H gh Purity Synthetic Process for the Preparation of
Dodecahydr o- Napt ho- Fur anyl - Car bam ¢ Acid Ester |nternediates 5Cross,
Ref erence to Rel ated Applications The present application is
based on and clains the priority of U S. Provisional Application
61/ 000, 164 filed Cctober 24, 2007, which application is incorporated
herein by reference inits entirety. 10Field of the Invention
This application discloses a novel process to prepare furanyl
carbam c acid ester conpounds of Fornula Ia in hi gh purity, which
have utility, for exa j on of
pharmaceutical | y act i~vé—htim - ckground
of the Inventi oma@edﬂqurmMMm-ﬁnrmﬁzi-ﬂy mhi Acﬁﬁﬁar imetmhediasct | on
or any section of this application is not an adn ssion that such
publication is prior art to the present invention. U. S. Patent
No. 6,083,847, which is iQeesRefatendeltoRulated\Apmicationse in its
(ragtcle[);a E)?I aﬁ? Zg(r) %esi‘ggénr{%pphca%on asabasga o%naonvc\xncla;ms épﬁéntﬁ rc]# B@'Fprovisional
Application 61/000,164 filed October 24, 2007, which application is incorporated

herein by reference in its entirety.

10 Field of the Invention
This application discloses a novel process to prepare furanyl carbamic acid

ester compounds of Formula 1a in high purity, which have utility, for example, as
intermediates in the preparation of pharmaceutically active himbacine analog
compounds.
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Background of the inventfion

20
Identification of any publication in this section or any section of this application

is not an admission that such publication is prior art to the present invention.
U.S. Patent No. 6,063,847, which is incorporated herein by reference in its
entirety, describes himbacine analogs known {0 act as thrombin receptor antagonists
25  which have useful pharmacautical activity, for exampie, the compound of Formula il



25 whi ch have useful pharnmaceutical activity, for exanple, the

conpound of Forrmula H.  Formula 11 In sone preparation schenes
a conpound of Fornula la, for exanple, the conmpound of Formula I,
, \NHCoocH2CH3 Fornula I, 5 is a critical internediate in the

preparation of hinbacine anal og conpounds havi ng desirabl e
pharmaceutical properties, for exanple, the conmpound of Formula II.

U S. Patent Application Serial No. 11/331, 324, filed January 12, 2006
and published under Publication No. 2006/ 0247450 (the ' 450
publication), which is incorporated herein by reference inits
entirety, describes in Exanple 7 tHe wa- MNHPYFHLHe compound of

10 Formula I'l fromthe conpound ofo Fo Preparation of the
[ramComercially avail abl e
starting materials has been acconp‘léhigﬁu3|ng a nmulti-step
synthesis, for exanple, as described in“the '450 publication, page
13, paragraph [0074] to page 16, paragraph, [0078]. For Exanple, the

F Formula
in some preparation schemes a compound of Formula la, for example, the
compound of Formula |1,

WNHCOOCH,CH;

PRoNOG Formula I,

5 s a critical intermediate in the preparation of himbacine analog compounds having
desirable pharmaceutical properties, for example, the compound of Formula Il U.S.
Patent Application Serial No. 11/331,324, filed January 12, 2006 and published under
Publication No. 2006/0247450 (the "450 publication), which is incorporated herein by
reference in its entirety, describes in Example 7 the preparation of the compound of

10 Formula If from the compound of Formula 1. Preparation of the intermediate
compounds of Formula la from commercially available starting materials has been
accomplished using a multi-step synthesis, for example, as described in the '450
publication, page 13, paragraph {0074} to page 16, paragraph [0078]. For Example,
the ‘450 publication describes on page 8, the preparation of compounds of Formula la

18 in accordance with Scheme |,

20



= -6(0)NRIR2 I b C(O)NRIR2 The purity of compounds of Fornula |a
provi ded by the procedure described in 5 the '450 publication is

hi ghly sensitive to the purity of the precursor conpound of Fornula
lc (referencing Schene |) used in the preparative process. For an
exanpl e, see the '450 publication at Exanple 7, starting at paragraph
[ 0098] . When synt hesized in accordance with the '450 publication, the
product conprising the conpound of Forrmula 1 requires a nunber of
recrystallizations to consistently provide 10 the conmpound of Formul a
| having suitable purity for use in theggyphbesis of conpounds of
Formula Il. Wthout purification, the yield and handling properties
of the target c und are gy eatly reduced, {bjectives and Summary of
the Invention 1 S % N
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The purity of compounds of Formula ia provided by the procedure described in
5 the '450 publication is highly sensitive to the purity of the precursor compound of
Formula Ic (referencing Schame 1) used in the preparative process. For an example,
see the '450 publication at Example 7, starting at paragraph [0098]. When
synthesized in accordance with the '450 publication, the product comprising the
compound of Formuila | requires a number of recrystallizations to consistently provide
10  the compound of Formula | having suitable purity for use in the synthesis of

compounds of Formuta Il. Without purification, the yield and handling properties of the
iarget compound are greatly reduced.

Obijecfives and Summary of the invention

15
in view of the foregoing, whal is needed is method for greparing consistently
high purity quantities of the intermediate compounds of Formuia a, for example, the
compound of Formula |. Moreover, what is needed is a process for providing
compounds of Formula la in which product purify is less sensitive {o the purity of
20  precursor materials and which minimizes the need for recrystallization steps to
3



in view of the foregoing, what is needed is nmethod for preparing
consistently high purity quantities of the internedi ate conpounds of
Formula la, for exanple, the conmpound of Formula |I. Mbreover, what is
needed is a process for providing conmpounds of Formula la in which
product purity is |less sensitive to the purity of 20 precursor
materials and which m nimzes the need for recrystallization steps to
consistently provide conpounds of Formula la in high purity. Wat is
needed also is a process for providing the conpound of Formula | that
can be adaptenkistently fravidh ceinpeursis efdisinaulada it bigtwueiyal Woeldp aeeded also is a
preparation : | I I i
D1 ovi ded byPase bs BRS Fle @Rl EP oty Pinaf CUFBL 30351852 patch size
t he present siitabnfor comimercialmcelequepdrationr tvesei ang etheietigqtives pagd/ar of

t he conmpound,of..For I ; he process conpri sing:
(a) providi %%‘9%“@%5[%?5‘5?%9&%gﬁr%céﬁg‘ﬂ"gﬁ‘g@the conpound of Formul a

| in a s®lvent conprising substantially acetone or

the 1i7st & emper aPapleted ket & Bhprier kbt L HREES b prplOfee"

range sui t aplefiddofofroofithe conrgpend iobRomautpia,si ng crystal s of the
conpound of Fornmula | and maintaining the solution at said first
tenperature for a period of tine sufficient to forma suspensi on of

t he conpound of Fornmula I, optionallgy®@whilgtagitating the m xture;
ANHCOOCH;CH3

>

>
-
%

H
(OINR'R? Formula 1a,

Clitine

10
the process comprising:
(a) providing a saturated solution comprising the compound of Formuia 1 in
a solvent comprising substantially acetone or 2-methyl-tetrahydrofuran
(2-Me-THF), at a first temperature, wherein the first temperature is

15 above ambient and is selected to be in a range suitable to form a
suspension comprising crystais of the compound of Formula ! and
maintaining the solution at said first temperature for a period of time
sufficient to form a suspension of the compound of Formula |,
optionally while agitating the mixture;

20 (b) optionally reducing the temperature of the suspension formed in Step
“a" to a second temperature, wherein said second temperature is
subambient;

(¢} optionally agiating the suspension from step “b” while holding it at said
second temperature for a period sufficient to precipitate a crystalline

25 product having less than about 3.0 mole%, preferably less than about
2.0 mole% impurity and comprising at least about 80% of the



20(b) optionally reducing the tenperature of the suspension fornmed in
Step "a" to a second tenperature, wherein said second tenperature is
subanbi ent; (c) optionally agitating the suspension fromstep "bn
while holding it at said second tenperature for a period sufficient
to precipitate a crystalline 25product having | ess than about 3.0

nol e% preferably |less than about 2.0 nole%inpurity and conpri sing
at | east about 80% of the conpound of Forrmula | initially present in
the solution provided in Step "a"; and (d) optionally isolating the

crystall'ine product el ' v Br i LRBRLS
it is preferred to p?’%ﬁb‘ eh?%?a?grmdﬂ? ?@3&%%{%&%‘“5?@%@?%@% g%iﬁ\ tsﬁjg
formof a solvate. |nasand enbodi nents it is preferred to select in

step "V a second. e r: f - : Qr C.
In sonme enbodi rrengoé irapﬁ?@é{fgri%i%nrgetﬁg%@ ?éeh ucéem?%cet%trée(ﬁ%%?%‘ﬁrée@%féthe
suspension in step "b" fromsaid first tenperature to said second
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t enper at ur empodiwients!c it ismraffetriaem lrahxtca:mc—t terrlnremm[beofttirnr% sdss_sxelnaitm(ﬁj step “b”
t at t rm.of. a.solvate. n ne odi men i
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provi di ng
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spectrum i &bout 2 hours. In some embodiments it is preferred after carrying out optional step “d”
to dry the isolated precipitate at a temperature proximal to ambient so as to provide the
isolated precipitate in the form of a solvate.
15
In some embodiments it is preferred to carry out this process to provide a
purified form of the compound of Formula I using acetone as a purifying solvent,
thereby providing a crystalline acetone monosolvate form of the compound of Formula
| wherein the crystailine monosolvate product provides an NMR spectrum in
20  deuterochloroform having the following features: "THNMR (CDClg) 6 7.25 - 7.55 (m, 10
H), 4.89(m, 1H), 4.51 (bs, 1H), 4.08 (d, J = 8.98 Hz, 2H), 3.49 (brs, 1H), 2.41 {m, 2H),
2.25 (m, 1H), 2.19(s, 6 H Acetone), 2.06 (d, J = 10.8 Hz, 2H), 1.96 (d, d = 10.9 Hz,
1H), 1.83 (ddd, J = 13.5, 8.09, 2.51 Hz, 1H), 1.63(m, 1H}, 1.52 (d, J = 5.8 Hz, 3H), 1.23
(m, 5H}, 1.17 (g, 4 = 11.5 Hz, 2H), 0.92 (g, J = 11.5 Hz, 1H).
25
in some ermbodiments it is preferred to carry out this process to provide a
purified form of the compound of Formula | using 2-methyl-tetrahydrofuran (2-Me-THF}
as a purifying solvent, thereby providing a crystalline 2-Me-THF monaosolvate form of
the compound of Formuia | wherein the crystalline monosolvate product provides an
30 NMR spectrum in deuterochloroform having the following features: ‘HNMR (CDCl3} &

5



20 deut erochl orof orm having the following features: I HNVR (CDCl 3) 6
7.25 - 7.55 (m 10 H), 4.89(m 1H), 4.51 (bs, 1H), 4.09 (d, J = 6.98
Hz, 2H), 3.49 (brs, 1H), 2.41 (m 2H), 2.25 ( m 1H), 2.19(s, 6 H

Acetone), 2.06 (d, J = 10.8 Hz, 2H), 1.96 (d, J = 10.9 Hz, 1H), 1.83
(cfdd, J = 13.5, 6.09, 2.51 Hz, 1H), 1.63(m 1H), 1.52 (d, J =5.8

Hz, 3H), 1.23 (m 6H). 1.17 (g, J = 11.5 Hz, 2H), 0.92 (q, J = 11.5
Hz, 1H). 25 In sone enbodinents it is preferred to carry out
this process to provide a purified formof the conmpound of Formula |

using 2-nmeyhy -t ey rﬁhvmﬁffw@(& (12!)'@5? ) 1A§ 4909) ' yfyé g &Obm?rﬂsssss(
t her eby providin aca 7%13|ne - rmrroso vate form of

conpound off &% Aier TH P& {5 1c,Hr @sMﬁﬂHﬁieS ﬁﬁrﬁ@%i‘ Whtze’“pﬁ%(i’u'ﬁtz 25 (
provi des ap, 3@ '\ﬁ\/&? gﬁ%ﬁ www AUt %gmwwwﬂhgw §ﬂ1tﬂ@§mf§ﬂ+l -me:'g
MR

features: 11-1
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3 73 3. 68 ( 1
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1 92 1. 79( 53141 Zﬁ)%wm J1“335(idde = 13.5, 6.09. 2.51 H, 1H),
1.63(m 1H), 1.52 (d, J = 5.8 Hz, 31-1), 51.45-1.36( m 1H,
2-methyl -THE) 1.23 (m 5H), 1.22 ( d, 3H 2-Me-THE) '1.17 (q, J =
11.5 Hz, 2H), Ongme(apbiiment] e pigcipitaion process is incorperaat 5o apnecess fu
recipitatij : nt nt hesi s of
Ito he cgrrpounﬁR nggftﬁual paoﬂlﬁc%’ ggé@ﬁ@'gindc@ awc?rﬁalg&{ﬁﬁﬁ Scfém%i SCHEME 11
Purifi#ll La 15 the process conpri sing;

SCHEME i
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Purified In

15 the process comprising;
(i providing a THF solution of the compound of Formula by,
()  forming the amide of Formula la in a reaction mixture providad by treating

the THF solution from step “1" first with ethyichloroformate and adding
thereafter friethyl amine;



providing a THF solution of the conmpound of Formula Ib; formng the
am de of Formul'a la in a reaction m xture provided by treating the
THF solution fromstep t first wth ethyl chl orof ormate and addi ng
thereafter triethyl amne; (iii)working up the reaction mxture from
step "ii" by adding equal volunes of water and nethyl tert-butyl

ether (MIBE) and then separating the resulting organic and aqueous
phases; (iv)m xing the separated organi c phase fromstep "H" with an
equal volune of 5water and an aliquot of a carbonate base sol ution;
(v)adjusting {ilje pkbreingtupethairedative npxiaw fled step ‘Bt Bpadding equilivolumes of

aqueous acid to a pH of fro out pH.Ste t 7.5 and. separatin
the aqueous and or't&fi %”%W&gﬁzg& b‘#ﬁ&%‘%ﬁéﬁ“ﬁ%ﬁj aps%%ﬁwﬁ{@e{ﬁﬁé&sumf}%
solvent in the sepagatiednohgasous gﬂ-h_afee,_ obt ai Ined in St ﬁp 'r'1V by 10a |
process conprising;, a Xin puri fyi sol vent wi,th the separate
organi c phase{@bt %M’fdﬁ tﬁn‘?\ S@P%B%d\ﬁgamﬁaﬁg?%f?%é‘%#i RN %%i}éﬂ't‘mles"f
acet one sor 2- Me- ThiratePandae bt 68k kyrbdhatel ddse RGBS, M xture untibl it
I S concentr at ti "a" "b"

unt i1 he sol Gbnt astng the aiaf the wdlie SrHeCUn ySn SYritan Araass ot t
sol vent; and (Vii)a Qe frog ddteit PRISE poavhided akt SERPating the aqlEQiseAng
precipitating a substantjally pure solvate formof the conpound of
Formul a | a. organic phases’ of the mixture,
(vi) modifying the solvent in the separated organic phase obtained in Siep "v" by
10 a process comprising:
a) mixing a purifying solvent with the separated organic phase obtained in
Step “v", wherein the purifying solvent is acetone or 2-Me-THF,
b) azetropicaily distiliing the mixture until it is concentrated; and
¢) repeating steps “a” and “b” until the solvent in the mixture is substantially
15 the purifying solvent; and
{(vii} cooling the phase provided in Step “vil", thereby precipitating a substantially
pure solvate form of the compound of Formula la.

in some embodiments of the process it is preferred for the compound of
20  Formula iz to be the compound of Formula |, thus, R' and R? in each occurrence in the
compounds of Formulae Ic, ib, and la is phenyl.

In some embediments it is preferred to provide the compound of Formula ib by
hydrogenating the compound of Formula lc,

£
“
-
-

H
25 CONR'R? Formula ic

s
[H113]

using a pailadium catalyst and a mixed water/THF reaction medium.



In sonme enbodi ments of the process it is preferred for the conpound

of 20 Formula |la to be the conmpound of Formula I, thus, Rl and R2 in
each occurrence in the conpounds of Fornmulae Ic, |Ib, and la is
phenyl . In some enbodinents it is preferred to provide the

conmpound of Forrula Ib by hydrogenating the conmpound of Formula Ic,
"NO2 E 25&Di Nl RLR2Formul a | ¢ using a palladiumcatal yst and a m xed
wat er/ THF reaction medi um In some enbodi nents of the

i nventive process it is preferred in Step "iv" to enploy an agueous

5% sodi um bi carRQBRAICARLhERR dithd e RRERPIRS NEREMAAI Bp Wi

sone enbodi nents of the I nventive process It Is pre erred to enpl o
in St epan eninioy s asueews F% sodium disathangle sQutias assthe CRR opRicIaserRolution.

mxture. |p SR RAFBAHARG I Invenfiipy eé./s%ne fs\ﬁef@ﬁe&ﬁgémgtoy i Step uw an

preferred to concentrate the separate anlc hase i Stil
of f sol venaqysous sulficcanid el EC&léﬂt‘ﬂlﬂw mﬁmermmeom $Qm$?@\bodments of

" Somes RIS pRlcebl 4 ERMIAME BHOGRRT. tidbebBney BIARR! thase by

process  of conpri ses Ing a saturate

sol uti on ofiistitireg cff)ﬁ@wﬂcpﬁof tmtafsfmmwtmh@nhmowncatrosmn Stempedat ure,
wherein, nucleation of crystals of the conmpound of Formula |a are
formed, producing a suspension of the conpound of Fornula |a,

fol l owed by a rfeﬁutceiembddirneehméminv@ﬂve paocess ondhe eynpkesis prosess of

e oo b LR T B RlG ofAL AL SOLELAohORI o
phase, 1(pr eFeraitd ia &id fifshignipeestprea sdeedin austation ol Gystaispe the carapound of
Do SRR TRA et Ph Py SRl By
enbopll nent Blloked by a rédilﬂ;hpnlrwmérmum fa sm:xdderppenawrefat wbicm4d ta’ystalline
mono- sol vatms GER ey afalids Bl I BRIPER RER B B und o
Formul a 1, precipltateditom g&i rdodified brg‘aercpp&raaémrefelrsblgahbiérmahapbam atfa $ecomd
15 temperature, preferable a subambient temperature, at which precipitation of a
crystaliine form of the compound of Formula ia is maximized. in some embodiments
wherein the solvate form of the compound of Formula la precipitated in Step “vii” is a 2-
methyl-tetrahydrofuran mono-solvate form or an acetone mono-solvate form of the
compound of Formula 1, preferably sald first temperature is a temperature of from
20  about 45 °C to about 80 °C, and said second temperature is preferably a temperature
of from about (-5 °C) to about (+10 °C).

These and other aspects of the invention are further described in the foliowing
description,
25 Detailed Description of the invention

A process for providing the compound of Formula | is described in the 450
publication in Example 7, which is incorporated herein by reference.  With reference to
Scheme |, above, the 450 publication describes preparing the compound of Formula

30 Ib from the compound of Formula ic (wherein, in each instance, R' and R? are gach

8



20 about 45 C to about 60 C, and said second tenperature is
preferably a tenperature of fromabout (-5 C to about (+10 C).

These and ot her aspects of the invention are further described in the
foll ow ng description. 25Detail ed Description of the Invention

A process for providing the conpound of Fornula 1 is described in the
"450 publication in Exanple 7, which is incorporated herein by
reference. Wth reference to Schene |, above, the '450 publication
descri bes preparing the conmpound of Forrmula 30 | b fromthe conpound

of For mul aphdhyfy m@ﬁﬁdregemﬁoﬁ%@er bﬂ%m@am@bt and skesafienppractineey! )
by hydrogenatlon over Pa adi um cat a and subseq uentléeprg ctin
g

|
the ani ne #Minerpeaneg tﬁ@'ie@biio‘mﬂdrﬁé@%/ arbigroformiate fopiovigad amg%
the car ba”éﬁgﬁ@drﬁ DRSS FQ)@fﬂEl‘éqndAé)ﬁeﬁ%ﬂE@ #oove, 8 w@éttss@@e&w@@qme '450

the process described in the publ i cation provides high inpurit

level s in PWWN@W@E@B&F@MW%M@N%? indge mwaled@twsewppw of Formula
chl or of pr ng & 6r8fbrﬂn§tev}‘éélél‘f’cﬁ|1 iy Rvokddup whs @Mﬁeﬁf&ébiﬁhét@n'&%@f

t he corrpoun For mul a fromt m Xt ure resultlng romtreatlng
the reacti mmu«mf@mnv!a !éwn@theaﬁmwmwmfm freafing theveartien mixtlre

azeot r opi cﬁgh 'eltdaf?-ttolﬂﬂte?ﬁ}]itn i&%ﬁ By b ATHR danasoVbi fe MlRure in

teaching o publtcation. 10Attenpts to use
vari ous soammcewm féﬁéﬁﬁﬂhmg WE&M&WPIQ & thepthQ puliicaléan. (MTBE) ; and
various sofvent/antisol vent systens, for exanple,

et hyl acet at e/ hept ane and tol uene/ heptane, to recrystallize aliquots

of thetricipi abiteropfate Lse variausesobighiso far@xampieo Medhyi-tart. (Rt Eﬂffﬁf (MTBE),

accor dance |
resulted i %WE %&%%ﬁﬁ%ﬁ%ﬁ&%{:%ﬁf@ %ﬂsé & é)éaﬁg g" not étg}% %g'eragguced
i mpuri ty probfeniedhepiarestespatyistdize aﬁqmth@f &'@rmmmme@mmﬁm Iﬂae comprynd of

provi de anF%l{)I@@? g@%‘&?tm #]:[qrﬁ%c%% H th¥ ?Scetsgge%r%%mﬁ tr&oggtgﬁﬂﬂtc%on

Forrmula 11 € process
publ i cat i oresuked ortte faimation of oiee Eesewils didmet yieiba seduskd impurily i in

i nvent JE)% o W? geSf tég cgmgpﬁ%c???%r Jlspi thP&ﬂE%%tlh%r(R}’e%%%ﬁl A8 quality of

descri
the product compound of Faormuia i provsded from the process described in the '450

publication.

Accordingly, in one aspect, the process of the present invention provides
20 improvements in the synthetic process as described in the '450 publication by adapting
the present invention ta that process to reduce the level of impurities present in the
precipitation product comprising the compound of Formula la made in accordance
therewith.

25 The inventors have surprisingly found that the present invention process, which
mixes a reaction mixture containing a compound of Formula a (after workup) with a
purifying solvent, and after subsequent conceniration and volatiles stripping,
precipitates therefrom either a monoacetone solvate form or a mono-2-methyl-
tetrahydrofuran solvate form of a compound of Formula la, for example, the

30 monoacetone solvate form of the compound of Formula i, providing the compound of

8



the present invention to that process to reduce the |evel of

I mpurities present in the precipitation product conprising the
conpound of Fornula |la nmade in accordance therewith. 25The inventors
have surprisingly found that the present invention process, which

m xes a reaction mxture containing a conpound of Fornula la (after
wor kup) with a purifying solvent, and after subsequent concentration
and volatiles stripping, precipitates therefromeither a nonoacetone
sol vate formor a nono-2-nethyltetrahydrofuran solvate formof a

conpound of onﬁﬂflm i# o Brm fc@ﬁtaﬁ‘%@@&tarﬁ@@y %@eﬁ?@:@éﬁ g@@ of ﬁr@dﬁ%@ pFeBEM in

of the cor’%ound of Formula |, provid \C\% he conpoun ormula |l a
in a form ®emresipifated wsﬁﬁaamqoamaﬁw% hffﬁfép@émfa@égﬂ@tﬁrfafrp&mﬂrlﬁnséhe

present ing é‘hﬁo&ﬁ%'ﬁ%ﬁwa{tﬂqg AR @m IfIxiRG WRATh e h WhdlretWiBxkup with
precipitated material conprisi nd% t he conpound of Fornula | a obtained

from ni xi ngthﬁﬁfélwaé%rc%qh&mfﬁmf nwamthﬁhwm@ea fesrribeddt e 4% pelicatiop.
accordafice with the process described in the '450 publication. 5 Wen
the process of the present invention is part of a reaction schene for
preparing a corfybemtheairoseasmiltize preseprievasntianlis/part aba fraster schgme for

Phe et hocbiEaGE S BhuPbEPrfhulelis, Brefdably e ibods FBRRIGIRTS olibblina
(see Exanp@fecoml‘aelae!s pirrieg ouhincaegbrdanes with theometmdelogy ai@sfprrt@dtin §1e
product in,ghe. ége?&‘i& “4%6@%&%&(‘@%‘;;%%‘@?ﬂ{etré:ﬁ{ ﬁg%@fugﬁhges‘i

(MIBE). I n"accordance I'nvention e exttact t u
obt ai nt® vxbﬂt(ammg)meapméucttmetmdapdmmanUr@umrmeéhw-éemarythhethﬁkM &E)t Hn

a purl Tyl nge Sedatelluiml R pfasD) hento TR e ﬁqabngaﬁ{ewmc@p?rﬂgﬂ

and concen y di's the mxture, azeo unt
t he sol ventompomidrof fgrinalatiaés then caxed witle a pubiiransahednt yfoceanmme e%wteﬂwl-

the purifyj us

provi ded .%ﬂgﬂzcﬁ"%}(‘gfﬂt%r %&?0 agﬁgn@é i}?rgféd ':M]l ?@@{ir ysr{ea'f‘ﬁlh}zrgt i on

t enper at ur @eoﬁbpwfailp lunfiichesblivent refmaiming pshakbneentratd sudstantieliyncarfiprises

compou of Foroula la co G

ronoacht onbeasr s et hE Kbl P8 Rnfertate yEbiThited Shen

crystal | i nedavspmns teomevatupy ﬁlcstmﬁsﬂlitmﬂo@t@ﬁn&rhtu@mﬁmk&h@rﬁxﬂmn of a

desired cr sta ate 20 ro t he compound of

For mi | avPANEEAEVERIGET AeiiiwcoptpeL Rl 3bF Birada 1, 0GuaIRE: ffeSampte, the

monoacet onavsteimamﬁoawmoé sbikatecrs tipocordp@indraf Fonhatal |, formingsa crystaliine

preferred suspension or precipitation product comprising the desired crystailine mono-solvate

20  product of the compound of Formula fa. In some embodiments of the process
providing the monoacetone solvate form of the compound of Formula |, it is preferred
to hold the concentrate at a first crystallization temperature of from about 45 °C to

about 60 °C.

25 in some embodiments wherein the compound of Formuila la is purified using
sither acetone or 2-methyl-tetrahydrofuran as the purifying solvent, after holding the
concentrate at a first crystalliization temperature for a period of time sufficient to
commence precipitation of the compound of Formula la in a monoacetone solvate
crystalline form or the 2-methyl-tetrahydrofuran crystalline form, respectively, the

30 temperature of the solution is lowered to a subambient termperature in a controlled
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to hold the concentrate at a first crystallization tenperature of
from about 45 C to about 60 C. 25In sone enbodi nents wherein the
conmpound of Formula la is purified using either acetone or

2-met hyl -t etrahydrofuran as the purifying solvent, after holding the
concentrate at a first crystallization tenperature for a period of
time sufficient to commence precipitation of the conpound of Formul a
la in a nonoacetone solvate crystalline formor the

2-met hyl -tetrahydrofuran crystalline form respectively, the 30

t enper at ur enaringrhghereinuthe @dolirgy @i EtheliPabiefiferdiileeit E%’E&%ﬁ@%ﬁnfz@

a controll in the cooling rate and the f
t enper at ur gg%ﬁ@%a %‘3%8”3’15%” af% qnﬁ@%ériﬁ)ﬁﬁmpwﬂdtmgc@ﬁ@tg@ &pmithe

sol vat e forwnoénttdwmwprus@dn ﬁQh@P?&iﬁt@téd @ﬁt&#ﬁ }7 é(\qéil Bf

preserving.in the crystall'ine er|
i npurities ?Pﬁweﬁéﬁ M hléﬁlﬁféf@f“ﬁlt@t&”l Rfﬁc%ﬁso@égfﬂaﬁb{ é’ﬂ‘@ﬂdbe pomphend of
the conpourrbrmabiadke melcdnpduha 1174 :
crystalliz t |ronat enpgéat urpg’ul S o;hggﬁ%gfgﬁﬂﬁg?g?’é@r rq;}eg%u% 'F%

f

about 60 C, eraﬁqa{qq@o eHPoLE $3 t@le PoRHiBINC; éﬂ@é‘nemamed iceystallization

t enper at ur gerfy af PaE Er Q

be appreci at eget hat ﬁ%ﬁﬁﬁ?ﬁ:?%@%?@eﬂ{ 4 éjgcg%%gl gp ?grellgé&lﬁﬁ]ggg] be

can be enpPBYEsalFe hetiempesalute vajues lﬁmgtqwésicpﬁ ofdtbsse ta‘ngesl eapbe semlioyed

I nventi on. witRog quﬂjrmg{g ILn.t

first gr yst al li ?a%lagn t enper a?'SF%s% %frﬂ:\QBFe%Eﬁ{;Q%htﬁoﬂ %gﬁWPQIW@t s

pr ef er ABI y PERIBIRY 0 rAintain etﬁf@i@ﬁtalblﬁi}@ﬂ t@@pemﬂs‘erﬁm adzrsmi dfeupetoql rayued

wi t hout depgayrd ion. . In s

erbodi ment ot Preaer LG BRE | OB B ot IpRferien B gy A1 Bioved pafs

cryst al | i z8ep¥ng Eapapapicess of tﬁeaxsmmenhqmtIalslonmémbﬁwmamat gture

over a per 1 sl o ool i ng

ates may aan @“9‘”%5@33%??“@5%%‘f%ﬁ’@.‘%?ﬁfﬁéc‘fs rayfind erpealie G fene

present i n§RGAHSHYStal @Qﬁﬁefﬁnﬁ@wrmne!sa periddsoffabelies hedrst attmigd fﬁét@r and

secondqgry of . fr bout

2bout B nogp et bl paeb AR UE Sripilyed el oriiyng B e Biagess of he

shorter hoP@iSﬁ@f lp‘eﬁﬂt@ds Imegmé embopinagrasl it v prbmnﬁeddemrdthegef:tﬁﬁn t he

process of o bigPAticHBpePUMER foPH pelif SPHTEM S8R0 [ENS t2thours a!t!?ough it will
be appreciated that longer and shorter holding periods may be employed without
departing from the process of the present invention. In some embodiments it will be

20 appreciated that the slurry may be agitated for some or all of the second crystallization
temperature holding period.

Although it will be appreciated that the advantages of the present invention can
be realized utilizing aliquots of a compound of Formula ia prepared by any means, and
25 dissolving the aliquot of the compound in a purifying solvent, for example, acetone and
2-methyl-tetrahydrofuran, from which it is reprecipitated as the mono-salvate crystailine
form of the compound of Formula fa (for exampie, the monoaceione scivate of the
compound of Formuia 1), it is believed that the invention will find its best utifity when
integrated into a process for preparing a compound of Formula ia as part of the workup
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20 appreciated that the slurry may be agitated for sonme or all of the
second crystallization tenperature holding period. Al t hough it
w Il be appreciated that the advantages of the present invention can
be realized utilizing aiiquots of a conpound of Fornula |a prepared
by any neans, and 25 dissolving the aliquot of the conpound in a
purifying solvent, for exanple, acetone and 2-nethyl -tetrahydrofuran,
fromwhich it is reprecipitated as the nono-solvate crystalline form
of the compound of Formula Is (for exanple, the nonoacetone sol vate
of the conpmoedusfiefdingtd Bolalion of thesoRRlouRY @dni hdlreddidninheaRd inQRe Yrkd of
find its best u%blitp phen integrated into a process for preparing a
compound of"EEFPIFECIYA*%as part of the workup procedure |eading to

i sol ation of the conmpound fromthe reaction mxture in the formof an
acetone solvate., Wthout wanting to be bound by theory, it is ]
bel i eved that t W&%?%ﬁ‘f‘gitﬁ&s ﬁgvaﬁ by theory. fids ggligveddhagihe peesgat ipverttion

wor kup $r oegs e daiied dueas bR df BwdrdisrobfsVing rdaborl FbaGe0in FRLAWA
Ic' is present to various |evels as_ an unreacted inpurity w thout

adver sel y ERPBO! FANUIRS RRTEEGNISP vaTrisdeyalt 8 PN weresstardrpupivovitheet by
the pr ese”hd@r@é}?éﬁelctﬁ@\’tﬁé Blsityl I t1ROEsEMRO dbTBR stolilied B eférgléx%{g%{%éeéss,

t
react the imne as ¢ osel% as possible to conplétion, X1 .
utilizati oRCYFVETHE SOFfRTRRAIBENISH ifireferred to mackinpdnisies dorebagenessible
Wi th severg] caphbibin, aRXRizhg the utiizatibn W tlhla cgﬁmlpﬁgﬂcﬁ gFF@ﬂ'rﬁﬂa tdaly expbnsive
desired, recrystallization 0f the isolated puritied nono-acetone
sol vat & cofgantivigt severahial eentarsm acet one can be further purified
by recrystallization fromacetone. Accordingly, the present process
can be coupled with 15additional purification processes to further
i nprove the purltwifl ke apmreciatgd dhatalf dpsiced, tredystallization oftyetisolated purified
applicatio i i i i pjt.ati .
rystal |1 noonaaeReEBat LRl FerREEaS nfl adthai] Eir it hilel WFirsa by
wor kup of feseystallizatipe from saelere. phaverdiegly.Sbe peaskgt processnendre eduples with
enpl oy+d n : FoUME ; . .
erbod; Fent S PRRETpRice ol AR IAp Ve 18] Blfifol e stfshg Faoeo
i mpurity | lewtéh srashappiisationrsp henrteséntfemtibmpioaesd for pexcigitating tizoarysidllife

| e% | i he | i i I d
[0 provi de e oA S et Rl O Banfa o WOR 4B Woup B PR 8RR,
about 2.0 mixtwesprovides sptabiytpuré evadérial & eraplog dh thepeephiraiorupithe tbhapound

level of imbrnlntuiae!f inr%otrx'eeeﬁxgggime%& tﬂ‘é)étréjcre%s% {hréqn\y\&rtiiég 93 employed to

20  provide impurity levels in the compound of Formula la of iess than about 3.0 mole%.
In some embodiments the process of the invention is employed to provide impurity
levels in the compound of Formuia la of less than about 2.0 mole%, the impurity levels
attained depending upon the level of impurities in the reaction mixture being worked
up, the temperatures regimes selected in which the process is run and the contact time

25 between the purifying solvent and the solids obtained from the process. it wili be
appreciated that when cther purification solvents are employed in the workup of the
reaction mixture providing a compound of Formula | the precipitation product may also
be further purified by other known means if desired.
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up, the tenperatures regi nes selected in which the process is run and
the contact time 25 between the purifying solvent and the solids
obtained fromthe process. It will be appreciated that when ot her
purification solvents are enployed in the workup of the reaction

m xture providing a compound of Fornula | the precipitation product
may al so be further purified by other known neans if desired. There
foll ows exanples which illustrate the inventive precipitation process
and conpare it to the product obtained when the product of Formula | a
I s precipitatedTderelibys &xaniplas waidndnalaweiheinyep@ed paripMafbiPlocess and
5EXANMPLES TEE rea enti ﬁPd sol venéh\s‘;?lI used in_the exanples are
articles ofC0dFfR %ﬂ\ﬂﬁieﬂtfc QRIBES Whsingi Red Y EGorma B isPesripiated
recei ved. QuaplefrbrarodthandRatdrirescttheRedismgeneral Iy taken to be when
99% of the substrate used has been consuned. generally as determ ned
by published chromat ography nethods. Exanple 1: Preparation of the
Compound of Formula | Using An Acet oggaAmmcegi t ati on Process | b'

The reagents and solvents used in the examples are articles of commerce
which, unless otherwise noted, were used as received. Completion of a reaction step

is generally taken to be when 99% of the substrate used has been consumed,
generally as determined by published chromatography methods.

10
Example 1: Preparation of the Compound of Formula |
Using An Acetone Precipitation Process
‘\\\NOQ
1. Pd/C
2. Formic Acid 3
NPhs E
C(ONPh,
Ib'
18
oH H
1. THF ANHCOOCH,CH,
Ib’ - O
2 0 Tz
: H
C{O)NPh;
3. TEA

into a three-neck flask equipped with an agitator, thermometer and nitrogen
inlet were sequentially added the compound of Formuia I¢’ (100 g), THF {800 mi),
20 10% palladium on carbon (50% wet, 35g) and water (400 mi). The mixture was
agitated for 10 minutes at room temperature and then heated to 50 °C. Formic acid
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2. 9 -a(0)NPh2 3. TEA Into a three-neck flask equi pped with an
agitator, thernonmeter and nitrogen inlet were sequentially added the
conpound of Forrmula Ic' (100 g), THF (600 m), 20 10% pal | adi um on
carbon (50% wet, 35g) and water (400 m ). The mi xture was agitated
for 10 mnutes at roomtenperature and then heated to 50 C. Formc
acid (70 nL) was added slowy while the tenperature was nai ntai ned
between 45 C and 55C. The reaction m xture was agitated for 7 hours
whil e nmaintaining the tenperature between 45 C and 55 C. After the

reaction dnHP\QQQ aeééa)éiew @Y!e"ﬂﬁé?em% Jr@mkln%mmﬁébtﬂeﬁumw@bﬁ@
to 20C and theT% was adj usted until H of the 5 reaction m xture
ed

was bet weeh5HH ARction rgixwye wasieatated fm Byurs ndyle maiRfRIningbe dempgrakeye
adj usting phgeRR 48foct fify w@cﬁtm@? 8 Paktich ﬁk‘ﬁm@%@%ﬁ%@e ﬁp@@ﬂ% to

the reaction m xture, e mxture was filtéred rou a pad of

Celite to rcmwenumreoa@%q:%ed toidB Crangktie wilkwas ﬂ@wewunw the Phi thﬁl"uﬁ)t

f 0,
'(I)'hlg m%ggFe%égé%ﬁjg%%?@ roughtwﬂ-{Ief ciﬁ@te an%&nlgg %g{ﬁa y?fzg@ﬂﬁlcr%}d
combi ned r Afer adiustimotoe Pl of thatsastionmeigral JEd2@aek) Mas @dded fathe
flask and
ask an Péé%t:éﬁln%&b;%“a%‘?n ﬁ&lﬁg wad MsHh hla}’a%l(gqg%?é; nhgﬁﬁggft’f_?

the sol ution was nal nperat ure
of the sol catalyst. ik m;akmssmsed vpﬂh @ aigquatjuﬁ amgixeeraf Tolf (2S%Tbuamter

o o s SRR Uiy O Vel Bl R B 130 0
and t w0 pheatelysteake. Sepavmbindd rgawoaqmmcgscphm'eﬂmdwmged hatieidtom tlean
oy co! 4 FRREBERRBE Uik AP TIE, TRESmpdRRes IR non v
wat er). Thmaotgined et phasperaise belowed hdindahepliod thk SBttiomeradijasted k0
G ommnen = R AR S TRL AR BE Ws BRREH O BB oniran,
of Methyl twipleastjastressntd 50 qdidatCitvead then radded tothersoltion endiitiwas warmed
T LS O A AR aLE € M0 8195 AT B eR 8 o0
m Xt ur e betedMHICaad ¢od®EedWithnthe organic phase. The combined organics were
washed with a brine solution (40 g of NaCl in 200 mi of water). The organic phase was
cooled and maintained between 0°C and 10 °C, then ethyl chioroformate (30 mi) was
added to the combined organics. After addition of ethylchloroformate was complete,
20 58 mL of friethyl amine was slowly added to the reaction mixture while maintaining the
temperature between 0-10°C. The mixture was stirred for 30 minutes white
maintaining the temperature of the reaction mixture between 0 °C and 10°C. When
the reaction was judged complete by HPLC, 200 m| of MTBE and 200 ml of water
were added to the reaction rnixture and the two phases were separated. To the
25  organic phase was added another 200 mi water and 30 mi 5% sodium bicarbonate
solution. The midure was agitated for 1 hour maintaining the {emperature of the
mixture between 15 °C and 25°C. At the end of one hour of agitation, 25% aqueous
sulfuric acid was added to the mixture until the pH of the mixture was between pH 6
and pH 7.5 and the two phases were separated. The separaied organic layer was
30 atmosphericailly concentrated to 300 mL and acetone (1000 mL) was added to the
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the reaction was judged conplete by HPLC, 200 m of MIBE and 200 mi

of water were added to the reaction m xture and the two phases were
separated. To the 25 organi c phase was added another 200 m water and
30 m 5% sodi um bi carbonate solution. The m xture was agitated for 1
hour maintaining the tenperature of the m xture between 15 C and 25C.
At the end of one hour of agitation, 25% aqueous sulfuric acid was
added to the m xture until the pH of the m xture was between pH 6 and
pH 7.5 and the two phases were separated. The separated organic |ayer

was 30 at W@ﬁ{réﬁal&%arﬁ@ﬁggmfﬁ’é dultif §99tr&#w§§‘@z@&ﬁ§p‘i&ﬂ (LAY, -4

was added to t contentr organi c | ayer. The resulting solution
was azeot repimalof 300t  Additipna 60%0%{8@9@@‘”@@1%@ to MpriFencentpted

acetone (800 ﬁxt’iﬂt'r? arPpe 269 f6h Q:hﬁtr?ﬁ\ ﬁét@a aﬁﬁ{)éﬁﬂeﬂ@ajﬁﬁg at\l%%me of

resultlng SO on was concentrate atrms erica ytoavo une of
450 niL. Théﬁ&;mirpd'thlecbod‘fpd@ad@ﬁFaﬂTﬂmmwaprpéQﬂimiaﬁ%i kemithepenagetrated acetone

o nt ai e VRPN B S NG FBla) e LRsheliliabRlEen 45 1 ang
was obser velfQ e atpracipitale yab obberwed (ahput d dlokndoltdweddy eading thevantution
three hour vetr;i}hr%ﬁtlw%me{oaz{ t;éhga sztunfe &Wo(‘n FSG?\?: t 443 ]‘el)%he fg%er%turé) of the

t enper at ur e resul arry was nm ned
(+10 C ancksaljng atuet vias maimtankt toetwaam (-5-°C) Bod (510 Khitaed agitetsddor an

S0l at ed BHRULETETPF R bre cAHBORR BN Al B8 iEi Gy, |,
of I fatczlemr) (r; gi{r?b \;n\!:;te gs?:iaetzd ?wva@,rmﬂeﬁfa'eWre Tres filkseicake &8 wasbed with e)ss gL
mai 1t o) nedSBRPHE R ek E5 it Ssfe PEREER ALY BN F LB LET TR B oguor
f orm of t heasdrpdfond rafurdondarivasuias shaWrhperatue ofdintained éetreestieat 1690y
3422‘)'. 7. L 26 G ProfioRH ebffacaline S0y it me pdigo %5“?@09%]@% a5
Zz, t Swhite {&mfﬁw\?}ﬂ@bowﬁerﬁl{%g 84 2bde% Fiekb 90.3mredW)puri) UAPS1 34K 39°C
poetoned . Gyl oy 7 A0 s A 45l 5T R0L oo %géféz,
iH) 2% Ei» y'4s)) 353:5) ,brs'lF,) AHS, iéq:[! (s, %ﬂ,:&&(ﬁn, 181 2)19(9. H)Ecétqne);l 2:061(8, 5= H23A8
e oy R it o R B4 B0 it 25 GO EELRE 0B GBOD BV b, FES,

1H), 1.52 (d, J = 5.8 Hz, 3H), 1.23 (m, 5H), 1.17 (g, J= 115 Hz, 2H), 0.92 (g, J = 11.5

Hz, 1H)

20
Example 1a: Preparation of the Compound of Formula |

Using A 2-Methy!-Tetrahydrofuran Precipitation Process

The reaction cutlined in Example 1 was cairied out a second time using a 2-
25  methyl-tetrahydrofuran purification solvent to precipitate the compound of Formula [
after workup of the reaction products. Thus, into a three-neck flask equipped with an
agitator, thermometer and nitrogen inlet were sequentially added the compound of
Formula fc' {100g), THF (600 mi), 10% palladium on carbon {50% wet, 35g) and water
(400 ml). The mixture was agitated for about 10 minutes at room temperature and
30 then heated fo 50°C. Formic acid {70 mi) was added slowly while the temperature
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The reaction outlined in Exanple 1 was carried out a second tine
using a 2- 25 nethyl-tetrahydrofuran purification solvent to
precipitate the conmpound of Fornula f after workup of the reaction
products. Thus, into a three-neck flask equi pped with an agitator,

t hernoneter and nitrogen inlet were sequentially added the conpound
of Formula Ic' (100g), THF (600 m ), 10% pal |l adi um on carbon (50%
wet, 35¢g) and water (400 nl). The m xture was agitated for about 10
m nutes at roomtenperature and 30 then heated to 50C. Formic acid

0 . et !
(7 ) V"a%aggﬁﬁ@g AWty ddH boct Ay ESTP et gﬁlﬁtﬁ {ﬁéﬁ?@i@grihé't@ﬁgerature

bet ween 45 , then, while nalntainin rature’ range,
t he reacti tangsi theupacionamixtire aee digitatedfombhews. Afteeihetrpactionanay jodgewms

| ha0et] sorbifbldly HPLE, ieliBalGRGhARe Hak bR 82000 ahEhd i SE Alikied

the pH was adjusted to a etween pHL a
60 m . of REspPHIBOLeeTpIRTBNE RODAWth e additrdoht&) mhef Re%UdtiSEh. niHR ur e,

whi ch fyi i

ot al vt RO RS DR, Gh Was o RIS 5 g of
H2SO4( 1. 5 Gklitevasenseathecatdiyste Ahixed IsalbkomntiTOBH300/s1.), veater (SO0 ) sl
th h th l,id-e. i ' | bl

For mi'a | 625 Skl S RL e sk AR, SRR InBugh e
cool ed t o Belitew TheConHiredoddivtis @dfaising dotmpodid phHF@muia b’ whe chargiet back

of 30 nL of ,25% il i Y .

P ermor at ur DGR AR EEK BB tnbllteias Abedio TR B "ohd B was adiystzd to
of NaOH) apH 9nhith thecadhitionuofi3¢ rhio ofiBs%taguacthaOeinBo malt)whdleahaittaining the
reaction r’rlxture 5 The reaction m xture 15

1 of .NaCl. was, added.

was war med Wefﬁt&reaﬁfgth?\%a%’ﬁ%@g%%P%Ogg@a?at ed. The aqueous phase
was extracted wth THF (400 nL). The extract and organi c phase were
conbi ned and d.-with rin tign.(40 g.of G _1n.200 nL of
water) . The or detog b8 #qioh 28 hERY e tle s Bind Bnabhit b hoaar
a 20 g errgeteau?]pﬁmuﬁél of the me4ktion mgtgfbn:ﬂ )sb@tf NG venaogiddo rrgaméacﬁphalgeture
was a et C r na . The nmixture was nmaintai ned at
B ey at P8 warps S0 20T fa s ierd BEndFalsi helitiioPls Ahis Wi

sl ovv: y add@ﬁtrata@gd Wwith YeEN 400 et G‘geﬁrlﬁﬁ%nﬂﬁdﬁg&ni@ bh@ﬁ@({\]@rl’ermﬁlﬂnmd
conplete, the mxture was stirr intajnLng the tenperature.
Aftor the MESRTY RN e salan e PENECH HaBIeL ChugreRr of MIBE and 25
100 nm. of water were added to the reaction mxture, followed by the

sl ow addition of 100 rnL of 25% H2804. The resul ti ng organi ¢ phase
was separated amf YEARERNRSE ¥ASSEPAAlRA AkceresEhd a“B?%&F’ Al ling

of f vop@atit dratre i ¥eor 0FaNb e oPO 2 %o e Sod@NBRaA s QlasRRfed QtHyl
and 80C. T(f@fphe concent r at %pwas added 1000 nil of gjh@ try

met hyl - t et F@H%‘P‘"m _ Bhd ThEEIKUR Wre Maintalnsd @baterapeatusg of from 0°C to
at nospheri ¢o@ ghitd 58HILO8F thi®hyt amine was slowly added to it. When addition of the ethyl

chioroformate was complete, the mixture was stirred while maintaining the

temperature. After the reaction was judged complete by HPLC, 200 mt of MTBE and
25 100 mL of water were added io the reaction mixture, followed by the slow addition of

100 mb of 25% H,SO4. The resuiting organic phase was separated and concentrated

o a volume of 300 mb by distiling off volatiles from the organic phase at 2

temperature between 76 °C and 80°C. To the concentrate was added 1000 mi of 2-

methyl-tetrahydrofuran and the mixture was concentrated by atmospheric distillation to
30 avolume of 300 mL. To this concentrate was added 800 mL of 2-methyi-
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30 a volunme of 300 nL. To this concentrate was added 800 niL of
2-methyl - tetrahydrofuran and the resulting m xture was concentrated
at nospherically to a volune of 500 mM. The conpound of Fornula |I was
precipitated fromthe concentrated 2-nmnethyl-tetrahydrofuran sol ution
by cooling the solution and nmaintaining the tenperature between 45 C
and 60C until a precipitate was observed (about 1 hour) 5 followed by
cooling the solution over three hours to a tenperature of from (-5 O
to (+10 C). The tenperature of the resulting slurry was naintai ned

bet ! . y i _
Ater o coftyhuletundiha the BAAIAY hAhGD Wl coferffied siitpnincall a2
wer e i sol aveldmeyoh\s8@0ualimlfi¢ comaoirchof Adieufa | way preaipdated Sromaliisepnagntrated

200, 2 gt AN AR AR e BB Bl b SERRLAIA el
hours in atensparatirabetwees52C and @0fEeurdl ameecipiiate was etseved (OUt 6 hour)
P b vat &5 iV BWEE Bfiboltis F8'STHliBnovBoni IR & SRt bERMINE T
by HPLC ar e Ia)r iThe tempestive Rf (HEDEEA)ing sTiTg Svas rifaibGiret) beb@edd) (-5 °C) and
o o oSG e ekl 4 2y idher §-Zdlie i akera £b agiath bl
(m 2H), 2c@Gpletanthd pretipitadCblidsiwers isolbddyrcudin)filtratiods The filtdr cake
A N
m 1%“51%-2 mgﬂ?@ngm’g) ?j:;(?‘)faﬁjrge %oﬂa?ii%’sdid %bb&awﬁsidugglfﬁa 1ﬂhc’h.7r§ th an
of the ConpbaFift SienEEMReratus AR ERFAR o5t VAP RS HIeRamRquar o5
;F)’_r of:egs ngomg i iatgﬁ motﬁc}-izm?@{hjﬂneﬂfg?,qutarah sr;m&te:@mté &ﬁofgwhr?tjz pb\?!d%l&gﬂg,
| e uslin n . er r catl.on (0] C I.La
Lhe. compooRAMSE RoVAGH 3o Yap e ke are PHavh o Bl feBEBEb ™ Fos
Thgs, _ It Nt o(ra, 1HE e BEeK 1H)a8k1 gﬁwp pip,edo%v'(dd ht:ﬁs.gagizt, aHg(rjs.gsf-bfgsrmﬁez,l Hera-
an nitrogen e e nti e (0] n (0]
T (h0boy Merty BotiShBs Tm o, pade-SHF o Aontenr B A5 69, At 2 28] At
wat er (4002m&)d, Jeond Nk Ure, Was (80 tatoeslHE o1H b et 1§\ mTisr bade atF) A®B

tenperature and 30 then heated tﬁ 50C. Formc_ acid (70 % was added
sl ow y whi (ddd; & }%%p%tzjg'}aHz, 1H), 1.63(m, 1H), 1.52 (d, J ='5.8 Hz, 3H), 1.45-1.36(m,

1H, 2-methyl-THF) 1.23 (m, 5H), 1.22 (d, 3H, 2-Me-THF) 1.17 (g, J = 11.5 Hz, 2H),
0.92 {q, J = 11.5 Hz, 1H).

20
Example 2: Preparation of the Compound of Formula |

Using an Ethanoi/Water Precipitation Process

The reaction outlined in Exampie 1 was carried out a third time using an
25 ethanolwater purification solvent o precipitate the cornpound of Formula | after
workup of the reaction products. Thus, info a three-neck flask equipped with an
agitator, thermometer and nitrogen infet were sequentially added the compound of
Formula ic' (100g}, THF (600 mi}, 10% palladium on carbon (50% wet, 35g) and water
(400 mf). The mixture was agitated for about 10 minutes at room temperature and
30 then heated to 50°C, Formic acid {70 ml) was added siowly while the temperature
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was mnai nt ai ned between 45C and 55C, then, while maintaining this
tenperature range, the reaction mxture was agitated for 4 hours.
After the reaction was judged conplete by HPLC, the reaction m xture
was cooled to 20C and the pH was adjusted to a pH between pHl1 and pH
2 wth the addition of 60 nL of 25%2SO4. THF 5 (200nL) was added to
the reaction mxture, which was then filtered through a pad of Celite
to renove the catalyst. A m xed solution of THF (300 nL), water (300
m) and 25% H2SO4(1.5 nlL) was used to rinse the flask and catal yst,

and filter strﬁﬁlﬁﬁd%dtﬂé%wg&{ hie a:ﬁ‘@ﬁ"@pmﬂ‘ﬁﬂllé euIH{téiﬂiﬁ]QQHiQtt@théﬁ%re

conmpound of For a I b was charged back into a clean flask and th
m xt ure wasanggothedesetiasanizivra pes agiategdfpithboiys] agg@tﬂzetr@acz@nmasgumqqq

the additi f
Lhe tomer STy PPLE, 1T ABAUAARE codfd Tk ROt aht 1L W e
the tenperé&t enpe! bﬁtwemplﬁéaod iPb2 Witk the edditi®ooigS0onl. I8h 25%e % S6Hd ddHF The
reacti o t e
paueouss pn 2SS WESABLTE e Bathin ARk BN ARSI AERE AP RROGFE pad BF
organic phé;setevte remounthiercatbivetd Amixae doltiom oBTIHF (3RO ), yaiten (360 nilpand
of NaCl in
separ at ed %%&)q_l%’nqg }[f‘@_)g@s '{;%Bﬁ% ”ﬁ%‘?m al nf%@gt%%{a&%%gﬁg ure QfUQP
or gani ¢ ph@séte. H&erdorrdﬁnetcrscmttwytlcoatalmag mpautmtédf Emnmiaeibbwhsicbmgamback
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et oo T o W rEacipn A nelion B, RBMeiraRr it ndleGpetty® of
m. of 25% ﬂi&S@éct:oﬁhmlxtwsms%O%g M@mma@mﬁﬁm&aaﬁama}wdmedvarmed to
concentr at 0 VOl une o Ll I N 0 VO Ll
S ernat 20t Sad bt Sec BEodtinad) Rsbicuentdindte O Aot
concentr at @OﬂaﬁL)adﬂ@exﬁ%Qarﬁd o:gén'etdmae@ Lu,er@wlnmhed ahd M:caeaed\mr\ aEbTrme
concen ate e IC St | at.| ol ume aq
Checenta s Ssluih ALT SRS S 20 Rk oraBteRt The Sxliiaieatlt phath aBher | ¢
f" stillat : @épaggtedraaa@@bedttﬁ e“cplr vwn?ﬁnan@m@gamertampe@ftur?(w%morgehfune
n genera a | anol W SuU conce ratl on
ST e e 5b aoal LRl YTTne Has AHsRidn 18 o BEEPEE e rBweabsIo
nor mal i zeda@difidh SH23EmL difeghyl embﬁff@e’fmu”t@ CWhéﬂﬂﬁd@@cEtC@ﬂhé etﬁe;{ ¥®6roformate
mai nt ai ned bet vveepﬁtGO C and 85 C, and vvatern%é éovvas added to the
concent r at ¥as $REPIeS, the 3"%’;@ WasHVaInehio2% & ne siirgr foroi0 Ipinulgse Afigs the
and 656 aptctiiewa REE¢oRipld® b HFRJ, 2w$nnaﬁ ®FEE 4 €6h ifnwmtdw were

mxture wth seeding. After agitatin hour and mai ntainin

T e or adaeiioghe fanse MU IRewas by TheH AHEIOB 0 JD0BHLOTSSRHag R
65 G150 fhe Hetftg WAgartd Hesberliad blsard BTRANRLHESAREH fohPydlinkb of SovE

held at a tenperature between 55 C and hour. The m xture

was then coyfigtlingaf Ha!ahieaﬁfﬁen*hatoraa%ﬁlpeﬁeaatlﬁtewwefaxererbeme@ 4B oC 26¢,
with agi ta?da@ fcﬁfhe%n@&%été%@'ad%e@%éé n?'&fleﬂﬁgﬁ& éﬁl?t rrRHEE 5)&?8

separ ated fromthe concentrate vacuum tration an washe

wi th e?haneenogatrated Wr@ﬂpsﬁmﬁ@tﬁ!ﬁﬁettmbwﬁ@me@f 800 Toyibeicgacenirate

of ;5“’?'mt ° Qﬁﬂdé@ mé@%%@g’qﬂa?@%rﬂcﬁﬁ%ﬂ%‘yﬁtﬁ%g%%ﬁ%
3 49 (bg (SS pitMyie conte(igte DHBO0 mi2gigmen Inghnerd, addiffen oiktharkd WBhHz,
1 1 1) (%.tbs‘eqliﬁgt%oﬁ %g*a(uémay dgstig%_ggepﬁé}ed %r%[ﬁ?H((ScoQ\%:bt ?s c%]sje_légezd o
J = 11. 5 Hze belbly, 5% hotm8RefqrealbyGCL. 5 Hz, 1H). MS (ESI) for M+H

cal cd. 491 Found: 491. Exanple 3: Conparison of Inpurity Levels in
Conmpound Prepar ed
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In Accordance Wth the Process of Exanples 1 and 2 20The procedures
described in Exanples 1 and la for the preparation of the nonoacetone
sol vate and nono- 2- net hyl -t et rahydr of uran sol vate respectively of the
conmpound of Forrmula! and in Exanple 2 for the preparation of
crystalline material precipitated from ethanol/water were repeated.
For each of the repeated procedures, the level of inpurities present
in a sanple of each procedure were eval uated by HPLC 25 net hods. The
results are presented below in Table!. 30 Table 1 Inpurity Level

Process of Procseeireraiielt the bt ele % Rl eyt RUN RSy IR

2

10

15

20

25

30

and water (250 mi.) was added to the concenirate. The mixture was cooled to a
temperature of between 55°C and 65 °C and the compound of Formula | was
precipitated from the mixture with seeding. After agitating for 1 hour and maintaining
the temperature of the concentrate at a temperature between 55 °C and 65 °C, 150 mi
water was added at this temperature and the mixture was held at a temperature
between 55 °C and 65 °C for 1 hour. The mixture was then cooled and maintained at
a temperature between 15 °C and 25°C, with agitation for an additional 3 hours and
then the product was separated from the concentrate by vacuum filtration and washed
with ethanol-water. The product was dried at 50-60°C to provide an off-white solid
(86g, Yield: 85%), Mp 188.2°C "HNMR (CDCl3) 8 7.25 - 7.55 (m, 10 H), 4.89(m, 1H),
4.51 (bs, 1H), 4.09 (d, J = 6.98 Hz, 2H), 3.48 (brs, 1H), 2.41 (m, 2H}, 2.25 (m, 1H),
2.06 (d, 4 = 10.8 Hz, 2H), 1.96 (d, J = 10.9 Hz, 1H), 1.83 (ddd, J = 13.5, 6.09, 2.51 Hz,
1H), 1.63(m, 1H), 1.52 (d, 1 = 5.8 Hz, 3H), 1.23 {m, 5H), 1.17 (g, J = 11.5 Hz, 2H),
0.82 (g, J = 11.5 Hz, 1H). MS (ESI) for M+H calcd. 491 Found: 491.

Examptle 3: Comparison of Impurity Levels in Compound Prepared

In Accordance With the Process of Examples 1 and 2

The procedures described in Examples 1 and 1a for the preparation of the
monoacetone soivate and mono-2-methyl-tetrahydrofuran solvate respectively of the
compound of Formula | and in Example 2 for the preparation of crystaliine material
precipitated from ethanol/water were repeated. For each of the repeated procedures,
the Jevel of impurities present in a sample of each procedure were evaiuated by HPLC
methods. The resulis are presenied below in Table |



1. 99.29/ 0.71 98.4 / 1.60 87.11 /10.67 1 99.39 / 0.61 98.2 1 1.80
82.64 /| 14:741 | 399.18 / 0.82 98.3 /1.70 87.22 / 10.41

"Determ ned by HPLC of sanple of isolated precipitate, expressed as
area of HPLC peak associated with precipitated product/total of HPLC
peak areas associated with detectable 5inpurities present in sanple
normal i zed to 100%

Table {

impurity Level Observed in Sample

(Product / total of detected impurities)*
Sample | Process of Process of Process of
No. Example 1 Example 1a Example 2

89.29/0.71 98.4/1.60 87.11/10.67
2 99.39 / 0.61 98.2/1.80 8264711474
3 99.1870.82 98.3/1.70 87.22/10.41

*Determined by HPLC of sample of isolated precipitate, expressed as area of HPLC peak
associated with precipitated productftotal of HPLC peak areas associated with detectable
5 impurities present in sampie normalized to 100%.

These data show that the process of the present invention provides about a
reduction of about a factor of 10 in the impurity level present in the 2-methyl-
tetrahydrofuran solvaie and well in excess of a factor of 10 reduction in the total

10 amount of impurities present in the acetone solvate precipitation product. These data
show also that the process of the present invention, while providing improvements in
the level of impurities present in the precipitate, maintains or exceeds the yields of the
compound of Formula | obtained from the prior process.

15 The above description of the invention is intended to be illustrative and not
limiting. Various changes or madifications in the embodiments described herein may
occur to those skilled in the art. These changes can be made without departing from

the scope or spirit of the invention



These data show that the process of the present invention provides
about a reduction of about a factor of 10 in the inpurity |evel
present in the 2-nethyl- tetrahydrofuran solvate and well in excess
of a factor of 10 reduction in the total 10 anount of inpurities

pr esentWhat {sheJaised isie sol vate precipitation product. These data show
al so that the process of the present invention, while providing

| mpr ovenment K broddy® fo?‘p%w@fng éﬂbﬂlhﬁbd epradisieRed foitn O the E8FIpDIUNALST,
mai nt ai ns or exceeds the yields of the conmpound of Formula I' obtai ned
fromthe prifornpiadess. 15The above description of the invention is

I ntended to be illustr e gpd not limting. Various changes or

nodi fications in the enfo : HEEICOODEECHer ei n may occur to those
skilled in the art. The 5 can be made without departing from
the scope or spirit of , ation What is clained is: 1. A
process for providing af pirifHed, precipitated formof the conmpound
of Formula I, - H HPhZNPeFornula |, the process conprising:

PhaNOC Formula |,

the process comprising:

a. providing a saturated solution comprising the compound of Formula
[ in a solvent comprising substantially acetone or 2-methyl-
tetrahydrofuran (2-Me-THF), at a first temperature, wherein the first
temperature is above ambient and is selected to be in a range
suitable to form a suspension comprising crystals of the compound
of Formula | and maintaining the solution at said first temperature
for a period of time sufficient to form a suspension of the
compound of Formula [, optionally while agitating the mixture;

b. optionally reducing the temperature of the suspension formed in
Step “a” to a second temperature, wherein said second
temperature is subambient;

c. opfionally agitating the suspension from step “b” while holding it at
said second temperature for a period sufficient to precipitate a
crystalline product having less than 3.0 mole% impurity and
comprising at least 80% of the compound of Formula | initially

present in the solution provided in Step “a”; and

3 il

d. optionally isolating the crystalline product precipitated in Step “c

2. The process of claim 1 wherein, when step “c” is carried out it is carried out
at a second temperature and for a period sufficient to precipitate a crystalline

product having less than 2.0 mole% impurity.
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a. providing a saturated solution conprising the conmpound of Formula
| in a solvent conprising substantially acetone or

2-met hyl tetrahydrofuran (2-Me-THF), at a first tenperature, wherein
the first tenperature is above anbient and is selected to be in a
range siit ditleeptozebeainctaisud pdiegeion saihiirst semgecatysd & s terhpehature of
conpound of Fornmul a | and maintaining the solution at said first
terrperaturér%ﬂ%cbté?ﬁgdcof time sufficient to forma suspensi on of

t he conpound of Fornula |, optionally while agitating the m xture; b.
optionally reducing the terrperature of the suspension forned in Step
"a’ toam Sqlﬁénﬁdcé@@@f lAFE3 WHFERI §la|§@e@oﬁ@qgﬁ@érﬁfméﬁ:ﬁbliémpeﬁfature of
subanbi ent; c. 5ptl onal |y a itating the suspension fromstep "b"

whi | e hol dfrmgn aﬂt@a(r*doée ond tenperature for a period sufficient
to precipitate a crystalline product having less than 3.0 nol e%
inpurity and conprising at |east 80% of the corrpound of Formula |
Initi a'qy RHeS e‘sQ o‘i"&?anﬁP:hWHd?Fert'h%Védi rhﬂ1§¥§fp" a"3s mﬂﬂﬂaiﬁ at said
optionally isolating the crystalline product pre pltat

"c". 2. Thérgirtengsgatfredbmi molirwherei n, when step "c" is carri ed out
it is carried out at a second tenperature and for a period sufficient
to precipitate a crystalline product having | ess than 2.0 nol e%

i mpuri i i -sal i erature
L e T RS T RS B R B RSB i e 2

wher ei n Salté#nﬁéﬁémﬁe isemcedtfrcﬂnls“az@fmrtemp@ranﬁe% shidsedord C to
(+10) C. 5. The process of claimd4 wherein the solution in Step "a"

i s mai nt ai he@paratyee in Biensto tis mpeeredipE3f®1Urs. hour. 6. The process of
claim5 wherein the period of tinme over which the tenperature is
reduced fromsaid first tenperature to said second tenperature in
Step " T peicked of olaim & Wiereif, td13oRABAIASIEP "a! & Robiddiebgi N,
the solution in Step "a" is providéd by adding a purification sol vent
whi ch i s aaddonpa@urificatiohgblvent mdtighl iodcetanetar Zxmethylitietnahydrofuran to

Letr ;L%?ge@ﬂﬁtlgﬁﬁ R BTSiTg: (R gopArous & Fpiulark melbiBeetaribifenern’
romi i o LfSRSHBIIAY BBt FRIAIERCSAUNE Nie sORENPIARERTg i

conpri sing n of the conpoun
b O substantially the purification solvent.

8. A process for synthesis of the compound of Formula la

Formula la,
the process comprising:

(a) providing a THF solution of the compound of Formula Ib

Formula Ib;
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C(O)NR1 R2Formula Ib; (b) formng the amide of Fornula la in a
reaction mxture provided by treating the THF solution fromStep "a"
first with ethylchloroformate and addi ng thereafter triethyl am ne;
(c) working up the reaction m xture from Step "b" by addi ng equal
vol umes of (‘Z%t frming theamidetaforputigla ét aéea@mg)lx%m Prendded by

epar at ed or gatieetia {08 T 5 APl Wi TN PRI eunicielorfatline
and an al i quot a@HirRy @@rrggm@{tﬁew%nﬁﬁéutlon (e) adjusting the pH of
the m xture provided in Step " wth an agueous acid to a pH of from

pH 6 to pH(T) SVMHingep:a’rrt& raag:troharnarmredmaﬁ‘nte g doyi addtiing Eoabvallimése
m xture; (f) nodif oI vent at e ani ¢ _phas

obt ai ned |(n) St 8pW or %”yé 8ICT§§tsb‘étéfPr% E@% El tb@rﬁﬁe%a'a@'lngftspng
solvent with t ﬁrﬁ’%bﬁ% C%rng ﬁaégg,al ned in Step

wherein the puri vent |s ace one or '2-Me-THF; (ii)

azetropi cal(dy chigihgltherngpahated digane rbln@ere f:rba'psrép( ic)” wrﬂnhnleqUal velume
concentrat ed n |||)repeat|n9 steps " “and "f(ii)" until the
sol vent in theoﬁ%%&@r@d)ﬁns&“@plo fJfﬁlf«)arb‘éf@ﬁr‘iﬁrb%S%'UB@ﬂant ially the

purifying e
PHG )Y TRLY BBbepPldne M BP Rl BRHBEPRARIER I ST &8 ok b s
the compound OECE%@EH bffrod pH r@etoqsrqqeﬁan@rfs@d@bﬂhgtrr@eaaeaué fé@.d
conpound of Forrmula Ib is provid by hydrogenating the conpound of
Formul a | c, 0 omanic portions of the mixture;
(f) modifying the solvent in the separated organic phase obtained in Step
‘e"” by a process comprising:
(i) mixing a purifying solvent with the separated organic phase obtained

jipgey )

in Step “e”, wherein the purifying solvent is acetone or 2-Me-THF;
(i) azetropically distilling the mixture from step “f(i)” until it is
concentrated; and
(iii)repeating steps “f(i)" and “f(ii)” until the solvent in the mixture of step
“f(ii)" comprises substantially the purifying solvent; and
(g) cooling the phase provided in Step “f(iii)", thereby precipitating a

substantially pure solvate form of the compound of Formula la.

8. The process of claim 8 wherein the compound of Formula Ib is provided by

hydrogenating the compound of Formula Ic,

CONR'R? Formula Ic,

using a palladium catalyst and a mixed water/THF reaction medium.
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CONRLR2Formul a I c, using a palladiumcatal yst and a m xed water/ THF
reaction nedium 10. The process of claim9 wherein, in Step "d",
t he carbonate base solution is an aqueous 5% sodi um bi car bonat e

solutio . The process o aim 10 _wherej in Step "e", the, |

aqueous{q cﬁ%@@eﬁaéﬁwéw@w@mmm[ J’I &ar BpasgRAlYlqREis

acid sol uti erein, said separated
flaqddousTss, SoRGRTEIcAndidk Bohdicht d_sepa

organi ¢ portio in's I's"concentrated by dlstllllng of f
solvent prior to adding the purlfylng solvent in Step "f". 13. The
process of claim 12 wherein Step "g", the cooling step, conprises:

(i) adj Ust |Tr|‘|'@ rﬁmesarqﬁ@&aﬂm%vmergm, th bR fe"eéh%agaﬁous ghibesqst tpar ed
in step ' fir t enper at ur e mher n. t he t tenperature is

2"t enper at ERaiTs SoRsreRE Ta Ap ieclitcn ki g epiiort or hat fon of &

suspensi on conprising the conpound of Formula |la, and maintaining

said nodi fied organic phase at said first tenperature for a period
suf fi cikht Mhel progess of ataimal  udEeain, said:mmurlamd\grg;mﬁcqnonﬁmufmtnm‘d in

Formula la; , ang (H) adju e re of, the s ensi on
formed in ﬁ%g@ I8 CP&S‘%”E@%%EWE@&@J@E@ Uy eam@r@ritp@gﬂwpgs@@owfwng

t enper at ur golfV%? [@b and hol di ng the suspension at that
tenperature tor a peri od suffl cient to produce a crystalline product
having less than 2.0 nole%inpurity and conprising at |east 80% of

t he corrpound of Fornula la initially present in said nodified organic
phase prepdihedrogess b claim 12 mmerewes Sestheotoqlingi stepacomerises:, (1)

said first 4 h
orocess. of IR To e Rl AR RaR! ticBifed bigdic prest hugdadiahied F
stirred. 16 glitet RIApERIuR, wHetkn the firet féh"lf)éfétlb}%f [S%Pfﬁ?ﬁ él%‘iure above
isolating the precipitated Solids fromstep "g(ii) . The process
of cl ai m 18mbiant ahd |$ae|@cmttmﬂeltrmmfmmtmreoiasﬂspen@oa)coa’nmmsmgim
C. 18. The process, of —cl aim 17 er el

. the t .
suspensi on CPETR L OLECHRUE By ang e iping- s Mo pd T oahisahass 2 1o
sai d secondaffeisthbeatdreord pefib@Lulticid e nBad Srm a suspension
comprising the compound of Formula la; and (ii) adjusting the temperature of

“ n

the suspension formed in step “i” to a second temperature, wherein said
second temperature is subambient, and holding the suspension aft that
temperature for a period sufficient to produce a crystalline product having
less than 2.0 mole% impurity and comprising at least 80% of the compound
of Formula la initially present in said modified organic phase prepared in

step “f".

14. The process of claim 13 wherein, said first temperature is a temperature of
from 45 °C to 60 °C.

15. The process of claim 14 wherein, during step “g(i)", the suspension is

stirred.
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16. The process of claim 15 which further comprises isolating the precipitated

solids from step “g(ii)".

17. The process of claim 15, wherein said second temperature is from (-5) °C to
(+10) °C.

18. The process of claim 17 wherein, the temperature of the suspension is

adjusted in step “g(ii}” from said first temperature to said second

temperature over a period of three hours.
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