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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

Flavopiridol is able to inhibit a broad type range of human tumors, leukemias and
20 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
thereof crystallizes into numerous solvates with solvents such as ethanol, DMSO,

25 methanol, acetonitrile/isopropanol, ethanol/isopropanol, and isopropanol and solvate
hydrates such as ethanol/ and isopropanol/water combinations. The preferred form is
the Flavopiridol hydrochloride ethanol/water solvate form (hereafter "Form I1").

Although Form Il meets pharmaceutical standards, it has a tendency to absorb
30  water if not packaged in water impermeable packaging, which increases cost of
production. Itis also desirable to have as much stability as possible in the crystalline
structure for handling purposes and for approvals through different pharmaceutical
regulatory agencies throughout the world.



-2 1t is an object of the present invention to provide a form of

Fl avopiridol as Form | which has superior physical characteristics for use
as a pharwecAausral composition. SUMVARY OF THE | NVENTI Oyca/ddegomsiesent

i nvention conprises pseudopol ynorph Form |1 as defined by x-ray powder
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Fl avopiridol forms. It is useful in a pharmaceutical conposition conprising
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15 Form is prepared by combining a sufficient quantity of Form Il with a sufficient
amount of an appropriate azeotropic solvent thus forming an azeotropic mixture;
submitting the azeotropic mixture to azeotropic distillation sufficient to form Form I;

and optionally recovering Form | therefrom.
20 . DESCRIPTION OF DRAWING

Figure 1: Estimated Limit of Detection of Form Il.in Form | by X-ray Powder
Diffraction (XRPD)

25 To estimate the limit of detection of Form Il in Form |, varying quantities of Form Il
were accurately weighed and carefully mixed (unmilled) with Form I. The entire
mixture was transferred to a platinum sample holder and leveled using glass
microscope slide. All samples were scanned at 0.2°/min. from 12° - 16° 2. At a
minimum, duplicate determinations were made at each spike level, the XRPD

30  patterns averaged, and the peak height at ~13.8° 2o measured to the nearest 0.1

mm. The estimated detection limit of Form Il in Form | is ~ 3%.



met hyl ) pi peri di nyl ] -4H 1- benzopyr an-4-one hydrochloride. It has the sane
active ingredient as Flavopiridol but differs fromknown crystals of

Fl avopi rid@ oisg2dzhat it is 5 anhydrous and/ or sol vate freectiu®1/0049
pseudopol ynmor ph of known forns of Flavopiridol. Forml is identified by
x-ray diffraction patterns expressed in tePs of "d" spaci ng using Cu
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ingredient as %Iavop?nogol but d%?ers %rom gnown crystals of ng’avopmdol in that it is
5  anhydrous and/or solvate free, i.e., a pseudopolymorph of known forms of

Flavopiridol.

Form | is identified by x-ray diffraction patterns expressed in terms of "d"
spacing using Cu K-alpha radiation as follows:

10 D space- A
12.708
4.323
5.594
5.349

15 3.590,

and more preferably as:

D space- A
12.708
4,323
20 5.594
5.349
3.590
3.366
4209
25 3.395
3.438
4.839.

Also, Form | is identified by x-ray diffraction patterns expressed in terms of "d"
30  spacing using Cu K-alpha radiation and the Relative Intensities thereof:

D space- A Relative Intensities
12.708 Strong
4,323 Strong
5.594 Strong
35 5.349 Medium
3.590 Medium
3.366 Medium
4.209 Medium
3.395 Medium
40 3.438 Medium

4.839 Medium.



35 5.349 Medium 3.590 Medium 3.366 Medium 4.209 Medium 3.395 Medi um 40
3.438 Medium 4.839 Medium WD 01/53293 PCT/US01/ 00519 -4 More preferably,
Form | i swigdamsadsi ed x-ray diffraction patterns expressed pdrgimgesiof "d"
spacing using Cu K-al pha radiation and the Relative Intensities (Rl)
percentages thereof: .D space- A Relati vedrnt ensi ty % 5 12.708 100.0
4.323 75,9 5.594 58.5 5.349 49.5 3.590 46.6 io 3.366 42.0 4.209 40.7

3. 395 39More prefegably, lrorm | i3identified x-ray difsagian patterps gorirssediin termes pbn i s
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20. 529 4thg?&fStrong 75.9

D space- A Relative Intensity %
5 12.708 100.0
4.323 75.9
5.594 58.5
5.349 49.5
3.590 46.6
10 3.366 42.0
4.209 40.7
3.395 39.5
3.438 38.8
4.839 37.1.

15

Form | X-ray powder diffraction is more fully described in Table 1.

Table 1
2 Theta Angle (°) D Space - A Relative Relative Intensity
Intensity (%)

6.950 12.708 Strong 100.0
20.529 4.323 Strong 75.9
15.830 5.594 Strong 58.5
16.560 5.349 Medium 49.5
24778 3.590 Medium 46.6
26.457 3.366 Medium 42.0
21.091 4.209 Medium 40.7
26.226 3.395 Medium 39.5
25.898 3.438 Medium 38.8
18.320 4.839 Medium 37.1

8.308 10.634 Medium 35.7
23.748 3.744 Medium 33.4
13.010 6.799 Medium 324
30.520 2.927 Medium 31.0
27.106 3.287 Weak 26.2
31.153 2.869 Weak 22.4
29.043 3.072 Weak 23.7
14.600 6.062 Weak 224
19.033 4.659 Weak 20.6

20
Form | is preferably essentially free of Form Il and/or other forms of

Flavopiridol. "Essentially free" of Form Il and/or other forms of Flavopiridol means



15.830 5.594 Strong 58.5 16.560 5.349 Medium 49.5 24.778 3.590 Medi um
46.6 26.457 3.366 Medium 42.0 21.091 4.209 Medium 40.7 26.226 3.395

Medi um 39%%) 014320398 3. 438 Medium 38.8 18. 320 4. 839 Medi umpcd/ushi/081808

10. 634 Medium 35.7 23.748 3.744 Medium 33.4 13.010 6.799 Medium 32.4
30.520 2.927 Medium 31.0 27.106 3.287 Wak-26.2 31.153 2.869 Wak 22.4
29.043 3.072 Weak 23.7 14.600 6.062 Wak 22.4 19.033 4.659 Wak 20.6 20
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"Form II" means the solvate/hydrate of ethanol/water of (-)-cis-2-(2-
10 chlorophenyl)-5,7-dihydroxy-8[4R-(3S-hydroxy-1-methyl)piperidinyl]-4H-1-
benzopyran-4-one hydrochloride as described by x-ray powder diffraction in Table 2,

obtained using Cu K-alpha radiation.

Table 2
2 Theta Angle (°) D Space- A Relative Intensity (%)
6.920 12.763 100.0
13.850 6.389 35.7
27.908 3.194 22.2
6.669 13.244 18.0
20.838 4.259 13.8
7.339 12.036 13.8
31.660 2.824 9.5
10.208 8.659 8.3
14.722 6.012 : 7.2
16.413 5.397 6.9
25.829 3.447 6.5
15 Preferably, Form | is made by combining a sufficient quantity of Form Il with a

sufficient amount of an appropriate azeotropic solvent to form an azeotropic mixture;
submitting the azeotropic mixture to azeotropic distillation sufficient to form Form |;

and optionally recovering Form I.
20 A "sufficient quantity of Form II" is an amount to form crystals of Form | in

the reaction mixture which can be recovered. One skilled in the art may

experimentally determine this quantity.

SUBSTITUTE SHEET (RULE 26)



benzopyran- 4-one hydrochl ori de as descri bed by x-ray powder diffraction in
Tabl e 2, obtained using Cu K-alpha radiation. Table 2 2 Theta Angle () D

Space- RelZwjdiwsgadsntensity (9% 6.920 12. 763 100.0 13. 850 pg1a8391/86519
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distillation, an appropriate azeoptropic solvent will be selected.

10 A "suitable solvent” is a solvent that at least partially dissolves Form II, and
permits the formation of crystals of Form I. The suitable solvent can be an

"appropriate azeotropic solvent” or as otherwise described herein.

"Azeotropic mixture” refers to a liquid mixture of two or more substances
15 which behaves like a single substance in that the vapor produced by partial
evaporation of liquid has the same composition as the liquid. The constant boiling
mixture exhibits either a maximum or minimum boiling point as compared with that

of other mixtures of the same substance.

20 "Azeotropic distillation” refers to a type of distillation in which a substance is
added to the mixture to be separated in order to form an azeotropic mixture with
one or more of the constituents of the original mixture. Typically, the azeotropic
mixture is heated to a temperature at which the solvate/water is driven off of Form
Il. The azeotropes thus formed will have boiling points different from the boiling

25 points of the original mixture.

"Appropriate azeotropic solvent"(s), comprise ketone solvents such as
acetone, methyl ethyl ketone and the like; aliphatic ester solvents such as ethyl
acetate, methyl acetate, methyl formate, ethyl formate, isopropyl acetate and the

30  like; mixtures of ketone solvents and aliphatic ester solvents; C5-Cg aliphatic
solvents such as pentane, hexane and the like; aliphatic nitriles, such as
acetonitrile; benzene, toluene, pyridine, and so on. See for example Practical
Organic Chemistry, 3rd ed., John Wiley &Sons, 1956 e.g., pp. 10-11, incorporated

herein by reference.



"Appropriate conditions" in |large part depend upon the suitable solvent
sel ected. For exanple, if the appropriate conditions conprise azeoptropic
di still at\w@u/samsappropri ate azeoptropic solvent will be g@ltacdeedes1d0 A
"suitable solvent” is a solvent that at |egst partially dissolves Formll,
and permts the formation of crystals of "Form 1. The suitable sol vent can
be an "appropriate azeotropic solvent"” or as otherw se described herein.
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m xture. Typically, the azeotropic mxture is heated to a tenperature at
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benzene, toluene, pyridine, and so on. See for exanple Practical Organic
Chem stry, 3rd ed., John Wley &Sons, 1956 e.g., pp. 10-11, incorporated
herein by reference. WO 01/53293 PCT/ US01/ 00519 -7 As used herein, the
term"suitable tenperature” refers to that tenperature which is permt the
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formed. In the azeotropic distillation, it will be the boiling point at

whi ci t hwater readily from the atmosphere. The present invention provides a form of
Flavopiridol which has a weight gain due to water of less than 5%, including 4%, 3%,
2%, 1% and less than 1% in fractions (normally about 1-2%) with a Relative Humidity
of about 75% and even up to a Relative Humidity of about 90% (weight gain of about
3.5%). Form I, as a solvate/hydrate, showed a slow but continual weight gain of

20 about 4% through about 60% Relative Humidity. Above 60%, Form |l showed a

weight gain of about 15-20%.

EXAMPLE 1

Preparation of Flavopiridol Form |

25 Approximately 6 g of Flavopiridol Form Il was placed in a 600 mL beaker. 300
mL of Methyl ethyl ketone (MEK) was added slowly, with stirring, to obtain a slurry.
The solution was heated slowly to 50°C until cloudy. The temperature was increased
to about 73°C with stirring and the addition of 100 ml of solvent. As the solution was
brought to a strong boil it began to precipitate out and settle to the bottom. The

30  temperature was increased and monitored to 80°C (boiling point of MEK), for a few
minutes to obtain additional precipitate, then removed and allowed to cool to about
55°C. The final volume of 325 mL of solution required filtering through a Buchner
funnel, under vacuum, using Whatman #1 filter paper, until dry; resulting in a dense

yellow and flocculent chunk-like powder. The structure was confirmed by Mass



5 solvate and/or water has been driven off. At this point, the Forml is in
the formof a crystal which has precipitated and which nay be recovered by
i sol ati ngwidw@/sgsastal. Typically, this may be acconpli shedcthysolioddieri ng
the crystal or evaporating the solvent or gthermﬁse removi ng the solvent 10
fromthe crystal, or the crystal fromthe S8clvent. Drying of the solvent,
e.g. evaporation at ambient tenperature or upon heating, may al so be

appr opr i apectremefnmpbuciear MagnalicdRegormmcman rlqroﬁrﬁnsf%mnsln radRemhiand X- of

Forml n t . L i fr t he at nosphere. The present
inventio%55ngﬁgggmﬁaPééﬂﬁgh%hﬁ%Q@%ﬂ%i%ﬁﬁ%%Vnch has a wei ght gain due to
water of less than 5% including 4% 3% 2% 1 %and less than 1 %in
fractions (normally about 1-29% with a Relative Humdity of about 75% and
even up to a Relative Hum dity of about 90% (wei ght gain of about 3.5%.
Formll, as a solvate/hydrate, showed a slow but continual weight gain of
20 about 4%t hrough about 60% Rel ative Hum dity. Above 60% Form |l showed
a weight gain of about 15-20% EXAMPLE |I Preparation of Flavopiridol Form
| 25 Approximately 6 g of Flavopiridol Formll was placed in a 600 nL
beaker. 300 nL of Methyl ethyl ketone (MEK) was added slowly, with
stirring, to obtain a slurry. The solution was heated slowy to 50C unti l
cl oudy. The tenperature was increased to about 73C with stirring and the
addition of 100 m of solvent. As the solution was brought to a strong
boil it began to precipitate out and settle to the bottom The 30
tenperature was increased and nonitored to 80C (boiling point of MEK), for
a few mnutes to obtain additional precipitate, then renoved and al |l owed
to cool to about 55C. The final volune of 325 nL of solution required
filtering through a Buchner funnel, under vacuum using Whatman #1 filter
paper, until dry; resulting in a dense vyellow and floccul ent chunk-1ike
powder. The structure was confirmed by Mass WO 01/53293 PCT/ US01/ 00519 -8
Spectronetry, Nuclear Magnetic Resonance and Fourier TransformInfra Red,
and X- Ray powder diffraction perforned on the sanple.



WO 01/ 53293 PCT/ US01/ 00519 -9 EXAMPLE 2 X-Ray Powder Diffraction

Met hodol ogy X-ray powder diffraction (XRPD) patterns were obtained on a
Scintag X9 /53830 0/ 0 diffractonmeter operating w th coppgctesiaision at
45kV and 40mA, using a Kevex Psi Peltier-cooled silicon detector. The
source slits of 2 and 4 mm and detector™SINits of 0.5 and 0.3 mm were used
for data collection. Sanple obtained was gently mlled using an agate
nortar and pestle for approximtely one mnute, placed in a platinum

sanpl e holder, and | eveled using a gla m r ope slide. Powder 10
diffraction patterns of the sanples XA ISI'@§Cd from2 to 42 2g at 1

"/min.  Calibration of the XRSR3PPOwWderDiffidctiod Methodblogyusi ng a silicon
powder standagd. EXAMPLE_3 HygrQoscopi City screening - Conparjson_of Forml
and Form || 15ByRawdengifftactiol (SHRFIN Ratigsps wese phtaingd ofi 2 SCiéd®XEshduct ed

on Farm 1 oge r atj LS ), Form
1 s s 2000 B eiabRirieter oBER@Ma b ghnetiaRtarlY B Ay SREWT LS,
Sor pt i onKBVEx PshPaliereboled siicon defertdrh®he 8b0rceélitalpp Atantid trrigam@s pl aced
20 in a tared quartz sanple holder at an _initial anmbient roomhumdity
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set ti ngsirn platinkitn sdMpleédRolddd, artDlevedaring® a%dRbs microbcepe shide. dPdvider at
each hum dity set point dependent upon dnmidt being |ess than 25 0.001 % for
60 mi'n. FHEAGSH PRiETNS AL the FampiEsavemgbigmedy tip 4228t hmiks 24
hours. Feur I I : . ' . a4 d te.
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initial anbient starting RH Form | was studied at 25C and 40C using the
DVS-1 anal yzer. Data was 30 coll ect ed%géer two full cycles. Sanples of
10.4 and 16.7 ng were placed into res MRIE Bar ed guartz sanpl e hol ders

at an initial anbi enty,s0am5iE) dbicbniity L EBfhpdrison of Form I and Form I

15 Dynamic Vapor Sorption (DVS) analysis studies were conducted on Form Il versus

Form I.

Dynamic Water Vapor Sorption Analysis (DVS)

Form Il was studied at 25°C using a Surface Measurement Systems Dynamic
Vapor Sorption DVS-1 analyzer. A sample in the range of about 14.8 mg was placed
20  in atared quartz sample holder at an initial ambient room humidity setting of about
48% Relative Humidity (RH). A total wet/dry nitrogen flow rate of 200 cc/min was
used throughout the study. The following full cycle program was initiated: 30 min at
the initial ambient RH, followed by settings of 0, 20, 40, 60, 80, 90, 95 and 98%RH,
with exposure time at each humidity set point dependent upon dm/dt being less than
25 0.001% for 60 min. The maximum time allowed at any one humidity set point was 24
hours. For a full cycle, data collection took about 4 days to complete. After the full

cycle the sample was maintained at the same RH as the initial ambient starting RH.

Form | was studied at 25°C and 40°C using the DVS-1 analyzer. Data was
30  collected over two full cycles. Samples of 10.4 and 16.7 mg were placed into
respective tared quartz sample holders at an initial ambient room humidity setting of
about 46%RH and 33%RH, respectively. For this study, an additional 75%RH set
point was used. For 2 full cycles, data collection took about 7 days at 25°C and



about 46%RH and 33%RH, respectively. For this study, an additional 75%H
set point was used. For 2 full cycles, data collection took about 7 days
at 25C amdoWr2493 53293 PCT/ USOL/ 00519 -10 aboutl 7 days apCHOSHHmsmonpl et e.
After conpletion of each 2 cycl e study, thﬁ: sanpl es were mai ntained at the
same RH as the initial anbient starting RH.OX-ray Powder Diffraction (XRPD)
patterns were taken on a Scintag XDS 2000 5 e/0 diffractoneter operating

wi th cop@doutbaays ah4@iC msremalaie sbftercorpletign #f kaehy2 cyeie shilyt ther - cool ed

and 0.3 reriaeewereBHfiRd bPuR sm@rd as i} i AThERLEREId R,
mlled wusing an agate nortar and pestle for approxi mtely one m nute,

placed in a plati num sanple pan, and | evel ed using a glass m croscope
slide. Sanpl egg‘f%}k AWEEF %%ﬁoﬂéxﬁgg) RAGF IS WS 3 @'?a@tsvfﬁ'@fa@/e)ﬂ%sr?&oo

i 11 ract Hn OB Bt bocr=BRE Iy Sonr R TBuBof S 45R9, dhe 40 pfA i ke RRE!

Cal i br at iRwh PeltisrioolddSsieon detstiore Souresisiits iof @ vid 4 eah, BAWdRtectbOslity af | abl e
relative hum di té experinments, the larger capacity DVS-2 Surface 15

Measur eméh? a8¢4-3 mmwersnised ko siataseplidtion. &ivsmyl sampies weerigenky milled f | ow
. . o>
bor 1 odi cARMY fi AoBte Ak and IR bf aBhrofiate ot nifibte, PRReRH gtnGH

pl at i numssaié papaandhelvdley ebing a grissgnizr@icape shider 8anpikes Bikefelupinigsr t o

anal ysi s uswﬁgthe a.bov& conditions. 20 Form || showed a sl ow but conti nual

wei gt g&9% 1986RPISBY RstiegoRIegot mipd sluedtaitae Jimited amauabesarepie,
. LA e D00k wal aht ; - |
Cont r ast MNELS| b RIS iRler itracON BARLHY wellry iRt B0 162 ot

759+, pllininnteChlibratiod ofiicl XBS2Z0M) wie weriiidd ugimgnSilibewpetwdenbout 90%RH.

Above 90%H, a wei ght gain of about 30% was observed. Thus, 25 Forml|
woul d be consi dered hygroscopic, while Form | would be consi dered

hygroscopi ¢ algyt g?iéweléfﬁfei ﬁ%ﬁlitg%ghmérﬁfs‘,rtﬁéé 15@\%%5?9@{ HYSLs anBlgved,
that, as the humdity Is 1ncreased there 1s 'an apparen crease In
crystal | iMéasuremeht Systems Bydamis Mgpof Sogstior3analizergeas nseteUNRER fiaw raten
which is ot %868(%;1ng#]£ Iltv(\)laé SIJ gtsc?es(l)rfedeénasne?tlirigsvg]r% ggl%pled periodically for

XRPD analysis. Unmilled material was placed in the platinum sample pan and leveled

using a glass microscope slide prior to analysis using the above conditions.

20 Form Il showed a slow but continual weight gain through about 60%RH of
approximately 4%, and above 60% relative humidity an additional 15 - 20% weight
gain was observed. In contrast, Form | showed an approximate weight gain of 1 -
2% through about 75%RH, plus an additional estimated 3.5% weight gain through
about 90%RH. Above 90%RH, a weight gain of about 30% was observed. Thus,

25 Form Il would be considered hygroscopic, while Form | would be considered
hygroscopic above 75%RH.

Variable humidity x-ray powder diffraction showed, that, as the humidity is
increased there is an apparent decrease in crystallinity in Form 11, and a significant
30  change in the XRPD pattern which is presumably due to the loss of ethanol. Whereas
Form | apparently retains its crystallinity until extremely high relative humidity is

reached, (i.e., >98%) at which point it loses crystallinity and becomes amorphous.



Form | apparently retains its crystallinity until extrenely high relative
humdity is reached, (i.e., >98% at which point it |loses crystallinity
and become@oaspphous. WO 01/53293 PCT/ US01/ 00519 -11 BaBedWuspanstohese
results, Form | has superior physical properties for relative to Formll
for use as a pharmaceutical conposition. MPLE 4 5 Formll A reactor is
charged under nitrogen atnosphere with (-)-cis-1-nmethyl-4R- _

(2, 4, 6- tri net RPeRIHREN these resyits: FOrmol hasssupeivshysigahypiapedies o relative
trifluori t ' . rate while stirring and

cool i ng ;t(ﬂgorn@slﬂﬁriq}r?% éss;'fzg)ﬂlgﬁﬂa%ut?cg?%@tp%%@toér the addition is conplete
the resulting mxture is stirred at 20-30-C for 3 10 5 hours. The reaction
m xture is cooled to 8-12-C and ice-mgw‘g Ed ed while stirring followed
by addition of aqueous sodi um hydroxid L 10-11 is attained. The
mxture is extracted with ethyl acetate.pfhf pthyl acetate extracts are
pool ed and concentrated under vacuum Tﬁe residue is taken up i n nethanol
and wat er. Thénreasbali iarchaygkdunder {imbgen af@dsplopreanith &pist-1-omthiys4Rdded.

Th | L Xt is 1 irred at 20-30-C for 2-3 hours. The mxture is
evapor at fLretogybleral S5tpaidifoh ZndcrseTorbydiieu Boran EEBRERE: o
15-20C | 7 h | ol A
S0 10 pr ol 8 Ndded ath BostinPr® Wil PR Ahd SoBmd UK REMHAG ol o
demi ner alBir2@.waAfter thenadditior i cordplete duhucssilitgensdure it stigiedet (A0-364C forl3-

-4-(,3- -4,6-d i hoxy- 2- hyd henyl - 3- pi i dinol). 20
En(e t )h %l:i 25(1f§q14a5gﬁ | Ieéf_e’@gti(g@b@qgl}uré?%cqglﬁ%g&%y 20% aerw ice-wg’éepr)(iast Iadcligg vx)hile

euspene ST RIGREL LY Mo 8 BtdodsadIER BAARRBIMA BV 31 18 afiaPe <icn
a rate tfae mixtureasextratiadewitio ethyhatetmte e Ftle 20Ky acttdterextizetsoaidi pocled iagd

conplete the resulting m xture is stirred for one hour at <30C 25 _Met hyl
5- chl or ofRAoRRFaleR HNGies Yacuums (the eesidiels takan upia melhpeelant watRies! e

cuceed, SRBAPR LRSS LG8, ORISR BadRenis (el inARes,
unt ils t hetiped @t 20R304G fdr@-8 hours. The mixture is evaporated under reduced pressure
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).

20

((-)-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 af 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.

25 Methyl 2-chlorobenzoate is added at such a rate, that the temperature does not
exceed 30-C. the resulting mixture is stirred at 20-30-C for 4-6 hours. Demineralized
water is added, followed by concentrated hydrochloric acid until the pH of the mixture
reaches 6-8. The mixture is extracted two times using chloroform. The chloroform
extracts are pooled together and concentrated under reduced pressure.

30

After cooling the remaining oil to <40°C, concentrated hydrochloric acid is
added. The mixture is then stirred at <40-C for < 2 hours or overnight is necessary.

After cooling the reaction mixture to 15-30°C, water and chloroform are added. The



reaches 6-8. The mxture is extracted two tines using chloroform The
chloroform extracts are pool ed together and concentrated under reduced

pressure. wafoiAbiar cooling the remaining oil to <40C, congentueiesio
hydrochloric acid is added. The m xture is then stirred at <40C for < 2

hours or overnight is necessary. After c'o@'rng the reaction mxture to
15-30C, water and chloroform are added. The WO 01/53293 PCT/ USOL1/00519 -12
resul t i nEeHtAGPExtuEe isdeasiiedita pH §-p-d 055 using sesiivg hydorxide BolWitiori(88%).

oxt 1 act ed "ait eoek 8 SRR ed T Be ROk e g Trd PR Gey M MBI
under redbeadnisinsd wrgarnio extrat® dre)evaporated under reduced pressure to yield (-)-

cis-2-(2-Ch henyl ) -5, 7-di met hoxy- 8- [ 4R- ( 3S- hydr oxy- 1- et hyl ) - pi peri di ny
Sk 1 SR R Pmp Bng e e TRANGRY-O- AR -F S PYdEeL et i e b2 ek

(-)-Cis- 9;@'{'%9%@?*3%8%?& ! %',T’?’Yrél?rr'rést finsctlyusefiin e nextstepwithout, )y

pi peri di pufifieatienl- benzopyr an- 4- one, qui noline and pyridi ne hydrochl ori de
are added. 10 The resulting mxture is heated to 160-190-C while stirring.
Stirring is continued while nmaintaining the tenperature at 160-190-C for 2

h . ARt &g s pe ' B0 blAG iss |. The
esul ting. m xt one e 2 BECHRIbAERY)-Bi7aiRbey Bla Rl ity £

ca(r]I boR?t QI@IHMW]#—%%M}QQM&an-éI—om,tW' lirlew'mr:épyﬁic:ihz elnyd"rodhlmd rede ar[e adidémol
and chl orof orm..The conbi.ned extr S evaporated to dryness to ,
obt alin ( 18 dPSUIEng XIS i raleg) o5 6= 1T MBS SHE e $anaypeRgayed While
met hyl ) Pigfiain e AhdeRfiie B0 choefor Y s utbr Bl BlMealibiN 1 S
purified as tolfows. To

(+) - ci s- Ahixterety 90-0lveCYyater & ablduedr Py résuditiy ribduly /Y aaiidd #PpH 7.5-T8.5

met hyl ) pi peridinyl ]-4H 1-benzopyran-4-one crude, acetone is added. The
resul ti ngSingisatynaéed sodium eaidpoaatessplglionc Aonixtaresy ethaneldwiaehwith ecvixdret o

15-20C ' f t - The _precipitated solid |s

I sol at egeﬁ?/ﬁ‘%lhﬂ ?’g(g icﬁkro@ﬂ?@hgﬁ{% %ﬁr@gn\%%{%(traﬁ%?g%g\%:gddaﬁqqetgﬁ%ﬁaﬁ {Or educed
pr esisur eobtairg(M&ié—%}(ﬁbﬁle%r{%@hﬁpﬁ-dW%&[Z]ﬁd3§¢ylcirgxy-1- A o

! hydrOXyEnége;’tl[\ﬁ)R;:;iéesr‘l%inglll]-zloH>E —-ble-nrzrg;[)yr%n)—ﬂoﬁgrclruclien és]a-brown-guerrrz,z\(/)v%)l/crhairs]-pu-ri?igg ‘e

as follows.

To (+)—cis-2-(2-chIoropheny)—5,7-dihydroxy-8-[4R-(3S-hydroxy—1 -

20 methyl)piperidinyl]-4H-1-benzopyran-4-one crude, acetone is added. The resulting
mixture is stirred at 55-600C 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-
dihydroxy-8-[4R-(3S-hydroxy-1-methyl)piperidinyl]-4H-1-benzopyran-4-one in a

25  purified form.

The free base from the previous step is suspended in ethanol and acidified
using concentrated hydrochloric acid at such a rate that the temperature does not
exceed 30°C. During this process initially all of the solid dissolves and then the

30  hydrochloride precipitates. The suspension is cooled to 0-10-C and stirred for 1 hour
while maintaining the temperature. The crystals are isolated by filtration and washed
with cold ethanol to yield (-)-cis-2-(2-chloropheyl)-5,7-dihydroxy-8-[4R-(3S-hydroxy-1-
methyl)piperidinyl}-4-H-1-benzopyran-4-one hydrochloride, crude.



25 purified form The free base fromthe previous step is suspended in

et hanol and acidified wusing concentrated hydrochloric acid at such a rate
that the twomesnizure does not .exceed 30C. During this prreggessiiesidi ally
all of the solid dissolves and then the 30 hydrochloride precipitates. The
suspension is cooled to 0-10C and stirred tdr 1 hour while maintaini ng the
tenperature. The crystals are isolated by filtration and washed wth cold
et hanol to yield

T o RS o

PCT/ USOl/nQQ ?er@ngﬂM -H-1-benzopyran-4-one h drochlorlde crude, ethanol is added.
(-)-cis- (2 chl oropheyl) -5, 7-di hydr oxy-8-[ 4R- (3S drox

met hyl ) piTperredultipg ymixture is b@ﬁ’@@ﬁ?r@ﬂgﬁ@)rﬁlr dmcwnvei@l mauﬂemmﬂi@nol i s

dded h | t h d 79C f I
el i nioTEPERLs atE B e iR g fe e d PR Aol sprtarke T o
| s rinsedims s Mce@%@@@ alm®sphéfié BRtiBatich, CPRFEDIT03H of tHyvaihiiRsphavd C
distillation, until 60-80% of the vol atives have been renmoved. The

r emai ni n@esnspmwedn Tihe reneainingciusgension-is tiemadoledite G- 40 Ke wihjle Isqlahadahy on

and drie der re ressure to

di hydr oxJlt& 'P@@W%?@HP@?V@W@FW?% éﬁg gﬁﬂen{/ff' Zé'ig fnl%ﬂ%%\&/éﬁ 4- one
10 hydr ogiiHyRirbes-[ARL(BE-RelrBRy yA -drekymiset dislyl]-AH- A thé MR pyPanilores
recovered ygj ﬁgr r[race(utlca mt@gnﬁéc}an%]e pr epar ed p|§'%As used herein,
phalonacéludmmuorw@mwﬂfled@ﬁ a ylé selid.her apeutical |y effective anount of
Forml with a phar maceut ically acceptable carrier. 15 A "pharmaceutically

acceptable carrier” is an agent which is non-toxic, does not interfere

with the ther ageythe FBFAfIIS ee@zivelF@drabh@nmb¢@ti@epc@1npbes“¢uentcenttprneptar@@l of
admnistration. Form| is preferably adm nistered by the intravenous route

over an A@Wﬂﬁﬂoh@@tfe "pbainpaceiftical aempesitisanmeansireifisraredisally pifecivaibl vy,
Form | :T%]ng&d?ﬁ%f\g'o u%@trggeph% m%&éﬁﬂ%}@ré&%ﬁk&m%% feracceptable carriers.

For exa I'”c and pH controlled
| i quisds such as water, dextrose/water or saline/water for injection
intravenously into t he patient. .

A "pharmaceutically acceptable carrier" is an agent which is non-toxic, does
not interfere with the therapeutic profile of Form | and is appropriate to the method of
administration. Form | is preferably administered by the intravenous route over an
appropriate period of time for cancer chemotherapy. Preferably, Form | is mixed with

20  one or more pharmaceutically acceptable carriers. For example, Form | may be
mixed with iso-ismotic and pH controlled liquids such as water, dextrose/water or

saline/water for injection intravenously into the patient.

| An "effective amount” includes a "therapeutically effective amount”, "an

25  effective protein kinase inhibiting amount”, "an effective cyclin dependent kinase
amount" and an effective tumor-inhibiting amount of Form | and will vary with the
individual, concomitant therapy, the disease, and other variable factors. An effective
amount for Form | will be about the same as for Form Il. Typically, the dosage of
Form | will be 0.001mg/kg to 100 mg/kg per day.

30

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



An "effective anmobunt” includes a "therapeutically effective anount”, "an
25 effective protein kinase inhibiting anount”, "an effective cyclin
dependent wig nas®s anount” and an effective tunor-inhibitingrawoésiof Form
| and will vary with the individual, conCﬁz{ntant t her apy, the disease, and
ot her vari abl e factors An effective anou for Forml wll be about the
sane as for Forml| pically, the dosage of Forml wll be 0.001 / kg
to 100 miAlGf B%ﬁ;aflf@is Irmeqhna ieK?ENS’I'e:i'@U Bumesetheliona r@“dacﬁnﬁ%‘épngﬁ
condi ti of, |a|g;lesc,%?13§ﬁ1a‘ilh I 3F8FbhLsm AT B8, BOLRdAI0 Brélst RS

and nore p ularf cyc e en ases as ’'previous dgscrl

her ei n. FRiaaognai dirial|lﬂeauebodgmridocd:l&rahﬂefuduasysterraat| ng a br oad WO
01/53293 PCT/ US01/ 00519 -14 range of cancers including, for exanple,

| eukem a, nmesothelionma and cancers of the lung (large cell, small, cell
and non-snal | A‘H%rh%les%‘?\'d%&éﬁt%' citddl Kétein ar‘évﬁérbBV’lndUrﬁélta%@ he@rl] %2

renal, uterine body and central nervous system Al'l articles and patents
ci ted hergferermree hereby incorporated herein by reference. 10 15 WO

01/ 53293 PCT/ USO1/ 00519 -15- What is clainmed is: 1. Pseudopol ynor ph Form |
having an x-ray powder diffraction pattern expressed in terns of "D
spacing: 5 D space- A 12.708 4.323 5.594 10 5.349

10

15



3.590. 2. A pseudopol ynorph Form | having an x-ray powder diffraction
pattern expressed in terns of "D' spacing and relative intensities thereof:
15 D spaceo d/segizati ve Intensity 12.708 Strong 4.323 St ip@igusopo®dd Strong
5.349 Medium 20 3.590 Medium 3.366 Mediu 4.209 Medium 3.395 Medi um
3.438 Medium 25 4.839 Medium 3. A pseudopdlynorph Form | having an x-ray
powder diffraction pattern expressed in terns of "D' spacing and

per cent ad¥h@dfis cRIMEVE i ntensities thereof: D space- A Relative Intensity %
30 12.708 100.0 4.323 75.9 5.594 58.5 5.349 49.5 .3.590 46.6 35 3. 366
42.0 4.209 40.7 3.395 39.5 3.438 38.8 4.839 37.1. 40 WD 01/53293

PCT/ US0110051®seud6polymorph Form | having an x-ray powder diffraction pattern expressed

in terms of "D" spacing:

D space- A
12.708
4.323
5.594
10 5.349
3.590.
2. A pseudopolymorph Form | having an x-ray powder diffraction pattern
expressed in terms of "D" spacing and relative intensities thereof:
15 D space- A Relative Intensity
12.708 Strong
4.323 Strong
5594 Strong
5.349 Medium
20 3.590 Medium
3.366 Medium
4.209 Medium
3.395 Medium
3.438 Medium
25 4.839 Medium.
3. A pseudopolymorph Form | having an x-ray powder diffraction pattern

expressed in terms of "D" spacing and percentage of relative intensities thereof:

D space- A Relative Intensity %
30 12.708 100.0
4.323 75.9
5.594 58.5
5.349 49.5
3.590 46.6
35 3.366 42.0
4.209 40.7
3.395 39.5
3.438 38.8
4.839 37.1.

40



4. A pseudopol ynorph Form | having an x-ray powder diffraction pattern as
defined in Table 1. Table 1 2 Theta Angle () D Space - Relative Intensity
Rel ative Wwy@ansidsy (%9 6.950 12. 708 Strong 100.0 20. 529 pe1Adsd1/86319ng 75. 9
15.830 5.594 Strong 58.5 16.560 5.349 Medium 49.5 24.778 3.590 Medi um
46.6 26.457 3.366 Medium 42.0 21.091 4-769 Medium 40.7 26.226 3.395
Medium 39.5 25.898 3.438 Medium 38.8 18.320 4.839 Medium 37.1 8.308
10. 634 Mbdi unAseddop8lyidpR.Fotrh Neliingral X-ray ddv@drdifiracsion datteomas8?2. 4
30.520 2. %2 ({\@dt@ﬁ] 1.0 27.106 3.287 Weak 26.2 31.153 2.869 Weak 22.4
define 8.7

29. 043 3 14.600 6.062 Weak 22.4 19.033 4.659 Wak 20.6. 5
5. The Form 1 of clalms 1, 2, 3 or 4 wherein the Form| is essentially free
of Form 11. 6. The Form| of clains 1, 2, 3 or 4 wherein the Form| is
essenti aI ly free of For m 10 Il and offakle 1:or e of Fl avopiridol. 7. The
~l a1 E /I \Ahar Al at Earm AN har forne nf
o rvopi T TR BIGEACE ] Diohates: AnLReve Itensity | Ketative ensiy (%)
6.950 12.708 Strong 100.0
20.529 4.323 Strong 75.9
15.830 5.594 Strong 58.5
16.560 5.349 Medium 49.5
24778 3.590 Medium 46.6
26.457 3.366 Medium 42.0
21.091 4.209 Medium 40.7
26.226 3.395 Medium 39.5
25.898 3.438 Medium 38.8
18.320 4.839 Medium 37.1
8.308 10.634 Medium 35.7
' 23.748 3.744 Medium 33.4
13.010 6.799 Medium 32.4
, 30.520 2.927 Medium 31.0
27.106 3.287 Weak 26.2
31.153 2.869 Weak 22.4
29.043 3.072 Weak 23.7
14.600 6.062 Weak 22.4
19.033 4.659 Weak 20.6.
5
5. The Form | of claims 1, 2, 3 or 4 wherein the Form | is essentially free of Form
1.
6. The Form | of claims 1, 2, 3 or 4 wherein the Form | is essentially free of Form
10 Il and other Forms of Flavopiridol.
7. The Form | of claims 1, 2,3 or 4 wherein Form Il and other forms of Flavopiridol

are present in less than 4%.

15 8. A pharmaceutical composition comprising a therapeutically effective amount of
Form | of claim 1,2,3 or 4 and a pharmaceutical acceptable carrier.

SUBSTITUTE SHEET (RULE 26)



15 8. A pharnmaceutical conposition conprising a therapeutically effective
anmount of Form | of claim1,2,3 or 4 and a pharnmaceuti cal acceptable
carrier. WdBIBEIIITE SHEET (RULE 26) WO 01/53293 PCT/ USO1/ QTah$ko1/0ds5499. A
pharmaceutical conposition conprising a thegrapeutically effective anount of
the Form1l of claim1,2,3 or 4, which is eSsentially free of Formll, and a
phar rraceutl cal accept abI e carrier. 5 10. A pharmaceutical osition
conprisi dg a AnRhaprAASUESRI Gorepesition gemprising: a merapﬁ@tlcrailwrﬁfﬁ ngve amauptef2, 3

or 4, wh [
FI avopi r?'ﬁéTb n?@gﬁrhgﬂr ?r’?c(fé'r SAéﬁa} héég%gé%tﬁﬁgq%egﬁ?ﬁﬁﬁnﬁgmt hod of

t r eat i ngphapahceuticaf accemablercdmeladm nistering to the patient a 10
therapeutically effective amount of FormlI| of claiml, 2, 3 or 4. 12. The
met hod of claim 11 wherein the Form1l is essentially free fromFormIl or
ot her; Fl agopi i r MasfSei N
a pat5| en'? Ejby éda% gpiét%p}ﬁﬁagll(?)on]'?%sn% at {?‘@‘ﬁs |gné m}egbé eréI fé?fe%hg?% ectl vz)f
protein tshenEeen il nh'claiirnih@ Zaordinwhich is besdrdiatly ifresf of fedran Heant, otBer Brots af.  14.
The n'eth erelnth Form| is essentially free fromForm /I
or 20 o ro frdoiga 'B‘BP?FT(!R?] acesptaRl& ags of inhibiting cyclin
dependent kinases in a patl ent by adm nistering to the patient in need

t hereof an effective cyclin dependent kinase inhibiting amount of Forml

of claimitl, A methmd df tredtinga patienifer Icedcmbycadmh‘ai&’@rméoélhelpaﬁ@ﬂ?@r ml is
essentially free fro rm.l 1 or her, forns of Fla p|r|dol 17. A nethod
of néki ng]e%/ﬂee%%l}yl ?&P?}S?ém%"‘_{ of °§“dr°f£'%6hfy¥ 4 30 (a) combining a
sufficient quantity of FormlIl with a sufficient anmount of an apropriate
azeot ropl c solvent, thus formng an azeotropic mxture; (b) submtting the
azeot r opile. ni Yhereethedofaaim b whereini thediaran! isessestialiyt fre@from Form Il or

other Flavopiridol forms.

15 13. A method of inhibiting protein kinases in a patient by administering to the
patient in need thereof an effective protein kinase inhibiting amount of the Form 1 of

claims 1, 2, 3 or 4.

14.  The method of claim 13 wherein the Form | is essentially free from Form Il or

20  other forms of Flavopiridol.

15. A method of inhibiting cyclin dependent kinases in a patient by administering to
the patient in need thereof an effective cyclin dependent kinase inhibiting amount of
Form | of claims 1, 2, 3 or 4.

25
16.  The method of claim 15 wherein the Form | is essentially free from Form Il or
other forms of Flavopiridol.
17. A method of making the Form | of claims 1, 2,3 or 4 comprising

30 (a) combining a sufficient quantity of Form [l with a sufficient amount of an

apropriate azeotropic solvent, thus forming an azeotropic mixture;
(b)  submitting the azeotropic mixture to azeotropic distillation sufficient to
form Form 1; and

(c) optionally recovering Form | therefrom.



formForm1;, and (c) optionally recovering Form | therefrom WD 01/53293
PCT/ USO01/ 00519 -18 18. The nmethod of claim 17 wherein the solvent is a
ket one soWwoanls32e319. The nmet hod of claim 17 wherein the sacaakoiogsivet hyl
et hyl ketone. 5 20. The nethod of claim 15 wherein the crystallized Form I
is recovered by filtering Forml. 21. Tiel®et hod of claim 15 wherein the
tenperature of the azeotropic distillationis 10 about 73, C to about 80
C. 22. A form of
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salts characteri zed by a weight gain due to water of Iess than five percent
at a rel ative 15 hum dity of about 75% 23. A form

(-)-cis-49¢ 2- diednsirashsf 9'6151 17 avhsraindhe-solivent e%@;lemxdreéwkftone
met hyl ) pi peridinyl]-4H 1 -benzopyran-4-one hydrochloride characterized by a
wei ght gain due to water of less than five percent at a relative humdity

of about 205% Th@ radthothef dfainm § wifereinathexnistaliz8d Gord Ifisrecserad by filtering
phar rrace%toirr%ﬁl |y active conpound. 25

21.  The method of claim 15 wherein the temperature of the azeotropic distillation is
10 about 73°C to about 80° C.

22. A form of (-)-cis-2-(2-chlorophenyl)-5,7-dihydroxy-8[4R-(3S-hydroxy-1-

methyl)piperidinyl]-4H-1-benzopyran-4-one or one of its pharmaceutically acceptable

salts characterized by a weight gain due to water of less than five percent at a relative
15 humidity of about 75%.

23. A form of (-)-cis-2-(2-chlorophenyl)-5,7-dihydroxy-8[4R-(3S-hydroxy-1-
methyl)piperidinyl]-4H-1-benzopyran-4-one hydrochloride characterized by a weight
gain due to water of less than five percent at a relative humidity of about 75%.

20

‘ 24. The Form | of claims 1, 2,3 or 4 for use as a pharmaceutically active

compound.
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