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APPLI CATI ON An Oxi dation Process for the Preparation
of N-r3-am no-1-fcvcl obutyl nethyl) -
wQ2@sa130pr opyn- 3-f N-rftert-butyl am no) car bonrRer/BS1086/643950
yl - L-val yl >- b, b-di net hyl -
S-azabi cvcl oP. | . O hexane”- car boxam de and Rel at ed
Conpounds Field of the Invention This invention
relates to a novel oxidation process for the
preparation of N-[3-
APBUIERTI Ichl obut yl met hyl ~. S- di oxopr opyl | - S®N- Kt ert - but
——y'p]a'm‘n'c%'car bony -S-net hyl -
L-val yl }- 6, 6-di net hyl - 3-azabi cycl o[ 3. 1
. 0] hexane- 2- car boxam de conpounds having the foll ow ng
AnS(DkidHtmeoécéﬁs for thé\Prepdratidee of r NH3tamhinoqpiayulebutylmethyl)-

L0e Udl vl y N> ?er%% dtylamino I‘B;%%gro ry-n%fatﬁ rI](i_-v lyl}-6.6-dimethyl-

1R 28z&8cydid[3: AU e@xdné - 2chBusath RS Hiit)RAated iCompobands
pylT-3-{N[(t ert but ylT am noJcar bonyT J-

S-net hyl - L-val yl *e. -di net hyl - S-azabi cycl op. i
. A hexane”- carboxam ¢gelidSofiiEiieididm U- S.
Publ i cation No. 2003/ 0126324 A" 1 and copendi ng
apphisciaveotien selates\issa noyebgsidatien pipeess fRadhe .plr%@aratlon of N-[3-

eSSl AR SOLORSH LSR8y o

L-vaiyl}-atfi-dimethy!- éeaz‘abicwﬂxblﬁo‘r dihexkainer2icartigyxaraider earopounds having
g Ais a hepatitis Cvirus
the fﬁmaﬁfﬁﬁ@ %‘tg'ease i nhi %%‘ useful for treating

hepatitis C and rel ated dl‘s\g/rders %)em fically, the
compound of formula A is ag% nhilitoy ofNkpe HCV
NS3/ NS4a serine protease. [Thare a need for
conpounds useful i thr R revention or
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and other related compounds, including all sterecisomers.

A

Background of the Invention
(1R,28,5S)-N-[3-amino-1-(cyclobutylmethyl)-2,3-dioxopropyl]-3-{N-[(tert-
butylamino)carbonyl]-3-methyl-L-valyl}-6,6-dimethy!-3-azabicyclo[3.1.0lhexane-2-
carboxamide is disclosed in U.S. Publication No. 2003/0126324 A1 and copending US
applications Ser. Nos. 10/052,386, which was filed January 18, 2002, 10/867,600,
10/867,601, and 10/867,602 which were all filed on June 15, 2004, all of which are
each incorporated herein by reference.

The compound of formula A is a hepatitis C virus (*"HCV") protease inhibitor,
useful for treating hepatitis C and related disorders. Specifically, the compound of
formula A is an inhibitor of the HCV NS3/NS4a serine protease.

There remains a need for compounds useful in the treatment or prevention or

amelioration of one or more symptoms of hepatitis C.
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anmel ioration of one or nore synptons of hepatitis CIn
view of the inportance of hepatitis C virus ("HCV'")

w@e@seasal i nhi bitors, new, novel nethods of MERCHYSHOEIH3950

ant agoni sts are always of interest. Sunmary of the
Invention In an aspect, the present application
relates to process of making a conpound of fornmula I :
wherein R1L is alkyl; R2 is alkyl; and R3 is optionally
substituted cycl oal kl yl al kyl including al

stereoi soners, rotoners, enantboners and di asteroners
by oxidi zing a conmpound of formula | The inventive

oxi dation process to make conmpounds of fornula | has

SeVeﬂ@lee@ﬂMﬁﬂhba&%&rtahE@bﬂﬁé&ﬂmb@vuM@NHWﬁpr@ftea’te inhibitors, new,
ggle one ste oxi dation procedure to

BgtPdsrofig '?mé“?h Pﬂf%Pgﬁt%f&%""B&%e 'Pﬁﬁr%ﬁq of the
I nvention As used above, and throughout the
speci fication, the foﬂﬂmg_g_éngdnumﬂms ot herw se

| ndi qa%ﬁdaspilggbl}nq B%s%ﬂggﬁﬁfcgﬁgn Léiafé@‘fﬁ pFdte sk A nuMia compound

nmeani ngs: ans an a drocar bon group
ofifpariady be strai ght or branched and conpri si ng about
1 to about 20 carbon atons w1y the chain. Preferred
al kyl groups contain about 1%t o aboufy 12,garbon atons
in the chain. Mire preferre IkyI‘N s contain
about 1 to about 6 car bo n t\he ohain. Branched
nmeans that one or nor®e | ower aI kyl grbups such as
met hyl , ethyl or prql,pifl\n/ bt ached to a
wherein

R'is alkyl;

R?is alkyl; and

R®is optionally substituted cycloalklylalkyl
including all stereoisomers, rotomers, enantiomers and diasteromers

by oxidizing a compound of formula |

<

HO

' [h \dNHZ
Yko

The inventive oxidation process to make compounds of formula I has several

7N
\\\(

advantages, including the provision of a simple one step oxidation procedure to form
the compound of formula I in high yield.
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i near al kyl chain. "Lower alkyl" nmeans a group having
about 1 to about 6 carbon atons in the chain which may

wheoosr@sght or branched. The term "substit ut eRCHIUK3006/043950

nmeans that the al kyl group may be substituted by one
or nore substituents which nmay be the sanme or
different, each substituent being i ndependently
selected fromthe group consisting of halo, alkyl,
aryl, cycloal kyl, cyano, hydroxy, al koxy, alkylthio,
am no, -NH(al kyl), -NH(cycloal gyl), -N(alkyl)2,
carboxy and -C(O O alkyl. Non-limting exanpl es of

sui tabl e al kyl groups include nethyl, ethyl, n-propyl,
i sopropyl, n-butyl, bbBgéNptionofehé YverdtrRpi Yyl , nonyl,
decyl, fluoronethyl, trifluoronethyl and

cycl opropyl nethyl. "Al kenyl" nmeans an ali phatic

hyd[)m&baﬂl bé&mmgnsw,lanalebagnbmtghetspbaaeénamewa:mbwm@aebnm unless
oubl. e br anched and

Lerse MRfFudbaned bedridtase & bavaRe BBt

chain. Preferred al kenyl groups have about 2 to about

12 car, X ref

12 S 38P A oh At BB PR SRS BP0 Kraion o
breadsed had comrlemgmhoet i doveboal 2 tarbgn@tpss dutite ehwin. Preferred

é‘lﬁyé)tllpse{:]mgmoé’,q_o% Ry laf)ﬁg{]f? eértb%ﬂrbqgm%% the érpﬁﬁrlgore preferred

ower means about 2

Eﬁkldalfwﬁ eQriain ahput Ado @haph wATeem afasnsuré the ghaighBragehed means
tﬁé’?@ﬁé‘ 8ijoT§‘ fowé dikyl @\ﬁlﬁisl dudhesh RklsNEtny! B arspyl Ak attached to a
the al kenyl group na substituted . b rg)

ess Al LerRia. WA H%d/ "BeAT14a SESHRNRYINGI PP bin Soqul gparbon
Sohstih ithée BhaiBeiieh h@ﬂwm’eﬁghﬂ or tsrnhacédedhértem rfebstituted alkyl”

Boans et ahabdptomay Pe albstfiestylarie 8 Bp rtegiyepts whicn may
loe k‘eﬂsémgmdlﬁeremtcéadesmdtmmt Jbeproipeeysndentip setegtdd from the

GBI 1 AL AL BB, SRR SRR iy, oy, s
amirtoi, ey elalkyl), i-Néfi (sycleatkyl ) emeky;)zngarboxy and —C(O)O-alkyl. Non- Ilmlting
examples of suitable alkyl groups include methyl, ethyl, n-propyl, isopropyl, n-butyl, t-
butyl, n-pentyl, heptyl, nonyl, decyl, fluoromethyl, trifluoromethyl and
cyclopropylimethyl.

"Alkenyl” 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 alkenyl groups include ethenyl,
propenyl, n-butenyl, 3-methylbut-2-enyl, n-pentenyl, octenyl and decenyl.
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about 6 to about 14 carbon atons, preferably about 6
to about 10 carbon atonms. The aryl group can be

wWo@pioson®Bl y substituted with one or nore "ri ngPGHESMNG/043950

substituents” which may be the same or different, and

are as defined herein. Non-limting exanpl es of

sui tabl e aryl groups include phenyl and naphthyl.
"Heteroaryl™ means an aromati c nonocyclic or

mul ticyclic ring systemconprising about 5 to about 14
ring atoms, preferably about 54to about 10 ring atoms,

in which one or nore of the ring atons is an el ement

ot her"AtHafmegae @@rﬁmﬂ‘@ﬂ'cW@'W’tmﬁ'ﬁéwl'cdwtw comprising

At Brto 2BbANS4 @érﬂdﬁ &ema.l B@Tfér@Bly it Gftb %ohﬁi @eadoyll floms. The
cont ai n about bout at ons

aryyrepB £2pIbe ww&v aﬁWBWSP W Q559" 'mfee d'WY&FFé“ GHbstituents”

WRICR _méfy B@tr%/%rﬁglo‘i wadreﬁtga?d afe dm Uéft)éﬁib{edﬁm Ntmf -fraitieg examples

0 iffere an S ne rein. T [

%{rz%’ﬂaglfe?%ﬁg'?ffpﬁ"l?z‘f%r @h‘?'ﬁ' a %F@P%ﬁ?@: r oot eng:rg Irréans

that at | eiast fa n| trogen, oxygen or sulfur atom

res | " t

ot om Sl Bt 3RS Rl Ble RsoBteitl & Pyl bR

mmpmnpg) adoutys i ab@tdéM enatioms, prafgra@Jm?ﬂléé tofabout 10 ring atoms,
%ﬁ @rpkﬁe f&ﬁ'&#&@%%é rlh?ﬂ% Of}hqg |sp<¥{ idilent BVT&‘%MW Larbon, for example:

urany | soxazol
nigogen.axyiogn, or@;@ﬁgr@ |aiqne qQrHn g@mbinatlopy%pjg]rw heteroaryls contain

r 7 §
5&5’62\.?!4 : hélbao gzrgr@;' é‘tbmspﬂ‘ﬁé ﬁ’étlé}oarill bé‘ﬁ Qbyjpﬂonally substituted by one or

508 TYRPT SREHHERIA WPCR Tay RRIBE S2maar diereat Ay, are as

dé‘ﬁr{é@m&r&nl Tobidrefbe a2y |oxabﬁmﬁllfbéf@éaﬁ§ heterostgl sdqt name means that

g ‘ alagtgf‘g}‘& oge? ﬁg&g&nﬁl&? ngsllj r ét&&e%égtsgﬁwm is pl%senP a's gwng atom. A

hihﬁogéﬂ Rydrh [Of GiyHetefaryl @ba mel’opiiphally oxidiz2d iy thedgdrresponding N-oxide.
bl g ﬂn%gé%/ryple%ﬁo ngjﬁ%gllﬁﬁ%ge%%%s |f1él’u etp:)é@il BgJa’zmyl furanyl,
thigryd, b ykignhiding', ianxaizalylpisotthiazdig, axqztol)dnm@zlolwl pysazolgs furazanyl,
pyrrolyt, pyrazolyl, triazolyl, 1,2,4-thiadiazolyl, pyrazinyl, pyridazinyl, quinoxalinyl,
phthalazinyl, imidazo[1,2-a]pyridinyl, imidazo[2,1-b]thiazolyl, benzofurazanyl, indolyl,
azaindolyl, benzimidazolyl, benzothienyl, quinolinyi, imidazolyl, thienopyridyl,
quinazolinyl, thienopyrimidyl, pyrrolopyridyl, imidazopyridyl, isoquinolinyl,
benzoazaindolyl, 1,2,4-triazinyl, benzothiazolyl and the like.

"Aralkyl" means an aryl-alkyl- group in which the aryl and alkyl are as
previously described. Preferred aralkyls comprise a lower alkyl group. Non-limiting
examples of suitable aralkyl groups include benzyl, 2-phenethyl and
naphthalenylmethyl. The bond to the parent moiety is through the alkyl.

"Alkylaryl" means an alkyl-aryl- group in which the alkyl and aryl are as
previously described. Preferred alkylaryls comprise a lower alky! group. Non-limiting
examples of suitable alkylaryl groups include o-tolyl, p-tolyl and xylyl. The bond to the
parent moiety is through the aryl.
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previously described. Preferred aral kyls conprise a
| ower al kyl group. Non-limting exanples of suitable

wa@e@Bkyis3gr oups i ncl ude benzyl, 2-phenethyl anBPCT/US2006/043950

napht hal enyl net hyl . The bond to the parent noiety is

t hrough the al kyl. "Al kylaryl" neans an al kyl -aryl -

group in which the alkyl and aryl are as previously

descri bed. Preferred al kylaryls conprise a | ower alkyl

group. Non-limting exanples of suitable alkyl aryl

groups include o-tolyl, p-tolyb and xylyl. The bond to

the parent mpiety is through the aryl."Cycl oal kyl" -
e ant CHoRBIVRrarARS & THBTREOMBRS Htrer by EIYSPGENY system comprising

aﬂﬁ[l%alslts Ig:bguab@ ghrbdnt atomisppitefdrablyaatonn 5ab @bveut 10 carbon atoms.
refer bout 5 to, ab C P

Bttt oS08 ST BT e Bl BB T BERiyt can be

egtiomally Stiestitytet ovilrkgrie camolxe"rioygt $ysteh Isybsmibsmtist whigth may be the

Wi [ i u [ '

Pirhe' LB A ard of dofineed SIBVE R inRh Bxq by ikabie

monotyahic tchgaléxlanmlgse oyclepriopuly ceclaperdily evelehexyl, cycloheptyl and

t@éﬁl}(%ﬁi&é%—h&nﬁ 'Et%§|gf 9.9|rt % Lnﬁll?cé&;h@ Egé]&éﬂkyls ll'llcljltéde 1-decalin,

@(Qﬁ@%@d@maﬂﬁyltaéﬁl er\*ﬁﬁtl cyclic cycloal kyl s include
1-decal in, norbonyl, adarmntyl and the like. "Hal 0"

nmeans quoro chloro br ono, f
are THARGTCRIT BuerooFhIBTe RS e IAEP VRS BrefBiret e ftoro, chioro

b1l broft, and redreqsreferrddadredribio aradeRlofd.uor i ne, chlorine,

brom ne, or iodine. Preferred are fluorine, chlorine

or bromne, and nore preferred are fluorine and

chl or'inogé'rRinmrQ/&lcEmesulhistihe urotinereaiisdiae. Preferred are fluorine,

SR Ll T, £ i b oD

exanp aces an avail abl e
hydr ogen on the rlng systen1 Rlng systen1subst|tuents

may  barihdeySeAPs Hstitlidiemeahs a4268tiR8h Stached to an aromatic 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, arylsulfinyl, heteroarylisulfinyl, alkyithio, arylthio, heteroarylthio,
aralkylthio, heteroaralkylthio, cycloalkyl, cycloalkenyl, heterocyclyl, heterocyclenyl,
Y,Y2N-, Y3Y2N-alkyl-, Y1Y2NC(O)- and Y1Y2NSO2-, wherein Y; and Y2 may be the
same or different and are independentiy selected from the group consisting of

hydrogen, alkyl, aryl, and aralkyl.

"Cycloalkenyl" means a non-aromatic mono or multicyclic ring system
comprising about 3 to about 10 carbon atoms, preferably about 5 to about 10 carbon
atoms which contains at least one carbon-carbon double bond. Preferred cycloalkenyl
rings contain about 5 to about 7 ring atoms. The cycloalkenyl can be optionally
substituted with one or more "ring system substituents" which may be the same or
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i ndependently selected fromthe group consisting of

aryl, heteroaryl, aral kyl, alkylaryl, aralkenyl,
whedosomsrl kyl , al kyl het eroaryl, heteroar al kengdT/US2006/043950

hydr oxy, hydroxyal kyl, al koxy, aryl oxy, aral koxy,

acyl, aroyl, halo, nitro, cyano, carboxy,

al koxycar bonyl, aryl oxycar bonyl, aral koxycarbonyl ,

al kyl sul fonyl, aryl sul fonyl, heteroaryl suffonyl,

al kyl sul finyl, arylsulfinyl, heteroarylsulfinyl,

al kyl thio, arylthio, heteroarysthio aralkylthio

het er oar al kyl t hj | oal | oal k
dﬁ@%‘?%@?él%‘f? as@%@g%écefl)%r{%n I'uwt%gzs%%mpﬁg%of[\glﬁﬁ% monocychc

cydisadiNeh@s-in@nde XwBMnyl Wrﬁéx@nyilcﬁmdhéfﬂeﬂw;/ammdﬂl&e Non-

IR PERTEPIEHE SHERI TRy IR ) PG Vel "

ﬁLIalt Ikyl | "Cycl oal kenyl " means a non-ar omati ¢ nono or

car o apafiyF AT BB FuRY B wyish 1B Blbody ana
adityd yEoupls arle asopresionslyatesiebed. the cyclodyl-ramtigibmaydieppriionally
S0 AT LA S enl R AR el e o
sstitutedwid qmem nogre alyl sobastituents @Sé%%m@ﬁwabove

substituents" which nmay be the sane ordifferent, and

are as defined above. Non-limting exanpl es of
suit abﬂe@erﬁgy@@wﬂ Meapy @) oA ﬁr@ﬁiﬁt@ mw%@c or multicyclic ring system

= kemﬁ%ﬁlsﬁbrﬁ% 'I(cﬁHKdeLg h@ﬁﬁ{@’étonﬁy Q}ewfk%glty&ébdl.?t S&B(iibbhem ring atoms,
. - - a a {
RO BN A G 0T TR S
f@r éX@lan@ ti3rbg@h kaxyggh ou pulfur a}/shnnc hlohkerdy combiriagionaand which
are i
Sl it S e 578 pgan e bons
Dmre Gire Mol adjiderm gxgyest and/subgfurtatens presemhin thiekyig system.

ér{é)cfngﬁ%% ol Iesn%) ﬁﬁ%& g&ﬁ“tgm"gﬁcﬂt 815 a%Buf@ Fuﬁ %t&%% The prefix aza,

Het erocy nmeans
eocawmqthm befare thenmetewgytlieoylgeohname @%anScthat ﬂ‘éeg% githogen, oxygen

or sulfur atom respectively is present as a ring atom. The heterocyclenyl can be
optionally substituted by one or more ring system substituents, wherein "ring system
substituent” is as defined above. The nitrogen or sulfur atom of the heterocyclenyl can
be optionally oxidized to the corresponding N-oxide, S-oxide or S,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-pyrazolinyi,
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 7-
oxabicycio[2.2.1]heptenyl. Non-limiting examples of suitable maonocyclic
thiaheterocyclenyl rings include dihydrothiophenyl, dinydrothiopyranyi, and the like.

"Heterocyclyl" means a non-aromatic saturated monocyclic or multicyclic ring
system comprising about 3 to about 10 ring atoms, preferably about 5 to about 10 ring
atoms, in which one or more of the atoms in the ring system is an element other than
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conprising about 3 to about 10 ring atons, preferably
about 5 to about 10 ring atons, in which one or nore

w@RooBhesat ons in the ring systemis an el enentP@OL/082006/043950

t han carbon, for exanple nitrogen, oxygen or sulfur
atom alone or in conbination, and which contains at

| east one carbon-carbon doubl e bond or carbon-nitrogen
doubl e bond. There are no adjacent oxygen and/ or

sul fur atons present in the ring system Preferred

het er ocycl enyl rings contain aBout 5 to about 6 ring
atons. The prefix aza, oxa or H{Ja before t

RERUT Sy RIATRIP NHERECTH 2MKOSRanIiR AR08 Of @agqmwatlon There are no
dtijddel BRygeE @B r SllfuFHidis ppdsemt retheaitg sidtemi Breferred

RN N M i P

tae betdroogon] sootveene inmedhisithat atyedstra Htrbgen, taxggen or sulhg atom

arerGey AR aigient a8 A BERT e SHbAp Ol GR 58 pRhally subsitutes

tyooneespoode Frind\systédsubSitognige \Mbﬁcfﬂnsy dedkeé geme or different, and

%L f‘hkqu\ ?élﬂWk@%ltgﬁeﬁ%rgﬁﬁgﬁawgﬁﬁglh'eferocyclyl can be optionally

eroc clenyl groups inc
q@uzmgqjﬂ'@mnﬁqapngdmg p-oyidey Sraxide prd§48 -dioxide. Non-limiting examples

F szlngblgyrHSthc'hg}‘nlaterécﬁjﬁ nﬁg& ﬁ{dlﬂ}yﬂb&ﬁ)&ﬂ slrRsidiny!, piperazinyl,

dropyrimd
'BOW’BYH ﬁwmoznhqwamaohgiw' 3 %9@59'8[‘)’%37}4 -dig¥an¥he

tetrkRydrdRItahyINetiahgdXREPhe S/, Qétrélwdr@ihicﬁ)yranyl and the like.
oxahet erocycl enyl groups include 3, 4-

di hydr o- 2H pyran, di hydrof uranyl
fluor Wﬂélhddﬂl’)frtdaaxs)dn argikRalkéing- gtioknp in WhicH thiiaryirand alkenyl are as

%:ég@gl E/é) crlg%gblsrgiacf ({%J gl %ﬁ;gl %teﬂﬁ%ﬁgkgf Qﬁéﬁ*leqwbp Non-limiting

exanpes of ebitahie aeaikewymrmwohclude ﬁrm‘rﬁ@le&r&wyelhfé awaphthylethenyl

483 SR M FRRERAe cchye ot oyt any

tero nmeans non- aromati c
saturated nonocyclic or mJI ticyclic ring system

gggﬁ["l-gétt@rg)a@%gm m%atnrg PhREtoatf)-dikylggralip i whithethe hadnsaryl and
in

alkyl are as previously descrnbeé‘:1 Preferred heteroaralkyls contain a lower alkyl group.

Non-limiting examples of suitable aralkyl groups include pyridylmethyl, 2-(furan-3-

yhethyl and quinolin-3-yimethyi. 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 heteroaralkenyls contain a lower
alkenyl group. Non-limiting examples of suitable heteroaralkenyl groups include 2-
(pyrid-3-yl)ethenyl and 2-(quinolin-3-yi)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.
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atons, in which one or nore of the atons in the ring
systemis an el enent other thancarbon, for exanple

woRasoysa, oxygen or sul fur, alone or in conmbi PEL/USIVN6/043950

There are no adj acent oxygen and/or sul fur atons
present in the ring system Preferred heterocyclyls
contain about 5 to about 6 ring atons. The prefix aza,
oxa or thia before the heterocyclyl root nane means
that at |east a nitrogen, oxygen or sulfur atom
respectively is present as a rgng atom The
heterocyclyl can be optionally substituted by one

mor e "AsYIngIeapstsf(QUodrore Yaerein Rus:  s¥a AR YREDGERRY any of the
g%u@b déridabin Md@ﬁrﬁtu&ﬁs idedd 5&511&1 eEampled o€ sott gQﬁt@@ include H-

it a@ s Mol Ploforbr R Rl §88aE5 ek Bitiealienyi-ccor.
ob.cHeldayhdeC (N @réuﬁnmrtgprﬁnarmé pareoit nmietya@tmfough the carbonyl.

d‘ﬁFerf Eﬁ/q‘: %qyiﬁlpgﬁtg{ngéro&é{r ﬁ"y‘fy' r}g%r rﬁct‘n%d %am pﬁgg bpgunable acyl groups

ihdluderforpiyvh| acewl, propaaay) ﬁmmwmrqpaao;m bui@naylyand cyclohexanoyl.
1, 4-di oxanyl, tetrahydrofuranyl, tetrahydrothiophenyl,
t et rahydr ot hi opyranyl, and the |ike. "Aral kenyl" neans
an arrowl meays anmt@(q’)ﬁ gugrcin whieh theyarvha@upl ik 8p previously

dHseriBed P h@epsa‘?%htt}ﬁgmtf EQlfu%'hF;ﬁQhé‘Eélt}&%W INon-limiting

contain a ovver %ﬂ Imting exanpl es
fampies absl@taéw%\gr@wylmfaw Bgnmy&an@é ensr?emh#'é% and
2- napht hyl et henyl. The bond to the parent noiety is

t hr ough the al ken "Het er oar al k

ot or S miaae B SOV TGN A G GEAUP s 25 previously

cﬁéé@ﬁbe@f N?lﬁklﬁnﬂir@/eﬁm;blﬁs desgitatnedikoky gfaipseadclude methoxy, ethoxy,
et eroara | s con

n
RBHOAOH BPRERRE PRy re P Thp LRI B gre pRient molety s
thralgihdeemiherdystyeenhhyl , 2- (furan-3- yl)ethyl and
qui nol i n- 3-yl net hyl . The bond to the parent noiety is
t hrough the al kyl. "Heteroaral kenyl" means an
het er'daylpky ankeny bn agylddpgrionpihivbichtthe angdtase isyas aieyiously

ﬁé&ﬂﬂ&i IQ ﬁﬁﬁ iy g)\/érﬂHI%E%f gﬁ?&flé BRAox EBUBE irkfude phenoxy and

eteroara contain a
naphthoxy. The bond to the parent moiety is through the ether oxygen.

"Aralkyloxy" means an aralkyl-O- group in which the araikyl groups is as
previously described. Non-limiting examples of suitable aralkyloxy groups include
benzyloxy and 1- or 2-naphthalenemethoxy. The bond to the parent moiety is through
the ether oxygen.

“Alkylamino” means an -NH; or -N Hs* group in which one or more of the
hydrogen atoms on the nitrogen is replaced by an alky! group as defined above.

“Arylamino” means an -NH; or -NH3" 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 include methyithio,



al kenyl group. Non-limting exanples of suitable

het er oar al kenyl groups include 2- (pyrid-3-yl)ethenyl
wW@nasAa1(8aui nol i n-3-yl )ethenyl. The bond to theP@EDS2U6/043950

noi ety is through the al kenyl. "Hydroxyal kyl" neans a

HO- al kyl - group in which alkyl is as previously

defined. Preferred hydroxyal kyl s contain | ower alkyl.

Non-limting exanples of suitable hydroxyal kyl groups

i ncl ude hydroxynet hyl and 2- hydroxyet hyl."Acyl" neans

R-C(O- group wherein Ris, fop exanple, hydrogen or

any of the oups descrlbed in the deflnltlons listed

eBie. 'ﬁ%wgw%am heptykhigr bag Sond &e Ht?epﬁ'qE(‘ mplety | Isthrough the

salfy | - C(O -, al kenyl -C(O -, al kynyl-C(O) -

cycloalkyI-CXC»-, cycloalkenyl-cxc»-, or

cycl oal kynyl -C(O) - group. The bond to the parent

noi et'Kryithid"iearghart beyl-Saigosupyin. wick ties astigatipl is as previously

F{'@%CP ﬁ%&\aﬁapﬁ%ﬁlqlﬁ%?ﬂﬂyaggw h%ﬁgﬁéﬁe I’SthJde phenylthio and
rapbratibid. Tha-hoedhyltipe ppeemdydqgietiyus throygh thedsulfur.
cycl ohexanoyl. "Aroyl" neans an aryl-C(O - group in
which the aryl group is as previ ouslg described. The
bond "Aoalkyl@icp'anems anaealyyliS grovpirgihichdhe ardlioviyaroup is as
dgg%ohél gl%c..fd(an h gﬁl’ﬂﬂ% e&ﬁh?p?@hfai\lg[éﬁé‘xﬂé a‘ré]ﬁylfl‘#@group is

nzo napht
tzmzylth@ T@¢ Bapd ththghpargnt rwe'eéy laﬁhrwaé%sy'far
previously described. Non-limting exanples of
sui tabl e al koxy groups inc| ude t hox et hox
n- pr oﬁéwycw@epv'gms M @wao%rﬁn%fOHépweswm'*ymeemwes of
sILWtablé&aua@E;@atbdml Q@pb&nélbﬂ@ﬂ@mdﬂ%aﬁidﬁ@rarm(ymycarbonyl. The

PP palB RO i BHBoh R e !

exanpl es of suitable aryl oxy groups include phenoxy

and n t hox Th.e n e

t hr ougﬁa?%c%?% é’ xg Qﬁh%r;t)lrt? cR%f) &IOUBDN'SB){lrﬁlt?ng examples of
suitable aryloxycarbonyl groups include phenoxycarbonyl and naphthoxycarbonyl. The

bond to the parent moiety is through the carbonyl.

"Aralkoxycarbonyl" means an aralkyl-O-C(O)- group. Non-limiting example of a
suitable aralkoxycarbonyl group is benzyloxycarbonyl. The bond to the parent moiety
is through the carbonyl.

"Alkylsulfonyl" means an alkyl-S(O,)- group. Preferred groups are those in
which the alkyl group is lower alkyl. The bond to the parent moiety is through the
sulfonyl.

"Alkylsulfinyl" means an alkyl-S(O)- group. Preferred 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(O,)- group. The bond to the parent moiety is

through the sulfonyl.
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"Aral kyl oxy" nmeans an aral kyl -O group in which the

aral kyl groups is as previously descri bed.
wOlevsloresst i ng exanpl es of suitabl e aral kyl oxy BEDURH06/043950

i ncl ude benzyl oxy and 1- or 2-naphthal enenet hoxy. The

bond to the parent noiety is through the ether oxygen.

"Al kyl am no" means an -NH2 or -NH3+ group in which one

or nore of the hydrogen atons on the nitrogen is

repl aced by an al kyl group as defined above.

"Arylam no" neans an -NH2 or -3 + group in mhich one

or nore of the h drogen ataons on t r

r epl a@@’bswyé{'rfnﬁ grab\d [ § %’@I“‘Pngﬁe EB 92‘9 the parent molety is
th&bekﬁ@bOMnWEanS an al kyl -S- group in which the al kyl

group is as previously described. Non-limting

exanpl es of suitable al kylthio groups include

I net Mylettbiro "eptivrlalipsobstitutedd meankioptianal subptitptioniwith the specified
éE%ﬁy% %ggégﬁ%QSmgﬁgent noi ety is through the sul fur.

ans an aryl-S group in which the aryl
group is as previously described. Non-limting

exa S
honEr Sgelf 8y fed el to bRiRRb ReittRings of famuia
inguding vagous mwgerrwné @@rmaeeutmﬂhﬁﬁwmﬁ% SaﬁéaHéM&ﬁe
ag)' ?ééﬁﬂed%aﬂh@%eééht%h&l‘btfohecﬁ@é Kﬁb’dlf%QH Fbrd)\ﬁd@%nously desired
|peV| ously describ [ mqpér:% exanp
isemermAnd salts, P(‘W"i’h‘r"@ V@‘F%ﬁhﬁ"q 8¢ Ve I'ﬂ"(?”t'er'he bond to
the parent noiety is through the sul fur.
" Al koxyca ns. an al kyl - O- CO- group. .
Non- OM Brigeimens S v eafii fyples AaRsesE /dngking @ compound of
fgrmupdAi aoshpriingret hoxycar bonyl and et hoxycar bonyl . The
bond to the parent noiety ki/through t he carbonyl .

R‘ \8\\(

O

///(

Z
;mun%__

1A
wherein R, R? and R? are defined above

which comprises oxidizing a compound of formula HA

£z NH,

F&ﬁ
\/&

R?
A

to yield a compound of formuia IA.
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"Aryl oxycarbonyl " neans an aryl-0OC(O - group.
Non-limting exanpl es of suitable aryl oxycarbonyl

w@re@apsssncl ude phenoxycarbonyl and napht hoxyceeDURs3006/043950

The bond to the parent nmoiety is through the carbonyl.
" Aral koxycar bonyl " means an aral kyl -O- C(O) - group.
Non-limting exanple of a suitable aral koxycarbonyl
group i s benzyl oxycarbonyl. The bond to the parent

noi ety is through the carbonyl. "Al kylsul fonyl"™ neans
an al kyl -S(O 2)- group. Preferned groups are those in
whi ch the alk%/ group_is lower alkyl. The bond to the
par eftnatagrearybodiment glihg inyRntiop s arBcheSSAff qgre@ picRypound of
feramsa 1IBN al kyl - S(O) - group. Preferred groups are those
in which the al kyl group is LLower alkyl. The bond to
the parent noiety is througlythe suIC’olnyIH

"Aryl sul fonyl"™ means an ar Z (O‘E&M 2The bond to
the parent noiety is gihroudh

sul fonyl . "Aryl sul finyl" hlea a aryﬁB—S?O) group. The
bond to the parent @rough the sulfinyl. The
term"optionally su jgut gd" neans optional
substitution with the eciRfi ed roups, radicals or

noi eti es. The disclosure provid nmet hods for

pr ep%ﬁ&ﬁrﬁRWR@Eré@éﬂﬁédaadovel ncl udi ng vari ous
rs an rrraceutlcallﬁﬁf pbe salts. It wll
B‘C ﬁBWéﬁSS?Qé 729 2 REAFHEE SH{° % Iption can be

nodi fied to provide variously desired isonmers and
salts, which are within the sgope of the invention.
One enbodlnent of the |nvent|§§f|anlﬂés ahﬁﬁpcess of

maki ng a conpound of [—H
'ii

to yield a compound of formula lIB.

Another embodiment of the invention is a process for making a compound of

formula IC

\/
S H QL NH
e

Rt H N S R o

N__N

e

o R
IC

wherein R, R? and R® are defined above
which comprises oxidizing a compound of formula 11C



formula I A conprising: wherein Rl, R2 and R3 are
defi ned above which conprises oxidizing a conpound of
wo eosl@3HA to yield a conpound of fornul a | A PeUR®NG6/043950
enbodi nent of the invention is a process of making a
conmpound of formula IB wherein Rl, R2 and R3 are
defi ned above, which conprises oxidizing a conpound of
formula UB to yield a conpound of fornula MB. Another
enbodi nent of the invention is a process for making a
compound of formula IC IC whergegn RL, R2 and R3 are
defi ned above which conpri ses idizing a conpound of
formula UCHC to yield a conpoﬁﬁﬁ of ﬂeonula
Anot her enbodi nent of the inv bkess of
meki ng a conpound of forhul a ID @ n , R2 and R3
are defined above whi chycotpri®es i dRZi ng a conpound
of formula IIDto yieldN |d of formula ID.
Compounds of fornul a can prepared according to
processes found in the pr@or rt, for exanple, those
found in US Publication Nos. US 20%3/0216325 A 1 and

to yield a compound of formula IC.

Another embodiment of the invention is a process of making a compound of

formula ID,

wherein R', R? and R® are defined above
which comprises oxidizing a compound of formula IID

\\‘

Y
>

FH
ﬁ

o) \“

to yield a compound of formula ID.

Compounds of formula Il can be prepared according to processes found in the
prior art, for example, those found in US Publication Nos. US 2003/0216325 A1 and

US 2004/0254117 A9, both herein incorporated by reference. It will be appreciated
that the processes disclosed therein can be modified without undue experimentation

to prepare specifically desired starting materials.



10

15

20

25

30

US 2004/ 02541 17 A9, both herein incorporated by
reference. It will be appreciated that the processes

waelc@shosad t herein can be nodifi ed wit hout undeR&T/US2006/043950

experinmentation to prepare specifically desired
starting materials.Non-limting exanples of an

oxi dati on agent that oxidizes conpounds of fornmula Il
to those of formula | include Na(Cl O, Ca(CCl)2, and
NaBr C3. The oxi dation agent can be used generally in
an anmount rangi ng from about 0480 4, and for exanple
fromabout 1 to about 2 equivalents wth respect

to
conpAAHIBIINg RMPES ¢f an exidalinn aggydhakardz Smpounds of
foimv@a 1l ©ithosd of ﬁxrmﬁﬁflehélade i\m(cmeqar(oce)gsartdomamﬂwdaqe oxidation

t he use of a catal yst and tionally_a co t

SOt R PR GPaRR i B i S e fiat Sadg Bi'Sng for exemple
frain tabeui Nweabome eyuesisstsiwit redpect to a compound of formula II.

t et ranet hyl pi peri di nyl oxy (TEMPO), 2-nmethoxyTEMPO, and

4-am noTEMPO. The catal yst can be used generally in an

anmourhb somnagémgotﬂmmnntsabme iBvelntipo, dimopref@redafod theprocess to include

tﬁé%%gl?? | o?a SRR Lﬂtghgyﬁg%lét %al??t?“t\l\bﬁl Iﬁmlﬁ%\é&éﬁples of a catalyst
toabmaly iernseddh théimventinpiosass Include tetremethypipeddingosy (TEMPO),

f‘Fneltﬁ@%;T E&@IEOC Qﬁ@'ﬁaalréflﬁBTEﬁ/lF% eﬁ'ﬂgtca'té] étrb%nrt?ea@éé neraliy in an

m Xt % exanp | es of sul cocat a
arn@wdénm@gafrora@é%& to ﬁéPUb&aaﬁﬂ fer e§%faplﬁﬁf°mﬂbﬁvﬁ Fnto about 2

uiIE RS WitHeRpBERD cdm;sﬁhndw@d foftfgla If.or exanpl e,
sodi um brom de, potassium brom de or sodi um i odi de.

The co-catalyst can be used in anounts ranging fromO
t 0 sahWwonid embotbfehtd befreriabéntion; N8 Preferrad auhavd at least one co-

ul val ent s out abo 1 '
Sl Pttt s Folnatingug ofefiiing i Koo co
die&algetstmtloda nmemmnﬂtaiesffof exambke, bbdihe hithpure e mofassium acetate,
I t
rSngaé Z\@Ege%% %0% ln? t%féntnfd gt#ﬁ\ﬁgﬁ?fo\/rgﬂergg%odmm iodide.
Tine bq@a@lyste:aprt@s@misn @?mamtacar(gmg from O to saturatlon more preferably
from 0 to about 2 equivalents or from about 0.5 to about 1.5 equivalents and most

preferably about 0.9 equivalents, all with respect to a compound of formula Il. When

present, preferably 1 or 2 co-catalysts are present in the process.

Another embodiment of the inventive process includes the presence of an acid.
Non-limiting exampies of acids include acetic acid or a halogenated acetic acid, such
as CICH,COOH, CI;CHCOOH, CisCCOOH, and CF3COOH. The acid can be used
generally in an amount ranging from about 0.1 to about 3, and for example from about

1 to about 2 equivalents with respect to a compound of formula ll.

Non-limiting examples of solvents include esters, ethers, water or mixtures
thereof. A biphasic solvent system can be used, for example a system comprising t-
butyl methylether and water. Preferably the solvent is methyl tertiary-butyl ether

(MTBE).
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Non-limting exanples of acids include acetic acid or
a hal ogenated acetic acid, such as Cl CH2COCH,

w@@8HIEBEH, Cl 3CCOCH, and CF3COOH. The aci d capChesS28€03950
generally in an anmount ranging fromabout 0.1 to about
3, and for exanple fromabout 1 to about 2 equival ents
Wth respect to a conpound of formula Il. Non-limting
exanpl es of solvents include esters, ethers, water or
m xtures thereof. A biphasic solvent system can be
used, for exanple a system conpai sing tbutyl
nmet hyl et her and water. Preferably the solvent i R
ot hyhe S B oS PTG R TP TIRATBPRGie PrR gout 0°C to
dpeuc807C &dr example feorh @lpar #0°0 ® 4Euigi500C ] adragadutth€ éxample

t o_about C, _for exanple fromabout 10 C to about 50
frema 8“5%&2: W?%P% Qanpl e from about 15C to about

3Q0C. In sonme enbodi ments of the present invention,

i
P M S R e SED 2 o e
titiation bﬂ[):mmtatbtlr@na o&maaumd)ﬁelagf@mfrora acearapgund, of fresmeita A, IIB,

ﬂnc]‘,‘VQPGCinf %tﬂlﬁéﬁdat%gaogﬁ%ﬁ%gggwt %n%cgr\{%tcooéatélggt\éeglt\d an acid in

ure. I'n sonme e t'he present 1 nvéntion
peoJuenrioragiesy migtuee.cat al yst, it is preferred to
i nclude additionally, after the oxidation step, a step
in which the catalyst is renmoved by adding to the . )
r eactinERMA RMBPdIMEnts ChihpRresRIHIYSTYON PARERHS STRRIQMpE S catalyst, it

|§fpr@@l'rréh){§ﬁndl&i@éiddlﬂorﬁeﬂ@g@ﬂtﬁr&hé Taf)‘ddzhdan stﬁﬂ aaétép nDWhlch the catalyst
limted cor caC|

PO Y AEN 8, PPESacti TIPS Bch A SRy B opg oy xamples
mawlyhe'eeﬁv:ngﬁeegeatsah@mﬁe rerave ngt lirederkty, aseorbic acid and one or

ener be, used df % YV&B

oS el 40foio AR T pr38 2Ra fiREls pudithore
tBIeEHij Thlearatalgst removing reagent can generally be used in an amount ranging
from O to about 4 equivalents, more preferably from about 0.1 to about 3 equivalent or

from about 1 to about 3 equivalents.

In some embodiments employing a mineral acid as a catalyst removing
reagent, it is preferred to use a mineral acid concentration of from about 1N to about
5N. In some embodiments using HCI as a catalyst removing reagent it is preferred to
use a concentration of HCI which is about 3.5 N. In some embodiments using a
mineral acid as a catalyst removing reagent it is preferred to use the mineral acid in
an amount of from about 1 to about 10 times the amount of catalyst employed.

Preferred groups for R' and R? include methyl, ethyl, n-propyl, i-propyl, n-butyl,
sec-butyl, iso-butyl or tert-butyl. Especially preferred are compounds wherein R' and
R? are both tert-butyl.

Preferred groups for R* include groups of the formula —(CH.).-R®, wherein R* is
a moiety selected from the group consisting of cyclopropyl, cyclobutyl, cyclopentyl and
cyclohexyl and n is an integer from 1-10, more preferably from 1-5. Especially
preferred compounds are those wherein nis 1 and R* is cyclobutyl.



fromabout 1 to about 3 equivalents. In some
enbodi nents enploying a mneral acid as a catal yst

WO e0peW103g1 reagent, it is preferred to use a ni PET/EB2006/043950
acid concentration of fromabout 1N to about 5N. In
some enbodi ments using HCl as a catal yst renoving
reagent it is preferred to use a concentration of HCl
which is about 3.5 N. In sonme enbodi nents using a
mneral acid as a catalyst renoving reagent it is
preferred to use the mneral agd in an anmount of from
about 1 to about 10 tines the anount of catal yst
enpl oyed. Preferred groups for Rl and R2 include

met h)ﬁepr@ééﬁ(étwd’iﬂ@étﬁél% ,proceuPey bre di:tbxhéd/ in, the Ef@l’fdwt\g Feaction
I SO- but

or tert-buy ci,a r re
%ﬁ@@éngts'sm QFé{nﬁeﬁﬁoéﬁﬁ H’lagz\ﬁlﬁ? éh%%%flﬁ t(ﬁqup schemes describe
the %f@’dr@ﬁbmbﬂal sv feireSéntatna Mdén@feorhmﬁp@indsh suifabierslisstitution can

5 r&%ﬁﬂw%l;s ﬁgrng?t'oh‘\gofgk gﬁar%%fs%rs%)uné%% Crlf ggcﬁc gL%QtI{lH%F\ Such
\eyiatiopeateytoraantpayed tthee withemtile rscope aﬁthennvegailorf rom

1-10, nore preferably from1-5. Especially preferred
conmpounds are those wherein nis 1 and R4 is

cycl dthet fpllowimgrreselimiting FXAMPLE$ aravidedinsuderifiodyrtagrdliustrate the
@'ﬂgéﬁtgﬁ\ﬁer{ti‘ant htp\ﬁgl:ﬂé Vﬁ}?é@mﬁ@@ﬁ&%@&ﬁéﬁ‘ﬁr{ﬁé artthal fah§

€ under st 00d | ow n [ustrative
1o meH@neionseveratinnsians FiesplaneaRe Bresent digclosure, boih to materials,
MeMoBE @rlaaeh¥forl BHRIMANLS ca® BEQJ\#Q&E:edS Wit sighenodifications, variations

%@ggﬁ%@ﬁ%’aﬁ%@ﬁﬁ%@ﬁgggg @edﬂtrgqjg}? %gtz%rlfqo iﬁqurpfl?lg% ppesent invention.

vari ations are contenpl at ed to be within the scope of

the invention. The follow -Ig’ntlng EXAMPLE i s
provided in order to furth ate the present
15 invention. It will be apparent to those skilled in the

?ﬂ“ﬁf‘@%@f‘ﬁ H“%éh g%rﬁn EE BWEEG iy .3 dioxopropyl:>

afe-2-carboxamide (the compound of Structure 2 in Scheme A, below)

20 Scheme A
Y Vv
=, OH & °
H
\l/ ’ [;)\WN NH2 \l/ %N NH,
_.N._N o o) H
H \g/ 7o H,N\H/N\:/goo O
2 SN
1 2
25

Unless otherwise stated, the following abbreviations have the stated meanings
in the Examples below:
g = grams

mL = milliliters
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met hods and reaction conditions, can be practiced. All
such nodifications, variations and alterations are
WO pogldisal t o be within the spirit and scope of PETES2006/043950
present invention. EXAMPLES Preparation of
(1R|, ]28,358) -N-[ 3-am no- 1- (cycl obut yl net hyl ) - 2, 3- di oxopr
opyl | - o-
{N-[(tert-butyl am no)carbonyl]-3-methyl-L-valyl}-6,6-d
i met hyl - 3-azabi cycl o- [ 3. 1. 0] hexane-2-car boxam de (the
conpound of Structure 2 in SchHenme A, below) Schene A
Unl ess otherwi se stated, the follow ng abbreviations
efqFvRAYYRleRiSat ed nmeanings in the Exanples below g =

nHhAsE ,Iﬁh“mo[g'l [liliterseq = equivalents muol s = B

mllipols DVFE = dj net hyl f ormam de NaOAc = sodi um
DM Ameipfipinamisle, 6 6-t et ramet hyM pi peri di nyl oxy

Naore £ addiuel adetami | able from Aldrich and used as

TER I AT EEVE e Elefta WHanR from Aldrich and

ot heused asmedteived)l | sol vents are artl cles of commrerce

NAFSE & %e{h‘fy?‘%%tiyl"@thgr used as received.

NaOCI = sodium hypochlorite
Equiv = equivalent(s)

Unless otherwise noted all solvents are articles of commerce and all reagents were
used as received.

Example 1: Preparation of Compound 2 using aqueous acetic acid in the
reaction mixture

Into a 1L, three necked flask is placed KBr (10 g, 84 mmol), NaOAc (10 g, 122
mmol), Compound 1 (50 g, 96 mmol), and TEMPO (15 g, 96 mmol), followed by 500
mL of MTBE. The reaction mixture is stirred at 350-400 rpm and the temperature is
maintained at a temperature of from 10°C to 20°C. Acetic acid (50 mL, 874 mmol),
and water (5 mL) are added to the reaction mixture and the two phase mixture is
agitated for 15 minutes. Continuously, over a two hour period, to the reaction mixture
is added 158 mL of a 0.82 M solution of NaOC! (130 mmol). When all of the NaOCI
solution is added, the reaction mixture is stirred for an additional 3 hours while
maintaining the temperature. Water (50 mL) is added. The layers are separated and
the organic layer is washed twice with water (2 x 250 mL). A solution of ascorbic acid,
which is prepared from 50 g of sodium ascorbate, 200 mL of water, and 50 mL of 4N
HC!, is added to the organic layer and the mixture is stirred for about 1 hour. After the
layers are separated, the organic layer is washed twice with water (2 x 250 mL). The
organic layer is concentrated by distilling off solvent at low temperature (0-5°C) until
the total volume is about 350 mL. The concentrated organic layer is added dropwise
over 30 minutes into a 3L flask containing 2L of n-heptane at about 0°C providing a

white precipitate. The white precipitate is collected by filtration, washed with n-
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Exanpl e 1: Preparation of Conpound 2 using aqueous
acetic acid in the reaction mxture Into a 1L, three

woewkestl ask is placed KBr (10 g, 84 mol ), NaCARUSI020043950

g, 122 mol), Conpound 1 (50 g, 96 mmol ), and TEMPO
(15 g, 96 mmol ), followed by 500 ml _ of MIBE. The
reaction mxture is stirred at 350-400 rpm and the
tenperature is maintained at a tenperature of from 10C
to 200C. Acetic acid (50 nL, 874 mml), and water (5
m.) are added to the reaction tﬂxture and the two
phase m xture is agitated for 15 ninu

hepianen(AG9nly) ard gricd in dyapekiP QERi(8dar of 85¥hed PreAl A ond 8°C at
4(5°@())ufr?e Fﬁ:d@@@'@%bléﬁemas@‘ Wﬁlt(Q &ZdM ?@dléﬁllycml Qé%!}a@@} H NMR, &

When al ution is ad

Q.82 (d.ehT 2 DhznBRY: &%0115025@?*9'1% Of%r(dar’{ =H8iH% G 134 (s, 9H),
hagrssavih! ﬁ—lml 96-2110) (A9 3HNE 21BOPAO AN L), Y46 ¢8d, (b9 5M-And 10.4
i's added.’ The layers are s ted and the oré}g

13y G, ASTOOhdE B A 0 ¢ Hadrrd § 406 450 apd o Fiz. 2H), 5.17
@abytyem ofs.asgar bhe 18 Hz, VW), 6B (9 sptzapaa 2d (&,;0eM8F Bz, 1H),

of Sggsj‘;”&»g‘ngog agt%gzzflggmngo; %‘%‘i"e A haenoﬁ?‘{’:%d?% #bl

stirred for about 1 hour. After the layers are

separated, the organic |ayer is washed twice with

water (2 x 250 nlL). The organic layer is concentrated

Byamipie 21 | Prepacations of Compound dwsingglacialireeti©agiddn the reaction
until the mixtare vol une i s about 350 nL. The

concentrated organic |layer is added dropw se ove

m nut late 8 Alotrueg pepkegiadonearianggd Brdeog. H@ﬁt"éfﬁ@')a'ﬂaop‘c (20 g,

QD@Hm&?%&heaur% 19160 Qh‘léﬁnﬂﬁ&f'dﬁ’idtﬁilﬂPOTm g\hlstzemmol) followed

gre0| ate 1s col l'ectéed ration
%8B0 aHeof MOBEx The mastian .n@atur«h was BHeH Rt 3981 ﬁ‘opzpm while the

teriperulté o'fﬁhe%%acﬁ&d n%&@@%aé@@mtam A0 mperatore of from 10°C to
obtained as a white powder (typically 94-96% yi el

ZO{C’Q;\/pace@C@ch(?@dnLJ 32m;gnql|,zuseg.4;s reseygd) wayazacaqﬁcP and the mixture
alg)s’aQQat%% fBFj'IS ‘Fmﬁués%d'd?tron%l?b Coﬂ’ﬂn?‘ﬂ)ugﬁq o%éda two hour period, 315 ml
of a 0.73M solution of NaOCI (230 mmol) was added to the reaction mixture. When ali
of the NaOC! solution had been added, agitation was continued for an additional 3
hours. Water (100 mL) was added to the reaction mixture at the end of 3 hours. The
layers were separated and the organic layer was washed once with water (500 mL).

A solution of ascorbic acid, which was prepared from 100 g of sodium ascorbate, 456
mL of water, and 44 mL of 36% HCI, was added to the organic layer and the mixture
was stirred for about 2 hours. The layers were separated and then a solution of 3.5N
HCL was added and stirred about 30 minutes. After the layers were separated, the
organic layer was washed three times with water (3 x 500 mL). This organic layer was
then add.ed drop-wise over 30 minutes into a 5L flask containing 3L of n-heptane at
about -10 to about 0 °C. The white precipitate was filtered, washed with n-heptane
(600 mL) and dried in a vacuum oven (2 hr at 25°C, 8 hr at 35°, and 8°C at 45°C). The
product was obtained as a white powder (93% yield). "H NMR, & 0.84 (d, J = 2.3 Hz,
3H), 0.90-1.02 (m, 9H), 0.99 (d, J = 4.0 Hz, 3H), 1.24 (s, OH), 1.40-1.86 (m, 7H), 1.90-
2.10 (m, 3H), 2.25-2.40 (m, 1H), 3.75 (dd, J = 5.3 and 10.4 Hz, 1H), 4.10 (dd, J=6.8
and 10.4 Hz, 1H), 4.4 (dd, J = 3.0 and 5.3 Hz, 2H), 5.17 (dddd, J = 4.6, 8.1, 8.1, and



1.40-1 .86 (m 7H), 1.90-2.10 (m 3H), 2.25-2.40 (m

1H 3.75 (dd, J = 5.3 and 10.4 Hz, 1H), 4.10 (dd, J =
wWo2@sans$310. 4 Hz, 1H), 4.4 (dd, J = 3.0 and 5. BCHES2006/043950
2H), 5.17 (dddd, J = 4.6, 8.1, 8.1, and 10.4 Hz,

1H), 5.3 (br s, 2H), 6.71 (d, J = 14.7 Hz, 1H), 6.90

(dd, J = 2.3 and 19.0 Hz, 1H), and 7.34 (dd, J = 7.1

and 20.2 Hz, 1H). Exanple 2: Preparation of Conmpound 2
using glacial acetic acid in the reaction m xture Into

a 2L, three necked fl ask vvas c’rmrged KBr (20 g, 168

nmol NaOAc 243 mol &
TR HE, 1Hinch FERrD 1067 1 (@03 ST 12 AbH IRy BB i 19.0 Hz,
b, M{@lﬁ 34Ty yeagli 41y 20 2ty aHyas stirred at 350-400
rpm whil e he tenperature of the reaction nixture was
mai ntai ned at a tenperature of from 100C to 20 OC.
Acet iIEwﬂIQ:iedurﬁJé}sto_ddhéﬁ%ﬁioﬁﬁﬁhodlmﬂma&ah deanudel)q theas

adde m xt tate for. 15 mnute -
Shbrdria anearerRis AT gea Sl Tishisty. (eAPBEE dgsention
$Houtd nat tﬁb &&theldLHs loniting, et @Bkre(y2B80exaroplificatiscnsadiirdferred
to, the Jgac
Br b g fillnne A Enkisiin ot euldincations witin the
saopeduhid: spontadf tBe kiaims appandad aeto.n ) was added to
the reaction mxture at the end of 3 hours. The | ayers
were separated and the organic |ayer was washed once
with water (500 m _). A solution of ascorbic acid,
whi ch was prepared from 100 g of sodi um ascorbate, 456
m. of water, and 44 nL of 36% HCl, was added to the
organic layer and the m xture was stirred for about 2
hours. The |l ayers were separated and then a sol ution
of 3.5N HCL was added and stirred about 30 m nutes.
After the layers were separated, the organic |ayer was
washed three tines with water (3 x 500 niL). This
organi c | ayer was



10

15

20

then added drop-w se over 30 mnutes into a 5L flask

contai ning 3L of n-heptane at about -10 to about 0 OC
wab@sinisse precipitate was filtered, washed w POT/US2006/043950

n- heptane (600 nL) and dried in a vacuum oven (2 hr at

25C, 8 hr at 35, and 8C at 45C). The product was

obtai ned as a white powder (93%yvyield). 1H NVR, d 0.84

(d,

J =23 Hz, 3H), 0.90-1 .02 (m 9H), 0.99 (d, J =

4.0 Hz, 3H), 1.24 (s, 9H), 1.40-1 .86 (m 7H), 1.90-

2.10 (m 3H), 2.25-2.40 (m 1H9 3.75 (dd, J

10.4 Hz, 1H). 4.10 (dd, J = & 8 and 10.4 Hz, 1H), 4.4
(dd, HCLAIMS

5.3 and

J =3.0and 5.3 Hz, 2 (dddd, J = 4.6, 8.1

Whlt b claingdle. 4 te, 10, 5. 3 (br S, 2H), 671 (d.'3 =

14.7 He,
7.34 A(Bf Ceg‘D hf?fﬂpaﬁ@ %OWPE“S’? °"“|“? Wil be

1H), and

understood that various nod\y/icationg can be made to
t he enmbodi nents and exanpl egdi sd] g;Hem&i n.
Therefore, the above descrifpti\on shqodl & not be
construed as limting, byt ery as exérrpl i fications
of preferred enbodi rrents'Th e &ilRed in the art

will

envi si on vari ous diTi caPions within the scope

and spirit of the clainme appended hereto. CLAI M5 Wat
is clained is: 1. A process for ipreparing a conpound
of formula I: |I wherein RL is alkyl; R2 is alkyl; and
R3 is optionally substituted cycl oal kl yl al kyl which
conprwisggsincarryi ng out an oxi dation reaction on the

conmpound gf+ ig%ﬁl{{/‘l‘,l all,

R? is alkyl; and
R®is optionally substituted cycloalklylatky!

which comprises carrying out an oxidation reaction on the compound of Formula |l,

HO

S’-; NH,
Rl

Formula il

wherein R, R? and R® are defined above

to yield a compound of formula I.

2.

The process of claim 1, wherein said oxidation reaction is carried out using an

oxidizing agent selected from the group consisting of NaCIO, Ca(OCl)2, and NaBrOs.

3.

The process of claim 2, wherein from about 1 to about 2 equivalents of the

oxidizing reagent is used.

4. The process of claim 2, wherein said oxidation reaction additionally employs a
catalyst.
5. The process of claim 4, wherein the catalyst is present in the reaction in an

amount of from about 0.1 to about 3 equivalents based on the compound of Formula

”.
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wherein Rl, R2 and R3 are defined above to yield a
conpound of formula |I. 2. The process of claim1,

wobk@seies3sai d oxi dation reaction is carried ouPCTIERIVG6/043950

an oxi di zing agent selected fromthe group consisting
of NaClO Ca(COCl)2, and NaBrO3. 3. The process of
claim2, wherein fromabout 1 to about 2 equival ents

of the oxidizing reagent is used. 4. The process of
claim2, wherein said oxidation reaction additionally
enpl oys a catalyst. 5. The promess of claim4, wherein

the catalyst is present in the reaction in an anount

&f f rlw piboess of claifbt.aMoereirsthefiatalystdn selepteddtrraihe geoup

SARY PRSI RE R ronssrareairo ¢
m
Bons! U1e PGB YT 4 HEEHoSS T BN o R R A pepePloys 2
&,.cﬁta sproggss of IC: aim4, wherein said oxidation
reaction addit
Ebr ocede reﬁoce§%%)ﬁzg$i’m %h\ggg ﬁ'}?ecocgat%gtsg{ c{tassgum-[wromlde or
JudivrA dirormiider om de or sodi um bromi de. 9. The process of
§1 31 Tl gERLOFATRT f GRIch Sl SOselhalpslaraiflt The

roce wherein CO-ca
Tt asEheupnoaess af gaion 7swherain theetacatalysl is miesswm@@g?te or sodium

getggt ai m 10, wherein the anmount of co-catalyst is from
0.1 to about 3 equival ents.
11.  The process of claim 10, wherein the amount of co-catalyst is from about 0.1 to

about 3 equivalents.

12.  The process of claim 1, wherein said oxidation reaction additionally employs an
acid.

13.  The process of claim 12, wherein the amount of acid ranges from about 0.1 to
about 3 equivalents.

14.  The process of claim 12, wherein the acid is selected from the group consisting
of acetic acid, CICH,COOH, CI,CHCOOH, Cl;CCOOH, and CF3COOH.

15.  The process of claim 1, wherein the oxidation reaction temperature ranges
from about 0°C to about 80° C.

16.  The process of claim 1, wherein the reaction temperature ranges from about
10°C to about 50° C.

17.  The process according to claim 8 wherein the oxidizing agent is NaOCl, the
catalyst is TEMPO and the co-catalyst is KBr.

18. The process of claim 1, wherein said oxidation reaction temperature ranges
from about 15°C to about 30° C

19.  The process of claim 17, wherein R' and R? are tert-butyl and R® is
cyclobutylmethyl.

20. The process of claim 4, which further comprises the step of adding a catalyst
removing reagent following the oxidation reaction step.

21. The process of claim 20, wherein the catalyst removing reagent is selected
from the group consisting of acorbic acid, a mineral acid, and a mixture thereof.

22.  The process of claim 21, wherein the catalyst removing reagent is ascorbic
acid, and is added in an amount from about 0.1 to about 3 equivalents.



10

15

20

12. The process of claim1l, wherein said oxidation
reaction additionally enploys an acid. 13. The process

wo@tooslosisal 12, wherein the amount of acid rangeBCT/U82006/043950

about 0.1 to about 3 equivalents. 14. The process of
claim 12, wherein the acid is selected fromthe group
consisting of acetic acid, ClCH2COOH, Cl2CHCOCH,

Cl 3CCOCH, and CF3COOH. 15. The process of claim1,
wherein the oxidation reaction tenperature ranges from
about OC to about 80 C. 16. The1process of claiml,
wherein the reaction tenperature ranges from about, 10

23-t 0 THIROROCEES FCCOHiNg tREIGIN RO ¥4eARB B FAGIVEL T ARG geagent is
MBEAE) Bortdedtr@xbA wrbhngb@\ﬁ@m td SbNAGN and Readiridah waitarhdunt of from

TEMPO dth .0-cat a KBr . 8. T
T A L T Y
zAnges groedssaheparidid & domppuadtof 36rniila 8. The process

of claim17, wherein Rl andjz are tert-butyl and R3
is cyclobutylmethyl. 20. Th pro ssOof ’gbal m 4, which

further conprises the step al yst
removi ng reagent follgw ng{h ti reaction
step. 2 1. The procesg ofl cl'fi m O R#herei n the
cat al yst renoving rFIa'g | ected fromthe group
consi sting of acorb %I dz ,2 mneral acid, and a
m xture thereof. 22. Th eroces of claim2 1, wherein
the catal yst renoving reagent iAascor bi c
wherein
R' is alkyl;
R?is alkyl; and

R? is optionally substituted cycloalklylalkyl
which comprises carrying out an oxidation reaction on the compound of Formula NA

\
& H ™S NH
| N o)
R
Ny YO
o R
HA

wherein R', R? and R? are defined above,
to yield a compound of formula IA.
25. The process according to claim 24, wherein said oxidation reaction is carried
out using an oxidizing reagent selected from the group consisting of NaClO, Ca(OCl),,
and NaBrOs.
26. The process according to claim 25, wherein R' and R? are tert-butyl and R® is
cyclobutylalkyl.
27. A process for the preparation of a compound of formula IB
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acid, and is added in an anmount from about 0.1 to
about 3 equival ents.23. The process according to claim

wWQ@osmkissei n t he catal yst renoving reagent i s PI/US100&043950

concentration from about 3N to about 5N and is added
in an anount of from about 1 to about 10 tines by

vol unme based on the wei ght of a conpound of fornula
I1. 24. A process preparing a conmpound of forrmula IA
wherein R1 is alkyl; Rais alkyl; and R3 is optionally
substituted cycloa | klylal kyl ahich conprises carrying
out an oxidation reaction qn, the conpound of Formula
HA HA wherein Rl, R2 and RB\ re defigmed above, to

yield a compound of formul b € I1’)'?'41’)cess

according to claim 24 wherei Zoxiyation reaction
r gagent sel ected

O Ca(CCl)2, and

is carried out using @n bixidyzi
fromthe group consi g4iny.Q
NaBr O 3. 26. The prdcesks agcording to claim 25,
wherein RL and R2 are t@rt-®utyl and R3 is
cydobutyl al kyl . 27. A process fH the preparation of a
conpoiiste®f formula IBwherein RL is alkyl; R2is
al kyl; and_R3 is optionally substituted
cycl oal kI yR aisi@yt:

R? is alkyl; and

R2is optionally substituted cycloalklylaikyl
which comprises carrying out an oxidation reaction on the compound of Formula IIB

wherein R!, R?2 and R® are defined above,
to yield a compound of formula IIB.
28. The process according to claim 27 wherein said oxidation reaction is carried
out using an oxidizing reagent selected from the group consisting of NaClO, Ca(0Cl),
and NaBrOas.
20. The process according to claim 28, wherein R' and R? are tert-butyl and R* is
cyclobutylalkyl.
30. A process for the preparation of a compound of formula IC
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whi ch conprises carrying out an oxidation reaction on
t he conpound of Fornmula MB wherein RlL, R2 and R3 are

waledosned3nbove, to yield a conpound of fornul aP@BUSRB6/043950

The process according to claim27 wherein said

oxi dation reaction is carried out using an oxidizing

reagent selected fromthe group consisting of

NaCl O1Ca(OCl )2, and NaBr 3- 29. The process according

to claim28, wherein RL and R2 are tert-butyl and R3

is cyclobutylalkyl. 30. A procegs for the preparation

of a conpound of formula IC ICwherein R1L is alkyl; R2

i s aliB™®Mand R3 is optionally substituted

cycl oal ki y:UaL-&ydy; whi ch conprises carrying out an

oxi dati on 2eac ﬂn on the conpound of Formula HC I

wher ei n ) are defined above to yield a

corrpound G{3|£ optiariailylstibsfituled dyotogikiglags according to

cl.ai.m n said oxidation reac

S Ry i e T Sx il ar 8T b, bR BEEqgmuia ne
consi sting of NaCl O Ca(CI:I)Z and NaBr O3. 32. The

process according to claim 3 V\,herel n Rl and R2 are
tert-butyl and R3 is

y {‘(
\

wherein R, R? and R® are defined above
to yield a compound of formula IC.
31. The process according to claim 30, wherein said oxidation reaction is carried
out using an oxidizing reagent selected from the group consisting of NaCIO, Ca(OCl),
and NaBrOa.
32. The process according to claim 31, wherein R and R? are tert-butyl and R® is
cyclobutylalkyl.
33. A process for the preparation of a compound of formula ID comprising:

Z:_Z,HHN\)\\(NHZ

H’ T
O R p
wherein
R'is alkyl;
R? is alkyl; and

R3is optionally substituted cycloalklylalkyl
which comprises carrying out an oxidation reaction on the compound of Formula IID
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cycl obutyl al kyl. 33. A process for the preparation of
a conpound of forrmula ID conprising: wherein RL is

w@bdoglo108R2 i s al kyl; and R3 is optionally subspCT/usmde/043950

cycl oal kl yl al kyl whi ch conprises carrying out an

oxi dation reaction on the conpound of Fornmul a
HDwherein RL, R2 and R3 are defined above, to yield a
compound of forrmula ID. 34. The process according to
claim 33, wherein said oxidation reaction is carried
out using an oxidizing reagent 2g8el ected fromthe group
consisting of NaClO, Ca(COCl)2, ,and NaBr(O3. 35. The
process according to clain134h,mhe1fnm3R1 and R2 are

tert-butyl and R3 is cycl obut #l ky 'e{%'\(NHe process
of Claim1l4, wherein thgiacid s R { isnacetic acid.
37. The process of claijh 36 wherefn the water is

dded to th ti [ N
adde 0 e acetic aﬁl_n\‘r \(’%O

O R qp

wherein R', R? and R? are defined above,
to yield a compound of formula ID.
34. The process according to claim 33, wherein said oxidation reaction is carried
out using an oxidizing reagent selected from the group consisting of NaCIO, Ca(OCl)a,
and NaBrOs.
35. The process according to claim 34, wherein R and R? are tert-butyl and R® is

cyclobutylalkyl.
36. The process of Claim 14, wherein the acid selected is acetic acid.

37. The process of claim 36, wherein the water is added to the acetic acid.



