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I nvention Field of Invention This invention relates to salt forns of
6- acetyl - 8-cycl opentyl - 5- net hyl - 2- (5- pi perazin- 5
1-yl - pyridin-2-yl am no)-8H:pyrido[ 2, 3-d)pyrimdin-7-one, whichis a
sel ective cyclin-dependent kinase 4 (CDK4) inhibitor that is useful for
treating inflammtion and cell proliferative diseases such as Ag@@mr and
restenosis. DI SCUSSION Cyclin-dependent kinases and rel ated
serine/threonine protein kinases are inportant 10 cellular enzynmes that
performessential functions in regulating cell division and proliferation.
The cyclin-dependent kinase catalytic units are activated by regul atory
subuni ts known as CyGSETBIOWEIm&‘tOFSASEEEOTWErUmM WRBIYORI s have been
identified (D.G Johnson and C 5 ﬁfh Ann Rev. - Pharmacol . Toxi col .
(1999) 39:295-312). Cyclin B/ ., Cyclin F/CDK2, Cyclin
D/ CDK4, Cyclin D/ CDK6, and probabl yFlddhélnvmolerodl mers including 15 CDK3 and
CDK7 ‘are inport is fn@&woﬁtraétés Y sdfGbims, cﬁ)éCchtngr &%fo%ﬁﬁ Iﬁﬂ § r{)%b?é |r{
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35 CDK s can use at di seases’ caused a varl e
i nf ect i ous Irdigedhthuman twmraqulr@rﬁanhg|cpmmpolvewantepamﬁlteregorw& Rithes el Gl¥odi um

fal ci par umyoadih thdsed oRINGir regulators (C. Cordon-Cardo, Am. J. Pathol. (1995) 147:545-560;
J.E. Karp and S. Broder, Nat. Med. (1995) 1:309-320; M. Hall et al., Adv. Cancer Res. (1996)
68:67-108). Naturally occufring protein inhibitors of CDKs-such as p16 and p27 cause in vitro
25 growth inhibition in lung cancer cell lines (A Kamb, Curr. Top. Microbiol. Immunol. (1998)
| 227:139-148).
Small molecule CDK inhibitors may also be used in the treatment of cardiovascular

disorders such as restenosis and atherosclerosis and other vascular disorders that are due to
aberrant cell proliferation. Vascular smooth muscle proliferation and intimal hyperplasia

30 following balloon angioplasty are inhibited by over-expression of the cyclin-dependent kinase
inhibitor protein p21 (M\W. Chang et al., J. Clin. Invest. (1995) 96:2260; Z-Y. Yang et al.,
Proc. Natl. Acad. Sci. (USA) (1996) 93:9905). Moreover, the purine CDK2 inhibitor CVT-
313 (Ki =95 nM) resulted in greater than 80 % inhibition of neointima formation in rats (E.E.
Brooks et al., J. Biol. Chem. (1997) 20207-29211).

35 CDK inhibitors can be used to treat diseases caused by a variety of infectious agents,
including fungi, protozoan parasites such as Plasmodium falciparum, and DMA and RNA
viruses. Fdr example, cyclin-dependent kinases are required for viral repliCation'following



viruses. For exanple, cyclin-dependent kinases are required for viral
replication foll ow ng WD 200-S/ 005426 PCT/ |1 B2004/ 002152 AUG 20H -2
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;elfo erence 'a llrénggé gegbﬂoogan yorf&fnggér{:.ele CD@%Ieﬁ.s?hzhec:urpfvgpﬁpgwgcgﬁé&@mdczwhoses
3-634; D.W. Fry and M.D. Garrett, Curr. Opin. Oncologic, Endocrine & Metabolic Invest.
. (2000) 2:40-59; K.R. Webster and D. Kimball, Emerging Drugs (2000) 5:45-59; T.M. Sielecki
L et al., J. Med. Chem. (2000) 43:1-18.),
- 25 Despite these difficulties, recent studies have identified a number of selective CDK4
~ inhibitors that, as discussed above, may prove useful in treating cancer—either as anti-cancer
agents or as chemoprotective agents—and in treating cardiovascular discrders, such as
restenosis and atherosclerosis, diseases caused by infectious agenis, and autoimmune
disorders, including rheumateid arthritis. For a disclosure of these selective CDK4 inhibitors,
30 see commonly assigned International Patent Application PCT/IB03/00059, filed January 10,
2003 (the '059 Application), which is herein incorporated by reference in iis entirety for all
purpoees.
The '059 Application discloses a particularly potent and selective CDK4 inhibitor 6-
acetyl- 8-cyc|opentyl-5 methyl-2 (5-piperazin-1-yl-pyridin-2-ylamino)-8H-pyrido[2,3- d]pynmldln-
35 T7-one:



acetyl -8-cycl opentyl - 5- nmet hyl - 2-(5- pi perazi n-1-yi - pyridi n-2-yl.am no) - 8H pyri
do[ 2, 3-dj pyri m din-- 35 7-one: WD 2005/ 005426 PCTI | B2004/ 002152 2 AUG 2006
-3 NO NWh3 +Q,<H 6 In standard enzyne assays the co f.Formila 1
oxni bits MRREITEe T 2 0 ot A g cora nh bitio, 3@’%8‘6 of
0.011 AMand > 5 AM resp~ctively. For a discussion of standardAGOKE and
CDK2 assays for | C50 determ nations, seg DDW Fry at a]., 5 J. Biol. Chem
(2001) 16617-16623. Though the conpound of Fornmula 1 is a potent and
selective CDK4 inhibitor, its use in pharmaceutical products presents
chal | enges. For exanple, the free base has poor water solubility (9 pg/mn)
,and exhibits | ow bl oavailapilJity in animal studies. A di-HCl salt of the
conmpound of Forrmula | aPPearsyto exhibit adequat r solubility. However
nmoi sture 10 uptake studi ¢s reyeal that, even at | ative humdity (10 %
RH), the di-HCl salt abso SN any

t han about 2 % of
its mass, making it unsuitable for uge i/gjlg solid |drug product A nono- HCl
salt of the conpound of Fornul a i r a h scopic, absorbing nore
than 2 %of its nass at a relative hungpityNébo 80 9% However, the

process for preparing the nono-HCL salt*yields partially crystalline drug
subst ance, indicating 15 potential problens w ocess scal e-up. O her
salt forns of the conmpound of Forrmula 1 are t eeded. QUWARY OF THE

| NVENTI ON The present invention provides a nono-isethionate salt of

6- acet yl - 8- cycl openstepdardenzyme assays the compound of Formula 1 exhibits ICsp concentrations

oo AR B o ST SO Obr P S gRGD k4 0
20 The | set HiseHsaion o€ sencahADKA P4 CRK2 56eRYS foTIBrdlelsampRispSee Wb IFUPt} For m
A, Forms, yamiel. Epem(2D01-peBn7-abed3ne pol ynor phs can be di stingui shed by its
powder X .ray di f‘l{l&?g%ttiieo Qompound of Formula 1 is a potent and selective CDK4 inhibitor, its use
in pharmaceutical products presents challenges. For example, the free base has poor water
solubility (9 pg/mL) and exhibits low bioavailability in animal studies. A di-HCI salt of the
compound of Formula 1 appears to exhibit adequate water solubility. However, moisture
10  uptake studies reveal that, even at low relative humidity (10 % RH), the di-HCI salt absorbs
water in an amount greater than about 2 % of its mass, makihg it unsuitable for use in a solid
drug product. A mono-HCI salt of the compound of Formula 1 is marginally hygroscopic,
.absorbing more than 2 % of its mass at a relative humidity above 80 %. However, the
process for preparing the mono-HCI salt yields partially crystalline drug substance, indicating
15  potential problems with process scale-up. Other salt forms of the compound of Formula 1 are
thus needed.- .
SUMMARY OF THE INVENTION
o The present invention provides a mono-isethionate salt of 6-acetyl-8-cyclopentyl-5-
meﬂ1yl-2—(5—pipera2in-‘l-yl-pyridin-z—ylamino)fBH-p)lrido[2,3-d]pyrirﬁidin-T-one, "~ which is
20  represenied by Formula 2:
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The isethionate salt can exist as one or more polymorphs, including Form A, Form B,
and Form D. Each of the polymerphs can be distinguished by its powder X-ray diffraction
(PXRD) pattern (diffractogram), or Raman spectrum, or differential scanning calorimetry
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(PXRD) pattern (diffractogram, or Raman spectrum or differential scanning

cal ori metry WD 2005/ 00-9426 PCT/|1B2004/ 002152 2 AUG 2006 -4 (DSC)

therrmgrawo cor'rbi nation of PXRD pattern, Raman s d_DSC
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t her nogr am h| onaté salt may be anhydrous, or q?zyl ng

-amounts of water or one or nore solvents. Thus, one aspect oimg[]hg]npresent

i nvention provides a nono-isethionate datt of 6- 5

acetyl - 8-cycl opentyl - 5- net hyl - 2- (5- pi perazin-'1-yi-pyddi n-2-yl am no) - 8H pyri
do[ 2, 3-ol pyrim din- 7-one, which is designated as Form A, and is
characterized by one or more of the following: a powder X-ray diffraction

pattern havj P&a 2 u abo and 17 Raman
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peaks at 20B-qyslapentyls- m&ﬂ?&it&-(58)lp$raz$1-9y' ra/ﬁdin-Zﬂylamm@-SFRa/riMZaéﬁ&mmmm-nme ng a
peak at a Rg{iaisShusf qu‘naféa'a'elq:oﬂ'f'l BRpdtis 4RastbRzbd BYond dPShoretdtARERALR ﬂ?haé/ Ing a
shar p endot her m raction
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Raman spectrum having a peak at a Raman Shift value of about 463 cm™, or a DSC
(‘ thermogram having a sharp endotherm at 277°C. For each salt form, the powder X-ray
e diffraction pattern is obtained using Cuk, radiation and the DSC thermogram is obtained
25  using a heating rate of 5°C/min. -

The present invention also provides pharmaceutical dosage forms thai include an
isethionate salt of B-acetyl-B-cyclopentyi-S—methyl-Z—(S-piperazin-'l-yl-pyridin-z-ylamino)~8H-
pyrido[2,3-djpyrimidin-7-one and one or more pharmaceutically acceptable excipients. Useful
excipients include disintegrants, binders, diluenis, surface-active agents, lubricants,

30 preservatives, anti-oxidants, flavors, colorants, and the like.

The present invention aiso provides methods of making the isethionate salt of 6-
acetyl-8-cyclopentyl-5-methyl-2-(5-piperazin-1 -yl-pyridin-2-ylamino)-8H—pyrido[2,3-d]pyrimidin-
7-one. One method includes adding a solution of isethionic acid and a first solvent to an
aqueous slurry of 6-acetyl-8-cyclopentyl-5-methyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-8 H-

35  pyrido[2,3-d]pyrimidin-7-one, to produce a first mixture. The method also includes freeze-
drying the mixture to give an amorphous salt, which is subsequently combined with a second



1

7-one. One nethod includes adding a solution of isethionic; acid and a first
solvent to an aqueous slurry of
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2-ylamino)-8H-pyrido[2,3-dJpyrimidin-7-one, which is effective in treating the disorder or
condition. Disorders or conditions caused by abnormal cell proliferation include cancer and
vascular smooth muscle proliferation associated with atherosclerosis, post-surgical vascular
stenosis and restenosis, and endometriosis. Autoimmune diseases include psoriasis,
35 inflammation-like rheumatoid arthritis, lupus, type 1 diabetes, diabéetic nephropathy, multiple
sclerosis, glomerulonephritis, and organ fransplant rejection, including host versus graft

disease.
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30 FIG. 8 shows Raman spectra of a mono-issthionate salt (Form A, Form B, and Form
D) - of 6-acetyl-8-cyclopentyl-5-methyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-8H-pyrido[2,3~
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D) of 6-acetyl-8-cyclopentyl-5-methyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-8H-pyrido[2,3-
35  djpyrimidin-7-one, having Raman Shifts ranging from 1100 cm™ to 1350 cm™;
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DETAILED DESCRIPTION
DEFINITIONS AND ABBREVIATIONS

Unless otherwise indicated, this disclosure uses definitions provided below.
The term “cancer” includes, bui is not limited to, the following cancers: cancers of the
30 breast, ovary, cervix, prostate, testis, esophagus, stomach, skin, lung, bone, colon, pancreas,
thyroid, biliary passages, buccal cavity and pharynx (oral), lip, tongue, mouth, pharynx, small
intestine, colon-rectum, large intestine, rectum, brain and central nervous system,
glioblastoma, neuroblastoma, keratoacanthoma, epidermoid carcinoma, large cell carcinoma,
adenocarcinoma, adenocarcinoma, adenoma, adenocarcinoma, follicular carcinoma,
35 undifferentiated carcinoma, papillary carcinoma, seminoma, melanoma, sarcoma, bladder
carcinoma, liver carcinoma, kidney carcinoma, myeloid disorders, lymphoid disorders,

Hodgkin's disease, hairy cells, and leukemia.
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tert-butoxycarbonyl
] DCM’ . dichloromethane
DSC ~differential scanning calorimetry
Et;M triethylamine
EtOH ethyl aicohol
h, min, s hour, minute, second
IPA ‘ isopropwi aicohol
MeOH methanol
PXRD ' powder X-ray diffraction
(' . RH relative humidity
= RT roem temperature, i.e. 20°C=25°C
THF tetrahydrofuran )
mgA/mL milligrams: of active substance per milliliter of soluion '

The mono-isethionate salt (Formula 2) can exist as one or more p-ol5fmorphé,
including Form A, Form B, and Form D. As indicatled above, each of the polymerphs may be
distinguished by powder X-ray diffraction (PXRD), or Raman speciroscopy, or differential
scanning calorimetry (DSC), or some combination of these characierization methods. The

15  mono-isethionate salt (Formula 2) may be anhydrous, or may contain varying amounts of
water or one or more solvents. Furthermore, the mono-isethionate salt (Formula 2) may be
substantially pure—i.e., contain at least about 99 wt % of a particular polymorph—or may be
a mixture of two or more of the polymorphs (e.g., Form B and Form D, etc.).

The free base (Formula 1) is a dibasic compound, which may form both mono- and

20 di-acid addition salis. Its conjugate acid has pl{;s of 7.3 and 4.1, s0 comparatively strong
acids are necessary for generating the di-salt. Though it may be possible to form a di-



di stingui shed by powder /X-ray diffraction (PXRD), or Raman spectroscopy, or
differential scanning calorinetry (DSC), or sone conbination of these

char act erW8a2009B02¢ hods. The 15 nono-i set hi onate salt (ROTHBRE04AP2FAY be
anhydrous, or nmay contain varying anounts of water or one or nore solvents.
Furthernore, the nono-isethionate salt (Formula 2) may be subgtmgtagl |y
pure-4.e., contain at |east about 99 wt-99% of a particul ar pol ynorph-or may
be a mxture of two or nore of the pol ynorphs (e.g., Form B and Form D,
etc.). The free base (Fornula 1) is a dibasic conpound, which nmay form both
mono- and 20 di-acid addition salts. Its conjugate acid has pl(.s of 7.30

i and 4.1, sOnsemiqnamaitlof/thstcnmngmdatdeu&r‘etmaenmsawlomaje sgieapreatsi ta Ge niee

-sal t. Ink r{aé( E?é‘s BESSuRESot 0 forma di WO 20051005426
PCT/IBZOO4/ g%glign 3" 2006 |setﬁ| onate salt. of the conpound of Fornula 1,

t he nono-i set hi oﬁé@é "3'39 kIGap proxite PRRDsliffragipasams, fas meno-isefitienate saltderms & $- | ess
counter i Onaceﬂl-@—cy&loﬁémblﬁln@thy?-ﬂw piperegin PXRBYridint 4-y1aminb PeH-ByrtoR, 3-Qjpyrimidin-

nono-i set hi gnat

acetyl -8 cy 'PB‘[B@: F'tag %I'{eﬁ?/fonas e dSFIBIéat?adzasnqum Ain FIG. 1 and Form B and Form D
-yl - pyridi ninZFI@l ami TmmepyadadWZthB-dlfBngramlolennn b -RIGe2 (Hesbewh ahified

These T or s, dlq dashaaLam. af &ﬁabFer , Befby! P?tEL@'uféanﬁpgqu:reéﬂsrﬁ] AdbsERUbAmg

FIG 2. To inprove reada togrann of
been shi ft erpakusight & m@"?@tﬁa@ﬁ itheq 3.4 fr @%o-'w@vmte Pelyperpls 4nBrerdiBt  PXRD

peaks (' €. and E@Qiﬁeexﬂiﬂuhdérhn%@ foﬁleaksdb@biga‘t cligPadiéisGe peallsl haf ety ukéBio 3. 5.)
for i ghat e rov i d ned

d
font, a sub@%‘fngﬂ? h chap %’Pée/ m ano ksﬁ} ﬂﬁ?"ﬂ?&%’r‘]"ﬁ‘s Wed eF'?SdprPV'defg'"maﬂe %gw sh
ohe pol ynoriphot mmnhanmsw@r hstvﬁehara@wsm pedkar atareans oif jordiparp lekill iy thei artdf i n

Table 2 ispcmﬁor mewém#aén&o%séwbﬁoogé SSth&f s@bagraglepidettiicc ppsIRK that Rl S48 of

ordi nary skil] rt nor ph identification nmay choose ot her sets
of charact e‘?“’rt@t?'l"ﬁh B%%Wgzy"?%%tfrwe?"g{ 'so distinguish one pol ynorph from

anot her. For conpar icemparisun ppepeses,FIFES. 3G, 6 stoaw AXRED difffattbaraieg farrs
fsglr ts 0?‘ %%%ﬁ\{ewal Qﬁonmggﬂiléfgsw-rﬁgs%latéj" Fn%ﬁé—)‘lb?t End "HHE Hglts 8{‘% gdef)}l_'g J
cycl opentyl cys)omWrmezwé (PP ipereaint Ind-pyRdin-grylaminolBL-pyridaig. rslpydmidipyT-prRa[ 2, 3- d]
gyrlt m di It n- 7A|m8@gh théééh B Gyt b6 ﬁuaulet taaﬁrawef Wﬁg fa’stmc?ﬁa%@rphbaéweoaﬂv beed Iht

i stinct paq s, have on or 0-NEes a
which FIG %élngg%qo géh%‘&"‘é%“& T:%P?ﬁ ﬁh?'ﬁ?@ Gejgngtes a5 FaMe A, FO B hl i ght
di f f er encesndnbonp the @nb@h@ﬂdﬂeeers:aﬂdrﬁmmhe trheno0esyiate realit fs:gna.mkha)f
For m BooFOrdiSetodtifls BOEdmn B, FBrntE Gnd¥ ol thin RRE™ ik Béé‘ﬂsrﬁf@(ﬁfp@a% MBFbRS

armunts Ea of the PXRD patterns shown in FIG 1-FIG wer e obt alned on a
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scinti EE at 'a?ﬁ'o kV and 40 mA, respectively, the divergence and scattering slits were set at 0.5°, and the
receiving slit was et at 0.2 mm. Diffractelcl radiation was detected using 2 Mal scintillation
detector. For each of the runs, a 6-26 continuous scan of approximately 1°/min (3 s/0.040°
step) from 3.0 to 40.0 °26 was used. Samples were prepared for analysis by placing them in
a silicon-wafer holder. Data were collecied using RIGAKU's RIGMEAS software and were

30 analyzed using a proprietary software package developed using the JADE software platform.
For each powder X-ray diffraction measurement, a sample of a salt form was placed -

into a cavity located on a planar surface of the holder, and a glass slide was used to level the
surface of the sample. The holder, which contains the sample, was placed in the
diffractometer, and the source of the X-ray beam irradiated the sample, initially at a small
35 angle relative to the planar surface of the holder. The X-ray beam was subsequently moved
through an arc in a step-wise manner, which successively increased the angle between the
incident beam and the planar surface of the holder. At each step of the scan, the scintillation
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Polymorph Significant Peaks, 26
(Underlined values are characteristic of a particular polymorph)
A 8.7, 126, 135, 17.6, 6.8, 19.6, 19.8, 23.0, 242
B 8.1, 10.2, 11.8, 12.1, 12.8, 13.4, 14.7, 15.2, 16.0, 16,6, 17.9, 19.2, 19.7, 21.3,
21.9, 22.6, 23.2, 24.6, 25.6, 26.1, 28.9, 30.0, 30.9, 32.5, 33.0, 32.5, 33.0, 34.2,
| 353,360
D 8.4, 8.9, 10.8, 12.6, 14.2, 16.8, 17.9, 18.4, 19.1, 20.0, 204, 21.0, 21.9, 22.86,

23.0, 23.6, 24.6, 26.2, 27.2, 28.7, 29.8, 30.3, 38.4 )
, FIG. 7—FIG. 11 show Raman spectra of the mono-isethionate salt forms of 6-acetyi-
8-cyclopentyl-5-methyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-8 H-pyridof2,3-d}pyrimidin-7-one

25 | (Formula 2). FIG. 7 shows Raman spectra of mono-isethionate salt Form A, Form B, and
Form D for Raman Shifts ranging from 0 cm™ to 1850 cm™, while FIG. 8—FIG. 11 provide
Raman spectra for mono-isethionate salt Form A, Form B, and Form D for Raman Shifts
ranging from 1350 cm™ to 1800 em™, 1100 cm™ to 1350 em™, 500 cm™ to 850 cm™, and 340

cm™ to 550 cm™, respectively. In some of the figures, one or more of the Raman spectra may
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22.6. 23. 6, 26.1, 28.9, 30.0, 30.9, 32.5, 33.

34. 2, 35%’”0%0 ﬁm%zlém ~.Q '10.8, 12.6, 14.2. 16.8, 7’05“ °°§ @)2 1,
'20.0. 20A, 21.01 21.9, 22.6, 23.0, 23.6, 24.6, 26.2, 272 2@’#52

30.3, 38.4 FIG 7-FIG ‘11 show Ranman spﬁctra of the nono-isethi onate salt
forms of 6-acetyl -

B- cycl opent yl - 5- net hyl - 2- (5- pi perazi n-1-yi-pyridi n-2-yl am no) - 84 pyr: doJ[ 2, 3-
cQyrimdin-7-one 25 (Formula 2). FIG 7 shows Raman spectra of
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obt ai n 1 eprgsepiobed ‘éemﬁﬂﬂaﬂbcsmtof 8pots aFH ekBh @émplaciRardén L-pkeetr@wewmﬁ@héd:

forms . were F?%%t%g?' é?‘%ocﬁ'}’ WithRbif rla&%?&a ggétra‘){t e%BREﬁ%t PR s SRR I&%?La%e

spectra V\BI’% OUI’ or four re ra at
each s2t. safid issmpigs.neata yior h@@s@owmrhh@dom Iek'db'éﬁénwpe@%tdﬁ”aﬂqum aea;h ven
pol yrmor phi Gufuin ﬁesmxhsbﬁ&ﬁc&ntp%rmap mﬂ@%ﬂ.bmm be.@lk Pesition. | Foreash bithe #ifhs,
exhi bi ted corrpar at i aﬁl %/ }(t e varl atf og ‘Ea Bﬁs i\ti on. lor each of, the
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1 em™. At least some of the variation in peak intensity or peak position is thought to arise

25  from differences in the way the laser light strikes different crystals in the sample.
Table 3. Characteristic Raman Spectra Peaks for Mono-lsethionate Salt
Fc»rm'A, B,and D

Peak (cm™) Peak is characteristic of this polymorph

1800 Aand B
1290 ' Aand B
675 A

470 Aand B
463 D

450 Aand B
425 Aand B

Like the run-to-run variation described above, the Raman specira of a particular
polymorph that are obtained using different instruments appear to exhibit little variation (i.e., 1
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304°C, and 289°C, respectively. In contrast, the di-HCI salt (FIG. 16) possesses a

comparatively complex DSC thermogram, which includes broad endotherms between about

40°C and 110°C and between about 160°C and 200°C, which likely indicate loss of moisture

20 and lattice water, respectively. The di-HCl salt DSC trace also exhibits a relatively sharp

| exotherm starting at about 207°C and a broad endotherm beginning at about 275°C, which
probably indicate, respectively, form transformation and melting or decomposition or both.

' ( FIG. 17 and FIG. 18 show water adsorption and desorption isotherms (at 25°C) for

the free base (Formula 1) and various salts of 6-acetyl-8-cyclopentyl-5-methyi-2-(5-piperazin-

25  1-yl-pyridin-2-ylamino)-8H-pyrido[2,3-d]pyrimidin-7-one, including mono-isethionate (Form B

and D), moneg- and di- HCIl, mono-mesylate (Form A and C), di-mesylate, and mono-tosylate.

The water adsorption and desorption data were obtained using a VTI CORPORATIOM

MODEL SGA-100 symmetrical gravimetric analyzer. To obtain a water vapor isctherm, a

sample of @ polymorph was placed on a microbalance in a sealed environmental chamber,

30 and subsequently heated at a rate of 5°C/min until the temperature in the chamber reached

40°C. To obtain a dry sample weight, the polymorph was allowed to equilibrate at 40°C until

the sample experienced a weight change less than 0.0270 wt % in 2 min. Following drying,

the sample was cooled to 25°C and subsequently exposed to different humidity levels ranging

from 5 or 10 % RH to 90 % RH and from 90 % RH to 10 or § % RH, in 10 % RH increments.

35 At each humidity level, the polymorph was allowed to equilibrate until the sample experienced

a weight change less than 0.0270 wt % in 2 min. The equilibrium mass at each humidity level
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. Seeding an agqueous solution of the mono-isethionate salt prepared at 117 mgA/mL, pH 5.4

25 (supersaturated with respect to free base) with crystals of the freebase did not cause

precipitation. Instead, the seeds dissolved, indicaling some ability of the isethionate ion 1o

solubilize the freebase in water. '

Table 4. Water Solubility of the Free Base and isethionate Salt (Form B)

Solubility Equilibration Time
Sample mgA/mL Final pH h
Free base 0.009 7.9 14
isethionate 213 54 48
Table 5. General HPLC Conditions for Water Solubility Measurements
Control Variable Value
Column Flow Rate 1 mbL/min
Stop Time 45 min

Solvent A 10 mM Acetate, pH 5.7




The data in Table 4 indicates that the water solubility of the

nono- | sethionate salt (at pH 5.4) is nore than 20, 000-fol d higher than the
freebase 9). This large disparity in 20 water Lt nnot be
expl ai ned 2@5}835#2«% atively nodest difference in pH of tﬁ';e)é"gﬁi[zh%é%éﬁﬁ

sol utions of the freebase and the nono-isethionate salt. |nde@d\U6tlBls
theoretical water solubility of the frggbase Is only 0.62 ngA/nL at pH 5.4
by Hender son- Habsel bal ch cal culation (uUSing free bas e solubility 0.0092
ng/mL at pH 7.9 and pKs 7.3 and 4.1). Seedi ng an aqueous sol ution of the
nono-i sethionate salt prepared at 117 ngAfnlL, pH 5.4 25 (supersaturated with
respect to free hase)-with cTystals of the freebase did not cause

preci pi tation. |nstead, COMEo! Yadable di ssol ved, indi catMaliug some ability of the
i sethionate ion 0 SOl UDGhGRBE e TTEEDase 1T Wat eTagNabte4—Vater
Solubility of the, Free Base and Isethionate Salt (FormB) Solubility

Equi li bration Tinme §8ﬁﬁ1‘@7§‘ﬁ‘lﬁ“h§(‘¢¥)nal pH h Free base 0.009 7.9 14

i set hi onate 213 5.4 48 Tabloanib. CGeneral HPLC Conditigorze for Water Solubility
Measurenents Contr ol Varig@n% Val ue Col um Fl ow Ra%ggl mJrin Stop Tine 45
mn Solvent A1 o nMAcetate; p H 6.7 WO 200/ 00542 (5‘,T/I82004/ 002152 - 2
AUG 2905 -14 Control Vari¥pmi® Val ue Solvent B ACN2588l vent A/ Sol vent B
(v/v) O min 80/20 30 min 254 35 min 25175 36 mighpg0/ 20 45 min 80/ 20
Det ecti on Wavel ength 260 nm Columm I njection Volune 10 pL. Col um
Tenperature 250C Col um TyfR™PYMC PAC PRO) C 18 1508R28. 6 mm 31t particle
size The sol ubility obDetehinivéalelengihate salt in norragomal i ne is 0.58 ngAl L,

Wkﬁ',ch is much |ess gﬁn‘nhﬁi?ﬁ_ﬁmygﬁlm@ol ubility, and i18 u\{ery close to the
ng : '

t heoretical value O.
- Column Temperature - 25°C

Column Type (YMC PAC PRO) C18 150 x 4.6 mm, 3 particle size

The solubility of the isethionate salt in normal saline is 0.58 mgA/mL, which is mi.lch
less than its water solubility, and is very close to the theoretical value 0.43 mgA/mL
(Henderson-Hasselbalch calculation) at the final pH of this solution (pH 5.56). In normal
saline, the surprising solubilizing power of the isethionate ion essentially disappears and the

§ compound solubility behaves more like a typical basic compound. _

The isethionate salt can be prepared using a number of techniques. For example, in
one metr;od, a solution of isethionic acid and a first solvent is admixed with an aqueous slurry
of 6-acetyl-8-cyclopentyl-5-methyl-2~(5-piperazin-1-yl-pyridin-2-ylamino)-8 H-pyridof2,3-
djpyrimidin-7-one. The mixture is filtered to remove any solids, and the resulting filtrate is

10 freeze-dried (lyophilized) to give an amorphous isethionate salt. The amorphous salt is
( converted to a crystalline form by dissolving it in a second solvent, which may be
- accompanied by heating to promote complete dissolution. The resulting solution is
subsequently cooled to RT or less to precipitate a crystalline form of the salt, which can be

izolated via filtration and then dried in a vacuum oven. |
i8 The method generally employs stoichiometric (i.e., molar ratios of 1:1 or 2:1) or near
stoichiometric amounts of isethionic acid and 6-acetyl-8-cyclopentyl-5-methyl-2-(5-piperazin-
1-yl-pyridin-2-ylamino)-8H-pyrido[2,3-d]pyrimidin-7-one. The first and second solventes may
be the same or different, and are typically water-miscible solvents, including alcohols such as
MeOH and EtOH. The amount of heating necessary to dissolve the amorphous salt in the
20 second solvent will depend on the solvent used, but the temperature of the mixture is typically
in the range of about 30°C to about 60°C, and is normally in the range of aprt 30°C to about
50°C. In some cases, the temperature of the mixture is in the range of about 30°C to about

40°C or about 35°C to about 40°C.
In another method, the free base (Formula 1) is dispersed (slurried) in a first solvent

25 and is seeded with a crystalline isethionate sait form. The resultihg mixture is admixed with a
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is stirred at RT or above, ally at a tenperature greater than about 35-C
or 40-C. To inprove yield, resulting mxture can be cooled to a
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salt.crystals.. The iset@lonaie sgl.t clRystaks that can be isolated via
filtration and then drie hke the nmethod descri bed above,
this technique enploys st stoi chlonetric anounts of
isethionic acid and N
cycl opentyl - 5- et hyl - 2- (|b- pi ger azi n- 1-yl - pyri di n} 2-yl
pyrimdin-~-one\d/l/n\a/dd1’tio , the first and second v y be the sane
different, and are typically 10 water-m sci bl e solvepts, | udi ng
Q:ohol s such as MeOH and RCH. Conpared to the previougly flescribgd

process, this nethod often results in inproved yields and better (e.g.,
| ar ger, nomdth ahetod.-Ayeqeivaients (@ more) of isethionic acid in a first solvent and water, which

removes the BOC protecting group and unmasks an acetyl group to give a di-isethionate salt

m no) - 8K pyri do[ 2, 3- ol

of 6-acetyl-8-cyclopentyl-5-methyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-8 H-pyrido[2,3-

20  djpyrimidin-7-one. The reaction can be carried out at room temperalure or higher, and is
often carried out at a temperature ranging from about 30°C 1o about 60°C. To. this reaction
mixiure is added a hindered base (e.g., EtsN) in a second solvent, which forms a salt with the
isethionic acid that is soluble in the reaction mixture. The amount of base added is sufficient
to maintain—in the presence of the di-isethionate salt—a slight excess of free isethionic acid

25 in the reaction mixture. For example, if 3.5 equivalents of isethionic acid were reacted witH
the BOC-protected compound of Formula 3, about 1.45 equivalents of the hindered base
could be'used, resulting in about 0.05 equivalents excess of the free isethionic acid. If
desired, the di-isethionate salt can be isolated by filtration.
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may afford certain therapeutic advantages resulting from greater metabolic stability, for

20 example, increased in vivo half-life or reduced dosage requirements, and hence may be more
useful in some circumstances. In addition, certain isotopic variations, for exampie, those
incorporating a radioactive isotope, are useful in drug and/or substrate tissue distribution
studies. The radioactive isotopes ‘iritium, i.e. *H, and carbon-14, i.e. **C, are particularly

e useful for this purpose in view of their ease of incorporation and ready means of detection.

25 Isotopic variations of the disclosed compounds can generally be prepared by
conventional techniques known to those skilled in the arl or by processes analogeu's o those
described in the accompanying Examples using appropriate isotopic variations of suitable
reagents. Pharmaceutically acceptable solvates of the disclosed compounds include those in
which the solvent of crystallization may be isbtopically substituted, e.9. DO, de-acetone, dg-

30 DMmSO.

The disclosed compounds (Formula 1and salts) may be administered as crystalline or
amorphous products. They may be obtained, for example, as solid plugs, powders, or films
by methods such as precipitation, crystallization, freeze-drying, spray drying, or evaporative
drying. Microwave or radio frequency drying may be used for this purpose.

35 The disclosed compounds may be administered alone or in combination with other

drugs and will generally be administered as a formulation in association with one or more

pharmaceutically acceptable excipients. The term “excipient” describes any ingredient other



15 the atomic mass usually found in nature. Useful isotopes include isotopes
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ha&r cellulose, croscarmellose sodium, crospovidone, polyvinyipyrrolidone, methylcellulose,
mierocrystalline  cellulose, lower alkyl-substituted hydroxypropyl cefiulose, starch,
25  pregelatinized starch, and sodium alginate. Generally, the disintegrant will comprise from 1
wi % to 25 wi %, preferably from 5wl % to 20 wt % of the dosage form.
Binders are generally used to |mparl cohesive qualities to a tablet formulation,
Suitable binders include microcrystalline cellulose, gelatin, sugars, polyethylens glycol,
nalural and synthetic gums, polyvinylpyrrolidone, pregelatinized starch, hydroxypropyl
30 cellulose, and hydroxypropyl methylcellulose. Tablels may also contain diluents, such as
lactose (monohydrate, spray-dried monohydrate, anhydrous and the like), mannitol, xyIitoI;
dextrose, sucrose, sorbitol, microcrystalline cellulose, starch, and dibasic calcium phosphate
dihydrate.
Tablets may also optionally include surface-active agents, such as sodium lauryl
35 sulfate and polysorbate 80, and glidants such as silicon dioxide and talc. When present,
surface-active agents may comprise from 0.2 wit % to 5 wi % of the tablet, and glidants may
comprise from 0.2 wt % to 1 wt % of the tablet. '
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- “administration include intravenous, intra-arierial, intraperitoneal, intrathecal, intraventricular,

( _ intraurethral, intrasternal, intracranial, intramuscular, and subcutaneous. Suitable devices for

25 parenteral administration include needle (including micro-needle) injectors, needle-free
injeciors and infusion techniques. '

_ Parenteral formulations are typically aqueous solutions which may contain excipients
such as salts, carbohydrates, and buffering agents (preferably to a pH of from 3 to 2), but for
some applications, they may be more suitably formulated as a sterile non-aqueous solution or

30 as a dried form to be used in conjunction with a suitable vehicle such as sterile, pyrogen-free
wéter'. The preparation of parenteral formulations under sterile conditions, for example, by
lyophilization, may readily be accomplished using standard pharmaceutical techniques well
known to those skilled in the art.

The solubility of the disclosed compounds used in the preparation of parenteral

35 solutions may be increased by the use of appropriate formulation techniques, such as the
incorporation of selubility-enhancing agents. Formulations for parenteral adminisiration may
be formulated to be immediate and/or modified release as described above. Thus the
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may be for ated In a nore solid formfor admnistration as an | ant ed
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25  an oligolactic acid.

! Prior to use in & dry powder or suspension formulation, the drug product is micrenized
to a size suitable for delivery by inhalatio'n (tvpically less than 5§ microns). This may be
achieved by any appropriate comminuting method, such as spiral jet milling, fluid bed jet
milling, supercritical fluid processing to form nanoparlicles, high pressure homogenization, or

30  spraydrying.

Capsules, blisters and cartridges (made, for example, from gelatin or
hydroxypropyimethyl cellulose) for use in an inhaler or tnsufflator may be formuiated to
contain a powder mix of the active compound, a suitable powder base such as lactose or
starch, and a performance modifier such as L-leucine, mannitol, or magnesidm stearate. The

35 lactose may be anhydrous or, preferably, monohydrated. Other suitable excipients include
dextran, glucose, maltose, sorbitol, xylitol, fructose, sucrose and frehalose.



petrolatum glycerin, polyethyleAe glycol and propyl ene glycol. Topical
formul ati ons May al so include penetration enhancers. See, for exanple,

Fi nni n andyd/Bdabss2d Pharm Sci (1999) 10 88(10): 955-958. 8,?@ S, of
topi cal adm nistration include delivery by iontophoresis, ?gﬂ%r ation,
‘phonophoresi's, sonophoresis and needl e-free (e.g. PCN\DERJECT)

m cr o- needl e i njection. Formul ations f topi cal adm ni stration nay be
formulated to be imediate and/or nodif'ied rel ease as described above. The
di scl osed conmpounds can al so be adm nistered intranasally or by inhalation,
typically in the formof a dry powder (either alone, as a mxture, for
exanple, in a dr t act ose, n xed, conponent particle, for
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contain a e active conpoun P wder base' uch as
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or MRQYAESI Luégltsneaﬁgmmchﬁa@ b8 adininistered innamyingle dosdyig s usiially, (25 eiviied doges
nonohydr at j& uC')% u?{h tabl e exciplents include dextran, glucose, naltose,
sorbitol, a4 %t ose, sucrose and trehal ose. WD 20051005426

PCT/ | B2004/ 0021 5The-activereqmpmouds maylge administezas) recielyl ertvaghaliyofaneramplennthr use
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i nst ead of “propyl ene ycol ,” include gl ycerol
The disc osed compounds may also be administered directly to the eye or ear,

typically in the form of drops of a micronized suspension or solution in isotonic, pH-adjusted,
N sterile saline. Other formulations suitable for ocular and aural administration include

25  ointments, biodegradable (e.g. absorbable gel sponges, collagen) and non-biodegradable
(e.g. silicone) implants, wafers, lenses and pariiculate or vesicular systems, such as
niosomes or liposomes. A polymer such as crossed-linked polyacrylic acid, polyvinyialcohol,
hyaluronic  acid, a  cellulosic  polymer  (e.g.,  hydroxypropylmethylceliulose,
hydroxyethylcellulose, or methyl celiulose), or a heteropolysaccharide polymer (e.g., gelan
gum), may be incorporated togsther with a preservative, such as benzalkenium chioride.

[
(=]

Such formulations may also be delivered by iontophoresis. Formulations for ocular/andial

administration may be formulated to be immediate and/or modified release as described
above.

The disclosed compounds may be combined with soluble macromolecular entities

35 such as cyclodextrin or polyethylene glycol-containing polymers to improve their solubility,

dissolution rate, taste magking, bicavailability and/or stability. Drug-cyclodexirin complexes,

“for example, are found to be generally useful for most dosage forms and administration



and pol yet hyl ene gl ycol. Formul af ions for inhaled/intranasal adm ni stration
may be fornmulated to be i mediate and/or nodified rel ease using, for

exanpl e, -1 actic-coglycolic acid (PGAA). Suitable |.av such as
ment hol a%?‘égg#é‘%hol, or sweeteners, such as sacchari rr({i';/&gg@;&é n 10
sodium -~nay be added to fornul| ations intended for inhal ed/ + bl al

adm nistration. In the case of dry powder inhalers and aerosols, the dosage
unit is determined by neans of a val v&lthat delivers a nmetered anount.
Units in accordance with the invention are typically arranged to adm nister
a nmetered dose or "puff' containing from100 to 1000 pg of the active

. pharmaceutical ingredient. The overall daily dose will typically be in the
range 100 Isutgg Bethitrlysipnang spn-inglisiprecoropiexer siaybedsedy As & altpmetive teditact nor e
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adm ni §kr aty, 0 s SRY infPvalsabiBalieHgest Hetedisryl Medi at e and/ or nodified rel ease as
descri bed above. The disclosed conp y be conbined with sol uble
macr onol ecul ar entities 35 such as trin or polyethylene

gl ycol - cont ai ni rthegaloyingresamples aneriterdetite be illasttatibe bnd yon-lintiigs ehditepossentit e,
taste maskigaddRRldnfYrine Yot abi | ty. Drug-cyclodextrin

conpl exes, or exanple, are found to be generally useful for nbst dosage
forms and admini st Tari on WO 2005/ 005BX8MPEF/| B2004/ 002152 AUG 2006 - 21

nut es. >got h i nclpyedapation N tbf NAHE-(BBrolDLEFCIEEMYI SIASthYITYoxB e 18R Adro-HFridti2,3-

_ alternative, { le %n[éa-clgmino -pyridin-3-yi]-piperazine-1i-carboxylic acid teri-butyl ester
A suspension  of 6-bromo-8-cyclopentyl-2-methansulfinyl-5-methyl-8H-pyridof2,3-

d)pyrimidin-7-one (10.00 g, 0.027 mol, prepared as in Example 6 of WO 01/707041, which is
incorporated herein by reference) and 10.37 g (0.0373 mol) of 4-(6-amino-pyridin-3-yl)-
25  piperazine-1-carboxylic acid teri-butyl ester in toluene (100 mL) was heated under nitrogen in
an oil bath for 7 hours. Thin layer chromatography (SiO., 10 % MeOH/DCM) indicated the
presence of both starling materials. Th'e suspension was heated under reflux for an
additional 18 hours. The resulting suspension was cooled to RT and filtered to give 4-[6-(6-

bromo-8-cyclopentyl-5-methyl-7-oxo-7,8-dihydro-pyrido]2, 3-dlpyrimidin-2-ylamina)-pyridin-3-
30 yl)-piperazine-1-carboxylic acid ferf-butyl ester (5.23 g, 38 %). Melting point > 250°C. MS

(APCI) M* +1: calc'd, 584.2, found, 584.2.
EXAMPLE 2 |
Preparation _of __ 4-{6-[8-cyclopentyl-6-(1-ethoxy-vinyl)-5-methyl-7-oxo-7,8-dihydro-
- pyrido[2,3-d]pyrimidin-2-ylamino]-pyridin-3-yi}-piperazine-1-carboxylic acid teri-butyl ester

35 A suspension of 4-[6-(6-bromo-8-cyclopentyl-5-methyl-7-oxo-7,8-dihydro-pyridof2,3-
dipyrimidin-2-ylamine)-pyridin-3-yl}-piperazine-1-carboxylic acid ter-butyl ester (5.23 g, 0.010
mol, prepared as in Example 1), tetrakis(triphenylphosphine)palladium(0) (1.40 g, 0.00121



conpl exation with the drug, the cyclodextrin may be used as an auxiliary
additive, i.e. as a carrier, diluent, or solubilizer. A pha-, beta- and

gama- cy 6ds286 ar € commonly used for these purpose S0 xanpl e,
| nt er nat f\gg’a z“I!>atent Applications WD 91/11172. WO 5 94/ g’ggﬁg 4 gi\?\%

98/ 55148. The therapeutical ly' effective' dose of the corrpound AUE 1B6%r mul a 1,
Formula 2 or other salts will vary fr approximately 0.01 ng/kg to

approxi mately 100 ng/ kg of body wei ght “Per day. Typical adult, doses will
ge approximately 0.1 ng to approxi mately 3000 ng ~er day. The quantity of
active component in a unit dose preparation nmay be varied or adjustedfroml|o
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Preparation of EXAMPLE 3 .
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584.2. EXAMBLE2 P
oo o ey s B2 i 498 3. Anal cplci TGN PR AP BB HRE: 5164 H,
py~i dop@, 3-6c4piir 1 115} i0h (t@tal),i 175N Gburply Ci .31 Bk, 6idfl - W, (TA0ae) ctQtal) 4@darnboxylic acid

terf-butyl este 35 A suspension of E;{AWiPLEzi

C

4-[6- (6-brono- 8- cyclopent | -5- nethyl - 0X0- 7, 8- d|h dro pyrldo 2, 3-
d] py(i mi di n- 2- y|E2ieRaalon, of | 84img onate st of, b-acetvBieyciopantyl-5-matiyi-2-(5-
tert-butyl m&mw_ﬂwfmﬁmmmml e 1),

tetraki s(t i phenyl pgaahinel agh heghbibi s (hadfo b oRa00A2 N IR AODTATRH2E

PCT7 1 B2004/ 002157
25  8H-pyridof2,3-djpyrimidin-7-one (7.0 g, 15.64 mmol, prepared as in Example 3 following

contact with NaOH) dispersed in 250 mL of water was added drop-wise 30 mL of @ 0.52 M
solution of isethionic acid in MeOH (15.64 mmol) to a pH of 5.2. The solution was filtered
through a glass filter (fine) and the clear solution was freeze-dried to give 94 g of the
amorphous salt. The amorphous salt (3.16 g) was mixed with 25 mL of MeOH and after
30 almost complete dissolution a new precipitaie formed. Another 25 mL of MeOH was added
and the mixture was stirred at 46°C to 49°C for four hours. The mixture was slowly cooled to
32°C and put in a cold room (+4°C) overnight. A sample was taken for PXRD, which
indicated formation of Form B The mixture was filtered and the precipitate was dried
overnight at 50°C in a vacuum oven. This furnished 2.92 g of the mono-isethionate salt of the
35 compound of Formula 1 in 92 % yield. HPLC — 99.25 .%, PXRD - Form B, CHNS, H-NMR

were consistent with the structure.



2 AUG 2096 -22 nol), and tributyl (I-ethoxyvinyl)fin (5.32 nL, 0.0157 nol)
in toluene (30 ervvas heated wunder reflux for 3.5 hours. The m xture was
cooled a 4 to give a solid. Purification of th 'Iica
gel chroggf)gg‘lfé pAY" uSi ng a gradient of 5 %66 % ethyl acgt a?hi %}g%ﬁﬁi
15 m nutes gave
4- (6-[ B-cycl opentyl -6-(1- ethoxy vi nyl) 2‘;:;' met hyl - 7- oxo- 7, 8- di hydr o- p~rido[ 2, 3
5 d] pyri m di n-2-yl am nol -p) ffidin-3-yi Y~pi perazi ne-| -carboxyl ic acid
tert-butyl ester as a yellow foam (4.50 g, 78 %9. IVIS (APCI) M+1: calc'd
576. 2, found, 576.3. EXAMPLE3 Preparation of
. 6-acetyl -8-cyc| opent yI - 5- net hyl - 2- (Sﬂ‘g‘aﬁzﬁgl n-1-vi-1)vridin-2-vlam no)

8H- pvri do[ 2, 3: dpvr | n dj n- 7 one hydro 10 |11 ydrogen chl or| de gas was
bubbl ed i nto an Popataibh kB G-atd
. cycl opent A-

&?yddo[z 3-03pyrimd
in-2-ylam < terf-butyl ester

(4.50 g, o 00783Mﬁ9H ﬁBP@MM@ap eq m azsi%lm fesh payippedonith a omchanycal Firger,

resul tin érﬁﬁ,eéu&eycm%uéit emﬁﬁfé# ang r%fahﬁg{ Sk 4RE @Hé‘ét@d abtsscehemn
di luted W|t id was colectedb filtration,
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6- acet ykB- Cpbﬂldﬁ@fwmyé 25-min to 30 min interval between the addmons The reaction mixture -was.

met h) 1- 2- ( 5- erazj b in-2- 0) r|d I N-7-o0n
e as a vyel 19 g}ﬁrr"gnt(%‘%CQXJﬁg’s%ue"%ﬁ‘f({ae Y Pi)Ol 8'% ‘fﬁ'gcg%@"ﬁ?d?yever se
phase, 10 JRXFD.o4 greadirerfiorn. The ¥ho scRRAGrORBIR Was toeriuwﬁé/ﬁorm@ steds ingg 22
mnutesgy 9 %cale ckpefiflentl NULES. 1VI S (APCI) M+1: calc!d, "448.2, found,
ﬁg P90 ) rer el e C, AH2ON702- 2. 4 H20-1.85 HOl: C, 51.64; H, 20 6.44;
N, 17.56, O (total), 11.75. Found: EXAMPLES " g 41. N, 17.20: O (total).
12.11. EXAMPLE4 prepaptioratof csn rodnosisetbionate Sﬁlhlobn&b&t\&alc_t/claﬁentvl 5-methyl-2-(5-

6-acetyl - 8- cNel aper B of B
pi perazin- I-? %Z 0 - pyT p gt pvrtmarn- 7- one (FormB) To
a skurry of MeOH (50 mL) was placed in"a 250 mlL ﬂask equnpped with a magnetic stirrer,

6-acet yk~8- csb(&éneaenhaﬁnoeoupfémhmlbr Zar{d5h9éti}@r Avahitt, land! pr@HéétQ&l 18- 38N ) -

8H pyrido[ 2, 3 |, pre as i n ExaaneS
Py ol L irnikbd Al 5 e e vse n e gven
drop- Mse 3Qoftbn®ivita 30.miR uftérv:smbt\ntelemme)bomaetdmdahercstmucbvemngbfba-m(‘*d:S B nmol )
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t he cl ear §%ﬁ° I on vvas anot phous sal t .
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added mxture was stirred at 460C to 49-C for four hours
‘m xture vvaé’ 8§I£UW”§P s Bgvstg)inepsodecla g put in a col d room (+40C) over ni ght .
A sanple was taken for PXRD, which ERdWaESd formation of FormB. The

t filt d o
Vicuum oven, %h.@ﬁa‘%*sﬂ'fe%e?*em'&“ ‘eyﬁniﬁﬂfd S gy ik s Hherpone: 1

conpound obipBraz : - Form B, CHNS,
H- NI VI Bs The free base (Formula 1, 0. 895 mg, 2 mmol) was mlxed ‘with 10 mL of MeOH and

seaded with 23 mg of a mono-igsthionate sall of the compound of Formula 1 (Form 8). Then

5.6 mL of a 0.375 M solution of isethionic acid in MeOH (2.1 mmol) was added in 10 even
portions over 76 min time period. The mixture was stirred for an additional hour and a sampie
was taken for PXRD analysis. It confirmed formation of crystalline Form B. The mixiure was

30 stirred at RT overnight and another FXRD was taken. There was no change in the crystal
form. The mixture was cooled in a refrigerator at —8°C overnight, filtered, and dried at 50°C in
a vacuum oven to give 1.053 g (21.8 % of theory) of the above-named compound (Form B).
HPLC - 99.8 %, CHNS, H-NMR, IR are consistent with the structure, PXRD - Form B.



were consistent with the &cture. WO 2005/ 005426 PCT/|1B2004/002152 AUG 2006
-23 EXAMPLE 5 Preparation of a nono-isethionate salt of

6- acet yl - @«c0050m8 Y1 - 5- met hyl - 2- (5- _ PCT/IB2004/0021%2

pi perazin-1-vi-pyridin-2-vlamno)-BH1)vrido[2,3-dl pyrim &%Z ﬁ (Form
‘B) MeOH (100 mL.) was placed in a 250 nL flask equi pped w th A Whani cal
stirrer, 5 thernocouple/controller, cop denser, and heating mantle and
preheated to WC. An anorphous i set hi ofiat e sal t (2 g, prepared as in Exanple
4) was slowy added in three even portions with a 25 mn to 30 min interval
between the additions. The reaction m xture -was. stirred overnight at 35*C
and subsequently cool ed. A sanple mag éhhggred and exam ned by PXRD. it was
pure Form B. The mhole reaction m xt bF then used as Forn1B seeds in a
10 larger scal e Rz ‘ ANt : ice : S-g1e Prif

of 6~-acet y} g,yx,:
pi per azi n- _ez - VI am T pyrimdln-7-one (Form B)

MEOH (50 10 was A1 BER@oYS sethionsiesall (¢ hat, RISBTER 8 EIRe AR iRed With dr or

_}180% 0 nisnsem; oft!ilﬁHriﬁtéOlthﬂésa Iébmpﬁddl&{hth alamdgdwahurm tﬁ&mob@;pnaash Wneagiét ed to
: n, Qus e Sa ’e I e was

ouiy auaThE PR Nes B BRBRE, Bk ehineun Me RiPn ) a el GER o

portions amdet fe@axisgd far r1ed5 onirg rtine @Murmbeo@ﬁ%lou‘ﬂye It wasasiowlp coeled tonSCtamded by

in-situ Ranan spectr san was, _t n I d an alyzed b
PXRD. It wdgs Se%e dﬁé%rgh&%%h F‘l’-‘%ﬁ) andmlﬁ%‘l’ﬁ%‘”a% ﬁégﬂ 865 g‘opygﬁ e“?%sf W' B0 s
cool ed to 264@ RT cvemighé 'ﬂfe rﬁmdwambi;eqdemty cobBO® 190 Wwitteareie bathgheld darum
Ppeed } fwsmﬁereQ vRRnEd wﬁhwm%%aq E\Cﬁ-[ngﬁtd%& 2R tRA AL -2 VAR bieh at

paration-of a nono-1sethionate sa
6- acet yl| - 8703 pygseightytp_fonishec3d.2 ;g of a fine crystalline material. The crystalline material

2|5 0%} a- ]f“ nvda% FunYto! se-oro-¥61RiBha18 salBFomy i s&pfziRa dhmmrmves fa:?gséll%}ﬂ férF@.f@mNE)m
e ree ase
and | Seedod bR HBRRY Prd ngGAEE Predtise R s EGH o B olhiide trhe o1 .

FormU Pi "1 (form®6). Then 5.6 nL OEXAMBLBY5 M sol ution of isethionic acid
I n MEOI_%(Z 1 '“”?Jré a\“@@nag\d%d nﬁdﬁo-:ls%t afe SBRT b B0ReRVEEvclopevDs- el £S5 0d.
The mixture was L ITed n addi t onal Tour and a sanpre  was aken for
PXRD anal ygipg Va2 9)-Fd B. The mixture was

30 stirred at Rﬁnmnefrphogbisemtwatarset tseurg Préfiaress ih Example B) @t mbea with 30bange
over ni ght M 1R Suied oo e o BBE R S artul oot PV wlture tss
(91. 8 % of addeddwy 60l DW@MM&M e mixdunedvesHitered Bto a 2HPIflask ecﬂﬂpp@d%
CHNS, S5 NVRy LRi@hEniG 3! 9RE miididrd wab Brishy kil 16 reffslBhd thdr0dddlel to soec.
1PA (100 mL) \I‘Nas added to the mixture. The mixture was again heated to 60°C and an
) additional 110 mL of IPA was added. A precipitate started to form at 59.7°C. The mixture
( was reheated to 67.5°C, cooled to 50°C, and held overnight. A sample was taken the next
morning for PXRD analysis. The mixture was cooled to 25°C at a rate of 3°C/h and another
25  PXRD sample was taken when the mixturs reached 28°C. The mixture was aliowad to cool to
RT overnight. A precipitate was collected and dried in @ vacuum oven at 65°C and 30 Torr.
The procedure produced 7.45 g (82.8 % yield) of the crystalline compound (Form D by PXRD
analysis). Previously analyzed samples were also Form D. HPLC showed 28.82 % purity
and CHMS microanalysis was within +/- 0.4 %. A slurry of isethionate salt Form A, B, and D
30 in MeOH vyielded substantially pure Form B in less than three days.
' EXAMPLE 10
~ Preparation of isethionic acid (2-hydroxy-ethanesulfonic acid)
A 5-L, four-necked, round-bottomed flask, equipped with mechanical stirrer,

thermocouple, gas sparger, and an atmosphere vent through a water trap was charged with
35 748 g (5.05 mol) of sodium isethionate (ALDRICH), and 4 L of IPA. The slurry was stirred at
RT. An ice bath was used to keep the internal temperature below 50°C as 225 g (26.4 mol) of
hydrogen chloride gas (ALDRICH) was sparged into the system at a rate such that it



WO 2005/ 005426 PCT/ |1 B2004/ 002152 - 2 AUG 2006 -24 EXAMPLE 8 Preparation of
a mono-isethlonate salt of 6-acetyl-8-cyclopentvl-5-methyl-2-(5

g) i perazi gi I'n-2-yl am no) - 8H pyri do[ 2. 3-dl pvri 7-one (Form A)
An arnor phgﬁls”?‘(is/ ﬁ#gnate salt (47 ng, prepared as in Exa%&”%"% Q1 xed

with 4 5l of EEOH in a 15 nl flask equi pped with a magnetic] 46 100&r,

t her nocoupl e and condenser. The mixture was heated to refl ux, which
resulted in the formation of a nearly eisear solution. After ref | uxi ng for
10-15 mn, the m xture becane cloudy. It was slowy cooled to 500C and was
seeded at 69*C with Form A. The m xture was held at 500C for 5 h and was
.allowed to cool to RT overnight. The m xture .was subsequently cooled to 10C
Wi th an i cedifsdlved dwefadt boit wil éddsd has hoted eyerd:k owaﬂbmiﬂgwhrbbgmtrté wételofrap)o‘l d

EtOH, air-dgiged e Ly vac e rn Q
.furnished 3%‘.'@'%6}%?' é&f Qﬁ% crefs%"%ﬂ' ?hengys ng ﬁgt"@#ﬁe Cr g:Ot?X%yl thg '{é’Fi al
was found thmbbmgmrmlghslm watemizapy.  Dating Iﬁeraddlﬁbrbgf HO{(Rbe twmumsse:tmﬁ@t ent

for the ;310 ?%G%Q B8di& t%ﬁ%;{ E%;ﬁté{%dﬁb ?E%@a?s@‘?nt@& ?ﬁ&ncﬁeoéaké e

ca. 59ITD reparati on o |seth|onate salt
of 6-acét ylwith t3pcmb e }ﬁ@,pndj.hﬁ-g[ohw {ipate muas fi f itered through a 10-20 filter. The resulting

pi perazi n- lg¢dr- Biéreds rrm%te/bvagncaﬁeenﬁétb@whaa%&oa;icbréaéuﬂena,rdlanotzrpeeapblatém D An
anor phous i set hi onat &‘Fi’ T—l’é 't% ared as Eﬁ&n&( . Ie}P xed with,
300 niL of Walekeering e bathierhperaly QS §b‘t’e€5'f'"9r §fc p lgpiye waht |y

cl oudy m Xtwdsedivgd wntth]bedL bivap EﬁteﬁbanO(D(I inD v tohfend/afiHconthrtrdted undex tatueedvas

filt d | t 2- | t

s bt of | Prislrela 2 OB p RANEE 7 e el hITERAN, 8"l gt Rl 1€
added t10 tHiQ°<m ihwe@ultlrrméoom oftclees light yelloyadilnwaseativted with SHDOE ohielepe and 250

add' tional ,ﬂﬂ%f'iﬁA%d kzﬁ’&emae@q%# recﬁ&c@& %Féseuraaénga %t&ryt@g%&&of %rm1aaay'§9 72C

The m xture was reheated t cool ed over ni ght:

sanpl e was maweatwtmmpef%w HP'H& ﬁooq P&IesyitRg v 13 ¢ of gipar. light wellow elh¥ag ool ed

to 250C at t@rafedtz€8Divt 2qE¥dg, 804 vamamhtamgﬁm %amérenm;s wtak eva.when t he

m xture reached 28*C. The m xture. was @M o cool to RT overnight. A

precipitate was coll ect ed and dried ina vacuum oven at 65 C and 30 Torr.
The praddedur e prirgpare QXM t : B-dihy

(Form D by xR 3 RS- viaming fPiHﬁlay BAsrZRd1-saE0hA aé?@f&t-b%lt 3 @stgor m D.

HPLC sh d98. 3 0.4 %
Sl urry of 1 st bl i BB Eokef; HURC-bEomEd . SlmzdNGE Ay TegaEe ster: @

subst anti althetmpmleFandmmtrqrgeh diilet/dulietnventedebrodgly 2. silledié/Fil BliblerPvappleeéd on of

I set hionic nuggérf? gﬁﬁ&hdéthﬁx%eﬁ Q;?J‘ﬁ%#éd%{r&-gﬂed&mﬁb 8- ckrclorgéﬁ(\yl-s 'ﬁ?&lﬁ%%oxo—

ound- botto | e, gas
spar ger20 arfeB- @!hydaff-ﬁﬂ%&é’@F—‘Xf@?ﬁ'"'?ﬁ’l‘%‘ﬂ@qi'Pé(”Wé’ﬂ'Ptﬁeéﬁ&'"ﬁ&scaéW'@eoF‘

butyl ester (300 g, 0.51 mol, prepared as in Example 2), butyl vinyl ether (154g, 1 54 mol,
7 ALDRICH), n-butanol (1.5 L, ALDRICH), and diisopropyl ethylamine (107 mL, 0.62 mol,
( ALDRICH). The slurry was placed under approximately 50 Torr vacuum and then refilled with
nitrogen 3 times. To this was added 8.3g (0.01 mol) bis-(diphenylphosphinoferrocene)
" 25 palladium dichloride dichloromethane (JOHNSON MATTHEY, Lot 077598001) and the
resulting slurry was purged an additional {hree times as described abovs. The mixiure was
then heated to 95°C and stirred for 20 h. The resulting thin red slurry was diluted with 2 L of

heptane and cooled to approximately 5°C. At this temperature, 400mL saturated aqueous
potassium carbonate was added and the mixture was filtered and rinsed with 250 mL of
30 heptane. After drying in an oven for 16 h at 45°C, 231.7 g (75 % vield) of the title compound

was obtained as a yellow solid.
EXAMPLE 12 ’
Preparation of a mono-isethionate salt of 6-acetyl-8-cyclopentyl-5-methyl-2-(5-

35 A 22-1, three-necked, round-bottomed flask, equipped with a mechanical stirrer, a
thermocouple, and a nitrogen inlet/outlst vented through a silicone oil bubbler was placed
under a nitrogen atmosphere and charged with 4-{6-[6-(1-butoxy-vinyl)-8-cyclopentyi-5-



35 748 g (5.05 nol) of sodiumisethionate (ALDRICH), and 4 L of |IPA. The
slurry was stirred at RT. An ice bath was used to keep the internal
t enperature bel ow 5000 as 925 g (25.4 nol) of hydrogen chloride gas
(ALDRI CH) wimsoospes4aed into the systemat a rate such thatpdi/p¥bgshap005, 426
PCT/ 1 B2004/ 002152 2 AUG 20H -25 dissolved as fast as it éf @Fﬂﬁ? (as noted
by lack of bubbling through the water trap). Sufficient HC gas was added
until the systemwas saturated (as noteg by the start of bubbling through
the water trap). During the addition of HCl, the tenperature rose to 45*C.
The slurry was cooled to RT and filtered over a coarse-fritted filter. The
cake was washed 5 wilth 100 nL of IPA and the. cloudy filtrate was flltered

through a 10et%§|g?1-o>f<6'7 Sin B&Sﬂﬁ gsul ti %dﬂrlﬁ%‘"‘zg’@"’q’%h E?"%"I 5%\75%%%'%2 Keepi ng

concentr at e%l" er re essure O a‘ro vapo
t he bath t eegepliciagd Eﬁ? 'aiwl BeBO72T e 2@ 9, mrqwgreﬁ awn Exaraple i band MpQHHA4

yellow oi | | yeagedihi Wgs ‘éllrFé@l RRTYs iOlvad SHarghRlvaih RB6utbRQT "Hetl@cfmc; £H|dJ(?:‘I3@ qnd
concentrate under redu % qﬁure on a rot gby evapor aé ree days
e s 20 TG mEDRN G ot e N0 2B Bt 9 el 1
clear, lg ghrtesmﬁﬂd QWr}DWbs nedtedliol 55t Bveniad niBAEs &id thén sibleden 85T r 26 Minutds. Of

o o et g L AP RBTIAE B BTotb T b PR Ao b

clear, Ii ghéiurpsedasl :bwamcéolem 30tQ. t Tretshary atas Bidldwt 3060 &8Dsaytiod bf 1284 (ii.26 wipl)

% | . ' f
26 (6. (1 - bTERYh A b YPERHERE sdace Populd Gver  EART ke fesulfg S BbELariiled
pyri do[ 2, 3-tolde@ymingicaiste! Elﬂm(%qiimr%I Theasluriydivas-c@oled langhhele e Crie- 15 miaviesrpd i ¢

agid teff- bwéyéubeéfs&nﬁ\, fiteked th.fanﬁg? %&Ci‘eeﬂueamépdrmegmmdrufe} Bsde wRGiHsRRg d

witth a rrechanl cal stirrer, and a nitrogen inletiaqutlet

vent ed t hr oMtihmaltigle| wasBem0f?00 h ghssold Mﬁ§§ pihgsold Pigdbet pwas dited b5 under
at nospher e \@ggurk hﬁj?lgﬁd1&lbf(@1 %y[eﬁi) 6ﬁhé)rwwr$oaryd:émm pAstaistet hyl - 7- oxo 20

7, 8-di hyd 1-
bosyl 1 ¢ actd ¢ ert B B TroBsloay vk B beCBesioh ¥ hftodectobe nRnBREARATR
but yl vi nylresitittive. M@&@mbpdmnﬁml" be ApRertit) those lgfﬁla'hlolthQ artmpen readipgtap) |

and di |.30praayd geddmpticHn Ffﬁe (stl(% dtline Q’IV@I%IOHDAhOUIdAMfGED be GBRrithed hit WS

pl aced under approxinatel refil ni trogen 3

times. To tRieeenggdo figqRhev édgﬁc"("é’"@R“tr?i'l")"dﬂn%ee(dd'?epa@ﬁ% Wo‘g'ghf%?’&er 83@‘?1e) 25
pal | adi um dippéhdexi atemei adrigowitntbe fairseorke) GHdBURIeMATd MBICh suoh cRIRkEY8 @atiledand
th | t t t i d

© ol O HdGuislilhiel $PG) BHERE dnd AteRAidls! eltlng ! dufcis, 'WalEAE cfcdfther BRE

above.. The mxture was a ed
resul ting tHatent pwc@mmve wa@rperﬁﬁeaberelrwytrﬁfezense @fthe'hweéh%ndafﬁaa'MOéas to
approximately 50C. At this tenperature, 400nL saturated agqueous potassium
carbonate was added and the m xture was filtered and rinsed with 250 niL of
30 heptane. After drying in an oven for 16 h at 450C, 231. 7 g (75 %y| el d)
of the title conpound was obtained as a yellow solid.

(




EXAMPLE12 Preparation of a nono-isethionate salt of

6-acetyl - 8-cycl opentyl - 5-net hyl - 2- (5

pi perazin-1-A-pyridin-2~yl am no) - 8H pyrido[ 2. 3-d) pyri m din-7-one (Form B) 35
A 22-L, three-necked, round-bottoned fRask, equipped with a rreché(nAU(EaaUUﬁ
stirrer, a therrmcoupl e, and a nitrogen . inlet/outlet vented through a
silicone oil bubbler was placed under a nitrogen atnosphere and charged
with 4-f6-[6-(I-butoxy-vinyl)-8-cyclopentyl-5 WO 2005/ 005426

PCT/ 1 B2004/ 002152 2 AUG 2006 -26 net¢nAMs/- oxo- 7, 8-di hydro-pyri do

[2,3-0l pyri mdin-2-ylam no]-pyridin-3-yi)-piperazine-|.- carboxylic: acid
fad-butyl gsteran( Z&ﬁor@te QarthQ dREty- aQ@&B&ﬁﬁﬂmﬁﬁri&pﬁééﬂm H-pyribih- 2@@%&{%@" (14
L). The slulrI ?é ’ |n| crne at RT as was charg a solution of

i set hi oni /acrd p%% ®4.20 nol, prepared as |n Exarrpl e 10), MeH (1.5 L),
and water (70 n_, 3. 89 n6l). The 5 resulting slurry was heated to 550C over
30 ni nut es? and ThEphiaeterspid] claim 15GTRTISINGY MBErspihipnateaslt of Famdiothatapteriaecty one75 g
(11. 73 mi | 9r moke offtesidllogifd: BIRIVEEN X-faydi@Bonphttenf haliid(Pebkaaiso edias giadou &7,11RE and| urry
as it was e0br@Raknen $OQGm hm@ pedkb B Ram¥RShiN\Rlues RbbodOf86e &', fod ehUkrsumof 128 ¢

(1 26 ol l Pgrft %0 cmﬂaqd ZZSI'Cm %/IS‘Q_' %’rﬁégra%q%%g a SarP%ﬂd?tﬁerrg\ét aﬁou@Zﬂ%’rs The

resulting slurry was sanp I°8d ° rm ne The slurry
was cool ed and hel d at 5 C for 15 m nutes and 10 was subsequently filtered
t hrough a toar s®efseipraiEdalt9f plai@e commiiging aappspignatersplf ¢f EprmBagharagieigedsffed with
mul ti pl e washesf e fP@gnd pallercordifve@i. palldrehasiod pedkypat 68l vatites vleeboud b.1ed.8at 550C
under vactsumid® 1y1 ehdl14/4.Q RIméDsoedtuiinelid)pekE at Retnah ishitt Qa0 BPaYdid s@Scry’el | ow

crystals. Jobo b U o HW’SEQOHSJmhaﬁut wabapn%r% eﬁ%réatﬂ Bo I SndrRbgppred to

be Illustrative an ciive. I ments W e apparent to
those of sk'M9? ﬁhﬁrhWetﬂ%{?"ta{% %}1 cteadr ng the 15 above description. The scope
of the invention should, therefore, be determ ned not with reference to the
above descti ptioa jsetty'ertate§h|b€t1ilﬂléimi1r¢3fttteiaw qoeongisetbipnaierseltel fwrm P, ehafeeteriaeity otep t he
appended CéraioRf thedomngg: & polidet Xieay titilattios RA@RhaYhg Bk & 2d \anksof biduley, 8.4) asdich
claims ar 621&\)'15 hgrtta%(-'ipectrtmﬁavﬂb §Eéa@§“£ ﬁa%anShrﬁ-l/eJIue%f 560&'4@§cn@ngr J@é&tﬁ&rﬂ@g@aﬁw

i ncl udi ng 'Pén Iyl arPe ottherma applications, and patent publications, are
|ncorporate e MEBPEATe i n their enti rety and for all purposes.

-2'+- - 2 AUG 2006 CLAI M5 1 An isethionate salt of

6- ar et y| - B3 cycl dpermagquiicsldegagh {prm empssing iah E¢tizionpta sait-of f-2qs/i4-¢fiepeatylyimgityao) - BH-
pyri do[ 2, 3kgp@yain-rgl-phiridin-Z-yl@mian)-8 2-pyridh23-isyehibin-0ast @ends ahd oofmoed ahammetewicaipr i si ng
a nono- |se5cbépg9|ag,@|p§a;t of Form A, characterized by one or nore of the
foll owi ng: a powder X—ray diffraction pattern havr ng peaks at 20 val ues of

about 8.7,_13.5 avr n Raman Shi ft
val ues of %ibout” T%gog Ofmak‘mg afa‘ﬁﬂ"”eggt%gnagfgﬁ% a6t Clyﬁlc’pe "meﬁglif% AP¥ @M and 425

cnf', or a ‘[ﬁé@”‘f"héﬂ'ﬁﬁ'@? éf’ﬁp}‘fﬁ?ﬂ HgPEmisinrope. SRAETIPRIENT about 273' C. 3. The
i sethionate salt of claim1 conprising a nono-isethionate salt of Form B,
characteri zed bapmbifigg a solution of isethionic acid and a first solvent with a dispersion of 6-acetyl-8-

cyclopentyl-5-methyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-8H-pyrido[2,3-d]pyrimidin-7-one and water to
produce a first mixture;

freeze-drying the first mixture to give an amorphous salt;
mixing the amorphous salt with a second solvent to produce a second mixture that includes a
crystalline isethionate salt of 6-acetyl-8-cyclopenty!-5-methyl-2-(5-piperazin-1-yl-pyridin-2-ylamino)-8H-

pyrido[2,3-d]pyrimidin-7-one, the second solvent being the same as or different than the first solvent; and

optionally heating the second mixture, cooling the second mixture, or heating and cooling the

second mixture.

7. A method of making an isethionate salt of 6-acetyl-8-cyclopentyi-5-methyl-2-(5-piperazin-1-yl-
pyridin-2-ylamino)-8H-pyrido[2,3-d]pyrimidin-7-one comprising:



or nore of the follow ng; a powder X-ray diffraction pattern having peaks at
20 values of about 5.1, 11.8, 12.1, 12.8. 13.1, and 14.7, a Raman spectrum
havi ng peaks at Raman Shift val ues of about 1600 cni', 1290 cm 17400 2608,
450 cm', and 425cm', but no substant2@l peak at 675 cm', or DSC thernogram
having a sharp endotherm at about 271" C. 4. The isethonate salt of claiml
conprising a nono-isethionate salt of Form D, characterized by one or nore
of the following: a powder X-ray diffraction pattern having peaks at 20

val ues of aboutpr@Aaijng8 Sgedamatal 2flarQjsetsionRansit feped ta-asayHiawiopgntyds-paak2-at a
Raman Shi f pipevaih Ugi-@fidiradddatinoA&BoyEdt2 - diPimidn-DSe: t her mogram havi ng a sharp
endot herm at about 277'C. 5. A pharnmaceutical dosage form conprising an

i set hi onate salt f t ycl o y

(5- pi per azi n-1- dfilg% th% sc?gc? %étal @o G, &38 rggrl_'_of éace’at%sc%&%;er@j%S meth¥nZdS-plperf'12| Ijlél and one
or nore ph%)’f‘?f‘h%@ﬂ’ﬂ'm 5’I’ P‘S/'“%%@@’ﬂ’f“ﬁ‘ V@”ee?%i’%?té‘ﬂ‘teétm F6°d”%arfﬁ'ﬁ%lreof maki ng a
crystalline isethionate salt of

6-acet yl - 8- cycl openity the Brstraiktiny Witi2a ¢diutipi geethiniacidland a second solvent to produce a

-yl - pyri di gegnYhiif ) ndied e @fichatd-sdl BY 6-bddlyiH dcioheidie-methNO- S TRsRA 1-y1-

CO”pr'S'”gpw&PQR%HhPSHgyﬁgiy&hﬂﬂmﬂ@oﬁ sethionic acid and a flrst solvent with

a dispersion o

cycl opentyl - 5-net hyl - 2- ( 5- pi perazi n- 1-yl - py(i di n- 2-yl am no) - B pyri do[ 2, 3- d]
pyrim di n-7- one°péi?i‘6"yv0§f’t@9 thegecopyd S&H@ec%"“ﬂlt'f*esiecwf’ Xtte or Peafingzand gpgiane t he
first m xtsscendimptugsi ve an anor phous salt, m xing the anorphous salt with a
second solvent to produce a second nixture that includes a crystalline

i set hi onat g sal the@fethod of claims 6 or 7, wherein the first and second solvents are water miscible. _

6- acetyl - 8- cycl opentyl - 5- net hyl - 2- (5- plpera2|n 1- yI pyr|d|n 2-yl am no) - 8H
pyridof[ 2, 3: dlpy e sec ei ng the sanme as or

di fferent than ﬁﬁnwgﬂgglwms Wgﬁpwmm s 1|%ﬁ%ﬁfwmwsargmmw?he second m xture,
cooling the second m xture, or heatln and coollng the second m xture. 7. A
met hod of Maki n‘aweg}qthpcgq;plpﬁn@ﬁgﬂewr@@]ntthe(gyfst and second solvents are MeOH.

6- acet yl - 8-cycl opent yl - 5- net hyl - 2- ( 5- pi perazi n- 1-yl -

pyri di n-2-y{. am ma)mditdd py c1dieOf 35 B-vehkpiv trienfirdd imkture @NIR: OHP Mix§Urd) GespetivilldGs 2006
provi di ng afo&@&cby%r}m@l apprtxu@afw e%.%!snsrom&r@s & Mbthiofi@58 £ 6- sy gycopentys

6- acet yl pyrid
i no) - 8H—pypﬂﬁg%% eﬁ¥n1ﬁmﬂpmgwam?o%ﬁﬁgmagégﬁﬁﬁmpﬁéx%eed crystal to a
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