Hi gh Purity Synthetic Process for the Preparation of
Dodecahydr o- Napt ho- Fur anyl - Car bam ¢ Acid Ester

WO ndoensEds at es Cross Reference to Rel at ed Appl PCHUSTNG 080699
The present application is based on and clainms the
priority of U S. Provisional Application 61/000, 164
filed Cctober 24, 2007, which application is
i ncorporated herein by reference inits entirety.
Field of the Invention This application discloses a
novel process to prepare furanyl car bam c acr d ester
corrpounds digh  Syhthetic § f hg :

anal og conpounds For mul a Ia Background of the

i nvention | dentd I 3 '

section or any-S€tt 5 :
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rdesinbyberdricebads atiratial ogs known to act as thronbin
receptor antagoni sts which have useful pharnmaceuti cal
activity, for exanple,.the co __o__o__ of For nul a
tlIFormula Il In sone p FYetihes a conpound of
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Background of the Invention

20
fdentification 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.8. Patent No. 8,083,847, which is incorporated herein by reference in its
antirety, describes himbacine analogs known fo act as thrombin receptor antagonists
25 which have useful pharmaceutical activity, for example, the compound of Formulda i,
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Patent Application Serial No. 11/331, 324, filed
January 12, 2006 and published under Publication No.

WQO@8/N8247450 (the '450 publication), which i SPCT/US2008/080699

i ncorporated herein by reference in its entirety,
describes in Exanple 7 the preparation of the conmpound
of Formula Il fromthe conpound of Fornula I
Preparation of the internedi ate compounds of Fornul a
la fromcommercially available starting materials has
been acconplished using a nulti-step synthesis, for
exanpl e, as described i Rthe '#50 pild &Qn, page
13, paragraph [0074] to j par agr aph [0078]. For
Exanpl e, the '450 publitatitansdescri bes on page 8, the
preparati on of conpoundsjo ;féﬁnula la in accordance
with Schene |, The purity of &gnpounds of Fornula la

(referencing Schene

I) used in the preparative praocess. For an exanpl e,

see the '450 publication at fple 7, starting at

par agr aph [0098]. Wen synth ¢ in accordange, wt.h
the ' 450 publication, the product conprising the
conpbuseme prefaratiohschemes aicoewoand gibermmiuds 12, for example, the

recr j i ons to consistently provide the

°8§“%8§5ﬁ§“8¢@#ﬁu| a | having suitable purity for use

in the synthesis of Qcdhpaninds gfcdssiela 11. Wthout

purification, the )é 5 %3 %ndﬁ:ﬂ:}ngﬁ%rgperti es of the

target conpound ar eatd educed. Objectives and
ima #n view of the foregoing,

Summary of the Inve
what is needed is nethod for preparing consistently

hi gh purity quantit?P®e806f the internedi doemo@npounds

of Formul.a |a, .f e - the. .

Vo ranAEdate 8 SRR Aot Oy GBEREY Ao 8 PTG having

deeirpisie pitsrnedcebiticaiplapelrites, forslamipiep tredeootpaquundiaf Forrsula Il U.S.
ss sensitive to,th ' f, precursor teri ,

R oo e THEE eed i B B2 20BB B0 ifened uncer

FILEESidnaC@IEH0602AT 450 fineMBGeublixgiion)) tsiadf is Faomdratetiderein by

rlepergﬁc%l]n Ptg %In :l)éty, \c/i\gsaéribleg m”E?é’r%Sfea) t?lg p'respae}ation of the compound of

Formula Il from the compound of Formula {.  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 &, the preparation of compounds of Formula la

in accordance with Scheme [,
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process for providing the conmpound of Formula | that
can be adapted to a batch size suitable for commerci al

waecabmsjaiepar ati on. These and ot her obj ecti vespemusmng/ 080699

advant ages are provided by the present invention. One
preferred aspect of the present invention is a process
for providing a purified formof the conpound of
Forrmula la, Fornula la the process conprising: (a)
provi ding a saturated solution conprising the conmpound
of Formula I in a solvent conprising substantially
acetone or 2-nethyl -tetrahydrsfersgn (2-Me-THF), at a
first tgnperature, wherein the first tenperature is

- anbiop s selected t@ e inta r e

M a HUSRERSI 0N COMPYASIfr ystal s of
Formib-a—t—amd mai [ the sol ution

suffici enE to !‘grmgamay,scpceny on % t§1e H:onpound of
Formul a | S @PRifonal I'y while agitati mgofdrerani xture; (b)
opti onaIIby reduci ng the tenperatyge of the suspension
formed in Step "a" to a second tenperature, wherein
sai d second tenperature is subanbient; (c) optionally
agitating the suspension fromstep "b" while hol ding
it at said secor tenpe a{aure fior a period sufficient

to precipi nﬁ,(i;;ll\cr ysta PrQdudHCHEHAd: | ess t han
about 3,0 nol e% B ef egabl @ than about 2.0 nol e%
impurity and conpri si ng\ag about 80% of

t hecompound of Formul a m:t |al ly pr e§ent in the
solution provided in Step é(djm‘:’z‘{ﬂad

The purity of compounds of Formula la provided by the procedure described in
the "450 publication is highly sensitive to the purity of the precursor compound of
Formula ic (referencing Scheme 1) used in the preparative process. For an example,
see the ‘450 publication at Example 7, starling at paragraph [0098]. When
synthesized in accordance with the '450 publication, the product comprising the
compound of Formuia | requires a number of recrystallizations to consistently provide
the compound of Formula | having suitable purity for use in the synthesis of
compounds of Formula ll. Without purification, the yieid and handling properties of the

arget compound are greatly reduced.

Obiectives and Summary of the invention

in view of the foregoing, what is needed is method for preparing consistently
high purity quantities of the intermediate compounds of Formula ta, for example, the
compound of Formula | Moreover, what is needed is a process for providing
compounds of Formula la in which product purity is fess sensitive o the purity of

precursor materials and which minimizes the need for recrystalization steps to
i

sl



(d) optionally isolating the crystalline product

wo BBERIILE T0 provi de the purified conpouna ACELVITges
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la in the formof a solvate. In sonme enbodinents it is
preferred to select in step "b a second tenperature of
fromabout (-5) Cto about (+10) C. In sone

enbodi ments it is preferred to reduce the tenperature

of the suspension in step "b" fromsaid first

tenperature to said second tenperature over a period
mhsigfentlp pedvalet coBnromds of porfuwda sEbinyhigh wntabwtat & nagded also is a

b
02 g AT AU DS S B ol e

Aitpbieiferctooiméncaisadio pte;}matimnaﬁ'@ese and othes .obzlenmmmdfﬁr
epbodi nents it ft carryi ng out
%&?‘Pf@ﬁﬁ? & %”8"“’83 b?g% $’{?S§ﬂ "qv at ed precipitate at a

tenperature proxinal to anbi ent so as to provide the

st riEeep HebSu Rl pBSeqtdhBaly R £ BlotRt Srop bl
pURifipd Gothrosf the pompburedoff iormutf lat he conpound of For mul a

| using acetone as a purifying solvent, thereby
providing a crystalline acetone nonosol vate form of

erekn the crystalline

A RHGRGSR S | n
wo ng features: 1HNMR
(CDCI3) d 7.25 - 7.55 (my307HE” 4.89(m 1H), 4.51
(bs, 1H), 4.09 (d, J = 6498 Efz, H2H), 3.49 (brs, 1H)
2.41 (m 2H), 2.25 ( m 1H), C&NQ@es, 6 H Acetrqng
206 (d, J = 10.8 Hz, 2H), 1§é(d J=109Hz2‘§a|5§
1.83 (ddd, J = 13.5, 6.09, 2.51 Hz, 1H), 1.63(m 1H)

1.52 3H) 1.23 (m 5H), 1.17 (q, J =

11. 5%9%33%@\4@ = 11.5 Hz, 1H). In sone

enbodi n@it $>r0\mdimga paexmeﬁ ediution cqnpnysmtheﬂm@qwd@éggmuia fin
to provide a 9%9 K ]

| using 2- r?e‘ct rﬁ&%@% Barrigﬁf?y g #ﬁ% ﬂ'];eétﬁg%ﬂgh%mfuran
puri fying $Z>4M@ﬁiﬁf) mherﬁmyerppmtudé,rvgﬁaeéerﬂysﬁm tanrperature is

2- Me- THE monosol vat e L M ected tobe ina 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;

{¢y optionally agitating the suspension from step 'b” while holding it at said
second temperature for a period sufficient to precipitate a crystaiiine
product having less than about 3.0 mole%, preferably less than about
2.0 mole% impurity and comprising at least about 80% of the
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t he compound of Fornmula I wherein the crystalline
nmonosol vat e product provides an NVR spectrumin

waleavessach | or of orm havi ng the foll owi ng feat uresT/UstddiBHR0699

(CDCI3) d7.25 - 7.55 (m 10 H), 4.89(m 1H), 4.51 (bs,
1H), 4.09 (d, J = 6.98 Hz, 2H), 3.98-3.86 ( m 2H,
2-Me-THF), 3.73-3.68 (m 1H, 2-Me-THF), 3.49 (brs,

1H, 2.41 (m 2H, 2.25 ( m 1H), 2.06 (d, J 10.8 Hz,

2H), 1.96 (d, J = 10.9 Hz, 1H), 1.92-1.79(m 3H, 2-Me-
THF), 1.83 (ddd, J = 13.5, 6.09, 2.51 Hz, 1H), 1.63(m
1H), 1.52 @@npﬁuﬂ@f@rﬁ@a Briyial %)ﬂ_pmsem nze(e snlutioR provided in Step
2- net hyl - ka) 23 (m 5H), 1.22 ( d, 3H, 2-Me-THF)
117(q,J— .5 Hz, 2H), 092(q,J—115Hz 1H).

in one (éhboﬁﬁimmﬁt' $0iaifegm€ecnypﬁaf aeipordust prestpitates in Step “¢”.

i ncorporated into a process for synthesis of the

conmpound of Forrmula la in accordance with Schene I1,
SCHEMESsdhe Ehﬁaopmes,ét is prafeired togprogidpe the pviifddngprepchipg of

Q iQn d of r 1.0 .
f~s g\%gq,l}]% fEF_rg ﬁg@g&%{a@: iiﬁ sgﬁi%e%}ét%rl?dghg%ts)(( tk%}rgfgfrgﬁ Qgseeéect in
é@gp th” a&tacngd tdmaae‘k’bﬁrs of fatrh @bofir (eFh °Stte pabﬁuif atls) °®v| inhsome

BB TR AP et BB o WPl g
ﬁrorbysaﬂdmmqnp@amre\t@bmmscrm'id Wa*tp@ratamcbmamelmd of up to about 3
e e AR TR R0 R, SE38H g smsoums
aripasiate &it%pﬂe@erﬁdﬁﬁﬁ&afwm Hlecagithtion dvema ;ﬁerm afdreal about 1 to
S TRofs 6 S o b B SR 290516 S Sronateren
toRinBireNsdlated prédifitate abs) tepepesataicd grokinal tpbimbfent soas to provide the
e e rDe orat ok e Rt ur o (vi) modi Tyl ng ¢ he
solvent in the separated organi c phase obtained in
Step In sar%‘/se embodiments it is preferred to carry out this process to provide a
purified form of the compound of Formula | using acetone as a purifying solvent,
thereby providing a crystalline acetone monosolvate form of the compound of Formula
| wherein the crystalline monosolvate product provides an NMR spectrum in
deuterochioroform having the following features: 'THNMR (CDCl3) 6 7.25 - 7.55 (m, 10
H), 4.88(m, 1H), 4.51 (bs, 1H), 4.09 (d, J = 8.98 Hz, 2H), 3.49 (brs, 1H), 2.41 {m, ZH},
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 (ddd, J = 13.5, 6.08, 2.51 Hz, 1H}, 1.83(m, 1H), 1.52 (d, J =58 Hz, 3H), 1.23
{m, 8HY, 117 (g, J = 11.5 Hz, 2H), 0.92 (g, J = 11.5 Hz, 1H).

in some embodiments it is preferred (o carry out this process to provide a
purified form of the compound of Formula | using 2-methyi-tetrahydrofuran (2-Me-THF}
as a purifying solvent, thereby providing a crystalline 2-Me-THF monosolvate form of
the compound of Formula | wherein the crystaliine monoscivate product provides an
NMR spectrum in deuterochloroform having the following features: '"HNMR (CDCly) 8

5



a process conprising: a) mxing a purifying sol vent

Wi th the separated organi c phase obtained in Step V ,
wob@wesiale he purifying solvent is acetone or 2pdbuIidns/080699

b) azetropically distilling the mxture until it is

concentrated; and c) repeating steps "a" and "b" until

the solvent in the mxture is substantially the

purifying solvent; and (vii) cooling the phase

provided in Step "vii", thereby precipitating a

substantially pure solvate form of the conpound of

F8bmilS® (ra. 101, $EPEnehiodiTieldsst bl 4t09ddpd s&e¥sHit 2ki)s 3.98-3.86 (

r gf,e d t oypnd tqunb
Ao TP e SR TR o e TRFTS P e, B1) 84116, 28, 225
wc tidy, 2edtc@. il v the Heokidb Urifs(dof =Fdr friflzagH), d,92-b 7 9@mdH,. &-Me-

i I L Een gt d f.e to
B R e Vo oo mira 15 By RO dF o Bhdc g He 3
5  t.Ae-1ciEtpoultt 2ehethel-TdFa1 28,(mEoHIMIL2E { ¢ rsidalfeal HF) 1.17 (g, J =
| adi yist a.m xed water/ THF reaction
%éif%mbﬁﬂqog%én@’gﬁb%g@%h?@‘of the inventive process it
is preferred in Step "iv to enploy an agueous 5%

sodi ym_hi car. | ut i.an.,: r. :

ol ui 8Re SRRkt B st RvE shiE R ROLRb A pgess or

synthesigofafie coradotral efiroyia la iSkeqriarae witfuBchesne 1,

sul furic acid solution to adjust the pH of the

m xture. In sonme enbodi nents of the inventive process
it is preferred to concent8@HEMmE separated organic
phase by distilling off solvent prior to carrying out
solvent nodification in Step "vi". In sonme enbodi nents

qof 1t he iMventive {progess, ighe synt hesi s process of
ghpre . st "vii*g\con'pri ey _holgi ngucsatrycat ed

sol in df the -€orpoend of / FO ’a at a first
>fperatuyr e, V\her,)eiTrE}A nucl eapipn-t rystals of the

HZ H
CIOINR'R?
fa

10

COINR'R?
ih

. 50/50 viv MTBE/Water
. ag sodium bicarbonate

. acid

. azeotropic distillation

o ) Pad e

Purified Ia

15 the process comprising;
{ providing 8 THF soiution of the compound of Formuia b,
)y forming the amide of Formula 1a in g reaction mixture proviaed by freating
the THF solution from step *1" first with ethyichioroformate and adding
thereafter tristhyl amineg;

(93]
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Formula la are fornmed, producing a suspension of the
conpound of Formula la, followed by a reduction in

WOr28¢SFHfure to a second tenperature at whi chP§T/US2008/080699

crystalline form preferably a crystalline solvate

form of the conpound of Fornmula la is precipitated
fromthe nodified organic phase, preferably hol ding

the phase at a second tenperature, preferable a
subanbi ent tenperature, at which precipitation of a
crystalline formof the compound of Fornula la is

makiln 2eerkingnipstbenseantiibo anietigre soistareiihby hadisg evaalerciumes of

¢ ¢ | i o ‘
Srep ~viiEFREPTREPL OB et B TA! t@lrlincline resuting
f or m ororganiaead aneeensneiasesvat e form of the conpound

g : . : .
Cefifor atibdhe' o SRR NtariE bfiace 5 SIETRE AR Hrfed B Goiyme of
second waiapardanpbquc opa ekeoableypasetseienat ure of from

bout (& + <Ot .
of Whe dfiahe ik PRt el FAReP bR ST 19 I P SBREA acia o
f ol | owi sngH dbé Fomi aciubpkt EDetadiolibeH Desand pepapatingfthe lagueous and

I nvent i S praviding the conmpound of
For mul a&?arﬁg%h%%e%c?fgé%hiﬁu(%he "450 publication in

Exéatiipl enddifyinty bk sobrenhiodhg seztratdd wegaiinphgser dftained geStep “v' by
Wth refe e t ¢cheme | , above, the '450

publ i cat P'{g’%ggse%{)éﬁ'?%é ‘preparing the conpound of

For mul aa)l mixinpapuhiyingospenhditotheFapamtad brgapwhehaserobtained in
in each ipstance, Rl and .are _.eachphenyl) b ,

hydr ogenaSFe(?nVoW&ﬁr%'aﬁ?ea%‘?ﬁm% 5?’5?&%? ac qﬁ'&g o £-Me-THF;
subsequenalstrapgady distling eheamixhee iuntiler igednedraratdie meby

formed with a.chlorofqrmate, tq. provide,t carbam c i
aci d esOerSPERIRYIRGS ot R8r Pl e Ve i s RaKURR 5 ubstantally
t he proces® meiging Hsderitnariche ' 450 publication provides
high, inmpurity levels in. the jnternmedi ate conpound of .
Fofil cEopligh e Ase DS 1R S o EP bR SCE Rt e gUbgsantially
Wi th suhsequoieate e of Pitdhipptn®bf Fiengamound of

Formula | fromthe mxture resulting fromtreating the
reaction m xture

In some embodiments of the process it is preferred for the compound of
Formuia [a to be the compound of Formula |, thus, R and R? in each occurrence in the
compounds of Formulae lc, b, and la is phenyl.

in some embodiments it is preferred to provide the compound of Formula Ib by

hydrogenating the compound of Formula ic,
H

G

H”V\*NOQ

o, Jj

1
H

H
CONR'R? Formuia ic

HiY

using a palladium catalyst and a mixed waier/THF reaction medium.
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with an ethanol/water m xture foll owed by azeotropic
distillation of the m xture in accordance with the

wo e@elosiage of Exanple 7 in the "450 publicati onPCT/US2008/080699

Attenpts to use various solvents, for exanple,

Met hyl -tert.-Butyl Ether (MIBE); and various

sof vent/ anti sol vent systens, for exanple,

et hyl acet at e/ hept ane and t ol uene/ heptane, to
recrystallize aliquots of the priapiate conprising the
conmpound of Formula | made in accordance with the

pr oc@rssome@mcbmemm of the i nmvmmceesattumefeﬁ@@flm &ten W to

ér@@ 'gaﬁéc%é f’; sgh*l ?ﬂ ?I&%ﬁﬁat@' ﬁ.:tigb ds r?t?é ﬂ%eSJé%e %ase e solution.

n synt
ofseﬁ-@rmﬂz@ememsmmqynmme pagcesarie peiemned wrfemzﬁey in S‘tep v an

%&%ﬁ]&% %Lé ﬂfne IE% &ﬁ%gﬁ% a%@?%fb%g{ mgg@% %I Hso eoé/&lgt?d?ments of

S8 descri
the Mdﬁvmwpesmt srpeefaspdde condeetrpiedbe §sp@ﬁtacilmgpmte shage by

YYER e BB BLRER o BB g R I S
adapting the present invention to that process to
d he | t.
or ectopt e copegradiie RS e B B ERE o b shifhess process of
$ovemd jastep “wﬁ@emmsa&:hdd@gmtm‘am@mmtm dflfiee corapmtrolraf
q ‘ : )
B0 85 P b GO bR, Bl 57 e o o
mml MBchreﬁorE@?npdoautigg Gafuspensiar &b campbuad pURdryiuEgta,
vent, an ter, subsequent. canc ation
ol e PR e RR R TP 2 BEO0R B U o A fiuen g cvstatine
fﬁﬁﬁQﬁé@?&%ﬁa ShlsyElirg éadm‘iﬁ tormraof the compound of Formula la is
etr rof uran so v
BTBGAIRA O b FTRSTIEA Groawih e i e e BB Bk hass ot @ second
t@@ﬂp&ﬁt@ef mmr9§;EMMmmw min@ér?iaw mﬂlvmtidh pregipitatioti oig
oun or nu orm cont a
ST ot GomPousE o FoRyBee & Marired q@ﬁgmﬁe%%?dfmeﬂts
Wtﬁbrémn? fst&‘}gﬂél fb?aﬁ @ﬂth.@&bﬁfﬁa&hd bﬂm@m@rd ;s;@mpmteb it Beep “vii” is a 2-
recipitated material co i sin
ReFtiBle T ehia RoncEPBRIEPT Abde AESPES BTG ohtRle (3 of the
MR dOBA W FBrmuta 1, preferably said first temperature is a temperature of from
about 45 °C to about 60 °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 following
description
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 referencg.  With reference to
Scheme |, above, the "450 publication describes preparing the compound of Formula
ib from the compound of Formula ic (wherein, in each instance, R’ and R? are each

g



10

15

20

30

et hanol /water solvent in accordance with the process
described in the '450 publication. Wen the process of

wWo b@opsasent i nvention is part of a reaction SECEUB2008080699

preparing a conpound of Fornmula la, preferably, the
process of providing a conpound of Fornmula la is
carried out in accordance with the nethodol ogy
described in the above-referenced '450 publication
(see Exanple 7 therein) up through the step of
extracting the product in the reaction m xture into

nrenily | byt hycregengben gveraraadivnpBEYst, 21t HRsERdRMydeaf!ing the
é;ﬁﬁ ﬂ{tg iath W& BbY fb@me#} t‘}@o @s%?orﬁwg'tégtoﬁg&%é‘% d&?beﬁﬂ ¢ acid

con e compound o rnua la is then mxed wt
@tgmonfppung of Bbma i, fﬁ@rmmﬁ @bove, the process described in the 450

I
AN BT e By BBl S
w&w &elchmmmataurmaﬁgmmwpﬁ@d corwineubaeaueni ipsapitatian pjthe
co og'ﬁﬁ Q ll‘?r'o{%t\h@grg V%@{%Etﬁ@ ?rch‘ﬁt@@ehgﬁa?ttﬂfé fealfiol Rfxture
mmmemaumem(té; Murerrq!wm hyzaneptopic digytatmnunf #e mixture in

%cg%%ﬁ‘ﬁ%"ﬂﬁ gg{\ms of EXShAl! 8ne Qisﬁaéd%néé%{ LM of the

"fa"Cco nces, e, the
crystall|ne nnnoacetone sol vate of t he conpound of

For (Ti{;ge gﬁﬁ%}&o&gilg@? ShySh! fol Qfa:ﬁﬁé@@&?%g%utyi Ether (MTBE);

pre nprisin
atmy\snabt BO eemt(mﬁisseoémayetemsoﬂm@ﬁamfsiet bthyoaiatainebtafe and

BRE0P R e b REREBUES ARETE K de BipplAte BRBRIT the compgund of
rdrmioer Iftihde In adcbrdasicpmdthene prbcess tedodbedan the mmﬁtﬁion
B0 bR S E CERe STREE RB L b BTIRRY oot
SOl tiod c&apmdclaoﬂifaurmaian undrfpredde s mgpmvt—nlment in the quaitty of
55RO B L W e 0

§;§tajn[|zat|on terrperature for a period of tine
sufficient to commence precipitation of the conpound
of Formula fa in a nobnoacetone sol vate

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

The inventors have surprisingly found that the present invention process, which
mixes & reaction mixture containing a compuound of Formula fa (after workup) with a
nurifying solvent, and after subsequent concentration and volatiles stripping,
precipitates therefrom either a monoacetone solvate form or a mono-Z-methyt-
tetrahydrofuran solvate form of a compound of Formula la, for exampie, the
mongacetone solvate form of the compound of Formula |, providing the compound of

g
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crystalline formor the 2-nethyl-tetrahydrofuran
crystalline form respectively, the tenperature of the

waeodoabssame i S | owered to a subanbi ent tenper at UPET/UR2088/080699

control | edmanner, wherein the cooling rate and the

final tenperature are selected to maxi m ze the anount

of the crystalline solvate formof the conpound

precipitated fromthe concentrate while preserving in

the precipitated crystalline material the |ow | evel of

i mpurities provided by the precipitation process. ,
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product of the compound of Formuia 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.

In some embodiments wherein the compound of Formulda la is purified using
gither acetone or Z-methyl-fetrahydrofuran as the purifying solvent, afler holding the
concentrate at a first crystallization temperature for a period of ime sufficient to
commence pracipitation of the compound of Formula ia in a monoacetone solvate
crystalline form or the Z-methyl-tetrahydrofuran crystalline form, respectively, the
temperature of the solution is lowered to a subambient temperature in a controlied
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be realized utilizing aliquots of a conpound of
Formul a la prepared by any neans, and di ssolving the

w@bkoogosi41of the conmpound in a purifying sol vene¢T/i82008/080699

exanpl e, acetone and 2-nethyl -tetrahydrofuran, from

which it is reprecipitated as the nono-sol vate

crystalline formof the conpound of Fornmula la (for

exanpl e, the nonoacet one sol vate of the conpound of
Formula 1), it is believed that the invention wll

find its best utility when integrated into a process
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Although it will be appreciated that the advantages of the present invention can
be realized utilizing aliguots of a compound of Formuia la prepared by any means, and
dissolving the aliquot of the compound in a purifving solvent, for exampie, acetone and
2-methyl-tetrahydrofuran, from which it is reprecipitated as the mono-solvate crystalline
form of the compound of Formula la (for exampie, the monoaseione solvate of the
compound of Formula 1), it is believed that the invention will find its best utii tity when
integrated into a process for preparing a compound of Formula ia as part of the workup
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In some enbodi nents the process of the invention is
enpl oyed to provide inpurity levels in the conpound of

wo-oooaobs1é a of | ess than about 2.0 nol e% the POPUSI0$/080699

| evel s attained dependi ng upon the level of inpurities
in the reaction m xture being worked up, the
tenperatures regi nes selected in which the process is
run and the contact tine between the purifying sol vent
and the solids obtained fromthe process. It will be
appreci ated that when other purification solvents are

RIRBPHYREATHNG RS AUBHAELAS o8 CRRBOYNSLIERT he FRagtiRNT @ixture in the form of

P avdtehd@ndateonpound of Formula | the precipitation
product may al so be further purified by other known

means if desired. There follows exanples which
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r'ic%?e@)e}’ el sofR @&@dﬁrﬁéht@it z@ﬁf&?&% Besdthe 1n§ %SQ %E}gé&%s possible

taken to be when 99% o e substrate use ‘
@&QM@” gexierzing {headiligatiosrafithre compoynabtfiFsirsdla Ic', an expensive

%‘p 'ﬁ%@g}%rﬁl%% Exanple 1: Preparation of the

ound | ng An Acetone Precipitation
Process Into a three-neck flask equi pped with an

t t
o Sl o RBEES far Mool R RARLE YHE sojajeg purifes
rpPRO-FEFONS B0 Valke )comMpovnp af Fumwaﬁa)ﬁmm mbtmne(cﬁ@%ﬁ\/fmﬁher purified by

i‘%g@},taﬁﬂ?tlm a(:él%gemﬁ)ccargpﬁr A Ha% n;'gf ?ﬁ%ﬁ)‘?‘%cge%%tcg;\ %@ fgfafed with

m nu r oom t'enper a
agditPoahpurifinatial( WOCWIS)BS vmﬁirﬁédwrs%)ﬂdewww dfehe mateﬂal provided,

RTREES AP BRI R BRE0:4  BUTR G o stane
arataneasioniatagyot the cbm;vpemcabu?@nhm Wean adbtobe avvtk ibof@he reaction
rﬁg&u% de@%e@%@%éi? Bu%a{eﬁgﬁg%n?ﬁw *n%g ppélpalfl t%:(r% ofttrbeecompound
of Formula lf. in some embodiments the process of the invention is employed to
provide impurity levels in the compound of Formula |a 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 [a 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
between the purifying solvent and the solids obtained from the process. it will be
appreciated that when other purification sclvents 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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reaction m xture was cooled to 20C and the pH was

adj usted until the pH of the reaction m xture was
WOR8PREAI6pH 1 and pH 2 by addi ng 60 ni of 25%PEIT¥IPQ8¢80699

acid. After adjusting the pH of the reaction m xture,

THF (200 nmL) was added to the reaction m xture, and

the m xture was filtered through a pad of Celite to

renmove the catalyst. The flask was rinsed with an

aliquot of a mxture of THF (300 nL), water (300 niL)

and 25% H2SO4 (1.5 nl). This rinse was passed throught

t he Gdera ®llawe exampley sthichdliestrathhegovtitine grecipiietipparocess and

R T R L

diearpe framuareetbaneiivetegeactiasrmegisrmmi nt ai ned at a
tenperature below 10 C, and the pH of the solution was
adjusted to pH 9 by adding 30 nL of 25% NaOH whil e
5 maintaining the tenperatuEXAMBLESW ng the pH
adj ust nent, 150 of NaCl was then added to the
sol utfingrieagrnts ﬁnga@vwaﬁ nieed trothe @Ramntestan® apitiesed oppeerce
r . a 0,
B RO Syl BR0 8 S ek o P hRaBlon step
is gabénatyltabeq & be vhao 98 %althe gubsttaie as@ﬁ harebsayi cansgmed.

%@9 i ¢ phase
Sé/\/;h(s%i’%igoﬁf anéﬁér?ﬁ%ggal ne%é B@?&%&a *’6@1’9 g{h%gg C, then
10  ethyl chloroformate (30 nl) was added to the conbined
Exdialet prihb .oﬂdo@'taé% oﬂdﬂeﬁ Eolnpghor mat e vas
ow y added to
j j récipitalion Rrodess t he tenperature
between 0-1 OC. The mxture vvas stirred for 30 m nutes
whi |l e maintaining the tenperature of the reaction
m xtubeHbetvveen C and 10C. When,t he reacti on was
| 2HPLC 200 m @ ang00 m  of
! Teyand the two
ik Q e of 02 nhdse was added
anot he rHZQO r*ri vvater and § Vol adi Bm bi car bonat e
sol uti on. T@Qpﬁg Xxture was agi tat el tor hour
mai nt ai r}| ng the tenperature of the C{O}NPh,

I’
18
o H
I. THF ANHCOOCH,CH,
ib' - O
2. 9 P %
EH
ol Ho2 i
CLONPR,
3. TEA

into a three-nack flask equipped with an agitator, thermometer and nitrogen
inlet were sequentially added the compound of Formula I¢” (100 g), THF (800 mi),
20 10% patladium on carbon (50% wet, 35g) and water (400 mi}). The mixiure was
agitated for 10 minutes at room temperature and then heated to 50 °C. Formic acid
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m xture between 15 C and 25C. At the end of one hour
of agitation, 25% aqueous sulfuric acid was added to

wWo b@onssatiar e until the pH of the m xture was be¢TesI0096$0699

6 and pH 7.5 and the two phases were separated. The

separated organic | ayer was atnospherically

concentrated to 300 nL and acetone (1000 nlL) was added

to theconcentrated organic |layer. The resulting

sol ution was azeotropically distilled, to a vol une of

300 nL Additional acetone (800 nL) was added to the

(@O molenvasoadstkdsidwiy ivdvie Aredtenineratasuivas gintaihed betverasts °C and
C

_‘Qﬁg ?gé F%atd:ﬁg ﬁ'@ W&% é&?ét%% gotr gr@g?’sgww@mgfnftééfﬁ? e : temperature

aiweem ttﬁ &€ edddSeConétes leueadivnbyacjodgéheprmpletesinl HPL@nthe

ARG RERAFE NG b FRERAL W QARSI sfel Gt BF of tne
feabiioweikting wasdietweert pid 1siduetl Broyadingtdiy me of 8h%ssuforiaacid.

ARTEEANE Byl i O oD it 88 g BlRuhe e ige
r@adtigrihBiuEe, Mtﬂthagmikﬂt@'dfaﬁ filtterad ttrddgh B gadlof CeflteHouersove the
50 e B BB S B35 AR o0 m watr
(BBDu'mLatandrﬁs%r hi@S@k [t.BmigaKkeiswasewsshedsed tHio2d0 thd Celite and
%&%@% o B Sl PR A B R B e i oo
m&lmmtm selufi@npeas abelee torbelaldioNS dT ixetewgenatate dffh€Esalntion was
B e ARS8 e RS bl B bl g aputea o
1§19 Oby&iding HPmy it 26% R8OH wiileadaiptainity dhe dApRdurk3 FCjlowing
e R ST o S B B 0854 b s vames
tbH0° C Zind kwb Bhaddd) werd. Hpafated. Th) aqiclB (hasdiwae ekpaekd with 400
!’%Lg}g Tf‘%d ah]d goﬂl}gi'ixgci g:'zsthég%%fga%\icgc%a%g’l T%,e_bzco%'%r%gi(g@ar%% were
Wadrdd(with d bFn®sSufith (48H) df Na@3n €00 nBldf water)l Thé @rgahicphase was
mﬁlégbwt@pqu %@&1%5“%09 ﬁ&gl 6{2 EZ ml;_%hﬁ)égppeformﬁe (30 ml) was
added to the combined organics. After addition of ethyichloroformate was complete,
56 mi. of triethyt amine was slowly added to the reaction mixture while maintaining the
temperature between 0-10°C. The mixture was stirred for 30 minutes while
maintaining the temperature of the reaction mixture between 0 °C and 10°C. When
the reaction was judged complete by HPLC, 200 ml of MTBE and 200 mi of water
were added to the reaction mixiure and the two phases were separated. To the
organic phase was added another 200 mi water and 30 mi 5% sodium bicarbonate
solution. The mixiure was agitated for 1 hour maintaining the temperature of the
mixture between 15 °C and 28°C. At the end of one hour of agitation, 25% aqueous
sulfuric acid was added io the mixture until the pH of the mixture was between pH 6
and pH 7.5 and the two phases were separated. The separaled organic layer was
atmospherically concentrated to 300 mi and acetone (1000 mlL) was added to the
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Usi ng A 2- Met hyl - Tet t ahydr of uran Precipitati on Process
The reaction outlined in Exanple 1 was carried out a

WG e@onss4lié e usi ng a 2- net hyl -t etrahydr of ur anPCT/US2008/080699
purification solvent to precipitate the conpound of
Formula | 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
t he conpound of Fornmula Ic' (100g), THF (600 m), 10%
pal | adi um on carbon (50% wet, 35g) and water (400 ni).
cBheentiated prganasayayi TALGesHINg shgon ias aestioaisalit disdiseh to a

SR IRERPAAY L AN AR DEREEdshO nfi) sl b B8] dntdrates
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smasiop m@gmd;sm;pmplsewobynmm@ﬂam the a@r\pmm@e Retesnwls C and

08" B! Rt Rl HoU b gL Bouton

cMeFtHra® Aoty tovasemderatlre of frbm (Rt ¢h1 it dihe, temhitstture of the

PRy S T elia e 68 G pofi b OBt an
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t | The pH. o
R iReErol P PrOiries e L St Ehtperatifs PHl RS AR 5 o

432510 topfroliee marhotaicatong sblvatd e teucenmiuntifed Formula | as a

t tu Fol | t ddj t f13g°c: 'H
Ko e e fed e o i o ARrea R e ot P dpfiaec
fRt (ODCI9aCT. 2O N 785(hrMe,H 15@9gn of HIN&GI1 (basTHIddOE.(d The 6.98 Hz,

b siaBe, Hhd %ﬁfw"éﬁgi Soaéoiﬁa&%%ef&#?sf?ﬁﬁﬁrﬁms
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@dafsﬂjﬁmps N300 48 GOSHY P17 (!9 9405 PR |20 = 115

Hz, 1H)

Example 1a: Preparation of the Compound of Formula |

Using A 2-Methyl-Tetrahydrofuran Precipitation Process

The reaction outiined in Example 1 was carried out a second time using a 2-
methyi-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 ic’ {(100g), THF (800 mi), 10% palladium on carbon {(50% wet, 35g) and water
(400 mi). The mixture was agitated for about 10 minutes at room temperature and
then heated to 50°C. Formic acid {70 mi) was added slowly while the temperature
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The organi ¢ phase was separated and cool ed, and
mai ntai ned at a tenperature of from0O Cto 10C Into

wo b@oossaied or gani ¢ phase was added et hyl chl opof/0osT00$/680699

(30 mM). The m xture was mai ntained at a tenperature

of from0O Cto 10C while 56 nL of diethyl am ne was

slowy added to it. Wen addition of the ethyl

chl orof ormat e was conplete, the mxture was stirred

whil e maintaining the tenperature. After the reaction

was j udged conplete by HPLC, 200 ml of MIBE and 100 nL

whs matrdainew betwedddd” € ant 156°C gthet. Winlermaintairgng ths teowredature
Lt ; % ;

bt e Rl R it g ot B aoufs AT ol wep e

tanpietediyUhRlOfthe 0fadtibn yixidiestvas Coaied tf 20°Codrat theed Wagpagjusted

SRR AP, B4 2RSS BRI tR Eoon e
@60imy) whe trddé tr thé ueantioamuixtuhe whictt wastheadiltered through a pad of
SRRSO Lyl LSRN s T oL 5 anc
Z%et,B0lt1e8 mihyds oed trinsedhe fiest exditatalygt, and fileredWersugh the
A0 T4 B B RERAS PR S e B8Rl 8 grrosa ack
ée‘tmrf elgan éﬁﬁdaﬂ:’l‘r metrhiylure etis ahgldd o6 belaw KGCutTherptbwas adjusted to
28, 5T o SRS PRI P HETREIE s e
teaiperdturk diu Jeaktdr mimeareeimoodithg the sol ution over

three hours to a tenperature of from (-5 C to (+10

C). The tenperature of the resulting slurry was
mai ntrailoethghed wedition ebN4&DHaaH hildcstinaimg tagidiatkiedhé or

dditignal 1-2 h : | d i tat] i od.
ReoSEs1 s SR reerorpingees: 13 Sar Bafrues A L wBfpfpinure
%ﬁggumfd ;0 mhmgrw?faéi tvefe} @aiegattm_s mﬁabe@bw gHas2 Qs

- met hyl - ahydr of ur an mai nt ai ned at a .
Dttty b1 HoDatS  Pas g apd Dt Hise diesf gpmpined and
wadHed W08 Bete YEGtEH (460 dfNadidn DOURE. dfwasnai r draft
oven at a tenperature nmaintained at 70 C to provide

the conpound of Fornula f as a
NMONO-eRaNt phedd REY défr leaing Govrbeamhivbdifed at a

t%tnfp_e\;{\gﬁlzrteeof%%\?ndg [’C %09 9 C. Into the cooled organic phase was added ethyl
chioroformate (30 mi). The mixture was maintained at a temperature of from 0 °C to
10°C while 56 mL of triethyl amine was slowly added to it. When addition of the ethyl
chioroformate was complete, the mixiure was stirred while maintaining the
temperature. After the reaction was judged complete by HPLC, 200 mi of MTBE and
100 mi of water were added io the reaction mixture, followed by the slow addition of
100 mbL of 25% H;80. The resuiting organic phase was saparated and concentrated
to 5 voiume of 300 mb by dishiling off volatiles from the organic phase at a
temperature between 76 °C and 80°C. To the concentrate was added 1000 mi of 2-
methyl-tetrahydrofuran and the mixture was concentrated by atrnospheric distiliation to

a volume of 300 mL. To this concentrate was added 800 mL of 2-methyi-
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80 nole %yield, 98.4% pure by HPLC area% purity);
IHNMR (CDCI3) d 7.25 - 7.55 (m 10 H), 4.89(m 1H),

wd2&d/0das¢6 1H), 4.09 (d, J = 6.98 Hz, 2H), 3. 9BcBUBB0£/080699

m 2H, 2- Me-THF), 3.73-3.68 (m 1H, 2-Me-THF), 3.49
(brs, 1H), 2.41 (m 2H), 2.25 ( m 1H), 2.06 (d, J =
10.8 Hz, 2H), 1.96 (d, J = 10.9 Hz, 1H), 1.92-1.79(m
3H, 2-Me-THF), 1.83 (ddd, J = 13.5, 6.09, 2.51 Hz, 1H),
1.63(m 1H), 1.52 (d, J = 5.8 hz, 3H), 1.45-1.36( m

1H, 2-nethyl-THF) 1.23 (m 5H), 1.22 ( d, 3H,
2irvhydrefeyarlarky tfaresditing blixibreHwras Qdai)qeﬁﬁa@z gyospherically ® a

B
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oK, RSB0 8 Py R TRTRAREq B ) o
Faoigh and agtta(té@ﬂ@)an a'BHFﬁo(wﬁiOOZ o)its. l%ﬁ&idfcﬂ&@ﬁaﬂbﬂ period was
SR et blednale Yo IRira by SecTisb el el g cake
\ﬁf}%m’em Witra kel g -rbEByl- Z;Fﬁfm&{;famricbnf(ﬂﬂi?dn)eg\MQ tem;izrsa(t:ura

Srnest St TR e R AR Sy TRHTLR) RS aPq P32 roEis i an
éz&@@& ovehet ambmmrmmmem@s 706C tapadidecthe éoimpumsd of
ALl Lhea et A0, M0%, LUched COTBLEL S B HERS AR oucer 09,
wm %dﬂé;@ 98 0% hed wmmeawpap@)Z?WW (CIDES},) B 7.25 - 7.55

e NN

Memwhaaaxmlmﬁ B¢l d-4e-THF)r 8 @QV(Brst ), cad Bdny tH), A25 ( m, 1H),

FB88 119 ik 2 etioh 500 0k P L ERORES
@iad, § =11y ethg Qmu@h 1134761 @sdm ey, The (ﬁqn?blsrmz sm}uu i48m.36( m,

containin nd mul'a |b' char
1H, 2-methyl- gILHF) 23 m, SH) 122((5 3H 2- Ma»THF) 1. ﬁ%qid = 1?5Hz 2H),

0.92 (g, d = 11.5 Hz, 1H}.

Example 2: Preparation of the Compound of Formuia i

Using an Ethancl/Water Precipitation Process

The reaction cutlinad in Example 1 was carried out a third time using an
ethanol/water 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 Ic' {(100g}, THF (600 mij, 10% palladium on carbon (50% wet, 35g) and waler
(400 mi}. The mixture was agitated for about 10 minutes at room temperature and
then heated to 50°C. Formic acid {70 mi) was added siowly while the temperature

17
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into a clean flask and the m xture was cool ed to bel ow
10C. The pH was adjusted to pH 9 with the addition of

W@ 0oorkssafic 25% aqueous NaOH (30 ni) whil e mai nt BETURD08/080699

the tenperature of the reaction m xture bel ow 10C

VWil e mai ntaining the tenperature of the reaction

m xture, 150 g of NaCl was added. The reaction m xture
was warmed to 20C and two phases were separated. The
aqueous phase was extracted with THF (400 nlL). The
extract and organi c phase were conbi ned and washed

whs maintiined bevalent450@ andG53C ofhe Na@hile maipBining trof temperature

ERE e (Beh OMILOR, S50A0) By VRS VS RRRALSS BB e
Wai@yﬁh@h@ thé@eamt;oommr@ww Eocied mezzmsamum@ﬁ ‘aas adjusted
ttf %Q%E ngﬁﬂ‘fyﬁmpﬁl or o? { %\%Q'G&ﬁéﬁba drti onll-g’s THF
00yIL) @'ﬂb adoédimihie eeawisncokrple tvéictt Wias themtﬁiﬁeadvth&ugh a pad of
ELERY e SABRR LAl i B2 82 A B o o ane
26%d %804{11}_5 mch) mg easeld\/a‘.l;1 &na}iﬂedasigamdweatﬁéatahd ﬁiteredfthmugh the
B 5Bt ARt Bl O o S8 T oo v
iateda cleac @ask atcethetroixaury alueoled ‘c@ Peiowl1 B¢ dihetpH Wan gdjusted to
G B 5B P Lo R B e o L E VRGBS e
tb@%ra‘tixreocﬁ tied Remgdn n'[ﬁma#etﬂmm ﬁ“tmrwmmmammtthate}dperature of
Pl eoRBRE SRk i d SHEk N e sPa, TBBCTrion M BERaNaY Warmed fo
zm'g: Wﬁd{:@@ﬁ gggéﬁdd\';f%ﬂ ?rgh?ﬁ%i@w&d vrajl e{amwedem THF
@BRaHS) B BT TEAI BT T a2 e ey bn brn
%cg/ut[ﬁgﬁgltg?szi g&fﬂam 200#hLcn ma@e“rs Tise g&r@gmg @@lg;dn@; msbehwv

SRMERT PEY SO0AS Ao WATe Ve BB g (P Teperatr 8! e cganic
wedser sé AR ofiidth inslded stifed ttﬁth@%féﬁﬂbﬁﬁb @hagmmowea by stow

%&@gaea‘@\gﬂaﬁi@%?q% g‘(@bﬁ%@%ﬁ% ee {:g{ﬁ?ﬁrﬂe@c{m V\ﬁe ethyl ch%rofermate
was complete, the mixture was warmed to 20°C and stirred for 30 minutes. After the
reaction was judged complete by HPLC, 200 ml of MTBE and 100 mL of water were
added to the reaction mixture, foliowed by the slow addition of 100 mb of 25% H.S0,.
The resulting organic phase was separated and concentrated to a volume of 300 miL
by distilling off volatiies from the organic phase at a temperature between 70 °C and
80°C. To the concentrate was added 1000 mi of ethanol, and the mixiure was
concentrated by atmospheric distiliation to a volume of 300 mL. To the concentrale
was added another 800 mi of ethanol and atmospheric distiliation was repeated to
provide a concentrate of 300 mi volume. In general, addition of ethanol with
subseqguent concentration by distillation is repeated until THF content is observed io

be below 5% normalized area by GC.
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precipitated fromthe m xture with seeding. After
agitating for 1 hour and nmintaining the tenperature

woboovlhsssconcentrate at a tenperature between S5BCTUSIVAS/080699

65 C, 150 mM water was added at this tenperature and

the m xture was held at a tenperature between 55 C and

65 C for 1 hour. The m xture was then cool ed and

mai ntai ned at a tenperature between 15 C and 25C, with
agitation for an additional 3 hours and then the

product was separated fromthe concentrate by vacuum

filt ride temparaturaas tredcancentrate iveasohaintiiead belveeppodGand 85 °C.

455 e g Vol QAR i

tempetBuid)of bévBSMES5 “THnd 45 51 apbdhe dddppelirof Farmalad was

;%@'%%ﬁgég g%ﬁjfheimgf%i%%ﬁ Eg%&%% %ﬁé‘#@%&b%& @j?zr?di% %6& 'qng,intaining

theltemfier@8ir¢ dtithe chnceniBats at 8 198peratuBd bebweeh )b, *ClarBB§HTC, 150 mi

bk yhs okl s bl b

fetwedhBb C8land .654TLfoFdunndr. Tl miBrampdseth8n cQolep and smaintained at

Sl LI 8B PR SRS 20650 o

hes ¢hid preductrwdssapplasd i'om’tde tandantratchiey paepar ditraton a&fd washed

W TBnAATREL Therroish P BPas 2L 6062 15 wowdean Al yhig soiid

(88, Cierpoasvid, Mp 18e2AOI BENMREDCH) &maﬁplksa(m ot0 Hpet.89(m, 1H),

EBTI THal o cr 28 il TaE oS 87 2HErnck B 10

poecedur 8.8 HAeH) eved (nf) + nporkd i1e, PBB&RAL Ji=M A5, 6.09, 2.51 Hz,

TRt a‘%“%evé’@"?%d%éié o dr i o (O TRE 14 HZ 2H.
o.67adp) = 1500t aHyi MedEB)) fbiﬁwwafascﬁtawi Bo@ld:i4gal at ed
preci pitate, expressed as area of HPLC peak associ at ed

with precipitated product/total of HPLC peak areas

assom at ed VVI t h detectable inpurities present in
: : 3 Imoardty 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
monocacetone solvate and mong-2-methyl-tetrahydrofuran solvate respectively of the
compound of Formula | and in Example 2 for the preparation of crystalline material
precipitated from ethanol/water were repeated. For each of the repeated procedures,
the level of impurities present in a sample of each procedure were evaiuated by HPLC
methods. The results are presented below in Table ©

e
[t



These data show that the process of the present
i nvention provides about a reduction of about a fa

cto
W08?09/f§54|1?1 the inmpurity |l evel present in the PCT/USZOOS/OS%”

10

15

2-nmet hyl tetrahydrofuran solvate and well in excess of
a factor of 10 reduction in the total anount of
inpurities present in the acetone solvate

preci pitation product. These data show al so that the
process of the present invention, while providing

i nprovenents in the level of inpurities present in the
preci pitate, maintains or eXableds the yields of the
compound of Forrmula | obtained fromthe prior process.
The above description of the invention is intended to
be iltlustrat immmmdemwﬁsemeﬁm@amp%ﬁl ous changes or

oot to. 1 nodoltt el PR elAaEll o°C e e

be magempid hedcedsphrt | n@rofcesxm;ft he Fropessarf spirit of

the inventio V\hat cl r ss for
provi &ng a E ﬁ a%’éefrﬂgiﬂ? fed f%aﬁ? gﬁ Et he
conpownd of 59l2w|{H’1| Fog auhiasol |, 8y ’m’DtCGS'S

Con'p i-Si ng OV r~|| n a_cat Lk at“ SOt
conpr si ng tRR3 é%und %@‘2%’3% @21%’” ‘isb’l“w_nt

conprssi ng Sybskantaal I yomgetome or 8? 22:’10 41
2-me hvl-tp rah\/drnfurn (9 Ne- TI—IIZ\

afi.rst
{ enmpor SDBFEIGE S o CHEH 1CieH BT GPE=1eg o5 Gyl HPLC pesk
anbi entasgariied vitls pre@mteied poduciietal of HBLG zpatyereas Hstaalgteg witlpdetectable

forma i%F&ﬂ@d’b?éS@ﬁi%ﬂ@%lnM@e@{oM%“@ s of the conmpound
of Fornmu and mai ntaining the solution at said

first tenperature for a period of time sufficient to
f or mThese gpersdioprihat the peoceseebthedrraserntgrveniien provides about a

2RLARAA KoY HRtRBE 4T 8 ithbBEidIeVelpsent in the 2-methyi-

tetrahydrofuran solvate and well in excess of a factor of 10 reduction in the total

1%

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.

The above description of the invention is intended to be iliustrative and not
fimiting. Various changes or modifications 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

iy



b. optionally reducing the tenperature of the
suspension forned in Step "a* to a second tenperature,
WORAEYSPHOsai d second tenperature i s subanbi enPCTAIS2008/080699
optionally agitating the suspension fromstep *b"
while holding it at said second tenperature for a
period sufficient to precipitate a crystalline product
having | ess than about 3.0 nole% inpurity and
conprising at | east about 80% of the conpound of
Formula | initially present in the solution provided
Whaidsejgime@ 8’ and d. optionally isolating t e
crystalline product precipitated in Step "c". 2. The
pr oc b iii i, ' o of the cBapolsd of
out@ ‘ ?fsﬁf}g&ggﬁjﬁ%@éﬁ%gt@ﬁﬁa@%éé\%gﬁﬁ%gﬁ%rg?gtﬂSre ar‘i)gl3 for
a pefficoduigdfficient to precipitate a crystalline
product havi ngd egs t#han about 2.0 nol e% i npurity. The
process of cl ai m-P-whereiWHCOaPH%1er st tenperature is
a tenperature of out 45 C to about 60 C. The
process of claijpi B WRerein said second tenperature is
a tenperature & firrom about (-5) C to about (+10) C
The process of pgl@ign 4 wherein the sokyihqg;in Step
"a" is maintained at said first tenperature for about
1 houre prohespeaers ®wf claim5 wherein the period of
time over | & : hSed i :
firat tonpor oy SRl AaPShBad] S RENE R o 3P Smuia
"b" is a persicbgnbtorapyéing Sibstantslly atetor eceastivi-talehyrofuran
6 wherein, | ' vt Sai ROV E :
adding a i DAY ok 28t B it R U hicE oprature s
2- et hyl - t ebeahgmbiehtamrchistselestesiob e iom retepsiiibigto forea

conpound  of, LOL MU haprBiG W std E oF AT bR hE WP BEim@R Y 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 "2’
to a second temperature, wherein said second temperature is
subambient;

c. optionally agitating the suspension from step “b” while holding it at said
second temperature for a period sufficient to precipitate a crystaliine
product having iess than about 3.0 mole% impurity and comprising at
least about 80% of the compound of Formula | initially present in the
sclution provided in Step “a"; and

d. optionally isolating the crystalling product precipitated in Step "¢

The process of claim 1 wherein, when step "¢’ is carried oul it is carried out at a

o

second temperature and for a period sufficient to precipitate a crystalline product
having less than about 2.0 mole% impurity.



tetrahydrofuran, and distilling off vofatiles until
the solvent renmaining is substantially the
w@poovssad i on sol vent A process for synthesis pET/UR®08/080699
conmpound of Forrmula la Fornmula la, the process
conprising: (a) providing a THF solution of the
conpound of Formula Ib Formula Ib; 22(b) formng the
am de of Fornmula la in a reaction m xture provi ded by
treating the THF solution from Step "a" first with
ethﬁlchlorofornate and addlgg thereafter triethyl
i hige Plaspssph Haify2 whetare sakkiis| BMPeIatyrerie afteppestwp of from
"b" st @addiong agguddo #0l unes of water and net hyl
tert-butyl ether (MIBE) and then separating the
resul ting organic and aqueous phases, (d) mxing the

ﬁerﬁfﬁ@bs%@e@i Sedhif PRSIl 588‘3@:&% teﬁupe)’ﬂé&;% & tgl‘ﬂgéjature of from

f and an allquot of a carbonate
sol R{Sr; 5)()@)‘10@@%%%1%@% pH of the nixture provided
in Step "d" with an aqueous acid to a pH of from about
pH 6 to about pH 7 5 and separating the aqueous and

5or g&ihg eropess efgraimot whereimihgtsgiusion (1t Htepodi fsynaigtairted at said first
SO'?éﬁi}a‘erétﬁreth?a&ﬁRqr@u?d organi c phase obtained in

Step y a process conprising. (i) mxing a
pur i fy| ng solvent with the separated organi c phase

bt &
ch e'tﬁ‘éenn b S%rséb Zﬁl\cfzﬁr_}j}_/?’:wh%‘féﬁg fk é%’ pg of WF ?6&//9%\{@?5 Y!%‘Eeﬁpt%ﬁature is
m xtedueed F@msgiddpst’ temp)aratwmto Isaadtseucenct teneeena tuiee secstep ‘b isa

period of about 3 hours.

7. The process of claim 6 wherein, the solution in Step “a” is provided by adding a
purification solvent which is acetone or 2-methyl-tetrahydrofuran to a solution
comprising: the compound of Formuila |, methyl tertiarybutylether: and
tetrahydrofuran, and distilling off volatiles until the solvent remaining is
substantially the purification solvent.

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

WNHCOOCH;CH;

CLO)NR'R? Formula 1a,
the process comprising:
{a} providing a THF solution of the compound of Formuia ib

c

[OINRTR? Formula ib:

22



and (iii)repeating steps "f(i)" and "f(ii)" until the

solvent in the mxture of step "f(ii)" conpnses
waendpshssaté al |y the purifying solvent; and (g) BPODUSI0G8/080699

the phase provided in Step "f(iii)", thereby

precipitating a substantially pure solvate formof the

conpound of Formula la The process of claim8 wherein

t he conpound of Fornula Ib is provided by

hydrogenating the conpound of Fornula lc, Formula Ic,

using a pall adi um catal yst and a m xed water/ THF

realehi derrmingiingraThide 9f bearida & Ind HRMIY MEHEE &F pviged @hgeatsng

R2 in %%C?H?ESM& 5{?%% $tf%pp§‘efg¥ w:t@@tﬂv%ﬁi@!ﬁcﬁéﬁéﬁe tah@ addin

conpoun ormula la formed is the conpound of

For nul #hdreafyinethy amineThe process of claim 10

vvhe Cel %rk;ﬂ%%)% ceibc r§ Hx%ugr@%%%g; BA5E 284 T%"eb%} voRimes of
jueous $0di um bi carbonat e sol Ut on. rocess
of cl aiwatdrianshieeiyrertioytbeter (MTBE} prd 3@0@@9@"3&% ¢he resulting

used tg}{%q,hy%ﬁ %@e@g géé}on pH is an aqueous sulfuric

acid s cess of claim 12 wherein, sal d
sepah am@ngﬁmm@r@t@ﬁm@maq prasedram Starel’ wigh ap@qua volume of

concentr a?érea‘%‘ldbé’n '%5%5959%9955@%%&5‘1&{' or to adding

the puritying so rocess of claim
13 memlustaﬁg g phy'of themxmpfqvgiegts@ §ter:c @npith ageguepys acid to

adj ust i
phjase &p@?)g &ﬁ‘%@g t§ a%ttjtgtﬁjlag ﬁ%gétpgpatﬁggﬁé‘u?gueaus and
vvher ei rgdrec pormists Dﬁﬁﬁ@ﬂiﬁmﬂ'e is a tenperature above

S b gg nt %ﬂ@@gﬁsé géﬁ%ﬁﬁﬁl Fﬁe S %%%% 8?9%?{%&#3% O%Eqn?ed in Step “¢” by

mai nt alanrngegaaodnmmmgf i ed organi c phase at said first
tenper e}t} uz'[s'nx ing a purifying solvent with the separated organic phase obtained in
Step “e”, wherein the purifying solvent is acetone or 2-Me-THF;
(iiy azetropically distilling the mixture from step “f(i)" until it is concentrated;
and
(iiyrepeating steps “f(i)” and “f{ii)" until the sclvent in the mixture of step "(i)”
comprises substantially the purifying solvent; and
(g) cooling the phase provided in Step “f(iii}", thereby precipitating a
substantiaily pure solvate form of the compound of Formuila la.

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

hydrogenating the compound of Formula ic,
H

g aNO,
.a’
ﬂ\ )\“’J

H

using a paliadium catalyst and a mixed water/THF reaction medium

i

W
:z:\‘

ONR'R? Formula lc,

[eHIHI



for a period sufficiently long to forma suspensi on

conprising the conpound of Fornmula la; and (ii)
w@odjoussi4ng t he tenperature of the suspension fePeTES2008080699

step 1" to a second tenperature, wherein said second

tenperature i s subanbient, and hol ding the suspension

at that tenperature for a period sufficient to produce

a crystalline product having | ess than about 2.0 nol e%

impurity and conprising at |east about 80% of the

onpound of Fornula la initially present in said

’ﬁog? he pPcergEiMEh METHP EpAnEdR i iR escl peeyrence ipghey!. and

pr operSorefth€ tampbdit YFRIrRILMR 1a38inthd k1 HRG '

a tenperature onfrom about Z&lg%td;'lséﬁéoﬁ%r%o _Ifhtfféo?mbéi,

process of claim 15 wher'gi §,. quri neHsbepHag(i )", the

suspension is stirred The 'ess of claim 16 which

further conprises isol atNag~ttieprecipitated solids

fromstep "g(ii)" The prpcgssHof claim 16, wherein

said second tenperature Is fFomabout (-5 C) to about

(+10) C The process of EMN9H 18 wherein, theFormulal.

tenperature of the suspension is adjusted in step

"g(lLi)" fromsaid first tenperature to said second

i enp Ricaess Yvaimal Gouhereia. bfStapodt thenpasieonsde pase golution is an

ConpRIAs BYLRRIGH R4EMGPEGRRs of claim 19, wherein

the purifying solvent Is acetone, and the product

provi des an NWVR spectrum in deuterochl orof orm havi ng

h | t J - 7 ,
1%.Oer|_r|§e?§5r|2&¥8§93?r9hcﬁa?ﬁb g’”\@feg %H('\'E(zé’t@%%:’? ?h)f %:B%E)éé agid :usgé &gg&;ust the
Hz ,sosutipn pal igoar paeeousguifurie acid splpfioreH), 2 25 ( m 1H),
2 19(s. 6 H Acetone), 2 06 (d, J = 10.8 Hz, 2H), 1 96

ég, J =10.9 Hz, 1H), 1 83 (ddd, J =135 6 09. 2 51
181z, Therprocassgd claim TR)whereib2sgid segaratedl. @gatic p8itpn formed in step

‘e’ is concentrated by distilling off solvent prior to adding the purifying solvent in
Step *f".

14. The process of claim 13 wherein Step “g”, the cooling step, comprises: (i)
adjusting the temperature of said modified organic phase prepared in step “f " to
a first temperature, wherein the first temperature is a temperature above ambient
and is selected to permit formation of a suspension comprising the compound of
Formula la, and maintaining said modified organic phase at said first temperature
for a period sufficiently long to form a suspension comprising the compound of
Formula la; and (i) adjusting the temperature of the suspension formed in step *i”
{0 a second temperature, wherein said second temperature is subambient, and
holding the suspension at that temperature for a period sufficient to produce a
crystalling product having less than about 2.0 mole% impurity and comprising at
least about 80% of the compound of Formula ia initially present in said modified
organic phase prepared in step *f "



123 (m 5H), 117 (g, J =11 5 Hz, 2H), 0 92 (q, J 11
5 Hz 1H) A conpound prepared by the process of claim

wa k@i n the pupfying solvent is PCT/US2008/080699
2-nmet hyl -t etrahydrofuran, and the product provides an
NMR spectrum i n deuterochl orof orm having the foll ow ng
features. 1HNMR (CDCI3) d 7 25 - 7 55 (m 10 H)14
89(m 1H), 451 (bs, 1H, 4 09 (d, J = 6 98 Hz, 2H),
3 98-386 ( m 2H 2I\/ETHF) 373368(m 1H,
2-Me-THF), 3.49 (brs, 1H), 1 (m 2H), 2 25 ( m
ﬁ") The RoeCesa, of glaim {14 vgmp:ﬁm @.q; firsy te%oe(rgtureg S8 tgmp@ra@re of from

1"')@23&&%5% ?eﬁéifﬁut@b'*’{)z Me-THF) 11 83 (ddd, J = 13 5,
6 09, 2 51 Hz, 1H), 1 63(m 1H), 1 52 (d, J = 5 8 Hz,
3H), 1 45 136( m 1H 2-methyf-THF) 1 23 (m 5H), 1

72 (rrd ’{)r@&éss 2t Maimd "E'E)Wh]eréﬂ &Lﬁiﬂg‘%‘:@p Jg(t} gwe"&:spg@imn % s%?reci‘
(g, J 11 5 Hz, 1H) 25
17. The process of claim 16 which further comprises isolating the precipitated solids

from step “g(ii)".

18. The process of claim 16, wherein said second temperature is from about (-5 °C)
to about (+10) °C.

19. The process of claim 18 wherein, the temperature of the suspension is adjusted
in step “g(ii)” from said first temperature to said second temperature over a period
of about three hours.

20. A compound prepared by the process of claim 18, wherein the purifying solvent is
acetone, and the product provides an NMR spectrum in deuterochioroform
having the foliowing features: "HNMR (CDCl3) & 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, TH), 2.19(s, 6 H Acetone), 2.06 (d, J = 10.8 Hz, 2H), 1.96 (d, J = 10.9 Hz, 1H),
1.83 (ddd, J = 13.5, 6.09, 2.51 Hz, 1H), 1.83(m, 1H), 1.52 (d, J = 5.8 Hz, 3H),
1.23 (m, 5H}), 1.17 (q, J = 11.5 Hz, 2H), 0.92 (q. J = 11.5 Hz, 1H).

21. A compound prepared by the process of claim 18, wherein the purifying solvent is
Z2-methyi-tetrahiydrofuran, and the product provides an NMR specirum in
deuterochioroform having the foliowing features: "HNMR (CDCHL) 8 7.25 - 7.55
{(m. 10 H), 488(m, 1H;. 451 {bs, TH), 4.08 (d, J =698 Hz, 2H), 3.98-3.88 { m,
2H, 2-Me-THF), 3.73-3.68 (m, 1H, 2-Me-THF), 3.48 (brs, 1H), 2.41 (m, 2H), 2.25
{m, 1H), 2.06 (d, d = 10.8 Hz, 2H), 1.96 {d, J = 10.9 Hz, 1H), 1.92-1.79(m, 3H, 2-
Me-THF} 1.83 {ddd, J = 13.5, .09, 2.51 Hz, 1H), 1.63(m, 1H}, 1.52(d, J= 5.8
Hz, 3H}, 1.45-1.36(m, 1H, Z-methyl-THF) 1.23 (m, 5H), 1.22 { d, 3H, 2-Me-THF)
17 (g, d= 110 Hz, ZH). 092 (g, J = 11.8 Hz, 1ML

25



