| HYDROCHLORI DE SALTS OF
8-1(143,5-Bis-itrifluoromethvhohenvl)-ethoxV) -

nmet hvl | - 8- phenvl -1, 7- di aza- soi ro[ 4. 5] decart - 2- one AND PREPARATI ON
5PROCESS THEREFOR Field of the Invention This patent application
generally relates to pharnmaceutically ugeful salts and a novel
process to prepare pharmaceutically useful salts. It specifically
relates to a novel process to synthesize pharnmaceutically usefu
salts of

81{1-(3, 5- Bls(trlfluoronethyl)phenyl) ethoxy} met hyl | - 8- phenyl -1, 7-di

aza-spiro[ 4. 51decan 2- one, nv'_ent(l3t n

i ) he
pr epar at | SYRIROGHLOR] “A_ L] _:_ {3, {§riflu 1 henyl)-et})oxy}-

84{143, 6- B sﬁi_q_t__ﬂl@pbaaﬁh&’w ied hi:-ANDHRREP: THONZ

a-spiro(4.51decan-2-ones, for e £sS THEREFOR
(55,89 -8-[{(1R-1-(3,5-Bis- (trr-ﬁ@u&m-cmmv%-pmp 3 yl) - et hoxyynet hy11l- 8
- phenyl -1, 7-di azaspi r o[ 4. 5] decan- 2-one (the conpound of Formula 1)

is di sclosed in 20U.S. Patent No. 7,049,320, issued May 23, 2006 (the
' 320 patent) which is incorporat Qg%ﬁfﬂié‘l#é‘rﬁg@r ence inits
enti, rety CF3 Fornul a | A Ir‘rrj?)unds di sclosed in

the '320 patent are classified as Tachyki nin conpounds, and are
ant agoni st s oThusmateweanmmumgﬁoerahwﬁemte%@pwmac(augﬁaﬂy ugefubsalts and a -

25her ei 1 ‘%a é%%&b%pﬁ@p%%écéuﬁﬁﬁw Qbefd §§\9.9?I:t %%é%@calyg‘:‘el testo a

conpoun atent -are c assl i ni n
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Letters 42 7397-7399 (2001); Rogiers et al, Tetrahedron 57. 8971-8981

(2001) and in each of the fol_wwﬁ;bhshed
i nt gs}natl onal _application noé Do t No. 5,760,018

(1998); U.S. brampeeparstion f dm;agamoqu?-ormsdm paticular; dH4H3,5-Bis-
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t ongei ceptS.dPatefitblondy0219,320, issLethilay 3, 006 (tee'@20rpatémt) which is

bove- ' d d of I whi ch
T Ueet abepiipied et TR P kel AEBEe: < associ ated wiin'

chenot herapy treatnents (Che her apy-i nduced nausea and enesi s,
CINE). Enesis and nausea have heeN a problemin the provision of
chenot herapy. Chenot her apeut i ENagénts, for exanple, cisplatin

15car bopl atin and tenozol om de we been associated with both acute
~and del ayed onset nausea and ing. It ig known to admi nister
chenot her apeutic agents w I i ¢/ for exanple, as
described in U S. Patent n h descri bes

~coadm ni stration of tenpzol'ew i dansetron, however such
therapy is not effective in pr eventing del a dé:o gausea and
vomiting. As reported in the '320 patent, thé 5’??%5‘“ of Fornul a |
was char act er Thedadvgl Eduﬁpanddé)sils@’ddw ih ¢ladn fﬁmlpatenﬂ' aee qﬂaesnﬁddl =6 ST, achykmm

described in th 32 at ent 1 d d the ¢ ound, o

oo of “Comanpdnd afs easeali AERiPEaSaIR aitutin T epkrs (leirid o
frees baaﬁeﬂmvmrmr?invemgﬁcé% 'NMW&babidrmtéQﬁrﬁéttB?l 25l ? general , t
conpounds iC ave bee avin erapeuti c i Vi

must be provi 488 GONRPY) E?Pg R g? rp&Hﬁ (e Qé%‘?aﬁil%"hy\{"m

Mor eover gompoliidélesid ard Qntbgoﬁrswoﬂ@emﬁeem fielirikaiigadrdceptors (herem “NK-
phar maceutical use in a formsuch that 1t is handled easily fo




In view of the foregoing, what is desired is a formof the

t herapeutic agent which lends itself to providing the therapeutic
agent i'n a highly purified form Wat is desired also is a form of
the therapeutic agent which is robust t@&ward degradation under the
environmental conditions in which it is handled and stored. These and

other obpggd | § UG f&dé%é%e%é’d@é&iﬂe@% W dthf, Rsteststiron 56, 3043-3051

i nventi on, In one aspect provi des the co ound of For nul a

a salt @090 Rembauts o ol.aletrahedian Lefersday ( 7‘3@89;‘39%)@5%'%’3&" al,
mor e sol yenbn IRLAAY, %@7‘12@@1 gﬁtom )iefPid |ﬁ>&%im|6f thé fGle(ﬁh?'ddHﬂéations published

nmonohydrate. 1T n sone enb S iI't Is preferred to select the sa

f orm of interpetionallapplisation Ppd \WRABI03E8:HIS. Ralenh Noo oS, Qi%(‘h‘%@&), U.s.
Or €5 PI ChEIAR NG, 553Y 68877687 ) %‘?xdﬂﬁi&?ﬁé{ﬁgﬁl BubfitdudiPhds.Wd B5/19344 (1995),

conpound (0] er aspec e present I nvention
is the pmegmﬁasr(wséomdawor%/wbﬁ&maﬂr)a erchohwhigir anedneerporatedm
of (5S,8

8-[{(1R l%fe '%thgfrse(qt'rrleyl Wo'fegﬁ{a ybphenyl) - et hoxyynet hyl ] - 8- phenyl - 1,
7-di azas p| r o[ '2NI§-]1deeaept®r antagdrtiets heive dresnhstmwnl to ban@laydrthe@peuﬁc agents,

Corp ol L bk P, SRR el s il o

di f fiecact nomceptgire Tha ndve| N coatpremds efisclasedhin thecahaweymentiote@ 320

i ntenes « Pt BRI QofBaaRG BFFLrAlfh 1 Wit 15080 the swpumery pfpausea
Spaci ng éﬁd eﬁhe&ﬂé asdodstet! Wwithlichembtiérapg treditnents(Cha&aotherapysindurgd

4.11.23. na ga{( and emesq’s, CINE). Emesis and nausea have been a problem in the

provision of chemotherapy. Chemotherapeutic agents, for example, cisplatin

15 carbopiatin and temozolomide have been associated with both acute and delayed
onset nausea and vomiting. It is known to administer chemotherapeutic agents with an
anti-emetic, for example, as described in U.S. Patent no. 5,939,098, which describes |
coadministration of temozolomide and with ondansetron, however such therapy is not
effective in preventing delayed onset nausea and vomiting.

20 As reported in the 320 patent, the compound of Formula | was characterized
by TLC and by GC/MS techniques. The procedures described in the 320 patent
yielded the compound of Formula | in the form of an amorphous white foam. »
Repeated attempts to crystallize the free base have not provided a crystalline
material. ‘ |

25 In general, compounds which have been identified as having therapeutic
activity must be provided in a highly pure form for pharmaceutical use. Morebver, it is
desirable to provide compounds intended for pharmaceutical use in a form such that it
is handled easily for incorporation into a medicament, and when incorporated into a
medicament the compound possesses a sufﬁciently robust character that it is resistant

30 to chemical degradation, and thereby imparts a long shelf life to the medicament.

Objectives and Summary of the Invention




Anot her aspect of the present invention is the provision of a

crystal line hydrochl oride anhydrous salt form (HCI Anhydrous Form O
of (5S,89)- 8-[{(1R)-1-(3,5-

Bi s-(trifluoronethyl)phenyl)-ethoxy)- metanyl | - 8- phenyl -1, 7-di azaspi r o]
4.51decan-2-one which is characterized by the x-ray powder

diffraction pa Vmﬂoﬁﬂ@%régblﬂ'ngﬁaﬂ is delfregrie asfeemi of the tgrapéutic agent
diffraction angle ttice "d" spame&ﬁ(ln@q strggio
rel ati veWBé%iklePHﬁéﬁﬁfttP@5?‘“@1“9)‘“31‘59@%&“&&9 A ??H" rm. What is

Tabl e 11 gBbirddhldori8 aslb?ﬁicﬁﬂhé"lhel%f%k n@wh'fbfﬂns%bﬁsﬂ@v»%r&ﬁ@@?@datlon
Strong Strong Strong 6. 86 Anot her aspect of the

present HAdentheoenvieonmentat egnditiens By WH'C(E'H?!&%"N o anda¥i9@dochl ori de

h I
IS TSR e R g e e

pirof 4. 5rrwsa§nn2whmemmecasm%ct@m@vxd@sém sempeyngdpf K &,ﬁ% bmw't?gr?r?
G a0t WRHDRI LIRS BB AnbhipdRdRseRResr rbré SoMBnPinclecules

diffractio spaci ng (in angstrons) and
rel ati veﬂ’}ﬁ!akmb.rfpé axamiples (@ Rwsyalli%m@ydrat@; R S@Be embadignents #ois

0. 2RI Lat 848'5%% g gi@ﬁg&Zo&gggng 1¥ork azl%'d%oéﬁlghli@sgﬁ

Very Str ng tron ther aspect o
t he 19r esarnsylatwealtu mnre Brafh@bgby @ hydreghleridg r@ppghmmtmalmm aftthesal t

form (To 55, 85

8- [{((lR) E%!r%%gﬁ%{f l(JOI’ orre% hyl ) pheny1) -

et hoxyynet hyl wmgneci oftrcﬁ presept rnxemtigmd%tImp@vm fhaerystalline

characte I f S n n in Table

V. oxpr DYGRkHBidd mohioh i KRR Tofh dr(SS Aot BT lap R, D .

spaci ng (mﬂuameeﬁfwﬁ'eb\eaymeﬂmwhm@thwﬂfﬁ(p m is7 IWSPRD[ 5] bhéZ -pRe (the
h whis7+d des

D ffract | ofr A dfd %%noﬂyérzﬂa LAkt S Shd B AeE 1)0- 04)

H + -Cl
(@) N NHz = CF3
S o
* Hzo CF3

Formula Il

which is characterized by the x-ray powder diffraction pattern shown in Table |
20  expressed in terms of diffraction angle (in 2 ©, all values reflect an accuracy of + 0.2)
lattice "d" spacing (in angstroms) and relative peak intensities("RI"):

25

Table |
Diffraction angle (20.+ 0.2 RI ~ _ Lattice Spacing (A * 0.04)




9.4 Medium 9.36 20.0 Very Strong 4.43 21.0 Medium Strong 4.22 25.3
Medi um Strong 3.51 15Anot her aspect of the present invention is the
provision of a crystalline Tosylate salt form (Tosyl ate Form | ) of
(55,85)-8-[{(1R) -1-(3,5-Bis-(trifluoronmdt hyl)phenyl) -

et hoxyynet hyl ] - 8- phenyl - 1, 7- di azaspi ro[ 4. 51decan- 2-one which is
characterized by the Xgrpay powder diffmagdiuph pattern showsngign Tabl e
V expressed in terms of diffraction yo 25 angle (in 2 0), lattice "d"
spacing (in angstronms)l8shd relative peddedivmensities("RI" )4 88able V
Di ffraction angle (2054 Q?\/KZERI Lattice Spag d}%l(A 0. 04) 5.£4%0.0 13.6
19.7 Very Strong Strong di um Very Stron 7.66 8.80 6.52 2

Anot her aspect of theZ3®sent inventi orWeskthe provi si on 0'578
crystalline Tosylate salt form (Tosylate Formll1l) of (56, 8S)-
8-[{(1R) -1-(3,5-Bis-(trifluoronethyl)phenyl)-

et hoxy) - net hy Anothagrrespelt af thedbrasasiinveptiorbjstthegrodisimmeofvd cistaline

Tabl o vt MESEPRYCR pinyardys S4n R BreEhphiACRRAH o e ST By a5
"d" spac Brsg(t(mmnramhylwmsnmn@lhbgy}ammlpaqihéwt-eﬁSdhizaswchu S]deceﬁ'i-ﬁ-one
Diffract \IN ich ls%harécztenzé)c} by tﬁrg ?(lr%y\{)low%erl‘ rac% B ﬁgwghéwn in 1%er i
10 expressed in terms of diffraction angle (in 2 8), lattice "d" spacing (in angstroms) and
relative peak intensities("RI"):

Table 11
Diffraction angle (20.+ 0.2 RI Lattice Spacing (A + 0.04)
12.9 Strong 6.86
15 15.4 | Strong | 5.75
173 Strong 513
20.2 Strong : 4.39

Another aspect of the present invention is the provision of a crystalline
jzo hydrochloride anhydrous salt form (HCI Anhydrous Form i) of (56S,8S)- 8-[{(1R)-1-
(3,5-Bis-(trifluoromethyl}phenyl)-ethoxy}-methyl}-8-phenyl-1,7-diazaspiro[4.5]decan-2-
one which is characterized by the x-ray powder diffraction pattern shown in Table il -
expressed in terms of diffraction angle"(in 2 0), lattice "d" spacing (in angstroms) and
relative peak intensities("RI"):

25 Table I
Diffraction angle (20.+ 0.2 RI Lattice Sbacinq (A + 0.04)
7.0  Medium 12.70
9.0 Strong 9.87
12.6 Very Strong 7.00

30 20.2 Strong 4.39



6.3 9.7 20.2 22.2 Medium Very Strong Strong Strong 14.02 9.13 4. 39

4.00 Another aspect of the present invention is the provision of a
crystalline Tosylate 10salt form (Tosylate Form1V) of (5S, 8S)-
801R)-1-(3,5-Bis-(trifluoronethyl)phenyd) -

et hoxyynet hyl j - 8- phenyl -1, 7- di azaspi ro[ 4. 5] decan- 2-one which is
characteri Ze@eéhdthbhsségétg:]}f tREY erftlifVdritfon i8 Qh@%&ﬁ%ﬁn%@@yﬁ%tﬁ%’f@swm

VI, expressed In ter raction an

| 2 , |l at
spaci ng SiomaTosdats Farm 1) 4SS sl Cett Prbiediiiaoromets bpayl)y-
VI Di i p . i . .
5 151 oINS phellv, f el i SHAED0 drfe inhich Beenaracterized by

Anot her thepersty priwderediffractioni patters shhenpnolakde dM, expreRaedrircienmise|
cOMPoSLIdRRiBRUBINAG 6 difies o iy ThUrdsiont dnd RN peak

8- [ { (1R)intensBids(RIY(t ri f 1 uor onet hyl ) phenyl ) - et hoxyynet hyl ] - 8- phenyl -1
, 7-di azaspi ro[ 4. 5] decan-2-one (the 25conpound of Forrmula I) selected
from hydrochl ori de nonohydrate form1 salt, anhydrous hydrochl oride
forms I and Il salts, and tosylate forablellv Il and Il salts, and the

provi sion_of nethods of treating and/or preventing nausea gnd enesis
by adni ni Bifsactiop analed0:68:%  contaiRling. onu&@ﬁ@ﬁmﬂ&wﬂﬂm i ne
salt forms of the c ound of Fornulg I n some enbodi s it is
pre?%rred to coadm %r'@t er a salt of |\gﬁf’h‘(ﬁ]corrpound of FoOrmul a |
prepared in accord@@c@ wi th the preséety $tromagti on W th dt48er

t herapeutic agents,,.fQr exanple, a utic agent,., for

exanpl e, tenozol om'23e8and ci splati n&%%g%&% tem)zolg 2de. 7

I n some enbodi nent .83 i s preferred MedanmiSticstger addi t Bdtal

t herapeutic agents in a dosing regine selected from contenporaneous
and si nul taneous adm nistration of additional therapeutic agents
contai ned i n Ansthpaaspecitsithg@résent.inventkonis thelpdvisiomtof a trystalline Tosylate

Boal ¢ oreut@rif Goaete FolRh P erkerkbitc| fo R it PeltbBrigy
dosage feathoxgemethyif-Bphenyl-¢FstiacaspisciitSldécamne-qme sefith isweantactetized by

along with one or nor her apeytic ents..| me enbodi.nents it .S .
ot of o r chreoCr v R Sbatisn RAtart sARREL B T e &7 FRerRRaR it bt ot fgtion
the crysamglki(ime2 by, datgieB!"ar s9&cing ivhariticnsSpand télativd pehk intensities(i'Rl“): '
10(5S,89)-8-[[(1R)-1-(3,5-Bis-trifluoropet hyl)phenyl ket hoxynet hyl] - 8-
phefyl - 17' - di azaspiro[ 4. 5] decan- 2- ond@Ple ¥n anount provi ding a

it[‘gr "S"gleft %hﬁoﬁgg%t@ée?t 74 ;Jg’r' evayy of 226 §8@8§%cﬂiﬁlfﬁ&%{b§; | or

15Brief Description8X The Figures VeryStréhgure 1 predJeggs a :
characteristic x-r $ovvder di ffract'%ﬁg ﬁattern of the (éyéquLal l'i ne
hydrochl ori de nonohydrate salt form PHe conmpound of FO la |
[Vertical Axis: Int¥n8ity CPS, countBledigunare root)) ; B2 zontal
Axis; Two Theta (ZOQzO(degr ees)].

Figure 2 presegn a
chafacteristic infr d spectrum of Yﬁ'éy %VVE al l'ine hydr%'o%il ori de
nonohydrate salt formof the conpound of Formula | [Vertical Axis;

Transm tt anceﬁ\ﬁg{h%? ggzaécm{ tké%%éi‘e'ant%béﬁﬁo‘“r%%ﬂ%”@%&isx(o%”éfl g I:Eystalline Tosylate
salt form (Tosylate Form Ilf) of (58,8S)- 8-[{(1R)-1-(3,5-Bis-(triflucromethyl)phenyl)-
ethoxy}-methyl]-8-phenyl-1,7-diazaspiro[4.5]decan-2-one which is characterized by

30  the x-ray powder diffraction pattern shown in Table VI, expressed in terms of
diffraction angle (in 2 8), lattice "d" spacing (in angstroms) and relatiVe peak

intensities("RI"):



Figure 3 presents a characteristic Raman spectrum of the crystalline
25hydrochl ori de nonohydrate salt form of the conpound of Fornula I,

[ horizontal axis; Raman shift in reciprocal centineters, vertical
axis; relative intensity versus backgroénd] Figure 4 presents
a characteristic differential scanning calorinetry thernogram of the
crystal line hydrochl ori de nonohydrate salt form of the conmpound of
Formula I, 30[Vertical Axis;Heat Flow in cal/sec/g; Horizontal

Axi s: Tenperature in degrees centigrad€ableVhure 5, presents a

characteristic x-ray powder diffraction pattern of the crystallipe
hydr ochl o%ﬁ%@ﬁé&@—\&%&&f or m1RE _the (y%m&ﬂw ~
[Vertical Axis: Intgrsity (CPS, co .(square root)) 4; ri zont al
Axis: Two Thet a((20)§§egrees)] . Fi gwteaagﬁrrﬁ)resents a chgﬁ'ad(?eri stic
x-ray powder diffrad&®.Von pattern of Yégy Strongcyrstallin®.13

hydr ochl ori de anhy s salt formll he conpound of sEggmula |,

[ Vertical 5Axis: Ig{d;%sity (CPS, cou%ﬁzsmésquare root)) ?'ﬁ)ri zont al
Axis: Two Theta((282.8egrees)]. Fi guBromgpresents a chadd¥ eristic
infrared spectrum of the crystalline hydrochl oride anhydrous salt
formll of the conpound of Forrmula |I [Vertical Axis; ,

Tr ansm t t anc efRethee Bispectifrthepneséntirventiomisahe mrevisionnefly ¢rystalifiegliosylate

nyarbent BTSSR e AR FSE R S AR b Ampneny-

[ hor i zonethbxg«methy8ghesilyl-fl {7-diazaspirpdotldecamatome tvetiish iv ehanactdrized by

axis; r tive intensi versus, bac u i e.9 esen a

char act er <t &Y 9(61‘?’(3 ’Sﬁ%‘é@dﬁs‘ﬁ’&cﬁ’ E‘ﬁ?@?ﬁ”é@"?ﬁ%ﬁ?&%ﬂ? Pl ne
t osyl at ediffeddtiohQiriglé (ipf2 bf)datticapat spacihg ior mdstroms ) afeT tdlsiple pedls:
Intensit,\ééCPS, g{l nts (square root)) ; Horizontal- Axis: Two
Thet a( ( Z8§eRHSEENY . Figure 10 presents a characteristic infrared
spegsrum of the crystalline tosyl ate Fable ¥Y9rm| of the conpound of

Formula | [Vertical Axis; Transm ttance(Per ceEt % Hor i ;ontgl AXi s:
wavenunbe Diffrestion pnatent@hei02r e 11 _pRbsent s i % n
spectrum of the cryséé[ql line tosylate ﬁ_slt forml of themc ound of
Formula |, [horizontdl axis; Raman sﬁ P9in reci procal cehtineters,
vertical axis; relat9.8e intensity veB#oagbackground]. Fi9gt@e 12
presents a charactetistic x-ray powd iffraction patterr,of the
cyrstalline tosyl a%é‘éal t formll (cgﬁgﬁ& lized from acg't%?]i trile) of
t hepeonpound of 25F22.0ula |, [Vertic8troAgis: Intensity @@, counts
(square root)) ; Horizontal Axis: Two Theta((20) degrees)]. Figure 13
presents a characteristic x-ray powder diffraction pattern of the
cyrstalline tAayptheraaspalct of iherinvéntigrhizxtheerovisiont af) phefrmiateuticalivomsbsitions

f F la |, .[ W ical Axis: [l i ;
O ooy S S s RO SR B BS B RS 5680)
pr esent s(tafledranpathgplsdnye)-sthory)-prstb]-8chHdnyhd{ 1-diazaspireirs|décarhe-one (the

I(;}(;; L ?;l #3%{)%@5%5 %)?k?)rr%%g l)fs%sengtécy fr%%Hﬁyal%lcY\fgr? e r%%nz) sdr%?gPoorPnnFsaq{,

anhydrous hydrochloride forms | and i salts, and tosylate forms |, Il and lil salts, and
thé provisidn of methods of treating and/or preventing nausea and emesis by
administering a medicament containing one or more of a crystalline salt forms of the
compound of Formula |. In some embodiments it is preferred to coadminister a salt of
30  the compound of Formula | prepared in accordance with the present inveniion with
other therapeutic agents, for example, a chemotherapeutic agent, for example,
temozolomide and cisplatin, preferably temozolomide. "



9 Axis: Intensity (CPS, counts (square root)) ; Horizontal Axis: Two
Thet a((20) degrees)]. Figure 15 presents a characteristic
infrared spectrumof the crystalline tosylate salt formll
(crystallized fromacetonitrile) of thef/conmpound of Fornula I
[Vertical Axis; Transmttance(Percent); Horizontal Axis: wavenunber

(cm1)]. In sdthe&nebddimbnes rid §r@eﬁa@t@@bﬂ£m§tér0aml$rﬁ@@béum afents
the crystalline tosylate salt formll (crystallized from

acet oni i3 €9sipg regine SRIGSIRITEM EYHAMPAraNequfRnG sipultansaus, ammmtson
shift i nof S4difRsiRg %en‘"a@@h‘t;&%@@h& ciRthinetidh aagéﬁara{eebaééqéfdrm opsd

ver sus background ?ure 17 presents a characteristic infrare
spectr uner@bodme@trsy@ﬁaqre aieed &@dratrestgaaﬂdm@naﬁ thergprMfticsagands @bon@fwﬁh a

th
e SOMPOGE HE SrasEM Avb m[.aéfbgnswua%o%s Ja@nﬁéqéﬁgmﬁgsen Yok form
char act ecordainingRahkeast peetsaliraf dfie present inveatibn mm@wmmm sainpré or m

IV (THF i%ﬁ e conpound of Fornula I, [horizontal axis;
Ranman sh‘?1 k %cﬂh%rocal centineters, vertical axi s; relative

:j n]E fenS| ty ver mm_a@lrgbwmntﬂtgwp@fesepK@wm!?eah@hayézxaﬂmsnstermg a
r C
tosy! at anedlphiditbdbnd STBN il hIPCAIR Bo ORpldale ph Rim L of
Heatlo FI of&S, &Sh§+[l(|§: Bo1g(3, Ekﬂns-zm‘iuqbrrmm)d)pmafeihqmeth)ﬂeﬂ}pbeayl-1 7-
ntigr r
ccanni neBEnepAEIgcA: 2l B3 boaf BTG erfdyical Sebs som
It (crysesel ofdbd donmmameoblﬁommwlbd)omﬁs stalten d¢bepeatrient aﬁd)’olrpra/elntlon of

[Vertlc A%g g%gfné: w in cal/sec/g; Horizontal Axis:Tenperature in
degr ees |g? I'gure 21 presents a characteristic differenti al

scanni ng calorinmetry 25t hernogram of the crystalline tosylate salt
form 11 (hexane solvate) o co und feFopmila |, [Vertical
Axi sTHeat Flow in cal/sec/qg; Sure in degr ees
centi gr ade] . ' Figure 22 pr esents a characteristic sol ution

roton NNRs tru of a ride salt of the_co

IF:)or nula I. 38—@@%@83 %y i ﬂe 5%"8‘5’8%%9‘&’ cﬁﬁracg%n pa(étem of the
Salht f ?rmstwur(&t@c&ﬁ);hloﬁdb{rﬁdgbh)ﬂdré& SalBiosm( <bfrﬂ1fa|dﬂ§hﬁmm'i(?w;1 Fovmeuis 1) -

et hox i azaspiro -2-one (t conpoun
of | Bor rahVEry ﬁva]']%% st 551 s D b g N AT Thats (20)
theasgre f. nausea and enesis. 10The preparatl on of salts of

(58, 85) - 1- 5-Bis-tri Iuorometh

b hoxy e hyl]_@ﬁgéiwps;etmf & phaadlsnegp AR e cH e thereveisHiRtund

of For mllhy’ﬁrb).:hlohﬂé' méhcﬂlﬁlydrbﬁa @@ﬂﬁiwdéﬂhe doyapastY 6f Feensial I[vettical Axis;
For nmul an:l_ (Sshown g gg_ﬁi yvarious tosyl ate sal%C havi ng physi cal
and chenl @STH{aRes eé% nisdefzariakAvs vaveryBReberinddl canent s~ ar e
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Forrmula 1, and hydrochloric acid (HCl), to form hydrochloride salts
of the compound of Formula I, for exanple, the hydrochloride
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23 suspension was heated to reflux (approximately 78 Cto 85 C) wth
continued agitation. Wen the solution was clear it was filtered
through a No. 3 filter into a second vessel. The filter was rinsed
with a water/ethanol m xture consistingt®f 10 L of fine spirits (r)
and 32 L of water at a tenperature of from about 60 C to about 70 C
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initially precipitated as an amorphous material utilizing the above-described general
procedure and subsequently crystallized by seeding a slurry of the amorphous salt, is

20 weighed into é vial, typically from about 10 mg to about 50 mg. A solvent selected
from ethanol, isopropanol, acetonitrile, water, toluene, ethyl acetate, methylene
chloride and hexane, in an amount sufficient to completely immerse the solids is
added to the vial. The solids and solvent are stirred under ambient conditions a
period of time sufficient to provide solvate crystals, for example, for about seven days.

25 When solvate crystals have been prepared, a sample of the suspended solvate
crystals is dropped onto a sample holder for use in a powder X-ray diffraction
spectrometer and air dried. These samples are then analyzed by X-ray spectroscopy
according to procedures described herein. Additional procedures for preparing
inventive salts of the compounds of Formula | are described and exemplified below.
30
ANALYTICAL PROCEDURES
Each of the crystalline salt forms of the compound of Formula | is characterized
by one or more techniques including X-ray powder diffraction spectroscopy (PXRD),
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characteristic of the nonohydrate hydrochloride salt of the conpound

of Formula | shown in Table VIII, the dight nost characteristic peaks
are those appearing at diffraction angles (in *29) equal to 12.9,

16.1, 1 6 f ,
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X-Ray Powder Diffraction Spectroscopy

X-ray powder diffraction spectroscopy was obtained on samples using one of
the following procedures. For the solvates prepared in accordance with the above-
described procedure, analysis was carried out on a Rigaku spectrometer according to

10 the following procedure. 4

For analysis of samples obtained using a Rigaku Miniflex spectrometer, the
following procedure was employed (PXRD method I). Specimens analyzed by PXRD
method | were lightly packed onto a low-background plate. The speQCimens' were
exposed to the room environment with ambient temperature and humidity. The

15 Rigaku spectrometer was equipped with a six-plate carousel that rotated the
specimen at 54 rpm, minimizing preferred orientations of the crystals in the sample
studied. The Rigaku spectirometer was equipped also with a cbpper Ko radiation

- source utilized without a Ka2 filter. The spectrometer was equipped also with a
variable divergence slit and 0.3 mm receiving slit. Scan range was carried out from
po  2.0to 40 °20. Instrument calibration was verified using the Cu Ka1 peak for the 111
plane. During sbanning, the step size was 0.02 degrees over step _durati.bns of 0.6
.seconds. Data analysis was accomplished using Jade Plus (release 5.0.26) analysis
software. The data ware smoothed with a Savitzky-Golay parabolic filter at 11 points.
Typically “d” spacing values are accurate to within £ 0.04 A.

25

X-ray Powder Diffraction spectroscopy analysis was obtained for some
samples using a Bruker D8 diffractometer manufactured in 2002 (PXRD method H).
The Bruker diffractometer was equipped with a parallel optic configuration utilizing a
GOBEL beam focyuSing mirror and a PSD detector equipped with a fixed radial soller

30 slit. The Bruker diffractometer was used with an Anton Paar TTK450 temperature
stage. The radiation source is copper (Ka).The divergence slits are fixed at 0.6mm.
The Bruker diffractometer utilized a top-loading brass block sample holder. PSD fast



nonohydrate hydrochloride forml salt of the conpound of Formula I,

obt ai ned in toaccordance with the above-descri bed procedures. The 12
nost characteristic peaks of the crystalline nonohydrate

hydrochl oride form1l salt shown in Figufe 2 are listed in Table I|X,

bel ow, and in an adjacent colum, the relative absorption intensity

o neh bbbtk ARAALL fu0 KPS 3810% LAl opSir pSifflon Vepcl Wictiens
i nt ensi weré 146811 dhtolthersamplelitiderSand levetedwith & Glasd aic®seope3ide The
1094 M 8sa:8n9p e chamber temperature was set at 25 °C, 30°C or 120 °C, under ambient
humidity and not purged with nitrogen and not under vacuum. Instrument calibration
5 was verified using mica standards. During scanning, the step size was 0.013 degrees
to 0.02 degrees over step durations of 0.5 to 10 seconds. Data analysis was
accomplished using EVA analysis software, version 7.0.0.1, supplied by Bruker®
written by SOCABIM ®. The data were smoothed by the software at 0.1 to 0.15.
Except for those solvate samples prepared in accordance with the above-

10 described procedure, samples for analysis by X-ray Powder Diffraction ("PXRD").
were subjected to minimal preparation to prevent any form changes. Sample particles
were lightly packed into the sample holder to insure that they formed a smooth
surface and did not clump together. No solvents, drying or other preparation steps
were used for other than the solvate samples preparéd in accordance with the

15 procedure described above. '

Infrared Spectroscopy
‘Samples were characterized utilizing attenuated total reflectance (ATR)
infrared spectroscopy using a Nicolet Instruments NEXUS 670 FTIR eduipped with an
J0 Avatar Smart Miracle Attenuated Total Reflectrance (ATR) sample compartment.
Spectra were collected utilizing the following parameters: DTGS KBr Detector; KBr
beam spllitter; scanning range 600 cm -1 to 4000 cm -1; aperature setting 100;
resolution 2; 1 00 scans/sample. The analysis was carried out by collecting a
background spectrum, then placing reference standard or particulate sample (typically
25 3 mg to 5 mg of sample) on the ATR crystal and applying force to the sample with the
instrument’s pressure arm in accordance with the manufacturers recommendations.
A Spectrum of the specimen (reference or sample) was then obtained as a ratio of the
background and specimen spectra utilizing the manufacturers proprietary software.

30  Raman Spectroscopy
Raman spectroscopic analysis (Raman) of the hydrochloride and tosylate salts
of the invention was performed on a Thermo Electron Nicolet Almega Dispersive

Raman spectrometer in high-resolution mode. Samples were contained in NMR
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shown in Table I X, the 8 nost characteristic peaks of the conpound
are those appealing at 1693, 1277, 1167, 1141, 1130, 1094, 703, and
682 reciprocal centineters (cm1), and the four nost characteristic
peaks are those Sappearing at 1693, 1277, 1167, and 682 cre.
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= Moderate; W= Wak; V = Very; B = Broad. 26 Table X Scattering
Peak® Wave No. (cm) relative intensity 1 3695 W2 3690 W3 3625 WB

Differential Scanning Calorimetry

Calorimetric studies were conducted utilizing a modulated Differential Scanning
Calorimeter (DSC) frorh TA instruments. DSC scans were run at a heating rate of 10
10 C/min. in an open aluminium pan under nitrogen flowing at a rate of 40 ml/min.
Solubility tests were conducted by placing an excess of the compound in an
aliquot of the solvent of interest and allowing the slurry to equilibrate under the
selected temperature conditions (typically ambient). When the solvent was watér, pH
was adjusted to the desired value with hydrochloric acid and sodium hydroxide.

15 When the slurry mixture had equilibrated, the excess solids were centrifuged (water)
or filtered (all other solvents) from the supernatant and the amount of compound
which had been dissolved was quantified utilizing HPLC analysis of diluted aliquots of
the supernatant liquid. Pharmaceutical grade solvents were employed.

Chemical Stability {ests were carried out on aliquots of the salt form of interest
- o by placing a accurately weighed sample of the salt form of the compound of Formula |
into a polyethylene bag. The bagged samples were enclosed in fiberboard tubes
fitted with metal caps which were stored under the indicated conditions of humidity
and temperature for the indicated time. Analysis was carried out by dissolving the
contents of a vial and quantifying the amount of solute utilizing HPLC analysis. Where

25 noted the aliquots were stored in capped amber vials under the conditions noted

instead of polyethylene bags.

EXAMPLES
Hydrochloride and tosylate salt forms of the compound of Formula | were
30  prepared as described below. As discussed below, each of the salt forms of the
compound of Formula | were also characterized by various spectroscopic techniques
including X-ray Powder Diffraction Spectoscopy, Infrared Spectroscopy, and Raman
‘Spectroscopy, using the techniques described in detail above. Selected salt forms
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nost characteristic peaks of the conpound are those appearing at
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nost characteristic peaks are those appeari ng at 3695, 1032, 997, and
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-specified) and used as received (unless otherwise specified).

Preparation of the compound of Formula | (free base) suitable for use in the
preparation of saits of the compound of Formula | described in the following examples
was obtained either from the methods disclosed in the ‘320 patent or by the procedure

10  described herein employing the compound of Formula 1.

One suitable procedure for preparing the compound of Formula I, (6S,8S)- 8-
{(1R)-1-(3,5-Bis-(trifluoromethyl)phenyl)-ethoxy}-methyl]-8-phenyi-1,7-
diazaspiro[4.5]decan-2-one, for use in the preparation of the salts described herein, is
described in the above-mentioned U.S. Patent No. 7,049,320 (the '320 patent),

15 utilizing as a precursor to the compound of Formula |, the compound 61 (see the ‘320
patent at col. 98, line 1 to col. 100, line 10), which is incorporated herein by reference
in its entirety.

The compound of Formula 1 for use in the preparation of salts in accordance
with the present invention may also suitably be prepared in accordance with the

»g  procedures described in the application filed under Attorney’s docket no.
0006628U801 on March 22, 2007, comprising precipitating the mesylate sait of the
compound of Formula Ill by treating a toluene solution of the compound of Formula [l
with methyl sulfonic acid. Simultaneous cyclization and nitrate reduction of the
compound of Formula il is carried out by treating the compound of Formuia 11! with

25  acetic acid in the presence of zinc metal to provide the free base of the compound of
Formula L.



aromatic ring and a symmetrical tri-substituted aromatic ring. The
region from85 ppmto 10.8 ppmis consistent with three am ne peaks,
i ncluding the protonated am ne 15formng the HCl salt. The region
between 2.8 and 4.8 ppmis consistent w@h five aliphatic protons
proximal to a nitrogen or oxygen. The region between 1.3 ppmand 2.6
ppmis consistent with the renai ning eirgd kphatice; protons and t he
hY group. 27 Table Xl
PPM) 1-NH 8.56 br
3.22 d of d (10 Hz,
, dof d (10 Hz,
1.79 m d (13.5 Hz)

Tabl e 1 H NVR Assi gnnents Proton Ch§fiMe
H3s 2.15, 2.24 m mH4s 1.67, 1.88
13 H) d (13 Hz), 7NH2+ O - 9. 63
12 Hz) HO2 2.19, 2.49 m d ( DéNG.
H12, 12' 7.58

i
N
N
~

Formula ill

The following example illustrates the foregoing process for converﬁng the
compound of Formula Ill into the compound of Formula |. into a vessel was placed
5 8.14 Kg of the mesylate salt of the compound of Formula Il {obtained by precipitation
of the mesylate salt of the compound of Formula lll, prepared in accordance with
procedures described in the patent application filed under Attorney’s docket no.
'CD06228L.01US on March 20, 2007). With stirring, the salt of the compound of
Formula il was dissolved in 82 L of concentrated acetic acid, and the temperature of

10 the solution was adjusted to be from about 25 °C to about 30 °C . In a separate
reactor 12.2 Kg of zinc dust was placed under an inert nitrogen atmosphere by
putging and venting the reactor 3 times. The zinc dust was then covered with 42 L of
concentrated acetic acid during which the inert atmosphere was maintained. While
maintaining the inert atmosphere, the zinc dust/acetic acid mixture was stirred to

15 maintain substantially all of the zinc dust in suspension and slow addition of the acetic
acid solution of the compound of Formula Il was begun at a rate which maintained
the temperature in the reaction vessel at no more than about 60 °C. After all of the
solution of the compound of Formula Ili had been added the reaction vessel
temperature was maintained at a temperature of from about 55 °C to about 60 °C.

20  The reaction mixture temperature was maintained and vigorous stirring was contihued
to maintain suspension of the zinc until samples of the reaction mixture indicated that
substantially all of the compound of Formula {1l was consumed.

‘When sampling indicated that the reaction had run to completion (less than
about 5 mole% of uncyclized material present in the reaction mixture), the reaction

25 | mixture was cooled to a temperature of from about 30 °C to about 20 °C . When the
reaction mixture had cooled it was filtered through about 4.12 Kg of filteraid (Hyflo).



d (7.5 Hz) H13,13" 7.44 mH14 7.40 mH15s 3.36, 4.30 d (10 Hz), d (10
Hz) H16 4.65 g (6.4 Hz) H17s 1.41 d (6.4 Hz) H19,19' 7.66 H21 7.92 $
The crystalline nonohydrate hydrochloride form| salt of the conpound
of 5Formula | was anal yzed by differengnal scanning calorinetric in

accordance with the procedures described above. Figure 4 illustrates

t he DSC.the ~ I . i i ,

i qure 4B kB B8REs Y LAIRER &t Bllriichul ol

a secondavitnthet filrate previcustdobiairgthr Bhe catrdiyed s@skCandfitratet was gacuum

cor r eop SRR FoRTaruE BT e )bar 19 ABSHGIPSr R BB fendtature of

|toL oduci ﬁg)crth mg@;?ﬁoesp&mdbﬁgt &0 hgdr The rbsriduedh!mobta?wécbwasIn;laigtainéd' hader
e second, endot herrn corresponds to t in t

orr | S FS(ABEPESE 674 FaRRERVE in 23 nl e SR BEL T B uce

anhydrous hydrigs tigsnelgotigemof the pdsidud Wastsequentialijovaehid 46 L of 2N HCI

D el GloSEA S L SRS SroSAlls ARG Lo,

hydr ochligigode H.0) ibllowed by BNe sugesssvaed. @Ii(?@tﬁ BB MALA BgudslDYodinm

n _
Cubsogu ORI g KeNaGhRYAT b0 br Ao SaRp SUARLhS MESIUH Sl tefoluene

of {&NPafiHerhatantgolitioh Wdsiilterbd Hivoughes 01sicibs inlipet filerNThe it 2l
form Stabiljity test in-accor dan?e wth the abov -,degcrht%ed rocedure
showed tri§ed; with an additional 4 L of toluene which was combined with the supernatant

liquid containing the free base compound of Formula .

Provision of Hyvdrochloride Monohvydrate Salt Form | Directly From the Formula 11}

15 Compound _Reaction Mixture

The supernatant containing the free base compound of Formula | prepared
from the compound of Formula lil, as described above, was placed into a reactor and
maintained at a temperature of from about 20 °C to about 25 °C. Seed crystals of the

}zo hydrochloride monohydrate salt of the compound of Formula | were added to the

supernatant in an amount of about 0.004 kg. After the solution had been seeded, 1.7
L of concentrated aqueous hydrochloric acid (37%) and 1.2 L of ethanol containing
about 5 vol. % isopropanol (Fine Spirit® obtained from Thommen) were added over a
period of about 20 minutes. The mixture was agitated for about 30 minutes. Agitation

25  was continued and the mixture was cooled and maintained between a temperature of
from 0 °C to about 5 °C . The cold mixture was agitated for an additional 35 minutes.
At the end of the agitation period the crystals thus obtained were isolated by vacuum
filtration through a No. 148 filter and washed with 5 successive 5L aliquots of a 1:1
(vol:vol) mixture of toluene and methyl tertiary butyl ether (MTBE) followed by a final

30 wash comprising one 10L aliquot of MTBE.

The precipitated monohydrate hydrochloride form | salt crystals were recovered
from the filter and dried in a vacuum oven at a temperature of from about 40 °C to



nonohydrate hydrochloride forml| salt of the conmpound of Formula I
does not i odeconpose or dehydrate under conditions of amnbient
tenperature and at relative humdity of from about 5% rel ative
hum dity to about 95% rel ative hum ditg2 A sanpl e of the
anhydrous form| salt was prepared by heating the nonohydrate

hydrochl of

o bt ogerabt sy g T i deilod A ATR8AG: TBE: B, HiRe HiYeth
anal yzedrahyes werg eytaitmader Di ffracti on Spectroscopy. Figure 5
illustrates an X-ray Powder Diffracti on Spectrum of the anhydrous
hydrochl oride forml salt of the conpound of Formula |I. Table X I,

bel ow, |ists 12 charact ¢ydibiklofigelSalgfofithe Grpdundros Rownulad Fi gur e
5 by diffraction angle expressed in degrees 2 theta ("2 0), the

cor rsespondl ng "d" spacing in angstroms (A), and relative intensities

of the signaljt (vaRfound théthﬁe)aa%@hba ?QrdWcﬁtd@@altﬁ)fcﬁttﬁ@BgmpMmd of
medi um W=
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12. 9 6. §Riflactemétiiiphelyiitfol) IethyllB-phénylSt  B-didzasprold 5fdeban®2-one (the

compound of Formula 1) with hydrochloric acid, in accordance with the general

10  procedure described above, could be converted to three crystalline forms of a salt of
the compound of Formula |.

The Crystalline Monchydrate Hydrochloride Salt Form | of the Compound of Formula |
Crystalline monohydrate hydrochloride form | salt was prepared directly from
15 the compound of Formula | by dissolving one equivalent of (58,8S)- 8-[{(1R)-1-(3,5-
Bis-(trifluo fo‘methyl)phenyl )-ethoxy}-methyl]-s-phenyl-1 ,7-diazaspiro[4.5]decan-2-one
(the compound of Formula | prepared in accordance with the procedures described in
the '320 patent) in a minimum of ethanol or methanol, and adding one equivalent of

_hydrochloric acid to the solution. Following the addition of HCI, water was added

PO dropwise to the solution with stirring until crystals of the monohydrate hydrochloride
sait form of the compound of Formula | dropped out of the solution. The crystals were
separated from the supernatant liquid by filtration, washed with ethanol and vacuum
dried.

Whether the HCI salt is obtained by precipitation of the free base of the

25 compound of Formula | provided directly from reaction of the compound of Formula 1m
described above, or provided by the procedures described in the '320 patent, or
provided in another manner, a hydrochioride salt of the compound of Formula | can be
recrystallized in accordance with the following procedure to provide the monohydrate
hydrdchloride crystal form | in accordance with the following procedure. Into a vessel

30  was added, under a nitrogen blanket, 14.54 Kg of the monohydrate hydrochloride salt
form | of the compound of Formula | prepared as described above. The crystals were
suspended by adding a mixture consisting of: 35 L of Fine spirits® (ethanol with 5 wt
% isopropanol); 35 L water; 0.3 L concentrated HCI (37%) with agitation. The



4.91 W 29 19.9 4.47 M20.2 4.39 S 22.0 4.03 W23.0 3.86 M24.0 3.70
S O the peaks characteristic of the anhydrous form | hydrochl oride
salt of the conpound of Fornmula | shown in Table XlI, the eight npst
characteristic peaks are those appearimg at diffraction angles (in '2
0) equal to 12.9, 14.3, 15.4, 17.3, 19.9, 520.2, 23.0, and 24.0, and

e 0" e Baha A el oGRS e PERS  pyf bhfGAdd O
i '] ust r adcftation. X¥vhey tiResdietiobiids eletr itwaapfiltdred thiughhee Nen Byfdieo irdo a
b wgaBl g Bl o e A el POt e LESRAL B0 L o
deconposird epirik®rind F2bloF wetbl .at2eletvperanire if roh? abbat 80 Pertbsdbiout 70 °C
i 115 actarhinaiites wapAceeddoihe ALG e bc P feampgratyip er ihe Sombied
cor r espaiieand flitratd aeisNdabilizéd as 78 OTs(x £IC) antloralsatg yPmonbhndriate s
S XTI SR R R T A
Di f f r actgmatiORGhe térApBratire’ival MaiRedingd ahaboul794L foLhBOUVED iniistesi t Y
additional. The solution was subsequently cooled at a rate of from about 0.5°C/min to
10  atemperature between 0°C and 5§°C and maintained at this temperature with agitation
for 33 minutes while a thick suspension gradually formed. At the end of this time
period the crysfals were separated from the suspension by filtration through a No. 110
filter. The filter was washed with 14.5 L of an ethanol/water mixture (40:60,
ethanol:water by vol) which had been chilled and maintained at a temperature
15 between 0 °C and 5 °C. The crystals were recovered from the filter and dried for
about 15 hours in a vacuum drier with the temperature maintained between 35 °C and
40 °C.
With reference to Figures 1 to 4, the monohydrate hydrochloride salt form | of
the compound of Formula | prepared above was analyzed by X-ray, Infrared, and
20 Raman spectroscopy and by DSC, as described above. Table Viil, below, lists 12
characteristic peaks of the X-ray Powder Diffraction spectrum shown in Figure 1,
expressed in diffraction angle expressed in degrees 2 theta (°2 8), the corresponding
"d" spacing in angstroms (A), and relative intensities of the signal ("RI") in the
following notation: S= strong, M = medium, W = weak; V = Very and D = diffuse:

25
Table VIl

Diffraction D spacing | relative
Angle (A, £0.04) | intensity
(°2 ©,£0.2) |
12.9 16.85 VW
16.1 5.49 M
18.4 4.83 M




7.0 12.70 M9.0 9.87 S 10.4 8.48 M11.3 7.85 M12.6 7.00 S 13.7 6.47
MD 17.3 5.13 WD 20.2 4.39 S 30 22.4 3.96 M22.8 3.90 M 23. 2

10

15

24

18.7 474 W
19.8 448 W
216 411 S
22.8 3.89 VWD
235 378 M
240 3.70 WD
28.2 3.16 VW
343 2.62 VW
351 2.56 VW

Of the peaks characteristic of the monohydrate hydrochloride salt of the compound of
Formula | shown in Table VIil, the eight most characteristic peaks are those appearing
at diffraction angles (in °2 6) equal to 12.9, 16.1, 18.4, 18.7, 19.8, 21.6, 23.5, and
24.0, and the four most characteristic peaks are those appearing at diffraction angles

(in °2 ) equal to 16.1, 18.4, 21.6, and 23.5.

Figure 2 illustrates a transmission Infrared Spectrum of the crystalline
monohydrate hydrochloride form | salt of the compound of Formula |, obtained in
accordance with the above-described procedures. The 12 most characteristic peaks
of the crystalline monohydrate hydrochloride form | salt shown in Figure 2 are listed in
Table IX, below, and in an adjacent column, the relative absorption intensity of each
listed peak utilizing the notation: S = Strong, M = Moderate, W = Weak.

Table IX
Absorption | Wave No. relative
Peak (cm ) intensity
1 1693 M
2 1377 w
13 1277 S
4 1167 S




3.83 M23.7 3.75 M O the peaks characteristic of the anhydrous form

|1
X,

diffraction angles (in 2 0) equal
17.3, 520.2, and 22.4, and the four

hydrochl ori de salt of the conpound of Formnula I
the eight nost characteristic peaks are those appearing at
to 728, 9.0, 10.4, 12.6, 13.7,
nost characteristic peaks are

shown

in Tabl e

t hose appearing at diff tTom—ang 9y 1{. m—2—10) vat—to—y.0, 9.0,
12.6, and 20. 2. Figure 7 il ustrat es a tiransm ssi pn infrared
spectrum of the crystalljiene anhydr ¢dd430ydrochl g8 de forn Il salt form
of the conmpound of For mp-p—t—ebtaihedin—accordgree—y t he
procedures descri bed abC\7g. The 12 Tm?f‘ charact«yl stic ppaks toof the
crystalline nonohydrate [ge Tisted[gazTabl e XTY,wbelow, hnd in an
adj acent colum, the rellative absogption intendity of eath |isted
peak utilizing the notat/in: S = Sf Béﬁg, M = I\/hd’é‘rate W= Weak.
Tabl e XI'V Absor ption Pediygive NO: Iy Teratiye Tntengity 1 1694 M
2 1597 W3 1383 W4 1276 §_ S5 1066 M6 1020

11 703 S

12 682 S

Of the characteristic peaks shown in Table IX, the 8 most characteristic peaks of the
compound are those appearing at 1693, 1277, 1167, 1141, 1130, 1094, 703, and 682
reciprocal centimeters (cm™), and the four most characteristic peaks are those
appearing at 1693, 1277, 1167, and 682 cm™. |

Figure 3 illustrates a Raman spectrum of the monohydrate hydrochloride form |
salt of the compound of Formula |I. The 12 most characteristic scattering peaks of the
spectrum in Figure 3 are listed (in reciprocal centimeters, cm™) in Table X (below). In
a column adjacent to the listed peaks, the relative absorption intensity of each peak is

10 indicated in the notation: S = Strong; M = Moderate; W = Weak; V = Very; B = Broad.



S 7 1102 S8 898 M9 843 M10 768 11 704 S 31 12 682 O the
characteristic peaks shown in Table XV, the 8 nost characteristic
peaks of the conpound are those appearing at 1694, 1597, 1276, 1166,
1120, 898, 704 and 682 5reciprocal centdgreters (cm1l), and the four
nost characteristic peaks are those appearing at 1694, 1276, 898, and

682 cm 1. Figure 8 illustrat es}l-gb@aﬁan spectrum of the
anhydrous hydrochloride formll salt formof the conpound of Formula
| obtained in accordance Scatteting piWWane Nescr i beelativecedures. Tabl e
Feci procal centimeters. ok of ¢ b ohpound LHSERSIY lEEE‘?EZcﬁ rum
of Figure 8. In a colum fd]acent [gedhe T1stefypeaks, Elthe rel fifti vg
absorption intensity of |leach-peak |s._indicatediin the notation: S =
Strong; M= Mderate; W2 Wwak; Vv 30@9y: B = BWWad.
3 3625 WB
4 1604 MB
5 1371 WB
/ 6 1218 wB
7 1032 M
8 997 S
9 827 wB
10 732 VW
11 698 S
12 616 M
Of the characteristic peaks shown in Table X, the 8 mosi characteristic peaks of the
compound are those appearing at 3695,3690, 3625, 1604, 1032, 997, 724, and 616
5 cm™, and the four most characteristic peaks are those appearing at 3695, 1032, 997,
and 724 cm™. |
Figure 22 presents a proton NMR spectra of the monohydrate hydrochloride
form | salt of the compound of Formula | obtained by analyzing a solution of about 12
mg/ml of the salt dissolved in deuterated dimethyl sulfoxide. The spectrum was
10 obtained by analyzing the solution with a Varian INOVA-500 NMR spectrometer at 25

15

°C. Table Xl lists the characteristic peaks of the spectrum in ppm relative to TMS.
The region from 7.3 ppm to 8.0 ppm has the peaks expected for a mono-substituted
aromatic ring and a symmetrical tri-substituted aromatic ring. The region from 8.5
ppm to 10.8 ppm is consistent with three amine peaks, including the protonated amine
forming the HCI salt. The region between 2.8 and 4.8 ppm is consistent with five
aliphatic protons proximal to a nitrogen or oxygen. The region between 1.3 ppm and
2.6 ppm is consistent with the remaining eight aliphatic protons and the doublet at 1.4 -
ppm is consistent with the methyl group.



Tabl e XV Scattering Peak Wave No. (cm1l) relative intensity 1 1694 W
2 1607 M 3 1456 W4 1382 W5 1033 M6 1001 S 7 903 W 829 W9 729 10"

618

10

. 27
Table Xl
Table 1 H-NMR Assignments
Proton Chemical Shiit
(PPM) |
1-NH 8.56 br
H3s 2.15, 2.24 m, m
H4s 1.67, 1.88 m, m
Hés .88, 3.22 dofd (10Hz, 13 Hz) |
d (13 Hz),
7NHz" CT 9.63, 10.62 m, d (12 Hz), d of d
(10 Hz, 12 Hz)
Ho2 2.19, 2.49 m, d (14.5 Hz)
H10s 11.39, 1.79 m, d (13.5 Hz)
Az, 12 7.58 d (7.5 Az)
H13, 13 7.44 m
H14 7.40 m
H15s 3.36, 4.30 d (10 Hz), d (10 Hz)
H16 4.65 q (6.4 Az)
H17s 141 d (6.4 Hz)
H19, 19 766 s
[H2T 7.02 s

The crystalline monohydrate hydrochloride form | salt of the compound of
Formula | was analyzed by differential scanning calorimetric in accordance with the
procedures described above. Figure 4 illustrates the DSC thermogram obtained from
this analysis. The DSC thermogram of Figure 4 contains a broad endotherm centered
at approximately 101 °C, a second endotherm centered at approximately 150 °C, and

a third endotherm centered at approximately 207 °C. The first endotherm

corresponds to dehydration of the crystalline monohydrate form 1, producing the
corresponding anhydrous hydrochloride form | salt. The the second endotherm
corresponds to the melting of the anhydrous form | sait (about 150 °C), which in



W11 527 WB 12 277 W 15 32 cm1l, and the four nobst characteristic
peaks are those appearing at 1607, 1001, 729, and 277 cm 1.

When exam ned for solubility in accordance with the above-descri bed
procedure, it was found that the nonohyzg ate hydrochl oride form!]
salt of the compound of Fornula | had aqueous solubility, at pH of 4
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under |ight sprestple@idhé e@R§drous form | salt was prepared by heating the
monohydrate hydrochloride form | salt of the compound of Formula | under flowing
nitrogen at a temperature above 70 °C. The anhydrous form | salt was analyzed by

15  X-ray Powder Diffraction Spectroscopy. Figure 5 illustrates an X-ray Powder
Diffraction Spectrum of the anhydrous hydrochloride form | salt of the compound of
Formula |. Table XII, below, lists 12 characteristic peaks of the spectrum shown in
Figure 5 by diffraction angle expressed in degrees 2 theta (°2 0), the corresponding
"d" spacing in angstroms (A), and relative intensities of the signal ("RI") in the
320 following notation: S= strong, M = medium, W = weak; V = Very and D = diffuse:

‘Table Xt
Diffraction d spacing relative
Angle (A, £0.04) intensity
(°2 0, 0.2) |
10.8 8.21 VW
12.9 6.66 s
13.7 6.45 w
14.3 6.18 S
15.4 575 S
17.3 5.13 S
18.0 4.91 w
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25 Tabl aisky/hb dHatadtaastic® peARYbEtheXPay Podded Diffasitiog spBctrunPsiibin in Figure

relative_ intensity

9.4 9.36 M9.9 8.91 W_34

6 by diffraction angle expressed in degrees 2 theta (°2 8), the corresponding "d"

spacing in angstroms (A), and relative intensities of the signal ("RI") in the following

notation: 8= strong, M = medium, W = weak; B = Broad, V = Very and D = diffuse:

hs

; Table Xlii
Diffraction | d spacing relative
N Angle (A, + 0.04) intensity
(°2 ©,£0.2)
7.0 12.70 M
9.0 9.87 -S
10.4 8.48 M
11.3 785 | M
12.6 7.00 S
13.7 6.47 MD
17.3 5.13 WD
20.2 4.39 S




12.8 6.92 M14.4 6.14 W15.1 5.86 M18.0 4.93 M20.0 4.43 S 21.0 4.22
S21.7 4.09 S 23.53.78 M25.3 3.51 S 28.5 3.13 M O the peaks
characteristic of the the tosylate forml salt formof the conpound
of Formula | shown in Table XVII, the &0ght nost characteristic peaks
are those appearing at diffraction angles (in 02 0) equal to 9.4,
12.8, 15.1, 18.0, 20.0, 217055317, and—2ZHgs (th-rlUr nost
characteristic peaks arg_thoSe appelaring a dlffractl on _angles (in '2
0) equal to 9.4, 20.0, p1.0,228d 25.3. 3.90 Fijgdre 10 il lustrates a
transm ssion infrared speet+ygm-of re—t-osytate—ferm-t—salt form of

t he conpound of Fornmul ajfl ?‘%\ ned utili §ﬁ§ thé rocedurje descri bed
above. 23.7 3.75 M

Of the peaks characteristic of the anhydrous form 1l hydrochloride salt of the
compound of Formula | shown in Table XIlI, the eight most characteristic peaks are
those‘appearing at diffraction angles (in °2 0) equal to 7.0, 9.0, 10.4, 12.6, 13.7, 17.3,
5  20.2, and 22.4, and the four most characteristic peaks are those appearing at
diffraction angles (in °2 6) equal to 7.0, 9.0, 12.6, and 20.2.
Figure 7 illustrates a transmission infrared spectrum of the crystalline
anhydrous hydrochloride form Il salt form of the compound of Formula | obtained in
| accordance with the procedures described above. The 12 most characteristic peaks
10  of the crystalline monohydrate are listed in Table XIV, below, and in an adjacent
column, the relative absorption intensity of each listed peak utilizing the notation: S =
Strong, M = Moderate, W = Weak.

Table XIV
Absorption | Wave No relative
Peak (em™) intensity
1694
11597
1383
1276
1066
1020
1102
898
843
768
704
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soTable XVII1, below, lists the 12 nost characteristic peaks of the
crystalline tosylate forml salt, and in an adjacent columm, the
relative absorption intensity of each listed peak is identified
utilizing the notation: S = Strong, M 31Woderate, W= Wak, V = Very.
15 Table XVII1 Absorption Peak Wave No. (cn¥4) relative intensity 1
1668 M 2 1275 S 3 1249441177 Mgs 1032 S 8

1009

10

15

Of the characteristic peaks shown in Table XIV, fhe 8 most characteristic peaks of the
compound are those appearing at 1694, 1597, 127;6, 1166, 1120, 898, 704 and 682 :
reciprocal centimeters (cm™), and the four most characteristic peaks are those
appearing at 1694, 1276, 898, and 682 cm™.

Figure 8 illustrates a Raman spectrum of the anhydrous hydrochloride form I
salt form of the compound of Formula | obtained in accordance with the above
described procedures. Table XV, below, lists the 12 most characteristic scattering
peaks (in reciprocal centimeters, cm™) of the compound shown in the spectrum of
Figure 8. In a column adjacent to the listed peaks, the relative absorption intensity of
each peak is indicated in the notation: S = Strong; M = Moderate; W = Weak; V = '
Very; B = Broad.

Table XV
Scattering { Wave No.
Peak (cm™)
1694
1607
1456
1382
1033
1001
903
829
729

relative
intensity

o o N o o] B W] D] =

—
o

618

—
-—

527

B

-t
N

277

I B T L I I I B B I

Of the characteristic peaks shown in Table XV, the 8 most characteristic peaks of the
compound are those appearing at 1694,1607,1456, 1382, 1001, 729, 618, and 277



S 9899 M10 817 M11 770 12 681 S O the characteristic peaks
shown in Table XVIII, the 8 nost characteristic peaks of the conpound
are those appearing at 1668, 1275, 1157, 1125, 1032, 1009, 899, and
681 reciprocal centineters (cm1l), and3zhe four nost characteristic
peaks are those Sappearing at 1275, 1125, 1032, and 681 cm 1.
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least about 1.0 mg/ml, and had the indicated solubilities at ambient temperatures in
the pharmaceutical solvents shown below in Table XVI.

Table XVi
Solvent ' Solubility (mg/ml,
1 ambient conditions)
Ethanol 185
Prbpylene Glycol 160
PEG 400™ 20
Glycerin 16

10
The stability of the crystalline monohydrate hydrochloride salt form of the

compound of Formula | was also examined using the procedure described above for
samples contained in polyethylene bags by exposing samples to the following
conditions: (a) 60 % relative humidity (RH) at 4 °C for twelve months, at 25 °C for

15 eighteen months, and at 50 °C for one month; (b) 40 °C and 75 % relative humidity
(RH) for twelve weeks; and (c) 70 °C at ambient humidity for one hour. Samples of
the crystalline monohydrate hydrochloride form | salt were also tested for one cycle of
ICH UV/Vis light stress conditions. These tests demonstrated that the crystalline
monohydrate hydrot:hloride form | salt of the compound of Formula | is stable at room

20 temperature between about 5% and about 95% relative humidity, is stable up to about
70 °C, and is stable under light stress conditions.

Tosylate Salts of the Compound of Formula l

25 In accordance with the processes described herein, four forms of a tosylate salt
of the compound of Formula | have been prepared.



4 1602 MB 5 1371 W6 1117 W7 1026 M8 996 S 9 793 MB 10 727 VW 36
11 632 M 12 615 VW O the characteristic peaks shown in Table X X
the 8 nobst characteristic peaks of the conpound are those appearing
at 3695, 3250, 1117, 1026, 996, 793, 733 and 615 cnmll, and the four
nost characteristic peaks are those appearing at 3250, 1117, 996,
5and 727 cm 1. The crystalline tosylate form| salt formof the
conpound of Fornmula | was anal yzed by differential scanning
calorinmetry using the procedure descri bed above. Figure 19

illust ra{.gésvl% ech[:)%% Itgae&rmgr am t hereby obtained. The DSC t her nogram

Crystalline tosylate form | salt of the compound of Formula | was prepared by
5 dissolving 1.g of (56S,8S)- 8-[{(1R)-1-(3,5-Bis-(trifluoromethyl)phenyl)-ethoxy}-methyl]-
~ 8-phenyl-1,7-diazaspiroj4.5]decan-2-one (the compound of Formula 1) and 380 mg of
p-tolyenesulfonic acid in 4 ml of anhydrous ethanol contained in a vial. Into this
solutibn was added 30 ml of anhydrous diethyl ether. The mixture was titrated with
additional drops of ethanol until it was clear. The vial containing the mixture was

10 covered (with a vented covering) and left to stand quiescent under ambient conditions
for 48 hours during which time crystals of the tosylate form | salt of the compound of
Formula | precipitated. The precipitated crystals were isolate by filtration, washed with
an aliquot of diethyl ether and dried in air. The crystals were subsequently collected
and dried under house vacuum overnight.

15 With reference to Figures 9 to 11 and 19, the tosylate form | salt form of the
compound of Formula | thus obtained was characterized by X-ray Powder Diffraction,
Infrared, and Raman spectroscopies and by DSC, as in accordance with the
procedures described above. Table XVIl, below, lists 12 characteristic peaks of the X-
ray Powder Diffraction spectrum shown in Figure 9, expressed in diffraction angle

™20  expressed in degrees 2 theta (°2 0)values are shown as +/- 0.02 (°2 9)), the
corresponding "d" spacing in angstroms (A), shown +/- 0.04 A, and relative intensities
of the signal ("RI") in the following notation: S= strong, M = medium, W = weak; B =
Broad, V = Very and D = diffuse:

25

Table XVIl
Diffraction d spacing relative
Angle (A, £0.04) |intensity
(°2 6, 0.2)
9.4 9.36 M
9.9 8.91 w
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in the follow ng notation:
B = Broad, V = Very and D = diffuse:

S= strong, M=
Tabl e XXI

, Table XVIIl
Absorption | Wave No. relative
Peak (cm™) intensity
1 1668 M
2 1275 S
3 1249 M
4 1177 M




Angle (A 0.04) intensity (2 0, 0.2) 5.0 17.66 S 9.1 9.73 W10.0
8.80 S 13.2 6.70 M13.6 6.52 M 38 14.9 5.96 15.0 5.85 S 18.2 4.88 M
19. 7 3 -

35
5 1157 S
6 1125 S
7 V 1032 )
8 1009 S
) 899 M
10 817 M
11 770 M
12 681 S

Of the characteristic peaks shown in Table XVIII, the 8 most characteristic peaks of
the compbund are those appearing at 1668, 1275, 1157, 1125, 1032, 1009, 899, and
681 reciprocal centimeters (cm™), and the four most characteristic peaks are those

s  appearing at 1275, 1125, 1032, and 681 cm’™.

Figure 11 illustrates a Raman spectrum of the tosylate form I sait form of the
compound of Formula |. Table XIX, below, lists the 12 most characteristic scattering
peaks of the compound (in reciprocal centimeters, (cm™)). Listed in an adjacent
column beside each peak listed in Table X, the relative absorption intensity of each

10 peak is indicated in the notation: 8 = Strong; M = Moderate; W = Weak; V = Very; B =

Broad.
' Table XIX

Scattering | Wave No. relative
Peak (em™) intensity
1 3695 w
2 3690 w
3 3250 M
4 1602 MB
5 1371 w
6 1117 w
7 1026 M
8 996 S
9 793 MB
10 727 vw




4.49 S 23.0 3.87 24.7 3.60 M25.7 3.46 M O the peaks shown in
Tabl e XXI characteristic of the crystalline tosylate forml| salt
formof the conpound of Fornula I, the eight nost characteristic
peaks are those appearing at diffractigg angles (in 2 0) equal to
5.0, 9.1, 10.0, 13.2, 13.6, 14.9, 19.7 5and 23.0, and the four nost
characteristic peaks arg-_those—appearihg—at—dfractionangles (in
20) equal to 5.0, 10.0, yie) 6, and 1@327 ngre 15 illustrates
a transm ssion infraredSgectrum fgfdie crystal{ime tosylate formll
salt formof the conmpound of Formila I, obtained using tlhe procedure
descri bed above. Table XXII, below, lists the 12 nost characteristic
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The crystalline tosylate form | salt form of the compound of Formula | was

analyzed by differential scanning calorimetry using the procedure described above.
Figure 19 illustrates the DSC thermogram thereby obtained. The DSC thermogram
contains a singie sharp endotherm centered at approximately 218 °C, which is the

10 melting point of the crystalline tosylate form | salt form of the compound of Formula I.

When examined for solubility in accordance with the above-described
procedure, it was found that the tosylate form | salt of the compound of Formula | has
aqueous solubility, at pH of 4 or less (more acidic), of at least 0.38 mg/ml, and had the
" following solubilities at ambient temperatures in the pharmaceutical solvents shown
15  below in Table XX.

Table XX
Solvent Solubility (mg/ml, ambient conditions)
Ethanol 75
Propylene Glycol 20
PEG 400™ 1.8
Glycerin 25

The stability of the crystalline tosylate form 1 salt form of the compound of
20 Formula | was examined by placing weighed amounts of the salt into clear glass vials
. and storing them under the indicated conditions. Periodically a vial was removed and
the contents examined for decomposition of the compound. Accordingly, samples of
the tosylaté form | salt were exposed to the following conditions: (a) 40 °C and 75 %
relative humidity (RH) for four weeks; (b) 50 °C and ambient relative humidity for four
25 weeks; and (c) 70 °C for one hour. Samples of the tosylate form | salt were



1276 S 4 1158 MB 5 1119 SB 6 1032 S 39 7 1010 S 8 898 S 9 816 M 10
770 M 11 705 12 680 S O the characteristic peaks shown in Table

XX,

the 8 nost characteristic peaks of the conpound are those

appearing at 1671, 1625, 1276, 1158, 1B¥9, 1032, 1010, 898, 816, 770,
705, and 680 reciprocal centineters (cm1l), and the four nost

char act efd 3Ly tested for one cycle of ICH UV/Vis light stress conditions. These tests

10

15

illustrate that the crystalline tosylate form | salt form of the compound of Formula i is
stable under all tested conditions.

Tosylate Form |l Salt

Utilizing the general slurry procedures described herein, tosylate form Il salt of
(58,8S)- 8-[{(1R)-1-(3,5-Bis-(trifluoromethyl)phenyl)-ethoxy}-methyl}-8-phenyl-1,7-
diazaspiro{4.5]decan-2-one (the tosylate form 1l salt of the compound of ‘Formula )]
was prepared by slurrying in acetonitrile (ACN) the crystalline tosylate form | salt
prepared in accordance with the procedure described above. With reference to
Figures 12, 15 and 16, the crystalline tosylate form Il salt form of the compound of
Formula | was characterized by X-ray Powder Diffraction, Infrared, and Raman
spectroscopies and analyzed by DSC.

Figure 12 shows the X-ray Powder Diffraction Spectrum of the crystalline
tosylate form |l salt form of the compound of Formula |, obtained using the general
procedure described herein. Table XXl, below, lists 12 characteristic peaks of the X-
ray Powder Diffraction spectrum shown in Figure 12. Table XXI lists the characteristic
peaks by diffraction angle expressed in degrees 2 theta (°2 ©), the corresponding "d"
spacing in angstroms (A), and relative intensities of the signal ("RI") in the following
notation: S= strong, M = medium, W = weak; B = Broad, V = Very and D = diffuse:

Table XXI
Diffraction d spacing relative
Anglé (A, £0.04) intensity
(°20,£0.2)
5.0 - 17.66 S
9.1 9.73 w
10.0 8.80 S
13.2 6.70 M
13.6 6.52 M




5peaks are those appearing at 1671, 1276, 1119, and 680 cm1.
Figure 16 illustrates a Raman spectrum of the crystalline tosylate
formlIl salt formof the conpound of Formula | obtained using the
procedure described above. Table XXIII 3gi sts the 12 nost
characteristic scattering peaks shown in Figure 16 (| n reci procal

centinmeters, cm1l). In e-tm—adiacent—to—th -sted—peaks, Table
XXI'I'l torepresents the rg} i ve absjorption int e%. ty of each peak in
the notation: S = StronpysM = Moderjagsgs W= Wbk, V = Vely;, B =
Broad. 15 Table XXII| Sgattering Peak \Wve No.l{cm-1) relative
intensity 1 1608 W8 2 1448.288 3 12148 4 1126| M 5 1037 M 6 1003 M 7
802 M8 40 19.7 4.49 S

23.0 3.87 M

24.7 3.60 M

25.7 3.46 M

Of the peaks shown in Table XXI characteristic of the crystalline tosylate form li salt
form of the compound of Formulia 1, the eight most characteristic peaks are those
appearing at diffraction angles (in °2 0) equal to 5.0, 9.1, 10.0, 13.2, 13.6, 14.9, 19.7

5 and 23.0, and the four most characteristic peaks are those appearing at diffraction
angles (in °2 6) equal o 5.0, 10.0, 13.6, and 19.7.

Figure 15 illustrates a transmission infrared spectrum of the crystalline tosylate
form 1l salt form of the compound of Formula |, obtained using the procedure
described above. Table XXII, below, lists the 12 most characteristic peaks of the

10  spectrum of crystalline tosylate form |l salt shown in Figure 15, and in an adjacent
column beside each of the listed peaks, represents the relative absorption intensity of

each listed peak utilizing the notation: S = Strong, M = Moderate, W = Weak, B =
Broad, V = Very.

15
Table XXII
Absorption | Wave No. relative
Peak (ecm™) intensity
1 1671 MB
2 1625 MB
3 1276 S
4 1158 MB
5 1119 SB
6 1032 S




8 731 WB 9 637 WB 10 290 WB 11 233 WB 12 152 8 O the
characteristic peaks shown in Table XXIlI1, the 8 nbst characteristic
peaks of the conmpound are those appearing at 1608, 1126, 1037, 1003,
802, 731, 290, 152 cm1, and the four mgst characteristic peaks are
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Table XX
Scattering | Wave No. relative
Peak (cm ™) intensity
1 1608 WB
2 1446 wB
3 1212 wB
4 1126 M
5 1037 M
6 1003 M
7 802 MB




(2 0, 0.2) d spacing (A, 0.04) relative intensity 6.3 14.02 M 9.7
9.13 S 11.1 7. 95 12.6 6.70 WB 15.1 5.85 WB 16.7 5.29 M17.2 5.16 M
19.3 4.59 M20.2 4.39 SB 20.7 4.29

10

is

20

25

40

8 731 — [WB
9 637 WB
10 290 WB
11 233 VWB
12 152 S

Of the characteristic peaks shown in Table XXIll, the 8 most characteristic peaks of
the compound are those appearing at 1608, 1126, 1037, 1003, 802, 731, 290, 152
cm™, and the four most characteristic peaks are those appearing at 1126, 1037, 1003,
and 802 cm™.

The crystalline tosylate form |l salt form of the compound of Formula | was
analyzed also by differential scanning calorimetry, using the general procedure
described above. The DSC thermogram thus obtained is shown in Figure 20. With
reference to Figure 20, the DSC thermogram contains two broad endotherms, one
centered at approximately 52 °C, which is attributable to loss of solvent of
crystallization. The second broad endotherm, centered at about 143 °C, is
attributable to melting and decomposition of the salt form remaining after driving off
the solvent.

Tosylate Form Il Salt

Using the general slurrying procedure described herein, the Tosylate salt form
Il of (5S,8S)- 8-[{(1R)-1-(3,5-Bis-(trifluoromethyl)phenyl)-ethoxy}-methyl]-8-phenyi-
1,7-diazaspiro[4.5]decan-2-one (the compound of Formula ) was prepared by
slurrying in hexane the crystalline tosylate salt form | prepared as described above.
With reference to Figures 13 and 21, the crystalline tosylate form Il salt form of the
compound of Formula | was characterized by X-ray Powder Diffraction spectroscopy
and analyzed by DSC using the above-described procedures.

Table XXIV, below, lists 12 characteristic peaks of the X-ray Powder Diffraction
spectrum shown in Figure 13, expressed in diffraction angle expressed in degrees 2

theta (°2 0), the corresponding "d" spacing in angstroms (A), and relative intensities of
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Of the peaks shown in Table XXIV characteristic of the crystalline tosylate form Il sait
form of the compound of Formula |, the eight most characteristic peaks are those
appearing at diffraction angles (in °2 6) equal to 6.3, 9.7, 12.6, 16.7, 17.2, 20.2, 20.7,
and 22.2, and the four most characteristic peaks are those appearing at diffraction

10 angles (in °2 @) equal to 6.3, 9.7, 20.2, and 22.2.

Figure 21 illustrates the DSC thermogram obtained from DSC analysis of the
crystalline tosylate form 1l salt form of the compound of Formula |, obtained using the
procedure described above. The DSC thermogram contains a broad endotherm
15 centered at approximately 130 °C, which is attributable to loss of solvent of
crystallization and decomposition of the crystalline material remaining after solvent

loss.
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MB 13.3 6.66 M 16.0 5.53
9.2 4.63 SB 20.9

Tosylate Form 1V Salit

Utilizing the general slurrying procedure described herein, fosylate salt form 1V
of (58,88)- 8-[{(1R)-1-(3,5-Bis-(trifluoromethyi)phenyl)-ethoxy}-methyl]-8-phenyl-1,7-
diazaspiro[4.5]decan-2-one (the compound of Formula I) was prepared by slurrying in
tetrahydrofuran (THF) the crystalline tosylate form | salt prepared as described above
to provide the THF solvate. With reference to Figures 14, 17 and 18, the crystalline
tosylate form IV salt form of the compound of Formula | was characterized by X-ray
Powder Diffraction, Infrared, and Raman spectroscopies.

Figure 14 illustrates an X-ray Powder Diffraction Spectrum of the crystalline
tosylate form 1V sait form of the compound of Formula | obtained using the general
procedure described he}ein. Table XXV, below, lists 12 characteristic peaks of the X-
ray Powdef Diffraction spectrum shown in Figure 14, expressed in diffraction angle
expressed in degrees 2 theta (°2 0), the corresponding "d” spacing in angstroms (A), ’
and relative intensities of the signal ("RI") in the following notation: S= strong, M =
medium, B = Broad, W = weak; V = Very and D = diffuse.

Table XXV
Diffraction d spacing relative
Angle (A, £0.04) intensity
(°20,£0.2)
6.1 14.44
73 - 12.09
9.6 9.19 S
11.4 7.76 MB
13.3 6.66 M
16.0 5.53 M
16.9 5.25 S
17.5 5.06 M




4.26 S 22.2 4.03 S O the peaks shown in Table XXV characteristic of
the crystalline tosylate formlIl salt formof the conpound of Fornula
|, the eight nost characteristic peaks are those appearing at
diffraction angles (in 2 0) equal to 64% 7.3, 9.6, 13.3, 16.9, 18.8,
20.9 b5and 22.0, and the four nobst characteristic peaks are those
appearing at diffraction-angles (in 02 0) | to 6.-1-9.6, 20.9 and
22.0. Figure 17 i)l l usi®&tes 3 trarfb%gssi M5 nfrarjed spectrum
of the crystalline tosyl@ate Ilgtzmi‘v' sattf ggNmof gghe compound of
Formul a | obtained using the proceddre described herein.j Table XXV,
bel ow, lists the 12 nost| cha2@& eri dtic pkaks ofSthe iocfystalline
tosylate formIV salt angd—+n-aa—adigeent—ealbumreepresents the

rel ative absorption intensit$y 6f eagh Iis‘%@g pepK utilizjing the
notation: S = Strong, M= Mderate, W= Wak, B = Broad, V = Very. 15

Tabl e YN AbsOLRLLOn Prak MAUE 0 LS Mid 8 B SSeileBLiktd rordy F sat
form of the compound of Formula |, the eight most characteristic peaks are those
appearing at diffraction angles (in °2 0) equal to 6.1, 7.3, 9.6, 13.3, 16.9, 18.8, 20.9

5 and 22.0, and the four most characteristic peaks are those appearing at diffraction
angles (in °2 8) equal to 6.1, 9.6, 20.9 and 22.0.

Figure 17 illustrates a transmission infrared spectrum of the crystalline tosylate

form 1V salt form of the compound of Formula | obtained using the procedure
described herein. Table XXVI, below, lists the 12 most characteristic peaks of the

10 crystalline tosylate form IV salt and in an adjacent column represents the relative
absorption intensity of each listed peak utilizing the notation: S = Strong, M =
Moderate, W = Weak, B = Broad, V = Very.

15
h Table XXVI

Absorption | Wave No. relative
Peak (cm™) intensity
1 1673 MB
2 1450 MB

13 1381 S
4 1277 MB
5 1172 SB
6 1121 S
7 1029 S
8 1007 S
9 898 M




6 1121 S 7 1029 S 8 1007 S 9 898 M 44 10 820 M 11 767 M12 665 S
the characteristic peaks shown in Table XXVI, the 8 nost
characteristic peaks of the conpound are those appearing at 1673,
1277, 1172, 1121, 1029, 1007, 898, and4f65 reciprocal centineters
(cm'), and the four nobst characteristic peaks are those 5Sappearing at

1277, 1121, 1007, and 665.cm1. Elgur tes a Raman
spectrum of the crystall itRe t osyl at82Pormi1v saM formof the
conpound of Fornula | obggimed USIggyne procedgie descrj bed above.
Table XXVII lists the 12 npst_charhcieristic sg¢attering jpeaks in the
Raman spectra shown in Filgure 18, p6@5in an adj&cent colfum
represents the intensity—of—each—tt+sted—10peak+n—thenotation: S =

Strong; M= Mdderate; W= Weak; V = Very; B = Broad. 45 Table XXVII
Scat t er iQithBaharaiitedstiopediczHgwn in Table XXVI, the 8 most characteristic peaks of

the compound are those appearing at 1673, 1277, 1172, 1121, 1029, 1007, 898, and
665 recipracal centimeters (cm™), and the four most characteristic peaks are those
5  appearing at 1277, 1121, 1007, and 665 cm™.

Figure 18 illustrates a Raman spectrum of the crystalline tosylate form IV salt
form of the compound of Formula | obtained using the procedure described above.
Table XXVII lists the 12 most characteristic scattering peaks in the Raman specira
shown in Figure 18, and in an adjacent column represents the intensity of each listed

10 peak in the notation: S = Strong; M = Moderate; W = Weak; V = Very; B = Broad.



relative intensity 1 1678 W2 1604 M3 1450 MB 4 1383 M5 1207 M6
1120 M7 1003 S 8 800 M9 730 W10 620 WB 11 289

45

Table XXV
Scattering | Wave No. relative

Peak (cm™) intensity

1678
1604
1450
1383
1207
1120
1003
800
730
620
289
146
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Of the characteristic peaks shown in Table XXVII, the 8 most characteristic peaks of
the compound are those appearing at 1604, 1450, 1383, 1207, 1120, 1003, 800, and

5 289cm’, and the four most characteristic peaks are those appearing at 1604, 1003,
800, and 289 cm™.



M12 146 S O the characteristic peaks shown in Table XXVII, the 8
nost characteristic peaks of the conpound are those appearing at
1604, 1450, 1383, 1207, 1120, 1003, 800, and 289 cm1l, and the four
nost characteristic peaks are those appearing at 1604, 1003, 800, and
289 cm1l. 46 What is clainmed is: 1. #6crystalline Form| nonohydrate
hydrochl ori de salt form of the conpound (5S, 8S)-

84{ (1 =(: = =(trifluoronethyl)phenyl)-ethoxy)-nethyl]-8-phenyl
sl, 7- mﬂzags%;c?%rﬁ%ag?’decan- 2-one (Formula 1) CF3 Fornul a |
characterized by the followi ng x-ray powder diffraction pattern
expresged | f i I J i e d
spaci ng' (i nga%’géﬁ'%sf&a"ﬂﬁ%'ﬁ’gﬂd\%ep alzg?rﬂ?g%%istg ?tg%wgf tlfe?co poun

Di f fracti on(388S- 84{) R)1a(3, 5-dHs-Hrdloorgmethyl)phearyl)-etimoxyd-methyl]-8-pherg/!-
23..5 Mediu i ' 4 .11 3.78 2. A

crystall | n?ﬁﬂ%@gﬁ@@%?ﬁ?%—ﬁ@%h(%gf‘ﬁnﬁgé @au form of (58, 8S)-
8-[{(1R) - 1-

20(3,5-Bis-(trifluoromethyl)phenyl)-ethoxyynethyl)-8-phenyl -1, 7-
) £F3For nulGsl 47

1O
S?u“

CF3 Formula |

characterized by the following x-ray powder diffraction pattern expressed in
10 terms of diffraction angle (in 2 0), lattice "d" spacing (in angstroms) and relative
peak intensities("RI"):

Diffraction angle (20) RI Lattice Spacing (A + 0.04)
16.1 Medium 5.49
15 18.4 Medium 4.83
21.6 Strong 4.11

23.5 Medium 3.78
2. A crystalline anhydrous Form | hydrochloride salt form of (6S,8S)- 8-[{(1R)-1-

20 (3,5-Bis-(trifluoromethyl)phenyl)-ethoxy}-methyl}-8-phenyl-1,7-
diazaspirof4.5]decan-2-one (Formula |}

CF3 Formula |



characterized by the followi ng x-ray powder diffraction pattern
expressed in terns of diffraction angle (in 2 0), lattice "d" spacing
(in angstrons) and relative peak intensities("R1"): Diffraction angle
(20)RI Lattice Spacing (A 0.04) 12.9Strong6.86 15.4Strong5. 75
17.3Strong5. 13 20. 2Strong4. 39 A crystéd | i ne anhydrous Form I |

hydrochl oride salt formof (56,8S)-8-[{(1R)-1-

(3,5-Bis-(t e t e

di azaspi ro[%%%gﬁéeggﬁ @%@Bﬁ&%{]‘ﬂ?&%or S Fgﬂr?%%forﬁp cha?daéxt}%srygie?e‘g
by the fol ltewnsfxiffragtipnatete (in 2fe)atticn"dapasing 6r@ngsiens) andeelative
of diffraction an | attice "d" spacing (in angstrons) and
rel ative peRf®@ Wﬁ%?%?'éﬁ(g‘éﬁ?m "Y: Diffraction angle (20)RlLattice
Spacing (A 0.04) 25 7.0 9.0 12.6 20.2 Medium Strong Very Strong

Strong 12.70 9.87 7.00 4.39 4.A cr stalllne Form | C}/ﬁtea
fosm of 8- [Riffr&ytion aggle.@0J. Lattice Spacun (

(trifluoronet h{éﬁhenyl) et hoxy) I‘—%E‘m%u] 8- Phenyl - 1656(1' azaspiro[4.51

cl ecan-2- one mula |) 48 la | charactérized by the
foll owi ng x-rayspowder diffracti Birgragtern expressed.7Gn 5terns of

diffraction an (in 2 0), Iatt| " spacing (in strons) and
relative peak i ke‘%nm ties(" RI " %???éjacti on angl e ?grg?Rl Lattice
Spacing (A 0.84)2 10 9.4 0 2Atrén@5. 3 Medi um Ve# 89St r ong

10

3. A crystalline anhydrous Form Il hydrochloride salt form of (58,85)-8-[{(1R)-1-
(3,5-Bis-(trifluoromethyl)phenyl)-ethoxy}-methyl]-8-phenyl-1,7-
diazaspiro[4.5]decan-2-one (Formula I)

O
(SN \\\\\
§

15 CF3 Formula |
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characterized by the following x-ray powder diffraction pattern expressed in
terms of diffraction angle (in 2 0), lattice "d" spacing (in angstroms) and relative
peak intensities("RI"):

20
Diffraction angle (26) RI Lattice Spacing (A + 0.04)
7.0 Medium 12.70
8.0 Strong 9.87
12.6 , Very Strong 7.00
25 20.2 Strong 4.39

4. A crystalline Form | tosylate salt form of 8-[{(1R)-1-(3,5-Bis-
(trifluoromethyl)phenyl)-ethoxy}-methyl}-8-phenyl-1,7-diazaspiro[4.5]decan-2-
one (Formulal)



Medi um Strong Medium Strong 9.36 4.43 4.22 3.51 5. Acrystalline
Form Il Tosylate salt formof (55,85)- 8-[{(1R)-1-(3,5-Bis-
15(trifluoronet hyl)phenyl)-ethoxy)-nethylj-8-phenyl -

, 7-di azaspiro[ 4. 5] deca n- 2-one characterized by the foll ow ng x-ray
powder diffraction pattern expressed48n terns of diffraction angle

(in 2 0), lattice "d" spacing (in angstrons) and rel ative peak
intensities("RI"): 20D ffraction angle (20)RILattice Spacing (A
0.04) 5.0 Very Strong 17.66.10.0 Strong 8.80 13.6 Medium 6.52 19.7
Very Strong 4.49, 25 al | Faym i1l Tggylate salt form of
(55,85) - @‘ E
8-[{(1R)-1-(3,5-Bip(trij W

, 7-di azasPi ro[ 4. 5] - '
foI | ow ng x-ray powder di ffractl on pattern gessed Hd} s of
diffraction angle (in 2 0), lattice "d" spacing On angstrons) and
relative peak intensities("RI"): SDiffraction angle (20) Rl Lattice
Spacing (A chargét]er;zeé b'v?tﬂ'elfgﬁg\ﬁ ng%«ray powder diffraction pattern expressed in

S terms of diffraction angle (in 2 ), lattice "d" spacing (in angstroms) and relative

peak intensities("RI"):

Diffraction angle (20) RI Lattice Spacing (A * 0.04)
9.4 Medium 9.36
10 20.0 Very Strong 4.43
21.0 Medium Strong 4.22
253 Medium Strong 3.51

5. A crystalline Form 1l Tosylate salt form of (56S,8S)- 8-[{(1R)-1-(3,5-Bis-

15‘ (trifluoromethyl)phenyl)-ethoxy}-methyl]-8-phenyl-1,7-diazaspiro[4.5]decan-
2-one characteriied by the following x-ray powder diffraction pattern expressed
in terms of diffraction angle (in 2 8), lattice "d" spacing (in angstroms) and
relative peak intensities("RI"):

20 Diffraction angle (20) RI Lattice Spacing (A  0.04)
5.0 Very Strong 17.66
10.0 Strong 8.80
13.6 Medium 6.52
19.7 Very Strong 4.49
25

6. A crystalline Form |l Tosylate salt form of (5S,8S)- 8-[{(1R)-1-(3,5-Bis-
(trifluoromethyl)pheny!)-ethoxy}-methyll-8-phenyl-1,7-diazaspiro[4.5]decan-2-
one which is characterized by the following x-ray powder diffraction pattern



9.7 Very Strong 9.13 20.2 Strong 4.39 22.2 Strong 4.00 10 7. A
crystalline Form IV Tosylate salt form of (55, 8S)-
8-R(1R)-1-(3,5-Bis(trifluoronethypphenyl)-ethoxy}-nethyl]-8-phenyl -
7-di azaspi ro[ 4. 5] decan-2- one which is characterized by the foll ow ng
x-ray powder diffraction pattern exprassed in terns of diffraction
angle (in 2 0), lattice "d" spaC| ng (in 15angstroms) and rel ative

peak intensities : i.0 paci ng
(A 0.04) B€s é g rb%?'@‘sﬁ%j °?§h&'@eagﬁ§e & f%?%%&§%égd"ﬁ(' 4 9.19
4.26 4.03 Sngdrethypand rélatvdpeak intBisitios(1RYNI de nonohydrate salt
form of (5S, 8S) 84{(1R) - 1-
(3,5-13is-(trifluoronethyl)phenyi)-ethoxy)-nethyll-8-phenyl-1, 7-

25di azaspi ro[ 4. 5] decan-2-one (Formula I) cF3Forrmula I 50
characterized by the foll owi ng x-ray powder dlffractlon pat.ern
expressed i ﬁﬂacmmn fi e "d" Bpacing (i SEISPANING :
peak intensities ", denoted,as,S=strong, Ntnedlu d wea
each of which ma %e modi fi ed by&AUELy and D:dlffusgl4 r exanpl e,

VS = Very Strongg WD = very Swealfy @tidnigse) : Table 1 @.$pacing

20.2 Strong 4.39
222 Strong 4.00
10
7. A crystalline Form IV Tosylate salt form of (6S,8S)- 8-[{(1R)-1-(3,5-Bis-
(trifluoromethyl)phenyl)-ethoxy}-methyl}-8-phenyl-1,7-diazaspiro[4.5]decan-2-
one which is characterized by the following x-ray powder diffraction pattern
expressed in terms of diffraction angle (in 2 0), lattice "d" spacing (in
15 angstroms) and relative peak intensities("RI"):
Diffraction angle (20) RI Lattice Spacing (A # 0.04)
6.1 Strong 14.44
; 9.6 ' Strong 9.19
20 20.9 Strong 4.26
22.0 Strong 4.03

8. A crystalline Form | hydrochloride monohydrate salt form of (5S,8S8)-8-[{(1R)-1-
(3,5-Bis-(trifluoromethyl)phenyl)-ethoxy}-methyl}-8-phenyi-1,7-
25 diazaspirof4.5]decan-2-one (Formula ()

H
o) N NH @ CF3
t N (S) (S) il 3
& G

CF3 Formuia t

‘\; \\\\“\\



relative intensity 6.85 WD 5.49 M4.83 M4.74 WD 4.48 W4.11 S 3. 89
W 3.78 M3.70 WD 3.16 W2.62 VW2.56 W 9. A pharnaceuti cal
conposition conprising the crystalline salt of any of clains 1 to 8
and a pharnmaceutically acceptable carrier and optionally one or nore
addi ti onal therapeutic agents. 1510. f®e conposition of claim9
conprising additionally a chenotherapeutic agent 51 11. The

conposition i y‘?f W0 ¥ ggﬁ# I ey I :

t enrozol om dgﬁéﬁéﬁﬁmo o()?bglr'ﬁ tgirﬁg%an grd?fﬁ%g@%ﬁ ?ﬁgﬂtﬁﬁﬁgsed n

and/ or nausteamsofdatiiwen’al’ seativl (oapystsenshdnd neletive ipegktntepsitids("RI ",

mammal a th tical f et tya/Q ' s rising

the crystal %ﬁgfesla a+sfc§o% %gﬁé’ @f H(“:%(Cgll'"?f'gghg élvgpve%k?@ghﬁ%mt\cﬁ%% de
modified by V=very and D=diffuse, for example, VS = Very Strong, VWD = very

5 weak diffuse):
Table 1
d relative
spacing intensity
6.85 wbD
5.49 M
4.83 M
4.74 wD
4.48 w
4.1 S
|3.89 WD

3.78 M
3.70 WD
3.16 w
2.62 VW
2.56 w

10

9. A pharmaceutical composition comprising the crystalline salt of any of claims 1

to 8 and a pharmaceutically acceptable carrier and optionally one or more
additional therapeutic agents.

15 10. The composition of claim 9 comprising additionally a chemotherapeutic agent.



13. A nmethod of treating and/or preventing enesis and/or nausea in a
mammal whi ch conprises adm nistering to said manmal a therapeutically
ef fective anount of the conposition of claim9. 14. A nethod of
treating and/or preventing emesis and £ nausea in a mamal which
conprises admnistering to said manmal a therapeutically effective
anmount sition of claim10. 15. The fornulatjon of claim1l
further? {:onphf‘i'%F%%SBﬁMt%@%anh%eggmch%t herrPquWicRgettion of

cl ai m 15 wheggidrdidigigehenot her apeuti c agent is tenozol omide. 17. A
met hod of providing therapy for del ayed onset enesis and/or del ayed
onset nausea along wi th chenot herapy by adm nistering the fornul ation

of eithgs of AGhahen &?re??ﬂ?% n?f@@@bgfj?tenﬁé‘s@sﬁg/o‘?fnaﬁ%w B&haMmal

18. The treatnent neth her
cont enpor anedbichapmprisas @sﬂmmhst@fmq te ﬁérﬁ)mﬁ@?@p’e@ﬁh@aaggh@a"ﬂ@‘fecf ive

t r eat ment 5 Fn:ﬂ;eth tlgga %ﬁ% ,,a&edw%
t enbzol om de. mggnpﬁ%e%%%gﬁwgnﬁgﬁsc al %1 I %h&% I nati l 'H{§1 8.
or nore additional therapeutic agents.

13. A method of treating and/or preventing emesis and/or nausea in a mammal

which comprises administering to said mammal a therapeutically effective
amount of the composition of claim 9.

14. A method of treating and/or preventing emesis and or nausea in a mammal
which comprises administering to said mammal a therapeutidally effective
amount of the composition of claim 10.

15.  The formulation of claim 1 further comprising a chemotherapeutic agent.

16.  The formulation of claim 15 wherein the chemotherapeutic agent is
temozolomide.

17. A method of providing therapy for delayed onset emesis and/or delayed onset
nausea along with chemotherapy by administering the formulation of either of
claims 17 and 18 to a patient in need of chemotherapy.

18.  The treatment method of claim 12 further comprising contemporaneous
administration of a chemotherapeutic agent.

19.  The treatment method of claim 18 wherein the chemotherapeutic agent is
termozolomide.

20.  The composition of claim 9 in combination with one or more additional
therapeutic agents.



