20 Cctober 2006 WO 03/095438 PCT/ EP03/ 03844  SUBSTI TUTED PHENYLACETAM DES
AND THEI R USE AS GLUCOKI NASE ACTI VATORS [ 0001] G ucoki nag8 qo@ber 2€0tne of
four hexaki nases that are found in mammals [Colowick, S.P., in The
Enzymes, WBI*Y'®¥%. Boyer, ed.) Acadenic Press, New York POWEPOpAds 1- 48,
1973] . The hexoki nases catalyze the first step in the netabolismof

gl ucose, i.e., the conversion of glucose to gl ucose-6-pho
A ucokinase has a limted cellular distribution, belng fomﬂ mmmmwm“wmily
in. pancreatic O-cells and |iver parenchynal cells. Is a

rate- contrebbimgueny prenCESAMGRS eATE ARG 'U§}Enzas' 8L$é?§§ﬁA§EV‘Q iJ[‘O fypes
that are known to play critical roles in whol e-body glucose %omeos asi s

[Chipkin, SR, Kelly, K VL., and Ruderman, N.B. in Joslin's D abetes (C R
Khan and G C. Wer, eds.), Lea and Febi ger, Phil adel phia, PA, pages
97-115, 1994]. The concentration of glucose at which GK denonstrates

hal f - maxi mal activity is approxi mat eI y 8 MM The ot her three hexoki nases

1
Ther of or A0V d*‘flwﬂagaaf‘@?%%w LG kifeS bR i I rsns Lhe
1C T2V T f
O oo bl g, SI(POS’E ]'hQEf;hj% QJ peg g chggéeg%i)ﬁ‘ggar a%ai%ﬁ)&eégftl\g §*hi ng rreal

post prandi al (=10-1 | evel's oIl ow car

[Printz, RYBJx;k mfgtpagm, 48/ 1973 ].alibe &}aﬂtﬁ]ﬁﬁes datd’{yzeltﬁe'ﬁﬂd'ﬂste QY theNUt ri tion
Vol . 13 (R gson D.M Bier, and D.B. MCorm ck, eds.), Annual Review,
Inc., Palo™ lsntﬁfglﬁa‘&@sl ?1:6@641?98"”11993@1‘117%@9 hiaeds- ﬁg%losp.haterl but ed over

d d t.
o decae Zﬁ“&%‘ﬁ%%?‘f?é@ﬂﬁ?ﬁi*ﬁmmSt G Rl BReRlgt BN “arer. o

Physi ol . 24fancieatle E-ctBs addB4r. parénﬂhj‘rzﬂﬁlﬁﬁélls ygﬁicﬁhtloﬁ W 8, Jafk.transgenic
ani mal s have confirnmed that GK does indeed play a critical role in
whol e- body C@PE@%@@ CREYB® feragiepse marb@ﬂlsmtmmesdmge:n typxmasae @owhe Wi thin

days of bir severe d| e, ani mal s ressi ng &K have
i mpr oved gI%’J By 1 e lc 1er0 nee Y % O“COSFIGPFGP%?F‘S L‘Rygﬁ Eellet al ., cell

83, 69-78, mg95ndmﬁtmﬁan ‘NB ﬁ#mzﬁwﬁ@&% C.K- KBho Ald G@%@? %dﬂg),ugh & 20

1213- 1218, 1996) An increase in glucose osure Is couple
Qct ober 20862 apdF eByzen Bhiaddholtia HPD,3/a@889%4 115, 1994]. The concentration of

glucose at which GK demonstrates half-maximal activity is approximately 8 mM.
The other three hexokinases are saturated with glucose at much lower
concentrations (<1 mM). Therefore, the flux of glucose through the GK pathway
rises as the concentration of glucose in the blood increases from fasting (5 mM) to
postprandial (=10-15 mM) levels foﬂowing a carbohydrate-containing meal
[Printz, R.G., Magnuson, M.A., and Granner, D.K. in 4nn. Rev. Nutrition Vol. 13
(R.E. Olson, D.M. Bier, and D.B. McCornﬁck, eds.), Annual Review, Inc., Palo
Alto, CA, pages 463-496, 1993]. These findings contributed over a decade ago to
the hypothesis that GK functions as a glucose sensor in B-cells and hepatocytes
(Meglasson, M.D. and Matschinsky, F.M. Amer. J. Physiol. 246, E1-E13, 1984).
In recent years, studies in transgenic animals have confirmed that GK does indeed
lplay a critical role in whole-body glucose homeostasis. Animals that do not
express GK die within days of birth with severe diabetes while animals
overexpressing GK have improved glucose tolerance (Grupe, A., Hultgren, B.,
Ryan, A. et al,, Cell 83, 69-78, 1995; Ferrie, T., Riw, E., Bosch, F. et al., FASEB
J., 10, 1213-1218, 1996). An increase in glucose exposure is coupled through GK
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2 in (3-cells to increased insulin secretion and in hepatocytes to

i ncreased gl ycogen deposition and perhaps decreased gl ud8dectphended i on

[ 00021 The finding that type Il maturity-onset diabetes of the young

( MODY- 2)WPL3/08%d8ed by | oss of function nutations in the GSTEPNBOBUGYEStS
that &K also functions as a glucose Sensor in humans (Liang, Y., Kesavan,
P., Wang L.. et ., . Biochem ' J. 309, 167-173, 1995). Additional evidence
supporti ng larelﬁ-?f‘ﬁjaé? {ngreaseql gisylip seerehion #nd Rdiepaigaytss foincrsasqg glcogen

met abol i sm 4 j i ification of patients that
express a rglf'_ gﬁywﬁwaﬁgﬁr‘%ﬁgg%%:ﬁfoe%zbgaa&gﬁgzlyrmti c activity. These .
patients exhibit a fasting hypoglycem a associated with an inappropriately
el evated | evel of plasma insulin (daser, B., Kesavan, P., Heyman, M et
al ., New England J. Med. 338, 226-230, 1998). Wile nutations of the &K
gene ar e[(WQg] The fading thatdypaflenatugityognspidinkatessofithe Houngm@IODYdlabet es,
conpounds tha ctivat and. thereby increase th ensitivity of the &K
sensor syst léstr%d%\%il?fs Osfﬁlfquﬁqonemﬁ%atgfoﬂf e g‘f‘?eesé’lgﬁﬁsﬁi ﬁjﬁpaﬁ]ﬂs%yper gl yceni a
charact er i Fhhdtionk as @lgludoyPeenkbr B ARG $Liakk UL OKSASE, PCWHURL DTG ||
increase the flux of glucose netabolismin P-cells and hepatocytes, which
w || be codiivdem 4 3M%:1624&d, 1930 Additeeel etidarce sBppittingentsposant d be

useful for _treati type |] diahetes. A first aspect of the present
i nvention [5?183?%@@%3 %%Fﬁ%[?ﬁ‘&n&? g:hf‘fgs? ’E‘F{‘?'h?[zs.m UADSNV R P O@dégb R1
wherein R gaideR&iction o Pemainsant bypriydl 466aa: fhal SFERWND, I}%&éﬁoxyam no,
cyano, nitro, lower alkyl, -ORS, 20p Cct ober 2006 WO 03 0’5%4 8
PCT/ EP03/ 088z#natR acQORE Thxssqraticnt reahibi\vedhstalgdyipoglyoesnia akégdted with,
)- | kyl .t hi I | kyl
perfluoro lax(l)vl\n!earppg)pkri)z/ltel;[' efeeéted ?GVV\BCE o? plag/ma msulin (Glaser, B., Kesavan, P.,
Heyman, M. et al., New England J. Med. 338, 226-230, 1998). While mutations of
the GK gene are not found in the majority of patients with type II diabetes,
compounds that activate GK, and thereby increase the sensitivity of the GK sensor
system, will still be useful in the treatment of the hyperglycemia characteristic of
all type Il diabetes. Glucokinase activators will increase the flux of glucose

metabolism in fB-cells and hepétocytes, which will be coupled to mncreased insulin

secretion. Such agents would be useful for treating type II diabetes.
A first aspect of the present invention provides a compound of the formula:
&
* N — R4

. R?
R1
_ |
wherein R! and R are mdependently hydrogen, halo, amino, hydroxyamino,

Ccyano, nitro, lower alkyl, -OR?,



sul fonyl, perfluoro-lower alkyl sulfonyl, |ower alkyl sulfinyl, or

sul fonam do; R3 is an unbranched al kyl chain of 4-5 carbd® @¢tebas 2806 an
unbranched_het eroal kyl chain of 3-4 carbon atons plus one oxygen or sulfur
at om wher YR ®¥f&+¢hain, in conbination with the carbon at eaT/Eross3shonded
to, forms a five- or six-nmenbered ring, and when the chain contains no
het er oat ons, one carbon nenber of the 8E§in is substituted with one noiety
selected fromthe group consisting df droxy, oxo, hydroxyi m no,

met hoxyi m no, hal o, nethoxy, and acet%xy or one carbon nenber of the chain
is disubstituted with one hydroxy and) one |ower alkyl or is disubstituted
wi th hal ogen when the chain contains an O heteroatom the chain is
unsubstituted, and when the chain contains an S heteroatom the chain is

unsubsti tuted the S heteroato nber of the chajn js , substituted by an
0X0 group; RHCF?’E‘OB‘I%WH&@‘Y{? E%Weré’ﬂl)gﬁyﬁ Feree ﬂwgrﬁjﬁgﬁlﬁlps{?b’%qf iabi)’ﬁ ed five-
or si x- menbegaehye e RAFQBRdr Gkl Qﬂforﬁﬁlqg@gzﬁﬁlﬂgﬁlfﬁ [ lRGue@lg8,at om to the
am ne group shown, which.five- or six- nmenbered het groaromatl c ring

contains froR is anou®rdvehet dkylominse] 46 tatioh prwms & ah fumbranobedigsteroslkil t r ogen,

w th one hetg{oatpg bei.ng nitrogen which is adjacent tq the connecting
ring carbon SHARPL $4iBUPBHRRBUNLS PREIPEYECHOF splda A Mherein g chai, iy

mon0- SUBSt | t iefibindory AR Blc! dalibnChlord if K8 a! BORAL ARRL DAL, LhAR,AG] acent to

sai d connecting carbon atomwth a su uent selected fromthe group
consi sting mfiglaader al kyl, halo, nitro, cyano, perfluoro-I|ower alkyl, :
am dooxi ne, or 20 Qctqober 2006 4.0 -(CH2)"-OR7 ; or -k'"2)n-CGOR7 ; or O
00 |l 11 11 When the chain contains no heteroatoms,
one carbon member of the chain is substituted with one moiety selected
from the group consisting of hydroxy, oxo, hydroxyimino,
methoxyimino, halo, methoxy, and acetoxy or
one carbon member of the chain is disubstituted with one hydroxy and
one lower alkyl or is disubstituted with halogen
when the chain contains an O heteroatom,
the chain 1s unsubstituted, and
when the chain contains an S heteroatom,
the chamn is unsubstituted or the S heteroatom member of the chain is
substituted by an oxo group;
R* is
O
|
—C—NHR® ; or

an unsubstituted or mono-substituted five- or six-membered heteroaromatic ring
connected by a ring carbon atom to the amine group shown, which five- or six-
membered heteroaromatic ring contains from 1 to 3 heteroatoms selected from
sulfur, oxygen or nitrogen, with one heteroatom being nitrogen which is adjacent
to the connecting ring carbon atom; said mono-substituted heteroaromatic ring
being mono-substituted at a position on a ring carbon atom other than adjacent to
said connecting carbon atom with a substituent selected from the group consisting

~ of lower alkyl, halo, nitro, cyano, perfluoro-lower alkyl, amidooxime, or



-(CH2)"-CGNHR7 ; or -CCOR7 -(CH2)n NHR7 nis O, 1, 2, 3 or 4, RS is
hydrogen, |ower alkyl, or perfluoro-lower alkyl; R6 is | éR&ctaiekg906 and R7
is hydrogen or |ower alkyl; * denotes a carbon atomthat is asynmetric in
all or nost of the conpounds of formuta I; and wherein "lower" means 1 to
7 carbon atons; or a pharmaceutically acceptable salt thereof. [0004] The
conpounds of formula | have been found to activate gl ucokinase in vitro.

G ucoki nase activators can be useful fmr increasing insulin secretion in
the treatnent of type Il diabetes. AIEecond aspect provides a
pharmaceutical conposition conprisSing conpound of forrmula | and a

phar maceut i cal I {CHelae€pRabl e @ar ri(dd)akdO8R” ;adfuvant .  Furthernore,

di scl osed herein is the use of such conpounds as therapeutic active
substances as well as to their use for the preparation of nedicaments for

the treatnent or prthyIaxis of type Il diabetes. Disclosed herein are
processes for the prgparation of conpounds of formula |I. In addition,
a method for the pr4$hylactic orlk erapeutic treatnment of type If

di abet es, whi ch(QELNAO-NIORDY | ©&s -adnpprst er i4(GHy) edhipiund of formula | to
a human being or an aninmal, is disclosed. Accordingly, a third aspect of
the present invention provides .a process for the preparation of a
pharmaceutical conposition as defined in the second aspect 20 Cct ober 2006
4a conpri si myisdbriben agda conpound of fornula | with a pharnmaceutical ly

acceptable garrier and/or juvant . A fourth aspect . provides t .conpounds
of formula Iﬁf’ﬁrhy & goge’iﬂg&laﬁléﬁ?rp o103 ﬁ%é@i@gﬁéhﬁ ‘?rah(yﬁ’iaf“fiﬁ?%pect
provi des the,piRawpdswalanfyer mula | for the treatment or prophylaxis of
type 11 di abetes. A sixth aspect provides the use of a conpound of fornula.
| for the priegamogsiacarbofi atom thedi egmendtrif or all dfransést eftheeshp&indpbophyl axi s of
type Il diabetes. A seventh aspect provides a process for the preparation
of a conpfeurdadi formul a

and wherein “lower” means 1 to 7 carbon atoms;

or a pharmaceutically acceptable salt thereof.

[0004] The compounds of formula I have been found to activate glucokinase in vitro.
Glucokinase activators can be useful for increasing insulin secretion in the

treatment of type II diabetes.

A second aspect provides a pharmaceutical composition comprising a

compound of formula I and a pharmaceutically acceptable carrier and/or adjuvant.

Furthermore, disclosed herein is the use of such compounds as therapeutic
active substances as well as to their use for the preparation of medicaments for the
treatment or prophylaxis of type II diabetes. Disclosed herein are processes for the
preparation of the compounds 6f formula I. In addition, a method for the
prophylactic or therapeutic treatment of type I{ diabetes, which method comprises
administering a compound of formula I to a human being or an animal, is

disclosed.

Accordingly, a third aspect of the present invention provides a process for the

preparation of a pharmaceutical composition as defined in the second aspect



1, said process conprising: a) reacting a conpound of fornula VII

O 0 CR

6 R2 Rl wherein R,R2, R3 and R6 are as defined in the (] Ostobay066t ;
with a conpound of formula X R4-NH2 to produce a conpound of formula I R3
H NRA O R2 wherein R, R2, R3, R4 and * are as defined in the first

aspect; 20 Cctober 2006 4b b) reactdang a conmpound of fornula IX
HRZ R wherein R, R2 and R3 are as defined in the first aspect;
conmpound of forrmula X R4-NH2 to produce a conpound of fornula I

R4 R2 &nkbriéing combining a compound of formula [ with a pharmaceutically acceptable

carrier and/or adjuvant.

A fourth aspect provides the compounds of formula I for use as a therapeutic
active substance.

A fifth aspect provides the compounds of formula I for the treatment or
prophylaxis of type II diabetes.

A sixth aspect provides the use of a compound of formula I for the preparation of
a medicament for the treatment or prophylaxis of type II diabetes.

A seventh aspect provides a process for the preparation of a compound of formula
[, said process comprising:

a) reacting a compound of formula VIII

)

OR
Rt

wherein R!,R?, R? and R® are as deﬁned in the first aspect;
with a compound of formula X
R*-NH,

to produce a compound of formula
>
*) N ___R4

R2
R1

wherein R', R%, R®, R* and * are as defined in the first aspect;

O jor O
with a
RBH N



Rl wherein R, R2, R3, R4 and * are as defined in the first aspect. In nore
detail, this invention provides a conpound, conprising ad0&wiabsr 3906 t he
formula: 20 October 2006 WD 03/095438 PCT/EP03/03844 R3 H NR4A O RO
R1 wherein R and R are independently hydrogen, halo, am no, hydroxyani no,

cyano, nitro, |ower alkyl, -OR5, -~@R6 perfluoro-lower alkyl, |ower alkyl
thio, perfluoro-lower alkyl thio, |ower alkyl sulfonyl, perfluoro-I|ower
al kyl sul fonyl, |ower alkyl sulfnyl, or sulfonam do; R3 is an unbranched

al kyl chaigyrftifls 2 c6RPOKY M BARu@TXan unbranched heteroal kyl chain of 3-4
carbon atons pl us one\gxygen or sulfur atom wherein the chain, in
c

conbi nation with t rbon atomit is bonded to, forns a five- or

si x-menbered ring - . - - - - - - - ~- _ when the chain contains no
het er oat ons, one carbos_nenber of the chain is substituted with one noiety
selected fromthe group consisting of hydroxy, oxo, hydroxyim no,

met hoxyi m no, hal g ~nethqQxy,0and acet oxy, or one carbon nenber of the chain
is disubstituted one Jhydroxy and one |ower alkyl or is disubstituted
wi t h hal ogen whegp chaigycontains an 0 heteroatom the chain is
unsubstituted,;7andYywhen the chain contains an S heteroatom the chain is
unsubstituted 'Br the S heteroatom member of the chain is substituted by an
oxo group; R4 is Rt

wherein R', R? and R? are as defined in the first aspect;
with a compound of formula X
R*-NH,

to produce a compound of formula I

2

wherein R!, R?, R®, R? and * are as defined in the first aspect.

In more detail, this invention provides a compound, comprising an amide of

the formula:



20 Oct ober 2006 WD 03/095438 PCT/EP03/03844 6 011 6 GNHR ,or an
unsubstituted or nono-substituted five- or six-nmenbered REt@utasrdt@iic ring
connected by a ring carbon atomto the am ne group shown, which five- or

Si X- nMenbaY@a3stIsr oaromatic ring contains from1 to 3 het exaoatrosssssel ect ed
from sulfur, oxygen or nitrogen, w th3one heteroatom being nitrogen which
is adjacent to the connecting ring carbon atom said nono-substituted

het eroaromatic ring being noMm® sybstituted at a position on a ring carbon
atom ot her than adjacent to giﬂ d/connecting carbon atomw th a substituent
selected fromthe group consistipg of |ower alkyl, halo, nitro, cyano,
perfl uoro-| ower al kyl, am dooxi ne, Nor 0 hl (CH2),, ORS ; or -(CH2)n-C ORY
, or 000 I 111 11 -(CHH2)n-C Nt R7 ; - OR7; or -(CH2)n NHR7 n is
0, 1, 2, 3 or 4, RSis hydroger .NKVTT or perfluoro-lomer al kyl; R6
is | ower al kyl; and R7 is ff | ower al kyl; * denotes a carbon atom
that is asymmetric in all @ of the conpounds of forrmula I; or a

phar maceutical |y acceptght e s3 t t her@of [00071 In the conmpound of formila
I, the " " illustrates carbonlatons that are asymetric in nost or all of
the species of formula I. TheRdonpound of formula | nay be present either
as a racemate or in isolated "R' or "S" configuratijons at the asymetric
carbons shown. The "R' enantioners are preferred. 20 October 2006 WO

03/ 095-438 PCT/ EPO3/ 03344 7

wherein R' and R are independently hydrogen, halo, amino, hydroxyamino,

_TIORG

O

cyano, nitro, lower alkyl, -OR?,

perfluoro-lower alkyl, lower alkyl thio, perfluoro-lower alkyl thio, lower alkyl
sulfonyl, perfluoro-lower alkyl sulfonyl, lower alkyl sulfinyl, or sulfonamido;

R? is an unbranched alkyl chain of 4-5 carbon atoms or an unbranched heteroalkyl
chain of 3-4 carbon atoms plus one oxygen or sulfur atom, wherein the chain, in

combination with the carbon atom 1t 1S bonded to forms a five- or suc—membered

{
{

ring, and -
when the chain contains no heteroatoms,
one carbon member of the chain is substituted with one moiety selected
from the group consisting of hydroxy, oxo, hydroxyimino,
methoxyimino, halo, methoxy, and acetoxy, or
one carbon member of the chain is disubstituted with one hydroxy and
one lower alkyl or is disubstituted with halogen
when the chain contains an O heteroatom,
the chain is unsubstituted, and
when the chain contains an S heteroatom,
the chain is unsubstituted or the S heteroatom member of the chain is
substituted by an 6xo group;
R*is



[ 00081 As used throughout this application, the term"lower alkyl' includes
both straight chain and branched chain al kyl groups havid{gOétoben20060 7
carbon atons, such as nethyl, ethyl, propyl, isopropyl, preferably nethyl
and et hyl .WAD3(98Ed8 herein, the term "hal ogen or hal 0" unl essrethasisse
stated, designates all four halogens, 6.e. fluorine, chlorine, brom ne,
and iodine. As used herein, "perfluoro- |ower alkyl" neans any | ower al kyl
group wherein all of the hydrogens oOthe |ower alkyl group are
substituted or replaced by fluoro. Afpng the preferred perfluoro-Iower

al kyl groups are trifluoronethyl, per alkﬁgmqfthyl, hept af | uor opr opyl ,
etc., with trifluoronethyl being espeti y ‘preferred. [0009] As used
herein, the term"aryl" signifies aryl nononuclear aromatic hydrocarbon
groups such as phenyl, tolyl, etc. which can be unsubstituted or
substituted i3 WgResHfutphprmepeistbdetedifitver draiogembened haerohmwetic aingy| , or

| oner al koxy. substi.tuents and | ynucl ear. aryl oups,, such as napht hyl,
anthryl, and Co%eé:?legnlf%? e PR ﬁ%&%ﬂo @‘5 a%%%@é“?%?%ﬁ hicly ﬁB%‘t‘?rtsH‘t'ed with
one or nore Gherhttged REOIOBFRM BRI @AHPRomMY & PhEEDaRIY seMcRURR AT € the

substituted and unsubstituted nononuclear aryl groups, particularly
phenyl . As usalfuthexygen, ormifeogenewsth dnehefercaitdrorbyIngimicbgrmeshibio isudidcemi ght

chain and branghed chai n al ko roups, having from21l to 7 carbagn atons,
such as nethg% FC8FW§§?§rﬁﬁdﬁéﬁ?fgmpégﬁﬁ8E89¢Pb8ﬁ5?@r KIrQAr B tOSE and

ethoxy. The benBimdHoidktitted HGNREEHRYR a I%M-Axggﬁ 20 ?tﬂéﬁgs%%ké’en{ puer

al kyl, in which one of the hydrogen atoms can repl ace y “an aryl
group. Exanpkas cofinegtipp ahdoph agmowith asubstiteaatydelecd fpdirmthd @blyy bonsisting
3-pheny|propy% 4-chl oro enayl, 4- met hoxybenzyl and the |ike. [000101 As
used herei n, oF&er afrl-alp,mrtrey (cyaim, PertROTRHOvERI APk AMigRRYIME Ranoi ¢ aci ds
containing from2 to 7 carbon atons such as propionic acid, acetic acid and
the like. The term "l ower al kanoyl" denotes nonoval ent al kanoyl groups
having from2 to 7 carbon atons such @s propionoyl, acetyl and the I|ike.
The term"aroic acids" denotes aryl (£kanoic acids where aryl is as

a

defined above apd kgpeic cont gl f 1 to 6 carbon atons. The term
ke B 5P

"aroyl " denotes aréinc aci ds %her i's s defined hereinbefore, with
t he hydrogen group of the COOH noiety renoved. Anong the preferred aroyl
groups is benzoyl. 20 Cctober 2006 WD 03/095438 PCT/ EP03/03844 8

I it
-(CH,),-C-NHR7; OI' _C-C-OR7; OF -(CH,),-NHR’

nis0, 1,2, 3 or4;
R’is hydrogen, lower alkyl, or perfluoro-lower all‘{yl; RS is lower alkyl; and R’ is
hydrogen or lower alkyl; -

* denotes a carbon atom that is asymmetric in all or most of the compounds of

formula I;

or a pharmaceutically acceptable salt thereof.

[0007] In the compound of formula I, the “” illustrates carbon atoms that are
asymmetric in most or all of the species of formulal. The compound of formula I
may be present either as a racemate or in isolated “R” or “S” configurations at the

asymmetric carbons shown. The “R” enantiomers are preferred.



[0011] During the course of synthetic reactions, the various functional

groups such as the free carboxylic acid or hydroxy groupg§ Qugbeb@0@sr ot ect ed

via conventional hydrolyzable ester or ether protecting groups. As used

herein, tREOL¥PH*S hydrol yzabl e ester or ether protecting GEBEPE03844

desi gnates any ester or ether conventfonally used for protecting

carboxylic i.ds or alcohols which can be hydrolyzed to yield the
@sbaegef

respective SRSt theguaheul thisrapplicatore the| terny “leweralkylg inlpdes betf ul  f or

t hose purpos i i.ch_th cyl ieti a erived froma

| over al kano?sga%gl?f}lrlﬁ?ggmdeir)&g étinctcﬂ)ll‘a lél,a%g? %%U\B@ a%‘l“%?ﬁ?é“ L?‘)cgi;‘i‘fbﬁ%@?'ioglsaci d.
Among the actsuviaheghethsl, dshyWMprepyl Ciasprofy1Upiekdraf( ety SEdREYChARLOYPS are
acid anhydrides, acid halides, preferably acid chl'orides” or acid brom des
derived fromheggis|thetermoihelogen Rukmd turdessddherPxsarspited, désigmitascilli fdes ar e
anhydri des derjved trom non ar.bo%gl ic acids. suc cet.i c anhydride,

as
benzoi ¢ aci d ankydr i-de: "ARE FHRETS PRGN iedinao 09 U5ed Begsin, RS Pdes,
e.g. succini GowathylEyI deasSaiebiveRSlicirOfPwhERIR Sﬁhggﬁxgéds%%gﬁf onet hyl

chl orof ormat e and et hyl chl or of orér}nlf%qe being preferr sui tabl e et her
protecting glouy dled gavupohie bubstifred droeplexeahtpt Buorbhémdretthapuethready r any |
et hers such as‘éff- meij)hoxy-S 6- di hgrdroﬁg- 2H pyranyl ethers. Ohers are
ar oyl met hyl ePREFS SR 2L g1oppF aregy ylgrentafuptpetiylner s or a- | ower

al | oxy | ower h@%tléﬂhor@fngﬁfyﬁ etcf,%itl?ﬁfﬁﬁ@f&uetﬂﬁtﬂégfg%%%%%% ls}%%,ﬁl:&yl ic ethers or

al kyl “silylethers su as trinmethylsilyleth e term"am no
protecting group" designates any conventional am no protecting group which

can be cl o vyield.the free amino group. The preferred protecting
groups ar 38{{@93 }%ﬁ%’gﬁ’ﬂ% ¢ IhTin 0P r JeRidies Ayl grosapeclesr promasld i n pept i de

2 of eavabl o aadar kU, LR PO AR I B R PRS "

Par ti cul ar | ysulptieftet inetheatrionoe positiestv tighgbgin sithd) tdwistalidyl uliokercar bamat e
(BOC), benzyl  carhamate (CBZ), and 9-flurorenyl methyl carbamate (FMOC).
[0013] The hdkexpsivsiients apd pglvausleareaylgoumrs, sich aeaghthyinatirst, iandt ed or

mono- substi §l Ver: ar._Si X- 3 het eroar ic ring having from1l
to 3 het eroﬁat RO ggltcgéax?ir)%m % Eet%g%guoﬁ Sg%rtl%?tg?i‘qﬁ%(’gf 06@ ee%f?/tlhﬁi t rogen,
or sul fur anaforenmsmtientdgronys. aPrefaiged Qay Rosupsard the sakbiiifePind he am de group

shown. The 20 t ober 2006 WD 03/095438 PCT/ EP03/ 03844 9
unsubstituted mononuclear aryl groups, particularly phenyl. As used herein, the
term “lower alkoxy” includes both straight chain and branched chain alkoxy
groups having from 1 to 7 carbon atoms, such as methoxy, ethoxy, propoxy,
1sopropoxy, preferably methoxy and ethoxy. The term “arylalkyl” denotes an
alkyl group, preferably lower alkyl, in which one of the hydrogen atoms can be
replaced by an aryl group. Examples of arylalkyl groups are benzyl, 2-
phenylethyl, 3-phenylpropyl, 4-chlorobenzyl, 4-methoxybenzyl and the like.

[00010] As used herein, the term “lower alkanoic acid” denotes lower alkanoic
acids containing from 2 to 7 carbon atoms such as propionic acid, acetic acid and
the like. The term “lower alkanoyl” denotes monovalent alkanoyl groups having
from 2 to 7 carbon atoms such as propionoyl, acetyl and the like. The term “aroic
acids” denotes aryl alkanoic acids where aryl is as defined above and alkanoic
contains from 1 to 6 carbon atoms. The term “aroyl” denotes aroic acids wherein
aryl is as defined hereinbefore, with the hydrogen group of the COOH moiety
removed. Among the preferred aroyl groups is benzoyl.



het eroaromatic ring contains a first nitrogen heteroatom adjacent to the
connecting ring carbon atom and if present, the other Retxtdwmrdv®¥ can be
sul fur, oxygen, or nitrogen. Such heteroaromatic rings include, for
exanpl e, woexdezizmyl, isoxazolyl, isothiazolyl, and pyrazptylkposfneng the
preferred heteroaromatic rings are pwidinyl, pyrazinyl, pyrimdinyl,

t hi azolyl, oxazolyl, and im dazolyl. These heteroaromatic rings which
constitute R4 are connected via a ring carbon atomto the am de group to
formthe anmdes of forrmula I, The _ring carbon atomof the heterogaromatic
ring whi ch0Qd] éymmedhe gowraok syathghs sractionsk Higeraigus Biogtieonie rupspilias of

nsubst i {ut el e San ey 20 pEERb YEH b B ol ok afnal | g (e

preferred rimngsolarsblé RS eor\ehtie proffihigfoupsNiAsiegeherehigtiRre@i om adj acent to
t he connecting ring carbon and a second heteroatom adjacent to the
connecti ng rihydradwablerestr oadihacrratecting s@upst destgnates @ay ederometi®ie preferred
five-nmenbered hetteroF}ronéadté)c riten socor%t ai.n 2.% 31h tﬁrolﬁgoms with

thiazol yl, | MPAGTEIGLY UEHPEPIACCtla SPP M 358 1260 Beh et & | y
preferred. VikRrolytdieoRedle BRak Bl Ceaib ik drdydroxy o SRTDR @b 11§ tesiepar omat i c,
the ring is connected by a ring carbonto the amne group shown, with one
ni t rogen het grapstusefith éprihosequirpasenarettivose e wdaeintbe et ylgneietiny acadérodat om  The

preferred six-nenbere het ergaromat.ic rin i ncl,ude,,. for anpl e,

yri di nyl - BOTT RN Ry Lkemiy @5 AgTer Asppicuds MU SLaRG SEP PRSI [ 0015] The
term " phar megguhl gl dovivaes eBHaRhRLah bs uifiseSear L& Bolptcdibdgqany sal t

wi th both inorganic or organic pharnmaceutically acceptable acids such as
hydr ochl or i canhgdmideshaaid bikdes] mrefacibly;, acid thliocidecordhcidofnidésadleawed frophosphori ¢
acid, citric acid, fqormc acid,_ naleic.acid, aceti ci.d, ;sucgi.nic acid,
tartaric aci d! O RV Tt %%F@?e%“i]igf‘gﬁs@éﬁ Slpfl%‘?e(f‘vﬁ f9Mnd t he
ke, The t @hifocaltRAVHBEGI hichlad Yoo CRRIARIC haBlolSaci®hiiBaliBe | MAGswany
pharmaceutically acceptable base salt such as am ne sal'ts, trial kyl am ne
salts and t hekdoelklecartmxyhc seldtaahphnlehes.g. fsoceind aghydrélerasantilll as dhjordb hose
skilled in the art using standard techni ques. 20 Qctober 2006 WO 03/095438
PCT/ EPO3/ 038f$%nati%e-50‘6‘fg]]°rqfﬁgh¥li%Yomgﬁeﬁ%éF]é](?r‘?fPﬁ@at‘F BFRRd by the

combi nat i on 0f R34 AR BRF PRRcRhY fop aRbAAS BRI s QxaliflcCiRarl t er

referred tolgse&%ﬂ%s,ut?@eae pof ar Cgrﬁ%& ora ’ xaipe;
tetrahydropyranyl ethers such as 4-methoxy-5,6-dihydroxy-2H-pyranyl ethers.
Others are aroylmethylethers such as benzyl, benzhydryl or trityl ethers or o-Jower
alkoxy lower alkyl ethers, for example, methoxymethyl or allylic ethers or alkyl

silylethers such as trimethylsilylether.

[0012] The term “amino protecting group” designates any conventional amino
protecting group which can be cleaved to yield the free amino group. The
preferred protecting groups are the conventional amino protecting groups utilized

- in peptide synthesis. Especially preferred are those amino protecting groups which
are cleavable under mildly acidic conditions from about pH 2 to 3. Particularly
preferred amino protecting groups include t-butyl carbamate (BOC), benzyl
carbamate (CBZ), and 9-flurorenylmethyl carbamate (FMOC).

[0013] The beteroaromatic ring defined by R* can be an unsubstituted or mono-
substituted five- or six-membered heteroaromatic ring having from 1 to 3
heteroatoms selected from the group consisting of oxygen, nitrogen, or sulfur and

connected by a ring carbon to the amine of the amide group shown. The



The five- or six-nenbered ring may consist of all carbon atons or contain
one heteroatomselected fromoxygen or sulfur. If the fi2&Octber 2006

si x-menbered ring contains a heteroatom all of the carbon atons in the
ring wll Wweoyeaswisated with hydrogen atons. |f the hetero@camposos t hen
the S atomis optionally substituted ®th an oxo group. If the five- or
si x-nmenbered ring contains no heteroatons, one carbon nmenber of the chain
i s substi t ut BefeigRrBNB RS FEHINS @ liad narpden dierbriogradiasent do thei conierynsf

hydr oxy, oxo,. hydroxyim no,..pet hoxyi m no, . hal o, et hgx nd _acetoxy or
one carbon ngﬂ%_é?r%&l t(ﬁ%’ %&Fﬁref?t’at&ﬁ%’ff P%}ﬁlioé‘tftﬁ %%3’5?’?8”%8%?9’ nd” one
| ower al kyl  @itrdgen dS861PBAtEfodfoReht\Mrinds RRIIQHGE for eRYGDI ?y&dazﬁfyl séoxar@pber ed
rings include tetrahydro-furans, tetrahydro-pyrans, etrahydro-thlopyrans,

1- oxo- t et r alvpthiazolylt dridopsyazotd, Aweomg thy prefalréd/heteroayamasicyingy eteoal kyl s,

T L B e B R

embod rent ofLlig d e ESLLERROTPIN e fFa s AWlG0RRA 1o el 0, or

perfluoro-1lower alk is halo or sulfonyl; R3is as
defi ned abovihe aRddé¢ groaup tofembitkiamidecfdormuad- Thb singtcadbed afony et thor
si x-menbered heteroaromatic .ring connected by.a ring caébon atomto the

ami ne group BHERATORGICINS Whish 1nronngted Mg Be ARddndrees iy BrRthE ring
contains frog &ﬁmd%fr}ﬁﬁﬁﬁlg@kﬁ'\%ﬁtgﬁﬂtﬁﬁtaﬁg.sflﬂs‘ﬁ%en%m fur or nitrogen, with
[

one heteroatombel ng nitrogen I's adjacent to the connecting ring
carbon atom said nono-substituted heteroaromatic ring being

mono-substituted at_a position on a ring carbon atom other than adjacent to
said cond@¥d] WhemR branginsubshititad or gBetspbyidwed fereremEred om t he group

cont 1110, O BTNl NEE AR e ARSI B
or 20 Cct obefiet@@90m Maébak 4 38nRCchinERAS B84 4nd 2 beddndRbtekdatdch 6

adjacent to the connecting ring carbon or adjacent to said first heteroatom. The

preferred five-membered heteroaromatic rings contain 2 or 3 heteroatoms with

thiazolyl, imidazolyl, oxazolyl, and thiadiazolyl being especially preferred. When

the heteroaromatic ring is a six-membered heteroaromatic, the ring is connected by

a ring carbon to the amine group shown, with one nitrogen heteroatom being

adjacent to the connecting ring carbon atom. The preferred six-membered

heteroaromatic rings include, for example, pyridinyl, pyrimidinyl, pyrazinyl,

pyridazinyl, and triazinyl.

[0015] The term- “pharmaceutically acceptable salts™ as used herein include any salt
with both inorganic or organic pharmaceutically acceptable acids such as
hydrochloric acid, hydrobromic acid, nitric acid, sulfuric acid, phosphoric acid,
citric acid, formic acid, maleic acid, acetic acid, succinic acid, tartaric acid,
methanesulfonic acid, para-toluene sulfonic acid and the like. The term
“pharmaceutically acceptable salts” also includes any pharmaceutically acceptable
base salt such as amine salts, trialkyl amine salts and the like. Such salts can be

formed quite readily by those skilled in the art using standard techniques.



CNHR, nis 0, 1, 2, 3 or 4; and R6 is lower alkyl; and R7 is hydrogen or
| ower alkyl; or a pharnmaceutically acceptable salt theredfOctpbgL®)6| n

ot her preferred enbodi ments of compound I-A, R4 is -CONHR6 and R3 is one
cf: a) a dHAaPHM0954383 carbon atons and one oxygen atom b) a pehadrdseis.d
carbon atons and one sulfur atom c) @ chain of 4 carbon atons, d) a chain
of 4 carbon atons and one oxygen atom e) a chain of 4 carbon atons and
one sul f uf0Mbrhhe dive- 61) siy-retmberedfing femrdddry tht oombin@tien gf RUpsd thEH<R3 may

optionally be further s substityted as defiped. above, [0019] In still other
preferred enBETARER GF agﬁ?r’ﬁgﬂﬂélqr‘?%?geﬁ chegedjp %‘Z&B b 14 BYT #APRz oyl and

R3 is one ofThefiva ot BRLMebeRdGRDA8y 85R1% oPNH-2P6n PHLR BhRMR o)) & chain
of 3 carbon atonms and one sul fur "atom c¢) a chain of 4 carbon atons, d) a

chain of 4 demtdoront sirstahiorn mygonyoresulfat.offithefiva o hxi-meoberdkdaaigbon at ons
and one sulfur.ato or, f chain of 5 carbgn ato The groups - CH<R3
may opti onaidHATE? %??ﬁ@n{éﬁb%é}ﬁ?ﬁr W%@Hﬁé’fl;a}?e%“ga%g(/}é? srgeEdWith a

further pref fedi rent I I: - ed or
nono- subst i t*ﬁ’{dé‘g’”gﬁér azi nyl alﬁeégg%&?dgg%éﬁ%&@ég)a%;m(I:i%{?ir%ng??%9%% %gn at ons

and one oxywitnamboorproop. df hhdive- of si8-manbwed fh@osntains no hetesodtdtis, ocakom  ¢)
a chain of 4 _carbon at ogﬁ,%}d)_ a chain of 4 carbon atons and one oxygen
b

atom e) a cHHoR B¢mber o Aheeiinisobsinisdanith erg motetatelnstedofiom)thaigiohni n of 5
bon at - - _optional Ly be furth bst it ut ed
ot P ned abousn SGreE oy, SE T R By Bl ke R O 38PN 00057 1o

yet further aoeekedr ek @ibeingBibes oDthe ¢BMAQY idubstifuteddithond hsdRsY ahat ed
pyri dinyl and R is one_of a) a chain of 3 carbon atonms and one oxygen

atom b) a @RdWerokyd oF & GieEbshitwed wathdialngsns Srehufiveroo six-mpmgerstai n” of 4

carbon atong; ] f -4 carhon atoms and, one. oxygen at e) a chain
of 4 carbo gﬁg%g%rnscﬁdﬁggé%}%@ SU rf“lqjs? t%?agﬁ]groé?yrﬂs’ getrgﬂ%qlﬁﬁ%%pgmeﬁrﬁg%’ho'at ons.
The groups -t&ksRarovByhiopyrtng) Ratd-yychslityl, hhefox§uhsibhlkyik e glef i ned above.

[0022] In another preferable enbodi nent, the present invention relates to
conpounds @VCIP@ikM{;J hydroxyimereryrl®lkdpdneBogriminndehetiddn thajo-hydr ogen, hal o

such as chl %ryccﬂbalkyls, and dihalo-cycloalkyls.

[0017] In accordance with one embodiment of the invention, called compound I-A,
R' is hydrogen, halo, or perfluoro-lower alkyl;
R? is halo or lower alkyl sulfonyi;
R? is as defined above;
R* is an unsubstituted or mono-substituted five- or six-membered heteroaromatic
ring connected by a ring carbon atom to the amine group shown, which five- or
six-embered heteroaromatic ring contains from 1 or 2 heteroatoms selected from
sulfur or nitrogen, with one heteroatom being nitrogen which is adjacent to the
éonriecting fing carbon atom; said mono-substituted heteroaromatic ring being
mono-substituted at a position on a ring carbon atom other than adjacent to said
connecting carbon atom with a substituent selected from the group consisting of
lower alkyl, lower alkoxy, halo, nitro, cyano, perfluoro-lower alkyl, amidooxime,

or

O

-(CH,),-OR7, or -(CH,),-C-OR7; or



perfluoro-lower alkyl such as trifluoronethyl, or |Iower alkyl sulfonyl such
as nethylsulfonyl; R3 is an unbranched al kyl chain of 4-% oaoba&n@sons or
an unbranched heteroal kyl chain of 3-4 carbon atons plus one oxygen or

sul fur at ok 034kds&in the chain, in conbination with the cadymrogbsmnit is
bonded to, forns a five- or sit-menberled ring, and (1) when the chain
contains no heteroatons, one carbon nenber of the chain is substituted
with one noiety selected fromthe group consisting of hydroxy, oxo,

hydr oxyi mi no, methoxyinino, halo gych as fluoro, nethoxy, and acetoxy; or
one carbon member of the chain isdisubstituted with one hydroxy and one

| ower al kyl such as nethyl or *Fsubstltuted wi th hal ogen such as
fluoro; (2) when the chai R* @bn%arms—aNkﬂfheteroatont the chain is
unsubstituted, and (3) when the chain contains an S heteroatom the chain
IS unsubstituted or the S heteroatom nenber of the chain is substituted by
an oxo group; R4 is -C(ONHR6 or an unsubstituted or nono-substituted
five- or sixDisBnbas 80T Aetnst oar omat i c ring connected by a ring carbon atom

to the am neps r si enber ed heteroaromatic ring
cont ai ns front%ggggrﬁﬁﬁggﬂgggf% g@?ﬁ3ﬁ8ﬁe?%%ﬂ$sulfur and nitrogen, with
one het er oat @mpmrﬂﬁcetmctan% t&hlecstawtﬁeléglt acent to the connecting ring
carbon atom said nono- sti uted het ercoaromati c ring being

nono-substituted at a position on a ring carbon atom other than adjacent
to said connecting carbon atomwi th a substituent selected fromthe group

consi st i ngo@rs]|lowerer ptéfmedsamtsbca@eﬁmbm bl -5 UR hisa&O-BiM-RP an@Ré jdr ono,
cyano, am dooxinme, or - a OR7 or (CH2)n C(C»CR? nis 0Oor 1, REis
| over . al kyl QREHE ak2 9@%% g capzbon §t0ﬁ§5cﬁﬂ§lgl§ﬁ osygdncemm, B) kghais afh carboR0

Cct ober 2006 o¥%59§ gggﬁﬁgaé1 /§§Q%/ 4c¥%§1a8%. GH%§9§ ggwg}ga{bon

at om t hat IS asym"retr|C| or a

phar maceut i catbing a8 6£PbAPe8 afcthle) LhEEROIF 4 cdQIIbmPhEd gﬁé@hﬁn aRmapd R2 are
each |ndependently hydr ogen, hal 0 such as chloro per f uoro- 1 ower al kyl

such as trifachaime hsyqabe.f)lranWe?h%hylbs ﬁHﬂbnyay sptoinallyg be fetley| sul f onyl .

More prefer en, halo such as chloro, or perfluoro-I|ower
al kyl such g%%%mngﬁﬁgf%ne$%q%i “and R 2 is hal o such as chloro, or | ower

al kyl sul fonyl such as nethylsulfonyl. [0024] Preferred five- or

si x-nmenbered rings formed by the conbination of R3 and

[0019] In still other preferred embodiments of compound I-A, R* is an unsubstituted
thiazoyl and R? is one of: a) a chain of 3 carbon atoms and one oxygen atom, b) a
- chain of 3 carbon atoms and one sulfur atom, c) a chain of 4 carbon atoms, d) a
chain of 4 carbon atoms and one oxygen atom, €) a chain of 4 carbon atoms and
one sulfur atom, or f) a chain of 5 carbon atoms. The groups -CH<R> may

optionally be further substituted as defined above.

[0020] In a further preferred embodiments of compound I-A, R* is an unsubstituted or
mono-substituted pyrazinyl and R? is one of: a) a chain of 3 carbon atoms and one
oxygen atom, b) a chain of 3 carbon atoms and one sulfur atom, c) a chain of 4
carbon atoms, d) a chain of 4 carbon atoms and one oxygen atom, €) a chain of 4
carbon atoms and one sulfur atom, or f) a chain of 5 carbon atoms. The groups

-CH<R® may optionally be further substituted as defined above.



the carbon atom R3 is attached to are tetrahydrofuranyl such as
tetrahydrofuran-2- yl and tetrahydrofuran-3-yl, tetrahydrap@cabyi208ach as
tetrahydropyran-2-yl and tetrahydropyran-3-yl, tetrahydro-thiopyranyl such
as terahydvo-08kpapyran-3(R) -yl and 1-oxo- hexahydr o- 1X4-t higpyr@aso R - yI ,
and cycl oal kyl such as cycl opentyl, 2rhydroxy-cycl opentyl,

3- hydroxy-cycl opentyl, 4-hydroxy-cyclopentyl, 2-oxo- cyclopentyl,

3- oxo- cycl KAl yi yetéfunlxeu-pwfctrcxbembydimeﬂtsmabbmplwhm hey, ?Rﬁ'lﬁ';d zomtﬁﬁmked '

3- hydr oxyi m no-cycl.o tyl, 4-hydroxyi mi no-cycl opentyl, 2-nethoxyi m no-

cycl opentyl , %ﬁ%aﬁ@ﬁ#w@c%&p@@mfﬁ gArhpR HERS ARt 9BE eyYdeapiamyl) a 2-

fl uorocycl op = < I - xy-Gycl,opent vl ,

2,2-difluor O%Tg&c?foﬁced%ﬁ/ , E%w %@F??%g%-aéoé’l C@%%h? élo, caroon atoa{s’ d)a

3- hydr oxy- 3- mbahmydf-cearbapaoiny hnd pAOBGIeeh atdn ) efctrialire armditdBaind R4 is an

unsubstituted or no-substituted five- or six-menbered heteroaromatic ring
connect ed by C&lerSP&gr Eamponh) achant 5t webonaipme. Theaipupsh&RIKR whisch five- or

si x- nenber ed J@,@nglﬁa}ge&ﬂ?{hgrcsu%tﬁg%e(&%@td?}nmes%ellbovgr 2 heteroatons selected from

sul fur and nitroge one eroa el ng nitrogen which is adjacent
to the connecting ring carbon atom said nono- substituted heteroaromatic
ring being nono-substituted at a position on a ring carbon atom other than

adj acent t@o3zj B W@F#&%@%@g@ﬁé&%ﬁﬁé&& ixtﬁt%?xlﬁ%kég?tgg to §o%|#)eo(ﬁtn%g from

the group consisting o ower a |, such“as ne such as “chloro
or bronp, cyafdormaia §ederaieR' a(xd?R%)me 10RFpepent(yEHA R el KAORTh dsth2f2o Oct ober
2006 WD 03/095438 PCT/ Eﬁ%’ /03844 . 14 another preferable enbodinent, R4 is
a group - C(OP ro%’i@?é Resh a8 ifyprometitygr laweraliad splemyjisuch ©026] Most
preferred fi X f.] [y! R4 _are thiazolyl,
such as thazgfe}hfg {/‘]‘@n ggz@ %ﬁ%r%g%hﬁagg&g% a%?%{i'f-cgf%onfﬁ%n%?ﬁ“di nyl , such
as pyridin- Baytanchddehesmodlklichgin of13-4 tacb b Bldalsgud G1cCix9a& 08Bl fir hiokgS Nay
optionally be. mpno-substituted at a position on a ring carbon atomother
t han adj acen?PeEa Hig chawnmeromtipation wish thetegrhoniatom it is bbrddd oeforms el ect ed

chi'or o and brogoct 2y Sisaeuflring, SHELH M B et BSnuiRmY bl Grom
wherein n i scétbon micnated oRbeicRain el 5B RtedWith loB¥VBToidY Klbcted §BmAte %F(‘(;u yl . ]
ggorzng h|y|n angcgnhsiesrtinrt)gro%fh%rggf,eox%,n}?}(?grg%ﬁo, i?ethosxy?n%?nro?gaelg ’suclshoav.\sle frluo?o, yhosHe

methoxy, and acetoxy; or one carbon member of the chain is disubstituted with

one hydroxy and one lower alkyl such as methyl or is disubstituted with halogen

such as fluoro; (2) when the chain contains an O heteroatom, the chain is

unsubstituted; and (3) when the chéin contains an S heteroatom, the chain is

unsubstituted or the S heteroatom member of the chain is substituted by an oxo

group; R* is ~C(O)NHR® or an unsubstituted or mono-substituted five- or six-

membered heteroaromatic ring connected by a ring carbon atom to the amine

group shown, which five- or six-membered heteroaromatic ring contains from 1 or

2 heteroatoms selected from sulfur and nitrogen, with one heteroatom being

nitrogen which is adjacent to the connecting ring carbon atom; said mono-

substituted heteroaromatic ring being mono-substituted at a position on a ring

carbon atom other than adjacent to said connecting carbon atom with a substituent

selected from the group consisting of lower alkyl such as emthyl, halo such as

chloro and bromo, cyano, amidooxime, or -(CHz)u-OR7 or -(CHz),,—C(O)OR7; nis

Oor1;R®is lower alkyl such as methyl: R’ is hydrogen or lower alkyl such as



or perfluoro-lower alkyl such as trifluoronmethyl. [0028] In another
preferabl e enbodi nent, R6 is |ower alkyl, such as nethyl .20 QQORIROIR

anot her preferable enbodi nent, R7 is hydrogen or |ower alkyl such as

met hyl . [ 0030}/095m38anot her preferable enbodinment, n is 0 orpdEp®RA3dds
Preferabl e conpounds in accordance wi tih the present inevntion are sel ected
fromthe group consisting of:

1-[2- (3, 4- D aistiopl ot gérensd 3 caBbdit edmahytds asyinmetrie 2n ¥l r prosyufamy | | - 3- met hyl -
urea, 1-[2-(3,4-Di chlaro-phenyl)-3 .

- (2- hydr oxy- EYEPEEO) [T bios Aphpumcspiqaly aceapiaple salt thereof.

1-[2- (3, 4-Di chl oro- phenyl ) - 3- (2- oxo- cycl opentyl ) - propi onyl ] - 3- met hyl - ur ea,
20 Cct ober 2006 WD 03/095438 PCT/ EPO3/ 03844 15
1-[2-(3,4-Dichloro-phenyl)-3 -(3 -hydroxy-cycl opentyl)-prop ionyl] -3
-net hyl - Y0e23] Brefe?at(R R “4en@RChr@echiih@spehdendyHydrogen, halo such as chloro,

- oxo-cycl opentyl)-propionyl] -3-nethyl-urea,

1- [ 2- ( 3, 4- Di peitlypro-lonesn ¢lkyl Sichias trifwsramethyl oa pveenyikyl pulésivbsighas 3- met hyl
urea, 1.

1- [ 2° (4- Vet hESESLHSRYT MBeRSAS2YY  RelsMHiE- - 519 figh 25 §Phr%s 28 pi ony ] - 3-
met hyl - ur ea, perfluoro-lower alkyl such as trifluoromethyl, and R is halo such as chloro, or
2-(3,4-Dichloro-phenyl)-3-(tetrahydro-furan-2-yl)-N-thiazol-2-yl-

propi onami delower alkyl sultonyl such as methylsulfonyl.

2- (4- Met hanesul f onyl - phenyl ) - 3- (tetrahydro-furan-2(R)-yl)-Nthiazol -2-yl -
pr opi onam de,

2- (3, 4-Di chl or o- phenyl ) - 3-(2-hydroxy-cycl opentyl)-N-thiazol -2-yl -

propi onani[gig24] Preferred five- or six-membered rings formed by the combination of R® and
3-(2- Hydroxy-cycl opentyl ).- 2- (4- met hanesul f onyl - phenyl ) - N-t hi azol - 2-yl -
pr opi onami dethe carbon atom R is attached to are tetrahydrofuranyl such as tetrahydrofuran-2-

(o o AR BB g e
pr opi onam desetrahydropyran-3-yl, tetrahydro-thiopyranyl such as terahydro-thiopyran-3(R)-yl
and 1-oxo-hexahydro-1A*-thiopyran-3(R)-yl, and cycloalkyl such as cyclopentyl,
2-hydroxy-cyclopentyl, 3-hydroxy-cyclopentyl, 4-hydroxy-cyclopentyl, 2-oxo-
cyclopentyl, 3-oxo-cyclopentyl, 4-oxo-cyclopentyl, 2-hydroxyimino-cyclopentyl,
3-hydroxyimino-~cyclopentyl, 4-hydroxyimino-cyclopentyl, 2-methoxyimino-
cyclopentyl, 3-methoxyimino-cyclopentyl, 4-methoxyimino-cyclopentyl, 2-
fluorocyclopentyl, 3-methoxy-cyclbpentyl, 3-acetoxy-cyclopentyl, 2,2-difluoro-
cyclopentyl, 3,3-difluoro-cyclopentyl, 3-hydroxy-3-methyl-cyclopentyl.

[0025] In a preferable embodiment, R*? is an unsubstituted or mono-substituted five-

or six-membered heteroaromatic ring connected by a ring carbon atom to the
- amine group shown, which five- or six-membered heteroaromatic ring contains 1

or 2 heteroatoms selected from sulfur and nitrogen, with one heteroatom being
nitrogen which is adjacent to the connecting ring carbon atom; said mono-
substituted heteroaromatic ring being mono-substituted at a position on a ring
carbon atom other than adjacent to said connecting carbon atom with a substituent
selected from the group consisting of lower alkyl, such as methyl, halo, such as

chloro or bromo, cyano, amidooxime, -(CH,),-OR” or -(CHa),-C(O)OR”. In



2-(3,4-D chl oro-phenyl ) -3-(3-hydroxy-cycl opentyl)-N-thiazol - 2-yl -

pr opi onam de, 20 October 2006
3- (3- Hydroxy-cycl opentyl) - 2-(4-met hanesul f onyl - phenyl ) - N-t hi azol - 2-yl -
pr opi onanivye 03/095438 PCT/EP03/03844

2- (3, 4-Di chl or o- phenyl ) - 3- ( 3- net hoxy- dycl opent yl ) - N-t hi azol - 2-yl -
pr opi onam de, 3-[2-(3,4-dichl oro- phgn yl)-2-(thiazol ﬁ/l car béam)yl )-ethyl]
-cycl opent yl an@bgrd:rreferable embodiment, R is a group —C(O)NH , wherein R” 1s lower

2-(3,4-Dichlgq (3- oxo-cycl opentyl)-N-thi azol -2-yl - propi onanm de,
20 Oct ober 26@%1 P‘\ 66¥6%ﬁ%6'5438 PCT/ EP03/ 03844 16

2- (4- Met hanesul f onyl - phenyl ) -3 - (3-o0xo0-cycl opentyl)-Nthiazol -2-yl -

pr opi onam de, 2-(3,4-Dichl oro-phenyl)-3-(3-fluoro-cyclopentyl)-N-thiazo
1-2-yl - propionam de, géB 4-D

i chl oro- pH@ﬁ%l)M@st(;@eﬂqgr 6x§i arisHomepEe cﬂ@dmeym)mmatlﬁrlag%& aropthiazolyl,

DS et hoxyt Yo By THEA 2oP 22t ¥ 3P By feh s pyridin-
2- (3, 4- D chl or9-phenw five3-of ix- rﬁeﬂbéﬂe@%&@r&)‘&hﬁﬁeﬁﬁg@r)xa)i\bﬁtlfﬂrﬁﬂ?be2 yl -
pr opi onam de, 2 (3,4-Dichloro-phenyl)-3 -(3

~di f | uor o- cy oloppenbstitytefat hpa@siiodn 04 yking gabph @ttmnrp‘d@r than adjacent to the

FZ)I‘ f)gl gn?mcgleorrglegtrgvngargon atorgvgl l{ Xlgjsrﬁtqle%}lge enctezd %01}1 t{'}lé :[grrgu%zc%ns_lsztu}/gl 6f

(R)- (3, 4-Di ci),ranB !k sty Si418 BYGH &-dRYd:8 Bnd bidns, Ny, 3ABhcoRiIME;

pr opi onam de,
2- (4- Met hanes(@HNAYR? phé nyCH2)3-G(0ORA vy liereinpyis dror - aid) R Nsthiyilaged,-@- y| -
pr opi onam de
2- (4- Met hyl slﬂ“feéﬁwl b el onmet hyl - phenyl ) - 3- (t et rahydro- pyran-2-yl)-N
t hi azol e- 2-yl - propi onam de, 6-[ 2-(4- Mt hyl sul fonyl -
-trifluoronethyl-phenyl)-3-(tetrahydro- pyran 2 -vl )

[0027] In another preferable embodiment, R is hydrogen, lower alkyl such as methyl

or perfluoro-lower alkyl such as trifluoromethyl.

[0028] In another preferable embodiment, R® is lower alkyl, such as methyl.

[0029] In another preferable embodiment, R’ is hydrogen or lower alkyl such as
methyl.

[0030] In another preferable embodiment, nis O or 1.

[0031] Preferable compounds in accordance with the present inevntion are selected

from the group consisting of:
1-[2-(3,4-Dichloro-phenyl)-3-(tetrahydro-furan-2-yl)-propionyl]-3-methyl-
urea,

1-[2-(3,4-Dichloro-phenyl)-3-(2-hydroxy-cyclopentyl)-propionyl]-3-methyl-

urea,

1-[2-(3,4-Dichloro-phenyl)-3-(2-oxo-cyclopentyl)-propionyl]-3-methyl-urea,



propi onyl am no]-nicotinic acid nmethyl ester, 6-[2-(4-Methylsulfonyl-3
-trifluoronethyl -phenyl)-3-(tetrahydro-pyran-2-yl)- 20 October 2006
propi onyl am no] -ni cotinic acid,
N- ( 5- Hydr 0% A®e43yds- pyri di n- 2-y1) - 2- (4- et hyl sul f onyl - 3- t ri felcunirosmeishy| -
phenyl)-3-(tetrahydro-pyran-2-yl)-propisonam de, 2
(R) - (3-Chl oro- 4- net hanesul f onyl - phenyl ) - N- (5-chl oro-pyridin-2-yl)-3-(4-
oxo- cycl ohexyl ) - pi 243 . 8Aawwhbeq-pRehyOe 3 -§béryd2RQ6 yc MyEMOB/08n33]-3-methyl-
PCT/ EPO3/ 033-14 17 2(R)-(3
- Chl or o- 4- net'ti@nesul f onyl - phenyl ) - N- (5- net hyl - pyri di n-2-yl)-3-(4- oxo-cyc
| ohexyl) -prop ionamde, 2 (R)-(3 -Chloro-4-nethanesulfonyl-phenyl)-N-(5
-chl or o- pyri di n- M348, 4331(:k|lor¢ryh¢rb'k)y4>ﬁﬂéosx}'@ﬂogﬁéx@m)@mpmd -omagthdereR(R) - (3
- Chl or 0- 4- et hanesul f onyl - phenyl ) - 3- (4- hydr oxyi mi no-cyc | ohexyl) -
N- (5- et hyl - pyri {22 4yDirhlor@phéerohadr(@eahydro-pyran-2-yl)-propionyl]-3-methyl
2- (3- Chl or o- 4- net hanesul f onyl - phenyl ) - N- pyrazi n-2-yl -3 -(tetrahydro-furan-
2(R) -yl ) - propi®8nani de, 2-(4- Met hanesul f onyl - '
-trifluoronethyl - phenyl)-N pyrazin-2-yl-3-
(tetrahydro-fur ah-[%(@)\dqth?)rwpmlécpwbnbmyl)ﬂér(tet@h@o pyran-2-yl)-propionyl]-3-
-Chl oro-4-nmeth sul fonyl - phenyl ) - N-pyra2| n-2-y1l-3-(tetrahydro-furan-
3-yl) - propi off&H’ E’EI a2(R) (3 -Chloro- rret hanesul f onyl - phenyl ) -3 - (2-o0x0-cyc
| opentyl)-N pyrazin- pr opi onarn
2(R) - (3- Chl oro- 4 ﬁ%ﬁ%ﬁ@@m Plsyl)- Dpﬁéﬁmdr%ﬁerﬂnﬁyﬂ} -Ox{azpbPopent y1 ) - N
pyrazin-2-yl s nroni onam de, 2 (R)-(3-Chloro-4-net hanesul f onyl - phenyl) -3

- (3- hydr oxy- I():y@fwipent yl)-N pyrazin-2-yl -propi onam de, 2-(3

J1 - propi ona. m ae CeME el Rl étﬁ&%l@gdﬁ%f%aﬁﬁﬁ?%i@ﬁwﬁ? P2 oxo- cyc

| opentyl) - N- @g{oﬁgllnmez yl - pr opi onam de,
(R) - ( 3- Chl or o- 4- net hanesul f onyl - phenyl ) - 3 ((S)-3-o0xo-cycl opentyl)-N

2-(3,4-Dichloro-phenyl)-3-(2-hydroxy-cyclopentyl)-N-thiazol-2-yl-
propionamide,
3-(2-Hydroxy-cyclopentyl)-2-(4-methanesulfonyl-phenyl)-N-thiazol-2-yl-
propionamide,
2-(3,4-Dichloro-phenyl)-3-(2-oxo-cyclopentyl)-N-thiazol-2-yl-propionamide,
2-(4-Methanesulfonyl-phenyl)-3-(2-oxo-cyclopentyl)-N-thiazol-2-yl- -
propionamide,
2-(3 ,4_—Dichloro—phenyl)-3—(3—hydroxy—cyclopentyl)-N—thiazol—2-y1—
propionamide,
3-(3-Hydroxy-cyclopentyl)-2-(4-methanesulfonyl-pheny!)-N-thiazol-2-yl-
propionamide,
2-(3,4-Dichloro-phenyl)-3-(3-methoxy-cyclopentyl)-N-thiazol-2-yl-
propionamide,
3-[2-(3,4-dichloro-phenyl)-2-(thiazol-2-ylcarbamoyl)-ethyl]-cyclopentyl
ester,

2-(3,4-Dichloro-phenyl)-3-(3-oxo-cyclopentyl)-N-thiazol-2-yl-propionamide,



pyrazi n-2-yl - propi onanm de, 2

(R) - (3- Chl or 0- 4- et hanesul f onyl - phenyl ) - 3- (( R) - 3- ox0- cycl| $pesioPern20Q0
pyrazi n- 2-yl - propi onam de, N (5-Bronp-pyrazin-2-yl)-2-(3

- chl or o- 4o HEA&Sul f onyl - phenyl ) -3 - (3-0x0- cycl opentyl) - pcogirosesside,
Cct ober 2006 WD 2003/095438 PCT/ EP200:8/ 003844 18 2-(3

- Chl or o- 4- et hanesul f onyl - phenyl ) -3 - (2- hydr oxyi m no-cycl opentyl)-N-
pyrazi n- 2-yl - pr ogi-@nbteiiaesulfonyl-phenyl)-3-(3-oxo-cyclopentyl)-N-thiazol-2-yl-

2- (3- Chl or 0- 4- net hanesul f onyi - phenyl ) - 3- (2- met hoxyi m no- cycl opentyl ) - N
pyr azi n- 2- y| BPEFPEHER de,

2- (3- Chl or o- 4- et hanesul f onyl - phenyl ) - 3- ( 3- hydr oxyi m no-cycl opentyl ) - N
pyr azi n- 2-yl - pr 0r;—GBthk@@rp-phenyDJ—(3—ﬂuoro—cyclopentyl)-N—thjazol—2-yl-

N- ( 5- Bronmo- pyrazi n- 2- yl ) - 2- ( 3- chl or o- 4- et hanesul f onyl - phenyl ) - 3- ( 3-
hydr oxyi m no¥¢yR %%%ﬁ%yl)-propionanide,

SRRt AL U BTN AN eRa T
N- ( 5- Br ono- PYr biigidyl ) - 2- (3-chl or o- 4- met hanesul f onyl - phenyl ) - 3- ( 3-
nethoxyinino-c@%lopentyl)-propionanide,

2-(3-Chl -4- | - - 3:- (3-hyd - 3- net ;

oyl opontyl) - N pras RGP hEBIr SRt it Sikneaf B b2 5+
-trifluoronephyliofigiay! ) - N pyrazin-2-yl1-3 -

(t et rahydr o- pyran- 2-yl ) - pr opi onani de,

20

2-(3-Chl oro- 4- ”EEgg,’l@Btho‘?S‘)f)héx%ﬁﬁ@Xﬁ)zch}‘ﬂHé!rro?c'@ic%bgﬁt%-'ﬁiéiztlf&lf:z@ﬁy dro- pyran-

4-yl)-propiona. m
N- ( 5- Br ono- pyr@#omenidy) ) - 2- ( 3- chl or o- 4- met hanesul f onyl - phenyl ) - 3-
(tetrahydro-pyran-4-yl)-propi onam de,

2- (3- Chl or o- 4- rreQn@,aeﬁxehqf&&;ﬁhem)e@?,)s:d}lﬂﬁoﬁb%%p%m_ﬂi&&ﬂz)ﬂﬁ-
(tetrahydro-pyran-4-yl)-propi onam de,

2- ( 3- Chl or o- prapetrirands.ul f onyl - phenyl ) - N-[ 5- (N- hydroxycarbami mi doyl)-
pyrazi n-2-yl]-3-(tetrahydro-pyran-4-yl)-propi onam de,

2- (3- Chl or o- 4- e {3 aeBithfopn pherdie Ry fraydpy-Hzint-2H W tdaAd et yiahy dr o-

propionamide,
2(R)-(3,4-Dichloro-phenyl)-3-(tetrahydro-pyran-2-yl)-N-thiazol-2-yl-
propionamide,
2-(4-Methanesulfonyl-phenyl)-3(tetrahydro-pyran-2-yl)-N-thiazol-2-yl-
propionamide,
2-(4-Methylsulfonyl-3-trifluoromethyl-phenyl)-3-(tetrahydro-pyran-2-y1)-N-
thiazole-2-yl-propionamide,
6-[2-(4-Methylsulfonyl-3-trifluoromethyl-phenyl)-3-(tetrahydro-pyran-2-yl)-
propionylamino]-nicotinic acid methyl ester,
6-[2-(4-Methylsulfonyl-3-trifluoromethyl-phenyl)-3-(tetrahydro-pyran-2-yl)-
propionylamino]-nicotinic acid,
N-(5-Hydroxymethyl-pyridin-2-yl)-2-(4-methylsulfonyl-3-trifluoromethyl-
phenyl)-3-(tetrahydro-pyran-2-yl)-propionamide,

2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-N-(5-chloro-pyridin-2-y1)-3-(4-

oxo-cyclohexyl)-propionamide,



t hi opyran-3 (R)-yl)-propi onam de, 2-(3 -Chloro-4-nethanesul fonyl - phenyl )-3
- (1- oxo- hexahydro-1 24-t hi opyran- 3(R)-yl)-Npyrazin-2-yl20fuphaoddoan de, 20
Oct ober 2006 WD 03/095433 PCT/ EP03/03344 19 2-(3

- Chl or o- 4-wetokvasresul f onyl - phenyl ) - 3- (4- oxo- cycl ohexyl ) - N- pycazirns/assa4

yl - propi onam de, 17

N- (5- Brono- pyr azi n- 2-yl ) -2-(3-chl oro- 4- net hanesul f onyl - phenyl ) -3 - (4- oxo-
cycl ohexyl ) - pr op2@hai+dielordv (it Bresu fqnyt-ahemA 2Ny(5) methg Ry yr(dn-2-y1)-3-(4-

- chl or o- 4- net h’anesg’éf og%I - phenyl ) - 3-(4- oxo-cycl ohexyl) - propi onam de,

2(R) - (3 - Chl GF84S BT HARRORIRINAS: phenyl ) - N- (5 - chl or o- pyrazin-2-yl)-3 - (4-
oxo-cycl ohexyl) - gropi onam de, 2(R)- (13 ) o

- Chl or o- 4- net hanédurEdriorghersihanesiliony kphenpl)-Ny(Sactilero pyyitiho- By{)$-(4-
oxo-cycl ohexyl )-prop i onam de. . .

2(R) - (3- Chl o)r{léé%fé??#é‘ﬁﬁ%%%‘gl[‘ﬂ‘?“éﬁyﬁrf’%lﬁgﬁi}}%ez N- (5- chl or o- pyrazin-2-yl)-3 -(4-
hydr oxy- cycl ohex - pr i onam de, o

2- (3- Chl or o- 4- m%@f@é@ﬁ?ﬂ’ﬁﬁl 1etangshlionyl-phenyld3-65hy dmxyirine-gralehwasii ) - N

pyrazi n- 2- yl \propi M 7o) . .

N- ( 5- Br ono- p?jragsg]fwﬁ@lgpg% ) - 2-2(%‘12 8mpcl)?nm(-1%et hanesul f onyl - phenyl ) - 3- (4-
hydr oxyi m no-cycl oh | ).- pr opi onam de, .

N- ( 5- Br ono- pyr az#‘ﬁ%‘%?f§:*g?ﬁ§‘?? IH Eﬁ?’gFp(;l-eﬂylr)r@{"ﬁ%g’a??’b‘ﬁ&ﬂwﬁwﬁ?ﬂﬁ)‘r—a@- (4-
hydr oxyi m no2@)cHippepydnaniddQpi onam de, 2

(R) - (3- Chl or o- 4- net hanesul f onyl - phenyl ) - N- (5- chl or o- pyrazi n-2-y1)-3 -(4-

hydr oxyi nmi no- cyc_ph - i_enRam . N in-2-vl-3-
2(R)-(3-Chl oro- 4j-l _rggt ﬁallﬁléensegllhggl%/??gﬂ?el%rgﬁse-&gl@E?Wéyowyﬁlnr%o}-'l@ycl ohexyl ) -
N- (5- et hyl - @ytrawidro-Rayn-P (Brdppopionadede, o

2- (3- Cnhl or o- 4- et hanesul f onyl - phenyl ) - 3- (4- met hoxyi m no- cycl ohexyl ) - N-

pyrazin-2-yl -pr QD(ﬁ@ﬂmrgﬂrméﬁlé&sﬁff@r@?ﬁ}éﬁﬁWp%ﬂMZ—;r-Z§—%tetrahydro-furan—
- chl or o- 4- met hanesul f onyl - phenyl ) -3 - (4-
met hoxyi m no3-0Yeiropiergthidepr opi onani de, and pharmaceutical |y acceptabl e
salts thereof

2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-3-(2-oxo-cyclopentyl)-N-

pyrazin-2-yl-propionamide,

2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-3-(2-hydroxy-cyclopentyl)-N-

pyrazin-2-yl-propionamide,

2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-3-(3-hydroxy-cyclopentyl)-N-
pyrazin-2-yl-propionamide,
2-(3-Chloro-4-methanesulfonyl-phenyl)-3-(3-oxo-cyclopentyl)-N-pyrazin-2-

yl—propionémide,

2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-3-(3-oxo-cyclopentyl)-N-
pyrazin-2-yl-propionamide,

2(R)~(3-Chloro-4-methanesulfonyl-phenyl)-3-((S)-3-oxo-cyclopentyl)-N-

pyrazin-2-yl-propionamide,

2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-3-((R)-3-oxo-cyclopentyl)-N-

pyrazin-2-yl-propionamide,

N-(5-Bromo-pyrazin-2-yl)-2-(3-chloro-4-methanesulfonyl-phenyl)-3-(3-oxo-
| cyclopentyl)-propionamide,



20 Cctober 2006 %/O 03/095-138 PCT/ EP03/03844 20 [0032] Mre preferable
conpounds in accordance with the present inevntion are selected fromthe
group consisting of: N (5-Brono-pyrazin-2-yl)-2-(3 20 October 2006

- chl or owb p@shetassul f onyl - phenyl )-3 - (tetrahydro-pyr amctie,«gplz()ogm@pj‘onam de,
2-(3 -Chl oro-4-net hanesulfonyl phenyl§ - N- (5- cyano- pyrazi n-2-yl ) - 3-

(tetrahydro- py D

2- (3- Chl or o0- 4- %@? néelr(s)"il"glgﬁy esblﬁtmﬂﬁfgheﬂlﬂ B: ?@%Wdﬁyﬁlépﬁqt}'%h&oyl)
pyrazi n- 2-3@11323,291,@&,?@51;@5& pyran-4-yl)-prop ionamde, 2 (R)- (3
-Ciloro-4-nmethanesul tonyl - phenyl )-3 -(3 -hydroxy-cyc lop entyl)-
pyrazin-2-yl PSR a- I I yI) 3
- (3-oxo-cycl op%nty [@Bl\léldﬁe/trhggésﬁ ﬁ)&il ﬁé b%l |o(2a£&5m é}% i%en@i}eﬁ

2( R) - ( 3- Chbypmzin42-ylepropwesmideony| - phenyl) 3-((R) - 3-oxo0- _cycl opentyl)-N
pyr azi n- 2-yl - propi onam de,

N- (:5- Br ono- py r 243-Cheory 4} mathbiesaItboyl pidnyiR B (3 NGarI Ky BRMb-pRe Pl -J-( 3 - ox0-
cycl opentyl) - propi onani de,

N- ( 5- Br onoPPy#E -kazmmoya@ld(es chl or o- 4- net hanesul f onyl - phenyl ) -3 - ( 3-
hydr oxyi m no- cycl opentyl ) - propi onam de,

2- ( 3- Chl or o- 4- Nf(ﬁiﬁme@tpmw )phéf(%c)lm«anﬁhMasmeymphm}dyu:«}pent yl)-N
pyrazi n- 2-yl : pr.aopi.on

N (5- Br ormﬁ %}5’&9\9% Xr;:kjpegg)sgﬁﬁ’m%%“df net hanesul f onyl - phenyl )-3-(3 -

rop jonam.ide,

th
-mI;r o%ylp;/n r ggl (r?lg &Bfor%"‘(%e HW%PEOWIT@P%%%E(EWWWWPM@WDiNoxo-
cycl ohexyl},yrgglg@_ 3;1,?%”3@%(5 Br ono- pyrazin-2-yl)-2(R)-(3
y

- chl or o- 4- net hanes enyl) - 3- (4- oxo-cycl ohexyl) - pr opi onami de,

ox. oyo OSQ'XSW <§?§§#§?P”f%3%59%5 SERERE by ﬁ’ ob%ad5-Br) Epoal 0ssas

methoxyimino-cyclopentyl)-propionamide,

2~(3-Chloro-4-methanesulfonyl-phenyl)-3-(3-hydroxy-3-methyl-
cyclopentyl)-N-pyrazin-2-yl-propionamide,

2-(4-Methanesulfonyl-3-trifluoromethyl-phenyl)-N-pyrazin-2-yl-3-
(tetrahydro-pyran-2-yl)-propionamide,

2-(3 -Chloro-4-methanesulfonyl-phenyl)-N-pyrazin-2-yl-3-(tetrahydro-pyran-
4-yl)-propionamide,

N-(5-Bromo-pyrazin-2-yl)-2-(3-chloro-4-methanesulfonyl-phenyl)-3-
(tetrahydro-pyran-4-yl)-propionamide,

2-(3-Chloro-4-methanesulfonyl-phenyl)-N-(5-cyano-pyrazin-2-yi)-3-
(tetrahydro-pyran-4-yl)-propionamide,

2-(3-Chloro-4-methanesulfonyl-phenyl)-N-[ 5-(N -hydroxycarbamimidoyl)-
pyrazin-2-yl]-3-(tetrahydro-pyran-4-yl)-propionamide,

2-(3 -Chloro—4—methanesulfonyl-phenyl)—N—pyrazin-2-yl—3-(tetrahydro-
thiopyran-3(R)-yl)-propionamide,

2-(3-Chloro-4-methanesulfonyl-phenyl)-3-(1 —oxo-hexahydrod?f—thiopyran—
3(R)-yl)-N-pyrazin-2-yl-propionamide,



21 2(R)-(3-Chl oro-4-net hanesul f onyl - phenyl ) - N- (5- met hyl - %r azin-2-yl)-3
-(4- oxo-cycl ohexyl)-propi onamni de, October 2006

N- ( 5- Br ono- pyr azi n- 2-yl ) - 2- ( 3- chl or o- 4- met hanesul f onyl - phenyl ) - 3- (4-

hydr oxyi mW(b0X4pc¥Bhexyl ) - propi onam i de, N-(5-Brono-pyrazi PcRERI3)BR4(R) - (3
- chl or 0- 4- net hanesul f onyl - phenyl ) -3 - (4 hydroxyin

no- cycl ohexyl ) - propi onam de, 2(R)-(3 -Chl oro-4-net hanesul fonyl - phenyl )-N- (5
-ch | or o- pyr azi n2-#3-¢hjorg-4-thathahssdtoxyliphien)-3y(dtaxivesyplohexylpN-pyoarmmide, and
pharnaceuticaﬂﬁg acceptable salts thereof. [0033] Mst preferable conpounds
i n accor danc® RiPK ¥ HE  pr esent invention are 2(R)-

(3- Chl or o- 4- et hanesul f onyl - phenyl ﬁ 3- g—f‘i’? - 3- oxo-cycl opent yl %; N- pyrazin-2-y
| - propi onanm de BrOFrmpocmraandry)-4-(Greploaerdsuethenssiliomd ey 33 (49R9dr oxy-

cycl opentyl )%@Eﬂi_&)gﬁagﬁgéopi onanm de and optionally pharnmaceutically

acceptable s 4] The conpound of forrmula | can be prepared
starting fromt ound of _f Vv the foll ow ng Reaction Schene:
20 Cct ober 2006%\A%%gg%g%ﬁ%%nﬁé%'%gﬁd%“@éﬁ"‘"?ﬁth%ﬁb‘m@ﬂ‘%&‘wg}fé'(% COON
COOR6 CQO @Xﬁ%gﬁe%@ﬂ%nﬂhe,m VR~-VI RLVIII R3>CHCHz X R3 VI

R -NH2 COOH x I x

2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-N-(5-chloro-pyrazin-2-yl)-3-(4-
oxo-cyclohexyl)-propionamide,
2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-N-(5-methyl-pyrazin-2-yl)-3-(4-
oxo-cyclohexyl)-propionamide,
2(R)-(3-Chloro-4-methanesulfonyl-phenyt)-N-(5-chloro-pyrazin-2-y1)-3-(4-
hydroxy-cyclohexyl)-propionamide,
2-(3-Chloro-4-methanesulfonyl-phenyl)-3-(4-hydroxyimino-cyclohexyl)-N-
pyrazin-2-yl-propionamide,
N-(5-Bromo-pyrazin-2-yl)-2-(3-chloro-4-methanesulfonyl-phenyl)-3-(4-
hydroxyimino-cyclohexyl)-propionamide,
N-(5-Bromo-pyrazin-2-yl)-2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-(4-
hydroxyimino-cyclohexyl)-propionamide,
2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-N-(5-chloro-pyrazin-2-yl)-3-(4-
hydroxyimino-cyclohexyl)-propionamide,
2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-3-(4-hydroxyimino-cyclohexyl)-
N-(5-methyl-pyrazin-2-yl)-propionamide,
2-(3-Chloro-4-methanesulfonyl-phenyl)-3-(4-methoxyimino-cyclohexyl)-N-
pyrazin-2-yl-propionamide,
N-(5-Bromo-pyrazin-2-yl)-2-(3-chloro-4-methanesulfonyi-phenyl)-3-(4-
methoxyimino-cyclohexyl)-propionamide,

and pharmaceutically acceptable salts thereof.



RA&-NH2 X REHYRA OR2RL wherein R, R2, R3, R4, and R6 are as above.
[ 00351 The carboxylic acids or their |lower alkyl esters @0 @dotmul2806/ and VI
wherein one of R and R2 is hydrogen, nitro, nercapto, mnethylthio,
trifluoroM ®yloti$80, nethyl sul fonyl, am no, fluoro, chlorecthiresmsyj odo,
hydr oxy, nethoxy, trifluoromethoxy, nethyl, trifluoronmethyl, and carboxy,
and the other is hydrogen are comrercially available. In cases where only
t he car boxiPP32 Meraprefeebley apiptiels inandordanne ceigs aliy phaent tidvhgsn aheni cal
modi fi cation _to tg(iﬁductgl the desired substitutions at Rl and R2, the
carboxyl i ¢ alP s CIA HECSCOMPTYEG S he 20 Cctober 2006 WO 03/ 095438
PCT/ EP0O3/ 03844 23 correspondi ng esters of |ower al kyl al cohols using any

conventi onal est Buistneald fikasihayh IRt 4 ARGk Milon ST NS her et o
y of 't

forward are to be carried out on the |ower a ester He carboxylic
aci ds of f or ffatrahydro-pyravi4-yl)-gropieyarhdecar ri ed out on the carboxylic acids
of formula V or | X thenselves. [0037] The conpounds of fornula V where one

of R and R 2 i s2@rOhorGanmathaneMUArL Gkl D10 flefarbUbiaif. yeqi.s. i L her
before or after conversion to the conpounds of formila |I. 1n this respect,
the anino grGepEdveEnPHendrdrordpienantideyi el d the correspondi ng di azoni um
conpound, which in situ can be reacted with the desired |ower alkyl thiol
or perfl uoro- | owk(3-&hlorb-4tinkthanésséfenilopheaylanp| £ (NBatiRixgcarfa®imidSymt h. Conm
1984, 14, 215; Gam.C.  S.; K kukawa, K., J. Chem Soc, Chem Comm 1980,
756; Kau, D.PYREpeni-SKitctradhydiq-pyragiadt Bonionpmidy 3. Label | ed Conpd Rad.
1985, 22, 1045; Qade, S.; Shinhauia, K; Kim Y. H, Bull Chem Soc.
2(R)-(3—Chloro—4-methanesulfonyl—phenyl)—3—(3—hydroxy—cyclopentyl)-N—

pyrazin-2-yl-propionamide,

2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-3-(3-oxo-cyclopentyl)-N-
pyrazin-2-yl-propionamide,
2(R)—(3—Chloro—4—mcthanesu1fonyl-phenyl)-3—((R)—B—oxo-cyclopentyl)-N—
pyrazin-2-yl-propionamide,
N-(5-Bromo-pyrazin-2-yl)-2-(3-chloro-4-methanesulfonyl-phenyl)-3-(3-oxo-
cyclopentyl)-propionamide,
N—(5—Bromo—pyrazix1—2-y1)-2—(3-chloro-4—methanesulfonyl-phenyl)—3—(3—
hydroxyimino-cyclopentyl)-propionamide,
2—(3-thoro~4-methanesulfonyl—phenyl)—3-(3-methoxyimino-cyclopentyl)—N—
pyrazin-Z—}:f'l-propionamide,
N-(5-Bromo-pyrazin-2-yl)-2-(3-chloro-4-methanesulfonyl-phenyl)-3-(3-
methoxymmino-cyclopentyl)-propionamide,
N—(S—Bromo-pyrazh1—2-yl)—2-(3-chloro—4-methanesulfonyl—phenyl)—B -(4-ox0-

cyclohexyl)-propionamide,

N-(5-Bromo-pyrazin-2-y1)-2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-(4-

oxo-cyclohexyl)-propionamide,

2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-N-(5-chloro-pyrazin-2-y1)-3-(4-

oxo-cyclohexyl)-propionamide,



Jpn. 1980, 53, 2023; Baker. B. R; et al, J. Og. Chem 1952, 17, 164) to
yield correspondi ng conmpounds of fornula V where one of 20Hectshen@00G uent s
is lower alkyl thio or perfluoro-lower alkyl thio and the other is

hydr ogen. Wif 03g@sisged, the |lower allcyl thio or perfluoro-pbeweposdskyul thio
compounds can then be converted to the corresponding | ower alkyl sulfonyl
or perfluoro-lower alkyl sulfonyl substituted conpounds of forrmula V by
oxi dation. Any céRi-€hChbmetd-mrethhocsuttbnyleptiediiziNa(s-alekiyll-pthizm-3yhst-{4-uents to
sul fones can_be ut | i ﬁd to effect this conversion. On the other hand, the
| over al kyl ¥HI®° 5ﬁ§é REP'VEAH4Fso be converted to the corresponding

| oner al kyl sulf conpounds of fornmula V by oxidation. Any conventi onal
met hod of oxi di ﬁ% é‘PIRWPﬁaﬁHb')é’@b%t@ﬁhJ@mém@ha@allhfmldesn}dhh(%e utilized

to effect t 9§ﬂ¥ rsi |s desired to produce conpounds of
formula V wﬂg%r eﬁbfyg@hmth drogen and the other is

sul fonam do, th @§§(§gto subs géﬁ%b can_be oxidized to a -SQO3H group
whi ch t hen can s(6 BFFRP PGty (3ﬁﬁkﬁﬁ'*Pﬁh@ﬁﬁHHnglﬁﬁeﬁ)3Kéacted

W th ammoni g, US| gbstituent, -S02-NH2. 20 Cctober 2006
WO 03/095438 PCT EP03/838 3f§f F%g%&f % it is desired to produce

conpounds w th Lgwer, L ar erfI Kk gro of . conpounds of
formula V, the ggﬁfés§%%§) @535 3pb@$§gN%§ G zﬁg}ﬁﬁﬂa V can
be used as siyafdxyﬁgnm@ygbh@dy@_p@g;bn%r%entl onal nethod of converting an
aromatic hal 0 group to the corresponding al kyl group (see for exanple,

Kat ayama, T.and phasmaicewicallChengptablst galts meagf 2073; Reddy, G S.; Tam,
Organonetal lics, 1984, 3, 630; Novak, J.; Sal em nk, C A., Synthesis,

1983, 7, 597; Eapen, K. C; Dua, S. S.; Tanboroskl, C, J. Org. Chem 1984,
éger k47§; [OﬁbgﬁMo@&Eref&a‘blg&%oﬁﬂs u%%}cg%r&ﬂ@@%vﬁﬁ%e n%r%r glvegg 17?19% 1389;
Bl ade, R J(- Chrceomnaaamulfemjﬁiphmﬂw (@R B3;0xBawelopentR)- I‘prralzﬁalﬂﬂ, C A
US patent 5113013 %ﬁg gtlllzed to effect this conversion. [0040] For
conpounds oPTRIPREH e‘?f &ihleneet-gretspesilvnyRaheayh- -RB-hdrosig dr oxyani no,
the correspepdl I S #e WMo cYay5To SpiSAkn erial and can
be convertedygoﬁﬁﬁgjcdﬁ?espoﬁﬂqﬁ %onpgﬁﬁgﬁ%%%@%g®ﬁﬁ' un&H are

hydr oxyam neccephaylesativtwetdotnal net hod of converting a nltro group to

- [0034] The compound of formula I can be prepared starting from the compound of

formula V by the following Reaction Scheme:



t he correspondi ng aromati ¢ hydroxyam no conpound can be used to affect this
conversion. [0041] The carboxylic acids or esters of forallQrtabep200f
wherein both of R and R2 are chloro, fluoro, hydroxy, and nmethoxy are
comer ci aMoyosgwaiskabl e. The carboxylic acid of formula V phemehRL i S
trifluoronmethyl and R2 is fluoro, and22the carboxylic acid of fornmula V
wherein R is nitro and R is chloro are also comrercially available. In
cases, where only the carboxylic Reididn®Bchesicai | abl e, they can be
converted to the corresponding esters of |ower al kyl alcohols using any
conventional esterification nmethod. [0042] To produce the conpound of
formula V where both R and R2 are nitro, 3,4- dinitrotoluene c

as starting material. This conpound can be converted to the cor Qndi ng
3, 4-di ni trophepyl etic acid. Any conventional nethod of | an
aryl met hyl ' ; i i ed to

effect this g
Fi sher, L.gE.;
871). 20 Cotob
formula V whereR’lboth R and R2 substituentyy are am no can be obfaingg, from
t he correspondiyag di nitro conpound of Rfornmul a V, described aboveR' Any
conventional nethod of reducing a nitro group to an amne can be utilized
to effect this conversion. [0043] The conpound of formula V where both R
and R2 are ami ne groyps can be used to prepare the correspondi ng conpound
of formula V where bo R and R2 are iodo or bronp via a-diazofization
reaction. Any conventional nmethod of converting an am ng”group to an iodo
or brono group (geeniq.xexanmple, Luga . : E. R Og. Synth.
Coll. Vol, Il 1943, @bf) can be utilized to effect t conversj on. [0044]
If it is desired to produce ere both R agg R2 are
| ower al kyl thio or perfluoro-Iowe thio grgups, the conpoun o
formula V where R and R2 are am an b&9Ped ‘as starting materi & . Any
conventional nethod of converti aryl amino group to an ary| |ower

al kyl thio or to a perfluoro-Ig@wer Jal kyl, thio group can be utiljzed to
effect this conversion. If it is

Rt
Ré-NH,
X
R3
H
M\\R4
0
R2
I
R1

wherein RI; Rz, R’ , R4_. and R® are as above.

[0035] The carboxylic acids or their lower alkyl esters of formula V and VI wherein
one of R! and R? is hydrogen, nitro, mercapto, methylthio, trifluoromethylthio,
methylsulfonyl, amino, fluoro, chloro, bromo, iodo, hydroxy, methoxy,
trifluoromethoxy, methyl, trifluvoromethyl, and carboxy, and the other is hydrogen
are commercially available. In cases where only the carboxylic acids are available,
and 1f necessary for further chemical modification to produce the desired

- substitutions at R! and RZ, the carboxylic acids can be converted to the



desired to produce conpounds of fornula V where R and R2 are | ower al kyl
sul fonyl or lower perfluoro alkyl sulfonyl, the corresporddi®¢gouwRpoands of
formula V where R and R2 are |ower alkyl thio or perfluoro-Iower alkyl

thi o can WSeO¥¥étfSas starting material. Any conventional neChadonf3sss

oxidi zing alkyl thio substituents to28ulfones can be utilized to effect
this conversion. On the other hand, if it is desired to produce conpounds
of fornul a VeoiE@PengRng gHgrsry layver alhdwmohalsmyﬂ agylcbmydntiondlestenficampondi ng
conpounds of f& la V where R and R2 are |ower alkyl thio can be used as
starting materi a Any conventional nethod of oxidizing alkyl thio
substituents to sulfoxides can be utilized to effect this conversion.
[0045] If it is desired to produce conpounds of fornmula V where both R and

R2 are 3@@3‘6} tANE e Lok RUREo Akl 2L+ (fpf? g(]fcalrrgor(()r)rllljt: 0\/\@; Eogvrf:l?%hqﬁ%sgﬂ? the

correspondi ng” hal o substituted conpounds

starting matefthakabodplyc addsnfefotmenall oratilad edy eaawesid dgna: aromatic hal o
group to the correspondln | ower al kyl or perfluoro-lower alkyl group can
be utilized tBPEpiEECIdsHif SorenHy & arilgrhepeelGst ober 2006 WO 03/ 095438

PCT/ EPO3/0384-1 26 [0046] The carboxylic acids corresponding to the
conpounds of fornmula V where one of R and R2 is nitro and the other is

hal o are kouwsm The eoiipaends dfgbahilhes (868 dhelof & abMROIOBmBichs gPhenyl acetic
aci d: Tadayukci, S.; Hroki, M; Shinji, U ; Mtsuhiro, S. Japanese

patent, JP 7onyomgito Qﬁi@rﬁlbﬁlmﬂﬁsw@cbsﬁwoﬁﬁmepnmaﬂ tor thd compounds-
chl orophenyl | mans Bour det Chast anet

Zh B )
J.; Rousssi fa%ﬁwg I gusd‘?gl?]ﬁd’ tb@%r?%g’%?o‘&sﬁn b%@&?ﬁ@??ﬁﬁlﬁg y’qgtheBour det, S.;
Zhu, J. Tetd’o@x*é@ﬂfn@&ﬁ—&hﬁom&tﬁ%mp%@md %?&7) in STRRSR be AR M hBGEGRgcan be

converted to the correspondl ng lower al kyl ‘esters using any conventi onal
esterificatilowenakndlisl or pérflsora-fovier alkgl dédli(seedot exantpde Batejs,HeD conpound of

formula V eof is nitro and the other is | ower alkyl
thio or pe%ﬁ%‘rgn I§é1 E{}f}l?%@m e kebpkap Sndl Kderofipo@igmaher e one
of R ~and R2C'67§n1n1§§007§51q\§1p?) Okhghm'sﬁi ?%Oﬁgbergsﬁndlg.e?}"%ga&[a?l 5t arting
material. In this reaction, “any conventional nethod o nuc eoph| lic

di spl acenentCa)ﬁpcé&acér]GBa;m; 1645 00adeeS g Shinpamiaf K.; KinpWe H. gy Chéhiset. or

perfluoro | o iLo_can be used (see for exanple, Singh, P.; Batra,
52" G nt 1980555 Al nHES, BR 1568 { oy Shom: 1900760 KeReldur &, v,

Sat a, S.; corresponding compounds of formula V where one of the substituents is lower
alkyl thio or perfluoro-lower alkyl thio and the other is hydrogen. If desired, the
lower alkyl thio or perfluoro-lower alkyl thio compounds can then be converted to
the corresponding lower alkyl sulfonyl or perfluoro-lower alkyl sulfonyl
substituted compounds of formula V by oxidation. Any conventional method of
oxidizing alkyl thio substituents to sulfones can be utilized to effect this
conversion. On the other hand, the lower alkyl thio compounds can also be
converted to the comresponding lower alkyl sulfinyl compbunds of formula V by
oxidation. Any conventional method of oxidizing alky] thio substituents to

sulfoxides can be utilized to effect this conversion.

[0038] If it is desired to produce compounds of formula V where one of R! and R is
hydrogen and the other is sulfonamido, the mercapto substituent can be oxidized
to a -SO;H group which then can be converted to -SO,Cl, which, in turn, is then

reacted with ammonia to form the sulfonamide substituent, -SO,-NH,.



Itoh, 1, Chem Lett, 1988, 1393; Whrle, D.; Eskes, M; Shigehara, K ;
Yamada, A, Synthesis, 1993, 194; Sutter, M; Kunz, W U30gatert 20005
5169951). Once the conpounds of fornula V where one of R and R 2 is nitro
and the owheesdsssdsower al kyl thio or perfluoro-lower alkypctRp®BEE

avai | abl e, they can be converted to the corresponding conpounds of fornula
V where one of R and R2 is nitro and the other is |ower alkyl sulfonyl or

per f | uor o{d0geETs iadskiekireditd maﬁca@h{wuﬁwmudm@mﬂ exp&hb@NoRELARGUr €s. | f
it is desired to produce conpounds of forrmula V where one of R and R2 is

am no and t fesoupsdconponndwet faiyla M, hhl&)ccmTESperﬂIthhﬁd@SlﬂnmnecaI kyl thio, the

correspondi n one of R 0 and the other is
| ower al kyl H1P8‘q§‘f %gfp %?Seﬁﬁﬁgfﬁgm [Batﬁﬁ% SpePy By eyonat or t i ng
mat erial s. %éth&?@ﬁk%ﬁ%ﬁﬂﬁ' an@&rﬂ@ﬁ'c Rllo LRABGH Ak @ﬁe@ﬁ&m{g il ga@sgr oup to

an anine can be utilizedto effect thi's conversion. ired to
produce corgrsudndscapiplé,of atayana/ Tohémenad., (el Lemd99212, 2iO§31 Rw&eily @l kyl thio

o the ot gL PELOLSLT o L e, B gory o g orpound
per f 1 uoro-1qygs -Allky! '1?5 ogCan [S’@a 4S€d T, 2% oRiRN Td rygdlﬁt@ﬁé;#'@m Ay

conventi onal ~net hod azoti’zing an’aronmatic -and reéacting it

in situ wtHA78hehdes), r'e'd Deael. -3 Ky Chehi $dc. caanbeombzl U%e(ﬂam) ALt ober
2006 WO 03/095435 PCT/ EP03/038-14 27 effect this conversion. If it is
desired to proMGEEEnPpbUNadonst Ce §F-nbangoy, hmBisshpoie BiadeRR-bind R2 is | over

oY oo At aRal R CLRr £ BRLELIRI O kgh, &S S SDIAL ™ g e

correspondi ng CO € one owd P

other is pebfldb@ﬁtﬁldeﬂvterefﬁl:MS doli@siean be used as starting materials. Any
conventional nethod of oxidizing an aromatic thio group to the :
correspondi ng sulfone group can be utilized to effect this conversion.

10047] I f i.s desired.to ounds .of, forpul a . where one of R
and R2 [Ob%(gllls)oraﬁﬁlpt()%d (t)fhfg’ @?8@@%‘?&@? Jotfy 89% a‘B@%f [Suor o- | ower al kyl
thio, the a%bmﬂel g &ﬁ@ﬁ%ﬂﬂ%ﬁ@@e&nﬁ&&d@fw&emqa%moam no and the
ot her is |ower thio or perfluoro-iower alkyl thio cal be used as

starting naF@Ffiralll ?,nd mybe @Q)Wém loothe komesphuding forpazsis mmer@Ra@démonatl c
am no group version aronmati c .hal i de can be

5 ;
utilized toYe fafee@f PHY a§n@8n2\éﬂysq°8ﬁ%n“f’f’aliq‘et§lgd BE% FVERINSERIEP BIRYRLC conpounds
of formula iﬁe%%%d?ﬂﬁlgoérogatiéﬁgd&ydﬁng%l)ﬁ’lp@iﬁgl {8 eQLB 1o affect this

CONvVersion.

[0041] The carboxylic acids or esters of formula V or VI wherein both of R' and R?
are chloro, fluoro, hydroxy, and methoxy are commercially available. The
carboxylic acid of formula V wherein R' is trifluoromethy! and R? is fluoro, and
the carboxylic acid of formula V wherein R' is nitro and R? is chloro are also
commercially available. In cases, where only the carboxylic acids are available,
they can be converted to the corresponding esters of lower alkyl alcohols using any

conventional esterification method.

[0042] To produce the compound of formula V where both R and R are nitro, 3,4~
dmitrotoluene can be used as starting material. This compound can be converted
to the corresponding 3,4-dinitrophenyl acetic acid. Any conventional method of
converting an aryl methyl group to the corresponding aryl acetic acid can be
utilized to effect this conversion (see for example, Clark, R. D.; Muchowski, J.

" M.; Fisher, L. E.; Flippin, L. A.; Repke, D. B.; Souchet, M, Synthesis, 1991, 871).



is |ower alkyl sulfonyl or perfluoro-lower alkyl sulfonyl, the
correspondi ng conpounds where one of R and R2 is hal o a#ftOtteberod0fér i s

| ower al kyl thio or perfluoro-lower alkyl thio can be used as starting

mat er i al s.w@ng/ogasyenti onal nethod of oxidi zing an aronmat ipgeTidte®ogaoup to
t he correspondi ng sul fone can be wutiltxzed to effect this conversion.

[0048] If one wi shes to prepare the conpound formula V where one of R and
R2 is nitro Thegompeundhefifoimula Wberetbhéh I&omb&nwb@flmfeotsmﬂ auigowpebe one of

R and R2 is_ ni.tro.and the other . chloro ca d.,a

material . Th& ARG H D RHFTED ~“o tf?eCOBFPé’Hi}B ?? “E%X @?CI&%‘?@W &d to an
i odo substit %coﬁ@@rﬁﬁn@f me%ﬁ%@t&iﬂcﬁwﬁr}ﬁﬁré grohp t6an a@ﬁkﬂ%ﬁl belﬂtth%d tor g.
Synth. Coll Vol J, 1973, 478; dark Jones, C. . Chem Soc.

Chun. Commn.efﬁt@tams coa0g¥ionwhi ch in turn can be react ed vvlth an azide
transferring agent to formthe correspondi ng azide (see for exanple,
Suzuki, H; Myoshi, K ; Shinoda, M Bull. Chem Soc. Jpn 1980, 53,

1765) Thi ! t%]'e'gfr‘e &qﬁ?&'glu Q)ftﬁ?m{tﬁg erE Bo 1903[}1\361{'* éner?&gfs caﬂl%ef orm the

am ne subs cing 1t with comonly use agents for

converting azkeks® ﬁr@ﬁmh&&ﬁnﬁmdﬁ@rcomp@m ef foﬁ@ala,VlﬁzhereYtﬁd(bRérmd RS.
(okawa, A. Synthesis, 1987, 48). 20 Cctober 2006 WO 03/095438
PCT/ EPO3/ 03842 10980] bypaey] Vipf q“tzoflémtfé’slie?fé‘@nt @Ddrc@&h@élqﬂh'én%ﬁ%éﬁnd of

dosori bed horRrnnaroy L e et Blfturk L SuS P R K00, PRA fIRRY o 85

di azoti zati op,; Ken¢RAUCR. DRE Sihaz abl/ump/, galoy3f 391 euede blizeaas kifedt thst h a
cyano group transferrlng agent If it is desired to produce conpounds of
formul a V whéprveghen-of R and R22 is cyano and the other is not cyano, the
conpound of forrmula V where one of RL and R2 is nitro and the other is '
chloro can be used as a starting material. Using this starting material,

the nit rqon $411 M itSE d68RHGE Prddacd BenBainas ot ¥ \eher£Bith ROME R iagnal
nmet hod of ucing a nitro group to an amne can be utilized to effect

this conver silcumer alktyé thiawei paflyooulyvics atidybthicgroups, tledcampaund of jemmlgVoup vi a

di azoti zat t d the. di al t. f th
Cyano. or oup_ PPERIF G S g SRS G VHArD AR Do BB PR Y o any
ot her desi r eghebhod@dFoReerBiHP ol byl @RInASodeRN R9MovRe LBy HARS 618 a

perfluoro-lower alkyl thio group can be utilized to effect this conversion. Ifit1s
desired to produce compounds of formula V where R! and R* are lower alkyl
sulfonyl or lower perfluoro alkyl sulfonyl, the corresponding compounds of
formula V where R and R? are lower alkyl thio or perfluoro-lower alkyl thio can
be used as starting material. Any conventional method of oxidizing alkyl thio
substituents to sulfones can be utilized to effect this conversion. On the other
hand, if it 1s desired to produce compounds of formula V where R' and R are
lower alkyl sulfinyl, the corresponding compounds of formula V where R! and R?
are lower alkyl thio can be used as starting material. Any conventional method of
oxidizing alkyl thio substituents to sulfoxides can be utilized to effect this

conversion.

[0045] If it is desired to produce compounds of formula V where both R' and R* are
substituted with lower alkyl or perfluoro-lower alkyl groups, the corresponding
halo substituted compounds of formula V can be used as starting materials. Any
conventional method of converting an aromatic halo group to the corresponding

lower alkyl or perfluoro-lower alkyl group can be utilized to effect this conversion.



[0050] If it is desired to produce the compound of fornmula V wherein one of
R or R is a-C(O-0R6, this conpound can be formed fr @h®@¢eber 2006
correspondi ng conpound where one of R and R22 is an am no group by
converti nyo@3@ams no group to a diazoniumsalt, reacting pAgrfhaBeN UM
salt wth a hydrohalic acid to formthe corresponding halide, formng the
Gignard reagent fromthe corresponding halide, and finally reacting the
Gignard reagent with a carboxylate source to produce the corresponding
acid whic hen.be esterified. t he other hand, if one wants to

pr oduce tE%&@Er%Sﬁﬁ’i?oéyﬁq AR PATIPRRTERS L pBe KORPORRES FAOEREa MV jieOR, t hi s
conmpound canyhEe! Hig i r ndi conpound
of formula V ﬂv%h@eﬁqgagg %g%ﬂ?%ﬁ;@gggﬁg%%ﬁ%&é%%@ﬁh? ﬁEetr %gggg%eﬁa?r%_nner,
the anino grdenes3-nirophenyt epgoauavd: Afadfpikin. A okBM bShignVernipeiHi@, t he
correspondi ngr?coarfl’rﬁound wh ? g)it&*er R or  R2 or both of R and R2 is ORS5 by
si nmply reactT ngPHie WWO% bug Wb iHreeden! dibsfrpets 00 F7ho ser furd-ritaci-d to
convert the i : n eafter etherifying, if
desired, thecﬁ%?%QgI %éggtggldafgggfifé%ggﬁﬁ}%sﬁdg?‘?g% ?‘otcﬁl?so%&g"corrpounds
of formula \RewsesieGR. Org. byiew:0099%5, 80063882 Besedl@vBY, el Bydrdstukl. omyl 3. t he

known 4-ner capt ophenyl acetic acid maé7 be used as a starting material. The
conpound of ¥gratadran\ein Y. RO, 157/ My dhergearhwnaliRacids c2obOminybeed 2086 WO

. . d.by. [ I
ot hods. (1 o BXohu G T e AN ST T AT e/ P ao e EeRrHSpARIAG | over

al kyl thio cunpondsdefirellab Brdducy thelddgng RN b féHANA VibhGe 6ROPORINGS can then
be converted .to the corresponding | ower alkyl sulfonyl conpounds of

formila V byRdghdstangrihe piher soawentliwithlo orgienBaoroflowexaldtylzhingthen al kyl t hi o
substituent to the,correspondi sul fong group can be utilized to effect
this conver SCERPOHEST u?%gv%g{%%}e q(}[g)hd’%d%‘ 1 pupqsangiibe PQH’_I & FBduce t he
conpounds  Ofcah B W¥8dans ¥tarMhe frtdRial.l B this EAYRLOAR] Mveﬁt’ﬂcﬂqa%eﬂﬁ)dlo?mr al kyl

sul fonyl, the known 4-fluoro-3- (trifluoronethyl)phenyl acetic acid can be
used as a smaekppiylierdisplecenent] of apRirematicecidoriroengroap yvithomioert kliplthiotet hod of

nucl eophi | i ¢_di spl acenent .of an aromat i fluorine group with a |ower alKkyl

thiol can b&" Lﬁef@lfozr%_go‘?’%r aé%flés‘io claﬂsgg ué?ﬂi(f@‘? Eqrﬁa’(’g& Sty e Batipi ™ Boswel 1,

G E; Licagsesingh, HJ. &he Res. ShOR5 (429504,8592 MSH€IEura Y ; Sata, S.;
Itoh, I, Chem. Lett, 1988, 1393; Wohrle, D.; Eskes, M.; Shigehara, K.; Yamada, A
Synthesis, 1993, 194; Sutter, M.; Kunz, W, US patent, US 5169951). Once the

3

compounds of formula V where one of R! and R? is nitro and the other 1s lower
aH;yl thio or perfluoro-lower alkyl thio are available, they can be converted to the
corresponding compounds of formula V where one of R! and R? is nitro and the
other is lower alkyl sulfonyl or perfluoro-lower alkyl sulfonyl using conventional
oxidation procedures. If it is desired to produce compounds of formula V where
one of R' and R? is amino and the other is lower alkyl thio or perfluoro-lower
alkyl thio, the corresponding compound where one of R! and R is nitro and the
other is lower alkyl thio or perfluoro-lower alkyl thio can be used as starting
materials. Any conventional method of reducing an aromatic nitro group to an
amine can be utilized to effect this conversion. Ifit is desired to produce
compouﬁds of formula V where one of R' and R? is lower alkyl thio and the other
1s perfluoro-lower alkyl thio, the corresponding compound where one of R! and R?
1s amino and the other is lower alkyl thio or perfluoro-lower alkyl thio can be used
as starting materials. Any conventional method of diazotizing an aromatic amino

group and reacting it in situ with the desired lower alkyl thiol can be utilized to



M et al. J. Og. Chem 1982, 4341; Brown, F. C et al. J. Og. Chem 1961,
4707). Once the conpounds of fornula V where R is trifl3bPeirbetd0oéand R2
is lower alkyl thio are avail able, they can be converted to the
corresponsvongg/@emsounds of formula V where R is trifluoreeeidrbornd R2 is
| ower al kyl sul fonyl using conventioral oxidation procedures. [0053] If it
is desired to produce conpounds of forrmula V where R is halo and R2 is

| ower al kyl sfi¢dtomy contdrsiokndvins 2ehizdde piwiphe pohpowdn obfemubeV udet: as

starting material, In this reacti sequence, .t he capto grqup nmay be

al kyl at ed byonf‘c%ﬁ%e?ﬂdr%nhsl lopgt u?fPBE%é‘g%?tB?f iPF “&”F‘i%ergf afly yl hal i de)
to the corrgapRficdcArabiihs bOMBE Rl kilerd Bl IENZENES;s |G SEE alipounds
can then be converted to the Correspondi ng 3-hal o-4- (| ower al kyl

t hi 0) - phenyl amtkiotheads perfluore-loster alkdybth2e teal toe- Usedl oywstartmlckytetidis. Aihyenzenes
are acylated with . a Slomer al kyl Yoxal yl chloride (such as nethyl oxal yl
chloride or €HENAaAL preted ofr g adipingan domptiq tiggropp 4 the capgInendBs t o

produce the ﬁhﬂﬂ@gﬁ@ﬁpmﬁﬂkhﬁﬁ¥ghﬁ>?%%g?ﬁggm&g%“§§3iti0” para to the | ower

al kyl thio functi group. The a eto carboxylic ester is next
hydrol yzed by any conventional nethod to convert a al pha-keto carboxylic

ester to a a%pha;keto_carboxylic acid. Wl ff-I1Kishner reduction of the
resul ti ng [0d7pHAI kedesiTed o BsaAREE compAngs Pf fgsruiuY evhcReoroeiddudR df f or mul a

V where R i ha R.,1s.| r,.al kyl 4 hio ee. fon.exanpl e, Levine, S.
b faea.  Blean By e ls 1o BT R ok sl BRI T HALP! & 55 1972,
1029 for a sidHdspéndi@REbinpourie GHRAEEe of TearldWEE amikyind fhk OtHePEIEWBdS can

then be converted to the corresponding | ower alkyl sulfonyl conpounds of
formula V blkoxtharinsaflugipyowenalkyittherrah bausetbes birting mditerialrg Aas al kyl thio

substituent to the corresp ing sul fone group. can be utilized to.effect
this conversfon ?ntf%gfﬂeﬂ}?gr&?ﬁ%zoa Wlagtaf%tﬂgtéce%@?‘f’c%ou@s gcoflﬁ%mgplggft hal i de
of formul a Vilsintihen eashaiotdlide ca€ b stiRfedtoefettany 6anerhien dif (186 8ds¥red

al kylated or first converted to the corresponding esters of |ower alkyl

al cohol s of togrediica cympesidsgoHoymele i ehticomelof B ed I iichalp end theetikesds and
then alkylated. In the kyl at i st of the Reactjon Scheng, the al kyl
nal 1 de of 1 aiver el SpBop st P are fv et SHRONCORS TSFRATIAE 1 o pr oduse
the conpoung@foun@s Mk duk IR 'rRa a8 hito tad ke tA&Y 19 Tovdr g pbar VI to
produce the conmpound of formula VIII. The conpounds of formula V and VI

r epr esent arperfluoro-lower alkyl thio can be used as starting materials. Any conventional

method of oxidizing an aromatic thio group to the corresponding sulfone can be

utilized to effect this conversion.

[0048] If one wishes to prepare the compound formula V where one of R' and R? is
nitro and the other is amino, the compound of formula V where one of R' and R®
is nitro and the other is chloro can be used as a starting material. The chloro
substituent on the phenyl ring can be converted to an iodo substituent (see for
example, Bunnett, J. F.; Conner, R. M.; Org. Synth. Coll Vol V, 1973, 478; Clark,
J. H.; Jones, C. W. J. Chem. Soc. Chem. Commun. 1987, 1409), which in turn can
be reacted with an azide transferring agent to form the comresponding azide (see
for example, Suzuki, H.; Miyoshi, K.; Shinoda, M. Bull. Chem. Soc. Jpn, 1980,
53, 1765). This azide can then be reduced in a conventional manner to form the
amine substituent by reducing it with commonly used reducing agents for
converting azides to amines (see for example, Soai, K.; Yokoyama, S.; Ookawa,

A. Synthesis, 1987, 43).



organic acid and an organic acid derivative having an al pha carbon atom
and the conpound of fornmula VIl is an alkyl halide so tRAtOkebeyPeRG on
occurs at the al pha carbon atomof this carboxylic acid. This reaction is
carried ou0okyosasyy conventional mnmeans of al kylation of thegkphasz&ar bon
atom of a carboxylic acid or a |ower2sal kyl ester of a carboxylic acid.
Cenerally, in these al kylation reactions, an alkyl halide is reacted with
t he di ani[0A49f Iftithe degedite pasiude tire ¢dmepamil of fgends Ntvelkere bothr® smdaet i ¢ aci d
ester. The ani on cap. be %ene ated by using a strong organic base such as
li t hi um di | €5PP8PYIaICaBPEIh S HURS Prepref Ao AFEPakhfrembelrhEPmor gani ¢

i thi um basesmpbihdarietl RYaQHR> LA SniB3G 111%&23% ROb L% it ARLomghyent s
are utilized such as tetrahydrofuran at |ow tenperatures, trom - to
about -10C bdi foflovpddlyeeaction Howewemo ganyp tremghatriag dgentf ifams-RBeied@ room
tenperature can be used. |Lf necessary, the_alkylajion reactions may
proceed usi RBPAHCT FPFRPANEs offaryiula VowhaapasmPE Ri #rst Ralg cyrnq and thaptheaiskyl at i on

subunit of GOMRANAdhYLmpd RS il \PhAeR! dotl 3R Al REAChIONZ 4 FAN be
preformed according to p?oce ures well-known 1n the art of syn ‘fheti c
organi ¢ cheunibst isychldro@abbe Lifedi ds o Sartiag infaestidl 0 Usn@dkic Sidrie: sampaued of
formula | where R4 is CONHR6 and R6 is lower alkyl, the nethyl ester of
formul a VI | Mtogs figggedigedua e amipgderigdtivg] Anyrceavensiopploaebed phe conpound of

formil a VI | P1RSs FEHEHS=t1 eanio pou
moans of 1 oSet g e e EryP Sefarh e Wy Beer st LI VRGO o 1 o

cor r espondi AigineQREENBaAhdrOELrEABUES the Thad @aup WRAIARNLH toYrodice@se 20
Oct ober 2006 WO 03/095-438 PCT/ EP03/03844 31 are conmerci‘ally avail abl e

(for exanpl dazeraumysplifellpwesk hyfcaeteen withpspynugienp transfbuingwicantedheor are
known in the.chem.,cal literature [0056], Wierg it ibs desired to oduce the’
conmpound of Ez?l% D Ibe\ﬁ/ﬂ%¥eé% B4° ia%; 3&‘“ h‘?‘f’érﬁgﬁ i"j‘t“ﬁt]‘ze(:TugsrmH‘H‘rrlé1§ é‘?fﬁg{’?‘fut ed
five- or sigerblBpdRFECd heteroaromatic ring, the conpound of fornmula VIII
can be converted to the conpound of fornmula 1X by any conventi onal
procedure to convert a carboxylic acid ester to an acid. The conpound of

formul a m hen.con enseﬁw’ h the co nds fornula X.via ,
convent i (50? 6%%1‘% ¥&re [?p‘?rf’ 5% %e 5?%83@%@8‘?&%‘8?%?@ 8?%‘_?%3 . In
carrying Ogta -C@%URé,aﬁFM Ctap i cﬁﬁBE?&M&%m@f%Wsﬁ&nWﬁﬁféﬁduﬂg_ a
primary amne with a carboxylic acid can be utilized to gffect this
conver si on. wityre ohe o6Rherd Ramdn arhmo group by converting the amino group to a
diazonium salt, reacting the diazonium salt with a hydrohalic acid to form the
corresponding halide, forming the Grignard reagent from the corresponding halide,
and finally reacting the Grignard reagent with a carboxylate source to produce the
corresponding acid which can then be esterified. On the other hand, if one wants
to produce the compound of formula V where both R' and R? are -C(0)-0R¢, this
compound can be produced as described above from the corresponding compound
of formula V where both R' and R? are amino groups. In the same manner, the
amino groups in the compound of formula V can be converted to the
corresponding compound where either R' or R? or both of R! and R? is OR’ by
simply reacting the amino group with sodium nitrate in sulfuric acid to convert the

amino group to a hydroxy group and thereafter etherifying, if desired, the hydroxy
group.

[0051] If it is desired to produce compounds of formula V where R! is hydrogen and
R? is lower alkyl sulfonyl, the known 4-mercaptophenylacetic acid may be used as

a starting material. The compound of formula V where R' is hydrogen and R? is



conpound of forrmula VIII can al so be condensed with the conpound of fornula
X via conventional procedures to produce the conpound of 20dp¢toaber 2006 | n
carrying out this reaction, any conventional nethod of condensing a
primary amiones/wisids a carboxylic acid ester can be utilizedcterefif;eat this
conversion. [0057] The am no heteroaromsati c conpounds of formula X are

comercially available, or are known in the chemcal literature, or can be
prepar ed frometdpsemag ki blkgthtédbit dvmveritiorday megiods) (fatlevpintpde) svidf arsdlayldar d
synthetic transformations reported in the chemcal |iterature. For

exanpl e, t hePHEtRIOBCSRECIREIBE IPyFnticy tio coptpauadsoidrenyp Y hEhe lower
substi tuti On%k’yﬁtlﬁ& «%@%&%@% thA 8L Co e:rtegi 'to aie c%ng%onéin%qg\ggg allk}lfls hydrogen

or | ower al kyl-“can repared fromthe correspondi‘ng car yl'tc acid

- (CH2) , , 000RFulfdhyEcdnprnehdR6f FemnydV dgean)idatidny AGQGEMntiendl mersdon

honol ogati on nethod can be utilized to convert a |lower carboxylic acid to
its higher PoRFEE tlkskthioorubghitiag)te thesaseapondg spifonggrup can be,

Synt hesi s, 1990 62 ich i urn can then can be converted to the
correspondi n‘ét%ll%e\f\l/et? egt%%}m Cérsliléerglg}"usi ng any conventional esterification
met hods. The heteroaromatics of formula X, wherein one of the
substitutions is -(CH2),,C(=Q NHR7, where n =0, 1, 2, 3, or 4 and R7 is
hydr ogen df032dven thalother heaw if 1 is destrethéo prdacdothe chmpatrels of forewdd ¥ned

carboxylic acids.,/Any.conventi ponal ,fmeans of conyerti carb lic, acids to
e o Lo R AR PR TR AR e S AR P R st G- °1
turn, the |0§%ﬁﬂu&bﬁ)\é&hﬁﬂﬂ@®ﬁ ab@ft 81 &ANBILeds b Stalth [RRESSSBONGE Ng am nes
of formula X, wherein one of the substitutions is -(CH2)"NHR7, by any

convent i onal re2¢tidd; bh eenv200dal WS R/ G964 REpIHGET LEPREE088 44 an 3rzaticde
reduction nethod. The he erloaror[@i £S of ornl1lJZI X, .wWher.ein one of the

clai med subsHIHRS BRLP ath aleysy aligria) fan be wilized to sffccy iy conyersion t5ge
prepared frofg L& RPBYSyARG FCATESRBONE RUIOGE,21 908 6651 ShSich e | ower
al kyl esters can be "converted to the correspondi ng al cohol's using any
convent i onal Mest @rJ. r@gucean1 982e4Bdld Brp@asB]C.Seh Jadih €diean 96, d3ODL s
descri bed above woul d have to be selectively protected before carrying out
t he condensaPPemthscempotris of dpmyly Votipera A 1hirHBReImetiylsng dhl W& pr ot ect ed

W th any co th QN 2341 legﬁigg\ﬁgﬁ%@c%\%%d e coﬁéﬁ%ﬁ&iﬁé%gm%&&‘d%%far e then

renoved fromthe am ne an groups arter t
formula V where R! is trifluoromethyl and R? is lower alkyl sulfonyl using

conventional oxidation procedures.

[0053] Ifit is desired to produce compounds of formula V where R' is halo and R is
lower alkyl sulfonyl, the known 2-halothiophenols can also be used as starting
material. In this reaction sequence, the mercapto group may be alkylated by
conventional methods (for example, with a lower alkyl halide) to the
corresponding 2-halo-1-lower alkyl thio benzenes. These compounds can then be
converted to the corresponding 3-halo-4-(lower alkyl thio)-phenyl acetic acids.
First, the 2-halo-1-lower alkyl thio benzenes are acylated with a (lower
alkyl)oxalyl chloride (such as methyloxalyl chloride or ethyloxalyl chloride) via a
Friedel-Crafts acylation to produce the alpha-keto carboxylic ester n the position
para to the lower alkyl thio functional group. The alpha-keto carboxylic ester is
next hydrolyzed by any conventional method to convert a alpha-keto carboxylic
ester to a alpha-keto carboxylic acid. Wolff-Kishner reduction of the resulting
alpha-keto carboxylic acid will produce the compounds of formula V where R' is

halo and R? is lower alkyl thio (see for example, Levine, S. D. J. Med. Chem.



coupling step to produce the desired conmpounds of formula I. [0059] The
het eroaromatics of fornmula X, wherein one of the substit@8rfdgobes 20006
-C(OC(OOR7 or -C(O-0OR7 and R7 is |ower alkyl, can be prepared fromthe
correspondnep/vals8gen. Any conventional acyl ation nethod tpceenyanskan
aromatic or heteroaromatic hal ogen to3ts oxoacetic acid | ower ester or
ester derivative (see for exanple, Hayakawa, K.; Yasukouchi, T.;

Kanenmat su, Kl.972TbQZr96thealsmmlated:actloﬂ%kmen@ﬂ T’dB%x)er@almlh)laoubmbbm&ﬂ cafn t he

ot her hand ed to pr conpounds wi th | ower alkyl or
per fl uoro-| o&RE? {’ea‘F ﬁcf&fbg CB’FCSPBBE‘BBE%‘H%YW L prit oyl §oseporils Oéé‘i’fffé%ongji ng
hal o subst i tvﬁo9@xfaqn@@un9§c&ivenaeﬁméhas8@&1&9 SRdIag BHAIAG MY erial s,
Any conventional nethod converting an ar onmat 0 group tot he

corr espondi e bevspoaliky bulfpne wpowr cangenitilized o ¢ftae thiatdwersigroup can be

utilized to effect this conversion. [0060] If it is desired to produce the
het eroaromati c of fornula X wherein one of the substitutions is cyano or

t he conpo n t|t aon,the.five-

si x- nenbewb§4ﬁe?lfet?%gh%?r?gtop\é\&ﬁl§h GIS@ gha u5y1 ang O{Qﬁ o{/ﬁe@ BSHdP f‘r‘a ‘hal ogen
(especi al | y dofdem®dforfmm VYean bt ldiréet@ ﬂ&ylbﬂ'é@ &T@é’ttcbﬂ@er@ttgrﬂleadorresﬁ?ﬁﬂmo
conventional nethod of converti n a hal ogen to a cyanide may be uti Jized to

effect this eé@wefrlgwwlksd)ﬁlqomlsa HerrHad using any cpavegésnal esictifcasionduce t he

conmpound  of f the five- or

si x- menber edn & eapgg}eom%lagte?l ﬁbgﬁefhﬁ'ﬁﬁqﬁél&ﬁp tﬁ? ke?cgloﬂgé{‘e?& Brmthis
functional @neVRalfetforntuie VAIPRARSARE WA tifd dfhibh PYdARILONS E&ﬂil@éjﬂhﬁg cyano
group. Any conventional 20 October 2006 WD 03/095438 PCT/ EP03/03844 33

met hod of apEpowide foonwalXon réactrd witl frermiaeet foenulai itz @ebd'uoe gfefect this

conver si on 006 fiv or.Si x-nmenbered. ri or y the conbination
of R3 and tﬁé 8‘5'1%@#3%'61?11 - e LOmpoHRdF o 'gg\; FepF‘E-,sf“’%traPed to as

-CHR3, 1S arRelAlcidU org 18 afild\RrivaiveH A1 BIHLH {> z?ﬂ)(ﬂgatgﬁyaxfcpﬂﬂg' st of
all carbon atonms or contain one heteroatom selec rom oxygen or sul fur.

[ 0062] |f i coinpowwkiirfedntle Vilf mchmcaékylﬁnehdmsmﬂmmikﬁfatubmomnksaat%é dlpe 1 X in

which - CH<R3,is 2-tetrahydrofuran, e comercially available starting
mat eri aj , CHIBP’E)H{S’H%?%%S %&ic’f‘aﬁ?a?lgfhh USTeAGHR 1HEAHER ULRY ¥Re al kyl hal i de

for the al kyb@fehfBnal means of alkylation of the alpha carbon atom of a carboxylic acid or
a lower alkyl ester of a carboxylic acid. Generally, in these alkylation reactions,
an alkyl halide 1s reacted with the dianion of the acetic acid or the anion generated
from an acetic acid ester. The anion can be generated by using a strong organic
base such as lithrum diisopropylamide or n-butyl lithium as well as other organic
Iithium bases. In carrying out this reaction, low boiling ether solvents are utilized
such as tetrahydrofuran at low temperatures, from -80°C to about -10°C being
preferred. However, any temperature from -80°C to room temperature can be
used. If necessary, the alkylation reactions may proceed using a triflate
alkylation subunit instead of the halo alkylation subunit of compound VII. These
triflate alkylation reactions can be preformed according to procedures well-known

i the art of synthetic organic chemistry.

[0055] If it is desired to produce the compound of formula I where R* is CONH-R®
and R® is lower alkyl, the methyl ester of formula VI 1s reacted with a lower alkyl
urea to produce the compound of forumula I. This reaction is carried out by
utilizing any conventional means of reacting a methyl ester with a lower alkyl urea

to form the corresponding condensation product. The required lower alkyl ureas



step. Any conventional neans of al kylation of the al pha carbon atomof a
carboxylic acid or a |lower alkyl ester of a carboxylic a2DdatebereOatilized
to effect this conversion. Another chem cal neans to produce the conpound
of formulwo dvlobdszor 1 X in which -CH<R3 is 2-tetrahydrof ur arcseinesmt he
commercially available alcohol, (tetsmahydro-furan-2-yl)-nmethanol. The

al cohol may be converted to the iodide. Any conventional nethod of
converting aie adraobaliallye-ailabledfatexamyle, ethylurtd, zeglure ebt@gluréd)ins
conversion. The alkyl halide may in turn be used for the alkylation step
as descri beduiBdwEa) qIoOGSPoWR i thejchemia] HigWS: produce a compound of
formula VIl or I X in which -CHR3 is 2(R)-tetrahydrofuran, the
comercially available starting material, (R)-(+)- tetrahydro-2-furic acid,

nmay be usgmsel Wﬂdﬂéﬁli@@@{ed@ﬂpﬁﬂﬁb@flﬁﬁboﬂpﬁ&n@@fﬁrﬁﬁlﬁIbﬂlerd’ Rilgead to the
correspondi ng al cohol . Any conventional nethod of converting a carboxylic

acid to an mmmtmyr ID@D%WSUi@édlﬂ@ee(frfse’cmeﬂmegdd@m@rgmew rifpdhe

resul ting al cohol cap.the converted t e corr flate for
the- al kyl aeaiopERr Ry o gl R i RS SRR e ekt B cohol o a
triflate Q@m#&mhbheﬂ%%ée@uﬁef fheShvdrhh %ar%@f%%ra%ld%ter@@% a1y gpaventional
nmeans of al kyPIatl on of 'the al pha carbon atom of a carboxylic acid or a

| ower al kyl cestpenndéf wroakddxs|then candedbedivtifh tha cahkgnmdts oif foraués Keye be
utilized to effect this. onver5|on 006 esire roduce a
Conpound of PBFRIPHNEPHSGFORIERD arf e Hergourds o S5 iam, braPiPEn. ¢ he
comer ci al | yo,aMal feabid. sh Eédv’éﬁudﬂﬂ Steltid oftc%h&é}ﬁmgrafbrfm@ a@ﬁﬁ@@ﬁﬁ 22006 WO

03/ 095- 135 PCT/ El -7 03/ 03844 34 furannet hanol be used. In this
reacti on sequsoegic 4dié cal totalizedan effmtshlslstenvamnm/@rt e offeerthmed, ¢lor r espondi ng

tosyl ate. Any conv na hod .of, converti ng n al cohol to a tosylate
oy bo. w1 IEPBROTY O BT Vg LR ST BHE g hBDr SR SRS iy ¢ hen

be convert ed Lo dhriRietBoREkado pgrc%}ﬁgéh oY SPMokRNR 1. HBLPAR Of

converting a tosylate to an iodid uti i zed to effect thi's

conver si on. olihthisSighsegy emy calvientiaial aretiieladtcondensiay atgimmrb endar witkd out by
any conventional neans of alkylation of the al pha carbon atom of a

car boxyl i c &&fgxyic acd F%@@/'e‘imlziﬂeWﬂlzé‘%f%?fﬁ(?f tis VSt i ¢ acid. [0065] If it
is desired to produce a conmpound of formula VIIl or. IXin which -CHR3 is
2-tetrahydropyran, the comercially available starting materi al,

2- br onmorefolog} The amino heteroaromatic compounds of formula X are commercially

available, or are known in the chemical literature, or can be prepared from those
skilled in the art by using adaptions of standard synthetic transformations reported
" m the chemical literature. For eXample, the heteroaromatics of formula X,
wherein one of the substitutions is -(CHz)nCOOR7, wheren =1, 2, 3, or 4 and R’
is hydrogen or lower alkyl can be prepared from the corresponding carboxylic acid
~(CH),COOR’ (n = 0 and R is hydrogen). Any conventional carbon
homologation method can be utilized to convert a lower carboxylic acid to its
higher homologs (see for example, Skeean, R. W_; Goel, O. P. Synthesis, 1990,
628), which in turn can then can be converted to the corresponding lower alkyl
esters using any conventional esterification methods. The heteroaromatics of
formula X, wherein one of the substitutions is -(CH,),C(=0)NHR’, where n =0,
1,2,3, or 4 and R’ is hydrogen or lower alkyl can in tarn be made by the above
mentioned carboxylic acids. Any conventional means of converting carboxylic
acids to the corresponding amides may be utilited to effect this conversion. In
turn, the lower alkyl amides can be converted to the corresponding amines of

formula X, wherein one of the substitutions is -(CH,),NHR’, by any conventional



tetrahydro-pyran, may be used as the al kyl halide. The al kyl ati on reaction
may then be carried out by any conventional neans of al k34 @etober 2906t he

al pha carbon atom of a carboxylic acid or a lower alkyl ester of a

car boxyl i sv@ei/@s4§30066] If it is desired to produce a comp@enrg:pfnfs@f mul a

VITI or IXin which -CH<R3 is 3(R)-tetrahydrothiopyran, the commercially

avail able starting material, 3,3 - thiodipropionate, my be used. In this

reaction sequenieedichion thesdder TR B8arcBIEiLE EEMrH8IaNg WRSEin MBS the
conventional method of base-prompted. cyclization may be utilized to effect

this conver sFledmbstitagonstis AEHAROBYNareremRy bé, &nmﬁmmnhﬁﬂﬁwmfdéduned Any

conventi onal hod chiral uct i b d.to effect this
conver si on. e%%essu Coﬁ@esg?%ddﬂ‘ﬂf Vb%ﬁﬂ@é m%auﬁ%‘a %er aﬁéyl (?BtFFSepéﬁg)ﬁdl

hydr ocar bon. cm)m@@mvtﬁ@t:b@&@bnaﬁﬁm%h@lfs u@ﬂnethkor{&e@ms&metewu&%xyt T zed
to effect this conversion. The renmmining &ster may then be reduced to the

al cohol .  Angpedodvent i onal nethod of converting an ester to an al cohol may
be utilized to effect this conversion. The al cohol can then be converted
to the alkyl iodide. Any conventional nmethod of converting an al cohol to

an iodi de [6@8{] R chtinided 6dd hRon & fd@%b%ﬁ L5 GADYEE b PN bR AL 10%1 ation

reaction nmay then be carried out by any conventional neans al kyl ati on
of the al phapmwctmdrbeﬁire)mrqﬁnsaomauhb@mydancataﬁnso:bporrheamluﬁwgfo@ dyllal@sber of a
carboxylic acid. %9067 If it is desired to produce_a conpound of fornula I

in which - CHEREP F4 be protecisd gviffpamnhgaventiongl awé FpAPenersR) 109 | t he
tart t 5438
PCT) EP0 03e P Bbup e i ElcREM il A3 ol MR D gralls AT

subunit at -dodsRag stdhe ploiaee tht desircdaRnipoundd &iféedulh 0. the sul f oxi de. Any

conventional method of oxidizing alkyl thio substituents to sulfoxides can
be utilized to effect this conversion. [0068] If it is desired to produce a

d d th
om0t af19595 TbBerafdmalfs oF Sl X0 Wb o B S S ey be-used. I n
this reacti o(Op@HORE or tO@®)abROBAE RABY 00T SR B4t E@lpxtePareH*ﬁ%n{ grylate. Any

conventional nethod of converting an alcohol to a tosylate may be utilized
to effect tHioFesRdEEdiabrgenTHEYICOaY¢moaal; @Vhﬁ@%H@dmﬂetptC@dwtréan he i od| de.

ﬁ?YIfggéele % HF%%QBC%%€Q¥§%%hn 2 ZPg FéF oﬁ“@éﬁgfﬁgﬁmﬁﬁy then be
carried out d@yivame (see for example, Hayakawa, K.; Yasukouchi, T.; Kanematsu, K.
Tetrahedron Lett, 1987, 28, 5895) can be utilized. On the other hand, if it is
desired to produce compounds with lower alky! or perfluoro-lower alkyl groups of
compounds of formula X, the corresponding halo substituted compounds of
" formula X can be used as starting materials. Any conventional method of
converting an aromatic halo group to the corresponding lower alkyl group or

perfluoro-lower alkyl group can be utilized to effect this conversion.

[0060] If it is desired to produce the heteroaromatic of formula X wherein one of the
substitutions is cyano or the compound of formula I wherein one of the
substitutions on the five- or six-membered heteroaromatic ring is cyano, then the
corresponding halogen (especially bromo) can be utilized as the starting material.
Any conventional method of converting a halogen to a cyanide may be utilized to
effect this conversion. On the other hand, if it is desired to produce the compound
of formula I wherein one of the substitutions on the ﬁvé- or six-membered
heteroaromatic ring is amidooxime, it is best to form this functional group after

the condensation step from the corresponding cyano group. Any conventional



conventional neans of al kylation of the al pha carbon atom of a carboxylic
acid or a lower alkyl ester of a carboxylic acid. [0069]20@ctpeeri280¢esi red
to produce a conpound of formula VIIl or I Xin which -CH<R3 is

2- hydr oxyMEQ@p/oet yl , the commercially avail abl e starting pgaigiokalssy 2- 0X0-
cycl opet anecarboxylic acid ethyl ester33 may be used. In this reaction
sequence, the ketone may be reduced to the al cohol. Any conventional

net hod of redifEhatplamidedsme foomatomfremodyanmyabies utilided zeeffécn tigf f ect t hi s
conver si on. 1%5M%§§¥Iting al cohol can then be protected using a standard
protecting group tor an al cohol. Any conventional nethod of converting an
al cohol to a protected alcohol may be wutilized to effect this conversion.
The ester nmay be reduced to the corresponding prinmary al cohol. Any
convent i orlfP6Hekhedtveofor sigeucinhgredminesbaned by tie camnbifatibn 6K aleihet i | i zed to
effect this copversions;.The re uI%ing | cohol can be copverted to the

i odi de. Any Eacfﬁ%ﬁtpfrb al® YBrRSHooReTeBAT e Referrg ddm ant (TBRR], 1% opelar grodp.de may

be utilizedthoned feGhk LSt ' ation reactjion may then be
carried out bylany convent | ona =ﬁ§%22°%%Q§ngFé%P%ﬁcbSCFﬁgn b car bon

at om of a cahderoylonrselatidifrom axylgemer sidfikyl ester of a carboxylic acid.
Alternatively, if it is desired to produce a conpound of formula | in
whi ch -CH<R3 is 2-oxo-cyclopentyl, the starting material may be of the

Form of 1 gheashar 4 881 1 86,82 DUJERAYGa SHEL QREN SUbuTiL ol - CHERs

The al cohol may be oxidiz t one.

oxi di zi ng anCHKROhdl-tdnahgddoGiranehaBymberdiblly ivzashit @taﬁfﬂfetﬁéteriﬁlhh—s
conversion. 20 October 2006 WO 03/ 095438 PCT/ EP03/03844 36 In an
anal ogous neABPMethy)-tetrdydeditandmay bg osasyes|thalkyll halideR3hgalbylptican be

obtained fr etyhyl . 3- 0 lL.ohe e- .1 -carboxylate. (b) The desired

2- oxo- cycl o%g%?y &&@@Wgﬁgﬁ%e%nasno’%%g(y%% QEZ%B Zﬂ? asbon ey anone

car boxyl at e.caff¥tylyd adifl ok b 1bwel@RVIrQEdr bPa Qﬁrggk'ﬁﬁ RiCHIP LRGN & QHFN a.l in
a

which -CH<R3 is 2- hydroxyim no-cyclopentyl, the starting materi may be
of the formtB cPBYarsiPe Anothshchémicalmeard-to pmdiye llepentpplind ubfonintlaat - CH<R3.

The ket one n he . .converted, h droxyi m no. Any conventional .
met hod of cor{ﬁ%ﬁe‘;rr??(nla “guf(}é?gl\éef{ 1S H-Ee%aﬁlyde_ro%an 1s ffom the commeércially

available alcohol, (tetrahydro-furan-2-yl)-methanol. The alcohol may be converted
to the 1odide. Any conventional method of converting an alcohol to an iodide may
be utilized to effect this conversion. The alkyl halide may in turn be used for the
alkylation step as described above.

[0063] If it is desired to produce a compound of formula VIII or IX in which -CH<R?
1s 2(R)-tetrahydrofuran, the commercially available starting material, (R)-(+)-
tetrahydro-2-furic acid, may be used. In this reaction sequence, the acid may be
reduced to the corresponding alcohol. Any conventional method of converting a
carboxylic acid to an alcohol may be utilized to effect this conversion. The
resulting alcohol can then be converted to the corresponding triflate for the
alkylation step. Any conventional method of converting an alcohol to a triflate
may be utilized to effect this conversion, and any conventional means of alkylation
of the alpha carbon atom of a carboxylic acid or a lower alkyl ester of a carboxylic

acid with an alkyl triflate may be utilized to effect this conversion.

[0064] If it is desired to produce a compound of formula VIII or IX in which -CH<R>
s 3-tetrahydrofuran, the commercially available starting material, tetrahydro-3-



to a hydroxyimno may be utilized to effect this conversion. On the
otherhand, if it is desired to produce a conmpound of for2GifPdoberi2A0&@hi ch
-CH<R3 is 2- methoxyim.no-cyclopentyl, the starting material may al so be
of the foMRABI538rmul a | containing the 2-oxo-cycl opentyl penleun/izsal
-CH<R3. The ketone nmay be converted t3¢ the met hoxyi m no. Any conventi onal
met hod of converting a ketone to a nmethoxyimno may be utilized to effect
this conver sf8aNfHaTal] may be psqds Injdis reaetinpearagadhe alcelrseuficstde f or nul a

VIT1 in which_ - j - dif | uoro-cycl opent vl he,starti ng materi al

may be of thgO Vgrﬁréngeg? b’?’c?r%r&%?pé)n@lnf’ﬁosyg%ﬁt yn‘?"r?é’e}g“?flg?sg’@géﬂ%% € subuni t

at - CH<R3. Theakeliclne aneyyldihigny be utiGoay e diedt thes ddi@edioh! YOEQesufie

conventional method of convertlng a ketone to a difluoro may be utilized
t

to effect thiosyleismar Sicabe cpoerEyl to the eoniespaddirigriedide oAy eshvertianat ompound  of

371 odonret hyt LS SLCRFIGhE Fryia B Rt o G itined 545601 a5 ey be

used. The ketsRersH hfésfu@%é;%@ﬂ Ay At redbtfcNBhy thAR¥e %H%&'ahih@}‘éﬂ met hod of
cohol ect thi’s Co

reduci ng a ketone to an al may be utilized to e nver si on.
The al cohol ¢ryeifeonst otcent ediligditmy of tht alpiacatboprotectd agbgrybivpcidor an

al cohol . Any convenpti onal t hod of caonverting an alcohol to a protected
al cohol may abg)\z{ﬁriapgylg ertﬁgﬁafhbéjéﬁlﬁ? A€ conversion. The alkylation reaction

may then be carried out by any conventional neans of al kylation of the

al pha carbon atom of a carboxylic acid or a |ower alkyl ester of a

car boxyl i (00651 d&f it Bhdesgedpopnduasfa donpriting o¥ifdrinuls VD o0led Seahish t O F<Re
conmpound 20 Ogt ober 2006 WO 03/ 095438 PCT/ EP03/ 03844 37 of formula X via
convent i onallglf}rétr %B’QI?W?% M@Wﬁé‘aﬁéﬁﬁ%‘lﬂ?& Berting matarial. 2-bjomomethylyi ng out
this reacti qgyaiddyo- entd phale el fi e S pripary amne with'
a carboxylic acid %g?rg}r{’ ca% be eu'?‘?l?é;%éﬂthc??lgggg{gtAuf%]?tgoncrg%\é\}g’flsrflan. The

al cohol pr otteet bacarged upt tyeanytcbaverdienaleneae tf alky)ation BY Gitdlsiaadarbdt hod to
renove al cohol protecting groups may be used. [0073] If it is desired to
produce a coPBPha CBIPOKBIGING 0T a jawsialleh estorpfRacarkoxslic pgitthoxy- cycl opent yl |
the starting material may be of the formof fornula | containing a

3- hydr oxy-cycl opentyl subunit at -CH<R3. The al cohol can be converted to a

net hyl et [0966] Hiyisclesivehtoi ppodice aRbRAPDUOE of Al VIIDoaX @Al wwhbeLcHar?
is 3(R)-tetrahydrothiopyran, the commercially available starting material, 3,3°-
thiodipropionate, may be used. In this reaction sequence, the diester can be
cyclized using base. Any conventional method of base-promoted cyclization may
be utilized to effect this conversion. The resulting thiopyran may be enzymatically
reduced. Any conventional method of chiral reduction may be utilized to effect
this conversion. The resulting alcohol can be reduced to the corresponding
hydrocarbon. Any conventional method of alcohol reduction may be utilized to
effect this conversion. The remaining ester may then be reduced to the alcohol.
Any conventional method of converting an ester to an alcohol may be utilized to
effect this conversion. The alcohol can then be converted to the alkyl iodide. Any
conventional method of converting an alcohol to an iodide may be utilized to
effect this conversion. The alkylation reaction may then be carried out by any
conventional means of alkylation of the alpha carbon atom of a carboxylic acid or

a lower alkyl ester of a carboxylic acid.

[0067] If it is desired to produce a compound of formula I in which -CH<R? is 3-(1-
oxo-hexahydro-l14—t11jopyran-3(R)-yl, the starting material may be of the form of



a nethyl ether may be utilized to effect this conversion. On the otherhand,
if it is desired to produce a conpound of formula | in RRIQHOLeCPREB | s
3-acet oxy- cyclopentyl, the starting material may al so be of the form of
formul a | wepnmiy@stssng the 3-hydroxy-cycl opentyl subunit atpefEsBasssihe

al cohol can be converted to an acetoxy group. Any conventional method of
converting an al cohol to an acetoxy nmy be utilized to effect this

conversi on. [&8i4d I ¢dntaihinesn 3B itetedy - picgteesubutio MPOBR®R > oThd iovul a VI | |
in which -CH<R3 is 3- fluoro-cyclopentyl, the starting material may be of
the form of fhentAtPomifized knbgrwiiongde 4nnyererions) adipemipkidznani t at
-CH<R3. The rted to a. flupro, . conventional nethod
of converti ng@ﬁ&% %uo%hgg‘f}gﬁtg tggﬁﬁ%ﬁ%ersocanngﬁ uttJJeIZ% 9 eifge@g SOCRTT Y this
conversion. [0075] If it is desired to produce a conmpound of formula VIII

or I X in which -CHR3 is 3-oxo-cyclopentyl, the starting materi al s
3- i odonet HPPOVIE Itap derigd dperodace Degmpogitesh forrgga VIlier 24 phhiHRay be

used. The ketope can. be praofected using a  stapdard protecting group for a
ket one. Any gofn{\iegﬁﬁdérﬂ@frgnﬂgb%%&o%? St&%ﬂ%etp?tfeﬂﬂ_’ Qetr%?‘gqﬁ@’[% 3’1'_rot ected
ket one may bgetiahbl, 2R¢ HeQised figalis fdabGof Maveh® 813-alciR8] mA) kY EalvEQ& foeact i on
may then be carried out by any conventional neans of alkylation of the

al pha car bonthgttesylas¢. Ang apivexiipia nagthel of comvenmgranaldopbl te sttesylapd may

carboxylic agid.,.T tectin roup..of the ketone can then he. renoved.
Ay convent Poaige RS GRS BRisiiRg Tk utsihe Bigtaer s Igr SpoHs be
utilized to Aﬁé%@&&enﬁbﬁaﬂ e @RYES SdoBertink ahlal 388 fo88l ib@AdPIAYUE QiR &appound i n
whi ch the 20 t ober 2006 WO 03/ 095438 PCIT/ E1' 03/ 03844 8 stereochem stry
at the branctffgsding cofviersodn. (The aBeybatongysitiopemyythen bacpriigl aléftiyneg as eit her

Ror S the starting, material be. t he propriately chiral.-prqtected
form of 2- c%’IVS’E)té?{’gleﬁ’ggﬁls-%far?ékyﬁrﬂ”sOf ?é’PﬁgFafga‘haﬂ%ﬂ%/%“é’fwbéﬁ‘fl @’to the
appropri at el y o QiGELRE drdizfR <N at;andard met hods. [0076] If it is
desired to produce a conpound of “fornula I in which -CH<R3 is 3-

hydr oxyi m no-cycl opentyl, the starting material may be of the form of
formula I ¢ i ning. a 3-oxqQ-cyclopentyl subunit at -CH<R3., The ketone may
be conver t[%Qf%T “f%‘gf_%ﬁ_ﬁ‘élF%%ﬁg‘r‘ﬁer?o@%ﬁ?néc?ﬁ%tﬁi‘ll%ﬁé’ﬂ OFrEf Hoyhigh ‘@Hﬁ%rt ing a
ket one t 5 is DRSS D) NDHBY, REcithinet AR AAnRIE SakiddthAatAYSks! On- O the
cyclopetanecarboxylic acid ethyl ester, may be used. In this reaction sequence, the
ketone may be reduced to the alcohol. Any conventional method of reducing a
ketone to an alcohol may be utilized to effect this conversion. The resulting
alcohol can then be protected using a standard protecting group for an alcohol.
Any conventional method of converting an alcohol to a protected alcohol may be
utilized to effect this conversion. The ester may be reduced to the corresponding
primary alcohol. Any conventional method of reducing an ester to an alcohol may
be utilized to effect this conversion. The resulting alcohol can be converted to the
1iodide. Any conventional method of converting an alcohol to an iodide may be
utilized to effect this conversion. The alkylation reaction may then be camied out
by any conventional means of alkylation of the alpha carbon atom of a carboxylic
acid or a lower alkyl ester of a carboxylic acid. Alternatively, if it is desired to
produce a compound of formula I in which -CH<R? is 2-oxo-cyclopentyl, the
starting material may be of the form of formula I containing a 2-hydroxy-
cyclopentyl subunit at -CH<R?. The alcohol may be oxidized to the ketone. Any

conventional method of oxidizing an alcohol to a ketone may be utilized to effect

this conversion.



desired to produce a conpound of formula I'mwhich -CHR3 is

3- met hoxyi m no- cycl opentyl, the starting nmaterial may al&@ctobergt00phe form
of formula | containing the 3-oxo-cyclopentyl subunit at -CH<R3. The

ket one mayp bgossenverted to the methoxyimno. Any conventipeialposgishpd of
converting a ketone to a nethoxyimmng may be utilized to effect this
conversion. [0077] If it is desired to produce a conpound of fornula VIl

in which - ChciRBaria$ogbhud mdhéd: uor o- cycl opentyl, the starting material may be
of the formof fornula VIIl containing,a 3-oxo-cyclopentyl subunit at

- CHR3. The(Rekhsrriesirag Stersyplehesd nvErRe graup cahde @btaingdrioom gyl Fonvent i onal

met hod of conver HQ? %;f?£88§1££ a difluoro may be utilized to effect this
conver si on. fﬁ@ﬁ%ﬁ 9 S desited to produce a conpound of fornula I in
whi ch - CH<R@)i Bhedtesh¥@D%Y-cIcimBbRY LEaYRP oRfDth be bbRirkHardch g mat erial may

be of the formof formula contai ning a 3-oxo-cycl opentyl subunit at

- CH<R3. Thecyadolmmenompcartrapilabee converted to the 3-hydroxy- 3-net hyl
conpound by any conventional nethod of converting a ketone to a | ower
al kyl tertiary alcohol. [0079] If it is desired to produce a conpound of

formil a Yhido)atitiXabdiothh plbauett Binpditha brqua ) ¢} PORNK . cHige opnmrer i al |y
avai l abl e starting material, 4- cycPohexanonecarboxyllc acid ethyl ester,
may be usedhydrbeyikehoogclopptiiethe ptadtreohadnalshmgbaofshafdar of forrotledt i ng

group. Any conventional nethod of _protecting a kgtone may be utilized to

ef fect thi sCUURPEIRSE or*O-PHACPBEYISEPHY! Wst 20 166 t6i9BF ™0™ "D 03/ 093- 138
P! EF031 0388 eridd tJ Y Hy Ry Riink CAMG €0ndBibhA ﬁ)tﬁ&m! Gon¥BRYing ARYRAL! Ona

nmet hod of reducing an ester” to an al coho e utilize o effect this
conver si on. toldleydebxydhoho manbbdetilicdrty effeedhiseotesivedOdehe dthyrhandient | ona
net hod of cpnverting}an al cohol to an _ iodide nmay. be utgli;ed to effect

this conver¥io@esires H‘lqu‘l:ea%?WW&@tfif%ﬁl%thW@ﬁh‘(5§<8a|‘5r‘red out by any

acid or a IBelrRaru--uPkody B Bl e DR PR o et ny

group may themubel doaraviag thoAnyx6-0l6sntyd BabunitithGH<RE. TheRvenaniegt one
protecting group may be used. [0080] If it is desired to produce a conpound
of fornul a pe ¢onvgRPe e thepretmxygmmo. WyrcoRysitional B§EPOREKSAVEIEE st art i ng

materi al Wetgr?e t%fa &Q&O&M& Inag'%{a [IHlIQEdI to effect this conversion.

[0071] If it 1s desired to produce a compound of formula VII in which -CH<R? is 2,2-
difluoro-cyclopentyl, the starting material may be of the form of formula VIII
containing a 2-oxo-cyclopentyl subunit at -CH<R®. The ketone may then be
converted to the difluoro. Any conventional method of converting a ketone to a

difluoro may be utilized to effect this conversion.

[0072] Ifit is desired to produce a compound of formula I in which -CH<R’ is 3-
hydroxy-cyclopentyl, the starting material, 3-iodomethyl-cyclopentanone (J. Org.
Chem. 1981, 46, 2412-2414), may be used. The ketone can be reduced to the
aléohol. Any conventional method of reducing a ketone to an alcohol may be
utilized to effect this conversion. The alcohol may be protected using a standard
protecting group for an alcohol. Any conventional method of converting an

‘alcohol to a protected alcohol may be utilized to effect this conversion. The
alkylation reaction may then be carried out by any conventional means of
alkylation of the alpha carbon atom of a carboxylic acid or a lower alkyl ester ofa

carboxylic acid. The compound of formula VIII is condensed with the compound



contai ning a 4-oxo-cycl ohexyl subunit at -CH<R3. The ketone may then be
converted to the hydroxyinino. Any conventional nethod of0&dotar 208Gy a
ketone to a hydroxyimno nmay be utilized to effect this conversion. On the
ot her handwa /0954381 S desired to produce a conpound of formplqepeidsyi ch
-CH<R3 is 4- nethoxyi m no-cycl ohexyl, syhe starting material may al so be of
the formof formula | containing the 4-oxo-cycl ohexyl subunit at -CH<RS.

The ketone mYorniIEX HE c6QRNEHLE tneiRodshe prRIBO M JBiPund\BY fmentihonal
met hod of converting a ketone to a nethoxyimno may be utilized to effect

t hi s conver shoming[d@081d] repftidn, anscatwsntiew! rethmdod woedensogrpeumaryof f or nul a
"' mwhich -CHR3 i.s 4- hydr.oxy-cycl ohexyl ,. .t starti.ng materi may be of
the for m of SFBRGUIE JCabiila ol es BB OGRS EHTRT ok, TG R, The
ketone may DB heomoed:he grc;ulﬁefn%): tﬁﬁrggé f)enﬁméd__c RV eBLLaNRhaREMEE 1o

converting a ketone to a al coho e utilized to effect this

conver si on. r¢f6623icodliol iptotectingesoupsdndyobguseduce a conmpound of forrmula VI
or I Xin which -CHR3 is 3-tetrahydropyran, the conmercially avail abl e
starting material, dihydro-pyran- 3-one, may be used. In this reaction

sequence, [0&)2&1&% ﬁqgsiﬁ%i%’tg%?odu%g%‘égnpggﬂ% {Jrefr%@[h%gflﬁ 'wmf}mtll%’@”ﬁ@t-i onal

nmet hod of ci ng e to an utilrzed to effect this

conver si on. pdiko:8}-&eliwplentyd, thoaxeing echtémal s beagthatem Mfyprmeladvent i onal
met hod of converting an alcohol to a nesylate rrIgy be utilized to effect
c

this conver spengha 3hydypatecieaeaty hahupié atidhtlhc ebhanlodhot gambe gr oup. Any
20 Cctob 2006 3/ P - d of
ober conveﬁe}é\g gn%quy‘;l%ﬁg:r &y 551@%@9{8}%?%6?3% Q[Cf%m{x? ihd Qr?%lﬁ?@’c;lqg 0

converting a nesy 0 a cyano ‘na effect

conversi on. aﬁﬁh{}l&%&&rhﬁd}@ne&)&ﬂﬁ@d ERYFfddD Eifis Behve e Of thd @hafiald; it isAny
conventional nethod of hydrolysis of a cyano to an acjd may be utilized to -
effect thi sesmivtersedwse aThepaeidiof formpled 1p sdiced HIR ais 3aAceinat . Any

convent i onal th of . reducing an acid.to-.an al cobol e utilized to
(oA, s R SR g ob ACARBAE il Py

effect this® y be ‘conver 0 an rodi de.

Any convent iggiahydRkedci8hent@d@OM&TiE ANTHRR > THeRRlohbPcabd Rl geedm@nbe
utilized to effect this conversion. The alkylation reaction may then be
carried out apsioxngrospridencenyreiionsmethagfol canksrting ppalceholith@n AFPA%Y car bon

atom of a c%gal%%éyuldhczeg% éjffé?;rt 8 (I:O%\Q/grrsicgnl_ kyl ester of a carboxylic acid.

[0074] Ifit is desired to produce a compound of formula VIII in which -CH<R? is 3-
fluoro-cyclopentyl, the starting material may be of the form of formula VIII
containing a 3-hydroxy—cyclopentyi subunit at -CH<R?. The alcohol can be
converted to a fluoro. Any conventional method of converting an alcohol to a

fluoro may be utilized to effect this conversion.

[0075] Ifit is desired to produce a compound of formula VIII or IX in which -CH<R’
is 3-oxo-cyclopentyl, the starting material 3-iodomethyl-cyclopentanone (J. Org.
Chem. 1981, 46, 2412-2414) may be used. The ketone can be protected using a
standard protecting group for a kétone. Any conventional method of converting a
ketone to a protected ketone may be utilized to effect this conversion. The
alkylation reaction may then be carried out by any conventional means of
alkylation of the alpha carbon atom of a carboxylic acid or a lower alkyl ester of a
carboxylic acid. The protecting group of the ketone can then be removed. Any
conventional method of removing a ketone protecting group may be utilized to

effect this conversion. If it desired to produce a compound in which the



In an anal ogous manner: (a) The desired 2-tetrahydrothiofuran - CHR3 group
can be made from 4- butyrothiolactone. (b) The desired 20 October 2006
3-tetrahydrot hi ofuran - CH<R3 group can be made from tetrahydrothi ophen-3
-one. (c)wbhsdessred 4-tetrahydrothi opyran - CHKR3 group caarheoimee from
t et rahydr ot hi opyran-4-one. [0083] If i33¢ is desired to produce a conpound of
formula VIl or I X in which -CHCR3 is 2-tetrahydrothiopyran, the

commer ci al | ystaieacHealib@y st the brai@h poirg biffodf, th€ B lxb-cFeclopasty himans-Bfisad oxyl at e,
may be used. In this reaction sequence, the ester nmy he converted to the
aci d. Any cofitEaR @naltheEanbg @te%@@@flfwﬂ@aapr%@@'éky ¢haralaraieqtet f ormy be

utilized to eff ?&Meﬁllt%le?n eer'fﬂngo Daatdr r1 § AChdaTBY L h%{gldqgt %p?réﬁéec ted.

Any conventi ona ecar it i°on may be' U ized this

conver si on. ﬂ'ﬂ@@c{@ah@@ﬁem@)@t@hmIb@thb@gduced to the al cohol. Any conventi onal
met hod of reducing a ketone to an al cohol may be utilized to effect this
conversion. The alcohol is converted to the nesylate. Any conventi onal

met hod I an . al cghol te be. util] o effect
Uhi o convdrERBIEH R S bRl b SmReleEY BrSpr L amiy S5 0r oup.  Any
conventi onal hy@&\fmm@éy&my@ntthagmﬁmgerﬁxﬂeﬁmem&pb@opﬁh@rf@xnﬁrayfo@ﬁuwp lized to
effect this conversion.” The Tresulting cyano ey then be converted to an
aci d. Any comwngmingaal-oxetyddpantyl sh‘wtuodityﬁfglbf Tahedkygame may Ecoaeetkdmay be

utilized to effect, thi.s .conyersion s then reduced to an
ol Cohor e ey S SRR S ek e Rt PRT SRS o Cont ey TS0 bt aner 2006

WO 03/ 09543%@%@%@5@% @%béuidme‘&%o%‘f&@hﬂls d?SﬁyerQ%nUbd ﬂh%%ﬂleman%f {ff?t% this

conversi on converted to an iodid
convent i onaldmtmmbmﬂummpmmg cfrfomtudah ol whisha@H<iRdd$ ﬁlenasth(yxyinmmtl lized

to effect this conver5| on.. The al. yI ation r ti_on then be carried out
by any conveRelopeiyl theatiartipe maea a{%ﬂswe ?ﬁ é@rath %WBM BB a

car boxyl i ¢ agh .06 Gl akmt £SERLROS TR RALROXUY b6 B icali9BR4L The

conpound of formula an asymretric carbon atonithrough which the
group - CH2- GhlstRBx}amdnd hangconveationtd msethed of comntsinglacketariteat ed. 1 n

accordance wth this invention, the preferred stereoconfiguration of this
p 9
group is R methoxyimino may be utilized to effect this conversion.

[0077] If it 1s desired to produce a compound of formula VHI in which -CH<R?is 3,3-
difluoro-cyclopentyl, the starting material may be of the form of formula VIII
containing a 3-oxo-cyclopentyl subunit at -CH<R®. The ketone may then be
converted to the difluoro. . Any conventional method of converting a ketone to a

difluoro may be utilized to effect this conversion.

[0078] If it is desired to produce a compound of formula I in which -CH<R’ is 3-
hydroxy-3-methyl-cyclopentyl, the starting material may be of the form of formula
I containing a 3-oxo-cyclopentyl subunit at -CH<R’. The ketone may then be
converted to the 3-hydroxy-3-methyl compound by any conventional method of

converting a ketone to a lower alkyl tertiary alcohol.

[0079] Ifit is desired to produce a compound of formula VII or IX in which -CH<R?
is 4-oxo-cyclohexyl, the commercially available starting matenal, 4-
cyclohexanonecarboxylic acid ethyl ester, may be used. The ketone may be
protected using a standard protecting group. Any conventional method of

protecting a ketone may be utilized to effect this conversion. The resulting ester



[00851 If it is desired to produce the Ror the S isoner of the conpounds
of formula I, these conpounds can be isolated as the degfQstbbiesdfisr by
conventional chem cal neans. The preferred chem cal mean is the use of
pseudoephwe@dsiong3as a chiral auxiliary for the asymetri cp@d/Kylsakd,Qn of

t he phenyl acetic acids of fornmula V (see for exanple, Myers, A G et al.
J. .4m Chem Soc. 1997, 6496). To formthe desired R acids of formula IX,
t he conpoundsapthehbemeduacd/tathe aldohsl. Avgrearéidniianethbe opaucioephedsd ne
anodes using 1 R, 2R (-)-pseudoephedrine as the desired enantioner of
pseudoephedrPrid 215ehg! 1@6&‘18%?’!{1] fo ssetibis conversionethd dephw! cembboxyl i ¢ aci d

to a carboxag,d& Edd f f oct 4 hiscconversion e
pseudoephedri ne a&mlatgeﬂls?eelggﬁldeu‘éég%%@%lﬁﬁh ym?jtli]%(ﬁs?técroélggeﬂnéc?flia&cé) gﬁItﬁWati ons

with alkyl ihdide des beatiztd e ffde tids sobstdi i TBE aBFl6i6n RERBYE hiy then
corresponding to_formuta |X These highl g di astereonerically enriched
ami des can ¥ @BRA BY 2y comentipng mrpne ahatkylstier pThE hiphesaiboh ethoRof

carboxylic aci . I X conventional.. aci di¢c hydrol ysi s. methods

to convert %écagff X&&%Irlngégy tago‘!glerc%r IOCQ%W ac @P’&th'ﬁ%gg%ﬁk%té’fl%@wlegaci ds of
fornula | X gasupheayg tiyeetredol@l. t A8y BoriveAiBE:S nRthodft8 réb @ 4 kethi Ccarrying out
this reaction, any conventional nethod of condensing a prinmary amne with

a car boxyl i reestecmpubmaybepebd to effect this conversion. [00861 Anot her
chem cal means to produce the R or S isonmer of the conmpounds of formula I
is to react the conpound of forrmula I X with an optically active base. Any

convent i o[paBOHEd i§ Akdidedas prachaTBnfpBRndEf Hirnliaz8s ﬂ&lﬁ@ﬁ%ﬂﬁh— this

resolution. Anong the preferred optically active bases are the optically
active am néy¢raspisningyytiobexyhlthd atartzighydtbeaizydyard afehe furimnéfifermula I

dehydr oabi et yl am ne %nd al hg 2(? t ober 06; WO 03/095138 PCT/ EPO3/ 03844
42 net hyl naﬁﬁ?tﬂvpﬁrﬁ ‘8’(07&9{5}10 FXH HEOUR ettt dhal Thedwtmeduasther be i zed in

resol ving @ggaR I ' ti ' ' ' es can be
U1 zed i nogaRRel o AR MR OB, ol Bt B AT Co RIHR DO ¢
conpound of td @hydrbayiinid say baatiéided toi dffect thés @pveshl Yagdkioderagdefi n an
inert organic solvent diumto produce salts of the optically active
amne with Hdt aesffﬁ “RP%’%BC"S& FepRerd Hrfopilad SmpbisidCEF R fisfmula 1 X In the

formation Ohetm%ﬁﬁéjcs,'@loh&@ﬁﬁﬁé @faﬂﬁ%smgﬂéﬁaﬂfln%gﬁ% b 8f Eleggﬁn ofritical and

the salt formation can take 'place at Toomtenperature and at nospheric
pressure. ThemRlahwnBisaptls ¢anolgclobpal atlnditay -@HyREoTkeRétbonaby met hod
such as .. . )

then be converted to the methoxyimino. Any conventional method of converting a

ketone to a methoxyimino may be utilized to effect this conversion.

[0081] If it is desired to produce a compound of formula I in which -CH<R? is 4-
hydroxy-cyclohexyl, the starting material may be of the form of formula I
containing a 4-oxo-cyclohexyl subunit at -CH<R>. The ketone may be reduced to
the alcohol. Any conventional method of converting a ketone to a alcohol may be

utilized to effect this conversion.

[0082] If it is desired to produce a compound of formula VIII or IX in which -CH<R?
is 3-tetrahydropyran, the commercially available starting material, dihydro-pyran-
3-one, may be used. In this reaction sequence, the ketone may be reduced to the
alcohol. Any conventional method of reducing a ketone to an alcohol may be
utilized to effect this conversion. The alcohol is converted to the mesylate. Any
conventional method of converting an alcohol to a mesylate may be utilized to

- effect this conversion. The mesylate may then be displaced by a cyano grdup. Any



fractional crystallization. After crystallization, each of the salts can be
converted to the respective conpounds of formula Lei in 20HectRbanrd0&
configuration by hydrolysis with an acid. Anong the preferred acids are

di | ute aque@oyoaeisds, i.e., fromabout 0. OOLN to 2N aqueows- @& d83g,5Uch as
aqueous sul furic or aqueous hydrochlomic acid. The configuration of
formula | X which is produced by this nethod of resolution is carried out

t hr oughout t lenemtions meed bOELNSENRITR: hesyldE fdERnb e ydRsiHIBdd R, OffecP
isoners of fornmula I. [0087] The resolution of racemates of the conpounds

of the fornulthis PYOYEETIOR| Skr fssulting Ayanpeniaythen bheohcriwdte amacifi. Aoyr espondi ng

di ast ereoneri : 1 des,. .. These di astereoneric esters or _am des can

be prepared tggm%%&gﬁ%?r?g&?@@grdﬁ%ﬁﬁf a CYuO (R agcidipat by ylized it effpgth a

chi ral al cohatis 66nv@rsidh.r Bhe A7 BQhleUd%che(%%ia%h%ﬁ%gt&%nfﬁ{tfcjngfjm?wo%usi ng
W Co

any conventional nethod of cou&l ing a carboxylic aci an a ol or
an ani ne. Thefwgrriag ppreidig adialeshelrmayrbe stilidedao rffoctrihis cofivdrkien. fraenul a | X

can then be ated.,using an nventional separation nethods. The
resul ting purgg8 AR yetpg%h%??%ve\ég‘gg(?%n Bﬁd“’g’nﬁﬂ'é?c’ﬁ‘éﬁﬁm%%@%éoqlﬁﬁr ol yzed to
yield the -cosfenand A6 i aRodla hnkSOiRed INErBAOLYN 5563k on can

be carried out wusing conventional known net s to hydrolyze an ‘ester or
an anmi de wi t Alstilatior seaetvz mial dren bei aaatidd/qut biyeng epareatiben nehanRoand S i somer s

can al so be i eved. us an enzymatic ester hydrolysis of any |ower
al kyl ester s%%gllag%ré%ﬁlﬁiakg‘gtcé‘r%ﬂét TR QP GRRAXBHC 1 OF %%ﬁﬁ.ﬂf&uﬂl F3terefee for
exanpl e, AhmgdiboMiic a6arard, C.; Bloch, R Tetrahedron Lett, 1989, 7053),

which results inthe formation of corresponding chiral acid and chiral
ester. The eBtasranalogothmamedrd can be separated by any conventional nethod

of separatin ci.d froman ester. The cgnfiguration of fornula VIII
which is pro@b@&ﬁﬁﬁ}f%‘ﬁ"?”ﬁ&% 1fprana§61 Ut | BAuR sanckarmadedromt4-20 Oct ober
2006 WD 03/ 0934838, RelddEdR3/ 03844 43 throughout the entire reaction schene
to produce the désired Ror S isoners of fornula I. [0088] Al of the

conpounds of (b) dhadbsardd Mﬁydrﬂhjdfdﬁntnﬁ@rggm&%%a&eqﬁﬁ in the
Exanpl es, activated %I ucaolnase in vitro by the procedure of Biol ogical
Activity Exarrpfeér ydr Fpl?l?ﬂe§‘3r‘rﬁrf?ner, they increase the flux of glucose

met abol i sm hE Qe GRHSES jnsyigs secretion. Therefore, the
conpounds of(cmr mﬁ:a i Hjaﬁgccfr&ﬁﬁ)%?rdn %ll'-i i grgup ¢an be tha egom
tetrahydrothiopyran-4-one.

[0083] If it is desired to produce a compound of formula VIII or IX in which -CH<R>
1s 2-tetrahydrothiopyran, the comrhercially available starting material, ethyl 2-
oxothiane-3-carboxylate, may be used. In this reaction sequence, the ester may be
converted to the acid. Any conventional method of converting an ester to an acid
may be utilized to effect this conversion. The acid may then be decarboxylated.
Any conventional method of decarboxylation may be utilized to effect this
conversion. The ketone may then be reduced to the alcohol. Any conventional
method of reducing a ketone to an alcohol may be utilized to effect this
conversion. The alcohol is converted to the mesylate. Any conventional method
of converting an alcohol to a mesylate may be utilized to effect this conversion.
The mesylate may then be displaced by a cyano group. Any conventional method
of converting a mesylate to a cyano may be utilized to effect this conversion. The
resulting cyano may then be converted to an acid. Any conventional method of
hydrolysis of a cyano to an acid may be utilized to effect this conversion. The acid

1s then reduced to an alcohol. Any conventional method of reducing an acid to an



are gl ucokinase activators useful for increasing insulin secretion. [0089)

The fol | owi ng conpounds were tested and found to have exé@Qckther fl¢coki nase

activator in vivo activity when adm nistered orally in accordance with the

assay deweoridmeskssn Bi ol ogical Activity Exanple B: PCT/EP03/03844

N ( 5- Brono- pyrazi n-2-yl)-2-(3 -chl oro44- net hanesul f onyl - phenyl )-3 -

(tetrahydro-pyran-4-yl)-prop i onam de

2- ( 3- Chl or o- deolet] maayssuktflory ko pifen yiiy ecbzhv[eﬁ;ier( I\mlrwmitmcy@aaybbd)sﬁkzd doyl) -
razin-2-yl] -3 t et rahydro- pyran ionam de 2(R)-(3

b Bc/:m or o- 4- )r/re%%’é(ﬁ’érg Orwm héﬂw?ms@nﬂ%%ﬂl%h@%ﬁ GpE lgzg)anﬁpcohol to an

pyrazin-2-ylx %r@m} h‘ﬂigﬁ 3
-((R-3 -oxol-o g{/d(%% en %ea t‘lg\l-géf%(%?}gge !r)lgv%%ﬁl ngﬁn{%r}cdl% Qél@o(l m b

- Br ono- pyr azbeea2riyd Qutby(a’hy—o@h‘lrcﬂitmﬂéﬂ d‘fﬁnb@lﬁ@&ylafh@ﬁ)df-ﬂmmﬁhd Qarbdn-dtSm-oFX 0-
cycl opentyl) - propi ognam d

N- ( 5- Br ono- pyfadexls a;?l@QYZQIPB’CEﬁM'r%I% OhacAResEks aty| - phenyl )-3- (3 -
hydr oxyi m no- cycl opentyl)-propi onam de 2-(3 -Ch

Tor o- 4- met hanesul f onyl - phenyl ) - 3- ( 3- met hoxyi m no-cycl opentyl)-N

pyrazi n- 2{0084p Hmelc@m@%ﬁiﬁof formula I has an asymmetric carbon atom through which the
N- ( 5- Br ono- pyr azi n- Zﬁiﬁﬂ-z (3-chl oro-4- net hanesul f onyl - phenyl )-3 -(3-

ma':1 Ihoxyl 21 naxeyie teh et R3 @'ﬁdﬁ? éﬁén‘ﬂﬂé@:wgs(lglﬂgﬁmcqejzlﬁatzﬁ nh@c?q())rﬁzﬁ:eé 2
-chloro esul fo el
N ( 5-Br ormmpa}%/r aghl % erf/ “§l ?E) %g)egﬁ eﬁéogoﬁf(%?tﬁ%h%@g‘fsf%ﬂ@ Paﬁgnyl )-3-(4-

oxo- cycl ohexyl ) - propi onam de 20 Cct ober 2006 WD 03/095438 PCT/ EP03/ 03844

44 2(R)- (' -Chl oro-4-net hanesul fonyl - phenyl )-N-(5
- chl or o- p}i082] K-1pisydepirai (04pr0dm© th@/BIorélhfe&yso)rxeppﬁmemmamodeds of formula I,

N-(5-B 2- t h | f h 3- (4-
yclr oxyi m 1 S5 BRPS greGon o i e N STE D SO SHepti) -
(R -(3 -chl gramé- maE B?e@@x%éﬂ Elféﬁﬂéalpﬁt‘ﬁﬂﬂ the 3isé 8f pmg{)é}fﬁﬁ‘édﬁne as a chiral

i no- cycl ohexyl) - propi onam de
auxiliary for the asymmetric alkylation of the phenylacetic acids of formula V (see

for example, Myers, A.G. et al. J. Am. Chem. Soc. 1997, 6496). To form the
desired R acids of formula IX, the compounds of formula V are first converted to
the pseudoephedrine amides using 1R,2R-(-)-pseudoephedrine as the desired
~enantiomer of pseudoephedrine. Any conventional method of converting a
carboxylic acid to a carboxamide can be utilized to effect this conversion. The
pseudoephedrine amides can undergo highly diastereoselective alkylations with
alkyl halides to afford the o-substituted amide products corresponding to formula
IX. These highly diastereomerically enriched amides can be converted to the
highly enantiomerically enriched R carboxylic acids of formula IX by
conventional acidic hydrolysis methods to convert a carboxamide to a carboxylic
acid. These R carboxylic acids of formula IX can be converted to the R isomers of
formula I. In carrying out this reaction, any conventional method of condensing a

primary amine with a carboxylic acid can be utilized to effect this conversion.

[0086] Another chemical means to produce the R or S isomer of the compounds of
formula I is to react the compound of formula IX with an optically active base.
Any conventional optically active base can be utilized to carry out this resolution.
Among the preferred optically active bases are the optically active amine bases

such as alpha-methylbenzylamine, quinine, dehydroabietylamine and alphé—



2(R) - (3- Chl or 0- 4- et hanesul f onyl - phenyl ) - N- (5- chl or o- pyr azi n- 2- ylé(% -3-(4-
hydr oxyi m no- cycl ohexyl ) - propi onani de. [0090] On the bas?@ Qstobeh

capability of activating glucokinase, the conmpounds of above formula | can
be used a¥h@&diveefents for the treatnent of type |l diabetgsrerdinggef ore,

as nentioned earlier, nmedicanents conttai ning a conpound of formula | are
al so an object of the present invention, as is a process for the
manuf act ur e Bfthylnaeh amémy 9f thehjonkergiooglgsshniquepniities] trresvifing one or

nor e conpounds of i f desired, one or nore other
i i be i

f | | d,. :
t her apeut i ca‘l"igﬁm\clgf’ﬁ]g%‘fqg‘ gﬂﬁ?ﬁgﬁ@é‘? OTEFHGARING DR Al ¢ ‘QtREYINEN for m
e.g. by conbhiitRg rénctonPaYA donftRai A él%}co%hnﬁo? harmesykieatdy

acceptabl e carrier and/or adjuvant. | phar maceut 1 cal comnpositions
may be adm nwehdreeptorly hytiveftose exanpke organid dobvehorrdnin toghbeics sakpat ed

tablets, dr agfeﬁgg‘s, hard or. soft gel agi ne capsul es, solutions, enulsions or
suspensi ons. SWGRPRTIALY CHYH 2L Wit Bohdhe R apd Sdsesners of tercamppund of exanpl e

usi Ng SUPPOS}kQANAEX; l}lgﬁ@kdrxlaﬁsn BEfiEL gﬂ?,gg@gefraﬁggqﬂw&e@g& ard'ShN9

oi ntnents, creans, gels or solutions; or ntera . I htravenously,
i nt r anuscul amitical subibetanfouskiyn camtakaphee al loymaempeanse efdBdlo¢phddi Ng f or
exanple injectable_solutions, Furthernore, adm nistration can be carried
out subl i ngudFsSeor ek and Saltp ey be seppraisd ysny cppvantienglonethed sugshapr ay. For
t he preparatgon of ion. CORd ets, agees pr hard gel atine
capsul es t heﬁcor?gc}u n%sélg%a%%é pr e;%g%sﬁﬁﬁ%‘%ég’nffa%Hgﬁnﬁeysag%caéa?ﬁC gﬁeﬁﬁd[ h

phar maceut i aalthyrebpeetite comb@aRiof fermOs Pa e Rk Pt suratorapl es of
suitable excipients for tablets, dragees or hard gelatine capsules include
| act ose, mailpErdysat wHhen agik i Ameng & nriferedacids aeclilvte aspeeusiasidaci-d, or

salts there ' ci-pients for use with soft gelatine capsules
i ncl ude for qi%ggyn%#?%v@é\gfoaﬂlggs%ﬁop% 2 Cl\(/%/saffggl, asfaegﬁlg?usssé‘ﬂw’g{l&?r PH'CBPS 1§ qui d

pol yol s et c.liydeschliidiaagi. t Dhe édigighaitioh of fmiulerxefhichgs pradtedi|nhs it may
however be the case that no exchl ent is 20 Cctober 2006 WDO'03/095438

PCT/ EP03/ 03gaghodisf resedubian it cagi¢d duwrihropglitouydleantinereactpsidicheme for t he
preparation _of ;sol.utions.and . sSyrups xci.pients which may be used incl ude
for exanpl e Fid ue(:’ra,thep%ﬁs%?zz,orSsg)é%]ﬁ%r%fstg?milgi[/ert sugar and gl ucose. For

i njectable solutions, excipients which nay be used include for exanple
wat er, al cohols, polyols, glycerine, and vegetable oils. For

supposi t ol008%] Tenresplubian ob racomates oh Hemwsipappdsi afahé GmmuéxId aneridcsbarhi ch

achieved via the formation of corresponding diastereomeric esters or amides.
These diastereomeric esters or amides can be prepared by coupling the carboxylic
‘acids of the formula IX with a chiral alcohol or a chiral amine. This reaction can
be carried out using any conventional method of coupling a carboxylic acid with
an alcohol or an amine. The corresponding diastereomers of compounds of the
formula IX can then be separated using any conventional separation methods. The
resulting pure diastereomeric esters or amides can then be hydrolyzed to yield the
corresponding pure R or S isomers. The hydrolysis reaction can be carried out
using conventional known methods to hydrolyze an ester or an amide without
racemization. Finally, the separation of R and S isomers can also be achieved
using an enzymatic ester hydrolysis of any lower alkyl esters corresponding to the
compound of the formula VIII (see for example, Ahmar, M.; Girard, C.; Bloch, R,
Tetrahedron Lett, 1989, 7053), which results in the formation of corresponding
chiral acid and chiral ester. The ester and the acid can be separated by any
conventional method of separating an acid from an ester. The configuration of

formula VIII which is produced by this method of resolution is carried out



may be used include for exanple natural or hardened oils, waxes, fats and
sem - solid or liquid polyols. The pharmaceutical conpos?® Pstderfipoal so
contain preserving agents, solubilising agents, stabilising agents,
wetting ayensg9s43enul sifiers, sweeteners, colorants, odorauissposatsis for
the variation of osnotic pressure, b&#sffers, coating agents or
antioxidants. As nentioned earlier, they may also contain other

t her apeut i cathroqughatithbkrfirageastion s¢ieniestoprotuee depudesire@Rtdra isamérs ofidj uvant s
used in the | nulf eicture of the preparations are non-toxic. [0092] Preferred
fornms of use“AF8%'ntravenous, intramuscular or oral administration, nost
preferred is oral adm nistration. The dosages in which the conpounds of
formula | are admnistered in effective anobunts depend on the nature of the
speci fi c HNS8Y &ll vighedomptynds oé fagelahdhichendledithe eompbendsfset fothpat i ent and

the node of_ application- In general, dosages of about 1-100 ng/ kg body
wei ght per &59%9%18 S %ﬁl&ate%ﬁglFa@Pa%ﬁilswmq gb@ﬂprqwﬂgrq qf\%lﬁ{qg@ng 'l be

better under e . ' hch f poses of
illustrati on&gﬁr}gg’ap;{e (%% ni %{1 gﬁ%ﬂ%ﬁ%’ ﬁ?%ﬁ?gr%%% %@nﬁ‘%{ﬁ&&g ﬁméﬁl li%h t he
cl ai ms, whi obhithtaiges imeenaeal harlin s20refioh O TREreRR0Ghe YN PSR AERmula

PCT/ EPO3/ 03844 46 Exanples Exanple 1 S )

1-[2-(3, 4- Diaéﬁgb‘%klﬁﬁ'@rﬁﬂlyatsts(uﬁégy EhyecresifpaHImsegcyiop.
ropionyll-3-methyl-urea H O HHH NYN C OO0 C [0094] A solution of
tri phenyl phosphine (11.90 g, 45.41 mml) and i mdazole (6.18 g, 90.82

ol ) in [eshy RO IWiA baepddes Mete ©oRh afd FurdGo Wase SlenbM AdBRiget W th
iodine (11.53 g, 45.41 mmol) followed by the dropw se addition of a

sol ution ofacfivaer ahyer astivily aher administeredtonalholn a¢dorGanvie, wigl th28ssarol ) i n
met hyl ene chl oride. (5.nmL). The.resulti reaction mxture was allowed to
war my to 25 C?fe%{bblgg n Plolog&al Act1v1ty§xampllen§:

N-(5-Bromo-pyrazin-2-yl)-2-(3-chloro-4-methanesulfonyl-phenyl)-3-
(tetrahydro-pyran-4-yl)-propionamide
2-(3-Chloro-4-methanesulfonyl-phenyl)-N-[ 5-(N-hydroxycarbamimidoyl)-
pyrazin-2-yl]-3-(tetrahydro-pyran-4-yl)-propionamide
2(R)-(3-Chloro4-methanesulfonyl-phenyl)-3-(3-oxo-cyclopentyl)-N-
pyrazin-2-yl-propionamide
2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-3-((R)-3-oxo-cyclopentyl)-N-
pyrazin-2-yl-propionamide
N-(5-Bromo-pyrazin-2-yl)-2-(3-chloro-4-methanesulfonyl-phenyl)-3-(3-oxo-
cyclopentyl)-propionamide
N-(5-Bromo-pyrazin-2-yl)-2-(3-chloro-4-methanesulfonyl-phenyl)-3-(3-
hydroxyimino-cyclopentyl)-propionamide
. 2-(3-Chloro-4-methanesulfonyl-phenyl)-3-(3-methoxyimino-cyclopentyl)-N-
pyrazin-2-yl-propionamide
N-(5-Bromo-pyrazin-2-y1)-2-(3-chloro-4-methanesulfonyl-phenyt)-3-(3-
methoxyimino-cyclopentyl)-propionamide
N-(5-Bromo-pyrazin-2-yl)-2-(3-chloro-4-methanesulfonyl-phenyl)-3-(4-oxo-
cyclohexyl)-propionamide
N-(5-Bromo-pyrazin-2-yl)-2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-(4-

oxo-cyclohexyl)-propionamide



was stirred for 4 h. The reaction m xture was then diluted with water (25
LL), and the reaction mxture was further extracted w tROGEtdbet 20(%
chloride (3 x 20 nmL). The conbi ned organic | ayers were dried over sodium
sul fate, MO OEPe#HE and concentrated in vacuo at 25C. The pesypbimg solid
was washed with pentane (4 x 50 nlL) aad filtered through a pad of silica
gel. The filtrate was concentrated in vacuo. Flash chromatography (Merck
Silica gel 60, 2¥H)486 ewhi-ushaesulfient-ahalydtNes)chidré-pyoeth-2-yl)-3-(4-

2- i odonet hyI-tetr:il dro-furan (2,09 g, 25% as a clear, colorless |iquid:
El - HRVB mie &AI&H'? W%@& “%‘k%‘%e 211.9698, found 211.9708. [00951 A
solution of (3, 4NgdscilgiPn vi_ypacatd cl 0 ml) in

met hanol (71 ml) qlsvvas troce)%)ﬁgﬁﬁvm %’1?1 ;@’cdelll?%lﬁﬁ ﬁlgghéﬁn%%rllftgn}gfp hgtz)%lggr@rat ed

sul furi c acildvdrsaminegptlpleryDyxbvpiosamiaie heat ed under reflux for 12 h. The

reacti on was co trated in vacuq. Flash chromatography (Merck Silica gel
60, 230- 400 mesﬂ,‘cfﬁgtﬁ%ﬁlo"ﬁ@%ﬁ@s‘)’%ﬁﬁ%x)l-(%%té?f@r‘é)ﬂegfam gyl-phenyl)-3-(4-

(3, 4-di chl org; &g%lh) s i GirGhiREl ester (15.0 g, quant.) as a white
solid: np BOIg’ggC; El -OH%%Ngéﬂﬁ?%g?ég%gﬁggg%cq—lSClZOZ (M) 217.9901, found
217.9907. [ 00962(R)-<£d4i orort-netidinesofnglpythenn)ne(§- Qnhb-pirazih-Bilnm@l ) in

t et rahydr of ur an (Y\:}):ﬁ% m.) was cooled to -78C under an argon atnosphere and

t hen was tr«jﬁi%é(a‘ {e-Gyelohexy - PEPRIeRBMABf n-butyl i thi umin hexanes (1.8

m., 4.51 mol). The reaction mxture was stirred at -78C for 15 mn, after
which time, a solution of (3,4 20 Cctober 2006 WD 03/095438

PC | '/ EPOBI0O8B®4 thd Badi chiheir capdisiiylof aae@lting gsiotinaBl e c#§ioahdd 25 N,

3.76 nunol) in tetrahydrofuran (3 nL) and

|, 3- di met hy|12Pgvafanmls keandipused apmedicamynts fputhn treatnfent of fypeviistiabsieowl y added
via a cannulg, I : | | gw solution was allowed to stir_at - 78C for -
B Bt ror viersOf; R eliontR ol S AR R i oy o ifale | 796

My, 3.76 makd aldad oBredi mh@yies&lt%@n@og,%sriga;s%cfegs%ith%—&a&ngﬂé gene (0.5
m.) was added via a cannula. The reaction m xture was stirred at -78C for
1 h and théRctamedigagients, waichpreress@mpitinss dringingase st inorechriunddofh. The
reaction m )%r%{ual‘é"r?% i%gku(%geguenched by the addi t_i'q& OFF a saturated aqueous
anmoni um chl'Sriae “SoIUETER(SH T E R L BFararieely wirablasbstacst at e (3 x
20 nL). Theimonbianedcal e8@ahittatioaBhS, MEN ietdne | e,
filtered, and Etogncent rated in vacuo. ?I@s%%b%ggﬁé?ggﬁg%&y%%@%& lica
gel 60, 2304t phasmaconically iesepiabls/cattinrland/or adjuvant.

[0091] The pharmaceutical compositions may be administered orally, for example in
the form of tablets, coated tablets, dragées, hard or soft gelatine capsules,
solutions, emulsions or suspensions. Administration can also be carried out
rectally, for example using suppositories; locally or percutaneously, for example
using ointments, creams, gels or solutions; or parenterally, e.g. intravenously,
intramuscularly, subcutaneously, intrathecally or transdermally, using for example
injectable solutions. Furthermore, administration can be carried out sublingually or
as an aerosol, for example in the form of a spray. For the preparation of tablets,

- coated tablets, dragées or hard gelatine capsules the compounds of the present
invention may be admixed with pharmaceutically inert, inorganic or organic
excipients. Examples of suitable excipients for tablets, dragées or hard gelatine
capsules include lactose, maize starch or derivatives thereof, talc or stearic acid or
salts thereof. Suitable excipients for use with soft gelatine capsules include for
example vegetable oils, waxes, fats, semi-solid or liquid polyols etc.; according to

the nature of the active ingredients it may however be the case that no excipient is



acetate) afforded
2- (3, 4-di chl or o- phenyl ) - 3- (t et rahydr o-furan-2-yl) - propi ordi0cOctcbat 206t hyl
ester (501 r’rg;}/‘f 44% as a colorless oil: EI-HRVS me calcd for Cl14H16C1203

(M 302. 0479 9eﬂmd 302. 0464. [0097] A solution of PCT/EPO3/03844
2- (3, 4-di chl or o- phenyl ) - 3-(tetrahydro-furan-2-yl)-propionic acid nethyl
ester (617 ng, 2.04 mol), nethylurea (302 ng, 4.07 mol), and a solution

of magnesi unﬂﬁﬁkﬁék?la@flsﬁﬁr@ﬂ%@mﬁhps(u?émF\Mtt%prépaﬁiﬁmﬂ_qf saldionga ) was

heated at 10 I, t hi IS t reaction m xture was

concentr at edgﬁﬁgs\?acﬁgl&fsso ved eﬁlsg‘lqreﬁﬂ? ng 8t FPF A SyakL)Polyhd t hen
filtered thsmatios, padriolgsi didcau@Rk. FENGjRLBRNSS N8 & ph P gpngent rat ed
in vacuo to give the crude profuct Fl ash chromat ogr ap y ilica gel

60, 230-400 F8¥RE HS@O‘PQWdﬁéﬁYa‘%@gipéft ‘Pwﬂer atwhalksgpoladik (gld(&(hne and Veoetable

1-[2-(3,4-di henyl dro-
furan-2-yl)- %@o%lr%ﬁg P52 %Féﬁ ﬁ'éﬁa Bfgculangais Priisatien, creipigrivsvincle cal cd

for Cl5H18GhaNBO3sddNhciB3dd fH6Q ber. 2006 . WO
03/ 095438 PCT/ gpoﬁ 038-14 48 ééngkﬁ[ma%%ap&%gd oflS) B8 Mfs 264 Umi-

2-(3,4-Di chlﬁﬂl’d %hengdlgolgalg tEtermiayrdmunwlanmpoyhbng\hmphgg@bmgmy|
r opi onam de [\bl [0098] A solution of freshl y
prepared |i tl?‘ﬁ iFﬁYLHP Ia's‘tﬂﬁ? éa"‘l giﬁ%%é@ ’EFEbIBFméaQﬁBSJ VMttusg aglatssol ution, 7.13

rnmol ) cool egntlifiek8&w 4.4 hI Laro-. acetic acid
(696 ny, 3.39 rrrmle) m%%%ﬁ%rot%mrogﬁ?#é S% Vaga n%’szn

t et r ahydr o- Z(rﬁ.ﬂsi)meplylﬂﬁfm,d]oaangagcﬁltéoﬂﬂntxoﬁxdﬂtﬁts A’bﬁ]ehﬁﬁédéaﬂ%rstﬂley%a?n was
stirred at -78C for E{FF At this time, the reaction was treated with a

sol ution of %0 %P rapspicatly ypBiabl¢ragants 6 7tds agreraquisitenthai all i n
1, 3-di met hylgg ?,ngt@u@ed fxﬁhé%ﬁﬁ%ﬁ%&(#’%ﬁ% |arrgt%| none 2 m_) The reaction
or e

mxture was stirred at -78C reacfl f"r‘fen warned to 25C
and was stirred at 25C for 18 h.

[0092] Preferred forms of use are intravenous, intramuscular or oral administration,
most preferred is oral administration. The dosages in which the compounds of
formula I are administered in effective amounts depend on the nature of the
specific active ingredient, the age and the requirements of the patient and the mode

of application. In general, dosages of about 1-100 mg/kg body weight per day

come mto consideration.

[0093] This invention will be better understood from the following examples, which

are for purposes of illustration and are not intended to limit the invention defined

in the claims, which follow thereafter.



The reaction m xture was then quenched by the dropw se addition of a
saturated aqueous amoni um chl oride solution. The exces30saitalen?20ias
renoved in vacuo. The residue was diluted with water (50 niL) and was
treat ed WWMh3H548 aqueous hydrochloric acid sol ution unti bcih@osakition
was acidic. The resulting solution was extracted into ethyl acetate (3 Xx
50 nL). The organics were washed with a saturated aqueous |ithium chloride
-solution (1 x 100 nlL), dried over dodmples sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400
mesh, 50/50 hexanes/ethyl acetate wExmmgleaki al acetic acid) afforded

2- (3, 4- di cBt3r(34phiehldry-BrefutyBt3-aleyidihg df eHidan22-yl)) rwpqmyqn:;g] Ej{lohr@§92- 3

ng, 70.8% as a white solid: np 106-102C, FAB-FIRMS nie cal cd

Cl3H14C1203 (M+H) + 289.0399, found 288! 0404. [0099] A solution of

2- (3, 4-di chl or o- phenyl ) - 3- (t et r ahydr o- fﬁ n- 2-yi ) propionic acid (204.5
mg, 0.70 nmol), 2-am nothiazole (74 d\? and benzotriazol -1 -

yl oxytri s(di met hyl am no) phosphoni exdf | robhosphat e (314 ng, 0.70 mol)
i n NN-di et hyl f or mam de (3.55
N, N-di i sopropyl ethyl am ne (260 L, 1 49 mmol ). The m xture was stirred
under nitrogen at 25C for 18 h At this time, the reaction was diluted

vvi t h wat ef0 gébArﬁe}utwnmfsm@bwdﬁﬂmpm (léﬁﬁr@éﬁeﬂd mintolf) tchiphidaesd ed. 88 (3 x 50

Th d 006 WO 03/095438
ot Epos) 112843 5L 48RG0 5 T Publde o geli tool Echissioububeetsd ash
chr onmat ogr aphith i0Mae QKI 8 bi 435141 88hol Foll ARARr KPHe @%13@5%&90&8%99(91? L&t hyl

acetate) afforded 2-(3, 4- Zdi chl or o-

phenyl ) - 3 (pé(ﬁeﬁﬁgydr@fwraméml)znwbm (hDazb) 422 mmolph enanylee: (RBeZde2 My

88. 4% \é(\/lrjL soli 71C El - ARMS nf e cal cd for C16H16C12N2 02S
(M) 370. Og?) )f 0 dfeé odga %ﬁcﬁp@a%allowed to warm to 25°C, where it

2- (4- Met hanegy ktfu@é@’for Qhﬁ%’&ﬂreé@h@ﬁ%&ﬁm{ A0l A&l B tﬁ)@a}erl\bt il E}ZO| 2-yl -

pr opi onam de
the reactlon rmxture was further extracted with methylene chloride (3 x 20 mL).

The combined organic layers were dried over sodium sulfate, filtered, and
concentrated in vacuo at 25°C. The resulting solid was washed with pentane (4 x
50 mL) and filtered through a pad of silica gel. The filtrate was concentrated in
vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 80/20
pentane/ether) afforded 2-iodomethyl-tetrahydro-furan (2.09 g, 25%) as a clear,
colorless liquid: EI-HRMS m/e calcd for CsHeIO (M") 211.9698, found 211.9708.

[0095] A solution of (3,4-dichloro-phenyl)-acetic acid (14.0 g, 0.07 mol) in methanol
(71 mL) was treated with a catalytic amount of concentrated sulfuric acid. The
reaction mixture was heated under reflux for 12 h. The reaction was concentrated
in vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 50/50
hexanes/ethyl acetate) afforded (3,4—dichloro-phenyl)-acetic acid methyl ester
(15.0 g, quant.) as a white solid: mp 30-32°C; EI-HRMS w/e calcd for CoHClL; 0,
M") 217.9901, found 217.9907.

[0096] A solution of diisopropylamine (0.59 mL, 4.51 mmol) in tetrahydrofuran (30
ml) was cooled to -78°C under an argon atmosphere and then was treated with a
2.5M solution of n-butyllithium in hexanes (1.8 mL, 4.51 mmol). The reaction

mixture was stirred at -78°C for 15 min, after which time, a solution of (3,4-



os Ol [0100] A solution of (R -(+)-tetrahydro-2-furoic acid (8.0 g, 68.9
mol) in dry tetrahydrofuran (100 mL) under argon, cool @8 @¢oka 20¢e bat h,
was treated dropwi se wth borane-dinmethylsulfide (19.6 nL, 207.0 nunol).
The react VWA HAES43 | owed to warmto 25C, where it was sti peedrhensses h, and
was then re-cooled to OCin an ice bath. The reaction was then quenched by
the dropwi se addition of water. The reaction was diluted with nore water
(100 nl) anddekioraeherybarackc ecldymhethgledster €878 mex 376 minpl) ifihetrabyritifmred

organi c extracts r ried over, ium syl f filtered, and

concent r at ed?"fnm]\“);gaﬁ@. qﬁl‘i%%ﬁ'ﬁo%%&ﬁ%ﬁ?"%@?ml Pea° odI e, ¥880- 400
nmesh, 25/ 75 hiexanesd-atiyla @asgtial edheabdft d6how soluti 1l ir at -

(R -(tet rahydr)g?ﬁ?i uan- 2-yl ) - met hanol %5.991 %,508%3) “éass %1 Ogtl)ﬁdotrol Seuésatoi | :

[ a] 23589 =h- (i;%‘fCB@D(rdﬂ,. ﬁ,tercvﬂiid:t ooy IEI')S.OlL[tiﬁﬂ@)ﬂZ-i@dsmbﬂtyi—mlrafijldro-ﬁlran (7?]8I
R -(tetr ro-thi n-3-vyl) - 1.0.9, 9.8 mol) in t n
O et oy s o R R s B ) ol B ek 6T LTS e
(171 nL, 14,7 numli)vif 9l d.an@g. %et;eaétiouq%&ﬁﬁ&@%gwehoag'ﬁs@mrwsd (1.98
ed at - or 40

m., 11.76 mmol). The reaction was stirr mn and was then
di | ut ed wit hthieexHoesd (4@amd jo. 25P0e witketitiwes Wirsedds Neth. iHeh e actmatmikated
aqueous sodi um bhi carbonate solution (1 _x 25 nL). The conbi ned organic
extracts wePds Hiepeticd badireddditios of papBirated |sgaeqig, aamanigeneklatidat ed in

vacuo to affgfigiont Hlof r fonj j - rrahydr o-f ur-ans; 2-yl
met hyl ester asloét1 gr u%’gs)m(ﬁr?kgg&gw 6@%@0%@31%@3?085&338?‘5&9%3‘? 03844
50 [01021 Aorgadicfdyers wére dricdtbydddning pyuihesliaeet hed achenfrBte % 9acid?- 9
mol ) in nethanol (100 nl) was treated sl OV\A@/@W th concentrated sulfuric

acid (1 nl).Flathechradigiography (Meagk Soisafick bl B0de0 mesk.e0/ihdexanes®thuk for 19
h. Th t i | 2 hen. . ted
' vacuo to SRR 1854 SN S A G R B R SR ot hy)

acetate (200methyl eJibe G0DampC 44a¥)ehs WascoloMrsesll: WELIRaVISabye at8&i gapeous
sodi um bi car bonat e sol uti OHHEB x 300 nL) and a saturated aqueous sodi um

chlori de sol GuHo®Cs M 1662.R8Y7, fowrd FPdH8c | ayer was dried over sodium

sulfate, filtered, and concentrated in vacuo to afford (4-

o i) AR o (P e R e aigRy (et ghiranch SDeaieP e 2 o 1 or

Cl0H12Q2S (Mmﬁg@t%&ﬁﬂ 51%9@%41%11&§,51%ethylurea (302 mg, 4.07 mmol), and a
solution of magnesium methoxide in methanol (7.4 wt.%, 4.63 mL, 3.06 mmol)
was heated at 100°C for 8 h. After this time, the reaction mixture was
concentrated in vacuo, dissolved in ethyl acetate (50 mlL), and then filtered
through a pad of silica gel. The organics were then concentrated in vacuo to give
the crude. product. Flash chromatography (Merck Silica gel 60, 230-400 mesh,
80/20 hexanes/ethyl acetate) afforded 1-[2-(3,4-dichloro-phenyl)-3-(tetrahydro-
furan-2-yl)-propionyl]-3-methyl-urea as a white solid: EI-HRMS m/e calcd for
CisH1sCLN20; (M) 344.0694, found 344.0699.



[0103) A solution of diisopropylamne (1.21 ni, 8.62 mmol) in dry
tetrahydrofuran (30 nL) was cooled to -78C under ar gon aA@akeber 20
treated with a 2.5M solution of n-butyllithiumin hexanes (3.3 nmiL, 8.25
mol ). Theoeaetizen m xture was stirred at -78C for 30 m poapdoddren
treated dropwise with a solution of (4s nethyl sul fanyl -phenyl)-acetic acid
nmet hyl ester (1.47 g, 7.5 mol) in dry tetrahydrofuran (10 nL) and
1,3-dinethyl-"),4,5,6-tetrahydro-2(Ekhmpys2 m di none (3.34 nL). The
reaction neBULPichigragsh@9l)B-(traalaro-Anhnasnal ipmes-3 91 %Ebﬁmﬁl&mdemc for
1 h. The reaction mxture was then-treated with a solution of
trifluoronethanesul fonic acid (R)<{tetgtahydro-furan-2-yl nethyl ester (2.30
g, 9.8 mmol) in dry tetrahydrofuran O nmL). The reaction m xture was
allowed to warm to 25C, where it w *ered for 16 h. The reaction

m xture was quenched with a sat , ueﬁﬁs amoni um chl ori de sol ution
(30 nL) and then concentrated } acuoQo N ve tetrahydrofuran. The
aqueous resi due was extracted vvlth ethyl acetate (3 x 75 nlL). The conbi ned
organi c extracts were dried over sblium sulfate, filtered, and

concent r af93] A sdouon oBlﬁ@smg@rmﬁmrBtm@nathmpl(dﬁyl%Bﬁﬁe (lIEthLSbf h@G1N/ 1
hexanes/ et hyl etate ffo ded 2-(4 rreth | sul fanyl - phen I)-3-

(t et rahydro-5 Qf%aﬁoﬁlﬁ} yity @FW&)&HP@ datq d fl‘:rgth‘sﬂls ted vth d1d-djchlgmey as a

Cal oo Tor —crerdbssde o5 syt bl an- T4 eLE oLy RS e

O ety oo ohe L oM, P DS i i
net hyl es%/er%éfal 205 § y4‘2ft Fﬁ%F‘inqaﬁh%ﬁaﬁél%lwam@aﬁd) W\Njisa légfﬂé@f 2nith a
i xt ur e vas PLynbBLUL NGRR3R | A althon el d TR RS oot

renove met ha.mihydrﬂnmm@nmlm@ow@@ﬂg I3y etactias naikhet bWagdtitred pHZ2° @M th a
10% aqueous hydrochl oric acid solution and then was extract ed wi th ethyl

acetate (2frdd. rﬁ_l)e re#%@%‘ﬁ?ﬁbﬁhﬁ@d\’aémgérﬁ@ 251Gget wapstised\asheE far 16 ha

saturated a Q i de sol uti.o ed over ,sodi um
sulfate, fi ﬁ?lgr gg an K@Sr%aes "E 8RR 2‘1}}%%{%’“’1?? g]?-‘}dhorﬁroga safurated

2- (4- met hyl Slqilétﬁl@)abmi)é}ﬁﬂxyllc)ﬁcﬁrc(e'[sehftﬁiﬁydlrfit'exfcb@’s%ﬂh%ﬁ%yfém@fe@pn ekl acid
(0.653 g, 99% as a light yellow oil that crystallized upon standing: np
105- 107C, [ zI]hQSS%@ue—Wﬁidllg d (veithp water (80 Imekoest wis tERtegiRiEh 2 IN aqueous

hydrochloric acid solution until the solution was acidic. The resulting solution

was extracted into ethyl acetate (3 x 50 mL). The organics were washed with a
saturated aqueous lithium chloride-solution (1'x 100 mL),; dried over sodium
sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck Silica
gel 60, 230-400 mesh, 50/50 hexanes/ethyl acetate with glacial acetic acid)
afforded 2-(3,4-dichloro-phenyl)-3-(tetrahydro-furan-2-yl)-propionic acid (692.3
mg, 70.8%) as a white solid: mp 100-102°C; FAB-HRMS m/e calcd for
C13H14CLOs (M+H)" 289.0399, found 289.0404.

[0099] A solution of 2-(3,4-dichloro-phenyl)-3-(tetrahydro-furan-2-yl)-propionic acid
(204.5 mg, 0.70 mmol), 2-aminothiazole (71 mg, 0.70 mmol), and benzotriazol-1-
yloxytris(dimethylamino)phosphonium hexafluorophosphate (314 mg, 0.70 mmol)
mn N,N-dimethylformamide (3.55 ml) was treated with N,N-diisopropylethylamine
(260 pL, 1.49 mmol). The mixture was stirred under nitrogen at 25°C for 18 h. At
this time, the reaction was diluted with water (50 mL). This solution was

extracted with ethyl acetate (3 x 50 mL). The organics were dried over sodium



me calcd for Cl4HLSG3S (M 266.0976, found 266.0976. [0105] A solution of
2- (4- met hyl sul f anyl - phenyl ) - 3- (t et rahydro-furan-2(R)-yl)208aphewddeos aci d
(0.075 g, 0.28 mmol ), benzotriazol -I-yloxy- tris(dinethylam no)phosphoni um
hexaf | uor Syfh8EYRAIe (0.186 g, 0.42 mmol), and 2-ami not hi apor@r(M:042 o,
0.42 mmol ) in methylene chloride (10 fR2) at 25C was treated with
triethylam ne %O. 12 m_, 0.84 mmol ). The resulting reaction mxture was
stirred at 2583 tliged arfroncenttatedon Yecxe .U FéashabronmeerdpHyudveetclniSilicawat er
(10 nL) and agkgd mw t h.me ne chlaride (3.x 10 nL). The conbined
organic | aygfgl)s(%\(/)\ier%égg'ggnu%lﬁsﬂ’ aﬁ%é \?%ﬁi‘éed} e@n‘}il rf‘c\‘?\f%feéraf%ofd%f&ﬁt‘}h?marq-N
aqueous sodi phenyhysH @xhitkeirs Ghidhi NlaXazd : us_hy loric
acid solution (1 x_ﬁgo nL), and 2gj;l)sat ur at eé%ﬁ%@dsﬂgg%?%%fc%bs?g%j

sol ution (1 2 20Whity sohithempr @il €; ElabiBM Svars/e draicdldfon V@ Hs0iNy@, S (i3t e,
filtered, an [ at l.A,vacuo_ Bi otage chromatography (FLASH 40S,
Silica, 2/3 ﬁ’é@g’ﬂg%&ﬁyﬁé’c’@?m e) afforded 2-(4-

met hanesul f anyl - phenyl ) - 3-(tetrahydro-furan-2 (R)-yl)-Nthiazol-2-yl

propi onam de (0.068 g, 70% as a pale yellow foam [x]23589 = -32.91
(c=0.24, chloroform; EI-HRMS n3/eEsamptt3or CL7H20N2O2S2 (M 348. 0966,
found 348. OBGSMMIHIBﬁésuﬁfoﬁpll—plhéri}ﬂ)—@f(tetrahydro—flirnn—2(ngz—yl)—N-thiazol—Z—yl-

2- (4- et hanesul f anyl - phenyl ) - 3- ('t gffoplrdngat ur an- 2( R -yl ) - N-

t hi azol - 2-yl - propi onam de (0.061 g,~0.18 nmol) in formc acid (0.20 ni,
5.25 mmol) was cooled to OC and tqeniamas treated with a 30% aqueous
hydrogen 20 Cct ober 2006 WO 03/095338" PﬁTéEPO3/ 03834 52 peroxide solution
(0.10 nmL, 0.875 nmol). The resulti utmwongvas stirred at OC for 5 min
and was then warnmed to 25C, wheye asl[stifr for 1 h. The reaction was
re-cooled to OC and was then qugnct Ph aN40% aqueous sodium bisulfite:
solution. The reaction m xturé&was diluted with water (5 nL) and extracted
with et hy[0186pAatelutian Yof5(RIL)+)-thayamhirned: QE@AN ¢ J s Sniel emdg;}fd over
sodiumsul fate, filtered, and concentrated in vacuo.  Bi otage ghro t ogr aphy
(FLASH 40S, tedhydepfuran 10mk emdertangon, seeledtie)n af othgeds trgted dfdhwise

met hanesul f W) = 3- (et r Q- n-2 (RL-yl)-N-thiazg |-2-vyl

pr opi onami d%%?%gggé@e}&%&ﬁgc M@égp Z@rﬁ]mfé] %@éé%a Lion ygs gllewechto,

chl or of or m) ;wain-thiRFBC v Bere &l g Jtfed G7 HRONROA S2heMe) c38% 8864 in hgynd
bath. The reaction was then quenched by the dropwise addition of water. The

reaction was diluted with more water (100 ml) and extracted with ethyl acetate (3
x 75 mL). The combined organic extracts were dried over sodium sulfate, filtered,
and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400
mesh, 25/75 hexanes/ethyl acetate) afforded (R)~(tetrahydro-furan-2-yl)-methanol

(5.91 g, 84%) as a colorless oil: [0]*sgo = ~16.69° (c=5.2, chloroform).

[0101] A solution of (R)-(tetrahydro-thiopyran-3-yl)-methanol (1.0 g, 9.8 mmol) in
methylene chloride (35 mL) was cooled to -78°C and was then treated with 2,6-
lutidine (1.71 mL, 14.7 mmol) followed by trifluoromethanesulfonic anhydnide
(1.98 mL, 11.76 mmol). The reaction was stirred at -78°C for 40 min and was

“then diluted with hexanes (40 mL). The mixture was washed with a saturated
aqueous sodium bicarbonate solution (1 x 25 mL). The combined organic extracts
were dried over magnesium sulfate, filtered, and concentrated in vacuo to afford

trifluoromethanesulfonic acid (R)-tetrahydro-furan-2-yl methyl ester as a crude oil.



380.0873. Exanple 4 2-(3-Cilo ro-4-nethanesul fonyl -

henyl) N- pyrazin-2-yl - 3- (tetrahydro-furan- 2(R)-yl)-propPdfaibde2004 HH O-
\ O N NyolNioQizs € [0107] A solution of alum numtrichloride (54.9 g,
412 mol ) in chioroform (180 nlL) under argon cool ed to OCPHA4rtyesttd

dr opwi se with a solution of nethyl chPor ooxoacet at e (24.3 m, 264 nmol) in

chl orofor ure dat O for 30 mn and
t hen was reaﬁe%%dﬂ" (t)lo\;/ll_vltz)gé’r %Vl&o)glzﬁné’iaicghc %‘flgﬁgghlgo of mag ‘”5816&13(18@9 4 g,
247 mmol ) | n(l@bh@ﬁ:})&@ﬁ fre4td @ Olomlly) mtEfa@ncern%@f%H'sﬁfqubé&H(? ntY! r Es%ﬂul

color. The resulting reaction m xture was allowed to ‘war 5C Where it

was stirred Faetion MIXpae Wwas desated nundiex reflux Wars19 hen Thk (m&cyxonpﬁmmd wat 0 ice

(700 niL). Thae110 uItln c¥ur,=:lbo xt ure was (itlrred for 15 mn and_then was
0 re?%{}h

filtered through ctéjlclotO R HECHIEAFA P eciorts remppye mefhapel elhepas

then extractesulvhé RediBihwheagueh ol Qﬁyl(a%ef&té%%}t)-l-'lﬂﬁe 6OIRNGEYLQrdani ¢

| ayers were washed with a saturated aqueous s i carbdhate sol ution (1
x 50 ni). Twieshed geirh e satweatad aq\enuquednmvmbmgmﬂmwn Sut 60 ;) fanli taer ed,
and concentr ted.in vacuo .to

(3-chl or o- 4-% ﬁtyflsaﬁP?%‘}?ﬁOdB’ﬁ%akz‘P?d%%&ua%ﬂ 196 mk} obbg 0%0’6 laygp was

03/ 095- 138 REGHJ4E t ht
yell ow oil: %E{ngQN%/ gig(glﬂg]asglgat? grﬁﬂeﬂgﬁ’o @%@%ﬁ{é{g& %{\%ﬁ tof %%?1 J4{’399958

[0108] A Solm‘tﬁlﬂnukﬁlﬂ}(l?phcml)}a@-tld arl hgethw Iefstaﬂy‘y 2P ke nylY) -20%0yAeR! liguiaci d

met hyl ester 61. 7 in toluene (120 nlL) was heated at 50C.
Thi s heated ‘?Bfg}&t“faé ﬁ@%ea&ﬁcﬁmﬁﬁéﬂmw%w fogieode0sBdi um

hydr oxi de sqmllggogggqouﬁq_w@é%owml) via a dropping funnel, taking care

to keep the tenperature b After the addition was corrpl ete, the

reaction mxture was stirred at 50C for another 1.5 h, during which tine,

a yellow [%rl?)g]l ARI s:[o?&t?onbg glqsgp?ogy?al;xln:ne /%]; g_(larmL 8.62 mmol) in dry tetrahydrofuran
(30 mL) was cooled to -78°C under argon and was then treated with a 2.5M
solution of n-butyllithium in hexanes (3.3 mL, 8.25 mmol). The reaction mixture
was stirred at -78°C for 30 min and then treated dropwise with a solution of (4-
methylsulfanyl-phenyl)-acetic acid methyl ester (1.47 g, 7.5 mmol) m dry
tetrahydrofuran (10 mL) and 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone
(3.34 mL). The reaction mixture turned gold in color and was allowed to stir at -
78°C for 1 h. The reaction mixture was then treated with a solution of
trifluoromethanesulfonic acid (R)-tetrahydro-furan-2-yl methyl ester (2.30 g, 9.8
mmol) in dry tetrahydrofuran (10 mL). The reaction mixture was allowed to warm

- to 25°C, where it was stirred for 16 h. The reaction mixture was quenched with a

saturated aqueous ammonium chloride solution (30 mL) and then concentrated in
vacuo to remove tetrahydrofuran. The aqueous residue was extracted with ethyl
acetate (3 x 75 mL). The combined organic extracts were dried over sodium
sulfate, filtered, and concentrated in vacuo. Biotage chromatography (FLASH
40M, Silica, 9/1 hexanes/ethyl acetate) afforded 2-(4-methylsulfanyl-phenyl)-3-
(tetrahydro-furan-2(R)-yl)-propionic acid methyl ester (0.810 g, 39%) as a pale
yellow oil: [0]%sg9 = —10.87° (c=0.46, chloroform); EI-HRMS m/e calcd for
C1sH003S (M) 280.1133, found 280.1130.



this tinme, the heat was renoved, and the warm sol ution was treated dropw se
with concentrated hydrochloric acid (10.6 ni, 290 mmmol ) 20fhéobeedt i ng
reaction \\[ﬁ]&(/o'ﬁ're was allowed to cool to 25C and then was stirred at 25C
for 16 h. &30P d was filtered and then washed with wat BETEBGMWEH and
toluene (50 n.). The solid was dried- l':)y suction for 1 h and then dried in

a high va esiccator t or .

(3-chlor o?@bg\ls?‘hyl sﬁ’l%roﬁnyIO?ph%&éﬁe%ﬁsdlf%yé’ﬂhﬁnﬂki’dtﬁzt@l?y‘?? f@ransgé% Vs a
whi te solid: rHInoﬂdéfa@c{d@ﬁ))ﬂe LAY ﬁf4@n%ﬁb 1 é\i@é
252. 9702, found 252. 9700. 09] A r@action Ias eqw rrec
stirrer was \@lﬂaﬂg(éaMMaqhed\ydutammnélydmyﬂﬂeaaomt(o& . (Der1271394nmﬂn§)L) Thie:

hydrazi ne hydrate was cool ed. tqQ -50 nd then treated with
(% chl or o- 4yfﬁ3é%‘ﬁ9|f§’a‘F‘F8ﬁW Sﬁﬁféaﬂi %‘xg) rdédt #d hep gvaseoneengated 4n gacypp| ) i n

one porti on.to A SXOLRARLENFHE ol DAk LBLSSE 1d ING fesul ting
white m |l ky (r)nrxture was then heat ed aaléOC Rj%'?(g%ﬁ%g{l: |djntgr§) é@’tﬁ

heati ng el er®b aqmsaus; bpiroebloriancidisointionand iton wasédtraetedasith byl dce@at ed with
pot assi um h 31.7 mmol ) in one portion. An exotherm was

ydro (2,09 g

obser ved. Tng 1@&@?—1) Whﬁégmﬁ’ﬁﬁﬁ °§$€F’r“‘r @Merafw epswaghad vith B satuesded aqyaous
tenperature I t f. potassi um
hydr oxi de (20{%891 §g0§§g§0hﬂ10ﬁ) was I%tj’géddI eﬂn@ver?sﬁan exo]?qé ﬁ]ﬁ%\rﬁés) antlaserved
and t he resubnaengatedezactac@za 01 affartd epwa 2-@hhepidulianyd-@atn g K etrehy3QC. 01C6
at 80C, a t E[f-,{tl on pot assi um hgdrom de (2.09 g, 31.7 mmol) wa

added to . VBTP‘?;E"?fliﬁraéld (O3t d V‘é)@é@ﬂ&ﬁhﬁﬁ’@}a@*’ @Bébaft\ﬁé}dmlw after

cool i ng bac andxs fin assi roxi de
(2.09 g, 595&&?3% B R C R IR st S

added, and mecﬂ&a%ﬂ@lg}{r@oggtm g@@obrgagv&gd%f;mﬁ)ct ober 2006 WD 03/ 095438
PCTI EP03/ 03844 54 100C for "The resul ti ng honbgenous reaction m xture

was cooled to 250 and t hen dlluted with water (12 nL) The reaction

m xt ure h sfer e n rinsing_ wth

addi ti onﬁfgéat r ndzdgé’?ﬁﬁl ‘Q?"ﬁgt i )%n{_‘t)“'tf %E%?@)W@re
separ at ed, (;nlf@ aq;&pus aysr wWas 1y sf er yto 1] Or gani ¢
| ayer was egﬁéact ed with vvadtoer (2 X 15 O?TQL%) Tﬁ%ﬁglqueoﬁ)scg%ﬁégzrosl lviﬂ(?}\e}p

conmbi ned an dlS(dl@aﬂédarmmDPIMMW(h’g‘@aﬂng)qphas;dlatmED i ¥sgl Q.4 hgnmapehidon

' ) h
(rjnr )(;tp\lljmr g e Wwa ﬁmwngoc%fl%lélglley(0§)4l7 ror, 8(12 Thl us1trrllerthy?ene c orldeoaO mf) Etlt Z%QC twra(;)at ed

treated with triethylamine (0.12 mL, 0.84 mmol). The resulting reaction mixture

ani cal

was stirred at 25°C for 16 h. The reaction mixture was then diluted with water (10
mL) and extracted with methylene chloride (3 x 10 mL). The combined organic
layers were sequentially washed with water (1 x 10 mL), a 1IN aqueous sodium
hydroxide solution (1 x 10 mL), a 1N aqueous hydrochloric acid solution (1 x 10
ml), and a saturated aqueous sodium chloride solution (1 x 10 mL). The organic
layer was dried over sodium sulfate, filtered, and concentrated in vacuo. Biotage
chromatography (FLASH 40S, Silica, 2/3 hexanes/ethyl acetate) afforded 2-(4-
methanesulfanyl-phenyl)-3-(tetrahydro-furan-2(R)-yl)-N-thiazol-2-yl-
propionamide (0.068 g, 70%) as a pale yellow foam: [0]%sge = —32.91° (c=0.24,
chloroform); EI-HRMS m/e caled for Ci7HzoN20-S, (M*) 348.0966, found
348.0968.

[0106] A solution of 2-(4-methanesulfanyl-phenyl)-3-(tetrahydro-furan-2(R)-yl)-N-
thiazol-2-yl-propionamide (0.061 g, 0.18 mmol) in formic acid (0.20 mL, 5.25

mmol) was cooled to 0°C and then was treated with a 30% aqueous hydrogen



concentrated hydrochloric acid (26 nL) over 30 min while the tenperature
was kept under 50C with an ice bath. A cloudy suspensi o?) Pstobeds004nd this
suspen3| o X\@@ 23“ rred at 25C for 3 h. The solid that fornmed was coll ected

i1trat {d then washed sequentially with a IN aqudSUEMY@#dehl ori ¢
aC|d solution (2 x 6 nL), heptane (T 2x 12 m.), and a sol ution of

h /d h her. | lid d d
i o vacaunbTgess earkop O onmby S5gS et s Bt syl e enyhon Rescieshat o
(10.48 g, 89U fRS Al 9hd wibith& SQbkh&H o MPAQRE:s AABAiredd foRVD n‘h?e cal cd

for COHICL102S (M 216.0012, found 216.0022. [0110] A sol ution of
(3-chl oro- 4Peﬁ€t!¢wwmeFm®$dd-tprﬁydn)i-\wahmqvamctjec( W]tﬁ@l 1% 3gudfs sodiod) i n

th | d sl ow th d | f d 2.8
A W N T $rx@asqr§ac%wé“ﬂremw%?3ﬁ@t%£ Vifha el gy T 1 T or
1.5 h. The ggacthammH ?P{ic%tzw@ v%'é d (;]th% c%ﬁ?mé@or%gxgca%%rg RER. dri

concentrated in vacua to reno resi s dilut edﬁvmth

et hyl acet atwer @&ﬂlﬁnmu)lfate Tiitereat, gamnODMmmedmwa&maﬁs&&vebmnm«sdi@@y\M th a
ium. _bicarbonate solution (1 x 200 nlL) and a saturated

sat ur at ed g&ueoséi ﬂ
agueous so | 8%de SIG ut4/én }Q%aﬁesé@bylm_?ce e eatfovdse sdi utn(dul f at e,

filtered,

(3-chl oro- &E&ﬁ ﬁ#l?hgﬁyl?)ﬁe%gﬁygrgé @{)ﬁ/”n%l tf}1mI20e3t (7.41 q,

99. 4% as aprbpihimyRl (@D 7635 HRVS g Cakg [foqﬁsgg 941;53@‘02{5:@@@

230. 0168, found 230.0166. [0111 A sol ution of

(R -(tet ranéfqrm)opﬁéﬁlMSy enealdthifol QupleDe@ed QY] B80BRa#pIemd, 0. 418
g, 4.095 rret hyI ene chloride (10 nm.) was cooled to - 78C and was
then treate 6-collidine (830 L, 6.3 mmol) followed by
trifluoronet hanesulfonl c anhydride (830 p.L, 4.91 mmol ). The reaction was
20 October 2006 WD 03/ 095438 PCT/EP03/ 03844 -55 stirred at -78C for 40
mn and was then diluted with hexadfesnpRCt nl). The nixture was washed with
a saturat eﬁ(ﬁ@jﬂmwmlmmsblfoaybplﬂai)&)-Nquimﬂz@L3>(tét9:xhyd:)) fuamd t he

conbi ned organi c extracts wer ggﬂy "y rRpRnaBaeesi um sul fate; filtered, and
concentrated in vacuo to affor | uor omet hanesul fonic acid (R)-

tetrahydro-furan-2-yl nethyl est My crude oil. [0112] A solution of
di i sopropyl ami ne (0.55 nl, 3.94 m®l ) in ,qlry t et rahydr of ur an
Q )
O,,‘s © N
\ Ci

[0107] A solution of aluminum trichloride (54.9 g, 412 mmol) in chloroform (180
mL) under argon cooled to 0°C was treated dropwise with a solution of methyl
chlorooxoacetate (24.3 ml., 264 mmol) in chloroform (180 mL). The reaction
mixture was stirred at 0°C for 30 min and then was treated dropwise with a
solution of 2-chlorothioanisole (39.4 g, 247 mmol) in chloroform (180 mL). The
reaction mixture turned red mn color. The resulting reaction mixture was allowed to
warm to 25°C, where it was stirred for 4 h. The reaction mixture was then slowly
poured onto ice (700 mL). The resulting yellow mixture was stirred for 15 min
and then was filtered through celite to remove the aluminum salts. The filtrate
was then extracted with methylene chloride (3 x 50 mL). The combined organic
layers were washed with a saturated aqueous sodium bicarbonate solution (1 x 50
mlL). The organics were then dried over magnesium sulfate, filtered, and

concentrated in vacuo to afford (3-chloro-4-methylsulfanyl-phenyl)-oxo-acetic



(10 m.) was cooled to -78C under argon and was then treated with a 2. 5M
solution of n-butyllithiumin hexanes (1.51 mL, 3.78 mmol2P.Octoler 2688t i on
m xture \wg ga%r#ﬁed at -78C for 30 min and then treated dropwise with a
solution O {] P9%¢1 or 0- 4- met hyl sul f anyl - phenyl ) - aceti ¢ aci ®CHEPAYNI8est er
(0.72 g, 3.15 mmol) in dry tetrahydro?:‘uran (3.5 n.) and

1, 3-dinethyl-3.4 r 026 - Ryrim.di none . The,reaction
m xture tur ng%ﬁdgrg?%&[ %&%%ﬁ{)&?ﬂghgﬁ\@g& %ﬁ%%{[/\%‘aﬁj %Ogt Fﬁ'*gﬁdgg%‘& ??H?d,forh. The
reaction m xOyC10sS (ME43r Bl ehumdta3an9gsgol uti on of
trifluoronethanesulfonic acid (R)-tetrahydro-furan-2-yl methyl ester

(0.959 g, 4.10 mmol) in dry tetrahydrofuran (2 niL). The reaction m xture
was allo o,warmto 25C . where jt tirred for 52 h, Th eaction
mi xture w\é\@%éc]upe‘r§8hlélcﬁm\ﬂft%ﬁ"%glog?i_t%'tﬂlg{h&fﬂgsaﬁaﬁgny 7 (h'ia‘i?i‘f @ﬁ}doﬁnth‘@{ &% ut i on
(25 n) and tdeng, SsMGEIHY AlERchd (MACKED) s HEMRVE Seet! q*nysdﬁ%e{arsgﬂ;eﬁoﬁhe

aqueous residue was extracted with ethyl acetate (3 x 50 conbi ned
organi ¢ ext r wes shewetreated| drapoviesy riths @ NI mguedfsatodijunt ihlydex ek, sehutibn (105

concentrated in cuo. Flas chromat ography (Merck Silica gel 60, 230-400
mesh, 9/1 he%éﬁ?&mp Véac%pﬁ‘ipé’mgegg’t“@gt 2574 0 kespaihe S9BPEIIrebalewt e)

af forded 2-(goeh! an@r feRiddSwhe 8o¥bret tion_mi i X
phenyl)-3-(tet rahydrf)- feur an-2(R)-y bﬁr%é?%ﬁa% loerllc?]gmrlrrgt%%/ Stlensetdeart 5(00(.:519 g,

5299 as a phiremnpdiel dW b durideayBiRh88me, a YOlOR ptecipltatelbegahltorfofmor MfierEl - HRVS
me calcd for. CIL5HI9CIC3S (M 314.0743, found 314.0743. [0113]. A sol ution
of 2-(3-chl oftds YNGR PP RIPOY et the warm sphuber oes ireated srepyisg with

yl) - propioni i er, (9. ; 5 mmul ) 7 nm) was
Vreated wit RE 8#'58]3&9%%1 %‘lé’ﬁ@%[“?t%cig‘gﬁﬁgd’?‘&#gg R | 3*%1@('%‘?199%?8%80 5 |
mmol ). The méducte was atlovtadrie ovab ts 25T a6l dten3adS stigred bt 359C ford & e The
concentrated in vacuo to renove nethanol. The renmai ni ng aqueous | ayer was

aci dified tosoydeyasfilised and hon yeasbed &1ty wrist @Ol randcdelrese (3 mbh dha t hen

extracted wth - 0 ober. 20 . 03/095438 56

PCT/ EPO3/ ossé??ﬁ!de&%%“%f@ %ﬁ‘é’g?:%ﬁ% ?}ln%% %*rega‘fﬁ%eﬁ ”19 gykgg&) VierE a%%‘hcé "Pth a

sat ur at ed acuferds(3-cetounme tHytsui faylsgHent/ i) @xolatetic 261d (22 @r bedh)osen sodi um
sulfate, filtered, and copcentrated in vacuo to afford pure .

2- (3-chl or O_\Hh%ﬁﬁw:sx@pfw_(gﬁ@hﬁ@é{ms m/e calcd for CoH7Cl03S (M+Na)

Vel Low oi 1 Ahar B FpartHoRbloon ot anding: mp 99.96C, [ 4] 23580 = - 23. 70
(c=0. 46,
[0109] A reaction flask equipped with mechanical stirrer was charged with hydrazine
hydrate (8.5 mL, 273 mmol). The hydrazine hydrate was cooled to -50°C énd thén
treated with (3-chloro-4-methylsulfanyl-phenyl)-oxo-acetic acid (12.6 g, 54.6
mmol) in one portion. An exotherm ensued that raised the témperature. The
resulting white milky mixture was then heated to 80°C. After reaching 80°C, the
heating elément was removed, and the reaction mixture was then treated witﬁ
potasstum hydroxide (2.09 g, 31.7 mmol) in one portion. An exotherm was
observed. The reaction was then stirred at 25°C until the reaction temperature
cooled back to 80°C. At this time, another portion of potassium hydroxide (2.09
. & 31.7 mmol) was added. Again, an exotherm was observed, and the resulting
reaction mixture was allowed to cool back to 80°C. Once at 80°C, a third portion
of potassium hydroxide (2.09 g, 31.7 mmol) was added to the reaction mixture.
Another exothermm was observed, and after cooling back to 80°C, the fourth and
final portion of potassium hydroxide (2.09 g, 31.7 mmol) was added. At this

_ point, the heating element was added, and the reaction mixture was heated at



chloroform; EI-HRMS nmie calcd for Cl14H17C133S (M 300. 0587, found

300. 0579. [0114] A sol ution of ' 20 October 2006

2- (3-chl orpo 4368445y ! sul fanyl - phenyl ) - 3-(tetrahydro-furan- 2%%
yl')-propionic acid (60 ng, 0.2 nmmol) in nethylene chloride (3HRy/04ds
treated wth N, N-di net hyl formam de (3 drops) and then cooled to OC. The
reaction m Y00CEfora% K Nghe k& 1 AL oride.
in methylene chloride (110EL§E%%%W%P??QIF%&%E§¢%RW% &fgg@ewm%ésﬂasti rred
at 0C for 30and thengingtedhwith water 12 midThoresation indxt2&Gyasihen Haagtiredta\as
concentrated_in vacuo.to . renmpve solvents and excess oxag%l chloride. The

resul ting re&isRAEARRS fyRel. ginswg il additignyl eler 3 midfandaietbs! abyr 4HY was
treated dropwise ™etiveds $0fcUlch 0 ] LAzl (.57 .6 qmml) in
t et r ahydr of ur az (1 n{h_x and py??{gtieﬁ’e!j?(%%grgﬁp&%?éé%@fS.ﬁafﬁ%p‘?eggﬁft Ry
reaction ni xTbe ergaak lsyenwastxanctOCwitr water (4 R.15THE) TheaGidoRs 1Meld WeR Was
then diluted with %/atgr%f‘%z mL) and extracted with nethylene chloride (3 x
5 ). The cOMBPRED 28d Jesricd Wit Bertane () alieand ey reswlding reatiohamixture
filtered, an R&S t N c i.0f age chr t ogr aph FLASH.12M
Silica, 1/ 4@, exanes sg hsgﬁﬁeg'cg%égt ge‘?ﬁ%c}st 8#“3@8 Wal e BRatel Xro%“'lse Wit

2-(3- Ph| or 0- denceithyéd by drachlbrip AeiaYRpH-ME) over 30 min while the temperature was

pyrazi n- 2-yl -3% R) - (tetrahydro-furan-2-yl)-propi onam de (50 Frg 66. 1% as a
col orl ess guffiPt [WdsBR>PC With R e bath. 4150 dondyr shepenyion HoshiRBamd ahisal cd

f C181420Q . 377 . faqund.377.0979. [0115] A sol uti f

2?23- chl Orolﬁ%% ﬁjél ‘gu %tg%}jl %tg%%gﬁfpf %Ké]p zsloﬁgig‘i}lt{ogl’e‘?l”as collectod %g" °

(tetrahydro-filiaeion 208 theh )wahepisenamtisey (PidPe01 & ae%heéﬁs_ E}c)chléjgiocf gL ¢ acid
al e W a

(0.19 nmL, 4.8 nol) was cooled to OC and then tre Yo aqueous _
hydr ogen persSiitge @& aoplonh¢mameo(int 12 @i, amdk solufior of deplahé/diptisdletidron was
stirred at f Q,myu_and s then guenched with a 10% aquequs sodi um
bi sulfite sol utﬁ%’ngg’]‘heﬂ%eeﬁeé l}{%% Sr‘ﬁﬁgtwu%egﬂﬁg ugfler pigh VAacRR et dfords(Gni) and
20 Qctober  2B0%o-4WEG31ABBAISHBETY- FR3/0RBAH 4557 ©¥ Wik |
acetate (2 x 5 ). Tﬁeo conbi ne@{)r ganiac Igyer sg’mer/gé)r%f%lggf%@%r%sl%i um
sul fate, fi meRles.o-HEH €odddhRMaSt ade icalcd afor C.HIEH0SeQUI) 2600 ES| fdurd was
di ssol ved i@lg%b%mol (1 nL) and was treated dropwi se with a solution of
pot assi um pérnanganate (0.028 g, 0.176 muol) in water (0.5 nL). The dark
brown solution was stirred at 25C for 30 mn, and was then diluted with
nmet hanol

[0110] A solution of (3-chloro-4-methylsulfanyl-phenyl)-acétic acid (7.00 g, 32.30
mmol) in methanol (150 mL) was treated slowly with concentrated sulfuric acid
(2.8 mL, 52.65 mmol). The resulting reaction mixtute was heated under reflux for
1.5 h. The reaction mixture was allowed to cool to 25°C and then concentrated in
vacuo to remove methanol. The residue was diluted with ethyl acetate (500 mL).
The organic phase was successively washed with a saturated aqueous sodium
bicarbonate solution (I x 200 mL) and a saturated aqueous sodium chloride
solution (1 x 200 mL), dried over sodium sulfate, filtered, and concentrated in
vacuo to afford (3-chloro-4-methylsulfanyl-phenyl)-acetic acid methyl ester (7.41
g, 99.4%) as a light yellow oil: EI-HRMS m/e caled for C,oH;;ClO,S (M+)
230.0168, found 230.0166.

[0111] A solution of (R)-(tetrahydro-thiopyran-3-yl)-methanol (prepared as in
Example 3, 0.418 g, 4.095 mmol) in methylene chloride (10 ml) was cooled to -
78°C and was then treated with 2_4.,6-collidine (830 pL, 6.3 mmol) followed by
trifluoromethanesulfonic anhydride (830 uL, 491 mmol). The reaction was



(10 ni). The reaction mxture was filtered to renove solids, and the
filtrate was concentrated in vacuo. Biotage chromat ogra@ﬁﬁf(t@?Agp{)élZM
Silica, 14 ﬁ@x es/ethyl "acetate to 1/4 hexanes/ethyl acetate) afforded
the 2-(3-chi of 09%@ PCT/EP(3/038.44

met hanesul f onyl - phenyl) N pyr azi n 2-yP?3- (tetrahydrazggrla’\tlg 2(R)Nill 2109 0863,
pr opi onam de, , as.a I orI

found 409. osséf%ég iy %‘/040 gﬂy{nd?» LT REE

henyl ) - N- pyrxamtﬂreavaslwésf{eli%ihaa Ela\t&bﬁ?:d aEuéburS%O@lu%l (»B%rb)ﬂﬁ&te Bol:06h {lox 'i‘oa m. d

e"H OHHNNOoOs QO TN CF3 [0116] sol ution of _
(4-fl uoro- 3- I%’H’f%lﬂéﬁrépﬁl)bméh@ﬁmly %tmtctscwaml dri¢d . 36r magﬂ&lﬁtﬁ sulfied,) i n

th |l (4 r eat th con sulfu |d 7dros
'rltﬁe (raggctl(ogh%r?3 \t/f;ﬁzi %%%Ce %gF‘Wd" Jﬁﬁéor %@“}dﬂﬂor‘%mﬁt ?’é%léﬂdoﬂ{)mas t hen
concent r at edefrihydes-f@an Dy @By IR Was cHiassgl ved in et hyI acetate (100 ni)

and washed with a saturated agueous sodi um bi carbonate solution (1 x 50

m.) and a saturated aqueous sodium chloride solution (1 x 50 mL.). The
diumsul fate, filtered, and

concent r alth] K e @® bR Ao iustine 5 3¢ » Dl iplntochy eiphedphyemcet i

aci d net hyl t 6% 0as | 1 SO on of
di i sopr opgl egﬁ?nlgl)( %@gg&&%d %3 A8 m{ﬁ f%?é] d%rgf'?%agrtgﬁn %r%;%érvéﬁh élg
cooled to - Esmtlcm@én Whﬁummsnhemtexedl S il 8.78 hMo$)0 I e irettioh nﬂxture

butyllithiumin ane 10, m., 12.75 nm)I). The reaction m xture was
sti ?/r ed at Waf 380&15@6%%%%@ {hea treatesh dapwisepyitis @ splutinn €34 ut i on

t Ii 1£ |4;J]:)1‘ onet R%lrg%heny%grfmé@?’ﬁen &%{‘: %ﬁg‘%%bfﬂé%g?@??%%é %%"Wnﬁ’l ) in

dry dry tetrahydrofuran (3.5 mL) and 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-

pyrimidinone (1.2 ml). The reaction mixture tumed gold in color and was
allowed to stir at -78°C for 1 b. The reaction mixture was then treated with a
solution of trifluoromethanesulfonic acid (R)-tetrahydro-furan-2-yl methyl ester
(0.959 g, 4.10 mmol) in dry tetrahydrofuran (2 mL). The reaction mixture was
allowed to warm to 25°C, where it was stirred for 52 h. The reaction mixture was
quenched with a saturated aqueous ammonium chloride solution (25 mL) and then
concentrated in vacuo to remove tetrahydrofuran. The aqueous residue was
extracted with ethyl acetate (3 X 50 mL). The combined organic extracts were
dried over sodium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 9/1 hexanes/ethyl acetate
eluted to 85/15 hexanes/ethyl acetate) afforded 2-(3-chloro-4-methylsulfanyl-
phenyl)-3-(tetrahydro-furan-2(R)-yl)-propionic acid methyl ester (0.519 g, 52%) as
a pale yellow oil: [a]>szo = —19.02° (c=0.51, chloroform); EI-HRMS m/e calcd for
C15H5Cl03S (M") 314.0743, found 314.0743.

[0113] A solution of 2-(3-chloro-4-methylsulfanyl-phenyl)-3-(tetrahydro-furan-2(R)-
yD)-propionic acid methyl ester (0.519 g, 1.65 mmol) in methanol (7 ml) was
treated with a 0.8M aqueous lithium hydroxide solution (40.7 mL, 33.0 muol).
The reaction mixture was stirred at 25°C for 1.5 h and then concentrated i1 vacuo
to remove methanol. The remaining aqueous layer was acidified to pH=2 with a

'10% aqueous hydrochloric acid solution and then extracted with ethyl acetate (2 x



tetrahydrofuran (15 nL) and _

1, 3-di met hyl -3, 4,5, 6-tetrahydro-2(1H) -pyri ni di none (6.5 20 Qctoigr@0p@act i on
m xture tugwpedesks in color and was allowed to stir at - 78C for 1 h. At
this tinme, the reaction was treated vviI a solution of PCT/EP03/03844
trifluoromethanesul fonic acid (R)-tetr&hydro-furan-2-yl nethyl ester

(prepared as 100 %@(amé%oghbu:r)kdzg’rlg%ﬁc]l%refs Wi P?Zaffbe%zg’g_":g t et rahydr of uran (15

m.). The reaction mxture was a ¢dtaqpgausst i rr ed
for 16 h. Theodiemcthlonde mbtion €1 waFO(t e GHRNGRE oWl sAirSat HEaLE L fueous
anmoni um chl gride _solution (30 nL) and was then concentrat’ed I n’vacuo to

remove t et r aRSFBFAFAH” Yhgo é‘é]tﬁ-fﬁlf@ P@SlZ}@CMm—éamﬂhjdmﬂfamﬂ “phergt)by!
t at 3 dried di

Suifate, 111 ¢ oray T oo RR R o RNl P S by e o ety digvapiy

(FLASH 40M  @at | rgstalfizédl Sugeax an@alet hmg ?g%ta@.:] 3§ Af f oxgﬁzi%z% (c=0.46,

2-(4-fluoro-3-trifluoronethyl -phenyl) tetral 05?ur

yl) - pr opi oni ehlarefermet By HRASS em/d Zakd dor FQY,,E308 QYT bes 659 lfoz"[l{l/ﬁ] 23589

= -1 8.62 (§5H$93 chloroform; El-HRVS nfe calcd for ClSHZOOBS Na) +

343.0928, found 343.0927. [01181 A solution of '

2-(4-fluoro-3-trifluoromethyl-phenyl)-3-(tetrahydro-firran-2(R)-

yl)-propionic acid nethyl ester (1.97 g, 6.15 nmol) in dry N N

di met hyl f d¢Hdhdeolption wif)2-63-clibm-dmebeityl Al fag dpmyg@.r @btdtydrd ££at 86k t h
9.27 mml) was then héated at 0C for 3

sodiumthio hoxi de (0.6
h. The reacti QNP é‘f"g (gggg bt %ﬁ‘%é@]ﬂ@@i@@lq ehloride (5 d )r eantreathl N-

di met hyl f or rif e d‘[}lﬁgth he a _saturated
agueous ammoni un’l1vchl orl&de sol ut |(fo éljfﬁ%oangfé"egn‘i?%%gﬁme% actBdrearton et hyl
acet at e (2 -Xnix200 wrs)ther teaed it a2 ONI NG ¥F Lagls cM‘f%Flec 'n?&%%gr sodi um
sul fate, fllb@)lﬁﬁ( and concentrated in vacuo. The'resulting re ue was

t hen dissol ¥ h’é’cuﬁfaﬁbﬁ mme))-niThe spactiomemit tneay acstitiedut 8°0 fF&MOARHEOUS

l'ithi um hydnox e 20 6 .7 mmol ). The reaction m xture was
stirred at 25C or‘éa%éiﬂh an 99\/5?‘: ‘éﬁc@ﬁ?t%% GoRcedrates Boaremtove

met hanol . ThensweneolRedtg a&ﬂueﬁé&s | AABA WBHdAC Al [ &H1he PR W ;tlsh a 10%
aqueous hydr.ochloric aC| d solution and then was extracted W tH et'hyl

acetate (2 $1559pednn drytr@ahsshefiraads anlgearidowhsareatsd vlﬂfpmsd/\»ar&hadsomﬂd?l a
saturated aggs! 5"3945“9 bl ori sol tl on x_ 100 dried over sodium
sulfate, filter % co@cer%’c”rdj ﬁlgydf‘bﬁ%@rfﬂz‘b%ﬁcbpmnﬁ 3 Cct ober
2006 WO 03pD9%8 3EmbE:T ﬁﬁ@@@sﬁ@%actlon mixture was stirred at 0°C for 45 min. The '

reaction mixture was then diluted with water (2 mL) and extracted with methylene

chloride (3 x 5 ml). The combined organic layers were dried over sodium .sulfate,
filtered, and concentrated in vacuo. Biotage chromatography (FLASH 12M, Silica,
1/4 hexanes/ethyl acetate) afforded 2-(3-chloro-4-methylsulfanyl-phenyl)-N-
pyrazin—Z-yI—3(R)—(tetrahydro—ﬁlran-2-yl)-propionarnide (50 mg, 66.1%) as a

colorless gum: [0]*sg9 = —43.33° (c=0.45, chloroform); EI-HRMS m/e caled for
C1sH20CIN30,S (M") 377.0965, found 377.0979.

: .[0115] A solution of 2-(3-chloro—4—methylsulfanyl-phenyl)-N—pyrazin—Z-yl—3-
(tetrahydro-furan—Z(R)—yl)-propionamide (0.060 g, 0.16 mmol) in formic acid
(0.19 mL, 4.8 nimol) was coqled to 0°C and then treated with a 30% aqueous
hydrogen peroxide solution (0.10 ml, 0.8 mmol). The resulting solution was
stirred at 0°C for 30 min and was then quenched with a 10% aqueous sodium

bisulfite solution. The reaction mixture was diluted with water (5 mL) and



59 net hyl sul fanyl -3

-trifluoronethyl -phenyl)-3-(tetrahy(iro-furan-2(R) -yl)-pPdRcebec200ci d
(1.71 g, 83%_as a light yellow oil: [a] 23589 = -23.26 (c=0. 49,

chl or of or )@ B RHERVE m e cal cd for CL5HL7F303S (M H20) + 3R6T/BFasfiound
316.0749. [0119] A solution of

2- (4-nmet hyl sul f | t hyl - ph | tetrahy - ;
Fur an- 2( R) - A 2B R BTN F S LAReiE ok ML, 30bhED) (eﬂfpré%%%gﬁmﬁ derdde (5
) was trealedodiubNsdichE %l@E&VMdOEJH?:@ﬁﬁiﬁec( P QJEQBS) ﬁtulﬂﬁ*fé foaled to

OC. The reaction n.xture was then treat wth a 2 utron o oxal yl
chloride in wmedibgpll‘eadeunhiemandb(l(ﬁlI;bJanmleaQtré’a':temaiﬁd;)msa' Imethrzea@lhtlan offi Xxture
was stirred at OC for 30 min, allo warmto 25C, and then was

concent r at ed9 %S%Hm@g@%ﬁd@@zécﬁ:\%ﬁ?@ mamel) drcwater §%aiph)- cHibsrdage. The
resul ting T dbaHSoNAS W sftire al 1608 ﬂJQBGiHinta?xhrv@ﬂxgéxf)é%@@wgtﬁéﬁ%%an%f'd .
ng, O. nmol ) in

treated dropw se wth a solution am nopyrazi né

t et r ahydr of i umIp2 'Eﬂﬁ)reacttdmp;nb{tdden.eas iBerf6 %o fﬂmox& BUdsranld)the filteautd &84l ting
reaction mxture was stirred at. 25C for 1.5 . The reaction m xture was

then di| ut e@ORFIFRAL é’i‘ Yasao-nbioggg @b@pﬂatqgé@mm (ELA%& AyMeneilichl dff de (3 x
50 nL). Th
Filtered, aigtuexRit] SEORR' 6 1A RbantOhE, ARl g P Bo C PR 1om

Silica, 1/ 1nmnmaaﬂfmynpher@¢)eNqiﬁaz1@izt raiaetrazryﬁﬁo-ﬁmﬂlytls)uﬁj anyl 3-
trifluoromethyl - phenyl -N-pyrazin-2-yl-3-(tetrahydro-furan- %1(%# pr opi on
ani de (51 PEPPigamidetameod bl Ve gs agalariess syamBis o,ClbbDe‘éi(MBM BOF3N302S
(M+ 411. 1%&%{:14{0 l.b%g g411.1229. [01201 A solution of

2- (4-met hyl Sul tanyl-3-trifluoronethyl - phenyl)-N pyrazin-2-y1-3-
(tetrahydro-furan-2(R)-yl)-propionanide (0.054 g, 0.13 nmml) in formc acid
(0.16 mL, 3.0 mml) cooled to OC was treated with a 30% aqueous hydr ogen
peroxi de solution (0.08 n_, 0.65 mkxampldhe resulting solution was stirred
at 0C f or2-@GbMutharesalfoagl-3-bd flugromnethgHpheiy)-N-gpi%raqRed 3 tandiydiv-bi sul fite
solution. The reaction m Xtfuken-26R%)-ghlgrop@nWnlile Water (5 nL) and extract ed
wth ethyl acetate (2 x 5 nL). T onbi ned organic | ayers were dried over
sodiumsul fate, filtered, and cofRcemtiated in vacuo. The resulting residue
was di ssolved in rrethanol (1 n) nd “w {reated dropwi se with a solution
of potassium permanganate (0.023 ¢ - in water (0.5 nlL). The.
dark brown solution was stirrgd 5C ori [jmn and then was dil uted
wi th nmethanol (10 nmi). The 20O :

CF3
[0116] A solution of (4-fluoro-3-trifluoromethyl-phenyl)-acetic acid (4.90 g, 22.06

mmol) in methanol (40 mL) was treated with concentrated sulfuric acid (7 drops).
- The reaction mixture was heated under reflux for 2 h. The reaction was then
‘concentrated in vacuo. The residue was dissolved ‘in ethyl acetate (100 mL) and.
washed with a saturated aqueous sodium bicarbonate solution (1 x50 mL) and a
-saturated aqueous sodium chloride solution (1 x 50 mL). The combined organic
layers were dried over sodium sulfate, filtered, and concentrated in vacuo to give
(4-fluoro-3-trifluoromethyl-phenyl)-acetic acid methyl ester (5.02 g, 96%) as a

colorless oil.

[0117] A solution of diisopropylamine (1.86 mL, 13.29 mmol) in dry tetrahydrofuran
(45 mL) cooled to -78°C under argon was treated with a 2.5M solution of -
butyllithium in hexanes (5.10 mL, 12.75 mmol). The reaction mixture was stirred

at -78°C for 30 min and then was treated dropwise with a solution of (4-fluaro-3-



WO 03/ 095438 PCT/ EP03/ 03844 60 reaction mxture was filtered to renove
solids, and the filtrate was concentrated in vacuo. Bi o28&¥stabsr ¥t ogr aphy

(FLASH 1 i.lica, 7/3 hexanes/ethyl acetate to 1/1 hexanes/ et hyl
acet at e) Z‘f;vbfog)ro%féggzu- nmet hanesul fonylL-3-trifl uoronethyl - PCT/IzP03/03844
phenyl ) -N-pyrazi n-2-yl -3-(tetrahydro- r an- 2(R)-yl)-propi onam de (33 ng,

57. 39 a g ' - . I f 19 N304S (M, +

443 1127 1 i J95E s e RS b, Bl B2 31 TR RRED hyhop

enyl) - N- pyr agtiahy@ofirad{( 5 ehladyall G-ditHe@t-3;4, 3,6 Xttt RioON M) ferim@ikbdd HY O N
I N O ~~ N Q_C_ [0121) A solution of tetrahydro-3-furannethanol (3.0

g, 29.4 nmol§-3mlhelhs Feaston mikiuse fugeed grdd nm poler aag@vamﬁlownéaa élitfam—tlh

-(di hyl ' i,di . 9 32. 31. I -t ol uenesul f on

ontor e 15780 JOPYES, "B i Ugthy R R tign vreb B G VoSO PR st i 1
at 25C over gififtromEthan ERMehicOMiIVAR) -ty drd A IR ﬁgthg?%ﬁ‘%rz(?%?&%hoeffy f unnel

and was then washed with a I N aqueous ‘hydrochloric a lon (30 n)
and a sat ur &t Exaraplgebds23gdl Lidh bimel) bodrattetralydrafiiranr(1§ 20L)mJhe rddnionr gani ¢

I h dri ed di Jate, filtered,, ~and_concentrated in
o, "5 o BB IS bl S R0 e By
acet at e) af {pxidRO0whOIng MReAISEh AN Sat@Gicd ahBLSR il AibrTe ¥t TRt hy!

I ES) %}1 al c or

ester (6.57 g, 97% as a colorless oil: +- HR e cal
C12H1604S. ( 4oNail) aadowagalien taneantrddd /)66duo [d1@RApveAtesmhytirbfaranof The

ol ) - sod: BHPBUTBBHE [TE0 SH Gl Hbrytisd Add0oHD- (IbOREPORE]  heat od
A e el L
washi ngs weveubheBiotge ectiromb@graphy vERLASH 04GM] (Bilida, S83415 Yhexdmesiftiyg sl urry
was acetate) afforded 2-(4-fluoro-3-trifluoromethyl-phenyl)-3-(tetrahydro-furan-2(R)-
yl)-propionic acid methyl ester (2.50 g, 39%) as a colorless oil: [0]?sg0 = —18.62°
(c=0.29, chloroform); EI-HRMS m/e calcd for C;sH00;S (M+Na)* 343.0928,

found 343.0927.

[0118] A solution of 2—(4—ﬂuoro-3-triﬂuoromethyl-phenyl)—3-(tetrahydro—ﬁlran-Z(R)—
yl)-propionic acid methyl ester (1.97 g, 6.15 mmol) in dry NN-
dimethylformamide (20 mL) at 25°C under argon was carefully treated with
sodium thiomethoxide (0.680 g, 9.27 mmol) and was then heated at 100°C for 3 h.
The reaction mixture was then concentrated in vacuo to remove N, N-
dimethylformamide. The remaining residue was suspended in a saturated aqueous
ammonium chloride solution (100 mL) and was extracted with ethyl acetate (2 x
200 mL). The combined organic extracts were dried over sodium sulfate, filtered,
and concentrated in vacuo. The resulting residue was then dissolved in methanol
(40 mL) and was treated with a 0.8M aqueous lithium hydroxide solution (20.60
mL, 16.7 mmol). The reaction mixture was stirred at 25°C for 16 h and then was
concentrated in vacuo to remove methanol. The remaining aqueous layer was
acidified to pH=2 with a 10% aqueous hydrochloric acid solution and then was
extracted with ethyl acetate (2 x 200 mL). The combined organic layers were
washed with a saturated aqueous sodium chloride solution (1 x 100 mL), dried

~over sodium sulfate, filtered, and concentrated in vacuo to afford pure 2-(4-



added net hyl ene chloride (100 nmL.), and the precipitate was filtered off and
washed with nethylene chloride (20 nmL). The filtrate and 20a8¢tbbegy200€r e t hen
20 Cctober 2006 WO 03/095438 PCT/ EP03/03844 61 dried over nagnesium

sul fate, MO P¥MEWPSt hrough a pad a silica gel, and then copcempeaded in
vacuo to afford 3-iodomethyl -tetrahydrd-furan as a light yellow oil.

[0123] A solution of diisopropylamne (0.84 nL, 5.98 mmol) in

t et r ahydr of ufasthylspdfanylt3- ng!?r@@dhﬁﬁphe@yl):/38(®tmidér0—ﬁnamr2®nyl}}pmmﬁter e and

th t . hthods 2. SM.sol uti on . of butyl Lit hi in h 2.29

1N e Lo BA A s R P N e iy L T shnae

this time, UBRHRMSkY/0RNATSE OB ¥0k GAlifb)Mat flodss dhilld Pk Pho
Yy C acl ne ester

(3-chl or o- 4- net hyl sul f anyl - phenyl) - ace i C hyl S (prepared as
in Exanple 4, 1.20 g, 5.20 mol) in tetrahydrofuran (5 nL) and

T T s e (e R T T
[ tarl- i - 1 10. 4 L)
s ot hy1 S5 PapichR SA0NE] g T egT o Reepenbs MRy

t et r ahydr of uwamtré¢dledriv)thwé/-dideed)l fovinameleq@nittps) - andilBed 8664 Q0 XTHL € was
then allowed to. warmto 25C, where it was stirred for 48 h. The reaction

m xture was FCREWGREHEReT2pyhem Eedtgdiwithis SPMh sokuivor eff exhlalgedotids amoni um

chl ori de sol yi 3 thast ith ethy]. acefate (3 .x 30 niL).
The organic I}'lat;lgr@rslé \%@Pgh% ﬁg'g?cngﬁﬁbé'ﬁéﬁﬁw v@%%ée&&kﬂ L el@‘@é éaﬁﬁ‘gﬁg

sul furic acitiCsfot B intin, {IRfwdilth vedith toa2 36T AMBHRE ARUSRESHSRH MVach) gar bonat e
solution (25 nL). The conbined organic |ayers were then dried over sodium

sul fate, fil'EBP¥EY SOlgBLscHE eneasat@alil nchierndro. Bheotremptingh residieognaphy
(FLASH 40M sl ki GA E‘@e es/ gt h acetate %ord_ed 2-(3-¢chl oro-4- '
net hyl sul far%%s-up‘{%griﬁ/ %ﬁ e%?%ﬁafdﬁomrt?%iwﬁs 5}%63“53 PRIVEE WA sy | ester
(663 ny, 4b¥D-asinepyraght (YEM@W.60 himdd) it RMBRH:SA5Sh 8 Yy 1 GLHIIGL03S (M
3140743, found 314 0759, 10134] A sol ) YN B €8 i nff el
2- (3- chl or o{00p2EHy OSA ) -Thisaesultingrep¢tanrmyaeovdsustiared 3t 95°C foF Of5i oni C
.acid nethyl ;e r 63 2.11 .Y in formc id_(0.79 nmL) and
t et rahydr of & Zlﬁlh%(rf.gcgbon n\}\r/gswaéotg‘%ggh?ﬁgiﬂ% Wétef)z%] HfI(? e extracted Sithwas
tr e?'; edThV\n infetieyl GROCHAGHIEO (S x OUHOY e ThR &ofbitel SShHcl Bferf el afld o+ 53
mol ) . ne .
sodium sulfate, filtered, and concentrated in vacuo. Biotage chromatography
(FLASH 12M, Silica, 1/1 hexanes/ethyl acetate) afforded 2-(4-methylsulfanyl-3-
triﬂuoromethyl-phenyl)—N—pyrazin—Z-y1—3-(tetrahydro-ﬁlran-Z(R)~yl)-propionamide -
(51 mg, 61%) as a colorless gum: EI-HRMS m/e calcd for Ci9H20F5N30,8 (M)+
411.1228, found 411.1229. '

[0120] A solution of 2-(4—methylsu1fanyl—3—triﬂuoromethyl—phenyl)—N—pyrazin-nyl-?:-
(tetrahydro-furan-2(R)-yl)-propionamide (0.054 g, 0.13 mmol) in formic acid
(0.16 mL, 3.0 mmo6l) cooled to 0°C was treated with a 30% aqueous hydrogen
peroxide solution (0.08 mL, 0.65 mmol). The resulting solution was stirred at 0°C
for 30 min and was then quenched with a 10% aqueous sodium bisulfite solution.
The reaction mixture was diluted with water (5 mL) and extracted with ethyl
acetate (2 x 5 mL). The combined organic layers Were dried over sodium sulfate,
filtered, and concentrated in vacuo. The resulting residue was dissolved in
methanol (1 ml) and was treated dropwise with a solution of potassium
permanganate (0.023 g, 0.143 mmol) in water (0.5 mL). The dark brown solﬁﬁon

‘was stirred at 25°C for 30 min and then was diluted with methanol (10 mL). The



reaction was then slowy warnmed to 25C and was stirred at 25C for 16 h. At
this tinme, the reaction was cooled to OC and was then qukh@étebendiOfh a
saturated aqueous sodiumsulfite solution. This solution was extracted
with et hyWA&¥PEHE (3 20 Cctober 2006 WD 03/ 095438 PCT/ EPGR/0&%4433.62 X 20
m.). The conbined organic |ayers were @ried over sodiumsulfate, filtered,
and concentrated in _vacuo. Biotage chromatograph éFLASH 40S, Silica, 50/50
hexanes/ et hyFeagtieq %ﬂf‘aﬁvﬁ%ﬂkﬂ@ed%o [(BOQYH ohs, andwhahiltatuwho ogdcepthaterd/in) - 3-

(tetrahydro- - %O@s%) i.Qni ¢, ac I ter_ (729 , 0% as a
white waxy fstléc}){z%§ eéﬁ&%{%%a 8%?@‘8%%%@?&1@5‘%‘?‘6&%&%‘% 0534,
found 369. 0536G/1 h6itk}/cthyb atethiePn abbrded 2-(4-methanesulfonyl-3-trifluoromethyl- .
2- ( 3-chl or o- 4- net hanesul f onyl - phenyl ) - 3- (t et r ahydr o- f ur an- 3- yl-?l- pIyOpI oni c

aci d et hyl BEew)-Nryoazigg2-yr31(tetrahyiio-furare (Rard)-prop®nrtnideras (33 reahgd Wit h

a sol ut’i on ot-,petassi umhydroxi de , 10.5 1), in water (7 ).
The reacti ongZ\?gs/'t )sT 581%%[18?'5 U aﬁﬁWC@%éﬁ#ﬂ%dél#w%Q@ oMEnove
t he et hanol , 4gd1 i handvas3 acidified to pH=2 with a 1N aqueous hydrochl oric
acid solution. The resulting m xture was then extracted w th nethyl ene
chloride (3 x 10 nL). The organic |layers were dried over sodiumsulfate,
filtered, and concentrated in vacuQ to ?f%ord '
2-(3-chlor % hanesul f onyl - phen)d?fz-“gp % etrahydro-furan-3-yl)-propionic
acid (654 ?%g(, -gﬁfw’f’ﬁsmstWF%éfqrtyAm enHGHN-PY RS 2riylS-datrably duor fugan31 7C105S
(MtNa) + 355. 0377, found 355. 0382 yDrxopddnamisiel uti on of tri phenyl phosphi ne
(118 ng, 0.45 mmol) in nethylene chloride (5 - L) cooled to OC was treated
wi th N-bronmosuccinimde (91 ng, 0.5 ). Upon conplete dissolution, the
cool ed, purple solution was then tQea with 2-(3-
chl or o- 4- net hanesul f onyl - phenyl ) - 3- (t et} ghydr o-furan-3-yl)-propionic acid
(100 ng, 0.30 mol). The resulti at 'tiuijture was stirred at OC for
re
t

20 mn then warned to 25C, wheye as list i for another 30 min. The
purple reaction mxture was theg te® w -am nopyrazine (43 ng, 0.45
mmol ) and pyridine (0.07 mL, ©.90 agmol) and stirred for 16 h at 25C. The
reaction 31§ ReBo1dlib o8 detratly bily-¥8h S e nd racted w th nethyl ene
chl ori de E“% xI 15 m_)l. The é(gfryganl cs vvergeigﬂ?il_?d@dﬂ’/e“?%o {)Jﬁ]uslurfl?tﬁ Ig?e
filtered, aritlasitcE@itmb) et 267C wersubecatedivatiadedmietiomhag)pypiting B.95H, 12M

Silica, 1.5/ 5 net hyl ene -
3%%1 mmol?yand p-toluenesulfonyl chloride (5.60 g, 29.37 mmol), and the

reaction mixture was allowed stir at 25°C ovemight. The reaction was then
transferred to a separatory funnel and was then washed with a IN aqueous
hydrochloric acid solution (30 mL) and a saturated aqueous sodium bicarbonate
solution (20 mL). The organic layer was then dried over sodium sulfate, filtered,
‘and concentrated in vacuo. Biotage chromatography (FLASH 40M, Silica, 60/40
hexanes/ethyl acetate) afforded toluene-4-sulfonic acid tetrahydro-furan-3-yl
methyl ester (6.57 g, 97%) as a colorless oil: (ES)-HRMS m/e calcd for
C12H1604S (M+Na)* 279.0661, found 279.0664.

-[0122] A solution of toluene-4-sulfonic acid tetrahydro-furan-3-yl methyl ester (6.50
g, 25.36 mmol), sodium iodide (11.02 g, 73.54 mmol), and acetone (200mL) was
heated to 60°C for 16 h. The resulting suspension was then cooled to 10°C and
filtered. The salts were rinsed with cold acetone (50 mL). The filtrate and
washings were then concentrated in vacuo to a thick shury. To this shiry was
added methylene chloride (100 mLL and the precipitate was filtered off and
‘washed with methylene chloride (20 mL). The filtrate and washings were then



chl ori de/ met hanol ) afforded -

2- (3-chl or o- 4- net hanesul f onyl - phenyl ) - N- pyr azi n- 2- 20 October 2006
-3-(tetrahydro-furan-3-yl)-propi onam de (46 ng, 37% as a |ight orange

foam (EBOHM38 T e cal cd for C18H20CIN304S (M+H) + 410. W%EPOP/B{?M

410. 0940. 20 Cctober 2006 V\D 03/ 09548‘8 PCT/ EPO3/ 03844 63 Exarrpl e 7

1[2(34D|chloro pheny t hyl
area H H N-ffedqoget @?agpgl ? 2 ‘?stg{qb‘gﬂoanl% Sllléct%lpg%y ani rr:gt(g 63
M 182 Mobdndohirdifd A MACI Y m&d(al%ﬁoni&ﬂyl @&%%otfﬂm@sca UBglegeldfiv ar gon

at nosphere was treate OM solution of n-butyllithiumin hexanes
(9.1 m, 18.&tmmol). The reactlon m xture was stirred at -78C for 15 mn,
after which tine, a solution of (3,4-dichloro-phenyl)- acetic acid nethyl
ester (prepared as in Exanple 1, 3.62 g, 16.5 mmol) in tetrahydrofuran (20

m) and 1 \ v Fudh
slowy adﬁl%&ﬁ%égﬁﬁﬁldgséspfﬁ@l%ﬁpgﬁﬁg%fg%ﬂ ghqi}&m?% g£I owe 10’\?2 stir

at -78C for ﬂnLD,waafdoered\/tbl—WCIdﬂmx am aroh Wtinosphefe shdbthemwras ttegled tvathr ahy dr o-
pyran (2.5 niL, 19.8 mmol) .in .
1, 3- di met hyl 23Misajuion of ﬂéwysdkfalw IHPeRpes (3-89 Ane- 7% Bl fhe IRGHeY via a

cannul a. The r act Hs)y %@&W%SH@%O} hen ;al | aPad, % e"\@ﬁér}ea&ﬁorgwé% sigge it

was stirred IBi € reactron m xture was en quencne t he

addi tion of geftad wmlt@domqumﬂ9(3amaa@44ummmserfar@e-psam) mnc(@m miejhyhnd t hen
extracted with ethyl acetate (3 x 40. nL). The conbi ned organl%lbay rs
were- dried esssreprepanti asimExample 4, 1201ef 20 mmab e siedndrofiran (3

(0]
EL)G(.ZEG(S:/hre;) LTE' 8 %@9%&5} gﬁé-géﬁgﬁf%gﬁzpﬁ%idlggn% (6019 IHE)S hl"hegl%éthellow
di chl or o- phegyhdoBwhe bRy tOshy 43R Yoo t B @REOWhrhaghel. a BBlutiy o€St er

(4.68 g, 89% as a colorless oil: EI-HRMS me cal cd for C15H18C1203 (M
316. 0633, f mdooheBybi@eREiroffonag)2Als@ ulPdn mmol) in. 1,3-dimethyl-3,4,5,6-

st or (374 nEpeans SRR Jp 83 F i iy BRRRNE i pddEa T
via a cannula. The reaction mixture was then allowed to warm to 25°C, where it
was stirred for 48 h. The reaction mixture was then quenchéd by the addition of a
saturated aqueous ammonium chloride solution (30 mL) and extracted with ethyl
acetate (3 x 30 mL). The organic layers were then combined and washed with a
10% aqueous sulfuric acid solution (25 ml) and a saturated aqueous sodium
bicarbonate solution (25 mL). The combined organic layers were then dried over
sodium sulfate, filtered, and concentrated in vacuo. Biotage chromatography
(FLASH 40M, Silica, 75/25 hexanes/ethyl acetate) afforded 2-(3-chloro-4-
methylsulfanyl-phenyl)-3-(tetrahydro-furan-3-yl-propionic acid methyl ester (663
mg, 41%) as a light yellow oil: EI-HRMS m/e calcd for C15H19Cl0O5S (l\/f)
314.0743, found 314.0729.

[0124] A solution of 2-(3-chloro-4-methylsulfanyl-phenyl)-3-(tetrahydro-furan-3-yl-
propionic acid methyl ester (663 mg, 2.11 mmol) in formic acid (0.79 mL) and
tetrahydrofuran (2.89 mL) was cooled in an ice bath to 0°C and then was treated
with a 30% aqueous hydrogen peroxide solution (1.19 mlL, 10.53 mmol). The
reaction was then slowly warmed to 25°C and was stirred at 25°C for 16 h. At this
time, the reaction was cooled to 0°C and was then quenched with a saturated

aqueous sodium sulfite solution. This solution was extracted with ethyl acetate 3



solution of magnesium nethoxide in methanol (7.4 w.% 2.5 nL, 1.78 mmol)
was heated at 100C for 8 h. Over tine, the reaction m x2QPstober 398 c| oudy
in appearance. At this tine, the reaction was concentrated in-vacuo. The
resi due WRBII¥EbI ved in ethyl acetate (10 nL) and then AAERSE3%4Hr ough a
pad of silica gel. The filtrate was then concentrated in vacuo. Flash

chr omat ogr aph r Sili,ca 20 Oct ober 2006 , . 03/ 095438 / EP03/ 03844
Gl oor oo ABEo N s boriRed RrAleOR s R{FRS dHE0 a1 DO BOPAE AL ot
acetate) afdnarq@adedthed Wovddas IBILBRERhSmABEfaph P {FLASH 408, Silica, 50/50

1-[2-(3, 4-di chl oro-phenyl)-3-(tet raﬁ’ydr 0- pyran-2-yl)-propionyl|-3-nethyl
urea (76 ng,hexesds/etlaylwhiaceiated| | difordetl) f2-(3s¢hlpmi4-methbneiufengrmeme)-S$: np
172.8-174. 2C, E| - HR\NS al cd for Cl6H2OCI2N20 (M) . 0851, found
358 0348 " ( ABIGAIHE Y arRaEePaBRrEY ey FRR Wi O0A) 2 7 Bhite
C16H2 OC12N2 GRafyMo)id3 pBs PaPRMY aHedaRadop EXATRIVERSa)" 369.0534, found
1-[2- (4- Met hanésul 1f oggl - phenyl ) - 3- ?t et Pa%%%l(%- pyr an- 2- QI ) - pr opi’or?;rll] -3-nmeth .
yl- urea HB6HMBONN OYI-1 OS\ 000 0 [0129] A solution of

4- (met hanesul f onyl ) phenyl acetic acid (43.63 g, 0.204 nol) in nethanol

(509 M) was treated slowmy with concentrated sulfuric acid (2 nL). The
resul ti ngl0A@akHi salutioRt gf &-(Fashlpeaaf-avethenssulioni-phsaytlot-(tegalyydropfesan-dact i on

ot hanol | TAE-PRECHite ety eRT (FH Harhyf SRR ab BHEBel T P whE "o

organic ph&ﬁz@tewaﬁith/\@%liﬁﬂoﬂ\/iofbo&sﬁahﬂlcifﬁt&@ﬁd@q@%% E00sl thind)) Gaweenat e
solution (1 x 200 mnlL) and a saturated aqueous sodium chloride solution (1
x 200 m), awrhledlles egaction was stirred for 3 b at 25°C, concentrated in vacuo to remove

the ethanol, and then was acidified to pH=2 with a 1N aqueous hydrochloric acid
solution. The resulting mixture was then extracted with methylene chloride (3 x
10 mL). The organic layers were dried over sodium sulfate, filtered, and
concentrated im vacuo to afford 2-(3-chloro-4-methanesulfonyl-phenyl)-3-
(teirahydro-ﬁ.lran-'j-yl)-propionié acid (654 mg, 94%) as a white foam: (ES)'-
HRMS m/e caled for C14H;7Cl0sS (M+Na)* 355.0377, found 355.0382.

[0126] A solution of triphenylphosphine (118 mg, 0.45 mmol) in methylene chlonide
{ '+ (5mL) cooled to 0°C was treated with N-bromosuccinimide (91 mg, 0.51 mmol).
- Upon complete dissolution, the cooled, purple solution was then treated with 2-(3-
_chloro~4-methanesulf_onyl-phenyl)-3~(tetrahyd:o—ﬁ1ran—3-yl)-propionic acid (100
mg, 0.30 nimol). The resulfing reaction mixture was stirred at 0°C for 20 min then
warmed to 25°C, where it was stirred for another 30 min. The purple reaction
mixture was then treated with 2-aminopyrazine (43 mg, 0.45 mmol) and pyridine
(0.07 mL, 6.90 mmol) and stirred for 16 h at 25°C. The reaction was then diluted
. with water (10 mL) and extracted with methylene chloride (3 x 15 mL). The
organics were dried. over sodium sulfate, filtered, and concentrated in vacuo.
Biotage chromatography (FLASH 12M, Silica, 1.5/98.5 methylene
chloride/methanol) afforded 2-(3-chloro-4-methanesulfonyl-phenyl)-N-pyrazin-2-
'yl-3-(tetrahydro-furan-3-yl)-propionamide (46 mg, 37%) as a'light orange foam:

. (ES)"-HRMS m/e calcd for C1gHpgCIN304S (M+H)" 410.0936, found 410.0940.



sodium sul fate, filtered, and concentrated in vacuo. Flash chromat ography
(Merck Silica gel 60, 70-230 nesh, 1/1 hexanes/ethyl aceéf&laibeald@r ded 4-
(et hanesul fonyl ) phenyl acetic acid nethyl ester (45.42 g, 98% as a yellow
oi |l whi cWEBP*Bied to a cream col ored solid upon sitti RCHERNB/B3HE at
25C. rap, 78- 80C, ElI-HRMBS mie calcd #dr Ci 0H1204S (M 228.0456, found
228.0451. [0130] A solution of dii sé)gr.opyl amne (0.67 nL, 4.82 mml) in
tetrahydrofuran (30 nlL) cooled to™* lefder an argon at nosphere was
treated wi dH243.4- purhegnl)-Joftetyalydrptpyrani 2 inropiwralidsmethydgrea . 4. 82
mml ). The reaction mxture was stirred at -78C for 15 min. At this tine,
the reaction was treated with a sol uti
(4- nmet hanesul f onyl - phenyl ) -aceti c aci
20 Cctober 2006 WD 03/095438 PCT/ EPO3/@384 55 gptrahydrofuran (6 nm) and
1,3-dimethyl -3, 4,5,6-tetrahydro-2(1H) - pyri Xgidinene (2 nL). The bright
yel l ow solution was allowed to stir a8C o’rLﬂf h, after which tine, a
sol uti on of 2-brononethyl -tetrahydro-pydan (0.6°n, 5.26 mol) in
1, 3-dimethyl -3,4,5,6-tetrahydro-2(1H)-pyri mdinone (1 nL) was added via a
cannul a. The reaction m xture was then &llowed to warmto 25C, where it was

stirred far23pAhsolution dfeﬁﬁ,bb@pym:ﬁﬁa@%m,q@.ermﬂiégriﬁh&ﬂ;hp&mﬁn&l god tion of

a saturated aqueous ammpni um chl oride solution (20 nL) and extracted with

ethyl acet ae (®led 057810 und @n grgparitmosphees wankeated withd HOMrsodwthinum
sul fate, filterge .,.and concentr din cuo. .Bi ot age chronat ogr aph
(lIiLASH 20M i"l'li"%gl,hthil%ﬁl heehs, F é{‘jnyllg- c’éﬁ&‘)?) e Afpchigh TRnEE R
2- (4- met hangghbd anyis®eBPYS nid; 4@ WY 8rR; lee@paﬂm%fxi 4-dRHIRb PhkgyIRCi d

methyl ester (157 ng, 11% as a colorless oil: EI-HRVS mfe calc or
C16H2205S ( MpetB26c¢id 188thyl casted (BRparkd 8%, il (xARAPIA Is3.62 igorl 60F mmol) in

et iyl est ol (50 Rt L RAROHI 34 YRt de iRl tiefs o
Sol Ut on of @RANGHAMTFY bk d8s A RaRANETAL Lhdaritln Mot fichSudlan A ol

and net hanol” (0.5 nL) was heated at 100C for er tine,
reacti on m x¢ stireatt-U8 e tbrcl nuadfter mhichppmerasdetionAdf 2-hremdmetbyl-tetizhydeact | on

M) and thERER S el B Bueh ] Same RS £ ey e prttmiiel © (1
concentrat egq hﬁg'Wa§Céd9ed vB PLAGE1C NRTRI QAR urk A3 nldMweith Madm 30/ 70

hexanes/ et hyl acCetate)
: to 25°C, where it was stirred for 16 h. The reaction mixture was then quenched by

| ester (1.00 g, 4.38 nmol) in

the addition of a saturated aqueous ammonium chloride solution (30 mL) and then
extracted with ethyl acetate (3 x 40. mL). The combined organic layers were-dried - -
over sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 230-400 mesh, 90/10 hexanes/ethyl acetate) afforded 2-(3,4-
dichIoro—pﬁenyl)-3 -tetrahydro-pyran-2-yl)-propionic acid methyl ester (4.68 g,
89%) as a colorless oil: EI-HRMS m/e calcd for C15H13C1203. M) 316.0633,
found 316.0625. | |

[0128] A solution of 2-(3,4-dichloro-pheny1)-3-tetrahydro-pyran—2~y1)—'propionic acid
methyl ester (374 mg, 1.19 mmol), methylurea (176 mg, 2.38 mmol), and a
solution of magnesium methoxide in methanol (7.4 wt.%, 2.5 mL, 1.78 mmol) was
heated at 100°C for 8 h. Over time, the reaction mixture turned cloudy in
appearance. " At this time, the reaction was concentrated in vacuo. The residue

- was dissolved in ethyl acetate (10 mL) and then filtered through a pad of silica gel.
The filtrate was then concentrated in vacuo. Flash chromatography (Merck Silica



af f or ded

1-[ 2- (4- met hanesul f onyl - phenyl ) - 3- (t et r ahydr o- pyr an- 2- y| 20daghen 004 - 3-

met hyl -urea (5 ng, 6% as a colorless oil: FAB-HRMS nie calcd for
C17H24N20%Q ¢X¥@f438 369. 1484, found 369. 1495. Exanple 9 PCT/EP03/03844

2- (3, 4-Di chl or o- phenyl ) - 3- (t et rahydr o$pyran-2-yl ) - N-t hi azol - 2-yl - pr opi onani
de H OS HN'NI _C OCI 20 October 2006 WO 03/095438 PCT/ EPO3/ 038 4 66
[0132] A sol 201 i68n239-400 mesh, 95/5 hexanes/ethyl acetate to 60/40 hexanes/ethyl acetate)

2- (3, 4-dichl Vil ) - 3- I ro- 523 Yl )---propioni 6 acid t hyl
ester (pr epa%o chis]ﬁl:%nt{&)&%%ﬁlgo%?ﬁg p %ép}gg irt’%’.?(:}%'%ﬁ%@ﬂ&?ﬁe%phﬁﬁ%ﬁrahé'%@ m)
was treated mirith2a1splopidngl]- PGl aski (Y0 hy, drooX) sewhite 68id: (2PfR0 pagol ) in
water (16 m_t),_ and the reaction was stirred for at 25C 1 h. The reaction
was then diofudiagiengomersiampr 1 {258 1.2 C;c BREBRYIP amé caledviae (astimCldrve t he

et hanol, an e fdifi F2. W th.a | N.agueous hyd l.oLic acid
sol uti on. Tﬁ@kgfgéﬁﬁsiM%?nggﬁg%Sggiiéé?ﬁﬂdﬁFFﬁﬁﬁﬂ¥ﬁVF%W SC%F%%?@%“V% x 20
), and theag@rvbi RpDS (MHRRIGE Wt RndBEgdggyer sodium sul fate, -
filtered, and concgﬁg%g%gd"i%(vacuo. Fl ash chroﬁﬁ?ography (Merck Silica
gel 60, 230-400 nesh, 90/10 nethyl ene chloride/nmethanol plus 1% acetic
aci d) afforded 2-(3,4-dich|oro-pheg¥Ig-3- t et rahydr o- pyran-2-yl)-propionic
acid (3.91 g, 87% as a_clear colo 1% : BE- HRVB me cal cd for
014H16012é>:{9-((ﬂ/r1\ﬁe pegid iy 1-phen -3 3@ etr gluyady o-pyaasR-yh-prepigmyHr3-grethyl-

2- (3, 4-di chl or o- phenyl ) - 3-(tetrahydrougggran-2-yl )-propionic acid (81 ng,
0.27 mol ) in NN-dinethylformam de (5 rnL) was treated with O-
benzotriazol -1-yl-N, N, N, N -t et ranmet hyl yFoRj um hexaf | uor ophosphate (112 ny,
0.29 mml ), N,N-diisopropylethylamne (0.14HL. 0.80 mmol), and 2-

am not hi azole (40 ng, 0.40 mmol ). The r T s stirred at 25C for 16 h
At this time, the reaction was diluted ﬁgrgflo mL) and extracted

with ethyl acetate (3 x 15 nlL). The cd ed or@ﬁnié | ayers were washed
with water (1 x 10 i), aINaqueousS m Bydr@xi de solution (1 x 10
m.), a I N agueous o°\

[0129] A solution of 4-(methanesulfonyl)phenyl acetic acid (43.63 g, 0.204 mol) in
-methanol (509 mL) was treated slowly with concentrated sulfuric acid (2 mL).
The résulting reaction mixture was heated under reflux for 19 h. The reaction
mixture was allowed to cool to 25°C and then éoncentrated in vacuo to remove
methanol. The residue was diluted with ethyl acetate (800 mL).. The organic
phase was washed with a saturated aqueous sodium bicarbonate solution (1 x 200
ml) and a saturated aqueous sodium chloride solution (1 x 200 mL), dried over

' sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck
Silica gel 60, 70-230 mesh, 1/1 hexanes/ethyi acetate) afforded 4-
(methanesulfonyl)phenyl acetic acid methyl ester (45.42 g, 98%) as a yellow oil
which solidified to a cream colored solid upon sitting over time at 25°C: mp 78-

80°C; EI-HRMS nv/e calcd for CioH204S (M) 228.0456, found 228.0451.

[0130] A soiution of diisopropylamine (0.67 mL, 4.82 mmol) in tetrahydrofuran (30
mL) cooled to -78°C under an argon atmosphere was treated with a 2.5M solution
of n—bufyllithium in hexanes (1.93 mL, 4.82 mmol). The reaction mixture was
stirred at —78°C. for 15 min. At this time, the reaction was treated with a solqtion

of (4-methanesulfonyl-phenyl)-acetic acid methyl ester (1.00 g, 438 mmoi) mn



hydrochl oric acid sol ution (1 x 10 nmL), and a saturated aqgueous sodi um
chloride solution (1 x 10 nmL), dried over sodium sul f at @0 Qqtohes28@ and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400
mesh, 90/ W 03i@s#8es/ et hyl acetate to 60/40 hexanes/ et hyl ﬁ@?&%ﬁi’;g@ffor ded
2- (3, 4-di chl oro- 63

phenyl) - 3-(tetrahydro-pyran-2-yl)-Nthiazol -2-yl-propionamde (35 ng, 34%
as a |ight tegahyitofirdn (€lmBRNEd i, 3 dimadthyl-3,4/5, 6QtFHIRIEL- 202G Mdnca84. 0466,
found 384.0468. 20@0%1&%5 %006 VO 03/ 09?438 PCT/ EPO3/ 03844 67 Exanpl e
10 2(R-(3, AP WIslEtan, WR @Hew It%lﬁtuzag/tﬁg N-fonil dpafiep- v -

pr opi onam dewhﬁc Si34 -tAt-ﬁgl

2- (3, 4-dichl oroh%;\/‘iy%%@ntg?g >?(Ljro p lran dy(%;) propl onyc aC| (ﬁnm?e)repared
as in Exanplia 93-dmSthyl3,430,84ctmainytin- Z(mfm@tyf@madaﬁmm Y #8s mtidecopl gd  to
-78C was treated V\nﬁ{\ triethylamne (1.30 ni, 65 rrrmlﬁ5 fol | oned by

tri met hyl acefaPuRh g ractiop T@‘tH‘Le was, t@&n aHewsd toI' Wernde 75t Cnwhersiit was| urry
was stirre - t.,0C for .4 separ at e
flask, a Cﬁtgﬁdoﬁ?gﬁ II(‘)Sﬁ'g I{gé%o?ig%lﬁtt@gr%%atzhg?lqé‘f’%%jng b(yl&ﬁfdam ?}‘2 nmol )
in tetrahydaofrarednqiddis mgmertitheshidrtie sodEiona@OthER R eMdchedayAh BMysol ution
of n- butyllithiumin hexanes (3.4 nL, 8.44 mmol). The sol ution vvas stirred
at -78C f oraceBta3rx dAdnkheRhoasganic|laymeswers dwachoves sediom shtee filteredas

stirred for At this ti act m Xt ure
was re-cool eaglﬂtmﬁ %’éltélte%%h‘gcgcég%lr? e ShEempeap NEY Q?Lf;%\g ‘{O%’dégc?’ %O?ﬂ?e first
reaction mieuases@Ue adetie) iffstded®D- (5nﬁ@thhn\éls1ﬁfc§1 gmﬂyl)a.z (tERenhyeisihiAgd
reaction mxture was then stirred at -78C for rain and then was al |l owed

to warmto Z250)-pitpiemic peidygaethyh ¢star 667 meg, hie) aslalcolodass oilt FJ-HIRM& midhi s

Sod um b surTLEdORGITE O (ba e dSeRER b ®ent et oa wi i o

[0131] A solution of 2-(4-methanesulfonyl-phenyl)-3-(tetrahydro-pyran-2-yl)-

propionic acid methyl ester (75 mg, 0.23 mmol), methylurea (34 mg, 0.46 mmol),
and a solution of magnesium methoxide in methanol (7.4 wt.%, 0.49 mL, 0.35
mmol) and methanol (0.5 mL) was heated at 100°C for 8 h. Over time, the
reaction mixture turned cloudy in appearance. At this time, the reaction was
concentrated in vacuo. The residue was dissolved in ethyl acetate (10 mL) and

Vo then filtered through a pad of silica gel. The filtrate was concentrated in vacuo.
Biotage chromatogmphy (FLASH 12M, Silica, 30/70 hexanes/ethyl acetate)
afforded 1-[2-(4-methanesulfonyl-phenyl)-3-(tetrahydro-pyran-2-yl)-propionyl]-3-
methyl-urea (5 mg, 6%) as a colorless oil: FAB-HRMS m/e calcd for
C17H24N;05S (M+H)" 369.1484, found 369.1495.

Example 9
2-(3,4-Dichloro-phenyl)-3-(tetrahydro-pyran-2-yl)-N-thiazol-2-yl-propionamide

Ci
Cl



ethyl acetate (3 x 30 nL). The conbined organic |ayers were washed with a
sat ur at ed aqueous sodi um bi carbonate solution (1 x 15 nl$0&etbbgr 2eAtur at ed
aqueous sg‘q%wga chl oride solution (1 x15 nL), dried over sodium sul fate,
filtered, %etficentrated in vacuo. Flash chromat ogr aphyPCMEPEK03SH | ca
gel 60, 230-400 nesh, hexanes to 80/ %0 hexanes/ et hyl acetate) afforded two
products: @%3,]3;&[ 2%%%0}1 (3.4 } 3¢ . I _ .

(3, 4- di chl'oro="phenyi)™ 2 i aﬂﬂ%?@-wpﬁlﬁ%ﬁgﬂﬂﬁ?ﬂﬁﬁﬁ’ ) PIPINIG &6y opy | -
oxaz ?:QI) dl( - 2061 €5 (Bpard 30 nASAnfib 924.68% 2475 %8m8 in c@BfoI(F30 mL)

di chl or o- phemals Jregted tvathr akgldtion pf/paetassdiy hydipxalei (066lg 22.68)mins)) i e@ydr- oxazol
i din- 2-onecg_ll5é%6§gé%%§? as.a clear. cqolorless oil. 20 Cctober 2006 WO
03/ 095438 P ] regghon yas stiged Jer et én Coft b The reaction was then

3-[ 2(R) - (3, 4agiehWHOvRBE 0 L Bbh &AM, 004 B eV &

propi onyl ]-4(S)-i sopropyl ng%%glci()ggﬁ- 2- ogég?@%otg%t,ﬁoyl% %38 eh};r%?]) arll(}]then

t et r ahydr of uacidified@o pH2anith ndNeaquedid lidrodhbmicedid sol@rneFhe pre@dcehawi th a

30% aqueous_hydrogen peroxide solution (0.7 nL) and |ithium hydroxide (117
my, 2.80 mﬂ%.‘”‘ Heted e msthiene @#W@d&aﬂ@ rang the cambingdsorgame, t he

reacti on was i . ' i ul fi lution (Q,71 g, 5.6
e R 7 OB e G e T TR

bi car bonat e slmbmtiography3 (Mejck Jitieat gtlr ajoy dosd-uo@n megls tdoem resmyRdei n
vacuo. The residue was diluted with water (60 nL) and extracted with

met hyl ene chfipndremetiagob plyg 1% TRestigq@eidi s affordgd r 2+ih4-dithderoaptieni-Bed t o

pH=2 with a 0 drpchl or . ¢ ido50] utban and, then was .e acted
with ethyl a@"g@? e (W’?’?‘ﬁ%&%ﬁ%a@gr@ﬁeﬂ%@aﬁ %C’F%‘y‘é‘ﬁgﬂeﬁﬁe‘?lgy%en
dried over sHEMBMgetdled sor 0l fE1,e0,(VENGoZ oMBNEhalied2 on7yaczio to afford
2(R) - (3, 4-di chl oro- phenyl )- 3-(tetrahydro-pyran-2-yl)-propionic acid (203
ng, 48% as clear colorless oil. [0136] A solution of -

I g T L e

hexaf | uor o- tp(lliﬁm&ﬂg,at)m( IfdolNGn 0 MEniBie) Hormanshe2 ARINOLAL 320l &4 0. 0. 40

mmol) in nethylene chloride (10 nl) at® 25C was treated with triethylam ne
(0.11 "ni, wenzgngsdtl-yl-VAGN, a5 t¢tramaghylecanivioo rhexafltarophospbatet (142 echgat 25C

ext racted it MERepI AhupBPaE b Rgc 0} | e SRR Pzt | ayers

wer e sequentanghbthiazole (40 mg, 0.40 mmol). The reaction was stirred at 25°C for 16 h. At
this time, the re_éct-ion was diluted with water (10 mL) and extracted with ethyl
acetate (3 x 15 mL). The combined organic layers were washed w1th water (1 x 10
ml), a IN aqueous sodium hydroxide solution (1 x 10 mL), a IN aqueous
hydrochloric acid solution (1 x 10 mL), and a saturated aqueous sodium chloride
solution (1 x 10 mL), dried over sodium sulfate, filtered, and concentrated in
vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 90/10
hexanes/ethyl acetate to 60/40 hexanes/ethyl acetate) afforded 2-(3,4-dichloro-
phenyl)-3-(tetrahydro-pyran-2-yl)-N-thiazol-2-yl-propionamide (35 mg, 34%) as a-
light yellow oil: EI-FHRMS m/e calcd for C;7H;3C1N,0,S (M") 384.0466, found
384.0468.



washed with water (1 x 10 nlL), a'l N aqueous sodi um hydroxi de solution (1 x
10 nmL), a I N aqueous hydrochloric acid solution (I x 1028Octobgnd0q$
saturated sodium chloride solution (1 x 10 nL). The organic |ayer was
dried oveVOJd8lPAf sul fate, filtered, and concentrated in REACRII O hsh
chromat ography (Merck Silica gel 60, ¢230-400 mesh, 95/5 hexanes/ et hyl
acetate to 70/ 30 hexanes/ethyl acetate) afforded the

2(R)- (3, 4-di chl oro-phenyl)-3-(tet r EpyEple W r an- 2- yi ; N-t hi azol - 2-yl -

propi onani de (ZR)-(Gh;Dishbayo-phenyiir(tetra - apive)-RY-thiazalddylf or
C17H18C12N202S (M 384.066, foundps@iodaide 20 Oct ober 2006 WO 03/095-138 -
PCT/ EPO3/ 03844 69 Exanple 11 2-(4-Methan esul fo nyl -phenyl)-3-(tetrahyd
ro-pyran-2-yl)-Nthiazol-2-yl- propiopamdde H O HHNYJ ~SI1 ON O \
[0137] A solution of ‘
2- (4- met hanesul f onyl - phenyl ) - 3- (t et r ahydlt 0 pyran- 2-yl)- propionic acid
met hyl ester (prepared as in Exanple 8,_ 751ng,y0.23 mml) in ethanol (5
m.) was treated with a solution of po : hyﬁf/oide(SZ ng, 0.58 mol)
inwater (1 nmL). The reaction was stJ fop 3 t 25C. The reaction was
then concentrated in vacuo to renove tHe ethanol and then acidified to pH=2
with a I N aqueous hydrochloric acid soldtion. This solution was then
extracted wth nethylene chloride (3 x 15 nlL). The conbi ned organic |ayers
wer e dri ef@134jvarsobidninf B(3L4-dichloréphensled(tetally romyrant-ab)-wdofienigaeido. Fl ash

chr omat ogr aph rck_Sili.c 6Q,, 230- 400 h xa t.q 60/ 40
hexanes/ et hgﬂ’%%é at 0 praperle %ggée&’%c‘maw ‘Qf%%&’gﬂo anr@amﬁ C.OO{C% o

2- (4- et hangs ubdopnyas ihemd Wil (dRityBhvide Q120" &1 289 Inmél oRISRES Weid (60
ng, 85% as a white solid: FAB-HRVM6'me calcd for C15H2006S (MtH) + _
313. 1109, f timeth@agetyll ¢lloride (1.10 mL, 8.84 mmol). The resulting white slur_ry was

“stirred at -78°C for 15 min and then at 0°C for 45 min. In a separate flask, a

solution of (S)-4-isopropyl-2-oxazolidinone (1.04 g, 804 mmol) in
tetrahydrofuran (40 mL) cooled to -78°C was treated with a 2.5M solution of n-
butyllithium in hexanes (3.4 mL, 8.44 mmol). The solution was stirred at -78°C
for 10 min and then was allowed to warm to 25°C, where it was stirred for an
-additional 10 min. At this time, the first reaction mixture was re-cooled to -78°C.
- The second reaction mixture was added to the first reaction mixture over a period
:{ ~of 5 min via a cannula. The combined reaction rmxture was then stirred at -78°C
for 15 min and then was allowed to warm to 25°C, where it was stirred for an
additional 1.5 h. At th15 time, the reaction was quenched by the addition of a
saturated aciueous sodium bisulfite solution (25 mL) and then was extracted with
ethyl acetate (3 x 30 mL). - The combined organic layers were washed with a
saturated aqueous sodium bicarbonate solution (1 x 15 mlL) and a saturated
aqueous sodium chloride solution (1 x15 mL), dried over sodium sulfate, filtered,
and concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400
-mesh, hexanes to 80/20 hexanes/ethyl acetate) afforded two products: (1) 3-[2(S)-
(3,4-dichloro-phenyl)-3-(tetrahydro-pyran-2-yl)-propionyl]-4(S)-isopropyl-
.oxazolidin-2-one (506 mg, 15%) as a clear colorless oil; and (2) 3-[2(R)-(3,4-
dichloro-phenyl)-3-(tetrahydro-pyran-2-yl)-propionyl]-4(S)-isopropyl-oxazolidin-

2-one (560 mg, 17%) as a clear colorless oil.



[0138] A solution of S _
2- (4- et hanesul fonyl - phenyl ) - 3- (t et rahydro- pyran- 2-yl ) - gPépitadrer 20&ci d (60
ng 0.19 %13/0 benzotriazol - 1-yl oxy- tris(dinmethyl am no)phosphoni um

hexaf | uor 0-pho é’pﬁgte (127 nmg, 0.29 mml) and 2-am not hi aRCl/EP{(3288my, O0.29
mmol) in nethylene chloride (5 nL) at §5C was treated with triethyl am ne

0.08 m_, The r C X was stirred at 25C
1£ or 16 h. l%g?ﬁeaci(‘?hétﬁ ﬁ-t@é@?— élg% ‘éﬁl‘i’rﬁt@&_rﬁﬁ JKtmﬁkg(Wﬂ Atr))- alnd

t ted w L 1 L£onhi ne nic |ayers
%r;agequemérgﬂggﬂmggﬁoﬁat‘% é}v\/{s%t‘%célfg )i(z‘?(&lgtﬁwfs) gl‘ﬂ’ Nnqugeoﬁgm g@dl ah
hydr oxi de sdbmhydmfgfanxmmmta)nﬁ vmtéd‘{lﬂqﬂbpmléw%rwm&/ﬁ tréat@Civih 90j0us i on (1
x 10 nl), andasa rated soi chloride solution (1 x 10 nL). The _
or gani c- | ay@IGHS Hyfrpesy pRrex! é&‘{EWPs@? atle, ang |ithewra chydserdde 6hdemigr at ed in -

vacuo. Bi ot agg Yok oF l4i 20, exanes/ et hyl
acetate) af f or ded f??lﬁ%g%c%o‘ﬁéesrsl@gg{g}a%&géllbg‘g {I’-“E‘Tltgﬁfﬂf%‘ﬂﬁs 70

met hanesul f (qmyﬂlchaﬂamwh e 3qhtaisr sldjiai Quifite 86hiol |(D-70 ¢, NS 82801y b-RIPPI onam
de (54 ny colorless oil: ElI-HRIv1S nle cal cd for CL8H?2ZN204S2

(MF) 394, 1691 OW?do‘emales@éﬂmﬂ {2 EXMAgmeous sodina bivattiepisusblutiny (1 3atli 1 uo o

e . e L

(tetrahydr owayerd6o 2aly) dodnaxtrheted wiftBméthylbne 2Blo2Rle T8R! 20 i) dr Fhe :ngteg‘%’s' ene
chloride (140 nm) and 2,6-lutidine (5.23 nL, 45.02 mmol ) was cool e

-78C under lvgbaatheneridifiad te e Witk B 5N¢qllleauﬁrhbr@®dhé¢msadld mimta:or?midy(ir |h de |
5.78 nm., 3 ciion. mxt r 78C for and .
E hen dilute e;ljw%n%etg(agtﬁgg% 8@’ iT‘E tat“nl'lgjé(x:#e 't“ﬁ? e scoFﬁé‘PF%\/\%gﬁéﬂ lagetsh a 50%
aqueous sodixere et aira @&&ﬁsoﬁmﬂtshﬂ‘ﬁte,( #RQedland Snb&shaPNEl: JRIPES LIS Y fat e,
2(R)~(3,4-dichloro-phenyl)-3-(tetrahydro-pyran-2-yl)-propionic  acid (203 mg,

48%) as clear colorless oil.

[0136] A solution of 2(R)—(3,4—dichloro—pheny1)—3-(tetrahydro—pyran—Z-yl)—propionic
acid (80 mg, 0.26. mmol), benzotriazol-1-yloxy-tris(dimethylamino)phosphonium
‘hexafluoro-phosphate (177 mg, 0.40 mmol), and 2-aminothiazole (40 mg, 0.40
mmol) in methylene chloride (10 mL) at 25°C was treated with triethylamine (0.11

d ‘mL, 0.79 mmol). The resulting reaéﬁon mixture was stirred at 25°C for 16 h. The’
reaction mixture was then diluted with water (10 mL) and extracted with
methylene chloride (3 x 10.mL). The combined organic layers were sequentially
washed with water (1 x 10 mL), a'IN aqueous sodium hydroxide soluti'on (1x10

- mL), a IN aqueous hydrochloric acid solution (1 x 10 mL), and a saturated sodium
chloride solution (1 x 10 mL). The organic layer was dried over sodium sulfate,
filtered; and concentrated in vacuol. Flash chromatography (Merck Silica gel 60,
230-400 mesh, 95/5 hexanes/ethyl acetate to 70/30 hexanes/ethyl acetate) afforded
the 2(R)~(3,4-dichloro-phenyl)-3-(tetrahydro-pyran-2-yl)-N-thiazol-2-yl-
‘propionamide (57. mg, 57%) as a white foam: EI-HRMS m/e calcd for
Ci7H;CLLN;0,8 (M) 384.066, found 384.1467.



and concentrated in vacuo to afford trifluoronethanesul fonic acid
tetrahydro- pyran-2-yl nethyl ester as a crude oil whi ch 20a8ctaba@006 t hout
further purification. [01401 A solution of diisopropylamne (7.04 i, 49.97
mol) in JfQO¥VS#Bhydrofuran (140 nml) cool ed to -78C underCarmposioisas
treated with a 2.5M solution of n- but®llithiumin hexanes (19.8 ni, 49.5
~mmol ). The reaction mxture was stirred at -78C for 30 m n and.then
treated dropwise with a sol ution ofExampledds o- 3-

tri f1 uor onet hyt@pethanesy fanyi-phaeyly 3¢ etomh sl rogyran-2nyiyN- thiszad2yyl-
tetrahydrofuran (25 nL) and propionamide

1,3-dinethyl-3,4,5 6-tetrahydro-2(1H)-pyrimdinone (8.5 nL). The reaction
m xture turned gold in color and s~al lowed to stir at -78C for 1 h. At
this tinme, the reaction was treate H a solution of
trifluoronethanesulfonic acid tetrafytyo-pyran-2-yl nethyl ester (7.26 g,
29.26 mmol ) in dry tetrahydrofuran . dhe reaction m xture was
allowed to warmto 25C, where i reg Tyr 30 min. The reaction

m xture then was quenched with sat eous anmoni um chl ori de
solution (100 nmL) and then cong’eﬁ\trat ed in vacuo to 20 Cctober 2006 WO

© 03/ 095438 PCT/ EP03/03844 71 renove tetrahydrofuran. The aqueous residue

was aci di fj to pH52,.Using.a 5 ueo hydrochloric.acid sol ytion. The
resul ting lgfg?ﬁ’ 6ls 'If_gl?tel(rm wagf ex%'&‘le;"_ eghgne%&léﬂy%ﬁﬁwﬂgé@?%hg (021_333{%2@11)[?1_) . The
conbi ned or gpfplon@x béidChsthylERerdprEfhr@V 8§ in TRENPIE §UYS ate.0.33 hiBsgdn and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400

mesh, 3/7 hesthaad (i) wag beated with a salutierk ofi pethassitm| hydenxédeat3d)maf 6.68 ded
2-(4-fluoro-3-trjfluoronethul -phenyl)-3-(tetr dr.o: pyrad: 2:yl )- propionic
acid (5.20 ¢ 4 ‘géteé??ﬁo\,ﬁbﬁﬁ%ﬁén- Y‘-’éﬁv@t“ﬁ%«;}%aﬁo Ed&/fzg(?: (F%%Fﬁa@gﬁbS '
(MtNa) + 343. 83then fcondihtrdttd i 948,10 (oObthbte MS@haHdl ARd Hen acidified to pH=2 . .
2-(4-fluoro-3-trifluoronethyl-phenyl)-3-(tetrahydro-pyran-2-yl)-" propionic
acid (5.20 gwithe P24 agnedus hiydraghloridNecati sadthign. f Ghisasvilateon( 98s thep eatract28C under
argon was carefully .treated. wjh % sodi,um hydride (410 ng, 17.05 . mol).
The react | onwﬁg‘ﬁfi#@e%gmgflfl? da& g% H%EC gy © ‘ﬂ’?fﬂf’%ﬁ(i‘ﬂfctlﬁiéﬂs weese drgdt ed

wi th sodi um g QpBRBPSigRe, (R, SndIRndGitddt8Y - v b S Mh%&%@a%ﬁ?t ed at

100C for 4.5 h and then concentrated in vacuo to renove N,
di met hyl f or n@Mdrdie Silidacgeal 68) 23{e4Qmedh, | hekaaksvib t60/40ah@ranésidBylrcy tatenplus hen was

acidified to, pH=2_usi. 3. | N eous hydrochloric acjd solution. The
resul ting % acetic ac12§J aftorded %%Lmefiane%u fonyl-phenyl)-3-(tetrahydro-pyran-2-yl)-

propionic acid (60 mg, 85%) as a white solid: FAB-HRMS m/e calcd for
C15H2005S (M+H)" 313.1109, found 313.1111.

[0138] A solution of 2-(4—methanesulfonyl-phcnyl)—3-(tetrahydro—pyran—Z—yl)—
propionic  acid (60 mg, 0.19 mmol), benzotriazol-1-yloxy-

~ tris(dimethylamino)phosphonium hexafluoro-phosphate (127 mg, 0.29 mmol), and -
2-aminothiazole (28 mg, 0.29 mmol) in methylene chloride (5 mL) at 25°C was

. treated w1th triethylamine (0.08 mlL, 0.58 mmol). The resulting reaction mixture
was stirred at 25°C for 16 h. The reaction mixture was then diluted with water (10
mL) and extracted with methylene chloride (3 x 15 mL). The combined organic
layers were sequentially washed with water (1 x 10 mL), a IN aqueous sodium
hydroxide solution (1 x 10 mL), a 1N aqueous hydrochloric acid solution (1 x 10

: mL),. and a saturated sodium chloride solution (1 x 10 mL). The organic-layer was
dried over sodium sulfate, filtered, and concentrated in vacuo. Biotage

chromatography (FLASH 12M, Silica, 20/80 hexanes/ethyl acetate) afforded 2-(4-



aqueous | ayer was extracted with ethyl acetate (2 x 600 niL The conbi ned

organi c extracts were dried over sodiumsulfate, filtered0@aabed¥6ént rat ed
vacuo. ﬁ‘gash chromat ography (Merck Silica gel 60, 230-400 nesh, 98/2

chI or of orrW tAEHST to 9/1 chlorof orrrlrret hanol ) afforded PCI/EP03/03844

2- (4- et hyl sul f anyl - 3-

trifluoronet yran-2- -propionic acid (5.70 g,
1009 as a %4@%%’%% 5 Féqﬁav%%%ghyéég oty 97 P33 -RrRpINEARidg 71, 0899,
found 371.0 md 142) ada of
2- (4-rnet hyl g%lﬂf agL -tri ?Igtdg%eggrrgyhy IH%UV% 1}1/5: C?l(f Vgr%qzo“sz )
pyran- 2-yl ) - pPopd |f@ul?ad:p%l®48 my, 1.0 mml) in formc acid (1.20 nL, 30
mml) and tetrahydrofuran (1.0 nL) cooled to 0C was treated with a 30%
aqueous hydrogen peroxide solution (1.34 nL, 10 mmol ). The resulting
sol ution was allowed to warmto 25€xamplr it was stirred for 24 h. The
reaction vvag'(f‘hMﬁth)éSlllélelédﬁ‘!ibl@@uleqqdrpjmgl)vﬂ-(ﬂ@nahyatmpﬁtaﬁct-mmouS
sodi um bi sul fite sol ution, anduaidle-m-ﬁmxfopcd;ﬁﬁu‘%t h ethyl acetate (2 x 50
mL). The conbined organic |ayers were dried over sodiumsulfate, filtered,
and concentrated in vacuo to affor -(4 20 October 2006 WO 03/095438
PCT/ EPO3/ 03844 72 H
met hyl sul fonyl - 3-tri f] uor onet hyl - phg
c acid (378 ng, 100% as a colorless
Cl6H 9F305S (M+Na)+ 403. 0797 fou
2- (4-net hyl sul fonyl -3-trifluor pheﬁyl N=3- (tetrahydro-
pyran-2-yl)-propionic acid (5(b4n$g, .13 nmmol) in nethylene chloride (1 nli)
was treated with N, N-di net hyl f or meéffde (3 drops) and then cooled to OC
The reaction mxture was then treated with a 2. OM sol ution of oxalyl
chloride [0139]8t sulhiowe of ftetth o (R Fh). m xture
was stirred at. OC for Sg m nﬁ(Iﬁ p(F;h ﬁpomgm%%ﬁ]&tg%%% Zgggrﬁxﬁ&ztlﬁ%?y
concent r at eda§thyleng deloride (Fohmld as@?-;ﬁdm@mr(d 23xmEbs45.0X ainydl) ohs esdlee. The

| t ) d hydr of 1 m d
[ Tont ol or ol -26% WaSer Seol Bl T Sshtl ith S pg ”éﬁ‘%é; gl i
t et r ahydr of (5.48 t4ll, B3.) 1 andoB. Gmdlfeb@hdiﬁm&ﬁré)&a%tmé’d Qﬁ f&?ﬁ 2 ﬁi‘gn
| ONn

resulting reaction mxture was stirred at 25C for reac
mi xt ure was Havedilued yadghesapps WeQOemLI SDhm@xmrﬂj%xtthWMewmhl amevdyl ene

chloride (3 aéu&gs 'E'obl r?)mar Sonate Sotutiow ?P&OC n:lnlgy %Lgd \Ic\)l(\a/rere ngrg}lgs?un? \gﬁ{fate

.and concentrated in vacuo to afford trifluoromethanesulfonic acid tetrahydro-

-3-(tetrahydro-pyran-2-yl)-propioni
HEl - HRVS mf e cal cd for
B‘ ‘ 143] A sol ution of

','pyran—Z—yl methyl ester as a crude oil which was used without further purification.

[0140] A solution of diisopropylamine (7.04 mL, 49.97 mmol) in dry tetrahydrofuran
(140 mL) cooled to -78°C under argon was treated with a 2.5M solution of n-
butyllithium in hexanes (19.8 mL, 49.5 mmol). The reaction mixture was stirred

- at -78°C fqr 30 min and then treated dropwise with a solution of (4-fluoro-3-
trifluoromethyl-phenyl)-acetic acid (5.00 g, 22.51 mmol) in dry tetrahydrofuran
(25 niL) and 1 3-dimethy1-3 4,5,6-tetrahydro-2(1H)-pyrimidinone '(8 5 mL). The
reaction mixture turned gold in color and was allowed to stir at -78°C for 1 h. At

. this time, the reaction was treated with a solutlon of tnﬂuoromethanesulfomc acid
tetrahydro-pyran-2-yl methyl ester (7.26 g, 29.26 mmol) in dry tetrahydrofuran
(100 mL). The reaction mixture was allowed to warm to 25°C, where it was -
stirred for 30 min. The reaction mixture then was quenched with a saturated

aqueous ammonium chloride solution (100 mL) and then concentrated i vacuo to



sodiumsul fate, filtered, and concentrated in vacuo. Biot ag};{chrom&t ogr aphy
(FLASH 12M Silica, 7/3 hexanes/ethyl acetate to 6/4 hexadA&XteichyPOGkcet at e

to 1/1 h Lethyl acetate) afforded
2- (4- et hW‘gEﬁ%ﬁ?l ~3-trifluoronethyl -7F)henyl ) - 3- PCT/EP03/03844
(tetrahydro-pyran-2-yl)-Nthiazol e-2-yl-propionamde (37 ng, 61 %9 -as a

white foam - c (o) 2 : : 3§ ound
963, 0974, ExETSTE GO T aueba o s SRR s B A Ol
ro- pyrazi n- 2adtepus3hidtochlydts @xigd- solaticineXié resuitory anaouséayeHdsl extOaded / N'  ~

N Cl~ C 20 Cctober 2006 WO 03/095438 PCT/ EP03/ 03844 73 [0144] A sol ution
of 2(R) - (3- chitbretwh aeabar{Assti Bhy THREATDINeR T gaih esERiHvereAdred over .

2-yl)-3-(4-0x0a:- ¢ - ' ' - | 30.0
m 0,064 g HTE e AR GARNAR LPLERA, SisERpl I EAAIRN AR I e
(6.03 ng, Osili6a rEEpleD, JBDe400 aRish,0B/Mhutdtee/cthgS asttater 6 141 HR2R4Reb@thyb mi n.

The reaction was then diluted wth ethyl acetate 1(35 m.). and quenched by
the dropw seacgtér)t afmded R2-(Hefluaro-3rEdlupromsthdmhaay) yenetyErawd Hh- nor e

water (5 nlL)_and concen ed L& vacuo reqove .., Th lting
slurry was eXPPSR%4° ':(%‘%Qt%yl’/h%ace at ggl?%wxg%nht RNy RS (c:%%({ﬁﬁgd
organi ¢ extr@aghse; eMHNaFBovErs 1 MRanesssion2sul fate, filtered, and
concentrated I'n vacuo. Biotage chromatography (FLASH 12S, Silica, 3/7

hﬁxanles/ et hyl af:et ate) afforded 2(R)-(3-chl oro-4-mnmethanesul f onyl -
enyl)-N-(5- - in-2-vyl)-3-(4-h - h |} - [ i d
Do) NRE N SR o b SRR AR R 298 O
020H23012N3%§?1$gir}]{;*dé)d* (328 ig?&é.%ﬁl fdNOinddrd- OREGmdararRidmide f90 mL% at

2- (4- Met hanes | -3-trifluoronethyl -phényl)-N pyrazin-2-yl-3-(tet réhyd
ro- pyr a2sCundyrggonwas carefully meatall with 95% sodium hydride (410 mg, 17.05

mmol). The reaction mixture was stirred at 25°C for 30 min and then was treated

with sodium thiomethoxide (2.40 g, 32.48 mmol). This mixture was heated at
100°C for 45 h and then concentrated in vacuo to remove N,N-
dimethylformamide. The residue was diluted with water (100 mL) and then was
acidified to pH=2 using a 1N aqueous hydrochloric acid solution. The resulting
aqueous layer was extracted with ethyl acetate (2 x 600 mL). The combined
organic extracts were dried over sodium sulfate, filtered, and concentrated in
vacuo. Flash chromatography (Merck Silica -gel .60, 230—400 "meéh, 98/2
chloroform/methanol to 9/1 chloroform/methanol) afforded 2-(4-methylsulfanyl-3-
trifluoromethyl-phenyl)-3-(tetrahydro-pyran-2-yl)-propionic acid (5.70 g, 100%)
as a yellow gum: EI-HRMS m/e calcd for C;¢H;oF303S (M+Na)+ 371.0899, found
371.0902. - '

[0142] A solution of 2-(4-methylsulfanyl-3 -ﬁiﬂuoromethyl—phenyl)-3-(tet:rahydro-
pyran-2-yl)-propionic acid (348 mg, 1.0 mmol) in formic acid (1.20 mL, 30 mmol)
and tetrahydrofuran (1.0 mL) cooled to 0°C was treated with a 30% aqueous
hydrogen peroxide solution (1.34 mL, 10 mmol). The resulting solution was
allowed to warm to 25°C, where it was stirred for 24 h. The reaction was then re-
cooled to 0°C, quenched with a saturated aqueous sodium bisulfite solution, and
then extracted with ethyl acetate (2 x 50 mL). The combined organic layers were

dried over sodium sulfate, filtered, and concentrated in vacuo to afford 2-(4-



HH ONN N O 1l .. OJ o~ NN CF3 [0145] A solution of

2- (4-met hyl sul fonyl -3-trifl uoronet hyl - phenyl) - 3-(t et rahya &ctober 2006
pyran-2-yl)-propionic acid (prepared as in Exanple 12, 50 ng, 0.13 mml) in
net hyl eneWOHPET® (1 nl) was treated with N N-di met hyl f or PEREB®G/G8dr ops)
and then cooled to OC. The reaction M xture was then treated with a 2. OM

sol ution of I C ride in thyl ene chlorjde (0.08 nlL, 0.156. ).
The reacti OHle?ﬁﬁg(‘%f{?pgﬂ%ﬁgﬁqugmﬁh&ﬁpﬁ%ny@éﬁ fi5palysirpp ,anézf'P’B\‘/Péﬂp‘f’%w\ﬁéMO
25C, and theys eNCRILIALEA LHIOVREUSuHO HISHRXAES SAkVENLS i%f'dcl?ﬁﬁﬁéssoxal yl
chloride. The resulting residue was re-dissolved in dry tetrahydrofuran (1

nL) and was(Wited) et)3. Qg fmisb463.0303a sol uti on of 2-ami nopyrazine (15 ng,
0156 nmml) in tetrahydrofuran (1 nL) and 2,6-lutidine (0.02 nm., O0.157
mol ). The resulting reaction mxture was stirred at 25C for 16 h. The

reaction gyxdjus e o4 h : / 844 74
G b ut ed WPMSIA Seéﬁ?%% rs}fz)zzgngd éeﬂgtﬂsﬁg%ﬁglgﬁﬁlwrgng{eg’??gﬁ%‘@ﬁéﬁg@ d?‘g X 50
m.). The cppfanslegl)-prapaoriic atidy(80 sngvdr18 wfrioddinomethykae chlorkle|(f aile), wis | t er ed,
and concentrated in _vacuo. Bjotage chyonatogr aphg (FLASH 12M Silica, 7/3
hexanes/ et hifF2iae etith &-AlmethyHewagaide ddngropsk endttbyn pelsddied0’C. The

2 (& et bangsulspqibos b ALy o ik phamf ol R I o e
El - HRVB i enfet yishe fobitor{d2 QBB 0456 raiMbNa)Fhe4B8ctibh hiterengad §Qrddlat7 .
Example 15 6-{2-(4-Methylsulfonyl-3-trifluo ro
met hyl - phen91G fa- éQ é‘iﬂflahﬁ%"%ﬂ by Marmotoy 23°C, mndpthem woaeantigednircvaduai o aci d
methyl est €lertbveSolvents and excess oxalyl chloride. The resulting residue was re-
c_lissolved in dry tetrahydrofuran (1 mL) and was treated dropwise. with a solution
of 2-aminothiazoie (28 mg, 0.27 mmol) in tetrahydrofuran (1 mL) and 2,6-lutidine
(0.08 mL, 0.65 mmol). The resulting reaction mixture was stirred at 25°C for 16
‘h. The reaction mixture was then diluted with water (50 mL) and extracted with
methylene chloride (3 x 50 mL). .The combined organic layers were dried over
sodium sulfate, filtered, and concentrated in vacuo. Biotage chromatography
(FLASH 12M, Silica, 7/3 hexanes/ethyl acetate to 6/4 hexanes/ethyl acetate tb 1/1
hexanes/ethyl acetate) afforded 2;(4—methylsu1fonyl-3—tﬁﬂuoromethyl—phenyl)-3—
(tetrahydro-pyran-2-yl)-N-thiazol€-2-yl-propionamide (37 mg, 61%) as a white
foam: EI-HRMS m/e calcd for C;¢H> F3N,04S, (M-!~H)+ 463.0968 found
463.0974.

Example 13
2(R)~(3-Chloro-4-methanesulfonyl-phenyl)-N-(5-chloro-pyrazin-2-yl)-3-(4-
' hydroxy-cyclohexyl)-propionamide

HO
H
N N

T

(@)

W O —

-S

o\ N Cl

Cl



HNI / NN S\ 1 00,111 CF3 O[0146] A m xture of 6-am nonicotinic acid
(4.0 g, 28.9 nmmol ), nethanol (75 nL), and concentrated Bodoaokdr@ODe acid
(4 n3-L) was heated under reflux for 16 h. The reaction m xture was

al | owed t Ve8P 25C and then concentrated in vacuo to pemmeas/osihanol .
The resulting solid was treated with vidter (20 nL) and enough sodium

bi carbonate to adjust the pHto pH=8. The solution was then extracted wth
ethyl acet@d4) 4 %@11§5)nn?§ Z&H{é Cé@ﬁ%‘%@ﬂth@m@am@ﬂ’rpél?@}‘lkNv(értéﬂthpwzwer

sodi um sul fa r ncentrated in v cuQ t 0

6- ani noni.cot ??D gé go'%ge]to 553'1 ng’onf’gu(hgpdepaﬁ Eﬁ%ﬁ"ln{’{? %gagf‘?ro B} HRVE
m e calcd foo. ()@er&NBDZnn(eManéﬁ(@ ﬁé@ﬁwafs%ﬂt@dlﬁ% &aﬁﬁn b&r@%fcﬂ—]de% 89y i on of
2- (4-met hyl sul fonyl -3-trifluoronethyl - phenyl) - 3-(tetrah r o-

pyran-2-yl)- Brlép‘iﬂﬁml)c Lhg gea@b@régmc@ge E@Sﬁhl‘f@(atrﬁﬁé: for,5 800 e r@at:?l@nmml )

i t hyl t th N t hyl f d
irops) and Tre MRl Pilat SRkt LD ahlebinbd Sl St FREER W th a
2. OM sol ut i opf @hter.OTBE YdacGbh Ok dﬁnldﬂuw@tdaﬁh elife Gt ésﬁ& (aﬁdégndéima@d% -

mmol ). The reaction mxture was stirred at OC for 30 m'n, allowed to warm
to 25C, and ¥hegcuocntamvcamettangl. vatho r@wltn@dueysmzhwemastedndxﬂﬁ)ed@ss

oxalyl chlorid e 20, Oct 06 . WD 03/095438 P P03/ 03844, 7a
resul ting re¥fS %ﬁ%-&j\ﬁg Pl &P@?}ﬁ‘{? thod W@n’ﬁgf‘gﬁmﬂ’r& (%Tegri)v(e%mta&‘}eséﬁ’a was
treated dr ogfuse Mikdrbd, Sardobdicbmihied #680id10H;i6Qkd %hfon?a@d : t@x(qosqgt er
(252 my, 1.67 mmol) in tetrahydrofuran (5 ni).and 2, 6-1

3.95 mmol ). ke Slln@sﬁmhqxgmmmmaoetam) xffomded\ﬂlé&) @tctﬂomen mtetlﬁﬁ@uff@ﬂyl;m h
. The reaction m Xt yr t hen. te h wat (100 m.) and extracted
with methyl gRERY %‘??y\ﬁﬁ’(%ﬂm%'@di Hﬁ) ?4ﬁ%{r ﬁi&t‘}‘ BB@W@% r €% e

dried over i I I C t age

chr omat ograzﬁg ?Ig:EA Hész(g)gl"hfcslyﬁlﬁgeﬂ%r/% hexane;ﬁ;7 %fcﬁdfg%:g: VP%@{%N;%@

hexanes/ et hy(M#d¥t42e)8585 found 6@2.686&- (4- met hyl

sul fonyl -3-trifluoromethyl -phenyl)-3-(tetrahydro-pyran-2-yl)

propi onylam no]-nicotinic acid nethyl ester (227 ng, 55% as a white foam

El- HRMS me cal cd for C23H25F3N20 P}W‘H}‘l 537.1277 found 537.1284.
2-(4-Methanesulfonyl—3—tr1ﬂuoromethyl—phenyl)—N—pyrazm—Z—yl—3 -(tetrahydro-

pyran-2-yl)-propionamide

[0145] A solution of 2—(4—methylsulfonyl—3-triﬂuoromethyl-phenyl)—3—(tetrahydro~ |
pyran-2-yl)-propionic acid (prepared as in Example 12, 50 mg, 0.13 mmol) in
methylene chloride (1 mL) was treated with N,N-dimethylformamide (3 drops) and
then cooled to 0°C. The reaction mixture was then treated with a 2.0M solution of
oxalyl chloride in methylene chloride (0.08 mL, 0.156 mmol). The reaction
mixture was stirred at 0°C for 30 min, allowed to warm to 25°C, and then
concentrated in vacuo to remove solvents and excess oxalyl chloride. The
resulting residue was re-dissolved in dry tetrahydrofuran (1 mL) and was treated
dropwise with a solution of 2-aminopyrazine (15 mg, 0156 mmol) in
tetrahydrofuran (1 mL) and 2,6-lutidine (0.02 mL, 0.157 mmol). The resulting

reaction mixture was stirred at 25°C for 16 h. The reaction mixture was then



Exanpl e 16

6- [ r2rP(4- Met hyl sul fonyl -3-trifl uoromet hyl - phenyl) - 3- (t et r aHyQcobey2086- 2-yi ) -
pr opi onyl 24 cotlnlc acidH OHHNNOGSOOH CF3 .0 [01481 A

sol ution g?b@ %4 met hyl sul fonyl -3-trifl uoronethyl - phenyll’)CTBEl(OB/éﬁ&mhydr 0-
pyran-2-yl) - prop| onyI am noj - n| cotinic Hcid net hyl ester (prepar ed as in

Ei(qﬁgglug igdl um(gq’élrom %e o) )l%lrclin%?ggggl@ﬁﬁg 4‘:‘3@%‘}/@“%@ ggc’;\ﬁq‘th N

m xture was Thé chﬁffb(ﬁle@t oBbtid Myets Rverd NBiddeaots %Bdlﬂ]ﬁ(tsﬂlrfﬁe WegelcRennd! | ut ed
with water and concentrated in vacuo to renove methanol. The resulting

aqueous r esi eRpeeniEased g vaped Blﬁtagﬁﬁdlrwnaﬂqgalphbd gﬁrweﬁiﬁlslnlji,;jrﬂnliﬁ]ml, of/B (r:mfam g
sol ution.and,_then Lract cet ate X mL). e conbi ne
organi c |ay glrlesxanv\e/eséegﬁ Fe% em h E{gfh’yg‘f:ﬁefaé‘f)eaé(frfl?q é‘?‘é‘&mt%ﬂﬁs"é@ﬁ% ntrat ed
in vacuo to ﬁfﬁfﬁfo@'orﬂﬂt!h?l -Bhdndt)(M=pyrazin- 2~y1 3-(tetrah dro-%?% -2- gQ-prop@naxmde

met hyl sul f onyl - 3- trlfluororrethyl phenyl’) - 3- (tetyrah
pr opi onyl ani (rl&]mw 28%d) msca awilatlqsd gumy EEHRMS 1a/ec cdled Ifers €, N5 $IRVS T e

lcd f 3 + 5 found 501.1305. 20 Cctober 2006 WO
03/ 8954?8 P gggégﬁw%@éﬁge 17

N ( 5- Hydr oxynet hyl - pyri di n-2-yl)-2-(4-netliylsulfo nyl-3-trifluoronethyl-
phenyl ) -3-(tetrahydro-pyran-2-yl)-propionanide HOHHNNO~OI OH O
CF3 (0149] A solution of Example 15

6- [ 2- (4- et 6y2-gtiMehylsuleiyli3-tiNnorahdib - pRaiY)-3 (&tﬁib@ﬁf@ﬁ}‘ﬁflﬂz

pyr an-2-yl) - pr opi ony! arrpionyisifionfcottch iR uibthyF&L&T (DT epared as in

Exanpl e
H
(0]
H
HN N
l N
i 0 T\)\n/o\
oA CF3 o)

[0146] A mixture of 6-aminonicotinic acid (4.0 g, 28.9 mmol), methanol (75 mL), and
concentrated hydrochloric acid (4 mL) was heated under reflux for 16 h. The
reaction mixture was allowed to cool to 25°C and then concentrated in vacuo to
remove methanol. The resulting solid was treated with water (20 mL)-and enough -
sodium bicarbonate to adjust the pH to pH=8. The solution was then extracted
with ethyl acetate (3 x 25 mL). The combined organic layers were dried over
sodium sulfate, filtered, and concentrated in vacuo to afford 6-aminonicotinic acid
methyl ester (3.12 g, 71%) as white foam: EI-HRMS m/e calcd for C;HzN,O,
(M) 152.0586, found 152.0586.

[0147] A solution of 2-(4-methylsulfonyl-3-trifluoromethyl-phenyl)-3-(tetrahydro-
pyran-2-yl)-propionic acid (prepared as in Example 12, 300 mg, 0.79 mmol) in
methylene chloride (6 mL) was treated with N,N-dimethylformamide (7 drops) and

- then cooled to 0°C. The reaction mixture was then treated with a 2.0M solution of
oxalyl chloride in methylene chloride "(0.48 mL, 0.95 mmol). The reaction
mixture was stimed at 0°C for 30 min, allowed to warm to 25°C, and -then

concentrated in vacuo to remove solvents and excess oxalyl chloride. The



15, 129 ng, 0.25 mmol) in ethyl ether (6 nm.) cooled to OC was treated with
a 1.OMsolution of |ithium alum num hydride sol ution i nZ28iQatebgr 2edther
(0.30 nL, _0.30 nmmol). The orange-col ored reaction m xture was stirred at
0C for 1 WOH¥HBeaction was then quenched by the dropwi secadBiizen of
water (10 nL) and extracted with ethyf acetate (2 x 10 nL). The conbi ned
organi c extracts were, dried iltered, and

di | fate, f
concent r at ed TR ETHe BVt A XS%EY‘FI%O I mdgtgpﬁlp@m?fw@éﬁq@g@ V3sctaeates) 2
hexanes/ et h)ﬂ:oﬁv@i@& it aaéto{hﬁfdglegzl&sﬁﬁhomcotmi? aci [réthyl.eﬁea 252 H{gh;}[6-7phenyl )-

hydr oxynmet hyl - pyri di n- 2-yl ) - 2- (4- net hanes onyl - 3-tri rome

3- (tetrahydnoopyingntrghydrofupmo(§ ondminde?, (4dtidine (B8%)mBAs3.a5anaal foaem -
El-HRVM5 me calcd for C22H25F3N205S (MtH) + 487, 1509, found 487. 1514.
Exanpl e 18 2?5(‘%?@ﬂeacqoél_1&%teh\§§§e§mefi@ﬁgﬁ -(pfor 16 h. The reaction mixture was

henyl) - N- pyngzi findsd Witd LA it - kopanide S HH
NEnyY) I gt ydeq i (et YR bl oA i ook RRLELAY'S
(3- chl or o- 4-mi) hJhescorhibingd optminy layersoeére ciriedi svereddivn RBhR! filtéd elar ed as
in Exanple 4, 1.00 g, 4.33 nmmol) in formc acid (6.54 n, 92.30 mmol). was
cooled to Oéoﬁ‘??éltr?tﬁgn"’\’/vaycf‘?-ed?léﬁ‘gw Elrromatgraniiu SHy #¢P8genlicape?Bxi de

ot ober 2005 YB B Bod™5 TR plry MG P TSY 7 el T 500 \RIFE ¢ o
stirred for nidhyisulfohel-3-edficromenss phag/ipsl (fefabytirb $5ranbBil), and the product

was precipitated by the addition of water &100 m). The 'solid was filtered
of f, washedPiPienyiagriBp]-nigadnig racebmethyt atter @47 trag. a&f5Poras whice {@m: EI-

chl oro- 4- e f - phepyly x } i vl e .11 g, 97.5%
as a Wwhi te%@%??ﬁg ﬁ%‘%"’g‘%ﬁgﬁ“‘m@ c% ;c@;f}otjf’“’é@rﬂ%%o4s (M
262. 0066, found 262.0060. [0151] A solution of dinethyl
3,3 -thiodipropionate (30.00 g, 144.0 mol ) in ethylene glycol dinethyl
ether (200 nL), under nitrogen, wdsxampletléd with sodi um
6-[2-(4-Methylsulfonyl-3-trifluoromethyl-phenyl)-3-(tetrahydro-pyran-2-yl)-
propionylamino]-nicotinic acid
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[0148] A solution of 6-[2—(4—methylsulfony1—3-uiﬂuorc;methyl-bhenyl)—3-(tetrahydro-
pyran-2-yl)-propionylamino]-nicotinic acid methyl ester (prepared as in Example
15, 21 mg,. 0.04 mmol) in methanol (0.40 mL) was treated with a IN aqueous
sodium hydroxide solution (0.20 mL, 0.20 mmol). The reaction mixture was
stirred at 25°C for 1 h. The reaction mixture was then diluted with water and
concentrated in vacuo to remove methanol. The resulting aqueous residue was
acidified to pH=2 with a 1N aqueous hydrochloric acid solution and then extracted
with ethyl acetate (2 x 10 mL). The combined organic layers were dried over
sodium sulfate, filtered, and concentrated in vacuo to afford pure 6-[2-(4-
methylsulfonyl-3-trifluoromethyl-phenyl)-3-(tetrahydro-pyran-2-yl)-
propionylamino]-nicotinic acid (15 mg, 75%) as a colorless gum: EI-HRMS m/e
caled for CpoHa3F306S (M+H)" 501.1302, found 501.1305.



hydride (7.00 g, 145.8 mmol ), and the reaction was heated under reflex for
1.5 h. The reaction mxture was then cool ed to 25C and WALEPs2006 r eat ed
with a saturated aqueous sodi um bi carbonate sol ution. The sol vent was then
renoved i WO Q4888 and the resulting residue was diluted wPCH/BRAVE3SL{ 500
m.) and extracted with ethyl acetate’3 x 300 nmL). The conbined organic
extracts were then washed wth a turz%t ed aqueous sodi um bi car bonat e
solution (1 x 150 nL) followed by &% tl4t ed aqueous sodi um chl ori de

sol ution (1 X-G98ydoxymetylangidin-yhyed-nathyislfosyl-gvsifluesemesivim sul f at e,
filtered, and concentPhenyd)-3-htefradiydro-pynrmgey])-propiomamigteaphy, performed in
two batches, (FLASH 40M Silica, 9/1 hexanes/diethyl ether) afforded

4- hydr oxy- 5, 6-di hydr o- 2Ht hi opyrans 3-carboxylic acid nethyl ester (12.89
g, 51.49% as a colorless oil. [|0152IHA suspensi on of baker's yeast
(Saf-Instant yeast, 30 g) in water (Y00 nL) was treated with sucrose (142
g). The mxture was stirred at 25 §}h.NAt this tine,

4- hydr oxy- 5, 6-di hydr o- 2Ht hié)p diar bgxyTji ¢ acid nethyl ester (4.06 g,

- 23.31 nmmol ) was added. The resuhting €} ur s SHirred at 25C for 22 h and’
then was filtered through @ pRadiof celite. The filtrate was extracted with
ethyl acetate (5 x 300 n). The®Eanbi ned organi c extracts were washed with
a saturated aqueous sodium chloride solution (1 x 150 nmL), dried over
magnesi unj03d9j At solutidn bf é+[2d4-racttlylsafieshBrtaifladrontetycpheny B3 qtag@ydro-

chr omat ogr aphy (FLﬁSH 40M. Silica, . 3/ 1 hexanes/ethyl acetate) affaorded

4( S) - hydr oxPY138r4-XhRIPRI ORI dvcosingg acid snesbyl\aster (Resparedeastin Exasanle (4. 08

g, 99.3% asca I = +37. (&= ) 20

it ober 2008> 4 657 055 T b PR IR0 L0 £ 88l €37 o BB iy |
4('S) - hydr ox -0\ tsoadtiodr of lithivopuhanindtRhydidedenytiorne imdicthyTastiey| (0.30si@r (1. 00
g, 5.674 mmpl) in dry tetrahydrofuran (50 nL), under argon, was treated
with |, 1" -t Ri39camebhihe sangfasdpied reacign myxturg w3s shrred t @kafopyirh-dThe (6. 88

then ai | ut cl bR G, S RetRe b Bk il of Sl BE vlsne

sequent i al | yxtididd &ithadthyladceehtea(RIQOLE nHQdi TR bbxﬁBﬁié@%%ﬁd& ekithdtORvdrd X S0
m.) and a saturated agueous sodium chloride solution (1 x 50 nL). The

conbi ned ofahi eveaxsediels spkrte. dilfeser.ovet eragerisitedn ubbence, Bidesed, and
concent rat egpofhatoeraphy (FLASH 40S Silica, 8/2 hexanes/ethyl acetate) afforded N-(5-

hydroxymethyl-pyridin-2-yl)-2-(4-methanesulfonyl-3-trifluoromethyl-phenyl)-3-
(tetrahydro-pyran-2-yl)-propionamide (44 mg, 36%).as a cream foam: EI-HRMS
m/e calcd for CpoHasF3N,OsS (M+H)" 487.1509, found 487.1514. &

_ . Example 18
2~(3-Chloro-4-methanesulfonyl-phenyl)-N-pyrazin-2-yl-3-(tetrahydro-thiopyran-
3(R)-yD)-propionamide

H
H H
N._N
&
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[0150] A slurry of (3-chloro-4-methylsulfanyl-phenyl)-acetic acid methyl ester
(prepared as in Example 4, 1.00 g, 4.33 mmol) in formic acid (6.54 mL, 92.30
- mmol) was cooled to 0°C and then was treated with a 30% aqueous hydrogen

_peroxide solution (1.47 mL, 13.85 inmol). The resulting solution was allowed to



vacuo. Biotage chromat ography (FLASH 40M Silica, 4/ 1 hexanes/ et hyl
acetate) afforded 20 October 2006
4(S)- (i m dazol e-1-carbot hi oyl oxy) -t et rahydro-thi opyran-3(R)-carboxylic
aci d met hyYO @¥§9%8#38(901 ny, 55.4% as a beige oil: El-HRVE mteree/oduf or
Cl1H14N203S2 (M) 286.0446, found 286.70438. [0154] A solution of

tributyltin hydrid 702 ml, 6.292 1), in.di 82.59 . nl)
reared w t a0 s e Bt siReG e S\, 9 TS 08, B CoRiRg: i e
resul ting mi Batty,rﬁldvmé_;}w@c]?%w&@&pﬁﬁéa w¥ thoadditin oFRFatEL@BDIRN). Wage t hen

treated with a solution o

4(S) - (i m dazwilid-vasclatdred loffp ytasked) witk twaitry dnd dtibd by pnamn3toR)ford autea@y | i ¢
acid net hyl ter, (901 3.146 myol) .in dioxane (3 nL). The eaction was
heat ed underﬁ%f%&e%?g%#oﬁﬁéﬁqnﬁgﬁ%t awanms IFﬁ%‘n(\Ags gc86+5¥fa P2 an ice
bath. The solN@hio1RS$nf SABYed: EI-RRMASYR: & RS 90! &Mfy A -
suspended in acetoonitrﬁil e (100 nml) and v(\a/acs vvasdﬁre%ldmfv{i“{mgoﬁsgxa e§6 )? 30 m).
The resul ti nigusdltit.9@®. was concentrated in vacuo, dissolved in dry
tetrahydrofuran (18.07 nmlL) under argon, cooled in an ice bath, and then
treated with a 1.OM solution of |ithium alum num hydride in

t et rahydr an : di A0k 04di agt i 0C for
20 mn angﬁégg% (ﬁglﬁglglzeﬁ%hé%e%lgpt Re a%féillquggﬁngtgf %’teq'(ﬁglé/’\g?é?%t&elﬁl?goﬁ.{ L). The
reaction m xdthylenevgigcd ldémethybethed(200 il yausddr iinb@a, was teaed wakispdiodm
chloride solution, and the |ayers were separated. The aqueous | ayer was

t hen washed hadfife ch-9 B, bed amol).and the repcyion Avag hepled poder ratex &Tg‘a%hc
extracts wer e - a_sat te u sodi um chl.oride .sol ution,
dried over ﬁn‘e‘?‘é%%@.“’glmmé% eatv%,% LFI&?'[C &y 8@?@%&@%&9@&&? r’sg(f“él& tfer??e\ga‘é’ﬂg.a Bi ot age

chr omat ogr aphrdtéd Afpidod? M diSinl bi€@bonbt3sdiexaN €ShEEdVent AR idreemal EdRded (R) -
(tetrahydro-thiopyran-3-yl)-nmethanol (291 ng, 69.7% as a colorless oil:

[ x] 23589 = 2pcum;tephdhe POUBMRNGSUSE (65 4BRURCTIHEPERL0GEYImMLY gnd 4xi@xctqdc=0. 78,

ret hanol ); El.-,H | f H120 132. 0609 f d 132.0614.
Toitel A sortii Siviaethl G 00 kR0 TR BarSbi keedh SR e oS e e . 56
mol ) i n meliflyh eiera Al Ruksles olfindBiciibonsRAbAichq1 %7850 MRS f1leales aM th

2,6-lutidine (192.8 p.L, 1.66 mmol) followed % trifluoronethanesul fonic

anhydri de (2é@rated aquequpdiwm| chlorirsesotusinot(l onl Ybmigt iTheedzanic laygCvisor 10

Mth A el e RSl o RHER, (B3 EenddiSa TSdts “Bocio"
chromatography, performed in two batches, (FLASH 40M, Silica, 9/1

hexanes/diethyl ether) afforded 4-hydroxy-5,6-dihydro-2H-thiopyran-3-carboxylic

acid methyl ester (12.89 g, 51.4%) as a colorless oil.

[0152] A suspension of baicer’s yeast (Saf-Instant yeast, 30 g) in water (700 mL) was
treated with sucrose (142 g). The mixture was stirred at 25°C for 6 h. At this
time, 4—hydroxy—5,6—dihydro—2H—thiopyran—3—carboxylic acid methyl ester (4.06 g,

© 23.31 mmol) was added. The resulting slurry was stirred at 25°C for 22 h and then
was filtered through a pad of celite. The filtrate was extracted with ethyl acetate
(5 x 300 mL). The combined organic extracts were washed with a saturated
aqueous sodium chloride solution (1 x 150 mL), dried over magnesium sulfate,
filtered, and concentrated i vacuo. Biotage chromatography (FLASH 40M, Silica,
'3/1 hexanes/ethyl acetate) afforded 4(S)-hydroxy-tetrahydro-thiopyran-3(R)-
carboxylic acid methyl ester (4.08 g, 99.3%) as a colorless oil: [0 P55 = +37.76°
(c=2.9, methanol)



bi carbonate solution (1 x 10 nL). The conbined organic extracts were dried
over magnesiumsulfate, filtered, and concentrated in vadutoben@0desul ting
resi due was dissolved in acetone (17 nL) and was treated with sodi um

i odi de (6YPO 84138 4. 086 rmol ). The reaction mixture was secmmeosasss25C f or
10 m n and then concentrat ed in vacud® The residue was suspended in

t hyl ith t
B [ T D M S R E i e Gl U e Y N
B t h Aabonh 2 3 e h c te
af ?Of‘%idcsi %3?.* 828%2%%3?’2"‘%& R A e e S S

yel | ow oi | rated Wik hbtthedrartmoybliinzdazobu(2.085 guslechS m@dlza]ﬂeﬂ)wdm t he

1 cyl at ' 2. 0M sol ut f L hi
i 1 Sopropy| ARG 31 H GG Ae FrastipRROFa P RS AS S EH (e ws 1. 128
nol ) and N’tﬁkd\ldmlted tvﬁEH %g%? Q)fcl:tgﬁeh@ggﬁﬂ%an?ﬂéere%&ﬁ% Qo ]1[91%9 ld indry

t et rahydr of uran ( ed to der rog Rowas treated W th

(3-chl oro- 4-anuehaatlbswhthomyzimrapdﬂbaqde))uﬁe@1mm wicartomnaeé hyluueﬁt(erx 6@6ALY Ny,
1. 02 nmol ). The reaction mxture was stirred at -78C for h and t hen
war med to 0@Rd Aetyralsd ayeP AR diwR whloride sobwion; ¢ x 30wt ﬂ&ﬁ epmbined

et ahydr o Gram T RS AR AR SR S R el Pkl ¢ o

for 19 h. Theczroem&tagawctmoxiattfgeapa@,smmm qoRn Ghiesh, W1 Rexns et Ph&tht@queous
ammoni um chl ori de sol uti on 1 %mand t hen concentrated in vacuo to renove
Cle&dr

t et r ahydr of ataysed THES) ?ﬁﬂ‘ﬂ’é’é%@ Biojlpgy ktetrabydredhigpyiani(Ry-rarhoxtlat e (2 x

20 L), an h ract wer e..dr r i.um
sul fate, f|g err?lg métgxeg%(glcr:gﬁn?r AT %’t) H 9ac %5 OB ﬁ‘%%‘?ﬁ%@%ﬁ?{hy
(FLASH 12M C,SLLNGRS, D) Pesenss faldayiscaagsat ) af f or ded

2- (3-chl oro- 4- nmet hanesul fonyl - phenyl ) 20 Oct ober 2006 WO 03/095438

PCT/ EP0O3/ 03844 80 3(R)-(tetrahydro-thiopyran-3-yl)-propionic acid nethyl

et hanol 1 CEHL AoiSthe 2R Bpuafechy i lne s 2Rt ipshoxie dbads

376. 0574. [ Qi) HasAr&@iqutwiam, of azoblslsobu omtnle (110. 0.661 mmol). The
2- (3-chl or o- 4- net hanesulfonyl phenyl ) -(tetra y Fo-

t hi opyr an- 313;3111}1119 mipiuon wes deitgd mﬂhyﬂeﬂe?s tf<a'r2 02 Ahengact®n6&ss ﬁnnltx)eated

g§|t B? :1 gln (7 ; z?,TLnLI)utlon ofI ‘E&?t(l%gld\énglg l—carq)081u ?lgxy gt%"tsraﬂ}lf hl ulrc?p ?l){(l de

carboxylic acid methyl ester (901 mg, 3.146 mmol) in dioxane (3 mL). The
reaction was heated under reflux for an add1t1onal 30 min and then was cooled n
an ice bath. The solvent was removed in vacuo. The resultmg remdue was
suspended in acetonitrile (100 mL) and was washed with hexanes (3 x 30 mL).
The resulting solution was concentrated in vacuo, dissolved in dry tetrahydrofuran
(18.07 mL) under argon, cooled in an ice bath, and then treated with a 1.0M
solution of lithium aluminum hydride in tetrahydrofuran (3.159 mL, 3.159 mmol).
The reaction was stirred at 0°C for 20 min and was then queﬁched by the addition
of ethyl acetate (30 mL). The reaction mixture was then treated with a saturated
aqueous ammonium chloride solution, and the layers were separated. The aqueous
layer was then washed with ethyl acetate (2 x 25 mL), and the combined organic
extracts were washed with a saturated aqueous sodium chloride solution, dried
over magnesium sulfate, filtered, and concentrated in vacuo. Biotage
chromatography (FLASH 12M, Silica, 7/3 hexanes/ethyl acetate) afforded (R)-
(tetrahydro-thiopyran-3-yl)-methanol (291 mg, 69.7%) as a colorless oil: [0]*5g0 =



5.895 mmol ). The reaction mxture was stirred at 25C for 1.5 h and then
concentrated in vacuo to renove nethanol. The renmi ni ng afuedakerl289er was
acidified to pH=2 with a 10% aqueous hydrochloric acid solution and then
extract ed%?f’?(“%‘t’?‘?yl acetate (2 x 100 nlL). The conbi ned or ganieribasess were
washed with a saturated aqueous sodi uni®hloride solution (1 x 100 nli),

O o0 uer B8 005! Hhinad ), RS W OREE B B4R 0" MY R2 b0t T
4- et hanesulfbapyspbeny! ) - 3(R) - (t et rahydr o-t hi opyran-3-yl)-propionic acid
(227.0 ng, 95.5% as a light yellow foam [a] 23559 = +12.21 (c=0.79,

nmet hanol ). [0158] A - solution of

2- ( 3- chl of,Q-4; net hanesul.f | - phenyl).- 3(R) - (tetrahydro- |

t hi opyr an[@?-é] ;Xsf)&%‘?rbﬂ @é?‘&%@%ﬁ%??)&%&yﬁmﬂw?lnﬂ%t%|le%namlbri de (1
m) was treggt ] i } de _ -hen ~C ed to OC
The reacti gﬁ Iﬁ‘l&)k(l Séﬂc%g_d?r(g%t%%f)%%mga g&é\%@géwg;t_?rgﬁg‘ggk@xgﬁﬁﬁ@: l'oride
in methyl end19ZRIpdy, il @6 chrhéB fpllbwedbR &Glworomkthadé@ifbgid chh iR d# (X810 @LVAS
stirred at QC for 30 _mn, allowed to warmto 25C, and then concentrated in

vacuo to renoRel@aelyedfs reaghan svascitiared at|yB G ol man amhevag ébfmddihﬁgi resi due
- di 5 ' ..and t t i
was re-di SSQlifefel g mﬂftfﬁ@%ﬂtﬁfc&%\é&#ﬁ%ﬂgg EatlfATia dai86 s Sodfugp™ se

with a solution o am nopyr azi ne

t et r ahydr of bicarbdubtedojutiond(1py 10 dilr)e TheTbnfbiidd, ordamd 2x e Were diedrRerl ting
reaction mxture was stirred at 25C for 300 min. The reaction mxture was
t hen di| ut edoagnesiupasuiate; flipreyl, andcaagentrated i wdcup. Therdylimgaetdbowagde (3 x

5 m). The i j a re dried over ..sodi S te,
filtered, a?ll? Céﬁ%gﬁ%"g@%(\qk [%/{Ecé?)&e |So€féaé%éjgﬂﬁb%q"6@rlgg% &‘%@A@ﬁ 12M
Silica, 1/14hoscapemiet M @seiont Rlixtafd Madedimed (3-8 0P 19 min and then

met hanesul f onyl - phenyl ) - N-pyrazin-2-y1-3 (R)-(tetrahydro-thiopyran-3 -yl)
20 Cct ober gow@ntrgied G3reB4 IdePSTiwEPeay 98pdanticd 81 nthybinsralvirde (23 4lyy,

0 -
o ohes 2aRR SRSl YRR € SR riod SV Tt saer )

2- (3- Chl or o fdreraat Ranasiebhtenyd sokeny! m&g&-m&a&%ﬁy ¢Eoa dposhisARyr an- 3(R)
- yl)-Npyrazin-2-yl-p ropionamd e H S,

97/3 hexanes/ethyl acetate) afforded 3(R)-iodomethyl-tetrahydro-thiopyran (139

mg, 42.2%) as a light yellow oil which was not characterized but was used

immediatély for the alkylation reaction.

[0156] A * 2.0M solution of lithium diisopropylamide m
heptane/tetrahydrofuran/ethylbenzene (564.0 uL, 1.128 mmol) and N,N.N’N"-
tetramethylethylenediamine (157.0 uL. 1.040 mmol) in dry tetrahydrofuran (3 mL)
cooled to -78°C under nitrogen was treated with (3-chloro-4-methanesulfonyl—
phenyl)-acetic acid methyl ester (269.4 mg, 1.02 mmol). The reaction mixture
was stirred at -78°C for 1 h and then warmed to 0°C. The reaction was then
treated with a solution of 3(R)-iodomethyl-tetrahydro-thiopyran (71.00 mg, 0.293
mmol) in dry tetrahydrofuran (1 mL) and allowed to warm to 25°C, where it was
stirred for 19 h. The reacFionmixture was then quenched with a saturated aqueous
ammonium chloride solution (10 mL) and then concentrated in vacuo to remove
tetrahydrofuran. The aqueous residue was extracted with ethyl acetate (2 x 20
mlL), and the combined organic extracts were dried over magnesium sulfate,

- filtered, and concentrated in vacuo. Biotage chromatography (FLASH 12M,
~ Silica, 4/1 hexanes/ethyl acetate) afforded 2-(3-chloro-4-methanesulfonyl-phenyl)-



HNNos O O\ N)- Cl1 [0159] A slurry of

2- (3-chl or o- 4- met hanesul f onyl - phenyl ) - N- pyr azi n- 2-yl - 3- 20 October 2006
(tetrahydro-thiopyran-3(R)-yl)-propi onam de (prepared as in Exanple 18,
10.0 ng,WQ.OM¥H3mol) in formc acid (68.5 p.L, 1.816 moP{T/EBI®B84t 0 OC
was treated with a 30% aqueous hydro§@n peroxide solution (7.7 L, 0.068).

The resultin sol ution s stirred at QC far m n. er e} S
quenched by ‘(?Hﬂf‘¥q%8ﬁ%\f)8¥raﬁ‘3136}’7§%?&’d‘é‘8ﬁ§°'got8%t8?ﬂ %Sﬁ?rf@?éngsﬁf?t%)o% %ki )
and then exf[cro?&rti&? d’M:tf&]@_E Qy“—L +18©8t E(EEO.@& ﬁle?ha'ﬂw); EIRR MG IR eslcuefop dried
over magnesi um sul fate; fiTtered, "and concentrated in vacuo. Biot age
chr omat ogr apbyH, 1OSE A4S, 376i057€ ouwdBB76.08M. or of or m met hanol ) af f or ded

2- ( 3-chl or o- 4- net hanesul f onyl - phenyl ) - 3- (1 - oxo- hexahydr o-1?

4-t hi opyran-3(R)-yl)-N-pyrazin-2-yl -propi onam de (10.0 ng, 96.5% as a
bei ge gu < HRVB cal 0% 20NNR 4 i ) -(Qe%%% f ound
478, oeszqoégéhﬁ‘r e Sé’g&tgo-n( 3-°%ﬁ| %% chibr T wttofsphedy )39 ydro

ro- 4- met hanetﬁwgfy%;d- Bpionic NcRY beetiyl- citer (237 (hgt 0.651y dingolp i ametanol

yl) - propi onanm de H ﬁgﬁﬂoyl\l\ /N ON C 20 Cctober 2006 WO 03/ 09MB8
PCT/ EP03/ 0384475 82) @s 60hted vaith a.0i8dh agrequs dithiam dsexids salutaen (A2 @dhanol

1.0 g, 8.6 | d Y di t / ) £
Chi or e (300 T3 rimBhERThE oo RBE CRRERE, bihs Mg A ACR T B |
g, 9.47 molonafitraisd 9 Yeaestl fetitvk mefhhesll 0ehd tefidinbg Rubdusnhpt) wasd t hen

was allowed to stir at 25C overnight. The reaction was then transferred to
a separ at or yacidifind|to apd=heawiled W¥h agueays depdsetidori peidosnaen @ndcthgn -

O S eR D haS L TR AR San gl A 10 0.
washed with a saturated aqueous sodium chloride solution (1 x 100 mL), dned
over sodium sulfate, filtered, and concentrated in vacuo to afford pure 2-(3-chloro-
4-methanesulfonyl-phenyl)-3(R)-(tetrahydro-thiopyran-3-yl)-propionic acid (227.0
mg, 95.5%) as a light yellow foam: [o]®559 = +12.21° (c=0.79, methanol).

[0158] A - solution of 2-(3-chloro-4-methanesulfonyl-phenyl)-3(R)-(tetrahydro-
thiopyran-3-yl)-propionic acid (52 mg, 0.143 mmol) in methylene chloride (1- mL)
was treated with N,N-dimethylformamide (0.1 mL) and then cooled to 0°C. The
reaction mixture was treated with a 2.0M solution of oxalyl chloride in methylene
chloride (143 uL,. 0.286 mmol). The reaction mixture was stirred at 0°C for 30
min, allowed to warm to 25°C, and then concentrated in vacuo to remove solvents
and excess oxalyl chloride. The resulting residue was re-dissolved i dry
tetrahydrofuran (1 mL) and was treated dropwise with a solution of 2-

| aminopyrazine (27.2 mg, 0.286 mmol) in tetrahydrofuran (1 mL) and pyridine
(57.8 pL, 0.715 mmol). The resulting reaction mixture was stirred at 25°C for 30
min. The reaction mixture was then diluted with water (2 mL) and extracted with
methylene chloride (3 x 5 mL). The combined organic layers were dried over
sodium sulfate, filtered, and concentrated in vacuwo. Biotage chromatography
(FLASH 12M, Silica, 1/1 hexanes/ethyl acetate) afforded 2-(3-chloro-4-
methanesulfonyl-phenyl)_-N_—pyrazin—Z—yl—3(R)—(tetrahydro—thiopyran—?;-yl)—



over sodiumsulfate, filtered, and concentrated in vacuo. Biotage

chromat ography (FLASH 40S, Silica, 75/25 hexanes/ethyl a0&cstey 2864 or ded
tol uene-4-sul fonic acid tetrahydro-pyran-4-yl methyl ester (1.77 g, 76%
as a col oWOdBE9%138. [0161] A sol ution of tol uene-4-sul f oni BCHEPEB/03844
tetrahydro- pyran-4-yl nethyl ester (18¥7 g, 6.55 mol) and sodi umi odi de
(2.85 g, 18.99 mol ), in acetone (26 nlL) . heat e Cfor 1 . The
resul ting s@é?féﬂ%%zﬁiev\g"sd‘ H“gen& y6l €8 & 60%%S%rﬂm:f gi‘?’gﬁl\gg.m"ﬁnéﬂggﬁg wer e
rinsed wt hgﬁg@qﬁs@m%m o080 stlbg had dgt € and  washings were
concentrated T n-vacuo to a thick s Urry. Thi's slurry was treated with

nmet hyl ene chloride (10 nL). The resulting precipitate was renoved by
filtration and was washed with nethylene chloride (10 m.). The filtrate
and washi ngs were then dried over ESgRYs1%m sulfate, fjltered through a
pad of si Ri(MlgerMandhtanewlfomhp!;m)rl)arﬁe(d_—tm—w@hadr«blﬁ-ﬂdewan%(R)-

4-i odonet hyl -t et r ahydr o- py y@aNgsyrazint3hl-pyepiboamide | . [ 0162] A sol ution of
di i sopropylamne (0.33 nL, 2.38 nmol) in tetrahydrofuran (6 nL) cooled to
-78C under an argon at nosphere wa eated with a 2.5M solution of
n-butyllithiumin hexanes (0.95 , B8 mmol ). The reaction m xture was
stirred at -78C for 15 mn, aft@?S i‘h time, a solution of (3-chloro-4-
met hyl sul f anyl - phenyl ) -acetic acid _net ’,:}astﬁr (prepared as in Exanple 4,
500 ng, 2.17 nmmol) in tetrahydr and

1, 3-dinmethyl -3, 4,5, 6-tetrahydro- -Eyri gnone (0.5 nb) was slowy
added via a cannula. The greem‘%\h el 1 ow sol ltion was allowed to stir” at
-78C for 1 h, after which time, a &blution of

4-i odonet hyl -t et rahydro-pyran (588 ng, 2.60 mml) in 1, 3-dinethyl-3, 4,5, 6-
tetrahydro-2(1H) -pyrimdinone (0.5 nL) was added via a cannul a. The

reacti on [0ESNtAr e shasy t hefi akRl@vetbrdel-m@tintmidnl-phdngt)a-pytaziteBysB4 1 r ed
for 16 h. The 20 Cctober 2006 WD 03/095438 PCT/ EPC3/.03844 83 reaction

mi xt ure was (teEetydgerdrepPaanB(R - He-Peepionangde ofprepacesk as db dixample dds 10dmoni um

hlorid | utj 30 . Thi '  ract | t hyl t at
(3 5 20" ) merdReg phld raiera (e A AL BT eRRASHRAOT Tiateficone ©
sul furic aciygnsobpiy 2e6§s éﬁ@@n%tiﬂ—b%@ﬁﬂeaso‘}ﬁidﬂ @L B AQUIBSYS TRE Gbdilbing

bi carbonate sol ution { , dried over sodiumsulfate, filtered, and
concent r at esblittion sves stirrdi at Bgfor hd ormt Iheapdeyion RadSieddBd bgithe alditis/ 25

of a 10% aqueous sodium sulfite solution (1 mL) and then extracted with ethyl

acetate (2 x 5 mL). The organics were dried over magnesium sulfate, filtered, and

. ¢ copcentrated in vacuo. Biotage_ chromatography (FLASH 128, Silica, 93/7
chloroform/methanol) afforded 2-(3-chloro-4-methanesulfonyl-phenyl)-3-(1-oxo-
hexahydrd-17»44thiopyran-3(R)—yl)-N-pyrazin—Z—yl—propionamjde (10.0 mg, 96.5%)
as a beige' gum: EI-HRMS m/e caled for CioH,CIN3O04S, (M-i—Na)+ 478.0632,
found 478.0632.

: Example 20
- 2-(3-Chloro-4-methanesulfonyl-phenyl)-N-pyrazin-2-yl-3-(tetrahydro-pyran-4-
' yD)-propionamide

0
H
H RN
I ~
?\s © \[N/j



hexanes/ et hyl acetate) afforded 2-(3-chloro-4-nethyl sul fanyl - phenyl) - 3-
(tetrahydro-pyran-4-yl)-propionic acid nethyl ester (43126§ct@t9@0%s a
yellow oil: EI-HRMS nie calcd for Cl6H21C13S (M 328.0900, found

328. 0898. wpOB®33+3A sol uti on of PCT/EP03/03844

2- (3-chl oro-4- net hyl sul f anyl - phenyl ) - 8 (t et rahydro-pyran-4-yl)- propionic
acid nethyl ester (200 ntg 0.61 mmol ) in formc acid %0. 23 nm) and

t et r ahydr BH@0hA sgutor 9f Gembydrotyract-whsnethaneled et B-64 mow.apfapased

hydrogen peraoxide so i 5 nL . 04 The, re i | oW y
warnmed to %&Or\/‘\iﬁl@réo W%v%go ds3t%isf %neﬁleglé’ n?[(achge?}lod% Or%];)c?tl %;f]"b'm\?/% ﬁ?%e%vas t hen
cooled to OGyith qugcnﬁmﬁlylmh{b) @aleU (Al ¢dg AQUED USnBOdiabin pledliddesulsaiylit | on,
and then extracted wth ethyl acetate ('§ x 20 mL). The organics were dried

over sodi umahigridset(@;64 £i§.6brumol) anbithen wae atlpweddo bir at28Ue ovahighhigéhe

chr omat ogr aph FLASH, 12 i_ljca, 60/40 hexanes/ et etate) afforded
2- (3-chl oro-rﬁix‘f‘tr&f’ﬁé?ﬁse Gt V%Sr-red tBﬁeSﬁW?t-oﬁxw ‘Eﬁsg‘x yw?tgr?@; 9(1)1136-05? opi oni ¢
aci d net hyl &h1drd @il sol818A 519@ L), CPlsHukRES Rhubous( Sk HRMebsAALe Cal cd
for Cl6H2. 1CI05S ( M+Na) + 383. 0690, found 383.0692. 101641 A sol ution of

2-( 3- chl or o-selutieni(20 esll), athy batpiatadyaqye s (sodiuma biidride sofutéon @0 myll) driedpi oni ¢
acid nethyl ester, (190 , 0.53 Mol ) in ethanol (1Q. S treatfed wth
20l Ut on oTveh SIS i, AR A e e o oYY SRTBHOBADIRL) - The
reacti on WagpplisH f@(‘jis,agiligals,6572c5rhe§m§s}éthr¥?g@et%t§?&ffbr‘89d YRk DeRfRRNGENE T at ed
in vacuo to renove the ethanol and then aciditfied to pH=2 with a IN
aqueous hydrtettdllydrd-pymeaidylaotthyli ester (TR gy B84G) 4d acpleddsaboilon was t hen
extracted w th nethylene chloride (3 x 10 nlL). The conbi ned organic | ayers
were dried over sodiumsulfate, filtered, and concentrated in vacuo to

afford 2-{(32-¢hl.or@-.4- " ) ) ] . .
o hanea [ AsEPehuddon of olyenc:asulfonic acid tetahydro pyranc4y] methyl ester (177

9299 20 Cct gherss2maeol) Wal 03di056aie PTB5 EPA3/I8Rdb]) Blacsona (ARinl) waam

(ES)+-HRMB me calcd for CI5HI9C1O6S (MrNa) + 369. 0534, found 369. 0536.
[0165] A solhsaiedho §0°C for 16 h. The resulting suspension was then cooled to 10°C and

2-(3-chl -4 - h - ) - 3.t nd- - i oni
2ol a (166 it SRSt (BUERNT c LBV ALY AR gt ilgale BAEP! N1 €
di met hyl f or Redshihgs erel comentaed sovdeno 0 wask sluas! Ts dluawseareatediwish 2. OM

solution of n?é(tﬁ)ldgxlle gﬁ'llo?ifiie ?16 0 inrll,).rre'}‘tgyrlegl?lgng glre%rili)i(tja?e \(;vgs rzeZnorgE’d b())r'ﬁSltSratrircr)rIPl ). The
and was washed with methylene chloride (10 mL). The filtrate and washings were
then dried over magnesium sulfate, filtered through a pad of silica gel, and then
concentrated in vacuo to afford 4-'iodomethyl—tetrahydro—pyré.n as a light yellow

oil.

[0162] A solution of diisopropylamine (0.33 mL, 2.38 mmol) in tetrahydrofuran (6
mL) cooled to -78°C under an argon atmosphere was treated with a 2.5M solution
of n-butyllithium in hexanes(0.95 mL, 2.38 mmol). The reaction mixture was
stirred at .-78°C for 15 min, after which time, a solution of (3-chloro-4-
methylsulfanyl-phenyl)-acetic acid methyl ester (prepared as in Example 4, 500
mg, 2.17 mmol) in tetrahydrofuran (1 mL) and 1,3-dimethyl-3,4,5,6-tetrahydro-

- 2(1H)-pyrimidinone (0.5 mL) was slowly added via a cannula. The greenish
yellow solution was allowed to stir at -78°C for 1 h, after which time, a solution of
4-iodomethyl-tetrahydro-pyran (588 mg, 2.60 mmol) in 1,3-dimethyl-3,4,5,6-
tetrahydro-2(1H)-pyrimidinone (0.5 mL) was added via a cannula. The reaction

mixture was then allowed to warm to 25°C, where.it was stirred for 16 h. The



reaction was stirred at OC for 30 mn. At this tinme, the reaction was
concentrated in vacuo to yield a light yellow oil. This26iQctetes 280G&sol ved
in tetrahydrofuran (5 nL) and then treated with a sol ution of

2- am nopy ME¥4385438. 1 ny, 0.95 mmol) dissol ved in tetrahydPOTaPEN38H0 nl)
and pyridine (0.19 nm., 2.4 nmol). The83reaction was then stirred at 25C for

16 h. At this tinme, .the reaction was diluted wth V\%ter 15 m.) and
extract ed wIEaFURARtINATEIfe V@R 18eR quepched by th jaddiae of gnig do?P5AIE | ayers

were dried Qugl i frh rnedsLan r ey :
Bi ot age chr omt%%%%pﬂ{}bﬁgii%{ﬁﬁ% I\(/i’(5 Eﬁf)i cyz%lgg%g%gn%ﬁgf ﬂy\ﬂth g%g?at e)
af f orded 2- (a3etatel Gr 8-20 mEl)haTks tbinbingd -qybamy | hydds pydrazvazsh&@t with3a 10%

(tetrahydro-pyran-4-yl)-propi onam de (100 ng, 50% as a white foam (ES)+-
HRVB nf e calP8Eousrs D29 NSHAIST ((oix) 20 22l) ppd 3 SPYTRRY 22D 98diuB anpl e

21 N-(5- Bromm- i.nr 2=yl ) 2- €3-chl 0, - -

r o- 4- met hantla)su @é%%z-sg%%l (%2 % %tée@?%h%?%-ovﬁf/r?r%%?yﬁl-aber’ o%llt%% mane OHN
N Ol O S Noffentrfled| Pl 66tuocA MWibtage Ghrcthatography (FLASH 40S, Silica, 75/25

2- (3-chl or o- 4- met hanesul f onyl - phenyl ) - 3- (t et r ahydr o- pyr an- 4- gl ) -propionic
aci d ( pr epahetgngs/ethyl Ex saepieie) 20, aflordedny, 243 Sblorvt-yoethylsyifamy)phenyl)-3-
..chloride (25 ) and N, Nndi et hyl far | de op) I was
{reated w i (BB RS Vb Sronear Y S ad e LR ROT s RO Rt (0. 78

n, 1.56 mMEMARMSnI @Bt CSH, TS @1 P82 8. 000 FoumdB28/4898hi s time, the
reaction was concentrated in vacuo to yield a light yellowoil. This oil

was di ssolved in 20 October 2006 WO 03/095438 PCT/ EPO3/ 03844 85
t et rahydr gf ur.a 0. n3L d, t hen treat ith a | ution, of 2-am no-5-
br omopyr a@ﬁﬁ:{e‘ ‘? 4?%9?}“}?@1 °%??§‘°M%?3‘%?§ﬂ%‘ﬁ%d‘%@gﬁ‘}ydf g t_ek%gypé?'rp%%r' dn 1988,
44,  2977- 2983 ordid abRlt ﬁn@ﬁ‘%’ﬁés@éru (A0 120 0081 nfksl) BY Fd:Hid 8cili Q023 Al arft 78
mol ). The "reaction was then stirred at 25C for 16 h. At this tinme, the
reaction wasetahydroéietan .6 mlyetopied(td B°Grivjasarmtakwithat o aiudounbydiggene
chloride (3 péIO}%l%erg_glﬁtiJIP ?0.35 mL, 3.04 mmol). The reaction was slowly warmed to
25°C where it was stirred for 16 h. The reaction mixture was then cooled to 0°C,
quenched with a saturated aqueous sodium sulfite solution, and then extracted
with ethyl acetate (3 x 20 mL). The organics were dried over sodium sulfate,
filtered, and concentrated in vacuo. Biotage chromatography (FLASH 12M,
Silica, 60/40 hexanes/ethyl acetate) afforded 2-(3-chloro-4-methanesulfonyl-
‘phenyl)-3-(tetrahydro-pyran-4-yl)-propionic acid methyl ester (190 mg, 87%) asa
colorless oil: (ES)"-HRMS mv/e caled for C16H;CI0sS (M+Na)™ 383.0690, found

383.0692.

[0164] A solution of 2-(3-chloro-4-methanesulfonyl-phenyl)-3-(tetrahydro-pyran-4-
yl)-propionic acid methyl ester (190 mg, 0.53 mmol) in ethanbl (10 ml) was
treated with a solution of potassium hydroxide (174 mg, 2.64 mmol) in water (4

- mL). The reaction was stirred at 25°C for 2.5 h. The reaction was then
concentrated in vacuo to remove the ethanol and then acidified to pH=2 with a 1N
aqueous hydrochloric acid solution. The resulting solution was then extracted
with methylene chloride (3 x 10 mL). The combined organic layers were dried
over sodium sulfate, filtered, and concentrated in vacuo to afford 2-(3-chloro-4-

methanesulfonyl-phenyl)-3-(tetrahydro-pyran-4-y1)-propionic acid (167 mg, 92%)



organics were dried over sodiumsulfate, filtered, and concentrated in
vacuo. Biotage chronmatography (FLASH 40S, Silica, 40/ 60 203aotes280dyl
acetate) afforded

N- ( 5- br onwOpBHaziss- 2- yl ) - 2- ( 3- chl or o- 4- met hanesul f onyl - phepgt/kErP@03844
(tetrahydro-pyran-4-yl)-propi onam de ¢477 ng, 70% as a yellow foam (ES)+-
HRVS mie calcd for ClO9H21C Br NSO4S (MrH) + 502. 0198, found 502.0205. Exanple
22 2-(3- Chl o2 ahigtfeame BB} oHRM$ m/e caled for CisHpClOsS (M+Na)™ 369.0534,

henyl ) - N- (5-cyano- in-2-yl)-3-(tetrahydro- pyran-4-yl)-propionande O
HH O\W1"- @W@‘ﬁ%mn A sol ution of

N- (5- brono- pyrazi n- 2-yl ) - 2- (3- chl or o- 4- net hanesul f onyl -

phenyl ) -3-(tetrahydro-pyran-4-yl)-propi onam de (prepared as in Exanple 21,
325 ng, [0165] Anselition rpiNN-G-eldoteyd-mthemesil Wayl-pheny))- B teteB8@dwapyran-dat ed :
wi th potassium cyanide .62 1),..copper(1), iadi , 1.62
mol ), tetr DéP('iOE{Q(“?‘i ﬁﬂé@%ﬁgfkrﬁ%n@wmﬁéé?twﬁg? C{‘I%?dﬁé,&d B&S?SW and
18-crown-6 ( TobRgr i ] r t h dto "
150G under r e B oS e 27 PbF 250

concent r at edolutiohadff oxdi@ chiafidersn maatigylérvechlotdo(@2drmi ( 465 minol)asThelded

until all the salts pr.ecipi d qut. o olution. The salts were renoved
by filtrati 6%%%?&?@}?“5“36&&6% ?Q{eﬁ g Hﬁl%égﬁége fHaEHOR WRD FUICERtFR AT he

et T2, v GOREE, LI, K0 e B g0 pTMCARG A0l L1
chl or o- 4- metiignasl teanirbatph et ) -shlytncyfahanfiydzazine (Y1 jng3 0.95 mmol)
(S + RUB. AEB0Ra da (FGBeetren CONTbA Sf W ineadoi L gils 2.4 oD 440h1046. 20
e ooer 2005, 0,34 R I ARSI A BRI Rl vt
pyrazi n- 2- yhlith3whteet(l 8hyl) med Ryiracted with metelinenéibides(3 x 25 mL). The
combined organic layers were dried over sodium sulfate, filtered, .and concentrated
in vacuo. Blotage chromatography (FLASH 12M, Silica, 25/75 hexanes/ethyl
acetate) afforded 2-(3-chloro-4-methanesulfonyl-phenyl)-N-pyrazin-2-yl-3-
(tetrahydro-pyran-4-yl)-propionamide (100 mg, 50%) as a white foam: (ES)'-
HRMS m/e calcd for C9H,;,CIN30,S (M+H)" 424.1093, found 424.1095.

Example 21
N-(5-Bromo-pyrazin-2-yl)-2-(3-chloro-4-methanesulfonyl-phenyl)-3-(tetrahydro-
: pyran-4-yl)-propionamide

O

H
HN N
oL
0]
P
/:\S © N Br

N ¢

[0166] A solution of 2-(3-chloro-4-methanesulfonyl-phenyl)-3-(tetrahydro-pyran-4-
yl)-propionic acid (prepared as in Example 20, 470 mg, 1.36 mmol) in methylene
_.chloride (25 mL) and N,N-dimethylformamide (1 drop) cooled to 0°C was treated
with a 2.0M solution of oxalyl chloride in methylene chloride (0.78 mL, 1.56

- mmol) and then was stirred at 0°C_ for 30 min. At this time, the reaction was

concentrated in vacuo to yield a light yellow oil. This oil was dissolved in



OHNM O~ OTNNH2 | C N OH [0168] A solution of

2- (3-chl or o- 4- net hanesul f onyl - phenyl ) - N- (5- cyano- pyr azi n2@October 2006
yl)-3-(tetrahydro-pyran-4-yl)-propi onanmi de (prepared as in Exanple 22, 151
ng, 0.34 WeBPOH et hanol (2 ml) and water (1 nl) was treartedpud/dBis

hydr oxyl ani ne hydrochl oride (28 ng, ®540 mvl) and sodi um carbonate (35
ng, 0.34 nmol) The reaction was heated at 70C for 3 h. At this tine, the

reaction vvastetré]@ﬁlé‘é@’}f%“at(é% k) \aadudeanfentre nvidk 12 avlwipnniofh 1@oaino-5-
met hanol / chl rro&f g%&g %758 h?L/ g‘legfepgr%ﬁ'a&sor 5% %bgﬁeé%r‘? of@gpesi um

sul f at e, f|| ere conce vacuo Gta e c roma graphy

(FLASH 12M ®17i2583) B'D{G&thhﬁﬁﬁﬁiﬁs(mtlhﬂ} andipﬁidiﬂieeQO 5§ w (5103 mmol) The
2- (3-chl or o- 4- met hanesul f onyl - phe,
hydr oxycar baiereHaaoyas) they Is@z'f:@aw@ d/ fosléthetAbﬁ»}sdh@epsheamaetmﬂ Wasp@bﬁ?‘bnam de

(110 nmg, it e 37.2-1 ES) + cd for
020H2401N505/%“€|\‘7ﬁ5rm28‘5q%€8 Coded Wt mbies %‘% XN F}% bl Di ck
| or o- phenyl) oBadies hxbé?e’@iﬁ)éd%} pdRA ¥hifate, fiRgt@NY¥hd codcdi@hiiil hb@do. OH H
HNYN\ C O0O0OCdC 016% A sol ution of 2-oxo- cycl opent anecar boxyl i c

acid ethyl to@aoe(qloorgato@za yniASH i 405t Sikieas| 40/68. exanys/etbyl eeeteto) 0C was

treated with d hydri d 78. o t
Sl irred At GEREET 50 Nt SRBRRrE 225 Hhorg %— Syttt grbaEing T
PCT/ EPO3/ 03%&?&031@3:; @?Qtﬁr@ﬁloﬂhlﬁfdﬁr(aw\@ﬁg,pm%ﬁ% 2N} Q1 NALEBLm | tS@sy*ri) and

was extracted in
HRMS m/e caled for Ci9H;1CIBrN;O4S (M+H) 502.0198, found 502.0205.

Example 22
2-(3-Chloro4-methanesulfonyl-phenyl)-N-(5-cyano-pyrazin-2-yl)-3-(tetrahydro-~
pyran-4-yl)-propionamide

0
H H
N N
T
O/,‘\s\ © N eN
Cl

[0167] A solution of N-(5-bromo-pyrazin-2-yl)-2-(3-chloro-4-methanesulfonyl-
phenyl)-3-(te@hy&o—pwmA-yl)—prOpionamide (prepared as in Example 21, 325
mg, 0.65 mmol) in N,N-dimethylformamide (5 mL) at 25°C was treated with
potassium 'cyanide (105 mg, 1.62 mmol), copper(l) iodide (307 mg, 1.62 mmol),
tetfakis(u'iphenylphosphine)palladium(O) (22 mg, 0.02 mmol), and 18-crown-6 (25
mg, 0.09 mmol). This reaction mixture was then heated to 150°C under argon for
5 b. At this time, the reaction was cooled to 25°C, concentrated to half the
volume, and then chloroform (40 mL) was added until all the salts precipitated out
‘of solution. The salts were removed by filtration through a pad of celite and

.. washed with chloroform. The filtrate was then concentrated in vacuo. Biotage
chromatography (FLASH 408S, Silica, 30/70 hexanes/ethyl acetate) afforded 2-(3-
chloro-4-methanesulfonyl-phenyl)-N-(5-cyano-pyrazin-2-yl)-3-(tetrahydro-pyran-

" 4-yl)-propionamide (219 mg, 76%) as a white foam: (ES)"™-HRMS m/e caled for
Ca0H2,CIN,O,S (M+H)" 449.1045, found 449.1046.



ether (3 x 100 nL). The organics were dried over sodiumsulfate, filtered,
and concentrated in vacuo. Flash chromatography (Merck 2P Qcteberef0660,
230-400 nesh, 75/25 ethyl acetate/hexanes) afforded

2- hydr oxyWeyelhsdéht anecar boxylic acid ethyl ester (8.5 g,PEBERCHI3ISS. a
clear liquid. [0170] A solution of 2-#ydroxy-cycl opentanecarboxylic acid
ethyl ester (3.5 g, 22.12 mol) in nethylene chloride (147.5 nlL) was
treated with 3,4-di hydro-2H pyran (3.03 nL, 33.1 nmol) and pyridinium
p-tol uenesul fonate (556 ngy, 2.21 npRhhple ZNis solution was stirred at 25C

for 5 h. Th i I (NN At - e eous sodi um
chl oride so?u@?gﬁ%ggﬂxﬁggdﬁgﬂft rigﬂf{)‘ érris[%ﬁ]?’ dxr% fa%fiﬁe fildl%?'gr ed, and
concentrated in vaddd?@Rrati chronat 0gr aphy 'R’)éFcrI? I'ica gel 60, 230-400
mesh, 90/ 10 hexanes/ethyl acetate) afforded 2-(tetrahydro-pyran-

2-yl oxy) - cycl opent anecar boxyl i@ agid ethyl ester (4.7 g, 87.7% as a clear
liquid: EI-HRVMS nfe calcd forlCl3H2204 (M+) 242.1518 found 242.1521.
[0171] A slurry of lithium alum numjhydjide (883 ng, 23.27 mmol) in
tetrahydrofuran (19.4 ni) cool geg N 00 eated with

2- (tetrahydro-pyran-2- vyl oxw)- opent a bcg bo ic acid ethyl ester (4.7
g, 19.59 mmol). The reactiogs”"W&s stirred or 18 h. At this. tine,
the reaction was poured onfo Ycgjwater. This ixture was filtered through
a pad of celite (nethylene chloride as eluent). OHhe organics were. washed
W th a saturated aqueous sodiumchloride solution (1 x 100 niL), dried over
sodi um sybie8]er dolhhtir ed, 2-{hdhlvendeantthatesdlfomyl\phenyd)-No(SgiyaaofpFrazin-2-
(tetrahydro-pyran-2-yl oxy)-cycl opentyl ].- net hanol (3. %g g, 8&6%{) as a clear
liquid: El- tefyabhyeea-papdrylcprmenssnidefpropyed 24 20 f3analod. IP4188 [ 0172]

A sol ution ' Y ' . ; HFT{%] Wi dazahe,d 884 my,

12. 98 mmol )Qﬁﬁﬁpﬂéﬁe‘éggﬁgﬁF)%lrﬂllgeagl%&%?ggt&i%{) e a%ege\g%b \Illlvggg?feat ee((:I W th

i odi ne (1. 6Hydioctior@ (D, 040 aimbiyent adifien vaboaaT(BEtes,y0.84 ssmbljed, a

solution of [2-(tetrahydro-pyran-2-yl|oxy)-cycl %&gnt_yl ] - et hanol (1.0 g,

SCQ? rrrrtl)l %} Wh% refta‘dg@gw@? helﬂgidr é’faifl@rf_om thur efd gc fheoAcamtien syay (rj ed ?t
or an or . N into

water (100 Goy-Rmetdd radeahd rfiodiiRy Piliorogh PO ARTHBRARS (PRUEE

or gani Cs Wepe) Wahbesdsmiitd waresdicdr dvee thagfesRirh Gahte2 0 6red WD AOSN0&HFat QB
PCT/ EPO3/ 0384- 88 aqueous sodiumthiosul fate sol ution %1 x. 50 m), dried
over sodi uminsvadiat e Biotage chromatography (FLASH 12M, Silica, 2 /80 hexanes/ethyl

acetate) afforded 2-(3-chloro-4-methanesulfonyl-phenyl)-N-[ 5~(N-

hydroxycarbamimidoyl)-pyrazin-2-yl]-3-(tetrahydro-pyran-4-yl)-propionamide
(110 mg, 68%) as a white solid: mp 137.2-140.5°C; (ES)"-HRMS m/e calcd for
C,0H24CINOsS (M+H)" 482.1260, found 482.1263.

Example 24
1-[2-(3,4-Dichloro-phenyl)-3-(2-hydroxy-cyclopentyl)-propionyl}-3-methyl-urea

OH

et
H
H“wr“\

SRR

Cl

Cl

[0169] A solution of 2-oxo-cyclopentanecarboxylic acid ethyl ester (10 g, 64.0 mmol)
in ethanol (106.7 mL) cooled to 0°C was treated with 98% sodium borohydride
(686 mg, 17.78 mmol). The reaction was stirred at 0°C for 30 min. At this time,



| tered, and concentrated in vacuo at 25C. Flash chromat ography (Merck
lica gel 60, 230-400 nmesh, 80/20 hexanes/ethyl acet at2) Cafdber 2¥d

(2- |odonet % cycl opentyl oxy) tetrahydropyran (1.17 g, 75.8% as a clear
i quid: calcd for C11H191 2 (M 309. 0352 fouf§¢T35930848.

[0173] A soI ution of freshly prepared® ithiumdiisopropyl anide (10.4 nL of

0.31M st t I 3, 4-
SI chl oropﬁegﬁ&g%ée?t ?ic[ham g%ﬁ%hﬁ&e%tpggﬁ% gepar e%l%as i nuéx E[ﬁgd%gtﬁ@4
2.93 ol ) efbar {ekri@ioyohl of Thandriam@esdweret deydd Sved, sddiant atlf;ndf)yﬁifemclz(aﬁd
H) -pyrimdinone (7.33 m, 3:1). The resulting solution was stirred at -78C
for 45 nin. CRcEBirafed g vaswo2-Ylash GWWPP@&@&E@WF%W ) H0e2PHP8r opyr an
1.0 g, 3.2 I di
AR e R R e T

The reacti ofcidethy! BRer (805 51E83.9%) as?a'iﬁ‘e@mﬁ,ﬁms stirred at 25C for 16 h. The
reaction m xture was then quenched by the dropw se addition of a saturated

aqueous ammoni um chl ori de sol ution (10 m.). This mxture was poured into .

t 1 d. .ext th, met.h hl Th
or gani cs 1AL APPSR PRAe Sy B e R led ol m AR i
vacuo. Fl asﬁ*mﬁh RIRAEN éﬁhﬂ&l&r{\&rgk7 §'th)3§'a9Q1|eat@Q W1§r394499ydrmy3pyr%9/ 10
hexanes/ et h acet ate) afforded (3, 4-di chl or o- phenyl) - 3-[ 2-
(t et r ahydr oépﬁﬁr o, 253y11 oxy9l) ey pypéiniupt p-tohepésulonatacd b met H32I1 mstodr (880

g, 74 B%Bﬁﬁ&ol &%S:_}Slt eglagjlfc |f_'lor RNSIhnéI re%ct?glrl \():vgs ];h%rn wa gHg gh204 (M

400. 1208

2- (3, 4-Di chjpf eauala&ayala)ue&d Qodm[ﬁtchwersem%q.@ @7%@5%&&%%&&%&&%&]
propionic acid nmethyl ester (400 ng, mol ) and et hylurea (110.7 nyg,

1.49 mmol )sulfaten fidtetadt, iand coficemtrgied it wmmtﬂiwshl momatogmphﬁlﬁlvﬂlerc(cﬁﬁhcw %

Tt ur e i ORoR CUAR B e LD PACAPRY GO ARE 00 HGRGS EBRTeDBtY of
celite (et W&lcﬁ%}e& 10(8%@1%116%5'&6111)0 -acfd @tﬁ?l &l?érgﬁ.?t @gﬁﬁ%’ ad MeleGK héilﬂdi ca gel

60, 230-400 fes Yoethyl acetate) affor

{2- (3, 4- di CEFBRMphényalpd Sr{QsH1.04 (sify 24D P fann@244. b531) -

“cycl opentyl]-propionyl)-3-nmethyl-urea (52 ng, 11.8% as a white solid: np
68 20 Cctober 2006 WD 03/095438 PCT/ EP03/03844 89 70C, FAB-HRMS mle cal cd

for C21HPRG}? W2 Okt I + it L 2B dninkBU PRy dride (883 mg, 2327 mmol) in
tetrahyélroﬁlran (19.4 mL) cooled to 0°C was treated with 2-(tetrahydro-pyran-2-

fi
Si
2-
i

yloxy)-cyclopentanecarboxylic acid eth_yl ester (4.7 g, 19.59 mmol). The reaction
was stirred at 25°C for 18 h. At this time, tﬁe reaction was poured onto ice/water.
This mixture was filtered through a pad of celite (methylene chloride as eluent).
" The organics were washed with a saturated aqueous sodium chloride solution (1 x
- 100 niL), dried over sodium sulfate, filtered, and concentrated in vacuo to give [2-
(tetrahydro-pyran-2-yloxy)-cyclopentyl]-methanol (3.25 g, 83.6%) as a clear
liquid: EI-HRMS m/e calcd for C;Hy003 (M) 200.1412 found 200.1412.

[0172] A solution of triphenylphosphine (1.70 g, 6.49 mmol) and imidazole (884 mg,
12.98 mmol) in methylene chloride (8.32 mL) cooled to 0°C was treated with
‘1odine (1.64 g, 6.49 mmol). After the iodine was completely dissolved, a solution
of [2-(tetrahydro-pyran-2-yloxy)-cyclopentyl]-methanol (1.0 g, 4.99 mmol) was
added to the reaction mixture. The reaction was stirred at 0°C for 1 h and at 25°C
for 2 h. At this time, the reaction was poured into water (100 mL) and extracted

with methylene chloride (1 x 30 mL). The organics were washed with a saturated



443.1499. [0175] A solution of 1-{
2- (3, 4-di chl or o- phenyl ) - 3-[ 2- (t et r ahydr o- pyr an- 2- yl oxy) - 20 October 2006

cycl opent &igrgpi onyl }-3-nethyl-urea (45 ng, 0.10 mmol) in ethanol (1.01
M) was V&% t h pyridinium p-tol uenesul fonate (2.5 nBCTEPOX0I(NDI ) .
The reaction mxture was heated to 55 for 5 h. At this tinme, the reaction

was concentrated in,.vacuo. sh .chr onat ogr.a Merck Silica l. .60,
230- 400 mestl“{Hosd oo Sy1SPF 9T R LY hEA BlePlsoblifh Il
1-[ 2- (3, 4- di ghéred, amahe@n¥éntraged 2 ¥ieelb % Y5°C. Flash chromagography (Merck Silica

cycl opentyl)-propionyl]-3-nmethyl-urea (30.4 ng, 83.4% as a white solid: np

62- 64C, FARHIRIUS 230etWaimesh,f $0/2CI8HaGS12NI CaoefatHFordsd . 20@2 @ domeist
359. 0929. Exanple 25 2-(3,4-Dichl .
S bRy SRy i BoERe01 175 M5B8 292 gles o FERRMS 81 ¢ 1 1

r o- phenyl) - 3°-y(C

HON C Ccaldd0bs 6,14 ﬁ%l(wt*b 809.0852 found 309.0348.
2-(3,4-d|chloro-phenylf- -[2-(tetrahydro- pyran-2-yl oxy) -
cycl opentyl]-propionic acid nethyl ester (prepared as in Exanple 24, 2.3 g,

5.73 nmmo i.0 et hanol 7.3 nL) at 25C was treated w pyri di nj um p-

t ol uenesuwljﬁiﬁesﬁ'ﬂ% Plége@?%wgﬁﬁﬁfi)l!tg*ﬂ%@F%mﬁ?ﬁyﬁ%I%c(ﬁ @f‘ i%f‘l Oa/&sd#@ﬁt ed
under' refl or - Atod hj ' e ;L eaekdon S e C and
concent r at e?f ?6;11( S\/O%%llj%’ él'zéshhé%él%g?%%?ag y ??/bdr)c‘k‘)ﬁgl It%gfa%hgcejvlvmgo,%%%- 400
mesh, 50/ 50 diligx@phaiydidesit aaidemathg) estef Qorépated as in Example 1, 642 mg 2.93

st of (1. o4 GmoRo0% M OBES Y SRS Ao ] (b P eESHiaes 205
MtNa) + 339. f . : 4 i %t opf : .
5" (3, 4- i chiGra By T (otRy hraty At U AC e 4hmin- Acolan

ester (262. 2My(2-bddhettiydlcyclapehtAoan)-robhhydaspyren (195g18.22 Imeh26h O3t ober
2006 WD 03/095438 PCT/EP03/03844 90 mml) 1n a solution of nagnesium

met hoxi de i rilimethybAdiS,.¢-fetehygrosd(1B) ymmidinone (1 ml) was then added. The

reaction mixture was stirred at -78°C for 2 h. The reaction was then warmed to
25°C and was stirred at 25°C for 16 h. The reaction mixture was then quenched by
the dropwise addition of a saturated aqueous ammonium chloride solution (10
mlL). This mixture was poured into water (100 mL) and extracted with methylene
chloride (3 x 50 mL). The organics were dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400
mesh, ' 90/10 hexanes/ethyl acetate) éfforded '2-(3,4-dichloro-phenyl)-3-[2-
(tetrahydro-pyran-2-yloxy)-cyclopentyl]-propionic acid methyl ester (880 mg,
74.83%) as a pale yellow oil: EI-HRMS m/e calcd for CyoH6C1204 (M*) 400.1208
found 400.1203.

[0174] 2-(3,4-Dichloro-phenyl)-3-{2-(tetrahydro-pyran-2-yloxy)-cyclopentyl]-
 propionic acid methyl ester (400 mg, 0.99 mmol) and methylurea (110.7 mg, 1.49
“mmol) in a solution of magnesium methoxide in methanol (7.4 wt.%, 2.85 mL,
'1.99 mmol) was heated under refilux at 110°C for 6 h. The reaction mixture was
then concentrated in vacuo and filtered through a plug of celite (ethyl acetate as
eluent). Flash chromatography (Merck Silica gel 60, 230-400 mesh, 100% ethyl
acetate) afforded 1-{2-(3,4-dichloro-phenyl)-3-[2-(tetrahydro-pyran-2-yloxy)-
cyclopentyl]-propionyl}-3-methyl-urea (52 mg, 11.8%) as a white solid: mp 68-



1.81 nmol ) was heated to 100C for 18 h. At this time, the reaction mxture
was cooled to 25C and filtered through a pad of celite (0tOotdbealbat e as
eluent). The filtrate was then concentrated in vacuo. Flash chromatography
(Merck SiVOLAOEPS 60, 230-400 nesh, g5/ 25 ethyl acetatel HEZATE343844 £ or ded
the 2-(3,4-dichloro-

Ba 6y as A0 FABLHRASRIEtlan B L RS, PR o paTlity LRI 0o
(MtNa) + 4024@35@9 found 407 0361. Exanple 26

3- (2-Hydroxy-cycl opentyl) - 2- (4 uret han esul fonyl -p henyl)-N-thiazol - 2-yl -
propionamde OH HHNHY S OIIN O \ [01781 A solution of

L 5T ety RS $088nc ol ﬁ%ﬂom b el el 30
- 78C and thepcléﬁ&ﬁ%lﬁgrdﬁaléﬁylm%&Mﬁ@w@somgot) 10-faHoy) ini defingh (101 heyanes

(2.4 n., 6.04 he reaction mxture was stirred at -78C for_30 mn
and then wasst trestdedvivhh toyridindwhup-tawenssulfonatee (Ranawul ¢-@hymophenyie- acet i

A et Y rearion iy et WSRO § 1 Ar B3 Gumc! B JEBRA W3 ITY
1, 3-di net hyt:ox?beﬂtr?te@ z;zeﬁcfcﬁbydf?ﬁslg&:ﬂllﬂ}ﬂa@d@r%ﬂﬂgdgmf&c Sﬂhcé g4 )60, Bhe-4a0pesul ti ng

reaction m xture was allowed to stir or 45 nmin and then the
reaction m xtesh,el(046 etind aicetdtelvaftirdad $io¢ W[2«(A,dedichloro-phenyl)-3-(2-hydroxy-

2-(2- |odorreth opent. on etr y prep d anpl e
24, 1.87 g, CB: @BFH%&%P'}OW ﬁ%ﬂtﬁyﬁ ﬁ% B8 i 3%[) eavr%ﬁer%ﬁrgw é:fr
reaction m H?M r 7 3§908291 fsundoC,
where it was S |rred S %%llgﬁeﬁ%egg |2¥6?E§29?ur1\g%ﬁv\gs auenched W th
wat er (100 B%9.082a] then concentrated in vacuo to renove tetrahydrofuran.
The aqueous residue was extracted wth ethyl acetate (2 x 100 nl). The
conbi ned organic extracts were dried over sodiumsulfate, filtered, and
concentrated in vacuo. Flash chrorttamplaghy (Merck Silica gel 60, 70-230
mesh, 20 QuB@ALBichidEphenyl)-3-(2-hydroxy-cyclopentyl)-N-thiazol-2-yl-propionamide

OH
H

"R s
I,
Ci
Cl.

[0176] A solution ° of 2—(3,4—dichloro—pheny1)-3-[2-(tetrahydro—pyran—2—y10xy)—
cyclopentyl]—propionic acid methyl ester (prepared as in Example 24, 2.3 g, 5.73
mmol) in ethanol (57.3 ml) at 25°C was treated with pyndinum p-
toluenesulfonate (144 mg, 0.57 mmol). The fesulting solution was heated under
reflux for 18 h. At this time, the reaction was cooled to 25°C and concentrated in
vacuo. Flash chromatography (Merck Silica gel 60, 230-400 mesh, 50/50
hexanes/ethyl acetate) afforded 2-(3,4-dichloro-phenyl)-3-(2-hydroxy-
cyclopentYl)-propi-onic acid methyl ester (1.84 g, 100%) as a clear oil: EI-HRMS
m/e caled for CysH;sCLOs (M+Na)' 339.0527, found 339.0528.

[0177] A mixture of 2—(3,4—dichl‘oro-pheny1)—3-(2-hydroxy-cyclopentyl)—propionic
acid methyl ester (262.2 mg, 0.82 mmol) and 2-aminothiazole (165 mg, 1.65



WD 03/ 095438 PCT/ EP03/ 03844 91 7/ 3 hexanes/ethyl acetate) afforded the

2- (4- met hanesul f onyl - phenyl ) - 3-[ 2- 20 October 2006

(tetrahydr ran- 2-yl oxy)-cycl opentyl]-propionic acid nmethyl ester (859.2
ng, 45% " %p(%ffgs'?‘f”bht yel low o0il: FAB-HRVB nmfe cal cd for g &/I+I—I)+

411.1841, found 411.183 1. [0179] 2- Affi not hi azol e (314.3 ng, 3.14 mmol) and

2- (4-met han ¥l g m o

[ 2- (tetrahydr éran ﬁ)oxy%mg‘%nﬁsopen y Tﬂ%er bnpfnéh‘%a%"%%“ /’hyFOester
(859.2 g, 2. &%mmwama&dttba@owmtmham@mu&mmtmﬁrem@mmmmmshoxi de
in.methanol (7.4 wt.% 12 nL, 8.37 mol ). The resulting reaction m xture

was heat ed gpeled to 2aig apd fi Bﬁfeézthfl‘?u°lfﬁé’aﬁéefclelltﬁr\(6ﬁh}’k?ﬁﬁt%te\ms?h%fpﬂov'@d’ to cool
to 25C and tfhtrr}% wa'tsltﬁergoncg{lra?éjcgpz q ad P%shc J)&lgtogr-gﬁg}/ gﬁlgrc%f§ ﬁ@el. g%e was

washed wel | i~ “AcE the was i Ngs®i sence of

product by tbi a3dmrz)erme&1hrmﬁ$ Qﬂfy@%}éweﬁk@(aﬁésl)tdf&h@edf\@& hen-webhesl Wi th a
10% aqueous hydrochl oric acid solution (3 x 100 nlL). The organic |ayer was .

then dri ed @h@rylh%r@%-ésdrgwcmppwm-mhmz@} 8&1'139911!01@:9@?1@@6”%% 5#8%acuo.
Fl ash ch t / et hvl
fcotate) af Fbf JE0NS R ERIHERS SR caldd 672 IS ChazOs (RHRARS! o1 1Y

phenyl) - 3- [ 401 besd, sbuaramvsan: 2- yl oxy) - cycl opentyl] N-t hi azol - 2-yl - propi ona
mde (377.4 ngy, 38% as a yellowoil: EI-FIRVS mfe calcd for C23H30N205S2
(M 478.1596, found 478.1604. [01801 A solution of

2- (4- net hanesul f onyl - phenyl ) - 3- [ 2-Ktaaglalzgdr opyr an- 2- yl oxy) -

Cyc|0penty|]3 dFEDY-cycld) 1021 @0@eihaa eSuld RfhyB-phEnyINLehiapall )yl n - et hanol
(7.3 m) vvas%%_?ieyate V\A}?ctlhlbe;?rr?gl(q Smatnghgeneygul fongjte (18.4 ng, 0.073
mol ). The resulting reaction mxt re was heated at 60C for 4 h_ The
reaction mxture was allowed to.cool 5{j0 25C and then concentr at ed in
vacuo. The resulting yellow residuesfwas diluted with ethyl acetate (100
m.) and then washed with a satur a Fhqueous sodi um chl oride solution (1 x
100 nmL). The organic |ayer was driéd magnesi um sul fate, filtered, and
concentrated in vacuo. Flash chropsa Hxh/s( Merck Silica gel 60, 70-230
mesh, 1/ 3 hexanes/ et hyI acet at) t he

hydroxy cycl opentyl) - 2- (4- met hapesu onﬂ pieryl ) - N-t hi azol - 2- yI - pr opi onani
de (77.0 ng, 27% as a whitedsalid: np 205-206C, El-HRVB mie calcd for
Cl8H22N2O4S2 (M 394.1021, found 394.1018. 20 Cct ober 2006

[0178] A solution of diisopropylamine (846 pL, 6.04 mmol) in dry tetrahydrofuran
(4.4 mL) and 1,3-dimethy1—3,4,5,6—tetrahydro—2(1H)-pyrimidinone (1.4 mL) was

cooled to -78°C and then treated with a 2.5M solution of n-butyllithium in hexanes
(2.4 mL, 6.04 mmol). The reaction mixture was stirred at -78°C for 30 min and
. then was treated with a solution of (4-methanesulfonyl-phenyl)-acetic acid methyl
ester (prepared as in Example 8, 1.06 g, 4.64 mmol) m dry tetrahydrofuran (4.4
mL) and 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (1.4 mL). The
resulting reaction mixture was allowed to stir at -78°C for 45 min and then the
reaction mixture was treated with a solution of 2-(2-iodomethyl-cyclopentyloxy)-
tetrahydropyran (prepared as in Example 24, 1.87 g, 6.04 mmol) in a small amount
of dry tetrahydrofuran. The reaction mixture was stirred at -78°C and then
allowed to warm to 25°C, where it was stirred for 68 h. The reaction mixture was
quenched with water (100 ml) and then concentrated in vacuo to remove
tetrahydrofuran. The aqueous residue was extracted with ethyl acetate (2 x 100
mL). The combined organic extracts were dried over sodium sulfate, ﬁltere¢ and

concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh,



WO 03/ 095438 PCT/ EP03/0384-i 92 Exanple 27 1-[2-(3,4-Dichlo ro-p h

enyl ) - 3- (2- oxo-cycl opentyl )-propionyl]-3-nmethyl-urea 0 BOKQckdber 2006N, , Cl
0O d [01 ution of

1-[2- (3, 4%(% 8%’%%}- phenyl ) - 3- (2- hydr oxy-cycl opentyl) - PCT/EP03/03844 _
propi onyl]-3-nmethyl-urea (prepared as I'n Exanple 24, 28.1 ng, 0.07 nmol) in

thyl ene chjmri dowith LLdi ni chlorachrgmate (20
\r/TvtE ) (Vgl on bas m@alﬂgﬁtﬁlﬁ{&%’é%ﬁ%&g %%&ﬂn%%l )ﬂw %gép'?&{eeggatnfe%l#yﬁiy Qghgpﬂf\?\»ﬁ[g stirred
at  25C for @ettahydtopyians?-yiong)-ctdiepengaicropidoniascld kdegye destdir @5ah mgpl ug of
celite (ethy acetate as ﬁl uent). The filtrate was concentrated in vacuo.

Fl ash chr orra‘{sg/g)r Ay Lig RWsPH} FARERME | mpes galpd fornEsitz0QeS0 Sylethy |

acetate) affpr

dchl or o2 phen@llggg'-l’(lgoﬁlgggﬁég %pentyl ) - propionyl]-3-nmethyl-urea (21.9 ng,
78.4% as a white foam np 63-65C FAB-HRMS nfe calcd for Cl16H18C12N203
(MrH) + 357, 0773, found 357, 0780. Exanple 28 2-(3,4-Dichlo

r o- pheny! 1139] Z=Ammothiazlp EHidd ymen3 timampel)-2pd P-(4ometpnenifond ghe@-3H H
90N15) Cl [[ J(

ti0n Of . .

2- (3, 4-di chl 2 ge?‘lﬁﬁﬁaﬁéﬁ%"?‘ﬁiz(’;zl?’fﬁa%y8§’€?wléTpéﬁ%ﬂﬂ?l I PHTY, BHer2(859-2 ¢
yl - propi onarm.Gfe ninps1® Rasre dreded | With4 Bl R 286 mhSkeshyUnetlodde EHfHJe)%ahQI
nmethylene chloride (4.2 nl) was treated with pyridiniumchlorochromate (20
Wt . % on basi(é4 v %enil Aanl.5437 mgnold). Sbe mesviting rEh@loremmmmnyTn hetatagemﬁas )
stirred at [ . this time, the reaction was filtered through a
pl ug of cel ﬁ[e 1{ g(%rh%P hacéil%tr aci 0 IQR Gt yas %W?‘flt? FS%W&% Camtdtrated in
vacuo. Fl aslfiltefidomBduphr 2PRY of Maliek The pad of celite was washed well with ethyl

acetate until the washings indicated the absence of product by thin layer

chromatography. The filtrate was then washed with a 10% aqueous hydrochloric

acid solution (3 x 100 mL). The organic layer was then dried over magnesium

sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck Silica

gel 60, 70-230 mesh, 1/1 hexanes/ethyl acetate) afforded 2-(4-methanesulfonyl-

phenyl)-3-[2-(tetrahydropyran-2-yloxy)-cyclopentyl]-N-thiazol-2-yl-propionamide

(377.4 mg, 38%) as a yellow oil: EI-HRMS m/e calcd for C33H30N;,05S, (M

478.1596, found 478.1604.

[0180] A solution of 2-(4-methanesulfonyl-phenyl)-3-[2-(tetrahydropyran-2-yloxy)-
cyclopentyl]-N-thiazol-2-yl-propionamide (350.8 mg, 0.73 mmol) in ethanol (7.3
‘mL) was treated with pyridinimﬁ p-toluenesulfonate (18.4 mg, 0.073 mmol). The
resulting reaction mixture was heated at 60°C for 4 h. The reaction mixture was
allowed to cool to 25°C and then concentrated in vacuo. The resulting yellow
residue was dituted with ethyl acetate (100 mL) and then washed with a saturated
aqueous sodium chloride solution (1 x 100 mL). The organic layer was dried over
magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 70-230 mesh, 1/3 hexanes/ethyl acetate) afforded the 3-(2-
hydroxy—cyclopentyl)—Z-(4-methanesulfony_l-phenyl)-N-thiazol-2—y1—propionamidc
(77.0 mg, 27%) as a white solid: mp 205-206°C; EI-HRMS m/e calcd for
C1sH2nN,04S, (MY) 394.1021, found 394.1018.



20 Oct ober 2006 WD 03/095438 PCT/ EP03/03844 93 Silica gel 60, 230-400
mesh, 50/50 hexanes/ethyl acetate) afforded 2-(3, 4- 20 October 2006
di chl oro- hen s) 3-(2-oxo-cycl opentyl)-N-thiazol - 2-yl - propi onanm de (64.8

. 40.1 ¥3*¥Bi ght tan solid: np 79-81C, El-HRMB mie CBEEEPEIHGS4
Cl7H16C12N2CR2S ( M+H) + 383. 0383, found?383.0384. Exanple 29
2- (4- Met hanesul f onyl - phenyl ) - 3- (2 %§§ %ﬁfégpentyl) N-t hi azol -2-yl-p
ropi onam de HHH OSSO0 | ution of
3- (2- hydr oxyl-'gy@"l)"Sé?ﬂlg}T‘)‘Pbe‘cw %r;@wgﬁe%lopsﬁwl PrAigll-Rpmethyl-urea
t hi azol - 2-yl - propi onam de (prepared as in Exanple 26, 72.4 ng, 0.184 mmol)
in nmethylene chloride (1.8 nl) Aeated with pyridiniumchl orochromate
(20 wt.% on basic alumna, 237.3 ). 22 nnDI) The resulting reaction
m xture was stirred at 25C for 3 2t mg tlne thin | ayer
chromat ography indicated a snall g
3-(2-hydroxy-cycl opentyl)-2-(4- esyfl fo yI phenyl) N-
t hi azol - 2-yl - pr opi onani de. TheCl e onOnm x®ure was then treated with an
addi ti onal anount of pyr|d|nlun1chlorochronate (20 w. % on basic alum na,
237.3 my, 0.220 mol). The reactiofff nixture was allowed to stir at 25C for
4 h and then filtered through a pad of celite. The pad of celite was
washed well with ethyl acetate until the washings indicated the absence of

product bf018h] A | ayantiorchr effat olgf 2hi-dichieofphenyl a8 €2 vysrdxlyeryciopaaeit r at ed
o o b et et Qargared % in Exarapl9 24, 381 S 007 mmmo) m > ¢
2- (4- met han I =

pr opi onami d?éﬂi%l&%ykmfgﬁgﬁxg »ggmfé)?v\“k%lé %&gegll W%%%Z%%@Eoﬁig\g me
cal cd for CidiRohHa4iS2I(nvna 30 F66.09fmmol). 3%2.r8&fibn mitfce webetime2dad WO

03/ 09- 3438 PCJ'(I: %P03/ 03844 94
At this time, the reaction was filtered through a plug of celite (ethyl

acetate as eluent). The filtrate was concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 230-400. mesh, 100% ethyl acetate) afforded 1-[2-(3,4-
dchloro-phenyl)-3-(2-oxo-cyclopentyl)-propionyl}-3-methyl-urea (219 mg,
78.4%) as a white foam: mp 63-65°C; FAB-HRMS m/e calcd for C;sH;3CLN>O;
(M+H)" 357.0773, found 357.0780.

' Example 28
2-(3,4-Dichloro-phenyl)-3-(2-o0xo-cyclopentyl)-N-thiazol-2-yl-propionamide

O
et
H

[0182] A solution of 2-(3,4-dichloro-phenyl)-3-(2-hydroxy-cyclopentyl)-N-thiazol-2-
yl-propionamide (prepared as in Example 25, 162.5 mg, 0.42 mmol) in methylene
chloride (4.2 mL) was treated with pyridinium chlorochromate (20 wt.% on basic
alumina, 545 mg, 0.50 mmol). The reaction mixture was stirred at 25°C for 2h.
At this time, the reaction was filtered through a plug of celite (ethyl acetate as

eluent). The filtrate was concentrated in vacuo. Flash chromatography. (Merck



Exanpl e 30 2

(R) - (3-Chl oro- 4- net hanesul f onyl - phenyl ) - 3- ( 2- oxo- cycl operiyDtoberP0azi n- 2-y
| - propi OWQ@MQ HH NN OGS\ I ON)- Cl1 [0184] A mxture of

(3-chl oro-4-ne hyﬁ sul fanyl - phenyl ) -acetic acid (prepared a$GIEPIEBHDl e 4,
10.48 g, 48.4 mmol) and potassi um car bdnat e (20.1 g, 145.1 mol ) in
acetone (65 qq; o} =LA C. o) r hep treated
dropwi se w tggh(%ar ;g@nllsat%I aigz)g%({/dl) nclzéhslgbrsioggw(%%%sﬁ)h 5%8.6 %@n%?@éﬁ%% gﬁﬁl

mai nt ai ni ng dichherotpbapd)-8t{@recheichwentyOAN-tHiaeolF Bglipopivgamekct (6818 Nin)t ur e was
stirred at' - for.15 mn and the |l owed to warmto OC where it was
stirred for 4%’81%%35.& 1"[3]"5 ta”r%’e\’%t' P@nj}]gfgkﬁir%'wsr@/-%&d(fﬂr FoHie8dNd t hen
treated wit $ D3 degphedrine (11.99 g, 72.5 nmol ), resulting
in an exot hremrvl(ﬁr%%ﬁ?ég%ﬁuéﬁﬁﬁ?ﬁxtufe was stirred -10C for 10 min and then
warnmed to 25C, where it was stirred for 1 h. After such tinme, thin |ayer
chromat ography anal ysis indicated that the reaction was conplete. The
reaction m xture was then quenchedEWmBlWe?t er (50 nlL) and then extracted
wi th et hy3-(4rdtathanesplfonykpigenyl)y3-(Zeso-sygapentyDdy¢hiazeled-ylspséponasnide wat er
(2 x 40 nL). The aqueous | ayers were conbined and back-extracted wth
ethyl acetate (2 x 50 nlL). The conbi gr organic |ayers were dried over
magnesi um sul fate, filtered, and @ egtrated in vacuo. The crude nmateri al
was recrystallized fromethyl acetate~(45 nlL) and hexanes (80 nmL) to
afford HH

2- (3-chl or o- 4- met hyl sul f anyl - phe 7 {“ ?dr oxy-1(R)-net hyl -2(R) -
phenyl - et hyl ] - N- et hyl - acet amQe @ 4, RXP/BO as a light yellow solid: np
111.5-112.9C;, [a] 23589 = -97. 24 . chloroform; FAB-HRMS mie calcd
for CL9H22CINSO2 ( M+H) + 364. 1138, found 364.1142. [0185] A solution of
1,1,1,3,3,3-hexanethyl disilizane (14.5 nL, 68.7 nmol) in tetrahydrofuran
(45. 8 nL)0L&H |4 dselation s of wad2 tydepraEyaloppntsl) 2-Ehmsbhuesfonylfphenyl)-N-

butyl i thi U@J{zgkg-sff—ggr%)gorga%%dg (p%par%g ag m”@h&]ple@& 1% HllgE bﬁ%4anrlnlélbl i101n was

stirred 20

methylene chloride (1.8 ml) was treated with pyridinium chlorochromate (20
wt.% on basic alumina, 237.3 mg, 0.22 mmol). The resulting reaction mixture
was stured at 25°C for 3 h, at which time, thin layer chromatography indicated a
small amount of the 3-(2-hydroxy-cyclopentyl)-2-(4-methanesulfonyl-phenyl)-N-
thiazol-2-yl-propionamide. ~The reaction mixture was then treated with an
237.3 mg, 0.220 mmol). The reaction mixture was allowed to stir at 25°C for 4 h
and then filtered through a pad of celite. The pad of celite was washed well with
ethyl acetate until the washings indicated the absence of product by thin layer
chromatography. = The filtrate was then concentrated in vacuo.  Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 3/7 hexanes/ethyl acetate)
afforded 2-(4-methanesulfonyl-phenyl)-3-(2-oxo-cyclopentyl)-N-thiazol-2-yl-
propionamide (10.2 mg, 14%) as a white solid: mp 228-230°C; EI-HRMS nve
caled for C1gHpoN204S, (M) 392.0865, found 392.0871.



WO 03/ 095438 PCT/ EP03/ 03844 95 at -45C for 30 mn. At this time, the
reaction was treated with a solution of 2-(3- 20 October 2006

chl oro- 4- r{g{)ﬂ%&gg anyl - phenyl ) - N-[ 2( R) - hydr oxy- 1( R) - net hyl - 2( R) - phenyl -

et hyl]-N-ne -atetam de (10.0 g, 27.48 mol) in tetrahydrrefleras/ofsss. 86
nm.). Upon conplete addition., the reathtion was warmed to OC and was
stirred at OC for 30 mn. At this He reaction was re-cooled to -45C

. . valiile
and t hen ed ,w 2- (2= (#m'ﬁlhy -cycl opentyl oxy) -t etrahydropyran
(pr epar ed s)-larf%%i%rr?ﬁf 'gletﬂg%‘,esééf’%%@pﬁ“’j&‘f 7 (ifﬁﬁ?'fy ?lﬁpg“tyl)&‘l’yr azin-2-yl-
1, 3-di met hyl - 3, 4, 5, 6- t et r ahydr o- 2(PIPPYOBHMIAE i di none (8.4 nL). At this
time, the reaction was warned to 0C, ere it was stirred for 3 h. At this
time, the reaction was diluted wt at ur at ed aqueous sodi um chl ori de
solution (100 nL). The phases wer artli ti oned. The aqueous phase was
extracted into ethyl acetate (3 x ) . Jhe conbi ned organi cs were washed
w th a 10% aqueous hydrochloric acid s&l utyonpand an aqueous sodi um
bi carbonate solution, dried over um sul ffat €] filtered, and concentrated °
in vacuo. Flash chromatography.(Mrek Sl | 60, 230-400 nmesh, 75/25
et hyl acetate/ hexanes) affor d»éa\ N
2(R) - (3-chl or o- 4- net hyl sul f anyl -ph&‘lyl )-N-(2(R) - -
hydr oxy- 1( R) - net hyl - 2( R) - phenyl - et hyl ) - N- et hyl - 3-[ 2- (t et r ahydr o- pyr an- 2-
yl oxy) -cycl opentyl ] -propionam de (10.6 g, 70.6% as a yellow foam EI-HRVS
n e cal cd0id4] £30HAGEINOBSHdtoNmeti5A8:1225Bphdngl)ndetid 8cid2@2epal il 85 1n
A solution gf 2 - (3-chl aro- 4- net hyl sul f anyl - phenyl ) -N-(2(R) - hydr oxy- 1(R) -
met hyl - 2(R) %ﬁﬁ@i?@‘}’e@h |%’-4_§|n4n@ff@ a-ﬂ@‘-l[@é@S(St%ng%ﬁt@( I &nl4-ymeRgl) m
cycl opentyl e i ' 1491 ' nol (19.1 nl) was
treated w %%&%ﬁﬁpﬁ’%?ﬁﬁé% S%ie%es%él 'or;f;tqy(;IL %ligglrlr%% %MQW%CP e
resul ting sdiopwisnwithdsieepdadtl ehbidef(61252mi, SAB bt While maifi8inkRact i on

was concentrated in vacuo. F|lash chromatography (Merck Silica gel 60,
230- 400 nesHe togpomtue helow 10 o The Resultinsstcagtiqromarere was stirred at -10°C

2(R) - (3- chl py.q-A- i 3 (2-hy. i .
eyl opont yl P BERRY b LA PVER |d 06 W BeRER S Vi, e 10 Ty -
pr opi onam deea¢tio8 nigtur® 3vBWe-esvled Whi-16°C oam theh -3 W@ o, CE'Rf—Q-
C25H32C1NG3S gylé;_eﬁ)@+.484- 1684, found 484.1674. [01871 A m xture 0

2(R) - ( 3- chl Bi& tPRa Clt45%a 8y V25 HBmeD) lrssnét@gqiyﬁ%x?qtherm-l The reaCtir:m|
I | )3 3 1 . -2(R) - - <N -
oY ot onan dEupiegs ) s A C D o ThE) WRRREY 1o RsiX STy 23 5

stirred for 1 h. After such time, thin layer chromatography analysis indicated that

the reaction was complete. The reaction mixture was then quenched with water
(50 mL) and then extracted with ethyl acetate (1 x 100 mL). The organic layer
was washed with water (2 x 40 mL). The aqueous layers were combined and
back-extracted with ethyl acetate (2 x 50 mL). The combined organic layers were
dried over magnesium sulfate, filtered, and concentrated in vacuo. The crude
material was recrystallized from ethyl acetate (45 mL) and hexanes (80 mlL) to
afford 2-(3-chloro-4~methy1sulfanyl—phenyl)~N—[2(R)-hydroxy—1(R)-me_thyl-Z(R)-
phenyl-ethyl]-N-methyl-acetamide (13.75 g, 78%) as a light yellow solid: mp
111.5-112.9°C; [0]%s59 = —97.2° (c=0.104, chloroform); FAB-HRMS m/e calcd
for C1sH,CINSO, (M+H)" 364.1138, found 364.1142. |

[0185] A solution of 1,1,1,3,3,3-hexamethyldisilizane (14.5 mL, 68.7 mmol) in
tetrahydrofuran (45.8 mL) cooled to -45°C was treated with a 2.5M solution of n-
butyllithium in hexanes (25.8 mL, 63.2 mmol). The resulting solution was stirred



20 Cctober 2006 WD 03/095438 PCT/ EP03/03844 96 nrnol), and powdered
nol ecul ar sieves (7.85 g) in nmethylene chloride (15.7 nl{0 Qatobrs20Qfns
treated WIGVB Otg;aggﬁyopyl anmoni um perrhut henate (276 ng, 0.78 mmol). The
resulting mxture was stirred at 25C for 20 mn. At this tilEH/ERGHO3844
reaction was filtered through a pad of *si | i ca (ethyl acetate as eluent).
The filtrate onseRtd a - anat.-qgr aphy ( Silica
gel 60, 230- %Ag@scngsh, 75/‘2?@%@#’2‘%5?%?5#%?%5%@56@@%? %ogﬂt¥°n UrRes
2('R) - ( 3- chl orloto-frendthylsulfdnghphenyl)-N-[2(R)-hydroxy-1(R)-methyl-2(R)-phenyl-
phenyl ) - N- et hgb N (1L(R) - net h(%_’- 2- 0x0- 2(R) - phenyl - et hyl ) - 3-{ 2- 0x0

B (

cycl opentyl )€ lgsctapudes(19.0 262394 mamol inHetrahyidoefimanHKS SRVEBL e

calcd for . ound 457. 1489. [01881 A solution of
CeLe o, St (PN T 180 AT HEE Sl 085 9

net hyl - 2- oxofd 3B)minhemythisaithy,|the RatRorOwds £/6JAREBLUEIC REPRIQRAT LS (2. 75 7,
6.0 mol) in, dioxane was treated with an 18M aqueous

9.38 nL
hydr ochl ori cWHgi %r(Z-wog%eﬂaﬂ-C(f@%B@tﬂwy)-W@Mm (prepaed e ninhEsdogplet 0 120C

(100 n1) ardoves e aifauiiolh i o AR B0 P e e dbhersamoinous! ut t on

(3 x 100 nl)(3.4The)orgalib Eisney\BicaeadiionarhsayAineaas DUM Wikt &t as didelighey, and
concentrated in vacuo. Flash chronmatography (Merck Silica gel 60, 230-400

nesh, ethyl lcAt Buelimss therersgonr Ry diluted with a saturated aqueous sodium chloride
(3-chl oro-4- I anyl - ghenyl ) - 3- (2- oxo-.cycl.opentyl ) - propj oni c acid
(1.54 g, 8 “?sﬁ gw;%f‘%w g?hf:gkés?mf\%e rﬂaémbaéﬁe@'d &EF UgBYH) PRISER®3] M)
312. 0587, f asudctediRio0RBY. adeRASOL ASERIYL i AR Ofmbi ics v

2(R) - (3- chl or o- 4- net hyl E%ﬂ fanyl §93|c1)?1(eny| ) ¥, ooravined joreanics, ware washed oni
acid (683.2 with 2. W®enagicpus flgrdmwdiland dc{d@. sblutivh, a6d. 5n napledus abdiumnat er

(0.41. m.) gooled to O0C was treated with a 30% aqueous hydrogen peroxide
sol ution (1. arﬁ?ffatteléf’]é‘tlﬂﬂ"opf@f'ﬂ’(&r sedivm shlistes illeredy @ad ongentratad fn h. At

this tine, iubgr ?P&hicﬂfbrﬂﬁ%%xfaﬁl%akﬂgrc 4iffc2 gﬁ%é”ﬁd?&’o@ %ﬁ?“ﬁ/ﬁogﬂggfr‘m) and

sulfite solution. The resulTing solution gured 1 nto Vater
was. t hen extaceietedexamtsd afofigd en@R R (3ochldm-4-Tnethydsul finyl-pHEAg)) N-RR)CS wer e

e AR A T IS
acid (724 ngjlox %1@&9%&%&&&9&@(105'@ HEMB 2 GRUGE folhn: FEPTRNAI OFS

(MNa) + 351”0428, f oun 1.0433.
m/e caled for C3pHaCINO,S (M+Na)* 568.2259, found 568.2262.

-,

[0186] A solution of 2(R)-(3-chloro-4-miethylsulfanyl-phenyl)-N-(2(R)-hydroxy-1(R)-
methyl-2(R)-phenyl-ethyl)-N-methyl-3-[2-(tetrahydro-pyran-2-yloxy)-
cyclopentyl]-propionamide (1.04 g, 1.91 mmol) in ethanol (19.1 ml) was treated
with pyridinium p-toluenesulfonate (48 mg, 0.19 mmol). The resulting solution
was heated to 55°C for 2 h. At this time, the reaction was concentrated in vacuo.
Flash chromatography (Merck Silica gel 60; 230-400 mesh, 75/25 ethyl
acetate/hexanes) afforded 2(R)-(3-chloro-4-methylsulfanyl-phenyl)-3-(2-hydroxy-
cyclopentyl)-N-(2(R)-hydroxy-1(R)-methyl-2(R)-phenyl-ethyl)-N-methyl-
propionamide (0.82 g, 93.0%) as a white foam: EI-HRMS m/e calcd for
Cz5H3,CINO;S (M+Na)" 484.1684, found 484.1674.

[0187] A mixture of 2(R)-(3-chloro-4-methylsulfanyl-phenyl)-3-(2-hydroxy-
cyclopentyl)-N-(2(R)-hydroxy-1(R)-methyl-2(R)-phenyl-ethyl)-N-methyl-
propionamide (3.63 g, 7.85 mmol), N-methylmorpholine N-oxide (2.76 g, 23.5
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pot assi um per manganate (101 ng, 0.64 mmol) in water (1.8320 Qttpben)06r eat ed
with a sol ghl on of 2(R) (3 chl or o- 4- met hanesul f nyl - phenyl) 3-(2-

oxo-cycl op &}I“? 46’? opionic acid (191.5 ng, 0.58 mmol) i n nmRATAERIB/OFB48 i) .
The reactlon was stirred at 25C for 1 ¥ At this time, the reactlon was

di | ut ed i t t I t d.t.h d Th
f: I 'ltjr gt e vaas co?Iceniy at egadl Iﬂgf\%g\f{:%%mgaln (ng ilé(rf%{g SEIe %ﬂ ngag§ HI[t ril ee
Flash chronat gty (rbhed kil ltétepraSlan®Bonidd0 péRButiesdle O Hb nBRYy! ene

chl oride/ methanol with glacial acetic acid) affor ded 2(R)-(3-chloro-4-
net hanesul fowmclbhﬁhejrqsuyu(gzma%@:eow@p@dtqﬂ% @riopROmiio. a&i dis(Bienthe 43%

)+ 326. 0379,

?2u ngnéggf b lctuoqga”}ilt%e I\/%Blglgi a p&fcl of sﬂma ?eth}%l a5c|_el%a7tg Ias(,) gl%exgtg/l lf‘%e filtrate

2(R)-(3-chl %@séon%eﬁda@e@ww@z@ylﬁm doh y teol »3Hrepi Onic
acid (125 ng, 0.36 nmmol) in nethyl e?gych?tg?faggﬁfmer& SihQsPEiloégr ij@tdfgﬁoc was

treated wit hmesh, 279”6 sethyk iapetatofhewarmb)y laffohdedr 2¢R)- (%chﬂetdw-hmﬂwlsu(tfahglm de
(0.20 niL, O, w d s of 1 rmam de. The
reaction ni ﬂ%?@%@e&ﬁﬁgb&i ‘?f‘g?ﬂf ?"%5&?1 %eaﬁgeiw% %% 20 nin. The
reaction m LhRRt I 2k (76
o 0. 80 e O R (PR ey 0050 el i ERRAPENITELRE {05,
m.). This dfef CﬁbsfbﬁClM@;S{MMé’mWS ﬂﬂﬁdf-ﬁlﬁf/ 1485, At this tine, the reaction

was concentrated in vacuo. Flash chromatography (Merck Silica gel 60,
230-400 nmesh, 75/25 ethyl acetate/hexanes) afforded

2(R)-(3-c ngsul .
cycl opent 9‘11;88 Ap)??%gl:a ﬁ gﬁy j(g%pf @Egonm#? et@%ﬁggﬁgp h?gl)%/()meﬂ%yl N\XMRf)e f oam .
El - HRVS n engthyle2toto (KL PhEQTANSIPES 2(do-dlopR863)- prfo@wﬂxénﬁ&ll(?.%% 6.@0 '
Cct ober 2006 V\ﬁ 03/.095438 PCT/ EP03/ 03844 98 Exanp

2(R) - ( 3- Chi GHOR-iReamedUeP srly) wahbraed wyh(azLIWcﬁqmgusép@mb&mCyacyd N- pyr az
in- 2-yl-pr %Biu?i%ﬁ'@gg nﬁj The reaction was then heated to 120°C for 18 h. At this time,

the reaction was cooled to 25°C, diluted with water (100 mL), and extracted with a
90/10 methylene chloride/methanol solution (3 x 100 mL). The organics were
dried over sodium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, ethyl acetate) afforded 2(R)-
(3-chloro-4-methylsulfanyl-phenyl)-3-(2-oxo-cyclopentyl)-propionic acid (1.54 g,
82%) as a yellow oil: EI-HRMS mv/e calcd for CisH;7Cl05S (M) 3 1:2.0587, found
312.0581.

[0189] A solution of 2(R)—(3—chloro-4—methylsulfanyl—phenyl)—3-(2-oxo-cyclopentyl)-
propionic acid (683.2 mg, 2.18 mmol), formic acid (2.47 mL, 65.5 mmol), and
water (0.41.mL) cooled to 0°C was treated with a 30% aqueous hydrogen peroxide

- solution (1.11 mL, 10.9 mmol). The reaction was stirred at 0°C for 1 h. At this
‘time, - the reaction was treated with a saturated aqueous sodium sulfite solution.
The resulting solution was poured into water (50 mL) and was then extracted into
methylene chloride (3 x 50 mL). The organics were dried over sodium sulfate,
filtered, and concentrated i1z vacuo to afford 2(R)-(3-chloro-4-methanesulfinyl-
phenyl)-3-(2-oxo-cyclopentyl)-propionic acid (724 mg, 100%) as a white foam:
EI-HRMS mw/e calcd for CsH;7C104S (M+Na1)+ 351.0428, found 351.0433.



H O\l OM/M O \ N C [0192] A solution of

2(R) - (3-chl or o- 4- net hanesul f onyl - phenyl ) - 3- ( 2- oxo;j 20 Octobler 2%006 138

cycl opent - [pzin-2-yl-propionanm de (prepared as in Exanple , 13.

: rré O.OBX&n%)%%%{%@et hanol (0.32 nL) cooled to OC was treatt€d/Ei/sssodi um
borohydride (1.2 ng, 0.03 mol). The r¥action mixture was stirred at OC for

Al j i t i [ d_w wat e 25 nml).  .The
IzgyePTSn meg()efdy%a)g?lgtﬁ e &%%&gﬁ%%g%%%&é K/%d;l Bt pggt '@Hm\@& {"hwgtfﬁg/ll‘g%cet ate
(3 x 30nL). dhpwasawbicdedthor gani@oVERG-(SEhIOeb-0 RS th SR IGHYISHeHA-8+(2-

filtered, and concentrated in_ vacuo. Flash chromatography (Merck Silica
gel 60, 230-AOCHEPRNALPRpPloRieeadd)l 91 4fmar 868 mmol) in methanol (5.8 mL).

-(3- -4 - - 3; ( 2~ hydr oxy- cycl tyl)-
oyrazt n oyl i AATERLRAESHIR S WLk O b AL iRy TR iR e o
cal cd for GiftR2@idR04Sd(MeNaYas AlkBed Wrdus d A& he filtra le 32

oA
2- (3- Chl or o- 4- et hanesul f onyl - phenyl ) - 3- ( 2- hydr oxyi m no- cyc_l opentyl') - N-
pyrazi n- 2- ylcopeensiatashmirdeva¢uoH and Hvas NazeStrdpedC1whC dcetbaitileA ni Kagh e of

2(R) - (3-chl -4- et hyl s anyls.phenyl)) - 3- (251 hydr oxy-

c§/cl) 0|(oe ntC yl %tbﬁ?nfaﬂq%)ap ﬁ%d@ﬁf ;(%ﬁgamegeﬂy I682(%d‘%%e n’}‘Fg/bet RO(Y- rpstixleny -
pr opi ona. ni dlorideRh@paEAd @8hi NolEXANPL&:i30, ac3dib3afordld 852@}@%1?10!& )
met hyl nor phol i ne N-oxide (7.37 g, 15.95 mmol), and powdered nol ecul ar

si eves 20 Omuhranes@boeyl-phenyd BB d25488 yPlon¢dEF)-Pt (pdadd acfiB(&?Ba;@Mﬁ%;) aet hyl ene
chloride (63,8 .at . 0C. ted wth, tetrapropyl ammonium

per r hut hegatag({ '@en@%wweﬂﬁ d18g (f1ski l%gﬂUr%zO)\/\/a?s?Gé)é??,r ed at
0C for 1 h gnchddredp@sfor 3 h. At this time, the reaction was filtered
through a pad of silica (ethyl acetate as eluent). The filtrate was

[0191] A solution of  2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-(2-oxo-
cyclopentyl)-propionic acid (125 mg, 0.36 mmol) in methylene chloride (3.62 ml.)
cooled to 0°C was treated with a 2.0M solution of oxalyl chloride in methylene

| chloride (0.20 mL, 0.39 mmol) and a few drops of N,N-dimethylformamide. The
reaction mixture was stirred at 0°C for 10 min and at 25°C for 20 min. The
reaction mixture was then treated with a solution of 2-aminopyrazine (76 mg, 0.80
mmol) and pyridine (0.06 mL, 0.80 mmol) in tetrahydrofuran (1.81 mL). This
solution was stirred at 25°C for 1 h. At this time, the reaction was concentrated 12
vacuo. Flash chromatography -(Mefck Silica gel 60, 230-400 mesh, 75/25 ethyl
acetate/hexanes) afforded 2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-(2-oxo-
cyclopentyl)-N-pyrazin-2-yl-propionamide (77.6 mg, 50.7%) as a white foam: EI-
HRMS m/¢ caled for C19HyoCIN304S (M) 421.0863, found 421.0868.



concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400
mesh, 75/25 et hyI acet at e/ hexanes) af forded 20 October 2006

2(R) - (3-chl oro- 4- et hyl sul f anyl -

phenyl ) - I\I-‘ﬁ%f‘i‘{ﬂ}?“?@-(l( R) - met hyl - 2- oxo- 2(R) - phenyl - et hyl ) - 3- K CON0/038.44

cycl opentyl)-propi onam de (5.03 g, 68.8% and

2(R)-(3-chl oro-4- rret hyI sul fonyl -

phenyl ) - N-rret h}/l -N- (1(R) - met hyl - 2- OQWPIR)f’lphenyl et hyl ) - 3- ( 2- oxo-

cycl opent yAR) methanespdfogyl-plergd)-3-42-hadverytey ol quemty [EN-piRMBin e
calcd for 025H28CI NC6S (M+Na) + Big-prgp@nafmdead 512. 1273. [01941 A solution
of 2(R)-(3-chl oro-4-nethyl sul fonyl -phenyl)-Nnethyl-N(1(R)- -

met hyl - 2- oxo- 2( R) - phenyl - et hyl ) - 3- (2- g®B- cycl opent yl ) - pr opi onami de (1.29 g,
2.63 mml) in dioxane (4.43 nL) wag tfeated with .an 18M aqueous
hydrochloric acid solution (4.43 My >The reaction was then heated to 120C
for 18 h. At this tinme, the reaction vas Hool d to 25C, diluted with water
(50 nmL), and extracted wth a 90/ et hl ori de/ met hanol sol ution
(3 x 100 nL). The organics werl aid oy er oddum sul fate, filtered, and
concentrated in vacuo. Flash At ogr aphy MNverck Silica gel 60, 230-400
nmesh; ethyl acetate) afforded racefic

2- (3-chl or o- 4- net hyl sul f onyl - phenyl ) - 3- (2- oxo-cycl opentyl)-propionic acid
(563.3 ny, 62.1% as a light tan foam A solution of.2-(3-chloro-4-

nmet hanesulijien I,A;phega,ylht)GHS ( 3foxo9 | (5 ng, 1. 6
nmol ) in r[ret h¥| ene chloride (16.4 &%?m??gbfdﬁlfgﬁg%hﬁgﬁt@%g%g %3 %

sol ution of %’%b?lpythBﬂﬂwadel-?ﬂlmmgdaanée Gireparedies (10 E26mple 30, 1305 mm| ) and

f d t t d at
5 for 10 P antroly moisabgl BB sl SReFbam REiFe Whe TR r eat ed
with a sol utjopshydsiie 21 2HHAARYT BZLAIS fﬁél?eaeyon i Wguétu?élﬁatWé'ﬂ& g (0.3

m., 3.60 mml) in tetrahydrofuran (8.2 ni tron was stirred at

25C for 18 mmmAtAt thistunenthe reatdmenr\mciﬁumdwahmc(@ﬁmra)t €Théd hysraouge The

resi due was di ssol,v in rrett] yl.ene chloride (100 nm) and washed with a IN
I

aqueous hydrERFRSH JhgAWeWs ﬁYefro‘ﬁaS(eZtri'Cte@GGﬂ\frﬁqul et by a0 mbYi dhe

sul fate, fildbgivatd @Q%%’] c y. (Merck
Silica gel 60, 230-460 nesh. b5 % qbd y 5 $Qitatt A %ﬁ%nes‘?%g&?@@"’ 2006

WO 03/ 09543&aber| Elaéﬂbm&m&)grd}ﬂ@’ @fdrck 8dita gel 60, 230-400 mesh, ethyl acetate)

2- (3-chl oro- t.h phenyl ) - 3- (2- oxo- cyclopen razi n-
2-yl - pr opi o4 n%g ?@%8(4 AZQ‘CQI?&CS&?O%YICRI’@&YD'&@ hYdIOXY'CYCIOPen%'D'N-

pyrazin-2-yl-propionamide (10.1 mg, 75.5%) as a white foam: EIHRMS m/e calcd
for C19H2CIN3O4S (M+Na)" 446.0912, found 446.0916.

Example 32
2- (3 Chloro—4—methanesulfonyl—phenyl)—3 (2-hydroxyimino-cyclopentyl)-N-
pyrazin-2-yl-propionamide

N0t
H
H
H N.__N
\[ \j
W O P
-5 N
O/
N Cl

[0193] A mixture of 2(R)-(3-chloro-4-methylsulfanyl-phenyl)-3-(2-hydroxy-
ccyclopentyl)-N-(2(R)-hydrexy-1(R)-methyl-2(R)-phenyl-ethyl)-N-methyl-
propionamide (prepared as in Example 30, 3.63 g, 7.85 mmol), N-

- methylmorpholine N-oxide (7.37 g, 15.95 mmol), and powdered molecular sieves



[0195] A solution of
2- ( 3- chl or o- 4- et hanesul f onyl - phenyl ) - 3- ( 2- oxo- cycl opent y¥0)Qctober 2006

N pyr azi ne%oégwlertj%pl onani de (99.3 ng, 0.23 nmol) in pyridine (0.69 nL) and

nmet hanol

(24.5 ny,
h. At this
vacuo. The

at 25C was treated wi th hydroxyl am ne hygigehi/aside
0.35 mml ). The reaction ni®®ture was heat ed under reflux for 12

ﬁfy;m% the & ﬁé’ncP{Y‘Bﬁ g&f (LerL é}ta&% was c%g% trar;ﬁfd; n

resﬁ ting residue was hyl acet at'e

was washed mttalpr@ylimmMm@paﬂﬁnhhnufﬁ (1yidrog, 31€9 sehal).i Dhe fedulin®chitfye and a
saturated aqueous sodiumchloride solution (1 x 50 niL), dri ed over

sul fate, fiMErsgedaid Cobrdehangdas®S s fondub. A @@htl@h,rm@}gmpﬁgs ( Mer ck

Silica gel

2-(3-chl oro-

Hrerc 38 glulapggé? of/ Shitw @Y 'ac868! al efhgxenes). aifgarded

phenyl ) - 3- (zemedfraoew i mm@ycmpnwcbrhatbb@phﬂmr& >shhdarﬁlmamodﬂ)o(

5.4% as a white wax: é;ys )--FIRMS mle calcd for Cl19H21Cl
f sl 4552509

435. 0899,

S (MH
@%@Wh@ae@s)zaif@d@m %(Rf)d3$hmo-l4&nef$l}’15ulfanyl-

oy D B SO SIS B L

ropi onam def

2-(3-chl or 0cﬁﬂ6®nﬁa}19ﬁi¢hér@ﬁme pnenyl kg 3e )?arfaXz{R%(?Jcﬁrb%@h%émylsulfongl-

N- pyr azi n- 21}: Bropl onam de (prepared as in

in pyridi nphgny

GN-mtt)lylaNdlff@tmathMl 2(0&owRDHp)lexad eﬂﬁ@ wé&omeat ed wit

neat oa under/TERPEI PPEIE (oY gy L6 RakEs pitit Ay FLRIMS ol orid

and vas congeniareols (vasyy s (Bhe60efhliish9 1¢si due was di ssol ved in

et hyl acetate

sodi um

5.6 ng,

nmol )
h
was
to 25C

m.) “and was washed’ with a I N aqueous sodi um hydroxi de

solution (1 x 50 20 October 2006 WO 03/095438 PCT/ EP03/ 03844 101 nlL) and
| ut 1 50 L dried over
a satur at[&fb‘ﬁt%u Stlosnmtjalfur’ri}(f{s| (8 hﬂgoiomgthlylostr}lfc(mylZ(phenyl)- -methyl-N-(1(R)-

methyl-2-o0x0-2(R)-phenyl-ethyl)-3-(2-oxo-cyclopentyl)-propionamide . (1.29 g,
2.63 mmol) in dioxane (4.43 mL) was treated with an 18M aqueous hydrochloric
acid solution (4.43 mL). The reaction was then heated to 120°C for 18 h. At this
time, the reaction was cooled to 25°C, diluted with water (50 mL), and extracted
with a 90/10 methylene chloride/methanol solution (3 x 100 mL). The organics

were dried over sodium sulfate, filtered, and concentrated in vacwo. Flash

: chro:rtlatégraphy (Merck Silica  gel 60, 230-400 mesh', ‘ethyl acetate) afforded”

racemic 2-(3-chloro-4-methylsulfonyl-phenyl)-3-(2-oxo-cyclopentyl)-propionic
acid (563.3 mg, 62.1%) as a light tan foam. A lsolution of. 2-(3-chloro-4-
methanesulfonyl-phenyl)-3-(2-oxo-cyclopentyl)-propionic 'acid (5633 mg, 1.6
mmol) in methylene chloride (16.4 mL) cooled to 0°C was treated with a 2.0M
solution of oxalyl chloride in methylene chloride (0.90 mL, 1.80 mmol) and a few
drops of N,N-dimethylformamide.  The reaction mixture was stirred at 0°C for 10
min and at 25°C for 20 min. The reaction mixture was then treated with a solution
of 2-amjnopyra2ine (342 mg, 3.60 mmol) and pyridine (0.3 mL, 3.60 mmol) in
tetrahydrofuran (8.2 mL). This solution was stirred at 25°C for 18 h. At this time,

the reaction was concentrated in vacuo. The residue was dissolved in methylene

chloride (100 mL) and washed with a 1IN aqueous hydrochloric acid solution (2 x

100 mL), dried over sodium sulfate, filtered, and concentrated in vacuo. Flash

 chromatography (Merck Silica gel 60, 230-400 mesh, 75/25 ethyl acetate/hexanes)



sodium sul fate, filtered, and concentrated in vacuo. Flash chronatography
(Merck Silica gel 60, 230-400 nesh, 75/25 ethyl acetat e26€&xctnbes0f f or ded
2- (3-chl oro-4-

met hanesuMQM9{Benyl ) - 3- (2- net hoxyi mi no- cycl opent yl ) - N- pypeazipds/dssyl

propi onam de (92.7 ng, 87.2% as a whi@e wax: np 74-76C, FAB-HRVS nie
calcd for C 3%%[\@048 ( M+Na) + 47&%,021 found 473.1024. Exanple 34
2-(3,4-Di chI skirfiylose-fonegihanesy fpgy b asplodréfroy e ynopsiitdy &l -peragin: pr opi on
amde F F )1

2-(3,4-di chI or opr at%dys(ggzgﬁ['qfd?g?y cd?gi%%é?f%yl) propi onic acid nethyl
ester (prepared as in Exarrple 25, 408.5 ng, 1.28 mmol), N- nethyl norpholine

N- oxi de ( 7% , 5.79 mMmp and powdered nol ecular sieves (1.29 g) in
met hyl enel®% ﬂg?‘i %u'(@ @fn%)(3ébl%émﬁbmqs@£@@d phertd)-3t(@toxamyolopertyiyoni um

perr hut hena The r Ng; M Xt ur tiyred at 25C
for 2 h. Atti\'?rt#rs t| lgﬁokgonrg}e}lg%% 9?\%1/5%%?&5 g‘& Th?%l?eérh Q?ég(ﬁnfo)f cgelite
(ethyl acet atethaasl €J.6@miD). at DIEC fiak ticateld WS h§d@d ﬁaﬁﬁﬁéﬁﬂkbd}ﬂaﬁ@ 4. 471 ash ‘
chromat ography (Merck Silica gel 60, 230-400 nes 75/ 25 hexanes/ et hyl

acet at e) aﬁ&alo dnmol)3, Thedieastionrmoixpire s heated andsmredlys Ifapkhby | At thiopi oni ¢

acid nmethyl .. es | ear oil | -HRMS me cal cd for
C15H16C1203" tﬂ%g I‘gf‘%g‘%% 6 ° 88‘%8‘1 3‘1425a Q?%“Pf‘ﬁ’ig%“c%{"?g 41 she- The

2- (3, 4- di chi@upmphesigthd was (@sserned @ﬁ/@ﬁ@peé&ytle)(wrn@m MY Ga@GladhedRiAY ester
(270 ng, 0.85 mmol) in nethylene chloride (0.43 nL) was treated wth

di et hyl anmi néBuqugpug ﬁpthlubh}’(ttem@@ soution, (11x2%) mmigl jnd Emmmsdlatquagusm xt ure
was heated at..60C At t hj he reaction ooled to 25C
And was di RUPER SiasREoy B ntd mpndted Gt Paf b Heres A o
methyl ene  gblcontAd (3 vacad Midsh FRASupk £ % ggm
sulfate, filtered, and 20 Cct ober 2006 %}5 /09%4%%1%%??@@83/%@%4 102
concent r at ethesly  Va@do etlsil astetatbhenmies)g raﬁ;‘zmjed( N (% khiSid-it-aeetigriesid@nyR30- 400
phenyl)-3~(2-hydroxyimino-cyclopentyl)-N-pyrazin-2-yl-propionamide (5.6 mg,
5.4%) as a white wax: (ES)y-HRMS m/e calcd for C;sH,;CIN4O4S (M—H)'
435.0899, found 435.0902.

Example 33
2-(3-Chloro-4-methanesulfonyl-phenyl)-3-(2-methoxyimino-cyclopentyl)-N-
pyrazin-2-yl-propionamide

AN
H
HH
N_ _N
Ry
o LI T T
o\ .

Cl

| [0196] A solution of 2-(3-chloro-4-methanesulfonyl-phenyl)-3-(2-oxo-cyclopentyl)-
- N-pyrazin-2-yl-propionamide (prepared as in Example 32, 99.5 mg, 0.23 mmol) in
pyridine (0.69 ml) and methanol (0.69 ml) at 25°C was treated with
methoxyamine hydrochloride (30 mg, 0.35 mmol). The reaction mixture was
heated under reflux for 12 h. At this time, the reaction was cooled to 25°C and
was concentrated in vacuo. The resulting residue was dissolved in ethyl acetate

(75 mL) and was washed with a 1N aqueous sodium hydroxide solution (1 x 50



mesh, 75/25 hexanes/ethyl acetate) afforded 2-(3,4-dichloro-phenyl)-3-(2, 2-
di fl uoro-cycl opentyl)-propionic acid nethyl ester (278.2 20)ctél&r39§6 as a
light tan_oil: ElI-HRVS me calcd for C15H16CI 2F202 (M 336. 0495, found
336. 0510. YOLY0I54]8 ni xture of PCT/EP03/03844

2- (3, 4-di chl oro- phenyl )-3-(2, 2-di fl uor®t cycl opentyl ) -propionic acid nethyl

ester (265 . l.) ;and 2-am.not hj azal e 8 , 18 I in a

sol ution of @n%bg%%gusm%%%%gﬁ?e élsisr?_dlr'rlgf ﬁ%ﬁ’gﬁe (S?IFI%OWT?% 98.%%&1(?‘/?.@ mmol )
was heat ed tsgdibkPéulf2@d, filBrdd, af cddtestrdtbd®: vichs. FRAE bh@bnalboshpt: cool ed
to 25C and then concentrated in vacuo. Flash chromatography (Merck Silica

gel 60, 230G:Ug0eHEIN23GHIGmesbxET S lyhgtetaiobetney) adfdrdedieds-chloro-4-

2- (3, 4-dichl ortg- hellrtl(}ll L .. 9]

3- (2, 2-di f | TP Oy A BEERPSIP- G rRetbBiminerevslopprty APz 2 ¥y, 239 as a
yel l ow oil: pﬁpibmdm(ez.qah%cw.@%) G&%%%@%%N&@ﬁ%ﬁ&ﬁin%ﬁmé ound
405. 0407. Exanple 35 1-[2-(3, 4-Dichl oro-phenyl)-3-(3-hydroxy-cycl op
enhyl ) - p ropalcddgl €083 NS (Veda) MI3H R1Noundd7€1022.TO Cl [ 0200] A

sol ution of 3-iodonethyl-cycl opentanone (12.84 g, 57.31 nmmol, prepared
according to J. Org. Chem 1981, 46, 2412-2414) in nethanol (143 nL) was
cooled to OC and then slowy treatgd, wjdspodi um borohydride powder (2.38

Efa
g, .63.04 4yl 1 1t 1 g stirred.at OC for 40
m n and ?Iﬁén s%gﬁgﬁaéﬁﬂzﬁ;&%ﬂ{ %\%/éltc ?10? i%%ﬂrﬁ)t%”‘sfﬁlzi Peacti on G ure was
then concentrated, in vacuo to remgve nethanol. The resulting aqueous
resi due was extracted with diethy et'per (3 x 100 nmL). The conbi ned
organi c extracts were dried over gnesium sul fate, filtered, and
concentrated in vacuo. Flash chr ar aﬁhy (Merck Silica gel 60, 70-230
mesh, 100% net hyl ene chl oride) 20 é’rNZO%G WO 03/ 095438 PCT/ EP03/ 03844
103 afforded 3-iodonethyl -cycl op (7.\(’( , 59% as a green |iquid:
El-FIRMS nfe calcd for C6111 C1l 205. , found 225. 9856

Cl

[0197] A mixture of 2-(3,4-dichloro-phenyl)-3-(2-hydroxy-cyclopentyl)-propionic
acid methyl ester (prepared as in Example 25, 408.5 mg, 1.28 mmol), N-
methylmorpholine N-oxide (679 mg, 5.79 mmol), and powdered molecular sieves
(129 @) in methylenc chloride (2.6 mL) at 25°C was treated with
tetrapropylammonium perrhuthenate (45 mg, 0.12 mmol). The resulting mixture
was stirred at 25°C for 2 h. At this time, the reaction was filtered through a pad of
celite (ethyl acetate as eluent). The filtrate was concentrated i vacuo. Flash

- chromatography (Merck Silica gel 60, 230-400 mesh, 75/25 hexanes/ethyl acetate)
afforded 2-(3,4-dichloro-phenyl)-3-(2-oxo-cyclopentyl)-propionic acid methyl
ester (278.2 mg, 68.5%) as a clear.-oi'l:. EI-HRMS mv/e caled for CysH6CLO; (M)
314.0476, found 314.0476.

[0198] A solution of 2-(3,4-dichloro-phenyl)-3-(2-oxo-cyclopentyl)-propionic acid
methyl ester (270 mg, 0.85 mmol) in methylene chloride (0.43 mL) was treated
with diethylaminosulfur trifluoride (0.17 mL, 1.28 mmol). The resulting mixture
was heated at 60°C for 18 h. At this time, the reaction was cooled to 25°C and
‘was diluted with water (50 mL). This solution was extracted into methylene

chloride (3 x 30 mL). The organics were dried over sodium sulfate, filtered, and



[ 02011 A solution of 3-iodonethyl-cyclopentanol (7.71 g, 34.10 nmol) in

met hyl ene chloride (171 nlL) was treated with 3, 4-di hydr @o2btesty 2004 4. 7 i,
51.16 mmli, and ri dini unp-tol uenesul fonate (857.1 ng, 3.41 mmol). The
resul ting 83&’??‘6 m xture was stirred at 25C for 24 h. TIRETIEPaAY0isan

m xture was then washed with a saturdf%d aqueous sodi um chl oride sol ution

1 x 200 nL i nesli um
(i1 tered, ang ieBrlEdan folay Hladf Shralfa SN NVERD ST B o) 208400, (0
gel 60, 70- Zaﬁshxe%/ZSI%eiawrdthyleu&t&bﬁeﬁﬂf&d@d hyl3, 4QI1é1ﬂ<Brb _};ﬁ{ehyl hded 2-

2- ( 3-i odonet hyI cycl opentéroxy) tetrahydropyran (7.91 a yell ow
oi | :  El - FI Rvaiho-ewlerentybpreppricoanip methy) egen(29420mef )aa@hahe@n [ 0202]

St ook sol ut i S EEARYES BUPORLS Ry i PRk (R PRYAPESird P ai ehi or o
phenyl)-acetic acid nethyl ester (prepared as in Exanple 1, 1.42 g, 6.48

nmol ) in
t et r ahydr dBLAA ¥ 1matererref Ry, ‘Bdnhl@;@pheiyd)awﬁﬂfﬂiﬂi(drbﬁcydypmtyk)hpm;nmué 16. 15

6l ution of 35 SRR ASRE (R ey £ Fane] ik gy e B0t USypard [ mmol, 713
mol ) in 1, 3ydh Bdivh -ofSmderesfint %sétmgg%%(&@nopxggc%f Qﬁ@%]ﬁrkrhe owas

t hen added. The reaction mxture was stirred at

was then warmeelx wadis@tertd 110/ fostli8rir. éd tias tiECtHearact®n mixfiive wae acdledn

m xture was t hed by the, . dropwi ition of a_saturated agueous
anmoni um chl @%%Bd%%gg ’1 %?HC%/‘WU‘WLT vacHe;i Eﬁ‘ﬁﬁf tQEerydderak PHiS arht er
(100 ni) andsgx5020beHei 50/50BERY] SRy SOLAE ! gani cs
were washed w'th a sat%r at ed aqueoeus y|lth| unzgﬁrlﬁgé?cggqsd%utolm Q%’F?Dx 100
m.), dried o’ifé?fz-sl(ﬁhanmcgdbpmt)d) -NEthiidzet- é@rl-pﬂfrdonmd@e(rxt?{ ahgd 2B)vacun. Fl ash
chr omat ogr ap Silica gel 60, 23 0/ 30 hexanes/ et hyl
acetate) af fﬁlﬂgd‘”% }%&SW BHf 6rlsd ﬁlﬁéﬁ"yﬁlé@q{lﬁzos (M+H) 405.0402, found
(tetrahydro-gysrgp72- Yl oxy) -cycl opentyl ] -propionic acid methyl ester (2.12
g, 81.6% as a clear oil: EI-FIRM5S nfe calcd for C20H26C1204 (M+-Na) +
423.1106 found 423.1093. 20 Cctober 2006 WD 03/095438 PCT/ EP03/ 03844 104
[ 0203]

2- (3, 4-Di chl or o- phenyl ) - 3-[ 3- (t et r EEy®P&-FHyr an- 2- yl oxy) - cycl opent yl ] -

pr opi oni ¢ T&3-68; lbl;lpr(eﬁheliyll i—(@ﬂlm’goX)Gcmommyl)-panpllon'gl]ﬁymmedt-l(mﬂ3 ny,

5.98 mmol) in a solution of ma%lnem um met hoxi de in nethanol (7.4 . %
11.4 m, Q
H
HH H
g
ci 0] O
Cl

[0200] A solution of 3-iodomethyl-cyclopentanone (12.84 g, 57.31 mmol, prepared
according to J. Org. Chem. 1981, 46, 2412-2414) in methanol (143 ml) was
cooled to 0°C and then slowly treated with sodium borohydride powder (2.38 g,
63.04 mmol). The resulting reaction mixture was stirred at 0°C for 40 min and
then slowly quenched with water (100 mL). The reaction mixture was then
concentrated in vacuo to remove methanol. The resulting aqueous residue was
extracted with diethyl ether (3 x iOO mL). The combined organic extracts were
dried over magnesium sulfate, filtered, and concentrated in vacuo. Flash

. chromatography (Merck Silica gel 60, 70-230 mesh, 100% methylene chloride)



7.97 mmol ) was heated under reflux at 100C for 18 h. The reaction m xture
was then concentrated in vacuo and filtered through a pka@®oodbec200ct e (100%
ethyl acetate as eluent). Flash chronmatography (Merck Silica gel 60,

230- 400 mMR030B8HB50 hexanes/ et hyl acetate) afforded PCT/EP03/03844
1-{2-(3, 4|—di chl or o- phenyl ) - 3-[ 3- (t et r &y dr o-

pyran-2-yl oxy) - cvicl o - I } tdaply ELgRME) as a
white soli d:ax@or&ézg é‘gﬁ%%cﬁﬂ%@&%}?l c(Zﬂ%(l: ?f%\f) )c%%%%g%%ﬁr?mw /()+

465. 1324, f quRdak8TForlG24,, 10 0A0A]259856] found2260856.
1-{2- (3, 4-di chl oro- phenyl ) - 3-[ 3- (t et r ahydr o- pyr an- 2- yl oxy) -
cycl opentyl]-propionyl}-3-nethyl-urea (150.7 ng, 0.33 mml) in ethanol (3.4

Mo Voo JBH &saltidd QA SRRt BhHFARR X 78102 (Ot B!
reaction waghidrRRGEn] n.@LO)eQaé FreMB88 WAth Eh??ié‘ycﬁbmpﬁﬂr(aﬁhw,(ﬂblf&hmﬁil) ica gel

60, 230-400 nesh, " 80/20 nethyl ene chlo e/ met hanol ) afforded
1- [ 2- (3, 4- dianfIpyridinphe pylojuegeguBfonate (857.1 mg, 3.41 mmol). The resulting reaction

hydr oxy-cycl opentyl ) -propi onwl]z=3-nethyl -urea (102.2 .83, 7% whi t
solid: np SINEHES VersbmeRa 1 & oh A %‘F ‘&i‘%ﬁ?&ﬁ&i’%ﬂfd%(%ﬁ’ﬂﬁs%ggﬁg’gzg, e
found 359. 0%%9tur§é@%&u§§odium chloride solution (1 x 200 mL). The organic layer was

2- (3, 4-Di chl oro- phe ) - 3-(3- hydroxy-cycl opentyl)-N-thiazol-2-yl-p

r opi onani de drid® bkdd HhaGhesturhl sulfate,[ Res], Andotendeohated in vacuo.  Flash

2- (3, 4-dichl oro-phenyl )-3-[3-(tetr dr,Q-p¥rans 2-yl.oxy) 5 .

cyclzoE(;nt yl ]Cfﬁ?‘%?@ﬁ?}:y Q@F%fréﬁ‘??ﬁ&gét zg'z%r%%%‘r éé} 1R 'Orlueuﬁg%/%le@gl, 1.03

g, <. )| nel | 1o i byst {59, ion
exchange :‘TTETEI})I’?I-’ ‘{Yﬁﬁﬁg?@ﬁe@%@%ﬁ%&ﬂé’%ﬁ ?ﬁ%ﬁ?ﬂ%%g gi iﬁ?%)e%iéat 25C
for 16 h ana yeliow cilrEL-HRIStmieerlcdFo6C WHI0B /(B0 236 04207 feReiEy103842. 105 '

heat ed at 45C for 1 h. The reaction m xture was allowed to cool to 25C, and
the resin was then filtered off and then washed well with ethyl acetate.

'2I'h(e3f LY Ry W 2 1@%‘3?{_“%%3\?%4 r@.r(;aé?ftﬂﬂmﬁ Qiidbfr8hflamide (23 mL of a 0.31M
stock solution, 7.13 mmol) cooled to -78°C was treated with (3,4-dichloro-
phenyl)-acetic acid methyl ester (prepared as in Example 1, 1.42 g, 6.48 minol) in
tetrahydrofuran/1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (16.15 mL,
3:1). The resulting solution was stirred at -78°C for 45 min. A solution of 2-(3-
iodomethyl—cycloéentyloxy)—tetrahydropyran (2.21 g, 7.13 mmol) in 1,3-dimethyl-
3,4,5,6-tetrahydro-2(1H)-pyrimidinone (1 mL) was then added. The reaction
mixture was stirred at -78°C for 2 h. The reaction was then warmed to 25°C and
was stirred at 25°C for 18 h. The reaction mixture was then quenched by the
dropwise addition of a saturated aqueous ammonium chloride solution (10 mL).
This mixture was poured into water (100 mL) and extracted with methylene
chloride (3 x 50 mL). The organics were washed with a saturated aqueous lithium
chloride solution (1 x 100 mL), dried over sodium sulfate, filtered, and

- concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400

| mesh, 70/30 hexanes/ethyl acetate) afforded 2-(3,4-dichloro-phenyl)-3-[3-
(tetrahydro-pyran-2-yloxy)-cyclopentyl]-propionic acid methyl ester (2.12 g,
81.6%) as a clear oil: EI-HRMS m/e calcd for CzoHzClL0O4 (M-+Na)" 423.1106
found 423.1093.



cycl opentyl)-propionic acid nmethyl ester (807.7 ng, 99% as a yellow oil
which was used without further purification. [02061 A n&kOatokercX006

2- (3, 4-di chl oro- phenyl ) - 3- ( 3- hydr oxy- cyclopentyl) propi onic acid nethyl
ester (25WRYP/Y5HE mol ) and 2-ani not hi azole (9.4 ng, 0. 09PGHBPY3/(3644 a

sol ution of magnesi um net hoxi de in metHanol (7.4 w. % 0.22 nL, 0.15 mmmol)

was heate 1 or. t he ct on mx e was cool ed
to 25C ai%i@ﬂué g%bf%qlorg HKPY dh@ éﬁ?f@%'@q@ ?é'?x ?%e tet?Hth ori de as

el uent). Theprobiduid &li@ mvélisyl Wa&h er6Winig) @@Mpmmehmﬁ@gmrmg, sa98d
solution. The organics were dried over sodiumsulfate, filtered and then

concentr at edmpwl)/awéoluﬁpasvrﬁ magesne Ulgﬁiézw joNpetbrnod (Ti4cu. Yell180mL230- 400

22 (3, 4 i ch G bRy e e AR e, BICEde I8 . ripason gy wes

ropi onam d 4 n
pCl?ﬂlSClZNzggéswéﬁage&l%g%%@ e ;métege&ﬂ%é% E&W B ER09E) i

3- (13- Hydr oxyacetatd ap ebrent)l Flagh (chrormattograpby uiMemig/S;lph@v}Ib)O N—BOHDazmsllZ yl -
d
R oot apyt sty Ak e b saopiia) o gt A-ie 4o d b ploto iy an - Cebydrey and

1, 3-di net hyl glﬁéﬂg I € ) o] to -78C
was treated %}Mfwziﬂl&}é% élo utllgﬁ%d%@rﬂg%tﬂ;%ﬁﬂ%r#lgé %éﬂéngé% =5

5.78 mol ). wWihies seliadt inp n62v6 500 rFABGER IS nv'e dalat] foﬁ&EIH@CIQBQOm(Mw‘M then
treated with a solution of met hanesul f onyl - phenyl ) -aceti c acid net hyl
ester (prepﬁﬁ'e@ 4stqupd ¢ %rrlré)?"e 8, 1.10 g, 4.82 mol) in dry tetrahydrofuran
(4.5 nL) and 1, 3-dinethyl-3,4,5,6-tetrahydro-2(1H)-pyrimdinone (1.5 nL).
The resulting 20 Cctober 2006 WO 03/095438 PCT/ EP03/ 03844 106 reaction

m xture wER0d] hovesufien sbf r 1-40-(3,484ichiofo-BhdnyRrai[ 3-(tettaliydeo-ppas-Liydexyy xt ur e

cyclopentyl]-propionyl}-3-methyl-urea (150.7 mg, 0.33 mmol) in ethanol (3.4 mL)
was treated with pyridinium p-toluenesulfonate (8.54 mg, 0.03 mmol). The
reaction mixture was heated to. 60°C for 18 h. At this time, the reaction was
concentrated in vacz;o. Flash chromatography (Merck Silica gel 60, 230-400 mesh,
80/20 methylene chloride/methanol) afforded 1-[2-(3,4-dichloro-phenyl)-3-(3-
hydroxy-cyclopentyl)-propionyl}-3-methyl-urea (102.2 mg, 83.7%) as a white
solid: mp 82-84°C; FAB-HRMS my/e calcd for C.6H20C12N203 (M+H) 359.0929,
found 359.0936. : : :

Example 36
2-(3,4-Dichloro-phenyl)-3- (3-hydroxy—cyclopentyl)-N—thlazol-2-yl—proplonamlde

HQ
e

[0205] A solution of 2-(3,4-dichloro-pheny1)—3-[3-(tetraﬁydro-pyran&—yloxy)—

| cyclopentyl]-propionic acid methyllester (prepared as in Example 35, 1.03 g, 2.57
mmol) in methanol (6.4 mL) was treated with Amberlyst® 15 ion exchange resin

(77 mg). The resulting reaction mixture was stirred at 25°C for 16 h and then wés



was treated with a solution of

2- (3-i odonet hyl - cycl opentyl oxy) -tetrahydropyran (prepar ezD @stober 280anpl e
35, 1.94 34, 6.26 nmol) in a small anount of dry tetrahydrofuran. The -
reaction MQOH&*Hhs stirred at -78C for 10 min and then aAQTR0s4WAr m
to 25C, where it was stirred for 3 d. he reaction mixture was quenched

ith t 0 ted
et ranydr of UP 4118 G tie bl TREar BRI tE PR ENOHF i S 4 75 CdRblEe 100
n) and thepspxivhaeieRdired ot MMl thes S¥Bh&d GR1XwikR @iyl heetdihe T‘h@rﬁ]trﬂt%d
organic extracts were dried over magnesiumsulfate, filtered, and

concent r at edwah sacanirated agh vacm ofmt af@réplﬁyﬁ(%lcblon&phmyb) h@—hﬁﬁpxy?o 230

h, 7/3 h / t t f f
D . ot hancSHEAGL MRERVTS 8 ey TS HEAr dprat?®s) gt aagyow oil which

cycl opentyl ]nggggﬂqwﬂ%u@%eggmﬂ&a toster (1.07 g, 54% as a yellow oil:
FAB- HRVS m e cal cd for C21H3006S (M+H) + 411.1841, found 411.1851. [0208]

2- Am not hi azol e (259 ng, 2.58 rrm)l) and 2- (4-nethanesul f onyl - phenyl) - 3-
[3-(tetra p y CcycC entyl]-propionic acid nethyl ester (1.06
g, 2.58 %6? ‘%I\EF’éXtPFeea? d2 Mﬂ SBIHER de- “Thidgrresesiapray Howprienic n

“met hanol (7 t 44 B@nq% mﬁgomm Em!ﬂ bl t s then
concentr at edacé%?}r%itev cﬁo 1;[% roo(is?matel one- %ﬁlagﬁg?vgwdgfﬂﬁn@pﬁgnol

The resul ti ngsolug@csdf ﬁﬂgmsmmmﬁ:thvmdaeaﬂneﬂlaumld(gm webd, @2 @i, @45 kamdhe
reacti on m xture was owed to cool to 25C and then filtered t hrough a

pad of celit®as Wéedpgdlg?occ@lflllgeh fd ShifERedhaaractigninixarn jas geeledite "unt i |
th hi o
chr omat ogr sehy C ApAahf kfEd BESERFE ol of BEREIE e tihe cRldha: Y Bluend Ths

sodi um chl orfilgtateswhdiivastied whth adiN u@icolB gpesicHvrBUcdbdutiord. | The bgEnicand

concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230- 400
nmesh, 1/2 heXergakiest %‘Sﬂlf Saéwﬂaﬁ‘éfat%\fﬁ%?fé‘ééné tban ﬁemqﬁ:aﬁ@tg@nm o philesly ) -

3-[3-(tetrahyd d
(494 ‘g, 4oty RR LY PRSI fo BE 230 Hisslh T25 ety ec bR o
cal cd for GﬁﬁJ‘B&lN205522 (Vi chlké DhteyiH-3- (qua@lo;éﬂ&:oi&ﬁﬁtyl)mm%ola glol ution
of 2-(4-nethanesul fonyl - phenyl) - 3-] 3- (tetrahydropyran -yl oxy) -

cycl opent y| JRrRpiepargids| ( kﬁp 91 mgr otfi7oh i dehy 450 oy EI-HRMSnswy Faiccétﬁeanol

ol ). " The 30 LIRS oL e S4pagey) hopate (21 . 0054

Example 37
3-(3-Hydroxy- cyclopentyl)—Z-(4-methanesulfonyl—phenyl)-N—thmzol—Z—yl-
propionamide

HO

HH s
O\\ O \\I\\I/J

[0207] A solution of diis_opropylan’line (810 pL, 5.78 mmol) in dry tetrahydrofuran
(4.5 mL) and 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (1.5 mL)
cooled to -78°C was treated with a 2.5M solution of n-butyllithium in hexanes (2.3
mL, 5.78 mmol). The reaction mixture was stirred at -78°C for 30 min and then
treated with a solution of (4-methanesulfonyl-phenyl)-acetic acid methyl ester
(prepared as in Example 8, 1.10 g, 4.82 mmol) in dry tetrahydrofuran (4.5 mL) and
1,3-dimethyl-3 4,5,6-tetrahydro-2(1H)-pyrimidinone (1.5 mL). The resulting



resulting reaction m xture was heated at 60C for 4 h. The.reaction m xture
was allowed to cool to 25C and then concentrated i n vacuw®. Odibleerres8al ti ng
yellow residue was diluted with ethyl acetate (100 nlL) and then washed

with a sat\WPAEF+3hqueous sodi um chloride sol ution. The or gamikposeyRi was
dried over magnesium sulfate, filtered$¢ and concentrated in vacuo. Flash

o e Tt o IR S b S i
oyl open L) (B e e et el RPRL IS (21
(M+H) + 395, 108&parddoandn3BEahple]3S,Exadng,e6.38 DMy (B-2Chall amount of dry

o e o o Ry el Bt Ler " 5 ) enon o
G stifPed t et on i B 9862 Mhelei s Mirred fot} TTH repcion SR8 ¥t 1 o
of n-butyl | igienohed wittexames (60. @lylandl6heh roBRtent@ted- #bGacd € ekt i Ng

reaction solution was stirred at -40C for 45 min and then treated slowy
with a sol utlegahyirofuran. The aqueous residue was further diluted with water (100 mL) and

2-(3-chl oro-4- - -0 « N 2( R} s hydr oxy-1(R) - met.hyl - 2(R) - pheny
|- ethyl]- N%%?E%?Xéégye%%péiew X %%g%%beg_ b ‘?’%fk?ﬁ%%p‘i%“b}égé) 9reaniq ,exg.a(%% ol )
in tetrahydwedeudriod ¢vd} dikdneviuen SulabNEkdted AadEbbiRahGabdllh QR WaSFRbY ai ned,
and the reaction was allowed to warmto 0C, where it was stirred for 30

mn. This rdaenpiearapby Mesek walicaced| @ 70623050@sand3 thesaneastthyl betate)
L 8- di et hylich focd Ound ot LA LR AL AN 00 el By FohyiOn 2485 BY the

dr opwi se ad 0N o

2- (13- i odonetdy¥lopent§l] gREpiopicoxdid -thehylay&r ARy N subseRas 8anas dip FAsanpl e
35, 3.2 g, 1???%9?%% tetrahydro?urag ?10 %).pﬁfter%{éhe a&dition, t he
reaction solHRMSmicealedfortd HoOeS(Mukler 411.184dafowsi4lddd51for 2 h, and then
warnmed to - -25C, where it was stirred for an additional 2 h. The reaction

sol ution 20 Cctober 2006
[0208] 2-Aminothiazole (259 mg, 2.58 mmol) and 2-(4-methanesulfonyl-phenyl)-3-

[3-(tetrahydropyran-2-yloxy)-cyclopentyl]-propionic acid methyl ester (1.06 g,
2.58 mmol) were treated with a solution of magnesium methoxide in methanol
(7.4 wt.%, 14.76 mL, 10.32 mmol). The reaction mixture was then concentrated
_in vacuo to approximately one-haif the volume of methanol. The resulting
- ‘reaction mixture was heated under reflux for 24 h. The reaction mixture was
allowed to cool to 25°C and then filtered through a pad of celite. The pad of celite
was washed well with ethyl acetate until the washings indicated the absence of
product by thin layer chromatography. The filtrate was then washed with a
saturated aqueous sodium chloride solution, dried over magnesium sulfate,
filtered, and concentrated in vacuo. Flash chromatography (Merck Silica gel 60,
230400 mesh, 1/2 hexanes/ethyl acetate) afforded 2-(4-methanesulfonyl-phenyl)-
- 3-[3-(tetrahydropyran-2-yloxy)-cyclopentyl]-N-thiazol-2-yl-propionamide (494
mg, 40%) as a yellow foam: mp 68-70°C (foam to gel); FAB-HRMS m/e calcd for
' CpsHagN;05S (MHH)" 479.1674, found 479.1666.

[0209] A solution of 2-(4-methanesulfonyl-phenyl)-3-[3-(tetrahydropyran-2-yloxy)-
cyclopentyl}-N-thiazol-2-yl-propionamide (450 mg, 0.94 mmol) in ethanol (9.4
mL) was treated with pyridinium p-toluenesulfonate (24 mg, 0.094 mmol). The



WO 03/ 095438 PCT/ PP03/ 03844 108 was diluted with nethylene chloride (100
m.) and washed with a saturated aqueous sodi um chl ori de 20dDaiobar@004.00 tL).
The organic | ayer was separated, dried over nmagnesiumsul fate, filtered,
and concenVPBEH4PH vacuo. Flash chromatography (Merck SildcemehsfH?,

-~ 70- 230 nmesh, 40-60% et hyl acetate/ hexlahes) af f orded

2(R)-(3-chl oro-4- rretagi(l sul fanyl - phen I)

hydr oxy- 1( R) FiuitRgIreatinn rBRG Iwasthepier %9{1413 [ Bhe(reagtiompitere pyasan- 2

yl oxy)-cycl o 20 as_ a ite.s I|d 0211] A
sol ution of %’é’d( é gﬁf%{r}%&%}%&%n% g%errlly ate‘ihen ﬁcf’ol\l-% R hy 8%(1[))/ 1(R) -

t hyl - 2(R) - pisging lwastdilyted- \b\i-tllir'etlﬁ'yhcéiat[a $rqa @H&’dfeﬂ‘@é[dh@ﬂwﬁth}’zi %)ated
me
cycl opentyl ] - propi onam de (0.96 g, 1.758 mml) in dioxane (20 nlL) was
treated wit RAYFOUNSQHYE shorids| Solgtian. gEhejorgahigtlnysn Wab. driad gver Thagnesdam t i ng
react ! on sol %%l%%‘ (ﬁ:l,e@?%lr Qﬁ@%ﬁrgceﬂﬁ'gt%d ih %]:zlcul’cl)x I’Bsh cﬁomatograp%y (tl\Ji]erc hﬁ:%k a

sol ution of

net hyl sul f an%&l GohE30Lh00 MefR (1R td"ll’/d Hexyet Ryl ARItAY) afféBed plenyd l’cijﬁfrdiby}l ) - N
met hyl - 3-[ 3- ('t et rahydr o- pyr an- | oxy L\:/)cl opent yl ] - propi onarmi g, 1.83
mmol ) in di oﬁ%ﬁk@e{@é Mé)—n@ﬂ@nasm na’qu%;f@u Nﬂhmmlf%ybmonlmmq ©ns m,, 5 niL)

was heated ref xfor t i ons re.c iluted
with nethyl ggr%% c?‘nflorl cFefc(abeH]l?L§9 ;%?d %@ﬂi@% ’E“Z ﬁvggtfﬁf %nﬁg?fég

sodi um chl ogNteE)"SI9sUt0ONFo(iA@B9F1 D91 . The organic | ayer was separated, dr| ed
over magnesiumsulfate, filtered, and concentrated in vacuo. Flash

chromat ography (Merck Silica gel 60, 70-230 nesh, 8-10% net hanol / et hyl ene
chl oride) afforded

2(R) - (3-chl oro-4- et hyl sul f anyl - ph roxy-cycl opentyl)-propionic
acid (496 4B)- .Cb%ma‘gmé W“Wﬂld’h‘%&%3— t{mm -cyglopent)-Yrpyrazin- -
2(R) - (3-chl or o- 4- net hyl sul f anyl bﬁbnml)w@u(l@ehydroxy-

cycl opentyl)-propionic acid (350 ng, 1.11 mmmol) in formc acid (35 nlL) was
treated with a 30% aqueous hydrog¢€n peroxide solution (1 nL, 7.89 mmol) at
25C. The mixture was then allowed $e-stir at 25C overni ght. The sol vent was
evaporated in vacuo. The resultind Hdue was azeotroped with tol uene to
renove water and then co-evapor at €0 th,_ll\l N-di net hyl f ormanmi de to renove

formc acid to afford crude
I;Errryloxy-
1039 of f-white solid. 20

2(R) - (3-chl oro-4-net hanesul f ongl - p
cycl opentyl)-propionic acid (43 B
Cct ober 2006 AP

[0210] A solution of 1,1,1,3,3,3-hexamethyldisilazane (3.75 mL, 17.24 mmol) in
freshly distilied tetrahydrofuran (50 mL) was treated -sllowl}'r with a 2.3M solution
of n-butyllithium in hexanes (7.0 mL, 16.1 mmol) at -45°C. The resulting reaction
solution was stirred at -40°C for 45 min and then treated slowly with a solution of
2-(3-chloro-4-methylsulfanyl-phenyl)-N-[2(R)-hydroxy-1(R)-methyl-2(R)-phenyl-
ethyl}-N-methyl-acetamide (prepared as in Example 30, 2.5 g, 6.87 mmol) in
tetrahydrofuran (10 mL) via a cannula. A yellow sblution was obtained, and the
reaction was allowed to warm to 0°C, where it was stirred for 30 min. This
reaction solution was cooled to -50°C and treated with 1,3-dimethyl-3,4,5,6-
tetrahydro-2(1H)-pyrimidinone (5 mlL) followed by the dropwise addition of a
solution of 2-(3-iodomethyl-cyclopentyloxy)-tetrahydropyran (prepared as in
Example 35, 3.2 g, 10.3 mmol) in tetrahydrofuran (10 mL). After the addition,
the reaction solution was warmed to 0°C, where it was stirred for 2 h, and then

warmed to 25°C, where it was stirred for an additional 2 h. The reaction solution



WD 03/ 095438 PCT/ EP03/038-4-1 109 [0213] A solution of

2(R) - (3-chl or o- 4- net hanesul f onyl - phenyl ) - 3- ( 3- f or nyl oxy- 20 October 2006

cycl opentyl)-propionic acid (380 ng, 1.01 mmol) in toluene (10 nm.) at 0OC
was treatvéd 0WA0H3N, N- di net hyl f ormam de (0.008 nlL) fol |l oweddyyEmsdzddV
solution of oxalyl chloride in nethyliene chloride (0.75 nL). The reaction
m xture was allowed to stir at OC for 30 min and at 25C for 1.5 h. It

appear ed t havag diicdk wih| methylangectdoride (¢ mlde apd yeashesh witha 8 ksafisoled

sol ubi l'i zed. h | ene ( s_added at 2

ol ot by RO KERRD (BbG Slifrio LMD hLS, (e Blasbic Bl Serdlar el s 1)

The reacti ondfiddtoie mBsneStunt I flfadd, BfereldOrandn cosddirhic@nal A8ud1 BlaRd t hen

concentrated in vacuo. The residue was di ssolved in dry tetrahydrofuran (5

m.) and cool @domatog@phThi®eeh d Sdaut igoh whs TOr@R0t reeshed 40w00h &thgdl ut i on

Gty 1orr abyds %?%ﬁ?ﬁ%%%%m”%fw% RN S e S e S
was stirred @iar@G-i@ n%ethylm)Iplﬂ@ﬁmetﬂ;ﬁj ROmWint N3 T8 RYhRRR. Ghlard-de (100

mL). The organic Iayer was successively washed with a IM aqueous citric
acid solut |3dqx‘()2:yxlopaﬂy}}tp)r9planaatdar(&£4@ 995&6)mmabvlnwrsimhdat e solution (1 x
100 m.), and a saturated sodiumchloride solution (1 x 100 nL). The
organics were dried over nagnesiumsulfate, filtered, and concentrated in

vacuo -t o affay th §MtErCoPERY-(3-chloro-4-methylsulfanyl-phenyl)-N-(2(R)-hydroxy-1(R
[2(R) - (3- gfhl o!o 4- met h%nesgl(f gn;?lr(-)p hen Pfsu a?ypfr g%}l)n 2( ;(/I)cay b%)%yﬁ )) et hyl ]

cycl opent yl mstbglrZ@Qwenﬁ—eﬂ&ﬂw-msﬂ]ahiﬁﬁf(tamhyctosmanen -y[o@2k4] To a solution
of formec acid 3-[2(R 3-chl.or t hanesul f on e

Cpyr ozt n 2- yPEIPHARBTIDERIRE (E38ie0 Jeruty ol Brdipws (o §3 HFwFd | n

met hanol  ( 5Qik-) 9ﬁtaqqgoﬂﬁ%lﬁﬂﬂggbﬁ@oﬁmrﬂl% SRy fl“ﬁ(’f relalti 'i‘eaca&?scglﬁﬁbﬂt I ng
reaction solution was stirred at 5 mhnh. The so was renoved in

vacuo. Fl as hvaereattdttmgcxamﬂyx (ﬁMekSCk 5 hmcuthergbiskﬁﬂsolﬂt@aﬁﬁm(@{éhph]bfé%

met hanol / net hy| ene ch| o rded 2(R) - or Q- 4- net hanesulfonyl
phenyl ) - 3- (?%HFWYL ?"é( it yf‘?) -hydsgrd rﬂeéb’l'%ﬁp\gmhé?ﬁfﬁ 1260 ny,

ﬁo5%ExaaS 4Het9§1f3 Yot EasRld-Fyran®-H6k PPENI4RE1] M%&ﬁé&%‘é‘l?’% £CT/ERP3/ 038 4

mmol) in dioxane (20 mL) and a 9N aqueous sulfuric acid solution (1.5 mL) was

heated under reflux for 7 h. The two reactions were combined, diluted with
-methylene chloride (100 ml), and washed with a saturated aqueous sodium
- chloride solution (100 mL). The organic layer was separated, dried over
magnesium sulfate, filtered, and concentrated in vacuo. Flash chromatography

(Merck Silica gel 60, 70-230 mesh, 8-10% methanol/methylene chloride) afforded
2(R)~(3-chloro-4-methylsulfanyl-phenyl)-3-(3-hydroxy-cyclopentyl)-propionic

acid (496 mg 43.9%) as an off-white foam.

[0212] A solution of 2(R)-(3-chloro-4-methylsulfanyl-phenyl)-3-(3-hydroxy-
cyclopentyl)-propionic acid (350 mg, 1.11 mmol) in formic acid (35 mL) was
treated with a 30% aqueous hydrogen peroxide solution (1 mL, 7.89 mmol) at
-25°C. The mixture was then allowed to stir at 25°C overnight. The solvent was
evaporated in vacuo. The resulting residue was azeotroped with toluene to remove
water and then co-evaporated with NV, N-dimethylformamide to remove formic acid
to afford crude 2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-(3-formyloxy-
cyclopentyl)-propionic acid (430 mg, 103%) as an off-white solid.



2-(3,4-Di chl oro-phenyl) - 3-(3-nmet hoxy-cycl opentyl)-N-thiazol - 2-yl - propi onam
de O HHHYNSOC crONlomm CI [0215] A solution of 20 October 2006

2- (3, 4-di chl or o- phenyl ) - 3- (3- hydroxy-cycl opentyl )-propionic acid nethyl
ester (prepacymsass in Exanple 36, 194.1 ng, 0.61 mmol), silpyerronshpnate
(320.6 ng, 1.16 nmmol ), silver tetrafluwoborate (131.0 ng, 0.67 mmol), and
i odonmethane (72 L, 1.16 mol) in acetonitrile (6.1 nm.) was stirred at 25C
for 48 h. The resulting reaction mxture was then heated under reflux for

24 h. ti t ure e ite, and
Che cel i1 TVASH™ | SGulbAl U6© P AR pt B MO PRI PR Rl
concentr at ecbylc]mpmagl)qxo;ﬁbatehcxd:mfsﬁrmg ofgﬁ Bmmol() i katiseri (110 @Al p&tl 0°60was230- 400
mesh, 10% et hyl acet at e/ hexanes)

2- (3, 4- di chlEREIHERY-)-dio @%M@@&S}@P%M fpllpwed GigiaohPM salutipn ot hyl
ester (68.8 dd yé‘?bi‘%{? o%sufa‘n}'e‘ﬁwléﬁlg Qfllll)na\@ (6.'35%).“5'?96 %acngﬁ'tm{xmré *1955

purification.

2- (3, 4- Di chladioorep e syl Jt-03€ (for F®Rinh0xyd £yX5POFENE $1h) Ipﬁﬂjéb&ﬂltﬁat&(lhiéklmlt hyl
ester (118.3 , 0.36 mmol ) and. 2-am not hi azol e (35.8 , 0.36 mMmmvol) were

.treated witih hehatiem oA t6¢ rreeiivestlath neton oelwhilized. né‘tdﬁistmlal (mtbwlme % 2.6

m., 1.79 sulti r & tu heat
reflux for rmgjc%{ld (E;ﬁénﬁra)eac |d(§%dr?1?2§u¢ gomowe)é &ﬁ@%ﬁﬁgg’ gbgfnd t hen
filtered thrmeuothdcihaiyi ehloridb €0.8 @Ali)t €rhaasadtibe ok ald yvay\@&k’&ﬂatwstdﬁ fatay!

acetate, and the filtrate was concentrated in vacuo. Flash chromatography
(Merck Sili eddigienalgty mppend fon qepedntradoinetdayd. Jbe tresidyehexadiewlvedf for ded
the 2-(3,4-

met hoxy- cyc%{%gﬁfi@ *8%57%{%?@ g'id G925 {507 Sh sl soltiony wagdhendeated ) ¢
gl ass:  (EESkAthHRM i€ of alaafind a&l@ﬁ&%%_’??@%%n& Iay%@&e%%l nﬁJQU”d
399. 0700. 20 Cctober 2006 WO / 095438 / EP03/ 0384 111 Exanpl €
Acetic aci d 13> panglp iz ddy d¢ttabydroframy(p )mBb) ¢isha zamul2- The sasbhlmgyﬂeéGchyl ]-
mixture was stirred at 0°C for 1 h and then diluted with methylene chloride (100
mL). The organic layer was successively washed with a 1M aqueous citric acid
solution (2 x 100 mL), a saturated sodium bicarbonate solution (1 x 100 mL), and
a saturated sodium chloride solution (1 x 100 mL). The organics were dried over
.magnesium sulfate, filtered, and concentrated in vacuo to afford formic acid 3-
[2(R)-(3-chloro-4-methanesulfonyl-phenyl)-2-(pyrazin-2-ylcarbamoyl)-ethyl]-
'cyclopentyl ester (375 mg, 82%) as an off-white solid. -

[0214] To a solution of formic acid 3-[2(R)-(3-chloro-4-methanesulfonyl-phenyl)-2-
(pyrazin-2-ylcarbamoyl)-ethyl]-cyclopentyl ester (375 mg, 0.83 mmol) in
methanol (50 mL) at 0°C was bubbled ammonia gas for 15 min. The resulting
reaction solution was stirred at 0°C for 15 min. The solvent was removed in
vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 1-5%
methanol/methylene  chloride) . afforded 2(R)-(3-chloro-4-methanesulfonyl-
phenyl);3-(3-hydroxy-cyclopentyl)-N-pyrazin—Z—yl—propionamide (260 mg, 62.5%)

as an off-white solid.



cyclopentyl ester 0 OHHHS C \' I OC [0217] A solution of

2- (3, 4-di chl or o- phenyl ) - 3- (3- hydr oxy- cycl opent yl ) - N- t hi a281Ogober 2006

yl - propi onam de (prepared as in Exanple 36, 147.8 ng, 0.38 mml) and acetic
anhydri de W@2309548 77 mmol ) in pyridine (2 nL) and nethyl ene-ghbRhbde (1
m.) was stirred at 25C for 20 h. The mesulting reaction m xture was
concentrated in vacuo. Since the reactlon did not go to conpletion, the
resi due wags r‘? di ssolved in (gyrl diframple g9 m.) and acetic anhydride (1.4
n, 14. 8% PidHare-pbenyd)3r e@eﬁt(’XY?XG!OPGE*tYé)I‘tNéBmZDI -&1yhiprapionaimifie
reaction m xture was concentrated in vacuo and then diluted with ethyl
acetate (50 nL). The organic Iaye/was washed with a IN aqueous

hydrochl oric acid solution (3 x 5& nL), water (50 nmL), and a saturated
aqueous sodi um chl ori de sol ution (/5 nlﬁ) dried over sodiumsulfate,
filtered, and concentrated in va | ash chromat ography (Merck Silica
gel 60, 230-400 nesh, 35% et hyl aceta ei/lmexanes) af forded acetic acid
3-[2-(3, 4-di chl oro- phenyl)- 2-(thia ’ $ anoyl ) -ethyl]-cycl opentyl
ester (80.8 ny, 49% as a white 2C, (ES)+-HRVMS mfe cal cd for
CLOH2OC12N203S (MtH) +  427. 06461 0%‘4 Exanpl e 41

2-(3,4-Dichl oro-phenyl)-3-(3-fl uorgtcycl opentyl )-N-thiazol-2-yl-p
ropionamde F HHHNJW C ~Yx N C 20 Cctober 2006 WD 03/095438

PCT/ EPO3/ IQQWA solution of 2-(3,4-dichloro-phenyl)-3-(3-hydroxy-cyclopentyl)-propionic
acid methyl ester (prepared as in Example 36, 194.1 mg, 0.61 mmol), silver

carbonate (320.6 mg, 1.16 mmol), silver tetrafluoroborate (131.0 mg, 0.67 mmol),
and iodomethane (72 pL, 1.16 mmol) in acetonitrile (6.1 mL) was stirred at 25°C
for 48 h. The resultg reaction mixture was then heated under reflux for 24 h. -
The reaction mixture was then filtered through a pad of celite, and the celite pad
was washed well with ethyl acetate. The filtrate was concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 10% ethyl acetate/hexanes)
afforded  2-(3,4-dichloro-phenyl)-3-(3-methoxy-cyclopentyl)-propionic  acid
methyl ester (68.8 mg, 34%) as a yellow oil which was used without further

purification.

[0216] 2-(3,4-Dichloro-phenyl)-3-(3-methoxy-cyclopentyl)-propionic écid methyl
ester (118.3 mg, 0.36 mmol) and 2-aminothiazole (35.8 mg, 0.36 mmol) were
treated with a solution of magnesium methoxide in methanol (7.4 wt.%, 2.6 mL,
1.79 mmol). The resulting reaction mixture was then heated under reflux for 30 h.
The reaction mixture was allowed to cool to 25°C and then filtered through celite.
The celite was thoroughly washed with ethyl acetate; and the filtrate was
- .concentrated in vacuo. Flash chromatography (Merck Silica gel 60, 230-400
- mesh, 40% ethyl acetate/hexanes) afforded the 2-(3,4-dichloro-phenyl)-3-(3-

methoxy-cyclopentyl)-N-thiazol-2-yl-propionamide (9.6 mg, 7%) as a white glass:
- (ES)"-HRMS mv/e calcd for C5H,0CLN,0,S M+H)" 399.0696, found 399.0700.



112 [0218] A solution of

2- (3, 4-di chl oro- phenyl ) - 3-(3- hydroxy-cycl opentyl) - pr opi 020ctaleir d00et hyl
ester (prepared as in Exanple 36, 180 ng, 0.56 mmol) in methylene chloride
(0.28 nL) W83/t ed with diethyl am nosul fur trifluoride @@riboshssiP- 85
mmol ). The resulting m xture was stirned at 25C for 18 h. At this tine, the
reaction was diluted with water (50 _nlL). This solution was extracted with
met hyl ene chloride (3 x 30 ) TheEB“F’QH’(ﬁ‘Els were dried over sodium

sul fate, fil Aselgacht(E6h maﬂeﬂhm‘)’lk&r{ﬂmwﬂ%&ltﬂrbhmwﬂmﬁ@ylhphy ( Mer ck
Silica gel 60, 230-400 nmesh, 50/ &&ldendtylastezt hyl acetate) afforded

2- (3, 4-di chl or o- phenyl )-3-(3- fl uoro-cycl opentyl)-propionic acid nethyl
ester (71.2 ny, 39.3% as a light gellow oil. [0219] A m xture of

2- (3, 4-di chl or o- phenyl ) -3-(3-fluor ycl opentyl)-propionic acid nethyl
ester (70 ng,.0.24 mol) and 2-amQiot hi azole (26.3 ng, 0.26 mmol) in a

sol ution of magnesi um net hoxi de i naethanol (7.4 wt.% 0.63 nL, 0.43 mol)
was heated to 110C for 18 h. At t Hne, the reaction m xture was cool ed
to 25C and then concentrated in vacuoy (l.ash chromatography (Merck Silica
gel 60, 230-400 nesh, 70/30 hexanegs/ et yINacgtate) afforded

2- (3, 4-di chl oro- phenyl) 3-(3- Q ﬁz
pt opi @nariy (2.3 ng, 2.7% as a Ilght

f1uoro-cycl opentyl)-N-thiazol - g

yellow oil: El-HRMS me cal cdfor ICI7HI7CI2N20S ( MkH) + 387. 0496, found
387. 0499 Exarrpl e 42 1- [2-(3, 4- Di%hl o r o- phenyl) - 3- ( 3- oxo- cycl op
entyl)- | -urea OHHHH ONOM C C [0220] A

sol ution Jﬂﬁﬂ AES?IE igu d?fc:h(%‘y -gichiesayphynd)-B3 Hydroayeyelppénsplpi-thigzol-2-

rethyl ene. crorra oA Ble 3 05 7 frC e aPeckFiac e (20

20 Cct ober 2B@§dridd R340, %zﬁ%ﬁmﬁﬁjr ERYRiRS882 i) hAd methylene chloride (1 mL)

was stirred at 25°C for 20 h. The resulting reaction mixture was concentrated in

vacuo. Since the reaction did not go to completion, the residue was re-dissolved
m pyrid'me (1.8 mL) and acetic anhydride (1.4 mL, 14.84 mmol) and then stirred at
25°C for an additional 7 h. The reaction mixture was concentrated in vacuo and
- then diluted with ethyl acetate (50 mL). The organic layer was washed with a 1IN
aqueous hydrochloric acid solution (3 x 50 mL), water (50 mL), and a saturated
aqueous sodium chloride solution (50 mL), dried over sodium sulfate, filtered, and
concentrated in vacuo. Flash chromatogr-aphy (Merck Silica gel 60, 230-400
- mesh, 35% ethyl acetate/hexanes) afforded acetic acid 3-[2-(3,4-dichloro-phenyl)-
2-(thiazol-2-ylcarbamoyl)-ethyl]-cyclopentyl ester (80.8 mg, 49%) as a white
solid: mp 49-52°C; (ES)-HRMS m/e calcd for CisHzCLN,0:S (M+H)"
427.0645 found 427.0648.

‘Example 41
2-(3,4-Dichloro-phenyl)-3-(3-fluoro-cyclopentyl)-N-thiazol-2-yl-propionamide

F

H H
N._-S

| I

Ci

Cl



wt. % on basic alum na, 218 ng, 0.20 mmol ). The reaction m xture was stirred
at 25C for 4 h. At this time, the reaction was filtered?20Kpdolyn 280@| ug of
celite (ethyl acetate as eluent). The filtrate was concentrated in vacuo.
Fl ash chr owetegsaghy (Merck Silica gel 60, 230-400 nmesh, 9Q410IRtHY! ene
chl ori de/ met hanol ) afforded 112

- 1-[2-(3, 4-di chl oro- phenyl ) - 3- (3- oxo-cycl opentyl) - propi onyl ] - 3- met hyl - urea
(45.8 ny, 76.1% as a white solid: np 70-74C, FAB-HRVMS me cal cd for

C16H13C12 357..017 d, 357. .

SO AR S S A ik SRR R OPe ) FroRIFE nani de
0 H YH H N-%cfd ot e@ar gﬁ@;?a}ld A ﬁﬂﬁkﬁd{l}ﬁl@ 3@f 1§0 Qe Qed Mol?%@ﬁ?ﬁzénone
(prepared as in Exanp 5 7, 3- propanedi ol " (39. 86 g,

0.52 nol), tafﬂmier(wzgmmhwmmmé “(1ﬂ33d16ﬂ1y@mmﬁsulﬂ157nﬂmbr)de @rid mL, 0.85

p-t ol uenesulfon Ci d%‘srérfnohydrate in henzene (52 was _ heat ed under
reflux for GmWO Th he ZeRuitingnMpEErec e étél“?%a??féc(f?‘l é?éﬁ Wit tthis iamertbe (1 L) |

and extract gd, Woh hygi %Q¥d %Jﬂe&/ ? 30 A&Qﬂ?]m-"l"hls Qﬁu@&gg‘%ls extA%ER Sw}’éﬁl Ssh

dried over nagnesium su tered, and concentr at in vacuo
chr omat ogr aphsthyibes ckloSide |(Ea getmlao THO oRBAicBSEre dibed dlicebbidilim sulfate,
et her/petrol eum_ ether) afforded 2-iodonethyl -6, 10-di oxa-spiro[4.5 decane

(18.77 g, 63v4erasagd C&E?qngwe& i, VaEsz]aslACEEﬂra%tP%PBY (Merckopitiengtldif ne (2.5
n., 17.80
1, 3-di net h?lBg Q)A??b? %h%/g@ ﬁ@%ggg%ywétaté)%%f%h%%%zg (4 8dl(r:‘rq_15)rov%mnylgoo(l ed to

-78C under Ifhiok® gieslogandyl}-peipidnieadie chethl Rstar 27 HMngg1301300)ras aflight yellow
butyllithium_in hexanes (7.1 nL, 17.80 mmol). The reaction m xture was
stirred at ©@78C for 45 min and then treated dropwi se with a solution of
(3,4-dichloro- phenyl)-acetic acid nmethyl ester (prepared as in Exanple 1,
3.00 g, 13.69 nmmol ) in dry tetrahydrofuran (26 niL) and

é C?’/ CEI lpgg; g)gga}zA%ﬁgt@ret &t 2 aBydiichldlolphens§-30c1-A06/0-AR (D en¥D- H3piRe 4R %1
methyl ester (70 mg, 0.24 mmol) and 2-aminothiazole (26.3 mg, 0.26 mmol) in a
solution of magnesium methoxide in methanol (7.4 wt.%, 0.63 mL, 0.43 mmol)

- was heated to 110°C for 18 h. At this tiﬁle, the reaction mixture was cooled to

| 25°C and then concentrated in vacuo. Flash chromatography (Merck Silica gel 60,
230-400 mesh, 70/30 hexanes/ethyl acetate) afforded 2-(3,4-dichloro-phenyl)-3-(3-
fluoro-cyclopentyl)-N-thiazol-2-yl-propionamide (2.3 mg, 2.7%) as a light yellow
‘0il: EFHRMS mv/e caled for C7H;;CLN,0S (M+H)* 387.0496, found 387.0499.

Example 42
1-[2-@3, 4—D1chloro-phenyl)—3 (3- oxo-cyclopentyl) propionyl]-3- methyl—urea
0]
H
HH H
NS
I
cl 0O o
Cl

[0220] A solution - of  1-[2-(3,4-dichloro-phenyl)-3-(3-hydroxy-cyclopentyl)-
propionyl]-3-methyl-urea (prepared as in Example 35, 60.5 mg, 0.17 mmol) in
methylene chloride (1.68 mlL) was treated with pyridinium chlorochromate (20



114 pyrimdinone (8 nL). The reaction m xture turned dark yellow in col or
and was allowed to stir at -78C for 10 min and then at BCOctabed?006i n. The
reaction mxture was then cooled to -78C, at which tinme, a solution of

2- i odonet WO 030958 di oxa- spi ro[ 4. 5] decane (5.79 g, 20.54 mweir)erbiozdiy
tetrahydrofuran (13 nL) and 113 _
1,3-dinethyl-3,4.5, 6-tetrahydro-2( 1I—2190- pyrim_di none (8 nl) was adgéd

dropwi se. & rBResIcHHumng ¢t & mg 0rZ0apmaD. -ThsaepQion Mg Wag sHTHhet t hen
alloned to was 04 1,25G, ' I T 1Lon

m xture vvasvtgu(g]rfl%:rhd'e ) v%gtthwggﬁ%& %J?ea eoggg%ifé%%g& g{rmor%% %R%u(‘f@g%@gg&gg]l ution

(100 L) andcéthemsehinment Tiad lratdiway scidentted siMao! Elashhhebradtograghy The
aqueous resi due was extracted with et h(% acetate ?2 X 150 nil).

/| Th
combi ned or ¢ghsrak Bikice get €0, R3P<0RamashOUnl Q methylenst idéenf‘éa%r@Mfor@qedhi um

chl ori de sol,ut,ian, (2 20 ter (200 as1-L) at queous
sodi um chl orllkj[éé@slldﬁﬁproéﬂ'p?lﬁgygg'?rl(;i\%xa'rc ‘gap %I\/tgl?'p 5%?%@%—%%@2#& f@?tsgr ed,

and concent it edgiim)vasua. whashssHar onpt pg7atdly FAYCHRRVISI bi/e acaial £610,

230- 400 nesh, 15% et hyl acetat e/ hexanes) afforded

2- (3, 4- di chlGsidisphdh@s YM3-H). 3660103, dpwda359g708] 4. 5] dec- 2-yl ) - propi oni ¢ aci d
nmet hyl ester (3.92 g, 77% as a yellow oil. [0223]

2- (3, 4-Dichl oro-phenyl)-3-(6, 10-di oxa-spi ro[ 4. 5] dec-2-yl)-propionic acid
nethyl ester (1.00 g, 2.68 mml) wWegahpRajzed with a solution of nagnesium
met hoxi de i B_gat; ( {2 % .19 Je ) _vil; iGaGkigen m xture
was then traég’?e]gﬁ\i}m%trﬁ élf(e;}%m]%t%/%io%g(g eolieéﬁgﬁq ﬁ'g@‘g.%' Prﬁoé{l). Tﬁg resul ting
reaction mxture was then heated,under reflux for 28 h. The reaction

m xture was allowed to cool to 28%C and then filtered through celite. The
celite was thoroughly washed w't hyl acetate, and the filtrate was '
concentrated in vacuo. Flash chr ~NQgr aphy (Merck Silica gel 60, 230-400
mesh, 25-50% et hyl acetat e/ hexane _ '
2- (3, 4-di chl or o- phenyl ) - 3- (6, 10- di S
spiro[4.5]dec-2-yl)-Nthiazol-2-yl-p opon;,%'\g?e (768.5 ng) as a yellow oil
whi ch was used without furthe®!"puyification. [0224] A solution of crude

2- (3, 4-di chl or o- phenyl ) - 3- (6, 10-di 6ka- spi ro[ 4. 5] dec- 2-yl ) -

N-t hi azol - 2-yl - propi onam de (768.5 ng, 1.74 mol) in tetrahydrofuran (8.7
n) and @232Pp AGURRIS JNBIIAERERI-6ydéiettatohd iprefhrédBasdinBxamps3 S 0B 47ed at
25C for 64 h. The resulting reaction solution was concentrated in vacuo to
renove 20 Ogt @b malpde3-propanediol (39.86 g, 0.52 mol), trimethyl orthoformate (13.61 g,

©0.1257 mol), and p-toluenesulfonic acid monohydrate in benzene (524 mL) was
_heated under reflux for 6 1. The reaction was cooled to 25°C, diluted with water |
(1 L), and extracted with diethyl ether (2 x 400 mL). The organic layers were
dried over magnesium sulfate, - filtered, and concentrated in vacuo. Flash
chromatogfaphy (Merck.Silica gel 60, 70-230 mesh, 15% diethyl ether/petroleum
ether) afforded 2-iodomethyl-6,10-dioxa-spiro[4.5]decane (18.77 g, 63%) as a

yellow oil.

[0222] A solution of diisopropylamine (2.5 mL, 17.80 mmol) in dry tetrahydrofuran
(26 mL) and 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (8 mL) was
‘cooled to -78°C under nitrogen and then treated with a 2.5M solution of n-
“butyllithium in hexanes (7.1 mL, 17.80 mmol). The reaction mixture was stirred

at -78°C for 45 min and then treated dropwise with a solution of (3,4-dichloro-

| phenyl)-acetic acid methyl ester (prepared as in Example 1, 3.00 g, 13.69 mmol) in
dry tetrahydrofuran (26 mL) and 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-



WO 03/ 095438 PCTI EP03/ 03844 115 tetrahydrofuran and then diluted with
ethyl acetate (100 nL). The organic | ayer was washed w 2 Gridiir ageous
hydrochl oric acid solution (50 nL), water (50 nL) and a saturated aqueous
sodi um chI¥P %348 uti on (50 nL), dried over sodium sul f aPeI/Hrbomsned, and
concentrated in vacua. Flash chromatodtaphy (Merck Silica gel 60, 230-400

' h, 50% et hyl. tat e/ h s) afforded 2-(3,4-djchl.oro-

Themy1 )3, ¢ 5 PRt B aRES T ER kot piiRBird etk RIS clor a9 s 4706
over 2 stepgiloRs @ Wi e-3ebi:r 10ntA8d ARG at (BS) s HEMRiAY errealesdiohor
C17H16C12N202S ( M+H) + 383.0383 found 383. 0385. Exanple 44 2- 3“4- Vet h

anesul f onyl - puikireywas Bex 8ooird t yi¥ Gpatevitivh tineNs sdlnaawbf 2-igdonethylgs, 166 nam de
OHHH Ny S OS\)\ N J 10 A sql.utjon of
3- (3- hydr oxy-§@9‘8156']5 t531j‘3°-a§9 652?7%& ﬁé%és}amf) ria&}ﬁ-f}bﬁ%wyvskpﬂm (13 mL) and

thi azol - 2-yl 1Bl AREARABIIS s LOLERAI LS f?ﬁ i ). R Oadh ol )
in nethyl eneBchI otr?li@ge’ (3 ) \%asoe?(t ?12 ed w ?% Sgy[}}?[“ ivr;ﬁ%u%mgﬂlcg?pg}glger’omt e
(20 wt. % onThasdactial mmtme, stin@8 atg/8°Q.fér7 15 nimlaphd whaeheresloviddng weaabi on

m xture was jrred at 25C for_3 _h, at which tinme, thin |ayer ]
chr omat ogr api?@)t C: RERCESH ¥RsSTUTRY) for 28rbudbe spactipre mixture was quenched with a -

3-(3-hyd z =2-(4- =Nt hi Lz 5.
21 ot opi orai s et S A E IR OR PR thd Ll b RERRd i 11 onal

anount of pyvdcabné vemovd wrahjdrofieire (RO aylicolfs @EsidRSWas akteiBidtBwith 2thyl0,
0.118 nmmol). The reaction m xture was allowed to stir at 25C for I h and
then filteretctahfoigh 8 Bhd of he sppbanedTprgapisdexiractse Weree Waskedraiithed wel |

with ethyl il g j - ndi A t abse 0 r pduct by
thin ayor chiask skl lihilfs YIS IUNELER A0 MES R5TREP A8L) BhOReco

Fl ash chr onagangsted ayudoMeso&iubi Lhl6ad€ebluti&d (200301 4 QR idaeskr sddidrhananes/ et hyl
acetate to 100% et hyl acetate) afforded 2;0;- '

net hanesul f of{ared gaf ponceiratedorcacye dipshtoromatpgrplr GlezkySiligr pgi@nani de

(C?.fg D (r)r|%|12 02%?30‘5@0061&@5“} fs %Ogﬁﬂll ggetz?téfh%}Za%es)FégérﬂlgySZ-@,g-d?&hgr%-gh%ayl)Q -

.(6,10-dioxa-spiro[4.5]dec-2-yl)-propionic acid methyl ester (3.92 g, 77%) as a

yellow oil.

[0223] 2-(3,4-Dichloro-phenyl)-3-(6,1 0-dioxa—spiro[4.5 ]dec-2-yl)-propionic acid
methyl ester (1.00 g, 2.68 mmol) was treated with a solution of magnesium
methoxide in methanol (7.4 wt.%, 19 mL, 13.39 mmol), The reaction mixture was
then treated with 2-aminothiazole (348.7 mg, 3.48 mmol). The resulting reaction
mixture was then heated under reflux for 28 h. The reaction mixture was allowed
to cool to 25°C and then filtered through celite. The celite was thoroughly washed
with ethyl acetate, and the filtrate was concentrated in vacuo. Flash
chromatography - (Merck Silica gel 60, 230-400 mesh, 25-50% ethyl
acetate/hexanes) .- afforded  crude 2-(3,4-dichloro-phenyl)-3—(6,1’0-dioxa—
spiro[4.5]dec-2-yl)-N-thiazol-2-yl-propionamide (768.5 mg) as a yellow oil which

was used without further purification.

[0224] A solution of crude 2-(3,4-dichloro—pheny1)—3—(6,10-dioxa—spiro_[4.5]dec—2-y1)-
- N-thiazol-2-yl-propionamide (768.5 mg, 1:74 mmol) in tetrahydrofuran (8.7 mL)
and a 5% aqueous hydrochloric acid solution (3.9 mL) was stirred at 25°C for 64

h. The resulting reaction solution was concentrated in vacuo to remove



(MtH) + 393. 0943, found 393.0948. 20 Cctober 2006 WD 03/095438

PCT/ EPO3/ 03844 116 Exanple 45 2-(3-Chlo ro-4-nmeth anesul 2@0nbef2006

enyl ) -3-(3-oxo-cycl opentyl)-Npyrazin-2-yl- propionamde 0 HHHOI N/N
O O\ N ®o@EaRe2eg A solution of diisopropylamne (1.9 nlL, pdBxpeh/d3eRl ) 1N
dry tetrahydrofuran (19.5 m_) and 115

1, 3-di met hyl -te ro 2(1H)-pyrimdinone (6.5 nL) cooled to -78C
under nit rogé‘ﬁmi}é(gmg‘r“éﬁ Dc Ailuted vil egyLigetpie 6?00nmbht JEiorganilayen |

hexanes (5.5 , 0 C for
45 mn and tr‘?e;grsl “fa:sg%cfe o/)o\?\n g%%\?\nﬁlﬁ %%Emgnf: ’;I%ﬁﬁ Hfu%f) W{@O m&‘ qera(tsomf})
(3-chloro-4- ard hy:tmﬂafezainaqueoﬁmemhm«smeﬁﬁ@ s@l@tldnr(&@hﬁzn) gsik@rovepkePaned as
in Exarrple4 2.42 g, 10.49 mmol) in dry tetrahydrofuran (19.5 m_? and

1, 3- di met hy! Salfate, Sﬁ]gefﬁét %"élhﬁfdlrcén@(tqdd)n v Flasic t%aISWnG_MerCKﬁe igaeact i on

t t | t t t t
"r8C T or ‘ii-,”%?ln%{ RA0-AP 5% 0%, R P Breait® mpfftief g ChEhebBri ool ea
to -78C. At phésl %xo&ySl@béﬁty@JN eiaz120605¥85iBNAm e 5@81 9 me, 47% over

di oxa- spi rof 4. 5] ecane (prepared as in Exanple 43, 3. mol) in
dry tetrahyar 6fgsares( 20 White selid: mp 146-145°C; (ES)" HRMS m/e calcd for

i opwi s6. ThE PO RS AT PR BN Or 30 mn and was then

allowed to marn1to 25C, where it was stirred for 24 h. The reaction

m xture was concentrated in vacuo to renove tetrahydrofuran. The aqueous
residue was diluted with ethyl acetlxampRe@ nl), and the organic | ayer was
washed  wi2t-(d-Blesieinesatfealylathengl)s3-(3-vki-ayeic htryl) de-thiakaltd-PRpkopionad@idenl) ,
water (200 nlL), and a saturated aqueous sodi um chloride solution. The
organic layer was dried over magngsiumsulfate, filtered, and concentrated -
in vacuo. Flash

[0225] A solution of 3-(3-hydroxy-cyclopentyl)-2-(4-methanesulfonyl-phenyl)-N-
thiazol-2-yl-propionamide (prepared as in Example 37, 155 mg, 0.393 mmol) in
methylene chloride (3 mL) was treated with pyr1|d1mum chlorochromate (20 wt.%
on basic alumina, 508 mg, 0.471 mmol). The resulting reaction mixture was

- stirred at 25°C for 3 h, at which time, thin Jayer chromatography indicated a small
amount of the 3-(3-hydroxy—cyclopentyl)—Z-(4—methan¢sulfonyl-phenyl)-N-thiazol—
2-yl-propionamide. The reaction mixture was then treated with an additional |
amount of pyridinium chlorochromate (20 wt.% on basic alumina, 127 mg, 0.118
mmol). The reaction mixture was allowed to stir at 25°C for 1 h and then filtered
through a pad of celite. The pad of celite was washed well with ethyl acetate until
the washings indicated the absence of product by thin layer chromatography. The
filtrate was then concentrated in vacuo. Flash chromatography (Merck Silica gel
60, 230-400 mesh, 1/3 hexanes/ethyl acetate to 100% ethyl acetate) afforded 2-(4-
methanesulfonyl-phenyl)-3-(3-oxo-cyclopentyl)-N-thiazol-2-yl-propionamide (46
mg, 30%) as a white foam: mp 94-97°C; FAB-HRMS m/e calcd for C;gH0N;04S;
(M+H)" 393.0943, found 393.0948.. |



chromat ography (Merck Silica gel 60, 230-400 nesh, 25% et hyl

acet at e/ hexanes) afforded the ' 20 October 2006

2- (3-chl or 0- 4- net hyl sul f anyl - phenyl ) - 3- (6, 10- di oxa- spi ro[ 4. 5] dec- 2-

yl) - pr opi it @/asi38 et hyl ester (2.27 g, 56% as a yell ow p¢t/epElesdBRVS N e
calcd for Cl9H25C104S (M + 384. 1162 fiwwund 384.1181. 20 COct ober 2006 WO
03/ 095438 PCT/ EP03/ 03844 117 [0227] A solution of

2- (3-chl oro-4-net hyl sul fanyl - phenyl) - 3- (6 10- di oxa-

spiro[ 4. 5] dec-2-yl)-propionic aC|d net ster (1 18 g, 3.07 mml) in

met hyl ene i de ( gég slo ted with a mxture
of 3- chl ogcfge((r) ér%'gt 2‘%&3 %Y)_r-” eB‘ﬁ(h RY8782-Fhol ) and
sodi um blcarbonate (1.03 g, 12. ZB“Hﬁ®$9H44¢ nethylene chloride (8 nL). The
thick reaction mxture was diluted with nethylene chloride (8 nL) and was
then allowed to warmto 25C, whe®e it was stirred for 4 h. The reaction
m xture was diluted with nethyl ene—~chl oride (200 nL) and water (200 ni).
The organi ¢ phase was cool ed dows m*ﬁC and then slowy treated with a
saturated aqueous sodi um bisulfte sol'yu gn (200 nL). The organic |ayer was

washed with a saturated aqueous ¥ honat e sol ution (100 ni),

water (100 nmL), and a saturates @ SO I%j‘r chloride solution (100 ni),
gl aerNz\i}( ntrated in vacuo. Flash

70-230 nesh, 50% et hyl

dried over sodiumsulfate, filis

chromat ography (Merck Silica @el\ 60

acet at e/ hexanes) afforded 2-(3-chloro-4-net hanesul f onyl -
Sf‘e”éé?)@?ﬁé?@l@éﬁhv B3 sreronsibimnd ello J00H PerolcTotpserasa .
416, 1060 fpunsl 416. 10543 40238 A28 gy

2-(3-chlor o?l?] éi%Znesulf’ongﬁ %le%\???é%g“j 829}{2(21 idinone (6.5 mL)

spi ro[ 4. 5] de@eledgd%%?ﬂ ondarmtmom\dasnte&alngd with b SN koRitiog, of 2-Byliithatoh i n

tetrahydrofuran (14, 5 was treated with a 5% aqueous_hydroch| o%%c acid

sol ution ( 6m4h??1§)165a(§e§ 911 tP&d mmops Clhgpeagipmmixtpee Vansirehatwdd G

concentrate eous

oot due v PR HEh bR A TR S N IR P (o e RO B
(2 x 100 m_pheniheacetoadid arthyd egan(peepangteassin Wxagipils 4, ezd420gelro @thmmlﬁul fate,
filtered, and concentrated _in vacuo. Flash chronmato rag@y (Nbrck Slllca

gel 60, 70-930 WEaWdraumpet (91> ELdt A€/ Hekdraethyla.f oritsiahydro-2(1H)
2-(3-chloro }%11%5@1@?8.‘5' Jmﬂﬂyll‘h@ p@i&m)ﬁ nﬁxt(:?’e 5 a bright yellow. The reaction

mixture was allowed to stir at ~-78°C for 15 min, then at 0°C for an additional 30

min, and then re-cooled to —78°C. At this point; a solution of 2-iodomethyl-6,10-
dio;ga—sbiro[4.5]decane (preﬁéred és in Exarﬁple 43, 3.85 g, 13.64 mmol) in dry
tetrahydrofuran (10 mL) and 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone
(3 mL) was added dropwise. The reaction mixture stirred at -78°C for 30 min and
was then allowed to warm to 25°C, where it was stirred for 24 h. The reaction
mixture was conce£1trated in vaéuo to remove tetrahydrofuran. The aqueous
residue was diluted with ethyl acetate (200 mL), and the organic layer was washed
with a saturated aqueous lithium chloride solution (2 x 200 mL), water (200 mL),
and a saturated aqueous sodium chloride solution. The organic layer was dried
over magnesium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 230-400 mesh, 25% ethyl acetate/hexanes)
afforded the 2-(3-chloro-4-methylsulfanyl-phenyl)-3-(6,10-dioxa-spiro{4.5]dec-2-
yl)-propionic acid methyl ester (2.27 g, 56%) as a yellow eil: EI-HRMS m/e calcd
for C1oH,5ClO4S (M)" 384.1162 found 384.1181.



cycl opentyl)-propionic acid nethyl ester (1.03 g, 99% as a colorless oil:
El- HRMS me cal cd for C16H19C105S (M + 358. 0642 found 338.m8dEr 20@229] A
sol ution of 2-(3-chl oro-4-nethanesul fonyl - phenyl) - 3-(3-o0xo0-cycl opentyl) -

pr opi oni cwazedossshyl ester (1.02 g, 2.84 mmol) in net hanolpckrdsds)s Was
treated 20 Cctober 2006 WD 03/0954381PCT/ EPO3/03844 118 wth a I N agueous
sodi um hydroxi de solution (6.0 nL, 6.0 mml). The reaction mxture was
stirred at 25C for 16 h. The reaction m xture was then concentrated in

vacuo to Ve e . The resuktj gc o \as Ai b Wth
wat er (10@%% gandtsgfzﬁl@lglhfi eg?t o] T)Ildéfh%g? %O“ﬁ&ﬁﬂé‘é%%‘ oggg‘}%?é%m ??0?‘% acid
sol uti on t hepireXtjaed-2glwropiodidudid agahyltestet 21.X8 £50.07Mhmohhia reeiblened
organic layers were washed with a saturated aqueous sodi um chl ori de

sol ution (10blogdy, (B drbkdosledr tas diCuivasuslpate, reatadt &vitd 2 aHytE riedt r at ed
in vacuo. The, resultkng .yel.l i oljd S Jpit ted with ethyl
acet at e/ pet £ Oé(epnqlr%){y'r?gl%cil% g%lfiﬁ\a,\?@%zyfi-g b&ted @R 7tOA, k2 rnrnolywa.ng| sod1

chl or o- 4- mrethanasmdte enyd -4 hemyd }nt%o()3m0ﬁféﬁi%&'&le0&96ﬁd’é X8 RhPPI OMieC taat d
(800.0 ng, 82% as a white solid: np 164-167C, (FS)+-HRM5S mie cal cd for
Cl SH17C105Sr¢avhipf) +n3dge w88 dilyiadd vaths metigdene] olgojle ASswilyitandnwes then

R i o
. ng, . m= > i ;
di met hyl for qgmea%vif}?méi%gm cERPE 20 mP§ @ atdr fRIEALY The BXAh¥! pHald Or i de

(226 L, 2.587 mmol). e reaction mxture was stirred at 0C for 15 min and
t hen sti rr aasabolzdGofvorto D°G.andlecr dawly eated withrassahersted aquentsssadieth i n

vacuo to afforgd.a red oj]. This d oil .was dissolved .in.tetrahydrofuran
(303 - biufted sobite-2on sty e RBE Icowye TRk ok Whidavich Loratie
2- am nopyr azi g 248 lS‘fgmbgnégZolu@ﬁH!(lO@Hg'_gp%{eg'(ﬂﬁ) ﬁt&?,gaﬂd a Zataffedmol ) in
tetrahydrofuran (4.3 nmL). The resulting reaction mxture was stirred at 0C

for 15 m n aqeoubheodistn thieddatkoldben (1@0 o )hdridd everesdivmulfatef fiteredas
guenched with_a IN aqugqus citric acid solution (Zg n_1§) and then_extracted
with ethyl ARbEeRenirgisd i yaerdy ylaskcarqmaipgapy MMegsnriecs 85 He?Y washed
wth a satu d faue sodi I ofRy ohuti {42 10 and a
sat ur at ed a%%é%’us sodig{lijll 1c %#%%%%F)Stl ong‘z(ﬁo%le%rf@r%riz%%}h ogléfrﬂasyédi um
sul fate, fi pharydd3-(@hodenmnaecspirofas jedc2ayly-aopionid-laagh mdthgnestegr(a2By g, ( Mer ck
il I 230-4 h % et hyl h ff 2-(3-
Sitica gel 80,230 00 aeshy. BOrEu L 2Satate! hexanasd 2 98¢ 6sd 2

found 416.1054.

[0228]:A solution  of  2-(3-chloro-4-methanesulfonyl-phenyl)-3-(6,10-dioxa-
spiro(4.5]dec-2-yl)-propionic - acid methyl ester (1.21 g, 2.90 mmol) in
tetrahydrofuran (14.5 ml) was treated with a 5% aqueous hydrochloric acid
solution (6.4 mL) and stirred at 25°C for 29 h. The reaction was then concentrated
in vacuo to remove tetrahydrofuran. The resulting aqueous residue was diluted
with water (200 mL) and extracted with ethyl acetate (2 x 100 mL). The
combiried organic layers were dried over sodium sulfate, filtered, and concentrate.d
in vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 50% ethyl
acetate/hexanes)  afforded  2-(3-chloro-4-methanesulfonyl-phenyl)-3-(3-oxo-
cyclopentyl)-propionic acid methyl ester (1.03 g, 99%) as a colorless oil: EI-
HRMS m/e caled for CysHsClOsS (M)* 358.0642 found 358.0630.

'[0229] A solution of 2-(3-chloro-4-methanesulfonyl-phenyl)-3-(3-oxo-cyclopentyl)-
propionic acid methyl ester (1.02 g, 2.84 mmol) in methanol (7.1 mL) was treated



chl or o- 4- met hanesul f onyl - phenyl ) - 3- ( 3- oxo- cycl opentyl ) - N- pyr azi n- 2-yl

propi onam de (207.3 ng, 28% as a pale yellow foam np 9309B®bEf 3240 t 0
~gel); (ES)4'-FIRMS me calcd for CL9H20C| N304S ( M+H) + 422. 0936 found
422.0938. vadosnstsadzer 2006 WO 03/ 095438 PCT/ EP03/ 03844 119 pclaigphR446

2(R) - (3-Chl oro- 4- net hanesul fonyl -ph 118

enyl ) -3-(3-o0xo0-cycl opentyl)-Npyrazin- Z-YI_ propionamde O HH YNN OSSO
NI O\ C poh3hNaquesugspd ydroxide solution (6.0 mL, 6.0 mmol). The reaction

2(R) - (3-chl or 0-,4- met hanesul |- yl)-3-(3-hydroxy-

oyol opent y1 ) EREH T e 28R K OIRY qhie Fit BRR HRREL e e sARTR S 60y,
0.142 mmol) hnydrebhy! RRvE Mahdnde (L FshiteSagub KAt REHdNE s [ERSedViithi N

peri odi nane (132.5 ng, 0.312 nmol). The reaction m xture was stirred at 25C

for 2 h. Thewaicedtdd onl)rind aridifis ta pdF-2dmitt ed Niagheomst hydrenhdorahaaidi de (10 -
m.) and washed.with a 1M agueous,citric I d, sol uti (10 nL). The pH of
the aqueous ® ?‘é%ﬂ'&\?}é.sexgﬁ‘ftffgfvé ?%yggcﬁﬂ%?géubﬁh?ﬁaﬁ‘? ‘Wgéb”t‘%]eﬂrgé&’ﬂact ed
wi th methyl epgers Ghkd wagh?ed(»alﬁh Hldiurdtig 260800 88 Saktide écﬁb(t%ns(l‘@rx‘ﬁlﬁﬂr i ed

over magnesium sulfate, filtered, and concentrated i1 n vacuo. Flas
chr omat ogr apdryed MesrcsodBirhi sulfategdiltebdl, at@l e@Centeatéd ibOad0% Eichydsulting

acet at e/ hexan atforded 2(R)-(3-chl oro-4-

met hanesul f oYfgﬁ%%"p‘Pl‘L‘hWI)d?‘é’?S( élt&@éﬁdcvg:hoeﬁgﬂt%??t)ate@eﬁ?}e&% sthento4fford Z5(3snani de

(45 Mg, 75%n1&%-AheHahesifoh-HRhiY-3-BagRL I)-propionic _ acid .

2(R)-(3-Chloro-4- rngt ha?\esul ?Cﬁl}% §’gheﬁj;ll @ﬁé%ﬂf}?—rggg’?&fcl %cﬁent@?g E)I\I- pyr az

in- 2-yl-prapgorsdfi)des O white solid: mp 164-167°C; (ES)-HRMS m/e calcd for
Ci5H17C10sS (M+H)" 345.0558 found 345.0561.

[0230] A solution of 2-(3-chloro-4-methanesulfonyl-phenyl)-3-(3-oxo-cyclopentyl)-
propionic acid (594.8 mg, 1.725 mmol) in methylene chloride (8.6 mL) and N,N-
dimethylformamide (2 drops) cooled to 0°C was treated with oxalyl chloride (226
pl, 2.587 mmol). The reaction mixture was stirred at 0°C for 15 min and then
stirred at 25°C for 2 h. The reaction mixture was concentrated #x vacuo to afford a
red oil. This red oil was dissolved in tetrahydrofuran (4.03 mL), cooled to 0°C,
and then slowly treated with a solution of 2-aminopyrazine (246.1 mg, 2.587
'mmbl) and pyridine (209 pl, 2.587 mmol) in tetrahydrbfu.ran (4.3 mL). The
resulting reaction mixture was stirred at 0°C for 15 min and then stirred at 25°C
for 2 h. The reaction mixture was quenched with a IN aqueous citric acid solution
(20 mL) and then extracted with ethyl acetate (2 x 100 mL). The combined
organic layers were washed with a saturated aqueous sodium bicarbonate solution
'(2 x 100 mL) and a saturated aqueous sodium chloride solution (100 mL), dried
over sodium sulfate, filtered, and concentrated in vacuo. Flash chromatography
(Merck Silica gel 60, 230-400 mesh, 80% ethyl acetate/hexanes) afforded 2-(3-
chloro-4-methanesulfonyl-phenyl)-3-(3-o0xo-cyclopentyl)-N-pyrazin-2-yl-
propionamide (207.3 mg, 28%) as a pale yellow foam: mp 93-96°C (foam to gel);
(ES)*-HRMS mv/é calcd for CoHaoCIN3O4S (M+H)" 422.0936 found 422.0938.



\' OS~~00\ N C 20 Cctober 2006 WD 03/095438 PCT/ EP03/03844 120
Step 1 [0232] A solution of (S,S)-hydrobenzoin (10.0 g, 46.0ctob®2D06

pyri di ni um p-toluene sulfonate (1.4 g, 5.6 nmol), 2-cyclopentene-I-one (20
m., 238.7 WAoB)9angl cycl ohexane (200 nlL) was heated under ﬂ@ﬁ/%ﬁ%/@&?r 4 h
with a Dean-Stark trap to renove watahioformed during the reaction. Hhe

m xture was then cooled in an ice bath for 20 m n, and the insol ubles were
filtered off through filter aid. THexampledting sol uti on was washed with a
10% aqueouXI}y63-4dprondmethnbesndfionysphantyl)ed-(3-020scy@opaityl) g yratien-{12 x 25
mL), and then dried over anhydrousppitinamidal fate. The dried solution was
passed through a pad of silica gel 60 (26 g of 230-400 nesh). The pad was
further eluted with additional hexanes (475. nL). The resulting solution
was concentrated in vacuo to affor®.2(S), 3(S)-diphenyl -1, 4-

di oxa-spiro[ 4. 4] non- 6-ene (10.55 3L¥ as a white solid. Step [0233] A
solution of 1,2-dichloroethane (85 and diethyl zinc (6.5 nL, 63.4

nol ) cooled to -15C under a nitrog : rmﬁ‘ph(ﬁ[e was treated with

i odochl oronet hane (8.9 nL, 122 i1 y: sv[gl e, at such arate as to
allow the tenperature to rise 2 (ower Qbetit 5 mn). The m xture was
stirred with cooling for an aftNtibnal 15 nmiffat -7Cto -13C until there
was no further exotherm The react%lon was then stirred at -0C for 10 nin,
then re-cooled to - 35C. At this tinme, a solution of

2(S), 3(S)-di phenyl -1, 4-di oxa-spiro[ 4. 4l non-6- ene (8.5 g, 30.5 muol) in

1, 2- di chl §23#} Baneolubibni pf wa(Raddetlovo-a-ByhiungalfoNaphedsd)-Bi(BLhydkyL eact i on
t enperature i%creas§ to -26C during the addition. The Treaction was then
stirred at “I%EPeEYDIGPHAFD-Ayl-Praponamide (RrpRared 46t oramnde 38, 68omiged t o

(25 and & H0poagiegy SO ASILITLALGRL NOHILE) SOLU Glla( b bl 2dded

dropwi se whi | e mai nt ai ni ng the tenperature | OW -
was then r empesiedinasnd 32 Semg,ehs1d @molRSTH! least@ thik oW ik b@red s 250hepe 1t was

2 h. The reaction mixture was then diluted with methylene chloride (10 mL) and

washed with a 1M aqueous citric acid solution (10 mL). The pH of the aqueous
layer was adjusted to 5. The aqueous layer was then extracted with methylene
chloride (20 mL). The combined organic layers were dried over magnesium
sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck Silica
gel 60, 70-230 mesh, 50-100% ethyl acetate/hexanes) afforded 2(R)-(3-chloro-4-
methanesulfdnyl-phenyl)-3-(3-oxo—'cyclopentyl)—N-pyrazi"ri—Z-)}I'-f)rdpionamide (45
mg, 75%) as an off-white solid.

Example 47
2(R)~(3-Chloro-4-methanesulfonyl-phenyl)-3~((S)-3-0xo0-cyclopentyl)-N-pyrazin-
2-yl-propionamide




stirred for 1.5 h. The liquid was decanted, and the white pasty residue was
slurried with tert-butyl nethyl ether (2 x 100 m). The XuPetohatZ06s were
decanted, and the conbi ned organic solution was washed with a 10% aqueous

pot assi umwﬁ@é‘t)m&ate solution (2 x 100 nL) and a 20% aquepds Rk
chloride solution (1 x 100 nm.), and tiwen dried over anhydrous sodium
sul fate. The solvent was renbved in vacuo to give

l (R), 5(S) - Io[3 1. 0] hexan- 2-spiro-2'- (4(8),5(8) 20 Cctober 2006 WO

03/ 095438 44 ) (8,91 999 s a white
sol i d. HPL@G&El raI pa %B#jhg%gge X'r%abg)x %ﬂ? rBS‘SI)CBYTg‘#LHl"HB -t “ﬁ“e mobi | e
phase 5 et haolféfmtel Aagobis mMdIR 2-cRilogenBhe S She fz(?Qn@‘lz PR =
27.83 mn) indicated 87 area% purity and 91 % de. Step 0234 A mxture

of 1(R),5(9) cmlelwaef $200 @qméy@édxezteépmdcx-@ﬂum@sy IBWS)l-adIDq‘:mEMk trap axol ane
(2.51 g, 8. 5§ %r?l aﬁjrou SSi u_gﬂlcarbonate 2.99 g 21.6 mmol)
in nethyl ene or| 8 ’é%‘? & t £7C BECFRIRAS "'Prcé}@ ﬁﬂaﬁﬂ §hen
was treated \bhﬂhhfoﬁr r20vediRy hn@ithy |ms'oﬁﬁ$'lé§ewér% ﬁl%er'gh’oféqm%u e}&t i hsi/l{el nge

over 7 in. The reaction was stirred for 1 Stine, a
30% aqueous IessHingrsphttion svasfaasbed viithitai 10f6 a@feont po&@smmuh()arb\a&tea@ﬂiﬁdmt o the

cold reactio en exot her m subsi ded, the bath was

r enoved, and?zt %égrﬂéla)cﬂ@‘ﬁatﬁbv@ %Fﬁr) E?“ driggd pveganbylroussndiym gelfae.ner e
separ at ed amHe idRed SRS wRR a8 Mg ragt & | |de (25
m.). The conbl eﬁed extracts we?% \%/asﬁrgggi(taﬁﬁ 11%4 ?g”@d%ég%‘% Z%Q d over
anhydr ous souiesi suTlfuatped vmsdﬁmﬂnncehntafdam admumu&xmswve AL rlldx%

product (3. 34 9 M a white solid. Flash_ chromat ograﬁhy (Merck
Silica gel 60° &“3 %g"ﬁs PR R &t resuppex pEPBLA(S)S(Rkdiphedi-ditded
7(R)-i odorret ) gi I r 4] nonane (2.445 g,
67.7% as a H\/%%(%gél?o[ﬁl E@St ggggﬂ%/ Zéﬁ/%%é%}?‘?eonq{éﬁ

1,1,1, 3,3, 3-hexanet hyl di sil azane (3.18 nL, 15.05 mmol) in tetrahydrofuran
(20 mL) cqooled to -20C was treated with a 2. 5M solution of n- butyllithium
in hexanegt %8 nlL, 14.5 neq) over 10 mn at such a rate as to keep the

tenper at u'i(?23l§? |,69%1'u§i§9 ofTbﬁ-m:ﬁ%wé%ax\{\@‘ %8? tn!i,f &g f(ﬁfrbthy z%gd&tg 919’?," 6:?4 mn
- mmol) cooled to -15°C under a nitrogen atmosphere was treated with
iodochloromethane (8.9 mL, 122 mmol), via syringe, at such a rate as to allow the
temperature to rise to -7°C (over about 5 min). The mixture was stirred with
cooling for an additional 15 min at -7°C to -13°C until there was no further
exotherm. The reaction was then stirred at ~0°C for 10 min, then re-cooled to -
35°C. At this time, a solution of 2(S),3(S)-diphenyl-1,4-dioxa-spiro[4.4]non-6-
~ene (8.5 g, 30.5 mmol) in 1,2-dichloroethane (51 mL) was added via syringe over
- 10 min. The reaction temperature increased to -26°C during the addition. The
- reaction was then stirred at -26°C for 30 min. At this time, the reaction was re-
cooled to -35°C and a 10% aqueous potassium bicﬁrbonate solution (17 mL) was
added dropwise while maintaining the temperature below -12°C. The cooling bath
was then removed, and the reaction was allowed to warm to 25°C, where it was
stirred for 1.5 h.. The liquid was decanted, and the white pasty residue was slurried
with terz-butyl methyl ether (2 x 100 ml). The sﬁpematants were decanted, and
-the combined organic solution was washed with ‘a 10% aqueous potassium
bicarbonate solutipn (2 x 100 mL) and a 20% aqueous sodium chloride solution (1
x 100 mL), and then dried over anhydrous sodium sulfate. The solvent was
~removed in vacuo to give 1(R),5(S)-bicyclo[3.1 O]hexan-z -spiro-2'-(4(S),5(S)-



The cold reaction mxture was then treated with a sol ution of

2- (3-chl oro-4- 20 October 2006

met hyl sul f anyl - phenyl ) - N- (2(R) - hydr oxy- 1( R) - net hyl - 2- phenyl - et hyl ) - N

met hyl acevamdos(3prepared as in Exanple 30, 2.77 g, 7.61 np@lpdiRssis
tetrahydrofuran (22 nmL) via syringe ower 8 min, at such a rate as to keep
the . tenperature below -15C. The reaction was then slowy allowed to warm

to -7C ovediphenyli dioxmiens) K@ﬁlag,s%‘?%)c fsom vafite solid. HPLC (Chiralpak AD RH

7(R) -i odone S 4 .20 tob 03/

PCT) EPo3) 05440 B %3%@ %1 Dite ™02 3 fg%a"?‘l?%ﬂ? f

1, 3- di met hykgagr 4RD 1 R ), RE) a:hSldQ@, méd | i), FB)(RD B dv BQrtﬂm() lindichied 8374aréa)’m0| ) in

tetrahydrofuran (10 nl) was added over mn. An exothermincreased the

t enper at ur e puoty-aa€9d%Ur dsag t he additi on. The reaction was allowed to warm
to 0C, where it was stirred for an additional 3 h. At this tine, the
reaction was poured into a mxture of toluene (70 nL) and a 20% aqueous
ammoni umgd, qride solution (50 nL, 187 mmol) and was then stirred

vi gor ousl he organi c | ayer was separated and re-washed with a 20%
aqueous a{nm)ﬂlAmmnmmeldé HB) 58 phicyd 6 3nil.QThd-Bia-2rapirg-2'- (ﬂt@ﬁ) ﬁ(Sthphenylayer was

dried over anhydrous sodium sulfate, and concentrated in vacuo to gl ve
2(R) - (3- dioxolane (2.51 g, 8.58 mmol) and anhydrous potassium carbonate (2.99 g

chl oro- 4- mef i il {haRylenB BRBYL (35 () Nas 2o5ka 1 Dé‘%“&’rlde}n%m%'e%ﬁ’d §ihrol 4. 4ln

on-

7(S)-yl)- N—(;vaﬁ B)eath&dxnch)(gmﬂe(t@l-ﬁgﬂhydxdé(lpﬂemﬂ lé)t’}‘l)ﬂn)lelw-vﬁmt;ﬁyigemve:p%nam de
(3.86 g) as an overwei ght brown sem -s h chr omat ogra phy (Merck

Silica gel D@D, maetmwes%ﬁmeﬁ/ffrhéﬁérée§/ter%ﬁ é&@ﬂ%@@; 2P9"Graecpus

(2(8 ;?? di( ghg 2;?&% ﬂa:g%})}%}@s %}'-ﬁlgtg 4 ,ﬁé‘%{né} ?fm(z%s( %deﬁ to the cold reaction over

(2(R) - hydr oxynih( R)hdﬂethbyékotaemeﬁwd@m thel DatiNwaR tdtydRApprdRTeddoRvag Vel | ow
foam (2.28 g, 60.4%. Steg 5 102361 A m xture of
2(R) - (3-chl %tmdd-onétﬁw 254 ngﬂhﬁdmwyteaﬁepez@@, apdfhegaguseps phase was

1, 4-di oxa-spi.ra ) 2

(R) - hydr oxyg % H?Yéq%ecr%{)%aeeﬁ%é I - The %mFchrl g’ﬁfr%cr%%egew?sfeQS g,
3.47 mol ), wﬂth4vdﬂdr((X&I'IES h) %mbveraﬂh&cﬁoﬁl\dodﬁﬁueﬂlﬂﬁe sdildf dotentrariddr sol ut i on
(4.5 nL) was heated under reflux for 18 h. At thi's tinme, the reaction was

cool ed to S@AdiodEivst 8domde hpwgsuer (339 &1 92.7%he aauewils spbdt i &kshas
decanted. The 0151%1% aghymeﬁag g?%ca %cjé éﬁa?aﬁl#ﬁﬁ %es%d ZIVneI tethte%)&l g(%%}hyl

ether (30 nd drle sver P&nh ous
sodi um ether) afforded 7(R)-1odomethyl-2(S),3(S)- dlphenyl 1,4-dioxa-spiro[4. 4]nonane

(2.445 g, 67.7%) as a white solid.

Step 4

[0235] A solution of 1,1,1,3,3,3-hexamethyldisilazane (3.18 mL, 15.05 mmol) n
tetrahydrofuran (20 mL) cooled to -20°C was treated with a 2.5M solution of n-
butyllithiurh in hexanes (5.8 mL, 14.5 meq) over 10 min at such a rate as to keep
the temperature below -15°C. The mixture was stirred for an additional 5 min.
The cold reaction mixture was then treated with a solution of 2-(3-chloro-4-

- methylsulfanyl-phenyl)-N-(2(R)-hydroxy-1(R)-methyl-2-phenyl-ethyl)-N-
methylacetamide (prepared as in- Example 30, 2.77 g, 7.61 mmol) in
tetrahydrofuran (22 mL) via syringe over 8 min, at such a rate as to keep the .
temperature below -15°C. The reactior was then slowly allowed to warm to -7°C

over 20 min and then a solution of 7(R)—iodomethyl—2(S),3(S)—diphenyi—_1,47



sul fate. The conbi ned aqueous phases were back-extracted wth ethyl acetate
(20 nl). The conbi ned organics were washed with water (30XctebentQ6 dri ed
over anhydrous sodium sul fate, and concentrated in vacuo to afford the
crude prod@V3/0913876 g) as an overwei ght, brown sem -soli d.pcliumsoRtieri al
was recrystallized in 1:1 ethyl acetate: hexanes to afford

2(R) - (3-chl oro-4-net hyl sul fanyl - phenyl )-3-_((S)-3-0x0-cycl openyl) - propionic
aci d (422.1 figxa-spreidytinenang (éﬂ?wﬁ G mppl) god lﬁpﬁ@eclzér3bfh§:6%9éala@r%50x5mn

10,3 m ny i et SaeaaERBaE (1 GhrCe f\tugf dn Bty bt 6B B B " =
03/095438 PCavdrB0ai{)3B844exoltibpm(ifhbicasddpihl teéihbdriturel©0X5C miring Affe addition.
et hanol /water, 30 min run, 230 rim 0.5 cc/mn, R of 2(R), 3(S) = 15.2

mn; 2(R), 30M reactmn wanplgwehswsamntod e wisre} ves[stixsd foranseddiignsh 3 of
2(R) - (3- chl of 0-4-rethyl sul fanyl - | L2 3-((S) -3- | - i oni
2 {Sae” noh R i 4 LB BAS Rk S oS0 BRFAHA K0P Lo ©

with a 0. 05“&@;@!:1«1,]&&@_& Shnféiniih il ortlie0 XA 16RAE (300 ndG 1IN ek alP i, wasl thdnnmrol
After 1h, the volatiles were renpved in vacuo to afford 2(R)-(3-

chl or o- 4- et $taredsugeronsly- phemgigang- leys) was esparatsde ke enwpshedpyibiao?% aci d

172. 4 ng, 839 whi t l.i.d. .St 7. [02 A m f. -
2Ry - (3 chi FHEaE AEERAREELP Ot Solay (5Dl [8) ) orhe Sranic layer ws
cycl opent yl ) 4dofiep Bhky®REidsddddt sillfate] a8 cofRhtratedBh Mi&:2NQ ShE Qmﬂ?-( 7 n),
toluene (5 nL), and a catal ytic amount of N, N-di nethylforman ide (10 L,

0.13 mol) chided-methybytanylehenyl-a-@4S\i(Shdphatyitl,4dicxrisggo{414Jaom., 16. 3
mol ). The acti tirred for gas evQluytiogn). At. this tinme, the
reaction masJ;(g?Te\é ‘1‘?‘2%\&37%&’%{‘9‘3" ﬂﬁblléldﬁ Pé\e“\)’z‘éﬁﬁﬁﬁ'%@dt%o?‘@m’éleexcess
oxal yl chl orj . L chi COL\ r 1 a4.m) and
concentr at edfz'iq% %2;%%8 ({v%%gﬁgtu%%?n n%?ﬁyfﬁg&rlgtsau ‘E%Eg“la%’?gi\ﬂﬁ@g%e&%y%%&% aZ:Ided
via a cannul gel odler2305406 nndsh, d/1 nextineséetiofl 2setare)neffprdad i AR )((28hlarg;4-1. 99

TI0C The. 1 caebr M PRPORANTE ) e he S setiofarapiecti e Fagrs TRU N Sa  or 19
h. At this t'ztmh;d?&y.gg@t&slo ﬁgtls.@gg,?ggréﬁwﬂg-ﬁ%mpw%ﬁﬁgoa})a fehdowed by

al Maqueoucs citric-a
foam (2.28 g, 60.4%).

Step 5

[0236] A mixture of 2(R)~(3-chloro-4-methylsulfanyl-phenyl)-3-(2(S),3(S)-diphenyl-
1 ,4-dioxa-spiro[4.4]non-7(S)-y1)-N-(2(R)-hydroxy-1 (Rjimethyl-Z-phenyl-ethyl)- .
N-methyl-propionamide (2.28 g, 3.47 mmol), 1,4-dioxane (4.56- mL), and a 9N
aqueous s1i_lfun'c acid solution (4.5 mL) was heated under reflux for 18 h. At this
time, the reaction was cooled to 5°C and diluted with water (12 mL). The aqueous
portion was decanted. - The resulting viscous oil was dissolved in tert-butyl methyl
ether (30 mL), washed with water (3 x 10 mL), and dried over anhydrous sodium
sulfate. The combined aqueous phases were back-extracted with ethyl acetate (20
ml). The combined organics were washed with water (3 x 10 mL), dried over
anhydrous sodium sulfate, and concentrated in vacuo to afford the crude product
(1.76 g) as an overWeighL brown semi-solid. This material was recrystallized in
1:1 ethyl acetate:hexanes to afford 2(R)—(3-_chloro-4-methylsulfanyl-phenyl)-3-
((S)-3-oxo-cyclopenyl)-propionic acid (422.1 .mg, 38.8%) as an off-white solid. .
HPLC.(Zorbax XDB-C8 150x5mm, 20-100% acetonitrile/water over 20 min, 20
min run, 220 nm, 1 cc/min R¢ = 10.3 min) indicated 98.5 area% purity, and HPLC



mol ). The reaction then was diluted with ethyl acetate (40 m) and a 1M
aqueous citric acid solution (20 nmL), nmxed well, and théom@mzwe
separated. The organi c phase was washed with a 1M aqueous citric acid

sol ution (MOS8 . The conbi ned aqueous phases were backeexpoacked wth
ethyl -acetate (30 nL). The conbi ned d?yani c phases were washed with a 10%

aqueous pot i um. bj o] e solu 3 25 nl), dried gver anhydrous
sodi um sul fgég‘“ leFlfl‘AéIﬁg{ﬁ I 2@1? g é%o)i/"Y?t‘?faébomflb“HH@pdm& &rude
product (506 R, a pyvg] f (Merck
Silica gel 6(C) (_Ij{ égg@ez@g hyl acfe(tﬁ te%i aﬁ)l?f B%@gﬁ&@&[ P!
2(R) - (3-chl oro- 4 nmet hanesul f onyl - phenyl ) - 3- ((S) - 3- oxo-cycl opentyl )-N 20

COct ober 2006 =~ WO 03/095438 PCT/ EP03/ 03844 124 pyrazi n-2-yl-propi onam de
(442 ny, as a tan foam HPLC (Zorbax XDB- C8 150x5mm 20-100%

acet oni t ryg ter 20,1 NnpRAQ3 un. ARy _77mn)
i ndi cat ed[I ggé \gﬁar esa(P%%ﬁ%url ?{/ﬂ 29@ %H(}_}@O F‘rﬁﬁ%&@%ﬁﬁﬁﬁﬁ ?é@ﬂ? QK9

et hanol / 5 rreydrlammlyl)@mp:bﬁrc achd) (P89Nmigy 0, S%Zﬁnfoll)rﬁnd)a&t&ﬁ/ (51AL) E{uréﬁ at 2( R,
3(S) = 25.2 = 39.2 mn) showed 90.5% de. Exanpl e 48

2(R) - (3-Chl 3% Waﬁéﬁﬁ%@@gﬁ G ﬁﬁlélﬁyp)ofdneftm@ww@mwee@&%) N-p
gt v 2 YiPraRonais bl BN N erled o VRIS 2
pyrazi n- 2- ythlpt®pinmnbaticsiel foig$-ppeBR3-€@E )L 31 o20-6ydlbpeaty] TBidPRhicAS acid
rzn(eﬁmggsﬁlh:‘ &%}%‘f{ﬁlﬁ&w@ asn W@S?Sfﬂldaxo cycl opentyl)-N-pyrazi n-2-yl - propi onam
de (Exanple 47) starting with (R R)-hydrobenzoin (Wang, Z.-M; Sharpl ess,
K. B. J. Og. Chem 1994, 59, 8302). Step 1 [02401
2(R), 3( Rsteh phenyl -1, 4- di oxa-spiro[ 4. 4] non-6-ene was simlarly obtained
from 2- c%'/c opent ene-| -one_ and (_R,-R) - hyd[obenzoi n i n_ t ol ut?n_e i_n_91.—5% yield
as a [0238] A mixture of 2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-((S)-3-oxo

cyclopentyl)-propionic acid (544 mg, 1.58 mmol), methylene chloride (7 mL),

toluene (5 ml), and a catalytic amount of N,N-dimethylformamide (10 pL, 0.13

mmol) under nitrogen was treated with oxalyl chloride (1.4 mL, 16.3 mmol). The

reaction was stired for 1 h (gas evolution). At this time, the reaction was then

partially evaporated in vacuo at 25°C to remove excess oxalyl chloride. The

residue was co-evaporated with toluene (2 x 4 mL) and concentrated in vacuo to

about 4 mL. The resulting brown slurry was added via‘a cannula over 15 min to a

mixture of 2-aminopyrazine (189 mg, 1.99 mmol), methylene chloride (4 mL), and

pyridine (170 pL, 2.1 mmol) cooled to -10°C. The reaction was allowed to warm

to 25°C, where it was stirred for 18 h. At this time, the reaction was quenched

with water (700 pL) followed by. a 1M aqueous citric acid solution (5 ml, 5

mmol). The reaction then was diluted with ethyl acetate (40 ml) and a 1M

aqueous citric acid solution (20 mL), mixed well, and the phases- were separated.

The organic phase was washed with a 1M aqueous citric acid solution (3 x 5 mL).

The combined aqueous phases were back-extracted wifh ethyl acetate (30 mL).

The combmed organic phases were washed with a 10% aqueous potassium

bicarbonate solution (3 x 25 mL), dried over anhydrous sodium sulfate, filtered,

and concentrated in vacuo to afford a crude product (506.6 mg, 76%) as a brown

foam. Elash chromatography (Merck Silica gel 60, 230-400 mesh, ethyl acetate)
‘afforded 2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-((S)-3-oxo-cyclopentyl)-N-



white solid. Step 2 0(2411

1(S), 5(R) -bicycl o[ 3. 1. 0] hexan-2-spiro-2'-(4(R), 5(R) - di phetybctdbaxobane) was
simlarly obtained from2(R), 3(R)-di phenyl -1, 4-di oxa-spi ro[ 4. 4] non-6-ene in
68% vyi el waby@ssasrystal lization frompentane. HPLC (Zorbayp 0%3 $0x5nm
5- 100% acetonitrile/water + 0.1%tri fipporoacetic acid, R 18.

indicated 96.5 area%purity. 20 Cctober 2006 WO 03/095438 PCT/ EP03/ 03844

125 Step 3 [poPaRt2-yl-propionamide (442 mg, 66 %) as a tan foam. HPLC (Zorbax XDB-

obt i ned 11 o 108 R Ou U RSy ralrces Bt 8 biturey 3 %‘)‘%?mé prieny1”

di oxol ane) CRri 8 77 ) 43
2(R)-(3-chl %F{)ngﬁl 1r?et gyﬁgﬁrﬁ%ﬁg%ﬂgﬁzﬁ%%/gmhﬁI?]%@&C%ﬁhﬁéi T, 4- c’ll oxa-

spi r o[ 4. 4] ndAOX§ Rymy 5 ethen2g R)eﬂtmdlr/é)m{ét( &) e triny, | 220-iminehy lcefaiihy IR), o+
t hyl I bt 7(S donet hyl -2(R), 3(R
i phonyl -1, SCBIGHS) S5 PP A HbAdhe: %”Ewé%“v otidgies Tozaa)

2(R) - (3-chl oro- 4- net hyI sul f anyl - phenyl) 3-((R) - 3-o0xo0-cycl openyl ) - propi onic

acid was simlarly obt ai ned from I oro 4- et hyl sul f anyl - phenyl ) - 3-
(2(R), 3(R c* I- - i g/, ) - hydr oxy- 1(R) -
met hyl - ﬂgﬁ € ﬁg‘i’ ‘??é/]o ?'w%‘té'g%vw%w f oam
Step 6 [0245] proplonarmde

2(R) - (3-chl oro-4-met hanesul f onyl - phenyl) 3-((R) - 3-o0xo0-cycl opentyl) -
propiouic acid was sinmilarly obtaf ed from 2(R)-(3-chl oro-4-nmethyl sul fanyl -
phenyl) - 3- ((R) - 3- oxo- cyclopenyl) prepionic acid in 90%yield as a white
solid. Step 7 [02461

2(R) - (3-chl oro-4-met hanesul f onyl -
pyrazi n-2-yl - propi onanm de was sim
nmet hanesul f onyl - phenyl ) - 3- ((R)@3
yield as a white foam HPLC
met hanol / 4 A

pheny ) - 3{((R) 3-oxo-cycl opentyl)-N

oIt .a from2(R)-(3-chIoro-4-
cy op |n -propionic acid in 43%
ak QD 150x5 mm 5 ethanol/5

J0239] 2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-3-((R)-3-oxo-cyclopentyl)-N-
pyrazin-2-yl-propionamide was prepared in a similar manner as 2(R)-(3-chloro-4-
methanesulfonyl-phenyl)-3-((S)-3-oxo-cyclopentyl)-N-pyrazin-2-yl-propionamide
(Example 47) starting with (R,R)-hydrobenzoin (Wang, Z.-M.; Sharpless, K. B. J.
Org. Chem. 1994, 59, 8302).

Step 1

[0240] 2(R),3(R)-diphenyl-1,4-dioxa-spiro[4.4]non-6-ene was similarly obtained from
2-cyclopentene-1-one and (R,R)-hydrobenzoin in toluene in 91.5% yield as a
white solid.

Step 2

- [0241] 1(S),5(R)-bicyclof3.1.0]hexan-2-spiro-2'-(4(R),5(R)-diphenyl dioxolane) was
similarly obtained from 2(R),3(R)-diphenyl-1,4-dioxa-spiro[4.4]non-6-ene in 68%
yield after crystallization from pentane. HPLC (Zorbax XDB-C8 150x5mm, 5-
100% acetonitrile/water + 0.1% trifluoroacetic acid, R, 18.0 min) indicated 96.5

area% purity.



water, 60 min run, 220 nm 0.5 cc/mn, R of 2(R), 3(S) = 25.4 mn; 2(R,
3(RN _ 38.9 min) indicated 95.9 area% purity and >99% d&0 Qfoter20@er 2006
WO 03/ 095438 PCT/ EP03/ 03844 126 Exanpl e 49

N- ( 5- Br on®h9a/¥2438- 2- yl ) - 2- ( 3- chl or 0- 4- met hanesul f onyl - phepg T/ kP& (3@£10X 0-
cyclopentyl)-propionamide O HHHNMNSbr O OSNCOC [0247] A solution
of 2-(3-chl orp-4-net hanesul f onyl - phenyl ) - 3- (3- oxo-cycl opentyl )- propionic
acid (pre as in Exanple 45, 1.05 g, 3.04 mmol) and N, N

di met hy! f gy i ) a £ i | ed- 0C was
B L e B i T
stirred at Odbtdioed 1 froend ﬂ(rSérS(R) bi2p€Toff30r. O]hehan—IhpirS{ﬁ'-(n(iRc)JS(R&aﬁiphmh

concentrat ed v or ange- br own was di ssol ved in nethyl ene
chloride (5 4??.’50%“"%%% 52‘&@ 7rr3f %Ftﬂ‘fh‘tﬁ\é%h‘gdded dropwi se via an addition
funnel at 0OC to a solution of 2-am no-5-bronmopyrazine (0.79 g, 4.57 mmol,
prepared according to Tetrahedron 1988, 44, 2977-2983) in nethyl ene
chloride SkepM) and pyridine (0.37 nL, 4.57 rrm)l) The reaction m xture
was stirred at OC for 30 mn and then at 25C for h. The reaction m xture

was quencHEd3hAeh-@- thPfatj’u’é‘é@é’ls@if@ﬁd?he@ﬂP 4 @@m%@m@@}’h{,}‘ dagi-sti rred

for 15 mn. r citric acid
sol ution (50s Ir%18_4l§§§fﬁ btlg)y“ g{ﬁ?—gy% }y—n@)g)'mf%hgl rpdlg yﬁqﬁﬁgﬁr was washed
with a sat urmétaﬁp@pmuﬁdéamsumla@@r baied FOMtT(ONiddhditl-2(R)B®REr (50
m.), and a saturated aqueous sodium chl oride sol utlz)ln (50 m) (Rdl’l ed over
magnesi um s @ighend-1.¢idiexarwiro[ AAhosaecia®sPayiell. i n vacua. Bi ot age

chromat ography (FLASH 40M Silica, 50% et hyl acetate/hexanes) afforded

N- (5- brono-pyrazin-2-yl)-2-(3-chl oro-4-net hanesul f onyl - phenyl ) - 3- ( 3- oxo
cycl openty] ) -propi onam de (0.622 g, 41% as a yell oworange foam np
97-103C M

{0244] 2(R)-(3-chloro-4-methylsulfanyl-phenyl)-3-((R)-3-ox0-cyclopenyl)-propionic
acid was similarly obtained from 2(R)-(3-chloro-4-methylsulfanyl-phenyl)-3-
(2(R),3(R)-diphenyl-1,4-dioxa-spiro[4.4]non-7(R)-yl)-N-(2(R)-hydroxy-1(R)-
methyl-2-phenyl-ethyl)-N-methylpropionamide in 72% yield as a yellow foam.

Step 6

[0245] 2(R) (3-chloro-4-methanesulfonyl-phenyl)-3-((R)-3-oxo-cyclopentyl)- .
propionic acid was similarly obtained from 2(R)-(3-chloro-4-methylsulfanyl-
phenyl)-3-((R)-3-oxo-cyclopenyl)-propionic acid in 90% yield as a white solid.

- Step7
[0246] 2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-((R)-3-oxo-cyclopentyl)-N-
pyrazin—Z-yl-propionamide was similarly obtained from 2(R)-(3-chloro-4-
- methanesulfonyl-phenyl)-3-((R)-3-oxo-cyclopentyl)-propionic acid in 43% yield
as a white foam. HPLC (Chiralpak AD-RH, 150x5 mm, S ethanol/5 methanol/4
water, 60 min run, 220 nm, 0.5 cc/min, R; of 2(R), 3(S) = 25.4 min; 2(R), 3(R) =
38.9 min) indicated 95.9 area% purity and >99% de.



(foamto gel); (ES)+-HRVMS me cal cd for C19H19Br CLIN3O4S ( M+H) + 500. 0041
found 500.0048. 20 Cctober 2006 WO 03/095438 PCTI EP03/ 02@04tab2i720@xanpl e
50 2-(3,4-Dichlo ro-phenyl)-3-(3-hydroxyi m no-cycl open tyl)-Nthiazol-2-yl-
propi onanE3M3k HHHNT) C ON O [0248] A sol utiporapotidiess

2- (3, 4-di chl or o- phenyl ) - 3- ( 3- oxo- cyclti}éentyl) N-t hi azol -2- yl - propi onam de
(prepared as in Exanple 43 144, 6 3 mml) and hydroxyl am ge (

hydr ochl ori (39. 7 anol 1 m.) and pyridine (1.1
rr{) was he ]tqe(a TGPy g"f" - Ci]i‘l"r? H}EQA%NSB H‘)&'ﬁf‘@l)\ﬁa@"’%ﬂ | owed to
cool to 25C and then was con@é‘ﬂ??%}‘@a nrapipgegdde The resul ting resi due was
diluted with ethyl acetate (75 nL). The organic | ayer was washed with a IN
aqueous hydrochloric acid sol utin (75 nL) and a saturated aqueous sodi um
chloride solution (75 nL), dried)ower sodiumsulfate, filtered, and
concentrated in vacuo. Flash c gt ogr aphy (Merck Silica gel 60, 70-230
mesh, 70% et hyl acetat e/ hexanes)  af q,qd,gd

2- (3, 4-di chl or o- phenyl ) - 3- ( 3- hydrexyHn < N
cyclopentyl)-N-thiazol -2-yl-pro am de (|L3 9 nmg, 92% as a white foam
nmp 98-101C (foamto gel); (ES > pfor CL7H 7C12N3Q2S ( M+H) +
398. 0492 found 398.0496. Ex&hiphle
2- ( 3- Chl or o- 4- net hanesul f onyl - phenyl ) - 3- (3- hyd roxyi m no-cycl opentyl)-N

i n-2-vy] -p ropionan.de N
pyrazin %0%1117] B& s% Iiti(())n g}' c&-(3—cggiioro-4—me:thanesulfonyl—pher1yl)—3—(3-oxo-cyclope:nty1)—

propionic acid (prepared as in Example 45, 1.05 g, 3.04 mmol) and N,N-
dimethylformamide (5 drops) in methylene chloride (10 mL) cooled to 0°C was
“treated with oxalyl chloride (0.39 mL, 4.57 mmol). The reaction mixture was
stirred at 0°C for 1 h and then at 25°C for 1 h. The solution was then concentrated
- in vacuo, and the orange-brown gel was dissolved in methylene chloride (5 mL).
The resulting solution was added dropwise via an addition funnel at 0°C to a
solution of 2-amino-5-bromopyrazine (0.79 g, 4.57 mmol, prepared according to
Tetrahedron 1988, 44, 2977-2983) in methylene chloride (5 mL) and pyridine
(0.37 mL, 4.57 mmol). The reaction mixture was stirred at 0°C for 30 min and
then at 25°C for 3 h. The reaction mixture was quenched with a 1IN aqueous citric
acid solution (10 mL) and stirred for 15 min. The reaction was then diluted with a
IN aqueous citric acid solution (50 mlL) and ethyl acetate (75 mL). The organic
- layer was washed with a saturated aqueous sodium bicarbonate solution (50 mL),
water (50 mL), and a saturated aqueous sodium chloride solution (50 mL), dried
over magnesium sulfate, filtered, and concentrated in vacuo. Biotage
chromatography (FLASH 40M, Silica, 50% ethyl acetate/hexanes) afforded N-(5-
bromo-pyrazin-2-yl)-2-(3-chloro-4-methanesulfonyl-phenyl)-3-(3-oxo-
cyclopentyl)-propionamide (0.622 g, 41%) as a yellow-orange foam: mp 97-103°C
“(foam to gel); (ES)+-HRMS m/e caled for Ci9H;9BrCIN;0,S (M+H)* 500.0041
found 500.0048.



HHH NYN O\ I J \ N C 20 Cctober 2006 WD 03/095438 PCTI EP03/ 03844
128 [0249] A solution of 20 October 2006

2- (3-chl or 0-4- net hanesul f onyl - phenyl ) - 3- (3- oxo- cycl opentyl ) -

N- pyr azi n YR §¥0%5¢Bpi onani de (prepared as in Exanple 45, 12pc/mms0f429
mol ) and hydroxyl am ne hydrochl ori dé27130.4 ng, 0.43 mmol) in met hanol

(0.85 nL) and pyridine (0.85 nlL) ggﬁ r;ga;égd under reflux for 5 h. The
reaction mxt;; I C and was then concentrated in

allowed to c ) 2
vacuo. The res(d f\eﬁﬁh]r"ég‘l’g‘ﬁéyl IniaS-TgidraxgguinpiepclppertyDBohisgyl-2aikt ext r act ed
with ethyl acetate (50 nL). The ®rgpionemidyer was washed with a | N aqueous
hydrochloric acid solution (2 x 50 nlL) and a saturated aqueous sodi um
chloride solution (50 nmL), dried o®dr sodium sulfate, filtered, and
concentrated in vacuo. Flash chrolatography (Merck Silica gel 60, 70-230
mesh, 80-100% et hyl acet at e/ hexanes affor ded 2-(3-chl oro- 4-
nmet hanesul f onyl - phenyl ) - 3- ( 3- hydr
propi onam de (68.8 ng, 55% as a itg gol |d np 205- 207C (ES)+ HRIVB nm e
calcd for C 19H21 C1IN4A04S (M+H) + 437, 045N d 437.1048. Exanple 52
N- (S Brono- pyrazin-2-yl)-2-(3-chl th ul f onyl - phenyl) 3-(3- hyd
ro xyimno-cycl op en tyl)-p rg-p e OH NHHH NYN ON Br

[0248] A solution of the 2-(3,4-dichloro-phenyl)-3-(3-oxo-cyclopentyl)-N-thiazol-2-
yl-propionamide (prepared as in Example 43, 144.6 mg, 0.38 mmol) and |
hydroxylamine hydrochloride (39.7 mg, 0.57 mmol) in methanol (1.1 mL) and
pyridine (1.1 mL) was heated under reflux for 3 h. The reaction mixture was
allowed to cool to 25°C and then was concentrated in vacuo. The resulting residue
was diluted with ethyl acetate (75 mL). The organic layer was washed with a IN
aqueous hydrochloric acid solution (75 mL) and a saturated aqueous sodium
chloride solution (75 mL), dried over sodium sulfate, filtered, and concentrated in
vacuo. Flash chromatography (Merck Silica gel 60, 70-230 mesh, 70% ethyl
acetate/hexanes) - afforded 2-(3,4-dichloro-phenyl)-3-(3-hydroxyimino-
cyclopentyl)-N—thiazol—Z~y1l-propionamide (138.9 mg, 92%) as a white foam: mp
98-101°C (foam to gel); (ES)-HRMS m/e calcd for Ci17H17C1bN30,S8 (M+H)*

398.0492 found 398.0496. |

Example 51
2-(3- Chloro-4—methanesulfonyl-phenyl)-3 (3-hydroxyimino-cyclopentyl)-N-
pyrazin-2-yl-propionamide

o°
\ Cl



Cl [0250] A solution of

N- (5- br ono- pyrazi n- 2-yl ) -2-(3-chl oro-4- net hanesul f onyl - 20 October 2006

phenyl ) - 3- ( 3- oxo-cycl opentyl ) - propi onanmi de (prepared as in Exanple 49, 190
my, O.38 3509%&%% hydr oxyl am ne- hydrochl oride (40 ng, O.5fcHiRblzdM

met hanol (0.90 nmL) and pyridine (0.901261) was heat ed under reflux for 3 h.
The reacti m Xt ur o cool t and was then concentrated
i n vacuo. [%:469 14 égkht]toinna% rgd % én"d]i‘qnﬁf (ihf%at%@ ?’S‘UC}‘HSPC&B’@
extracted wi itpyedAmb-ageb ; c I d with
a 1N aqueous htpydrochl gﬁ?cﬁggﬁﬁéqg%egﬁg?%%R%@eadﬁ%qg?g ﬁ’ra eggﬁ eous
sodi um chl oranfehyivdgtlamme irdrechlandsr (30ragre 8i48 nmsislY @t Rethhhblt (@rggdmmnd
concentrated in v cu é&?%e ﬁhromat ogr aphy FLASH 40S, Silica, 75%

et hyl acet at a3 heated Npdes refhuifer 58 Aheapagtiopguisturg\pas

03/095438 P
-chl oro- 4- rre%ﬂhog}r?ggé ??%ﬁélzsgﬁ g‘r‘fgwaggﬂéﬁ(%“g%?)ﬂér%g% i Ro- The resulting residue

. cycl opent ylyapdibpedmath deatef {50 oilg) and/ 84traatedaviie etigVabaae (S0RBP0TAOEC,
(ES) +-HRMS nf e cal cd for ClLOH20Br CINAO4S (M+H)* 515. 0150 found 515. 0154.
Exanpl e 53 2‘”6@“‘21143%??1&6 Yashemh sath 7J§%%wmlm&§qm¢w eridpolusiprZ W JON-t h i

azol - 2-yl - 02511 A sol.ution of
the 2-(3, 4- gl czﬁ oro-p eny %glug&?;gggglgyc rk‘tgﬁrﬁ(ﬁﬁ@]l[’ﬁ é‘E‘S o¥er sodium
yl - pr opi onamsutfete( fitepay £ e@cbmﬁx@mbMB Flésﬁ%h@orﬂﬂo%ﬁpﬂyl (MR siRd
met hoxyam ne hydrochl oride (52.3 0.62 nmmol) in ne nol (1.2 m_) and

pyridine (1.8 80 7Re30 h%bdg‘@rﬁ@@% eyl @getat@fhe@a:@s)q aff?Ft@dréébt:hlom i xt ure
was all owe n_concentrate vacua., The resulting
resi due vvajs%%%rn%?‘g%fm&lgp ﬁg&lﬁg%’ ARV IR Sy pRen %6% aWltznyla | N aqueous
hydrochl or i gréfiothmide (68.8 mg, 55%) as a white solid: mp 205-207°C, (ES)"-HRMS m/e

calcd for Cy9H; CIN,O4S (M+H)+ 437.1045 found 437.1048.

Example 52
N-(5-Bromo-pyrazin-2-yl)-2- (3-chloro-4—methanesulfonyl-phenyl)-3 -(3-
hydroxyimino-cyclopentyl)-propionamide

[0250] A - solution - of N-(5—bromo—i3yrazin—2-yl)-2-(3—chloro-4-methan¢sulfonyl—
phenyl)-3-(3-oxo-cyclopentyl)-propionamide (prepared as in Example 49, 190 mg,
0.38 mmol) and hydroxylamine hydrochloride (40 mg, 0.57 mmol) in methanol
(0.90 mL) and pyridine (0.90 ﬁlL) was heated under reflux for 3 h. The reaction
mixture was allowed to cool to 25°C and was then concentrated in vacuo. The
resulting residue was diluted with water (50 mL) and extracted with ethyl acetate
(50 mL). The organic layers were washed with a 1N aqueous hydrochloric acid
solution (50 mL) and a saturated aqueous sodium chloride solution, dred over
magnesium sulfate, filtered, and concentrated in vacuo. Biotage chromatography

(FLASH 40s, Silica, 75% ethyl acetate/hexanes) afforded the N-(5-bromo-



solution (75 nL) and a saturated aqueous sodi um chloride solution (75 nL),
dried over sodiumsulfate, filtered, and concentrated i r20v@auoliger 26D&sh
chr omat og (Merck Silica gel 60, 230-400 nmesh, 50% et hyl
acet at e/ hé&gﬂé@)ﬁ%{‘ffor ded 2-(3, 4- PCT/EP03/03844
di chl or o- phenyl ) - 3- ( 3- net hoxy| m no- cydPdpentyl ) -N-t hi azol - 2-yl - propi onam de
(168.2 ng, 989 69-72C (foa (ES)+-HRMS ni e
cal cd for q%ﬁ%@’&m?@% Uk’?@“@%ﬂé’“&béﬁﬁﬁé%@ t ober 2006
WO 03/ 094138c§’c§ﬂ;§e§8@)’3ﬁ&§%a&§&% B C7hf 2 @GP foam: mp 100-106°C;
ro-4- nethanesulfonyl phenyl ) - 3- ( 3- netfoxyi mnno yclop tff) N-
pyrazi n- 2-yl (gS) rdﬁMﬁme(telc@fot\leszBﬂQlM@ﬂ?éMﬂH) 515L0160 fHRREI]5.@Y 8ol ut i on
of 2-(3-chl oro-4-net hanesul f onyl - phenyl ) - 3- ( 3- oxo-cycl opentyl) -
N- pyrazi n- 2-yl - pr opi onam de (prepared as in Example 45, 73.5 ny, 0.17 nmmol)
and met hoxyani ne hydrochl ori de (21J%ampled326 mml) in nmethanol (512 p.L)
and pyri di ne2{(342 lE§llfwafphheaﬂéd(%imQroxwuiﬂmxcyfcmpeﬁtyﬂ)—wmazoeaeyn on mxture
was allowed to cool to 25C and wgmophemnmgidacentrated i n vacuo. The
resulting residue was diluted with water (50 nL) and extracted with ethyl
acetate (2 x 50 nL). The organic {ayers were washed with a saturated
aqueous sodiumchloride solution (®0 nlL), dried over sodium sulfate,
filtered, and concentrated in vaclp. Fl ash chromat ography (Merck Silica
gel 60, 70-230 nesh, 70% et hyl acetaie/ hexanes) afforded
2- (3-chl oro-4- nethanesulfonyl pheR ~H. ( 3- net hoxyi m no- cyclopentyl)
N- pyrazi n-2-yl - propi onam de . (61. 2 ng, as a white foam np 85-87C;

' @7 s 451. 1202 found 451. 1207.

Exanmpl e 55
N- (5- Brono- pyrazin-2-yl)-2-(3-¢

suI fonyl - phenyl ) - 3- ( 3-
[0251] A solution of the 2-(3,4-dichloro-phenyl)-3-(3-oxo-cyclopentyl)-N-thiazol-2-
yl-propionamide (prepared -as in Example 43, 1599 mg, 0.41 mmol) and
methoxyamine hydrochloride (52.3 mg, 0.62 mmol) in methanol (1.2 mL) and
- pyridine (1.2 mL) was heated under reflux for 3.5 h. The reaction mixture was
: al]owed to cool to 25°C and then concentrated in vacuo. The resulting residue was
diluted with ethyl acetate (75 mL), washed with a IN aqueous hydrochloric acid
_solution (75 mL) and a saturated aqueous sodium chloride solution (75 mL), dried
over sodium sulfate, filtered, and concentrated in vacuo. Flash chromatbgraphy
(Merck Silica gel 60, 230-400 mesh, 50% ethyl acetate/hexanes) afforded 2-(3,4-
dichloro-phenyl)-3-(3-methoxyimino-cyclopentyl)-N-thiazol-2-yl-propionamide
- (168.2 mg, 98%) as a white foam: mp 69- 72°C (foam to gel); (ES)-HRMS m/e
calcd for Cy5H;9CLN30,S (M+H)" 412.0648 found 412.0652.



met hoxyimn o-cyclop en tyl)-p rop io namde ,O0 NXHHH NN O~ Br C 20
Cct ober 2006 WO 03/095438 PCT/ EP03/03844 131 [0253] A 20lQstében2eds

N- (5- bromo- pyr azi n-2-yl ) - 2- (3- chl or o- 4- met hanesul f onyl -

phenyl ) - 3w oo¥@4s8ycl opentyl ) - propi onam i de (prepared as i I}Wk%_ﬂ& 190
ng, 0.38 mmol) and net hoxyam ne hydr el ori de (48 ng, 0.57 mol

met hanol (0.90 nlL) and pyridine (0.90 nL) was heated under reflux for 3 h.
The reaction mixture was allowed tExamagle 40 25C and then was concentr at ed
in. vacuo. Thg- Chﬁﬁldltt-tdlﬂlilﬂsuﬂbh@ylytﬁﬁnsi Lytﬁdaemaﬁylmio%yc(o‘i{énfsh) Nand
extracted with ethyl acetate p 1_p]2. BeicRagRgL Cc | ayers were washed with
a | N aqueous hydrochl oric aci d soI ution (50 nL) and a saturated aqueous
sodi um chl oride solution (50 nL), dried over magnesiumsulfate, filtered,
and concentrated in vacuo. Biot age chromat ogr aphy (FLASH 40S, Silica, 50%
ethyl acetate/hexanes) afforded thepoN

(5- bromo- pyrazi n-2-yl ) - 2-(3-chl or a¥ 4- met hanesul f onyl - phenyl ) -3-(3

met hoxyi m no-cycl opentyl ) - propi onanide (61.2 ng, 78% as a yellow foam np
91-97C;, (ES)+-1-1RVM5 nfe cal cd forHZZBr Cl \dO4AS (M+HH) + 529. 0307 found
529. 0310. Exanmple 56 2-(3,4-Dichlo o-hﬁn 1)-3-(3,3-difluo

ro-cycl opentyl)-N-thiazol -2-yl -propi i I,E,FHHHNO\Ill Ccl Ood

[0252] A solution of 2-(3-chloro-4-methanesulfonyl-phenyl)-3-(3-oxo-cyclopentyl)-
N-pyrazin-2-yl-propionamide (prepared as in Example 45, 73.5 mg, 0.17 mmol)
and methoxyamine hydrochlon'de (218 mg, 0.26 mmol) in methanol (512 pL) and
pyridine (512 pl) was heated under reflux for 5 h. The reaction mixture was
allowed to cool to 25°C and was then concentrated in vacuo. The resulting residue
was diluted with water (50 mL) and extracted with ethyl acetate (2 x 50 mL). The
organic layers were washed with a saturated aqueous sodium chloride solution (50

- mL), dxjed over sodium sulfate, filtered, and concentrated in vacuo. Flash
chromatography (Merck Silica gel 60, 70-230 mesh, 70% ethyl acetate/hexanes)
"afforded 2-(3 ~ch10r0-.4~m‘ethanesulfonyl—phenyl)—3-(3-methoxyimino—cyclopentyl)—
N-pyrazin-2-yl-propionamide (61.2 mg, 78%) as a white foam: mp 85-87°C;

: (ES)+-I-IRMS m/e caled for CyoHp3CINGO4S (M+H)™ 451.1202 found 451.1207.

Example 55
N—(S-Bromo-pyrazm-Z-—yl) 2-(3-chloro-4- methanesulfonyl-phenyl)—3 (3-
methoxylmmo—cyclopentyl) -propionamide
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N
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H
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_S © N~ Br



[0254] A m xture of

2- (3, 4-di chl oro- phenyl ) - 3-(3- hydroxy-cycl opentyl) - pr opi 080 Octeer 206t hyl
ester (prepared as in Exanple 36, 356.4 ng, 1.12 nmol), N et hyl nor pholine
N-oxi de ( ¥8Yos®s43k. 68 Mol ), and powdered nol ecul ar sievespcihkpddod)y i N

met hyl ene chloride. (2.25 nL) at 25C yas treated with tetrapropy?annnnium
perrhuthenate (20 ng, 0.05 mmol). The resulting mxture was stirred at 25C
for 30 m 0253} At hsslutipme, oft hE-(Setaomioepyravas-2fyl)-2 €8 et artrdemetharesulfonylof
celite (ethyl acetate as eluent). The filtrate was copncentrated {n vacuo.
Fl ash chr omERNSHRy S REP LD D paoararide (Syoios: Hobtmbis stod e
hexanes/ et hyls3g AeRliphed rdfQARlhe hydrochloride (48 mg, 0.57 mmol) in methanol

2- (3, 4-di chl or o- phenyl ) - 3- (3-0oxo- cycl opent yl § propionic acid nethyl ester
(261. 3 ng, T1698HL)amdapyridear (PN mLFiwdsiReBedivadeatetldx ffor 3 hCl Bl G:@HRAHE

(MtNa) + 337.0370, found 337.0371. 20 October 2006 WO 03/ 095438
PCT/ EPO3/ 038uxture s [aélgyyg to\ cogl tot 23 &d then was concentrated . vacuo. The

2- (3, 4-di chl - o3z (33 -4 - .o i ester
(261 3 my. | GOUFIEmthe wic Un@H3 BY GRPESD, Hir) sURLANE oA u SRR, B
di et hyl am n@s@uhflyyr Thel ddgamit ilgger{ Fedbwhdhed Ividdt ariNragyeoud hedroeklskicidagl m xt ur e
was heated at 60C for 18 h. At this tine, the reaction was coaoled to 25C

and was di Solutien (3G mL\apdp spmated queorniosiiug (chiorids sphision%$9 BEYedristt o
t hyl ' _ i i ed '
ety ene, | AL F000). 1R800 SRBRSET 1P RNB! SO

Silica gel GRromaBdkddHy (FIASH 40%)/Silicd)sR%aByleichiste/Rsahed) edffatiédiaad
2- (3, 4-dichl oro-phenyl)-3-(3,3- difluoro-cycl opentyl)-propionic acid nethyl
ester (79. 4(rjromxgpyoginadyh-361-sidoyo-biiethapepdenylaphanybd-6- of

23 S R IS RIS LR SN ot
sol ution of orBYPES(RS)T-HRMSXhAccaldd MR )R Bl O S(MH4H)0 568.0807 fu Mol )

was heated to 110C for 18 h. At this time, the reaction mxture was cool ed
to 25C and52%€AlQGoncentrated in vacuo. Flash chromat ography (Merck Silica
- gel 60, 230-400 nesh, 70/30 hexanes/ethyl acetate) afforded
2- (3, 4-di chl or o- phenyl ) - 3- .
(3, 3-di f1uoro-cycl opentyl) - N-t hi aZ¥amRIe[S0pr opi onami de (44.2 ny, 49% as an
of f- whi t&(34Dichlopppheuyl}368;3-tilmorRrElop entyhiN-dhingel-Lylzprarowamide S
(M+H) + 405. 0402, found 405. 0404. '

F

H
H Kll S
Cl ° \'\W\/}
' cl

[0254] A 'mi){ulre of 2-(3,4-dichloro-phenyl)-3-(3-hydroxy-cyclopentyl)-propionic
acid methyl ester (prepared as in Example 36, 356.4 mg, 1.12 mmol), N-
methylmorpholine N-oxide (197 mg, 1.68 mmol), and powdered molecular sieves
(1.12 g in methylene chloride. (2.25 ml) at 25°C was treated with
tetrapropylammonium perrhuthenate (20 mg, 0.05 mmol). The resulting mixture
was stirred at 25°C for 30 min. At this time, the reaction was filtered through a
pad of celite (ethyl acetate as eluent). The filtrate was concentrated in vacuo.
Flash chromatography (Merck Silica gel 60, 230-400 mesh, 75/25 hexanes/ethyl
acetate) afforded 2-(3,4-dichloro-phenyl)-3-(3-oxo-cyclopentyl)-propionic acid
methyl ester (261.3 mg, 73.8%) as a clear oil: EI-HRMS m/e caled for

C15sH16CL0; (M+Na)" 337.0370, found 337.0371.



Exanpl e 57

2- (3- Chl or o- 4- net hanesul f onyl - phenyl ) - 3- ( 3- hydr oxy- 3- net &g Octopet 2406
entyl)-N pyrazin-2-yl-p ropionamde HOHHH NIN O \ N C [0257] A

3. OM sol uwiooos/of43get hyl magnesi um brom de in ether (2.53 nLpctepdsaseny )
cooled to OC was treated dropw se witi32a sol ution of 2-(3-chloro-4-

nmet hanesul f onyl - phenyl ) - 3- ( 3- oxo- cycl opentyl ) - N- pyrazi n- 2-yl - pr opi onam de
20 Cctober 2006 . WO 03/095438 PCT/ EP03/03844 133 (prepared as in Exanple

45, 0. 10 37 ) 4 ef r.ahydr of ur ni) . .The esul.ti.-n | ution
was sti rr@&sgﬁ %‘Off’]fqggn g%‘btl %’ﬁ:&’ﬂﬁ%&?\'@ © %F%'((%'%g%cﬁ?lg{) SR é%ﬁd%g%?ﬁ?mgi :Jm
chloride solphARstes (781.3 AN PRI SNERIHHRIVWRAH R IOUINALPHas BEAMEOUS

anmoni um chl oride solution (20 nL) and ethyl acetate (25 nL). The aqgueous

| ayer was extittadicthylaminhswfinyttiflacedeatlel § 25., 124 miied). cbinbieselting myxhire
| ayers were dri.ed er espym sul fate, filtered, d t [
va%:/uo. Bi ot%gleﬁﬁa\c%?épgg%gbig%( F §§PF 3’6@: ﬂl§i Tqaﬁtg?n g/gg/ocg? %@%%J@aﬁa@ "

acet at e/ hexgnasJingéd i Shter (50 mL). This solution was extracted into methylene
2- (3-chl or o- 4- met hanesul f onyl - phenyl) - 3- ( 3- hydr oxy- 3- net hyl -
cycl opent yl khNridy (2zi 30 2Tyl -Threopiamasmivtes (34 ongr s8&%n adfate, fdletedwaidbam np

78-84C (foamto gel); (ES)+-HRVS me cal cd OH24CLN3 s
438. 1549 | oGRACAGSEH ipSH ey nR Ggomaiogaphy (Merck Siiica get 60, 20040

2- ( 3- Chl or 0- 4- et S e 3- (- DX0-CH:CA azhn-2-yl -
or opi onani d énesg,e m H%)IWI“h?% élake) a@f%;d@c‘l LY ARRIFO phbhyRNS 3,8
difluoro-cyclopentyl)-propionic acid methyl ester (79.4 mg, 28.4%) as a yellow

oil.

[0256] A mixture of 2-(3,4-dichloro-phenyl)-3-(3,3-difluoro-cyclopentyl)-propionic
acid methyl ester (75 mg, 0.22 mmol) and 2-aminothiazole (27 mg, 0.26 mmol) in
a solution of magnesium methoxide in methanol (7.4 wt.%, 0.63 mL, 0.44 mmol)
was heated to 110°C for 18 h. At this time, the reaction mixture was cooled to
25°C and then concentrated in vacuo. Flash chromatography (Merck Silica gel 60,
230-400 mesh, 70/30 hexanes/ethyl acetate) afforded 2-(3,4-dichloro-phenyl)-3-
(3,3-difluoro-cyclopentyl)-N-thiazol-2-yl-propionamide (44.2 mg, 49%) as an off-
white solid: mp 154-156°C; FAB-HRMS m/e .calcd for C;7H,;6F.CLN,OS (M+H)+
405.0402, found 405.0404.

Example 57
2-(3-Chloro-4-methanesulfonyl-phenyl)-3-(3-hydroxy-3-methyl-cyclopentyl)-N-
pyrazin-2-yl-propionamide

HO
H

HH
N. _N
)
?,‘\s © N

N G

[0257] A 3.0M solution of methylmagnesium bromide in ether (2.53 mL, 7.59 mmol)
v cooled to 0°C was treated dropwise with a solution of 2-(3-chloro-4-

methanesulfonyl-phenyl)-3-(3-oxo-cyclopentyl)-N-pyrazin-2-yl-propionamide



O\ N C [02581 A solution of 4-cycl ohexanonecarboxylic acid ethyl ester
(5.00 g, 29.38 mmol) and ethylene glycol (2.13 ni, 38. 120mabheri2006 ol uene
(150 nL) was heated in a Dean-Stark trap at reflux for 1 h and was then
treated wwhopoeaBoienesul fonic acid nonohydrate (56.74 ny,pcayedR4os579! ) -
The reaction solution was heated an addlitional 30 mn at reflux, cooled to
25C, and concentra edHJiengac 0. The resulting oil was dissqglved in ethyl

acetate (200 (Prepare #pls 4Rabdf g 52 7gpmolin tetgphydepterpr (1 mlgnddieum

sulfate, fil , : n N RV af
T i oxa. spreafipeIRs WENERE 0 B bilns hlddled P gosapuragg 50 o
a col orl ess agidons pfidpdHiuA chidrideisohutioh (3 mL), and partitioned between a saturated

1, 4-di oxa-spiro[ 4. 5] decane- 8-carboxylic acid ethyl ester (2.00 g, 9.33
mol ) in tet PRIRPYF GREReHWIUehionde salutom (F8sml) and edhyraspiagies@Svpbh dhe. o 20

ari de i n t SESRYGPSY PR Hoh i S (s it B S W s

stirred at OGyksrwaR ddicd aner Wagndshuah sagRaChreely aid@onddhemed $2 vageh ti on of
ethyl acetate. The reaction was then diluted with a saturated aqueous

ammoni um chl Siqtage shrematoaraphy FDAZR 4@t Sdisae d8@et Isthyl hadetatafbaxanes)(3  x
25 m). The ¢ i ned organi tracts, were.dried ove diumsul fate,
filtered, aﬁ%g%)igcrllcent r at gégicn Oir/(é%ﬂ%ép%leﬁﬁf%’ryg ngﬁ‘@‘g -(3hydroxy-3-methyl:
(1, 4- di oxa- spydl&chtyBl Negyrdzinl2)y1Hes aﬁlﬁﬁide(ém%,g;s% a9 %) yelswasdagal: ofpess
oil. [0260] A Sg{ uti)]cr)ne%:r (1, 4}i?91§<1a-spi rcg[4. dec-g-yl ) - met hanol (+. 60 g,
9..29 mmol ) i A8-8AEE Hinaemedocpelyr (Hfo -HBMbrin/e welsdt fozaCatlaGINEO.S (M+H)

4- (di met hyl anj i di 6 g, 10.22 mmol) and p-tol uenesul f onyl

chlori de (1.@8@%{09@%'&%5.‘8The reaction nixture was stirred at 25C for
2 h, and was then washed with a saturated aqueous sodi um bicarbonate
solution (1 x 25 nL). The organic |ayer was dried over nagnesium sulfate,
filtered, and concentrated in vacugs ab%:ersgsul ting oil was dissolved in
acetone (30 )~and treated with oglu i de . {3 31. 53 ). The
reaction wag’r&'e qggp%—,{ag apgsfull{wyﬁg eny #'?%86?"&%@’&@&@'%@@%%‘2
concentrated in vacuo. The resul t iFgPio8amide was suspended in ethyl acetate
(50 L), washed with water (2 x 15 nL), dried over nagnesium sulfate,
filtered, and O :

. H
N_ _N
N
O\\S O \[N;I
o\ | o i

Cl

[0258] A solution of 4-cyclohexanonecarboxylic acid ethyl ester (5.00 g, 29.38 mmol)
and ethylene glycol (2.13 mL, 38.19 mmol) in toluene (150 mL) was heated in a
Dean-Stark trap at reflux for 1 h and was then treated with p-toluenesulfonic acid
monohydrate (56.74 mg, 0.294 mmol). The reaction solution. was heated an
additional 30 min at reflux, cooled to 25°C, and concentrated in vacuo. The
resulting oil was dissolved in ethyl acetate (200 mL), washed with water (2 x 50
mlL), dried over magnesium sulfate, filtered, and concentrated in vacuo to afford
pure 1,4-dioxa-spiro{4.5]decane-8-carboxylic acid ethyl ester (6.25 g, 99.3%) as a

colorless oil.

[0259] A solution of 1,4—d_i0xa—spiro[4.5]decane—S-carboxylic acid ethyl ester (2.00 g,
9.33 mmol) in tetrahydrofuran (40 mL) at 0°C was treated dropwise with a 1.0M



concentrated in vacuo_ Bi otage chromatography (FLASH 40S, Silica, 19/1
hexanes/ et hyl acetate) afforded 8-iodonethyl -1, 4-di oxa- sg0rOftdb&2086ane
(2:32 g, 88.6% as a colorless oil. [0261] A solution of diisopropylam ne
(0.23 nL, MOBXSHASI ) in dry tetrahydrofuran (5.0 nL) cool ad1vErosdSG: .
under nitrogen was treated with a 2.5M%o0l ution of n- butyllithiumin

h 0.65.m-. 1 . ). .Th ti i ti d at -78C for
30 - and + e, 86 2 it R RS, By e €50 By 00, minob.

nmet hyl sul f anyh hnRGed | i 0 t r i le 4,
500 g 1 an ot AR e S T tor 905t R WROAEH qBinchél b BT

1, 3- di met hy| dpwiss, agiditicmt ofatlydraget2ic] Hjhepygadtion wasihes dflhtdd wikl) a sabiratedeact i on
m xture turned dark is .colglrr%nd was ?ﬁjlg;ﬁd to stir at -78C for 1 h, at
whi ch time, ATSSFRATEIBI SYoRGaSNUIRY (21 M) dind extapted oTith Shrlecaiae @500 ny,
1.78 mml) iH28n3NelThed¥RIIMeddroalt Ytk £d @Q%ed%gég%v\%g géé\@ﬁmasq%tg, ﬁil'{e%m‘ S€.

The reaction mxture was allowed to warm't It Wwas’ stirred for

24 h_ The r ezwh¢oopentratedirevava® towéiooh edre2Q ,4di0xbepird P05 ded @ D38 amA 38

PCT/ EPO3/ 03%34 1§- géy\g th a %E%urat ed aqueous ammoni um chl ori de sol ution
and then corddift& 2Pedh 35 2 SRRYUSS P8 renove tetrahydrofuran. The aqueous

resi due was acidified using a 10% aqueous hydrochloric acid solution. The
resul ti ng aqueous |ayer was extracted wth ethyl acetate (2 x 100 nlL). The
conmbi ned {2¢g8hiAcsodutioract :{1,%ediexa§$piﬂxﬂ4.6m-8-§r)di1¢tl‘farﬁﬂ|(i.@0%., ofdolh@bBdn and

concentrated in vacuo. Biotage chromatography (FLASH 40S Silica 8/2
hexanes/ et hﬁ‘etgﬁlé?%P]élPHQF {oft o ‘Y?ﬁetr%t%(gwé I%E@mthylammo)l)yndme (126 g,

met hyl sul fa - 3- - di ey e] 4 eC 85 -plropionic.acid

met hzl est gﬁ?@‘?@% ?"nggg}a%lugéggééﬁé@ ] @vlv&%es Eggg goi9§37:5y ﬁ@ﬁw@hﬁf@“&% cd for
C19H25C104S mixrg wa84tiddda: 25°0Ube2 A84nd %GO thehORBREd il WkrdRd Qhueous

2- (3-chl oro- 4- et hyl sul f anyl - phenyl ) - 3- (1, 4- di oxa-

spi ro[ 4. 5] déedlanyb)mr}?oyﬁteomlethci(ﬁ x88 tyl). estler oXg2nB tayer wa®3irietoiveri n

nmet hyl ene Ld: cooled to O treated dropwise with a

pre- )r/n xed sﬁﬁf%ﬁ%ogﬁéé%%%p%%&%&%%?@ "éc,’?aﬂwhoﬂé‘eg?eéﬂ@‘?g $i5WAY, 3. 86
mnol ) and spdbivea ki SRERRNE@0Em §5Rd Reatdd A2itHTEBANAL RodRE MYl78Ne $hbpri de

(11 nL). The reaction mxture was stirred at 25C for 4.5 'h, after which
time, the r&wehonhe weeiian was heated unda refleh foel thy lcenledab|26PC,dmd(the nl)

and washed \%xtlﬁ:n%{egrin (v]dgz(z)o. mﬂné re-:rsrlllﬁing residue was suspended in ethyl acetate (50

-ml), washed with water (2 x 15 mL), dried over magnesium sulfate, filtered, and

concentrated in vacuo. Biotage chromatography (FLASH 40S, Silica, 19/1
hexanes/ethyl acetate) afforded. 8-iodomethy1—1,4-dioxa-spifo[4.5]decane 232 g,

88.6%) as a colorless oil.

[0261] A solution of diisopropylamine (0.23 mL, 1.63 mmol) in dry tétrahydrofuran
(5.0 mL) cooled to -78°C under nitrogen was treated with a 2.5M solution of -
butyllithium in hexanes (0.65 mL, 1.63 mmol). The reaction mixture was stirred

at -78°C for 30 min and then treated dropwise with a solution of (3-chloro-4-
methylsulfanyl-phenyl)-acetic acid methyl ester (prepared as in Example 4, 340
mg, 1.48 mmol) in dry tetrahydrofuran (3.0 ml) and 1,3-dimethyl-3,4,5,6-
tetrahydro-2(1H)-pyrimidinone (1.0 mL). The reaction mixture turmed dark in

. color and was allowed to stir at -78°C for 1 h, at which time, a solution of 8-
1odomethyl-1,4-dioxa-spiro[4.5]decane (500 mg, 1.78 mmol) in a small amount of

* dry tetrahydrofuran was added dropwise. The reaction mixture was allowed to

~warm to 25°C, where it was stirred for 24 h. The reaction mixture was quenched



organi ¢ phase was cooled to OC and successively washed wth a 10% aqueous
sodiumsulfite solution (100 nlL), a saturated aqueous sog) Oxtddec2dgonat e
solution (100 nmL), and a 50% aqueous sodi um chloride solution (100 mi).
The conbi MEH3/@958ni ¢ extracts were dried over sodi um sul f acegpsidsar ed,
and concentrated in vacuo. Biotage ckhSomat ography (FLASH 40S Silica, 6/4

hexanes/ et hyl . ace af f or ded

(5ol o o i KOSty AP Phlonde solision g dhan spRieRed 1 .

propi oni ¢ acj | Q4

cal cd for Cléﬁzggag%ﬁéﬁﬁkgﬂgbgﬁgggpgggéq@xgﬁﬁ uﬁ%dp £§&ﬁ?%g%§¥51 solutlon
. of 2-(3- Cfﬁquams4hyckb¢mbxscu latdnydlutpine nYhg 1&utingdaqliconsaiayer was extracted
spiro[4.5] dec-8 M pr opi oni ¢ acugmathl ester (667 ng, 1.60 mol) in
acetone (15ViRp §°Qt?‘éé¥é‘d1% T&@%I&E@é@@@%%@fwww@ dgefl @V&oI ut i on

(1.8 nm). T fn ur C 4. ction
i xturs vas U 3G Alleld g eSSt ok niBlac eilomd DB O
acet ate (10QFmASH T0S (Blgeenl&/z hewames/ethagl d.r:eteté) oafsrded dihe mz%ulclﬁlato%—
filtered, and concentr at ed |n vacuyo to afford pure

2- (3- chl or o-BcthlspianylphenL: 1@16éﬁ;ﬂls’xassmw%kmee;%cﬂbawr)m praéxgu JRFEYhci d 20
Qct ober 2006 P t 0 1009
as g g(r)l orl eeés'tse 1%’13141 1%%%Ssaﬁegr§gp%$ §A(H Mﬁ%ﬁﬂc ica glgﬁel(gl% HRVS g

me calcd fqu 3@&21@;&5&&3&%1)&9_395.0690, found 395.0692. [0264] A

solution of 2-(3-chloro-4-nethylsul fonyl -phenyl)-3-(4-o0xo0-cycl ohexyl) -
propi oni c acid net hyI ester (590 ng, 1.58 mml) in methanol (7.0 nmL) and

rgggilon “%Pgtﬁr ifgﬁ{f?e L %%% 18KF% t@ﬁﬂﬂﬁﬂéﬁgﬁ%ﬁﬂ ar $8gyFL)vaIEg
to renove RS dec-8R)- Hmﬁﬂmﬁu &gd ﬁﬁu@@léﬁe rfx@hﬁgmdmmm nvtileneat er (25

m) and was ed vmth ethyl acetate (2 x aqueous | ayer was then
aci dified tchlqideX2imlp cgoleN ta§UE oS tmmd@lcmvosfr vithe pregoixed sdutiamef was

extracted t et h cetate (,2 e co ned o ga ers were
rashod v t hscuEbRYeaBRRR Sotis (DuR aeA S e ade. te Lad, Setiir) °
dried over %@éiirwﬂa?éltésétﬁg 7 7btRnel. in MaHyeReRBLARY e nhrl). Vﬂfé“&aédbnafford

pure 2-(3-chl oro-4- met hyl sul f onyl - phenyl) 3- (4-oxo-cycl ohexyl)-propionic
aci d (550 ngpix@rejvagsstisred ot 35 1@y 4 afiir- wiEkS tioyg, ¢hecedaciior mext@EBHEIC105S

(MeNa) + 381 003 wir? it 38k AtsHde (100 mL) and washed with water (100 mL). The
organic phase was cooled to 0°C and successively washed with a 10% aqueous
sociium sulfite solution (100 mL), a saturated aqueous sodium bicarbonate solution

B (100 mL), and a 50% aqueous sodium chloride solution (100 mL). The combined
organic extracts were dried over sodium sulfate, filtered, and concentrated in
vacuo. Blotage chromatography (FLASH 40S Silica, 6/4 hexanes/ethyl acetate)
afforded  2-(3-chloro-4-methylsulfonyl-phenyl)-3-(1,4-dioxa-spiro[4.5]dec-8-y1)-
propionic acid methyl ester (680 mg, 84%) as a colorless gum: EI-HRMS m/e

| calé_d for C19H,5Cl06,S (M+Na)" 439.0953, found 439.0957.

'[0263] A~ solution. of 2-(3-chloro-4-methylsulfonyl-phenyl)-3-(1,4-dioxa-
spiro[4.5]dec-8-yl)-propionic acid methyl ester (667 mg, 1.60 mmol) in acetone
(15 mL) was treated with a 10% aqueous hydrochloric acid solution (1.8 mL).
The reaction mixture was stirred at 25°C for 24 h. The reaction mixture was then
diluted with water (50 mL) and extracted with ethyl acetate (100 mL). The organic
layer was dried over sodium sulfate, filtered, and concentrated in vacuo to afford

pure 2-(3-chloro-4-methylsulfonyl-phenyl)-3-(4-oxo-cyclohexyl)-propionic acid



[0265] A sol ution of

2- (3-chl or o- 4- net hyl sul f onyl - phenyl ) - 3- (4- oxo- cycl ohexyl 20 Qataber dl6c aci d
(267 ng, 0.75 mmol) in nethylene chloride (10 nL) was treated .Wth

N, N- di met Wl B36p3asn de (3 drops) and then cooled to OC ThEpé@@ﬁ(H/(g§h4

m xture was then treated with a.2. OMsel ution of oxalyl chloride in

nmet hyl ene chl ori de 45 m_, 0,90 Oé% The reaction m xture was stirred
at 25C for Zesthyliegten th‘iénlq,(b@:éﬁ@rca]c 5§ guparieh (epsrusadvathet fehes and

excess oxal éran (i%g' ﬁ) Y nﬂg%agédreat egﬁ& w@ﬁ@wrﬁ%ﬁ §§§b®dfoumdfy

t et r ahydr of a so ution of

2- am nopyr a3pnecg2143 ng, 1.50 mmol) in tetrahydrofuran (10 n.) and
pyridine (0.30 nL, 3.75 mmol ). The resulting reaction mxture was stirred
at -25C for 2 h. The reaction m'xture was then diluted with a IN aqueous

citrica ol u 25 ) d .t v tetr furan.
The rema Q%que@lﬁgﬂrem Nty C\%gom &é@fﬁ@(‘eﬁ‘ gﬁ‘@%’roﬂ‘@ ﬁﬂ’ on of
chl oroforrﬂ pRIpieOhcif Znoth@ sk 590THE, £8BRLMETH 1@ hgdife! BXb RC! sid WwaEe dried
over sodium sulfate, filtered, and concentrated in vacuo. Bi otage

chr omat ogr aphf H@QL%HTQB@@ with [litbimm Bydzokids 4980 freet Bj{lG moetlat Ele mhétomded
2-(3- chl th 4 0X0 c hex razi n-2-yl
20 ot ober THHE VB DEFH0EH 28 Gt B 37D eSO FST T ot Sl (e IGE g,
819 as an pfefiaWbi t ghé Gehidklg 'é'%umlﬁy&%ﬁsd dfiffed GithReacd (80 ) (MaH) +
436. 1093, found 436.1099. Exanple

N- ( 5- Br ono- pyshedi witlethly) a@tat S (2 i iQrmIA Niteheyuesus Kayunaqaﬁxenpb)dafBe—c(%— 0XO0-
cycl ohexyl) ion O . \.1 CMN /N N-Br g g stol ution
of 2-(3-chl Bﬁogh‘P W@HF?‘&HW%I%%W joig S?W“B&&“é)}’%ﬁs(ﬂ’férﬁ?‘]e Y &prloni ¢
aci d (prepas&th@® kBoRBPIRe 28mb i01 m?al ) Shfrat hloride-
(10 nL) was t rea?ed wth jTRI I\E di metgﬁ n%glglg edv%sgg%ﬂ%it en (acool ed
to 0OC. The apmots wdium xhloride wamtlbheh xtﬁO&aL}gdinudtheas&hﬂv{I suutfhta} filbered,f
and concentrated in vacuo to afford pure 2-(3-chloro-4-methylsulfonyl-phenyl)-3-
(4-oxo-cyclohexyl)-propionic acid (550 mg, 97%) as a colorless gum: EI-HRMS

mw/e caled for C6H;9C105S (M+Na)™ 381.0534, found 381.0537.

[0265] A solution of 2-(3-chloro-4-methylsulfonyl-phenyl)-3-(4-oxo-cyclohexyl)-
propionic acid (267 mg, 0.75 mmol) in methylene chloride (10 mL) was treated
.with N,N-dimethylformamide (3 drops) and then cooled to 0°C. The reaction
mixture was then treated with a 2.0M solution of oxalyl chloride in methylene
chloride (0.45 mL, 0.90 mmol). The reaction mixture was stirred at 25°C for 30
min and then concentrated i vacuo to remove solvents and excess oxalyl chloride.
The resulting residue was re-dissolved in dry tetrahydrofuran (10 mL) and was
treated dropwise with a solution of 2-aminopyrazine (143 mg, 1.50 mmol) in
tetrahydrofuran (10 mlL) and pyridine (0.30 mL, 3.75 mmol). The resulting
reaction mixture was stirred at 25°C for 2 h. The reaction mixture was then diluted
with a 1IN aqueous citric acid solution (25 ml) and concentrated to remove
tetrahydrofuran. The remaining aqueous residue was then extracted with a 3/2
solution of chloroform/methanol (2 x 25 ml). The combined organic extracts
were dried over sodium sulfate, filtered, and concentrated in vacuo. Biotage
chromatography (FLASH 40S, Silica, 3/2 hexanes/ethyl acetate) afforded 2-(3-
chloro-4-methanesulfonyl-phenyl)-3-(4-o0xo-cyclohexyl)-N-pyrazin-2-yl-



oxalyl chloride in nmethylene chloride (0.45 nL, 0.90 nmol ). The reaction
m xture was stirred at 25C for 30 mn and then concentr at28ddtobera00® t 0
renove solvents and excess oxalyl chloride. The resulting residue was
re-di ssol VEA03/M5d8y tetrahydrofuran (10 nL) and was treat egdfapwisse Wi th
a solution of 2-am no-5- bronopyrazi nes‘( 261 ng, 1.50 rrrml pr epar ed

according to Tetrahedr 1988 297 983). in drofuran 10 n)
and pyri di né’r@b‘o%nﬁf &567‘%171%? ) 2s e offpduty %qaﬁb tEi d dohas
stirred at 2503L.0INADNK (ﬂhﬁ)*r@%cltdggnfd@nghgﬁeog@s then dil ut ed vvlth a N
aqueous citric acid sol ution en concentrated to renove
tetrahydrof uran. The renai ni ng aqueous residue was then extracted wth a
3/ 2 solution of chlorofornfnethanol (2 x 25 nL). The conbi ned organic
extracts were dried over sodi um sulpkatfple §9 | t ered, and concentrated in

vacuo. Bi ONS@EBRIh &P RARZY-2( BLARG: Q%etﬁhhésﬁffo&%ﬁétﬂ%%m% ethyl

acetate) afforded

N- ( 5- br onmo- pyr azi n- 2-yl ) - 2- (SCY(:cmhexgl)zpm fﬂﬁlg%gulfonyl phenyl ) - 3-(4-
oxo0-cycl ohexyl ) - propi onam de (193 ny, 50% as a yellow foam EI-HRMS nie
cal cd for C20H21Br CLIN3O4S ( MtH% 4.0198, found 514.0200. 20 Cctober 2006
WO 03/ 095438 PCT/ EPO3/ 03844 138 b '
N- ( 5- Br ono- pyrazin-2-yl)-2(R) - (3-
r o- 4- met hanesul f onyl - phenyl ) - 3- (4
:0TNBr Cl [0267] A m xture @f
acid (prepared as in Exanpl e, gpolt ) and potassi um
carbonate (20.1 g, 145.1 rmrﬁPj \i ney acet one (65 nm.) was cooled to -10C. The
pal e yellow slurry was then treated dropw se vvlth trinmethylacetyl chloride

(6.25 i, I V\/mIe ainjn he te bel ow -1 The -
resul ti ngmt’g‘gc‘%|Wm?|)1 h’PQt L?f e ?50F4'5%ﬂ3'ﬁsufffﬁﬂ ?15%5&#?’1‘? -Syslp hﬂ‘ﬁg}i al | oned
to warmto BfopioMiehEid Gpréﬁﬁ?edsﬁé i $tafBle 48 267 mgl €75 mmol) in methylene

chlonide (10 mL) was treated with N,N-dimethylformamide (3 drops) and then

cooled to 0°C. The reaction mixture was then treated with a 2.0M solution of

H
yt | ohexyl ) - propionanide OH N N-
-4 rret hyl sul fanyl - phenyl ) - acetic

oxalyl chloridde in methylene chloride (0.45 mL, 0.90 mmol). The reaction
mixture was stirred at 25°C for 30 min and then concentrated in vacuo to remove
solvents and excess oxalyl chloride. The resulting residue was re-dissolved in dry
tetrahydrofuran (10 mL) and was treated dropwrse with a solution of 2-amino-5-
bromopyrazine (261 mg, 1.50 mmol prepared accordm<I to Tetrahedron 1988, 44,
2977-2983) in tetrahydrofuran (10 mL) and pyridine (0.30 mL, 3.75 mmol). The
resulting reaction mixture was stirred at 25°C for 2 h. The reaction mixture was
then diluted with a IN aqueous citric acid solution (25 mL) and then concentrated
to remove tetrabydrofuran. Theé remaining aqueous residue was then extracted
with a 3/2 solution of chloroform/methanol (2 x 25 mL). The combined organic
extracts were dried over sodium sulfate, filtered, and concentrated in vacuo.
Biotage chromatography (FLASH 40M, Silica, 35/65 hexanes/ethyl acetate)
afforded N-(5-bromo-pyrazin-2-yl)-2-(3-chloro-4-methanesulfonyl-phenyl)-3-(4-
oxo-cyclohexyl)-propionamide (193 mg, 50%) as a yellow foam: EI-HRMS m/e
calcd for CyoH, BrCIN30,S (M+H)" 514.0198, found 514.0200.



reaction mxture was re-cooled to -10C and then treated with (1R, 2R)-(-)-
pseudoephedrine (11.99 g, 72.5 mmol ), resulting in an exaohasober Phos
reaction mpmxture was stirred at -10C for 10 mn and then warned to 25C,
where it w9 B&PiPBed for 1 h. At this time, the reaction nmped/Ep@ymas then
guenched with water (50 nL) and then Bftracted with ethyl acetate (1 x 100
m.). The organic | ayer was washed wth water (2 x 40 nL). The aqueous

| ayers V\Bf&,j?%gbl ned and ba\ck-ext Eferple 6P t h et hyl acetate (2 x 50 niL).
The conbi ned BPEARPPIFAYBsY e fR)-(Giehlepo-dunethangndfinyirpben yiBe4-dsiok t er ed,
and concentrated in vacuo. Texcleheryb-proptosaimstiewas recrystallized from
ethyl acetate (45 nL) and hexanes (80 nL) to afford

2- (3-chl or o- 4- net hyl sul f anyl - ghepyl) - N-[ 2( R) - hydr oxy- 1( R) - net hyl - 2(R) -
phenyl - et hyl ] - N- net hyl - acet am d .75 g, 78% as. a light yellow solid:
np 111.5-112.9C;, [a] 23589 = -97. =0.104, chloroform; FAB-HRVMS me
calcd for Cl9H22CINSC2 (M+H){ 364. 11138, Hf owd 364.1142. [0268] A solution
of 1,1,1,3,3,3- hexanet hyl di si | az&ner(9: %‘T,\ 46.07 mmwl) in
tetrahydrofuran (35 nL) cool Q. -78Conastirgated with a 2. 5M sol ution of
n - butyllithiumin hexanes ¢* m., 45.0MNmoB). The reaction nixture was

.00
stirred at -78C for 15 min and then slowy treated with a sol ution of

2- (3-chl oro- 4- _

met hyl sul P2671 Aphertyde) ofNSE QA Rp-hyrctionyd bR phieayisbet?d RidPipedpstedeidy] 1 - N 20
Cct ober ZOO%X V\O, Oﬁl ﬁ93438 PCT/ EP03/ 03844 139 nethyl -acetam de (6.45 g,
17. 72 mol ) HATPE T dMAr% fEAdrmobsandipotaspiumecarberiate @0n) ggl 4Shlemneotpar at ur e

780 for 15 e TR PO Ao T A g S distedd For

-78C for 15 mn and en allowed to warm C

20 min. Thedropadtd withniiniethylaceds chiveide (626 AL.50.8 tnmbBGvANE rahffinidy €at ed

with a solution of 8-iodonethyl-1, 4-dioxa-spiro[4.5]decane (prepared as in
Exanpl e 58, Mfgempegturabelawmkiq. The resgltwigmeadtipn-mBixys veast stirred lay d105C2 ( 1H) -

pyri m di none,.(;Z..0; tﬁgﬂfl r-ahydr of ur 0 The resulting reaction
m xture was ?Osrtli%rn%él(rjgngt - %Sg‘%egf“’%ﬁ ] Ogﬁd&’ ?fgﬁz—%{ﬁ ff\%‘fije?% 1&/&?% tide2sc,
where it wesctidd miigthrd @as18-dboldeo LERE! hd! HixX LR MASRAHRUtAE Wi th et hyl

acetate (100 ) .and t(hen was_washed with a saturated agueous anhbni um
chl ori de soPiftfephedrine, (1599ng,) 72.Framahy ensukting aipean weghermen Thgtreaationd Wi t h

g;?ﬁL a?ggt :g%%tgrés%%sg%%r{?gzat -1(7"'&%0‘}01'3’-515}?9118 ﬂ%%nviva(l:mlle Yol 25 , Wherest Q&?a% wth a
stirred for 1 h. At this time, the reaction mixture was then quenched with water
(50 mL) and then extracted with ethyl acetate (1 x 100 mL). The organic layer

- was washed with water (2 x 40 mL). The aqueous layers were combined and
back-extracted with ethyl acetate (2 x 50 mL). The combined organic layers were
dried over ‘magnesium sulfate, filtered, and concentrated inn .vacuo. The crude
‘material was recrystallized‘ from ethyl acetate (45 mL) and hexanes (80 mL) to
afford  2-(3-chloro-4-methylsulfanyl-phenyl)-N-[2 (R)-hydroxy-1(R)-methyl-2(R)-
phenyl-ethyl}-N-methyl-acetamide (13.75 g, 78%) as. a light yellow solid: mp
111.5-112.9°C; [0]Zsgo = —97:2° (c=0.104, chloroform); FAB-HRMS m/e calcd
for C19H»CINSO, (M+H)™ 364.1138, found 364.1142.

[0268] A solution of 1,1,1,3,3,3-hexamethyldisilazane (.73 mL, 46.07 mmol) in
tetrahydrofuran (35 mL) cooled to -78°C was treated with a 2.5M solution of #-
butyllithium in hexanes (18.00 mL, 45.0 mmol). The reaction mixture was stirred
at -78°C for 15 min and then slowly treated with a solution of 2-(3-chloro-4-
‘methylsulfanyl-phenyl)-N-[2(R)-hydroxy-1(R)-methyl-2(R)-phenyl-ethyl]-N-



chloride solution (1 x 50 nL), dried over sodiumsulfate, filtered, and
concentrated in vacuo. The resulting material was then R28-GlitsteoR0@d in
ethyl acetate. This organic phase was washed with a 10% aqueous sul furic
aci d sol utW8M¥ ¥4 100 nL) and a 10% aqueous sodi um bi car hanag@;5t i on
(2 x 100 nL), dried over nmagnesiumsuBfate; filtered, and concentrated in

hoxanes! et TS MeLReEE A okt By M alsBERichy et R acLl Hehil

2(R) - (3- chl enfndmie thel Stipbamyk -HARN 3- = ShATellow-orang i

sf:)i. 3 OE 4. 5] dec- 8-yl )D- RI-])é(tgi(lIl ) - %r oXy- )14(5?;)C rrgtiiﬁéleé-%g?il%ay%ﬁen?/ ail%et ﬁ;e}ft)lqnl\l- met hyl
- propi onamPgEtEOwas stgredd:-G84C &g 12 mini drel thematloWa] D358 to 0°COwh&e (£ =0. 39,

chloroform ;. FEl-~HR e cal.cd for.C28H36C1NO4 M-H) + 518. 2127, found
518. 2123. m[a%ﬁlff 05{518,[1{1161“ ig}:fe reaction mixture was tf?eére-c@oled to -782°C and then

2(R) - (3- chl elefred wiBtdyd1sss i s R T B-digkads Sl -
spiro[4.5]dec-8-yl)-N-(2( I%éﬂ§él? oxy-%%lé’?%%ﬁ%p%%ﬁdgﬁgﬁﬁ{egﬁrﬁ%ﬁ N et hyl
- propi onaniEdempls. 38, d0.002 g1 63 fotumdin iet [BydierenytB|4s,bderdhifond) Fgool ed to
0C was trea%r?%@jr orpwﬁjsg h Ee:qeghm xed sol ution of 3-chl| oroperoxybenzoic
aci d (Eo;%;P .mlﬁ? _3 e(d gfkﬁmﬁfa% syatuan il € ambdnathe (%ubmggrieaqt&nm_ mol )
in methyle @ _Ak9 0 A : e.r ting m xture
was all OV\Bgﬁ)t(O vva%dm tﬁ% ZSC%ﬁgﬁgoi@%ﬂg%??ﬁ%&fgorw .to %ﬁg ‘r”@%%ti on

m xture wasit vislstireed foi {6 hreThy teangore hlioturelera #0kedlvyith E@yLaRled(t00 0C, and

treated dropwise wth an additjonal solution of 3-chloroperoxybenzoic acid
(70% 3.00 §L) #d fhgnoypascwpdisdr Wb esatupgted 20004 2gunarnmpidsmRgaltion) ol )

and sodi um pi a ' t hyl.ene ordde (35 nL).
The resul ti g}g?n(5 Q{tlgr telﬁ\?\ééugﬁs g%gévtag ﬁmﬁ% %aggegg‘g,ﬁl %ﬁ%lraéetf%%é OS‘P{‘ir ed for
2 h_ The re@bd icombiniedt organicakytmewert imatlesdl Withha nRhiyeg NRuetlsofddign(1 L),

washed wth water (1 x 500 Hnlii?) cooled to 0C, and then washed sequentially
with a sat¢Herdssoltisadd s 2dmlymandsaver sediumaiulfaieofiltéred ang@Onernjrated

sat ur at ed di icarl splutian (1 x.50 ,.and_a
sat ur at ed gﬁﬁ%ﬁé- s%gﬁl té#nmu?:]ﬁl I?)lra %glgﬁgx%ﬂ}ﬁ?%ﬁe"?fséév%%dn r‘f‘%y?ta?fﬂ@tecgﬁlb‘?ned
or gani c_ext 6rgatis pneeavadniRte@Weth a NBYRGSEMHNseMhERLGd 30L6ORCENdE Air§d i n

vacuo. The resul tiong white foamwas _then dissolved in dioxane (40" ),
treated wit3da2 oN"aRamsous sodingy ibicaghorate selution o €4000n)L.), alrgd heseered at

105C for 1@11ane;riﬁﬁ1 Elﬁ?a%,' ﬁﬂergii,xcliﬁg- gOI\l,C\:BéISltr(t?ltrég " vacuo. Flash chromatography
(Merck Silicé gel 60, 70-230 mesh, 2/3 hexanes/ethyl acetate to 1/4 hexanes/ethyl
acetate) afforded the 2(R)—(3-chloro-4—methylsu1fany1—phenyi)-3-(1,4—dioxa—
¥ spiro[4.5]dec-8-yl)-N-(2(R)-hydroxy-1(R)-methyl-2(R)-phenyl-ethyl)-N-methyl-
propionamide (9.11 g, 99:0%) as a white foam: [0]%sg = ~79.49° (c=0.39,
chloroform); EI-HRMS m/e calcd for CpgH36CINOsS (M+H)™ 518.2127, found
518.2123.

[0269] A solution of  2(R)-(3-chloro-4-methylsulfanyl-phenyl)-3-(1,4-dioxa-
spiro[4.5]dec-8-yl)-N-(2(R)-hydroxy-1(R)-methyl-2(R)-phenyl-ethyl)-N-methyl-
propionamide (6.30 g, 12.16 mmol) in methylene chloride (70 mL) cooled to 0°C
was treated dropwise with a pre-mixed solution of 3-chloroperoxybenzoic acid
(70%, 6.00 g, 24.32 mmol) and sodium bicarbonate (4.09 g, 48.64 mmol) in
methylene chloride (70 mL) over a 10 min period. The resulting mixture was
allowed to warm to 25°C, where it was stirred for 2 h. The reaction mixture was
diluted with methylene chloride (100 mL), re-cooled to 0°C, and treated dropwise
with an additional solution of 3-chloroperoxybenzoic acid (70%, 3.00 g, 12.16



cooled to OCwith an ice bath, and the product was precipitated by adding
water (500 nlL). The suspension was stirred at '0C until 20loetchgpeoosat ant ,
which was initially turbid, becane clear and light yellow in color. The
solid was WOl0g/e9a88 of f and dried by suction. The solid matpfi@lo; sy

di ssolved in hot glacial acetic acid 1440 nL), and the. hot solution was
treated wi'th vvat]gr (25 L) _toinitiate stallization. The m xture. was

| { cr , X
all owed to c&gpRo @Q%d%b!qqéb?n@?e@t@dgmﬂlﬁz gunoly delimathylene eilenda (35f wat er

(50 nm). Aft o L0 Gk aGf t.he soli s , collected

filtration. %ﬁé)s s'fg){eiﬂagl\%aﬁsé rieq ‘I9£I’ls %lﬁeélﬁoya%ﬂd%géi@i%%? gr‘”%isﬁﬁeg)for

phosphor us peri. oRheheeattoai{x®i@ was then diluted with methylene chlodde (1 L), washed

2(R) - (3-chl or o- 4- et hanesul f onyl - phenyl %fCSaﬁrg oxo0- cycl ohexyl )- propi onic
<, t

acid (4.10 gwiguwgteadl gn 589 fmlahicoeledoioj hero wagltiCsequentallg 80ith- a- 42, 22

(S 5810 SR bandSls (BRI SOIE (1 K b0 WL RS st 0534
2(R) - ( 3- chl okedifimnBicamaastd! fodmydmn phemsbb-ﬁ%w - sabGled h:ﬁ%vﬂn)s‘ Rsdioni ¢
acid (200 ng,.0.56 nml) and triphenyl phosphi ne (195 ny, .73 mmol) in

net hyl ene chFlonde splation fl x TWoindg tIdieCOmbaned: orgaie dxtdth wire dried over

br onosucci ni m_de (128 0..73 mml) in small portions. After.. the conplete
addi tion of H}W?ﬁ}ﬁgdgﬁ%ﬁi arﬁddceo,ncflﬁ%gt‘?deéf&f’?%‘ﬁ' m fﬂ“ﬁrrﬁs 2 APIONER ' Swar m t o
25C over 30 fHeR. dif$vddr idlMioxananas HERCHEAR Wit arwv@@e&&eeum{rﬁ%aé W th
2- am no-5-bronopyrazine (200 ng, 1.12 nmmol, prepared according to

Tet r ahedr on sdlog® (4Umloa 12@8R) atadlF °C, for 16ithi dTeereabti@Bmmitmre2w2sithenol ) .

The | ti jon. m xt. i 25C f 4 h. Th i
ixt ur e was SR COP VR SiER SR RY] BPremIb e oTeoBIat Dipepipaier
successi vel ycymshes! \qihg_rgugpehg%hz‘g?pgglggf%tl-gc)i@ggtﬂxﬁeosygggééﬁﬁ vﬁ%}{ &R03/ 03844

141 aqueous hydrochloric ‘acid solution sat urated aqueous
sodi um bi caiditaiiyttertsdd)| hectina cledr and® gt yellanvdinwalar Khkt solid vazifjlterslt ofd over
concentrated in vacuo. Biotage

sodi um sul f at _fd'Atere_d, aﬁ? _ ( 2 .
chr omat ogr ap‘1’1‘§F{e frigdaey suchies, k19 sqlid matsriabwardissplegdmnlot sleual scetierdded to
4/ 6 hexanes/ acehage) _g%g- d,, . L
N- ( 5- br ono- pgfrd;)zﬁldr?i 2- y?ﬁh- 218??53- lsflglﬁl o?so-trl'fEi tr?%t ﬁgkﬁe‘gﬁﬁef o(r%S/I %%etﬁyﬂn-l%’t?
(4- oxo- cycl obmstyllizatioro fllonmiktoee Wads20laweed t4 2001 ta2 530 aafl thethbdae:df wakan
[a] 23589 = -24.6 (c=0.50, chloroform; El-HRM5S mie calcd for
C20H21Br Cl Nﬁé@%ﬁ&&ﬁlﬂm of vaater (P1mL)-f Sdise st @t 845 for 1 b, the solid was
- collected by filtration. The solid was dried in a high vacuum desiccator with

phosphorus pentoxide to afford 2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-(4-
oxo-cyclohexyl)-propionic acid (4.10 g; 94%) as an off-white solid: ‘mp 129-
131°C; [0]Psg9 = —42.22° (c=0.36, chloroform); EI-HRMS m/e caled for
C16H;oCl0sS (M+Na)" 381.0534, found 381.0536.

[0270] A solution  .of 2(R)—(3—chloro—4—methanesulfonyl—phenyl)-3—(4-;0)(0-_
cyclohexyl)-propionic acid (200 mg, 0.56 mmol) and triphenylphosphine (195 mg,
0.73 mmol) in methylene chloride (4.0 mL) cooled to 0°C was treated with N-
bromosuccinimide (128 mg, 0.73 mmol) in small portions. After the complete
-addition of N-bromosucciﬁimide, the reaction mixture was allowed to warm to
25°C over 30 min. The bright orange reaction mixture was then treated with 2-
amino-5-bromopyrazine (200 mg, 1.12 mmol, prepared according to Te etral-1ea'ron

- 1988, 44, 2977-2983) and 2,6-lutidine (0.28 mL, 2.24 mmol). The resulting
reaction mixture was stirred at 25°C for 4 h. The reaction mixture was then

~ diluted with methylene chloride (25 mL) and was successively washed with a 10%



Exanmple 61 2(R)-(3-Chlo

r o- 4- met hanesul f onyl - phenyl ) - N- (5- chl or o- pyr azi n- 2-yl ) - 32@¢ ®ctbe02006

cycl ohexyl)-propionamde OH OMN/N\ NC C [0271] A solution of

2- am nopy MY 9MB3333. 86 g, 0.2509 nol) in nethylene chlori dect(EfiHozzl) was
cooled to OC and then treated with N-a@# orosuccinimde (33.50 g, 0.2509 -

nmol ). The reactio 1 Xxture was, stirred, at QC r 24 h. The resulting dark
eatt i on: m AU ARG e At TG dF X S007h) @ SR ATEENR GREPAT ed | n
vacuo to remvsdaRt fMLese (‘Ph)i 90'19.%) aBHew%H%PLkszb%Ef, MY GRRtARAUS! Y

extracted with ethyl acetate until  product was absencCe from the aqueous
| ayer as detselfatenétieted, abdicontaymtedcin eamioogBagthge cHlomac@ndyihgedLAaSGhni ¢

Vatio, i aSHOSHOHR do SRR ORI R CIER 60 47e 2305 RBBh 29884 ot hy!
ol | ow sol 1 ok 280 Hfme aBR ke Yy R AR B R bRt DA 5503

found 129. 0020x0{9RA6RExy)-pipitinadid®df120 mg, 42%) as an off-white foam: [0]*sge =
2(R) - (3-chl oro- 4- met hanesul f onyl - phenyl ) - 3- ( 4- oxo- cycl oheﬁyl )éﬁro )i oni c
aci d ( prepar@#baéciOpUzchlppriormp EI m/geged fardbpHakeClNaAsp i Waghosphi ne

(192 ng, 0.73 )ed N ne chloride (4.0 m.) cooled to OC was
treated mtéj%-ﬁg%%%dcg?%w?‘ge (128 ng, 0.73 nmol) in small portions. 20
Oct ober 2006 WO 03/095438 PCT/ EP03/ 03844 142 After the conplete addition
of N-bronosuccin.irnide, the reaction mxture was allowed to warmto 25C
over 30 min. The bright orange reaExamplebkture was then treated with

2- am no- 5-AR)-@3-Efhloazdnmeethadésulfpnyl-phenylN-{5-elddr perdzin-2 efil)32-(4-08028 i,
2.24 mmol ). The resulting reagiclohespl)yfireppnagtdstirred at 25C for 4 h. The
reaction mxture was then diluted wth nethylene chloride (25 nL) and was
successively washed with a 10%.aqgueous hydrochloric acid solution (1 x 20
m.), a saturated aqueous sodiu @ arbonate solution (1 x 20 nmL.) and wat er
(1 x 20

Cl

[0271] A solution of 2-aminopyrazine (23.86 g, 0.2509 mol) in methylene chloride
(420 mL) was cooled to 0°C and then treated with N-chlorosuccinimide (33.50 g,
! 0.2509 mol). The reaction mixture was stirred at 0°C for 24 h. The tesulting dark
reaction mixture was diluted with water (500 mL) and then concentrated in vacuo
to remove methylene chloride. The aqueous layer was continuously extracted with
ethyl acetate until product was absence from the aqueous layer as determined by
thin layer chromatography. The combined organic layers were dried over sodium
sulfate, filtered, and concentrated in vacuo. Flash chromatography (Merck Silica
gel 60, 70-230 mesh, 25% ethyl acetate/hexanes) afforded 2-amino-5-
chloropyrazine (2.66 g, 8.2%) as a yellow solid: mp 126-128°C; EI-HRMS m/e
caled for C4H4CIN; (M) 129.0094, found 129.0090.

- [0272] A solution of  2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-(4-oxo-
cyclohexyl)-propionic acid (prepared as in Example 60, 200 mg, 0.56 mmol) and
triphenylphosphine (192 mg, 0.73 mmol) in methylene chloride (4.0 mL) cooled to

- 0°C was treated with N-bromosuccinimide (128 mg, 0.73 mmol) in small portions.



m.), dried over sodiumsulfate, filtered,. and concentrated in vacuo.

Bi ot age chronmat ography (FLASH 405, Silica, 13/7 hexanes/26tMstbbea@6b@t e to
2/3 . he g%&t__‘ | acetate) afforded

2(R) - (3-chl oro-4-met hanesul f onyl - phenyl_l)z- N (5- PCT/EP03/03844

chl or o- pyr azi n- 2-yl ) - 3- (4- oxo- cycl ohexyt) - pr opi onani de (137 ny, 52% as a

light vyello = =2 s = 9. chlgroform.: El :HRVG me
cal cd for C%g?%gh%ﬁé?%ﬁﬁ% %7%5‘6 %@,Quéoun 4 ?(5%&?“31 %ﬂﬁf’ g2 2
(R - (3-Chl o allowed to warm to 25°C over 30 min. The bright orange reaction mixture was

r o- 4- met hanesul f onyl - phenyl ) - N-(5- net hyl - pyr azi n- 2-yl ) - 3- (4- oxo-

cycl ohexyl ) - (B Featant de 2-aming Spehdgsopyragne \(14Nmgp1 ¢ mihol) 284 24-hitidingr e of

(1763 i, o 6 g PRI Tttt efon gl s oo I o el i o1

NN- di et hy| f Dhevratiden aibxirdrivhs tRepcdiluted WitktHERyMAS cBibbs e Al) 2aEWR" 1 .
The m xture was filtered, and the filtrate was concentrated in vacuo to

gi ve an oi | Spcesspivgly waded ovifha WA% atiusewd ghio¢hioncatidnelutio? (1 ®i20 mi),0C and
t hen sodium_azid 1.03 20- ) in ter 0 s _.added dr opw se.

After the aaaollsatzfﬁlrgﬁed(%%us?oggo%(ﬁléqlg&&??aﬁ g@“ﬂﬁ%%ﬁéré& Maénétwaé@ @o¥ 280 nin.
The mi xture wag dde ovBosddemi afifud, CRIGOE dantt & cehd Q00 M)y exbigeted

with nmethylene chloride (3 x 100 niL). Thé conbi ned organic extracts were
washed wi t-h ohaereatograpky 106LABY, 40S, nBilicay elHT hesaksiethyk dacagieotss Bddi um

bi b t | ut | d 0] b 2006 WD 03/095438
e R R
o 9 1, oumlempinas) sudDakiehn e e e BTN,

concentrated in vacuo to _give 5-

45% as a t aellewl fodm: g &s ret2HB5° @y0aD, REIoZOAARBYHRRE dfe BRQ fp, 3.07

mmol ) was cophin ith benzyl
) LR NS 8 REH¥ 470.0703, found 470.0705.

Example 62 .
2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-N-(5-methyl-pyrazin-2-yl)-3-(4-0x0-
cyclohexyl)-propionamide

[0273] A mixture of 5-methylpyrazine-2-carboxylic acid (2.76 g, 20 mmol) and oxalyl
chloride (1.83 mlL, 2.66 g, 21 mmol) in methylene chloride (40mL) was treated
with N, N-dimethylformamide (0.5 mL), and the mixture was stirred at 25°C for 1
h. The mixture was filtered, and the filtrate was concentrated in vacuo to give an
oily solid. The solid was dissolved in acetone (120 mL) at 0°C and then sodium

" azide (1.03g, 20 mmol) in water (50 mL) was added dropwise. After the addition -
was complete, stirring was continued at 0°C for 30 min. The mixture was then
poured mto ice cold water (100 mL) and extracted with methylene chloride (3 x
100 mL). The combined organic extracts were washed with water (1 x 100 mL), a

mixture of a saturated aqueous sodium bicarbonate solution and a saturated



al cohol (0.63 nL, 663 ng, 6.14 mol ) at 25C. The m xture was then slowy
heated on an oil bath to 90C, upon which gas was vi ol ent |30 @gebee06The oi |
bath tenpgfeiig,39as maintained until gas evol ution ceased. The oil bath
tenperature was raised to 120C and stirring was conti nued POT/EPQ/eEsN at
that tenperature. The mixture was coof¥d and triturated with diethyl

et her / hexanegqiebué )sod R0 MBS~ RyRragzi -yl ).-garbam c acj d. phenyl
ester (438 mg?l 58% Oalgug yglnlﬁg\}svoggf)?gm'}ﬂ% I?Q-%nn%i’hy p%egz?vﬁfm%r-g'ésar bam c
acid phenyl &etiem (BBE. nghe Znitumerotay fHinded 2096cpatdmdiddMyOncsaibeie 212 M)

ot N

were mxed in %hanol-k%Sg %b). The reaction_ vessel was flushed with

hydr ogen, PRE P aoHRaNE azideet] 4 824670 s a tan selile ThRydmetwh (1
atm . The exg@asinBYdLQGY £d: firom t reaction vessel, and the
m xture was ?I Itered thr obé%%%eeg%)u%}b’czse'lb?tgﬁw rf‘éaesnf?%&n% ‘ﬁit?ﬁ?f’élz%
filtrate in slachm §edem?; 443 nug,5. e uiyblpiat 25P0e THSHiAGre wadWenaFoyt an
solid which was used%iivi thout further purification. [0274] A solution of
2(R) - (3- chl oA oReathaih bath te SRV --UpRE KHiGh gas(wasoviolently evalved yThe qi bathoni ¢

acid (prepar u’gr@,@g - 60, ,109.-73 mmol ) .and. triphenyl phosphi ne
(250 ngy, O. 9%91#%%) in net h%l]%gie cﬁh%%rl Goéut(l%? ﬁearsffé‘ gﬁ%loélcpaf}bpe“@’@%é@
treated w thwié brissdoeul20°0i add@ir(id® WalGonbn@R 161010 nlift 28 Wt lteMOLLAQDS -

After the C\%&Fl ete addition of N-bronpsuccini mde, the reaction m xture was

al | oved to wathPrdusrasRasiedsmdyifrated avith dighty]l othenbexanendit4)an give(ir e was
then treate ' - Al NO- 5- hyl pyr.azi ne (160 . 46 Mol ) and.
2,6-1uti di ngm%ﬁ%%{? 3 ‘%ﬁ%fgf%y Hhﬁé‘yfﬁsé%h @Pﬁ}%e%) B mlzeﬂw%h%s
stored at 25Khef Geméthylpyrabie2r b&Ricrdckd |d ut '

met hyl ene chl geri dtg t(hg5pyrrrL) an}k13 was gugceggﬁ%tﬂg eg‘lﬁi\nﬁf{qgmllga)“%queous
hydr ochl or i d0%epiladirmiongarion (R12mgiiwere mixehinustaared (30jaE)uThe eetiction

bi car bonat e It 2 and ter (1 x 20 nL), dried over sodium
sulfate, fi I%%géregg%agg}l‘%%g%%gh&%i)%%’ ia\fl]l\g\}g?:&é}?m‘ﬁ dtag, stute at@r?rg%rfﬁf dgt aphy

( FLASH 40S, uSiéd B Sathg X angsé hyl
acetate) affor dedﬁizr?%é{ ?S?tgﬁl or o- 4)&%\3/ fﬁgﬁé&rﬁ%%{?g&pﬁ%&ﬁ -ﬁﬁ%gf’{a%{log

met hyl - pyr a¥esfeh-apd thgmigturexwas Glieoed tieoytl) apad pifeskre dBorcdfatizy,of489) as a

20 Cct ober MO 03/ 095438 PCT/.EP03/03844 144 white foam [X] 73539 =
Za1 oo omo Tfite i Radtt BavEt I o Sty g piine 16 e o1 1 2 KDASRT M) +

450. 1249, f euhih WhuskdIthout further purification.

[0274] A solution of 2(R)-(3—chloro-4—methanésulfonyl-phenyl)-3—(4-oxo—
cyclohexyl)-propionic acid (prepared as in Example 60, 263 mg, 0.73 mmol) and
triphenylphosphine (250 mg, 0.95 mmol) in methylene chloride (5.0 mL) cooled to

- 0°C was treated with N-bromosuccinimide (167 mg, 0.95 mmol) in small portions.
After the complete addition of N-bromosuccinimide, the reaction mixture was
allowed to warm to 25°C over 30 min. The bright orange reaction mixture was
then treated with 2-amino-5-methylpyrazine (160 mg, 1.46 mmol) and 2,6-lutidine

- (0.36 mL, 2.92 mmol). The resulting reaction mixture was stirred at 25°C for 4 h.
The reaction mixture was then diluted with methylene chloride (25 mL) and was

successively washed with a 10% aqueous hydrochloric acid solution (1 x 20 mL),
a saturated aqueous sodium bicarbonate solution (1 x 20 mlL) and water (1 x20
ml), dried over sodium sulfate, filtered, and concentrated in vacuo. Biotage
chromatography (FLASH 40S, Silica, 65/35 hexanes/ethyl acetate to 3/7
hexanes/ethyl acetate) afforded 2(RI)-(3-chloro-4—methanesulfonyl-phenyl)-N—(S-
methyl-pyrazin-2-y1)-3-(4-oxo- cyclohexyl)-propionamide (158 mg, 48%) as a



Exanmple 63 2 (R -(3-Chl o ro-4-neth a n es ulfo nyl-phenyl)-N-(5-chloro-p
yridi n-2-yl)-3 -(4-0 xo- cyclohexyl)-p ropionamde OH 20 OttolerCody! O \
cl C [0%17,(3][0 A sol ution of '
2(R) - (3-c Y%+ et hanesul fonyl - phenyl ) - 3- (4- oxo- cycl ohexpdyEmsopE®nNi C
acid (prepared as i.n Exanple 60, 300 ndf 0.84 mmmol) and triphenyl phosphi ne
(288 ngy, 1. el ) i qmet hyl ene.ghl oride ((6.Q rnL) to )
treated wi t%@?%#ﬁs@c?%i ﬁi_(fg‘S(ng(lf—%?’ ihlﬁ'é’?%??ii}r )EIMWC ﬁ&&gi tvf\‘lgs.
After the capnghHgteNaddstiverHPlashhibronmsmceionisysde, the reaction mxture was
allowed to wvarmto 25C over 30 min. The bright orange reaction m xture was
then treated with 2-am no-5-chl oropyridine (220 ng, 1.68 mml) and
2,6-lutidine (0.42 nm., 3.36 nmol)., The resulting reaction m xture was
stirred at _25C for 4 h. The reactpd‘ﬁ'qﬂl%(%ure was then diluted with
met hyl ene ¢HPoPrelored-methansaulienyl-pheaple-D5{ e kg ropymidinZi-xlh 3444009 aqueous
hydrochl oric acid sol ution (1cycloiexyl)ypropwngatide at ed aqueous sodi um
bi carbonate solution (1 x 20 nL) and water (1 x 20 nl), dried over sodium
sulfate, filtered, and concent®@ated_in- vacuo. Biotage chromatography
(FLASH 40S, Silica, 65/35 hexan hyI acetate to 1/1 hexanes/ et hyl
acetate) afforded 2(R)-(3-chl oro>~4~fef hanesul f onyl - phenyl ) - N- ( 5-
chl oro- pyri di n-2-yl) - 3-(4-oxo- cycl ohxyn) - q\qopi onan de (265ngy, 67% as a
white foam [a] 23589 -35.71 (c=0 Nt o m; El-HRVS me calcd for
C21H22C12N204S (M+H) + 469. 075Q jhd 469. 07 20 Cct ober 2006 WD
03/ 095438 PCT/ EP03/ 03844 14558Xampl e 64 2 cl |
(R) - (3- Chl or o- 4- et hanesul f onyl - pRényl ) - N- (5- et hyl - pyri di n- 2-yl) - 3- (4- oxo-
cycl ohexyl ) - propi onam de

[0275] A solution of 2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-(4-oxo-

cyclohexyl)-propionic acid (prepared as in Example 60, 300 mg, 0.84 mmol) and
triphenylphosphine (288 mg, 1.09 mmol) in methylene chloride (6.0 mL) cooled to
0°C was treated with N-bromosuccinimide (192 mg, 1.09 mmol) in small portions.
After the complete addition of N-bromosuccinimide, the reaction mixture was
allowed to warm to 25°C over 30 min. The bright orange reaction mixture was
then treated with 2-amino-5-chloropyridine (220 mg, 1.68 mmol) and 2,6-lutidine
(0.42 mlL, 3.36 mmol). The resulting reaction mixture was stirred at 25°C for 4 h.
The reaction mixture was then diluted with methylene chloride (25 mL) and was
- successively washed with a 10% aqueous hydrochloric acid solution (1 x 20 mL),
a saturated aqueous sodium-bicarbonate solution (1 x 20 mL) and water (1 x 20
mL), dried over sodium sulfate, filtered, and concentrated in vacuo. Biotage
chromatography (FLASH 40S, Silica, 65/35 hexanes/ethyl acetate to 1/1
- hexanes/ethyl acetate) afforded 2(R)-(3-chloro-4-methanesulfonyl-phenyl)-N-(5-
chloro-pyridin-2-yl)-3-(4-oxo- cyclohexyl)-propionamide (265mg, 67%) as a
- white foam: [0]Psg9 = —35.71° (c=0.35, chloroform); EI-HRMS m/e calcd for
C21HpCLN,04S (M+H)™ 469.0750, found 469.0754.



OH NN O ~1 Od [02761 A solution : of
2(R) - (3-chl or o- 4- net hanesul f onyl - phenyl ) - 3- (4- oxo- cycl oh@e©O¢tobep2@)di oni ¢
acid (preQﬁégg &S in Exanple 60, 300 m 0.84 nmol) and g
tri phenyl phosSpiiA® (288 my, 1.09 mmol) in nethyl ene chl ori @ET(ERIP0ISL)
cooled to OC was treated with N-bromd$uccinimde (192 ng, 1.09 nmol) in
smal | portions. After the conpletg ad iet%n of N-bronosuccini mde, the
r
el

reaction g | d over .30 mn ri ght orange
reaction 2(@'_??%@04%%%%?%%%%%5 : IH;);?’Q'!'B?’E’E'FHE;YTP %ﬁ‘g'o o 1.68
mml ) and 2, 6-1utidine (0.42 “HHOCBYRPTARYII M he resulting reaction

m xture was stirred at 25C for_4 h. The reaction mxture was then dil uted
wi th nmethyl ene chloride (25 m}? : was successively washed with a 10%
aqueous hydrochloric acid. solut (1 x 20 nmL), a saturated aqueous

- sodi um bi carbonate solution (1 x ) @pd water (1 x 20 L), dried over
sodiumsulfate, filtered, and concentkated ipg " vacua.. Biotage

chromat ography (FLASH 40S, SiAic b h@xanes/ et hyl acetate to 4/6
hexanes/ et hyl acetate) afforded o =

2(R) - (3-chl or 0- 4- et hanesul fOAW - phenyl ) - N- ( 5-

nmet hyl - pyri di n-2-yl ) - 3- (4- oxo-cycl 6hexyI ) - propi onam de (231 -ng, 61% as a
white foam&é4 23589 = 26.22 (c=0.45, chloroform; EI-HRMS nie cal cd for
c22H25Cc1N® %mmalutmga 1297, ReR%htE-gdororsorthapgsutfonshphenyd6(4-nw-

/ : . ; 6 :
2-(3- oh or oSSR YA hEGARiC 881 GXAIRLaCR B 60,300 g0 87 MBRULAR) - n
pyrazi n- 2- ytrigheayplassphind€238de, NOB nin6)) \in ne@yNnb! chRride (H0\mL) cooled to

0°C was treated with N-bromosuccinimide (192 mg, 1.09 mmol) in small portions.

After the complete addition of N-bromosuccinimide, the reaction mixture was
allowed to warm to 25°C over 30 min. The bright orange reaction mixture was
then treated with 2-amino-5-picoline (182 mg, 1.68 mmol) and 2,6-lutidine (0.42
mL, 3.36 mmol). The resulting reaction mixture was stirred at 25°C for 4 h. The
reaction mixture was then diluted with methylene chloride (25 mlL) and was
successively washed with a 10% aqueous hydrochloric acid solution (1 x 20 mL),
a saturated aqueous sodium bicarbonate solution (1 x 20 mL) and water (1 x 20
mL) dried over sodium sulfate, filtered, and concentrated in vacuo. . Biotage
chromatography (FLASH 40S, Silica, 65/35 hexanes/ethyl acetate to 4/6
'hexanes/etl}yl acetate) afforded 2(R)-(3-chloro-4-methanesulfonyl-phenyl)-N-(5-
methyl'—pyﬁdiil—2-yl)—3—(4—oxo-cyclohexyl)—propionamide (231 ‘mg, 61%) as a
white foam: [0]Zsg0 = ~26.22° (c=0.45, chloroform); EI-HRMS m/e calcd for
| CHpsCIN,O4S (M+H)' 449.1297, found 449.1302.



Cl [0277] A solution of hydroxylam ne hydrochloride (19 ng, 0.27 nmol) in
met hanol (0.5 nL) and pyridine (0.5 nL) was treated w t 20 October 2006

2- (3-chl or0-4- net hanesul f onyl -

phenyl ) - 3-V4-93%3>d ¢l ohexyl ) - N- pyr azi n- 2- yI - pr opi onani de ( prepsr@mh:as i n
Exanpl e 58, 80 ng, 0.18 nmmol ). The reddfi on m xture was heated under refl ux
for 2 h, cooled to 25C, and concentkat ed igscvacuo to renove net hanol. The
resul ting. regshg lolas, su end'ﬁg in f"ﬁ’we etate (10 nmL), washed with
water (1 x 5~ # 0§ Py é'a"f@e’éws Phd-phsRYRB-Eahrdrogyimippwyclohaey-Bncent r at ed
in vacuo. Biotage chronatogr &YRZpRA-WPproptenamddei ca, 35/ 65 hexanes/ et hyl
acetate to 1/1 hexanes/ethyl acetate) afforded

2- (3-chl oro- 4- met hanesul f onyl - phéhy 3-(4-

‘hydr oxyi mi no- cycl ohexyl ) - N pyrazin | - propi onam de (65 ng, 80% was a
white foam EI-HRVMS me calcd for >3CIN404S (MHH) + 451. 1202, found

451. 1206. Exanple 66 N-(5-Brono-pyrazin -}S}I ) 2-(3-chlo

r o- 4- met hanesul f onyl - phenyl ) - 3-(4- A royibmg; cycl ohexyl )-p ropi ona w de

HO NHH NNN-Br C [0278] A oxyl am ne hydrochl ori de
(13 ng, 0.18 mmol) in methanol oﬂSQ. m.) and.pyridine (0.5 nL) was. treated
with N-(5-brono-pyrazin-2-yl)-2-(3- Cl
chl or o- 4- met hanesul fonyl - phenyl ) - 3- (4- oxo- cycl ohexyl ) - pr opi onam de

(pr epar ed [04E&]iA selutioplod hydroxginmge h@drbZhleride (19 Tpe O agtdodNinin¥thdhel Was
heat ed under((égeﬁt%%er 006 %;\O 3/ 095438 PCT/ EP03/ 03844 117 reflux for 2
h, cooled t o584 O Va5 eaterh Vi 3-Eheerontmsinsesulfonyk

resul ting resigyp- 1. |, ag . hed with water
(X 5 ) o S a2 I Pl tichatyite T qbrepl3 00 M
vacuo. Bi ot Bxpenplhr58n80 agg, dphy n{thdASHhE 284ctiShl thik@ure Hag Hagpea @8 éeteliyik .

acetate eluted t 8/.2. he s/ethyl acetate) afforded the
N- ( 5- br omo- p@’F'gzﬁ’hg%llfﬁ )tQ é_%?é_ al gi%/quﬁatrated z';z)vacuo to remove methanol. The

resulting residue was suspended in ethyl acetate (10 mL), washed with water (1x
5 mL), dried over magnesium sulfate, filtered, and concentrated iz vacuo. Biotage
chromatography (FLASH 12M, Silica, 35/65 Hexanes/ethyl acetate to 1/1
hexanes/ethyl acetate) afforded 2-(3-chloro-4-methanesulfonyl-phenyl)-3-(4-
_hydroxyimino—cyclohexyl)-N—pyrazin—Z-yl-propionamide (65 mg, 80%) was a
white foam: EI-HRMS m/e caled for CaoHz3CINGOLS (M+H)+ 451.1202, found
451.1206. |

‘ Example 66 .
N—(S—Bromo—pyrnzin—Z-yl)—Z-(3-chloro—4—methanesulf0nyl—phenyl)—3-(4—
hydroexyimino-cyclohexyl)-propionamide

HO™ S

H H
N N
BN
0
\ O 7
) N Br

[0278] A solution of hydroxylamine hydrochloride (13 mg, 0.18 mmol) in methanol
(0.5 mL) and pyridine (0.5 mL) was. treated with N-(5-bromo-pyrazin-2-yl)-2-(3-
chloro-4-methanesulfonyl-phenyl)-3-(4-oxo-cyclohexyl)-propionamide (prepared

as in Example 59, 62 mg, 0.12'mm01). The reaction mixture was heated under



met hanesul f onyl - phenyl ) - 3- (4- hydr oxyi m no- cycl ohexyl ) - pr opi onam de (51 ng,
80% as a white foam EI-HRMS me cal cd for C70H22Br C1N4AGASD{tvdr)2606

529. 0307, JV%%&%S‘%?'O?)O& Exanpl e 67 N-(5-Brono-pyrazin-2-yl)-2
(R) - (3-chl oro-4-net hanesul f onyl - p i egél ) - 3-(4- hydroxyi m nCEgRBOBRINY| ) - p
ropionamde HO NH 1. I ON N Br C [0279] A solution of

hydr oxyl am nefily doechh oédolta (o7 nﬁEEB' . ) and
2,6-lutidine (0.2 m_)hvvas tr(eoa%ggne\nn?%oﬁ-&% o%m{)%ifggzz):}?lﬁ gl/;[:%e%aﬁoﬁt

2( R) - ( 3- chl oThﬁ Aespdiingreeidue myuspph@dylmeﬂ&l(adetabeq{ompmw&wpm apiepnan de
repared as Ex The reaction_m xture was

. g!to i rlroed at 28 fso?ﬁgp ‘ﬁogﬂd“\ﬂggsiuﬁbﬁu]g%%h?rﬁg # repseaERisd tp VRGOV e

met hanol . Thgjot2s tah{rérﬁﬁo%zﬁﬁhfmm 1SNE RERAEY /7 He;&ﬁl!%@/étpﬁigaf‘ég%e%e?lp%@ tgL) .

washed with water (1 x dried over magnesium su ered, and
concent r at edd/2 rhexmaﬁs(ﬂ:thylBtcatamjeafﬁind@irﬂieogn(épﬂsmn(oﬁhy%&mmm z?giz,ldhﬁ;ao_465/ 35

hexanes/ et hyl cet % 2/ 3 exanes/ ethyl acetate) afforded the
N- ( 5- br omo- F}p?tﬁ?}eﬁu org,)fl)p g 4-hydroxyimino-cyclohexyl)-propionamide (51 mg

chl or o- 4- mstg@@/g)e | f [ Lonarri de

(30 mg, 85.8% Wgésj a%% te 03611%1f | 5%3‘@, C%XZ%I 4@703%@@)%&%(@* orm:

El - HRVS m 284864, foand C2QBR®Br Cl MO4S ( M+H) + 529. 0307, found 529.0314. 20

Oct ober 2006 - WD 03/ 095438 PCTI EP03/0384-1 118 Exanple 68

2(R) - (3- Chl or 0- 4- et hanesul f onyl - phenyl ) - N- (S-chl oro- pyrazin-2-yl)-3-(4

hydr oxyi m no- cycl ohexyl ) - pr opi onantxg%plelﬂm H NN S 11
N—(:-Bromo—pyrazm-’-yl) -2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-(4-

hydroxyimino-cyclohexyl)-propionamide

_N
HO™ =X
H
N N
~
O\)S o) \[ /:l\
O/, \ N Br
Cl

[0279] A solution of hydroxylamine hydrochloride (7.0 mg, 0.099 mmol) in methanol
© (0.2 mL) and 2,6-lutidine (0.2 mL) was treated with N-(5- bromo pyrazin-2-yl)-

2(R)—(3-chloro—4—methanesu1fonyl-phenyl)—3—(4-oxo—cyclohexyl)—proplonarmde
(prepared as in Example 60, 34 mg, 0.066 mmol). The reaction mixture was
stired at 25°C for 30 min and was then concentrated in vacuo to remove
methanol. The resulting residue was suspended in ethyl acetate (10 mL), washed
with water (1 x 5 mL), dried over magnesium sulfate, filtered, and concentrated in
vacuo. Biotage chromatography (FLASH 12M, Silica, 65/35 hexanes/ethyl acetate
to 2/3 hexanes/ethyl acetate) afforded the N-(5-bromo-pyrazin-2-yl)-2(R)-(3-
chloro—4-methanesul-fonyl-phenyl)-3_-(4—hydroxyimino-cyclohexyl)-propionamide
(30 mg, 85.8%) was a white foam: [OL]23539 = —21.43° (¢=0.35, chloroform); EI-
HRMS m/e caled for CyoH,>BrCIN,O4S (M+H)™ 529.0307, found 529.0314.



Ol OO0~ NC C [0280] A solution of hydroxylam ne hydrochloride (7.0 ng,
0. 099 mml) in met hanol (0.2 nL) and 2, 6-1utidine (0.2 r)Outabert208at ed
with 2(R)- Qﬁp 4-

met hanesul onyI enyl ) - N-(5-chl oro- pyr azi n-2-yl ) - 3- (4- 0xo- BYTERIBNIY)

pr opi onam de (prepared as in Exarrpl e 6‘1,3 31 ng, 0.066 nmol ). The reaction
m xture was stirred at 25C for Mas then concentrated in vacuo to

renove net ha Tc ended in eth acetate (10
o Ciashod a8 @ﬁ“’ws‘*‘ ebgh ggii e@&”ﬁ? RisghauTannoyry 3o
filtered, and concentra 89%’1 @WQ@}EOEFﬁWflégr aphy (FLASH 12S,
Silica, 13/7 hexanes/ethyl acet ate to 2/ 3 hexanes/ et hyl acetate) afforded
2(R) - (3-chl oro-4- HO’ B
met hanesul fonyl - phenyl') - N-(5-chl o yra2| n-2-yl)-3-(4-hydroxyi m no

cycl ohexyl ) - propi onam de (30 ng, 9% was a white foam [a] 23589 = -23.24
(c=0.37, chloroform; ET-HRMS me far GROH22C 2N404S (M+H) t

485. 0812, found 485.0822. Exargl =
(R -(3- Chl or o- 4- net hanesul f onyRsph ) $B-( ﬁgxyi m no- cycl ohexyl ) - N- ( 5-
- et hyl - pyrazi n-2-yl ) -p roplo(hamd HO' N\ H'N &/ 0s 0 G\ N d [0281]
A sol ution of hydroxyl am ne hydroclorlde (17.0 ng, 0.24 mmol) in methanol

(0.5 nl) uti di nL) was treated with 2(R)-(3-chloro-4 20
Qct ober 28@%0]2 MO(IJE"S‘ ‘P@‘WE’PG h’@ﬂdi:@Om 0.099 mmol) in methanol

o b e oC B RLE ) FolindE 2 PR i e AR AR o

methanesulfonyl-phenyl) -N-(5- chloro—pyrazm— ~y1)-3-(4-oxo-cyclohexyl)-

propionamide (prepared as m Example 61, 31 mg, 0.066 mmol). The reaction
mixture was stirred at 25°C for 30 min and was then concentrated in vacuo to
remove methanol. The resulting residue was suspended in ethyl acetate (10 mL),
washed with water (1 x 5 mlL), dried over magnesium sulfate, filtered, and
concentrated in vacuo. Biotage chromatography (FLASH 128, Silica, 13/7
hexanes/ethyl acetate to 2/3 hexanes/ethyl acetate) afforded 2(R)-(3-chloro-4-
methanesulfonyl—phenyl)—N—(S—chloro—pyrazin—Z-yl)—3-(4-hydroxyimino-
cyclohexyl)-propionamide (30 mg, 93.7%) was a white foam: [0 sg = —23.24°
(c=0.37, chloroform); EI-HRMS m/e caled for -C20H22C12N4'O4S (M+H)+
485.0812, found 485.0822.

Example 69
2(R)—(3—Chloro-4-methanesulfonyl—phenyl)-3—(4—hydroxyimino-cyclohexyl)-N—(S-
.1methyl-pyrazin-2-yl)-propionamide

N
HO™ =
H
N N
S
o T T
O//
\ Ci

[0281] A solution of hydroxylamine hydrochloride (17.0 mg, 0.24 mmol) in methanol
(0.5 mL) and 2,6-lutidine (0.5 ml) was treated with 2(R)~(3-chloro-4-



m xture was stirred at 25C for 30 mn and was then concentrated in vacuo to
renove nethanol. The resulting residue was suspended in @03diobgc2®Ct e (10
m.), vvas (?OQQ‘) vvater (1 x 5nL), dried over magnesium sul fate, filtered,
and concen 8 n vacuo. Biot age chromat ography (FLASH ]?ZMEPS}/(DJBta

65/ 35 hexanes/ethyl acetate to ethyl Hcetate) afforded

2(R)-(3-chlo Is\'A

-(4- hydroxylfr?lgtr?gnécgggag exyh?ﬁwksnl%gﬁiéwazyraﬁl)é& m"c ?%%ﬁxgr‘?am de (75
ng, 1009 wepropiontnide (merared aj 2BER8mple 80. T (0=0.(3% chhd). OffRE Mrdctibh- HRVB
me calcd for. 1H25C1N404S% H%+ 465. 1358, found 465.1365. Exanple 70
2(R) - (3- Chl oPETE- Wt Aidmek at forty fpﬂbﬁw)ﬁnﬂp{@elﬁworl@eqmeiddmnv@wmtgv 3- (4-

hyd Cl
105691 Y A sor sritss Aol PhORLANAD A8 Qe sibpclabl i ynly efle @@
met hanol (Owishni)wnhndwﬂsaﬁ(l W i5dinlig, (dﬁea dilel MAshebFuBRsBHatdl lered, and

2(R)-(3-chl oro-4-
met hanesul f FPFERIREssy 73 -vacyas- Bmt%geocbr@mam@ranhyy@msmlam &yga ofE%y| ) -

propi onam d ' action
m xture waseﬂseé( ?rgegeg{ﬁchét&tgg etaqﬁ? %ﬁﬁéﬁis@h@ hi?.fﬁc T)Pﬂ;’slvacuo to
renove net hghehyl)-Fhe@- yﬁﬁdjdyimﬂﬁ dyeli‘ah )-WaS - ﬂéﬁﬂﬁpﬁ%ﬁmLﬂygtﬂ??{l%lo%ﬁhgt e (10
m.), washed with water (1 .x ried over magnesi.um sulfate, and
concent r at ed79 mlg,vb{lﬁ%) wah ot a@ée dhammﬁa]jﬁs@ﬁghym FLASH. 30 Glofifbing)a E165/ 35
hexanes/ eth h | acetate) afforded

2( )|(?) -(3-chl’ \ Mefgﬁa@‘hgﬁelﬁgﬁéi )¥465 1358, fOL)md 465.1365.

N- (5-chl oro- pyri d| n 2-yl)-3- (4 hydroxy| m no- cycl ohexyl ) - propi onam de (105
ng, 90% was a white powder: 589 ?‘fB 03 (c¢=0.33 chloroform;

El -HRVS ni e 3C1 84,0859, found 484.0862. 20
Cct ober 2oo§(ﬁ$\t§cg§‘§ 5&2 H%’E’FF -chlﬂrO-Pyrldm-Z-yl)-3-( -

hy roxylmmo-cyclohexyl)-proplonamlde

HO’N\
H
N N
~N
o LT T L
o \ Cl
Ci

[0282] A solution of 'hydroxylar:n'ijne h);droc::hlox"ide (26.0 mg, 0.36.mmol) n met!hanol
(0.7 ml) and 2,6-lutidine (0.7 mL) was treated with 2(R)-(3-chloro-4-
methanesulfonyl-phenyl)-N-(5-chloro-pyridin-2-yl)-3-(4-oxo-cyclohexyl)-
propionamide (prepared as in Examplé 63, 114 mg, 0.24 mmol). The reaction
mixture was stirred at 25°C for 30 min and was then concentrated in vacuo to
remove methanol. The resulting residue was suspended in ethyl acetate (10 mL),
washed with water (1 x 5 mL), dried over magnesium sulfate, and concentrated in
vacuo. Biotage chromatography (FLASH 40S, Siiica, 65/35 hexanes/ethyl acetate
to 2/8 hexanes/ ethyl acetate) afforded 2(R)—(3-chloro-4-methanesulfonyl_—phexiy1)-
N—(5-ch10ro-pyridin—2-y1)—3—(4—hydroxyimino—cyclohexyl)—propionamide (105 mg,
90%) was a white powder: [0]*>sg9 = ~23.03° (¢=0.33 chloroform); EI-HRMS m/e
caled for Co1Hp3CLN304S (M+H)" 484.0859, found 484.0862.



Example 71  2(R)-(3-Chl or o-4- net hanesul f onyl - phenyl ) - 3- (4- hy

droxyi mi no- cycl ohexyl) - N-(5- net hyl -pyridin-2-yl)-propi od@fctieber 6 N H N
N OS\ | “Q)P /09%33[0283] A sol ution of hydroxyl anli ne hydrochl oride (26.0
ng, 0.36 nmo in nmethanol (0.7 nl) ?nd 2 6-1utidine (O. 7P§E¥Tﬂﬁgm%¥eated
with 2(R)-(3-chl oro-4-

met hanesul f onyl - phenyl ) - N- (5- et hyl - pyri di n- 2-yl ) - 3- (4- oxo- cycl ohexyl)

propi onam de (prepared as in Exanplg ;, 21795 ng, 0.23 nmmol). The reaction
m xture I a for then_concentrated inp_vacuo to
remove net ﬁazg% dh?%e"?'é'éegg e l@ggpaﬂglﬂg—@&ggmwwc YL 3t e (10
m), washed with water (1% HiPsRpipndmieesi um sul fate, and

concentrated in vacuo. Biotage chrorrat ography (FLASH 40S, Silica, 65/35
hexanes/ et hyl acetate to 2/ e | ethyl acetate) afforded

2(R) - (3-chl or 0- 4- et hanesul f on
3-(4- hydroxyi m no-cycl ohexyl) -
ng, 63% was a white foam [a]2
me calcd for C22H26CLN304S
2-(3=Cnl o ro-4-nethanesul fo nyRspt
pyrazin-2-yl-p ropi onam de CNDT—"?\

yIprrldln 2-yl)-propi onam de (67
-7N84;(c 0.37 chloroforn); ElI-HRVS
J140 ound 464.1409. Exanmple 72
B- ( oxyi m no- cycl ohexyl ) - N-
Cl [0284] A solution of

7 mol) in nmethanol (0.5 nmL) and

=22

O

met hoxyl am ne hydrochl oride (23 rrg
pyridine (0.5 nL) was treated with 2-(3-chloro-4-methanesul fonyl -
phenyl ) - 3@%4 0xo0- cycl ohexyl ) - N-pyrazi M 2-yl - pr opi onam de (prepared as in 20

o/

83] Meolu8p0 9f hsopyANERY BYdI88ddridsS(26.0 mg, 0.36 mmol) in methanol
(0.7 mL) and 2,6-lutidine (0.7 ml) was treated with 2(R)-(3-chloro-4-

Cct ober

methanesulfonyl-phenyl)-N-(5-methyl-pyridin-2-y1)-3-(4-oxo-cyclohexyl)-
propionamide (prepared as. in Example 64, 105 mg, 0.23 mmol). The reaction
- mixture was stirred at 25°C for 30 min and was then concentrated in vacuo to
remove methanol. The resulting residue was suspended in ethyl acetate (10 mL),
washed with water (1 x 5 mL), dried over magnesium sulfate, and concentrated in
vacuo. Biotage chromatography (FLASH 40S, Sﬂica, 65/35 hexanes/ethyl acetate
to 2/8 hexanes/ ethyl acetate) afforded 2(R)-(3-chloro-4-methanesulfonyl-phenyl)-
3-(4-hydroxyimino- cyclohexyl)—N -(5-methyl-pyridin-2 -yl)—proplonannde (67 mg,
- 63%) was a white foam; [o]Psg0 = —7.84° (c=0.37 chloroform) EI—HRMS m/e
calcd for CpoHy6CIN3O4S (M+H)™ 464.1406, found 464.1409.

Example 72
-(3 ~Chloro-4-methanesulfonyl-phenyl)-3-(4-methoxyimino-cyclohexyl)-N-
pyrazin-2-yl-propionamide

\O”N\
H
N N
T
O
[\ O P
=S N
O/
\ Ci

[0284] A solution of methoxylamine hydrochloride (23 mg, 0.27 mmol) in methanol
~ (0.5 mL) and pyridine (0.5 mL) was treated with 2-(3-chloro-4-methanesulfonyl-
phenyl)-3-(4-oxo-cyclohexyl)-N-pyrazin-2-yl-propionamide  (prepared as in



- Exanple 58, 80 nyg, 0.18 nmol). The reaction m xture was heated under refl ux
for 2 h, cooled to 25C, and concentrated in vacuo to remA0Octebdr@06.. The

resul ting d%y%_gvas suspended in ethyl acetate (10 nlL), washed with water
(1 x 5 nLW&rre over magnesiumsul fate, filtered, and coPCEFErP@ABRGE i n

vacuo. Biotage chromatography (FLASH ¥3M sSilica, 35/65 hexanes/ et hyl

B ) o § EaagId sk o0 aY0as RN DR LA kAR YAQ rd AR MOXY

no- cycl ohexyl ) - N-pyrazi n- 2>yl - propi onam was a whi f oam
El - HRVE ml e dei @ch,fapoledOR1 2 EICINA QrbBedrittatdid+ ind 6rud 30 SrerdfoR s HetAS] 1 36Kk

Exanple 73 I\I-%—STBro.- razin-2-yl)-2-(3-chlo '

r 0- 4- met hane<Et Eglaﬁgﬁ‘%s suspepded ineating agetder(d0 aylo) Bmebad with mapirdhan de
O- NHN B j |_am h hl ori de. (16 ,
0,18 i ) i i msbasa v B Ot Y AT O e i Bidis 1
N- ( 5- br ono- pyhmniategtapty) F2ASH 12M, Silica, 35/65 hexanes/eth?/l acetate) afforded 2-(3-

chl or o- 4- met hanesyl f opyl - phenyl ) - 3- (4- oxo-cycl ohexyl ) - propi onam de

(pr epar ed a§€%°FP-%@?Pa¥@S§39nY Lﬁﬁj’,l)'@}.(‘i'@%w}’)mﬂmc ecstl)-Dipyrazitdre was
heat ed under ;& f: - copl 0_25 dc trated in vacuo to
renove net ha%o{). pl Tﬁel‘%{a ﬁ% ??ﬁgg)?/é’giqv te?was t%ﬁ?%‘éngii%ﬁﬁﬁfseﬁﬁﬁwai@e?% e (10
m), washed @ {HhsGALELS (MR BRI 58, dsuirRiiasversamagnesi um sul fate, filtered,

and concentrated in vacuo. Biotage chronmatography (FLASH 12M Silica, 7/3
hexanes/ et hyl acetate eluted to 4/6 hexanes/ethyl acetate) afforded the

N ( 5- br ono- pyrazi n-2-yl)-2-(3-chl or, 3‘?#%‘873
nmet hanesul f ony] -popenyl) - 3- (.4- oé% -tycl ohexyl ) - propi onam de (51 ng, .
5054 as o whi HGCP BRI TR T O Caihier o b anesnlio RINPIDS O W) T

543. 0463, found 543. 0464methxyniggesycbosy)nrpignaeiiss PCT/ EP03/ 03844 152

Bi ol ogical Activity Exanple A: In Vitro @ ucokinase Activity [0286]

A ucoki nase Assay: d ucoki nasgzhé\ K~was assayed by coupling the production
of gl ucose-6-phosphate to the ge ion of NADH wi th gl ucose- 6-

[0285] A solution of methoxylamine hydrochloride (16 mg, 0.18 mmol) In methanol
(0.5 mL) and pyridine (0.5 mlL) was treated with N-(5-bromo-pyrazin-2-yl)-2-(3-
chloro-4-methanesulfonyl-phenyl)-3-(4-oxo-cyclohexyl)-propionamide (prepared

~ as i Example 59, 62 mg, 0.12 mmol). The reaction mixture was heated under
-reflux for 2 h, cooled to 25°C, and concentrated ir vacuo to remove methanol.
-The resultihg residue was suspended in ethyl acetate (10 mL), washed with water
(1 x 5 mL), dried over magnesium sulfate, filtered, and concentrated in vacuo.
Biotage chromatography (FLASH 12M, Silica, 7/3 hexanes/ethyl acetate eluted to
4/6 hexanes/ethyl acetate) afforded the N-(5-bromo-pyrazin-2-y1)-2-(3-chloro-4-
methanesulfonyl-phenyl)-3-(4-methoxyimino-cyclohexyl)-propionamide (51 mg,
80%) as a white foam: EI-HRMS m/e caled for CyHyBrCIN,04S (M+H)*
543.0463, found 543.0464.



phosphat e dehydrogenase (GSPDH, 0.75-1 kunits/ng; Boehringer Mannhei m

I ndi anapolis, IN) from Leuconostoc nesenteroi des as the dprtobes 2606y y e
(Schene 2) Ee/co_nbi nant &K GGPDH D 3 ucose + ATP-- d ucose- 6- Phosphat es,
r 6- PhosphoyPUd8%3P%ct one  NAD NADH Schene 2 [0287] Humen | iRGIVERBKN3SM@S
expressed in E. coli as a glutathione!82transferase fusion protein

(GST-&K) [Liang purifi by.chromat qgraphy over a

gl ut at hi one- Sep%%l(g%icahé%ﬁiﬂty%ﬁlﬁ@% um l}flsﬁtﬁo Fﬁ'éc%‘r"&c’gwtﬁr ovi ded by

t he manuf §6286] eFlutHirise hamdzh arGRebRInBiO(ERY), Wit S&adpuay b¥ '\Q&?Jiﬁg eyplous
na

studi es have denponstrated that the enzymatiC properties o ive X and
GST- K ar e B®du¢itanapf glucewnt-pbesphgte antpe egenatation IGNANER witht glatosg-61990) .

[ 0288] The was, conduct ed i flat bottgm 96-well tjssue

cul ture pl a?@oglr]‘%%dé&@rgge%n@?gég’ %lmﬂr’rﬁmé&“g’i ﬁ%‘fh“inﬁ% # 0l umre
of 120. I. Th@ianapdlBUIRY | Qo XtdcBnS2Y MefSerorps Y M%p&%n%@%ﬁg'*
7.1, 25 nMKC, 5 nM gl ucose, 1mM ATP, 1.8 nM NAD, 2 :

j M sor bi t ol -@Gch¢rmsghakesombinantl dit hi ot hreitol, test drug or 10% DVSO, 1.8
unit/m G6PDH, and CK (see below). Al organic reagents were >98 % pure
and were from Boehringer Mannheimw th the exceptions of D glucose and
Hepes that were from Si gi® Chem cal Co, StgGlepms, MO Test conpounds were

di ssol ved Dmﬂkﬁ@mdeeMd@dsg-e_mhgpﬂa%%' Op st 186 dBL IS, ,GST- &K i n
a volune of 12 gl to yield a final DWVSO cownCe atior?éo(?‘gl%%o Thi's nmix was

pre-incubated in the tenperature controNAd chanaDmbf a SPECTRAmax 250

m cropl ate spectrophotoneter (Mol egul ar gevi ces Corporation, Sunnyvale,
CA) for 10 mnutes to allow tenper8f qui I ibrium and then the reaction

was start aRshy Hubfn B G e2Prebse@Th- %c?g%ﬁ%%o%gogtra}{geg% 095438

PCT/ EPO3/ 0334t 153 [0289] After addition o e increase’in
optical dendisign proDyin §GSBACKN fh.imag et atpt%s)ard way gurified By rohfsth@ogmapipat i on
period as a neasujye of % activity. _Sufficient GST-CGK was added to produce
an increase Vi @é‘ﬁﬁg‘(?f‘e eplarpss 45 effipiisn @lumn using the procedure provided by

the manufacturer (Amersham Pharmacia Biotech, Piscataway, NJ).  Previous

studies have demonstrated that the enzymatic properties of native GK and GST-

GK are esséntially 1dentical (Liang et al, 1995; Neet et al., 1990).

[0288] The assay was conducted at 25°C in a flat bottom 96-well tissue culture plate
from Costar (Cambridge, MA) with a final incubation volume of 120 pl. The
incubation mixture contained: 25 mM Hepes buffer (pH, 7.1), 25 mM KCl, 5 mM

- D-glucose, ImM ATP, 1.8 mM NAD, 2 mM MgCl,, 1 UM sorbitol-6-phosphate, 1
 mM dithiothreitol, test drug or 10% DMSO, 1.8 unit/ml G6PDH, and GK (see
below). All organic reagents were >98 % pure and were from Boehringer
Mannheim with the exceptions of D-glucose and Hepes that were from Sigma
Chemical Co, St Louis, MO. Test compounds were dissolved in DMSO and were
added to the incubation mixture minus GST-GK in a volume of 12 pl to yield a
final DMSO concentration of 10%. This mix was pre-incubated in the
temperature  controlled chamber of a SPECTRAmax 250 microplate
spectrophotometer (Molecular Devices Corporation, Sunnyvale, CA) for 10
minutes to allow temperature equilibrium and then the reaction was started by the

addition of 20 pl GST-GK.



over the 10 minute incubation period in wells containing 10% DMSO, but no
test conpound. Prelimnary experinents established that 20Hecteer288&t i on
was |inear 83)\@5? his period of time even in the presence of activators

t hat pr odu? *fold increase in GK acti vi ty. The GK actR&I/ER03jops4gont r ol

welI's was conpared with the activity ¥ wells containing test GK

‘acti vat or 5028 AhadafRn Jn@in' NiRfindeld icaltdal; Oﬁmﬁ ;
i ncrease is[n ﬂe activi tyed(};E ,Qi ﬂgm&tg sg\{@%?.[lg%l dv%g%tygg@gﬁ%:%e : Qxé)sl of
t he conpoundsionftortdravet & [10dmsorte hecibation periSy nishe sheasteasplGs dedditan

SC1.5 less th or al_to 30 M References: [0290] Liang, Y., Kesavan,
P., Wang, L.SU %&Iggréﬁfﬁ@?s 2pdefl 2o REpdusE 20 MgreRpR I QAse0 Af Q%Mfgﬁdslgnt,s M,
and Mat schin . E L y-ah o i ahet es- of -

Sout h( Mooy S 10 MinpMEid ARl bt i Pl Bhihink 1 B0F B9 BR B

i nt er act i onsceangbusd at¥irtliminadf ekpeairgdany sRablBhet Beimnthel GRORactidh/way Bneat 995.
[ 0291] Neet, K., Keenan, P., and Tippett, P.S. Cbservation of a kinetic

R _ .
sl ow transi ®Ye6Ahis pemerh shEpccegnUadRe REssence Bif getieaips Hpatagodaed 275 fold 990.

Bi ol ogi cal LYt B: LVQ -Act i Vi ucoki nase Act.jvator in
vivo Scr eenA%(rt'ﬂg c?c%Ié%%gggﬁy'cgygwf&ﬁ@emac%&ﬁlr galilwaﬁg%lap%egwdg\/@&e with
G ucoki nase 4cfity af vieU@coiitaindhg B3t (B Kketivaesy, i tH bod N8t tiwRr hour
fasting period. Blood glucose determ nations are nade five times during

t he six hourthgiagpduggd @ XX adncrpaseiin the J0R08Pf MEGd.¢( k6P Cas, ovassialgnbadedand
fasted for a hour peripd ior,to.or treat t. . activators are

f or mul at ed a@ﬁ\éﬂ%‘}%ﬂ ﬁ%?lﬁr?urf(ﬁ @e?foﬁ[&ul’aepg%sﬁﬁ{a?dem fre %?hesm%xmﬂes had’an

(Et hanol : Gel g ned HdfordgA0@B s 66: 30 v/w v. Mce are dosed orally with
7.51 formul ation per gram of body weight to equal a 50 ng/ kg dose.

| medi ately prior to dosing, a pre dose (tine zero) blood glucose reading

is acquired_b sni pping off a small portion:aof the animals tail (-1m) and
col | ecti nésisé:mod 20 COctober 2006 WO 03/095438 PCT/ EP03/ 03844 1-54

into a hegpiogpNi zs8 ¢antdd, It_u}waanfgo Yes - kP 39 v | wat or
admi ni st rgﬁog, ag’dlYt’i onsa?&gl ood ¢ U%ﬁ?@%ergdﬁ’nlégﬂél&%%@keh’ ae?ﬁl}l',t’vlg; 4 and
6 hours posA., dauianyiNt, ked MdaBchiasity, Wotund. Viesld eBeds ef mpiteitproatad by-
conparing th mean bl ood gl ucose val ues of six vehicle treated mce with
Si ;Tp e agti \ﬂgzil}gpes-o% you& (b%O%)Y)—associated glucokinase mutations on the substrate

interactions and stability of the enzyme. Biochem. J. 309: 167-173, 1995.

[0291] Neet, K., Keenan, R. P., and T_ippett, P'._S. Observation of a kinetic slow

transition in monomeric glucokinase. iBic;chemisIn.y -2‘-9;770.-7!77, 1990.

~Biological Activity Example B: In Vivo Activity
Glucokinase Activator in vivo Screen Protocol
[0292] C57BL/6J mice are orally dosed via gavage with Glucokinase (GK) activator
at 50 mg/kg body weight following a two hour fasting period. Blood glucose

determinations are made five times during the six hour post-dose study period.

[0293] Mice (n=6) are weighed and fasted for a two hour period prior to oral
treatment. GK activators are formulated at 6.76 mg/ml in Gelucire vehicle
(Ethanol:Gelucire44/14:PEG400q.s. 4:66:30 v/w/v. Mice are dosed orally with
7.5pl formulation per gram of body weight to equal a 50 mg/kg dose. Immediately
prior to dosing, a pre dose (time zero)' Blood glucose reading is acquired by

snipping off a small portion of the animals tail (~1mm) and collecting 15p1 blood



treated m ce over the six hour study duration. Conpounds are considered
active when they exhibit a statistically significant (p2@Odte630efecrease

~in blood glucose conpared to vehicle for two consecutive assay tine

poi nts. 28”‘819?/8?5&8 2006 WD 03/095438 PCT/ EPO3/ 03844 155 GaltemrosalssExanmpl e

A [0294] Tabl ets containing the foll oWhg ingredients can be produced in a

conventi onal ; ner. . nedients er. tabl et. ound fororula I 10.0
SO a0 0" SRR parg B He iRy THoBE o Waflis, B %ﬁﬁeglﬁn?%tf‘@&?rate 1.0
Gal eni cal Exairpin@Btiph) 296]ticeaPslebe $hedht 8daaidde atdaitPhd PV Ny Whedisent s

can be produced'in a conventional manner: |ngredients ng per capsule
Conpound of B ¥95e fionp iepsame ¢aib sewung oResulSoarn istempretad 2§ Comfaing heO 20

Ot ober 2006neliOnRR0oRARE PIILTEPEhOlde deatdh i W S SRR ©f
treated mice over the six hour study duration. Compounds are considered active

when they exhibit a statistically significant (p < 0.05) decrease in blood glucose

compared to vehicle for two consecutive assay time points.



R2 O R wherein R and R2 are independently hydrogen, hal o, am no,

hydr oxyanmi no, cyano, nitro, lower allcyl, -OR5, -COR6 [12000@ober 2006

per fl uoro- Q)V\%rM@JJ yl, lower alkyl thio, perfluoro-lower alkyl thio, |ower
al kyl  sul onyf . perfluoro-1lower alkyl sulfonyl, |ower alkyPCERPEVO3YSY, oOF
sul fonam do; R3 is an unbranched al kyl’™>¢hain of 4-5 carbon. atons or an

unbranched heteroal kyl chain ohaﬁhﬁagﬁ&g%l fonms plus one oxygen or sul fur
atom wherein the chain, in conbination wth the carbon atomit is bonded

to, forns[@olit YebleRlcontatniB FREHAGw o n . the chain contain
het er oato!ns, %ne carbon member 0 Wyﬁgg%ﬁ?g?eﬁgic\s%g’ﬁb%%ﬁicﬁ?gﬂaﬁﬁr’tvﬁn%‘?féa
sel ected fmoandgehe group consisting of hydroxy, oxo, hydroxyim no,

met hoxyi m no,  hal o, nethoxy, and acetoxy, or one carbon nenber of the chain

i's disubstitutkgrodiddis one hydroxy and one | O\Aeﬁl%éﬂgbl&r is disubstituted
h

wi t h hal ogen when the chain contains an O heter e chainis
unsubsti t ut ed, 2006 WO 03/09343 03/ 03844 157 when
t he chain contgiallr?l1 Oéﬁgﬁg?g{agatom t he chain |§O§%ég tituted or the S
het er oat om nenbatossf the chain is substituted by amn29go group; R4 is O
-1l C7-NW - or~an nsubstituted or nono-substituted five- or six-nmenbered
het er oar omat i ¢~ i arc%onnect ed by a ring carbon aton’?-8 the amine group
shown, which fTale- or six- menbered heteroaromatic rijg contains from1l to

3 heteroatons selected from sul fur,
Magnesium stearate 1.0

no
noi ety

Galenical Example B

[0295] Capsules containing the following ingredients can be produced in a

conventional manner:

Ingredients _ mg per capsule
Compound of formula I 25.0
Lactose _ 150.0
Comn starch _ 20.0

Talc 5.0



oxygen or nitrogen, with one heteroatom being nitrogen which is adjacent to
the connecting ring carbon atom said nono-substituted RétGnamra0®dic ring
bei ng nono- substituted at a position on a ring carbon atom other than

adj acenty, £9;548,6k connecting carbon atomwi th a substituent selected from
the group consisting of |ower alkyl, halo, nitro, cyano, "pEFFPS#Y- | oner

al kyl, am dooxine, or O Il -(CH2),,-OR7 ; or -(CH2)n CGOR7 ; or O 00 |

[T 11 (CH2)n CNHR7; or -CCOR7; @faim{CH2),,-NHR7 nisO, 1,2,3 or 4; R5is
hydr ogen, |ower alkyl, or perfluoro-Tower alkyl; R6 is |lower alkyl; and R7
i s hydrogen or | ower alkyl; denotes a carbon atomthat is asymmetric in al
or nost of the ,conpou for ula |; and wherein "lower"” neans | to 7
car bon atom;1 Ab?qg ‘H%@ﬂgg% Iy acceptabl e salt thereof. 2. A conpound
according to cla|n11 wher ei n Rl and RZ are independently hydrogen, hal o,
perfluoro-lower alkyl, or Iower alkyl sulfonyl. 20 October 2006 WO

03/ 09438 PCTI EP03/ 03844 158RA conpound according to any of clains 1 to 2,
wherein Rl is hydrogen, hal\o, perfluoro-lower alkyl. 4. A conpound
according to any of clains | , Wherein R2 is halo or |ower alkyl

sul fonyl. 5. A conpound accordlng to aFﬁLOf clainms 1 to 4, wherein the

conbi nation of R3 and the carbon gtom ttached to are
tetrahydrofuranyl, tetrah ' tra dro-thi opyranyl or
cycl oal kyl, optionally sub defined in claiml1l. 6. A conpound
according to any of clains Herein the conbination of R3 and the
carbon atom R3 i s attagh

wherein R! and R? are independently hydrogen, halo, amino, hydroxyamino, cyano,
nitro, lower alkyl, -OR?,
-CORS®

O

-perfluoro-lower alkyl, lower alkyl thio, perfluoro-lower alkyl thio, lower alkyl
sulfonyl, perfluoro-lower alkyl sulfonyl, lower alkyl sulfinyl, or sulfonamido;
R? is an unbranched alkyl chain of 4-5 carbon atoms or an unbranched heteroalkyl :
chain of 3-4 carbon atoms plus one oxygen or sulfur atom, wherein the chain, in
combination with the carbon atom it is bonded to, forms a five- or six-membered ring,
and _
when the chain contains no heteroatoms,
one carbon member of the chain is substituted with one moiety selected
from the group consisting of hydroxy, oxo, hydroxyimino,
methoxyimino, halo, methoxy, and acetoxy, or
one carboﬁ member of the chain is disubstituted with one hydroxy and
one lower alkyl or is disubstituted with halogen
when the chain contains an O heteroatom,
the chain is unsubstituted, and



tetrahydropyranyl, tetrahydro-thiopyranyl, cyclopentyl,

2- hydr oxy-cycl opentyl, 3- hydroxy-cycl opentyl, 4-hydroxy2¢@ctobpe?iosl ,

. 2-o0xo-cycl opentyl, 3-oxo-cycl opentyl, 4- oxo-cycl opentyl,

2- hydr oxyj m na-cycl opentyl, 3-hydroxyi m no-cycl opentyl, 4-
hydroxyﬁ%?ﬁ%ggvgyopentyl, 2- met hoxyi ni no- cycl opentyl, 3- ME{HBEN d$Ho-

cycl opentyl, 4-nethoxyinino-cycloper?l, 2-fluorocycl opentyl, 3-nethoxy-
cycl opentyl, 3aG8E 6Mdin c¥sthRReRSWeterdatdsdi f | uor o- cycl opentyl, 3, 3-di fl uoro-
cycl opentyl, or 3-hydroxy-3-nethyl-cyclopentyl. 7. A conpound according to
any of clains 1 tcdhéchavherwisnbsRutied or thg(SOpdtkiRbtoor mambensiiths chaintied or

nono- substit uted figer or..Si x-nmenbered heteroaronmatic ring connected by a
ring carbon atom tBPTHECARY A8 5P &P Pshown, which five- or si x- nember ed
het eroa@qatic ring contains 1 or 2 heteroatons selected fromsulfur and
_nitrogen, with one heteroatom being nitrogen which is adjacent to the
~connecting ring carbon atom sd2d nono-substituted heteroaromatic ring
bei ng nono- substituted at a pog$ition on a ring carbon atom other than

adj acent to said connecting _ca boNHﬁgo with a substituent selected from
the group consisting of |ower arkyl, halo, cyano, am dooxine, -(CH2)n-OR7

or -(CH2)n O-OR7. 8. Ac n aé:cordin o gny. of clai.nms 1 to 7,
oher oi gL opfgords-SRTRAHE AC SR Bleb R W chlar Gl nd
NDNO- SUBSHHctH N aAlingdcaplbsil dtb@io @i Andnle r%o@ﬁsﬂa%, validfRL besixt han adj acent

to the connecting carbon atomw th a substituent selected fromthe group
consi st inggnbsfediretdrparomahit ong contamsdione Y 403 hetanpatoms setected roEXufucR7  and

-(CH2)n Q OR7. 9. A ound according.to any.qf.clains 1 .to 8, wherein
R(5 is) h?&%ﬁé’ﬁ P‘“‘%%&Ph?fﬁggge biteroripay brine _‘?geéd%ﬂﬁ(i}l BBErRCSHdR Mo 03/ 0954M
PCTI EPOg4238dd: nﬁ%garﬂ@n atom @%M-%Qéﬂil@éd&térem%&\éﬁefringbéln?ﬁpén&o 9,
wherein R6 is nmethyl. 11. A conpound according to any of clainms 1 to 10,
wher ei nsustituted dyagrostion oora meg ¢aybon dt2m gthethpoadjdceat tovadd cepoectiemy of

claims 1 o 11, wherein . n is or. 1. 3. A compound according to any of

ol ai o Farben 39in Wil SpBityqS sledied %‘QPO%‘B R R eflower aly, halo,

1- [ 2- ( SpifroPbfdabOp 2aRES Mk A1l ShfRYHRO-Jrur an- 2-yl) - propi onyl ] - 3- met hyl - ur
ea, -

O

|

-(CH,),-OR7;  or +(CH,),-C-OR7; or

I i
«(CH,),-C-NHR7; ©Of _C.C-OR7:; O ~(CH,),-NHR?

nis0,1,2,30r4; -
R’ is hydrogen, lower alkyl, or perfluoro-lower alkyl; R® is lower alkyl; and R’
1s hydrogen or lower alkyl;
* denotes a carbon atom that is asymmetric in all or most of the compounds of
formula I;

and wherein “lower” means 1 to 7 carbon atoms;

or a pharmaceutically acceptable salt thereof.

2. A compound according to claim 1, wherein R! and R? are

independently hydrogen, halo, perfluoro-lower alkyl, or lower alkyl sulfonyl.



3, 4- Di chl or o- phenyl ) - 3- (2- hydr oxy-cycl opentyl ) - propi onyl ] - 3- met hyl -
20 October 2006
3. 4-Di chl or o- phenyl ) - 3- (2- oxo- cycl opent yl ) - propi onyl ] - 3- net hyl - ur ea,
~oldsabd9¢ 0- phenyl ) - 3- (3- hydr oxy- cycl opeatyl) - pr oplggp/%l,‘lmiggrret hyl -

3

3, 4- Di chl or o- phenyl ) - 3- ( 3- oxo- cycl opentyl) - propionyl]-3-nethyl -urea,
3, 4- Di chl or o-ApbEnydund3rctbelinpdoyai @f plaiani 2o ¥) whaemm onRylragenet hyl
4-

(
-(
-(
-(
(
( N@Phaﬂ@éﬂwr@ﬂ9wﬁbﬁl§ﬁlyl ) - 3- (tetrahydro- pyran-2-yl) - propionyl ] - 3-
| - urea, 2
2 , 4- Di chl oro phen Tpﬂ ft f?réiﬁlyﬁtoan?'l?rfglﬁlgs t?BW??fFIélz%llsfal prop| onam
de, lower alkyl sulfonyl.
2- (4- Met hanesulfonyl phenyl) 3-(tetrahydro-furan-2( 21 yl)-N-thiazol -2-yl -
pr opi onami de, 5- A compound according to any of claims 1 to 4, wherein the

2-(3,4- DLGHL 01,05 PRV hda e CRv o Yoy ShaRealy ke i dbadt V' -

pr opi onaff?

3-(2- Wdfé%éﬁy&ﬁﬁﬂrrﬁﬂﬂnﬁeﬁhﬂycﬁo&ﬂlbﬁ%hﬂtﬁ-w&lﬁaﬁwl ophsmly)subtidicazs! - 2- vl -

pr opi onam de;
2-(3, 4- Dddﬁtie(drmcbhmriyl) 3- (2-oxo-cycl opentyl)-N-thiazol - 2- yI pr opi onam de,

FZ); E)gl- g/ﬁ;fr:]aggsgl fonylccpme%d accorgimgot)é%ngf%%clgggn ¥<|)% w. e:[rerallln e -2-yl-

2-(3, 4- Db&gtnmonogpmiadée €A BY Y X Gy S RRED YAk 1ddkahi
pr opi onam 20 Cctober 2006- WO 03/095438 PCT/ EP03/ 038 4 160 3

- (3- Hydr &hghmmp&raménbvrhby&;(tlﬁopm?ne]mm%mw 2-hhdroyy-pydibpenidzd - 2- yl -
r nam -

p( gp'ngtﬁ ewﬁw&qbfh "f_) iKY i&?ﬁlgpg&# ﬁ-wwpmawaé,—oxwyclopentyl, 4-
cofor | B SR REBPLRGUOA i} PGk YiGkASTRAL skl vl opent!

- ( 3- oxo- hydrbmﬁﬁnqcbyclcﬁlbmmmmeﬂﬁxﬁmjmmbepmﬂyde’:-metho;qrimino-
2-(4-Meth I -
pr (()pl on aﬁ;;cgé)s utyflorl%lnle potlce 2) c:}g’cl(oger?t)}('f) 2Ci¥uolr8£ycpopelnzyl IBI:IE]QI %}Z(j(?—l 2=yl

E, - (3, 4- Qg ol afR-PheBW L cyd1dpayt, W03 Aithsth pabhet)r; Mstdiiiagel - 2-y! - propi onani
cyclopentyl, or 3-hydroxy-3-methyl-cyclopentyl.

7. A compound according to any of claims 1 to 6, wherein R*is
-C(O)NHR® or an unsubstituted or inono—substituted five- or six-membered
heteroaromatic ring connected by a ring carbon atom to the amine group shown,

~* which five- or six-membered heteroaromatic ring contains 1 or 2 heteroatoms selected
from sulfur and nitrogen, with one heteroatom being nitrogen which is adj acent to the
connecting ring carbon atom; said nlono—substituted heteroaromatic ring being mono-

~ substituted at a position on a ring carbon atom other than adjacent to said connecting
carbon atom with a substituent selected from the group consisting of lower alkyl, halo,
cyano, amidooxime, -(CHy)s-OR” or (CHy)s-C(O)OR.

8. A compound according to any of claims 1 to 7, wherein R* is thiazolyl,

| pyrazinyl, or pyridinyl, optionally mono-substituted at a position on a ring carbon
atom other than adjacent to the connecting carbon atom with a substituent selected -
from the group consisting of methyl, chloro, bromo, cyano, amldoomme (CHz)n—OR7
and -(CHy),-C(O)OR’.
' 9. A compound according to any of claims 1 to 8, wherein R’ is hydtogen,
methyl or trifluoromethyl. |



2-(3,4-Di chl oro- phenyl ) -3-(3-hydr oxy| m no-cycl opentyl ) -N-thiazol -2-yl -
pr opi onam de, 20 October 2006
2- (3, 4- Di chl or o- phenyl ) - 3- ( 3- net hoxyi m no- cycl opentyl)-N-thiazol -2-yl -

pr Opi OnawioHB/0954

2- (3, 4- Di chl orgo-phenyl )-3-(2, 2-di f I upgo- cycl opent yl ) - N- t hY QYBPBLIFH.

pr opi onam de,

2- (3, 4- Di chl ol ®- pheényéthpQu(d3cBemdird toame-of ylzirnpétd §,|vheein MCaz mlethidd.y | -

pr opi onam de,

2-(3, 4-Di chl of b- ph&W‘?P%‘“tdtaé‘P?rélFR&)‘P@nﬁﬁﬁﬁl@SH‘) LOyvthsrein Bl i9- yi - pr op| onani

de, Z(Rhn%/‘gggéh Qrﬁg@h?ro phenyl) - 3-(tetrahydro-pyran-2-yl)-Nthiazol-2-yl-
pr opi ona

2- (4- Met hanesu2.f onyl ecphpm;ﬂd)acBex@hfgttbaihydlfe}awﬁ ffo P, yherddh hlid @0l - 2- yl -
pr opi onam de, _2- (4-Met hyl sul fonyl - 3-t
| uor omet hyl - ph&nyl ﬁmﬁ‘é’fﬂdmﬁﬁl‘éﬁ?rﬂﬁﬁ@c?@s Nto 12, selected from the

t hi azol e- Lonam de,
6-[ 2- (4- %é%‘ﬁﬁ Bt ‘5}?-3 trlfluororrethyl phenyl ) -3

6| 2- (4 Nl ﬁﬁfé&?%ﬁvﬁ%&pﬁ SRR ari 1) P ol SRR an- 2- 1) -

propi onyl am n l nicotinic acid, 20 COctober 2006 WD 03/095438
PCT/ EP03/ 038442-(3.41Dxblosgo -Pnywl ki APy ey e lopriy> prapjenyllc rmethshy | sul fonyl - 3

-trifluc()}%?gethyl - phenyl)-3 -(tetrahydro-pyran-2-yl)-prop ionamde, 2
(R)-(3-

or o- 4- et han henyl ) - - chl or o- di n- 2-yl 4- 0X0-

cycl ohexyl ) - )Sf%g{ %ﬁé‘ﬁ*‘@’ o—pﬁex}yl)ly.i-%?—oxo-cyclopgr}/tyll) proplon}X] g-meth l-urea,

2(R)-(3-Chl oro- rrethanesu fonyl ghen )-N-(5-net hyl - pyri di n-2-yl) - 3-(4-oxo0
- cycl ohexyl} [%r(%ﬂ)ﬂ%lﬁ}a]ﬁmréheﬂ}’) -3-(3-hydroxy-cyclopentyl)-propionyl]-3-methyl-

2(R) - (3-‘93%70ro 4- et hanesul f onyl - phenyl ) - N- (5-chl oro- pyri di n- 2-yl ) - 3- (4-
hydr oxyi m rio- cycl ohexyl ) - pr opi onani de,

2(R SChIo esu -henl 4- hydroxyimn cl ohexyl)-N-
B
2- (3- Chl oro 4- et hanesul fonyl enéal)x N-pyra2| n-2-yl - 3(tetrahydro fur an-
1-[2-(3, 4—Dxchloro—pheny1)-3 (tefrahydro-pyran-2 —yl)-proplonyl] -methyl urea,
* 1-[2-(4-Methanesulfonyl-phenyl)-3~(tetrahydro-pyran-2-yl)-propionyl]-3-
methyl-urea,
2-(3,4-Dichloro-phenyl)-3-(tetrahydro-furan-2-yl)-N-thiazol-2-yl-propionamide,
2-(4-Methanesulfonyl-phenyl)-3-(tetrahydro-furan-2(R)-yl)-N-thiazol-2-yl-
propionamide,
- 2—(3,4—Dicﬂor&phenyl)—3—(2—hydroxy—cyclopentyl)—N-thjazol-2—y1—
propionamide,
3-(2-Hydroxy—cyclopentyl)-2-(4—methailesulfonyl-pheny1)—N—thiazol-?.—yl-
propionamide,
2-(3,4-Dichloro-phenyl)-3-(2-oxo-cyclopentyl)-N-thiazol-2-yl-propionamide,
2-(4-Methanesulfonyl-phenyl)-3-(2-oxo-cyclopentyl)-N-thiazol-2-yl-
propionamide,
2-(3,4-Dichloro-phenyl)-3-(3-hydroxy-cyclopentyl)-N-thiazol-2-yl-

propionamide,



2(R)-yl)-propi onam de,

2- (4- Met hanesul fonyl -3-trifl uoronet hyl - phenyl ) - N- pyr azi n-2 @ttoBer(20061 ahydr o

- furan-2(R)-yl)-propi onani de, :

2- (3- Chl @pasAosmt hanesul fonyl - phenyl ) - N- pyr azi n- 2-yl - 3- (t Ie)'([:,rr/%g 3%3%341‘ ur an- 3-

yl) - propl onam de, 160

2(R) - (3-Chl or o- 4- net hanesul f onyl - phenyl ) - 3- ( 2- oxo- cycl opentyl ) - N- pyr azi n- 2-

yl - pr opi onal RiBeIydroxy-cyclopentyl)-2-(4-methanesulfonyl-phenyl)-N-thiazol-2-yl-

2(R) - (3- Chl or 0- 4- et hanesul f onyl - phenyl ) - 3- (2- hydroxy-cycl opentyl)-N-

pyr azi n-propionpmiis, onami de, 2(R) - ( 3- Chl or o- 4- net hanesul f onyl - phenyl )-3 - (3

- hydr oxy-cycl opentyl)-N pyrazin-2-yl -propi.onam de,

2- ( 3- Chl or o-2(h#iliahlesuphary)l3ihemiloey3eyc Brpentgl eMahiapa2-yl-) - N- pyr azi n- 2-yl -

propi onam de, 2(R)-(3-Chl oro-4-net hanesul fonyl - phenyl) _

3- ( 3- ox PTEPPBBENE yvI ) - N- pyr azi n- 2- yl - propi onami de,

2(R) - (3-Chl or o-4-net hanesul f onyl - phenyl ) - 3-((S) - 3- oxo-cycl opentyl ) - N

pyrazi n- 2- y| 3-p3-6htsichiorgephennl)Ce 1-22pigarbainoy ) g agdoreatyl EFeg/ 03844

162 2(R)-(3-Chl oro-4-net hanesul f onyl - phenyl )-3-((R)-3 -o0xo-cycl opentyl)-N

pyrazi n- 2- yl2-(@&Dicklossyplmyl)-3-(3-oxo-cyclopentyl)-N-thiazol-2-yl-propionamide,

N- (5- Br ono- pyr azi n-2-yl ) -2-(3-chl oro- 4- net hanesul f onyl - phenyl ) - 3- ( 3- oxo-

cycl opent yl )2-pr-RRitRiMa8AIRyI-phenyl)-3-(3-0xo-cyclopentyl)-N-thiazol-2-yl-

2- (3- Chl or o- 4- net hanesul f onyl - phenyl ) - 3- zz-ﬂydr oxyi m no-cycl opentyl)-N

pyr azi n-regiongnisisi onani de,

2- (3- Chl or o- 4- net hanesul f onyl - phenyl ) - 3- ( 2- net hoxyi m no- cycl opentyl ) =N

pyrazi n- 2- yl 2@ opichklars-pleenyl)-3-(3-fluoro-cyclopentyl)-N-thiazol-2-yl-propionamide,

2- (3- Chl or o- 4- et hanesul f onyl - phenyl ) - 3- ( 3- hydr oxyi m no-cycl opentyl)-N-

pyrazi n- 2- yl2.gy 2p)iel8#5- 1)-3-(3-hydroxyimino-cyclopentyl)-N-thiazol-2-y1-

N- ( 5- Br ono- py%zi n-2-yl)- 2?’83_ g:hl }(’)r 0-4- net h’z’in(()a%ul %ﬁyl -apzhemyl )-3-(3-

hydr oxyiprepionawicdeopent yl ) - pr opi onani de,

2- (3- Chl or o- 4- et hanesul f onyl - phenyl ) - 3- ( 3- met hoxyi mi no-cycl opentyl)-N-
2-(3,4-Dichloro-phenyl)-3-(3-methoxyimino-cyclopentyl)-N-thiazol-2-yl-

propionamide,
2-(3,4-Dichloro-phenyl)-3-(2,2-difluoro-cyclopentyl)-N-thiazol-2-yl-
propionamide,
2-(3,4-Dichloro-phenyl)-3-(3,3-difluoro-cyclopentyl)-N-thiazol-2-yl-
propionamide,
2-(3,4-Dichloro-phenyl)-3-(tetrahydro-pyran-2-yl)-N-thiazol-2-yl-propionamide,
- 2(R)-(3,4-Dichloro-phenyl)-3-(tetrahydro-pyran-2-y1)-N-thiazol-2-yl-
propionamide,
2~(4-Methanesulfonyl-phenyl)-3-(tetrahydro-pyran-2-yl)-N-thiazol-2-yl-
propionamide,
2-(4-Methylsulfonyl-3-trifluoromethyl-phenyl)-3-(tetrahydro-pyran-2-yl)-N-
thiazole-2-yl-propionamide,
6-{2-(4-Methylsulfonyl-3-trifluoromethyl-phenyl)-3 -(teﬁéhydro—pyran—Z—yl)—
propionylamino]-nicotinic acid methyl ester,
6-[2-(4-Methylsulfonyl-3-trifluoromethyl-phenyl)-3-(tetrahydro-pyran-2-yl)-

propionylamino]-nicotinic acid,



pyr azi n- 2-yl - propi onam de,
N- ( 5- Brono- pyrazi n- 2-yl ) - 2- (3- chl or 0- 4- met hanesul f onyl - pRé3dtgbeB 20463 -
met hoxyi m i n. o-cycl opentyl) - propi onani i de,

2- (3- Chl hanesul f onyl - phenyl ) - 3- (3- hydr oxy- 3-met hyl - cycl 9 entyl)-N-
pyrazin- ‘g yl f&%?gi&ol onani de, 2-(4-Methgnesul fonyl -3 Ve RRERE

-trifluoronethyl-phenyl)-Npyrazin-2-yl1-3 -(tetrahydro-

pyran-2-yl) - NL@pHQdiI@Etbfdﬁthyl -pyridin-2-yl)-2~(4-methylsulfonyl-3-trifluoromethyl-

2- (3- Chl or o- 4- net hanesul f onyl - Phen yl)-N- pyr azin-2-yl-3-(tetrahydro-pyran-4-

yl)-pr opPWHrﬂéteffahydm‘PYfan -2-yl)-propionamide,

N- (5- Brono- pyr azi n- 2-yl - 2-(3-chl or o- 4- net hanesul f onyl - phenyl ) - 3-

(t et r ahydr o- piR)aB3-@hlpry-4pnethamasaliengd-phenyl)-N-(5-chloro-pyridin-2-yl)-3-(4-oxo-

2- ( 3- Chl or 9-.4- net hanesul f onyl - phenyl ) - N- (5- cyan- pyr azi n-2-yl )-3-(tetrahydro
( W@?exgﬁ dgylo yl)-N-(5-cyan-py yl)-3-( y

- pyran- OO 2-(3

- Chl or o- 4- et hanesul fonyi - phenyl ) - N-[ 5- (N- hydr oxycarbam im i doyl)

pyr azi n- 2- y| 2R-@tClalogrd @@WW ‘)PP?HXD‘ Swaéwhevn%"odi éﬁ%TOXQOOG VO
03/ 09543 03/.038 163

2-(3- Chl%clf 4(?I?'lé)tpﬁé\pn a‘11.‘1fhohyl phenyl) N-pyrazin-2-y1-3

2( E gt Birz?go%@ﬁégréh@ %5?‘“%’}4 B%‘ly?k% qﬁ%‘?é}ﬁﬁl%}ﬂ)ﬁrﬂ hi opyran- 3

(R -yl)
2- (3-Cnhl %#(iowi- rremt{bhg%a{eéh&?g yrl9 phenyl - 3- (4- oxo- cycl ohexyl ) - N- pyrazi n- 2-yl -

R (5. Br oo- R Chzom mopthapesylfonykphenyl) k{4 bydioxgmipo-cyelahe DA 4. oxo-

cycl ohexlmetdsPpyradi ?B-,proplonarmde
N- ('5- Br onmo- pyr azi n- 2 yl')-2(R)-(3-chl oro-4-net hanesul f onyl - phenyl ) - 3- (4- oxo-

cycl ohexyl) M_ARthanesulfonyl-phenyl)-N- -2-y1-3(tetrahydro-firan-
2(R) - (3-Chl o‘?g94h?ndgt6hanesﬁlnfe%nﬁny Iﬁleerlllflll)) lﬁ-yragl%hlyoro(epyraz?n 2-yl)-3-(4-o0xo0

- cycl oRMy))-popionanndeyi de,
2(R) - (3- Chl or 0- 4- et hanesul f onyl - phenyl ) - N- (5- net hyl - pyrazi n-2-yl ) - 3- (4- oxo

- cycl ohexyl 3 (pnephLRaRI£618)]-3 -trifluoromethyl-phenyl)-N-pyrazin-2-yl-3-(tetrahydro-
2(R) - (3- Chl or o- 4- met hanesul f onyl - phenyl ) - N- (5- chl or o- pyrazi n-2-yl)-3-(4-
ﬁlran—2(R)-y1)-prop10nam1de
2-(3-Chloro-4-methanesulfonyl-phenyl)-N-pyrazin-2-yl-3-(tetrahydro-furan-3-
yl)-propionamide,
2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-3-(2-oxo-cyclopentyl)-N-pyrazin-2-
yl-propionamide,
2(R)~(3-Chloro-4-methanesulfonyl-phenyl)-3-(2-hydroxy-cyclopentyl)-N-
pyrazin-2-yl-propionamide,
'2(R)§(3—Chloro—4—methanesulfony1—phet1yl)-3-(3-hydroxy—cyclopentyl)—N—
- pyrazin-2-yl-propionamide, '
2-(3-Chloro-4-methanesulfonyl-phenyl)-3-(3-oxo-cyclopentyl)-N-pyrazin-2-yl-
propionamide,
2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-3-(3-oxo-cyclopentyl)-N-pyrazin-2-
yl-propionamide,
2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-3-((S)-3-oxo-cyclopentyl)-N-
pyrézin-Z-yl-propionamide,



hydr oxy- cycl ohexyl ) - pr opi onam de,

2- ( 3- Chl or o- 4- net hanesul f onyl - phenyl ) - 3- (4 hydr oxyi m no- @9cdadstex 2006 N-
pyrazi n- 2-yl - propi onam de, N (5-Bronp-pyrazin-2-yl)-2-(3

- chl org\f}omﬁm&esul fonyl - phenyl )-3 -(4- hydroxyi m no- cycflcolt)&;%}ﬂ);éﬁr op

i onam

N- ( 5- Brono- pyrazin-2-yl)-2(R)-(3-chl oro 4- met hanesul f onyl - phenyl ) - 3- (4
hydr oxyi m nqmyg-@hbxw)mmxmsomml@eenyl) -3(R)-3-oxo-cyclopentyl)-N-

2(R) - (3-Chl or 0- 4- net hanesulfonyl phenyl) - N-(5-chl oro- pyrazi n-2-yl)-3-(4-
hydr oxylpmaﬂm%y’bpmwp)l $r opi onami de, .

2(R) - (3-Chl or o--4-nmet hanesul f onyl - phenyl ) - 3- (4- hydr oxyi mi no-cycl ohexyl ) - N
( 5- met hy| - py¥-@5=Brere-plyjazpr-2pil)ehbircilero-4-methanesulfonyl-phenyl)-3- (3-0xo-
2-(3-Cnhloro t hanesul.f onyl - phenyl ) - 3- (4- met hoxyi m no- cycl ohexyl ) N
pyr azi nCZC Pe“éngﬁf%%ﬁnﬂée 20 Cct ober 2006 WD 03/095438 PCT/ EP03/ 03844
164 N (5-Brono- éram n-2-yl)-2-(3 -chlorao met hanesul f onyl E]\gnyl) 3-(4-
ne t hoxyi m ﬁo(3c£ W&F@Wbﬁh‘?ﬁ}’@@ (%‘hﬂdfﬁﬁ}ﬁlFH%Eé‘fﬁflPE%HtY’g fccept abl e

salts thereof 1 und according to any of clainms 1 to 12, selected

A.co
from t h&Yg6Es Bbor?écf% ng of
3ot oS el RS ARB SR>
g_ ( 3y?2| 9%9%4% %%ﬂ%‘ SR éégyl phenyl ) - N- (5- cyano- pyrazi n-2-yl)-3-(tetrahydr

2-(3-Chloro t.hanesul f on t doyl
py§ in o ylzI@:r%ﬁElf’ Ll Xulfo%g?ggény ))'\Hg?h{é&%xgx{i%@)ém%é}ﬁﬁb fg.doyl) -
2(R) - (3 gfgﬁg{@_— f@hﬂ@ﬂﬁé@lfonyl phenyl) - 3-(3- hydroxy-cycl opentyl)-N
pyrazi n-2-yl - pf opi onam de :
il( jor ggl %;m oS 5 S1ES Bons L B3 BRBAYA hndhdds sy L pRESMEBI3] ) - N- pyr azi n- 2.
2(R) - (Bh%ﬂoﬁymﬂomlmepfmmanpﬁe,nyl) 3-((R) - 3-oxo0-cycl opentyl)-N
pyrazi n-2-yl -prop i onam de

2-(3-Chloro-4-methanesulfonyl-phenyl)-3- (3-methoxy1m1no—cyclopentyl)—N—

pyrazin-2-yl-propionamide,
N—(S-Bromo—pyrazin—Z—yl)—Z—(B-chloro-4~methanesulfony1—phenyl)-3-(3-
methoxyimino-cyclopentyl)-propionamide,
2-(3-Chloro—4—methanesulfonyl-pheny1)—3—(3-5ydroxy~3—methyl—cycl'open}yl)-N-
pyrazin-2-yl-propionamide, | |
27(4—Methanesulfonyl—3—triﬂuoromethyl-phenyl)-N—pyrazin-2—y1—3-(tctrahydro-
pyran—?.-yl)—propmnamide,
2—(3—Chloro—4-methanesu1fony1—pheny1)—N—pyrazin—2-’y1—3—(tetrahydro-pyran—4—
yl)-propionamide,
N-(5—Bromo—pyrazin—Z—yl)-Z-(B-chloro—4-m€thanésulfonyl-phenyl)—3-
(tetrahydro-pyran-4-yl)-propionamide, |
2—(3-Chloro-4—methanesu]fonyl-pheny1)-N-(S-cyano-pyrazin—Z-yl)—3-(teu'ahydro-
pyran—4—yl)-prop10nam1de
2-(3- Chloro-4—methanesulfony1—phenyl)—N—[S (N-hydroxycarbanumdoyl)—
.pyrazm-2—y1]-3—(tetra.hydro—pyran—4-y1)-proplonannde,



N- ( 5- Brono- pyr azi n- 2-yl ) - 2- (3- chl or o- 4- net hanesul f onyl - phenyl ) - 3- ( 3- oxo-
cycl opentyl ) - propi onam de 20 October 2006

N- ( 5- Br onmo- pyrazi n- 2-yl ) - 2- (3- chl or o4. et hanesul f onyl - phenyl ) - 3- ( 3-

hydr oxy ki 990644 opentyl ) - propi onam de o PCT/EPO3/0384

2- (3- Chl or o- 4- et hanesul f onyl - phenyl )3 3- ( 3- met hoxyi m no- cycl openfyr‘) - N
pyrazin-2-yl - propi onam de

N- ( 5- Br onp- pyBaZhler@4yhythandssliomylephonyh e phanesiyl-difieiraiphienytiipp Bag-3-

met hoxyi,m no= cycl.opentyl)-propi onam de N (5-Brono

pyrazi n-3@i}ll))j%91(1§-g%?ﬂ%r 0- 4- met hanesul f onyl - phenyl ) - 3- (4- oxo-

cycl ohe) yl) - propi onam de N-(5-Braono )

pyrazi n- 2- y@)Gz@hiprctéﬂeﬁhémeéuliowétmnﬂ%érﬁloqigﬂrhq;quy@rpjll"sﬂxwy.r@m-

| oh - i i de 20. 2006 WO 03/ 095438 PCT/ EP03/ 03344 165
'Z%/%) E)( 'e)gz@?’@{}g% %er‘g‘[r%g’g §°ﬂ%%§?g{)henyl )-N-(5

- chl - in-2-yl)-3-(4- - I - [ ' 2 (R-(3
-Gl or o- 4. merARREF BRSO SR DA oxo-
cycl oheg@mp({nggg’onam de

N ( 5-Br -pyrazin-2-yl)-2-(3-chl oro-4-nmet hanesul f onyl - phenyl ) - 3- (4-

hydr oxyi m n I - j 1 de

N (5 B oo Sy S Y5 A 2AF Ehf o dmethenseulfentmbemdl 36k ) - a- (4-
hydr oxy cydlsleex§y)Chrop@isiinide)r opi onan de

2(R) - (3- Chl or 0- 4- net hanesul f onyl - phenyl ) - N- (5- chl or o- pyrazi n-2-yl)-3-(4-
hydr oxyi m neg ) = DI O @NIAL L [ 2E t abl e
salts ther eg$ @??‘ﬂﬂf’g%%ogm(?gg%ﬂ%f %%mg%ﬁ%@ﬁg@ipﬁs@ﬁ%y t3 gq—iog&mhi ch is
2( R) - ( 3eyclohexyl)-propionamide,

chl or o- 4- met hanesul f onyl - phenyl ) - 3- ((R) - 3- oxo- cycl opentyl ) - N- pyrazi n- 2-yl -
propi onam de -Chiopha et st fan 1%&9{21 IN-| pam@mr?ﬁaﬁw Ip3qameund of any
of clains 1(1%%@15 and a_ phar maceuj'gi cal ?ln\ggcept abl e car?}ilgr (-(and/ or

adj uva: eyclalexy-psepieaamide; or t he preparati on of a pharmaceuti cal
conposition of claim 16 conprising conbining a conpound of formula I
accordi ng t 3(RnB-Chlere#-méthamsulfonyl-phenyl)-N-(5-methyl-pyrazin-2-yl)-3-(4-oxo-

cyclohexyl)-propionamide,

2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-N-(5-chloro-pyrazin-2-yl)-3-(4-
hydroxy-cyclohexyl)-propionamide,
2-(3-Chloro-4-methanesulfonyl-phenyl)-3-(4-hydroxyimino-cyclohexyl)-N-
pyrazin-2-yl-propionamide, |
N-(5-Bromo-pyrazin-2-yl)-2-(3-chloro-4-methanesulfonyl-phenyl)-3-(4-
hydroxyimino-¢yclohexyl)-propionamide,
N-(5-Bromo-pyrazin-2-y1)-2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-(4-
hydroxyimino-cyclohexyl)-propionamide,
2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-N-(5-chloro-pyrazin-2-yl)-3-(4-
bydroxyimino-cyclohexyl)-propionamide,
. 2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-3-(4-hydroxyimino-cyclohexyl)-N-
(5-methyl-pyrazin-2-yl)-propionamide, |
2—(3-Chlor0-4—methanesulfony1—pheny1)-3-(4—methoxyimino—cyclohcxyl)—N-
pyrazin-2-yl-propionamide, |



to 15 with a pharnmaceutically acceptable carrier and/or adjuvant. 18. The
conpounds according to any of clains 1 to 15 for use as a0 ddisHeapend i C
active substance. 19. The conpounds according to any of clainms 1 to 15 for

the treayganhoQss Prophylaxis of type Il diabetes. . . The use of a
conpound according to any of clains j,to 15 for the prep%qTé'?'l’OBW%‘f a

medi canent for the treatnent or prophylaxis of type Il diabetes. 20 Cctober
2006 WO 03/ DOB4ABS RGPy BRI - QBQA@B -chléi6-2inettanpsudforgbplicayl)t H@- pr epar at i on of
a corrpound accordl n% foﬁ 3 cl al ms 1 to 15, said process conprising: a)
react i ngSROEHTIRAEYS b6 OQKWPFCRs OO0 OR6 R2 R wherein R, R, R3

and R6 are as deflned inclaiml, wth a conpound of fornula X R4- NH2 to
produce @%Wmt@allnﬁcmhlewaltmeﬁof NR4& OR2 Owherein R, R4 and *

%rze as defli ne?4.| n 9‘1 %nrl?)olulnd acgoran%% Iarrf)gofa clac&rg)f)%nﬁ selectgé %xlnathclax R3O CH

group.consisting of:

N-(5-Bromo-pyrazin-2-yl)-2-(3-chloro-4-methanesulfonyl-phenyl)-3-
(tetrahydro-pyran-4-yl)-propionamide

2-(3-Chloro-4-methanesulfonyl-phenyl)-N-(5-cyano-pyrazin-2-yl)-3-(tetrahydro-
pyran-4-yl)-propionamide

2-(3-Chloro-4-methanesulfonyl-phenyl)-N-[ 5-(N-hydroxycarbamimidoyl)-
pyrazin-2-yl]-3-(tetrahydro-pyran-4-yl)-propionamide

2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-3-(3-hydroxy-cyclopentyl)-N-
pyrazin-2-yl-propionamide

2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-3- (3-oxo—cyclopentyl)-N-pyrazm—2-
yl-propionamide

2(R)~(3-Chloro-4-methanesulfonyl-phenyl)-3-((R)-3-oxo-cyclopentyl)-N-
pyrazin-2-yl-propionamide

- N-(5-Bromo-pyrazin-2-yl)-2- (3-chloro—4-methanesulfony1—pheny1) 3—(3 -0X0-
cyclopentyl)—proplonamlde
~ N-(5-Bromo-pyrazin-2-yl)-2-(3-chloro-4-methanesulfonyl-phenyl)-3-(3-

hydr()xyimino—cyclopelityl)-propionamide

2-(3-Chloro'-4—methanesulfonyl—phenyl)-3—(3—methoxyimjno-cyclopentyl)-N—
pyrazin-2-yl-propionamide

N—(S-Bromo—pyrazin—Z-yl)—2—(3-chloro—4—nieﬂ1anesulfonyl—phenyl)-3-(3-
methoxyimino—qyclopentyl)—propionamide

N—(S-Bromo-pyr‘azin-Z-yl)-Z—(B-chloroA-methanesulfonyl-pheuyl)-3-(4-oxo-
cyclohexyl)-propionamide

N~(5-Bromo-pyrazin-2-yl)-2(R)-(3-chloro-4-methanesulfonyi-phenyl)-3-(4-oxo-

cyclohexyl)-propionamide
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2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-N-(5-chloro-pyrazin-2-yl)-3-(4-oxo-

cyclohexyl)-propionamide
2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-N-(5-methyl-pyrazin-2-yl)-3-(4-oxo-
cyclobexyl)-propionamide
N—(5—Bromo-pyrazih—2—yl)-2—(3—chlor_d—4—r'nethanesu1fony1—pheny1)—3—(4—
hydroxyimino—cyclohexyl)—prdpionamide

N-(5-Bromo-pyrazin-2-yl)-2(R)-(3-chloro-4-methanesulfonyl-phenyl)-3-(4-
hydroxyimino-cyclohexyl)-propionamide '

2(R)-(3-Chloro-4-methanesulfonyl-phenyl)-N-(5-chloro-pyrazin-2-yl)-3-(4-
hydroxyimino-cyclohexyl)-propionamide
and pharmaceutically acceptable salts thereof.

15. A compound according to any of claims 1 to 12 which is 2(R)-(3-
chloro-4-methanesulfonyl-phenyl)-3-((R)-3-oxo-cyclopentyl)-N-pyrazin-2-yl- |
propionamide. |

16. A pharmaceutical composition comprising a compound of any of
claims 1to 15and a phamiaceﬁtically acceptable carrier and/or adjuvat.

17. A process for the preparation of a pharmaceutical composition of claim
16 comprising combining a compound of formula I according to any one of claims 1
to 15 witha pharmac_eutically acceptable carrier and/or adjuvant.

18."  The compounds according to any of claims 1 to 15 foruse as a
therapeutic acﬁv_e substance.

19. The compounds according to any of claims 1 to 15 for the treatment or
prophylaxis of type II diabetes.

20. . Theuseofa coinpound according to any of claims 1 to 15 for the

preparation of a medicament for the treatment or prophylaxis of type 1l diabetes.
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21. A process for the preparation of a compound according to any of
claims 1 to 15, said process comprising:

a) reactimg a compound of formula VIII

W

R1

wherein R, R%, R? and R® are as defined in claim 1;

with a compound of formula X
R*-NH,

to produce a compound of formula I

CQ

R1

wherein R', R? R?, R* and * are as defined in claim 1;

b) reacting a compound of formula IX

@w

R‘l
wherein R', R? and R? are as defined in claim 1;

with a compound of formula X
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R*-NH,

to produce a compound of formula I

&Riw

R2
R

wherein R!, R%, R* R* and * are as defined in claim 1.



