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met hyl ) pVEES#Phyl ] - 4H 1- benzopyr an- 4-one 5 BACKGROUND CPCHUSOWAMEINTI ON
The conpound (-)-cis-2-(2-chlorophenyl).-45, 7-di hydr oxy- 8[ 4R- ( 3S- hydr oxy- 1-
met hyl ) pi peri di nyl]-4H 1-benzopyran-4-one or one of its pharmaceutically
acceptable 10 salt forns (known as "Flavopiridol") is an inmunonodul at or
and antiinflamatory agent (U S. Patent no. 4,900, 727), and inhibitor of
oncogene- encoded ki nases or growth factor receptor tyrosine kinases (US
Pat entEthanob Spbvatgsef (- )ﬂl&ﬁo@-chmpphgnul) %?rdjhgdrm-BHBﬂ3§fthﬂnyn1-
dependent ki nases ( CDKs J CDK6 and CDK7,

(cdkl /clyclin B; cdkZrey Ak linD, 15

cdk6/ cyclinD; cdk7/cyclin H) with the potentlal to cause inhibition of cel
cycle progression in G and & by nultiple nmechanisns relatable to cdk
ihibition. See International Journal of Cncology 9: 1143-1168 (1996).

Al so, Flavopiridol has cﬁ@F receptor famly, the
receptor associ ated SRCB anl y |ng£ggﬂfﬂ R@%@ﬁiﬁ transduci ng ki nases. In
vitro and in vivo experinents have shown that 20 Fl avopiridol is able to
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International Journal of Oncology 9: 1143-1168 (1996). Also, Flavopiridol has been
shown to inhibit the EGF receptor family, the receptor associated SRC family kinases,

and signal transducing kinases. In vitro and in vivo experiments have shown that

20 Flavopiridol is able to inhibit a broad type range of human tumors, leukemias and

lymphomas.

(-)-cis-2-(2-chlorophenyl)-5,7-dihydroxy-8[4R-(3S-hydroxy-1-
methyl)piperidinyl]-4H-1-benzopyran-4-one or a pharmaceutically acceptable salt
25 thereof crystallizes into numerous solvates with solvents such as ethanol, DMSO,
methanol, acetonitrile/isopropanol, ethanol/isopropanol, and isopropanol and solvate
hydrates such as ethanol/ and isopropanol/water combinations. The superior solvate

form is the Flavopiridol hydrochloride ethanol solvate form (hereafter "Form I1").

30 The use of ethanol over the other solvents used to produce solvates presents

advantages of less toxicity (e.g., methanol, isopropanol solvates).



means the solvate of ethanol wth

(-)-cis-2-(2-chl orophenyl)-5, 7-di hydr oxy- 8[ 4R- ( 3S-

hydr oxy-WWOR¥P}RY4) pi peri di nyl ] - 4H 1- benzopyr an- 4- one hydr oBRTHSPHYS205,j d
Form 1l can 5 be described by x-ray powder diffraction in the follow ng ,
obtai ned using Cu K-al pha radiation: D Space- A 12.763 6.389 10 3.194
13.244 4.259 and nore preferably as: 15 D Space- A 12.763 6.389 3.194

13. 244 20 4 g@fectlar BebnstanBrdenBoRFOFofmLaf Rpcis-B8X . chibrdfenylNbs0, Form
Il is further identified as D Space- A Relative Intensity 12.763 Strong

6. 389 difiroxy-81 R-4aSwalkoxyr 3-mathy\eimeridinyibéHviehrnzapyrasst-oeakthis2. 824 Wweak
means the solvate of ethanol with (-)-cis-2-(2-chlorophenyl)-5,7-dihydroxy-8[4R-(3S-

hydroxy-1-methyl)piperidinyl}-4H-1-benzopyran-4-one hydrochioride. Said Form Il can
5 be described by x-ray powder diffraction in the following , obtained using Cu K-alpha

radiation:
D Space- R
12.763
6.389
10 3.194
13.244
4.259
and more preferably as:
15 D Space- A
12.763
6.389
3.194
13.244
20 4.259
12.036
2.824
8.659
6.012
25 5.397
3.447.
Also, Form 1l is further identified as:
D Space- A Relative Intensity
12.763 Strong
6.389 Medium
3.194 Weak
13.244 Weak
4.259 Weak
12.036 Weak
2.824 Weak
8.659 Weak
6.012 Weak
5.397 Weak
3.447 Weak




8.659 Wak 6.012 Weak 5.397 Weak 3.447 Weak WD 01/53294 PCT/ USO / 00520
-3 Further, Form Il may be identified as: D Space- A Relative Intensity (%
12.763 19@B3¥4389 35.7 3.194 22.2 13.244 18.0 4.259 FPETAS1H0B8e 13. 8
2.824 9.5 8.659 8.3 6.012 7.2 5.397 639 3.447 6.5 Formll may also be
identified as in Table 1: 5 Table 1 2 Theta Angle () D Space- Relative

Rel ative Intensity Intensity (% 6.920 12.763 Strong 100.0 13.850 6.389

Medi um 35. Truerd @8 [t Haybakd@ifed §:669 13.244 Wak 18.0 20.838 4.259
Weak 13.8 7.339'12 036 v@gﬁ 13.8 31.660 2.824 Weak 9.5 10.208 8.659 \eak

8.3 |14.722 6. 012Dv@pace. R Relative Intensity (%)
12763 100.0
6.389 35.7
3.194 22.2
13.244 18.0
4.259 13.8
12.036 13.8
2.824 9.5
8.659 8.3
6.012 7.2
5.397 6.9
3.447 6.5

Form Il may also be identified as in Table 1:

5 Table 1
2 Theta Angle (°) | D Space-A Relative Relative Intensity
Intensity (%)
6.920 12.763 Strong 100.0
13.850 6.389 Medium 35.7
27.908 3.194 Weak 22.2
6.669 13.244 Weak 18.0
20.838 4.259 Weak 13.8
7.339 12.036 Weak 13.8
31.660 2.824 Weak 9.5
10.208 8.659 Weak 8.3
14.722 6.012 Weak 7.2
16.413 5.397 Weak 6.9
25.829 3.447 Weak 6.5

Form Il can be used as a pharmaceutical, optionally together with
pharmaceutically acceptable carriers and/or excipients. Furthermore, it can be used
10 for the production of other polymorphs or pseudopolymorphs of (-)-cis-2-(2-
chlorophenyl)-5,7-dihydroxy-8[4R-(3S-hydroxy-1-methyl)piperidinyl]-4H-1-
benzopyran-4-one.



16. 413 5.397 Weak 6.9 25.829 3.447 Wak 6.5 FormlIl can be used as a
pharmaceutical . optionally together with pharmaceutically acceptable
carriers WRAVEExci pi ents. Furthermore, it can be used 16CT/M%°’£/W§20
production of other polynorphs or pseudopplynorphs of (-)-cis-2-(2-

chl orophenyl ) -5, 7-di hydr oxy-8[ 4R- (3S- hyd roxy- 1-net hyl ) pi peri di nyl]-4H 1-
benzopyran-4-one. WO 01/53294 PCT/ USOL/ 00520 -4 Form 1l is hygroscopic. It
can be used Farmattishygnoseopior it can be uwsebdnwatet free forrior & B foah e¥itlcant ent .
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heatin Lxtpgre to about 50 to about 80'C-1 c) optionally filtering off
undi ss%etnggpg?a%ﬁe%iog’fa aﬁ?om the m xture thus formng a solution 15 d)

concentrat i ) disshang @ sufficient amoabouf (5Q:i§42-@b@ubrcﬂﬁ1°éh9g-5,’ﬂ@iP({))FHr@H/J es are
rem)ve% )..cooling the solution, for exanple, to about to 100 C and
optd ondl#§L3BIdiPRYrd-methyl)piperidinyI-4H- 1-behzopyran-4-one hydrochioride in

(-)-ci ssufndien rlqlp(g]:leil 219 e Gl -8 4R- (3S- hydr oxy- 1-
met hyl )[‘aji Sﬁ%ﬂ%%] -4 blfé%o%'ﬁ%%)%@rqﬂg%%'eﬁﬁ%ﬁr ochl oride crystals thus
obt ai ned; ary) heading)the mikunaltd wbduy50do ebeut89sCal s. A "suffici ent anount”

of (-)-cis-2-(2-chlorpphenyl)-5, 7-di hydroxy-8[4R-(3S- . )
hydr oxy- 1- me? WF'PB?@Q?‘?‘%H’@IP%-“Eﬂﬂsfpb@ﬁz'aﬁg%aﬂf@nb%@ MAWISChLS fPHRiNEA t hat
amount gofufdn ci ent to be dissol ved and heated according to the steps of the

invention to form . _
15 d) concentrating the solution until about 50 to about 90% of the volatiles are

removed,

e) cooling the solution, for example, to about 0 to 10° C and optionally
isolating (-)-cis-2-(2-chlorophenyl)-5,7-dihydroxy-8[4R-(3S-hydroxy-1-
methyl)piperidinyl]-4H-1-benzopyran-4-one hydrochioride crystals thus obtained: and

20 f) optionally drying the crystals.

A "sufficient amount" of (-)-cis-2-(2-chlorophenyl)-5,7-dihydroxy-8[4R-(3S-
hydroxy-1-methyl)piperidinyl]-4H-1-benzopyran-4-one hydrochloride is that amount
sufficient to be dissolved and heated according to the steps of the invention to form

25 enough crystals to be recovered. Likewise, a "sufficient amount" of ethanol is that
amount sufficient to dissolve at least a portion of the (-)-cis-2-(2-chlorophenyl)-5,7-
dihydroxy-8[4R-(3S-hydroxy-1-methyl)piperidinyl}-4H-1-benzopyran-4-one
hydrochloride added thereto in order to dissolve a portion thereof. These amounts
can be experimentally determined.

30

The "volatiles" are those agents which may be evaporated during heating such
as ethanol and/or water.



25 enough crystals to be recovered. Likew se, a "sufficient amount" of
ethanol is that anount sufficient to dissolve at |east a portion of the
(-)-ci s-Wwopps¥m or ophenyl ) -5, 7- PCT/US01/00520

di hydroxy- 8[ 4R- (3S- hydr oxy- 1- met hyl ) pi peyi di nyl ] - 44 1- benzopyr an- 4- one
hydrochl ori de added thereto in order to dissolve a portion thereof. These
anounts can be experinentally determ ned. 30 The "volatiles" are those
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i nhi b|t and js.useful in the trea nt for various forms of cancer. 20
SYI\I'I'HF§§|'Be"I"Y?t§Et15 injectign intiavegoyshyy @[}g?lﬁ?ﬁ' Focess one part of
(-)-cis-2-(2-chl orophenyl) -

5, 7-di hydr oxy- 8] 4R- ( 3S- hydr oxy- 1- net hyl ) pi peri di nyl ] - 4H 1- benzopyr an- 4- one
is dissol \/édthieramtlcallﬁeﬁepﬁ\a amauiny’ af-aron R@ndrvilavary withahe Iiedividuall parts
of et hanaol

5 et hanol I r free from S
ised. ErRomiens e e ity Aoty BB R e Bris et hy
pipe rw,qlﬂéyéﬂmﬁl—bbmmﬂg@pcyngmﬁgmge;eemybe obt ai ned as disclosed in US
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Form Il is useful as a protein kinase inhibitor and cyclin dependent kinase

inhibitor, and is useful in the treatment for various forms of cancer.
20 SYNTHESIS

In step a) of the said production process one part of (-)-cis-2-(2-chlorophenyl)-
5,7-dihydroxy-8[4R-(3S-hydroxy-1-methyl)piperidinyl]-4H-1-benzopyran-4-one is
dissolved in 10 to 30, preferably 15 to 25 in particular 19 to 21 parts of ethanol.

25 Preferably, ethanol which is essentially free from water is used. (-)-cis-2-(2-
Chlorophenyl)-5,7-dihydroxy-8[4R-(3S-hydroxy-1-methyl)piperidinyl}-4H-1-
benzopyran-4-one can be obtained as disclosed in US 5,284,856; preferably, (-)-cis-
2-(2-chiorophenyl)-5,7-dihydroxy-8[4R-(3S-hydroxy-1-methyl)piperidinyl]-4H-1-
benzopyran-4-one is produced as outlined in Example 1 below.

30

The heating of the obtained mixture is carried out for preferably about one hour
to 50 to 80, preferably 60 to 80, and in particular 70 to 79 °C. If solid substance is

observed in the solution, it can be filtered off, preferably while the solution is still hot.



2- (2-chl orophenyl ) -5, 7-di hydr oxy- 8[ 4R- ( 3S- hydr oxy- 1- net hyl ) pi peri di nyl ] -4H
1- benzopyran-4-one is produced as outlined in Exanple 1 below. 30 The
heat i ng WO 0/BRIbbt ai ned m xture is carried out for prefer BETASALEHIR0 one
hour to 50 to 80, preferably 60 to 80,_§apd in particular 70 to 79 C. If
solid substance is observed in the solution, it can be filtered off,
preferably while the solution is still hot. WO 01/53294 PCTI USO /00520 -6
The obtai ned solution is concentrated by nethods known to a person skilled
in the art, preferably by distillation under atnospheric or under reduced
pressure. Tenoktainead sautiors isceondentrated byrmdaﬂhoﬁé knowdltoda pprsefreskilied/inb5 t o
85 % arti 60,.t % of the vol ati een renoved. The

Femi 4676 RLssBrRtTs RV ielata ekt PimeSeheE SoimdenBBled BTassEE 0 to 100 C

and t gy rtiintiafiefl |§E:¥ﬁte%1 Sutairflil BQWBWWJ PSiet Ay %&B%V@ﬁn 88&@%@@ ¥ by
filtration. 10 The obtained crystals can be drled preferably under reduced

priess 0% oftkamvplstilgs Bawe heendgearovedrm |1 15 A reactor is charged under
nitrogen atnosphere with (-)-cis-1-nethyl-4R-
(2,4, 6-trinmethoxyphenyl)-3S-piperidinol) and acetic anhydri de. Boron

trifiuori deThetdinaining sgsprigash i%tSLm)s@Ql]éhﬂWboblébeﬁMéﬂa%lyﬁfd abbMAD &0
cool i ngtjthe resulting solution to 8-20C. After t dition is conplete

t he rebupnd e pbtainedciystals pre ermaved fropothe sspanspm pueterabiidyr eact i on
thufﬁ’tdétEorFom ed to 8-12C and ice-water is added while 20 stirring

fol | owe y ‘addi ti on of aqueous sodi um hydroxide until pH 10-11 is

atd ai ned. The mxture is extracted with ethyl acetate. The ethyl acetate
extracts ar 00l ed oncentrate er. vacuum The residue is taken up
in net hanol-ﬁﬁée btz $ CaB O ‘i?ﬁ’ﬁ‘ﬂ %E?'Elé! Ynges iedussd RGSEBIR sol uti on)

i s added. The reaction mxture i's stlrred at 20-30C for 2-3 hours. The

m xture i s evaporated under reduced pressure 25 at _< 80C. The residue is
cooled to 15-20C and brought to pH &EXAMPLEY ng concentrated hydrochloric

acid. A solid precipitates, which.is, coll ed by filtration washed with
deni neral i zed water and dri ed unE%Yr‘stpgaﬁégg'loﬁ%'isure to give ((-)-cis-1-

15 A reactor is charged under nitrogen atmosphere with (-)-cis-1-methyl-4R-
(2,4,6-trimethoxyphenyl)-3S-piperidinol) and acetic anhydride. Boron trifluoride
etherate is added at a constant rate while stirring and cooling the resulting solution to
8-20°C. After the addition is complete the resulting mixture is stirred at 20-30°C for 3-
5 hours. The reaction mixture is cooled to 8-12°C and ice-water is added while

20  stirring followed by addition of aqueous sodium hydroxide until pH 10-11 is attained.
The mixture is extracted with ethyl acetate. The ethyl acetate extracts are pooled and
concentrated under vacuum. The residue is taken up in methanol and water. Then
sodium hydroxide (about 50% aqueous solution) is added. The reaction mixture is
stirred at 20-30°C for 2-3 hours. The mixture is evaporated under reduced pressure

25 at <80°C. The residue is cooled to 15-20°C and brought to pH 8.5-9.5 using
concentrated hydrochloric acid. A solid precipitates, which is collected by filtration
washed with demineralized water and dried under reduced pressure to give ((-)-cis-1-

methyl-4-(3-acetyl-4,6-dimethoxy-2-hydroxy)phenyl-3-piperidinol).

30 ((-)-cis-1-methyl-4-(3-acetyl-4,6-dimethoxy-2-hydroxy)phenyl-3-piperidinol)
is then added portionwise to a stirred suspension of potassium tert. butoxide in dry
N,N-dimethylforamide at such a rate that the temperature does not exceed 20°C.

After the addition is complete the resulting mixture is stirred for one hour at <30°C.



met hyl - 4- (3-acetyl -4, 6-di net hoxy-2-hyd roxy)phenyl-3-pi perid i nol). 30
((-)-cis-1-nethyl-4-(3-acetyl -4, 6-di net hoxy- 2- hydr oxy) phenyl - 3- pi peri di nol )
is then WA@Y 2Bérti onwi se to a stirred suspension of pot aBETHFPT/520
butoxide in dry N, N-dinethylforamde atyzsuch a rate that the tenperature
does not exceed 20C. After the addition is conplete the resulting m xture
is stirred for one hour at < 30C. WD 01/53294 PCTI US01/ 00520 -7 Met hyl

2-chl M@tlhgﬂziml&obén%’éiédséﬁdéél% sfich & faite Hhat tHeRn} ﬁrréfdbr% es not
exceed 30 the resulting mxture is stirred at 20- OC for ours.
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< 40C, concentrated hydrochloric acid is addéd. The m xture Is t

std r r @xtract<ampoeed togethroand concentaisdgindarsedeces prassure Af t er cool i ng
the reaction mxture to 15-30C, water and chl orof orm are added. The 10
resulting mxture is basified to pH 8.5-10.5 using sodi um hydr oxi de

sol ution (AXér codify HRAEPRaIAING GIPRALANE .cohRBnREtRANRIrbaYIBFic iadid RReNn

extracted with chloroform The conbi ned organic extracts are evapor at ed

under a@dce'ﬁmmrrémm & thenystigted 4t-340°C for < 2 hours or overnight is necessary

cis-2-(2- 5, 7-di met hoxy-8-[ 4R- (3S- hydr oxy- 1- net hyl ) - pi peri di ny
) ariAfersg '8935%.53@3%%3@@&0015 %Ovsﬁi watarar ooy ag apted nd oy
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(10 ML iR Ras Rl e 85:10.8 using spdum hudiexide solution (50%),

pi per |B1myh¢ses—tar_‘e separated: a'ﬁhdaqueousqlayremhs thencendraeyed dithechiyrdfered! or i de

are added. Tgmd'esul tqm?( mxture IS h gaéed to 160-190C while stirring.

Stirri M FAMPHIRY HIBRIGFAFLS f° RUARR'AITH HRdehedusRE PrassHTe tayield¢190C f or

2 hourgs-280LGRICFOSHheRS)- sl"redlmﬁéme [HRX(fs‘g ﬁyan»&Or %%lY"Etd’endi jesiged. The

resulting mxture is basified to p . using satu |um

car borkgnzopgran-#ame as anatiluwbiakf lseilmﬂylusednlnéhemeht stepiwithoue  of et hanol
n§i rBLﬂE.% g&[&n The conbi ned extracts are evaporated to dryness to obtain
it F hl or opheny) - 5, 7- di hydr oxy- 8-[ 4R- (3S- hydroxy-1 25

rret hyl ) pi peri di nyl] - 4H—1 benzopyran- 4-one crude as a brown gum which is

purified as follows,

(+)-cis-2-(P@ @1%%81{2&191))@hﬁrwi)r@ardjmm{y&{‘@@@ﬁywdcmw-ﬂ methyl)-

piperidinyl]-4H-1-benzopyran-4-one, quinoline and pyridine hydrochloride are added.
The resulting mixture is heated to 160-190°C while stirring. Stirring is continued while

20  maintaining the temperature at 160-190°C for 2 hours. After cooling the reaction
mixture to 90-110°C water is added. The resulting mixture is basified to pH 7.5-8.5
using saturated sodium carbonate solution. A mixture of ethanol twice with a mixture
of ethanol and chloroform. The combined extracts are evaporated to dryness to
obtain (+)-cis-2-(2-chloropheny)-5,7-dihydroxy-8-[4R-(3S-hydroxy-1-

25 methyl)piperidinyl]-4H-1-benzopyran-4-one crude as a brown gum, which is purified

as follows.

To (+)-cis-2-(2-chloropheny)-5,7-dihydroxy-8-[4R-(3S-hydroxy-1-
methyl)piperidinyl]-4H-1-benzopyran-4-one crude, acetone is added. The resulting
30 mixture is stirred at 55-60°C for 30-60 minute, then cooled to 15-20°C and stirred for
another 1-2 hours. The precipitated solid is isolated by filtration, washed twice with

acetone and dried under reduced pressure to give (+)-cis-2-(2-chloropheny)-5,7-



met hyl ) pi peridi nyl]-4H 1-benzopyr an-4-one crude, acetone is added. The
resultin 30 mxture is stirred at 55-60C for 30-60 mnute, then cooled to
15-20C aM® YPtMed for another 1-2 hours. The precipitat e®CIFIS0H09530
isolated by filtration, washed twice witg_ acetone and dried under reduced
pressure to give (+)-cis-2-(2-chloropheny)-5,7 WO 01/53294 PCTI USOL/ 00520
-8 di hyd roxy-8-[4R-(3S- hydroxy-1-net hyl) pi peridi nyl]-4H 1-benzopyr an-4-one
in a gilyiidgeB{4R (BSTHRIrbX e -Maas bistfding)-MHerbaHS oS r8R-4-sns Wsaended in

et hanol and acidified 5 using concentrated hydrochloric acid at such a
rate tBdifieh®rfenperature does not exceed 30C. During this process
initially all of the solid dissolves and then the hydrochloride
precipitates. The suspension is cooled to 0-10C and stirred for 1 hour

whi | e nai nt Zheifreg baee fronpibieasrevious Biep & Sisdpindlearia disahatapd Mdifibdt ration
and washed wth cold ethanol to

i el d
(- §- ci ¥sBIeENERNERIGIHYArpCRloric &Ciﬁf//!af(raw Bratgphatibedemnsrgture does not

(%) o SRR o BS0R K R Al o™
met hy| hpdreehiotideyrecipitbtel: DEZ 908pasich RN6odE oM @O Sd aﬁr][réla'%r £hbapol is

added. The resulting mxture is heated to 70-79C, stirre or 1 hour while
nai nt awhil@gaintainisg thetempemtereanthe hestals lare issdatedi byefiltration ahdtwasHes

at s ptitPi O EERnS T viS (FHEP a0 Samey B AH Bk o R S RePhe e
have bawthylpipsridiny|FaeHebahropygas-dseen by@bchforidec@rigeol ed to 0-10C while

isolated by filtration and dried under reduced pressure to give the ethanol
solvate of (-)-cis-2-(2-chloropheyl)-5, 7-di hydroxy-8-[4R-(3S-hydroxy-1 20

met hyl) pi pefrhgiylb-Gn -cﬁﬁ{%@ e  yds ochloride, , purified as a
yel | ow sol i qu W%J\%gﬁ'é[) I %Z%P@@Qfﬁ;%ﬁ %@ggﬁtogﬁel of conditions or
di seassethyipipéridiayli-4-H{-bemzopyirbn4i-ome bf/dichtazide, kiudks @sharfits FBGEd.
parti cﬂ]ar I %/ulﬁéd i.n dependent kinases as.  previously described herein.

i

FI avopil PEABPUINGT BuxwEe heateddo (daf 9i1C.istireddar it fipus Vﬂ?il@dﬂamﬁiﬂmﬂg@eo; i
. . U . 2 t
o8 emperatitieliihd tHieh, fREAER Whie sEIGE, Hhe FREPIWns TPl ey g 018 '

ovar i afiltrape sstartoentrabdchhy mmoseimeric distikatiome ubtidabantd0Se td BBbUNGD%0sEhe

system , rticles and pa& ents cited herein are hereby incorporated

her ei nV@® I%%]QV&%%E’E@’]OVG . The remaining suspension is then cooled to 0-10°C
while isolated by filtration and dried under reduced pressure to give the ethanol
solvate of (-)-cis-2-(2-chloropheyl)-5,7-dihydroxy-8-[4R-(3S-hydroxy-1-

20 methyl)piperidinyl}-4-H-1-benzopyran-4-one hydrochloride, purified as a yellow solid.

Flavopiridol is useful in treating a number of conditions or diseases that benefit
from inhibition of protein kinases, and more particularly cyclin dependent kinases as
previously described herein. Flavopiridol is expected to be useful in treating a broad

25 range of cancers including, for example, leukemia, mesothelioma and cancers of the
lung (large cell, small, cell and non-small cell), colorectal, breast, ovarian, prostate

melanoma, renal, uterine body and central nervous system.

All articles and patents cited herein are hereby incorporated herein by

30 reference.



WO 01/ 53294 PCTI USO01/ 00520 -9- What is clainmed is: 1. Formll of
(-)-cis-2-(2-chl orophenyl)-5, 7-di hydr oxy- 8[ 4R- ( 3S- hydr oxy- 1-

met hyl ) pVR&ISOMy| ] - 4H- 1- benzopyran-4-one. 5 2. Form || BET/US01/00520
(-)-cis-2-(2-chlorophenyl)-5, 7-di hydr oxyg 8] 4R- ( 3S- hydr oxy- 1-

met hyl ) pi peri di nyl]-4H 1-benzopyran-4-one, wherein FormIl is characterized
by the following x-ray powder diffraction pattern, obtained using Cu

K- al phahagdi adinted isP Space- A 10 12.763 6.389 3.194 13.244 4.259. 15
3. FormIl of (-)-cis-2-(2-chlorophenyl)-5,7-dihydroxy-8[4R-(3S-hydroxy- 1-
met hyl ) pi peri dinyl] - 4H- 1- benzopyr an-4-one, wherein Formll is char acterized

< al pria v adi A 1R BARRETBrH DL AR PO BRI ARG 5 Sa5 reat um

3. 194 ﬁdémm)pipénaml]m&am _bén259rikakond 2. 036 Veak 2. 824 Wsak 8. 659 Weak
6.012 Wak ' 5.397 Veak 3.447 Weak. WD 01/53294 PCT/ USQL/ 00520

2. Form Il of (-)-cis-2-(2-chlorophenyl)-5,7-dihydroxy-8{4R-(3S-hydroxy-1-
methyl)piperidinyl]-4H-1-benzopyran-4-one, wherein Form Il is characterized by the
following x-ray powder diffraction pattern, obtained using Cu K-alpha radiation:

D Space- A

10 12.763
6.389
3.194
13.244
4.259.
15
3.  Form |l of (-)-cis-2-(2-chlorophenyl)-5,7-dihydroxy-8[4R-(3S-hydroxy-1-

methyl)piperidinyl]-4H-1-benzopyran-4-one, wherein Form Il is characterized by the

following x-ray powder diffraction pattern, obtained using Cu K-alpha radiation:

D Space- A Relative Intensity
12.763 Strong
6.389 Medium
3.194 Weak
13.244 Weak
4.259 Weak
12.036 Weak
2.824 Weak
8.659 Weak
6.012 Weak
5.397 Weak
3.447 Weak.




-10 4. Form Il of

(-)-cis-2-(2-chl orophenyl)-5, 7-di hydr oxy- 8[ 4R- ( 3S- hydr oxy- 1-

met hyl ) py@ersabsyl | - 4H 1- benzopyr an- 4- one, wherei n Form | PCT/ESUH@s2Act eri zed
by the follow ng x-ray powder dlffl‘aCtIBI’l pattern, obtained using Cu

K-al pha radiation: 2 Theta Angle () D Space- Rel ati ve Rel ative Intensity
Intensity (% 6.920 12.763 Strong 100. 13.850 6.389 Medium 35.7 27.908

154 et 0 85810 St ighy L A AR BTl 02

6. 012 riéthlyl)Bip2ridirtyl}4di3- 15b&szbpitak-46019e, \ﬂﬁel&ﬂgFBrmmﬂs\Mﬂ{aﬁeﬁzed bydheA
f th f F hi h 1)-5,7-
G hya Tobaing e RSN AR B ATy B iasie i AoBR 98TPaN. 4. one.

conprising the follow ng steps: 10 a) dissolving a sufficient anount of
(-)-cis-2-(2-chl orophenyl)-5, 7-di hydr oxy-

8[ 4R- ( B3-Theda engle (VEt hid SpagerA di ny| Relative- bemRﬂthi\emhﬂemBity nydrochl ori de
in a Bufficient anoynt of ethanol thHﬁ formng a m>21;t5 heati ng t he
m xturg to about 50 tlo about 80 C, s nal y fil d®)i ng of1 undi ssol ved

mat eri pl~ 1T @goEde m Xt ure1217@gs form r@tré‘n soluti{gp.od) concentrating
the so| utiofzgapi | about @ about he vol akel-es are| renoved, e)

cool ing the '@ gtion and naIIy |s d' the ob fed( -cis-2-(2-
chl or opheny? A0y - di hydro 4R- (BS-h Xy- 1t met hyépa peridinyl]-4H 1- 20
benzopyr an- O% hydrochl crystal a%,' :

. 13.8
7.339 12.036 Weak 13.8
31.660 2.824 Weak 9.5
10.208 8.659 Weak 8.3
14.722 6.012 Weak 7.2
16.413 5.397 Weak 6.9
25.829 3.447 Weak 6.5.

5. A process for the preparation of Form Il of (-)-cis-2-(2-chlorophenyl)-5,7-
dihydroxy-8[4R-(3S-hydroxy-1-methyl)piperidinyl]-4H-1-benzopyran-4-one,
comprising the following steps:

10 a) dissolving a sufficient amount of (-)-cis-2-(2-chlorophenyl)-5,7-dihydroxy-
8[4R-(3S-hydroxy-1-methyl)piperidinyl]-4H-1-benzopyran-4-one hydrochloride in a
sufficient amount of ethanol thus forming a mixture,

b) heating the mixture to about 50 to about 80° C,
c) optionally filtering off undissolved material from the mixture, thus forming a

15 solution,

d) concentrating the solution until about 50 to about 90% of the volatiles are
removed,
e) cooling the solution and optionally isolating the obtained (-)-cis-2-(2-
chlorophenyl)-5,7-dihydroxy-8[4R-(3S-hydroxy-1-methyl)piperidinyl}-4H-1-
20 benzopyran-4-one hydrochloride crystals, and

f) optionally drying the obtained crystals.



f) optionally drying the obtained crystals. W 01/53294 PCT/ US01/ 00520 -11
6. The process of claim5 wherein the cooling of the solution is to about O
to abouwol@/s82947. Form 1| of PCT/US01/00520
(-)-cis-2-(2-chl orophenyl)-5, 7-di hydr oxy- 8] 4R- (3S- hydroxy-1 5
nethyl)piperidinyI]-4FL1-benzopyran-4-dﬁé;‘prepared by the process of the
followng steps: a) dissolving a sufficient anmount of
(-)-cis-2-(R-chlorophenyl.) -5, 7- di hydr oxy-. .

8[ 4R- (@S- hy %Q{/‘?%S%e?%ﬁ%{ﬁ'}’bgMﬁra'i”yn@?]‘l%ﬂrnﬂ-‘ﬁé*ﬁ% SPYHIQR 1511 AROUL At chl or i de
in a ghgdtijocent anount of ethanol thus formng a mxture, 10 b) heating
the m xture to about 50 to about 800 C, c) optionally filtering off

undi ssol ved material fromthe m xture, thus formng a solution, d)

[ | UL ' t- 50, 0%0f th latil
Femmuet, i o G NP - Pt RN T PR RS E R E Gt i ned
(-3 - cimethwy()piperidinyl]-4H-1-benzopyran-4-one, prepared by the process of the followi

n
chl orophenyl) -5, 7-di hydr oxy- 8] 4R- ( 3S- hydr oxy- 1- met hyl ) pi peri di nyl ] -4%— 1-
benzop%}?ﬁﬁ- 4-one hydrochloride crystals, and f) optionally drying the

obt ai ned Cré{)szfnsé@ﬂr@‘)a éuff'r%ie‘?u'?%@g}?‘&}r}g—gF ﬁ-??@g@ﬁbgp%%n@ﬁlg?ﬁjd?ﬁynoqo%-

t her apeuti cal ct1ve anou
(-) - ci 3[4R-(35-biptmxypharethy hEp&ridinhlf-ai-b A ybed{zbRy (854 fordr ioydrodhloride in a
ran-4-one and a pharnaceutically acceptable

met hyl ) gi.perjdinyl]-4H 1- benzo
carr?e%‘&h‘ggng?m%@l gEethano B‘r%%fmﬁ‘ﬂ 2MYXWE1, 2, 3 or 4 for preparation of

 1phar mace Ub) kidting HERABkY/OR bBGut SEE hBgups@agi ent for cancer. 10. The
use of Form’l | of claims 1, 2, 3 or 4 as a pharmaceutically active

conpound. 30¢) optionally filtering off undissolved material from the mixture, thus forming a
solution,
d) concentrating the solution until about 50 to about 90% of the volatiles are
removed,
15 e) cooling the solution and optionally isolating the obtained (-)-cis-2-(2-
chlorophenyl)-5,7-dihydroxy-8[4R-(3S-hydroxy-1-methyl)piperidinyl]-4H-1-
benzopyran-4-one hydrochloride crystals, and

f) optionally drying the obtained crystals.

20 8. A pharmaceutical composition comprising a therapeutically effective amount of
Form Il of (-)-cis-2-(2-chlorophenyl)-5,7-dihydroxy-8[4R-(3S-hydroxy-1-
methyl)piperidinyl}-4H-1-benzopyran-4-one and a pharmaceutically acceptable
carrier.

25 9. The use of Form 1l of claims 1, 2, 3 or 4 for preparation of a pharmaceutical

composition for treating a patient for cancer.

10.  The use of Form Il of claims 1, 2, 3 or 4 as a pharmaceutically active
compound.
30



