WD 2006/ 098982 PCT/ US2006/ 008240 PROCESS FOR THE PREPARATION OF OPI A D
MODULATORS CROSS REFERENCE TO RELATED APPLI CATI ONS This application clains
the benefit of U S. Provisional Application 5 60/661, 784, filed on March
14, 2005, which is incorporated by reference herein in its entirety. FIELD
OF THE | NWARODER98983e present Invention Is directed to BCHESMM6/8¥8ess for
the preparation 10 of opioid nodul ators (agonists and antagoni sts), and

| nt er nedi at es | PROEESS EQR THEIRBERABATIONIQF ORIOIDMOBULATQRSful in the
treatnment and prevention of such disorders as pain, visceral pain including
post-operative pain, gastrointestinal disorders including diarrheic
syndromes, motility @H@SS@EFEREN’OETOQ?MEDWHIC)WI(DNSUS consti pation,
irritabl e bowel ndione and. 15 inila y_bowel . di sorders. BACKGROUND OF
THE | NVENTI ON Thﬁﬁmﬁ@thm%mswﬁh@em Qféét%cPfPMiSmé' Apelicatiani on of novel

0P1 01 . 5o RIS, TBEAR O M 4 ARISTRAICHSE robfd Bt by YURUrBASS Rerelf” ©

specifically, resent invention s to processes for
t he preparatllhﬁaeoﬂrety;onpounds of formula (I1l1), R.XRL ORNR;: RaJ RN
Re O RKNPi R12" R13 (RatP)o-2 (I1l1) wherein all variables are as
herei nafter defined, disclosed in United States Application No. 10/400, 006,
filed March 26, 2003, and publ FiIgh@QBETHESINVEN PN Nt Publication

US- 2004- 0010014- A1, Septenber 26, 2004, Wwhich i s herebhy incorporated by
reference. | The present lnventlon is directed to a novel process for the preparation’
10  of opioid modulators (agonists and antagonists), and intermediates in their
synthesis. The opioid modulators are useful in the treatment and prevention of
such disorders as pain, visceral pain including post-operative pain,
gastrointestinal disorders including diarrheic syndromes, motility disorders
including post-operative ileus, constipation, irritable bowel syndrome and .

15 inflammatory bowel disorders.

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 further directed to processes for the preparation of
compounds of formula (lil),

(R*"")oz (11t
wherein all variables are as hereinafter defined, disclosed in United
States Application No. 10/400,006, filed March 26, 2003, and published as US

* 25 Patent Publication US-2004-0010014-A1, September 26, 2004, which is hereby
incorporated by reference.




WO 2006/ 098982 PCT/ US2006/ 008240 Known net hods for the preparation of
conpounds of formula (111) and conpounds of forrmula (1), as herein defined,
require the use of dinmethyl- tyrosine, which is expensive and thus not
suitable for |ar scal e synthesis. Thus there remains a need for a process
for the pWﬂB§WQW%8F of conpounds of 5 fornula (1) and EEHYSAEI808240 f or nul a
(I'11) which is suitable for large scale production. SUMWARY OF THE

| NVENTI ON The preemmmamsimrthégrebar@mwm upde ©f fsrnfuld (Ihandor epar at i on

f 10 d f f | ((R41 RK OH O (I
\?\A‘IEI’EI ncglrrgoow)aésquo SP??‘g’m"'@% éb)é‘rsﬁe' ?dﬁﬁl)*eq é?%?%/ﬁhesl@eég%g‘?‘b’bmthe gI‘Ol(Jp)
consi sting Qfrosfn! %‘cht@leﬁﬁadswéoaﬁdﬁm'not emwéf §r uarge'seﬁré'éghmds dazol yl,

rimd razin I’sol ndol

pyrazol yl, ridinyl,
i ndol i nyl, Bémdhenfeynemaam oeed écma pfOC%Sﬁhf@r thmmoagatuonm Gempounds 9?/

benzoxaz yI I zolinyl;
each R41 | sf°ﬁ"q'§égﬁa erﬁ%?q )P oggpégﬂggﬂmaorlnl @ﬂ%ﬁ's@llfaa&fog&?&%gwgr fl uoro;

Ri and RK arproductionl ndependent|y sel ected from hydrogen or CI1. 4al kyl; 20
alternatively, Rf and RK are taken together with the nitrogen atomto which
they are bound to forma five to seven nenbered heterocyclyl; Pgl is a

nitrogen protecting group; SOMMARYTF THE WVENREN98982 PCT/ US2006/ 008240
XP (R41P)0-2 0 (R41P)0-2

The present invention is directed to a process for the preparation of
10  compounds of formula (1)

0O

(R41P)

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, benzothienyl,
benzimidazolyl, benzthiazolyl, benzoxazolyl, quinolizinyl, quinolinyl,-
‘isoquinolinyl and quinazolinyl;

each R*P

is independently selected from C,.galkyl, Ci.ealkoxy or fluoro;
R’ and R" are each independently selected from hydrogen or C;.qalkyl;
20 alternatively, R’ and R® 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;

comprisihg




~p~ - RAN ,F, PRKP (X)' YY (XIl) reacting a conpound of formula (X),
wherein XP is selected fromOH, CN, -CQ2H, -C(O-d or-C(O-QCCL. 4al kyl and
wherein YP is selected fromBr, d or I, to yield the corresponding
conmpound of formula (XI1); HN~Pgi 41P)020C -,alkyl RJ , ~N 1 -01Y P RK
T~ YP (XWQ0p6/098982) ) O (R41P)0-2 N i Psi HN P91 | RRCT/KP2P6/@98M04a] kyl 5
0O reacting the conmpound of formula (XIl) with a suitably substituted '
compound of formula (XVIII); in %he presence of gpal | adium catalyst; in the
presence of an organig or inl(la'fél1 Jo base; in an jprgani Fﬁlﬂ)%;‘ent; at a
tenperature greater tThagahdgut room t enperRtur eXgexd el d the correspondi ng
10 compound of fornula ; O(tR&tPY92 O (RIIP)*R YW P 1 NP HNP9 Ni P
I HNC 9 R K RK OCL. 4alhaaX QC1. 4al kyl (X' X) |k acting the conpound of
fornula (XIX) with hydrggén %r a source of hygrogen; " the presence of a
catalyst; in a solvent;™ dat a tenperature greater (i)

reaciing a compound of formula (X), wherein X is selected from OH,
CN, -COzH, -C(0)-Cl or —-C(0)-OC;.4alkyl and wherein YP is selected from Bir,

Clor |, to yield the corresponding compound of formula (Xll);
1

P
. HNT
9 (R¥P),., 0Cqalkyl
R _
v s .
R YP (XVill)
(Xll)
2
OC1.4aIkyl

reacting the compound of formula (XIl) with a suitably substituted
compound of formula (XVIll); in the presence of balladium catalyst; in the
presence of an organic or inorganic base; in an organic solvent; ata
temperature greater than about room temperature; to yield the corresponding .
10  compound of formula (XiX);

0
Q R*™Po R0z
R’ 1 I:*J\
k Tk
OC1 .4alkyl OC1.4&|ky1
(X1X) é (XX) o

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




3 1 WD 2006/ 098982 PCT/ US2006/ 008240 t han about roomtenperature; to yield
the correspondi ng corrpound of formula (XX); J (R41 P)02 J O (R41P )0-2 R
"NK; p ~HNPgl --- RN j" P ~i H\~Pgi (XX) OCl.4al kyl (1) OH O-reacting
t he corrpound of formula (XX) with an aqueous base; In an 5 organic solvent;
to yield t WOX¥88hondi ng conpound of fornula (1). ThePGIVEs2006008240ent i on i s
further directed to a process for the preparation of a conpound of fornula
(1) O (R41P) [

C6. loaryl orgja%haeﬁtgeu;N gagdy%rggerggfggﬁfyri&obmﬂiéco gygerc ndsbuni‘%ﬂlﬂr?g ogf)‘om} uryl,
thienyl, pyrEXyl, oxazol yl, thiazolyl, im dazol yl, pyrazolyl, pyridinyl,
pyrim di nyl , pyrazcbnyl n;rol yl, isoindolyl, indolinyl benzof uryI

benzot hl enyI bengi m dé&é )yb benzt hi azol yl, benhzoxazpl yl, dBi W)blgl zi nyl,

qui nol i nyl, [%\l SOAERAEl i N % qui nazol i nyI eB&Q ‘@ ndepﬁndent |y
hydrogen or Cl. 4al kyl ; | t e ¢

sel ected from CL' 6a al”koxy e+‘—i-l—u-e¢-e—> Ri

are taken together wi th The N cqggmwatomto whi ch ey Tar & oy nd,.p forma
five to seven nmenbdX¥d heterfocyclyl; 20 Pgl is a nitroggn proteg ing group;
conprising 4 WO 2006/ 0989820PCTI US2006/ 008240 o]

reacting the compound of formula (XX) with an aqueous base; in an

5 organic solvent; to yield the corresponding compound of formula (1).

The present invention is further directed to a process for the preparation
of a compound of formula (1)

10 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, benzothlenyi,
benzimidazolyl, benzthiazolyl, benzoxazolyl, quinolizinyl, quinolinyl,
15 isoquinolinyl and quinazolinyl;
each R* is independently selected from Cs.salkyl, C1.calkoxy or fluoro;
R’ and R® are each independently selected from hydrogen or Ci.qalkyl;
alternatively, R’ and R¥ are taken together with the nitrogen atom to which they
are bound to form a five to seven membered heterocyclyl;
20 Pg1 is a nitrogen protecting group;

comprising




J O (R41P)0-2 0 (Raia)o-2 R RN ; p ~ HNP9 - ~ Ni Pi HNP91 RK RK NI
OC1. 4al kyl OCl1. 4al kyl (XIX) O (XX) O reacting the conmpound of fornula
(XIX) with hydrogen or a source of hydrogen; in the presence of a catalyst;
in a solvent; at a tenperature greater than about roomtenperature; to
yield the%?‘\“@%ﬁ%ﬂ%dl ng compound of fornula 5 (XX); OPCRE$IPG008240) (R41P) 2
Ja P\N PN HN_ 91 -- RN ~%P HN_Pg RKRK()OC14aIkyI (1) HO
reacting the corrpgund of fprmula (XX). with an aqueous bagg; in an organic

solvent; to yjeld]the a' ndi ng corrpoundapf f qr mul R(I)’}n 10 The present

i nvention i SRR Ii,ql:t!oaprocessf 3 T of a.
conpound of for | sO knowr—as—» (amE Q N[(1,1-
di et hyI et hoxy)RB rb aI a O HZ2N HN~Boc

2, 6-di met hyl - L- phe ny
.100 OH O (la) conprising O/Q?MM |/ YP YP I,,?

(XIX) S (XX) o

0C,.4alkyl

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
5 (XX);

o)

(R*")o-2 (R*"™)o.2

1

Y

reacting the compound of formula (XX) with an aqueous base; in an
orgénic 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 (1a) (also known as, 4-(aminocarbonyl)-N-{(1,1-
dimethylethoxy)carbonyl]-2,6-dimethyl-L-phenylalanine)
-0

comprising

,XP

15 (Xa) | (Xlla)




15 (Xa) (Ala) 5 1 WD 2006/098982 PCT/ US2006/ 008240 reacting a conpound of
formula (Xa), wherein XP is selected fromOH, CN, -CO2H, -C(O-C or
-C(O-QC1. 4al kyl and wherein YP is selected fromBr, d or I, to yield the
correspondi ng conpound of formula (Xila); O HN,Boc O H2ZN \ OCH3 H2N HN'Bo(c
YP OCH3 WORA006/098982 (Xlla) (Xl Xa) 5 reacting the conpRekUs2006/084oul a (Xl | a)
with a suitably_substituted conpound of formula (XVilla); in the.presence
of palladiumcatalyst; In the presence of an organic or inorganic base; in

an organi ¢ sol vept r t 220P erat ure;
to yield the corf%agggégfcﬁéﬁﬁd(yéﬁpcg%%ﬁg?b? f%?ge!ﬂ?gl %g?éiéﬁtbg‘?%gﬂ? \" HN., Boc
‘ ]|ij ||HN(~;B(?cr\)1,/-c_otch|-e(h A QG @-@(O}@?Na)ky} adwhprein ?’5@ s:s‘eiggte?rfmmh ?d, of t
ornmul a . rogen gas,, at a pressyre s cient to hydrogenate;
in the pres Qéwd‘? ygltg e[&Teé%eﬂé'l“glcomﬁf@Qf{on@é‘ﬁa&'\a&rrper ature greater

t han about room enperature; in anBe¢ gani ¢ sol vent; to yield the
correspondi ng cqgfrpound of formHN (XXa); O O B(gkc H N HN~~c HN HNC 2 | /

OCH3 ? OH 15 (xKa) a) _.reactiphg t onpound XRBOC with an
aqueous basdioNn a JENi ¢ soAE ,r&&;—f“yi e?’g t he Hh
formul a (.Ia). 6

i ng conpound of
yP
(XVllia)

OCHj,
(Xlia) . (XIXa)

5 reacting the compound of formula (Xlla) with a suitably substituted
compound of formula (XVIlla); in the presence of palladium catalyst; in the
presence of an organic or inorganic base; in an organic solvent; ata
temperature greater than about room temperature; to yield the corresponding
compound of formula (X1Xa);

10 (XiXa) (XXa)
reacting compound of formula (X1Xa) 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)

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




| WO 2006/ 098982 PCT/ US2006/ 008240 The present invention is further directed
to a process for the preparation of the conpound of fornmula (la) O ~Boc
H2ZN HN OH O (la) conprising 0 0 H N HN(BoC H 2N HN~-BOC z OCHa CHa O O 5
( XI Xa) (XXaé, reacting conpound of formula (Xl Xa) with hydrogen gas, at a
pressure WOPPIOPEBY to hydrogenate; in the presence ofPCI/US206/488240 chi r al
catalyst; at a tenperature greater than about roomtenperature; in an

or gani ¢ sol vent; | : : r ) f a); OO
H N HN~BoC H N HNE@% Pié%a‘ﬂg{‘@ﬁ?l&?{Séﬁﬁﬁ%’*@*‘*@%?c‘?%ﬁ&gﬁi§°’#@%%F’%aé‘féﬁe
compound of fbtheutampolim) offotnularflagqueous base; in an organic solvent; to
yield the correspondi ng conpound, of formula (lIs). The present invention is

further directed to processes f the preparation 15 of conpounds of
formula (XIX) 7 | WD 2006/ 09898 PCTLUS20 6/09@%@0 J 0 (R41P)0o-2 R\N; Pi

HN\~Pg1 HoN “HN
; OH
O (1a)
comprising
o)
' B
HoN HNT s
P OCH;4

0

5 (XIXa)

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) 0]

10 (XXa) (la)
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
15  of compounds of formula (XIX)




RK OCL. 4al kyl (XIX) O The present invention is further directed to
processes for the preparation of the conpound of formula (XIXb) 0 1 H2N
HN~Pg OCH3 O 5 (XIXb) The present invention is further directed to a
process fowotbw/opgseparati on of conpounds of fornmula (lplchnushesosdS N R R
N O RR- P R12' R13 10 (R41P)o-2 (II1) wherein is Cr,10aryl or a heteroaryl
sel ected fromthe group consisting of furyl, thienyl, pyrrolyl, oxazolyl,

t hi azolyl, im dazolyl, pyrazolyl Qpyridifyp, pyrimdinyl, pyrazinyl,

i ndol yl, isoindolyl, indol IF?‘Nl w )%%nzot hi ehyl , 15 benzi m dazol yl ,
benzt hi azol yl, benzoxazol yl" , ?_ gbllnyl I soqui nol i nyl and
qui nazolinyl; 8 | WO 2006/ 0989 2 3/ 008240 each R41P is

i ndependent |y sel ected from ClR8al 6al koxy or fluoro; R and RK are
each independently sel ected from hydr ogen O 5ky|| ; alternatively, R
and RK are taken together with the nitrogen atomto which they are bound to
forma five to seven nenbered het(&)@cycl ylp5

The present mventlon is further directed to processes for the preparation
of the compound of formula (XIXb)
0

5 | (XIXb)

The present invention is further directed to a process for the preparation
of compounds of formula ()

R

127 "N\p18
a1, R R
10 (R™ o (ny

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,

15  benzimidazolyl, benzthiazolyl, benzoxazolyl, quinolizinyl, quinolinyl,
isoquinolinyl and quinazolinyl;




X is selected froma group consisting of 0; S; N(R14); and -(CR15R18) m,
wherein: mls an integer fromO to 2, and R14, R15, and Rl6 are

| ndependently selected fromthe group 10 consisting of hydrogen, Cl.4alkyl,
and aryl; provided that only one of R15 or R16 can be Cl.4al kyl, or aryl;
and the tOYARVEEIEY | ng size of the ring containing X RCTIUSRH6/008240gr eat er
than an eight nenbered ring; 15 Rl is selected fromthe group consisting of

benzi m dazole, b ple hi el NENO] phen | 23 A-B
DDEN N , and %ﬂ)ﬁ Ls_lgd%é)@?%ﬁﬂy k%gegifwr&gﬂisﬁgylsgl"é%{(@ﬁrfm%he group
consi sting of N @’ &xnd\R"Hrd\eactinGependefly Belecied! festh dtirRmehrarC L akyyr oup
consisting of O C a substituent attached to a ring

E—cc_ad,pN;RZIS ug
ni trogen andaltejinétb’le Fé'@";}r%n@rettﬁ‘_ée'bmﬁg’%M@itBQ niipgsn atgmte yetich ey aal ky!
and aryl; Rogrel oo féint mvéwﬁg\{émﬁamam?é?tsmg@yi;y sel ected from the

group consisting of hydrogen, ogen, amno, ar aryl am no, 25
het er oar yd ami no, hydroxy, aryloxy, heteroaryloxy, an am no acid residue such

ont i onal Iy, Kbt 1 gpEeR 1ot 2 FHR ORI or QI SEE o il G 6 dui

consi sting of hydwieergin: hydr oxycar bonyl, Cl. 4al koxycarbonyl, am nocarbonyl,
amno, aryl, 9 1 WD 2006/ 0988&2 PCT/ US2006/ 008240 .
(CL. 4) al kyl ani nocar Bui§\AN integeeirom Q10& 8t nocar bonyl ,  het er oar yl ani no,

heteroaryl oxy, aryl REL. g)al kayYR'ne independently selected from the group
10 ‘consisting of hydrogen, Ci.salkyl, and aryl; provided that only one
' of R'®or R'® can be C.salkyl, or aryl; :
and the total core ring size of the ring containing X will not be greater
than an eight membered ring;

15 R'is selected from the group consisting of benzimidazole, benzoxazole,
' benzothiazole, indole, phenyl,
H22

|
- N - N - N 23 - 23
;\g—%Rza | ;\f—v}"*ﬁ 'f\(N_\Z/R and j\{!;g/R

a-1 ‘a-2 a-3 ' a-4
wherein '
A-B is selected from the group consisting of N-C, C-N, N-N and C-C;
20 D-E is selected from the group consisting of O-C, S-C, and O-N;
RZis a substituent attachéd to a ring nitrogen and is selected from
the group consisting of hydrogen, Ci.4alkyl and aryl;
R2 is one to two substituents independently selected from the group
consisting of hydrogen, halogen, amino, aryl, arylamino,
25 ' beterdarylamino, hydroxy, aryloxy, heteroaryloxy, an amino acid
residue such as —C(0)-NH-CH(-R*’)-C(O)-NH; and C.calkyl
{wherein said alkyl is optionally substituted with a substituent
selected from the group consisting of hydroxy, hydroxycarbonyl,

C1.salkoxycarbonyl, aminocarbonyl, amino, aryl,

9




heteroaryl}; R40 Is selected fromthe group consisting of hydrogen,

Cl. 6al kyl, C1- 5 6al kyl carbonyl, C,.6al koxycarbonyl, Cl.eal kyl carbonyl am no,
di C1. 6al kyl carbonyl am no, aryl (Cl.8)al kyl, heteroaryl (C,.e)al kyl, aryl,
and heteroaryl: wherein when R Is benzim dazole, said benzimdazole Is

opt i onal | yWOPOP6LPRIEY i t uted with one to two substituent POTAEReMORM | y
selected from the group consisting of halogen, C, .4alkyl, hydroxy,

hydr oxycarbonyl and aryl, . with the proviso that n R, is benzim dazol e,
r, sand p are 0, n is(%O"‘ﬁ‘l(ﬁa,mWoFg'%@n&'nd R3, R4m§%)%%"%!ﬁac¢é?§"ﬁre al |
hydrogen, __ is not (4hétbdangamind)r (HKetoldadylbxyli VehRIN@Iudlkahg, R2 drid @

di val ent radical -CH2-CH2- olgfi onal |y substi tﬁ)tqu W t'h amsubésk'?l t uent

sel ected from the groupetle@dyliti ng of hal ogen and phenyl methyl, or is

selected fromthe g el | : a FI. b-1
b2 b3 20 wherei B %’?gg‘.\"?&?’gr‘@cﬁ@&ﬁg‘lﬁ‘?‘sﬁ'ﬂbg’m"@@g& g&%@@n@h ly
substitut®d with one t oalkylcazbenyh<Cq.dalkenycarbonid @ ngdkyidarbemyi@mineddiCiom t he
group consisting of hal n,, hydroxy, C1. 6alkyl  Cl.6al y itro, am no,
cyano, trifl uoronethyl @ﬂg'?cﬂ?ﬁ'?g’?adﬂ'&%tt‘?éy@tﬁ)%%yl' Hléeﬁoé“ﬁ@t?@&ht &¥d; 25 R3
and R4 are each indepengighhétérgeylect ed fromthe group consisting of

hydr ogen, Cl1. 6al kyl, aryl, and heteroaryl; provided that only one of "R3 or
R4 can be C, .6alkyl, aryl, or heteroaryl; 10 WO 2006/ 098982

PCT/ 1352006/ 0082 ; r lﬁ’éﬁ}n e : f gr oup
consi sting of hﬁ?%éﬁ%@fggl igy : ér@?,gagh%@P&ﬁ%@ﬁé@%ﬁ%v‘?@gg&wat only
one of R or R6 casubstit@edalityone to two substinenis smependéntly selatted from
integers fromo0 to %he group consisting of halogen, Ci.4alkyl, hydroxy, hydroxycarbonyl

and aryl, with the proviso that when R is benzimidazole, r, s and p

are 0,nis0or1,LisOandR? R* R® R'2 and R" are all hydrogen,

is not (4-OH)Phenyl or (4-OH-2,6-diMe)Phenyl;

R? is a divalent radical ~CHo-CHp- optionally substituted with a substituent

15

selected from' the group consisting of halogen and phenylmethyl, or is
selected from the group of divalent radicals of the formula
H

o >, ;"{ and 3‘&

H
b-1 b-2 b-3°

20 wherein said radicals -CH,CH-—, b-1 and b-2 are optionally substituted .
with‘on‘e to three substituents independently selected from the group
consisting of halogen, hydroxy, Cisalkyl, Ci.salkoxy, nitro, amino,
cyano, trifluoromethyl and aryl;
and the radical b-3 is unsubstituted; |

.25 R®and R* are each independently selected from the group consisting of
hydrogen, Ci.calkyl, aryl, and heteroaryl; provided that only one of R® or R*
can be Cy¢alkyl, aryl, or heteroaryl; .

10




H12 and R13 are each | ndependently selected fromthe group consisting of
hydr ogen, C1. 6al kyl, fornyl, Cl.6al kylcarbonyl, Cl.6al koxycarbonyl,

Cl. 6al kyl car bonyl am no, di C, . 6al kyl carbonyl am no, aryl (Cl.6)al kyl, 10

het eroaryl (Cl.6)al kyl, aryl, and heteroaryl, wherein when H12 and R13 are |
psi  sel e¥ @006{00%983 C _6al kyl, H12 and H13 may be opti A¢IVUS2006088d0 to "~ |
and pharmaceutical |y acceptabl e enantioners, diastereoners and salts

thereof; 1RTQAR' Rmé}g Qacl'?( c#g?%gor wfgg?pea) ﬂ»\?ﬁ, the Fbr9< F}B\I dbn&stln FofRK YP

(%) (XII) reacting a npoun is seleCted from
OH, CN, - CeHyydrayem, Qalsaﬂwl -aryiopndtieterankyil prawded/rtbatebrﬂy\cma of Beoed’ed from

Br, d or | el r ng conpound of fornula (Xll) 11 1 WO
2006/ 098982 Iﬁéﬂotﬁ%g B%yﬂ()%ffzg hﬁlﬁ%}w’/m 4al kyi RJ (R41P)0O2 i,1'"( ~ N P%
KRYP (XVIIl) (XIl) 0 (R41P)a2 J ~N 1 Pi H\N~Pgi RK (XIX) OO.4aIkyI

0
5 nand rare integers from 0 to 2;

R'? and R are each independently selected from the group consisting of
hydrogen, Ciealkyl, formyl, Ciealkylcarbonyl, Ci.salkoxycarbonyl,
Ci.ealkylcarbonylamino, diC;.galkylcarbonylamino, ~ aryl(Cy.¢)alkyl,

10 heteroaryl(Cy.¢)alkyl, aryl, and heteroaryl, wherein when R'? and R are

selected from Cyalkyl, R'? and R'® may be optionally fused to '

and pharmaceutically acceptable enantiomers, diastereomers and salts thereof;

15 comprising
O
P (R*"M)o-2 o (R*")oz
~
(&, — W&
| YP IlqK YP
(X) . (XH)

reacting a compound of formula (X), wherein X is selected from OH,
CN, -COzH, -C(0)-Cl or —-C(0)-OC1alkyl and wherein YP is selected from Br,
Cl or |, to yield the corresponding compound of formula (X1);

11




reacting the conpound of formula (XIl) with a suitably substituted conpound
of formula (XVII1) wherein Pg' is a nitrogen protecting group; in the
presence of palladiumcatalyst; in the presence of an organic or inorganic
base; 5 in an organic solvent; at a tenperature greater than about room

t enper at (W@ 20069989823 e| d t he correspondl ng conmpound of PETASRW6/08R4Q) . O
(p41P)0.2 O (R41P)0-2 N. PN HNPgl Ni P ~i HN~P 91 | RK RK OCL. 4al kyl
OCl1. 4al kyl  (XIX) O (XX) O reacting the conpe;Pd of formula (XIX) with
hydrogen or a source of hydrogen; in the prg of a catalyst; in a
solvent; at a terrperaure greater 10 than aljout roomtenperature; to yield
t he correspondl ng comgound ofnhﬁ&rml a (XX); OoRilakgk 0 (R41P)a2 / P
R~P1N~pS|H&kLm OCi .4dalkyl (1) OH OO
reacting the conpo rmul a ( XX) vvith an ueous base; in an organic
solvent; to yield t spondi ng—conmpound of<“foroula (1) 12 | WO

2006/ 098982 PCT/ usXd -qe R2X Rl O ~Rdi F()(‘Vlﬁ) OR9O N'R5 N P HN~Pg R 4Re
O R OH RK/N *R120," (%3

@) (H41 P)0-2

1

reacting the compound of formula (XIl) with a suitably substituted
compound of formula (XVIIl) wherein Pg' is a nitrogen protecting group; in the
presence of palladium catalyst; in the presence of an organic or inorganic base;
5 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 (R*"P)o.2
1

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 -
10 than about room temperature; to yield the corresponding compound of formula
(XX);

O (RHP O

Yo2 (R*"Po

HN/PQ1

N HN—P —_— N

reacting the compound of formula (XX) with an aqueous base; in an
organic solvent; to yield the corresponding compound of formula (1);
' 12




(1) 41 P(I'l (R)o0-2 reacting the conmpound of formula (I) to yield the
correspondi ng conpound of forrmula (111). 5 The present invention is further
directed to a product prepared according to any of the processes described

herein. Illustrative of the invention is a pharmaceutical conposition
conpri si NYOR006(8BIaceuti cal |y acceptabl e carrier and PET/G2M60082¢4¢ pr epar ed
according to the 10 process described herein. An illustration of the

i nvention is a pharmaceutical conposition nade by m xing a product prepared

according to the process described herein and a pharmaceut.&a| Rhccept abl e

carrier. Illustrgting the ‘invention is a process for mnaki

phar maceuti cal cqgfrposit '(‘HP)@erpr.i sing mxing a product_g gcordi ng
' | e

to the proc de Wed hergin and a 15 pharna@uticeﬁl

carrier. Exerrp'l‘lf @ hélN’negntion are netheds df treatimy dr @wPeventing a
di sorder nedi aigEd By=¢ ast omeoprord™re T NEPTR :
opioid receptor selecled OgHt he group cgrsf’sti @ pai n and
gastrointestinal #D disordgrs, in a subject in need %CE'ON;&?WH(W ng
adm nistering to the subje@t a therapeutically gRtEgLi've a nt of any of
t he conpounds or pharnmaceutical conpositions prepared as described above.

DETAI LED DESCRI Preackngiherggmpopyhefifarnulg (fieyigidibe eorregpendingn i s directed
to processe ‘ rati on of conpounds of forrmula (I) 13 WO

2006/ 0989826@?\3@@5@?@@%@9' J O(R41IP)0-2 R\Ni p'Il H:-Pg RK OH O (I)

" P wherein Pgl, " " , R, RKand R41P are as herein defined. The conpounds
of for rruéa () “rfie B?eesfe% in'vgnttlohneis%rjﬁﬁearr l}e'cPeQi t%fa Sr%'dglctd prre(fag%pdt é)crcording

to any of the processes described herein.

lllustrative of the invention is a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and at a product prepared éccording to the
10 process described herein. An illustration of the invention is a pharmaceutical
composition made by mixing a product prepared according to the process
described herein and a pharmaceutically acceptable carrier. lllustrating the
invention Is a process for making a pharmaceutical composition comprising
mixing a product prepared according to the process described herein and a
15 pharmaceutically acceptable carrier. - ‘

Exemplifying the invention are methods of treating or prevenfing é
disorder mediated by at least one opioid receptor, preferably the § or p obioid
receptor selected from the group consisting of pain and gastrointestinal

20 disorders, in a subject in need thereof comprising administering to the subject a
therapeutically effective amount of any of the compounds or pharmaceutical
compositions prepared as described above.

DETAILED DESCRIPTION OF THE INVENTION
25 The present invention is directed to processes for the preparation of

compounds of formula (1)

13




nodul ators - conpounds of formula (Il) and conpounds of fornmula (111). The 5
present invention is further directed to processes for the preparation of
the conpound of forrmula (la) as herein defined, useful as internediates In
the synthesis of opioid receptor nodul ators. In an enbodi nent, the present

i nvent i on WQ2046/p98882d t o processes for the P 10 prepREBUSA6/M82490pounds
wherein the ring I's unsubstituted. In an O. bodi nrent of the present

i nvention, the rng s substituted vhth one ‘§g1R41P group, which |Is bound at
the 2- or 6-position. In another efrbodi (R, Yoke present invention is
directed to processes for thB\Rre n of campounds 11 Psi wherein the
ring i s substituted with two R4 , WiTh¥are bound P 15 at the 2-
and 6-positions. For exanple, pt whefein is.phenyl, the conmpound of
formula (1) is of the follow ng'structure: i) 1P f. R ~N R HN~Pg RK |
OH R41P O 141 WD 2006/ 098982 PCT/ US2006/ 0 I n an enbodi nent, the
present invention Is directed to processes flr the, preparation of conpounds
of formula (lc) O R41 10 J ( 1 1 R~NH\N P7RK CH“)(R410)0.1 0 (10 5

wherein R41 is selected frt hyl, ethyl, nethoxy, ethoxy or fluoro
: wherein Pg’, B , R', R and R*'" are as herein defined. The

compounds of formula (1) are useful in the prepa’rétion of opioid receptor

modulators - compounds of formula (II) and compounds of formula (lll). The

5 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.

In an embodiment, the present invention is directed to processes for the
10 preparation of compounds wherein the ring Is unsubstituted. In an

embodiment of the present invention, the ring is substituted with one
R*'P group, which is bound at the 2- or 6-position. In another embodiment, the

present invention is directed to processes for the preparation of compounds

wherein the ring is substituted with two R*'F groups, which are bound

15 at the 2- and 6-positions. For example, processes wherein is phenyl,
the compound of formula (1) is of the following structure:




and wherein. R, RK and Pg' are as herein defined. In another enbodinent,
the present Invention is directed to processes for the preparation of the
conmpound of forrmula (Ib) 0 Bo' H2N HN'OH 10 O (Ib) UPsi (i.e. a conpound
of formula (1) wherein "~ is phenyl; R and RK are each hydrogen; the
phenyl ri W§ 2086/@98382her substituted with two R4ALP gr oupRCT/UNNING8249 ¢ each
methyl and Pg' is Boc), also known as 2-tert-

but oxycar bonyl am no- 3- (4- car banoyl - 2, 6- di et hyl - phenyl ) - propionic acid. 15
I n anot her enbodi nent, the present Invention is directed to processes for

150" vi0 20061 005053" BEHEIDEssgaEH BieRuBh B alectsd b plicERes o IR ey
directed to preparatioresf éampolreisofégaiud (loph of conpounds of fornmula (XIX) J O
(R41P10.2 R\N P) HN-P9 RK OCL 4alkyl ~ (XIX) Oln an enbodinent, the

present invention is directed t procesya@ dpr the 5 preparation of the
conpound of fornula (Xl Xb)RJ\O 1 - Pg‘

N HN”
l K
R¥ OH

(R‘.“Q)m o (Ic)

R*19 is selected from methyl, ethyl, methoxy, ethoxy or fluoro

5 wherein
and wherein.R’, R® and Pg' are as herein defined.

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

Boc
HoN HN”

OH -
10 0o (Ib)

(i.e. a compound of formula (1) wherein is phenyl; R’ and R¥ are

each hydrogen; the pheny! 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.
15

In another embodiment, the present invention is directed to processes

for the preparation of the compound of formula (la)
' 0

15




H2ZN I HN''Pg OCH3 O (XIXb) Preferably, the present invention is directed
to processes for the preparation of the conmpound of fornula (XIXa) 0O H2N f
HN1Boc OCH3 O (XIXa) 10 The conpounds of formula (XI X) are useful as
internediates in the synthesis of conmpounds of fornula (111). Enbodi nents
of the prweauis/opsdwenti on i nclude processes for the prregarsatoso0e82¢f conpounds
wherein is C6. 10aryl. Enbodi nents of the 15 present invention further

i ncl ude processe or . r t] of. C unds_ i Pi erein_i.s phenyl.
18%1 00 D006 oe5dkb M@Sﬁ@%%@%ﬁé}‘&ﬁ%ﬁ'&%ﬁwﬁﬁ%"ﬁ"‘fgé’égéﬁ’a{'?ﬂ/enti on

i ncl ude prootsempoinds dtformulagrp)at i on of conpounds wherein R41P is sel ected
from Cl4al kyl, Cl-6al koxy or flyoro. Enbodi nents of the present invention
further Include processes for t hed g&ﬁ‘ﬁ&izon of conpounds wherein R41P is
sel ected from Cl4al kyl or: 51 3al fo nbodi m;-nts' of the present invention
further include processes O}N e ¢ aj+-0g of conpounds wherein R41P is
selected fromnethyl, ethyl, | et hoxy or fluoro. Enbodinents of the
present Invention further |ndlude proge
conpounds wherein R41P is sel ected
of the present invention includepg
of fornmula (1) wherein the stereg-c
bel ow,

10 frong-mGy4aliel et hoxy. Enmbodi nent s
cessesjffor the preparation of conpounds
nter dénoted with. 15 a ""as shown

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

HoN HN

(XIXb)

Preferably, the present invention is directed to procésses for the

preparation of the compound of formula (XIXa)
0O

(XiXa)

10 The compounds of formula (XIX) are useful as intermediates in the
synthesis of compounds of formula (1ll).

Embodiments of the present invention include processes for the

preparation of compounds wherein is Ce.waryl.' Embodiments of the
15  present invention further include processes for the preparation of compounds

wherein is phenyl.

16




O (R41P)0.2 R NP .i H\WPg OH O (l) Is in the S-configuration. In another
enbodi nent are processes for the preparation of conpounds of formula (I)
wherein the stereo-center denoted with a "v" on the conpound of fornula (1)
is in the Rconfiguration. 20 The present invention is further directed to
pr ocesses WQR006/H8983r epar ati on of conpounds of fornul aPCT/US006WEM40R1. O R3
'/ hNrR5 R4 RS RK/N~ P O RI2~N'H13 (R41P)0-2 - (II1) 17 1 WO

2006/ 098982 PCT/ US2006/ 008240 wherein (5, R4, RK R41P, X, R7, R2, R3, R4,
R5, R3, R12, R13, n and r are as herein defined. The conpounds of the

present inventio r e. Qpi Qi r Q l. ful.ip the treatnent
of disorders nedE&?ﬁ@guﬁgntgto?Ftéeagcfegglgtdév%@giuiél\?ieigi#g%es' fl%ﬂl?di ng, but not
limted to jpreparatich glcdnpauride wherein F54"ﬁis5§élle&éd5froﬂﬁr¢{¥ﬂlkwr&$eamfoxy e present
i nvention further_include processes for the . preparatjon of congo nds of
fornul a (11fyotFmpadinants efrtﬁswseswtment'?rdwpmwmde ProcesassdbHBAL < of ¢ he
present gnv | i Qe R a‘ﬁﬂff i

conpoundg o%%@aﬁéﬁét&fﬁgdﬁﬁgﬂ%ﬁaﬁpref %ﬁ%ﬁ%d frﬁﬁ‘lgpén gfgb%'k&{yfom lto
2. More pr eftmbadiments ofdhe preSebbinventionsfudher indluge psasessesifaribé on furt her

I ncl ude processes..for. the reparatd quuof ¢ ounds of formula (111)
wher ei n, | pr SHETARNGN OsaiinoiiidR helvin R Cis seigbied Hpd Batyb ethyi,
methoxy, ethoxy or fluoro. Embodiments of the present invention further :
include processes for the preparation of compounds wherein R*'? is selected
10  from methyl or methoxy. '

Embodiments of the present invention include processes for the
preparation of compounds of formula (I) wherein the stereo-center denoted with
15 a “*"as shown below,

0

(R*"P)o.

1

O (1)
is in the S-configuration. In another embodiment are processes for the
preparation of compounds of formula (I) wherein the stereo-center denoted with
a “*” on the compound of formula (1) is in the R-configuration.
20
| The present invention is further directed to processes for the preparation
of compounds of formula (I11) |

2 R’
3 5
RJ /% Re
~
@)
R " @
R12/N\R13
(R41P)
02 - Q)




Enbodi nents of the present Invention further include processes for the
preparation of conmpounds of fornmula (I11) wherein, preferably, R is a-1.
Enbodi ments of the present invention further include processes for the
preparation of conpounds of fornula (111) wherein, preferably, A-Bls NC.
20 Enbodi WMOP085/498982 he present invention further incl uRCTHBOH8840 f or t he
preparation of conpounds of fornmula (I11) wherein, preferably, R22 Is
hydrogen. Enbodi nents of the present invention further include processes

for the preparation of o_ hounds of fornmula (111) wherein, preferably, A23
I s phenyl. Enbodi nent ¢

h es |nve tlon further ude processes
for the 25 prepahatinn o } 8& ‘?P& Rta,dﬂ aR(t,lﬁgJ.)RV\Her,(B nankf erably,

R2 |Is sel ected nmbodi ment s
of the pr esé%% hé/%m %’%‘ﬁ‘%rtlﬁe&m‘z Lﬁ@é@’%&o&@%ﬁ?ﬂ%ﬁ%’g éo aration of
conpounds otedeptaruheduldtors, usbied iuthe tieatrhentadd IdisordStsimediadddyeat leastnbodi nent s
of the present I hyentiop furt ncI y rocesses or the 3 reparatron of
conpounds of"¢ &P QC@E{Q)'"WH Ing; ““Iﬂl F@EQ@?NHF@D gastiointe 18 |

2006/ 098982 4{Refdde$2006/ 008240 Enbodi ments of the present | nventi on further

I ncl.ude processes for the preparation of conpounds of forrmula (I11)
wherein, preferably, n Is an Integer fromO to 1. I\/bre preferably nis 1.
Enbodi nents of t 034 t ' rfr . the 5
preparation e f

Enbodi nent s pepalrditionost ounds ehformulal tt\méreim teidra O(Ciesses for the
preparation (gé]shgpounds of fornmula (I1l) wherein, preferably, Rl12 is
selected fk mgr oup consi sting of hydrogen and et hyl . More preferably,

R12 is 1@ydr Oge“En%dﬁmﬂQbﬂmét@eQémtrMn%ﬁ%ﬂmer rrﬁbiﬁd%é bl%eé%stfb?fhé ncl ude

processes for the prepara |on o conpoun S of ftornu erein,

pref er abl y, prepRrath 9 : 8 i, preferatly, o1 lsrgriintagen and

met hyl . ogen 15 Additional enbodi nents of the
o bl £165 e g@‘%ﬁ*&&ﬂ*‘*"t -

pr esent sseés ‘for the preparation of conpounds
wher ei n t he subsEmtbediment$ of thesresentimventioh fitteer include processes for the

preparation of compounds of formula (ill) wherein, preferably, R'® and R'®are

156 each hydrogen.
Embodiments of the present invention further include processes for the

preparation of compounds of formula (1ll) wherein, preferably, R is a-1.
Embodiments of the present invention further include processes for the

preparation of compounds of formula (l1l) wherein, preferably, A-B is N-C.

20 Embodiments of the present invention further include processes for the

preparation of compounds of formula (1ll) wherein, preferably, R# s hydrogen.
Embodiments of the present invention further include processes for the
preparation of compounds of formula (Ill) wherein, preferably, R is phenyl.

Embodiments of the present invention further include processes for the
25 preparation of compounds of formula (IIl) wherein, preferably, R? is selected

from the group consisting of -CH2CHz— and b-1.
Embodiments of the present invention further include processes for the

preparation of compounds of formula (Ill) wherein, preferably, R® is hydrogen.

Embodiments of the present invention further include processes for the

| 30 preparation of compounds of formula (1l) wherein, preferably, R* is hydrogen.
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PSI variables defined herein (i.e."~ , Rl, RK R41P, Pg', etc.) are

I ndependently selected to be, any individual substituent or any subset of
substituents selected fromthe conplete |list as defined herein. 20 Dival ent
substituents drawn or nanmed herein are read into the base structure from
left to riVYR2006/PPRIBLE er s used in descri bi ng the i nvent ireT/US2e6008230N| y used
and 25 known to those skilled in the art. However, the terns that could

have other meani E%oﬁfrﬁegﬂ%?t%r&@éqt%fe‘nﬂ@ﬁ'fqrﬂ%‘??r?cl&lﬂ%H&'c&éé&sfoﬂ%' y to the
ternms as they e ,

limted in speaparat ) : ] prejenablyas ipantntegera | arger
group. 30 Un f ed rwi se, the term "al kyl" refers to a saturated
st rai ght ’fr§ iq[")lig'{df?ﬁaﬁ’rﬁ ﬁ¥1 15 hg solely of . 1-8 hydrogen substituted

car bon atoms or EmMWmsﬁftHéy%éQé}ﬂmmhéﬁlfdrtﬁe@%dﬂme plodessbsFopte t ut ed
carbon atons 19 ereln there may be 1-3
f1 uori ne @t oRfenakationof comneynds ohtarmula (lihovhergisy preferablyef i O.number ~ of

fluorine atons dogﬁlb%g[gg&ﬁg‘ag&e%ré eutlﬁ\%ntlleﬁﬁ%rt;‘&gi%é %érogﬁ%&q‘grfﬁeom does
' ' i, pteferably; R'Disrselaated 5

t“ﬂirfé?af herﬁsﬁf‘“sfgr%g £ Pl Bl o DL SRR B A 0 0

carbon at onshgdregenot exceed 6; and, nost preferably, 1-4 hydrogen
substituted carbon atoms or a mxture of hydroen substltut ed and fluoro
substit ul@d carb & 2B OF E tdnven glug 9SOl e
carbon atom dJiot exceed
o Do 6f% u‘ﬁ EBff’ﬂrmG "witdrein! g%fé&glf‘hwﬁ term al koxy"
refers to -0frah1<t;ne grote censistingl ofihyd exgedeindrmeethyli gviare fieterablynR**igdr oxyal ky! "
refers to rﬁﬁ (gr%ls wherein the alkyl chain termnates wth a hydroxy radical
of the formIYYOR al kyl, where al kyl is as defined supra. Al kyl chains are
15 optionally substitut ed vvithi n the alkyl chain or on a term nal carbon

atom The term™ heterocycIB/ refers to a saturated, or dDartlall
unsat ur af ®d Additional'embodiments of the present invention, include processes for

crl SUDSUI

the preparation of compounds wherein the substituents for one or more of the

variables defined herein (i.e. , R, R%, R'P Pg', etc.) are independently

selected to be any individual substituent or any subset of substituents selected
from the complete list as defined herein.
20
Divalent substituents drawn or named herein are read into the base
structure from left to right. '

The terms used in describing the invention are commonly used and
25  known to those skilled in the art. However, the terms that could have other
meanings are hereinafter defined. These definitions apply to the terms as they
are used throughout this specification, unless otherwise limited in specific
instances, either indi\)idually or as part of a larger group.

30 Unless specified otherwise, the term "alkyl" refers to a saturated straight
' or branched chain consisting solely of 1-8 hydrogen substituted carbon atoms

or a mixture of hydrogen substituted and fluoro substituted carbon atoms
S 19




ring having five or six menbers of which at |east one nenber Is a N 0 or S
atom and which optionally contains additional N, O or S atons; a saturated
or 20 partially unsaturated bicyclic ring having nine or ten nenbers of
which at least one nenber is a N, 0 or S atom and which optionally contains
addi ti onaWQ\00g998982r S at oms. Exanpl es include, and ar BCHO52006/¢0824€d t o,

pyrrolinyl, pyrrolidinyl, 1,3-dioxolanyl, | m dazol i nyl, imdazolidinyl,
pyrazol i nyl wn»r@ﬁmerdlmw be ntmmrdrmerméms oﬁ‘éral@h%larﬂbﬁ atd proprieazhaty | - 25 The
term"aryl" refers to a phenyl or naphth group. The term "heteroaryi”

refers to an i X menbers
the tofal numbes ﬁéﬂwﬁnecatpmﬁgiog§§péﬁ¥cet§@rﬁ ane theytotalwwmber of

of which at nal |y

cont ai ns addi ?I onaﬁq s%‘é@@?fb g%e%rcrjsl\é pa?ler‘lfegrb h?(%lﬂgbﬁ@gg%ilj’%g cﬁg@lrﬁg ni ne

or ten menbeatons omimixtueg of Imtsogmhshtum‘am@flmm subgtittedcarbomatomis whi ch

optionall tal.ng addition S or 0 atons es_ingl and are

0L Pl 1 BRI R Wy 685 e Moy ioRs 3 B coPerRRepiobbH d6ston

PCT/ US2006/ O@fetbeal nhh{b'ez of Jiliorirenateme doss ,nomcee@al Yhnd the total number of

i soxazol yl ,"isothlazoly pyridinyl, pyridazln di nyl, pyrazinyl,

i ndol yI , .ndsamowatomﬁi@epmp! ﬁxw|6 aqdi mest m?/erablyo{r&wmqgn or
qul nazol i nyl suést%% Safbdr's We'o {Egﬁlroggﬁtsﬁﬁgl% i arftf fludiged ert her

al one or as par P a su'ﬂstl uen m?%rm oxXy, heteroaryloxy, etc.)
the said ar ysubstltutbdtoarbmraytbmsa'yhéyelndpeneanay bg 1s8 Haolineiatdson badne to three

bstit dent| cted f t hal ,
Pydr oxy Ty a RROOR SRRy e Bt 8 fola)rorthel S b albiR e peastE oyl or
het eroaryl ngyardlthe téral Admbeit ¢fcuaeﬂ>drVatams&IdeTsWo¢éxwéd14 OTRe pévei YdIkakyoup

(whi ch may optlonall be substituted with one to three substituents

i ndependent | Vefew tecCaaikyly Whetenalkyl ds asigetinasssupranthestermahydioxyalkyldr oxy,
Cl. 6 th |
Y 1 ot OB W Ol B BERLET. 1

"al kyl ", "ariie foomulaHelOeallqd,rwhérecaik)é|staaedefmiedt5wra lkgl‘a:helnsamts appear in a
narre’ of ?SSU%B iona l)e/rétubgtetuﬂed’ withi gl[(\}ll cgmgl% c?r)on ate r?'nlrliél car aolnl atom.

The term “heterocyclyl” refers to a saturated or partially unsaturated
ring having five or six members of which at least one memberisaN, Oor S
atom and which dptionally contains additional N, O or S atoms; a saturated or
20 partially unsaturated bicyclic ring having nine or ten members of which at least
one member is a N, O or S atom and which optionally contains additional N, O,
or S atoms. Examples include, and are not limited to, pyrrolinyl, pyrrolidinyl,
1,3-dioxolanyl, imidazolinyl, imidazolidinyl, pyrazolinyl, pyrazolidinyl, piperidinyl,
morpholinyl or piperazinyl.
25
The term “aryl” refers to a phenyl or naphthyl group.

The term “heteroaryl” refers to an aromatic monocyclic ring system
containing fivle'or six members of which at least one memberisa N, O or S
30 atom and which optionally contains additional N, S or O atoms; an aromatic
bicyclic ring having nine or ten members of which at least one membér isaN,
O or S atom and which optionally contains additlonal N, S or O atoms.
Examples include, and are not limited to, furyl, thienyl, pyrrolyl, oxazolyl,

20




interpreted as including those |imtations given above for "al kyl", "aryl"
and "heteroaryl" Designated nunbers of carbon atons (e.g., Cl.6) shall
refer 20 independently to the nunmber of carbon atons in an al kyl or

cycloal kyl noiety or to the alkyl portion of a larger substituent in which
al kyl appd¥P 20064989825 prefix root. The term "hal ogen"” BGEEHUS2006i@98248e i odi ne,
brom ne, chlorine and fluorine. 25 Were the conpounds according to this

i nvention haygayi) iﬁ‘ﬁ@ézoﬂil‘,%yr&ihgylﬁibo%ﬁrlsothi@&bjlymriéﬁzf?bWIdEﬂlhyl,eXi st as
enantioners. Wiere the conpounds possess two or "nofe chiral centers, they
may addi t i onBYinpidinyl, yrazinyldndelylindarelyk benzo[blhieaylbauinakiny,dsessinaling  al |
such isoners Iamng}i_aiibgies 30 thereof are enconpassed within the scope of the

pr esent i nveft Ton: Fthernmore, sone of the crystalline forns for the

conpounds may exist as polynorphs and as such are intended to be included
in the present | ntion. . 1n agddition, sone qf the conpounds may form
ol vat e i th vt BPE(ein die tezds Tyl rihnelieand’ pierssssoBEl GBREA 3ty dr at es)
or conmon Orﬁé’ﬁbFa%thlﬂﬂér%teﬁﬁ‘gi)f.lé?ﬂoﬁﬁ|h\éi’ér_6§ry&f élc)Thé ShRNEIbri 0 be

enconpassed Within the scope of this I'nvention. An "independently" selected
substituent heleegasylknaaybgoptipnally subsiivtediwithens todhegesubstituentsibst i t uent s may

be different; ' : Cl. 8)
shal | rof or INSRREAGENRelddfel) (R qrolls sy oF RERBE B Bydho, <,

C?/E I Ioal kyl rrﬁi,gallyyl,;)@.gabk?qyeam h%trlo; pdalii:idjmllypﬂwteaarylacgggert]eroa?lba”tagt?lm\pcta! n whic ch
al kyl appears _as its prefix root. IS i nde a e definition o
any subsf(’f?t mely °.r@|"y\§<'5l$?t§?5tﬁé Vﬂ&' one ‘S’?fr'm QQURRWﬁ%dP?}SHP{iQPaQWP& ecul e be

i ndependent gfbdtitted Withtirlel t8MRreg! RPURBEAtsiiNdegehdbntiPs@EEted from tHes under st ood
that substituents and substitution patterns on the _conpounds of this

i nvention ca@raywe cossistingaf loger hydraydeyanoy Cakaliyl, Cmealkexy, and nit®)pr ovi de
oo oy Bne e RSB % o b GRlp e HEPSHEKRS, ST o2 e
Under st andaspeaifiedencl at ure used throughout this disclosure, the
15
Whenever the term “alkyl”, “aryl” or “heteroaryl” or either of their prefix
roots appear in a name of a substituent (e.g., heteroa'ryl(Cpe)alkyI) it shall be
interpreted as including those limitations given above for “alkyl”, “aryl” and
“heteroaryl.” Designated numbers of carbon atoms (e.g., Cy.¢) shall refer
20 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.

The term “halogen” shall include iodine, bromine, chlorine and fluorine.
25
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
30 thereof are enccl)mpassed 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.,
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term nal portion of the designated side chain is described first, followed
by the 15 adj acent functionality toward the point of attachment. Thus, for
exanpl e, a "phenyl d - C6al kyl am nocar bonyl d - C6al kyl " substituent refers to a
group of the formula OI1CJ-Ce alley / \ -~-C~-CB alley H 20 Abbreviations
used in th@%"ﬁ@%ﬁ”?ﬂzcatlon particularly the Schemes anBCT/ERMAMNOBAO are as
follows: Ac Acetyl group (-C(O)-CH3) AC20 Acetic anhydr1 de Cbz or CBZ =

B | - b | = 22 WD 2006/ 0989 2 CT/ US2006/,008240 d DBU =
T B L aaabi chudTaEs) 9 BomMAD.OTgRBR SONBplsy ANGRGH) SNBSS S14p IERAGY Ty £a

Di i sopropyl eb&¥hagmpassddittin thd\sdd fhhrhﬁrWemahde DPPE =
1, 2- Bi s(di phenyl phosphi no) et hane PF

1, 1' - Bi s(di phenyl phosphi no) f errocene DPPP 1, 3- Bi s(di phenyl phosphi no) propane
EDCI or EDC = 1-(3-di nmet hyl am nopropyl)-3-et hyl carbodi i m de hydrochl ori de
Et20 = Diethyl ether. EtOAc = . Ethyl acetate Fnoc =
9- f | uor enyl - net hokp -inglependentlyiGeiected\sabstituent irefe 4B Ta group of
- Hydr OXybenZOtbsﬂ?Ze%lts whererth\e Béubst%"‘ents Fnay : hg‘ ﬁerent 1Pherel}/bre ded ignated
numbers of carbon atoms (e.g., C1.8) 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. '
5 It is intended that the definition of any substituent or variable at a
particular location in a molecule be independent of its definitions elsewhere in
that molecule. It is understood that substituents and substitution patterns on
the compounds of this invention can be selected by one of ordinary skill in the
art to provide compounds that are chemically stable and that can be readily
10 synthesized by techniques known in the art as well as those methods set forth

herein.

Under standard nomenclature used throughout this disclosure, the
terminal portion of the designated side chain is described first, followed by the
15 adjacent functionality toward the point of attachment. Thus, for example,a -
- “phenylC+-CealkylaminocarbonylC4-Cealkyl” substituent refers to a group of the
formula |
0

C1"Ce alkyl
—?——Crce alky -~

20

Abbreviations used in the specificatiori, particularly the Schemes and
Examples, are as follows:

Ac = | Acetyl group (-C(Q)-CHs)
AcO = | Acetic anhydride
Cbz or CBZ = | Benzyloxy-carbonyl-

22




MIBE = Met hyl -tent-butyl ether
Pd- C = Pal I adi um on Carbon Cat al yst
Pd2(dba) 3

NaBH( CAc) 3 Sodi um tri acet oxybr ohydri de
Pd2( OAc) 2 Pal | adi un(l1)acetate

= Tris(di benzyl i dene acet one)di pal | adi um(0) Pd(PPh3) 4
Tetraki s(tri phenyl phosphi ne) pal | adi um (0) Ph Phenyl P(Ph)3 =
Tri phenyi pKB2M4{0PRI82 pyBop = Benzotri azol - 1-yl oxy- tri s@GFAS06E983¢) phosphon
I um hexaf | uor ophosphate PyBrop = Bronotri (pyrrolidi no)phsophoni um

hexaf | uor ophosphate 23 WD 20061098982 PCT| US2006/008240 [Rh(cod) (R R

(R R-(-)-Bis| de DI PAI\/P)] +BF4 mt@mp@lmdﬂyl )(phenyl ) phosphi no] et hang( 1, 5-
cycl o- oct adl epayH-Rothtm{t—tet+He -6 of—RE—=—Reem-tenpef at ure
t - BOC or Boc BP rt But oxycaf Bon 18%’6 y‘cl‘;]lf’rse)tI mH"QﬁFZeenﬁ = :
Trifl uoromnet hybCMJI fony[ - (- baz- Cﬁi@ﬁloroﬁl_dihaneﬂ' fTuoroacet IC acl daT
Tet r ahydr of ur Tyr = Tyrosine As used herein_ the term"pain” s |
i ncl ude centr aDlFiEMdplﬁ@d paFn, D!ﬁ@Prqm{bﬂWlamlnﬁedl ated pain, strucjural or
soft tissue i i retated—pam; NN Bime i mdmids T T anme ST—pr-ogr essi ve
di sease rel at eg ain, neuropat’hl C Pa i n and chronl c pain. -
Furt her, the tPPE'chr oni-c pakn" ﬁg‘g,g(dbnghwmspnmyam&l C pain conditions,
di abetic peri bher al—neur gpathy Ihost- her petic__neur algia. . tri rmm nal
neural gi a, posPPEFroke pain ;Vndrbﬂrﬁ@'smeﬁvlﬂbt)@hlm)feffﬁpgﬂ%u ne headqcii es;
10 As used.he B'ppp ttre—term gas|ty kLl Bi'é(ﬂibhbh\ﬂbhdgphfﬁ )ﬁbpalﬁlal t—TrCt u$e
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
NaBH(OAc)s = | Sodium triacetoxybrohydride
Pd-C = | Palladium on Carbon Catalyst
Pd2(OAc)2 = | Palladium(ll)acetate
Pdz(dba)s = | Tris(dibenzylidene acetone)dipalladium(0)
Pd(PPhs)s = | Tetrakis(triphenylphosphine)palladium (0)
Ph = | Phenyl
P(Ph)s = | Triphenylphosphine
PyBop = | Benzotriazol-1-yloxy-
tris(pyrrolidino)phosphonium
hexafluorophosphate
PyBrop = | Bromotri(pyrrolidino)phsophonium
hexafluorophosphate
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di arrheic syndronmes, notility disorders such as diarrhea-predom nant,

consti pati on-predom nant, alternating irritable bowel syndrone,
post-operative ileus and constipation, and inflammatory bowel disease.
Further, the term "inflammatory bowel disease"” shall include ulcerative
colitis arMO2PsPPI82 15 di sease. The term "subject” as REEASHO6/008240 refers to
an animal, preferably a nmamual, nost preferably a human, who has been the

obj ect of treaFmabd)(R(p:pserv T O R)R)-KP) c}(dxent 20 The term
"t herapeuti cal e tlve aﬁnun' as used herein, neans that amunt of

active compoun Faceut|i ca rr&gmvplﬂwxmﬁrwbpbosmqiemaag(1e5m or

medi ci nal resbonse I n a tissye s I ng sought
by a 24 WO 2006/ 098982 Pc;T/-Uszo@%E‘%ieﬁgl’é‘g@é’ﬁp{ﬂ Byafrobdie ", 2ai oa
doctor or othertarlATi ci an, whi=ch| Roomuemperatliteevi at i on of the synptqns of

the di sease o-——gi-sq]-epdﬁt—beh.:%f at-ed—~AS—y

"conposi tion QGeEReRd to |éhch 'étoyogiﬁﬁhuct conprising the sgecified
i ngredi ents | NTEAE SpecrTTed [@am 1ami ' results,
directly or-indirectly, fromlconpi natYons of the specified ingredignts in
the specified afmunts To prqw d=Taﬂummreetbplﬁmjlfsayld(a8&2+($ﬁab on, some df the
quant Itative expfess:eﬁs g ot—ea+H-ed m-{—h—-t—he- term
"about". It |$ ﬁ‘nderst ood tHat Amgt]q?éqacleﬂgaglgr m "about” is used exglicitly
or not, every [ TegFant 1ty grverfhef %»@aﬂygnﬂ@gﬂt to refér to the actuall given
value, and itlis also neant lto refer to the approximation to such given

val ue that V\ouIT(df reasonably | ﬁvr@sned based on the ord| nary skilll in the
art, includin d.pplU)\l mettons—due—t5—to—the—expertrentat—andr-or—easur enent
conditions for such given value. As used herein, unléss otherw se noted, the
term"aprotic sol )Aertts:éds'.imuh thenenm Wn"ssﬁaﬂﬁﬁéluﬂélaénmmnéﬁhted i, a proton.

Sui tabl e exanpl, eﬁ ﬂcl ude a are not‘ limte di,oxane, , THF,
acetoni tril e PEPPRe Yl@"eddﬁtﬁ Painy stryiciuel OQﬁprl'f’%sMedPlHﬁéf%ﬁg PajarBRin ¢ ol uene,

and the |ike.re/gh) ohhfidrimhation t&%@%ﬁv%ls@aé@?&%ﬂzﬁlﬁ h@ur%ﬁﬁ'd&#rﬁ reaction

step of the present I nventi o e carried out 1n a varlety of sol vents
or sol venb sysutenpain and chronic pain. Further the term “chronlc pain” shall include

neuropathic pain conditions, diabetic peripheral neuropathy, post-herpetic

neuralgia, trigeminal neuralgia, post-stroke pain syndromes and cluster or
migraine headaches:

10 As used herein, the term “gastrointestinal disorder” shall include
- diarrheic syndromes, motility disorders such as diarrhea-predominant,
| constipation-predominant, alternating irritable bowel syndrome, post-operative
ileus and constipation, and inflammatory bowel disease. Further, the term
“inflammatory bowel disease” shall include ulcerative colitis and Crohn's
15 disease.

" The term “subject’ as used herein, refers to an animal, preferably a
ma:hmal, most preferably a human, who has been the object of treatment,
~ observation or experiment.
20 4
' The temi “therapeutically effective amount” as used herein, means that
amount of active compound or pharmaceutical agent that elicits the biological or
medicinal response in a tissue system, animal or human that is being sought by a
24




said reaction step may also be carried out in a mxture of the suitable
solvents 25 or solvent systens. Wiere the processes for the preparation of
the conpounds according to the invention give rise to mxture of

stereoi soners, these isomers nmay be separated by conventional techniques
such as pr%WB2PUS{OP82 chr onat ogr aphy. 30 The conpounds mRETHSM6EMMEd i n
racemc form or individual enantionmers mnay be prepared either by
enantiospecific synthesis or by resdlution. The conpounds may, for exanple,
be resol ved resesn aéuvetecﬂnam@nadmhdmtomrmtberqlmlcwnawhmhdncludﬂmu ques, such

e Uszo06 oeleSBh o HBSDBIFAME Y il BY Bl PRmd e, on e

(-)-di-p-toluoyl - dtartarlc aC|d and/or (+)- d| p-toluoyl-l-tartaric acid
fol l owed by fractjonal |I2atnl on an ener tlon of the free base.
The compounds mayA%P%d tﬁ‘éﬂ‘ SPMR W&'P i intgR Qﬂ@s@’&%‘lﬂ?&sl% esters or

am des, fgl | PM@cPd’orﬁﬁ'ﬂ‘é?ﬁ@ﬂ%p%@mee u5gJ§GIBﬁf33h 'tﬁmsﬁéu#néoegmahts%s waﬁl chiral

auxiliary. Alternative|ly, the conpoun be resolved.using a chiral HPLC
col um. Duri agaayprastuct wblcbrreauissdnret:tlyrorpm@mﬂmfrmn combinations@pthends of the

br 10 r enct PR p e oy RERBBRAY aMOOR. . “Concernea. Thi s may be

achi eved by neans of conventional protecting groups such as those descri bed
in Protective Gré)g c&Or ani ¢ Chemi sty ed. J.F.W MQOme, Plenum Press,
1973; and T.W O @RI pngreconglse degsription: sare ef theauantitativgani c

Synthesi g Jgkptessibh$yivén Hefsin ai‘eqﬁétqu-ﬁ'ﬂﬁed’ﬁ/ﬂﬁgﬂ‘é Ea‘i‘ﬁh 'abguPs 113y be renmoved at

a convenient 15 subsequent stage us nown fromthe art. As used
herein, unl eyedefsmdvth@fewmiheﬁthettu@ fahoui" s used geplichlycaraot, emgry gr oup” shal |

i rogen. ai oA BneEH neRifld eatte' e ikl 6] eVl APLE B oo |

removed f ol | msiantto reterrte tted amoxu&atibabd) such gwegaaluprthatanomldgemmbw

wher i 'R | SOF GCBRG RS ARTE roBn s it (g InCHSRG gPPICBIRRRTGhg
CHZ=CH {5L2- 1o B Paﬁm'eh{%ﬁané/@rﬁfé%suréiﬁé?ﬂléén@ifnoﬁ@fbrfs%mdiv%nﬁ@ R wherein
R Is for 25 exanple methyl, phenyl, trifluoronethyl, and the |ike;

N-sul fonyl derivatives -

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,

20 dichloromethane, MTBE, toluene, and the like.

One skilled in the art will recognize that wherein a reaction step of the
present invention may be carried out in a variety of solvents or solvent systems, '
said reaction step may also be carried out in a mixture of the suitable solvents

25  or solvent systems. |

Where the processes for the preparation of the compounds according to
the invention give rise to mixture of stereoisomers, these isomers may be
separated by cqnvenfional techniques such as preparative chromatography.

30 The compounds may be prepared in racemic form, or individual enantiomers
may be prepared either by enantiospecific synthesis or by resolution. The
compounds may, for example,'be resolved into their component enantiomers
by standard techniques, such as the formation of diastereomeric pairs by salt

25




groups of the forrmula -SO2-R' wherein R' is for exanple tolyl, phenyl,
trifluoronethyl, 2,2,5,7,8-pentanethyl chroman-6-yl-, 2,3,6-trinethyl-4-

nmet hoxybenzene, and the |ike. Oher suitable nitrogen protecting groups nay
be found in te?cts such as TTW Geene & P.GM Wits, Protective Goups In
30 Organi cVOZPSHERIBY  jJohn W ley & Sons, 1991. For use RGT/UR30N66P840 t he
salts of the conpounds of this invention refer to nontoxic pharmaceutically
acceptabl e salts. 26 WD 2006/ 098982 PCTI US2006/ 008240 The present invention
is directed fasmgtier withan eplicatinactyeasid, sl as éf)-di-pdalueyhddararicagidul a (1) as

outlined in . : b OO0 Formul a
(XI1), wher e?ﬁa@%@ ! %ﬁ#"%l @a@ﬁ?géﬁdg@'tidea?qu;\{)%&@.ro‘hfg; ng@ &I‘% iP)0z XP
(Rai P) 0. 2 Tf fegépBratibR of the frée DRsé\) Th&condppund® tday ¥ldo) be fesaiviedby- K R N R
"(R)o-2 H - P o~~ (XILV), YP.(X111) 0 (RaiP)o z ~N~RK Cl H (XV) YP
(XIV) 003 rmgﬁgn P[:élia%\%gqngyé esitgjs)d)r(%@?s, fgﬂctvggg Ezy Gpromatographﬁ
5 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 profect sensitive or
10 reactive groups on any of the molecules concermned. 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 Synthesls, John

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

As used herein, unless otherwise noted, the term “nitrogen protecting

group” shall meaﬁ a group which may be attached to a nitrogen atom to

20 protect said nitrogen atom from participating in a reaction and which may be .

_readily removed following the reaction. Suitable nitrogen protecting groups

include, but are not limited to carbamates — groups of the formula —~C(O)O-R
wherein R is for example methyl, ethyl, t-butyl, benzyl, phenylethyl, CH.=CH-
CH,-, and the like; amides — groups of the formula —-C(O)-R’ wherein R’ is for

25 example methyl, phenyl, trifluoromethyl, and the like; N-sulfonyl derivatives -
groups of the formula —SO2-R” wherein R” is for example tolyl, phenyl,
trifluoromethyl, 2,2,5,7,8-pentamethylchroman-6-yl-, 2,3,6-trimethyl-4-
methoxybenzene, and the like. Other suitable nitrogen protecting groups may
be found in te}ds such as T.W. Greene & P.G.M. Wuts, Protective Groups in

30 Organic Synthesis, John Wiley & Sons, 1991. A

For use in medicine, the salts of the compounds of this invention refer to
nontoxic pharmaceutically acceptable salts.
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STEP 1: Preparation of Conpounds of Formula (X I), wherein Xis -OC(O-C,.
10 4alkyl and Y is selected fromBr, d or | 27 WO 2006/ 098982

PCT/ US2006/ 008240 XP (R41 P)O2\NIRK RO (R 41P )0.2 iPi HIN YP (XIV) RK
~~ P (X XII3 RI RK O41P )D2 \N H HOP (XIV) (X111) 1'p 0 (R41 P)0.2
RL "I ~R KVO2PU6/99§382 (x\) YP (XIV) 0 J K | Iv' "~ O' (RaFOTASNGHM240 1 P H°
YP (XIV) (XVI) or STEP 1: Preparation of Conpounds of Fornula (Xl 1),
wherein X Is -CNand Y is selected fromBr, Cl or I XP (RalP)o2 RI\N-R K 0

R41P )0-2 RJ \N P (X] RKP (X)), Y. (XI1) Y Rai P) o-z 1-12N ~ (XI
E_ 5 (X?V) YP 28 HThe present i\rQ/ention is d‘re):ted t(g proc)esses %r(the preparation o (XY

compounds of formula (I) as outlined in Scheme 1 below.

5 STEP 1: Preparation of Compounds of Formula (XI1), wherein X Is -OH and Y Is
selected from Br or Cl '

4P . H41P y ; 4P, -
XP Rz TO__ >\/<. Jo2 " (R
g — ¢, — g
-y g K
Y xy Y \
(X) *D Xy
j b A
J K
o . r\_ _R
/(H“P)o-z ”
HO” &N
\ Py (XIV)
P
oy Y
0
/(R'“P)O-Z RJ\ /R
¢ B H
\\
o0 Y (XIV)
\j
o o R RK
1 (R*"P)o N7
A\ r/ H
(o) o) 1 P\I
\
(x\;n; . (XIV)

or
STEP 1: Preparation of Compounds of Formula (Xil), wherein X is -OC(O)-C;.
10 salkyl and Y is selected from Br, Cl or |
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WD 2006/ 098982 PCT/ US2006/ 008240 STEP 2: Preparation of Conmpound of Fornula
(XIX) HN"Pgl O(R41 P)~ j O (RalP)a2 OCl.4alkyl RR NN p H\pg IK IRK
(XVI1l) OCl.4alkyl R (XI1) YP (XIX) 5 STEP 3: Preparation of Conpounds of
Formula (XX) O (R41P)0 O R41P)a2 RJ 1 RAN P HN~pgl RK p HN~pg K %

OC1. 4al ky W@z004/8a8R82| (XI X) (X~ O STEP 4: Preparati onPET/US0§0EMAS of
Formula (1) O (R41P)o 2 O (R 41P)0.2 N~ P.1 H\~Pg Ni p -~ HNPg K ' RK
(XX) OCl.4alkyl (1) OH OO 10 Schgme 1xSTEP 1: Wierein ¥ is OH a'gd Yis

sel ected from V\Eg or Cl (AtBgsdi ngly, “ay\s |tably subst it ut eq , o-0f
formula (X), XP is OH and whgrein YP is Br O\~ & erably YP is
Br, a known conpo br 1 wn nmgfh is reacted

with atriflating r aEnt such as tKMic anhydride, R . vP
N-phenyl trifl uor ofBtjhanesul foni mide, and the like; In the (omy esence of an
organi c or morgamé base such as pyridine, TEA, D PEA, K3P@4, K2CG8, and

the like; optionally in an organic solvent such as DCM | chl drofjorm THF,
and the like; to yig d the correspondl ng corrpmﬁ:ld ofRKfo mula] 20 (X).
. 41P. N
/(R )0-2 | H
] By (xv)
oan Y
i | o BN A
o’ B H
\hf
P
XV) Y% (XIV)
Y
Al J\ < e \”/
N0 o7 R
=X o (Xv)
xvi) Y

or
STEP 1: Preparation of Compounds of Formula (XII), wherein Xis -CN and Y is
selected from Br, Cl or |

J K o | P
P (R*")o.2 R\N’ R (R
el ; - N

(XIv) : R P

\ s (XIv)
P

5 i) Y
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29 WO 2006/ 098982 PCT/ US2006/ 008240 The conpound of forrmula (Xl) is reacted
W th carbon nonoxide or a source of carbon nonoxide such as Ac20 in
conbination with HCOONa (see for exanple, S. Cacchi, G Fabrizi, A

Goggi amani, Og. Left. (2003), 5(23), pp4269.4272) and a suitably

subst i t ut b zond/ev8982a conpound of fornmula NRIJIRK 5 (a cop@ousaiodadosi4or nul a
(XI'V)) or when RR and RK are each hydrogen, with a suitable source of
ammoni a such as HVDS, ammoni a gas, and the like; in the presence of a

pal | adi um cat al yst such PdCl12, Pd2(QAc)2, and the like, in conbination with
a suitable |gTepg P%bﬁ?at?f&f@&ﬁ’ﬁ’&unféf%r%ul?@d)& he like; or in the
presence of a palladiumligand conplex such a d(PPh3)4, and the like; 10
in an organi c solvent such as DVF ,PUF, di oxane,, and the |ike, preferably
DVF;, at a tenperature in the ranfd of from about QC to abQFpt 160C,
preferably at a t@nmperatyre in thg ramgs,Qkylfrom ajpout . 5(R ez about 120C;, to
yield the co‘#Jrespndi ng(Fco und of yfor mul a (F)gNﬂ 54 tern/afsd'wel y, the
conpound of T vyl ) is reactedgM th carbon m)deHr a source of

car bon nonoxi del sull s Ac20 ' i wi t iR HORNa£ee for exanpl e,

S. Cacchl, G Fabrizi yA. Goggi and¥V) Org. Left. ((58 3), 5%23Ci.ealkyl
pp4269-4272); in tQ@')presence of an inorganic base eh as K2CO3, Na2CGCs,
and the like, in an organicsolvent such as DWVF, dioxane, 28 THF, and the
|ike; at a tenperature in the range of. from about 50C to about 160C,

pr ef er ably epgperature in the ran of fr about 60C to about 80C; to
yield th@ c%T@%bOﬁg‘?W ﬁﬁmpwnﬁdg%ﬂ@U(ﬂXS&)). The conpound of fornul a
(XI11) is reactedovvi t-h a itably substituted conpound of formula (XIV), a
known conpound or conmpo(id )gs epared by 25 knoayn mef hods!R ok2when Rj -and RK
are each hydiegen PLh a suifiabl e source of ) uanasvd-‘iNDS, anmmoni a
gas, and the I|i feF‘pﬁ HVDS, _in thg. presignc a goupling agent
such as EDClI, HBT, o PyBrop, and the |ikd& preé i6' th@wgresence
of an organic basg %ECh asNFEIC14BKPEA,  pyri di ne, li ke, Gralfount of
t he conpound of f Xl V) or source of 30 anmmoni a suffigient to act as

t he base, preferably greatr than about 2 equivalents; in an organic

sol vent such as THF, di oxane, DMF, and the like; to yield the corresponding

conmpound of formula (X 1I).
P STEP 4: Pre(parat)lon of Compounds of Formula (1)

" R")o, o (R*"Mo2
N HN—Pg .~ N HN—Pg’
k )
OC; 4alkyl OH
0 o
10 . | Scheme 1

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

is OH and wherein Y” is Br or C|, preferably Y” is Br, a known compound or

15 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 brganic or inorganic base such as pyridine, TEA, DIPEA,
KaPO4, K2CO3, and the like; optionally in an organic solvent such as DCM,

' chloroform, THF, and the like; to yield the corresponding compound of formula -

20 (XI).
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30 WD 2006/ 098982 PCTI US2006/ 008240 Alternatively, the conmpound of fornmula
(XI') is reacted with carbon nonoxi de or a source of carbon nonoxi de such as
Ac20 in conbination with HCOONa (see for exanple, S. Cacchi, G Fabrizi, A
Goggl amani, Og. Left. (2003), 5(23), pp4269-4272); in the presence of an
i nor gani cWMeE2986/9BMWR as 5 K2CO3, Na2CO8, and the |ike, PGITHSROHYBI4Pc sol vent
such as DMF, dioxane, THF, and the like; at a tenperature in the range of
from about 50C to about 160C, preferably at a tenperature In the range of
from about 60C t dhasempousndaf fergula BXIyistreacted withsgashean meresidecu®d of fornul a

10 b or i ne SORRLarn BNBHE stieh ab g6 18 EaRPEEGH WinHERONEP(gke® CULES, ©
Chl orotorm antE e ke o et b fr ey B about
(r:oom t errp(ranr ﬁﬂggg,b"@#ta"‘ﬂ) F#&?QM |5§)B§‘¥w'§dtaéw'ﬁ%£9%e°wm gﬁﬁfmahdﬁﬁﬂ#k about
35C to alsouga(‘;ef@ﬁ%pohﬁd?df fArfhuld DAVHYrivitierort éﬁtﬁRK‘éi’é)@é'ﬂfhﬁrog@lﬁ,Whﬂa( XV). .15

The conpound ormula (XV) Is reacted with a suitably” substituted
conpound of Suahligisguice ofjammopidsmeh@st¥DSd asymaiagasandinedikesid thg  known

amoni 5 suc T aeorgaot A intetih Cn BRSPS RO AP G U1 T e,

preferably aombinationokitroaisditablelighrd,socl DRPR, IBPRF .EREN)4; aot the lilkd) oor gani ¢

base such as TEA DI PEA ridine, the |ike, ofr an t. of fhe . conpound
of formil a (IR Prgseuck, oA belediinarad compleistnp 64 dlEF ol A Bl

pr ef er abjlgy gﬁaat[%?:aﬁieaalvahpsuc_h?asqmwmﬁnamahé\,a@ﬂtﬁémﬂ@,gsrefé?bwnt such as
THF, di oxane, . and the like; to'yield the correspondi ng compound of
fornul a ( XIDMF; atstemperatue in/thieyangef tomabootiSOIC fooabaut 4603C¢. 1) is reacted

b esence. of Aelsrep ALS 1Bl e aiie brirpin.ebayf B o hall BReCTioe:

preferably gligld thebBPEsHontihg dodfiSoundadt ferRfid (XIpom tenperature, nore _
preferably at a tenperature 1n the 30 range of ‘from about 0OC, in an organic

sol vent such as DMF, DCM chloroform THF, and the like; to yield the
correspqgdi ng comgyauigivaly, iy Bhsoun8'erformula (XI) 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, NaxCOg, and the like, in an organic solvent such as DMF, dioxane,
20 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 (XIll).
The compound of formula (XIII) is reacted with a suitably substituted
compound of formula (XIV), a known compound or compound prepared by
25  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 pfesence of a coupling agent such as EDCI, HOBT, PyBop, PyBrop, and _
the like; preferably in the presence of an organic base such és TEA, DIPEA,
pyridine, the like, or an amount of the compound of formula (XIV) or source of
30 ammonia sufficient to act as the base, preferably greater than about 2
equivalents; in an organic solvent such as THF, dioxane, DMF, and the Iike; to
yield the corresponding compound of formula (XIi).
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wherein A' is the correspondi ng Cl. 4al kyl, preferably nethyl. 31 WO

2006/ 098982 PCT/ US2006/ 008240 The conpound of farrmula (XVI) is reacted with
a suitably substituted conpound of fornmula (XIV) or when R and RK are each
hydrogen, with a suitable source of ammnia such as NH40H, HMDS, amoni a
gas, and tW@2006/088982 preferably NHAOH, in the presence ®CTAISRRM60eHHMLM

catal yst such PdCl12, 5 Pd2(QAc)2, and the like, in conbination with a
suitabl e Iigand, such DPPP, DPPF, P , and the like; or in the presence
of a pall adi umluemmatimmnb&com@nn zoapplarm)zls reamied withicakkon at a

t t | t

temper at ur o MorbRBeidtatioufce of b Bidnoxig sup 2§ XKt g FBimeyRAGhTAP, 1>

]E:or { ﬁspondl ngICIQIDNalQSfbm‘rekammd 8. g&b]l:.l)l%G EﬁbﬂiieAsﬁobﬁjlad\agn Ort)eL?Jtt.Ei will
urther reco und of formu nmay be reacte

accor di ng toW(?& IPBﬁ 69-fig g)l’ m@etm%Squg%dﬂw)QﬁBicyt@éﬁﬁyﬁ @Sof fornula

(X) wheregn \EI?O§ N&2C9s;, % tﬁ’é‘hl@"m Qﬁ o@&mc@olﬂrﬁ@u&h a¥iINIE! dioXanes

-C(O-CC, 4al k and wherein Y I'ternatively, a Suitably
substituted Thifpentthelike; at aﬂﬁmpgm;ureummeenangeqef from alUDBOtL {0 alacblldyl and

b par od by 60 ArEEFRRNE AT R Ermeerel i i herfante o ok BOe 1o SROR. compound
or when Ry ang B HoAE B O o R O e e o e o TR

roge e source of ammoni a such
as NH4AOH, HVDS, a'ﬁhemonpgaﬂd ofadndnulae(XIII)ilkeeamd with arguitablysoarger efat er t han

Cor 1 espoR ne RS SUTHER ot Abiofde e Pals Sra ENPERE, Sighi shiarbeyn * "

substituted pmmaemdatheliké;an arlcigdnie soweﬁtrsuch a?éFDc% chRrofetrh) afdthedikeky! and
wherein YP is selected fromBr, C known onpound or corrpound

prepared by RFSekD Wét‘r?o'@ﬁmeif%tuf%g@ﬁﬁi tbi"i ﬁbwtggemégwer@um mardt ed conpound
o o <Rl A EE R BB o R B oBEREERS RO S,
as NHAOH, HMVibg colmmondlngmmmnddtolﬁ&)rﬁ‘ﬁjld Rg, in the presence of an
ke i n8n-apr ot 165 Gpgpaved SFforbuR (Thi Hacidhhy 8 SuRAEy Substhibd™ "¢ 1"
compound of formula (X1V), 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 ammonium chloride, NH4OH, HMDS, ammonia gas, and
‘ the like, preferably ammonium chloride; preferably in the presence of an
20 organic base such as TEA, DIPEA, pyridine, the like, or an amount of the
compdund 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 éompound of formula
(XI). '
25
Alternatively, the compound of formula (XIll) is reacted with Cy.salkyl-
chloroformate, preferably, methylchloroformate; in the presence of a organic
base sdch as TEA, DIPEA, pyridine and the like; preferably at a temperature
less than about room 'temperature, more preferably at a temperature in the
30 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 C1.salkyl, preferably methyl.
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di oxane, toluene, DCM and the like; preferably at a tenperature in the
range of 32 | WO 2006/ 098982 PCT/ US2006/ 008240 about OC to about refl ux
tenperature; to yield the correspondi ng conpound of formula (XI1).
Alternatively, a suitably substituted compound of formula (X), wherein XP 5
I's -C(O wao0eedsi82l and wherein YP is sel ected from BPCT/US2006/008240a known
conpound or bonpound prepared by known nethods, is hydrolyzed according to

gggw?hgelt ihﬁgs f'FHe ENAPBUR ab'forrﬁarat(xvg ré(\’réd&teﬂj \bﬂﬁﬁ %Hﬁbl apbSittddd L1 ON - KOH,

reactln W t , H2SO4, and the |ike;
pr ef er abl y,cqrneow@/@f darmulai(X \Bmﬁwmn(&fandsﬂ ééﬁt?—@@h bydragem with@ at a 10

t t t t
| he-r angadteb MurkaBF et SAATA ARAGHRHNISS, dhffhllng oRl e ! crPer at ur e
t enper at ur elile, paéfelablymHQOI-It in thegresence otamaﬂa@unrhate\ystxumh@dt)lgf formul a

gfj%é t1 |) t u%- 23"82%&2%88 e, F%Fﬂ'&]f’a %%‘;0 W?‘h rf’%ﬁ%%g\%ﬂ'géﬂwééaowpou nd
pr epar ed bYDPPFOPgPﬁ‘EtMﬁre IiRE; emﬁrrh re%eﬁcé?& 2pENRAGH: ugxﬁa eﬁﬁﬁrew th a

sui t abl e sour.ce ammoni a such anmoni a gas,

preferably $ibsas Pd(PRha, pn@ﬁwhi@, et a éernmrpturagp &@emnge of fromsatEmt] | HOBT,

PYBop. YS! 8l hous 180kt 5 chls) BLE RfpbrbO T PBRAS B Bhmrdlh 2 o base
of the conpeeBlicdbdud BIRCAto yiel Yie éﬁrrr%bbhdiﬁg%nﬁi@mﬂ'oﬂlf&%ﬂa pugnt to act as

t he base preferably greater than about 2 equivalents; in an organic
sol vent %uch as THF, dioxane, DMF, and the like, to yield the correspondr ng

Sherein xp i 6 " CObf sigtbdin b KFodnid o BRIBMBAR otBifla® 0 1)
l, g known ()_dgpmyrlm reactedcamomm o l&mwrﬁdebwdkmwie(dmdlomespomdh'gact ed with
car bon nonoxi de or

sour c an X ACZO I n conbi nation
with HCOC]\la‘:‘E'EB%U“qgffoEm‘a\lﬁ'ﬂFQ)“"’th"éi &HB@ bga-lﬂslk o Y. Goggl amani, Org.
Lett. (2003), 5(23), 30 pp4269-4272); in the presence of an inorganic base

such as K2CB, Na2CO8, and the like, in an organic solvent such as DWVF,
di oxanel5 THBIE g —G{0)-OC;.4alkyl and wherein Y’ is Br, Clor |

Alternatively, a suitably substituted compound of formula (X), 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 suitably
substituted compeund of formula (XIV), a known compound or compound
20 prepared by known methods, or when R’ and RK are each hydrogen, with a -
- suitable source of ammonia such as NH,OH, HMDS, ammonia gas, and the
“like; at a temperature greater than room temperature, preferably at about reflux
temperature; to yield the corresponding compound of formula (XID).
Alternatively, a suitably substituted compound of formula (X), wherein X°
25 is -C(0O)-OCs.4alkyl and wherein YP 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 R¥ are each hydrogen, with a
suitable source of ammonia such as NH,OH, HMDS, ammonia gas, and the
30 like; inthe presence of an activating agent such as trimethylaluminum,
triisopropylaluminum, and the like; in an apretic organic solvent such as THF,
dioxane, toluene, DCM, and the like; preferably at a temperature in the range of
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a tenperature in the range of from about 50C to about 160C, preferably at a
33 | WO 2006/ 098982 PCTI US2006/ 008240 tenperature in the range of from
about 60C to about 80C, to yield the corresponding conpound of fornula
(XI'11). The conpound of fornula (XII1) is reacted with a suitably source of
chl ori ne SHERO4LIBE onyl chloride, PCI3, PCI5, oxalyl ®6TaSRee/008240al vyl
chloride in 5 DM, and the like; in. an organic solvent such as DCM

chl orof orm  apeuttdee toidbdut rdﬂﬁﬁi@ﬁp&hmré"ttoayléle REEGHaEpdnaIngofipdunarbfabout
roomterrperature nore preferably at- a tenperature in the range of about

35C to about fasmala @dl)yi el d " the correspondi ng conpound of formula (XV). The
conpound of formula (XV) Is reacted with a suitably substituted 10 conpound
of formula (XIV), a known conpound or conpound prepared by known net hods,

or when Rj and RMbemaﬁazeiy] ahsultablyesubstijutéu eompmdmbdﬁefonmulac(X) wherainm¢hi a such

amront um 1 B e A Bhg Wherein 17 ¥ SeBHE s B CLatgahlBoMAS such ac,

TEA, Dl PEA, eampsurﬁueor &&ﬁpéudﬁepreeérddw%vm%ms @fhyarbuylz%daé&eminef the
conmpound of formula (XI or source of ammonia sufficient to act as the

basg pref er wokr}ovg‘r mgthads; fosexample tlwre@qung/witb atkase sucarasd\l@ﬂrh blOl-tol vent
THF, t
conpound of ' [GraPEthe . or3§ tasdiioiiFan b Eh dst13, FRGOFFA el (0.

wherein XP i preﬁrﬁbly(ihﬁcorﬂpddnﬁlofdmhuma)eismea@ed withaneadieedt &r om Br, I,
a knomn]c)(grrp und o I S reacted W|th

d k
car bon ox ed‘é"%?{“ée ggaQQBSE&rBSW nOt\HM(:? geiﬁ,jﬁr ABIMPEBWNSi nat i on

wi th HCOONa -(rsthig rahdy offféTaib8u é‘an@%ehuzfc e éfera‘bl f0g9i amanl , O’ g.
Lett. (2003), 5(23) 25 pp4269 4272); 1n the pres nce of an inorgani c base

such as chotgmpmammpf aboul 1082C] tokyigld the correspoading compoantd of farmuls DIVF,
di oxane, THF Iﬂ d thé like; at a tenperature In the range of from about 50C
t o about 160e( greferabl y at a tenperature in the range of from about 60C

to about 80C to Thébdmbb@nd ePforaaRAXAI)NE restaPwith aduithBl Substithtéd | ) . 30
Alternat %é’ ¢l gémkggné: 8nf%?mulrjlla (():)(];Vf grkrrrlg\llv% c(o)é'lnpuu)ndlosf ccr)r%%%tugg p\:\ésaqeg ll)y4al Kyt -

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; prefer_ably in the presence of an organic base such as TEA, DIPEA,

20 pyridine, the like, or in the presence of 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 (XII).

25 Alternatively, the compound of formula (X), wherein X is -C(0)-OC;.
salkyl and wherein YP 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 Ac,O in combination with HCOONa (see
for example, S.ICacchi, G. Fabrizi, A. Goggiamani, Org. Lett. (2003), 5(23),

30 pp4269-4272); in the presence of an inorganic base such as K2CO3, NazCOs,
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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chl oroformate, preferably, nethylchloroformate; in the presence of a organic
base such as TEA, DI PEA, pyridine and the like; preferably at a tenperature
| ess than about roomtenperature, nore preferably at a tenperature of about
34 | WD 20061098982 PCT/ US2006/ 008240 O0C; in an organi c solvent such as
DVF, DCM WORPM088982 m THF, and the like; to yield thP@HRUSHORIN ng
conmpound of formula (XVlI), wherein A' is the correspondi Cl4al kyl ,

pref erabl y tempgaraturginthedapge atifrom aberheds toxaout B§°G,daqm&lgtm th a suitably

substituted r a known conpound or conpound
prepared by°°’k%%ﬁ8ﬁ’§tn‘ﬂ%’g‘g°‘j"3’ %@Hﬁ%bgﬂh RK are each hydrogen, with a

sui t abl e source Tiod cammnmdiosmhulaquacwmw arsunablg sparce gfnd the i ke,
preferably al | adi um-cat al yst su PdCl 2,

Pd2( QAc) 2, aﬁeﬂrﬂ%éuéh F’kg" wr\%ﬁ@%? r'%'ﬁgbn&m " CNOQ'QﬁdOX%Xl&HkEBPF“ DPPF,
P(Ph) 3, gndppfie anidkBe IjRé; |h 'épjd?%éﬁlés&(/@ﬁteé%ﬁ a%fD@Mp@th?&hHm édcﬂlﬁ@‘i‘iré,onpl ex

such as Pd(PPh3)4 and t tenperaturé in the range of. from
about 50C tpr%@blymmemqarﬁﬂagnea;eranaraabqwmwnaemperatwet more ange of from

ohout 90 gty Ariell ) Rkl SRR IR SRR gl ™ 2

Al t er nati vethg cotrespbhdib )éoﬁ'ip@&hdbﬂfcﬁﬁnumﬁ)und of formula (X), wherein XP is
CN and wherein YPbl S sg | ected fromBr, Cl. a known conpound or

conpound  pr epar e 69mraudghohiomuadXV) is fleéﬁ@demth/\ﬁ sHitably gubstitutedsubst i t ut ed
d by k
50 ot ity “ComBodih &t ot (Gu): QWW@W@%&%{@B“H?’%.@BS n Parris,
CL, O g Byown mﬁtlhdds( poWBEN 5, and R arei eachBydragient, withiassuilabler sdurdm78)
.330 hi, Takeshi Nat Sal t JACS,
D330 g oo L S orlFR e A M SoBbliesnin e o
(XI1). 25 Atﬁeem(@abte«aiamy ammeniuAbE oA Treforithy i hEpResghcelofenr mul a (X).

wherein XP is ( ereln YP is selected fromBr, C a known

conpound or Or%%ﬁﬁﬁ%h@a @W%Wﬂd'ﬁﬁtﬂh@d@e ﬁ’fs'nrt'é%@f@&nﬁﬁ” Pf’\a'én acid
such asqg CoRRRMKf 61 tRE co [ﬁo‘dhﬂ‘bfﬁﬁ er a@{ﬂ) 6!@0&?{8 afimdhid SUMGEAIHY’ € gr eater

t han about roomtenperature ux tenperature; to yield the
corr espondi agt as the base preferably greater than about 2 equnvalents, in an organic
solvent such as THF, dioxane, DMF, and the like; to yield the corresponding

compound of formula (XII).

20 Alternatively, the compound of formula (X), wherein XF is -C(0)-OC1.-

. aalkyl and wherein YP is selected from Br, Cl or I, a known compound or
compound prepared by kndwn methods, is reacted with carbon monoxide or a
source of carbon monoxide such as Ac2O in combination with HCOONa (see

. for example, S. Cacchi, G. Fabrizi, A. Goggiamani, Org. Lett. (2003), 5(23),

25 pp4269-4272); in the presence of an inorganic base such as KzCOsz, NazCOs,
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 (XIll).

30 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
34
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30 conmpound of formula (XVlI). Alternatively, a suitably substituted conpound
of formula (X), wherein XP is CN and wherein YP is selected fromBr, d or
|, a known conpound or conpound prepared by known nethods, is reacted with
an inorgani c base such 35 1 WD 2006/ 098982 PCTI US2006/ 008240 as NaOH, KOH,
and the | VRE006408982 t enper at ure greater than about roorRCTYESIPNG/08824¢ e
preferably at about ref lux tenperature; to yield the corresponding

compound of g+6t [k ol sonBHE sGATRE B SOl BofHlE b R Tk

according t hown or exangle; by alkylating presence of
a base, to \oeletd theecorrsponding dompound ohfonmdladX V) wherein (A%lis )he STEP 2: The

conpound of fornula,(XLl) S reacted w a suitably substituted 10 conpound
of formula ("‘?VPF??"%(‘QL:@#@QP’G %’agly_snﬂf'?ti"gbl e nitrogen protecting group such
as Boc, Cbz, F””Q‘heg;%ﬁ{ﬁdund%gfbbﬂ;ﬁﬂﬁang(\hﬁs r@ﬁgtggfvﬂmné/ sﬁéﬁbw Sutittuted known

conpound or conpound prepare wn' met In t presence of

pal | adi ufn czomppsndof formata XY}, dblsnayn carEpunder capayndprapared by ke,

r ef er abl ; £ ' e ce.of _a. hor ous
[l gand sush KERE(bads HH s haP B oid ep B B5FY Sip sl S SB0RE")
lp_r efe (r]I abl.y :a(fhn’oub?]ih )saclg gs g(gﬁsokzi “MBSS*?‘{P"’?@ Eas,tdml thﬁaiae,rmefevébly' pal I adi um
i gand conp ch . as , a e like; i e presence of an
organi c or i : 'ﬂpéh%ageégg%-ﬁ?%Qa"#;WMEI?P%PEﬁH@Wh@A ?@@LGKZCCB,
TEA, DI PEA, jiRe! ih@oRfbinatien iflfa ligdi, subh SFPFRDRPF EBPh)J) afd the el iof ol vent
such as DMF, dioxane, and the ITke; at a 20 tenperature greater than about
room t ertPer dbe presepee pta poligdium:ligand cpmpiaxsuch dsPd(PPhslanand the likepat 60C to

about 120C; -t ieéd't carrespandi n C, und o Iaf EPXI Xé STEP 3:
e e comdamhsrati Ming HAdS AR ABauCARRASHboRL 160 Pidteltiviia,
met hods; f Orteﬁlbéfﬁ?thlé iRYhd Fb"l‘f@lb'léig%om élﬁbdilgébgg@abeﬁt @°E?%ﬁ8]d%9hydr ogen- (such

as cycl ohexadi ene, and the | ; In the presence of a catalyst such as
pl ati num oxdodésperdingacmpound etlioroula (XIpkel , Cl Rh(PPh3)3, RuCl2, and the
| i ke, preferably ‘ ’ '

16 STEP 1: Wherein X is =CN and wherein Y* is Br, Clor | -
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 a suitably substituted compound
of formula (XIV), a known compound or compound prepared by known

20 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 (XII).

25 ~ Alternatively, a suitably substituted compound of formula (X), wherein XP
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

30 compound of formula (XVI).

Alternatively, a suitably substituted compound of formula (X), wherein XP
is CN and wherein Y" is selected from Br, Cl or |, a known compound or
compound prepared by known methods, is reacted with an inorganic base such
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pal | adi um on carbon; in an organic solvent such as nethanol, ethanol, THF,
30 ethyl acetate, and the |like, preferably nethanol; at a tenperature
greater than roomtenperature, preferably at a tenperature in the range of
about 60C to about 120C, to yield the correspondi ng conmpound of formula
(XX). 36 WOWMD6AMIEY 098982 PCT/ US2006/ 008240 One ski | [P€A/USR006ME824 t Wi | |
recogni ze that the conpound of forrmula (XI'’X) nay be optionally reacted in
the presence of a chiral catalyst, to yield the corresponding conpound of
formul a (Xxas Nabdt, ddOH) andbthetlikepat-d teorparatuse greaterdhan aboatroemant i oneri ¢

excess. 5 STEP 4: The c ungd_of f yla (XX) is reacted with ap aqueous
base such a mq%ﬁqre,grgﬁ?%ﬁa%rcmg(lipwé{at%rﬁ, gﬂﬂ'ﬁ@é&ﬁic@"@ﬁﬁ’ 9such as
met hanol , Te¢dmpowidertelmularivi)ne Iike; to yield the correspondi ng conpound
of formula (1). 10 In an-enmbodi ment, the present invention is directed to

processes for t hEne gomapauwnd eifarpulad¥Mhds rrastest agcording o knewn methegs,

enbodi t, ' t:] ' t 15

pr epar gﬁ] onﬂ%? ﬁ%’“@ ?£8E%W$Bfi%% %s?ﬂl‘%%e& %g%%%ggf%?g%e@éie%?g&]ﬁ?) wherein
i P~~ "~ i s ¢dmpeund &'foemdlaRXIlar e each hydrogen; the phenyl ring is further
substituted with two R41IP groups, which are each nethyl and Pgl |Is Boc, also
known as 2-tert-but oxycarbonyl am no- 3- (4-car banoyl - 2, 6-di net hyl - phenyl ) -
propi oni c agTEpP @s described In Schenme 1 above. 20 The present invention is
further directed_ to processes for the preparation of the conpound of
fornula (la) as DR Femeaundoidereuia (Xlihisireacted with a syjtaby suhstitlitedn of t he

compoun f’f compStiPof itk (XYNS ildleift Bg is Bduitdie Hitbiger! profftiRg gfslig " om Br

such as Boc, Cbz, Fmoc, acetyl, and the like, preferably Pg' is Boc, a known
compound or compound prepared by known methods; in the presence of -
palladium catalyst such as Pdy(dba)s, Pd(OAc),, PdClg, and the like, preferably
Pdx(dba)s; and preferably in the presence of a phosphorous ligand such as P(o-

15 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 paliadium:ligand complex such as Pd(PPhg)s,
and the like; in the presence of an organic or inorganic base such as
dicyclohexylmethylamine, Na-COs, K,COs, TEA, DIPEA, pyridine, and the like,
preferably TEA; in an organic solvent such-as DMF, dioxane, and the like; at a

20 température 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 (X1X).

STEP 3:
25 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, ClF!h(PPha)a, RuClz, and the like, preferably
palladium on carbon; in an organic solvent such as methanol, ethanol, THF,

30 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).
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WD 2006/ 098982 PCT/ US2006/ 008240 O XP Tf0 1-12N YP YP YP (Xa) (Xla) (XIla)

OHOI \ / YP (XIlla) OdC I \ [/ yP (Xva) OOYP (XVla) or STEP 1 a:
Preparati on of the Conpound of Forrmula (Xlla), wherein X Is -

OC(O-C, .4alkyl and Y is selected fromBr, O or | 38 WD 2006/ 098982

PCT/ US2006V0GH548898) XP | \ H2N ~ YP YP (Xa) (Xl la) @CHWSRooc/0ds40 (X |11a) O
ad YP (Xva) 00

One skilled in the art will recpgnizé that the compound of formula (XIX)
may be optionally reacted in the presenée of a chiral catalyst, to yield the
corresponding compound of formula (XX), wherein ‘one stereo-isomer is
present in an enantiomeric excess.

5 ,
STEP4;
The compound of formula (XX) is reacted with an aqueous base such as
NaOH, LiOH, KOH, and the like; in an organic solvent such as methanol, THF,
ethanol, and the like; to yield the corrésponding compound of formula (1).
10

In an embodiment, the present invention is directed to processes for the
preparation of compounds of formula (Ic).

In an embodiment, the present invention is directed to processes for the
15 preparation of a compound of formula (Ib), a compound of formula (I) wherein

is phenyl; R’ and R¥ are each hydrogen; the phenyl ring is further

substituted with two R*!P 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.
20 |
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 (Xlla), wherein X is -OH
25 andY is selected from Br or Cl
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Al --Ipp YP (XVlia) 11 or STEP ta: Preparation of the Conpound of Fornul a
(XIlTa), wherein Xis -CN and Y is selected fromBr, C or I 0 XP HZN [/ YP
YP 5 (Xc) (XIla) 39 I WO 2006/098982 PCTI US20061008240 STEP 2a: Preparation
of the Conpound of Formula (XIXa) O H\N~Boc . O H2N | OCH3 H2N HN~Boc OCH3
Br O (XVI MO200§309898%| | a) (XI Xa) STEP 3a: Preparation oPCHHR0GMEMUNd of
Formula (XXa) 0 0 H2N \ HN'Boc H2N HN# BOC OCH3 | / OCH3 OO0 (Xl Xa) (XXa)
5 STEP 4a: Preparation of the Conpound of Fornula (la) O @ 1-12N HN,, Boc

H2N HN. . B
0oC XQCHS OH TI0 |
HoN
- — _
YP YP YP

(Xa) (Xia) (Xlia)
A ?
o .
HO
P
‘ Y
(XWla)
o}
Cl
YP
Y (XVa)

0 0]
A1
YP
(XVla)
or

STEP 1a: Preparation of the Compound of Formula (Xila), wherein X is —
OC(O)-Ci4alkyl and Y is selected from Br, Clor |
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0 O (XXa) (la) Schene 2 STEPla: Werein Xis -CHand Y is selected from Br
or CI 10 Accordingly, a suitably substituted conpound of forrmula (Xa),
wherein XP is OH and wherein YPis Br or d, preferably YP is Br, a known
conmpound or conpound prepared by known nmethods, is reacted with a

triflati ng"PeYUOMBLuch as triflic anhydride, PCT/US2006/008240

N-phenyl trifl uoromet hanesul fonimde, and the like; in the presence of an
organi ¢ or inorganic base such as pyridine, TEA Dl PEA, 13, K3P04, K2C03, and
the like, preferably pyridine; optionally in an organic sg vent such as
DCM chl or of &F £ and the like, to yield the correspoidi ngycaxpound of
formula (Xl a). fnpound of farnula (Xl a) is react &&Nwith jon nonoxi de
or a source of bon nongxide such as Ac20 in conbjination HCOONa (see
40 WD 2006/ 098982 82006/ 008240 for exanple, S. Cacchi, GF Fabfizi, A
Goggi amani, Og. Lett. (2003), 5(23), pp4269-4272) and a suit§ble source of
ammoni a such as HVDS, ammonia gas, and the like; in the presence of a

pal | adi um cat al ysﬂxajuch PdCl 2, Pd2(QAc)2, and the like,.in cdfnation with
a ligand, such DPPP, DPPF, 5 P(Ph)3, and the like; or in the prgsepce of a
pal | adi um |i gand donpl ex such as Pd(PPh3)4, and the like; I ah ofganic

sol vent such as , THF, dioxane,qand the like, preferably DMF;, At a
tenperature in thg.range of from gpout 50C to about 160C;, prlefpraply at a

tenmperature in th QOCA 0 about 120C;, tq y|elf the
@ 10 Alternatively, tlhefcofpound of
h

correspondi ng co

formula (Xla) is reacted with carbon pigxi de or a source of cprbpn
monoxi de such as Ac20 In conbi ngt i (see for exanple| S.
Cacchi, G Fabrizl, A Goggi ni, Og. Lett. (2003), 5(23), pp42p9-4272);
in the presence of an ingegani c base s as 15 K2CO3, Na2CO3, fand|the |ike;

In an organic sol vent ch as DMF, dio , THF, and the like;|at}a

tenperature in the rgnge of from about [FOC to about 160C, prefgrably at a
tenperature in the rpange of from about BOC to about
o,
Cl
YP
Y
(Xva)
o) o)
PN
~o” Mo
YP
(XVia)
or

STEP 1a: Preparation of the Compound of Formula (Xlla), wherein X is ~-CN
and Y is selected from Br, Cl or |
‘ o)
XP
HoN
S

5 (Xc) ' (Xlia)
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80C, to yield the correspondi ng conpound of fornmula (XllIla). The conpound of
formula (XlIlla) is reacted with a suitable source of 20 ammoni a such as
HVDS, ammoni a gas, and the like, preferably HVDS; in the presence of a
coupling ent such as EDCI, HOBT, PyBop, PyBrop, and the 1like; preferably
in the pr e‘ggﬁ%/"%‘%n organi c base such as TEA, DI PEA, POmyuskebicnes2ad he | i ke,
or in the presence of an anount of the source of amonia ‘sufficient to act
as the base, SPEPR2t Ridp raﬂicﬂﬁéfethetdmpmw Farmdlai (XgX&nt s; I n an 25 organic
sol vent such as THF, di oxane, nd the like, to yield the corresponding
conpound of formQla (X |a). AItﬁN OCvely, the Bnpound of formula (Xla) is
reacted with carlf nonoxi de or |a source of carfpon nonoxide s as Ac20 in

conbi nati on p&n,\g | eH,NS. Ts GHNFabri zi, A
Goggi amani g pp4269- 4272) c?_bgf an
i norgani c base suc and the |i ke 8 ' | vent

such as DMF, di oxane, HE' amd—ttre—t+ke—>at a tenperjature in I he range of
from about 50C to abolt 41 WO 20@8/l@)8982 PCT/ US2006/ 008240 Q@60C,
preferably at a terrpgg&t)ure In the range of from aboptix@0C to about 80C to
yield the correspondrng’conpound of formula (XllIl1a). The conpound of formula

(XI1l1a) is rePEPSA: Prégaraticniofithd ICongsounaef Formalal (XXaje such as thi onyl

chl oride, PCl3, Clr5 oxalyl chloride, oxalyl chloride In 5 DV, and the
i ke; in an orgafic solvent such as DCM chl orofom and the |ike;

preferably at aXe aal gBeater than about rgm t agperat ur @ocnore

BN n the range of abghit @ abdNf 60C, to yield
10

Rf f@@mla (Xva). The co 0 of Ifor ( Xva)
& ce of 10 ammoni a such ¢ a r&m‘i’ori de,
oride;

NHAOH, HMDS, anmoni ajgas, andithe |ike, preferably anfnoni um c

preferably in the pr ﬁ@gce of "an organi ¢ base such 6%@5& PEA, pyridine,
the like, or in the (g ence of an anount of the sou f ammnl a
sufficied tQTEPUa2PdRalBE! the'CY Bbf%ﬂﬁhﬂr(l d)han about 2 equival ents;
in an organic solvent such as THF, di oxane, d the 15 like; to yield
t he correspondi conmpound of forrrul a (Xila). AI te atively, the conpound of

formula (Xl a) islirea _-Boc
HoN

HoN HN”

OH

Y

(XXa) | (la)
Scheme 2

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

15 KsPO4, K2COs, and the like, breferably 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
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nmonoxi de or a source of carbon nonoxi de such as Ac20 in conbination with
HCOONa (see for exanple, S. Cacchl, G Fabrizi, A Goggiamani, Og. Lett. 20
(2003), 5(23), pp4269-4272); in the presence of an inorganic base such as
K2CO3, Na2CO3, and the like; in an organic solvent such as DV, dl oxane,
THF, and W0a006i098982 at a tenperature in the range of fPEKUIBWE08ZHC t o0 about
160C, preferably at a tenperature in.-the range of from about 60C to about

A ter nat ] vel 5 CPRBPRLRL GaR P TR Gostiarahy D kel LD 28 sa1 1y -
chl or of or matpp4260ef2n23ahy a suthblei sobtow sffamimBhia; such dshieVPS; aatmeniaf a grganic

base such as TEA, DI PEA, pyri di neq%&g the |jke; preferabéy at a tenperature
| ess than aiEA$ apedhe thevpetheiripsen & palladimeatalyst such BdGlr at ure of about

0C, in an or ' 0 C n% : d the liKke;
30 to yield 'tg% g‘g&;éﬁ%gﬁﬁﬁ%gﬂ%ﬁrﬂp@@& o) 8?’%@{@&{‘/{%56-#%2?51 n A Is the
cor r esporidi rig(Pb)s, 4atithe Jikeyrosfrethetpresensetofia palladiveuliganchebroplex suchuas ( XVI a)

gas “and« ndPEReF AT Blediey N 5o Ghnis SRR Bt b, i S i won i n
the presencehgfiké, ﬁ@fdréﬂ&WFﬁt%‘t}éﬁf&gﬁe\iQh iNdké Fandédat(ffne hBoutBTHCItBe - | i ke,
I n conbination with a ligand, such PP, DPPF, P(Ph)3, and the like; or in

t he presenceabsiut 169%T, preferably atjatemperahirein theoange oPtiomRIRULB0CItD t he | i ke;
t t t L0 th f f bout 50 b 0C, f bl
2t a5 remaat §ra o sis ik esRrespordbg o eatng sHarB U BI@ s0c; "t o vi ol d”

the corrggespondi ng conpound of formula (XlIla). One skilled in the art wll

further recognize that the conpound of fornula (Xl a) nmay be reacted
accordi ng to knovterpativelys the eompeund effernada (Xl émigiastpd with eabpound of

formul a (Xa) | Rl iSar = KV : : in Xis
-C(O-CC, . 4arf]%${i§éngr %ﬁgll’@:l no%g)blogﬁé?ﬁ&@é%?éﬁa AF %@Iﬁ?#‘@g?wgﬁgui tably
substi t ut ed [dOOQNa (seeffof exarple, §)XBacchi@rEabrizi, 2 Goggiarhahi; ORy..Ledd kyl and
wherein YP i d_f d ,or |, a knpwn.15 canpound gr conpound
prepar ed by éﬂgﬁ%thB{é,g&l'@?&dEtt@%pWSPHC%OEﬂri' fr%%g%mggﬁﬁ? é‘éab?s amoni a
such as 44 GKLCOINa.CORaRd thedike; indiforghRicl sok@nt 8lictras DMM]licanes Jr eat er
than roomtenperature, preferably at about refl ux
THF, and the like; at a temperature in the range of from about 50°C to about 7
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 (XIlla) is reacted with a suitable source of
20 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
25 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
30 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
K2CO3, NazCOs, 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
41




tenperature; to yield the correspondi ng conpound of forrmula (X |a).
Alternatively, a suitably substituted conmpound of fornula (Xa), wherein 20
XPls -C(O-CC,.,al kyl and wherein YP Is selected fromBr, C or I, a known
conpound or co ound prepared by known nethods, is reacted with a suitable
source of WML ch as NHAOH, HVDS, ammoni a gas, andCITHES2006K¢8240 n t he
presence of a activati ng agent such as trinethylal um num

11 590" oDY1 34048, Mor 'l D ki s B 200251 o RN SRl Bz el 22 |

the range OBOﬂIzQUtyié]EtﬁeDcdrﬁééprd'hgmbﬁ'fp@tmdef for@uld gdmia)t he CorreSpondl ng
conpound of formula (Xlla Alterpativ a suitably substituted conpound
of fornula (Xa), mp@mﬁoue@os@rmyla(&lstwacmwl)th\ agyilablasouree ofp i s

sel ect.ed {1 Ophifine ClPbs tniofy|€ARYBe, PEAPALACh Ay CHIERRHN Gl SRR Y <novn

met hods, is hydro yzed accor y reacting
with a baSe DM and thiadke; |nlam¢rgaerplvamtcBLmheasID®M cbllordn‘yrmmwdihaglkea th an

d h HCI (@) d the | 43 WD.2006/.098982 PCT/ US2006/ 008240
S eforanly pPHraph A ten iR et afeat A Al ZOTR AR AUe MRS 1 ot o

tenperature pregaably dthrRniepaturd mﬁéfr@r@aecsfaéuémsmﬁi@é&klenoettowiémrmer‘ature

In the range of from about 60 to about 120C, preferably at a tenperature of
about 100C, the mrawond@gmmmydefm@U&)ﬁﬁ@nd of formula (Xllla). 5 The

Coth e s, il §Ombktha oo (Rya) i< BaieA it s di RicRlor STio0 o
of a coupdi ngmagmid sactclas amndXiim didsitle, RIAROPI, HRYEE cgmmomia §de; anditke;
Phe 11 ke, or Phe, B ameaEmaniyn Chiprdanpieterapy imihecpasenca?! ammean 1o o

suf fici ent t Ba@&&ucﬂfﬁaé WEAbMAfI}EmfdﬂeaMé’hl&r Sﬁﬁﬁhe??é’ébrﬁﬁ%ﬁan?arﬁ‘&!rhtvm ents;

In an organic sol vent such as di oxane he like, to yield the
cor r espondi ngf therasuiseioiammenia suffigientita pet as therhase p@rfgrabb'rmeatonﬁwmd of

formia (X2 apsft ghidfEntsdin 4 Seail sonbh 43Ul TARSGHAGKE) SMETahd uae| oc od

is react eﬁi Wikd) togieltd)thermmspdadlng campeond offorulaadblan monoxi de such as Ac20
in conbination with HCOONa (see
Alternatively, the compound of formula (Xla) is reacted with carbon
monoxide or a source of carbon monoxide such as AcO in combination with
HCOONa (see for example, S. Cacchi, G. Fabrizi, A. Goggiamani, Org. Lett.
20 (2003), 5(23), pp4269-4272); in the presence of an inorganic base such as
: KzCOa, Na>COg, and the like; in an organic solvent such as DMF, dloxane,
| 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).

25 Alternatively, the compound of formula (Xllla) is reacted with Cq.4alkyl-
chloroformate; preferably, methyichloroformate; in the presence of a qrganic
base such as TEA, DIPEA, pyridine and the like; preferably at a temperature
less than about room temperature, more preferably at a temperature qf about
0°C; in an organic solvent such as DMF, DCM, chloroform, THF, and the like;

. 30 toyield the corresponding compound of formula (XVla), whefein Alls the
corresponding Cq4alkyl, preferably methyl.
The compound of formula (XVIa) is reacted with a suitable source of -

ammonia such as NH4OH, HMDS, ammonia gas, and the like, preferably -
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for exanple, S. Cacchi, G Fabrizi, A Goggiamani, Og. Left. (2003), 5(23),
pp4269-4272); in the presence of an inorgani c base such as K2C03, Na2CQO3, 20
and the like; in an organic solvent such as DVMF, dioxane, THF, and the |ike;
at a tenperature in the range of from about 50C to about 160C, preferably
at a temved 2006/098982n t he range of from about 60C t o ab®ar/usB@s/0mpoyi el d t he
correspondi ng conpound of fornmula (Xl lla). The conpound of formula (X I1a)
is reacted with a suitably source of 25 chlorine such as thionyl chloride,
PCl 3, PClSi NkaOW; irctheqresenceanta pdlladiuhncatdbfsi suchMdCl,,aPdb(OAe)o) ahdbthe n an

Cenpor ot ur e OiRei SApRANOLHIN & eBof, SaRRPEE PEPF BlEHs, A EEIBR S . °

at enper at ur eth'erbré@@nde%f@ﬁpélfadﬁb@ﬂ@ari’cﬁ&rﬁﬂeﬁb@éﬁ aSPd(PPR)Y, iapkddhe lik& at

correspondi ng conpound of formula (Xva). he conpound of fornula (Xva) Is

react ed withaderperaiyedn theuange of froanatiomt éoﬁ thabeut®05Qi preferablyat@e, NHAOH,

' the- prbseleiaatininhg Tanes B WBalf 600 o HROUB B0 e The 11 kb
or in the prespeaRnaingdNTIBUAELf huCARYS/ 098982 PCT/ US2006/ 008240 of the

source of anmoni a suf i cient xo act as the base, preferably greater than
about 2 equivalents; in an organic solvent such as THF, di oxane, DMF, and

the like; to yi [

Al ternatively, tﬁgﬂgggr@?)ﬁ%{hgf @ﬁ#ﬁﬁ%&qu€éﬁ%]g{aélﬁry%hﬁoﬁg&%§n@ﬁ 4al kyl
and wherei n (%ta) maydleaeaetddfacoondBig to®noan rhethads, towield dimgpcemespondingonpound
pr epar ed, by known t hods, i eact ed rhan oxli or a source of
car bon ox?%pg‘ffﬁoﬁg’"ﬁg@dﬁ(ﬁgwgﬁ %Wh h(a@l 6ﬁ e’%&%cﬁ for exanpl e,
S. Cacchi, G Fabrizi, A Goggiamani, Og. Lett. (2003), 5(23) 10 -

pp4269-4272) . in the presence of an morqanl c base sich as K2CO3, Na2CG3,
and the |ikeSTER 1a: Wherain X i APC nd whereini o xis Bf, ClietH  and the 1 ke:

212 “tonper o ur e, IR b SABARThR A doRRAK ORI Y

cor r espondi n¥f mﬂﬁ(ﬁmce.ﬁalkylranmdlvmqmﬁhw ay selested fremiBrt Clet ly a knbwnconpound of
ot hyi cilr oF PR 87 Gorhaind Brebfisd kv pakiass, EFefetellwins Sltable

source of ammonia such as NH;,OH, HMDS, ammonia gas, 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

20  XPis —-C(0)-OC4alkyl and wherein Y” is selected from Br, Cl or I, 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,
triisopropylaluminum, and the like; in an aprotic organic solvent such as THF,

25 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
30 X©is—C(0)-OC.qalkyl and wherein Y” is selected from Br, Cl or I, 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, HSO4, and the like;
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base such as TEA, DI PEA, pyridine and the |ike; preferably at a tenperature
| ess than about roomtenperature, nore preferably at a tenperature of about
0C, in an organic solvent such as DM, DCM chloroform THF, and the |ike;
20 to yield the correspondi ng conpound of forrmula (XVlia), wherein A Is the
cor r esponWorRgoeO8Wal kyl , preferably nethyl. The conpolR(J/ET 204600840 a (XVI a)
is reacted with a suitable source of amohia such as NH4AOH, HVDS, ammoni a

gas, and the l.i refera i he: sence of. .a, palladi um

catal yst sufff f@@%‘ Qn '6‘3/"20%01?%&‘)2@ rﬁ?ﬁgg“f' A AR on with a

l'i gand, SUC'ferﬁPBBtur@@?EatePﬂ'Bh)a%ouﬁ%ni f@mddr&%re ereﬂe%bl*(hﬁa rerAperaafeof a

pal I adi um I'i gand conpl ex such as Pd(PPh3)4, an " a tenperature

in the rangé e rangﬁpéﬁom\tawomamm 12076 preferatly abayeraperature@frper ature
in the rang bau OCto t 80C ield t rrespondi ng
conpound of %‘ngtn{gdge fﬂ &;d e L di c%@?'ﬁ]%&@mmag& @Xd wherein YP is
Br. G o | Al teTﬁé‘t:beﬁoMnd@f FOHMURDOMNI U dd ctat wﬂh%@mu%dmfrcé@rwl a (Xa),
wherein XP is CN and wherein YP is selected fromB known

conpound or amysonia gpch @sdiNMBEosmmania M@Qﬂb@h‘ﬂ@fef@mh%bm%ﬂ%% ed by
k t h d,
e, T e o 5l st B, PRSI i ©

reat erature
preferably dke; emetelrablyid tive presmmeaaflalnmrgamc pase ducthas T&EA, DIBBEAndi ng conpound

f f | La)..5 At titut d of
D or ol P IAR, 0B ke T aheeskhos Aban fovi GRS Sputted arBRE: . o or 1,

a known 1gongg#ieénto aafamﬁé%s@rcﬂewrmy bbéfé}QWﬁn %bbpziéquIV§|eh%ama¢ with an
i norgani ¢ base such as he |ike; at ﬁ terré)erature greater
o yiel

than about EIBAIC seiMpRirsuchas, T’ﬂﬁ é*'@faéf@l DM, angdhe like teperature; to
Z:J?![ gblt Cesﬁgé EWQ éun of or ﬁg?(ué)?;(g;“ aa( l)<(>1/0\?v|)1 E{)ﬁLgLﬁgl gr 2orrpound
prepared by known net hods is reacted with a ftriflating reagent such as
triflic anhydri dﬁlterna?veely terc'ofrApuo(l)ﬂ'\a "ﬂohrr%rlljés f)Ovr\H\erem XPis -C(O)-OC1.'
15  salkyl and wherein YP 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 Ac20 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 Ko2CO3, NazCOs,
20 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?0 to about 80°C; to yield the
corresponding compound of formula (Xllla).
The compound of formula (Xll1a) is reacted with a suitably source of
25 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 atemperature in the range of about 35°C to about 60°C, to yield
the corresporiding compound of formula (XVa).
30 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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15 and the |ike, preferably triflic anhydride; in the presence of an organic
or inorganic base such as pyridine, TEA, DI PEA, K3P04, K2C(O3, and the |ike,
preferably pyridine; optionally in an organic solvent such as DCM
chloroforg% THF and the like; to yield the correspondi ng conmpound of
formula (WQPWABBLonpound of formula (Xla) is react e®CHUSEIOE/ABRB®ON nonoxi de
or a 20 source of carbon nonoxide such as ACZO I n conblnatlon wi t h HCOONa
(see for exanple, S. Cacchi, G Fabrizi gi amani , . Lett. (2003),
5(23), pp42%@%§me&ﬁ§"@%ﬂﬁ FH%F@“%@@%@S&G ammr@fesqmm@@mmw anmmoni a

gas, and the, h\‘é’egﬂ[_\ﬁggﬁé‘% &n‘o?@arﬁ@&&?ém%u?ﬁ aEWI—FF"o%%a?ﬂeabMﬁ dngdpged with

car bon m)nOX| he™ presence o I'adi um tat al’ yst such 25
PdCi 2, Pd2( dike)®,yieiddhe berréspcmdlngcompﬂunda:tfrfmrmu}a()ﬂlaa) suitabl e Iigand, such
DPPP, DPPF,, P(Ph)3, and the like; or in the presence of a palladiumllgand
conpl ex such as Pd(PPh3)4, and the like; preferably, in the presence of -

PdCl 2 i B combi n#ligpiative tr@%?npdundaoftf@rmﬂé@ta)rwmfbum@iéacw) -QC,f rom about
50C to about 1600C, pre ably enperature in the range of from about

600C to 30 a@Mla@wbef%P/eiﬁﬁfé?@e%pm BR({Cl gr {,anknrawn eer@pelﬂnchgbut 100C; in
bly,
200" 901 SRR prbonty oun ot §¢ ko i b HengfligbEED! V. 11
2006/ 098982 maﬁmﬁmm&de\%ﬁaﬁ’am&cz@mcombpmhod vmh I‘HGOQNIa (se®l la) is
ted t t.ab te d af .f k
Compound or CCATEINIE: By SRS yALTRh SRR, Ord: L Al el o * """
pal | adi um cgiapastazyapin d FE6ARTManN ﬁoaﬁh@e@a& SIRHGIK,C08 NBETs] ke,
preferably 2(dba) 3;. and preferabl t resence_of r&d_)lhosphorous

|i gand such angl thed ?dﬂ@@r@}lén'CPPWﬁ)‘ésuqh(QSlB y Aioxane SR, andhterlike; at ke,
prefer ably Bk iing Sinddlof fimBEBALETE it u RBLNEirbitidiggng compl ex

such as Pd( e presence o rgani ¢’ or | norganic

base such aseshpeyatueinthe I’Eﬁd&)ﬂf&fﬂmﬂ abomo abBut@1Q; to Yiel thel PEA,

pyridine, and the |ike, preferably n an organic solvent such as DWVF,
di oxane, andforIesPeRgiag CEF’@PHP@BF@"DW (X!Ha)a tenperature . greater than

about T o@gm t enpergiaidively, fHeéctRbourdiof ol PX MY [sSrehBieb Vit @[l Hky-
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 tefnperature, more preferably at a temperature of about
_ 0°C; in an organic solvent such as DMF, DCM, chloroform, THF, and the like;
20 to yield the corresponding compound of formula (XVla), wherein A' is the
correéponding Ci4alkyl, preferably methyl.

The compound of formula (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

25 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
temperéture in the range of from about 60°C to about 80°C; to yield the
corresponding compdund of formula (Xllia).

30
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 Y? is selected from Br, Cl or 1, a known compound or
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of about 60C to about 120C, preferably at about 120C, to yield the
correspondi ng conpound of fornmula (Xl Xa). 15 STEP 3a: The conpound of
formula (Xl Xa) is reacted with hydrogen gas, at a pressure sufficient to
hydrogenate, preferably at a pressure greater than about 500 psi, nore
pref er abl VO 2096/98%2essure greater than about 800 psi, PEWES2005/098240 cr abl y
still, at a pressure about 1000 psi; In the presence of a suitable chiral
cat al yst suctprapoyndyrepanedroyrknommameiodsria reagtesh with B acigksuch BRIVP) ] +SORCF3
and the |ike; ' ChiiHa Sty A i n an
amount _gr eat SCPRLAD NG AL and Mot bt e RedbihdblcaonhaR BBbuL T 2T
of about 0. Oboeriemperaiore, ;preferably ahalzoud reflux tgmpetature;, kayieklthat room 25

tenperature, preferably at a tenperatu in the range of about 60C to about

100C, nore pQCﬁfegpr chmpgupgﬁgg?r%’ﬁﬂé&@?fabout 60C; in an organic sol vent

such as rget hanol AlRirR@iely, additablyisubbtitaRet nfhoumachf féenila (Ra), Whefen abl y

met hanol ; preferably not undq; vacuurafﬂ';'%rgl el d the correspondi ng conpound
r

of fornula ( CNgRdvhateinné is-selesta i 61 @ lea downicompuRgrari oneri ¢ 30
excess of gr%&qﬁd&%@/gﬁ%@;ﬁg l@%oﬁne@% o???ilgkgaactéa\nﬁtﬂ aniABldapitbase sqg&g]]ces§ of

greater than pre N enantl oner! c excess of
greater thaas NaOH, KO, andothe lige gdtex teimperature gneaterdhan abesutiroomxcess of

greater than 47 1 WO 2006/ 098982 PCT/ LUS2006/ 008240 about - 98% nos

ot erably. PSRRI SRR & AL U mPREUR: Rrandbe GOSN e
skilled 10 tdmnpsundéfitbrmi@iaqrViage that if the chiral catalyst is oxygen
sensitive, then the hydrogenation reaction vessel is purged wwth an Inert

gas 5 such as argon, nitrogen, and the like, prior to charging the vessel
e 1T e RN S Sl dRASE ROl By SRR g1 |0 11
optional |y remmpeuhdar cangpaundiprepaned dydmodinmgethads,is ceactedaithd of 10 fornul a
(XXb)., as outtri!ﬂ.l:ltri}\egdreiaréeH1 s?uc%cahsetrfriﬁicbaenlh())lm’idec,) r\?-phenyltrifluoromethanesulfonimlde,
15 and the like, preferablly triflic anhydride; in the presence of an organfc or
inorganic base such as pyridine, TEA, DIPEA, K3PO4, K2CO3, 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 compdund of formula (Xla) is reacted with carbon monoxide or a
20 source of carbon monoxide such as Acz0 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
25 PdCl,, Pdy(OAc)z, and the like, in combination with a suitable ligand, such
A DPPP, DPPF,,P(Ph)s, and the like; or in the presence of a palladium:ligand
complex such as Pd(PPhg),, 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
30 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 (X1).
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H2ZN HN H2N I HN LI OCH3 C+~ .,y O (Xl Xa) (XXb) by hydrogenating the
conpound of fornula (Xl Xa) according to known nethods, for exanple, by
reacting with hydrogen or a source of hydrogen (such as cyci ohexadi ene, and
the like); in the presence of a catalyst such as platinum 15 oxi de,

pal | adi um‘BﬂZE‘%&{”BQ?RZ, ni ckel , CI Rh(PPh3)3, Rud 2, and t HETIUSRes/0pm241f er abl y
pal | adi um on carbon; in a solvent such as nethanol, ethanol, THF, ethyl
acetate, andsTge 24:ke; in an organic solvent such as nethanol, ethanol, THF,
ethyl acetate, and the |ike, Fref erably methanol; at a tenperature greater

|

than room t enper Ah@iE@MPELEd of topmladiX|lg) isdppeted Witha suitablesybstiiteds “about
60C to 20 hak, o ' d of
Formuia (1 by Copaud Gt ofEle /M), 2 kibwh PrfRotRd bF LofPolind pRbersIBY 100 07
at a pressur knownhfathods;in the presenogeof patadipmefadalyst suchtasaPgpdigsr e great er
than ab 4 i ferably at f about, i
sot vent - <ticnr alOARerBack: Sndig IRG Brelardbly BAERE Rg BeBRBLINAR ) et hano!
preferably, ptesehosibf & phobpHatoRs ligind stichtad Plogbliehb), ngh‘i 8. SR@bdiy)g, conpound
of formula (% 48 rl~ 1 WO 2006/ 098982 PCTI US2006/ 008240 The conpound

of fornula ( .jafdithe fike,qyelerably Plastalvang)s or imtbepresence Qfdscri bed in Step
4a bel Lt petn i ' f | TEP 4a:
The. conpoundPalejdmiBing SO SRR 4 FAPPALNar theIR6 T thg ptebencd o0 (56,
Li OH, KOH, aadorganic okimorganid basebsychldsChicydichexylimethplaimine dMNagEQs, such' as

cor r espohdi n2eG PR, shiing. SRuye K htepbetEA R AR s 1 ur t ner
directed to poloestssied dsODMF)dioRasd aindtthelike, preferably DMF; at a temperature .
greater than about room temperature, preferably at a temperature in the range
of about 60‘;C to about 120°C, preferably at about 120°C; to yield the
corresponding compound of formula (XiXa).
15
STEP 3a:
The compound of formula (XIXa) is reacted with hydrogen gas, ata
pressure sufficient to hydrogenate, preferably at a pressure greater than about
~ 500 psi, more preferably, at a pressure greater than about 800 psi, more
20 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
25 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
30 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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of conpounds of formula (111). 15 The conpounds of formula (1). Prepared
according to any of the processes as disclosed herein, may be further
react ed according to known processes. for exanple as disclosed in disclosed
in United States Ag i cati on No. 10/400.006, filed March 26, 2003 and

publ i shed %9 2096/0p5% gnt Publ i cation US-2004-,  0010014- Al PCI8iS2ensi0en2426, 2004.
to yield the correspondi ng conpounds of 49 WD 2006/ 098982 PCT/ US2006/ 008240

Hro 1ot HNRORORR B dhefer Wi in Asperiioinit kb dlreter lief oo™ T o
P; MLzR13 (1| B8%. bel ow. (R41lp )0-2 Accordingly, a suitably substituted
Formela” 00 ° o CRs el R il eaSbie et bl SRR e berr o
(for exanpl egsagsitve]itigh the P@@%a’gﬂgreddﬂ?h’%éé& i§15@rg6§ withRdri aHigas No.

10/ 400, 006, filed March 26, published as US Patent Publication
US- 2004- 091084¢h a3 argesy nitieeen, amd thedike apriorin ebarging:themasselwith the coupl i ng

condi tions, r [ | ing reagent such as EDC,
PyBop, and thque?ﬁ%mgﬁgﬁér!ﬁﬁgé re%gﬁ%gg%ag'fqage’coupl ing additive such as
HOBT, and the like, to yield the corresponding conpound of formula (_111).
One skilled in the art will recognize that the compound of formula (XIXa)
may be optionally reacted to yield the corresponding racemic compound of

10 formula (XXb), as outlined in the scheme below,
0O

Boc
HoN HN” HoN

/ OCH, -

(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
15  oxide, palladium on carbon, nickel, CIRh(PPhs)a, RuCly, 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

20 about 120°C. - '

Preferébly, for the preparation of the compound of formula (Ib), the
compbund of formula (XtXa) is reacted with hydrogen gas; at a pressure
. sufficient to hydrogenate, préferably at a pressure greater than about 40 psi,
25 more preferal'aly at a pressure of ébout 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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The present invention is further directed to processes for the preparation
of conpounds of formula (XIX). Mre specifically, in an enbodi nent, the 15
present invention is directed to a process for the preparation of corrpounds
of formula (XIX)'as outlined in Schene 4. 10 (R41P)O0. 2 S{gg} 2 O (R41
P)0-2 HOVO200649982N j~ P P K (XII1) Y (XXI) HO (XXI |1)CT|‘4€§2 0?24

2006/ 098982 PCT/ US2006/ 008240 /Pgl NH Cl. 4al kyl 0 (R41P)0.2 O~ OP

P(al koxy)2 P'i HNC g (XXIlI1) RK " OClL.4alkyl (XIX) O Schene 4

Accor di ngl y, a s Uheaomposntsf farmrubal Kby ie thea reactbdracnbaiu(gdolth)e wherein YP

is Br or s reacte 1 th a faqrnyl Hed ent suhasa HC(O)5
N ) ( CorProdens Gevtibedin Stef 4ertigiy.do v b ctiRisoBH6Bo R rhotbis
lithium Ngstm@adib).he Iike; in an organic solvent such as THF, dioxane, and
the like; at a tenperature |ess than about roomtenperature, preferably at
a tenperature in the range of about -130C to about OC, nore preferably, at

about -1@ 0C§ g#l el d the correspondi ng conpound of forrmula (XXI'). 10 The
conmpound “of (XXI') is reacted with a suitably substituted conpound

of formula (X V) The dompoundaffarouta (tXa)dsreactet witke paragpebys basosuchret hods,
o Toen, B LD R Ml deBuIOHE R SRR BRRY 55"
coupl i ng ageiytmetahol THEDGthanbPRRd 1ty e préte RIAPTHEN® yield the
corresponding compound of formula (Ia).
10 a
The present invention is further directed to processes for the preparation
of compounds of formula (Iil). '

15 The compounds of formula (1), prepared according to any of the processes as
disclosed herein, may be further reacted according to known processes, for
example as disclosed in disclosed in United States Application No. 10/400.006,
filed March 26, 2003 and published as US Patent Publication US-2004-
0010014-A1, September 26, 2004, to vield the corresponding compounds of
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15 the like; preferably in the presence of an organi c base such as TEA,

DI PEA, pyridine, the like, or an anmount of the conmpound of fornmula (XIV) or
source of anmonia sufficient to act as the base, preferably greater than
about 2 equivalents; in an organic solvent such as THF, dioxane, DWVF, and
the Ii ke WO3006PPEBY t he correspondi ng conpound of f or MATASEIW8A40 20 The
conpound of formula (XXII) is reacted with a suitably selected conpound of

formula (XXI11), a known co red by known nethods; in
the presence of a base suchﬁa} aE%ﬁBWH'WSEﬁ i ide, NaH, and the

i ke; in an organic solvent such as THF, di oxane, anqlxt he In"ke; preferably
at about roomtenperature, to yield the correspondim?g C ound of 25

formula (XIX). 51 1 WO 2(6)6/ 098982 'ECT/ US2006/ 00824 I n ot her enbodi nent,

t he present |nvent|on I s jdi rect tc)o.a process R rati on of
conmpounds of for nul {XI utli neg in Scherre S5p4 RE#) 0.2 0 c(41P) it
OH OH (XXIV) (XXV) ' %K CHO (XXVI)
(XXVIT) iPgl NH O~6 0 R41P)02 ONP
HN~Pg (XXI'11) RK ~ OH (XXX)
o
1
: F{2'X R
3 5
R RG ’
R
N ~0
RK/

N m
belo (RPyo RIEZTRY W
W.

e

Accordingly, a suitably substituted compound of formula (1), is coupled

with a suitably substituted compound of formula (XXX), a known compound or

5 compound prepared by known methods (for example according to Scheme A-G
in United States Application No. 10/400,006, filed March 26, 2003 and
published as US Patent Publication US-2004-0010014-A1, September 26,

2004), under standard peptide coupling conditions, for example in the presence
of a coupling reagent such as EDC, PyBop, and the like, also in the presenbe
10 ofa couplihg additive such as HOBT, and the like, to yield the corresponding

compound of formula (1il).

The présent invention is further directed to processes for the preparation
of corhpounds of formula (XIX). More specifically, in an embodiment, the |
15 present invention is directed to a process for the preparation of compounds of
formula (XIX) ‘as outlined in Scheme 4.

0 0o
/(R41P)0-2 /(941P)o-2 /(R“"’m
HO |\p\. —— HO |\P\| -——-——-—» |P|

N
p R '
oy Y oy cHO ooy oHO
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5 O Schenme 5 Accordingly, a suitably substituted conpound of fornula
(XXI'V), a known conpound or conpound prepared by known nethods, is reacted
with a suitably substituted conpound of formula (XIV), a known conpound or
10 conpound B)ar ed by known nethods, or when |" and RK are each hydrogen,
with a suMQMEOBR®% ce of ammoni a such as HVDS, ammoni BCHAS2006/608200t he | i ke,
preferably HMDS; in the presence of a coupling agent such as EDCl; HOST,
PyBop, PyBrop, and the Ilkigw preferably in the presence of an organi c base
such as TEA, DI PEA, py e, the | i ke, or an anpunt of the 15 conpound of
ormula (XI'V) or sourc f ammoni a sufficient to act as the base,
preferably grea% t haih -abogy F% UI val ents; in@n organig sol vent such as
e;

THF, di oxane a %2 yield the dprrespeti r)gzconpound of
formul a ‘ 06/ 098982 PCT/ U 6/ e 224 The c ound of
forrrula(XXV) |5reactedQ\nthtr|fIat|ngreag q aerT I ¢ anhydri de,
N- phenyl tri fl uoromet h@g@@ul fonimi de, and t he Exke . presence of an
organi ¢ or | norganic such as pyridine, Pé @@]8 and
the like; optionally In an organic solvent such @l | or of‘orm THF,
and the like; to yield the corresponding conpound of for (XXVl). |1 The
conpound of fornmula (XXVlI) is reacted with carbon nonoxi de In the presence
of a pall adi um catal yst such PdC12, D?@)Q(ﬁ 2, and the like, In conbination

ith a itable 4 O in the
\;I)Mr esenczwof a, pali}&g rr!rqli%QUIWSUQ@%%CéﬁEm%?%@p% (I)d"bdwp ﬁfel& kia In
t he presenceYois &rmr(GIaneactbds\ethsaJtdrrnglatlffﬁﬁeagthEwch 8y aiDMRHCHD)E t he |i ke;
In the £ Kk H_in an o | ol vent . such THE,

i oxane. Sand Q&) ¥d JiiRe: Iiiod Rustates s athse cbish s oG Whbm -

(XXVI1) . TheNgla a@sd'thé Iikb; incirmdiganic’sdilent siich A€ TEIFSdiowahé, ghdSthblirg] at sel ect ed
15 conpound of forrrura XX 1), a known conpound qr co ound prepared by

known net hoddtemperate !ﬁs§§@f&€b@#t raop{empe (atvres prefesablyliatemnarature,ix oxi de,
the range of about -130°C to about 0°C, more preferably, at about -100°C; to

yield the corresponding compound of formula (XXI).

10 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 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

15 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 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 (XXIl).

20 The compound of formula (XXI11) is reacted with a suitably selected
compound of formula (XXHI), a known compound or compound prepared by
known hethods; 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

25 formula (XIX).
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NaH, and the like; in an organic solvent such as THE, dioxane, and the |iKke;
preferably at about roomtenperature, to yield the correspondi ng conpound of
formula (XIX). 20 In an enbodi nent,.the present invention is directed to
processes for the preparation of the conpound of formula (Xl X). Mre

speci f i caWiO\2006/098%%  enbodi nent, the present inventi orPGREUSIPI6EO824Y] t 0 a
process for the preparation of conpounds of formula (XIXa) as outlined in

h I
gg |enev\062086? 088%9#8&?7 %Ebe%m%ééasreyﬁegvnw%oma ah fe%édd@%‘) g?XXI a@ﬂ( e
P(al koxy) 2 yhé preparition(cffohpaunds 6Nomhla (W')eé”ﬂao&hr?é‘d:w%mﬁé/ 5.2 sui tably

substituted conpound of forrmula (Xilla), wherein YPis Br or-C, is reacted
V\nthafornylatlogreagent such as a DMV, @) 5I}lﬁ (_OCHS), and the
like; in the preflence giRAThgse suchﬁs n- btyI 2 NaH, and the |ike;
in an organic s such as THF, di e I|ke at a tenperature
| ess than ab&Q” r dorp i rrpera‘t-uT-e—-p-Peferaply t enperatureTm ™ he range
of about -130C to t 0C, nore preferatﬂ'& t -100C, to yield the
correspondi ng conpoundQH formula (XXla). 10 The ound of formula (XXl a)
is reacted with gxywyable source of ammoni XX¥kch as HVDS, ammoni a gas, and
the like, preferably HVDS;, In the presence ofoa coupling agent such as

EDCI, HOBT, PyBopQO PyBrop(,Hms;d t he (R41,P)0_2

RJ

OTf CHO

bC1 .4alkyl

N
P(alkoxy),
o

OO

Y

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

10 compound prepared by known methods, or when R’ and R are each
hydrogen, with a suitable source of ammonia such as HMDS, ammbnla 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

15 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
(XXV).
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| i ke; preferably in the presence of an organic base such as TEA, DI PEA,
pyridine, the like, or an anmount of the source of ammonia suff icient to act
as the 15 base, preferably greater than about 2 equivalents; in an organic
solvent such as THE, dioxane, DVF, and the like; to yield the correspondi ng
conpound WO 2006498482 a (XXl 1 a). The conpound of fornul a RCTWI2496/008249 eact ed
with a suitably selected conpound of formula (XXlIIla), wherein Pgl is a

known compound-of TBSRpEMIas it U et R yatetfy B RIbREE of &
base such agriffiBanhydriieadisphenyitrifiudromettzinedaidnimite, ahe the ke in thean or gani c

sol vent such as THE, dioxgne, and the |iKke; preferabl at _about room
terrperatureprQﬁﬁrS‘r‘Pélfént%Qan'ﬁef Inosganicbase syt pyidine, léAnRIE EAXI Xb). 25 In

anot her em‘?@?@”kﬁé@é‘an@tﬁéﬁ@é mﬂ)‘ﬁ&ﬁ?& @('%)n'c?rggr‘n&% Fv%ﬂt ﬁfdr?]f %Cﬁ&i/lfor t he

preparati on 0 oun outI ned ene 7. 54 1 WO
2006/ 098882 chtcsrafdsnomBFomm likepto yildithelcorresponding-tonipound)f fonaata) 0 0
H2N H2N  ~ (XXVla) (XXVIla) ,pgi NHO aa i QlalkoxY)2 OCH3 H2N
HN' Pg OG H3 'l la) O

The compound of formula (XXVI) is reacted with carbon monoxide; in

the presence of a palladi.um catalyst such PdCl,, Pd2(OAc)z, and the like, In
combination with a suitable ligand, stich DPPP, DPPF, P(Ph)s, and the like; or

10 in the presence of a palladium:ligand complex such as Pd(PPhs)s, and the like;
in the presence of an organic base such as TEA, DIPEA, 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 (XXVII).

"The compound of formula (XXVII) is reacted with a suitably selected

16 compound of formula (XXIIl), 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; ih an organic solvent such as THF, dioxane, and the like;
preferably at about room temperature, to yield the corresponding compound of

formula (XIX).
20 :

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 (XIXa) as outlined in Scheme 6.

o) 0
HO HO HoN
_— ———
YP CHO CHO

25 (Xilia) . (XXla) (XXlla)
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(XI'Xb) Schenme 7 5 Accordingly, a suitably substituted conmpound of formula
(XXI'va), a known conmpound or conpound prepared by known nethods, Is reacted
with a suitable source of ammonia such as HVDS, anmmonia gas, and the |ike,
preferably HVDS; in the presence of a coupling agent such as EDCI, HOBT,
PyBop, PyBQ}06/88892t he | i ke; preferably in the presencRCDUSHNG/@83aNI c base
10 such as TEA, DI PEA, pyridine, the like, or in the presence of an anpunt
of the source of .anmoni a sup‘g'nci ent to act as the base, preferably greater
than about 2 equival ents; An¥an organi c sol gent such as THF, di oxane, DM,
and the like; to yield M’é correspondi.ng coound of formula, (XXVa). The

. . . 1
conmpound of formulGa (XXVd) is cted with f | a0+ eageRg such 15 as
triflic anhydride, \ |df tbr onet HaalEsul @ _
2 C

I%a gp Bihd the like; in the
presence of an organic 2 or gani ¢ base such af TEQ%(EEI PEA,
K3P04, K2CO3, and the like;Ooptionally In an or gag#t > S 3as DCM
chloroform THF and tn&*%&; Yo yrelrd the corregpondi ng cfimpound of
formula (XXVlia). 55 | 0 610 9 8 98 2 PCT/ U%200610082@0 The conpound
of fornula (XXVla) is reacted wth.carbon nonoxi qgixp)n the presence of a
pal | adi um cat al yst such PdCl 2, Pd2(OAc)2, and the like, In conbination with
a suitable ligand, such DPPP, DPPF, B¢ 86 and the like; or In the

resence of a pal ' [ ] , | ke; 5 1In
F he presence 01P éalr?% g@é’i@#”?%@@@%@ﬁﬂ@é&;&n6@["%&8@?‘"%?@@' ‘é’ﬁ% i e like;
ij n the preserfcis Brfor Gl isyeacdiéi rvghiafoanylamgmmagggmms awr,a?cgmr, ITHF,

i oxane, _an 1o, yi i correspondi.ng conpound, o rnul a
Ooon 1) 8 TUCHEIEH, o o in Padptaseist of &/l sbeh ae erodvUEh) o
sel ected coyguH Bk Ike! iRdrPorgdric!sofent ¥ &4 ‘FHPE&iokéné} anditheike 4t t rogen
protecting 10 group such as Boc, z, abd the like, a known conpound or
conmpound pr ebignReralure lesadharabeid soomiemperatures pieferably at ajteswesatbre ils DBU,

S?Ei‘iﬁief‘matn&f“%‘kiﬁﬂef’ ARG b JBolt O, iote BierBleiyal abBptTObce 6% e

yield the correspondinig compound of formula (XXla).

10 The compound of formula (XXla) 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 an amount of the sourée of ammonia sufficient to act as the

15 Dbase, preferably greater than about 2 equivalents; in an organic solvent sucﬁ

" as THF, dioxane, DMF, and the like; to yield the corresponding compound of
formula (XXilla). _
The compound of formula (XXlla) is reacted with a suitably selected
compound of formula (XXllla), wherein Pg1 is a suitable nitrogen protecting

20 group such as Boc, Cbz, and the like, a known compound or compound
prepared by k'nown methodes; 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
correspondiné compound of formula (XIXb).

25 _

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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correspondi ng conpound of formula (Xl Xb). 15 The present invention further
conpri ses pharnmaceutical conpositions containing one or nore conpounds
prepared according to any of the processes described herein with a
pharmaceutically acceptable carrier. Pharmaceutical conpositions containing
one or noWe 2806/098882 conpounds of the invention 20 desGTAR2006008%M as t he
active ingredient can be prepared by Intimately m xing the conpound or
conmpounds with ggpharmaceutical carrier ac ;rdlng to conventional

phar maceut i cal Cnnpoundlng techniques. The farrier may take a wde variety
of forns depend'L pagQ t desired route g ation (e.g., ora
parenteral). H®us qui d oral prepabNii as suspensi ons, elixirs
25 and sol utions, | e—carrt+ers—and addltl ncl ude~watrer; 8t ycol s,
oils, alcohols, ents, preservatl .hlizers, col oring

agents and t for solid oral ?F(%éil onp, as powders, capsules
and tablets, Suitable' carriers and add i ncl ude starches, sugars,

di l uents, granul ati nggagents, | ubri cants, binder di si-ntegrati ng agents
and the Ilke Solid of al. preparations 30 may al sopybe coated with substances
such as sugars or be &pte cted so as to nodylate site of.
absorption. For plNeEnteN@l M nistration, theNarrNyg yT| usually consi st
of sterile water and otHg gredre—n'ts—m"b'e added WD 2006/ 098982
PCTI US20061008240 i ncr ease#sy lity or preservati OR bl e

suspensi ons or sol ykj hy al so be preparedggg{'/b%)zi S carriers

al ong with appropria e dd tives. Optinal dosa bd adm ni stered nay be
readily determ ned by those 51sk|IIed|nthe art, and will vary with the

particul ar conmpound used, t,hg node of admn stratl on; the strength of the
preparation, the node of I\Hrblm ni stration, an t he advancenent of the di sease
condition. In addgion, flacto SSOCI at gd A part i cpbhr pati ent

bei ng treated, mckudh@ 3age yid H
adnini stration, w IF(@keXyetlin the needto adj e foll ow ng
Exanples are set forth to a@d in the understand $on, and

are not | nt ended—amd—strottc—rmot—te—const™ued to I {m i
(XXlia) o)

(XIXb)
Scheme 7
5 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, ammonié 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
10 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
15 as triflic anhydride, N-phenyltrifluoromethanesulfonimide, and the like; in the
presence of an organic or inorganic base such as pyridine, TEA, DIPEA,
KsPO4, K2COg, 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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the invention set forth in the clains which follow thereafter. 15 In the
Exanpl es which follow, sonme synthesis products are |isted 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 Iimt the physical state in which
the prod¥Q2008e89830| at ed and may i ncl ude, for exanpl ePCHUS2006/88240n oi |, a
foam a gum a syrup, and the like. 20 Exanple 1

(S)-2-tert-But oxyrcar bonyi anl ?o- 3-(4-car S)am)vl - 2: 6-di met hvl - phenvl) -

propi oni ¢ aci d 0 Thasanpasndet feimula GXXR) is reagiedpyith earbpg mafioxide; inyp

fo0ns | o0 s TEqRre o] AR Aot B SR hiRlE Poo Py R R RE T 1T,
OCH3 1 J OH copisimation with alsutabledigandssich DRPR, RRRPE, P(Ph)s, and the like; or .
4-bromo- 3, 5- et A LOSFY banditiliigand complex such as Pd(PPha)s, and the fike:
5 inthe presence of an organic base such as TEA, DIPEA, 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 (XXVlia).
The compound of formula (XXVIla) is reacted with a suitably selected '
compound of formula (XXllla), wherein Pg1 is a suitable nitrogén protecting
10  group such as Boc, Cbz, abd 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 compoynd of formula (XIXb). '
15
The present invention further comprises pharmaceutical compositions
containing one or more compounds prepared according to any of the processes
described herein with a pharmaceutically acceptable carrier. Pharmaceutical
compositions cont‘aining one or more of the compounds of the invention
20 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
25  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
30 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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5 To a cooled (0C) solution of 4-brono-3,5-dinethyl phenol (3.05 g, 15.2
nmml ) in pyridine (8 m-) was added trifl uoronethanesul fonic anhydride (5.0
g, 17.7 mmol) dropw se: After conpletion of addition, the resulting m xture
was stirred at OC for 15 min, and then at roomtenperature overnight. The
reacti on WRAEUEMhed by addition of water, and then BRI/ESWPESHOt h Et OAC.
The 10 organic extracts were washed. sequentl ally with water, 2N HC (2x),

brine, and ihtvease somﬂnlw/err privpéitdtiort lh}erc&tbl@wqm\smm walLitions traydr y ness

ielded co Ggol orl ess ol 2.45
Y 08 COTRC B phegarad vl Bhusous christs Arg W aeoPrels AIENAE: o1 ot o
sol ution of conpound 1b (6.57 g; 19.7 mol) in DVF (65 nL) were added
K2C03 (13.1 g, 94.7 nmol), Pd(OAc)2 (0.44 g, 1.97 mml) and
1, 1' - bi s(di phenylwmma@geséprb@caanlemremngy ba readilyrdetgrmingeby hese t i ng

s, 88 BT a1 ARES S R S AR Va0 B R hcROC, o 20
aqueous NaHGidnialstrafidridite steangtt of thepmi)ara'[bﬁ theurodsofduministation, aagar at ed,

acidified with ueous 6N HClI, extrac th Et and then drje over
Na2Son ©Fi | e eavRGRTers Bt lseae S 1o adribRdBEIop Esasdited Wifbihe: orpound

1c as a bro tw further
purificati O‘r’]ﬁh S%MGE%é%g%g%qg%%i&E&@} aé%mgbmgﬁi Ph%&)t'ﬁl\}g%ﬁod A

4- Br onp- 3, 5-atimipistrgtior, avilk kesulll in the need tsadjustidosagesof conpound is in DCM (40
m.) was ded SOCI2 (3.1 nm, 42 mol) and the m xture was heated at refl ux
for 2 h. "Upon renoval 5 of the solvent by evaporation, the residue was

cririL )ssol veddidndDCl%/lthbGommgrEkammes arensat forth hﬂ% mrﬂ?or(cdéwﬁaf Mgagionthgater 2.8
was adde action m eat at or an
concent r at ed""emE’”r eeﬁ?a{f*enova'@néﬁa Qwﬁ%"g @)COB‘i‘fH’%@M!ﬂ“WW?‘PW@% and
the organi ¢ @gnAjeRoHas! fUnthth@mgrmmﬁu%uowmafeéﬂértratl on and

evapor at i on, resi due was puri by flash 10 col unmm chranot agraphy
(eluent: Et OAC) to yield compound 1d as an off-white solid.

15 In the Examples which follow, 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
-2-tert-Butox qarbon lamino-3-(4-carbamoyl-2,6-dimethvi-phenvl)-

propionic acid
0

HO

Br l
(0]

HN

1c

p.
-

1d
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"H NVR (300 MHz, CD3CN): 8 2.45 (6H, s), 5.94 (1 H br s), 6.71 (1H, br s),
7.57 (2H, s) MS(ES+)(relative intensity): 228.0 (10099 (Mtl). 15 Step C

Met hod B: 4-Brono- 3, 5-dl net hyl - benzam de A m xture of conpound ib (3.33 g,

10 mml ), Pdd 2 (0.053 g, 0.3 nmml), hexanethyl disilazane (HVDS, 8.4 ni, 40
mrol ), andV@pOs09898212 g, 0.3 mmol ) was: bubbl ed with aPGEISAE0BRf or 5 nin
and then stirred in a CO balloon at 20 80C for 4 h. To the reaction m xture
was added McOH (5 nmL). The reaction mixture was stif@ed for 10 nmin, diluted

with 2N H2SO4 ( B9, and thep,~B%ractg Wiuhd! Et O

was washed wi th saturated aqueou NaHCOB,  hgq ne, Hahd T & over
Na2SO4. Fi | thQy C'&/Wa\}nrpcﬂmnt fi el gpd a
residue, which was purified by flagh col um 25 chromat ogr ent:
Et OAc) to yieldieon®ound 1d as # WRite solid. Step D 1
2-t er FBut oxycar bonyl am noacrylic acid nethyl ester To a suspgnsi on of
NFBoc- seri ne net hyl &ster (Conpound 1le, 2.19 g, 10 ommol) and EDCl (2.01 g,
10.5 mmi) in DCM (7¢ m CuCl (1.04 g, mrol ) . The
reaction m-xture ' N tenperaturg ,\i o zr%‘?ﬁ)val, of
the solvent, the residuf wi th Et QAc, #washg bquerial ly with
wat er and brme—and t hem\gefts r A . &/ 099

PCT/ US2006/ 008240 product was purijfied by flash col unm Jfchromat ogfaphy
(eluent: EtOAc: hexane -1'4)1ko0 yie@CHzconpound If as a chol or.“ess ol . ' H NMR
(300 MHz, CDCI3): 8 1.49 (9H, s), 3.83 (3H, s), 5.73 (1H, d, "J 1.5 Hz),
6.16 (1 H SSTER AIrifludionsthadesilifdni€acid 4-bromo-3,5-dimethyi-phenyl
(2)-2-tert-Butoxycarbonyl am no- 3- (4- car banoyl - 2, 6-dl met hyl - phenyl)acrylic
acid nethyl ®¥8&r A flask charged with conpound 1d (0.46 g, 2.0 mol),

conpound g f 0. I Is$Q I ' 2 mmol

amrjrp DIVF (5|8 rrL§ ?8) %Q&Sﬁr(gag’? 9&"?1?“@3%%'8% :lp’%quma%i ti g{re ﬂto E@B%%g’l ﬁ'gn of :

tri s(di benzyhmbddrie pyrdioads Gil.;:)avaSBaddﬂdlt(ifh)oromeMGgulfmic)anhydﬂoﬁ (&g, TEA (0. 31
17.7 mmol) dropwise. 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 EtOA¢. -The
10  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).

15 Step B: 4-Bromo-3,5-dimethylbenzolc acid
Into a solution of compound 1b (6.57 g, 19.7 mmol) in DMF (65 mL)

were added KoCO3 (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 b'ubbled in gaseous CO for 10 min and was heated to 60°C for

20 7.5h with a CO( balloon. The cooled mixture was partitioned between
aqueous NaHCOs and EtOAé, 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

25 further purification.
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m., 2.2 nmol), the reaction mxture was heated at 110C for 24 h. At that
time, the reaction was quenched by addition of water, and then extracted
with EtOAc. The organi c phase was washed with 1 N HCl, saturated aqueous 15
NaHCO3, brine, and dried over MgSO. The m xture was concentrat ed to a

resi due, M?éwﬁ(%f@%url fied by flash col unm chronat ogr cmUS¢eskaesado

Et OAc: hexane-1:1 to EtOAc only) to yield conpound 1g as a white solid. '"H
NMR (300 MHz, CD3CD): 8 1.36 (9H, s), 2.26 (6H, s), 3.83 (3H, s), 7.10 (1
H s), 7.56 (2H, s); 20 '3C NWR (75 MHz, DVMsO-de): 5 17.6, 25.7, 50.2, 78.7,
124.9, 126. ZSTEEL!B Methad. A, 4-Bsothot 3 5-dimetltylther@anide@69. 6; M (ES ~)

I ati i 349, STE
(S)- 2+ tert - But ox)RrbHRASERIORSY SDMPOUNG 150 PCH (40 agiaddsd SOCK

phenyl ) pr OIO'(QV‘II ﬁlLaﬁ.? @hrﬁBl‘) Bwd tﬁéﬁ'ﬁ%&ukrﬁré’s Redted at Féﬂuf(h@rfﬁﬁd Uﬁdnh'eﬁh(ﬁﬁl ution of
conpound 1g (O mol ) in degassed McOH (80 nl) was added

[ Rh( cod) R F@fr_ﬂn@amwtamvamrﬁ&n thesresiduenwers disspived MHRACMA40tak) ans seal ed

aride by odadtieh AmitoniB tyeiea& o ek i Hatar 2% ME) whk abffied OTpgr! ceys: The
Et OAc: hexanereadﬂdh)mimmlwdﬂhemG@etIWC forl rﬂ@dicmﬁudnerathd lme Ridug®9% 60 1
WD 2006/ 098982 PCTI US2006/ 008240 ' H NVR_(.300 , CDCI3): 81.36 (9H, s),

2.39 (6H, s)wasdiluted with ?Xt!aCtPE)W'thﬁt@ﬁC( Qllﬂ ﬂs% Ofgén%ﬂfzﬂ'%w@ﬁ dﬁedn) 5. 12
(1L H d J=@&e 5.

VB(ESH  (rel At Guef Nez50,2 After "*’*“%’%8”% ﬁ%% ﬂg}&a“é%a%*g?e‘ﬂ@y? % ot
But oxy calborsglemn nbrazn@tagmhydaiugnt, EI(BAcbl tnmewk:ompnunqnﬂmam offiwhitaci d I nto
an ice- coole sol utiron of conpound 1h (0.22 g, 0.63 nmmol) in THE (3.5 m-)
was added arP éﬂerus LiOH solution (1 N, 3.5 n-) and the reaction 10

mxture stirred dy IQIQR (deoMR2EDbSENR B 2045 {6MH §)651911'(1>H, bit§)e6/7ag8H pn M xture
s), 7.57 (2H s) '
MS(ES*)(relative intensity): 228.0 (100%) (M+1).
15
‘ Step C: Method B: 4-Bromo-3,5-dimethyl-benzamide
A mixture of compound 1b (3.33 g, 10 mmol), PdCl> (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
20 80°C for 4 h. To the reaction mixture was added MeOH (5 mL). The reaction
mixturé was stirred for 10-min, diluted with 2N H.SO,4 (200 mL), and then
extracted with EtOAc. The EtOAc extract was washed with saturated aqueous
NaHCQg, brine, and then dried over Na;SOs. Filtration'and evaporation of the
resultant filtrate yielded a residue, which was purifiéd by flash column
25 chromatography (eluent: EtOAc) to yield compound 1d as a white solid.

Step D: 2-tert-ButoxycarbonyIaminoécryllc acid methyl ester
Toa 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,
30 10.5 mmol). The reaction mixture was stirred at room temperature for 72 h.
Upon removal of the solvent, the residue was diluted with EtOAc, washed
sequentially with water and brine and then dried over MgSO.4. The crude
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was concentrated and the aqueous phase was neutralized with cool ed aqueous
1 NHCI at QC, and then extracted with Et OAc. The conbi ned extracts were
dried over Na2SO4 overnight. Filtration and evaporation of the filtrate to
dryness yi el ded conmpound 11 as a white solid. 15 "H NVR (300 WMHz, DVSO d6):
8 1.30 (9MO206/0989832 (6H, s), 2.95(1 H dd, J= 8.8, I1BCDUS20¥6/0082400 (1 H,
dd, J= 6. 2, 14 0 Hz) 4.02-4.12 (1 H m, 7.18-7.23 (2H, m), 7.48 (21-1,

SE?(ém?)I 302( em c d\é]tséelﬁtﬁég t{)’:)f@\?gtgrb n@?@%ﬁﬁéé ?%@%‘F‘%&ﬁr@ﬂ"%%ﬁet h)z/l0
phenyp- pr opl-od)ctoadeld compound Nf BislamsdoriassioiN BOC OCOCHB Ct 30 H2N HN Boc
2-f ert - but oxycar BORYMELEREMETE, COEREALIP 197, SBadeHy oL BUOH 8 dit o

aci d met hyl 1egt|.|§|) e'l'q)sqmqe%w@g(qnagped with a solution of compound 1g (0. 68
g, 1.95 mol) ) was added 10% Pd-C (0.5 g). The reactor was

5 connectded to a hydr ogenat or and shaken under 51 psi of H2 overnight. The
T cLore, aes STEP T 2SRRI S RIS RS . 11 o
spect r um waspheteyijaceylic acidtlhethWEs’(e‘B) 2-tert- _
methyl ester corfblRRENErGe0 WAEROmPOHER df(B.46'g, 20 Mot Bortpotna 3™ ¢
ch grt but omw@cma hﬁﬁbl%n-’a{ofylmisbﬁméy(b@a?g 0SB Rinkoy) arlitham# {gomep! oni c
10  was purged with Np(q) 3 times. After the addition of
tris(dibenzylideneacetone)dipalladium (0) (0.074 g, 0.08 mmol) and TEA (0.31
mL, 2.2 mol), the reaction mixture was heated at 110°C for 24-h. At 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
15 NaHCOsg;, brine, and dried over MgSO,. The mixture was concentrated to a
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, CD3OD): & 1.36 (9H, s), 2.26 (6H, s), 3.83 (3H, s),
7.10 (1H, s), 7.56 (2H, s); ‘
20 13C NMR (75 MHz, DMSO-dp): 5 17.6, 25.7, 50.2, 78.7, 124.9, 1264,
- 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-teri-Butoxycarbonylamino-3-(4-carbamoyl-2,6-dimethyi-
25 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 ;-
under a stream of argon. The reactor was sealed and flushed with Ha, stirred
at 60°C undet 1000 psi of Hx for 14 days. The crude product was purified by

- 30 flash column chromatography (eluent: EtOAc:hexane ~1:1) to yield compouhd

1h as a white solid.

ee: >99%;
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Fol l owi ng the procedure described for Exanple 1, STEP G (preparation 15 of
(S) - 2-tent-Butoxycarbonyl am no- 3- (4- car bamoyl - 2, 6- di met hyl - phenyl ) propi oni c
acid), conpound 2b - racenmic 2-tert butoxycarbonylan no- 3-

(4- car banoyl - 2, 6- di et hyl - phenyl ) propi onic acid - was prepared. Exanple 3 20
2- Ani no- 3- QZW@?SB%I 2. 6-di et hyl - phenvl) N-i sopr opyl - RCIT/USgoe/pisadty| - 1

hl -i m dazol - 2-yl ) -ethyl | -propl onan de / H/ ON WO N\NNWO-N O=HOHH

her Us2006/ 008240 H VIR (G0 Rk 3@%%&%&%&9&1 BHazB2 1o
NHBw 3e 3f ISI)EI &5 (IH, s),%4.68-2: %(Fllnﬁrrml 5a2f(yHcar.bawl-Dz? .65 (1H, cmrrs?am c acid

benzyl ester. 5 To a sol ution commercial ly avail abl e N-a-CBZ-L-al ani ne

(2.11 g, 9. 56.08+bH) by ), di46Rbk 8ket hane (50 m -) was added
2- am noacet ophenqﬂg&E%@%E}equﬂg,ﬁéilzéggg 11&23 él))i The resulting solution
|

was cooled to OC an | 'ror mol ),
1- hydr oxy®enzotri azol e (2;55 g, 18 9 mml) and

2.3 ol PREPGR (i Bl fRbeRafie e ar et .
- phenyl)proplonic acld
Into an ice-cooled. solution of compound 1h (0.22 g, 0.63 mmol) in THF
(8.5 mL) was added an aqueous LIOH solution (1 N, 3.5 mL) and the reaction
10  mixture stirred at 0°C. Upon completion of the reaction, the reaction mixture
'was concentrated and the aqueous phése was neutralized with cooled aqueous
1 N HClI at Q°C, and .then extracted with EtOAc. The combined extracts were
dried over Na;SO4 overnight. Filtration and evaporation of the filtrate to
dryness yielded compound 1] as a white solid.
15 'H NMR (300 MHz, DMSO-dj): 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-carbamovyl-2,6-dimethyl-

phenyl)-propionic acid
@) 0]

Bo
HoN HN-BOC HoN HN=OC
P 0 ’ o)
OCH, OCHjz
19 2a ’
0
. HN" Hy B
e ————— O
‘OH
2
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reaction m xture was warnmed to roomtenperature and stirred overnight. The
reacti on was quenched by addition of saturated aqueous NaHCO3 sol ution; the
separated organi c phase was washed with 2N citric acid, saturated NaHCO3
solution and brine, then dried over MgSO4 overnight. After filtration and 15
concent raWDGW6/09&9ﬂk resi due was purified by colum chli’@ﬁ’ﬂtséglﬁﬁww on silica
gel (eluent, EtOAc:hexane-1:1) to yield the title conpound, [1

- (2- oxo- 2- phe | - et hyl carbanoyl ) - et h{l] carbam'c acid benzyl ester. 1H NWR
(300 MHz, éaA Bacemic 2derithutgxycarbepylamino-3ri4-carbegnopli2,6- d), 5.13

20 1y, ShgstyliphEhyidioht abigetppgger > o, g 100 L Wy 709 U

[1- (4 Phenyl ]:I H- Toiadeacior ahamg)s\dleweiitn%et1 s?lummefmmrllpuur{dl tyla(tzea; ggwg_sr. Zgo a .
bonoyl eat oMol BMGOH skt b afned s AT Rl 8 ok ) T earibratuwmcne (10,3
g, 134 ngol boﬁﬁhg:é%% ggjjmgbnatmﬁnﬂ Shskdr lﬁiﬂidi"&ﬁtdé'i Bf MasvéajiedTRE reflux

for 7 h. Afte to roomtenperature, briné was added and the
m xture was mmpeerwaeﬁltereudh@qngbwqo«bfe@eilte\aeddbaﬁluateewas\mmceﬂtmg to and the

conbi ned or 4 overnight. After 63 U WO
2006/ 098982%3@?%52‘38%?%'%%%#?6% gwitgy’aoﬁﬁd concentration, the residue was
purified by col ulthe ¢HiNMRtspechpimwaskleniiddl tatraebf ($)2+ert-, Et OAc: hexane- 1: 1)
(5 1 S B BulyesinoRy R g a2 6 et b g ronbriaddr, ) 5 O
MS( ES+) 1032%,3%3(@@%00@5&91@",1 (4- Phenyl 1 Himdazol-2-yl)-ethylamne To
a solution of [1-(4-phenyl-1 Himdazol-2-yl)-ethyl]-carbamc acid benzyl

ester (1.5 g, 4.67 mml) in rrethanol (25 m-) was added 1Q% pal | adium 10 on

inder = nydPIEE.a FRgkinte 2B ARoR e HOny brfinc P PREMUMERZREC S D *
evapor at i on dimethylphenyl) pdqblonﬁsluaeld pressure yi eI ded the crude product
1-(4- phenyl -1 Hgi Wavsllﬁé?he pro%edur tc;%cngéd ﬁ)r Example 1, STEP G (preparation
15  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.
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"H NVMR (300 MHz, CDCI3): 8 1.53 (3H, d), 4.33 (1H, q), 7.23 (3H, m, 15
7.37 (2H, m, 7.67 (21-1, m MS(ES+): 188.1 (38% . STEP D.

| sopr opyl -[1 (4-phenyl -1 HImdazol-2-yl)-ethyl]-am ne 1-(4-Phenyl -

H i m dazol - g@? ethylamne (0.20 g, 1.07 nmol) and 20 acetone (0.062 g,

1. 07 mol WOP9898%ed | n 1, 2-di chl oroet hane (4 nlL), fRCHURE06PP8AMe additi on
of NaBH(OAc)3 (0.34 g, 1. 61 nmmol ). The resulting mxture was stirred at rt
for 3 h. The reaction was quenched with saturated NaHCO3 sol ution. The

m xture was extracted with Et OAc and the conbi ned extrac re dried over
Na2SO4. Filtration foll owed by [

aporation to dill?e r reduced
pressure yielded crude ijsoprop”[1 - (4-phenyl N aztol 2-yl)- -
et hyi]-am ne e ed for the next rdactio

Wi tNout furth@r

purification. 3ooN , "CDCB) - “TO dh, F%&, , 1.57
(3H, d), 2.86 HYm?o 4732 (1 R, M. H , NH, 736(2H3 7.69 (2H,
m MS(ES. +):y ( Npjee 30 STEP E:

(2-(4-Hydroxy- 2, 6-di ngt hyI ?)enenyl) 1-{i sopropyl -[ 1- (4- pﬂ%nyl 1 H

| m dazol - 2-vyi )-et hyl ] - car banoyl } - et hyl ) - carbam ¢ aci d tort butyl ester 64 WO
20061098982 PCT/ U82006/ 008240 Into a solution of 2-t

But oxycar borsyi ke b1-62- PA‘Q@’M‘S!W[‘?“‘MQﬂrPéFWF)'etBMHTEﬂr?aW‘bﬁFlS’n'PQ“H&| d (0.18
g, 0.6 Mol )eghsy, DM= (-7 nl-) was added isopropyl- [1 -(4-phenyl- :

H-i m dazol -2-yl)-ethyl]-anmne (0.11 g,. 0.5 mol ), 1- hydroxybenzotri azol e
(0.22 g, 51. 6 MmmvolTp asolution Gtqainmnetdvqllyeavialm)lgMpﬁﬂiz-l-aaainhﬁdarg)@mﬁi m de

hyd hlorid .12, 0.6 I t t t d d
an A7 gon' at OB BlorP R IARS B k) s et & GMOSFHISPREBREE | on it ur e vas
extracted Wrygy %ea(ﬁszggg Wmal)”eﬂwqugglﬂhgssmhbﬁ% ORIV e Y

sequentially W|th sat ur at aqueous lution, 1 N HC sat ur at ed
aqueous NaHM¢wshylmogpholinad1 ﬂSlg](ﬂ rffmel)o‘r-@adﬂoaylpﬂméﬂam (Zq%g,ltﬂ 8ried over

O ot TP G LBVl Bl et 8o
(el uent :{0Et @\aR.3 mmOIK ||m|tHa|t1 erder Ofleretadded (hdey dh wrgoriaﬁn@bmfrély‘rh@henyl )-1-
L1 sopropyl- [rea tﬁ)n nqg(?urle-\n/lasl_\bzlarn%gdatzoorloom ten% erz;tnreI ;ndcgtrlrlrjéi over?u ?1% h¥h2: carbam c
acid p g
‘ reaction was quenched by addition of saturated aqueous NaHCQ; solution; the
separated organic phase was washed with 2N citric acid, saturated NaHCO3
solution and brine, then dried over MgSO, overnight. After filtration and
15 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, CDCla): & 1.46 (3H, d), 4.39 (1H, m), 4.75 (2H, d),
5.13 (2H, d), 5.40 (1H, m), 7.03 (1H, m}, 7.36 (5H, m), 7.50 (2H, m), 7.63 (1H,
20 m), 7.97(2H, m)
MS(ES*). 341.1 (100%).

step B. [1-(4-Phenyl-1H-Imidazol-2-yi)-ethyl]-carbamic acld benzyl ester.
To a suspension of [1-(2-oxo-2-phenyl-ethylcarbamoyl)-ethyl]-carbamic
25 acid benzyl ester (2.60 g, 7.64 mmol) in xylene (60 mL) was added NH,OAc
(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 mixture was separated. The aqueous phase was extracted with EtOAc,

and the combined organic phases were dried over Na;SO,4 overnight. After
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tent butyl ester. 15 MS5(ES+): 521.5 (100% . Step F.

2- Am no- 3- (4- hydr oxy- 2, 6-di met hyl - phenyl ) - N-1 sopropyl -N-[ 1- (4- phenyl -

H | mi dazol - 2-yl ) -ethyl ] -propl onam de A sol ution of

(2-(4-hydroxy- 2, 6-di net hyl - phenyl ) - 1- {i sopropyl -[1- (4 20

phenyl - 11 WRi2006(088982 - 2- y| ) - et hyl ] - car banoyl } - et hyl ) - car§d¥RS20660P8&24¢ ent - but y|
ester (0.13 g, 0.25 mmol) in trifluoroacetic acid (5 m-) was stlrred at

room tenpe I n

purifi ed”Ey'il&%‘rt![eaﬁaaﬁwgtcloagéhtré%ﬂ t ophla{al zec?d?@e(?/;gg\ég the(:lth'rllli:‘{lz{1 6@?9 the
title conpoondiligs gel (e,lmnteEtQAmbexarwa 1 Honneld te ttlesbmpad®l.3) : 8 0. 48 (3H,
d 1.17 (3H, d 1 H,
4? 70 (1 H( m, h"é%"‘@(m*@ §°§§3)(§H(5®4@)'F)d5)' 5‘9’%&?%%4 %5”?47(2}5 2|(4; m "
M5( ES*) : 4215921§1]Epg 73,@@1@¥qﬁpl7e594( \7\%@%4 D net hoxy- benzyl } [ 1- (4 phenyl -
Hi m dazol - am ne 006/ 098982 PCT/ US2006/ 008240 OCH3
H3CO N /& H HN M%Eé : 1984 QdﬂoQ%(M phenyl -1 Hi ni dazol - 2-yl ) - et hyl ani ne
(0.061 g, 0.33 nmol) of Exanple 3, and 0.55 g (0.33 mmol ) of

3, 4-di net hoxybenzal dehyde In 5 nlL of anhydrous nethanol was stirred at room
t enper at ur e Step Cl 1H{4ePlienyldii-imidazob2-git)-ethyldmsine 0. 10C in an ice bath for 1

por ohydr i do. 1 n oy SRANIE ST+ AN L ezt SRR cEgeaG 208 1 Col d 2w

aqueous HCl pafsyl 28te 1.5, ABY AendIPiA BRI (25 m.)rwa@audtm/ﬁiauédleﬁx for 5
m n, and then artlal lé/ )concentrated in vacuo unheated. The resi dual
g

mat er i afl0 vaON ek 9516 g). Etemixtre; was shakendn s ygragsinetion Baparals ateat ed
Pheteg v <88 S RSN SR ROMRGE 1 gedh B PR Bl b 1| o ear. The
evaporation to dryness under reduced pressure yielded the crude product 1-(4-
phenyl-1H-imidazol-2-yl)-ethylamine. ‘ '
'H NMR (300 MHz, CDCls):  1.53 (3H, d), 4.33 (1H, q), 7.23 (3H, m),
15 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
20 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
NaHCO; solution. The mixture was extracted with EtOAc and the combined
extracts were dried over Na;SO.. Filtration followed by evaporation to dryness

25  under reduced pressure yielded crude isopropyl-[1-(4-phenyl-1H-imidazol-2-yl)-
ethylJ-amine, which was used for the next reaction without further purification.
'H NMR (300 MHz, CDCl): § 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%).
30
STEP E. (2-(4-Hydroxy-2,6-dimethyl-phenyl)-1-{isopropyl-[1-(4-phenyl-1 H-
imidazol-2-yi)-ethyl}-carbamoyl}-ethyl)-carbamic acid tert-butyl ester
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| ayer was extracted three tines additional with Et OAc. The conbi ned extracts
were dried over MgSO4, filtered, and concentrated to yield (3, 4-dl nethoxy-
benzyl)-[ 1-(4-phenyl -1 Himdazol-2-yl)-ethyl]-amne as a |light yellow all
(HPLC: 15 87% @ 254nm and 66% (c) 214 nm. M5 (ES) (relative intensity):
338. 1 (100Y02e06N09898i s sanpl e was of sufficient qualitycrasemeoesst he next
reaction without further purification. 20 Exanple 5 S. S isoner of
4- ( 2- am no- 3- oxo-latd é3s(>l(l|tiorh1eﬁa-lterlz‘-Butoﬁ}{daarbohylammb)-&’M#lyd:b')dyhajﬁdirﬂlethyl-
Hisoaul nolin-2-yll-propyll-3 5-dl get-hyl - be 1.de O ft 2N NNl -112 O HN
66 WD 2006/ CRRTRY- P&Mf%g@ﬁ%@%’ﬁ”m BRA"{7 LY was addad isopropyl-
£ 1- (4- car bangyi:ghehyfli ABREz0R2YDVENT-mireZ0l £ §,%0.5 hafh, - H |
Uﬁ)(l_“ﬁdf_ Y PARVEnL-Brhfe 0Lt 6, e b,

i m dazol - 2- hvdr o- | H 1 sogui hol i n-2-vi | -Carbam c acid tert-

butyl ester hydreghenzotringoisd62ag,3 Groveolhand in{3-(dimetndamincdpropylirSt ) of
S s Pheny - o BERI ol ciia b0 63BN O ThE G MbkureARaD (O- 8

ﬁaa bam)% | -2, ftrrd;dmlidw‘ Enghg?pllalmgsm'gd:@ai rooag'gehpéiléﬁlf@ ]Qﬁélmi%hn’rﬂ'hé of

I oX enzotri azol ¢ rate an £ . 1 - -

(4 Tty 2 REF BT EUYERVES RFARIod WM EAE 309 dhe CRMBINGROTRYICIRaREed 3 i
10 of i 1ot ighfoVig@EcSoauBfall At S410FbtE0 KU REHEDS RoltoR] 1Y, o St 1

overni ght at room tenperature’under argon. e resulting mxture may then be

partitioned $aluredechaguenus NaldCOssolution anddirineThkhesorganicphasg avasthgnbe

dg s ' I . | 11-(4-
car bamoy 0 2, S QR e SBRTRS e shY e hfipl Has BRGHER I tufit, 1) %5
15 di hydr o- Ipigss@eq tieolesuttiag yédidws mkbumerdlowmasra@d»ldmhculmematogkaprﬁjt,ep B.
S-S 1Somer Ofaient: EfSRG) %o ield the product (2-4: Mydroxy-2,6-dimethyl-phenyl)-1-
{isopropyl-[1-(4-phenyl-1H-imidazol-2-yl)-ethyl]-carbamoyl}-ethyl)-carbamic acid
tert-butyl ester.
15 MS(ES™): 521.5 (100%).

Step F. 2-Amino-3-(4-hydroxy-2,6-dimethyl-phenyi)-N-isopropy!l-N-[1-(4-
phenyl-1H-Imidazol-2-yl)-ethyl]-proplonamide
_ A solution of (2-(4-hydroxy-2,6-dimethyl-phenyl)-1-{isopropyl-{1-(4-

- 20 phenyl-1 H-imidazoI-2-yI)-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 compoundasa
white powder. ' '

25 'H NMR (300 MHz, CDClg): 5 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%).

30 Example 4
(3,4-Dimethoxy-benzyi)-[1-(4-phenyi-1 H-imidazol-2-yl)-ethyi]-amine
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3.4-dl hvdro-1 HIsogul nolin-2-ell-propel}-3.5-dinethyl-benzamide ON H2N -N

NH2 O HN 20 To 0.8 nmol

of { 1- (4- car banoyl - 2, 6- di et hyl - benzyl ) - 2- oxo-2-[ 3- (4- phenyl -1

H i m dazol - 2-yl ) -3, 4-di hydro-1 Hisoquinolin-2-yl]-ethyl}-carbamc acid

tert-but yIWQ306P98880l ed in an ice bath under argon, napChwszdeens2® nl of 67

| WD 2006/ 098982 PCT/ US2006/ 008240 trifluoroacetic acid. After stirring for

3 hours, the reaction m xture may bg  concentrated and purified on a G| son

prep LC systemto yield the S, S i sdiGHs of 4-{2- am no- 3- oxo- 3-[ 3- (4- phenyl -1

H i m dazol - 2-yl) - 3, 4- di hydr 4,CCO

I soqui nolin-2-yl]-pré6pyl}-3,5-ding -benzam de In a mxture of

di astereonmers. 5 Exanple 6 442- - 3- 0X0- 3-i 4- phenyl -1

H i m dazol - 2-yi)-piperidin-1-vll-prppyl|- benza NN HN OHZN NH2 0 10
§ Himdazol - 2-yl

pi perldin-1-vil-ethyll-carbamc acid™ N Aorfen- 9391 met hvl ester N ~/ OHN
HZN | NHFhoc O To a mixture of 138 nd (OHi-mol ) of 2-(4-Phenyl-1.
I?:I: I( Eln ggfg;rrgylyl |)o I Efgn'zgf'(‘S&-Pﬁ%&l-ﬁigﬁgz@?ﬂﬁ;@m%&919%91 A38- pr opt oni ¢
acid, 135 Mgnmby)Qf BXMbIPS, and 0.55 g (0.33 mmol) of 3,4-dimethoxybenzaldehyde in -
5 mL of anhydrous methanol was stirred at room temperature for 1 h and then
5 cooled to about 0-10°C in an ice bath for 1 h. The reaction was treated
carefully with 0.019 g (0.49 mmol) of sodium borohydride in one portion and
maintained at about 0-10°C for 21 h. Cold 2M aqueous HCI was added
dropwise (30 drops), the mixture was stirred for 5 min, and then partially
concentrated in vacuo unheated. The residual material was taken up in EtOAc
10  toyield a suspension that was treated with 5 mL of cold 3M aqueous NaOH
and stirred vigorously until clear. The phases were separated and the aqueous
layer was extracted three times additional with EtOAc. The combined extracts
were dried over MgSOy, 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:
16  87% @ 254nm and 66% @ 214 nm). '
MS (ES?) (relative intensity): 338.1 (100) (M+1)
This sample was of sufficient quality to use in the next reaction without
further purification.

20 Example 5
S.S isomer of 4-{2-amino-3-oxo-3-[3-(4-phenyl-1H-imidazol-2-yl)-3.4~
dihydro-1H-isoquinolin-2-yi}-pro -3,5-dimethyi-benzamide

| N
HoN =N

NH, © HN\/\O
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hydr oxybenzotri azol e hydrate, 115 ng (0.6 nmol) of 1-[3-

(di met hyl am no) propyl ] -3-ethyl carbodii m de hydrochl ori de may be added 2 nL
of di nmethyl formam de. The resulting m xture may then be allowed to stir at
room tenperature under argon overnight. The resulting m xture nmay then be 20
partiti on®® 0e4/088n et hyl acetate and water. The or garfCI/Uspevoospay be
separated, dried over I\/gSO4 and concentrated to yield {1-(4-carbanoyl- 68 f

VO 2006/ 09898pHs e 3 dlmg_rgﬁ%ibkna%&gooﬁo-bgs(p-mhm
H i m dazol - ! -ethyl }-carbam c aci
9H-f | uor en- )e3ad-dih oguinoll e a | | -1

H i m dazol - er|d|n |-vii- 5 propyll-benzanide NN HN, HN O 2 NH2
To a sol utim product fromstep A (assumad to be 0.5 mol based on

t he previous step), in 4 nL of chl oroform be added 1 nlL of pl peridine.
The m xture may then be allowed to stir oht at room tenperature under

10 argon. The m xture may then be g e and the residue purified on a
G |'son prep LC _syst_emtp @ el d A

1
00
—
N

—~~
B
©
0
o)
>
‘i

di astereorrers Exanple 7 1 -f 2-(4-phenyl - :
H | m dazol - 2-yl ) - pi per | HeN- I -vi |\ propy . 57Nret hvl - benzam de CH3

(N"v* 1 10 HN " H2N NI-12 O | -CH 2\ 3\ygoc b HN

5 To a mixture of 220mg (0.8 mmol) of 3-(4-phenyl-1H-imidazol-2-yi)-1,2,3,4-
fetrahydro-isoquinoline, 269mg (0.8 mmol) of 2-tert-butoxycarbonylamino—3-(4-‘
carbamoyl-2,6-dimethyl-phenyl)-propionic acid, 216mg (1.6 mmol) of
hydroxybenzotriazole hydrate and 184mg (0.96 mmol) of 1-[3-
(dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride may be added 3 mL

10  of dimethylformamide. The resulting mixture may then be allowed to stir
overnight at room temperature under argon. The resulting mixture may then be
partitioned between ethyl acetate and water. The organic layer may be
separated, dried over magnesium sulfate and concentrated to yieid {1-(4-
carbamoy|-2,6~dimethyl-benzyl)-2-oxo-2-[3‘-(4-phenyI-1 H-imidazol-2-yl)-3,4-

15  dihydro-1H-isoquinolin-2-yl]-ethyl}-carbamic acid tert-butyl.

Step B. S,S isomer of 4-{2-amino-3-o0x0-3-[3-(4-phenyl-1H-Imidazo}-2-yl
3.4-dlhydro-1H-isoquinolin-2-yil-propyl}-3.5-dimethyl-benzamide

)
N
H2N =N
20 To 0.8 mmol of{1-(4-carbamoyl-2,6-dimethyl-benzyl)-2-oxo-2-[3-(4-

phenyl-1H-imidazol-2-yl)-3,4-dihydro-1H-isoquinolin-2-yi]-ethyl}-carbamic acld
tert-butyl ester cooled in an ice bath under argon, may be added 3 mL of
67




3 0 Step A: {1-(4-carbanovl -2, 6-di nmet hvl -benzvl)-2-ox0-2-[2-(4-phenyl-1 H

| M dazol - 2-vD-pi peridin-l-vil-ethvi)-carbam c acid tart-butyl ester 69 WO
2006/ 098982 PCT/ US2006/ 008240 CHs (N)-*~N HN 1-12N NHBoc 6CH3 O

2-tert-But oxycar bonyl am no- 3- (4- car banoyl -2, 6-di net hyl - phenyl ) - propi oni c
acid (0. 4wopooctoofds2mol ) nmay be di ssolved in DVF (5 meQr/észoésmosdo by 1-

hydr oxybenzotri azole (0.34 g, 1.75 mmol ), and the resulting solution may thn
5 be cooled to OC. To the resulting nay then be added 2-(4-phenyl-1 H

i m dazol - 2- ttiffugroaesticdicice After&tiring for 3thours) ithe fezictionvenixtoge (hay dienet hyl ani noa

var et ot GORFPRIAEN A0 ALY e ouh iR FrER LRisYRIAR S SIPRLhB s BURaor x(ur e

may then be cﬁqn{btdiﬁmovs bko- Qf[bghldhbﬁylaﬂ-'l ﬂniaaﬂolvzaﬂm amyatooi |- times with
ethyl 10 acetate. The conpined organics may be washed Wi th saturated aqueous

NaHCCB, dri eapqsmmh?azlwppw}ra,mmqthybmnmd@ in a mivure.eldiasteranmers.
pressuregto (1 -(4-carbanoyl -2, 6-di net hyl - benzyl ) - 2- oxo- 2-[ 2- (4- phenyl -1 H
i m dazol -2-yl')-piperidin-1 yI] ethyl}-carbam c acid tert-butyl ester. 15
Step B: 4-{2-an no- 3-oxo- 3-f2- (4 phemg!__lmdazol 2- y|) plperldln | -vil-
propyl }- 3. 5- l. CH 3 0 :

{1- (4- car banByELIVTE Ay z : H I

i m dazol - 2- yI) pi per| d| n- 1 yI J -et hylﬁerngmam c aci d tart but yl ester (0.60
g, 1.10 20 nmol) may be added OC trirtruoroactic acid (4 nL). The resulting
solution may 70

HaN - NH

O
10 STEPA: {1-(4-Carbamoyl-benzyl)-2-ox0-2-[2-{4-phenyl-1H-imidazol-2-yi
iperidin-1-yil-ethyi}-carbamic acid 9H-fluoren-9-yimethyl ester

O

HoN " NHFmoc

O .
To a mixture of 138 mg (0.5 mmol) of 2-(4-Phenyl-1H-imidazol-2-yl)-
piperidine, 215 mg ( 0.5 mmol) of 3-(4-Carbamoyl-phenyl)-2-(9H-fluoren-9-

15 ylmethoxycarbonylamino)-propionic acid, 135 mg (1.0 mmol) of
hydfoxybenzotriazole hydrate, 115 mg (0.6 mmol) of 1-[3-
(dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride may be added 2 mL
of dimethylformamide. The resulting mixture may then be allowed to stir at
room temperature under argon overnight. The resulting mixture may then be

20 partitioned between ethyl acetate and water. The organic layer may be
separated, dried over MgSO, and concentrated to yield {1-(4-carbamoyl-
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| WD 2006/ 098982 PCT/ US2006/ 008240 then be warned to roomtenperature, and

after 30 mnutes the excess trifluoroacetic acid nmay be renoved under a

stream of nitrogen. The resulting material may then be purified via a

G |l son preparative HPLC to yield 4-(2- am no-3-0x0-3-12 ﬁ phenyl - 1

H-i m dazoWO208609882 peri di n-1-yl ] -propyl }-3,5 5 di rret hyBC Q“&WP’H&“ Exanpl e 8
. (S)-2-tent-But oxvcar bonvl am i no- 3- (2. 6-dl net hyl -

trifluoronethanasal fo ool nl |dmahl e OzCH3 CH a
an 505 ohRRiRgekS Bahd sk AR 2o b g pdti vy oS & G o
CH3 OH \ OgatidQH-tddteh-g-Adt sté?N I /" H NH. BOC 3 08C O8d STEP A
(S)-2-tert-Butoxycarbonyl am no 3-(2, 6-di met hyl -

trlfluoromethanesul f onyl phenyl ) - propl onlc acid net hyl ester 15 Into a cool
sol ution of ggy Ay ' ' | ramer or
RSP Am noAcTTA .9 g,
22.0 mMmuvb) pro mlt—_bbnzamﬁmane (60 n1 ) was added tr| et hyI am ne (3. 25 m.,
23.3 nmmol ). The resulting solution was _stirred at OC for 1 h and slowy

war med to roomtenperature. Upon 20 c [ the reacti on was quenched by
addition of water. The separated AT '
aqueous solution, water and dried ove
and evaporation, the residue was
(eluent: EtOAc-hexane: 3:7) tao_yiel

After filtration
chr omat ogr aphy
as a clear oil.

HoN

o
Toa éolution of the product from step A (assumed to be 0.5 mmol based
on the previous step), in 4 mL of chloroform may be added 1 mL of plperidine.
The mixture may then be allowed to stir ove‘might at room temperature under

10 argon. The mixture may then be concentrated and the residue purified on a
Gilson prep LC system to yield 4-{2-Amino-3-0x0-3-[2-(4-phenyl-1H-imidazol-2-

1)-piperidin-1-vl]-propyl}-benzamide in a- mixture of diastereomers.

Example 7 '
15 . henyl-1H-Imidazol-2-yl)-piperidin-1-yl}-

_ propyl}-3,5-dimethyl-benzamide

CH, NT N

H2N NH2

0

Step A: {1-(4-carbamoyl-2.6-dimethyl-ben

Imidazol-2-yl)-piperidin-1-vil-ethyl}-carbamlic acld tert-butyl ester
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71 1 WO 2006/ 098982 PCTI U52006/ 008240 'H NWR (300 MHz, CDCl 3): 61.36 (9H,
s), 2.39 (6H, s), 3.06 (2H, d, J=7.7 Hz), 3.64 (3H, s), 4.51-4.59 (1 H m,
5.12 (1 H, d, J= 8.5 Hz), 6.92 (2H, s) M (ES+) (relative intensity): 355.8
(100) (MBoc% 5 STEP B.

(S)-4-(2- N} °Dﬁﬂﬂ8?§3ycar bonyl ani no- 2- net hoxycar bonyl et h9€?/U82056/008240

di nmet hyl benzoic acid To a suspensi on of (S)-2-tert

but oxycar bonyl am no- 3- ( 2, 6- di net hyl -
trifiuoromet hanesul fonyi phenyl) - pr opi ofi c arid net hyl
mml ), K2CO3 (14.1 g, 0.102 nol), Pd(
bi s(di phenyl phosphi no)ferrocen@Haz 56 g,
bubbl ed i n gaseous CO for 15 mj{n - 3
with a CO ball oon. The cool m 2S _P8 Hed bet ween NaHCO3 and

Et OAc, and filtered. The aqu ayerfwas erarat ed, acidified with 10%
citric acid aqueous ﬁ% i H &th Et OAc, and finally dried over
Na2S04. 15 Filtration I g the filtrate resulted in a
residue. The resi due was ffecrystal I1Zed from Et OAc- hexanes to yield the
desired product. 'H NVR (80 MHz, CDCI3): 8 1.36 (9H, s), 2.42 (6H, s), 3.14
(2H, J= 7.4 Hz), 3.65 (3H, s), 457459(1H m, 5.14 (1H, d, J= 8.6 Hz),

7.75 (2H, s) &%E-‘Bdtoiycaiwnylaen|hﬂwl%dmémo?@ﬁ%irﬁé@m-plﬁwmwn&ﬂ STEP C.
(S)-2-tent But bon | am no henyl ) propl oni c

h
acid nethyl &dd e(%c EIW‘?') m@g(b@df'ﬁﬁq ¥ad 'BfDMF (5 mL) foltlo@//ecpby 1-

(S )-4-(2-t ggw

met hoxycar b??l et’h %mé%g?dr)rgﬁ hE{)I bélrzng?oclz)' g(r:‘?éh T '9588'"8 solutign %mﬂ

25 (6.68 %, u@ceolaﬂrm p°GndoHurresuitingsmay thep ke d)2-{rpbemyl(186 nl) was added

.DI PEA (5. 96 C ulting

m xt urt(a was 511 ??zr%ig?yéfﬁr@% '?'ﬁgqﬁyﬁ'hﬁ?@f"ﬁ BQM%&Bmph%tﬁggntﬁmen )

agueous :\l:-l4mht betth-bamodnnludét Wd g,Thes senal). altrgwreacmﬂmynh?;bewas vvailgacém

sequenti a W t h citric acid agueous, sol ytion, saturated agueous

30 sl ut | on, WARREH 98m terReTaiure. AN sUTed s 3B AN - Fhe FRECtan US| ¢ r at i o

and concent hﬁ?'tl%h bé BEmbfeddiith 2R <ithe hbillafd WasHedanitipIe! tinies wilh 8ffjd ogr aphy
10 acetate. The combined organics may be washed with saturated aqueous

ester (9.68 g, 21.3

NaHCO3, dried over Na;SQ;, filtered, and concentrated under reduced
pressure to {1-(4-carbamoyl-2,6-dimethyl-benzyl)-2-oxo-2-[2-(4-phenyl-1H-
imidazol-2-yl)-piperidin-1-yl}-ethyl}-carbamic acid tert-butyl ester.

15

ropvi}-3,.5-dimethyi-benzamide

CHa NT N

HoN NH
2 CHy 2

0
To {1-(4-carbamoyl-2,6-dimethyl-benzyl)-2-oxo-2-[2-(4-phenyl-1H-
imidazol-2-yl)-piperidin-1-yl}-ethyl}-carbamic acid tert-butyl ester (0.60 g, 1.10
20 mmol) may be added 0°C trifluoroactic acid (4 mL). The resulting solution may
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(eluent: EtOAc) to yield the product. 72 f WO 2006/ 098982 PCT/ US2006/ 006240
"H NWMR (300 MHz, CDCI3): $1.36 (91-1, s), 2.39 (61-11, s), 3.11 (2H, J=17.2
Hz), 3.65 (31-1, s), 4.53-4.56 (1 H m, 5.12 (1 H d, J =8.7 Hz), 5.65 (1
H br s), 6.09 (1 H br s), 7.46 (21-1, s) MS(ES+) (relative intensity):
250.9 (100¥0 paop/pRse82-. 5 STEP D. (S)-2-tert PCT/US2006/008240

But oxycar bonyl am no- 3- (4- car banoyl - 2, 6- di net hyl phenyl )proplonlc acid Into
an ice-cool ed solution of nmethyl ester fromStep - C (2.99 g, 8.54 mol) in
THE (50 nl) thersbesdenedrio sopre dermpesaiureoand after I0Immutétheiexcessid 10 stirred

t 0C. U th ' Llals, th ' | t
Feroved and TADTRRIG A kB BlBlved AP 86 n i nrghedy ThgBadfng ™ 5" ©
and extract edawriélhngy%hb@ﬁahﬂw\ﬁaiatﬁi%bnI}i@é}fé’r&mﬁyﬁpncqbtyiel&ul{lzr ation and
evapor ati on to dr nessﬂ%l el ded the title a

(S)-2-tart- ARIBR (4rphapyld H-imi é%ﬁ"t?aﬂbppeﬂdle wyirereMlpheny! ) pr opi oni ¢
acid. 15 Hﬂwgtwggggi%?ewsom) 6 1.30 (9H, s), 2.32 (61-1, s), 2.95(1

H, dd, 3.10 (1 H dd, J =6.2, 14.0 Hz), 4.02-4.12 (1 H,
m, 7.18- 7 23 (2H, m, 7.48 (2H, s), 7.80 (1 H, s) MS(ES+) (relative

intensity): 236.9 (6) (MBoc)*. 20 9
(Zl - 2- Benzvl oxvcar bonvi am no- 3-f 4- c%‘ﬁe—gz 6- di net hyl phenyl)acrylic acid
nethyl ester O HO F@M—&r@ht@cﬂbon&nﬁio@-@;&&lme@l&b OOOHOI H2N
K2 | NHCbz

trifluoromethanesulfonylphenyl)-propionic acid methyl ester

3
—_— Qo —
NH.
FaC~ CHs
o
10 8a
CHy OH
— 0O
. N
HzN CHj H‘BOC
O 8d

STEP A. (8)-2-tert-ButoxycarbonyIamIno-3-(2,6-dimethyl-4-
trifluoromethanesulfonyiphenyl)-propionic acld methyl! ester

15 Into a cool solution of Boc-L-(2,6-diMe)Tyr-OMe (7.0 g, 21.6 mmol;
Sources: Chiramer or RSP AminoAcidAnalogues) and N-
phenyltrifluoromethanesulfonimide (7.9 g, 22.0 mmol) in dichloromethane (60
mL) was added triethylamine (3.25 mL, 23.3 mmol). The resulting solution was
stirred at 0°C for 1 h and slowly warmed to room temperature. Upon

20 completion, the reaction was quenched by addition of water. The separated
organic phase was washed with 1N NaOH aqueous solution, water and dried
over Na,SO, overnight. After filtration and evaporation, the residue was
purified by flash column chrométography (eluent: EtOAc-hexane: 3:7) to yield :
the desired product as a clear oil. '
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]
Ov O 9c 9d 73 WD 2006/ 098982 PCTI US2006/ 008240 STEP A

Trifl uoronet hanesul foni c acid 4-brono- 3, 5-di net hyl - phenyl ester To a cool ed
(0C) solution of 4-brono-3,5-dinethyl phenol (3.05 g, 15.2 mmol) In pyridine
(8 mM-) was added trifluoronethanesul fonic anhydride (5.0 g, 5 17.7 muol)

dr opwi sewg™Nob&dosssa P!l etion of addition, the resultingpdisélebdoodas stirred at
OC for 15 mn and at roomtenperature overnight. The reaction was then

axtracts vor o wabHIMRLfa0d Wear DERR &7:56 {81 ,5) 230 BHe ShanaIBb & dror MySOL.
o 1+ 10" oy 38 R O sy %?W@“'Zm%éei%ﬁ“"@ LB B2 @8R §ep T oS
4- Bromo 3, 5-di nﬂWIS)(ESeh(zrelaHvamtehsmy) @58.80100) {M+Bax)*.

trifluoro-nethanesul foni¢ acid 4-brono-3, 5-di net hyl - phenyl ester (6.57 g,
19.7 mmol ) in DM (65 m-) were added K2CG3 (13.1 g, 15 94.7 mol),

Pd( mC) 3 (OS'FEPEB (S)-&h%ﬁ-aumvc&sbbnwarﬁ(rw-fiiﬁéu&b&beémmmg%rwne (2.29

g, 4.14 mmol). resulting m Xxture “was bubbled inh gaseodus for 10 min
and was theﬁmﬁbvmﬂﬂglmdf or 7.5 h with a CO balloon; The cool ed mi xture

vas Bart 1 L1 oned Aok e ARENS AN ARAAS e Reld il Tne 2aucous
Flt IOtArCat zm(rjeil:ﬂeorodrethahasmﬁonylplaéiﬁ??roﬁohbraﬁi)d muethyhdsteo(@:é&g; Iall.|30n 3;1 i 1(:: Eewas
used in the™ H@)r %gé:@gt(yfﬂ gq%?ﬁp?lﬂgg é(oﬁ\%?ﬁ Gbrfﬂz@f%ﬁé mygol ‘?Eﬂ’qde -

4- For myo 3, Esw fﬁnbhphobﬂﬁlﬁﬂfé‘rr&‘e‘n@ (8584, uumm&» th- mmpr(na #whgret hyi benzoi c

acid (0.92 was cool ed down to -1000 with
N2(1)-Et 20 Mh'ﬁ%w@gaéeeéamf%dﬁymmtmeumxwe@vaemqat%tchw& tos8H., 8 mml)

“| 900" D BEPBYEION P cad el vl idiRBUbeR Bt AIRA ™ o0 10
was stirr edEtAc, andditefent. Thebaqueous dayer I\Amsestpa(ated,raoldlﬂed MBG 0% citricowed by
the additi Leid aqueousqéloqutVon, egracted with EtOAc, and finally dried over NazSOs,.
15  Filtration and concentration of the filtrate resulted in a residue. The residue
was recrystallized from EtOAc-hexanes to yield the desired product.
'H NMR (300 MHz, CDCly): § 1.36 (9H, s), 2.42 (6H, s), 3.14 (2H, J=7.4
Hz), 3.65 (3H, s), 4.57-4.59 (1H, m), 5.14 (1H, d, J= 8.6 Hz), 7.75 {2H, s)
MS(ES+) (Irelative intensity): 251.9 (100) (M-Boc)+.
20
. STEP C. (S)-2-tert-Butoxycarbonylamino-3-(4-carbamoyl-2,6-
dimethylphenyl)proplonic acid methyl ester
Into a stirring solution of (S)-4-(2-tert-butoxycarbonylamino-2-
methoxycarbonylethyl)-3,5-dimethylbenzoic acid (3.00 g, 8.54 mmol), PyBOP
25 (6.68 g, 12.8 mmol) and HOBt (1.74 g, 12.8 mmol) in DMF (36 mL) was added
DIPEA (5.96 mL, 34.2 mmol) and NH,Cl (0.92 g, 17.1 mmol). The resulting
mixture was stirred at rt for 40 min before being partitioned between aqueous
NH,CI solution and EtOAc. The separated organic phase was washed
sequentially with 2N citric acid aqueous solution, saturated aqueous NaHCO3
30 solution, and brine, then dried over Na;SO4 overnight. After filtration and
concentration, the residue was purified by flash column chromatography

(eluent: EtOAC) to yleld the product.
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(30 nmL). The organic phase was separated and the aqueous phase was

extracted with Et OAc, the conbi ned organi c phases were dried over MgSO™4. 74
1 WD 2006/ 098982 PCT/ US2006/ 008240 The sol vent was renoved and the
resulting residue was purified by flash colum chronat ography (el uent:

Et OAc- hexWRa8609892t o yiel d 4-fornyl -3, 5- di net hyl - berPQIVEs2e0si0082¢®c) . ' H NVR
(300 MHz, CDCI3): 8 2.65 (6H, s), 7.82 (2H, s), 10.67(1 H, s). 5 STEP D.

4- Fornyl - 3, 5-di néﬂmmﬂt{somnzi@ﬁ@la)a &pbeksﬁnsgofz .39 (6H s),311 2H, J=
4-fornyl -3, 5-di net hyl - benzoi ¢ aci d ) (6 nL) were

added pysop7(aH@)g% (3% Siufbby-4 SO, ). 3621 Hi Ao biz), 5.5 KTHA k0| 50 Nt

5.12 mol) 6 mol). The 10 resulting m xture was
stirred at N%_‘grrp’era ’ur‘o'gf(Zﬁ % h, and quenched by addition of brine,

t hen extract ed WMS(EB:+DelatiVh dntensgftylri 25000 ¢100) (sBog)shed  with 2N aqueous
HCl, satyrated NaHCO3, brine and then dried over MgpSO4. The sol vent was
renoved to yleld t he crude product (9d), which was used in the next step

wi t hout furtdyg ES)Lth Lﬂaxyéaﬁ'bgﬁﬁanﬁno-s-g-carbamo

(2)-2- Benzyl oxycar | am no- 3= ( 4- caf banoyl -di net yI - phenyl )acryl | c
aci d net hyl cametiwlpheovlépwwpmm)f

N-(b I b ' 1.4 I

Dot {5y 5 08 e BRARE Beuath YF Wb LT M SisfGTEeb U B, 5 1 o0

m‘ n5 a sol gtorlnmol)dﬁ THFe(selmglﬁ?eNasa@ude@émamécius LSOHisnahtmnl(megem{nn.)chnd n DCM (5
wa e resu m X rre

emmer atlr o Spdt 8% LinanCoesEaptan o ing SrhG e, the BrAricsoliomS  on.

The resi due wege réthsoed Hﬁ‘d’tﬂé”'adilé@ﬁ% phade %%Wfé@tr‘éhid&i witthcogedanracHsd . brine

and then dried over MgSO4 he sol vent was renoved and 25 the resi due

purified by O°Caand extragted thﬁmgaa@dyeq evere\hascﬁtmmghbxlamyon apf to
yreld (Z)-2; &§P§raﬁdﬁ ?&X%@Q%Qféicﬁ? tﬂghﬁe %éld(\(gz?afgﬂ%m tbonylamjno B Es)

di met hyl - phen acryl
(relative i deatamoyl- malmtbww@r@mph)plomc acid.

15 'H NMR (300 MHz, DMSOQ-dp): § 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, 5) |
MS(ES+) (relative intensity): 236.9 (6) (M-Boc)*.

' 20 | Example 9

-2-Benzyloxycarbonyiamino-3-(4-carbamoyl-2.6-dimethyi-

phenylacrylic acid methyl ester

HO.
— // \\
Br
HO . H,N , HoN NHCbz
> ’ ’ . OMe
| l
. 0 O

9c 9d
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30 Exanple 10 (2)-2-Benzvl oxvcarbonvl am no- 3-(4-car banoyl - 2. 6- di net hyl
phenvi acrvlic acid nethyl ester 75 1 W) 2006/098982 PCTI US2006/ 008240 O O
HO\ H2N 1-12N CF3 (rO0 _-~-- CAS p HOH 10a 10b O O H2N H2N NHCbz O -
| ~Ow O 10c 10d STEP A 4- Hydroxy 3, 5-di net hyl - benzam de 5 Using the
procedur&’Q@Wﬂ%d in Exanple 9, Step D, 4-hydroxy- SPGUUIM0RIP - benzamni de
(1 Ga) was prepared as a yellowi sh solid. iHNWR (300 MHz, CDCI3): 5 2.82

(6H s), 5.51 (1 H, br s), 5.90 (1 H br s), 7.48 (21-1, s): MS(ES#)

lative igtensity); 166. 2. (89 . .10.S i f h | f onl
b a4 car bETED Aot diudraiepRRERuRGE a&%@-brﬁﬁ%ﬁg—éuﬂb‘&ﬁ—nﬁgﬁtleas geuiom e
4- hydr oxy- 3, 5- dimstafbdmmoysasnérﬁoﬁﬂba)m&é gédnmauh;)lphém (:3%C’gr 80

N- phenyl tri fl uoromet hanesul foni uni mde (9

was added TEMeBivyridine (Bsmkhwas added tstﬂuomqibamaulfenwtamwdﬁdﬂa(& qul ting

quenchecd by ' SadnPTED fBpRa: Arer BifuBlat o kaitaf. dhe e difa b R hea w
1 N NaCH, wefieed angbC foen 5dhinethdatesolvisinperative GRimight wvssreacmvwds and the

residue purified by flash col um chromat ography (el uent: EtOAc
then queriched by addition of water, then extracted with EtOAc. The EtOAc

extracts were washed with water, 2N HCI (2 x ), brine and dried over MgSO,.

15

Filtration and evaporation to dryness yield the product (9a) as a colorless oil.
10 '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 K2CO3 (13.1 g,
15  94.7 mmol), Pd(OAc)2 (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 then heated to 60°C for 7.5 h
with a CO balloon, The cooled mixture was partitioned between aqueous
NaHCO; and EtOAc, and filtered. The aqueous phase layer was separated,
20 acidified with aqueous 6N HCI, extracted with EtOAc, and then dried over
Na.SQ,. Filtration and concentration of the filtrate resulted in the crude product
'(9b) as a brown residue, which was used in the next step without further
purification.

25 STEP C. 4-Formyi-3,5-dimethyl-benzoic acid
A solution of 4-bromo-3,5-dimethylbenzoic acid (0.92 g, 4 mmol) in THF

(10 mL) was cooled down to —100C with Nx(I)-Et,O bath and added n-
butyllithium (1.6 M in hexanes, 5 mL, 8 mmol) slowly. After completion of
addition, the reaction mixture was warmed to —78°C and DMF (0.74 mL, 8

30 mmol) was added dropwise. The resuiting mixture 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 MgSOs;.
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- 20 hexanes-1:1) to yield trifluoronethanesul fonic acid

4- car banoyl - 2, 6-di net hyl - phenyl ester (1 Ob) as a white solid. 1H NVR (300
MHz, CDCl3): 6 2.42 (6H, s), 6.28 {2H, br s), 7.57 (21-1, s) MS(ES+)
(relative intensi 9%/25 298.1 (63% (M+l). 76 I WD 2006/ 098982

PCTI US2006Y93YWSAMBITEP C. 4- For nyl - 3, 5- di net hyl - benza®icaastoss/o08240s 0! ut i on
of trifluoro-nethanesul fonic acid 4-carbanoyl -2, 6- dinethyl-phenyl ester
(1.49 g, 5 mmol), Pd(OAc)2 (0.037 g, 0.15 mmol ), DPPP 5 (0.062 g, 0.15
mol ) and THAe(solvent mias remosedand the resDiiRg(residu¢ was\pasified byiflash CO (gas) for

10 mn, the | | Y T ulting

m xture was %8§4¢€éﬁ%hf5‘§@%sh§méeéﬁe@5@§a@“ . arfels\é\@ﬂ)?cggﬁgi. %'f?ﬁ%%lé%% ter

cool i ng' to rdimethyBbenaiciacid (gds)e reactlon vvas quenched by addition of water,
then extracted wth EtQAc. The QAc ext wer d with ter, 10
brine and then drHWB\@QOWD%X &r2. $5 (QH e&)n%ﬁ2&2ﬂd @vé@@?é{h - the

resi due ghas purified by colum chromat ograpghy (eluent, EtQAc-hexanes-1:1)
to yield™ 4-fornyl-3,5.di nethyl -benzam de (10c) as a yeI | owi sh solid. ' H
NVMR (300 MHSTERDL §)Forthyl-35-diiethyd-benzamidé 1 H, br s), 6.13 (1 H br s),
7.52 (2H, s),

(2) - 2- Benzyl oxyc;r%tﬂ)%é}}’g{(?ﬁ 9%4'?"@{?53%51%"%"'32"%0'8Iaﬁ\gt(er15 I ASHTIDr yi i ¢

aci d nethyl j@BMF (. wetré adgedPYBOP om%/b 9P MirRel) 30826 Bed.oen Exanpl e 9,
Step E. 20 Exanpl e 1 éO%tlcal Rot at i on asurenents The op ical rotation of

a represent d'ﬂmOB B 9 ML . %W%NH4¢HDM%Q5§)“m9|DeEBGed as In
Ex | t at
of agpr:prese a{iﬁ@@ﬁ%g@ Oﬁr}ecﬁet‘rggﬂr?teﬁﬁg}a(\)tﬁre f?gqg;)aﬁﬂgﬁpﬁ@d Bgre[)gr 2d| 22

i n Exanpl e Eadditionrofdmnarethenalxtrgct]edwmﬂmEQAc( Jhe\orgafic-phaseWds washeteasur ed as

[a] D=-10.8( or.e ecj fi,cati aches the
principl es dﬁ""‘}ﬁé gg%ﬁﬁq'ﬁ%ﬁ{%‘j&t‘? Gb@ &B@a‘#&% d"@%%@ﬂW% he pur pose
of illust ratTHé”soNénths' reRRved to yield the crude product (9d), which was used in

the next step without further prurification.

).

15 '
| STEP E. (2)-2-Benzyioxycarbonylamino-3-(4-carbamoyi-2,6-dimethyl-
phenyl)acrylic acid methyl ester
Into a solution of N-(benzyloxycarbonyl)-a-phosphinoglycine trimethyl

ester (0.46 g, 1.4 mmol) in DCM (5 mL) was added DBU (0.21 mL, 1.4 mmol).
20  After stirring for 10 min, a solution of the above made'4-formy|-3,5-dimethyl-.

benzamide in DCM (5 mL) was added dropwise. The resulting mixture was

stirred at room temperature for 5.5 h and the solvent was removed by rotary

evaporation. The residue was dissolved in EtOAc and washed with 1N

aqueous HCI, brine and then dried over MgSQO,. The solvent was removed and
25 the residue purified by flash column chromatography (eluent: EtOAc-

hexanes~1:1) to yield (2)-2-tert-butoxycarbonylamino-3-(4-carbamoyl-2,6-

dimethyl-phenyl)acrylic acid methyl ester (9e) as a white solid.

MS(ES") (relative intensity): 383.4 (10%)(M+1).

30 Example 10
(2)-2-Benzyloxycarbonylamino-3-(4-carbamoyl-2,6-dimethyl-
phenyl)acrylic acld methyl ester

75




30 understood that the practice of the invention enconpasses all of the
usual variations, adaptations and/or nodifications as cone wthin the scope

of the follow ng claims and their equivalents. 77 1 it W claim 1. A
processfor the Paration of a compound of fornmula (1) O 41P J ,(R)o -z
9 RN RK OH O (f) wherein p is phenyl PCTAIS2000408240 S

i ndependent |y sel ected fromd -6al kyl, C.6al koxy or fluoro; R and RK are
each independently sel ected from hydrogen or Cl4al kyl; gternatively, R

and RK are takegy together with theitrogen atomto whidh they are bound to
forma five tojseven nenbered ng‘s RS , Pg' s B,NTT '
group; conpHCST Ny XP (R41P) 02 R 41P)0-2 YP RK'Y
reacting a conpou formula dMI X' IS sel ect ed’

CN,
Br, d

-C2H, - (O - Qhl-'CCl4al kyi and wherein Yr is selected fr
or I, to yield the lcorresponding conpound of formula ()U); HNI" Pgl RO (R
41P )0-2 OC1_4al kyl 10a 106
(o) O
>H2N H,N NHCbz
—_— O —> N OMe
0
10c , 10d
STEP A. 4-Hydroxy-3,5-dimethyl-benzamide
5 Using the proc'edure described in Example 9, Step D, 4-hydroxy-3,5-

dimethyl-benzamide (10a) was prepared as a yellowish so]id.
'H NMR (300 MHz, CDCls): & 2.82 (6H, s), 5.51 (1H, br s), 5.90 (1H, br
s), 7.48 (2H, s);
MS(ES*) (felative intensity): 166.2 (8%)(M+1).
10
STEP B. Trifluoromethanesulfonlc acid 4-carbamoyl-2 6-dlmethyl-phenyl
ester
into a solution of 4-hydroxy-3,5-dimethyl-benzamide (3.72 g, 22.5 mmol)
and N-phenyltrifluoromethanesulfohiunimide (9.4 g, 25 mmol) in DCM (80 mL)
15 was added TEA (3.48 mL, 25 mmol) at room temperature, then the resulting
mixture was stirred at room temperature overnight. After the reaction was
quenched by addition of water, the separated organic phase was washed with
1N NaOH, water and then dried over MgSO4. The sdlvent was removed and
the residue pufified by flash column chromatography (eiuent: EtOAc-
20 hexanes~1 :1)‘ to yield trifluoromethanesulfonic acid 4-carbamoyl-2,6-dimethyl-
phenyi ester (10b) as a white solid.
'H NMR (300 MHz, CDCly): § 2.42 (6H, s), 6.28 {2H, br s), 7.57 (2H, s)
MS(ES?) (relative intensity): 298.1 (63%)(M+1).
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J~~NIP KR YP (XVIII) (XI) 0 (R41P)0.2 J RP1 NpHNg RK
(XI'X) OCl4alkyl O 78 1 reacting the conpound of forrmula (XII) with a
conmpound of forrmula (XVili); in the presence of palladiumcatalyst; in the
presence of an organic or inorganic base; in an organic solvent; at a
terrperatur‘@oﬁi’"é’&?gﬂzthan about roomtenperature; to yiPeTdiskive/omasor espondi ng
conpound of fornmula (XIX); J O (R41 P)02 J 0 (R41 P)0-2 9 R \N P H\N~P91 RN
1 p~ HNCP1 RKi RK QOCl.4al kyl OCl-4alkyl (XIX) 0 (XX) O reacting the
conmpound of forrmula (XIX) with hydrogen or a source of hydrogen; in the

P(r)grsnetnge of ggpf@lyp&mt}@ Q-ﬂﬁ‘n'e’l’ Iberdanfigb emper ature greater than ab_out
mperature; to yield the correspondi ng conmpound of fornmula (XX); O
41P 0 41P )0-2 1 Imon solutiorPgRriflboresimethanesulfanic aciiCacarbarmoy2,6{ XX) (1 ) 0 0
dimethyl-phenyl ester (1.49 g, 5 mmol), Pd(OAc)2 (0.037 g, 0.15 mmol), DPPP
5 (0.062 g, 0.15 mmol) and TEA (1.74 mL, 12.5 mmol) in DMF (25 mL) was
bubbled CO (Qas) for 10 min, then triethylisilane (1.6 mL, 10 mi'nol) 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,
10  brine and thgn dried over MgSO.. After filtration and evaporation, the residue
was purified by column chromatograpghy (eluent, EtOAc-hexanes~1:1) to yield
4-formyl-3,5-dimethyl-benzamide (10c) as a yellowish solid.
THNMR (300'MHz, CDCla): § 2.65 (6H, s), 5.75 (1H, br s), 6.13 (1H, br
s), 7.52 (2H, s), 10.64 (1H, s). '
15 . _
' STEP D. (2)-2-Benzyloxycarbonylamino-3-(4-carbamoyl-2,6-dimethyl-
phenyl)acrylic acld methyl ester
The title compound was prepared as described in Example 9, Step E.

20 Example 11 Optical Rotation Measurements
The optical rotation of a representative sample of the compound of

formula (la), prepared as in Example 1, was measured as [o] D =-12 (¢ 1.5,
MeOH). o
The optical rotation of a representative sample of the compound of
25 formula (la), prepared as in Example 8, from commercially purchased (S)-N-
BOC-Tyr-OMe was measured as [a] D =-10.8 (¢ 1.7, MeOH).

While the foregoing specification teaches the principles of the present
invention, with examples provided for the purpose of illustration, it will be
30 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.

77




reacting the conmpound of fornmula (XX) with an aqueous base; in an organic

solvent; to yield the correspondi ng conpound of fornmula (1). 2. The process

as inclaiml, wherein O is substituted with a RJ1P group at 2-position and

a second R41P group at the 4- position; each R41P is independently sel ected

from Cl. 2al kyl, C_2al koxy or fluoro; R and RK are each independently
%#%%1hy

sel ecte drogen or Cl.4alkyl; alternatively, Rl and RK are taken
seven nenbered heterocyclyl; and Pgl is a nitrogen protecting group. psi 3.
The proéess AProcassdortheprepargtionofp pompound pifomula @l with a RAIP group at the
R1 and RK are each hydrogen; d Pg'(F§1 t - butoxycarbonyl. 79 4. A process
for the preparation of agtonpg] §9W, ornfia (I) O41P (R)0-2 R\NI p %
' p

sel ected from C1-6al kyl, C {gal dﬁ |l uoro; RI and RK are each
i ndependent |y sel ected fronfRhydr Cl -0Qal kyl; alternatively, Rr  and RK
five to seven nenbered heterocyclyl; Pdgl is a nitrogen protecting group;
conpri sing @

is phenyl,

each R*"* is independently selected from Cj.salkyl, C, ¢alkoxy or fluoro;

and R are taken together with the nitrogen atom to which they are bound to form a five

to seven membered heterocyclyl;

together with the nitrogen atomto which they are bound to forma five to
2-position and a second R41P group at the 4- position; each R41P is nethyl;
HN-P91 RK OH wherein i yPg'each R41P is independent!y
are taken together with the nitrogen at @Hwhi ch they are bound to forma
wherein
R’ and R¥ are each independently selected from hydrogen or C)4alkyl; alternatively, R’
Pg' is a nitrogen protecting group;

comprising
P (R o2 " (R
— Y&
P R¥ P
0 7 Y

(X11)
reacting a compound of formula (X), wherein X" is selected from OH, CN, -CO.H, -
C(0)-Cl or —-C(0)-0C;4alkyl and wherein Y? is selected from Br, Clor I, to yield the
corresponding compound of formula (XII);

Pq’
AN O
o 1P OC._salky!
(R™ " )o-2 1-481KY
R
g5 : -
YP

(XVIII)

(X1l




J O(R41 P)o2 J 0 (R41P)0.2 RAN HN~Pgl RN HN-P91 RK R K OC1. 4al kyl
OCl.4alkyl (XIX) O (XX) Oreacting the conmpound of fornmula (XIX) with
hydrogen or a source of hydrogen; in the presence of a catalyst; in a
solvent; at a tenperature greater than about roomtenperature; to yield the
correspondl ng conpound of for 41P2 J O (R41P)0-2 RN ; PSI
HN P91 r RAW% ithe, g e I&K‘“R[&k )&))%('(‘fﬂ“g?éff’ %%@‘I?I > O0 reacting the
conpound GfVH rlm@rqsm)e ofipalkadiam @@h@busthba@eem of anrprganigoriieorgamiovent ; to
yi el d t hebaseirin am prgaric sejventirap & temperafurg greater than(abput rggm sempgratureidess for t he
pr epar at i welddlic cornespopding dompound pfHifotmauld CAIX); O HZN HNBoc OH O (a)
conprising O X H2N /(RM% / YP (Xa) (XlIa) rect| n4a=)corrpound of formula
) & el ect dfromC]—I CN, RL.CO2H, = O)CI or

enePa'YP is sel ected TNG CHNerP9' to yield the
pf formula (XIla); OkIN

OC;alkyl
oy A o) 4

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),

0] R*P) 0

OC1_4a|ky|

(R*"™)q.2

reacting the compound of formula (XX) with an aqueous base; in an organic -

solvent; to yield the corresponding compound of formula (T).

2. The process as in claim 1, wherein

is substituted with a R*'¥ group at 2-position and a second R*"* group at

the 4- position;

each RY ' is independently selected from C,alkyl, C1.zalkoxy or fluoro;

R’ and R¥ are each independently selected from hydrogen or C;.4alkyl; alternatively, R’
and RX 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.

3. The process as in Claim 1, wherein

is substituted with a R*'" group at the 2-posmon 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.
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HZN " j -00IT\ OCH3 HZN ( \ HN .Boc j / YP/ ~ OQCH3 (XVII la) O (Xlla)
(XI Xa) reacting the conmpound of formula (XlIla) with a conpound of fornula
(XVIlla); in the presence of palladiumcatalyst; in the presence of an
organic or inorganic base; in an organic solvent; at a tenperature greater
t han about room tenperature; to yield the correspondl ng conpound of formula
(XIXa); 00 HN\ HN(Boc HNHN_ Boc z I / OCH3 -. | OCH3 O O (XlIXa)
( XXa) deact |Angomnfoothed>r«pﬁraflmwﬂnl@mbéiln}(a)ffount:la(hydrogen gas, at a pressure
greater than about 500 psi; ig the presence of a chiral catalyst; at a
(%ﬁ’ﬁ@gature in an organic solvent; to
la (XXa); 81 O H2N HN., Boc H2N
HN., Boc OCH3 OH O (XXa) (Na) nH conmpound of forrmula (XXa) with
an aqueous base; in an org to yield the corresponding conpound
of formula (1a). 6. The process as YN d ai gjp, wherein XP is -OH and wherein
XPis Br. 7. The process as in claim6 further conprising HO1? \ | Br
(Xa) (Xla) reacting the conpound of f@ynula @i( with a triflating
reagent;. in the presence of an organic or inotganic base; to yield the
correspofihg conpound of fornula (Xl a);

@ is phenyl;

each R s independently selected from C,salkyl, C,¢alkoxy or fluoro;

R’ and R¥ are each independently selected from hydrogen or Cy salkyl; alternatively, R’
and R¥ 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;

yield the correspondi n@ CoNpsy

comprising

OC1_4aIkyI

(XIX) 4

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),
o)

(R*"").2 (R*"™)q.2

reacting the compound of formula (XX) with an aqueous base; in an organic solvent; to
yield the corresponding compound of formula (I).
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O H2N TfO0 ? Br (Xla) (Xlla) reacting the conmpound of fornmula (Xla) wth
carbon nonoxi de and a source of ammonia; in the presence of a palladium
catal yst in conbination with a ligand; or in the presence of a

pal | adium ligand conplex; at a tenperature in the range of from about 50C
to about 160C;, in an organic solvent; to yield the corresponding conpound
of fornmula (XII). 8. The process as in clajmb5, ug]erei n the conmpound of
formul a (X1 a) 4 Broress&ardbe RipRaretion ef 2 enmporteldemula@al a (xvil1a) in the
presence of Pd2(dba)3 and P(o- toluene)3. 82 9. The process as in claimb5,
wherein the chiral catalyst ig [Rh(cod)(R R D PAWP)]+BF4 . 10. A process
for the preparation of the coffpound of fornula (la) O HZN HN~-Boc OH O
(la) conprising 00 Hz I—g Beg AN\ EMBQCBOCH3 | OCH3 O O (Xl Xa) (XXa)
reacti ng conpound of fornuk i t h"'gydrogen gas, at a pressure greater
t han about 500 psi; in the prese a ghirappycatal yst; at a tenperature

greater than about room tenperatur v a ganic solvent; to yield the
correspondi ng conpound of fornula (XXa); 3 H N(IISIN, Boc H N HN~B~
a
comprising
o)
XP
» HoN
YP vP
(Xa) (Xlia)

reacting a compound of formula (Xa), wherein X" is selected from OH, CN, -CO-H, -
C(0)-Cl or —C(0)-OC4alky! and wherein Y is selected from Br, Clor I, to yield the
corresponding compound of formula (XIla);

Boc
0 HN” ’
Boc
HaN )\"/OC"‘s HoN HN™
/ OCH3
yP 0 —
(XVvlila) (o)

reacting the compound of formula (XIIa) with a compound of

formula (XVIIIa); 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);

H,N HN” H,N

/ OCH3 —

(XIXa) (XXa)

reacting compound of formula (XIXa) with hydrogen gas, at a pressure

greater than about 500 psi; in the presence of a 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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2 OCH3 OH OO (XXa) (la) reacting the conpound of fornula (XXa) with an
aqueous base; in an organic solvent; to vyield the correspondi ng conpound of
formula (la). 83

o)

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

6. The process as in claim 5, wherein X* is -OH and wherein X is Br.
7. The process as in claim 6, further comprising
HO. TfO
Br Br
(Xa) (Xla)

reacting the compound of formula (Xa), with a triflating reagent; in the presence

of an organic or inorganic base; to yield the corresponding compound of formula (XIa);

O
TfO
H,N |
—_—
Br Br

(Xla) (Xlla)
reacting the compound of formula (XIa) with carbon monoxide and a
source of ammonia; in the presence of a palladium catalyst in combination with a -
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 (XII).

8. The process as in claim 5, wherein the compound of formula (XIa) is
reacted with the compound of formula (XVIIIa) in the presence of Pd,(dba); and P(o-

toluene)s.
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9. The process as in claim 5, wherein the chiral catalyst is [Rh(cod)(R,R-
DIPAMP)]'BFy". o

10. A process for the preparation of the compound of formula (Ia)

O

comprising
Boc
H,N HN” H,N

P a OCHy —

o]
(XiXa) (XXa)
reacting compound of formula (XIXa) with hydrogen gas, at a pressure
greater than about 500 psi; in the presence of a chiral catalyst; at a
temperature greater than about room temperature; in an organic solvent; to yield the

corresponding compound of formula (XXa);
0O

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