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azabi cyc exane- 2- car boxyal ates or salts there L.Qr]

Applicati éj”?mgz%at ent application clains the benefi t%&'ﬁﬁ:ﬁ@@}ﬁvsf romU. S.
provi sional application, Serial Nunmber 60/479,516 filed June 17, 2003. 5
Field of the Invention The present I nvention relates to the process and

i nt er medg g f o_ Jors (1] . .
6, 6- di Ty SRS L ST 2t ret-eof
havi ng the fol I o 8 ] e)fanEeﬂ-nar RBsaNIs%‘lere aI ts thereof H

10 1 Background of the Invention (1 R,ZS,SS)-
6, 6- di met hyl - 3-azabi cycl o[ 3, 1, 0] hexane- 2-carboxylic acid, nethyl ester
hydrochl oride is disclosed in U S. patent applications, Serial Nos.

09/908, 955 15 which was filed pliditylRpph€lonand 10/ 052,386 which was filed
_ﬁ‘—x—?%r‘dl corporate

January 18, 2002, which are eac herein by reference. The
conmpound of formulal is a key internediate used in preparation of the

hepatitis C‘l‘hlsrpeteht a@rdatbh@amherﬂenblrntorpﬂimym@m IlueS}‘\Ptdwmmw structure
of formula Zz H3C V CH3 ~ N\/~HNQO
application, Serial Number 60/479 516 filed June 17, 2003

5 Field of the Invention
The present invention relates io the process and intermediates for the
preparation of (1R,28,55)- 6,6-dimethyl-3-azabicyclo[3,1,0]hexane-2-carboxylates or
salts thereof having the following structure of formula k.
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\ or salts thereof
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Background of the Invention
(1R,25,55)- 8,6-dimethyl-3-azabicyclo[3,1,0lhexane-2-carboxylic acid, methyl
ester hydrochloride is disclosed in U.S. patent applications, Serial Nos. 09/908,955
15 which was filed July 19, 2001, and 10/052,386 which was filed January 18, 2002,
which are each incorporated herein by reference.

The compound of formula 1 is a key intermediate used in preparation of the
hepatitis C virus ("HCV") protease inhibitor having the following structure of formula Z:

HaC CHg

2 H NHj



WD 2004/ 113295 PCTI US2004/ 019135 -2 The conpound of formula Z is useful for
treating hepatitis C and related disorders. Specifically, the corrpound of
formul a §vh2 035] %}Bgll bitor of the HCV NS3/NS4a serine protease.

r emai ns W18 et hods of synt hesi zi ng conpounds usB?T{US?QQ‘"P}?é-"S
treatnment or prevention or anelioration of one or nore synptons of hepatitis
C. In view of the inportance of hepatitis C virus ("HCV') protease

i nhibitors, new, novel nethods of malz ng such antagonists are al ways of
interest. Summary of the Invention 1049n one enbodi ment, the present
application relates to a process of making a conpound of forrmula 1: | V

00283 N H or salts thereof wherein R3 is selected fromthe (1:;roup consi sting
of al kyI a'rl'be compaung of fonsulayg isoagaiyl foatreabpglheaaut}samw related i nvent i on

alsor Lt apn ..nternedi a ds_t ithin the
proces 38f :érﬁ% fﬁ%‘%&hﬁ&&ﬁ?%“#@rf "E%L?'Srﬂ%"ﬁ?'b"@’e’s‘ﬂ@?m ing the
corrpoun@gmsﬁgrsgﬁhgdro@gggrl ses: (1) desymetrizing a conmpound of formula Il
with RIOH in the presence of 20 a chiral reagent to yield a conpound of
fornul a |11 Thefe Rn@in®a r@et for methbidz of Bynmleslzmgwbmpnum usefsibinedbeed from
the gr sistin of al k ken ar al | k y,
y 81 SaltRBITeTRnRsavayon & AeloBiEE ot chsronmarepinbbe sfreiafe Cuo
2004/ 113295!1?%6%&%8%@&&&&& of RepAitisAGiviais| (WICYMEpoRERRHitRbrd, ! 2 111
to yield a conpound or mul

novel methods of making such antagonists are always of interest.

Summary of the Invention

10 In one embodiment, the present application relates to a process of making a

N

X,
%

compound of formula I:

)

CO,R®

\H or salts thereof

|

wherein R® is selected from the group consisting of alkyl, aryl, aralkyl,
15 cycloalkyl and cycloalkylalkyl.

The invention also relates to certain intermediate compounds that are made

within the process of making the compound of formula I.

The process of making the compound of formula | comprises:

(1)  desymmeirizing a compound of formula Il with R'OH in the presence of
20  achiral reagent to yield a compound of formula lli:

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



IV: Oil HZN O 1V, (3) reducing the am de and ester functionalities of the
conpound of fornmula s IV to yield a conpound of formula V. Nj rOH NH2 V
or salts ..(4) protecting the am no group of the _conpound of formula
V to yiel 2603@2%%und of formula Vi: fIH NP VI to BhEVEW/BNEr esent s
a protecting group; (5) oxidizing the compound of formula VI to yield a
conpound of forrmula VII: C(OH NHP VII (6) adding R2Z0OH to the conpound of
formula VIl to yield a conmpound of 1% forrmula VIII: WD 2004/ 113295
PCT/ US2004/ 019135 -4- OR2 NP VIII" wherein R2 represents H, alkyl, aryl,
aral kyl, cycloal kyl or cycloal kyl al kyl; (7) cyanating the conpound of
formula VIl to yield a conpound of formula [IX CStCNlx;, 5 §8) hydr ol yzi ng
t he conpound2bf amimating thx campound=ef fermelzdl toryield & cayop@dtha fﬂrmﬁ;a mul a X:
CO2R3

IV:

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

~

:’I,f]

OH

NFz v or salts thereof;

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

~

E’”’If

compound of formula VI

OH

NH-P VI
10  wherein P represents a protecting group;
(6)  oxidizing the compound of formula VI o yield a compound of formula
VIil:

L

NH-P Vi
(6)  adding R*OH to the compound of formuia VI to yield a compound of
15 formula VIII:



N\T P X wherein Mis selected fromthe group consisting of Li, Na and K
and R3 is io0 selected fromthe group consisting of alkyl, aryl, aral kyl and
cycl oal kyl : deprotecting the conpound of fornula X to yield the
corrpoundw(ﬁZ(ﬁwglr3 al: C02R3 NI | Hor optionally iNRMPIPESas salts
thereof. 15 WD 2004/ 113295 PCT/ US2004/019135 -5 The inventive process to
make the conmpound of fornula | has several advantages: the process

di scl osed herein is a high yielding ppocess wi th excellent control of
stereochem stry, and does not require any chromatographic purification. s
Description of the Invention As used above, and throughout the
specification, the followng terns, unless otherw se indicated, shall be
understood to have the foll ow ng anings: "Al kyl" means an aliphatic

hydr ocar bon group which nay be strgi ght or branched and conprising about 1
to about 20 carbon atons in the cBa%g. Preferred 10 al kyl groups contain
about 1 to about 12 carbon atons §in t gpain. Mre preferred al kyl groups
contain about 1 to about 6 carbonlagt@ns 1n the chain. Branched nmeans that
one or nore | ower al kyl groups such @s nethyl, ethyl or propyl, are attached
to a linear alkyl chain. "Lower al ky " yigRns a group having about 1 to
about 6 carbon atons in the chain which nmay be straight or branched. The

t er m "wherein Rirepreabhis M, alkylanhsaralio, aysbalityt pr cycloalkylaligylbe substituted by
one or nore_substituents which ma e the me or different ch

SUbst t uentTher ryATAIBH IR SAMAGUBH ot doiganla NIFLIS MBI Grcanmp et oA et hal o,
alkyl4%§ryl, cycl oal kyl, cyano, hydroxy, al koxy, alkylthio, am no,

-NH(al kyl ), -NH(cycloal kyl), -N(al kyl)2, carboxy and -C(O O al kyl .
Non-limting exanples of suitah]efalkyl groups include nethyl, ethyl,
n-propyl, isopropyl, n-butyl, t 7Y

=,

CN

N
\
5 P IX;

(8)  hydrolyzing the compound of formula IX with MOR® or R%0H into a
compound of formula X:

CO.R®

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

Y,
57,
2

E>—002R3
N

\ I

H
or optionally isolating it as salts thereof.

15



20 butyl, n-pentyl, heptyl, nonyl, decyl, fluoronmethyl, trifluoronethyl and

cycl opropyl nethyl. "Al kenyl" neans an aliphatic hydrocarbon group contai ni ng

at | east vgﬁgo 0fi Zggn carbon doubl e bond and which may be_strai g{ht or

br anched oi% sing about 2 to about 15 carbon at ohETUR2AOMRI%E,; n.

Preferred al kenyl groups have about 2 25 to about 12 carbon atons in the

chain; and nore preferably about 2 to about 6 carbon atons in the chain.

Branched neans that one or nore Iomer_ilkyl, groups such as nethyl, ethyl

or propyl, are attached to a |linear alkenyl chain. "Lower al kenyl" neans

about 2 to about 6 carbon atonms in the chain which may be straight or
dlerm"substituted al kenyl" neans .that the alkenyl group may

branched. T
be substit uﬁg’@ ipyeriiye ryocass %F@k@dbgppﬂmw Qfffpenulad\hasssavesdls ame or

differ n ro
consi styanEeR: s bbb Bisebherk RIS AIER Viering PriEhStyth PRcbeht °-P
PCT/ USZea#dDafstefeochGmistey, @lddoetoes ﬁ@trrehuma tanvg:mmamgfraphb purificatibre al kenyl
groups include ethenyl, propenyl, n- butenyl 3- et hyl but - 2- enyl

n-pentenyl, octenyl and decenyl. "Al kynyl means an aliphatic hydrocar bon

group containing at least o Y 'h'ti%l e bond and which may be
straight or branched and co bout 15 carbon atons in
the chain. Rslisud gsov, anhr@lqhwstﬂw;@emmzmé fbll@hmg tekisCanfees at ons

in the chain; and nore preferab about to about 4 carbon atoms in the

chai n. oHhemiseindieaied &h@&tbam@defﬁtmt@ haygdhedoligwingroearingsch as net hyl ,

ethyl or pra " al kynyl "
means aboutﬂ%&llﬁé% %ﬁ%ﬁ@ggw%ﬁy@@ghﬂﬁﬁtgé%gxﬂﬁé ER@%pﬁﬁ“?E@ﬁ stralght or
br anchédgandised aed tomptising mnnl osabsyut 20i daabbe atdrky ﬁrythegchalnSPrei@ﬂrude
ethynyl propynyl, 2-butynyl, 3- methyl butynyl, n-pentynyl, and decynyl. The
t eidn " Sld graupseepriaiv,akaut 1n@aatptttﬁatcatrlﬁ@n ammglmheqmﬁm Mﬁye Beefgﬁget i tuted

b

subst: SRR RARARTE D WSl rben Ans i he Phlf): BIARBHmERT,
al kyl, thatydnerodmoys lovedrkatkyl GrBup£\sNEr asmhylaetlwl onprod lrm'ecme@hea o
mul ticyclic rlﬂg1systen1conpr|5|ng about to about 14 carbon at ons,

pr ef er diBP@r alkplehain t'&oa@s@kﬂmanﬁmrausr?@vm@bowwo PP e3hoDe
oo on ke HH Kbl hich P8 saPRLELAichRgE PR b BB o "
exgpl afieans that the alkyl 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, hydroxy, atkoxy, alkylthio,
amino, -NH(alkyl), -NH(cycloalkyl), -N{alkyl),, carboxy and —C(O)O-alkyl. Non-limiting
examples of suitable alky! groups include methyl, ethyl, n-propyl, isopropyl, n-butyl, t-
20  butyi, n-pentyl, heptyl, nonyl, decyl, fluoromethyl, trifluoromethyt and
cyclopropylmethyl .
"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
25 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 "substiituted alkenyl" means that the alkenyl group may be substituted by one or
30  more substituents which may be the same or different, each substituent being
independently selected from the group consisting of halo, alkyl, aryl, cycloalkyl, cyano,



of suitable aryl groups include phenyl and naphthyl. 20 "Heteroaryl" neans
an aromati c nonocyclic or nmulticyclic ring system conprising about 5 to

about 14 preferably about 5 to about 10 ring atons i ch
one or nn‘&te)r}g?ﬁ]{l%rl ng atons is an el ement other than ?QF%HGO“W)?B%xarrpI e

ni trogen, oxygen or sulfur, alone or in conbination. Preferred heteroaryls
contain about 5 to about 6 ring atons. The "heteroaryl" can be optionally
substituted by one or 25 nore "ring system substituents” which may be the

same or different, and are as defined herein. The prefix aza, oxa or thia
before the heteroaryl root nane neans that at |east a nitrogen, oxygen or
sul fur atomrespectjvely, is present as a rlnﬂwg om, A nitrogen atomof a

hetelroéf‘9|a|‘é9%bl endmlilaagwﬁmnb&s af suitable alivaytaronps jeslade gthenki de. |
No ' )
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thiazolyl, paAlkgpayit meanistarﬁaimdnc hymmusarbwh Qrov a@mammg Talt Iazonk,
1,2, 4- thladlazoly

I azi ny a2|nyl i noxal i pht hal azi nyl ,
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t hi enofy aboutdyd canbbnraibmswn itiky Chainfrafid 2agmer prefdrablysalsput 20t dbdut 4 carbon
benzoazalndol%@| 2,4-triazinyl, benzothiazolyl and the Iike. "Aral kyl"

means akoas i thel ¢hain. Brasohed meansciat pae or ynorgriewar rikyl graupssush@sevi ousl y

oxanpl ey bERE Rl B YiaghaiRe oifer alVii it LBt kGl rhadhs ' ™0

napht habeay2 teabylt 6 Eamohcmdmntthé chalrewhichohay Yeisirdi tmrg:hahdshaeoalmﬁ
"Al kyl aryl " nmeans an _al ky -arélﬂ‘lyé group in which the alkyl and aryI are as
g

pridvi oumﬂy"Qj@éﬁﬂ’lP‘Eé@f spﬂ@bler&l kqm@rlpp@decﬁ?bynwepr&pwawe? Butygy!, 3r oup.

ot ol By SRV, A0d SRR Thietth Rbbriad el Hednemiapie
" Cycl oaIHsmyl greapmaybs sabstiuted by oMersr-more smbsltltaemb which mayﬂ)@tr@rvSame
conpr|5|3&ﬁgabout 3 to about 10 carbon atons, preferably about 5 to about 10

car bon O&gifasent, paeh subgiiuenihejagindepandgatly §ﬁl95ted HeBLhegroup £866IStingr i ng
atoms be 15 optionally substituted with one or nore
OTQF(X ﬁ?égﬂgaﬂdﬁguen [ [

"ring SysS ‘mhlch may be the sane or different, and are as
defsi ned abovAryI"Neeahs ahtdromatisanohesyciit os wulibictic ring system comprising
about 6 to about 14 carbon atoms, preferably about 6 to about 10 carbon atoms. The
aryl group can be optionally substituted with one or more "ring system substituents”
which may be the same or different, and are as defined herein. Non-limiting examples
of suitable aryl groups include phenyl and naphthyl.

20 "Heteroaryl" means an aromatic monocyclic or multicyclic ring system
comprising about 5 to about 14 ring atoms, preferably about § to about 10 ring atoms,
in which one or more of the ring atoms is an element other than carbon, for example
nitrogen, oxygen or sulfur, alone or in combination. Preferred heteroaryls contain
about 5 to about 6 ring atoms. The "heteroaryl” can be optionally substituted by one or

25  more "ring system substituents” which may be the same or different, and are as
defined herein. The prefix aza, oxa or thia before the heteroaryl root name means that
at least a nitrogen, oxygen or sulfur atom respectively, is present as a ring atom. A
nitrogen atom of a heteroaryl can be optionally oxidized to the corresponding N-oxide.
Non-limiting examples of suitable heteroaryls include pyridyl, pyrazinyl, furanyl,

30 thienyl, pyrimidinyl, isoxazolyl, isothiazolyl, oxazolyl, thiazolyl, pyrazolyl, furazanyl,
pyrrolyl, pyrazolyl, triazolyl, 1,2,4-thiadiazolyl, pyrazinyl, pyridazinyl, quinoxalinyl,
phthalazinyl, imidazo[1,2-a]pyridinyl, imidazo[2,1-b]thiazolyl, benzofurazanyl, indolyl,



nmonocyclic cycl oal kyl s include cycl opropyl, cyclopentyl, cycl ohexyl,
cycl oheptyl and the like. Non-limting exanples of suitable nmulticyclic

cycl oal k b G 1-decalin, norbornyl, adanmantyl and t |ike. 20 "Halo
o zw@ﬁﬂér@o EFERJF%F

means fl uoro brono, or iodo groups. Preferred WaOB3%h! or o

or bronmo, and nore preferred are fluoro and chl oro. "Hal ogen" neans
fluorine, chlorine, bromne, or iodine. Preferred are fluorine, chlorine or
brom ne, and nore preferred are fluorisne and chlorine. "Ring system
substituent” nmeans a substituent attached to an aromatic or non- 25 aronmatic
ring systemwhich, for exanple, replaces an avail able hydrogen on the ring
system Ri em substituents,ma)( he sane or djfferent,K each being

i ndleEeﬂ%ﬁiﬁaglyﬁ @nétmiéamlvb Pﬁﬂﬁ@th&%dgﬁﬁalmyﬁimi@a@”maml?oﬂyé'plé(h oaryl,
het er o QTSN PlenopRhit Ay MirroidB i R oo RV RRASSIRALY oy acy

ar oyl , bbataazaindoly, 12diazieds benzothiakzblyksndtipolid., 30 aryl oxycar bonyl,
ar al koxycar pon)(l v, al kﬁl sul fon%l , a%:l sul fo,n}/'I het ero ri%,sul fonyl ,
al kyl sul fi nyhraliggymeans apyaryl-4lkyle gseyR insywhic ﬁb@,anéllafgﬁa kylare 8,1 t hi o,
het.ero ' ' | C; aal kenyl ,
nefor oK E desdHidd Fromhida QtAIGHECombte R laer BKGI SRMB hion@fitiE8, 100,
YlYgN]:fekdxmbtes &és%ﬁ(e@rgllqhgromﬁfihﬂmf,betdzgh ]?Lpfhéf;:eglaylchn\‘ﬂ may b_e 'E_he s?me
or different and are i_ndependently selected fromthe group consisting o
hy dr ogBaphihalgnyimeathyj. ,Th&rﬁ”&f@ el pareny, moigly I&&VPUQ%QKML non-aronati ¢ nono
or multicychiig g QLI Sk § t { on at ons,
preferably a%&'tahg @Q%?ﬂé%@%}g[ &?gﬂﬁ g?@ﬁs‘gh Pcﬂk@%ﬁ[d a?'&ga%?é_$east one
ot e ol ko oo pa oot Tyt i ot i th one
orlom)r@xaml:’%f @ﬂ%‘@h‘%@ﬁﬂgm @é‘PHEsP'/WH eIy Béolyﬂéngébﬂﬁ-o eéﬁ)'ﬁ iotha, and
are as E@ﬂtmeﬁgﬁ\{ﬁmuyﬁq?éia@ti ng exanpl es of suitable nonocyclic 10

P clude C€ycl op

cycl oal'kenyl's i tenyl, cycl ohexenyl, cycloheptenyl, and the
| i ke. Non- FCycioalkyl" exeans & noh-aromaticahbro-ned muktiggtliccriny systatrkesmprisiag

il 1 cHEPHES 16 Agou LT eAbbh pte: RIFIaBIN ABOVLS KbEDRUTHS PRIBGRAIBR.
o HOERERACIUOR RS bl B0t 31 Bbput 7 P Gite T SRl San bl
15 - optionally substituted with one or more "ring system substituents" which may be the
same or different, and are as defined above. Non-limiting examples of suitable
monocyclic cycloalkyls include cyclopropyl, cyclopentyl, cyclohexyl, cycicheptyl and
the like. Non-limiting examples of suitable multicyclic cycloalkyls include 1-decalin,
norbornyl, adamantyl and the like.
20 "Halo" means fluoro, chloro, bromo, or iodo groups. Preferred are fluoro, chloro
or bromo, and more preferred are fluoro and chloro.
“Halogen” means fluorine, chiorine, bromine, or iodine, Preferred are fluorine,
chlorine or bromine, and more preferred are fluorine and chlorine.
"Ring system substituent” means a substituent attached to an aromatic or non-
25  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
independentiy selected from the group consisting of aryl, hetercaryl, aralkyl, alkyiaryi,
aralkenyl, heteroaralkyl, alkylheteroaryl, heteroaralkenyl, hydroxy, hydroxyalkyl,
alkoxy, aryloxy, aralkoxy, acyl, aroyl, halo, nitro, cyano, carboxy, alkoxycarbonyl,
30  aryloxycarbonyl, aralkoxycarbonyl, alkyisulfonyl, arylsulfonyl, heteroarylsulfonyl,
alkylsulfinyl, arylsulfinyl, heteroarylsulfinyl, alkylthio, arylthio, hetercarylthio,
aralkylthio, heteroaralkyithio, cycloalkyl, cycloatkenyl, heterocyclyl, heterocyclenyl,



Is for exanple nitrogen, oxygen or sulfur atom alone or in conbination, and
whi ch contains at | east one carbon-carbon double bond or carbon-nitrogen

double b are no adj acent oxygen and/or sulfu resent in
the ri ng%ggé?“é"li?%% ef erred heterocycl enyl rings contai EC%S%‘”EHHF about 6

ring atonms. The prefix aza, oxa or thia before the heterocyclenyl root nane
nmeans that at |east a nitrogen, 20 oxygen or sulfur atomrespectively is

present as a ring atom The heterocyclgnyl can be optionally substituted by
one or nore ring system substituents, wherein "ring system substituent” is
as defined above. The nitrogen or sulfur atomof the heterocyclenyl can be

ti N 1 gi ' | de, S oxi S, S- di oxi de.
Non- 11 YA Vaattio or Y e Qb Atk whpisiacrand & By D isups. 25
nel ud : it ; . 4 dibvd Tyl
15, 3. gamelr dirforenfand S IRYEhHoffy sdhotte MU AR condisng of Y Ol Pyl
3- pyr rloydrogen, &lkyi, aindzamnd arglkyl. 2- pyrazolinyl, and the like. Non-liniting
i Pyl of ur aiGYCIOARPR: BReaiscr BFmARIPALC a7 REmUGCAR B0 SYREM ng.examp! ¢ of

t ey . :

7. Sxanl A BTy ol 6 abbuP 10 (B S PRHEB Rl 5 to ahout 10 carbon |
t hi aheatonewhiokngontainsgs least londecaibon-daridn dplisie\dond. Srdfededtdyclugykeny! , and

the like. WD 2004/ 113295 PCT/ US2004/ 019135 -9 "Heterocyclyl," npans a
non- ar BAGE PENtaIN APAHLETG BRI TIng atams, ke eydlpalkepylran Be ebtisnalbip: i si ng

about . &aekitr Bné 'of 6O RRg SHERIASABBRRY Witk MelfiinelSurhb it at oS,

i n whi one or nore o e ring systemis an el enent ot her
t han difflebent, and are asdefined iabovegcNondinyitieg examplad of suitabésnmonmociclic

CHB 11 AU keRYIS ihelade P aPAREEY b Sy PR aaeR 3 SR By i ng |
at o A elhileti slsBIOMUYBILEIAbAIkehs HBIGSAGKAYY] Toot name means

that a t a nitrogen, oxygen'or s ur atom respectively is present as
a ring at on'Halecodytamdoypebns acen-ammgtic moabtyclicudranuliioyeit rifng systemor nor e

def | nedOTERBING bR o3t Cinesioms, Pa8rataY 2BRat Bde epoLt 1) ynciemse. -
o 7 Wt g id 1 bt Fane et G5 i) dhepineh Sl
pi per i thrlexapyple olitrafieny loxygemer salfundtom, alone or in combination, and which
contains at least one carbon-carbon double bond or carbon-nitrogen double bond.
There are no adjacent oxygen and/or sulfur atoms present in the ring system.
Preferred heterocyclenyl rings contain about 5 to about 8 ring atoms. The prefix aza,
oxa or thia before the heterocyclenyl root name means that at least a nitrogen,
20  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
heterocycleny! can be optionally oxidized to the corresponding N-oxide, S-oxide or
S,S-dioxide. Non-limiting examples of suitable monocyclic azaheterocyclenyl groups
25 Include 1,2,3,4- tetrahydropyridine, 1,2-dihydropyridyl, 1,4~dihydropyridyi, 1,2,3,6-
tetrahydropyridine, 1,4,5,6-tetrahydropyrimidine, 2-pyrrolinyl, 3-pyrrolinyl, 2-
imidazolinyl, 2-pyrazolinyl, and the like. Non-limiting examples of suitable
oxaheterocyclenyl groups include 3,4-dihydro-2H-pyran, dihydrofuranyl,
fluorodihydrofuranyl, and the like. Non-limiting example of a suitable multicyclic
30  oxaheterocyclenyl group is 7-oxabicyclo[2.2.1]Jheptenyl. Non-limiting examples of
suitable monocyclic thiaheterocyclenyl rings include dihydrothiophenyl,
dihydrothiopyranyl, and the like.



nmor phol i nyl , thionorpholinyl, thiazolidinyl, 1,3-dioxolanyl, 1,4-dioxanyl,
t et rahydr of uranyl, tetrahydrothiophenyl, tetrahydrothiopyranyl, and the

i ke. 15 An " means an aryl -al kenyl - group in whj and
al kenyl Ayéuggh?%¥%viously descri bed. Preferred aralken%ﬁ@MEQﬁﬁgﬁﬁ&%.Iomer
al kenyl group. Non-limting exanples of suitable aral kenyl groups include
2- phenet henyl and 2-napht hyl ethenyl. The bond to the parent noiety is
through the al kenyl. "Heteroaral kyl" ngans a heteroaryl -al kyl - group in
whi ch the heteroaryl and 20 al kyl are as previously described. Preferred
het eroaral kyl s contain a | ower al kyl group. Non-limting exanples of
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Non-limting exanples of suitable groups include benzoyl and 1- and

2- naphtaisyitablesneassycliedeterogyclyl ings iacluge qiperidylpyreolidimg, pipesazingloup is as

el uad el TcRBmr Oy, ket EARIERAS KB ana Yept oxy. The
bond t qetrARydrafrahylMRitRihydréthiophbhyo wfatyafothidpgrarlyaed the like.
15 "Aralkenyl" means an aryl-alkenyl- group in which the aryl and alkenyl are as

previously described. Preferred aralkenyls contain a lower alkenyl group. Non-fimiting
examples of suitable aralkenyl groups include 2-phenethenyl and 2-naphthylethenyi.
The bond to the parent moiety is through the alkenyl.
"Heteroaralkyl" means a heteroaryl-alkyl- group in which the heteroaryl and
20  alkyl are as previously described. Preferred heteroaralkyls contain a lower alkyl group.
Non-limiting examples of suitable aralkyl groups include pyridylmethyl, 2-(furan-3-
yl)ethyl and quinolin-3-ylmethyl. The bond to the parent moiety is through the alkyl.
"Heteroaralkenyi® 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 exampies of suitable heteroaralkenyl groups include 2-
(pyrid-3-yl)ethenyl and 2-(quinolin-3-yl)ethenyl. The bond to the parent moiety is
through the alkenyl.
"Hydroxyalkyl" means a HO-alkyl- group in which alkyl is as previously defined.
Preferred hydroxyalkyls contain lower alkyl. Non-limiting examples of suitable
30  hydroxyalkyl groups include hydroxymethyl and 2-hydroxyethyl.
"Acyl" means an H-C(O)-, alkyl-C(0O)-, alkenyl-C(O)-, Alkynyl-C(O)-, cycloalkyl-
C(0)-, cycloalkenyl-C(O)-, or cycloalkynyl-C(O)- group in which the various groups



"Aryl oxy" means an aryl-O group in which the aryl group is as previously
described. Non-limting exanples of suitable aryloxy groups include phenoxy

and napR{§9ups13Be bond to the parent noiety is througpﬁwz’@y&g{lséﬂygen

"Aral kyl oxy" nmeans an aral kyl-O group in which the ara S as
previ ously 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
moi ety is through the ether oxygen..j4lkyl am no" neans an -NH2 or -NH3
group in which one or nore of the hydrogen atons on the nitrogen S

repl aced by an al kyl group as defined above. 20 "Arylam no" neans an - NH2
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through the sulfur. Aralky nmeans an aramﬁ S- group I ch the
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al koxycar bonyl groups |ncIu met hoxycar bonyl™ and ethoxycarbonyl The bond
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car b0n¥1| aphthoxy. The bond to the parent moiety is through the ether oxygen.

"Aralkyloxy" means an aralkyl-O- group in which the aralkyl groups is as

15  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 -NHz or -NHa* group in which one or more of the
hydrogen atoms on the nitrogen is repiaced by an alkyl group as defined ahove.

20 “Arylamino” means an -NH. or -NHz" group in which one or more of the
hydrogen atomns 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,
ethylthio, i-propylthio and heptylthio. The bond to the parent moisty is through the

25 sulfur.

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

"Aralkylthio" means an aralkyl-S- group in which the araikyl group is as

30  previously described. Non-limiting example of a suitable aralkylthio group is
benzylthio. The bond to the parent moiety is through the sulfur.



10 "Al kyl sul fonyl"™ means an al kyl -S(02)- group. Preferred groups are those
in which the al kyl group Is | ower al kyI. The bond to the parent noiety is

t hrough t yl. "A kylsulfinyl" nmeans an al kyl - é rou Preferred
groups ar‘gstzgoég&lgﬁ whi ch the al kyl group is lower alk af'}? 48 asto t he

parent noiety is through the sulfinyl. 15 "Arylsulfonyl" nmeans an
aryl-S(02)- group. The bond to the parent noiety is through the sulfonyl.
"Arylsul finyl" means an aryl-S(O)- grpyp. The bond to the parent noiety is
through the sulfinyl. The term"optionally substituted" means opti onal
substitution with the specified 20 groups, radi cal S or noieties. As used
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which the aikyl 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 alkyt. The bond to the parent moiety is through the sulfinyl.

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

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

The term “optionally substituted” means optional substitution with the specified

20  groups, radicals or moieties.

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

25 "Solvate” means a physical association of a compound of this invention with
one or more solvent molecules. This physical association involves varying degrees of
jonic and covalent bonding, including hydrogen bonding. in certain instances the
solvate will be capable of isclation, for example when one or more solvent molecules
are incorporated in the crystal lattice of the crystalline solid. "Solvate” encompasses

30  both solution-phase and isolable solvates. Non-limiting examples of suitable solvates
include ethanolates, methanolates, and the like. "Hydrate" is a solvate wherein the

solvent molecule is H20.
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. Alternative Step 8 T
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Note: In Scheme I, the compound of formula IX(i) may be isolated or used directly to
make compound of formula X. Also, in Scheme |:
10 M represents a metal such as Li, K, Na, and the like;

P represents a protecting group. Non-limiting examples of suitable protecting
groups inciude reagents such as Cbz (“Cbz” represents carbobenzyloxy), 2-chloro-
Cbz, 2,4-dichloro-Cbz or 4-bromo-Chbz, allyl, methoxymethyl, benzyloxymethyl,
CY3CO (where Y is a halogen), benzyloxycarbonyl, trityl, pivaloyloxymethyl,

15 tetrahydranyl, benzyl, di(p-methoxyphenyl)methyl, triphenylmethyl, (p-
methoxyphenyl)diphenylmethyl, diphenylphosphinyl, benzenesulfenyl,
methylcarbamate, 2-trimethylsilylethyl carbamate, 1-methyl-1-phenylethyl carbamate,
t-butyf carbamate (“t-Boc”), cyclobutyl carbamate, 1-methyicyclobutyl carbamate,



cycl oal kenyl or cycl oal kenyl al kyl . Non-limting exanples of al kyl groups
include methyl, ethyl, trifluoroethyl, trichloroethyl, propyl or branched

al kyl s isopropyl. Non- I|n1t|ng exanpl es of al ken roups
i ncl ude ;‘Pﬁaf)%@;&ﬁgt hyl - 2-butenyl or cinnanyl. Non-1inFEIf§2 @ﬂé g%s of

aryl groups include phenyl and non-limting 10 exanpl es of aral kyI gr oups

I ncl ude benzyl, 2-phenylethyl or phenethyl. Non-limting exanples of

al kylaryl groups include p-tolyl. Nonygimting exanples of cycloalkyl

groups include cyclohexyl, cyclohexyl and the |ike. Non-limting exanples of
cycl oal kyl al kyl groups include cycl ohexyl nethyl and the like. Non-limting
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to about 3 r.e |vale ess coho be used.. The al cohol can
al so b&Y¢lQ @YQQ&H%HF dﬁ(ﬁY 9 Wlm@l" @dp“@gq‘@f% ingiting exanmples pkagent s
I ncl udgy QbakBANZrBLES IRIGEe 8lcyciohexen-1-ol. Non-limiting examples of
15 cycloalkenylalkyl groups inciude 3-cyclohexene-1-methanol. In a preferred
embodiment, R! represents alkyl or alkenyl, more preferably alkenyl. In another

preferred embodiment, R' is ally! represented by the following formula: \/_é .
R? represents alkyl, aryl, aralkyl, cycloalkyl or cycloalkylalkyi. Preferably, R?
represents a (C4-Cg)alkyl, more preferably (C4-Cs)alkyl, even more preferably (C4-
20  GColalkyl.
R® represents alkyl, aryl, aralkyl or cycloalkyl. In a preferred embodiment, R®
represents (C4-Cg)alkyl, preferably (C4-Cs)alkyl, more preferably (C4-Cs)alkyl.
Scheme | can be further described as follows:

25 Step1: _

The compound of formula Il is converted to the compound of formula Ht by
adding an alcohol represented by R'OH in a suitable solvent, and desymmetrizing the
compound of formula Il in the presence of a chiral reagent. (For a discussion of
‘desymmetrizing’, see, for e.g., A. C. Spivey et al, “Catalysis of the Asymmetric

30  Desymmetrization of Cyclic Anhydrides by Nucleophilic Ring-Opening with Alcohols”,
Angew. Chem. Int. Ed., (2001) 40(17), 3131-3134.) The alcohol can be used generally
from about 0.2 molar equivalents to about 10 equivalents with respect to the



5 enzynes as described in U T. Bonrscheuer et al, Hydrolyses in Oganic
Synthesis: Regio- and Stereosel ective Biotransformations, Publishers:

W | ey- VCiio ' Iilﬁbgn (1999). Another chiral reagent can _be

di i sopr opoXytitani um TADDOL-ates such as those di scl osEGTVRZ0GYMI, et al |
J. Og. Chem, (1998), 63, 1190, and in Chaplin et al, Tetrahedron, (1997),
53, 7539. Exanpl es of cinchona al kal oi ds that can be used 10 incl ude

qui ni di ne, cinchonine, epicinchonidinggor epiquinine. Mdified quinidines
can also be used as described in U S Patent Application Serial No.

09/ 825, 167. Non-limting exanples of solvents that can be used incl ude

et her sol vent ch as diethyl ether, THF, t-butyl, nethyl ether, di-n-propyl
ot her  CamPpaad ah il B reaiyiTor sheul) Mol dkivalent1g aBOWH MO, o1 bire
and t hgqhil, ke ' ' , ne,

met hyl gﬂlgvéﬁpgsﬁhddggﬁﬁ%ﬁg& \cffdr?nﬁ%ggpggrt\at%’ gta.) ?Bgﬁ'ﬁ'%‘raf]gﬁ“% I chi E?géé% ane, and
t he | i alephakcardbé ased! Taptalcshal ltaaalsobeased dsemsolvent.xyl enes, nesityl ene,
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ar e ar fiegio-amsidblesrase/ectiverBiotransformiatigng, RubtishersAVitdeVEH; Meimheimpe used
as sol yent en the alcohol solvent is the sane as. R in step 1. The
react | P49, %@ﬁhgf ehiral jeagrnt ke disopioperidanium TAPD RS S aout
-78C t &(‘;& f ;0 - Omab : erably
25 f romog%%%d- Odﬁ@%ﬁcﬁf‘éq CJ'f Qﬁgg%@T"ig%u®0§§’ gﬁ%nt | '"{%&?’feﬁ{ ionis
conpl eak Telahetirmp1997); 68, 788oErampled afrcimttond alkakidothat candeiugen a sal t
using a

o e elaRine, stk 2 ke, S1edhb cLSaRea P30, rary
copocT S Fid B Seto L VR PRCRARaB SR oOefoR 2 0 e
source of chiohdinyiting examples of selvents thatchrebé asediimclade ethiextsobvents sech to
o, el T S b e o SR
hy dr OX pfifrs 2P NHiHBIR G EirdRe, BIFTAS 4RHTHE RkECARHRtic solvents such as
15  peniane, hexane, heptane, methylene chloride, chloroform, carbon tetrachloride,
dichloroethane, and the like; aromatic solvents such as toluene, benzene, xylenes,
mesitylene, ethylbenzene, chlorobenzene, and the like; ketone solvents such as
acetone, 2-butanone, and the like; and ester solvents such as ethyl acetate,
diisopropyl acetate, and the like, and other solvenis such as acetonitrile, DMF, DMSO
20  and the like, or suitable mixtures thereof. Preferred solvents are aromatic solvenis,
more preferably toluene. Alcohols can also be used as solvents when the alcohol
solvent is the same as R'OH in step 1.
The reaction in step 1 can be performed at a temperature ranging from about
-78°C to about 80°C, preferably from about -50°C to about 40°C, more preferably
25 from about -30°C to about 10°C for about 18 hours or until the reaction is complete.
Preferably, the compound of formula {ll is converted into a salt using a primary,
secondary or tertiary amine. Preferably, the primary, secondary or tertiary amines are
chiral. More preferred are chiral primary amines such as (R){+)}-a-methylbenzylamine
and ephedrine.
30 Step 2:
The compound of formula lll from step 1 is treated with a source of ammonium,
a source of carboxylic acid activation, and a base in a suitable solvent to yield the



ammoni um phosphate, and the |ike, preferably amoni um bi carbonate. The
source of amonium can be used generally from about 0.5 nol ar equival ents
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15  -20°C to about 100°C, preferably from about 0°C to about 50°C, more preferably from
about 10°C to about 30°C for about 12 hours or until the reaction is complete. The
compound of formula IV which is formed in step 2 can be isolated or used directly in
the next step without further purification.
Step 3:
20 The amide and ester functionalities of the compound of formula IV are reduced
to yield the compound of formula V. Msethods of reduction include global reduction or
a 2-stage reduction, preferably a 2-stage reduction. Methods of global reduction
include the use of a reducing agent such as lithium aluminum hydride, borane
tetrahydrofuran complex, borane dimethyl sulfide complex, lithium borohydride or
25 sodium borohydride in the presence of trimethylsilyl chloride, preferably lithium
aluminum hydride.
Methods of 2 stage reductions include a first step of reducing the ester to an
alcohol using a reducing agent such as alane, lithium borohydride, or sodium
borohydride in the presence of trimethylsilylchloride. The first step is followed by a
30  second step which involves the reduction of the amide to an amine using a reducing
agent such as lithium aluminum hydride or sodium triacetoxyborohydride, preferably
lithium aluminum hydride. A non-aqueous work-up method is preferred for isolating



t he conmpound of fornmula V. The anmpbunt of reducing agent in the global or 2
stage reductions that can be used ranges generally from about 1 nol ar

equi val e 8 mol ar equivalents with respect to the conpound of
formul a %‘,’t’@"r“ﬁ?%?ém y fromabout 2 nolar equival ents PETABYOOR1ID| ar

equi val ents, nore preferably fromabout 3.5 5 nolar equivalents to about 5
nol ar equi val ents. The conpound of formula Vis preferably isolated as a
salt such as a benzoate salt, a canp_hiéi_c acid salt, a dibenzoyl tartaric
acid salt, a fumaric acid salt, or a 4-chlorobenzoic acid salt. In a
preferred enbodi nent, the conmpound of fornmula V is a benzoate salt having
the follow ng structure CQ2H OH Nk 10 NH2 V The reaction in step 3 can be
per f or Wecampeune ahtaraula ¥. r Bhepmpuni efregiiring agedt nghaigieha! @& stager er abl y
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group 8imdlaceqaivarntsiwith ré@{ﬁéﬁﬂt@tﬁé &ém th@Qif@@i’nYuléW,apr@f@"abMﬂrm alsguipup P
to yield a conpound of fornula VI. Suitable protectin roups are stated
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5: Thefdngmf%gﬁugﬁré ormula VI fromstep 4 is oxidized to forma conpound of

formula VII by a TEMPO nedi ated oxidation in a 2-phase system using sodi um
or calcium hypochlorite as sho el ow. WO 2004/ 113295 PCT/ US2004/ 019135
-17 g’lf,’ COgH
(—\OH- @
10 NH, vV

The reaction in step 3 can be performed at a temperature ranging from about
30°C to about 65°C, preferably from about 40°C to about 65°C, mors preferably from
about 55°C to about 85°C for about 16 hours or until the reaction is complete.

Step 4:

15 The amino group of the compound of formula V is protected with a protecting
group P to yield a compound of formula V1. Suitable protecting groups are stated
earlier. The reagent for the protecting group can be used generally from about 0.2
molar equivalents to about 1.8 molar equivalents with respect to the compound of
formula V, preferably from about 0.9 molar equivalents to about 1.3 molar equivalents,

20  more preferably from about 1 molar equivalent to about 1.2 molar equivalents.

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

25 Step 5:

The compound of formula VI from step 4 is oxidized to form a compound of
formula VIl by a TEMPO mediated oxidation in a 2-phase system using sodium or
calcium hypochlorite as shown below:



-4 I1H NHCbz VII Preferably, one or nore catal ysts and a base is added prior
to the addition of the oxidizing agent. A preferred conbination of

cat al yst oxi di zing agent respectively includes
2,2,6,6-?”??@%@?%@?-I-piperidinyloxy (TEMPO) and a net aPCIURURHOFU3F wher ei n
the netal of the netal brom de can be Na, K Li and the like) both as

catal ysts, sodi um bi carbonate as the base, and sodi um hypochlorite or

cal cium hypochlorite as the oxidizingyagent. The oxidizing agent can be
used generally from about 0.2 to about 10 nolar equivalents with respect to
the conpound of fornula V, preferably fromabout 1 to about 5 nol ar
equi val ents, and nore preferably fromaboyt 10 1 to about 1.5 nolar
equi val ents. Non-limting exanpl es of puifable solvents include aliphatic
sol vents such as pentane, hexane, heptzfes net hyl ene chl oride, chloroform
carbon tetrachl oride, dichloro ethane,/and the |ike; aromatic sol vents such
as toluene, benzene, xylenes, nesityhkene, ethylbenzene, chl orobenzene, and
the like; ester solvents such as ethy¥Cxe¥lte, isopropyl acetate,
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stirred for about 30 m hutes or until the reaction is conplete™td yield a

conpoufespsctively ingluades 2,2,86ctetamethyR @iperidinylony 4TEMPQ)antha raetalit i on from
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of formula VI, preferably fromabout 1 nolar equivalent to about 5 nolar
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to give the compound of fornula VII1I. The intranmol ecul ar cyclization can be
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carbon tetrachloride, dichloro ethane, and the like; aromatic solvents such as toluene,
benzene, xylenes, mesitylene, ethylbenzene, chiorobenzene, and the like; ester
solvents such as ethyl acetate, isopropyl acetate, diisopropyl acetate, and the like,

15  other solvents such as THF, and the like, or mixtures thereof. Preferred solvents
include the ester solvents, more preferably isopropyl acetate or ethyl acetate. The
reaction mixture is stirred for about 30 minutes or until the reaction is compiete to
yield a compound of formula VII.

Step 6:

20 R®OH is then added to the solution from step 5 containing the compound of
formula VIl to yield the compound of formula VIIl. The amount of R*0H that can be
used can range from about 1 molar equivalent to about 10 molar equivalents with
respect to the compound of formula VII, preferably from about 1 molar equivalent to
about 5 molar equivalents, more preferably from about 1 molar equivalent to about 3

25 molar equivalents. Any excess of R2OH can be used, if the R?OH is a low molecular
weight alcohol and is used as the solvent itself. The compound of formula VII
undergoes intramolecular cyclization after the addition of R20H to give the compound
of formula VHl. The intramolecular cyclization can be carried out under neutral or
acidic conditions. Note: In the absence of an alcohol, Compound Vi will cyclize to



conmpound VIl (where R2=H), and then partially react with itself with the
elimnation of water to give variable anounts® of an ether, such as, for
exanpl e: lyanid7s CBz CBz In a preferred enbodi nent, the compound of
formul a \)IVPZPOs“tl}?zeggt ed with an acid s to catalyze the FRTUSAGPEAEIFS
cyclization to give the conmpound of forrmula VIII. Non- limting exanples of
acids include organic acids, inorganic acids and Lew s acids, preferably
organic or inorganic acids. Non-limjtjgg exanples of suitable inorganic
acids include sulfonic acid resins such as Anmberlyst 15, H2SO4, and H3PO.
Non- limting exanples of suitable organic acids include canphorsulfonic

aci o Somppisd YA BVberedichi’ Snptunbh BBl el un sl wih B icimiadional  onge
Lot heRamri0 g iale SO, B an eherr B o, B SR 0" Tol ar equi val ent s

to about 1.5 nol ar equival entg, fnore preferably from about 0.9 nolar

equi val ents to about 1.1 nol ar ®ggui val ents. QNy excess of acid can is be
used. The reaction in step 6 cag*QRe perfor at a tenperature ranging from
about 10C to about 80C, prefer bouf 20C to about 40C, nore
preferably from about 30C to abtgyft 40C fo bout 2-16 hours or until the
reaction is conplete. Step 7: 20\Ihe caogpbund of fornmula VIII fromstep 6
Is cyanated by treating it with a OBy t dtft% cyani de such as, for exanple,

trimet hyl si Iryh pegferredembodinient sthe vomypountiof formuknViipireaiedarith anlacitht to
yield the conmpound of fornula | X. The apmount of trimethylsilyl cyanide or
potSaSSFQJﬁ@t@b’gg ithR IntrarpolesHiay eyeizadon 4a givenie qarapeuNbat fomulg Vil éam val ent
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10 toluenesulfonic acid, propionic acid, butyric acid, isobutyric acid, trifluoroacetic acid,
and the like. The amount of acid used can range from about 0.01 molar equivalent to
about 3 molar equivalents with respect to the compound of formula VI, preferably
from about 0.5 molar equivalents to about 1.5 molar equivalents, more preferably from
about 0.9 molar equivalents to about 1.1 molar equivalents. Any excess of acid can
15  be used.
The reaction in step 6 can be performed at a temperature ranging from about
10°C to about 80°C, preferably from about 20°C to about 40°C, more preferably from
about 30°C to about 40°C for about 2-16 hours or until the reaction is complete.
Step 7:
20 The compound of formula VIl from step 6 is cyanated by treating it with a
suitable cyanide such as, for example, trimethylsilyl cyanide or potassium cyanide, in
an appropriate solvent to yield the compound of formula IX. The amount of
trimethylsilyl cyanide or potassium cyanide that can be used can range from about 1
molar equivalent to about 3 molar equivalents with respect to the compound of
25 formula VI, preferably from about 1.1 molar equivalents to about 2 molar equivalents,
more preferably from about 1.2 molar equivalents to about 1.4 molar equivalents.
Non-limiting examples of appropriate solvents include 1,1,1-trifluorotoluene, THF,
ethyl acetate, heptane, toluene, methylene chloride, acetonitrile, methyl tert-butyl
ether, and the like, or mixtures thereof. Preferred solvents include 1,1,1-



-19 trifluorotoluene or THF. In a preferred enbodi nent, the reaction is
catal yzed by a catalyst such as boron triluoride etherate, trifl uoronethane

sul fonic @6'2904/1&5%9?3" hylsilyl triflate, SnC 4 and the hhi&smlé%h%eact ion in

step 7 can be performed at a tenperature ranging froma ¢ to about
25C, preferably from about -30C to about O0C, nore preferably from about
-25C to about -15C for about 1.5 hours or until the reaction is conplete.
Step 8(a): To the solution containingqgbe conpound of formula IX fromstep 7
is added MOR3 to yield an imdate conpound of formula IX(l). Mand R3 are
defined earl i er. to The anmount of MOR3 that can be used ranges from about 2
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nol ar egw valents. The reaction in step 8(a) can be perforned at a

t enper tiflate Srﬁigangtlﬂehhe 15 about -25C to about 25C, preferably from about
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conditions to give an ester conpound of formula X. In a preferre

enbodi akott, -25f(géo abopbisdCdor aboutl & hoyrs pr ustikthejreackien tsocampigéteaqueous
acidic ﬁékg | ysis wherein the alkyl is R3. The amount of acid that can be
used c§ Eée fromabout 2 nolar equivalents to about 8 nolar equival ents
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nol ar e(bB%/al ents to about 6 rolar equival ents, nore_25 preferably from

about tor yielgan inidatescerspatnd of formulalX@y uMancdRE are tetined eatl in step
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ernative Step 8. The conp of formula I X is directly hydrolyzed with
an aci from alapu;&molar equwaients to about 6 molar equivalents, more preferably from

about 4 molar equivalents to about 5 molar equivalents.

The reaction in step 8(a) can be performed at a temperature ranging from

15 about -25°C to about 25°C, preferably from about -20°C to about 10°C, more
preferably from about -15°C to about -10°C for about 2-3 hours or until the reaction is
complete.

Step 8b:

The compound of formula IX(i) from step 8(a) is subjected to mild aqueous

20  acidic conditions to give an ester compound of formula X, In a preferred embodiment,
the compound of formula 1X(i) is subjected to mild aqueous acidic alkanolysis wherein
the alky! is R®. The amount of acid that can be used can range from about 2 molar
equivalents to about 8 molar equivalents with respect to the compound of formula
IX(), preferably from about 3 molar equivalents to about 6 molar equivalents, more

25 preferably from about 4 molar equivalents to about 5 molar equivalents.

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

30  Alternative Step 8:

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

R®0H to yield a compound of formula X. In alternative step 8, R® preferably



R30H to yield a conmpound of formula X. In alternative step 8, R3 preferably
WO 2004/ 113295 PCT/ US2004/ 019135 -20 represents a (CL-C4) alkyl, nore

pref er abl )al kyl, and even nore preferably a - kyl . The
anount of‘w%&—iﬂ%%? can be used can range from about 2 %&5&3(’2}&6%3% ents to
about 8 nol ar equivalents with respect to the conpound of formula IX
preferably from about 3 nolar equivalents to about 6 nolar equival ents, nore
5 preferably from about 4 nolar equivghents to about 5 nolar equivalents.

The reaction in alternative step 8 can be perforned at a tenperature ranging
from about 25C to about 65C preferabl y from about 40C to about 65C, rmre
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preferab1ly 50-100 psi, nore preferably 70-80 psi to yield the conpound of
f or mul aqmnvatmts ta aboutragm@immﬂumlemtssmth ae;specttﬂ thercampourd abitermedaniX,
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preferably fromabout 10C to about 30C, nore preferably from about 15C to

about Qamplaie about 2 hours or until the reaction is conplete. The conpound

for%t%ﬁ can be isolated as a salt. Exanples of acids that can form

the conpound of forrmula | include HCI, p-toluene sulfonic acid,
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t he conpound of fornula | has the follow ng structure: N HCl
of Pd-C under 30-180 psi of hydrogen, preferably 50-100 psi, more preferably 70-80

psi to yield the compound of formula 1. Non-limiting examples of suitable solvents
include methyl alcohol, ethyl alcohol, or 1-butanol. Acetic acid can be used as a
15  catalyst. If used, acetic acid is used generally from about 0.2 molar equivalents to
about 10 equivalents with respect to the compound of formula I, preferably from about
1 molar equivalent to about 5 molar equivalents, more preferably from about 1 molar
equivalent to about 3 molar equivalents. Cbz protecting groups are removed
preferably by hydrogenolysis and Boc protecting groups are removed preferably by
20  HCI. The reaction in step 9 can be performed at a temperature ranging from about
5°C to about 40°C, preferably from about 10°C to about 30°C, more preferably from
about 15°C to about 25°C for about 2 hours or until the reaction is complete.
The compound of formula 1 can be isolated as a salt. Examples of acids that
can form saits with the compound of formula I include HC!, p-toluene sulfonic acid, 4-
25  chlorobenzene sulfonic acid, and hydrogen bromide. A preferred salt of the
compound of formula | has the following structure:



H WD 2004/ 113295 PCT/ US2004/ 019135 -21 The followi ng non-limting EXAVPLES
are provided in order to further illustrate the present invention. It wll

be appar @ 2bf/isese skilled in the art that many nodi i’#ﬁﬁ%&(’%@&‘?“ ations
| 0

and alterations to the present disclosure, both to nate ds and
reaction conditions, may be practiced. Al such nodifications, variations s
and alterations are intended to be within the spirit and scope of the
present invention EXAMPLES Unless opherw se stated, the foll ow ng
abbrevi ati ons have the stated neanings in the Exanples below 10 np=
melting point Mdiz= Megahertz M n= m nutes NVR= nuclear nagnetic resonance
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trimethyl 5| 'yl cyanide eq or equiv = equivalents BF3.Et20= boron
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EXAMPLES
Unless otherwise stated, the following abbreviations have the stated meanings
in the Examples below;
10  mp= melting point
MHz= Megahertz
Min= minutes
NMR= nuclear magnetic resonance spectroscopy
mbL= milliliters
15  g=grams
THF= tetrahydrofuran
DMSO= dimethylsulfoxide
MTBE= methyl “tert”-butyl ether
h= hour(s)
20 IPA=isopropyl alcohol
TEMPO= 2,2,6,6-Tetramethyl-1-piperidinyloxy
TMSCN-= trimethylsilyl cyanide
eq or equiv = equivalents
BF3.Et.O= boron trifluoride etherate
25  EtOAc= ethyi acetate
NaOMe= sodium methoxide
MeOH= methanol

Example 1. Preparation of the compound of formula ll:

30  Step 1. Preparation of [3,3-Dimethyl-1,2-cyclopropane Dicarboxylic Acid}:
Procedure for Step 1 is based on M. J. Milewska et al, Tetrahedron: Asymmetry,
((19986), 7. 3169-3180).



((1996), 7 3169-3180). WD 2004/113295 PCT/ US2004/019135 -22 ,2 10 CO2H H
Step 1 Step 2 O EBtQ2C H®ZC OO |l To a solution of ethyl chrysanthemumate
(163.1 g e (600 n) at 20 C was added pot assj, ate
(KMO4E) )Wd}gmgﬁ?'iﬁgs a solid in 9 equal portions. Aftereﬁggﬁr@%??snon of
KMn&4, the exothermthat ensued was allowed to 5 subside before the addition
of the next portion of KMiO4. Upon conpletion of KMhO4 addition, the
reaction mxture was stirred for another. 2 hours and then filtered. The
solid cake was washed with acetone (450 m-) and suction dried. The dried
solid was mxed with sodiumsulfite (Na2S®3) (364.3 g), and the solid

m xture was added in portions to 30% sulfuric acid (H2SO»4), (960 nL) while
mai nt ai ni ng the ture 10 bel Qqw |65 2C. Ethyl acetat Et OAc) (1000 ni-)

was added, and was fil ed through celite. Myers were
separated and th 0oUS +aye was Ot t-h—EOAC H-6 The

conbi ned or gani c/Sol uti onsstégrle driegd over an gus sodijum pat e and
concentr at eggbd@’an oil (158 g) HOLBI s oil was treated w 5% sodi um

hydr oxi de sol U%IOI’I (NaOH) (240 m -) and water (100 i) @ 85 C for about 30
15 min. The reaction m xture was cooled, acidified to pH 3Ihith 30% sul furic

The conbi ned© Brgiipe 87 Kin chiBpaemanat cie¥, Ry It BRRobbdPomn a2 ang
concentCajRslatided! pbfas&ﬁ._gﬁ pérrﬁa%aﬂbtéj(mmg)(ﬂé ﬁg)raghlsbﬁd% 9% cfral and trans-

I somers. 1H NWMR (400 ci s-isomer 6 (s, 3H), 1.40 (s, 3H),
1 96 (portions, Afteireachsasidilionsofl KNNQ.s the eroibiym tlzatlmqued wag alloweditaat i ve
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pot assiadaitioR!, e aRivtion nikie§dNas(SiPfedior atiothet® héursrantthealiteredOTheons.
After each addition of KMh&4, the exothermthat ensued was all owed to 25

subsi déolidcake wasewaghad With asetaned(456mLhand suatien dried.od heiad slidivas i on of
KMt mixed with sodium sulfite (Na2SO0s) (364.3 g), and the solid mixture was added in

portions to 30% sulfuric acid (H2SO4) (960 mL) while maintaining the temperature
10 below 65 °C. Ethyl acetate (EtOAc) (1000 mL) was added, and the mixture was
filtered through celite. The layers were separated and the aqueous layer was washed
with EtOAc (600 mL). The combined organic solutions were dried over anhydrous
sodium sulfate and concentrated to an oil (158.6 g). This oil was treated with 45%--
sodium hydroxide solution (NaOH) (240 mL) and water (100 mL) at 85 °C for about 30
15 min. The reaction mixture was cooled, acidified to pH 3 with 30% sulfuric acid (about
300 mL) and further extracted three times with EtOAc (450 mL). The combined
organic layers were dried over anhydrous sodium sulfate and concentrated to give
caronic acid (162.6 g) as a mixture of cis- and trans- isomers. 'H NMR (400 MHz,
CD30D); cis-isomer & 1.26 (s, 3H), 1.40 (s, 3H), 1.96 (s, 2H); trans-isomer & 1.32 (s,
20  6H), 2.19 (s, 2H).
Alternative procedure for Step 1 modified for scale-up purposes;:

To solution of sthyl chrysanthemumate (200 g) in acetone (1200 mL) at 4045
°C was added potassium permanganate (KMnQg4) (580 g) as a solid in 10 equal
portions. After each addition of KMnO,, the exotherm that ensued was allowed to

25  subside before the addition of the next portion of KMnO,. Upon completion of KMnO,
addition, the reaction mixture was stirred for another 4 h. After cooling the reaction
mixture to about 10 °C, water (1200 mL) was added. The resulting slurry was
transferred to a mixture of sodium suifite (600 g) and water (600 mL) with a 400 mL



addition, the reaction m xture was stirred for another 4 h. After cooling
the reaction mxture to about 10 PC, water (1200 nL) was added. The

resultin s transferred to a m xture of sodiu 00 g) and
vat er (6_8)662%4}13\%2?% 2 400 oL oWD 2004/ 119265 PeT Usogos b lskib s i00, 9
rinse. The reaction m xture was cooled to 10 QC, and 98% sul furic acid (400
m.) while maintaining the tenperature below 30 C. The | ayers were separated
and the aqueous |ayer was extracted.pgth nethyl tert-butyl ether (MIBE)

(800 nL). The organic solutions were conbined and any water that settled
was renoved. The 5 organic solution was concentrated under atnospheri c

EoncentAlgdinsgoat e (et s was Sonplr e SBoch A A ulrBe BR 0B bout o
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at nospheri c pressure to about 600 nL whereupon toluene (1000 nL) was added.
Fur t heMTd3R {800 ml)ivas addadhard $e mixtore wageonceaviaied agaia douaboub7Rbmit. 600
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producM'mE sOlUtioR wakessled AT GoPICEES dha 25% NaGH Eeflibno4seanpweasaci d as a
m xture of the cis- and trans- isoners. Step 2. Preparation of
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added. Further concentration of this solution under reduced pressure to about 600

15 mL led to the precipitation of the product. The suspension was cooled to 5 °C,
filtered, and the filter cake washed with 100 mL of toluene. The wet product was dried
under reduced pressure to give 100 g of caronic acid as a mixture of the cis- and
trans- isomers.
Step 2. Preparation of [3,3-Dimethyl-1,2-cyclopropane Dicarboxylic Anhydride]:
20  Procedure A for Step 2 is based on M. J. Milewska et al, Tetrahedron: Asymmetry,
(1996), 7, 3169-3180.

A mixture containing 162.6 g of caronic acid in 250 mL of acetic anhydride was
heated to reflux for about 30 min after which the solution was subjected to fractional
distillation to give 74.6 g of caronic anhydride. 'H NMR (400 MHz, CDCls) & 1.33 (s,

25  3H), 1.44 (s, 3H), 2.66 (s, 2H).
Procedure B for step 2 modified for scale-up purposes:

To a solution containing the product (caronic acid) of step 1 (10 g) in toluene
(35 ml.) was added trifluoroacetic anhydride (17.2 mL) over 10 min. The mixture was
heated 1o reflux while simultaneously distiling out trifluoroacetic acid and excess
30 trifluoroacetic anhydride. When the temperature reached 100-110 °C, additional
toluene (20 mL) was added and the reaction mixture was heated under reflux. After 3
h, the mixture was concentrated to about 30 mL. Toluene (70 mL) was added and the



(35 nmL) was added trifluoroacetic anhydride (17.9 nL) over 10 m n. The

m xture was heated to reflux while sinmultaneously distilling out trif

| uor oacetyy d excess 30 trifluoroacetic anhydrid n. the
tenperatﬁ¥g reagﬁ%g 100- 110 QC, additional toluene (ZOSﬁ{iﬁaﬁémgﬂﬂ%d and
the reaction m xture was heated under reflux. After 3 h, the mxture was
concentrated to about 30 nL. Toluene (70 nL) was added and the WO

2004/ 113295 PCTI US2004/ 019135 -24 nipgure once again concentrated to about
30 nL. This solution which contained the conmpound of fornula 11 (assayed by
1H NVWR usi ng p- nitronethylbenzoate as an internal std) was used in the
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Example 2: Preparation of the compound of formula 1:

O
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N N NH N =
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IX IX() X I
l Alternative Step 8 T

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



Ix I X(i) X1 Aternative Step 8 Step 1 10 Procedure A To a solution
cont ai ning the conpound of formula Il (prepared from10 g of caronic acid

i n Exanpl 2, Procedure B) in toluene (about 30_nl) was added MIBE
(110 nL)‘ﬁoémgﬁﬁﬁﬁalne (22.5 g). The nmixture was cool edPtHUSHYHP191%H G

Al'lyl alcohol (6.5 nL) was added while maintaining tenperature at about -30
2C. After 18 15 h, the mxture was warned to 0 4C and 2 N HC (69.5 nlL) was
added. The layers was separated and_bhe organi c solution was washed with
water (2 x 50 nL) and then once with brine (50 nL). The organic solution
was concentrated under reduced pressure to about 20-30 nL to which was
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141. 70.4, 175.0. 10 Procedure B: tc}‘ﬁj ound of fornul a ( 0g
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m xt ur 97pap 19ggred to 20 PC and 2 N HO (71.4 nl-) was added. 15 The |ayers
were separated and the aqueous |ayer was extracted with MIBE (40 nL). The
cobi n&oerdiaiBs sol utions were washed with 10% sodi um chl oride solution (2

Sbout 25, 30 0308 coRHAERE ¢ bR T1ES iakR BT i ERRE RIS ana The
m Xt ur golyeke (100 mL). The resultlng slurry was cooled between -30 °C to -25 °C. Aliyl
alcohol (7.3 mL) was added while maintaining the temperature between -30 2C to -25
°C. After 18 h, the mixture was warmed to 20 2C and 2 N HC! (71.4 mL) was added.
15  The layers were separated and the aqueous layer was extracted with MTBE (40 mL).

The combined organic solutions were washed with 10% sodium chloride solution (2 x
50 mL). The organic solution was concentrated under reduced pressure o about 25-
30 mL. Toluene (100 mL) was added followed by MTBE (30mL) and the mixture was
heated to 65°C. (R)(+)-a-methylbenzylamine (8.7g) was added and the mixture was

20  cooled slowly over 3 h to 50 2C. The mixture was then cooled further to 20 °C over 3
h and after an additional 1h, the suspension was filtered. The collected solid was
washed twice with MTBE (2 x 30 mL), and then dried under reduced pressure at 60
2C for about 12 h to give the compound of formula Ill as a solid.
Step 2

25 A mixture containing the compound of formula Hll (100 g) in MTBE (600 mL})
and 2N HCI solution (470 mL) was stirred at 20 — 25 2C for about 1 h. The biphasic
mixture was allowed to seitle and the aqueous layer was separated. The organic
layer was washed twice with water (400 mL + 400 mL). The organic solution was
concentrated o about 200 mL to which was added 800 mL of tetrahydrofuran (THF).

30  This solution was concentrated to about 200 mL and then added to ammonium
bicarbonate (69 g) with a 200 mL THF rinse. Pyridine (15 mL) and di-ter-butyl
dicarbonate (as a 75% w/w solution in THF) (100 g) were added. After 12 h, the



heated to 65C. (R)(+)-a-nethyl benzylam ne (8.7g) was added and the m xture
was 20 cooled slowy over 3 hto 50 C The m xture was then cool ed further
to 20 C“ﬂ%( and after an additional 1 h, the sus ' filtered.
The col | ec g{g@loslz%d was washed twice with MIBE (2 x 30‘%&?#2%@%@%?%% dried
under reduced pressure at 60 C for about 12 h to give the conmpound of
formula Il as a solid. Step 2 25 A m xture contai ning the conpound of
formula I'll (100 g) in MIBE (600 m -)aogand 2N HC solution (470 m-) was

stirred at 20 - 25 C for about 1 h. The biphasic mxture was allowed to
settle and the aqueous | ayer was separated. The organic |ayer was washed
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concentrated under reduced pressure at ' 60 QC to about 200 ni, er eupon

t ol ueneofrgRnaigf Iaasshiuther cOhcentsated ttd aboubhb@imii agdiised in theppextdstep |V was
further . Onffnr&';g?t edf.t otiqabout 150 nL and used in the next step 10 w thout
fu’r“[heﬁ""@\ﬂu Yrngr PEATCalet R (400 Mz, CcbCI3) 8 1.10 (s, 3H), 1.21 (s, 3H),
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CDCI 3) Jo= 8.z, 129, 6,42, SHB 5. 12 (184261), 545%m,11H), 6,44 firs71H), 5196 (brsi{0. 9. 15

Step 3 Progedure A Using 1 MLAH sol ution in THE
1H); “C NMR (400 MHz, CDCly) 6 4.8, 25.6, 27.9, 31.1, 34.6, 64.9, 117.8, 131.7,
170.1,170.9.
15 Step3

Procedure A: Using 1 M LAH solution in THF
To a 1 M solution of lithium aluminum hydride (1380 g) in THF at about -12 2C

was added 98% sulfuric acid (78 g) at such a rate that the temperature was
maintained between -15 and 5 2C. After complete addition, a solution containing the

20  compound of formula IV (100 g) in toluene was added while maintaining temperature
between -5 and 5 2C. After about 2 h, additional 1 M LAH solution (920 g) was added
and the reaction mixture was slowly heated to reflux over 1 h. After 16 h of reflux, the
reaction mixture was cooled to -15 2C and water (147 mL) was added very slowly so
that the temperature was maintained between -15 and 5 2C. A solution of 25% NaOH

25  (57.6 g) was added while maintaining temperature below 25 2C. This was followed by
the addition of water (290 mL) followed by MTBE (500 mL). The reaction mixture was
stirred for at least 5 h. The suspension was filiered and the filter cake was washed
with MTBE (250 mL). The organic filiraie was concentrated to about 200 mL. MTBE
was added (250 mL). The difuted solution was then added to a mixture of benzoic

30  acid (62 g) in MTBE (600 mL). After 2 h, the precipiiate that formed was filtered. The
collected solid was washed with MTBE (350 mL) and dried under reduced pressure to
give the compound of formula V (102 g) as a solid: mp: 132 °C; 'H NMR (DMSO-ds,



To a 1 Msolution of lithiumalumnumhydride (1380 g) in THE at about -12
QC was added 98% sul furic acid (78 g) at such a rate that the tenperature
was  nai REgi,, ﬁ fween -15 and 5 C. After conplete addition, a solution
cont ai ni ng the 24 ¢ompound of formula IV (100 g) in tol HEF@S\?\%@ OBHERd while
mai ntai ning tenperature between -5 and 5 9C. After about 2 h, additional 1
M LAH sol ution (920 g) was added and the reaction m xture was slowly heated
to reflux over 1 h. After 16 h of refépx, the reaction mxture was cooled
to -15 QC and water (147 m-) was added very slowy so that the tenperature
was mai nt ai ned between -15 and 5 QC. A solution of 25% NaOH 25 (57.6 g) was
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15 mixture was cooled back to —15 °C and solid celite (100g) was slowly added. To the
resulting slurry, water (132 mL) was slowly added while maintaining temperature
below 5 °C. This was followed by addition of 25% NaOH solution (51.8 mL) and water
(261 mL). The resulting slurry was warmed to ambient temperature and stirred for at
least 5 hours. The inorganic salts were filtered and the filtrate was concentrated
20  under atmospheric pressure to a volume of about 200 mL. The concentrate was then
diluted with MTBE (250 mL) and the resulting mixture was agitated for about 5
minutes. The product solution was slowly added to a cold solution of benzoic acid (62
g, 1.0 equiv) in 600 mL of MTBE while maintaining temperature below 10 °C. The
resulting slurry was agitated at 10 °C for about 2 hours and filtered. The product was
25  dried between 30 to 40 °C under vacuum for at least 4 hours to give the compound of
formula V (102 g, 80% molar yield) as a crystalline solid.
Step 4
To a suspension of the compound of formula V (100 g) from step 3 in EtOAc
(500 mL) (4x to 8x} at 15 to 30 °C was added a solution of potassium carbonate (100
30 g)(0.90 fo 1.3x} in water (500 mL) foliowed by benzyl chloroformate (74.3 g, 1.1
equiv) (0.90 to 1.2 equiv). The mixture was stirred at 15 1o 30 °C until the reaction
was complete (typically 20 to 90 minutes) to yield the compound of formula VI.



15 m xture was cool ed back to -15 C and solid celite (100g) was slowy
added. To the resulting slurry, water (132 nL) was slowy added while

mai nt ai ni ture below 5 C. This was followed b [tion of 25%
NaCH sol t}flgg‘?lﬁ{lgjégg m-) and water (261 nlL). The resul%{?ﬁggéqoﬂf’w)’/:’%as

war med to anbient tenperature and stirred for at |east 5 hours. The

I norganic salts were filtered and the filtrate was concentrated 20 under
atnospheric pressure to a volune of abgut 200 nmL. The concentrate was then
diluted with MIBE (250 nlL) and the resulting m xture was agitated for about
5 mnutes. The product solution was slowy added to a cold solution of

benzoi g‘aci d (62 g, 1.0 equiv) in 600 nL of MIBE whil e maintaining
t enper P& bel ow 10 C. The resulting slurry was agitated at 10 C for
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while maihtaining a tenperature of -10 to 5 C The m xture was then stirred
an addi t i on&htoZbetsoldidnndontaining theleompaurtd ofifowaslal Gl fompSéepSianyi el d t he

compound, Shub SofoR of sbiius P t§Re atd Wed ddioc LhibtOBn W Sighnidahde compound
aqueous layers were separated. The organic layer was warmed to 20 to 30 °C and

15 washed with water (500mL) {(4x to 8x). The organic layer was concentrated to 150 mL
under vacuum. The vacuum was broken with nitrogen and the batch was cooled to
20 to 30°C. Ethyl alcohol (500 mL) (4x to 8x), was added, the batch was placed
under vacuum and heated (less than 40 °C) to reflux for about 5 to 15 min. in the
presence of acetic acid (about 1 eq.). The batch was then concentrated to 150 mL.

20  THF (4x to 8x) was added and the batch was heaied to reflux under the reduced
pressure below 40 °C, and then concentrated to 150 mL. The solvent replacement
with 150 mL of THF was repeated and the batch solution was concentrated under
vacuum to 150 mL. The water content was less than 0.1% and the EXOH content was
less than 0.3%. If necessary, additional THF was added and the concentration

25 repeated uniil both water content and EtOH content is lower than specified. The
product was the compound of formula VHI which was used in the next step without
further purification. The molar yield of the product was 65 to 90%.

M.W. 289.376. 'H NMR (400 MHz, DMSO-dg): § 7.32 (5H, m), 5.05 (3H, m), 3.48
(4H, m), 1.33 (2H, m), 1.03 (3H, m), 0.95 (3H, d), 0.75 (3H, d). 'H NMR (400 MHz,

30  CD30D): 8 7.32 (5H, m), 5.10 (3H, m), 3.5 (4H, m), 1.33 (2H, m), 1.15 (3H, m), 1.02

(38H, d), 0.83 (3H, d).



aqueous solution of sodiumthiosulfate was added, stirred, and the organic
and aqueous | ayers were separated. The organic | ayer was warned to 20 to 30

C and 15 Lih water (500nmL) (4x to 8x). The organic |l ayer was
concentrﬁg&?gl% nL under vacuum The vacuum was brgﬂws%ﬂ%f"ﬂwﬂﬁrogen

and the batch was cooled to 20 to 30C. Ethyl alcohol (500 m.) (4x to 8x),
was added, the batch was placed under vacuum and heated (less than 40 C) to
reflux for about 5 to 15 min. in the ofresence of acetic acid (about 1 eq.).
The batch was then concentrated to 15% m.. 20 THE (4x to 8x) was added and
the batch was heated to reflux under the reduced pressure below 40 C, and
then cqQnceptrated to 150 nL. The sol vent replacenment wth 150 nL of THE was
r epeat RAd the batch sol ution was concentrated under vacuumto 150 ni.
The vvaFche%pégpt was | ess than 0.1% and the EtOH content was |ess than

0. 3% necessary, additional THE was added and the concentration 25

repeat ed unTola sultitiorwef e canpeund enfdriau-VHbirormstep S, whereint Rais I piaci fi ed.
The praoduct. was, the c ound of formula VIII used i n the next
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bel ow 25 C. After cooling the reaction mxture further to about -35 C,
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resultpng mxXture was ° strrred at - er which

time i tessdtingsslomy wasestirest] for at (oash i ours t dimeesalits veererthens filtereeldaricbthel hour .
To thig m xture was slowy added silica ,gel (500g) followed by a solution
of 10041k Wag GongetratecHiides yacusm tp s vonue. To'the Goncdntfaié

was added methyl alcohol (1.5 L) and the resulting solution containing the compound
15 of formula IX was cooled to 0 °C.
Procedure B:
To a solution containing 20g of the compound of formula VIIl from step 6,
wherein RZ is ethyl, (1eq) and 40 mL of THF at about 15 2C was added 12 ml (1.3eq)
of TMSCN. The mixture was cooled to -20 to -25°C, followed by the addition of 2.6 mi
20 (0.3eq) of BF3.Et;0. After 0.5 h at this temperature, the reaction mixture was aliowed
to warm up to 20°C over abhout 2h to yield the compound of formula IX.
Step 8(a):
To the solution containing the compound of formula IX from step 7 was added
40 mL of MeOH and the solution was concentrated to give 90 — 96% yield of a
25 compound of formula IX(i) as an oil. The oil was re-dissclved in 120 mL of MeOH and
cooled to -15°C, whereupon 38 mL (3.0 equiv) of 30% of sodium methoxide (NaOMe)
in MeOH was added while maintaining the temperature between -10 and -15 °C. The
reaction mixture was stirred for another 2 to 3 hours.
M.W: 270: "°C NMR (400 MHz, CDCls): 3 153.95, 153.28; 136.39, 136.26; 128.99;
30  128.68; 128.35; 128.33; 118.66, 118.47; 68.32, 68.11; 48.37, 47.81; 46.69, 46.24;
32.16, 31.23; 28.18; 27.26; C14: 26.42; 20.09, 20.05; 12.57. 'H NMR (CDCls,



resulting slurry was stirred for at |least 2 hours. The solids were then
filtered and the filtrate was concentrated under vacuumto a mnimum

vol une. {Ftﬁ gpogentrate  was added nethyl al cohol g}lﬁ)i and the

resul ting solution containing the conpound 1s of for rru*J TOR2004/2158%%) ed to 0O
C. Procedure B: To a solution containing 20g of the conpound of formula VIII
fromstep 6, wherein R2 is ethyl, (1 eq) and 40 nL of THE at about 15 9C
was added 12 ml (1.3eq) of TMSCN. Thegoi xture was cooled to -20 to -25C,
followed by the addition of 2.6 m 20 (0.3eq) of BF3.Et20 After 0.5 h at
this tenperature, the reaction mxture was allowed to warmup to 20C over

conta o %beéﬁﬁ%%u%%m@w% L e
?grrrfjlgkfy(b%d 'as an g"fﬁ% HQ)rexgl('g@b?\/edgwbe%d’g;@ﬁf@%eﬁﬂizoun °

cool ed738 (SH>f). Wnereupon 38 nm. (3.0 equiv) of 30% of sodium nmethoxide
( NaOwe in MeOH was added whil e naintaining the tenperature betvveen -10 and
-15 C. Step8(Meacti on ni xture was stirred for another 2 to 3 hours.

218 156 8 oo 19,38 e s ey,

46. 24; froRPstép B(@todoweP the BH 18 4. ©6B. DifingthidZiddiior) the EmpPeratdie \Eas 1H NVR
(CDCI 3, WD 2004/113295 PCT/ US2004/ 019135~ -30 400Hz): S 0.92 (3H, d, 1.3

Hz) 1maintaiped hetweenss to +13°Crjif necepsagy additional HE| mas addestso thatithed of d,

- Mhigring feddioht By iR bewafty dri 3, Atar i tbiredeiopibies L aded o
t he coppsyiht af - 5&5%@%'tﬁéirhlxtdré%ssé@{he%@ea 9nb@¥‘§dub5eg?§éé&e¥ot0 3.

During this addition e tenperature was maintain between -5 to -15 C

| fionecabswrg0 midghderavagliuhiCat 2@k 25868d TotheheandeintraigeHmbtiutewas aaldedon
medi um was beév/\leen 1 and 3. After ﬁ_i.@rrl ng, the reaction m xture overnight

at -5 180 mlgoMTBRand 80umb ofaater dherraanicanthinergania iayass wessure to 10

ggggg 0pdtatet]) 4l e Dty AR sofftichWwae wishd@ thid® R8s Aith'el mfl. S whddr.e vas

The organic solution was concentrated under reduced pressure and then solvent
exchanged with MeOH. The MeOH solution containing the compound of formula X
15 was optionally treated with charcoal prior to step 9 which gave 90-96% yield of the
compound of formula X as an oil.
m/z (MH?*). 304.1552. **C NMR (400 MHz, CDCly): § 173.12, 172.96; 154.62, 154.04;
137.07, 136.98; 128.86; 128.80; 128.33, 128.32; 128.04; 128.02; 67.40, 67.34; 60.28,
59.96; 52.76, 52.61; 47.30, 46.76; 32.46, 31.48; 27.73; 26.90, 26.67; 19.84, 19.80;
20 12.98; 'H NMR (CDCl3, 400Hz): § 0.98 (3H, d, 1.8Hz); 1.06 (3H, s); 1.43 (2H, m); 3.54
(1H, dd, 11.1 Hz, 10.6 Hz); 3.63 (1.5H, s); 3.75 (1H, m); 3.79 (1.5H, s); 4.26 (1H, d,
23.8 Hz); 5.1 (2H,m); 7.32 (§H, m).
Alternative Step 8:
Acetyl chloride (410 mL., 5.76 mol, 6.0 equiv. from Procedure A) was slowly
25  added to the solution containing the compound of formula IX from step 7 maintaining
the temperature below 25 °C. The reaction mixture was treated with water (35 mL.,
1.92 mol, 2.0 equiv) and the resulting mixture was warmed to 50 °C and stirred for at
least 10 hours. The reaction mixture was concentrated under vacuum to minimum
volume and the concentrate was dissolved in MTBE (2 L). The solution was washed
30 with water (500 mL) and the aqueous layer obtained after separation was back



160 nmL of MIBE and 80 niL of water. The organic and inorganic |layers were
separated, and the organic solution was washed three tines with 80 nL of

wat er . sol uti on was concentrated under red ressure and
t hen sol V-Rgﬁt 864%5%2§mged with MeOH The McOH sol ution coﬁgigjﬁ é’“fﬁﬁé"’ conpound

of formula X 1s was optionally treated with charcoal prior to step 9 which
gave 90-96% vyield of the conpound of fornmula X as an oil. mz (MH).
304.1552. 13C NWR (400 MHz, CDC13): 83373.12, 172.96;, 154.62, 154.04,
137.07, 136.98; 128. 86; 128.80; 128. 33 128.32; 128.04; 128.02; 67.40,
67.34; 60.28, 59.96; 52.76, 52.61; 47.30, 46.76; 32.46, 31.48; 27.73;

1" re) eXageih MEBE 1 £ 708 ordanic ayels Wefe ompined and cdbeeridiedts) s G

1. 5H, o 4.26 (1 H d, 23.8 Hz 51
EZH n)gﬁ% %Ig“&l-é écweg?tHeFﬁ'ndaﬁgvAé ng(tﬂg{)?og]d)Acetyl( chloride (410 m)_ 5.76 nol,

6.0 eqm/e (MI-I*Q).rﬁ(Fk d)ﬁ&ﬂufm@ NMIM@O&MH& YCDCh):aRItES. 129172@&054162;“54(04,& ni ng
t he co ound of formula I X fromste mai nt ai ni n errperature bel ow 25

C The 1P€4bt i18R-98: 185,128 .8¢:d v&%&ﬁ%al?& 0‘&3&8&2 67146263&4; 69.28, equi v)
and t hgoldosd NG i WaSra'aolRe! 41048 (ot 73156 8! HERY, f 9ls419. ggast 10

n
hour s. g?he Yeactron mxture was concentr at ed u’nger Vacuur’n O mninmim vol une

and thqzwq@nmm@cm doDH) V&0, QSTISHTEKQ-IQ 1108(3199)! 1. a3 (e npshed 30

with water (500 % d t he agueous | ayer obtained aft ér separation was

back W8.5H ,1d_1_gf29,5 h@r&u&:@@@hﬂn&@@d% ,3), 3:e6r(dEt a), B Fh(NGEES), #.28 The
or gani oncentrated to ive oil 168 active b
HPEC, gy_‘/& ﬁ%ﬁp@ gi‘?g;imrﬁqui %ﬁ |§84 1552. 13C N%R (400 I\/I(—Iz C%CI 3): 8 Y

173.12, 172.96; 154.62, 154.04; 137.07, 136.98; 128.86; 128.80; 128. 33,

128. 32, 128.04, 128.02, 67.40, 67.34, 60.28, 5 59.96,52.76, 52.61, 47.30,
461076, &!QP% 31.48, 27.73, 26.90, 26.67, 19.84, 19.80, 12.98; 1 H NWR

cDd 3 8 0.98 (3H, d, 1.8Hz), 1.06 (3H, 1.43 (2H, 3.54 (1
|(4, d o}‘:’rég&ﬁéf‘ 10. Est) 3. 63 (1)5H, s),(3. 75521 H, rr),( 3. 73)(1.5H, s§,

4.26 (1H o} nﬁ&u?d‘%maﬁ'fiﬁg thetbathpounddf {omnulaX. (10D §laefivé) and1 0%eHELE A
(50% wet) (10 g) in methyl alcohol (600 mL) was kept under 80 psi of hydrogen. Afier
complete reaction, the catalyst was filtered and washed with methyl alcohol (160 mL).

15 The filirate was concentrated under reduced pressure to about 150 mL whereupon
isopropanol (IPA) (500 mL) was added. The mixture was once again concentrated
under reduced pressure to about 200 mL. During this concentration, the water
content was less than 0.3% (if the water content exceeded 0.3%, additional IPA was
added and the mixture was once again concentrated). The concentrate was cooled to

20  between 0 and 10 2C, to which was then added a 5-6 N HCI in IPA solution (about
55-66 mL). MTBE (1500 mL) was slowly added to complete the precipitation of the
product. After stirring the suspension at 5-15 2C for about 2 h, the suspension was
filtered. The collected solid was filtered and washed with a pre-mixed and pre-cooled
mixture of IPA (20 mL) and MTBE (200 mL). The wet solid was dried under reduced

25 pressure to give the compound of formula | (47.5 g; 70%) as a solid: 'H NMR (400
MHz, CD30D) § 1.148 (3H, s}, 1.153 (3H, s), 1.8 (1H, dd, J=1.5Hz, J= 1.0 Hz), 1.99
(1H,dd, J=2Hz, =7 Hz),3.27 (1H,dd, J=2Hz, J=10Hz},3.74 (1H,dd, J=7
Hz), 3.92 (3H, s), 4.28 (1H, d, J = 1.5 Hz).

Procedure B

30 A mixture containing the compound of formula X (28 g active), acetic acid (28
mL) and 10% Pd-C (50% wet) (2.8 g) in methyl alcohol (112 mL) was kept under 70
psi of hydrogen. After the reaction was complete, the catalyst was filtered and a 5-6



A m xture containing the conmpound of formula X (100 g active) and 10% Pd-C
(50% wet) (10 g) in nethyl alcohol (600 nL) was kept under 80 psi of

hydr ogen npl ete reaction, the catal yst was fi d shed

wi th net %ﬁ@%loﬁgf (160 m.). 1s The filtrate was conce#f/fﬁ’é’ﬂﬁgﬁ r reduced
pressure to about 150 nL whereupon isopropanol (IPA) (500 nL) was added.
The m xture was once again concentrated under reduced pressure to about 200
m.. During this concentration, the wager content was Iess than 0.3% (if the
wat er content exceeded 0.3% additional | PAwas added and the m xture was
once again concentrated). The concentrate was cooled to 20 between 0 and 10

C t i t ] 5-6 N, HCI | | PA | uti t, 55-66 m).
viree (6Tt A sl 18 silacuss BoflerpDednbug Sves Fanesiitialnd yidere

q > ST . e
P peniadubsiiresiurbt IPA (15GmE YORREIRA Ahd fnelimblre fsTeAtbnHated AN i h a
pr e- m Xeis wasrgpeaied ohee morednd theatsulfAg (CHOvad fissoeBEPAZB0 miL).. The wet

P04 Saa i G RINGR (B3 Selblorh oSSR kol a2
(58 Shprgytidfoginag mojofy Hepebrgy g cofmind f il Az 123 -

(3H, sp4.54.28 (1 H d, J =1.5 Hz). Procedure B 30 A m xture containing the
conpound of fornul a Xééﬁe and 10% Pd- C (50%

active), .acetjc acid (28, nL
wet) (2.8 gPsinetedahgy g’ﬁmpwﬂ)zofrfﬂmwlésl Gar ke &ﬁﬁ@#o P%f’p%gith%f hydr ogen.
Af ter j it i)l ~Ba VWO
2004/ 11358800 0r Blgfa Ziatlia e ing Aictorhbptied Ui JantatpiRatofls
added. Séhial Noxt08/608885@ntcH0/062386. under reduced pressure. | PA (150nm) was
added and the .mi xture was concenirated ain. This wa epeat ed once nore
and the resﬂl"\"ﬁ]lt?)éql;? e@@ggdghg’%\@rw& mﬂd'?' tl'?r!ﬁ)c?ﬁ_ ‘.‘*‘mﬁ? Eﬁ}?&@ool ing to about
10 C, Yesm b Pt i ; ed and
dried un erd ﬁﬁ%@tg@eﬂg pres ugﬁcégégdvﬂé%ngrér{)eggﬁlﬁﬁ QP%‘?émc}?%Eﬁlﬂt@;_ 1 g,
64. 5. skouldtred bateonsirued asdimitingoutahefaly aslexemplificationsusiquereferrgat epare t he

conpound .of , fornul g Z as.descrjbed in the.afore-nentipned U.S. patent
oopn© camegRimanG,  Thserskiloc theariont vieiGovasaUS Ripdiitations itk s
scope and spirit of the claims appended hereto.
15



10 It wll be understood that various nodifications can be nmade to the
enbodi nents and exanpl es di scl osed herein. Therefore, the above description
shoul d n¢fo fRye@Ret rued as limting, but nerely as exenpliddpadbdions of
preferred enbodinents. Those skilled in the art will envision various
nodi fications within the scope and spirit of the clains appended hereto. 15
WO 2004/ 113295 PCTI US2004/ 019135 -33- CLAIMS What is clained is: 1. A
process of naking a conpound of fornmuBa-l: \ CO2R3 N\ I HS5 or salts
t hereof, said process conprising: (1) desymetrizing a conpound of formula
11 with ROHin the presence of a chiral reagent to yield a conmpound of
fornula I11: eHRL O OH-/////] Hopamme OOR OOFO02C I 111 10
wherein R is selected fromthe group consisting of alkyl, trifluoroethyl,
tri chl Whattidiglaimethsenyl, aryl, aral kyl, al kylaryl, cycl oal kyl,
cycl oal kyl al kyl , cyc] oal kenyl and cycl gal kenyl al kyl ; (2) am nating the
conpouhd” of AfPRESHOl MAking § camgoynd oMdads fornula 1V: ORL H2N I V;
15 (3) reducing the am de and ester, functionalities of the compound of
formul a

7,

=
b

=

-~

CO.R®

AN |
H

5 or salts thereof, said process comprising:
(1}  desymmsetrizing a compound of formula Il with R'OH in the presence of
a chiral reagent to yield a compound of formula NI

| 1]
10 wherein R is selected from the group consisting of alkyl, trifluoroethyl, trichloroethyl, alkenyl,
aryl, aralkyl, alkylaryl, cycloalkyl, cycloalkylalkyl, cycloalkenyl and cycloalkenylalkyl;
(2) aminating the compound of formula lll to yield a compound of formula
IV:

15 (3) reducing the amide and ester functionalities of the compound of formula
IV to yield a compound of formula V:

~

=”’I/

—

OH

Ny or salts thereof;



IV to yield a conmpound of formula V: (OH NH2 V or salts thereof; WO

2004/ 113295 PCT/ US2004/ 019135 -34 (5) protecting the am no group of the
conmpound f Vto yield a compound of formula

wherein B@@B&i@éﬁas a protecting group; 5 (5) oxidizi %C’Vﬁg%%b%nd of
formula VI to yield a conpound of formula VII: C(COH NHP VII (6) adding
R2CH to the compound of fornmula Vii to yield a conpound of formula Vill: '~
OR2 N 10 P VIII; wherein R2 represengg .H, al kyl, aryl, aralkyl, cycloalkyl
or cycloal kyl al kyl; (7) cyanating the conpound of formula VIIl to yield a
compound of formula 11X CQ~CN N P IX 15 (8) hydrolyzing the compound of

formi & | X yEih MRS ot RS Grobp GBI lnd & BHhfia'y 195934/ 113295

PCT/ U82004/
compound of formula VI:

2y,
/ OH
NH-P VI
wherein P represenis a protecting group;
5 (8)  oxidizing the compound of formula VI to yield a compound of formula
VIl
=" G(OH
NH-P VI
(6) adding ROH to the compound of formula VIl to yield a compound of
formula VIII:
OR?
N
\
10 P VI,

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

IX:
£%,
CN
N
\
P IX;
15 (8)  hydrolyzing the compound of formula IX with MOR® or R®*0OH into a

compound of formula X:



P X wherein Mis selected fromthe group consisting of Li, Na and K, and R3
Is selected fromthe group consisting of alkyl, aryl, aral kyl and

cycl oal ke 266} deprotecting the conpound of fornul to yvield the
conpound oP SQ#%Z?%UI al: cfl3 N\ I Hor optionall?cfl{%?%%/‘f“ 3t as

salts thereof. 2. The process according to claim1, wherein Rl is sel ected
fromthe group consisting of nethyl, ethyl, trifluoroethyl, trichloroethyl,
propyl, isopropyl, allyl, 3- 10 methygg2-butenyl and cinnanyl. 3. The
process according to claim1, wherein RL is allyl. 4. The process according
to claim1, wherein P represents a Cbz protecting group froma reagent

sel ected formthe group consisting of Cbz-C, 2-chloro-Cbz-d, 2, 4-

di chl oro- Cbz-C and 4-brono- Cbz™ClfChz-Cl. 1s 5. The process according to
claim1l, wherein R2 represents ((@,C6)alkyl. 6. The process according to
claim1l1, wherein R3 represents ( ®e)al kyl . 7. The process according to
claim1, wherein said chiral readent ¥mscegh®cted from the group consisting
of cinchona al kal oi ds, enzynes, i i sopropoxytitanium TADDCL-ates. 20 B.
The process according to claim?7, erein said cinchona alkaloid is sel ected
fromthe group consisting of quinidife, nodiXied quinidine, cinchonine,

epi ¢ci nchoni di ne , d epi qui,nine., 9. The pracess cording,.to ¢la m 8,

wherei n sai Wherein i isselpeteddramitae greuR apraistngrbbpNenand s and HY 18

PCT/ U e, IFeXRey ] C ' IR rther

conpr ?g(?l%g{ maki nghggzgf’%@%'?g?ﬁme@b@%ﬁ Et?m’ %’?M?RE%X% ilolyllwtl)’;a rfa?édi ng a
primry, se{ndadepratecting tharcprepoural ofiformiitasX o yiald theacompaiund ofo cl ai m 10,

vvh%rel Porrsnauliéjl:p“ mary amne is R(+)-a- nethyl benzyl am ne.

or optionally isolating it as salts thereof.

2. The process according to claim 1, wherein R' is selected from the group
consisting of methyl, ethyl, trifluoroethyl, trichloroethyl, propyl, isopropyl, allyl, 3-

10  methyl-2-butenyl and cinnamyl.
3. The process according to claim 1, wherein R'is allyl.
4, The process according to claim 1, wherein P represents a Cbz protecting group
from a reagent selecied form the group consisting of Cbz-Cl, 2-chloro-Cbz-C/, 2,4-
dichloro-Cbz-Cl and 4-bromo-Cbz-CIiCbz-Cl.

15 5. The process according to ciaim 1, wherein R® represents (G4-Ceg)alkyl.

6. The process according to claim 1, wherein R® represents (C-Ce)alkyl.

7. The process according to claim 1, wherein said chiral reagent is selecied from
the group consisting of cinchona alkaloids, enzymes, and diisopropoxytitanium
TADDOL-ates.

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

9. The process according to claim 8, wherein said cinchona alkaloid is quinidine.



5 12. The process according to claim1, wherein step 2 conprises adding a
source of ammonium a source of carboxylic acid activation, and a base to

t he reac g5 Ne process according to claim12, wh I n.said source of
anmoni um“éourocéi;j I's selected fromthe group consisting ﬁ#%ﬁ%fﬂ’{?ms

hydr oxi de, anmoni um chl oride, ammoni um bi carbonate, and amoni um phosphat e.
10 14. The process according to claim 12, wherein said source of carboxylic
activation is selected fromthe grouggconsisting of

di - Pert-butyl -di carbonate and i sobutyl chlorofornmate. 15. The process
according to claim 12, wherein said base is pyridine. 16. The process

accord' g t ' , 0] n_i conpr a 15 first
ctage i araf ofbdis® agheRif to b T Rtie RagoNsB MR FBAIE Mo o et er

of thecompamwaﬁfdﬁmuia)nnb*ada‘ngébnﬁmarrf%yebﬂaa@g@:nfe fhipd. from the group
consi sting of alane i thi um Bor ohydri’de, and sodi um borohydride in the
presentb of The pmlmydlng to Glaimal Q) vehareindsaid pycary apnineds R{epaci ng t he

am de tl%yfhi und of forrmula V to an amine with a reduci ng agent

sel ect 0§ oup consisting of lithium 20 al um num hydri de and sodi um

trsace{®xybppe bYéHés@%ccé?danr he cMmCﬁsmqe%ﬁPétép @cérﬁpﬁis@é Hdé| tg%@é@r'c@ dfhe
conpound of fornmula Vin step 3 is isolated as a salt selectfed fromthe

group ammommnnng source obearbaxgiosadid acavammmra basala theareacbenzoyl tartaric
acid s i umaric acid,salt andgal Ah or. %enzm G acid salt. 25 18. The
proces accOPAPRYFass aacardingjo c Y ?T@'%%ﬁ!@ AHEPSPT FPMANIYMPOUCR t op 3
is i Soisaée%’btéé frdnffHd l*éﬁlb' diﬂlsid?i?l fd?'dn‘i’fWoﬁﬁmﬁthfo‘it!ee arfiAdHiurh thiortle2 vV 19.
The process accordi ng to claiml, wherein the oxidation of the corrpound of

f or nul amwmoniwmdviegrbenate, mdrammqmumlptmghmwpo medi at ed oxi dati on.

S e A A T Fo g SIS R
consi sisi illedtbd fidd ﬂﬁb"gl"ou%%dhsﬁlfr@aéﬂdi-téﬁib@tylmrbéﬁaﬁ arktisdbutyl
chloroformate.
15.  The process according to claim 12, wherein said base is pyridine.
16.  The process according to claim 1, wherein the reduction in step 3 comprises a
15 first stage and a 2 stage, wherein said first stage comprises reducing the ester of the
compound of formula V with a reducing agent selected from the group consisting of
alane, lithium borohydride, and sodium borohydride in the presence of trimethyisilyl,
and said second stage comprises reducing the amide of the compound of formula V
to an amine with a reducing agent selected from the group consisting of lithium
20  aluminum hydride and sodium triacetoxyborohydride.
17.  The process according to claim 1, wherein the compound of formula V in step 3
is isolated as a salt selected from the group consisting of a benzoate salt, a
camphoric salt, a dibenzoy! tartaric acid salt, a fumaric acid salt, and a 4-
chiorobenzoic acid salt.
25 18. The process according to claim 17, wherein the compound of formula V in step
3 is isolated as a salt having the following structure:

~

= CO,H

OH

NH; V.
19.  The process according to claim 1, wherein the oxidation of the compound of
formula V1 in step 5 is carried out using TEMPO mediated oxidation.



21. The process according to claim1l, wherein the conpound of formula VIII
in s step 7 is treated with trinethylsilyl cyanide or potassiun1cyanide.

22. The ording to claiml1, wherein step 7 fu
WA IS PeaBlsafBRSor  de

adding a catalyst selected fromthe group consisting o

etherate, trifluoronethane sulfonic acid, trinethylsilyl ester and SndC 4.
23. The process according to claim1, mherein the conmpound of formula X is
1o deprotected in a suitable solvent_gg-the presence of Pd-C under 30-180
psi of hydrogen to yield the conpound of formula 1. 24. The process
according to claim1l1, wherein the conpound of fornmula | in step 9 is

oS tol ude  dnengsbeSaf Biha o bl T, FhpHi KNS Rt RPkdiAudf B
hydr ogegidossletida frgth tthe GrowPeorldisting @rqﬁéﬁgam:aéudl Bﬁgérﬁ’c atidl Bhd4eowidierein the
conpound of formula in step 9 is isolated as 't of the fol |l ow ng
struct @cigl. V CO2CH3. N HO H,
21.  The process according to claim 1, wherein the compound of formula Vil in
5  step 7 is treated with trimethylsilyl cyanide or potassium cyanide.
22.  The process according to claim 1, wherein step 7 further comprises adding a
catalyst selected from the group consisting of boron triludride etherate,
trifluoromethane sulfonic acid, trimethylsilyl ester and SnCl,.
23. The process according to claim 1, wherein the compound of formula X is
10  deprotected in a suitable solvent in the presence of Pd-C under 30-180 psi of
hydrogen 1o yield the compound of formula 1.
24,  The process according to claim 1, wherein the compound of formula I in step 9
is isolated as a salt selected from the group consisting of an HCJ salt, a p-toluene
sulfonic acid salt, a 4-chlorobenzene sulfonic acid salt, and a hydrogen bromide salt.
15 25. The process according to claim 24, wherein the compound of formula 1 in step
9 is isolated as a salt of the following structure: |

W,
= I’/,

E>— CO.CHg
N

\ - HCl
H



