SOLID FORMS OF (5)-ETHYL 2-AMIN 0-3-(442-AMINO-6-(00-1-(4-CHLORO-
2-(3-ME'FITYL-1H-PYRAZOL-1-YL)PHENYL)-2.2.2-TRIFLUOROETHWM-
PYRIMIDIN-4-YL)PHENYL)PROPANOATE AND METHODS OF THEIR USE This application claims
priority to U.S. provisional application no. 60/975,846, filed September 28, 2007, the entirety of which

s '”COfporat%b%eﬁbM§f8§€eﬂ%H@E'a-A@ﬁQU§ WVENTIRN Jigrveniieniaintes to solid
forms of (5)-EUIVA Y rRAPO AR IPHENYT )-2.2.2- TRIFLUOROETHOXY}

(4-chloro-2- @Wm WLRWMWE‘MM@WWWHER
10yliphenyl)propanoate and saits thereof. 2. BACKGROUND OF HE INVENTION D"fferent solid

forms of the same compound can have substantially different properties For example the amorphous
form of a drug may.exhibi dlffere dissolution ¢ f@a cterlstlcs |fferent bi ity patterns than
its crystalline form¥~t§15 %%On% Stect ROW the ¢ lPé) frjwl%s é%% ? %’éd to achieve
optimal effeﬁlﬁﬂ&mﬁbe&anmﬂwmlhmwm&vdﬁahdwgmwmm bisrl‘fefmnd:mndlmg properties
(e.g., flowability, compressibility), dissolution rates, solubilities and stabilities, all of which can.affect the

manufacturelof domgﬁ)mriwrﬁbﬁccess to multiple forms of a drug is desirable for a

variety of reasons. 2OVer, regulatory authorities 20(e.g., the U.S, Food and Drug Administration)

| maxé require the qumﬂiAﬁag@%ﬁfréaﬂat@@w (&g f@@hémmm@fmiﬁﬁmm@qgmmbgmm before
products containing it oho, Science ampounds may exist in one.
or more crys&?ﬂ?ﬂ@@oﬁ%%ﬁ% BXIEE) ’I'iéyi)ﬁg 5%&2%2&%:@3050 Wm%gf&éd with any

- certainty. In gghbeymopstoatantigeate®25 exists for the preparation of all possible polymorphic
forms of a compound. And even after one polymorph has been identified, the eX|stence and
characteristigs of OREHIAS - muﬁq(m additional experlmentatlon Id.. 3. SUMMARY
This disclosure is dire ot the ryptophan hydroxylase 30inhibitor.(S)-ethyl

2-amino-3-(4-(2- a@ﬁ&x@ﬁ{@n& f&ﬁb'@ﬁ&:@x@n@&iﬂ&ﬂoﬁh&@ﬂﬁ%&nbsmnmny different
yOphenyl)-2,2,2- trlfluoroethoxy)pyé?lgldln -4- yI)p enyppro anoate, and ?harmaceutlc lly acceptable .

salts thereofPPE?fF&tﬂaF‘%?mﬁ B of a drug may exhibit differsnt dissolution
characteristics and differsnt bmavallabﬂlty patterns than its crystalline form(s) pmp erties

15  which can affect how the drug must be adnumstgred 10 achieve optimal effect,

Amorphous and crystalline forms of 2 drug may also have different handiing properties
(e.g., flowability, compressibility), dissolution rates, solubilities and stabilities, all of |
which can affect the maﬁufacture of dosage forms. Consequently, access to ‘mitiple :
forms of & drug is desirable for a variety of reasons. Moreover, i‘eguiatory authorities”
20 (e.g., the U.S. Food and Drug Administration) may require the identification of all solid
a (e.g., polymorphic) forms of a new dfug substance before products containing it. A
" Goho, Science News 166(8):122-123 (2004).
Compounds may exist in one or more crystalhne fon:ns but their emstcnce and
charactenistics cannot be predicted with any certamty In addmon., 10 standard procedure
25 exists for the preparation of all possible polymorphic forms ofa compound ‘And even
after one potymorph has been identified, the existence and charactenstics of other forms
can only be determined by additional expmmcntataon Id

3. SUMMARY

This disclosure is directed, in part, to solid forms of the tryptophan hydroxylase
30  inhibitor {S)-ethyl 2-amine-3-(4-(2-amino-6-((R}-1-(4-chloro-2-(3-methyl- lHupyrazoi—i-



One embodiment of the disclosure encompasses pharmaceutical compositions comprising the solid
forms described herein. Another embodiment encompasses methods of treating, managing and
preventing various diseases and conditions, which comprise the use of the solid forms described
herein. In one aspect, there is provided a crystalline (S)-ethyl 2-amino-3-(4-(2-amino-6-
((R)-1-(4-M@ZLX-QMMWFQQWIM@B%MI)@E, ) PRALRSTS et RO R RERTELY
yi)phenyl)propannatgiarg.riarmacrulical acseniaklesaltthgreof.  In one aspect, there is
provided a com%%)}und, vt\(/%%g IS %ﬁgﬁgm% (S)e%%ﬁ?%ﬁmcﬁﬁﬁﬁgﬁg}ﬁpfﬁffﬂs _
amino-3-(4-(2-anfAb AR - S ety PR s £22.2-
tr]ifl(usc;roﬁhﬁgﬁ}ﬁg@ﬁgﬁﬁ@ﬁ&ﬁ%ﬁfﬁﬂd%ﬁi&@ﬁﬁ?ﬁhl I g ((;3ne a5£eftithere is cgrmg((}jge% a cri/)s;alzlir;e salt
0 -ethyl 2-amipo-3-(4-(2- amino-6-((R)-1-(4-chloros2-(3-methy1-1H-pyrazol-1-yl\pheny1)-2,2,2-
trifluorpethoxy)py%?ﬁ% -%%n%%})}ﬁlﬁrop' fos e@é%oﬁ%ooﬁlgaglél ég%al% xglreé IS pr%ryided aé]method of
preparing mﬁmtéih@mesaih@ﬁ:ﬁ&)}mhggl which comprise the use of the solid forms described

2-am|n9- - Arfé%;am|no-§-((R_)-1-(4-chIoro-2-(3-methy1-1H-.pyrazol-l-.yOphenyl)- . .
2,2,2-trifluoroethoxy)pyrimidin-4-yl)phenyl)Propanoate, which comprises: contacting a solution
comprising (S)-e{iyl s aiBer 34 PRNeU Ry tifine (S)-ethyl 2-amino-3-(4-(2-amino-6-- |
chloro-2-(3-methy1-1H%g}?azol-1-yl henyl)-2, ,ZL-tr'quor tg% L}/rimig‘in-4-p}/lk hen Qpropanoate
with pharﬁ@éﬁﬁ%ﬁﬁ?&%‘éﬁﬁﬁ?@&%{fﬁ%@ o 'Hl)(‘?bﬁggggrci’eﬁ ﬁ)%rrc())%/l XY s‘éf{)%% S)-ethyl
2-amino-3y(¥bii2ratipnepudRie bi(4-hioraes (@anlbtiagtepinbie s2d theyenbheny0-2,2,2-trifluoroethoxy)pyr
imidin-4-yOphenyl)propanOate; reducing the solubility of the salt in the solution under conditions
sufficient to provillecae AEAinE YL TPESjo8th 7| RBRRIHEB WAL S AN BN 8 oro-2-(3-
methyl-1 HypaznlleyDphanyeliiR 21 24riiexoetimmysmylimidpydadihamtiprdpariate; and isolating

the crystalline salt. aspect. there is provided a method of preparing crystalline (S)-ethyl 2-

In one.
amino-3- (AT AR RL B R T ﬁ‘-—cﬁﬁj&%@( &RV H-pyrazol-1-yOphenyl)-2,2.2-
ifuoroethoxy)pypAls4sPAER URRARRPLE. YA UBRUS S ctnyPoldinti-sieacueous

solution to an organic susgensmn to provide a mixture havm% orgﬁmlc and aqueous components,
wherein th@grgafidBusp r@l@rﬁ%@'&%’?‘?@@@‘h@ﬁlﬁ’ﬁ?(@ﬁ'—kﬁ% enyl)}-2.2.2- -

2-amino-3+fd(@restiBRy A dir4-sh)nten2ifBapetopte 1H-pyrazol-1-
yl)pheny1)-2,2,2-trifluoroethoxy)pyrimidin-4-yl)phenyl)propanoate and an organic solvent; isolating the
organic componeint drenasheanikereeisamavided eovkiftpd i icearics Rravvig the saahiceomponent to

groviqe Cg)éiﬁgﬂ—%@beé%%%ﬁa?Enoﬁfli-((R)—1 -:g4-chf[cr)]rol-2i(l':’>l-methyl-1 Iil~p3(/)raﬁoi~1 -—|3)/l)phenyl)-
-amino-3-(4-(2-amino- -1-(4-chloro-2-(3-m -1H-pyrazol-1-yOphenyl)- :
2,2,2-triflué@éﬁ6§%‘8ﬂ§ﬁfﬁﬂﬁ¥r’r@¥{ ’%@W%Wﬁ%éqg?%ﬁ%%g mcg(Y rtwgr%(ra)/s\sltalIine free base. In
one aspect, theredsrpaotiges soiptianmameditivel (Fszthe Bamicordgdsifqaipstatif@(Bidethyl
2'amin0'3‘é@gﬁé?ﬁﬁl%‘§ﬁ%)ﬁ.‘éf}fﬂﬂﬁ%' 'Wf\ﬁ@}’i’éﬁ"‘lﬁ%@h&y)prrimidin-4~

yOpheny1)-2,2, uoroethoxy)pyrimidin-4-Aphenyl)propanoate., none as ect her? is provided
a pharmacéiriendlpsapR e ¥ m@cﬁl&%‘ﬂﬁlﬁﬁ%@gﬂ?f?@f’-é‘mr conditioris sutlicien
Z'argin0'31(4;ﬁ2m’<ﬂ@)i@Qsﬁt(éR()SJré'&nﬂfﬂ@n&éB@@'(ﬂé{myﬂzﬁa&wr&zpi—ﬂyﬁmwa&&ﬁ}%&ﬂﬂizlo)roe':]h(?xy)py
rimidin-4-yOpheny))propan AN one . aspect, there is ' rystalline (S)-ethy
-amino SO R 2 T B R RE R 2 iGN roeas 5=

reducing the solubility of the salt in the solution under conditions sufficient fo

provide a crystalline salt of (S)-ethyl 2-amino-3-{4-(2-amino-6-({R)-1-(4-chloro-2-(3-

methyl-1H-pyrazol-1-yl)phenyl}-2,2,2-trifluorosthoxy)pyrimidin-4-yl)phenyl)propanoate;

and - -
isolating the crystalline sait.



(3-methyl-1 H-pyrazol-1-yOphenyl)-2,2,2-trifluoroethoxy)pyrim id in-4- yl)phenyl)propanoate or a
pharmaceutically acceptable salt thereof, in the manufacture of a medicament for treating, preventing
or managing a disease or disorder mediated by peripheral serotonin. In one aspect, there is
provided a crystalline (S)-ethyl 2-amino-3-(4-(2-amino-6-

((R)-1-(4-chloro-2;(3rmgtpel: LiHary iagrbia@BNRBIHY P o BryﬁﬂHﬁW)&BY(@P&HWE
y1)phenyl)propanoate or a pharmaceutically acceptable sal thereoE %%%t I:“ﬁ 6olée enting or
managing S Gr ARBraRY 6 Jedptilott-<hofBRiRY -4 e TeeP b )F THE FIGURES

Flgurta 1 ISrﬁméﬁomym\)WEHﬁﬂfﬁacyWhpammepématystdﬂncledomprtxb@) ethyl
2-amino-3-(4- (2' fa gj% H%WD %'Eatzcgﬁ nggt]g c@(f%ﬂst'o% Jt% 8%98%’\%)3\1!’6

trlfluoroethoxy)pyrlml 1)phenyl)propanoate. The diffractogram was obtained using a Rigaku
MiniFlex dﬁmew@@%aawwwm@ﬁ?m whRIRNANS QrERIaF SORRPURRRLSASAttern of a
crystallinedgfrsr of (2xsiamino-3- (4-(2 -amino-6-((R)-1 4~chloro 2-|(3 methhyl -1H-pyrazol-1-

2-amino-3- ro -2- razol-1 0y

trlfluoroetﬁ'bﬁ?géw Pn%]d%é}gﬁ%%rﬁeg%op anoar:gE p[?ﬁg g %‘H%an?ﬁac og?eram]é)r 5 (‘Szbtalned using a
Bruker D8sAlteatice (copper Ka radlatlon) Figure 3 is a FT-Raman spectrum of a crystalline form of
(S)-ethyl 2-aminqggiin Arreiiarhs (Binbdderb iRy répgifdd - pyrazol-1-ylpheny1)-2.2.2-

trifluoroethoxy)pyrimidin- 1)ph ny roPanoate hippurate Thes ectru Waso tained using a Bruker
RFS100 spectror?fé%’i’gi 'é‘i?ﬂ%{) @G the Orﬁ@ﬁgecﬂ”?%rﬁe% gﬂ% W&%‘f’cﬁ%?pattern of a

crystallinedthyn2eh foretvA- (2»am|no-6 {(R)-1-(4-chloro-2-(3-methyl-1H- pyrazol -1-yl)phenyt)-

2 amino S48 QGO AS SRS L S/ pnony D) 22,2

trifluoroethoxy)pyrimidin-4 henyl)propanoate succinate. The diffractogram was obtained using a
Bruker D8 Advarié@%ﬁﬁﬁ'é? R%t RRiH9E BRSSETAILED DESCRIPTION OF THE INVEN ION This

invention is directed, in olldé ry tallj ne%form ’%’S(f S

arnino-3-(4-(2-a ﬂ"l%ng ‘i %rﬁlé (5)-%- é r?? tRy.aLr ce?ré’%o - rerﬂ % ré 5‘ g
trifIuoroetthywwnﬂzr(ﬁ)m’mwlﬁamm)@Wérmam-@ddﬁjh‘a(ma@emr@aﬂ%rm@ﬁéﬁyfﬁbtéym-fhereof The
compound,s,a0 RNK0S Qifi3RISRINEMGIRIIASHERGNREpRIRssgred to animals, the compound

decreases peripheral serotonin levels, and may be used to treat a wide range of diseases and
disorders. See Ui cpatessappiicalonprovidedy éi@&aﬁadn%deﬁmrfﬂn&n 2066ris\MDa

2009/042733P T/US%pOﬁ i 2%962@%; |nv§gé ?%1 &IZST ?A%oed(()@g) %d( h (o f&?g_%e éohtré%gpmrlsmg solid
£( chlo

forms of ( -etﬁ -amino- 3 AMIN0-

11-1- pyrazn){tazyl)b’n/é)nw;tﬂ 22QQriﬂﬂé@MﬁWWﬁmﬁjm‘&yilhﬁbﬁéﬂﬂtﬂﬁﬁ?ﬁ‘ﬁﬁ@ate and

pharmaceutically acceptable salts thereof, and to met ods of thej .1.Definj Unless
otherwise |nd|cat@21Oﬂ?eaﬁﬁ?%ége""(ﬁé%%%v'g?ﬂl@é%?) Bt raedé Yﬁﬁfﬁ g;té%r@ and "disease

and disordemmedidtRy- by4eeripizetal serotonin” mean a disease and/or disorder having one or more

Symploms i, seyerjivhwich ais-Afosted By aRIRBAIRLROINI euels. 10Unless ofhervise

|nd|cated e terms ma age, naging” and "management” encompass preventing the recurrence

of the spedi'f B@&%M@@%‘P@%&H@PWW@H?@UM@%@?&%@U%@d'ﬁ RYIEHLE or disorder,
and/or lengtheniagidhmémethmdaing, preventing or managing a disease or disorder mediated

by peripheral serotonin.

In one aspect, there is provided a crystalline (S)-ethyl 2-amino-3-(4-(2-amino-6-
((R)-1-(4-chioro-2-( 3-methyl-1H-pyrazol-1-yl)phenyl)-2,2, 2-trifluoroethoxy)pyrimidin-4-
yl)phenyl)propanoate or a pharmaceutically acceptable salt thereof for treating,

preventing or managing a disease or disorder by peripheral serotonin.
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patient who has suffered from the disease or disorder remains in remission. The terms encompass
modulating the threshold, development and/or duration of the disease or 15disorder, or changing the
way that a patient responds to the disease or disorder. Unless otherwise indicated, the terms
"prevent,” "preventing” and "prevention” contemplate an action that occurs before a patient begins to
suffer from the spe SRIGHIRBESSRAP HRHMSE WHie FIKRHRE Y reduces the severity of the disease or
disorder. In other words, the Mims encompass_prophylaxis. 20Unless othe ise,'thc%thg, a
"prophylactically effeigte laffat it 2P EER t’IQDaWE?ﬁb%?gEPFﬁ@Z’HF' Tﬁ‘&# "2 tisease or
condition, or engRL ML SURBIBS@ISPeiaErwith thadisease-preesiditipipienidyaeent its
recurrence. A prophylactically effective amou%tﬂ?f a compzénd% eans an amgugttaofem%r%geutic agent,
alone or in coFHBIPRGERIBY BTG e HED AT BRGHEs 205 %%%?3%%%%ae A the prevention of 25
the disease qf pRAROMiFRe iefacpropby (astisal i effddttumamount” can encompass an amount that
improves overall prophylaxis or gnhances,the.prophylactic efficacy of another jc agent.
Unless otherwise indie4 }Saa.ntﬁé’f%gﬁ‘ﬁggﬁ@]%i@e%%l %%ﬁl.oﬁu% 'a#yf%glrﬁ%%%rﬁg%@g%%%um sufficient
to provide a therape ri¢thgrefinintHER)ca{maritorrdraganlelit ofzead-distabenshcbadition, or to
delay or minimize one or more sympioms.a | Wi (| : [t erapeutically -
effective amotﬂlrﬁtuS’foae%c?%ﬁ g&r%@n%éﬁ@%%?ﬁét%%%ﬁ#er &%?ggg%%%%%nﬁ%mbinaﬂon with
oother therapiebairhithsproviBeser th8rageutis renpsit kptradigeeidnent or management of the disease or
condition. The WOﬁg&%’&’%25?%P}&H&%ﬁ@&&&%ﬁ%&mﬁm@p@ﬁm&ﬁﬁ%m@n(munt" can

encompass an amou at improves overall thera;g reduces or avoids sgmptoms‘ or causes of a

disease or coeitiono-6r(ERhnttebivre-tetapahvc fﬁé‘&éﬁ%ﬂaﬂé@ﬁ@?&ﬁ putic agent. Unless
otherwise indjgaied, e lefantsald-yipRinganmbaamgatecorienplisenadionibat occurs

while a patient is suffering from the specified disease or disorder, which reduces the severity of the

disease or did6tset BrERTHRSRAHOSSTHIHING POt FETHAISYr slows the progression of the disease
or disorder.  Unlesseshiarwis® ingdicaieek-therervtipehsted hasrihasamdmedi Bty include, but

are notlmited 0.5 and 16, (e, chidey g 18 SANS AV IOEIS NS 2.0

trifluoroethoxy)pyrimidin-4-yl)phenylypropanoate succinate, The diffractogram was
obtained using a Bruker D8 Advance (coppet Ko radiation). '

5. DETAILED DESCRIPTION OF THE INVENTION -

' This invention is directed, in part, to solid (e.g., crystalline) forms of (S)-ethyl 2-
amino-3-{4~(2-amino-6-((R)-1-(4-chloro-2-(3-methyl- 1 H-pyrazol-1 -yl)phenyl)-z,z,iz_- -
--triﬂuoroe‘thoxy)pyﬁmidin-ﬁl—yl)phenyl)propanoate," and ph@aceuticaiiy accep’table salts

~ thereof. The compound is an inhibitor of tryptophan hydroxylase. When administgred 10
animals, the compound decreases peﬁphcral serotonin levels, and may be used to treat a
| wide raugé of diseases and disofders. See U.S. patent application no. 60/874,596, filed
December 12, 20.06. | ‘
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* 10not limited to." Similarly, the term 'such as" has the same meaning as the tell', "such as, but not
Limited to." Unless otherwise indicated, one or more adjectives immediately preceding a series of
nouns is to be construed as applying to each of the nouns. For example, the phrase ' optlonally
substituted aH 24 *bFheteroaryl” has the same meaning as "optlonallypfgé fitdtea®alky, optionally
substituted aryl, or optionally substituted heteroaryl! Unless otherwise indicated, a structure or name of
a compound or genlisofieemipouasceticampasses:al ﬁmmm&@ﬁ}thﬁﬁ@mﬁdlﬁﬁmgngeﬁwsm

compounds, ?n%%% (r;gja %&9&560 r?nxggﬁ% 8@1% ;6\5 Thggenyzso @dgelﬁshould also be

noted that any atom shown in a drawi ith unsati 2sis as ‘attached to

enough hydr@%@%@&@%ﬁ@%wmw&rmmmlém eh@mﬁ;@zpboﬁﬂsd@ew@f@l@l with one solid

line parallel tg gugrdasheding, ensompags:both single and double (e.g., aromatic) bonds, if valences
permit. Structures that represent compounds with one or more chiral centers, but which do not indicate

stereochemistry (e WI'[E bglded or dashed lines), encompasses pure stereoisomers and 25mixtures
(e.g., racemic mlxturés) t ilarly, names of compounds having one or more chiral centers that

do not specify the sigreqchemistyy ahilnse BRRRANCRIRASS INERISiRespRYS and midures
thereof. 5.2.Forms of (S)-Ethvl 2-amino-3-(4-(2-amino-6- -OR)-1-(4-chloro-2-(3-

methv1-1H-pRAARRATRASETREER/ 1508, Jstrifi b ettastes svadhalathon poTiphel Horipnoateen 2 This

invention is direciedita/splidderons KidS athyhisanings@dd, @1@{9{%919 of which are affected
((R)-1-(4-chloro-2- (3 methyl -111- %yrazol | -yl)pheny1)-2,2,2-trifluoroethoxy)pyrimidin-4-

yl)phenyl)prop RS RS SR8 548 33P CT/US2008/077594

10 Un%ess otherwise indicated, the terms “manage,” “managing” and “management”
encompass preventing the recurrence of the specified disease or disorder in a patient who
has already suffered from the disease or disorder, and/or lengthening the time that a
patient who has suffered from the disease or disorder remains in remission. The terms
encompass modulating the threshold, development and/or duration of the disease or

15 disorder, or changing the way that a patient responds to the discase or disorder.

Unless otherwise indicated, the terms “prevent,” “preventing” and “prevention”
contemplate an action that occurs before a patient begins to suffer from the specified
disease or disorder, which inhibits or reduces the severity of the disease or disorder. In
other words, the terms encompass prophylaxis.

20 Unless otherwise indicated, a “prophylactically effective amount™ of a compound
18 an amount sufficient to prevent a disease or condition, or one or more symptoms
associated with the disease or condition, or to prevent its recurrence. A prophylactically
effective amount of a compound means an amount of therapeutic agent, alone or in
combination with other agents, which provides a prophylactic benefit in the prevention of

25  the disease or condition. The term “prophylactically effective amount” can encompass an
amount that improves overall prophylaxis or enhances the prophylactic efficacy of
another prophylactic agent.

Unless otherwise indicated, a “therapeutically effective amount” of a compound is
an amount sufficient to provide a therapeutic benefit in the treatment or management of a

30 discase or condition, or to delay or minimize one or more symptoms associated with the
disease or condition. A therapeutically effective amount of a compound means an
amount of therapeutic agent, alone or in combination with other therapies, which provides

a therapeutic benefit in the freatment or management of the disease or condition. The



< and pharmaceutically acceptable salts thereof. Particular solid forms are crystalline. One
embodiment of the invention encompasses crystalline (S)-ethyl 2-amino-3-(4-
(2-amino-6-((R)-1-(4-chloro-2-(3-methyl-1H-pyrazol-1-yOphenyl)-2,2,2-
trifluoroetho tHith-yl) phenyl)propanoate freebase. One form of thi§ EGHAIBRIATH4s a melting
point of about 104C as deteimined by differential scanning calorimetry (DSC) (onset temperature).
This form pravidelanaeuay-biowilertditftaction (X Rixppatieradhaiceantain speaks akahgut 10.7, 12.2,
12.8,17.7 a%or &2 '1‘9 glggergeasv%%e'%s ih osrzezssokri”%gs!en gg% 8&0%:&6 c\ﬁl%ch) a n%rr? ’ trh gngelac':tgz\s/ethin tensities of
peaks in an E’aByfoat(tiern“ 10 of a E:r‘ﬁfsr{lgl ine matenal can vary depending oh how the san%ple is
prepared andlisowetkies deteaiy odleotbe. Witiptuiscingamind, an example of an XRPD pattern of this
crystalline form is prayideddn Figuie deaee ANOthal eibodiment encampasses.grystalline (S)-ethyl
2-amino-3-(4-(2-amino-6- ((R)-1-(4-eh|oro-?-(3-methy1-;H .
-pyrazol-1-yCPHERIRE JRgHER SrtictroRy hHeai riAcat issyfisriaaymsrchasrssifaigpgraterone form
of this compasdaas,a;enaliing RaiRt et abeur 2GRS 6-aRSS e MRSl WitT Aspeak at about
147C). This form provides an XRPD pattern that contains peaks at about 8.2, 9.5, 12.6, 16.9, 21.8,
210, 22.7, 2854y YT LRGeS D0 DR ERETHMD OF Hif SUrasts Pathspiist this crystalline foim is
provided in Figure 2 )iy exasnpiecahaidrl; Ramam specidsm ok thisaystatinentosatisc2@provided in
Figure 3. Another embodiment encompasses crystalline (S)-ethyl 2-aming-3-(4-(2-amino-6-
((R)-1-(4-chIgﬁ)q%(ﬁ?rﬁgﬁﬁtfﬁ-ﬁ—l-%@g}ghz%{gﬁl)lﬁﬁ%r%y )ﬁfi?ﬁ?t(?ﬁﬁ%Fcly%at%18§ya;*p¢ﬁ%‘$‘§ﬁgzﬁ’?‘ i
yOphenyDpropidnoste sutdmateri@ribefarm dfittisi€ompiundprovidesianXRABpatern that contains
peaks at aboﬁyﬁt?ﬂ@l%édjc&’;’ 15.7, 17.9, 21.1 and/or 23.2 degrees 20. An 15example of an X-ray
powder diffraction pattern of this crystalline form is provided in Figure 4. This invention encompasses
solids that are mixt&fesssPHswvEhBPRDad ane erystkdetoinsiiaesthicbuptesulite comiprise
crystalline (Syreibil Z:aBHQR{&s as applying to each of the nouns. For example, the phrase
amino-64(R)-1-(4-chloro-2-(3-methy1-1H-pyrazol-1-yl)phenyl)-2,2,2- WO~
2009/042733BPRRIED SHBHTY PE S AN A0 SE ISPV L rﬁ?diﬁlﬁ%ﬁﬁ@?ﬁﬂ)@%&ﬁaﬁ@%@é%‘ﬁa
pharmareuticaliytiaceeptaplepsiali the et inad arounbedalieast sbout8.th 80,85, 90, 95 or 99
weight percent. ES:r §'galt!£lne salts ]%?f %S -ej[h)%]fz-amino-3-(4-@-amino-6 (R)-l—(é{-%{bloro-z-(s-
methyl-1H-pyrazol- L APREHY -8 O S FHE b ST S TR AT 22 BRI B Sbite

compounds encompasses all forms of that compound or genus of compounds, and all
compositions comprising that compound or genus of compounds.
It should also be noted that any atom shown in a drawing with unsatisfied
20 valences 1s assumed to be attached to enough hydrogen atoms to satisfy the valences. In
addition, chemical bonds depicted with one solid line parailel to one dashed line
encompass both single and double (e.g., aromatic) bonds, if valences permit. Structures
that represent compounds with one or more chiral centers, but which do not indicate

stereochemistry (e.g., with bolded or dashed lines), encompasses pure stereoisomers and

]
(9

mixtures (e.g., racemic mixtures) thereof. Similarly, names of compounds having one or
more chiral centers that do not specify the stereochemistry of those centers encompass

pure stereotsomers and mixtures thereof.

5.2. Formsof (S
methvi-1H-pvrazol-1-yhiphenvl}-2.2.2-trifluoroethoxvipyrimidin-4-
30 vlphenvl)propanecate

This invention is directed to solid forms of (S)-cthyl 2-amino-3-(4-{2-amino-6-
((R)-1-(4-chloro-2-(3-methyl-1H-pyrazol-1-yljphenyl)-2,2, 2-trifluoreethoxy)pyrimidin-4-
yhphenyljpropanoate:



" 5 may be prepared by: contacting a solution comprising (5)-ethyl
2-amino-3-(4-(2-amino6-((R)-1-(4-chloro-2-(3-methyl
-1H-pyrazol-1-yOphenyl)-2,2,2-trifluoroethoxy)pyrimidin4-yl)phenyl)propanoate with phafinaceutically
acceptable 3%%23%(5‘5‘? Ynditions sufficient to provide a salt of (S)-ethyl PCT/US2008/077594
2-amino-3-(4-(2-amino-6-((R)-1-(4-chloro-2-(3-methy1-1Hpyrazol-1-y1)pheny1)-2,2,2-trifluoroethoxy)p
yrimidin-4-yOphenyl)propanoate; reducing 10the solubility of the saltn the solution under conditions

The solution may comprise solvents isuchias isapropyl acetate, ethyl acetate, 15ethanol, isopropanol,
methyl t-butyl ether, and methyl is,qykm Ik&fone NRartlitular acids include hippuric and succinic acid.
The solubility of the salt in solutiog}‘m;% be reduced by cooling the solution, by increasing the
concentration of (S)-ethyl 2-amingZ3-(4-(2-amino-64{R)-1-(4-chloro-2-(3-

methyl-1H-pyrazol-1- 1%%he 1)-2,2,2-trifluoroethoxy)pyrimidin-4- ﬁphen l)propapoate 20in the
coluton, or Dy SR S L Cbs AR G S TN (s LAIEE AP che s SRS insolubie
Heptane is an exarfjplecsftadiantisdltentventi@rysialtme (8)-ethythlline (S)-ethyl 2-amino-3-(4-

2-amin0-3-(ﬁ?aﬁmmg;({sﬁﬁ)(;;‘gﬁg&gg_%%@@@%% %gﬁg@};ﬁ&%@i@ﬂﬂ)-z,2,2-trifluoroethoxy)py

rimidin-4-y1)phenyl)propanoate frecbase may by a asic aqueous solution to an

organic Suspéfsieieetpipiirrera disrhixtives ahirepergalsi & eabdsaqGasUsrcompbinsaeravhérein the
organic suspeRsIoR AL BHSRS B 8&k (©8:caNRRYERIR 381 @fRE8I W anning calorimetry
2-amino-3-(4-(2-amino-6-((R)-1-(4- , _ X ]

chloro-2-(3-rHa iy 1 s pATAREREEG) JHER PO 205145 B roB e ) Y o e iy OB HEAY I Thropanoate
and an organigseiventciselatingheeganic component framthedaixtare dandcaalingsand/or
concentrating the organic component to provide crystalline 30(S)-ethyl . _
2-amino-3- (A SR MG & () 1L A CHibr 2 s g L RS RAUSICE Deaks n ar XRPD pattarn
yOphen$1)-22:2yiflsibireethoxidpyminvidinddpyeh) phenyepropaneateic is fexamnplesidfoerganic solvents
include ethers., E; l f Ic. aguequs, solutions inc deﬂﬂgigou solutions of ium bicarbonate.
WO 2009/04@%%%&@%%%;0@%%%%&@’@%%3@3 %:f r%natmentpaé gfﬁ\lfeﬁﬁgﬁqgﬁompasses a
method of infiibiirigteyplephahiaygroxylase (TPH), which comprises contacting TPH with a compound

of tfhe invlention (i-ea 2 GMpoIRshdisclosed DRteID- \R-ainardsuat methed, the, JPH s the TPHL
ISotorm. in a
{(R)-1-(4-chloro-2-(3-methyl-1H-pyrazol-1-yl)phenyi)-2,2, 2-trifluoroethoxy ypyrimidin-4-

15 yDphenyljpropanoate hippurate. One form of this compound has a melting point of about
142°C (DSC onset temperature, with a peak at about 147°C). This form provides an
XRPD pattern that contains peaks at about 8.2, 9.5, 12.6, 16.9,21.8,22.0,22.7, 243
and/or 29.1 degrees 28. An example of an XRPD pattern of this crystalline form is
provided in Figure 2. An example of an FT-Raman spectrum of this crystalline form is

20 provided in Figure 3.

Another embodiment encompasses crystalline (S)-ethyl 2-amino-3-(4-(2-amino-6-
((R)-1-(4-chloro-2-(3-methyl-1H-pyrazol-1-ylypheny!)-2,2 2-trifiuoroethoxy)pyrimidin-4-
yDphenyijpropanocate succinate. One form of this compound provides an XRPD pattern

that contains peaks at about 7.7, 11,5, 11.7, 15.7, 17.9, 21.1 and/or 23.2 degrees 26. An

[
Lh

example of ap X-ray powder diffraction pattern of this crystalline form is provided in
Figure 4.

* This invention encompasses solids that are mixtures of both amorphous and
crystalline forms, Certain such solids comprise crystalline (S)-ethyl 2-amino-3-(4-(2-

amino-0-((R)-1-(4~-chloro-2-(3-methyl-1H-pyrazol-1-ylphenyl)-2,2,2-

5



‘ 5pafticular method, the inhibition is in vitro. In another, the inhibition is in vivo. This invention
encompasses methods of treating, preventing and managing various diseases and disorders mediated
by peripheral serotonin, which comprise inhibiting TPH1 activity in a patient in need of such treatment,

prevention of %é%&@%ént. 10Particular diseases and disorders include EST&H%&P&%Wa%me and

gastrointestinal diseases and disorders. Examples of specific diseases and disorders include
abdominal p&iil{ergsiiassopiatediwith yhebllidiyropmsinonea ob thertinyroid)|larxietya darcinoid

syndrome, cgliag disease, constination (8,9, sanstination having andatrqgenic.cayse, and idiopathic
constipation), Crohn's disease, cfapression, aia% 's, diart t5(@ :

etes, diarrhea (e.qg., bile cw?clrgglarrhea,

enterotoxin-induced s&¢tatoryadiantSarctist cheainavird-ahdatiagbni® taddeshiivpattic diarrhea (e.g.,
idiopathic seg{gi 1%@%&1&%}4@9@&@.@ ef S diarpRl-BESHRJhRGHonsl ghdaming)agin. functional

dyspepsia, irritable bowel s%glédrome (%%g ), lactose intolerance, MEN types | and 11, Ogilvie's syndrome,

| : e ype:
Pancreatic CHETIaSSRIFE MG, FatTEagie REGHBIEHE)T HRESE o bEBG; stidrod®iRda,
somatizationsdigorders-andr30Zallinger Ellisom@yndramss syhPharmagestical zompesitigns  This

invention encompasses phamiaceutical compositions and dosage forms comprising solid form of the
invention. Pt%é?%%%%ﬁﬁ?@g?%%aﬁ%%%ﬁ %{Hﬁ‘%@)‘gﬁ & f%??ﬁgt??f?fh%li{ﬂ%(}?ﬁﬁﬂ%élﬁ%p%ﬁgﬁ?tcontain one
or more phammpesuticalylactéptable Cangrs-256x 2xcipients( KeiténchhasmaGentitall ddimpositions

are single unit dosage forms suitable far oral,.topical, mucosal (e.d., nasal, pulmonary, sublingual,
vaginal, bucégﬁdééﬁgcyt%j}%n ?ér%tf%?a? @%??056 %%éﬂ’&%%%ﬁ‘f,%@%‘%&fﬁ Bﬁﬁ%oﬁjeéé%%%l?ﬁtramuscular,
or intrad¥teriély, srekahisddithakaldmitisteltibaonipateditiExampleswidpsagécformstibhgde, but are

not limited togfblats;. capletsraapsulesosuaha% s alastia gelatin30cansules; cachets; troches;

lozenges; dispersions; suppositories; ointments; cataplasms (poultices); pastes; powders; dressings;

creams; plastérdicssiitons: P e aeriusig ey +-Hhshrs B BIwRatBAsEias ihtid dosage

forms suitablg-farmial @nimucosal WO 2009/042733PCT/US2008/077594 administration to a patient,

including suspensi g., agueous or ,non(—é?queous liquid suspensions, ojl-in-water emulsions, or a
I

water-in-oil liquid e Sé%ﬂ@?,“%ﬁ)’tﬁ?ﬁ@?%ﬁ% TIPS, Shgliie A AR FRAL SuREBIE 6 arenteral
administrationtanal patientisant stelile seligs (o4, atysialiviasobaybephouP solids) thaican be
reconStitUteqﬁ&%g K%%Su'%l ¥ :aigd succinic acid.

The solubility of the salt in solution may be reduced by cooling the solution, by
increasing the concentration of (S)-ethyl 2-amino-3-(4-(2-amino-6-((R)-1-(4-chloro-2-(3-
methyl-1H-pyrazol-1-yiphenyl)-2,2.2-trifluoroethoxy jpyrimidin-4-yDphenyl)propanoate

20 1inthe solution, or by adding to the solution an anti-solvent (i.e., a solvent in which the
salt is insoluble). Heptane is an example of an anti-solvent.

Crystalline (S)-ethyl 2-amino-3-(4-(2-amino-6-((R}-1-(4-chioro-2-(3-methyl-1 H-
pyrazol-1-ylyphenyl)-2,2 2-trifluoroethoxy)ypyrimidin-4-ylphenyl)propanoate frecbase
may be prepared by adding a basic aqueous solution to an organic suspension to provide a

25 mixture having organic and aqueous components, wherein the organic suspension
comprises a salt (e.g., a hippurate salt) of (S)-ethyl 2-amino-3-{(4-(2-amino~6-((R)-1-(4-
chloro-2-(3-methyl-1H-pyrazol-I-yl)phenyl)-2.2.2-triflucroethoxy jpyrimidin-4-
vlyphenyljpropanoate and an organic soivent; isolating the organic component from the
mixture; and cooling and/or concentrating the organic component to provide crystaliine

30 (S)-ethyl Z—amino-3~(4—(2-amin0—6~((R)~1~(4—chlor0—2—(3—methyl-1H-pyrazol-1-
ylphenyl}-2,2.2-tifluoroethoxy )pyrimidin-4-yl)phenyl)propanoate.

Examples of organic solvents include ethers. Examples of basic aqueous solutions

include aqueous solutions of sodium bicarbonate.



" 5dosage forms suitable for parenteral administration to a patient. © The formulation should suit the
mode of administration. For example, oral administration may require enteric coatings to protect the
active ingredient from degradation within the gastrointestinal tract. In another example, the active
ingredient m‘§9 B%U%{mﬁﬁ?stered in a liposomal foimulation to shield it frorﬁ’(agﬂﬁé Wé”g‘ﬁzymes,
10facilitate transport in circulatory system, and/or effect delivery across cell membranes to intracellular
sites. The compalitiorivistiais of ddtdyiaeeat dosage founs of the invention will typically vary
depending on their use. For example, a dosage form used in the acute treatment of a disease may
contain larger amouhiés i GHEBY HEFETSF tRedBa O R redOHIB I COPRYEBYISINEIS dosage (bun

used in the chrenic keataenbakihessamendiseaseibimibaiboaParenieratdasage farm may contain
smaller amounts of one or more of the active ingredients it comprises than an oral dosage foim used to
treat the sanfETRSASE FRSSE SRk WARFE I MEHeeHic o848 s &iEBHhpHssed by this
invention wilbaracy itrometiod, anothiebivih heiredddy appanést thdhnseiskiledinthe art. See, e.g.,
20Remington 's Ph mac‘(;gnt{'{:oal eSciOergceS% q:L8t &%dshé$9§ PilIJlinsrhein iEasg%q I?jﬁ\a }990). 6.EXAMPLES
6.1.Preparation of -%E—ghforo-%-g-mg%y?&]ﬂ-pvrazo if)Spﬁe%vI - %f rilioroethanone  25A 3L
3-neck round bottordifkasks eqdigivedwitmainied hamecapstirbrsrattempetatbreoggnizoller, and a nitrogen
inlet was chagged WithrPaIPSSINAL (et Ruiexide (AIgHeh. 9%, B4.6,0,2746,5e) and DMSO (400 nth,
4X) at room temperature and stirred for 15 minutes. To this solution’'was added pyrazole 2 (59 g, 0.719
mol) followedBY2&BWILO

16 Particular diseases and disorders include carcinoid syndrome and gastrointestinal

diseases and disorders. Examples of specific diseases and disorders include abdominal
pain {e.g., associated with medullary carcinoma of the thyroid), anxiety, carcinoid
syndrome, celiac disease, constipation (e.g., constipation having an iatrogenic cause, and
idiopathic constipation), Crohn's disease, depression, diabetes, diarrhea (e.g., bile acid
15 diarrhea, enterotoxin-induced secretory diarrhea, diarrhea having an iatrogenic cause,
idiopathic diarrhea (e.g., idiopathic secretory diarrhea), and traveler's diarrhea), emesis,
functional abdominal pain, functional! dyspepsia, irritablie bowel syndrome (IBS), lactose
intolerance, MEN types I and 11, Ogilvie's syndrome, Pancreatic Cholera Syndrome,
pancreatic insufficiency, pheochromacytoma, scleroderma, somatization disorder, and

20 Zollinger-Ellison Syndrome.

5.4. Pharmaceutical Compaositions

This invention encompasses pharmaceutical compositions and dosage forms
comprising solid form of the invention. Pharmaceutical compositions and dosage forms
of this invention may optionally contain one or more pharmaceutically acceptabie carriers

25 orexcipients. Certain pharmaceutical compositions are single unit dosage forms suitable
for oral, topical, mucosal (e.g., nasal, pulmonary, sublingual, vaginal, buccal, or rectal),
parenteral {e.g., subcutaneous, intravenous, bolus injection, intramuscalar, or
intraarterial), or transdermal administration to a patient. Examples of dosage forms
include, but are not limited to: tablets; caplets; capsules, such as soft elastic gelatin

30 capsules; cachets; troches; lozenges; dispersions, suppositories; ointments; cataplasms
(poultices); pastes; powders; dressings; creams; plasters; solutions; patches; acrosols (e.g.,

nasal sprays or inhalers); gels; liquid dosage forms suitable for oral or mucosal



" WO 2009/042733PCT/US2008/077594 rinse (50 mL. 0.5X). The resulting orange turbid solution was
stirred for 15 min and fluoride 1 (100 g, 0.477 mot) was added followed by a DMSO rinse (50 mL,
0.5X). This mixture was then heated to 50C and held for 5 hours at this temperature. After cooling to
room tempetSHFEPHE hction mixture was diluted with MTBE (750 mL),Pgr}‘?HJWQPéf”@@‘ﬁ mL) was
added to give a brown turbid mixture. After 15 min stirring, the organic layer was separated and
sequentially whsthedrsvitn fo N tCh(25Cudh); bripenéRBO k), andovatem@s@mb)s Solution assay of
organic layer, ied -out ysin ( version. >99%.. solution vields of 3 and jts regioisomer 4
were 83% angélll\é ?%%%i%ﬁﬁﬁg?ﬁg%%@{*}%é’g%m%}gﬁvgg irh uﬁéc%%églﬁﬁﬁesg hl?tﬁo esf \%%:uum to a total
volume 10 oftEetitl ZolfesEc Foshowed 0707 perwaest) aTHE1(5800m 1Y) avas edded, gomlsentrated to

2X solution (K (0. 58%)allIHERAHITMNRRNGRAITALAN SEOLUERCEMRARIERGRAISHiLAiglye @ 2X solution

(KE = 0.023%) which used directly in the next step. Analytical samples of compounds 3 and 4 were
purified By cORIHT EMBRIGRIASR I EHA AR B fbBYHAIS: white crystals; 1H NMR (400
MHz, 15CDC13) 67180 fchthuthdod shid). s0ibh { bdd oda BbnbizdubD Srckx shndife20paH2), 7.22 (1H,
dd"l= 8.6, 2.6}{12 .6.27 (1 H, d, J 2.5 Hz), 2.38 (3H, s); 13C I\éMR (100 MHe, CS%CB) 6 150.8. 140.6,
134.6, 134.129353 B 49701958 S5 BUF 593 7938 PEEHHpBE AT Y Wi KIS IFINMR (400 MHz,
CDC13) 67.6¢ddatchrIw8iBrHlizy g4 GBi(lddtioh Dratt5 I zhoftdBo(ddrhpll, e 205 Hzh o3¢l H, dd, J= 8.6,
2.2 Hz), 6.21 (1H, s)..2.19 (3H, 20s); 13 C NMR (100 MHz, . 3) 6.140.6,.140.2, 140.0, 134.1,
1330, 130 7105 ATk B S S e R B e o o
jacketed(BL Japidickis dunspbottorirflalskoequipped anitieeffretdaltical stirmer celltermpbrataydocontroller,
and a nitroggpinlet; #nAfter diluted with THF (800 mL), the water content in the solution was checked
by KY (0.053%). To the above solution was added a solution of i-PrMgC1 in THE (Aldrich 2 M, 286
mL, 0.572 mol) at O POECOBREH I Fib PSP THE gt SBRRIEN W Siirmacrsiosovillisvatcebe (GC

showed the caRigtign el Meanesivm-rpRineexchaRgsreastion Einyl difluaroacetais (74 mL,
0.620 mol) was then added to Ehe Grignard solution between -20 = o ,
1sease may contain larger amounts of one or more of the active ingredients it comprises
15 than a dosage form used in the chronic treatment of the same disease. Similarty, a
parenteral dosage form may contam smaller amounts of one or more of the active
ingredients it comprises than an oral dosage form used to treat the same disease. These
and other ways in which specific dosage forms encompassed by this invention will vary

from one another will be readily apparent to those skilled in the art. See, e.g.,

20 Remington’s Pharmaceutical Sciences, 18" ed., Mack Publishing, Easton PA (1990).

6. EXAMPLES

6.1.  Preparation of 1-(4-Chloro-2-(3-methvi-1 H-pvrazol-1-ylyphenvD-2.2.2-

irifluoroethanone
Ct o
Cl H
N Br
+ N / —_— + Br
Br \ N
F AN "y
N/
1 2 3 4
25 A 3L 3-neck round bottom flask equipped with a mechanical stirrer, a temperature

controller, and a nitrogen inlet was charged with potassium tert-butoxide (Aldrich 95%,
84.6 g, 0.716 mol) and DMSO (400 mL, 4X) at room temperature and stirred for 13
minutes. To this solution was added pyrazoie 2 (59 g, 0.719 mol) followed by a DMSO



* WO 2009/042733PCT/US2008/077594 and -10C over 45 minutes, slowly warmed to OC, and stirred
for 30 min at the same temperature. The reaction mixture was poured into 2 N HC1 (300 mL) at OC,
and stirred for 30 minutes at room temperature. The organic layer was diluted with MTBE (500 mL),
and washedWitA'BHtE @50 mL) followed by water (250 m1.). Solution as&al/BiB8HJanit¢layer was
carried out using GC (Compound 5: 67% solution yield, the corresponding regioisomer 6 was present
at about 20%iretathdentd. 5) 5 Xhe Balutiohtas: thep wondeniraiedwiideireddotind taiR Xngolution. To
remove wateg, THF (5 L added, and orated to lution.. JHE, addition-goncentration
was repeate ’%grbl\eleg' § gg;ngégl\l%{[?oﬁrr}n e"ﬁ’%&ﬁggﬁ?ﬁ %\Iff)cfl%%é %é&%&&nﬁgér%r@:ﬁléﬁg%@( solution to
exchange th&\gssivesthon heetpdtali2ationd Heldttme (Boosilihivasagaiiaddeltkrcmobsptrated to 3.5X

solution.  ThessShepiane apvtionwasinen Fansieradiaall-Senesk iackelpgfaund bottom

flask equipped with a mechanical stirrer, a temperature controller, and a nitrogen inlet. The solution

was heated 40 GbeL-agtAEIRESOIBHG REFRBEEROHI B EENItor firis! 1 SaR Wil R XisarTEdREooled to room

temperature with stivingafuhencoiettriBGand stirad far30 miskahihersame termperature. The
crystals were ¢ IIectegl %Hd Wa%%ed with ice-cold heptane (200 mL), dried under vacuum at 50C to
afford a pale YEIBHESA (EompBUHPS 288720 G DAY DY ST BLRYBIPR S fluoride 1). IFINMR

(400 MHz, CRGk3y0r 8B AHpteRye Mz ) B.48(kkkediclsomhar M z)eré. 88/(%hd,1d%,8.3 Hz), 7.31
20(1H, dd, Ize&l’c .i]8 ;) g |, d 11%2.5 Ht ),.2.30 (3H,.s); 13C NMR (100 MHIZ’V DC13) 6 184.2
(@30 = sa TR YR 7%l s e s YA 1 e R 280 6 11,
109.7, 18.0; ¢0#NIMR(376 MAhSRCL3IP B +=was:8 (3B ZRreparationddtd, concentrated to
(R)'l'(4'Chlof§k'g6(§ﬁmFEk¥Lﬂdﬂf ?8‘%312%P%fva%l)cﬁh&@égrﬂ‘ée%t?&aéwEléhcf{é?l%mQQ %epeated to give a
2X solution (KF = 0.023%) which used directly in the next step.
Analytical samples of compounds 3 and 4 were purified by column
chromatography and characterized: Compound 3: white crystals; "H NMR (400 MHz,
15 CDCls) 8 7.80 (1H, d, /=23 Hz), 7.61 {JH, d, /= 8.6 Hz), 7.58 (1H, d, /= 2.5 Hz}, 7.22
(1H, dd, J = 8.6, 2.6 Hz), 6.27 (1, d, J= 2.5 Hz), 2.38 (3H, 5); ’C NMR (100 MHz,
CDCls) 6 150.8, 140.6, 134.6, 134.1, 132.0, 129.0, 128.2, 1154, 107.0, 13.6. Compound
4 white crystals; 'H NMR (400 MHz, CDCl3) 8 7.65 (1H, d, J=8.6 Hz), 7.62 (1H, d, J =
15Hz), 743 (1H, d. J= 2.5 Hz), 7.35 (1H, dd, /= 8.6, 2.2 Hz), 6.21 (1H, ), 2.19 (3H,
20 s); C NMR (100 MHz, CDCl3) 8 140.6, 140.2, 140.0, 134.1, 133.9, 130.8, 130.2, 120.7,

1059, 11.4.
CE\©\ cl Ci i
Br \Q O QCFa
+ Br r——— +
N/N N\ N/N CF:B i"q\ 0
w, LN \ \Q_//N
4 5 6

The above THF solution was transferred to a jacketed 31 3-neck round bottom

flask equipped with a mechanical stirrer, a temperature controlier, and a nitrogen inlet,

25 After diluted with THF (800 mL), the water content in the solution was checked by KF
{0.053%). To the above solution was added a solution of i-PrMgCl in THF (Aldrich 2 M,
286 mL, 0.572 mot) at 0-10°C over | hours. The resulting solution was stirred for 30 min

at 10°C (GC showed the completion of magnesium-bromine exchange reaction). Ethyl

trifluoroacetate (74 mL, 0.620 mol) was then added to the Grignard solution between -20

9



" 'A 3L 3-neck jacketed round bottom flask equipped with a mechanical stirrer, a temperature controller,
and a nitrogen inlet was charged sequentially with dichloro(pentamethylcyclopentadienyl)iridium (l11)
dimer ([Cp*IrC1212, STREM, CAS#: 12354-85-7,34 mg, 0.043 mmol), ,
(1R,2R)-(-)- K216 i& 88 ulfony1)-1.2- WO 2009/042733PCT/US2008/0VF5G2008/077594
diphenylethylenediamine (STREM, CAS#: 144222-34-4, 32 mg, 0.087 mmol), and water (400 mL, 4X)
at room tempedatiil. dvre 46suitimgsmiktuie was stitretf (ora8dwirrsdabd OCHngivehashomogeneous
orange solutjon. To.this active alyst solution was adde i formate.(145. 1.73 moll and
a solution of{%%pl%égttggéé ﬁ%rg %ﬁ?&%‘%(%?‘% rﬁ%ﬂﬁﬁfﬁ—ﬁb@?%&%%%@e%&?)%ﬁz%-&fﬁ??a%%gthanone
(100 g, >99%Ppatityibyia @, 'S Empt) sRICHECN SO0 hibicHX3 et 4o, Wite YEEEH 6P fixture was then

stirred at 40Ghfor 2,k @éé{’{&i%@im%@%fﬁ%i@%‘ﬂ@%&%?r%{é‘?ﬂz%%%L‘}Q@Hlﬂ@nba)és%cof“‘ﬂer cooled to

30C, the aqueous layer (ca. 480 mL) was removed. The organic layer (ca. 600 inL, 6X) was treated
with activatetF SHHAH EDEAES OB 26 BIe S aseovsr 2 Hodrravfitersd!thiBtigh 1/4 inch bed of

Celpure P65:443BdNffin P hatmaaettica-gradesnpigmauandonvashed with CHIGNWZ0mL, 2X). The
filtrate was CE%ncentrated to,25Q mL 2.5X€ ?r}g transferredtoa 2 L 3-‘nec’lk_éacketed IrSwo_und bottom flask
equipped with & FIEEFARIES HFEY SRR R rripSPAtUPE-cORGTTEN SMGHT CHBERPIEB M 2D.5X) was
added to incrddsé the solptiaredohlHestdu800. MEF3)iThiscsalutiontivaswatmetin®Psand water

(500 15mL, 5%) was added to this solution at t ame temperature. After stirred for 15 minutes at
60C, the res%ﬁ r%%i%%%ﬁ'lg%ﬁ-gﬁ g@@ﬁhx iré CE\/1(\%63’?’ gfﬁv@?&%%%é%%ﬁr%%}#%mop%% ire’ ﬁbﬁe crystals
were théh filtsteenataosmysmpataturd] emehwEifedlwite G 86 Niviatarof o tasal mL3,. 25X). The wet
cake (108 g.K¥F;:i8,83%) was dried under vacuum at 45C for 4 h to afford the desired alcohol (white
solid. 95 g, 94% vyield. >99% 20chemical purity, >99% cc, ICE: 0.014%). 11-1 NMR (methanol-4 400
MHz) 82.19 (br. s., BE1)>% hepiadg, 0)8tiap weothep Heppegeaidiod, DA meckimMkerdwomd2 Hz, 1H), 7.42

(dd, 2.0 Hz, 6z fbbDefuBRddwdift dEednlticd 6848 8 diitrdil)-MMR (meihanohdd).g 13.4, 67.2,
108.3, 121.7, 124,5, 127.4, 130.1, 131,9, 134.1, 136.4, 1416, 152.3. LC/MS: M1-1-= 291.

256.3.Prepaf® 6nT@F(§>}%@mWSZJE%§éﬁ&&%ﬁ%gﬁg&hgﬁmﬁmﬁq@pgmeﬂus solution was

(trifluorofmethigsiifongloxyphentbpopanaateperature with stirring, further cooled to 0°C and
stirred for 30 min at the same temperature. The crystals were coliected and washed with
ice-cold heptane (200 mL), dried under vacuum at 50°C to afford a pale yellow solid
(Compound 5, 85.7 g, 99% pure by GC, 62% yield from fluoride 1), 'H NMR (400 MHz,
CDCl) 6 7.85 (1H, d,/=25Hz), 748 (1H, d, /= 1.7 Hz), 7.38 (1H, d, /= 8.3 Hz), 7.31

20 (1H,dd,/=8.1, 1.8 Hz), 6.33 (1H, d, J=2.5 Hz), 2.30 (3H, s}; "C NMR (100 MHe,
CDClsy 6 1842 (q, Jor=36.6 Hz), 151.7, 138.7, 138.5, 130.7, 126 4, 1257, 124.5,
116.8, 116.1 (g, Jor = 289.8 Hz), 109.7, 13.0; YF NMR (376 MHz, CDCl3) § = -76.8 (s).

6.2.  Preparation of (R)-1-(4-chloro-2-(3-methvi-IH-pvrazol-1-vDiphenvl)-
2,2 2-triflnoroethancl

Ci

OM

|
' CF,

N/
25
A 3L 3-neck jacketed round bottom flask equipped with a mechanical stirrer, a
temperature controller, and a nitrogen inlet was charged sequentially with
dichloro(pentamethylcyclopentadienyl)iridium (I11) dimer ([Cp*IrCl,},, STREM, CAS#:
12354-85-7, 34 mg, 0.043 mmol), (1R,2R)}-(-)-N-(4-toluenesulfonyi)-1,2-
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© TfO This compound was prepared based on a literature procedure (Shieh, a al. J. Org. Chem.”
57:379-381 (1992)). To a solution of Boc-Tyr-OMe (Bachem, California, 100 g, 300.34 mol) and
N-methylmorpholine (51 g, 1.5 eq) in dichloromethane (1000 ml) was added triflic anh_ydride (100 g,
1.05 eq) ové’fp‘é H8UP&*3E5 to -15C. The resulting red WO 2009/042733BETRIEBEBET#7594 solution
was stirred at -10C for 10 minutes. HPLC analysis showed complete disappearance of starting
material. Thelipdrotiothwascquench TR Q% Sitric4X1d- 3300 Mgl DO ganid)layerauas washed

with 10% Citg&’o@%ﬁ%& gg%&%@ RYWARE (200 B 1 Ifce%%.ﬁt!?hﬁ‘vrﬁg'%&pé%eé%'%ﬁ’& vas

concentrated under red pressure to 200 ml. This Was lEﬁ\uted with acetoni 600 ml) and further
concentratedtECZOOH LN, OTHIS ST WES thscrtivdrettest stepavitiotadisther purification.

Estimated yigilam PR SIUPRITg SRR RS 1 giveada meling:palevellow solid
LC-MS (EST): MFE = 428.0, MNH4- = 445.0. 1H NMR (CDCI3 87.16@5?/, 4H), 4.95@%, 1=7.1 Hz, 1H),
{ 3

4.53 (m>1HY St aMpzsh byeh ey - 57345 lyprecitsnons (I 2. > 8t d8r 0% §9-Hz, J2 = 13.6
st 1H), 1.34 6s,69hb1) BCNMR (@D@ﬂﬁ)ﬁ&ﬂ&%@?@%&r&éﬂi@n ﬂ;ﬁft&ck&%-ﬁxeﬂ;&ﬁ;ﬂedﬁgl (q,=321
Hz), 80.54, 54, 52.7,38.3, 28.6. 19F NMR (CDC13) 6.-73.4..6.4.Preparation o

(S,)-2-(tert-btf'?(j)x g‘%frz%gn‘{glgr%ﬁﬁot)l@?(]%e(ﬁ?ﬂ?g%l‘V@fr%ﬁ%fﬁ%— 1955 GRS aﬁ]-cz-\fllfcfﬁ%enyl)propanoic
acid 15  cbhisdcorifydunbewas:pre parad badéd mh jaditerature:prddedirale ioazrita. 6t@l.,
Tetrahedron1 t 21.3-2]1 (\%i 9 %I inacolato)dibor .eq), ot s%' m acetate (63 g,
2 eq). tricyclc%ﬁﬁé%ﬁﬁiajs%ﬁ%gd(z%ggd,ptf%f’%%%%? ngg) %%ﬂaeé%em(%) ’t%]fze%()oé %Spge Jforrslio %‘fl (\}/Cvere mixed in
acetonitfile (9BeredifapekinE4astitheg ahikiirerstiifed a8 R2OFbothaemperatal erfde SSrgmutesd (5)-Methy!
2-(tert-butoxx%ﬁtaewm@hﬁz%n(ﬁﬁkﬂ,ummﬁx@xlﬁwfgM@éyaa@t}&a%a.%%wet@zg@gg{?@ (190 g, 0.32

mol) was added and the resulting mixture was heated at 80C for 1 hour and cooled. HPLC showed

complete coH&BFftRoHOf the dibrehiprkatedisnheoieredesmtmrsdvaihgtereheEdcdith aqueous

potassium bigarbonate selution:(d ¢aindsd Mmbwaterandsasultng:mixturewas2astisied at room
temperature for 30 minutes. The 'x%yf;z?yé/&s filtered through a padé)f cellulose to remove palladium
c

black. A sampfe* D& SPYERR: 8 A puritE By eciUmire R tSraphy
(gradient: 1: 1) 10 Xdethydddetafieexatias) it gimentopmmetaylre. After stirred for 15 minutes

B RO SR apren o opanoate s

temperature. The crystais were then filtered at room teraperature, and washed with
CHaCN/water (1:2, 150 mL, 1.5X). The wet cake {108 g, KF: 8.83%) was dried under
vacuum at 45°C for 4 h to afford the desired alcohol (white solid, 95 g, 94% vield, >99%

20 chemical purity, >99% ee, KF: 0.014%). 'H NMR (methanol-dy, 400 MHz) § 2.19 (br. s.,
3H), 5.25 (dd, 6.8 Hz, 7.2 Hz, 1 H), 6.19(d, 2.4 Hz, 1 H}, 7.29 (d, 2 Hz, [H), 7.42 (dd,
2.0Hz, 6.4 Hz, 1H), 7.59 (d, 2.4 Hz, 1 H), 7.68(d, 8.4 Hz, I H). °C NMR (methanol-ds)
013.4,672,108.3,121.7,124.5,1274, 130.1, 131.9, 134.1, 136 .4, 141.6, 152.3,

LC/MS: MH™= 291,

25 6.3.  Preparation of (S)-methvl 2-(tert-butoxycarbonviaming}-3-(4-
(rifluoromethvisulfonvlexviphenvl)propanoate

0

OlMe
NHBoc
TfO

This compound was prepared based on a literature procedure (Shieh, er al,, J. Org.
Chem. 57:379-381 (1992)). To a solution of Boc-Tyr-OMe (Bachem, California, 100 g,
36 0.34 mol) and N-methylmorpholine (51 g, 1.5 eq) in dichloromethane (1000 ml) was
added triflic anhydride (100 g, 1.05 eq) over 2 hours at -5 to -15°C. The resulting red
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© =811.5, M2NH47 = 428.5. 1E1 NMR (CDC13) 87.76 (d, J= 8.1 Hz, 2H); 7.15 (d, J= 7.6 Hz, 2H), 4.96
(d, = 7.3 Hz, 1H), 4.60 (m, 1H), 3.72 (s, 3H), 3.13 (m, 2H), 1.44 (s, 9H), 1.36 (s, 12H). The above
organic layer of the ester was stirred with aqueous lithium hydroxide 5solution (23 g in 500 tnL water)
at room tempetatitd'$1°30 minutes. The pH of the resulting slurry was aduSERFAB6EE 10 with 6 N
hydrochloric acid and filtered. The cake was washed with water (200 mL). Acetonitrile was removed
from the filtratgwnderaesiroathpredsifertolgiveacs adirEdlsmsiysty (95Ceditpadditional water was added

during distillgtion). The slurry was filtered through a.pad %t cellulose a ashed Witlh r 10 (200
mL). The fiItr%aflitg(-%{1 'ggrwggﬁgxﬁ%ﬁ%gﬁa& Cr%f%%%ﬁ ?ealﬂ?t%n&%\/ﬁﬁﬁv?gg% m/S maé.dl@térenixture was
acidified to pHlabbig q::mittﬂﬁﬁewdm@méthhdi@l%ﬁ@i@agairﬁéq&y@b fodlowrashed it isater (500
nil..,) and CO%ﬁ”?ﬁ‘é‘#@s&fﬂﬁl@ﬁ{ﬁ%ﬁ%@s@fm%&%&B@eﬁ&ﬁe‘&%@&‘%@&% RiQu QibeA 9, 95% yield

based on estimated purity by ). The crude product can be used directly in the following step.
Alternatively.Tthé 1 5ceiMFduRdb s o pFiRY By cRstametimmersrivT Br/AD e Bive a white
solid, which gomfainsiaswalhasmoyitof dhescoraspondingdoranicacis, (RndHdd vicld was
boronopheny:lglﬁ- tert-butoxycarbonylamino)propanoic acid. MS (ESH MW = 392.2, MNH4 = 409.2,
M2FII = 783 2 MOKFIRREGHH R 1Y 675 T R} YRS ol L 2™ 2H), 7.21 (d,
J= 7.6 Hz, 2(E515.0840% 429.(8 MXH y=4620(MH NYRAADL, (157 26 )l .48)(s,. &H), .35 (s, 12H), 13C
NMR (CDC13) 6,175 5.7,,139.7,.135.4, 84.2, 4.5, 38.3, 28.7, .5.Preparation
of (S)-3-(4-( amll}r:l%%%c omr’ozrf\/y’rlﬁr%n%zngsj%zih%ﬁ@ @Zél(t‘e?'ﬁ%l%é?( Ealrggr%?ar%?r{b‘%gro dagr’%ic acid
NH2 750 a216-3Heck rolintl Botidh flask e Qlipped WitiRa(fiREhaGi¢ AR StirteF andia@emperature
controller wag;added ($) 2{teri-puiqycarkenylaminn)s3«d«4 45556 3 ¢ 6 F MR
tetramethy1-1,3,2-dioxaborolan-2-yl)phenyl)propanoic acid (30.3 g, 0.078 mol),
2-amino4.6-dfeRferdpyrifidine (38.03 g, 3.0 eq), catalyst POPd6 (0.605 g, 1.0 mol%, CombiPhos
Catalysts, inc.. New Jersey) and ethanol (728 mL). To the above stirring slurry was then WO
2009/042733PCD1432008i@pd58%br of (S)-2-(teri-butoxyearbonvlaming)-3-(4-(4.4,5.5-
tetramethvl-1.3.2-dioxaborolan-2-vhiphenvhpropanoic acid

O

OH
O NHBoc

A
15

This compound was prepared based on a literature procedure (Firooznia, er al.,

~B

Tetrahedron Lett. 40:213-216 (1999)). Bis(pinacolato)diboron (90 g, 1.1 eq), potassium

acetate (63 g, 2 eq), tricyclohexylphosphine (2.3 g, 2.5% mol}, and palladium acetate
(0.72 g, 1 mol%) were mixed in acetonitrile (950 ml) and the resulting mixture stirred at
20 room temperature for 5 minutes. (S)-Methyl 2-(tert-butoxycarbonylamino)-3-(4-
(trifluoromethyisulfonyloxy)-phenyl)propanoate solution (190 g, 0.32 mol) was added
and the resulting mixiure was heated at 80°C for 1 hour and cooled. HPLC showed
compiete consumption of the starting material. The reaction mixture was quenched with
aqueous potassium bicarbonate solution (57 g in 475 ml water) and resulting mixture was
25 . stirred at room temperature for 30 minutes. The mixture was filtered through a pad of
cellulose to remove palladium black. A sample of the organic layer was concentrated and
purified by column chromatography (gradient: 1:10 1o 1:4 ethyl acetate/nexanes) to give
(S)-methyl 2-(tert-butoxycarbonylamino)}-3-(4-(4,4,5,5-tetramethyi-1,3,2-dioxaborolan-2-
yl)phenyl)propanoate as a clear oil. LC-MS (EST): MH™ = 406.2, MNH," = 4232, M,H"
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" added aqueous potassium bicarbonate solution (27.85 g, 3.5 cq, in 173 mL H20) slowly so that CO2
gas evolution was not vigorous. This mixture was heated at 75C for 6 hours, at which time HPLC
analysis showed greater than 99% conversion of the starting material. Ethanol was removed from the
mixture und&Ftéd é‘@&%?essure to give an 5aqueous slurry (-200 mL), a&’éﬁﬁ%&?ﬁ’%ﬂ"f% mL) was
added and the solution was concentrated to -250 mL. Water (90 int) was added to the slurry, which
was then filteréd ahdMvishéd WathswateN{8B. (IDK2)) T Addilttaie-WdsHexEotad with Ethylcacetate (150
mL) The aqg ojugipon.was ir it -GB0 )@ 69C,f filtered t gh celite
(Celpure 30?%??51%@ ﬁut%?ﬁvﬁﬁ%dﬁ%ﬂ(%?g ﬁ)%ﬁﬂfst’giﬁ%%gﬂl)()%%@ %nZI%I hﬁéir%?ii%@]’\/vas slowly
added 6N HEB@afsolH kemperature until the pH reached 4.0. The organic layer was separated and
washed with water 18QBld. R RAEe-96A {6 £.0) wasiaddedithe v iing.Mixswas heated at

60C for 2 hours. The solution was cooled to room temperature and filtered through cclite (Celpure 300.

10g). The caldWiaR (wasHad Wi TR EtHORIEMRE RSN SBitiish Wae eBritéhtrated 15under
vacuum to -186.mkeaveralkualuing: &t whishpmintihe Yreduect peipiatesicuieésolution. The slurry
was then cooled to room te rature, filtered and the cake was washed by tolyene (30 mL x2). The
Sl was oveEEHEN LS T O S Dar RS e 46 BF ARORICE AL ghEgoiow solid
which by 11-tNMR pomtainedz8:awiynafitotiiene (i T 5%, (cbiiteetedyatieldabiRlie showed 91% purity
with 9.0% of 20diacid impuri 6, Alt i rogedure for preparation of (S)-3-(4-(2-amino-6-
chloropvrimi(ﬁ r%)t(?dl:ﬁ\filql beﬁ.{l/él)y%( eﬁ%ﬁt%?égag}&ur%ar%fﬁocs?p{?gélla%%ﬁg Igla'cslKéla?ri{c‘)ﬁ'rcr?}Wlél “@er
(S)-2-artino-GQ4-BblondsHervisprop ansheeidhuihg p 6188 shmasdrisdnate! asth e mL
25(S)-2-Amingrst4-haranoRle WANIGRARLIG ;ﬁddﬁmwm%ﬁ@%yu}sch!%%*ao%@ﬂ@a, 109,438

mmol) and potassium carbonate (1.32 g, 2 eq) were mixed in aqueous ethanol (15 ml ethanol and 8 ml
water). Di-te ALBUHAdREETSGRaTasLELY ! Yoe84) R4l d8d GIAERBEHBIC ASBICIO TFRIF Egitation at
room temperature aibPtSmphaiysis showad complete soRsumpiien of hemstaring-aompound and

formation of (§)-3-(4-.30boronopheny1)-2-(ter -%Jé[o ycarbo ylamino)propanoic(apid. The 2-amino-4,6-
dichloropyrinﬁ%ﬁ%éﬁ%@?%@é&%ﬁ H%lffé?iga Cﬁ?é{?rﬁ?ﬁ PABHBS Siihes DETAHIRN H) Gichloride (34
mg, 1 Mol% )wereaddedd baditfiBaebyltinganixivce Was: MaBRIab6hAQGifer3hours HHPLC analysis
showed complete consumption.of the intermediate, (S)-3-(4- . . s
boronopheny %‘1@&8%%%‘18@%‘3?63’% atn%%{g p%%eab%?%i ]élég?wﬂgrdgbdﬁéé%%a{ﬁon and WO
2009/042733rOTHpE2008207A59 fityatibani R analysisof 4hid. rdéstitiig atildous ¥dlution against a
standard solyfiop, ofthgdide\gamnound;showed 12606 0N C1) 6 7.95 (br s, 1),

7.76 (d, /=78 Hz, 2H), 7.21 (d, /= 7.6 Hz, 2H), 5.03 (d, /= 7.8 Hz, 1H), 4.62 (m, [H),

20 3.18(m, 2H), 1.43 (s, 9H), 1.35 (s, 12H). PCNMR (CDCl3) § 175.8, 155.7, 139.7,

135.4,129.2, 84.2, B0.5, 54.5, 38.3, 28.7, 25.2.

6.5.  Preparation of (8)-3-(4-(2-amino-6-chloropvrimidin-4-vijphenyl)-2-
(teri-butoxvcarbonviaminopropansic acid

O
OH
Cl SN NHBoc
JYN
NH,
25 To a 21 3-neck round bottom flask equipped with a mechanical stirrer and a

temperature controller was added (S) 2-(tert-butoxycarbonylamino)-3-(4-(4,4,5,5-

tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)propanoic acid (30.3 g, 0.078 mol), 2-amino-
4,6-dichloropyrimidine (38.03 g, 3.0 eq), catalyst POPd6 (0.605 g, 1.0 mol%, CombiPhos
Catalysts, Inc., New Jersey) and cthanol (728 mL). To the above stirring slurry was then
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" B.7.Alternative procedure for preparation of (S)-3-(442-amino-6-
chloropyrimidin-4-vithhenv1)-2-liert-butoxycarbonviaminolpropanoic 5acid from

(S)-2-amino-3- (4 -boronophenvi)propanoic acid using potassium carbonate/potassium bicarbonate as
base (S)-2- Riing=4 %L oronophenyl)propanoic acid (10 g, 48 mmol) an8 St Bithrbonate
(14.4 g, 3 eq) were mixed in aqueous ethanol (250 ml ethanol and 50 ml water).
Di-ten-butyldiddrdomateyd potgsidnPbeg)y wastastleton GA perfioned RLC ALoandlysisindicated that the

reaction was{johgarepiehe alterexiliallSHIRg. et IRISMRARLUIELotas Sasenate (660, 1.0

eq) and additional di-tért-butyldicarbonate (371 g, 0.3 eq) were added. A urs aglta’uon at room

temperature, aH‘P‘E@éﬁ%ﬂﬁ@éhWb@%&ﬁm@ié@é?%@lﬂﬁbﬁ@%dﬁm@@mtﬂfqh@cﬂﬁﬂﬁmd and formation of

(S)-3-(4- bOfﬁfh@&M”Elﬁa%ﬁ%g%ﬁWﬁ%%Wlé%&%@%@%‘a@&'&i prel§ids ATURQ-46-

15dichloropyrimidine (11.8 g, 1.5 eq) and the catalyst bis(triphen hosphln -palladium(ll) dichloride
(0.34 9,1 mé’l%?%é?é“gdée%ggﬁaﬁhé%%ﬁﬂ%é{ﬂgﬁﬂ@%@%éﬁfég RINBHEHIP RS urs, HPLC

analysis shommmatewmm&umpﬂmembefmwm@ad@@td%%i{xﬂw which s then S und
boronopheny, tert-butoxycar id, The mixture Wa entrated under
reduced prestflls%re L tereé1 “flhevf%/ @Q\/ﬂzg \A@SR@@ @&Wgﬂﬂf SORAEEY lWﬁ1)‘ﬁ“’é‘ffti%fed|Iuted with
3:1TH F/MTBEerﬂD)m”Ib,e‘Emswnmmwumaamtddieﬁmkaaamméﬂ %bwﬁdﬂdﬂ)ﬁdﬁrﬁﬁiﬂbric acid. The
organic layerg re Th re5|due was
e e R AR S5

precipitated in isopropanol, filtered un er vacuum t glve compound as an

off-whit&lsolitl {§.0:5)- 484 wyielaye P’@ﬂﬁ}@@@ 9% ByONPIQG analysisr@urderstrationheftHe mother liquor

25yielded anfé&@lg&'@@alﬁl&ggqm Rwdey; aéé@%y&emhpwwh%ém% L Ganalysis. WO
2009/042733PCT/US2008/077594 6.8.Preparation of (S)-Ethv

2-amino-3-( AR CE9S- @4(8@ Ya@@@#ﬂ%réhg resulting mixture was hoatcd at 60°C for 2 hours. The
solution was cooled to room temperature and filtered through celite (Celpure 300, 10g).

The cake was washed with THF (30 mL x2). The resulting solution was concentrated

15 under vacuum to ~180 mlL overall voiume, at which point, the product precipitated out of
solutton. The slurry was then cooled to room temperature, filtered and the cake was
washed by toluene (30 mL x2). The solid was oven-dried under vacuum at 50°C
overnight to give 24.0 g of product as a light yellow solid which by 'H NMR contained
~&.0 wi% of toluene in 75% (corrected) yield. HPLC showed 91% purity with 9.0% of

20 diacid impurity.

6.6.  Alternative procedure for preparation of (5)-3-(4-(2-amino-6-
chloropvrimidin-4-vl] fert-butoxvearbonviamino)propanojc
acid from (S}-2-amine-3-{4-boronophenvlipropanoic acid using
potassinm carbonate as base

25 (S)-2-Armno-3-(4-boronophenyl)propanoic acid (Ryscor Science, Inc., North
Carolina, 1.0 g, 4.8 mmol) and potassium carbonate (1.32 g, 2 ¢q) were mixed in aqueous
ethanol (15 ml ethanol and 8 ml water). Di-tert-butyldicarbonate (1.25 g, 1.2 eq) was
added in one portion. After 30 min agitation at room temperature, HPLC analysis showed
complete consumption of the starting compound and formation of ($)-3-(4-

30 boronophenyl)-2-(tert-butoxycarbonylamino)propanoic acid. The 2-amino-4,6-
dichloropyrimidine (1.18 g, 1.5 eq) and the catalyst bis(triphenylphosphine)paltadium(il)
dichloride (34 mg, T mol%) were added and the resulting mixture was heated at 65-70°C
for 3 hours. HPLC analysis showed complete consumption of the intermediate, (8)-3-(4-

boronophenyl)-2-(tert-butoxycarbonylamino)propanoic acid. After concentration and
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" (3-methvl-1H-pvrazol-I-vi)phenv1)-2,2,2-trifluoroethoxv)pvrimidin-4- vilphenyl)propanoate  5A 500 mL
3-neck round bottom flask equipped with a mechanical stirrer, a temperature controller, and a
condenser was charged with the monochloride (S)-3-(4-(2-

amino-6-chI&f8 ??rzrq%t}fﬁﬁ -yl)pheny1)-2-(tert- butoxycarbonylammo)propah%TéUz%PﬂS@Uﬁ”g 51 mmol),
(R)-1-(4-chloro-2-(3-methyl-1H-pyrazol-1-yl)phenyt)-2,2,2-trifluoroethanol (>99% cc, 16.3 g, 56 mmol,
1.1 equiv.), G821, (BRIIY a7@ywimngl k. Seaqtihg)amdtm@dnthgmagaﬂét,dsdin&adeq]lﬂamlf 7.5X, KF =
0.003%). Th%@ﬂ%fé’%% %&EIE@%%Q&]Q%% g?r%n%ug the temperature was increased to 100C with
good stirring. The reaction mixture was s 100C for 1 hour and additional Cs2CO3 (33.2 g, 102
mmol, 2.0 equiv.) was added. Tht.61, react|on mlxture was then stlfled for418 hours at 100C. The

stirring. The mixture was € o
di-tert-batyl di carbonate ¢
same temperature. Toluete

room temperature, @3%%%@% B\b%ﬁo%@!&a ﬁ&%a%‘?@i&l&(?@% vxg%a&*cﬁ?gntp %1%9&99“'0 layer, and

the 20resulting mixture was stirred for 15 min at room tem%@ature and the hases were split. The

aqueous laySF@RPRAEY B dvas i atsdmserits parsessrdingd R ed %P%@)ln%“l‘éﬁ{b@%ature EtOAC

(100 mL, 5X)Jeas added 1o hisiraimureand, further apidification:to Bhk pomas.cattied out using 6 N
HC1 at ré)om tem erature Wlﬂqagood stirring. After splitting the organic layer, the aqueous layer was
6t ke

extracté Wltﬂ“éﬁ' SACTHR WBHISHREBt rﬁ%%%‘f@\%}étrétm%td%ﬁh brine (100 mL,
5X). The Etommyﬁnm&&thamﬁomemﬁmée{d sinden\asuninatial @ dothbi V@mamm@bwm@ mL (2X).
EtOH (100 é.ISX) dded ng cgﬁceg%r%ted to 2 1{soluyon The EtOH & 7.

addition-con ent%a equence ?/vas repeate i ]tlcr)ggal%eaéef){q oftition d?efét) adrrh% g(‘;(R) 1
-(4-chloro-2- @w&@%@m@p@hﬁ@wﬂ%%@m@ﬂh@ﬁwpmmm&w&
20091042733R (1 RR0NG/0%Lo84 &y BRI (BHRHIGOERI VI ammeipsepanoic acid, which

was used directly in theé next chemical step. Solution assay showed that the yield was about 75% from

(S)-3-(4-> (2-dhsiHereorrmsiapyitidia-A-ynphery hr 2a@yshitoxipbarbmaerhind)prosdneit Beid

assuming tha&éh%m@@w@d@ﬁ&m Was d0. AnalHcallypWeBAcALId Wag 2 obtained by column
chromatogra %—llj‘nd characterized: 1HNMR (DM50-d6, 400 MHz) 3130 (s, 9H), 234(37 3H), 2.86 (dd,
(8)7
1

1H), 3.07 (dd OHI14%’%%?)&‘%3&‘55]%8"*?iilioé“‘%l@t?s“’lﬁ}‘n?@g“(aéFhﬂ-lﬁlteﬁ’é%i{%fc2@3 (61 (dd, IH),
7.75 (d. 1H) b?n%ﬁo(;ﬁheﬁki) ﬁ@elf(ﬂu@k@calﬁoﬁylﬁﬂr@bﬁpaﬂzb&dbﬁﬁ TN &ﬁtﬂlﬁ«d@%/e) 6 13.99, 13.89,

2205, 27.18, 28,08, 38 T thiohe 30,7234 B Bkl CHIMIEODSNAICT 82,74 99, 125.

20 acetate (200 ml) and diluted with 3:1 THF/MTBE (120 ml). This mixture was acidified

to pH about 2.4 by 6 N hydrochloric acid. The organic layer was washed with brine and

concentrated under reduced pressure. The residue was precipitated in isopropanol,

filtered, and dried at 50°C under vacuum to give the title compound as an off-white solid

(9.0 g, 48% vield). Purity: 92.9% by HPLC analysis. Concentration of the mother liguor
25 yielded and additional 2.2 g off-white powder (12% yield). Purity: 93.6% by HPLC

analvsis.
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©10128.12, 129.30, 130.23, 132.69, 134.65, 135.08, 140.73, 140.89, 150.41, 155.39, 162.76, 166.17,
168.22, 173.40. Anal. Calcd for C301130C1F3N605: C. 55.69; hours, 4.67; N, 12.99. Found: C, 55.65:
hours, 4.56; N, 12.74. The above 2X solution was diluted with EtOH (60 mL, 3X) and CHKIN (100
mL, 5X) at ro8Y&HE ture. TBTU (97% pure, Fluka, 19.7 g, 61 mmol, 1S ESHAREN-
15methy|morphoI|ne (6.17 mL, 56 mmol 1.1 equw ) were added to thls solution (KF =- 0.034%) under
OO (: ] Sl ik -E’ a}ahmmﬂad that the

-1H- pyrazol I-yOphenyl)Lmvl)pronanoate '
trifluoroethoxy)pyrimidin-4-yOpheny1)-2-(tert-butoxycarbonylarninotpropanoate 20quantitatively. The

: @ , L, 2.8X). This red organic layer was then
treated with activated carbon (Darc®:8-66,8"; for 1l\§ﬂﬁours and filtered through 1/4
25inch bed of Celpure P65 (USP- NF! Pha Fa utlc grade, Sigma), and the cake washed with
CH1CN (100 mL, 5X). The resulting yéllow- Colored filtrate was concentrated to a 2X solution. CH3CN
(100 mL, 5X) was added, and theggk%on concemrated to a 2X solution. The CH1CN
addition-concentration sequence {vas repeated to give a 2X CH3CN solution of the Boc-ester which

was usedl directly inythgonextsieex AaNehiicall: Qued3Q Bogigsiehwasahiaingd by column
chromatography and characterized: Ili NMR (HM50d6 300 MHz) 6 1.11 (t, J=7.06 Hz, 3H). 1.31 (s,

OH), 2.34 (s. SPHEECLORTRHC A 4 FADSTIACIIAS EPA13d With 58 monopigriged ks dry- 7.25-7.41 (m,
3 ). 7.66 (den o SRrdf i) 1Tl 322 4 ulok) B SOnak R ndid ok 1-8.39 Hz

2 H)8.21 (d, 12.29 N 613.2, 14 0, 22. 7, 28.0,
2006104273 3P RS BRI BASH g(g %‘?iqz@ %214 g i%%é SéTtﬁ‘%’éoﬁﬂbado 67.1, 67.4,
67.7, 68.0, 78:29%85,1913 L, 56 mmol, 1.1 equiv.), Cs:CO4 (24.9 g, 76 mmol, 1.5 equiv.), and
10 anhydrous 1,4-dioxane (150 ml., 7.5X, KF = 0.003%). The mixture was stirred under
nifrogen and the temperature was increased to 100°C with good stirring. The reaction
mixture was stirred at 100°C for | hour and additional Cs,CO; (33.2 g, 102 mmol, 2.0
equiv,) was added. The reaction mixture was then stirred for 18 hours at 100°C. The
heterogencous reaction mixture was cooled to 90°C and water (150 mL., 7.5X) was added
15 with good stirring. The mixture was cooled to room temperature.
To the biphasic solution was added di-terf-buty! dicarbonate (1.11 g, 5.1 mmol,
0.1 equiv.) at room temperature and stirred for 2 h at the same temperature. Toluene (100
mkL, 5X) was added, the resulting mixture was stirred for 15 min at room temperature, and
the phases were sp],it. Water (100 mL, 5X) was added to the organic layer, and the
20 resulting mixture was stirred for 15 min at room temperature, and the phases were spiit.
The aqueous layer (pH = 10.5) was then acidified to pH 7-6 using 6 N HCI at room
temperature. EtOAc (100 mL, 5X) was added to this mixture, and further acidification to
pH 4 was carried out using 6 N HCI at room temperature with good stirring.  After

splitting the organic layer, the aqueous layer was extracted with EtOAc (100 mL, 5X).

2
Ln

The combined organic layers were washed with brine (100 mL, 5X). The EtOAc¢ layer
was then concentrated under vacuum fo a total volume of about 40 mL (2X). EtOH (100
mkL, 5X) was added, and concentrated to 2X solution. The EtOH (150 mL., 7.5X)
addition-concentration sequence was repeated to give a 2X solution of (S)-3-(4-(2-amino-

6-((R}-1-(4-chloro-2-(3-methyl-1H-pyrazol-1-yl)phenyl)-2,2,2-trifluoroethoxy)pyrimidin-
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©107.7,122.1, 125.0, 125.2, 126.6, 127.7, 128.1, 129.3, 130.2, 132.7, 134.7, 135.1, 140.4, 140.7,
150.4, 154.2, 155.3, 162.8, 166.1, 168.2, 171.9. Anal. Calcd for C32H34CIF3N605: C, 56.93; hours,
5.08; N, 12.45. Found: C, 57.20; hours, 4.86; N, 12.21 5The above 2X solution was diluted with
additional CWQ@RWQ@%%L, 8X) at room temperature. Methanesulfonic aBBT@%%WWﬁZ?%S mmol) was
added to this solution (KF = 0.005%) at room temperature, and stirred at 45C for 1 hour at which time
HPLC indicatey thianiie Hé<Ben teqcticriy tomplgtepTine recidtomivlixtasevwds icongentrated to 2X,
cooled 10 0-Sicy AN AN FOILMARLIEAN R SALANG TSRO lR, IR0 UlIoN was washed
with cold isopropyl acetate twice (IPAc, 100 mL, 5X and 50 mL, 2.5X§. The aqueous layer was then
basified to pFF=2Bidith-209scayriRaICO 3 EhsTy With Stinbp <y PAbomeo IR BX)aReis atided to this
mixture, and futhesdasificatismierie 8panvas caiied, oOulisingA0%AdsNaZGQ3at room

temperature with good stirring. After splitting the organic layer, the agueous layer was extracted with

TPA (50°mL PP'8R5d PEFREEBABIABAMEIRY Srdaiietairare et e mtiaed o’ @M E8lution. IPAC
(100 mL, 5Xpwas addegl, and themixaeaasepnoenitatedio a12Xsoluion yshieh sonéained inorganic

Sl The e S 00118 S0 MDA 190 X e
compound (36imhad; 2HOMr-ase lisli)HﬁCCNMRWH@i@@)ﬁé[ﬁ})%G)Z\B@JWl)@fbﬂfe 1Rlescompound was
ST 0T, 360 A0 (6 A oD (o B T et o ol VR e =7 O 1A e 214, 6.50(d
J=2.27M2,2HRL 6187 1@7.34). 3033, (M2.8R)1 3. 65 (dd,05=8499] 2 DIOH2, 160 47. 7849 IHL IPHzZ,
1H),7.81(d, 28 59Hzsl) 878 (d. I8 08HE 8D Bi26(61nI72.27H2 ATk LR MR, (DMSO-d6) 6
13.4,13.9, 18.5, 21.0, 21.5, 25.4, .
12.99 Found: C, 55.65; hours, 4.56; N, 12.74.
The above 2X solution was diluted with EtOH (60 mL, 3X) and CH:CN (100 mL,
5X) at room temperature. TBTU (37% pure, Fluka, 19.7 g, 61 mmol, 1.2 equiv.) and N-
15 methylmorpholine (6.17 mL, 56 mmol, 1.1 equiv.) were added to this soiution (K¥F =
0.034%) under nitrogen. The resulting solution was stirred at room temperature for 4
hours. HPLC indicated that the Boc-acid was converted to the Boc-ester (S)-ethyl 3-(4-
(Z-amino-6-((R)-1~(4-chloro-2-(3-methyl-1 H-pyrazol-1-yl)phenyl}-2,2,2-
triffuoroethoxy)pyrimidin-4-ylphenyl)-2-{teri-butoxycarbonylamino propanocate
20 quantitatively. The reaction mixture was concentrated to about 2X under reduced
pressure (40°C bath temperature, 100 mbar) and diluted with EtOAc (100 mL, 5X) and
water (100 mL, 5X). The organic layer was washed with saturated aq. KHCO: (pH~8.5)
(2x100 mL, 5X) and brine (50 mL, 2.5X). This red organic layer was then treated with
activated carbon (Darco G-60, § g, 0.4X) at 50°C for 1.5 hours and filtered through 1/4
25 inch bed of Celpure P65 (USP-NF, Pharmaceutical grade, Sigma), and the cake washed
with CHsCN (100 mL, 5X). The resulting yellow-colored filtrate was concentrated to a
2X solution. CH:CN (100 mL, 5X) was added, and the solution concentrated to a 2X
solution. The CH:CN addition-concentration sequence was repeated to give a 2X CH;CN
solution of the Boc-ester which was used directly in the next step. An analytically pure
30 Boc-ester was obtained by column chromatography and characterized: 'H NMR (DMSO-
ds, 300 MHz) ¢ 1.11 (1, J=7.06 Hz, 3H), 1.31 (s, 9H), 2.34 (s, 3H), 2.83-3.08 (m, 2H), 4.1-
42 (m, 1H), 6.45(d, /=229 Hz, 1 H), 6.84 (s, 1H), 7.25-7.41 (m, 3 H), 7.66 {dd,
J=8.58,2.10 Hz, 1 H) 7.71 (d, J=2.1Hz, 1 H) 7.80 (d, /=8.58 Hz, 1 1) 8.0 (d, J=8.39 Hz, 2
H) 821 (d, =229 Hz, 1 H). PCNMR (DMSO-ds) 8 13.2, 14.0,22.1,24.7,27.7, 28 0,
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55.6, 56.0, 59.9, 66.9, 67.1, 67.4, 67.7, 68.0, 91.1, 107.7, 122.1, 124.9, 125.0, 125.2, 126.5, 127.7,
128.1, 129.4, 130.2, 132.7, 134.6, 135.1, 140.7, 140.9, 150.4, 162.8, 166.2, 168.2, 174.8. Anal. Calcd
for C27H26C1F3N603: C, 56.40; hours, 4.56; N, 14.62. Found: C, 56.51; hours, 4.52; N, 14.51.
6.9.Prepara%%28?%’§‘5gﬁ?wl 2-annino-3-(4-(2-amino-64R)-1-(4-ehloro-2- PCT/US2008/677594
30(3-methv1-1H-plirazol-1-vi)phenvl)-2,2,2-trifluoroethoxv)pyrimidin-4-
28.3,28.4,31.2,33.9,34.1,36.2,36.6,55.0,563,604,67.1,674,67.7, 680,782, 78.5,

91.1,107.7,122.1, 125.6, 1252, 126.6, 127.7, 128.1, 129.3, 130.2, 132.7, 134.7, 135.1,
1404, 140.7, 1504, 154.2, 1553, 162.8, 166.1, 168.2, 171.9. Anal, Calcd for
CaHasCIFsNgOs: C, 56.93; hours, 5.08; N, 12.45. Found: C, 57.20; hours, 4.86; N, 12.21

5 The above 2X solution was diluted with additional CHs;CN (160 mL, 8X) at room
temperature. Methanesulfonic acid (18.4 mL, 255 mmol) was added to this solution (KF
= 0.005%} at room temperature, and stirred at 45°C for 1 hour at which time HPLC
indicated that the de-Boc reaction is complete. The reaction mixture was concentrated to
2X, cooled to 0-5°C, and diluted with ice-cold water (100 mL, 5X) and this aqueous

10 solution was washed with cold isopropy! acetate twice (IPAc, 100 mL, 53X and 50 mL,
2.5X). The aqueous layer was then basified to pH = 6 with 20% aq. Na,CO; at 5°C with
stirring. IPAc (100 mi., 5X) was added to this mixture, and further basification to pH 8.5
was carried out using 20% aq. Na,COj; at room temperature with good stirring. After
splitting the organic layer, the aqueous layer was extracted with TPAc (50 mL, 2.5X).

15 The combined cloudy organic layers were concentrated to a 2X solution. TPAc¢ (100 mL,
52X was added, and the mixture was concentrated to a 2X solution which contained
inorganic salts, The mixture was filtered, and the solids washed with IPAc (100 mL, 5X),
and the filtrate concentrated to a 2X solution. HPLC assay of this clear IPAc solution
showed 20.8 g of the title compound (36 mmol, >99% are by HPLC, 71% solution vieid).

20 Analytically pure title compound was obtained by column chromatography and

characterized: "H NMR (DMS0-d6, 400 MHz) § 1.15 (4, J=7.07Hz, 3H), 2.39 (s, 3H),

2.50 (m, ZH), 3.63 (t, J=06.82Hz, 1H), 4.07(q, J=7.07,14.5Hz, 2H), 6.50(d, }=2.27Hz,2H),

6.87 (s, 1H), 7.33 (m, 3H), 7. 65 (dd, J=§.59, 2.27Hz, 1H), 7.71 (d, }=2.27Hz, 1H),7.81(d,

J=8.59Hz,1H) R.01 (d, J=8.08Hz, 2H), 8.26 (d, }=2.27Hz,1H). "’C NMR (DMS0-d6) &

134,139, 18.5,21.0,21.5,254,55.6,56.0,39.9,66.9,67.1,67 4, 67.7, 68.0,91.1,

107.7,122.1, 124.9, 125.0, 125.2, 126.5, 127.7, 128.1, 129.4, 130.2, 132.7, 134.6, 135.1,

140.7, 140.9, 150.4, 162.8, 166.2, 168.2, 174.8. Anal. Calcd for C27TH26CIFANG60O3: C,

56.40; hours, 4.56, N, 14.62. Found: C, 56.51; hours, 4.532; N, 14.51,

3
N

6.9. Preparation of (S)-Ethvl 2-amino-3-(4-(2-amino-6-((R)-1-(4-chloro-2-
30 {(3-methvi-1H-pvrazel-1-vhphenvi}-2.2.2-triffuoreethoxvinvrimidin-4-
vhiphenvl}propaneate Hippurate

The 2X [PAc solution of (S)-Ethyl 2-amino-3-(4-(2-amino-6-((R)-1-(4-chloro-2-
(3-methyl-1H-pyrazol-1-yl)phenyl)-2,2 2-trifluorocthoxy )pyrimidin-4-
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‘ vl)bhenthpropanoate Hippurate The 2X IPAc solution of (S)-Ethyl
2-amino-3-(4-(2-amino-6-((R)-1-(4-chloro-2-
(3-methy1-1H§)§/razol-1-y0pheny1)-2,2.2-trif|uoroethoxy)pyrimidin-4- yOphenyppropanoate was
added to a thifY Sh4P*FRippuric acid (6.49 g, 36 mol, 1.0 equiv.) in IPAc {888’ MPY*G% 4nd EtOH (42
mL, 2X) at 60C. The clear yellow solution was then cooled to 50C, at which time seeding was added
and stirred forl picatithesamedempatatine. althen suspesSidmpwés:tienesiovwly36anted 1 room
temperature and Sstirrgd f a mt re, The soli filtered, washed with ice-cold
IPAC (0-5C, ﬁﬁuﬁ‘ifﬁnszg‘gzﬁ% Eé ?%ﬁ%%%@?%‘c %%é?%.k’gﬁﬁf{;ﬁ?o%ﬁ&% white solid (19.0 g, 69%
yield). M.p.: 3dBE(DSE thersevabath pepifare) 6:00h Prepsredion wiCrydtd liimd (Sitifiy] | h at
Z'am'”0'3'(4tﬂ@g§mér_{ fi %@&ﬁ%’ @ﬁ&*%lﬁfféi%i&%'%thx\éﬁ%ﬁiQW@éQﬁé&'@%ﬁWé)ﬁ%&aﬁﬁe and

10trifluoroethozy)pyrimidin-4-vOnhenvl)propanoate Freebase A total of 35.79g hippurate salt was
suspended irft I el RS itRpcEtREe. Tihe pHGrsTs Sliieg sashehsiohgraccatifided to pH 9.6
by adding 1250kl 0%n/voag sadlHBCHRANARuM IS ET ROMS e URREE QroaRicGphase was drawn
off and washed with 100 mL brine. Concentration of the organic layer gave 28.47g of a pale orange
15yellow glaSSy biWRIEH EfstaiPed th StaringP6VeFERVEERENd. The solids were broken up and
triturated with 400 mL heptane at about 45C. After cooling to ambient temperature, the suspended
crystals were isolated by finenrinatiomebEovsinbline (i fieh v anied-Brida eminshe (R

25.49 g of the title compofdhdiders i

206.11 1Preparation of Crixilmazast ipidingd-x et 1Y
(4-chloro-2-(3-methyi-1H-pvrazol-1-v1)phettyl)-2,2,2- trilluoroethoxv)pyrimidin-4-thphenvl)propanoate
Succinate (5)-Ethyrxzrgfﬁliﬂ%%fﬁg(lﬁﬂmﬁ‘s-%%%(ﬁiﬁf}@. Bt aT2 3t &Yfﬁfﬁ{ar@éoﬁi&@t
y1)phenyl)-ZBs2sttitiioniesthoxy yrondin-44Qpfery)prapanoaiaddd.2 i) was2s5susgended in 0.2
mL THF. A solytion of .succiniq acid in,. THE (16.4 mg in 0.372 mL solution, 1 £g.) was added to this
solution Whilgos%iﬁ?ﬁln%dﬁﬂﬂ%m%gﬁgﬂg 2 |?Fé’r%}ﬁélspgg8%?%%%35\%%' %\é‘r W(,{f 8%%%\%?&8%?% the resulting
suspension wath dfifted forine5 Gowrsrtadditionticheptandaengy w2isAddéd, mhdohiegsuspension was
stirred qkroogy iempRIAIUIE Qﬁﬁgw&éﬁ%’d%t{s‘é&-&e SVhieRaldwag isQlatgd by iRy eentrifugation

30(15000 rpm, 5 minutés., 0.22 pm'PVDF membrane).
up and triturated with 400 mL heptane at about 45°C. After cooling to ambient

PLA BT (H L8R (R0

temperature, the suspended crystals were 1solated by filtration, washed with heptane, and
dried in vacuo at about 40°C to afford 25.49 g of the title compound as a crystalline white

powder. M.p.: 104°C (DSC onsst temperature).

20 6.11. Preparation of Crystalline(S)-Ethvl 2-amino-3-(4-(2-amino-6-((R)-1-
(4-chloro-2-(3-methvi-1H-pyrazol-1-vhphenyl-2.2.2-
trifluoroethoxv)pvrimidin-4-vhiphenvlpropancate Succinate

(S)-Ethyl 2-amino-3-(4-(2-amino-6-((R)-1-(4-chloro-2-(3-methyl- I H-pyrazol-1-
yhphenyl)-2.2.2-trifluoroethoxy)pyrimidin-4-yliphenyl)propanocate (80.2 mg) was
25 suspended in 0.2 mL THF. A solution of succinic acid in THF {16.4 mg in 0.372 mL
solution, 1 eq.) was added to this solution while stirring with & magnetic stirrer. Heptane
{1.8 mL) was added dropwise, and the resulting suspension was stirred for 1.5 hours.
Additional heptane (1 mL) was added, and the suspension was stirred at room
temperature overnight (19.5 hours). The white solid was isolated by filter centrifugation
30 (15000 rpm, S minutes., 0.22 pm PVDF membrane).

All references (e.g., patents and patent applications) cited above are incorporated

herein by reference in their entireties.
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All references (e.g., patents and patent applications) cited above are incorporated herein by reference
in their entireties. WO 2009/042733PCT/US2008/077594 CLAIMS What is claimed is: 1.
Crystalline (Syetripp24ardino-3-(4-(2-amino-64(R)-1-(4-chloro-2-(3- PCT/US2008/077594
methyl-1H-pyrazol-1-yl)pheny1)-2,2,2-trifluoroethoxy)pyrimidin-4-yl)phenyl)propanoate 5or a
phanuaceutically acceptable salt thereof. 2. A compound, which is crystalline (S)-ethyl -
2-amino-3-(4-(2-amino-64(R)- CLAIMS
1-(4-chloro-2-(3-methyl-1H-pyrazol-1-yOpheny1)-2,2,2-trifluoroethoxy)pyrimidin-4-
yOphenyOprop8hgaseclaimed 8; The compound of claim 2, which. has a melting point of about 104C.
104.The compound of claim 2, which has an X-ray powder diffraction pattern with peaks at one or
more of about 10.7, 1:2.2, {2181y Gy ardiyreds(3amino-& (el ddrpwtd-6¥-claim 2, which
has an X-ray pRwder diffiaction pagsenyihat isosyhaiaptialbk the sameas ihakshawrindigure 1. 6.
A crystalline salt of (S)-ethyl 2-amino-3-(§-(2-amino-6-((R)-1- 4-chloro-
152-(3-m%thyﬁﬁ@ﬂ%%‘ﬁﬁ%%@)‘bﬁ@ﬁ%‘iﬁ 228 WfiGtroethoxy)pyrimidin-4- yOphenyl)propanoate. 7.
The crystalline salt of claim 6, which is a hippurate, salt. . The crystalline salt of claim.7, which
has a melting point%ff about 148" ad %‘.1 8 %W%f%?l?r? Ss?éﬁ’ﬁ1 g;[glh% ,'%amg%ﬁﬁ%{%né’ﬁé%@y powder
diffraction 20gafferhloorigfisinghpeakspatané biybrdrend)-abbtd Roenshd2yep drdiedia#s, 22.0, 22.7,

yliphenyl)propanoate.
3. The compound of claim 2, which has a melting point of about 104°C.
10 4. The compound of claim 2, which has an X-ray powder diffraction pattern

with peaks at one or more of about 10.7, 12.2, 12.8, 17.7 and/or 22.0 degreeé 20.
5. The compound of claim 2, which has an X-ray powder diffraction pattern
that is substantially the same as that shown in Figure 1.
6. A crystaliine salt of (S)-ethyl 2-amine-3-(4-(2-amino-6-((R)-1-{4-chloro-
15 2-(3-methyl-1H-pyrazol-1-yl)phenyl)-2,2,2-trifluoroethoxy)pyrimidin-4-
yDphenyl)propanoate.

7. The crystalline salt of ciaim 6, which is a hippurate salt.
8. The crystalline salt of claim 7, which has a melting point of about 143°C,
9. The crystalline salt of claim 7, which has an X—ay powder diffraction

20 pattern comprising peaks at one or more of about 8.2, 9.5, 12.6, 16.9, 21.8,22.0, 227,
24.3 and/or 29.1 degrees 26.

10.  The crystalline salt of claim 7, which has an X-ray powder diffraction

pattern that 1s substantially the same as that shown in Figure 2.

il The crystaliine salt of claim 7, whic=h has a Raman spectrum that is

25  substantially the same as that shown in Figure 3.
12, The crystalline salt of claim 6, which is a succinate salt.

13, The crystalline salt of claim 12, which has an X-ray powder diffraction
pattern comprising peaks at one or more of about 7.7, 11.5,11.7, 15.7, 17.9, 21.1 and/or
23.2 degrees 28.
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24.3 and/or 29.1 degrees 20. 10. The crystalline salt of claim 7, which has an X-ray powder
diffraction pattern that is substantially the same as that shown in Figure 2. 11. The crystalline salt
of claim 7, whighzhéggoazRaman spectrum that is 25substantially the same esthatsisawnsdn Figure 3.
12. The crystalline salt of claim 6, which is a succinate salt. 13. The crystalline salt of claim 12,

which has an X-ray @@wdeﬁgéftr@g&%mﬁ%@ SOMPriSIng;peaks Atene ol ELE SEAROYL 7.7, 11.5,
11.7, 15.7, 17.9, 21.1 and/or 23.2 degrees 20. WO 2009/042733PCT/US2008/077594 14. The

crystalline saP¥tEmiit 12 subpieH Hhs BA SKoray I WiaEBEcdattern that is substantially the same
as that shown in Figure 4. 1 rpethod of preparing a crystalline salt of (S)-ethyl 2-amino-3-(4-(2-

A
amino-64(R)-1-(4-c 8ro-2f?§ﬁ?g?ﬂ)ﬁ TFRRTFAS 8 Py S BReffhoD (9 ethyl 2-amimo-3-(4~(2-
Strifluoroethoxy)pyridridin-4yhpihenyl ¥ apangale]-pihichicoripiisas!)-2,2 contacting a solution
comprising (5)-ethyl 2-amino-3-(4-(2-amino-64(R)-1-(4- . o
chloro-2- 3-m9erﬁ§%ﬁﬁiiﬁ%w{a- 1fiy ')‘E@H%@&@%ﬁﬂ‘&87&%%%%95%%%%in-4- ypphenyl)propanoate
with pharmaceuticalbpeeceptabidwsio emisrscon (itiety sifiicient g4 (dviaéna-6dIR0f i($)-ethyl
2-amino-3-(4-(2raminer64(R)1r{4- -2-(3- /4-1H- - idin 4.
-yI)phenyl)-2,g&%ﬁ%@%%ﬁ%iigﬁ%%&}Zﬁﬁg%%%%b%gphgfﬁgg%%%%&r)g&&gln%I%hée solubility of the salt
in the solutiory UREY bBrE S SUIfichAtI srovitlly acsapstdiireidamast @it sufficient

2-amino-3-(4-42p3401A0 04(Fr (4GOI Qg ikB=3 - (4-(2-amino-6-((R)-1-(4-chloro-2-(3-methyl-1H-
methyl1-11-1-pyrazol-1- t)phenylé-z,2,,2-tr|fluoroethoxy)p rimidin-4-yOphenyt)proparioate; and
15isolatily thEvEssetnAe ey D-2-2. 18R R BN e emis -1 LherdipraRetifion comprises

Isopropy! acetate, efoylasetatescpibanpbisepsopanpk peathyh bhutyLethaley wrethvhisobutylketone.
17. The method af,claim 15, wherei id js hippuric or succinic acid. . 18. The method of claim
15, horein (RS BT BYHHE SAIER dRa B DBebe g FRaBitag1-(4-horo 2.
methyl-1H-pyrazol-1-yl)phenyl)-2,2, 2-trifluorocthoxy)pyrimidin-4-y1)phenyl)propanoate;
and

15 isolating the crystalline salt,

16, The method of claim 15, wherein the solution comprises isopropyl acetate,

ethy! acetate, ethénol, 1sopropanol, methyl t-buty! ether, or methyl isobutylketone.
17. The method of claim 15, wherein the acid is hippuric or succinic acid.

18, The method of claim 15, wherein the solubility of the salt is reduced by

20 cooling the solution.

19. The method of claim 15, wherein the amount of the dissolved salt is
reduced by increasing the concentration of (S)-ethyl 2-amino-3-(4-(2-amino-6-((R)-1~(4-
chloro-2-(3-methyl-1H-pyrazol-1-yphenyl)-2,2,2 -trifluioroethoxy)pyrimidin-4-
vDphenyl)propanocate in the solution.

25 20.  The method of claim 15, wherein the solubility of the salt is reduced by

adding to the solution an anti-solvent,
21. The method of 20, wherein the anti-solvent is heptane.

22, A method of preparing crystalline (8)-cthyt 2-amino-3-(4-(2-amino-6-((R)-
1-(4-chloro-2-(3-methyl-1H-pyrazol-1-yl)phenyl}-2,2,2-trifluoroethoxypyrimidin-4-
30 yDphenyl)propanoate, which comprises:

21



19. The method of claim 15, wherein the amount of the dissolved salt is reduced by increasing the
concentration of (S)-ethyl 2-arnino-3-(4-(2-amino-64(R)-1-(4-
chloro-2-(3-methyddddzpsrazol-1-y1)phenyl)-2,2,2-trifluoroethoxy) pyrimidea-ge yhiokemgipropanoate in
the solution. 2520.The method of claim 15, wherein the solubility of the salt is reduced by adding to the

solution an anti-solvept, . . 21.Th h £ 20, wherein the antj solvent is heptane. 22. A
method of preparing g%%%ail?nae& %Saﬁquef%}g/gg -%%ﬁé%&%é%?nﬁ%s %é%(a%)%o pr%v}dg ¢ Hﬁ% e
1-(4-ehloro-2-f8vme tgani-upl ravetus sampheeyh- ¥ R ZirifhsersethoxyppdieidinmprBes a salt

yl)phenyl)prowggag%lmi&&; emqEﬂ.s(Qsamwsl@Rﬁ%!g.m?frfé%QzT.(hJ.%é@gﬁ!%@%el-1nadding a basic

aqueous solution to an organic suspension to provide a mixture having organic and aqueous
components, WHASIH e’ ariaiiessdsensionainptabs e wdipameatnind an organic
2-amino-3-(4-{gramino-6-0R)-1-(4-chtoro-2-(3-methyl-1H-pyrazol-1-

yOpheny1)-2,2,2-trifluo oethoxy)pyrimidin-4-y1)PhenyI propanoate and an organic 5solvent; isolating
the organic componéﬁq{%ﬁ]ﬂfﬁé’rﬁﬁ%ﬁgwam OGRS Ehcentrating the organic component

to provide crystalline:¢b)metimd/or concentrating the organic component to provide crystalline (S)-

2-amino-3-(4-(2-amino-64(R):1-(4-chloro-2-(3:methyl-1H-pyrazol-1-Apheny1)-
2 2 2ot B SR B ALt At T A nG T Ll URE Y base.
23. The method ftoidume2hanbigmsimiie-sajt phB)lathmi2anoad(4-(2-

amino-64(R)-1-(4-chlg0;243-m gé@y&rm-ggg%qgl-yl)phenyl)-2,2,2-
trifIuoroethoxy)pyrimidin-14-§y1)ph nyl)propanoate is a hippurate salt. 24. The method of claim 22,

wherein the organicgplventiis ARgeshes &é@zﬁh@ﬁ%‘iﬁ%%ﬁ'@f@)Zgbhymﬁﬁiﬂlwﬁ@@@ic aqueous
solution comprises sodium bicarbonate. 26. The methad of claim 22, which thither comprises

washing the cf’f?é’fﬁﬁﬁ@%ﬁ}é@ﬂ%‘ﬁ%ﬁé‘@-@’-ﬁ%Wféﬂ(ﬁl))ﬂl‘(ﬂy&ﬁ%@é-(3-methyl—1H-pyrazol-l-
yl)pheny1)-2, gi2-dsifblsarostienninnidinieyiiphepyhprio panagiawithvan organic

24.  The method of claim 22, wherein the organic solvent is an ether.

15 25. The method of claim 22, wherein the basic aqueous solution comprises

sodium bicarbonate.

26.  The method of claim 22, which further comprises washing the crystalline
(S)-ethyl 2-amino-3-(4-(2-amino-6-((R)-1-(4-chloro-2-(3-methyl-1H-pyrazol-i-
yhphenyl)-2,2,2-trifluoroethoxy))pyrimidin-4-ylyphenyl)propanoate with an organic

20 solvent.

27. A pharmaceutical dosage form comprising crystalline (S)-ethy! 2-amino-3-
(4-(2-amino-6-((R)-1-(4-chloro-2-(3-methyi-1H-pyrazol-1-yl)phenyl)-2,2,2-
trifluoroethoxy)pyrimidin-4-yl)phenyl)propanoate.

28. A pharmaceutical dosage form comprising a crystalline salt of (S)-ethyi 2-

25 amino-3-(4-(2-amino-6-{(R)-1-(4-chloro-2-(3-methyl-1H-pyrazol-1-yl)phenyl)-2,2,2-
triftuoroethoxy)pyrimidin-4-yl)phenyl)propanoate.

29.  The dosage form of claim 28, wherein the salt is a hippurate salt.

30.  The dosage form of claim 28, wherein the salt is a succinate salt,



20solvent. 27. A pharmaceutical dosage foiui comprising crystalline (5)-ethyl 2-a no-3-
(4-(2-amino-6-((R)-1-(4-chloro-2-(3-methy1-1H-pyrazol-1-y1)phenyl)-2,2,2-
nifluoroethoxy)pyrimidin-4-yl)phenyl)propanoate. 28. A pharmaceutical dosage form comprising a
crystalline salt of £$)- eth}!hg‘of crystall:ne (S)-ethyl 2-amino-3-(4-(2-amino-8-({R)-1-(4-chioro-2-

25amino-3-(4-(2-a thyl- 1H azoI 1 henyl) -2,2,2-

trifluoroeth x%%@?’ﬂ%oﬁyﬁ é%&géoé‘t%ﬁ O¥O§8‘ {%@agﬁ"f orm of claim 28, wherein the
salt is a hippphate/Saitpanca® d’rfm;ﬂiwageeiﬂmim atarptaBliewhit tbarebk vdhdsraguiecinege salt.

31. Use Of&rgwgﬁgr{éﬁ'ﬁ%}%gﬁﬁ% vk BPHRARIHE Y likdad A URorder mediated

(3-methyl-1H-pyrazol-1-yl)phenyl) 2-trifluoroethoxy)pyrimidin-4- yl)phenyl)propanoate or a
pharmace ®§RSRP Eﬁ%ﬁl‘%{@f@@%t thereof, in the manufacture of a medicament for treating, preventing

or managing a dlﬁsase g;r ﬁs)aq (gﬁﬂe(tiha ;d @-X rpoegqg%ag%elggtgql& -4 c%ior ryf_t(gl_llne (S)-ethyl

2-amino-3-(4-(2-amino-

methy1- 1anVrﬂzﬁHJ}Wﬁénmghz'WQ—QFHIaéftﬁémgﬁ%@w]ﬁmwfﬂﬂﬂ)ﬁm@ﬁw%@mﬁ@mé ora
pharmacee%a;&wa%%%eamﬁﬁaé@m o R URE R IRV SRV ENNaDNG Andifsgse or disorder by

perlpheral serotonin. . 33. The use of claim 31 or 32, wherein the disease or disorder is carcinoid

syndrome J15ea&0RF8pARr B RETIANSIRI SR HRrein the disease or disorder is a gastrointestinal
disease or disordgs.  132. LHGHSE A HAMEI4NDEN IR ANFAIRGAS A ARTERE R tiable bowel

syndrome.
syndrome.

34, The use of claim 31or 32, wherein the diéease or disorder is a

gastrointestinal disease or disorder.

35. The use of claim 34, wherein the disease or disorder is irritable bowel

syndrome.,
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