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and other related compounds, including all stereoisomers.

Background of the Invention
(1R,28,568)-N-[3-amino-1-(cyclobutyimethyl)-2,3-dioxopropyl]-3-{N-[(tert-
butylamino)carbonyll-3-methyl-L-valyl}-6,6-dimethyl-3-azabicyclo[3.1.0]hexane-2-

15 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.

20 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 irhibitor of the HCV N83/NS4a serine protease.

There remains a need for compounds useful in the treatment or prevention or
25 amelioration of one or more symptoms of hepatitis C.
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5 Summary of the Invention

In an aspect, the present application relates to process of making a compound
of formula I
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10 wherein
R'is alky};
R?is alkyi; and
R?is optionally substituted cycloalklylalkyl
including all stereoisomers, roiomers, enantiomers and diasteromers
15 by oxidizing a compound of formula |

The inventive oxidation process to make compounds of formula I has several
20 advantages, including the provision of a simple one step oxidation procedure to form
the compound of formula 1 in high yield.



Description of the Invention As used above, and

t hr oughouwatdoes/mpgai fi cation, the followi ng terns, unlegeTAstdIenisse
I ndi cated, shall be understood to have the foll ow ng neani ngs:

"Al kyl" nmeans an aliphatic hydrocarbon group which may be straight or
branched and conprising about 1 to about 20 carbon atons in the
chain. Preferred al kyl groups contain about 1 to about 12 carbon
atons in the chain. Mre preferred 10al kyl groups contain about 1 to
about 6 carbon atonms in the chain. Branched neans that one or nore

| ower al kyl groups such as nethyl, ethyl or propyl, are attached to a
| i near al kyl chain. "Lower alkyl" means a group having about 1 to
about 6 carbon atons in the chadsopptivh deselpventieth ght or branched.
The term "substituted al kyl" nmeans that the alkyl group may be
substituted by one or nore substituents which may i sbe the sane or
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butyl, n-pentyl, heptyl, nony!, decyl, fluoromethyl, trifluaromethyl and

20  cyclopropyimethyl.

"Alkenyl” means an aliphatic hydrocarben 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 fo about

25 1%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, ethy!
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 alkeny!" means that the alkenyl group may be substituted by one or more

30  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, octeny! and decenyl.



"Aryl"™ means an aromatic nonocyclic or nmulticyclic ring system
conpri si ngoadooea10€81t o about 14 carbon atons, preferablyprabmstos043e50
about 10 carbon atons. The aryl group can be optionally substituted
with one or nore "ring system substituents" which nay be the sane or
different, and are as defined herein. Non-limting exanples 5of
suitabl e aryl groups include phenyl and naphthyl. "Heteroaryl ™"
means an aromati c nonocyclic or multicyclic ring system conprising
about 5 to about 14 ring atoms, preferably about 5 to about 10 ring
atonms, in which one or nore of the ring atons is an el enent other
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20  azaindolyl, benzimidazolyl, benzothienyl, quinoliny, imidazolyl, thienopyridyl,
quinazolinyl, thienopyrimidyt, pyrrolopyridyl, imidazopyridyl, isoquinolinyl,
benzoazaindolyl, 1,2,4-triazinyl, benzothiazolyl and the like.

"Aralkyl" means an aryi-alkyl- group in which the aryl and alkyl are as
25  previously described. Preferred aralkyls comprise a lower alky! 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
30 previously described. Preferred alkylaryls comprise a lower alkyl group. Non-liimiting
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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"Ring system substituent" ;rzeans a substituent attached 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,

20  aralkenyl, heteroaralkyl, alkylheteroaryl, heteroaralkenyl, hydroxy, hydroxyalkyl,
alkoxy, aryloxy, aralkoxy, acyl, aroyl, halo, nitro, cyano, carboxy, alkoxycarbonyi,
aryloxycarbony!, aralkoxycarbonyl, alkylsulfonyl, aryisulfonyl, heteroaryisulfonyl,
alkylsulfinyl, arylsulfinyl, heteroarylsulfinyl, alkylthio, arylthio, heteroarylthio,
araikylthio, heteroaralkylthio, cycloalkyl, cycloalkenyl, heterocyclyl, heterocyclenyl,

25 Y, YaN-, YqiYaN-alkyl-, Y1Y2NC(O)- and Y1Y2NSO,-, wherein Y and Ya 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 mutticyclic ring system
30- 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 abaut 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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or nore "ring system substituents” which nay be the sane or WO
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20 substituent” is as defined above. The nitrogen or sulfur atom of the heterccyclenyl can
be optionaily oxidized fo the corresponding N-oxide, S-oxide or 8,S-dioxide. Non-
limiting examples of suitable monooydlic azaheterocyclenyl groups include 1,2,3,4-
tetrah'ydropyridine, 1,2-dihydropyridyl, 1,4-dihydropyridyl, 1,2,3,6-tetrahydropyridine,
1,4,5,6-tetrahydropyrimidine, 2-pyrrolinyl, 3-pyrrolinyl, 2-imidazolinyl, 2-pyrazolinyl,

25  and the like. Non-limiting examples of suitable oxaheterocycleny! groups include 3,4-
dihydro-2H-pyran, dihydrofuranyl, fluorodihydrofuranyl, and the like. Non-limiting
example of a suitable multicyclic oxaheterocyclenyl group is 7-
oxabicyclio[2.2.1heptenyl. Non-fimiting examples of suitable monocyclic
thiaheterocyclenyl rings include dihydrothicphenyl, dihydrothiopyranyl, and the like.

30

*Heterocyclyl" means a non-aromatic safurated monocyglic 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



di hydr o- 2H pyran, di hydrofuranyl, fluorodi hydrofuranyl, and the like.
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"Het erocycl y1" neans a non-aromatic saturated nonocyclic or

multicyclic ring system conprising about 3 to about 10 ring atons,
preferably about 5 to about 10 ring atomsy in which one or norp of

the atons in the ring systemis an elenment other than WD
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The bond to the parent moiety is through the alkenyl.

"Heteroaralkyl" means a heteroaryl-alkyl- group in which the heteroaryl and
alkyl are as previously described. Preferred heteroaralkyls contain a lower alkyl group.
20  Non-limiting examples of suitable aralkyl groups inciude pyridylmethwi, 2-(furan-3«
yl)ethyl and quinolin-3-yImethyl. The bond to the parent moiety is through the aikyi.

"Heteroaralkenyl” means an heteroaryl-alkenyl- group in which the heteroaryl
and alkenyl are as previously described. Preferred heteroaralkenyls contain a lower
25  alkenyl group. Non-limiting examples of suitable heteroaralkenyl groups include 2-
(pyrid-3-ylethenyl and 2-(quinolin-3-yi)ethenyl. The bond to the parent moiety is
throygh the atkenyl,

"Hydroxyatkyl' means a HO-alkyl- group in which aikyl is as previously defined.
30 Preferred hydroxyalkyls contain lower alkyl. Non-limiting examples of suitable
hydroxyalkyi groups include hydroxymethyt and 2-hydroxyethyl.



al kyl are as previously described. Preferred heteroaral kyls contain a

| ower al k ONon-limting exanples of suitable S

I ncl ude p§$?g@$ﬁg?ﬁil, 2-(furan-3- yl)ethyl and guinoliﬁ%gbé%#ggﬁgﬁg
The bond to the parent noiety is through the al kyl.

"Het er oar al kenyl " neans an heteroaryl -al kenyl - group in which the

het eroaryl and al kenyl are as previously described. Preferred

het er oar al kenyl s contain a | ower 25al kenyl group. Non-limting

exanpl es of suitabl e heteroaral kenyl groups include 2-
(pyrid-3-ypethenyl and 2-(guinolin-3-ypethenyl. The bond to the

parent noi ety i SAtWT meghs tFhS(@-kroyh wherein R is, fot eiyamoeiey dlyBydgen e ang oithe

HO al kyl - qgro | Lch kyl; .S as. previousl | 0 ferr

nyalr oxyal ki Rierefi S die donfort s e mrelb Bl bifiof pfide -
hydr oxyal ky®{Qd+, alliys-Q(B¢H, atkenliyG(@)xyateyriw-C(Qhd cpsibaiblyl it oycloalke@yi-C(O)-,
2008/ 01083 / 9 K - s R =

aherein R 1 pamkgIRI B The bond 1GRI porRRARICH B oy BRarbony:

t he def# ni tRrefesredi anvisicedeines lomsed iy Nasrlirgilion sypowpiss ofrfelitablle acyl groups

H C(0)-, alj 5 - -9 lpal )
1 kg, ATl ek o

parent noiety is through the carbonyl. 5Preferred acyls contain a

} ower | al kyl . :\IONAH\,‘F‘ ;healgs aizwmtcﬁ@)obmwiﬁ a«fﬂi&b@@ﬁwmg@up? ASBleNdRsly
ornyl, ace .. prapano - e prapanoyl , butanoyl a _
cycl ohexandifserib d.fhe b%ﬁc&ﬂ the r‘&‘i’ig&@/}hr@t’@'}‘ Eh"“g?% BnﬂnNRHT“E?W"I%e
aryl greup dx@riseorsiitisid yroles ehdilebertiogl Hand- aed Rhaphiitasnt noi ety
is through the carbonyl. Non-limting toexanples of suitable groups

i ncl ude benzoyl and 1- and 2-napht hoyl . " Al koxy" means an
al kyl -0- group i"Alkeli'timetahe anl Akp-Qpravoyp irswbish phe alkyugrionp dess prayémisly

thoxy. - NESEHTEE N il SafSpCLEent ARG GREPITRIRE Ao, sthoxy,
par ent ’ noi m—prﬁpgxfr_s‘shpmmghy,t m’bu@pcu@ndmg@w, The bond to the parent moiety is
15 through the ether oxygen.

"Aryloxy" means an aryl-O- group in which the aryl group is as previously
described. Non-limiting examples of suitable aryloxy groups include phenoxy and
naphthoxy. The bond to the parent moiety Is through the ether oxygen.

20
| "Aralkyloxy" means an aralkyl-O- group in which the aralkyl 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.
25

“Alkylamino” means an -NH; or -NH;" 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 -NH;z" group in which one or more of the
30  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 methylthio,



"Aryloxy" neans an aryl-0- group in which the aryl group is as

previ ousl welasshiogad. Non-limting exanples of suitabl eP@WjSQ@@gm“gsg
groups include phenoxy and naphthoxy. The bond to the parent noiety
is through the ether oxygen. 20 "Aral kyl oxy" means an

aral kyl-0- group in which the aral kyl groups is as previously
described. Non-limting exanples of suitable aral kyl oxy groups

i ncl ude benzyl oxy and 1- or 2-naphthal enenet hoxy. The bond to the
parent noiety is through the ether oxygery 25 "Al kylam no” neans an
-NH2 or -NH3+ group in which one or nore of the hydrogen atons on the
ni trogen i stnépleaepbyithiararal keptylthiouthedsordisfoi the gpasdid veview is through the

"Arylanlno ns an -NH2 or -NH3+ group in which one or nore of the
30hydrogen a on the nitrogen is replaced by an aryl group as
defi ned above "Al kyl thio" means an al kyl -S- group in which

the al kyl gr OUD"A@E’:F}%" H’{éna‘h's%h‘fé%i §e§Rfu'plQﬁ%hlé}‘Pt'ﬂeldr§n drb08 iLxepRV R

sui tabl e al kyl t hi roups i
2008/ 01983 Heegingah EM@QB@XQW@ﬂﬁmftﬁh’itéblelWF%QTQ%%“@H%E phenylthio and

hept yl t hi 0.naphghaBdThe bbRE t@%{eeﬁéreﬁpir@lé[%%ssthﬁd!fg@ﬁﬁa stiftgr. sul fur.
"Arylthio" means an aryl-S- group in which the aryl group is as

previously 5described. Non-limting exanples of suitable arylthio

gr OUFS l nclt lﬁde M@uw thm"cmm Aapkdyist bt‘tﬂjp iRhvenito i ér@!kfyhgrop{ireﬁé
nol e is r
Tl - & megasHy Hospae Neo-ipiting srermgpbld 4 SitableoralfRRfE Gup s

descri bed. bEeayihiod Thagoek anblegparéntamsiatvt ialthreugh dhaglifuri o group is
t obenzyl thio. The bond to the parent moiety is through the sulfur.

" Al koxycar bonyl " means an al kyl -O-00- group. Non-limting exanpl es of
"Alkoxycarbonyl" means an alkyl-O-CO- group. Non-limiting examples of

suitable alkoxycarbonyl! groups include methoxycarbonyl and ethoxycarbonyl. The
bond to the parent moiety is through the carbonyl.

15
"Aryloxycarbonyl" means an aryl-O-C{O)- group. Non-limiting examples of
suitable aryloxycarbonyl! groups include phenoxycarbonyl and naphthoxycarbonyl. The
bond to the parent moiety is through the carbonyl.
20 "Aralkoxycarbonyl” mearns 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.

"Alkyisulfonyl® means an alkyl-S(Oz)- group. Preferred groups are those in
25  which the alkyl group is lower alkyl. The bond to the parent moiety is through the
* sulfonyl.
¥ 4
"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.
30
*Arylsulfonyl® means an aryl-S(Oz)- group. The bond to the parent moiety Is
through the sulfonyl.



sui t abl e al koxycarbonyl groups include methoxycarbonyl and

et hoxycar bond to the parent noiety is throug

car bonyl . Q’ﬁ’(gi(dusmmg?l "Aryl oxycarbont means an aryl -0 C(0 )rp-dTgf%g&Ogm‘mso
Non-limting exanples of suitable aryl oxycarbonyl groups include
phenoxycar bonyl and napht hoxycarbonyl. The bond to the parent noiety
i's through the carbonyl. 20"Aral koxycarbonyl" neans an

aral kyl -O-C(0)- group. Non-limting exanple of a suitable

ar al koxycar bonyl group is benzyl oxycar bon,yd The bond to the parent
noiety is through the carbonyl. . Al kyl sul fonyl " neans an
al kyl - $(02) - gr am@ssﬁ@ﬂ ahEans gh atykB(a)-egrobpsthe hombithihelparers rapiki is
group i s | ower ﬁ % h!e bond to the parent noiety is through the
sul fonyl . throughhesliindy £inyi» neans an al kyl - S(0)- group.
Preferred groups are those in which the al kyl group I's |ower alkyl.

The bond to the.par.ent .nni i W6 the specified
2008/ 010831PCT/ G&&Sﬁo%@ﬁ!&ab%? W%ﬁg@%#%ég%bggﬁg?r} -S(0) - e
group. Fhe dgrougk, radichie qraneiatiesoi ety | s through the sulfinyl.

The term "optionally substituted® means optional substi tution with

the specified 5groups, radicals or npieties. a ﬁtﬂosu ]
provi des net hodsTHecﬁisgpéiﬂi'@rﬁfﬁﬁldé%Hi%*ﬂﬁ’ﬂi%foﬁpref%”ﬁﬂlcgmpouf' TPLERY e

various i SgﬁaHa;na%r@ngﬁgmﬁ&%wn@aéﬂamae@@maapbeca:awe salts. Wiwill bbe
appreci at e

resent description c
variously d@mw@atqddh%mgfea% desp %t‘or\/&ﬂ q\%gttﬁlpﬁg%'%%vg%%yéf c‘j’?swed
the i nugnt ii@Bmers and salfd)aviasa Withih tied s¢dpe mfrthemweanhon nvol ves a
process of naking a corrpound of formula I A conpri sing:

One embodiment of the invention involves a process of making a compound of

formula 1A comprising:

,,, NH,
R‘ ﬁ
N\_/l*
0%
1A
s wherein R, R2 and R? are defined above

which comprises oxidizing & compound of formula A

S-":‘; NHo
R! {j(

HA
to yield a compound of formula 1A.
20



| A 15wherein R1, R2 and R3 are defined above which conprises

0X|d|2|ngv@05®%%§p of fornula HA [IA to yield a conp
Pormit a1 A0 SERRERRE 06/ 070831 PCT) U006/ 043050 11 " FOIRISRYes0s0

enbodi ment of the invention is a process of making a compound of
formula IB 1B wherein 121, R2 and R3 are defined above, 5which
conprises oxidizing a conpound of forrmula I1B HO 11 j Thel H2 N

11
Another embodiment of the invention is a process of making a compound of
formula IB
&2 H U NH,
rR! [_HNH
i H N 0O ®? ©
N
WY O
O R
1B

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

to vield a compound of formula IB.

10 Anocther embodiment of the invention is a process for making a compound of
formula IC

[
wherein R, R? and R® are defined above

which comprises oxidizing a compound of formula 11G
15



Rl w:-- 011.11 OR3 ..11,,,N, .0 HB..- 015.2 IIBto yield a

conmpound Q§ohaismidsd: | | B. i oAnot her enbodi nent of the '”Vﬁﬁ‘fﬁ@ﬂod/{ﬁ
process for making a conpound of formula IC 1C wherein R1,

are defined above which conprises oxidizing a conmpound of forrrul a 11 C
15 WD 2008/ 020831PCT/ US2006/ 043950 12

12

Y, HO

-“:3?9 {\{N Hz
[_H O
N 3
g O
o
2

R
lic
to yield a compound of formula IG.
5 Another embodiment of the invention is a process of making a compound of
farmula ID,
hVi
2 H S NH,
R! L—HN\'/L\({)
i : Nob R
NN o
© R p

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

10
\
sz 1" Nk,
Ri N [
g HON o) R?
g
C R p

to yield a compound of formula 1D.

Compounds of formula Hl can be prepared according to processes found in the
15 prior art, for example, those found in US Publication Nos. US 2003/0216325 A1 and
US 2004/0254117 A9, both herein incorparated by reference. |t will be appreciated
that the processes disclosed therein can be modified without undue experimentation
to prepare specifically desired starting materials.



"ICto yield a conpound of forrmula I C. 5Anot her enbodi nment of the

i nventi on y§gsRi@sESS of meking a conpound of fornula I P LT
RIit3 0 |1;‘[§|0 N N ol D wherein RI, R2 and R3 are defi nec}%z%%évzgo%l c?‘u-

conpri ses oxidizing a conpound of forrmula 11D 10 to yield a conpound
of formula ID. Conpounds of formula Il can be prepared according to
processes found in the 15 prior art, for exanple, those found in US
Publ i cati on Nos. US 2003/0216325 Al and US 2004/ 0254117 A9, both
herein incorporated by reference. It wll %e appreci ated that the
processes disclosed therein can be nndifié wi t hout undue

experi ment at i on Nan-fihiparexasipdesd i arabtigatilesagead tisdtaxidires comtpaunas ©f -
formula Il ta those of formula t include Na(CIO), Ca(OCl)z, and NaBrO;z. The oxidation
agent can be used generally in an amount ranging from about 0 to 4, and for exampie
from about 1 to about 2 equivalents with respect to a compound of formula I1.

in some embodiments of the invention, itis preferred for the process to include
the use of a catalyst and optionally a co-catalyst. Non-limiting examples of a catafyst
that may be used in the inventive process include tetramethylpiperidinyloxy (TEMPO),
2-methoxyTEMPO, and 4-aminocTEMPO. The catalyst can be used generally in an
10 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 1L

In some embodiments of the invention, it is preferred to have at least one co-
catalyst is present in the reaction mixture. Non-limiting examples of suitable co-
15 catalysts include metal acetates, for example, sodium, lithium or potassium acetate,
metal halides, for example, sodium bromide, potassium bromide or sodium iodide.
The co-catalyst can be used in amounts ranging from 0 to saturation, 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 1. When
20 present, preferably 1 or 2 co-catalysts are present in the progcess.

Ancther embodiment of the inventive process includes the presence of an acid.
Non-limiting examples of acids include acetic acid or a halogenated acetic acid, such
as CICHCOOH, Cl,CHCOOH, ClaCCOOH, and CF:COOH. The acid can be used
25 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 il

. Non-imiting examples of soivents include esters, ethers, water or mixtures
thereof. A biphasic solvent system can be used, for example a system comprising t-
30 butyl methylether and water. Preferably the solvent is methyl tertiary-butyl ether
" (MTBE).



WO 20081010831PCTM52006/ 043950 13 Non-limting exarrpl es of an
oxi dati on oxi di zes conpounds of fornula I

formul a | ﬁgf%'gg&@l\%( Cl0), Ca(0C1)2, and NaBr03. The OXI at | on&édgaégr??
can be used generally in an amount ranging fromabout 0 to 4, and for
exanple fromabout 1 to about 2 equivalents with respect to a

conpound of forrmula Il. 5 In sonme enbodi nents of the
invention, it is preferred for the process to include the use of a
catal yst and optionally a co-catalyst. Nop;limting exanples of a

catal yst that nay be used in the inventive process include
t et ranet hyl pi periitdi exitiation ¢arEvPQairied-ove Bhaxgigdieireannging dronmel@ENRCOC to

The catal yu%bogj@gob(g §§Q3$§Dﬁﬁ%|%ow1 u OﬁH{H%EOUT 09 o (B 29H e

0.1 to abo e from abo eqU| valents

Wit h respecfrom@balmﬂ)ﬁ‘t%mab@ﬂaﬂéﬁrml all. In some enbodi nents of the
invention, it is preferred to have at |east one co- catalyst is
present in the reaction mxture. Non-limting exanples of suitable

co- tschtal ysts Infempiembedimends of iegyesensinvepiiap, ibis wetarias tojceiyioyhihe

or pot assi UmidaRindbhPcorBtg aebm%gnci kelecR¥arah %, coRqstiuAa &frmmd%, A, 1IB,
pot assi um brom de or sodi um. i odi de. The co-cat al st ca qage us

amount s r andfy ARG WIEH EErbo’é‘a?tt'R"h?ﬁ?%'ﬁ aﬁ%ﬁaﬁ’sbr"é‘ﬁ é’ffP)Pc‘f ﬂlyﬁst%"‘g%@f”d in

2 equi val eng soloenf drosaradrauhixrd, to about ' 1.5 equival ents and nost
preferably about 0.9 equivalents, all with respect to a conpound of

formula I'l. When 20present, preferably 1 or 2 co-catalysts are
presentiol n t he phaoess embodimeifisof trmfpremmdhmtbncp%od:éw employihg eecatalyst, it

Ber s ncl e auetaoRRes A8y Rnfl, Bkfing Sikblsled § FFIRMAEn e caraye

or a enat e IC a
Cl CH2COOH,  islredie@adiy BIBapBoHe raaclicBPB ROIFIa. CEMES’%T@WVWBEEBWS dgkamples

25general 'y, rrf| ‘5%5*8?‘3‘%“{@' ad[') H AR thERER @ﬂ‘étre Qoﬂltﬁtﬁe@@'étsc&bncaé% bRY one or

exanple fro 2 equi val ent th respect to a
conpound of Mog# Alie gniperat acid, for examplm HCF]rﬁrldl %F ERETPRBEeHPT Y YraRpe

i ncl udeggest gpaofe t1HY Satalydl %ﬁnﬂéﬁb@ﬁﬁ@aﬁ deieealy bé\ugéchi?fﬁ&i Smd0hvieRing
system can be used, for éxa geg\@gwgl m@yh@(%bt a?ﬁouts sauivalent or
met hyl et her Tafid? imeleut 4RQHIK lgmsyn}qq%p 3 ey © q
tertiary- bufgh sidigr oMbl 3 equivaients.

In some embodiments employing a mineral acid as a catalyst removing
20 reagent, it is preferred to use a mineral acid concentration of from about 1N to about
5N. in some embodiments using HC! as a catalyst removing reagent it is preferred to
use a concentration of HC| 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 empioyed.

25
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.
30 Preferred groups for R* include groups of the formula —(CHz)-R*, wherein R* is

a moiety selected from the group consisting of cyciopropyl, eyclobutyl, cyclopentyl and
cyclohexyl and n is an integer from 1-10, more preferably from 1-5. Espedcially
preferred compounds are those wherein i is 1 and R*is cyclobutyl,
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carried o erature ranging fromabout 0OCto a ,
exanpl e fE%%?%)@H%gqu to about 50C, and as a further e?gﬂ&?§%§@ﬂ§ b
about 15C to about 30C. 5In sone enbodi mrents of the present

invention, it is preferred to carry out the oxidation by contacting a
conmpound sel ected froma conpound of Formula I1A Ile, 'ICand IID
with an oxidation agent, a catalyst, one or two co-catalysts, and an
acid in a solvent or solvent mxture. 10l sonme enbodi nents of the
present invention process enploying a catalyst, it is preferred to
include additionally, after the oxidation step, a step in which the

catalyst is re vedb ddi the re ctlonm

renmovi ng reagen ‘%é H‘?St@g't VI FS/%‘E“?’E%@ t{’(reeé%'grjiﬁ% %‘?q[i%’ Yiér]d'?acb%?
are not | i réchemeso t 836 behindeatbod &mﬂwhheﬂmfdﬂowmgoﬁusirahwaeciaémasdd$crlbe
Lo o S i R0t s DAL LNERR Rl Gl A el can
fromO 50 alesultirdhedoinvaticantfahe ldBSIeecbcce'hmlabisybaisedmraﬁmhttSL@Sﬁmﬁon SUCh
about 3 eq l: anl N SOME

enbodi nent ;U a‘é%pﬁrgé ?’E\g r'“Ir{'“g")'qher a#l acl %’tgg‘qggég?&?%%ﬁ%r'@ﬁgo@f’ﬁg

20reagent, it is preferred to use a mneral acid concentration of

from about IN tor @b@ﬁ&wﬁ}'ﬂ ndrﬂﬁrﬁfﬁg? ?(gfh@ﬁLﬁ‘?é‘bﬁwitﬁdﬂg oFldr t8Surdher illustrate the

catal yst renovi ng reage to use a concentratr on of

HCI whi ch @ea@reiutwmew It Wil heoprpaanidaithesn il Rdhe ot BR™aci d as

a cat alyyst ﬁ%&?&?ﬁ%§ eaa&ranb sl dnd §Eé?éﬁifr%6tb@lde bﬂss!eﬁed‘bﬂesmeneb’@ﬂtomtdrrals,

in an anmount 0 rom about about st unt cat a

enpl oyed. ogethods ang, repelignge Wf&sc?'&%e Cgﬁ&ngﬁlsﬁlgB "aoed‘%ﬁnﬁw va¥1a¥rons

et hyl , n- pr anyhiterktipnopnd intandedtiy be vaithin thet gginit arsosdope\df thir present invention.

tert-butyl. Especially preferred are conpounds wherein RL and R2 are

both tert-butyl. 30Preferred groups for R4 include groups of the

formula -(CH2),-,-R4, wherein R4 is aEBAMPLESe| ected fromthe group

consi stj.ng of cyclopropyl, cyclobutyl, cyclopentyl and cycl ohexyl and

nis an’integer from1l-10, nore preferably from1l-5. Especially

preferred cBreparationafdlRif:EShNel3amine-i a(cxclehemmef%vlg@& QW"PVI] -3-
{N-[{tert-butylamino)carbonyl}-3-methyl-L-valyl}-6, g-dimethyl-3-azabicyclo-
[3.1.0)hexane-2-carboxamide (the compound of Structure 2 in Scheme A, below)

20 Scheme A
Y V
Pl OH o
H 0
H
\l/ H%N ONHZ \1/ Y i
NN O - H
H jor‘ o H,NTN\(&OO o]
AT 0 /%\\
1 b3

25
Unless otherwise stated, the following abbreviations have the stated meanings
in the Examples below:
g = grams
mL = milliliters
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pr ocedur e r fned in the follow ng reaction sche |

be unders%gég%sﬁ’g@j\hmi |l e the foll ow ng igl | ustrative scﬂ?n%%’h%zgg%()r4|%%g
the preparation of a few representative inventive conpounds, suitable
substitution can 5result in the formation of the desired conpounds
based on such substitution. Such variations are contenplated to be
within the scope of the invention. The following non-limting
EXAMPLE is provided in order to further ilJlustrate the present
invention. It will be apparent to those sKilled in the art that many
éQrmfll fi ca@hgflé?]u;va@h@t lons and alterations to the present

i sclosure, both to.materials, nethods and reaction conditions, can
be practi c&ynoly T ”'glﬂi@ﬁ}‘c‘rmdi fications, variations and alterations are
i nt ended t @iIE 2nditidtyiioheaspde i t and scope of the present invention.

EXAMPLES 15 P aration
(1R, 28,595 %é&gﬁﬁ%ﬁ%fg%tat%but yl met hyl ) - 2, 3- di oxopr opyl1l- 3-

11. 1|1( Egr a -'fg?ﬂigit)@ﬁﬁrﬁ)ﬁ@etetieml‘nd-3=mieeiﬁriinylgxwﬁ¢? 19diea! davhilablerfyer Aldichpnd
i cycl o[ 3. 1. e -2 ; m de (the conpound of Structure 2 in
Schenme A, bel ow@%@éh%arrée‘p%&)a 2

MTBE = methyl! tert-butyl ether

NaOCl = sodium hypochlerite

Equiv = equivalent(s)

10
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
15 reaction mixture

Into a 1L, three necked flask is placed KBr (10 g, 84 mmol), NaOAc (10 g, 122

mmal), Compound 1 {50 g, 96 mmol), and TEMPO (15 g, 86 mmoi}, followed by 500

20 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 mmaol). When all of the NaOCI

25 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 mi of 4N
HCl, is added fo the organic layer and the mixture is stirred for about 1 hour. After the

30 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 totat 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 abaut 0°C providing a

white precipitate. The white precipitate is collected by filtration, washed with n-



Unl ess otherwi se stated, the follow ng abbreviations have the stated
meani ngs g /0 |l es below. g = grams nL = mllilit 5
2008/ 010831 %U@Z%gg/ 043950 16 eq = equivalents muol s EEE%UIU i 61{{43930
DMVF = di met hyl f or mam de NaOAc = sodi um acetate 5TEMPO =
2,2,6,6-tetramet hyl- 1-pi peridinyloxy free radical (available from

Al drich and used as received) MIBE = methyl tert-butyl ether NaOCl=
sodi um hypochl orite Equiv = equivalent(s) 10 Unl ess ot herw se

not ed all

nol s

solvents are articles of conmer and all reagents were

used as received. Exanpl e 1: Preparation of Conpound 2 using.
aqueous acefigptame (400 mL) had Whiedac hivasumindvend? hr at 25°C, 8 hr at 35°, and 8°C at

10

15

20

25

30

45°C). The product is obtained as a white powder (typically 94-86% yield). "HNMR, 8
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, 8H),
1.40-1.88 (m, 7H), 1.80-2.10 {m, 3H), 2.25-2.40 {m, 1H), 3.75 (dd, J=5.3 and 10.4
Mz, 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 = 4.8, 8.1, 8.1, and 10.4 Hz, 1H), 5.3 (br s, 2H), 8.71 (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).

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

fnto a 2L, three necked flask was charged KBr (20 g, 168 mmol), NaOAc (20 g,
243 mmol), Compound 1 (100 g, 192 mmol), and TEMPO (30 g, 192 mmol), followed
by 800 ml. of MTBE. The reaction mixture was stirred at 350-40C rpm while the
temperature of the reaction mixture was maintained at a temperature of from 10°C to
20 °C. Acetic acid {70 mL., 1223 mmol, used as received), was added and the mixture
was agitated for 15 minutes additional. Continucusly, over a two hour period, 315 ml
of a 0.73M solution of NaOC! (230 mmol) was added to the reaction mixture. When all
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% HC|, 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 added drop-wise over 30 minutes into a 5L flask containing 3. of n-heplane 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 br at 35°, and 8°C at 45°C). The
product was obtained as a white powder {(93% yield). "H NMR, 8 0.84 (d, /= 2.3 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, 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



Into a 1L, three necked flask is placed KBr (10g. 84 mml), NaOAc (10
g, 122 rrrm‘j,,r gswpaynd 1 (509, 96 mmol), and TEMPO (15 gy

fol | owed byb5280 ZOWE of MIBE. The reaction mxture is sti rregﬂ]ﬁ&bc}wso
350-400 rpmand the tenperature is maintained at a tenperature of
from10C to 20C. Acetic acid (50 nL, 874 mmol), and water (5 nlL) are
added to the reaction m xture and the two phase m xture is agitated

for 15 m nutes. Continuously, over a two hour period, to the reaction
m xture is added 158 nL of a 0.82 M solutjen of NaOCL (130 nmol).

Wien all ot the NaOCl assolution is added, the reaction mxture is
stirred for1aa HediH)| B13br 8, tleur&s?w\td Ue= 1l 1) 00 fed tLA12eT atdIf .0 Hz,

Water (50 The arated and the organic

| ayer is V\/amsnll”né(?nf!\?\fgi?% Jr: 5?9%558-8 A sol ution of ascorbic
acid, which is prepared from 50 g of SOdI um ascor bate, 200 nL of

wat er, and 50 he
mxture s stirribdi e ubpersidd fﬁ%ﬁ?ﬁmk chORRAREY o LR S W

separ at &d, eheodingnis entl @xemples diashee lnwen'e W&rhfqma,ttbe appve deswiphit .
The organi cghQy@hot e EBH&FUEJ% fﬁq ?ut%érlew i%gﬁ&f’:gi%bﬁ&% oiaérejfe?l‘gd

tenperature (0-5C) until une is

concent r at e8MEPgRIHS| Eﬂ?@‘f‘e ﬁ%‘“%&b’(ﬂ’ecﬁ%\ﬁ%@é I%Yarwsm%f@ronﬁﬂwhw the
3L flask co%ﬁﬂms&ﬁmghemmﬁg%gnaédag% OC providing a white
precipitate he white precipitate is collected by filtration, washed
with n- WO 20081010831PCT1US20061043950 17 heptane (400 i) and
dried in a vacuumoven (2 hr at 25C, 8 hr at 35, and 8C at 45C). The
product is obtained as a white powder (typically 94-96%yvyield). 1H
NWVR, 50.84 (d, J =2.3 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 1H), 3.75 (dd, J = 5.3 and 10.4 5 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 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). 10Exanple 2: Preparation of Conpound 2 using
glacial acetic acid in the reaction m xture Into a 2L, three
necked flask was charged KBr (20 g, 168 mmol ), NaOAc (20 g, 243
mmol ), Conpound 1 (100g. 192 mol ), and TEMPO (30g. 192 mol ),

foll owed 15by 800 nmL of MIBE. The reaction m xture was stirred at
350-400 rpmwhile the tenperature of the reaction m xture was

mai ntai ned at a tenperature of from10C to 20 C. Acetic acid (70 ni,
1223 mmol, used as received), was added and the m xture was agitated
for 15 mnutes additional. Continuously, over a two hour period, 315
m of a 0.73M solution of NaOCl (230 mmol) was added to the reaction
m xture. Wen all



200f the NaOCl sol ution had been added, agitation was continued for
an additional 3 hours. Water (100 nL) was added to the reaction

m xture at the end of. 3 hours. The |ayers were separated and the
organi c | ayer was washed once with water (500 nL). A solution of
ascorbic acid, which was prepared froh 100 g of sodi um ascorbate, 456
m. of water, and 44 nL of 36% HO, was added to the organic | ayer and
t he m xt s stirred for about 2 hours. The | ayers were

separ at egﬁ’gﬁtdst: BReddS'sol ution of 3.5N HCL was added and stirred about
30 mnutes. After the | ayers were separated, the organic |ayer was
washed t h-dePiopess £oripsovigtbe S-isamse oS @epiparidin-34yi gherog AR MEEE ofias

t hen addegorpiaphapoeess gempongii(aromdining @sce\utsul JopwsiRing Gpekn-rfPFgic3L of
n- hept anecrganiagmvant arida maxtaigef isode, of Rrmpendin-2-ypredengd ivtitit s aabatic
filtered,alvwshsdutivintdontainiepancamainSaXié 0colving aaat sdictcted fiom M-avetgilim oven
(2 hr at I12&fGhe $dhi¥-acdtyl3Gmettaodng (b)ahixdfpGhe cobhigingt oluimhs with additianahed
as a whi t#nq@oudethe 320 spreticyrganitisdiRt ubid.iB4tepda” shd=wamingdthe m3thre to
0. 90- 1. 024 fefilpeRtdre b&lo@Shd iehilink poirk.of eitlter sSivint id thémiktre Qidicicnk +40- 1. 86
(M 7H), proRBte RssdRtibfbf Aydsolids 12 5563‘5141 hénixhil; (cPeobBing @ miknire B a3 and
10. 4 Hz, t@!ﬁ%eraﬂlré‘-@h{cggemﬁfs Bl gle@ﬁ'ﬂaﬁ&} thelEroml 11soflat1ﬁg G}Qq:vrec;plta%adosaﬁnd

5.3 Hz, 2fnePinkfep(d 1f e gsolaged]salt% 'd" by recrystallization or
2808/ 0%08 Q Q ﬁ{ &)gﬂt C';%Jl i liz?t ,CPI.G. 71
( J L %_rryln St 5] nia omﬁ:zbc ed , and 7.34
(dd, J= A ﬁers ood t hat various

nodi fi cat S _can the 5enbodi nts and ex s di,scl osed
her ei n. T%g[n Pﬁorcéss O?fﬁg’anét; E&' gqjﬂléf?ﬁﬁ (ﬁlélﬁg ed as
limiting, “BECTRE SISP lse%&é? PH“& ’d’i’%teHP ﬁﬁ?fa‘i“ fits.
Those ki (AQY: PosiQeangrethylace at%ﬁ%@iwew@tmﬁ%ﬂthﬁe@ tions within
the scope and spirit of the clains appended hereto. 19 Wat is

cl ai med i%:The procassd gloegd Wherein.adusiran fhy alinbatis-alopbpiysedin Step "a" is an

2- pi per i dilephpl having heavedn dtpwpowless xt ure of i soners, the process
conprising: (a) conmbining a solution conprising a poI ar, aprotic

or gani ¢ sélTheptocasschfalaim 2twitegeinbaid polaeamodf orgaric gdvdand (FAQ sylverg) fnanol
W th an adt¢phais THRkadbhe lalcebdluh siop "£'dntmethahslg an am no aci d resol vi ng
agent selected from N-acetyl-Lleucine and N-acetyl -L-nethionine; (b)
m xi ng t hs: THRFRICBRGISRH U vkseiil shia radiithiligfinh sREDEN WheR EarliB@oROlsar ,
aprotic ofgdd dut fPA ¥@RH sUsed. in Step "a" and warmng the mxture to a
tenperature bel ow the boiling point of either solvent in the mxture
sufficienj Q chggq}f%l %%ﬂle%ﬂl %Qidqgcr%Xih%ﬁith&PpE'e%ﬁl {ﬂcéﬂ'ﬂﬁa‘@ut is

m xt ure; %Ol?]ﬁt}& ure to a't erature whi efmts salt
preC|p|ta|on ere |solat|ngthe preci pitated salt forrred

in step ' urlf ing the isol fro Ste
recrystal | O&ﬁésof?f Bt o YR e R Ralsh 26 e ctgg b B
opt i onal Iﬁ?nr‘ th ?’lﬁ“’ieﬁéc’]l” rystal lization or slurrying step until
the desired enantioneric purity is achieved. 2. The process of cl al m
1 wher ei nS-tThe PprRsessof g f8t5|"éheb<’r1%d’fheé capied oHt stid aHxqdsobaninsed gn¥em|Hg
Step "a" ipg mixit elerrolvsel ssbacied tronpractasityikerpd rigTHandran(alipimyic alcohol
acet oni ni haringAGM)fewercettona@tomsnd et hyl acetate, and mi xtures of two or
nore thereof.

9. The process of claim 6 wherein, when carried out, said mixed solvent used in Step "e"

is a mixture of a solvent selected from acetonitrile and THF and an aliphatic alcohol

having 5 or fewer carbon atoms.

n !l

10. The process of claim 7 wherein, when carried out, said mixed solvent used in Step "e
is a mixture of a solvent selected from acetonitrile and THF and an aliphatic alcohol
having 5 or fewer carbon atoms.



3. The process of claim1 wherein, wherein the aliphatic al cohol used
in Step "a" is an al cohol having 5 carbon atons or less. 4. The
process of claim2 wherein said polar aprotic organic solvent (PAO
solvent) in step "a" is THF and the alcohol in step "a" is nethanol.
5. The process of claim1l wherein, sal@ recrystallization step "e",
when carried out, is carried out in a m xed sol vent. 6. The process
of claim2 wherein, said recrystallization step "e", when carried
out, is carried out in a mxed solvent. 7. The process of claim3
wher ei n, Sailhe Poess; of alpim 2 dthersin, stid Stepe'e” isgauied oa njagrixgiie comgrising
carri ed olftvalymes afiagetenigde gucht voluge ofmethspelcess of claim 5 wherein,
when carried out, said m xed solvent used in Step "e" is a m xture of
a sol vent12s@&heptogebsfof drnad exthersitt, saitl Steprid” Fiderrid dhutim aahixpiratempradigdhol
havi ng 5 Brvdewerofaesttxdtrilatmhbvolude oThethandcess of cl ai m 6 wherein,
when carried out, said m xed solvent used in Step "e" is a m xture of
a sol vent13sahegtoeesshof claina ¢ elirttit torhpsignte Sichs aind) govidldgphatdinge al cohol
havi ng 5 @phieMerediablRdl @tsadfending Q prebiiftalRl QgIEsaiabd FbalopidnalRp eqn,
when car rdregpodt in SAhdnXedi) $RhvR the HEQHre AbrPLER i Srithi ashade Hyidigr e of

a sol vent(sselelki@ife-b PRhass Rk | € and THF and an aliphatic al cohol
having 5 or Tewer carbon atons. 20 11. The process of claim?2

wher ei n. . aue : . . g _
e o7 e L8RPl SR ML B L UGS, BOTHE LSRR
claim3 whar & A “RAa %?p? 5 wAgH 15 1radycn ‘d‘“@o%"ﬁa‘r’\“% ‘Hﬁl}&w ?‘ER@‘&%‘ i si ng
CLom 3 SL el eab kot eperim SRLLLRRATHE Rics WL WSl ol no
of clai m®*WYfther conprising the steps of: (i) providing a nixture
conprising redissol ving or suspending a precipitated salt obtained
from opti lgﬁﬁbe Bioggss oficlapn 1 thgpin, dhe rpsplying agapp Histepaad is(V-ayetylr leducing:
the mxture fromstep "i" with a base to yield

(S) 2- pi pekd dhaprogesy jof elpiva A gtherfeins ¢heygsndving agent Trgenplad baS-gcadyl-ledeaicime.1
further including obtaining a precipitated salt fromoptional step
"d" or oplti dhaprostsspf tleln l@ndeiem, ihetresotiing mgni s prasérd iatheewpt'a’dn

m Xt ur e cohitiahi ngammolra swficichian @hyvide osolwiond  about 5 M in resolving agent.

(S) 2-pi peridine-2-yl-ethanol free base in situ in the reaction

m xture. 181%he fo€eR0OEIRHS | ¥heflB B nixti€ bLidlventsNBed REY IaNGhagent in
step "a" dofnbhifE QEY, lcotaptifd GivaRimetdSratid BEpPLOKRSE: Qharkd &iivend(AST €1 n,
the resol ylagy) AEKHic lalkoBSIGR frofh abofit N PAR3 WIvdnt:hifati@Ricohot fo abbl€10:1
process of |s§1!v93t§'aﬁﬁm%ra?doﬂol.the resolving agent” I's present in the
step "a" solution in an anount sufficient to provide a solution of
the i xt Lk 1oF 5129%%%3?%’15%9‘?%1161'69 P%ﬁrﬁ‘ﬁuﬂ%re?ﬁﬁégmgﬂ ST RGP oy ey FinFh
conpri ses' u%%?ﬁ%?r"?é ‘%“3?1 ‘%@S gfrﬁrahﬁ]bdru(?ta C(?h‘glr gani ¢ sol vent (PAO
sol vent):aljphatic alcohol of fromabout 2:1 PAO _solvent:aliphatic

al cohol )t7®' Theaiecas of clewps stbeipin e diFieHtion SgepisiAp. o comprisel at feas

an amount of 2-piperidin-2-yl-ethanol sufficient to provide a 2M solution.

21. The process of claim 1 wherein the combined methanol and THF solutions in step "a"
are maintained at a temperature of from about 20 °C. to about 60 °C.

22. The process of claim 21 wherein the combined methanol and THF solutions in step
"a" are maintained at a temperature of from about 35 °C. to about 40 °C.

23. The process of claim | wherein the solution of step "b" is heated to a temperature of
from about 30 © C. to a temperature below the refluxing temperature of the solvent

mixture.

24. The process of claim 23 wherein the solution of step "b" is heated to a temperature of



19. The process of claim 18 wherein the m xture of solvents used in
Step "a" conprises a volunetric ratio of about 5:1 PAO

sol vent: al i phatic al cohol. 20. The process of claim 3 wherein the
THF solution used in Step "a" conprises at |east an anmount of

2- pi peridin-2-yl-ethanol sufficient télprovide a 2M solution. 21.
The process of clain11 wherein the conbi ned nmet hanol and THF
solutions.in gtep %‘ are maipntained at a tenperature of from about
20C. to aBIEbEH e C wrboyhy frocess of claim 21 wherein the combined
met hanol and THF solutions in step "a" are maintained at a

t enper at u¥%e The proeesmoipleim | 3diewin s apdiretigogep "I 3s canird it b beafingfthe
clai m 1 vimesipitate fomed bl el ‘o ind ms}stelg of h'vol. sqhdanetiehnobarg 2embegacfur e
of from alveienit@e t¢Ca tampematiempebat 6F eChed ovelinget tafttrapdratgretdrperntdtur e
of the solGent nixture. 24. The process of claim 23 wherein the
solution of step "b" is heated to a tenperature of 21 from about 50
C. to abad Thépfocess2Bclaithe whe@hessd pirifatibntdp WY QinfledSdit By heating a
purifi catdngdy sdngisiry'a hStnGabf 1 06l. 8dllof BstHABAL 2NGolt &L oPEREInREilekR] the
formed i nysdisate SrmedirbstdP %l ¥ 8 icdfpeanObr atRfdt 59%C. n%lﬁ‘iﬁé@& e SARF, 40 vol .

eq. of act@ﬁl@él‘afu?é fof attlﬁle%uﬁ’f?dig?lﬂ@dlkgoﬁ/e%e ﬁ’rﬂﬁﬁhe?gntpgoﬁﬂ QgL t to
a tenper fﬂ &aRfc 8RB 11'5 . The process of claiml wher ei n

said puri atlon step "e" |s carrled out by heating a slurry

conpri si ne o
acet oni t %}7115% Pn}é%eay Cﬁén ka@é) f% T goryl et &ln?ﬂﬁtdmmq Eﬁmgoung ?f%%'f’lgt ure
of about holdlng t he slurry at tenperature for a tine
sufficient to dissolve the inmpurities, and cooling the slurry to a
tenperature of about 15 C 7. A process for maki mgeuen:

pyrazol o[ 1, 5-a] pyri m di n- 7yl -"am no conpoynds of Fornula Il Fornula

ill wherein RR is a linea ~anched or /fyclic alkyl group, the

process conprising: (a) co i axﬁﬁféélon conprising a polar,
rerof, A sonmers of

phatic al cohol solution

aprotic organic solvent and

2- pi peridin-2-yl -ethanol th an al

containing an am no acid r¥sol vi ngisgent sel ected from
N-acetyl -L-1 euci ne and N-acetyl-L-nmethionine; (b) mxing the

conbi ned solutions with additional ts of the polar, aprotic
organi ¢ solvent and warning the mix{urelto a tenperature bel ow the
boiling point of either solvent int xpure sufficient to pronote
di ssolution of any solids present in the ixture;

wherein R* is a linear, branched or cyclic alkyl group, the process comprising:

(a) combining a solution comprising a polar, aprotic organic solvent and a mixture of
isomers of 2-piperidin-2-yl-ethanol with an aliphatic alcohol solution containing an
amino acid resolving agent selected from N-acetyl-L-leucine and N-acetyl-L-methionine;
{(b) mixing the combined solutions with additional amounts of the polar, aprotic organic
solvent and warming the mixture to a temperature below the boiling point of either
solvent in the mixture sufficient to promote dissolution of any solids present in the ixture;
(c) cooling the mixture to a temperature which permits the salt of compound Gla to
precipitate therefrom,



(c) cooling the mxture to a tenperature which permts the salt of
compound G a to precipitate therefrom 22 da (d) isolating the
precipitated salt formed in step "c", (e) purifying the salt from
step "c" by slurrying the salt in a 10:1 by volunme m xture of
acetonltrile (ACN) and nethanol; (1) PZberating the free base al cohol
da fromthe salt prepared in purifying Step "e"; and (g) reacting
the free base al cohol fromStep "e" wth the conmpound of Formula 4,
GL EL.ki? "NNywNo., wherein "X |s a hal ogen or sulfonyl | eavi ng
group. 28. The process of claim2Z7 wherein, "R2" isClan

et hyl -substituent and Xis Cl. 2@ e process of claim 27 wherein,
the polar, aprotic organic sol vent Step "a" is selected from
tetrahydrofuran (THF), acetonitr C»D, et hyl acetate and acetone.
23 30. The process of claim 29 ein, the aliphatic alcohol in
Step "a" is selected fron1aI|phat|e alcohols having 5 carbon atons or

| ess. (/,

)38

Il ll’

(d) isolating the precipitated salt formed in step "c
(e) purifying the salt from step "c" by slurrying the salt in a 10:1 by volume mixture of
acetonitrile (ACN) and methanol;

(f) liberating the free base alcohol Gla from the salt prepared in purifying Step "e
(g) reacting the free base alcohol from Step "e" with the compound of Formula G1,

" ll

; and

]

F N

B

N

wherein "X" is a halogen or sulfonyl leaving group.

28. The process of claim 27 wherein, "R*" is an ethyl-substituent and X is C'.

29. The process of claim 27 wherein, the polar, aprotic organic solvent in Step "a" is
selected from tetrahydrofuran (THF), acetonitrile (ACN), ethyl acetate and acetone.



31. The process of claim?29 wherein, the aliphatic alcohol in Step
"a" is methanol. 32. The process of claim27 wherein, said

| iberating step "e" is carried out by conbining the isolated resol ved
salt with a reactlon m xture in the presence of a base and |iberating
the free base alcohol in situ. 33. Th® process of claim 27 wherein,
said liberating step "e" is carried out by treating the isolated

resol ved salt with a ase stalli t he, fr.ee base. al coh out of
Sorut on, Sathe 81’%& i R @Pf@a&v A A
process f%‘P atiealgobplsda lﬁﬁ S QBﬁ’é’ideF P5pi perl din-2-y1 et hanol froma
m xture of isoners, the process conprising gwl) combi ni ng

t et r ahydrt FhaprocesiEy clgian 29 Maerelp Heaiphai aa:o i SFep “af lsll%haélpb of
2-pi peridin-2-yl ethanol with a nmethanol solution containing

N- acet yl -32. Theipiopess of blpinm % mhereinh eaid bhdyptrecbtepolelitsi carrgsdwiut by edobiningnal
THF and whe rohtedirblved xtlaweh hoeamtipe mpen@tivthe dreskow dfdakrodndilibgragiog nt
of ei t herths &ibeeast alchhdllmesind. xt ure; (c) cooling the mxture to a
tenperature which permits salt precipitation therefrom (d) isolating
the preciis. Thé pec&abf clhipf B’Ed}hbﬂamsﬁzﬁ@hb@rﬁﬁng% "€e)s ARidddnaby Meating the
recryst alikélgicBsbREd S With a Bae, cHPRalRLIAE BT reRibasd AbdRoBlutl¥Ed1BEEn, and
conpri si Ngolhie 1A ?r@ébé%facr)&ta)s Iﬂr‘t‘ﬁ%&’tﬁdﬂ ng or suspending a precipitated
salt obtained fromoptional step "d" or optional step "e" in a
sol vent; and (bids f’oﬁ‘?&%fv thd _lgn@@f% %ﬁmnsi f%m RS t 0
yield (S)l\%]n%lp %ﬁé o@eg ris? Q! '{n? %?rghydr ﬁF go%;t SS 0

clai m 35 ture 1som61s a &r iw g oxi de
aqueous so “‘3 fdn éWc? IB%IP]@%P ‘E(?%E in
a single %g‘m fcetﬂig" ‘fcﬁbee@ 8}” HPR Wit

sol vents ¥4 TPngéP‘”e‘ﬁ“X ' tof‘FFénP&Eﬁ‘f‘Bie g tag m%B‘?fB*r? sf’ét L0 SPUH’élerl c
ratio of BEFFYE ( IP%thﬁr‘]&éﬁ‘f%tosadFWBﬁf‘m(W 8?1%‘ﬁt57 tallePﬁBH%tfqnc

al cohol dherelieny whégtating themagyinibtedesalt formed fimster "al #ds) ortigralbbut  10: 1
PAO sol velﬁ?fys‘f&llllmﬁﬁéhq ¢ltal cohol . 38. ' The process of claim 37
wherein, the resolving agent is present in the step "a" solution in
an armunt35sﬂ|"hé pocenbi tlainp B4 irther congoisitg thnstefs cdb@udissblvig or sngsodliug ng
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36. The process of claim 35 wherein said solvent used in Step "i" is a sodium hydroxide
aqueous solution, thereby providing the solvent and base treatment in a single step.

37. The process of claim 27 wherein, the mixture of solvents used in Step "a", the
combining step, comprises a volumetric ratio of polar aprotic organic solvent (PAO
solvent):aliphatic alcohol of from about 2:1 PAO solvent:aliphatic alcohol to about 10:1
PAO solvent:aliphatic alcohol.

38.'The process of claim 37 wherein, the resolving agent is present in the step "a"
solution in an amount sufficient to provide a solution of about 5 M in resolving agent.

39. The process of claim 27 wherein said purification step "e" is carried out by heating
the precipitate formed in step "d" to a temperature of about 55 °C. and cooling it to a
temperature of about 15 °C.



