ANTI M CROBI AL PRESERVATI VES TO ACHI EVE MJULTI - DCSE
FORMULATI ON USI NG BETA- CYCLODEXTRI NS FOR LI QUI D DOSAGE

wo-aHbB7HIELD OF | NVENTI ON The present inventi oPCT/E2005/000221
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directed to pharnaceutical conpositions containing a
therapeutically effective amount of an Active

Phar maceutical Ingredient ("API"), a pharnaceutical®
accept abl e cycl odextrin and a_-pharnmaceuti cal »
accept abl e preservative. The invention is al so
directed to pharmaceutical conpositions of the

conpounds of For mﬂaocEssmheRq:REm:aAﬁmebsct ed from

t hq. (%B@ZCBK FESUL Ho GMRilidin-3-amine
sec-butyl and y

accept abl e cycl odextrin _and preservative. In

particular, the i nvent-’f—'g-hggﬁﬁ—m to

phar rramytnvead.onq@ﬁmmah qm,sro@éd proess 96HIRG! Pbparfatic® bI2E R S)-

00 BRRELIRR S e PRI S b

i Fﬁ@)ﬁfp‘wﬁwoﬂ Fir@alkal lq rana iits ehérmaeémtcamd@éptbﬂb galks20h ®articular, the

a ldgl?%%?ltlégl %%@%%&%&L)&%&%Eﬁ%&%&géﬁg&gggte&cmﬁe S!‘:llt of the
bc@mpdmfdext:bmﬁm@m a preservative. The invention is

also directed to a method of devel oping a preserved
APl conposi ti on. BACKGROUND OF | NVENTI ON Adm ni stering

neur elkdor| ecept or antagoni sts, H, ng the
conpounds Foghula | and la, presen ri Qus
probl enpwigANyedard to injection si ahce
(e.g., lrritapgiTady of subject, irriltati CH,

[

6hy swel i ng, and/ or n‘gg N %t he site).
Al lt e have been numer stu with recgard
to |Nrrpr‘

' rough RS yé OH
of varl QUS substances, none of thesa _studies, h VeL,coH
ed on neuroklnln receptd tagonist

Fation. The conpounds of fula | or e are
t he subj ect of U S 5,6 807,867, US. 6,222,038 and U S.
6, 255, 320. The preparati on of conpounds of Formula
and la ane described therein. The codpmm'datef"mahmye
al so be prepared as described in the copending U S
provi si onal application No. 60/541 , 323, comonly

owned and assi gned gmﬁéR@gND dPENVENTSOND, 393, 762 al so
descri L?_es ar mac t| C si t1 ons and treat ment of
FiS FHPgs0T FBirage ban

enmesi s 1ar§6<|=.\qtgrta§1tag@8|s¥3 eﬁbve as an

Uafti- eme@o/agerwmlmamﬁéls C?ﬂﬁé @dmmnd BOF SriDi9d theGRIBJERIVIY.S.
owned and &gls% ned to gn | nc. escri bes a net hod

o 42mPRean em.apat'pﬂ oftheicampaungl,of Formula | is

adasdrbed Betdigl Ul 5G96T8Y @1%0%sdﬁbéﬁbhérniac@lﬁtlcblaoom-Bé@ttlons and
text. of tthe af orenenti oned applications, f]{Jatents an

allPaGiante! eag KiTPeRpiorEntagPaisis d be Mutiple-use faE"Zé"at'O"

h er mey:otr@@mmwrada b)’naiyezfefﬁafémeﬁallyrhdﬁﬂ}ﬁetfat&ﬂo'r BBSWK fivd@ays
und of rmula la i asi c two am ne

ru

f @h |36H‘3I5't§ FQS Hﬁ@tm‘%‘ﬂt QE%B‘?ﬁ!Fa‘Pr)P“%ﬁh"H’é:aaﬁ"i% lptrgyenoys or.

4 pfeterabld, subbethhédus Yadaimisteativh tsfueauré&@foeécﬂe g8de, siH2e retention

citrate salt .of th ound OEF Ialagg%)

< AN BPBYPNG 2 oral Ageape Tam a be problemati Hnagzoufy of emesis.

p tThie pRAiphs- @seQ%;rﬁndlemltlﬁg&]ch?éd ia raﬁildad;ﬁgbhg Ikl)JtJS pragﬁgnal taﬁpllcatlon
ir sol ubi | i u e obtaine

ag‘fﬂ Ps/gﬁa@ﬁr%?p{‘%d Pea"é y% & sodi um d

The compound of Formula 1 also improves anesthesia recovery in mammals.

A co-pending U.S. provisional application No. 60/540,697 assigned to and owned by



acetate), using a partially-aqueous, ol eagi nous, or
m cel lar vehicle, or adding a nodified, parenterally

waecwsptras e cycl odextrin. Generally, however, PCT/¥W2905/000221
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- application No. 60/

observed that formnulations co#-aining cycl odextrins

provi ded i nproved injection site toleration over other

approaches to increasing solubility. Assuring adequate

solubility of a pharmaceutical drug in parenteral

f Rfizeulnat, deswibesa oetiwidadf jimpsysg haédtl;esmno\teneb)dad:giniswﬁng a

I Il & H | .on t .

S AERHG: 5 ol o AR PR o b angesie

co- sol Thertext dhthe afoementianed Ia@akﬁahmamwlltcxmemcéfémees cited in
[ c . e

IR 3B alh U ey el by PHBIEREE N er POV 1

may erﬁm‘twestem within theyproges$ destiriptiorefior symthesisi of thecmomdhgdrate

il 0 BB Rt N B Bl

cungiesitabtsf frorha sefety priepadiverandiitevider ensalisfacetonylyididscfor operation

R e S R A e

f ehemigat canyessianis rar@@afpdicemwtbnutltbmmddffbemgré&swe deprotection

C

*&é@?ﬁsx%%? 3. Scrf Beetron IR BO Bng B adcrEestt P Ringloggn.
u§ igmpRevingethe intérmsidiste ashprbduct maglitedrsloyiddd ndihe overall process is

I
” REBY Y2 oot i<l BERY BN i Bt
('ﬁé'#célpﬂ &Y the numBgEof drtenmegtietesf requitng GOIBEOret:IﬁIHmatmg ireain overall
r N
b&gélg Hh g\ﬁe it gvtnfﬂ%‘? elﬁ‘fgiegg)t \Iv%én Xcsh?,{vgﬁ Bgﬁ%%q lgftfo &%E% Agh
LgrROHeaeTie-alufity fprribegtartg»atnrmucﬁ(éﬂasr elimirating ipatific@B&h §Eps later
I

(DHEFHERSP T, Y Loy tng o8 bThe 8 Sh PR EnGayal e

r@mnovn%gf Foimulsrip éave beas qmﬁmed dorithe gerecatioprof therdisired

G88BhR ornPEithd bR Birdle m&ﬁﬂ‘hg&%w SRR GHSALLY

it was necessary to obtain an opti nal DAl ance betvveen

a sufficient concentration of cyclodextrin (e g.,

SBE-CD) and anti m criiighrY &S MNVENTIOR (€.

neta-cresol). Whilea Tower concentrati on f SBE- CD

woul d N QB agrest. dhr iNKetied s dilecied da a plasess/for prephtng:the

t infpodlY 8t aeRIaBUl d be of fset, however, by a decrease

in acceptable injection site toI eration ("IST"). These

conpeting perfornance Pthapast eri stics necessitated

bal anci ng anti m crobi al er Wit i ve efficacy

(criteria A) and accept £b1E i @,,ptl on-site-tol eration

for the product. Co-gerdlMhgCS. provi si onal

64 ont enpor aneously filed

Wi th the present appMc ioh and assighed to and owned

by Pfizer Inc., descripag a nethod of\ inproving

i njection sitetol_erat during t rent er al

adm ni stration of a congOsition c ningthe

conpound of Formul a | and cycl odéxt gy, A

cycl odextrinconpatible preservative wes al so

identified, providing desiraBle nulti-use dosing

opti ons. Preferably, neta-cresol is used in the

formul ation to prevent bacterial and fungal

comIrisipgent in the formul ati on during the proposed

Xt elieBdlly BFpbAh S FMBR LR | VENTI QN [ n one

aspect vent| on1s directed to a pharmaceuti cal

conposition conprising a therapeutically effective

anmount of an Active Pharmaceutical |ngredient




(APl), a b-cyclodextrin, a pharmaceutical”™ acceptable

preservative, a pharmaceutical acceptabl e vehicle,
wa@pasars4ept i onal pharmaceuti cal |y accept abl e erCi/m200:000221

wherein the preservative denopstrates pharmaceutically

acceptabl e anti m crobial preservative effectiveness.

In a preferred enbodi nent, the b-cyclodextrin is

2- hydr oxypropyl - b- cyclodextrin or sulfobutyl

et her-b-cycl odextrin, preferably sulfobutyl ether-b-

cycl odextrin. In another enbodinent, the

phar maceutically accept&ble preservative is sel ected

fromthinerosal, pr ~ath col, phenol, or

nmeta-cresol or a c j [ her eof . PLeferany t he

ng/mL to about 20 ng/nL. In a pr&er Q%Henbodinent,

t he pharnmaceutical conposition has a pH in the range
of about 3 to about 6. In a pigferred enbodi nent, the
preservative has a binding value to the cycl odextrin
t WhereinsR'lig prdtérding grdupnidi pngyvidesd campdundtod Faihula Vil

cycl odextrin. Preferably, the binding value of the API
to cyclodextrin is between 500 M land 10,000 M 1
Preferably, the bindi wahyexQf the APl to

cycl odextrin is betm%%%ﬂ and %3000 M1 In
anot her enbodi nent, t & Phrsrprat

I ngredi ent has a greater than or eq to two-fold

euti cal

r that of the
preservative. In a prefe g enbgdiynment, the binding
constant is greater than or equ@l tq.fjve-fold. In a
more preferred enbodi ment, the bindiny constant is
greater than or equal to ten-fold.In a preferred
enbodi nent, about 1 ng/nL to ut 5 ng/nL of the

S5 preservative, preferably neta-cresol, is unsequestered
in the cyclodextrin. Preferably, about 2.5 ng/nL of
t he preservatjve, preferabl ta-cresol. . is
unse RGNS FormRung Rt femiia il 56 fomRpCvil) & Farppoupd of formula
enbodi nent, the pharnmaceuti cgli,conposition has an
anti m crobi al effectiveness agﬂinst bacteria such that
t he bacteria concentration decr es, at a 2 or greater
| og reduction after 6 hours or greater |og
reduction after 24 hours, and AerSHYecovery of
bacteria after 28 days.H$%*ef efably, the bacteria are
sel ected from Escherichia co (bacteria, gram
negat i ve) (ATCC8739), Pseudoffonds aerugi nosa (bacteri a,
gram negati ve) (ATCC9027) or aphyl ococcus auereus
(bacteria, gram positive)( ATCC6538). In a preferred

10 enbodi nent, the pharnmaceutical conposition has an

antim crobial effectiveness against a fungus or nold

such that the fungus or nold concentration decreases

at a 2 or greater log reduction after 7 days, a 1 |og

reduction after 14 days, and no increase in fungus or

nold after 14 days to about 28 days. Preferably, the

fungus i s Candi da al bi cans (fungus)(ATCC 10231) and

the nold is Aspergillus /ger(nold)(ATCC 16404).




In a preferred enbodi nent, the pharnmaceuti cal
conposition has an antim crobial effectiveness that

W@ 20058734285 Phar maceopi a Europa Criteria A and BUEIBR003800221
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AET criteria. In another aspecs, the invention is
directed to a pharmaceutical conposition conprising a
conpound of Formula | as Active Pharnmaceutica
Ingredient,or its pharmaceutical ™ acceptable salts,
wher aht pBornsng 8 raftici@ drhifafidne pevieR cMipoufd bMEorfiula Ib,
met hyl , ethyl, isopropyl, sec-butyl and terf-butyl,
preferably tert-butyl, a pharmaceutical” acceptable
b-cycl odextrin, a pharnwoa ieal  acceptabl e
preservative, a pharnmaceuti c aggept abl e vehicle and
an optional pharnmaceuti cal ot abl e exci pi ent.
Preferably, the b-cycl gdexks i QHics ?3hydroxypropyl
b-cycl odextrin or sulf tylmgi er-b-cycl odextrin,
preferably sul fobutyl bycl odgxt rigp.

Preferably, the pharnaceutrcally acceptxbl e
preservative is selected om t hi nmer os propyl ene

gl ycol, phenol, or neta- ‘aol, or a nation
thereof. Preferably, the preservati & Ks neta-cresol.
Preferably, the pharmaceutical conpositif&i has a pHin
a range of about 4 to about 5. §n a preferred

enbodi ment, about 1 ng/nlL to about 5 ng/nlL of the

pr edepnaembediment therevention &sthier cdrspnseseeqmmfgemed in

t Q&néﬁo‘%ﬁ%ﬁé@o raﬁr? !h@lc%n'gp&rtoe %Jff@? g@'ﬁ? ;%g{fiti?/a compound of

anremulaabI e salt thereof, is in an amount of about 0.1
ng/ mL to about 100 ng/rrL wapd the b-cyclodextrin is in

an anount of about 20 rrg/“nf_ out 200 ng/nL and the
preservative is neta-cresol. erdbly, the
b-cycl odextrin is in the anfpunt o ng/ m. to 100

ng/ mL and the neta-cre iNst atshount of about 2.5
nmg/mL to 3.5 ng/niL. Idégzb d enbodi nent, the
conpound of Formul a |

t he conpound of Fornula I
acceptable salt thereof, n an anmount of about 0.1
mg/ mL to about 100 ng/nlL and the b- cyclodextrin is in

an amount of about 20 ng/nL to about 200 ng/nL and the
preservative is neta-cresol and is in an amount of

about 1 ng/nL to about 5 ng/niL. Preferably, the

b-cycl ﬂﬂ@ﬁféférﬁed émbéhrﬁr@nfifﬂé%fibte@ﬁngaé}%ﬁ isensH/ mmettf%xybenzyl,

about 10 reservatlve I's nmeta-cresol

and- f'g‘em?xmﬁ% ehtﬂpafnximefbvl Freferaghirthe depsisetionds gerformed

?]Eibfalyﬁé ﬂi/@rbg&hdlysré With Rydiy noqfféfefétf‘y iti%e Sathil &k biladium on
trin. In a aspect, the invention

i ga PP-éE? ™M 8N GaT9ARr RAYRULEY ‘E‘a‘fa"‘élﬁﬂ'ﬁé@Pﬂ?tSnordlﬁ'fﬁ?'P%"l%‘g
tbmnqmmmgf of For mula la, or its pharmaceutical”
acceptabl e salt wherei n the conmpound of Formula |a

is 10 %PF&G" eBediment, Msﬁucaweﬁer"@a'emsfmrfqr@eﬁ RY an

arfarhatiorbf Abevike ﬁiﬂowad ﬂcﬁﬁ@tr&ﬁ}cﬁ@d&%ﬂbn ' ﬁre'féfa@f? the
t of abou pg\ﬂn%d phar maceut i cal

n
a@}f‘g Bﬂ%ffﬂt@“\?élﬂ >@f Is Ll %‘pﬁaf t&ﬁ‘ap'abrfﬁr REcatoNceglladium on
acaiepiraddrborRité,| dipaddiurlionfAirdRa Yal,dfpe phar maceuti cal #



acceptable salt of the conpound of Fornula la is
citrate. In a fourth aspect, the invention is directed

wo oooa/onrhod for the treatnment of enmesis or i NpPCDVB20GS/000221

10

anest hesia recovery in mammal sgconprising parenterally
injecting into the manmmal an aqueous phar maceuti ca
conposition conprising the above descri bed

phar maceuti cal conpositions of the conmpounds of

For mul g, %,\B'%rf rtéd el{lg&ﬂr?entcﬁfél ?@g& ?urﬂ\ep%ﬁEn&rsEI%%ﬂﬁg tHe
anmount s are's Ircrent for inproved #ec i on

t obropeiridodf Farmulad withjcéde eid, feimiag tmmbﬁ Ferpeula la.
pharmaceutically acceptable salt is citrate.
Preferably, the conposition is adm nistered

subcut aneously. In &% spect, the invention is
directed to a nethod of OVEH)g i njection site

tol eration during the 2t of enmesis or the

treatnment of inproyingyp esifa recovery in a nmanma
conprising parent@aily fnjecting into the mammal a
phar maceuti cal |y laccept

g’ sol utjy9p of—tdg the above
descri bed pharmacefitic Iconp03|t|ons f the compounds
of Formula |I or la. Preferably, th&opharé@&teutical |y

acceptable salt is ci e. Preferably, the
conposition is adm nis¥éred subcttBneously. In a sixth
aspect, the invention is directed to a nethod to
devel op a preserved AP |t|o npr|3|ng a
therapeutical ly effectiV gﬁ@ ftost ygr ?API a b-

cycl odgxh %éébrﬁ%péctplhérr{@ﬁﬁiﬁ i Gﬁé&e&@@;ﬂb@éﬁsﬂ‘or preparing the
preservative. In a preferred enbodi nent, the
pﬁ@@@?@&“ﬁf@"ﬁw§'a bi ndi ng val ue to the cycl odextrin
that is |ess than a bindingwvalye of the APl to

cycl odextrin. Preferably, theseEI\_{at ive is selected
fromthinerosal, propylene, gNeg® phenol or

met a-cresol or a combination thereofcln a preferred
enbodi nent, the bindin plit ox&he APl with the

cycl odextrl nis great e@an @ 1. Preferably, the
bi ndi ng val ue of the e cyclodextrin is

bet ween 500 and 10,000 M 1. \pPreferably, the binding
value of the APl with the odextrin IS between 800
and 3,000 M1. In a preferxed enbodi nent,

Antim crobial Effectiveness Test (AET) requirenents
neet Pharnaceopia Europa Criteria A and B and USP AET
criteria. In a further aspectl, the invention is
directed to a pharmaceutical conposition, as defined
hefoRIPASING'or use as a medi cament especially in, when

the conpPaéldrRPatRPEbRSUr of FERAMATIOf for mia | or
la, the treatnent of a disease for which a neurokinin

recept or antagoni st, such an NK-1 receptor

ant agoni st, is indicated. a further aspect, the
invention is directed to the use of a pharnmaceutica
conposition, as defi T2pein, conprising a conpound
of formula I or Ia, gnuf agy @ e @f. a nedi canent
for the treatment offﬁ @ sedse for Whikch *a neur oki nin
receptor antagonist, s as an NK-1 ept or
antagoni st, is indicateg In a furt spect, the
invention is directed t met hod G o treat ment of
a di sease for which a neurokinin receﬁ{ ant agoni st ,
such as an NK-1 receptor antaggnist, is indicated in
manmal s conprising admnistering to said mamual a
therapeutically effective anobunt of a pharnmaceutica
conmposition as defined herein conprising a conpound of
formula | or la.Definitions




The term(s) "conpound(s) of Formula I" and "conpound

of Fornmula l|a" as used herein, neans a conpound or
we@oossowsads of Fornula | or la, prodrugs thereocPCBEMBL005/000221

pharmaceuti cal » acceptable salts of the conpounds or

t he prodrugs. The compounds utilized in the present

i nvention may be isolated and used perse or in the

formof its pharmaceutical |y acceptable salt, solvate
and/ or. dr at pharnaceutlcally acceptable
WDW?%¥§PQP$5KV%§PE§QQLIand organic salts of a

conpound of the present ipveRN These salts can be

prepared in situ during [

purification of a conpou &

t he conpound, or prodrug with ja SU|tabIe rgani c or

inorganic acid and isolatingsiheg salt t or ned.

Representative salts include ¢ hydr e,

hydr ochl ori de, hydr oi odi de, fate, i s %gp e,

nitrate, acetate, trifluoroacetate, oxal ares besyl ate

palmtiate, panoate, nalonate, stearate, |aurate,

mal ate, mal eate, borate, benzoate, | actate, phosphate,

hexaf | uor ophosphat e, benzene sulfd%%te tosyl at e,

for |k

t o t e TG R e dBbE Bl B VRSB eS| i found offormula

| adB,obi onate, and | auryl sul phonate salts, and the

like. See, e.g., Berge, et al.,d]. Phar m ScL, 66,

1-19 (1977). Preferably, the ph? Eeutlcally

acceptable salt is citrate. termtcitrate salt,”

as used herein, refers to trate nonohydrate salt

of the conmpound of Fornf¥ Ia “having a nol ecul ar

wei ght of 660.82 and a theog al potency based on

the active ingredient of 709 ng/g. The term "Active

Phar maceuti cal |ngredient” ogy"APl," as used herein
S refers to a pharmaceutical drug substance having

daﬂ%%%lﬁ Brré’cﬁlﬁilt'é S indtich BY6VEE & BEmBAUndidf Foirmul i) d

or € "sequestered” In cyclo extrin. Preferably, the
APl has a binding val & ycl odextrin greater than
50 M1. More preferably, P+ has a binding val ue
to cyclodextrin between|aboy{/880 M 1to about 3,000 M
1. Even nore prefergbhy. APl has a binding val ue
to cycl odextrin bet ) t 500, Mito about 10,000 M
1. Furthernore, preféraply, the ABINhES great her than
a two-fold binding con nt with c dextrin over
preservative. Mire pre ably, th has a greater
than 5 fold binding contant wi tho Iodextr|n Even
nore preferably, the APl has greater®™han or equal to
10 fold binding constant with cyclodextrdqa. The term
"active ingredient" or mL", as used here

refers (oramevingtse CB@QEOfgqfODH@ self ﬁb@aﬁempumb?fr!h [ty Proyide the
hag&ﬁ aﬁdqpkgﬁmjgg wei ght of 468.69. The term

cyc xtrin® ers to a conpound including cyc
10 aI pha (Ina pwjequma@pdmn@t Jbe gshenayationj pedormed by catalytlc

|
¥ ni&ré&%{%{:ﬁ | Brefethifiy Shd Catd ¥§¥§%QQ8|&Hérncéﬁbém pfatii@lonGarbon,

ucopyranose uni cycl odextrin has 7
cy ohliagium Drm R@@umcgrlmﬂa}@y pwaﬂg@umrﬂntaé,um'aﬁ&‘\

g-cycl Oﬁ?(ﬁé(yéfé}réaae?n%dﬁﬁ&*t' the E}}dcggﬁqﬂ%rgﬂo%ﬂﬁé@ ARQRIBtive

units. e cyclic, linked gl ucopyr anose _uni

deBminstian h/ste N it is resfermsd bxaeﬁia'ttmyemsﬁf\@tr% Pé?f@rab'y the
known to forminclusion conmpounds with other organic

nol ecul es, with salts, and with hal ogens either in the
solid state or in aqueous sol utions. Cyclodextrins

vary in structure and properties. For exanple, the

size (e.qg.




di anmeter, and depth) and functionality {e.qg.
hydr ophobicity, charge, reactivity and ability to

whyasogans bond) of the hydrophobic cavity vari PST/EBEORN00221
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substituted and unsubstituted-a-, b- and

g-cycl odextrins. Typically, a cyclodextrin sel ected

for a fornmulation has a size and functionality that

binds with the target conponent the other conponents

Ofcatalyst i gélmium bi® Barbb® pldtiRemheafith, pakauAdH @surakdrbonate,
methods, it is belleégd that substituted

CQEP%QQ%F}@h@“mgﬁéﬁ hydr oxyal kyl cycl odextrins and

sul f oakkyighdrembosphept apd ﬂSl‘bBé?sshaMEér @ompAgsastiating the
functionalit

t hat e ot her co
¢ REMPOHTAY EOlTEM o BeP b B Raae 8 PP e PRI ormila
hyhdénx BpaaE Ybuntério yx‘dhe brfbdglfaél(d)ni‘o(bﬂof/\@b bl peletiher -

O SHRNER L e BBl o SanS NS e

tfrlaﬁf\ﬁétgwblc@aélé ‘ett@dré, egano\t@rbawwmxtumnérean Rraferably, e
a cogﬁound of the Eresent |nvent|on that, (i) treats or
prsaly

1% 1SPRIEPNG! plUeNePr WAL mixtures Ereefon o
di sordgfa p(dfér}edaérhmrﬁérﬂsthe aagiidatiogisgRriorme] bynheatiition of an
one Oor nore s torrs %r% gli)’ rtICU| ar di.s
1

o ATRERANOR B9 Eaaeiay \Pe reaag0ER sadigh hydioxige. sagium
O&Sﬁﬂonﬂéoﬁﬁﬁd@h bmartftmawmtorrs of the particular

di seas ditio sorder described h

term" F emjio "%ﬁﬂ‘ %‘F Brocesgdu %%&OWBP%‘?Sﬁfea fing E\escomf?ound
hiBSnuIL DRERENNe Acid NMoffaing triueinpatind bifforita lhi M ted to,
dogs, cats and horses, food source aninmals (e.qg.,

cows, pigs and sheep), zoo animals and other simlar

ani mal species. Thengbrase ' pharnmaceutically

acceptabl e" indicates t @ e Substance or -

conposition nust be coppat#Fbhg éhemically and/ or
toxicologically, with

he qftercH, ngredi ents conpri sing
a fornulation, a “Nhemmal belng treated
thereMAth The t

ng treat”

“treatnment” enbracé b&rh -reventd#)é myH

prophyl actic and pal | Jative treat @gHtern1
"inmproved injection § toleration" as used herein
means a score of two~g#l ess, ashgefined herein in
Tabl e V. The term "pharnaceutically acceptable
preservative," as used herein, means a preservative.

In particular, the for miA afitgte reenehyfd@ieng preservative
mai ntai ns effectiveness according to the standards set
forth in Ph. Eur. 4th Ed. 2003 (5.1.3) for parentera
formul ah bQj?éfe@étﬂerhﬁ&ﬂﬁeNF%%ce§5ﬁMhéﬂ¢on€ﬁikégtbi'eyadliition of

phar ceu ducts, Prefer 8 reservative
elons ait Bl PTGy olip RGeS DR SABIFSN conpar ec
t o the API, aa)uch mtbmg thbeolatufrf hAd ent preservative is
unsequeste n the g%gxtr provi di ng

ef fecti ve arﬁl m cardgﬂi‘ﬂﬁ ‘?r\?SfH%@s BRI EF
DEﬁGﬁMHﬁbGNn@EuH&E&EEWMNHWSS Figure 1 depicts the

sat ur at ed ta-c ol uti ons SBE- CD and coppapoun
o RS P et P o8s Pracgis iber oo ch Sk sr R er (©
I nef gesrsiatiag theRiotipouad of Furmada.dPrefdreblg,ane ethkr sdlvemnisaérnt-butyl

dr ug@gl&%q?oﬁsez%%@bfth%%g({f}%s @hég;ﬁoﬁggs%gel?p&gj o te{vﬂl 8{ an elevated

25 FOtémpbl@tLlrél dafestep (bt PasfierdSly, the pcéds flirthdl.compases the addition of

0. 25nM conpound of Fornula la, fit to Equation 11.



Figure 3 depicts the conparison between bacteria
efficacy as a function of total quantity of

woraaoessesol and as a function of cal cul ated PCT/IB2005/000221
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sequestered neta-cresol for S_gaureus at 6 hours and
24 hours time points. Figure 4 depicts a formul ation
w ndow to guaranty preservative effectiveness
according to Ph. Eur. Criteria A no pain on

i Qéé?ﬁt,r%é?é'ls of Gémg&ﬂﬂ of Forilla W-dub 3t Qﬁeﬁ%@gg I\i_ltgff!rﬁre“ef?étﬁy, the
than 80 ng/ nL SBE- CD. DESCRI PTI OF | NVI ON

Diepenesainens abgut gtetatahodt 43°6r nul at i ons utili zing

cycl odgxioitir bffbogiHenPitld dﬁré&és%rf’ugﬂ%'} c&ﬁﬁri ts'@;?e(nulatin% the
pur poses, requires an understanding of thev nterattion

b eeeeundtah Eounuly | atran elguatasidespeiature. AP piferabhsdbe tanererature is
d%B’&t%B% toi 300?191154’?] lized by cycl odextrin is bound at a

stoi chronetric relationship related to an i nherent

bi ndi nip  third taapeect, thdinyemtionas dicacsldi tp avpaodess fdo psapriog the

S f uch as the structure of the drug,
c?éﬁ@%&%ﬁ??ﬁ&ﬁgﬁg sol ution properties {e.g., pH, ionic
strength, and cosol vency¥H.CORQrmyl at i ons havi ng

mul ti pl e excipients further i cate the

i nteraction. For exanple, ip seral multi-use
formul ati ons containing a p at i%%e, the
preservative may conpatZe ™ t
cycl odextrin binding. Ut/was \prgvi ously reported that
2- hydr oxypropyl - b-cycl 8dexfrif interacts not only

wi th drug nol ecul es but capxal so form conpl exes with
anti m crobi al preservati v Loftsson, T. etal.,. Drug
Devel opnent and | ndustri alN¥harmacy 1992, 18(13),
1477-1484. Bi ndi ng of the preservative and

cycl odextrin, however, decreases the antimcrobia
ef fecti veness of the preservative, since the
reservative needs tqo be bgund. in solutign. A
R RCnd e PETES PrrerTilen s P otk St g o
preservation for parent roducts is described in
t he European Phar nacopoei ritgria A being
applicabl’'e, and in the s macopoei a.
Antim crobial Preservatilves pr,oposed fornul ations
wer e eval uat ed pur Mo Antim crobia
Ef fectiveness Test{ng)("A criteria. A nulti-dose
#, cont ai ni ng
%W V)
b utilized Nlentify an
Y~ preservat | at did not
significantly interact with cyclo in. From
prelimnary experinments, the solubilit§o8f the
conpound of Formula | in the presence of
2- hydr oxypropyl - b-cycl odextrig was simlar to the
solubility in the presence SBE-CD. Furthernore, both
yi telpevidesthe epmipend efirorhela laccept abl e injection site
toleration ("IST'). In addition to conpatibility wth
cycl odextrin, e.g. SBE-CD, there was additiona
criteria that limted the antimcrobial preservatives
acceptable for the formulation. These criteria were
physi cal and chem cal conpatibility with conpound of
Formul a la; preservative effectiveness agai nst
bacteria, nolds, and yeasts at pH of about 4.4 and
acceptable injection site toleration. As discussed
nmore fully in the Experinental section, a prelimnary
screen for an antimcrobial preservative for the
mul ti dose conmpound of Forrmula la formul ati on was
conducted wth chl orocresol, phenyl ethanol, benzyl
al cohol, ethanol, bronopol,



sucrose, chlorhexidi ne gluconate, thinerosal,
benzet honi um chl ori de, benzal koni um chl ori de,

waeblosoriawt anol , benzoic acid, neta-cresol, pherol/1B2a05h00221
25% propyl ene glycol. Initial mesults indicated that
t hi merosal , chl or obut anol / phenyl et hanol , et hanol and
propyl ene glycol (50% satisfied USP/Ph. Eur.
requi renents (Table VII). Wen considering injection
site tqhghriibrsy éfiSotiventCib PrRBE RRALY corlpriByd RUbEr@h,
et hanol and_propyl ene gl ycol denonstrated poor
iﬁPGEP?%%@QXge toleration (Table VII1). Conversely,
t hi merosal and neta-crqgel provi ded good injection
site toleration. Benzethoni hl ori de and benzoic
acid were both ineffectiv
m croorgani sns after 7 days.
was active agai nst N n the presence of
SBE- CD, but i neffect|i age the fungi. On the
ot her hand, the phenokr'cedngoundsc. p ol and
nmet a-cresol were effective at reduci
m croorgani sms, but thepr 3ctivity
was greatly di m ni shed whga SBECD resent in the
formul ation. It was suspected, ang”Zdé&term ned by the
inventors, that the difficulties encaggptered to
preserve the desired fornulation were due to an
interaction between the anti njygrobi al preservative
(e.g. nmeta-cresol) and the SBE-CD. In particular,
prie pedvidatthey Eompaundes &ophida dofosnesol , was | i kely

sequestered b BE- repderin he meta-cresol .

5 nact 1 B CagiPet phgiaenG Rerrioden S hef Spraprises ragting
degseipund@biFdrinut Yiheory, the binding constant of
conpound of Fornmula la tg SBE-CD and neta-cresol to

SBE-CD were determ R ese constants were used
to calculate the conc OE on-§sgquest er ed
met a-cresol in the foNTu 83

nene glycol (25%

inst bacteria

br anti
m crobi al efficacy. The agwerage val u used for
cal cul ations are bi ndi ng nst-ant rug ("KD' =
1000) and bi ndi ng const aqi=f or QS S§rvative ("KP' =
28). In cases where preferential™~bi ndjcngy of one
conponent is desired, it is desirable t% guantify the
bound portion of each conponent at equilibrium The
bi ndi ng of one conponent versyg another in solution
can be neasured using techniques such as spectroscopy,
orwittad oormpeeindyof Fameld2VIIK. , and Connors, KA. "Binding
of Substituted Acetic Acids to a-Cyclodextrin in
Aqueous Sol ution" J. Pharm Sci.*\199%¢ 86(1 1):1210-
1214.). In order to differe 3
from ot her possible sol ubil LIz on“'8ffects of a
ternary fornul ati on agemt®® sudh as stacking or
hydrotropy, a nethod is req% ped to determ ne the
bi ndi ng constant of one conponth bound to
cyclodextrin in the presence,gf other conpetitive
bi nders. The ability to distinguish between binding
10 an@ REIRS theRERPoGid dfIbMTuRCIXa®B forfnedl gni fi cant for
under st andi ng and desi gning optimal formulations. In
the present invention, the nethod to determ ne binding
constants utilizes equilibriumdialysis in the
devel opnent of a nulti-use parenteral formnulation
cont ai ning SBE-CD and a preservative. In particular,
the nmet hod was applied in devel oping a parentera
formul ati on conprising the compound of Forrmula la, a
cycl odextrin (SBECD) and a preservative (neta-cresol).
Thi s approach is applicable to conpounds other than
the conpound of Formula la in devel opi ng parentera
formulations and is within

L.ncl usion bi ndi ng



the scope of this invention. Devel opnent of the
formul ation using this approach resulted in

wopdoscovsaat i on of cycl odextrin bound drug and uPdDIB2A05/000221
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its ability to nmeasure the binding constant of
mul ti pl e conpounds conpeting for binding with the
provi d%a pref&ast drbddith &t Pthe bRZes LRSS deProtecting a
bi nding in the fS;nuIatlon by visualizing the degree
followi ng dialysis. Equilibriumdialysis permts
cal cul ation of binding ggnstants by nodel i ng the
menbrane with an e o o ndpoi nt. Equilibrium
di al ysis is perfor ng Jge gHbstrate in a
solution containing un-
| ysi s apparat us
(cell) to equilibrate accept or
K. "Determination of Stablllty Cohst agg yof b-
Cycl odextrin Conpl exes Using the Menbrane Perneation
Conpeting Agent - b- Cycl odextrin Ternary Systens" Eur.
Pharm Sci. 1999 9:133-139. The acceptor cel
t adirhetaexypentyl bmﬁheanétl@ylttberayml toal eortyoumd (OVPOFMRA U8 50
mai ns in the donor conpartnment. Sanpling from both
pr ofi | @n Gfpr@’érb@d émb@dlmmmbtbbl'prdidees fimtherrcmnmsestreﬁmnhe
artn(g of t edtal¥sifcell Arrath
1
nenbrane can be derived for systens contalnlng two or
nore conponents in §ﬂ4ut|on The dialysis rate and
resol ving the equation y3_nohl i near curve fitting
sof tware. Depending on[the intesactions between the
bi ndi ng that occur |n t gol ution. The equilibrium
bi ndi ng const ant gt e of the rete@bve
to the chem cal equi ld un1equat|8% bel oW S =
neta-cresol, L = SBE S L |nd|%9tes t he conpl ex

preservative. The significanceipf this procedure is
cyclodextrin. The experinental dialysis data also
ofCORP fPPRUBY13:he equi | i bri um est abl i shed
resul tant diffusion rateyacross a sem -perneabl e
tigand in a

conpartnent. Ono, N., ayama, F. Arirma, H., Uekansg,
Techni que and t he Perneation Rghavi or of Drug
AR B R e Bt
c ments over tinme yields a tine-concentration

Poly BB g e S R o are et S ERHRTRL: ¢ ne
bi ndi ng constant for® i herS¥pstrates are obt ai ned by
conponents it is SiK Cdeséribe the conpetitive
concentration of neta resol bound t 6\SBE- CD accor di ng
formed between neta-crésol and SBELCD. K s + S: L [S:L

] K[S][L] Solubility Analysi,s. The citrate salt of

t he conpound of Fornula|5acha§;@oﬁa{uhﬁélty of 2.7
ng/m. at a pHof 4.2 in 0.02 M phosphate/O 02 M
acetate buffered solution. Traditional solubility

met hods were perfornmed initially to determ ne the

sol ubility and bi ndi ng constants of conpound of
Forrmula la and preservative with SBE-CD. These studies
al l owed determ nation of the stoichionetry of binding
bet ween SBE-CD and conpoundof Formula la as seen by
the linear slope in the nolar solubility relationship
of conpound of Fornula la and SBE-CD (Fig. 1).



Bi ndi ng was cal cul ated for neta-cresol using

solubility analysis. The experinent was perforned at
waledosersamt concentrati ons of conmpound of For mub@Er/IBE2063000221

determine if there was any effect fromthe presence of

drug in solution on the metacresol binding constant.

Met a-cresol solubility was neasured i n excess

(saturated) neta-cresol and the equilibrium binding

< 1. s &en Qs Hehviighs oty bBABRRE e Plimuia via,
sol ubility of -cresol, SO is the inherent
solubility o’f“/@gcresol L, is the total
concentratio SBE- CD (I igand) and K11 is the
equi librj WNHpei.ng constant of neta-cresol assum ng a
1to-1t[i?§\ |ch| trg Applying the solubility

Ny

met hod, tTReé"q g constant of
nmet a- cresol ayeraged 27.6 1 across the studies.

There was | effect the binding fromthe
presence of ~e@npound of rmula la as is shown in
Table |. This data was usedOsb conpare results to the

equi libriumdi al y§) s nmethod currently investigated.
Compound of For mulV# 1a had a bi ndi ng constant of 1040
ML at pH 4.4. Table | Table |I: Cal cul ated binding
constants from neta-cresol sat ur at ed sol ub| lity
experinments in \B& =20 s O GRAY
5 For mula la). The sl ope of rreta cresol solubility vs.
SBE- CD concentration was used to estinmate binding. The’
addi t i ofrigMre donpo Gethpefind-of franinglalla PARY Fajtern
significantly alter neta-cresol concentration.
EquilibriumDi alysis Method The initial experinents
est abl i shed the equi DEBERIFRIONADR INVENTION r at es f or
compound of Forrmula la and neta-cresol across the 500
MACO di al ysis nenbrane. Three different concentrations
100f conpdugehesd!, the compauridoflerneula hinaly &k Ipyepacsidedmethods that
i TRAE e s inohiidn fHenbical %, bars R i e descrintion
of conteined bereim errrtaimrropesss s fastheusambadiire Of theqenipolbnd ofm
wag o afillh f¥afis |Wegﬁﬁpé}e |Iﬁr§fr§igd B? C]‘BI?oWhgarfe‘é@tfon schemes, Other
appr oxi mat e ays e Snoo I NE was
t h@ratgsses e ﬁgsqnhed ingbe expasimental peatian.y See péthe starting

15pr %6ﬁﬂ5&%s 6 thg ??a%érfstlfe%b%d il (e s%ﬂé’rhlaigrgd %@@@és’%&) prJf'pared

ese contr experlnents was reac
t h @stiystated infyeparatien Aweng Frenamtion B cﬁrllrﬁtlyerangscqmmunds may

do

ap Seh g Lrar oAy solfer Sy ag SR Shpfraton

1 atSésLouiss MQs o1 BaY & @ Pateising methgdpknewniin tmmhémmal literature.
Cal cul atT%Q f&lo%g%agﬁp%cﬂé‘ﬁués IOQFRSGY édsgﬁle%;%ré ioh%fthe

nmet hod HE%O 1 C fusion rates
20eq @amp@undqu priegentimentienal Ong sidled jin thra@gt v igaegnizeghat other

tfh 'r(ﬂﬂ)%n&h&oﬁért BENZSt, ke alkb baBfi aprotectin
Iy%t'ng% dat a vvastoz§ l?‘ggrmcaé atlongr%pr ng
group variations of the compound o ormula Vla. For example, other possible

protecting groups are 4-methoxybenzyl, 2,4-dimethoxybenzyl, and triphenylmethyl.
Preparation A and Preparation B schemes depict alternative preparations of
25 the starting compound, compound of Formula Vla, later used in Schemes | and II,

wherein benzyl is utilized as the protecting group.



equi libriumdialysis data, as described below. In
particular, the rate of diffusion across the nenbrane

woamsoad4cill at ed using the foll ow ng equati ons: pPhEBer®0221
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of diffusion fromthe donor phase is defined by the
following relationship: [D], - [Dleq = ([D)]O0O - [De (D
Rate of diffusion into the Acceptor Phase: [Die -
[D1=[D -2 (2)wherein k = perneation rate constant,
mn"1 [D]0 = concentrati pREPARAPIIN AOr acceptor at
time O [Djt = concentration 1n donor or acceptor at
time t [Deq = concentration in donor or acceptor at
equilibriumt = time (mn) The basis of calculation

—n —
the presendé of SBE-CD is@f“assuma that conpl exati pn
OCCIN S @nlgy™i n t onor phase aggo 0 the~
st@?diémex i r e &Et¢HOA: ) DULJ[ D" L] (©
K =N ] = =N

[ kdon Flwe di f'f erlent Take equat

di f fusi onPoefi drug i the acceptor ase“iRgi._’q_Pc’;r;ehg_ ‘
bel'ow. The mass bal for drug in d S YR ysH| SN
described below. [D] 0O, [DIF + [DA{D: CyD] (4)

where [D]F and [D] Aare free drug in theVdonor well fand
free drug in the acceptor well, respectively. The ngss

bal ance for cyslodextrin in t ystem nmaintai ned — —
Wi thin the d phase, is givefN below [Cy , =
[CyDF + [ (5) Substituty the conp dr ug

. P . NaBH(OAc),
fromt nass_pal anceg”(eq) i e eq| I |h}%r um cHoH
rel at i[ashi pfjgi es: (BQ] 101- of DNy, [ RS (SN DI F oy
[ CyDj T2t or /tireg drug—and—subst f nt

3results iln: Singifying resybts in: Usi
cycl odext mass balsaace and sol viny fo
cycl od8xt in terns of known val ues gi
| - D,o, +DF +DA O Replacing free drug, ©F, by its
equilibriumrelationship |leads to: CyDF =CyDl t - D |
+DA (10)

One possible synthesis of the compound of Formula Vla is detailed above in
Preparation A. This route achieved optical purity of compound of Formula Via by
selective crystallization of the desired compound (cis 2S,3S form) as the (1R)~(-)10-
camphorsulfonic acid salt from a racemic mixture of Compound VI. Up to 15% of the
undesired cis enantiomer (cis 2R,3R form, typically 5-6%) and up to 2% of undesired
trans diasteriomers (trans 2R, 3S and trans 2S, 3R forms, typically 1.3% observed),
however, were produced in the process of synthesizing the compound of Formula Vla
via this route.

With this particular approach to compound of Formula Via, however, it is
necessary to enhance and improve both optical and diastereomeric purity to achieve
the desired quantity of compound of Formula 1, prior to subjecting it to the synthetic
route depicted in Scheme |.

An alternate synthesis to compound of Formula V and ultimately compound of
Formula Vla is depicted in Preparation B. Preparation B is the subject of U.S. Non-
provisional Application No. 10/679961, filed October 6, 2003. The text of the
aforementioned application is hereby incorporated by reference in its entirety. As
described above, one of ordinary skill in the art would recognize that different



Sol ving the quadratic for free cyclodextrin, CyDF
provides: CD _- I+K D- o CyDol ,J4K CyD101+ (I -

w203 7P0 - K CyD10, ) (11) y ". 2 K The val ueCt/iB2005/000221
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CyDF nmay be substituted into_gguation 8. An inplicit
sol ution using equations 8 and 11 all ow determ nation
of both the equilibrium binding constant K and the
rate of diffusion, k, into the acceptor phase by using

té}SteEilrﬂjegro&&s‘"' 6@1@F fh@h bBRzyH %b@d bé%ﬂllieb% bréiphiedlariations of the
condi tions. &Hr enove her concentration

ofomppoygd {’feF?ij@oWﬁo %Seo‘fa”ﬁwr%\wlt'g)‘ the $59PE RE NG drerent
Sihentieh. the di al ysis chanber, which resulted in raw
dat a depi ctingconcentrati ons comng to equilibrium

with the m dpoint skewed bel ow 50% This sanpling bias
was corrected for, and pRepgRApIoNBere normalized to
represent a 50% ni dpoi nt. This nornalization was
applied prior to fitting the curves to the del. The. ]
met hod utilized provided a nmeasured bi ndi ngjconstan

for drug and SBEE®! The val ue obtalnéﬁm¥ron1the
'aIV@P§a%% onas~ 1092 I 352

40 f or “¥he soI@ffty
df- pr es€iqt |
SBE- CD1 U |ng thec§gl,)ub| ity nmet hod was 28 1 (n¥l)
: Merse (7 I\}¥31| ng equilibrigmva
di al ysi he dat¥®enonst katks that, in binary O
systenms, both drug (e.g., conpound of Formulla 1 a) ™~ and __|

preservative bind to the cavity in SBE-CD, alt houIrgte

this case the drug binding constant was 13-fold
greater than preservatlve The data showed that i

ternary systerrs oQpri sed of SBE-CD, drug (e.g
conpound of For Ia) and presesaative, atrtf‘
due to

H,, PVC

rati os tested, (the eqU|I|br|ump ile indicated

the preseryvatime was no ound to cl odextri
conpetiti @I nd WI t the dr u Based i
above cal cyf-t-i or C
nmet acresol and corrpo d{o Forrrud:rasnla proBos

fornul ati oMs gere deVel opmd and eval uat ed i
anti m crobi alleificacy. Figure 3 denonstrates
rel ati onship between the total neta-cresol

conceniy §ieparbf @%Ha%tﬁﬁ@ ke ddﬂgalfpgf‘ﬁﬂéhéﬂ isifst pBHAorhR dnafle
reducti on of bacteri al %u ation, 6 24 hours after

s fAgeMikedone SR mans u‘t‘rtth%ia i %?&%A’Yé‘ém'f@ﬂ)é §Pad ag thed-tartaric

I QEiEdhRWhERM he 'ilh@éd“red @@%ﬁtl&némé meemebauﬁa@aﬁé réeREON
to equal ly have a uction as |ow as 0 or

hi gh
| Sonieds URmAIF A6 T ARSI (R STRREOMAY i cEvate than 50%Sheld
Pt Al pReRédMfdouhd 8f Ferhi 10 gGh RUBYS BERS tRER deacted with benzyl

met a-cresol concentration in the fornmul ati on, %ure

4)anwa%1¢er Schyff pasestorming gppAitians ¢ Biokde theriine 'a%ﬁ"ae

Pbm%rdﬁblh Waawﬁlun‘wag c@tﬁlyf&dll?b&@be@mﬁa ﬁ@&béél@cttﬂ@
o 11 of  For nmul

4 masmﬁgsorﬁe mp&ueﬁ e%%crmyﬁqwbo Tt‘% CQ'GBOWPEIQ?E sf;eﬂed?a ippgoduced

amPe ﬁfgﬁé‘ﬁﬂ)tn@él (é’hdﬂtlam@ﬁ%) patitywhen RbBReInCPMGES thildried %o the
ue to limtation in the bactericidal

o PGt TR bl BITIGRLMOARS PGS 1B DG GO gfompound

eWA4 WrdrinaBcd §terePethiad ipQfity Wherkdyhthdiz&y viblige route descnbed in
preservative, when the whol e population is dead (i.
ndrieraratiodd ect abl e any nore - 100% the figure quot ed
is of the form a |log




reduction greater than a val ue usually between 3 and
5. Another factor was the concentration of

woonseeguest ered conpound of Fornul a la, sinceP¢i/IB2e65/000221
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concentrations were denonstratigd to create pain on
injection. Furthernore, there was risk of
precipitation, if the concentration reached the limt
of aqueous solubility of conpound of Fornmula la at the

desi r etihd RNEMhGFéaRborPStImelMistrdted anAREMPIion Heypreparstion of

| evel of non-sequestered conpoun For a_la was, .
A CRTPEH Y SRR o 6 SHRRHPGICh Foa £ YR e pralipeg ie
bpleparation®/ M. Two additional paraneters were: (1) the

| evel of total neta-cresol concentration; and (2) the

| evel of cyclodextrin (e. -CD) shoul d be kept as

| ow as possible and, in p I r, below 80 ng/nL to
prevent binding to and inactivating neta-cresol. (See
Figure 4). Accordingly, forrmulations containing 9.0 t'& cu,

11. 0 ngA/ of conpound of Formula I, 2.5 to 4.75 e,
ng/ L =® cresol and 60 to 0 ng/ nmL SBECD, wer geo

desi gngd Yo contai n kngwn angupt-of:~sal cul ated P

no Juesy ered compesngieh HoOKEY), own

cal ‘s -3 anmsengicrof PRSP guest efled met -ciesal. _THe
formul ati ons.we analseezed for p H,, 5% PVC, MeOH
effeceness. sei’/rlpg’ﬁme?*s are 1 Figure 4.
From tHese redulyg a 1imt oflconfiden r obust

Figure 4. Based on these results, the preferred
formul ati on contai ni ng cal cul at ed nonsegdester ed
condéh i ons of meta-cresol (2.8 ng/nL) gnpound

of For T° (1.4 my/ Blyareemudigsmondi ng to Yhe“&| ack
di 3aE ¢ Btgure 4, waswselesied. ThiByf Orm

cc%ﬁ ,@- to actual todak concentr atit'e
mg A conmpowtts of Poeumubaedy 63 ny/
3.3 m. net a- sol at pH 4.4. The pri
described abo r the devel opnent of a

phar maceutical fswrmul ation of the citrate Isalt of
conpound @f Forrmula la are applicable in the
devel opnent of other parenteral formnulations

conprising pharnmaceutical drugs, cyclodextrin and
preservative. In particular conce ti,ons of drug,

cycl odextrin and preservative sh C’adj usted to
have mi ni ?ﬁ%ﬁ%‘%@%&#ﬁ“ati on of _Aqaw eStered

&3
preservat Ae2a when '.r,)tacn@cso You
Formul ati on. gldi.general , fornulatfions ar e ke a{ed by
!

di ssol vi ng aactderapeutical ly eff i ve anount t he
compound of ®BPfula Ia in an aquedus phattaceuti cal
acceptabl e diluent. A pharmaceutical ™ acceptable salt
of the conpound of Formula | may dts8*pB"UEEE, such as
the citrate or malate salts. A cyclodextrin is added

t o t he 19@lddkipBlind 6f ForhQROAA teqire®Bddifsh@Epifiicatiaub midimize the
to about 40% Prefer ablg%ﬁge cycl odextrin conprises

apesenceft the 4pdraires (U5 n@ypiopes 195 W inthe manufacture of

CUERPBLAd SFFGRAdIaTO NechEiRbI9! iABitep ABISEheRTI! oaRBEEssHE 0
Preferably, the cyclodextrin is a bgf%/\'gﬂl odextrin;
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the species, variety, etc. of animal to be treated,
the severity




and the body weight of the animal. Accordingly, based
upon body wei ght, typical dose ranges of the active

WO p@seti4ent may be from aboui .01 to about 108CTIB20€Y000221
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is fromabout 0.10 ng to about 10 ng per kg of body
wei ght, and nore preferably, from about 0.2 to about 2
ng per kg of body weight. For exanple, A 10 ngA/nL
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section B of Experinental Procedures. Preparation of
Formul ations . Three different test formulations were
prepared conposed of either single conponent controls;
bi nary systens containing either drug or mcresol, and
SBE-CD; or ternary systens containing drug, mcresol,
and SBE-CD. Formul ati ons were prepared at room
tenperature at different ratios and concentrations 24
hrs prior to testing to assure equilibrium binding.
The formul ati ons were prepared by




first dissolving SBE-CD at the appropriate

concentration and then adding drug or tri cresol and
w@bkdosrsagi it to dissolve in the cycl odextrin spCTB2008/000221

Dialysis Method . One nL of compl exed or control

formul ati on was | oaded in the donor side of the

menbrane. The acceptor side was |oaded with 1-nlL of

sodiumcitrate (pH 4.4) to maintain ionic equilibrium
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descri bed in the above co-pendi ng provisional
application, are illustrated by the foll owi ng reaction

waedsnes473he foll ow ng reaction Schene il ustredESB00R000221
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possi bl e preparation of the cilf¥ate nonohydrate salt
of the conpound of Fornmula la, the conpound of Fornula
lc. SCHEME | Under nitrogen Via VII NaCH Pd/ C 2)
Concentrate toluene via distillation, displace Heat
Whk niguepaired ophor{aIN—E@I@atédlemberra&Ee,yfmhﬂ)dm 30i® o Abcaut

Citric Acid Acet wat er en tert- I hyl
AR vkt P oot AISGEY| Ofh ot smedele cappound IXa
SBPfofmed, 1€ higBBer atndspheré Was réplaced lmﬂulﬂdrogén Forenebation was

Via in an al coholic solvent such as et hanol
othen sfiresheptignally at ejsvated rt%[mesratﬂfeoﬂeawtiﬂﬂo‘120°%)pqnd<ﬂ% glevgted
abr%@sdré‘ (t%]@al@rﬁ‘ésp%fb‘; ﬁnfﬂfthé’\@ﬁﬁétron lof tH@%@’oﬁ%ﬁﬁ@ﬁﬁﬂa%plé}e

dium on carbon catal yst at el evated tenperatur
( ftmewanwomg) sﬁxegre@ytloaﬁa'xtyreewwhen cegled (?&PPS/?%%?’S%P@" the
hﬁ Nas veRRdS khe |p§ﬁjadld?n bRearBbh cﬂ@&gﬂwﬂeﬁﬁ%cﬁﬁﬁf ltration,

at other catal ysts may be suitable, such

pand thgiresultant seltien af cymapquag .lhmﬁw&%séir%rélymﬁo §£ﬁpﬂ%n

pl ati nyaap B%ﬁt@ﬂéacﬁlﬁ'écﬁ&hélm A8 s6lﬁh&1 M'Eoﬁibbbﬁﬁ“&t pbcally ina
or palladiumon alumna (Al203). Once formation

| ixuraef PEapan-2cb ApdWater.was, congentigias té/tc&s"'"@tjpﬁh fe'!sﬂwey by the
?ﬁlthncd?'mgé’r\'hd e hitiuf@vas eh honde%ﬁét@@'apéﬁn%? d®tillation, adding

tion in the respective al coholic so
p a@n@r@bﬂo&uenﬁ apd wigkan 29 nerescArY SlyFig distlation ynhsyffigint
gggor nrlﬁ}fl hhg bé@r@@nﬁ&@d & tAE Hixtdire @na ah %pio'ﬂﬁat@%m&%m\%lume

and the mxture is stirred optionally
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and at el evated pressure (typicall until the
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cool ed out 20-25sC) and the hydrogen gas is vente

Tﬁédrﬁﬁrl'|‘l)r§o?q}?fr‘¥"l9h3t§ﬁ'ﬂgaon catal yst is renmoved by

filtralgfen.anap rdph@terp‘?-ﬁﬁﬂstb'é@h oﬁ@triéal ma agﬁecﬁ@,rmas@ré réfoved
is taken directly into Step B. In
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t YiRitigabhy Al rﬂ.x@réwgrwe@.-p&l RS WasUddad dndvHeShixture

concentrated by distillation followed by the additian

concentrated again’by distillation. The addition of water and propan-2-ol and
subsequent concentration by distillation was repeated as necessary until sufficient
toluene (typically less than 3% w/w toluene by GC analysis) has been removed from
the mixture and an appropriate solution volume has been obtained (about 4 volumes
with respect to compound Ib), resulting in a composition of the solvent in the final
granulation slurry of typically greater than 80% w/w propan-2-ol, less than 20% w/w
water and less than 3%w/w toluene.

Once sufficient toluene has been removed, the mixture was cooled until
crystallization occurs (typically 70-75°C). The resultant suspension was cooled further
(typically to 20-25°C) and granulated for a period of time before being optionally

cooled further to about 0-5°C and stirred for a period of time. The solid was collected



of toluene. The m xture is then concentrated agai n by
distillation, adding additional toluene and water as

wmemessary during distillation until suffici entCT/1B2005/000221
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i sopropanol had been renoved figom the m xture and an
appropriate solution volune is obtained (typically, 2-

4 vol unmes per kg of conmpound Ib). Water and tol uene
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2- pentanone could be utilized. In Step C of the
reacti on schene, conpound Ib (1 nolar equival ent) and

waehgdraos citric acid (typically 1.1 nolar PCT/IB2005/000221
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equi val ents) are conbi ned i n-mxture of acetone
(typically about 8-10 volunes) and water (typically
about 0.4 volunes), and the resultant solution is
filtered. More acetone (typically about 2 volunes) is
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tested at the highest concentration currently used in
comerci al products. The anti m crobial preservatives
wer e purchased from general chem cal sources. Tabl e
[11: Antimcrobial Preservatives Screened * *
Titration of Phenylethanol fromO0.5-0.1%in 0.1%
i ncrements Preparation of Preserved Fornul ations.
Forrmul ati ons were prepared, where




solubility permtted, at 5% and 10% (wei ght/vol une)
SBE-CD. Antim crobial preservatives with optinal

W@edse7H4y3 at a pH out si de the nom nal fornul at PONTB2aON®0221
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(pH 4.4) were titrated to eit46f 3.5 or 5.0 using 1 N
HCI or 1 N NaOH A stock solution of either 10% or 5%
(wei ght/vol une) SBE-CD containing 10 ngA/nL of the
conmpound of Formula la citrate was prepared.
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In a preferred enbodi nent,
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mode set for a 5 second count per 0.02° step over a two theta range of 2° to 40°.



I n anot her enbodi nent, the process further conprises
treating the conpound of Fornmula | with citric acid,

wo 2005078373 he conpound of Fornmula la la -- citretBIB2005/000221
nonohydrate In a preferred erbbdi nent, the process
further conprises the addition of acetone and water.
Preferably, the process further conprises a) filtering
the solution; and b) adding a filtered ether sol vent,
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Formula Ib so formed. In a preferred enbodlnent, the
15 Process further conprises reacting a conpound of
Formula VI, VIl wth a conpound of Fornula VIlIIl, VIII
to provide the conpound of fornula | Xa so fornmed.In a
preferred enbodi nent, the process further conprises
deprotecting a conmpound of Forrmula Via, Via wherein R
is a protecting group selected from benzyl,
4- met hoxybenzyl, 2, 4- di met hoxybenzyl or
tri phenyl-nethyl, to provide the conmpound of Fornul a
VIlso fornmed. In a preferred enbodi nent, the process
further conprises treating the conpound of Fornula I
with citric acid to forma conmpound of Forrmula la, la
- citrate nonohydrateln a fourth aspect, the invention
is directed to a conmpound of the Fornmula Vi a,




Vi a BRI EF DESCRI PTI ON Q- THE DRAW NGS Fi gure 1:
Conpound of Fornmula |la PXRD Pattern DESCRI PTI ON OF
wo MGERTIHON | n general , the conmpound of For nul apdT/mE2go®0221

prepared by nethods that incl48e processes known in

the chem cal arts, particularly in light of the
description contained herein. Certain processes for

t he manufacture of the compound of Forrmula | of this
invention are ill ustr @efdrréyEinbedifehisow ng reacti on

h . , d i bed
cxper | nent aft POBOT BT Paa e COREowE FeRb Bmounas

for the reactions deséscrhee n the schenmes and
exanpl es are prepared as istcmat ed in Preparation A
and Preparation B. All otfier s‘:CLing conmpounds may be
obt ai ned from gener commegist al” Sources, such as

Si gma- Al drich Cbrpoﬁggi

,. Louis, MO or may be
prepared using neth Wi n thee chem ca

literature. The follow ng reaction Sghenes illustrate
one possible preparati 'm» the co d of the
present invention. One~skflled in rt woul d

recogni ze that other protecting goo ngother t han
benzyl, could also be utilized to prepare protecting
group variations of the conmpomwnd of Forrmula Via. For
exanpl e, other possible protecting groups are
4- met hoxybenzyl , 2, 4-di met hoxybenzyl, and

5 t chip@ing: et hyl . Preparation A and Preparation B

schenes depict alternative Pre arations of the
st ar@) AgPre gompRRd Y 8 ¥ nula Via, later used
in Schenes | and Il, wherein benzyl is utilized a s

t he protecting group. PREPARATI ON A One possi bl e
synthesis of the conpouﬂﬁ of Formula Via is detailed
above in Preparatio wNhj oute achi eved optica
purity of conpound @or \ﬁ a by selective
crystallization of [ ed conpo {cis 2S.3S
form a s the (1R)-(-)10Qk canphorsul fjapi c acid salt
froma racemc mxture Conmpound p to 15% of
the undesired cis enantoger (cis 3R form
typically 5-6% and up to 2% of utdesigrgd trans

di asterioners (trans 2R 3S and trans 25, 3R forns,
typically 1.3% observed), howaygr, were produced in
the process of synthesizing the conpound of Fornula
VivehewgimRt i iagpretecting. arovi, ke pravide pgpmpeundaf Feppuledih t o
10 conpound of Fornula Via, however, it is necessary to
enhance and i nprove both optical and diastereomneric
purity to achieve the iNegd~quantity of conpound of
Formula I, prior to y ect i d0 the synthetic

route depicted in Sch "ty AP al t exfat’e synthesis to
compound of Formula V and Itinatelh conpound of
Formula Via is depicted fn Breparg B. Preparation

B is the subject of U S Noxprovigijonal Application

No. 10/679961 , filed October 6° 2083, The text of the

af orement i oned application is hereby i'ncorporated by

reference in its entirety. As described above, one of

ordinary skill in the art woul g, recognize that

differentprotecting groups, other than benzyl, could

be utilized to prepare variations of the conmpound of
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VI,



i nvention. PREPARATION B Step 3 H2, Pt/CIn Step 1 of

Preparation B, the optical purification is first
w@eoosorsrexl on the racem c ketone of Formul a | \WCT/iB2005/000221

| atter being dynamcally rese®6sred as the L-tartaric

acid salt wherein the undesired (2R)-enantionmer is

racem zed under the reaction conditions to ultimately

give the desired (2S)-enantioner in greater than 50%

yield. Optically pure conpound of Fornula IVa (up to

98% ee) was then reacted with kp,edwzyl am ne under

Schi ff base-formng conditions t&A%ovide the imnine

i nternedi ate, conpound of Fg alya, which was

catalytically reduced in a_s oseFectlve manner to

ci s conpound of Fornula HGPD. The conpound of Fornul a

Via is produced in a higher eptical (enantiomneric)

purity when conpound VIb it is converted to the

(1f?)-(-)-canphorsul fonate sgt, elimnating the need

for recrystallization of conmpound Via to enhance

St er SRERSEIHARG aRBlildiYe aWRSRorSBBroRR! £ 8ShydudioR Bofmlid b,

described i n Preparation BThe foll ow ng reaction

Schenme | illustrates an exanple of the preparation of

t he conmpound of Fornul anka frQm the conpound of

Formula Via, as prepared vi epar ation A SCHEME |

Recrystal lizati on Heat St ecrvstal | | zation)

Acetone 2X / Repul p / NaO ep™s

3R(recrvstallization) id Acetone / water la

citrate nonohydrate d of For a Via

required additional purifijcation to m ze the

presence of the undesire is 2R--3R) - ntiomer for

use in the manufacture o npound of mula |I.

Accordingly, in Step 1 of Schene |,q successi ve

recrystallizations of conpound of Formf Via were

performed in 4-nmethyl-2- pentangne ("M BK"). Conpound

Via (50 g) was suspended in 10 volunmes (500 m _) of

ég%g\clxl)z(l: }Natﬁfe/ prb&des ae&mra.h@hns Pr@'fHﬂre_?_ﬁa’ibbdirﬁéht al@tHer comprising

or ut ours splLuti

J5BPURY g OB“B%” ‘%5‘?@%% UNRRYNE ° {:‘?rgl“i?ao'u'?\qﬂ?ﬁ’éﬂdea

sempeohd vEforpuzdpct was re-suspended in 10 vol unes of
aqueous M BK and heat ed Ha(%ai n to about 88- 90Q0C for up
to two hours. The sol uti én W hen cool ed to about
20- 250C and t he product was it by filtration,

0

10 3. The process according to Preferred embodiment 2, wherein the protecting
group is benzyl, 4-methoxybenzyl, 2,4-dimethoxybenzyl, or triphenylmethyl.
4. The process according to Preferred embodiment 3, wherein the

deprotection is performed by catalytic hydrogenolysis with hydrogen.



dried to yield Conpound Via in high enentioneric
purity (less than 0.2% of undesired enantioner) in

wWo ysoad4ry 83-85% vyield. In Step 2 of Schene |PCT/MB2005/000221

10

15

conpound of Formula Via was ca2al ytically deprotected,

in this case, debenzylated, with a suitable catalyst,

such as, palladiumon carbon, palladi um hydroxi de on
carbon, platinumon carbon, palladiumon cal cium

car bon&s eThe procgss dcadkidung to Rredéread erabddith@t@3) wherieim the catalyst is

R S e

t hjatlagham bh@luneina GAA:hesi s, it was not necessary to

i solate, t internediate.c ound M I, | e . .
compourtd Ui bREss ERaAkg GO eniborime Fifgin the recuctive
hyashinaagion is perfdn@ed by foematonodf aa isine fallblved baicalalyit hydrogdnation.

I l_adi ) | adi hydr oxi bon,
o1 a1 nim SHE RPR pee e P R T e B "
orhypengkaationroatalyshis yailatiung Ah 288pn, datinpmoon chebano paltadiuth on
I b, ,Co d.lb talli [ t
ol B gt b Bl P BB Y Conpound 1
was then Pphepacess doconiingdopeaierted dmibydirhersti7f futiadricomprising

using agueous sodi hydr oxi de. and, extraction int

o P B HRRT o sme B PR, Brriiibe SompilsR of Formuia
tdatiary-butyl nethyl ether. Conpound |I was then
suspended in a m xture of acetone and water, and
citric acid was added foll owed by diisopropyl ether.
The resul tant sol i d Hye 2 collected by filtration,
washed with diisopropyl pgther an then dried to give
conmpound la. The foll opngATedcti on Schene ||
illustrates an alternafive pgepdkati on of the conpound
of Formula | citr honghydrate fromthe conpound of
Formula Via, wthii LovL Vi el d L58n1ab8 f, 68%to
about 76% Furt her ndYe, 1t he react i orf Schteme Il is

i nproved in that intecfhedi ary conpeoh tbpacket ed) do
not require isolatio ef ore proceeding forward to
the' next synthetic stef. SCHEME Wgder nitrogen Via Vil
NaOH Pd/ C 2) Concentrate toluene via distillation,

di spl ace Heat with propan-2-ol / H20 Optiona

recrystal lisation G tridazicralemepsiydrateat er t hen

tert-bu yh JiedelY for phddaFindIREicB rf 96%?1 ji sation
then tert-butyl neotrﬁ’y%b%é?%r i ﬁﬁgltjep&rA 0 é“é(g'hema I, a
m xture of conpound of Fdh a, wherein Rl is a

protecting group such as benz 4- pet hoxybenzyl ,
2, 4- di met hoxybenzyl, or tri Q£I, inan
st hanol or

al coholic solvent such g s
n- propanol but )
N7

comprising:

(a) debenzylating a compound of Formula Vla



preferably propan-2-ol, optionally also in the

presence of water, was hydrogenated over a pall adi um
womosardaen catal yst at el evated tenperature (tpQi/moox000221

75-80 C) and pressure (typicea8y 50 psig hydrogen).

One skilled in the art woul d appreciate that other

catal ysts nmay be suitable, such a s palladiumon

carbon, pall adi um hydroxi de on carbon, platinum on

car bon, palladium on cal ¢i car bonate, or palladium

on alumna (Al 233). Once mati on of the

i ntermedi ate, conpound 7 was conplete (about 1

hour) the conpound JNemmyla VIMtypically a s a
solution in the r [
met hanol , et hanol eNC.

al coh &c & | vent, such a s
y NG pPfopan-2- ol

(i sopropanol, "IPA")) vas added to reaction,

Wi t hout isolating the pound of la VI1, andthe

m xture stirred optiohafy at el gfaled tenperature,

from about 30C to about 120C, under 8&RsHtnosphere of

nitrogen. Once sufficient internedi ate conpound | Xa

was formed, the nitrogen atnb8phere was replaced with

hydrogen. The reaction .then stirred optionally at
P& @&f%oépgtoaﬁzgrwﬁ%gﬁ't 30-1200C) and at el evat ed

pressure (typically 50 psiqQ)\NH the formati on of
the conpound Ib was conp (taII 18 hours). The
reacti on m xture was thegigiw .b&h& 500 and
t he hydrogen gas vent ed. e pal | adi um on car bon
catal yst was renoved by filttay on, an resul t ant
sol ution of conpound Ib was @ dir into Step
B. In Step B of the reaction Schene O, %olution
of conpound Ib, typically in a m xture ofpsopan-2-0
and water, was concentrated by distillation foll owed
by the addition of toluene. The niﬁ}ure was t hen
concentrated again by distillatioﬁ{ addi ng addi ti ona
t ol uepe apd ter ' et '
unt 1P G PR BB SIERAR Vi b e Hf b ol pldot fprmui
5 nMvHLure and an appropriate solution vol une obtai ned
(typically, 2-4 volunes per kgyef compound Ib). Water
and tol uene were added as necessyr§™(typical |y about
3.5 volunes of water and ab pl umes of toluene).
One skilled in the art wou preci ate that other
sol vents, other than tdhktf¥ such as net hyl ene
chloride, ethyl acetate, is yl acetate or
tert-butyl nethyl ether, could be utilized. The pH was
adj usted to an appropriate pgjnt (about 11.5 to 13.5)
by the addition of aqueous sodi um hydroxide and if
n i i i lpFovitfel lcomhding fof Férimiugh Ib,
cﬁ@§%§ﬁ5§%§¥gg?#%?g%%ﬁﬁﬁggﬁgggh obtai#%d, t he aqueous
phase is renoved by s&f¥ i
organi ¢ phase was then c
m xture of propan-2-o0
m xture concentr at g&l
addi tion of water pr
concentration by distil
necessary until sufficfeént tol uene pically |ess
than 3% w w tol uene b anal ysi s been renoved
fromthe m xture and an appropri sol uti on vol une
has been obtai ned (about 4 vol unes Wi’t'’h respect to
conpound | b), resulting in amconpositiongf the
solvent in the final granulation slurry of typically
greater than 80% w w propan-2-ol, |less than 20% w w
wat er and | ess than 3% w t ol uene.

on. The product -cont ai ni ng
“ated by distillation. A
ten, was added and the

y distillation. The
-2-oh”gnqmsubsequent

ation was® eated as



Once sufficient toluene has been renoved, the m xture
was cooled until crystallization occurs (typically

WO 08H0®3y3 The resultant suspensi on was cool edPdTITR20€¥000221
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20

25
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(typically to 20-250C) and gr28wl ated for a period of
time before being optionally cooled further to about
0-50C and stirred for a period of tinme. The solid was
coll ectedby filtration, and the filter cake washed
Wt h fe)opmaovieg e camibhdrsiuiehaten skt of iheccampaund of ttatpeeyide the
r f ically 45-550C) to provide conpound of
%ggﬁg?r?#,%éé&éﬁcr ystalline solid. One skilled in the
art wd0l theappeessi accerdingde Prafereed grobadiment 9 wherein thehan

g&n}gj ol , n-propanol,
2%@ faﬁor?isge%@ﬂ%@@/pgg?& cet a{eq ?@YF\U ary- gmylp al cohol
and _4-1 freTiheybrogegscarcardingdo Peaferechembedimenicd wiesein the catalyst
b6 orf i, AR AR, SR, Pl e 830 caBnate.or
aljadien poetumdna (AliQ4).i ed. Conpound | was suspended in

2 t I
Dol ut 13 TR @0k Ao WP Ferdien flodimbfis o, ¥0 bE1 Shlfer
tcompdsing aredustiveamination effstepx(b) thapie patfameed yxratalytic
?19 ?Q,a ioh©Or about 1 hour during which tine

I'zation typically occurs. The resultant

susperiSi the presesradacpedingctd Pagferred embediprentitd, mberedy thg catalyst
a 0

SEbRf o pin. Do e o il o B colRpaer’
pabadium oh ajunmiea (AlyQPk).cal I y 1-18 hours), the solid was
col | eqiyeg, by, ffcb%é 5&%? to-B?gfeFréJl bhoirHERt ‘V%rtﬂ@t%ﬁ%nsmg
wi t h propan- dried under vacuum a
%@@Ué@ﬂ c@mmdthemoui@but 45-550C) to provi de a
purif '1§dTﬁgpﬁgH%§rj?é rcf?vfg dt@ F%f)éﬁé@le}nbaﬁﬁéﬂ{ Mﬁ\{h&@ﬁ\ the isolation

skille appreciate t
s theegonanound eeFormhvient gucoisdiy-agidgtounten i exshangeten fiasification

%,Mgl ST '\%O‘?’gah"'fﬁgﬁt onitrile, isopropyl acetate,

terti ary arry and 4- net hyl - 2- pent anone coul d
be ut i16. Zbelprocassrenerdhato Rreferred ambpdimest Hewherein the

C&Yrggé]lzﬂgﬁorll |s(211: &ﬂéﬁreﬁ Y& Ele Q&iﬁ’ew U SIcBhAIE, 'eﬁw(frs

pi call mol ar equi val ents) weré co
hydfﬁcﬁtb@ﬂéobm)@WGQ theeeoft ypi cal | y about 8-10 vol umes)

and wefz Frhé gé‘éédérfﬁ@fdthereﬂeH hibBEifent F6'dhbBR the Solvent is

resul t ant so utron filter More acetone (typically
asrpiepanol ipluefesgr wades o Reruigddiefo wash the transfer

equi pmﬁb"‘rh& ?F&%Q@ ccBPdlﬁd;{%J ﬁrbie?r@é%ﬁﬁﬁ@ﬁmeﬁg%%é‘re n the

filtered er so vent as net tertrary-butyl

hasii pat(qnes perrﬁw;eld bydihengdditiantas an lﬂqm 9r qsganieeeeey |
et her {g 'Tﬁg p}oc!egé/ RECoRdi |l1g¥ to"ﬁ'@fépre& Qm‘b@lﬂﬁ@?@% whBeiraRétdagent

~at el evated tenperature

ciB )‘}QQIWIﬂYQ@quQnSQﬁ'}m ﬁéf@onmﬁ 0 ﬁpdmp b@pthoaﬁ'&l ly be

| ni 1 a@drBprddes Biddhen F*%fe%@g‘%nwg%@?r»é?\f gﬂrﬂe?’corﬁﬁ}%mg
m xture was granul at erio time pically
1tseating the) comppying af Formua mtm@ocagqtfowﬂg &ea;qnapoaﬂd of Formula
ej;evated tenperature (30-450C) for a portion of this
time. The solid is then collected by filtration. The
filter cake was washed with the respective filtered

et her solvent and then dried at a tenperature | ess
than 600C (roomtenperature, if using isopropyl ether)
under vacuum optionally with no air or nitrogen bl eed
to provide conpound la, the citrate nonohydrate, as a
crystalline solid. The product nay then be optionally
mlled or sieved.ln optional Step CX, the purity of
conmpound la may be inproved by dissolving la in a

m xture of acetone (typically 7 volunes) and water
(typically 0.3 volunes) at elevated tenperature (about
35-500C). The mixture was then cooled (to about 20-



350C) and optionally filtered. To the resulting
m xture was then added a filtered et her solvent, such

w@g00s@7H47Hut yl et hyl ether or isopropyl etherpCT/1B2005/000221

10

15

20

optionally at el evated tenperd®ure (about 30-400C).
Once crystallization occured, which may optionally be
initiated by the additions of sonme seed crystals, the
m xture was granul ated for a period of time (typically
18 hours), typically at 20-250C but optionally at

el evat ed tenperat upgd30:45 0C) for a portion of this
time. The solid was th Il ected by filtration. The
filter cake was washed respective filtered

n,a tenperature |ess
t han 600C (room ; if using isopropyl ether)
under_vacuun1optE§g¥IIy
to provide conpo

h no air or nitrogen bl eed
e citra@Le ponbPYdrate, as a
crystalline solid. The
mlled or sieved.

product’ may,, n.pg optionally
phar maceut i cal | y ‘accept abl e

salts, other than thke gitrate,. pgy be utilized. For

exanpl e, nal ate, maleate, nesylate, lactate, and

hydrochl oride salts or their in situ equival ents may

be prepared by addi ng eguiciatexhosohydrite of t he

appropriate acid to the conpound |, free base

sol utions. GENERAL EXPERI MENTAL PROCEDURES

Recrv a ] 5 :
o2 The B AT SN Ol B X fthciiloRERsing the

rmwﬁ@np&atetma andewater. ef | ux condenser, thernoneter and

th , \/i -
et ot e ks Bkl B AGHBS o ARAAC it B
100 m_ ofa)vﬁéteemg thgiseluiers gedisi on was gradual |y heat ed
to refl u ﬁlfe Jd%g%_&%plgw 30 m nutes, and kept

at 88;90 mnutes, until achleV|ng a
crraytieg @ mmun@nf FQW 11 BK/ wat er azeotrope boils at

about ﬁ,sThg?er’égsg ch%r(ﬁ PrefbhEd Qf'né&iﬂ aV‘@ZT_fH h%ﬂ&?lsmg the

a smal [ anount ter undr's
vﬁﬁﬂ't@h@i\ﬁlt%lﬂ (ebofl gsanulating ithe eanipaund gf Fermulaolem t enper at ur e

(abouty2Qpe éﬁ)cgg aécBrd'i%qgg %&H@#Eﬁbo&%@n%ﬁ%iﬁﬁg%er

to precipifate at abo e suspension was
gFoivent iatertibutyl pethg®terf or about 2-3 hours, but al so

oo {5 APE pfocBte sy @ prefdlitd cRBfRR 21 ERy i oRlsing
varphingheat alanelevatey tzme@ttaﬁsi)mmm%tem &orystal lized, as
descr 'ibefihé?%é@ss gaor%ﬁéz efBlred OfnbdMi ﬁ%t g%’éjf ﬂl}erg%omp‘l}lging the

wat er The sSuspensi on

| adgifion of ﬁﬁﬁsﬂr@vﬁals el/eempepnd cg?:tvr?vmﬂé gncg}mngm aftgrrsdeud®- i s
filtergd Tﬁ@elrae@%*s&o chﬁto'\ﬂr&érré&%b%)rg Ti?wﬁé’r(eg\ tg@d

compound Via was driedin an air tray-drier at
utempkeragoe it about HRECIhEbortstSebt ai ned (about 18 hours),

I
O OV1 She 2 pHBL Lo oV ol iErBY blabbeifheRPAd fnnSOTRRERg
Ogranulallr@%we Ferapeundtaf Earmufla (atanmvaﬁadBemphmﬂyl -
L/ - 5 - et i i di n- 3 '
(11 9) o155 Pifckes dr BEIRPOMRERAL) BBl o6 bferdn RET, 0°
atesperature s abmupB@fp:etnaﬁeutollS/’@:at er, (Step A. Schene I1).
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canphor sul fonate (conmpound of formula Via, 18.0 kg,

29.3 noles) and water (18.0 kg) in propan-2-ol (57.9
wgloswezm7added 5% pal | adi um on car bon, 50% wat BCT/2005/000221

(2.88kg) and the resultant m-3f-ure was hydrogenated at

50psi hydrogen pressure at 75-80 OC for4 hours. The

m xture was then cooled to 15-200C, and the hydrogen

at mosphere was repl aced by nitrogen (5psi). To this

m xture was then added ai,&s on of

5-fert-butyl -2- nethoxybenzal de ge 47 kg, 33.7

nol es) in propan-2-ol (6.47kg¥ e addition |line was

t hen washed with propan-2- (4 24Rg), and this was

added to the reaction e”~whi ch was then stirred

at 75-80 0C for 2 houts ni trogen at nosphere.

The resul tant mixture VS 1

the nitrogen atnosphere s epl aced by hydrogen

(50psi). The m xture was hydr ogenat ed at 50psi

hydr ogen pressure at 75- for 3.5 hours, after

which tinme the reaction was cooled to 25-30 0C and the

hydrogen pressure was reduced to 10psi- for 10 hours

for conveni ence. The reactionh was then re-pressurised

W th hydrogen (50psi) and heated to 75-80 q or 11.5

heempsisingfremeving therramnhersulienatesaltqf ar?OWQQU%‘g% » cool ed

to 25-30 0OC and the hMg;og pressure was reduced to

10psi for 10 hours for coO i ence. The reaction was

then re-pressurised with (50psi) and heat ed

to 75-80 OC for 3 hours|so that>d¢he total reaction

time at 75-80 0OC C The reaction was then
cooled to 15-200C rogen at nosphere was
replaced by nitrog

cake was washed with

uspensi on was
nd the filter
‘(19. ). The

conbined filtrate and g a solution
of (2S, 3S)-2-benzhydryl -
L/-(5-terf-butyl-2- nethoxybenzyl)qU|n seHi di n- 3-am ne
(1R) - 10- canphor sul fonate (conmpound of formula Ib) in
propan-2-ol /water, were takenjas such into the next
step, denoted as Step B. Preparation of

(2t%p3§)id92th5%6mbldtﬂfcwf-ﬁ?§nﬁﬁlalert but yl - 2- net hoxybenzyl )

aui nucl i din-3- amn formul.a

5 schene 3! I) mpé@egaﬁaqqrﬂﬁg%{]%e@gd §§)b°§'"}95 (??FugﬂenBcompnsmg
L/ redReirigtd éorsBunt oRiXaret hoxybenzyl ) qui nucl i di n- 3 am ne
(1R) - 10- canphor sul fonate (conpound of formula Ib) in

propan- 2-ol /wat er, each<S d from
(28,38)-2-benzhydry| L/ - | geH,nucl i di n- 3-am ne
(1R - 10- canphorsulfonate conpo of formula Via

18kg, 29.3 nol es) and H,C 3
5-fert-butyl - 2- net ha dq yde (6.47 kg, 33.7
nol es) using the Steg eRepe | |). prggess as
dive a tota
of solutikxn. This was then
[ y 160 L by

‘ 6bkg) was then
added and the resultant mxture Was gagentrated by
at nospheric pressure distillation until the vol ume was
approximately 160 L. Water (216 kg) and tol uene (250
kg) were then added, and the mM%ture was then cool ed

to, 20-250 The t he hase was adj usted
totop?qo‘ige gefﬁ"@"ﬁ'gf’ gﬁ&"&&'aq?g‘g%"'% gaqueous sodi um
hydroxi de with agitation. The aqueous phase was then
renoved, and the organic phase was concentrated to a
vol ume of approximately 160 L by distillation under

vacuum Water (30.8 kg) and propan-2-ol (218 kg) were
t hen added and the

appr oxi mate vol une of 4
concentrated to a vol ung



resultant m xture was then concentrated to a vol une of
approximately 160 L by distillation at atnospheric

wee@seuwes At this point, the m xture was hel dPEL/1B2005/000221
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25-35C for 18 hours for conveB2ence. Water (33.8 kg)
and propan-2-ol (218 kg) were then added, and the
m xture was concentrated to a volune of approxi mately

160 L by distillation at atnospheric pressure. Water
(21 k2. andThermpeass 2codrding 44 Piefprredeambodingnt 33 dather geraprising

the m xture wa fyyated to a vol une of
aﬁﬁ?tWimoyniggpﬁﬁ@% \glﬁsti |l ation at atnospheric
pressure. Wil st maintajiNHRe
reaction m xture ab@%

1

the tenperature of the
opan-2- . (97 kg) was
then sl ow y added, e urt&n xture was then

cooled to 700C for hours during/\which time
crystallization occurred.Xxyhe res it suspensi on was
and was stirred at
this tenperature for 11 Hours. Ohe i|_(|‘j was then
collected by filtration, and the fil1&¥ cake was
washed twice with propan-2-ol (17 kg and 34 kg). The
resultant solid was then dri SH under vacuum at 500C to
give the title conpound (35. kg) as a col ourless

sol.j d. ( CDCl 3, 300C) d : 7.33 (2H, br
dﬂ't'??f?%‘gk’%fﬁ%wuﬁ 10-7.01 (1H, n), 6.92 (1H, d),
6.65 (1H, d), 4.51 (1H, d), 3.%8& g.52 (5H m,
3.26-3.09 (2H, m, 2.77 (1H ¢ .82-2.73 (2H, m,
2.59 (1H, brt), 2.15-2.06 ( m fH2.01-1.87 (1H m,
1.73-1.60 (1H, m, 1.604404 H m, 1.32-1.19 (10H,
m. LRMS (positive atnospherig pressure chem cal
ionization): mz [ MH] 469.00ptH onal purification of
(2S. 3S)-2-benzhvdryl -N- (5-tert-butyl -2- met hoxybenzyl)
qui nucl i di n- 3-ani ne. conpoun¥of formula | (Step BX,
Schene 11). A suspension :

Capste Pe Rl 1 Bra Hase opmey: - o.

et hoxygaenz yihk gubdess bédbirdingtodirefeered eopdimedt 32 fuftbemapimprising

I, 70.9) in propan-2-ol (3 nm.) was heated to refl ux
fdjrepﬁ’t‘ﬁ%ﬂﬁl ameaBWéFgémél??@ﬁ The resultant mxture
was then cooled to 70-750C for 2 hours during which
time crystallization occa.rred, and the resultant
suspensi on was then cooled to 20-25 0C over

approxi mately 4 houpg~THe fxture was then cooled to
0-30C for 0.5 hours Lthie sglid ywas tden collected
by filtration. The fiNt¢& e was t hgn washed tw ce
with propan-2-ol (70 nL &

sultant solid

was dried under vacuum he title
conmpound (67.7 g) as a s o ol{i d. Preparation
of SO,H

(2S. 3S)-2-benzhvdryl -N-(5-tert-butyl -2-met hoxybenzyl)
aui nuclidin-3- ami ne citrate nwaohvdrate. conpound of
formula la (Step C. Scheme 11). A solution of

(2S, 3S)-2-benzhydryl - L/-(5-tert-butyl-2-

nmet hoxyhenz I i di - Al . -
oM RSP T L RieeBStchl sPle el B Phckitny it 2.
i ndienetrioxyheneylak trighenydmethyR teprryjdle tedomppand efifprpulaill so
magﬁhe ted to 38-42 0OC. The resultant m xture was then
tr S %rred to another reactor via an in-line filter.
The transfer line and filter were washed through wth
acetone (54 kg) and these filtered washi ngs were added
to the solution. The resultant m xture was then cool ed
to 20-250C and filtered terf-butyl nethyl ether
(252kg) was added portionw se over a period of
approximately 35 m nutes. The resul tant suspension was
then granul ated at 20-250C for approxi mately 20 hours.
The solid was then collected by



filtration on an agitated filter-dryer and the filter
cake was washed twice with filtered terf-butyl nethyl

werdven7430kg each). The resultant solid was theor/aB2ed00221
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at 35C under vacuumw th agit-gsion to give the title
conmpound (44.4kg) as a colourless solid. The product

was then mlled. 1H NVR (500 MHz, d4-nethanol, 3000 d

: 7.46 (2H, d), 7.45 (2H, d), 7.37 (4H m, 7.31 (1H

M, 7.30 (ke rmaces?» adborflihito Pd¥erred.édfbodimhéntsi3Q, 1782 and 33

3fﬁglber?c9mpﬁg;g trga:\Ltgg tl@%?;pmgc)ungié) %9”’(‘%-{ wn% cnt?g gaélii't? qun

n&om&)ua@ofﬁcﬁm\mla 3.24 (1H, d), 3.10 (1H t), 2.83
SH d), 2.75 (2H d), 2.51 (1H m), 2.35 (1H, m,

211(1H M), 2.06 (1H, m, 1.85 (1H n), 1.29 (9H,

s). 13C NVR (125. 7 itz E-methanol 3000) d : 179. 4,

175.0, 156.8, 144.0, 14] 144.4, 131.1, 130.6,
129.4, 128.9, 128.7, : 8 2, 127.2, 126.4,
111.0, 74.0, 64.7, 56,1, 54.2,C8%0.4, 48. 5 48. 3, 44.9,

43.8, 34.8, 32.9 3R 32 18.1. LRMS (ES+): mz

[ MH] 469. The s . nd of Ec&r mul % L& prepared
by this process e the fol Bowder X- Ray
Diffaction characterl 3{i cs: Powdery op;ffractlon
pattern acquisition | ) . The povvder X-ray
diffraction pattern wag”determ-ned usi ng a Sl EMENS
D5000 powder X-ray diffractoneter fitted with an
automati c sanpl e changer, a thetatheta gonioneter,

aut omati c beam di ver gentae ejfrate gnonghydigGndar y
nmonochromator and a scintillation counter. The sanple
was prepared for analysis by packing the powder into
12mm dizgret & gontbodRd 0T HedpridgdMay that had been cut
into silicon wafer specinmen mount. The speci nen was
rotated whilst being irradiated with copper Kal pha
X-rays (wavel ength = 1. 5406 Angstrons) with the X-ray
tube operated at 40kV/ 40 he anal yses were
perfornmed with the goni I running in step-scan

node set for a 5 secandngougt per 0.02 step over a two
theta range of 2t Op al pwéflgﬁtl on of
(2S, 3S) - 2- benzhvdr Iy 3 3

[ -N-(5-tert-butyl-2-metHoxybenzyl) ucl i di n-3-am
pe citrate nonohydrate pnpound ‘of la la (Step
CX (Scherme I1). A m xttg
(25, 3S) - 2- benzhydr yl - N- (5-t ert - bufyl - 8OH

met hoxybenzyl') qui nucl i di n-3-anine citrate nonohydrate
(38.47kg, 56.7 noles) and fil¥ared water (11.5 kg) in
filtered acetone (213kg) was heated to 38-42C to

achi eve a solution, which was then cooled to 33-37C.
To this solution was then added filtered fert-butyl
nmet hyl ether (201 kg) over a period of approxinately
35 m nutes whilst nmaintaining the tenperature at
33-37C. The resultant suspension was then cooled to
20- 250C and was then granul ated at this tenperature
for approximately 19 hours. The solid was then
collected by filtration on an agitated filter-dryer
and the filter cake was washed twice with filtered
terf-butyl nethyl ether (58 kg each). The resultant
solid was then dried at 35C under vacuum w th
agitation to give the title conpound (32.9 kg) as a
col ourless solid. The product was then

mlled. Preferred Enbodi nents 1. A process for
prepari ng the conpound of Fornula Ib, I'b conprising:
(a) deprotecting a conmpound of Formula Via,
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wobtoosorsand a VI |

Via wherein R is a protecting group, to provide a
conpound of Formula VII; VII (b) reacting the conpound

VITI, VIl and perform ng a reBdicti ve am nation to
provide a conpound of Fornmula Ib, Ib 2. The process
according to Preferred enbodi nent 1 further conprising
renmovi ng the canphorsul fonate salt of the conpound of
Formula Ib to provide a conpound of Fornmula I, 3. The
process according to PrefebLgﬂkenbodrnent 2, wherein
the protecting group is be 4 nethoxybenzyl
2, 4- di met -hoxyWmrneasis forqreparing trengdnmpetuhg bf Fdrmula'nbe
process accordi ng to Rfefe -d enbodi nent 3, wherein
the deprotection is perfo b% catal ytic
hydr ogenol ysis with hydroge cihe process according
to Preferred enbodi N a‘welnthecauﬂym i's
pal | adi um on carboﬂzéé mi; on carbon, palladi um on
cal ci um car bonate, ok petTed um oncal i na (AI238). 6.
The process according tg Preferred efbodi nent 5,
wherein the reductive fp
formation of an i m ne omed by ytic
hydr ogenation. 7. The process ac Jg to Preferred
enbodi nent 6, wherein the hydrogenation catalyst is
pal | adi um on car bon, platinumeon carbon, palladium on
cal ci um carbonate, or palladium on al um na (AI233). 8.
The process according to Preferred enbodi nent 7
f urt hesonpeasipgd si ng treating t he conpound of Fornula I
Wi t tric. acid, for npound of Fornula Ia.
a FC)A@P&?%‘”%&BHSP&F erm}&aéﬂﬁcess for preparing
the conpound of Fornmula I, | conprising: (a)
debenzyl ati ng a conpoun ,of Formula ViaVia to provide
a compound of Forrmula VIil; VIl (b) reacting the

conpound of formul \NE rmed with a conpound of
formula VIII, and Eg;ﬁ a rengtl&e am nation to
[ ) iBY7 dnd(c) renoving
und of Ib to
provi de the conpound o he process
accordi ng to Preferrediegbodi nent erein the
debenzyl ation is performed by cafaly &ﬁhhydrogenatlon
11. The process according to Preferred enbodi ment 10
wherei n the catal yst Via
wherein R’ is a protecting group, to provide a compound of Formula VII;

@ -
N~

Vil

so forned with a conpound of fPeTIB2205/000221



i s palladiumon carbon, platinumon carbon, palladium
on cal ci um carbonate, or palladiumon alumna (Al 203).

wda 20050 7pr ocess according to Preferred enbodi PENMBER0EE/000221
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10 or 11 further conprising a3%eductive am nation of
step (b) that is perforned by catal ytic hydrogenati on.
13. The process according to Preferred enbodi nent 12,
wherein the catal yst is palladiumon carbon, platinum
on dé} Ematingothk lcashpavndoef feratuld Vilise farimed adite @ agmpound of formula
pal I 'adi um on alum na (Al 2G3). {f The process
according to Preferred enbodi ment 13 further
conprising isolating the conpound of Formula I. 15.
The process according to Preferygd enbodi nent 14
wherein the isolation of the d of Formula |
occurs by acid counter ion gXchg or basification
foll owed by sel ective crysta yati dn. 16. The process
according to Preferred 8¥Bodi fent 15 wherein the
crystal lization is acconpligped, in a solvent selected
fromwater, alcohols, ethers, hydrocarbons or m xtures
thereof. 17. The process acc@ding to Preferred
enbodi nent 16 wherein the solvent is isopropanol,
t ol USREL oAb @ reQlictill ki8S 1d1H608¢ a cdSpolEofHoRREE Tb,
according to Preferred enbodi nent 15 wherein the
basification is perforned by the addition of an
i norgani c or organic reageqt ..19. The process
according to Preferred enbo nt.18 wherein the
reagent i s sodi um hydroxi de;~&0d{/um car bonate or
sodi um bi carbonate. 20. Thg ges®¥: according to
Preferred enbodi nent irt conprising treating the
conpound of Formnul a | 4) £ ic acid, formng the
conpound of Formula lala -| citrate ndngfiydrate 21. The
process according to Preféeryyed enbodi 20 further
conprising the addition &f ~acetone a er. 22. The
process according to Preferred enbo nt 21 further
conprising (a) filteringthe solution; afff(b) adding a
filtered ether solvent, providigg a conpound of
Formula la. 23. The process according to Preferred
<(en‘)c>Qdif METHe d‘lacefsg raktsrding ePlairs it gmr’;dn Eor&dﬁisiirig' u:waivizrgtﬂeq? .
c) O ranyl ating, the conpou r ala : e
br o EoPa ot 55 o e ERBRR] o6 hmafii o boia & famppund of
t he Rdrimalalsol vent is tert-butyl methyl ether. 25. The
process according to Pr & red enbodi nent 22 further
conpri sing appl yi ng heat *at ~gh~gl evat ed t enperature
during step (b). 26. The progessi agtording to
Preferred enbodi nent 22 funther cgwpyising the

addi tion of seed crystgks .6f Sound® of Fornmula | a
during or after step
N7

3. The process according to Claim 1 or Claim 2, wherein the protecting group
is benzyl, 4-methoxybenzyl, 2,4-dimethoxybenzyl, or triphenylmethyl.



27. The process according to Preferred enbodi nent 25
wherein the tenperature is about 300C to about 45C.

w@8B0050ha7pr ocess according to Preferred enbodi PENB28@/000221
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further conprising granul ati nget he conpound of Fornul a

| at an elevated tenperature. 29. The process

according to Preferred enbodi nent 28 wherein the
tenperature i s about 300C to about 45C. 30. A process
for grepsé n@cémce@ﬁp@u@ ¢lrh 3Fahefeinathé deproteiction is@erformed
rermw n ch su f@ e salt of a conpound of

I b, by ¢l 988 y§iR Wit 88¥H of Formula I. 31. The

proaess ?ﬂh‘@pl’fodes!sgacbﬁrdﬁ’ig&é cidirad, @hbrenh the oatalyst ié palidirim on
. Xa, | Xa to [

d d of d
e R A e IO o sl AR o
accoslmitth (apOEY ef erred enbodi nent 31 furt her

CO”D ' Si gﬁ%éﬁﬁ%sﬁc &%pr}ggg%rlepeéue%ghrgv age q Wg fbductive

c 0 npemméu@f isfperformhet ByXarmatioh @f a® inind Blloideby catalgts
according tag Preferred enbodi nent 32 further
conp Y‘%?%d‘ag%rbr otecting a conmpound of Formula Via, Via
\Qherki n ﬂﬂ,e bﬁ)césﬁdabﬂﬁgitﬁgileﬁmcﬁ,lg/hsﬁirfmé egdrbyematibe eatalyst is

- met enz net e or .
(1§ pHARSIEH GArbor. SpII S aD. CURUHINED Sciip cathogate, or
VI I gglaﬂmﬁmdaﬁﬁmaT(hgop)r oge:s%s according to Preferred

n

CTo e The B oChsaaseRaTSRo BBy AP Sl HEhe iishg iolpting

formmmmoumdfmmﬁ@rmula la, la - citrate

m)noyd ound of the F Via .. .
ACLAI VENS PrORESH BB By PRI A L Ao Satniaing reating

For mHea:oh’Cpouh@ oCRsrpiLiaslivit: citfic dcidl pmang thiei compaund oftonmndla la

of Formula Via, Via wherein R is a protecting group,

to provide a conpound of Forrrul a Vll; VIl(d)"reacting

t he compound of forrwba ‘s o formed with a conmpound

of formula VIiIl, VIII rfQrmng a reductive

am nation to provide & und’of Fornula Ib, Ib

la -- citrate monohydrate



2 . The process according to Caim1l further
conprising renoving the canphorsul fonate salt of the
wa@ewpomdm of Fornmula Ib to provide a conpound BET/IB2005/000221
Formula I, I 3. The process &¥ording to Caim1l or
Caim2, wherein the protecting group is benzyl,
4- met hoxybenzyl , 2, 4-di net hoxybenzyl, or
tri phenyl methyl.4. The process according to Caim 3,
wher eiqn. t hea deppeingalf trerFdrswpdsiaor med by catal ytic
hydr ogenol ysis with hydrogen. 5. The process according
to Cdaim4, wherein the cat st is palladiumon
carbon, platinumon carbo pdl | adi um on cal ci um
carbonate, or palladiumaqn,alumna (Al203). 6. The

process according to[?ggfo ding d ai mwherein the
reductive ani mation Ks/pgr d byH s on of an
i mne foll owed by cat&fyt c hydrogenatj\on. 7. The
process according to O am6, where

hydr ogenati on cat al yst

[ al I adi um car bon,

pl ati num on carbon, pal | adi um on c& ci ¢gr bonate, or
pal | adi um on alum na (Al 233). 8. The pro&bss accordi ng
to any of Clains 2 to 7 furthewiaconprising isolating
the conpound of Fornmula I. 9. The process according to
any of Clains 2 to 8 further conprising treating the
compound of Forrmula I with citric acid, form ng the
conpound of Fornmula la la - citrate nonohydratel0. A
conpound of the Fornula Via, Via '



