TI TLE OF THE | NVENTI ON PROCESS FOR MAKI NG SUBSTI TUTED
Pl PERI DI NES FI ELD OF THE | NVENTI ON The present

wonvmeysn rel ates to nmet hods of maki ng subst i PATAIS2005/046718
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pi peri di nes. The processes conprise an asynmnetric
hydr ogenati on of vinyl fluoride in the presence of a
metal precursor conplexed with a chiral nono- or

bi phosphine I'igand. h particular, this invention is
dlrected to met hods for nmaking N-benzyl 3-fluoro

ﬁHﬂiDBﬁH%lﬁYﬁﬂﬂMdﬂnes useful as constituents of drag

BRACAAL go AN Kestyaifigshipripmider biol ogical |y
|ve nn ecul es RY OF THE I NVENTI ON The present

inventlon concerns a process for the preparation of

defdrvbrvies Rivekanonl a | . The process utilizes an
asymetric rogenati on of a

derivative tHePEFHt nyveptiop éelaéefsé% g}ﬁﬁ‘-gd %sglrs{nuted piperidines.
PITBE BoS&kes CORPHise ut dsynnidirichydivigeratiompfdnyl gluoride in the presence of a

bl quhpfe ‘P{ISC}QEO%}IE}ET d Th r%rr?q%lgsér B hog;thefneqlr’%g&f |ﬂtpartlcular this

|ca arat
f linventbonsisitisdctet] t mdhgdSpfelrm@hmgé\T U@rzv fliere substituted p}pplzyimes useful

P:agg%ng%%%gﬁﬁ?& éagt!hdaﬁé‘saing in thO§maRE 8?6%11é}%§b46/é1ca11y active molecules.

pi peridines are useful as
constituents of drug candidates or to prepare a w de

V%t?@%%ﬁ@foptthNbFth%NcaIIy active nol ecul es. The
instant invention further enconpasses .certain
|nternedlaté‘ﬁBﬁﬁﬁbHHQ“m5E¥ﬁPEg%P s RRpaggHOR pfglerivatives
| NYEdHu(N. The pmbﬁs atilizes avaphmetnic hydegaetonofproyefride pr
n%‘érliya%vg th%r%o RS presem'::e? 5%@%&1 precursor complexed with a chiral mono- or

bisphosphine ligand. The process of the present invention is applicable to the preparation of

benzyl fluoro-substituted piperidine derivatives on a pilot plant or industrial scale. The
derived benzyl fluoro-substituted piperidines are useful as constituents of drug candidates or
to prepare a wide variety of other biologically active molecules.

The instant invention further encompasses certain intermediate compounds.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a process for making a compouhd of Formula

(D:

or a pharmaceutically acceptable salt thereof,

wherein

R! is halogen, oxygen, CONHb, nitrogen, sulfur, silicon, optionally substituted C;-Cs alkyl or
optionally substituted aryl;

R?is oxygen, amino, halogen, CONH,, nitrogen, sulfur, or C—C4 alkyl optionally substituted

with one or more groups selected from hydrogen, hydroxy, amino, and amino-heteroaryl;



(I): (1) or a pharmaceutically acceptable salt
thereof, wherein Rl is hal ogen, oxygen, CONH

waiboemge2s; sul fur, silicon, optionally substitBCEASESB46718
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al kyl or optionally substituted aryl; R2 is oxygen,

am no, hal ogen, CONH2, nitrogen, sulfur, or CO- C4

al kyl optionally substituted with one or nore groups

sel ected from hydrogen, hydroxy, anmino, and
angno-hetepoaryl;RS is sulfur, optionally substituted

CR: & s6lf] dpjibnallyrsybstitystddaphotiel sryl.gibpsrbereus, pitipy penzppEBZ,
%?Jrf} ,Q%-_C%l 6o pRibiatly s@8tituRa k)l Yor §RSI0-sptbRdlydthstitutar aryl;

=0) O-optionally subStituted aryl; the process
conprising an asymetric reduction of a conmpound of
FeePadodss Chihprisitd An ashrginenio rddictiolkdf abempianeafttormsla 45):
defi ned above, I1n a suitable organic solvent in the
presence of a netal precursor conpglexed to a chira
nmonoor bi sphosphi ne Iigancf%\30 n n?irst aspect of the
{

N
i nventive process, the preseﬁ::ﬁ;vention provi des a
process for nmaking a conpound ofRFor mul a (I), or a

pharmaceutical Iy acceptable salt thereof, wherein Rl
i s hal ogen or optionally subs{ﬁfuted aryl .

wherein

R', R* and R each is as defined above,

in a suitable organic solvent in the presence of a metal precursor complexed to a chiral mono-

or bisphosphine ligand.

In a first aspect of the inventive process, the present invention provides a
process for making a compound of Formula (I), or a pharmaceutically acceptable salt thereof,
wherein

R is halogen or optionally substituted aryl.

In a second aspect, the present invention provides a process for making a
compound of Formula (I), or a pharmaceutically acceptable salt thereof, wherein

R! is halogen.

In third aspect, the present invention provides a process for making a
compound of Formula (I), or a pharmaceutically acceptable salt thereof, wherein

R! is fluorine.

In a fourth aspect, the present invention provides a process for making a
compound of Formula (I), or a pharmaceutically acceptable salt thereof, wherein

R! is optionally substituted aryl.

In a fifth aspect, the present invention provides a process for making a

compound of Formula (I), or a pharmaceutically acceptable salt thereof, wherein



In a second aspect, the present invention provides a
process for nmaking a conpound of Fornmula (T), or a

woheoeroaesut i cal | y acceptabl e salt thereof, whePeTSRD5/046718
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is halogen. In third aspect, the present invention
provi des a process for making a conpound of Formnul a
(I'), or a pharmaceutically acceptable salt thereof,
wherein RL is fluorine. In a fourth aspect, the

present inve tlon(grOV|des a process for making

conmpound of alkm) openally sHbstiveledwithdu Firo_gxyl amino or
agLeRLahl8aslt thereof, wherein RL is optionally
ggtltuted aryl. In a fifth aspect, the present

i nvention provides a process for making a conpound of
Formul a (1) m £ixi affeay 8 Rk Gikdtiondesviies 8PloCess &rtmaking a

SRR D1y Rt tasp R O et e PR

In a sixth &S pattCs-dptienafly eshatititedapdnt i on provi des a
process for making a conpound of Forrmula (1), or a
pharmaceutical |y acceptable salt thereof, wherein R3

is O C6- opfli osrarbitly aspatisthé preseatiingengion propides asproesst fer making a
a%@lﬁ nd Bh%n’ﬂﬁﬁ%ﬁ Nr a'pﬂé’rﬁﬁ&éuﬁ&l]?ra@ REpRER st tREREE S BerbRl

maki ng a conmpoun For mul a or a
pharnaceutl8aPﬁVn§@ceptable salt t hereof, wherein R3

is benzyl. In an eighth aspect of the i nventi ve

process, t h?n En elgh%y specr% F Elte I1n%gntprca%\r/cl)cgses thé present invention provides a

process for making a compound of Formula (I), or a pharmaceutically acceptable salt thereof,

wherein

the metal precursor is a thodium precursor.

In an embodiment of this eighth aspect, the present invention provides a
process for making a compound of Formula (I), or a pharmaceutically acceptable salt thereof,

wherein
the metal precursor is [Rh(cod)Cl]2,

In a ninth aspect of the inventive process, the present invention provides a
process for making a compound of Formula (I), or a pharmaceutically acceptable salt thereof,
wherein

the organic solvent is methanol.

In a tenth aspect of the inventive process, the present invention provides a
process for making a compound of Formula (I), or a pharmaceutically acceptable salt thereof,
wherein

the organic solvent is ethanol or isopropyl alcohol.

In an eleventh aspect of the inventive process, the present invention provides
a process for making a compound of Formula (I), or a pharmaceutically acceptable salt

thereof, wherein



process for making a conpound of Formula (1), or a
phar maceutical ly acceptable salt thereof, wherein the

worb@losgrsecur sor i s a rhodi um precursor. | n anPCT/US2005/046718
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enbodi nent of this eighth aspect, the present

I nvention provides a process for making a conpound of
Formula (1), or a pharmaceutically acceptable salt

t hereof, wherein the netal precursor is [Rh(cod)d]2.

In a ninth aspect of the inventive process, the

present i nvelmdhinl bpbespblies ligandine By ecehyrbisphriphige 4igand of the
COMpRHNG, Qf ifor mula (1), or a pharmaceutical |y
acceptabPe salt thereof, wherein the organic sol vent

is methanol. In a tenth aspect of the inventive

process, the present inventioR*provides a process for

maki ng a conpound of Forpmla (1), or a

phar maceutical | y acceptﬂ&i? sl PR°R&r eof , wherein the
organi ¢ solvent is ethamekfor iseprapyl al cohol. In an
el eventh aspect of the impgentixe process, the present

i nvention provides a proce maki ng a conpound of
Forrmula (1), or a pharnage |y acceptable salt

t hereof, whereinthe chi r&bisphasphine ligand is a
ferrocenyl bisphosphine |idgdhd of*the structura

f %hrerzlr’lelir? ** {5 a carbon stereogenic center with an (R)-configuration;

R4 is C1.Cy4 alkyl or aryl;

R5, R6, R7 and R8 are each independently C1-Cg alkyl, C5-12 cycloalkyl, heteroaryl or aryl,
wherein said aryl and heteroaryl is optionally substituted with one or more C1-Ce
fluoroalkyl, halogen, C;-C, alkyl, CFs, or O-C;-C, alkyl; and R9 and R*® are each
independently halogen, hydrogen, C1-Cg alkyl, C1-Cé fluoroalkyl, C5-C12 cycloalkyl or
C1-C4 alkoxy. ‘

The present invention further provides an intermediate compound

of Formula (IIT), or an organic acid or metal acid thereof:

OH
(11D

The process of the present invention contemplates that, where a rhodium
metal precursor is used, the catalytic complex of the rhodium metal precursor and the chiral
phosphine ligand may be either (a) generated in situ by the sequential or contemporaneous
addition of the rhodium metal precursor and chiral phosphine ligand to the reaction mixture
or (b) pre-formed with or without isolation and then added to the reaction mixture. Pre-
formed catalytic complexes are represented by the below formulas, where (R’),P-P(R).
represents either a chelating chiral bidentate biphosphine ligand or two non-chelating chiral

monodentate phosphine ligands, X represents a non-coordinating anion, such as

4.



wherein ** is a carbon stereogenic center with an

(i ?)-configuration;

wWe&zowmrdo?®7 ar e each i ndependently Ci -Cg al kyl,

cycl oal kyl, heteroar
het er oar yl
C - C fluoroal kyl,
1-C4 al kyl ;

hal ogen, hydrogen

G -Cg al kyl ,

R4 is Cl-C4 alkyl or aryl; I , R6
BBT/1IS2005/046718
yl or aryl, wherein said aryl and

Cl-A4 alk

is optionally substituted with one or nore
hal ogen,
and RO and R 10 are each independently
Q C fluoroal kyl

yl, CF3, or 0-C

(Eﬁl@&@mﬂ‘mﬁe{saﬂfdﬂyﬂe tetraflDprobdratel m xaﬂ’pﬁ@pbm@gqg(mand L is a neutral

I':{]%agﬁ ﬁc‘ﬁ?ﬁ%ﬂg‘

t prex sobfent r(lthguletﬁ@h i
contenpl ates that,
used, the catalytic
precursor and the ch
ei ther (a) generated
cont enpor aneous addi
precursor and chiral
m xture or (b) pre-f
and then added to th
catal ytic conpl exes
formul as, where (R)
chel ating chiral bid
non-chel ati ng chira

gg?tgilg?ﬁ%uor onet hanesu

hexaf | uor ophosphat e,
an olefin (or chel at
1, 5-cycl ooct adi ene o

or
Ke pre

M@ganl C aCI

where a rhodlun1netal

conp] e f ther
|r$&{ﬂ1 phi ne |
i n.sigu by the
ti on of
phasphifie Thgan
or med é&tlw or Wi
<] r@détppn m xtu
are represented
2P-P(R) 2 repres

r hodj

Blt:ﬂ?(or Qﬁe(l)a\ﬁ'ng @RolBfh éu@ﬁ & 1Med) A Rta@RAPEWBEboRfadiene)

aci d
i nventi on
precur sor
hédi um net al
i gand may be
sequential or
um net al

© the reaction
t hout i sol ati on
re. Pre forned
by t he bel ow
ents either a

met al
sent
is

d

| fonat e, tetrafl
i ngpRdi -@® efin su

r noﬁbofnadlene)

ent at e bi phospht-
nonodent at e phosphi ne |i gands,

BGfe of Hlscﬁé}{edﬂhg adrhfék i@ PipRient&diSithe formula:
—and L is a neu I
uEh o

ne |igand or two
X

uor oborate, and
i gand such as
S




or a solvent nolecule (such as MeCH and TFE): In the

case where olefin is arene, the conplex is represented
woyodehesdsor mul a: The pre-fornmed catal yti c conpl egTiUS2008/046718

case where X represents hal ogen is represented by the

formula: In one enbodi nent of the process of the

present invention, the chiral phosphine |ligand has the

followi ng structural fornula: wherein nis 1, 2, or 3;

Ris d _8 alkyl or C6-10 aryl; anisyor a )

ferrocenyl pHogphbirasiecatelidiceamplek in hpease vherg Xofepresgngs halogen is

enodiRAby t Snlu; Phenyl and Ris 4 .4 alkyl or

aryl. A second class of this first enbodi nent

enconpasses the FerrolANE, FerroTANE; Phenyl LANE, and

Phenyl TANE series havingpghe Rollow ng structural

formul ae: "Phenyl TANE[ "Phen§l LANE" "|Ferr oTANE"

"Ferr oLANE" wherein is,CTP\é al %h\or aryl; or the

correspondi ng enanti ojrer § thgp I a second

enbodi nent of the progess’-ep the\BFegent i nvention,

t he chiral bisphosphipe ILgdhd has tHe foll ow ng

structural formla: erBin M'and p dre each 0 or 1;

Ra and Rb are each ingdependently hydrlogen, Cl1-4 al kyl,

or C -b cycloal kyl; represents (a)_%6C1.5 al kyl ene

bridge optionally containing one to t doubl e bonds

sai d

In one embodiment of the process of the present invention, the chiral

5  phosphine ligand has the following structural formula:

wherein n is 1, 2, or 3; R8 is C1.-g alkyl or Cg-10 aryl; and R9 is aryl or a ferrocenyl

phospholane radical.
In one class of this embodiment, R? is phenyl and R8 is C1.4 alkyl or aryl.



Cl1-5 al kyl ene bridge being unsubstituted or
substituted with one to four substituents

wonadespeysent | y sel ected fromthe group consi st Pag/ustooSio46718
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.4 alkyl, Cl1.4 al koxy, aryl, and C3.6 cycl oal kyl and
said CL.5 al kyl ene bridge being optionally fused wth
two C5.6 cycloalkyl, Cg-io ary or @10 heteroaryl
groups unsubstituted or substituted with one to four
substituents independently selected fromthe group
consi sti ng @fse@nd classaif Ky firsgpmbpdinerbsogompaspes ths, FegpgANE,
f FURAIANE, li*he AN, %iﬁheﬁqu{A@@j de¥iEERGInD ked8RovARE stRB@tal Y
cont ai ni ng one to t hreedoubl e bonds and one to two
hEraylagit oms sel ected from NCg-4 al kyl, N(CH2) g- | Ph,
NCOC 1-4 al kyl, NCOOC -4 al kyl, oxygen, and ulfur
and said 1, C oalkyleée Srid e bein
unsubstltuf%gcgf§§ﬁ%§%|tu to four
substituents |n§épendently selgbted fronRthe @7 olR'E
consi sting of CpPh4 aIkyI C _4P&a koxy, oxo, [, and

G - b cycloal kyl ; *ﬁ% C3- |, oal kyl ene bri dge
optionally "EGSDYITA one toh?mﬁbémgbuble bonds and
one to two heteroatons selected from NCO 4 al kyl,

N( CH2) 0- 1 Bhg NCOCI -4 al kyl, NCOOQR'®4 al kyl, oxygen,

and sul furiyand said |, 3-C3-8 cyclpal k e bridge
bei ng unz%%f [ ~ ne to four

tit or substit
substi t ueQit sPi ndentuy sel ect ¢ thq?@roup
consi st i ngYvof Cl 4 al kyR'™ c1-4 alkoxy, aryl, and

C3-6 cycloghkyl Fer (d):1, 2- phenyRtne subs ted or
substitute MAtQQE?ﬁ—p hr ee substltgéﬁﬂs—P;;:T
i ndependently s t ed om hal ogen al
hydroxy, and Cl-Z"al koxy;. and Rl Ga, R Ob, Rhia, and
Rl Ib are each indepen ntIy Cl-6 al kyl, C3-

cycl oal kyl , orparytANMErh al kyl, cycl"cE@IrlthlANEihd aryl
being unsubstituted or substituted with one to three

s Jde elected fromthe group
c n§¥@€%nlsesqéﬁyhl%gﬁ C _4 al koxy, chloro, and
fbﬂ«héeorrdspoxﬁi@n@ndmalsmramﬁen taken together or R a
and

In a second embodiment of the process of the present invention, the chiral

bisphosphine ligand has the following structural formula:

(RaHC) A\(CHRb)m

P P
R10a R1Ob R11a R11b

wherein m and p are each 0 or 1;

Ra and RD are each independently hydrogen, C1-4 alkyl, or C3.¢ cycloalkyl;

A represents (a) a C1-5 alkylene bridge optionally containing one to two double bonds said
C1-5 alkylene bridge being unsubstituted or substituted with one to four substituents
independently selected from the group consisting of C1.4 alkyl, C1-4 alkoxy, aryl, and C3-6
cycloalkyl and said C1-5 alkylene bridge being optionally fused with two C5.6 cycloalkyl,
C6-10 aryl, or Cg-10 heteroary! groups unsubstituted or substituted with one to four
substituents independently selected from the group consisting of C1-4 alkyl, C1.4 alkoxy,
chloro, and fluoro; (b) a 1,2-C3.8 cycloalkylene bridge optionally containing one to three

-7 -



RiIb when taken together can forma 4- to 7-nmenbered
cyclic aliphatic ring unsubstituted or substituted

woi2bds/0b9x87t 0 four substituents independently seCeaiSe®s/046718
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fromthe group consisting of C _4 alkyl, Cl.4 al koxy,
hydroxynethyl, O .4 al koxynethyl, aryl, and C3.6
cycloal kyl and said cyclic aliphatic ring being
optionally fused with one or two aryl groups; In one
class of this enbodinent, ROGa and R Ob represent the
saxmblegmw dntl perto twh hasbroatoms kdected SomNEQ alkyly NETEDD-1R.

S#Ir UCtlur alfﬁ N':E&Sb& _a LRy BB, RRPEBSEIN shidd  BedT cﬁﬂﬁaflkylene

finct  dubstituent. In a subcl ass
t biidge bbiag snsusan@aedandutmlwdamél dy@tqwfoerptubsﬂﬁ%ﬁntsyndependenﬂy selected

SHBS id %ﬂ&ﬁﬂ:ogmﬁﬁg at &yl alk@!ﬂ @1 Rl aldogy,ame, ﬂ/l ddd C@[@cybbﬁ]lkyl ©a
opti on substituted - cl oal k sec
OB S et e Y5550 one
ORYd IR dtdmsSeRRsiEd frs&@d:(m Mkyl, 1@4@1256 lﬂ’h';ll\mmﬂilRl albb NC@OC1-4
bot h opti on lY %%B §€ y al k
¢ Rk gorBiaps Pkt and g 1o §°y°|¥€iaklﬁ e e g By o
S blh}Si}thhfetlh@tﬁ o ty3|fouraﬁkii;tlﬁlehts indapred ddritly bdziem(bﬁ‘damthh group consisting of
u arvyl

ﬁi lﬁsaﬁcykl (J&af agkoa(y,y xebar}é . gldb(g};'l i E}Qloﬁﬁ% hglp:le%e unsuybstituted
Chr Gibstitityd witlaore tRihrée substiteniR mdsp@lri@ntb@ﬁ%cte(bfrpra hépgey “cia alkyl,

S ﬁgcﬁ*{e# Hﬁdeéll LN e PaRBERANR RbAR 512 Odnd R11E a&%ﬁ&ﬂﬁ’dependently Cl1-6
frent _enconpasses chiral b|s§qg§gﬁlne K

bk G5 6 +lemic S aphEh Aoy IprsS MRS e RO AL
ofubstifutztl vﬁﬁh@mé foctkme@ gioapsidddpyndenthyereented fiiverthd groumeonigting of C1.

chi® rng of: 4f a{qci?ﬂ&d?’? QI RTBIY,F RA0b méétaﬁénqa;%th@f or R11a and

I'ne ['igands are represented
sri M@Wﬂérﬂhkeﬁl (M@ﬂlbl&&n fgrim) a Ao 7-@emWered Grelic alipiiatic rlr(g]\]@gubstltuted or

c]subs itated w%_l twé {o f))ur%ﬁsti}&]ltszincﬁl)&lﬁknﬂyxeI‘ctg £bm the group consisting of

C1-4 alkyl, C1-4 alkoxy, hydroxymethyl, C1-4 alkoxymethyl, aryl, and C3_¢ cycloalkyl and
said cyclic aliphatic ring being optionally fused with one or two aryl groups;

In one class of this embodiment, R10a and R10b represent the same
substituent which are both structurally distinct from R11a and R11b which represent the
same but structurally distinct substituent. In a subclass of this class, R10a and R10b are both
optionally substituted C1-6 alkyl, and R11a and R11b are both optionally substituted C3-6
cycloalkyl. In a second subclass of this class, R10a and R10b are both optionally substituted
aryl, and R11a and R11b are both optionally substituted C3-6 cycloalkyl. In a third subclass
of this class, R10a and R10b are both substituted aryl, and R112 and R11b are both

unsubstituted aryl. In a fourth subclass of this class, R102 and R10D are both optionally
substituted C1-¢ alkyl, and R112 and R11b are both optionally substituted aryl.



or the correspondi ng enanti onmers thereof.

Representative, but non-limting, specific enbodi nents
wofhodslies2se| ass of chiral bi sphosphine |igands aCe/USk®5/046718

followi ng structures: or the correspondi ng enanti oners

thereof .Athird class of this second enbodi nent

enconpasses chiral bisphosphine |igands disclosed in

U S. Patent Nos. 5,008,457; 5,171,892; 5,206, 398;

5, 329, 015; 5,532, 395; 5,386,061; 5,559, 267; 5,596, 114;

and 6, 492, 5A4cconthclagsnfthimsesongfembpqimspt apqregssas ghiral bisphiosphine

' H%a‘ﬂﬁ?&)igc%sgdjmhy sIek&k RBIGN itk doftehRISF {?Vhﬁlﬂ hrle rilﬁi)iyporated by
[1Tm nbodi nent s ?f this class o

bfedgense bﬁPlﬂén 1hpig SRSt a NanIgf e SBbp L enly of this CbSSd!ifhlral L4-
'\Eﬂdzphuﬁe 13aid QryrepB&nted b sttustupal dorpnnire3, 4- di yl ;
2,5-pyrrol edione-3,4-diyl; RlOa, R1Ob, RIIa

adependent |y Cl 4 aR/I, RS- 4
ROC1 4 al kyl. Repre /ative, but
non-limting, sSpe c enbodi nmen is el
chiral bisphosphyne 1igands are {'ﬁ@fm | ow nges(%‘ ?2
struct ur e —fhe corTR@sndi ng RMROL QRIS T ARERPT -

A fourth class of this second enbodi ment encohpasses
bi sphosphi ne i gands of the structural formula:
wherein Ar is aryl and R Wiswd 4 al kyl or aryl; or
t he correspondi ng enanti oneks ,hereof;

and RIb are eac
al koxy, CH2OH,

(An),P “—P(An),
(i W= 0; Y = CH,, CHMe, CMe,,
or CMeCH,OH;

(i) W= NC,4 alkyl; Y = C(O)
or the corresponding enantiomers thereof.

Representative, but non-limiting, specific embodiments of this class of chiral

bisphosphine ligands are the following structures:

MeQO OMe

(Ph)zPAP(Ph)z

10 or the corresponding enantiomers thereof.

(Ph),P



with the proviso that when Ar is unsubstituted phenyl,
Rl is not nethyl.A third enbodi nent of the chira

woi2elesshi ne | i gand enconpasses biaryl or bi heCemusamyi46718
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bi sphosphi ne |ligands of the structural fopnulae: t =

1-6 wherein Ar is phenyl or naphthyl unsubstituted or
substituted with one to four substituents

i ndependently selected fromG -4 alkyl, C -4 al koxy,
chloro, and fluoro; or two adjacent substituents on Ar .

t oget her wi Atthitdrdass af thisrsecend pmbedimers eraqmpasesp chirgl bisphosphine

ﬁé%a%?!lﬁ&ﬂs&{ #as fpyarmbs0esasTes hyl e dbes3ost 5.899,015; 5,532,395;
[ I I en C

S ridyl or th yl “each of whic S. .. .
UGHBSLT T SRS T St AT S Che SRS O il vhich are incorporated
S yPRtddndER:Sin indePp endant Nyn-fnitkgleabodimans &ithié chbkfichiral

. -4 al koxy, chloro nd fluoro; or two adjacent
gbﬁ@??@ﬂ@ﬁ‘@é“déﬁrmrﬁéﬁm{%g sther with the carbon atons
to which they are attached forma fj,ye-nmenbered
met hyl enedi oxy ring; R 4RRfb R 5&and R 5b are each

i ndependently G -4 al kyl, ary%¢ orAC - cycl oal kyl

wherein aryl and cycl oakkylPare Rinsubstituted or

substituted with one to r substituents

i ndependent |y selected from, gl .4 . alkyl and G _4
wh

al koxy; or or R 4a and R Ko eﬁvtaken t oget her or
R 5a and R 5b when taken to%ether can forma 4- to
7- menber ed &ycIGie: GHiFhat Lehenvirgedns tiadiopte ddidy
substituted w otNMwe2,b-oyidedionstarsdivbuent s

i ndependent RY%se1"B & Bgantl ROMatdraciyindegendsotisCst kg, of

Cl. 4 al kyl, cG}atkory, KOKDH, MTH,O matkyyl , Cl. 4
al koxynet hyl, aryl, and C3-6 cycl oal kyl and said

cyclic aliphatic ring being optionally fused with one .
o¥ two ary IO Rgprg@ppgtjciveg but non- imit?ng, specific >émbodiments of tEls clglss of chiral

bisphosphine ligands are the following structures:

Me
Zj’ D Zj’ e

or the corresponding enantiomers thereof.
A fourth class of this second embodiment encompasses bisphosphine ligands

of the structural formula:

R17 R17

(Ar)2P P(Ar)2

wherein Ar is aryl and R17 is C1-4 alkyl or aryl;
or the corresponding enantiomers thereof;
with the proviso that when Ar is unsubstituted phenyl, R17 is not methyl.

-10 -



In one class of this enbodinent, R 4a and R 4b
represent the sane substituent which are both

woennwsmbersal |y distinct fromR 5a and R 5b whPCi/US2005/046718

10

15

20

25

represent the sane but structurally distinct

substituent. In a subclass of this class, R 4a and

R14b are both optionally substituted Q. al kyl, and

Rl 5a and R 5b are both optionally substituted C

cycloal kyl. In a second subclass of this class, R 4a

and R 4b arehisdembadprdndefhe ghieadbisphosnline digand gncompagserbiaryl or
apd ro%%ll Pisﬁ{ogpmtltéa&ﬁtof fRalrhMuraiuBstuldeut ed C3. 6

cycloalRyl." Ina third subclass of this class, R 4a

and R 44 e both substituted aryl, and R 5a and R 5b

are bo substituted aryl. In a fourth subcl ass of

t hi $Hcia Rl 45 _a Rl 4b are both optional

su?{,titu od GRERS v, mrdpREeR d R T
opt kbnal supRtferRited ayyl . Representative, but

non-Q-f , exanples of this third éfbodilment of :

chiral ghosphi ne | gafds-prBaRM® f ol | owHeAr—PR52R1%P
structurés: (p-Tol is p-nethyl phenyl) or the
correspdrrlilfly enanti omers thereof. A fourth enbodi nment
enconpasses chiral bisphosphine |igands disclosed in

gfw%grgﬁlh%&rgl E)l\}??{?ﬁ r nallglf?.’lzyiil lﬁlﬁsggstﬁﬂgit (ﬁ‘gg‘%atu%fzmﬂ{ he t&ﬁ)ﬂi SiB&tRuents
] ra rererence. I el
i rl‘I.ld@PFélFl?nt r‘f’F erte §;(_)m ﬁ_qﬁv{lﬁﬁr%ﬂﬁ%}ﬁb%éo&% 518? %%rgsorgyg acﬁ} acent
t RistRERegh AR Maet@ér vithi theXartdn SRAQSP WhidR tHel grnttachad éorm a five-
repr%segted by: R>12 = Cl-4 alkyl, C3-6 cycloal kyl, or
arifmogHe Msthyiear e gi8di ng enanti oners t her eof . A
S ﬂi%&_\rfi!; pyrid3'U§r thiefyl lehdhiof Wh@h issooauhstisted br substiutedipit ionetatfour
of g, RLReRO ﬁﬂ%e‘ﬁﬁerﬁl& 9884y fiotn CP.% allQA, IVl b G QIR AEld fluoro; or two
adjacent substituents on HetAr together with the carbon atoms to which they are attached
form a five-membered methylenedioxy ring;
R14a R14b R15a and R15b are each independently C1-4 alkyl, aryl, or C3-¢ cycloalkyl
wherein aryl and cycloalkyl are unsubstituted or substituted with one to four substituents
independently selected from C1-4 alkyl and Cj-4 alkoxy; or
or R14a and R14b when taken together or R152 and R15b when taken together can form a 4-

to 7-membered cyclic aliphatic ring unsubstituted or substituted with two to four substituents
independently selected from the group consisting of C1-4 alkyl,

C1.4 alkoxy, hydroxymethyl, C1-4 alkoxymethyl, aryl, and C3.6 cycloalkyl and said cyclic
aliphatic ring being optionally fused with one or two aryl groups.

In one class of this embodiment, R14a and R14b represent the same
substituent which are both structurally distinct from R15a and R15b which represent the
same but structurally distinct substituent. In a subclass of this class, R14a and R14b are both
optionally substituted C1-6 alkyl, and R152 and R15b are both optionally substituted C3-6

cycloalkyl. In a second subclass of this class, R142 and R14b are both optionally substituted
aryl, and R152 and R15b are both optionally substituted C3-6 cycloalkyl. Ina third subclass

of this class, R142 and R14b are both substituted aryl, and R152 and R15b are both

unsubstituted aryl. In a fourth subclass of this class, R142 and R14b are both optionally
substituted C1-¢ alkyl, and R152 and R15b are both optionally substituted aryl.

-11 -



10

or the correspondi ng enanti omer thereof. In a fifth

enbodi nent of the process of the present invention,
woheoemia®2sal bi sphosphi ne |igand has the fol |l owPa@/uUS2005/046718
structural fornmula: whereinr is 1, 2, or 3; and R9

is d

.4 alkyl or aryl; or the corresponding

enantioners thereof. A specific, but non-limting,

exanpl e of this enbodi ment of chiral bisphosphine
ligands is the following: /Bu ffiu or the . )
cor r espondi Represaatativeobrs non-Hajtingf examplesofdhig fhird embodiment of chiral

' ty; J:e present invention,
?ﬁgﬁg%ﬁﬁ?ﬁl hgg(;dsta&echepfoﬁ%ﬁg s@fctdr

osphine ligand is of the structural

formul a: wherein Re is hydrogen or nethyl; Rc anOMe are

yrrolidifhe or pf per4di 2 r i Becycloheaylbev qpi sy

i ndependent |y C1-C6 al kyl, C5.12 cycl oal kyl

Cl1-4 al kyl, benzyl
Rd together with thE™ ™
are attached form|la

e process of th resent | nventijon,

@ R&O‘SQBQ f err QA
structural fornulal wherein
and R5, R6 R7 an 8 W ach

heteroaryl or aryl, wherein said aryl and heterQM‘?/I

is option
f 1 uor oal
al kyl .

bstituted with one r nore G -Cg

en, Cl-4 al kyl, 0-C1-C4

P(cyclohexyl), O
P(p-Tol),

P(cyclohexyl),
P(p-Tol),

(p-Tol is p-methylphenyl)

or the corresponding enantiomers thereof.

A fourth embodiment encompasses chiral bisphosphine ligands disclosed in

U.S. Patent Nos. 5,874,629 and 6,043,387, the contents of both of which are incorporated by

reference herein in their entirety. Non-limiting sub-embodiments of this embodiment of

chiral bisphosphine ligands are represented by:

&

P(R'?);

(R™)2P

R'2= C,4 alkyl, C3¢ cycloalkyl, or aryl

or the corresponding enantiomers thereof.

-12-



In a class of this seventh enbodinent, R 4 is nethyl;
R >R6, R7 and R8 are each independently Q C6 al kyl or

wohaeosyic2snher ei n sai d phenyl is optionally subsCTS2®a/046718

10

15

with one or nore Cl1-C4 alkyl. In a subclass of this
class, R4 is nethyl; b, R are each independently

Cl-A4 al kyl; and R7 and R8 are each i ndependently
phenyl . I n an additional subclass of this class, Ris
methyl; R 5R6 are each independently pheng , ) )
subst i t ut ed Awipedifirbtitnph:limgties, Rrm@led i erabesdiagnt of bisphosphine
| yl. In a further subcl ass of
tﬁggﬁ gggﬁhéfg%ggﬁ%?hgl R5 , R are each

i ndependent |y phenyl substll' with two nethyl

groups; and R and R are—eaelf i ngepend ently Cl-C4

al kyl . I'n an ei ght h enbaodi br ocess of the
present invention, the )hine ligand is a
ferrocenyl bi sphosphi ng structura
formula: wherein R4 ig Cl- | aryl; R, R6 R7
and R 8 are each i ndependen -C aIkyI, C5.12
cycl oal kyl, heteroaiyl %gﬁg , Wherein said aryl and
heteroaiyl is optionall stituted with one or nore
Cl- C6 fluoroal kyl, halogen, C C4 alkyl, CF3, or OCr
Cér @k kytrés @fdlﬁlgRﬁan@Bﬁhethax@ofare each i ndependent |y

R ] it B

e byhhdsplendbghndrbastthe fellowing stedckyydl ; *formula R 63 R7 and R are
each independently cycl ohexyl or phenyl, wherein said
phenyl is optionally substi u*éd ith one or nore

G- alkyl, CF3, or OCr I'D and R9 and R10 are
each |ndependently hydrogeriD | i; &@’subcl ass of this
class, R4 is nethyl; R5 and‘ %5@ each independently
cyclohexyl R7 and R8 are eath i ndependent|y phenyl;

%erem r 12 2R:cl)1Q 3; %Lc? R?éls%]_z; alkyl or aryl;

=,

or the corresponding enantiomers thereof.

A specific, but non-limiting, example of this embodiment of chiral

bisphosphine ligands is the following:

P H
tBu l‘B

or the corresponding enantiomer thereof.

In a sixth embodiment of the process of the present invention, the chiral

phosphine ligand is of the structural formula:

Re ‘ O Re
C
OO O /RC Q /R

P—N or P—N

SSRGS S
R® R®

-13 -



i ndependently hydrogen. In an additional class of this
ei ght h enbodi nent the carbon stereogenic center marked

waoizods/0aves’* has the (R)-conf guration as depi cPed/uSEN05/046718

10

15

the structural formula: In a subclass of this class, R
is methyl; R5 R6, R7 and R8 are each independently
aryl or C5-.12 cycloal kyl; and RO and R10 are each
i ndependent |y hal ogen or hydrogen. In a subcl ass of
this subclass, R4 is nmethyl; R5 , R6, R7 and R8are
eatireinRidprydeeait bymetgl RhaxdyRd ape eqoh énlypendemist hRGogend

bidl ; Y SHaGOERcethd? vaih tRttirdde® BB to
Eﬁgé%ggé%%%g%Rﬁgﬁgﬁggfgég¥r% I's ne;ﬁyl; R5 and ﬁ% are
ewbivh it eppetiand foymaynytroliding/dr pipRrigiNG1iRE-ar e each
i ndependent |y, RBSRY bmbRARFNERSE (BNSto&Rs@bBhE RS Nt invention, the chiral
i ndependent |y hydrogen. Ligands enc ssed '%hi )
t hisehosphine ligaidp 8 derrrsiy! Bisposphats ll%é?%gﬁ@"dsﬁf%m% Bh2as
"Wal phos" (commercially availa?le from Sol vias, Inc.,
Fort Lee, New Jersey 07024). R"Wal phos |igand having
the follow ng substituents R4 issn%thyl; R and R are
each i ndependently cycl | ; RR°BAd R8 are each
i ndependent |y phenyl; arem=R9 gg gR10 are each
i ndependent |y hydrogen, i r & ed to herein as
Wal phos (SL-WO03-1). Chkz%;tferrocenyl bi sphosphi ne

| i gands enconpassed wi t Hi he process of the present
i nvention are disclosed U S. Patent Nos. 5, 371, 256;
5,463, 097; 5,466, 844; 5,563,308; 5,563, 309; 5,565, 594;
5,583, 241; andRE37, 344, the contents of all of which
akvBeleMOOY 90 ata8d1 byaryleher ence herein in their

o5 B 08 AT PESIARA LD FASERLL Bl o
wherein said aryl and heteroaryl is optionally substituted with one or more C1-Cg
fluoroalkyl, halogen, C;-C, alkyl, CF;, or O-C;-C, alkyl.

In a class of this seventh embodiment, R4 is methyl; RS, R6, R’ and R® are
each independently C1-Cg alkyl or phenyl, wherein said phenyl is optionally
substituted with one or more C;-Cy alkyl. In a subclass of this class, R4 is methyl; R,
R6 are each independently C1-Cy4 alkyl; and R and R® are each independently phenyl.

In an additional subclass of this class, R4 is methyl; RS, R6 are each independently
phenyl, substituted with methyl; and R’ and R?® are each independently C1-C4 alkyl. In

a further subclass of this class, R4 is methyl; R5, R6 are each independently phenyl
substituted with two methyl groups; and R’ and R? are each independently C1-Ca alkyl.

-14 -



out in a suitable organic solvent. Suitable organic
sol vents include | ower al kanols, such as nethanol,

wethwned2s7and i sopropyl al cohol; 2,2, 2-trifl uorPoetisam6/046718

10

15

20

(TFE); hexafl uoroi sopropyl al cohol; phenol;
fluorinated phenol s; pol yhydroxyl at ed benzenes, such
as 1, 2,3- trihydroxybenzene (pyrogallol) and
1,2, 3,4-tetrahydroxybenzene; tetrahydrofuran;
di chl or onet hane; net hyl -buﬂyl ether; and m xtures .
t her eof . Thh anezghth awbotimepesidhaprecespef thepeserdRPHA H‘t&’fh‘ral
b, i i inel 1Ra@DSUhe Hctlfal fofmula:
tgﬁ%@ﬁg@%#%%ggﬁ82&?%?8?E§%9§25Fi%ﬁ is about 40 0Cto
about 65 0C. The hydrogenati0ﬁ4reaction can be
performed at a hydrogen pressyre range of about O psig
to about 1500 psig. A hy et ure range i s about
80 psig to about 200 ps\&k 0 |§n1netal precur sor
i s [ Rh(nonool efin)2C ]2, T Ra(di oP&RY) a2,
[Rh(nonoolefin)2acety|ac§?olc .,

?Rh(nonoolefin)4]x, or

[ Rh(di ol efin)acetyl acet @;
[ Rh(di ol ef i n)2] X wher ei Q >—a\non- coor di nati ng ani on

sel ected fromthe group sti RYC of

met hanesul fonate, trifluoronethanesul fonate (Tf),
tetrafl u?toborate (IBF4) hexaf | uor ophosphate (PF6), or
hasbareinBf st -Caolat 61 p8hF6) . hi one enbodi ment t he

E I%ggl‘{@ mgmﬁ@ Rg _aﬁreﬁ@ftéilhﬁé%éndegﬁl)[ @hglg&db);(ﬂ(ﬁ]sa,z cycloalkyl, heteroaryl or aryl,
nor parn I ene . 0 or
| RRETBrBig 2R, aﬁ'@ﬁé%f%]&é}é aRtiog Bt P e grBers GlaS
E Eﬁm_romﬂl KB eRIAIC,RISE CFS OF Ol -(EBMyQOﬁ_)iCBManEW asghdut
A€, 1 NS | cloa or
TEeh LB MRED R b LB i

C1-C4 alkoxy. In a class of this eighth embodiment, R4 is methyl; R5,R6, R7 and R8 are

each independently cyclohexyl or phenyl, wherein said phenyl is optionally substituted with
one or more C;-C; alkyl, CF3, or O-C;-C, alkyl; and R9 and R'? are each independently
hydrogen. In a subclass of this class, R% is methyl; R and R6 are each independently
cyclohexyl; R7 and R8 are each independently phenyl; and R and R are each
independently hydrogen.

In an additional class of this eighth embodiment the carbon stereogenic

center marked with an ** has the (R)-configuration as depicted in the structural formula:

R4

O
. PR7R®
éﬁ;
Rg R1 0

Tn a subclass of this class, R4 is methyl; RS, R6, R” and R® are each
independently aryl or C5-12 cycloalkyl; and R’ and R!? are each independently

halogen or hydrogen. In a subclass of this subclass, R4 is methyl; RS, R6, R” and R®
-15 -



The term "% enanti oneri c excess" (abbreviated "ee")
shall nmean the % naj or enantioner |ess the % m nor

wenastdceaser . Thus, a 70% enanti oneri c excess PCT/US2005/046718

10

15

20

25

30

corresponds to formati on of 85% of one enanti omer and

15% of the other. The term "enantioneric excess" is
synonynmous with the term"optical purity." The process

of the present invention provides conpounds of

structural fornula I with high optig git

t apicadl ingefendentlysyslobéxyb 09/phanyl; |and(?n@né%b o#le ﬁé@h independently

C@@?%éﬂdﬁn 91‘[ aJdR{oHM fs clas@«giethﬁ lgﬁb%'la@@ AW ﬂfxahﬁnRﬁ Rid R®4re each

I N excess %ee. in a class of 10
ettty cyelobguing arts*fR% ap ﬁ%ﬂhanqep%lfi@lﬂwbgwhéad R epdR " are

a&cﬁ@ﬁdeg@ﬁdeaﬂthmgal excess of 80%ee. In a subclass
of this class, conpounds of formula I are obtained

with an opt|ca! purity in excess of 90% ee. The term
"enant i osel Eghidé@hicosipalstd witkin ties eigtetl tinbdiment wieiadsk refereed to
eﬂ%{:}% %1% e%%lp%ogr cro%%g:%?at% Vallagﬁe ormoyoqs%séﬂl%rﬁ g%ﬁ ﬂgé ?Ue% Jersey

f anoasech Bhaiphs beasd havmgtth@foﬂipwmg rsvebst;ﬁlerm &due msthyly and R6 are

h xlln%gmtlg anbﬁax;ﬂ Rabm Qs%eeeablpﬁlﬁé'ﬂé%nﬂﬁphdﬂﬂ WeiR9 and

th
aRstaff%lP@htm@?PebﬁiW A N b S Biipiahs 5k ¥os-1.
such al kyl groups are nethyl, ethyl, propyl

: zgggg? z: : Eg;%/):ferrq%g%hgig}%sp glggtallﬁrgrc?{? but ysﬁwpcﬁm tl¥e process of
" e pfhet kuvkritionned didksedin K8 PataniNes. ABTIGSS; 5.863.897; 3,,46632544
T
t ércofpoated by oufpremaadietie® in their entirety.

The asymmetric hydrogenation reaction of the present invention is carried
out in a suitable organic solvent. Suitable organic solvents include lower alkanols, such as
methanol, ethanol, and isopropyl alcohol; 2,2,2-trifluoroethanol (TFE); hexafluoroisopropyl
alcohol; phenol; fluorinated phenols; polyhydroxylated benzenes, such as 1,2,3-
trihydroxybenzene (pyrogallol) and 1,2,3,4-tetrahydroxybenzene; tetrahydrofuran;
dichloromethane; methyl £-butyl ether; and mixtures thereof.

The reaction temperature for the reaction may be in the range of about 10 °C
to about 90 °C. A temperature range for the reaction is about 40 °C to about 65 °C.

The hydrogenation reaction can be performed at a hydrogen pressure range
of about 0 psig to about 1500 psig. A hydrogen pressure range is about 80 psig to about 200
psig.

The rhodium metal precursor is [Rh(monoolefin)2Cl1]2, [Rh(diolefin)Cl]2,
[Rh(monoolefin)2acetylacetonate], [Rh(diolefin)acetylacetonate], [Rh(monoolefin}4]X, or
[Rh(diolefin)2]X wherein X is a non-coordinating anion selected from the group consisting
of methanesulfonate, trifluoromethanesulfonate (Tf), tetrafluoroborate (BF4),

hexafluorophosphate (PF6), or hexafluoroantimonate (SbF6). In one embodiment the
rhodium metal precursor is [Rh(cod)Cl]2, [Rh(norbornadiene)Cl]2, [Rh(cod)2]X, or

[Rh(norbornadiene)p]X. Ina class of this embodiment, the rhodium metal precursor is

[Rh(cod)CI]2.
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a direct bond when the alkyl is a bridging group. The
al kyl groups are unsubstituted or substituted with one

woOaodslwees7 gr oups i ndependent |y sel ected from t RETAISLNP/046718

10

15

20

25

30

35

consi sting of hal ogen, hydroxy, carboxy,

am nocar bonyl, am no, Cl1-C4 al koxy, and C -4

al kylthio. The term"cycloal kyl" is intended to nean
cyclic rings of alkanes of five to twelve total carbon
atons, or any nunber within this range (i.e

cycl opent y| Thoygloohibx yristantapplicstieptupless @hﬁf‘)ﬂse Tdisaieds thase terms

) %he)ailo intended to mean a met hyI ene

hX\L\/

but yl ene (- @gienet‘%mw}nerle F’XC‘SSSp %Pf;%p’gﬁ(é “¢<) SRl e thi 6
%gﬁ%ﬁdﬂatgﬁ@%g the %9 SR enabfiBmbe T'Illi\lék; 7 ﬁ%ﬁhﬂgy)hﬁfie excbﬁi

ed to_ mean roup su -
TSP 4 fopRaon B B ane ornsbed 8 4y A s e
QghﬁﬁﬂﬁﬂﬂkaﬂEﬁﬂs@m&%@kﬁﬂhﬁkﬂwgﬂnuppmﬁlﬁmﬂyb 8- car bons

ich is substitute

as exenplif P@ %’gesi ggﬁé P%g%@ﬁl %gﬁntc)ﬁ g{&%@f ci%gj X Ebu% ot %qugtural
1 ;fcﬁmdlaéwbélthlglmmghl oyt Ippiraliyl in eSciges of e%osal kwne iabeskiBens
' %o Sad SsRded a%)ob@ﬁﬁféamﬁﬁ& é%’u@cil SlY fexcbROF 30% E@rﬁl a class of

I ning one palr of bridgehead on atoqs
aghlaermo@mné[czmzouﬂiwﬁmul% @Olét%?de"fﬁb( WOPHEH PRI WCSS of
NGOHRQE NBNEsuBAEssROhRAIRE Q&}lp@\ﬁhds &f foinayCl B¢ é.’btﬁne?i WieH anl optical
rlng Eéstenkﬁégy tepn "1, -C3_8 cycl oal kyl ene" is
i RSN ALEES “4 cycloalkyl group of 3- to 8-carbons
V\,h ich is suli¥kidmut‘atdntdselebiivel shafimbaB a pastidni io mhichfong ¢pgntiomer

sI ﬁrgducecp &)r ﬁgs%toyeeq} m8R rapidly than the other, resulting in the predominance of the

favored enantiomer in the mixture of products.

eaﬂl

The alkyl groups specified above are intended to include those alkyl
groups of the designated length in either a straight or branched configuration.
Exemplary of such alkyl groups are methyl, ethyl, propyl, isopropyl, butyl, sec-butyl,
tertiary butyl, pentyl, isopentyl, hexyl, isohexyl, and the like. The term “Co-Cealkyl”
includes alkyls containing 6, 5, 4, 3, 2, 1, or no carbon atoms. An alkyl with no
carbon atoms is a hydrogen atom substituent when the alkyl is a terminal group and is
a direct bond when the alkyl is a bridging group. The alkyl groups are unsubstituted

or substituted with one to three groups independently selected from the group
consisting of halogen, hydroxy, carboxy, aminocarbonyl, amino, C1.C4 alkoxy, and

C1-4 alkylthio.
The term “cycloalkyl” is intended to mean cyclic rings of alkanes of five to
twelve total carbon atoms, or any number within this range (i.e., cyclopentyl, cyclohexyl,

cycloheptyl, etc).
The term “C1.5 alkylene™ is intended to mean a methylene (-CH2-), ethylene

(-CHpCH>-), propylene (-CH2CH2CHp-), butylene (-CH2CH2CH2CH?2-), or a pentylene (-
CHCH2CHpCH2CH3-) group.
The term “1,2-phenylene” is intended to mean a phenyl group substituted at

the 1- and 2-positions.
The term “1,2-C3-8 cycloalkylene” is intended to mean a cycloalkyl group of

3- to 8-carbons which is substituted at adjacent carbons of the ring, as exemplified by 1,2-
-17 -



exenplified by 1,3-disubstituted cyclohexyl and
1, 3-di substituted cycl opentyl. The term "hal ogen" is

wonvwrded7t o i ncl ude the hal ogen atons fl uori NnBCT/US2005/046718

10

15

20

25

30

chl orine, bromne, and iodine. The term "ol efin"

refers to a acyclic or cyclic hydrocarbon containing

one or nore doubl e bonds including aromatic cyclic

hydr ocarbons. The termincludes, but is not limted

to, 1,5-cyclooctadiene ("cod") and norbornadi ene
(dimtbdﬂit)xted Tyrdohakyt ped |, 2disobstitutesiyclapaayd. The cycloalkylene group is also

&lteﬁdéa%tg le&f&ﬁﬁa?sg L ®RSclic r Trtﬁ%g@t@rﬁ %ntfﬁﬁlﬂ% ond A& JHURScRAE RYbon

| esS specl unsubstitu Jed

0RtomE k§§<th| a5 @tb@MCIQ\EZchI]W@’l fige FXS%I @?ﬁ?&%lﬁ’?ﬂi%?‘g ornane an
| REERBARS R i Blopst EdetyT @@ spheny! , hal ogen, hydr oxy,

am no, carb |k ’ i
CL. 4 al kyl stTTEas = & &Qgﬁfléal%tl&féﬁé lgt%%egr%%h%%, dyBbAky1 group of

wheab Qlcﬂrbbﬁlﬁwlﬁdzﬂ(ly lsuhmnueﬁyat b 1-emd B-positiompsaftist dytientiegbysfpm, as
S u hst ',1% uc{ 1 WdlSlh)sp tu?ed g?clf)ﬁe\égl a“i rfg rd'lsﬂﬁﬁtutg—(h@yctoﬁ&ﬂl

h et erocyc I e Thfhtaltm d@mgam"ns lnﬁftnd@etasltd@ﬂ éherha}?@efh?é?@r nerinen

sah&ﬁkego%ﬁgqﬁﬁ%mghﬁnd N. Heteroaryls also include
heteroaryls fused to_ other kinds, of rin

aryls, cycl hg @Vql Solefiny reiersde 6&(‘3}/8111%@ Y §ligt yg{,o alﬁcaltcontalmng one or
aﬁl@fé&fohsle bEda m@hﬁﬁlgcaforﬁh@k eycma mydro@EbuupsThertehmnﬂeluddsmut is not

B R T e

1 2, 4- oxadi a?z@zi@bkqvialipﬁ“dbdbmmséZé%cy¢looqtdd|l€ad| azol yl,
t hi azol yl, EA ey Aryll” dncth{deéa?lg )/?1 or nd %{H’yﬁz@llﬂXJS ’speﬁ:iﬁreéll“aryl” is

triazinyl, ra2|nl
bEﬂBZleMat@I sybstltultﬁénwﬁmé(p five subvéxﬁ@g’qs hlpdggqﬂd?qltly selected from phenyl,

b g 186 Nyaelixg z@liyd, carboxy, C1-4 alkyl, C14 alkoxy, C1-4 alkylthio, C1-4
alkylsulfonyl, and C1-4 alkyloxycarbonyl, wherein the alkyl moiety of each is unsubstituted
or substituted with one to five fluorines.

The term “heteroaryl” means a 5- or 6-membered aromatic heterocycle that

contains at least one ring heteroatom selected from O, S and N. Heteroaryls also include

* heteroaryls fused to other kinds of rings, such as aryls, cycloalkyls and heterocycles that are

not aromatic. Examples of heteroaryl groups include, but are not limited to, pyrrolyl,
isoxazolyl, isothiazolyl, pyrazolyl, pyridinyl, oxazolyl, 1,2,4-oxadiazolyl, 1,3,4-oxadiazolyl,
thiadiazolyl, thiazolyl, imidazolyl, triazolyl, tetrazolyl, furyl, triazinyl, thienyl, pyrimidinyl,
pyrazinyl, benzisoxazolyl, benzoxazolyl, benzothiazolyl, benzothiadiazolyl,
dihydrobenzofuranyl, indolinyl, pyridazinyl, indazolyl, isoindolyl, dihydrobenzothienyl,
indolizinyl, cinnolinyl, phthalazinyl, quinazolinyl, naphthyridinyl, carbazolyl, benzodioxolyl,
quinoxalinyl, purinyl, furazanyl, isobenzylfuranyl, benzimidazolyl, benzofuranyl,
benzothienyl, quinolyl, indolyl, isoquinolyl, and dibenzofuranyl. “Heteroaryl” is
unsubstituted or substituted with one to five substituents independently selected from fluoro,
hydroxy, trifluoromethyl, amino, C1-4 alkyl, and C1-4 alkoxy.

The term “heteroC(-4alkyl” means a heteroalkyl containing 3, 2, 1, or no

carbon atoms. However, at least one heteroatom must be present. Thus, as an example, a
heteroC(.4alkyl having no carbon atoms but one N atom would be a -NH- if a bridging
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napht hyri di nyl , carbazolyl, benzodi oxol yl,

qui noxal i nyl, purinyl, furazanyl, isobenzylfuranyl,
benzi m dazol yl, benzofuranyl, benzothienyl, quinolyl,
i ndol yl, isoquinolyl, and di benzofuranyl. "Heteroaryl"

IS unsubstituted or substituted with one to five

s ghaip ehdie Vi) ifndepérd et yAsddgens il gingontehindregoups are clear for

h%drox% ﬁ {Iuoronethyl amno, Cl.4 alkyl, and Cl.4
l? €Fm "het eroC g- 4al kyl " neans a

heteroalkylTh@whalmnmg”@nbgSmmﬂk@Hyﬂ@ﬁ@a$§®WQaﬂdW#SPﬂmmya

HQUBN &y m@kmh§2§hwgge het er oat om nmust be present.

zgtjgo n agt 22@ Fﬁéb?{}yg’ewﬁ?sﬁ%pgia%psg‘atgm rr]\glfse éncludes a Co-

brghittgl snwmmgr@mdvla:n tiNH3rbiofiylds tbrimdlnal  gr oup.

Anal ogous br t Lnal gr

anl 0gous bl 10, o LRl 0 SUBS, 2, Eh3Bho sl
s ﬁlﬁﬂibﬁtitﬁt&l I mlus,tfaxt edmplehatiohalg substitkadched cpuld repregent a

sec tert I

u III)F%% uor hH For a a;fh'e})})ﬂ g%ﬁg? Jﬂ‘l%? ﬁg T(ngl Sfbgﬁtu %@{ggﬁ’lmé n&%etles such as,

em
6ai¢11@thmslab§<wlat>d eret m@n@dpo mh@rthfttﬁ@ aélﬁlll HESHW arylgroups are optionally

t %ﬁlﬁhﬁ@é IfTﬁIR/ Jn@ rom %Rﬁt'i}@@lﬂ!)ltaﬁ/es%émt)hélﬂltsﬁﬁtltulteﬁ then it will be

intended to i'ncl ude substituted an
uriBesHicelly fgeited suchragsan Ilb"x argle garve OPtB’é‘PIIBbWQItWed with halogen or
S whabkyurt ed aryI could represent a pentafluorophenyl

or a phenyl t I

mul tiple m)| g’é“d§ gﬁsﬁng@ hefeg‘r "8G 6?/"(3 negf I?ylie%ro elfqe frgls and

i rmt@m]dmtivta is¢reaik/trdna isotnlis aabvklyhs cahtmi coriifernatiyial gowerps The present
aru?verq 1(fn 1ngfliﬁeg ¥11 %B%Eésgbllle% i%:lner% % y S u L 0reS Efdstuﬂﬁlsomers unless

eSS s optiona t|1ute
W|sp¢01fb@11y stated otherwise.

Compounds described herein can contain one or more asymmetric centers

and may thus give rise to diastereoisomers and optical isomers. The present invention
includes all such possible diastereoisomers as well as their racemic mixtures, their
substantially pure resolved enantiomers, all possible geometric isomers, and
pharmaceutically acceptable salts thereof. The above chemical Formulas are shown without
a definitive stereochemistry at certain positions. The present invention includes all
stereoisomers of the chemical Formulas and pharmaceutically acceptable salts thereof.
Further, mixtures of stereoisomers as well as isolated specific stereoisomers are also
included. During the course of the synthetic procedures used to prepare such compounds, or
in using racemization or epimerization procedures known to those skilled in the art, the
products of such procedures can be a mixture of stereoisomers.

The term "pharmaceutically acceptable salts" refers to salts prepared from
pharmaceutically acceptable non-toxic bases or acids. When the compound of the present
invention is acidic, its corresponding salt can be conveniently prepared from
pharmaceutically acceptable non-toxic bases, including inorganic bases and organic bases.
Salts derived from such inorganic bases include aluminum, ammonium, calcium, copper (ic

and ous), ferric, ferrous, lithium, magnesium, manganese (ic and ous), potassium, sodium,
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specifically recited such as "an al kylaryl, the aryl
optionally substituted with hal ogen or hydroxyl."

wQaanpmdyds descri bed herein may contain one or PADAUS2005/046718
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doubl e bonds and may thus give rise to cis/trans

isoners as well as other conformational isonmers. The
present invention includes all such possible isoners

as well as m xtures of such isoners unless

specifically stated otherw se. Conpounds descri bed

heine ami thalikecolts: aiSaltodreivest fropp pharmasertiesily peceriehle eieanigpep-toxic
HBXseE ﬁHﬁd%ﬁlM?Of ﬂrﬁr?ar)t/ Qecdh By, %ﬁcﬁt@ftﬁ%’@%ﬁesaﬁd\/eﬂﬁﬁ lcG@ic amines and

resent 1 nvention incl
p@ls@tﬂmeé amings ich appEHbrSCHEnREId vabeTAd F‘fbs?tﬁt?éﬁlneles Other

Mp¥drkhR8ticall Qéo% t8510 Sigaiit héH-toYic Phifes fromsicheslts can be formed include
enantloners eonEtr

ossi bl
o FOR EIBBER P2 %“fzh B B praiia st Mg &F
c hﬂi&h@&fhyl%ﬁédﬁihlas, dautleylsiimaa- d\l\iith}ﬂaminoeahaddf - dmtqthy(lﬁmlnoethanol,
§1r acfrll}r?emeélt e}{e mlfi«[g FNt &ftl}gl}’lel‘g)ﬁé)ﬁdeoﬁ %thg?bﬁb%n@iﬁ@ %@&tamme

T8R> PR I soners t he chem cal ,
Ftghmdamsle,atnwdpmhydm’pemtnpcsﬂprqpymr@ptyarapaéneélgzﬂglgcamme morpholine,

t el 60he, p f&*ﬂ@ polyTntle YEES, [RbcafilcCp @RS GRBYrEm S, tethl ladh
gg{a eed elcll |cyg}tnereosl soF?recras alge al so |rnIcr:1I uded. Ve,

D@frlmﬁ@’l%lﬁée é%?@éaff&‘ﬂe taﬁ‘étr%‘Vﬁ ¥¥PS-c procedures used to
prepare s tJ C Mfeﬁlmd)ﬂ@t}undcw tHefprds6iit gy enimanbasial itororesponding salt
e
are:lfmnge{ %é\geﬁl}eg r[eggrgcg H’(E;lg §]P1arrggé/g§téc&u tapc%Stebléc' kénl Jogg aclzllas tl&?udmg
ofin@aaicend sgamt scidsT Hach aidnitiqhivy fcpag)eampiegg:letlgg benzenesulfomc
aGzs o¥cacbanﬁh§r IFO%IC ﬁericegtﬁ%nlte&lf%ﬁ%ct famBfiE %ﬁf&@rﬁc ofiftdhhic, gdrobromlc

|

phara e non-toxi ¢ bases or. ac
V\Hngdrocltkglccxgﬁb@gwdla@fc mh]éxcﬁpggewpndehc methanesulfonic, mucic, nitric,

pamoic, pantothenic, phosphoric, succinic, sulfuric, tartaric, p-toluenesulfonic acid and the

like.

elne,l_%holilg% N N -

The abbreviations used herein have the following tabulated meanings.
Abbreviations not tabulated below have their meanings as commonly used unless

specifically stated otherwise.

Ac Acetyl

Bn Benzyl

CAMP cyclic adenosine-3’,5’-monophosphate
DBU 1,8-diazabicyclo[5.4.0]undec-7-ene
DMF N,N-dimethylformamide

GC gas chromatography

HPLC high performance liquid chromatography
IPAC or JPAc Isopropyl acetate

m-CPBA metachloroperbenzoic acid

Ms methanesulfonyl = mesyl = SOoMe
Ms0 methanesulfonate = mesylate

o-Tol ortho-tolyl

PCC pyridinium chlorochromate
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i nvention is acidic,

its corresponding salt can be

conveniently prepared from pharmaceutically acceptable

waamsioosase bases,

bases. Salts den

i ncl uding inorganic bases an#CoGAV5/046718
ved from such inorgani c bases incl ude

al um num ammoni um cal cium copper (ic and ous),

ferric, ferrous, |ithium nagnesium manganese (ic and
ous), potassium sodiumzinc and the like salts. Salts
derived from pharmaceutically acceptable organic

=

on- toxpdcdpé:jses |

ncl ud ﬁls%(ﬂi)én%lfagne%ét&ﬁg Yalladfamed) dary,

IIU lBllIdly dAalll 1
ubstitBit ed anin

(7))

TesT—as Wel T as CycCriC anmmnes and
b S sucﬁhqglnaturallv occurring and

(7))

ynt hesgized subst

I tut eg.h Q her pharnaceutlcally

geceptaoreor ganl

C Non-tOXT c_pbases fromwhich satts

ydrah

gﬁgperidin,
Mna Lsof

an be BYerned i n¢l ude Pridissdshange resins such as_ far
gxanpl g.,; gl ni neg, betﬂkmgmmqggﬁﬁlne choline, N, N -
benzyl ethyfenedian ne,” _drethyram ne,

-di et I’Rﬂcam noet hanaol R?Cemlﬁ"mt hyl ami noet hanol

gt hanolsgmlne et hyl enedﬂnammnylwr aflfoythmide phsﬂ)zm
Nerny . gl ucam n "'ucosam ne, hi stidi ne,

Dr opyl Qrﬁrwzethylmglxlbqﬁlwxymaﬁhm glucanmine,

nor pholgppe, pi per

azi nescmmﬁsﬂﬁbﬂﬁmtyragswam ne resins,

rocal ne,
ri mafhj am ne,  {

puri nes

5, theobrom ne, triet hyl am ne,
ri pr nr,y@r i 1 i

he conpund of f{

he pr esmRtoatdtv@sitii on i s basic, its

orrespondi ng Sal

s
t
t
v
s

ijnor ganfg and or ¢

t canTbe cgpéenlently prepared from

gani c aﬁk@&maﬁuch acids include, for

Xxanpl cetic, |benze oni ¢, . benzoi c,
rmnEnre];[rgaf ohi G- VoS I E . J«I;QHWOEWH Y\ funmf;ic,
ucon|1:z, gl ut ani c, hdequr:lImtétrazdﬂydelochl oric,
ilsethi [actic, mal i c, mandelic,
Japha qﬁ*ﬁinn'c, A6+ ?u t6—parBi-6+ partcthcr'c,
phosphoric, succinic, sulfurlc tartaric,

P-AGLYE AN ABbREGAoRRY the

Me = Methyl

Et = ethyl

n-Pr = normal propyl
i-Pr = isopropyl
n-Bu = normal butyl
i-Bu = isobutyl

s-Bu = secondary butyl
-Bu = tertiary butyl
c-Pr = cyclopropyl
c-Bu = cyclobutyl
c-Pen = cyclopentyl
c-Hex = cyclohexyl
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specifically stated ot herw se. ALKYL GROUP

ABBREVI ATI ONSThe present conpounds can be prepared
according to the general Schenes provi ded bel ow as

wel | as the procedures provided in the Exanples. The

foll owi ng Schemes and Exanples further describe, but

do not | i mi The prhssniseooipeunss canthe prepaeed @besndingrt ghecagneraleSchemes

V\Bro(fﬁ@f}ékw}]% el ds ﬁw?éeaulje?ﬁ'oﬁa&ﬁﬁ 'tm}iaﬂilplep I Beg6lWaRg Schemes

er chronat ogra (TLO) and

r axcisaplop ﬁﬁ%@r d&?‘élb@ai Bpb o b pimit; the §°E°rP§PF B ma?ﬂtg?n
(';/El ting poi mﬁesco%;se oﬂfélﬁ&fohﬁibll&decﬁﬂdhe dipemrmiﬂteﬂ: ﬁﬁoeaiures was

0 i tiqn. e meltin
SESBRER) s HeaTEb RSB BaBf RIS oswosin
P_O:hlynMepin'g @d&inmye uestdetediand idS uﬂdwates) decomporitionr iTh¢ melfing points
A LELEMos T lﬁefaqoﬁﬁé Rbsid o BRE) AERZ0AL 3 rorpHh may result

ructure an
agsisvlatibnivf materible wh Uigfreenbieltingpdios urowrwgvrqpe@hWSq b structure

Tla-rgi ﬂ@ysocf 2f RS QB Were AMLIIAR at [@Q%ﬁ& bthé ﬁ)ﬁ@@ﬁ@ €Rhniques:
spectronetry or mcroanal ytical data.

g ﬂfgnmasﬁ PR enycliar mpgngis ’ie%‘{nia’é)‘i’? SpW@‘ﬁet@f Fen,
NiviR rEkibb BHtida$ ddtd) When &i0én)yields sie Eér&lltﬂsﬁir)xtﬂﬁdnﬂbe S'Wfl@lfgl\fm] NMR data is

LR 00 B SR R BB oy K9 hn oo
s tedniva mjt,etraimt}grdsnlamne(d?m) a3 DGl stalzﬂdaﬁimbtemnne@@o’mwms AYVHZ or
t g&OMﬁQ{ls%?gt tﬁ%mﬁ %latgc? EHIVen%\ﬁ%Htlbgﬁ @Lbr@\gl&foﬁ}’ hs%ﬁ ?&@%nzﬂ%ﬁﬂ)e are:

t slsgﬂg@lt d. mubmltttnplleém nwitlples%od%roade% Iniﬁldﬁla@. % #'offgnifies an
" B¥omafé APl | @RnAdl ?}rn%?st}ia?e théifimhl m&niTh; G foﬁc%ﬂb@ﬁlﬁ)rewatlons

have thelr usual ni Ngs he f.oll ow
are used: v (volume), w (wei 6irc) bp. ('boﬁmg po1ntg m.p. é]n%ltl%g %&Et L E'l teg&?) ml
(milliliters), g (gram(s), mg (milligrams(s), mol (moles), mmol (millimoles), eq

(equivalent(s).

Methods of Synthesis

Compounds of the present invention can be prepared according to the
Schemes provided below as well as the procedures provided in the Examples. The
substituents are the same as in the above Formulas except where defined otherwise or
otherwise apparent to the ordinary skilled artisan.

The novel compounds of the present invention can be readily synthesized
using techniques known to those skilled in the art, such as those described, for example, in
Advanced Orsanic Chemistry, March, 4™ Ed., John Wiley and Sons, New York, NY, 1992;
Advanced Organic Chemistry, Carey and Sundberg, Vol. A and B, 3" Ed., Plenum Press,

Inc., New York, NY, 1990; Protective groups in Organic Synthesis, Green and Wuts, 2MEd,

John Wiley and Sons, New York, NY, 1991; Comprehensive Organic Transformations,
Larock, VCH Publishers, Inc., New York, NY, 1988; Handbook of Heterocyclic Chemistry,
Katritzky and Pozharskii, 2" Ed., Pergamon, New York, NY, 2000 and references cited

therein. The starting materials for the present compounds may be prepared using standard

synthetic transformations of chemical precursors that are readily available from commercial
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are used: v (volume), w (weight), b.p. (boiling
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(moles), mmol (mllinoles), eq (equivalent(s). Methods

of Synthesis Conpounds of the present invention can be
prepared according to the Schenes provi ded bel ow as

wel | as the procedures provided in the Exanples. The
substituents are the same as in the above Fornmul as

exgeps, infleting AldfipnehEngeahep(Mikvagkeeo W) SigmsChapisal e (St. Louis,
t ?/Ié)hﬁarfaﬁgér@ %eﬁé‘(’\?\lhhﬁgmaﬁ s @r}‘/an g&l&lti@i@‘(@élmﬁﬁm IGJ')dﬁf[aybrldge

Er esent Invention can eadi |l y Q es 3
usFaigvale i Mefes Seisaiiire (f:Bluntl?B‘sé GRiApesi(FRbyrgls T4y gnd Trans
BW}IdﬁﬁwialqﬁﬁﬁQR&&Sﬁlél Mbyj f OL egan‘pl e, in Advanced
gani c em str E

New vor k. NS St ot et yanPE teadny B el Ry
aﬁld:hﬁbl nﬁﬂmmg),re Mqis of ArogeatdhgRRrow@rmlanijolilgtioRt mdlg)ﬁplﬁ?[f@g‘gon such as,

recpﬁtahkaz%ox&ﬂéﬂllaWH 53@&9 chxjgéxglg@n‘égﬁy %ﬁgﬁqm dgﬂlp@ Qe 'laﬁler
S@;hsmamemphydﬁkc) Kpdial pygmatogephyr aaH dfebinyessuTy @aﬁmetography (HPLC).
?OI?E ﬁxfogﬁc@ctah gL §haﬁgﬁ%§§ﬁm ]Y%If lt@?chhﬁ&l% il khé¥%n in théedNemical arts,

8; 0 erocycl i
Kﬂtcﬂth%wyot‘éfhﬂldlﬁéri’ﬁ%‘ﬂ% Ricfear magpefigiTesonsaseq g‘ﬁg‘lt)il %Wo‘ﬂlﬁared and
N\ﬁ%trazﬁﬂzi@sp@lfitﬁbsE@ngﬂEﬁﬁQﬂ/)pXtr&}dcr&hﬂk@‘ra@hy, Thaesthlantlysigand HPLC
materials for t oun r
nenfigeE eisarana cEHEE PR B e aR e R e R PLEEAL Bcaton
pseaurs glestifichtdn amiqummﬁchtiloy a@wml]l laxlgpvg tcf g gkilled in the art of chemical
CWJS&I al sour ces i ncl udi ng Al dr i ch Chem cal Co.
waukee, ); Sigma Chemi cal . g Loui s

Lan caster S)A(ppmggtg sqlwnﬁdiﬁath?sewhlpk’ wi l|:q§, !gp,st B%I'Flélh’( qufsp]'éle one or all
( Golnd Ik @nts #hd WAl noMaNBkd 1 Beract with either the reactants or the product.

Suitable solvents are aromatic hydrocarbons (e.g, toluene, xylenes), halogenated solvents
(e.g, methylene chloride, chloroform, carbontetrachloride, chlorobenzenes), ethers (e.g,
diethyl ether, diisopropylether, tert-butyl methyl ether, diglyme, tetrahydrofuran, dioxane,
anisole), nitriles (e.g, acetonitrile, propionitrile), ketones (e.g, 2-butanone, dithyl ketone, tert-
butyl methyl ketone), alcohols (e.g, methanol, ethanol, n-propanol, iso-propanol, n-butanol, t-
butanol), dimethyl formamide (DMF), dimethylsulfoxide (DMSO) and water. Mixtures of
two or more solvents can also be used. Suitable bases are, generally, alkali metal hydroxides,
alkaline earth metal hydroxides such as lithium hydroxide, sodium hydroxide, potassium
hydroxide, barium hydroxide, and calcium hydroxide; alkali metal hydrides and alkaline
earth metal hydrides such as lithium hydride, sodium hydride, potassium hydride and calcium
hydride; alkali metal amides such as lithium amide, sodium amide and potassium amide;
alkali metal carbonates and alkaline earth metal carbonates such as lithium carbonate, sodium
carbonate, Cesium carbonate, sodium hydrogen carbonate, and cesium hydrogen carbonate;
alkali metal alkoxides and alkaline earth metal alkoxides such as sodium methoxide, sodium
ethoxide, potassium tert-butoxide and magnesium ethoxide; alkali metal alkyls such as
methyllithium, n-butyllithium, sec-butyllithium, t-bultyllithium, phenyllithium, alkyl
magnaesium halides, organic bases such as trimethylamine, triethylamine, triisopropylamine,

N,N-diisopropylethylamine, piperidine, N-methyl piperidine, morpholine, N-methyl
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(Cornwal I, UK); Matrix Scientific (Colunmbia, S. O);

Arcos, (Pittsburgh, PA) and Trans Wrld Chem cal s
wWORawkos92sF e, MD). The procedures descri bed her eCmuSes/046718

synt hesi zi ng the conpounds may i nclude one or nore

steps of protecting group mani pul ati ons and of

purification, such as, recrystallization,

distillation, colum chronatography, flash

chromat ogr aphy, thin-Iayer chromatography (TLO), o

r anfirgiolind: poiine geltiginss. HAdines el piissBiylaminonyriding ogl Ripielic

( EHRlied sucfRePBICAHE BN be characterized using
various techniques well known in the chemcal arts

i ncl udi ng prof yrdessiepd that thg dunciiqnal gorRresiRdh gqmpounds described in
I |isOStA6ES belbkt i Be fustGerMRIpuldtdd] wasregbprptatel| using eGtadtiard

Spect.rosco | R and . X-ray. st,al | h .
S cRERtRPL PO e enim e et o el R s gy to provice

( d&siteBbypompdmhirodiscriped rtlit @otmtiog. gr oup mani pul at i on,

puri f lcatl orbthe?tvﬁH&foH{ <ﬁ nLOQI%taﬁ(gﬂs,C\@ﬂiE}?Q'I%Q)bv'ous to those skilled in

quantification are we ‘nowWn Lo_one.sleled I'n the

arthe ast; are mathincthe scopmand degickingsgd this piverdioa. ip {pvertion g ot to be

t hRsRd Whlepthhs Wtlbridh tlegaidwip@éikinal | y di ssol ve one or

all of the reactants and will not adversely interact

wWth either the reactants or the product. Suitable

sol vents are aromati c hydrocarbons (e.g, tol uene,

xyl enes), hal ogenated solvents (e.g, nethylene

chloride, chloroform carbontetrachloride,

chl or obenzenes), ethers (e.g, diethyl ether,

di i sopropyl ether, tert-butyl nmethyl ether, diglyne,

tetrahydrofuran, dioxane, anisole), nitriles (e.qg,

acetonitrile, propionitrile), ketones (e.gqg,

2- but anone, dithyl ketone, tertbutyl nethyl ketone),

al cohols (e.g, methanol, ethanol, n-propanol,

i so- propanol, n-butanol, tbutanol),

-24 -



di met hyl formam de (DWVF), dinethyl sul foxi de (DMSO) and

water. M xtures of two or nore solvents can al so be
wagew/06Bs7t abl e bases are, generally, alkali neCalUS2005/046718

hydr oxi des, al kaline earth netal hydroxi des such as

['ithium hydroxi de, sodium hydroxi de, potassium

hydr oxi de, bari um hydr oxi de, and cal ci um hydr oxi de;

al kali netal hydrides and al kali ne earth netal

hydri des such as lithium hydride, sodium hydride,

pot assi um hydri de and cal ci tehetwgdr i de; al kali netal

am des such as lithiumam de, sodium am de and

potassium am de; al kali ngtal carbonates and al kal i ne

earth tal carbamates suc i thi um carbonat OH
sodig;igarbonaLérﬁEESLunnca boWéte-é@QLun1H?d'pg
carb e, and &¢&¥Flm hydrégen carbonate; al &dl ¥ et a

al koxi des and al kal i ne earth netal al koxi des such as
sodi um et hoxi de, sodi um et hoxi de, potassi um 1. NaBHy,
tert-butoxide and magnesium et hoxide; al kali netal 4"

al kyl s such as nethylllthlu n-butyl lithium

sec-butyLlithium t-buftydrlythium ph@ny&blthmuF
alﬁzgfﬁgﬁ\ d SH or anP% P@ﬁfﬁ/\OH
tri | ani n&YCPFT &t n b trllsdbﬁﬁﬁvlaﬂyﬂ

N, N-di isopropyl et hyl a perldlne N- net hyl 4

pi peri diNgaend®r phol i ne, N—nethylnnrphollne pyri di ne,

col l'i dijnegP! | uti di nes, and 4- dinethylaninopyridine

and bi cyclic amines such as DBU and DAB

under stypood t hat1. tgee functio aI roups p/gs nt |n /Lﬁj
conpoyn cra N&aHin ther§gf€g iij’\

f UfeChrd ni pul at ed, wW¥eRtz¥ppr opri ate, using NH@A

standard functional group trapsformation techniques g

avail able to those skilled in the art, to provide

desi red conpounds described in this invention. O her

5 variations or nodificationsgcp{edn W |l be obvious to
those skilled in

R! R

R1
B ‘ K\_Rz R°X x f\_Rz
N~ N A ryNZ
X = halogen ’
10 11 12
R! X R
X K\ Rhodium metal precursor/
H, —R? chiral phosphine figand LR?
R?"NV H, R3'N+\/
14 13
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the art, are within the scope and teachings of this
invention. This invention is not to be [imted except

wa0e@Morth in the foll owi ng cl ai ms. Scheme 1PCT/US2005/046718
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4- MeBnOH CDI Schene 2: R1 X- R 1 X Rhodi um net al
precursor/ HI1 R2 chiral phosphine ligand | _] R 14
13Representati ve Exanpl es include: EXAMPLE 1 Step A 1
1" OHAS5 L round bottom flask was charged with THF (
1.87 L, KF< 50 ppm) and cooling to -75 C was begun.
VRepresehativelimepks incidef THF had reached < - 20 C,
n-BuLi ( 11Min hex, 123 mexawgs@fdded over 15 m nutes
in order to keep the solution tenperature bel ow -10
"C. Wen the solution reached -35_C, controlled

addi tion of diisopropyl a(Nl | "m., KF < 50 ppm
over 15 mnutes was carried o %*he exot herm di d
not cause the solution tenperature to exceed -16 C

TReepsAl ution
N
L A_oH
A 5 L round bottom flask was charged with THF (1.87 L, KF< 50
ppm) and cooling to -75 °C was begun. When the temperature of THF had reached < -
20 “C, n-BuLi (11 M in hex, 123 mL) was added over 15 minutes in order to keep the
solution temperature below -10 ‘C. When the solution reached -35 “C, controlled
addition of diisopropylamine (197 mL, KF < 50 ppm) over 15 minutes was carried out
so the exotherm did not cause the solution temperature to exceed -16 ‘C. The solution
was then allowed to continue to cool until it reached -75 “C. 3-Fluoropyridine
(compound 1 from Scheme 1) (125 g, KF < 150 ppm) was then added neat to this
solution via addition funnel while maintaining the batch temperature below -70 "C.

Neat DMF (168 mL, KF < 50 ppm) was then added to the batch over 1
hour maintaining the temperature <-70 ‘C. After confirming complete formation of
the aldehyde, the reaction was warmed to 0 °C, and H,O (230 mL, 10 eq.) was added.
NaBH; (48.4 g) was then added in two portions over 5 minutes at 0 'C. Addition of
concentrated HCI (6 M, 1.17 L) was completed in 1 hour at temperatures between 0-
25°C. The rection batch was then heated to 40 °C and kept at this temperature for 1

hour.

The reaction was then allowed to cool to room temperature. Then, to
the aqueous layer 6 M NaOH (747 mL) was slowly added at 0-15 C to adjust the pH
to 12. Approximately 700 mL of H,O was added to dissolve any precipitate in the
aqueous layer. The aqueous layer was then extracted with IPAc (1 x 1.275 L, 2 x 800
mL). The organic layer was treated with 20 wt. % Darco-G60 carbon (based on
product assay) and the solution was heated to 40 "C for 1 hour followed by filtration
over solka floc. After filtration the organic layer was solvent switched from IPAc to
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was then allowed to continue to cool until it reached
-75 "C. 3-Fluoropyridine (conpound 1 from Schene 1)

w0 22/0g928KF < 150 ppn) was then added neat to POTAIS2005/046718

10

15

20

25

solution via addition funnel while maintaining the

batch tenperature below -70 C. Neat DVF (168 nL, KF <

50 ppm was then added to the batch over 1 hour

mai ntaining the tenperature < -70 C. After confirm ng
conplete formati on of the al dehyde, the reaction was
\Aammmbpuane Q1 3-2)%artd IR OhéRa®).nTThe pddect. orysidbzesldgeadvhite solid.

NaBR (A8 é]&g% ﬂ%g?jlte? &80 a@? G380 Rinkf8 A8 gﬁt'ef%ﬁs A91Va§fd1t§)nal 250

nlnutes concentrate

1mL7oth)epma%W@$)¢qﬂlead o) |Charzsl ysedi ko wesh BapEE 6ak6r es

b@h%@ﬁnﬁgldim (%5 gpction batch was then heated to
and kept at this tenperature for 1 hour. The

reactlon was then allowed to cool to roomtenperature.
,Bto t he aqueous |ayer 6M NaOH (747 L) was slowy
at 0-15 C to adjust the tho 12. Approximately

700 nmL. of H O was added Ve any precipitate in
t he aqueous | ayer. The a ou r was then

extracted with IPAc ( 1 x 1.Z75 L, 2 x 800 nL). The
organic layer was treated with 20 wt. % Darco- G50
car bon ( bas®d a@ri fiaskcureter Ns stygspherd welne clwogadtdoorponnd 2 from

hg%}( # @é)ébq &ﬁag?to?él (':ﬁlL% %l(% ﬁ%g 0 fdrh. t TR H8hoB¥Ius

gani C | ayer wa

s sxblu‘em weslieatsiddd r¢ﬂll§€nfor PAG h of IwA@aqfs@@tlav@r? Was oglgd,ja room
e@&gﬁﬁ'@[’ﬁ ang hllutzﬁ Svif 1RGhumk (53 0’1%[,?' The ?ﬂ‘lcﬁﬁluﬁl dafti(E@npound 3
i s_sol utlonvght_t en c for. 30
A S d) P beheetid Rnidant | DheaeLsse RES ey Bpbayshed at
asbRaPlefPelaturd withel8Ys dstshe/iepuas 20haLjeid ﬁhéted. The wet cake
was then dried under vacuum at ambient temperature exposed to the atmosphere,
affording a slight-pinkish solid ca. 98% pure by 1TH NMR

Typical Yield =93% (109.5 g)

Step C:

To a 2 L round bottom flask were charged compound 3 from Scheme 1
(100.30 g, 1.00 eq.) and methanol (960 mL). The homogenous solution was then
cooled to 10 °C. The NaBH, (19.10 g, 1.50 Eq) was added portion wise (using a solid
addition funnel) while keeping the temperature <0 °C. The batch was diluted with
IPAc (1.0 L), followed by addition of 1 L 11.25 wt% brine. The resulting mixture
was aged 15 min, then allowed to separate into two clear layers. The lower brine
layer was removed. The organic stream was then washed with 500 mL 15wt% brine,
then allowed to separate into two clear layers. The lower brine layer was removed.
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Typical Yield = 79% (128.5 g). Step B: To a 2 L flask
under N at nosphere were charged conpound 2 from Schene

wao 20068g) , acetone (524 nL), and BnBr (50.0 pCY/USTEM46718
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honogenous sol ution was heated to reflux for ~ 12 h.
The reaction m xture was cooled to roomtenperature
and diluted wth heptane (550 nL). The pyridinium salt
(conpound 3 from Schenme 1) was coll ected by
filtration. The wet cake was then slurry washed at

ambi ent  t enpéhedtatohevasi adinspE% aeughbn b/l NMeREABAC 206 180)e/L) and
aQﬂer{ r%éa?e%r\?ﬁh ) Q‘ﬁ‘yvféos%l@ 9%§t ihen Il']r{jfok ) H" NAGE WA BAA R tered

erature .EXpose here
afthr@raah pglug csﬂw@wt while HAghe Soh 1d1 é@OPéé%Cpmnée B34S 19y ghly 25%
NMR tJti I a€ed voYingbd B@%atchOPasTheh copicetrated to Bredidde. L

round bottom fl ask were charged conpound 3 from Schene
1 (100.30 g, 1.00 eqg.) and nethanol (960 nL). The
honbgenous sSiettiatahnwasahert dissolvaahedc MeOHIindBAcTHe 100 g/L (~

MBSt pfy oS 58 QYR0ROTS LARGN 56 (R 0or an

< HCOig diorage blal ¢ bhakowdy dyered! IN Ah thlPlﬁ@ln‘( 1hedaamc)h was seeded with
fol sl,n?a\i‘l%%at}&l’a lzl?ﬂllf 603 Of A?tfer c%ﬁ;ﬁ@te%&ﬁl@ﬁ bf‘ﬁle }i—@lesolutlon the batch

res ure was aged mn, then al

s evwraap‘eveqi # epal mrm@mnemfs gloviy gveraight Hﬁ dP Wé‘? isolated
Wa? fIemEedA sfﬁh@r RkEMaEIEwad thed FeMednddneifh F@NVeOHWPIAR (200 mL),
1

lowedlbymg <{15 lacimént wash of 5% MeOH/IPAc (200 mL). The batch was then
dried under vacuum at ambient temperature exposed to the atmosphere to afford

compound 4 as a white solid (77% yield).

This material, 66.10 g of crude 4, was dissolved in 450 mL MeOH to
which was added 450 mL IPAc. This mixture was treated with 25wt% Ecosorb C-941
(16.53 g) and heated to 50 °C for 2 h. The mixture was then filtered through a pad of
celite, washing the Ecosorb C-941 with ~ 500 ml 25% MeOH in IPAc. The mixture
was then solvent switched on a rotovap to roughly 10% MeOH in IPAc. During the
solvent switch, after concentrating to roughly 60% of its original volume, a small
spatula tip full of seed was introduced, causing instant crystal growth. This mixture
was concentrated until the final volume was ~ 350 mL. The slurry was then isolated,
using a slurry wash of ~ 200 mL 5% MeOH/IPAc. The solids were dried over night
under vacuum, exposed to the atmosphere, affording 60.23 g of 4 (70% yield).

Typical Yield = 70% (60.2 g).

Step D:
\ F
O o

In a N, atmosphere glovebox, (R,R)-Walphos (SL-W003-1) (60.1 mg, commercially
available from Solvias, Inc., Fort Lee, New Jersey 07024) and [(COD)RCI], (20.3 mg)
were dissolved in dichloromethane (3 mL, anhydrous, N, degassed) and aged for 45
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then allowed to separate into two clear |ayers. The
| ower brine | ayer was renoved. The batch was adjusted

woaotemagpsly 1: 1 MeOHr I PAc (¢ = 100 g/ L) and theqar/us2005/046718
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treated with 25 wt % Ecosorb C-941 at 50 0OCin for ~ 2

h. This was then filtered through a plug of celite,

while rinsing with 1:1 MeOH | PAc (rinse was roughly

25% of total batch volune). The batch was then
concentrated to a residue. The batch was then

d inﬁ'ﬁ at meth fempBeative Ot dompduAd faem -Sch@ge §(15.0 £) ¢36chargedtoa 6

T35 hE 80085 WRLTE oo B1ACCo! AhOURENIY caflfhieolmancic

di oxane

2 tir bar. MeQIS (69 mdi, Arhydrave, Iﬂafl‘%ﬁ@SSﬁé%W% é fﬁiﬂf)ﬁ’eé by the catalyst

S Biltiors R Mhﬁ‘:htdr@métﬁhﬁe GfmBpeske. Af ter conplete
addition of the solution, the batch was allowed to

cool to roomt errperat ure sl ow y overnight. The solids
wer e i sol at athebyactirlvidsaegased with Hr(#§ pdgkandiashersaksin a pre-

o PR R cC e erdt bty e E Sl e rppilswien 1
badi 85 psigand hibowelt toexge dordld:. 7 viac Aditer this timbithayessel was vented and
t %g&g& dl%ﬁ)ﬁl éﬁ‘&)@\%ﬁﬂ‘et ﬁﬁ%ﬁ%}’&%ﬂ@l@ﬁt@d i>99%fcfoﬁ{lé}s1on of the vinyl

npoun te so 7T7%yield). This
né}uemii%\l HPEE. apalysis dndieatedie9.3% afas” di ssol ved in 450 ni
MeOH to which was added 450 nL | PAc. This m xture vvas
treat ed W|th 25w % Ecaqsor b, C 941

to 50 OC f orlhs IRACtoRMIKULS {591@ a‘}\)’g {?Vﬁ%??l]f:%)lt{%?(gw vacuo go a dark
t i eugbil avipiall wak ﬂml ditueed wigts 50 nd. EiGAd-tmwbich vaxsdided 50 mL

wWth ~

e D, Dk e o
| RAio. Thisrhinguretveasseparged, ﬂswcu@hus ]aV¢réVaS@§t¥é@tﬂd pat i0ygL EtOAc,
U QndriAH9 B in R0 ani d 18y eRé Wt Hled ReHRE,SGA afliRbheentrated in vacuo

to a residue, which was purified by column chromatography (1:1 EtOAc:hexanes) to
afford 9.45 g of free base compound 5 (74.4% isolated yield) as a pale yellow oil.

Typical Yield = 74% (9.5 g).

Step E:

HCLHN F
OH

To a 100 mL round bottom flask was charged the free base compound
5 from Example Scheme 1, (1.00 eq), the PA(OH),/C (1.29g), MeOH (23 mL), and
6M HCI (3.89 mL, 1.00 eq.). This mixture was degassed three times, finally filling
the vessel with H, (1 atm, balloon pressure). The reaction was stirred at room
temperature for 18 h. The mixture was filtered through a plug of Celite 521, rinsed
with 50 mL MeOH, then concentrated to a residue. The residue was redissolved in ~
150 mIL 1:1 MeOH:IPAc, then refiltered through a sintered glass funnel to remove
inorganics. Theis resulting solution was then solvent switched to roughly 10% MeOH
in IPAc, during which spontaneous crystallization of compound 6 from Scheme 1 was
observed. The solids were isolated by vacuum, washed twice with ~ 10 mL 10%
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spatula tip full of seed was introduced, causing
instant crystal growth. This m xture was concentrat ed

wanoaiclose2se fi nal vol une was ~ 350 nli. The sl ur PgTAES2005/046718
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then isolated, using a slurry wash of- 200 nL 5%
MeOH | PAc. The solids were dried over night under
vacuum exposed to the atnosphere, affording 60.23 g
of 4 (70%vyield). Typical Yield = 70% (60.2 g). Step
D: In a N2 atnosphere gl ovebox, (R R)-Walphos
(BleOPDﬁBIPlA)c 160 diiedrgnder orwmmt bedrinjghtaffardink @ rraleowhite,

SO ¢., Fort Lee, New Jersey 07024) and
r@%ﬁ?‘%ﬁé{){g 2 (20.3 nmg) were dissolved in
d| chl oronmet hane (3 ni, anhydrous, N2 degassed) and

agﬁchlogleﬂiin'g[%qg 2fgom tenperature. Conpound 4 from
Sc g) was charged to a 6 oz. gl ass

pressure vessel (Andrews d ass Co., Vineland, NJ)

CORpF:Ni ng a magnetic stir bar. I\/le()—| (69 i,
anhydrous, N degassed) was addgd, foI | oned by the

cat al yst soI ution and a ane (3 nL) rinse.
The reactor was degass th }-mopsi g) and
imrersed in a pre heated 50 OC oil bath. After a few
m nutes, the vessel was further gressurl zed with

85 psig andNaMl-Gabanyldiimifdazelsy 2.382 150R eqhppeshargrddo atS% mL
tjiRd HoREmVBRR Sl WiReh %yﬁ&éd@mmlgdz D, Moes) the 4-

i SRR T N e A

eor 1BhRin! @ﬁx@bhﬂ@mEtr&ﬁiﬂé _elufing mhidhomeexotirrnomsantedai\dd= +6.1 °C,

EELS R i 8 P s
a solid to this mixture. This was heated to 50 °C for 10 h, and then allowed to cool to
room temperature over night. The resulting mixture was diluted with 40 mL EtOAc.
This mixture was washed 2 x 25 mL 3M HCI and separated, then 1 x 25 mL 15wt%
brine and separated. This was extracted with 1 x 15 mL EtOAc and combined with
the previous organic stream. The organic stream was concentrated to a residue and
subjected to column chromatography eluting with a gradient (0% to 50% EtOAc in
hexanes, TLC’s developed in 50% EtOAc:hexanes, visualizing with UV and

KMnOy,), to afford 3.35 g of a clear colorless oil.
Typical Yield =81 % (3.4 g).

Step G:

R
Me” NH;z HCI

A solution of fluoro alcohol compound 7 from Scheme 1 (1.22 g) in
CH;CN was cooled to -20 “C and Hunig’s base (2.2 equiv., 1.66 mL) was added. To
this, THO — (1.1 equiv., 0.81 mL) was slowly added while maintaining the internal
temperature < -10°C. Aqueous NH4OH (15 equiv., 2.7 mL) was then added to the
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saturated NaHCO (aq). This bi phasic m xture was
stirred at roomtenperature for 30 min. This m xture

woasoceyear at ed, the aqueous | ayer was extract edCBUS28/046718
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nmL Et OAc, then the conbined organic |ayers were dried
over Na2SO4 and concentrated in vacuo to a residue,
whi ch was purified by colum chromat ography ( 1:1
Et OAc: hexanes) to afford 9.45 g of free base conmpound
5 (74.4% i sol ated yield) as a pale yellow oil. Typical
Yiredotion niixiee & 16wddmpesareHpRFCT anchthen Ovammed v trorob ot temperature
fl a
a?lﬁ lﬁg&?@c EH A%g c&ﬁgle{l&r? ?019@1%% 15 %.'ig%@q Ogi/) fé%@@l(l 0 rrélL) were
w@ﬂpc{ ol the ayeréﬁapeememdxﬁe(rz@xs@ctmy ﬂ%F q;eanéa ayer V4§ Was L with
Hztyp@ﬁ@)s degassed three tines, finally filling the
vessel with H( 1 atm ball oon pressure) The reaction
was stirred at roomtenperature for 18 h. The m xture
was filter edHeholoaghsteeaml afghofimitelwdselrisd 17400 pgmdl) wnd h

QeflrafiRluo JUTPLS RSN Bbeteh dasd Sty M sovnt
t emposifibh bEtodeeneAMSIGHO 75k fottasvascbygtha skovt additian ofgICI (1.05

T %ﬂgfgﬁl iB %1? @ﬂsem% ThBGindhe r}@%&ld}ﬂie%oﬂr&hlsaﬁerﬂw chReMized

to.roughly 10% MeQH | , duri
mnwdsqé%waﬁé%%eaetf%w 32pd &0 yR- bee %@wéﬁfm Sgt Pibfhen filtered
SciAg FisedRih eb13asMesb (13hE)%6 oiffds amiechydsehRirdd 8bih 82% as a
vacuyemﬁgﬁhed twice wth ~ 10 nL 10%vE0CH i n | PAc,

t Fe Beld- vacuum over ni ght, affording a pal e
white, crystalline solid. Typical Yield = 81% (3.2 g).

Step H:

S
Me@ ° &Hl‘/j

Into a 100-L round bottom flask were charged 1.67 kg amine HCl salt
8 from Scheme 1, 912.4 g chloropyrimidine, 4.6 L of diisopropylethyl amine and
25.78 L ethylene glycol. The resulting slurry gradually became a solution, which was
degassed and stirred under a nitrogen atmosphere. The contents were heated to 100
°C for 12 h. The heat was turned off and the reaction solution slowly cooled to room
temperature, which resulted in the formation of a slurry. To the slurry was added 77.3
L water over 1 h period and the slurry was aged at room temperature for 3 h. The
mixture was filtered and the cake was washed with additional 80 L. The wet cake was
left under nitrogen to dry overnight. After drying, 1.90 kg of an off white solid was
collected.

1.77 kg of the above solid was dissolved into 71 L EtOAc and treated
with 531 g Darco G-60 carbon at room temperature for 3 h. Filtration through Solka
Floc was followed by washing with 2 x 20 L EtOAc. A solvent switch to MeOH
under reduced pressure resulted in a slurry, and the final MeOH volume was adjusted
to 19 L. The slurry in MeOH was heated to ca. 60 °C. Gradually cooling to room
temperature resulted in a slurry, to which 57 L GMP water was added over 1 h with
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JV, i V-Carbonyl diimdazole, 2.39 g (1.00 eq) was
charged to a 50 nL round bottom flask, to which was

wadadmsesse DVF (19.7 ml). Then, the 4- nethyl beazgis2005/046718
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al cohol (1.80 g 1.00 eq) was added as a solid. This

m xture was stirred for 15 mn. at roomtenperature,
during which an exothermwas noted (DT = +6.1 0C, 18.5
OCto 24.6 0C). The fluoroal cohol HO salt 6, 2.50 g
(1.00 eq) was then added as a solid to this m xture.
Thbslinsaexdtbamed nigingetfefature ththglledrpdlovhdh’ @) | ldwedixtuge was

c f
g QoG R IR bREIR: Sl Blglec BRid T s aghed
wag et 2 GMP svaitar agdeafico dayundespalregead |- Sokefiriedprodicqvas
1%\641&5%&! §9%, gdlpseparated. This was extracted with 1 x
c and corrbl ned with the previous organic

stream The organi ¢ streamwas concentrated to a

pibeEY Rt=308§ @c35dek)t o col unmm chr omat ogr aphy el uting
with a gradient (0% to 50% Et OAc i n hexanes, TLCs
devel oped i n 50% Et OAc: hexanes, visualizing with W
and KMnO 4) Thb dolwivirgixadpleS2-| cefl baprepagairusing lidernnedigtes and
oi | [ 81 % (3.4 g). Step G A solution
ofpr(fcfxllj%érjsgg %%Ogcon'pound 7 from Schene 1 (1.22 g) in
CH3CN was cool ed to -20 C and Hunig's base (2.2
equiv., 1.66 nL) was addedgxAargiy s, Tf20 - (1.1
equiv., 0.81 nL) was slowy added whil e naintaining
the internal tenperature < -10C. Agueous NH4CH (15
equiv., 2.7 nL) was then added to reaction m xture
at | ow tenperature (-20C Nt Rgn rmed up to room
tenperature OH

EXAMPLE 3
N ] F
NH.
EXAMPLE 4
oaed
CH

EXAMPLE 5
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and aged for Ih. After conpletion, toluene (15 nL) and
10% NaOH (10 nlL) were added and the | ayers separ at ed.
wanomroce2st r acti on, the organic | ayer was washe#8CWiuSk005/046718
H20 (10O m.). The toluene stream of the am ne was dried
(-400 ng/ nm.) and concentrated to 100 g/ L. Methanol was
then added to obtain an overall solvent conposition of
tol uene/ MeOH (95:5), followed by the sl ow addition of
HO (1.05 equiv, 1.12 m) at 50 C. The am ne
hydrochl oride 8 from ScheneXAVM@yFs6 al | i zed
i mredi atel y, and the reaction was aged 20 mn. The
light yellow salt was theg ed and washed with
cold toluene (15 L) to erl alfitn nydrochl oride 8 in
82% as a white crystalline solTdN] n o a 100-L round
bottom flask were charged 1.67 kg a ne HO salt 8
from Scheme 1, 912.4 g chloropyrimdine, 4.6 L of
5 diisopropylethyl amne and 25.78 L ethylene glycol.
The resulting slurry gradually hecanme a sol ution,
whi ch was degassed and sti B¥a &'Pl}rﬁj%r a nitrogen
at nrosphere. The contents were heated to 100 C for 12
h. The heat was turned of N reaction solution
slowy cooled to roomte atur which resulted in
the formation of a slurry. To the slurry was added
77.3 L water over 1 h period and the slurry was aged
10 at roomtenperature for 3 pxAlhapgxture was filtered
and the cake was washed wth additional 80 L. The wet
cake was |eft under nitrogen to dfy overnight. After
drying, 1.90 kg of an off white solid was
N

|

OH
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collected. 1.77 kg of the above solid was dissol ved
into 7 1 L EtOAc and treated with 53 1 g Darco G 60

woantsmaozt roomtenperature for 3 h. Filtrati orCrhusewwgh46718
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Sol ka Fl oe was followed by washing with 2 x 20 L

Et OAc. A solvent switch to MeOH under reduced pressure
resulted in a slurry, and the final MeOH vol une was
adjusted to 19 L. The slurry in MeOH was heated to ca.
60 C. Gadually cooling to roomtenperature resulted

i WBASIIICERMER Iwhi ch 57 L GWP wat er was added over 1
h withcooling (exotherm c m xing, tenperature
controlled below 30 "C). The m xture was aged at room
tenperature flor 3Arpregess or preeyriaga comeaypd eckoraglely, ¢ he
cake was washed with 30 L GW water and left to dry
under nitrogen. 1.55 kg dried product was coll ected.
(89% yield). Typical Yield & 89% (1.55 kg). The
foll ow ng Exanples 2-7 caanﬁ ared using

i nternmedi ates and procedures|degcri bed above. EXAVPLE
2 EXAMPLE 3 EXAMPLE 4 EXAMPLESEXAMPLE 6 EXAMPLE 7 10
EXAMPLE 8WHAT IS CLAIMED IS: ()

or a pharmaceutically acceptable salt thereof,
wherein

R'is halogen, oxygen, CONH,, nitrogen, sulfur, silicon, optionally substituted C,~Cs alkyl or
optionally substituted aryl;
R? s oxygen, amino, halogen, CONH,, nitrogen, sulfur, or Co—C; alkyl optionally substituted
with one or more groups selected from hydrogen, hydroxy, amino, and amino-heteroaryl;
R? is sulfur, optionally substituted C,—Cs alkyl, aryl, phosphorous, silicon, benzyl, CBZ,
carbamate,

C;—Cgalkyl-optionally substituted aryl, or C(=0)O-optionally substituted aryl;

the process comprising an asymmetric reduction of a compound of Formula (II):

R:’LN/YR1
L

R2

)
wherein

R!, R? and R? each is as defined above,

in a suitable organic solvent in the presence of a metal precursor complexed to a chiral mono-

or bisphosphine ligand.

2. The process of Claim 1 wherein said chiral monophosphine ligand is

of the structural formula:
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1. A process for preparing a conpound of Formula I: (D
or a pharmaceutically acceptable salt thereof, wherein

wetodeedoal ogen, oxygen, CONH2, nitrogen, sul f uPCT/US2005/046718

5

10

15

silicon, optionally substituted C -Ce al kyl or
optionally substituted aryl; R2 is oxygen, am no,
hal ogen, CONH , nitrogen, sulfur, or CO- C4 al kyl
optionally substituted with one or nore groups
sel ected from hydrogen, hydroxy, anino, and
ami no-heteroaryl; R3 is sul fur,Rdptional |y substituted
Cl- Co6 al kyl, aryl, phosphorous silicon, benzyl, CBZ
carbamate, C -Cealkyl-optleoab 3ubst|tuted aryI or
C(=0 O optionally substitu 'y the process
conprising an asymretric reduct$§n of a conpound of
Formula (11): (l11) wherein Rl and R3 each is as
defi ned above, in a suitable organic solvent in the
pnﬁs&m09mdf2aWﬁER%hChmﬁdbdso€6oowol@x@& ts@nd otk ferrapenyl
blS%S%@phlne ligand. 2. The process of Claim1l
m§5 hiral nonophosphine ligand is of the
structural formul a:wherein nis 1, 2, or 3; Ris Cl1-8

al kyl or C i3 0 arpieiprd ofBlains 2 MhyteirOR9 B phadk T H@ARSyik C1_4 alkyl or

aryl.

4. The process of Claim 2 wherein said chiral phosphine ligand is of

the structural formula:

R 16 R1 6
O P
<E P CP R1 6 d F R—j °
= Fe - nie 8 ‘
R16 or R b
P
R1 6 R1 6
wherein R16 is C1.4 alkyl or aryl;
or the corresponding enantiomers thereof.
5. The process of Claim 1 wherein said chiral bisphosphine ligand is of
the following structural formula:
A— b
(RBHC)s— (CHR®)
/P N

P _P
R102 “RI0b  R11a SR

wherein m and p are each 0 or 1;
R2 and Rb are each independently hydrogen, C1-4 alkyl, or C3.¢ cycloalkyl;
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phosphol ane radical. 3. The process of Caim2 wherein
R? is phenyl and Ris Cl-4 alkyl or aryl. 4. The

wonrop@snsof Claim 2 wherein said chiral phosphPa®uUS2005/046718

10

15

20

25

30

ligand is of the structural formula: wherein R s G _4

al kyl or aryl; or the correspondi ng enanti oners

thereof. 5. The process of Claim1l wherein said chiral

bi sphosphine ligand is of the follow ng structura

fornmula: wherein mand p are each 0 or 1; Ra and R are
eachpresedeieradens kirylmecdridgeeptiogilly, cntainjng|one gy twozlogble bonds said
OgﬁTso%éJn l%ﬂe b@d%ee&fr%ﬁlﬁ%&t&t@a masugtmﬁ%(ﬁ\gilfw oRN6 fhk kelEBuents

ont al g one to_ two d | e bgnds_sai d

indspeafigayesplectst frer dheisEquRGORMRB e 41Ky bi-4 alkoxy, aryl, and C3-6
S sl birkayd ¢ 115 SREledetbrii@d Beist iptibhdlly €iks with two Cs_6 cycloalkyl,

i ndependent el ected fromth I, St | f
o 0ani Ce TR Py e E G Mol B
s amtﬂ‘zi:tSGblgs Elda;felnyefndp eeldtdddipen the igrogp opisistupadf1G) -4 albddC it alkoxy,
t - cl. V. - | .- .

o BN BL P> G B ity faionehd SARHEREAYG tree
s dbtlé bardmamsl doa deiwerddermatopsseleeted em NCom alld N(CHa-1Ph,

c W(ﬁt_ﬁ 1okcBocy %Saﬂg}f)()ky efrlanfd s@llal QXY saiC 1h-@3% cyeblikylene

fl uoro; %%X al?2-C 8c é%oalkylene bri dge optlonar{y

c bridge teinggmenbetittied phyubssitetedityitle oron i sbgtigenss indenepgpntly selected

h %ﬁ{tﬁ@g@mf cSiRls@st & T4 0001, NGUy dikalykdslo, ar, G2y 3 g el dRbulkyl; (c) a

gﬁg;g_?;é gycﬁc’)agl\}/ylée?_e 11 @P%‘%{}Aéﬂg lf:cgﬁalg'hing %(I}lqu ﬁireea&%b% lI!)lc)}cldjsrand one to
two heteroatoms selected from NC(-4 alkyl, N(CH2)(-1Ph, NCOC1 -4 alkyl, NCOOC1-4
alkyl, oxygen, and sulfur and said 1,3-C3.8 cycloalkylene bridge being unsubstituted or
substituted with one to four substituents independently selected from the group consisting of
C1-4 alkyl, C1-4 alkoxy, oxo, aryl, and C3.¢ cycloalkyl; or (d) 1,2-phenylene unsubstituted
or substituted with one to three substituents independently selected from halogen, C1-4 alkyl,
hydroxy, and C1-4 alkoxy; and R10a, R10b, R11a and R11D are each independently C1-¢
alkyl, C3-6 cycloalkyl, or aryl with alkyl, cycloalkyl, and aryl being unsubstituted or
substituted with one to three groups independently selected from the group consisting of C1-
4 alkyl, C1-4 alkoxy, chloro, and fluoro; or R10a and R10b when taken together or R112 and
R11b when taken together can form a 4- to 7-membered cyclic aliphatic ring unsubstituted or
substituted with two to four substituents independently selected from the group consisting of
C1-4 alkyl, C1-4 alkoxy, hydroxymethyl, C].4 alkoxymethyl, aryl, and C3-¢ cycloalkyl and

said cyclic aliphatic ring being optionally fused with one or two aryl groups.
6. The process of Claim 5 wherein R102 and R10b represent the same
substituent which are both structurally distinct from R112 and R11b which represent the

same but structurally distinct substituent.

7.  The process of Claim 5 wherein said chiral bisphosphine ligand

is of the structural formula:
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bri dge being unsubstituted or substituted with one to
four substituents independently selected fromthe

waraspeesnsi sting of G .4 al kyl, Cl.4 al koxy, POX@S2005/046718

10

15

20

25

aryl, and C3_6 cycloal kyl; (c) a 1,3-C3_8
cycl oal kyl ene bridge optionally containing one to

t hree doubl e bonds and one to two heteroatons sel ected
fromNCg-4 al kyl, N(CH2) g-1Ph, NCOC _4 al kyl,
NCOOC1-4 al kyl, oxygen, and sulfur and said 1,3-C3_8
cycl oal kyl ene bridge bei nB'®8nsubstRt'@t ed or
substituted with one to four suybstjtuents

C _4 alkyl, Cl.4 al koxy, , _
cycl oal kyl; or (d) 1,2-phenyl ene junsubstituted or
substituted with one to t hiRE& sulR'f?tuents

i ndependent|y sel ected from hal ogen, Cl.4 al kyl,

hygheRxyA’ id 08, GHACHY : K phiendad; B5-Garandbdas, Rlliyl; oAv-aieehyl-2,5-

Ib are each indepenﬂfnt# Cﬁplkyl -6 cycl oal kyl , or
apyirolgdiene-f-fiyl; and g L{agk %B, 3o %‘r‘ﬁarwwdependmﬂy

u g wosdkyilt it pakoty, SHpOH| er@H®Cnji - hlkghe to t hree groups

i ndependently selected fromthe group consisting of

C- 4 alkyl, d .4 alkoxy, chloro, and fluoro; or R Ca

and R Cb wheén t akéa ptoogebh€lhinot wRerkingaid cRird] bishierspliisdklégand is of
t aget h rma 4- to 7-nenbered cyclic aliphatic
rggﬁ%ﬁﬁéﬁﬁgﬁ?Q%ted or substituted with two to four
substituents i ndependently selected fromthe group

consi st of Cl-4 al kyl, G _4 al koxy, hydroxynethyl,

G _fatkoxy -thML,1ﬂ§yl, and C3-6 cycl oal kyl and said

cy%{)i c alli phatRc™Ri"hg b_e[:Alngp;pmialqm@I |y fusklétAi-+hppitaR140
or ‘Ko ajyl PRIPRISS. e process of Claim5 wherein

R &@—gfd b represent the sane sub8titudent which ;
are bot uctural l'y; di Apings1skresn R | a #egAR—pR152R15
whi ch reptresent the sane but structurally distinct

substi tuent.
wherein t is an integer from one to six;

Ar is phenyl or naphthyl unsubstituted or substituted with one to four substituents
independently selected from C1-4 alkyl, C1-4 alkoxy, chloro, and fluoro; or two adjacent

substituents on Ar together with the carbon atoms to which they are attached form a five-

membered methylenedioxy ring;

HetAr is pyridyl or thienyl each of which is unsubstituted or substituted with one to four
substituents independently selected from C1-4 alkyl, C1-4 alkoxy, chloro, and fluoro; or two

adjacent substituents on HetAr together with the carbon atoms to which they are attached
form a five-membered methylenedioxy ring;

R14a R14b R152 and R15D are each independently C1.-4 alkyl, aryl, or C3-6 cycloalkyl
wherein aryl and cycloalkyl are unsubstituted or substituted with one to four substituents

independently selected from C1-4 alkyl and C1-4 alkoxy; or
or R14a and R14b when taken together or R152 and R15b when taken together can form a 4-

to 7-membered cyclic aliphatic ring unsubstituted or substituted with two to four substituents
independently selected from the group consisting of C1-4 alkyl,

C1-4 alkoxy, hydroxymethyl, C1.4 alkoxymethyl, aryl, and C3_¢ cycloalkyl and said cyclic
aliphatic ring being optionally fused with one or two aryl groups.
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7. The process of Cdaim5 wherein said chiral
bi sphosphine ligand is of the structural

woanmwessnherein A' is CH2; CH2CH2; 1, 2- phenyl eQ@/US2005/046718

10

15

2, 5~furandi one- 3, 4-diyl; or N-nethyl-2,5-

pyrrol edione-3,4-diyl; and RCa R R 1a5 and R IDb
are each i ndependently Cl1-4 alkyl, Cl.4 al koxy, CH2CH,
or CH2OC 4 alkyl. 8. The process of Caim1l wherein
said chiral bisphosphine Iigand is of the structural
fornmula: HetAr- pRi4aR i4b Het Ar- pR i5aR i 5b wherein

t is an intgger ffﬁ@??o@é@@oft@alﬁi 8(whe%1n|R34¢35}ﬂrlMI4b @dpresent the same
napht hyl unsubstitu

d or substit e .to four
o PSRN BiCh ayerhglpurarly gisiast eft“ F%&#%b Whichy rRRypsent the
Chamedbuabtkotayally @irtiastQubstiientf | uoro; or two adj acent
substituents on Ar together with the carbon atons to
whi ch they are attached forma fivenenbered
met hyl enedi oy r iTheprobies #iClaisn Hwhereiylsaid chitah bigphpisphamedigand is of
0 j ubstituted or substituted with one to
fthﬁ\ﬁﬁ{écﬁlgstfﬁ?ﬁgits i ndependently selected fromCl.4
al kyl, G _4 al koxy, chloro, and fluoro; or two OMe
adj acent_ suybstituents opHet Ar together with th
car bon to which yare attached form g~ ™\
five- e pHRL hyl ene ring; Rd4a R 4b 3R 5
5and R 50 are eaéh ir P(d;wclcﬂfilexﬁ)gl Iﬁ\)f%

1 1
P(cyclohexyl), O P(cyclohexyl),
OO P(p-Tol), O P(p-Tol),

or the corresponding enantiomers thereof.

11. The process of Claim 5 wherein said chiral bisphosphine ligand is of

the structural formula:

R17 R17

(Ar)zP P(Ar)z

wherein Ar is aryl and R17 is C1.4 alkyl or ary];
or the corresponding enantiomers thereof;
with the proviso that when Ar is unsubstituted phenyl, then R17 is not methyl.
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i ndependently selected fromd .4 alkyl and O .4

al koxy; or or R 4a and R 4b when taken together or
wehkew/ a7 Rl 5b when taken together can form a B€THS2005/046718

7-menbered cyclic aliphatic ring unsubstituted or

substituted with two to four substituents

i ndependently selected fromthe group consisting of

Cl.4 alkyl, Ci1-4 al koxy, hydroxynmethyl, Cl.4

al koxynmet hyl, aryl, and C3-6 cycl oal kyl and said

cyclic aliphati c The prpetrsiofiglaopt mberginl spidfohiza dbisphesphinmiégand is of

ORhesWﬁc a)F’Q*Or%ﬁIQ:UDS- 9. The process of Caim8 wherein

R 4a an 4b represent the sane substituent which are

both structurally distinct fro”\RI 5a and R b which
represent the sane but -%» ek

stinct
substituent. 10. The prpocess\atfCl ai m|8 wherein said
chiral bisphosphine |igand is oftthe structural
formula: or the correspondlg%_agé@ﬁlb ers thereof. 11.
The process of Caimb5 wher id chiral
bi sphosphine |ligand is of t uctural fornula:

wherein Ar is aryl and R, CI.4 al kyl or aryl; or
the corresponding enant(Ror}ePs thereof with the
proviso that when Ar is unsubstituted phenyl, then R
i svhaein Rﬂéltllayh.@ﬂcyl Thes proekgkondrylCl ai m 1 wher ein said

chi ral hine |ligand_is of the structural

5 ¢ o i rar R e B 51 Ry a6 eycloal kyl  or
aryl; or the correspondi ng enantioners thereof.
13. The process of Claim 12 wherein aryl is phenyl.

14. The process of Claim 1 wherein said chiral bisphosphine ligand is of

10  the structural formula:

wherein r is 1, 2, or 3; and R19 is C1_4 alkyl or aryl;

or the corresponding enantiomers thereof.

15 15. The process of Claim 1 wherein said chiral bisphosphine ligand is a

ferrocenyl bisphosphine ligand of the structural formula:

R4

O

; PR7R8

wherein ** is a carbon stereogenic center with an (R)-configuration;
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13. The process of Claim12 wherein aryl is phenyl.
14. The process of Caim1l wherein said chira

woizelesashi ne | igand is of the structural fornBCaUS2005/046718

10

15

20

25

whereinr is 1, 2, or 3; and Ris Cl.4 alkyl or aryl;
or the correspondi ng enantioners thereof. 15. The
process of Claim1 wherein said chiral bisphosphine
ligand is a ferrocenyl bisphosphine |igand of the
structural formula: wherein ** is a carbon stereogenic
c@ﬂhe(ﬁyﬁ4dﬂqmbr@hﬂ) confguration; R4 is C1-C4 al kyl or

l%y]i'( Ii%_gnd 8 are ach ae):ﬂendeﬁ{lf Cf@aélalllqn ‘t?p@rwplggﬁ\ 1, ﬁ&érgg}yl or aryl,

s awhdremrsyid a&ddndhh@t@pmlrly Dptlogalbpﬂtubﬁwaﬁd ‘yltfs%ﬂf MOt @tf 6

nor h (P

oglﬂﬁF@alo%,n E Q) b &%;Jl%ﬁldgg% i gﬁgeaac}ﬁ
enieaty bylogen, &g@wgelhydr %lhyl €1- p@ cycloalkyl or

kaquﬁk&Ml, C5-C12 cycl oal kyl or Cl-C4 alkoxy 16.

The process of Caim15 wherein R4 is nethyl; R and R6

are each i ndependently cycl ohexyl; R7 and R are each

' ndependent |1¥5 phelﬂ))ﬁ' roc@d@dfaﬁuﬂmﬁiwﬁa@lnmes @athil; RS and RO are each

f. O
wieBRrHecy aYoiEiapt ol did R are P8 PRAFEGIIZ T4l g R are
pﬁﬂﬁﬁﬁﬂ?ﬂﬁdammmmdﬂ%wmereln said organic solvent is
met hanol .

17. The process of Claim 15 wherein said metal precursor is
[Rh(cod)CI]2.

18. The process of Claim 15 wherein said organic solvent is methanol.

19. The process of Claim 1 wherein said chiral bisphosphine ligand is a

ferrocenyl bisphosphine ligand of the structural formula:

R4

1

7R8
Zj PR'R

wherein R4 is C1.4 alkyl or aryl; and
R5, R6, R7 and R8 are each independently C1-Cg alkyl, C5.12 cycloalkyl, heteroaryl or aryl,
wherein said aryl and heteroaryl is optionally substituted with one or more C1-Cg

fluoroalkyl, halogen, C;-C, alkyl, CFs, or O-C;-C, alkyl.

20. The process of Claim 1 wherein said chiral monophosphine ligand is

of the structural formula:
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19. The process of Caim1 wherein said chiral
bi sphosphine ligand is a ferrocenyl bisphosphine
woOigwrdos? the structural formul a: wherein R4 PETM2005/046718

al kyl or aryl; and R5, R6, R 7 and R are each

i ndependently C -C al kyl, C5..12 cycl oal kyl,

heteroaryl or aryl, wherein said aryl and heteroaryl

is optionally substituted with one or nore Cl-C6

fluoroal kyl, hal ogen, C1-C4 alkyl, CF3, or 0-C-C 4

al kyl The prReess of Caim1l wgereip-sai®hiral
nonopho gand is of the stru

f or mul a ‘ Re. i s hygeogen or d R aRre
each i ndependent | ang ogen, G _4 al kyl, o O/
a-met hyl b . or /Rc and R t@get her w i trogen
atomto Oare aRtached for i ne oR
pi perid 21. An internediat

represen or R#n organic acid or ar”aciRf

t her eof .
wherein R€ is hydrogen or methyl; RC and Rd are each independently hydrogen,
C1-4 alkyl, benzyl, or o-methylbenzyl; or R¢ and Rd together with the nitrogen atom to
which they are attached form a pyrrolidine or piperidine ring.
21. An intermediate compound represented by

10 or an organic acid or metal acid thereof.
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