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medicament for the treatment or prophylaxis of depression, anxiety, posttraumatic
stress disorders, emesis and/or sleep disorders.

10 As another aspect, the present invention provides a process for preparing anhydrous

crystalline orvepitant maleate (Form 1).

In one particular embodiment, the process comprises the step of:
a) forming orvepitant in solution either in free base or salt form;

15 b) converting said free base orvepitant or a salt thereof (when not the maleate salt)
to orvepitant maleate;
¢) isolating orvepitant maleate from the solution leaving orvepitant maleate in a
anhydrous form (i.e. Form 2) or orvepitant maleate solvated forms or a mixture
thereof;

20 d) treating orvepitant maleate from step ¢ with a solubilising solvent or mixture of
solvents
e) heating the mixture and adding seeds of orvepitant maleate Form 1 to convert an
amount of the orvepitant maleate from step ¢) into Form 1 orvepitant maleate
and

25 T) cooling and isolating said anhydrous crystalline Form 1.

In a further embodiment, the process comprises the step of:

a) forming orvepitant in solution either in free base or salt form;

b) converting said free base orvepitant or a salt thereof (when not the maleate salt)
30 to orvepitant maleate;

c) isolating orvepitant maleate from the solution leaving orvepitant maleate in

anhydrous form (i.e. Form 2) or orvepitant maleate solvated forms or a mixture

thereof ;

d) slurrying orvepitant maleate Form 2 or orvepitant maleate solvated forms or a

35 mixture thereof in a hydrocarbon solvent at a temperature of about ambient
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25 15. 90. 3p6’ﬁ§°r§efj§'j‘ﬁ'fe"\’rarl ations in observed chemical shifts are

expected based on the specific spectroneter enployed and the

anal yst's saigire fr apar RRDOFhieqt BNIFgHR .2 S&V@plfé‘hf G allecé. eI"["feo)’(RDSpattern is
present in each of the Chgﬁﬁﬂgl shifts rgtg)ortg ﬁbove The mar

error in t h&PEEEILINAG™h fa angles anq Qbigipad Bt @aqgragtogte:gerw QCWF
2009/ 124996 RETX FERARY, A8AAA, B 6 Pr8RMBreldedinbolinafifor | S possi bl e
in the assignnment of chem cal shi ts the preferred nethod of

det efRi ni ng whet her an unknown form of orvepitant nmaleate is Form1

orvepi t ant Bats 1 $hé Qﬂli@éf@ﬁﬂa@yscbﬁﬁnéQ!a'ldim‘?ét@t Wt%@éﬁa%&f FBJP@ 2
sanpl e over e solid state NVR spectrum provid gI;ure )
skilled in pﬁ@pti@rtt raalgats .oWer PAG Vs oduieds pelcen ﬁfﬁ%@"ﬁ@p LAEYBIRA etaarﬁt:@

of orvepltamgtersah@%syrﬂmége'pggﬁ gzst,g%dégno & é;w&'én deq b' g%cé%mgq?the

over Figure 3 usi ng ge int rea

det er mi ne wpeadeduresdespRddigeain.r um of t he unknown sarrpl eis
subsggntially the same as the NWR spectrum of Form 1 orvepitant

mal eate. Specifi caIIy 13C sol id state N MR data of Figure 3
corresponds etal eanaeseripfiohos g mventionf t he present patent

appl i cation.q t b a

and it was co%gﬁgs ée}'lrtlt][qlvﬁ%tﬂ%?ﬁa}}ﬁ@o é‘ﬁﬂ/s‘lﬂ@@e?o (9 6r?é;§?t§ﬂt %reé*@éu ﬂm”% 7)
anal yti cal tesobitingves %mrb@du@edg@uemamaoentlmmmatesm cttlmerl zdhfantiaggs

Form 1 orveptaiheBlyadbhit RrAd A bldt i S 8HouSsiAS STl FBIY $1if Blrtidarly

35 stable and essentially non hygroscopic. It also has good storage properties and can be
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35 WD 2009/ 124996PCT/ EP2009/ 054295 Orvepitant nal eate can be

pr epar ed WOCOVMI2AYP6t 0 t he met hod descri bed in PCT Publ i @ETIEPROONSS4295
W03/ 066635 and PCT Publication No. W07/048642, the subject matter

of which is f [

cynthesi's of 0Bl Haa b bRy Bub 5} ol b syied Fhe

t he corrpoun@rystallmelfmm afi then présent maettioons rihermodegndmicatly whorehstalle riagn, er
separ at ed a%QarﬂHIre &d% as a solid product. Certain factors influence
whi ch anhydrous Iys formresults. These factors include, 10 but
are not limted to nucleation, seeding (both active and inadvertent)
o0 581 Vort RS BB Gpa e BERbr R TRBR. b6 P 5Bl
Typi cal |y seedtaligectam iofibhepitard maieatamalvmgtsmataoﬁalwnbe desierXRD frattemn as

f th I . t In the f di t f
separ at | on_ &HGNP i1 FReA Tt e 80 et P Bl S ihpn SRebpaRR ofper ko
orvepi t ant rr):xajaelwuen 12 A a@nhydraug i eridtalline niodi mﬁnbrvteblmr'mr ﬁﬁ%ﬁfe having
conprises the rmn rveltntl eit

Frop base obueSpitisthe ttiyiogi, A% shrn on radtrecs Bendha it soathing
sal t 10 her eofcalovitretry (DEC] thermadramt @as ahitipd toat o ¥ G Q@000 cfmdrﬁm?ét@' aPfegan
i solating orvepi bﬁ c(L)amal eate fromthe sol uti on | eavin orve i.tant

mal eate in &3&Mh & P Uping 2 ARG Sive GF PeGEpTtaih 2 Mg veighed into an

sol vat ed f orfGmiRMApdR, étpahmdtdi&rea@fn tos hnd T@ﬁty'dﬂ%p‘éﬁ‘(:ﬁﬂhbhtaé&tahﬁ@lih‘é?aﬁ or
fromstep c Wlth a solubiljsj ng solvent or m xture of solvents

heating t he 3hPREAPUIraHR cryatlling Tamralonyeriign Blsiaeknbaving susiantiginine e

convert an gpRUsEteOiMRNSefrY apishalh inBigasd 8, dutantSbRR sfb)ecﬂrélﬁ@teF@;ﬁéthlng
orvepitant mnal Fat ﬁer?cg%&]:?b cooling.,and isol ating said anhydrous

cr ystgl | i ne a8 &%IY'H@fQFO (& AlsenioR aé@é%p%ﬁat%ef %§6K a spinning
orvep| t ant @pé&ﬁbf&‘](}kﬂﬁ be formed in solution for exanple in
i so-propanol and then it is isolated by precipitation for exanple by

addition of iso-octane in the presence of seeds (i.e. orvepitant
mal eat e For mhg X’fra)DbU\ﬁﬂ%rt @ifftactidn @@R@z patterat SOFSRT ABorEpiRintimdiddte can be
t hereof ). The orvepitant mal eate Form 2 or orvepitant nal eate

sol vat ed f orRIETHINEY UFing: eAWERERNGL lesERiayes aagh epWPMREh KW Kpiiirat alilled in

t hi sogt age e &t bt sdijtiesl @I@%.ﬁ@rhﬁdws.@ﬂtdh@wér&a% drAcedirfasti®Ppdidern of
WO 2009/ 124996PCT/ EP2009/ 054295 St eﬁﬂ can_be carried out

orvepitant MSWSWeHRMaRES VilpR Bt I i -PRI o Remeist dgfra%épp%t@kmodel

ket one such pgg3g@Ridty bl Witk |ankRCRRRBatbN dBRcRFRERY QlppBPRHIX- LTh
to to 200g/L, and heact]elgéb?or ea>?arrpl ?rom agout g g& until ré@ﬁ% ©

material is2@AWSBeN eRNGIERE Heare: ;eemfaé?f tensien gOpdr, memer@hmprre%tn@ mA start
mal eate may JAgiel 50 ks Whdf dddid: ablo@@tﬁétseéteﬁgnéét@bwﬁaztthe@ I.mla I?E
addition of 1So-octane_I'n an anount of about 100g/L solvent to

, seédi ng wid{ H{ Seeands. dhg spmplgrivasiieeed bm@wtl@g adem nuus@flanﬁgnflsamp%@
range of tenniah WaterRSWe8Rkgtay ogpla@tréwglﬁatﬁlh% yeP bhdwddr Vepi tant
mal eat e thus produced may be dried under vacuumto renove resi dual

sol vent, for exanple at 10about 45-55C. Alternatively St ep d) can be
carried out AMhadH sampRPH BdHn mt\%ﬁﬁéht‘ﬁl}’%lé‘ét@%@ |ﬁé2lr?r<%'ﬁ e"‘?t\bas used
i so- propanol and heating this soltution roma

further embddiPradice the Peters efohigHresds 2 Hbeta apgled in dggreasn{xriawg) are
orveppt ant I I r o
convting Sn§e AR B el KFfs 7 3e Shyipls bl dBeopdd -axis) The
mal eat e sal XRQ paterodpiunive iealhearasticular forrn)exmmllrm Brignigrey gl Qfahftfractlon

mal eat e {1 opeLkiyfioh bl B8 ok sadn oraR ah Rk (TR} Sak8chds ANy dr ous

form (i. or - orvepl tant nalea a mxture

thereof ; d) slurrying orvepitant mal eate Form 2 or orvepitant

mal eat e sol reof i Q C n I

ot ot orper 2 e G 4GloflenGel abl Coih TR 7 sPedh SHBLEE BRR AL RF pigfons
35 of various peaks in the XRD pattern, d-spacing values are calculated with observed 2
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WO 2009/ 124996PCT/ EP2009/ 054295 Form 1 orvepitant naleate for use in
the preseWO 2000/8A¥6on may be used in conbination with OtAGIVEP2009/054295
therapeutic agents. Simlarly, the pharmaceutical formulations of the

present inv cl one. on. M e ad | ional therapeutic . ..
ents.  The Tt daBR enidBtetPl e Hledtil SR tie 258 en AR i} Sariavians
no. W03/ 06663hseitvbe 3 uldtecingiat bed dfpasinge ereSexp@Gt@HDMﬁHEdﬂ hie¢ &lpBcific
by reference.in . its, entiret t may be conbined with Form 1

oY vepi tant  HIMBPERIET CraPRNI, and heoRiaASs RPEaraToGr, BTG, More
mal eat e. 10TadatiomieBkpauted fou mep'emual psak intesities. t e aspiohs bhelatise pohk
a conpinatio risi Form e Wt further :
Cher aBeut i o TIgEREey oy e cBRAbH e (oPfic diorfalion seu et ciErences i
di frgas es( CNS)ystaA morph¥iedy. tvend%@hm;rlomerﬁu ? @idta ﬁﬁ@l@@faﬁdldéspa&iﬁgs infay also
conbi nati on wi ot t her apeytic l1l5agent c ounds na

ST ni ot 1 cBOSERYPY SRR T Ty ErPerP CLbbh S ANy Rt ent
rout e. When |g@mniticatiofl dfrihé I@EaamtéldbmIoataldamponnd\fshbulbeae&m@ée@na{aﬂq/ on
that the tmobcon§$§3 S, Tus, stabhl e and conpatible with each other
and with t h&°8¢H W3€8H98ﬁ859§p89”$%e formul ati on and may be
formibated for adm nistration. \Wen fornulated separately they nay be
provi ded i n_any convenient formulation, in such a manner as i s

for such co@oi}éﬁﬂ@’l Forphk cgrlain charactgystis +8ieks ENGIES O5PY Rt 7-AED- éa?é_’eré
used in conmbiprabiA2WibA, %%egqra@gﬁéé@rme;%bﬁes%%a&%gpecm t@%aefnﬁs at

each conmpound may differ fromthal when_the conpounds are "used alo
Appr opr i ate@é’séé 8yid-1. eandadiAngstipmedd) at ed by those skilled in the
art. Form1 orvepitant naleate and pharmaceutical conpositions
conprising the sanme are useful in thera particularly in the

treaffrent ofAltbnmhipre siiled inaivg 355 garhisently $omii k emethese rharagtedsiicrheta
e.g. a nma

TnPCT Publ rea e Ao R LrcE: RRH] bE deR e R aRSh
i ncor por at e@dpigpesl? heta @W&i‘?%ﬁt@ SpﬁCInm%fOémq identificatiore o5 Ferim Ardognpound of
applicabl e g, Q[lél’n 1 orvepitant nmaleate. Form 1l orvepitant naleate is
especi al |y useful f)or the treatment or prophylaxis of anxiety,
depression, sleep disorders and emesis. 35 WO

200953424996 / r [ [ :
met hog for ?ﬁléﬁf(ﬁggﬁgﬁt%ﬂg%ﬁ rﬂ_élg?]tlé tggj?ésw H‘{)ﬁgltz tﬁgtgr&@ B%ér?i(é ﬁ%%séhtlally
psychoti c ditkerfeloming ipasipens |7@:3110a1r, 7.6:0.he 1t)r7¢af1me1rﬁ)t9i@r1 ptaVEht.i 65.066.1,

ueh s & mnme ool Aol VR condre fod okl 2R Bt

the ani mal an. 9&Df1e@ﬂ11\te 1armsrﬁ0 Qf2256+lﬁo’r tegredy, wWhiht coftespar do@b pectiVéig to d-

foregoing nethaod i articylarly o regt

prophyl axi s SB?C'%{Q&?%?yj]i'hegTse&%gﬁosebjp%sﬁ ; é‘lrrg?r géﬁz‘g d'iéo”f%i*e?g 4.2,
sl eepsdi sor det,8.9a3ngsesmsA). The present invention also provides t he
use of Form 1l orvepitant naleate in the 10 preparation of a

medi canent for the treatnent or prophylaxis of CNS disorders in an

ani mal such Sameamzegim®l e(@r @ pre%ehtumflééeh Frathk I X thetd biiglb Qissighfents and d-
t r eat ment or ro hyl a"t‘% o[) anXJg eP $%S| on, posttraumatic stress
di sorders, SiTERTERS SPOYR LR s $RETPIBINGo RiSRECIARE sCERESES Qwith
i ntended f orundréésmj difitaichon SeHnyardiisl oRdéoréding dbpaes] Tiee afih of &or in the
scope of the invention in any way. In the Procedures that foll ow,

af ter0each $389¢INAg thelp@ppigp s @réﬁr%@ﬁ@éf%% degrass far serld Af the ferpaeina pegk
provi ded. Thissightefsovi ded merely for assistance to the skilled

chem st. The startl ng material may not necessarily have been prepared
from the batiFer s Maidip of epor is PASIER ihhecassigimend ob2Hbptri angles and d-

stated: 1H gygéi tﬁ'@%F@ér‘r&d WW&CEOF&MYR}J ﬁ@@cﬁa’it@rr}%eﬁ%rﬂécﬁrﬂgﬁlfﬁ%e

Bruker instruments at 400 or 0 MHz, chemical shifts are reported
ppm (8) usi PGrticHlar fasa), Qi@aw%e @é Afvepitand nweat@t&tarﬁé/ﬁﬂw el Rla pgtiern of ‘the
35 unknown sample over the XRD pattern of a known form. For example, one skilled in
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15 stirred at 20C for 16 hours under a carbon dioxi de atnosphere. 28%
w w RacenW® 29¢8/12¢9%ci d solution (5.3 litres) was added ®GU/EHI809/054295
m xture was stirred for 15 m nutes. The organi c phase was separ at ed,
diluted wit yl..a ( i n i e
X 2.7 litr ersi?@;aﬁdéa%@?é\# &veacﬂ %gs%l éé%%ﬁ?fssaﬁu% p og\rl)%a Zéjgmoh{ép}g%]it(rég%?ne,
litres). Thebtanas using thesmetheds ddssdbechbiereing evhrdégunertearsliueing @xpertise and
20t otal vol £y 2. |tre - cet i
the sol ut i ot TGUEag i ghe s Feady Betorififh BhEpE i XRES ke, BREHnRRSler
R) - 113, 5- bisg(nptd it Isubstentiztii i) smemgn thiehdRD pettdry lof Boia focvephidimaleate.
(2R)-2-(4-fluoro-2-nethyl phenyl) - 4-pi peri di none -
(2S) - hydr oxy(phenyl )ethanoic acid (1.2 kg) was added to 15% w w
sodi um car bdimasidesing Attheta apgles (1)i andes$pamirdy @6),Nydrm2 b oneettart endldat8 exhibits
litres) and P ' . il solids dissolved. The
organic phast%é]@/gémkééggﬁ%p%ge@%hér\rﬁg%”m&gsshed with 20% w w sodi um
chloride solution (4 litres). FaesH catepiydnt melettate (4.8 |itres) was
added and the sol ution of
(2R) - 2- (4-fl uoro2-net hyl phepyl) - 4- pi peri di none was distilled under
reduced pressure to a vol ung of Zhétagpgs. | 30The Aol (ti on of
(2R) - 2- (4-fl uoro- 2- net hyl phenyl) - 4ygitperidi none was |charged to the
sol ution of
{(1R)-143,5-bis(trifluoromefhyl)phenygethyl } et hyl cgrbam c chl ori de
foll owed by an ethyl acetatp (300 rt3 ringse. Trizex hy|l am ne (857 Q)
was added fol |l owed by ethyl| acet at e7_§ 300 M) and gt hg mxture was
boiled at reflux for 18 houfs. The slurry| was cooled to 20C and
N-acet yl pi perazi ne (240 g) pas addé®’ Thel 35 r®actijon nmixture was
stirred for 30 mnutes at 2pC and weas then charged wWith 28% w w
racemc malic acid solution| (3.6 Ii %Ees). The oggani c phase was
separated and 16 WO 2009/124996PC'?" P2009/ 0542 wads washed with 20%
w w sodi um chl oride solutioh (4.8 NPPres)| Ethy$flacdtate (4.8
| i tres)wasaddedandt hesol uti pnof (2Rysh { (1R) - 14355-
bi s(trifluoronethypphenyl]efhyl)-2- éélf | uor o- 2-5§t hyll phenyl ) - N- net hyl
5.2

- 4- 0xo- 1- piperidi necarboxapm de wad®di sti| 1 ed ulder |reduced pressure
distillation to a total 5vo]une of 180litries.
(8aS) - hexahydropyrrol o[ 1, 2-g] pyrazifas6(2H) - one 54
(2S) - (acetyl oxy) (phenyl )ethpnoic acid (1.5 kg) was ddded to
acetonitrile (11.4 litres) pnd trié?ﬁyla I ne (4@@ g)] was added. An
acetonitrile (250 m) rinselwas added and the starry was stirred at
20C for 30 mn. Sodiun1triacetoxyb259hydride (928 g)| was added and
. é 5

the reaction was 10cooled tp 10C. Formc facid ( m) was added to
the mixture over 30 min, majntainiBAG3the tenperdfurd bel ow 15C. An
acetonitrile (250 m) rinse|l was added and the rgactijon was warned to
20C. The sol ution of (2R)-N-{(1R)-%1?r,5- bis(trj% | Joromethyl)p
henyl | et hyl}-2-(4-fl uoro-2-m et hyl “phenyl|) - N net’hyl -|4- oxo- 1-

pi peri di necar boxami de in ethyl acefiBe was adde#ilto |t he reaction

m xture and was 15rinsed infwith aeggonitfrile (4dglitire). The reaction
was stirred for 16 hoursg atlL20C tstlilled to 5 litres
under reduced pressure. MREGRiCterPe=waRodi A1 d89@pPE-h et hyl acetate
(10 litres) and was washed with 13% w w amoni a solution (2 x 4
litres), and 10% w w sodi um chl oride solution (4 litres). The organic
sol ufffon waPagedtupenelfet foremoinat eharacipdsiic featesof the gattgimeof Form 1

sol ution V"a%nfy[pktéﬁteﬁallﬁ.@a?e{] dfRAskiffe 2@ itl’iu{ %zt) g???%@lzsl)gé@gglﬁaog H’Wz{:{)itant

reduced pressure to 5 litres. Further (8 | ed an

t he sol uti omaigaieadiavitl bei sprredietgdiy those shikes, inAhg artuthebthe gfRPrpatiern of a

aci d (248. 5 sGholdor! Feftm( £ oRvebltddt z}l S usihg&he' ek TJ?;% i

seeded vm'thsor\F/)ep?tant mg ggtée ? ?[é(%) O@%@ggﬁgmﬂﬁgtur eﬁg\k‘gsdl%ggﬁ forreT’
may exhibit additional peaks. The foregoing table provides the most intense peaks



25A stirred slurry of orvepitant hydrochloride (6.65g) in ethyl
acetate (WOM)Y/\B¥6treated with water (47nl) and 880 aqRETIEP2604195+20A
solution (47ml). After stirring at roomtenperature for 10mns the

organi ¢ pha i ; X 47
organi c phaéng“%\/\ggrezggé%?{aeﬁ gtd:a tB g t@mﬁ%ﬁ %m\%’ég%@%g'ﬂézég? #ﬁ[gﬂ%’ 8|a8mg§eass not
di ssol ved i mepreier( 2nekhaustive tistof peaarexbibited by €osn J airvdpitent malsater eat ed

with maleic T‘Wé' 53 %pgdw&grlgl}a‘rac igr? diﬁlr:#(tjn ?Qm\'@s Eﬁﬁ'ﬁ%gg tzf‘f) n;ffdru?( af18 ]

and then the solu n was divide Wo equa 0 oOné o

t he porti onsonsistentwithethet mobded PI0Ud) was added and the m xture was
heated at reflux. After 0.75h iso-octane (37nl) was added and the

m xture allowed to cool to roomtenperature giving a slightly hazy

sol uti on. ASslidistats amwpleer ofagoetice pistoaancentsotd tstata ViR susndixernqringedtaonal

v et o0 B NRIESH 19 SRRk Ao B By SRR o
solid was sorapédantohblegtee $he delid s’@te Nﬂ&@ﬁ@dt@d@BﬁrﬁCT/tE‘Paﬂﬁaf OB is
The solid fr E—:-hel'h? &ﬁlf?%%ﬁ@‘?\ll\ﬁl# ﬁ o’flﬁweedar%srd%%gms?ihn hl%rr%1 ?\f:?ﬂ;'m 1

hazy solutlon urckl'y crys I'sed gi Vi arry
slurd§ was maprtami maéeatm gistording \bmstheh@resleeatlwbrmon ahnmdetér@(ﬁwedﬁ\fusmg

1h the slurr I | o L thnaft
2 turthor 2RorlEteR sEUBMLaiE RenhBubE RBAFERRGR HOBaIPId JEbr e
i so-oct ane ((:Bewsfrnm)wl pbysied charpdietizadiodry and then dried in vacuo at

(CoC13) B (e ol 3R YR, fatich) FidinkSPy 988 JRMGR Tz BREZH AN

1H), 1.93- Zpentro(nmterlcme,ratmgm -9D.856MHd for1H9: obRe®dtich. 2 (ddhm Brijker HEX MAS

2 %09 ( FredEjent gindigyAebe ﬁﬁ;‘%s%d T Saripl i gl et o g

(m 3H) 3. EBehid Gotodand ldpyn 4t 08- Id—lzl@t(amenﬁid}atup@. 4f929BK2 3 Datkd was Hdbfained

421 H5°>1 471 ?g (%%Bg(%ﬁ?p’efl_ﬁrégs]gggﬁ' Q.gn Zﬁ'd?afgﬁg(@oﬁallﬁg"gbq\g@t ﬁ%ogr%ssaon()rgulse

15{(1R) - 10, Setuescer iFrbloordecedhing waseparfdrmed et BneRfpbwen ofel 00 kHz using the

(270 11 11 o A aortPhiitolaeta bt Red TR b Sas b frones

stirged unt i patd pes ahillids (gred) foigesndwrethtive ketetragathiyilateatd pas, and have a

(336 11 tr eap ST sl B Bl regeble FBbim R ibeld o T Tes

under reducégrad charagsnistie.chbmial ebiftglobaemtdtie t{e33aid stbteeSMRAasechddedf

pressure.  heror SRR i 83PRotorho B atlPlle S4B oney st oo

The reactor I\,Wdrsfoptﬂ(geidse\matlbn chriiem pelnauxecbé 286ld, a spionihg speers 18kHA dyclude

ddetover ISR o AR et 7 b kT Toatt0 B Tt AR 95452sar Depid.s

litres). The468agBi aaoBRYr €38/60. 3 i13pedofar 1@1&3@() 81 N2bess0.3, 127 6+0.3,
Chl orotri net h | sil ane % was added over ca30 mnutes with
cooling to Ilg 90 ﬁe@‘béﬁﬁé?aﬂi’r t0a3, 134256 3 84-6483. BT ARd: PGSHP-BhSDBHYB.

acetate (15 S) I,;oeczr n e3d8sy §t f
m nut es. Pyrslllgqb% B . gﬁ\?\g%ga 6)groau‘.’r}ldsvvas ?I %gggglanv%n%?%o %%/Fﬂw
acetate (3015|9¢Bé9pm Thi onyI chloride (39.1 kg) was added and then a
rinss of 30 ethyl acetate (30 litres). The reaction m xture was
stirréd at ca20C for cal6 hours under a carbon di oxi de atnosphere.
28% w w Rac 8iigitt vmiattonsam dbsaved |cbem(caDEh|ktg)arwas<pactddobaed drhéhe specific

ot . ; h '
e ot P Bhob0RS, MRS RoelS P OPLF-RAA T B hosnes s
wat er (2 x b&bgihidf egs) |sepnelsezm%evddwcmﬂlneasln@mpaitm&lmpmr%l alfives gihatreargin
solution (31 sol uti educed pressure

to a total ¥ ?rr%)é H}ehfg%g@gﬁhg%éc\é?s@&%?'apg{:c@qra;tgﬂ/ Qo%p‘?mt res) was
35
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acid (75 kg) was added to acetonitrile (570 litres) and triethylam ne
(22.7 kg)WoPB4¢dded. An acetonitrile (15 litre) rins@CUAEP260ASHRIS
and the slurry was stirred at ca20C for ca30 m n. Sodi um

tri t bat; i £ . i d
to ca200. Fariysebdinadlh BOURR BRI 3 BRSOARGH SoliTea AR e
hours, mai ntRagfeirag meikod ehgrieatioing Weither abShknswn dor ohbtvepitant (MBeate is

litre) ri nsq:(ogfa)st ﬁﬂ??‘.%ﬂ%ﬁ%ﬁ%lg £AFHAN S IRETE AR 584 of 1hE sample

sol uti on of
30bi s(trif | wyeoihetsn)iil stdie NNIR spbstiim Rrovitef|in digure-3re Ohg|spiied jrl theNartrean

30bi s(tr 1 wyeoinstdol iy
Cact Pon m AR B MRSHEERIARA D [ ae R ) deotienf PERA ol

reacti on wasisigi theedhettipdsc dascribodr kerain, ca20 Eigditee 3s buod.r ysingisexpertise and

distilled t I i '
35 1 ut ed wi PRPSERS ™ HsCRt Sl R RE WERRE NIt Yt BBigug
amoni a sol weimple 6 32Bstknfiadin the2@inkay thedidR shectrub® %6 Mdrva 6 odiepitant maleate.

hlorid | UL 2 0Q9. 9 P, / h
organi ¢ sol SEEGCas ‘e o strEd g SaEERT e SR e R o 2 d e o
presdQre. Tioétheotraserd pateabaphlicaitond with | PA (480 litres) and was
distilled i Fur t | PA (.480, .
1 9L L1 o0 ol POUESYRBEPYES 38 SRR O ELgtor it P BApt8R wi
litres. The thajlofiFigamedas diluted with IPA (80 litres). 5A solution of

wih more | AU E Rrebiinb diahded sookiRe SR UEEABA A T S 0RRan o

mal eat e For ndedtify6Fogh, 1andeptantnimalaate wis aigittbnf ostherandhdusure . physical
Furt Rar - ages geiebigneR)seh e B 8o E 15 BRRyT Bl ' Firflior BOug  dritant

was furt her nejeatef examped ofisuitebéstecitiquesoihich B kredvrviaghddel gkdled dh H@ art
and washed w t : ] r PAL I SO-. ne (. 180 litres). The
resul ting s\gq) [ %b \%’5’? uérflmeﬁﬁgt ﬁyg%atr?ﬁ/ 'lra%fr%g%tgﬁ:o d%ﬁr'égéﬁ'%t'% ogﬁ/ec)rystalpne
87. 0kg of a aBBydo®6fd@mnonxsalvaded for2inBudShuNafe( AdR) infitefd3tpSdifbarsittat is€anning

t hyl AN ~2- (4- - 2-[et h henyl
O omet ) PASRHL dh f e e? EBHLGRERN v oo gone o
pi peddi necér barbinattbersitreath eated(@&) eERp-dNafacidRye B-Jayde of an unknown form of

15bi s(trifl enyl ] ethyl}-2-(4-fluoro-2-nethyl phenyl)
N- et hyl - 4- F’%ﬁgﬁt -%%(%E'exahydr opyrrol o[ 1, 2-a] pyrazin-2(1H)-y1]-1-
pi peri di necarboxam de nal eate. 1.00 kg of this solid was slurried in

MEC(E )t ierBaos 68, Rt R I e

vacuum ( 35nmsamprisiag rffcamnil ngrv@@itane mpeeate ur Sustl PBprmaceatica | comepositioss.may

20,25 = el hoH] FIGLAIER Lo P i o

sol uti on wasuitede egharmaééuticel 16 ositiems uarel coethbes efodi theinl ptéparatiandare
th | ed t.o 4 ' a [ j i.tant | eate . . .
A0, 656 ) . rrertep 4 PEIEPulleelch BT IOy bnedog s BB an B fion s

t hen stirredhcatpoardted therginf oy ceferdse5 ih. ifShenBitetypr od @ohvevdently, suitable

ove- THE 1 VPERTAICeD obhBoy s S kg abEre ATty PaySTRAE bidums aane

ca. B50C towhevneempbygd oftamieve @ndadiuents. e aPaarnddestital nednipaktidas bipr oral

%01 b8’ ?g,g%?rﬁﬁt?aiig'g’g{p‘:@é'sgg%%" ?‘ﬁ? é%ﬁf%%frﬂ“}i@tg’%é%ér%?ﬂ“gf%&%% 40- 2. 50

(m 2H), 2.44 (s, 3H), 2.76-2.84 (t, 1H), 2.83 (s, 3H), 2.88-2.96 (m

3 563 03 (i ither, e, g Bretettghghuol Avidess docets bt piiarig Fomy

(g, 1H), 6. 26sepiant2tdleaté. 76-6.81 (dt, 1H), 6.85-6.88 (dd, 1H),
7.2757.30 (dd, 1H), 7.69 (s, 2H), 7.88 (s, 1H. 35 WO

11



WO 2009/ 124996PCT/ EP2009/ 054295 phase was diluted with acetonitrile
(200 m) wPRMAR4¥6Ncentrated to 125 nml in vacuo. Mre 2€AEMIEOM05I205
(200 M) was added and the solution was concentrated to 150 m in

vacua.  (Sol il maoAlLual! £ BEIAN DREGIY o hel Mkl BlsolBes HRSH

to a stirred slurr
hexahydr opy Rubliegtion Nea |\ PO3DBREBY 2ry PEiTePublication No. W0O07/048642, the subject

25) - | . ' i i n. itrile (250
i) and o) ST SPREK e BLIBRat RELH ey el LRI L oot ed

to less than 10C and was treated with formc acid (8.25 m) at |ess

than A5C. A-parti Of ' (. i

the noxt ur o Py of EReHiE Mctest S B ralgedt ie RifbudPotiB s8R Poyne
reacti on moi eoletidrOinas reastios mixture frotmowitieh 150aybe isapsratadoandeiijied as a
acetate (22%059 Bro\‘}’ﬁ& added and the solution was washed with 13%w v
aqueous ammoni a solution (2 x 100 mM) and 10% w v aqueous sodi um
chloride solution (100 m). The organic phase was concentrated to ca
125mlL in va S._fi W 1,SO- . .
mioxtur e wae oRtAAr R e dticaiyhas )RR R, Jrse Birsinonce.
(2001861 ) waduhddedotdimitedhie dEleationceretingt (both aetive rampddasdedtaieand solvent

t t i | i i - |t i t ot,al | o)
Concent e g pHbaE Wb holaf BASRAARY 4B e b bRkBbKg) el oy
flask and ditheibedeationlof tHirAd¢si@d3om.) Tydicaly sekding @an wetkiehce titeaticmabon bf

mn wth a I i 1.d.(1 ingl 9 , hin
i th | pat S8 Bl TR e B5lont dnde, Ml tohting rlufie. spMBRond o
treat ed w t Beparatiocamhirtpdiprdceds)ng arbeclecieti o prodase Eomh ¢ dntepitard rMBéate.
and §$eded with orvepitant nmaleate, Form 1l (10 ng prepared according

Exanple 5) The m xture was cooled to ca 35C and stirred overnight.
The sl urry Wwaenepatiedat embadimént et @ocessfconiphises BeStdpoafr s t he product

was col |l ect . ikt i on.. ; ed with 1:1 | PA

i So- oct ane ‘(%g fgﬁﬁgﬁﬁ)%,gh#i'”eﬁq‘?}‘%‘uﬁ'V‘gﬂ'%é%f?%a?\ﬁ%%{ %\%ﬁg{rﬁé solid was 25
dried in vabliocamveriag $ai0 free bddeorsieptmnhoda cal ¢mreéat(ivhaminetithe mal¥atelsdlt)
2.886g. nmp - .m ned using an El ectrothermal |A9000 series
mel ti ng poi %‘?ggéggar%é&%ga%/al ues were uncorrected). NVR (CD30D) S

(ppnPO 1. 51- &) 58&olating 3ygpithnb maleatd filom tHeHsolutior’ &ating7orvgpitabHmaldat® lin a

20T b3 i (41 5,5 558 Pl bl o 41 i

3.06-3. 13 (dteredfl-1), 3.41-3.59 (m 3H), 3.61-3.64 (d, 1H), 3.84-3.91

G e (s i el BNEpiaTlmaitad Fian 3fork® Gy 3 onyeiyely, Seydehs mipdlly of

1H), 7.70 (splvetds, 7.88 (s, 1H). 35Exanple 3. preparation of Form1l

of oryepita : 124 [ P05429 slurry of
orveRbcant e B e i A addd et e MR fodf io Bleg an
m) was sti amednaofdhéeaepithrdimaE:td 86m(sted clirdo ForarhorgbpitanThmalesteur ry
was al l owedaf]? cool to anbient tenperature. The product was collected
by vacuum filtrati on, washed with iso-octane, briefly deliquored and

t hen dried ifrcoohrgiandiisolating 84id bohwfrbus cryfiatine Eofortyvepi t ant nal eat e.
Yield: 365 ng. Onset nelt conbined wth degradation = 181C by DSC NVR
(cb3ob) 8 (ppm 1.51-1.53 (d, 3H), 1.67-1.77 (m 1H), 1.78-1.87 (q,
1H), 3Q. 91- 2AcOdrding to 1k abQuel8e@s AParfdh) @ippitadt 2faicdie8dan( be fdkied in solution

2.36-2.50 (g 2 2.44 (s, 3H), 2.74-2.80 (t 2 .83 (s, 3

2 36.2. 06 (fr Sy it bolgiamitliand i fsddieq 5 proBipfibedy or Ehnole oy
3. 61- 3. 64 (@dditibh) of BsdBdetaneOin (hey préédncedoflskeds XBe.(atdepithh) maledd Fér3@ or
(dd , 1H), 5.40:5..45 1 26 (s, 2 6. 76-6.81 (dt, 1H)

6. 86- 6. 89 (&B{epf?—ﬂt,m*‘)‘fg%‘?-s?.k’%ﬁd?ar&j's ‘gﬁ% mixydre Hiey %?@ J2H), 7.88 (s, 1H).
Exanpl e 4: Thepaveditaan maledtd &ofrarnod opfepitantapaltatet sonedted fams LaEx anplige
1 ( 13g 0 ko) tr\ll\é%gof%'. 2an be ?fgenl be ggéawtledla? ﬂ{lst,) lsj’}aége blﬁﬁtpar%i%n (a||\1/|d %lé t!(negn' gpt,o}ually

be dried (step ¢).
12



15 I sooctane (20nml) was added at 60C, cooled to about 50C and was
reseeded WO/ Adpl e 3 Form 1). The hazy sol uti on was PSIVER28(9/054295
overni ght at about 50C and was allowed to cool to about 20C After 5

mixture of T o) UTEREIRIEAR Mpieyilon, Mk aleg AT RGP0 i 1

i n vacuum atansQet Ofﬂaelbwellkéf@ﬁg Suzm@ssmbﬂlyhsbbutglokﬁ:bomm an tdmount of about

520 JS5 85 VAT B P Doty s

(m 36, 2 3saGO (m 2H), 244 (s, 3H), 273279 ( t,lH) 2.83 (s,
3.60.8.63 (G % e R 30“%%9% el iy B Todipb "y Ahyon, grir

63
(dd, 1H), 5.ctdlisaborf tpllowidy, admﬁ)nZ@‘ i$&pctahd jn Bn ZErBINBaf éinhut 10Bf/L. solvent

6. 86-6.89 ( , H) .
Beampl e 6 proRat shedro il Pk oveRtaf vaAS AR ol %00"&3&%% e
mal eat e A (256 tempenabse diedserny 88°-V1C.n@ptgrally,sibe biudnyl 1 katvepian( Mdbdte thus
(100 30 Kg) C e thro
afilter in \é\&}&ew% B%aoﬁr%d\/@sdsegﬁ)/g% ?%égljng%ecg%sa/@f glgenst T W&

t hrodgh wi t laboalr46-88°BK (20 Kg). The resul tant M BK sol ution was
reheated to ca. 70C. Filtered iso-octane (10.4 Kg) was added at ca.
70C over 17 mn. The solution was cooled to ca 60 C, seeded using a
pr e- pr epar ed\listnativsly Stepod vepi ticacerriedibetatizinganveplia (i0maB8tekabt@inep fromdstep

iggc?gﬁi SLQQ&%ﬁﬁﬁ%ﬁa@ﬁfq*ﬁeiaq%‘éé'ﬁi?H%‘;é@ﬂ%ﬁﬁéP?MR rred at ca
or ca our. re filtered 1so-
20094424996 FCTI ERA00S 854295, cpE 305 (3T, 2 KA HES Adged over ca, 80

m n, andthen Irfe of Ca so-octane (17.3
Kg) was added fomaang oralepllarﬁ whsnhutmnamlﬁet indreedmgt basdlt oty ry stirred for

ca. 0.5 hour 180- 0 added, over, O.
rour e, Al e o) e Obink el & baOobiRRe of 2 B bkt TRn8t 8508 Eefe3a
(103. 5 Kg) \bmervaplmnirrmmrteS ca 2 hours and the slurry stirred for

ca. 1 hour h l urr 99 ed a..26C o\ urs.
After sti I‘I‘I%ﬁl q?aolatm ?N%Rf@%hoalﬁétewfro@a ezédg?%g%n@dﬁ ﬁ%{g Pea{:e n
col | 28t ed b)anhgtruiufmfdrrﬁ {ireatfaym. 2V lve drvdgitent oaleatavaslvatas hiedns wirce niktulbe
filtered M |so octane (each wash prepared from M BK 20 Kg

i so- oct ane rg)o Kg), deliquored and then dried in a vacuum oven at ca
50 C to gi ve)tsheryingt berepitmp onaleate 2Hort Kgor drd@GiNt nahss¢ sobvbtedcionhs rech

41 9o SRR, 5B TR Bt ok

2 18 2.37 (mthur@tMMImt(amngmd)nt oﬂth@fso(\@ntmhu peBo®@Bt End@® ¢dnvert the

m 35y s Spvedint iy e ot Porielanddga Blpedionk s dogtl ey

4 5424, 37 ( dd ForH) Qrvépit0t Bakdte,q, 1H), 6.25 (s, 2H), 6.76-6.81 (dt,
1 6. 85-6. 1 (dd, 1H). , 2 7.87
1) Exanpl S opIAroR T ahls o gping 68 Lol eaie

20Exanpl e I b Method B (12 kg) was dissol ved in methyl iso-butyl

(11 tared 1 niBo S EMsgeteh ey o L0 Gk ol ARugrRRreDR stlipflsueRies tso-
(ca.302 L). oﬁaee&btam’upanatumsam@h@&bmchttout irﬁ)bEEQm reflud tdmpetature such as 98-
oS0 Ve UG A B s e AE R e 0 2
60C, seeded nfaizate Rdivaad dorafs drar mixiurseieetest to Fore1 iofvepitadt rhalatetveltietcan
5o octenc) gy RS R0l S e R 95888 o
60C. After mepﬁ&tﬁhﬂleﬂ@&h&t pe@duced Gnéhee Siried rundensa@aoh €8l rérfoaresogl

OVer ,£a. 2 golveAr];tt orrei'%ar];]bj]e " aBOLﬁqlSéSE age, the product was collected

13



Onset nelt conbined with degradation = 185C by DSC. 20NWR (CD30D) 5
(ppm 1.5%W0RBBI246 3H), 1.68-1.77 (m 1H), 1.80-1.89 (@CTIEMIINSHAS
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 (ddymi1H) prvapigmt maleatedéor, uddH)in HedpreSemSinggntiobHmay6 b26uges, in

: . 7
( s, ZEI) 76- G_F%é'@ r%tt:on % otr% ﬁ%rgpe%% %ggr(ljts 1$?m|IaZ[y2tKe gp%@gﬁi%ﬁauz&
pattern was ofl$teepreberddnventien maymmmqa oreadr HoreRetditioRaldth prameglic agents. The
diff 4 I d '
i th 8 somongin diranclil Wes uhedel o b GE Aot HO G Bh o
condi tions webject meterdmbichtie reoqoratdd hikéjn ipyereferabcy indisremérety, thed nmafdy be

start angl e: ?rkb%e% %ﬁt ormen1d ?\/ne,%I ht ?‘r%lgat Trjéegl%n?@%efpggcazg?er’}g E?r?rh

20, tine per S Secods: e sanplre wasS p

a fewmlli gr\eamanﬁmzﬂxatﬁpl e 5 on a silicon wafer (zero background)
plates, resulting in a thin |layer of powder. 35 The Pattern is
provided in Figure 1. WD 2009/ 124996PCT/ EP2009/ 054295 Form 1

orvepDt ant ﬁmbéav@tioamtisa:rbddm inf @ &dthey asped dhenuszhafr acombinstiorccdnprising

theta angl e 2.70., 1 16. 5

degr ees, vvth(% corr e‘gtﬁgg@%'reggep\g% %\’];uer?hf r,?h 0 #%‘%389%’& g{eti Qrgentlcf ("éentral
8.1, 7. 0 andNebvalisAyghim diseadeAjCI8Eprm 1 orvepitant naleate typically
exhi bits 2 theta angl e peaks at essentially the follow ng positions
7.30.1, 7.50.1, 10.70.1, 10.90.1, 12.70.1, 15.00.1, 15.30.1, 16.50.1,
17.00.1, 17.V8ierlihelPorB801 brvepdtatiOmaleatOis1Eed,in 20mBhhation 20th Shdr, therapeutlc

21. 10,1, 21. d nd. re MY

d- 95 a%ggtg ﬁécérr%gu%ds r%_giy §8%§n@4ﬂt§|@f e%}eleéséjogl 8t|allg%gg Itaﬁe%.\ B/Oby
5.1, 4.6, 4abycdnveniehtduted. 3, 4.2, 104.1,3.9 Angstrons (A). Thernal
analysis. Differential scanning cal ori met ry (DSC) was carried out on
a TA QLO00 cal orineter. The sanple of Exanple 6 was wei ghed into an

al um ni um p&hera coamireidd irpliiee exhnoen farﬁmlaipnnandwllli ght apprecipied that hbat two

seal ing the . an. 10C e size

1 and 2ny. -Fﬁ%%{) Hrgérzsn@éj%gtr%%o%a@? V%pl tgmpaﬁ%? e‘% h 2 rﬂt?rl%ncgrwéls thgdotﬁ?r

Fi guge 2. components of the formulation 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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When reporting DSC data, the onset or peak tenperature of an event
can be reyoOr0e249% the current filling, onset tenperat RCTEPANR/OSHNIY
reported. The onset 20tenperature is the intersection of the |eading

event tange ' . r (i ti
cndot her m w8 (ariodt " eREErlo vl Gl cp IR o B d s
deconposi t i aiisorders andhpsycholis digbtders ioopariicudar wi thh rémmdelgpadetvienimn of

t he person I A A i hat. I patl I

the onset  morproeghd s A robl (e RBLAENTE Enkil i il 3R 55 Bhpalimal
of the sane (et eriuhan)Sehich cBmatiseNadhinistervggndhd eniRes enaffedive EB@unt of
solidgstate [ 3 S ' i r

pect Ponst of Shfet ot faianf itele | HRCORERMGH FRAR RO prELF userul for the
obser vat i on treatrdenhor BrapkgaxisieXanisy 3lepf emsifine posttydensiju sirisa dsopleod esleep

was used. T s gently packed into a zirconia rotor and
spun at 10 E&?Bﬁ%??éﬁ%\g? ature of 296K Data was obtai ned using

ranped cross-pol arization and a TOSS (total sideband suppression)

pul se seque ) | i 2 e r t 0 f.100
rz st ng. ¢ NECRPIOL QG0 Bt RgEs 1B b BRdrd t Bl MiGbauid T
peak1fosi t i prepagatonrdpomedidamentgar the tréAGn 2609/ pt Gt YEERAT/ER2 A8/ d2bst RO
per mllion equenc tive to tr | skl ane . .at .0

and have a 8&@%{2?[&% %# g/%a@%qp St 'tgugiejﬁ"a@mﬁ%@w%!r%ﬁ raIJEhe treabiRélit or
vari abi | i ty paophyleaisi tfr aiedy,. dépinessies qusticamatiorspress disoriers, Qlewp disanters
mal eat e For .4 e}‘ﬂésls normal Iy, but not necessarily, be fornulated into
5 pharmaceutiical conpositions prior to admnistration to a patient.

In one aspect, the invention is directed to pharnmaceuti cal

iti I+ S| it. ., ~Tabl of .
orvenst ant  muP ORI, e e Bt BT I AL PR Sy T Aihd Brosioviont
film coat ethe saopd of Hid isvestionit anywag 10 ng, 30 ng, 50 ng and 60 ny
f it ' j j ' . t h tive. . .
"ngr cdi ont 1o e EroaR RAE R s R b fioh B RE BB O g rotion s
guanti t at i véypicatip psividesin Tois is podvides! meeely &p@ssistdnce tol tiel skilledbeowgt. The
Table 1 Co ji 1| t ' I t ti
( ﬁ?’ {abl o sl @%*ﬁ%'l%%&g%c%{a?& f*ﬁ%%ﬁ%ﬁe%%g%ﬁﬁﬁge?@?ﬁi‘%{ ek
mal egte For [ e Lact ose nono rate
Cr osggr mel | g%%‘%%ﬁﬁi@/@%%ﬁ@%@%& #%atggfesi um stearate )Iéuri fied water3
11. 851 60. 00 H20L)20 neagbetid &s0farze BIMEY) spBcihal ¥efel@caried DnBrukerIdstrlthents

3.00 gs 59. %?ﬁo@gr 9@0 ﬂ?ﬁé‘, gr%er%bglosh:llfps' aorg rgposzed 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)

15



gs 71.094 79.39 122.12 11.85 12.55 3.00 gs Active Filler Filler
Di si nt egra208/1d¥6 Lubri cant Ganul ating fluid Total uMCI/ERISE/054295
300. 00 300.0 300.00 300.0 - Coat Opadry(r) Wite OY-S28876 Purified

Tonoto: 1 AR RR e RbrHa Ry bR EaTh R PATRE , PREZMUR AR i

r'vepi’tan Spo
30.0 ng as @cidedid bgw)twammaglelmgge@@rmpm/a@amz%wm sodium carbonate

CoL oopenet W 40D, A 052 SOIAAT 1 RLEPRAIING LAY Dot e
final productas separated and was washed with water (5.4 litres). Fresh ethyl acetate (8.7 litres)
5 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.

10 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

15 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

20 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

25 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.

30 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

35 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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5O vepitant nal eate tablets, 10 ng, 30 ng, 50 ng and 60 ny were
manuf act UWORMHEI2AZP6wet granul ati on, dry bl endi ng, tabl etPCIRRIIELSILIA
and filmcoating processes. Drug substance, |actose nonohydrat e,

T o1 001 Yt alydd\Ga SRl PSR, SRR R BTy WS C R P YL AN o

dry mxed in ear m Xer granu
m nut es. Théltrgs)anul\mﬂ on addeadr waryd sprthyed saoltiont he cdr ug(ZRDO\J {(1R) 1-[3,5-

croscar el | A EaGo RN AR Em R h R Ao I B P01
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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 (CD;0D) & (ppm) 1.52-1.53 (d, 3H), 1.68-1.78 (m, 1H), 1.82-1.91 (g, 1H), 1.95-
30 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), 3.89-3.96 (m, 1H), 4.15-4.19 (dd, 1H), 4.33-4.36 (dd , 1H), 5.40-5.45 (g, 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, TH).
35 (M+H)™ Calcd for Ca1HasF7N4O 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
5 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
10 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
15 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-
20 {(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
25 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-
30 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
35 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
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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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