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BACKGROUND OF THE INVENTION
The present invention is directed to the preparation of novel opioid

receptor modulators and intermediates in their synthesis. More specifically, the
20  present invention is directed to novel processes for the preparation of
compounds of formula (Il)

(R*")o.0 (1
wherein all variables are as hereinafter defined, disclosed in United
States Patent Application No. 11/079,647, filed March 15, 2004, and published
25 as US Patent Publication US-2005-0203143-A1, September 15, 2005, which is
hereby incorporated by reference in its entirety.



hereby incorporated by reference in its entirety. Known
nmet hods for the preparation of the conpounds of

wo eoordmeq | 1) and conpounds of fornmula (1), asP¢EUEI0N6/008450
defined require the use of dinethyltyrosine, which is
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nv tion is direct
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furyl, ‘thienyl, pyrrolyl, oxazolyl, thiazolyl,
nfﬁdlddmlyl pyrazol yl, pyridinyl, pyrimdinyl,
pyrazi nyl, indolyl, |30|ndonI indoIinyI, benzofuryl,
benzothienyl benzrnrdazolyl benzthiazolyl,
benzoxazol yl , qui$LOMMAIRYIOFG’HE1WVENTIOi\Boqui nol i nyl

and qui nazolinyl; each R41P | i nde end sel ect ed
fr omqrdfle piggeRYINvertion sAikeated afqrg f%ﬁfﬁh%mf%(a%%”

Nkl sel ected from hydrogen or
10 Cg?ﬁd})qr@ge&%ﬁﬁe%n( tively, RJ and Rk are taken together
u Wlththe ni trogen atom ov\,hicg hxi are bound to form
a five to seven rﬁﬁbere he;/&ml%? Pgl is a
nprr ,n[ggeactl ng a

pis selected from

ni trogen protecti
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O_L

wherein

is Ce.10aryl or a heteroaryl selected from the group consisting of

furyl, thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, pyridinyl,

15 pyrimidinyl, pyrazinyl, indolyl, isoindolyl, indolinyl, benzofuryl, benzothienyi,
benzimidazolyl, benzthiazolyl, benzoxazolyl, quinolizinyl, quinolinyl,
isoquinolinyl and quinazolinyl;

each R*'" is independently selected from Cy.salkyl, C1.salkoxy or fluoro;
R’ and R* are each independently selected from hydrogen or C.4alkyl,

20 alternatively, R’ and RX are taken together with the nitrogen atom to which they

are bound to form a five to seven membered heterocyclyl;

Pg' is a nitrogen protecting group;

comprising



10

CN, -C2H, -C(O-C or -C(O-0C - 4al kyl and wherein
Yp is selected fromBr, Cd or | , to yield the

weaensespoendi ng conpound of formula (XI1); reackCTyS10n€008450

compound of forrmula (XIl) with a suitably substituted
conpound of forrmula (XVIII); in the gyesence of

pal | adi Lﬁ{p cataly (E%Mi Do.4 he pr esence L|D)r@.2or
i nor gani‘t by I n an organi c Bokyvept™

t emrper at ur e dt er ttam—=b®ut rooh t ature; to
yield the c BSpondi ng conpound KT oNqg¥ XI'X) ;

reacting tg%con‘ﬁound of formula (XI'X) witHR hydrogen

or a sourc f hydrogen; in the prese(xg) of a

catalyst; in a solvent; at a tenper ature greatert han

aboutreacting & eopgroandraf;fotmoulgi(X), aviereinc ¥r iesgleaigiddgom OH,

conpoun f _farnul ~ T ti .

Gk i s C AR B WhARER™ES EiofEd from Br,
Lyi IBhGshBRIMPGdopsRAUTY GiornmrRoxY; of

(?c;ﬂrr\ri’ueﬁ%aw?@)%&'ﬁ%é S esentei I nvention is furthgr directed

to a process for the preparation of /anbrrpound of

formula (1) wherein is C6-ioaryl ONa heteroaryl

sel ected fpom the group consisting|of f l, i enyl,

pyrrol yl, azol yJ(RHMpazol yl, ip (2?51_@%on| yl,

pyriﬂf yl JQyexd di nyl , pyrazinyl, infolyl,

i soi ndoltyl , i nyl, benzofuryl, be@zothienyl,
benzi m ol
qui nol i Zr nyl, qui

benzt hi azotyt-—tenzoxazotyt,
ol i nyl, isoqui nol Of¥ill) and

qgui nazol i ny%(")each R4A1P is i ndependently selected from

d - alkyl, G "-6al koxy or fl uoro;

0] (R‘” P)O_2

1

reacting the compound of formula (Xll) with a suitably substituted
compound of formula (XVIl1); in the presence of palladium catalyst; in the
presence of an organic or inorganic base; in an organic solvent; at a
temperature greater than about room temperature; o yield the corresponding

compound of formula (XIX);
0

| Q (R*"Po-2 o (R*")o2
R ! ™~ —P
RK
R
0C, .qalkyl OC1_4alkyI
(XIX) A (XX) .

reacting the compound of formula (XIX) with hydrogen or a source of

hydrogen; in the presence of a catalyst; in a solvent; at a temperature greater
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RJ and Rk are each independently selected from
hydr ogen or Cl-4al kyl; alternatively, R} and Rk are

wo a00em9%6met her with the nitrogen atomto whi cPCT/H83006/008450

are bound to forma five to seven nmenbered
RSN Fhoth tefpe GG }%2.‘

conpri si ngreacti nééttaﬁé‘ tB é|§gﬁ%c§ r8%or rﬁ}ﬁ@c?ﬁ( n\%qfﬁormula
XXk ogen or a source of hydrogen in the presence of a

catalyst; in a solvent; at a tenperature greater than
about joom (RHPgrature; to yield the corresfbnding R*"") 0.0
R 0 forrrullg {XX); reacting theRJQJrrp u

for WHNIT'2% aquequs base: fn an Nfgaf HN—P9

forrrula(l) S prééené nventlonlsfur her |r

to a pryrgess forjthe pre )z'aratl on of a corrpoumj
formula (la). (also knovvn as, 4-(am nocarbony L/-[(
1_

di et eaictng tthglgc@mpbungl lof fc&nﬁ&lai (XX} twith-dn aduesguisabase; e an

URRPis SN EieRe B RO Ran O foralg Uk or

-C(O-0C -4a|ky| and vvhereln Yp is selected from Br,
a or_I ield the correspondi ng conpound of
f or mJT'é@ PlSGS }/IHV@NIIOG)!S turther alirecteskiota prpaeise fotinpqredaration

h a suitably substituted conpound
% ﬁd%ﬁ# ﬁ'f“é%{m('su n the presence of palladium
cat aI yst; in the presenQe of an Qfgani c or inorganic
base; in an organlj: sol f (Ra't t/eaper ature greater
AL O

t han about room tR nﬁ?\[ y| el ggt he
cor respondi ng

wherein

is Ce-10aryl or a heteroaryl selected from the group consisting of

furyl, thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, pyridinyl,
pyrimidinyl, pyrazinyl, indolyl, isoindolyl, indolinyl, benzofuryl, benzothienyl,
benzimidazolyl, benzthiazolyl, benzoxazolyl, quinolizinyl, quinolinyl,
isoquinolinyl and quinazolinyl;

each R*'" is independently selected from C.¢alkyl, C1.salkoxy or fluoro;

R’ and R" are each independently selected from hydrogen or Cs.salkyl;
alternatively, R’ and RK are taken together with the nitrogen atom to which they
are bound to form a five to seven membered heterocyclyl;

Pg' is a nitrogen protecting group;

comprising



conpound of forrmula (Xl Xa); (Xl Xa) (XXa) reacting

conpound of formula (XIXa) wth hydrogen gas, at a
w@e@ssmoeo suf ficient to hydrogenate; in the prEGEOS®I@H08450

a suitable chiral catalyst; at a tenperature greater

t han about roomtenperature; in an organic solvent; to

yi el d ¥ he cor(nég)ra_gndi ng conpound of for&ul a ((pgéqazo;_z
Q)({(a) | 2 eact | rI;g1th,e compound q:ﬁd}flor iU La{ XXa vvat
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( XI Xa)(XP$iXa) redcting conpound of fornmul@X{ Xl Xa) & th
hydrogen gas, at a pressure sufficient to hydrogenate;
i n t heagtiag éne eompornd of femua (XiX)avitichydrogsn orat saurce of
t.ur, reater than .apout. roomtenperature; .in an
AEIBERE Hafo BHERHER §RLruARRL mrreTEE h P roERiuR Sreater
olinfabo ksorh X&mperdiares taickd thd 68¢6$pEhdifg c6RMBAHAS! Rrmula
formula (XXa) with an aqueous base; in an organic
5 vent; to yield the correspondi ng conpound of
f or muleg (Ia).41;'he present invention is further
di rected to(fdroeesses for the preparation off conpoyRt$),.,
ED X%Thlg ipresent inventionR’s_f

: 1
E5ses for—the prepacati ol HN—P9
b

cornesp
i nvention i

OC1 _4alkyl

reacting the compound of formula (XX) with an aqueous base; in an
organic solvent; to yield the corresponding compound of formula (1).

10 ~ The present invention is further directed to a process for the preparation
of a compound of formula (la) (also known as, 4-(aminocarbonyl)-N-[(1,1-
dimethylethoxy)carbonyl]-2,6-dimethyl-L-phenylalanine)

O

comprising

XP

15 (Xa) (Xlla)



of the compound of formula (Xl Xb) (XIXb) The present
invention is further directed to a process for the

w@e@pay®so on of conpounds of formula (11) (H MMEUSI006/008450
is C6-ioaryl or a heteroaryl selected fromthe group

consi st i of fur |l yl., gxazol

i aziaagting iafﬁqaﬂae%w;ﬁi of toymblenP5R); Whetainatyie seldeted from OH,

@NV LODQH” ?(b) omtiai ' and Weg&iﬂl\w eleclteﬁi from B,

i ndol i nyl , enzo benzot I enyl enzi nia;

Glorzl ko Histd the ccb*eespnmim gompauinchof farmmuya (Xkg); nol i nyl ,

i soqui nol i nyl and qui na ACI nyl; each R41P is

i ndefendent|y sel ectﬁg/from C -6al kylyy Cl1-6al koxy or

fluoglo; RI_and Rk are ¢ach independent Ll
«_alO6Haat i VN,

taken t er wth™the |pitrogen atomto

are bou gpma fivgyto seven nenber ed OCHs
het er ocycllyl ; Rl is—setected—rom t he groug consisti
of hydrogeén, C -6al kyKVIIeycl oal kyl, heterocyclyl, O

aryl (G Rl kyl, and heteroaryl (G -6)al kgdixapherein
when R1 i's enyl (G -6)al kyl, phenyl is optionally
f usedeta@nﬂ%m @csmpzzseha of R k)oﬁ’é)kwith avﬂlﬁt‘é%ly"bd’lﬁ%fhtgé

is G -2al , sald kyl opti onal
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temperature greater than about room temperature; to yield the corresponding
compound of formula (XiXa);
O

Boc
HoN HN”

F OCHj4

o)
(XIXa) (XXa)

reacting compound of formula (XIXa) with hydrogen gas, at a pressure
sufficient to hydrogenate; in the presence of a suitable chiral catalyst; at a
temperature greater than about room temperature; in an organic solvent; to

yield the corresponding compound of formula (XXa);
o] 0O

(XXa) (1a)
reacting the compound of formula (XXa) with an aqueous base; in an
organic solvent; to yield the corresponding compound of formula (la).
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amno, G -6al kylam no, (G -6alkyl)2am no,
trifluoronethyl, and carboxy; and further, wherein

wob@e/ o6 s C3-6al kyl, said C 3-6al kyl is optiPCEUE2006/008450

substituted with one to three substituents

I ndep I d. f onsrst a .
Bl kol Prepdn G lcitie bithbs Afestd e OSe gk op e preparation
of tirrocorapouned offormfodd Kg) am no, (G - 6al kyl ) 2am no
trifluoronmethyl, and _carboxy; wherein the cycl oal kyl

and heterocyclyl of : - 2al kyl and C3-6al kyl are
optionally substitutgd wth one to t substituents

i ndependent |y sl e N Q@Up %onS|st|ng of Ci

- 6al kyl , hydroxy(%j i Cla koxy, hydroxy,

cyano, amno, d - alkyl§ (C~bal k) 2am no
trifluoronethyl, carboxy, I - g[al koxycarbonyl,

C -6al koxycar bonyl, am ndcar bonyl
- 6al kyl am nocar bonyl , (€& -6a|ky|)2. 'nocék%onyl, and
an nogsthbABN: furthermore, wherein the cycl oal kyl and
het erocyclyl "of Rl are optionally substituted with one

to t ?o substituents independently sel ecfed fromthe

group congisting of,& -6al kyl, hydroxy(f

BpNGal ke yd-mfiy, cyano, am no, |gN~6a

(G - 6al / ”'éﬂ uoronet hyl, carbo

-6) al ko ot Ol foi OCHg

G - 6al kI am noca bonyl, (G -6al kyl )2am no ar bonyl
and am nosul f onyl ; Of urt her nore, wherein the 'aryl ando
het er oar {XIXpbrti on of the Rl substituents apgajC -

6) al kyl and hetero G- are optionall
s?Jbst '?/ela&fl 29 Cﬁmq?uéﬁea/ftf "FWaef%'@&W% BWFQQ%@rﬂQﬁ, ath pressure

SUTHEBRNAMIdrygERARS IrPthe presence of a suitable chiral catalyst; at a
temperature greater than about room temperature; in an organic solvent; to

yield the corresponding compound of formula (XXa);
O O

(XXa) (1a)
reacting the compound of formula (XXa) with an aqueous base; in an
organic solvent; to yield the corresponding compound of formula (la).

The present invention is further directed to processes for the preparation
of compounds of formula (XIX)
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fromthe group consisting of G -6al kyl; hydroxy(GCi
-6)al kyl; d - al koxy; C6- 10aryl (G - 6)al kyl ;

w@os02a0§0 (Ci - 6) al koxy; C6-ioaryl; heteroaryl PCT/US2006/008450

optionally substituted with one to two substituents

I ndependent |y sel ecteg fromthewgr oup consisting of Ci
-4al kyl, G -4al koxy,yand CI(E6 ¥s.2 cycl oal kyl ;

het er ocycl yl ; i oaryy| oxye” het er oaryl oxy;

cycl oal kyl oxy; % oxy.qNa-n?gg; G
-6al kyl am no; (G -6Gal k am ng; Cs-

cycl oal kyl am nocar Bonyl ; Ry (G-
6) al kyl am nocar bonyl ; C6-i oaryl ayn Q&-IF"@M| wherein

Co6- ioaryl is opti onaph?( substitjfited with carboxy or

G -4al koxycar bonyl ; he ér ocycl §d carbonyl ; carboxy; Ci

- 6al kyl carbonyl oxy; d - al koxycarbonyl; d -

al kyl carbonyl ; d - al kyl carbonyl am no; am nocar banyl ;

a - i ' rthefhi lprdes8sReGar thepreparation
cyanM@%%g@ﬁ?%ﬁ?%‘%ﬁ%ﬁéﬁ%@?ir{i“rpl}uor omet hoxy; aﬁd
dfiels osmpopndaf dedhulagXIXty) nore than one R1 1

substituent is sel ec(t)ed fromthe group consisting of
Cé-ioaryl (G .6)al kyly C6-ioaryl (G -6)al koxy;

C6-ioaryl; heteroar 1 j y sujpgglituted with one

to two substitugpNsS inv dent INNSel ected fromthe
group consisting of G -4al koxy, and

car boxy; cycl oal kyl ; VS ¥ oxy;

het er oaryl oxy; cycl oal kyl ¢xy; yl am nocar bonyl ,
het erocycl yl carbonyl ; andiheterocyclgyl oxy; R2 is

o
hydrogen, C -8al kyl, hyo&m)(a - 8)al kyl, C6-ioaryl(d
- 6) al koxy(d- 6)al kyl, or -T’oaryl (G -8)alkyl;

The present invention is further directed to a process for the preparation

of compounds of formula (I1)

(i)

wherein

is Cs-10aryl or a heteroaryl selected from the group consisting of

furyl, thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, pyridinyl,
pyrimidinyl, pyrazinyl, indolyl, isoindolyl, indolinyl, benzofuryl, benzothienyl,
benzimidazolyl, benzthiazolyl, benzoxazolyl, quinolizinyl, quinolinyl,
isoquinolinyl and quinazolinyl;
each R*'" is independently selected from Cr.alkyl, C1salkoxy or fluoro;
8



wherein the C6-ioaryl group in the

C6-ioaryl -containing substituents of R2 is optionally
waamsHIdet ed with one to two substituents i ndepentis2vné/go8450

sel ected fromthe group consisting of G -6alkyl,

G - 6alkoxy, ~hydr oxy,. am no i -6al kyl am no,, (CG.

el ky Py 28 Ao B R icaPpRge iy aclBehyamimuidgasog £ alky';

akém | R2aRi ; itih | I :

B T ey o fogROPI th itrodehl b fo which they

arecheund thionoi a fisafkgevemmenbered Heterpeyalpbt i t uent s of

aryl are optionally substituted wi th hydroxy, am no,

Cl- 6al kyl am no, (G -6al kyl)2am no, or C6-10aryl; Ais

sel ected fromthe group consisting of aryl, ring

systema-1 , a-2, a-3, and a-4, optionally substituted
wi t h Raisasrlerted from the graumcensistinigeeidivdragen,i G1.salkyl,

d i St . N NN
SRR nGfeR0lcl AR EORT Tl Aelon -
consi wherain efhe@ R} is$HenyH T4 s 21K, myﬂﬁbe@c?tidha'ﬁ%(ﬁ&éd to a
selected fromthe group consisting of NO and GO R3
i s on@etﬁéo‘fwl%ﬁgap@%ht s independently selected from
the group consisting of G -6alkyl, aryl, aryl (G .
6) al kyl , aryl (C2-6)al kenyl, aryl (C2-6)al kynyl,
het er whesdin Wi”anelﬂbis@{-;(a]kyl,-@idlﬂa)@blkyh'stcmtimlaw &Cbstituted with

T2 e At o e o

het er @sHaidt ~ X
%@%1 NS lé(f) yl,gﬁfc?dmﬁglglhﬁt’é%’%cgcgﬂ,yrwdroxy, cyano,

trifluorome and hal og
het er @aing, Ciamatkytaneingr (T1.cafiybamina driffjuoromethyl, and carboxy;
aryl (Cl1-6)al kyl, aryl (C2-6)al kenyl, aryl (C2-6)al kynyl ,
heteroaryl (G - 6)al kyl, heteroaryl (C 2-

and further, wherein when R’ is Cz.salkyl, said Ca.salkyl is optionally

substituted with one to three substituents independently selected from
the group consisting of Cy.salkoxy, aryl, cycloalkyl, heterocyclyl, hydroxy,
cyano, amino, Cy.galkylamino, (C1.¢alkyl)2amino, trifluoromethyl, and
carboxy;

wherein the cycloalkyl and heterocyclyl of Cy.,alkyl and Ca.alkyl are
optionally substituted with one to two substituents independently
selected from the group consisting of Cy.salkyl, hydroxy(C1.¢)alkyl, C;.
salkoxy, hydroxy, cyano, amino, Cq.salkylamino, (Cs.salkyl)2amino,
trifluoromethyl, carboxy, aryl(C.¢)alkoxycarbonyl, C+.salkoxycarbonyl,
aminocarbonyl, C,.salkylaminocarbonyl, (C1-salkyl)zaminocarbonyl, and
aminosulfonyl;

furthermore, wherein the cycloalkyl and heterocyclyl of R' are optionally
substituted with one to two substituents independently selected from the
group consisting of C+.galkyl, hydroxy(C1.¢)alkyl, C+.salkoxy, hydroxy,
cyano, amino, C1.salkylamino, (C+.salkyl)2amino, trifluoromethyl, carboxy,

9
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6) al kenyl, heteroaryl (C 2-6)al kynyl, aryl am no,
het eroaryl am no, aryl oxy, and heteroaryl oxy, are

W@pitsoymbd y substituted with one to five fl uorPCT/US2006/008450

substituents or one to three substituents

AR S R A

C6- i ogallgyléMiinocaXiodriy) (C1Q5H<'yl)§€im|r(o@arbcﬁM|éfm(é(mlnosulfonyl
C6-ioaryl, C6-ioaryloxy, heteroaryl (G - 6)alk

het eroaryl (G - 6)al koxy, heteroaryl, het eroaryl oxy,

C6- i dﬂe?%@'vg@r%g‘fﬁl’\%r %d‘ﬂete%&r&g offlon of the R

- 6al k . -bal Kyl'Yy2am no BR P&

6) gl kgwg’?iturxlmc;‘)ts faaylwalksjgncﬁbétejba@t(m{a)dlkyl Gare optionally
o SRR Bk o R S B AE idspendenty seected

- 6al k Ik
o gbm@n%rgg%gﬂ%;?ggggé%glch droxy(C1 s)alkyl; Cy.¢alkoxy; Ce.
hddr

trifl w@ﬂdﬁ%teb@'kyl Co oeretikoayyCes madylplagter@ryl optionally

or ovt St B ity sBesite B ndar i stectsd from the
aryl @@@pfwrﬁrsmgxdf mqemyorcpfaua& 'éné%b%‘d)@d (%élsalkyhe

ar oup consi st eteroary

Oar y| hetelogyriyl @ 1030(1}3)%/, @eﬁfyﬁ()dwwl CW@I&NMO)(,V, heterocyclyloxy;
ar %/le%;ﬁrnq z‘l;l \ 69[5%4 aﬁ]ﬁby (§1Catﬂ(é/%%‘ﬁﬁ]g%cgs?légﬂ(&%ﬂlhbcarbonyl
C6- 10w@rbny(‘0m)alkgdaleﬂmﬁmybmylms 10|@€k3yllérrﬁhic53rbdr)(yl vfh‘elileln Ce.

- 6a an - a
of - aryRbS eYtarily SSRGS alsexycaraony
opt i %b?&ﬁ%béﬁ?l@arﬁ’b&? @hgdi'l%ﬁéé%Bﬁgfogg%?%ﬁ&ycarbonyl

fromthe group consistin drox

- 4al k@xg&ﬂ&fl@@mhw ﬁneakkylcerbonmm ammocarb@nyl C.

| ky b
%% sl BTk e BEMNE SRR e oaponut suespiigpen
aryl ,triflgd@nesthyt mfafoyémetmy; BRE Biyarsy} am no,

provided that no more than one R’ substituent is selected from the
group consisting of Ce.1paryl(C+.¢)alkyl; Ce-10aryl(C1.¢)alkoxy; Ce.10aryl;
heteroaryl optionally substituted with one to two substituents
independently selected from the group consisting of C1.salkyl, Cy.4alkoxy,
and carboxy; cycloalkyl; heterocyclyl; Ce-10aryloxy; heteroaryloxy;
cycloalkyloxy; Ce.1parylaminocarbonyl, heterocyclylcarbonyl; and
heterocyclyloxy;

R?is hydrogen, Ci.alkyl, hydroxy(Cy.g)alkyl, Ce.10aryl(C1.s)alkoxy(Cs.

s)alkyl, or Ce.10aryl(Cy.g)alkyl;

wherein the Ce.10aryl group in the Cg.q0aryl-containing substituents of R?
is optionally substituted with one to two substituents independently
selected from the group consisting of Cy.galkyl, C1.salkoxy, hydroxy,

amino, Cy.salkylamino, (C+.salkyl).amino, aminocarbonyl, C;.

10
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aryl oxy, heteroaryloxy, aryl (C -4)al koxy, and
heteroaryl (G -4)al koxy; R5 is a substituent on a

wRaosoge at om of ring A selected fromthe groRQI/US2006/008450

consi sting of hydrogen and C-i -4alkyl; Ra and Rb are

i nd L f t.he. i st

i SR ARroREb RN eI AP 3ApP, ford, chioro,
al t er @inhoy, Gthﬂuor\ohimhﬁaaﬁa drifidoremetienen adtinghetdiathe C1 Galkyl
hydr o Ro are optionally taken together wt

t he ng’ﬂ(i’ @ﬁ'kﬁi%ﬁPb%t'tHﬁnfé’:rPftaﬁﬂyﬁrﬁrQPt'QGﬁW substitied with
f d
ohar naroks, &, ShioaRGENRS (AR NEind 0P So- T8y,

di ast er eoner s, racemat es, and salts thereof;

' f f I X), wh
o Pk PR 0 R RS Bhed O Bt i thES 32, 02
ar@i 5))4 ggt,g,ngﬁyg l?s&ﬁunl%dvmﬂ’f gBangm&s sel ected from Br,

e correspondi ng conpound of
fornuR% (XII) reacting the compound of forrmula (XI1)
Mﬁth SU|tany substltuted conpound of formula

wher ei n, g anlt ot |nggxu/
he ensce of cat n the pr e ce
Lggnie or |nor i chase |n _a_tborganl c solve i

at a ten”perat,ure greater than about room taedrperatur
to yield the corresp%ndl ng corrpound of formula (XI
reactihg the conpoufd of formula {XIX) with hydrogeﬁ

or a slereireAdB ihigdieogefromnnhé deouws esesisendbf R-C, C-N, N-N and
catalé{é’ in a solvent; at a tenperature greater t han

about C1GoMIeEHpBria s pelecied fmr@ﬂhe OReUR 6PRESHIEf AC, S-C, and
conpayN: sHd WRERh &-G is selected from the group consisting of N-O and

C-O;

R®is one to two substituents independently selected from the group
consisting of Cy.salkyl, aryl, aryl(C+.¢)alkyl, aryl(Co.¢)alkenyl, aryl(Ca.q)alkynyl,
heteroaryl, heteroaryl(C+.¢)alkyl, heteroaryl(Co.s)alkenyl, heteroaryl(Cy.¢)alkynyl,
amino, C+.galkylamino, (C.¢alkyl)2amino, arylamino, heteroarylamino, aryloxy,
heteroaryloxy, trifluoromethyl, and halogen;

wherein the aryl, heteroaryl, and the aryl and heteroaryl of aryl(C.¢)alkyl,

aryl(Cz.s)alkenyl, aryl(Cz.)alkynyl, heteroaryl(C.¢)alkyl, heteroaryl(Co.

s)alkenyl, heteroaryl(Cz.¢)alkynyl, arylamino, heteroarylamino, aryloxy,
and heteroaryloxy, are optionally substituted with one to five fluoro
substituents or one to three substituents independently selected from the
group consisting of C1.salkyl, hydroxy(C+.¢)alkyl, C4.salkoxy, Ce.10aryl(Cs.
e)alkyl, Ce.10aryl(C1.g)alkoxy, Ce.j0aryl, Ce-10aryloxy, heteroaryl(C,.¢)alkyl,
heteroaryl(C,.¢)alkoxy, heteroaryl, heteroaryloxy, Cs.1oarylamino,
heteroarylamino, amino, Cy.salkylamino, (C.salkyl),amino, carboxy(Cj.

s)alkylamino, carboxy, Cy.alkylcarbonyl, Ci.salkoxycarbonyl, C;.

salkylcarbonylamino, aminocarbonyi, C1.salkylaminocarbonyl, (C.

11
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(XX);reacting the conmpound of formula (XX) wth an
aqueous base; in an organic solvent; to yield the

we@ensespoendi ng conpound of formula (1); reactiPQr/ukm®06/008450

conmpound of formula (1), to yield the correspondi ng

©F aeosky Romiditb falt garetd S AR B A& oty evano, halogen,
pfepafrmﬂbﬂfm@myt Hhefl sromRsky hyﬂﬂi)gubﬁleélkxwlféﬁylk@m1 A

as, ({[2-am no- 3- 4carbam) di met pheny
pr opi @ng,ylgsultopyla(mmghgrgwdep that not more than one such substltuent on

H-

1 430 b D 5 S B BB o
di r ecCédiq, fary]!)rrmtmegd, Ceﬁl(lehy'l(@{ @)BmyﬁtG@ﬂOCefrdeJS -10)alkoxy,
conmpound,_of f or al so” kno

5- F?[ a1y, f(ﬁ%zﬁ}?"serty &Qap)@}hynyl @ﬁa@rﬁénﬂyhefsm(yl@; s)alkyl,

Fl—)lt Iofn' o o(% rgl%C% 4)a % © aﬁpﬁ@iﬁ A )pﬁe_rggrylammo, C6-10aryloxy,
met hoawd betezoanykmy; d. The present invention is further

directed to a product prepared according to any ooff
tt hhee pprroocceesssseess ddeessccrrii bbeedd

hheer 8¢ Wherein Id asdA, Arid'e, . Hik Qﬁ drﬂé@ﬁé)éfk?l asd Reteroaryl(C.

phar maceuti cal conpdsition co
phar naakkyl asappliorallyegthstifuied a\nth @substifuent gelecteddrom the

bed, h A
| ee e Rl g R hatel, PR R haRedanind. T
conpagilkylamintgde, falkyTi Ao cardindeH Adoriy, §OAL, )ﬁl’kylamlnocarbonyl
according to the process descri bed herein and

phar éitewpikylaminacarbpnyh peyl cheterearyl, awlammcathem@roanéammo
compea NSRBI LR CE RS, Sl NGt 6ROy
according to the process described herein and a

R®is a substituent on a nitrogen atom of ring A selected from the group
consisting of hydrogen and C1.salkyl;

R?and RP are independently selected from the group consisting of
hydrogen, Ci.salkyl, and Cs.alkoxycarbonyl; alternatively, when R? and RP are
each other than hydrogen, R? and R° are optionally taken together with the
nitrogen atom to which they are both attached to form a five to eight membered
monocyclic ring;

and pharmaceutically acceptable enantiomers, diastereomers,
racemates, and salts thereof;

comprising
@)

XP (R*"")o2 ) (R*"")o
&
—_— ll\j

P RK p
% Y
(XN)

12



phar maceutically acceptable carrier. Exenplifying the

i nvention are nethods of treating or preventing a
waele@engi®so medi at ed by at | east one opi oi d receptDUS2006/008450

preferably the d or mopioid receptor selected from

il soreartnd Aamed Bt 8} o AURB" wAERBR U6 SEldsd gom OH,
Nm(DO§HerG:(@ cm.t@«»@qg&w émﬁmeﬁmh iY6gkIsklected from Br,

ef fective amount o t he compounds or
Gherr i veld the cmmﬁa@gdmg@mp@mggwramlaj@ﬁb)c i bed
above. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
present invention is directed to ﬁr Bgses for the
preparation of compounds of fornu (1) wherein Pgl,
RJ, Rk andGQR41P are4as herein defi cappounds
of fﬁnnula (1 sePdl in the at1 6h o opi oi d
r ecept of W3 ors - conpounds of fofimul a (II) as
def i ned heré he present inventionOis further _
[ pses for the prepagg%ugn of the ”
conpound of for la (l'a) as herein useful as
i nt er medi at @i n t he synt hesi s of opioid receptor
nodul ators. I n an enbodi nent, the present invention is
directed to procegses for the preparati on of conpounds
pERTP)gted. I1nan (i' p)
|nventHon the N' ring is
substi tuted M;TN o g“pmﬁg\Mﬂ(ﬂ1|s bound at the
2- or 6- p03|t|oh \_agot hey enbodi nent, the present
invention is d|$ o—gFQcesses for the preparation
of conpounds OC,.4alkyl -

enbodi ment ef_t he Jpr es

reacting the compound of formula (XII) with a suitably substituted
compound of formula (XVIII) wherein Pg' is a nitrogen protecting group; in the
presence of palladium catalyst; in the presence of an organic or inorganic base;
in an organic solvent; at a temperature greater than about room temperature; to
yield the corresponding compound of formula (XIX);

O

o (R*"Mo. " (R")oz
~ 1 ~
rl\l HN—P9 : ll\l HN—P9
RX RK
OC1_4alky| OC1_4alkyI
(XIX) L (XX) L

reacting the compound of formula (XIX) with hydrogen or a source of
hydrogen; in the presence of a catalyst; in a solvent; at a temperature greater
than about room temperature; to yield the corresponding compound of formula
(XX);

13



wherein the ring is substituted wwth two R>4411|P

groups, which are bound at the 2- and 6-positions. For
We@x@apd®e0 pr ocesses wherein i s phenyl, the conpons2006/008450

formula (1) is of the followi ng structure: In an

enbodigent, the present invention is directed to

procesges f@R*Te preparation of conpounds §f RA'P),,
Ri'Q) whersiqy RA1Q bgt sel ected from metrryl , ¢ ]
et I*\\bxy oxKINOF" €1 uor o—and wherein RJNRk fand\\PgHN—PI
are s ey efi ned. | n another enbodi ngnt,

present IO

i@cﬁ‘iéélﬁﬂt ed to processes for the
prepar gkXpn of tJfe conmpound of fornula (I b)('u)Rﬁ. a
and R

conpound of forgula (1) wherein v is phenyl;
are each hydrogen; the phenyl ring is further
subst faagtieg the campauneef forgrda $XX) withan ageeauschase; in an

%@ﬁ %ﬂ?%r)l(tg %yi%&@%ﬁgrw%&)%ﬂdIﬁ@oc\:'g]mggund of formula (1);

3- (4-car ban@yl - 2, 6- ?-{“ﬁt hyl - phenyl ) -propionic acid. In
' ,( he0fresent invention is directed

to eré(,\& pgepg‘rati on of the conmpound of
fornul a dd¥nt Ynvention is further directed

to procegges t he [preparation of conpounds of >
formula (Xl X) n expodphpent, the present invention
is directed ()o processggs for the preparation of the
conpound of forrmula (N Xb), (XI Xb) Preferably, the
present invention is directed to processes for the
preparation of the conpound of forlftul a (XIXa%s(XIXa)

R
o N
RJ\ R5
O
RK/
(R*"")o.2
5 reacting the compound of formula (1), to yield the corresponding

compound of formula (II).

In an embodiment, the present invention is directed to processes for the
10 preparation of the compound of formula (V)

14



10

The conpounds of formula (X X) are useful as
internmedi ates in the synthesis of conpounds of fornula

W@ Ldop/099DhEe present invention is further directRd/U82006/008450

processes for the preparation of conpound of fornula
(I'l') wherein, RJ, Rk, R41P,_Ra, Rb, Rl, R2, R3, R5,
and are as herein def ned Oﬂe corrpounds of the
present invention arg opiofd receptor nodul ators,

useful in the tr N _ofXxdi sorders nedi ated by at
| east one opioid cept ¢ eferably d or m opioid
i ncl udi ng, bl o

receptor), limted to pain and
gastrointestinal disordersgEnbodi ments of the present
i nvention include processe

het eroaryl portico
heteroaryl (G -4

one to thsNe
fromthe gro
optionally s\

ybstit NIl s i ndependently sel ect ed
isting of G -6al koxy; heteroaryl
Stlt ted W|th one to tvvo substltuenL\?

i ndependerty C
- 4al k
17t oo P AL oSl oy

Kicpirn iyl a(ﬂfrwhﬂm&l-ﬂ bhymldaﬂsl-%yh)fatlmxd] amlmx}rmetfmi)bz«nyethoxy-

I@%’%"gﬁ% - 6) al kyl am nocar bonyl ;
am nocar bonyl wherein CG-i oaryl is optionally
substituted with carboxy or G -4al koxycarbonyl ;

het erocycl yl car bonél cyano; hal ogen;

tri f 1l Hee RiRseskinveption isidilectrdto procasses for the
|1 b d
ORPRRD diiheld "ﬁmﬁe" A f*fm&@b"@’??? Gentsys
O O
HO
I
HoN NH,
2 v)

also known as, 5-[([2-Amino-3-(4-carbamoyl-2,6-dimethyl-phenyl)-
propionyl]-{1-[4-(4-iodo-phenyl)-1H-imidazol-2-yl]-ethyl}-amino)-methyl]-2-
methoxy-benzoic acid.

The present invention is further directed to a product prepared according
to any of the processes described herein.

15
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Cb-i oaryl am nocar bonyl wherein C6-ioaryl is optionally
substituted with carboxy or C -4al koxycarbonyl; or

whedoenooye!| yl car bonyl . Enbodi ments of the presPC/US2006/008450

i nvention further include processes for the
preparati on of conmpounds wherein Rl is selected from
the group consisting of C6-ioaryl (G -4)alkyl,

pyri dlllusstré@e ef4thel ikyénticanid phméde@tlcaﬂdcﬂhhdéltlon comprising a
and furanyl are

erein oa yridin
BhrAehuRga o Bdartablparioarshal 2 preduapreaared according to the
BRI i AURRET AT RS8R I i ihaceutica
edrapksitign amaﬂmw mizingreopedochptepa@ed according to the process

ﬂé;%aér@ég rnl%Za}rth ﬁﬁgﬁgnﬁsglgﬁc}égl&%%yé&%le Qgrcri%rr ﬂ%ltr;ating the
iHYanridRY & PriER8INF mARfiEA ﬁh%é_&%’é\{ttgg)l(bérgﬁ%heﬁ‘”ﬂolnﬁlprlsmg

substituted with carboxy or bony
mwm]alprnductypreaammqordmﬁo thaar@ms demedbed herein and a

h QVi ded that that no nore than one
%ﬁ'rn%é;c%@ggglﬁ %ﬁ%ﬂ@?}ﬁ?@m bonyl . Enbodi nents of the
present invention further include processes for the
preparation of conpounds wherein Rl is selected from

t he gE¥empPlyig heiinveriorpaenyethods-of)tegating, or preventmg a

eny‘ﬁ%é“y?tueﬁglf’h\éﬁﬁhgﬁ% Péﬁ’ﬁi P%‘Jre&%fppf%ﬁgq@fwhemg 8F [i' opioid

riceptdriselatiedMrom thieegrodptdonerstiRg of paibahd Tgblgﬂbﬁ]testlnal

|nd®% ndently sel ected Promthe roup consistin
‘ r

%dR\? sykieetdn degd, th@eoé@ymmﬁln@awwgam%me subject a
RSBl o AATRLASESP e compunds.or lapgeiea

carhpositiohegdreparéd agrdessyibed abbve 4al koxycar bonyl
nor phol i n-4-yl carbonyl ; chloro; fl uoro;
trifluoronethoxy; G - 4al koxycarbonyl; and carboxy;

provided t hpEtAlREDOESIMPTION GRerHit INVENTEON

The present invention is directed to processes for the preparation of

compounds of formula (l)
(R*")o.2

N Y HN—PY

wherein Pg, , R’, R¥ and R*'" are as herein defined. The

compounds of formula (1) are useful in the preparation of opioid receptor
modulators - compounds of formula (Il) as defined herein. The present
invention is further directed to processes for the preparation of the compound
of formula (la) as herein defined, useful as intermediates in the synthesis of
opioid receptor modulators.

16



I Oaryl am nocar bonyl . Enbodi nents of the present
i nvention further include processes for the

w@e@pay®st on of conpounds wherein Rl i s phenyl P&L/oig1006/008450
pyri di nyl net hyl, or furanyl nmethyl; wherein phenyl,
pyridinyl, and furanyl are optionally substituted wth
one to three R11 substituents independently sel ected

from frhén 8RbeRIRERS td prGepf invBhiieN Ya dﬁ@étéé%@ bYbcesses for the
cycl opropyl am nocar bonyl ; (2-hydroxyet h- 1-

yl ) am nocar bonyl ; met hoxycar bg phenyl am nocar bonyl
wherein phenyl is optionally @ tuted with carboxy;
prepa et dnofdcoth S@inRWhé reim thet axho ynngr@uhmmhtea In an

that no nore than one R11 is phenyl am nocar bonyl .

Enbodi nents of the present invepf i ncl ude processes
for the preparation of conpound§, ®hirein R2 is a

embeotiinterrdf tise bestond |rfvre¢m‘bhhl¢legf CIMG ISSéurrwtlﬁéd with one
hy@lr 08 hydr oxy(C al kyl ., and. phenyl (
5 6) &r B&y\y@ph larpgpq}q,att g-r@r $,—p9§|t@an@,%nothesr embodiment, the

gbﬁf‘ﬁ‘lgbbf | f%scﬁl éé:‘(l)‘(%&g) ﬁ&&s?ﬁ?f&r%é}ﬁf?eﬁ%ﬁbh to‘f’ﬁaltr@o&nds

naepen rom € group consi stin

- 3al kyl , Ci 3a| koxy, hydroxy, cyano, fluoro, chI oro,
br ono, tri onet hyl, and trifluoronethoxy.
EHERSH IRNTSSEY HRG is@samlitcd Wit MO R WA
processes for th Ie§|é)r epar attleon 'gf ccgrrpoﬂgw@ns&hergh%gfound
is selected fromthe group consisting of hydrggeR and

Enbodi ments of the present invention further ude

artnees el 6-pbsitibAs.P FePakaiiph) dPécést@%QNI@é}’@WP RS is phenyl,

wherein R2 1s hydrogen or net hyl
the compound of formula (1) is of the followmg structure:

10 R41P O

In an embodiment, the present invention is directed to processes for the

preparation of compounds of formula (Ic)
O

(R*"%q.4

R O (Ic)

15 wherein R*'9 is selected from methyl, ethyl, methoxy, ethoxy or fluoro
and wherein R’, R¥ and Pg" are as herein defined.

In another embodiment, the present invention is directed to processes
for the preparation of the compound of formula (Ib)
17



Enbodi ments of the present invention include processes
for the preparation of conmpounds wherein ring Ais a-1
WO 2@aoedsient s of t he present invention furthePCi/nsione@s450
processes for the preparation of conpounds wherein A-B

of ring a-1 is N-C. Bnbodi ments of the present
i nvention include pr§cesses for the preparation of
to two ggkstituents

compounds wherein R3llj s one
I ndependent | ysel-aiN“ed
- 6al kyl , hal ogen, and & arélH Is optionally
substituted with one t o[£ ’ S

i ndependently selected frgmthe grodp consisting of

hal ogen, carboxy, am nocanbonyl, G & Ib)

3al kyl sul f onyl am no, cyano, hydroxy, am n&, a

- 3al kyl am no, and (G - 3al kyl) 2am pe~Enbodi nents of
the present invention further incl ocesses for
t he preparat. i N<RY i I gy K
subst?'?Ugn@%&%ﬁ@g@p%aggﬁg%@d from'%sﬁg&g){lbﬁpBHGR are
emfshyiadrbggnpme(ﬁ)helrlﬁmihg Iki)s furttems gbam;[]emwith ItonHr{]f‘é'? giaups,

enyl is optign sybsti t ut th one . to three
BhBiare acbime il pud £51df Bosb idlta Kaown amataitgr oup

» O’ . .

S SOLRIGHBORE AN bheie SRR AR b
further include processes for the preparation of
compounds erein R3 is,.one to two substit.uent
ndeptrERe BRI freshat BV aRlot bt ArEled i processes
1R (Y prepilatihie oy ihe ddiRp&inY 8ffmuld gapptional Iy
substituted with one_to three substituents

i ndependent|ly sel ect'éd fromthe group consisting of
chl oro and car boxy.

HoN

0 (1a).
10
The present invention is further directed to processes for the preparation
of compounds of formula (XiX)

(R0

1

(XIX) L

In an embodiment, the present'invention is directed to processes for the
15  preparation of the compound of formula (XIXb),

18
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Enbodi ments of the present invention further include
processes for the preparati on of conpounds wherein at

wo e@sIone R3 substituent is phenyl. Enbodi meneGT/U820061@08450

present invention further include processes for the
preparation of conmpogids wherein R3 is a substituent
sel ected fromthe grqup consisting of nethyl and
phenyl ; wherein phen i s_Qptionall Pghbstltuted with

one to two substlifNient S deyyendeitl y sel ected from
the group consisting of 0 ang carh éé
Enbodi nents of the presen j de processes

for the M preparation of clonmpounds erein Nis C
-ioaryl. Enbodinents of the present onvention further
i ncl ude processes for thﬁga@?arati on of conpounds
wherein i s phenyl. Errbodi of the present invention

inclu t; rabi f

wior PR S B Sn LRI O o
predaratioroof tEe‘mmlnpmlncBobﬁormhm (PXapnt invention
further include processes for the preparation of

compounds wherein R47' is selected from Cl-3al kyl or
s of the presegh.invention

G - 3al koxy. Enbodi nern
further include pypCesse S hﬁhp’eparatlon of
conpounds wherein R41P | ected fromnethyl, ethyl,
met hoxy, ethoxy or fluorq, Erhodiaent sSQ@EHghe present
invention further include JoroceSses ffor the
preparati on of conpounds erein RAIR is selected from
nmet hyl or net hoxy. EnbOdlégQ 2 of theé present

i nvention include process flor the .

The compounds of formula (XIX) are useful as intermediates in the
synthesis of compounds of formula (l1).

The present invention is further directed to processes for the preparation
of compound of formula (11)

(R*")o.2 ()

wherein , R, R%, R“" R? R® R, R% R? R° and @ are as

herein defined. The compounds of the present invention are opioid receptor
modulators, useful in the treatment of disorders mediated by at least one opioid
receptor (preferably 6 or u opioid receptor), including, but not limited to pain
and gastrointestinal disorders.
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preparation of conpounds wherein R5 is hydrogen or
nmet hyl . Enbodi nents of the present invention further

WO pwbe®epr ocesses for the preparation of conpPCHTS2006/008450

wherein R5 is hydrogen. Enbodinents of the present
i nvention include processes for the preparation of
conpounds wherein Raand Rb are i ndependently sel ected

f rom ERpodiAEMsCInG ?éé&t%vehﬁ%q 1048 Pibdebcillrivne

or, when Ra and Rb a e each
@ne@arailom@‘ agmpauTalsl whewsie R’ igebbied frarh hé beoup bér%@l“hg of

BIGEhe RS HSCE RN dhe By osheren the ary
@icﬁﬁé‘l@troam/ﬁé‘ﬂhbﬁ'bffalﬂyl((bﬁl)alkgpéh@ ﬁ%fgrS&@?(ggﬁglgl 2r8%ptionally

preparati on of 13 rern

W*R%'Béﬂd &ith anehmh@@@ﬁ bsubssitigrits lelﬁnmhdeatly sem‘ctémﬁ'om the

R hels0iG 2f aﬁfﬁ%x?firtak%‘f{@.“d Al SSasuled) Wik Sne to two

supstingens erébeddGﬁW §el@f:tefdh‘ﬁorﬁftﬁ§ @%up Bdﬁéléﬁﬁ?f @?'#Qﬁ Cs.

ocesses for the preparation of npounds

4@[ X¥hahe caraoxy; eaboxy: @emll@xmﬂmm& @ii-4atkaxycattznyloxy;

A Sl SRR B
m@n@qﬁﬁd.s)ad{yldmmmbﬂ)c(riy) w@awlmtmam&fw%@%}hgs oaryl is

he conpound of formula (I

H%'OPHEV ﬁeuwfe%iﬂlﬂe&d’v'gi RO s o RCIDOnNE hgi@r@@mlylcarbonyl
dyﬁléggﬁé]l@gegﬂ?lhggﬁunﬁ’%tﬂ%ﬁ%ﬁqﬂ)?&ro&ge%rfg(e/f;dggitﬁﬂﬁ& ﬁrgcgrg than one
?QIS kesiergzyl (@ptlsmld;oaﬁbgmmtadlmm oEmtmd/vasre}ihalkyfsﬁBwtuents)
Y, Q%mfn%gpbto'nwwkgfetl %fe 1Lary| is optlonally substituted with carboxy

or Cy.4alkoxycarbonyl; or heterocyclylcarbonyl.

Embodiments of the present invention further include processes for the
preparation of compounds wherein R'is selected from the group consisting of
Ce-10aryl(C1.4)alkyl, pyridinyl(C;.4)alkyl, and furanyl(Cs.4)alkyl; wherein Ce.joaryl,
pyridinyl, and furanyl are optionally substituted with one to three R’
substituents independently selected from the group consisting of Cy.zalkoxy;
tetrazolyl; carboxy; C1.salkoxycarbonyl; aminocarbonyl; Cy.salkylaminocarbonyl;
Cs.ecycloalkylaminocarbonyl; hydroxy(C.4)alkylaminocarbonyl; Ce.
1oarylaminocarbonyl wherein Ce.10aryl is optionally substituted with carboxy or
Cs-4alkoxycarbonyl; morpholin-4-ylcarbonyl; cyano; halogen; and
trifluoromethoxy; provided that that no more than one R'!is Cq.
1o@rylaminocarbony|.

Embodiments of the present invention further include processes for the
preparation of compounds wherein R' is selected from the group consisting of
phenyl(C,.s)alkyl, pyridinyl(C+.s)alkyl, and furanyl(C.s)alkyl: wherein phenyl,
pyridinyl, and furanyl are optionally substituted with one to three R
substituents independently selected from the group consisting of Cy.zalkoxy;
tetrazolyl, Cscycloalkylaminocarbonyl; hydroxy(C1.4)alkylaminocarbonyl; Cs.
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processes for the preparation of conpounds of fornmula
(I'l) that are present in their S, S configuration.

wendvemvavent s of the present invention include PCDUSNSEEI8450

for the preparati on of conmpounds of fornula (lie)

e yamearep ARG Chyorhild bBo SR fLesgilied vithbaiboxy or

d?%bl%ﬁ?ééfbbﬁi/l nbrpthddi-4- nym'b@nw éHﬂercﬂIfwbrcartdﬂuoromethoxy, Ci.

heteroaryl portion of ary @( al and
4aﬂko>eymbs]mxlmnd 23O PrOV Qﬁ\oﬁ%%’éﬂtlw roQER than ARyl Fe
1onel Wg%ﬁgﬂ% 1 substituents i ndependently sel ected

consisting of C - 6al koxy; heteroaryl
opt i @Embdinmues b ﬂ'ntmésent nhvemeaort furthso iralitde pragesses for the

pé'ga‘}gﬁagﬁ?é%p%ﬁ'a d rcfelig }?@gy@%@g\? ggh myf?ﬁ’et%l or
f@gnﬁ@%ﬂggﬁgﬁ?@iﬁ]ﬁ Oe‘?m!j Eag/%[r@? Wéj fg)r(?/reyl are op’nonally substituted
with) ahéqd maﬁﬂésmymentsmdemmdeaﬂv selesterbrom egrern

cePsisind SkpethSsh B%t'r v Pudierpath Bigioonyg 12 ditoen-1-
yﬂ%hﬁﬂ&%rbﬁﬁw et bRss: FHshyEInossibapyPWhdesin phanyl is

0 nore t lis heteroaryl fotlonall
opiibsally sulstituiedhwithearexywsmomhaliarkylcagkerst an Lﬁ}éﬁ%@PXV,

raprmgnaag el e Mol han HREITC I RaghhaRinoatBony

het erocycl yl carbonyl; R2 is selected fromthe group
conS|st|ng of hydrogen, C -

Embodiments of the present mventlgn include processes for the
preparation of compounds wherein R?is a substituent selected from the group

consisting of hydrogen, Ci.salkyl, hydroxy(Ci.s)alkyl, and phenyl(C1.¢)alkoxy(C.

~ s)alkyl; wherein said phenyl is optionally substituted with one to two

substituents independently selected from the group consisting of Cr.zalkyl, Ci1-
salkoxy, hydroxy, cyano, fluoro, chioro, bromo, trifluoromethyl, and
trifluoromethoxy.

Embodiments of the present invention further include processes for the
preparation of compounds wherein R?is selected from the group consisting of
hydrogen and Cy.4alkyl. Embodiments of the present invention further include
processes for the preparation of those compounds wherein R? is hydrogen or
methyl.

Embodiments of the present invention include processes for the
preparation of compounds wherein ring A is a-1. Embodiments of the present
invention further include processes for the preparation of compounds wherein
A-B of ring a-1 is N-C.

Embodiments of the present invention include processes for the

preparation of compounds wherein R%is one to two substituents independently
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hydroxy(G -4)al kyl, and phenyl (G . 6)al koxy(G
-4)al kyl ; wherein said phenyl is optionally
waamsHIdet ed with one to two substituents i ndepentis2vné/go8450

sel ected fromthe group consisting of G -3alkyl, C
chl ori ne brom

"%?7? ' t‘éﬁﬁ?dgn@%%@?ﬁ%@(%’t?r}q 505 é?'é'?ﬁowog% and apb wherein ary
ib\UptioH AR Sub@nafedl m@ Bﬁé@@mrblé s%%%ﬁﬁgﬁ% fn'd_%[%ﬁ@@ntﬁf S8cted
consi sti'ng of al ogen, aryl; erei'n
fsonpithe growe p@nsrstnyg Qﬁﬁ@bgem eafbaky raroimecatbdriyl, €@

n sel.ect d fromthe qgro
SRR REpb Rk, BRYRS. rsrtbl by i (L.
lleyBaamynsul f onyl am no, cyano, hydroxy, am no,
eg 3al kyt? am no, and RS is hydrogen or nethyl; Ra and

Rb arke étrﬂ%fhfééﬁtth@ PFEREMS ijMendion durtisen inglude irocesses for the
a
epaRficR bt idion (e B IR syl ee s @ichaenty
smecdbdﬁtmw the grduqt d:ormlsmt@tﬁcc;@llfwrbfomd iave prerfRMAierein -
red rmn g;, RA1IP is selected fromC

Fﬂ]‘ew?'s Qpliongy éiél} Bﬁuteﬂr Wish @nerig three subsiituenis independently
R 1S RS ToR Heb2Aoheg e ftony A gagoony,
gk eyaen atomto which they are bound to forma five

h tically
hoconr ERPHBRERER P pEs3h Rvboiiah it faugtrasesshsdor the
prépamtibhaiiedmpdurdrdvREelrPRfs cSﬁln,etoOW@urEsﬂuﬁlé/rﬁE‘iMHbendently

further include processes for th
selected from the group consisting of methyl and phenyl; wherein phenyl is
optionally substituted with one to three substituents independently selected
from the group consisting of chloro and carboxy.

Embodiments of the present invention further include processes for the
preparation of compounds wherein at least one R® substituent is phenyl.

- Embodiments of the present invention further include processes for the
preparation of compounds wherein R®is a substituent selected from the group
consisting of methyl and phenyl; wherein phenyl is optionally substituted with
one to two substituents independently selected from the group consisting of

. chloro and carboxy. -

Embodiments of the present invention include processes for the

preparation of compounds wherein is Cs.10aryl. Embodiments of the

present invention further include processes for the preparation of compounds

wherein is phenyl.
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preparation of conpounds of fornula (M) wherein Rl is
sel ected fromthe group consisting of C6-ioaiyl (G -

war@bkgdoso pyri di nyl (G - 4)al kyl, and furanyl ( GQCT/US2006/008450

-4) al kyl ; wherein C6-ioaryl, pyridinyl, and furanyl

' [ Wt h. tq th R1
ubst ErRAFnelisaiat eusorty Wiantoiiob e rorsssedapte
preparatiornel edmpbundaivkersin F*Et isasemdotbd fromt B9%XikyCC, salkoxy or
- 3al koxycar bonyl ; am nocar bonyl ;

torga | Bepbadimrstiaob#is present invantign &urihesdeeludeprocesses for the
RS, oAU AR et e LR o, ol Galoxy.

Efbodimghtsi of tgatpiriegahliryvﬁwilbﬁtfu Ehé IFidCngfprlééé@@SVng the
Ci - 4al koxycar bonyl ; nprpholi,ns 4-yl carbonyl ; cyano;
PESPALRIION SiRPIOPPUNAR WBRIEI Ly IS;SEIRATER o meth, athyb

n [ - :
reaR g ek oy, FRoina s AL BBk ierbnurtper
inchidiegprdeesdes foethex praparaiion oheorgpoundswheietih iR Bfselbcted
- 3al k br o and phenyl; wherein phenyl is
féﬁ@iraé{z;\w or g‘%@?’fyt uted with one to three substituents -
i ndependently selected fromthe group consisting of

chloro, fluoro, carboxy, am nocarbonyl, and cyano; R5
i s hydmbgdimems afrible Rivesan: inveddipsinciudé prduedsesdor the

SRR oY dompedtas ihethit FE R sundeh &y Sbyic dirmtoriraspts of
thigdregent inver#Hon fathisy iricl@FpiRaE SRS RIHthE préparation of

acceptabl e enantioners, di astereoners,
compounds wherein R”is hydrogen.

Embodiments of the present invention include processes for the
preparation of compounds wherein R and R® are independently selected from
the group consisting of hydrogen and C,.zalkyl; or, when R? and RP are each
other than hydrogen, R®and R® are optionally taken together with the nitrogen
atom to which they are both attached to form a five to seven membered
monocyclic ring. Embodiments of the present invention further include
processes for the preparation of compounds wherein R? and R® are
independently hydrogen or methyl. Embodiments of the present invention
further include processes for the preparation of compounds wherein R? and R?
are each hydrogen.

Embodiments of the present invention include processes for the

preparation of compounds of formula () wherein the stereo-center denoted with

a ““’as shown below,
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racemates, and salts thereof. Enbodi nents of the
present invention further include processes for the

w@e@par®st on of conpounds of fornula (lie) wheP€i/mSHRE6/008450

is selected fromthe group consisting of phenyl (C
-3)al kyl, pyridinyKd. 3}al kyl, and furanyl (G

-3)al kyl ; wherein phenyly, pyri d(lH‘W’I’ and furanyl
areopt i onal | y subgti t ut gd one to hree R1 1
substituents i ndepen \cNentI l§lﬁ; ecyy ¢—FPgom t he group
consi sting of Ci -3al qufy, zLegrazolyl, Cs-

cycl oal kyl am nocar bo

4) al kyl am nocar bonyl ; C -ioarylarn &4t bonyl wherein
C -ioaryl is opti onal |y substitutefd with carboxy or
nor phol i n-4- yl carbonyl; chloro; fQuoro; (l)

bt hyETh B o B I e Sk & RikRsSgs for the
@r@baﬁdtm éfrdam;sdmc&r&werrﬁ@lﬁ%)&hhé&%.rpfher@s bhag- c@ﬁ\gr denpted with

phen wher ei n phenyl is optionall titut

dhe qndhemogaoq;u fifotrenlas(l) Iﬁd@ﬁmﬂmnfwusmicm:t ed from
the group consisting of chloro and carboxy; R5 is
hydrogen; Ra and Rb are each hydrogen; is phenyl; R41P

is selEmbbGdnérﬁtmelﬁlﬁé bvésen@tmaelnuoﬁmd]@dy préicdiesy i@ the
fluoro. RJ and each independently selected from

RreRaEiion ercompoumsmforrawg! (Phiathace presentin their RR, SS, RS,
ﬁ%ﬂﬁégrggpﬁmérﬁﬂ@&ﬁlerﬁé B3PI HREEASIVERRS R if1dde

salts t
processes for the preparation of compounds of formula (ll) that are present in

their S,S configuration.

Embodiments of the present invention include processes for the
preparation of compounds of formula (lle)

R2
R’ N
\N / N _s
o) R
R '|\|
ot o
R® /N\
(R*")o R R° (lle)
wherein:

R'is selected from the group consisting of hydrogen, Ci.galkyl, aryl(C;.

s)alkyl, and heteroaryl(C.4)alkyl; ' '
wherein the aryl and heteroaryl portion of aryl(C1.4)alkyl and
heteroaryl(C1.4)alkyl are optionally substituted with one to three R’
substituents independently selected from the group consisting of C;.
salkoxy; heteroaryl optionally substituted with one to two substituents
independently selected from the group consisting of Cs.salkyl, Cy.salkoxy,
and carboxy; carboxy; Cy.salkoxycarbonyloxy; Cs.salkoxycarbonyl;
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Addi ti onal enbodi nents of the present invention,

i ncl ude processes for the preparation of conpounds
wob@seved he substituents for one or nore of tPEI/US2006/008450

vari abl es defined herein (i.e. , RJ, Rk, R41P, Pg1l,

Subst oifoaebERE CER R e beP oo DAL Aoy
from hymoxp(rmleeﬂlbylanmtombdmj Gg%alﬁ aﬁinﬁbca‘hbomﬁ@ﬂ‘rerem Ce.
her ei n, %nless ot " " whet her used

o on e ptenaly Subshiuad MitiaarbenterCralkmycaiony'
iéﬁ b o BSterSYRIREABEARL Al HaIGauH. Wi Siiatholey’ Anfl hydroxy;

5  "al koppvidesf thes no onare thaalokel RE b sktdroant (gptiomally substituted
wher e| Siml ar

t er gV Qloll?gﬁ?ltwo 1d43‘ﬂ§¥ ﬁ%tugrﬁtgﬁ dre- wené!,@mhiyogﬁfbonyl wherein
andbr@@?dam i§ BpeRIGRIbRGISY Wit CarbBxPof & Qélfla@&ﬁﬁonw or

or an er wthin this range, erein an a

chai nhefegoaclyieasbenydhe doubl e bond in the chain and an
al kynyl chain has at | east one triple bond in the
chain. An al kyl and al koxy chain nmay be substituted on

10 a carlhdi slested kmnsu@%ﬂdugawns@ﬁmg&ﬁ Wd?&géﬁé'ﬁ#@lk%/l

oups such as t 6al k roups

deg&ﬂ&amq{'&yn%@dBBe@ﬂ(@s@ﬂkO&Y(Qﬂdalbﬂent The term

oo LS BLIH satSHRIRY oRBHAT SEE AL Bkt o supgttuents
of fnudeﬁemaberm smﬂ;dle«m fmwthmgnm@rt daatnslfsgmlﬁdgq?,oéaﬂkw@malkoxy,
c, b GpoB i, Slabkuhistine scsoBai, st

15 adanqﬂﬂubron%thghnatlvel y, the cycl oal kyl ring may be
fused to a benzehe ring (benzo fused cycloalkyl), a 5

or 6 nenbered heteroaryl ring (containing one of O S
or N Iﬁ‘nig on%'ottoI t\c/)vrc])aslulb%tlt ?s md%penaera]'%ly selected from the group
consisting of C1.salkyl, halogen, and aryl; wherein aryl is optionally substituted
with one to three substituents independently selected from the group consisting
20  of halogen, carboxy, aminocarbonyl, Cy.galkylsulfonylamino, cyano, hydroxy,
amino, C4.zalkylamino, and (C+-zalkyl).amino;
R°is hydrogen or methyl;
R*and R"® are independently hydrogen or Cy_salkyl; or, when R® and RP
are each other than hydrogen, R? and R’ are optionally taken together with the
25  nitrogen atom to which they are both attached to form a five to seven
membered monocyclic ring;

is Ce-10aryl;

R*'" is selected from Cy.alkyl, C.salkoxy or fluoro;

30 R’ and R" are each independently selected from hydrogen or Cy.4alkyl;
alternatively, R’ and R are taken together with the nitrogen atom to which they

are bound to form a five to seven membered heterocyclyl;
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nitrogen) to forma heteroaryl fused cycl oal kyl. The
term"heterocyclyl" refers to a nonaromatic cyclic

WO powg/oggoed to 7 nenbers in which 1 to 2 nenber BCHIS82006/008450

nitrogen, or a nonaromatic cyclic ring of 5to 7

menbe i which zero, on two menbers are nitrogen
and up® BeliBageiiralY acPdrigble tAnioraset diestaimemern,
eehraes | and 416 fhefgofcont ai ns zero to one unsat urat ed
bonds, and, optionally, when the ring is of 6 or 7

menbers, it contains up to two unsaturated bonds. The-

wher or R eYor shB By ivenfiof, (RS HoL BRDENESeS for the
priepgratioenaiccdmiseshdedidonnymial (Me) whardinor 6 nenber ed :

heter'%a,ryl ri na (containing one of O _S or N and,
opt i ofalSISelecird feumithe areup eansisinerof, Canoari(€12)alkyl,

: [ NG, 0 7 |
BRSNS -JARYL DG reth X EID8 Fleeut Gt Rvfiih. ane
fammf awaopa?w% subistitutpd ivﬂl;h @ﬁet ) l‘rtméé ::é? ?lﬁwm&emtbng)
. carpon o attacnnen 0 a
'%Eﬁ’%ﬁwwseg%tf?gé{% gUPHANSISOET G 1-sallaxyt tetragoil;
Ok G R oty MGk BORDE Cla1lamiBoarbonyt G
dﬂﬂwé&m@pcagbonw;r@@y@lgﬁlidyleynisataq‘m:.rl?u.hyﬁtd)ey(qugrrpounds

. t t

LB TBORR 6eard A e GtBoRN RupRte]T Chieaiids optienally
sIubs?itlﬁ@d'bﬁlithhrBBWME@.Qalkbi%a%d')r%ﬂﬁ‘ﬁo?ﬂ'ﬁlﬁtiogga?%ﬂ%l/;ccyano;

rings. Such conpounds are not considered to
halegriianddtnifuaramelboxy;airevided that ae maredhamone R' is Ce.

i qu;@ | es of heterocyclyl groups include,
1§ng arlggﬁ%E [ m)t ed to, pyrrolinyl (including

2H pyRFislhydrégeryor Gk iaiyyl; or 3-pyrrolinyl),

pyrrald.di nyl, 2-imdazolinyl, imdazolidinyl,

2- pyrazZsi e Waysubshiuedthindepgndertiuseipeted from the group
CERERAAY 0Nl B8R Aht BHendh WHER W |s optionally
substituted with one to three substituents independently selected from the
group consisting of chloro, fluoro, carboxy, aminocarbonyl, and cyano;

R®is hydrogen;

R?*and R® are independently hydrogen or methyl;

is Ce-10aryl;

R*'" is selected from Ci.qalkyl or Cy.salkoxy;

R’ and RX are each independently selected from hydrogen or Cy.salkyl;

and pharmaceutically acceptable enantiomers, diastereomers,
racemates, and salis thereof.

Embodiments of the present invention further include processes for the
preparation of compounds of formula (lle) wherein
R'is selected from the group consisting of phenyl(C1.s)alkyl, pyridinyl(C;.

s)alkyl, and furanyl(C.s)alkyl; wherein phenyl, pyridinyl, and furanyl are
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The term"aryl" refers to an unsaturated, aromatic
nmonocyclic ring of 6 carbon nenbers or to an

wap®anmoet ed, aromatic pol ycyclic ring of fromPdDUsSmodd08450
carbon nenbers. Exanples of such aryl rings include,

GNGrRIE sBbutuis M ad 1oRER D BB R Blspahderly sglected
friinsthi rgr@unp ccnsuamg phenyalkexyd terarsiials! @Waloér Rﬂahﬁﬁéearbonyl
"het eroaﬂi/aéhére ers to an aromatic ri ng o

ey (61 AMINQEArhomY; Gem@nd@@lrmcaél@@mdwvmremcmaryl is

sl sEBSh R oBHA P CR Ny B Fopnolin e
yjeatmoﬁll Bhiveobituced; mﬂngmméthexjicear&j oarbplkyy i ng cont ai ns
one eh)ﬁiﬁf ni tr%g oxygen or sul fur and in

addi tRol§ NYAK99BRF BI8INYIb to t hree additi onal

ni tr oge fWees 45?,@

het e?gairgy nelrtl%ng l?/@%l&ét?gsﬁ] omaéﬁgy té %rétg ﬁerdeitégﬁi tp ?ogé%%p
cansisdingrdmeiiy| aad phahyr eherdih @h@nybls‘mmtiedaﬂy sgbdtitated with

T T WA p—"

@I@m@aﬂbow (benzo fused heteroaryl), a 5 or 6
menber ed heteroaryl ring (containing one of O, S or N

and Bp»smydmgqn, one additional nitrogen), a 5 to 7

et e?%“?%? K PSSR o s or & bt absent ¢ he

optio a further fused ring). Exanples of
heter groups include, and are not limted to,
furyl, 8g hen yrrolyl, oxazolyl, thiazolyl,

i ni dazol yI yrazolyl, i soxazol yl, isothiazol yI
oxadiR¥Zb Ilg/SelettedafZ@hyhetHyh leaIWI,amlhdxy, O] d’r)ﬂuoro

Pyt e RS A% sachiippependenib isiecd Bomibygiogen or Cr.salkyl
i ndol dritybharkfiteRiiBal) achiziokkiBmYibmdrdazSleYiomers,

racemates, and salts thereof.

Additional embodiments of the present invention, include processes for
the preparation of compounds wherein the substituents for one or more of the

variables defined herein (i.e. , R’, R¥, R*'F, Pg', etc.) are independently

selected to be any individual substituent or any subset of substituents selected
from the complete list as defined herein.

As used herein, unless otherwise noted, “alkyl” whether used alone or
as part of a substituent group refers to straight and branched carbon chains
having 1 to 8 carbon atoms or any number within this range. The term
"alkoxy" refers to an -Oalkyl substituent group, wherein alkyl is as defined
supra. Similarly, the terms “alkenyl” and “alkynyl” refer to straight and
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benzi m dazol yl, benzthi azolyl, benzoxazolyl,
benzi soxazol yl, benzot hi adi azol yl, benzotri azol yl,

W@ 2006099080 nyl , qui nol i nyl, isoquinolinyl or PCT/US2006/008450

qui nazolinyl. The term "aryl al kyl" means an al kyl

BiehBeRamb ot ihefls Haliha 1S Lanidiirds oBagy Pitha: witin this
g, khereipranakemishainhas anidalt 8he doXbleIbOMPir rehain and
benzyl oxy l)‘quhe term "hal ogen" refers to fluorine

en Mwwbc P by leasd qn@drlnl@ banchisk thewhains Ahatikydead alkoxy

R PLEL A LAY AR bt

Wgzr@mepstshehiaer(m salkiglylamino- frey €l galkyl golpsbf He diRyTamino
reflxrootsa in a nane of a substituent (e.g.,
Sa"&??ﬁﬁ&%fﬂ'@) it shall be interpreted as
[ ncI ud| ng those limtations given above for "al kyl"

and "aryl." Designated nunbers of carbon atons (e.g.,
Cr C 6Yheterir “ayelaaikylh defpenidesatiiratacbott partialyntresatotated,

BT POy iR agibon Fogs ! famdic.nd A alppemeenbers.
Eﬁambﬁesﬂﬂ%ﬁb% nhQancldﬂér aﬁh %nof"ﬂ'ﬁlt@rﬁ |%%Bé§l %mlﬁw

t he desi gnated nunber of carbon atons

w@paﬁ'@dpmyhsynbh@ptymmmamyt hilteraatieely, t?e cycloalkyl
SRR R T e G
h@eaidfw rmgl(ubﬂtaimﬁd uAs ofre), Bydr N %hB}’bptld?fa‘HWéne &4dididnal ‘

ent hexyl indivi dual |
'QHBQ% ifor pdieteroppd éuﬁed(@Céa"ml -2, G -3, Cl.4, G
-5,C2-6, C3-6, C6, C5-6, C2-5, etc.). Were the
conmpounds according to this invention have at | east
one chine termcetenocythyyrefery taacwnadiravahiic eydligtringsof 5 to 7

BRAIBarS KCHEieh 3 109 MRS AT gHA! Py Banaspmiio oyol ring of 5
to 7 members in which zero, one or two members are nitrogen and up to two
members are oxygen or sulfur; wherein, optionally, the ring contains zero to one
unsaturated bonds, and, optionally, when the ring is of 6 or 7 members, it
contains up to two unsaturated bonds. The term heterocyclyl includes 5 to 7
membered monocycle wherein the heterocyclyl may be fused to a benzene ring
(benzo fused heterocyclyl), a 5 or 6 membered heteroaryl ring (containing one of
O, S or N and, optionally, one additional nitrogen), a 5 to 7 membered cycloalky!
or cycloalkenyl ring, a 5 to 7 membered heterocyclyl ring (of the same definition
as above but absent the option of a further fused ring) or fused with the carbon of
attachment of a cycloalkyl, cycloalkenyl or heterocyclyl ring to form a spiro moiety.
For instant compounds of the invention, the carbon atom ring members that form
the heterocyclyl ring are fully saturated. Other compounds of the invention may
have a partially saturated heterocyclyl ring. ‘The term heterocyclyl include a 5 to 7
membered moncyclic ring bridged to form bicyclic rings. Such compounds are
not considered to be fully aromatic and are not referred to as heteroaryl
compounds. Examples of heterocyclyl groups include, and are not limited to,
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di astereoners. It is to be understood that all such
i soners and m xtures thereof are enconpassed within

wo bwesewpe of the present invention. Further nOPET/USHNE 008450

of the crystalline fornms for the conmpounds may exi st

Ry [iB8Ro ZHplTols 2 Byftafin 6F BAEbR ol
EmmazoﬂmylniﬁydézmlidlnyblZWrazollmyt pyvedotidingi, Epesridinyl morpholinyl,

hydr at } or common organi ¢ sol vents, and suc

M’UQ '%Y'@“Ql@ﬁﬁr?ﬁw&aded to be enconpassed vvithi n

the scope of this invention. An "independentl|y"”

sel ected substituent refers to a group of

s u bst Theéerns ‘arylieefersitot dreunsdiatated,enbmatioyndrecyclic ring of 6

GABRE T GerS (o WEisaIuralkey IO PRHREHE FPORS o100 14

CABBAMEhLERS @&n@él@é"éf éiﬁblﬁ@rgﬁtio ding ud%yﬁné’ﬁlé;ll{:t lj mite {o,

nmoi ety or to the porti arger su
PSR rt&pl'dnadgmyl@ppeﬁmacawl i Preferred iaxyl igoaupsfod e practice of this

hr oughout this disclosure,
ﬁ&%H&%{%@ é &3ﬁaﬁﬁ¥£designated side chain is
descri bed first, foll owed by the adjacent
functionality toward the point of attachnent. Thus,

for ekBajera “heteppany) refersto gl arpmatici ing ofd bbﬁyﬂembelfs

Bfbtetn g fHGT0hUE Yl ot Shh B Rash e p8ldIbrpm
mieenke h SuttabisnHetercatpinesinclate mﬁo?ﬂldytgvgﬁtﬁ?z; llslﬁiﬁdr In the case

the term"pain" shall inc
&e’{iﬂbﬁf%laefﬁgi "haspie Bﬁt@r%wyﬂm&epataw one mergberueftmtrggen
fgfe f dr §L|lﬁn°‘ WRq Wéﬂdftior?lrﬁ%feoﬂt@in‘u ‘tﬁlg%ealo%‘itf‘dnatl fitrogens.
anmat | on, ptogressive di sease FRIate pai n,
Iimdbem@aemfcﬁ rpamhereni: tngs mzhiemeienbaa:ylrrmgj map aontain from one to

58 e Rl e 8hss oMol BB ghiidsieeing nes three
MTBHeRadimostatio-Mir6GER hfoms are adjacent. Optionally, the heteroaryl
ring is fused to a benzene ring (benzo fused heteroaryl), a 5 or 6 membered
heteroaryl ring (containing one of O, S or N and, optionally, one additional
nitrogen), a 5 to 7 membered cycloalkyl ring or a 5 to 7 membered heterocyclo
ring (as defined supra but absent the option of a further fused ring). Examples of
heteroaryl groups include, and are not limited to, furyl, thienyl, pyrrolyl, oxazolyl,
thiazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, triazolyl,
thiadiazolyl, pyridinyl, pyridazinyl, pyrimidinyl or pyrazinyl; fused heteroaryl groups
include indolyl, isoindolyl, indolinyl, benzofuryl, benzothienyl, indazolyl,
benzimidazolyl, benzthiazolyl, benzoxazolyl, benzisoxazolyl, benzothiadiazolyl,

benzotriazolyl, quinolizinyl, quinolinyl, isoquinolinyl or quinazolinyl.
The term “arylalkyl” means an alkyl group substituted with an aryl group

(e.g., benzyl, phenethyl). Similarly, the term “arylalkoxy” indicates an alkoxy
group substituted with an aryl group (e.g., benzyloxy).
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neural gia, trigemnal neural gia, post-stroke pain
syndronmes and cluster or m graine headaches. As used

wegoeioynoed he term "gastroi ntestinal di sorder” BEEUE2006/008450

i nclude diarrheic syndronmes, notility diéorders such
[ hea- domi, L. pat i on- inant,.
a1 ter PR eld (HAIPOSE] BTaISIR QDR BB anstipsiae:

sliBstiuéms tRaHTb isPBbiitdfbd \ﬂiﬂ%‘idﬂidl@ﬁﬁ%tb@hé’ apé’ﬁﬁq)stituted ina
di sease. Further, the term"inflammuatory bowe

eseasthat pravides eanpends, whickiarestaldei tis and COrohn's
di sease. The term "subject"” as used herein, refers to
an animal, preferably a mammal, nost preferably a

humanwhireveathdrem “ailg"dl “apl” of eitheraf RS prefix roots appear in
observation or experl ment. The term"t heraﬁeut.l cally
aieag pla suhsiitvent 6s9.u sadelkdr alklamipahi shall bednisupteted as

i j £ t” | i i
PR FREROHM PhoBREIAS (Ehi0Bey SAFF, Bpkbhbie
syisbers ofacarbeh atombyery, CHak) sisalbeifeindepahderitly 1@ the number
éfe(i:sq?grcher, veterinarian, nedi cal doctor or other

enaomaan an alladimeiely @11 tpdhe alkybRogion ol ajaer ekstituent
AfwhibR a@iﬁ gﬁ?éa%r ad Itﬁ%?é’fﬁ(r roBE! Pgr éfkg?tgﬁgéadﬁfx&}‘éﬂ%tituents the

her ei n, erm "conposition" Is |

degionpladumipeceficarbon aforns intjuddseals pkihiefindependent members
PGS TR caros. e dEEE nch e % eihbipeton Shfanges
WA inahe PaSgEpédife® PREI EXAfplen O] SHIKGMWSUINNERBe methyl,
speci fied anobunts. To provide a nore conci se

elayk prepyl obutyk pestyd andhexyliadividualiy\as welh ne ssibesgnbinations

PRred BY B0, €18, 69%, GHAG L 64, L dfiedhgldtjabout ™

Where the compounds according to this invention have at least one
chiral center, they may accordingly exist as enantiomers. Where the
compounds possess two or more chiral centers, they may additionally exist as
diastereomers. It is to be understood that all such isomers and mixtures -
thereof are encompassed within the scope of the present invention.
Furthermore, some of the crystalline forms for the compounds may exist as
polymorphs and as such are intended to be included in the present invention.
In addition, some of the compounds may form solvates with water (i.e.,
hydrates) or common organic solvents, and such solvates are also intended to
be encompassed within the scope of this invention.

An “independently” selected substituent refers to a group of
substituents, wherein the substituents may be different. Therefore, designated
numbers of carbon atoms (e.g. Cy.g) shall refer independently to the number of
carbon atoms in an alkyl or cycloalkyl moiety or to the alkyl portion of a larger
substituent in which alkyl appears as its prefix root.
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under stood that whether the term"about" is used
explicitly or not, every quantity given herein is

wore@nteo ref er to the actual given val ue, andPCT/UBR06/008450
al so neant to refer to the approximtion to such given

or i naPEsiAard SRR R DR KIS ORI, He tormina

pkumon of tHeedngwteﬁemeadhm d;/dyscn’ees tirstfeldwed byl ithe aﬂjacent
{%‘E’ |ven val ue. agg‘ rﬁ unl ess ot her wi
W e BRINbef it t ThUBAPT exgraRleady phenyi-(C:-
t t
n&?@gbfb%zw@ﬂ% St s gL ey

THF acetonitrile, pyridi®e, dichloroethane,
di chI oronet hane, MIBE, toluene, and the |ike._One

skilled in the art w | ogni ze t hat V\,he 0
reaction st-ep—e{Ci.gakyl) esentiNrm@nsalisyl) Arried
out in a varfety of solventdor solvent sy e, said

reaction step may also be carried out in a mxture of
the suitable solvents or solvent systens. \Were the

Pr oceagBRvidiions r

B ccor A oroveions isoRlRGE Spkficalor BRI Schemes and
ExwplﬁaSsaraeasfoltdwsse |sorrers may be separ ated by

grfb‘wrcr;ali 65}'§bhy“1he”q8°ﬁ=&‘éﬂﬁa%11%(} @g@'ﬁrgp;\;ed in
DA o ol Lher ty enastt SEnRETTI% synt hes s o by
B O e andar
{eg W;:elsmgu::“b;l"s t@"!&ﬁ‘fm. on of di ast ereomsrl c
i RN i S S Tl
(HPEM - p-t ol uoyl - =ta|D|¢_ah|I0[onaE1hdné ol  oned by
N BRERSPhIEAY ST ﬁllISSSroB;féthylamme

DMF = | N,N-Dimethylformamide

DPPE = | 1,2-Bis(diphenylphosphino)ethane

DPPF = | 1,1’-Bis(diphenylphosphino)ferrocene

DPPP = | 1,3-Bis(diphenylphosphino)propane

EDCI or EDC = | 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide

hydrochloride |

Et.O = | Diethyl ether

EtOAc = | Ethyl acetate

Fmoc = | 9-fluorenyl-methoxy-carbonyl-

HOAc = | Acetic acid

HOBT = | 1-Hydroxybenzotriazole
| Me Methyl
.| MeOH = | Methanol

MeO = | Methoxy

MTBE = | Methyl-tert-butyl ether
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regeneration of the free base. The conpounds may al so
be resolved by fornmation of diastereoneric esters or
w@piode2906d ol | owed by chromat ographi ¢ separ at i OPCHIBS2006/008450

renoval of the chiral auxiliary Alternatively, t he
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eBdﬁ(Dﬁ@)ggroups dr= anyPaifadiving lljadedatal es concer ned.

vedlibv means of conventional

r%aééﬁéqu”gFBijbé | disidibenplidere acs opE iipaliadiumi0)

ORI, oum Pricss| ATBSCLRIER GG GTBelpE )

D
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n
r

T
P
M
)

PR, Protective |G ol rP.henlerganl c Synthesis , John

Wlo\/ 2 anlnlc 19091 v_he

ﬁTre—pLot-ecx_l_ng—gx_gups_lm
reRthde at a conveni e t”%@ﬂ%@@@éﬁh'@t age using met hods

k
not@d,i the term"ni trogéen gpréoiféctgi n§ group” shall nean

a group which may be |atig(pghrelidino)ghosphoonigen atomto
rotect said nitrjogern ato frowpgartl cipating in a

ncY%@gC“ on. Sui[iabt ‘BrBHd'trg@?ﬂoﬁ&lﬂggﬂ o@ﬂogfmps

, but are |not mte o car - groups of
he fornul a C(O)O%Maﬂmrl@phesplmateexanpl e net hyl,

Hanzy han\ll at hyvl Qnrl
aHa

p
rleaction and whi dh may'eyety Ph&ifoved fol | owi ng
t
i
t

h@h@‘?@ des \_5? éﬁgﬁ)g Bﬂﬂ@form]ﬂlua -MCI(UOS_ R’
WEI’F%MPET*BF for eXC“ﬁﬁ’élﬁﬂQﬁS iy gwwogphmo ethane(1,5-

—+

tiri fluoronethyl, [and|the erirvatives
-| groups of the flor m;lcaclosmtaduenewledmnm IRtetrafluosoborate
e%tuiyl, IJIC_IIyI LIIIIUUIUIﬁrteh I
2,2,5,7, 8- pent anethyl (ﬁﬂ% Eﬂ 2, 3 6-trinethyl-4-
t-BOC or Boc = tert-ButoxycarbonyI
TEA = | Triethylamine
Tf = | Trifluoromethyl-sulfonyl- (-SO,-CF3)
TFA = | Trifluoroacetic acid
THF = | Tetrahydrofuran
Tyr = | Tyrosine

As used herein, the term “pain” shall include centrally mediated pain,
peripherally mediated pain, structural or soft tissue injury related pain, pain
related to inflammation, progressive disease related pain, neuropathic pain,
acute pain and chronic pain. Further, the term “chronic pain” shall include
neuropathic pain conditions, diabetic peripheral neuropathy, post-herpetic
neuralgia, trigeminal neuralgia, post-stroke pain syndromes and cluster or
migraine headaches.

As used herein, the term “gastrointestinal disorder” shall include

diarrheic syndromes, motility disorders such as diarrhea-predominant,
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met hoxybenzene, and the like. Qher suitable nitrogen
protecting groups nmay be found in texts such as T.W
wOx®@eng908 P. G M Wits, Protective Goups in OP&amniUs2006/008450
Synthesis . John Wley & Sons, 1991 . For use in
nedi.cine, the salt t he conpounds of this invention .
CarstpaghRsAdeRAT Aot nd TORANG bawebsirisEes Rpsoporative
_ - i . . ) o ¢
B B e i bl BB e TR ther P B
‘$oflammmatdry|bhowelldispase” shalpiachdearcedtiCe aphtisvand &frohn’s
Formula (XI1), wherein Xis -OH and Y is selected from
@lse8§e.d or STEP 1: Preparation of Conmpounds of Fornula
(XI'1), wherein Xis -OC(O-GC - 4alkyl and Y is
selected fromBr, C or lor STEP 1: Preparation of ,
ConpotiReerst “subjeet’ as ugedherginereéérs toxansaniranl, areferablysa

BB Ehh s BRIFan R iy Whosis SRR BIRE o patment,
Slosaroatistsooéxgevinianta (XX) STEP 4: Preparation of
Conpounds of Fornula (I) Schenme 1 STEP 1: Werein X is

OH and Y is selected fromBr or O Accordingly, a

i1 : _ o . | .
% | < oh S hetaHicRTAHIG arpBUAL &b isEkinalbfy, fildans that
ampunt dreniive compownd cviphaanmpceutitapagetrtieat digitk thebiological or

e : Triflati h
gn}%tppq?r? ’r%s:,[f%;\%gﬁrgt@ﬁ%sn\j\de ts{/]st%m, ra'nfm& or Human that fs geulr?g sgaght by a

@Egamk,tvétéﬂiwraﬂvﬁ{e@wa%&? B B clifiBEn! BRichiikQudéd

alleviation of the symptoms of the disease or disorder being treated.

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

specified ingredients in the specified amounts.

To provide a more concise description, some of the quantitative
expressions given herein are not qualified with the term “about”. Itis
understood that whether the term “about” is used explicitly or not, every
quantity given herein is meant to refer to the actual given value, and it is also
meant to refer to the approximation to such given value that would reasonably
be inferred based on the ordinary skill in the art, including approximations due
to the experimental and/or measurement conditions for such given value.

As used herein, unless otherwise noted, the term “aprotic solvent” shall
mean any solvent that does not yield a proton. Suitable examples include, but
are not limited to DMF, dioxane, THF, acetonitrile, pyridine, dichloroethane,
dichloromethane, MTBE, toluene, and the like.

33



10

15

20

25

30

presence of an organic or inorganic base such as
pyridi ne, TEA, DI PEA, K3POX4, K2CCO3, and the I|ike;

wW@pitsoymbd y i n an organi ¢ sol vent such as DCM PCT/US2006/008450

chloroform THF, and the like; to yield the

gl N R R T

§ﬁé@bﬁﬁ|rﬁbnﬁ@rﬁ ey 9@ baricdeotus A il 3R5bI0efRBY SthidrR Bystems,
HCOONa (see for exanple, S. Cacchi, G Fabrizi,

mld@g@mmtﬁp may glso lq garr@g(mg)m agpixiyre qf the soitablz splvents
ﬁw substituted am ne, a conpound of

ormﬁ (a conpound of formula (XIV)) or when RJ]

and Rk are each hydrogen, with a suitable source of

anmon such as HMVDS, anmpnia gas, and the like; in
t he pV@’féﬁ dle 8f0°£5§8§ fidhemre féf‘l“?@tOf dhe ﬁO'Pi@QPQdS according to

BRI 948 g BB gt sy oo

$epazrateﬂ by nomvfmtqmnatmmmlqnlesasmhl asaqnhepardtlvgar‘rﬂommjraphy
ch as Pd PPh3) and t n an oy gani c sol vent

The o May-be prenars maﬂ%ﬁmweformker g @@@w'omers

; G
P b ARG o e o o

eempeunds Maynfeliexamm@ede esabiwrd intQ dgir camporent enantiomers

7 BEFRARS st R 81 8l R B didstsrsomeris s by st

forin@tioAMitnamrepicalieadiive aicih Wieh é uBPIDthA8ric acid
such as Ac20 |E cogrr%ll nation with I—IC,gCEJ\Iafb‘@dgegyl

BRp (0 dip-tatue\ith-targricragid fallowea bsdiggtmﬁiﬁrystaﬂigatlon and
?Eherét%@wo&)th ‘L?n(e%?’%as Eﬁ'ééé%}‘ﬁé??i%glg Rﬁ%pﬁgél

I nor gani c Base suc
ﬁonnaﬁomogdia%ersoh\eem:testemsmr&aﬂia% falloweatsy, chromatographic

~ separation and removal of the chiral auxiliary. Alternatively, the compounds

may be resolved using a chiral HPLC column.

During any of the processes for preparation of the compounds of the
present invention, it may be necessary and/or desirable to protect sensitive or
reactive groups on any of the molecules concerned. This may be achieved by
means of conventional protecting groups, such as those described in Protective
Groups in Organic Chemistry, ed. J.F.W. McOmie, Plenum Press, 1973; and

T.W. Greene & P.G.M. Wuts, Protective Groups in Organic Synthesis, John

Wiley & Sons, 1991. The protecting groups may be removed at a convenient
subsequent stage using methods known from the art.

As used herein, unless otherwise noted, the term “nitrogen protecting
group” shall mean a group which may be attached to a nitrogen atom to
protect said nitrogen atom from participating in a reaction and which may be
readily removed following the reaction. Suitable nitrogen protecting groups
in'clude, but are not limited to carbamates — groups of the formula —~C(O)O-R
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STEPor:RrkpafaXion of CompeeasdSef Fbirhula (XU),bvakéneirs XUS COHPANA Y is
selected from Br or ClI
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chlorine such as thionyl chloride, PClI3, PC5, oxalyl
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STEP 1: Preparation of Compounds of Formula (XIl), wherein X is —OC(0)-C;.
salkyl and Y is selected from Br, Cl or |
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wherein Al is the corresponding C -4alkyl, preferably
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W@ enobaogo substi t ut ed conmpound of formula (X WCDUS240€008450
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is -C(O-0C -4alkyl and wherein Yp is selected from
Br, d or I, a known conpound or conpound prepared by

wp@eneed hods, is reacted with a suitably subRCT/US108€1008450

conmpound of formula (XI'V), a known conmpound or
conmpound prepared by known nethods, or when RJ and Rk
are each hydrogen, with a suitable source of ammoni a
STeFh22prdAHalbn bMDBmpoUNdIf Fcgmela @XIX)t he |ike; in the
presence of an activating agent such as

trimethylal umi num triisBgropylal umi num and the |ike;
in an aprotic organi d™ol vent " such as TgF, dio n:?o,pl

t,enp (RN )e-ne rénge)fof about 008G r g L4Pg’
R ; to yield thg correspondi ng o
for| I1). ArTernatively, a suitaBly subseA

copound—ofPformul a ( XfXViitherein Xp is @(DQ)OO
- 4al ky(X!Bnd wherein Yp is selected fromBr,” d o
known conmpound or conpound prepared by known net hods,
i s hydrolyzed according to known nethods, for exanple
by reacting with_a base suc S Li OH, KOH, and
St'l}ijéo B Reepayation of @mww%qqf%wﬁg%%%xéuch as HCl ,
H2SO4,. and the |ike; preferably, the compound_gk

Br aboar e

Pa (X), (R¥Pyeacted with an acid at 4 tenp

i eat Qan about ; room t enper at ur 8, \prehEr Ay y,,qt-ro’

t erper € range of from about] , 60

12 ¢ferably at a tenperatur8 of . ool
to vyiel Cr.qalky

QI LEXpoakying conmpound of fgg)%u
The cdX¥pdund off fornula (XII1) is reacted With ad
sui tably subst®tuted conpound of formula (XIV), a
known conpound or conpound prepared by

STEP 4: Preparation of Compounds of Formula (1)

@)
(R0

OCqalkyl

Scheme 1

STEP 1: Wherein X is OH and Y is selected from Br or Cl
Accordingly, a suitably substituted compound of formula (X), wherein xP

is OH and wherein Y” is Br or Cl, preferably Y* is Br, a known compound or
compound prepared by known methods; is reacted with a triflating reagent such
as triflic anhydride, N-phenyltrifluoromethanesulfonimide, and the like; in the
presence of an organic or inorganic base such as pyridine, TEA, DIPEA,
KsPO., K2COs, and the like; optionally in an organic solvent such as DCM,
chloroform, THF, and the like; to yield the corresponding compound of formula
(X1).
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known net hods, or when RJ and Rk are each hydrogen,

Wi th a suitable source of amoni a such as HMDS,
wa@rawonymegas, and the |ike, preferably HVDS; iPCT/H92006/008450
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S, Cac

bR = g B iGAng S9m%)ex Si s R ERGla3nd he ke
ihfart (igaRicasEvErR Kichals DRI, TME, Gidasr, %ﬁahhé%k&ﬁ%rabw
Na2 , and the like, in an organi c sol vent suC

DIME; atin demperatlranin tandange of friom alamutaBQ°é]m>ealmuj|’160P6

h f f bout, 5Q0C t b
BNt 60 4 b B0 oot
t di ng conpoun
R e o R P ol (i 1), 1
reacted with a suitably source of chlorine such as

SRR K- E e DA
rAAbXias oPENdourbe Bf BAom maﬁ@lx.a@ Bubh 168, AQCPIntécHbhafibn ith
t enperature greater than about roomtenperature, nore
HCOONa (see for example, S. Cacchi, G. Fabrizi, A. Gogglamam Org. Lett.
(2003), 5(23), pp4269-4272); in the presence of an inorganic base such as
K2COs, NaxCOs, and the like, in an organic solvent such as DMF, dioxane,
THF, and the like; at a temperature in the range of from about 50°C to about
160°C, preferably at a temperature in the range of from about 60°C to about
80°C; to yield the corresponding compound of formula (XIII). |

The compound of formula (XIll) is reacted with a suitably substituted
compound of formula (XIV), a known compound or compound prepared by
known methods, or when R’ and R¥ are each hydrogen, with a suitable source
of ammonia such as HMDS, ammonia gas, and the like, preferably HMDS; in
the presence of a coupling agent such as EDCI, HOBT, PyBop, PyBrop, and
the like; preferably in the presence of an organic base such as TEA, DIPEA,
pyridine, the like, or an amount of the compoLmd of formula (XIV) or source of
ammonia sufficient to act as the base, preferably greater than about 2
equivalents; in an organic solvent such as THF, dioxane, DMF, and the like; to
yield the corresponding compound of formula (XII). | |
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preferably at a tenperature in the range of about 35C
to about 6Q0C, to yield the correspondi ng conpound of

wo oooadmeq XV) . The conpound of formula (XV) i SPCEHS10861008450

with a suitably substituted conmpound of fornula (XV),

et oo TRVENE therkor BB BF (A ERT R, stes BRY Wi qarton
morioaltlecorsmsoureeast carbem roneiile RchPASTABLDIM ebbination with
NS Nartoen e NI S begahy G abHel fﬁ refgrrngm Drg. Lett
IO 28R AP B eoniZ) e e nehos ¥ 3l e Basstcn s

KeC0u) MafC0Oy)arnat thedthqecm an osgamic salvent éluch asHDNtIE diokane,
referab reat er than about
B2, 250 dhs Bk 51 S RraneriniTe % 414, Endecel ForasabAYE S0°C 1o about

PO T IRa Dl of At G in R Moty R SBRLERARERR Affou

a®°ct abidla tméborr@@mmuﬁ? )SBMp%un@(dp)for%Ia (Xﬂﬂ' kyl and

wher ei n Yp is selected fromB Known

conpoling compesimd At rfdfrmilér(%“éds b@aﬁadwnthmshtﬁa@y sogirce of

AR S8 FRERHBRRG B ol el B e

DMF, exrinpledike Sin dmefediinic SolvEADSIGH as BCNEOGIEIbRSTEIMh, and the like,
. Lett 2003) 5(23) pp4269-4272); in the
rarreg%r@%'eafoq eRPeRbIgareatesdaan abeut ronktarmperatureco®re

0 S .
R85 A bl Bl bR seel R oprg o i
thar@erespohding cdmpodursd 67 fovmaldV)L60C, preferably at a
tenperature in the range of from about 600C to about
sooC; e compogingipd formula (XV) is reacted with a suitably substituted
compound of formula (XIV), a known compound or compound prepared by
known methods, or when R’ and RK are each hydrogen, with a suitable source
of ammonia such as ammonium chloride, NH,OH, HMDS, ammonia gas, and
the like, preferably ammonium chloride; preferably in the presence of an
organic base such as TEA, DIPEA, pyridine, the like, or an amount of the
compound of formula (XIV) or source of ammonia sufficient to act as the base,
preferably greater than about 2 equivalents; in an organic solvent such as THF,
dioxane, DMF, and the like; to yield the corresponding compound of formula

(X1I).

Alternatively, the compound of formula (XIIl) is reacted with C.4alkyl-
chloroformate, preferably, methyichloroformate; in the presence of a organic
base such as TEA, DIPEA, pyridine and the like; preferably at a temperature
less than about room temperature, more preferably at a temperature in the
range of from about 0°C; in an organic solvent such as DMF, DCM, chloroform,
THF, and the like; to yield the corresponding compound of formula (XVI)
wherein A’ is the corresponding Ci.salkyl, preferably methyl.
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correspondi ng conpound of formula (XI11). _
Alternatively, the conpound of forrmula (XIIl) is

wo eameveomi t h Ci ~al kyl chl or of or mat e, pr ef er abl BCT/US2006/008450

met hyl chl orof ormate; in the presence of a orgapic base
h TEA, DI PEA, I di and the like; pr ra
2t a Taasemecand o seBldndi V3 iees g it asuRabybstitites
4
GBhBolh & beTaRIUa PXIVg of GiFA A e FP‘f %or mro{#&f’\ﬂlgrl] 3

organi ¢ sol vent such as DM,
suitable reyrcemfianmenishauaioas B&-ha’rdiuHMDSg rqnmmmaogas, and the

2, PRyt NS pisagve’ FSAlAaT AR e s

I?él(z\(D)Ad § err@ambaneWntébrﬁbmuné@mﬂh e§§b|$éblé YH8Ad, CQJB?PHP@P
f or mu Ve)ﬁw known conpound or conpound
@PEEaPéBhbyanﬁ likestaida dhe prespnen aka mil&dmmédgand@omplex

S SRR BRAL APl B, B AT BB Sl TR R 5 b
s0rQ hfammsmme: ﬁfeféraw hediteWperitale/pithe Lﬂﬁﬁgé’@ﬂr@m about
Pd2( OAc) 2, and t like, in conmbination with

e Iga
&Qféhtaoripgyt 8056k fo vi@ldwm catnesponding éempound of tdrmula (XII)
presence of a palladium:|ligand conplex such as
Pd(PPh3) 4, and the like; at a tenperature in the range

: Of f r ORe FrMeH iR We bR vﬁh%ﬁhéﬁ@@ogﬁ&éftﬁéﬁhbboﬂﬁp ind of formula

enperature in the range of front about 60C to ‘a

(8@)0“30'63%/(9@0@6(1 ﬁ@CQfdmethmwm@ledmdﬁoimyledﬁ theocormesponding

gigdond it POufterel «f s SHGPOGEIB B R ompound

of forrrula (X), wherein Xp is CN and wherein Yp is
a known conpognd or )
Ik uig‘m._"" S 6 { a

sui t a;i?llté/rnéﬂpélgl é %ngbl(} %ﬁBQHlﬂfjed compound of formula (X) wherein X°

is —C(0)-OC1.4alkyl and wherein Y” is selected from Br, Cl or I, a known

compound or compound prepared by known methods, is reacted with a suitably
substituted compound of formula (XIV), a known compound or compound
prepared by known methods, or when R’ and RX are each hydrogen, with a
suitable source of ammonia such as NH,OH, HMDS, ammonia gas, and the
like; at a temperature greafer than room temperature, preferably at about reflux
temperature; to yield the corresponding compound of formula (XIl).
Alternatively, a suitably substituted compound of formula (X), wherein X°
is —C(O)-OC.salkyl and wherein Y” is selected from Br, Cl or |, a known
compound or compound prepared by known methods, is reacted with a suitably
substituted compound of formula (XIV), a known compound or compound
prepared by known methods, or when R’ and RX are each hydrogen, with a
suitable source of ammonia such as NH,OH, HMDS, ammonia gas, and the
like; in the presence of an activating agent such as trimethylaluminum,
triisopropylaluminum, and the like; in an aprotic organic solvent such as THF,
dioxane, toluene, DCM, and the like; preferably at a temperature in the range of
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of formula (XIV), a known conpound or conpound
prepared by known nethods, according to known net hods

W@ t@s/ogenpl e as described in Parris, CL, O g.P&yOS2006/008450

Coll., (21973), 5, p73; Lin, S, Synthesis, (April

it chrolala P Rmeasatne by SR e (e Snphaling Corvpound of
wr,ema ()t"a)_correspondl ng conpound of formula (XI1). . _

Alternati'vely, a suitably substituted conpound of
formula (X), wherein Xp is CN and wherein Yp is

d f d P
compotiar Rl asuipollwihstiled BRPoRERE a0 mhsrein X7
BCIC{G)LOU;, g@kg)mmmwéﬁdﬂ’syls%tercwé‘d 6irtBr, b g kbl
at a tenper ature %r eat er han about room tenper ature,

eRrBpevRd oy camn%m Lp(ep@r@pldmalmvm mashgds|is hydeolyzed according

SRR Ah0ds, SGPBRiAsty eBlsBto Bt bse suanastacH, Lion,
KOHmenal th&)ll,key\bebyrlréadﬁmgl \/BlﬂCéh il ohet a8 HOfPHbSO4, and the like;

sel ec E’d from nown conpound o

RIGHI3aNe the egmp@ang;pf ﬁwm/ma .@éi g@sctatani apragic @t eh an
'Ee S1afire é&%rWQ?ngﬁr@B@ ﬂ'brerﬁﬂﬂ LhRtdia F&ataé téhperature

erature greater oom enper a
xprtbé eandé wf fromaabout 80STtb whoue MRETGMORS pialendbh) &t 4 he
correspondi ng ¢ ound of formula ( XVIJ The conpound
ismpesa re@f@%vuw °G;daviald the coiraspanding mmmund of formula

@Pods for exanple, by alkylating in the presence of
Qﬁ as to yield the correspondi ng conpound of fornula

(XI'1) Theebmpoundhef fomnwayiii)aé réadtetimath(aXblitablg substituted
cgoelggé&r?d \(’)V{c }or}maﬁla )I(It\/ bflsl ngvlflgsctolngpgjcguen% or compound prepared by
known methods, or when R’ and RX are each hydrogen, with a suitable source
of ammonia such as HMDS, ammonia gas, and the like, preferably HMDS; in
the presence of a coupling agent such as EDCI, HOBT, PyBop, PyBrop, and
the like; preferably in the presence of an organic base such as TEA, DIPEA,
pyridine, the like, or in the presence of an amount of the compound of formula
(XIV) or source of ammonia sulfficient to act as the base, preferably greater
than about 2 equivalents; in an organic solvent such as THF, dioxané, DMF,

and the like, to yield the corresponding compound of formula (XI1).

Alternatively, the compound of formula (X), wherein X is —~C(0O)-OC;.
salkyl and wherein YF is selected from Br, Cl or |, a known compound or
compound prepared by known methods, is reacted with carbon monoxide or a
source of carbon monoxide such as AcoO in combination with HCOONa (see
for example, S. Cacchi, G. Fabrizi, A. Goggiamani, Org. Lett. (2003), 5(23),
pp4269-4272); in the presence of an inorganic base such as KoCOs, NaxCOs,
and the like, in an organic solvent such as DMF, dioxane, THF, and the like; at

a temperature in the range of from about 50°C to about 160°C, preferably at a
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conmpound of formula (XVI1), wherein Pgl is a suitable
nitrogen protecting group such as Boc, Cbz, Fnoc,

waec@bphoeand the i ke, preferably Pgl is Boc, BCROS4MN6/008450

conmpound or conpound prepared by known nethods; in the

PRATRSIRS e Mo b2 R A D ol bR B aPRuf 0 Pkl ane

a@ﬁewcﬁfdaﬁgabbmbonafwfmemxn)of a phosphorous Iigand
such ‘as P(otol ue P(t-butyl)3, DPPE, and

the |iTke commmdgm) f9rm’qla Muli)ys )reaeted P?(ltb‘t alsuisabkly spures of

Lok shef e brfLomoRde. Bk, Btls, BRANH ERBRE Rl defifice in
DMF, regicoiaei likeb s gn etgetm@smeﬁwmhswcmt EMbASTOAR, and the like,
Na2CG3 K2CO3, TEA, DI PEA, pyri dine, and the |ike
prefetabhpata mperaﬁw@rgréa@aﬁﬁ abpVieioons teAParateEmore

PR A AL o
Heecareatpo men o) maio 200G, t
E:orrder5ﬁonglm;1ng cong%undggpform%\gl Xl X) . th)élPeS: Th:

corrpou @ cempasngh AT fomuuis)(XivVy I&mgﬁm@awg eajswtatt&y gulpgfituted
SO0 BF Ritijuia OX) .E% Bin BB Gcdibid B by
kin@vh imethods, mrtvmem aed@® afe eactehypdrpgtnswith sasuitable source
B AR B s ot ehenss bPERH TS prymeriagasoanc
e 1@ P%Terdﬂ‘y am(?rszam ShiISRYY: ?Tgfei?ﬁ@ﬁ}llﬁﬁh&ﬁ%@?@ka g

et hano THF,” et h acet at e, I ke
eigiaimiodse schnas é' e P&l pgrldtmeethet lileey ar do the presence of an

%ﬁ@ﬁ{@i th?g%%can%f g’rbflo¥m3fa 6(1{/530 gcr)l?rtc%ro a'rr?mtopl% srlﬁ‘ﬂggnt to
act as the base, preferably greater than about 2 equivalents; in an organic
solvent such as THF, dioxane, DMF, and the like; to yield the corresponding
compound of formula (XII).

Alternatively, the compound of formula (X), wherein XF is —C(0)-OC;.
salkyl and wherein Y* is selected from Br, Cl or I, a known compound or
compound prepared by known methods, is reacted with carbon monoxide or a
source of carbon monoxide such as Ac,O in combination with HCOONa (see
for example, S. Cacchi, G. Fabrizi, A. Goggiamani, Org. Lett. (2003), 5(23),
pp4269-4272); in the presence of an inorganic base such as KoCOs, Na;COs,
and the like, in an organic solvent such as DMF, dioxane, THF, and the like; at
a temperature in the range of from about 50°C to about 160°C, preferably at a
temperature in the range of from about 60°C to about 80°C; to yield the
corresponding compound of formula (XIlI).

Alternatively, the compound of formula (XIll) is reacted with Cy.4alkyl-
chloroformate, preferably, methylchloroformate; in the presence of a organic
base such as TEA, DIPEA, pyridine and the like; preferably at a temperature
less than about room temperature, more preferably at a temperature of about
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about 1200C, to yield the correspondi ng conpound of
formula (XX).One skilled in the art will recognize
wa bab/09doe0 conpound of forrmula (XIX) may be optPCIEE1096/008450
reacted in the presence of a chiral catalyst, to yi eld
und_of formula (XX),

whe
GRS 614t SRR CrAY o UG SCIT, Gk, ERlgveipbites - and the like:
e SRR ond i PP offorn Sl el A" e

eordespanding €;-salisylapreferpoly metloylvent such as net hangl
I h cob correspondin
tormoolhe B HosP R IOFryia (VIR Easist: wilhe SUtRGY s bsttled
d
EOVPBLAO B fcﬁrrmla pgllv&; awo%%?ﬁ_ Ig&gnncf gﬁ%%rﬁﬁoﬁﬁ@%%;ﬂérbﬂ%y

of conpounds of
lmce/s@methﬂd%mnvmﬁn B @hdé% am eachphydregenswitbia suitable source

GBI 3007 b MERTITHD 1o Sab e . FRTERE ool
Nquoegemthé peseheayf arpanadiuen Eafanm rsuéH WG%LM&OM: Y Nand the

two, R41P groups,. which are each IX
likes i goinadion W|thallgand such DPPP D PF, P(Ph)s, and the I|ke orin

t%e:{ﬁ'éé?i?ég 81:(% gagg&gma éﬂég(c i Ea%%h(%%es di 8% ike; at

aatemperaﬁh@ inrthe eatigd OV RO alibLJt$0F’Grtb|3ﬁJ"ou@“1 B@QG e;§¥e‘fé’rably ata
processes for the preparation of the conmpound
teaaiare injhearangetafifrord abauseB¥Trio aboet 806C; &T&I@Idme

TR R eSHop 0 P ERRUEE Pl B "or O or ST 12t
Preparation of the Conpound of Formula (XIla), wherein

|
&TEP 1: Wherein X is ~CN and wherein Y” is B, Cl o |
Alternatively, a suitably substituted compound of formula (X), wherein X* is CN

and wherein Y is selected from Br, Cl or |, a known compound or compound
prepared by known methods, is reacted with a suitably substituted compound
of formula (XIV), a known compound or compound prepared by known
methods, according to known methods (for example as described in Parris,
C.L., Org. Syn. Coll., (1973), 5, p73; Lin, S., Synthesis, (April 1978), p.330;
Murahashi, S., Takeshi Naota, T., and Eiichiro Saito, E., JACS, (1986),
108(24), p7846), to yield the corresponding compound of formula (XI1).

Alternatively, a suitably substituted compound of formula (X), wherein X"
is CN and wherein Y” is selected from Br, Cl or I, a known compound or
compound prepared by known methods, is reacted with an acid such as
concentrated sulfuric acid, and the like; at a temperature greater than about
room temperature, preferably at reflux temperature; to yield the corresponding
compound of formula (XVI).

Alternatively, a suitably substituted compound of formula (X), wherein X°
is CN and wherein Y* is selected from Br, Cl or I, a known compound or
compound prepared by known methods, is reacted with an inorganic base such
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OC(O-C . 4dalkyl and Y is selected fromBr, O or

I (Xa) (Xlla) or STEP la: Preparation of the Conpound
w@booko99el a (Xlla), wherein X is -CN and Y i s B&I/E81006008450

fromBr, O or | (Xc) (Xlla)STEP 2a: Preparation of

h f J1ul | X Xl 1 Xl > STEP 3a:
S BRI e 0L A b a0 e
Porbi¢ ' ;
I e AL 13 e B ol o

enpeved of famul (Y1) Accordingly, a suitably

)

subst 0 fi.f l.a a),,. wher.ei n IS
and whty epeFE AR Ra RV eacialiarttin faRRol methods,
ﬂ@lﬁ@mrrmmmdwating reun@sehed of 8k, twer tetdwisponding
is reacted with a triflating reagent such as triflic
empavnd et fawha el ri f 1 uor omet hanesul f oni ni de, and
the like; in the presence of an organic or inorganic
base such as pyridine, TEA, DI PEA, K3PO4, K2CO3, and
BhEPI2:ke, preferably pyridine; optionally in an i n
organli.c sol vent suych a .chloroform THF, and the
71 o T Somacundial feisia dBhis regolsshyun A ibhoRhstiiied

. _ 5] 2 .
hBound SPISTRTRS RO LcPBieg' 22 Shictle RRRIGEA ittacting group
Ashs BocoGbinEmioonacdtyl anddmiiké sereferably@gpsdBocSa known

%ﬁé&ﬂmd <()3r CC[):I%%E)iU%& ’préa‘pare %%’/' I?nrcr)avvril me%gds; L|'r(1e ttrtme' psezs%(r)lg ‘of
palladitjm catalyst such as Pdx(dba)s, Pd(OAc)., PdCl,, and the like, preferably
Pdz(dba)s; and preferably in the presence of a phosphorous ligand such as P(o-
toluene)s, P(Ph)s, P(t-butyl)s, DPPE, and the like, preferably P(t-butyl)s or P(o-
toluene)s; or in the presence of a palladium:ligand complex such as Pd(PPhg)s,
and the like; in the presence of an organic or inorganic base such as
dicyclohexylmethylamine, Na,CQOg, KoCOs, TEA, DIPEA, pyridine, and the like,
preferably TEA; in an organic solvent such as DMF, dioxane, and the like; at a
temperature greater than about room temperature, preferably at a temperature
in the range of about 60°C to about 120°C; to yield the corresponding
compound of formula (XIX).

STEP 3:

The compound of formula (XIX) is hydrogenated according to known
methods; for example by reacting with hydrogen or a source of hydrogen (such
as cyclohexadiene, and the like); in the presence of a catalyst such as platinum
oxide, palladium on carbon, nickel, CIRh(PPhs)s, RuCl,, and the like, preferably
palladium on carbon; in an organic solvent such as methe_mol, ethanol, THF,
ethyl acetate, and the like, preferably methanol; at a temperature greater than
room temperature, preferably at a temperature in the range of about 60°C to

about 120°C, to yield the corresponding compound of formula (XX).

45



10

15

20

25

pp4269-4272) and a suitable source of amoni a such as
HVDS, ammonia gas, and the like; in the presence of a

wpadobaghiosm cat al yst such PdCl 2, Pd2(QAc) 2, andrP€Ti&S2006/008450

like, in conbination with a |igand, such DPPP DPPF,
P( Ph) n the presence of

pal | aéhﬁrﬁqﬁme&';ndh%&ﬁfp‘w@ie%mzez\ aidbwﬁra)p@ungrﬁi foraula (XIX)
makSe b;ﬁll&fbll%@éﬁb@ ﬁ%é/sréseﬁeéfbf%scmfcawS’c 1‘8' afiﬁe

and the like, prefera nmper at’ure
¢erRppPAsding comabund o5tmmulau ()élé)g lwharemcon@ sm‘rememmeras

r Ln the range of from about 60C to about
@féggfﬁ%% §f‘§”tb°’{‘ﬁ%° %9?%Spond| ng conpound of fornmula
(XI'la). Alternatively, the conmpound of fornula (Xl a)

is reacted with carbon npnoxi de or a source of carbon
:de such as Ac Oin conbination with HCOONa (see

f or etﬁggbﬁpggagﬁﬁé@@?%(xg%@ﬁ%@ th%‘?ﬁ&{uﬁ%}%}s base such as

I]Sla@i?'brh.ﬂ@HOKCH'l‘h antbttgalike; ihas ergarib sak/eREShéh aélaﬁ’éf%nol THF,
in an or ani ¢ sol vent such as

e
699 éndfﬁr#"'k%ﬁe W\lét eL@erreaporadlﬂgraemmuur\deoﬁfﬁrmula (0.
range of from about 500C to about 16Q0C, preferably at
a tenperature in the range of from about 600C to about
800C; Intan ginblodirnéet, ther prespohitivegticn igdivected o pescassas for the

The co of formyla (Xllla) is reacted
é&epﬂragogﬁft%n %‘%&f 'ér{r%ni a such as HVDS,
amoni a gas, and the like, preferably HVDS; in the

presence of a coupling agent such as EDCI, HOBT,
Py Boph awembpdiraent, thecpleskat inyestien isudijedted thprocesses for the

WEPRRIER cha SmBRERTof quﬁ?f%égﬁraeé‘éweeuw oL Pl werein

our ce of ammoni a
is phenyl; R’ and R are each hydrogen; the phenyl ring is further

substituted with two R*'® groups, which are each methyl and Pg' is Boc, also
known as 2-tert-butoxycarbonylamino-3-(4-carbamoyl-2,6-dimethyl-phenyl)-
propionic acid, as described in Scheme 1 above.

The present invention is further directed to processes for the preparation
of the compound of formula (la) as outlined in Scheme 2 below.

STEP 1a: Preparation of the Compound of Formula (X!la), wherein X is -OH
and Y is selected from Br or CI

46



sufficient to act as the base, preferably greater than
about 2 equivalents; in an organic solvent such as

w{ bileg/oghooxane, DMF, and the |ike, to yield thePCT/US2006/008450
correspondi ng conpound of forrmula (Xl1a).
Alternatively, the conpound of formula (Xla) i
reacted wi th carbon nDnOX|de or a source of car

S. Cacchi, G ri zi__ A
03), 5 23) Pp42R9-4272); in the
/P an- i norgani ¢ bage sdéh as K2CC3, Na2CO3
and the like; in an organic|solvent such as. DVF,
di oxane, THF, and the Iikekxg% a tenperature in thexl
rangdXef from about 50C to ‘about 1600C, preferably a1
tenperature in the range of {from about 60C to abouhk A
80C, to yield the corresponfling conpound of fornul
(XI'l'lTa). The compound 8f fofmula (XIlla) is reacte
with a suitabl e sourcejjof cylorine such as 'thionyl
chloride, PCI3, PCI5, 8 chloride, oxalyl chlogide
in DMF, and the |ikH) in gani ¢ sol vent such a$

n OF
DCM c and the || i ke, preferably at a
tenperature greater than abglit ™dom t enperature, noreg
preferably at a tenperature|in the range of about 350C

to about 600C, to yield the corresponding conpound of
formul & (XVa). The conpoundX®®)fornula (Xva) is
reacted wth a suitable sourjce of anmoni a such as
anmoni ym chl ori de, NH4OH, HNDS, ammoni a gas, and the
i ke, preferably anmonium chl oride; preferably in the
presenge of an organi caseysuch as TEA, DI PEA, |
pyridine, the like, or [in the presence of an amount of
the source of anmoni to act as the base,
prefergbly greater than

YP

Y (Xva)

(XVla)
or
STEP 1a: Preparation of the Compound of Formula (Xlla), wherein Xis -
OC(0)-Ci.salkyl and Y is selected from Br, Clor |
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about 2 equivalents; in an organic solvent such as

THF, di oxane, DMF, and the like; to yield the

w@e e060%96ndi ng conmpound of forrmula (Xl1a). PCT/US2006/008450
Al ternatively, the conpound of fornula (Xla) is

reacted with carbon nonoxide or a source of car@on

and S ¥B; in an organic solvent such as DWVF,
di oxane, THF, and the like; at a tenperature in the
range of from about 500C to about 1600C, preferablyggi
atenf@ature in the range of from about 600C to ab

8Q0C; to yield the correspondi ng conpound of fornu a{ A
(XI11@a). Alternatively, the conmpound of formula
(XI'11@) is reacted wth C “al kyl chl or of or mat e,
preferably, nethylchlogoformate; in the presence off a
organijc base such as TEA D

, PEA, pyridine and the
li ke; @ re |l ess than about room
0 C

tenperature, nore prefera t a tenperature of abou}
00C; in an organic sol vent>~sfich~e® DMF, DCM

chl orof orm THF, the like; to yield the
correspondi ng ormula (XVla), wherein Al
is the corresponding Ci-4al(K}la) preferably methyl. Th
compound formula (XVla) ijs reacted with a suitable
source of anmoni a such as NHAOH, HMDS, ammoni a gas,
and the |ike, preferablyNHAQH, in the presence of a
pal | adi um cat al yst sucfOPdCl{, Pd2(0Ac)?2, and the

i ke, 1 n|combination mﬁlh a ligand, such DPPP, DPPF,
P(Ph)3, and the |ikeg~0rNr the~presence of a
pal | adi ufrdi gand conpl ex 3 :
i ke; at

(D

(XVa)
O O
A1\o/u\o
YP
(XVia)
or

STEP 1a: Preparation of the Compound of Formula (Xlla), wherein Xis —CN

and Y is selected from Br, Cl or |
O
XP

-

(Xc) (Xlla)
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a tenperature in the range of from about 500C to about
160C, preferably at a tenperature in the range of from
W@b@enIweC t o about 80C, to yield the correspoPdi/ngR006/008450

conmpound of forrmula (Xlla). One skilled in the art
| urt her recognj ze that the conpound of fornula
STER 231 rparatER S Tarmpouiaof EouheAd R hods. ¢ o
yi el d the correspondi ngBgympound of faoymula (Xa)
wheredn Xp is -C(O -8 -4alkyl or CN.J STEP la:

VWher g n s -(O-0CJ]l- a and whekei p .8 Br,.Boc
BN Or nati vels é(bﬂﬁbly"kablbsti Su

of for wherein Xp is -C(O -0C OCH
wher ei n gelected @omBr, 4 or I, s

conmpound @r conpound pg@@%ed by known net hjods,
reacted w'th a sui tabl( rce of ammoni a such as
NHACH, HN\RBa) ammoni a gas, and the |ike; at(dXa)
tenperature greater than roomtenperature, preferably
STEE’b%aitPregaraji,@nt@ﬁb@ Campaeynd of Forshulat(XXa)
corrgspondi ng conpound of formula (XII 3 -
Al te natively, a suitably substituted cpnpound of
f Qr kg _£3Q wherBen Xp is -C(O-0C Mal apé
N ected fromBr, d N, 3
conpoung copgpQundopHgpared by known et
react ed
NHACH, HMDS, ha gas, and the |ike;
presence a activating agent such as
trinmet hypg%am' num triisopropylal um num and*Bhe 1 i ke;

$TERMAMEpAIIBHE M COMPEIHA Mnﬂ@afﬁg, di oxane,
ef erably t a

toluene, DCM and the IiKe; pr

O

(XXa) (1a)
Scheme 2

STEP1a: Wherein X is -OH and Y is selected from Br or CI
Accordingly, a suitably substituted compound of formula (Xa), wherein

X" is OH and wherein Y* is Br or Cl, preferably Y” is Br, a known compound or
compound prepared by known methods, is reacted with a triflating reagent such
as triflic anhydride, N-phenyltrifluoromethanesulfonimide, and the like; in the
presence of an organic or inorganic base such as pyridine, TEA, DIPEA,
KaPOs, K2COs, and the like, preferably pyridine; optionally in an organic solvent
such as DCM, chloroform, THF, and the like, to yield the corresponding
compound of formula (Xla).

The compound of formula (Xla) is reacted with carbon monoxide or a
source of carbon monoxide such as Ac,0 in combination with HCOONa (see
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formula (XlIla). Alternatively, a suitably substituted
conpound of formula (Xa), wherein Xp is -C(O -0OC

WO d@bkgdos@nd wherein Yp is selected from Br, QPCDUS1006/008450

a known conpound or conpound prepared by known

ot ioie, S, GO ERPRECA, BobliarBarh Otk (EPBR) S20).
KeHR6@Ad 72N and iaksuitadle Hource @t biniiAoMial SuchaRMDS Uernfshia
HCl, H2SO4, and the |ike;preferably, the conpound of

gasmndithexite; insthecpiesencept a paliadicimi catalyst suefp Edailur e

PRERAe RO, o] SRR BB B A TmePb ShRi Db,
P2RR)G, and ¢Heeliladyloy imtheaptesanet af arpallaﬂmhm?éanc(l%@ﬁpgﬂsuch as

FHEP B s KB, ol &rq2K10 Belyenteyahas BbEs THF adioxane, and

BB DT, ARG 458 e B o o

abow 16&’@@%‘%@&% lbt asefrpetatudIRTineR4REe of MERI 8BeuUBTFC to
y

the like; prefera in the presence of an organic
paget RATK; & yiekhiheDtmEespangingicompouna of fdcmula(Xila). t he
presence of an anount of the source of anmonia
sufficient to act as the base, preferably greater than

about ARleRfitiveRy, Y SompBuAd oPfdimlilE (X1 YertlachdFWitATarbon
THF, dioxane, DMF, and the |ike, to yield the
BWNOZisieRIcR RgUISEral Gaody Monexide sughyas Arz0 in combination with

QO FONB G5 i o tdingfy 57 A LR PRI D (G B0 Lett
(20038) 55(23¥ pp21269-427 R nwvihe qresenteiodn i Bbase such as

r epar ed known nethods, is reacted with carbon
RefsiBei @%zﬁéaé%@@dé@@fn 2a PHIANIesAlRNHeUc ah DAMF sdioxane,

TAFC QARG RS TkE bt &8 i §RErange of from about 50°C to about
160°C, preferably at a temperature in the range of from about 60°C to about
80°C; to yield the corresponding compound of formula (Xllla).

The compound of formula (Xllla) is reacted with a suitable source of
ammonia such as HMDS, ammonia gas, and the like, preferably HMDS; in the
presence of a coupling agent such as EDCI, HOBT, PyBop, PyBrop, and the
like; preferably in the presence of an organic base such as TEA, DIPEA,
pyridine, the like, or in the presence of an amount of the source of ammonia
sufficient to act as the base, preferably greater than about 2 equivalents; in an
organic solvent such as THF, dioxane, DMF, and the like, to yield the
corresponding compound of formula (Xlla).

Alternatively, the compound of formula (Xla) is reacted with carbon
monoxide or a source of carbon monoxide such as Ac,O in combination with
HCOONa (see for example, S. Cacchi, G. Fabrizi, A. Goggiamani, Org. Lett.
(2003), 5(23), pp4269-4272); in the presence of an inorganic base such as
K2COs, NaxCOs, and the like; in an organic solvent such as DMF, dioxane,

THF, and the like; at a temperature in the range of from about 50°C to about
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for exanple, S, Cacchi, G Fabrizi, A Goggiamani,
Org. Lett. (2003), 5(23), pp4269-4272); in the

w@e@seyoed of an i norgani ¢ base such as K2CO3, MNRTERN6/008450

and the like; in an organic solvent such as DV,
di oxane, THF, and the like; at a tenperature in

16p%e Riefarallinalisiampssaiurg ininsukangeodt frasm @b@ﬂb@@ﬁ i about

a6TE o3 g Bob PG BTIE Bnnd i B3RHBURIKIAN or mul o
(XI'1'1 The cOhpot@aRFO@h (XATATUS Redcted Wath & %uﬁ@@léts@@rce of

with a suitably source of chlorine such as thiony

elpgne gach aatblonmmon@eoa?%, PRl pxaly| cliedds, omiyl@hlcwe in
h
BBy BBJHST T, A Sl S0 PR B i e e

prefprabit atr £ tagnperaturet dreatezian abooimdopiEhpétatiere, Mure
preferably at a tenperature in the range of about 35C

Peefeisdlit aletirmpergtyiedndhe NG Pt dkps il hgocahgw 6RECoto yield

Rt oo G B KR Vo an & such as
anmonThencehlpoundeof fdfHGE, XNEPS rediviedivithgasuitabigl sbhee of
|'i ke, preferably anmmoni um chlori de; preferabl y in the

ﬁF’@%@H@éUS'F agraremeaire chiggides NMHOR, FHERS, grpmgnia gas, and the

PR a5y Bk fEn Sl DR EEBIZR R oS Sl

basd suctbhy TaAe DICEA, pymidatzo tite Rkezq)mnmeaptesence adian amount
i c sol t h THE d

O 8 Sl pt Famais SuRiietfan ach s Dbt iorabl dieater than

apbita) eq&bé@hf@ﬁh ‘éﬁ'd(f)%aﬁlé%oq?\ié?%%uﬂﬁ a@fTI-fIPdeiné‘né AUF, and the
wherein Xp is - d wherein Yp is

kyl
b, de tyiadd tha)mrmqundu@g compaukd efforouia ¥Ha). or
conpound prepared by known nethods, is reacted with
car bon nonoxi de or a

Alternatively, the compound of formula (Xla) is reacted with carbon

monoxide or a source of carbon monoxide such as Ac,O in combination with
HCOONa (see for example, S. Cacchi, G. Fabrizi, A. Goggiamani, Org. Lett.
(20083), 5(23), pp4269-4272); in the presence of an inorganic base such as
KoCOs, NaxCOs, and the like; in an organic solvent such as DMF, dioxane,
THF, and the like; at a temperature in the range of from about 50°C to about
160°C, preferably at a temperature in the range of from about 60°C to about
80°C; to yield the corresponding compound of formula (Xllla).

Alternatively, the compound of formula (Xllla) is reacted with Cy.4alkyl-
chloroformate, preferably, methylchloroformate; in the presence of a organic
base such as TEA, DIPEA, pyridine and the like; preferably at a temperature
less than about room temperature, more preferably at a temperature of about
0°C; in an organic solvent such as DMF, DCM, chloroform, THF, and the like;
to yield the corresponding compound of formula (XVla), wherein A’ is the
corresponding Cy.salkyl, preferably methyl.

The compound of formula (XVIla) is reacted with a suitable source of

ammonia such as NH;OH, HMDS, ammonia gas, and the like, preferably
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source of carbon nonoxi de such as AC20 i n conbi nation
wth HCOONa (see for exanple, S. Cacchi, G Fabrizi,

woR0cogms@mani , Org. Lett. (2003), 5(23), pp42BOFUR0R8G/008450
in the presence of an inorganic base such as K2CGCB,

fieSHin e pfetnpe 6Fa delaBrf bERNG sHEh I, THE(OAR),, and the
ke i eogdireftiohneith alligahd SO DPER) DPREORPh)s edret thiel like; or in
e ABELT s e R L3P A B ol s
H I . j y o f
%gérﬁhi{egét%@% |ht§§ r.lal‘s%ér' gi; Q?ﬁe”l' dﬂtswét%fﬁcf"&%%mﬁ%@ & preferably at a

emperatire o kv eirgensftifiom RIkeLEe 6T Yo about 80°C; to yield the
nmet hyl chl orof ormate; in the presence of a organic base

eQregspendingcompeend opfarmulaéXib@e the |i ke; preferably
at a tenperature |less than about roomtenperature,
nore preferably at a tenperature of about Q0C, in an

or ganOneskillegrih thelaht il flivRer leChnizblthabtherscompgdlind afidrmula
éhe like; to yield the correspondi ng conpound of .
Xahinay Redaasred agearding triknown metheds, é@nﬁmm?gcwespondmg

= yvPThe, n | a
o4bayha SFIERRIERK TR X SR PEORE ) ol EN 2

such as NHAOH, HMDS, ammonia gas, and the like,

STEEPIE Mbersin Ll ditScbu i i Ghe R 8 8r Kl or |

conbi ARG irRval! 8 s@itbbﬁ%‘ﬂ!ﬁstiﬁlﬂé@c unBIfforniIETXA), wherein
and the like, "or in the presence of a palladiumligand

Xoipte(Os0ch-akyPanemigyain Ynig sdiected itom Br, @l or |, a known

GGBBELALBE Bolrbel 08 BBy kiRl BRHbp 05 Fed et suiable

§60rat JParimb/iAGUch aPNHLOBIMMDS) aytrabhiatdss, and the like; at a
temperature greater than room temperature, preferably at about reflux

temperature; to yield the corresponding compound of formula (Xlla).

Alternatively, a suitably substituted compound of formula (Xa), wherein
X is —C(0)-OC1.4alkyl and wherein Y* is selected from Br, Cl or |, a known
compound or compound prepared by known methods, is reacted with a suitable
source of ammonia such as NH,OH, HMDS, ammonia gas, and the like; in the
presence of a activating agent such as trimethylaluminum,
triilsopropylaluminum, and the like; in an aprotic organic solvent such as THF,
dioxane, toluene, DCM, and the like; preferably, at a temperature in the range
of about 0°C to reflux temperature; to yield the corresponding compound of
formula (Xlla).

Alternatively, a suitably substituted compound of formula (Xa), wherein
XP is =C(0)-OC1.4alkyl and wherein YF is selected from Br, Cl or 1, a known
compound or compound prepared by known methods, is hydrolyzed according
to known methods; for example by reacting with a base such as NaOH, LiOH,
KOH, and the like, or by reacting with an acid such as HCI, H>SO4, and the like;
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correspondi ng conpound of fornmula (Xlla). STEP la:
Wherein X is -CN and wherein Ypis Br, d or I

WQ@\Rdoenymso vel y, a suitably substituted conmpounelCDiS2006/008450
formul a (Xa), vvherein Xp is CN and wherein Yp is

sel ected from Br T%:; I fsgalsnown conpound or conpound
petarablygt ﬂ?yCCPJHBQHn‘?er AWla (Xa) is seacigdwithan acidatd
PHpRrBr < RS LR U sy Bl i thfodtaure

intleé edady yf Rromadisout 60eftd aboU’ehmﬂ(atp:e%rably af iactethpehnature of
correspondi ng conpound of fornmula (

U IR Ci/ g yeldathgmqr@@pynakmlsqqmml@w @%f@mufad XdHa).

sl ool Tyopbru B Borf® izl AR B B sourco of

ANMOMIE Jueh aﬁarmpsbmnkﬁ@m gmt bﬂd&he II|Be rm@mradlyvmmmsmn the
i norgani ¢ base_such as

RBRPRIS LA GOUPIR BECRTRUENABEDG DHRE R lﬁy@rop, and the

WGI‘ Pgésfe%ln mth%%ﬂ H%ﬁ'ﬁ]ﬁg b#‘éﬁ‘) %ﬁé\g%%l afﬁgﬁ er at?.?A
Eyrigiing, abé Viks Mhlthem&mmmwmambuhbombaso(w@e of ammonia
SRR AR o base, PIELeTkY SIeateinal abRUhe Snalerts: in an
SR o ST et
goreasponding cempoungof tormula f)ﬂia)am c base such as

pyridi ne, TEA, DI PEA, K3PO4, K2CO3, and the |iKke,
preferably pyridine; optionally in an organic sol vent

such miserhRaiivelg hthersdmpdund &iFformnrk &S, whlsﬁemtxr? ml-ej(@)-om-

the corresp ondlpg conpound of fornmula (Xl a).
88w 80d avhgreinoY mis %elmed)frqrg Bregtoel a/mqwra:a@maﬁund or

ég?ﬂﬁé(uﬁj(fp@pa?ed by known methods, is reacted with carbon monoxide or a
source of carbon monoxide such as Ac,O in combination with HCOONa (see
for example, S. Cacchi, G. Fabrizi, A. Goggiamani, Org. Lett. (2003), 5(23),
pp4269-4272); in the presence of an inorganic base such as K.COs, Na>COs,
and the like; in an organic solvent such as DMF, dioxane, THF, and the like; at
a temperature in the range of from about 50°C to about 160°C, preferably at a
temperature in the range of from about 60°C to about 80°C; to yield the
corresponding compound of formula (Xll1a).

The compound of formula (XIlla) is reacted with a suitably source of -
chlorine such as thionyl chloride, PCls, PCls, oxalyl chloride, oxalyl chloride in
DMF, and the like; in an organic solvent such as DCM, chloroform, and the like;
preferably at a temperature greater than about room temperature, more
preferably at a temperature in the range of about 35°C to about 60°C, to yield
the corresponding compound of formula (XVa). |

The compound of formula (XVa) is reacted with a suitable source of
ammonia such as ammonium chloride, NH,OH, HMDS, ammonia gas, and the
like, preferably ammonium chloride; preferably in the presence of an organic

base such as TEA, DIPEA, pyridine, the like; or in the presence of an amount
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source of carbon npnoxi de such as Ac Oin conbination
wth HCOONa (see for exanple, S. Cacchi, G Fabrizi,

Wa200G0gs@mani , Org. Lett. (2003), 5(23), pp42BOFTR50R)/008450

and a suitable source of ammoni a such as HMDS, ammoni a

dt lik th d of f
%&Fs)s%ﬂgcerga%m'aﬁwgnﬁ T oo S A e Ase dreforably R4 B than
Pd2( OAC l%leﬁbgoﬂéﬁﬁrwlé%bmey‘%ll@r‘l‘ﬁg Wd?%xaane, DMF, and the

in conbination wt

likei; teapietd thegeorespondingrmRpommiPef fap(rreie 8Xlland t he
l'ike; or in the presence of a palladiumligand conplex
such as Pd(PPh3 4, and the like; preferably, in the

pres enrf@maﬁvéisicﬂh% ddims@un’m Bﬁlfdrm%lé/\% d), WRBRsin % i8 —C(0)-0C;.

tenperature in {, e rang from about 500C to about

edgdendpyyhareinali is %@Ie@tedérm Bt G er |, @ knawn gagi@ognd or

SRR LB ke, g ton o or o
scurbdlof catfon monzxide .suahcd Ae,O Irk@ombrnaftlen amryHCOONa (see
to yield the corresponding conpaun

f@Kﬁ;PWmQ’mS A5R0oheS R GpoasmAMeOrsaLieth (2AD3)75(29),
pAseE J{%ﬁ ﬁe)%vetsa{j&a o?HH?ﬁdrggh@%éé%@%% RICOs, NazCOs,

nown co or co
m@ﬂmld(é myahrmgmlnsbhmissuchnastm\ﬂﬁr dmane DIHF, and the like; at

almasralis 101Rc fanes OFremeamipON Sp by o1 breferably at

CnBaErein R (B Y PR SO CIP BRI T gl e,

écmeépdﬂehn%oc@ﬁpbfutwgff?(mgm@balgw) 3; or in the
presence o1, a adl urrai na co ex. such as
Pd( ppﬁ@e}mat%@#u, QR@LNg g mﬁ@upﬁnﬁgaab@ reacted Wity Snisalkyl-

%a@@fn%@' BrlesBiy HEthIRniBrEMtnaRe ¥ e bRdeMEk ¥ a organic
base such as TEA, DIPEA, pyridine and the like; preferably at a temperature

less than about room temperature, more preferably at a temperature of about
0°C; in an organic solvent such as DMF, DCM, chloroform, THF, and the like;
to yield the corresponding compound of formula (XVla), wherein A’ is the
corresponding C1.4alkyl, preferably methyl.

The compound of fo‘rmula (XVla) is reacted with a suitable source of
ammonia such as NH,OH, HMDS, ammonia gas, and the like, preferably
NH4OH; in the presence of a palladium catalyst such PdCl,, Pd2(OAc),, and the
like, in combination with a ligand, such DPPP, DPPF, P(Ph)s, and the like, or in
the presence of a palladium:ligand complex such as Pd(PPhs)s, and the like; at
a temperature in the range of from about 50°C to about 160°C, preferably at a
temperature in the range of from about 60°C to about 80°C; to yield the
corresponding compound of formula (Xlla).

STEP 1a: Wherein X is —CN and wherein Y’ is Br, Cl or |
Alternatively, a suitably substituted compound of formula (Xa), wherein

XP is CN and wherein YF is selected from Br, Cl or |, a known compound or
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K2CO38, TEA, DI PEA, pyridine, and the |i ke, preferably
TEA;, in an organic solvent such as DV, dioxane, and

wao b@olvde) preferably DVMF;, at a tenperature grBEL/ES$2006/008450

t han about roomtenperature preferably at a

t { th b t 60C. t bout, 120

PPN A AL oI Belnedy e Fendlo Wb bR S
E&%éiﬂféﬁe@éuﬂ‘m* dTHtia, hrfd }ﬁ’é IlkeS-EEF% %ﬁ’gaemﬁjré ?Fé’é’t%ﬂ%a‘ﬁ about

fornula (XIXa) is reacted with en ga
roase demperaliife, erefarahly ahgboobr@ﬁax éempeﬁsﬁereamd) yiedd the

b f bl
Borasiirzut FaBPubH Rl SRR B850 pei - hore Y
pr ef epgbtnatistlyl b, suﬂtab@/ SURHEHES c@hﬁwunaQQQoﬁﬁula (Xa),!W8erein
F(E";ence of a swt bl é chiral catal &;t such

edbignk WW'F’M]S@WW ffOFRB( o r(lRaFlmom,cqmpound or

a%er g y@ﬁﬁgégb tMA( F%C&%@w haarhﬁ'lg@é%fa bae such

Qs NECHEI,UK%I emidsthe rlike;aam @érﬁpeidtlyre dgreator thap abbubfoom
about uivalents; at_a tenperature greater than

faFlHGnPE%gﬂF@@Jya@mQOUtﬂﬁﬂ%mﬂ)VaMeatq wafskihgrqarespgnding
Egﬁgbﬁﬁ%ffgmﬂﬁé’?kyﬁagc to about 100C, nore preferably, ‘
at

tenperature’'o bout 60C, in an organic sol vent
such as nethanol, ethanol, THF, ethyl acet ate and the

l'i ke, f bl t hanol f
vac uu BT & SR BBy hao AL ORI Dre) g
EaipbundPoBibolAE propariil b RRSwh mAhBAENS rEfc®A with a

enanti oneri c excess o great er than ab ou
prifleting agagentiswchrasdnlictardeiride, erdmlwﬂugnoasraetbanemﬁommwe

§$8 gﬁ El?%prg%rrgb@ tﬁtfhg a%lﬂ Xrlde ¥ %Peasrgn'c% o] Ire{ncoreg:félcn%S’c‘?r
inorganic base such as pyridine, TEA, DIPEA, KsPO4, KoCO3, and the like,
preferably pyridine; optionally in an organic solvent such as DCM, chloroform,
THF, and the like; to yield the corresponding compound of formula (Xla).

The compound of formula (Xla) is reacted with carbon monoxide or a
source of carbon monoxide such as Ac;O in combination with HCOONa (see
for example, S. Cacchi, G. Fabrizi, A. Goggiamani, Org. Lett. (2003), 5(23),
pp4269-4272) and a suitable source of ammonia such as HMDS, ammonia
gas, and the like; preferably the compound of formula (Xla) is reacted with
carbon monoxide and HMDS; in the presence of a palladium catalyst such
PdCl, Pdx(OAc),, and the like, in combination with a suitable ligand, such
DPPP, DPPF, P(Ph)s, and the like; or in the presence of a palladium:ligand
complex such as Pd(PPhs)s, and the like; preferably, in the presence of PdCl,
in combination with DPPP; at a temperature in the range of from about 50°C to
about 160°C, preferably at a temperature in the range of from about 60°C to
about 120°C, more preferably, at a temperature of about 100°C; in an organic
solvent such as DMF, THF, dioxane, and the like, preferably, in DMF; to yield
the corresponding compound of formula (XI1).
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than about 95% nore preferably, in an enantioneric
excess of greater thanabout 98% nost preferably, in

w@pooengaoso onmeri ¢ excess of greater than about POPASIONE008450

skilled in the art will recognize that if the chiral
&3 ¥5i i s oxygen sensitive, then the hydrogenation
Teactton vessel is purged with an inert gas such as
ar gonTheiconquaimd efifdrhble (Xl is wacted With aheuitiblgstibstituted

éoapBus oot SVHFD, ERPmasBRu i comeadnarresacd by
knahnm&hgegnﬂqge PP dsdriieet usglum st RECRRS '93’}34’&"%)@

reacted t e corre emc co
Pd(@AL), PH!Z.‘:!;;), andgheliké, pretbrablthPrdag dladn)gmd)pfeiwam%lr?%b

biEsEhas o B B s s SR Bl ialhencTo Plrhs, P utyDs,

BFFE Wm@qmeobre@el%%w Fo o &YQEQQ‘%H the g?&e%eo?f a

cyclohexadlene and th sence
paliadiymstliganctcareplek auch @ Rd(Ptﬂ’élaMpahd ahie like;dn tluepresence of

Ph3),3 RuCl Xo| h I k f
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%@léela'ft suchwasiDMR dipxane, gingftbe diseyprieserabhoDMRaat & temperature

GRERE: BH b Fobnie RO DR Bt BB SLEE BEie range
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of formula (1b), the corrpound of formula (3(

srEeeRanding somparBd eh feyala AXIXa)pr essur e

STEP 3a:

The compound of formula (XIXa) is reacted with hydrogen gas, at a
pressure sufficient to hydrogenate, preferably at a pressure greater than about
500 psi, more preferably, at a pressure greater than about 800 psi, more
preferably still, at a pressure about 1000 psi; in the presence of a suitable chiral
catalyst such as [Rh(cod)(R,R-DIPAMP)]*BF ", [Rh(cod)(R,R-
DIPAMP)]*SO,CF3’, and the like; wherein the chiral catalyst is preferably
present in an amount greater than about 0.01 equivalents, more preferably, in
an amount of about 0.04 equivalents; at a temperature greater than about room
temperature, preferably at a temperature in the range of about 60°C to about
100°C, more preferably, at a temperature of about 60°C; in an organic solvent
such as methanol, ethanol, THF, ethyl acetate, and the like, preferably
methanol; preferably not under vacuum; to yield the corresponding compound
of formula (XXa), wherein the S-enantiomer is present in an enantiomeric
excess of greater than about 80%, preferably, in an enantiomeric excess of
greater than about 90%, more preferably, in an enantiomeric excess of greater
than about 95%, more preferably, in an enantiomeric excess of greater than
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sufficient to hydrogenate, preferably at a pressure
greater than about 40 psi, nore preferably at a

w@e@ssmoeo of about 5 1 psi; in a solvent such BGI/US2006/008450

nmet hanol, ethanol, THF, and the like, preferably

SRR B BN @5@%?1815&%@“’3@ S EPaR PLOTEE) Mpabout

ggygoound of fornula (XXb) is then react ed accordi ng to
t he process described in Step 4a bel ow, yield the

cor r e9peredil legi i dh@@ﬁrwﬂldeccfgﬂlzm that(f thp. cha"atcawa'st exygen

0

SR Bt e foBen I kb TS Eel S Pl R B pes
$udB-is argam rmrmn @ansiche dike, Woma@hbah@k/esé'éﬂﬁwth the
et hanol, and the I|ike, refer bly THF;, to yield the

iVﬁgcaéélbfﬁbWers ang ﬁﬁmg(enagas The present
invention is further directed to processes for the
preparation of conmpounds of fornmula (11). The
conpoOndsskiledfinrthe laat Will yecagnibe tHatthé eompeantedf formula (X1Xa)

P29 e cbraly FecBa R YETAT porafonanae) reperie SoppeLna of

formeh BN ad Hutlitfdetin tRE IcRebi e, as US Pat ent
Publ'| cati on US-2005-0203143-A1 , Septenber 15, 2005,

to yPel d the correspondi ng conpounds ofOforrmI a (M.
Mor ellspecific IIy pdde conpounds of forjpula (1) may goo

substi t Oted 7 Z
suitably .ubstltutéd conpound of formula (L)|,

conmpound or
(XIXa) (XXb)

by hydrogenating the compound of formula (XIXa) according to known
methods, for example, by reacting with hydrogen or a source of hydrogen (such
as cyclohexadiene, and the like); in the presence of a catalyst such as platinum
oxide, palladium on carbon, nickel, CIRh(PPhg)s, RuCl,, and the like, preferably
palladium on carbon; in a solvent such as methanol, ethanol, THF, ethyl
acetate, and the like; in an organic solvent such as methanol, ethanol, THF,
ethyl acetate, and the like, preferably methanol; at a temperature greater than
room temperature, preferably at a temperature in the range of about 60°C to
about 120°C. '

Preferably, for the preparation of the compound of formula (Ib), the
compound of formula (XIXa) is reacted with hydrogen gas; at a pressure
sufficient to hydrogenate, preferably at a pressure greater than about 40 psi,
more preferably at a pressure of about 51 psi; in a solvent such as methanol,
ethanol, THF, and the like, preferably methanol; preferably, at about room
temperature; to yield the corresponding compound of formula (XXb).
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conmpound prepared by known net hods, under standard
peptide coupling conditions (for exanple, with a

weowpldre agent such as EDCI and an additive sPCHUSE06/008450

HOBT), to yield the correspondi ng conpound of fornmnula

de- pr TRLEPERL Plmi R R ey kBeled hoerding o the
procebs desoniiedimebiep 42B6l00d 1@ 9l tHe'cortesgomimdresmpeand of
to yield the correspondi ng conmpound of forrmula (I1

iaweiuta iPRa and Rb are each other than hydr ogen. For
exanpl e, the conpound of fornmula (LI) is deprotected
and the al kyl ated, according to known nethods, to
$reEPd4a:he correspondi ng conpound of formula (I1)

N o1 Hhe POBRPUNAGY TeBrB X i eastar N @ 9aygRysdrase such

Al ter

k f Ed
RN TIOM SOPK o Y3 ol LIOR, 3 B8 gr i sotent s
asmatharael, THF kthanol,rarxpitvedikegprdafegablby THE te yieldkthe
cyclization with a sgfl' tably, sel ected di-al dehyde. The
%&fé%%’r&”di"’rﬂl%?f{“PBH”ﬁ’Q *QIPI‘H%#'E‘ irected to processes for

the preparation of conpounds of formula (Xl X). Mre
specifically, in an enbodi nent, thepresent invention .
i s di The peesant inventionds urthar diestgst ppiogeseas tof the preparation

0 (XI'X) as outlined in Schene 4.
8@9@9#@?% %’f ffgg'ﬁg]#eaq Accordingly, a suitably
substituted conmpound of formula (XIlI1), wherein Yp is
Br or_C, is reacted with a fornyl ating reagent such
as a DVEcompognds of formula (1) may beé furtherreacted according to
known processes, for example as disclosed in United States Patent Application
No. 11/079,647, filed March 14, 2005, and published as US Patent Publication
US-2005-0203143-A1, September 15, 2005, to yield the corresponding
compounds of formula (Il). More specifically, the compounds of formula (11)

may be prepared according to the process outlined in Scheme 3 below.

(R*"P)g.5 R1\N
|-|N/|:’Q1 H
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N(CH3) (OCH3) , and the like; in the presence of a base
such as n-butyl lithium NaH and the like; in an

woe@anywesol vent such as THF, di oxane, and theP¢T/K82006008450

a tenperature | ess than about room tenperature,
preferably at a tenperature in the range of about
-130C to about O, nDreRpreferany at about -100C, to
yield the correqﬁond|no conpoundRaf formula (XXI). The
conpound of fornul™
substltyted conpoun
conpou or compoun

h (XI'V), a known

kfjown net hods, or

RWith a_suitable

as HVDS, ammoni a gas, and the
/ MDS; in the presence of a coupling

agent sgdch as EDC \thﬂBT PyBop, PyBrop, and the |ike;

pref ?,Emg@| n the presence ch an organi c base such as

| P pyri di ne, the | Q or an amount of the
conpound of formula (XIV) or sour cB?of ammoni a

o
i

about 2 equival ents;
THF, di oxane, DVF,
correspondlng conp .
of formula (pXI1) i ably R2l ect ed
conmpound of for : : compound or
compound preﬁaréd b J ; in the presence of
a base such as DBU, ' toxi de, NaH, and the
like; in an orgaZ% ol vent such as THF, di oxane, and
the like; preferaBly/@ about room tenmpdHiture, to
yi el d the correspondi ng cggg@ynd of formula (XIX). In
anot her enbodi nent, the pr nvention is directed

to a ANessramgly, @rsuitably substituted compound of formula (1) is reacted
with a suitably substituted compound of formula (L), a known compound or
compound prepared by known methods, under standard peptide coupling
conditions (for example, with a coupling agent such as EDCI and an additive
such as HOBT), to yield the corresponding compound of formula (LI).

The compound of formula (LI) is then de-protected according to known
methods, and then further, optionally reacted according to know methods, to
yield the corresponding compound of formula (1l) wherein R? and R® are each
other than hydrogen. For example, the compound of formula (L) is de-
protected and the alkylated, according to known methods, to yield the
corresponding compound of formula (Il) wherein one or both of R* and R is
alkyl. Alternatively, for compounds of formula (I1) wherein R? and R® are taken
together to form a ring, the compound of formula (LI) is de-protected and then
converted to the corresponding ring by reductive cyclization with a suitably
selected di-aldehyde.

The present invention is further directed to processes for the preparation
of compounds of formula (XIX). More specifically, in an embodiment, the
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the preparation of conpounds of formula (Xl X) as
outlined in Schenme 5. (XXVI) (XXVII1) Pgl (XXI11)

w®etven29060 Accordi ngly, a suitably substituted PORPS2006008450

of formula (XXI'V), a known conpound or conpound

BIeRB FiveBliod BBl 87 uobre Bf Hfretdich 3t bomBbtinas of
formefl (A X9 asCuirmdnia Serwgmae dd by known met hods, or
and Rk are each hydrogen, with a suitable

aytdp,a such ap HVDS,péfymni a gas, arfdl the e
erabP)E/ HVDS; i p(resence of co Lag N o2

Hfent as EpeH> p—RyBrops and N he[

prefe pi N the presence an_organic bas%Ksu 3
TEA, (RMPEX. pyri dine, thexj k&€H@r an anount ' of X11) CHO
t heconpound of fornula (Xl or source of ammonia
sufficient to 1 as the base, preferably greater than
about 2 equjyal ents; in an organic sol vent such as

THF, di oxang, DMF, and the like; to yield the

cor r‘'dspondj coppoyadylof formula (XX@. The ound
of fop@{@w is reacted with trifljating gent?
such as trifrillc anhydri de, R _Pg'
N-phenyl tri f | Q)rorret hanesul f oni m deN an ;. I'n

t he presertmﬂ))f an organi c or inorgéhi C N33 h as
pyri di ne, ,” DI PEA, K3PO4, K2CQO3, and the OC_4alkyl

optionally in an organic solvent such @IXpCM

chloroform THF, and the like; to yield the O
correspondi ng conpound of farnul a
Scheme 4

Accordingly, a suitably substituted compound of formula (X11I), wherein
Y is Br or Cl, is reacted with a formylating reagent such as a DMF, HC(O)-
N(CHa3)(OCHpa), and the like; in the presence of a base such as n-butyl lithium,
NaH, and the like; in an organic solvent such as THF, dioxane, and the like; at
a temperature less than about room temperature, preferably at a temperature in
the range of about -130°C to about O;C, more preferably, at about -100°C; to
yield the corresponding compound of formula (XXI).

The compound of formula (XXI) is reacted with a suitably substituted
compound of formula (XIV), a known compound or compound prepared by
known methods, or when R’ and RK are each hydrogen, with a suitable source
of ammonia such as HMIDS, ammonia gas, and the like, preferably HMDS; in
the presence of a coupling agent such as EDCI, HOBT, PyBop, PyBrop, and
the like; preferably in the presence of an organic base such as TEA, DIPEA,
pyridine, the like, or an amount of the compound of formula (XIV) or source of
ammonia sulfficient to act as the base, preferably greater than about 2
equivalents; in an organic solvent such as THF, dioxane, DMF, and the like; to
yield the corresponding compound of formula (XXII).

The compound of formula (XXII) is reacted with a suitably selected
compound of formula (XXIil), a known compound or compound prepared by
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(XXVI'). The conpound of forrmula (XXVlI) is reacted wth
carbon nonoxide; in the presence of a palladium
W@ 2008409960 such PdCl , Pd2(QAc) 2, and the |ike, PCTIUS2006/008450
conbi nation vvith a suitable |igand, such DPPP, DPPF,
n the

%meﬁﬁ?‘?ﬁ' IBE%&”&Q of fdtases Ltfgf ﬁ%@ palaspiumd-butoxide,

Naheanu mhé hﬁe Ak Qniéfsowerﬂrsgléﬂ'ef‘s PAFedidiaRe %dT% like;
DI PEA di'ne, an like; in the presence of

mr@re@bbym about ORI temmtwesdowt@l theicarraspanding Tempound of
@t %ﬁﬂxgnd the like; to yield the correspondi ng

'ﬁé if formula (XXVI1). The conpound of fornula
(XXVI'1) is reacted with a suitably sel ected conpound

of formula (XXIl1), a known conpound or_ conpound
pr epaPe’H’QiDekﬂ'@\hﬁd%@%H@ preﬁetqﬁevgnm r&@rezqte@tcbaﬁocess for
t|‘F]%C‘{ahﬁeorag%)@rwlOcIca:?folIvenrta@s i H@@é*&@() %’ag'?(tgﬁgg i) %h% w?%'
l'ike; preferabl y at about room t e@per at ur g 4440 yield
the c rrespor(pk g gonmpound of forjula ( (%. Joa an
t he present i nvidntd i ected to
pHOCes Tpr t he—preparati on t g Ropound—ef >
f or mul ). More specificallgf i enbodi nent ,
the present’gppvention is directed to a cess for the
prepar%n(e of conpounds of fornmul gxXW Xa) as outlined
in Scl‘ 6. (Xl Xb) Scheme 6 Accordingly, a suitably
substlbut ed co gl%md of fornula (Xllga), wherg k,n Yp is

, vathaf%rnylating/@n Josuch

. 'I\' >
RK
(XXVI)
/Pg1
NH
A /K“/OCMaIkyI

P(alkoxy), =Y,

o) N
(XXHI)
Scheme 5.

Accordingly, a suitably substituted compound of formula (XXIV), a
known compound or compound prepared by known methods, is reacted with a
suitably substituted compound of formula (XIV), a known compound or
compound prepared by known methods, or when R’ and R¥ are each
hydrogen, with a suitable source of ammonia such as HMDS, ammonia gas,
and the like, preferably HMDS; in the presence of a coupling agent such as
EDCI, HOBT, PyBop, PyBrop, and the like; preferably in the presence of an
organic base such as TEA, DIPEA, pyridine, the like, or an amount of the
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N(CH3) (OCH3) , and the like; in the presence of a base
such as n-butyl lithium NaH and the like; in an

woe@anywesol vent such as THF, di oxane, and theP¢T/K82006008450

a tenperature | ess than about room tenperature,

BApBLAR o i bRVl e ooyt By 6 8 base.
prefeiadlydgieaterchan mngle@% @undarobrg‘a@wybﬁem@ﬁ@p as THF,

The conmpound of formul a is reacted with a
QWﬁamnBNh':@@n@éh@ﬂlkanMﬁelﬂ tbamrrﬁppm@eg compoeting gidormula

@@@V#he like, preferably HVDS; in the presence of a
oup

i ng agent such as EDCI, HOBT, PyBop, PyBrop, and
the | Tke commfxmdaiﬂfwmulat D(é(\@ﬁ@ﬁam‘t@d ofitharfl gt réaent such as

d ik
ﬁ?ﬂ&eﬂﬁﬁﬁ @TeEFgemgfé'fleprogﬁ%'ﬁnéQ@tﬁmm&ee'mn%ttbgﬁng?, isthe
e o O St ERlcSad B PR By dinE A DR,
K§ROW,i H’@}Og,@nﬁl thbdlkehepmmlgsnpa?obfrggnlclcammxmﬂ;ﬁoh as DCM,
a)
caathtafinuT it 874 ihe B Jo S e orSTRRINGS SPmpAshAgiog formula

hla), wherein Pgl is a suitable nitrogen
protecting group such as Boc, Cbz, and the like, a
knovvnTh©ﬁpmnwndrOfcf@mdar(MXM)elﬁateadteUyNIIHmoalbomnbndmde in

RS E PR RN LR RBR G PACE P BSARE bR g e,

sorbinasion With &lisaiatsie ligand, lish bPRe, Umelﬁepeiq«\)x @d the like; or
about roomtenperature, to yield the correspond i ng

ndhgRigzense olq ﬁawlmlmpd qamplassHeh asitdRheis an@l filae like;
IPItRE b sd LS drPBrdahicdbA&E 56ch 8s REXC §HPER pyridine, and the like;

in the presence of (alkyl)sSiH; in an organic solvent such as DMF, THF,
dioxane, and the like; to yield the corresponding compound of formula (XXVH).

The compound of formula (XXVI1) is reacted with a suitably selected
compound of formula (XXI1I), a known compound or compound prepared by
known methods; in the presence of a base such as DBU, potassium t-butoxide,
NaH, and the like; in an organic solvent such as THF, dioxane, and the like;
preferably at about room temperature, to yield the corresponding compound of
formula (XIX).

In an embodiment, the present invention is directed to processes for the
preparation of the compound of formula (XIX). More specifically, in an
embodiment, the present invention is directed to a process for the preparation
of compounds of formula (Xi1Xa) as outlined in Scheme 6.

O .
HO HO H,N

(Xina) (XXla) (XXlia)
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the preparation of conmpounds of fornula (Xl Xa) as
outlined in Schene 7. (Xl Xb) Schene 7 Accordingly, a

W@ aiobaogo subst i t ut ed conmpound of fornmula (XX RE)/USHE06/008450

known conpound or conpound prepared by known net hods,

is reacted with a syitable source of ammonia such as

HVDS, ammoni a ga,sf,PQand the like, preferably HMDS; in

the presence dfHa coupling agent stch as EDCI, HOBT,

PyBop, Brop,| and the |ike; prefeably in the Pg1

presence of r Pdsbase s as N -

pyri di nd(atkexy)oi ke, or in the presenc AN ampunt  of

the source of anfonia sufficient to a st heAase, OCHg

pr eferably greater thanabout—® equival €

organi c sol vexXiiisgich as THF, di oxane,

like; to yield the correspondi ng corrpous(ig(of formuta

(XXva). The conpound of fornula (XXVa) PXPkact ed with

triflating reagent such as%r{ént]éiGc anhydri de,

N- phenyl trifl uoronet hanesurfonimde, and the like; in

t he pAee@MQEAy;faDlsmggyg ﬁu%%gmegiz %}g@tﬂrﬁ%o?fﬁfﬁmlu%mllaﬁ wherein
ridi ne,_ TEA A, . , an e like;

8his BRar B 15 reagted il forgiafinie reagent sucpasp DMF, HC(O)-

T . i ke L t ) o
SISALROBHD, FHENANE 0 pSeriot Sl oyt .
NaH; anchihe likeowlam) origanicesalvert suichfascBiHBodioxanexantkthe like; at
th f | | adi tal yst h PdCl 2, .
ST BREISIE B i BPew OO eCmirihie: BiFTclably &l 4 temperature in
fhidl raABb f Hibsan haceEaB a{%%%*f’g@ﬂ%r? E&&B?&qiy,aé}da I# -100°C; to
[T ke; “or in the presence of a palladiumligand conpl ex
welchthascaPuspPhaENg, campouriceof fokmuld (KXIag presence of an
ﬂ E:!ul'ﬁe %%?n%o%%%hof?grn;rlﬁé ’(XE%IIaF;ElsA’regé/t{ah %i{}]eé sﬁﬂgbltehs%urce of
ammonia such as HMDS, ammonia gas, and the like, preferably HMDS; in the

presence of a coupling agent such as EDCI, HOBT, PyBop, PyBrop, and the
like; preferably in the presence of an organic base such as TEA, DIPEA,
pyridine, the like, or an amount of the source of ammonia sufficient to act as the
base, preferably greater than about 2 equivalents; in an organic solvent such
as THF, dioxane, DMF, and the like; to yield the corresponding compound of
formula (XXlla).

The compound of formula (XXIlla) is reacted with a suitably selected
compound of formula (XXllla), wherein Pg1 is a suitable nitrogen protecting
group such as Boc, Cbz, and the like, a known compound or compound
prepared by known methods; in the presence of a base such as DBU,
potassium t-butoxide, NaH, and the like; in an organic solvent such as THF,
dioxane, and the like; preferably at about room temperature, to yield the
corresponding compound of formula (XIXb). |

In another embodiment, the present invention is directed a process for
the preparation of compounds of formula (XIXa) as outlined in Scheme 7.
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in the presence of (alkyl)3SiH in an organic solvent
such as DMF, THF, dioxane, and the like; to yield the

we@eorosesppendi ng conpound of formula (XXVI1a). TPET/US2006/008450

compound of formula (XXVila) is reacted with a
suitghly selected conmpound of forla (XXI'l'la),

such , abd the like, & knomn compound or
dd gred by known RNye presence of
a base 3 DBU.—potassipum 't - but g NaH—ard—the—

i ke: 1 nNNg ‘ ﬁgtc sol vent such as dj oxane, and
Qg%h ﬁh pr ef e |y at about roomte jerat @&, to
i8XV&he torrespondi ng conpod¥¥Ma) fofmul a (XI Xb) .

The present i nvention further conprises pharnmaceutica

conposrtro's cont ai ni ng one or nore conpgunds prepared

wth ar e

s zdl |y acceptabl e
Phar rraéeutl Ca HaN

pOSi +i-oAs—contakni A one or e of
e i nventi on descri bed héd as the

t he cor(¥&fa) or | conpounds with a phagXxwsia)i cal
carrier according to conventional pharmaceuti cal
conpoundi ng technipggies. The carrier may take a w de

variety of fo dependi ng upon th@ desired route of
adm nistratio e.g., oral, parentfral). Thus for
and sol ? ) table carri

wat er, glyco )éz ils, alcohols, flavo

like; ftor so preparatlons such{as pomder~
capsul es and g‘r&'ﬁi sui tabl e O

]
l'i qui dO raI epar g¢qps such | iAg's
A g &Ei\' ﬁNncI ude
preservati ves, s@abl lizers, coI oring ayel |
(XIXb)

' Scheme 7

Accordingly, a suitably substituted compound of formula (XXIVa), a
known compound or compound prepared by known methods, is reacted with a
suitable source of ammonia such as HMDS, ammonia gas, and the like,
preferably HMDS; in the presence of a coupling agent such as EDCI, HOBT,
PyBop, PyBrop, and the like; preferably in the presence of an organic base
such as TEA, DIPEA, pyridine, the like, or in the presence of an amount of the
source of ammonia sufficient to act as the base, preferably greater than about 2
equivalents; in an organic solvent such as THF, dioxane, DMF, and the like; to
yield the corresponding compound of formula (XXVa).

The compound of formula (XXVa) is reacted with triflating reagent such
as triflic anhydride, N-phenylirifluoromethanesulfonimide, and the like; in the
presence of an organic or inorganic base such as pyridine, TEA, DIPEA,
K3PO4, KoCOgs, and the like; optionally in an organic solvent such as DCM,
chloroform, THF, and the like; to yield the corresponding compound of formula
(XXVla). |
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30

carriers and additives include starches, sugars,
di luents, granul ating agents, |ubricants, binders,

waele®sne®er at i ng agents and the |ike. Solid oraPCT/US2006/008450

preparations may al so be coated with substances such

i te aegstunaid BRbRARVIAL R R T crutrimorbrge: i
@ picsende lof aysanatiium @:Qféﬂyétfsu@ﬁ IG5, Py( mbsalr aﬁadhe Ilke in
ot her ingredients may be added t 0i nCrease SO

sempinssionywith @r’SUltﬁhleeltgaeﬂﬁll, suely BRI, BHE’FOP(Bb)auam«bthe like; or

T30 BLABALARHH 44 AnPRASAR A0EAIAET e e
atihenpreteneslofray obgariie ddsé yudlebeTEASDIFEA L f\aRine, and the like;
skilled in the art, and will vary with the artlcul ar

%W&&rﬁaeﬁ%%a (qm@sﬁﬁ&én&n @anis salveqtisyigh aoaMF, THF,
t
H3A8L g ind 815 5004 55 e Bofibpuns o o OO
cond| il hemompomdﬂmftfocrnulaf(a(ott\ﬂras) iS ssated dith alvsulll’abliﬂeelected

Bbogtt ShiGTE sl Rl Padis 1 Suilbid BifosaniAtotecting
Exﬁﬁ}ﬂ $udrad Bechesd 4 ?rﬁé hi&L , g éomﬁgﬁn& ! ggmrgb%

| es are set fOft to al nthe u ersta
Df&parﬁ@ bytknomn meathatse imthe presenckedf abdss rwahdasrfr)BUbe

PARRRLNEPobRetdginatroRl the e i S cE4ME 5B pucthas diiF,
loxahef ahd @ lileD PRefeYABIP @S hBodl %mesneé@tufe8¥&ﬁemethe
havi ng been isolated as” a resi due.

GermesrAnstian BoMpRundiof dermua (e | | |n the art t hat

the term"residue"” does not |limt the physical state

in which the product was isolated and may include, for
exanpThe paewntluaiverﬁimnduhhelaccBmpﬂsesipbama@emmali@omp@@itlons

E:gntalmril(g? one or rrTTE)ore compounds prepared according to any of the processes
described herein with a pharmaceutically acceptable carrier. Pharmaceutical
compositions containing one or more of the compounds of the invention
described herein as the active ingredient can be prepared by intimately mixing
the compound or compounds with a pharmaceutical carrier according to
conventional pharmaceutical compounding techniques. The carrier may take a
wide variety of forms depending upon the desired route of administration (e.g.,
oral, parenteral). Thus for liquid oral preparations such as suspensions, elixirs
and solutions, suitable carriers and additives include water, glycols, oils,
alcohols, flavoring agents, preservatives, stabilizers, coloring agents and the
like; for solid oral preparations, such as powders, capsules and tablets, suitable
carriers and additives include starches, sugars, diluents, granulating agents,
lubricants, binders, disintegrating agents and the like. Solid oral preparations
may also be coated with substances such as sugars or be enteric-coated so as
to modulate major site of absorption. For parenteral administration, the carrier
will usually consist of sterile water and other ingredients may be added to
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(S)-2-ferf-Butoxycarbonyl am no- 3- (4-car banoyl - 2. 6-di ne
t hyl - phenyl ) - propionic aci dSTEP A:

waeiobloeosomet hanesul foni ¢ aci d PCT/US2006/008450
4- br ono- 3, 5- di net hyl - phenyl ester To a cool ed (0C)
sol uti on

IﬂﬁﬁaﬁeﬁQIL&ﬂlﬂy QF Ipées(egvﬁq?orjd | (ﬁ%&é}alphegglenglons or%olujhons may
4156 bbREAERINAIHY AR dusdifers 8ng ith SpprbpridteiRlibves.

ropwi se. After conpletion of ad resul ting
m xture was stirred at OC for 15 m n, and then at room
tenp over ni ght The tion was guenched
o (O BtmaroqRAEeR O B acBisteIad M g Readhi efiRindd py those
5 me@nh%@éﬁrmd WilNEIr e W&hé%aﬂm@%hﬁidmmee'ﬂ Wit Bbde of
brine, and then dried over

, My SOA
EdemlSiﬂal l@n, ﬁ@tremgmfahe@mnafamryﬁbequ@fMIa@ﬁpb@mcand

t%g @%@?@?_ecrﬂér?{ efsﬁ% 893@3,3? %5%1&{ B‘nogdmn f%é%ssocgated with the

parbcappaticnt deim@ttfedt@d? ﬂﬁ@udmgmaﬁehfﬁﬁ&vdg’hwﬁb@ an@time of
conpound 1b 26 57 65 m wer e

%dmwtm@nemliesqtI@themeedmwst @@F(Qgﬁ,s)z (0. 44 g,

10 1.97 mmol) and 1, 1'-bis(di phenyl phosphino)ferrocene
(2.29 g, 4.14 rmol). The resulting m xture was bubbl ed
in ga‘EImattﬁlo@ﬁhg Bxadpled arcoset fodk th et imdheardi@@standing of the

eeRi oRehre Rl Bt shATIERS! S eiattgeT ot in amy way

tﬁb'lﬁ\%rﬁ%n sﬁ?oﬁqwmésclﬁmﬁ/hmsfoﬁ&%ﬁéﬁe%%erac' dified

aqueous , extracted wth EtOAc, and then
dr| ed over Na2804 Filtrati on and concentration of the

15 filtr attﬁe%x%lrrgﬁgs hlcg'nefollow some synthesis products are listed as
having been isolated as a residue. It will be understood by one of ordinary skill
in the art that the term “residue” does not limit the physical state in which the
product was isolated and may include, for example, a solid, an oil, a foam, a
gum, a syrup, and the like.

20

Example 1
(S)-2-tert-Butoxycarbonylamino-3-(4-carbamoyl-2,6-dimethyl-phenyl)-

propionic acid
O

HO

Br

1c.
HoN

Y

1d
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conmpound 1c as a brown residue, which was used in the
next step w thout further purification. STEP C. Method

WG2004/0B060D- 3, 5- di net hyl - benzam de Into a suspeCFUSV0€608450

compound 1c in DCM (40 mM ) was added SOCI 2 (3.1 rnL,
42 mmol ) and the m xture was heated at reflgx for 2 h.
Upon rermpyal of the sol \g%gt by evaporation,|the

resi cine” was di ssol vediN"n DCM ( 4Comgoudd apd+ e

ni fjum roxide (2% N n_waf%s, 2.
g@m) hty(C’JheBactl on 'r%v?/as heated at 5008
extriet e

ntrated. The residue was diluted with
dried ove Na2SO . After filtration and evaporati on,

with EtOAc!f and the organic portion was 1g OCH,

chrarmtaap el yent: ggcOAc) to yield rrpound 1d as

. ANNVR (300 Mz, @

(6H, s%! H bt s) 6.71 ( 1H,
S) I\/S( +)(r 2 -
Step C. Met hod| B: 4 Br onjo- 3, 5- d| methyl benzam fge A
m xture of conpouti 1b GKJI-&S g, 10 nmmol), PdCI2 (04P53 OH

0.3 mmol ), hexanet hyl di silazane (HVDS, 8.4 ml _, 40
gﬁEJF) A: inﬂumme@banesglfomcaamﬂm promo- B5kdineethyl-pheay!
atseous COfor 5 mn and then stirred in a CO ball oon
g?egOCfor 4 h. To the reaction m xture was added MeCOH
5m [ i
(I . ?5 awacgtﬁea@@@émww Br ’6 a:f% oﬁrﬁ@wﬂra (ﬁfgﬁ g, 15.2
minael) e oyiding K& nikt) vas addedatrtflumneﬂﬂmdulfomb anhydride (5.0 g,

12 urgwarﬁto OIdr% Wise: >After completion of addition, the resulting mixture was

stirred at 0°C for 15 min, and then at room temperature overnight. The reaction
was quenched by addition of water, and then extracted with EtOAc. The
organic extracts were washed sequentially with water, 2N HCI (2x ), brine, and
then dried over MgSO.. Filtration and evaporation to dryness yielded
compound 1b as a colorless oil.

'H NMR (300 MHz, CDCls): & 2.45 (6H, s), 7.00 (2H, s).

Step B: 4-Bromo-3,5-dimethylbenzoic acid

Into a solution of compound 1b (6.57 g, 19.7 mmol) in DMF (65 mL)
were added K>COjz (13.1 g, 94.7 mmol), Pd(OAc). (0.44 g, 1.97 mmol) and
1,1°-bis(diphenylphosphino)ferrocene (2.29 g, 4.14 mmol). The resulting
mixture was bubbled in gaseous CO for 10 min and was heated to 60°C for
7.5h with a CO(g) balloon. The cooled mixture was partitioned between
aqueous NaHCO; and EtOAc, and filtered. The aqueous phase was
separated, acidified with aqueous 6N HCI, extracted with EtOAc, and then dried
over Na,SO,. Filtration and concentration of the filtrate yielded crude
compound 1c¢ as a brown residue, which was used in the next step without

further purification.
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NaHCC3, brine, and then dried over Na2SO4. Filtration
and evaporation of the resultant filtrate yiel ded a
wo e®@bademe0 whi ch was purified by flash col unmm PCT/US2006/008450
chromat ogr aphy (eluent: EtQAc) to yield compound 1d as
a white solid. Step D
2-terf-Butoxycarbonyl am noacrylic acid nethyl ester To

STEBILHRAEY A 4. o8 Sty Binzaiige  ( Sompoune

DCM (A€o msy)speaeloadﬁedn@mﬁhdﬂ clin. mewg(401mt_5 wmuiddedﬁ@Clg

reacti on m xture was stlrred r%o rrgzratg or

@21 ML, Ygommabhandiheomixiue was %ﬁte efly n removal
(ﬂ‘thets%ﬂ/e"t‘tt PR Bfatio el e%@agrwéém | hDeRi @ro mnsiand

ne and he crudeproduc
thenigmmonum hlydsjmdm(aa% Ni-HU ionmategr2pwmL) whsadded. The

(Gartioh Busiies wasTieaamat SHTC ko2 N Gpyicenfaisth gThe fesidue
@%s d@ %g \&lﬁTHgé)é exﬁg@ég(vgﬂt"&t@Ac,‘]an:d thePolgahic Fortibn Widldried
GRr- N80 4. - Bibvércfitiyatiorbang leeporiion( mecmsh:mmwas pufied by flash
I T SRy Y
&bligd- 0 mmol ), tri-o-tolyl phosphine (0.098 g, 0.32

mml) and DMF (8 m ) was purged with N2(g) 3 tines.
After H NMR 800 iMitiz, dED3CN): 6 2.45 (6H, s), 5.94 (1H, br s), 6.71 (1H, br

| i deneacet one) di pal | adi 0 0.074 g,
“3 Bgﬂ?gf)%nh TEA (0. 31 anp 2. g Imljlm)( 2h(e reactigon
m Xt uges 1B S) RgAhRANRInskkP 2870 ( °}3% (M-q).hat tine, the

reacti on vvas guenched by add|t| on of water, and then
extract ed with EtOAc. The organi ¢ phase was washed

ep C1 NleHﬁlod B2 'lgr%tn%j 3%159|'%§hyl benzamide

A mixture of compound 1b (3.33 g, 10 mmol), PdCI, (0.053 g, 0.3 mmol),
hexamethyldisilazane (HMDS, 8.4 mL, 40 mmol), and DPPP (0.12 g, 0.3 mmol)
was bubbled with a gaseous CO for 5 min and then stirred in a CO balloon at
80°C for 4 h. To the reaction mixture was added MeOH (5 mL). The reaction
mixture was stirred for 10 min, diluted with 2N H.SO4 (200 mL), and then
extracted with EtOAc. The EtOAc extract was washed with saturated aqueous
NaHCOg, brine, and then dried over Na,SO,4. Filtration and evaporation of the
resultant filtrate yielded a residue, which was purified by flash column
chromatography (eluent: EtOAc) to yield compound 1d as a white solid.

Step D: 2-teri-Butoxycarbonylaminoacrylic acid methyl ester

To a suspension of N-Boc-serine methyl ester (Compound 1e, 2.19 g, 10
mmol) and EDCI (2.01 g, 10.5 mmol) in DCM (70 mL) was added CuCl (1.04 g,
10.5 mmol). The reaction mixture was stirred at room temperature for 72 h.
Upon removal of the selvent, the residue was diluted with EtOAc, washed
sequentially with water and brine and then dried over MgSQO4. The crude
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NaHCO3 brine, and dried over MgSO4. The m xture was
concentrated to a residue, which was purified by flash
w@ odoanypoehr omat ogr aphy (el uent: Et QAc: hexane~1PCT/USI®06/008450

Et OAc only) to yield conmpound 1g as a white solid. 1H
NVR (300 MHz, CD3OD): d 1.36 (9H, s), 2.26 (6H
modactyveas penfiedzby Hash epjuny) chromggograghydp 'uem-cE@«%@ ‘pexane

0. 2 78, 7 124. 9,
Ay 90 ouBaunfods Gipefipiebs 1.2 | 10 0+ 1243
169. 6H mqg@@wﬂelwcwan%msm %), 3.888H, s), 5.73 (1H, d, J =
(389 (M+1). STEP F

1(Sﬁ22r$é6f1§u§be/Q&Kﬂdn§) ani no- 3- (4- car banoyl - 2, 6- di e
t hyl phenyl ) propionic acid nmethyl ester Into a reactor
charged with a solution of conmpound 1g (0.56 g, 1.6

STEP E:i(2)-2eas BatoXsadrbohylarhinordg4acibani sy B difdthyl-
R- DI PAMP) J+BF4 " under a stream of argon. The reactor
phenwW)acrilic agid metbybesi@re h H2, stirred at 600C under

1000 28hipEndTRchili fofiRting YRECEASHEL B AR fibound 11
(B180°g,: h&xamel);- trﬂ:oéltaalylmqspblné (@cﬁﬁﬂ)gn@.%rmml)aanmm/ﬁr (8 mL)

olid 9% CcDA3) : d 1.36 (9H,
SE}S I|°'2f9§g‘e"(' R'2(05;))3"l timeg. 1'&'?92##‘9?““'?”20 H)z), 3. 65 (SI(-I,

By ool (i 95 i T 0
vS( Z3+ol)  thleatagton ntixnss twas:he2ted at { 1070 fqri248e.CAt that time,
the reaction was quenched by addition of water, and then extracted with
EtOAc. The organic phase was washed with 1N HCI, saturated aqueous
NaHCOg3, brine, and dried over MgS0O,4. The mixture was concentrated toa -
residue, which was purified by flash column chromatography (eluent:
EtOAc:hexane~1:1 to EtOAc only) to yield compound 1g as a white solid.

'H NMR (300 MHz, CDsOD): § 1.36 (9H, s), 2.26 (6H, s), 3.83 (3H, s),
7.10 (1H, s), 7.56 (2H, s);

3C NMR (75 MHz, DMSO-de): § 17.6, 25.7, 50.2, 78.7, 124.9, 126.4,
128.3, 131.2, 135.2, 135.5, 152.8, 164.3, 169.6;

MS (ES*) (relative intensity): 349.1 (38%)(M+1).

STEP F: (S)-2-tert-Butoxycarbonylamino-3-(4-carbamoyl-2,6-dimethyl-
phenyl)propionic acid methyl ester

Into a reactor charged with a solution of compound 1g (0.56 g, 1.6
mmol) in degassed MeOH (80 mL) was added [Rh(cod)(R, R-DIPAMP)}*BF 4
under a stream of argon. The reactor was sealed and flushed with Hy, stirred
at 60°C under 1000 psi of H for 14 days. The crude product was purified by
flash column chromatography (eluent: EtOAc:hexane ~1:1) to yield compound
1h as a white solid. ’

ee: >99%;
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STEP G

(S)-2-tert-Butoxycarbonyl am no- 3- (4- car banoyl - 2, 6- di e
W bopbodeeny | ) propl onic acid Into an ice-cool edPG’UUSﬂODﬂﬁDMSO

of conpound ‘I h (0.22 g, 0.63 mml) in THF (3.5 nm

the  CoRMBL R D OEH) 254 Bk s) Had (6t er%@%fd 72

HEﬁsrﬁsg S Oufs@% 6563¢H, A1), BiPg Wi gonQsN @é&*m br s),

and t S phase was ‘heutral ’'zéd wth cdole
&QQddblsb&sN?Ht& (24, HC, and then extracted with Et OAC.

gcgr ﬁ&gﬁ%ge&ir&? "2\?%5\” %%53398\/@\4 %%She filtrate

5 to dryness yiel ded conpound 1lj as a white solid. 1H
' NVR (300 MHz, DM5O-cfe): d 1.30 (9H, s), 2.32 (6H, s),
STER(G: (§)-2téert-Butogyearhonganino-3(4-corlpammayl-86-dimethyl-

02-4.12 1H, 7.18-7.23 (2H,
Sh%%yli@‘ﬂ% §E|)c’aié]i§l 1H, g) I\/B?)ES+) (rel atlvc(e "

i nt engitd A lce"-aﬁolad(s%)ut(dwcﬁctfé\ﬂpo@wﬁm e. 22 g?a):eamnol) in THF
2 terf But oxicar bonyl am no- car barm

@-prelivrasm apra@lyeensé-l(ahhw!sm(d Rééemi-tand the reaction

1o FphelgURE G OB Mot 68 AR foJpngion e

wagebatermiaedetdwhe Oﬂ@eﬁ)gh Wwhiaed s seurRgized with ¢6b168 aqueous
Jg, 1.95 mol) in M 80 nm.) was added 10% Pd-C (0.5

N H@hat O%Céoanﬁ thﬁ@seﬁ(ﬂﬂﬁ%d: EiQAC. hlle sgewminast extrarts were
of,
RSPl By N B0 ShorEh 1 % i
¢9ness yieideRicdrpound 1j as a white solid.
15 "H NMR (300 MHz, DMSO-de): 5 1.30 (9H, s), 2.32 (6H, s), 2.95(1H, dd,
J=8.8,13.9 Hz), 3.10 (1H, dd, J= 6.2, 14.0 Hz), 4.02-4.12 (1H, m), 7.18-7.23
(2H, m), 7.48 (2H, s), 7.80 (1H, s);
MS(ES") (relative intensity): 236.9 (6) (M-Boc)*.

20 Example 2
Racemic 2-tert-Butoxycarbonylamino-3-(4-carbamoyl-2,6-dimethyl-

phenyl)-propionic acid

o) o)
_Boc
HoN HN-20C HoN HN
F O i O
OCHj, OCHjs
19 2a
o)
B
H,N HN~ ¢
> o)
OH
2b
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dryness to yield conpound 2a as a white solid. The 1H
NVR spectrum was identical to that of

w@ B)o6/A9%0e0r t but oxycar bonyl am no- PCT/US2006/008450

3- (4- car banoyl - 2, 6-di net hyI phenyl ) propionic acid

g%kplﬁ %ﬁé}tg;?ilfé;?%gw Yﬁ?r g?;lmrqﬁ%%%éqpémoyl_z,s_
Gt BICHIE @16 Ry Bsldrovi ng the procedure

STEP”G (preparation of
(S) - 2ToeaAteaBtctr@mmcbwﬁmaamluhomo( dompobadd gl (Oﬁasgdi

LR RS s ATI ] 105 PRI, TSI v
é&nrﬁ‘é&ﬁé’@i@ﬁ' arcfgéﬁdi@rté?!d SRASH UndsoDf B8 &F HLOFErighRS The

pr epar ed

mipienwas fl(tarem@r@;gh 2 padciiifeelilg langtibayiltyaterwasopengeyitrated to
@M&ggﬁ%@%pﬁ“‘d |2|;1513a§<3vhn% VAlpd et hvp- pr opi onam de

[1-( ZTQéHH\IMFEs‘;béctﬂMﬂWaSﬁdbﬁfw o tiedtiotl(B)- Qatreham c
acid benzyl ester. To a solution of commercially

byignveasbenKagings3- (4-carkameyl-25-dimetgyl-phenybpsenionis acid
m dded 2- h
ﬂ{;/;gw %MF%@B?U@Q ) was adde am noacet ophenone

9.5 nmmol ). The resulting
sol uti on was cool ed to 0C and N-net hyl norpholine ( 1

sTRP%B: RhcBmic 2-tert BUtoxy darbonylamino. 814 Garbantoyls -
dimethyl-phenyl)propionic acid

Following the procedure described for Example 1, STEP G (preparation
of (S)-2-tert-Butoxycarbonylamino-3-(4-carbamoyl-2,6-dimethyl-
phenyl)propionic acid), compound 2b - racemic 2-tert-butoxycarbonylamino-3-
(4-carbamoyl-2,6-dimethyl-phenyl)propionic acid - was prepared.

Example 3
2-Amino-3-(4-hydroxy-2,6-dimethyl-phenyl)-N-isopropyl-N-[1-(4-phenyl-

1 H-imidazol-2-yl)-ethyl]-propionamide

0]
@OEHJ\N - ©/\O’IL”J‘<’;]/©
3b

2 H g

3a

N :r C
N H

3¢ 3d
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nmol ) and
1-[3- (di et hyl am no) propyl ] - 3- et hyl car bodi i m de

whyasoedbori de (2.35 g, 12.3 Mol ), in that orPEr/US2006/e)8450

added under an Argon at nosphere. The reaction m xture

was warnmed to roomtenperature and stirred overnight.

The reaction was qugnched by addition of saturat®

aqueous NaHCq 3 soigi]on t he separat eyl onfgami

was masheg gdthu {sitric acid, satur

solutio i me, then dried ovg

Aftel fj at i and concentrati

pur @% @ol Um chronatogr W sNHeca ge

(Gt vef RoAc: hgxane-1 :1) toyield the tlt|§f

conpound, [ 1-(2-0xo- 2- phenylethylcarbannyl)
ethyl]-carbamc acid benzyl ester 1H NVR (300 MHz,

CDCl 3 d 1.46 (3H, d), 4.75 (2

STER A%Z[Fll (%QXO#-pbepvk#hwyarbamgv e}rtﬁwllrﬁarbanye a&s&benzvl

é? r. .50 (2H, m, 7.63 ( 1HL m, 7. 97(2H m MS(ES+) :
AB' 1 (100% . step B. [1-(4- Phenyl -

H- i mi v@acémémod of drhirlelcialy Bvariablebi-¢- GEMyehlaaBiee(Q 11Tg, 9.5
a suspension o

rpmm(l)zmcdd@hIsz’rqmeilnﬂn-ee(’éﬂ;nnle)a\fva\%\@69#95i Zopmingaceinnhemone

TR TN et ol RN T

NiméthyPhsrur@ﬁﬁéfu ng grimt mmly\ﬂshm@k%brﬁottfﬁdlel@ 58 rg, 8.9

h. Affer being cooled to roomtenp rin

Moy Haachd [Br(@lIrﬁe&wlﬁ"@nmo@ﬁlﬂrér%thﬁleafbm’e”a%BMG@C!S'M?@ (2.35
t t
g, 1 L L 80 o8 Lo A 5t G Tho

rfactioh inhikiuaé Wais et ed tee _rotm aémperatmeeamcesilrdem oveight. The

fied | h t |
Rartionmascusionad by aadion oF salbiied patreus NAHCOs solution; the
§éﬁ5?8fé'&dorganlc phase was washed with 2N citric acid, saturated NaHCOs
solution and brine, then dried over MgSO, overnight. After filtration and

concentration, the residue was purified by column chromatography on silica gel
(eluent, EtOAc:hexane-1:1) to yield the title compound, [1-(2-oxo-2-phenyl-
ethylcarbamoyl)-ethyl]-carbamic acid benzyl ester.

"H NMR (300 MHz, CDCls): § 1.46 (3H, d), 4.39 (1H, m), 4.75 (2H, d),
5.13 (2H, d), 5.40 (1H, m), 7.08 (1H, m), 7.36 (5H, m), 7.50 (2H, m), 7.63 (1H,
m), 7.97(2H, m)

MS(ES*): 341.1 (100%).

step B. [1-(4-Phenyl-1H-imidazol-2-yl)-ethyl]-carbamic acid benzyl ester.
To a suspension of [1-(2-oxo-2-phenyl-ethylcarbamoyl)-ethyl]-carbamic
acid benzyl ester (2.60 g, 7.64 mmol) in xylene (60 mL) was added NH4OAc
(10.3 g, 134 mmol) and HOAc (5 mL). The resulting mixture was heated at
reflux for 7 h. After being cooled to room temperature, brine was added and
the mixiure was separated. The aqueous phase was extracted with EtOAc,

and the combined organic phases were dried over NaSO4 overnight. After
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1H NVR (300 MHz, CDCI3) : d 1.65 (3H, d), 5.06 ( 1H,
m, 5.14 (2H, q), 5.94 ( 1H1 d), 7.32 ( 10H, n), 7.59

W@ 2idp/02D06VS( ES+) : 322.2 (100% . Step C  1-(4- RtENy1004/008450
H i m dazol - 2y|) et hyl am ne To a solution of |

ko SBEnbeRraftyh 38 ke dade hind pritenaf celbin Sofaroarahy
vasilisd ¢t (s10ént EtOAdIHEXanB- 18 7 0fieidGhé tfleBomPdimd.

m xt ure was shaken in a hydr ogenati on apparatus at rt

under FéNMBKB@@MHZr@B@@rM(GﬁO(Sﬁm)) 536 (8Ham), 5d14(2|-| q),
A AT RO A e iy

phenyMs‘(Eg*) gy 002,;, I) et hyl am ne. 1H NWVR (300 MHz,
CDCl 3) 153( 433( 1H q), 7.23 (3H m,
7.37 (2H , 1.67 (2H MS(ES+) : 188.1 (38% . STEP

%l méggz( Iie'w'){’zt ﬁﬂﬁ?ﬁ@l 21XQ efhyfrpmeenyl

Him 'ﬁ@aCéoi@th of [EIt-(hly;bIa?e’nyIPﬂ H- maaz@rz ill iblhyl]mér)oamid acid
acet one

khenzyhegier 2} 062&’3@% nermol}uy mqtbamwfe’a nbly) Wﬁ% agdlad 103m pafiadium
SREHGRARg §) SFpOyé B TR A s o

wader aslaydmgeacatmdam%(dlommmr 8T eFﬂtradtawfallmed by

HARSER URTLIC §4D.E e TS<ioPd prPom D dla) U SR pHCt 1-(4

é@,ﬂ)].yppﬁﬁdaggeg_yy)qgwgﬁmﬁg essure yi el ded crude
|sopropyl [1 -(4-phenyl-1 Himdazol-2-yl)-

HNMR (300 MHz CDCI3) 8 1.53 (3H, d), 4.33 (1H, q), 7.23 (3H, m),
7.37 (2H, m), 7.67 (2H, m)

MS(ES*): 188.1 (38%).

STEP D. Isopropyl-[1-(4-phenyl-1H-imidazol-2-yl)-ethyl]-amine

1-(4-Phenyl-1H-imidazol-2-yl)-ethylamine (0.20 g, 1.07 mmol) and
acetone (0.062 g, 1.07 mmol) were mixed in 1,2-dichloroethane (4 mL),
followed by the addition of NaBH(OAc)3 (0.34 g, 1.61 mmol). The resulting
mixture was stirred at rt for 3 h. The reaction was quenched with saturated
NaHCOs solution. The mixture was extracted with EtOAc and the combined
extracts were dried over Na,SQO,. Filtration followed by evaporation to dryness
under reduced pressure yielded crude isopropyl-[1-(4-phenyl-1H-imidazol-2-yl)-
ethyl]-amine, which was used for the next reaction without further purification.

'H NMR (300 MHz, CDCls): § 1.10 (3H, d), 1.18 (3H, d), 1.57 (3H, d),
2.86 (1H, m), 4.32 (1H, m), 7.24 (2H, m), 7.36 (2H, m), 7.69 (2H, m)

MS(ES™): 230.2 (100%).

STEP E. (2-(4-Hydroxy-2,6-dimethyl-phenyl)-1-{isopropyl-[1-(4-phenyl-1H-
imidazol-2-yl)-ethyl]-carbamoyl}-ethyl)-carbamic acid tert-butyl ester
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et hyl ] -am ne, which was used for the next reaction
W t hout further purification. 1H NVMR (300 VHz, CDCl 3)
Woztd)6m991)@0(3H d) 1 18 (3H, d), 1 57 (3H, d)PCRUSHOE/008450
, 4.32 1H, , 7.24 (2H, , 7.36 (2H,

n,
A B s bR s 20 o
phhﬂ?’i g Hblhl&l&dﬁfb (0.18 g, 0.6 mmol) in DMbF (7 mL) was added isopropyl-
[ phetyi Huidizohed oA bR @1 S, 6 ar%h%l) 1-
héd?ﬁﬁe%tﬂé%lér(@wgaﬂgqﬁm%n(é’nd“yfﬂé-%h‘n@m?la%|ﬁ6fti?dybyﬂ]33-

ronic ac
etthyldarbediimitidelydredplodgds (0. 1219, (46 pireal)| -The resulting mixture was

shiyaciegeeapdvbPh AGSpheRoABoi thytarurd ey efibht. THe

%atg%‘n( rﬂ,x‘@bﬂ%@ Ekﬂﬁét%%iﬂ EtGAc @hbhe @bhﬂﬁhedfb@mc extracts

rochloride (O. g, 6 mol ). The resulting
wergma@emwantla&wwuhcs@turatﬁpr@ Nﬂb@% SOliion, W HC,

SBPRE I R CAERE R, SRR o P Bfegs wep wer
ARHOVER NSO dilteedd, ad theviilratesaas! can@awtmeemmemmd

solution, 1N HC, saturated a ueous NaHCO3 so
naessUsei Ade repultippgasidee s Phﬂﬁsiappwrbeiarpmélfography

R A T M 10 Sl

{oprdpye4i -Kd-pheagiht Hdmmw-ﬂrwhaﬂwﬂfmbgmpgl}taéhyl) -carbamic acid
Et OAC) to 'yl el d the product
o

(9 J:(ij Xy- 2, 6-di met hyl - phenyl )-1- {isopropyl-[1

8 152 100
mq‘g g&$+) (et hyT)] car banoyl } - et hyl ) -carbam c
aC| d teAt- butyl ester. MY( ES+) 521 .5 (100% . Step F.

%_eplr?-' 'b?ﬁm&‘é—@ )(8' { o@“oxyaz 8l Wﬂ/l BRSWII)-)N N5 S HOPY RN T-(4-
phenyl-1H-imidazol-2-yl)-ethyl]-propionamide

A solution of (2-(4-hydroxy-2,6-dimethyl-phenyl)-1-{isopropyl-{1-(4-
phenyl-1H-imidazol-2-yl)-ethyl]-carbamoyl}-ethyl)-carbamic acid tert-butyl ester
(0.13 g, 0.25 mmol) in trifluoroacetic acid (5 mL) was stirred at room
tempertaure for 2 h. Upon removal of the solvents, the residue was purified by
preparative LC and lyophilized to yield the TFA salt of the title compound as a
white powder.

H NMR (300 MHz, CDCls): & 0.48 (3H, d), 1.17 (3H, d), 1.76 (3H, d),
2.28 (6H, s), 3.19 (2H, m), 3.74 (1H, m), 4.70 (1H, m), 4.82 (1H, q), 6.56 (2H,
s), 7.45 (4H, m), 7.74 (2H, m)

MS(ES™): 421.2 (100%).

Example 4
(3,4-Dimethoxy-benzyl)-[1-(4-phenyl-1 H-imidazol-2-yl)-ethyl]-amine
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sol ution of (2-(4-hydroxy-2, 6-dinethyl-phenyl)-1

wo gaosomoepyl -[1 - (4- phenyl-1 PCT/US2006/008450

H i m dazol - 2-yl ) -ethyl ] - car banoyl }-ethyl)-carbam c
acid terf-butyl ester (O g, 0.25 mmol) in :
trifluoroacetic acid (5 Y3was stirred at room

tenpertaure for HJCO em)val of the solvents, the
par ative LC and |yophilized

residue was purified b _
to yield the TFA salt e title conpguynd as a white
H d), 1.17

powder. 1H NWMR (300 MHz, YCDCIB):

(3H, d), 1.76 (3H, d), 2.[28 (2H, |
3.74 (1H, ), 4.70 ( 1H, m . 6.56 (2H,
S), 7.45 (4H n), 7.74 (2HHmM 421 .2

100% . Exanpl |

(3 a %mt%.ewmpewfanmlthgrwhethylamme (0.061 g, 0.33

B - I
e BRERSTOI o G0 Fo3AmE ¢fd BB poafpgnrplaehyde in
b nfi3 ofranhydrotlis Bxethahel Bas aﬂlnle@ abhogm (t@m@ﬁragmm fordfh and then
anhydr ous

Sard O RbRRt S JoPE T ghitte %@'@ﬁ%é@é?ﬁfedﬁeac QS WasHreated
éé@fhl%/%l‘tﬁ@ d1@ FU’HQ anggcar eP Lﬂ? bbm@?@@dfigj’nelq@ 93 and

he reéaction treate
mmﬂt;uneﬂ ai(ahoutrObm"Grﬂpd Rilde Coldo?id qoueniusiH@haas added

100C f Col d ueo
TP (i ieshiiBE i e ey for Bmimyiane e R sty
séndend@did®in Padiduntiizlled heRenasidual h&t@iﬁ!%tﬁﬂéﬁ%p‘ |H EtOAc
vacuo unheated. The residual material was taken up

ot Vipldl @ suspensipmthead swasHiseatad vwith 5 wels of eeldt3dd agliepus NaOH
Hhe-stilrel UG UHEPYEaNAThE phases were separated and the aqueous

layer was extracted three times additional with EtOAc. The combined extracts

were dried over MgSQ, filtered, and concentrated to yield (3,4-dimethoxy-
benzyl)-[1-(4-phenyl-1 H-imidazol-2-yl)-ethyl]-amine as a light yellow oil (HPLC:
87% @ 254nm and 66% @ 214 nm).

MS (ES™) (relative intensity): 338.1 (100) (M+1)

This sample was of sulfficient quality to use in the next reaction without
further purification.

Example 5
4-carbamoyl-2,6-dimethyl-

1H-imidazol-2-yl)-ethyl]-amino}-methyl)-2-methoxy-benzoic acid

CHy o O OCHj
HyCO
OH

O  OCHj; HoN HN_ _O CH,

CHy V¥ N

HaCO O CHa )

O X CHg N
CHgy 3 o O

A\
\Z

HN_ O
-0 ety
CH
>< 3

5a HaC™ "CH,4
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and stirred vigorously until clear. The phases were
separated and the aqueous | ayer was extracted three

W 2ovssowmaedi ti onal with Et OAc. The conbi ned extPEDUS2006/008450

were dried over MgSO4, filtered, and concentrated to
yield (3, 4-dinet r@xydmgzyl )-[ 1-(4-phenyl -

H i m dazol - 2-yl)-letbyl]-am ne as a |ight yell ow oil
(HPLC. 87% @54nm 66% @14 nm. M (ES+H)Q (r&Hat i ve
intensity): 338.1 )CHQ I\/H) is sanpl eH

sufficient quality t next reactio thout

-further purifi i on. | Ex Ie5
5-((r 2- A no- yl - 2. 6=drmettyl - %ﬂenyl gw'pq
N

&EI n - net hyl ) - 2
iC aC|dSTEPA 2- l\/btho)@ {[1- (4- plen NCH
Wi m dazol - 2-yl) - et Hﬂ? arﬁ”ﬁo] met hyl }- kgnzoi c acid

ng .t he ﬁrocedures descri bed for
SFER A etnaan g {highenyll Hymigazakenirsthyiaminel-methyl)-
gﬁﬁz 02/ 2261 2) for 3, 4-
gléllr‘r%?lhoxyg eﬁi e, 2-nethoxy-5-{[1 -(4-phenyl-
H- i mi daingl thé-grb@tedw’ehyileaommd fordExayhple e Bubsiituting 8-formyl-2-
ester wa

Felpo- ot aeayEesisr p00228602) toxbmoy! - 2, 6- d
W&Mbﬁlﬁéﬁéb)dergﬂéfz‘?ﬁ?&hbﬁ* o{}{ ﬁg{?ﬂ%ﬁ?lﬁ Aimidazol-2-yl)-

Hi m dazol
a@vmyobmml anzaic asichyketied eeter usisprepaeegr ocedur e

of Exanple 3 for the conversion of Cpd 3d to Cpd 3e,
substituting 2-nmethoxy-5-{[1-(4-phenyl-
STEPI B] 5}4{[2! te?+-Buloxyidarbaiyiféthyl-3-(4-carbamoyl-2,6-dimethyl-

phenyl)-propionyi]-[1-(4-phenyl-1 H-imidazol-2-yl)-ethyl]-amino}-methyl)-2-
methoxy-benzoic acid methyl ester

Using the procedure of Example 3 for the conversion of Cpd 3d to Cpd
3e, substituting 2-methoxy-5-{[1-(4-phenyl-1 H-imidazol-2-yl)-ethylamino]-
methyl}-benzoic acid methyl ester for Cpd 3d and substituting 2-teri-
Butoxycarbonylamino-3-(4-carbamoyl-2,6-dimethyl-phenyl)-propionic acid for 2-
tert-Butoxycarbonylamino-3-(4-hydroxy-2,6-dimethyl-phenyl)-propionic acid,
Cpd 5a was prepared.

STEP C. 5-({[2-tert-butoxycarbonylamino-3-(4-carbamoyl-2,6-dimethyi-
phenyl)-propionyl]-[1-(4-phenyl-1H-imidazol-2-yl)-ethyl]-amino}-methyl)-2-
methoxy-benzoic acid
5-({[2-tert-Butoxycarbonylmethyl-3-(4-carbamoyl-2,6-dimethyl-phenyl)-
propionyl]-[1-(4-phenyl-1H-imidazol-2-yl)-ethyl]-amino}-methyl)-2-methoxy-
benzoic acid methyl ester was dissolved in an ice-chilled (0-10°C), mixed
solvent system of THF (10 mL) and MeOH (5 mL). A LiOHH.O/water
suspension (2.48 M; 3.77 mL) was added dropwise, then the reaction was
allowed to warm to room temperature and stirred overnight. The resulting
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met hyl j - benzoic acid nethyl ester for Cpd 3d and
substituting 2-tert-
WB106%99%6r bony| ani no- 3- (4- car banoyl - 2, 6- di net hpCF/phzene/008450
)-propionic acid for 2-
t/t-But oxycar bon | am no 4- hydr oxy- 2, 6-di net h
Puis RS Bepledde .a@ Icwatfsargq\/ﬁaey bRgis spliiongyEPNel traftzed with
|
%}I %{}fl@ ﬁgﬁf;ﬁﬁnth‘é %t%lgf?fj‘yi[‘l‘%' 'hﬂQur'%\Q/és %@@B@Wﬂl‘ed%rﬁ:’e‘? r8duced

pressudanakrvel theenoleytile} mmemi}s alfﬂr’rwlhl):hmrne the remaining
net hoxy- benzoi c

%QW rthaﬁeeﬁ%ma%sew IHEIRNE (3X328 Wk b IRESE comMpingd
Jﬂ%&'\ﬁlerepdr% 8\'7644 I\]/lrgné (ﬁté?Eﬁ”?T{ﬁd éoncentrated under.
H- | m dazol

2-yl)-ethyl] - 2- met hoxybenzol ’
redaced presswyé teyickd apade uelkywsh@mmerscmnl i 0us erHide material was

edyREing T O LI She ol llodo 1 e

'ﬁhe7 4dsdrbedwRatenar @@ s diaaed and chigfatdipaples bh@h TGO normal
lowed to warmto roomtenperature and stirred

mimerﬁqun oves tweduns, uRing RIAN @ Resk-Sepotaldmprforothcins. The
S B SRR PO ACR S PRt 100

CHRCB N8 AL-82b U 140 Bith) @096 pres 2 hen] and mmv&s%’wer 13 min.
volatile materials, after which tine the remaini

B%é@ﬁ@%ﬁ%%&“%%le@@!ﬂaewe@ﬁ E-Bhening @eﬂ{eq fractions
ERSCRBRUNRY drtated Bder WBlEod bR 8 yIIDE (12-tert

ered oncentrate reduce pres ur e
lywtekyabaatbpaYlenym-Bdw-@Tbamaybz,ﬁedilmbthwmrsertyﬂ)tmmplonyl] [1-(4-

ik BbirBaz kS s eV aneihas-hegol okl cpe

B 4 dlhitwegolidl vi ded and chromat ographed on an | SCO
normal phase col urm over two runs, using a 40 g
Redi - Sep col unm for both runs. The

STEP D. 5-({[2-Amino-3-(4-carbamoyl-2,6-dimethyl-phenyl)-propionyl]-[1-
(4-phenyl-1 H-imidazol-2-yl)-ethyl]-amino}-methyl)-2-methoxy-benzoic acid

A portion of Cpd 5b (0.27g, 0.41 mmol) was dissolved in EtOAc (39 mL)/
THF (5 mL), filtered, and subsequently treated with gaseous HCI for 15 min.
After completion of the HCI addition, the reaction was slowly warmed to room
temperature and a solid precipitate formed. After 5 h the reaction appeared
>97% complete by LC (@214nm; 2.56 min.). The stirring was continued over 3
d, then the solid was collected and rinsed with a small amount of EtOAc. The
resulting solid was dried under high vacuum under refluxing toluene for 2.5 h to
yield Cpd 5¢ as a white solid di-HCI salt.

Example 6
4-{2-Amino-2-[{1-[4-(2-cyano-phenvl)-1 H-imidazol-2-yl]-ethyl}-(3.4-
dimethoxy-benzyl)-carbamoyl}-ethyl}-3.5-dimethyl-benzamide

77



10

sol vent system was a gradi ent MeOHZCH2Cl 2 system as
follows: Initial 100% CH2Cl 2, 98% 92% over 40 m n; 90%

WO ®6/049%6011 N, and then 88% over 13 min. The deRCT/E8006/008450

product eluted cleanly between 44-61 min. The desired
fractions were gombined and concentrated undgf reduced
pr essur tq)yl e [ 2-terfbut oxycar bony!| am

iﬁ% -2, 6 thyI phenyl ) Oro [on I]
- -|Ida ol J’Q yO) - et hyI] ani no m@thy hoxy-ben

-zoic acid, Cpd 5b, as a white solid.

5-({[2-Arri @8- 3- (4- car bam)yl 2, 6-di net hylemhenyl) pr opi
onyl]-[1 - (4-phenyl- o

Wi i dazol - 2-yl ) - et hyl]d\? i no} PMEt hy! ) - 2- met hoxy- benzo
ic acid A portion of Cpd™ 79, 0.41 mmol) was

[ [ (5m_), filtered,

dissolved in EtOAc (39 m )/
~and 'ubseqd%ftly treated withgAdseous HO for 15 min.
N et of the HCl add tl!on t Br.reaction was
r rat

ow
precl%'}l te f d. After 5 ht
>97% conpl ete by LC (@14nm 2. 56 WN
was continued over 3 d, then the solid was col | ect ed
and rinse8Cwith a srmll anmount of Et OAc6dThe resulting
solid was drigge under high vacuum under refl uxing
toluene for 2.5 h to yield Cpd 5¢c as a whiteggelid-

.di - HCl anple 6 4-f2-Am no-2-r p

-r4-(2-cvan envn //-' i dazol -2-v %-%. , 4-

di met hoxy- be )Vlecar -ethyl) -3, 5-di v NG
| - benzapm deS PJX Me
{1-[ 2- (¢°Br ono- - 2- oxo- et hyl car bgnoy! | M\)N

rbam &yl ester N
HoN ~FO S
HoN NH
) O><Me Me ?O
0] O, Me
Me”® Me >< 6f
Me® Me
6e
OCHj,
HsCO
Me NC
> CHs N
HN
0]
HoN NHp
2 CHs
0 6g

STEP A: {1-[2-(2-Bromo-phenyl)-2-oxo-ethylcarbamoyl]-ethyl}-carbamic
acid tert-butyl ester

Compound 6a was prepared according to Example 3 using the
appropriate reagents, starting materials and methods known to those skilled in
the art.
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Conmpound 6a was prepared according to Exanple 3 using

the appropriate reagents, starting materials and
woreiohog®eknown to those skilled in the art. STERCBUS2006/008450

{1-[4-(2-Brono-phenyl )-1

Him da2ql - 2-yl]-ethyl }-carbam c acid terf-butyl ester

Fol l owi ng the procedure described in Exanple 3 for the
STEP 8. $199-(21Blomo-phehydai Hinfidapel2qiBethyhdarlsamis acid

the appraopriate reagents and net hods known to those
tertibutytiestert he art, Cpd 6b, was prepared. STEP C.

1-14 Br o

b TR ISt BT a1 cobapsion o
(fa?ﬁ &ﬁhc% Qa(% Cé)nﬁmmmlhﬁﬂ &wd usingpihe pppepricdd EFagENts and

r ono -1

nvemﬁpugﬂgwngtoghq)sqaﬂﬁweq Yr( %b,e@rt, Cpd 6b, was prepared.

di met hoxy- benzyl ) - car banoyl ] - 2- (4- car banoyl - 2, 6-di met h
yl - phenyl)- ethyl]-carbam c acid ferf-butyl ester
SHEP ©. - (1-Bromo-phenyl)li Hénidazab2ayijteshglanginer B,

o S Bsl b Babid R B LB by 1 Goo e oo,
C&IEBQE,@F?,?Q@/& &yl am ne, the product was prepared.
4 banoyl - 2, 6- di et hyl - phenyl )-1 -[{1
-[ 4- (2- cyano- phenyl ) -

Sikb T F28) T e BB s 90 oo

difdéthioRy-Ken _yl%lcét{ldhﬁé IQ-&-@T eaitbaihowiz,ﬁ-dlmethyl-phenyl)

H-1 m dazol - -eth

eirvﬂtwnvérﬁ;q}d)teﬂd?lﬂé{hﬁﬂﬁr 2- (4- car banoyl - 2, 6-di net h
y phﬁg%lg)thgtpwéédure described in Example 5, STEP B, and substituting

1-[4-(4-bromo-phenyl)-1H-imidazol-2-yl]-ethylamine for 1-(4-phenyl-1H-

imidazol-2-yl)-ethylamine, the product was prepared.

STEP E. {2-(4-Carbamoyl-2,6-dimethyl-phenyl)-1 -[{1-[4-(2-cyano-phenyl)-
1 H-imidazoI-2-yl]-ethyl}-(3,4-dimethoxy—benzyl)-carbamoyl]-ethyl}-
carbamic acid tert-butyl ester

To a solution of [1-[{1-[4-(2-bromo-phenyl)-1H-imidazol-2-yl]-ethyl}-(3,4-
dimethoxy-benzyl)-carbamoyl]-2-(4-carbamoyl-2,6-dimethyl-phenyl)-ethyl]-
carbamic acid fert-butyl ester (294 mg; 0.4 mmol) in DMF (2 mL) was added
Zn(CN)z (28 mg; 0.24 mmol). The resulting mixture was degassed with Argon
for 5 min, then Pd(PPhs)4 (92 mg; 0.08 mmol) was added neat, and the system
was immediately warmed to 100°C. After heating for 6 b, the reaction was
cooled to room temperature and partitioned between EitOAc and water. The
organic phase was dried over NapSOy, filtered, and concentrated under
reduced pressure. The crude material was subjected to reverse phase HPLC
(water/ acetonitrile/ 0.1% TFA). The fractions of interest were combined,
basified with saturated aqueous NaHCO; and extracted twice with EtOAc. The
EtOAC extracts were combined, dried over NaxSOy, filtered, and concentrated
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DMF (2 mM_) was added Zn(CN) 2 (28 ng; 0.24 mmol). The
w0 e®aldongy m xture was degassed with Argon f orPGI/DBE2906/008450

then Pd(PPh3)4 (92 ng; 0.08 mmol) was added neat, and
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di met hoxy- benzyl ) -am nol-ethyl)-1
H i m dazol - 4-yl ) -benzoi c aci dSTEP A

wAa2(404409®6Br ono- phenyl ) -1 Wi m dazol - 2-yl ] - et hyPEIUSE06/008450

Usi ng the procedure described in Exanple 6, and the
appropriately substituted starti “c% mat eri al s and
reagents, 1-[4-(3-brono-phenyl)- |mda};cs)l 0
2-yl]-ethyl am ne was prepar\sP P B.
{1-[4-(3-Brono-phenyl)-1

Himdazol -2-yl]-ethyl}-(3,4-dingth
Usi ng the procedure gescribgd in
substituting 1-[4- h

Hirni dazol - 2-yl]-

(3- |
et hyl ani Fory1- 94 phenyl -
H i m dazol - 2-yl ) - et hydNapi-Re ¥Hpr oduct vvas
prepared. STEP C. [1-[{1A[ 4-(3-Brono-phenyl)-1

H i m dazol - 2-yl ] -ethyl }-(3, 4-

di met hoxy- benzyl ) - car banoyl ] - 2- (4- car banoyl - 2, 6-di et h

ST R b Rmbamak fRtaszebe RE ARG on o
CIOOI 3@5&%rtgﬁmcjb_r3§edl)§jr@k&és'chkjéd ¥ Ekample 6, and the appropriately

subsﬁt@taﬂcatamngl materials and Eagenitsret-Horbmmgphenyliitéimidazol-

3 3peohirarfind Vs BRI no-s. (4-

car banoyl - 2, 6- di net hyl - phenyl) propi onic acid for
2-te/ -Butox car bonyl am n

STER- By th-th{3-Bromp-phenyl)- wr@ma)ijr%yllcﬁwl}a@ 4rdimgthoxy-
1 prepared. Step D. 3-(2-{1
BFFgﬁ?tgﬁt‘m%ut oxycar bonyl am no- 3- ( 4- car banoyl - 2, 6- di net
hyI phblsyig)the procedure described in Example 4, and substituting 1-[4-(3-
i et y-b o]l-ethyl}-1
T BRPBY ) - iaBEr 8 o e B N 0 s Bps e Wi ifiidazol2-y)-
\ianinb4tHe3pRopePw dred.
H-| m dlazo r{(%‘-)yl ]-et EEI%%%S 4-
STEP C. [1-[{1-[4-(3-Bromo-phenyl)-1 H-imidazol-2-yl]-ethyl}-(3,4-
dimethoxy-benzyl)-carbamoyl]-2-(4-carbamoyl-2,6-dimethyl-phenyl)-
ethyl]-carbamic acid tert-butyl ester
Using the procedure of Example 3 for the conversion of Cpd 3d to Cpd
3e, substituting {1-[4-(3-Bromo-phenyl)-1 H-imidazol-2-yl]-ethyl}-(3,4-dimethoxy-
benzyl)-amine for Cpd 3d and substituting 2-tert-Butoxycarbonylamino-3-(4-
carbamoyl-2,6-dimethyl-phenyl)-propionic acid for 2-tert-Butoxycarbonylamino-
3-(4-hydroxy-2,6-dimethyl-phenyl)-propionic acid, the product was prepared.

Step D. 3-(2-{1-[[2-tert-Butoxycarbonylamino-3-(4-carbamoyl-2,6-dimethyi-
phenyl)-propionyl]-(3,4-dimethoxy-benzyl)-amino]-ethyl}-1 H-imidazol-4-
yl)-benzoic acid
To a solution of [1-[{1-[4-(3-bromo-phenyl)-1H-imidazol-2-yl]-ethyl}-(3,4-
dimethoxy-benzyl)-carbamoyl]-2-(4-carbamoyl-2,6-dimethyl-phenyl)-ethyl]-
carbamic acid tert-butyl ester (290 mg; 0.40 mmol) in DMF (5mL) was added
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di met hoxy- benzyl ) - car banoyl ] - 2- (4- car banoyl - 2, 6-di net h
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Whted. BB imooBesind g e S rhieRy FHEERCo e s
iehavashsd withl a séicoad portion BREROAC. Mhetauedusaithse was then
concentrated under reduced pressure to yield the crude

aridiligdto bbb witheaNcitic asid ang thestesylting aqueous solution exiracted
W8 EIOB (oS 5T FIORS RS 15rS,smpiesy ried over
Na,304li fitletrdoh andocorognirated uodlerateldyted pressure to yield the crude
H- i i =4 - ' id

@0@2'9?@'-7"?'][-62‘:- %i%at%‘é&@‘ga?ggnyl ani no- 3- (4- car banmoyl - 2,

6- di net hyl phenyl ) -
gr opi onyl ] - (3, 4-di net hoxy-benzyl )-am no]-ethyl}-1
tep Endda-Adt[[2-Amino 1=(d-cabaroyl-Bbydisaethyl-phenyl)-propionyl]-

EfifethohEpe Ry harRoRhefAollifatsts vy dip goia
yi el d3yhg14j2-leet-Batrgoatboniaatinb &-81-carbamoyl-2,6-dimethyl-
4- (2- Am no- 2-{r 2- hydr oxy- 1- (4- phenyl - 1- o
pherhiBrporyE Adiposshessy-aampahey)):1 H-midazol-4-yl)-
benzoic acid may be BOC-de-protected using the procedure described in

Example 3 for the conversion of Cpd 3e to Cpd 3f to yield the title compound.

Example 8
4-(2-Amino-2-{[2-hydroxy-1-(4-phenyl-1 H-imidazol-2-yl)-ethyl]-isopropyl-
carbamoyll-ethyl)-3,5-dimethyl-benzamide

AR -\L©o — Ej}]\ TQ —

o

H H HN
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- (2- oxo- 2- phenyl - ePhyl caebs
.tert butyl egter vvacho
[ 2- Benzyl ox =

et hyl)-3,5-di ne thvl-benzam deSTEP A. [ 2-Benzyl oxy-1
- (2- oxo- 2- phenyl - et hyl car banoyl -et hyl ] -carbam ¢ aci d

W@ 2006/0060/1 ester The product was prepared usiPOI/UR®06/008450

procedure described in Exanple 3 and substituting

N- a- BOC- L- seri ne benz ester for N a-CBZ-L-al anine.
tert butyl ester By ¢ procedure described in Exanple
3 for the conversio Cpd 3a to Cpd 3b

[ 2- benzyl oxy-1

pyl - et hyl ] - carbam c_aci d
ed to the product. @*I"EP

i m dazol - 2-yl}- et hyl n
[ 2-benzyl oxy- 1 |- (4gpbenyl -1 N 7
H-irri <21 et hyl ] -carbam c_aci dlterf bufyl HRster
1Ry, bl BOC- dgpr opect ed usi ng the p fur & deScri bed

ple3 t he conver sitgN 0of ACpgH3e Ny Cpd 3f tog

gi ve t he produ TEP D. [2-Benzlyl oxy- 1-(4-phenyl -1 )j\
H i mi dazol - 2-yl -¥thyl ] -i sopropyl Qamine By the * 2 p,c” ©OH
e

procedure described in Exanple 3 for the conversion of

Cpd 3c to Cpd 3d, [2-benzyl oxy-1-(4-phenyl-1

H i m dazol - 2-yl - et hyl am ne was converted to the
STEPWA.L[2-BahEyIBxy{1:(Z-pRot:phehykethyl ¢arhEmayl-ethyl]-carbamic
H-.i.m dazol - 2- -ethyl]-isopropyl car banoyl } -

acigd fe %‘é[hﬁ?fe')z 6- di met hyl - phenyl ) - et hyl ] - car bani ¢

aci d 1168 bRguck \/\l_é%tpﬁé;f%ﬂ(%gg,j%iﬁ@ ttrg& %chﬁ:‘é@lee 8bsértRiEPineExample 3

for the conversion o d 3e, substituting
4rtd satvstipliting/ Nie-BO@Hesstinelbenzyl ester for N-a-CBZ-L-alanine.
H i m dazol - 2-yl -et hyl ] -i sopropyl am ne for Cpd 3d and
substituting

STEP/ B [BUBENXY IRk YoNW-BREAYI- HeifnieazBREIDY ethyl]-carbamic acid
tert butyl ester

By the procedure described in Example 3 for the conversion of Cpd 3a
to Cpd 3b, [2-benzyloxy-1-(2-0x0-2-phenyl-ethylcarbamoyl-ethyl]-carbamic acid
tert butyl ester was converted to the product. '

STEP C. [2-Benzyloxy-1-(4-phenyl-1H-imidazol-2-yl-ethylamine

[2-benzyloxy-1-(4-phenyl-1 H-imidazol-2-yl-ethyl}-carbamic écid tert butyl
ester may be BOC-deprotected using the procedure described in Example 3 for
the conversion of Cpd 3e to Cpd 3f to give the product.

STEP D. [2-Benzyloxy-1-(4-phenyl-1H-imidazol-2-yl-ethyl]-isopropyl-amine

By the procedure described in Example 3 for the conversion of Cpd 3¢
to Cpd 3d, [2-benzyloxy-1-(4-phenyl-1 H-imidazol-2-yl-ethylamine was
converted to the product.

STEP E. [1-{[2-Benzyloxy-1-(4-phenyl-1 H-imidazol-2-yl)-ethyl]-isopropyl-
carbamoyl}-2-(4-carbamoyl-2,6-dimethyl-phenyl)-ethyl]-carbamic acid tert-

butyl ester
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2, 6-di net hyl - phenyl ) - propi onic acid for
2-tel/t-butoxycarbonyl am no- 3- (4-

Whyas096®, 6- di met hyl - phenyl ) - propi oni ¢ aci d, PEEUS2006/008450
product was prepared. STEP F.
4- (2- Am no- 2-{[ 2- hydr oxy 1fp nyl -1
H i ml.éggg[th@pgpqedyﬁhpf ]Examp e 3 for the conversion of Cpd 3d to Cpd

dﬁ%ﬁbgﬁﬁ/)k 516?% g?ﬁka}%%t('ayﬂr% rﬁ/l ﬁf-gin’éﬁgtﬁ%l Lo- Qﬁaﬁﬂ‘lgﬁpmpyl-
al_rflﬁeﬁgeﬁplu -3d and substituting 2- teﬂ-ButoxycarEonylalmln% -3-(4-carbamoyl-
A B b B RS G arB ne o
Wé&ﬁé@bmﬁhg o;?hééﬁrl)z@%ﬁg)m@aéi LHgTiS’rlghuct Was prepsrear m

I ce treated wth
0.62 nL (4.4 mml) of iodotrinethylsilane. The

éﬁg‘??o%n%%y é;:@eaﬁtelﬁ? Li}df‘g’lvl Af%mm%gzg 23 oﬂﬁﬁn]_

|§Sﬁ%pﬂ%di%§n?%g!}-%@hy!2-3®diIﬁétlmtﬁbﬁihrﬁrd@@@ﬁﬁdlt) A solution

treated wth uenched m xture was

af {1 1{[2=lenzyloxyr 1 € ﬁmmeHmamwwthWHﬁopmyl garbamoyl}-2-

T i

¢\a54.39! BirReh, eiﬁ dmbrbﬂyrﬁf g@ mh?%s%d“ed B4reide bath and treated
acetonltrlle 1 %T he fractions of interest

8.620mb (ﬂéd"é’ﬂ@) pﬁ@d%nfﬁe@ylﬁslgney dpei reaskien.iwhigh e ¢
riegENpprodcsh wal rieasondy G1BBK, hnsrpture whie stiing
Aftet Téh hihehreaztion dms(c'blénectml an IC&SbaEth\Abl5t-130°ﬁbadd treated with
{AEH e A AN e Ml BTG g i
réﬁ)oédff%mwﬁéwu&wmgﬁm -abr AddlifforhI 50 M, =fd
concentrated in vacuo to yield an orange residue that was subjected to reverse
phase HPLC (water/ acetonitrile / 0.1% TFA). The fractions of interest were
combined and the sample was lyophilized to yield 4-(2-amino-2-{[2-hydroxy-1-
(4-phenyl-1 H-imidazol-2-yl)-ethyl]-isopropyl-carbamoyl}-ethyl)-3,5-dimethyl-
benzamide (TFA salt) as a white powder (HPLC: 99% @ 254 nm and 100% @
214 nm)
MS (ES*) (relative intensity): 464.1 (100) (M+1).

Example 9
(S)-2-tert-Butoxycarbonylamino-3-(2,6-dimethyl-4-
trifluoromethanesulfonylphenyl)-propionic acid methyl ester

CHa o

o —>
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trifluoromet hanesul f onyl phenvD- propi oni c acid net hyl
ester STEP A

w@ B)osA9%0er f - But oxycar bonyl am no- 3- (2, 6- di met hyPEBHUS2006/008450

trifluoronmethanesul f onyl phenyl)-propionic acid nethyl
ester Into a cool sol t,i on of Boc-L-(2,6-di Me)Tyr-QOwe
fces: Chiranmer or RSP
Ami noAci dAnal ogues)] and CHs OH
gpesul fonimde (7.9 g, 220
g ha e (6 mM J)—was—added triet
y 1'3 The resul ting SN| ut i
stirr OO@Haor (R and sl owy warfe
tenpgyature. Upon conpletion, the reacti was
quenched by #Bdition of water. The separated orgpnic
phase was washed with 1N NaOH aqueous sol ution, water
and dried over Na2SO4 overnight. After filtration and

Lo et Ry PHE o ARn e A28 Bl thBER, 75, (™

tmﬂug@neﬂmmmgg aylHprepianit. aclwng&ﬂ(l)ig( agfﬁfg/l-lz
7.7 HL")"O a§Q§>A b&!on faQP éiQ 64<g B’g Ty IQM%U (gg,lzﬂ B ni'mol

t
e .
psganyltr(ﬂaotmn&mamgulmmm@e 6o gy 22- Omﬂhﬂﬂ)(ytdjcbhungﬂnetﬁafle (60

s 40 REUMATBIS T 20t 2655 BYRBAT TirigRUling solution was

bifréd Hpow\géﬁ*ﬁn%ﬂd dlewy/ \W)Qﬁﬁé{di Xo md?ﬁlt@r%b@rﬁeréd Ugbnyl

ester (9.
ﬁ@mpletlgaa( tbq;r)e@ctlgn msgquwcj:@drhwaq lacmi ofLwa'_[er .The ‘Separated

B@n?%@ﬁ%@' &v@g QRN I NCREOR dGueSuLsoidtid, WABH hnkiYried

over Na SO, overnight. After filtration and evaporation, the residue was

omcH, BOC

~ purified by flash column chromatography (eluent: EtOAc-hexane: 3:7) to yield

the desired product as a clear oil.
'H NMR (300 MHz, CDCls): & 1.36 (9H, s), 2.39 (6H, s) 3.06 (2H d, J=
7.7 Hz), 3.64 (3H, s), 4.51-4.59 (1H, m), 5.12 (1H, d, J=8.5 Hz), 6.92 (2H, s)
MS (ES+) (relative intensity): 355.8 (100) (M-Boc)*.

STEP B. (S)-4-(2-tert-Butoxycarbonylamino-2-methoxycarbonylethyl)-3,5-
dimethylbenzoic acid

To a suspension of (S)-2-tert-butoxycarbonylamino-3-(2,6-dimethyl-4-
trifluoromethanesulfonylphenyl)-propionic acid methyl ester (9.68 g, 21.3
mmol), K2CO3 (14.1 g, 0.102 mol), Pd(OAc). (0.48 g, 2.13 mmol) and 1,1’-
bis(diphenylphosphino)ferrocene (2.56 g, 4.47 mmol) in DMF (48 mL) was
bubbled in gaseous CO for 15 min. The mixture was heated to 60°C for 8 h
with a CO balloon. The cool mixture was partitioned between NaHCO3 and
EtOAc, and filiered. The aqueous layer was separated, acidified with 10% citric
acid aqueous solution, extracted with EtOAc, and finally dried over NazSO,.
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bubbl ed i n gaseous CO for 15 min. The m xture was
heated to 60C for 8 h with a CO ball oon. The cool

WOorRRob9®emas partiti oned bet ween NaHCO3 and Et BEYUSZNE008450

filtered. The aqueous |ayer was separated, acidified

BRI PEAS b RI AHE N3 o8 1SR it B
mscrennyswmzeu fodmtEEteﬁfo héxaries toegslbttae deirad peedubie-
The r SI due was r.ecr ésta lized from Et OAc- hexanes to

B

yi el d HWB&QPM" Bde): 6 1196\, (S08.40HBH, sb3. 34 (2HdJ = 7.4

13 P8IPHC) P45 ?ﬁaasmﬁf”"é*f Gfidd Py s

8.6 HMS (EB+] frelative injeridR( 260 Q(‘E{l(ﬁt(MlBob)lI ensity):
251 .9 ( 100) (M Boc)+. STEP
(S)-2-fert-Butoxycar bonyl am no 3- (4-car banoyl - 2, 6-

§TE‘|‘-* ey 5‘)@-‘?&95&%%5“&0%5% iBLENA-cErb Aol it %-2

stirring ‘sol ut
dmemy(lnhénylopmmonw:acinhmemwefsteﬂ

o SR ARA Sl e IR o
yc&ﬂacﬁ’ngl@lﬁill d%g&%%b»&aoe@gs éé%j%ﬂﬁﬁﬁ? PyBOP
ém@e.g A

edaid mmplhand wasmg; H?.Bdnmol)rm DdF (36 mLhwas added

CRrehTanede. & el RELETTE 520 320 e Theesutting

mdahedwas gt iakk fior Wwothinddeferd belﬁg%rﬁ’n&%&@é’tﬁleen aqueous
so|l ution, saturated agueous NaHCO 3 sol ution

NHaqbsolutiem apdiE@Asy e\mwteﬁl/@fgﬂr@wphase wes washed
S W oA Sk 4, NG 3 AR oo,
solation,tdrel iprireeg dioén diied NvVisr (\&QQOyldwerrf@@ 3Aftér filtratig®and
é(?nl_clfen?r)a’tio%,' t%% rSagH’ueS\R/és g'ur]ifield En% lf_ll’asﬁ] column chromatography
(eluent: EtOAc) to yield the product.

H NMR (300 MHz, CDClg): 6 1.36 (9H, s), 2.39 (6H, s), 3.11 (2H, J=
7.2 Hz), 3.65 (3H, s), 4.53-4.56 (1H, m), 5.12 (1H, d, J = 8.7 Hz), 5.65 (1H, br
s), 6.09 (1H, br s), 7.46 (2H, s)

MS(ES+) (relative intensity): 250.9 (100) (M-Boc)*.

STEP D. (S)-2-tert-Butoxycarbonylamino-3-(4-carbamoyl-2,6-
dimethylphenyl)propionic acid

Into an ice-cooled solution of methyl ester from Step C (2.99 g, 8.54
mmol) in THF (50 mL) was added an aqueous LiOH solution (1N, 50 mL) and
stirred at 0°C. Upon consumption of the starting materials, the organic solvents
were removed and the aqueous phase was neutralized with cooled 1N HCI at
0°C, and extracted with EtOAc, and dried over Na,SO4 overnight. Filtration and
evaporation to dryness yielded the title acid (S)-2-tert-butoxycarbonylamino-3-
(4-carbamoyl-2,6-dimethylphenyl)propionic acid.
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7.2 Hz), 3.65 (3H, s), 4.53-4.56 ( 1H, n), 5.12 ( 1H,
d, J =8.7 Hz), 5.65 ( 1H, br s), 6.09 ( 1Hlbr s),

wQ2006/0906) s) MS(ES+) (relative intensity): 25PCPDUSD0O)08450

(M BoC) +. STEP D, .
S) - 25 B 4-
é. ) T B oD MES: BRISOER-1 ] 200k 3. 258 488, 2.95(1H, dd,

| shier L 9

I TRl (1 aEL LER R s oat B W 718720
£2H utn),0n48 (2N, sH7.80 ()Hes)d stirred at OOC. Upon
consu of t he s arti rials, the organic
sol veﬂ{)é( é@%‘i’ﬁ?\/@ ?%%Hélz%)e@ﬂf lase was
neutralized with cooled 1N HCl at 00C, and extract ed
with Et OAc, and dried over Na SO4 overnight.
Filtration and evaporatio Examplevi@ess yi el ded the
title -fel A
(4- cartaR A +H 3 :
(300 Mz, DVEO Q‘éhenyﬂaér@ dﬁﬂhéﬁh}ll%s?@r (6H S)
2.95(1 H dd, J = ,
6. 2, 140Hz) 4.02-4.12 ( 1H, m, 718723(2HQT)
ZI 8 (2H s) 7. 80 H,c1H, @ S

| Y 236.9 )
(Z)- nzy oxycar pon {
| phenw@acrp i ¢ aci d net hyl esfer BOc 1Qd 10e STEP A Br
Tri fl dor omet hanesul foni ¢ aci d
4- br ono- 3, 5- di net hyl - phenyl edfar 10b.
HO HoN HoN NHCbz
‘ . OMe
I |
O o 0]
10c

10d 10e

STEP A. Trifluoromethanesulfonic acid 4-bromo-3,5-dimethyl-phenyl ester
To a cooled (0°C) solution of 4-bromo-3,5-dimethylphenol (3.05 g, 15.2
mmol) in pyridine (8 mL) was added trifluoromethanesulfonic anhydride (5.0 g,
17.7 mmol) dropwise. After completion of addition, the resulting mixture was
stirred at 0°C for 15 min and at room temperature overnight. The reaction was
then quenched by addition of water, then extracted with EtOAc. The EtOAc
extracts were washed with water, 2N HCI (2 x ), brine and dried over MgSQ,.
Filtration and evaporation to dryness yield the product (10a) as a colorless oil.
'H NMR (300 MHz, CDClg): § 2.45 (6H, s), 7.00 (2H, s).

STEP B. 4-Bromo-3,5-dimethylbenzoic acid
Into a solution of trifluoro-methanesulfonic acid 4-bromo-3,5-dimethyl-
phenyl ester (6.57 g, 19.7 mmol) in DMF (65 mL) were added KoCOs3 (13.1 g,
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To a cooled (QC) sol ution of _
4- br ono- 3, 5-di net hyl phenol (3.05 g, 15.2 mmol) in

wW@06a99e0 (8 nL) was added trifl uoronet hanesul PORIUS2006/008450

anhydride (5.0 g, 17.7 nmol) dropw se. After

ture was
B PERANG A2, 1 IR B I B it ur o
bis@dlphehylph&’;ﬂqln@ﬁ@mwne/\@s% e, 1GURRTAIE AT resldiing Atixture
vvater then extracted with Et OAc. The Et OAc-
duisy gasaesisdeOVipE hO vgin@nd was/then heated tp 60°C for 7.5 h

thi?r GRS TR BhoRB S ELL 400 B8 AR ea LA

NeAHO® éB@(EtM% aﬁﬂxﬁltébed The a&éeé@‘bhéée lafePWalsXdparated,
) 5-di net enzoic acid Into a
@Qﬂﬁﬁddﬁl%faqye@w @M%%@Maa@sﬂyuwm Ft@Agcand then dried over

(2PRORP AR T eORRAT oS B e e $huyld if ufiBhube
pridbat [ 10k)astd bgowrl résidueroihichwhsluged in the next step without

i s(di phenyl phosphi no)ferrocene (2.29 g, 4.14 mol).
E"H@]%f@é‘ﬂﬁ?% ‘m xture was bubbl ed in gaseous CO for 10

mn and was then heated to 60C for 7.5 h with a CO
bal | oon. The cool ed m xture was partitioned between
ST EPoG s 41anany-3 hlimethyl-benzoiciacidr ed. The aqueous

ot Bt BBt e et atido S Y ihsset) in THE

Fid Ly Waercaued G@%QBUMUOWHIQNQUFE’[JO bhfrﬁér% éeaéa'hed
n the crudeﬁgroduct (10b) as a brown residue, whi

i‘m@"wgm (1:6 Mhin hexanes; Bpnki 8 l‘TUU@')SlQW'heAﬁeF completlon of

B B BT i, b o AR b .

(m‘rn&)Z\A@s atldeaiadrppivisel Hrhe resulting mlxture was stirred at — 78°C for 1.5
h and allowed to warm to —20°C, followed by the addition of 2N aqueous HCI

(30 mL). The organic phase was separated and the aqueous phase was
extracted with EtOAc, the combined organic phases were dried over MgSQ,.
The solvent was removed and the resulting residue was purified by flash
column chromatography (eluent: EtOAc-hexanes~1:1) to yield 4-formyl-3,5-
dimethyl-benzoic acid (10c).

'H NMR (300 MHz, CDClg): § 2.65 (6H, s), 7.82 (2H, s), 10.67(1H, s).

STEP D. 4-Formyl-3,5-dimethyl-benzamide

To a solution of 4-formyl-3,5-dimethyl-benzoic acid ( 0.15 g, 0.85 mmol)
in DMF (6 mL) were added PyBOP (1.0 g, 1.92 mmol), HOBt (0.26 g, 1.92
mmol), DIPEA (0.89 mL, 5.12 mmol) and NH4CI (0.14 g, 2.56 mmol). The
resulting mixture was stirred at room temperature for 1 h, and quenched by
addition of brine, then extracted with EtOAc. The organic phase was washed
with 2N aqueous HCI, saturated NaHCOs3, brine and then dried over MgSOs,.
The solvent was removed to yield the crude product (10d), which was used in
the next step without further prurification.
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(10 M _) was cooled down to -100C with N2(1)-Et20 bath

and added nbutyllithium( 1 .6 Min hexanes, 5 mM _, 8
wonwbpIwbow y. After conpl etion of addition, tPEI/US2006/008450

reaction m xture was warnmed to -78 SC and DMF (0.74

m _, 8 mmol) was added dropwi se. The resulting mxture

was stirred at - 78eC for 1.5 h and allowed to warmto

f(3hl -
SPE B! ph B beracibion (E NP2 bkl
mihmsﬂ)amlleﬂmdmethmstera OAc, the conbined orgam c
4. The ent . was

P e o B isonftianyey ety ar RS D oRp AR e ety

5 éé"tép(ﬂih@@r Qﬂhh‘mﬁ(ﬁ} Hﬁ?CM é@}] gﬁéﬁl g@%@é{dl‘%?tﬁlol%ﬁ) hrfl’\(/LFéei(d mmol).

Mter st(u:mm @r 10 mnz, #olusien of the abeee (nade %fomwi%@dunﬂhyl

iR PGS s 2ol Ebahige TR e fiurpguas
ﬁlrr&j &ﬁo@?@témp@raw’é fbﬁslﬂ—h andie adhledt WﬂB%’n"(ovbd lﬂ/ 1@tary
1.92 mol ), HOBt 1.92 mmol DI PEA (
&/apPraiRg)- ) The cﬂeme;qumf%_s.aolged in 5@92’&@!151 wafmed with TN
10 48R 0, TN 469 it 658 WbSLROT R TS Lt Riypa o
Nvétrbsﬁh@q;mnf'éhdawﬁlmmummon%ﬁ%vgpgﬁgelﬁgﬁ EgdrSIlAg
rery a1 10110 L b e SO R By 3 LG a GV -

t hout
@urther prur|?|y({:\glta‘?gj HRYIBEri(P0&) s BRI, W T hou

(Z) - 2VISéR3Y) (selatve mueysnma&sa(aa%ja\/lbmmyl 2, 6-di met h
yl phenyl) acrylic acid nethyl ester

15
Example 11
(2)-2-Benzyloxycarbonylamino-3-(4-carbamoyl-2,6-dimethyl-
phenyl)acrylic acid methyl ester
0 0]
Q CF
H2N H2N I 3
HO o Séo
D - v
. OH
11a 11b
O
NHCbz
—_ /O —_— = OMe
O
20 11c 11d

STEP A. 4-Hydroxy-3,5-dimethyl-benzamide
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Into a solution of
N- (benzyl oxycar bonyl ) - a- phosphi nogl yci ne trinethyl

W@3106/099060 46 g, 1.4 nmmol) in DCM (5 M ) was apciBEUSDOB008450

(0.21 n, 1.4 nmmol ). After stirring for 10 mn, a

| ut f th ~
201 or H8Mhodhe i ret e dsSaais i Exampiai P 5SHAD Dyl vaRINE 5
¢ o
?@%2‘4'2%“‘@8%%’ BS pRepdrtBeE JoRdish edial Toom
r ot ar H &IMBJBAOIMIHzZ, THEI:)es RBR(BIys)db Sdd!1¥k trish FEOMAEH, br

g with 1IN aqueous HCl, brine and then dried
%r % The sol vent was renoved and the residue
pur i f yesEly) (rlepa%k}eqmeﬁgﬁy)cwé;e@v(@%)r(mahy (el uent:

Et OAchexanes
(2) 2 tert- but oxycar bonyl am no- 3- (4- car banoyl - 2, 6-

BB Ra 5l B LG 6712 858t peny
ég@%(l\/&l) Exanpl e 11
(Z) - 2- Benzyl oxycar bonyl am no- 3- (4- car banoyl - 2, 6<l i net h

yl phewcmacaq}tutm alc4-tyaexyy3, Seimethyl-benzaniida (3.72 @, 828Pmmol)

@éscr muéxénng hg?\%gﬁhgﬁgﬁﬁ%& g§ ﬁsy% %X}nﬁ% )gfnoﬁéﬂ/l‘ (g0 mL)

Wae”@‘dtlyéd mza%dﬁL,(QEl&immm chﬁﬁaém@e&auﬂe e €vd Rsulting
solid. 1H NVR (300 MHz, CDCI3) : 2.82 (6H ), 5.51
m)gpreowagystlrrgdgaé ream, tempeﬁture,zoxgrn@m Ajser thé reaction was

quenched by addition of water, the separated organic phase was washed with
1N NaOH, water and then dried over MgSO,. The solvent was removed and
the residue purified by flash column chromatography (eluent: EtOAc-
hexanes~1:1) to yield trifluoromethanesulfonic acid 4-carbamoyl-2,6-dimethyl-
phenyl ester (11b) as a white solid.
'H NMR (300 MHz, CDCls): & 2.42 (6H, s), 6.28 (2H, br s), 7.57 (2H, s)
MS(ES*) (relative intensity): 298.1 (63%)(M+1).

STEP C. 4-Formyl-3,5-dimethyl-benzamide

Into a solution of trifluoro-methanesulfonic acid 4-carbamoyl-2,6-
dimethyl-phenyl ester (1.49 g, 5 mmol), Pd(OAc)2 (0.037 g, 0.15 mmol), DPPP
(0.062 g, 0.15 mmol) and TEA (1.74 mL, 12.5 mmol) in DMF (25 mL) was
bubbled CO (gas) for 10 min, then triethylsilane (1.6 mL, 10 mmol) was added.
The resulting mixture was stirred at 75°C under a CO gas balloon for 6.5 hr.
After cooling to room teperature, the reaction was quenched by addition of
water, then extracted with EtOAc. The EtOAc extracts were washed with water,
brine and then dried over MgSOQ.. After filtration and evaporation, the residue
was purified by column chromatograpghy (éluent, EtOAc-hexanes~1:1) to yield
4-formyl-3,5-dimethyl-benzamide (11c¢) as a yellowish solid.

"H NMR (300 MHz, CDClg): 8 2.65 (6H, s), 5.75 (1H, br s), 6.13 (1H, br
s), 7.52 (2H, s), 10.64 (1H, s).
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MS(ES+) (relative intensity): 166.2 (8% (Ml ) . STEP
B. Trifl uoronet hanesul fonic acid

wa2@animaeoyl - 2, 6- di met hyl - phenyl ester |Into a BOI/US10061008450

of 4-hydroxy- 3, 5-di net hyl -benzam de (3.72 g, 22.5

mol ) and N-phenyl trifl uoronet hanesul foni uni m de (9.4
g, 25 mol) in DCM (80 m ) was added TEA (3.48 nl _,
g':TE'PTD' Z - Mmd)ﬁf&?béhyrﬁnlﬂ&ﬂﬂﬁﬁbéﬁﬁiﬁliﬂ GL%IlmethyI-
m xture vvas stifr room t enperat ure overni
phepyl)acrylicaacidinetiwd esteienched by additi on of vvater

it o1 THRATPRERHSETE o 8PSy hs e le v Rl 70! step £

renmoved and the residue purified by flash col um

chromat ogr aphy (el uent: EtQAchexanes~ 1 :1) to yield
trifl uor orret EXamplerl2-Optisal Rotation Measurements

So o bR BHlpRRCH HERrafivd, Simbi otthe o dlile 6
(o?hlulabglaﬁ)preﬁat‘éa 42, Example( £vas fetlsatdd/gs [dtBRSIPY(k:1.5,
298 63% (Mr1). STEP C.

, 5-di met hyl - benzam de Into a sol ution of

b et ERF %gﬁéél*}ﬁf%%""' GY Hepr8Sefiafie LRI s Gimpopna of

(d?nﬁilb?(le) egarearad in, E e(9) R comrierthaliypurchaset (S)-N-

TEA 1 .74 nm, 12.5 mol) in DMF (25 nmi was bubbl e
&X&PM%WaﬁmﬁﬁﬁUfeﬂ 0ﬂﬂ€th9l8s(|cl1aﬁe OH).6 m., 10

mol ) was added. The resulting m xture was stirred at
750C under a CO gas balloon for 6.5 hr. After cooling

t o r oWhileahe farbgoitg speeificaiior icashe@heopiiioniiesiobthe present
|?1(\j/gln'}|cl)no r\1NI'[ fexamples provided for the purpose of illustration, it will be
understood that the practice of the invention encompasses all of the usual
variations, adaptations and/or modifications as come within the scope of the

following claims and their equivalents.
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water, then extracted with EtOAc. The Et OAc extracts
were washed with water, brine and then dried over
wOoRBe0990¢d ter filtration and evaporati on, the PERUS086/008450
was purified by colum chromat ograpghy (el uent,
-hexanes~1 : 1) to yield
- 3, 5-di net hyl - benzam de (1 1c) as a yell ow sh
olid 1>- 75 (
?H b'?‘ péf%ibé\&\ﬁ @r@gMﬁ%ram’ B cg@p%gﬁ@ éf%?mﬁl)a 6(2
s). STEP D. O
(2) - 2-Benzyl oxycahbonyl
yl phenyl) acrylic'a
was prepared as descr' be \I
Exanpl e 12 Optical RgRfti enents The opti cal
rotation of a representative sanpl HMhe conpound of
formula (la), prepared as in Exanplfe 1, was neasured
as [a] D=-12 (c 1.5, MeOH). The @pti calgrotati on of
a representative sanple of the conmpound of formula
(la),wpemared as in Exanple 9, fromcomrercially
purchased (S)-NBOC- Tyr-Owve was neasured as [a] D =
-10.8 -7, MeOH). Wiile the foregoing specification
t eache principles of the present invention, with
5  exanpl &3=pr inCeeant or ahatemargasteced flonuthe gridupronsisting of

SR BRatdlE HidEpt, BFLaE P oy i KRR

BYHhidinyIDsl ra g, Imd”cﬂylai%oﬁm@yl Mintibliriy1 BenZFonye b@‘nzbl’lﬂenyl

followng clains and their equivalents.W Caim 1.
by tRidaT, berzthpagl beraRRarond aiRobziAY, SETR] o
uinolinyl and quinazolinyl;
fsbduinolinyl and linyl
10 each R*'P is independently selected from C1.¢alkyl, Cy.¢alkoxy or fluoro;
R’ and RX are each independently selected from hydrogen or Cy.salkyl;

alternatively, R’ and RK are taken together with the nitrogen atom to which they

41P
@1 c)zﬁ'rzbarmyl 2, 6-di met h

est,er—Poé title conpound
le 10, Step E.

are bound to form a five to seven membered heterocyclyl;
Pg' is a nitrogen protecting group;

15
comprising
O
XP (R*"")o2 = (R*"P)o.2
— &
P RK P
x Y

(X
reacting a compound of formula (X), wherein X is selected from OH,
CN, -CO2H, -C(0)-Cl or —C(0)-OC;.salkyl and wherein YP is selected from Br,
20 Clor|, toyield the corresponding compound of formula (XII);
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wherein is C -ioaryl or a heteroaryl selected fromthe
group consisting of furyl, thienyl, pyrrolyl,

w@@s0996Q thiazolyl, imdazolyl, pyrazolyl, pRCT/UBIU96/008450

pyri mdinyl, pyrazinyl, indolyl, isoindolyl,

i ndolinyl, benzofuryl, benzothienyl, beqzi m dazol yl ,
benzt hi azol yl, benzoxazol yl, quinoliziRgyl, quinolinyl,
i soqui nol i nyl and qui nazolinyl; e R41P is

i ndependentQy sel ect fromG -6alkyl, &Sk - OXy or
fluorg, RJ |hnd Rk éﬁ“ggbazch i ndep Bsc,:ét”'gg{ygd from
hydr oew, or ARl kyl ; alternatively, ||RI and Rk are
taken to ethth the nitrogen atomG o which they
are boungKtoYoPna fivé To seven neppered
heterocyclyl; Pgl¥is a nitrogen prof&¥ihng group;
conpri sing - £¥Hlcting a conpound of formula (X), wherein
Xp is selected fromOH CN, -CQ2H, -C(O-C or
-C(O-0C. -4al kyl and wherein Yp is selected from Br,
ad or I, toyield he corr(ﬁéﬁ%]gi ng conpound of
formula (Xl 134 reacling e conmpound of formula (X1I)
with a suitably\gtb¥ It e [Qonlﬁghnd of fornul a
(XVII1); in the) engg of ypal | adium catal yst; in the
presence of an ganie”s—=HQor gani ¢ base; in an

organi c solvent; at a tenperuwOGyraliyér than about
room tenperature; t&X)ield the correspondi ng conpound
of formula (XIX); reacting t@e conmpound of fornula
(XI'X) w t.h drogen or sour.c aydro o 1n the

br e owiiotge e EBHER R of Rl L nth & e sples e

86:apbaAd of formula (XVIII); in the presence of palladium catalyst; in the

presence of an organic or inorganic base; in an organic solvent; at a
temperature greater than about room temperature; to yield the corresponding
compound of formula (XIX);

0]

Q (R*"™)o.2 (R0

1

OC1-4aIkyl
(XIX) d (XX) 4
reacting the compound of formula (X1X) with hydrogen or a source of
hydrogen; in the presence of a catalyst; in a solvent; at a temperature greater

than about room temperature; to yield the corresponding compound of formula
(XX);

(R*"P)o

reacting the compound of formula (XX) with an agueous base; in an
organic solvent; to yield the corresponding compound of formula (1).
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t han about roomtenperature; to yield the
correspondi ng conpound of fornmula (XX); reacting the

w@ oovpomoch of fornmula (XX) with an aqueous basePCT/HSENG/008450

organic solvent; to yield the correspondi ng conmpound
of formula (1).2. The process as in Claim1l, wherein

i s phenyl; the phenyl is substituted with a R41P group
at t héhe@ppomads aginc@idira 1sedmneinR41P group at the 4-
positi on. each R41P is independently selected fromGi

-2al ky?7 - -2al koxy or fluoro; RJ and Rk are each
~i ndepe& n(lfe ly selected from hydrogen or G -4alkyl;
elsypheRyl;and Rk are taken together with the

al terna
nitrogen atomto which th 46 b ndt forma fiv
to se&'@ Wil I¥h i P siitted yg @?{ ‘érr?d‘pF*btlt £ £-Rosition 8@8@

%ﬁr@ﬂ“ﬁ%rﬁﬁﬁéptheﬁ J&@tl(ﬂ’i ocess as in Caiml,
wherein i s phenyl; él is substituted with a

R41P gaefup’ atISﬂm@@qﬁ@@tly ise caeﬂjfrans6c@aiule@15algompr fluoro;
h h R4l
o8 Apg oAt ot BREPRRIATY bBe R ttim oRgibriS: €l Sy

akarnaiveljoR’ ahe H#r@@aaﬁém tyedhetwie fROHmbgeh diemntelvihich they
(1), wherein is ioaryl or a heteroaryl selected from

arebonslie feons fswe Fﬂgs%\feff mrsmbereﬁ ihetgrocyelyls apdy| |

oxazo 1 i pyrazol yl , pyrldlnyl,
pyri miD [ ny Hlt @? Inzdrote%c%g%&ﬂ i soi ndol yI ,

i ndol i nyl, benzofuryl benzothlenyl, benzi m dazol yl ,
benzthiazolyl, benzoxazolyl, qui noli zi nyl, quinolinyl,

3. The process as in Claim 1, wherein is phenyl; the phenyl is
substituted with a R*'" group at the 2-position and a second R*'" group at the
4- position; each R*'" is methyl; R’ and R* are each hydrogen; and Pg' is a t-

butoxycarbonyl.
4, A process for the preparation of a compound of formula (l)
O
" (R*"P)o2
\N \ HN/PQ1
| {
R
OH
O (1)
wherein

is Ce-10aryl or a heteroaryl selected from the group consisting of

furyl, thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, pyridinyl,
pyrimidinyl, pyrazinyl, indolyl, isoindolyl, ihdolinyl, benzofuryl, benzothienyl,
benzimidazolyl, benzthiazolyl, benzoxazolyl, quinolizinyl, quinolinyl,
isoquinolinyl and quinazolinyl;
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I soqui nol i nyl and qui nazolinyl;each R41P is
i ndependently selected fromC -6al kyl, G -6al koxy or

wo bweneggo6R] and Rk are each i ndependently sel er€BUSIDEO@MNS450
hydrogen or G -4alkyl; alternatively, RJ and Rk are

SR b WAL ol ML or
het : ' ' ' : .
onpr R U K g Each Sndeptride B ReRic A T dibGior Craplky
dnednagely, ®’ andsBliree takerhipgetipewith ihetritoger atomdo efhich they

catal yst; in a solvent; at a,tenperature qgreater than
3&(6&9‘1”@6@ﬁ?%#ﬁé’ﬁa@tﬁeé’?ntrﬂevibéréﬁ)ﬁﬁ@@%\ﬁlﬂspondi ng

conp f i I ; ting the conpound of
S for walbk'gq?%sﬁr\%pt@ﬁ pg%i%gg%%g&gﬁ%ase: in an organic

solvent; to yield the correspondi ng conpound of
formul a Srk%ihgs' A process for the preparation of a

conp ormula (la) conprising(X a) (X la)

reactigig a co und of formula (Xa), wh@rein Xppis

sl ecltq]ed frfﬁ‘rmd%p-ZCN, -C®2H, -C¢(0;C of - 22

R ~4alKy d wherpyh Yp is sel ect &N L-Rg'

to Qi el e BT espondi ng—eemmound o . l1a);

( XI RA) 8_)={ eacting the conpound dt" fo Ila())
C1.4alkyl

with a suitabl y 4O€y Lhalkled conpound of for nul
(XVI1 '(QPX' in thg presence of palladi um qakpl yst;
t he presgnce ofOan organi c or inorganic base; i

Or ganise &9l ¥'eompbuAd of formula (XIX) with hydrogen or a source of

10  hydrogen; in the presence of a catalyst; in a solvent; at a temperature greater
than about room temperature; to yield the corresponding compound of formula
(XX);

o)

(R*"P)o.2

1

OC,.4alkyl

reacting the compound of formula (XX) with an aqueous base; in an

15  organic solvent; to yield the corresponding compound of formula (1).

5. A process for the preparation of a compound of formula (la)
O

20 comprising
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tenperature greater than about roomtenperature; to
yield the correspondi ng conpound of fornmula (Xl Xa);

W@ 105a39060KXa) reacting conpound of fornula (X Xi/US20061008450

hydrogen gas, at a pressure sufficient to hydrogenate;
in the presence of a suitable chiral cagalyst; at a
terrpera{:ure greater t han about roomtenperature; in an

organi X'<gol yeQt; ¥o yield the correspo I

ng aQnpasxnd
of fornula af; (XXa) (ia) reagtimpNhe fpob d of
formula (X th an aqueous base; in an rgan c
sol-vent; toON&E e correspondi ng conpound &

formula (la).] 6. mprocess as in Caimb, n Xp
is -OH and erein Ypis Br. 7. The process ds in
Gaimé6, fur r conprising (Xa) ( | react iyt he
conpound of orrula(Xa) V\Athatrlflatlng ent;

Jiel P étedtfom OH,
yi el d ﬁ{é‘%ieg%@ g%f%@gﬂn%gﬁﬁ)éWMém Psétﬂé edtiiom

of formJLa Xlgge;
ANSI-8)0 A1-CAD)- Gdaact—Cr(r@ ). ebyp andavigreino mia selested)from Br,
id t
cir {116 Y 8dun earapoende cRa R fEHEE Bnti na i on
with a suitable ligand,Be¢ in the pregence of a
pal I@di um Iigand comNex: at a tenper !

range romabout 50C t out I?{
ield re p%ndl
fornmul ). 8. The prgcess as in d ai

the conmpauAd~afer formulaO(Xlila) Jjs

(XVlla) o)
Xila) (XIXa)

reacting the compound of formula (Xlla) with a suitably substituted
compound of formula (XVHlia); in the presence of palladium catalyst; in the
presence of an organic or inorganic base; in an organic solvent; at a
temperature greater than about room temperature; to yield the corresponding
compound of formula (XIXa);
0 0o

Boc
H,N HN”

= OCH,4

o)
(XIXa) (XXa)

reacting compound of formula (XIXa) with hydrogen gas, at a pressure
sufficient to hydrogenate; in the presence of a suitable chiral catalyst; at a
temperature greater than about room temperature; in an organic solvent; to
yield the corresponding compound of formula (XXa);
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reacted wth the conpound of fornula (XVilla) in the

presence of Pd2(dba)3 and P(o-toluene) 3. 9. The
wpe@ees®e@s in Claimb5, wherein the chiral catedHES2006008450

[Rh(cod) (R RDI PAMP) | +BF4 ". 10. A process for the

prepr ation of the conpound of formula (la) conprising

( XI X& (XXa) reacti ng conpound of fornul &

hydr g at a gycessure sufficient tqg hyd oge at e; ;_Boc
HeNThe srfCeHNf” a suitabl e chiral Hgatalyg aHN”
tenpera : about room tenper in @an

or gani c “s@& : $§F‘@It'rre—cm'r'r'€sp'ondi ng S eGA OH
of fornmul & a) (la) reacting the co

formula (XXa) with@n aqueous base; in an organic
sol vent; (X¥ayi el d the correspondi ng conpound (iaj
for mul aq(w_.a) 11. A product prepared according to the

pr ocekad g@gpﬁmpoum of foimda &Kap Milhaar aaueeus Basg; in an

SR ALEHE R yBld e ieponding YRBOHA o fRRI e

prepared according to the process of daim10. 15. A
roce for the preparatio ounds o ornmul a .

5 B 1) “Hheiteersa b Chima, heraing Braryanchehaiaiay” is Br.
fromthe group consisting of

7. The process as in Claim 6, further comprising
HO TfO

k-
_—

Br Br

(Xa) (Xla)
reacting the compound of formula (Xa), with a triflating reagent; in the
10  presence of an organic or inorganic base; to yield the corresponding compound

of formula (Xla);
O

TfO

HoN
—————

(Xla) (Xlla)
reacting the compound of formula (Xla) with carbon monoxide and a
suitable source of ammonié; in the presence of a palladium catalyst in
15 combination with a suitable ligand; or in the presence of a palladium:ligand
complex; at a temperature in the range of from about 50°C to about 160°C; in

an organic solvent; to yield the corresponding compound of formula (XI1).
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furyl, thienyl, pyrrolyl, oxazolyl, thiazolyl,
i m dazol yl, pyrazolyl, pyridinyl, pyrimdinyl,
w@apvyd , i ndol yl, isoindolyl, indolinyl, bePepiisaogé/ 08450

benzot hi enyl , benzi m dazol yl, benzthi azol yl,

benzoxazol yl , quingli.zi nyl ui nol in ' [ ' .

fand_ qoerabeings I ol senie il P Adthoid BEesERA Bl i
it ! ' Iflhpierhe grdsemst GPaseba

ré%@%ﬂ%e@%n@rﬁ?@%%ﬁgﬁ ghoéll rom Eydr ogﬁ or 818ba)s

and-Plattojuenedd.t ernati vel y, RJ and Rk are taken together

wWth the nitrogen atomto which they are bound to form

a five to seven nenbered heterocyclyl; Rl is sel ected

d. " omtree, @easd a8 MBIk HInvéreity tHeogiiml cBtalgstlis fiRh(cod)(R,R-

cycl oal kKyl', heterocyclyl, aryl(C - 6)al kyl, and

DPAMBYIBRA.C - 6)al kyl ; wherein when RL is phenyl (G

-6)al kyl, phenyl is optionally fused to a heterocyclyl

or cycl oal kyl; wherein when R1L is G -2alkyl, said G

t2al ky prdcesambi egirepaiiontdftte edmgoundaidomoulaviz)

substituents i ndependently selected fromthe group

consisting of Ci- &koxy, aryl, cycloalkyl,

het er ocycl yl , hydr ox} am nog4d - al kyl am no,

(Ci - 6al kyl ) 2anig et N7 -and car boxy; and

further, wherei n"when H said C3-6al kyl is

optional |y substituted i t 4 @H substituents

i ndependently selected frpmth gropp consi sting of C

- 6al koxy, aryl, cycloal kyl, heterocy IyI,Ihgdroxy,

cyano, am no, G -6al kylam no, (C -.alkylsa m no,

trifluoronmethyl, and carboxy; wherein the cycl oal kyl

and heterocyclyl of G -2alkyl and C3-6al kyl are
comprising
0o ‘ o)
Boc
HoN HN”
O
(XIXa) (XXa)

reacting compound of formula (XIXa) with hydrogen gas, at a pressure
sufficient to hydrogenate; in the presence of a suitable chiral catalyst; at a
temperature greater than about room temperature; in an organic solvent; to

yield the corresponding compound of formula (XXa);
o] O

(XXa) (la)
reacting the compound of formula (XXa) with an aqueous base; in an
organic solvent; to vield the corresponding compound of formula (la).
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optionally substituted with one to two substituents
i ndependently selected fromthe group consisting of G

WO @blegdo60 hydr oxy(o 6) al kyl, Ci - 6al koxy, hyPCDK$2006/008450

cyano, am no, - 6al kyl am no, - 6al kyl ) 2ami no,

Ll S o SR

al kyl am nocar bonyl, (G -6al kyl) 2am nocar bonyl , and

am nosul fonyl ; furt her mor e, wherein the cycl oal kyl and
h2t er Agyrodyct prepRiechaecardingandheé yreeasst oft@iaed 4ni t h one
to two substituents independently selected fromthe
group consisting of Cl-6al kyl, hydroxy(G -6)alkyl, d
132l KpprodDydsre no,

o oy E‘é’e“f?‘?‘%”ﬂz‘?ﬁbngﬁﬁy%%%?‘ﬁi‘i%@ma yi(a

- 6) al koxycarbonyl, C-i- al koxycarbonyl, am nocarbonyl,

O e e A

heteroaryl portion of the Rl substituents aryl (G -
6éal k% and heteroaryl (G -6)al kyl, are optionally
18bst Atrioeessior Ahe RECRasation SBcampoLds of faramia (I

i ndependently selected fromthe grouyp, consisting of G
- 6al kyl ; hydroxy(G -6)alkyl; G -6 3
Cé-ioaryl (G -6)alkyl; C6. i oan | (G -] 6)alkoxyR

C6-ioaryl; heteroaryl optional Y\F\IS ytute with one

to two substituents dndependent | y|sel e téd fromthe

group consistin of 0 @
: ;-| oar yI ox%

car boxy; cycld&

het er oar yl oxy; ¥ eter ocycl yl oxy; am no;
Cl- 6al kyl am ndﬂ O INLO;

Cs- ecycl oal kyl am nocga bonyIR ydery(O

- 6) al kyl am nocar bO(W‘FP)O_C‘;G i oaryl am nocar bonyl V\,he(rlﬁi n
CQ.

wherein

is Ce.10aryl or a heteroaryl selected from the group consisting of

furyl, thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, pyridinyl,
pyrimidinyl, pyrazinyl, indolyl, isoindolyl, indolinyl, benzofuryl, benzothienyl,
benzimidazolyl, benzthiazolyl, benzoxazolyl, quinolizinyl, quinolinyl,
isoquinoliny!l and quinazolinyl;

each R*'"" is independently selected from Ci.galkyl, C1.calkoxy or fluoro;

R’ and R" are each independently selected from hydrogen or C,.,alkyl;
alternatively, R’ and R¥ are taken together with the nitrogen atom to which they
are bound to form a five to seven membered heterocyclyl;

R'is selected from the group consisting of hydrogen, Cy.salkyl,
cycloalkyl, heterocyclyl, aryl(C1.¢)alkyl, and heteroaryl(C.¢)alkyl;
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I Caryl is optionally substituted with carboxy or
het erocycl yl carbonyl ; carboxy; G -6al kyl carbonyl oxy;

w@reobabdosxycar bonyl ; G - 6al kyl car bonyl ; . PCT/US2006/008450

G - 6al kyl car bonyl am no; am nocar bonyl ;

nal og e ERYle pReE Al ?”%n@?%SQ?ﬁo%ﬂy fi8d% 2
hydrohgterpcynjyldmd:yt:balkyho nore than one R1 1

substituent is selected fromthe group consisting of
C6-ioaryl (G -6)al kyl; C6-ioaryl (C -6)al koxy;

Cb- a |

| SO S0, S RSB, ST ARG B i
gr oupooveIigitwoisnbsiifieqis mgapmydientbmble@tedcbvom the grc?up _

cycl abtak il SRYELY o8 B el RO,
het er afigd )@Féﬁllﬁﬂmﬁho ?Ogsé]ﬁ)w%raﬁﬂ?‘%l)%’lf E?l?bmé?ﬁyl', and carboxy;

hydrogen, G . 8al ky hydr ox
C6-ioaryl (G -6)al koxy(Cl 6) al kyl, or

o eahAbie Ay HIFECIAcL M, SR Ll X Bpidhany

opt i osa&bét}tut@dbmh brié el thweblsupREtuents mepéﬁééhﬂyiﬁlééted from
i ndependent|ly se|l ected fromthe group consisti'ng o

- al kine greiupe-‘aarﬁ@tlyg qﬂﬁjre@i&swxyaamyh@ycbalkydsdmetgmmbyb hydroxy,
(O PR kAL 0, AR Oy Anie, oromethy anc

f | uor carbolyor o, brorm trlfluororret hyl, and _
trifluoronethoxy; and, wherein the C -6a| kyl and G

- 6al koxy substituents of aryl are optionally
subst wheke thé Eftloalkyl and heterocyclyl of Cy..alkyl and Ca.salkyl are

optionally substituted with one to two substituents independently
selected from the group consisting of Cy.salkyl, hydroxy(C+.¢)alkyl, C;.
salkoxy, hydroxy, cyano, amino, C.¢alkylamino, (C1.salkyl),amino,
trifluoromethyl, carboxy, aryl(Cs.¢)alkoxycarbonyl, C,.salkoxycarbonyl,
aminocarbonyl, Cy.salkylaminocarbonyl, (Cy.salkyl).aminocarbonyl, and
aminosulfonyi;

furthermore, wherein the cycloalkyl and heterocyclyl of R' are optionally
substituted with one to two substituents independently selected from the
group consisting of C.galkyl, hydroxy(C1.)alkyl, Ci.calkoxy, hydroxy,
cyano, amino, Cy.ealkylamino, (Cy.¢alkyl).amino, trifluoromethyl, carboxy,
aryl(C+.¢)alkoxycarbonyl, Cs.salkoxycarbonyl, aminocarbonyl, C;.
salkylaminocarbonyl, (C1.salkyl)2aminocarbonyl, and aminosulfonyl;

furthermore, wherein the aryl and heteroaryl portion of the R’
substituents aryl(C+.¢)alkyl and heteroaryl(C1.¢)alkyl, are optionally
substituted with one to three R substituents independently selected
from the group consisting of Cyalkyl; hydroxy(C+.s)alkyl; Ci.calkoxy; Ce.
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hydr oxy, am no, G -eal kyl am no, (Creal kyl ~am no, or
aryl; Ais selected fromthe group consisting of aryl,

WO R0vg/0g9pst em a-1 , a-2, a-3, and a-4, optional PG]T/US2006/008450

substituted with. R3 and R5 a 1 a 2 a-3 a-4 wherein A-B

aﬁdsqelllade}?t(&g@ @ﬁyw %ﬁﬁg%ﬁgwﬁob‘ho%lw

cons G %”u%sﬁiﬂen?é‘i@hd enebrmtiyrsdletied from the
sel e%tag%ﬂg,?é(ymwtﬁhegne?gupocony sting o %N-O ar%’gs CO R3

i's ogeoupconsisinget Ci. naihylan m@lbpanmdwa,rb@éy,éwl@@ﬂfw,om

o) FAEBeigHEx el erdy B oyt Herocscion

het erpahy! €, SakaaRmM:l( alk?lz;ﬁdﬁhb CQ@@WI@aikylal(n@\ocarbonyl
2-6) al kenyl, he eroary amn

kyn
- 6al mdmyﬁ@ s)atkyisaningraenyb Ceapa:qy l,r,lgcarbonyl wherem Ce-

e

het erreaéroc cl?f&amidyl -aaribdey; zﬂﬁébll@luarh@mdom,a@Leaﬂéoxycarbonyl
aryl (G . arvyl ) al ken

aryl (QBZ&%Y&P&(?QW' Che@‘éylgﬁmné’@m'%oﬁ?ﬁl'mﬁﬂarbonyl Cs.

het er Adorrdgen;

eyt nmeiofa bRl ROY alFaRliRBEAbbRA, Eddtdge

hetertﬂﬁumb%hylatréluommeﬂmb(yyawhydndxyt ed with one to

five fluoro substituents or one to three substituents

i ndependently selected fromthe group consisting of Ci

-6al e R'Cs b&ﬂué@m,selected from the
Lr";?'fj%%ﬁ%f @ora%cagh Pogryl (G- 6) al k

os | @royp co@SlstmglOf/ Cexyaryke-eatart; ﬁe(mtyda(ﬁareia}koxw Ce-10aryl;

T oaraiang oniBh Bl arsuiEEh AL ik 1o Mo SLBRGV AN ©
(G - Gab&yéndanlyrseledted oy (He grodipaddnsistinigraf Cciatkyd> G satkoxy,

C-i al kyl carbonyl ,
and carboxy; cycloalkyi; heterocyclyl; Ce.10aryloxy; heteroaryloxy;

cycloalkyloxy; Ce.10arylaminocarbonyl, heterocyclylcarbonyl; and

heterocyclylox/y;

R?is hydrogen, C1.galkyl, hydroxy(C.s)alkyl, Ce.10aryl(C1.¢)alkoxy(Ci-

g)alkyl, or Ce.10aryl(C1.g)alkyl;

wherein the Cq.10aryl group in the Ce.1aryl-containing substituents of R?
is optionally substituted with one to two substituents independently
selected from the group consisting of Cy.galkyl, Ci.¢alkoxy, hydroxy,
amino, Cq.ealkylamino, (C1.salkyl)zamino, aminocarbonyl, C+.
salkylaminocarbonyl, (C+.salkyl)2aminocarbonyl, cyano, fluoro, chloro,
bromo, trifluoromethyl, and trifluoromethoxy; and, wherein the Ci-ealkyl
and Cy.ealkoxy substituents of aryl are optionally substituted with
hydroxy, amino, C+.¢alkylamino, (C+.¢alkyl).amino, or aryl;

A is selected from the group consisting of aryl, ring system a-1, a-2, a-3,
and a-4, optionally substituted with R®and R®;
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-6) al kyl am nocar bonyl, cyano, hal ogen,
trlflugronethyl trifluoronethoxy, hydroxy,
G . 6aBkyl sul fonyl, and d - al kyl sul f onyl ani no;

prow ed t hat not re than on R3N|s sei ected fro

p consi aryl aryl &%/
)a Wy‘b&ﬁﬁy CZ{\G%IV ary )aI kynyl , e
het ex-eeB y het erow—yLIE( 6) al kyIF—Eiet er oaryl (C ‘N
2-6) al kenyl, 'heteroaryl (C 2.’ 6)al kynyl, ari?‘gam no, Rs
het er garyl am' no, arydo©xy, and het g_@oaryl oxy and a-4
wherein G -6alkyl, and G -6al kyl of ary I

-6) al k
anyheegir Aol i (s@ecte@) HpRythe Qr@mspn%ﬁmg P an%t ™ é’d\‘ and

15 B KPR R 1) LB ARTOI08 0 ana O
6aNkshawHeein(FEIG ishsdl&oted 2rom the gmuammmlsﬁmgyd)f N-O and C-O;

(C1-4)al kyl am nocar bonyl , di (Cl-4)al kyl am nocar bonyl ,
aryl, heteroaryl, arylam no, heteroarylam no, aryl oxy,

het erga; %'n%ééﬁ twBstbsfitubnfd mb%eéﬁdeﬁﬁﬂsélsét%qaw i roup

4) al Koxy a substituent on trogen atom

consizting ©f Gty farpiratyie gjalky, amﬁﬁzs)allx@wawam)@&wnyl

reTeetieeeieay (G orlo s tepan (Eakeny. RelfbsH €5 qatyny,

a‘ﬁnn06@| E&W@ﬁ{lﬁ@”(ﬂd eamy‘)ﬁﬁrﬁﬁhb' é?ldmnh@%té?@amﬁ% , @hdoxy,

each’ er” than rogen, Ro are optionally
hea&r@arylo)gsettnﬁmormeihylhan%|halqg@@n atom to which they

o oSO RSP ER L A ik B B PR By o

enantarylro@q Salldi, afiRCePamenyl, aryl(Cq.¢)alkynyl, heteroaryl(Ci.)alkyl,
heteroaryl(Cs.s)alkenyl, heteroaryl(Cz.g)alkynyl, arylamino,
heteroarylamino, aryloxy, and heteroaryloxy, are optionally substituted
with one to five fluoro substituents or one to three substituents
independently selected from the group consisting of Cy.galkyl,
hydroxy(C1.¢)alkyl, C1.salkoxy, Ce.10aryl(Ci.s)alkyl, Ce-10aryl(C+.s)alkoxy,
Ce.10aryl, Ce.0aryloxy, heteroaryl(C1.s)alkyl, heteroaryl(Ci.c)alkoxy,
heteroaryl, heteroaryloxy, Ce.10arylamino, heteroarylamino, amino, C..
ealkylamino, (C1.salkyl)2amino, carboxy(C+.s)alkylamino, carboxy, Cs.
salkylcarbonyi, Cq.salkoxycarbonyl, Cy.salkylcarbonylamino,
aminocarbonyl, Ci.salkylaminocarbonyl, (C+.salkyl)2aminocarbonyl,
carboxy(C1.e)alkylaminocarbonyl, cyano, halogen, trifluoromethyl,
trifluoromethoxy, hydroxy, Ci.salkylsulfonyl, and Cy.ealkylsulfonylamino;
provided that not more than one R® is selected from the group consisting
of aryl, heteroaryl, aryl(C+.¢)alkyl, aryl(C.¢)alkenyl, aryl(Csz.¢)alkynyl,
heteroaryl, heteroaryl(C1.g)alkyl, heteroaryl(Cs.¢)alkenyl, heteroaryi(C.-
s)alkynyl, arylamino, heteroarylamino, aryloxy, and heteroaryloxy;
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racemates, and salts thereof; conprising reacting a
conpound of formula (X), wherein Xp is selected from

WOR)069066 CO2H, -C(O-Cl or -C(O-0CCi - 4al kyl BEmMUS2006/008450

wherein Yp is selected fromBr, O or I, to yield the

i na: d | L&) ti h
componng R CTRNILAR iRt IS At Gh e EBod Relgieamic:
conpoglatkyhfaré aptiohallyf Xvbdtititedwhitt @isnbBatlehs séleBidd SfMthe

in the presence of palladium

at ;F%U%gﬁﬁ{sgﬁﬁﬁ;gp?féwﬁw,&arwyo Fuedikoxyearbanylgamieo, C.
base; edlk‘yléﬁirﬂf,g]@?‘.'g%gﬂaa}\fﬁ%j a@gnd%aglﬁqﬂﬂl@1%ﬁkﬂ%ﬁ%&arbenyl,

t han about room 1 ure;
cor r edifGngliatiyylarvimocarmbnyf, ergir helezodryl, Yrylantast hdtgrddiglamino,

conpo of formul X1 X),, \M hydr ogen or a squrce of
hyar oo} hefdrBHnToule aRlCGrdkaht anyCheSTommu Goraony;
at a tenperature greater than about room tenperature;

to yield the correspondi ng conpound of formula (XX);
r eact Bni§ @ Bebsiueoieniadtitrégemalom Oioipg Wi sé¢leciededqmadbs group

[ lvent; to yield the
g@%ﬁ%&%%ﬂ@ﬁggg%ﬁﬂﬁ-@ﬁ%or mula (1);reacting the
conmpound of formula (1), to yield the correspondi ng

conmpound of fornula (11). 16. The process as in Caim
15, whefRd R'jage jdapandenty spiestad from thetgroup gossisting lof

R R OGR! A8 ZaRERIE B 0" oA P R re
saghecthed tHaronydBoge@aRkghd R¥raré bptiomally taken together with the
nitrogen atom to which they are both attached to form a five to eight membered
monocyclic ring;

and pharmaceutically acceptable enantiomers, diastereomers,
racemates, and salts thereof;

comprising
O
xP (R41 P)o-z R (Fl41 P)0_2
& — &
P RK
X) Y . yP

(X1
reacting a compound of formula (X), wherein X is selected from OH,
CN, -COzH, -C(O)-ClI or —C(0)-OC;.salkyl and wherein Y* is selected from Br,
Cloor |, to yield the corresponding compound of formula (XII);
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RJ and Rk are each independently selected from
hydrogen or Ci -4alkyl; alternatively, RJ and Rk are

wo a00em9%6met her with the nitrogen atomto whi cPCT/H83006/008450

are bound to forma five to seven nenbered
heterocyclyl; and Pgl is a nitrogen protecting group.
17. The process as in Caim1l5, refP® is phenyl; the
phenyl is substituted with a R4IP'GYoup at the

2-position@ind a secepd R41P group ht t - i tion;
p i: I@%ﬁ%g‘& ; and

Pgl i
according

Y

reacting the compound of formula (XIl) with a suitably substituted
compound of formula (XVIll), wherein Pg' is a nitrogen protecting group; in the
presence of palladium catalyst; in the presence of an organic or inorganic base;
in an organic solvent; at a temperature greater than about room temperature; to
yield the corresponding compound of formula (XIX);

B GG ™ - (R"")oz
R 1
\II\I HN—P’ : \ll\l HN—P9
R RK
- OC1 _4alkyl OC1_4alkyI
(XIX) d (XX) L

reacting the compound of formula (XIX) with hydrogen or a source of
hydrogen; in the presence of a catalyst; in a solvent; at a temperature greater
than about room temperature; to yield the corresponding compound of formula
(XX);

reacting the compound of formuia (XX) with an aqueous base; in an

organic solvent; to yield the corresponding compound of formula (1);
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J | 5
YT
RX N

(R*"")o.2

reacting the compound of formula (1), to yield the corresponding

compound of formula (ll).

5 16. The process as in Claim 15, wherein

is phenyl;

the phenyl is substituted with a R*'? group at the 2-position and a

R*'P group at the 4- position;

second
each R*'? is independently selected from Ci_palkyl, C1.alkoxy or fluoro;
10 R’ and RK are each independently selected from hydrogen or Cy.salkyl;
alternatively, R’ and RK are taken together with the nitrogen atom to which they
are bound to form a five to seven membered heterocyclyl; and

Pg’ is a nitrogen protecting group.

15 17. The process as in Claim 15, wherein is phenyl; the phenyl is

substituted with a R*'F group at the 2-position and a second R*'P group at the
4- position; each R*'" is methyl; R’ and RK are each hydrogen; and Pg' is a t-

butoxycarbonyl.
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18. A product prepared according to the process of Claim 15.
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