WD 2004/ 113295 PCT/ US2004/ 019135 Process and
I nternmedi ates for the Preparation of (1 R 2S,5S)-

WO 2604di13m5 hyl - 3 azabi cycl o[ 3, PCT/US2004/019135
1, 0] I hexane- 2- carboxyl ates or salts thereof Priority
Application This patent application clains the benefit

of prlorlt fromUS prOV|S|onaI apllcatlon Seri al
A5S: ermediates fex ceparationof (182,265 56-dimpethyl-3-

| nvent 'aﬂ%bT 18] % heké\l’{@-ﬁtd:é}% (b8 orighlidthdteBf €SS
and i nternedrates Tor preparati on o 25, bS) -
6, 6- di et hyl - 3- azabi cycl o[ 3,1, 0] hexane- 2- car boxyl at es
or salts thereof having the followi ng structure of
formula I: COR3 N\ or I i reof H 10 1
Background of the In : S) -

6, 6- di net hyl - 3-azabi cycl o[ 3, 1, O]hexane 2-carboxylic

2o R p it oyl B G UL gl

appllm&omlsegmlMryquO/é@e@wafrh@d doned7, 8883.whi ch was
filed January 18, 2002, which are each incorporated
herein by reference. The conpound of fornula | is a
5 key i ntermsdi at e usegijeld d:rtnganvémwnof the hepatitis
Cwvirus ("HCV') protease 1 nhibitor having the

f oTh%WQﬁ;@”E W@%‘f'gﬂ selgtes igrthapsocessrtd niemediates fRythe
prepé%%)ﬁég83&?720%,8%g&\,%%n@ﬂ%/l-\g-)a%éyéa{&zﬁé]hexane-2-carboxylates or

salts thereof having the following structure of formula I:
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Background of the Invention
(1R,28,585)- 6,6-dimethyl-3-azabicyclo[3,1,0]hexane-2-carboxylic acid, methy!
ester hydrochloride is disclosed in U.S. patent applications, Serial Nos. 09/908,955
15 which was filed July 19, 2001, and 10/052,386 which was filed January 18, 2002,

which are each incorporated herein by reference.

The compound of formula I is a key intermediate used in preparation of the
hepatitis C virus (“HCV”) protease inhibitor having the following structure of formula Z:

HsC CHg

N H NHa



The conpound of fornmula Z is useful for treating
hepatitis C and related disorders. Specifically, the
woanpaussof fornmula Z is an inhibitor of the PICVUS2004/019135
NS3/ NS4a serine protease. There remains a need for
nmet hods of synthesi zi ng conpounds useful in the 5
treatnment or prevention or anelioration of one or nore
synptons of hepatitis C. Im&iew of the inportance of
hepatitis C virus ("HCV') protease inhibitors, new,
novel methods of meki ng such antagoni sts are al ways of
| Mhereshpousithofefoymala Z ieusefvedrit@atihg Hepatitie C and related
~enbodi mrent, the present applicatign relates to
disorgise SSRPGHICAHMKINRFMPRUILBLIRIMUIA 23 ADITRN ROt g ICV
NS3/N %%e%% otdlgh Or salts thereof H wherein R3 is
sel ected fromthe group consisting of alkyl, aryl,
amaeky Femaihs apeddfdrkmethmod af syhtesigmabayipoumts useful in the
invention also relates to certain internediate .
5 treatrgRbRUNGYeRtRY 05@@%@&I°Wtqnen°ftWQ%?HBEEO@%P]‘ herati C-
t 1% viRMBPHRAn o aﬁ%glﬂffhehgtiﬂé‘@ WRFURCCRE\Of prakasWinhitsitors, new,
compound of forrmula | conprises: (1) desymetrizing a
novetmetiogsdofohakiog such antagenisisRreralways aeinggresience of
20 a chiral reagent to yield a conmpound of formula
[1l: HRLOHO H OOH®RCORL OIl Il wherein RlL

is selected from t 8anthamp of the lidiéntipwf al kyl,
al kenyl , ar aral kyl, alkylaryl, cycloalky

I, |, :
10 cyaiopglembedimant, the dresemtanplicaien lalesdpigapiPcepk ¢f making a
5 PCT/ US2004/ 019135 -3 (2) ami nating the
Commﬁﬁéaﬁﬁéﬁbr mula Il to yield a conpound of fornula
CO,R®
N

\ or salts thereof
H

[
wherein R® is selected from the group consisting of alkyl, aryl, aralkyl,
15 cycloalkyl and cycloalkylalkyl.
The invention also relates to certain intermediate compounds that are made
within the process of making the compound of formula I.
The process of making the compound of formula | comprises:
(1)  desymmetrizing a compound of formula I with R'OH in the presence of

20  a chiral reagent to yield a compound of formula I1I:

| 1]
wherein R is selected from the group consisting of alkyl, alkenyl, aryl, aralkyl,
alkylaryl, cycloalkyl, cycloalkylalkyl, cycloalkenyl and cycloalkenylalkyl;



IV: O ORL H2N 1V; (3) reducing the am de and ester

functionalities of the conmpound of formula 5 1V to
weoizeddd1z9sonmpound of forrmula Vi OH NH2 V or saCrAIS2004/019135

thereof; (4) protecting the am no group of the

conmpound of forrmula V to yield a conpound of fornula

VI: OH NHP VI io wherein P represents a protecting

group; (5) oxidizing the coround of fornula VI to

yield a conmpound of formula VII: C(OH NHP VII (6)

addi ng RROH to the conpound of fornula VII to yield a

g@ouﬁﬁhlﬁé’un dLihef surmpdand/bf formi ADRAYiGIZ286mpound of formula
P US2004/ 019135 -4 OR2 N P VIIlI wherein R2

IV: represents H alkyl, aryl, aralkyl, cycloal kyl or
cycl oal kyl al kyl ; (7) cyanating the conmpound of formula
VIIl to yield a conpoun f forn@la IX | CN N5 P
I X; (8) hydrolyzing the c& of formula I X with
MOR3 or R3CH into a 7 oR!

HoN
O Iv;
(3)  reducing the amide and ester functionalities of the compound of formula
5 IV toyield a compound of formula V:

_'_!,, (/7

OH

NHe v or salts thereof;

(4)  protecting the amino group of the compound of formula V to yield a

compound of formuia VI:

-:l/,///

OH

NH-P VI
10 wherein P represents a protecting group;
(5)  oxidizing the compound of formula VI to yield a compound of formula

~

VIil:

"y C(O)H

NH-P VI
(6) adding R%0H to the compound of formula VII to yield a compound of
15 formula VIII:



conmpound of formula XX CO2R3 N P X wherein Mis
sel ected fromthe group consisting of Li, Na and K
wanw4R3329s 10 sel ected fromthe group consi st PagUsS004/019135
al kyl, aryl, aral kyl and cycl oal kyl; and (9)
deprotecting the conpound of formula X to yield the
conpound of fornmula I: N14 CO2R3 N\ | Hor
optionally isolating it as “shtts thereof. 15 WO
2004/ 113295 PCT/ US2004/ 019135 -5 The inventive
process to nmake the conpound of fornula | has severa
advant ages: the process}jisclosed herein is a high
yiel ding process with exgellent control of
stereocheni stry, and doeS“not require any
chromat ographic purificafio or2Pescription of the
I nvention As used above, Land t hroughout the
specification, the follow ternms, unless otherw se
i ndi cated, shall be understpodwytg.have the foll ow ng
meani ngs: "Alkyl" means an aliphat’ic hydrocarbon group
wheré\iﬁgi R%remas@;ﬁig $, ralkyg haryh ?ralhylanyctiedlkahﬂr oymiqalkyaly|;
about 1 to about 20 carbon, ato ' e ai n,
iex er Cyanahon Hacgamaeut el Cumia Ykl iefha chmasyng of formula
[x: carbon atons in the chain. Mre preferred alkyl groups
" contain about 1 to about 6 carbon atons in the chain.
Branched neans that onsjor nore | ower al kyl groups
such as nethyl, ethyl orypropyl, are attached to a
i near al kyl chain. "Lowkfaal kyl" nmeans a group having
about 1 to about 6 carbgizaégggm in the chain which
may be straight or bran / The term "substituted
al kyl" 15 neans that the al\kyl group may be
5 substituted by one or nore BubstilKpents which may be

the same or different, each substituent bej 3 )
i r(a)apeﬁw&ﬁ@lwmgéh@@patpounérﬁftf%nularlmmM@g 201 RObkinto a
comp n;%{ ?ﬁc}g’%,a )’(I.J‘y| , cycloal kyl, cyano, hydroxy, al koxy,

'
£,

wherein M is selected from the group consisting of Li, Na and K, and R? is
10 selected from the group consisting of alkyl, aryl, aralkyl and cycloalkyl; and
(9)  deprotecting the compound of formula X to yield the compound of

formula I:

or optionally isolating it as salts thereof.

15
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am no, -NH(al kyl), -NH(cycloal kyl), -N(alkyl)2,

carboxy and -C(O O alkyl. Non-limting exanpl es of
weubwabbmsal kyl groups include nmethyl, ethyl, ReprUSpok/019135

i sopropyl, n-butyl, t- 20 butyl, n-pentyl, heptyl,

nonyl , decyl, fluoronmethyl, trifluoronethyl and cycl op

ropyl methyl . "Alkenyl" nmeans an aliphatic

hydr ocar bon” group contai ni ngPat | east one

car bon-car bon doubl e bond and which may be straight or

branched and conprising about 2 to about 15 carbon

atTrsinventiveepitass io Riakeathe edngddunydi fgrroulasl es/geveral

U R TR e
con’tr‘z'gréfy {t??édbheﬁ'iiéﬂs?%ﬁﬁjag@é’é‘né?ﬂ%ﬁpir@%y%hrﬁﬁfa@odrﬁ lc purification.

gr oups ethyl or propyl, are
attached to a |inear al kenyl chain. "Lower alkenyl"

means about 2 to about tB caf kon, at rin the chain

whi ch may be strai@@ﬁ—H’—Mr ' W term

" subgsdd Hb6%e ArePhrbughRAtse bpatifitatora it Followdh@ tamisyinless
be substituted by one or 30 nore substituents ich

otheiveige indlicatedsshall e underséoashto, havetesfiobewinguaranivgsng

nal B0 ot eghs o glpRElE a7 oG RN CR D e b Mhedt o
bran&8d 558 AL HIPAboutt! Bngbaltkadyarbbaratbingiit itimgchain. Preferred
exanpl es of suitabl e al ken roups incl ude et

| t h |,
alkyligreyimgPntain abewnl 10 aBoufel %rgen 2Ry the, Chify @% preferred
alkyl%‘é&ﬂé’ Eofath 466610 a?&ﬁl &¥aphbn ﬁ@gtﬁ’in e BhhiRDBYarfched means

r'ocarbon group contal ni ng at one
that oae bomarardwer alkybdreupssdchiad meihyh aiteyl dyerepylaaghattaghed to a

e LR 38 55t ks SR8 o AEOLFS Brors
atonff4he %h?fnow@ 3%%}%9(@(&1@{1 RIRARcHY. tThe ehAi"Bubatidted alkyl"

nmore prefera about 2 t0 about 4 carbon atons in _
meahé éhatihe mlkyBgeoighevyeasisstitaded byeons ohmoge Buhgtituanisywhich may

oo 5, 4L B T M bl PR 0 B8 B o
grougbﬁ)‘rﬁ%is%nb%f%%!tall@l,céwp@?d@bRYE dyBnd ey drBRY, Mk alky#tiiio,
gh br anchéd. “Non 10 |

e stral t or bran . imting exa

| f
aminguikialbyal-RUHHgyClgatups-N Rl Dacoasbapnand ~Soperaikyl. Non-iimiting

exar%hlgg:oi %ﬁitaigléb% ﬁﬁ:dj%‘ llé;giy L{féﬂ%ﬁﬁyrlngtfﬁ(g;gr’]tﬁ%{ héﬁrepﬂ s %%g?’ﬁ?%,&/n—butyl, t-
buty%@?t%heﬁ@l,ﬁﬂw,l dadye diubyornathytrifiarensadiwdtartduent s

C rmé e the sane or different, each substituent
cycleropymetb¥lpendent |y sel ected fromthe group consisting

o Sk et AP arod? g Pt on
carboargarbsn tgubleboerid énd evhidiooay be steaigbinoratramshed and comprising
el eSS on e R 4 ot B Htestile about 2
to abdit"® SHBbRMUSMBIA thd!8RAiR; and more preferably about 2 to about 6 carbon
atoms in the chain. Branched means that one or more lower alkyl, groups such as
methyl, ethyl or propyl, are aitached to a linear alkenyl chain. "Lower alkenyl" means
about 2 to about 6 carbon atoms in the chain which may be straight or branched. The
term "substituted alkeny!" means that the alkenyl group may be substituted by one or
more substituents which may be the same or different, each substituent being

independently selected from the group consisting of halo, alkyl, aryl, cycloalkyl, cyano,
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whi ch may be the sane or different, and are as defined
herein. Non-limting exanples of suitable aryl groups
woned4ads29phenyl and naphthyl. 20 "Heteroaryl" Reans2@mo019135

aromati ¢ nonocyclic or nmulticyclic ring system

conprising about 5 to about 14 ring atoms, preferably

about 5 to about 10 ring atons, in which one or nore

of the ring atons is an el effent ot her t han carbon, for

exanple nitrogen, oxygen or sulfur, alone or in

conmbi nation. Preferred heteroaryls cont ain about 5to
and afienyt N6nFIinmﬂngte&HmpIJ$1 ef élhlmbdae atkteylw gmapsbmlude ietmeyil,y

substj tut ed % ne or_25
propesyhatbvigaih STGHN RPNl nepentes “}ﬂ'i ﬁ‘ﬁ%ﬂ%ﬁ?m" and
arl n
T O e
carbam- a‘:atrbganrlple)qmj‘eirarm wmdrf maydntecmralglstwdmramehw ang comprising
[i ng atom

aboufie i ABaKG TS EaoBeBRR rfe ol PP R kil Broups have about 2

to ab6GY ’f ?& DY é’tgrrﬁ‘lﬁ%hg%hald\@ﬂdhhmet prageraBrab s 2ofo about 4 carbon
sul t e heteroaryls include pyridyl, pyrazinyl,

atoms im mwd:haleoBtamcbagumems that @nayar Meredewes ayqyl grOUPs such as

methy p@lﬁiﬁ#&’pyﬁﬁ%ﬁ%&cﬁe@@%{ %]r%'"iyp? @Hl ¥ lower alkynyl" means

abouil24e ébblht @@Ftﬁ?dﬂ al’dom@bﬁméldmalm whichi rdag lblaeyé.tralght or branched. Non-
qui noxal i ny

ht hal | d
Ilmltlnmﬁm@[egqszsqtaglegq@vgﬁlg%mw azobymﬁ P@Q FZn%V”V' 3-

e T ST - Syt o v
alkyrtyh'g&ﬂupptyxay the! substjtutedbyl On’B/d)l’ mokhe eulogiijuemtisavhich may be the same
or di E;rg’g[@%g I gy{itiuelnﬂ)gfrl\%ﬁ “ézer tII Sogq,g%c? i %meygrogﬁ)oconsmtmg

of altviGary! nmeans an aryI al kyl - group in
% rk the @gnd al kyl are as 5 previously

dedaoylt ednsRNEABMati: ramoabkwlg aranpiicyicAingsysatenl gopnprising

aboug ﬁgg@q’“ﬁ&ﬁg&@»c&ta rpse ngre gtﬁlg()f ot gr’@k‘%\lb%u?ﬁalclé%on atoms. The
aryl ?}%Bgtc'&ﬁ' I@Wﬂ)t‘i’@{d“y'subjéhﬁzt@@ Wﬁhtdhet Hempedy HMQk@th@m/substltuents“

ugh the al kyl aryl " neans an al kyl -ar
whiclgmoaypbé thevbame ercbff@nexm arg:h@reaag,defm@ @@relrprl\éqn Bmgtpqg examples

b d P |
of sufgErAVRE Uk IS PR Ao Lt abi & al ky ar o
gr'WérdaWﬂ" Héane-droandmatic: m0h§abycdl10d>rmydllybycl76hmgawmiemo
the parent noiety is through the
compiising aaonb% iapB &y 14 rlﬁ@r?éomér prﬁﬁfﬁb%@% @ﬁ@%ﬁ&@éﬂﬂg atoms,
in wlﬁ&g?)hksdg%rea&%lé éﬁ)’\ té)(of)”% H%Pg)&%@r%@pemeﬂ%carbon for example

abou on at ons
nitrogGerf &tyiged o:r;sullfuale{{gme oi irgsorobimaéion. Riederred heterabuils cantain

aboé{ﬁg@tgtiqiﬁn%dm%hgwc éﬂ}ﬁ %Qrggpyg‘be 169 g@b' onﬁ‘y sﬁ’bstltuted by one or
more W?rﬁaé&ég | Ubs Ymte‘ht?s"”iﬁbhcﬁ &y'Be. tﬁ@gﬁn@romm‘é@rﬁrﬁnd afdas

ove |mt| ng exanpl es of
defirsd herblre The prefix aza, oxa or thia before the heteroaryl root name means that

at least a nitrogen, oxygen or sulfur atom respectively, is present as a ring atom. A
nitrogen atom of a heteroaryl can be optionally oxidized to the corresponding N-oxide.
Non-limiting examples of suitable heteroaryls include pyridyl, pyrazinyl, furanyl,
thienyl, pyrimidinyl, isoxazolyl, isothiazolyl, oxazolyl, thiazolyl, pyrazolyl, furazanyl,
pyrrolyl, pyrazolyl, triazolyl, 1,2,4-thiadiazolyl, pyrazinyl, pyridazinyl, quinoxalinyl,
phthalazinyl, imidazo[1,2-a]pyridinyl, imidazo[2,1-b]thiazolyl, benzofurazanyl, indolyl,
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nmonocyclic cycl oal kyl s include cycl opropyl,
cycl opentyl, cycl ohexyl, cycl oheptyl and the |ike.
wolam41i1s295i ng exanpl es of suitable multicycli cPCT/US2004/019135

cycl oal kyl s i nclude 1-decalin, norbornyl, adamantyl

and the like. 20 "Hal 0" nmeans fluoro, chloro, brono,

or iodo groups. Preferred are fluoro, chloro or

bromp, and nore preferred arfe fluoro and chloro.

"Hal ogen" neans fluorine, chlorine, bromne, or

iodine. Preferred are fluorine, chlorine or brom ne,
azain@ol|, Bneirfidar ey, eenasthidhyl oqwmelnwndrmdimmwnmleﬁdpymlglyl

systen1subst|tuent nmeans ;a suhstituent attachq o an

quinagplim thiensipy ABYdY| 2By rEplg RtV IMIGRZARIE¥IMISAAULpONINY
benz&é%rfﬁ’écﬂy|R 2 gJL %‘?ﬁr@%”bé‘ﬁf’dth%*ibﬁ/l Eﬁéﬁﬁégﬂe on the ri ng

substituents may sane or

dl Afa@kw'hmeaaatah dlgl-algyl |gndlerpenwemhlt9e§éyleanob@|kﬂrarm ase
t er.oaryl

provighshy Papgioed. et arelyls Evagrss ajpieb Ryl Hake Meryimiting
examgfésleépéln%'b\%eﬁbé!llyl BY&IQMCIJMMN%MH%&WIW

oxy, ara acyl, aroyl, halo, nitro, Yano
naphtl'mlekrmhyletm/ll Ktheybantmiyle, paenampielyys shrlugly the alkyl

gh‘b’%&%’/@ ?Tr&%%%yl ﬁ@yk%ryfyérgﬁﬁ ¥h Mﬁi’él’?’ar ;’%Ikﬂ%d aryl are as

prev@@él?@é@&biﬂ)éd“l-"rbféﬂed élk&hﬂrﬂblc@m;ﬂrsﬂet lm/\ter aIkyI group Non-limiting
eteroarzalthlo aral kyl t het er oar

exampjes obsuwiable @Wla@wg{gnm; lnqligieépgg | 1‘|o %d xyIIy? The bond to the
04/ 113295 PCT/U82004/019135 -8
pare’&%g{%%&b% tlhé\%rglo Y1Y2NC(O) - and Y1Y2NSQ2-,
vvhelyeloglk\ﬂ' rgédnsl}(a rtmlyariwnathnfemoaanﬁr multmyf;ﬁ@rlegtsyawm comprising
ar e i ndependent sel ected fromt tin
aboubB TolRpanb B RaIAGeM S EyF eralii Ahoi Ryp 2066 Sariaungioms.
Prefdffet]! &oé\?ﬂaﬁ{gg%ghﬁn%&t 8rioHHout ?%Hg SoMNTheYsyicRIaIRyl can be

conp si ng to about 10 carbon "at omns,
optiopaky enldtltytedhwitit obe o nzdreUting Gystanb substituents” wiiighmay be the

samepaHberanl ey e R RS abRye: BERTEARY BfhR of suiiabte
mon&a}dh@%yélbﬁmﬁls ﬂ@lﬁd@ﬁb@@r@@ﬁ)’éy&éﬁérﬂﬂ @Wlbl@éb@)l | oycloheptyl and

ed"wth one“or nore "ring s
the likabNon+liwting exammas cvfsgumablet mellticyatic @ycIO@kylﬁ dnglude 1grpalin,

re as, defi.ne Nonllmtlng exanpl es of
norbQi, Alam ?RMOQ:@F@{?\ 0 cycl oal kenyl s i ncl ude
C)"ﬂa%’embéﬁy lfluor‘d{‘@:hnﬂéxl@m‘ho aniedie henipenPrefeard drbdluoro, chloro

i ke. Non- Imtlf@g? exanp | e of aswtable rrultlcycllc
or broys, Gadkeaka preer Bfﬁﬂwr@rﬁﬂdc GF%terocycI enyl " means

A5O3 P PSR AG hHEId POL818 B orne
chlo@i® Bt bforhidephadiindr® préfegreat amesfjuorine artd citioone. or rmr e

Olutine g%@ﬁs&@sﬁt@&tﬁ ‘g;}e?ﬁp%y %%ﬁﬁtﬁt%@%tf%ﬁ?é% a2} &8Mmatic or non-
aronsatlc g &8 hiBASP exhmi& TRpRREL & avilEbhidtogen on the ring

system. Ring system substituents may be the same or different, each being

independently selected from the group consisting of aryl, heteroaryl, aralkyl, alkylaryl,
aralkenyl, heteroaralkyl, alkylheteroaryl, heteroaralkenyl, hydroxy, hydroxyalkyl,
alkoxy, aryloxy, aralkoxy, acyl, aroyl, halo, nitro, cyano, carboxy, alkoxycarbonyl,
aryloxycarbonyl, aralkoxycarbonyl, alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl,
alkylsulfinyl, arylsulfinyl, heteroarylsulfinyl, alkylthio, arylthio, heteroarylthio,
aralkylthio, heteroaralkylthio, cycloalkyl, cycloalkenyl, heterocyclyl, heterocyclenyl,
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contains at |east one carbon-carbon doubl e bond or
carbon-nitrogen double bond. There are no adjacent
woxygan3and/ or sul fur atons present in the ri ngCsysSL@®AN19135

Preferred heterocyclenyl rings contain about 5 to

about 6 ring atons. The prefix aza, oxa or thia

before the heterocycl enyl root nane neans that at

| east a nitrogen, 20 oxygen &t sul fur atom

respectively is present as a ring atom The

het er ocycl enyl can be optionally substituted by one
Y1Y2M, Yrwgie-alkylg \SWN@I@W Vﬁ‘ﬂﬁﬁﬁ@)g- whereinny {' anch> may be the

sstemsubstltueé IS as defi aboye. Thentrgrq
samedr GfieTelt ABAl e HdanRIdeRRy SPisYRY KA the:grops consisig of

hydro%% g@ IaYyIOéhgla;g fyto the correspondi ng N oxide,

Yide. Non-limiti ng exanpl es of
stmycabalkenplhmgmis & napsromatiocyene oy mujiicyghie ripg system

ComPI'SEW%Wr%W@% ' aﬁ%g raﬁ%%@r&g??@,y atlou} 53to6about 10 carbon

atom§ Wrﬁé}hwlﬁt@% 4idbas: ori’e éarboh- da?bé@ﬂbdbl@m’dndnﬂief@red cycloalkenyl
2-pyrrolinyl, 3-pyrrolinyl, 2- imdazolin

rings zopymraabpuhsj lto abet 7 Heglatiems. Ko SNPWBMQWY%%IO@%IOB@HY

subs@ﬂﬁec@ h6 &n% rﬁé& gﬁ?écéﬁ% girﬂg%y sp%liﬂgﬁ may be the same or

differbht) @hecirb)yd défme@lr%oveal\d)nt-lhﬁltlhg lexanysies bf suitabig monocycllc
exanpl e of a sujtable mJItlcycllc 30 o ahete ocC h We Non

cyclogﬂ@nwla IQCWd@)@é{ﬁlQP?@FQﬂVb C’ZCEPhFPi@BY e RYFI0 %tﬁnv ANH;t

Ilmltlrfgfng ?If a sﬁ@é%??;lr\@ El;?:aﬂ(éngrl %r}ﬁirrﬁb fg%;l

an Elletdfrecymlbayl" mmmnmm@ﬁaﬁcmwmom OuguIHK:yChtgrlng system

oy T R B By UL 10 g st
in wh"?(g?Hﬁe %{ﬁﬁbl@kﬁ? Yhe AfHrhd ﬂgtr@t syeﬁéﬁf i8R NP @theﬁ than carbon,

ring atons, 1 n which one or nore of the
for exﬂmpie nitrogée, mxyggnsyauda‘m atonrelene @sin combinationaand which

cor 3 i o APTR-GoB nEPASF Rl ol BB ona.

Theré%‘?é Pb a'iiééééﬂt o@&@@ﬁ aPHRSSMfut Btdnie prdsenit iy theaing system
Preferred heteroCyclyls contain about 5 to about

Preferretyhatesosyclemeé npg@fcpmam abogik teabow| G ripgRéeras. Th% prefix aza,

o SERLAHTL U O oA TER Rl 8P Bt e,

oxygeht@ satfarmtohh @eépia‘cﬁﬂ@l?)i@ bydsepaas ering biamaThy heterocyclenyl can
substi tut ed czbone or nore "ring system substituents’

R L Ly ! sptiupnts evieren fing
syst uﬂgﬁtuléﬁf"% re‘tsd ‘ﬁea' o%%?@ht?t)&géc%r IRM=@Emidighe

terocyc onal di zed to the
hetem@ytl@ﬁppm bg d]sﬁlowal@eox&zedltdéhe)coﬁespmmug deoxide, S-oxide or

S,S-a%.é?(ig{eg&gtﬂl @%ltlﬁéa mpﬁ@ Qggwﬁbg% ?nq?m@gﬁq/&%i\éig{qulenyl groups
. | ‘_
mcluBEplzg ?lzli gﬁé rarytﬁ‘f‘&bgﬁghg%ﬁa%@wRﬂf%éli?lo'1 '@Mihydropyndyl 1,2,3,6-

tetrahydno@lyyldmzf tlrdaﬁﬁ-tetrahydmwydmﬂlheoﬁbﬂwﬁplmyl 3 “pyrrolinyl, 2-

tetra rothlo ra
|m|dazoI|rny pyrazollr?

{he IKe" e I\fon Ilmltlng examples of suitable
oxaheterocyclenyl groups include 3,4-dihydro-2H-pyran, dihydrofuranyl,
fluorodihydrofuranyl, and the like. Non-limiting example of a suitable multicyclic
oxaheterocyclenyl group is 7-oxabicyclo[2.2.1]heptenyl. Non-limiting examples of
suitable monocyclic thiaheterocyclenyl rings include dihydrothiophenyl,

dihydrothiopyranyl, and the like.



10

15

20

25

30

15 "Aral kenyl" means an aryl -al kenyl - group in which

the aryl and al kenyl are as previously described.
woénefiansmd ar al kenyl s contain a | ower al kenyl 8CoWS2004/019135

Non-limting exanples of suitable aral kenyl groups

i ncl ude 2-phenet henyl and 2-napht hyl ethenyl. The bond

to the parent noiety is through the al kenyl.

"Het eroaral kyl" neans a heté?OaryI-aIkyI- group in

whi ch the heteroaryl and 20 al kyl are as previously

descri bed. Preferred heteroaral kyls contain a | ower

al"Kgtergoyelpl' meédors & inontdromatiz saplratecbinonocyals @ multicyclic ring

s R T B T oy e s
atomBrBRkhicARIRL o indré Bf H@Qo?ﬂ?ﬁn%&ﬁhg sy@ﬁérﬁ r@éh@lé‘fﬂ@bﬂ other than

means an heteroaryl-al kenyl - groupin
carborstfer example ritregenkexygensereswisr,@lent ond) 9om§>mﬂpbeahere are no

Preferred h er o raI I I
acier VIR AV Iy oLy Brosenby e g, FUom. Brefee™
eteﬂ&y@lgead@itmraﬂom BoREbIu 6l ru@eatan(soylmecbr@ﬂx la-at 60wl thia before
(qui nol i n-3-yl) et heny The bond to the parent

the hetgreeyclylyoot ﬁﬁ@l@g’h\eﬁﬁé ﬂéﬁ"l@é r'SﬂSt a Hfag ey g Orrﬁ!’éfhlﬁ agpm
respé(;g? v%hhél preg,érgt;’afs; ?gl I F‘o Tyéﬂe@r%cgéleéﬁ b? Ld{'yellﬁna\lyi(sn[lbstltu’ted

by ofi®or hiore t'fing systerrplsabstﬂuﬁersta? whalthema bieyttiecayad by bllfferent and
groups i ncl ud hydro nmet h

are as,ggfine ,ﬁegﬁg\ meHpitp n org nd s th %dr quiéet hX@ egn ! be optionally
oxndlz%(lﬂé‘ r{)ﬁ%{@ﬁ%dé S %(Qe > o Sh@blfb'%d%e NSr-fitnfhg examples

or cy group in vari ous
of s@abmommomaemslym@mzm@e/pnmen@;ﬂ pyrigidinyg, piperazinyl,

mora U eRETRAT B hy azoMinfle iSRGyt deFAP AR | Suer
tetraﬁwrblfurahlgln tétrénydrawu@ﬁyml ¢Sty dF i GBYranACHhd Bl
I hcl ude , acetyl, propanoyl 2- nethylpropanoyl

bd‘tﬁaakkynylémana:ar@ nes-atkanyl- grma@m whigkaihe aryl and alkenyl are as

prevlg ly(féfscl)nyegr Bgegggggggélﬁermg%eg%ﬁ @%ﬁ/%g al\ok%rngﬁgro up. N Non ~limiting

exarh§les lof @umablbfwark@hppgmhps Woldd mmelm@themwemu @Sn@pﬁhthylethenyl
sui tabl e groups include benzoyl and 1- and

Theﬁoﬁdﬁﬁhihﬂ)paremqug’wys throsal tlaq;]agqekqw O group in which
mﬁlqﬂai@%r Iﬂgpgﬁ%é Q%eg#r%bﬁ’#ﬁ{yr egrgﬁégrﬁ(%yOWe heteroaryl and

alky!i melaWembqo(descﬂeibbderefenea hepemowralkyds poatzix g, lower alkyl group.
Nonling SamPLaso L a2 SroussynGlge ThEaHn Ry 2 (tirdin-a-
ATREERE R o Bonaty by g Bime sk .

gr 'tHeteraaralkedyl”" phearsxgn hatbroaypalkeoyly grale |rbwhm:httbem&eroaryl
and g Ea%w arréoase;t) evllosustly (rjgéjgnbedhﬁrgftepr%{j h%ﬁr%aralkenyls contain a lower
alkenyl group. Non-limiting examples of suitable heteroaralkenyl groups include 2-
(pyrid-3-yl)ethenyl and 2-(quinolin-3-yl)ethenyl. The bond to the parent moiety is
through the alkenyl.

"Hydroxyalkyl" means a HO-alkyl- group in which alkyl is as previously defined.
Preferred hydroxyalkyls contain lower alkyl. Non-limiting examples of suitable
hydroxyalkyl groups include hydroxymethyl and 2-hydroxyethyl.

"Acyl" means an H-C(O)-, alkyl-C(O)-, alkenyl-C(O)-, Alkynyl-C(O)-, cycloalkyl-
C(O)-, cycloalkenyl-C(O)-, or cycloalkynyl-C(O)- group in which the various groups
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"Aral kyl oxy" nmeans an aral kyl -O group in which the
aral kyl groups is as is previously descri bed.
wolanp4itse9si ng exanpl es of suitable aral kyl oxy 8COWS3004/019135
i nclude benzyloxy and 1- or 2-naphthal enenet hoxy. The
bond to the parent noiety is through the ether
oxygen. "Al kyl am no" neans an -NH2 or -NH3+ group in
whi ch one or nore of the hyfrogen atons on the
nitrogen is replaced by an al kyl group as defined
above. 20 "Arylam no" neans an -NH2 or -NH3+ group in
are a¥fpiréViogsie descritped: THe boed thenhm@ymthrbegh the carbonyl.

Prefesiadasys g01Ry & I HevnGom g EXafhelite aE sy pey aroups
mcluci%f‘orﬁ'ly\(y%ce éo@?gbﬁf)gﬁ %@fﬁgfb?%%noygfﬁlﬁbhbﬂdand cyclohexanoyl.

Kyl thi o groups
i ﬁAPo:ydiern&ahhahtdrybC(O)thryUp im whidh-heayl gno)iup ia@g previously

s S eS8t Bl 1RG0 Sy NERHlin
exarrm;%sf{}t sdigpis wOlﬂJ’s‘JHEIUUé RhzBY e P Ushid 20egsHthdgd.

_ Imting exanE es of suitable arylthio groups
i HAlkoog" mieans lanhallsyla@d gravapintviryich ﬁh%alkvhar%wa &SdDF?M'@USIV

descﬁ@‘%(ﬁg\tl%@g\]etgfg&)?arépfeguc%gg tgﬁle Vé!!(cf»ﬁ/ groups | aﬁﬁb% Wéér’tgoy ethoxy,

n- prdp‘bx?%soﬁn%pl@WVm-@mdw ales heplorg. TINObohd o then gaﬁemlmmlety is
suitable aralkylthio group is benzylthio. The
tthL@deetGéhQWySQHent moiety is through the sulfur. WO

I&éﬁ%ﬁ?ﬂﬁ%@%%%%%lﬁﬁ%mcﬂ chhn? tﬁ!ﬁﬂ%ﬁ@%&é‘eg}eglously
descﬁbe@ abbne-llarhﬂmg(gxamblmyﬁ syiitablesaryy ey leupe irtetude pin &aaKy and

d h
oo R e Wor gk D
ar')ﬂralgllgf( me%glé?] 1 RIY-0-Grbiip th \ﬁh%ﬁﬁh@faraﬂ(yl §roups is as

sui ryl oxycar ony groups includ
prewphelycdqscabb@ riybn—éandtlm@pham@iqscqfrwaple ara‘[kyéow@upg include

benzy pq?{giiﬂcqr% ot Kthq?@’ther%otﬁwﬁh ‘ﬂ1q<§ ﬁ%?% par&nt mOIety is through

the &YREr blygehi ng exanpl e of a suitable aral koxycar bonyl
group “i's benzyl oxycar bonyl . The bond to the parent
nolAdkyamine” rheansyan rNblz@aHNUnygroupon whiehy PQ@IQ“’&H?HG‘ of the

hydrpg%@ 2tdis Bpie H?hée?nal!s&?ﬁféggg By ARGy BUB RSadtitd above.
bongylamibdrempans ah mzewms;tgmmgmnha ortwbrf moye of the

"Al kyl sul finyl" neans an al kyl -S f
hydrgg@rm)égoras,; @nttﬁg@grcpgew, r@ﬁlaced by an aryl 8Fc§)uudo as d ngdr Ira ove.

"Alkylthio" means an alkyl-S- group in which the alkyl group is as previously
described. Non-limiting examples of suitable alkylthio groups include methylthio,
ethylthio, i-propylthio and heptylthio. The bond to the parent moiety is through the
sulfur.

"Arylthio" means an aryl-S- group in which the aryl group is as previously
described. Non-limiting examples of suitable arylthio groups include phenylthio and
naphthylthio. The bond to the parent moiety is through the sulfur.

"Aralkylthio" means an aralkyl-S- group in which the aralkyl group is as
previously described. Non-limiting example of a suitable aralkylthio group is
benzylthio. The bond to the parent moiety is through the sulfur.
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the al kyl group is |ower alkyl. The bond to the parent

nmoi ety is through the sulfinyl. 15 "Aryl sul fonyl"
woremsi1zpesar yl - S(02) - group. The bond to the paCEMmS2004/019135

noiety is through the sulfonyl. "Arylsulfinyl" nmeans

an aryl-S(0O - group. The bond to the parent noiety is

through the sulfinyl. The term"optionally

substituted" nmeans optionat 1$abstitution with the

specified 20 groups, radicals or noieties. As used

herein, the term "conposition” is intended to

el’]&l&ﬁ?ﬁ%bm;ﬂ‘r odaes arcalkpkOsCOg grdue. Swelimitad examples of

PR TRy TN (AT ENE T DS TR

bond £& Y ?%n?m&étxiig%%gﬁﬁgg% edrddrgr.edi ents in the

speci f1ed anou vat e” "neans a physi cal

ashtaacadonyt’ meanspoward-OfC(MF groum éﬂnm-ﬁmiﬂmg ﬁxé}rﬁﬂl@s of
L T Ve e
The defidiontbe sﬁa%ﬁtuﬁbiéw VR Heageboeyl. | n certain

I nstances the solvate will be capable of isolation,
f SAradikeyphtborlyErmeaes an afawl-@o@(@htgrw-éﬁgwm“m gxample of a

sutad FRERELE b o B HEh Ao a8t Bend Y ibbeRtmorny
e Ml ool 5 T

2 Al ol meanpam Al SL0g- JHh TS HEEgRUpRaTe Tose in
oncf B D o SRR e oy s gt e
sulfonylvention rel ates to a process for preparing a

< CAURLTER 78RBS o o5\ sEiEihe PrISERE P> P fhose in which
o B iR o @1 gl @ gy

"Arylsulfonyl" means an aryl-S(O5)- group. I%’he bond to the parent moiety is
through the sulfonyl.

"Arylsulfinyl" means an aryl-S(O)- group. The bond to the parent moiety is
through the sulfinyl.

The term “optionally substituted” means optional substitution with the specified
groups, radicals or moieties.

As used herein, the term “composition” is intended to encompass a product
comprising the specified ingredients in the specified amounts, as well as any product
which results, directly or indirectly, from combination of the specified ingredients in the
specified amounts.

"Solvate" means a physical association of a compound of this invention with
one or more solvent molecules. This physical association involves varying degrees of
ionic and covalent bonding, including hydrogen bonding. In certain instances the
solvate will be capable of isolation, for example when one or more solvent molecules
are incorporated in the crystal lattice of the crystalline solid. "Solvate" encompasses
both solution-phase and isolable solvates. Non-limiting examples of suitable solvates
include ethanolates, methanolates, and the like. "Hydrate" is a solvate wherein the
solvent molecule is H2O.



Step 5 ss N NH thereof N\HP NHP P V VI VI RROH
VIIl OR3Step 91 Step 7 OR Step 8a Canf Step 8b CO2R3
WO2004/133298l CO2R N NH NN P P F Hor salts Xpchaisewh/ 019135
iXx | XWAlternative Step 8 5 Note: In Schene |, the
conmpound of formula I X(i) may be isol ated or used
directly to nake conpound of fornmula X. Also, in
Schenme 1: 10 Mrepresents al#etal such as Li, K, Na,
and the like; P represents a protecting group.
Non-limting exanples of suitable protecting groups
I Imbnmlembealg‘aen’s tsiplesast Dven(ivChelatesciorapraness for preparing a
car bob 2-chl or o-
compauiy ORI | ATy ivarsk A GHgrReHy e BaIagR B ks in Scheme
CY3CO (where Y is a hal ogen), benzyl oxycarbonyl,
trityl, pivaloyloxynethyl, 15 tetrahydranyl, benzyl,
di ( p- met hoxyphenyl ) net hylSchemehenyl net hyl, (p-
met hoxyphenyl ) di phenyl et hyl , dlphenylphosphlnyl
nzenesul f enyl , thylcarbanate \\L,
1

tersthyIsHer /| cgrbdwete, 1-met 1
nyl et¥yl carba Bl t=oatyl carbamat eS¢t -Boc"),
cl/obut Wiocar b Q"ﬁet hyl cycl obut yl car bamat e,

%004/ 113295 U§;004/ 019135 -13 agiamantyl
calbamat e, vinyl carbamate, allyl carbamate, cinnanyl

carbamate, 8- quinolyl carbamat e
4,51 di phenyl 3 OX I i n-2-one, beqgyl car bamat\aj
Step D- Aty di phen;&_‘?// Bl car te
—and/S-b &?4/2&;? fergteq prgtecting gr e
Cbx and grsgtlgl or o- g Stepb
NH, thereof NH-P
\Y R?0H VII[

X IX() X IH thereof
l Alternative Step 8 T
5 3
Note: In Scheme I, the compound of formula IX(i) may be isolated or used directly to
make compound of formula X. Also, in Scheme I
10 M represents a metal such as Li, K, Na, and the like;

P represents a protecting group. Non-limiting examples of suitable protecting
groups include reagents such as Cbz (“Cbz” represents carbobenzyloxy), 2-chloro-
Cbz, 2,4-dichloro-Cbz or 4-bromo-Cbz, allyl, methoxymethyl, benzyloxymethyl,
CYsCO (where Y is a halogen), benzyloxycarbonyl, trityl, pivaloyloxymethyl,

15 tetrahydranyl, benzyl, di(p-methoxyphenyl)methyl, triphenyimethyl, (p-
methoxyphenyl)diphenylmethyl, diphenylphosphinyl, benzenesulfenyl,
methylcarbamate, 2-trimethylsilylethyl carbamate, 1-methyl-1-phenylethyl carbamate,
t-butyl carbamate (“t-Boc”), cyclobutyl carbamate, 1-methylcyclobutyl carbamate,
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5 Rl represents al kyl, al kenyl, aryl, aral kyl,

al kyl aryl, cycloal kyl, cycloal kyl al kyl, cycl oal kenyl
wonoeyadoal kenyl al kyl . Non-limting exanpl es oPCalusi04/019135

groups include nethyl, ethyl, trifluoroethyl,

trichioroethyl, propyl or branched al kyl groups such

as isopropyl. Non-limting exanples of al kenyl groups

i nclude allyl, 3-nEthyI-2-bb$enyI or cinnanyl.

Non-limting exanples of aryl groups include phenyl

and non-limting 10 exanpl es of aral kyl groups include

adambatyt ghrbatagitee ninybtdnplamate pddb'heattbﬂmatﬂonmhamyd cadpamate, 8-
exa | es of

quinojyhga Qaqutpnéaéeéélp%pﬁlsﬁ gf(a% a— _ncI ugeng}zl(ﬁ%lgamﬁgq Sganthryimethyl
carbaﬁé;tbo{i‘lgﬁéh cy¥|| i ﬂ}r;a?é‘gnél @béhi&ﬁcarbﬁmdté Wirbfeh@d protecting

I'al kyl groups include
groupswbcﬁmwd@t-cﬂybrm@bzt he like. Non-limting exanples

LSRR Y, ARy S STIOE, Sk SR EREIRA tioatioialkyt,

cycIoéIRéthcﬁ‘ (?ycfdéﬂlké?ﬁ@aqﬁﬂe -Nor-li@itignedamples of ke grdm include

R represents al kyl or al kenyl

meth}dr efrtyi dbilqoraeﬂmhytnchlprpeihyit n@pyl BF Bfaemhéé aéﬁﬂ@a@%ﬁﬁuch as
|sopr?%\6.r z\goz]q#rﬁlt gﬁﬁa‘?ﬁ@%%? agﬁégﬁ/{:@rloh%'lﬁ 8? l?fllw Blh&ihyF8-butenyl or
cmnaﬁéﬁ{' WH(Mhmlnbyéxanﬂbleéeﬁ ahjl grougs mclsmleq;ﬁmrrtysk aad non-limiting

exar’rml%q @f@%lll{(y gtgunr})srzlgc@g}e];{gg%? | 5@%@%&@]@ @%%X?ﬁ {8h ﬁ"lml‘ung
examgf r%é of QR@H’W SlipSHel r#-i’ély(l N%nﬂ rﬁi"hﬁ@%’x‘éﬁ?bles of C){cloalkyl

represe alky preferab

group(i]hcm)ealycldhenybrogckmhemream ljne(lﬁie szalimynng exgmmﬁ}ﬁao

o e b o LR oM R TRt of
cyclofaﬁ{e'ﬁw @rlo{ugb lﬁdludé@déﬂﬂbf@(eﬂlﬁghNor’f-ﬁ@ﬁtﬁ@eébta?ﬁplb}z JR1CH

bl e sol vert, and esynnetr|2|n?
cycload«qmglal@l gfodps inluge 3-cyslohexene-t4aeibanst. Ia ad?f efagred

embadfBl R’ feRrerdhiEaond’ afkBat, modBHFRRLY kgL 1P &foter
Asymmetric 30 Desymetrizati on of Cyclic Anhydri dw__é

| m sehe o
pref%?a &HPBH'M%‘JRR ?gzo ;Pé%( 17) 131- 3'1'%‘2"”) e ohol

rteaeprmds gékydrail, yiralkylowm&yl ay.cyclesilgdalkyl. Preferably, R?

o R G155 ARSI BB LB S SEREB Iy o

C>) afk?F mula 111, preferably fromabout 1 nolar equival ent
3about 5 nol ar equi val ents, nore

oUrepTesentatsdon, ayharalkyley@yeigal. sPreferfabfle%eﬁfB'%%me”’f R’
repr%s&r\téﬁg_-éa%]hﬂkﬁtl férﬁBR/Ct n.pa?alﬂfl cgﬁlptfg %ﬁ‘iéi@;‘gz )alkyl.

r e3@Rithé | icanlbediripien db@cmbmil dafaliods: or

Step 1:

The compound of formula Il is converted to the compound of formula 1l by
adding an alcohol represented by R'OH in a suitable solvent, and desymmetrizing the
compound of formula Il in the presence of a chiral reagent. (For a discussion of
‘desymmetrizing’, see, for e.g., A. C. Spivey et al, “Catalysis of the Asymmetric
Desymmetrization of Cyclic Anhydrides by Nucleophilic Ring-Opening with Alcohols”,
Angew. Chem. Int. Ed., (2001) 40(17), 3131-3134.) The alcohol can be used generally
from about 0.2 molar equivalents to about 10 equivalents with respect to the
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5 enzynes as described in U T. Bonrscheuer et al,

Hydrol yses in Organic Synthesis: Regio- and
wekeraes®becti ve Bi otransformati ons, Publi sher 8CT/US2004/019135

W ey-VCH Weinheim (1999). Another chiral reagent

can be diisopropoxytitani um TADDOL-ates such as those

di scl osed in Seebach et al, J. Og. Chem, (1998), 63,

1190, and in Chaplin et af 14Tet r ahedr on, (1997), 53,

7539. Exanpl es of cinchona al kal oi ds that can be used

10 incl ude quinidine, cinchonine, epicinchonidine or

compgpnq wf formeula Illb,oprfefeardblyumm aiboes 1 caolar enyivatant is @houk5 molar
escribed in

cquivgEn nas PSR Fai i i mieut Sopoes et Excess

alcoh6ﬁﬁarb6e Yied, 'ﬂfé a'l%hsr&ﬁr al§8|b\é615§eii s416oRer et hyl
, THF, t-butyl nethyl ether, di-n-propyl eth

di New{imiibyd examples ofisuitahle crerahééa@genrﬂmcwehémﬁbszpa alkaloids or

e

Regr&hérﬂ:l SidresseleaiioBidteinstsrambhe g ublibhehs: GNﬂey-N/‘:ﬂH Wairtheim,
i ke; aromatic sol vents such as t ol uene,

(1 999<)y| éneﬁrer chisal tepoenkcar bpliepoPRYIEA|UER d| M@E@tegﬁach as
thosezagﬁltogggm §8§B§8rt1 %Zar?ﬁt(ﬁgséggesf(m%f%@% 90, and in Chaplin et

none er s@lvénts suc
al, Terdnsdras,gteo®), 537680 pExayiples ef einehona dlkaheids ithad, caaree used

oL S e S5 SRS i R BRI A0 s o
also ?8 L4EFES c% %rrﬁéﬁ”ﬁ‘U.Q. Pﬁleﬁ?ggﬁlrcaﬂﬁ?f Seﬁélq{]@r@éﬂbzs 167.

ol'uene. S can a used as sol vents when
t idoralimiiing exasopleerf solventsethabnan be mncwdet%bensolvents such

h , .

as cipebaFar P, LSl Sy SRR R GH T Ebidiprgpu etrer, dibuty

etheﬂ%”? @h’hétl’foW@tmtdr I?r@r@ drey BOIIKe; 4ffhatidsslvents such as
erably 25 from abou 30C to about 10C for about

pentame hexase oheptane] melteylerechliogdei @hI@mf@rrer Qearbon tetrachloride,

drchlgﬁfegﬁéwaeg [ﬁ)ﬁp tbg%rh %ﬁ%ﬁ%vérﬂ% reggrlcc):ﬁ s tbldoe‘r?r s Bk tﬁ?éﬁ@ dylenes,

mesiB/leis - ethIEéﬁiéﬁé )Chldrb@erﬁierfmﬁmd tﬁémﬂédleetwnesot\@nts amc;h as
amnes are chiral. Mre referred are chrra}3 Ipr|
b

acetaie, Rebutaneneaand g lise; aanﬁleﬁtaﬁ% VRN SHCAES & acetale)
o570 AgPLETS, pELSTERMARS ek B, o owso

and e Iﬂ@[)lbosmtallme agiktliras theradi. dPrefenmned solvasts ane aromatic solvents,
suitable solvent to eld the WD 2004/ 113295
moreppypfershboie }L@I@la%lcoh% @orAleRRE Usedias $RlVgnteyvhen the alcohol

Soh,é}lﬂ'?? H'déggmg%seﬁ %}jla:ur t abl e anmoni um sour ces

anmoni u anmmoni um chl ori de,
anﬁnmreerutrbnmarstﬁmanan bespertorimet airotphper@turerranghig from about

-78°J: to aboB 6°eé pre erampemurgb%'u? qérotg&n aeoou-wﬁ é?H{o?g preferably

from about -30°C to about 10°C for about 18 hours or until the reaction is complete.
Preferably, the compound of formula Il is converted into a salt using a primary,
secondary or tertiary amine. Preferably, the primary, secondary or tertiary amines are
chiral. More preferred are chiral primary amines such as (R)(+)-a-methylbenzylamine
and ephedrine.
Step 2:
The compound of formula 1l from step 1 is treated with a source of ammonium,
a source of carboxylic acid activation, and a base in a suitable solvent to yield the
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of ammoni um can be used generally from about 0.5 nol ar
equi valents to about 10 5 equivalents with respect to
woheosciespesound of formula 111, preferably from abomsS2d4/019135

nol ar equi val ent to about 4 nol ar equival ents, nore

preferably fromabout 2.5 to about 3 nolar

equi valents. Non-limting exanples of suitable

carboxylic acid activators” 19 ncl ude

di -tert-butyl -di carbonate, isobutyl chloroformate, and

the like. Non-limting exanples of suitable bases
compboed of eormula tV neNars-limeting exarnplets- d|§uyt|ab@rﬂmapmwmsoagces

includenmiTaruu M P AHE QSRR s arepPriy BeeBrondles
amméﬁlﬁ}twg‘éirgos%%%i Il ’dhbehkeTgF afefddly alPhoans b|@émdnate The source

ace ene ide, ‘and the |ike,
of amsnoriiatn cmrrmuae@genaraﬂgdfom rab@uéoaaomlartqvém@é«?%ﬁo gbeut 10

e TBASEA 35508 B R B8R Fp Bt 1 ot
equiv?f@?ﬁ k@ gbbliiAmiauéquivdlen®)mdre Fbferab A abbaf 215380l gbout 3

rom about OC to about 50 nore preferably
molamequivaleots. tlﬁorabﬁumngae@mﬁlesafcﬁwtaﬁﬁ %Qiaéylt?ra%ﬁitaﬂw%tﬁés

et E A R 100 TR, e on i

exarrféilésﬁ?ﬁ élMttalble bﬁé? inemdegi@bw%m b ouell ésﬂ(?rﬂaalkyl amines such as, for
urification ep 3:

oxamali At GRSy IR POONR ARG D 1RG: Nz Tigng eaamples of

suﬂalSI?dslﬂ)‘t‘\%qﬂ? | rfbll}'deeégetgﬁﬁnl offpeU e tof indy! b%yVacé@t@ qfethylene

on 1nc obal reduction or 2- st age
chloridedantl Itlmaslllkqa,rcaf&wtableyma(talc%ttbgﬁaqfe(ﬂ’lneflelrabiy, W@t&ﬁb‘(ﬁiﬂcbﬂg DMF or

gl oba ct h f q
metth@;@ﬁ %@fﬁdjlfrmér%np@.{ﬁfﬁwh'émﬂédﬁ 3Ze gorgnree ueing agent
t q{Heafl%@fI@% HL StpTOERh Sé RrRe éild’fiéﬁ'?ﬁraﬁuéfraﬂ@ing from about

conpl ex boro y ride or 25 sodi um borohydride
-20°C o aheulptGHsE; oeefefably frmm abowl 090 tacah@tissC, praspdratargbly from

s A o R A 92l BP s el somie. Tho

comﬁ&xrﬁibf BhAeRAV WhicASs forfrisdLini 1gp 2aei be tsdlatas orluged directly in
t hi um bor ohydri de, or sodium borohydride in the
the npv(bsfeﬁolélthﬁuttflﬂrtf?rm’tnwf@a’ﬂ?m chloride. The first step is
cgl | oned by a 30 second step which involves the
Pr¥duction of the amide to an amine usi ng a reducing
agEy amiddand ebidrhﬂmtrﬂoﬂaumbmdmm)mhplmrm okfodinuka IV are reduced

to yné{éhﬁg gt@r%ﬁg?aé%ﬁ‘]i@rﬂﬁﬂgy Plietiast oeduaion Mol EeigiBd egpotion or
a 2- éé% oun OH Q%ﬁéﬁﬁggé&éﬁ%%/n%%a@ of glébdl R&duction

amount of reduci ng agent in
mclutjbehgluebaﬂf ao‘edacmgamnt sadlmasmdmntaiamlman hydride clgorane
tetraggcgrg ura ecr(])%p Ie>|( yborgr%n H1yl sul?a!a ac‘:romeﬁI \ﬁhlun[ht bér%hydnde or
sodium borohydride in the presence of trimethylsilyl chloride, preferably lithium
aluminum hydride.

Methods of 2 stage reductions include a first step of reducing the ester to an
alcohol using a reducing agent such as alane, lithium borohydride, or sodium
borohydride in the presence of trimethylsilylchloride. The first step is followed by a
second step which involves the reduction of the amide to an amine using a reducing
agent such as lithium aluminum hydride or sodium triacetoxyborohydride, preferably

lithium aluminum hydride. A non-aqueous work-up method is preferred for isolating
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8 nol ar equivalents with respect to the conpound of
formula IV, preferably fromabout 2 nolar equivalents
woao@ahes®s 6 nol ar equi val ents, nore preferabl yPETMISL004/019135

about 3.5 5 nolar equivalents to about 5 nol ar
equi val ents. The conmpound of fornmula Vis preferably
isolated as a salt such as a benzoate salt, a
canphoric acid salt, a dibéﬁZoyI tartaric acid salt,
a fumaric acid salt, or a 4-chlorobenzoic acid salt.
In a preferred enbodi ment, the conmpound of fornula V

the corapeuhé of tertreils ¥ t Thavdmauntied reletingwigeot it theqglobal:or 2 stage

CO2H OH NH2 V, 10 Th ' ' .
om0 Py el oo
8 moPeYbiveRints iﬁﬁ{/r%f&?%&ﬂtofthé’% A GotrRuldlvypréid@bly from about

nmore prefera m about 55C to about 65C for about
2 mols6 eaivaterds taabout 6 molarcequivalentss meemrefasablyfigm aboyt3.5

The .ami n f t f i ,
molagggiigeient f atp bRl sEEBRAE  Jhe o of Grmuia vis
prefe%ﬁl? oMtealad PEaMbactVhs aSberiAdzhe sal 04 eainphgrigacidsalt e

_ stated earlier. The reagent for the protecting grou
dibenzayl teetaris @sidyealb raaiumaria agid seduer 8 dechlgnbgnzoic hetd saft. Ina

e BR8P R SRS &) by e

follovdhggtruBilenol ar equi val ents to about 1.3 nol ar
equi val ents, 20 nore preferably from about 1 nol ar

equi val ent to about 1.2 | ar equival ents. The
reaction in step 4 can bexperfornmedcii,Ha tenperature
rangi ng from about -25C abdut 70 preferably from

about -5C to about 50C, re pr@Hey from about
15C to about 30C for aboyt 20 to abofit 90 minutes or
until the reaction is conpjeteV 25 Step 5: The

OOt S B b e b ind 5 about
S0 CRY ARS8 Lo RGBSR A0 ST Srore ety rom
abouP65 C32@DeL0GS T3 tor abiblit 06 halus oCHntil the reaction is complete.
Step 4:

The amino group of the compound of formula V is protected with a protecting
group P to yield a compound of formula VI. Suitable protecting groups are stated
earlier. The reagent for the protecting group can be used generally from about 0.9
molar equivalents to about 1.8 molar equivalents with respect to the compound of
formula V, preferably from about 0.9 molar equivalents to about 1.3 molar equivalents,
more preferably from about 1 molar equivalent to about 1.2 molar equivalents.

The reaction in step 4 can be performed at a temperature ranging from about
-25°C to about 70°C, preferably from about -5°C to about 50°C, more preferably from
about 15°C to about 30°C for about 20 to about 90 minutes or until the reaction is
complete.

Step 5:

The compound of formula VI from step 4 is oxidized to form a compound of

formula VIl by a TEMPO mediated oxidation in a 2-phase system using sodium or

calcium hypochlorite as shown below:
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NHCbz VI1 Preferably, one or nore catalysts and a base
is added prior to the addition of the oxidizing
wagent113285pref erred conbi nati on of catal ysts, BasaSamd019135
oxi di zi ng agent respectively includes
2,2,6,6-Tetranet hyl -1 -piperidinyloxy (TEMPO and a
nmetal 5 brom de (wherein the_netal of the neta
broni de can be Na, K, Li an#’the like) both as
catal ysts, sodi um bi carbonate as the base, and sodi um
hypochl orite or calcium hypochlorite as the oxidizing
agent. The oxidi zing agent can phe used generally from
about 0.2 to about 10 nol ar “eguval ents with respect
to the conpound of formula " preferably from about 1
to about 5 nolar equivalentg, and nore preferably from
about 10 1 to about 1.5 nol arHeguyial ents.

273?@%%&,' 5% QBME® SalAbSiS AP RS FHASSRILRTATaR.Hs addition o
the oﬁﬁgﬁ%sggrétf %ﬁ[’éfggrﬁg %%hﬂf r?ét A'df cidfysfy] b'é%fa faﬁ@*ﬂ%kﬁhﬁ agent

aromdt | ¢ solvents suc
respetlivélglivelndes 2@6&ﬂﬁram¢t@M$lpMInywxg f€EMPO) and a metal

NSk e SRR B T e e bor
as ca‘flélt{%@ &q]‘ﬁ_}'p ﬂﬁﬁgﬁrﬁte ?é‘ thd Bﬁsé ARy sodlﬁrrpﬁﬂﬁfchﬁﬂlté @ftalcium

I ke, 'm xt ures t her eof
hypoéhlefitr a@ﬂw&smkldmrtgsagentc ITthﬁaeowlélr@sa@entwlnmU%Gd geperally from

a3 5 3B ISP SRR ARG Epu ormule v
prefe#‘%lkurowi‘ ﬁbbﬁﬁﬁé QBoutSS ﬁfﬁﬂw &qfivdlentsy laﬂl:idn@reqm‘@tmabN fodm about

ep 6 R20H i s then added to t (?
1 to atmiuitli @mdlabmlsv&lgn’@ d&mﬁmwnggexmp@&ref&%ab@rso vents include

f I VI | h
o bR et o YRR $86he s Tt
carbdn B hIGHE, ddhisro dthamd airid the likel aromatic salk/emssumtets toluene,

respect to t he compound of fornmula VI refa 6 K
benzenenxdenes, mesivilene, ejilbenzane. chlorabenge 4pe like; ester

iV
concfi boh B8y PR 5081 ot bapioph Bt and e ke
othepéol{?&@sl sueh deTiHEeand iffe lnltae ORDAOMLIres ﬂweremf nlBWeéeruMsolvents
ght al cohol and is u

Basompoyaecille ordifilacelli®. The
lnC'%@ﬁ%@ﬁ@f@P'\f%\tW%re\ﬁrﬁ efah dFPIORY ?ﬁ% PTViA
react‘é%%‘%tﬁhé %‘;?tﬁtéoeforta%u?@'@ Mih@RsYr URiPthd Raative id bemplete to

ormula VII'l. The intranol ecul ar
yieldey compatindof éamubde Vllar ri ed out under neutral or
ac.i dic conditions. Note: In the absence of an al cohol,
Step@mpound VI will cyclize to WO 2004/ 113295
F’Cﬁiéﬁ%Q%r%aa&@ to m@s&@mwaﬁm éﬂebl5 écym@rnmg%ewommqu of

then partially react with itself wth the elimpat
formafa VIkdo gield theycampound ghfasmuVHl.s Tdve %\'iﬁ‘OEﬂh‘éer Q'déhat can be

useola can ranrge o ellbout 1 molar equivalent to about 10 molar equivalents with

respect to the compound of formula VII, preferably from about 1 molar equivalent to
about 5 molar equivalents, more preferably from about 1 molar equivalent to about 3
molar equivalents. Any excess of R20OH can be used, if the R°OH is a low molecular
weight alcohol and is used as the solvent itself. The compound of formula Vil
undergoes intramolecular cyclization after the addition of R20OH to give the compound
of formula VIII. The intramolecular cyclization can be carried out under neutral or

acidic conditions. Note: In the absence of an alcohol, Compound VII will cyclize to
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J NNOCBz CBz In a preferred enbodi nent, the conpound

of formula VIl is treated with an acid 5 to catalyze
woheosimsanol ecul ar cyclization to give the corpomsznoanioizs
formula VIIl. Non- limting exanples of acids include

organi c acids, inorganic acids and Lew s acids,
preferably organic or inorganic acids. Non-limting
exanpl es of suitable i norgah‘?c aci ds include sul fonic
acid resins such as Anberlyst 15, H2SO4, and H3POA.
Non- |imting exanples of suitable organic acids
compbnad Wik (wherhBf-st), faoni then piadtially réact wito dsel withahielimination of

acid, propionic acid, but d, but
wetepigha R Ao angien, S pRfor e MR Bunt of

acid used can rang rom about 0.0 | ar equi val ent
to about 3 nolar eq vaI ents vvlth espect to the
compound of formula \g 2. preferapg from about 0.5
nol ar equi val ents to [abo | a} equi val ents, nore
preferably from abo ©9 nol ar ivalents to about
1.1 nol ar equival ents. y excesg of acid can is be

used The reaction in st@@¥ 6 c@¥¢ be perforned at a

zj’r@fgw R SRS §18 cﬁﬁﬁp@undlgﬂdrmu@wltls #eeted with an acid
pr from about 20C to about 40C, nor

to ca’qaﬂ;afedhabmtyamolaﬂulamygtlza;@o togied the camporpd ogfgjmulq Vil Non-
iRl Al DB AT B s B g acics

prefelably bﬂj’ém@ Br irtor%aﬁnb aidss Llﬂbﬂhihﬂhmg/emmmeymﬂsmble‘ inorganic
exanple, trinet

acids: ndlug SHINEAGIATeIBoBUEH He Aiye IS T Bn BG Dl R B Non-
Imtu&?g%ﬁ!e{% gysyr}ggw@%%ucoémd%HMéWérﬁ &ﬂsu%ﬁi&'éi'ﬁd -

can be used range from
tolueA8Swionlc ascidl| propﬂomicmice utytric adidLisoButydt amcbdqmﬁlumoemtg: acid,
with respect to und of 25 for

and thediker dheamPuR G U5od CARranos Fot apent ati shajge gauiyalent to
aboufrglrﬁéla?ggl Va’e‘?ﬁé With &8 @ct%@lﬁ@b@ﬁipﬁuﬁﬂ%ﬂf%ﬁmh VI, Preferably

stoa .4 nolar equi val ent s.
from Iﬁ@nut 0151 mblay eexargibres tofabap’pi :5|cmoar eqsiblalenis smorg praierably from

rifluorotoluene,
abouit Qpeb rq{%{l\f@}pgﬁe’(o(’a}go&;-{ mo@’eg Yq?%r?t% Aer%%‘ﬁc%tsgrb?’amd can
be u %3 &it-butyl ether, and the like, or mxtures thereof.
referred sol vents incl ude 1,1,1 WO 2004/ 113295
PGTH&B%@@ONMBHEG cande: perfarmscoaior irsAReGiUreHiANgiNg fgom about

oA 0 TRReARA e 38 a6 e Bty o

aboukt f@of’d:bt@ fa‘b'@iﬁt herE fehBanioc1 & hbdrs i Lurlitﬁttﬂia' bexidtiph is complete.
Step 7:

The compound of formula VIIl from step 6 is cyanated by treating it with a
suitable cyanide such as, for example, trimethylsilyl cyanide or potassium cyanide, in
an appropriate solvent to yield the compound of formula IX. The amount of
trimethylsilyl cyanide or potassium cyanide that can be used can range from about 1
molar equivalent to about 3 molar equivalents with respect to the compound of
formula VIIl, preferably from about 1.1 molar equivalents to about 2 molar equivalents,
more preferably from about 1.2 molar equivalents to about 1.4 molar equivalents.
Non-limiting examples of appropriate solvents include 1,1,1-trifluorotoluene, THF,
ethyl acetate, heptane, toluene, methylene chloride, acetonitrile, methyl tert-butyl
ether, and the like, or mixtures thereof. Preferred solvents include 1,1,1-
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triflate, SnCl4 and the |ike. The reaction in step 7
can be perforned at a tenperature ranging from about
WO 20040@3296 about 25C, preferably from about - 38Crms2004/019135

about OC, nore preferably from about -25C to about

-15C for about 1.5 hours or until the reaction is

conplete. Step 8(a): To the solution containing the

conpound of formula IX froml8tep 7 is added MOR3 to

yield an imdate conpound of formula I X(i). Mand R3

are defined earlier. 10 The anount of MOR3 that can
tnfluohﬁol@@ﬁé grares Irf aprefead erdbodineentetinel reacton & caiabizedtby a

et o o B T G Rt SRS s

triflatd Bgr?(l(i] %Bd%g‘ﬂkér equi val ents, nore preferabl y from

ar equivalents to about 5 nol ar
eqhevehetiursin Step 7rmbe performed&p asea)pectaw r¢yganging from about

40 o35 ep PGy A AbelRdiG ik 2b3ftots ARk bregbly from

abouf“?”S@C tB ra@oﬁ'i B°r for %.'ES‘O%WLH hodr@%rtlmtlﬂﬂ@u’feacﬁ@ﬁllsf esmplete.
about hours or until the reaction is conplete.

StepB(ep 8b The conmpound of formula I X(i) fromstep 8(a)

ML S BN ST 809 1R
MORé'f@Wé'IdTEﬁ‘imldaﬂél@oﬁfpmmdmf fofmdladXy).aM id R®iase deflned earlier.

bjected tq mld
The ameusi ANIOFS tRat CarhBegiRbckanges Herabni? Bl ints to

abouﬁ%r?‘gélg UI(/é fRIﬂHtr?%péaltérthe ESM'p%ﬁhS%‘f %ﬁﬂllém Ubre$erably

|va respect to the conpound
from bboboud mol:h%éqt)lvalpnts‘ te:raimm & mofar opidialentapmare preferably from

| tst bout 6 |
abou draAE BRYVRIESH ILERRULS ST AR B ent s to about 5
”Bf‘}%[)re%ﬁgbl’{ i %})%ég%ﬁn 'b%agférfd?médrhtsé @@n&(rﬁiu ré&ﬁngmg from

erature ranging from about Cto
abouabzﬁrc 2oy 2sPer ptefgrahiypfroababaeut-26 maa@@mo (5 more

profefglirdgh RBAHE- 15t CURAROL G RE AT P holTral i hgreaction i

Om@g{eernative Step 8: The conpound of fornula I X is
Irectly hydrolyzed with an acidic aqueous R30H to
Stepy8lel d a conpound of fornmula X. In alternative step 8,

oL EURFAIRY B AR AR JETEIAERERLIAR middaueors
acud&@bn@ﬁlbﬂbdelveadtﬁiegﬁe‘?@omvoemnrcﬁffemmhiby(.aln a preferred embodiment,
the compound of formula IX(i) is subjected to mild aqueous acidic alkanolysis wherein
the alkyl is R®. The amount of acid that can be used can range from about 2 molar
equivalents to about 8 molar equivalents with respect to the compound of formula
IX(i), preferably from about 3 molar equivalents to about 6 molar equivalents, more
preferably from about 4 molar equivalents to about 5 molar equivalents.

The reaction in step 8(b) can be performed at a temperature ranging from
about -20°C to about 20°C, preferably from about -15°C to about 15°C, more
preferably from about -5°C to about -15°C for about 9 hours or until the reaction is
complete.

Alternative Step 8:

The compound of formula IX is directly hydrolyzed with an acidic aqueous

R3OH to yield a compound of formula X. In alternative step 8, R® preferably
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(C1-C2)al kyl . The amount of R3OH that can be used can
range from about 2 nolar equivalents to about 8 nol ar
weqguiatmat s with respect to the conmpound of fecmmiS2004/019135

I X, preferably from about 3 nolar equivalents to

about 6 nolar equivalents, nore 5 preferably from

about 4 nol ar equivalents to about 5 nol ar

equi val ents. The reaction f80alternative step 8 can be
performed at a tenperature ranging from about 25C to
about 65C, preferably from about 40C to about 65C,

repreS®its a (T:eC Hraikylymbre preforaiily 45C+Gy)alkpl andsuenanotbpieferably a

e A e 0 s comlatec 10 S8 o
equivﬁf&n‘ré"@ %bo&ﬁ' &/fidlar L{j%elﬁ‘l{s%iﬁ? Fé‘s(g)e@f i eCdms&inder fbBfula IX,
psi ot~ hydr 0

ogen, preferably 50-1 psi, nore
preferabdyf Foabhlyout@ BdlarmEsjuitaleyisdb dbokit 6 rootpb eadiveiertarmare

prefefibhhyPTLAEId O RUNARd AP A5t s maar SIS f o °
agh @Q&i&?in@%}lnéﬁ/éﬂs&? & ahibePeridrinedsach tergsdrature ranging

acid Is used generally fromabout 0.2 nol ar

from eloii26°Entosahaut 658Gy preferaidy from abew 40°Erorabaw §6°¢omore
proelgbfu O AAD B AR s SRERER LI bR DR oacion s

comphétef erably fromabout 1 nolar equivalent to about 3
nol ar equi val ents. Cbz protecting groups are renoved
Stepeferably by hydrogenol ysis and Boc protecting groups

g‘[@@d@é@&%ﬁ&@ﬂ nggﬁtepgé}teéfﬁj-in Eh&itaBREEGIENT iR the presence

n be perforne enperat ure ranging from
of Pdaairider 30- 180 psiaithydesger peéieraltly HOf tethpsibmare poeferaply 70-80

about 30C, nore eferab fram..about 15C t.0 t
psi 180l 156 GRS HGFBUGr NP e PLYEPIeS,ofeuaBlé solvents
- I ' t R dass
o GETR ) T, SOTERUOHLEr IR A0 o b e
cataly$te 1€ ose avdtiofacitismseal genaralyuttem-ahquif.2 galanequivalents to

aoud o B sk B AN I, B om abou

rdBli e saddie 5 Abla® Mgl afdrits GhbfeepreféiaBGHomMabdat 1 molar
1 mgl%é%ll%é%004/ 113295 PC%qU82004/ 01913% - Zlgﬁhe

equivaléhidai apub SrmplarredlivglemmMAbEDratestipg Grewtiaterasnenad
ortdy ol 5 Ao b BLE A PR LB EP% Ffoykl pre ettty by
HCI. The reaction in step 9 can be performed at a temperature ranging from about
5°C to about 40°C, preferably from about 10°C to about 30°C, more preferably from
about 15°C to about 25°C for about 2 hours or until the reaction is complete.

The compound of formula I can be isolated as a salt. Examples of acids that
can form salts with the compound of formula I include HCI, p-toluene sulfonic acid, 4-
chlorobenzene sulfonic acid, and hydrogen bromide. A preferred salt of the
compound of formula I has the following structure:

~N

>,
~
=,

E>—COQCH3
N

\ - HCI
H
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nodi fications, variations and alterations to the

present disclosure, both to materials, nethods and
woeemt1isaescondi ti ons, may be practiced. Al sueQT/US2004/019135

nodi fications, variations 5 and alterations are

intended to be within the spirit and scope of the

present invention EXAMPLES Unless otherw se stated,

the foll owi ng abbreviations 2have the stated meani ngs

in the Exanples below 10 np= nelting point M=

Megahertz M n= m nutes NMR= nucl ear magnetic

r Efﬁ@rf@mmngpmt-llmﬁiagrﬁ/xAMBLES ble p'rdw'zieﬂ ihSorgier gJ fmther illustrate

the p%}nﬁe{“g&gd hl e %tﬁ%g?s%tﬁ%ggég J@?‘g ] d& that many

modlfééégi%ggw idtlors % IEYRfions to the present dl'?(l{}g%lﬂ:e both to materials,

et ranmet 1- pi peri di nyl oxy
methbds aedhyastldrymnwmmlmagqbenpr@@mw All sgyahvaodifications, variations

BF3. Et 20= horon t.rifl uori.de, et her at 2

and aleRiS AECIELSHAP B AN d0F GBI AgkscoRe g préseht invention
Exanpl e 1: Preparation of the conpound of fornula II:
30 Step 1. Preparation of

[3 3-Di net hyl - 1, 2- cycl oEXANBLES car boxyl i ¢ Acid]:

é.f g%sgéﬁ@ﬁ\ﬁls&s%@%& Sfo*ﬂ?@%%%%/la%%%ﬂﬂ?%’gbé S%Beélmeanings
in the2BR4 1&32[9&0@(?/ USZOO4/ 019135 -22 ,2 - CO2HH Step
mp= rSnteei ing pcsntn?p
MHz= Megaheriz
Min= minutes
NMR= nuclear magnetic resonance spectroscopy
mL= milliliters
g= grams
THF= tetrahydrofuran
DMSO= dimethylsulfoxide
MTBE= methyl “tert’-butyl ether
h= hour(s)

IPA= isopropyl alcohol

TEMPO-= 2,2,6,6-Tetramethyl-1-piperidinyloxy
TMSCN= trimethylsilyl cyanide

eq or equiv = equivalents

BF3.Et:O= boron trifluoride etherate

EtOAc= ethyl acetate

NaOMe= sodium methoxide

MeOH= methanol

Example 1: Preparation of the compound of formula ll:

Step 1. Preparation of [3,3-Dimethyl-1,2-cyclopropane Dicarboxylic Acid]:
Procedure for Step 1 is based on M. J. Milewska et al, Tetrahedron: Asymmetry,
((1996), 7, 3169-3180).
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BO2C HO2C 0 O Il To a solution of ethyl

chrysant henumate (163.1 g) in acetone (600 nl-) at 20
watomsas3mdded pot assi um per manganat e (KVMhO4) ( 2CRUR2@¥/019135

as a solid in 9 equal portions. After each addition

of KMhO4, the exothermthat ensued was allowed to 5

subsi de before the addition of the next portion of

KMhO4. Upon conpl eti on of RM?04  addition, the

reaction mxture was stirred for another 2 hours and

then filtered. The solid cake was washed with acetone

(450 L) ang suction dried., The dried solid wa
i [ [ (364.3 g), and the

m Xt ur dded in_porti %SU%fUI‘I
(H2SO4) m - Il e maiptai n?cr)]%p h en‘pe'ﬁature I
bel ow A5 2C. Et h§tePacet (Et OAc) ( 688 | )

add€e; and the mxture w&s filtered through .
The | ayers were separated and the aqueous | ayer vgs

washed wth EtOAc (600 nlL). The conbi ned organic

s oTaiaisohgionerfetaylichdy santhemumate ¢163. 19 dn asetaner (08 mL) at 20

o d trat

oo wiS BRI e QeBefbl, 4900205 Bl SR dallf o coua

portiédLO0AfLr badhEdUEbA of KMKDHHhe aixofiferf that eaboed wae alfowed to
mn. The reaction m xture was cool ed, acidified

subsplenbefera v additien p&“@cn@d(m&m of KMHQu. -Yran &Omn'?tﬁ@} of KMnO,
addni&ﬁﬁ,gﬁ% i%gctfolﬁrrﬁﬁtdr'e'Wac‘s Wik R gﬁibtﬁ%ﬁ% hBlws add g'\en filtered. The

organi c layers were ver anhyar
sohdsxmkieuna§ wlaébe@ \Aﬂﬂ'ncé(xedmm@ (5amiy and gyictien drizdonihe eédisolid was

mlxegwtr{ ggglum_@uﬁal tegb%rp%) ggﬁ lg; g@n%?éj ﬁerlgcggl rpgaurﬁ_bvas Je_xg:]ggd in
portlélﬁ_ss tégg%‘{ 31.Z|R§I0(a§)ld a-i_lpf% Kg??\%@qﬁﬁﬂe thalntdfhilg the %@nperature

rocedure for Step
belowrﬁﬁ {0 eEtrﬁyj acetzde CEIPAGU1 P68 asl.) Was eddad; and die mixiyte was

I TS T N NN BT e

with Et@@'c' BobmiL0 BRUGSmbRRIOtdr@BRIc MILRTnst@eie @gst budnatiydrous
t he exothermthat ensued was allowed to 25

soduummlme Bod coacemnieatad 4o enavil 368:He).nERis qilovas gralsd with 45%-

s YIS rot R PD G, e A b5 2 for a0

min.CPRE irdgctidhembé@etwa cosiey! acigificd a8 with 3@% gwuueuc acid (about
nL) was added. The resul t IE:F% slurry wa

300 &@mfurtégr pxtractad direedinges willi EtMAG (450t Bl 665‘9&?"‘5}5'&95‘

T A Rt A

carohicxaclt €16828 g)esl @chittarel6f &s- and H@B%s sohfarsi CHNM®R (4000VIHz,
CDsgngi)é\ggl—ilagmg? gg% &{ 23%! ;E(e«ﬁ()t es at nges b2ell-|)ov}’ra3n%-i§gr'neme1 32 (s
6H), 2.19 (s, 2H).

Alternative procedure for Step 1 modified for scale-up purposes:

To solution of ethyl chrysanthemumate (200 g) in acetone (1200 mL) at 40-45
°C was added potassium permanganate (KMnOy) (580 g) as a solid in 10 equal
portions. After each addition of KMnOs, the exotherm that ensued was allowed to
subside before the addition of the next portion of KMnO4. Upon completion of KMnO4
addition, the reaction mixture was stirred for another 4 h. After cooling the reaction
mixture to about 10 °C, water (1200 mL) was added. The resulting slurry was

transferred to a mixture of sodium sulfite (600 g) and water (600 mL) with a 400 mL
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t he aqueous | ayer was extracted wth nmethyl tent-butyl
ether (MIBE) (800 nL). The organic solutions were
woanimedsand any water that settled was renovedT/USkm4819135

organi c solution was concentrated under atnospheric

pressure and about 700 niL. MIBE (800 nlL) was added

and the m xture was concentrated again to about 700

nL. The hot solution was ¢&8l"ed to about 50 C and

MIBE (800 ml -) was added. The MIBE sol ution was

cool ed further to 10 C and 25% NaOH sol ution (456 nlL)
watemdisse. alite deadiionemixiinetwas cagletie 1t0eithanst W% hudiusie agsl (400

mL) v&lfnne;jrg\e %%’éj lt% rerg e.zho sei%@r @;eﬂ&% %gtashﬁ/%r%%%ﬁg%aed and
the aﬁ%ﬂuérllag/@rerés&r%cﬁedﬂwtth méHyHer-s@yLéthen (MaBeyYy BSG%L) The

agueous m Xture was extracted tWI ce wt
orgarE[c @emt(one@@ramommoed anyl anpheater daet sedijedt WﬂﬁsfemOVed The

trated
oron R el o el TRBRP BrYSo e st AP0 A0
MTBEO(BG@ I AAS ad@éd aRdIhe Phinture mvamtmcena@\mdgmhessamt 700 mL.
about” 600 15 nL led to the precipitation of

The mtcﬂmmuon whe cggbﬁletﬁsﬂtmm wa< Ceant MRl %OQ:mL)quﬁtt %5%0' The
wTERb o LR ROAPRL Sl 400 (OBl sdhIe S wes

addetiORhite Afairtaining meaehtbeaatme iveldvu 25 °6f Trhfeaqueeusalader was
trans- jsoners. Ste

sepayaied anchiBenyIorlohatse rgp AR oh@nilurg as cooled to 5.2C and
amdﬁ“é‘&‘}\@ﬁﬂ-@-b witid @585 P@g Lﬁloﬁ (faﬁbu%@@ )l ST dUé Mixture was

ka et al, edron: ymet'r 99 7,
extra@l&DivAte ithAE 10 Ad (nr(E)Ocmht-aﬁﬂO mal)1 612166E’§)/gﬁ laysr m&concentrated

o ssgle e T A RlBan BB 1080 ) wes

addett DF@Ph&EInRehfratdn Bidis s@l'uﬁbh lunaiel pstiucedgiressiié. 16 about 600
of caronic anhydride. 1H NVR (400 Mz, 3) S 1.33

mL Ied; to tresp@dpitation 4f (@ pma)uct 2The spgpemn wasgealed! fo B °C,

rerkf ] B TR B L PSR T B oy e

undek rééchéﬁ pidsstifd Mﬁg_iee 1@@59 otdareni aclded d mitiloobineatis-cand
anhydride (17.9 nlL) over 10 mn. The m xture was
tran&ma@r@gr& o reflux while sinultaneously distilling out

str , SHHBAARRT, R P AR BBl IEORSEHIE Ay
Proo@dldré AdpaBter isleased 20 MrL) Miswvsiddeitalafdirahediosadsymmetry,

xture was heated under reflux. After 3 h, the
(199§0x1&1@9\7\%*58cb0ncentrat ed to about 30 nL. Tol uene (70

LI M@( BUBR%iANY 1626 Yredvdnié ]a%%ﬂﬁ J50; h@ﬁﬁ%l@h?\h?&ﬂde was
-24 ure once~agai n“concentrated to about
heatéhite reihlnutor a@abouhB@e mlnmmlv\rmazh theesolution was subjected to fractional
distillation to give 74.6 g of caronic anhydride. "H NMR (400 MHz, CDCls) § 1.33 (s,
3H), 1.44 (s, 3H), 2.66 (s, 2H).

Procedure B for step 2 modified for scale-up purposes:

To a solution containing the product (caronic acid) of step 1 (10 g) in toluene
(35 mL) was added trifluoroacetic anhydride (17.9 mL) over 10 min. The mixture was
heated 1o reflux while simultaneously distilling out trifluoroacetic acid and excess
trifluoroacetic anhydride. When the temperature reached 100-110 °C, additional
toluene (20 mL) was added and the reaction mixture was heated under reflux. After 3

h, the mixture was concentrated to about 30 mL. Toluene (70 mL) was added and the



conpound of forrmula Il (assayed by 1H NWVR using

p- ni tronet hyl benzoate as an internal std) was used in
woheuf1i13295 step of Exanple 2 without further PCT/US2004/019135

purification. Alternatively, the conpound fornula II

can be purified by nethods such as fractional 5

distillation. Exanple 2: Preparation of the conpound

of formula 1: 0 HO Step'§4r‘ H :e:1:1 ly-OH OZC HZN

O OlIl (b) (R(+)-(alpha)- 11l 1V nethylbenzyl am ne
Step 3 :1", COR2Hr :::: Sted4d Hp Stelosa?z NH2 V
mlxtuINb-IGhze Iéllgjaﬁﬁ @icentfatad to &b 30 mL. Fais selusionevhigh centgined the

comp,q,qng cﬁ g&@a&o{gﬁg{é&ﬁ) b ll-ﬁ\lﬁﬁ-'} ?{Slpgt%%n?@%ﬁigg&zﬁ%@ %& an
interréL %Rjﬁva% ﬁ&dlm' l‘Pne'?erF@c@Brcﬁ E&aﬁ@pl@ mhh&utqnnﬁ@np@mﬂuaﬁu@n

onpound of fornul a repared from 10
Altermastnmiy ¢hecoohponnehiammule |lQaISEQﬁ)UZIflthbUdQQWSE%UthﬁS fractional
S distil ﬁl uene (about 30 nL) was added MIBE (110 ni) and
gtP™i dine (22.5 g). The mixture was cool ed to about
-30 C. Allyl alcohol (6.5 nL) was added while
mai nt _al ni ng terrperatur? at fabout -30 C A

O  Step2 é’/// .
Step 1 EI,I/I - 4 Oaliyl
H.N
(a) allyl-OH “OZC Oallyl 2 Y
(b) (R)(+)~(alpha)- III v
methylbenzylamine
~ J
Step 3 =, EI/I,/ EI// 5”/
- Step4 3 z C(OH S -
oH Step 5
> Step 6 N\
NH, v NHCbz NH-P -
VI vii EtOH VIII

\ \
Cbz Cbz Cbz
IX IX (i) X T
| Alternative Step 8 T

Step 1
10  Procedure A
To a solution containing the compound of formula Il (prepared from 10 g of
caronic acid in Example 1, Step 2, Procedure B) in toluene (about 30 mL) was added
MTBE (110 mL) and quinidine (22.5 g). The mixture was cooled to about -30 °C. Allyl
alcohol (6.5 mL) was added while maintaining temperature at about -30 °C. After 18
15 h, the mixture was warmed to 0 2C and 2 N HCI (69.5 mL) was added. The layers
was separated and the organic solution was washed with water (2 x 50 mL) and then
once with brine (50 mL). The organic solution was concentrated under reduced
pressure to about 20-30 mL to which was added MTBE (200 mL). The mixture was



10

15

20

25

30

was separated and the organic solution was washed with

water (2 x 50 nL) and then once with brine (50 ni).
wOoheo4anspani ¢ sol uti on was concentrated under redoasgno4/019135

pressure to about 20-30 nL to which was added MIBE

(200 nmL). The m xture was WD 2004/ 113295

PCT/ US2004/ 019135 -25 brought to reflux and a

solution containing (R (+)~ Srvet hyl benzyl am ne (8.2 Q)

in MBE (100 m-) was added. The m xture was cool ed

slowly over 5 h to OC. After 1 h, the suspension was
broughtltb e@m amdlatsotutionl ¢entaieihgs (R)i(-)- meﬂwm@dylamme (&i2tgy in

30, L d d

MTBBIEGR frla vias agoed-: Shodniiiiosds coplel owkEVer B o ey Afer 1
h, thé’&&rﬂig@ﬂ%é 'f|lté%oe?ﬁ@|tﬂéjcolpéété\ﬂ‘/5ol(d4%s '(Wﬂshe@ﬁ@h@é with MTBE (2
x 30 (rrh) dndhenddriedd yingerlreduced psassuig at 40)°C for g_aggl)gt 3 tprglve the

compiid ofTormi T 6 euel ot Paddllpr o8 14 & s, 1526
3H), $39%9. 55 §HF 33 B T oA 4% (s AFU4 Sm M SN SRS 92 (m, o),
5.91 }dnm B TRRBATLASf(nf, G BalQ (bré 18H)g) *GubiMR 4408 Midz; GD@'G’)@ 15.9,
22.0 sZ‘b?r%ﬁ oL Guel 509 RAE T BO0ohY) 50T B2 1285 y|1'§2'.’é’, 141.0,

170_% 8 _I (7.3 mM-) was added while maintaining the
enperature between -30 Cto -25 C After 18 h, the
ProceduteuBe was warnmed to 20 C and 2 N HC (71.4 ml-) was

" afjete emesiind, 8t Bl i B el HpBa bR Igiowed by
tolue‘ﬁb‘éﬁﬁo (Fnl§)0 THki r@QﬁItlﬁg 'SR r\;}aﬁlbg @owddbétﬁléeﬂodo P@ o6 0ddllyl
sol ution e organi c sol ution was

alcoha r(Z@rmLhwea a@w@@lrwlnl%mma ing Hertlemrerabugbepgeen 30 °C to -25

°C. Pg}:ﬁj %l{ﬁge '8&’28\)0%) wﬁﬂ'ﬁ?é‘gggg -gg%{c?WI-@f (Wﬁ'-:mf_?’@@s)added

The (dybtsivete 88bdratdiaad irarageedds [ager was eaﬂaenboawuh ﬂ\nfEBE (40 mL).
mxture was 20 cooled slowy over, 3 h to 50 C

The apsbines! eiganicrraluiians warg washed With Hhye sedsi Ph@rwﬁ spligion (2 x
50 nﬁﬂt el‘yg\()elatﬂggﬁ% Oédllﬂ?@i dwés t&onwﬁhétgam&%'é ‘Pévajdt‘ﬁa'ﬂ h%ﬂe's%ﬁn’eel@ about 25-

30 n?_c: 'ﬂﬂmben?ﬂf)gtrhEhwdslaetdieldrfdﬁzmwe@byd\é'ﬂBEr(éﬁmu) @r@ttheamlxture was
or abgu t

hoataddaPRLe. 4oty Rened prBimegm A sy el BBriie Aifure was

cool@& d%l{gﬁk/? 4% é])'n]to(igmb IrhemMMIBE wEOHhem cooled LN 16180 ° C over 3

was stirred at 20 - 25 C for about
h aniﬂ dfterﬁmeadmmﬂmad 6, the awspemsmswas fibexedl. t Dhes epllacted falid was

wesh LT TBEE e 30 ARl 2R B fycdcpBosurs a0

°C & &t 9 293Pl G thd@8mpound of formula Il as a solid.
Step 2

A mixture containing the compound of formula 11l (100 g) in MTBE (600 mL)
and 2N HCI solution (470 mL) was stirred at 20 — 25 °C for about 1 h. The biphasic
mixture was allowed to settle and the aqueous layer was separated. The organic
layer was washed twice with water (400 mL + 400 mL). The organic solution was
concentrated to about 200 mL to which was added 800 mL of tetrahydrofuran (THF).
This solution was concentrated to about 200 mL and then added to ammonium
bicarbonate (69 g) with a 200 mL THF rinse. Pyridine (15 mL) and di-tert-butyl
dicarbonate (as a 75% w/w solution in THF) (100 g) were added. After 12 h, the
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concentrated to about 200 nL to which was added 800 niL
of tetrahydrofuran (THF). 30 This solution was
woanmanszat ed t o about 200 nli and then added t®CT/US2004/019135

amoni um bi carbonate (69 g) with a 200 nL THE ri nse.

Pyridine (15 m-) and di-tent-butyl dicarbonate (as a

75% w w solution in THF) (100 g) were added. After 12

h, the WD 2004/ 113295 PCT/ US04/ 019135 -26 reaction

m xture was cool ed to about 10 C and water (500 nlL)

was added while maintaining the tenperat ure bel ow 25
reacibn Toxture wasasolattimdaba@itudie andovatel) (S00heL) maﬁtaﬂc@d while

t d until d
mainfgiginghe HneELrre Belovidf sied & BitBrp AtoRAo e A m). The
mlxt%qﬁé’é@tnlr@dr thll\’ﬁﬁtﬁeeé'&'ﬂ%/veréhﬁsémml Thé stiadi@mixture was
washed first with sol ution (200 nL then with

alloveiid ot setd@and ﬁh@icmmmws laygriwas frereeves a%r herwggmc‘»dayer was

wes AR ISR BERIRER B BRI ph0LR Gt

solufiGfly6 BshtRRe fethatadiRoustigyeratmsibeREbME.0 avitﬁﬁﬁJ(Mqﬂcally 80
tol uene (600 nlL) was added. This solution containing
mL).t Rae asgapie salution Was garcantrated pn%h@ﬂ%ﬁt%sweﬁ&%t@ to

evo Pl et Bk, G Sae gl Sp¥gh ohgfaning e
comfboﬁﬁd o8IV *B fudh@r?cc(rd:enﬂratethd—Maom 180, miL.arsl gskd indthe réext step

5. 12 mz , 5.75 (m 1 H,
W'Th%lﬂz!‘k!“ EEBUF'@W& 6. 96 (brs s, ( ;H)13C NVR §4oo I\/Il:blz

17
H Wgéoﬁﬁ%ﬁoé@@ ?6{% :@ép]@ g“s‘ﬂ dﬁ;égfﬂ(g 11U88$1z 1H), 175 (d,
J =8 A4, $H) uftﬁzgml gH)'HEﬂ!o(na ZLHM&_i_E"éEl(mnt dhit))p@ A4 (brs, u1rH) 6.96 (brs s,
num ride in at_a
TR e bR 39785 200 Hich H-Pa08% 1A( B 1317,
170t.1e ﬁrgature was mai nt ai ne_d betvveen_ -_15 and 5 C. After
oﬁz €te addition, a solution containing the 20

Stepen'pound of formila IV (100 g) in toluene was added

whil e rmlntalnln f enper at u between -5 and 5 C
Proggduge Aabising 12'\411L WBT'%’F}H] Ji_';"L”:M LAH sol ution (920 g)

V\’a‘i’ogagfﬁ)ﬂsolﬁﬂgn%Jhﬁtrﬁﬁf\%{ltrnﬂm hﬁggﬁ rﬁBcﬁbPWVHP%@taﬁgut -12°C

tor ux over
wasragieti 987 suktiic acida§8aydistch @ rals tiatdnel temperatyreayas

mainfgneheBaeBel hesl S 16 A" Sorbiale atlefiara o Cidh SoBing the
com@ Buha bf ﬁ)rﬁ)ulé{"ﬂ?(W@Q?lﬂ@ld&]é@é@b@d@d%lk&ﬁﬁﬁﬂ@h fgelempera’ture
el ow 25 2C. This was fol by he addition o

betweagrer5 ¢xHd °GL)After dowd @ rmwddﬂsmad sdw LAH solriien{(83€ Q) yias added
and%étre}gq?ip\é?rﬁiét@ﬁ&&eﬁgo{/vﬁf pgételgggiévéggver ﬂﬁ SHABFE hdt reflux, the
reaction mixture was cooled to -15 2C and water (147 mL) was added very slowly so
that the temperature was maintained between -15 and 5 °C. A solution of 25% NaOH
(57.6 g) was added while maintaining temperature below 25 °C. This was followed by
the addition of water (290 mL) followed by MTBE (500 mL). The reaction mixture was
stirred for at least 5 h. The suspension was filtered and the filter cake was washed
with MTBE (250 mL). The organic filtrate was concentrated to about 200 mL. MTBE
was added (250 mL). The diluted solution was then added to a mixture of benzoic
acid (62 g) in MTBE (600 mL). After 2 h, the precipitate that formed was filtered. The
collected solid was washed with MTBE (350 mL) and dried under reduced pressure to
give the compound of formula V (102 g) as a solid: mp: 132 °C; 'H NMR (DMSO-d,
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with MIBE (250 nL). The organic filtrate was
concentrated to about 200 nL. MIBE was added (250
wai2do4/1Thms5di | ut ed sol uti on was then added to aPaTAIS20&/019135
of benzoic 30 acid (62 g) in MIBE (600 nmL.). After 2 h,
the precipitate that forned was filtered. The
collected solid was washed wth MIBE (350 nL) and
dri ed under reduced pressuT%7fo gi ve the conmpound of
formula V (102 g) as a solid: np: 132 C, 1H NWMR
(DMSO- d6, WD 2004/ 113295 PCT/ US2004/ 019135 -27 400
400 )5 8. 63r1§565(nﬁ61 H)an 43-19).38 B4 3H),2.96-2.91 (m, AH), 2.83-2.78 (m,
83-2.78 1 H, 1.04 (s,

1H), 'Gpﬂr ,13|Tb)11(éq 33!3?3 ), 6 3990@5531 .@H)- 2H). Procedure B:
Proceliid; leindi2 4 g/ B M THRY 0 % Ged
aimb\eri2.oud LB\HHEIl(t@lnautTH{)(BQEmLaBd) equaivy W@@Iadd@gi anhydrous

|
THE Gabouit 180D canibineciase Bind s iproties sppckididbad 315> To this
solution %v%%oélb\)(/h/ 23&Ed BondsitREd Shilf@ostia k40 @ML WhB'eQ]uw) over a

al ni reaction tenperature bel ow 5 C.
perlod @ aboiny hsuswhﬂe mmmraamng seadipruigoraratusg cb@llow §5Ce The

st 835 2o RESERAR Lo “CLRL R bl compouna

of forﬁmaw 81 oD §&dade Whiol guiwi untaammtm@ deetatUelnerartob'ﬁbIEr\m.mslewly
C. "The m xture was war ned and, stirr

addefi svhilgtmaisdaining reegtien fpmperalgeRaloN c@ %ﬁ‘@ i Was “warmed

to 0 og{ gH%@%%@ #r % Iﬁ%ﬁ % §§§rs W r‘e%fﬂjggéall’fw fte %@i%lr] g?&[ﬁgoé’curred To

the ré&sishtrhixeLre uggeaddedn avma I\&bolndtmnh.@d—ﬂ (3‘304 mlr, dt% eguivibaed the
m xture was nmi ntai ned at refl or a out 16

rosuling BHEPANRGN WS RO NATaAIF4S FRfluh T WA RGBSR M Hiaed at
reﬂum(?%oﬁt Y&hol m}jﬁﬁngg\m&ﬁ Ei}ne]tﬁeGnﬂag nﬁé’ibtﬁwﬁ@ré&ﬁbed The

was slo resulting slurry
mixture s ¢ddded hih):k\tmsr1§l°®/\aryd solitbceliidi(10gyalvas aiomlngdded To the

s e R s ol Ve BB by e

below %e"é e?HfstW@fcfﬂloWerchy"@édM@ﬁ Fed5tONADH eolutibeIfpeBahLy end water
rred Tor at I'east 5 hours. The inorganic salts

(261 \mlr.)e Thd tesudithgasidry ivead whimed &0 aabiersriesperaive) ang stirred for at

s Sl R A e B B A PP Ry

undéﬂa‘t%o@ﬁﬁ’er‘i&ﬁrés%ﬁké td Agolliné bf ShoRLCLinlat itk Eoncerthaie was then

m nut es. roduct sol ution was sl ow ed to
dllut@dnn/dhsMTBEu (aﬁocm banc Hi%reéélltkﬂlg(fe%mf& wgs gggﬁt&gi}?f fi'i’ioutas

mlnng OTﬂE %Ir%(i%@ Y@iogm%bﬁm\éﬁﬂ& g gg:%‘@tsglgﬁoﬁ%k BBn28lc acid (62

g, 1. @Wﬁv)?n BOOAL @R U TBE Wlednaﬁﬁtmnlpgddmmrm:ae bélod\r 1@8C The
between 30 to 40 C undgr vac

resuttipggilurey wae adiiatediab1r C fopa Mt Bt‘!ﬁ)%n@?ﬁ 'E?% &E’P:Prr oduct was
dried b&Werfso b %6 Y& i ddrVacai @r at least 4 hours to give the compound of

formula V (102 g, 80% molar yield) as a crystalline solid.
Step 4

To a suspension of the compound of formula V (100 g) from step 3 in EtOAc
(500 mL) (4x to 8x) at 15 to 30 °C was added a solution of potassium carbonate (100
g) (0.90 to 1.3x) in water (500 mL) followed by benzyl chloroformate (74.3g, 1.1
equiv) (0.90 to 1.2 equiv). The mixture was stirred at 15 to 30 °C until the reaction
was complete (typically 20 to 90 minutes) to yield the compound of formula VI.
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Step 4 To a suspension of the conpound of fornmula V
(100 g) fromstep 3 in EtOAc (500 nL) (4x to 8x) at
wWQ30040113095C was added a sol uti on of potassi um earhsomye19135

(100 30 g) (0.90 to 1.3x) in water (500 m-) followed

by benzyl chloroformate (74.3 g, 1.1 equiv) (0.90 to

1.2 equiv). The m xture was stirred at 15 to 30 C

until the reaction was cor‘r@seTe (typically 20 to 90

mnutes) to yield the conmpound of formula VI. WO

2004/ 113295 PCT/ US2004/ 019135 -28- Step 5 Fromthe
StepB! ut| on containing the conpound of forrrul a VvVl from

step agueous .|l a er was se t he

o el ST RS TG 9 TP AR P [5T0IGH] ofhstep h the

| mL

cauefh |3 AL SRS b g e lyef e ol S0 mi
(4x twvzi’t()ean(q 2(1:1) molpdwam Qmjé?ﬂt 4 sdhetiar gfawcburraly@arbonate (20 g) and

porad oo A A Hh805tDTET 55 b B olower

by a %Bpubﬁ'mmanpoe(ob@gggo 8% @? 0 g\) M E0ACUALBMPO.OBI tOrT. 1>e) while
uti on o 2 was added over 45 t
mammjnmgrthemmp@rafarmbahom 6. v“eﬁﬁeﬁ%dlwmehmochmte ﬁ@luyon (6.56x,

s, TR I 200 I AR gt of 10

to 5 WA MixRfre fvedtHen stirfed anﬁad@|t|6nall 20 to 90 enlacurlhrl thenreaction was

cont ai ni ng the conmpound, of f la VI fromStep 5, an
com@qtﬁeweﬁghatq%mp%n%fdpwlahOV sul fate was added,

Ste p Jrred, and the organic and aqueous |ayers were
separ at ed. The organic layer was warned to 20 to 30 C
aneto thevesibiioh wontainiag éhe ¢aapaund effornmla Wl frameStep 5, an

| d .t
aquapsbamtiornd SedluanhRaaTBleoRen aaes SHtath s R progic and

| o]
aqu&ﬁfsquéé}g%&‘éoéé;dhrgfgggOﬂié’gl@a{cclﬁﬂlag@a%vg%gééd (lﬁlg’:d@() C and
washrsa:twﬁmveatdr (E00mek) [@xdesX. hahemgal)lcﬂ@yerewmomﬁnt%%to 150 mL

anyapuli s vaful Bva VR SRR bAERL i lsth RO choled to
20 tJ B@’cﬁ 4Etﬁyf|> a?@@hd%ocamie; gmaf&si)h wabaiddedidise ba’@haﬂbé placed

| ux under the reduce ressure bel ow 40 C,

underrmuucmar@%heate&h(l@sﬁ theo 44 “CrRaetex fIrADAUE B tacmm in the
resth o e 5y R eV e 0

THFY@R &6 Bk) V\@S doeRsl ariitameﬂodtcﬂ’wma;d\édted [70) @ﬂwumdmtthwaeduced
| ess t han 3% | f necessar additjio THE

presgHee bﬂ@%@m@n@%ih%cw alad o1 ey ’6'6? ﬁO%PEFeP?acement
with G884 A0 bof 31 FaSHepRicttnd el &R sbRABNIRECEShRtraldtPunder

vacuum to 150 mL. The water content was less than 0.1% and the EtOH content was
less than 0.3%. If necessary, additional THF was added and the concentration
repeated until both water content and EtOH content is lower than specified. The
product was the compound of formula VIl which was used in the next step without
further purification. The molar yield of the product was 65 to 90%.

M.W. 289.376. 'H NMR (400 MHz, DMSO-dg): § 7.32 (5H, m), 5.05 (3H, m), 3.48
(4H, m), 1.33 (2H, m), 1.03 (3H, m), 0.95 (3H, d), 0.75 (3H, d). 'H NMR (400 MHz,
CD3OD): § 7.32 (5H, m), 5.10 (3H, m), 3.5 (4H, m), 1.33 (2H, m), 1.15 (3H, m), 1.02
(8H, d), 0.83 (3H, d).
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product was the conpound of fornmula VIII which was
used in the next step without further purification.
woheosnmobdzs yi el d of the product was 65 to 90% POITNIKS2004/019135

289.376. 1H NMWR (400 MHz, DVMSO-d6): 8 7.32 (5H, m,
5.05 (3H m, 3.48 (4H m, 1. 33 (2H, m, 1.03 (3H,
m, 0.95 (3H, d), 0.75 (3H, d) HNI\/R(400l\/Hz 30
CD3CD): 8 7.32 (5H, m, 5. 189 (3H, m, 3.5 (4H m,
1.33 (2H, m, 1.15 (3H, m, 1.02 (3H, d), 0.83 (3H,
d). WO 2004/113295 PCT/ US2004/ 019135 -29- Step 7

StepProcedure A: To a solution of the conmpound of formula
VIIl fromstep 6, wherein R2 is H, in

ProceﬁUIefstr.ﬂ uor ot ol uene (250.0g, 0.96 mol, 1.0 eq.) at

( NLBQCREHB ﬁg@@ébwﬁuﬁ&%@o%mé I v §telpyds whsrairdr2 is H, in

.5 equiv) whi
1,11 nnﬂmrnratomerge (zfnﬁrﬁgr &earmolbélam 25at@bwtt1@r Qwas isiyvly ipglded

’mme{hry?l %f%rﬁ]céex iﬁ{@é{% (1?% %&1 :]6133 é}?ﬂ\@\zﬁ@ oﬁ\@lntﬁlng\g

temp@ﬂal{bﬁé) bBw =3 "-@" W@‘P‘@@th id I%a&ﬁbﬁhﬂkmrémntmdblab@ut -35°C,
tenperature below -30 C eresultlgogémxture

boroms trifluoeide gtherate (BFoELE) ¢68. 190048 mobL-aeauiv) \mﬁscﬂowwn%dded
il g A B A 801 TR o446 e wes

stirre8idt 88 °CORIr abR08D rﬁmutesvmftiartwymah siodeult nm; smwn/onraremmto
acetate in heptane

ambigot termperatire and %ﬁéﬁd o Hdl% t‘hﬁwtél'é'gl?% ‘3(3?@‘ W dded silica
gel ( %dd(/g&%%&ﬁ‘g H&olufidn Bf % éf'@gl é‘(%!g%ﬁhr éJ(EjE)” and the

n mum vo concentrate
resulédgetlirneivhy Istiseddboht leas152 bpuesndThéreolidsswete thgn flltered and the

e A RS o . @t
was Vﬁ@e@f‘nét@ ‘i‘@ IE)farfd)l'h@We@uth'deﬁiHﬁ &drfinfhg the compound

1 eq) and 40 nL of THE at about
offoﬂﬁulé)lX/alsasadd@IédIQQﬁC(l 3eq) of TMBCN. The mixture

oled to -20 to -ZSC foll owed by the addition of
PFOCV\@W 20 (0.3eq) of BF3.Et20. After 0.5 h at this

t efparsdlition cdr’ﬂ&m‘ir@‘g(!)@i;1 enthd éﬁrﬂp@ur‘i@@f &irhmﬂwtﬂll trom\/\ﬁem6
up to 20C over about ield the cal ound

wheror ﬁtﬁllaeihxl (Seapand 49: mtr@f T @t@bﬁutdﬁ Wtaaﬁqdﬁg 2l (1.3eq)
or mul a | X § Z
or THEERP 58 5 P e B2 o AR, i of 2.6
0.3 %‘fBF%' ,0f At . 5%%!3%@1‘ craturell e r¥bctoramianreoivhs allowed
was re-dissolved in 120 nL of MeOH and
di d f

to warm up to 20°C over about 2h to yield the compound of formula IX.
Step 8(a):

To the solution containing the compound of formula IX from step 7 was added
40 mL of MeOH and the solution was concentrated to give 90 —96% yield of a
compound of formula IX(i) as an oil. The oil was re-dissolved in 120 mL of MeOH and
cooled to -15°C, whereupon 38 mL (3.0 equiv) of 30% of sodium methoxide (NaOMe)
in MeOH was added while maintaining the temperature between -10 and -15 °C. The
reaction mixture was stirred for another 2 to 3 hours.
M.W: 270: *C NMR (400 MHz, CDCl5): & 153.95, 153.28; 136.39, 136.26; 128.99;
128.68; 128.35; 128.33; 118.66, 118.47; 68.32, 68.11; 48.37, 47.81; 46.69, 46.24;

32.16, 31.23; 28.18; 27.26; C14: 26.42; 20.09, 20.05; 12.57. "H NMR (CDCls,
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cooled to -15C, whereupon 38 nL (3.0 equiv) of 30% of

sodi um et hoxi de (NaOwve) in MeOH was added while
worbwtiasesng the tenperature between -10 and - PETWDS200h819135

reaction mxture was stirred for another 2 to 3 hours.

MW 270: 13C NWR (400 MHz, CDCI3): 8 153.95, 153.28;

136. 39, 136.26; 128.99; 30 _128.68; 128.35; 128.33;

118. 66, 118.47; 68.32, 68.139-48.37, 47.81; 46.69,

46.24; 32.16, 31.23; 28.18; 27.26; Cl4: 26.42; 20.09,

20.05; 12.57. 1H NWMR (CDC13, WO 2004/ 113295

4OOHE’P'5/(1J§%&QI4V )6191231%) ?3@9 EHH) 1 59 (a I-BZnX, 3HZ1 ¢ H,1d,¥.8tHz); 3.55
S

(1H, dobs, §‘(1 g); 8.68 (i, ab. éﬂr%)"r 4 3y @123|5 2); §1§H@j d, 8.6 Hz);

738é5§ﬁﬁnfﬁlH d, 23.5 Hz); 5.19 (2H, d, 8.6 Hz); 7.38
Step 8(b): 5 23.4 nL (4 equw) of 36. 5% HCl

Step 9?5 ):added to the conpound of formula IX(|) from step
to | ower  the

£ &R &4 80U AR S lonas a0 Ik SrBofd ph teiuia 1X()
from é{epﬁ(‘éﬁe?@ Wer éﬁg gﬂel-gflog’frl] ) mg';'@bug@hﬁd&@&uéﬁ maﬂénfp@?atuké‘lwas

e’ react | :
main&lingd belgvdeme-5iead 6i°Gn Ilﬁmet;esmry oam:hm@antH@\Itwas added $0 that the

oS o S RICEEL AL LoAUS e, Bl e
overrﬂ@lrﬁ qqngr,@ 26 - Fﬁhgﬁé;fr\g)gﬁﬁw g%ﬁceﬂi@&eﬁturflfa er M&eadshe88ure to

I norgani c yers were
abou$ 90 fhﬁlé‘hﬂﬂer aacLiirhet 20g65cG oT o the ponesnivatet exixtuie eas added
times with 80 nL of water. The organic sol ution was

160 robrof Mt BEanY 80 odr of wales cthe PEIRINEF 8NdROIORBIC 1a¥ersdKere
sopaff oA e bl g Bl R e B0R, pffeter

The @ﬂ@&hf‘@@élumm aasteprstaa@dwiriden rgdueedpre@sse and thest solvent
a X as an ojl

exchgogqugtg\pl\%gftl &{l}ﬁ; MII-IMU |0@j@r§§unlrgg %C(%onqn,dzofg@rmula X
was §Bfordly izl it bcOorib2 b $ibp ¢ 4hictPald 808067 yield of the
fiﬂjl’f?lg(bf fanUR XS diloil47. 30, 45. 76; 32.46, 3L 48,
miz iy 8049500 1°C MAR 800 bz, DGRk E] 73 12087295 1ef62, 154.04;
137,97, 23 88 158 82154 ap {adlealian 1B, dablos; 106 Datleriaci 66%4; 60.28,
59.96; 52.28, 821621) 47380, 46716 09461 T2 73:)26 901%6 82, 1984, 19.80;

1298r§ﬁf\ﬁﬂia§\cet Sa0rbasS S 2 18048 10 (31 JoF A GR. m); 354

1H,fgg{‘ﬁﬁ;”ﬁ921b%%£°%‘%§‘(‘ld5ﬁf s 8178 AH, ) fs’ P(FEEP sY: 4.26 (1H, d,
23.8 Hz); 5.1 (2H, m) 7.32 (5H, m).
Alternative Step 8:

Acetyl chloride (410 mL, 5.76 mol, 6.0 equiv. from Procedure A) was slowly
added to the solution containing the compound of formula IX from step 7 maintaining
the temperature below 25 °C. The reaction mixture was treated with water (35 mL,
1.92 mol, 2.0 equiv) and the resulting mixture was warmed to 50 °C and stirred for at
least 10 hours. The reaction mixture was concentrated under vacuum to minimum
volume and the concentrate was dissolved in MTBE (2 L). The solution was washed

with water (500 mL) and the aqueous layer obtained after separation was back
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the tenmperature below 25 C. The reaction m xture was
treated with water (35 nL, 1.92 nol, 2.0 equiv) and
woOheo4r1i@3295t i ng m xture was warned to 50 C and BCTS2®4/019135

for at least 10 hours. The reaction m xture was

concentrated under vacuumto m ni mum volunme and the

concentrate was di ssol ved ig MIBE (2 L). The sol ution

was washed 30 with water (5 @'rrL) and the aqueous

| ayer obtained after separation was back WO

2004/ 113295 PCT/ US2004/ 019135 -31 extracted with
extraMEBENltri MIBE Thd).0 Frgamrgamlay@;ers weare coomiined@ndrapncentrated to

o GBS i L1 B 50,2
m/z (@3%04 95423 gégl\%ﬁ%@@mﬂ?”o@éi %1$347§4|,2 1780691564.62, 154.04;

128.33 8.32
137. 0'7283@298 61728496 128.86, 128032,8128. 32,512&64522862 6’2 40167.34, 60.28,

59.96,5258, 5¢0 60745 4a76 AR 18021 73 2850, P/ 39 19.80,
12. 9ESH3\H dl\fMRg(C‘%(”_}llg, 4@21% 1%%@'_?2@4 & gé?,(i?gHong % 5413((fH m),

3.54 HHN of 3, 79.1Hk, 36,6H2), 346324 5I-ﬂlsl,—|37(ﬁ(12-8r8)—|3)79615H s), 4.26
32 (5H ep 9: Procedure A A
(1H,Ph'%$4§'l?)c -ﬂt@i’hﬁn%gy}%é&@oﬁéound of formula X (100 g
active) and 10% Pd-C (50% wet) (10 g) in nethyl
al cohol (600 nL) was kept under 80 psi of hydrogen.

StepAiiter conplete reaction, the catalyst was filtered

p aad vgshed with nethyl alcohol (160 niL). 15 The
roCePY® At e was concentrated under reduced pressure to

ab@%xﬂﬁ@ cBhiaMIAg S 66mpoaaa op femmlla ® PAQ0 gm\myanms% Pd-C

added. The m xture was once again concentrate %g
(50% wet)dda grieseethyl aleohol 4600 pujo Was ek undprEd re,s' of hydrogen. After

comBRSRREIED, B et oS e B eha RO lapaef 10 m)

The #@aite a@@&ﬁ)n@@ﬁltrtﬂw wndetrwe@uwmiSpmserea'gmeut 150 mL whereupon
concentrated). The concentr 811 e was cooled to

isopriepanekdPd) ) ayastaAdad ¢ %\/HE',XWH%WE‘&&HP@ %935” goReentrated
undé'r'%dﬁs{ Océ/ﬁés%% déje ?&)Lﬁ% ﬁhrﬁ'@pmﬁ) oﬁ@@ﬁraﬁ%ﬁoﬁe‘ﬂvéter

conpl ete t recipitation of
cont@mmal@tessﬁthaaro 3% (ifrthe g\/atexreccwepteemaadedto 3%1ada|t|rooal IPA.was

ado bR i i WP SRR SR S a8 he et bookea o
betv@%ﬂ (YQHH 99 °Cmt6WI*ﬁ@h \%s hivén é@@e@‘a)S-fH‘N MEBR 10A0SbIioN (about

he wet solid was dried under reduced 25 pressure to
55-88 mb) t MTBEI(HEAM thl)fwasslewlpaddgdiio eogplet@die precipitation of the

procigh, Attgr S i Blpgison SF-18 1§ 16 doly P supbgfidn was
fllteréé "Fhedéblleéted QolidzwastlFFerEd@?Dd wasRdd (kthk prtdmixkdrard pre-cooled
mlxture of IPA (20 mL% and MTB 1(2|(5|(') n?lfj) T]he:wét solid was dried under reduced
pressure to give the compound of formula 1 (47.5 g; 70%) as a solid: 'H NMR (400
MHz, CDsOD) & 1.148 (3H, s), 1.153 (3H, s), 1.8 (1H, dd, J = 1.5 Hz, J = 1.0 Hz), 1.99
(1H, dd, J =2 Hz, J =7 Hz), 8.27 (1H, dd, J=2 Hz, J = 10 HZ), 8.74 (1H, dd, J = 7
Hz), 3.92 (8H, s), 4.28 (1H, d, J = 1.5 Hz).
Procedure B

A mixture containing the compound of formula X (28 g active), acetic acid (28
mL) and 10% Pd-C (50% wet) (2.8 g) in methyl alcohol (112 mL) was kept under 70

psi of hydrogen. After the reaction was complete, the catalyst was filtered and a 5-6
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Hz), 3.92 (3H, s), 4.28 (1 H d, J = 1.5 Hz).
Procedure B 30 A m xture containing the conpound of
woanmizX (28 g active), acetic acid (28 nl) PpanaSi®¥n19135

Pd-C (50% wet) (2.8 g) in nethyl alcohol (112 nlL) was
kept under 70 psi of hydrogen. After the reaction was
conplete, the catalyst was filtered and a 5-6 WD
2004/ 113295 PCT/ US2004/ 019188~ -32 N HCl in | PA
solution (19.6 nL) was added. The mi xture was
concentrated under reduced pressure. |IPA (150nL) was

N HChirdHA sollitibhe1@ioxnby eaeesidedn cEve maxtace wgaiconcemtiiated under

o LSRR AN Gef Mol LSO Rt soon
This @a? :\’gﬁ% g%c@%oy@én@ﬂf@%suﬁh@ &l Rk @ilési\i]\%ﬂj imdPAdBEAFL).

and dri ed under reduced ressure to give
After cheling kpabodt 1 °¢ IMiBE 4150(r111_z) wag,a 5Thm@ra¢ml@aed solid was

., apove, . eco ound .of for
g i peb ST R B e Uk BRe et ol Brmwia 02 1 o
g.afore-nmentioned U.S. patent applications, Serial Nos.
09/ 908, 955 and 10/052,386. 10 It will be understood

t e nqtediahoyenthe eoropeurshof fasmubal panbetusediie prepare the
h .
comRRElToBNLCE B SO T PP RRF Rk u SLeiRGpications

Seridl Nost 00008085 and @0j052538&enpl i fi catl ons of preferred
enbodi nents. Those skilled in_.the ar Vi, Si,on

ST VISR HbRerstont fataatp i modiisatiogs 58 he ags o e of

o181 BRI B o, YATORA Sy sesrpton

shoull poloe sensifuethés figiting; bup nerdlyats émmﬂlnfwahonsotarpfemed
s .t hereof ai d

embqdiinegits. Fhass Slieg e ik Aue RO e P RdT i within the
scopkhrid $piRf 65RBTEaiRis appended hereto.



a chiral reagent to yield a conpound of forrmula II1:
010 _ leHRRLOHO HOR HXRCII Ill to wherein RL
woowaiedsed fromthe group consisting of al kyPCT/US2004/019135
al kenyl, aryl, aral kyl, alkylaryl, cycloalkyl,
cycl oal kyl al kyl, cycl oal kenyl and cycl oal kenyl al kyl ;
(2) am nating the conpound formula I'll to yield a
compound of forrmula V. O"*H*RL H2Nv O IV; 15 (3)
reduci ng the ami de and ester functionalities of the
compound of formula [V to yield a conmpound of formula
V: OH NH2 V or salts theGlAIMS\O 2004/ 113295
VVha CT/USZ 4/ 019135 -34 (5) protecting the am no group
ﬁpound of formula Vto yield a conpound of
1. F%c,%s\é'of nsaikind\E-ddnybourebRioPmiBld Epr esent s a
pro cting group; 5 (5) oxidizing the conpound of
formula VI to yield a sgnpound of formula WVII: C(OH
NH-P VIl (6) adding R2 ,0 the conpound of fornula

VII to yield a conpound gf4formila VI 1 :
CO,R®
N

\ 1
H

5 or salts thereof, said process comprising:
(1)  desymmetrizing a compound of formula I with R'OH in the presence of

a chiral reagent to yield a compound of formula IlI:

! ]
10 wherein R' is selected from the group consisting of alkyl, alkenyl, aryl, aralkyl,
alkylaryl, cycloalkyl, cycloalkylalkyl, cycloalkenyl and cycloalkenylalkyl;
(2) aminating the compound of formula lll to yield a compound of formula
Iv:

15 (8)  reducing the amide and ester functionalities of the compound of formula

IV to yield a compound of formula V:

=47 1

1

OH

NHz v or salts thereof;
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='sso OR2 10 P VIII ; wherein R2 represents H,
al kyl, aryl, aral kyl, cycl oal kyl or cycl oal kyl al kyl ;
wO2)o4cyzxeat i ng t he conpound of fornula VI toPgreiSen0a019135

conmpound of forrmula X CN NP IX 15 (8)

hydr ol yzi ng the conpound of fornula I X with MOR3 or

R30H into a conpound of fo la X2 WD 2004/ 113295

PCT/ US2004/ 019135 -35 CO2 N P X wherein Mis

selected fromthe group consisting of Li, Na and K,

and R3 is selected fromthe oup conS|st|ng

al @yl , gpjectingrtbelayminamom@fgm RYMPOERAF of {grmultho yield a

eprotectin e compound of forrmula X to yield the
Comﬁ%%ﬁaﬁ %gpfor mila |: 11~41' C02R3 N\ | H or

optionally isolating it as} salts thereof. 2. The

process according to clai ,1 wherein Rl is sel ected

fromthe group conS|st|n§ thyl, ethyl,

trifluoroethyl, trichlorogthyl, @ﬁopyl, i sopropyl,

allyl, 3- 10 net hyl - 2- butenyl and cinnanyl. 3. The

process according to clai I}P erein RL is allyl. 4.

The process according to cllalm1, wherein P represents
whemr@ﬁ’zrepreﬁeens armo@cnug)grcbwmm a reagent selected form

?gfgﬁ@%ﬂ% Sét L ﬁéfo%\ylaél%zyl@p a compohngi ol% formula

VII:
="—C(O)H
NH-P VI
(6) adding R?OH to the compound of formula VII to yield a compound of
formula VIII:

OR?

P VII;
wherein R? represents H, alkyl, aryl, aralkyl, cycloalkyl or cycloalkylalkyl;
(7)  cyanating the compound of formula VIli to yield a compound of formula

IX:

P IX;
(8)  hydrolyzing the compound of formula IX with MOR?® or R°OH into a

compound of formula X:



15 5. The process according to claim1l, wherein R2

represents (Cl-C6)al kyl. 6. The process according to
wobheidmiswherein R3 represents (CLl-C6)al kyl . PCT/TiS2004/019135

process according to claim1l1, wherein said chiral

reagent is selected from the group consisting of

ci nchona al kal oi ds, enzynes, _and dii sopropoxytitani um

TADDOL- ates. 20 8. The procg§§ according to claim7,

wherein said cinchona alkaloid is selected fromthe

group consisting of quinidine, nodified quinidine,

ci nchoni ne, epicinchori di ne and epiquinine. 9. The
process according to clgj m8, wherein said cinchona

al kal oi d i s quinidine. 3\»2004/ 113295

PCT/ US2004/ 019135 -36 [10. JRoecess according to
claim1 further conprisiing/mekifig a salt of the
compound of formula Il by, adding a primary, secondary

or tertiary amne. 11. ThepprocessXaccording to claim
10, wherein sai fl@f)ri mary amne is R(+)-a- 3 .
methereinevidy baleciasl framithe graup seosistag QEkbMNA Agd e and R™ is

lajm 1, wherei . rj.Se [ e
seleclithlshiruine HGUE PoS o S AR AT Bty 8 Aripitkioadd

a (hpse deprétbetingars tompodad of fermuia Xessyielddbe dompaund of
cllaim 12, wherein said source of amoni um source 1is

5 formg@allected fromthe group consisting of ammoni um
hydr oxi de, ammoni um chl orjde, anmmoni um bi car bonat e,
and ammoni um phosphat e \J0 14. The process according
to claim12, wherein sai sgource of carboxylic
activation is selected E\?tﬁhe roup consisting of
di -tent-butyl -di carbonatg a %(&%htyl chl or of or mat e.
15. The process accordi ng claim12, wherein said
base is pyridine. 16. The p\'_loéess according to claim

1, wherein the reduction in step 3 conprises a 15
f isrdptiohalheisatating iRassaljetherhet.ei n said first stage

2. P biseshears e R SR SRl bR s SRR fiofhire oroup
consgsrtmp%ﬁﬁé‘tﬁgﬁtew, BfluoleBilg, trichlohbathy b ersw didopropyanalyl, 3-
sodrum bor ohydri f

de 1n the presence of trinethylsilyl,
10 methyh@-maedylsadosidnamyglge conpri ses reduci ng the ami de of

t conpound of forpula.V., t . 3 {th a reducing
3. agﬁ?ﬁ P e@é@é’&"@%ﬁﬁ'@"ﬂr10l‘fg162§'ﬁ@iﬁﬂs'?iearl1lg1'of l'i thium 20
4. alpmg B%Eé@%@cbéﬁjh?"fb slagh UmviHdreiner eepresenisyalCodeproteéting group
I ng

The process accor to claim1, wherein the co ougg
frome réagemt balevtadifosndhe Proyr cpagplr@ af &8z sarahlrerts-&d 24

dichiorQBEAE! APHREAREELIGIEL 2 benzoate salt, a

15 5. The process according to claim 1, wherein R? represents (C4-Cg)alkyl.
6. The process according to claim 1, wherein R® represents (C1-Cg)alkyl.
7. The process according to claim 1, wherein said chiral reagent is selected from

the group consisting of cinchona alkaloids, enzymes, and diisopropoxytitanium
TADDOL-ates.

20 8. The process according to claim 7, wherein said cinchona alkaloid is selected
from the group consisting of quinidine, modified quinidine, cinchonine, epicinchonidine
and epiquinine.

9. The process according to claim 8, wherein said cinchona alkaloid is quinidine.
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canphoric salt, a dibenzoyl tartaric acid salt, a
fumaric acid salt, and a 4- chlorobenzoic acid salt.
wa30wA132phe process according to claim17, whepermstdee019135

conmpound of forrmula Vin step 3 is isolated as a salt
having the follow ng structure: CO2H = OH NH2 V 109.
The process according to claim1l, wherein the
oxi dation of the conpound 0 S<formula VI in step 5 is
carried out using TEMPO nedi at ed oxi dation. WO
2004/ 113295 PCT/ US2004/ 019135 -37 20. The process

10. adberptooess acasdrding to, claitred dinhesnt egmpriging NMaking erast @‘ébe

compoigpga oty i By ltiig 8 iy, Sy Br SRR AR O
11. fpor njfrgcgﬁlﬁéfbga gt@ Ghied 10 lwhakeh ehid ﬁmﬁa@oammm@ R(+)-a-

. \ step7|streated W th
methylbeneylagiing.| yl cyani de or pot assi um cyani de. 22. The

12, PESBRSEALAR B b el Rl B Beb Ul s o

ammeRiis, & saercelof karisuxylic Iabldzpaicttbiratlehlmahaéaase to the reaction.

trifluoromet hane sul fonic acid, trinethyl sil est e
13. arldegioress agcording iorelaim 42awherain ﬁa'dt%a/%{?%uoﬁﬁ@momum source

is selgﬁ defr&ﬂttﬂg Jgrolp ?HH&F%%EF%M&M I@dr&ﬁdgeBﬁ%&ﬂhﬁ\%hlonde

sui tablMe sol'ven e presence of Pd-C under
amm3Biubd Dicashordte, ydl acgronium phcﬁphame conpound of

14. mT&}%r%clgﬁ% aE%‘h%’B’fﬂqﬁ)r %Fn? gfeﬁn %% d‘sgcg.ﬁ’cg chérboxylic activation

is sefe?@@l‘rﬂ% the g‘oﬁﬁbbn&%hﬁ@bﬁgl -tereputyngicaisuhaté andiissbuigl

a p-tollene sulfonic acid salt, a
chloréfartriade.obenzene suI fonic acid salt, and a hydrogen

15. 24 QBCEER SPRUCHIR R 82 FEFRINSoR FatSieafr®d

16. | S'FH Hcé)%eé\f; a@cél@hﬁg &f clhgﬁ 1; Q{hﬁ%ﬁ?ﬂﬁe %dmiowlﬁ sté@B@d&\pnses a
first stage anda?2 stége wher}.gl%ugald first staege 8(r)rrrr115rlges %dadcllr%/g thel_eusiter of the
compound of formula V with a reducing agent selected from the group consisting of
alane, lithium borohydride, and sodium borohydride in the presence of trimethylsilyl,
and said second stage comprises reducing the amide of the compound of formula V
to an amine with a reducing agent selected from the group consisting of lithium
aluminum hydride and sodium triacetoxyborohydride.

17.  The process according to claim 1, wherein the compound of formula V in step 3
is isolated as a salt selected from the group consisting of a benzoate salt, a
camphoric salt, a dibenzoyl! tartaric acid salt, a fumaric acid salt, and a 4-
chlorobenzoic acid salt.

18.  The process according to claim 17, wherein the compound of formula V in step

3 is isolated as a salt having the following structure:

~

-=—l,///, COQH
als
NH, V

19.  The process according to claim 1, wherein the oxidation of the compound of
formula VI in step 5 is carried out using TEMPO mediated oxidation.
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20 or salts thereof. 27. A conpound of the formula: O

O H2N V allyl O 28. A conpound of the fornula: WO
waQo/ 1118295 PCT/ US2004/ 019135 -38 r of f &H ReER/UR004/19135

conmpound of the forrmula: OCH3 C >~NH CBz 30. A

conpound of the formula: OH N5 CBz 31. A conpound

of the fornmula: os CN N CBz_ 32. A conpound of the

formula: CO2CHg N CBz 10'%@.’ A conpound of the

formula: C C(OH NH CBz

20. The process according to claim 1, wherein step 6 further comprises adding an
acid selected from the group consisting of inorganic acid, organic acid, and Lewis
acid.

21.  The process according to claim 1, wherein the compound of formula VIl in
step 7 is treated with trimethyisilyl cyanide or potassium cyanide.

22.  The process according to claim 1, wherein step 7 further comprises adding a
catalyst selected from the group consisting of boron triluoride etherate,
trifluoromethane sulfonic acid, trimethylsilyl ester and SnCl,.

23.  The process according to claim 1, wherein the compound of formula X is
deprotected in a suitable solvent in the presence of Pd-C under 30—180 psi of
hydrogen to yield the compound of formula I.

24.  The process according to claim 1, wherein the compound of formula I in step 9
is isolated as a salt selected from the group consisting of an HCI salt, a p-toluene
sulfonic acid salt, a 4-chlorobenzene sulfonic acid salt, and a hydrogen bromide salt.
25. The process according to claim 24, wherein the compound of formula | in step
9 is isolated as a salt of the following structure:

E>—0020H3
N . Hel
H
26. A compound of the formula:

\l

| 0
EII////
/—< Oallyl

HO.C
or salts thereof.

27. A compound of the formula:

U

/l/, ”

HoN

28. A compound of the formula:



WO 2004/113295

-38 -

al:

NH,
A compound of the formula:
7,
s OCH;
N NH
\
CBz
30. A compound of the formula:

CBz
31. A compound of the formula:

32.

CBz
A compound of the formula:
1,
CO,CH,
N
\
CBz
10 33. A compound of the formula:
EL C(OH

NH-CBz

PCT/US2004/019135



