamorirGtie esks amasifiagtéan i n
Tabl e A Table q theta) 0.2 (Ogezqo ees) d- spaC| ng 0.2 [A 7.1 12.4
8.4 10. aegf§)2ﬁ0§7é ,18244 §42 1231°3153% 17.0°,20.2% anid 27.

Preferably, the X-ray powder diffraction pattern has characteristic peaks, expressed in terms
5  of the interplanar distance of 12.4A, 10.6A, 8.5A, 7.2A, 6.7A, 5.2A, 4.4A and 3.2A.
Preferably, the X-ray powder diffraction pattern of the Crystalline Form I is shown as in
Figure 1.

The X-ray diffraction pattern depicted in FIG 1 is summarized in Table A.

Table A.
20 (2 theta) £ 0.2 (degrees) d-spacing = 0.2 [A]
7.1 12.4
8.4 10.6
10.4 8.5
12.4 7.2
13.3 6.7
17.0 52
20.2 4.4
27.6 32
10 Preferably, the Crystalline Form I has a melting point 0£190-193 °C.

Preferably, the Crystalline Form I has a purity of >85%.
Preferably, the Crystalline Form I has a purity of >95%.
Preferably, the Crystalline Form I has a purity of >99%.
The present invention further provides a method of preparing Crystalline Form I form,
15  comprising the steps of:
dissolving the compound of Formula I in a solvent at room temperature, followed by a
spontanecous precipitation, and recovering the resulted crystalline polymorph, wherein the
solvent is selected from acetone, ethyl acetate, isopropanol, or the mixed solvent of
acetone/methanol, acetone/heptane, acetone/isopropanol, acetone/IPAc, THF/methanol,
20  THF/EtOAc, THF/heptane, THF/acetonitrile, THF/isopropanol, THF/ MTBE or THF/ CH,Cl,;

or, slurrying excess amount of the compound of Formula I in CH,Cl, or the mixed solvent



17.0 5.2 20.2 4.4 27.6 3.2 10Preferably, the Crystalline Form| has a
melting point of 190-193 C. Preferably, the Crystalline Form| has a purity
of >85% WoebsrEmiey, the Crystalline Form | has a purit PCoICN20BU79361
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that 5exhibits an X-ray powder diffraction pattern having characteristic

peaks at dPefarahdy.itbeXanglpesd20diffactiob patidm DamckthrddBersbtic pedilseeypressedin terms

invention further provides preferred enbodi nents of the Crystalline Form

1. Pr @ffélreelm@yplamqﬁélsﬁ@mayfbgﬁge?%iafﬂﬂr“a%z‘%-i on pattern has characteristic

eaks, express in terns of the.interplanar distance of 13.6A 7.9A and
2_ da pPre?era%q , the X-ray powder dl%fractelOI‘P pattern has character?stlc peaks at di actziion

angles 20 of 6.5°, 9.3°, 11.2°, 15.4° and 18.4°.

Preferably, the X-ray powder diffraction pattern has characteristic peaks, expressed in terms
of the interplanar distance of 13.6A,9.5A, 79A, 5.8A and 4.8A.

Preferably, the X-ray powder diffraction pattern has characteristic peaks at diffraction

15 angles 20 of 6.5°,9.3°, 11.2°, 13.0°, 14.1°, 15.4° 18.4° and 24.6°.

Preferably, the X-ray powder diffraction pattern has characteristic peaks, expressed in terms
of the interplanar distance of 13.6A,9.5A, 794, 6.8A, 6.3A, 5.8A, 4.8A and 3.6A.

Preferably, the X-ray powder diffraction pattern of crystalline polymorph Crystalline Form

IT is shown as in Figure 2.

20 The X-ray diffraction pattern depicted in FIG 2 is summarized in Table B.
Table B.
20 (2 theta) £ 0.2 (degrees) d-spacing + 0.2 [A]
6.5 13.6
9.3 9.5
11.2 7.9
13.0 6.8
14.1 6.3
154 5.8
18.4 4.8
24.6 3.6




10Preferably, the X-ray powder diffraction pattern has characteristic peaks
at diffraction angles 20 of 6.5, 9.3, 11.2, 15.4 and 18. 4. Pref erably,

t he X-raywpaesan7@sf fracti on pattern has characteristi cppeakeprzamoessed in
terms of the interplanar distance of 13.6A, 9.5A, 7.9A 5.8A and 4. 8A
Preferably, the X-ray powder diffraction pattern has characteristic peaks
at di f f r acPrictonablpahgCestalncforth I haa thelting. point b1 ®-1304°C, 15.4 18.4 and

24. 6. Preferablz, the X-ray powder diffraction pattern has
char act erilgtpfeaatﬁiea @C%i@bhm@&’dlﬂﬂia& epwetyof >Bh%. i nt er pl anar di st ance of
13. 6A, 9.5A 7. 8A, 4.8A and 3. 6A Preferably, the

X- ray pomlaﬁf%?hlf’rth%f:ﬂ@ﬁ”ﬂh@(]fwl §pS & Pyt At PR3- pol ynorph Crystalline Form
2 1 & surman R T aBG e FIm 4 s & P o5 PRG ) D 2 (dear ees) - spaci ng
0.2 5[ Al 6. 'ﬁlel%re%egt' Fvanfort hisd Ero%l(ile§ 9 Betfod bt 1pr%p§ring the Crystalline Form 11
comprising the steps of dissolving the compound of Formula I in a solvent, followed by a
spontanecous precipitation, and recovering the resulted crystalline polymorph, wherein the
solvent is selected from dimethylformamide or the mixed solvent of THF/dimethylformamide.
The present invention further provides a preferable crystalline polymorph Crystalline Form
10 I of the compound of Formula I that exhibits an X-ray powder diffraction pattern having
characteristic peaks at diffraction angles 26 of 12.3°, 16.6° and 25.4°.
The present invention further provides preferred embodiments of the Crystalline Form II1.
Preferably, the X-ray powder diffraction pattern has characteristic peaks, expressed in terms
of the interplanar distance of 7.2A, 5.3A and 3.5A.
15 Preferably, the X-ray powder diffraction pattern has characteristic peaks at diffraction
angles 20 of 12.3°, 16.6°, 21.8°, 25.4° and 29.2°.
Preferably, the X-ray powder diffraction pattern has characteristic peaks, expressed in terms
of the interplanar distance of 7.2A, 5.3A, 4.1A, 3.5A and 3.1A.
Preferably, the X-ray powder diffraction pattern has characteristic peaks at diffraction
20  angles 20 of 12.3°,13.0°, 16.6°, 18.6°, 21.8°, 25.4°, 26.9° and 29.2°.
Preferably, the X-ray powder diffraction pattern has characteristic peaks, expressed in terms
of the interplanar distance of 72A, 6.8A, 53A, 4.8A,4.1A,3.5A, 3.3A and 3.1A.

Preferably, the X-ray powder diffraction pattern of the Crystalline Form III is shown as in

Figure 3.
25 The X-ray diffraction pattern depicted in FIG 3 is summarized in Table C.
Table C.
20 (2 theta) £ 0.2 (degrees) d-spacing = 0.2 [A]
12.3 7.2
13.0 6.8
16.6 53
18.6 4.8




15.4 5.8 18.4 4.8 24.6 3.6 WD 2013/017063PCT/ CN2012/ 079361 Preferably, the
Crystalline Forml1ll has a nelting point of129-132 C. Preferably, the
Crystal | iwe 2pwatvdéB has a purity of >85% Preferably, tireT@N2st20793ome For m
Il has a purity of >95% Preferably, the Crystalline FormIll has a purity

of >99% 5The—present—invention—also—provi-des—a—nethod—of preparing the
Crystalline Form 1| céffprising the steps of4#i ssolving |t he conpound of
Formula | iln a solvens4 foll owed |by a spontapeous precilpitation, and
recovering [The resulbgg crystalTijne pol'ynorph, wherein the solvent is

sel ect ed f rrem-girethyforram-de—gr—the—fixed—sotvent—eof

THF/ di net hyLf or mani dé#?2The present inventioftlfurther priovi des a preferable
crystalline polynorph Crystalline Form 10 Il11 of the compound of Formula I

that exhibits an X-ray powder diffraction pattern having characteristic

peaks at dpkferagy,itaCanelliese ROl Had.adnellifig Poianef186-149 °C. The present
i nvention further provides preferred enbodi nents of the Crystalline Form

[11. PrefePrafdrably,tthe Cistalyncplowohell] Ihisfafuaicy oor8Pat t ern has characteristic
peaks, expressed in ternms of the interplanar distance of 7.2A, 5.3A and

3. 5A.  15PrRetaray the Crwstaldincajorpolioless adiutity ect9%m pattern has characteristic
peaks at diffréﬁtion angles 20 of 12.3, 16.6, 21.8, 25.4 and 29.2.
Pr efer abl yEreigRdlx-the (rys Foame | st ity @k £ ¥ has characteristic peaks,

d i t f the int | di st f 7.2 3 4. 3.5A
o oI T BRI Rl po R a JreBisfnl plimefipEabs v Sl Torpnar
h t i St f diff ti 20 | 20 of 12.3, 13.0, 16.6, 18.6,
Sha5 O BhiptbiyE (RPQUR gL o1 ffraction 20angles 20 0

dissolving the compound of Formula I in isopropyl acetate (IPAc), followed by a
spontaneous precipitation, and recovering the resulted crystalline polymorph;

10 or, slurrying excess amount of the Compound of Formula I in a solvent selected from
methyl tert-butyl ether (MTBE), IPAc or EtOAc, for at least 48 hr, and recovering the resulted
crystalline polymorph, wherein the temperature of slurrying is preferably 20 ‘C-50 C;

or, slurrying excess amount of the compound of Formula I in the mixed solvent of
acetone/H,O for at least 48 hrs. at room temperature, or in the mixed solvent of EtOAc/THF at

15 50 °C for at least 48 hrs., and recovering the resulted crystalline polymorph, wherein the volume
ratio of EtOAc/THF is 3:1, and the volume ratio of acetone/H,O is 1:1;

or, heating the compound of Formula I to 195 C under inert gas, and then cooling down to
room temperature, and recovering the resulted crystalline polymorph;
or, dissolving the compound of Formula I in a solvent, adding the Crystalline Form III as

20  crystal seed, followed by a spontancous precipitation, and recovering the resulted crystalline

polymorph, wherein the solvent includes, but is not limited to, MTBE, IPAc or EtOAc;

or, dissolving the compound of Formula I in a mixed solvent, adding the Crystalline Form
I as crystal seed, followed by a spontanecous precipitation, and recovering the resulted
crystalline polymorph, wherein the mixed solvent includes, but is not limited to, a mixed solvent

25 including EtOAc, THF, acetone or water, preferably, a mixed solvent of EtOAc/THF or
acetone/H,0;

or, heating and dissolving the compound of Formula I in a solvent to from a solution,

6



Preferably, the X-ray powder diffraction pattern has characteristic peaks,
expressed in terns of the interplanar distance of 7.2A, 6.8A, 5.3A 4.8A
4. 1A, 3. 5Wm02813347@ad 3. 1A Preferably, the X-ray powsemr/aNzbfzroaeisi on
pattern of the Crystalline FormIll is shown as in Figure 3. 25The X-ray
diffraction pattern depicted in FIG 3 is summarized in Table C. Table C
20 (2 tchetim) while2addiegtieeyysthlBmpadionyg 11D a2 crydtal 12ed and rdcdverigy &hel Gesbltdd 3
18.6 4.8 WO 2013/017063PCT/ CN2012/ 079361 21.8 4.1 25.4 3.5 26.9
crystalline polymorph, wherein the solvent includes, but is not limited to, isopropanol (IPA),
4-methyl-2-pentanone, propyl acetate, MTBE, IPAc or EtOAc;
or, heating and dissolving the compound of Formula I in a mixed solvent to from a solution,,
5  adding the Crystalline Form III as crystal seed, cooling, crystallizing, and recovering the resulted
crystalline polymorph, wherein the mixed solvent includes, but is not limited to, a mixed solvent
containing EtOAc, THF, acetone or water, preferably, a mixed solvent of IPA/H,0, EtOAc/THF,
IPAc¢/THE, MTBE/THF or acetone/H,0.
The present invention further provides a preferable crystalline polymorph Crystalline Form
10 IV of the compound of Formula I that exhibits an X-ray powder diffraction pattern having
characteristic peaks at diffraction angles 26 of 12.5°, 17.0° and 22.3°.
The present invention further provides preferred embodiments of the Crystalline Form IV.
Preferably, the X-ray powder diffraction pattern has characteristic peaks, expressed in terms
of the interplanar distance of 7.1A, 5.2A and 4.0A.
15 Preferably, the X-ray powder diffraction pattern has characteristic peaks at diffraction
angles 20 of 8.4°, 12.5°,17.0°, 18.1° and 22.3°.
Preferably, the X-ray powder diffraction pattern has characteristic peaks, expressed in terms
of the interplanar distance of 10.5A, 7.1A, 5.2A, 4.9A and 4.0A.
Preferably, the X-ray powder diffraction pattern has characteristic peaks at diffraction
20  angles 20 of 8.4°,9.0°, 11.3°, 12.5°, 17.0°, 18.1°, 22.3° and 28.2°.
Preferably, the X-ray powder diffraction pattern has characteristic peaks, expressed in terms

of the interplanar distance of 10.5A, 9.8A, 7.9A, 7.1A, 5.2A, 4.9A, 4.0A and 3.2A.

Preferably, the X-ray powder diffraction pattern of the Crystalline Form IV is shown as in

Figure 4.
25 The X-ray diffraction pattern depicted in FIG 4 is summarized in Table D.
Table D.
20 (2 theta) + 0.2 (degrees) d-spacing £ 0.2 [A]
8.4 10.5
9.0 9.8

11.3 7.9




3.3 29.2 3.1 Preferably, the Crystalline FormlIll has a nelting point

of 196-199 C. Preferably, the Crystalline FormlIll has a purity of >85%

Pref er ablwp 20t301@69stal | ine Form |11l has a purity of >9Bea/Ropiwgembl y, the
Crystalline FormlIll has a purity of >99% The present invention al so
provi des a prethod—oef—prepar-hg—the—GystalHnre—tormt++, conprising the
steps of: di ssol Mkiag t he conpgound of Fof.tula | in ijsopropyl acetate

(1 PAc), folffowed—by a spontaneouy preci prtatiom, and regcovering the

resul ted crlystalline 188l ynorph; 10or, slurr§y?ng excess |[amount of the
Conpound off Formula I.in a solvert selected,frommethyl| tert-butyl ether
(MIBE), |PAc_or FtOAc, for at ledast 48 hr, and recoveriing the resulted
crystalling pol ynorphpswherein the tenperatype of slurrlying is preferably
20 C -50 G or—sHuryHRg—exeess—arpunrt—of—the—eoenpound of Forrmula | in
the m xed gol vent of 28€etone/ H20 [for at |ea$? 48 hrs. at roomtenperature,
or in the mxed sofvent of ETOAC/ THF at 1550 C for at teast 48 hrs., and
recovering the resulted crystalline polynorph, wherein the volunme ratio of

neat 1 ng. { HECBSHUROCBRMEASRAE 1 Bt 795108 ARWSP! |TEI T Jas, and then

cool i ng d?M@ﬁ%ﬁﬂ&QRgb%% iﬂéﬁéﬂﬁ%V' %%Iagﬁogg£%ﬂg‘the resulted crystalline
pol ynor ph; or,”"di'ssol ving e ‘compound 'of Forrmula | in a solvent,

addi ng t hepCrysi@lthd BR,sFORM Editn REhRACHNR} 8} >69gd, fol lowed by a

spont aneous precipitation, and recovering the resulted crystalline

pol ynor ph, prshestay, nhé 08y ss0lineedrni INChatdgsuritpuf >9®,not limted to, MIBE, | PAc
or Et0Ac; or, dissolving the conmpound of Formula | in a m xed sol vent,

addi ng t heTlr padsait] inventkear alsb | proaisles ray aictllodsefe grephohg aive dCrigytaltins péortramépus
precipitation, and recovering the resulted crystalline polynorph, wherein
t he m xetpgsing ¢t stepssifudes, but is not limted to, a mixed solvent 25

i ncl udi ng Et QAc, THF, acetone or water, preferably, a m xed sol vent of
Et 0Ac/ THF kgating the Crystalline Form I'to 50 'C, and then cooling down to room temperature, and

recovering the resulted crystalline polymorph;
10 or, dissolving the compound of Formula I in THF, followed by a spontancous precipitation,
and recovering the resulted crystalline polymorph.
The present invention provides a preferable crystalline polymorph Crystalline Form V that
exhibits an X-ray powder diffraction pattern having characteristic peaks at diffraction angles 20
of 12.3°,21.8° and 27.6°.
15 The present invention further provides preferred embodiments of the Crystalline Form V.
Preferably, the X-ray powder diffraction pattern has characteristic peaks, expressed in terms
of the interplanar distance of 7.2A, 4.1A and 3.2A.
Preferably, the X-ray powder diffraction pattern has characteristic peaks at diffraction
angles 20 of 12.3°, 16.8°, 17.9°, 21.8° and 27.6°.
20 Preferably, the X-ray powder diffraction pattern has characteristic peaks, expressed in terms
of the interplanar distance of 7.2A, 5.3A, 5.0A, 4.1A and 3.2A.
Preferably, the X-ray powder diffraction pattern has characteristic peaks at diffraction
angles 20 of 11.1°, 12.3°, 16.8°,17.9°, 21.2°, 21.8°, 23.0° and 27.6°.
Preferably, the X-ray powder diffraction pattern has characteristic peaks, expressed in terms

25  of the interplanar distance of 8.0A, 7.2A,5.3A, 5.0A,4.2A, 4.1A, 3.9A and 3.2A.
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is summari zed in Table

D.

Tabl e D.

20 (2 theta) 0.2 (

0.2 [A] 8. Preferably, the Crystalline Form V has a purity of >95%.

Preferably, the Crystalline Form V has a purity of >99%.

10

degrees) d-spacing

The present invention also provides a method of preparing the Crystalline Form V,

comprising the steps of heating the Crystalline Form IV to 175 °C under inert gas, and

recovering the resulted crystalline polymorph.

The present invention also provides a method of preparing the compound of Formula I

comprising the steps of:



10.5 9.0 9.8 11.3 7.9 WD 2013/017063PCT/ CN2012/ 079361 12.5 7.1 17.0 5.2
18.1 4.9 22.3 4.0 28.2 3.2 Preferably, the Crystalline Form1V has a
mel ti ng peonn13af7@89- 193 C. Preferably, the Crystalli nePEoraN2biz/cngis1 a
purity of >85% Preferably, the Crystalline FormIV has a purity of >95%
SPreferably, the Crystalline Form|V has a purity of >99%

D oH OH OH <
-"""‘“i‘t]f‘“i\*{fx a"‘\«f_.«v-'\’-\ «\

8,
st B
;

(a) Synthesis of Compound 2
Compound 1 was dissolved in acetic acid, stirred and heated to 75C-85°C. Liquid
bromine was slowly added in drop-wise and reacted for 7-9 hrs. till reaction completion verified
5 by TLC. Cooled down to room temperature. The reaction solution was poured into 4000 mL
of saturated sodium bisulfite (NaHSOs3) solution. The resulted precipitate was filtered and
washed with water, and dried in vacuum below 60°C to obtain Compound 2;
(b) Synthesis of Compound 3
In inert gas, Compound 2, 4-methylphenylboronic acid, Pd(PPhs)s,
10 N,N-dimethylformamide and Na,CO; aqueous solution were mixed, reacted at 75°C-85 C for
10-14 hrs. The reaction solution was cooled down to room temperature after the reaction
completion verified by TLC. Water and cthyl acetate were added. The water phase was
further extracted with ethyl acetate three times. The organic phase was combined, washed with
saturated brine twice, dried by anhydrous sodium sulfate (Na;SOy), and distilled in vacuum to
15 remove ethyl acetate, resulted in a crude product. The crude product was recrystallized in

methanol to obtain Compound 3;

10



The present invention also provides a nethod of preparing the Crystalline

Form 1V, conprising the steps of: heating the Crystalline Forml to 50
C, and t hwo20pal1i768@ down to room tenperature, and recovecrmNtze79msul t ed
crystal line pol ynorph; 10or, dissolving the conmpound of Forrmula I in THF,

foll owed by a spontaneous precipitation, and recovering the resulted

crystal |l i ne) fphthetic phCompouthid present invention provides a preferable

crystalline polynorph Crystalline FormV that exhibits an X-ray powder

di ffract i ofomppeundrhwhsiedded isteawatet. erAmmoniupe frmatst andi BV € 4210 overathghedd@d of

12.3, 21.8 and 27.6. 15The present invention further praovides preferred

embodi rBAtsTared: Ry dyops tla-RionBrsFotioy, coolingdepay gl yemeag Yd/Gy theoagetion
aks, expressed in.terns

di ff t.i tt .ch terist. , f th
Ot o orthafe BAL bR B OGN PEGRIL RIS B e R R ST b e et ed

oy . ' ' Lo . iy
Do 51 15y BEkuPRGERIAET i Py GRGLRG Sy FIRETKS. Sy il L EbU ByA0E S

di ffraghi@amn RAkhRAE AP RRNG6EEM Gdhfop@aks, expressed in terms of the

i nterplanar distance of 7.2A, 5.3A, 5.0A 4.1A and 3. 2A Preferably, the

X-ray powd@n S¢hfiekiaof Compantiey n has characteristic peaks at diffraction

angles 20 of 11.1, 12.3, 16.8, 17.9, 21.2, 21.8, 23.0 and 27.6.

Pr ef er abl yCompaund- 4 aycqyowaldryddilé fand cpliosphqrat tad nwérasreattad aatt4s i'S155¢ (hedks,

expressed in ternms 250f the interplanar distance of 8.0A 7.2A, 5. 3A 5.0A

4. 2A, #ompletionghemerplal down tagoongemperatye IBatr erpaddedenrd sered at 45pkef2x &bl v,
diffraction pattern of the Crystall

i EelﬁiX;;& h%ﬁ\gg%éiox-%ycwrlﬁwac? BriCHACP PR el &Y Golih dere 54 6l Gatmal v o
in Tablrgsulf:t'ed -sroalpcl v%asEdriedzt(o) oi)gah'{ egrtn%z)un(PS;Z (degrees) d-spacing 0.2 [Al 11.1
(e) Synthesis of Compound 6
Compound 5 and 1-hydroxy benzotriazole (HOBt) were dissolved in THF and cooled down
to below 0°C. Dicyclohexylcarbodiimide (DCC) was added in multiple batches and stirred at
15  below 10 C for 10-14 hrs., and filtered to retain the filtrate.
dimethyl malonate was dissolved in THF. NaH (70% oil dispersion) was added first, followed
by the filtrate obtained above while stirring, and the mixture was reacted for 1-3 hrs. THF was
removed by vacuum distillation. Methanol and 10% HCI were then added and stirred overnight
at room temperature. The precipitate was filtered and washed with methanol to obtain
20  Compound 6;
(f) Synthesis of Compound 7
Tert-butyl glycinate hydrochloride and sodium methoxide were added into methanol and
stirred, followed by distillation to remove methanol. THF and Compound 6 were added, and
reacted overnight at 55 ‘C-65 C.
25 The reaction mixture was distilled in vacuum to remove THF. Methanol was then added
and stirred for 1.5-2.5 hrs., and filtered to obtain Compound 7,
(g) Synthesis of Compound 8, the compound of Formula I
Compound 7, CH,Cl, and trifluoroacetic acid (TFA) was mixed, stirred and reacted for
3.5-4.5 hrs. CH,Cl; and TFA was removed by distillation, and the residue was recrystallized in
30  methanol to obtain Compound 8.

11



8.0 12.3 7.2 16.8 5.3 17.9 5.0 21.2 4.2 21.8 4.1 23.0 3.9 27.6 3.2 5
Preferably, the Crystalline FormV has a nelting point of 192-195 C.

Pr ef er ablwp 20t3001@69st al | i ne Form V has a purity of >85%PCPr@ier2alipisl t he
Crystalline FormV has a purity of >95% Preferably, the Crystalline FormYV
has a purity of >99% 10The present invention also provides a nethod of
prepari ng ThepEsons timtentioe flrdreampyvides a composition comprising effective amount of any

one of crystalline polymorph mentioned above, and a pharmaceutically acceptable excipient,
adjuvant or carrier.

The present invention also provides preferable embodiments of the pharmaceutical

5  composition.

Preferably, the pharmaceutical composition comprises a therapeutically effective amount of
crystalline polymorph of the present invention, in combination with at least one of additional
active ingredient.

Preferably, the pharmaceutical composition is used in an oral administration.

10 Preferably, the pharmaceutical composition is used in a tablet or a capsule.

Preferably, the pharmaceutical composition comprises 1 wt%-99 wt% of the crystalline
polymorph of the present invention.

Preferably, the pharmaceutical composition comprises 1 wt%-70 wt% of the crystalline
polymorph of the present invention.

15 Preferably, the pharmaceutical composition comprises 10 wt%-30 wt% of the crystalline
polymorph of the present invention.

The present invention also provides a use of any one of the crystalline polymorph
mentioned above in the manufacturing a medicament for regulating HIF level or HIF activity.

The present invention also provides preferable embodiments of the uses of the crystalline

20  polymorphs.

Preferably, the crystalline polymorphs of the present invention can be used in
manufacturing a medicament for the treatment of a disease, disorder, or condition associated
with HIF level or HIF activity.

Preferably, the crystalline polymorphs of the present invention can be used in

25  manufacturing a medicament for the treatment of ischemia, anemia, or a disease, disorder or
condition associated with ischemia or anemia.

Preferably, the crystalline polymorphs of the present invention can be used in
manufacturing a medicament for the treatment of a disease, disorder, or condition selected from
ischemia, anemia, wound healing, auto-transplantation, allo-transplantation, xeno-transplantation,

30  systemic high blood pressure, thalassemia, diabetes, cancer or an inflammatory disorder, or a

12



conprising the steps of heating the Crystalline Form IV to 175 C under
inert gas, and recovering the resulted crystalline pol ynorph. The
present iwoentywamedl so provi des a nethod of preparing treTENIPRUNTIB6OT
Formula | conprising the steps of: WD 2013/ 017063PCT/ CN2012/ 079361 Pkri c.
(a) Synthesis of Conpound 2 Compound 1 was di ssolved in acetic acid,

sti rr ecombthahemabéovd e MbiE th@bof, il gubjett.or om ne was sl ow y added in

drop-wi se and reacted for 7-9 hrs. till reaction conpletion verified 5 by
TLC. Cool etilsdoprovidsdr som methedr af uneduldting AHEHcldvels eolagtivion inas pdiacedi nt o
4000 nmL of saturated sodiumbisulfite (NaHSOS% solution. The resulted

preci pidENEStRERE 19 the svbiect 9Re CHaRHEE RRPOTRALEHME PIFRENHAYEWIONN vacuum bel ow

60C t bt ai Co d. 2; hesi f Co d,3 .. .
o ner t gachehe SRS s A o bR MBS A B i Bt apy 2 cppition associated

N, N.di I i d - Ut r j -
750 a0l PO O Fe e A RGPS, Skl e B B SRS s S E iR

t enper afoWiforph bethetpi&chGRGLIRR. compl etion verified by TLC. Vater and ethyl
acetate were added. The water phase was further extracted with ethyl

acet at e t hagditibhdiBSprovided & Pmdihed Fhaseativasschomi, Afchianeshedeme! hdisaider ait ed
brine twice, dried by anhydrous sodiumsulfate (Na2SO4), and distilled in
vac uumat @niBoe mesceia¢dyith acwbtmiaor anesud fred sulped byraddenisteady ¢t theTdubject awke
product was recrystallized in nethanol to obtain Conpound 3; WO

2013/ 0 rrosdiCaNpomh/of fosgeseut inveltithesi s of Conpound 4 Compound 3 was

added i nto_wat er , ni u ormate apd Pd/ C (5%, were then added and,. .
refifuxed 1% wdinmady 5)@13&{] o Thgthelr ?%tsﬁth& HORaEnd FIERIGH R apagnditighe
reaction mxtpre was extracted with, ethyl acetate twice. T rgani ¢ phase
e conpiered: Mo eRefly HAERER oMol Siclite S PohlSoon "B BN ARG PE0e
sodi um 2SO4, Lt d d.disti | Losva o] ve.t
sol ventxéﬂé_g&%%tlag@%%& otl?%{éé 4@%%?10%@ n{)%%szlitrés’ g}f‘%&%npl\éhﬁgé@és’ Jago‘g@npgfm 4,
acet i c igMiEhiose dibde 3PS RBAbINGtISE bHtwWLsembRARERES, & a dibjlet b dMiibteting to
conpl etion, then cooled down to roomtenperature. Water was added an

sti rr edh@dubdet Ghe crH&tallind Golynddrphytthe btczaitiioventies. conpl ete. The reacti on

m xture was cool ed down and filtered. The resulted solid was dried to
obtl&i n Compbdindcrstallied pSymohgsiod thef prégsmpowertic are approximately pure.

The term “approximately pure” as herein used refers to at least 85 wt%, preferably at least
95 wt%, more preferably at least 99 wt% of the compound of Formula I,
N-[(4-hydroxy-2-0x0-8-(3-methyl-phenyl)-2H-3-coloralkenyl)carbonyl] glycine, of the present
invention is a crystal from, particularly in the crystal forms of present invention.

20 The main peaks described in the crystalline polymorphs above are reproducible and are
within the error limit (the specified value + 0.2).

In the present invention, “the X-ray powder diffraction pattern shown as in Figure 17 refers
to the X-ray powder diffraction pattern that show major peaks as in Figure 1, wherein major
peaks refer to those with the relative intensity greater than 10%, preferably greater than 30%,

25  relative to the highest peak (with its relative intensity designated to be 100%) in Figure 1.
Likewise, in the present invention, the X-ray powder diffraction pattern shown as in Figure 2, 3,
4 or 5 refers to the X-ray powder diffraction pattern that show major peaks as in Figure 2, 3, 4 or
5, wherein major peaks refer to those with the relative intensity greater than 10%, preferably
greater than 30%, relative to the highest peak (with its relative intensity designated to be 100%)
30  in Figure 2, 3, 4 or 5, respectively.
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Compound 5 and 1-hydroxy benzotriazole (HOBt) were dissolved in THF and
cool ed down to bel ow OC. D cycl ohexyl carbodiim de (DCC) was added in

mul ti pl e watotsan7@ad stirred at 15bel ow 10 C for 10-14 RCI/ICN2ared)7936lt er ed
to retain the filtrate. dinmethyl malonate was dissolved in THF. NaH (70%
oi | dispersion) was added first, followed by the filtrate obtained above
whi | e sti r€iysgllizatich tlse ca k¢ avhécved dyrsmgto chof vging a ryltat secltfatvimsuitabhofeed by
vacuum di stillation. Methanol and 10% HC1 were then added and stirred

over ni ghtstalizing i comppendiofthe prefbe ipraatiopi tate was filtered and washed with
met hanol tg obtain 20 Conpound 6; (f) Synthesis of Conpound. 7

Tert - but y| CBpEIZAaeRIHYE PESHI GRYAEOR e &dite ﬁvmu%%%m@r@ erneddifeieat

g%?ﬂ%@%ﬁ@?@ é%ﬂ%@&eﬂaﬂcf%ﬁele%ddfd\?t&%f&')ﬁeg R0 skifled B G SDEee i e
ot e ety ofif ok FentiQGH R iR SR Shliby M1 he ¥RS1ah DERo RPE 211

of Cormngg{;l cEhtaih %n&‘ﬁﬂﬁ@%@@veﬂ{ sfs%rﬁ“ieﬁlplerature pre@ﬁ?@%‘&dth&co%gx‘go@@@ the
trifluoroacetic acid (TF was m xed, stirred and reacted for 3.5-4 hrs.

CH2C12 cangoltdPoivite premve@lzebﬁo@; atdrydtatfbﬁﬁ,m@nae nitee sEBicdthen Wasther one (or,
recrystallized in 30 nethanol to obtain Conpound 8 WD

2013/ 0 b¢0BBPCT /B2 BlbIOhaBGhy othcTlveyspr deemd). | Hoenvdérpthefpolyrhemphptiow acekssa
conposi tion conprising effective anpunt of any one of crystalline polynorph
ment i oﬁéﬂ@leaﬁmodmm@llﬁh@wd@e&wp@blq i oetpt abihe @xethlibine form gaiywiat baor
carrier present .invention al so. provides . preferable enbodi nents
of he aﬁfﬁgﬁ%zé%&t?ré&th%é%sg?tﬁsowcﬁ as tipjee fraPUHY ﬁlstremgwah%&%ewrﬁ%?afe or
conposi ti on Cfr‘%t a therapeutically effective anount of crystalline

pol yrmr%ﬁenfi? HeSBr eg% invention, in combination with at |east one of

addi ti onal rgetdenhog afucs@ ARERLEEABL PR RRATRORALL 5Bl 1 YPRAR trap 1S

used in an ora St ra era ar maceut 1 ca

Corrpos'cbh?ﬂuﬂds tH$, e@héﬂ" a@mindd¥8d tora ﬁlb({e%fﬂ?[yﬂ Beating a aﬁs%ﬁé%r ?blay ledshBne of the
pharmaceutical conposition conprises % 99 wt % of the cr ystal line

pol ynorcpihicef syntygomps ©f enlischseva@ndis@der, is suffttiaftas aktkyt, suth erepianiburehié dizadse,

conposition conprises 1 w% 70 W % of t he crystalline pol ynorph of the

pr dSentdisondesnoi opmptoser eTler dtbiesapettinallp heffostive uniovat” conpayi dépsndiogner ites

10 vt % 30 mt % of the crystalline polynorph of the present invention.
compound, the discase, disorder, and/or symptoms of the disease or disorder, severity of the
disease, disorder, and/or symptoms of the disease or disorder, the age of the subject to be treated,
and/or the weight of the subject to be treated. An appropriate amount in any given instance can
be apparent to those skilled in the art or can be determined by routine experiments. In the case

20  of combination therapy, the "therapeutically effective amount” refers to the total amount of the

combined active ingredient for the effective treatment of a disease, a disorder or a condition.

The pharmaceutical composition comprising the compound of the present invention can be
administrated via oral, inhalation, rectal, parenteral or topical administration to a subject who
needs treatment. For oral administration, the pharmaceutical composition may be a regular

25  solid formulation such as a tablet, powder, granule, a capsule and the like, a liquid preparation
such as water or oil suspension or other liquid preparation such as syrup, solution, suspension or
the like; for parenteral administration, the pharmaceutical composition may be solution, water
solution, oil suspension concentrate, lyophilized powder or the like. Preferably, the formulation
of the pharmaceutical composition is selected from tablet, coated tablet, capsule, suppository,

30  nasal spray or injection, more preferably tablet or capsule. The pharmaceutical composition

14



The present invention also provides a use of any one of the crystalline
pol ynor ph nenti oned above in the manufacturing a nedi canent for regulating
H F | evelwonotdH7@®et i vity. The present invention al so proviakesi2zpefeer abl e
enbodi nents of the uses of the crystalline 20 pol ynorphs. Preferably,
the crystalline polynorphs of the present invention can be used in

manuf achuorbieng vaitnade atnemgle fumit ddmeinistreadmevith af aacudhtsedsege. dila crddéion, olic
condition associated with H'F level or HF activity. Preferably, the
cr yst alphrmeacputicpireepipesitain minefysthesermprise\edditionnl active ingradsands.i n 25

manuf acturing.a nedi canment for the treatnent of ischema, anema, or a

di sease, ditlofogeplagent Ghdhe | RirEssyHralt exmrastion; S RkGripAcSRt deRiien can be
Preferably, e crystallin | ymor phs .of t he .pr t invention can be.used
i anaraieed PR iomE el T R atbmthanR SR giod eSuab RpEPucRit'o:
conditi ec from.ischeni nem: | jng,..: .

aut o- ¢ 100 B e TER RO THoGHE T, 3upRT B Aen R NBR. e mixture, o, he tarec
30syst ggiguilvigh bl ood pressure, thal assem a, diabetes, cancer or an
inflammatory disorder, or a WD 2013/017063PCT/ CN2012/ 079361 conbi nati on of
two or norehd hsag@hceutitaldy Sde8p@ble. carricr” Abfeds By Gvrivdatona$ phaimBicbatcadicarriers
nodul ating H F | evels or activity in a subject by admnistering to the
subj ectsunatde dorytht alekirerk piahyppartiphl imulaéopr fos estmplev endiluent, a vehiclé&gyndtthey
provided is a nethod for treating a disease, a disorder, or a condition
associ arael, vaians orgapicrsolweps) ctera ghkrr saeh ps/stergh sycepse ety adindsy sedrasisicelesd ng
to the subject one crystalline polymrph of the present inveption,.

Addit i SREVASHr HEINglss Belatn pa HiBHPYFel Fig 2 WHRHagentatich, 2, elypergls a

di sease, .a dri sor der (or coap%i tiaiq rf][;llsso,t():i aéed i t% i Sﬁihgr i a or angrri at[ii n a
subj ect VY HAMRI“ETE TG Yo Fhe S Ub] e "BHE %?%? Fi% RE501 Y o P AV BYPY He
present, i i itional i I f . I a
i soassn MG HcHGs o R ARREAARE. A rRIch RH A b B lTEaE ' BlorpliBRLiRE: 3
heal i ngyciaul RabliRRER B8 alaly0R, luRidadt SicAN&PlaAN Al steX RO rhA B BMAREAhicON,
system c¢ high blood pressure, thal assem a, diabetes, cancer or an

i nf | anmpatyethylahicsgycbér etc.or Indadeiond, et plemmadeutivgl @mpopition ttheheafomprileother
subj ect by adm nistering to the subject one crystalline pol ynorph of the
pr d§entpharmesauticaty at&mtdble trecipients sedh dsne dgrshiraireg hgews§ a stabilpee gghickener, a
invention are approximtely pure. . The term "approximately pure" as

her ei n COBRIXHEF ageat, tadhudfering agentgs diffujonerdiragasg Polymer, dalaeraireyp sy CpERe,
preferably at |east 99 % of. t he compound of Formula I, .. .

R T (- APy SPo e B Fsthigh S RERYD O RE et GBI RaF peisryop tyoe.

gl yci ne, t pr & 1NV QR | Cr.ysk: r ti rly int
crystal fgifl}]@sgg?] 61? S(iieggtgentg)ri n@%&#e?o ﬁ%f%ﬁggtfh%%n%l?énas%e% S ejétt Pﬁ%%asg S?’%lph%és QF
cryst alj d;bgioRe! ynor phs above are reproducible and are within the error
limt (the specified value 0.2). In the present invention, "the X-ray
powder diffraction pattern shown as in Figure 1" refers to the X-ray powder

di fzt)ra%%%ﬁﬁ%@l@ﬁbﬁ{%@?ﬁ%l??l@Awﬁ%@ as in Figure 1, wherein major

peaks reter to those w ative 1ntensity greater than 10%
preferably greater than 30% 25 relative to the highest peak (with its

rel ative iRigensi shovaetdi gheyawvider gigfragouppaiternmif §uysalline ForehpEde comppid
present invention, the X-ray powder diffraction pattern shown as in Figure
2, 3, Af&pmuladiers to the X-ray powder diffraction pattern that show maj or

P LB Sy s S o PO S0 P!

relativ | peak (with its relative intensity designated to be
100% Ifgfnhg;ﬁ%ﬁfrﬁeu@%d? 4 or 5, respectively.

25 Figure 3 shows the X-ray powder diffraction pattern of Crystalline Form III of the
compound of Formula I
Figure 4 shows the X-ray powder diffraction pattern of Crystalline Form IV of the
compound of Formula I
Figure 5 shows the X-ray powder diffraction pattern of Crystalline Form V of the

15



WO 2013/ 017063PCT/ CN2012/ 079361 Crystallization also can be achieved by
using or not using a crystal seed that is suitable for crystallizing the
conpound Wb 20is@1pre@sent i nventi on. Crystal lizati on iPOTI(N20TZYOGSIBNL
invention is related to dynam cs and equilibria anong different crystal
forms under certain conditions. Therefore, those skilled in the art wll
real i zeotpatind dfEForbwiaelsul ti ng crystal form depends on the kinetics and

t her nodynani cs of the crystallization process. Under certain conditions
(sol vent sThks Ennay tremder dtfﬁa@ionr(m)r Eattearsdshprve asondaguneal.i2od, dfandnie were
conpound of the present invention) ¥sta| formmay be nore stabl e than

anot hergegiated on a %%Nerlarlw P&éaw@rf&a%trom wiem aﬁthalfalgﬂpm% eonsplest dihe diffiggtjon
However, the. o ynor p th are .l ess st.able rnDdy na

Fovor aeek PRI St oy itelt FRal HRoH T ARS8 Do qg b 4
factor e { t

agi%atﬁ%g&gﬁ%eggﬁ g%%?ﬁajgig%%'o <%$y§k%fm§%§§ﬂ%bﬁ%&%ﬁ%tﬁ%?ﬁ#&.
"therapeutically effective anmount” as herein used, refers to the anmount of
a conp when adm nistered to a subject for treating a di sease, or
at Ieagﬁag%gﬁgésthe clinical synptons of a disease or disorder, is
sufficient to affect such treatnent for the disease, 15 disorder, or

synpt om THe preteat ayventancialflinyhee £k e@uplificel, burnon {itnited rbyvihe yolthsypeg dkargplenththe
compound, the disease, disorder, and/or synptons of the disease or

di sor dalustrste/deiinyenyipns hin diesxamples ¢if dbe gemsentdpdmeionshapedmiauss of mecthiidsease
or disorder, the a f the subject to be treated, d/or the weight of the
subj ect!n{es bprebateel ORI BTN P IORA DI FNIA4FS QR NS @r%iéﬁﬂ hegttance can be
apparent to those skilled in the art or can be determ ned by routine

experi mxahglein the case 20 of conbination therapy, the "therapeutically
effective anount” refers to the total anount of the conbined active

i ngr edi entsmres;sheoef N RGN ArdxyCAbRBRL3 HhetRy IPRRATO H- R cHloSAKIST) OtarBonyl|
condi tion. e pharmacéutical conposition conprising the conpound o

t he pr@ﬁﬁﬁﬁeJQMﬁﬁ%uﬂwBGmﬁhdﬂmdmﬂﬁbﬂFﬁﬁﬁ@LQﬂ via oral, inhalation, rectal,
parenteral or topical admnistration to a subject mho needs treatnent. For
oral adm ni st ratizen, the pharmaggutical conposition ARy be a regular 25
solid forml ationr.such as a g@blet,Kpomder granure a """ €dpsul e and the

li ke, a IquMd ﬁnepaLaLLQnasuch a% water or orrﬁeuspegsron or other liquid
preparation suth as syrup, solukrbn suspensroazor“LQ@ li ke; for parentera
admi ni strationi the pharmaceuti gal COHpOSIthQﬁ may beygsol ution, water
solution, oil ;suspension concentyate, |yophilized: powder or the |ike.
Preferably, the formul ati on of the pharnaceuti cal cohposrtron is selected

fromtablet, coated gablet capsul e, suppository, 30nasal spray or

i njection, nore prefeprahty tablet or cab§_ e. The\phgrnaceutrcal

conposi tion W~ 3013/Q17063PCT/CN2012fQYQ éf’can be ajunit dose of single

uni t adnrnrstratroh mrth—an—aCturaﬁe_éo§age | n addi-t+on; the

.............

pharnaceutrgaﬁ conposrtron may furthermtonprrse addi tional active

i ngredi ents. Al'l fornul ati 88s of the pharnaceuti cal conposi tion of the
present inventidn can be produced by the conventional nethods in the
pharmaceutical field. For exanple, one can mx 5 the active ingredient with
one or nore excipients, and nake the nlxtureQFnto the target foroulation.
The "pharmaceuticaldy acceptable cagrr%r ers to convenbronaﬁ

\\\\\

phar maceuti cal c&rriers surtable for»Lhe‘%%srred phar macgutical ©

...........

formul ation, for, exanp a diluent g a“vehi cl e such as wdte various
organi c solvents,"etc a filler, such*as starch, sucrose, erc “a binder such
as cel |l ul ose’ 1@ ------- derrvatrves a[gr%atesf geLaPen an@ pe#yvrnylpyrrolrdone

a wetting agéﬁt stch a§__T?cer a dTérntegratrng aﬁent “$tich as agar,

cal ci um carbonat e_and sodrunrbicarbonate an absorpti on enhancer such as
quaternary ammoni Gns; a surfactant sdch as hexadecanol ; %n absor ption
carrier ch as lin aqg soap clay; a lubricant such as talc, calcium
stearaﬁ%) Bﬁ%%? gpauidide, polyethylene egcoI etc. In addition, the

P haIr maceut C oun%nlp(?ﬁb bj Wds du Eotl\ril & !EIIFLS §faci hgmfi 11? a R{lgf[b e%enuetcf(ec(ﬂllalls}é

accept abl e ex I pren ecen I zed agen lrzer,

thi ckengg ’stlﬁe&%ﬂ)llle%%%dﬂg S@Q@M Lighil Hfofn%é W&s R v e?c?ed% fd’fdfysév%@ afld P@a@f‘eﬁrfor

pol yner, a fragrance, a sweetener, and a dye. erably, e excipient is
surtable for desrred formul ation and aggrnrstratron type. The term

"di sease" or "disorder" refers to any di sease, disconfort, illness,
synptonms or indications. 20 BRI EF DESCRI PTI ONS OF THE DRAMVNGS Figure 1

shows the X-ray powder diffraction pattern of Crystalline Forml of the
conpound of Fornula I Frgure 2 shoms the X-ray pomder drffractron



25Fi gure 3 shows the X-ray powder diffraction pattern of Crystalline Form
1l of the conpound of Formula I Figure 4 shows the X-ray powder

di ffractiwo 2pstdieeen of Crystalline Form |V of the conpomrod/20Ra7msha |
Figure 5 shows the X-ray powder diffraction pattern of Crystalline FormV
of the WD 2013/017063PCT/ CN2012/079361 conpound of Fornula | The X-ray
powder &dhfsf rtidlc tdaction ¥sRpletip@tvieafiod byhdva. aSobledRdagyur @o Toord, tedipedtimad Bhanver e
generated on a PANalytical X-ray Diffraction Systemw th Enpyrean consol e.
The di fréactionisohitippakasprmired omie 4BP enle af isbruatted sodiumi PiglEtec (YaH$D:) sioluitioon

whi ch has a 2-theta (20) val ue of 28.443 5 degree. An Enpyrean Cu LEE X—ray
tube K- ,Qleﬂﬁﬁdﬂt%m%tﬂl@ﬁ Wasstltprediandswathed sdthrwaier, endiiiedag Vacuurrﬂévelﬁ%

i nvention.i rt exe fied, limte [l owi n

excarnpl DR 204D o S ST oo rl s rofl Sl er B pr egent
nvent i r net hods nl ess expressly stated ot herw se,

grggco %*hgﬁg% € %ﬂ?gﬁ%g or nethodsuln t he g?t 10yExaane 1 "

Synt hesi s Ohdd¥ihéd-day dROX Y1525 V03 Brokrts- SRhIBYS SRINGTY Laci k‘b&nﬁ&hﬂr @O@e@ df
carbonyl] glycine -~ Conpound 8 (the conpound of "Fornul a -fa30
4-methylphenylboronic acid, 2 g of Pd(PPhs)4, 120 mL of N, N- dlrnethylforrnarnide and 30
mL of 2mol/L Na,CO; aqueous solution were mixed, heated to 80 C and reacted for 12 hrs.
The reaction solution was cooled down to room temperature after the reaction completed verified
10 by TLC, and 500 mL of water and 300 mL of ethyl acetate were added. The water phase was
further extracted with 200ml ethyl acetate three times. The organic phase was combined,
washed with 300ml saturated brine twice, dried by anhydrous sodium sulfate (Na,SO,), and
distilled in vacuum to remove cthyl acetate, resulted in 21.6 g of crude product. The crude
product was recrystallized in methanol to obtain 18.2 g of Compound 3.
15  (c) Synthesis of Compound 4
Compound 3 (27 g) was added into 250 mL of water. 5 g of ammonium formate and 8.7 g
of Pd/C (5%) were then added and refluxed for about 2 hrs.. After cooling down and removing
Pd/C, the reaction mixture was extracted with 100 mL of ethyl acetate twice. The organic
phase was combined, washed with water and saturated brines, dried by anhydrous sodium sulfate
20 (NayS0y), filtered, and distilled in vacuum to remove the solvent, to obtain Compound 4.
(d) Synthesis of Compound 5
The mixture of Compound 4 (27 g), acetic anhydride (130 mL) and phosphoric acid (1 mL)
was reacted at 50 C until the reaction was completed. The reaction solution was cooled down
to room temperature, subject to adding 500 mL of water, stirring, and completely hydrolyzing at
25 50 C. And the solution was cooled down to 0 ‘C to precipitate a solid, and the solid was dried,
to obtain 24.4 g of Compound 5.
(e) Synthesis of Compound 6
13 g of Compound 5 and 6.8 g of 1-hydroxy benzotriazole (HOBt) were dissolved in THF
and cooled down to below 0C. 104 g of dicyclohexylcarbodiimide (DCC) was added in
30  multiple batches and stirred at below 10 °C for about 12 hrs., and filtered to retain the filtrate.

17



45 H3.C. (a) Synthesis of Conpound 2 15Conpound 1 (200 g) was di ssol ved
in 3000 nL of acetic acid in a 5 L of three-necked flask, and stirred and
heat ed t owBQoG/01z06qui d brom ne was sl ow y added i n dr opPairaaN2ared793act ed
for WD 2013/017063PCT/ CN2012/ 079361 8 hrs. till reaction conpletion
verified by TLC. Cooled down to roomtenperature. The reaction solution was
pour ed i nt@649)00 dirhetbyl salounatatess dosiluwed i 400 ilt ef (THHHSOBYg 96INuH 70% Tdik
resulted precipitate was filtered and washed with water, and dried in

vac uumdbeictieng OV G adxiedbﬁnst,nfotloweﬁ by dfc fliate obleined e(bmcrp’dtﬂedstﬁ)“ingmm thehe
purity of greater than_ 98% ,5%1 Synt hesi s of Conmpound 3 Under |nert
gas (NZI)“XWIS V{ja50¥ea8teﬁr@i‘r02 élr%:m B way irepeyed hﬁﬂ@cwan%ﬁlﬁ?dlom

NI X e el R e St A e P ot ﬁhfqoaht%waawﬁexed
heated 4,0 ?901§tawag GLEdpd QA MDE200TRE oF RALDBTO SRS hamtanyiaghsd

down tor era ure a e reaction co ve|

and 50Qf) @yng{eswfgon?%&pp mL of ethyl acetate were added. The water phase
was further extracted with 200nl ethyl acetate three tinmes. The organic

phase was Tatbityediyciastgdrodhldtid3Q0pE Hahdrsadiach Beihoeidt W d6) wiirt adddelyinto
anhydrous sodium sul fate (Na2SO»4), and distilled in vacuumto renove et hyl
acet at €00mek wif ehanel 2id stirgedo ffoléorwiiebpdistligton hemovedetlpnod 260 miasf THF
recrystallized in nmethanol to obtain 18.2 g of Conpound 3. 15(c) Synthesis
of Conpodk@mpound @é@rﬁ@&ﬁ@@ad@@fﬁ agl}i rwdan@étdghtrwéoz%o m. of wat er 5 g of
amoni um formate. and. 8. 7 ‘5)‘6%??/ (5% were then_adde (?nd r d for
abdlt 2 nhrhe reagtion me%tle.w& daRd el Agned Bt na0 gl vt

conb ndet GEERE it Tohe R af e pBlTr Pread iR gf'aﬁ%@@aﬁﬁs“ﬁidi am
sul f at ?g;%&%%%c%%hp &4 gd -and distill eq in vacuumto renove the

sol vent oun (d) Synthesis of Conpound 5 The m xture
of Conpoundo &181?1 000.5 gﬁ 8thIC oROBY AL 268 thiflifoidelic afid é@ RASRAGE h8d@Che { Toom)

was reacted a 50 C un the reaction was conplete The reaction solution
was coahle thidibvae-teaked dhsk, estipedaing esactdbjoe cdbolio 4akidi NThS QBadiion ohixt@t ewas
stirring, and conpletely hydrol yzi ng at

15  distilled to remove CH,Cl, and trifluoroacetic acid, and the residue was recrystallized in

methanol to obtain Compound 8 (the compound of Formula I).

Example2  Preparation of Crystalline Form I

The compound of Formula I prepared from Example 1 was dissolved in acetone, ethyl

acetate (EtOAc), isopropanol, methyl tert-butyl ether(MTBE), or the mixed solvent of

20  acetone/methanol, acetone/heptane, acetone/isopropanol, acetone/isopropyl acetate (IPAc),
THF/methanol, THF/EtOAc, THF/heptane, THF/acetonitrile, THF/isopropanol, THF/MTBE or
THF/CH,Cl,, followed by a spontancous precipitation to obtain the desired Crystalline Form I,

with the melting point of 190-193 C.

Example 3  Preparation of Crystalline Form I

25 A slurry suspension of excess amount of the compound of Formula I prepared as in
Example 1, was stirred in dichloromethane (CH,Cl;) or the mixed solvent of H,O/THF or

H,O/acetone at room temperature for at least 48 hrs., to obtain the desired Crystalline Form 1.
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25 50 C. And the solution was cooled down to O Cto precipitate a solid,
and the solid was dried, to obtain 24.4 g of Conpound 5. (e) Synthesis of
Conpound ¥O0 2013/01763 g of Conpound 5 and 6.8 g of 1-hydrexy/denzasicazol e
(HOBt) were dissolved in THF and cool ed down to bel ow 0OC. 10.4 g of

di cycl ohexyl carbodiim de (DCC) was added in 30nultiple batches and stirred
at bel @xahihl€4f orPrapauttiohdfldrystallaredEdril Tered to retain the filtrate. WO
2013/ 017063PCT/ CN2012/ 079361 6.6 g of dinethyl nmalonate was dissolved in
400 nL of AHfurry.sfgpeabioNadt €xc096 @mbut &P e tORpomRSoRIeRAuILI I Biopafedl 4s0ned
by the filtrate obtained above while stirring, and the m xture was reacted
for 2 MxampltH, was stirestinaapbivic viacthamol dorsthe Inhiaéd @iven? 00 HyO/TGHF mesh i dbr 4nd
200 nmL of 10% HC1 were then added and stirred overni ght at room

t enper diruoe 72 BrsTHe optascthpidesited (amstaliing Ferred and washed with 200 nL of

met hanol to obtain 6 g of Conmpound 6. (f) Synthesis of Conpound 7

Tert-b Ci i and sodi um net hoxi de (4.4

Bt e IS e e at o

Into ano stirred, followed by distillation to
renove nethanol . 20 of THF and paund (6.0 r.e added, an
Fenct ed ovarnipRotg oEgoRhuarRfebR R e I BoliRln BRCE e W hesttm

tore : : n ' v ¢

and 11 o B e e S BUR e o0 PPt o
Conmpounytadn the JeRRROOAGtalline FoPmd), with 1k nitife ik rand-iBpi<t! uor oacetic acid

(5 nm) were added into a 100 nL of three-necked flask, stirred and reacted

for about 4 hrs. The reaction m xture was 15distilled to renove CH2Cl2 and
trifludrgdydtPe deFnaration Otfl‘ngyﬁtéiji@d:eor\%glrecryst allized in methanol to
obtai n Conpound 8 (the conpound of Formula I). Exanple 2 Preparation of

Cr yi8t al | i nEharepmppound of Faemela dpsepatrdors IFSamipde | asalpsplad in B etellpye by was
di ssol ved in acetone, ethyl acetate (Et0Ac), isopropanol, nethyl tert-butyl
et her ( FTBRAMENERUS IRRCIR{AkER 1Q § anihegtesises ChellgRararmt Rt thaé%qlts%?webt)ﬁne,
acet ongl/ %_s@%r_ﬁpanol , acetonel/isopropyl acetate (IPAc), THF/ nethanol,

THF/ Et R , ! hept ane, THF/ acetonitrile, THF/isopropanol, THF/ MIBE or

THF/ CH2C12, followed by a spontaneous precipitation to obtain the desired
Cr yst alHxangpl&@r mArepaviatfontdi € riyetatlimedF grad Al of 190- 193 C. Exanple 3
Preparation of Crystalline Form1 25A slurry suspension of excess anount of

t he conpoundigiy kasgkion lofP&eReY efloa® oM tHeX adMb&untl, ofVESrHidilal T pﬁk})hﬂ’@d as in
di chl oronet hane (CH2C12) or the m xed sol vent of H20/ THF or H20/ acet one at
rodm t dixperpde Uy evab atirred il SEEBE 4PAkre. EtOAx @hbamntetiperates ifored [Cusy I8airb.| toe

Forml. ) )
obtain the desired Crystalline Form III.

Example 8§ Preparation of Crystalline Form III
A slurry suspension of excess amount of the compound of Formula I prepared as in
Example 1, was stirred in methyl MTBE, IPAc or EtOAc at 50 C for at least 48 hrs., to obtain
20  the desired Crystalline Form III.
Example 9  Preparation of Crystalline Form III

A slurry suspension of excess amount of the compound of Formula I prepared as in
Example 1, was stirred in the mixed solvent of acetone/H,O (1:1) at room temperature for at

least 48 hrs., to obtain the desired Crystalline Form II1.

25 Example 10  Preparation of Crystalline Form III

A slurry suspension of excess amount of the compound of Formula I prepared as in
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WO 2013/ 017063PCT/ CN2012/ 079361 Exanple 4 Preparation of Crystalline Form]
A slurry suspension of excess anount of the conmpound of Fornula | prepared
as i n Exawpl2e13ln17sds stirred i n heptane, nethanol, or tRreTmNeer/gmdévent of
H20/ THF at 50 C for 48 hrs. or 72 hrs., to obtain the desired Crystalline
Forml. 5 Exanple 5 Preparation of Crystalline Form I The conpound of
For nul &xangyrlepawedstagediin thexaiket golirenvasds EIDAs O B : 1 yattS0EC nfox sid o forel8throf
THF/ di net hyl f or mam de or di net hyl f ormam de, foll owed by a spont aneous

pr eci pite abaorihe desstsd &irmstalhiec Hen dldd Crystalline FormIl, with the nelting
poi nt of 129-132 C. Exanple 6 Preparation of Crystalline FormlIll 10The
conpou nmul . j e 1 was dissolved in | PAc,

foll omeri%‘ag‘rflgqgporfl)'?g%aer%&ggg?gg?/%?%ﬂg?iﬁﬂ{%kobt ain the desired Crystalline
Formlll, with the | tin oint of 196-199 C. anpl e 7. Prej j f
Grystal || nErE R o FO AL Rl e AR BRI b Be oo n A Tpge

comgou 'Ei%gf&\%i) i lAxtd REGRA &6 E?éAff;/FTH’LEB oﬁé@&Bﬁe@H%@ URP tid t?%sge%igfllﬂ FMEEEHI

| PAC or c at roomtenperature for at least 48 hrs., to

desi r eGr&gayt &l ini 4§ dneloMHxaln plEXEUZRL S 21dBH aparyatadl QeedoTolfowedt Bl 4 kpitdrebim | 1 |
A slurry suspensi on of excess anount of the conpound of Formila 1 prepared
as i n pxaviftagiod fo vksingh¢ destdd iCaysvatiny FoifBE, | PAc or Et OAc at 50 C for at

| east 48 hrs., to obtain 20the desired Crystalline Formlll. Exanple 9

Preparation.of ,Crystalli.ne m|J I A slurry suspensi on of excess anount
of the%f‘ﬁf&ﬁaa oﬁ?%ar%ﬁlpﬁof%y%tﬁgwg§oégl ﬁbw Exanple 1, was stirred in the
m xed sol vent of acetone/ qub(ll: 1) at room tenperat urE?f or .ea

48

hrs., to obtardmpedgdsfempledyerared ae ikdrsdmnle |1 vas %tﬁﬁ?ﬂagﬁl%ssv@ Vt@BdPeﬁi on
f talli F 111 A sl i f t

S oriTor3fsp! Rkl Bot SotaRidt b Oy ABROR 8 o8 iS  BRel BB I RIS dpac.

o 2L TrbAc BLE kLSt dhe bIEIOALIHFS QLGN oFIIOFLATG 13 bl Erlfing OF

11Pr epaoahi 1PNpieparbd ¥$ trdhly S EIUEQAIhbiles Bhe wa o AN Qi sthiodeBi hdheh tRY §Ratiqd as

in Exanple 1 was dissolved in MIBE, |PAc, 5 EtOAc, or the m xed sol vent of
Et OAc/ Wds coolcaand onelaHiZ@d, tandtdmthe Oryshliint Foem Horm 111 prepared as in any
one of Exanples 6-8 was added as crystal seed, followed by a spontaneous

preci Pt abian 150 WA ALNreesihfidForatfy! i ne Form I
15 The compound of Formula I prepared as in Example 1 was heated to 195 C under inert gas
(N7 or He), and then cooled down to room temperature, to obtain the Crystalline Form III.
Example 14  Preparation of Crystalline Form IV
The Crystalline Form I prepared as in of any one of Example 2-4 was heated to 50 C, to
obtain the Crystalline Form IV, with the melting point of 189-193 C.
20 Example 15  Preparation of Crystalline Form IV
The compound of Formula I prepared as in Example 1 was dissolved in THF, followed by a
spontaneous precipitation to obtain the Crystalline Form IV.
Example 16  Preparation of Crystalline Form IV

The compound of Formula I prepared from Example 1 was suspension stirred in

25  HyO/acetone at 50 C for at least 48 hrs, to obtain the Crystalline Form IV.

20



Exanpl e 12 Preparation of Crystalline FormlIll The conpound of Fornula I
prepared as in Exanple 1 was heated and dissolved in a 10 sol vent selected
from i sopwoparsal17qeB PA) , 4- net hyl - 2- pent anone, propyl ac@eCaEN201MBEs611 PAC,
Et OAc, or the m xed sol vent of EtOAc/ THF, acetone/H0 or IPA/H20 (9:1), and

the Crystalline FormlIll prepared as in any one of Exanples 6-8 was added
as crydtaimideed whespdraeosof GryanllivaFocoovVed and crystallized, to obtain
the Crystalline FormlIll. Exanple 13 Preparation of Crystalline FormllI|

15The conppidry@fallitRIFBHAM piRp&BRLEHh &Y dnd PR ARI e 14WBsvAReRkRE td 075195tdC

under inert gas (N2 or He), and then cooled down to roomtenperature, to
obt ai n obken Bey&ty sthilina € ofro Mrwith Ithe faxkinplpeint 4f PP2p2§ &.i on of Crystalline Form
|V The Crystalline Form | prepared as in of any one of Exanple 2-4 was

heaod e G, B AN LA PR ERLALHG R L Y, 1AL e el o o

FoTRo TP BB Wt P BB e, .
Ex { N F I T

Cea g PURRTAT 0 YT E S 0o, LS SPIRBLB Bl e
at 50 %—?E@%lp@%}el x%ssédéi%g 729%5 DMSO ROAbA 9? R&t Bnishdblahg %ngrlr o a{sF/ v Wfrer (50

2013/ 0 CN201 61 anple 17 Preparation of ystal I'ine Form Vv

The O ys¥@ltrisn@H7O4/0101%% PIvERAIR. &S nighmRMySANe @il EBeatmh eastdrbhR/2ms heat ed
to 175 Cto obtain the Crystalline FormV, with the nelting point of

192- 19 ataladexi@dnpVieF eS® s satyinafg di0FNHLR 1&mpzly REIDAC tifier t)3 05hinFprEidbbagioniavi t y
was measured using honbgeneous TR-FRET technol ogy (see al so, US2008/ 004817,
Dad 0JHreematemperatarc, Bho cheymatk)0eacti®ss  wars- indjatedT dye slch adeition oéf & 1L24f ea

96-wel | plate was added 2 ut, DMSO sol ution of test conpound and 40 ut, of
assay subststes(fagl nagneenteatippy off 0.2 1 Tesneityrae 1andy/ WP B/ HIFg Sesartiden

proo.  Avioe g ik 03P R TR LY ARCrS hr Ghi-PshsahertiE: eE i Aurs c
AETLAG alerd tPodh R

concontTATERE s\ Ehah B Ui A ) beaaRlondgl sty QUAELOSLER A o

01 OF I i PLEKEMARY FVDRF Ghho- oAbl 1 A EOVR (PARSY Bl AiCE

reactions were term nated and signals were devel oped by the addition of a
50 19t , reppene hiodeh®ic AIFBA 7 M belddo Saedthvidin, @Al CENLVAYHY)-OVHL -¢bhginB-clonginC

ort ho- phenanthroline, 0.1 nM EDTA, 0.5 nM anti-(H s)6LANCE 15 reagent, 100
nNM AF64émiphizeTed r8ta eptiavirciohvedalihebrS@emdd sigfiaty) &- 66FHInded 20nigin nBrsed cargined,
conplex. The ratio of tine resolved fluorescence signals at 665 and 620 nm
was detagfl perseat inhibdtigreveaeealcylptd Belationtovsunialibii¢deerol sarapleven i pagllel.

uni nhi bited control sanple run in rallel. For the conpound of Fornu|a I
pr epar @ fhOFAMPRINARL ﬁ@amaliaslcwrsgaéa? ?fﬁﬂE&h&Wt od digplgyed ng Epamnte d ahge, the
determ to.,be aro 150 n Exanpl e 19 Determ nati on of

ey hr dboy et AR ERer R PR BR s Mor ol M ce . CE ght - week-ol d mal e
C57BL/ 6 m ce were dosed orally with a suspension of one crystal formof the
corepourttkainpl® 19% CMEratin2Qon 60Eayttr diGeting(KRO) Bldyedos anPloes alwbtiec obt ai ned
fromthe orbital venous plexus 6 hours after dosing and serumwas coll ected

(see al so, EigabivBeenldAnaletCHBL/6 Grist maeniedcd! gty wi0B8 sushddsidiftof ohe chysiagh
MM et al., Blood. 2007,
form of the compound in 0.5% CMC at 20, 60 and 100 mg/kg. Blood samples were obtained
from the orbital venous plexus 6 hours after dosing and serum was collected (see also,
Robinson A, et al., Gastroenterology. 2008, 134:145-55; Hsich MM, ¢t al., Blood. 2007,
25 110:2140-7). Samples were analyzed for EPO by -electrochemiluminescence-based
immunoassay (MSD) according to manufacturer’s instructions. The inducted EPO when the

Crystalline Form III in this invention was used in suspension was determined to be above 35

folds over that of the vehicle group without induction at the dosage of 60 mg/kg.
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25 110: 2140-7). Sanpl es were anal yzed for EPO by

el ectrochem | um nescence- based i munoassay (MsSD) according to

manuf act wenros/i1nssr uct i ons. The i nducted EPO when the EcyatabizimgsciForm |||
in this invention was used in suspension was determ ned to be above 35
folds over that of the vehicle group wi thout induction at the dosage of 60
ng/ kg. BA@nR04 30 01 BOA3RGTDEMA It AT E Y yEaaRptas 20 St abil ity Determ nation
of Crystal Forns 100 ng of the conpound of Fornmula | prepared fromthe
met hod di spjoomgdrithe e of FARavIA 1(grepeeet fbMSthamdtiiidE}cl¥RY iadaeshpidt 0 2
mL of Ethyl Acetate and stirred at roomtenperature for 72 hrs. After

cent ri fabgat (mixednaystaly forgns) tes ddeisd| ihed 2cmy.sdfEtHydr Avatets dmddetrexdnatnesbnby
XRPD to be purely the Crystalline Formlll. The Crystalline FormIll was

t her ef derepataturmder a2 elrst o After t deatrfoghtivaniuedldrying hhenorseltet abyseal cloymt ks f or m
corrpared to.the m xed crgstal formas prepared in Exa

hméer aiet?r@meé;tafnﬁﬁé@ztos apurely ;T/h?@]f}ésFarWIFf‘ﬁPPWh Uﬁf @ﬂ?gtprﬁttalha? rF@I’IBdHrrB%f

F
10 anolBehrs SimaRydied o pThERRUE AR, W rn e %}%ft%tﬁ%en CRIE%% Ofthad
oryst atiRe OSsal Rim B8 peed i EuBET A pUARMBARE T L oPa1 | e Form 111

The Crystalline FormIll was therefore denonstrated to be thernodynam cally
t he noMxastdblé ciSyshibty Paernmowtpareddriystat Ferms xed crystal form as prepared
in Exanple 1 at 50C. 15 Exanple 22 Efficacy Studies in Adenine-I|nduced
Renal AnenjTmigadfsthe coBpaumeekFandilarhipepd¥edt fasm rtiad mevieidedichloted éd Bxampleel
control group and treatnent groups. After given the standard chow for 10
dayl§, taheve onixedcrygrabdpneomas ndée oo 1 el of Ethgd rAtetitoandtirkel athHd ¢ femi2rent
groups were given the standard chow with the addition of 0.75% adenine for

30 daydrwheiereniifesation ﬁtl d gryang dhepeyeicsarstal farm yas Apterrtlwe avéiﬁsl’sD\tté @

dosed SHAY s PRUEH Bre Sﬁ%?ﬁeﬁ@f@tﬁ%’a@n e getdie rBRngr R B °
compou %’er[n%d%t %{ quétlt\%a e able ltal Sét’)rrggéd%gpa??& S0 athgi ar}{lgj(e&) r rlb}st;ﬁe ?@ a? ! OOd

sarrpl es were o romthe OI’ venou exus on
and 27, A 3k 2‘% Hegyeo!l ogy AnaI yzer MEK- 6318K was used to determ ne
hemat oI ogl caI paraneters such as erythrocyte counts (RBC), henogl obin
concentrati on%(é EZ; 25 hematocrit value (HCT). Results for the HGB
nedSur éngmtrde Heagy Stadieam Adeninpiindpced Rens ApesHeRiats hat dosi ng of
Crystalline Formlll of the conpound has inproved the HG levels in the
ani mal s arbdx-work-obt adle ﬁ\émlt mmrmdrvm@ld tovie 20086104006 3IRCT E@NROR HrOTS36 1
Table | G oup Dose (ng/ k Sg/ L) y Day5
After given the standard c ow for 10 days, the control group continued on the standard chow
while the treatment groups were given the standard chow with the addition of 0.75% adenine
for 30 days when the treatment groups developed anemia. All the groups were then switched
20  back to the standard chow, and the treatment groups were dosed orally with vehicle or a
suspension of one crystal form of the compound in 0.5% CMC-Na at 20, 40 or 80 mg/kg once a
day for 4 weeks. Blood samples were obtained from the orbital venous plexus on days 0, 5, 12,
19 and 27. An Automated Hematology Analyzer MEK-6318K was used to determine
hematological parameters such as erythrocyte counts (RBC), hemoglobin concentration (HGB),
25  hematocrit value (HCT). Results for the HGB measurements were shown in Table I. It was

clearly shown that dosing of Crystalline Form III of the compound has improved the HGB

levels in the animals and corrected them toward normal.
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Dayl12 Dayl9 Day27 Contr ol

108.3 115.4 116.9 113.2

120.2 Vehicle 88.0 64.9
53.1 58.5 74.3 Form |1l 20 88.0 60.7 64.3
WO 2013/017063 PCT/CN2012/079361
Table I
Dose HGB (g/L)
Group
(mg/kg) Day0 Day5 Day12 Day19 Day27

Control 108.3 115.4 116.9 113.2 120.2

Vehicle 88.0 64.9 53.1 58.5 74.3
Form II1 20 88.0 60.7 64.3 73.3 90.7
Form II1 40 87.4 69.4 87.2 89.7 103.6
Form III 80 86.8 76.7 111.0 122.0 139.0

Although the present invention has been described in considerable detail with reference to

certain preferred versions thereof, other versions are possible. Therefore, the spirit and scope of

the invention should not be limited to the description of the preferred versions described herein.
Various modifications of the invention, in addition to those described herein, will be apparent to
those skilled in the art from the foregoing description. Such modifications are also intended to

fall within the scope of the appended claims.
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73.3 90.7 FormlIl 40 87.4 69.4 87.2 89.7 103.6 FormIll 80 86.8 76.7 111.0
122.0 139.0 Al t hough the present invention has been described in

consi der alwbDeotbatizieB Wi th reference to certain preferredPcEcN20nd793eer eof
ot her versions are possible. Therefore, the spirit and scope of 5 the

I nvention should not be [imted to the description of the preferred

ver si oN§HIEBES ChedMEDdSN. Vari ous nodifications of the invention, in
addition to those described herein, will be apparent to those skilled in
the art fromthe foregoing description. Such nodifications are al so
intended to fall within the scope of the appended clainms. WO
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2. The polymorph of Claim 1, characterized by the X-ray powder diffraction pattern

e,

Formulal.

having characteristic peaks at diffraction angles 20 of 7.1°, 12.4° and 20.2°.
3. The polymorph of Claim 2, characterized by the X-ray powder diffraction pattern

10 having characteristic peaks, expressed in terms of the interplanar distance, at 12.4A, 7.2A and
4.4A.

4. The polymorph of Claim 2, characterized by the X-ray powder diffraction pattern
having characteristic peaks at diffraction angles 26 of 7.1°, 10.4°, 12.4°, 17.0° and 20.2°.
5. The polymorph of Claim 4, characterized by the X-ray powder diffraction pattern

15  having characteristic peaks, expressed in terms of the interplanar distance of 12.4A, 8.5, 7.2A,
5.2A and 4.4A.

6. The polymorph of Claim 2, characterized by the X-ray powder diffraction pattern
having characteristic peaks at diffraction angles 20 of 7.1°, 8.4°, 10.4°, 12.4°, 13.3°, 17.0°, 20.2°
and 27.6.

20 7. The polymorph of Claim 6, characterized by the X-ray powder diffraction pattern
having characteristic peaks, expressed in terms of the interplanar distance of 12.4A, 10.6A, 8.5A,
7.2A,6.7A,5.2A, 44A and 3.2A.

8. The polymorph of the compound of Formula I of Claim 1, characterized by the X-ray
powder diffraction pattern show as in Figure 1.

25 9. The polymorph of any one of Claims 1-8, characterized by a melting point of
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1. Acrystalline polynorph of the compound of Formula I, 0-, OH 5 Fornula
l. 2. The polynorph of daim1, characterized by the X-ray powder
di ffract iwo 2pstatigeed havi ng characteristic peaks at diffragtdnNem2aigdees 20 of

7.1, 12.4 and 20. 2. 3. The polynorph of Caim2, characterized by the
X—ray powder diffraction pattern 10haying characteri sti c peaks, expressed
in term®0dO3tde i nterplanar distance, at 12.4A, 7.2A and 4. 4A 4. The

pol ynmorph of Claim 2, characterized by the X-ray powder diffraction pattern
havi ng chalcilbe pslb'hmrmedl@lymedfﬂtaimsﬂt%nhmqb@sed’m apurity of >404, 12. 4,
17.0 and 20. 2. pol ph of Caim4, characterized by the
X-ray powdeh- ahtp?lﬁétoﬁéwf@{ﬂt%ﬂ C@BW&W%@%&P%W@P@?/‘C peaks, expressed

interns o a ance of 8.5 2A, 5.2A and 4. 4A
6. The pol %Eﬁﬁpglﬁme&h?@al%ﬁg’r%taéteflfg‘ﬁb%@pt‘%@@?éﬂ“ powder diffraction
pat ern hayjn c o f n k

0. 3 12, a1 3nEBLBRAS bFklstoREBS: & roihid TEE LRI RS /b ocS
c h arac tp%Wd%@&'tfﬂ?é’ctfbH%a%eﬁt%vﬂl%%@facféhfsﬁé ks ANPRLLBh Qm@@y b f %tyar ﬁPQ‘eﬁﬂdSt ic
peaks, expressed in terns of the interplanar distance of 12.4A
8.5A, 7N82A, 6.7A, 5.2A, 4.4A and 3. 2A 8. The pol ynor ph of the corrpound
of Formula | of Claiml, characterized by the X-ray powder diffraction
pattern shbl ake ipolyriagph @f L'1aidb93, dveapaizeddryptheaX-raypooder diffradtminnmatttes,
characterized by a nelting point of W) 2013/017063PCT/ CN2012/0 936}%
190- 193eyvingcharpkisripiit peakspernsessehin tonas of tiy witerplaparndistenes alct 2PNz 9 Abgnda

purltyf2§A>85% 11. The pol ynorph of Caim 10, characterized by a purity of
‘The pol ynorph of Claim 11, characterized by a purity of >99%

15. The polymorph of Claim 13, characterized by the X-ray powder diffraction pattern
having characteristic peaks at diffraction angles 26 of 6.5°, 9.3°, 11.2°, 15.4° and 18.4°.

16. The polymorph of Claim 15, characterized by the X-ray powder diffraction pattern
having characteristic peaks, expressed in terms of the interplanar distance of 13.6A, 9.5A,

15  7.9A,5.8A and 4.8A.

17. The polymorph of Claim 13, characterized by the X-ray powder diffraction pattern
having characteristic peaks at diffraction angles 20 of 6.5°, 9.3°, 11.2°, 13.0°, 14.1°, 15.4°, 18.4°
and 24.6°.

18. The polymorph of Claim 17, characterized by the X-ray powder diffraction pattern

20  having characteristic peaks, expressed in terms of the interplanar distance of 13.6A, 9.5A, 7.9A,
6.8A, 6.3A, 5.8A, 4.8A and 3.6A.

19. The polymorph of the compound of Formula I of Claim 1, characterized by the X-ray
powder diffraction pattern show as in Figure 2.

20. The polymorph of any one of Claims 1 or 13-19, characterized by a melting point of

25 129-132°C.

21. The polymorph of any one of Claims 13-20, characterized by a purity of >85%.

22. The polymorph of Claim 21, characterized by a purity of >95%.

23. The polymorph of Claim 22, characterized by a purity of >99%.

24. The polymorph of the compound of Formula I of Claim 1, characterized by the X-ray

30  powder diffraction pattern having characteristic peaks at diffraction angles 20 of 12.3°, 16.6° and

25



513. The pol ynorph of the conmpound of Fornmula |I of Claim1l, characterized
by the X-ray powder diffraction pattern having characteristic peaks at

di ffractiwo 2arsghe®320 of 6.5, 11.2 and 18. 4. 14. pChacN201290mT086ph  Of
Claim 13, characterized by the X-ray powder diffraction pattern having
characteristic peaks, expressed in terns of the interplanar distance of

13. 6A, 28.499A and 104. 8A. 15. The pol ynorph of O aim 13, characterized by
the X-ray powder diffraction pattern having characteristic peaks at

di ffracti o2b.anbt @ely2®rpl of.Haing 23, chatasrize8. by thedX a8y powder diffrag®n rittern

pol ynor ph, of Cl aim 15, characterized by the X-ray powder diffractiq
pat t er MaKagi hgrackaistie Perkss EXRICHeR AR ter&?pﬂfeté% éatemia&aé digtanse afné hergnéé pghar
di stan% A)f 13. 6A, 9.5A, 157.9A 5. 8A and 4. 8A. 17. The pol ynorph of
Claim ? ‘characterized by the X-ray powder diffraction pattern having

char act1 er |4 st 1§h§%%lr(¥§“ %h %ffélgl?i‘?t24 n@%@%gz%ggq%yﬁ% r r§% ngﬁer &%?%cno% adtern
char CUgL it efl Yol Rk et ARG Hid LT AR 10N -DRY enn s20hai f1a 2920

characteriStic peaks, expressed in terns of the interplanar distance of
13. 6A, 9. 5%, Th@@ol}@ﬁ(ﬁﬁh o8- Alim 363&ardot@frcans thebRiray powdiSe diffgctidal patefdh
of the conmpound of Fornmula | of Caim1l, characteri zeg the X-r povvder
di f f r adiaving chatatieristic paks.asprassdd gueensQof the interplanap distafhe oﬁdlzyi{rdrbg; btAany
one of Cains 1 or 13-19, characterized by a nelting point of 25129-132 C
21. The-Porydddph of any one of Caims 13-20, characterized by a purity of
ph of G aim 21, characterize purity of

2833‘; 28. Eﬁe P‘T’E’e o %lﬁlﬁn ot ehagagierized byhdiealrray ipoy, gevoélfgafﬁm %ttem

char act8YnBShBS TR Re%;a)(é%%%\?\%g ey FERE T o B0 et it g 21, 358
char ath@O%%b%??' eaks at diffraction angles 20 of 12.3, 16.6 and WO

2013/ 0 2012/ 079361 25. 4. 25. The pol ynorph of C ai m 24,
characterizedrhy b%c?fpl‘i%)f @awder, ehdddasid By RRIXGHN pB@’Hblﬂglff?E@foﬁ AflehsStic
peaks, expressed in terms of the interplanar “di stance of 7. 5. and

3. 5A.  having characteristic peaks, expressed in terms of the interplanar distance of 7 2A 6.8A, 5.3A,
15 4.8A,4.1A,3.5A,33A and 3.1A.
30. The polymorph of the compound of Formula I of Claim 1, characterized by the X-ray
powder diffraction pattern show as in Figure 3.
31. The polymorph of any one of Claims 1 or 24-30, characterized by a melting point of
196-199 °C.
20 32. The polymorph of any one of Claims 24-31, characterized by a purity of >85%.
33. The polymorph of Claim 32, characterized by a purity of >95%.
34. The polymorph of Claim 33, characterized by a purity of >99%.
35. The polymorph of the compound of Formula I of Claim 1, characterized by the X-ray
powder diffraction pattern having characteristic peaks at diffraction angles 20 of 12.5°, 17.0° and
25 22.3°
36. The polymorph of Claim 35, characterized by the X-ray powder diffraction pattern
having characteristic peaks, expressed in terms of the interplanar distance of 7.1A, 5.2A and
4.0A.
37. The polymorph of Claim 35, characterized by the X-ray powder diffraction pattern
30  having characteristic peaks at diffraction angles 20 of 8.4°, 12.5°, 17.0°, 18.1° and 22.3°.
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526. The pol ynorph of C aim 24, characterized by the X-ray powder
diffraction pattern having characteristic peaks at diffraction angles 20 of
12. 3, 16.wW0 281/B70635. 4 and 29. 2. 27. The pol ynor ph ofPCT@2m2269361
characterized by the X-ray powder diffraction pattern having characteristic
peaks, expressed in terns of the interplanar distance of 7.2A, 5.3A 4.1A
3. 5A and 338LAThd @388mokple o allyin® Bphclefradiérddeth B4thecRanppoexer edirytiohhgattder ay
powder diffraction pattern having characteristic peaks at diffraction

angl es havingfcharactgristiGpa@ks, kep@ssetlan ernalofghe erplan@aligamaecddi29, 2, 7.14, 5.249.
The pol yﬁr ph of C aim 28, characterized by the X-ray powder diffraction
patterﬁ‘- \%141@-0 naracteri stic peaks, expressed in terns of the interpl anar
di stance of, 7. 2A, 6.8A, . 5.3A .154. 8A 4.1A, .3.5A 3. 3A and 3_1A. . 30.
The pol erD‘I?9phTﬁ? prygl%wéﬁﬁa%g%f}%‘% e g et PoRtlsy ilé%%%tw?ewﬁsg}l the
X-ray r.di act i - ' 3 QUL 1 Bro o317 nlhe P rph
of |y ReREsh iR AR, BYHELTTHINER IS B BT Py 1257 T 0T AR 257
196- 199,4282032. The pol ynorph of any one of C ainms 24-31, characterized by
a purity of >85% 33. The pol ynorph of Caim 32, characterized by a
purity of 205%he %61yan1Fh RBle®A Bb, effarkdt@i vl 3R, thehrurag hewdzedithyctnPpticty Of
>909% 35. The pol ynorph of the conpound of Formula | of Claiml,

char acthevingetatytetibtec peaks\exprasterin dérfrisrcichd mmerpanratistatiawifig. Thar @kt 29Ast i ¢
peaks at diffractjon angles 20 of 12.5, 17.0 and 2522. 3. 36. The

pol ymorfphh.ct2 ‘h?%z%@,ga@ﬁér?aget erized by the X-ray powder diffraction

pattern having characteristic peaks xpressed in terns of the interplanar
di dPance 041-7%&%,13015@@}59%1%@11&.09@&9111101 of Form Iofrﬁéanaoh,f%r@ﬁtﬁﬂéﬁfd'@f%hﬁ 5y

characterize the X-ray powder. diffraction pattern 30having

char actMOEEMEMLbRSdh Ao PR Figliihor s 20 of 5 4. 12,5, 19.0, 18.1 and
22.3. 26 RO ) - rph,: '
37, char ac%/igr %géﬁé%%?ﬁgggé ay pfl)-lz\/\ggdrzr%(;’?139rr r3a504%1?§r1%a%§t1:%¥1§ér&ny a\?irl) ér%tél?é p&'n%fn
char actig@piggicg peaks, expressed in terns of the interplanar distance of
10.5A, 7.1A 5.2A, 4.9A and 4. 0A 39. The pol ynorph of C aim 35,

char act er i 42d Thy pblymo¥ph @yang@nder Cthifnk Baci| ciurguadried by a purity of >85%.

15 44. The polymorph of Claim 43, characterized by a purity of >95%.

45. The polymorph of Claim 44, characterized by a purity of >99%.

46. The polymorph of the compound of Formula I of Claim 1, characterized by the X-ray
powder diffraction pattern having characteristic peaks at diffraction angles 20 of 12.3°, 21.8° and
27.6°.

20 47. The polymorph of Claim 46, characterized by the X-ray powder diffraction pattern
having characteristic peaks, expressed in terms of the interplanar distance of 7.2A, 4.1A and
3.2A.

48. The polymorph of Claim 46, characterized by the X-ray powder diffraction pattern
having characteristic peaks at diffraction angles 20 of 12.3°, 16.8°, 17.9°, 21.8° and 27.6°.

25 49. The polymorph of Claim 48, characterized by the X-ray powder diffraction pattern
having characteristic peaks, expressed in terms of the interplanar distance of 7.2A, 5.3A, 5.0A,
4.1A and 3.2A.

50. The polymorph of Claim 46, characterized by the X-ray powder diffraction pattern
having characteristic peaks at diffraction angles 20 of 11.1°, 12.3°, 16.8°, 17.9°, 21.2°, 21.8°,

30 23.0° and 27.6°.
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5havi ng characteristic peaks at diffraction angles 20 of 8.4, 9.0, 11.3,
12.5, 17.0, 18.1, 22.3 and 28. 2. 40. The pol ynor ph of d aim 39,

char act erwedidn7éshe X-ray powder diffraction pattern haeirmNerzargssteri stic
peaks, expressed in terns of the interplanar distance of 10.5A 9.8A 7.9A
7.1A, 5.2A, 4.9A, 4.0A and 3.2A. 1041. The pol ynorph of the conpound of
Formula | ®f. Chaipslylnorphait ddihied 52 chdayctérired oy ey Yawgd owdef diffadtioanpau@it er n
show as in Figure 4. 42. The pol ynorph of any one of Clains 1 or 35-41,
char acthevmg@dialtayteastnmpetaukﬁgexnymsmd iof te®0of1198 igerplanar distangd of $HE, Il A3 ph of

any on ns ., 35- acterized by a purity of >85% 1544. The
pol ynoripﬂ'({d‘fz‘%‘hi% 23 a@ﬁér terized by a purity of >959% 45. The

ol ynorp aim 44, characterize u % 6. T

Do ymor on & The pifymbslh 6r e biphirdor Yoy Lok Erdin f Shdbeerrelly 15 Tre

y g characteristic peaks at diffraction
ang?es%ggéag#dl%?{c%og%&%ng %g{]gﬁ@%ﬁ The pol ynorph of C ai m 46,
characterizedrhyp Bﬁ/enoa(pﬁ 6Ya1959¥\ﬁjee6f @1ahih§ q(ﬁr'%nSP%hﬁﬁEt@nE@ivﬂ)%ng &é}ﬂ@g&ﬁf bptic
peaks, expressed In terns of° the interplanar di'stance of 7.2A, A4. and
3. 2A. 192485 °The pol ynorph of Caim46, characterized by the X-ray powder
diffraction pattern having characteristic peaks at diffraction angles 20 of
12. 3, 16. 834.1Th®polinoBplasithn® dnb of CEHm4 36-5Bhehapaitgrived ph agiuriGl afi PR54R,
characterized by the X-ray powder diffraction pattern having characteristic
peaks, exp?%sé“é@lpblﬁmom (blﬁlntlﬁé, qhﬂta@wptlzqhbyaaurswﬁ&@ﬂﬁ 7.2A, 5.3A, 5.0A

4, 1A and pol ynorph of C aim46, characterized by the
X- ridy povvd%ér Eh?P?lé(E’LOFRJhOfp%JPF’éﬁr %&WW&Z%@F éBF‘étrylosfP%/Opeaks at di ffractl on

angl es 20 2,3, 16.8, 17.9 27..6.

2033 017063PCh e 81 7Bt The dgouninr FopiepRoG e T
characterized by the X-ray powder diffraction pattern having characteristic
peaks, expressediimiterns of the anbgrpI anar di stanceyof 8.0A, 7.2A 5.3A
5.0A, 4.2A, 4. 1A{ -8,9A and 3.2A I i, 52. The ﬁ@lypﬁ)%h of the conpound
of Formula | o dl ai m4._eha;act|er| zé%ua;;t_he f)(-ray 5“povvde diffraction

pattern show as®in Figure 5. ‘153 The pol ynpeph @i\ any one of Cains 1
or 46-52, charatterized by a mel td ng poi nt of192- 195 oC. 54. The
pol ynor ph of any one of Cains 46 53, characterizéd by a purity of >85%
o o
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(a) Synthesis of Compound 2
Compound 1 was dissolved in acetic acid, stirred and heated to 75C-85°C. Liquid
15  bromine was slowly added in drop-wise and reacted for 7-9 hrs. till reaction completion verified
by TLC. Cooled down to room temperature. The reaction solution was poured into 4000 mL

of saturated sodium bisulfite (NaHSOs3) solution. The resulted precipitate was filtered and
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55. The pol ynorph of Caim54, characterized by a purity of >95% 1056. The
pol ynor ph of C aim55, characterized by a purity of >99% 57. A nethod of

pr epar i ngwvohetan@eund of Fornmula | conprising the step®CBICN20E)07B6mt hesi s
of Conpound 2 Conmpound 1 was dissolved in acetic acid, stirred and heated
to 75C -85 . Liquid 15 brom ne was slowy added in drop-w se and reacted
for 7-Svdshad with mtatdreadtdried i€ oauiuet badaw 610 fol @daihohpound2pl ed down to room
tenperature. The reaction solution was poured into 4000 nL of saturated
sodi um bi st SyneesiNaHE08)pozoluk i on. The resulted precipitate was filtered
and WD 2013/ 017063PCT/ CN2012/ 079361 washed with water, and dried in vacuum
bel ow 60C Ko 0B n gepnpdueiapeund( b)2.sy -RedhdPegnytinippignd aid.  Pd(PPhs)s,

SRt A e O AR @&%Lv?érgd Heroersbat 75 skt & L
75 C 8§ Ocl 4f fEs %hg’ Orﬁé}czhoﬁr s%lutlorﬂewlég %ﬁ&lteg gd WL Iﬁ% cgn %ﬁﬁ%&k%\g{t %f%

te rrperature after the reaction conple

acet at %oWﬁ[&ecﬁ‘JQﬁHed thermat efypbags W1 fa%!étﬁtfée&e%xﬁd[cﬁﬁt ethW\Izilerebﬂé’s'e was
acetate three tines he organi ¢ phase was conbi ned, washed w th saturated

brine tuitiee exttidtediwixyt canyychtat shrs@dindsn STHS @enit @iﬁ&%@é@s,come@u ghslededth n
vacuumto renove ethyl acetate, resulted in a crude product. The crude

pr oductsatnveged bong sviat,| dricddbyi mhiydrawstshdingl sultito Va0 )Canp disided;in Feduum to
Synt hesi s of Conpound 4 Conpound 3 was added into water. Ammoni um

f or mat aemaE PhyCacsaty. vashiied Hea eudearogduet. r dhesteds prdugthpas racrstalligech i
After coo down dre ing Pd/C, the reaction m xture was extracted

wi tll et™R} " g@‘ﬁ%@“%&“ﬁ@ rTgl\—%‘e organi ¢ phase was conbi ned, washed with

15wat er an@ S rat efi bri nes dri ed by anhydrous sodium sul fate (Na2SO4),
filtered, Shd" S?IFP G4MPRIB4duum t o rermve the solvent, to obtain Conpound

4, (d) Sy n@&ﬁ?égﬁdoj WQQ g@&ﬂqgtoawatﬁrs %‘H@%ﬁ fq %eiﬂdCP i‘(gglj 'v&%?e ﬁl%g afid%i

phosphoric ac were reacte conpletl t hen coo

down t Qnf Rt RIMRET AMauk €. 5-YEt Bfs. M@&te@%@ﬁn@ﬂi@w@t hidd @&n@«hnglﬁ)aﬂ‘c tHeOrdact?éh
till hydrolization was conplete. The reaction nixture was cool ed down and

filteretixtufbeas estlcteidwBlokihe s@atetwies tTheodrpaiio phaspaasndntbingdewadedtwidasi s
of lgo npv&?alier}dan?i saturated brines, dried by anhydrous sodium sulfate (Na,SQOs), filtered, and distilled in
vacuum to remove the solvent, to obtain Compound 4;
(d) Synthesis of Compound 5
Compound 4, acctic anhydride and phosphoric acid were reacted at 45 C-55 C till
completion, then cooled down to room temperature. Water was added and stirred at 45 C - 55 C
20  till hydrolization was complete. The reaction mixture was cooled down and filtered. The
resulted solid was dried to obtain Compound 5;
(e) Synthesis of Compound 6
Compound 5 and 1-hydroxy benzotriazole (HOBt) were dissolved in THF and cooled down
to below 0°C. Dicyclohexylcarbodiimide (DCC) was added in multiple batches and stirred at
25  below 10 °C for 10-14 hrs., and filtered to retain the filtrate.
dimethyl malonate was dissolved in THF. NaH (70% oil dispersion) was added first, followed by
adding the filtrate obtained above while stirring, and the mixture was reacted for 1-3 hrs. THF
was removed by vacuum distillation. methanol and 10% HCI were then added and stirred
overnight at room temperature. The precipitate was filtered and washed with methanol to

30  obtain Compound 6;
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Compound 5 and 1-hydroxy benzotriazole (HOBt) were dissolved in THF and
cool ed down to bel ow OC. D cycl ohexyl carbodiim de (DCC) was added in

mul ti pl e watotsan7@ad stirred at 25bel ow 10 C for 10-14 RCI/ICN2ared)7936lt er ed
to retain the filtrate. dinmethyl malonate was dissolved in THF. NaH (70%
oi | dispersion) was added first, followed by adding the filtrate obtained
above whi | @ Sgrthedingf Camgotd@7m xture was reacted for 1-3 hrs. THF was
renoved by vacuumdistillation. methanol and 10% HC1L were then added and
stirred ovErkbyht ghrinatsoydreshierdset yrdesoditre rmtb@iim were addesl id msthadolanl
washed with nmethanol to 30 obtain Corrpound 6;

2013/ 0PTESHeltpTsd by Aivieten tq fomapynabana. oTHMo@%pwnd 6 weeg pddsde gnd
gl ycinate drocglor%g%%%_d sodi um et hoxi de were added i nto nethanol and
stirred®d4g st Fation to remove methanol. THF and Conpound 6

wer adde%hea&qctfo%%gﬁgre%%rmt@gg i#yaPBria i BIFE LRAERHORTd) YhGedre

disfilled In vacuumto renove ano irre
1.5- 2. 5nB&@rred ARG 52 btHeY Qﬂldtfﬁte?&ft%'d%ta@@gﬁfﬂﬂgndh (9) Synthesis of Cormound
8, the conpound of For mul Conpound 7, CH2CI2 and trifluoroacetic acid

(TFA) wer e(gnrsyﬁﬁhcslsbfcmq)oaﬁd 8 aﬂacdoﬁ@b&mﬁ FHoréhuda hrs. CH2C12 and TFA were
renoved by distillation, and the residue was recrystallized in 10 net hanol

t o obt &amonpGulE:8]; and trifiGorodcatietabwld THTA ) prep arikey stired pod seaciegfiorad. 5 -arfy
one of Clains 1-12 COTErISIHQ the steps of dissolving the conpound of
For nul dry. iGH&L Isend et wak | remedch Py adisipbtioan eadi shp resedusi was iresiystaliged in
recovering ﬂ{ resuk%sd cr %talllne pol ynor ph, wherein the solvent is
sell8ct &erthanghioRhiip n“EWH% acetate (EtO0Ac), isopropanol , nethyl

hoet onel helt ane e RROCREPTLBb AN Eﬁlegrpﬁgﬁﬁpﬁgﬁ PR F R AR s
The 1 o SusEtyint it EEORY of Pl Phs 5ot %@S%ibx}“%? BRSbAR hedbrion,

pol ynoraph réoveriye MReciiteflcaistBlink pody BRI Wikt thB8oRtRaNS s&fectédl Bohyaddthne,
excess anmount of the conpound of Fornmula | in CH2Cl12 or the m xed sol vent

of 20 KA/ htftater(BtAALRdeippsi@nal , eyl tetpetyatthce (MABEL of é@shix8 sohant obr

i n heptane, nethanol or the m xed sol vent of H20/THF at 50 C for at |east

48 1hr s .acctangimethonoler i ragetomﬁéherpe@ul t edcatongiseprbpamel,pol aastsmphsopropyl 60 .acgate,
one of Clains 1 or 13-23

met hod of prﬁ&arl ng the po g Wiph of an%

conpr i seegne/NeIBE, é%éF/meﬂ%ﬁng JiR/RPAnel Bhpriand THE/ metepitride. | THEisgpoppraint |
follo 25 precipitation, and recovering the resulted
cryst%ﬁ&[@ynﬂ Rﬁ%ﬁér ein the solvent is selected from

di met hy| fogd"rag Iglgthgd P%E&Bg}ilﬁle yn? ri%h oﬁ‘ aI-‘lr-Plle_l Foe% o aliq éfl comé)g%% the stgps

nmet hod of Ppreparing ny o ai ns

conpri %f@glﬁ;hﬁg éic%@ss a@budt SFSAL CbRPBotMEof PHRAHA G lﬁfcﬂf@rwy} fhel mix@d's%%ﬁPQﬁ’l
acet at e, by a spontaneous precipitation, and recover | ng the

resyl t erdzozmstoaﬂzovu@etmb Y RoRtempRure fomm@m@ﬁrspbeﬁamdpma hethRrd YTeldh
of any one of Clains 1 or 24-34 conprising the WO
2013/ 017iR 6B REIVEHENT HLRY/ DB 36 50 °C for at least 48 hrs., and recovering the resulted crystalline

polymorph.

60. A method of preparing the polymorph of any one of Claims 1 or 13-23 comprising the

steps of dissolving the compound of Formula I in a solvent, followed by a spontancous
25  precipitation, and recovering the resulted crystalline polymorph, wherein the solvent is selected
from dimethylformamide or the mixed solvent of THF/dimethylformamide.

61. A method of preparing the polymorph of any one of Claims 1 or 24-23 comprising the
steps of dissolving the compound of Formula I in isopropyl acetate, followed by a spontancous
precipitation, and recovering the resulted crystalline polymorph.

30 62. A method of preparing the polymorph of any one of Claims 1 or 24-34 comprising the
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steps of slurrying excess anmount of the Conmpound of Fornmula | in a solvent
for at least 48 hrs., and recovering the resulted crystalline pol ynorph,
wherein twe28m/0ae0s8 i s sel ected fromnethyl tert-butyl eChamN20i20p60py |
acetate or EtOAc. 63. The nethod of C aim 62, wherein the tenperature of
slurrying is 20 C-50 C. 5 64. A nethod of preparing the polynorph of any
one of stdpaiofisluiryonrg éessdanwonpof thi (ntifoand b€ psrmidla [$h asolvemdfoexcless 4armunt
of the compound of Forrmula | in the m xed sol vent of acetone/H20 at room

t enper andrecoveringthe readted48ystalling pelymonpht, véhendix ¢lee sdvanens sadéctdEt vy medyht
50C for at | east 48 hrs., and recovering the resulted crystalline

pol ynorgh! qudhﬂ'EOPﬁﬁylﬁﬁgﬁﬁﬁﬁ%%Hbe Clai m 64, wherein the volunme ratio of

rethod of Grenkt P}PSW%@ 1o %}?f%? ' Omﬁ%fé lBf byl By tpogg. 0 A
comgr I si ng64f h% %1%&188 0? e:ﬂgrqﬁ%ﬁl% ! ltf' ?Iyo& ofl[: raﬂ*}'fg flolr 23 %41081% 851!({”,?%

i nert gas, and en- o8 nper at u and recove

resul t%@:ﬁﬁf rofS RIyiMe cRQLY 'lﬁfoﬂﬁt of the $9 Bo@?d of* Mﬁﬁdl o (R SRRE @QIVEllﬂeof
pol ynmor ph of any one of Clains 1 or 4 conprising the 15 steps of

di ssol cggnd/HeO @@mmmin@ratﬁwﬂasuhalehstm l&s.$ of et miaedl kalgerit e ROBSIAHIF ane
pol ynorph as prepared in any one of Clains 61-66 as crystal seed, followed
by a sporit fmeossipiidus paidtccovering it rcedoderystglivdpolymerpht ed crystal line
pol ynor ph, wherein the solvent includes nmethyl tert-butyl ether, isopropyl
acet at e or6%t Ghe.method of Claigg64,Twhernist thedvabimeiratioro® ELOMEHHI s $Hie ardlthent
i's selec ed fromnethyl tert-butyl ether, 20isopropyl acetate or EtOAc.
69.10A ﬁ@LW%H38P05P%$%F¥%éPF%% ponnDrph of any one of Clains 1 or 24-34

col vent St Ay R0 of PAPATTE HE TBOIUMEP Sh BeoBr el | i 2y sRePEPniT me
61- 68 a5, %Yﬁéa"ﬁng rgﬁainh%thxlaq (GOBCARAHSBE EEL B Aol Athwn o

recoverin crystalline polynorp m xe vent 25

cont ai G§orﬁ&&fh§eratﬂﬁFan@F&6%}ﬁngﬁe WahIedd: crystalhﬁQFol Jherget hod of Caim 69
wherein the m xed sol vent includes a m xed sol vent of Et OAc/ THF or

acet one/ H2§7. A methbd of pecpashd 0@ polyrkdrph Bf 68y ondef €laimd her Di-3edompliviapthd s
selected froma m xed sol vent of Et0Ac/ THF or acetone/ H20. 3072. A net hod
of 1pr eptaps nfdiskadvipgltherormppountl difprionle Ioh aGokicnt addiog tiR4ergstalbioerpelysiongh ahe
WO 2013/017063PCT/CN2012/079361 steps of heating and dissolving the
conpou micrsFedegr 3y epe) of; ‘ﬁlaan% 6l-vers, crxmh sqef> tfﬁléowe@/ by & qppﬁf@nwsmwﬁtwn
prepared.,as i n.any one

D 04 SOt i e ROl 69 Bl e oBotE B e hso TG A et AR e
|nclude?1 58§h§8ﬁg&hme%r%ﬁﬁggl 2- pent anone, propyl acetate, nethyl
y

tert- by sopropyl” ‘acetate or EtOAc. 573. The nethod of Caim 72,

wherein thg 5%8%'{& oﬁ@l‘aﬁﬁ%?dwﬁ&%ﬁﬁ‘h §9@L’i]919£61§'9éle t4a FBh ke rféﬂrﬁlﬁyrloé%ﬁer
propyl acetate, tert-buty |sopropy? acetate or EtOAc

74.00A qa@hg@qg&naegpgﬂygg t he ponnDrph of any one of Clainms 1 or 24 34
conprising the steps of heating and dissolving the conpound of Fornmula I in
a m xed sobemdt methddiofigrepheng thy Jlosirhdrple op ahy oy hClagnpt epa4-8d compaisiyig oliee  of
Cl ainms 61-63 as crystal seed when cooling down, 10and recovering the

resul t steperafsdiaolving tholopmpepid oftfiermiia | e avimieatl selvensnaddiogtthe weystalline

polymorph as prepared in any one of Claims 61-68 as crystal seed, followed by a spontancous
precipitation, and recovering the resulted crystalline polymorph, wherein the mixed solvent
25  contains EtOAc, THF, acetone or water.
70. The method of Claim 69, wherein the mixed solvent includes a mixed solvent of
EtOACc/THF or acetone/H,0.
71. The method of Claim 69, wherein the mixed solvent is selected from a mixed solvent
of EtOAc/THF or acetone/H,0.
30 72. A method of preparing the polymorph of any one of Claims 1 or 24-34 comprising the
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i sopropanol, EtOAc, isopropyl acetate, nmethyl tert-butyl ether, THF,
acetone or water. 75. The nethod of Caim 74, wherein the m xed sol vent
i ncl udes wormad7®6! vent of i sopropanol / H20, Et O0Ac/ THF, PCIEMN2012y079361
acetate/ THF, nethyl tert-butyl ether /THF or acetone/ H20. 1576. The net hod
of Caim?74, wherein the m xed solvent is selected froma m xed sol vent of
i sopr opyps 2 BedtBiglynd dsDAdh Hie, cangmpind py IFoaneladt ia/aTsdFyenedddytg the reirysiellind

et her /THF, or acetone/ H20. 77. A nmethod of preparing the pol ynorph
of any pohenaph Qreparsl a5 oy aB5 0uS of ilgimisstIng herstad psebvhhe apphieg doen, and
crystal line pol ynorph as prePared in Caim58 or 59 to 50 C under inert
gas, 20CoNerng c%@ i tsppltrdwalyE Bl s o ReyBIER: aieisin dhjd sebEal dnsludest hervoparglt ed

L7, 2RV noatf i TG o LAOTE PRl Rl B
rormila | BE oL oIS arePamarale Bieg Pl A A0 ISFRISHIDS

pol y morpf @ |- 8¥n@AGh roﬁ??pada&tet nthy3 et Bu G PEREL, RoPpl Nitetne StEPR Of
slurrying excess anount of the conpound of "Fornula | 'in acetone/H20 at 50C

for at |eapt. dBmbihdd oRPELPRAEOURIPONENIPR of eSybAESF Claitsd abl DNS4REMYABIE ke
80. A nethod of prepar i@ng t he p(%jl ??rnorﬂgh of }:ny one of Clains 1 g]}b 46-956

conpr i siapgy dfleatepsd ahsshbatg thy tdrepamy séfaFérma pohyaroripdd polepdr edlisg than
Clains 77-79 to 175 C under inert gas to obtain the crystalline pol ynorph.
3081. Arxstaipeshalysarpbarprirsradgn any ens elctlaies @hbdias cioptal sped awhys caglingrdown,

pol ﬁm)rp of any WO 2013/ 017063PCT/ CN2012/ 079361, one of .  Cl ai m of 1-56, and
a phar faE elrePYaingy thee Cepitan) @yEting; BHyMORY, uYyasieino the gpixpd  solvent  eptaing

conposi.tion co ising an effective, a t.qf th ystal line pol ymorph of
any. ond>57onafdl QRSO scctishry TH Ryetlistiey TEeBhe obFakhal t | onal
active in dient aaT oSt f .Clai r
82, V\here?{lﬁt Egl@c%en%%%iotf ic(}%ﬁ?g 4U2@8&‘i n aefl J(()ér%[nafézlge mq}rélc@?%a?i%l%@ SHR]GIS%.OPThe
ConMPosiiidpdsha@bl/IF@I MtB3.c/ V! @idpr ;thrﬂf SQIROTHH ORcihgl USRDtyl atHeAD)TEHF Ofr @
capsul e. 85. The conposition of any one of Cains 81-84, wherein the
conposiacttonic/Elo@pri ses 1 w % 99 wt % of the crystalline pol ynorph of any one
of Clains 1-56. 86. The conposition of Caim85, wherein the
conposi ti ofb.cdhpmiciesl df Gladkn 70, whetcof the Gnikeksavys tiabdi¢ated fiomyamixed sofveany
one of Clains 1-56. 87. The conposition of C aim 86, wherein the
conposiofilgpremmbhOs €5 1 EtQRias BEF, visoprepylt acetaty THF amethyb tgsbytb e sFHENYT one
of Clains 1-?16 88. Use of a crystalline polynorph of any one of C ains
1-56 | A°HERUFaRt uring a medicament for modulating HIF |evel or HIF

oL, PR B SRR By SLC A 2388 S
condi t isQRs 88 ROGINB LRI thilinEbEIyhRYR] asdrepdrbd ARGt iaMh 5 or 59 to 50 C under inert gas,
20  then cooling down to room temperature, and recovering the resulted crystalline polymorph.

78. A method of preparing the polymorph of any one of Claims 1 or 35-45 comprising the
steps of dissolving the compound of Formula I in THF, followed by a spontaneous precipitation,
and recovering the resulted crystalline polymorph.

79. A method of preparing the polymorph of any one of Claims 1 or 35-45 comprising the

25  steps of slurrying excess amount of the compound of Formula I in acetone/H,O at 50°C for at
least 48 hrs, and recovering the resulted crystalline polymorph.

80. A method of preparing the polymorph of any one of Claims 1 or 46-56 comprising the
steps of heating the crystalline polymorph prepared as in Claims 77-79 to 175 °C under inert gas
to obtain the crystalline polymorph.

30 81. A composition comprising an effective amount of the crystalline polymorph of any
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90. Use of a crystalline polynorph of any one of Clains 1-56 in

manuf acturing a nedi canent for the treatnent of ischema, anema, or a

di sease, wWD=20r3daro66r conditi on associ ated 20 with i sche®Ca/N20e0ed6a.

91. Use of a crystalline polynorph of any one of Clains 1-56 in

manuf acturing a nedi canent for the treatnent of a di sease, disorder, or
condi t ionn of Elamtodd -3, aml b phivericeyticale at@ptableladipiemal adjugant or carrier.
auto-transpl antation, allo-transplantation, xeno-transplantation, systemc
hi gh bl ood8%r éssmmsimmnth@an etif@bié\tee&momamfdhe orystatlinenpélzmogthoefyany

di sorder, or a conbi nati on of or nore_thereof. 92.. A nethod of
modul atonRg ﬁianmqi\}é%ub?ora@mtmw At lgass gpg @f:%ddﬂﬂpnéb%ﬁﬂr’f?élt?é?cﬁﬁﬁ to the

Suhed 1 oY TR e Pei oL YR Uhe U s 3 or 3. Thikiinf cBRpastign isaseting n

HI Fslevel tivity in a subject by admnistering to the subject a
stal ?llﬁgﬁlﬂ)lg%ar@%ph of any one of 30C ains 1-56. WO

2 0 13/ 0170 G@Pcﬂl%@ﬁéggﬂg@g’ﬁéﬂalm 83, wWhereift tﬂ@é&fﬁ%sitﬂfn it (1&&tih 39118 S EaBsule.

aneni a, or di seas di sorder or a condition associated wth i schema or

anem a in g5 .saip eepbyitial B Ah oAk oW Lienst 1essubh@6ih the Compbslib BempaicynDr ph
of any one of Cains 1-56. 95. A method for treating a disease, a

di sor devt%-89 waecdnlak ¢riystalline pelynedp ofomyi meloé Gilams3-Fnem a, wound heal i ng,
aut o- tranzé)l antation, allo- trans§)l antation, xeno-transplantation, systemc
hi gh bl oo Q)r ds wempositian o §duiinadS, diletein dhs caraprsétfonogorantisenf |vatrrdd ortfo of

di sor der ?‘ rrg{l natlo of tw m)re thereof, in a subject by

adri'ni §]Pee?r|’>’ﬁ@“[“6p9 y C4Le ?i%law r¥ie pol ym)rph of any one of d ains

1-56. 87. The cornp051t10n of Claim 86, wherein the composition comprises 10 wt%-30 wt% of

the crystalline polymorph of any one of Claims 1-56.

88. Use of a crystalline polymorph of any one of Claims 1-56 in manufacturing a
medicament for modulating HIF level or HIF activity.

15 89. Use of a crystalline polymorph of any one of Claims 1-56 in manufacturing a
medicament for the treatment of a disease, disorder, or condition associated with HIF level or
HIF activity.

90. Use of a crystalline polymorph of any one of Claims 1-56 in manufacturing a

medicament for the treatment of ischemia, anemia, or a disease, disorder or condition associated
20  with ischemia or anemia.

91. Use of a crystalline polymorph of any one of Claims 1-56 in manufacturing a
medicament for the treatment of a disease, disorder, or condition selected from ischemia, anemia,
wound healing, auto-transplantation, allo-transplantation, xeno-transplantation, systemic high
blood pressure, thalassemia, diabetes, cancer or an inflammatory disorder, or a combination of

25  two or more thereof.

92. A method of modulating HIF levels or activity in a subject by administering to the
subject a crystalline polymorph of any one of Claims 1-56.

93. A method for treating a disease, a disorder, or a condition associated with HIF level or
HIF activity in a subject by administering to the subject a crystalline polymorph of any one of

30 Claims 1-56.
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94. A method for treating ischemia, anemia, or a disease, a disorder or a condition
associated with ischemia or anemia in a subject by administering to the subject a crystalline
polymorph of any one of Claims 1-56.

95. A method for treating a disease, a disorder, or a condition selected from ischemia,
anemia, wound healing, auto-transplantation, allo-transplantation, xeno-transplantation, systemic
high blood pressure, thalassemia, diabetes, cancer or an inflammatory disorder, or a combination
of two or more thereof, in a subject by administering to the subject a crystalline polymorph of

any one of Claims 1-56.
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