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Background of the Invention
(1R, 25, 55)-3-Azabicyclo[3,1,0Jhexane-2-carboxamide, N-[3-amino-1-
(cyclobutylmethyl)-2,3-dioxopropyl]-3-[(2S)-2-[[[1,1-
dimethylethylJamino]carbonylamino]-3,3-dimethyl-1-oxobutyl]-6,6-dimethyl is

disclosed in U.S. patent applications, Serial Nos. 09/908,955 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 | is a hepatitis C virus (“‘HCV”) protease
inhibitor, useful for ireating hepatitis C and related disorders. Specifically, the
compound of formula I is an inhibitor of the HCV NS3/NS4a serine protease.



INO I OH-N-N O There renmains a need for conpounds

useful in the treatnent or prevention or anelioration
wobRoene32es nore synptons of hepatitis C | n virem/ob2005@18914

i nportance of hepatitis C vAdrus ("HCV') protease 5

i nhibitors, new, novel nethods of making such

ant agoni sts are al ways i nterest. Summary of the

I nvention In one enbodi ggnt, he§ resgnt application

relates to a process off 3o ngki compound of
formulal: V/ Y H ~~\
.eN~( NHOI e fnveptioy al

;s CNHNO X11' I O
i nternedi ate co u are

|ates to certain

within the
process of makithg the gonpound of formula |. The
process of making t‘he/cgn‘pound of forrmula | conprises:
15 (1) coupling a conpound of fornula Il vvith a

f . f la ]l
£ orara teainy’a {ead 187 dorbBoustasudet RAAB A RAReN o
prevér@idn o amélioratioRof dAklot Mdrer §@hptens of hepatitis C.

In view of the importance of hepatitis C virus (“‘HCV") protease

5 inhibitors, new, novel methods of making such antagonists are always of
interest.

Summary of the Invention

In one embodiment, the present application relates to a process of
10 making a compound of formula I:

/7 I
\\\<

NHg

The invention also relates to certain intermediate compounds that are
made within the process of making the compound of formula .
The process of making the compound of formula | comprises:
15 (1) coupling a compound of formula Il with a compound of formula Iil to
yield a compound of formula IV:

N
H ~ COM = OR H &(

N—~ |
— o~ —_— N
H/ Y / ~ N‘H (0] H” O E
II or salts thereof /V
I v

wherein Z* represents the cation of an amine or metal; and R is selected from
the group consisting of alkyl, aryl and aralkyl;



[11 1V wherein Z} represents the cation of an am ne
or netal; and Ris selected fromthe group consisting
wo@tooalikigh4 aryl and aral kyl; WO 2004/113294  PCT/US2004/018914
PCT/ US2004/ 018914 3 (2) oxd dizing the hydroxyl group
of a conpound of fornula V to yield a conpound of
f or(Bup¥idizing the ldydrexylgvoipdf R-aamnpesnd g forviula V to yield a
rgsents an N-protecting group; 5 (3)
00'9(9@%4 cPrthl%tﬁlz conmpound of forrmula VI to yield a
conmpound of ®ernula VII: 0 0 P-HNNHZ RHZ Y O - HZN
YO VI Vblun (4L geqgrating a free acigh coppouRrgd, of
formula VITY frgm the conpound of formulajlVv: V V 0-
Z+ 47N , OH © 00 | 4+~—0—HN-NH 000 WVII
10 1V ; d (5) coupling the conpgund of fornula VII
W th a conpound of fornmula VII1 to Yyiel q,lthe conmpound
of formula IY VVOHNHZ OOCHHINNELR HON~ O |-~

1 Qundrelth P rEp AN Sh Ebrdectfdg group;

5 (8)  deprotecting the compound of formula VI to yield a compound of
formula VII:
O (0]
P-HN NH, HoN NH,
(o] —_—— O
VI VII

(4)  generating a free acid compound of formula VIII from the
compound of formula IV:

V \V

\/
N

10 v ; and
(5)  coupling the compound of formula VII with a compound of
formula VIII to yield the compound of formula I:

P e o
o OH
HoN NHs \k b NN
o N o
N N
0 /-V :
Vi I
Vi
15 The inventive process to make the compound of formula I has several

advantages: efficient resolution, purification and isolation of intermediate
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OY VIII VII is The inventive process to nake the
conpound of formula | has several advantages:

wetdosaiest resolution, purification and isol at POTUSI004/018914

i ntermedi ate WO 2004/ 113294 PCT/ US2004/ 018914 4
conpounds, and a one step neutralization/coupling
corppewdi, eadtaone step heutralmationisaupling praasidare fo form the

Corﬁﬁ?@@dgﬁ%@)w%gthe Invention 5 As used above, and

specification, the follow ng terns,
unl ess otherw se indicated, shall be understood to

have the foll owi ng neanings Al kyl " means an
al i phatic hydro&ﬁﬂﬂﬂ@ﬁﬂ@g_hmn!@_m@be strai ght or
at o 05 3R0vE R b 08naRMH shst Rt ng TofibiRems

unlah@uthelwtse mbnateoﬂ,%haarti@mno@trmedlm htalve tnb followingybr e
preferred al kyl groups contain about 1 to about 6

Megli¥gsn atons in the chain. Branched neans that one or

mor & [hAvRleafs ko alﬁﬂ%ﬂ@%yﬂ\{f&nggr} EF(H}Y +vh HEnaY e étralght or

propyl’, are attac to-a iR
braschegd andmmraslngy abapt h m/ahgjteﬂmmmbntajomsoutth@ chainbon
strai

Prefb R Al RS e ARk T ADGUAT R SEErRaes™s nstheatigin
Mo#é ot Ebdfen%@lélkyl Qﬁyuﬂéec&\iaﬁltéﬂd\!ﬁ Qo hoRn e c:jai"r?ﬁﬁhﬁ)ms in the

substituents which may be the same or ferent, each
chainBtanched meansnidiait aoe ms maeretloyes alkytgrodpsramehtasemethy),

et Sfronf 4% Btk lo o s Sl Lamed KOS )
groupHi(anire] steddtyd o abdia Earbba .ateme e xye aﬁélin vidieh ) by | -

Non 20 limting exanples of suitable alk rou
Strﬁﬂgm QUderansheq: Thetei "SUstths&/alkyl" IMRRANY ehalﬁwt grpup
el RIS B0 o of LY Supils 56N b B BB

dlffem,seanh aibsmlhmmdodiwgi moiepehd@ntg/r mlectedrftcan Hhe gr@up
| east aone Caj@ﬁ arb ubI e bogéj and whi ch
congistingqHhale new d:vg QY@ﬁBrh rﬁgya%}!saxy,za"fs@ 'o

u i h r LdenYNon-
2R PR ARy akﬂéﬁff‘yﬁaadaaﬁ?%%{]%‘?o%@% A Non
limithgiexampies absuitahie efiet gidupsdbelude 2nathylkethu, i6-pozpyhon

ato Nt chai n. B ch nmeans .t hat_ one nor e
soBl5aT Pyl iR et e Bong doB uSB ety
trlflabl%nﬁ’éth cydl@pl@p?lrﬁ@lﬁyl al kenyl chain. "Lower

%/ means abo 2 to about 6 carbon

"AI enyl" means an aliphatic hydrocarbon group containing at least one
carbon-carbon double bond and which may be straight or branched and
comprising about 2 to about 15 carbon atoms in the chain. Preferred alkenyl
groups have about 2 to about 12 carbon atoms in the chain; 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 attached
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
alkenyl" 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, and alkoxy. Non-limiting examples of suitable alkeny!
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30 atons in the chain which may be straight or
branched. The term "substituted al kenyl" neans that

w0 b@saleenyl group may be substituted by one OPCTDRE04/018914
substituents which may be the sane or different, each
substituent being independently selected fromthe

groyps insludmsinenyh grepermd) m-putdriyy; | 3-metipyibuie-anyhirkgéntenyl,

no,, and al koxy. Non-limting exanples of suitable
°°‘§‘¥ﬁ&%¢|"a"i}%"¥{304/ 113294 PCT/ US2004/ 018914 5 groups

i nO*Al'l@ﬁ’]yPtrhéé!b{é an Qﬂl@ﬁﬁﬂd h%/dﬂbcﬁkﬂcﬁﬁgﬂoup containing at least one
- met hyl but n- pen octenyl and decenyl .

carbsamwrﬁpn trwi%h@néﬁn@uwrpﬁ@may by eiraight Bb hr@cﬂs@@ and

corfiiifl AbBHL 21 pBaL 1T C ARG TR ShatL SReRr BRI
groapshave abmﬁﬁ@@tabébﬁt t2caoreatons inrthe ohai)aing. more
Preferred al kynyl groups have about 2 to about

PrefpblyrRlaUb RE0gPOURE CaRbPh AITRR IMleechain P @ansbed ra@m& that
oneZRF &o?@ﬂi%erda@@ ,9?8'1%@&?&3 F\ﬁ 'Pnétﬁﬁbg I Br gEﬁ@p dqql%%ﬂ@ﬁ

one or

to aehmadr adkynyt oipaih, "Lmveeradlkwqtﬂ%eahs aaoth Ed:alabaUkﬁ m:ﬁlrbon
about car bon

atofts laen i wHEh YA he aesat saprajestioch Sigimuing S@mpies
of BRI Ay Mol i @tﬁ?ﬁiﬂ' BfopyPly, pbdgyas! kyny

roups I ncl ude ‘et hyn
me WVW]I lywntynyl et Qeqylnyl é'ﬂfkd! igeoy aybstlturtwl alsymyl" means

thaf 5Bl it BT P BTG tvoitee beFe VB w8 Bion
may e the sahfe 6adiffepdntdeadieEadtituaRLBIARY trﬁ:telﬁemahupgel@eted

I ndependent |y selected is fromthe group consisting of
fromthe Igroun gensistinggicallsyl Rl and gygloalkybans an aromati ¢

oty iU EIE HhoRLOR PR BRI STdh o
corhprisihg abolids te abbon atarton dtomsaprefegitiyirboans ke about 10

optional ly substituted W|th one or nore "ring system
Ca@eamma ﬁ%%ammmp fay beonrtinpalls s Hutgds with 8ne or anere

"ringy &ysfein %ngl‘ﬁ bARM \Aﬂﬁélf? Bﬁ ddth 'orr‘lef QHP'at‘ﬁ% aﬁE as

e aryl groups |n pheny nap
defi‘rfeket fmrem Woh-lireiing ea@naplesraf suitaiia acyl cgroupsnmclude phenyl

[t lic ring system conprising about 5 to about
angﬁ htﬁélcatorrs preferably about 5 to about 10 ring

at o r
o e'r;ﬁéer'gtel*dgr)mh@&n@% Qfon'ﬁ’tfcemﬁ ?&%ﬁc dr'?ﬁ W}r&rﬁongg %ﬂstem

r than 25 carbon, for exan'p e
COroRKi%j8g abputs@ ft® abpu’alfbnegcatonna, prefdriabiyt aloout 5 eratiertriéding

hetero | s contain out. 5 to about to The
atolte, L FBlchy e’ 8LARE o7 B el o Bt et dbtBp R o
carBiBh Efor bkampﬁe/ﬁmgeﬁ UBRfderiGNdifur VbAS or M¥oR®irididns arre

or different are as defined herein. The prefix
Prefesed yeteroaryls contain about 5 to about 6 ring atoms. The "heteroaryl"
can be optionally substituted by one or more "ring system substituents" which
may be the same or different, and are as defined herein. 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,
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or thia before the heteroaryl root nanme neans that at
| east a nitrogen, oxygen 30 or sulfur atom
w0 e@pacdvel y, is present as a ring atom A niP€DYEIV04/018914
atomof a heteroaryl can be optionally oxidized to
the correspondi ng N-oxide. Non- limting exanples of
quirexaliayl, hiwlaziogs imidazeld, Zr@aowwmw,yumud@ga[azh bjhiazolyl,

ber{zléglﬁﬁ%@gi @Hoﬁ)gy%z?ﬁ%cflylnb% %B(pl%o?ﬁ @g%l’\iﬁnyl quinolinyl,

nmlcﬂaﬁoiylaﬂwénopyyldyplq]ainazlouhﬂzﬂiléfrﬁopy‘nhhléﬁlobyirolopyndyl
t hi adi azol yl

pyraziny E a2|n
lml@@mp/ymszsﬁmp@nhossfz@@nma@ndoly 1eﬁmﬁaaanvlnpenzothlazolyl

zinyl, imdazo[1, 2-a]pyridinyl,
ancP{HeDazo[ 2, 1- b] thiazolyl, benzof urazanyl i ndol ylI ,

az a’zlsmduxw Imednﬁnam ar;d@lkgﬂygrouben Zrm"::h em?/éaryl aHd zakyl avé as
Im t ri quil nazol 1 n
premug@d%ﬁycr'h?ayheq@%@ @ir%lbylﬁ.cewpnsei aﬂqmrcﬁi_kyyllgawp Non-

imigRQSARNPILEY bR ARTRYLAL nch A 2ty and
namﬂlyaleaylmathylgifbe ﬂnomd tm,ﬁhe patdre noigty iartdraighytheaalleylas
. d f d | kyl [
oA ERat A Aharyh fig sk e gl Bad afdre as
pre@ifo@‘slyydleééhﬁéésPfé?él‘rég %Il@ﬁ%ﬂ?bé' corfpitea ey alﬁ‘]lcbroup Non-
apht'hal enyl . The "bond to the parent nbiety i

llmrtlng wgmnlesaowmgable atkylasyligroapy inclugeaadolyh patoky Iandngyllyl

TEeFid e Busly el o PR R K, 2 oty

gr oO@yclddtiyl” ineaing iangore¥edMAES minos ot hﬂhlléyoﬂb ka%yE{em
groups i ncl ude o- toﬁpgr p-tolyl and xylyl. The bond

cortiprising a0 ABPIL 0 Partion @adie. PrrieEbly abodk foabryl 10
car?@ﬁ‘%?orﬁs @%T@r@%@%@amppﬁna%sg%?ﬁf%\t %@%’@'5 fo B&H 75 €™

conprising a
atoprse T heajybk)aa{w oan hetaptpally sdbstitaredosith ahem's more "ring

SySIaTGUbATYRETS” HILCA JiavoRe A SERA asaidenb il gre B8 defined
ab&}ébﬁdrﬁl%ﬁﬂg‘@xsaﬁﬁ?ﬁ\?o%mg&ﬁl@ Ened sageh(g%{féld yls include

substi t uent rent and

cyclopropy, cyflopeartyl, ab@obexﬂbwdlmhamylraycbbh&dmeeNoofhmmng
bl
oxRubEBy SuPRIESIEIIELSHRMSH B HBgaPhaseomving

addrigntyl &6d toRkd.i m ting exanpl es of suitable
mul ticyclic cycl oaloﬁégs include 1 -decalin, norbornyl,

adatriete’ymeand flupeo, | 0, biaana oriede grdupse Poefesiedars,

fuc horchor e, BBt Hen EleffEd Al Ml 4RGN or 0. 25

HetlHgegen” mredass fllivvirid, hloriiel, Brdmihe, BF RIUiIMS Preferred are
i odine. Preferred are fluorine, chlorine or brom ne,

fluoting, rBlosing s bspming, and mpteprieiiTeshare Hueinaand chiaring.
Sys“FﬁHﬁ; SYORH SisthuedE R & 80sdil i HiaRhba50 R 4r8niftic

aromatrtC
or non-aromatic ring system which, for example, replaces an available

hydrogen 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,
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or non-aromatic ring systemwhich, for exanple,

repl aces an avail able hydrogen on the ring system
wWOoR00g/183284 em substituents nmay be the sanme or BOI/US2004/018914

di fferent, each being indepkendently selected fromthe

roup conS|st| ng of aryl, heteroaryl, aralkyl,

arylguiijnvar jeterqardsudinyl, allw&h@r, e@rlmdx,mtemamtmmmau@nmo

hetREb ARl Ebaui QiR Het ey nBlef S etonyl oy YaN-
, Yoanbakyl-, ‘&th@‘)‘- *aﬂﬂWNzNS(béJX\Wﬁéfé?@W'and Y,]. may be the

aralkoxycarbon al kyl sul f onyl , | su
sarpe s iffgrent and afﬁ/mde@erayeaw selﬁgzted ztbecgrqm gonsisting of

A ryI sul finyl, heteroarylsul finyl,
hyd:’rGééHsﬁlﬁgﬁ g&,y%?qﬁara? eteroarylt hi o, aral kylthio,
het 'é(Eymmaikhwrt meanseyedmardmitic aysHooat eftidyclic nng system
Y1IY2N- , Y1Y2N-a

CORRISROAPLY Bi1a Bpovb NS5O AN broferabh AbBUk o HECL A0
car%@ﬁ%t@fnsqhﬁlﬁﬁ CBAtaiR St I?E@gbﬂéj SQ&JB?\%#O}SE 31@“%% W hd.rom

group consisting o rogen ‘and
Prejeaed)clycldat&panyb dginge m:phtalmaaost 5 toabout Dmiagi atomsndher

oy A A PR 7% &Pl i i
sulsARisHtsaivABh May o the %b?d@ér aﬁfekéﬂSénéP Bfe aéfd%ﬂﬂe& abbes.

doubl e bond. Preferred cycloal kenyl "rings cont
Nogisuiting exampiss ef s/umablﬁ;nmn@nschm;@loailgem@mwm nyl

cy&%rﬁ%nﬂp%&%%@f Lé%fﬂil]\te%eerﬁ@;%rﬁth%ﬂ @eoglr?gﬂr itinG ie@(gmple
ofalsﬂﬂmlemhulthmﬁcwyeloaﬂ(eﬂﬁf isnﬁﬂbahg»véhl Non-1imting
exaypl es of suitabl e nonocyclic, ycloalkenyls I ncl ude

cycliopiermaysianyl’ dpeanhaxoRy@romalia HRBRENQOr auwlticyalis ring
svsoboriBishy EbbLe9ICA8EM i i AR BED G ©

abowiat(sriag atomsrioetictc one o eyerei of the atorhs ire it fieg system is
g at ons,

stem n;p about 3 to about 10 rin
an ﬁf taﬁc}ﬁ? %ﬁa TaoR. Jor gRmP le tiOORE, GXUSIAR, OF sylink atom.
aloﬁ@%r% cBRIbfhaRfont ARd HH cbﬁ‘t H%eatr lbﬁgt] éed’ezéﬁ%bhscarﬁ‘@n

I 'enent ot her than car for exanp ogen,
dombdg drondar cauthdnsnitetigem douahleu bendr Tlnerecamb1maﬂ1;aoant atygen
t one c

b d
o e Bbnd 358 o R R oo ings

corainPdisiit SoreyARIut MY Qlon®d! el pratie ra'szapb;@é 8Pthid Beﬂﬂé the
ring system Preferred heterocyclenyl rings contain

hetgreayclenyi tpaiiname meenadhat alfeasteheitiogen; axygem, orostdfuor

atol 1SRRI id BibseAFhs BARIEARAY TH RlePAGR TR B8n ba™
opﬁcﬂﬂﬂy@ubsmmed By Bhe B2 Mioresirfy sysiemai®tituBMes, wherein "ring
heteroc%clen can be 25 optionally substi t ut ed by oné

sysiempstostiiyeny is wt%ngat?&qveughesﬁltrw @i sulfuriatem of the
het%{&éfé’@g@%éﬁ bt lbg)?ﬁbpﬁl'joxﬂ&eﬂ% tHE LoABYEnding Ri-Bkiticogen

oxide or §,S-dioxide. Non-limiting examples of suitable monocyclic
azaheterocyclenyl groups include 1,2,3,4- tetrahydropyridine, 1,2-
dihydropyridyl, 1,4-dihydropyridyl, 1,2,3,6-tetrahydropyridine, 1,4,5,6-
tetrahydropyrimidine, 2-pyrrolinyl, 3-pyrrolinyl, 2-imidazolinyl, 2-pyrazolinyl,
and the like. Non-limiting 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
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het erocycl enyl can be optionally oxidized to the

correspondi ng N-oxide, S- oxide or S, S-dioxide.
wOlev4/113294 | ng exanpl es of suitable nonocyclic PCT/US2004/018914

azaheterocyclenyl groups i el ude 1, 2, 3, 4-

tetrah ridine, 1,2 30 dlhydropyrldyl
7-01<amcapfélaj ﬁmmewi Nendirgiting texamigs obsyitahke monocyclic

il et R PR oM ooe Bl Rfhooyiany aqg e

likd.i ke. Non-limting exanples of suitable
oxaheterocyclenyl groups include

4-HetRiReYElYE IINBgRR A NaN-akadRatiasatHiated monocyclic or
muﬁtlcgeﬁc?ﬁh@%gg@@ﬂ&@ﬂéflsmgu%oﬁﬁ% i :dct%gl;c( 1 pk?[hgétg}ﬁ @geffsrably

ab@l’[CEJTD a@oumowatbhﬁis’i% WPaH bﬁé@@tﬂﬁ@b&ﬂlhe a&;ms in the ring
- oxabi ¢ clog %1& tenyl. Non-limting exanpl es of

sysle Q| RBROEgther tha 1 e B RPEMRIR LT ge}rg@xvaem Qfe

sulflirh¥9hetdy lﬁepﬁ'ﬁyﬂatloﬁ' TrerOLR H@%I 'nt o&@eﬁ %‘ﬁd/& Hfur

"Heterocycl yI'™ “means”a non- aromat
atomuspesent in tbe rh‘ng”systemyEreferredrtgatemyelmsmnhamsabwt 51to

083 ind ot ol 42 ok TR pra e diase BHEVL RSt

name rhB&nd { trm at ﬁéé%i afﬁl’drégéW dsdyggﬁrar sﬂalfbﬁétom ?ébpfé@hbgp is
for exanple nitrogen, oxygen or alone or in

preserbas atfingratomhdie mt@roaycydjpaa @l@tORibOﬁgﬂh subefitated by one

or g Ying S190 SURBEdhPAePg B a8 & it ana
ar@&@dﬁfm@l&er@ir&f’ﬁhe @irdgenor salfuf Hiomn befher h?etbl‘tﬁ:yclyl can be
heterocyclyl root nane neans that at | east

optignaly gaidlizesipyer C&rresﬁppndmgaltlm%s%eme\&nS/Sr@omde Non-
llmﬁf @St%ér%mpf}és of %wfﬁbt w%:ygﬁc HSfe‘?&ﬂ%Y bﬁﬁ@&gUQ% piperidyl,

y subs
pyrsmlhhmylxplpetazinmeorphmmybmlbhmrplmﬂmybrthldlzblidanydnﬂ 3-and

def dh orslfratomof
diogHEN e BISFaNyk AEEOE T PBARIPIIRP Rt o 1 he
tet%&aﬁ‘(ﬁﬁigﬁglp g‘plﬂ-ng&h GikeS- Oxi de or S, S-di oxide. Non-

t1ng exanples of suitable nonocyclic heterocyclyl
ri ng%'aiheﬂyu decqrigoan aqy4alkem4«-rgroUpdm mich fhiepanybandalkenyl

ared§% [lec';HnﬁYy dqtcgjibgerég%o %t?ﬂrre ?P{EHIV fcgql:{’sg 'Qr%llpi/ve% ’aﬁ€enyl
grolupy I\@m’lﬁﬁlﬂhb'e&ﬁhﬁﬂ% of st BYAIKS 'g?cﬂ)ﬁsalﬁ)élude@d the

ke. 20 "Aral " means an aryl™-al kenyl - group in
phwtbﬁnylmd&vapamleammﬂﬂhe bppdag tipﬁ paieni sngiety is through
thedﬁgg bed Preferred aral kenyls contain a | ower

'nr% group. Non-limting exanples of suitable

ar atHeteydarg ZU Pecdricd hdtcrdanpatystdrenylin amith the heteroaryl
2-naEht hyl et The_bond to the parent noiet

and gllyligee ag ﬁeevsﬂu@ésmscrmd ﬁé@f@rr@gﬂzﬁtﬁmarawawn ina
low§ 5GP BFotly. Northimit@u iR Bledt S0iddlE ke FBLYS include
pyridylmethyl, 2-(furan-3-yl)ethyl and quinolin-3-yimethyl. The bond to the
parent moiety is through the alkyl.

"Heteroaralkenyl" means an heteroaryl-alkenyl- group in which the
heteroaryl and alkenyl are as previously described. Preferred heteroaralkenyis
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 alkeny!.
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and al kyl are as previously described. Preferred
heteroaral kyl s contain a |ower al kyl group.

wOlev4/113294 | ng exanpl es of suitable aral kyl groR@BUS2004/018914

include pyridylnethyl, 2-(%uran-3-yl)ethyl and
qui nol i n- 3- l¥I methyl. The bond to the parent noiety is
t hr'$lyghoxyedkyd] mpans 20HOrplkgk gzoun kewhich atied s aam)rewously

oo AR AT o B89 el ool g8t

SUIMI@hmyélﬂylygr@up@ idl@denhpd o etlﬁ\}l lepaya- h%l@)tpethyl
Non-limting exan‘&‘es of suita het er oar al keny

gr ovsYVi e an H-GE00-, alkyl-(Oat, ﬁ’é’fﬂﬂyl -84 @)-, Alkynyl- C(O)

ool SO Tloaher TN, or HHBoGRIYEGIQR G5 Funich the

varieds/ gﬁ@ﬁ@é&@ag @Iélvlo@sly HQQCMIW bommwmemm@nﬁhi@!éty is
s as previously defined

thrghialy @\e'r melr 8@33/@9 REYIsHRNRIR 3 twar allyNon-limiting

LT e e R R v PWL@"'-@H@Z{E’?
metiylpomaabyl, bulekpyt Ticpyclobblanoyl.- (O -, Al kynyl - (O -

Y A Ao G AR A 1 colbreimisgups

preﬁfo%s@sdéﬁc@%bg UFhy beAaes ke areTﬁ fnaefds tRrough tﬁércﬁﬂionyl
moi ety is through the carbonyl. Preferred acyls

Nor-dmitngexamplasrofauitgble gionpsiinglude jenzsqd apdet astd 2-
aﬁﬂh bl e acyl groups include fornyl, acetyl,
propanoyl, 2- nethyl propanoyl, butanoyl and

cycimmgamm/ans énﬁ)alkﬁr-@llgrom&ﬂﬁrhwh tae\dlkyPgfdup Brayip in
whi ch the aryl group.is as previ ouslbi/ escr i bed The
e

preyiang yt@e&qﬁ@eaaNentlmmn@egiamlqwfoﬂgw lkexy BEAAS include
<
oy b RIS S ORI 198 pr

theqjekgh’ﬂ@mejy(ml}burmugh/\lheoé‘thehexwgéryl group is as 15
previ ously described Non-1imt exanpl es of
DL ARy AeaRS o Do~ SRR e RE B A Gowdisas

preOTo%RPd’é@bnbbaoﬂbﬁﬂi?rWn @XQIEI&)O 5 g%@élﬁtaﬁfé’%lgﬂr%cg )g/rggﬁgﬂ{lﬂlude

e parent noi et y

phemxylamdyﬂapmmw diegvagrid 1©- thgrpareni moigly ehthrdweghathe ether
roup is as previously described. Non-limting
OoX erpl es of suitable aryloxy groups include 20

phemgikyrRg" ﬁ@@h&@?@ralk?h@ @?BGp‘i&th‘h P8y GloBbY is

is through the ether yl oxy" neans an
as preyiqualy deseyibedp Non- Im‘uag %m%aokwlta@@arﬁkylexy geoups

oS Y3l ST S ol Y3 pepem
moisty &mmigrhmee@mgﬁbiq@gn The bond to the parent

“Alkylamino” means an -NHz or -NHz" group in which one or more of
the hydrogen atoms on the nitrogen is replaced by an alkyl group as defined
above.

“Arylamino” means an -NH, or -NHs* group in which one or more of the
hydrogen atoms on the nitrogen is replaced by an aryl group as defined
above.

"Alkylthio" means an alkyl-S- group in which the alkyl group is as
previously described. Non-limiting examples of suitable alkylthio groups
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25 noiety is through the ether oxygen. "Al kyl am no"

means an -NH2 or -NH3'" group in which one or nore of
W0 b@4hyitpogen atons on the nitrogen is replacerCbhysSzng/018914

al kyl group as defined abdve. "Arylam no" neans an
. -NH2 or -NH3 roup in which one or nore of the 30
inchiptgy r@gﬂ?yltﬁiq)rﬁéh%mw neprﬁpyltm«g éndiheptyiiiia.cBe byndlmi aTgu

as, .def | "Al kyl thio" nmeans an al ky

pa‘%[”g%'?ﬁ( '\g\ﬁf"t:oﬂl hgggﬁﬁg'l. group is as previously

destArylthid" neand Amiahyl4&y %ldﬁth’é oBpas kx! thio
s WO 2004/ 113294 P / S2004/ 01891 01 ncI ude
praaUsly

geseribad. Nan-imiingiexsnidos pﬁrswt@mg anditig oronps
inclUie Ml&%ﬁégﬁ Qagﬁf@!‘bﬁo?@'hgg@r@g{ﬁ%oi tﬂé\ﬁ#?%rﬁt rﬂﬁlée%gpy réugh

thegsujium is as previously descrl bed. Non-linmting
roups 5 incl ude

S)ﬁg%}lﬁﬁ% {ossm‘ﬁé%ﬁ%%&?@% r% gr*P B ipyhich ihe awliyhgegup is as
pré%u%‘lw dé§cerH00lPl93h ll&ﬁﬁg%&ﬁﬂge of &f {(U t{él’)iet QI‘a‘H(yltW@%uﬁr]s

| -S- group 1n wh ar al r ou
berpz}é’thiQ) Jshq/b@e@ ta theephreNbmoigtyrig thngugrx mEpSwaurf a

e ARbB2 AU bR BP RO G B NS BB
of smﬁ&dwum@&mbnylfqﬁﬂﬁs %l@éma&% MA'Bn

Non-limtin of suitabl e "al koxycargonyl

etfgﬁ‘f@fbonwu "%ﬂgg?g@@mmmegn; é{hmugj@:anﬁgm i

of mmjl‘egmwmx;@aegim ge&npmﬁcmig@mxyéi@nylﬁobg r? yelx -

o BT EEV D SHG PONaH o Rarans resietya dereughihe crhany.
;P;I ky%@@?@hpg%%%”s ?\@%a F}ﬂ{?q'ic@ﬁ(g@ogxa I € oﬁ’mﬁfﬁg

exaropleadf] s saitab & axatlkax;tmarbcbn;@ geeyp isshdretyrydyoiponih ael bond

h h th
to tggrpgggﬁfmogeiy rgﬁ'&ﬁ @a"hgﬁ sI Znt aIr E;Ig S( Og)- gr oup.
ou
|P; e‘lflﬁg&%lgﬁlf&iﬂ“ﬁ\%aﬁé %gieﬂ@ﬂ{%@%{% d}on &Hsd g/é%s greup

thosa i udtich the al&ylfgmyp is lowellgll Tmengabhd m@mespanent moiety is
et By ™G oup i < 1 over al kyl - The bond o ¢ he

par gkylsuifiayy nhéanstéﬂ aMghstdr groliph. Pxferred groups are those
in which the alkyl group is lower alkyl. The bond to the parent moiety is
through the sulfinyl.

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

"Arylsulfinyl" means an aryl-S(0)- 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.



25 "Aryl sul fonyl"™ neans an aryl-S(02)- group. The bond
to the parent noiety is through the sul fonyl.

wO 2ooglis2b4 i nyl " means an aryl -S(O) - group. ThePGDOS2004018914
the parent noiety is throdgh the sulfinyl. The term
opt| onal |y substituted" nmeans optional substitution
wi t hSelvate"3peaps aiptysigabassqniatioradh & abmpounduif ¢is ésvention

ed
witort 860G Sofyenh BRI, T REVsihe SsaehioBdorves | ©
vaiyiyy ddgrsissofi ionichmdsarel drit &dnaRy Mduding m@kdgerﬁﬁommg In
CeEro duct which results, directly or indifectl

%Wtiﬂﬁfemcsﬁ the spivate wiiha ¢ara§dale issdrtiam, $or exarm@e when
s oA e IS i OB
cr;@mmmj sdhdnf"Solvate'i emmmhpa:sses\bdm sehgiofrpHEdetariPisvRible
E\Lo Thi s | cal assqciation jnvolves varying
Sogtétﬁse "Bt Rles 6 avitanle sehatesyincluslel ethrrglates,
I (]
NSO SR P bR DA SO

malecuteis Ha Ol vent mol ecul es are incorporated in the
cry stal i ne " Sol vat e"

I att olid.
10 encﬁrggg Lébﬁpﬁﬁ? HH’?@“QHJGF adest iy grocess for
repriviglt thie- coNao a
P ?‘*’r?*c?“%de o hano“”gt"%féfb”ﬁ‘é%?hz“ﬂ*f@réé“@hﬁ% P htoally
desgihachineSchema | delowit e wherein the sol vent ol ecul e
is H2O 10 In one enbodi ment, the present invent{o
relates to a process for pre_f‘t_rghmﬂg the conpound Yf
for mula |. The i ntive process is scherratl cal Imo_z+
dgscti bg@H n Sche i | below. V / Schene
2HN =L, N -~ H RHN~._1_Z_-|-_AQ,Step

H; N <1 ol :Oml Il orsepal ts ther Q‘(r\\J)K

d O P-HN NH2 P-HN N, FeN NH2
u

)Illl
-
<

or saits thereof

OH 0 0
P-HN NH, P-HN NH, HoN NH
o} _— 0 —_—— 0
Step 2 Step 3
v Vi

[HO- z OH
\k 'i’ N \k N
N

Step 4 H z

+ H N o]
1 \k Ill \ \k H N

N
Vil vin /}



0O0--~0 Step 2 Step 3VVI VIl VVO Z+ OH 4~NH

110 "INNN21I-O ~NYHStep4HO O\ VIl 1V
WE20STIZHB 0 V NH OH\ 2 H2ZN Y NH2 N O + H N PCTOUSN00018914
10 HNONNStep 5 HY I VIIT | WD 2004/113294

PCT/ US2004/ 018914 12 Z represents a nmetal or an amine
basé repigsentand meigl @xampmise base shondibiitngrexainples of

suhfo e B FE PR bine Ay A e feesBhdimaiio

exd¥ipleé dRBuRable A¥ilsAdSes, mtﬂh@é%(ﬂgﬁhw d’MN(H)g(HaP V\h%réi'i‘leﬁ1

same or different and is independently sel écted wh
whighreansbe thasame arpliiferept and in mdepesde@tdx @@leCﬁeerhémamore

s el SHEeREIE Shebo ol e L hosBhi b v, o

araﬂml mdkylscyz:lo@lkylnand hetereeycﬂﬁdlﬂw H@fé}%bﬁﬁﬂ@e ahiine is a
anot her preferred epbodi ment, the amine base is

PrifgAry af se %@m'%Pa%&almaeoth@r Rrefetmy arabodimentibe R
mfn?glgé‘féj lég?m%, sg{cblyasf‘ G e PRE1E-meth db&NyIShfL. as
R represents an aryl such as phenyl, aralkyl such as benzyl, or an alky
10 such as(C4-Cp)alkyl. More preferably, R represents (C4-Cy) alkyl, even more
preferably (C4-Cz)alkyl.
As stated earlier, P represents a suitable protecting group, examples of
which are described later.
Step 1:
15 A compound of formula Il is coupled with a compound of formula lll in a
suitable solvent to yield a compound of formula IV, wherein R and Z are
defined above.

In a preferred embodiment, the compound of formula IV is:

4

2 ©

)

X

Rs

N
IV©/

20 in another preferred embodiment, the compound of formula l is a salt
as shown below:

\kH
|
/NN
Y
O

r

I
wherein R is a (C1-C4)alkyl, and the acid can be any organic or
inorganic acid, preferably inorganic acid such as HzPO,, H.SO4, HCI, or HB.
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1o such as(Cl-Cl0)al kyl. Mre preferably, R represents

(C1-c4) alkyl, even nore preferably (Cl-C2)al kyl. As
wGer@uaw2earlier, P represents a suitable proteRCT/N§2004/018914

group, exanples of which aBe described later. Step 1:

is A conpound of fornmula Il is coupled wth a conmpound
In amnother prafarred lembypdimest,ithacbhamuindasftfotroulpililislaa shown
be@g\,:rpound of formula IV, wherein R and Z are defined

ove. In a preferred enbodi nent, the conpound of

formula IVis: V Oe TH3 I,,~HENNO O crl~ 11
IV 20 I n anot her prefer ,d enbodi nent, the conpound of
formula Il is a salt @\shoff™elow R QWA OH .
Acid 111 wherein Ris A4) al kyl, and the acid
can be any organic or in’éyrgaﬁ’i c acid, preferably

i norgani ¢ acid such as H3PO4® H2SO4, HClI, or HBr. WD
2004/ 113294 PCT/ US2004/ 01891t 13 In another preferred

oo SFbAE BB Soboph S ShatSugh RS oot
medigsPbi tHe n@bae%wk%f&ﬁﬁt@ﬁqé{gsa, n@;égé}ﬁgtﬁyhtggflsrg@g@&t@%q.y

met hod or the’i sobutyi chi orof orna T apl
These pepiiie geupling prorederasdprolde actvatiomof theamebioxydis acid

orc 8 VB Bk AR . SIS E8iehr BB, 12,
peiférmed at a temperature ranging from about -20°C to about 80°C,
preferably from about 5°C to about 50°C, more preferably from about 15°C to
about 25°C, for about 3-5 hours or until the reaction is complete. The molar
ratio of the compound of formula Il to the compound of formula Il used in step
1 can vary widely, and is preferably about 1:1.

Non-limiting examples of reagents that can be used to activate the
carboxylic acid include carbonic or carboxylic mixed anhydrides, N,N’-
carbonyldiimidazole, ethyl chloroformate, 2-ethoxy1-ethoxycarbonyl-1,2-
dihydroquinoline (EEDQ), ethyl chioroformate, isobutyl chioroformate,
isopropenyl chloroformate, trimethylacetyl chloride, 2,4,6-irichlorobenzoyl
chloride, isobutyl chloroformate, 4-nitrophenzi chioroformate, cyanuric
chloride, oxalyl chloride, diethylaminosulfur trifiuoride, bis
(tetramethylene)fluoroformamidinium hexaflurorophosphate (BPTFFH),
Dimethylformamide/POClI; (Vilsmeier's reagent), phosphorus reagents, sulfur
reagents, carbodiimides, pyridinium salts, phosphonium salts, uronium salts
and the like.

Non-limiting examples of phosphorus reagents include diethy!
chlorophosphate, diphenyl chlorophosphate, diethyl chlorophosphate,
diphenyl phosphinic chloride, ethylene chlorophosphate, Lawesson’s reagent
and the like.

Non-limiting examples of sulfur reagents include thionyl chioride,
methane sulfonyl chloride, p-toluenesulfonyl chloride, 4-
chlorobenzenesulfonyl chloride, methanesulfonic anhydride and the like.
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performed at a tenperature ranging from about -20C to
about 80C, preferably fromabout 5C to about 50C,
worsog/1p2ef er abl y from about 15C to 1o about 25BCT/82004/018914
about 3-5 hours or until tHhé reaction is conplete. The
nolar ratio of the conpound of fornmula Il to the
conplenrimitingfexamples oi ¢carbediimidessineludel can vary

e bucab s G- A SRS e

eth‘y&ﬁ@bﬁ& im@e&ﬁld@od:m@ﬂld’éi E@I)b Gﬁéé"pr@bylcc?drBSthld‘é AAABR like.

anhydri des, N, 15 car bony di 1 m dazol
chl Itmmag@xamré@sw@&wndl@lunbaqitmmw 2—g;htoro 1-

megwléfng cﬁor Iggfclglcﬁbe m eﬂ%tn%lﬁy d&b?ugﬁ { quja dsul SR g

thetlikeret hyl acetyl chloride, 2,4, 6- tr| chl or obenzoyl
chl g{ol de,..isobutyl chloroformate, 4-nitrophenzl

chi 6‘1‘ BPWQQ @Xampéﬁ?ﬁ@i Rhosahosiung @altémlwe bRNZetigeole-1-
yloQ{/t‘ﬁ% amst ({p;llﬁlbﬁ@ﬁ%é gﬁpngéngaglurgbﬁo%%ate (BOP),

bemmmtmleo‘r-pphwlpwrml|dBiBT-Eﬁd)sphomum hexaflurophosphate

(PyBIBh PR B RiaO Rt Hipnie hgat L@rrgé Ssardiate (FYRIOP)
pyr U%r'ﬂbHﬂ%eﬂ@ t'ﬁg] 1HBRRRORRL Y- § n:g')ll\? N '(t)éélﬁ]rﬁé{hélﬁjromum

and the lik -limting exa es 0O

hex&ihgmb@raﬁmdﬂlaw) dDéﬂHybenzzﬁrlmI@ﬂqﬂhbbl}thw- di phenyl

‘etﬁﬁ%%bxfﬂﬁé’@ﬁﬁﬁeﬁ? o Bodlais SRIR or bpnosphater

{RERIBRINO-2-6:8RA PPN, N’ Ni- {%Qranﬁ&hxiukféﬁnhhﬂg exanpl es

of sulfur reagents include’thionyl | ori de met hane

tet@dupmtgﬂratetwﬂ il O- MeWM@arbguvlbwomthweneemlmls0

'RL ‘f\g ﬁ?@gﬁgﬂ@ﬁ@ﬁﬁw ItetFJf{}‘% %@E}%@Q? 314 88} Somene-2,3-

dlcé’t%wﬁwlh/ 0 33BtetranidthiNaronium fetraduercbophies TNT c? and 2-
iimdes include dicyclohexyldicarbodiim

S“c(%f‘f)'go‘ﬂa 3 %%WWMHf%wptﬂrﬁﬂ@om@pr%d&ﬁ@% i m de
P?’Efé%ﬁéé?@odﬁctﬁ/ﬁ% )ageﬂi es ofpébcﬁﬁﬂ%’é h&?ﬁeﬁ@%lﬁlr\?m

pyridini um sa
leashabout).2 mcbiaoequmzaleﬁtmmthyémeotdrb thaicorinpdude of formula |,

prefigbl alioasi Al g fpraaiiva Batsomtls Fsipeb i the aspaund
of foRLIAR, PRERZ BididaBR! Pork- about 1.0 o about 1.4 molar ﬁguwﬁle{a

| oxyt ri s(di et hyl am nophosphoni um hexaf | ur op
wn% Bespect to the compound of formula Il. Excess EDCI can be used

Den0h bl a8 TR EhE L BEnE RS LA AbnRR SRR i Bes
add?gg ra:moagie( RYthebhsticrPinBhaEp manmmuwéiémwé%r&f%@@ttﬁat
can bé used include organic bases such as, for example, 2,4,6-collidine, 2,6-
ditert-butyl-4-methylipyridine, 1-diethylamino-2-propanol, N-ethylamino-2-
propanol, N-ethyldiisopropylamine, 4-ethylmorpholine, 1-ethylpiperidine, 2,6-
lutidine, 4-methylmorpholine, 1-methylpiperidine, tribenzylamine,
triethylamine, and the like, and inorganic bases. Non-limiting examples of
suitable inorganic bases include metal hydroxides, metal alkoxides, metal
bicarbonates, metal carbonates, such as MOH, MOR, MHCO3, or M,COs
wherein M represents Li, Na, K, Cs, Ba, Ca, Mg, and the like, and R
represents an alkyl such as methyl, ethyl, propyl or isopropyl. Preferably, the
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Uroniumsalts: O (1
H benzotri azole-1-yl)-N,N,N , N -tetranet hyl uroni um
wheooafilzes oborate (HBTU), O (1 H benzotri azol ePCL/US2004/018914
-yl)-N, N, N, N - tetranetithyl uroni um
tetrafl uoroborat e (TBTU),
bas® {s12,8-Idtidliper d‘*@-haaeqarppe uged gererally inntleast et B2 u

mo@rﬁcﬂ{&%;gé il l@g&%@ﬁ&%‘?‘%@m ﬁ%ﬁnuﬁ lll, preferably at
lealk (&bom 0 B%b@?f@hhwhternwmmet Sricfarabiom el 1(0 @ about 1.4

nor bor nene- 2,
mqbarc%qmadedeoEx®S§ bgsg Qaé‘tb%tﬁ‘é@%yl ur oni um

g 52 [ﬂa%{‘ﬁﬁ%gg%%b%d@“ég 3@“&@[@ relag’Hon in step 1 includes adding

an taeiditivel t@Qfal%C?t@betl\(aTﬁﬁLD NorAlnmtﬁfgeéxaadpmmf\mtdnm@sagemde

can be use nerally in at 28 | east
4 cawyl@mmqnw@meeddﬂ@ﬁw@ﬁwgamle  2dsegple, 4~

pyrﬁrg{ﬁgr it N @x&%}uccwﬁﬁﬁé@rﬁm o, ﬁgtgunggéh‘%otﬁaﬁole

urval’ respect’ tO e co

(HOBtYelta PfeferHUIy: theeﬁdrtmbhsﬁhyﬂm&thnﬂzoﬂnazde) about
ui val ents

1.4 ol th .
T or Sukabla SohsiaaRemn b8 ifed ¥ Sebt eHdE s dpRiigy
d@%ﬁ%&%ﬂi{ﬁfﬁaﬁe N 'Rﬁdﬁﬁé»tﬁ#d Sithdrfdet NON-difetriyicctainifd, Wilesthyl

d base to e reaction m xture. Nonllmtlng
suléooadel td, bB Fbexatiuero-2-prapanel, s aethyld-puolisigens.c

tetaqa]} 8??'%%%? Wlﬁgprﬁg %qo@?fﬁg@yhért bgtyl:g herdéﬁlfthezllk% or

mittufbE tHarbar m)a@dnﬂbﬁ%ﬁ@ures%f@ri@%r&ﬁbf@oﬂthesé epiedls can
N- et hyl di i sopropyl am ne, 4-ethyl norpholine, 1-ethyl

begigesr ith meaterf Busqlbjﬁl Fraterably IMentis geetanitrile.
l b
ana 1oL 1 REUb i feacbh S HHG AR dEre cllef picFhiStWAHIE

for‘m@msl IRirofyzed ?/@Iud the fnes geidi of thasempounidusidometiallV.
al koxi des, net al iC rb nat es,

dr oxi des, neta
Preterably c MehrHobeIS 6 eagermup ficseta \piasid.

[ d
TyPREN BaRe eI MuboO T Co Eﬁ"efgﬂ“éhq%s“%‘%'ﬁﬁ*: Be,
Ca iy, ancbtheplike) oor M@Fb(wlmayrle.Mﬁ%s abelefibeg abolie anO R = methyl,

2004/ 113294 PCT/

oty DI, AHESORBY o 06145 FOBUNARE Nl yfopic goids and

the RSt about 0.2 nolar equivalents with respect to the
conpound of formula 111, preferably at |east about
0. 8 Th® eompqund af tomnsija Pabfosrrmdeﬂat@mnys jactatedigsa salt,o

pref@edoly s () e oA R (SO AR R BB Ean b

used gdriRally inng! Ié'é’étsab@@ﬂofﬂgmo?a? @ﬁmyetleme viith epatyethe free
activation. Non-limti n? exanpl es of additives incluyde
er

acid gpmpennd piferopya iVl pret gbly@tﬂgastmb@yi gi&molar equivalents,
m%ﬁeﬁ@,r%f%@@lz@érﬁna}b% gi 0 Wnél%ﬁlzt 2 ?r?c)IQP’ Ly8&8nts. Excess (L)-o-

méﬂdymrﬁymﬁné@bhltmzmgﬂ (HCBt) etc. Preferably, the
Sadd2|t ive is - hydr oxybenzotri azol e.
tep

A compound of formula V is oxidized in a suitable solvent to form a
compound of formula VI. The preparation of compound V is disclosed in
copending patent application CD06068USO01 (based on provisional application
Serial Number 60/479487 filed o June 17, 2003) filed on the same date
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10 Suitable solvents that can be used in step 1
i nclude acetonitrile, dichloronethane,
wORMN4dLIzet hyl f or mam de, N, N-di et hyl acet am de, Pdi/ns100y018914
sul foxide, 1,1,1, 3,3, 3-hexabl uoro-2-propanol,
1-nethyl -2-pyrrolidinone, tetrahydrofuran,
herewithi L%Ii@fb'l; thanpiepanatian of campoind Y is eeresentaddntthe

[ ke, .mxtures thereof. In addition, m xtures of
SC%%S&G?%Te of these solvents can 15 be used with

wat er | 1sciblg Preferably, the solvent is

acet oni | e.y Affter the coupling reaction, anQ

i nt er nedratg”est’erOproduct which is fornmegNis
hydrol yzed #o yield the fiteet aci d of the conpoun8Fof
formula | Pr ef e ; 1S O e ester
group is catal yzed by base or acid. Typi bases

i ncl ude MOH, , MCO3 (where M= Li, Na, K Cs,

Ba,StgFQQCa, PN a él_{e | i kegiep #r MOR (whereH

det+red-above and = methyl— ethyl »propyl, and®H
i sopropyl). ikdic conditions include mid fonic
aci ds and i ke. The conpound of for IV forned

in step 1 is isolated as a salt referably an
(L) - a- met hyl benzyl am ae salt. ("L - met hyl benzyl
can be 25 used [y in at st about_0Q.2
equi val ents wit to thegdld acid
formiR4V, preferaply at Ieasl—gargx?gt—ﬁ.S nol ar
equivalents, preferably from about 1.
1.2 nol ar equi varents. Excess (L)-a- nethylbenzyl am ne
can be used. Step 2: 30 A corrpou(g‘q of formula Vis
oxidized in a suitable sol tp forma conpound of
formula VI. The p¥Bfarat i o:/lf fad v is disclosed
in copending pafent applicati 6068USO1 (based on
provi sional application Sgrijal \Number 60/479487 fil ed
o June 17, 2003) filed on same date WO 2004/ 113294
PCTEXS2DRY I8 Didtectity EQ)’L@)_M tdintduetliNe A Mdiety) suitable in
preparation of conmpound V.is regr esented in the

theqyaetige skihevinvention inclode aiiM, ethoxyragthyl, drnzglogymethyl,
CY;?(*.?H Mﬂeﬁe $Pish ﬁﬂ%‘ggﬁ, b'égzﬁ@x&é?ﬁlonyl, trityl, pivaloyloxymethyl,

tetrahydranyl, benzyl, di(p-methoxyphenyl)methyl, triphenylmethyl, (p-

methoxyphenyl)diphenylmethyl, diphenylphosphinyl, benzenesulfenyl,
methylcarbamate, 2-trimethyisilylethyl carbamate, 1-methyl-1-phenylethyl
carbamate, t-butyl carbamate (“t-Boc”), cyclobutyl carbamate, 1-
methyicyclobutyl carbamate, adamantyl carbamate, vinyl carbamate, allyl
carbamate, cinnamyl carbamate, 8-quinolyl carbamate, 4,5-diphenyl-3-
oxazolin-2-one, benzyl carbamate, 9-anthrylmethyl carbamate,
diphenylmethyl carbamate, S-benzylcarbamate, and the moiety:

HaC. f

AN
el | =

(o] CHg
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Step 4 PHN H Step 5 PHN CN OH Step 6 PHN NH2 O 31 ~

~ V Exanples of Nprotecting groups (to introduce the
w@20milel2yd suitable in 5 the practice of the POWERL0OMSI14

i nclude allyl, methoxynethyl, benzyl oxymet hyl, CY3CO

(where Y is a hal ogen), benzyloxycarbonyl, trityl,

p| vBlafgtred Wrptdigtting geupshpdudeyhethylearydmate, 2-

iR B A T PP Ay oA outy

caﬂb%ﬁ*?d?@ ?ﬁ%d&ﬁb&clobﬂﬁﬂ Bk{}b{eﬁ‘ﬁé’l@”ﬁtrﬁethylcyclobutyl carbamate,
2-trinmethylsilylethyl car bamat hyl

adaashy p@thaymatts‘ovmmﬁfhamte talkybcgnrba@mtbawanemyl carbamate,

&gl R Ca R Syt b R LY |
diphenpiatethe, ca@bmatells-bénﬁgﬂmibama&e dittioR® bvéfer‘eaﬂ;bambbe
4, 5- di phenyl - 3- oxazolin-2-one, benzyl carbamate,

9- ahh# Wld?é'@ﬁ)ﬂand%ﬁ gRiiedeout uginghBMS ofl axidadignut e,

KMy B2 iy B o Ty i eQﬁOQ“EH‘atXD

ot o Ao, 650,
| S| -

oG BRTIUT ABi5 DM PRRRR CBIqaTPNBGES Prefeetoputyl

car Egﬁr?;@eoxndat%t LA ES%HHWB? ‘Fﬁef Ecar L honQﬁmrBryﬂ'one of

car V|ny car amat e, clnna
thectatlbwingt reagsnBs- with BAISO: oaalyhmibede b\etmztynletw&ammeaﬂwnyl

cnigrifg i o AinG, cHang B A TRy Bmings BEE S
acéud ﬂmydrrdecwld@eomwaemy@ﬁaeusog yRWe-RiR#8damine, p-

oxi dat’i on, Br2, M02, rut hem um

tolm@iemkfpagl/q{ﬁqrmiﬁ, neprhgispharis eride PaOk eoAdtiethy{aruog,

R G e FehRReHTholP APl i Bl e ©

Préfasatsly DMSD isausedaihecamilsihations dith DO, axidddithioroacetic acid
preferably i ncl udes the conbination of one or nore of
as @EolYI| owi ng reagents VVI th DVBO oxalyl chloride with

tri I

o Ao GOy R EPICEE A0 BigBE R
wnthcret:p@ctaoiﬂyeicom;aouhd iof IfmrmwaalstprefemNy at ledsi about 1.0 molar

S03- ¥ ne-tri et rn/ 8
equivalents WI’[ respect to the compoun of formula V, more preferably from
about 2.0 to about 3.0 molar equivalents with respect to the compound of
formula V. Excess EDCI can be used. The reaction in step 2 can be carried
out at a temperature ranging from about -25°C to about 20°C, preferably from
-15°C to about -10°C, more preferably from about -10°C to about 0°C.

Non-limiting examples of suitable solvents that can be used in step 2

include dichloroacetic acid in EtOAc, THF, acetonitrile, methylene chloride,
isopropylacetate, methyl acetate, and the like, and mixtures thereof.
Preferably, the solvent is dichloroacetic acid in EtOAc.

The compound of formula VI is preferably purified by crystallization.
Step 3:

The compound of formula VI from step 2 is deprotected to yield a

compound of formula VIl using an acid in a suitable solvent. The reaction in
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15 tol uenesul fonyl chloride, polyphosphoric acid, P205

and triethylamne, trichloronethyl chioroformate,
woredohans4l f oni ¢ anhydride, and the |ike. PreP€&r/abkiog4/018914

DMSO is used in conbination8with EDCl, and

di chl oroacetic acid as a solvent. EDClI can be used
Stege Reranl hey cariedtout @h st teatpauaiude Samgihg froeyaboal @G t about

02k Prai@RBEh 2P ABER SBiu vl Creraprde kB o atou

15P¢) 0 ePBROEYOT. oNohqrmuhQ e\(arr'imé§ oPé@iH@ﬁﬁ@t' darl bO Gbe&h?ﬁiep

.0 to about 3.0 nol ar equivalents with respect to t
3 Ie@mﬁemgamc gaisnarefevablpttE%ds, ERSO ¢ S bandibigd, mbne

preBRRLY B, NLfRg Bhniiat Bislidue vl ouse

|sqmr@5atcﬂmethénolneﬁﬁnol%@e&@umv@UTHF1@@4erf@'EQOV\befF&Eﬁ$H y
om about -10C to about OC. Non-limiti ng exarrpl es of

D'\éﬁu s MR o Therdeacinuin iep Heanberaried pupata tempeiadere
rarfifi H3AP 866 S0-Bla ot HoS orefelaol PABRPRLANIdRC 1o ahour

ene c oride, 1Sso0 rop ace

60%@,dmohe pkefémbl;ahdmmwuirmdtb?mmﬁ Soglzefbeab@ht% hbthe or
olvent is dichlaoroacetic aci n Et OAc
U“ﬁ' Vdﬁﬂaﬂ% IS¢ he somperipd of fgrmyqla Ml ispraferably

puﬁﬁé@b?'cws%é‘ﬁlté}fbn Step 3: The conpound of formula Vi
romstep 2 Is deprotected to yield a conpound of

élgrnul a VIl using an acid in a suitable solvent. The
reaction in WO 2004/ 113294 PCT/ US2004/ 018914 18 St ep

anoinegeri e BHbuR v3p SEERE Ao A ibui8R

sol&bnuto ﬁ@l@ thewoenpuueidedtabiriular oI, apenimitiff ek amplea

Non-limting exanples of acids that can be used
Sustabigtagms 'acliuﬁe|mrw&rgaamgann@rga@m@cld@rmreaerablyynmaom

acﬁéﬁ‘ﬂ%f'r%{gﬂ*%%@‘éx fn@}??‘fég@; End HEE MO8l ielily HEY, -,
limitsgpexarapleb muhmielml\mdt%&wlud@gake?wgmw?]@ble %ﬂﬁngﬁ -
an e reac
prePiabis B 06 WETRE; DA Thlanaehiane spesopropd aceiaig: more )
odEPIEREShg 45819 oy B L AP 30
teraparatwe rabging frorh @ost o‘rof°0?tmabout 80RE, p@enab?rﬁroml about
0 rerera
oG BPBLEewE cro @RI anb s Bwd 28 10 30Buh B A tprsout
1 Hd@(r@#'uﬂtl!tHe'réaéﬁcﬁ‘ﬁFs%erlbfé al'Jnéér‘ Srelfdyr E@Wiﬁgﬁé the

solvent to yield onpound of Tornu
compaund ef fqrﬁyl@yg\lm @g)s@antlally optically pure (>99% de), and is

utilized directly in the next step.

Step 5:

The compound of formula VIl is coupled with the compound of formula
VIll in a suitable solvent to yield a compound of formula 1. The typical methods
used in this peptide coupling are the same as discussed above in step 1. A
preferred activation reagent is EDCI, a preferred additive is HOBt, a preferred
base is N-methyimorpholine, and a preferred solvent is methyl tert-butyl ether
(MTBE), all three preferably in a solvent such as, for example, acetonitrile.
More preferably, the coupling step of step 5 is a mixed anhydride procedure
with isobutylchloroformate as the activation reagent.
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acids, preferably inorganic acids such as H3PO4,
woR28@41320CI , and HBr, nore preferably HCI. NonPCT/US2004/018914

limting exanples of suitabibe solvents include water

i mm sci ble solvents, preferably Et OAc or MIBE,

met Hp laeprefesrechembedinents dye opyborndvhfamutaMi is generated

in %Ftﬁfé@rnﬂg ecéugﬁ 19 8V0lggt%t BS é{\ gg ttljlogﬂ 'IL}‘% géﬁlgrpeag@u?ved
bydﬁ(ﬁgi‘hg eﬂth@uth@@&nfabtlﬁél R wr@@é)@uﬁabl%nﬁnﬁe%%tlast

nmore preferably from about 25C to about
to é*b% bﬁfchla FRaGlY cont@yping alt eier seagards and regwpneg éhe a:ddmon

und of forrmula VIII is
rafér S%Hrll?\%a?@ﬂﬂéﬁeggg ”%ﬁ%’é&?&?}g% de), and is
ut i Il mdtrtbrrpeeﬁelmedl embb@m’imtt tr@tcﬁ?npé’tﬁmﬁbﬂ@n’ﬁulami@ purified
with the conpound

fh@#&&ﬁwr@éﬂm ¢ a hlsalf% aﬁaﬁcféﬁ@wn@m follgwingsiogmyla:
conmpound of formula 1. typi cal r%s ds wused in
this peptide coupling ar t he sanm mq‘.ussed above
in step 1. A preferred%lc,tlvaﬂon eagént’ is EDCl, a
preferred additive is a pN rr 30 base is
N- net hyl nor phol i ne, and a erreg solgyent is methyl

tert-butyl etherp (MFBE),NaII igrﬁee preferably in a
|

sol vent such as, lfor gxa e, tonitrile. More
preferably, i g st & step 5 is a nixed
anhydri de prog@durell wi £h isobutylchloroformate as the
activation reagent. OWo 2004/ 113294 PCT/ US2004/ 018914

MQJRptF oF g Bfirionieind BSHIES ddkinei 218 dRRoiEed &) AvBREEad s

O@Hh}cd@ﬁemml?/ghm@o@ﬁbn T}@ng/umg I‘? J?ﬁn W{éfw Soﬁ% 1992

charging either the co or mu
sui t |f@Il@mngewqmmaltingsEXAqut& abmprdviddd macmder to further

G 8 3bL B EPRGE Spoal £ Al e an
thaﬁﬂhéw rRotifcatibAs Wt&ﬂ@hs Rineff eﬂfdr@l%r%”l’%%b 'H?Qé?]nttd?é"closure
onpound . of formula | g@glfled t hrou

bOFbeqT@@IQfml%fm%th@ﬂg @nph PﬁéC genditions, mgay ge pfracuuaami Adj
SUER Hﬁalﬁcaté% N’i‘ana’uon'é' E{H(a Ma%rgscépe m?en'_clie'a {o be wﬂfnn'?he

spirit and scope of the present invention.

EXAMPLES

Unless otherwise stated, the following abbreviations have the stated
meanings in the Examples below:
MHz= Megahertz
NMR= nuclear magnetic resonance spectroscopy
DMSO-= dimethylsulfoxide
EDCI= 1-(3-Diemthylaminpropyl)-3-ethylcarbodiimide hydrochloride
MTBE= methyl tert-butyl ether
NMM= N-methylmorpholine
Equiv= equivalent(s)
IPA= isopropy! alcohol



WO Met hods of purification using bisulfite adducts are
described in Advanced 10 Organic Chem stry, 4th
wediowiteaz94 Jerry March, John Wley and Sons, 19PCT/USZ0h€018914

followi ng non-limting EXARPLES are provided in order
to further illustrate the present invention. It wll
be apparent to those skichethédh the art that many
nodi fications, variations and alterations to the
present disclosure, both to materials, nmet\Wods and
reaction conditipns, may be practiced. Al £ su?én

r engged

_;?)cufle@mlons yariations and al terati
rwé Be4ni t hin t E"’ spE;OP*ﬂat Er&nrexbst%we Wéf prN'ese t

y rws ot

flol [V ng abbr evi @tiedns Eﬁmet'%'b‘f"ﬁ'%mm%t at%ed Q mea s
i it he Exanpl es bel ow. MHgs 1Megahert z NI uet ear
magneti ¢ resonance spectroscopy DVBO=

di met kyl sul f oxi de EDCI = o ona ©

chllori de c2&oMTBE= met hyll t emenebut I
hy? nor phokigne Equi eqU| val gt (S)
propyl al cohol WO 20

Schee | VO HcozZzH/ Qtft~/o \ N/ - ~~

HOBt , 2\@’Lut|d|ne 10H3 -7-S HO/17 Q\/CI O

(L) - met isylamne H | NHacetonltrl" !
111 Ste OHCI O HZN NHz
N

E\/g EtOAc, HCVH:0 | \/g
H Step 4 =
o
/} N> vm

\
N
Isobutylchloroformate, \k o

N- methylmorhohne

Step 5 \‘r z
) =

VII

Experimental Procedure

5 Step1:
1.0 equivalent of the compound of formula Il was charged to vessel A,

followed by 3 volumes of acetonitrile and 2.25 eq of 2,6-lutidine while the
temperature was maintained between 20 °C and 30 °C. Then 1.0 eq of the
compound of formula Ill, 0.5 eq of 1-hydroxybezotriazole hydrate, 1.2 eq of

10 EDCI hydrochloride and 4 volumes of acetonitrile were charged to vessel B
between 10 °C and 20 °C. The solution containing the compound of formula II
was then immediately added to the slurry containing the compound of formula
lll. The reaction was complete in about 3 to 5 hours.

The reaction mixture was then diluted with 6 volumes of MTBE and the

15 pH was adjusted with 3N hydrochloric acid, extracted, washed with sodium
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BocHN NHZ EDCI, DWMSO BocHN NHZ Cl ZCHCOZH HCVIPA O p O

Step 2 Step 3 VI VI VVv ; -, poOdNHaH H(
woRop/1ER2OAC, HCI/HZON O HEN "N p | \ H-N-/ BPCTOUXD04/018914
Step 411 O/~ O\ VIII [IVIHSCVCH3 VNH2 O/~ CH

IN HZN C NHZ | |sobutylchloroformate, HN O HN
b|cdﬂbtrnaﬂe>ddtm¢mand| eopcmtfateﬁNAmmeds:t@p\ & 6X Nfyacetoyitile gnd

Expe t d
rocgRCaTENDBIR it S ies a0 atefds et FVALENES" o
soh%tfﬂg’ (]@V@(ﬂll wéré’é’lhé’rﬁéa qfheﬂﬁ&bﬁWésf aditated ¢orR3 Béu@bétﬁveen
di'ne whil et he enper ature was i nt aj ned
20 {2and @5 °® Rilalien ebthe bamre with. Hvelymsss efHsopregithacaiateos

I 111
el BRI s syl M BORER A el ©
soomffﬂtdmbrtdé WasMe Cvrebatrefch hith\eiitinaBisopetpw ecelde C
C. The solution containi ng[e(t he co

properasiifie hatch ferngiRal IPHEMmEBPy Idddea By DRBAUATIR
ﬁsgcg”ﬁ@ ov%$ g?é&%dﬁgggg Wé% %d gB[@Hbggs 1 6'5 vdlifnd=§ 2£ 7008 to
80 °C. The temperature was maintained for about 30 minutes and then the
batch was cooled to 20 °C to 25 °C. The salt product was filtered and washed
with 3 volumes of i-propyl acetate. The wet cake was dried under vacuum at
40 °C to 50 °C for 8 hours and then at 75 °C to 85 °C for at least 10 hours to
provide the compound of formula IV in about 85-95% molar yield.
'"H-NMR (400 MHz, CD3zOD): § 7.45 (m, 5H), 4.92 (s, broad, 5H), 4.39 (q,
3H), 4.33 (dd, 1H), 4.28 (s, 1H), 4.03 (d, 1H), 3.96 (dd, 1H), 1.63 (d, 3H), 1.45
(m, 2H), 1.28 (s, 9H), .1.05 (s, 3H), 1.04 (s, 9H), 0.91 (s, 3H);"*C-NMR (100.6
MHz, CD;OD): §179.3, 173.3, 160.1, 140.7, 130.6, 130.4, 128.0, 63.9, 59.2,
52.6, 51.1, 49.3, 36.4, 33.3, 30.1, 28.8, 27.5, 27.2, 21.5, 20.5, 13.6.

Step 2:

To a stirred mixture of 1 equiv of the compound of formula V was
charged 4 volumes of isopropanol and 2.5 equiv of EDCI in 6 volumes of ethyl
acetate was added 2 volumes of methyl sulfoxide. The mixture was then
cooled to -5 2C. To this cooled mixture was slowly added about 1.5 equiv of
dichloroacetic acid over about 1 hour. After addition, the mixture was stirred
at -5 °C for about 21 hours and water (5 volumes) was added. The mixture
was then warmed to 20 °C. After separation, the aqueous layer was extracted
with ethyl acetate (3 volumes). The combined organic layers were washed
with water (5 volumes). Ethyl acetate in the organic layer was displaced with
heptane via distillation. After solvent displacement, the mixture was stirred at
20 C for 2 hours and filtered. The wet cake was washed with heptane (2
portions of 2.5 volumes) and dried under vacuum at 40 °C for 12 hours to give
70% molar yield of the compound of formula VI.
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The reaction m xture was then diluted with 6 vol unes
of MIBE and the 15 pH was adjusted with 3N
whyanochhori c acid, extracted, washed w th sodPCmU¥I004/018914
2004/ 113294 PCT/ US2004/ 018224 21 bi carbonate sol ution
and concentrated. After addition of 6X of acetonitrile

H NIAR (D”MSQJ)C&BIGCﬁ%s ,drH), 7. 20 ()t ), oR0HTERS (h, & H)0%75-4.62
aqueous lithjium

dr oxi de. sol ut,i 2 ui,v e
(m, 31r 538, (THE) AR Hnmadth.c a6 199 0 B3 4 Het vizeen. 9
H). 20 Cand 25 C. Dilution of the batch with 4 vol unes of
|sopr opyl acetate 5 was foll owed by pH adjustnent with
_hydrochloric acid, extraction and sodiumchloride
St sh. Concentration with additional isopropyl acetate

Pr eRp4 8flrrbA enikare bf flasquividesieditihé eomgidul cftfepmula VI and

L(-)-a-nmethyl benzyl am ne (1.1 equi Vf-l s, char d to
6 volhmesrczfeswpﬂylsaiwmloﬂ veb!rm%ﬁ gf %“6\'/\5 Q:i:gbbsoafo

adfid g PP Bl YRS HERE 8 B0 2,k il %q‘&?r%s
ano(%allrijﬁlgga‘g telafbtlroglwbtmmwori i Tl’he meiEtuze ?Ivasmmwntr‘aledwtos’about
NIRRT O TN T
wad éh&gte‘a deﬁ%f ﬁe ﬁtcﬁ‘%%s?ﬁled-@a OGS, Afer Bh@\ﬁoﬂetﬁehe

about 85-95% nol ar yie
reclphthwa ¢alioe Wiz, filiepsdand \@ShedsM(hrm%H)me’thlybtgrt(gutyl ether.

Thqb{/v%?grqd?g%%a& c;’rpcf_b?hd " 3Hszjat %&A,éqgr 1%&5‘{1? t%ﬁ o 6%
mogﬂ_b‘il"fbld Wh@&&mgéu% of SornRIta VI, 1 05 (S 3H) 1 04 (s,
C- NWVR (100. : 8179,

"H mf@owmm 5,8. 55((373 H)38.38, (s;uecmms Oﬁz@ o, H)@é 5'96 468 @n

52.6, 51 3, 36.4, 33.3, 30.1, 28.8, 27.5, 27.2,
1Hb]?-%1'12‘b4 é’f" g%!)s_ 20 Step 2: To a stirred mxture of 1

equi v of the conmpound of forrmula V was charged 4
Stemflines of isopropanol and 2.5 equiv of EDCl in 6

"°' rQ%?utR{nf f%'HCI?ﬁg\Féféﬁ MBGORMANRY Was/ShargRE tof

mx ure was then cooled to -5
eq@vaIEﬁt phire cmnpelmdmktaunnela/\hélnsﬂnemwt%rﬂbgwl ehwit41. 5

volurhasy MRIEY s an et et 20 25, B Tndf” tie o8 iayer
wa@%%hé‘arétéd %‘h‘dlftﬁeaaraﬂue\b% qye(rﬁva@émaﬁéd WA MIBEL2 diemes).

ure hen" warned to 20 C. After separation,
Thtahxematqne«b osgarmy tayenaasciach evaporaigd ko gehg solid of Heed g8 is

Th
onipbiteREbion B2 sGRREH IR Al BT o4 e by
dl§tl?¥f?(5n aﬁétﬁbrﬁaéé@ﬁdmﬁdn@mmept ane via distillation.
After solvent displacenent, the m xture was stirred at

E[;@hﬁi] g:2 hours and filtered. The wet cake was washed
eptane (2 portions of 2.5 vol umes) and dried

undsl, Y a6iHBh ¥ t#@c&n{o%n&%f RtHFa VP @ ¥Buiv, obtained above)

in acetonitrile (10 volumes) were added the compound of formula VI (1.3
equiv) and, EDCI (1.5 equiv) and 1-hydroxybenzotriazole (0.3 equiv). The
suspension was stirred and then N-methylmorpholine (1.1 equiv) was added
over a period of 1 hour at 15-20 °C. The reaction mixture was concentrated
under vacuum to about 3 volumes and then diluted with MTBE (4 volumes)
and 1N HCI (4 volumes). The mixture was stirred and the organic layer was

separated and treated with 5% aqueous NaHCOs solution (2 portions of 3
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70% nol ar yield of the conpound of fornula VI. WO

2004/ 113294 PCT/ US2004/ 018914 22 1H NVR (DVMBO: 8
wW@200/1{x94 1 H), 7.72 (s, 1 H), 7.20-7.08 (m 1P¢#/1S2004/018914

4.75-4.62 (m 1 H), 3.35 28, 1 H, 2.48-2.30 (m 1

H, 2.10-1.48 (m 8 H), 1.41-1.22 (m 9 H). Step 3: 5
volimes) s Therarganiciaysrevas canednitiated énpraidd the compound of

f 6, vol f | al cohol, 2
forwﬂ%ﬁ@?ﬁﬂut%@ ol%%é@ﬁfoganbf’o%? P added to 1he
H NMRL(SGQI r@hf IBRT dIfs shRAL dad Ryt Og%f O%T(%pfﬂfbaé oH),

hour's r f'eaction cdnpl’é
5.97i (et G-, 3188 (ddntid)qmm én, 1), 2h6t(s, PH) . um )G 3.74 —

3. eﬁ‘?r'ee’dﬂ@i;’z%&( b, dd Bt 3'7&"@%%@) Te60. 7m, 2H),

f § g~ @n th
i'ds V\gr%3 quct g?e?quﬁ QHZ V\Afﬁoﬁohfceélﬁéth IGJn 9H).
Q NMR 678 MH=tDMBO-dd)he 1920, pgmuamms 7007 ey 1L61,d1§f1 .5,
40 2C for. 12 hours ve 91 % rmlar%leld

1753, RE 0 g AGaeT. el 157 31 ARk 1 BrBops 2o
S0TBET R S, S0 100 oL 2 32 She g s S oe e
47 BOAOi Ty 40:0,689.5,23%.2y 89.0786)8, B85 cS‘EaB,g@@l?t 842, 34.1, 34.0,

seFpYREN, & oLA 72 80RE A% S 2 o BB

273t 22,27 ﬁzfepg 26*40262 bBel, ppannig:7)| P86 185 WBSY, 180,
separ ated ‘and t he aqueous |'ayer was extractéd w'th

1749ITBEQZ7VZ)I1%,S]25 The conbined organic |ayer was

get a solid or used as is for
lsog Hgﬁ%&rﬁ)\@?@%@(@?t@grvent MIBE is replaced with
aceTor $dlutien of tr@ é¥npoynd fbratuld Vil grpaqawdobia&reméi@@e) in
in the next step EDCl net hod: 25 sol uti on of

etfwh@%tarﬁa@l%olam% Wi added the compound ofermua Yk e)

eqiuP) ?ﬁ&‘ié?:fﬂutn(/{:ﬁlﬁ cgfégnéﬁ%l (ﬂ@?&w‘(ygr ?E%%ﬂgeiﬁgsequ v a%%to
0-102-Chadd d)b(@’g quz?tthiyr!mqu;\fl:bhha h($ 1ee|qu,) rl\lMM)ewas asidedsivena
el ob oMY, OB reRtER TS WES IS AIRe 3 BELE Volbes)
and 9%t ‘[f%'Rr@c itatéd Ngmm‘%?‘ﬁ[\héé gﬁel%% Etr%?é:\‘dl'al v&e% ed

about nmes an uted with 4 vo
withriddN HO (2gblundes)cndhiben . orFariciayerwas washed Nmtheﬁ%and

aqé%%ﬁlgﬁ@ﬁ@ﬁﬁgw \L(ﬁvngrr(e%‘?r m?%agglgltclégséartﬁgs y:mongen %’ted
to provide the compound of formula I in about 90-95% molar yield.

"H NMR (500 MHz, DMSO-ds) & 8.20 — 8.30 (dd, 1H), 7.76 — 8.04 (broad, 2H),
5.97 (s, 1H), 5.86 (dd, 1H), 4.85 (m, 1H), 4.26 (s, 1H), 4.11 (d, 1H), 3.74 -
3.96 (m, 2H), 2.40 (m, 1H), 1.80 (m, 4H), 1.73 (m, 2H), 1.60-1.70 (m, 2H),
1.43 (m, 1H), 1.26 (dd, 1H), 1.17 (s, 9H), 0.82 — 1.00 (m, 6H), 0.89 (m, 9H).
'3C NMR (75 MHz, DMSO-dg) & 197.9, 197.2, 174.4, 173.7, 171.6, 171.5,
171.1,171.0, 170.8, 163.1, 162.8, 157.5, 157.4, 157.3, 157.2, 94.4, 94.3,
60.8, 59.8, 59.4, 59.2, 56.9, 56.8, 53.7, 52.3, 52.1, 51.8, 49.0, 48.9, 48.8,
47.5, 40.1, 40.0, 39.5, 39.2, 39.0, 36.8, 36.6, 35.8, 35.7, 34.2, 34.1, 34.0,
32.4, 32.2, 32.1, 31.9, 30.7, 30.6, 30.4, 29.4, 29.1, 28.0, 27.9, 27.8, 27.7,
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organi c | ayer was concentrated to provide the conpound
wotoosfianpul a | i n about 85-90% nol ar yield. ' HCIVRSI050018914

MHz, DMSO-d6) S 8.20 - 8.3@4(dd, 1 H), 7 76 - 8 04

(broad, 2H), 5.97 (s, 1 H), 5.86 (dd, F% E}}m
274, 3.2, 271.26269, 254—0262,%11(25 01181)7 186,48 ‘8396@

1.80 (m 4H), 1.73 (m 2
17%%708,11% 5216 éﬁ;’g 1. 43 §m 1H)H), 1, 26((dd H)l H)
1. M‘J:Ig w[}lsoe ﬁhQiers@o&?that %'a%hé ﬁ‘ioo@fkﬂaﬂoﬁs 89n(58 mAdk.-to tHSC
d6) 8 197.9, 197.2, 174.4, 173.7,
emuddmmnta and &xarrﬁl&s disclpsed heraing Theretose theabhpve
157..5

desggpﬂoh §és%ld fle: (ﬁ'@t@g&é Iy%gé %L?td'rg%rely gg 1e§§§nﬁa| lggt’ions

of [ﬁéfe‘Pred“&nSodﬂaQerﬁ@ Thod8 skilledtn the 3R.vill eBYision \wlcms
8, 6, 35.8, 35.7, 34.2, 34.

moemcatlormwghmbeﬁcoeg a5d spiritf the Clﬁ'mﬁsﬁppeﬂﬂsgd‘ef%
27.8, 27.7, 27.4, 27.2, 27.1, 26.9, 26.4, 26.2, 261
26.0, 18.7, 18.6, 18.5, 18.4, 18.0, 17.9, 17.8, 17.7,
12.6, 12.5. I|sobutylchloroformate nmethod: 15 To a
solution of the conpound formula VIl (1 equiv,
obt ai ned above) in ethyl acetate (10 volunes) were
added the conmpound of fornmula VIl (1.2 equiv) and
i sobutyl chl oroformate (1.5 equiv). The suspension was
cooled to 0-102 C and then N-nethyl norpholine (1.1
equiv, NW was added over a period of 1 hour. The
reaction mxture was diluted with MIBE (5 vol unes) 20
and then the precipitated NMM HCl salt was filtered.
The filtrate was washed with 1 N HCI (2 vol unes) and
t hen organic | ayer was washed wth 5% aqueous NaHCC3
solution (3 volunes). The organic |ayer was
concentrated to provide the conmpound of formula I in
about 90-95% nol ar yield. 1H NWR (500 WMHz, DWVMSO d6) 8
8.20 - 8.30 (dd, 1 H), 7.76 - 8.04 (broad, 2H), 25
5.97 (s, 1 H, 5.86 (dd, 1 H, 4.85 (m 1 H, 4.26 (s,
1H, 411 (d, 1 H, 3.74 - 3.96 (m 2H), 2.40 (m 1
H, 1.80 (m 4H), 1.73 (m 2H), 1.60-1.70 (m 2H),
1.43 (m 1 H, 1.26 (dd, 1 H), 1.17 (s, 9H), 0.82 -
1.00 (m 6H), 0.89 (m 9H). 13C NWR (75 MHz, DMSO d6)
8 197.9, 197.2, 174.4, 173.7, 171.6, 171.5, 171.1,
171.0, 170.8, 163.1, 162.8, 157.5, 157.4, 157.3,
157.2, 94.4, 94.3, 30 60.8, 59.8, 59.4, 59.2, 56.9,
56.8, 53.7, 52.3, 52.1, 51.8, 49.0, 48.9, 48.8, 47.5,
40.1, 40.0, 39.5, 39.2, 39.0, 36.8, 36.6, 35.8, 35.7,
34.2, 34.1, 34.0, 32.4, 32.2, 32.1, 31.9, 30.7, 30.6,
30.4, 29.4, 29.1, 28.0, 27.9, 27.8, 27.7, WO
2004/ 113294 PCT/ US2004/ 018914



24 27.4, 27.2, 27.1, 26.9, 26.4, 26.2, 26.1, 26.0,

18.7, 18.6, 18.5, 18.4, 18.0, 17.9, 17.8, 17.7, 12.6,
wQ@2003/113204 Wi | | be understood that various nodi PCT/EB20041618914
can be nade to the enbodi2énts and exanpl es di scl osed
herein. Therefore, the above 5 description should not

be construed as |imitinGLAIMS nerely as
exem?l ifications of preferred enbodi nents. Those

Wh§'k'§ dMetiSi he art will envision various

FScds! GRQf fitehaR 1 Ebinpeisirighe
T ool in ipgiifl RpBARaS! R Comphisirg:
PCT/ US2004/ 018914 25 II\/IS V\h?t is clained is: 1. A
process of making the cSﬁ;pound ofy\ f ornel @ |
conprising: V O H NH2 H® ~(,~ O HeN-NO |
IOl 5 (1) couplj ga nd oormula Il with a
compound of for a ,I Il i el onpound of

formJIaIV:Vv,Q‘g+ COZH(R NN/ 1O + |am

NNNNr OHY!"HIP~20 Il Hor salts thereof
0
NS i
5 (1)  coupling a compound of formula Il with a compound of formula

11 to yield a compound of formula IV:

H COH \:/,/ , \k [-H
\ / = OR H
N

’ ’// + I‘l\l
/ N\ (o]
H o]
H O
I or salts thereof /V
I v

wherein Z* represents the cation of an amine or metal; and R is selected from
the group consisting of alkyl, aryl and aralkyl;
10 (2)  oxidizing the hydroxyl group of a compound of formula V to yield

a compound of formula VI

OH 0
P- HN NHy P-HN NH;
0 - o}
VI
\'

wherein P represents an N-protecting group;
(3)  deprotecting the compound of formula VI to yield a compound of

0 (o]
P-HN NHz HoN NH
0 . 0
VI viI

15 formula VII:



[11 1V wherein Z+ represents the cation of an am ne

or netal; and Ris selected from the group consisting
w@booalikigb4 aryl and aral kyl; 10 (2) oxidi zi ng PEEUS2004/018914

hydr oxyl group of a conpound of fornula Vto yield a

compound of forrmula VI: OH O P- HN NH2 P-HN NH2 O YO

vV V(4) V\hgeeel’atlngraefﬁEQﬁétﬁt(sompomnqbDbfcemulmyllgfroupthe( 3)

compound of forrmula VI to yield a
Co'g@%ﬁ I?E\?Tornul aVil: O P-HNNHR HON N2 O Y
o Vi VII 004/ 113294 PCT/ US2004/ 018 26 (4)
generating ayfree acid conpound of formuza VIII from

the conpougdaof farpula IV: V VCo ZFR)ft%oH NN
O HNYN HNY O I v ; and I t he
conpogfid rof la VI vvlthac oUhL/@L formul a

VITI to el dth& corpound ot VO~ H NH
oN \}g

© /-_V /va

;and
(6)  coupling the compound of formula VII with a compound of
5  formula VIl to yield the compound of formula I:

N ”/ NH,

HoN \k|\f/zﬁ( E\iH 0

VIII I
vl
2. The process according to claim 1 wherein Z* represents a primary or
secondary amine base.
0 3. The process according to claim 2, said primary or secondary amine

base is N(H)(R)2 or N(H)2(R), wherein R, which can be the same or different
and is independently selected when more than one R is present, is selected
from the group consisting of H, aryl, aralkyl, alkyl, cycloalkyl, and

heterocycloalkyl.
15 4. The process according to claim 1 wherein the compound of formula IV
is:
Y
N O@
\k H L—NH %Hs
A b/l\
EEG N
5. The process according to claim 1, wherein the coupling of step 1

comprises activating the carboxylic acid group of the compound of formula Il
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30

O/ %(/ HENNH2 CO + NI OHNOO ' OHNN H-N
O~ ~1A( WVIII VIl 2. The process according to claim
wd2wharrvh Z+ represents a primary or secondaP@T/afton€018914
base. 10 3. The process acedrding to claim2, said
rimary or secondary amne base is N(H)(R)2 or
Wlt?l(an) actRjationtagent geRctathirem thargroep cossisting obcarbonic or

caflch S e AR ckn ERSBASBH MR ERIE PRl roate.
2-8thBRy Bbittsyearbdny Rl ,‘QLdlh?d@d&M‘iollnié' (EEDQY )&H\Jﬂ @hl@fbforﬁié\‘i’e

het er ocycl oal kyl . . rocess accordin

lsoauarl ﬁh@f@mm@ﬂ% lwryoe@ﬁwamro rrrfaiemmaeth)dacety! ch}ocudeo
2.4 i brbeerty o e, Teonureroroldndtb ok Tittodtiit £ 09

chmoﬁovmhteng:yahen@ahlbawj oxalgahdoide) Whetbf/laniinoswfgratingoride,
5\/\{ la |l 004/ 1'233294 PCT/ US2004/ 018914 27
bi t@%araﬁﬂafé@n%wre rpERidiniemcexadiiurgraphesrhaje 4Bp TFFH),

OISR RO FERS DR r SR oA eagens, utur

reagends odarbadiimides 2pwidioxy salts and phosphonlum salts.

6. ol SPHOPRRTRACSTUERPHAET f o BF i Raek! B EREAEED! s 2
cafddhide sERicRd Fréﬂnrfﬁbr@fb@ﬁ %bMélsﬁl"u‘d; Bf U§elohexyldicarbodiimide
(DCC), 1-(3-Diemthylaminpropyl)-3-ethylcarbodiimide hydrochloride (EDCI),
and diisopropyl carbodiimide.

7. The process according to claim 6, wherein said carbodiimide is EDCI.
8. The process according to claim 1, wherein step 1 further comprises
adding a base selected from the group consisting of 2,4,6-collidine, 2,6-ditert-
butyl-4-methylpyridine, 1-diethylamino-2-propanol, N-ethylamino-2-propanol,
N-ethyldiisopropylamine, 4-ethylmorpholine, 1-ethylpiperidine, 2,6-lutidine, 4-
methylmorpholine, 1-methylpiperidine, tribenzylamine, triethylamine, metal
hydroxide, metal alkoxide, metal bicarbonate, and metal carbonate.

9. The process according to claim 8, wherein said base is 2,6-lutidine.
10.  The process according to claim 1, wherein step 1 further comprises
adding an additive selected from the group consisting of 4-
dimethylaminopyridine, 1-methylmimidazole, 1,2,4-triazole, 4-(1-
pyrrolidino)pyridine, N-hydroxysuccinimide, imidazole, and 1-
hydroxybenzotriazole.

11.  The process according to claim 10, wherein said additive is 1-
hydroxybenzotriazole.

12.  The process according to claim 1, wherein the compound of formula Il
is used in the form of a salt of formula:
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5 2,4,6-trichl orobenzoyl chloride, isobutyl

chl orof ormate, 4-nitrophenzi chloroformate, cyanuric
waebdoanixte4 oxal yl chloride, diethylam nosul furPCT/US2004/018914

trifluoride, bis (tetranetBylene)fl uoroformam di ni um

hexaf | ur or ophosphat e ( BPTFFH),

Di et hyl f ormam de/ POCI 3 (\(i] snei er's reagent),

phosphorus reagents, sulfug, rea %nts, car bodi i m des,
pyri di nium salts, and phos [ salts. io 6. The
process according to clai HMTEI n said activating
agent is a carbodiimde sel cha@f fromthe group

consi sting of di cycl ohexyl di d¢hrdodi i mi de (DCO),
Sﬁés Di ent h am g&opm L - et hyl carbodi i m de
whe m&m%@ s (& vhaed e aeipris gelectag Bean theigreup
n claim®6, wherein said
Corzsallsrtb d| i m 4’%52%@ ?%ng The process according to
13.cl alhe processrazicordihg o tlaimr12) evhereimpRiis awthyddhd gail acid

i @éﬁe sel ected fromthe group consisting of
6-collidine, 2,6-ditert- butyl-4-nethylpyridine,

1-d I
141, ST P ek pgRatelny e B e oy

the-f@fmﬁtlfpﬂ pttriedtarapoundsof {oringianB. 4- met hyl nor phol i ne, 1

15.mt s ohoe axrasneo gty cEhPRn e Repreriadisaue of

theacminpm!irﬂjs @f&bhﬁﬂl&t\t an8-VIThetéy 2¢§§éle@téépffr@\4nf’cﬁe Pogh ai m
wherein said base is 2,6-1utidine. . The process

Coraﬁd%tmgﬁfr@ly{ anethaxymethyhhanzyloxymaihyl, Cma@@e wheseioreanksY

ca S 18 SISl ¢ ook ST Eo RS TRL T

corismm(fiq ofrhalagers, beﬁrzglbx%anbéonyp :tmtyli Wm@m@myl

r oxysu m de, i m dazole, an

tetiR st BT DI (B-mMathoNTpReTBA S0ty Firhaimgtyh @-ai m
t I

melfihEraidpashneih et PRI A ©

medthpmbamabé Z—trrmerﬂhalsilylletr}w iliartmdtu%tg_?_ /1 ngl(i)igi /1 Emggq?thygs

4

carﬁ %&@R‘ buqﬂ?arﬁﬁm@w?f?% ;1) '\?’HE\"M faRaMHPekent s

metttcyefdbud)ikedroamdid, 2RIaftdrilyl carB &8s, R5hyl camdM&ted AP

carbamate, cinnamyl carbamate, 8-quinolyl carbamate, 4,5-diphenyi-3-

oxazolin-2-one, benzyl carbamate, 9-anthryimethyl carbamate,

diphenylmethyl carbamate, S-benzylcarbamate, and the moiety:

HaC. E

AN
- | /
o} CH3
16.  The process according to claim 1, wherein the oxidation method in step
2 is catalyzed by an oxidizing agent selected from the group consisting of
DMSO based oxidation, KMNOy4, Bra, MnO,, ruthenium tetroxide/NalO.,

pyridinium chlorochromate (PCC), pyridinium dichromate, sodium
hypochlorite in acetic acid, BaBrOs, and ceric ammonium nitrate.
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consi sting of H3PO4, H2S04, HC, or HBr. 13. The
process according to claim12, wherein Ris nethyl,

wa@pah4asizge acid 5 is HCl. 14. The process accopdi/ng200018914

claim1, wherein an acid i 29added to catal yze the
forrratlon of the conpound of formula IV. 15. The
17 pr odéespracess acerjding ol claim 16, wheredn the addafion in siepi s
onpounds of forrmula V and VI in step 2
Dh&@?@ﬁ%@p&(@%ﬁp@m the group io consisting of allyl,
18.Met iR predadsl accoediay te st 1 her6iBibe, codmmdﬁofemﬂmMé Vi
can be the sane or different and is independently

in @@Pé’dﬁ@&”‘f'?@r‘%’t%@t@u'éﬁﬁon -consi sting of hal ogen

19,:3 EFTN% ot déf S lrdmg{té tc}o’el ip P'W@{%@ﬁyﬂﬁyﬁ qcho formulapVI

in dtepy8 |Hfddpyd>tec’(e|m-wmah<ac;¢laele;tte)cﬂﬁr@inethgIgm)lm byhslsnng of
dlphen ph Hy benzenesul fenyl, 15

HsRPu k2 Ml'zérg BBE i met hyl si |yl et hyl carbamat e,
1- I

201 {T‘_?E%yrc))c%esgm&ﬂtﬁgﬁa olaiffdd, %ﬁ@rbﬁw thle- dUhpduREPRIMR

car barmate, 1- nethyl cycl obutyl
VlldalsthmﬁsepurﬁftBjThy]chtajbzaimmt e, vinyl carbamate, allyl

21, L TR pionss AEEoRRg P KRBt Srath i Bottp Gl B huia 1v
in Step™ BrdA8d With &ﬁé&é'@l&te@@oﬁi g'léteg?]lﬁghﬁﬁidh}élstmgeof HsPOy,

carbanmat e, S-benzyl carbamat e, noi ety
H.803, 1), anﬁieHBfocess accor di ng to cI a| m 1, wherein the

220%" 3 LB g3 S L R E oM sten s g o

mikddEhpgsRIb I\g’@bddmeownh W@#ylclﬂbﬂ)fohh@ré r ut heni um

t et r oxi de/ 04, 25 pyridinjum chlorochromate
23py r THPMArAPRSH 24R0sHROAD claien L hargEbig Hmpeund, &gt%%wla

e e T T N

24accorebmgoured of thierfolrBulanher ei n the oxi dation in step 2
is DMSO based oxidation. 18. The process according to
claim1, wherein the corrp\Q,dnd of formula VI in step 2
is purified by crystallizdtion. § 19. The process
according to claim 1, vvh rekn t e conpound of fornula
VI in step3|s tha aC|d sel ect ed
fromthe group con |st ||ng g PO4 fH2so4, HA, and
HBr. 20. The pro cmg akm 1, wherein t he
compound of fornu

25. A compound of the formula:

0]
BocHN NHp
(0]
VI
26. A compound of the formula:
* HCI o
HoN NH,
(0]

VII

27. A compound of the formula:



VIl in step 3 is purified by crystallization. 10 21.
The process according to claim1l, wherein the conpound
wohodsomsaoka 1V in step 4 is treated with an aeCw/us2004/018914
selected fromthe group com®i sting of H3PO4, H2SM4,
HC , and HBr. 22. The process according to claim1,
wherein the coupling in step 5 is a mxed anhydride
procedure with isobutyichloroformate. is 23. The
process according to cl ai m 1, wherein the conpound of
formula VIl in step 54 generated in situ during
coupling. 24. A corrpoun of thenyhor ¢"§\I ve, 01, HN
TIH3 HN-N Cr |V 25, A;eprrpotrbd (f'%)rrrul a. 0

BocHN NH2 O 20 VI 26 A conpn n the fornmul a: HC
0O HCN NH2 O VI formula: WO
2004/ 113294 PCTHUSZ(H) 891

HHNO -~O O [f/

SGBNa H NH2 N

O
>llll\l“



