POLYMORPHS OF BENZQOATE SALT OF 24[6-[(3R)-3- AM NO- 1-
Pl PERI DI NYL] - 3, 4- DI HYDRO- 3- METHYL- 2, 4- DI OXO- 1( 2H) -
wWEXHRIASBYNYLNETHYL] - BENZONI TRI LE AND METHODS QFCT14682006/035701
THEREFOR FI ELD OF THE | NVENTI ON [ 0001] The present
invention relates generally to pol ynorphs of the
beRO3 M ORPHS OF BENZOATE SALT OF 2-[[6-[(3R)-3-AMINO-1-
2- [ [ ERIRIN¥ k3,4 DITH YD REY-3 MEJIH YB-24-BIOXO0-a (23 )ret hy
PYREMIDINYL INIEEFHY DBENZDNYTRIEE AN B DERTHIODS O USE
(referred to herein asTHIRRPOR! | "); conpositions,
kits and articles of manufacture conprising pol ynorphs
of Conpound |; and nethods of their use. DESCRI PTI ON

OF RELATED ART [ﬁ'%%éﬂ}ﬁiﬁiwg’;‘@ﬁﬁﬂﬁdase (1 UBNVB

Enzyne Nonencl ature I's"a type Il nmenbrane

otejin that.has.been referred to.in the Literature
1000 v B e e eleatree ALY by orBa o oo 1oy of
- - i AGELSh ) DA C -
L e
pyringiidpeybliniediyyl]-berizanipelp t(ieflase therein as “Compound I"); compositions,

.. XaaPr q- di pepti dyl - am naopepti dase;, G y-Pro
Kits QAR Igh S ASET SO S RED AT el I i by g ersdhads of
theiru¥e. | ynmphocyte antigen CD26; gl ycoprotein OP 110;
di pepti dyl peptidase 1V; glycylproline am nopepti dase;
gl ycyl prol i ne am nopepti dase; X-prolyl dipeptidyl
am nopepti dase; pep X; |eukocyte anti gen CD26;
gl ycyl prol yl dMESORIPVIGNIOP REILATEDEART
di pepti dyl - pepti de hydrol ase; gl ycyl prolyl
00024 NDRRPtEFFRGIdAE PERIUBIVIE BiyRRPeshetaaere PIC.3 WHR 5) ;
[ %{?/ CD%%B aﬂi ng acyl - gr ol yl di peptidyl am nopcepti das)elzs;a
type T merhbrane prpdean ithag hawsoheen n¢ferrdp 03 thedieaRre bapage h dytiety of

name[Fs)gg%}% %E,&I%Pé, bi%;ﬁfég{-i\/ﬁ %ﬁé& alglgﬁoesig‘xge‘l, (?e%guragg E:cl)r}{l;l'exing protein
2, adBiBsRA AR As6 Bﬁﬁiﬁﬂ?&eﬁﬁmw@ﬁ@@eﬁﬁ@ nRRPEHHRSe fxgoxraa-

1
. the amino term nus (N-term nus) of podlypeptides an
Pro-@penttisiyhemiroppptiddsel é dgiiie neplhdamidabe postproflind dipeptidydes

e S R s s S e A
I\ g?é:?ﬁfr&l‘iﬁét ABbYeptdRdce g@gflpﬁmn@ @}ﬂiﬁ@ﬂebe&as&%p%&ﬁ?digﬁﬂﬂ@i

I's of a variety o ferent tissues (intestine,
aminppegsidasd; pag X; kiuineype antizepmehcylpaoiyl digeptildglanfimpedtidase;
. dy. flui.ds. DPP-LV i l. s d. . .
ooy BB SRy oy b o R BL G De RS nipgpgeidase
IV, BBIDVYODNES aﬁﬁﬂcﬁac&pﬁrloﬁ@ |dipe§ﬂﬁ§l%‘ﬁﬁnﬁﬁ$%ﬁ@e%@; T &k 8fgering

DPP-1V has been inplicated in a n er of disease
molesulatled 03 s¥MDAP. WipeptiddRepddase i¥ detkftreddgwherein as “DPP-IV”.

000 -1V is respqnsi.ble for, the metabolic cleayvage
1000385 SBPPIN: s diri st Bl Rt falbOlipePaiete it giioves XGAFS
dipefldd§ &BRMNhe lathid e avasme i |sC DPP-

el S0 L Uon RS BB SR B prr 1
. depeniiRyit siGivReRasebiR)ipaphides ofrtbe typd OOEhIPXSef Has38jo beenae@Fted
an no- acj tide derived by post-translational

- i d pe
for sofpg paiy W@CE?IEIBEQQP%%&Q% in the small intestine.
Podt: . pne smil . :
(00043 £ Dpb v HE ko (Rl oxplad Afholif] sl Kfuc il Chfkht o
varietjl efcdifferensisnet (imestint hiévepy long tkiidiey @hd phicéret)y andiscldofeund

) | owm ng _of gastric enptyjng. Based on its

in b0§ﬁ 3@#@} SPITChY 15l PIRES I Sikaulasing Totymphpeytey anddwy besre
bel i eved to be beneficial in the prevention and
treatnent of type Il diabetes and potentially obesity.
For exanpl e, exogenous admilni stration of GLP-1 (7-36)
(continuous infusion) in diabetic patients has been
found to be efficacious in this patient popul ation.
Unfortunately, G.P-1 (7-36) is degraded rapidly in
vivo and has been shown to have a short half-life in
vivo (t112=1.5 mnutes). [0007] Based on a study of
genetically bred DPP-1V knock out mce and on in vivo

S . o g, o ~Esrs 1 -,



[0015] DPP-1V can al so cl eave neuropepti des and has
been shown to nodul ate the activity of neuroactive
w@aprosss2 subst ance P, neuropeptide Y and CLERPCT/US2006/035701
(Mentlein, R, Daluns, P., (3randt, D., Kruger, R,
Proteol ytic processi of neuropeptide Y and peptide
showwryo by smm@pu@wth;ﬂeqoqq%oﬁa cq antigeeduP-26pdRE IVE@S begn3,

er \Y/
o A Rares MR sorfe ot VERR ol ac
[000520- 2BPRIVQ fesHbMs1E Bt iR m&ﬁ%lﬁd Qe agPbB&EIRE endogenous
Neur opepti des, 31, 41, 1997). Thus DPP-1V inhibitors

peptides(GAIPSb(7H0) ugleeagonhigennosanilgias deraonsigindarpisplyte activity

rmal i za

again } il PLo B8 i RORTIP Y GLPL MBE iR~ "o

[00061dV a0t PA€PLYE) RO BNEYinoStRRIebiidd/derBRl *Bﬁbwtﬁhslaﬁ@ﬁ%ﬂ city
and/ or pharnmacodynam cs properties and which thus may

Procasemg séproghfceger méh«y smail pitestine celiPildA136¢ baspoeliipleqsonson

vivo e AV RSP RERTY PGB 2 P S Gapedi e g, the
prom%ﬁbﬁiof 3Ry, an@me@mngbpga’strﬁlm 3, Basidopditsphsisrighal

, 4-di oxo-1(211) - pyri m di nyl I'net yI | - benzonitrile
pr ofltes é}feelpn@zds afd51hRA €1-B6)ese Bdiepeditebd henpfigishinibsprewention and
i nhi bitor that

et L IO s SRR PPk LTI B SERPATORD,
admiAs{A8h SOGLPAi(T-86) MBAGHLES infR8D) in WbeHc pAticRRMRAP¥een found

incorporated herein by reference inits entirety.
to be[efifiegioud frethpy patient papalesion. Umfcp'hmateiljseﬁlel’ -h@v]) is degraded

o LR PSRRI by U SO
[OOOﬂaS ep&kd bRTQHRNGE gehdiRaDPbXAD NP ﬁﬁ&ﬂ{rd@ aficd@ideinnivévo /

referred to consistently as Form A and anor phous Form
in vitto studier@RtieleL0eLDPPAIN iomibitenyblBBP ¥ s bedneshprage he the

) { | at d |
Primirg BRI CBPHE 8] 00 BUPhRBagber S PLS Ryl Ly DPP IV
efflcﬁﬁ@ﬁ@ GLPS (95@5 RyvHicH Bas®ebil éﬁ)%%@lla{eld@@ adtQl Mphy$i8GSRh1 For m
be characteri zed as havi ng one or nore of the

may
antagooist towhB-1ihy36). chohlmthtwlaEPéV iimwivess (hierefgre |bnlgew¢dtt@ e useful

o P RER ) BP0 S 5 sl Ry o

antaddnfe &M ®el Of 36O MALADPP-IV inhitifdts if@lﬁe@&eﬁ% B8 dscP) agents for the
crystalli zat| on fromany of the fol | owi ng sol vent

prevayiot edrday @t)prag:tesmm and/ox treaimentariconditiens ediated by LHFLIY, in

| | f
part e e olR ST e SHEBRGT meltfie RbER dipidemia,
condf¥ls B@Irﬁfiaue(l' Sflcosd f&’&arﬁ:@?f@t)ecorfdﬁod@%@‘iﬁﬁﬁred(fééﬁng plasma

I sopropanol ; (xii) isopropyl acetate; (xiii) methanol;
glucqsg |(IP)G)nmEta}bph@a¢1§r¢s1s< ketosie, appstity rmtﬂa'uy)ln aind obesityl

et . Vi 222tr|fluo oet.hanol
10005t HBE 4V Satesfion pscpbierse S S BD g inif Sxi b ancighpic
stlmL(lét)ft)n @rhanelT ad) heRhane rmmunol, 1@@1 353N 1XhdsBen reported
“"powder diffraction pattern wth sal’ient features bei ng

that mh]bﬁprsobfﬂ)FPdI:V iand ahtibodgss & DEReNnsulpptessithe proliferation of

' 209, 4810.841]1.3412.4912. 8414, 0914. 3814. 9 .
mitoga- Wé‘?‘éé@géﬁ oBfigen-pll ed.t'é‘.céés R ‘i“&eﬁp%‘%laﬁfg??@eﬁ 891“8‘@1
E., etzrg., ﬁol.zgh%, ¥§)9 19 %72,]30353 Various other functions of T-lymphocytes such

as cytokine production, IL-2 mediated cell proliferation and B-cell helper activity have

2



21.52 21.82 1/1, 3 4 50 100 21 5 20 83 51 17 34 '20
22.10 22.88 23.34 23.64 23.88 24.22 24.44 25.87 26.14
wWQ@700083372 62 1/10 14 9 11 20 PCT/US2006/035701

been shown to be dependent on DPP-IV activity (Schon, E., et al., Scand. J. Immunol.,
1989, 29, 127). DPP-IV inhibitors, based on boroProline, (Flentke, G. R., et al., Proc.
Nat. Acad. Sci. USA, 1991, 88, 1556) although unstable, were effective at inhibiting
antigen-induced Iymphocyte proliferation and IL-2 production in murine CD4+ T-helper
cells. Such boronic acid inhibitors have been shown to have an effect in vivo in mice
causing suppression of antibody production induced by immune challenge (Kubota, T. et
al., Clin. Exp. Immun., 1992; 89, 192). The role of DPP-IV in regulating T lymphocyte
activation may also be attributed, in part, to its cell-surface association with the
transmembrane phosphatase, CD45. DPP-IV inhibitors or non-active site ligands may
possibly disrupt the CD45-DPP-IV association. CD45 is known to be an integral
component of the T-cell signaling apparatus. It has been reported that DPP-IV is
essential for the penetration and infectivity of HIV-1 and HIV-2 viruses in CD4+ T-cells
(Wakselman, M., Nguyen, C., Mazaleyrat, J.-P., Callebaut, C., Krust, B., Hovanessian,
A. G., Inhibition of HIV-1 infection of CD 26+ but not CD 26-cells by a potent
cyclopeptidic inhibitor of the DPP-IV activity of CD 26. Abstract P.44 of the 24
European Peptide Symposium 1996). Additionally, DPP-IV has been shown to associate
with the enzyme adenosine deaminase (ADA) on the surface of T—cells (Kameoka, J., et
al., Science, 193, 26 466). ADA deficiency causes severe combined immunodeficiency
disease (SCID) in humans. This ADA-CD26 interaction may provide clues to the
pathophysiology of SCID. It follows that inhibitors of DPP-IV may be useful
immunosuppressants (or cytokine release suppressant drugs) for the treatment of among
other things: organ transplant rejection; autoimmune diseases such as inflammatory
bowel disease, multiple sclerosis and rheumatoid arthritis; and the treatment of AIDS.
[0009] It has been shown that lung endothelial cell DPP-IV is an adhesion molecule
for lung-metastatic rat breast and prostate carcinoma cells (Johnson, R. C., et al., J. Cell.
Biol., 1993, 121, 1423). DPP-IV is known to bind to fibronectin and some metastatic
tumor cells are known to carry large amounts of fibronectin on their surface. Potent
DPP-1V inhibitors may be useful as drugs to prevent metastases of, for example, breast
and prostrate tumors to the lungs.

[0010] High levels of DPP-IV expression have also been found in human skin

fibroblast cells from patients with psoriasis, rheumatoid arthritis (RA) and lichen planus
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(Raynaud, F., et al., J. Cell. Physiol., 1992, 151, 378). Therefore, DPP-IV inhibitors may
be useful as agents to treat dermatological diseases such as psoriasis and lichen planus.
[0011] High DPP-IV activity has been found in tissue homogenates from patients with
benign prostate hypertrophy and in prostatosomes. These are prostate derived organelles
important for the enhancement of sperm forward motility (Vanhoof, G., et al., Eur. J.
Clin. Chem. Clin. Biochem., 1992, 30, 333). DPP-IV inhibitors may also act to suppress
sperm motility and therefore act as a male contraceptive agent. Conversely, DPP-IV
inhibitors have been implicated as novel for treatment of infertility, and particularly
human female infertility due to Polycystic ovary syndrome (PCOS, Stein-Leventhal
syndrome) which is a condition characterized by thickening of the ovarian capsule and
formation of multiple follicular cysts. It results in infertility and amenorrhea.

[0012] DPP-IV is thought to play a role in the cleavage of various cytokines
(stimulating hematopoietic cells), growth factors and neuropeptides.

[0013]  Stimulated hematopoietic cells are useful for the treatment of disorders that are
characterized by a reduced number of hematopoietic cells or their precursors in vivo.
Such conditions occur frequently in patients who are immunosuppressed, for example, as
a consequence of chemotherapy and/or radiation therapy for cancer. It was discovered
that inhibitors of dipeptidyl peptidase type IV are useful for stimulating the growth and
differentiation of hematopoietic cells in the absence of exogenously added cytokines or
other growth factors or stromal cells. This discovery contradicts the dogma in the field
of hematopoietic cell stimulation, which provides that the addition of cytokines or cells
that produce cytokines (stromal cells) is an essential element for maintaining and
stimulating the growth and differentiation of hematopoietic cells in culture. (See, e.g.,
PCT Intl. Application No. PCT /US93/017173 published as WO 94/03055).

[0014] DPP-IV in human plasma has been shown to cleave N-terminal Tyr-Ala from
growth hormone-releasing factor and cause inactivation of this hormone. Therefore,
inhibitors of DPP-IV may be useful in the treatment of short stature due to growth
hormone deficiency (Dwarfism) and for promoting GH-dependent tissue growth or re-
growth.

[0015] DPP-IV can also cleave neuropeptides and has been shown to modulate the

activity of neuroactive peptides substance P, neuropeptide Y and CLIP (Mentlein, R.,
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disorders.

[0016] A need still exists for DPP-IV inhibitors that have advantageous potency,
stability, selectivity, toxicity and/or pharmacodynamics properties and which thus may be

used effectively in pharmaceutical compositions to treat disease states by the inhibition

of DPP-IV.
SUMMARY OF THE INVENTION

[0017] The benzoate salt of 2-[[6-[(3R)-3-amino-1-piperidinyl]-3,4-dihydro-3-methyl-
2,4-dioxo-1(2H)-pyrimidinyl]Jmethyl]-benzonitrile (referred to herein as Compound I)

.Me
J\)L 1
HzN\O\I N/&O PhCOOH
NC: i

is a DPP-IV inhibitor that is described in U.S. Patent Application Serial No. 11/080,992,

which has the formula:

filed March 15, 2005, which is hereby incorporated herein by reference in its entirety.
[0018] The present invention provides a novel polymorph of Compound I, as well as
compositions comprising one or more of the novel polymorphs. For ease of reference,
the polymorphs described herein is referred to consistently as Form A and amorphous

Form 1.

1. FORM A
[0019] In one embodiment, the present invention relates to a polymorph of Compound
I, referred to herein as Form A. Based on its physical properties, Form A is a crystalline

form.
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[0020] Form A may be characterized as having one or more of the following physical
characteristics (it being noted that a composition need not necessarily exhibit all of these
characteristics in order to indicate the presence of Form A):

(a) may be formed by crystallization from any of the following solvent systems (i)
acetone, (ii) acetonitrile; (iii) butanol, (iv) dimethylsulfoxide; (v) dioxane; (vi) ethanol; (vii)
ethanol and isopropyl alcohol; (viii) ethanol and water; (ix) ethyl acetate; (x) heptane; (xi)
isopropanol; (xii) isopropyl acetate; (xiii) methanol; (xiv) methyl ethyl ketone; (xv) methyl
isobutyl ketone; (xvi) 2,2,2-trifluoroethanol; (xvii) tetrahydrofuran; (xviii) toluene; (xix)
water; and (xx) ethanol and heptane. '

(b) has an X-ray powder diffraction pa\ttern with salient features being major

diffraction lines as shown below:

°20 9.12 9.44 1048 | 10.84 1134 | 1249 | 12.84 | 14.09 | 14.38 14.90 | 15.20
I, 7 56 3 28 10 8 3 7 5 10 27

°20 | 16.83 17.48 17.82 | 18.75 20.09 | 2048 | 20.64 | 20.92 | 21.18 21.52 | 21.82
I, 3 4 50 100 21 5 20 83 51 17 34

°20 | 22.10 22.88 | 2334 | 23.64 23.88 | 24.22 | 24.44 | 25.87 | 26.14 27.02 | 27.62
11, 14 9 11 20 9 7 12 16 4 28 16

°20 | 28.09 28.52 | 29.06 | 29.26 29.74 ]130.17 | 31.66 | 33.02 | 34.34 34.86 35.12
11, 13 25 14 9 8 3 4 3 12 7 11

°20 | 35.50 36.07 | 37.32 | 37.52 37.82 38.02 38.29
11, 8 8 3 4 9 9 15

and, in particular, having the following distinguishing peaks:
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(c) has an IR spectrum comprising absorption peaks at 830, 876, 910, 950, 987,
1004, 1026, 1063, 1094, 1135, 1173, 1212, 1231, 1284, 1316, 1334, 1365, 1384, 1447,
1458, 1474, 1532, 1592, 1613, 1697, 2082, 2230, 2540, 2596, 2743, 2860, 2958, 2979
and 3085 cm™:




with an IR spectrum conprising uni que FT-1R peak

positions (peaks that show no other peak within 4
w@eaoh/0837270ke up a uni que set) at 1212, 1365, H@HUS2006/035701

1613 and 1697 (d) has FT-Raman peak positions at 825,

881, 910, 918, 987, 1003, 1027, 1039, 1065, 1084,

1108h a111%§pe<:111131700mm§mg wique FTrigpeakiprggions frasks thagdow no
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cm1,2983 3026 3053 and 3070 cm1;

(d) has FT-Raman peak positions at 825, 881, 910, 918, 987, 1003, 1027, 1039,
1065, 1084, 1103, 1135, 1157, 1167, 1172, 1184, 1206, 1235, 1288, 1337, 1365, 1385,
1417, 1446, 1461, 1474, 1557, 1577, 1597, 1624 1652, 1689, 2230, 2860, 2883, 2957,
2970, 2983, 3026, 3053 and 3070 cm’™;

with unique FT-Raman peak positions (peaks that show no other peaks within + 4
cm’ to make up a unique set) at 1065, 1103, 1235, 1288, 1337, 1365, 1624, 1689, 2883,
2983 and 3026 cm"l;

(e) has a differential scanning calorimetry spectrum having an endotherm range of
about 173 °C to about 195 °C, optionally an endotherm range of about 180 °C to about 190
°C, and optionally an endotherm at 186 °C;

(f) has a thermogravimetric analysis data showing a 0.2% weight loss from 26 — 159
°C; and/or

(g) formed from the conversion of the amorphous Form 1 by stressing the amorphous
Form 1 with heat, high relative humidity or organic vapors, or by wet milling of amorphous
Form 1 with water.

2. AMORPHOUS FORM 1

[0021] The amorphous Form 1 may be characterized as having one or more of the
following physical characteristics (it being noted that a composition need not necessarily
exhibit all of these characteristics in order to indicate the presence of the amorphous
Form 1):

(a) may be formed by (i) rotoevaporation from methanol; (ii) fast evaporation
from water; (iii) lyophilization from water; (iv) crystallization from ethyl acetate and
hexanes; and (v) crystallization from isopropyl acetate and hexanes;

(b) has an X-ray powder diffraction pattern that shows a broad halo with no
specific peaks present;

(c) has an IR spectrum comprising absorption peaks at 809, 833, 868, 948, 1024,
1068, 1084, 1119, 1134, 1172, 1228, 1286, 1375, 1440, 1541, 1599, 1652, 1703, 2136,
2225,2571, 2861, 2949 and 3062 cm™;
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. In one vari ation, the conposition conprises at
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conposition, the pharmaceutical conposition may be
formul ated in any manner where a portion of the
w@owposast i s at | east partially preserved in aP@i/usawo6/035701
polym)rphic form Optionally, a portion of the
mpound is at |east partially preserved in a given

0ptlop@>1ﬂ5yli>ﬁﬁ phargageytinglcompasigeni db° pharpiaptialRospsiHion (oY
opuoﬁﬁﬁwafﬁrﬁlgf ﬁk}lél?%o‘gg lggrﬁg)@g{nqa% tlIIéah Jrle ornul ation to a

orm Rd" Amor phous For ns
[002¢] [RGddrd MpddcRus tmebb@@ienmcam@h@ anﬂ’lﬁcﬁﬂg 8 @HarbkeutRll Ng
Form A and anor phous Form 1. Various nethods are al so
commmmd@é ph@maﬁeﬁwﬂlaf@mqsﬁ@nmbmf@euﬂha@éun any manner where a
port1on O0P t(l)“ﬁg,f Icgl Ons lrs(r: a’st&e Barggfl gheggrrvte ol ﬁg’lilgr]; ROLYRR {;ﬁd&) fg)rl%f

nprisi n

0pudﬂeu§a,ga ﬂiﬁﬁm Gf BB oo uslekg Ipmtﬂauy pRReREdat heden of
usi ng a pharmaceutical conposition, kit and other

polympuphigl ferra forrrepeuid of time subpdrenita gdminisiation afithsr

anor freat various di seases are al so
phanB?ceuB%aqg Ugﬁ?él ?ﬁ%gﬁlén’enbodi ment, the present .
3. Mdauems bﬂﬂakﬁigqt&mmna AR Férlyi i ting di pepti dyl
ept1 dases conprising admnistering to a subject

[002'?]e gVarignsmeaibasis dyo alsp prowisied ifel waking Epwm gy anltaarorplars Form

50/&%% % ¢ AI50 50/%&0(100/ 50/%1%1.) Oo/%rnbg? %/liaé Og/«gult]lc% % mposﬁlons,

kits &@fm{b‘ilaitidm@ ol $nahffabiufe QImBTERE ARRE BnbrpHaak F@ﬁﬁ'l! Y,
the conposi ti on conprises at least 0.25% 0.5% 1%
ethodsof, Usiag oA arrd dxmaplipugEeamadno, 959% 97% or

[002%' s@%fhogf«'@@wgoanp Actatic) sBnen i R ThRisridnge

mamﬂhd@@ﬂétdoﬁﬁphsifﬂg %hﬂ @Sﬁﬁl/ b hnforphdlise@rm(1etodreat YAHTRE dROENES are
wi t h Conpoun adm ni steri ng Conpound | where

also gyoeledr t han 1% 5% 10% 25% 50% 75% 80% 85%

0%. 95% 7% 905 of d b i gh is. ..
10029172 1y el o T B hen VRRH B el %ﬁ“@%}ﬁ?iﬁ%@ﬁlbﬁ%
dlpephd'})'hﬁébtﬁiﬁ@s cOMPAUAE adBindW R Sl fct 'Iﬁﬂ?&!n'ﬂbd

onposition conprises at |east 0.25% 5% 1% %
compp@%onme o8k thewd 780% 19%9@5%0%)%955/% &Wg 8p, W51 %,

97% R J0R R S omingh B LN i e tee St R posiiel as oAy
amorgoewsl FREES d)ﬂm%aﬁ}ﬂ tih@é‘dmﬁ(%itﬂm coMPIRBs Raskkt 09594 0.5%, 1%,

ound I by adm nistering Conpound | where greater
5%, 1%;9%50%@75%0@@%23% 80%, 957%9/87%0%9%%? Cgm@@urgs%

7% 99% of oudl by. wei ght res i.n t.he
1003415, BeanpiPh e Caresns e hialet § FyRg osdniffin
dlpelﬁ’fdyi béﬁldﬁffe% & a Ed’lﬁ»‘ec‘fe @é@ohﬂﬂﬁarhﬁédﬁ Q&th @&Hbé’ﬁrﬁtl%eh@nﬁﬁist@rmg

Optionally, the conposition conprises at |east
Comgom@%wlmregseatm%haw% 5@%10%5%%56@% 75% 8@%0/85%5%% 95%,

% 97% 99% Co 0032] |
7% Ghod R Compauns Ll VaHD) SIREEAL A (o SO PO B
amorﬂﬁéd’s%rﬁhfl Wh&AhE B8mBotdSi8 a8Rin{idleh. bf)"tloi‘l‘ﬁlbﬁ t:he compos1t10n

di peptidyl peptidases possesses activity t
compuisas atileast @QS%@OISI%; Ifatto| 10y, 2afid /50, §§%p86%085f@y9@ﬂ6 95%,

t sease st conprising adm nistering to a
97%’595§9%|%?fe€ uman body) a conposition where greater

el T e

dipentiolyppegpititlases iras subgeainehg. ohuraambgdyd) we thFoompdundtdry administering
adm ni stered. Optionally, the conposition conprises at
| east 0.25% O0.5% 1% 5% 10% 25% 50% 75% 80%
85% 90% 95% 97% or 99%of Conpound L [0033]In
still another enbodi nent, the present invention
provides a nethod of treating a disease state for
whi ch di peptidyl peptidases possesses activity that
contri butes to the pathol ogy and/ or synptonol ogy of
the di sease state, conprising causing a conposition to
be present |n a subJ ect (e.g., human body) where
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[ 0044] Al so provided are kits and other articles of

manuf acture with conpositions conprising Conpound |
wobmressar2 | east a portion of Conmpound | is preBenusion6/035701

the conposition as Form A or anorphous Form 1. [0045]

Vari ous net hods are al so provided including nethods of
Compuaridgvheraisnise 1hos b, B AD% 5t S0%r SHBUERGTSH DO%, 5%,

o7 JESIE BB A5HHEL 18, ADBETRGRLLS S AR

amorPled R FRE 1l for 8 pefiesenimé RftéMiBe EQAPOHIdtHaS BectSadnififieAdand
anor phous Form 1, and nethods of using conpositions

humage fRatioshly toperrerastion operiscsat 1¢astHd25%, B, il &n S8 10%,
' r NEed, N e LLlan Form A or
25%’%%3%%@%%%%1%% 5%e%§a%a?rﬁ%ﬁ%§fb§%ﬁ%%“@d | [0046]

[0032]ar i TaWE] FRbMEASMPRNmMBR, the kst iBYdH A Pr@addsaaetsdof -
Representati ve net hods for synthesizing Conpound | are

treatipg aisgass staie Foravhictedipeptidyl peptidetes postessse velivitytthaicontributes

ot her. synthetic routes | so be used t.o synt hesize
to thelORY Aot o rptsie g ke fiseete i S iita? 4Ry iz o a
subjeé{P(ré.Lgi. QR DbodST 4 8dmPitich kRGO g9R2r tHanl 186 IR0, 5%, 50%,
2005, which is hereby incorporated by reference in its
75% 00155y 90%, BFie PTI98 o CoropenerTghis weebOAS propet in the
eneral . a given I )h .of, a C ound . be
compgiHigh Aol At wadbRdp ok ueh BRI TiadEtn b
compYitioh Y& inplikdszallda610.24% ! 118%< 29 891 d 040 b5 WSO DY5%, 80%, 85%,
I nterconversi on from anot her polynorphic formor from
90% .83 %190 P 196 38 Zesaf{taanpopng LExanpl es bel ow descri be
thods,.for testing the.solubil.ity of Conpound n
00347 B aBuBp TR e R Db aida S narSES e BHE
treati&%_"a dfse e fdr-wHiSlDiBtpt ISP B AR PdsdebR s ARG Uh &) eontributes
ich a conpound is crystallized, 'the resulting
to thecpaiipdegyt dmshonsypptamelagnolidhe flseesatstasgroompssiog causeng a
conmpound in crystall.i form as, opposed to as.an
compy BRI fe ksl abtisdl e e bR bR RREe &BHEE LR 1505
10% ,108Y%, G004, 8159, S0b4, 85909071 ¥398! &B% @ 999 Sferd@ifound I (by weight) is
pol ynor phi ¢ fornms_of the conpound. . _
preseh0D4b3 c@npesitdn asorm Aor amerphensiiorsn LSerch pesiodioh time after the
refers tp a mat.erjal. that contai.ns ecific.. .
comge SRR Mot e it AT SopoRRE o AR eSitian cqmgrises
at leabe®25%f 60594, @08, 595 NOYALEINS0%ONE BNE0%0857600% 19580, 97%, or
di scernabl e diffraction pattern by XRPD or ot her
99% af €pmpevndh t echni ques. Often, a crystalline material

hat. i s obtained by direct..crystallization. of .
o034 Ia afale St At S ikl of Reulid e gt
progieéi&t, ah&/oP Rt AR MRIRS medibfe8 HSIHPIELY Shhttica Rl URBetes and

conditions, will have crystals that contain the
moreg@tticatarlyutypd 2i diattekas nogljtus, adishietia disbipidetda, reendigions of impaired

aoc Ao OG5Sl Pt R e BT S B
acidos, BR6Ji0TapBétite 6Pula@ioh aM@best9r med crystal li zation
conditions, may result in the crystalline materi al

BRI@@BE&%@I@'OI@T@?F% g pr operties that are

uni que e crys I'zatron conditions, generally

ue t.0 the_orientatl f the em cal . npi eti the ,,

roo3glor JiBu Mer B R buEbulsih o SRE Krbriein thh EXEP Dl
is a pRAGF @fe ihﬁ%siW@pd}fﬂﬁﬁeGQ&le a specific pol ynorphic form

of the conpound in the crystalline material. [0050]
[0036G)e pefigine ispghottdf d'Gro Hstaang tied$ O datagyr Bérnt Ae conpound

that are present in a conposition, various anmounts of

t he conpound in an annrphoU% solid state nay al so be

present, either as a side product of the initia

crystallization, and/or a product of degradation of

the crystals conprising the crystalline material.

Thus, crystalline, as the termis used herein,

contenpl ates that the conposition may include

anor phous content; the presence of the crystalline
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[ 0060] Various tests may be performed in order to

physi cal ly characterize the crystalline state of
w@Ezooposasd2 | i ncl uding but not |imted to X-rayP@DUusm®ne/035701

diffraction ( XRPD ), differential scanning

calorinmetry 21 thernogravi metric_anal ysis

[0037} TCRigpte 31!5ta Rﬂl@faéé iR ehsernbion speatfupkios Eogpé’et ronetry

10038 By B HERTMEETH: o Brab it sslihs AURLA® oo

[003YP PRihR! MkubRat¥@ihic QUSPIR Pattels 85 am6RBbEEELRET, a;vmsrelﬂ\h@r e
possi bl e, the results of each test for each 'di fferent

“XRBB pattomg ks apk@t pf byiintensityof diffracted linest hod of I\/Iakl ng
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[0043t et Bigerenhss o plbt afrtbel FTHRamagrablor@ton speairmfosymonpgens Form
filter into a clean vial. The vial was | eft uncovered
in a fune hood under anbient conditions for fast

evapor ati on i el din Form A solids after two days.
DET[W@Q?D%SM PJ% SVENAIONr ry of Conpound |

i n nmet hanol was flltered through 0.2 pmnylon syringe
[0048] | t he present anvendampiovales ndied polyalorplssid nagrosdd hias hwell as

al um num f qi rfora dW|th i nhol es in a
com B GEE LG b SPEIb RS THFET A CRBRGHIE i BreSent
in thE'c&lngbﬁﬁoﬂ: R T0rh ARk hﬂ@ﬁh@ﬂM@y s. [0064] Sanpl e No.

5: Conpound was slurried in acetonitrile on
[0044] hombsloatrev@ei argtkits (and:oﬂnndarnhbs nf mpoufectweaswith I:Qrepcemons

whi.l e_warm t pm nyl o r|n fllterln
compiiag COREM T SHRe #hisy Rt ST he 1t eSSy o
comPblitGdh e_\’mrmtfb%f‘aﬁltﬂfﬂﬂ%ﬁis &difn and al | pvved to slowy cool
o anbient tenperature. Form A solids were collected

[0045Y f Matipat inethodd 4reralsorpeovddad, in{:l@@ﬁ@]l&hcpﬂsmf Neeking the disclosed

1994-82-01: ound | (,123 di ssolved.in 99:1
Forel O TR A nCietials F TR B PRI ng
com Mﬁbn‘é@% ﬁ%g%&@@ﬁ@u%&éa@ [@@t"a%diﬁ@n 8t C8mbpadR 195 pRQent
hour . |IdS precipitated and the resulting slurry

in thegemagsitiat edtdror Ad4ntiemogphats oo érendimetpedsatfmsimg The
sol.vent was, deéz\nt ed gEd t he iol ids dri eg The .
ComB‘}c%té‘F}Sr‘r‘ﬁH’&’ElS‘)‘}g rpupd | pharedp fGagsa PastopRbEgrpapnd Lt prsgent
in th@ 01!1_’195&1&1 A FSRMR K Aol ARG gure 1 illustrates the
D pattern of Form A™ Major diffraction lines are
1. eratmﬁdfc(ﬁmﬁ wid Bppr oxi mat el y 9.44, 10. 84, 17 82,

, 75, 25.87 and 28,52. The ttern tends t
(00455 S48 HAWOGORET PRATFH RS PP GBI T, Segreschiatve
0
AR BB St b et Tk, LOA) e pouver,
that bmerrs}atﬁa:an obutemney alsobeltisedrio siiibesiret Gampamidi Ioncdecllhg those

aiscBRGTGE55, By Stcrseisglomseriar 5. MIDREOSh s dhpid) oag sk ahich
is h%%bﬁ gﬂccﬁ‘ﬂ&a{e %ggye\f@n%gm%&fm@l 53g, the cal cul at ed

|ty|s e quality of the structure
2. Mbaratﬁm&sl’ggmdlpm;s i ndi cat ed by the R-val ue of
0.068. Usually R-values in the range of 0,02 to O, 06
[0043} ¢ &u&r@éﬁhfaogww@olmfphﬁma. coBPpupdmay B pbkined by direct
0 t
erys RGOS ERp cOBpORE Y Bt on SPIRU ol REN RS
structure. The asymmetric unit was noted to contain
one free base cation and one benzoate counterion. The
cal cul at ed powder pattern ééner ated fromthe single
crystal data with experinmental XRPD patterns of FormA
of Conpound | are very simlar, but there are small
differences in 2 Oposition of peaks due to tenperature
effects. The single crystal data was collected at 150K
whereas the experimental XRPD pattern was nmeasured at
anbl ent tenperature D| fferences | n intensities are
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TABLE 2A El apsed Tinme (mn) Weight (ng) Weight dig (%
Sanmple Tenp (C) Sanple RH (% 0.1 12.164 0.000 25.20

w@24/0358720 12. 164 0.002 25.20 5.18 21.1 12. 164rQr/082006/035701
25.22 14.96 28.2 12.164 0.001 25,20 24.97 35.2

interconversion from another polymorphic form or from an amorphous state. The
Examples below describe methods for testing the solubility of Compound I and methods
for screening for crystallization conditions for Compound L

[0048] Depending on the method by which a compound is crystallized, the resulting
composition may contain different amounts of the compound in crystalline form as
opposed to as an amérphous material. Also, the resulting composition may contain
differing mixtures of different polymorphic forms of the compound.

[0049]  “Crystalline”, as the term is used herein, refers to a material that contains a
specific compound, which may be hydrated and/or solvated, and has sufficient crystalline
content to exhibit a discernable diffraction pattern by XRPD or other diffraction
techniques. Often, a crystalline material that is obtained by direct crystallization of a
compound dissolved in a solution or interconversion of crystals obtained under different
crystallization conditions, will have crystals that ;:ontain the solvent used in the
crystallization, termed a crystalline solvate. Also, the specific solvent system and
physical embodiment in which the crystallization is performed, collectively termed
crystallization conditions, may result in the crystalline material having physical and
chemical properties that are unique to the crystallization conditions, generally due to the
orientation of the chemical moieties of the compound with respect to each other within
the crystal and/or the predominance of a specific polymorphic form of the compound in
the crystalline material.

[0050] Depending upon the polymorphic form(s) of the compound that are present in
a composition, various amounts of the compound in an amorphous solid state may also
be present, either as a side product of the initial crystallization, and/or a product of
degradation of the crystals comprising the crystalline material. Thus, crystalline, as the
term is used herein, contemplates that the composition may include amorphous content;
the presence of the crystalline material among the amorphous material being detectably
among other methods by the composition having a discernable diffraction pattern.
[0051] The amorphous content of a crystalline material may be increased by grinding
or pulverizing the material, which is evidenced by broadening of diffraction and other
spectral lines relative to the crystalline material prior to grinding. Sufficient grinding

and/or pulverizing may broaden the lines relative to the crystalline material prior to
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12.164 0.002 25.20 35.05 42.2 12.164 0.004 25.20 44.89
51.2 12.168 0.035 25.19 54.85 60.2 12.168 0.039 25.21

wW®2009836%2 2 12. 169 0. 041 25.20 74.86 78.2 12. 1BO1/0S1046035701
25.21 84.87 87.2 12.170 0.049

grinding to the extent that the XRPD or other crystal specific spectrum may become
undiscernable, making the material substantially amorphous or quasi-amorphous.

[0052] “Amorphous”, as the term is used herein, refers to a composition comprising a
compound that contains too little crystalline content of the compound to yield a
discernable pattern by XRPD or other diffraction techniques. Glassy materials are a type
of amorphous material. Amorphous materials do not have a true crystal lattice, and are
consequently glassy rather than true solids, technically resembling very viscous non-
crystalline liquids. Rather than being true solids, glasses may better be described as
quasi-solid amorphous material. Thus, an amorphous material refers to a quasi-solid,
glassy material. Precipitation of a compound from solution, often affected by rapid
evaporation of solvent, is known to favor the compound forming an amorphous solid as
opposed to crystals. A compound in an amorphous state may be produced by rapidly
evaporating solvent from a solvated compound, or by grinding, pulverizing or otherwise
physically pressurizing or abrading the compound while in a crystalline state. General
methods for precipitating and crystallizing a compound may be applied to prepare the
various polymorphs described herein. These general methods are known to those skilled
in the art of synthetic organic chemistry and pharmaceutical formulation, and are
described, for example, by J. March, “Advanced Organic Chemistry: Reactions,
Mechanisms and Structure,” 4" Ed. (New York: Wiley-Interscience, 1992).

[0053] “Broad” or “broadened”, as the term is used herein to describe spectral lines,
including XRPD, NMR and IR spectroscopy lines, is a relative term that relates to the
line width of a baseline spectrum. The baseline spectrum is often that of an
unmanipulated crystalline form of a specific compound as obtained directly from a given
set of physical and chemical conditions, including solvent composition and properties
such as temperature and pressure. For example, broadened can be used to describe the
spectral lines of a XRPD spectrum of ground or pulverized material comprising a
crystalline compound relative to the material prior to grinding. In materials where the
constituent molecules, ions or atoms, as solvated or hydrated, are not tumbling rapidly,
line broadening is indicative of increased randomness in the orientation of the chemical
moieties of the compound, thus indicative of an increased amorphous content. When

comparisons are made between crystalline materials obtained via different crystallization
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25.21 94.56 97.0 12.166 0.019 25.21 85.20 105.7 12. 166
0.017 25.21 75.06 114.7 12.165 0.016 25.21 65.04 123.7
wd 200165302 014 25.21 55.13 131.7 12.165 0. 012 2ZBCRERS2006/035701

45.01 139.7 12.165 0.008 25.21 34.97

conditions, broader spectral lines indicate that the material producing the relatively
broader spectral lines has a higher level of amorphous material.

[0054] Continued grinding would be expected to increase the amorphous content and
further broaden the XRPD pattern with the limit of the XRPD pattern being so broadened
that it can no longer be discerned above noise. When the XRPD pattern is broadened to
the limit of being indiscernible, the material may be considered to no longer be a
crystalline material, and instead be wholly amorphous. For material having increased
arrimphous content and wholly amorphous material, no peaks should be observed that
would indicate grinding produces another form.

[0055] Compositions comprising a higher percentage of crystalline content (e.g.,
forming crystals having fewer laitice defects and proportionately less glassy material) are
generally prepared when conditions are used that favor slower crystal formation,
including those slowing solvent evaporation and those affecting kinetics. Crystallization
conditions may be appropriately adjusted to obtain higher quality crystalline material as
necessary. Thus, for example, if poor crystals are formed under an initial set of
crystallization conditions, the solvent temperature may be reduced and ambient pressure
above the solution may be increased relative to the initial set of crystallization conditions
in order to slow crystallization.

[0056] As one will appreciate, depending on how a composition comprising a given
compound is produced and then, once produced, how the composition is stored and
manipulated, will influence the crystalline content of the composition. Accordingly, it is
possible for a composition to comprise no crystalline content or may comprise higher
concentrations of crystalline content.

[0057] It is further noted that a compound may be present in a given composition in
one or more different polymorphic forms, as well as optionally also being present as an
amorphous material. This may be the result of (a) physically mixing two or more
different polymorphic forms; (b) having two or more different polymorphic forms be
generated from crystallization conditions; (¢) having all or a portion of a given
polymorphic form convert into another polymorphic form; (d) having all or a portion of a
compound in an amorphous state convert into two or more polymorphic forms; as well as

for a host of other reasons.
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146.7 12.168 0.035 25.22 24.96 153.7 12.167 0.032
25.21 14.97 163.7 12.163 -0.004 25.20 4.82 TABLE 3A
wa@zovposasdz | Pol ynor ph Screen - Sol i ds-Based — PCT/US2006/035701
Experinments: Stress Studies using G assy Materials
Starting sanple Sanple No. Stress Duration Habit') )
[0058IRPDA FranebeRgs ] depgliag @Bhovr gomgosiligipcomprising a compound is

prepared, the percentage, by weight, of that compound in a given polymorphic form can
vary from 0% to 100%. According to the present invention, compositions are provided
where greater than 1%, 5%, 10%, 25%, 50%, 75%, 80%, 85%, 90%, 95%, 97%, or 99%
or more of Compound I (by weight) is present in the composition as Form A or
amorphous Form 1.

3. Polvmorphs of Compound I

[0059] Described herein are Form A and amorphous Form 1 of Compound L

[0060] Various tests may be performed in order to physically characterize the
crystalline state of Compound I including but not limited to X-ray powder diffraction
("XRPD"), differential scanning calorimetry ("DSC"), thermogravimetric analysis
("TGA"), hot stage microscopy, infrared spectrometry ("IR"), Raman spectrometry and
Karl Fischer analysis. The Examples below describe the methods that were used to
perform the various analyses reported herein. Where possible, the results of each test for

each different polymorph are provided herein.
A. Method of Making Form A of Compound I

[0061] The following describes procedures by which Form A polymorph of
Compound I has been made from different samples of Compound I:

[0062] Sample No. 1924-73-02: A slurry of Compound I in acetone was filtered
through 0.2 wm nylon syringe filter into a clean vial. The vial was left uncovered in a
fume hood under ambient conditions for fast evaporation, yielding Form A solids after
two days.

[0063] Sample No. 1924-73-08: A slurry of Compound I in methanol was filtered
through 0.2 pm nylon syringe filter into a clean vial. The vial was covered with
aluminum foil perforated with pinholes and placed in a fume hood for slow evaporation
at ambient conditions, yielding Form A solids in two days.

[0064] Sample No. 1924-67-05: Compound I was slurried in acetonitrile on a
hotplate set at 60 °C and the mixture was filtered while warm through 0.2 m nylon

syringe filter into a clean, warm vial. The vial was placed on the hotplate, which was
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81% RH 9 days col orless glass containing small, fine
needl| es 1924-83- 02 1924-83- 05 40C 9 days snall
whb@dess3100971 form A 1924-83- 03 1924-83- 06 FOPWKRIA06/035701

40C 9 days line needles 100972 form A 1966-09- oi
then tlu?rr?gd 02ff7 éndoallloZv%%)tgglongi}? cool to ambient temperature. Form A solids were
collected by filtration after one day. .
[0065]  Sample No. 1994-82-01: Compound I (123 mg) was dissolved in 99:1
ethanol/isopropyl acetate (1 mL) under reflux and then was cooled to ambient
temperature at a rate of 20 °C/hour. Solids precipitated and the resulting slurry was
agitated for 4 hours at ambient temperature. The solvent was decanted and the solids
dried. The experiments yielded Form A solids.

B. Characterization of Form A of Compound I

[0066] Figure 1 illustrates the XRPD pattern of Form A. Major diffraction lines are
observed for °26 at approximately: 9.44, 10.84, 17.82, 18.75, 25.87 and 28.52. The
XRPD pattern tends to indicate that confirmed that the material is a crystalline phase,
which was designated form A.
[0067]  Colorless plates of Compound I were collected from ethanol-water solution.
The orthorhombic cell parameters and calculated volume are: a = 8.0869(2), b =
9.9030(3), ¢ = 28.5471(10) A, V =2286.18(12) A®. For Z = 4 and formula weight of
461.53g, the calculated density is 1.34 g/cm’. The quality of the structure obtained is
good, as indicated by the R-value of 0.068. Usually R-values in the range of 0.02 to 0.06
are quoted for the most reliably determined structures. An ORTEP drawing of
Compound I shows that the crystal structure is the same as the proposed structure. The
asymmetric unit was noted to contain one free base cation and one benzoate counterion.
The calculated powder pattern generated from the single crystal data with experimental
XRPD patterns of Form A of Compound I are very similar, but there are small
differences in °2 @ position of peaks due to temperature effects. The single crystal data
was collected at 150K whereas the experimental XRPD pattern was measured at ambient
temperature. Differences in intensities are likely due to preferred orientation.
[0068] Thermogravimetric aﬁd DSC data for Form A is summarized below in Table
1A and plotted in Figure 2. As can be seen in Figure 2, the DSC curve exhibits several
endothermic events. The endotherm maximum for the most predominant event is located
near 186 °C. A melting point experiment confirmed that this endothermic event is

associated with the melt of the material. The series of endothermic events above the melt

endotherm were not characterized further, but likely correspond to the decomposition of
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1 hr opaque irregularly shaped solids, unknown

nmor phol ogy 109327 form A 1966-27- 02 79% RH 60C 3
whe@7opaeie i rregul arly shaped solids, unknownPCT/US2006/035701

nmor phol ogy 109328 form A 1966-27- 03 79% RH 60C 6.5

hrs opaque irregularly shaped solids, unknown
the sgraplghdt brggd endothermic event located below the melt endotherm for the sample

can also be seen in the DSC plot for the sample of form A. This event occurs in the same
temperature region as the corresponding mass loss observed in the TGA plot for a sample

of form A and is consistent with the loss of volatile material from the sample.

TABLE 1A
Thermal Data for Form A
DSC Results TGA Results
Endotherm at 186 °C 0.2%

! Maximum temperature reported for transition
% Percent weight change from 26 °C to 159 °C

[0069] The IR spectrum for Form A (Lot no. QZ-656-17(1)) is plotted in Figure 3.
[0070] The Raman spectrum for Form A (Lot no. QZ-656-17(1)) is provided in Figure
4.

[0071]  Data regarding the moisture sorption/desorption properties of Form A are
summarized in Table 2A below. The analysis showed an initial weight gain of
approximately 0.035% from ambient conditions to 55% RH and a weight loss of about
0.05% between 9% and 95% RH. The desorption cycle follows a slightly different path
as the sorption cycle, where the mass gained during the sorption cycle is lost upon
desorption in slightly amounts at the various RH intervals. The weight change value for
the desorption cycle can be used along with the molecular weight of Compound I to
calculate that no molecule of water is present in the crystal at 95% RH. This calculation
assumes that no water is present in the sample at the 5% RH step at the end of the
analysis. The post moisture sorption/desorption sample was identified as form A by
XRPD. In separate experiments form A was stressed under various RH conditions at
room temperature (Table 3A). After several weeks none of these samples had undergone
a phase change. This is evident in the respective XRPD patterns for the samples, which
all éénespond to form A. The gradual mass increase/decrease observed throughout the
range of RH levels examined in the moisture sorption/desorption profile coupled with the
lack of a phase change for form A upon RH stress indicates that this solid phase may
contain a variable amount of water that will be dependent on the RH of the environment.

This type of hydrated phase is referred to as a variable or non-stoichiometric hydrate.
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0.1 10.660 0.000 24.98 53.89 151.0 10.559 -0.953 25.00
5.25 197.3 10.612 -0.456 25.00 14.81 253.1 10.663

wW®20263342 99 24. 80 329.5 10. 721 0.569 24. 98 34POBUSIHB6/®5701
10.838 1.669 24.99 44.84 603.1 11.053

C. Method of Making Amorphous Form 1 of Compound I
[0072] Sample No. 1994-26-01: A slurry of Compound I was placed on a hot plate
set at 80 °C. The mixture was filtered through 0.2 um nylon syringe filter into a warm
vial. The vial was then placed on the hot plate, which was then set to 40 °C and the
solution allowed to cool. Sufficient hexanes were added to cause a cloudy suspension to
form. Fine solids were collected by filtration and allowed to air dry. The experiments
yielded amorphous solids.
[0073] Sample No. 1994-07-01: Sufficient Compound I was added to methanol such
that undissolved solids remained. The resulting slurry was filtered through 0.2 pm nylon
syringe filter into a flask. The solution was evaporated to dryness using a rotary
evaporator (Buchi, R-114) under reduced pressure. The amorphous solids were stored in
desiccator.

D. Characterization of Amorphous Form 1 of Compound I

Polymorph Amorphous Form 1:

[0074] Figure 5 illustrates the XRPD pattern of amorphous Form 1 (Sample No.
1994-12-01). The XRPD data show poor signal-to-noise ratio. The XRPD pattern tends
to indicate that Form 1 is an amorphous form of Compound L

[0075] Thermogravimetric and DSC data for amorphous Form 1 are summarized
below in Table 1B and blotted in Figure 6. Amorphous Form 1 was prepared by several
methods as noted above. The material was Very hygroscopic gaining 10% weight under
85% RH but lost weight above 85% RH, which is indicative of crystallization. The post
moisture balance XRPD pattern matched form A. TGA weight loss was 4% between 25-
168 °C, probably due to adsorbed moisture. Therefore a cyclic DSC experiment was
performed to dry the sample and then determine the glass transition temperature T, the
onset of which was 70 °C. An exothermic recrystallization event was recorded at 132 °C,
followed by a sharp endotherm at 183 °C (onset), which correlated with the onset of the
melt (172 °C) determined by hot stage microscopy. This suggests that the amorphous
solids crystallized to form A during heating.
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3.680 24.98 54.90 655.1 11.277 5.782 24.97 64.85 723.7
11.559 8.432 24.98 74.54 764.6 11.740 10.125 24.98

W@200343852. 3 11. 244 5.474 24.95 94.62 1139. 9 1HCDUF2006/035701
3.348 24.98 85.49 1327.5 10.864 1.908 24.98

TABLE 1B
Thermal Data for Amorphous Form 1
Cyclic DSC Results TGA Results
T, =70°C (onset) ! 4 % from
Exotherm maxima at 132 °C, 25-151 °C

Endotherm onset at 183°C
! Tg = glass transition temperature

[0076] The IR and FT-Raman spectra for amorphous Form 1 (sample no. 1994-07-01)

are plotted in Figures 7 and 8, respectively.

[0077]  Data regarding the moisture sorption/desorption properties of amorphous Form
1 are summarized in Table 2B below. The moisture sorption/desorption data show an
initial weight loss of approximately 1 % from ambient conditions to 5% RH and then a
weight gain of about 6.5% between 5% and 95% RH. Between 85% and 95% RH the
sample lost about 5% of weight, which is suggestive of a crystallization event. The
sample recovered after the moisture sorption/desorption éxperiment was tentatively

identified as containing form A.

TABLE 2B

Elapsed Time Weight Weight Sample Sample

(min) (mg) chg (%) Temp (°C) RH (°C)
0.1 10.660 0.000 24.98 53.89

151.0 10.559 -0.953 25.00 5.25

197.3 10.612 -0.456 25.00 14.81
253.1 10.663 0.025 24.99 24.80
329.5 10.721 0.569 24,98 34.93
508.3 10.838 1.669 24.99 44.84

603.1 11.053 3.680 24.98 54.90
655.1 11.277 5.782 24.97 64.85
723.7 11.559 8.432 24.98 74.54
764.6 11.740 10.125 24.98 84.54
952.3 11.244 5.474 24.95 94.62
1139.9 11.017 3.348 24.98 85.49
1327.5 10.864 1.908 24.98 75.25
1517.0 10.730 0.655 24.98 65.12
1706.6 10.615 0421 25.00 55.16
1894.1 10.532 -1.208 25.01 © 45.08
2081.7 10.475 -1.737 24.99 34.87
2199.9 10.453 -1.946 24.99 24.87
2221.4 10.449 -1.980 24,99 15.16
2238.3 10.446 -2.007 24.99 5.06
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75.25 1517,0 10.730 0.655 24.98 65.12 1706.6 10. 615
-0.421 25.00 55.16 1894.1 10.532 -1.208 25.01 45.08

WQOB1/03531D. 475 -1. 737 24.99 34.87 2199.9 10. 45BCHUSM66/035701
24.99 24.87 2221.4 10.449 -1.980 24.99 15.16 2238.3

4. Pharmaceutical Compositions Comprising Compound I Where at Least a
Particular One of Form A or Amorphous Form 1 is Present
[0078]  The polymorphs of the present invention may be used in various
pharmaceutical compositions. Such pharmaceutical compositions may comprise
Compound I present in the composition in a range of between 0.005% and 100%
(weight/weight), with the balance of the pharmaceutical composition comprising
additional substances such as those described herein. In particular variations, the
pharmaceutical composition comprises at least 0.25%, 0.5%, 1%, 5%, 10%, 25%, 50%,
75%, 80%, 85%, 90%, 95%, 97%, or 99% of Compound I. A given one of the
polymorphic forms of Compound I may comprise at least 1%, 5%, 10%, 25%, 50%,
75%, 80%, 85%, 90%, 95%, 97%, or 99% of Compound I (weight/weight) in the
pharmaceutical composition.
[0079] In general, the pharmaceutical compositions of the present invention may be
prepared in a gaseous, liquid, semi-liquid, gel, or solid form, and formulated in a manner
suitable for the route of administration to be used where at least a portion of Compound I
is present in the composition in a particular polymorph form.
[0080] Pharmaceutical compositions according to the present invention may be
adapted for administration by any of a variety of routes. For example, pharmaceutical
compositions according to the present invention can be administered orally, parenterally,
intraperitoneally, intravenously, intraarterially, transdermally, sublingually,
intramuscularly, rectally, transbuccally, intranasally, liposomally, via inhalation,
vaginally, intraoccularly, via local delivery (for example, by catheter or stent),
subcutaneously, intraadiposally, intraarticularly, or intrathecally, optionally in a slow
release dosage form. In particular embodiments, the pharmaceutical compounds are
administered orally, by inhalation or by injection subcutaneously, intramuscularly,
intravenously or directly into the cerebrospinal fluid.
[0081] In addition to Compound J, the pharmaceutical composition may comprise one
or more additional components that do not deleteriously affect the use of Compound L
For example, the pharmaceutical compositioﬁs may include, in addition to Compound I,
conventional pharmaceutical excipients; diluents; lubricants; binders; wetting agents;

disintegrating agents; glidants; sweetening agents; flavoring agents; emulsifying agents;
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(6) Magnesium Stearate, NF, Ph, Eur3.2 ng
( MALUNCKRODT, Non-bovi ne Hyqual) TOTAL400.0 ng (per

wo 2ahe3p7Fi | m Coat (12.0 ng in total) (1) Opadpgr/U$2006/035701
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1 am no- eri dinyl 4 d| ro 3- net hyl
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(benzlefmoel@hﬂ)tpynsu ipylhagethy 2 17 fgng
Ph(2) Eactzse?mnn@yctrﬁmMTEmw FAST FLO) (3) 224 6 mg

M cr GEOREMOST346 BASTWG®e, NF, Ph, Eur120.1 ny

( A GBkrdRHst-0R)e (Cél)uléaeqwalvmtﬂukose Sodi um NF, Pi0.1 mg
Eur 3 AQ/IQ‘EL(pﬁ::i@) SCQL) (5) Colloidal Silicon Dioxide,

B e SR Ol
- bl et Fi | m Coat .0
gt RIS 0. (Repyigblen) | FIIm Coat (1.0,
’ ddry || 85F18422, White - Portion 2
( ) dEoRg!

(co
tegpiadNF. Ph. 198F18422, Wite - Portp8ms

( COL ORZON.INSOR OBIT, Sonpouing Hyquaki ght of free base
foroAter tablet Core Tablet Formulation (1) 400.0 mg

2-@@r[a€3€a‘@ - 3-am no- 1- pi peridi nyl] - 3, 4-di hydr o- 3- net hyl
-2,4- dioxo-1(2H) - pyri m di nyl ] met hyl | - benzonitrile

penzone <o L) CRATTAL AR e

M cr o€l Yxtadtt ]IBGFI%IIZIZuWQﬁe RdtiorPh (CELORZIDN) ng
AVI CEL PH 102) (4 X NF,  Ph,
(A 5S qP@dryOH)Sﬂ(:u?ztz e oS (S8R

(3) Opadry I 85F18422, White — Portion 3 (COLORCON)

. )

25mg of Compound I (weight of free base form) per tablet

Core Tablet Formulation

(1) 2-[[6-[(3R)-3-amino-1-piperidinyl]-3,4-dihydro-3-methyl-2,4-
dioxo-1(2H)-pyrimidinylJmethyl]-benzonitrile (benzoate salt) 34.0 mg

(2) Lactose Monohydrate, NF, Ph, Eur 207.6 mg
(FOREMOST 316 FAST FLO)

(3) Microcrystalline Cellulose, NF, Ph, Eur ‘ 120.1 mg
(AVICEL PH 102) ‘

(4) Croscarmellose Sodium, NF, Ph, Eur 32.0mg
(AC-DI-SOL)

(5) Colloidal Silicon Dioxide, NF, Ph, Eur 3.2mg
(CAB-O-SIL M-5P)

(6) Magnesium Stearate, NF, Ph, Eur 3.2 mg
(MALLINCKRODT, Non-bovine Hyqual)

TOTAL , 400.0 mg

(per tablet)
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(AC-DI-SCL) (5) Colloidal Silicon D oxide, NF, Ph,

Eur3.2 ng (CAB-0-SIL M5P) (6) Magnesium Stearate, NF,
woo7ass33 2 ng ( MALLLINCKRODT, Non-bovi ne HyquakQT/US2006/035701

TOTAL400.0 ng (per tablet) FilmCoat (12.0 ng in

total) (1) Opadry Il 85F18422, Wite - Portion 1

CO_CRCO\I) (2) OpEdmCoat (Bskmgdntotali te - Portion 2

1 ortion 3
ﬁ?ﬁ%%d{yﬁ%@@@%% Whi > PR T OB BN o et
for mua0pads ME5F18824, oNhl%AspoﬂtM BNRMULATI ON
Corrpound of ‘the Present |nvention xtrose nohydr at e

i sot o) Opaimyll SHSHEL, IWhléﬁTyBﬁI&lOe 36HLOPREPHY oxi de

Water for Injection 0.1-10 ng gq.s. to nake 1.05 ng
0.18 ng g.s. to 1.0 nL TABLET FORMULATI ON Conpound of

the Prsgaalor m@gyhﬁu gav%/%m of ek ﬁﬁﬁeaﬂoki% BefBibidtl ose
73% St eari ¢ Acl 0 Ol da ifTrca 0

Core Tablet Formulation

(1) 2-[[6-[(3R)-3-amino-1-piperidinyl]-3,4-dihydro-3-methyl-2,4-
dioxo-1(2H)-pyrimidinylJmethyl]-benzonitrile (benzoate salt) 68.0 mg

(2) Lactose Monohydrate, NF, Ph, Eur 173.6 mg
(FOREMOST 316 FAST FLO)

(3) Microcrystalline Cellulose, NF, Ph, Eur 120.1 mg
(AVICEL PH 102)

(4) Croscarmellose Sodium, NF, Ph, Eur 32.0mg
(AC-DI-SOL)

(5) Colloidal Silicon Dioxide, NF, Ph, Eur 3.2mg
(CAB-O-SIL M-5P)

(6) Magnesium Stearate, NF, Ph, Eur 3.2mg
(MALLINCKRODT, Non-bovine Hyqual)

TOTAL ' 400.0 mg

(per tablet)

Film Coat (12.0 mg in total)
(1) Opadry I 85F18422, White — Portion 1 (COLORCON)
(2) Opadry I 85F18422, White — Portion 2 (COLORCON)
(3) Opadry I 85F18422, White — Portion 3 (COLORCON)

[0085] Exemplary intravenous and tablet formulations are as follows:

INTRAVENOUS FORMULATION

Compound of the Present Invention 0.1-10 mg
Dextrose Monohydrate g.s. to make
isotonic

Citric Acid Monohydrate 1.05 mg
Sodium Hydroxide 0.18 mg
Water for Injection q.s. to 1.0 mL
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condition in a _patient which is known to be nedi ated
treat p dispgspsfaie foi whigh PRPiLY neswires eeli vl thateaneipulpy (o pathology
dm nistering to the patient a
Mﬁ/rgghg{eut%%aﬁQHpa¥%%§gP%E amount of Conpound I|. In
[oosa]n ot @@hp@nﬁqdnmﬁ adn@inl¥ekdting a sibjecovhateid IPRP-TVISEtREGty within
Compound | in order to manufacture a medi canent for
mﬁSW§@xﬂ%ﬂFﬁ%1Pﬁ@%ﬁh@ﬁ?mﬁﬁddlsease state mhlch i s known

100891 o P Bt istosilc HRUBA 1 s IRA Rl Bolfiics

admi@i¥keid Mefipouad el itics emb@(‘l/lhﬁﬁtj afn@thdd (ﬁaflllubﬂmg cell

di sease state for which DPP-1V possesses activity that
prolifegationiipproaisled shat emprsHEPBGyting g Wil Ap eidersive gyiount of
Com Q%dql Astnat @)b%du}lgnj 2@188{ Iltn’?%églrpro]\}%lanon ina

nls ering o a su
patie20© ﬁf&&ﬁ&lﬁﬂ%ﬁiﬁiﬁ@lﬁi’nﬁﬁﬁ%ﬁﬁg td’lﬁlb pbh@thﬁ&ﬁaﬁb&ﬁ&alfy@fﬁbtlve
of Conpound | is present in the subject in a
amoynf ef Gpapewrdl | y ef fecti ve amount for the dlsease
[009 tatg. (imét%g {)@dl ot h%ethorﬁlb on i pa?ient which is

rovli |hg a ce prolll?%?era |ve sease

knowsi t81he nfeaied 5y DEPaVYoRivaIcRNE Rt veoieuRdted byDRIMEY inhibitors,
cells are treated with the free base form of Conpound

comprising adenpisigang snthgipatern therepeupedlyi sffectve smmowy ehCompound

treat Wt e fr bas form
L In PSS BtodmE 4 ot it BRI o dsel AGpbdiif 132 3! ©
manFdthi® aafi&@liédn@ak ek uak fhthe MR a@i¥nt oPdifdakd Qh@tWhich RABBWN to be
referred to herein as conbination therapy. It is noted

mediﬂﬂ@ébymé’al\h&ﬁwlmh ishaowugémbe tedtest by BRBtINgnhibgonsef er r ed

as uenti al era ven if..the.a
10091 oG Rafim R inER o ot ARV o itk e e o
SR OBl cOPHBREEE hOpRRMBEY MRS SRpRology
of th¢ disepse siicathetrhethagpygmprssivg lamas stedrenCompowagidrtd & salsject such
adm ni stered at the same tine. [0093] Exanples of
di seases that may be treated by adm nistration of
Compound | and conp05|t|oé§ according to the present
i nvention include, but are not limted to conditions
nmedi ated by DPP-1V, in particular diabetes, nore
particul ar type 2 di abetes nellitus, diabetic
di sl i pidernia, conditions of inpaired glucose
tol erance (I GTI), conditions of inpaired fasting plasna
gl ucose (11-), netabollc aC|d03|s ket03|s appetlte
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package to market a single dosage form For exanple,
tablets nay be contained in a bottle that is in turn
w@onvassed within a box. Typically the kit i ncPames2006/035701
directions for the adninistration of the separate
.mis particularly advant ageous

o opent.s kit
that % F??S f%fé‘b%@? hareeent 4 the spbieeiin gtherapeutically
effecBMThiibisi 6:8k il bhgf ent dosage forms (e.g., oral,
topi cal, transdernmal and parenteral), are adn1n|stered
[009%it ditlfahethmldmlmag&, & ntediodds providked Whareatihg b atll grol@érative
he i ndi vi dual nmponents of the conbination is

diseaiuSpie GPSIE R & BRESGTTEL PRI ce B o2l[ 00O S ERG with the free
t t he sent
base F%{I/iedrﬁélgo olugcl( g{%%o?nlﬂﬁatﬁn%rﬂb%{:&-ﬁf—?ﬂoggecr:it?veﬁgegtf ¥ erﬁgtligg
cells arcarearetilwithrthevfred basetfermp at Kagipoghd D e E3manghe 24/ QIR the
wi del for  the packagi ng of phar nmaceuti cal unit
cells arggl(:;é dfvg&:rfg e@tgs{oé]lfgrat%ea%m @err%qqt@ herﬁ@n p$ kagpbination
i e
s 1 PR ABREL DL bl RSP IEL B g
sequqnj:lelf thelapy v dtisaeatstarphles ﬁdrﬁmm?drﬁi fogbtheDUE isnbtdd@at
ackagi ng process recesses are formed in the plastic

combyRglipn TRy iy pirndled theRreT when agonis asm adrgms@@e@before or after
t cke

each bﬂg\gﬂe&%cﬂ}gﬂﬂé?lglge@m %ss %gall %@t@%ﬁg gieoa gntg g{epa%nu{nts eﬁcfd e same

tnnetablets and/ or capsules to be packed. Next, the

apsul es are placed in the recesses
(009 @%&F&ng y% disepsehibasHag pe Geate@byadmiaisiragon pf Crmpeumchl
t.the f a
o ALY IS (BB 0 AP,
condltlems&hsted\by DPtPeMéld parfisular diglsdids, mo&&ﬁaﬁéﬂlbﬁt@ﬁe 9Wiabetes

ap es a e. individuyally sealed or collectivel
mellifgf %%TUC 48 lipidemiae aondlﬂoqsrfé mesievkdicasetalesenca D)

diBbANHifuplifld fad f 3t ol
condi Pl hle e SaSu Kﬁnasélﬁ Jse ab lﬁéégér)ﬁ/cca 1dosis,, &0 %f‘f %Jgetlte
regulatmowlmdltf fmmuhbsipiptds singy omﬁ'&ihrﬁweﬁamagdlyu@f? ﬁhﬁbhﬁﬂmne

t he recesses wher ebie an opening is fornmed

res
dlsea%%ﬁ St lilfgaéfem%%f)wt Bawved diseaseomulip &c&i@%%an umateidearthaitis,
c :
A B TR P R M e Pt e BREPloR By umors o e
lungsy] |dsmm’nsleglca:1eissegm dudinasissriadisand livhiedl piahys, dR5@%nd Befediale
: ime in the order of their intended use. Preferably,
mfert";ﬁitpé OFfFQRREAN S Male CUEREFRS O al ppurglogisebdijondes; so as to
further facilitate conpliance with the reginen. An
6. KitxangAstigles ef Manufaetwner Gomprising Gompaivahi Belynoopht er
that indicates the nunber of daily doses that has been
[00944ii sgbepedent Anehtier isedanitcetedfto RBitcimdeoth@mmtiole b b fature
i cro-chip menpry coupled with a

¢ batter é/ ower ed
or treping Ay Al L 1B GiRePHAY B es. b inoderiha Gpas
0
itendglf %V§£§£Cﬁﬁﬁ@é§%f VIR Mo SR sl
that cafmubuteklseha sathaopeartdadeesymptddlogy of the condition.
00 /035372PCT/U82006/035701 7. Dosage Forns
[0095f01§b? dimprbyrski é@d@?ﬂﬂ?ﬂbthﬂbcmlspﬁr epeamarentisak i on

I t
comp 8 B0 BRSO BATLOL T, B Pl ol gpl s
80%, $3%%0% s;mh 0% @@@%bﬁcm@m E®y wRidhSis pRAVEIGH $he dTY
powders for inhalers, granules, sterile parentera

compesH1qRtas Grpariisilas gap ehE)IEnA, or amerphoos Hoino hsastinstructions for use
suspensi ons, and oil -water enul sions contai ni ng
suitabl e quantities Conp d!l. Unit-dose forns, as
used herein, refers to physically discrete units
suitable for human and ani mal subjects and packaged
individually as is known in the art. Each unit-dose
contains a predeterm ned quantity of Conpound I
sufficient to produce the desired therapeutic effect,
|n a3300|at|on mnth a pharnaceutlcal carrier, vehicle
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silicon dioxide. [0109] Exanpl es of disintegrating
agents that may be used include, but are not Iimted

w0 2007/083%5car mel | ose sodi um sodi um starch gl ypol/as®)6/035701
alginic acid, corn starch, potato starch, bentonite,

hyl cel L ul ose, agar and car boxyne | cel ] ul ose,
of ing Bl 1P ESals) B8 ShmBER o ForuP RGR AL Lo B el el Focisl 10%
25%,15006, U865, 3BYY, 88 o€ t AL g9, i i
certified wat edr7 gd(j;l%u%iltt’r@ggg’gor{ & g{/%%@f)%&ngﬁ u ?@g i¥E8kions
may idispeche diaerde watedor whsblthdt@nposdicanisl tdbedbsinStesqE sdetse
inf on.aléﬁtna.q drate. @plllhgxanples f sweetening
IIOrRgERR SOPAR {98 apLBRISHES RS reingheY Hypdmingierdee
QitioRUThORR i ' i i
C By O DA g A B8 ke tpging material
may &aetsaricontazned fampusingrthercoafposifivay Thk kie ehafy law @pSionally
I)&Ollqu%.Exanples of flaﬁoring agents that may be used
comprige pfHEonah GemBeRen sotuchag;syrdged &1 adgrniptEation|of (s epmposition.
Th ; ; ] i t hetic
o e oL B, ARG, st on.
[0096d uc Hn asothEndmbvaiméntndrt &tcle of peppecniais pedivddeethiydomprises a
h salig%@ate.E%gé}B]Exanples of wetting agents that nag
PRATIHRECiEd SOTRRISERS, Costt Smedoamroundriveheer gredicihan e n®, 10%,
25%,309£ 95 9TROAS KR! 66, 0PI Plch BoTBOCLAR ina P@W%h%y%
gl ycol nonol aurat e and pol yoxyet hyl en aur ether.
presefit0h 14g ¢oreprpltes ash particulae vr¢ bfFaaahiongsiotfhats Fegm Deand
used include, but are not linmted to, fatty acids
packagipemalgpdls.g ,SPEH%?&%@F CAPRBHIISR EYNRIES Ptdéa%ﬁ@i%lori%o%,
5%, 189818 YE s Ney,a86%. A 0
e e e P P ST Rl £me
packaging roglerialbndy @mepriset cbitrineefbrhousing the composition. The
hydr oxyet hyl cel | ul.ose, . sodi um car boxynet hyl cel | ul ose,
contaifb iy ROV ALY GPEGHe 4lsbo 1gfigaieng thefissase aigka faf which the
compBtibisab e 2l ELLH, s%r@%e f 'ti%,.rc%tsf gﬁnfoﬁngtﬁ)%' @
. Compound | may optionalTy be provi 8d®in a conmposition
instrugtherts rpgasting hewitb aflmonstettbe acindogti@nviteoniaabf ehntfacture

tomach.. For exanpl.e, the conposition can be o )

may "‘?Sé’r‘?ﬁioaiﬂéyacqfﬂ’%?ﬁ g@ﬁl*fflaﬁl COMBIRGIY SRS SHERges Aprradmipistration
£ th i Qs ' ; . | i . .

of el CBGERLN, I, MEIS RSCARE 0 AR08, BOELARLING i g
or muftgplerdbsgtfedns.n conbi nati on with an antacid or ot her

uch .ingredient. [0117] When the dosage unit formis a
(00978 apE‘L}F é‘gteﬁ?hﬁfr@v Hf%’ﬁ%ﬁléaﬁﬂ?&?ﬂa]dbﬁeti ipkidy angl aésiiesy of geanufacture

kihgw . | T

oM B REEHEL 0N 185 Bl B Lot MBENEL D s
divideddhattbusr adiviled et packed THelahtaimed cdnybd inenpbysicadbndl QhdPe or

of. the dosage unjt, for exanple, coatings of sugar_ and
form 45 pgm e f1E™ B S20% oA By BRI Rty SBitpe. Tor

IRhSt LI . | LXLr, S [

e e

exampaly,rtohohiy "rofifl| aftablets faioptpeenseds iritda dtfthirdrit @Onthi@ef) NG a blister
active,go ounds, sucrose as a smeeteningég%ent and

pack Wigh indij WHE%S Vel ressEe Qy ek themacke acerding)® atherapsuicor s.

1 I: h reci se .dosa and
schedt TR m e HEE APV kol PR R By P tvatved
for exhiopltd @nveftionhiesaedtons PO hbOgenk&11P BE QBIERD HoldVa liquid

adm ni stered, the carrier and other variables that nmay
suspenséty elf isrfggsidel thahdiors Ban pye eentaigenaanha usaslsibgetber in a single
protocols or by extrapolation fromin vivo or in vitro
test data. It is to be noted that concentrations and
dosage val ues nmay al so ul finately depend on, anong
other criteria known to those of skill in the art, the
age, weight and condition of the patient or aninmal, as
is known in the art. It is to be further understood
that for any particul ar subject, specific dosage
regi mens nmay need to be adjusted over tine according
to the individual need and the professional judgnent

o a1 o o - .



Cl NO CN
[ 0120] 2- (6- Chl or o- 2, 4- di oxo0- 3, 4-di hydr o- 2H pyri m di n-|
WO ydomesd3yl ) - benzonitrile (B). To a sol uti on of PCT/US2006/035701
6 chlorouracil (20 g, 122 mmol) in a m xture of
DVBO (6:1, 600 nilL) under nitrogen at 0 C, was
pack%&d@al%léﬁd |al§rrﬁal%98ﬁa%f0(@od/“&r sxapie, tq‘%@rts AyYIDp coptained in a

6 i

rousBEH 8 S A e A (L AL 08 s Bk e

admifistr&i@0dfthe Spaie orlRsoRneBrs OThOkid forhd islpart{caRuly abvant@Bous
mmol ) in DVF (30 m.) was added dropw se, and stirred

whenghe pgjagate @@ﬁa@@@mraée pisterablyadraingpterpd in d:tﬁfembdwagmiorms

0. B PRt bRt R 0 PR Gh R ARG AR R Pl sines

interval¥, Or ivben Viethiedn ¢flthe indhi@uaPEQEHRHehatF tH@@on@lﬁhét%ﬁ?Qes%éd by
filtration., The crude product was suspended in hot

theplﬁé@mmgflﬁhd sonicated for 5 min, allowed to stand
Cfo and, t filtere white solid
009y e pie ks RRBIA A ighosse el Pty v ERidnet h0o
called\/b‘llster Q) Bh&eﬂ-ﬂacﬁ?—ﬁ& welHnowh- iff ?he(ﬁackalé“'ng industéf &dH#d being
7.71 (t, 1A J Hz), 7.51 (t,
widely uged foi the]_pqtckggmg gf pl@;mac@ug@al Usit dggfr@ge f@ng](te(o@ts z&psulels/&nd

the 11%-58)861[5 eéﬁgicl Cané:lra C%Slsg 1’%\%«3 '\%szﬂathfﬁy Stier ma(t)enaij covered
with QfdlﬁonTIB@fe@a@y t’fﬁxﬁsl@}ilrkntzpléstﬁllﬁ’atéhﬁ; M&lgmﬁa@&(}k %ﬁﬂoeésgl

-1 -yl methyl)- benzonitrile (C). To a cold
recesge@lam fosmedin !bérpka,sngf@d ﬁwgme@m heeeibe size (am slgape ®§individual

table a de%Psk%F IPI\/E%B%}L e or6m gy §V§ t@‘%}ﬁ%?lﬁjde {Iﬁ{)‘%fg o\é’a[e multiple

tabletk @hdi/onebshigs aclisl prgkéd. Bext 28 tabTéﬂ@omaﬁEMéﬁar&\@Fac& inth&d
at r.t for 20 mn. After addlt@% i odonet hane (5 4 ni,

recesses apeRdingly anddhe sheskofelativedn btéld makatiad isi sealed ageingt Hiesplastic

foil a{) t\?lg?%ceﬁf%e foﬂ?}xrl%lltglsnoigaséiée Ort%&é ch reﬁtl%glu\ghlﬁ—lﬁ gqerrg(ées%ea Jvere

formetasA i ﬁeS@ﬂt MBEl tabletLdich Bt dira\as Redu Aty lsBalv@biedol B ely sealed,
brine, dried (Na2SO4), and filtered then concentrated

as degifpdy e repREses bweerpih@ dlpstic m&alzﬁlrttz@ shagtet. i | Ere&r&bdsothe strength

o ST S T b SRR
manuZ].137 @pp(lymg Péssuke 5n thcreties v7h€>5éb aln Oféﬁl,ng\ls E)H?u(a@ﬂ'i& Hssheet at

, 111, J = 8 Hz), 6.
the plscez# tfl@ recgs) th(lﬂs’f cmﬁumqan é%ﬁncbecremwecmla said CpNE02,

10099 & g A R PR Pl R0 P bl oS K dbtansq
daily dbéé@ e 2fla dme @Y thie i@k f&bf lheM' inehid dseb Pﬂﬁ&ﬁbl‘yr t'hls Qispbdbr is

6- Chl or o- 3- net hy1- 2, 4- di oxo- 3, 4-di hydro
equlppp Wthmrafpmony-a;ql Fetah{d f}utb@n{mhmtfr Nmpl(a@s@wrtg thell:eggnen An

exam{ﬁ%f n%% ﬁ]&)%éng 1%%“%9'15 ﬁ%lﬁlléer}%gaé 6%8021 & tge pm?r)oﬁally
dosesWBAt@1a$ bednrcﬁ@beﬁrsetdh &%dﬁf@xﬁﬁﬁk‘é@m% dﬁﬁéﬁ@ﬂz‘-eﬁ& iS4 BMRSy-
(4A) in dry MeOH (5 nlL) at 100 C for 2 The react’ion

powergdsnictd-elip e@bmcw oongfedCelth aélquxd(myﬁdtrcaioed of audille weminder

t ed with wate
signalipficl, BErSismilodSuliiou e dace i o Gale pveii bR aken
and/onHii’ﬁhﬂ‘se&le%Héﬂ'hén@;&%%n‘ﬂ@ﬁ@taﬂ@ﬁhed with water, dried

(Na2S®™4), and filtered. TFA (1nlL) was added into the
sol ution which was then concentrated in vacuo. The
resi due was dissolved in a small anmount of MeOH, and
Et 20 was added to force precipitation. The m xture was
allowed to stand at RT ovéPnight. Solvents were
decanted, and the solid was washed with Et20 two tines
to give 270 ng product as off-white powder. 1HNMR (400
MHz, CDC13-CD3OD 10:1): 67.82 (d, 1H, S = 7.6 Hz),
7.65 (t, 111, J = 7.6 Hz), 7.46 (t, 1H J = 7.6 Hz),
7.23 (d, 1H, J =8.0 Hz), 5.42 (s, IH, 5.50-5.00
(ABg, 2H, J=416 15.2 Hz), 3.30 (m 2H), 3.16 (s,
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Materials and Reagents [0125] Unl ess ot herw se stated
Conmpound | Form A and anor phous material prepared from
wao bhiog/ozanpl e were used as the starting materi abGT/i182006/035701
all crystallization experinments. Solvents and ot her
reagents were of ACS or HPLC grade and were used as
DogageiKasss Sol ubility Estimates [0126] A wei ghed sanpl e
of Conpound | was treated with aliquots of the test
[01050] embpattions apedréinpés e prasent Tireennibx tier aptivad lyspovidad ot

.between aliquot additjons to facilitate dissaolution.
adml@é‘i‘?ﬁ}"é’tt@%HF’g%PrufﬁﬂBﬁl fll PW&S?S@g? OWRE OF mytipig dosage forms,

e SEAEIS DAY LR oL T s ML) e
parens@yhlwehttions edsuspensiang] atel sobnjphebesudpassainsitandril-Wwiter
actual solubility may be greater than_ thgose cal cul ated
emulyeRsAPeEIHRE Eblis @ agtitistromprungili Hadrdose Frmsvisyused Beein,
r . . | .

il R, L A LR U s
indivitiudlinad is Gtacwn iwthei ang Haok usixdesd cvatiins d redaeqplia¢dquantity of
di ssql ution was achieved as a result_of only one .
Compgung J sttiigifat 19 RAuGeHBe desitad herapguiicetiseh i deegiagan with a

" . | . bili Estd .
pra L ERLE SO RGy PRUUBLL RSB L
ampofuieg iand kyrirgeacat] nd vila 2y a8k Q2 d 1A ddpdles/ BUMID-dsde forms
CH2C12. 1924-78-03 <3 DVF 1924-77-07 6 dj oxane ) .
may hepshninistepsl ingasfionptamyliplss thereog HApuliighesdosg feymn is3 plysality

of identical unit-dosage forms packaged in a single container to be administered in
segregated unit-dose form. Examples of multiple-dose forms include vials, bottles of
tablets or capsules, or bottles of pints or gallons. Hence, multiple dose form may be
viewed as a multiple of unit-doses that are not segregated in packaging.

[0101] In general, the total amount of Compound I in a pharmaceutical composition
according to the present invention should be sufficient to a c)lesired therapeutic effect.
This amount may be delivered as a single per day dosage, multiple dosages per day to be
administered at intervals of time, or as a continuous release dosage form. Dosage forms
or compositions may optionally comprise Compound I in the range of 0.005% to 100%
(weight/weight) with the balance comprising additional substances such as those
described herein. For oral administration, a pharmaceutically acceptable composition
may optionally comprise any one or more commonly employed excipients, such as, for
example pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, talcum,
cellulose derivatives, sodium crosscarmellose, glucose, sucrose, magnesium carbonate,
sodium saccharin, talcum. Such compositions include solutions, suspensions, tablets,
caiasules, powders, dry powders for inhalers and sustained release formulations, such as,
but not limited to, implants and microencapsulated delivery systems, and biodegradable,
biocompatible polymers, such as collagen, ethylene vinyl acetate, polyanhydrides,

polyglycolic acid, polyorthoesters, polylactic acid and others. Methods for preparing
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1924-77-03 <1 MeOH 1924-77-01 13 MEK 1924-77-05 3 M BK
1924-77-06 <3 THF 1924-78-04 <1 water 1924-77-04 8 a.
wa\pprosE3mat e sol ubilities rounded to nearest wWhEOI/8S2006/035701
nunber. [0127] Form A pol ynor ph was found to be
soluble in water (8 ng/nL), methanol (13 ng/nL),
these dprmylations everkingwn(te thage skijled insthppit. htgompedivons Hay

oio RS v OO0 G AT o T3 s
optioh&BPLYF,. KRhpasitiond écc@idilgg . thé'Brednk invERESRE @?g‘ﬁ@ S

i ndicates that this solid phase is thermally
proviggsbipe admmisgatipso kmadngsing aninthlniplunitrigsgeesi fatms, such as tablets,

1 i nat i d ined. that Form A nelts at 1d
capsif5 51T PR T LB D 8Eo TG v par e s or

suspefsiORITRAS bfaBi RetidiR R shidpefsiBR] YIS RWate? cRAukds@BhBining
hydrate. Table 5. Conpound [ Pol ynorph Screen -

suitatdo urntities Eetbe corBrpads rpemticil 8yl the phar@oemditicalincBptaple salts,
prefer%glé/éﬁie)g’éjdl&t}n 8%1?0 b%gq,o&.g ‘i"glg ﬁh{:%gce]ﬁ%icgﬂynt/hereégghmicﬁly ﬂive
compounds and derivatives thereof are typically formulated and administered in unit-
dosage forms or multiple-dosage forms. Unit-dose forms, as used herein, refers to
physically discrete units suitable for human and animal subjects and packaged
individually as is known in the art. Each unit-dose contains a predetermined quantity of
the therapeutically active compound sufficient to produce the desired therapeutic effect,
in association with the required pharmaceutical carrier, vehicle or diluent. Examples of
unit-dose forms include ampoules and syringes individually packaged tablet or capsule.
Unit-dose forms may be administered in fractions or multiples thereof. A multiple-dose
form is a plurality of identical unit-dosage forms packaged in a single container to be
administered in segregated unit-dose form. Examples of multiple-dose forms include
vials, bottles of tablets or capsules or bottles of pint or gallons. Hence, multiple dose
form is a multiple of unit-doses that are not segregated in packaging. Dosage forms or
compositions may optionally comprise Compound I in the range of 0.005% to 100%
(weight/weight) with the balance comprising additional substances such as those
described herein. For oral administration, a pharmaceutically acceptable composition
vm‘ay oi_ationally comprise any one or more commonly employed excipients, such as, for
example pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, talcum,
cellulose derivatives, sodium crosscarmellose, glucose, sucrose, magnesium carbonate,
sodium saccharin, talcum. Such compositions include solutions, suspensions, tablets,
capsules, powders, dry powders for inhalers and sustained release formulations, such as,
but not limited to, implants and microencapsulated delivery systems, and biodegradable,
biocompatible polymers, such as collagen, ethylene vinyl acetate, polyanhydrides,

polyglycolic acid, polyorthoesters, polylactic acid and others. Methods for preparing
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mlled formA 30 min/ 30Hz at RT 1966-04-02 di sordered
formA di sordered form A water wet mlled formA

w@00303487f or 20 mins 20 12-22-0 1 formA f oPCM/BS200£035701
m |l ed anmorphous at 30Hz for 5 mins 1994-89-02 formA

reeze mll 3x2m n@OHz 1966- 35-01 di sordered formA
these formulations are known to those skilled in the art. The compositions may

opt1ona11y contain 0.01%-100% (weight/weight) of Compound I, optionally 0.1-95%, and
optionally 1-95%. ‘

[0102] In one embodiment, the pharmaceutical composition is a pill or capsule
adapted for oral administration. In another embodiment, the pharmaceutical composition
is in an oral dosage form selected from the group consisting of pills, tablets, capsules,
emulsions, suspensions, microsuspensions, wafers, sprinkles, chewing gum, powders,
lyophilized powders, granules, and troches. In still another embodiment, the
pharmaceutical composition is in a parenteral dosage form selected from the group
consisting of suspensions, microsuspensions, emulsions, solid forms suitable for
suspension or emulsification prior to injection, and implantable devices. In yet another
embodiment, the pharmaceutical composition is adapted for topical or transdermal
administration. In a further embodiment, the pharmaceutical composition is in a topical
or transdermal dosage form selected from the group consisting of suspensions,
microsuspensions, emulsions, creams, gels, ointments, lotions, tinctures, pastes, powders,
foams, aerosols, irrigations, sprays, suppositories, bandages, and dermal patches. In still
a further embodiment, the pharmaceutical composition is in a pulmonary dosage form
selected from the group consisting of powders, aerosols, suspensions, microsuspensions,

and emulsions.

A. Formulations for oral administration
[0103]  Oral pharmaceutical dosage forms may be as a solid, gel or liquid where
Compound 1 is retained in one of the polymorphic forms. Examples of solid dosage
forms include, but are not limited to tablets, capsules, granules, and bulk powders. More
specific examples of oral tablets include compressed, chewable lozenges and tablets that
may be enteric-coated, sugar-coated or film-coated. Examples of capsules include hard
or soft gelatin capsules. Granules and powders may be provided in non-effervescent or
effervescent forms. Each may be combined with other ingredients known to those skilled
in the art.
[0104] In certain embodiments, Compound I is provided as solid dosage forms,
preferably capsules or tablets. The tablets, pills, capsules, troches and the like may

optionally contain one or more of the following ingredients, or compounds of a similar
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nature: a binder; a diluent; a disintegrating agent; a lubricant; a glidant; a sweetening
agent; and a flavoring agent.

[0105]  Examples of binders that may be used include, but are not limited to,
microcrystalline cellulose, gum tragacanth, glucose solution, acacia mucilage, gelatin
solution, sucrose and starch paste.

[0106] Examples of lubricants that may be used include, but are not limited to, talc,
starch, magnesium or calcium stearate, lycopodium and stearic acid.

[0107]  Examples of diluents that may be used include, but are not limited to, lactose,
sucrose, starch, kaolin, salt, mannitol and dicalcium phosphate.

[0108] Examples of glidants that may be used include, but are not limited to, colloidal
silicon dioxide.

[0109] Examples of disintegrating agents that may be used include, but are not limited
to, crosscarmellose sodium, sodium starch glycolate, alginic acid, corn starch, potato
starch, bentonite, methylcellulose, agar and carboxymethylcellulose.

[0110]  Examples of coloring agents that may be used include, but are not limited to,
any of the approved certified water soluble FD and C dyes, mixtures thereof; and water
insoluble FD and C dyes suspended on alumina hydrate.

[0111]  Examples of sweetening agents that may be used include, but are not limited
to, sucrose, lactose, mannitol and artificial sweetening agents such as sodium cyclamate
and saccharin, and any number of spray-dried flavors.

[0112] Examples of flavoring agents that may be uséd include, but are not limited to,
natural flavors extracted from plants such as fruits and synthetic blends of compounds
that produce a pleasant sensation, such as, but not limited to peppermint and methyl
salicylate.

[0113]  Examples of wetting agents that may be used include, but are not limited to,
propylene glycol monostearate, sorbitan monooleate, diethylene glycol monolaurate and
polyoxyethylene lauryl ether.

[0114] Examples of anti-emetic coatings that may be used include, but are not limited

to, fatty acids, fats, waxes, shellac, ammoniated shellac and cellulose acetate phthalates.
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[0115] Examples of film coatings that may be used include, but are not limited to,
hydroxyethylcellulose, sodium carboxymethylcellulose, polyethylene glycol 4000 and
cellulose acetate phthalate.

[0116]  If oral administration is desired, Compound I may optionally be provided in a
composition that protects it from the acidic environment of the stomach. For example,
the composition can be formulated in an enteric coating that maintains its integrity in the
stomach and releases the active compound in the intestine. The composition may also be
formulated in combination with an antacid or other such ingredient.

[0117]  When the dosage unit form is a capsule, it may optionally additionally
comprise a liquid carrier such as a fatty oil. In addition, dosage unit forms may
optionally additionally comprise various other materials that modify the physical form of
the dosage unit, for example, coatings of sugar and other enteric agents.

[0118] Compound I may also be administered as a component of an elixir,
suspension, syrup, wafer, sprinkle, chewing gum or the like. A syrup may optionally
comprise, in addition to the active compounds, sucrose as a sweetening agent and certain
preservatives, dyes and colorings and flavors.

[0119] It is understood that the precise dosage and duration of treatment will be a
function of the location of where the composition is parenterally administered, the carrier
and other variables that may be determined empirically using known testing protocols or
by extrapolation from in vivo or in vitro test data. It is to be noted that concentrations
and dosage values may also ultimately depend on, among other criteria known to those of
skill in the art, the age, weight and condition of the patient or animal, as is known in the
art. Tt is to be further understood that for any particular subject, specific dosage regimens
may need to be adjusted over time according to the individual need and the professional
judgment of the person administering or supervising the administration of the
formulations. Hence, the concentration ranges set forth herein are intended to be

exemplary and are not intended to limit the scope or practice of the claimed formulations.
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EXAMPLES

Example 1: Preparation of Compound I
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Compound B

[0120]  2-(6-Chloro-2,4-dioxo-3,4-dihydro-2H-pyrimidin-1-ylmethyl)-benzonitrile
(B). To a solution of 6-chlorouracil (20 g, 122 mmol) in a mixture of DMF-DMSO (6:1,

600 mL) under nitrogen at 0 °C, was added sodium hydride (60%,-5.5 g, 137 mmol) in
portions. After 0.5h, lithium bromide (8 g, 96 mmol) was added into the mixture and
stirred for 15 min at 0 °C. "A solution of o+Bromo-o-tolunitrile (25.1 g, 128 mmol) in
DMF (30 mL) was added dropwise, and stirred at this temperature for 1 h,’and then RT
overnight. The mixture was evaporated and co-evaporated with water in vacuo to
remove most of DMF, and then poured into ice water (1L). The precipitate was collected
by filtration. The crude product was suspended in hot AcOEt-CHCl; and sonicated for 5
min, allowed to stand at O °C for 1h, and then filtered to give a white solid of the title
compound (19 g) in 54% yield. 'H-NMR (400 MHz, DMSO): § 11.82 (s, 1H), 7.87 (d,
IH,J=7.6 Hz), 7.71 (t, 1H, J = 7.6 Hz), 7.51 (t, 1H, ] = 7.6 Hz), 7.37 (d, 1H, ] = 8 Hz),
6.06 (s, 1H), 5.31 (s, 2H). MS (ES) [m+H] calc’d for C;,HyCIN;0,, 262.0; found 262.0.
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[0121]  2-(6-Chloro-3-methyl-2,4-dioxo-3,4-dihydro-2H-pyrimidin-1-ylmethyl)-
benzonitrile (C). To a cold (0 °C) solution of benzylated 6-chlorouracil 2 (10 g, 38
mmol) in DMF-THF (1:1, 300 mL) under nitrogen, was added NaH (60%, 1.6 g, 39.9
mmol) in portions, followed by adding LiBr (2g). The mixture was stirred at r.t for 20
min. After adding iodomethane (5.4 mL, 76 mmol), the flask was sealed and stirred at
this temperature for 10 min, rt for 2h, and 35 °C overnight, and then concentrated in
vacuo. The residue was dissolved in CHCl; and washed with water and brine, dried
(Na,SOy), and filtered then concentrated in vacuo. The crude product was crystallized
from THF-Hexanes to give 7.6 g (72%) of the title compound 3. 'H NMR (400 MHz,
DMSO): 67.87 (d, 1H, J=7.6 Hz), 7.70 (t, 1H, J = 7.6 Hz), 7.51 (t, 1H, J = 7.6 Hz), 7.40
(d, 1H, J =8 Hz), 6.21 (s, 1H), 5.38 (s, 2H), 3.28 (s, 3H). MS (ES) [m-+H] calc’d for
Ci3H;;CIN30,, 276.1; found 276.1.

Compound D

[0122]  2-{6-[3(R)-Amino-piperidin-1-yl]-3-methyl-2,4-diox0-3,4-dihydro-2H-
pyrimidin-1-ylmethyl } -benzonitrile (D). 2-(6-Chloro-3-methyl-2,4-dioxo-3,4-dihydro-2-
H-pyrimidin-1-ylmethyl)-benzonitrile (330 mg, 1.08 mmol), (R)-3-amino-piperidine
dihydrochloride (246 mg, 1.4 mmol) and sodium bicarbonate (500mg, 5.4 mmol) were
stirred with 200 mg activated molecular sieves (4A) in dry MeOH (5 mL) at 100 °C for 2
h. The reaction was filtered through Celite, concentrated in vacuo, and then diluted with

CHCIs, and washed with water. The water phase was extracted with CHCl; and the

35



1966- 29- 03 SC(60C) 1924-69-01' 1924-93- 04'
1966- 16- 03" DWVMSO FE 1966-72-04 form A di oxane FE
wd 2440358708 SE 1966-31-01 CE 1966-29-04 - PCT/US2006/035701

combined organic phases were washed with water, dried (Na,SOy), and filtered. TFA
(1mL) was added into the solution which was then concentrated in vacuo. The residue
was dissolved in a small amount of MeOH, and Et,O was added to force precipitation.
The mixture was allowed to stand at RT overnight. Solvents were decanted, and the
solid was washed with Et,O two times to give 270 mg product as off-white powder. 'H-
NMR (400 MHz, CDCl3-CDsOD 10:1): 8 7.82 (d, 1H,J=7.6 Hz), 7.65 (t, 1H, ] = 7.6
Hz), 7.46 (t, 1H,J = 7.6 Hz), 7.23 (d, 1H, J = 8.0 Hz), 5.42 (s, 1H), 5.50-5.00 (ABq, 2H,
J=41.6,15.2 Hz), 3.30 (m, 2H), 3.16 (s, 3H), 2.91 (m, 1H), 2.76 (m, 2H), 1.93 (m, 1H),
1.79 (m, 1H), 1.51 (m, 2H). MS (ES) [m+H] calc’d for C;sH,»N50,, 340.2; found,
340.2.

Compound I
O

o

HQNU NTT0 PhCOOH
O

[0123]  The benzoic acid salt was formed by treating the benzonitrile product (D) with
benzoic acid to form 2-[6-(3-amino-piperidin-1-yl)-3-methyl-2,4-diox0-3,4-dihydro-2H-
pyrimidin-1-ylmethyl]-benzonitrile benzoate. Preparation and isolation of the benzoate
salt was performed by conventional methods for the formation of acid addition salts. 'H-
NMR (400 MHz, CDCl3-CD3;0D 10:1): § 7.82 (d, 1H,J=7.6 Hz), 7.65 (t, 1H, T = 7.6
Hz),7.46 (t, 1H,J = 7.6 Hz), 7.23 (d, 1H, J = 8.0 Hz), 5.42 (s, 1H), 5.50-5.00 (ABq, 2H,
J=41.6, 15.2 Hz), 3.30 (m, 2H), 3.16 (s, 3H), 2.91 (m, 1H), 2.76 (m, 2H), 1.93 (m, 1H),
1.79 (m, 1H), 1.51 (m, 2H). MS (ES) [m+H] calc’d for C;gH2,N50,, 340.2; found,
340.2.

Example 2: Characterization of Solubility of Compound I in Different Solvents
[0124]  The following experiments were performed in order to determine the solubility
of Compound Iin different solvents and solvent systems. This information was later

used to identify potential crystallization conditions for Compound L.
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Materials and Reagents
[0125]  Unless otherwise stated Compound I Form A and amorphous material
prepared from this sample were used as the starting materials for all crystallization
experiments. Solvents and other reagents were of ACS or HPLC grade and were used as
received.

Solubility Estimates

[0126] A weighed sample of Compound I was treated with aliquots of the test solvent
at room temperature. The mixture was sonicated between aliquot additions to facilitate
dissolution. Complete dissolution of the test material was determined by visual
inspection. Solubilities were estimated from these experiments based on the total solvent
used to provide complete dissolution. The actual solubility may be greater than those
calculated because of the use of solvent aliquots that were too large or due to a slow rate
of dissolution. The solubility is expressed as “less than” if dissolution did not occur
during the experiment. If complete dissolution was achieved as a result of only one
aliquot addition, the solubility is expressed as “greater than.”

Table 4: Solubility Estimates for Compound I Form A

Solvent Sample No. Solubility (mg/mL) *
acetone 1924-78-02 <3
CAN 1924-78-05 <1
CH,Cl, 1924-78-03 <3
DMEF 1924-77-07 6
dioxane 1924-78-06 <1
EtOH 1924-77-02 <3
EtOAc 1924-78-01 <3
IPA 1924-77-03 <1
MeOH 1924-77-01 13
MEK 1924-77-05 3
MIBK 1924-77-06 <3
THF 1924-78-04 <1
water 1924-77-04 8

a. Approximate solubilities rounded to nearest whole number.

[0127]  Form A polymorph was found to be soluble in water (8 mg/mL), methanol (13
mg/mL), dimethylformide (6 mg/mL), methyl ethyl ketone (3 mg/mL) and acetone,
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dichloromethane, ethanol, ethyl acetate and methyl isobutyl ketone, all at < 3_ mg/mL).
Thermal analysis indicates that this solid phase is thermally stable above 172 °C. DSC
analysis and melting point determinations determined that Form A melts at around 172
°C. Moisture sorption/desorption analysis of form A demonstrates that this polymorph is
a variable hydrate.

Table 5. Compound I Polymorph Screen — Solution-Based Experiments

Solvent Conditions® Sample No. Result
milled form A for 15 disordered
) min/ 30Hz at RT 1966-04-01 form A
disordered
milled form A 30 form A
) min/ 30Hz at RT 1966-04-02 disordered
form A°
wet milled form A at form A
30Hz for 20 mins 2012-22-01 form A
water wet milled
amorphous at 30Hz 1994-89-02 form A
for 5 mins
freeze mill disordered
) 3x2min@10Hz 1966-35-01 form A
FE 1924-73-02 form A
SE 1924-73-07 disordered
form A
o 1924-69-06° -
acetone SC(45°C) 1024-04.02° -
SE of 1924-94-02 1966-16-04° -
RE (40°C) 1924-83-02 -
RT slurry 1924-97-05 form A
FE 1924-71-09 -
ACN SE 1966-14-03 -
SC(60°C) 1924-67-05 form A
ACN RT slurry 1924-97-09 form A
60°C slurry 1924-98-03 form A
FE 1924-71-01 -
SE 1924-74-03 form A
1924-66-02 -
butanol SC(60°C) 1924-93-03 -
1966-16-02 -
RT slurry 1924-97-07 form A
60°C slurry 1924-98-02 form A
FE 1924-73-01 -
1924-73-06 -
c SE 1966-24-01 -
H,Cl, SC(@5°C) 1924-69-05° -
1924-94-01° -
RE (40°C) 1924-83-03 -
i RT slurry 1924-97-04 -
DME FE 1924-73-05 -




1966- 75- 02 1994-25-01 form A Et OAc FE 1924-71-04
formA SE 1924-74-05 disordered formA 1966- 14- 04

wEL®A03S 60C) 1924-67-06 RT slurry 1924-97-8dr/0/82008/685701
60C slurry 1924-98-04 formA

Solvent Conditions” Sample No. Result
1924-73-05 in 40°C 1966-18-01 i
oven
1966-29-01 -
CE 1966-29-02 -
1966-29-03 -
1924-69-01° -
SC(60°C) 1924-93-04° -
1966-16-03° -
DMSO FE 1966-72-04 form A
FE 1924-71-08 -
SE 1966-31-01 -
. 1966-29-04 -
dioxane CE 19662005 -
SC(60°C) 1924-67-03 form A
RT slurry 1924-97-03 form A
FE 1924-73-04 form A
SE 1924-73-09 form A
1966-15-01° -
1966-30-01 -
EtOH CE 1966-30-02 -
1966-30-03 -
R 1924-69-03° _
SC0°C) 1924-93-05° form A
RT slurry 1924-97-08 form A
EItI?_/Ik:I- RE, evaporation 1966-71-02 form A
SC(60°C) 1966-93-01 -
EtOH- 1966-61-01 -
water SC (80°C) 1966-75-02 -
1994-25-01 form A
FE 1924-71-04 form A
disordered
EtOAc SE 1924-74-05 form A
1966-14-04 -
SC(60°C) 1924-67-06 -
RT slurry 1924-97-11 form A
BtOAc 60°C slurry 1924-98-04 form A
VS 1966-79-02 -
FE 1924-71-07 -
FE, 60 oy P 19661601 .
beptane SC(60°C) 1924-66-01 3
1924-93-02 -
RT slurry 1924-97-06 form A
1924-71-11 -
FE 1924-92-02° -
SE 1924-74-04 form A
IPA SC(60°C) 1924-69-02° form A
RT slurry 1924-97-02 form A
60°C slurry 1924-98-01 form A
VS 1966-79-01 -
TPOAC FE 1966-50-01 -
IPOAc SC(60°C) 1966-50-02 -
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VS 1966-79-02 heptane FE 1924-71-07 -

(1924-93- 02) 1966-16-01

NE, 60C

SC(60C) 1924- 66- 01

wd 244083702 RT slurry 1924-97-06 form A | PA FEI/US2006/035701
1924-71-11 1924-92-02'
Solvent Conditions® Sample No. Result
SC(80°C) 1994-26-02 form A
FE 1924-73-03 -
1924-93-01° -
1994-10-01 -
1994-10-02 -
1994-10-03 -
1994-10-04 -
SE 1924-73-08 form A
1966-29-06 -
CE 1966-29-07 -
SC(60°C) 1924-69-04° form A
MeOH 60°C slurry 1924-98-05 form A
1924-83-01 -
form A
1966-09-01 endotherms:
187,211°C
RE 1966-73-01 -
1966-73-02 -
1966-73-03 -
1994-07-01 amorphous
RE, vac. 1966-76-01 form A +
amorphous
RE atRT 1994-89-01 amorphous
1924-71-10 -
MEK FE 1924-92-01 -
SE 1924-74-01 -
SC(60°C) 1924-67-07 form A
FE 1924-71-05 form A
SE 1966-14-02 -
1966-29-08 -
MIBK CE 1966-29-09 -
1966-29-10 -
SC(60°C) 1924-67-02 -
NO,Me FE 1966-72-03 -
VS 1966-79-03 -
FE 1966-72-01 -
TEE SE 1966-72-02 -
1994-31-01 ‘ -
RE, 40°C oven 1994-02-01 form A
FE 1924-71-02 -
SE 1924-73-10 -
THE SC(60°C) 1924-67-04 form A
RT slurry 1924-97-01 form A
FE 1924-71-03 -
' toluene SE 1966-14-01 -
SC(60°C) 1924-66-03 -
RT slurry 1924-97-10 form A
FE 1924-71-06 amorphous
SE 1924-74-02 form A
water SC(60°C) 1924-67-01 -
SC(80°C) 1966-64-01 -
water RE 1966-75-01 form A
RE 1966-44-01 form A
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SE 1924-74-04 form A SC(60C) 1924-69-02' formA RT
slurry 1924-97-02 form A 60C slurry 1924-98-01 formA
wW/301068779- 01 | POAc FE 1966-50-01 - | POAC SC¢GDT$2006/035701

1966- 50- 02 Sol vent Condi ti ons'

Solvent Conditions” Sample No. Result
. 1094-12-01 amorphous
lyophilization amorphous
2035-15-01 amorphous

a. FE = fast evaporation, SE = slow evaporation, SC = slow cool, RT = room temperature, VS = vapor stress, RE = rotary evaporator,
b. B = birefringence, E = extinction. Observations made visually or using polarized light microscopy. ¢. Samples considered non-GMP.

§ = non-GMP observations.

Sample Preparation

General Methods

[0128] Slow Evaporation (SE): Form A was added to solvents of interest.
Sonication was used to aid in dissolution. Once the mixture dissolved, as judged by
visual inspection, the solution was passed through 0.2-4m nylon filter into a clean vial,
covered with aluminum foil and perforated. The solution was allowed to evaporate under
ambient éonditions.

[0129] Fast Evaporation (FE): Samples were prepared according to the method for
slow evaporation, except that solutions were left uncovered to evaporate.

[0130] Slow Cool (SC): Concentrated solutions of Form A were prepared in various
- solvents at ambient or at elevated temperature. The concentrated solutions were filtered
through 0.2-4m nylon filters into clean vials. The solutions were allowed to slowly cool
to room temperature. Further cooling to sub-ambient temperatures was achieved by
placing samples in a refrigerator or freezer.

[0131] TFast Cool (FC): Concentrated solutions of Form A were prepared in various
solvents at elevated temperatures. The concentrated solutions were filtered through 0.2-
4m nylon filters into clean vials. The solutions were removed from the heat source and
placed at room temperature. Further cooling to sub-ambient femperatures was achieved
by placing samples in a refrigerator or freezer.

[0132] Rotary Evaporation (RE): Concentrated solutions of Form A were prepared
in various test solvents. Solutions were passed through 0.2-um nylon filters into clean
containers, and samples were stripped to dryness using a Biichi R-114 rotavapor.
Samples were immersed and rotated in a water bath at 30 or 40 °C set point during
evaporation. '

[0133]  Crash Precipitation (CP): A concentrated solution of Form A was prepared

in different solvents at elevated temperature. Solutions were passed through 0.2-um
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nylon filters into clean vials. Antisolvent was then added to the sample solutions.
Precipitates that formed were collected by vacuum filtration.

[0134]  Slurries: Saturated solutions of Form A containing excess solid were
prepared in various solvents. The samples were placed on a shaker block and agitated at
a set temperature for a period of time. Solids were later collected for analysis by
decanting the solutions or by vacuum filtration.

[0135] Vapor Diffusions (VD): Form A was dissolved in test solvents. These
solutions were passed through a 0.2-4m filter into small vials. The small vials were
placed, uncovered, into larger vials containing a miscible antisolvent. The large vials
were capped, sealed with Parafilm® and kept at ambient conditions. Solids that formed
were isolated and analyzed. .
[0136] Vapor Stress (VS) Experiments: Form A was dispensed into a small vial,
which was placed, uncapped, in a larger vial containing a diffusing solvent. The larger
vial was sealed and stored at ambient temperature. Samples were also stressed in ovens
at elevated temperatures and under different relétive humidity conditions.

[0137]  Capillary Evaporations (CE): Solutions of Form A were filled into glass
capillaries by centrifugation. The capillary samples were then allowed to evaporate.
[0138] Crash Cools (CC): Samples of Form A in different solvents were prepared
and passed through 0.2-xm nylon filters into clean vials. The vials containing solutions
were then rapidly cooled by submersion in a dry ice/acetone bath for several seconds.
Solids that precipitate were collected by filtration and dried.

[0139]  Milling Experiments: A small amount of Form A was placed in a grinding
holder with milling ball and the holder capped. The sample was then ground in a mixer
miller at a frequency of 30Hz for a measured time interval. The solids were examined
using optical microscopy. Several samples were wet-milled by addiﬁg sufficient water to
the sample to dampen it before milling.

[0140] Cryogrinding Experiments: A small amount of Form A was ground at a
frequency of 10 Hz for a total of 6 minutes using a Spex Centriprep 6750 freezer miller
filled with liquid nitrogen. The sample was allowed to cool for one minute after every
two minute grinding cycle. The sample was removed from the mill and allowed to

equilibrate to room temperature in a large desiccator.
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Example 3: X-Ray Powder Diffraction

[0141]  X-ray powder diffraction analyses were performed using a Shimadzu XRD-
6000 X-ray powder diffractometer using Cu Karadiation. The instrument is equipped
with a long fine focus X-ray tube. The tube voltage and amperage were set to 40 kV and
40 mA, respectively. The divergence and scattering slits were set at 1° and the receiving
slit was set at 0.15 mm. Diffracted radiation was detected by a Nal scintillation detector.
A 6-26 continuous scan at 3 °/min (0.4 sec/0.02° step) from 2.5 to 40 °20was used. A
silicon standard was analyzed to check the instrument alignment. Data were collected
and analyzed using XRD-6000 v. 4.1. Samples were prepared for analysis by placing
them in an aluminum holder with silicon insert.

[0142]  X-ray powder diffraction (XRPD) analyses were also performed using an Inel
XRG-3000 diffractometer equipped with a CPS (Curved Position Sensitive) detector
with a 26range of 120°. Real time data were collected using Cu-K¢rradiation starting at
approximately 4 °2 ¢ at a resolution of 0.03 °26. The tube voltage and amperage were set
to 40 kV and 30 mA, respectively. The monochromator slit was set at 5 mm by 80 pm.
The pattern is displayed from 2.5-40 °26. Samples were prepared for analysis by packing
them into thin-walled glass capillaries. Each capillary was mounted onto a goniometer
head that is motorized to permit spinning of the capillary during data acquisition. The
samples were analyzed for 5 min. Instrument calibration was performed using a silicon
reference standard.

[0143]  Data Collection: A colorless plate of CysHzoN50,,C7Hs0, having approximate -
dimensions of 0.50 x 0.35 x 0.28 mm was mounted on a glass fiber in a random
orientation. Preliminary examination and data collection were performed Mo K,
radiation (A = 0.71073A) on a Nonius KappaCCD equipped with a graphite crystal,
incident beam monochromator. Cell constants for data collection were obtained from
least-squares refinement, using the setting angles of 13398 reflections in the range 2 < 6
< 27°. The refined mosaicity from DENZO/SCALEPACK was 0.41° indicating good
crystal quality. The space group was determined by the program XPREP. From the
systematic presences of: 700 A=2n, 0k0 k=2n, 00! /=2n and from subsequent least-

squares refinement, the space group was determined to be P2;2,2; (no. 19). The data
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were collected at a temperature of 423 K. Data were collected to a maximum 26 of
55.1°.

[0144] Data Reduction: A total of 13398 reflections were collected, of which 4589
were unique. Frames were integrated with DENZO-SMN. Lorentz and polarization
corrections were applied to the data. The linear absorption coefficient is 0.9 /cm for Mo
K, radiation. An empirical absorption correction using SCALEPACK was applied.
Transmission coefficients ranged from 0.943 to 0.976. A secondary extinction correction
was applied. Intensities of equivalent reflections were averaged. The agreement factor
for the averaging was 10.2 % based on intensity.

[0145]  Structure Solution and Refinement: The structure was solved by direct
methods using SIR2002. The remaining atoms were located in succeeding difference
Fourier syntheses. Hydrogen atoms were included in the refinement but restrained to ride

on the atom to which they are bonded. The structure was refined in full-matrix least-
squares by minimizing the function:

Slef -|E) )

The weight w is defined as 1/[6*(F,2)+(0.1225P)*] where P=(F,? +2F.2)/3.

2—|FC

[0146]  Scattering factors were taken from the "International Tables for
Crystallog;aphy". Of the 4589 reflections were used in the refinements, only the 2414
reflections with F,>>2 o(F, ,,2) were used in, calculating R. The final cycle of refinement
included 321 variable parameters and converged (largest parameter shift was <0.01 times
its estimated standard deviation) with unweighted and weighted égreement factors of:

R=Y|F,-F|/>F, =0.068

[0147]  The standard deviation of an observation of unit weight was 1.06. The highest

peak in the final difference Fourier had a height of 0.34 ¢/A>. The minimum negative
peak had a height of -0.45 e/A>. The factor for the determination of the absolute
structure refined to -1.00. Refinement was performed on a LINUX PC using SHELX-97.
Crystallographic drawings were done using programs ORTEP.

[0148]  Computation of Disorder and Amorphous Content of Milled Samples: The
weight percent crystallinity of milled samples was determined by calculation using two
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software packages. Shimadzu percent crystallinity module, which is part of the Shimadzu
XRD-6000 software package, was used for samples with significant amorphous content.
In-house software was used for largely crystalline samples, as the Shimadzu software was
less accurate at low amorphous concentrations. For the in-house software, X-ray powder
data was first smoothed and then a series of digital filters is applied to separate the data
into three components: crystalline, amorphous and disordered. A background correction
was also applied. The percent amorphous content was then calculated by determining the
ratio of amorphous to the sum total of all three components. Both methods were run
under non-GMP conditions and provide approximate values only. ‘

[0149] Milling Studies: Dry milling Form A at ambient and liquid nitrogen
temperatures generated disordered Form A. Peak broadening, an offset baseline and
reduced signal intensity were characteristic of the XRPD patterns of dry milled samples.
Wet milling Form A and amorphous material with water produced crystalline Form A
solids. Four milled samples were analyzed by XRPD. All patterns matched Form A,
without visible amorphous content.

[0150] Calculation of Amorphous Content of a Milled Sample: XRPD patterns of
milled samples of Compound I Forma A exhibited peak broadening as well as an
amorphous halo. This suggested that two processes were contributing to the loss of
crystallinity: crystallite size reduction causing the peak broadening and amorphous
formation causing the offset baseline. A dry milled sample 1966-04-02 (milled for 30
minutes) was chosen for the study and the XRPD pattern of Form A (lot no. QZ-656-
17(1)) used as a reference standard of Form A. The weight percent of amorphous
material of the dry milled sample 1966-04-02 was estimated to be around 58 % by
calculation. Lot 635-181-1 contained around 13 % amorphous content by weight.
Values determined by computation are approximate, particularly at low amorphous
content. |

Example 4: Differential Scanning Calorimetry (DSC)

[0151]  Differential scanning calorimetry was performed using a TA Instruments
differential scanning calorimeter 2920. The sample was placed into an aluminum DSC
pan, and the weight accurately recorded. The pan was covered with a 1id and then

crimped. The sample cell was equilibrated at ambient temperature and heated under a
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nitrogen purge at a rate of 10 °C/min, up to a final temperature of 350 °C. Indium metal
was used as the calibration standard. Reported temperatures are at the transition maxima.
[0152]  For studies of the glass transition temperature (7) of the amorphous material,
the sample cell was equilibrated at room temperature, then heated under nitrogen at a rate
of 10 °C/min, up to 100 °C. The sample cell was then cooled to —40 °C before being
heated again at a rate of 10 °C/min up to a final temperature of 350 °C. The T} is
reported from the inflection point of the transition.

[0153] Cyclic DSC experiments were carried out by placing accurately weighed
samples in uncrimped pans. Samples were heated under nitrogen at a rate of 10 °C/min
to either 150 or 180 °C subsequently cooled to —40 °C. This procedure was repeated
twice before the sample was heated to 250 °C.

Example 5: Thermogravimetric Analysis (TGA)

[0154] Thermogravimetric analyses were performed using a TA Instruments 2950
thermogravimetric analyzer. Each sample was placed in an aluminum sample pan and
inserted into the TG furnace. The furnace was first equilibrated at ambient temperature,
then heated under nitrogen at a rate of 10 °C/min, up to a final temperature of 350 °C.
Nickel and Alumel™ were used as the calibration standards.

Example 6: Hot stage Microscopy (HSM)

[0155] Hot stage microscopy was performed using a Linkam hot stage mounted on a
Leica DM LP microscope. Samples were observed using a 20X objective with a lambda
plate with crossed polarizers. Samples were sandwiched between two coverslips and
visually observed as the stage was heated. Images were captured using a SPOT Insight™
color digital camera with SPOT Software v. 3.5.8. The hot stage was calibrated using
sulfapyridine and vanillin USP melting point standards.

Example 7: Fourier Transform Infrared Spectroscopy (FT-IR)

[6156] Infrared spectra were acquired on a Magna-IR 860° Fourier transform infrared
(FT-IR) spectrophotometer (Thermo Nicolet) equipped with an Ever-Glo mid/far IR
source, a potassium bromide (KBr) beamsplitter, and a deuterated triglycine sulfate
(DTGS) detector. An ATR Thunderdome accessory with non-concave tip was used for
sampling. Sample preparation consisted of placing the sample on a germanium crystal

and pressing the material against the crystal using a plunger. Each spectrum represents
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256 co-added scans collected at a spectral resolution of 4 cm™. An air background data
set was acquired. A Log 1/R (R = reflectance) spectrum was acquired by taking a ratio of
these two data sets against each other. Wavelength calibration was performed using
polystyrene.

[0157] Infrared spectra were also acquired using a diffuse reflectance accessory (the
Collector™, Thermo Spectra-Tech). Sample preparation consisted of placing the sample
into a 13-mm diameter cup. A background data set was acquired with an alignment
mirror in place. A Log 1/R (R = reflectance) spectrum was acquired by taking a ratio of
these two data sets against each other. Wavelength calibration was performed using
polystyrene.

Example 8: Raman Spectroscopy

[0158] FT-Raman spectra were acquired on an FT-Raman 960 spectrometer (Thermo
Nicolet). This spectrometer uses an excitation wavelength of 1064 nm. Approximately
0.6-0.8 W of Nd:YVOq laser power was used to irradiate the samples. The Raman
spectra were measured with an indium gallium arsenide (InGaAs) detector. The samples
were prepared for analysis by placing the material in a glass capillary or NMR tube. A
total of 256 sample scans were collected from 400 — 3600 cm™ at a spectral resolution of
4 cm™, using Happ-Genzel apodization. Wavelength calibration was performed using
sulfur and cyclohexane.

Example 9: NMR Spectroscopy

[0159]  Solution 'H NMR spectra can be acquired at ambient temperature on a Bruker
Instruments AM-250 spectrometer at a magnetic field strength of 5.87 Tesla (*H Larmor
frequency = 250 MHz). The samples can be dissolved in NMR-grade DMSO-dg.
Spectra can be acquired with a 'H pulse width of 8.5 ps (90°), a 2.5 second acquisition
time, a 5.0 second delay between scans, a spectral width of 6400.0 Hz with 32K data
points, and 32 co-added scans. Each free induction decay (FID) can be processed with
GRAMS/32 Al software v. 6.00 using a Fourier number equal to twice the number of
acquired points [or a larger multiple if zero filling is used] with an exponential line
broadening factor of 0.2 Hz to improve sensitivity. Peak tables can be generated by the
GRAMS software peak picking algorithm. For these spectra the residual peak from
incompletely deuterated DMSO-dg is located at approximately 2.50 ppm.

47



SC(60C) 1924-67-01 SC(80C) 1966-64-01 water RE
1966- 75-01 form A RE 1966-44-01 formA WO
wQOB7/h833872PCT/ US2006/ 035701 Sol vent Condi ti orCT/Gsavpé/e35701

No. Result Iyophilization 1994-12-01 anor phous
anor phous

Example 10: Moisture Sorption/Desorption Analyses

[0160] Moisture sorption/desorption data were collected on a VII SGA-100 Vapor
Sorption Analyzer. Sorption and desorption data were collected over a range of 5 % to
95 % relative humidity (RH) at 10 % RH intervals under a nitrogen purge. Samples were
not dried prior to analysis. Equilibrium criteria used for analysis were less than 0.0100 %
weight change in 5 minutes, with a maximum equilibration time of 3 hours if the weight
criterion was not met. Data were not corrected for the initial moisture content of the
samples. NaCl and PVP were used as calibration standards.

Example 11: Karl Fischer Water Analysis

[0161] Karl Fischer (titrimetric) water analysis can be performed according to U.S.
Pharmacopoeia, vol. 24, method 921, U.S.P. Pharmacopeial Convention, Inc, Rockville,
Md. The polymorph can be tested for water content by Karl Fischer titration using a
coulometer according to the published procedure and the manufacturer's coulometer
instructions.

[0162] While the present invention is disclosed with reference to certain embodiments
and examples detailed above, it is to be understood that these embodiments and examples
are intended to be illustrative rather than limiting. As such, it is contemplated that
various modifications and variations will be apparent to those skilled in the art and
intended that those modifications and variations fall within the scope of the invention
and the appended claims. All patents, patent applications, papers, and books cited in this

application are incorporated by reference herein in their entirety.
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a differential scanning calorinetry spectrum having a

Tg = 70 C (onset), an exothenn at 132 C, and an

endot herm onset at 183 C, and one or nore

phar maceutical carriers. 5. The pharnmaceutica

conposition according to claim4 wherei n at

| east a portion of Conmpound | is present in the

phar maceuti cal conposition as anorphous Form 1
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wei ght) is present in the conposition as anorphous
Form 1. 1 3. The conposition according to any one of
clainms 2-11, wherein greater than 5% of Conpound | (by
wei ght) is present in the corggosition as anorphous
Form 1. 14. The conposition according to any one of
clainms 2-11, wherein greater than 50% of Conpound I
(by weight) is present in the conposition as anorphous
Form 1. 15. The conposition according to any one of
clainms 2-11, wherein greater than 75% of Conpound I
(by weight) is present in the conposition as anorphous
Form 1. 16. The conposition according to any one of
clains 2-11, wherein greater than 90% of Conpound I



NC wherein at least a portion of Conpound 1 is present

in the pharnmaceutical conposition as anorphous Form 1

characterized by one or nore physical properties

selected fromthe group consisting of: an X-ray

powder diffraction pattern that shows a broad hal o

with no specific peaks present using Cu-Ka radiation;

an | R spectrum conprising absorption peaks at 1703,

1599, 1119, 868 and 809 cmel; an FT-Raman spectrum

conpri sing peaks at 805, 80mand 1703 cm'; and a

di fferential scanning calprﬂhetry spectrum having a Tg

= 70 C (onset), HA 132 Cph@moiHan endot henn

onset at 183 C; and nstructions which conprise

one or nore forms of “nfor nh selected fromthe

group consisting of indicating-a disease state for
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the article of manufacture conprises the conposition
ina multiple dose form 27.A conposition according to
any one of clains 2-19 for usg as a nedi canent, 28.
Use of a conposition according to any one of clains
2-19 in the manufacture of a nedicanment for inhibiting
di peptidyl peptidases. 29. Use of a conposition
according to any one of clains 2-19 in the manufacture
of a nedicanment for treating a disease state for which
di pepti dyl peptidases possess activity that
contributes to the pathol ogy and/ or synptonol ogy of
the di sease state. 30. Use of a conposition according
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N PhCO01-1 NC wherein at |least a portion of
Compound | is present in anmorphous Form 1, the nethod
selected fromthe group consisting of: (a)

rot oevaporation of Conpound I from nethanol; (b) fast
evaporation of Conpound | fromwater; (c)

| yophilization of Conpound | from water; (d)
crystallization of Conpound |I fromethyl acetate and

heg@ﬂ OF R AN sgé%tﬁﬁrﬁ&dm;iﬁtdg%alfsrdﬂ 805 sop,rqmpylooap Hioat 8045, 1134,

an exanes, nd | fr

116%| 10851280, 1386, 1443, 1578, 1608 1654 1703 2225, 2864 295% and 3065 cm™; and
a differential scanning calorimetry spectrum having a 7g = 70 °C (onset), an exotherm

at 132 °C, and an endotherm onset at 183 °C; and

instructions which comprise one or more forms of information selected from the group
consisting of indicating a disease state for which the composition is to be administered,
storage information for the composition, dosing information and instructions regarding how to

administer the composition.

22.  The kit according to any one of claims 20 and 21, wherein the kit comprises the

composition in a multiple dose form.

23. An article of manufacture comprising:
a composition according to any one of claims 2-19; and

packaging materials.

24.  The article of manufacture according to claim 23, wherein the packaging material

comprises a container for housing the composition.

25.  The article of manufacture according to claim 24, wherein the container comprises a
label indicating one or more members of the group consisting of a disease state for which the
composition is to be administered, storage information, dosing information and/or instructions

regarding how to administer the composition,

26.  The article of manufacture according to claim 23, wherein the article of manufacture

comprises the composition in a multiple dose form.

27. A composition according to any one of claims 2-19 for use as a medicament.
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28.  Use of a composition according to any one of claims 2-19 in the manufacture of a

medicament for inhibiting dipeptidyl peptidases.

29. Use of a composition according to any one of claims 2-19 in the manufacture of a
medicament for treating a disease state for which dipeptidyl peptidases possess activity that

contributes to the pathology and/or symptomology of the disease state.

30.  Use of a composition according to any one of claims 2-19 in the preparation of a

medicament for treating diabetes.

31.  Use of a composition according to any one of claims 2-19 in the preparation of a

medicament for treating Type Il diabetes.

32.  Use of a composition according to any one of claims 2-19 in the preparation of a

medicament for treating breast cancer.

33. A method for preparing Compound I having the formula
O

Me
Iy
HZN\O N&o .« PhCOOH

wherein at least a portion of Compound I is present in amorphous Form 1, the method selected
from the group consisting of:

(a) rotoevaporation of Compound I from methanol;

(b) fast evaporation of Compound I from water;

(c) lyophilization of Compound I from water;

(d) crystallization of Compound I from cthyl acetate and hexanes; and crystallization

from isopropyl acetate and hexanes, and isolating Compound I from the solvent.
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