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As another aspect, the present invention provides anhydrous crystalline orvepitant
maleate (Form 1) according to the present invention for use in therapy.



17.5 5.1 19.3 4.6 19.6 4.5 20.1 4.4 20.3 4.4 20.9 4.3 21.1 4.2 21.8
4.1 22. 6 WORONEAO6N of error = approx. 0.1 degrees. 10BEIEP2UPIF4WHe
foregoing characteristic features of the XRD pattern of Form 1

orvepi t ant i N . ar i i WAY

1 orvep; tant e ater SRet g pRShOintoliioR frafiBik IHEe ¥ pitipl el thlhe
art that thendbapansaleate (66rmalsaserdingfo theprestnbinvendionamthenmkbparation of a
obt ai ned usi . i 2| 1, i.bi i £

peais.  The Fircrer Rt ealfRll datpiEbR ool RERbi hdtgseane.
2009/ 124996PCT/ EP2009/ 054295 whi ch are characteristic of that

parti gul ar i LSt of, repr .
ex haugti ve ﬂ%@@%érp%z)ﬁét?éﬂ)&P%lgk'ztd'hg%@gﬁg d%r %/hgplg aﬁitsgﬁrbélldgogjts ecfrysf%lgne
X-ray powdemondipitintaotleate (FORD)) actordingitoothe [prasept ieseriond) the, prépardtieand a
8 are consi : | t i i |_i ,
magnetic r ezr'é)érlldaptér1""(:n)({a\4 n% ?%'II p% tsr%agﬁgﬁf\lﬁg)ok{bg ﬁggigt]qgedrsep?egsﬁl?ght% ?‘%%&r %gﬁr%ﬁ%anc
anal yti cal ttesniigodefsoemiedieanifoysiegp tiserdeisisi cal characteristics of

a sanple of Form1 orvepitant mal eate. The solid state NVR spectra of
Form 1 orvepitant maleate is unique. The solid state NVR spectrum of

t he afihydr ods anojter akpecicthé grencof inventionlpréddes & epicess for med peaing anhydrous
according t - pr j i S determ ned using conventi onal
equi pnent a(r%@}s elbrﬁnﬁﬁjeﬁsn{('ﬂé%{et(gef gz'e skilled in the art of

anal ytical chem stry and physical characterization. 13C solid-state

opor ati ng_at" B8 BETrilp Rpag ke 3o BB iR ndERE: " s 15
(magi c- angl @) Spirming nyepiars iresoketonustber inTiee tmaepl salti@sngent | yf packﬁd
ot a S obthi ReyEHEE SR tberyedtahl P e FTRRREA HoEed it ioan
si deband supprespitatmgrdis;e sequence. Prot on decoupling was perfornmed

at an RF power . 100 A i .decoupling s enge,, .
Characteri st c's%%&%alr\ﬂﬁb%étgﬁts h%%%?grﬁgr gﬂr%%&é%%nr f%‘%@oorg??{%ggma eaﬁ%r'" a
m | lion (pprnhydregidoroy (ireel BEdrmv2) bo dredpitantetmaldats salvetedt fobmppm a amisture
have a precitﬁé'rg&, of +/- 0.3 ppmcaused by instrunmental variability
and calibration:’ Certain characteristic chem cal shifts observed in
the 861id sttreatihRospeitant maledte Fammsiepoc veith tagdlubitsirgas@vand iongniature of
spect r onet ersoﬁlggt%ati ng at a frequency of 90.55 MHz for 13C
observation at "a"tenperature of 296K, a spinning speed 10kHz i ncl ude
25 15. 90. 3ppihedirgght mizlureaagmnd adding sebdseoiv@demtasimmakekteshorfrt $ t@cenvert an
expect ed ba AN [ o r. | oy.e n h

el yst s oSBTt e oRB T U FhETEAE B R ) enfOn] et
present in @adh of the chemical shifts reported above. The margi n of

20007124008 SR T BB 0 Sonitratd e RaPAP EOH 721 T ot 1< possibl e

in the assignnment of chemcal shifts, the preferred nethod of

det er m ni ng [ . f of orvepitan leate is Form 1
orvepi t ant rlra g%'{h:eries o@?ﬁ%@%&&@ﬁ%sssc&n}p&s% g'teestt%W' spectrum of the
sanpl e over a) Hernsng povepitatt in SdRicamEdtber inrmeprbase desklf forrkj gure 3. One

of orvepi taiil aveulE SRR T ol RES ak RS hulEh HRLHSRERBRR:P

over 3€i gur e t@oppifanti siafeptexperti se and know edge in the art, readily

det er mi ne t. the N p rum.of the unknown _sanple i. ,
subst ant 1 al 0y eaaih S KB BRI i P R0 BaFRSbp fapfn fpeteate
mal eat e. Spechydroed forml §E@. Sarind2k batcevddithir chatcateokolvhaigdrforms or a mixture
correspondstﬁo %anpl e of Exanple 8 100of the present patent

appl i cation. %C solid state NVR data was al so obtai ned for Exanple 7

and it was domiirgtrgnorvepitdmt inheléatof FdrimgRree @vepitayit afalddie sblvaegoiongs or a
anal %l cal te)((:thni ques an b% Hsed al oneI or. in c?nbi nation.to, ident bfx
mixture theréof in a hydrocarbon solvent at a temperaiure of about ambient



I n anot her aspect, the present invention provides pharnmaceuti cal
conposi t i Y200 si ng Form 1 orvepitant mal eate. Such PCT/EP2009/054295
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orvepi t ant At / 6 EP 29

mal eate can %l?prﬁperﬁg %@%&%ﬁn%%{%’o tﬁg;r\/ﬁg ?ngg%g% E%rgqge@lg@present
Publ i cation [ﬁ\tentlmowe)ﬁﬁﬁaﬁttands Iéﬁf.rreﬁ’sdni in dextmsoof Z\lbeta\%@lbé%ﬂ&:bﬂamedmth
subject matter._of which i.s incor herein eference in their
ont) rety s ARG it Cipgs RR G AT e AL B FOTELES de5ffee
f or madi on ofhetdie conpound in solution in the reaction m xture from
which it may be separated and purified as a solid product. Certain
factors influence which anhydrous crystal formresults. These factors

i ncl ude, 10 Figureagze Mhé differehienl stc@nmuglc%@drinﬁelry lﬂGﬂrthﬁah 36t Feen 1
and madverten(ﬁ)}t %nd sotl vent ne ted effects hﬁéﬁB%%e
conposi t i on CRFRAY Rt AGCHAEE 8 & EPtiTeeption: Wwasgarried outon a

nucl eation qfa bheoslan sRderh it sdaPrR@Idf I0SE st MEinGaN uslﬁglaleé}ﬁdetéife of
nucl eati on of the deS| red formfromthe solvent mxture. In th

fol | 3% ng mPERGES,T BYNAMY BRLENI bararsedHregitigseihediiereipy oce55| ng

are selected to produce Form 1l orvepitant maleate. 15 In one

particul ar enpbodi rre nt the iﬁrocess conprises the step of: a) form ng
0

orvepi tant FHOWEI3ut i b7 selick Hale NVR spedrumagl-asm Sarverifast malealy according

converting swd gteb&menaassn. onv@ﬁm’aa:,mtewmseédtmnm@é 8othineWam not the
mal eate salt) to orvepitant nal eate; isolating orve i tant

nal eat e froﬁp?ﬂ@“%%?rlﬂﬁ%ﬁ"@@é@lf'i?@u%?@éﬁ 2B MBI et PHS%fV%ltIﬂ‘?ﬁlaous
formpgi . e. kghperdur®bf ngr@ﬁlsbﬁﬂtng%egéibﬁ@szééc%(ﬂdlﬁgfd‘ﬁe%oc%dme%t ure
t her eof ; d) treati ng orvepitant maleate fromstep c wit

sol ubi | i si n§esPFERER- m xture of sol vents 25e) heati ng the m xture
and addi ng seeds of orvepitant nmaleate Form1l to convert an amount of

the orvepit ®igureed.eathe )‘(RDW;beﬁteﬂ‘poﬁ):om‘itZ) o8kt AiaRRe.t e RRDEGERM is
and f) cooli n% and, i sol at| anhydr ous C{!,}:\?éal | ine Form 1,

30Accor di ng SegsRe RgevRs o ﬁ%@%n 183 otRipe With 7 difiRclogieter sindsorper
formed in s@uUkirgdiatiod! agcrdTRG & the pt&%d@fe@%@ekbee%réuﬁen it is
isolated by precipitation for exanple by addition of iso-octane in

t he B?’esence of seeds (i.e. orvepitant maleate Form 2 or orvepitant

mal eat e sol e 30rTﬁe%ﬁé}eﬁﬂdﬁdééﬁmﬁ@eda?&fmdtry (DSC) TH’é?m@QMﬁ"P'f&raPBrm 2
mal eate Form 2 or orvepitant nal eate Sol vated™f orm; or a mxture

35t her eof ) 0“@Qﬁafﬂé“@|ﬁ@tﬁ bieslaparvesetaragd oul en atTAg 1890 TAIsypigr a2 aean

canthenomr % R& HinLied ubifg SRafmbi f between 1 and 2 tot
2009/ 1240960 oog%o&'f i ét%p g ceasr{y%)g between,1,and 2 mq according to the

orvepi tant pedceduresdeseribeddiersiom step ¢) with an amount of a | ower
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to to 2009/ L, and heat ed for exarrpl e from about 70-75C unt|I t he
mat eri al i s Ugtajk L g ghdonf) the Form 1 orvepitant

| e i sol at ¢ | Lo
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35 stable and essentially non hygroscopic. It also has good storage properties and can be
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WO 2009/ 124996PCT/ EP2009/ 054295 Form 1 orvepitant naleate for use in
the preseWO 200/@i?%6on may be used in conbination with oPGEEP2009/054295
therapeutic agents. Sim I arI y t he pharnmaceutical formulations of the
present inv itJ

Bgent s, The Sl el BlolfB Rt Biol BiBaRS sulheh Wl 3RO, e
no. W03/ 066638lincHerrs uiﬁjtb@u)remnt Hﬂﬁ/emﬂonvﬂaltbérm@ymamoaibcmaﬂeestaibierihmm for
by referenc%x%m llet,§0rﬁ1r§| rety, that may be conbined with Form1

orvepi tant ma Bt Are~sinilarl y applicable to Form1 orvepitant

mal eate. 10The invention thus pr OVI des in a further aspect t he use of
a conpinatia F AY furt

her ageuti ¢ pght PhepRtht Rk e B IRt TTeRE o dob B SRfyorous
di seases( CN$Jystalline fokth e omltﬁurmleaterhmmgtsm‘stanmIbethe samewﬁ%la piatiern as

nbi i h 5 b
om0 e B Sh AIERE d TAST e S STRAS oY e
rout e. When Xeitztioed 4)n ahhanbgdreud Odfrt}t?.tblarﬁe oforint oM bdvehmrmpﬁfamateat I%Jnng

et 1 SRR oo aoh s s AR B D 2060

fornubat ed fealoria@try (DSCY tiermograihaas tarrieu loat etla TAPQ1T GI0dorinftyr. BBy st
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for such cor@s G Ret RIULg, Using a samyie §ize 6F Retivesh Jandamo Weighes: 1atojan
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e.g. a nnmmbewgﬁn(ms;za human. The various therapeutic uses disclosed
in PCT Publication no. WO03/066635, the subject matter of which is
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appl i cabl e tieFRi4y poRdsredititatibn MRRBRLEtterhOsMFdrnPHVaRESIRAE M Latani e
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20092(124996WérEBﬂ&}wi%%%ﬁusIﬂﬂarw&@%m dh@Va%'fﬁrlefbrﬁ' THE cﬂlﬁr%\éh&ﬁ%tﬁam of
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foregoi ng n%’h?l@‘h S 2 Pddth) &i&i‘éﬁg‘lé/ 4U~°0@f2%et50§te|5 B6eld.6887 el time per step:
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di sorders, sleep disorders and oW ng exanpl es ar

i nt ended f ofto iPradyse fag XGP @ﬁﬁ?"na@fdﬁﬂﬂée Aot 2iThetn gegles dﬂ degriees t(XréXlS) are
scopegpof th t t

ator each SRH Lotk AbhsATih 1che O TP LATR Idlaher cbrd ). T
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From the baPShs arel Paie Sk Bendlr Al BRGRRTSr b sodBlG: OO 0 0% °

stated: 1H nucl ear magnetic resonance (NVR) spectra were recorded on

Bruker inst I r

ppm (8) usi ng %a'ﬁgésclt'é %1“8268?8@6{%?%‘@%@‘;8 ?%aaﬂde(’%ﬁ? é)HgP%stpSgt'é)&
of various peaks in the XRD pattern, d-spacing values are calculated with observed 2



WO 2009/ 124996PCT/ EP2009/ 054295 was washed wi th 20% w w sodi um
chl ori de WOI2004/1249964. 8 litres). Ethyl acetate (4.8 PCT/EP2009/054295
| itres)wasaddedandt hesol uti onof (2R)-N-{(1R)-143, 5-

bi s(trifluor, t henyl 1 et hyl.) - 2- ((4- fl uar 0-,2- et hyl phenyl ).- N- net hyl
s o 1. iR BB AR Ko S e fBuddidh PR G i LR S BRTRY S B latns
((jisstsi)l Ihati gnn tdbservboltmltllégaingl‘as ahd 31—$6;id2ci‘r@s.are expected based on the specific
aS) - hexa opyrrolo - al pyr,azi n- -one, - . .
(50 ( neoryI o iRt Brat BH el s S AP S erconpialian feshniaue.  More
acetonitri : eWa(iézi:Sibcr;éI?T1 ekpaote) foathe rteragieé gyéleigienﬁiﬁésdflﬁhrgé vﬂ\mioasi_dﬂ@laéi% peak
acetopitrile i nse was ,adde n e slurr s stiryg at .
Soc (Br 50 MRSy bb ERENES eDBss B rdubharoilih Rimdiisies i
t Ee react i omryys ngxﬁoipmb@d Veridtidhs _irFobs’G'r:@edazithiatzﬂ aﬁgema)l;d}uaépaﬁigggmfy%[so
t he m xture over m n intaining the t erat ur el ow . An
acet oni t 11 | S3COSEVRR Pepsnlied G iedamearaliia of HRich M AluE BISRRFIRG 1t o
ﬁoc. | lTh;ahsci I}Ids;zritiﬁdi‘et'@r 2R gkbdt(g{iy?k?llféﬁ; of la %Uoﬁl_(obn?% kslhugd (6] tﬁfh&'p}imarily on
en e -2-(4-fluqro-2-me phen -N-ne - 4- 0x0- 1-
pi pgri di ngcé’tbﬁﬂ&ﬁﬂ%&%&f’ﬁ"@?ﬁﬂ d'a?é@?'gﬁse \>//vas added %/o the reaction
m xtage and was 15rinsed in with acetonitrile (1 litre). The reaction
was stirred_for 16 hours at 20C. The slurr¥ was distilled to 5 |itres

under reducd® iIFPRYK fioaM e RINERATRCIGRRICH feleangles 1oeY T 7-aE@f af @101,

(10 litres) ardowagowagheds wid i Jk3pbed WhidiBH poR @ HalpbOfvefy2o-¢hacings at
litres), and 10% w w sodi um chl oride solution (4 litres). "The organic

sol ution wadZ2d 418 1%t 7®and pidAnastram@dh) r educed pressure. The
solution was diluted with IPA (8 20litres) and was distilled under
reduced pressure to 5 litres. Further IPA (8 litres) was added and
the 481 uti orithadctnges skitledsin theeatt ean Bleniify Ffogm Iafrewl these phasactadistisi 2 theta
acid (248.5 i (WY ; ]

seeded with agé!\?e%i‘a#( g?tr (drzrsapléggp %’ Iis%ol _g§ rcgﬂ%%ﬁ?gggﬁy(%;ﬁ%l&&gg%ge;& oPpoln
hour. ' so- o&dgiiengl Rotheta aralgs and-sadciegs tovdie RigntiicatiommatiFeme 1 eorwered of
further ageql:of.,ﬁmaég_hour. 25 The slurry was cooled to 7C and was
further aged for m nutes. The solid fornmed was filtered and washed
with a 1:1 mxture of IPA/iso-octane (2 x 3 litres). The resulting

sol i dgwas dri - L\, It :
corrpg(t)md ( 1ﬁgggk€6rnﬁg%déﬁﬁﬁﬁ& ?%%Iglﬁﬁmbﬁibgg%@g‘%geé% I%t j%ssentlally
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50 5 o5 (Tt B.388 Gholth, Aheect o 8t 1 e 0o sty o g0,

(m 3H), 3. @6:930692¢d:+01Hp1.83:080-22.00. 1 dagrddd, whithldoridspéhd @epedtiktly to d-

16 5. sogsindai22ry 19,3378 Jo. s 69, 62,87 o B W8 £ 4502

1H) . 285( M-Hy. CabaxhgbPemERA)L- 135F7N40 629, found 629. XRD pattern of
Exanple 1 is disclosed in Figure 4. W) 2009/ 124996PCT/ EP2009/ 054295
DSC t hernogram of Exanple 1 is disclosed in Figure 5. Exanple |la
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35 unknown sample over the XRD pattern of a known form. For example, one skilled in
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35 WD 2009/ 124996PCT/ EP2009/ 054295 Orvepitant naleate A is an
i nt er medi W00 REW6crystal | i sation product. It is a var PEBIEP2004202
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wat er (200 ml). The orgfnl c 22 WO 2009/ 124996PCT/ EP2009/ 054295q£hase

was di | ut ed 19P-OH0-2c &2 bFHQ2i 18- (280d )28 O4ed0 3o RESHD Pabe 0.8, 32808,
in vacuo. gfgﬁ%i@%ef‘t@jilds,' £3.9209, 'Zsé)qi\o?s? i .S,aﬁgio%!?ﬁ%, Pl 4ol PN1§950 3,

concentr at to 150 i n vacua. ol uti on . SO0

triacet oxybdb&Hfdppare (18.75 g) was added to a stirred slurry of
(8aS§- 5 hexahydropyrrol o[ 1, 2-a] pyrazi n-6(2H) - one -

(25) -?acetyl oxy) (phenyl ) et hanoic acid (31.25 g) in acetonitrile (250
m ) and tri Slightl eaviatieny I8 ohtgrvechdbemitiat sbiffe nare Tdxpeoted t hased was theo ep&dfic

than 15C. ASBATOTEICPBEWET R adaytouadndl lisbaalr Towitivenngome

t he m xt ur e na@rgiow drrooisyaesent i eadhi afite tlesmiealathiftserepéiddesbova. Ihehmarkm
reaction mxture .1 s concentrated.to ca 150 i.n, vacuo. Ethyl
oot at o (208t AT e RRaORSARR AL SUEt Berro R et Lh 1300 v

35
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25NMR (CD30D) 8 (ppm) 1.52 (d, 3H), 1.69-1.76 (m 1H), 1.84 (q, 1H),
1. 93- 2. OIWOR0N 1962, 13-2. 18 (m 1H), 2.19-2.24 (m 1H) PCI/EFRO@OSEYA
1H), 2.37-2.49 (m 2H), 2.44 (s, 3H), 2.77 (t, 1H), 2.83 (s, 3H)),

356 (at, 15ooso s oty edbhls o iy fheidient ofthepfcar g, me

(dd , 1H), Hrefered meIIM)d ofsdetermgising 2#ethes . angurfkeown Tehm o o8@pifahd maedte is

Eotrabrriviod 35! sy 1hfFs 558y bore GRS Shdfin of e samle

031H35F7N4023ve34m¢090hd Glats IR spectiun® pravjded.id Figyre 1. OneBiled in e art can

20 ot ol Tl S oGl

| PAsol ut i on(usthgathsf Tatilgdso desdribied giierBind SveN-Figuie) 31484 ,5usiby séxpeitisk and
orom ethyl) %8@%&&?2@% @%:r(eédiw &Jecférg’ﬁirgé anﬂwgﬂheDNMR spectrum of the unknown

henyl) - N- ne
oxohexahydr epypicol s[lstantidlp hreasainm 25 thE)NMR Bpéetpinpef Fafimeorvepitech matkate.

(10.019) an p%&hlB? §'/ 12 E%&%té@lﬂl\*%h%ta ?ftﬁ'l@r& 51 do) rlé%é)nrgg to sample of Example 8

et hyl ) phenyl uor o-
N- neflyl - 4- [@Mre@@pe@ekwmdatmyrrol o[1,2- a] pyrazin-2(1H) 11] - 1-

ere (5 Bocy S SORTIEE Nir 2 ol BRa Ul @ForEldnbErY &Py W kond g it

and was seedkrat ohfFtguredvepi tant nal eate A (10ng). The slurry was

o1 o Ay, 38R, 0 TSR JLAPICE oPYEdntn o

m xture was idendifyedoro 7- 20€piard wedeate.| t ém eatiditivas hettlemintdthadsl :of physwal

1452 L PR BRSO RSt B Rl i e

to give a clnweeateoEuamblessuf smtalula tenhnlqmémlmm e kaein tbdhedeckilledn tBe art

seeded (10 n wed to,.cool
e gave oo, EERITOE e ToElch kndfialBadn’ AP Bediffort 810 Figtaline
a sol uti on. abBydreuotdrane w@mg fmmsmalddedbuasreﬁm llnmmulteotilffevemlabstanﬁﬁr(g

and was res a sol ution

stirred over%ﬁﬁgﬁ't gg abng?%[q%gééeardzgv\@s rfeisgmg@n{ayéégbe’y eergg%efd %8'&? or
Af t eB05 houiirscombiatioml Wwith other chhiguescid dhgracteriaem fample@di anynkrawn form of
washed Wthoﬂze’ﬂtéﬁt‘fﬁ:ﬁe&@ 1:1 of IPA and iso-octane (2x2nl , 2x1 ml)

and was dried Tn vacuumat 50C Yield 1.546g. 200nselt nelt conbi ned
vvlth degradatlon = 183C by DSC . NMR (CD30D) .5 (ppm 1.51-1.53 (d,

1.67-1,77
2 1 4 237 ( nli? ag@ﬂerzé_&ggcé tég é:reggrétH?\’ve%&?%nll %ov?dleél_&harana%@utfal;)gbfrposmons
2. 83 (spmBlisidyd ,F2m86- @veBtahmmaAedte. 3506k &héﬂnzﬁmtlcéll-d)on(ljpbsm@nﬁ
4 32§§° 26 ( deey e & L pndntigectilly SBiaobfle b dlbehE xlPrigy of
illzi)b Ex 86- l(Sstt(I&idphaIH)apeLmCEI? -Congsitidas  drtd) ,mé&thdds gfsrtmbﬁl prki[pa&tlbﬁ are
a r r r epi t ant. e o
Orvepi tant daranel R ¢ BoTe gkl N B Gudoo e e, Fed naR oneion i
(M BK) (100|r310rpﬁgatew thereimr iy ngefecerca. iM0@s Emdiretyl ut |Omnvammttyassmﬂable
th h f d t h
wasned t nr obgia e AR e ePRlonSBSY e dE e S oRfERT s liish o
was Beheat edvheo eaployed;. chirleterand diwendst aﬁ’baf(niébedtld@)cmmosaddedfoatoral
70C T | Ut I d .t 60 ded [
Ca 200 e hhuflhoy W3R A0 B BRI o g o st 1
35according to Exarrpl e 4) in iso-octane (0.7 Kg), followed by an

'688_ 198'; ag: Y\@%ﬁgﬁtr}eﬁ f, %‘? tpge?\sgate ﬁg%nq%gggrg Isn%‘trprocess T%r pf[erp%ring tForm 1
2009/ 124996 BEPERR0DE 454295 octane (17.2 Kg) was added over ca. 80

m'n,3§nd then stirred for ca. 30 mn. Mre filtered iso-octane (17.3
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Exanpl e 8 preparation of the Form1 of orvepitant mal eate 50 vepitant
mal eat e AVOIB@/I¥9%as di ssol ved in nethyl iso-butyl ket ®Ga/EAWEBIH4295
(2.76 1) and warned to 70-75C. The sol ution vvas filtered into a cl ean

ehent ed to JoeERE pEAUEBAES ekl odiin o, Bl LARAER 1 P
The cont ent PuiticatiohNal VHO030686 aod é’lﬁ‘é'uPeb!camm o eV #4862, fﬁbesubject
sol ution wa 6. l I Eor. 10 seed,
3.47 ¢ prepZ?ée%%?aﬁ‘g%'%@JS |Rcc?§&‘gr(e;?jrnﬁéﬁ§h%@?E%@cgﬁﬁgﬁgﬁg@ e contents
were stirred for 1 hour at 57 to 63C. Mdre isooctane (1.32 I) was

The sPurry s piedah Br/eBiith il obbiahPERRL B fuflauoi of e Bdfipounc
(3.31 |I) wadén addtah inotheheasiionrmlytuwé*ommhdmntsnarsabatsapammgl aritepurified as a
terrperaturesgﬁdg% BQ 63C and the m xture was stirred for 1 hour. The
15 slurry was ¢ Ide "to 22 to 28C over 2 hours and was stirred for 1
hour. The product was isolated by filtration, washed twice with a

2t 500 i @ GaanL Ao el R VB SR E5GisE ot PR e,
94. 399h) . Obstareedlt lintitedbionadlestit, smgn@d(@btmantwemEGnWeﬂSﬁl) a6 MdRent

(57200 2 (Rl by oy o oyt Pl o

(s 3H), 2. T8 auddatioh,of e desre83oins, THbipallyZe00ing.cad |r(fmen2é-i)he nucleation of

3.00-3. 16 6

(m 1H). (%f; 2&{%@(% dﬁ qﬂ%ﬁ ?hge g%enjuélgtu?% ﬁln wollg\gi’ngd'ﬁéﬂwags ngliﬂ’)]S of
6.26 (s, 2Hpep&ala: sndBiLirthdt prodedsingtar8selectes ta@ pobdudedForny 1 ZJWe'plta‘ii nfadebte.
1H), 1 .70 (s, 2H), 257.88 (s, 1H). X-ray powder diffraction. (XRD)

The pattern was determ ned on a a PANal ytical X -Pert Pro powder
di ffract orreﬂreonerpahhbulﬁ%\/@ﬁﬂ@:llrﬁ@nmﬂierpgoeass)éo@heesaﬂhersteqberﬁfect or equi pped

vvitha30m) e tion The acquisition
condi tions mgcrgfnﬁ)g@%%;g‘t’asﬁt 081 er't“ﬁﬁ‘“¥\7‘38°%8§8r a1 tflpr current: 45 mA,
start angl eb) 2canvertind b, frmblawxgizepltaﬂaﬂoﬂa 2alltretraof (ahep nst the: mélefid Galt)

20, tinme per econds. The sanple was prepared by nounting
a fewmlli gor §'Ir¥§8't%n§é§<aTeat$e 5 on a silicon wafer (zero background)

pl at 28, resu)t isotpting caveﬂmant hrejesate dforp ttved soluti3b IeBhimgPatvegitant insaleate in a

oovi e o ELBES L 250N 37 PR PR b o

t het a angletimem‘at 7.30.1, 7.50.1, 10. 901 12.70.1, 16.50.1

571770 gt S SERRRR PSRV, BT B e iy

exhi bits 2 tshikesisangl e peaks at essenti aI ly the follow ng positions

7.30,1 1..15 30, 16. 50..1
17,0801, 17 8y Beatho 8 gy s dind Soik r opdenygit gl ity 10 Borvecan
21.10.1, 21a&c@niof iR o6@pitard etplemds fromhdtedc dotorfesmponatvegitgneoialeatd y t o
d- a apaci ngs 12.2, 11.8, 8.3, 8.1, 7.0, 5.9, 5.8, 5.4, 5.2,
5.1, 4.6, 4. g, 4.4, 4.4, 4.3, 4.2, 104.1,3.9 Angstrons (A). Thernal
anal ysi s. Diffdoelimméndisclatiagsdid@nbydrous cgsta)ing BSG) twas carried out on
a TA QLO00 calorineter. The sanple of Exanple 6 was wei ghed into an

al um niumpan, a pan lid placed on 15 top and |ight crinped w thout
seal Bag t he I-‘paordmﬁdanhe abm/eoéteﬁs)é) am:r bnomepitant %Iqmlteecai be famelét aeletion

L ane 20 KLUl KB A0 RIS bbbl S
an event camdbition epdsd-edand in theepresgnoendf éeeldlsi(hg orogysient treahgate Form €S or
are only r ep(r)vretp%gnt nzlraneGatgré%ﬁ/ated forms or a mixture thereof ).
The orvepitant maleate Form 2 or orvepitant maleate soivated forms or a mixture
35 thereof ). can be then be separated at this stage by filtration and can then optionally
be dried (step ¢).
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20t enperature is the intersection of the | eading event tangent with
t he basel WA d¥6at el y sharp asynmmetric nmel ti ng endot REAVBRENAINS4295
onset tenperature of 185C combined with the deconposition. When

the melt is éi&m}; P%‘ctanletd tdr%%r%dﬁrklé&ﬂmt H{éﬁeea?% éét‘é[ﬁeﬁgﬁnll stdd HRGih an

art will appreci varifation in
t enper at ure atmunbef ablowew setong tsicl2 Bdi hetbykisobildgt KEHG]E of an engmbef about,

material. SQ'on/é,%\EAlZéS%%@gE'a‘?%r hygtga%r ?(g ﬁe &H%ﬁo %'dn‘?n ﬁ]teq‘%ﬁﬁ%

data of Figure uired spec rorre operati
at a frequeniiggolyd.90. 55MHz f or 130 observation. A 4-mm Br uker HFX I\/AS

packed i nt o 1y FRGHT, WS, FBIA2E SR ol OE R S el BERNGY after
296K. Data wastalisatiom édlowsignadditmmpedseoaiase pobarmant ohakmd 180§0SSIvent
(Lot o1 o o B0 RLERAb A Aot SERAP e R LSFELRUAR HTance
sequenc;a Ctmartampmattseltrelt\&&m RIERT?jbaﬂapt}ufmilylmachHnmr@pemtaed nhsfleaiarthlss
o totramet LI aTiinn b il ek Seqdlin 1 PBpale Meglyef BBEARY g P Rigl =

causédd by i rabbul#feﬁﬁ"él variability and calibration. Pharnmaceutical
conpositions O vepitant naleate Form 1 will normally, but not
necessarily, be formulated into 5 pharmaceutical conpositions prior

t o admi ni st rAdteiratively Steppdit daprtie cdrriednet rakpgairyeithet maleeist obdaineéd from step

directed to i.cal it A i Si vepitant nal eate
Form 1. TabICZP'gﬁ Q?f?' §}rrb\t'/)8§)@t %ﬁfﬂ‘%ﬁﬁ%ggﬁ'ge@&@ﬁpﬁ%ﬁ@g&g%n—%ﬁé'wI ated as
white to off-white, film coated round tablets containing 10 ng, 30
ny, ng an h 1 n.i medi at e

rel eige of tﬁ%aﬁgﬁgvgrtnf)ﬁé}r%gl enF pf%grrés%F%Tgﬁ%?%\{h?g‘tesgfl on. The list of
exci pi ent s ahdooniagbrvepitant & sautjonssitheoin feke tiaabloe’aeﬂt farm; reported in
Tabl e 1 bel 0 t| o Tabl et it ant | eat.e
Conponent Q(g)gn(fo}t% gg/Jt'ﬁgrgjgsﬂaalg%ee% {agt or i@aﬁrg Brﬁh%n 8(5“?}56“8 salt)
Tabl et cor e tOpwepitdrdnalestd;eat e For mL M crocryst aI line cellul ose

Lact ose nonghy Cr rrrel od| ose |va

Stearate PUR IS g: Bra T tgasoah, BBMHE stthobara Bt EReaN iHeate i
35. 522 149. 28hgbotst f&GNOZ. el For® 3) @0 aqw;ﬁ@nﬁﬁ*&l@(h @6Ivated. 0P8 . cﬁOa hExtQee
2.25 gs 71. (%?%9 39 122.12 11.85 12.55 3.00 gs Active Filler Filler

Di si nt egr ant der
d) shurrying orvepitant maleate Form 2 or orvepitant maleate solvated forms or a

mixture thereof in a hydrocarbon solvent at a temperature of about ambient
temperature to about the boiling point of the solvent for a period of time to convert the

25 orvepitant maleate Form 2 or orvepitant maleate solvated forms or a mixture thereof
to Form 1 orvepitant maleate.

e) cooling and isolating said anhydrous crystalline Form 1.

The slurrying step (Step d) can be carried out in an hydrocarbon solvent such as iso -
30 octane at temperatures ranging from about ambient to reflux temperature such as 98-

99°C for a period of time sufficient to convert orvepitant maleate Form 2 or orvepitant

maleate solvated forms or a mixture thereof to Form 1 orvepitant maleate which can

be collected by filtration after cooling to room temperature. Optionally, the Form 1

orvepitant maleate thus produced may be dried under vacuum to remove residual
35 solvent, for example at about 45-55°C.
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Lubricant Ganulating fluid Total unit dose 300.00 300.0 300.00 300.0
- Coat OPEEOr0YN249ki t e OY-S28876 Purified waters 9. 00 q¥CI/HP2019/05406
gs 9.0 gs Coating agent Suspending agent 15Note: |. Corresponding to
10.0 ng as orvepitant 2. Corresponding to 30.0 ng as orvepitant WO
2009/ 124996PCT/ EP2009/ 054295 3. Corresponding to 50.0 ng as

orvepi tant 4or@of r eyppitetit nyalestec arOusry iasther preepitt awentdn Rexyobedused in
during proc j ; . eof i i

mal eate 1 abrorreyg iR olfh uRRRERNe eBoha” bRl B B Thace Aol Rl Abns
usi ng wet groathd presem imaniiormemdiaigie erabdranoreamritiossi tberapadtic ademts. The
coatipg pro SU I t

i o odrySt aETas durptyS AR dRosll BT TR, B wQuses g e
dry m xed i subjetheatérgii whinhds incosperatgd aarngiralhyoreféronceaip pis @ntiredy, ¢that niay be
m nutes. Th | at.i.0 ter r onto_th rug,

subst ance, ﬁ:gg{bg‘s%g %hoﬁ?ﬁaﬁ&%ﬁ%ﬁ@gﬁgﬁgl r%n%'“@%fl‘?ﬁ g%ajog%éo Form 1
croscar nel | asepdantiroaeatey bl end. The wet granule was dried
approximately at 65C into a fluid bed dryer for approximately 45
mnutes (< 2% LOD), mlled using a conical mll (screen size 813

1. 1mi0and blTérdedention thus dyovidéd enal éurther bibpdch dicosse ofomobmitlinatian comprising

appr oxi mat oy 30 e eReEREw L ST iorhiius et Thiirqagpont of contral

| ubri cat i on NemtaustSystdm disedsEst@Sand t he m xture was bl ended for
approximately 3 mnutes. The bl end was conpressed using a suitable
rotary tabl et conpression machine to obtain uncoated tablets.
Opadry(r) VW/hen D¢ [SraB8 tovepitanicinalegtedisi used ia combinatjon @dthedthev thbrapeutic

P Hbee " aGbof e |dafblAdl AR7 bl SRR B8, RLERAAY o shilitanequsly by

(appr oxi mat a@hy c88%ameingldutggai n) . CLAIMS 1. Anhydrous crystalline
orvepitant mal eate conprising X-ray powder 5diffraction pattern peaks
at 7.30.1, 7.50.1, 10.90.1, 12.70.1 and 16.50.1 degrees 2 theta. 2.
Anhydr ous cMistraldomb@edr irepihe¢ aaimerdbreatigioac dowii bg appretiateth that the two

further conprLlsi X- 1 0 r diffractijqn ttern peaks 10.70.1,

15 001, 15 eopblR ThRY SR &l LoAGHHEE il LAY R Soe gh b otner

20. 3001, 20cbfpbnerRd.ofhd forBldaBion and may be formulated for administration. When
formulated separately they may be provided in any convenient formulation, in such a

manner as is known for such compounds in the art.

When Form 1 orvepitant maleate is used in combination with a second therapeutic
25 agent, the dose of each compound may differ from that when the compounds are
used alone. Appropriate doses will be readily appreciated by those skilled in the art.

Form 1 orvepitant maleate and pharmaceutical compositions comprising the same
are useful in therapy, particularly in the freatment of CNS disorders and psychotic

30 disorders, in an animal, e.g. a mammal such as a human. The various therapeutic
uses disclosed in PCT Publication no. W0O03/066635, the subject matter of which is
incorporated herein by reference in its entirety, are similarly applicable to Form 1
orvepitant maleate. Form 1 orvepitant maleate is especially useful for the treatment
or prophylaxis of anxiety, depression, sleep disorders and emesis.

35
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0.1, 22.60.1 degrees 2 theta. 3. Anhydrous crystalline
orvepi t anvOorp@pER#¥saccording to claim 2, further charactPEI/ERaRMPG428m
X-ray powder diffraction pattern as depicted in FIG 1. 15 4.

Anhydr ous. Criygl Pl BN AN B ENANAERP L Plbybntl Brdibias o ons

further charac ate nuc ear nagnet
shifts at 17Eosders, anﬂ?st@bomz dit65le80. I8, pammlamnBtheltﬁﬁtmeanr peedinm of

126, 50, 3, 2009 Bae 3 g i T2 i Syeny o el ahBingd) sfoh € bty
52.80. 3, 51.(2Q. a hutBar))OwBich 48mplisSs a@6inGlerBg tG(Dh@Gt_niB‘;al ad efféci®e amount of
mai cafe acobiimng FRoRRnr fEe IRUSHAIG A I PELELKAP B for e
solid stat etneatrhmtror peophyikie of edetgmbeapragsant postiragnalepsiese disbriedh Fi€ep

3. 6. A phar osition conprising anhydrous crystalline
orvepi t ant ra?ﬁ%%%réegg(gg%% ng to claim1 and one or nore

phar maceutically acceptable carriers or diluents. 30 WO
2009/ 124996"?%/ ;ﬁgg@n(?%\pe%ﬂgr? %Isy grovides the use of Form 1 orvepitant maleate in the
10 preparation of a medicament for the treatment or prophyiaxis of CNS disorders in an
animal such as a mammal (e.g., a human), particularly for the treatment or
prophylaxis of anxiety, depression, posttraumatic stress disorders, sleep disorders
and emesis.

15 The following examples are intended for illustration only and are not intended to limit
the scope of the invention in any way.
In the procedures that follow, after each starting material, reference to a description is
typically provided. This is provided merely for assistance to the skilled chemist. The
starting material may not necessarily have been prepared from the batch referred to.

20 In the Examples unless otherwise stated:
TH nuclear magnetic resonance (NMR) spectra were recorded on Bruker instruments
at 400 or 700 MHz, chemical shifts are reported in ppm (8) using the residual solvent
line or tetramethylsilane as internal standard. Splitting patterns are designed as s,
singlet; d, double; t, triple; g, quartet; m, multiplet; b, broad. Differential scanning
25 calorimetry (DSC) was carried out on a TA Q1000 calorimeter. Scan rate of 10°C
per minute. Sample size of between 1 and 2mg.

The following abbreviation are used in the text:

IPA for iso-propanol; min for minutes; MIBK for methyl iso-butyl ketone.; NMR for
30 Nuclear Magnetic Resonance; ppm for parts per million; XRD for X-ray powder

diffraction; w/w for weight/weight; ml for millilitres; g for grams; ca for circa; kg for

kilograms.

Example 1: preparation of orvepitant maleate (Form 2)
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{{1R)-1-[3,5-bis(triflucromethyl)phenyllethyl}methylamine - (2R)-2-hydroxybutanedioic
acid (1.8 kg) was added to ethyl acetate (5.4 litres) and 15% w/w sodium carbonate
solution (5.4 litres) and was stirred until all solids had dissolved. The organic phase
was separated and was washed with water (5.4 litres). Fresh ethyl acetate (6.7 litres)
was added and the solution was distilled to 5.4 litres under reduced pressure.
The solution was diluted with ethyl acetate (3.6 litres). The reactor was purged with
carbon dioxide and a continucus steady stream of carbon dioxide was maintained.
Triethylamine (810 ml) was added over 30 minutes and was rinsed in with ethyl
acetate (250 ml). The reaction mixture was stimed for 30 minutes.
Chlorotrimethylsilane (850 ml) was added over 30 minutes with cooling to keep the
temperature between 17°C and 23°C and was rinsed in with ethyl acetate (250 ml).
The reaction mixture was stirred for 30 minutes. Pyridine (720 ml) was added and
was rinsed in with ethyl acetate (250 ml). Thionyl chloride (480 ml) was added over
10 minutes and then a rinse of ethyl acetate (500 ml). The reaction mixture was
stired at 20°C for 16 hours wunder a carbon dioxide atmosphere.
28% w/w Racemic malic acid solution (5.3 litres) was added and the mixture was
stirred for 16 minutes. The organic phase was separated, diluted with ethyl acetate
(1.5 litres) and was washed with water (2 x 2.7 litres) and 20% w/w dibasic potassium
phosphate solution (5.6 litres). The solution was distilled under reduced pressure to a
total volume of 2.5 litres. Ethyl acetate (5 litres) was added and the solution was re-
distilled to 3 litres to give a solution of {(1R)-1-[3,5-
bis(trifluoromethyl)phenyllethyl}methylcarbamic chloride.
(2R)-2-(4-fluoro-2-methylphenyl)-4-piperidinone - (238)-hydroxy(phenyl)ethanoic acid
(1.2 kg) was added to 15% w/w sodium carbonate solution (4.8 litres) and ethyl
acetate (4.8 litres) and the mixture was stirred until solids dissolved. The organic
phase was separated and was washed with 20% w/w sodium chloride solution (4
itres). Fresh ethyl acetate (4.8 litres) was added and the solution of (2R}-2-(4-fluoro-
2-methylphenyl)-4-piperidinone was distilled under reduced pressure to a volume of 3
litres.

The solution of (2R)-2-(4-fluoro-2-methylphenyl)-4-piperidinone was charged to the
solution of {(1R)-1-[3,5-bis(triflucromethyl)phenyllethyl}methylcarbamic  chloride
followed by an ethyl acetate (300 ml) rinse. Triethylamine (857 g) was added
followed by ethyl acetate (300 mi) and the mixture was boiled at reflux for 18 hours.
The slurry was cooled to 20°C and N-acetylpiperazine (240 g) was added. The
reaction mixture was stirred for 30 minutes at 20°C and was then charged with 28%
wiw racemic malic acid solution (3.6 litres). The organic phase was separated and
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Figure 1 - XRD pattern of Orvepitant Maleate Form 1
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WO 2009/124996 PCT/EP2009/034295

was washed with 20% w/w sodium chloride solution (4.8 litres). Ethyl acetate (4.8
litres) was added and the solution of (2R)-N-{(1R)-1-[3,5-
bis(trifluoromethyl)phenyl]ethyl}-2-(4-fluoro-2-methylphenyl)-N-methyl-4-oxo-1-
piperidinecarboxamide was distilled under reduced pressure distillation to a total
volume of 3 litres.
(8aS)-hexahydropyrrolo[1,2-a]pyrazin-6(2H)-one - (28)-(acetyloxy)phenyl)ethanoic
acid (1.5 kg) was added to acetonitrile (11.4 litres) and triethylamine (450 g) was
added. An acetonitrile (250 ml) rinse was added and the slurry was stirred at 20°C
for 30 min. Sodium triacetoxyborohydride (800 g) was added and the reaction was
cooled to 10°C. Formic acid (396 mi) was added to the mixture over 30 min,
maintaining the temperature below 15°C. An acetonitrile (250 ml) rinse was added
and the reaction was warmed to 20°C. The solution of (2R)-N-{(1R)-1-[3,5-
bis(trifluoromethyl)phenyllethyl}-2-(4-fluoro-2-methylphenyl)-N-methyl-4-oxo-1-
piperidinecarboxamide in ethyl acetate was added to the reaction mixture and was
rinsed in with acetonitrile (1 litre). The reaction was stirred for 16 hours at 20°C.
The slurry was distilled to 5 litres under reduced pressure. The mixture was diluted
with ethyl acetate (10 litres) and was washed with 13% w/w ammonia solution (2 x 4
litres), and 10% w/w sodium chloride solution (4 litres). The organic solution was
distilled to & litres under reduced pressure. The solution was diluted with IPA (8
litres) and was distilled under reduced pressure to 5 litres. Further IPA‘(8 litres) was
added and the solution was again distilled to 5 litres.
A solution of maleic acid (248.5 g) in IPA (2.5 litres) was added. The mixture was
then seeded with orvepitant maleate A (1 g) and the mixture was aged for 1 hour.
Isc-octane (10 litres) was added over 30 min. and the mixture further aged for 1 hour.
The slurry was cooled to 7°C and was further aged for 90 minutes. The solid formed
was filtered and washed with a 1:1 mixture of IPAfiso-octane (2 x 3 litres). The
resulting solid was dried at 40°C under reduced pressure to give the title compound
(1.095kg, 44%).
NMR (CD3;0D) & (ppm) 1.52-1.53 (d, 3H), 1.68-1.78 (m, 1H), 1.82-1.91 (q, 1H), 1.95-
2.05 (m, 1H), 2.16-2.37 (m, 3H), 2.38-2.50 (m, 2H), 2.44 (s, 3H), 2.81-2.87 (t, 1H),
2.83 (s, 3H), 2.90-2.99 (m, 2H), 3.11-3.18 (dt, 1H), 3.48-3.60 (m, 3H), 3.66-3.69 (d,
1H), 3.88-3.96 (m, 1H), 4.15-4.19 (dd, 1H), 4.33-4.36 (dd , 1H), 5.40-5.45 (q, 1H),
6.26 (s, 2H), 6.76-6.81 (dt, 1H), 6.85-6.88 (dd, 1H), 7.27-7.31 (dd, 1H), 7.70 (s, 2H),
7.88 (s, 1H).
(M+H)Y" Calcd for CayHasF7N4O 629, found 629.
XRD pattern of Example 1 is disclosed in Figure 4.
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DSC thermogram of Example 1 is disclosed in Figure 5.

Example 1a preparation of amorphous orvepitant maleate

Orvepitant hydrochloride (1.00g) was suspended in ethyl acetate (20 ml) and water
(10ml) and 25%w/w ammonia (10ml) were added. The aqueous layer was separated
and the organic layer was washed with 10% w/w sodium chloride solution (2 x 10ml).
The organic solution was separated, evaporated to dryness and isopropanol (20ml)
was added. The solution was evaporated to dryness. The material was diluted with
isopropanol (6ml) and a solution of maleic acid (0.174g) in isopropanol (2.0ml) was
added. Iso-octane (a total of 8 ml) was added and the solution was stirred overnight.
The solution was evaporated o an oil. Tert-butyl methyl ether (10ml) was added and
the solution was evaporated to dryness. Repeat the addition of tert-butyl methyl ether
and evaporation a total of 4 times. On final evaporation, a foam forms that solidifies
to give the titlle compound.

NMR (CDsOD) 8 (ppm) 1.51-1.53 (d, 3H), 1.68-1.77 (m, 1H), 1.80-1.89 {q, 1H),1.93-
2.02 (m, 1H), 2.14-2.37 (m, 3H), 2.38-2.50 (m, 2H), 2.44 (s, 3H), 2.77-2.83 (t, TH),
2.83 (s, 3H), 2.90-2.96 (m, 2H), 3.09-3.15 (dt, 1H), 3.45-3.59 (m, 3H), 3.63-3.66 (d,
1H), 3.87-3.94 (m, 1H), 4.14-4.18 (dd, 1H), 4.32-4.36 (dd , 1H), 5.40-5.45 (q, 1H),
6.26 (s, 2H), 6.76-6.81 (dt, 1H), 6.85-6.89 (dd, 1H), 7.27-7.31 (dd, 1H), 7.69 (s, 2H),
7.88 (s, 1H).

Example 1b preparation of orvepitant maleate A

Method A
A stirred slurry of orvepitant hydrochloride (6.65g) in ethyl acetate (93ml) was treated
with water (47ml) and 880 aqueous ammonia solution (47ml). After stirring at room
temperature for 10mins the organic phase was separated and washed with water (3 x
47ml). The organic phase was evaporated to a white foam (6.323g). The foam was
dissolved in THF (74ml) and the clear colourless solution was treated with maleic acid
(1.161g). The solution was heated at reflux for 1h and then the solution was divided
into two equal portions. To one of the portions more maleic acid (290mg) was added
and the mixture was heated at reflux. After 0.75h iso-octane (37ml) was added and
the mixture allowed to cool to room temperature giving a slightly hazy solution.
A small sample of orvepitant maleate amorphous Example 1a was heated on a
microscope slide on a hot plate giving a brown melt. This was allowed to c¢ool and
appeared to crystallise. This solid was scraped off the slide.
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The solid from the microscope slide was used as seed for the above hazy solution,
which quickly crystallised giving a thick slurry. The slurry was stirred over night and
was then heated to about 70°C. After 1h the siurry was allowed to cool to room
temperature and then after a further 2h the product was collected, washed with 1:1
THF / iso-octane (3 x 5ml), briefly pulled dry and then dried in vacuo at room
temperature to obtain a solid orvepitant maleate A (3.782g).

NMR (CDCl3) & (ppm) 1.42-1.44 (d, 3H), 1.60-1.70 (m, 1H), 1.84-1.93 (g, 1H), 1.93-
2.01 (m, 1H), 2.12-2.15 (d, 1H), 2.21-2.25(d, 1H), 2.30-2.40 (m, 1H), 2.41 (s, 3H),
2.42-2.51 {m, 3H), 2.73 (s, 3H), 2.72-2.77 (m, 1H), 2.94-3.00 (t, 1H), 3.26-3.32 (t,
1H), 3.36-3.50 (m, 3H), 3.58-3.60 (d, 1H), 4.03-4.10 {m, 1H), 4.19-4.23 (dd, 1H),
4.31-4.34 (dd , 1H), 5.49-5.54 (q, 1H), 6.29 (s, 2H), 6.80-6.86 (m, 2H), 7.15-7.19 (dd,
1H), 7.55 (s, 2H), 7.78 (s, 1H).

Method B

{(1R)-1-[3,5-bis(trifluoromethyl)phenyl]ethyl}methylamine - (2R)-2-hydroxybutanedioic
acid (90 kg) was added to ethyl acetate (270 litres) and 15% w/w sodium carbonate
solution (310kg) and was stirred until all solids had dissolved. The organic phase
was separated and was washed with water (270 litres). Fresh ethyl acetate (336
litres) was added and the solution was distilled to ca270 litres under reduced
pressure. More ethyl acetate (336 litres) was added and the solution was distilled to
¢a270 litres under reduced pressure.

The solution was diluted with ethyl acetate (180 litres). The reactor was purged with
carbon dioxide and a continuous steady stream of carbon dioxide was maintained.
Triethylamine (29.8 kg) was added over ¢a30 minutes and was rinsed in with ethyl
acetate (15 litres). The reaction mixture was stirred for ¢a30 minutes.
Chlorotrimethylsilane (36.2 kg) was added over ¢a30 minutes with cooling to keep the
temperature at ca20°C and was rinsed in with ethyl acetate (15 litres). The reaction
mixture was stirred for ca30 minutes. Pyridine (35.2 kg) was added and was rinsed in
with ethyl acetate (30 litres). Thionyl chloride (39.1 kg) was added and then a rinse of
ethyl acetate (30 litres). The reaction mixture was stirred at ca20°C for ¢a16 hours
under a carbon dioxide atmosphere.

28% wiw Racemic malic acid solution (302 kg) was added and the mixture was
stirred for ca15 minutes. The organic phase was separated, diluted with ethyl acetate
(90 litres) and was washed with water (2 x 135 litres) and 20% w/w dibasic potassium
phosphate solution (316 kg). The solution was distilled under reduced pressure to a
total volume of cal180 litres. Ethyl acetate (300 litres) was added and the solution
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was re-distiled to c¢al50 Iitres to give a solution of {(1R)}-1-[3,5-
bis(trifluoromethyl)phenyllethylymethylcarbamic chloride.
Ethyl acetate (240 Ilitres) was cooled to ca-10°C and (2R)-2-(4-fluoro-2-
methylphenyl)-4-piperidinone - (28)-hydroxy{phenyl)ethancic acid (60 kg) was
charged. The slurry was warmed to ca0°C and 15% w/w sodium carbonate solution
(275 kg) was added, The mixture was stirred until all solids dissolved.
The organic phase was separated and was washed with 20% w/w sodium chloride
solution (274kg). Fresh ethyl acetate (240 litres) was added and the solution of (2R)-
2-(4-fluoro-2-methylphenyl)-4-piperidinone was distilled under reduced pressure to a
volume of ca180 litres.
The solution of {(1R)-1-[3,5-bis(trifluoromethyl)phenyl]ethylimethylcarbamic chloride
was charged to the solution of (2R)-2-(4-fluoro-2-methylphenyl)-4-piperidinone
followed by an ethyl acetate (60 litre) rinse. Triethylamine (43 kg) was added
followed by ethy! acetate (12 litres) and the mixture was boiled at reflux for a total of
ca23 hours. The slurry was cooled to ca20°C and N-acetylpiperazine (12 kg) and
ethyl acetate (12 litres) were added. The reaction mixture was stirred for ca30
minutes and was then charged with 28% w/w racemic malic acid solution (202 kg).
The organic phase was separated and was washed with 20% w/w sodium chloride
solution (274 litres). Ethyl acetate (240 litres) was added and the solution of (2R)-N-
{(1R)-1-[3,5-bis(trifluoromethyl)phenyl]ethyl}-2-(4-fluoro-2-methylphenyl)}-N-methyl-4-
oxo-1-piperidinecarboxamide was distilled under reduced pressure distillation to a
total volume of ca180 litres.
(BaS)-hexahydropyrrolo[1,2-a]pyrazin-6(2H)-cne - (28)-(acetyloxy)(phenyl)ethanoic
acid (75 kg) was added to acetonitrile (570 litres) and triethylamine (22.7 kg) was
added. An acetonitrile (15 litre) rinse was added and the slurry was stirred at ¢a20°C
for ca30 min. Sodium triacetoxyborohydride (45 kg) was added and the reaction was
cocled to ca20°C. Formic acid (24.2 kg) was added to the mixture over ¢a2 hours,
maintaining the temperature below 15°C. An acetonitrile (15 litre) rinse was added
and the reaction was warmed. to ¢ca20°C. The solution of (2R)-N-{(1R)-1-[3,5-
bis(trifluoromethyl)phenyl]ethyl}-2-(4-fluoroc-2-methylphenyi)-N-methyl-4-oxo-1-
piperidinecarboxamide in ethyl acetate was added to the reaction mixture and was
rinsed in with acetonitrile (60 litre). The reaction was stirred for ca32 hours at
ca20°C.
The slurry was distilled to ¢a300 litres under reduced pressure. The mixture was
diluted with ethyl acetate (600 litres) and was washed with 13% w/w ammonia
solution (228 kg and 221 kg), and then 10% w/w sodium chloride solution (256 kg).
20



10

15

20

25

30

35

WO 2009/124996 PCT/EP2009/054295

The organic solution was distilled to ca300 litres under reduced pressure. The
solution was diluted with IPA (480 litres) and was distilled under reduced pressure to
ca300 litres. Further IPA (480 litres) was added and the solution was again distilled
to ¢a300 litres. The solution was diluted with IPA (80 litres).

A solution of maleic acid (16.4 kg) in IPA (150 litres) was added and rinsed in with
more [PA (6 litres). The mixture was then seeded with orvepitant maleate Form 2 (60
g), and the mixture was aged for ca2.5 hours. Iso-octane (510 litres) was added over
ca50 minutes and the mixture further aged for cal hour. The slurry was cooled fo
cab to 10°C and was further aged for ca90 minutes. The solid formed was filtered
and washed with a 1:1 mixture of IPA/iso-octane (2 x 180 litres). The resulting solid
was dried at 50°C under reduced pressure to give 87.0kg of a 63.8:36.6 mixture of
(2R,48)-N-{(1R)-1-[3,5-bis(triflucromethyl)phenyl]ethyl}-2-(4-fluoro-2-methylphenyl)
-N-methyl-4-[(8aS)-6-oxohexahydropyrrolo[1,2-a]pyrazin-2(1H)-yi]-1-
piperidinecarboxamide maleate and (2R,4R)-N-{{1R)-1-[3,5-
bis(trifluoromethyl)phenyllethyl}-2-(4-flucro-2-methylphenyl)
-N-methyl-4-[(8aS)-6-oxohexahydropyrrolo[1,2-a]pyrazin-2(1H)-yl]-1-
piperidinecarboxamide maleate. 1.00 kg of this solid was slurried in MIBK (8 L) and
stirred at 20-25°C for 23 hours and 30 min. The slurry was then filtered under
vacuum. The filtrate was concentrated under vacuum (35mbar, maintaining
temperature <45°C) to a volume of ca. 2.0 litres.. 2-Methyl tetrahydrofuran (9 L) was
then added, maintaining the temperature at 45 + 5°C throughout addition. The
solution was heated to 65 to 70°C to ensure complete dissolution and then cooled to
40 to 45°C prior to seeding with orvepitant maleate A(0.635 g). The slurry was cooled
to 20 to 25°C over ca. 2h and was then stirred at this temp for ca. 15.5 h. The
product was collected by vacuum filtration, the filter cake was washed with 2Me-THF /
MIBK (6:1, 2 x 1.27 L), and was then dried under vacuum at ca. 50°C. to give 500 g
of orvepitant maleate A

Onset melt 112°C by DSC.

NMR (CDsOD) & (ppm) 1.51-1.53 (d, 3H), 1.68-1.78 (m, 1H), 1.79-1.88 (g, 1H),1.92-
2.02 (m, 1H), 2.14-2.37 (m, 3H), 2.40-2.50 (m, 2H), 2.44 (s, 3H), 2.76-2.84 (t, 1H),
2.83 (s, 3H), 2.88-2.96 (m, 2H), 3.08-3.15 (dt, 1H), 3.43-3.59 (m, 3H), 3.62-3.65 (d,
1H), 3.86-3.93 (m, 1H), 4.14-4.18 (dd, 1H), 4.32-4.36 (dd , 1H), 5.40-5.45 (q, 1H),
6.26 (s, 2H), 6.76-6.81 (dt, 1H), 6.85-6.88 (dd, 1H), 7.27-7.30 (dd, 1H), 7.69 (s, 2H),
7.88 (s, 1H).
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Orvepitant maleate A is an intermediate grade crystallisation product . It is a variable

mixture of orvepitant maleate Form 2 and orvepitant maleate solvated forms.

Example 2: preparation of the Form 1 of orvepitant maleate
A mixture of {(1R)-1-3,56-bis(triflucromethyl}phenyllethyllmethylamine - (2R)-2-
hydroxybutanedioic acid (67.5 g) in ethyl acetate (200 ml) was treated with a solution

of sodium carbonate (26 g) in water (200 ml). The mixture was stirred until all the
solids had dissolved. The organic layer was separated and was washed with water
(200 ml). The organic phase was diluted with more ethyl acetate (250 ml) and was
then concentrated to 250 ml in vacuo. The organic phase was then diluted with more
ethyl acetate (250 ml) and then was re-concentrated to 250 ml in vacuo.
The solution was fransferred to a flask, washing in with ethyl acetate (2 x 5 ml) and
then the flask was flushed with a stream of carbon dioxide. The flask was then
charged with triethylamine (30.5 ml) over 6 min. After 36 min trimethylsilyl chloride
(32 ml) was added over 29 min. After a further 50 min pyridine (27 ml) was added
over 1 min, After a further 8 min thionyl chloride (18 ml) was added over 4 min. The
mixture was stirred overnight at ambient temperature under a carbon dioxide
atmosphere. The reaction mixture was treated with a solution of malic acid (28 g) in
water (100 ml) over 10 min with ice bath cooling. After stirring for 15 min the aqueous
phase was separated. The organic phase was washed with water (100 ml) and then
a solution of sodium carbonate (19.5 g) in water (150 ml). The organic phase was
diluted with more ethyl acetate (150 ml} and concentrated to 125 ml in vacuo. More
ethyl acetate (150 ml) was added and then the solution was re-concentrated to 125
ml {Solution A).
(2R)-2-(4-fluoro-2-methylphenyl)-4-piperidinone - (2S)-hydroxy(phenyl)ethanoic acid
(50 g) was added to a stirred mixture of ethyl acetate (200 ml), water (200 ml) and
sodium carbonate (26 g). When clear solutions had formed the organic phase was
separated and was washed with a solution of sodium chloride (40 g) in water (200
ml). The organic phase was diluted with more ethyl acetate (200 ml) and
concentrated to 125 mi in vacuo. (Solution B).
Solution B was treated with friethylamine (49ml) and then Solution A was added
washing in with ethyl acetate (2 x 2 ml). The mixture was heated to ca 76°C. After ca
18 hours the mixture was treated with N-acetyl piperazine (10 g) washing in with ethyl
acetate (2 x 2 ml). After stirring for 20 min a solution of malic acid (42 g) in water
(150 ml) was added. After stirring for 5 min the organic phase was separated and
was washed with a solution of sodium chloride (40 g) in water (200 ml). The organic
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phase was diluted with acetonitrile (200 ml) and was concentrated to 125 ml in vacuo.
More acetonitrile (200 ml) was added and the solution was concentrated to 150 ml in
vacuo. (Solution C).

Sodium triacetoxyborohydride (18.75 g) was added to a stirred slurry of (8aS)-
hexahydropyrrolo[1,2-ajpyrazin-6(2H)-one - (28)-(acetyloxy){phenyl)ethanoic acid
(31.25 g) in acetonitrile (260 ml) and triethylamine (13 ml) under nitrogen. The
mixture was cooled to less than 10°C and was treated with formic acid (8.25 ml) at
less than 15°C. A portion of Solution C (62 g) was added over 10 min and the
mixiure allowed to warm to ambient temperature. After ca 24 h the reaction mixture
was concentrated to ca 150 ml in vacuo. Ethyl acetate (225 ml) was added and the
solution was washed with 13%w/v aqueous ammonia solution (2 x 100 ml) and 10%
wiv aqueous sodium chloride solution (100 ml). The organic phase was concentrated
to ca 125ml in vacuo and was diluted with iso-propanol (200 ml). The mixture was
concentrated to ca 120 ml in vacuo. More iso-propanocl (200 ml) was added and the
concentration was repeated. The concentrate was diluted with iso-propanol to give a
total volume of 125 ml (Solution D).

A portion of Solution D (25 ml) was charged fo a flask and diluted with IPA (10.3 ml).
The solution was treated over 5 min with a solution of maleic acid (1.237 g) in IPA
(9.1 ml), washing in with IPA (1.2 ml). The solution was warmed to ca 60°C and
freated with iso-octane (41.3 ml). The mixture was cooled to ca 49°C and seeded
with orvepitant maleate, Form 1 (10 mg prepared according Example 5) The mixture
was cooled to ca 35°C and stirred overnight. The slurry was cooled to ca 7°C. After
a further 2.5 hours the product was collected by vacuum filtration. The bed was
washed with 1:1 IPA / iso-octane (2 x 10 ml), briefly pulled dry and then the solid was
dried in vacuo at ca 50°C to afford Form 1 orvepitant maleate . Yield: 2.886g. mp
183-185°C (determined using an Electrothermal 1A9000 series melting point
apparatus. Values were uncorrected).

NMR (CD3;OD) 8 (ppm) 1.51-1.53 (d, 3H), 1.67-1.77 (m, 1H), 1.78-1.87 (q, 1H), 1.91-
2.01 {m, 1H), 2.13-2.22 (m, 2H), 2.25-2.34 (m, 1H) 2.36-2.50 (m, 2H), 2.44 (s, 3H),
2.74-2.80 (t, 1H), 2.83 (s, 3H), 2.86-2.96 (m, 2H), 3.06-3.13 (dt, 1H), 3.41-3.58 (m,
3H), 3.61-3.84 (d, 1H), 3.84-3.91 (m, 1H), 4.13-4.18 (dd, 1H), 4.32-4.36 (dd , 1H),
5.40-5.45 (q, 1H), 6.26 (s, 2H), 6.76-6.81 (dt, 1H), 6.86-6.89 (dd, 1H), 7.27-7.30 (dd,
1H), 7.70 (s, 2H), 7.88 (s, 1H).

Example 3: preparation of Form 1 of orvepitant maleate
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A slurry of orvepitant maleate A Example 1b method A (500 mg) in iso-octane (10
ml) was stirred and heated at 98-99°C (reflux) overnight. The slurry was allowed to
cool to ambient temperature. The product was collected by vacuum filtration, washed
with iso-octane, briefly deliquored and then dried in vacuo at ca 50°C to afford Form 1
orvepitant maleate. Yield: 365 mg.

Onset melt combined with degradation = 181°C by DSC

NMR (CD30OD) & (ppm) 1.51-1.53 (d, 3H), 1.67-1.77 (m, 1H), 1.78-1.87 (g, 1H), 1.91-
2.01 (m, 1H), 2.13-2.22 (m, 2H), 2.25-2.34 (m, 1H) 2.36-2.50 (m, 2H), 2.44 (s, 3H),
2.74-2.80 (1, 1H), 2.83 (s, 3H), 2.86-2.96 (m, 2H), 3.06-3.13 (dt, 1H), 3.41-3.59 (m,
3H), 3.61-3.64 (d, 1H), 3.84-3.91 (m, 1H), 4.13-4.18 (dd, 1H), 4.32-4.36 (dd , 1H),
5.40-5.45 (g, 1H), 6.26 (s, 2H), 6.76-6.81 (dt, 1H), 6.86-6.89 (dd, 1H), 7.27-7.30 (dd,
1H), 7.70 (s, 2H), 7.88 (s, 1H).

Example 4: preparation of the Form 1 of orvepitant maleate

Example 1 (1.00 kg) was dissolved in methyl iso-butyl ketone (MIBK) (9.0 1) and
warmed to 50-55°C. The solution was filiered into a clean warm vessel washing
through with MIBK (1.0 ). The solution was reheated to 70-75°C and iso-octane (51)
was added over 40 minutes. The solution was cooled to 55-57°C and orvepitant

maleate (Form 1 seed, 10 g) was added. After stirring for 1.5 hours the slurry was
cooled to 23-27°C and more iso-octane (5.0 I) was added. The slurry was stirred at
23-27°C for 16 hours and the product isolated by filtration, washed twice with a
mixture of iso-octane (1 1) and MIBK (1 [). The solid was dried at 50°C in a vacuum
oven to give orvepitant maleate, Form 1 (908 g, 90.8%th).

Onset melt combined with degradation. = 186°C by DSC.

NMR (CDs0D) & (ppm) 1.52 (d, 3H), 1.69-1.76 (m, 1H), 1.84 (q, 1H), 1.93-2.01 (m,
1H), 2.13-2.18 (m, 1H), 2.19-2.24 (m, 1H), 2.27-2.33(m, 1H), 2.37-2.49 (m, 2H), 2.44
(s, 3H), 2.77 (1, 1H), 2.83 (s, 3H), 2.87-2.97 (m, 2H), 3.11 (dt, 1H), 3.41-3.48 (m, 1H),
3.50 (d, 1H), 3.56 (dt, 1H), 3.62 (d, 1H), 3.86-3.92 (m, 1H), 4.15 (dd, 1H), 4.34 (dd ,
1H), 5.42 (g, 1H), 6.26 (s, 2H), 6.78 (df, 1H), 6.87 (dd, 1H), 7.28 (dd, 1H), 7.69 (s,
2H), 7.87 (s, 1H).

HRMS calcd for Ca1HasF7N4O, 629.2721 found 629.2770.

Anal. Calcd for CaiHasF/N4O2.C4H404: C, 56.5; H, 7.5; F, 5.3; N, 17.9. Found: C,
56.5; H, 7.4; F, 5.1; N, 18.0.

Example 5: preparation of the Form 1 of orvepitant maleate
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IPA solution (total of 70ml) containing (2R, 4S)}-N-{(1R)-1-[3,5-
bis(triflucromethyl)phenyljethyl}-2-(4-fluoro-2-methylphenyl)-N-methyl-4-[(8aS)-6-
oxchexahydropyrrolo[1,2-alpyrazin-2(1H)-yl]-1-piperidinecarboxamide (10.01g) and
(2R,4R)-N-{(1R)-1-[3,5-bis(trifluoromethyl)phenyl]ethyl}-2-(4-fluoro-2-methylphenyl)-
N-methyl-4-[(8aS)-6-oxohexahydropyrrolo [1,2-a]pyrazin-2(1H)-yl]-1-
piperidinecarboxamide (4.27g ) was diluted with IPA (23.8ml). Maleic acid (2.85g) in
IPA (21ml) was added, was washed in with IPA (2.8ml} and was seeded with
orvepitant maleate A (10mg). The slurry was stirred for 1 hour. Isooctane (85ml)
was added dropwise over 15 minutes and the slurry was stirred for a further 1 hour.
The mixture was cooled to 7-10°C and was filtered, washed with a 1:1 mixture of IPA
and isooctane and was dried in vacuo at about 50°C. Yield 10.88g. 2.0 g of this was
dissolved in IPA (20ml), was heated to give a clear colourless solution, allowed to
cool to about 50 °C, seeded (10 mg of example 3 Form 1 ) and was then allowed to
cool. This gave a very thick unstirrable slurry which was reheated to give a solution.
Isooctane (20ml) was added at 60°C, cooled to about 50°C and was reseeded (10mg
example 3 Form 1). The hazy solution was stirred overnight at about 50°C and was
allowed to cool to about 20°C. After 5 hours, the solid was collected by vacuum
fitration, was washed with a mixture of 1:1 of IPA and iso-octane (2x2ml , 2x1 ml)
and was dried in vacuum at 50°C . Yield 1.546 g.

Onselt melt combined with degradation = 183°C by DSC .

NMR (CD5OD}) & (ppm) 1.51-1.53 (d, 3H), 1.67-1.77 (m, 1H), 1.79-1.87 (q, 1H), 1.91-
2.01 (m, 1H), 2.14-2.37 {m, 3H), 2.39-2.50 (m, 2H), 2.44 (s, 3H), 2.73-2.79 (t, 1H),
2.83 (s, 3H), 2.86-2.96 (m, 2H), 3.06-3.13 (dt, 1H), 3.40-3.58 (m, 3H), 3.60-3.63 (d,
1H), 3.84-3.91 (m, 1H), 4.13-4.17 (dd, 1H), 4.32-4.36 (dd, 1H), 5.40-5.45 (q, 1H),
6.26 (s, 2H), 6.76-6.81 (dt, 1H), 6.86-6.89 (dd, 1H), 7.27-7.30 (dd, 1H), 7.70 (s, 2H),
7.88 (s, 1H).

Example 6 preparation of the Form 1 of orvepitant maleate

Orvepitant maleate A (25 Kg) was dissclved in methyl iso-butyl ketone (MIBK) (100
Kg) with warming to ca. 70°C. The solution was passed through a filter into a clean,
warm vessel and the process lines were washed through with warm MIBK (20 Kg).
The resultant MIBK solution was reheated to ca. 70°C. Filtered iso-octane (10.4 Kg)
was added at ca. 70°C over 17 min. The solution was cooled to ca 60 °C, seeded
using a pre-prepared slurry of orvepitant maleate Form 1 (0.158 Kg prepared
according to Example 4) in iso-octane (0.7 Kg), followed by an iso-octane wash (1.4
Kg) of the seeding container, and stirred at ca 60°C for ca. 1 hour. More filtered iso-
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octane (17.2 Kg) was added over ca. 80 min, and then stirred for ca. 30 min. More
filtered iso-octane (17.3 Kg) was added over ca. 1.5 hours and the resultant slurry
stirred for ca. 0.5 hours. More filtered iso-octane (6.9 Kg) was added over 0.5 hours.
After stirring for a further ca. 15 hours more iso-octane (103.5 Kg) was added over
ca. 2 hours and the slurry stirred for ca. 1 hour at ca. 60°C. The slurry was cooled to
ca. 26°C over 2 hours. After stirring for ca. 11.5 hours at ca. 26 °C the product was
collected by vacuum filtration. The filter cake was washed twice with filtered MIBK -
iso-octane (each wash prepared from MIBK 20 Kg iso-octane 25.9 Kg), deliquored
and then dried in a vacuum oven at ca 50 °C to give the title compound (21.5 Kg,
86%).

Onset melt combined with degradation = 185°C by DSC

NMR (CD;OD) & (ppm) 1.51-1.53 (d, 3H), 1.68-1.78 (m, 1H), 1.85-1.93 (q, 1H), 1.97-
2.07 (m, 1H), 2.18-2.37 (m, 3H), 2.40-2.48 (m, 2H), 2.46 (s, 3H), 2.83-2.88 (t, 1H),
2.83 (s, 3H), 2.91-3.01 (m, 2H), 3.13-3.21 (dt, 1H), 3.51-3.58 (m, 3H), 3.68-3.71 (d,
1H), 3.92-3.99 (m, 1H), 4.15-4.19 (dd, 1H), 4.34-4.37 (dd , 1H), 5.40-5.46 (g, 1H),
6.25 (s, 2H), 6.76-6.81 (dt, 1H), 6.85-6.88 (dd, 1H), 7.27-7.31 (dd, 1H), 7.69 (s, 2H),
7.87 (s, 1H).

Example 7 preparation of the Form 1 of orvepitant maleate
Example 1b Method B (12 kg) was dissoived in methyl iso-butyl ketone (MIBK) {ca.
60.4 L) by warming to 70-75°C. The solution was filtered into a clean, warm vessel

washing through with warm MIBK (ca. 12 L). The solution was reheated to 70-75°C
in order to redissolve any crystalline material. Iso-octane (ca. 10 kg) was added over
ca. 10 min maintaining 70-75°C. The solution was cooled to ca. 60°C, seeded (ca. 24
g of Form 1 seed slurried in 0.24 L filtered iso-octane) and held at ca 60°C for ca. 0.5
hours. Iso-octane (64.8 kg) was added over ca. 3 hours maintaining the temperature
at ca. 60°C. After ca. 63 min age at ca. 60°C the slurry was cooled to ca. 25°C over
ca. 2 h. After a further ca. 1 h age, the product was collected by filtration. The bed
was first washed with filtered 2:3 MIBK / iso-octane (1 x 57 L), and a second time with
neat iso-octane (1 x 57 L), pulled dry and then dried at 45-55°C. Yield 93.8%th.
Onset melt combined with degradation = 185°C by DSC.

NMR (CD3OD) & (ppm) 1.62-1.54 (d, 3H), 1.72-1.78 (m, 1H), 1.83-1.90 (g, 1H), 1.96-
2.03 (m, 1H), 2.17-2.19 (dd, 18), 2.22-2.25 (d, 1H), 2.28-2.36 (m, 1H), 2.39-2.51 (m,
2H), 246 (s, 3H), 2.77-281 (t 1H), 2.85 (s, 3H), 2.90-2.98
(m, 2H), 3.10-3.16 (dt, 1H), 3.44-3.48 (m, 1H), 3.52-3.55 (m, 1H), 3.57-3.61 {(m, 1H),
3.64-3.66 (d, 1H), 3.89-3.94 (m, 1H), 4.16-4.19 (dd, 1H), 4.35-4.38 (dd , 1H), 5.43-
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5.46 (q, 1H), 6.28 (s, 2H), 6.79-6.82 (dt, 1H), 6.87-6.90 (dd, 1H), 7.29-7.32 (dd, 1H),
7.71 (s, 2H), 7.89 (s, 1H).

Example 8 preparation of the Form 1 of orvepitant maleate

Orvepitant maleate A (550 g) was dissolved in methyl iso-butyl ketone (MIBK) (2.76 1)
and warmed to 70-75°C. The solution was filtered into a clean warm vessel washing
through with MIBK (0.55 ). The solution was reheated to 70-75°C and isooctane
(0.33 1) was added over 9 minutes. The contents were held at 70-75°C to ensure

complete solution. The solution was cooled to 60-65°C, orvepitant maleate (Form 1
seed, 3.47 g prepared according to Example 4 ) was added and the contents were
stirred for 1 hour at 57 to 63°C. More iscoctane (1.32 |) was added over 3 hours
45min maintaining the temperature at 57 to 63°C. The slurry was stirred at 57 to
63°C for 17.5 hours. More isooctane (3.31 [) was added to the slurry over 2 hours
maintaining the temperature at 57 to 63°C and the mixture was stirred for 1 hour. The
slurry was cooled to 22 to 28°C over 2 hours and was stirred for 1 hour. The product
was isolated by filtration, washed twice with a mixture of isooctane (0.83 1) and MIBK
(0.55 ). The solid was dried at 50°C in a vacuum oven to give orvepitant maleate,
Form 1 (519 g, 94.3%th).

Onset melt combined with degradation = 185°C by DSC.

NMR (CD;0D) & (ppm) 1.51-1.563 (d, 3H), 1.68-1.77 (m, 1H), 1.80-1.89 (g, 1H), 1.94-
2.03 {m, 1H), 2.15-2.37 (m, 3H), 2.38-2.51 (m, 2H), 2.44 (s, 3H), 2.78-2.84 (t, 1H),
2.83 (s, 3H), 2.90-2.96 (m, 2H), 3.09-3.16 (dt, 1H), 3.46-3.59 (m, 3H), 3.64-3.67 (d,
1H), 3.87-3.95 (m, 1H), 4.14-4.18 (dd, 1H), 4.32-4.36 (dd , 1H), 5.40-5.45 (q, 1H),
6.26 (s, 2H), 6.76-6.81 (dt, 1H), 6.85-6.88 (dd, 1H), 7.27-7.31 (dd, 1H), 7.70 (s, 2H),
7.88 (s, 1H).

X-ray powder diffraction. (XRD)
The XRD pattern was determined on a a PANalytical X'-Pert Pro powder

diffractometer model PW3040/60 using an X'Celerator detector equipped with a
monochromator using copper Ka X-radiation. The acquisition conditions were:
generator tension: 40 kV, generator current: 45 mA, start angle: 2.0° 2 Theta, end
angle: 40.0° 2 Theta, step size: 0.0167° 20, time per step: 31.75 seconds.

The sample was prepared by mounting a few milligrams of Example 5 on a silicon
wafer (zero background) plates, resulting in a thin layer of powder.

The Pattern is provided in Figure 1.
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Form 1 orvepitant maleate can be identified by certain characteristic 2 theta angle
peak at 7.3£0.1, 7.520.1, 10.9+0.1, 12.7+0.1, 16.5+0.1 degrees, which correspond
respectively to d-spacings at 12.2, 11.8, 8.1, 7.0 and 5.4 Angstroms (A)

Form 1 orvepitant maleate typically exhibits 2 theta angle peaks at essentially the
following positions 7.320.1, 7.5£0.1, 10.740.1, 10.9%£0.1, 12.7420.1, 15.020.1,
15.3£0.1, 16.520.1, 17.0+£0.1, 17.520.1, 19.3£0.1, 19.620.1, 20.1+0.1, 20.3%0.1,
20.910.1, 21.1£0.1, 21.8 0.1, 22.620.1 degrees, which correspond respectively to d-
spacings 12.2, 11.8, 8.3, 8.1, 7.0, 5.9, 5.8, 5.4, 5.2, 5.1, 4.6, 4.5, 4.4, 4.4, 4.3, 4.2,
4.1,3.9 Angstroms (A).

Thermal analysis.

Differential scanning calorimetry (DSC) was carried out on a TA Q1000 calorimeter.
The sample of Example 6 was weighed into an aluminium pan, a pan lid placed on
top and light crimped without sealing the pan. Scan rate of 10°C per minute. Sample
size of between 1 and 2mg. The thermogram of orvepitant maleate Form 1 is
provided at Figure 2.

When reporting DSC data, the onset or peak temperature of an event can be
reported. In the current filling, onset temperaiures are only reported. The onset
temperature is the intersection of the leading event tangent with the baseline.
Moderately sharp asymmetric melting endotherm with onset temperature of 185°C
combined with the decomposition.

When the melt is combined with the degradation, the person skill in the art will
appreciate that small variation in the onset melt temperature may be observed with

different batches of the same material.

Solid State Nuclear Magnetic Resonance.

3C solid-state NMR data of Figure 3 was acquired using a Bruker spectrometer
operating at a frequency of 90.55MHz for *C observation. A 4-mm Bruker HFX MAS
(magic-angle spinning) probe was used. The Example 4 was gently packed into a
zirconia rotor and spun at 10 kHz, at a temperature of 296K. Data was obtained using
ramped cross-polarization and a TOSS (total sideband suppression) pulse sequence.
Proton decoupling was performed at an RF power of 100 kHz using the SPINAL64
decoupling sequence. Characteristic *C NMR peak positions are reported in parts
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per milion (ppm) frequency relative to tetramethylsilane at 0 ppm, and have a
precision of +/- 0.3 ppm caused by instrumental variability and calibration.

Pharmaceutical compositions

Orvepitant maleate Form 1 will normally, but not necessarily, be formulated into
5 pharmaceutical compositions prior to administration to a patient. In one aspect, the

invention is directed to pharmaceutical compositions comprising Orvepitant maleate

Form 1.

Tablets of orvepitant maleate Form 1 have been formulated as white to off-white, film-

coated round tablets containing 10 mg, 30 mg, 50 mg and 60 mg of orvepitant which

10 provide an immediate release of the active ingredient for oral administration.
The list of excipients and quantitative composition of tablets are reported in Table 1
below.

Table 1 Composition of Tablets Orvepitant Maleate

Component Quantity (mgftablet} Function
10mg | 30mg | 50 mg 60 mg

Tablet core

Orvepitant maleate Form1 | 44g85" | 35542 | 59.23° 71.09% Active

Microcrystalline cellulose 60.00 149.22 | 60.00 78.39 Filler

Lactose monchydrate 20190 | 9554 | 154.52 122.12 Filler

Croscarmellose sodium 9.00 5.92 9.00 11.85 Disintegrant

Hypromellose 15.00 10.78 15.00 12.55 Binder

Magnesium stearate 225 3.00 225 3.00 Lubricant

Purified water® Granulating

as as as as fluid

Total unit dose 300.00 | 300.0 | 300.00 300.0 -

Coat

Opadry® White OY-S- .

28876 9.00 9.0 9.00 9.0 Coating agent
- 5 Suspending

Furified water gs qs gs gs agent

15 Note;

1. Corresponding to 10.0 mg as orvepitant
2. Corresponding to 30.0 mg as orvepitant
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3. Corresponding to 50.0 mg as orvepitant

4. Corresponding to 60.0 mg as orevepitant

5. Removed during processing. Does not appear in the final product.

Orvepitant maleate tablets, 10 mg, 30 mg, 50 mg and 60 mg were manufactured
using wet granulation, dry blending, tablet compression and film coating processes.
Drug substance, lactose monohydrate, microcrystalline cellulose and croscarmellose
sodium were sieved and dry mixed into the high shear mixer granulator for
approximately 5 minutes. The granulation water was sprayed onto the drug
substance, lactose monohydrate, microcrystalline cellulose and croscarmellose
sodium dry blend. The wet granule was dried approximately at 65°C into a fluid bed
dryer for approximately 45 minutes (< 2% LOD), milled using a conical mill (screen
size 813 um) and blended into a bin blender with lactose monohydrate,
microcrystalline cellulose and croscarmellose sodium for approximately 20 minutes.
Magnesium stearate was added for lubrication into the bin blender and the mixture
was blended for approximately 3 minutes.

The blend was compressed using a suitable rotary tablet compression machine to
obtain uncoated tablets. Opadry® White OY-3-28876 was charged into a mixing
vessel with purified water and the film coating suspension prepared with stirring. The

tablets were film coated into a suitable pan coater (approximately 3% weight gain).
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CLAIMS

1. Anhydrous crystalline orvepitant maleate comprising X-ray powder
diffraction pattern peaks at 7.3+0.1, 7.5%£0.1, 10.9£0.1, 12.720.1 and 16.540.1
degrees 2 theta.

2. Anhydrous crystalline orvepitant maleate according to claim 1, further
comprising X-ray powder diffraction pattern peaks 10.7£0.1, 15.0£0.1, 15.320.1,
17.0£0.1, 17.54+0.1, 19.3+£0.1, 19.610.1, 20.1+0.1, 20.3+0.1, 20.9+0.1, 21.1+£0.1, 21.8
+0.1, 22.6+0.1 degrees 2 theta.

3. Anhydrous crystalline orvepitant maleate according to claim 2, further

characterised by an X-ray powder diffraction patlern as depicted in FIG. 1.

4. Anhydrous crystalline orvepitant maleate according to claim 1, further
characterized by *C solid state nuclear magnetic chemical shifts at

173.610.3, 172.6+0.3, 165.8+0.3, 164.0+0.3, 162.6+0.3, 160.1+0.3, 146.5+0.3,
140.4+0.3, 136.530.3, 132.4+0.3, 131.7+0.3, 129.310.3, 127.6+0.3, 126.5+0.3,
121.840.3, 114.740.3, 114.2+0.3, 64.6+0.3, 57.0+0.3, 56.5+0.3, 52.8+0.3, 51.240.3,
48.140.3, 43.7+0.3, 36.620.3, 30.2+0.3, 24.0+0.3, 22.9+0.3, 18.7+0.3, 15.94+0.3 ppm.

5 Anhydrous crystalline orvepitant maleate according to claim 4, further
characterized by "*C solid state nuclear magnetic resonance spectrum as depicted in
FIG. 3.

6. A pharmaceutical composition comprising anhydrous crystalline orvepitant

maleate according to claim 1 and one or more pharmaceutically acceptable carriers

or diluents.
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