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filed April 23, 2001. 1. Field of the Invention The invention provides
processes for preparing benzyl substituted epoxides useful in the
preparation of biologically 10 active conpounds, as well as internedi ates
useful in those processes. 2. Description of the Related Art International
Publ i cati on W02/ 02512 di scl oses vari ous 15 hydroxyet hyl am nes useful in
treati ng APROSIERSESs AdiDs ABERMEITGYREN HOR SRARNRNSG iBENHDET EHOXIRESr oduct s
is an N-protected epoxide. As a result, there exists a need for processes

and internmediates that efficiently produce N protected epoxides. -1 WO
02/ 08; 877 SUWMARY OF | NVEMGHGHE@NHJSIZMQLNWENHW oad aspect, the

i nvention pr i.des co dso e formul a .l N R s .zI
where Ris p éﬁyﬁ SBP Il§msu )tS?er%t é’dfl\/ﬁﬁlhtyl ffom?,%ﬁ 4opgj‘rr08’lpsslonal

i ndegencbgﬁﬂlma&alcﬁct%iﬁarlomo ( A0 /ABCE 7 kyAilegat izgpal )l e suletdit.ut ed with
one, two or 10 three substituents independently selected from Cl-C3 al kyl,
hal ogen, hydroxy, thio, -NRlLoR11l where Rlo and R11 are independently

hydr ogen orpi@h-Lo& raldand I;n\xétmcbntrifl uoronet hyl, and Cl1-C3 al koxy, (B)
C2- C6 alkKenyl__or CZ-Tc al KynyT, O hal ogen, h droxx%/1f$ ano,

al koxy opti ondld y aysesiont e&r\ﬁ’nvtlﬁe Eroﬁﬁsﬁe{sl udb?d ]f\ﬁﬁR%?-We]r e at

each occiyanae, R Sk sk angethe sanener pdiebberenorant neesetal1a)
-H 20 (b) -Cl1-CB al Kyl optionally substituted with one of; (i) O—| (1)

- NHRO (13991 ysheApmpopayis. c12€8 “aldy| 28pt IR 5H3T i ggedalni 1R L£hose o

25 3 1in dy selected hal ogens, (d) -C3-C8 cycloalkyl, - (Cl1-C2
al kyl) -~ (C3-Ce cycloalkyl ) , - (Ci1-C6 alkyl ) -0- (C1-C3 aIkyI ) , -CZC6
al kenyl , -Cz-C6 al kynyl ; and

2. Description of the Related Art

International Publication W002/02512 discloses various

15 hydroxyethylamines useful in treating Alzheimer's disease. A
common intermediate in most of the products is an N-protected
epoxide. As a result, there exists a need for processes and

intermediates that efficiently produce N-protected epoxides.
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(E) C3-C, cycloalkyl, -C(O (Cl-Cqg alkyl) , - SOzNR1oR11l, 30 -C (O
NR1oR11l, or -S02 (Cl1-C9 alkyl ) ; R is selected from -2 WO | 12/ 1185877
PCT/ 11 SO\ d458gss¢1) Cl-C6 al kyl optionally substituted w pbTeRe2/{¥8b10geN;
{11y -CHz-CH=CHz; (I11) phenyl optionally substituted with one nitro,
hal ogen, or cyano; and 5 (1V) benzyl optionally substituted on the phenyl
with nitro, hal ogen, or cyano; and R30 represents hydrogen or PROT, where
PROT is a nitrogen protecting group. 10 In another aspect) the invention
provi des am no al cohols of the formula: OH H2ZN R2 R (I V-unprotected) where
15 Ris as defined for Fornul 8UMMABHOOE, IHNNEBNR2ON s chl oro, brono, or -Si
. (R21) s where each Rzl.is independent]| 1- CS al kvl 20 - N 3) ~
where Rz3 andRA W9 haeSPSeacEFE’ gtrr}‘edi]fnf%erne%n Tarfd ?%hc%éessecn?maé a?ff(g%q e} or
wher e NR23FRRA « exr esent s pi peri dinyl, piperazinyl, or norpholinyl, 25
. phenyl optionally substituted wth 1, 2, or 3 of CIC2 alkyl, with the
proviso that at |east one of the R2ZIHgrogwps is optionally substituted
phenyl . I n another aspect the inveniNgon OoViRes an unprotected 30 epoxide
of fornula V-unprotected -3 W02/ Y8580 H2N ,v\O R

R
5 II
where
R is phenyl optionally substituted with 1, 2, 3, or 4 groups
independently selected from:
(A) C;-Cs alkyl optionally substituted with one, two or
10 three substituents independently selected from C;-C;
alkyl, halogen, hydroxy, thio, -NR;¢R;; where R;, and
R;; are independently hydrogen or C;-C¢ alkyl; cyano,
trifluoromethyl, and C;-C; alkoxy,
(B) C3-Cg alkenyl or C;-Cg¢ alkynyl,
15 (C) halogen, hydroxy, c¢yano, C(C;-Cs¢ alkoxy optionally
substituted with 1, 2, or 3 fluoro,
(D) -NR;2R,; where at each occurrence R;, and R;; are the

same or different and represent:

(a) -H,
20 (b) -C;-Cg alkyl optionally substituted with one of:
(l) _OHI
(ii) -NHg,

(iii) phenyl,
(c) -Ci1-Cg alkyl optionally substituted with 1, 2, or

25 3 independently selected halogens,
(d) -C3-Cq cycloalkyl, -(C1-Cy alkyl) - (C3-Cg
cycloalkyl), -(C1-C¢ alkyl)-0-(C;-Cz; alkyl), -C,-
Cs alkenyl, -C,-Cq alkynyl; and
(E) C3-C7 cycloalkyl, -C(0) (C1-C, alkyl), -S0O,;NR;0R11,
30 -C(O)NR3pR11, Or -80,(C;-C4 alkyl);

R; is selected from:



V-unprotected where Ris as defined for Fornmula Il. PCT/US02/ 12591 5 The
invention further provides a conpound of fornmula XI O PROT-N'X~ R XI where
X2 is chlypp@uekeo, or imdazolyl; and R and PROT are aspédefisigsapove for

For mul a
fornmul a

[1. 10 I'n anot her aspect, the invention provides a conpound of
XIV OORS ~~ NNPROT R XIV where R, PROT and Rl are as defined above

for Formula Il. 15 In still another aspect, the invention provides a

process
O-R~- R

for the preparation of an ester of formula Il, where H O PROT~N
the process conprises 20 (1) esterifying a protected am no aci d of

the formula I(F)4 C,-00 412y 1 1858YIn#LIY L SH4R1 1264 Wi th PROF~-Da bt wher e
PROT and R ar&uﬁs Q§Ii%%qcﬁbpve with an al kyl ati ng agent in the presence of
- 2” = 21

a base.

10

15

20

25

30

5
(ITII) phenyl optionally substituted with one nitro,

halogen, or cyano; and
(IV) benzyl optionally substituted on the phenyl with
nitro, halogen, or cyano; and
Rio represents hydrogen or PROT, where PROT is a nitrogen

protecting group.

In another aspect, the invention provides amino alcohols
of the formula:
OH
H,N R,

R
(IV-unprotected)
where
R is as defined for Formula II above; and
R, is:
chloro, bromo, or
-S1i(R;,) 3 where each R;; is independently
C:-Cs alkyl,
-N(R;3) (Rys) where Ry; and R,y are the same or
different and represent
C1-Cs alkyl,
or where NR,3Ry; represents piperidinyl,
piperazinyl, or morpholinyl,
phenyl optionally substituted with 1, 2, or 3 of C;-
C, alkyl, with the proviso that at least one of
the Ry; groups is optionally substituted phenyl.

In another aspect the invention provides an unprotected

epoxide of formula V-unprotected

-3-



In a related aspect, the invention provides another process for preparing
esters of formula Il: HO PROT-N O-R~ R Il 10 where Rl is an optionally
substi t utywd ophigRyd . the process conprising: (a) form ng appi)iipsef a
protected am no acid of formula | and an activating agent; (b) contacting
the mxture of (a) with a phenol optionally 15 substituted on the phenyl
ring with nitro, halogen, or cyano. In another process for the which
conprises 20 hydrogen in the pressure of fromin a suitable so. related
aspect, the invention provides a preparation of an ester of the fornula I,
treating a conpound of fornula XIV W th pregence of a hydrogenation
_ catalyst at a 1 atnosphere to about2i iy, and preferably .vent . The
invention also provides a process for preparing a . 25 conmpound of formula
11 -5 WD 02/U85877 O PROT-N R2 R P S02/12s91 111 where PROT, R and
R2 are as defined above for fornula |Vunptotected, which conprises: 5 (a)
formng a mxture of an ester of V-amp#atddteand a di hal ogenat ed net hane,
RZCH2X2, where R2 is as definped above and where Xz is -Br or -I; (b) adding
a strond B havd r@géf%‘%ﬁ‘ec; f@%a@%‘?‘“‘ﬁt‘?arﬁabout 30 to the mixture from
(a); 10 (c) acidifying the mxture of (b). In a related aspect, the
i nvention provi des another method for preparing a conpound of fornula I
wher @ PROT, Rb&nidenthd JUddismarapsine anfamatitod kofmses XI5 (a)
formng a mxture of an acid Rz-CHz- COOH g@nd a base, preferably a strong
base having a pKb of greater than Yt 39 (b) treating the mxture of (a)

with an ester of formula | | ; and (c) 1 dixkyi ng the m xture from (b). 20
In a still further related aspect, the ilpvention provides a process for
prepari ng ketones of formula Ill, whereinRRZ is Cl1L or Br, which conprises

contacting a conpound of formula Xl w{h LiCHzO or Li CH2Br. 25 In yet
anot her aspect, the invention provides a process for the preparation of a
conpoundvhifrd gfamiisa CRILOIThi Yronecess dorgicizedy lcormnac R regdh FRQE ecteedhy S)
am no acj g . i thi-onyl chloride, phosphorous trichloride,
oxal yl gdoékcﬁeoéi%{e, %h%és%h%gr%@sl&[t]rﬁgr om de, triphenyl phosphorous -6

In another aspect, the invention provides a compound of

formula XIV

O.__OR;
ZN-PROT
R
XIV

where R, PROT and R; are as defined above for Formula II.

15
In still another aspect, the invention provides a process
for the preparation of an ester of formula II, where
H 0
N R
PROT” o
R
the process comprises
20 (1) esterifying a protected amino acid of the formula I



WO 112/ 08s877 PCT/ US02/ 12s) 1 di brom de, oxal yl brom de,

1, 2- phenyl enetri chl orophosphate, 2,4,6-trichloro-1,3,5-triazine or CDI. In
still yetw@uoptdsefs aspect, the invention provides a 5 prOCﬁéii/Ufg@j’/nEhe
preparation of a compound of formula (XX) OHH R /N NCR N ~ C R~ Rs ( XX)
10 15 20 25 wherein R5~ is H, Cl1-C6 alkyl, or benzyl; R is - (CHz) i-a-S
(O o-a- (CG-C6 alkyl) , -CHz-CH2-S (O o0-a- (G -Cs aI kyl), or Cl-C6 al kyl
optionally substituted with 1 2, or 3 groups independently sel ected from

hal ogen, -F, -Cl, -Br, |, -OH =0, -SH, -C=N, - -Cl1- C3 al koxy, am no,

mono- or dial kyl ani no, -N( R)C(O)R'- :@)) am no and - OC(=0) - nono- or

di al kyl am no, or Cz-C6 al kenyl or aI ynyl, each of which is

optionally substituted with 1 PR@T OUPSH ndependent |y selected from

hal ogen, -F, -Cl, -Br, -1, -OH, -SH C= -CF3, Cl-C3 al koxy, am no, and
. mono- or dial kyl am no, or aryl, het er oar het erocycl yl, -C1-C6

al kyl -aryl, -Cl1-C6 al kyl-heteroaryl, or -CI-C6 al kyl -heterocyclyl, where

the ring portions of each are optlonal | Ty substltuted with 1, 2, 3, or 4

groups i e I ed fr .hal n. -F.-d., -Br, --1,. -OH_-SH,
Toon - MR g SR S R e o = el Roent

di al kyl am nhe CesEncamafo,a LGEs=0) - nono or WO (12/ (185877 PCT/ US02/ 12591
di al kyl am no, -S02- (Cl1-C4) alkyl, -C02R, -N(R) COR , or -N (R SOzR or
- C1- al koxy optionally substituted with 1, 2, or 3 groups which are

i ndependent | ra sseledetted faspmacs , h&|l‘@ge.ml,ve@ft163‘r Gropedecaldaydthept | onal |y
substltuted W t 11, 2, or 3 roups m% nd sel ected from hal ogen, -F,
-Cl, -BPreSESsE PEGPATAL % &y am no, -C1-C6 al kyl and
nono- or 10 d| al kyI am no, or aI kyl optionglly substituted with 1, 2, or 3
groups i ndependently sel ected from hal oge -F, -C1, -Br, -1, -O—l, - SH,
-C=N, -CF3, -Cl1-C3 al koxy, am % /ﬁtkyl am no and -Cl1-C3 15

al kyl, or CzZ-C6 al kenyl or al kyny], each of which is optionally
substituted with 1, 2, or 3 groups i ndepgndently selected from hal ogen, -F,
-d, Br, -1, -OH, -SH, -G--N, -CF3, C1-B3 al koxy, 20 amino, -C-C6 alkyl
and nono- or dial kyl am no; and the heterocyclyl group is optionally further

substltu ed wi_th oxo;
ere R; is an optionally substituted phenyl, the process

comprising:
(a) forming a mixture of a protected amino acid of formula
I and an activating agent;
(b) contacting the mixture of (a) with a phenol optionally

15 substituted on the phenyl ring with nitro, halogen, or cyano.

In another related aspect, the invention provides a

process for the preparation of an ester of the formula 1II,
which comprises treating a compound of formula XIV with

20 hydrogen in the presence of a hydrogenation catalyst at a
pressure of from 1 atmosphere to about 100 psi, and preferably

in a suitable solvent.

The invention also provides a process for preparing a

25 compound of formula III



R~ and R-,' are independently Hor -Cl-C6 alkyl; Rz and R3 are
i ndependently selected fromthe group consisting 25 of H Cl-C6 al kyl
opti onal Iwosvlsishiiuted with one, two or three substituent i.Clmgg-gpﬁgllently
selected fromthe group consisting of Cl-C3 al kyl, hal ogen, -OH, - C=N,
-CF3, Cl-C3 al koxy, and -NR30R31; ' (CHZ) o-a- aryI - (CHz) O- 4heteroary| ;
- (CHz) o0_9-heterocycle; C2-C6 al kenyl optionally 30 substituted with one,
two or three substituents independently selected fromthe group consisting
of -F, -Cl, -OH, -SH, -C=N, -CF3) C1-C3 al koxy, and -NR30oR31; C2-C6 al kynyl
optionally substituted with one, two or tbree g V1~ O 02/U85877
. PCT/ US02/ 12591 substl tuents |n|c_llsﬂe£ﬁﬁ1tly selegted fromthe group

consi sting of -F, - C3 al koxy, and - NR3o0R31;
and - (CHz) O0-4- Ca C— cycl oal kyl , whefein the cycloal kyl group is
« optionally substituted with one, two 5 Rt hree substituents independently
sel ected fromthe group consisting of -F, -H, -SH, -CG--N, -CF3,
Cl- C3 al koxy, and -NR30R31; or Rz, R3 mrd the carbon to which they are
attached .f orm o boc of three our ive, six, or _seve carbon
atoms, WHSES n%#ﬁ Xéar orf & oft§ a‘iee#’db‘?é oﬁEPVﬁ T afBaMBy a5 1
het er oatmrwm&wden&ﬂyclsei@mmégomthe group consisting of -G, -S-,

-SOz-, and -N wherein R30 and R31 at each occurrence are |ndependently
H oP Cl-C6 1 aI KQFMIRg, § sMEEFBERe L rdm €56 Sgr ot EOREMLR| nkf opndH @
-Cl- C6 al#ydloderhitsy wederdna) kyJor, 2 nghdile G, alkWs ad ihdal-5@ kaild
-C3-C, cycloal kzyl - (C1-CZ alkyl) - (C3-C, cycloalkyl ) , - (d-C6 al kyl
) -0 (CheEE ke yBY 98 -& 20 al kenyl, -Cz-C6 al kynyl, -Cl-C5 al kyI
chain with ong, douaaengored @@@ogge B! eabq@@ @r)b'Kb fbeftegﬁ_)éé}fler

het er ocycl oal k R~ is selected fromthe group consistingof Cl-C o al kyl
opti onalaikiP%rub{q iUt i ure Xrest @)gr oups 25 i ndependent |y seI ect ed
frogpthe groug.c { sRzao~ -S (=0) o0-z R235.

| NRZ S C0 ngm%~ﬁﬂé%%@%@aﬁt an?é\l% (=0 z NRzasRzao ~ - (CHz) o-a-
(Ca-Ce) cycloal kyl wherein the cycloal kyl is optionally substituted with 1,

> Couh, “and o A ahg y B Bl SRRy S WcHod oS

CRz45Rzsfoy) wrepahiner @apgprnpou-nd( CRATSREEGR )IDE 4wheter @Rgm"l od kydnd -R,

(CRzasR%stc% 0- 9 Wedete aryI s0) Q-.a-aryl -heterocycl oal kyl ; -
(CRedsrity a8 A ‘gryLTCE‘P Th]v?g S, Tk sl 1o
(CRz8sRzso0) otad)- hedemieg yhb- auydture (dBRz4sRasay R,-CH,-COOH and a base,

0- a- hetero er.oc cI Qal ) a- het eroa teroaryl
(Cqustpso%jfé/r e‘I‘r}'et eroc rfé}%gﬁﬁ l'fﬁ(a\{ﬂgoa?r ﬁ%& O%( BREGSRY ;ﬁén AR

0- 4het er ocycl @3l kytedteitrey atye Indiatdode of ((GRz 98iRES @n Q=:sa:35: of formula
het er ocycl oal kyl -aryl; - [C (Rzss) (Rzso) | i-3-CON (Rzss) z. CH(aryl)z;
-CH( het e darﬁ%/z; CH( het er ocycl oal kyl )z; -CH(aryl) (heteroaryl);

cycl opentyl, @)cl alwedddfyialg atd efiepdutde rfidign fased to aryl, heteroaryl, or
hetgéocycloalkyl wherei n one carbon of the cyclopentyl, 10 cycl ohexyl, or
cycfoheptyl is optionally replaced with NH NRzls, O or S (=0 o-z, and

wherein the ayclopeniyl , fe¥ehepexylaten aQ}SEEQheI%)é' IGRRHR iGN PRvides
optionally substltgt ed with 1 or 2 groups that are independently Rzos or

=0 - CONRREED; Lo pseparieg. detangd 9f ; feyrdd AlkenylhersigptReond |y
substi t uhiedomi kA, 1wh2ch0rco?mp%%%£rdwﬁsact@%f £ @&%ﬁ!&%doekl %%Jnlubia
substltuted with 1. 2, or Rzos groups; - (CHz) o-i-CH é—li)
(CHz) o-Witdy yiriCHCacay) L@,Cﬁg)‘e‘qu.. 6- (CHz) ol- het eroaryl ; CH( aryI or
-heggroaryl )-CO O{CL-C9 al kyl); -CH(-CHz-OH) -CH(OH) -phenyI-NOz, {Cl-Cs

al kyl) -O (CleZOaIké1§ -OH, -CHz-NHCHz-CH (-0-CHz-CH3) z, -H, and -
(CHz) o-sC (NRz¥8Y PRRE Rzaﬁﬁpecﬁmetbﬁn ieyemtaoyl prxovpieésnal Iprocess
oubst] i dd todepdraior? 5208 cBAEBLAA" BEO2b¥huLE RBLT OMAlileY SRRl Ut ed
: comprises contacting a protected (S) amino acid of formula (I)

with thionyl chloride, phosphorous trichloride, oxalyl

30 chloride, phosphorous tribromide, triphenylphosphorous



4 Rzoo 25 each heterocycloal kyl is optionally substituted wwth 1, 2, 3, or
4 Rzio ; Rzoo at each occurrence is independently selected fromthe group

consi st i ngo®b/§3s7Cs al kyl optionally substituted with 1, B3cTQlS0B1R40S
groups; OH -NOz; 30 hal ogen; -COzH, C=N, - (CHz) o0_4-CO NRzzoRzzs | -

(CHz) o-a-CO(C1-Cz alkyl) ; - (CHz) 0-a-CO (Cz-dz alkenyl) ; - (CHz)
0-nCO (Cz-Clz al kynyl) ; - (CHz) o0-a-CO (C3-C, cycloalkyl) ; - (CHz)
0-9-CO aryl; - (CHz) 0 9-CO heteroaryl; - (CHz) o_4-CO -10 WO (12/ (I RSS77
PCT/ US(12/1259. 1 heterocycloal kyl ; - (CHz) 0-g-CO0-Rzis; - (CHz)

0- a- SOz NRAzsRyids . - ¢yl o- Hr80LdeC] - Gabml‘ﬁr)ylenet(ﬂdzf)lcar@ﬁ&pha(t@lrd z
. al kyl) 2, 4(601295%1)%1%%&%1:91 lsoadllé:g[%\jj( - (CHz) 0. g-N (H or Rzzs)

-COORziISi - Rzis) z; 5 - (CHz) o-a-N-CS-N
(Rzis) z 1 - (CHz) o-a- N( H or Rzis) -CO Rzzo; - (CHz) o 4 NRzzoRzzs; -
CHz -4-0O al kyl 4-O 0

f) a- %)-gON( %9%1?6 ya)no’t:heé %ﬁ%%%&l’s)thé )1nv 1061 pﬁbv%gégs) 7 ~

(CBiz) mr-ca:}e@s (fremd sr)hez ;ﬁ@,’ﬂ-&r&t:(dﬂ-lzjf & Lechpd R ij Zorm(1GHz)X3D- a- O

(G -Cs alkyl optionally 10 substituted ywth 1,_2, 3, or 5 -F); C3-C~

cycl oal kyl; Cz-C6 al kenyl optionally s tituted with 1 or 2 Rzos groups;
Cz-C6 al kynyl optionally substitted V\Hh 1 or|2 Rzos groups; - (CHz) 0-9-N
(H or Rzis) -SQz-Rzzo; and - ( ;qoal kyl; 15 wherein each
aryl group at each occurre i substirut ed with 1, 2, or 3
groups that are independently Rzos, iRzio Cl- C6 al kyl substltut ed with 1,
2, or 3 groups that are mdependentﬁ Rzps OIR,Rzl o; 20 wherein each
het er ocycl oal kyl group at each occurtence is optl onal ly substituted with 1,
2, or 3 groups that are independentlyRgho; wherein each heteroaryl group
at each occurrence is optionally substituted with 1, 2, or 3 groups 25 that
are i ndefisifeiit |y Rzos, Rzlo, or Cl-C6 alkyl substituted with 1, 2, or 3
groups thatiarg, i ads sequtQtllyOBzggn%,lel 0, Rzos at each occurrence is
|ndependently sel ect ed fromthe group consisting of Cl-C6 al kyl, hal ogen,

- OH, -0311 phefy| - (&) 12658(0) p2-{CF3Cs C1adBYal koxy ; CRIHGHNS @(Z:ih LB CatRyl ) ,
and, (C1- Cﬁaﬂle)k I) dCL- C6 ~al kyI) ; Rzio at each occurrence is
|ndependently sél’ected fromthe group consisting of Cl-C6 al kyl optionally
-11 WO 02/048687Z1RET/ gs02r1249y sullsttiittuntedl withh 11, 22, or 3 I@mlpgs oups

; Cz-C6 al kenyl opt ﬁﬂﬂ% t 3 0s oup:

al kynyl optionally F&d sups Ac%lu 3; é%#:é"ﬁtde%n E%?%3h%%0§é8r01%$ %‘gl og?r"{: Cl CG
al koxy; Cl1-C6 hal an kogy, SoNRzzaRzzse=iH -€AN C3; G, c¥ekealkylamino,
optionally substituted wwth 1, 2, or 3 Rzos groups; -CO (Cil- al kyl)’

_SOz_NRz3sRzao; - (RNRz35R2401alkpiaminp. Co-BIK,T)O)Rand =@QC W@reﬁmno
15 and -0C(=0) -mono- or dialkylamino, or

C;-Cs alkenyl or C,-C¢ alkynyl, each of which is optionally
substituted with 1, 2, or 3 groups independently
selected from halogen, -F, -Cl, -Br, -I, -OH, -SH, -
C=N, -CF,, C,~C3 alkoxy, amino, and mono- or

20 dialkylamino, or

aryl, heteroaryl, heterocyclyl, -C;-C¢ alkyl-aryl, -C;-Cs
alkyl-heterocaryl, or -C;-C¢ alkyl-heterocyclyl, where
the ring portions of each are optionally substituted

with 1, 2, 3, or 4 groups independently selected from

25 halogen, -¥, -Cl, -Br, -I, -OH, -SH, -C=N, -NR,R',,
-C(=0) - {C1-Cy) alkyl, ~-80,-amino, -80,-mono or
dialkylamino, -C(=0) -amino, -C(=0) -mono or



Rzl s at each occurrence is independently selected from 10 the group
consisting of C1-C6 alkyl, - (CHz) o-z(aryl ) , Cz-C6 al kenyl , Cz-C6

al kynyl . w&d268sseycl oal kyl, and - (CHz) o_z- (heteroaryl) pctrus(faizd
0_z(heterocycl oal kyl); wherein the aryl group at each occurrence is
optionally substituted with 15 1, 2, or 3 groups that are independently
Rzos or Rzl o; wherein the heterocycl oal kyl group at each occurrence is
optionally substituted with Z, 2, or 3 Rzlo; wherein each heteroaryl group
at each occurrence is optionally substituted with 1, 2, 20 or 3 Rzlo; Rzzo
and Rzzs at each cticaiindeing.e i5eg€adent |31 kel ect@hLR.r ol (AR ouper

. consisting of -H - -)g) gl,%ryfl , hydroxy C1-C6 al kyl , amino Cl-C6 al kyl
hal o C1-C6 al kyl; -C3-'Cr%ycloal kyl, - (Cl-Cz 25 alkyl) - (C3-C~
cycloal kyl) , - (CKa€€sabkitbxy- @ptichad3dyalsudstitutedy-wCoclal kengl, 0r CGz- C6

al kynyl, -d-C6 al kyl chal i th. Qpe ubl e; ho n ripl 0

-aryl, -heteroaryl, an Iﬂ]"g%égr%%/@lqog?%yll;nd eér}%e%[%qﬁg %r ;sFl%FgS% g[?r%néch

pcgusregcet: S %(Z) opti ogllqgesubsiﬁb\gtegzyvi tg8%’7 % ;)r1 3 g/r gupg that are .

i ndependent |y 0s, or iQ; - . erein e

et e oCycl oal kyl ot GYSLaEREsEcHPFERBBIRY SHPFONAITS o tien: dut &t ih 1
2 , or 3 Rzio ; whereda ngeatbsheirdoperydegt Dyp safl eeaed o€ednr enCleoden S

bptionally substituted with 1, 2, or 3 Rzio: Rzas and Rzao at each
occurrence are independdnt| yCH, orBiG=C8lal ky@H,; REHs arfFNRzsoCHi, e&ahCs
occurrence are indepen sel ect 10 fromth up si st.i.ng of  H,
ad-c&4 alkyl, Ci-C4 hyd(rjagl%%%f(’yl 3@%{%%21 al kccrﬁxg16 C%—l qhal%ﬁ?ko@%bg- ((S—E{)
0og- C8- C-, cycloal kyl, Crascaldend, @z-C6 al kynyl, and phenyl; or Rz4s and
Rzso are taken together t I 0, i h re atfached {o
forma carbocycl eq‘ce}f r&g‘,’ %’1}(?1 g%tgfbnl%ﬁggﬁ b%"\él@éé %n%?e%pﬁ‘(gﬁal 'y %\helrg% o§ne
carbon atomis repl acedibyurss hehéepatdemsky eseddctedmftrber gradueconsiBii ng
of -O, -S, -SOz-, and -NRzzo-; Rzss and Rzso at each occurrence are

i ndependent |y sel ect ed 20 f r o he ~gr oup®BonsiHti ng of =Ny C1CT6 alyrCs
optionally substituted With.1, 2miR5 3mB&aBS H0UuPsa1 kAT Shidd Kepy! o, -c
optional |y substituted ayvath }Jl. 5or’ 3 Rzos groupsé;‘ }g-CG“z(IL kyn%}l e
optiténal |y substituted ak¥ 1,02, or 3 Rzos groups; - (CHz) 1 z-S (0) o_z-
(C1-C6 al kyl) ; 2% - -4- C3:.C, <cyel oal pti ly_ su | tyted. with
1, 2, or 3 Rzos grstozupcgu_gi}f%'ﬂ%d %)]Cky(fz) 65 a%;}:k%ﬁ('mg%ghal E;f/l ?ﬁ%ie%lgr ogsryl;
-(Cl-C4 al kyl) - het er ocyapioadnad Ly - anpbtitheedr oargH ; 1, hét,erocydl aafdyps -
(CHz) 1_4-Rzss(CHz) o-a- o3 ) - Sy - a- het er oaryl ; and;
30 - (CHz) 1-4-Rzss- (éﬁé%?%@#e% ro%y%‘?%%iyf?gmgh%%élgﬁ%ﬁiss%t e%ic’h
occurrence is independesyt]y -10-, o, orsuN (Cé=(% al&yl, ) c,-c;eactkaky] or
phenyl is optionally substituted with 1, 2, or 3 groups that are .

i ndéfendent |y Rzos, Rz-aMinda3 -CwE02308%87 ANPCTIOP 12,2 sdha by miose g ky|

substituted with 1, 2, %%@ez‘} £ dpdgpendentd ¥oiz '
each heteroaryl is opti%ﬁ%l ?fésu sti%]%{%%;vw#h 1, 2,9(?, %r m%&ﬂ%&each
?e'(t);aroc;(/(c:::?%al ;<y| IGEQI opt$14§@tlt tyut's@gﬁz‘téiﬁzt@éow EEI:RE?I f 1?%6)R’0rl 4 RzICo( RIC\I))i s -C
—J) - 0- % R, QPe ¥ e B%pt C a.é%%-‘ =) -
(CRR ) -OR |oo, 7—%(1: - ?%R Y-S Foor -Ct= (1 ") -NRl 00-R
| oo 10 Ro@rah®:Rakeoiadependepehsieaelpcaeyl frhmt sheagybup- appbivtangl |
-aryl-- Wheteroaryl ,~-ary e I | - y
- he éL-’r oaryl -V@'ﬁe%’er%h%l flall%gt éﬁ%ggéﬁh&ef"é‘?g‘é%ﬁ%& Y’Eﬁ?‘e%"&%ycwﬁ Waryl ,
iget ez_}o%y]cl yl %Mﬁc:l-lz) %%yi;?emmceim%ym%dllewmc;gb@m%erc]arﬁ:(t;l?s)dg}iptqp}lz) o]
z- ~] - 0- 2-ar - =0 .- Q-2- ~] -
o-zheterocyplW‘?sb?‘fl@(Q%)cl'@ﬂ EIF@Z)FBE?&@R{OH'.(CFE@) o<zHet é?zgar yl,
.vvhere the ring RQrLheRyOf agACHNAL &, 0Pt L @)l Y, Sulsti tetgd with 1, 2, or 3
groups i ndependently selected f rom
heteroaryl; - (CH;)o-.4-heterocycle; C,-C¢ alkenyl optionally
30 substituted with one, two or three substituents

independently selected from the group consisting of -F,
-Cl, -OH, -8H, -C=N, -CF;, C;-C; alkoxy, and -NR3oRi;; Cp-Cg
alkynyl optionally substituted with one, two or three

-8-



20 -OR -NOz, halogen, -C=N, -SR -SRR 9s, -C (=0 R -OCF3, -0F3, -OP

(=0 (OR) (R ), -N(R (COR ) , -N(R (SO2R14s) , - ( CH ) 0-4

-CO- NR osfb od/gdg77 - ( CHz ) 0-4 -O ( CHz ) 0-4 -CONRR |, per/(Shizsa- 4- CO
(Ci1-dz alkyl) , - (CHz) 0-4-CO (Cz-dz alkenyl) , - (CHz) 0 4-CO (Cz-dz
al kynyl) , - (CHz) o0_4-0025 (C3-C~ cycloalkyl) , - (CHz) 0-4-Rlo~ - (CHz)

0-4-R zo~ - (CHz) 0-4-R 30~ - (CHz) 0-4-CORIlo~ - (OH2) 0-4-COR zo -
(CHz) 0-4-CO R 30~ - (CHz) 0-4-CO R 40~ - (OH2) 0-4-CO0-R so - (CHz)
0-4-SOz-NRlosR los~ - (CHz) 0-4-SO (Ci1-C8 al kyl) , - (CHz) 0-4-SOz_
(Cl1- 012 al kylsubstd ti@H)s d%@@@pde(r@a}mse@@ocﬂm o‘iaﬂd&rylt)he 9r0(U®-|z) 0-4-N (H

. or Rso) -COOR so~ - ) 04N(Hor 0 Rl s 0H2)

0-4-N (H or Iqoéi?)lstéﬂ?ﬂ\lo(%go) 41 Si—l IQ(‘;S A r3' 503 3EBYos ~ -

(CHZ) 0-ANRl gy $ha) -Qchs 4DT d,CEgk18a4k Cowh(eginG ﬁlekyl) -14
 (12/1185877 PI@?EJS(I_’LZ/ 1259(1%- R cHz) o- C?%P (O P o)z, < (C)

CON ( Ry$§gyrad kyl @@W@Saqate@ml(lm $pypsLitu tchgma tRSo0) , -
qgﬁ%re@@ﬁbstﬁt%@fhd%pe(rﬂe?@ly gy AR ke - {CHz)

or Riso) -SOz-R~. or - (CHz) o-a- C3-C~ 5 cycloal kyl, Cz-C6

Cz @.’C&ipk)d@ﬁ&lﬂflr@ edf i-¥,CHdd, o -&ikyl-Bpt i-a=A | y@ubscucw ed with

3 R oups l%ﬁn R I's at each occurrence is independently

hal oge -OHA al. loal koxy, -CQz-phenyl, -NRIosR,. -SCz10

(C1l-Ca ajxkyl ) , -C( 0) Rl ao, Riao CO\IRI%R‘ i 0s, -SOzNRI%R' i 0s,

- NH CO- (Cl a %1 -NH C - _NHC (=0) -OR, -NHC_(=0)

- O phenyiz; - ) ¢ e(C‘Fa@BO%I kEfP) Whlc@ CEBEY.- aftRo, 2t ERERed) -FRFB- Sor

di aj kyl am no,caxgéc( yQe Bhe%feeO fok, Coralkyl )s 00z Er - B SPZ cliPlorf6 15

al kyl ) , -C6 al koxy or - hal oal koxy, or Rroois - (Cl1-C6 alkyl) -O

{Cl-C6 al kyI )at@rma, eeela| k1y|)2 S-0% C3- CBrEPRY| At®dchase Wtdenslly

optional I'y syhsii 'atdét@%yw Ehh%te%oa‘%'brr?’ fﬂdeﬁa&(d@rp@ly OéeBéQQeéisfro(ncetkEa

cycl oal kyl) optionally 'substituted 2, 0 Ris groups ; R and

R i ndependerdiqurarc@idtddgen; ofcrOCG a15ky| " zr@nérlldy -§Rbsti tWheé’(PJ\Mth 1,

2, or 3 grou t re_kn n Br: (& )

P i S Sl e o e R A AL v

axelEndependentIyaslé%elo't ed fromthe group consisting of H Cl1-C6 al kyI

C3- C~ cycl oal , N t er-oaryl

het er ocycl yl , 35? asnd ﬁ?é%(%s)fgfbea% glrl(%gy %Or?%%érteﬁ?&agj re%r esgi‘\tc‘S H,

-Rlio. -R zo, Cs-aakydyclbgdikyky C1€Cd- @ika'llkylamlncé C81 X cytkpadl kyHalg 30

- (C1-C6 al kyl ) aI Ky enyl Iky yl ), or

-C1-C6 al kyl chai nCOV\ng doub%:é %onﬁy 1% 5trl pﬁce‘ génaﬁgr - ? (%

al kyl optionally m;ttslioatllktyéld W t-h(C 1@1360ra11N}rik) -0f (Cr-X5  a\My(Q2/,085877C,

PCT%JSOZ/ 12591

213

O-
- a- (
| kenyl
0
n,

alkenyl, -C.-C¢ alkynyl, -C;-C¢ alkyl chain with one
double bond and one triple bond, aryl, heteroaryl,
and heterocycloalkyl;

Re is selected from the group consisting of C;-Ciyy alkyl

optionally substituted with 1, 2, or 3 groups

25 independently selected from the group consisting of Rjgs,
-0C=0 NR3z3s5Rz40, -S(=0)o-2 Razs, -NR235C=0 NR235Rz240, -C=0
NR23sR240, and -S5(=0)2 NRa3sRa40; - (CHz)o.3- (C3-Cs) cycloalkyl

wherein the cycloalkyl is optionally substituted with 1,

2, or 3 groups independently selected from the group

30 consisting of Rags, -CO.H, and -CO,- (C;-C4 alkyl);
- (CR245R250) 0-4-2¥Y1; - (CRa4sRzs0) 0-a-heterocaryl, - (CRz4s5Rzs0)0-4-
heterocycloalkyl; - (CRassRz2s0)0-4-aryl-heteroaryl; -
(CR245R250) 0-4-axryl-heterocycloalkyl; - (CRzssR2s50)0-4a-aryl-aryl;

-9.-



-Cl1-C6 al kyl optionally substituted with 1, 2, or 3 groups ' independently
sel ected from hal ogen; Rigs is Cl1-C6 al kyl, CzZ-C6 al kenyl, C2-C6 al kynyl,
C3_C~ cysh@almghs - (CHZ) 0_2- (aryl) , - (CHz) 0_2- (hetpepesoipsgr or 5 -
(CH2) o0-z- (heterocyclyl) , R 40 is heterocyclyl optionally substituted
with 1, 2, 3, or 4 groups independently selected from Cl-C6 al kyl, Cl1-C6
al koxy, hal ogen, hydroxy, cyano, nitro, am no, nono(ClC6) al kyl am no, di
(C1-C6) al kyl am no, Cz-C6 al kenyl, C2-C6 10 al kynyl, Cl1-C6 hal oal kyl,

Cl- C6 hal oal koxy, am no (C1C6) al kyl, nono (Cl-C6) aI kyl am no (C - CG)

al kyl, di (CEGER:adReyd) am-n‘tﬁt(e@fpa@/)l?ﬂrmll;, —a(rﬂizz;@zsd:kloél«sh%tmla-l kyI or

' ggl 05: i;l 'S h%%zr%%?aﬂ%%é&l cycl F‘i()?n _(hgte%aactl@}( k¥< tIeI(Q one doubI e

bond and one tGRZlebsbondhetlﬂncxa;ycllﬁazldgylofhe@]&r@@m/tkyl- Qﬂﬁzhﬂh&d loya -

. substituted 1, 2,3 I Qu |nd dent S ted from-OH,
-NH2, C1-C3 \Helgoef Cylﬁ]1°dlk§'nd egﬁ od‘[e)CSY %1% sY is C& % yéioal kyl , -

(C1-€Z al kyl )hete(x&:-y(aidamtﬂatdqyytl), ,~ [CzCRGBs a(]Hﬁaﬁ}Ml,-B‘@'@B' eHaokyinyl - Cl-C6

al kyl with oneg douhl.e bo nd one_trip d or Cl-C6

al kyl opti onatl \Areudst i tggég %efﬁafyliiz, 3)&3% re %%ll%%\éen’dent ly

sel ect ed frometﬂatrleHzmet@JrcG&YZJS a|d§®d}0péif@mald;gﬂmhd§l}élo ik sel ect ed

from mor phol i th|o hol i Jerazi er|d|

hononor phol i rﬂﬁ/ dﬁ‘tﬂ H{]ﬂy er%/ m'hﬁﬁ#ﬁ%ﬁ 5 oxi de,

honot hi onor ph@ﬂé%cy%lsfalwldauhd%emldrryIcaambrpwfr Ctlhéildwdlopﬁﬂ(ﬁylof whi ch
is 30 optionally substituted with 1, 2, 3, or 4 groups |rhdepe dent |y

sel &t ed frorﬁ@céf@’%lkyloﬁlc@%ﬂw 2 VYt BEP Fid ¥,

am no, mono( Y, & Kr amang,, gdi a(r@l'v@@re?s.ﬂ()ﬂhearﬂ ;%@61 al kenyl, Cz-GCs
al kynyl, C1-C6 hal oal kyl, C1-Cb hal oal koxy, ami no( WO 02/ 1185877

PCT/ US02/ 125 eyl 0oy LY lal JEAUR G (}GL Ctmal%ﬂ%ﬂiy di (C1C8)
al kyl am no (Gl:ff): @lded wand 7&r B Ip-diparotaondi Onaddepstistd tutged, with

1 or 2 Rizs groups, wherein, R zs at 'each occurrence is |ndependently
hal ogen, ami M = mo-Mtaadiad rkﬁlam% (CORfs 233N 1 )- IS Rktz , 2 LSO INHC1 - C6

al ky - SOz l.KY. o e yl 1- C6

al kyF or %%18%%&2}}( %( %tl or dCl %( % 3Cé@a nyl11 orl\&gze&

al kynyl , eactﬁldtynm-l cdpnﬂsartﬁdtlt}ormm%/clmd tthtéd W th Y B Rwps PrKIRFoups
t hat areinde_p ntI e ,. ha e C--N
_CF3, CI-C3 al ﬁaédf L AlcRg] S ORI e A ‘am L%%G}S'rl s gﬁﬁ%g&
optionally sub@brtemoactyw t hk Clirle a xtyo oar trllerteeoaﬁ:yﬂal @@e@ (C15CRiaZlky Is) ;

gleggrlogrmt erocyQI 2 opi)lonaIO:H)f ?5!’%%5/.% uté X\Hh y§ Oizcgreﬂgi - and

conpoi si ng 2GYla)l rfmu,m-rﬂ;{zaNkIeC(BIlaeCHf( ®o€H1HG:H3I lz] tH), gemr-at@an-¢«al cohol

of formula |V d(bé%&r |ngthe al cohol of fornula IV with a base to
generate an ecbojﬂﬁé?) 2ot W E&Hect, the invention provides a process
of preparing eacomepnd Hf oftor sis Bl @Qbsﬁwd&w WHWpri sing o asbing the
epoxide with an ne of fornmula R~NH (R5 jeld ected am ne of
formula VII- 1eaqkhrpt%teerr i 55 PR t?lftbs%nte ‘b‘?cgt t'?ledl an ne® of°F
formula (VMI1-1.) 30 djj,anot her aspect, the invention provides a process of
preparing a corrpound of formula (XX), further_conprising deprotectin the

protect ed ami $RFHN QQﬁIFRfF)éCJ(%JIkW) 1% PRIETRAE Y AP Hatet Wi aki
addition salt of formuag (4,l1-1.) -17

R0 2t each occurrence is independently selected from the
group consisting of C;-C¢ alkyl optionally
substituted with 1, 2, or 3 Rass groups; OH; -NO;;

30 halogen; -CO;H; C=N; - (CH;)(-4-CO-NRz30R225; - (CHz)4.4-CO-
(C1-Ci12 alkyl); -(CHz)-4-CO-(C3-Ci2 alkenyl); -(CHj)o-q4-
CO- (C3-Cy alkynyl); -(CHjz)-4-CO- (C3-Cy; cycloalkyl) ;
- (CH3) 9-4-CO-aryl; - (CH,)g-4-CO-heteroaryl; - (CH;)(.4-CO-

-10-



WO 02/ 085877 PCT/ US02/ 12591 In anot her aspect, the invention provides a
process of preparing a conpound of forrmula (XX), further conprising the
depr ot ectygd o@gdsge; of formula VIII1-1 and form ng an am de péhr@]g(,zt,{)emam ne

and a conpound of the fornmula RNZ, wherein Zis COZH, 5 COCl, -SQZCl, a
hal ogen, -O nesylate, -0-tosylate, -0-nosylate, -0-brosylate,
-Otrifluoronethanesul fonate, or COimdazolyl. In a nore preferred
enbodiment, Zis CO2H In an equally preferred enbodinent, Zis COCl. In
yet another equally preferred enbodi nent Zis COimdazolyl. In yet
anot her 10 equal | yhetreaforyrod e adrkyd di-nfetit, oz Ce-0SRIAGL. -I( nHy)equam»zt -her

o equally preferred di ment yla t osy. syl at e,
-0- brosyl at e, - (1%2?11 uororlré ﬁéngé}ul bn%"t e@%k fé} M? 1‘2/’59%8?:3 &

PCT/ i 1S02/ 12591 DE'IIAdyllED DESER) E’TL@J;Q—'C{FHE EWVENRLRNL S ; 10 (CTH, Py efermed

. conpounds of For rrula i n¢l ud those nd R i s. phenyl
substituted with thilst wg:% ?’ éﬁg E&ﬁef’e E;O; goRH Ph’deﬁ)endent |y

regresent (A Cé C&@adzkyjl Nptlrsenak%g §ub5t¢mytoeqlelf(w-tm dasnfc%mtwcxﬁmémree

substituents independently sel ecte 0 a 0 rQxy,

-R11 where R o and ! I’-‘?ﬁ?mﬁe Bmgb?énd'eL h‘y@r gé)en rté:lgjdﬁ%a kyT c;

trifluoronmethyl, gnd-€lo{3 (aRkExy; {BuNalpeemo-MYH,00%. CYERO., (O-C5-

al koxy opti onal I y substl tut ed with 1, 2, or 3 fI uoro, or (C “NRL2R13 wher e

at each occurrencd I%QQS and-REB2 ke QhERu sk or(Cied par Ont(Ramd 21 €pREsent
hydrogen or al kyl . E—%thREIQQ rlrp@%g - ( @L@I@R%I@, 1 hoser pf

Formula I1-AHO PROT 95 where P R1 are defined
as dBove. Such compstdsutiede Wltclfbrirpo@nds3:ofOIF(5rmfl a 19:-8; %Y@lﬁpﬁlb‘iﬂred in

the processes of tdecinygptien &g@i@y A0, L 851 8hSeq R fék?rfocgrRzl IR oups in

I1-A are Cz-C6 al kyI groups optionally substituted vvrt one br on8° o
chloro. More pref gereWSar &26@6@l)gy@mbsomtpmmleysebr@swlumédwwmhl brom)

O e Chome PEEl 2 L, RS (ROBROWIS 26, FOLI dnd
- (CH3) g-a- Ca-C, cycloalkyl;

15 wherein each aryl group at each occurrence is
opticnally substituted with 1, 2, or 3 groups
that are independently Rzps, Rai10 Or C;-C¢ alkyl
substituted with 1, 2, or 3 groups that are
independently Rjps Or Raig;

20 wherein each heterocycloalkyl group at each
occurrence is optionally substituted with 1, 2,
or 3 groups that are independently Rzip;

wherein each heteroaryl group at each occurrence is
optionally substituted with 1, 2, or 3 groups

25 that are independently Rzes, Rzi0, or C1-C¢ alkyl
substituted with 1, 2, or 3 groups that are
independently Raps Or Raig;

R205 at each occurrence is independently selected from the
group consisting of C;-Cg¢ alkyl, halogen, -OH, -0-
30 phenyl, -SH, -C=N, -CF3;, C;-C¢ alkoxy, NH;, NH(C;-Cs
alkyl), and N-(C;-C¢ alkyl) (C;-Cg alkyl);
R210 at each occurrence is independently selected from the

group consisting of C;-Cg¢ alkyl optionally

-11-



WD (12/08S877 PCTI US02/12S11 O' PROT-N ~ R2 ~R I11-A where R, PROT and Rz
are as defined above with respect to Formula Il. 5 Such conpounds, i.e.,
conpoundsy@bz/bskiul a 111-A, are preferred in the processepcplsiBsénvention
enpl oyi ng conpounds of Forrmula Il1. Mre preferred conmpounds of Fornul a
[11-A include those 10 where R is phenyl substituted with up to two groups
Rp and Rg, where Rp and Rq i ndependently represent (A) Cl-C6 al kyl
optionally substituted with one, two or three substituents independently
sel ected from C1-C3 al kyl, hal ogen, hydroxy, -NRLoRll1l where Rl o and Rl1l are
15 i ndependent | y Ispdhstgented GL-tE6 lal Ryl ont 3 Raorocomeidsyl ,C.afd OlkeBdyl
. al koxy, (B) hal og : HAXY, , | koxy, optiaonal |y substituted
with 1, 2, or 3 f?%%#g¥g%$§k5f8§g¥ﬁﬁé%?&ﬁgiéﬁdt%%agﬁJg%?%??éﬁ%%Eﬁﬁz and
R13 are the 20 safe-6¢ aliymylkentparchakiy esdrdt hydredenitoin B) ky) .or 3

- Particularly preferred conpounds of Forjrula 1]l -A are those where Rp and Rq
i ndependent |y rep%égegfo -Czhgﬁﬁﬂep’hggggéﬁ?i¥®ﬁ¥bf@;Cgrﬁéi9egkaf¥0xy.

Stild other particwrgslry,or efker rcg@;cggp@p@%malﬁgrlmgﬁilgﬂéﬁ}} ncl ude those

where Rp and 25 Rq independently represent "hal ogen. A'particularly
preferred group ofubsiicutes mdphedentied By SF&reruIcE OMPIS-iA -8l0e (ThoSe of

Formula I11-B -20 41,40 153/ ER5%77 .0 RROLN 72 F kLB _
PCT/ LI SI | 2/ 12591 Sreyégﬂed PROT gt 8tips are tfﬁﬁ?ﬁyyc§§%oé§ffLSalkyl)’

benzyl oxycar bonyl and f=@r;mphextedirt yl , pht hal i mi do, trichl oroacetyl,

hi tyl, b . L | | hanyl. .
2 ot byl benzy ! oxy At baty P2 T T BERSS: oy CAraangtier IS s eeea srom

4-f1Qor obenzyl oxycar boryle, gdohiporoinensyliogy odfr eAgE ,alkyl, - (CHy) .2~
3- chl or obenzyl oxycar bonyl 1Q, chl orgbenzyl oxycarb I
2,4-dichIorobenzyloxycg%ﬁggér,%ﬁbgﬁﬁ% éﬁ?é?bx c§$b8g6¥?yl’ C3-Cs

3- br omobenzyl oxycar bonylycléailkydherzy oxyeal bgnyheteroaryl), - (CHy)o.2-
4- cyanobenzyl oxycar bonyl , 2-%§5e yl )i sQpropoxycar bonyl ,

1, 1- di phenyl et h- 1- yl oxy\&&F64 VFq Fé&ﬂﬁﬁén&%ﬁ%@ﬁpi- CoRy¥ar BERYP, at
2- phenyl prop- 2- yl oxycakbehy locc2rkende- tiel byltipheR12- WheatGauRaY ki th

cycl opent anyl oxycar bonyl , _1net hyl cycoopent anyl oxycar bonyl
cyc%%hexanyloxycarbonyﬁ/ fﬁePﬁyﬁc§%FHﬁ€xéﬁ?Foﬁﬁ@aBBﬁ?P?ndent1Y Ra0s OF

2- met hyl cycl ohexanyl oxggay;bamglre 12 thet ledhshianyrh 1h%?%@ rBenglach
2( et hyl sul fonyl ) et hoxycarbonyl, 2 20 (triphenyl phosphi no) et hoxycarbonyl ,
(trimet hyl silyl net hyl ) PFEPFrERFEoRFc IPhdRAR L 18- saRsitdGxsied wathoxycanbonyl ,

4acet oxybenzyl oxycar bogyl 3 %Q%q2wh%&%hho%9%%“%&%%%6%9?&'group at each
2et hynyl - 2- propoxycar bonyl , cycl opropyl met hoxycar bonyl,

4(decyl oxyl ) benzyl oxyc&ckgayrences dsorpfionpddvbsmpstituzed with 1, 2,

pi pgeg i dyl oxycarbonyl, @+f hugroenyl met hyl carbonate, -CH CH=CHz and
(-NE)CH-phenyl. It is preferfred that the nitrogen protecting group (PROT)
be t-but oxycar bonyez20 BOG) Rers BéEn£pichx pearbreyice( 8BE) independentd ypr ef err ed

that PROT be t-Dbutoxycaharylky @Q%w§%%£|5905% b%%sisting of -H, -C1-Cs
alkyl, hydroxy C:-C¢ alkyl, amino C;-C¢ alkyl;
halo C;-C¢ alkyl; -C3-Cy cycloalkyl, -(C;-C,

25 alkyl) - (C3-C; cycloalkyl), -(C1-C¢ alkyl)-0-(C,-Cy
alkyl), -C;-C¢ alkenyl, -C,-C¢ alkynyl, -C,-Ce
alkyl chain with one double bond and one triple
bond, -aryl, -heterocaryl, and -heterocycloalkyl;
wherein the aryl group at each occurrence is

30 optionally substituted with 1, 2, or 3

groups that are independently Rjgs ©r Raig;

-12-



WO 02/ (18; 877 PCT/US(12/12;91 the art will understand the preferred

nmet hods of introducing a t-butoxycarbonyl or benzyl oxycarbonyl groups and
may addi twooabdsgrconsult T. W Geen and P. G M Wits i npdPigieakdve

G oups in Organic Chemstry, 3rd edition” John 5 Wley & Sons, Inc. New
York, N.Y., 1999 for guidance. Preferred conpounds of Formula

| V-unprotected include those of Formula |IV-A-unprotected OH H2ZN~R2 ~R
(I'V-A-unprotected) 10 where R and Rz are defined as for Formul a

| V-unprot ected. Such compounds, i.e., conpounds of Formula

| V- A-unprotected, are p&l@fr@ﬂmdlﬁeoﬂ?an%dcwamlwdcm eft tlaehi nventi on

. enpl oyi ng compounds of for my 2 L\-upar ‘?Ltse%lﬁ_aetqonﬂﬁl@r %En ut%%u%%ﬁp%g'a s of

Formul a | V- A-unprot ect ed i ncIUde those of “For mu nprot ect e H2N ~
R2 RP R/'/ 4 |V-B-unprotected,wm2er @er\ &ach;Rq |ndependently represent 20 (A

- C1-G6 al kyl optionally ul_)f%t_L é% % ett%r%@lﬁraq Oéq, pht hr ee %Ubsﬁ}‘-ilftg%%%tc\%here

i ndependent |y sel ect ed from € 3‘? r 6X

Rl o and R11 are independentilsy dptdrarwriyorsmst@&mdqlwltmlﬁl wor aretzhyl , and
Cl- C3 al koxy, 25 (B) hal og%n hydroxy, cyano, Cl-C6 al koxy optionally
substituted with 1, 2, #7uoro, or -22 WO 112/118s877 PCT/ US02/ 12a91

(O -NR zR's Meraeldang)acah eacly berte ridhecandeRiddapenidee t1 ySaNe oef C- -
di fferent and represe?% llnydrogen or alkyl. Preferred Rp and Rg groups in
Formul a | V-B- unpr Gte@t&8are 5 i ndependently sel ected hal ogens. More

preferably, Rp,.2aGdRR, 4" atf et BecarerhceParte Gudapendenheler ked se@@eounds
of IV-Bunprotected are those where Rp and Rq are fluorine atons in the 3-

and*%- posi ti ons WER" &£5e 8L OMP tcﬁ’élsﬁﬁltﬁpgop fatt abanenta iyt hCipRenyl ring
to the parent methyleosyal® re@t@pdapgggﬁgur@lscgf hg%gyjchy unpegsect ed

i nclude those of Formula V-A-unprotect N ~R Formul a V- A-unpr ot ect ed 15
where R is defined a5 Cé?bé’Vélp@rlkE’érr m&k aCa/- Qﬂfiiﬁrﬁf%ct%dcssﬁéh}’@bﬁpoﬁﬂ@s

i.e., conmpounds of,zeRAUl 3, V-A-unprotected, are preferred in the processes
of the invention enpl dyi ng conpounds of Fornmula V-unprotected. 20 Preferred
conpounds of Regr giida RyscAadgpltatest éodehderde ithoshenisarbor ite phécy

ituted with I q, nd -Rg i ndependent |y
reg?%sent (A Ci1- %@e I?;ﬁéoggtt%gﬁlgldm sgggﬁ ta&@%%'h%c?@l% o ?qué Et h(r%ée

substituents i ndepefndemalryogela@md oreioE-lCy Fhealek pine hahrbgwanatbydr OXY,
(NRLORLL wher e R q<and RiLear 8 Nd5ReR4RAL, BudLogeh 2oflei gLk

trifluoronethyl, and
consisting of O— -5-, -80;-, and -NRajy¢-;

Rass and Ragp @t each occurrence are independently selected
20 from the group consisting of H; C;-C¢ alkyl
optionally substituted with 1, 2, or 3 Ry groups;
C,-C¢ alkenyl optionally substituted with 1, 2, or 3
Ra0s groups; C;-C¢ alkynyl optionally substituted with
1, 2, or 3 Rzps groups; - (CHz)1-2-S(0)g-2- (C1-Cs alkyl);
25 - (CH3) ¢-4-C3-C; cycloalkyl optionally substituted with
1, 2, or 3 Ry groups; -(C;-Cs alkyl)-aryl; -(C;-C,4
alkyl) -hetercaryl; -(C;-C; alkyl)-heterocycloalkyl;
-aryl; -heterocaryl; -heterocycloalkyl; .{(CH;)i-4-Rags-
(CH3) g-4-aryl; - (CHz)i1.4-Raes- (CHz)¢-4-heterocaryl; and;
30 - {CH3) 1-4-Rags- (CH3) 9-4-heterocycloalkyl; wherein
Rzes at each occurrence is independently -0-, -S- or
-N(C;1-Cg alkyl) -
each aryl or phenyl is optionally substituted with 1,
2, or 3 groups that are independently Rags, Raio,

-13-



(B) hal ogen, hydroxy, cyano, Cl-C6 al koxy optionally substituted with 1, 2,
ar 3 fluoro, or 30 (C) -NR12R13 where at each occurrence R z and R13 are

t he sane v otliydfsker ent and represent hydrogen or al kyl. -2BcT/u¥62/1224:085877
PCT/ US02/ 12591 Preferred Rp and Rq groups in Formula V-A-unprotected are

i ndependently sel ected hal ogens. More preferably, Rp and Rq are fluorine
atons. Particularly preferred conpounds of V-A 5 unprotected are those
where RP and Rg are fluorine atons in the 3- and 5-positions with respect
to the point of attachnent of the phenyl ring to the parent nethylene.
Preferred conpounds of dfortiufa kyhctwelet 1thosed dfitHorhul2a, 1@ X3 - A O PROT- N

. X~ ~R XI-A where R and re defin for r il [ . conpounds,

i .e., conpounds of Forr%éljoé“%fl -til,sata%erlep?e & reé{?%fgqi}ﬁ%ﬁr’e O%Egzgleos'ses of the
i nvention enpl oyi rgaoiEoesdsmfl Eer mptd odlal 1Br efudratdd ww@mvpourtds lof 2For nul a
- Xl -A include thos; wher e i s phenyl substituted with up to two groups Rp
and Rq, where Rp 20 &fd 4R?zi’“ddependently represent (A) Cl-C6 al kyl
optignal | y substi tasictd wetdromnesldaikydr idreptsohsalilyuenbstindependant y
selected from_Cl-C3 al kyl , hal ogen, hydroxy, -NRLoR11l where R o and Rl1l1
are i ndéperfdertt’l YThy'drGén or C1-C6 al kyl, 25 trifluoronmethyl, and Cl-C3

al koxy, rB) i@l ogen=ohydcary,) ,crane, @®-6H, al kewyropki onal (QRREYRSIR L ed

with 1, 2, or 3 fluoro,_ar (C) -NR zRi ere_at each,6occurrence R12 and
R13 are the s&nedr {ﬁ@f gr'é?ft‘g and reﬁFZ§WEt'(ﬁ§ r())g ﬁBoFWaI k9T . 3'(551%’3 - WO
112/ U85877 PGQUAISU2ZARQRRyeferred RP and Rg groups in Formula Xl-A are
i ndependently sel ected hal ogens. Mre preferably, RP and Rg are_ fluqrine

at okB. Part idd dt'ligo FrEt Sr LERUYIL 1L XNeK Sh@ DHos & aiver ¢ ¥ Ydnd Rg
are fluorine _aéﬂm&vjmég@ré:}ifqund_a@yi PoHdde WL T espatdrda-yiihgy poi nt

of attachment of the phenyl ring tothe parent nethylene. Preferred
conmpounds of &rlhul-dredarqatude hetesamidre ReteysaiA -Yubstituted with

up to two grmﬁﬁiféﬂ/ﬁqumx% A0 and, Ra | ndgpendenidiy, r.gpresent (A)
optiona

Cl- C6 al kyl |'y “‘substituted with one, two or three substituents
i ndependent | yheses mptmd f r-om tGIrQY Al AW - heate wagsis 1y dr-ox (=0)- MR RH: ) wher e

R 018nd RIL are kirleReAgent] sy o Q9em o) 8L v, 5 (BRI yor orethy!
heterocyclyl, or -C(=0)-CH[(CH;)-2-0-Ry] - (CH32) ¢-2-
heteroaryl, where the ring portions of each are optionally
substituted with 1, 2, or 3 groups independently selected
from

20 -OR, -NO,, halogen, -C=N, -SR, -SORiss, -C(=0)R, -OCFj,
-CF3, -0-P(=0) (OR) (OR’), -N(R) (COR’), -N(R) (SOzRy4s),
- (CHy) o.4-CO-NRyosR’ 105, - (CHz)0.4-0- (CHp) p.4-CONRR'
- (CHyp) 9-4-CO- (C1-Cy5 alkyl), - (CHa)g.4-CO- (Cy-Cz
alkenyl), - (CH;)(-4-CO- (Cz-C;y2 alkynyl), - (CHz),.4-CO-
25 (C3-Cy cycloalkyl), -(CHz)o-a-Ri10, - (CH2z)o-4-Rize,
- (CHy) o-4-Razo, - (CHz)0-4-CO-Ryzo, - (CHz) 0-4~CO-Ruzo,
- (CH,) 0-4-CO-Ry30, - (CHz)0-4-CO-Raao, - (CHs) o4-CO-O-Ryso,
-~ (CHz) 0-4-502-NRyosR ' 105, - (CHz)0-4-S0- (C;-Cs alkyl),
- (CHy) 0-4-80;. (C1-C12 alkyl), - (CHj).4-S0;- (C3-C,
30 cycloalkyl), -(CHz)g-4-N{H or Rjso) -CO-O-Risg, - (CHz)o-4-
N (H or Rise) -CO-N(Riso)2, - {(CHz)0-4-N(H or R;se)-CS-
N (Ryso)2, - (CH2)o.4-N(-H Or Riso) ~CO-Rigs, - (CHz)g-q-
NR1osR’10s, - (CH2)o-4-Riqo, - (CHz2)-4-0-CO-(C1-C¢ alkyl),
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(B) hal ogen, hydroxy, cyano, Cl-C6 al koxy optionally substituted with 1, 2,
or 3 fluoro, or (C) -NR1zR13 where at each occurrence Rlz and R13 are the
same or dvdheoszely and represent hydrogen or al kyl. 20 Prepetmigsh/fBRgiand Rq
groups in Forrmula XIV are independently sel ected hal ogens. Mre preferably,
Rp and Rgq are fluorine atons. Particularly preferred conpounds of XV are
those where Rp and Rq are fluorine atons in the 3- and 5positions with
respect to the point of attachment of the phenyl 25 ring to the parent
met hyl ene. O her preferred conpounds of Forrmula Il are those of Formula XV
OHN V "ORL / F-HCHbo-«-0OP1P2+§8sB7:8) PCT/ (51 12/-D28®ENXR1b0)@,, conpounds
. of Forrrulallvx/nere I s ahydr n.yln c und q Faqr mul is as
defi ned above with rCeIﬁ:s),S)e'ét ¥QF§?§u° 11, Pigﬁngr i z)rredsgl kyl(g:fl hii*agents for
the esterification(Rafs) I CtQ@H | -i (§&0de- @a)(RMJ C ¢ {IQ a:lqulloaopctyllonal |y

- substituted with o r ol = ro; 10 (a)
di met hyl sul f at e; (B(;%H;f d—&qdjlzéanﬁis("? S I%1—|ZOI]O Cﬁlrz ére Y phenyl ring
is optionally substyicdlataddkydi,t hi‘znt‘t ranlkém;lrbge@h Ctgyaﬂ]bynyihd wlnere X4 is iodo,
br ono, | or.q Otos Iate I tr|fI Preferred
corrpoun?;“ofl%:gﬁrrupa e’ pr% aﬁé\)’ r%lb 1%§Jtt§8e3'clﬁéjm sty &d te Ris
phenyl subst gndwp:d; wiwthle rtedm hal ogen atons, preferably fluorine atons.
Preferably the phenyl 20 is substituted i the 3- .an 05|t| ons, nore
preferably with ?ituc?ralcrzﬁ‘e AV IS He 37 (T”Si%}’tl ? e P81l owi ng

representati ve comuuyrds-arecd tﬁ‘iedlk@xgl vecbhepti@ader arr\nder,starding of
t he corrpounds of forrrul a ﬁ( Q be prepared usi Qﬁq the i nventi on.
Yah1 n%

Unl &8s i ndi cated othéarnid I?'i‘é?'eﬁf"ﬂﬂafre et ‘ads usi ng t he
Advanced Chem st rygagmgloqpr@gt LRe- ch@@) MORFERGI19t Ur-HRIcoQiod Monl, UPAG Nane

Batch Version 4.5 or Version 5.009. (.(15,2R - 1- benzyl - 2- hydr oxy- 3-{
[430 (trifluor ometthyi®bé&fzyl ]Nélmcn(o r‘@pﬂh)elw NS5 ey I §opﬁt head ferd e
NL-{ (1S, 2R) - 1- benzy] 3-Id) 2a$nquochl-<af- BNl 2hyds ml%v' L8,
N3- di propyl i sopht hal am de - 'V1' 0 02 88877 PCT/ USf1 212591 1 N

-t(1S, 2R) - 1- benzy|C<3=D[>(-$>f@:mlohl—&—o(ts‘ens_zylE)Jakwwojccthde@xys@rzoWi}cd\B
N3- 95pr0py|'30pht@ﬂm§q'quh Cs¢ alkoxy or C;-C¢ haloalkoxy; or
Rioo 18 -(C1-C¢ alkyl)-0-(C;-C¢ alkyl) or -(C;-Cg¢ alkyl)-S-(C;-Cs
alkyl), each of which is optionally substituted with 1, 2,
or 3 Riis groups, or
Rigo 18 -(C3-Cg cycloalkyl) optionally substituted with 1, 2, or

20 3 Riis groups;

R and R’ independently are hydrogen; C,-Cg; alkyl optionally
substituted with 1, 2, or 3 groups that are independently
F, Cl, Br, or I; or -(C;-C¢)-Ri1o;

W is - (CHz}-4=, -O-, -S(0)g.2-, -N(Ryzs)-, or -C(O)-;

25 Rs and Ry’ are independently selected from the group consisting
of H, ¢,-C¢ alkyl, C3-C; cycloalkyl, C;-Ce¢ alkenyl, C,-Cg
alkynyl, aryl, heterocaryl, and heterocyclyl,

Rios and R’j;p5 are the same or different and represent -H, -Riio,
-Rizo, -C3-C,; cycloalkyl, -(Ci-C; alkyl)-(C3-C; cycloalkyl),

30 - (C1-C¢ alkyl) -0-(C1-C3 alkyl), -Cz-Cg alkenyl, -C,-Cg

' alkynyl, or -C;-C¢ alkyl chain with one double bond and
one triple bond, or

-C;-C¢ alkyl optionally substituted with -OH or -NH,; or,

-15-



N1-{ (1S, 2R) - 1- benzyl - 3-[ (3, 5-di f| uorobenzyl ) am no] - 2 hydr oxypropyl } - N3,
N3- di propyl i sophthalam de 5 N1- ( (1S, 2R) -1-benzyl-2-hydroxy-3-( [4
(trifl uonveoet/esxy) benzyl ] am no} propyl ) - N3, N3 di propyl i soppthakennes
N1-( (1S, 2R)-1-(3,5-difluorobenzyl)-2-hydroxy-3-{[2

(1 sobutyl am no) - 1- net hyl - 2- oxoet hyl ] am no} propyl ) - N3, N3 10

di propyl i sopht hal am de

N1-( (1S, 2R)-1-(3,5-difluorobenzyl)-2-hydroxy-3-([(1S)-2

(i sobutyl am no) - 1-net hyl - 2- oxoet hyl ] am no} propgll ) - N3, N3

di propyl i sophtthafardderl optionally substitut with 1, 2, or 3 groups

- N3-((1S, 2R) - 1- (3, 5y, %‘ HoLaRanZ Eé'e)le%t@ﬁdrf%ir/noﬁa{lﬂag@ e

(i sobutyl am no) - 1- net thyl']am no yl)
di propyRa3, B-spyi+@d r&éldi}c]a,r beé:m geékenyl, C;-Cq alkynyl, C;3.C,

© N1- ((1S, 2R fl I d
(i S(()(but yl a?n #g(c:i?ﬁ}ﬂ i r‘rgﬂ]?lﬁeg %xée%\ﬁg?/] ;%%%ﬂl%p‘é% &ﬂ%t -Orratlalf}ﬁlx)l NSTN3- di pr opy
| i sopht hal am- déZHZDo 2- (heterocyclyl)

N1- ((1S 2R) - 1 ?\%ggrglc cggr&g%%g é’h)aﬁﬁ’yl |us tth%{egz("’l g%bLityl am no) 2 oxoet hy

| ] ami no ‘f°opy| ipro
NL- [ (1S, 2R) - Grb8p5- dmﬂlependl&mr&iyl )seZeh:y:ddO)fyo&- CLEaS)alkyl, (S

[ (i sobutyl am carb prop am no)pro ] -5-nmet hyl - N3
di propyl i sop éi’f'{éfm gléxﬂ]?e %‘Yg C¥a%)é3 g bdiop | &W&Sen?&?ln)o (Cy-
- 2- hydr oxy- 3C5(a1k&15%1n& di (Cy-Cs) alkylamlno C;-C¢ alkenyl, C,-Ce

[(I S@g;wlsgpﬁﬁ%( g"yl\ll’l r?g]é;j%mlg()) %%P%iﬁ%?grﬁgﬁzyiﬂ)“@@(Gthyl ami no) - 2

30 hydr oxypr Q@Yélkﬁl m@ubw@cmm raﬂﬁ)ﬁb' (@opahhalian desi (¢
N1-[ (1S, 2R)-1-(3,5-difluorobenzy ydroxy-3(1 sobutyl am nl)propyl] 5-nmeth
yl - N3 N3- di &eb%%}’%%fﬂh{lﬂé?a*rﬁedél : a\V\é €92/ 08s877 PCT/ US02/ 12591

N - ((1Sg2R) ik 3-8 j}iﬂor&b vl ) - 2- hydr oxy- 3-{(3(i sobutyl am no) - 2- net hyl -
3- oxopropyl ] am no} propyl ) - 5- et hyI N3, N3- di pr opyl i sopht hal am de N1- (
(1S, 2R) Rad iE3 hygr@eeruoFeb8nAyglamly] .4 5(Ci-Co alkyl) - (C3-C;

(di p@t hyl am rolhenaylham eg) c2-IMdrRy PraR¥,) 2 PrPBLDY! e N N3 1ky1 with
one double bond and one triple bond, -Riip, -Rize, OF
C1-Cs alkyl optionally substituted with 1, 2, 3, or 4
groups independently selected from -OH, -NH,, C;-Cs;
alkoxy, Rii1o, and halogen;

20 Riss is C3-C; cycloalkyl, -(C;-C; alkyl)-(C3-Cy cycloalkyl), C,-Cs
alkenyl, C,-C¢ alkynyl, C;-C¢ alkyl with one double bond
and one triple bond, -Rjip, -Rizg, OT
C,-C¢ alkyl optionally substituted with 1, 2, 3, or 4

groups independently selected from -OH, -NH,, C;-C;

25 alkoxy, and halogen;

Rigo 1s selected from morpholinyl, thiomorpholinyl, piperazinyl,
piperidinyl, homomorpholinyl, homothiomorpholinyl,
homothiomorpholinyl S-oxide, homothiomorpholinyl S, 5-
dioxide, pyrrolinyl and pyrrolidinyl, each of which is

30 optionally substituted with 1, 2, 3, or 4 groups
independently selected from C;-Cg alkyl C1-C¢ alkoxy,
halogen, hydroxy, cyano, nitro, amino, mono (Cy -
C¢)alkylamino, di(C;-C¢)alkylamino, Cz-C¢ alkenyl, C,-Cg
alkynyl, Ci-C¢ haloalkyl, C;-C¢ haloalkoxy, amino (Cy-
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di propyl i sopht hal am de N1-[ (1S, 2R)-3-{[(1S)- 1-benzyl -2-(isobutyl am no)-2
oxoet hyl ] am no}- 1- (3, 5-di fl uorobenzyl) - 2- hydr oxypr opyl | - 5nmet hyl - N3,

N3- di pr opybiogogist-hal am de 10 N1- [ (1S, 2R) -1- (3, 5-difbgeagbenzyl )
-2-hydroxy-3- ( { (1S5 -1

[ (i sobutyl am no) car bonyl ] - 2- net hyl propyl } am no) propyl ] - 5net hyl - N3,

N3- di propyl i sopht hal am de N1- ( (1S, 2R) -1- (3, 5-difluorobenzyl) -3-{ (2
(di nmet hyl am no) et hyl ] am no} - 2- hydr oxypr opyl ) - 5- net hyl - N3, N3 15

di propyl i sopht hal am de

N1-{ (1S, 2R) - Fs( 81bYdi f | uor cisErzid)-C2) ayky bapiBo [ C318n iadikmyll, met hyl dabg€no] pro

. pyl }-5-net hy'qg’?‘%ﬁ?@%ﬁ%@BXbi5@3@1*1@1‘%”" 98aNLo [r (154 2R 53 o de ikh it |

(benzyl oxy) et
(i sobut yl am molbstidxdetichwitdmlngr - RK3,;5-odidupsor ofienayiln),- 2
- hydr oxypr opyl] - 5- et - -di pr l.i s t hal am_d 1 .
-{(1S, 2R) - 1- (%?ﬁs-ag‘:afel o %gﬁzyle)q{c%- ﬁ%rl&i;e?p%- f%?éft ﬁlﬁwogen’ amino,
1- phenyl et hyl ) am mejH-o Jizcmetiwind3, Nudi proagy ! i-%@?hfqh?,' angglengh N1- (
(1S, 2R) -1- (3, 5-difluorobenzyl) -2-hydroxy- 3- ( { (IR -1
[ (i sobutyl ami no) c&nbBnyd 152l met$d-pH&py Fs aad o) bor o pyOe- 3 Ret Gy laldy 1) , -
N3- di propyl i sopht am.de_co-Nw-c. - —C0- - .
N1- ( (1S, 2R)-1-(3,@d?q1l‘ﬁlzﬁorggeﬁlz{yﬁ "% By % (N (C-Ce alkyl)z; or
(trifluoromet hoxyfhefzydlleyd ndJpiCepgl keBy heohyF N3, KAk3¥yl, each of

di propyl i sopht hal am de N1-§ (; S,(% ): = er Qi f L uar ) -3- (3

fl uorobenzyl ) am no] - 2- r@(litrc{gxﬁj?r 0 glj}o-ré:lr%é/tsﬁﬁ%-s%&,%%g?%ﬁ%gIli’soo‘phto%aﬁan‘i de
-2810 WD 11211185877 PQHoupS02Zht25%ke independently selected from C;-

N -((1S,2R)-1-(3,5-difluorogpenzy])-2-hydroxy-3-[(3i sopropoxybenzyl ) am no] pr
opyl } - 5- et hyl - N3, N3di &oﬁi??’goph%ﬁag_ﬁﬁi déoé_' S(:Eérres‘g?}?' gei\f\&al 1y Cs
represent the processegigioxhe et okl miid-e hiesh SGhANRS ePlgy
various preferred conpounds of the invention as internmediates and starting

materials, it is fo-Be UHERS I ekt ¥ euhgtotestsrd varteh adrr, appd ieabl e to
conpounds not having t he. sRegid ih(‘alglg?%gjeochem stry 10 or substituent
patterns depicted in the schemes. I'n sunmary: Schenme 1 generally sets forth
t helprocess fRozo tilfe heteyoeavilon whfi chhé sNoptdeeildy epdrsitde ut efldr erhtiknawn
amno acid (0) . i des af rimula vV are useful as internediates in the
production of bi o:éggéc%]lfsygggﬁ Ve gg‘r?pounds, e.g., 15 pharmaceuticals for

t he treat nenRiof 1A hesiemecys1blsepsd ongdignsudsdiisctesesviahprocese Ry t he

transformati on of d oxide V to the desired conpounds of Formula X

Schene 3 discloses an-al'ternative process for the conversion of the
pr ot ect edmgiisangcid (1) to the corresponding 2 0 ketone (I | 1)
20 (a) reducing a ketone of formula III to generate an
alcohol of formula IV; and
(b) treating the alcohol of formula IV with a base to

generate an epoxide.

25 In another aspect, the invention provides a process of
preparing a compound of formula (XX), further comprising
contacting the epoxide with an amine of formula RcNH(Rs;) to
yield a protected amine of formula VII-1. further comprising
deprotecting the protected amine of formula (VII-1.)

30 In another aspect, the invention provides a process of
preparing a compound of formula (XX), further comprising
deprotecting the protected amine of formula (VII-1) to generate

a an amine or its acid addition salt of formula (VIII-1.)
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Schenme 4 discloses an alternative process to prepare the ester (I1). Schene
5 discloses a process to change the protecting group for the ester (lI1). 25

Schenme 6 Wpesh&xges a process to prepare the unprotected abephQlhr/12s01
(I'V-unprotected) and the unprotected epoxide (Vunprotected) . Schenme 7

di scl oses a process for the transformation of an epoxide V-1 to the
desired conpounds of Fornula X-1. 30 Representative exanples of nethods for
prepari ng conpounds of the invention are set forth below -29 WO

| 12/ 085877 SCHEME 1 O O HZN ~OH PROT-N ~OH F protection F (0) ~ (I) F F
esterificati an anodiatr aspad tPRERaN invepodicatpray iPRET-dN prdeeds ,ofF (v) F

(rv) F 1 reductlon e dl%t (P /U%Q1 25 ICI mOPRO'I'N~
(1) F & q‘—’?(ol ’fcf%gfsci}: etl)ﬁgér' é‘%ucetrlo? Ff’?f%ﬂi%(l%ﬁlon
SCHEMVE ﬁdﬂﬂﬂ@EEﬂ&d amine of formula VIII-1 and forming an amide using
. the amine and a compound of the formula RyZ, wherein Z is COH,
5 COCl, -80,Cl, a halogen, -O-mesylate, -O-tosylate, -O-nosylate,
-O-brosylate, -O-trifluoromethanesulfonate, or CO-imidazolyl.
In a more preferred embodiment, Z is COH. In an equally
preferred embodiment, Z is COCl. 1In yet another equally
preferred embodiment, Z is CO-imidazolyl. 1In yet another
10 equally preferred embodiment, Z is -SO,Cl. 1In yet another
equally preferred embodiment, Z is -O-mesylate, -O-tosylate,

-O-nosylate, -O-brosylate, or -O-trifluoromethanesulfonate.
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F( (u FOHPROI-N~R2F (~"-a) FHpHH.NON PROT OCH3 - FI1 (VI
O~-NHOHHWNONOCH3 O/ FI (X) F-30 CHH. .HZN~NOCH3FI(VIII)
WO 02/ UBLK8@ 62/skieVE 3 5 PCTI USU2/ 12591 H O PROT~N~X~ I F p&hushypkdy! ati
OHPROT ~NR2/ F (Ill) \ FOORS ~~ NPROT F\ F
DETATILED DESCRIPTION OF THE INVENTION
Preferred compounds of Formula II include those where Rig
is PROT and R is phenyl substituted with up to two groups Rp
and Ry, where R, and Ry independently represent
5 (A) C;-C¢ alkyl optionally substituted with one, two or
three substituents independently selected from C;-Cs
alkyl, halogen, hydroxy, -R;; where R,q and R;; are
independently hydrogen or C1-Cs alkyl,
trifluoromethyl, and C;-C; alkoxy,
10 (B) halogen, hydroxy, cyano, C;-C¢ alkoxy optionally
substituted with 1, 2, or 3 fluoro, or
(C) -NRy;R;3 where at each occurrence R;, and R;; are the
same or different and represent hydrogen or alkyl.
15 More preferred compounds of Formula II are those of
Formula II-A
H O
PROT—N_ Ao
2 : F
F
II-A
where PROT and R; are defined as above.
20 Such compounds, i.e., compounds of Formula II-A, are preferred
in the processes of the invention employing the esters.
Preferred R, groups in II-A are C;-C¢ alkyl groups
optionally substituted with one of bromo or chloro. More
preferred are C,-C; groups optionally substituted with bromo or
25 chloro, most preferably chloro.

Preferred compounds of Formula III include those of

Formula III-A
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(XIV) [H o PROT-N ORS F F (~ O H PROT~-N-OH / F F SCHEME 4 CHO O ~X30~2-p"O
~+ F\ | F PROT-N ORS (X~ -31 WD 02/08S877 PCT/US112/12591 SCHEME 5 O

BOC- HN ORGoka/fsskd; F (n-BOC) O HZN ORi deprotect F /' F (XYgrRkfHpSs; O
CBz-HN ORS F (n-CBz) F SCHEME 6 5 OH PROT-HN ~RZ F F (1V) OH

O

PROT-N\)I\/RZ

/|lll-

R
ITT-A
where R, PROT and R; are as defined above with respect to
Formula II.
5 Such compounds, i.e., compounds of Formula III-A, are preferred
in the processes of the invention employing compounds of

Formula III.

More preferred compounds of Formula III-A include those
10 where R is phenyl substituted with up to two groups R, and Ry,
where R, and Ry independently represent
(A) C;-Ce alkyl optionally substituted with one, two or
three substituents independently selected from C;-C;
alkyl, halogen, hydroxy, -NRjoR;; where R;, and R, are
15 independently hydrogen or C1-Cs alkyl,
trifluoromethyl, and C;-C; alkoxy,
(B) halogen, hydroxy, cyano, C;-Cs alkoxy optionally
substituted with 1, 2, or 3 fluoro, or
(C) -NR;;R;3 where at each occurrence R:, and R;; are the
20 same or different and represent hydrogen or alkyl.
Particularly preferred compounds of Formula III-A are
those where R, and R; independently represent C,-C, alkyl,
halogen, hydroxy, or C;-C; alkoxy. Still other particularly
preferred compounds of Formula III-A include those where R, and
25 Ry independently represent halogen. A particularly preferred
group of compounds represented by Formula III-A are those of
Formula III-B
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H2N ~R2 F F (I V-unprotected) H2N F F (V-unprotected) -32 WD 02/ 085877
SCHEME 7 PCT/ USU2/ 12591 H O OH PROT~N~ ~N~N PROT OCH3 F (V_1) -. / F (MI-1

) FF O Wobbddstt ~ | OH WN-N~ ~ HZN N OCH3 OCH3 O/ F [ pEr/ifoizker (VI
I1-1 ) FF 5 The epoxides of formula V have two chiral centers; thus,
conmpounds of Formula V can exist as any of four stereoisoners, i.e., two

pairs of diastereoners. Wiile biologically active end products result from
all stereoisoners, the (S, S) configuration is particularly preferred. One
of these chiral 10 centers in the epoxide (V) is derived fromthe starting
amno acid (0). Therefore, it is preferr@d to start with the amno acid (0)
. containing the desired enantionarr@r-senter JrRther than to start with a

m xture and have to performa resolutién to obtain the desired

(S)-enantioner of the am no acid (0).
.amino acid (O to Nprotected am no epoxi@
am no group of the preferably (S)-am no g

5 SCHEWE 1 depicts the conversion of
Protection of the free
(0) with a nitrogen protecting

group (PROT) yields the protected amino acfd (1) 20 having the sane
stereochem stry. Nitrogen protecting grougs are well known to those skilled

in the art,

see for exanple, -33 Vﬁf&gﬁp85877 PCT/ USI ) 2/ 12591 "N trogen

Protecting Groups in Organic Synthesis™, John Wl ey and sons, New YorKk,

N. Y., 1981, Chapter 7; "Nitrogen Protecting Goups in Organic Chem stry",
2 eRAumV\E[ gsishPrl\elefgrYroerci(’ N \ﬁROTlg?B’ ggc%éBIser 2'arse?e al sto—’bu-lt_:'oxvy\/lca(%beoenri/la,nd P.
5 benzyloxycarbonyl, formyl, trityl, phthalimido,

trichloroacetyl, chlorocacetyl, Dbromoacetyl, iodoacetyl, 4 -
phenylbenzyloxycarbonyl, 2-methylbenzyloxycarbonyl, 4-
ethoxybenzyloxycarbonyl, 4-fluorobenzyloxycarbonyl, 4-
chlorobenzyloxycarbonyl, 3-chlorobenzyloxycarbonyl, 2-
10 chlorobenzyloxycarbonyl, 2,4-dichlorobenzyloxycarbonyl, 4-
bromobenzyloxycarbonyl, 3-bromobenzyloxycarbonyl, 4-
nitrobenzyloxycarbonyl, 4 -cyanobenzyloxycarbonyl, 2-(4-

xenyl) isopropoxycarbonyl, 1,l-diphenyleth-1-yloxycarbonyl, 1,1-

diphenylprop-1l-yloxycarbonyl, 2-phenylprop-2-yloxycarbonyl, 2-

15 (p-toluyl)prop-2-yloxycarbonyl, cyclopentanyloxycarbonyl, 1-

methylcycoopentanyloxycarbonyl, cyclohexanyloxycarbonyl, 1-

methylcyclohexanyloxycabonyl, 2-methylcyclohexanyloxycarbonyl,

2-(4-toluylsulfonyl)ethoxycarbonyl, 2-
(methylsulfonyl)ethoxycarbonyl, 2-
20 (triphenylphosphino)ethoxycarbonyl, (trimethylsilylmethyl)prop-
l1-enyloxycarbonyl, 5-benzisoxalylmethoxycarbonyl, 4-
acetoxybenzyloxycarbonyl, 2,2,2-trichlorocethoxycarbonyl, 2-
ethynyl-2-propoxycarbonyl, cyclopropylmethoxycarbonyl, 4 -
(decyloxyl) benzyloxycarbonyl, isobornyloxycarbonyl, 1-

25 piperidyloxycarbonyl, 9-fluoroenylmethyl carbonate, -CH-CH=CH,

and

be

(-N=) CH-phenyl.
It is preferred that the nitrogen protecting group (PROT)
t-butoxycarbonyl (BOC) or benzyloxycarbonyl (CBZ), it 1is

more preferred that PROT be t-butoxycarbonyl. One skilled in
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5 "Protective G oups in Oganic Chemstry, 3rd edition"” John Wley & Sons,
Inc. New York, N Y., 1999. Wen the nitrogen protecting group is no |onger
needed, iWolByssee renoved. Suitable methods are known to phpgRSkied €d in
the art. The reader's attention is again directed to the references |0
menti oned above. The protected amno acid (1) (preferably of (S
stereochem stry) is then converted to the correspondi ng protected ester
(I'1) (retaining the preferred (S) stereochem stry). This conversion can be
acconplished in a 15 variety of ways. Wien Rl is (a) Cl1-C4 al kyl optionally
substi t red aMt hwiohe ukderébind Ctiie CHie€Herred (erhpHenyf apitir@dridiyg a
. substitutﬁg W th one nitro, hal ogen, ﬁr cgano conversion of | to |

conpri sésPUERYBRERH fvig a %?B?% PEYCARPRARY &ci dSEPUPRe f 6Pl a Me¥ni t h
an al kylzdding aganty | edduldy esencey of grdwase.ardyi trbl & al kyl atyjyig agent s
- include (a) those represented by the formula X9-Cl-C4 al kyl optionally
subst i t UBPRATH Bhe CrerPRnetB XI I IDdGRSIS S5rdio, 3ERI ofditient oslatht e,
- O nesyhatieors -§ddd f late; Ndw wimet hyhsul fiade (for X dHCHZ, where X4
is as defined above (d) a benzyl substituted on the methyl group with X4
where 30 X4 iBrefennasl @enpvEsan®imdiamHe pHampnphaisegtedptinsnaidey
substit i i , K . Wiile a variety of bases are
suitablgﬁ?%¥¥?ﬁ?gﬂggﬁgf%Pﬁtggﬁgﬁ?g?ﬁe base is preferably hydroxide,
carbonate, -34  VNO (12/U86877 PCT/ USU2HL2591 bi car bonate, LDA, n-(Cl-C8
al kyl)l'i thium Li HMDS, NaHVDS or KIRVDS. Nbqugéeferably, t he base is
hydr oxi de, carbonate or bi car bonat%. / n re preferred base is
carbonate. Preferred al kylating agents are dinethylsulfate, nmethyl 5
i odide, and nethyl triflate. Mre prePehany the al kylating agent is
di met hyl sul fate. When the base is LDA, n-(Cl1-C8 alkyl)!lithium Li HVDS)
NaHVDS or KHVDS, a sol ution of (IHeRegnprotecpedi erably cool ed to from about
-78 a a -2Q¢C, 5C.pt.i he addition of
o Basahetdl i P hGReE BOEthentdt cbp B T ROl Ret 88, 7T
pr ef er aluctheatwdotindabout. 20C tompbontis5@E Featiibhg |iLV -partripdtaadtedysef ul
when t he al kyl atd n ent is dimethylsulfate. Alternativel when RL is an
optionalty s Héﬁ%%%%% %gﬁinSTS éPou%?eth%r%%?%???i€%¢i6ﬁ%%aﬁq¥§ntlon
acconpl iesirdcbyhiynd ajongentradd iafy foymdiee dhvedirgaareaadl, of formula (1) with
an activating agent, i.e., activating the amno acid or formng an
activated amno acid; and (b) adding to the m xture of (a) a phenol
optipnal |y 2®rsfstiddit edmpbuhtie phenForiula V\thAnhﬁE@ot@@i:@@eandlrudé’ano-
The use qf activating _agents, such as for exanple, alkyl chloroformates
such astﬁg%ﬁﬁn%ﬁ FHITHIG o et RG9S DCC, in esterification of acids
with al cohols is well known to those sRled in the art. Preferred
activating agents herein are CD %@kigg\gfﬁé Preferred esters in this
process are those where Rl is met Y, nore preferably nethyl. A
particularly preferred ester is H
(2S}-2-[(tert-butoxycarbonyl)am no] -
met hyl ester. SCHEME 4 shows an altern " b
EXAMPLES 9 and 10. In the process of S P preferred
3, 5di fl uor obenzal dehyde (XI1), which i mrercially available from for
exanpl e, Aldrich, MI|waukee, Wsconsind USA is reacted with the
phosphor ous conpound (XI11), mhgveBX§Hb§oee¢§éd WO 02/ (18a877

PCTI LS02/ 12591
where R, and R; independently represent

i fl uorophenyl) propanoic acid
e to ester (I1). See also 30

20 (A) C1-Cs alkyl optionally substituted with one, two or
three substituents independently selected from C;-C;
alkyl, halogen, hydroxy, -NR;pR;; where R;, and R,; are
independently hydrogen or C1-Cs alkyl,
trifluoromethyl, and C;-C; alkoxy,

25 (B) halogen, hydroxy, cyano, C;-C¢ alkoxy optionally

substituted with 1, 2, or 3 fluoro, or
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suitabl e | eaving group, to produce olefin (XIV). Suitable |eaving groups
are known to those skilled in the art. A particularly preferred ol efin
(XI'V) i swebinsks7? _ PCT/US02/12591

(22) - 2[ [ (benzyl oxy) car bonyl ] - 3- (3, 5-di fl uorophenyl ) - 2- propenonate. 5 The
phosphor ous conpounds (Xl I1) are known to those skilled in the art. X3 is
preferably a Cl1-C3 al kyl group, nore preferably nethyl. The al dehyde (XlI1)
and t he phosphorous conmpound (XII1) are typically conbined in a polar
aprotic organic solvent, such as THF, MIBE, dioxane, ether or DVE, and 10
the resul tingChi xVBrR:3 prledee afl yeacks adqauorends RihedAndolledreo tigout 0. A
base such as DBU IS n h S ] xt rmed to
about 20-25C and g????@% %h???§?ﬂg gggc??gﬁg%gﬂgoﬁgégéggnr§é.%£%¥%?erably
to greater than about 90% nore preferably about 95% and nost preferably
about 99% 1 nversi gn. ce t eact | i 0 e, the E- and
Z-olefin i so%ggef%%) Q&r%&)&;rg‘f é%%#%sasﬁﬂbgﬁ%]f@%fasmgéf%@??%%%%@ fag the
ol efd n shéepentient $yr sairefterd cdalagensn sanersi pratfierablyecagsadiyd RQ

yield the desired product. T epar.ati.on is acconplished by nefhods_known
ot hosBESiPRRE TR AT ¢ | T Y e e SRS cat o B

chr omat agpapbygcrdléxarehehokef wnef¥l X), &sdhggrogensl @sh imé hatomsli 1abt Be
hydrogegatiog %gtagyst to oblqﬁn t he desjred. ester, %BB? The reaction_may
be conduict 8% POEEIIFES M ohTERDTE 1°t EPEbE Mo P st tacEF et §E of
sui t abl eheapnkigl Srivhgl tbethecpgneaedmbyh¢beh80se having ordinary skill in
the art. An exanple of a class of suitable catalysts is_represented by the
forfful a [Rh EHFE@VE? SDRHBrE Rh FSTFHLEi VinknBFAeersegyenebedadibagcand

nor bor ngdi epemuBe 1:-hsudpltbgandegel ected fromthe group consisting of

DI PMAP, MeDuPhos, Et DuPhos, Bi naphane, f-Bi naphane, Me-Ket al Phos)

Me- f - Ket al Phos, Et-f-Ketal Phos, BINAP, -36 WD 02/1185877 PCT/ US02/ 12591
Dl OP, BPPFA, BPPM CHI RAPHOS, PROPHGCS, HOS, CYCLOPHOS, BDPP, DEGPHCS,
PNNP and X- is Cl04-, BF4-, CF3-SH,N_CL'|Br-, PF6- and SbF6-. This class
is preferred for use in this process pect of 5 the invention,
particularly when L is D PVMAP or EtDuPRos. Those skilled in the art wll
recogni ze suitable specific procedures TBr this reduction, i.e.,

hydr ogenati on. Generally, o ' IV is fi issol ved in the sol vent,
either in the reaction vessgg;g?lghg'éo?%%%%%egggﬁater transferred to the
10 MesswhertlyBr bgedelndetihasdebovedfoat Bbystlar é-thenotatteduced into the
vessel . .The hydrogen is_,typically added under essure, e.qg., from about
b5- 75 pehol: SHTRPHEER: e e aramePads obof Shmblenlat “brBatactfu FoR of
the catpkysérirad Larthxappbeessethapothe 15nbenei by deagesgl hgncorpeth@8s

w | | givg race 1 C sster é{l%. gince the preferred stereochem stry of the
ester (Pf) P§mg§?-,‘PPPF BF&f8rabl e to use the Z-olefin (XIV) with an
appropri ate hydrogenation catal yst. Suitable solvents for the hydrogenation
i ncl ude pol ar sglvents such as_THF and various_20 al cohols, preferably
C1-4%5 al cohoF 5L §hESHosTOPRPRIRTELISE neOTANdE  ¥r AaHBPXOF 865~EpakBFLudRot her
preferredosel wRlire SR THE. pheeysolagit ithgyef wiab! ypdegasses. gFeapBeRr,, it
is preferable tg purge the reaction vessel after dissolving t%e ol efin
(XI'V) iﬁnghgqsdﬂyﬁﬁ?q&n@”@eﬁsrénﬁﬁP?BQﬁEFﬁﬁ FREY23SBht al yst. The

hydr ogenati onabs preferabtyl aogh'&bﬁbm droganatdteangi £ Bakf ordigd sp a
tenperature range of fromabout O to about reflux; it is preferred that the
reacti on be perfoFhEgei UG itaepesat independrntkvneabeated £aogbdur Ghoom

temperature (20 301%9) - ndh8gehi r al ahydi00eRal N L RePEr kP! MRl WdeL -8
pressure of from about one a?nnsphere t0'about’ 100 psi g. RS préeferred
that the chiral hjyodegendenshybe pehvérasenunderon presGunCe of fabkyvabout 1
* at nosphere to about.: L e b1 Sand . 85877 PCT/ USU2/ 12591 nore
preferred that tthéE?Pg?bﬁﬁﬁb%ééng??oglBzyké%%é med under a pressure of
from about 10Bpsi §ategapouhyd@opyi gcyIne, et «Fs @LKPEXys opistimnaddyvi n great er
" than 9096enantiongﬁbgtggﬁkgg,wggﬁf?raglyogn3g%§gggg tgan 95% enantioneric
purity. 5 Hydrogenation can be perférméd in"a variety of fashions, such as,
f or3®xanpl e, (Ch bHRciRipDdec e dth eachnedoworsnemd, and Ry; are the

same or different and represent hydrogen or alkyl.
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SCHEME 5 and EXAMPLES 11 and 12 discl ose another alternate process to
prepare ester |Il1. The process of SCHEME 5 permts 10 the changing of one
ni t rogen wo 0¥/e387Mg group for another and in addition propcgesodhsifree
am ne XV. For exanple, if one has a "BOC'-protected ester (lI1) and desires
a "CBZ"-protected ester (I1), the "BOC'-protected ester (Il1) is typically
reacted with an acid such as hydrochloric acid in a suitable solvent 15
such as nethanol at tenperatures of fromabout -20 to reflux to give the
free amine (XV). Preferably the am ne XV is, nethyl
(2S)-2-am no-3-(3,5-difluorophenyl)propionate. The free amne (XV) is then
. protected w Literen i tg o tiect 1QUP .S c " gt
produce the tg%re?eeg%fgfr?di}%gtagoa gd%ﬁidﬁgéﬂgﬁ?grﬁt ec?egﬁggt@g?cglglé) .ar‘%he
pr ot ect éthdepeadetitily, sekierebl PadpPIesFst er ¥oERemzaierasl t.heRe caAderfed to
- the corresp | g ore |y r.ohect ne-dd | ek .a
nunber gﬁ%p?%gle({s%e% %%E% i s(p%%% g?%%ﬁ}%g%%r Begd <IF.r(%)nru’jtsa&pl)re e?gblv;lARz i's
- C1.5 Onangfirotlee tgdoeess edidser wWhHeget Fanehdr Rat 86A SLuphéneSpppotednedhest er

(I'l) to,the cprres i (S):pr t ( i Sce 1L i
EXAVPLE 162 née'r%‘tr’)%}fdlé}%% ‘g%%ﬁegtggégggt lé(r% %ﬁ%) %ﬁ#i%tre Eéﬁ?@%ﬁ%@g ot

st er eochtévd pheynyils rdonpitmed hei ttlartene dieliklydgarat edmet hane reagent and to
this mxture is then added a suitable base. It is preferable to add the
base to the m xture of ester and di hal ogenat ednmet hane rat her than the ot her
way around. Nexferr3d coMPolhAs08F8FOrRGLaUSI1ANtEASEE tthidsee ofe Fulrriulg
base/ est er/ di hal ogenat ednet hane m xture is ' added a second portion of
bast® | &4 preferred to add the second portion of base to the existing

m xture. Finally, the base/ester/di hal ogematednethane is treated with acid.
It is 5 preferred that XZ be -I. bgorsy preferred that about 1 to about 1.5
equi val ents of RzCH2X~ be used. The strghg Base shoul d have a pKb of
greater than about 30. It is preferred that the strong base be sel ected
fromthe group consisting of LDA (CL-CB & kyl)Ilithium LiHVDS, NaHWDS 10
and KHVDS; it is nore preferred that $heastrong base be LDA. It is
preferred that strong base be present in an ampunt of from about 2 to about
2.5 equiwzents arpkanppEs 8f HRE1BBE0ABYLESEMHARI #de conpounds sel ected
fromth rﬁ’é)cﬁﬁi ing of (L vbel BLbi eryl a2 lHdd¥diBeq
(C1-C9) E%kft%l gnarcgbl'azg %h’en%f\ ilgé\é(éréél.f_ F%Ping%r g?ermr/ed thaﬂt trtléékmsecond
bas&Sbe igel édreed Pregsselke gPbupthensikyengien ey ing hiaRPaimig ylof

it hi umg V4 ci(ﬁ:al.gnesi um brom de, nethyl magnesi um chl ori de, phenyl

magnesi um brom de or phenyl magnesiumchloride; it is nore preferred that
the second 20 base is n-butyl lithium It is preferred that the second base
be present i t u abou i t | trabl e
aci s ar e t haiar el nd LR 200k ommd Po HRELA SR 100Y (ROPE Mnsde 4
the aci disheplsmtektagbstDmtdd ¢ivlupuRsteonsdsgirnypsf RacanidcRqswhiieres cRp

hydé%??’ﬁ ﬁ%d%%)%?ﬁ%rﬁ%ﬁ%%rgiggﬁ?%%@zoi c acids and m xtures thereof; it is

nor aci r'ochloric or acetic acid. A variety of
solvents are @per ahl-€sf alkiyie gotoness] 1yt heupsefiented sdadlotenené or tiwe or
process is THF. T reactign can be BOEBerf%r m%g in tegie tteerg)e at ure, range
from about -80 to ANt BBPSFLCPERPP FBPFRETES HdrT FTAITE G enb? o 1 t he
t enperat ure range @fkyfIr onmabhsydn - MoydoaPPOUtNRGR,; Iwhdse Ref ande#t, 1 hate - 39
WO 02/1185877 PCT/ USD2/ 12591 t he keton I11) is tert- y

(1S) - 3-chl or o- 1- ( 31,"5&%‘?’? ‘?Ibrr]dlbenzyltk}xd%o r opyl%ar barrg:ttlé.EG The fHdtess of
trapsform ng the (& :predeshechyest eind |d,)-ctoalkexgor respondi ng
(S)-protected ketone (I11) cap also be 5 perfaornmed w thout .the. addition of
a second baseSBiSseeh@m"l‘_E YQYCPW%' FrREys Tefeai ?ggofcﬁeoBFégﬁﬁ},gyof excess

"CHz(R2) XZ and t hr eg, &t IDEC=@WH M@l NS, odr S rngpRaser whi ch has a pKb of
greater than about 30 followed by adding acid.
(C) -NRj3R;3 where at each occurrence R;; and R;3 are the
same or different and represent hydrogen or alkyl.

30
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In addition, the (S)-protected ester (I1) and also be 10 transfornmed to the
correspondi ng ketone (111) in a process which conprises: (1) contacting

RZ- CH2- CeXhlomidskra strong base which has a pKb of greaterpthagoapsat 30;
(2) contacting the mxture of step (1) with an ester of 15 fornula (11);
and (3) contacting the m xture of step (2) with an acid. In this process it
is preferred that the strong base is selected fromthe group consisting of
LDA, (Cl-Ce al kyl)lithium LiHVDS, NaHVDS and KHVDS; it is nore preferred
20 that the base is LDA It is preferred that fromabout 2 to about 2.5
equi val ent s @iretfleersdr onBp basedbe RisedgrFhpssamsn acFdgmas adi s¥lisked aalsove

_are oper,abl e here al so: E MPL scforth an_al ternative
way of 28 Pgﬁéreinﬁgyt h%ef%—%ér\% ?‘F?P)%egiégmt g}gmﬁe%%i‘%bj(’l}f’) . R‘rh%gldp?%%ess
first tmarsffirugrirde andme. aciFdrliculartllye prdfermeei atempohipdandft kana
. transforns the internediate ) to the.desired _ketone (I111)..The
transfoﬁ?&titg}?stﬁ “t%?meér% hoaégi éq(?’fetglflﬁélpﬁt EFREH &t ?}3(%)3603‘8% Ses: 30
(1) sontaddiitiens priehecietedti @ acdied pofirftoafulaa tachmernith of remg@iienyl
selected fromthe group consisting of thionyl chloride, SOzCl z, phosphorous
trichl ofi*d¥ k& p&%{é@rti HI?,ti‘ﬁH orous tribrom de, triphenyl phosphorous
di brom de, oxalyl brom de, 1, 2-phenylenetrichlorophosphate and
2,4,6-trichloro -40 _V1'0 (12/(18S877 PCI/USQ2/12591 1,3,5-triazine. It is
preferred thair it HesafeiPandshi 8hy FOrMERPorilYe ICb33H ythera.?owf’l&é.e Fhe
i nt er mediatghdrfll) dubdtotcdsd afady bp €6 pwef groggst Ratakhder] Ntidedint e
(XI') is tbutyl-(1S)-2-chloro-1-[3,5-difluorobenzyl]-2-oxoethyl carbamate. 5
| nt &P nedirgt &q LXPePsnERBR YT ARBEF6ERBE to the desired ketone (111) in a
process whi chpgompiigesaifl) cmtaatding asGasPoPYE 40NN, fegBula (XI)
where X1 is -Cf, -Br and i m daZol yl with Li CH2C1 or Li CH2Br. This conpound
is then reacted witthreehesansbht vkt s ednfippandhat &z R ect®d ebemt C1VMar i ous
sol vents are operaflhe,as e skil bed.j art: it he
preferred sol vent ac\lta'sk‘%"ﬁ"F.H gd réac%%%%’ouﬁﬁt]ﬁgnpeﬁ%o%%&oi %lmtihgnco T in
a tenperature rangadependantadhout - T&dregsiiout - 5. TheCES¥e pr ot ecitked .
ketope (II11) ist tQ.qth QRr e ing (S)-al cohol (1V) or
(|v-9§) by neans kr??v.\imfrlﬁ%%%stehg’s i%nédg Cﬁnbf heﬂ%?)?yfor reducti on of a ketone
to the corres@ndihag geoondardrcadycolmtansed; ERAMPLECSY ¢pit acdat lwn,
Eur opean Patent Applicatiqn EP .Q.963 972 A2 a | nt ernational Publication
W02/ 02512 of PCT/ /Jﬁ%ff{zd‘flga gyegzal tHr r?a{}gl‘%or’eé’d:ents whi ch are
operabl e and u@r k-NsgLR, ;i Rhelre Bedeathobcclteenedusti sl ®R.e £aertles out for
a period of tine between abo 1 hour and about 3 days at tenperatures
rangi ng from aboutsa-mPB@ﬁc?P at%ﬁﬁ&%ﬁﬁ?%ﬁ%%%r?é‘ (B 1A Yoi nt of
t hezxgol vent emufaatd |t RS pief er rRgd toregpsluctid herpesuthi onXx P befxeen
about -780.and about Oo._If bqrane is used, it ma bg e Loyed as
Conpl ex ITRSPIERTI KBS} SRESARtIRICIRT de o5l BXS LBERARE! pRperidl ks
conpl ex,a¥ bondhent ethtafedr of a2 ieQIALEY. pHeE NIRRT ¢Sdp6@Ids Natl oL wf
reduci ng agents and reaction conditions_needed are known to those skilled
in the FrarthoseevhsrecRanphe, Ruafgtk FIROEINE, a8t ebrenshSe3or & &
Tr ansf Ogg%i@i%s VEH Pukd dsdier 50 1989 . pdite: reduptd ihdnd her (e RrBeL ed
conmpound (I11) to the correspondi ng alcohol (1V) produces a second chiral
centér aneng 40 thRO BB 7TEPOHaIR?2/ 12591 produces a nixture of
di astereoners at the second center, (S, ' R/ S)-alcohol (I1V). This
di astereonmeric mxture is then separated by nmeans known to those skilled in
the art such Yshewrl egeifeavegy comperadgr eo%/ecﬁ%/@ﬂ@lai Zdt | eweorthose of
chromat ggranhi £ 8, separation, nost preferably by recrystallization, colum

0
H2N\?/JL\O,R1

F

-25-




chromat r ography or by enploying commercially available chiral colums. In
anot her enbodi nent, the diastereoneric m xture produced by the

non- sel eG{Hieogsgeucti on of the (S)-protected conpound 10 peyiuksed/seot
separated but is directly converted into the epoxide. The epoxide

di astereonmers may then be separated into by neans well known in the art.
O, the epoxide diastereoners may be reacted with the amne, R-NH (R5~) to
f orm conpounds anal ogous to structure (VII-1, where R~ is 3-nmethoxybenzyl
and 15 R5, is H ) The diastereoners may be separated at this point, or
further transformati ons may be carri edX¥ut before the diastereoners are

. separated. For exanple, the separatio f di gst er.eongr be c i ed
out aftéT‘edeprSPglggi%ﬁlést hg%al %%ﬁ"(‘)aiivﬁ§ tWEt)]Ié o mﬁi’“nelgr ggygﬁlgﬁgn(w I % or
t he sepajatdcamd®0 omyFdendar red Rutl saftse detfimegimarove/Iwilth irsespemterted
. into structure (X. ) Alternatively, the (S)-protected conmpound (I11) may be
reduced ¥ ™8Hi%dtively formthe S or the R al cohol as illustrated in schene
| where the S al cohol is selectively 25 formed. The sel ective reduction
wi || decrease the need fqr the separation of the diastereoners as. dji scussed
above and wi IAreifdiesel elaiﬁd\%ta%ntﬁ&%eﬁ eeoesitsed?fef;lqaﬁ%ﬁorl s°ffgfrnte%
| deal | y, 112 i§idg]ls: di astereomer is fornmed during the reduction of the ketone
to the al cohol and a separation is.  not nece j?ary. 30 . The alnco,hol (1v) gs
transformed to the(%)orX@%oﬁdi%bk%OQPHéo?%’i By SHESR CRABGN Wioh 8 ©
skilled jqud heyddo, s8€ Sehere, Ao anchIEXAMPLE 4. The stereochem stry
of the (S)-(1V) center is maintained in formng the epoxide (V). A
pret@rred neans is(dy ¢Haeihwewitdtase, for exanple, but not -42 WO
(12/ (188877 PCT/ LID2/42¢R] tintked to, hydroxide ion generated from sodi um
hydr oxi de, potassi um hydroxide, |1thium hydroxide and the |ike. Reaction
condi ti ons i ncl udel@heXurs&0Pheny Eowhktshshes ®heaitls xigtchalfol ol grrak lf r ed.

Reactio : 59{1951 ; t r { hg rom about -45 up to the
refl ux tr%ur%r’efla ure g%%g{la%%gfﬂe&%ﬁ'yeé; p(?’efagﬁ ed tenperature ranges
are between aiiarte -2Polsntdodboubrdmo, . ciherpr ot-€rtite Ydpde desO ofie i atee

aci gg (V) are #n-gy‘ﬂ:nxtfff&oese skilled in the art as internediates in the
preparation oft 1 pharmaceuti cal agents useful as renin and H V inhibitors,
see for exanple US Patents 5,482,947, 5,508,294, 5,510, 349, 5, S10, 388,

5,521, 219, 5,583,238, .5,610,190, 5,639, 769,, 5, 760, 064 .and 5, 965,.588. ,ln
addi tion, th %‘?%efreﬁ%dcgﬂlgﬁuﬁ@g’ (@E irrogn}‘ﬂtaer ?recﬁi]é est%l?sse u%g?’%g ro&J‘Uci ng
phar mac et d b shdin sigent arido vhead A zhei nEtiesy i sedses i tThedpextHest )
are transforned to useful co unds, by the process_ of _ SCH 2 and 3 and
EXAVPLES 3L Q9T 3Oe Eb?%‘fc%?%&’ c@r%%{ﬁ{be L e c%ﬁ%%%%b%sré}&hﬁgﬁ’ " The

unppet eci £ds@poxd tler V- imptled ext efhd i 5- used il i dis | heo2d SeeRewalyly [Withan

readily be protected to formthe epoxide _\%ior it can be reacted

unpr ot ect BT IRF R Nkt e %he’f“%)e%' horYtdup may interfere in the
subsequent reactions but in others it will work quite well. In sone
instance it will be possible to put the NNtermnal_end on first and then

open the 25 ePki HelteWpradtERT ERENERSTYBACEBRAYTAES 3R L IHEC IR (X)
are am nege apda @srSHANuhAEM:8ahh$nYheR kercieppMilaad dstofarameettical |y
acceptable salts are preferred over the correspondi ng conpounds (X) since

t hey Sof teaY pre@ucBreBApedndsS iR clihar e IRDISE Mt er  sol Wbt 5SS st aiRf €k or
30 nore &}E]B{é{'@iéé neq1Phafmeeuhieal hy 2eceplabt & &@l Lsiage @Y A@bdn¥bach
retains the activity of the parent conpound and does not "i npart an

del et er i Guembst ¥ind Esiviedlopaesits eERC on (AKE) s ubpBeRClat wae mProgiratadnt WPAE er ed
and in the cop tﬁ&‘ltx Q,Qrgx@&qh?ig L8 Vélg.sjb?ylé%g.lZ{(lSSS?? PCT/ US02/ 12591

adm ni stered. armaceutical [y acceptable salts include salts of both

‘i nor gani ¢ andNor gérfl . @Rici dsherEhal & dfvstrasd pher Heceut i cal | y acceptabl e

sal in i I droghl_oric, hydrobrom c,
hydtr3§i Odﬂéi"ﬁ%@%éﬁegﬁﬁ E??‘fé%gp%gﬁ%zgﬁgﬁ’qu& ’tq\?i c, nethanesul fonic, CH3-
"(CHz) nidGeEbbwhesephthasafiddru 4, HOOC- (CHz) nl -COOH where nl is as

defi ned above,: < ~-Cﬂ? of. qt-her o alis, see
Int. J. Phar nli\TJ_{g@QJ ’%@%‘%%(g’f@%f— € J(;oérrlpcg%}no so%aﬁgfn)ﬁ%(?]na%euti cally
accept abhedsakysrapyl hentof® -drieropeflilsobtit hieleatiideg humans who have

Al zhei ner' s di sease, for hel ping prevent or delay the onset of Al zheinmer's
di sease, for treating patients with mld cognitive inpairnment (M) and
preventing or delaying the onset of Al.zheiner's disease in those who would
progress fromMI to AD, for 15 treating Down's syndronme, fox treating
humans who have Hereditary Cerebral Henorrhage with Anyl oi dosis of the

Dut chType, for treating cerebral anyloid angi opathy and preventing its
potential consequences, i.e. single and recurrent |obar henorrhages, for

. -



25 in the treatnent, prevention and/or alleviation of Al zheiner's disease.
DEFI NI TI ONS AND CONVENTI ONS 30 The definitions and expl anati ons bel ow are
for the tesgbogggrused throughout this entire docunent incpgfigle/Reih the
specification and the clains. -44 W) 02/085877 PCT/US02/ 12591 By "al kyl "
and "Cl-C6 alkyl"™ in the present invention is neant straight or branched
chai n al kyl groups having 1-6 carbon atons, such as, nethyl, ethyl, propyl,
i sopropyl, n-butyl, secbutyl, tert-butyl, pentyl, 2-pentyl, isopentyl,
neopentyl, 5 hexyl, 2-hexyl, 3-hexyl, and 3-nethylpentyl: It is understood
that in case¥ whéi8, aR) alklpkneharB-of 3a5sdbshilouehengglyamohohn2al kyl ,

~al koxy or al kenyl grqupk |.$_ rter.or | han 6 carbons, it will be so
i ndi cat egdi%ﬁ eogg'clgﬁg%" g é{sk?r?@he%(?n%}ga?fa‘%l@% o~~i ndi cates a maxi num

of 10 carbons*- {Q1By2Ralkekyphzahd3* C13CE-dikdxytobantiie) pméaeht 2nvent i on

. I's nmeant_straight or ,branched. chain al kyl .groups.having 1-6 carbon atons,
attacheéy@ﬁP5§%ﬁqaylﬂé§§tﬁoh l%ﬁ%%%iﬁﬁoﬁﬁﬁéﬁé? 13 such as, for exanple,

met hexy, ethery, (PEQRPRXY1-beapybpoxitydnbutesy{ [8ec- but oxy, tert-but oxy,

pent oxy,

i sqQpent oxy, ,15 opent.gxy,. hexoxy, .ands3- get hyl pent oxy. By the
term" ha(lt5d§ -uqrr?r%/qlfél%yg%@E}Z}qlﬁ\%ﬁﬂogrpq%yr}géﬂ\} ‘¥l Uorine, bronine,
chl ori ngyi pagbyiladophc hAldemd " and " C2-C6 al kenyl " neans strai ght and
branched hydrqcarbaon rﬁdiczls h%vigg from2 ii 6 carbon ato and from 20
one to threeNdodBLE: BBhaL ~ddd ST HLELHREOPEREY dxarph¥dTrerkadyn [2pr openyl
1- but - 3- @R¥bu tl1RATI-ANet i NeX-cx Rty 19Rthis dridgs:1 )" Akypyl " and
"CZ-C6 al kynyl "™ means strai ght and branched hydrocarbon radi cals having
froh?2 9P PIBEPPASE 3 ®ne or 25 two triple bonds and incl udes

ethynyl, progyoyl;sbukyoyl.3penkyr1do¥bnaidyl heolhkaroRy-dsed (hgjebn, the
term"cycloal kyl"™ refers to saturated carbocCyclic radicals _haying three to

twel ve cldrssdmtatlaninorhd -eaiihaalHa1oxeat e IroHaslasaey 0r- M Bot yeycl i ¢

fused sxg&ggg%?lé@gygyéy%ﬂyd§uch radi cal s include cycl opropyl, cyclobutyl
cycl opentyl and cycl ohexyl. Preferred cgcloalkyl groups are cycl opentyl,

cycl ohexyi, aWd (¢}6l 8Replyl(3,$haiyvboabryrydy odpbyAseeyn3ald (483uBst i t ut ed
or,.as s Lij.ed,. s tiqt [ ai¥e] r - | jﬁial‘ spsitions with
var%gus @%%ﬁ%gSﬂfﬂéﬁEﬁmé ﬁ%%%??ng3%“%%+ﬁ%§%f§#?§ggi OB §§é§ple, such

cycl oal ldidpmproups repybel diptedrsithoXamidest it uted with) for exanple, Cl-C6
al kyl, C1-Co6.al , | , ehydrox no, NLtro o nQg,. _
nnno(Cl-C6)aPEyﬁ§§¥n8??d?g?giﬁcégfaP § §§5%39>c2-é§§F§éﬁy ,{éﬁ-CSalkynyl,
Cl- C6 halicaldaty;1 8miCt)GaL izl chiatekangl, - 2atxuee {HY-1GhY)4 red kortqpywiDnd (nE&t=Hea)-

al kyl am no, ¢ Cl. C6 kyl or. di_(Cl-C6) al kyl amno (Cl1-C6) al kyl . By

"aryl " #g'Nea%%pﬁﬁpgib%%??%h%%?%b%ﬁclic group having a single ring (e.g.,
phepyl ), nul &N*pl(d 18,083 -(e.(., 5-diighepybpbenalylmibthgbeosgrderdded rings in
whi ch at | east ane jis aromatic, e.g.y. 1,2 3, 4-tetrahydronapht hyl ,

napht hyISl,SC%H‘I al‘%lr@dﬂ?o'rﬂfcﬁ/”ﬁéﬁ&("}”g?}-?roé’rylt%r"ﬁis'dﬁrtrﬁ it 3d.R' Preferred
aryl gr augs-aytihsogiesenimidwention are phenyl, 1-naphthyl, 2napht hyl

i ndanyl, indenyl, dihﬁgronaphthyL, tetrglin | or

6,7,8,9;tetr§%yd4655ﬁ- éﬁidfaféﬁéﬁ&ﬁ@ﬁ? ﬁ?@.?Tﬁ@'&ﬁ?Foﬁﬁbéﬁé{fgsﬂéﬂéin are
unsubst i t UtRh Oy 1 A% riPesd A el JaRsdy I ethd p st/ 101 - smies: 15 b, fat abl e

positions with various groups. For exanple, such aryl groups may be
opt PBnalFyPEAMELT IR amidg or exanpl e, Cl-C6 al kyl, Cl-C6 al koxy,

hal ogen, hydr@xy,(1&Y3R9.-10idr @, 8F e RO GL d@lokyl- ;amigna g ) dip -( C1- C6)
al kyl am no, C2 go(lCG.aFt(IZer%yl(?'%z-c%sal ky’rr?%:é,_ Lz e R ;L
hal oal kok{i s ol granaosyazdeyy 1] prnry | @mnios)) rrasy b nong v 1cdY A kyl  or

di (CLCY; Bd dfdr{Baal kyl . By "heteroaryl” is neant one or nore
aromatic %é%1 1sysf§%%1§% 5-, 6-, or 7-menbered rings which includes fused
‘ring 25 syst é¥rs [df1S92R1 -dt-di¥s Scovitfdenedpenzyleast (erdrydminine)t-@ -f our
30 hydroxypropyl] -5-methyl-N?,N?-dipropylisophthalamide

N*-[(18,2R) -1- (3,5-difluorobenzyl) -2-hydroxy-3-

(isobutylamino) propyll -5-methyl-N?,N*-dipropylisophthalamide
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het er oat ons sel ected from nitrogen, oxygen, or sulfur. Preferred heteroaryl
groups of the present invention include pyridinyl, pyrimdinyl, quinolinyl,
benzot hi amglz0dseeol yl, indolinyl, pryidazinyl, pyrazinyl, pt@@gmﬂghm
i soqui nol yl, 30 quinazolinyl, qU|noxaI|nyI) phthala2|nyl i m dazol yl,
i soxazol yl, pyrazolyl) oxazolyl, thiazolyl, indolizinyl, indazolyl,
benzot hi azol yl , benzi m dazol yl, benzofuranyl, furanyl, thienyl, pyrrolyl,
oxadi azol yl, thiadiazolyl, triazolyl, tetrazolyl, oxazol opyridinyl,
|n1dazopyr|d|n I -46 MO U2/ USS877 PCT/USU2/12591 i sot hi azol yl,
napht hyri di njil' ; &1ﬁn©R?nyr 3cér@éﬁbﬂ?tob%eﬂﬁéhr%thﬂyDXYréoéhBonanyl
. chronany hs$eq Nyl i

|sobenzotg€%g%§gro F}"r%an(%llnlllerg(Pl 6e§28?% 9398?% 3$F0pylobenzotﬁ¥enyl,
benzoxa¥ol ¥ - d@myldmphmaigﬂmldmnzot et r ahydr of ur anyl ,
. benzotetrahyﬂlﬁot(IS gng%? Purgngldl? 959g+8§9§yhldtr592|nyl phenoxazi nyl ,

a

phenot hi azi nyl arrdl nyl benzo Iazo pyridinyl,
|nldazotﬂumemhyﬂandmhyﬂmmh@ﬂjBsanaﬂlayhydhemymaumailnﬁln@ﬁ&ﬂﬂ@%ézﬁhyl,
di hydro en2|slo|aZ|n o Egopyranyl 10 benzot hi opyranyl, coumarinyl,
i socounSrPAYPY LaFPERs A 2@ nanonyl . pyri di nyl - N-oxi de,
tetrahydroqumﬁeulmyLzRukhy@nmqebnmeeytyldEhydBOHUtpmhmmnnyLz-

0! ndoFrRa L BB ey - B PO AR BTy SRS SR s
R%rigidhﬁx?yﬁ5kﬁif%4d%Frépy{fEﬂ@Hbﬂiiém»déka pyra2|nyl RRSXIdS qui nol i nyl

xi de, indo oxi de olin 0X o U|n oxi. de
qU|%%zoI|nyIN%—é*?ﬁeZRﬁangﬁaﬁlﬁgﬁ REBR ﬁezykif%abﬁ Fﬁ?V Roxi d&S) i ki dazol y!
N- oxi de, 'l%%@l%@lll_\élmlm‘oq)ﬂad:%or@ﬂql@—)‘det &lp%pytl Ia8A A lp AN de,-

|ndoI|Z|nyI N-oxi de, indazolyl N 20 oxi benzothlazolyl N- oxi de,

ben2|n16E%6%91r%&HxT@kPr?BN¥%ﬁ®@ W@%ﬂﬁ%&ﬁeoxadlazolyl N- oxi de, thi adi azolyl

N-oxi de, trigzolyhgNopxide, 3tgta§§9h5kogggékge -3benzot hi opyranyl S-oxi de,
benzothlopyranyl S, S-di oxi de. The heteroar roups herei n axe

unsubst i mmmrlarrasws)ﬁéémh]@@lng}bﬂﬂy@tr@ammwé or5 WstdyA5 N uNSt i t ut abl e

pos glo \0d 148, For exanple, such heteroaryl groups nay be
opt}onal f OE@e%itﬁgggl for exanpl e, Cl-C6 al kyl, Cl-C6 al koxy,

halogen hydidxy (18yaRo: 1n|Bné daﬁﬂngrohen@y@t12€Bydabxyk3aﬁ1ao di (Ci1-Cs)
al kyl | ny shgb oal kyl , C1-C6

hal oal k ﬁq%ﬁ%ﬁ%ﬁﬁ%ﬁm@%ﬁ%ﬁ“ metgﬁ% R Ryl ani no (C1-08) al kyl
or di (thaﬁpyﬂﬂqﬂphﬂhaﬂadmm}CB) aIkyI . By "heterocycl e",

"het erocycl oglik I o] het er nt. [ e carbocycllc ring
systens of 4%J é 15 ER) § $$gg§gred r.%&%yaﬁ Xﬁmgﬁg & eé fused ring systens
of 9911 (alaaﬂcmtydhmlrw) -Q—(o]ije(tSS&'ﬂ'érrB@Tb’}US_’Ll(ZB/ B2EAE T lomcderizyd Jat2 -l east one
and up to four heter at e el.e on1n|t en, or sulfur.

B ef o S8 HEPRRIRTE e B ettt ran | SRR tERTas oot iyl
thlonnrpho||myL ublanmrphqblByalsiubtdbenhpuwnupppdkbayL38 $1dmexhge 5
plpera2|nyl razin r.rool i dinyl, purrelinyl, tetrahydropyranyl,
pi peri ditmAl er{yﬁtertgﬂ{}@ C}grﬂﬁdpg tet T mlhl\ﬁ |7 honopi peri di nyl
homonor oyl 1 SeyAHE lasmirgehol i nyl honnthlonnrpholinyl S, S-di oxi de,
oxazol i di non |hydr p zoly dr opy 0 di hydrop zinyl)
di hy ropyrldllyﬂ 1§vﬁ§g ﬁpgﬁvﬁlgﬁﬁgP°¥8Pﬁ§& é? %yhy diPRya 063 iﬁ;

t et rahyd[r(qtsrmﬁmyla"m% dearBot _I}flqhyzjfn@tmﬁfb&}o;@rls}addl% ] -5-

hOﬂDthIOﬁDrphO|ln% S-OX|de he heterocycle groups herein are

unsubst iMafed F ; NasdipEepy d8orltpat #rifed in one or nore substitutabl e
positions 15 it hl\sa@mu&l -9R0oERY4 fhAbrexarRhe) QU‘ﬁE‘dQ% ~acyghe groups nay
be optional | substltuted with, for exanpl e, C - al kyl,. Cl-C6 al koxy,

- hal ogen, ( wﬁﬁcﬁ-’ oresfAHBY a1 lanine ) rrasa(o 1'(%)‘“%14%5/1!*&% Mo; di (Cl-Ce)
al kyha qgghﬁﬁny aiyLoal kynyl, Cl-C6 hal oal kyl, Cl1-C6 hal oal koxy,
anlﬁg (gm%réaylkyl nDno (Cfggo Co6) alkylanlno (C1-C6) alkyl, di (Cl-C6)
~al kyl ani no (@T ﬂsapﬁyllor =0 dAfiUPe@béﬁéwﬁre§ -dr@-i n degrees Cel si us.

TLC ref O hr HPI r hi gh pressure
liquid c roérr%%%{ri;b nc% é)f rs totet r}zlﬁ)yggah&urkgf Bgs?\g refers to pounds
of presSUmEQleEﬁﬂphﬁha}ﬁmndQIm refers to 1,1 -carbonyl diini dazole. DCC
refers to dicycl ohexyl carbodiimde. 30 TMGrefers to

1,1,3,3-tetranethyl quanidine. ' DWVF refers to dinethylformam de. DBU refers
to 1, 8-diazabicycl o[ 5. 4. 0] undec-7-ene-2BBN refers to

1, 5-di azabi cycl o[ 4. 3. 0] non-5-ene. LDA refers to lithiumdiisopropyl am de.



-48 WO (12/ (185877 PCT/US02/12591 Li HVDS, refers to lithium
bi s(trinmethylsilyl)am de. NaHVDS refers to sodium bis(trimnmethylsilyl)am de.

KHVDS r efye §2/683g¢ 0t assi um bi s(trimet hyl silyl)am de. BOC rgéfiSod@s01

t - but oxycar bonyl ; 1, 1-di net hyl ethoxy 5 carbonyl; (CH3)3C-OCO . Hunig's

base refers to DI PEA, diisopropylethylamne, [ (CHs) zCH z-N CH2CH3. DVAP

refers to di nethylam nopyridine, (CH3)zNpyridin-1yl. 10 Saline refers to

an aqueous saturated sodi um chl oride sol ution. Chromatography (col umm

purification/separation of eluent). It is understood 15 pool ed and

concentrat ed Nt o{ CVR, 2Bf el s (Bp56di8landobkashl theehmtiogxaphy) (Befers to

~ conpounds express d_as Q%prort' thaty the approppigte fractions are dive
ma

the desiPER CEPOTNACYY. Wh

élr?tsltp;r(?prye onance spectfoscopy, chem cal shifts

are repditectpyl iFophtdk ldmide el d from TMS. NVR refers to nucl ear (proton)

- magneti c resonance spectroscopy, chem cal shifts are reported in ppm (d)

downfield 20 from TMS. TMS refers to trinethylsilyl. refers to phenyl

(C6H5) . MB refemest o1rESSgepechildpet rypexperssethas piesedsdes Orof the

rrass/charng,e unit. [M+.£g+ refers to.the positive ion of a 25 parent Fgus a
P reft o

hydr ogert "8 OB CBREEt r STNEHGACt . CTRLQ%f eV BT LGB heMEEf ST TE

i oni zat icmpdoABle el s tie f asiveditamrborkar digrRlirmdZGME g=£f &gl t Gtarting
el ectrospray mass spectronetry. HRVS refers to high resol ution nass

spect r off@tHEF133@ Pher mtR ebiPi O M EEEERO8bI ' atef €S PEOPREERS pAEFertliss
and/ or siRstiaReAe WY Rk ¥t lLr ity tthe RYldant d 8@ ochenistry
phar macol 0gi cal / t oxi col ogi cal point, of view and to the manufacturing

phat frac &t iSelIS tdf@RNSt DRGRTDIARRICHSCHENM® salpmesy 0 CHB9E7Y:
PCT/ US02/ 125%L @it 10 i o4 BOAT dibigs CORpPSht i PRe f BrBkali Ok St alid ity,
patient acceptance and bioavail abili t%. Pharmaceutically acceptabl e anion
salts i myapdEaddians off thre ¥ opTovsaeedctBexhde hdn&saf dnoen Rydnecied c,

Fumar i o, el ef e R iy a COON hbr e Rer 470 Enr e AL &) W B
wher e nprodastdefn nedolboveliclgisylldt e r ekéiyet o - Oompohadesul f e .aci d.
:8%gﬂf:pgntoaﬁcg{aa%feeﬁtéctgg_lsfféro't%ee”%aft‘?r@n% A h1 AL vt Al derfers to
Scheme 2 discloses a process for the transformation of an
epoxide V to the desired compounds of Formula X.
Scheme 3 discloses an alternative process for the
conversion of the protected amino acid (I) to the corresponding

20 ketone (III).

Scheme 4 discloses an alternative process to prepare the
ester (II).

Scheme 5 discloses a process to change the protecting
group for the ester (II).

25 Scheme 6 discloses a process to prepare the unprotected
alcohol (IV-unprotected) and the wunprotected epoxide (V-
unprotected) .

Scheme 7 discloses a process for the transformation of an
epoxide V-1 to the desired compounds of Formula X-1.

30 Representative examples of methods for preparing compounds

of the invention are set forth below.
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when sol vent pairs are used, the ratios of solvents used are vol une/vol une
(v/v). Wien the solubility of a solid in a solvent is used the ratio of the
solid towHereekyent is weight/volume (wt/v). 15 DI PMAP r gEeasod2s¢iR

R) - 1, 2- bi s[ (o- net hoxyphenyl ) phenyl phosphi ne] et hane. MeDuPhos refers to
1,2-bis ((25,5S)-2,5di net hyl phosphol ano) benzene. Et DuPhos refers to 1,2-bis
((25,5S)-2,520 di net hyl phosphol ano) benzene. Bi naphane refers to

(S, S -1, 2-Bi s~S) - 4, 5-di hydr o- 3Hdi napht ho[ 2, 1-c: 1", 2' - a] phosphepi no} benzene.
f - Bi naphane refers to (R R -1,1"-Bis(R)-4, 5-di hydro- 3H

di napht ho[ 2, 1-c:|"', 2' - a] phosphepi noEfBEMBcéne; "f" refers to 25 ferrocenyl.
. Me- Ket al Phos regers to

0
1ZB|s[( 84858) 3, 4- G saprepylli dene- 3, 4- di hydr oxy - @i met hyl ] benze
ne. Me-f- K referstoll s-dH 2S, 3S, 4S, 58) ZSSROEHQﬁ o

. di et hyl - e i pr,ﬂpy mtec ne- 3, 43G_di d:roxyph hol anyl ] ferrace F
Et - f - Ket aI Phos
1,1 -Bis-[(@S 58) 2, 5d|etl(|1yl- |sopropyI|dene 3, 4(1)6\@/
di hydr oxyphosphoIFanyI ]ferrocene - O 02/ USS877 PCT/ US02/ 12591 Bl NAP

refers to R-2,2'-bis(di phenyl phosphl no) 1, 1' bi napht hyl . DI OP ref ers to

(R R-2,3-0isopropylidene-2, 3-di hydr oxyl 4- bi s(di phenyl phosphi no}) a,%;&ne
5 BPPFA refers to R 1-[(S)-1' 2bi sdi phenyl phospi no) ferrocenyl | -

et hyl di met hyl ami ne. BPPMrefers to

(2S, 49) -ﬁ&d&m%ar bonylepAdiipheBybRRNOS h| 2- dirptvginy| phogphi | pyrr ol
i di ne. CHI RAPE ref er's—tp—o—('S— b 3fp\6|w§(d| pPP&p¥LPBesPhI no@bgta'ﬁx
PROPHOS refers.te(9) -1, 2-bi s(di phen phasphi no) propane. NORPHES refgrs to
(R R-5,6-bis(d enyl phosphi no) -2 nor '@ ene. CYCLOPHCS refers @
R- 1-cycl ohexi;Y 15 bi s(di phenyl pgﬁsph a0) et hane. BDPP refers_t

(2S, 4S) - bi s( phenyl phosphi no) pent EGPHOS refers to 1-séBBti ttuted (S,
S) - 3, 4- bi s(di phenyl phosphi no)- pyrrolidine. PNNP refers to N, N -Dbis

(di phenyl phosphi -N, N-bis [ (R -120 phenyl]ethyl enedia%’ E'CJ Thi onyl
chloride refers tpp SOC z. Phosphorous trichloride refers t §PY5.4 oxal yl
chloride refers tp (COCl)z. Phosphorous tribromde refers to PBrgy 25

Tri phenyl phosphor pus di bromi de ref ef 3« Ja&mcpSPBrZ Oxal yl S dex reEers to
(COBr)2. Ether re rich orop os

refers to\ O- ~PCI3 O 30 2,4, 6- trlchl oro 1,3,S-triazine refers 1
(IV-a)

F
SCHEME 2
H\/\w\o N (:DH H\Q\
PROT” PROT’NWN OCH,
H . : -
\Q/ (V) \Q (Vi)
F F

SV Vs
N\/\/N OCH3 HZN\/\/N OCH3

F
(X) U (v

5 F F
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WO 112/U85877 PCT/USU2112~91 CI° 'N 'Cl ' NY NC MIBE refers to nethyl
t-butyl ether. DME refers to di nethoxyethane. 5 The disclosures in this
appl i cat ivopopbssel articles and references, including pategisso?691

i ncorporated herein by reference. The invention is illustrated further by
the follow ng exanpl es, which are not to be construed as Iimting the 10

i nvention in scope or spirit to the specific procedures described in them
The starting materials and various intermnmedi ates may be obtained from
commer ci al sources, prepared fromconmmercially avail abl e organi ¢ conpounds,
or prepared using well-known 15 synthetic methods. EXAMPLES The foll ow ng

detail ed exanpl es describe how to pg £ 4 he various conpounds and/ or
performthe vari ous processes of Zoﬁ@n—ﬁventi on and are to be construed

as nerely illustrative,, an@ not limtations of the pQecedi ng di scl osure.
Those skilled in the a Ml | recogni ze approprigie riations fromthe
procedures both afRY redctaftls and as to r&dPT on Tonditti ons and

t echni ques. 25 EXAMPLE 1= F < F
(2S)-2-[(tert-but oxgéar bon 1 no] - 3-—3-54di f| uor ophg [Pr opanoi ¢ aci d
met hyl ester (11) - WO U8SS77 PCT/ LI SO2XiI»5915 40 15 20 25 00 O
N~OH ----~. ON-OCH3 O ~ ~ O~~F/ | FF To a 1- -neck round bottom

flask equi pped with a magnetfc stirrer, nitrogen inl gt Fand thernocouple is
added (2S) -2- [ (tert-butoxycarbonyl) am nolalkyatidr3

5di f | uor ophenyl ) propanoic acid (I, 40 g, 0.133 noles] 1 equivalent)

foll owed by THF (240 nmli). Lithium hydroxi de nonohydrite (5.6 g, 0.133
noles, 1 equivalent) is added in a single portion fandq s allowed to stir

for 30 mn at which tine, the contents are co N . e cool ed,

di met hyl sulfate (12.6 nmL, 0.133 noles, 1 equivalent) is added dropw se via
syringe and then stirred for 30 mn. The mxture is3h heat ed to about 50
and nmonitored (by HPLC) until 90~ conversion ha(illgﬁeen eved. At that
time, the mxture is cooled to below 20 (solids rm. e m xture is then
poured into sodi um bi carbonate (200 nL), stirred for 15Im n then extracted
with nethyl t-butyl ether (200 nml). The phases are sepafated and the
aqueous layer is extracted with nethyl tbutyl ether (2 x 200 nmL). The

conbi ned organi c phases are washed with water (400 nL) dried over sodium
sul fate, filtered and concentrated BHHEE®duced pressure to give a solid.
This material is then recrystallized fromhexanes to givegthegditle
compound, nmp - 8L: NVR (DVBO-d6) 8 7.51, 7.15-7.25, 4.43, 381, 3.00-3.26
and 1.49; CWR ( 8ds) 8 172.43, 1®3.7 161. 20, 155.67, }1J42.58, 112.70,

120. 23, 78. 609, 1, 52.24, 35 RAqd #8.37._-53 WO U2[{ 1868BROT
PCT/ US( 12/ 1259 MPLE 2 tert-butyl OR
(1S) - 3-chl or I=%375¢i f | uorobenE?Pﬁ('-NZ- oxopt opyl car bamat ¢ ) OOON
~OCH3 --.~ O N ~Cl F E
(XII) (XI) (XIV)
[H]

(ID
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O~~FOI ~F/ / FF510 15 20 25 To a 1-L 3-neck round bottom fl ask
equi pped with a nmagnetic stirrer, nitrogen inlet, thernocouple and

addi ti onabobhyowzets i s added PCT/US02/12591
(2S)-2-[(tert-butoxycarbonyl)am no]-3-(3, 5di fl uorophenyl ) propanoi ¢ acid
met hyl ester (11, EXAMPLE 1, 10.0 g, 0.0317 noles, 1 equivalent) foll owed

by THF (175 nlL) then cooled to -78. Once the nixture i s cool ed,

i odochl oronet hane (9.25 nL, 0.127 noles, 4 equivalents) is added in one
portion via syringe. The addition funnel is charged with LDA (79 m., 0.158
mol es, 5 equivalents, 2.0 Min hept388EMEF} and is subsequently added
dropmnse to the mxture keeQ5ng the internal tenperafure below -70. Once
the addition is conﬁ&etﬁ UE contents are stlrregvlﬁi 15 mn at which tine
acetic acid (47.2 @ s, 26 eqU|vaIent§ ded dropw se via
the addition funnel keeplmg the |nternal ratuEe berM/ 65. Once this
addition is conplete, the Fis stg?P gﬁf en warnmed to O
and poured into water (500 sal i ne—{-500-4l) and yl t-butyl ether
(500 nL) then transferred to Separatory funnel. Th ases are separated
and the aqueous phase is extrgcted with nmethyl t- butyI ether (2 x 250 nlL).
The conbi ned organi c phases are washed w th saturat squhqntblcarbonate
(500 nL), sodiumsulfite g@ én) and water (500 nL).~ The organic phase is
then dried over sodiumsulfate,” filtered and concen r&b €sktunder reduced
pressure to give a -54 WD (12/1185877 PCT/ LI S02/ 1p591 SO|Id The solid is
recrystallized from heptane/i-propyl alcohol (10/1)Yyto give the title
conmpound, nmp = 139; NWR (DMSO d6) 8 7.47, 7.06-7.14,04.78, 4.49, 3.20, 2.82
and 1.40; CMR (DVSO d6) 8 200.87, 163.74, 1?& Zg 14p. 74, 112.80, 102.13, 5
79.04, 58.97, 47.72, 34.95 and 28.30. EXAMP {"em’IEtM

(1S, 295) - 3- chloro 1- (3 5di f | uor obenzyl) - 2- hydroxyprapylcarbanate (I'vy HOH
OHON-~Cl ONSC O~~FO~~F/ /| FF 10 To a™2xf F3-neck round

bottom fl ask equi pped with nagnetic stir bar, nltrog nl et and
t her nocoupl e, is added tert-butyl (I-CBz)
(1S)-3-ch|oro-l-(3,5-dif|uorobenzyl)-ZoxopropyIcarba ate (111, EXAMPLE 2,

4.4 g, 0.0132 nmoles, 1 15 equivalent) followed by THF (20 nL) and et hanol
(30 mL) then cooled to -78. Once the mxture is cool ed, sodi um borohydri de
(2.0 g, 0.0527 noles, 4 equivalentsgcﬁ§M§d§ed as a solid portion w se over
30 m n keeping the |nternaI t enper ow -70. Once this addition is
conpl ete, the contents are s®trred 20 for 2 hr at -7®H hen warned to 0 and
stirred an additi oRROT-EHNL_ e Ry xture i s quenghed thg addi tion of
saturated potassium bisulfate (15 nL) and water (1% ni his slurry is
stirred for 30 min at 20-2%5_ then goncentrated undeF-reduch E pressure to

half its volune. The m xture hen cooled to 0 25 irred for 30 mn.
After this tine, the resulta olids are collected Dy [tration and

washed with water (2 x 50 nlL) fhen dried under reducedYpressure at 50 to
gi ve crude product. A syn/antiFratio of 4-9:1 has beenrFobserved. The
desired -55 WO (12/(18S877 PCT/ US(12/ 12591 pro ystallized from
hexanes/ et hanol (25/1) to gi V&) the title conpoqﬁﬁhmhéwgéga9 NVR
(DVMBO-d6) 8 6.89-7.16, 5.61, 3.64-3.83, 3.19, 2.69 and|1.41; CVR (DVSO d6)
8 163.67, 161.24, 155.44, 112.70, 101.55, 78.04, 72.9 54.29, 48. 24, 35.97
and 5 28. 37.

H 2 N \\\O

; |
F
5 ' (V-unprotected)

nm§-
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EXAMPLE 4 tert-Butyl (1S)-2-(3,5-difluorophenyl)-1-[(2S)

oxi ranyl ] et hyl car bamate (V) HOHH O NSC ONO-~FO-~F/ ~/ FF 10

To a 2S0 wb oBogreeK round bottom fl ask equi pped W th nmagnepieghl f2sdar

nitrogen inlet and thernocouple, is added tert-butyl

(1S, 2S)-3-chloro-1-(3, 5-di fl uorobenzyl ) - 2hydr oxypr opyl carbamate (1V,

EXAMPLE 3, 3.5 g, 0.010 noles, 1 15 equivalent) foll owed by absol ute

et hanol (60 nL) and cooled to 0. To this mxture is added potassium

hydroxi de (0.73 g, 0.013 noles, 1.25 equivalents) dissolved in absolute

et hanol (10 nlL) over 1 hr and t he S@EHMHE i'hg suspension is warnmed to 15 20

and stirred for 1 hr., At this tine, water (100 nL) is 20 added and.t he

reaction contents a Bﬁedto-S and stirred for 30HT NPHThe s S are
n

coll ected by fiRROWELI d washed with cold wat ngch%W I\Rkﬁd
under reduced pressureée at 45. to give the title conmpound; np = 133; N 3

(DVBO-d6) b 7.03, 3.61; @.. \Zg and 1.33; CVR (DVSO d6)_8~168B. 72, 161. 29,
25 155.55, 143.35, 112.6 101 78.17, 53.42, 52.71, 4, 36. 941-and
28.36. The anti-diasteredner np = 101 -56 WO (12/ 118587 7/PCT/ US02/ 12591
EXAMPLE 5 tert-Butyl (1SF F

2R) - 1- (3, 5-di fl uorobenzyl ) - 2hydr oxy- 3-[ ( 3net hoxybenzyl ) am no] pr opyl car bamat
e (M) 5 tert-Butyl

(1S)-2-(3, 5- d+ uorophenyl ) - 1-[ (2S) oxi ranyl ] et hyl carbamate (), EXAMPLE 4,
245 ng, 0.82 i3 suspended in i sopropyl al cohol (6 ni) and

3- met hoxybe am e (160 ~aL, 1.22 mml) is added with stir ing at 20- 25.

This mixture is ké&ated Lo gentle n ux (bath tenp 85) ur@er 2% ogen
for 2 hr, whereypg heNre uIth ure is concentqﬁg\ey\u% ced
pressure to give the {itl®e conpound” TR¥Hsi tTe conpoundyis & BYCH,

fl ash chromat ography 02- pt hgnol / et hyl ene chl ori de; : gr dlept el ution)
to give purified title conp d. 15 EXAVPLE 6
(2R, 39) - 3- ami no- 4- (3, 5- di f I'wgropherwly) - 1- [ (3net hoxybenzyl noj - %VMU@anol
(M11) tert-Butyl (1S, 2R)-1:(3, 5- dlgluorobenzyl) 2- hydr oxy- 320
[(3- nethoxybenzyl)anlno]propﬁlcarbanate (VI1, EXAMPLE 5, 2%8 ng, 0.59 nmol)
is dissolved in nethylene chloride (1 nL) at 20 25, and trifluoroacetic
acid (1 n) is added with stirring under nitrogen. The mixture is stirred
0- 25 fo 1 hr ereupon_the mxture is concentrated under reduced

Ssur e to B8 §POEIERS Gt IFWBHGouhdRaThe LRt IR ICEHp FRRREGSS UsBAUS N t he

neXt rc@mpo@ﬁdmnbhoebrﬁunhh@rc@%rb&h%aﬂay1aﬂ903&%£bdi stereoisomers,
N1-((1S, 2R) - 1 3,5-difl u?r obenzyl ) - 2- hydr ox% (3- et hoxybenzyl ) am noj pr opy
| ~ 5- mbt Ryt - REONPBF Hi BF o SHALEFRONEEEm deWpxje biologically active

(2R, 3Sé§darrm@d41c(t% S5-ghdhuor ogheny! a1t [(§t€?éb@§w€9§y| ) & 0] (@?S‘} anol

(VIl1, EXAMPLE 6) is dissolved_in_anhydrous DWMF (3 nlL) and cool ed
Tri et PR 4T BB ULS PG TRfpIlRTdNd Prefisrred. One of these chiral

10 centers in the epoxide (V) is derived from the starting amino

acid (0). Therefore, it is preferred to start with the amino
acid (0) containing the desired enantiomeric center rather than
to start with a mixture and have to perform a resolution to

obtain the desired (S)-enantiomer of the amino acid (0).

15
SCHEME 1 depicts the conversion of amino acid (0) to N-
protected amino epoxide (V). Protection of the free amino
group of the preferably (S)-amino acid (0) with a nitrogen
protecting group (PROT) yields the protected amino acid (I)
20 having the same stereochemistry. Nitrogen protecting groups

are well known to those skilled in the art, see for example,
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V1' 0 02/08S877 PCT/LIS02/12SlI1 methyl-N, N-dipropylisophthalamc acid (IX,
156 ng, 0.59 mmol) are added with stirring. The mxture is warnmed to 20-25

briefly twoabbssssfor conplete dissolution of the carboxyl pgraghghaspef ore
retooling to 0. 1-Hydroxybenzotriazole (157 ng, 5 1.2 mml) is added with
stirring) followed by 1-(3dinethylam nopropyl)-3-ethyl carbodiimde

hydrochl oride (229 ng, 1.2 nmmol). The resulting mxture is stirred at 0 for
5 mn, then warnmed to 20-25 for 15 hr. The m xture is then quenched with
aqueous citric acid (10%, and the m xture extracted three 10 tinmes with

et hyl actiidieeoahePEodfhedd oFyanPs Xt rQesanie eSkathediai't h Jodnuridt kel

. sodi um hj rFQﬂ{@t ine, dry ed [ 94 fale Ll r and ;
concent Péart(:&g und’e%?@?h%@g ﬁ'e%’s’urfe)é/étalo’ give t Izuii t Il\gl%%é %]ﬁn%d? N crude
form THimoups eihalOrgampig i Chediby ril aspldmwowaPogsaphyNgwR- Y0¥k]15 N. Y.,

| Zﬁhggﬂﬁhf%“{t%%ﬁ' _Sr.ngef‘e%r a%é%i’. ghi.o@rete% Uy Purkligd Yile i
N1- (61S, "?EFi)et:lec(tSi,\Ee diGroupsobenz ydyg&a hy draheyri3{t(x3+,i odebenayi} achno]stapyl } -
o ocedurl SF BXANELES o a7 ARkl by naAoSr ¢ Ba v APEact GFOHR
l'\J/Z![ Rgl 32pndmmrnzryjz [' {bargrm?;p t he tif;b' eJimmgmo] A gn?de!c?ad),bt aitﬂedal}/ZSkéeEX%thf&i:[

y - 2- enzyl oxy) car bonyl ] - 3- i fluorophenyl)-2-propengpat e
(XIV) ‘?ﬁﬁ@z‘l\m?&%%d? é}ﬁ &%éfdﬂcﬁ%b%eﬁbflglégﬁc%zé‘wgééz F 1§ _5g
WO 02/ f L6k RCT/ S0ahd2a91 3s5- Riddivwor aberget slehyde (XhHe Zreéferbndad?

nol es, 1 equi vaelﬁﬁ% and THF (100 nL) are m xed and cool ed to about O.
N(B@nzﬂ%&y’&ﬂ J¥hosphonyl - gl yci netrinethylester (X111, 8.7 g, 0.026

nol es, 1.3 edquie/al prbskciedaddagin® theid 5 pryi flyprahengaldehyde (g)
(XI1)/THE m xture. This is followed by I,1,3,3-tetranmethyl guanidine (4.0
nL, 0.0FsFR e HTWqui V&l efhEN adkBW Nt sBC ThESr eRATXRFRANEINT 1 ed

for 5 migv@teddien aktowed t@rwar m t,Q 2025 q At ghe2 hi - clfReLgact i is
conpl et ep&( bye TLC anal ysi s) at( V\h\é\?ch (:i me vvalt e% (100errL) bgr?d 10r%§t hyl &)

acet at e {uBEIRhewrE Btded. TiHe pRasEsTaiens«pHr abed agrPriiiel swmiods phase
is extragledw tde gfdyd acetate (100 nl) and the conbi ned organic phases
are washed wt'h saline (100 nmL), dried over sodiumsulfate, filtered and
concent r at ed WheterRr dguded FreSsrldklo qptieors Idnudmbsd dthitethevigdl iahe s

purified 5 by,sildicagel-chr r g%( e t a1 ) to
Give the Bt Corasi Chy o 1o RRefebcay oS ei 8, SUBEERERPes WL ERL
6.43, 4.9F and 13 ,6%alcR(,CRELIyahd 65. 56, 164.54, 164.41, 162.07, 137.39,
136.02, 12 7.. 128, 12 2, 128 .57, 128.47, 126.25, 112.57, 112. 38,
| 05. 22, Cll%ﬁ'f%flofgfé% tbcéaffg SIS 33, Additional material is
recdVered thatl) sstaniivimg &of rarattadlafims . adEAMA EHD fatrylla T
(2S) - 2- ~[ (ke I carhonyl ] am na -3(3,5-difl uorophenyl)propanoate (11) O
H O NH Ciiéthb%ﬁ@q@i})]fatlr@ Iaéﬁbnrq: 2= I\'fe%{%ﬁre(sfﬂce- f—fo[a [}}la(%éghzyl oxy)
carbonyl] -3-suixalbd fd lugrlephiany|gashtpyy dpeilarkd e (XIV, XIV, EXAVPLE 9,
0.100 g, 0.228 mml,) and degassed t hanol (10 are mxed in a 0 .m
Hast el oy bont! Th%g?ﬁ‘?(tﬁ %Sw%id HreEf"?i wgg)r\m“rlﬁ‘ hydr Gyere _5%&);1
optionally substituted with one -Cl where X, is iodo,
25 bromo, c¢hloro, -O-tosylate, -O-mesylate or -0O-
triflate;
(b) dimethylsulfate
(c) X4-CH,-CH=CH,, where X, is as defined above
(d}) a benzyl substituted on the methyl group with X, where
30 X4 is defined as above and where the phenyl ring is

optionally substituted with nitro, halogen, or cyano.

While a variety of bases are suitable for this

esterification, the base is preferably hydroxide, carbonate,
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WO 02/ 08S877 PCT/ US02/ 12591 (60 prig) and then stirred at 60 psig hydrogen
for 60 mn at ' 20-25. Then (R R )-DPAP)Rh (5.2 ng, 3 noleo) is dissolved

i n et hanad o4/dssgly, degassed) is added and the system pur gpernkéh2kedr ogen
(3 x 60 psig). The contents are then stirred at 20 5 prig hydrogen at 25

overnight at which tine the reaction is conplete as determ ned by HPLC. The
systemis then purged and filtered to renove the catal yst and the sol vent
is renoved under reduced pressure to give the title conmpound. 10 EXAMPLE 11
Met hyl (2S)-2-am no- 3- (3, 5di fl uorophenyl ) propanocate (XV) O O O N ~OCH3 H2N
V ' OCH3bchrbokRate-~ LDA, F h-[CFdg alkyl)lithium, LiHMDS, NaHMDS or

(29) - 2- rt-but oxycarbanyl )am nql,-3-(3,5 difluorophenyl)propanojc acid
oty SEMEE. NS ARRERer kg o The 382005 MLy Posbangse 3H

met hanobic3@oshptand hydeoechl abire delede3Nd 2Asel)l sakeroxede . The m xture
is then heated to 50 and_stjrred until conplete.as sured by HPLC en
the reacti onpir§f85ﬁﬁfiet%}k¥11%ti:?ﬁ1t SRS e2EGol Td"® gﬁﬁlg‘?ﬁgt hg‘eﬁhy\é\fh t he
m xt3ir ejbgiad), Udrel #etByW thiFatugeat edméles qdidrahiciar bepat @ 1a9d alther
concentrated under reduced pressure. This mxture is extracted with ethyl

acet at e2@2n% 29s M 1w he tlotit? ned BR§Eni ERBhaREe arlé dHPBd ofedCsdei um

sulfategikivhbered;and eQme@Rl r abaMpsHBECkiMBkentl @R 1B~ of: 3ReMeki 40T bax
RX- C8 acetonitrile/0.05M potassi um di hydrogen 25 phosphate, 60/40; 1.0

mL/ m n, i~ Farmablihi scoodd@r tal firomcabrauwed on8d,t haud forehereferailileat i on
into the next step. -60 WO (12/118S877 PCT/ US02/12s91 EXAMPLE 12 Met hyl
(2S) - 2- PPEMENZTYI00)) e bRRGUT arPHe] PBiOY ( §05-tdief | arkft Wpkrihy P pEbpamedce (11)

0,98, 0 Bin Nl £ doe BOAELS MU gt pimeprany s

1. 40 mmplre fra®liyvahest ¢d and wabett ( Hheol) car epsuwteds 0 Sodi unieat hogatie
(0.15 g, 1.40 mmol, 1 equivalent) of is added followed by .
benzy| cPREIEdrytmaty (0.959fulo. 20hgn 10 Bhe mmeilkylagdaicval e#d§ntand tige
M Xt ur e g3kelth§d st £4@=25 until conplete as neasured by HPLC. Once the
reaction is conplete, ethyl acetate (20 nlL) is added and the phases
separ at ed. TR tggnesiyeghasehien &xt kacdedonrifanal byl subetateted kepovhl),

an he in or, i..C are . drj.e i |fate, 15 filtered,
angl%onégﬁ$¢gt§ ? e%%@rqfﬁ@%%Q%n bk gc%%ﬁ?%é%ﬁfﬂﬁhﬁp

The concentrate is crysta rom-hexanes/ et hyl
acetate to give tHelti doateowiogna, prptecssd RNRNEDMBAAIS)E gozmgda 7128,

(29) - 20 P DA Sy By o na] 3 3 S AL Copmny T BRofSid: £7aci d
met hyl dstrevingl B @@$)ivazed afrtierct alitdoxaoar bonyl ) amno] -3- (3, 5
difluorophenw&%pr%Q%ﬂng ggickﬁé, m§x9u9e 00917uﬂnlgs’pﬁé£%1 optionally
20 substituted on the phenyl ring with nitro, halogen, or cyano.
The use of activating agents, such as for example, alkyl
chloroformates such as isobutyl chloroformate, CDI, and DCC, in
esterification of acids with alcohols is well known to those
skilled in the art. Preferred activating agents herein are CDI
25 and DCC. Preferred esters in this process are those where R;
is methyl or ethyl, more preferably methyl. A particularly
preferred ester is (2S)-2-[(tert-butoxycarbonyl)amino]-3-(3,5-
difluorophenyl)propancic acid methyl ester.
SCHEME 4 shows an alternate route to ester (II). See also
30 EXAMPLES 9 and 10. In the process of SCHEME 4, preferred 3,5-
difluorobenzaldehyde (XII), which is commercially available
from, for example, Aldrich, Milwaukee, Wisconsin, USA, is

reacted with the phosphorous compound (XIII), where X; is a
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25 equi val ent) and potassium carbonate (2.5 g, 0.018 noles, 1.1 equivalent)
are mxed in THF (100 nL). To this heterogeneous m xture is then added

di met hyl wolobassg7{1.6 nL, 2.1 g, 0.017 noles, 1.0 equival epijystsithsbne
contents were then stirred at 20-25 overnight. Once the reaction Is

conpl ete as neasured by -61 WO 02/ (185877 PCT/ US02/ 12591 HPLC, ammoni um
hydroxide (10% 20 nmL) is ' stir for 1 hr at which tinme the contents ethyl
acetate (3 x 50 nL). The conbi ned washed with water (50 nlL) and saline (50
5 sulfate, filtered, and concentrated unde give the title conpound. added
and al | il akyl ear & eaxtingct adowpt h tor gampduphasebe fiie nlXYILV)dri edSwitesblsodi um

. r reduc EX@_@/gL
(2S) - 2- E?L?etagfﬁﬁﬁ Itéox;l/‘1 ar bonyl )ﬁ{arg.rﬁ%vr{lo] tg-(%{l%%?f Is&olrlolp flp) prr}b?)aﬁéﬁ ¢ acid
met hyl amrenqullérlbo (28efezred (telefbnt OX{PCTAT bonyLIs) amesnyl- 3- (4B, -2-
‘ 5dif|uor noi.c id 0.017 nmoles,. 1.0 e U|valent and
pot assi u car c}) C{’gg%%b%ﬁﬁd'oﬁs % e%lgfjl Olroé%ﬂﬁWaEIE)erﬁ)prd % 00) n)
are HBi xed. TdHehi @Ht&t;d’rmgmteomrﬂ;ﬁmndd ur I oIt hesreaddasbwh Wﬁichyltmgé ate

(1.6 m, 7_nol es, and the c nts are then
stirred ¥ ]é(?%ZSlrbv%TF i Fht : C%%: n? ?sctoq?plagltké’%ag%ur‘wq)y
HPLC, ammmfieraldiydr ol (. 10%1‘h%0 aﬁ.&ieh§dédded1_a)nd adld ovBE thsdpHoddls 1
hr. The contentq,fvaa}kg %\t/\/: rred for n then cooled 20 to O and filtered.
The sol {FEEGE d tﬁrﬁolﬁy%cf Y26 9MOIn6 df e URAERT r ARKRLEC

pressur ergargicesdheenid | | eueonpoundr, EXANEL Eqlsxhaet - RYhyr or DME, ang
(183; 3-chl oro-1- (3 5-di fl uorobenzyl)25 2- oxopropyl car bamat e (rer)

(25}92- [t(bceerrte tohRF AHBEHAY farﬁl’rﬁf] r:?«k(sf?dﬁfqlu{irwherm )resparstieddial (1)
5ol T B P gl 02 SR (el Ul 1

added an 30t e mxture Irre

t-butyl (FlYh@chlQEQrd- [wh el fE&0R8BERZY]- 2%°@X%ﬁ$&1y£,69£??éfﬂh £6X! Jen Thg

m xture is cooled to <0 and LiCHIC (greater than 2 equiva is a
The mi xtiHAE LIS} r E@MRALEE /t He €62 Prﬁ’ie@blzl TI86879a R/ UBB)lZ/alﬁﬂﬁ:l

reacti onygss %M%leefgmffaggwqhégfq H&h g@e\é%&%ﬁol 3;9 r oduct

is extracted into eth acet at e. eco |ne ni'c phases a
wi t B3 saldomee rgriiasy oxﬁmcesdmmmemtfm lald:omp"]a—:em r atred Einderd rzemlceesdn

pressur e IVPL 16 tert but yl

(1S)- 3 of s::ognre%' 1- %ﬂ@ du’H‘" E %?1%??2 S c"i‘ﬁrac% %a?%e(i%l LPOTS T &L
(3.54 gthg 4(61¢rf_3,n 1gte8’20|¢mm;s]:r2/5 mﬁe\mﬁeﬂu) aaﬂd iHFsbhemg)i talaa: iafdded to
(2S) -2- bu car a (3,5:-di fluorqgphenyl opanoic acid
net hyl es?tkéa%s(al%r Eéél\/é 1% nlé"gg g]'f %gémw‘iﬁOd‘iCteqw eenF%ng'ﬂElﬁ‘Pxﬁﬁe is
cool ed BEcot®ldmhedDhy( 2i2thods, kibwe0 tmTtﬂhosJa'S %123 RO UirV AN tS:t ,2.0MK 1S

ad dropwise naintai ning an |ntern nper at ure bel ow - 60. Once t he
gféjl on%| sfcszorrpxatmé) S hée Stents I'te &F%@gﬁﬁp M0 min at -78 at which

time n-butyl Netdti unh¢lolefin 19182 nm®l hybrtyeatidaml eats 4. IMidable
et RATRE PR 8 Y LS B 2 LT T P
reaction may be conducted at pressures of from about 1 to about
100 psi. A variety of suitable catalysts will be recognized by
25 those having ordinary skill in the art. An example of a class
of suitable catalysts is represented by the formula
[Rh(diene)L]'X" where
Rh is rhodium;
diene is cyclooctadiene and norbornadiene;
30 L is a ligand selected from the group consisting of
DIPMAP, MeDuPhos, EtDuPhos, Binaphane, f—Binéphane,
Me-KetalPhos, Me-f-KetalPhos, Et-f-KetalPhos, BINAP,
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- and net hanol

m n then quenched into O hydrochloric acid (1N). Ethyl acetate is added and
t he phases are separated and the agueous phase is extracted with ethyl
acet at e. widn2/¢48§hi ned organi c phases are washed w th sat upafge)F8dum

bi carbonate, dried over 25 sodiumsulfate, filtered and concentrated under
reduced pressure to give the title conmpound, NVR (DVSO-d6) b 7.47,
7.06-7.14, 4.78, 4.49, 3.20, 2.82 arid 1.40; CWR (DVSO ds) 8 200. 87,

163. 74, 161.20, Zz42.74, 112.80, 102.13, 79.04, 58.97, 47.72, 34.95 and
28.30. 30 EXAMPLE 17

{28, 3S) - 3- ami no- 1Ddl®|Por 0-BRRF3 ,5di BRRNS op@léﬁ%l)’msan PROPHOB3 NORDPERSQS; S7~

. O"O H H=-N sC / H 802/12 91 F F tent-butyl
§5§P§8?|u§§8§énz F% gﬁky

(1S, 2S) - 3chl or o- 1 oxypr pylcarbanate (rv,
EXAMPLE 3, 1X0 gs CR09S miFgl)) amelsD@vvemov\xerOOPFeSIamd( £pF,um 23.8 mmmol)
xture is en 5 pl aced over a J Ki m

shaker with éflngaéﬁ %ﬁnbgF rﬁF% %éﬁsugﬁaﬁ95| 1EnBTOSEES AEPECAT Pifng

nateriathbeﬁhvehthbe nMpstritieul dfe yr @aehi onigobntenhy are stidupeead through a
sintered funp and t g resi n washed mnth met hanol (25 m.) and

|
met hanol / et H;E‘Péﬁeséﬁl e 7he az%tn‘ti} TReCPBRHFE| b‘liébﬂrﬁxt‘sﬁﬁé‘vllféc

el uted w‘rbaeatmeel EohNchBEh@aBalict2bn,2iXe25 HihrofBasglivat.e b%n%%@.@ trated
under g %ed pressure to give, the titlhe conpound ESMS - 23 EXAMPLE 18

(1S) - 2- P3518; A 106r dPhdriyidt- 191F9%) Ve fEn1H - §P}‘é€ﬁ9parﬂlr$éle@—| HZNESEl H2N

F I\ Freabthoh (Meud) - Srchmy 0sd1(81i8ndiifd upsobenzyl,)2aydiexyps opylam ne
(EXAMPLE 17, 33 0.14 nnDI and absolute ethanol (1.5 nlL) are m xed.

Pot’dssi UREAGAr ox Faeroges ﬁﬁl G-hey el rerd| Jatal vdsohucetBERadbt rodused ) is
added t@ntBi ScAEXtyE8s@Nd therygesulydngdi théret'y?bh%ta'lrl pd aehfmaidggg for

30 mn. At this time ESMS indicates fornati on of
VWO 112PYS8S8¥E. PGTBUSIfZPm2§b9u20@51Y5 m&uepf(nydmpgea add@be gpdadiysture

i's concegntr al:;ee?%g:}jiléﬁd‘?fearted Spraes%}l%ﬁﬁt38nh%ff %as vl 4e %ndjtrtégegﬁ’ﬁ e

diluted wth e acetate 57m) organi ¢ e 1% %s&far a
aqueousephmpéehsmexhaaoﬂed with ethyI acetate (2 x 10 ). The 5 organic

R A
conpouna;nNH+the2@ﬁeferred stereochemistry of the ester (II) is (8)-,
it is preferable to use the Z-olefin (XIV) with an appropriate
hydrogenation catalyst. Suitable solvents for the
hydrogenation include polar solvents such as THF and various
20 alcohols, ©preferably C;-Cs alcohols, and most preferably
methanol, ethanol, isopropanol. Another preferred solvent is
THF . The solvent is preferably degassed. Further, it is
preferable to purge the reaction vessel after dissolving the
olefin (XIV) 1in the solvent and before introducing the
25 catalyst.

The hydrogenation is preferably a chiral hydrogenation and
is performed in a temperature range of from about 0° to about
reflux; it is preferred that the reaction be performed in the
temperature range from about 0° to about room temperature (20-

30 25°9. The chiral hydrogenation is performed under a pressure
of from about one atmosphere to about 100 psig. It 1is

preferred that the chiral hydrogenation be performed under a

pressure of from about 1 atmosphere to about 70 psig; it is
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The invention and the manner and process of making and using it, are now
described in such full, clear, concise and 10 exact terns as to enabl e any
person skidhHgkss7a the art to which it pertains, to nake apdrus@/kig sane.
It is to be understood that the foregoing describes preferred enbodi nents
of the invention and that nodifications may be nade therein w thout
departing fromthe spirit or scope of the invention as set 15 forth in the
claims. To particularly point out and distinctly claimthe subject matter
regarded as the invention, the follow ng clainms conclude this
specifi@@th@xeféiredMEhuzltb&S&BlrBGTmyﬁﬁzghzﬁtiowhaE P& rfloameeld ungtey’ 1.

A conpound of the fo V O-R~ er.e R |s phepyl R ally
subst it Gt &F SHFH €1, Oény]éomo% ?g p?mﬁdé—’pen Sty 450 ed ﬁllom% ,E)rn

Cl- C6 alkyul)y opki ostet & ynedibsin t yred twirt hthae, 0% cﬂnaﬂtrmembstuptmmys

i ndependent |y | ected from Cl- al_k l,ogen, dro thiog -NRloRll
where RPFELFFaPIYRIL e |9r’f(?€§§ﬁdenttlkij{mhyd:}§g’en &na(‘%l e)zgflllgyl Nz
trifduongimiditna tansh QJaICSb@I b@xyor@a €2 G6 whkosy of EasGBoakkymyich (O)
hal ogen, hydroxy, cyano, -C6 al kox optlonalé%)substltute with 1, 2, or

3 fluor @Srl§%ﬁmmﬁ?13%%t§haf“° Proddufr SR 1R Un are the sane

or different and represent: (a) -H (b) -Cl-CB al kyl optionally substituted
with one of: (i) -OH 2a (ii> -NH2, (||%% phenyl, (c) -Cl-CB alk
optional |y s@HEMEICe@nd ERAMPLES ¢l andhdepsideiasy saasdiedd ar%éte&aéﬁ? (d)

-C3-CB 7 | }1- | gal
57 VBN, eyl st L, (Shategiel o bl = i
cycl@al Iqhe crtar(cg)nqcsa cqual Iil,lltrpgen- FHNRICRIE IOYR) IRR18RPEhesr angy?

Cl-4 f 0] C6 I I
gubstltu céAdi one gﬁ%gg%eqF rq@ é3a£iﬁec%v Eﬁ&y eQQ%E?%iZ}¥1§g§%7

PCT/L1802&ﬂ2591BQ¢ﬂ49rqﬂﬁﬂ®¢d0©$t©halI? s@bétdﬁ@ﬂ@@&mﬁthﬁﬁé1ﬂﬁQﬁ?Ct9d
halogen yﬁﬂﬂ, %ﬂ&:“BOC"—protected ester (II) is typically reacted

with an acid such as hydrochloric acid in a suitable solvent

15 such as methanol at temperatures of from about -20° to reflux
to give the free amine (XV). Preferably the amine XV 1is,
methyl (28)-2-amino-3-(3,5-difluorophenyl)propionate. The free
amine (XV) is then protected with a different nitrogen
protecting group, such as "“CBZ” to produce the corresponding

20 and desired “CBZ"-protected ester (II).

The protected ester (I1), preferably of (8) -
stereochemisty, is then converted to the corresponding
preferably (S)-protected ketone (III) by any one of a number of
processes.

25 R, is preferably -Cl or -Br, more preferably R, is -Cl.
One of the processes for the transformation of the (8)-
protected ester (II) to the corresponding (S)-protected ketone
(I11) is exemplified in EXAMPLE 16.

Generally, the protected ester (II) of preferably (S)-

30 stereochemistry is combined with the dihalogenatedmethane
reagent and to this mixture is then added a suitable base. It
is preferable to add the base to the mixture of ester and

dihalogenatedmethane rather than the other way around. Next,
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(1V) benzyl optionally substituted on phenyl with nitro, halogen, or cyano;
and 5 R30 represents hydrogen or PROI, where PROT is a nitrogen protecting

group. 2.wémnmesker of the fornmula (11) O PROT- N ~O- R~ F pctRishdnsh S
selected from (1) Cl1-C6 al kyl optionally substituted with one hal ogen; ( |

| ) -CH2 - CH=CHZ ; (II1l) phenyl optionally substituted with one nitro, 15
hal ogen, or cyano; and (IV) benzyl optionally substituted on phenyl wth
nitro, halogen, or cyano; and PROT is a nitrogen protecting group. 20 3. An
ester according to claim1l where PROT is tbutoxycarbonyl. 4. An ester
accor di i@ t 6hel arartlohsopge PROT/ esteedihakgeean be@rhet}%né ixtester is

. d 1 | k d
ol ai m 5 e, i oPEoRt HeknTor ot oG8R 0o b 628, PR BSSD) 1959907, hn
ester am@dﬂ@cummral cnflbwlaechq s:melmmilrtg omiéttneregr oup‘;@anlsi;yst itk of
- - b 3 r n opanoi ¢
foi 0 ot S A bt BB 15 e e aRSH ok caPbdny | ambnb)
-3- %3, p&(ﬁffelm@rd)m&mtymzpbepamoatet &s @recﬁ&mcmdd tofatt e mulcad QbddaN-RZ
FF 10 ghe;rﬁrleeﬁ%} 1_(E{alo;ﬂof rcﬁn;?z, L Llsed(Rzl) 3 where each Rzl is

I ndepende
The strong base should have a pK, of greater than about

30. It is preferred that the strong base be selected from the
group consisting of LDA, (C;-Cg alkyl)lithium, LiHMDS, NaHMDS
10 and KHMDS; it is more preferred that the strong base be LDA.
It is preferred that strong base be present in an amount of
from about 2 to about 2.5 equivalents.
Examples of the second base include compounds selected
from the group consisting of (C;-C4)alkyl lithium, phenyl
15 lithium, (C;-C4)alkyl-Grignard and phenyl-Grignard. It is
preferred that the second base be selected from the group
consisting of phenyl lithium, n-butyl lithium, methyl magnesium
bromide, methyl magnesium chloride, phenyl magnesium bromide or
phenyl magnesium chloride; it is more preferred that the second
20 base is n-butyl lithium. It is preferred that the second base
be present in an amount of from about 1 to about 1.5
equivalents.
Suitable acids are those, which have a pk. of less than
about 10. It is preferred the acid be selected from the group
25 consisting of acetic, sulfuric, hydrochloric, citric,
phosphoric, benzoic acids and mixtures thereof; it is more
preferred that the acid be hydrochloric or acetic acid.
A variety of solvents are operable for the process; the

preferred solvent for the process is THF. The reaction can be
30 performed in the temperature range from about -80° to about -
50°; it is preferred to perform the reaction in the temperature

range of from about -75° to about -65°. It is preferred that
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-N(R23) (R24) where R23 and R24 are the sanme or 15 different and represent
Cl-CS al kyl, or where NRz3R24 represents piperidinyl, piperazinyl, or

nmor phol i nyb o2/pdsenyl optionally substituted with 1, 2, or 3Cﬂ®8@#u3ﬂ Cz
alkyl, with the proviso that at |east one of the R21 groups is optionally

substituted phenyl. 9. A conpound according to claim8 where Rz is -Cl. 25
10. A conmpound according to claim8 where RZis -Br. 11. A conpound
according to claim8 which is

(2S, 3S)-3am no- 1-chl oro-4-(3,5-di fluorophenyl ) butan-2-ol. -68 WO
U2/(1858?E312 kexqmﬁnpouhﬂlbf t hésf or rogirg-bHEM1~ ' (19 B -thlokacdnp@urd of

- the fornyl wher IS - -Br or imdazolyl; and
PROT is a nf%rogen aHOtect|n§§CP ﬁaé?%ﬁ§b2/12811 10 14. A conpound
accordi ng to Teaiprd3S=sdeprt @R@msﬁsrmbmgoxymarb@hypr@tebeedybexymarhnnyl

15. A cqnpoupd %%erfe@p% ef“té%o%‘hgé etoqe bu?ﬁ 10 sb88h 8 §r0 1-

(XI') according to cl e conpound

[3, 5- dm@nﬁ@nmm@hquhou20x¢mtmwddaHMHn&ﬁea Eécohdxﬁﬁmmﬂtiiig?ﬂ%mptmég%#a
20 O OR VWO U2/ U8BS877. PCT/ US ere S
2 it ogdtt SRBERaE g SIRE I REGSSTER Bt SR er: (ko) X° 4nd Enrce

or more equivalents of strong base, Wthh has a pKy, of greater
than about 30 followed by adding acid.
In addition, the (S)-protected ester (II) and also be
10 transformed to the corresponding ketone (III) in a process
which comprises:
(1) contacting R;-CH,-COOH with a strong base which has a
pKy, of greater than about 30;
(2) contacting the mixture of step (1) with an ester of
15 formula (II); and
(3) contacting the mixture of step (2) with an acid.
In this process it 1is preferred that the strong base is
selected from the group consisting of LDA, (C1-Cs
alkyl)lithium, LiHMDS, NaHMDS and KHMDS; it is more preferred
20 that the base is LDA. It is preferred that from about 2 to
about 2.5 equivalents of the strong base be used. The same

acids as discussed above are operable here also.

SCHEME 3 and EXAMPLE 15 sets forth an alternative way of

25 preparing the ketone (III) from the amino acid (I). This
process first transforms the amino acid (I) to the intermediate
(XI) and then transforms the intermediate (XI) to the desired
ketone (III). The transformation of the amino acid (I) to the
intermediate (XI) comprises:

30 (1) contacting a protected amino acid of formula (I) with
a reagent selected from the group consisting of thionyl
chloride, S0,Cl,, phosphorous trichloride, oxalyl chloride,
phosphorous tribromide, triphenylphosphorous dibromide, oxalyl
bromide, 1,2-phenylenetrichlorophosphate and 2,4,6-trichloro-

-40-



) Cl1-C6 al kyl optionally substituted with one chloro; (Il1) -CHz-CH=CHz;
) phenyl optionally substituted with one nitro, hal ogen, or cyano; and

(1
1]

V) beniydh ogpisgkonal |y substituted on phenyl with nitro, pOrkadeass, or
yano. 18. A conpound according to claim 17 where the PROT is

t but oxycar bonyl or benzyl oxycarbonyl. 15 19. A conpound according to claim
17 where R1 is Cl1-Cz alkyl. 20. A conpound according to claiml9~where Rl
is ClL alkyl. 20 21. A conpound according to claim 17 which is nethyl
(22Z)-2-[[ (benzyl oxy) car bonyl ] -3-(3, 5-di fl uorophenyl)-2propenonate. 25 22. A
conpound .&f, St-trer ifagrimgl .a: OcH2N ~rdEefrdd whbab Rllei srfs;@sl;@@tt etdlsf rdrionitl)

Cl-Co6 al | I st ith : 02/ (183877
PCT/ USf |J§¢f§§8ff 8? &%asﬂé-{ZE%:Eéggﬁw I?P% eny op <"iltoena\/%;/? su tintou ed
W th ond sailtated . haI agenis oprey‘annedamdma(tl \,{)hé)emnylermpﬁuelﬂal | f(x Bubski ttuic ed
on phen Wit h tro hal qgen, ano. .23. A.C rrpoun cor

claim Z%Welr e céi %‘E@"r. é&lorﬁbﬁw&dn% RO % em 23
wher g RIrit&r@ibcﬁJak)d : Axom@undraemwmw t ©o Cleaigm aasy\be@hfm&dfﬁt hyl
(2S) - 2- nQ-3-(3,5 d| fI uor henyl ) pr Qpanoate 15 26. A process for the
pr epar a?( rﬁoflr’aﬁ‘ EHCH= S5 “‘?ﬁé:%f (ﬁ#‘?éﬂr&

(1) contacting a carbonyl compound of formula (XI) where

5
(
(
c

X; is -Cl, -Br and imidazolyl with LiCH,Cl or LiCH,Br. This

compound is then reacted with the anion derived from the CH,R,X?

10 reagent. Various solvents are operable as is known to those

skilled in the art; the preferred solvent is THF. The reaction

should be performed in the cold, in a temperature range of from
about -78° to about -50°.

The (S)-protected ketone (III) is then reduced to the

15 corresponding (S)-alcohol (IV) or (IV-a) by means known to

those skilled in the art for reduction of a ketone to the

corresponding secondary alcohocl, see EXAMPLE 3. In addition,

Eurcpean Patent Application EP 0 963 972 A2 and International

Publication WO002/02512 of PCT/US01/21012 disclose alternate

20 reagents which are operable and work well in the reduction.

The reductions are carried out for a period of time between

about 1 hour and about 3 days at temperatures ranging from

about -78° to elevated temperature up to the reflux point of

the solvent employed. It is preferred to conduct the reduction

25 between about -78° and about 0°. If borane is used, it may be
employed as a complex, for example, borane-methyl sulfide
complex, borane-piperidine complex, or borane-tetrahydrofuran
complex. The preferred combination of reducing agents and
reaction conditions needed are known to those skilled in the

30 art, see for example, Larock, R.C. in Comprehensive Organic
Transformations, VCH Publishers, 1989.

The reduction of the (S)-protected compound (III) to the

corresponding alcohol (IV) produces a second chiral center and
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H O PROT~ NWCR~ F F where 20 Rl is selected fromthe group consisting of:
(I') Ci1-C4 alkyl optionally substituted wwth one -C1; (I I ) -CHz - CH=CHz

, and (| Mo ohaRgyl optionally substituted on phenyl with pétiQeR&diogen, or
cyano; and 25 PROT is a nitrogen protecting group, which process conprises:

(a) contacting a protected amno acid of the formula (1) -71 WO (12/08877
O PROT-N ~OH F F (1) PCT/USU2/ 12591 where PROT is as defined above, with a
base and (b) contacting the mxture of (a) with an al kylating agent 5 of
the formula (a) Xg-Cl-C4 al kyl optionally substituted with one of iodo,

br ono, @lrocdluﬂcarsoa (rai))t@rem@ﬁyﬁsastanféom(am)s XF- GHpe CeeChRE TEnEey. X4(Soenzyl

- where tBYANSIMING {i50pt1 OAlly SUDSLELLLEHM LN ALt Brehaliagenydsyand

and X4 rom) Ioro nesylate or -0-friflate.
27. A prs@@e&at@@cdwwl mgams Ehaivm 26 wtfe:v@e Pmrllsdt Bat dhycanbonghchr as

s oxi GBS A e RO ok et 2 En o oF) [ st s,
NaHMPS @replélﬂMBSonZQ n‘b@tt ocpssfaﬁrebﬂgh ngoyt o céarpnsﬁSlWh:eaelbhe basﬂunm

hydr oxi d bonat bonate.. 25 30. A |
28" whor G AR BALB AP ol o SHB VAT G etu LSt B ng PEo e AP e Viter 6

t he al k\atinyg .agent is dinethylsulfate, nethyl iodide or net hyI triflate.

-72 WO U2/ 085877 PCT /12~91 A process ,according to c 31
where the al Ky &195 @rﬁ‘?’q]aé”tﬁ%t ﬁ%esélfaagtteereomerlc mixture prOA R

by the non-selective reduction of the (8)-protected compound

10 (I1I) 4is not separated but is directly converted into the
epoxide. The epoxide diastereomers may then be separated into
by means well known in the art. Or, the epoxide diastereomers
may be reacted with the amine, RcNH(Rs7) to form compounds
analogous to structure (VII-1, where Rc is 3-methoxybenzyl and

15 Rg; 1is H.) The diastereomers may be separated at this point,
or further transformations may be carried out before the
diastereomers are separated. For example, the separation of
the diastereomers can be carried out after deprotecting the
alcohol (VII) to form the free amine (VIII), or the separation

20 may be carried out after the amine (VIII) is converted into
structure (X.)

Alternatively, the (S)-protected compound (III) wmay be
reduced to selectively form the S or the R alcohol as
illustrated in scheme I where the S alcohol is selectively

25 formed. The selective reduction will decrease the need for the
separation of the diastereomers as discussed above and will
increase the amount of the desired isomer that is formed.
Ideally, a single diastereomer is formed during the reduction
of the ketone to the alcohol and a separation is not necessary.

30 The alcohol (IV) 1is transformed to the corresponding
epoxide (V) by means known to those skilled in the art, see
Scheme 6 (above) and EXAMPLE 4. The stereochemistry of the
(8)-(IV) center is maintained in forming the epoxide (V). A
preferred means is by reaction with base, for example, but not

-42-




5 33. A process according to claim26 where when the base is LDA, n-(Cl-Ce
al kyl)l'ithium LiHVDS or KHDMS, and the m xture of (a) is cooled to a range
of from gawwingsgd to about 25 prior to the addition of thecbhase/df 34. A
process according to claim 33 where the mxture of (a) is cooled to a range
of from about -20 to about 25 prior to the addition of the base. 35. A
process according to claim26 where the m xture of 15 (b) is heated from
about 20 to about 50. 36. A process according to claim 26 where the ester
(1) is (25 -2-[(tert butoxycarbonyl)am no]-3-(3, 5-difluorophenyl)propanoic
aci d 20 lnetileld esber . h@¥roxige ocess benetrhéepr epremt i mydioim amyelstoeri def, t he

. formul a; E.F 2 I t akly substituted with
one. of FAEPS SR G Oy A i Y, #R®, L8N sksy o Bes Oup.
whi ch preecelds ieosprirseside 7Bhe Uee02/EUBSE Ty PA¢GISHP132598nCs) euhiaaetli ng a
protected amno acid of the formula (I) OPROT-N OH F F (1) where PROT is

" as def | A€d RHISERETER  h Rep et ot 779 ﬁ@@‘ﬁ’thSe@Z?tcéﬁﬁ‘@@trlaﬁ@rﬁﬁe naneidce of

1 d he f
St Bnat D Ao  CORBoE, Bhe then AR FEolRatBat U tER 'ponc
-GN 38 A YRGS AGCOr L nee&sefaéuﬁé?»za\o@%e aPr%OTbééwéé’Ht Q%%ﬁérb%ﬂ and

benzyl oxycarbonyl . 15 39. A process accordiing to claim 37 where the
acti vat iamgl a@mﬁt 49°CDI . 40. A process according to claim37 where the

activating a%% ﬁrogggiegoepox1des of amino acids (V) are known to
those skilled in the art as intermediates in the preparation of
10 pharmaceutical agents useful as renin and HIV inhibitors, see
for example us Patents 5,482,947, 5,508,294, 5,510,349,
5,510,388, 5,521,219, 5,583,238, 5,610,190, 5,639,769,
5,760,064 and 5,965,588. In addition, the protected epoxides
(V) are intermediates useful in producing pharmaceuticals
15 agents to treat Alzheimer's disease. The epoxides (V) are
transformed to useful compounds by the process of SCHEMES 2 and
3 and EXAMPLES 5 thru 8. The preferred compound is the
compound of EXAMPLE 8.
The unprotected epoxide (V-unprotected) is useful in the
20 same way. It can readily be protected to form the epoxide (V)
or it can be reacted unprotected. In some instance the free
amino group may interfere in the subsequent reactions but in
others it will work quite well. In some instance it will be
possible to put the N-terminal end on first and then open the
25 epoxide to produce the desired compounds (X).

The compounds (X) are amines and as such form salts when
reacted with acids. Pharmaceutically acceptable salts are
preferred over the corresponding compounds (X) since they often
produce compounds, which are more water soluble, stable and/or

30 more crystalline. Pharmaceutically acceptable salts are any
salt which retains the activity of the parent compound and does
not impart any deleterious or undesirable effect on the subject

to whom it is administered and in the context in which it is

-43-



41. A process for the preparation of a ketone of fornula Il1l: 0O PROT-N ~ R2
FFEIIl -74 W) 02/USS877 PCT/ US02/ 12591 where PROT is a nitrogen

protecti RgogssRyy and R2 is chloro, brono, or 5 -Si (R21)p@riieyLsfAach Rz~
is independently Cl1-Cs alkyl , -N (Rz3) (Rz4) where Rz3 and R24 are the
sanme or different and represent C1-CS al kyl, or 10 where NRz3R24 represents
pi peridi nyl , piperazinyl, or norpholinyl, phenyl optionally substituted
with 1, 2, or 3 of C1C2 alkyl, with the proviso that at | east one of the
R21 groups is optionally substituted phenyl, 15 which process conprises:

(a} formdwyrastiextad.e oPharmaseetiodlivrautaptibanadsaldishdnojedst exhlts

met hane, CH2X2, where RZ | fine o] r O
PROT- N ﬁ&%ﬁ33nW%ere ﬁ%ﬁ%ﬁ%e?@ccgg ﬁﬁgﬁ1qhgﬂgﬁgﬁ¥%¥gﬁﬂ%;%¢%)of
(I) Cl %laﬂykyhcopptahhél pﬂuistnhuledewddimeofcjt,hé bollbwhiny a@HZis

- he. opti.onal |y .subst t ed th one. nltro halo or
cyano %5 éﬁ%yl gKFF % 1N sUbs#YaE?éag%ﬁ " phetbt T ﬁftf}tﬁ%% e,
hal ogen,pHyspheaniai, agdtr7b, AR MBS PCTEHL SO@;‘IJ)Z@QG.O@RUWHGS:eaSnl

defi ned above . .
is thru 4, HOOC-(CH,)n,-COOH where n, is as defined above,

HOOC-CH=CH-COOH, ¢-COOH. For other acceptable salts, see Int.

J. Pharm., 33, 201-217 (1986).
The compounds (X) and pharmaceutically acceptable salts
10 thereof are useful for treating humans who have Alzheimer's
disease, for helping prevent or delay the onset of Alzheimer's
disease, for treating patients with mild cognitive impairment
(MCI) and preventing or delaying the onset of Alzheimer's
disease in those who would progress from MCI to AD, for
15 treating Down’s syndrome, for treating humans who Thave
Hereditary Cerebral Hemorrhage with Amyloidosis of the Dutch-
Type, for treating cerebral amyloid angiopathy and preventing
its potential consequences, 1i.e. single and recurrent 1lobar
hemorrhages, for treating other degenerative dementias,
20 including dementias of mixed vascular and degenerative origin,
dementia associated with Parkinson's disease, dementia
associated with progressive supranuclear palsy, dementia
associated with cortical basal degeneration , diffuse Lewy body
type of Alzheimer's disease. The compounds are preferably used
25 1in the treatment, prevention and/or alleviation of Alzheimer's

disease.

DEFINITIONS AND CONVENTIONS

30 The definitions and explanations below are for the terms
as used throughout this entire document including both the

specification and the claims.
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" (b) adding a base to the m xture from(a); (c) acidifying the m xture of
(b). 5 42. A process according to claim41 where PROT is tbutoxycarbonyl or
benzyl oxweanboggts 43. A process according to claim4l wheeeRdy/i2§59CL- CZ

al kyl. 10 44. A process according to claim43 where RL is Cl1 alkyl. 45. A
process according to claim41l where R2 is chloro or bronpb. 15 46. A process
according to claim45 where Rz is chloro. 47. A process according to claim
41 where CHzRzX2 is present in an anmount of from about 1 to about 1.5

equi val ents 20 based on the anount of ester Il. 48. A process according to
clai m 41 wheBy X2lkyl'bdend49C:ACpratkys” a(i@ortdiengpresehai in&énnhene itshe

i strong se 2 i , (C |i.t hi EM% NaHI\/DS r KHVDS,  50. A
process %ccordsa‘tr%l'ltdo%cl ai #r%‘ %nerec)ni i atldmaln asgj a\_vlﬁﬂ‘ 6}5<far o
process aa@mw disnght @l anemd/ V\mmrli h@rsipydng ﬂmsga:awlp,r asanityiln anac&rmunt

- of from 2.tqg . about 2.5 e alents d on the unt of ester
_76 18§§'ﬁ vl soBFTSYdr 52 PK g(fesslséjgc&% g R é]itﬁﬁlzu
wher g al»&e@dnd 2 - oyt o -diesbalse axsdasidedthy\bpéﬁtyhe second poiddrtcafd base
is (Ci- aI.kI I|th| m.._phenyl | i.t hium IkyI G.ignard or
heny - RSP SRS e SRR o % RIS S i Qe SdodiTd

base is aahany| élltcbuqdﬁbrn dKeatyll lghbum sec- @h@ytértl@rumonger than 6

tertbutyl lithium methyllithium meth gnesi um brom de, nethyl magnesi um
chl ori dE2TRR&Fy I Ha H’é‘ﬁ'l urP%r 6fi d’en%lréli)trfgylmld*}?agﬁ@@ﬂ% clfi’orfde. & A

process «3GGRId, ng‘cg0cgd ai a b3 er £ rﬁébelmﬁocs@ bas€atSoRe butyl lithium 15

55. A process accar di ng to claim4l where am)unt of the second is from
abob? 1 to abdut'atkoXequidngd eiftisChaddlody”t hB the present invention is

meant straight or branched chain alkyl groups having 1-6 carbon

atoms, attached through at least one divalent oxygen atom, such

as, for example, methoxy, ethoxy, propoxy, isopropoxy, n-

butoxy, sec-butoxy, tert-butoxy, pentoxy, isopentoxy,
15 neopentoxy, hexoxy, and 3-methylpentoxy.

By the term "halogen" in the present invention is meant
fluorine, bromine, chlorine, and iodine.

“Alkenyl” and “C;-C¢ alkenyl” means straight and branched
hydrocarbon radicals having from 2 to 6 carbon atoms and from

20 one to three double bonds and includes, for example, ethenyl,
propenyl, 1l-but-3-enyl, 1l-pent-3-enyl, 1l-hex-5-enyl and the
like. |

“Alkynyl” and “C,-Cs alkynyl” means straight and branched
hydrocarbon radicals having from 2 to é carbon atoms and one or

25 two triple bonds and includes ethynyl, propynyl, butynyl,
pentyn-2-yl and the like.

As used herein, the term “cycloalkyl” refers to saturated
carbocyclic radicals having three to twelve carbon atoms. The
cycloalkyl can be monocyclic, or a polycyclic fused system.

30 Examples of such radicals include cyclopropyl, cyclobutyl,
cyclopentyl and cyclohexyl. Preferred cycloalkyl groups are
cyclopentyl, cyclohexyl, and cycloheptyl. The cycloalkyl
groups herein are unsubstituted or, as specified, substituted

in one or more substitutable positions with various groups.
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anount of the ester Il. 56. A process according to claim4l where the
acidifying 20 is carried out using an acid having a pKa of |ess than about
10. 57. AvdiHeess according to claim56 where the acid i spegiepi©shif rom the
group consisting of acetic, sulfuric, 25 hydrochloric, citric, phosphoric,
nitric, paratoluenesulfonic, and benzoic acids and m xtures thereof. 58. A
process according to claim57 where the acid is hydrochloric acid or acetic
acid. 30 59. A process for according to claim4l where the ketone (I11l) is
tert butyl (1S)-3-chloro-1-(3,5-difluorobenzyl)-2 oxopropyl carbamate. _77_
WO U2/ ( r8ﬁ877ei?ﬁ?rpsu§( 1212591 c&@clc&ah{wbesgrbupa henap; epaeat icgrt iefnad et one

8]; oI gz:t |sr‘|’§> &H&d{% %aPR?\TM[E\‘Ir; F dicdh llel’l)é)’m #hi & c rlcbcszegéné npa%ﬁés%eg (a)
cont act |hwo@aara,cn_iyﬂ8@£w (@E&rl;o,\/\heliErRZ | ssmiaso defnbnedclecammqlamnmb,a
PROT. N GHE TR LY} Endih ks Ger sl et-aoT oM T he Gt Sup PR St g of -
(1) €1-&A-al kyhap@ém@ﬁwy stbabi(tut@d anikiyl ,onenor(@l(C (- Ck) 41}y &SiPn&HECHZ,
S:BIrI)_IpP}:esnyl %_I onaII Sélebsaitllktyultaengmvc\g (th %Qealﬁﬁ -NOz, 20 (B) -F, -d,
By “aryl” is meant an aromatic carbocyclic group having a
single ring (e.g., phenyl), multiple rings (e.g., biphenyl), or
multiple condensed rings in which at least one is aromatic,
10 (e.g., 1,2,3,4-tetrahydronaphthyl, naphthyl), which is
optionally mono-, di-, or trisubstituted. Preferred aryl
groups of the present invention are phenyl, 1l-naphthyl, 2-
naphthyl, indanyl, indenyl, dihydronaphthyl, tetralinyl or
6,7,8,9-tetrahydro-5H-benzo [al cycloheptenyl. The aryl groups
15 herein are unsubstituted or, as specified, substituted in one
or more substitutable positions with wvarious groups. For
example, such aryl groups may be optionally substituted with,
for example, C;-Cg¢ alkyl, C;-C¢ alkoxy, halogen, hydroxy, cyano,
nitro, amino, mono(C;-C¢)alkylamino, di(C;-Cg)alkylamino, C;-
20 C¢alkenyl, C,-Csalkynyl, C1-Cs haloalkyl, C1-Cs¢ haloalkoxy,
amino (C;-Cg)alkyl, mono(C;-C¢)alkylamino(C;-C¢)alkyl or di(C;-
C¢)alkylamino (C,-Cg) alkyl.
By “heterocaryl” is meant one or more aromatic ring systems
of 5-, 6-, or 7-membered rings which includes fused ring
25 systems of 9-11 atoms containing at least one and up to four
heteroatoms selected from nitrogen, oxygen, or sulfur.
Preferred heteroaryl groups of the present invention include
pyridinyl, pyrimidinyl, quinolinyl, benzothienyl, indolyl,
indolinyl, pryidazinyl, pyrazinyl, isoindolyl, isoquinolyl,

30 gquinazolinyl, quinoxalinyl, phthalazinyl, imidazolyl,
isoxazolyl, pyrazolyl, oxazolyl, thiazolyl, indolizinyl,
indazolyl, benzothiazolyl, benzimidazolyl, benzofuranyl,
furanyl, thienyl, pyrrolyl, oxadiazolyl, thiadiazolyl,
triazolyl, tetrazolyl, oxazolopyridinyl, imidazopyridinyl,
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(I'V) -CH2-cp where the -cp ring is optionally substituted with (A -NOz,
-78 WD 02/085877 (B) -F, -C1, -Br) -1, (C -C=N and where PROT is as
defined shagvugossgsyd (c) acidifying the mxture of (b). 5 Prdf/USH2»34591 61.
A process according to claim60 where PROT is tbutoxycarbonyl or

benzyl oxycarbonyl. 62. A process according to claim®60 where RL is Cl1-C2 10
al kyl . 63. A process according to claim62 where RL is Cl1 alkyl. 64. A
process according to claim60 where RZ is chloro or 15 bronp. 65. A process
according to claim64 where R2 is chloro. 66. A process according to claim
60 wher ésthéaibaséyils an@2bhshyoidimase arnichnicd ibPA, (€arB8zalkyl )| i tdeitum

Li HVDS, Na S_or KHMDS., 67. A process accaordi to.claim66 where the
strong 5§§E¥9 HEBA. §§O%§?0%9%¥gbeé%ngﬁFHPgVng%%5%5@%4%%ﬁfQHﬁéP€lﬁﬁg strong
base i s iprasenilinglan anount of from about 3 iscldiozitex faleginofalresntyd ,based

' th t of t I1,.30 69. A pr, di t | ai m 60 th
on, e ALk SHLfTole 20,09, A DiSEe ARROLAD 0 AL mED Mo he
_79_5 YWOrQA6R§58AInkPCT/ bSA2bt@s8dhyaro AupingEe s Sbarteot et rghtdy cdHaienyd9

where the agcid is sel ected frongtie group consi.sting of acetic, sulfuyric,
hydr ochPOE*EY Leitric, SFRGFPLYANd benz&Fd 24T rand ni XAHEYeaf . 5

71. A prdeeRteeandilng p@e@haiﬁzw Ve ot iiea asi @l j S immira(wﬁy&riidqn?n,
t ' ormul a

acetic acid. 72. A process for e preparation of_a conpound of 10

(XI) O pp@ﬁqqothlazolyl, dihydrobenzisoxazinyl, benzisoxazinyl,
benzoxazinyl, dihydrobenzisothiazinyl, benzopyranyl,

10 benzothiopyranyl, coumarinyl, isocoumarinyl, chromonyl,
chromanonyl, pyridinyl-N-oxide, tetrahydrogquinolinyl,

dihydroquinolinyl, dihydroquinolinonyl, dihydroisoquinolinonyl,

dihydrocoumarinyl, dihydroisocoumarinyl, isoindolinonyl,

benzodioxanyl, benzoxazolinonyl, pyrrolyl N-oxide,, pyrimidinyl

15 N-oxide, pyridazinyl N-oxide, pyrazinyl N-oxide, quinolinyl N-

oxide, indolyl N-oxide, indolinyl N-oxide, isoquinolyl N-oxide,

guinazolinyl N-oxide, quinoxalinyl N-oxide, phthalazinyl N-

oxide, imidazolyl N-oxide, isoxazolyl N-oxide, oxazolyl N-

oxide, thiazolyl N-oxide, indolizinyl N-oxide, indazolyl N-

20 oxide, benzothiazolyl N-oxide, benzimidazolyl N-oxide, pyrrolyl

N-oxide, oxadiazolyl N-oxide, thiadiazolyl N-oxide, triazolyl

N-oxide, tetrazolyl N-oxide, benzothiopyranyl S-oxide,

benzothiopyranyl S,S-dioxide. The hetercaryl groups herein are

unsubstituted or, as specified, substituted in one or more

25 substitutable positions with various groups. For example, such

heteroaryl groups may be optionally substituted with, for

example, C;-C¢ alkyl, C;-C¢ alkoxy, halogen, hydroxy, cyano,

nitro, amino, mono(C;-C¢)alkylamino, di(C;-Cg¢)alkylamino, C,-

Csalkenyl, C,-Csalkynyl, C,-C¢ haloalkyl, C:-C¢ haloalkoxy,

30 amino (C;-Cg)alkyl, mono(Ci-Cg)alkylamino(C;-Cg¢)alkyl or di(C;-
Cs)alkylamino (C,-Cg¢)alkyl.

By “heterocycle”, “heterocycloalkyl” or “heterocyclyl” is

meant one or more carbocyclic ring systems of 4-, 5-, 6-, or 7-

membered rings which includes fused ring systems of 9-11 atoms
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X~ FF (XI) where X1 is where X1 is -Cl1, -Br or imdazolyl; where PROT is a
nitrogen protecting group, 15 which process conprises (1) contacting a

prot ect edwanhiagssaci d of fornmula (1) OPROT-N OH - / F F (lprriesesPROT is
as defined above, 20 with thionyl chloride, S02Cl2, phosphorous

trichloride, oxalyl chloride, phosphorous tribrom de, triphenyl phosphorous
di brom de, oxalyl brom de, 1, 2-phenylenetrichlorophosphate,
2,4,6-trichloro-1,3,5-triazine or CDI. -80 WO U2/ U8S877 PCT/ USU2/ 12591
73. A process according to claim72 where PROT is t ' butoxycarbonyl or
benzyl oxywardiomylg 4. legmtocess agchralp ngot of ahai hEE%rWﬁeb&sX]sél%cﬂi’éd)ro.
.5 75. A process rdin to cIa|n172 eret of for Ia XI

cont act e Wi t B F %8§§yr SRS de OF &ﬁgF Ch|§¥?§%PP?§ %@teKOEV 6c&Ss ©
accor di rtgléogriememﬂz mhemlbhe pnomads pm@ﬁlpﬂ@@b‘lnyl, thlomorphollnyl
t-butyl-(,1S |.or 0-1-[3, 3-di fl.uorobenzyl ]-2 oxqet hyl car banat e.
process 3“? ﬁb?]elpré?f]ationgb? %3¢ one of:%’flmpglocll )y & Fﬁ?@l’l%ldehz FF
(111} whiegigeRezisy: Cl ohomBipipand z2QyRROT | syarsliaogen, pr ot@etddd rgFoup,

Wi Ch Pr e Sty Sasy1 (1) contagting g ggmpound Oftgtolrarrllljylfdaro(f)ﬂr)anyl
tetrahydrothienyl, homopiperidinyl, homomorpholinyl,
homothiomorpholinyl, homothiomorpholinyl S,S-dioxide,
oxazolidinonyl, dihydropyrazolyl, dihydropyrrolyl,

10 dihydropyrazinyl, dihydropyridinyl, dihydropyrimidinyl,
dihydrofuryl, dihydropyranyl, tetrahydrothienyl S-oxide,

tetrahydrothienyl §,S-dioxide and homothiomorpholinyl S-oxide.
The heterocycle groups herein are unsubstituted oxr, as
specified, substituted in one or more substitutable positions

15 with various groups. For example, such heterocycle groups may
be optionally substituted with, for example, C;-Cs alkyl, C;-Ce
alkoxy, halogen, hydroxy, c¢yano, nitro, amino, mono (C;-
Cs)alkylamino, di(C;-Cq)alkylamino, C;-Cealkenyl, C,-Cgalkynyl,
C1-C¢ haloalkyl, C;-C¢ haloalkoxy, amino(C;-Cg¢)alkyl, mono(C;-

20 Cg)alkylamino(C,-C¢)alkyl, di(C;-C¢)alkylamino (C;-Cs) alkyl or
=0.

All temperatures are in degrees Celsius.
TLC refers to thin-layer chromatography.

25 HPLC refers to high pressure liquid chromatography.
THF refers to tetrahydrofuran.
psig refers to pounds of pressure per square inch.
CDI refers to 1,1'-carbonyldiimidazole.
DCC refers to dicyclohexylcarbodiimide.

30 TMG refers to 1,1,3,3-tetramethylquanidine.
DMF refers to dimethylformamide.
DBU refers to 1,8-diazabicyclo[5.4.0)Jundec-7-ene.
DBN refers to 1,5-diazabicyclo{4.3.0]lnon-5-ene.
LDA refers to lithium diisopropylamide.
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O PROT-N X~/ F F (XI) -81 WO 02/08i 877 where X1 is -Cl, -Br and
I m dazolyl; and PROT is as defined above, with Li CH2Cl1 or LiCHzBr. 5
PCT/ USO2Mk2m%ksg"8. A process according to claim 77 where RRAIsdam2591

t but oxycar bonyl or benzyl oxycarbonyl. 79. A process according to claim77

where X1 is chloro. 10 80. A process according to claim 77 where Rz is
chloro. 81. A process according to claim 77 where the process produces

tert-butyl (1S)-3-chloro-1-(3,5-difluorobenzyl)-215 oxopropyl car bamat e.
A process for the preparation of an ester of the fornmula (11) O PROT-N ORS
I F F 20 (Il})iMBEe Refesssebettiedifimohisliergmetpydensdydtangdef: (1) C ,-C4

. - | .= -CH=CHz , 25 (111
ey oo o REDSL BRE RN S Ul ?Hmoﬁésgﬁﬁfﬁ?keﬁ}%eéﬁ&,m.d&l, PR

-1
-C=N, -82 MHMD$2kEE8$87EoP§Etwsgihm259$ CrViretBiZsdpywhamedehe -cp ri
i~ Optlonall%OEUbSEE%g%gd mnth (A)buEKchgr%onyl Cll 1- dlmethy§egg%xy N

and
5 carbonyl; (CH;)3;C-0-CO-.
Hunig's base refers to DIPEA, diisopropylethylamine,
[ (CH3) 2CH] ,-N-CH,CH;.
DMAP refers to dimethylaminopyridine, (CHj;) N-pyridin-1-
yi.
10 Saline refers to an aqueous saturated sodium chloride
solution.

Chromatography {column and flash chromatography) refers to
purification/separation of compounds expressed as (support;
eluent) . It is understood that the appropriate fractions are

15 pooled and concentrated to give the desired compound(s).

CMR refers to C-13 magnetic resonance spectroscopy,

chemical shifts are reported in ppm (8) downfield from TMS.
NMR refers to nuclear (proton) magnetic resonance
spectroscopy, chemical shifts are reported in ppm (d) downfield
20 from TMS.
TMS refers to trimethylsilyl.
-¢ refers to phenyl (C¢Hs).
MS refers to mass spectrometry expressed as m/e, m/z or
mass/charge unit. [M + H]" refers to the positive ion of a
25 parent plus a hydrogen atom. EI refers to electron impact. CI
refers to chemical ionization. FAB refers to fast atom
bombardment .
ESMS refers to electrospray mass spectrometry.
HRMS refers to high resolution mass spectrometry.
30 Pharmaceutically acceptable refers to those properties
and/or substances which are acceptable to the patient from a
pharmacological /toxicological point of view and to the

manufacturing pharmaceutical chemist from a physical/chemical
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PROT is a nitrogen protecting group, which process conprises: (b) treating
a conpound of formula XIV OORS ~ ~NNPROT F ~ F 10 XIV where R1L and PROT
are as debonedssapove; and in a solvent with hydrogen in therpsespase of a
hydr ogenati on catal yst at a pressure of from 1 atnosphere to about 100 psi.
15 83. A process according to claim82 where the PROT is tbutoxycarbonyl or
benzyl oxycarbonyl. 84. A process according to claim82 where R1L is Cl1-Cz

al kyl . 20 85. A process according to claim84 where RL is Cl1 alkyl. 86. A
process according to claim82 where the solvent of step (a) is degassed. 25
87. A prodeds afcoridivhgregacfianen $omgasid itdve r éacmidat yesselstiadigurtged of

. oxygen ter st and I E%B 7 WO 02/ (185877
PCT/ Uso?laf%&i( %@%C(ek)tﬁr ocegdg}cﬁ(??oo} i nél ollcﬁtgﬁm 69 where the '
hydr ogenat i orPheatmeagestt lics ld yc onpoepitelof e t Beipor mdla  Ring tide) skl tsX ather e

- Rh is rhadi 5 where di cyvcl ogtedi.ene nonbor.nadi.eng; .where L is
o Php. R G et 00! R N0 SR oo,
Me- f 5 KetsallPhos, o Et -pr&epadbPhos, BLENARc,Dl GRnBPRFA, BPPWLcCH RARHGESic,
PROPHGOS, . NORPHCS,  CYCLOP P PNNP and 10 where X- i 09-,
ora N e g, ag O L G WBGTEA T 38esl SCRS df ng KOS ai in

88 wher g(diiey hyobiwgenate an Catad yéef ised &R . 15 90. A process accordi ng

to claima88 ere the hydraogenati on catalyst i t DuPhos.  91. A process
accor di ng to%‘éﬁerﬁyg’i‘t\%&e TiFe troea_ﬁ"lnl?r’fk{aé}?pg PrE ¥4 -0om about 0 to

about refl ux.- 2@ Bl Agpregess actalved denehAifvrk wheare the reaction
terrgﬁrature is fromabout O to about 25. 93. A process according to claim
82

ere t he 16dtidR 55 158U i@ 14idrh SR cr tadimesiter e to about 70

psig. 94. A WHRGESSoBEH dhAgrs Oagbaii¥edd WHY erdhesd eget is@nvRheSSWiRd S
from about 10 psig to about 40 psig. 30 95. A process according to claim 82

wher e t F& et/ Ve liudehiviled in greater than 90% enanti oneric purity.
When the solubility of a solid in a solvent is used the

ratio of the solid to the solvent is weight/volume (wt/v).
15 DIPMAP refers to (R,R)-1,2-bis[(o-methoxyphenyl) -
phenylphosphine] ethane.
MeDuPhos refers to 1,2-bis ((28,58)-2,5-
dimethylphospholano) benzene.
EtDuPhos refers to 1,2-bis ((28,58)-2,5-
20 dimethylphospholano)benzene.
Binaphane refers to (8,8)-1,2-Bis{S)-4,5-dihydro-3H-
dinaphtho[2,1-c:1’,2' -e]} phosphepino}benzene.
f-Binaphane refers to (R,R)-1,1'-Bis{R)-4,5-dihydro-3H-
dinaphtho[2,1-c:1’,2’' -e] phosphepino}ferrocene; “f” refers to
25 ferrocenyl.
Me-KetalPhos refers to 1,2-Bis-[(2S,35,48,58)-3,4-0-
isopropylidene-3, 4-dihydroxy-2,5-dimethyl]benzene.
Me-f-KetalPhos refers to 1,1’'-Bis-[(28,35,48,58)-2,5-
dimethyl-3,4-0-isopropylidene-3,4-
30 dihydroxyphospholanyl] ferrocene.
Et-f-KetalPhos refers to 1,1'-Bis-[(2S5,38,45,58)-2,5-
diethyl-3,4-0-isopropylidene-3,4-
dihydroxyphospholanyl] ferrocene
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96. A process according to claim95 where the -84 WD 02/1185877
PCT/ US02/ 12591 ester (lI1) is obtained in greater than 95% enantioneric

purity. O oYesesocess according to claim82 where the 5 estesdalibiori S

met hyl (2S)-2-{[(benzyl oxy)carbonyl ] am no) - 3(3, 5-di fl uor ophenyl ) propanoat e.
98. A process for preparing an epoxide of formula V-R O H2N R 10 V-R
conprising (a) converting an ester of Fornmula Il into a ketone of formul a
[11; (b) reducing the ketone to the correspondi ng al cohol of 15 formula 1V,
and (c) treating the alcohol with a base to yield the epoxide. 99. A
process accoPdNA§ to ckafere8 further coRpri8i ngi2ddesheniyfiphngpannaci-d of
fornulal(Q)bEB ﬁgﬁ ate the ester of formula I'l. 100. A process for
preparing a co oun of formula (XX) OHHRN-N. NCRc R- R2 R3 (XX) 25
wherei n R5~ D3OH, @ifa36s altky| (ROR) b2n2yb:-is8propWDi(dRE(2858d1hydroxy-

PCT/USO /12 (O - (G -Cs al kyl , -CHz-CHz-S (O
0-z- %Sg Q?ﬁ?he8¥1é§}%%hépﬁﬁsb B%FSnallg subst?tu?ed)mﬁth 1, 2, or g :

grOLaos mdependently sel ect ecefexan hal ogen, o -d, -Br, goil,[ (sPH) 20
SH C= amn nono- _qr di aI kyl am no, -N (R C (0)

?l@?enaﬁpﬁ8saha°5(%%¥refeﬁﬁ SFDYL ARG B RBI NG,

BPPM refers (25,48) -N-butoxycarbonyl-4-
diphenylphosphino-2—diphenylphosphinomethylpyrrolidine.
CHIRAPHOS refers to (8,8)-2,3-
10 Dbis(diphenylphosphino) butane.
PROPHOS refers to (S)-1,2-bis(diphenylphosphino)propane.
NORPHOS refers to (R,R) -5,6-bis (diphenylphosphino) -2-
norbornene.
CYCLOPHOS refers to R-1-cyclohexyl-1,2-
15 Dbis(diphenylphosphino)ethane.
BDPP refers to (2S,48S)-bis(diphenylphosphino)pentane.
DEGPHOS refers to l-substituted (5,5)-3,4-bis-
(diphenylphosphino) - pyrrolidine.
PNNP refers to N,N’-bis(diphenylphosphino)-N,N’-bis[(R)-1-
20 phenyl]ethylenediamine.
Thionyl chloride refers to SOCl,.
Phosphorous trichloride refers to PCl;.
Oxalyl chloride refers to (COCl),
Phosphorous tribromide refers to PBr;.
25 Triphenylphosphorous dibromide refers to (3;PBr,.
Oxalyl bromide refers to (COBr),
Ether refers to diethylether.

1,2-Phenylenetrichlorophosphate refers to

O\
O/Pcs3

30 2,4,6-trichloro-1,3,5-triazine refers to
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Cz-C6 al kenyl or Cz-C6 al kynyl, each of which is optionally substituted
with 1, 2, or 3 groups independently 10 sel ected from hal ogen, -F, -d,
-Br, -1, w@bhwssBrt, C=N, -CF3, Cl1-C3 al koxy, ami no, and npapyse¥iizser

di al kyl am no, or aryl, heteroaryl, heterocyclyl, -Cz-C6 al kyl-aryl, -Cl1-C6
al kyl -heteroaryl, or -Cl-C6 al kyl -heterocyclyl, where 15 the ring portions
of each are optionally substituted with 1, 2, 3, or 4 groups independently

sel ected from hal ogen, -F, -d, -Br, -1, -OH, -SH, -C=N, -NR-R ~, -C (=0) -
(C1-CQ alkyl, -SQOz-am no, -SQOz-nmono or dial kylam no, -C(=0) -an no,
-C(=0 -nono or 20 dial kyl am no, -S6 L) alkyl, -C¥R, -N (R COR

or -N (R SOZR or -d-C6 al koxy optibnallly substituted with 1, 2, or 3
groups whi ch axe independently a sel ¥ from hal ogen, or 25 C3-C~

cycl oal kyl optionally substituted with C’lI 2, or 3 groups independently
selected from hal ogen, -F, -Cl1, -Br, -17 -OH, -SH, -C=N, -CF3, Ci1-C3

al koxy, am ndTBECreCera kyl mauthyrions-boutry ldiealhleyl.am no, or 30 Cl-d o al kyl
optionally s ituted with.1 ., _or roups i ndependently selected from
hal ogen, -F, '15?@1,“%@1{5 e %-léiﬁ,t%-oé'ﬁ,et- © -CF3, -Cl-C3 -86 WO

| 12/ 085877 PCT/ US02/ 12s11 al koxy, am no, nono- or dial kylam no and -C1-C3 '
al kyl, or Cz- al kenyl or Cz-C6 al kynyl,_ each, of ich is optiognally
subs%i t ut ed \ﬁ%t%h All,scrzl'%lo%‘fr gﬁBup@”éli %B]%];)Je‘?‘@%h?lily\égelae]c]t eargﬂﬁﬁ?ﬁala&éﬂen,
-F, -ClrefBrencles,- Oincl@dingC=Ratedltd, ChrE3 ank@rpordWdi0, helleiEd @Kyl
and nono- or dial kylam no; and the heterocyclyl group is optionally further
subst i tﬁleéc?.r\ﬁnlcﬁ'oxo; 10 R~ and R~' are independently Hor -Cl-C6 al kyl; R2
and R3 are ingdependeshtYosel e6t ad ffyapddey grf%Eh%QnSbgt'tf}ge ofe g1 Sl vip

al kyl optionally substituted with one, two or three substituents

i ndepen@&3MPy-eSe| ehdghf r 8Et hBOEr obp clomsi Mg wHd ClasC3 ldinkiy inchaltdgen,

- OH, 0 - SHnveGrich 16F3, ClG3 ahkoxy, and OB i°F 5 CH?I ; ;-
(CHz) o-lgﬁgterloaryll; -S( e) 8—4- hgﬁerocycle;t%)lz%?,cg%aﬂclggnl% pﬁ%g%@{ei/@
subst it gesgribed dmethello or three substituents independently selected from
the group CoRgjStsAG-+Qf, <Gl 1 1 G2 -1~ | koxy, and

- NR3oR31; Cz'-Cse 20 alt(l%yrgy:ﬁ!agggi]lgr}zfﬂaydsu%'égtliofql]st ééltvgmit%ﬁdgnjag,%%t \%Syo)r@ét hr ee
subst i t wied nedd dpend @ering rsdladc tsediricesm phrepgiredp foons icstnimeg cdfallly, - Cl,

-OH, -SH,,.-¢ L = + Ll xy,..and._-NR3oR31;. and - 0-4- Ca-C~
cycl oal E%a,lg\fﬁgyeioﬁ%gﬁéccygﬁﬁgﬁb@%’grogu%q‘_ie?agﬁt% gr?élnlgy W§L}l}gﬁ;{tz°3ﬁned W th
onel St wey2B hert ithmeehsudlsst i t uent s i ndependently sel ected fromthe group
consisting of -F, -Cl, -OH, -SH, -C---N, -CF3, Cl1-C3 al koxy, and - NR3oRsi ;
or Rz, R3 and the carbon to which they 30 carbocycle of three, four, five,
atons, WXAMPIESL, 2, or 3 carbon replaced by a heteroatomindependei group
consisting of,,-0-, -S-,.-SOz-, ate .attached forma sjx, .or seven carbon
atoms are opttrihgna%ﬂsf%%?g Sélegétlé‘&df r?ffﬁr?@eesanﬂe-sfilﬁib-e; Rifter &P n PrgParenp
U2/ 0868 FhePGHIS(Uk2/ d2Sduide and/B31 palr feaah s s en6es apeotadapandgnt | y

H, Cl-C6 . .
56 %he invention and are to be construed as merely illustrative,

and not limitations of the preceding disclosure. Those skilled
in the art will recognize appropriate variations from the
procedures both as to reactants and as to reaction conditions
and techniques.
25
EXAMPLE 1 (28) -2-[(tert-butoxycarbonyl)amino] -3-(3,5-
difluorophenyl)propanoic acid methyl ester (II)
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al kyl; Rzz is selected fromthe group consisting of -H -Cl-C6 al kyl ,
hydroxy Cl-C6 al kyl , amno Cl1-C6 alkyl ; halo 5 C1-C6 al kyl ; -C3-C,

cycl oal ko e2osséFl- Cz alkyl ) - (C3-C- cycloalkyl ) , - (lfér/@)zﬁb%)f' ) -0
(d-C3 alkyl ) , -Cz-C6 al kenyl, -Cz-C6 al kynyl, -d-C6 alkyl chain with
one doubl e bond and one triple bond, aryl, heteroaryl, and

het erocycl oal kyl; 10 RCis selected fromthe group consi sting of Cl-do

al kyl optionally substituted with 1, 2, or 3 groups independently selected
fromthe group consisting of Rzos, -0OC=0 NRzasRzao~ -S (=0 o0_z R235,

- NRzasC=0 NRstRz4o C— NRstRzao and -S (=0 z NRz,?,s\;ﬁ); - (CHz) o-a-
(Ca Ca) cycl rein the cycl oal kyl is\opbiLonal |l ylsubstituted with
1, 2, or 3 gr psllﬁldepenc@ﬂtly setected™from th&ig%p onsPski ng of Rzos,

-COzH, and -COz a | )F; - (CRzQSRzso) o0-a-aoyl ;=< OB Rzs0)

' 0-a-heteroaryl, - (CRzas o- ahet erocycl oal kyl; - (CRz4%
o-a-aryl-heteroaryl; 20 4sRzso) o-a-aryl-heterocycloa -
(CRzasRzso) o-a-aryl-aryl;|- (CRz9sRzso) o0-a-heteroaryl-aryl] - (CRzasRzso)
0- a- het eroaryl het erocycl oaf kyl ; - (CRz9sRzso) o-a-heteroarylFheteroaryl;
(CRz4sRzso0) o0-4-heterocycl oal kyl -heteroaryl; - (CRzasRzso)

0- 4het er ocycl oal kyl - het erocycl oal kyl ; - (CRz4sRzso) 0-9 25
heterocycloaﬂ%ylaar%ﬂrL -3{r@qlﬁz§39ur(@zé1§>)ttpfﬁ $1EBKN- eaRipppdz; wCEhar ¢l ) z;
-CH(het g z, terg Kk aryl vl

cycl op ent‘ggf}'g Q S exy or cycl ep%%/1 élt’:l ncg:h‘_¥1ustedé){nhc;t%afrﬁ5 heter‘él)g{%iyfi or

hetérocyé‘SbaEk&I tfmerbuhowieacapbﬁh afiinhé- @yéBopentyI 30 cycl ohexyl, or
cycl ohe ce th N , ( 0, 0.z, and
wher ei ngﬁﬁgu!@%?g%{é%%%xgéc&ﬁexg’]cvlmdor H(;iycl 0 ep?yl gr oup cangjbes_’ T
opti onaétqymalbentt ut Bdlwwwed 1 oy 2THRF ou@st @ hatL)ar e | hdéependenhygrBxodeor
=0 -CO NRzssRza r-SOz- = alkyl) ; Cz-d o, al kenyl - WO

02/ 0858977 83/ 17581 %ptﬁ()%%ﬁ VOEL&%stthu?%‘alW}%n‘i’, %,‘3 &%?%Jd% a
groups; s&gﬁaOporahbynahdopéi ababwgdsubsttiut €drwibhmin 2 WhidhREZofe,

gr oups; (CH2) 0-1-CH ( (CHz )osO—l)-(CHz)olaryI - (CHz)

o- ﬂ-OCHRt §- COOMERLEL e eaksd : tooh( - ar Pncer camskast.oadyngting ogeifene

al kyl); P ( yl Cl- Cs
it} o S T B it s&*)cﬁz %ﬁ@%“af% S Sadefy ol ygs)
(NRz3sRewo)ngewrarcei hhencletargted s fopt i dmalmiy .subsihiet umezltwreh iy fheor 3
Rzoo: each heteroaryl is optionally substituted with 2, 3, or_10 4 R2oo:
each heP&8RBEJcI 58I KFPOME of U onalry SEtiatR%ed WY h }iPLQ Untyl 49850 o

Rzoo at cSﬁGQrQESHr HRARCeHréésn | Adapendant | yAgeItqpattedt{rﬁgm E'Pl% G QURLGONSEST i ng
of Cl1-Cs al kyl optionally 15 substituted with 1, 2, or Rzos groups; OH

- NOZ habo@]ed toCh2RHpwC2N’ {soCHdp doamCO- NREmoFezEst:ure(&-lzﬁh@napSﬁkédil dz
aI kyI ) 0- 4CDyﬁCz .C zEgl kynyl)

Y Larte! %t igartGhalsl ToF ) ¢ oari Tk GBS,

0_ a- COEQEQ&@@&&H w1th( @z hyQ %-@@@rlheéﬁﬁ@ﬁ}’@bom kml) nﬁrQHz hases are

0-4-CO-ORzis: - 04SOZNR220R225| - (CH2) O- y&m%%wlkl) po-
we

( CHz) osapé‘)@te@oar@lzﬂa?kﬁﬁ)leous (J@%ze}row St)&trﬂ%e@ ) t-

(CHZ) Obétbll(%tf?{eﬂ?z@) Cﬁ:é} Relys 'Tﬁ%or\%ﬂlé\a(gr%ngél %has%% NAAR)
(CHz) 0-4-N -N(Rz s) z: (CHz) o-a-N (-H or Rzzo: 25 -
(CHZC) owasmﬁész’zzswate(EMzI)Oooﬂ@ odpeq GIVEs aPRipm sulfec@t)fegtejrpd( 0)
0R240 05 | - 4. CHz
f) a-O)?ﬁd co(’n%%):rgt@d 1.1(%}_@e_§l (J:B%iu%)edz’pre t%é_{% 2 S %?i%) ZTgl 5( )
(CHz) omﬁt@rletl igs téﬁklylre@pm/S@ |l|1;ze§ut£§1qnt Lh@darwa hed,ggve 3therthtle);

o oups: SEOBEERY LTI “opt Lonal iy s (BRPPTredbu {1 of 3 Rl0d v ofpds -
{CT0] ottt 060RR1 53 300 R, e (Hgb-B,5- €952 Gl obhyhs 5

25 161.20, 155.67, 142.58, 112.70, 120.23, 78.69, 54.71, 52.24,
39.25 and 28.37.
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WO 02/1185877 PCT/ USfI 2/ 12s91 wherein each aryl group at each occurrence is
optionally substituted with 1, 2, or 3 groups that are independently Rzos,
Rz~. 0 or W@ ofissgd-kyl substituted with 1, 2, or 3 groups tpefudhnahi

i ndependently Rzos or Rzl o; wherein each heterocycl oal kyl group at each
occurrence is optionally substituted with 1, 2, or 3 groups that are

i ndependently Rzl o; wherein each heteroaryl group at each occurrence is 10
optionally substituted with 1, 2, or 3 groups that are independently Rzos~
Rz~o0, or Cl1-C6 al kyl substituted with 1, 2, or 3 groups that are

i ndepen@&AMPLER20s or Rzl 0; tiRzds batt ydadhi SOcSumhdrae-ils (i3ndependent |y
selected fromthe 15 gro consi st i f Cl-C6 _al.-kyl ., hal ogen, -OH, -
phenyl, -SH, -C=N, -CF ,1%@59 btz Eﬁ,‘gﬂﬁ%‘,o%ﬁp(”&fié&a&a@ )(r},”&nd N-
(Ad-C6 alkyl) (C1-C6 alkyl) ; Rzlo at each occurrence is independently

sel ected fromthe group ccs)nsi sting of Cl1-C6 al kyl optionally 20 substituted
with 1, 2, or 3 Réos M' Cz- C6 al kenyl optional |y ubgtituted with 1,

2, or 3 Rzos gr (’?éljfaynyl optiopal Iy stps? Pwitfl 1, 2, or 3
Rzos groups; l‘ogen; &-Co6 al l%oxy; Cl-C6 halo 0X -NRzzoRzzs; OH, C=N;
C3-C, cycl oal kyl optiona substituted with 1, Z; or Fgr oups;

O

-CO (C1-A4 alkyl) ; _SCz 3sRzao; -CO NRzasRz9o01 - SQz- 4 al kyl)
and =0; wherein Rzis at eatfi occurrence is independently s cted fromthe
group consisting of C1-C6 & kyl, - (CHz) 0-z30 (aryl) , Cz- al kenyl ,
Cz-C6 al kynyl, C3_C., cycloalkyl, and - (CHz) o-z- (heteroaryl) , - (CHz)

o_z_(-rheterocycl oal kyl); wherein the aryl group at each occurrence is
optional Iy sapsttujef wiiReeRO roid 044838 7 AGHIUSQLIpRY 1.12h O 3
groups that are |nd_ependentl% RzoS or RZl o; wherein the heterocycl oal kyl
group afM2E8RERIGc AR ERe | B1bpPEORallin efubsthemazPuple and2addd tioralo;
wher ei n reae1hetier 0agyhe8r 0Yp shL 263GR o3 tABGHL ' hQRahlY - (3 5-
substi tut ed With 1, 2, or 3L{R2_Iqo ;a_tgago and Rz s%g:'golozl cﬁtaltr)nggg)r]rén(:(é”’gre
i ndependéhtnprophesyddrtrpantie gcadp meshyilseistgrof( I1H, EXBUPCE Al kylo,. 0

hydyoxy ,C1- |-ky, 1 n - | Jeyly; I - kyl.o -C3-Cs:

cyc (gal ﬁ)’/l O,C;Q)-ﬁ(%élr!]%lzé% k?/l )ghuq(@ée@ﬁ) cé%%%’f’%?ﬂc%y%ﬁ( Clylj& %ﬁyl‘c’:}le-no
(CLl-C3 abkykp to Gzre6 aldtrirylthe GEikibuid ky8Ykool€d; Cl cabll oebaeR hwinkh one
doubl e bond and one triple bond, -aryl, -heteroaryl, and -heterocycl oal kyl;

15 wher éPn2Phélar Yl - G oUPPBES eat h SOEEYPLERES ) d omddadl iy supsPPrties with
1, 2, ok;3 %Vyﬂ%§éJ“HTﬁ@ea&@@@?@ﬂd?ﬂhhglR%%Sdﬁéfgg wINer BhA (he mL.,

het erocycl oal’kyl "group at each occurrence is optionally substituted with 20
1, 2, oP-35RzI8oleper &b n esaliv H&roar ¢l Ogr Yuplat heptarneliienead sis

Ophhpnaghﬁs%ﬁgéhEEQtggd@HtBr%ﬁw%seoéf3§3%%%i§%%?eaﬂge5%%g 2he380ernan
occurrence are 1 ndependently H, or 2 al kyl;
temperature below -70°. Once the addition is complete, the
contents are stirred for 15 min at which time acetic acid (47.2

mL, 0.824 moles, 26 equivalents) is added dropwise via the

addition funnel keeping the internal temperature below -65°.

20 Once this addition is complete, the mixture is stirred for 15

min then warmed to 0° and poured into water (500 mlL), saline
(500 mL) and methyl t-butyl ether (500 mL) then transferred to
a separatory funnel. The phases are separated and the agueous
phase is extracted with methyl t-butyl ether (2 x 250 mL). The
25 combined organic phases are washed with saturated sodium
bicarbonate (500 mL), sodium sulfite (500 mL) and water (500
mL) . The organic phase is then dried over sodium sulfate,

filtered and concentrated under reduced pressure to give a
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Rz9s and Rzso at each occurrence are independently selected fromthe group
consisting of H d-C9 alkyl, Cl-C4 hydroxyal kyl, d-C4 al koxy, Cl-C4

hal oal koxye ¢2/06s6##2) o_ g-C3-C~ cycloal kyl , Cz-C6 al kenyl perofséyl kKynyl
and 30 phenyl; or Rz4s and R2so are taken together with the carbon to which
they are attached to forma carbocycle of 3, 4, 5 6, or 7 carbon atons,
optionally where one carbon atom -91 WO (121 (185877 PCT/ US02/ 12591 is
repl aced by a heteroatom sel ected fromthe group consisting of -G, -S,
-SOz-, and -NRzzo-; Rzss and Rzso at each occurrence are independently

sel ect ecsdlriaim t heTgeoupod:mdsi $81 meafy st alli£sd al fydm 5 ropgit ol 1 ypropyl
substituted w_th or Rzos groups; Cz-Cs al kenyl optionally

subst i tlftlé’(ﬂ’hﬂ]t h 19/12 t%ﬂlyq?ztdse gﬂdﬂrﬁ CTRTFRBI Kyt bp2iiondIR y(DMSO-

bstit d w r 3.Rzo 0) o-z- (G -
Sl B St M o e el e o
3 Rz - al ar C1 kyl et eroar
0ECl @@%ﬁl@zeterggyc?gal k%iw)?zar yy161 h2e(¥ er;)lg%yf}lll Yhie%gré)%yc?lodg kyI -

(CHzS i -7 .RAss(SBHA)7 .0 M- .3kl ;34. (5CHAA 284-Fss- (CHz) o-a-heteroaryl; and;
- (CHz) 1_Q Rzss- (CHz) o-4- het erocycl oal kyl ; wherein 15 Rzss at each

occurrence is independently -0-, -S or -N(Cl-Cs al kyl) -; each aryl or
phenyl IEXa#IiBOIEal | y subsriti ttuttgd wWiltsh 28) -2 - airl a1, aJnat are

i ndependently Rzos, or C l.ky] .supstituted wt or 3 20
groups that are i ndepe o%:ze&zy; RO O IR mqt'? optfonal 1'y

substituted with 1, 2 3 Q or 4 Rzoo, each heterocyclo Ik\QHls optionally

substituted wih 3 2N, af 4 Rzlo ; 25 RN | § (3 ) (CBR ) 0_sRi oo~
R ioo~-SOzR'>g~\n-/ R' |-sR'—|—ee—»C(-§g R loo, -C
RI

(=0 - (CRR ) -RO log_oL-CH=0) ( CRR R ooFand R | oo
are independently aryl, h§ paryl, -aryl - Waryl -aryl

-aryl -Wheterocycl yl, “hellere garyl - W80 aryl, -heteroaryl

- het eroaryl - Whet erocycl yl, | -heterocyclyl -Waryl,

-heterocycl yl - Wet eroaryl, Eheterocyclyl-Wheterocyclyl) -CF=0)-CH (CHz)o_
z-OR~] - (CHz) o-z-aryl, -C (=0 -CH[ (CHz) 0_z-OR-] - (CHz)

o-zheterocyclyl, or -C (=0) -CH[ (CHz) 0-z-0-R~] - (CHz) o0-z -92 WO
U2/ (185877 PGH 14 SGA 1253 lestkersamnd baitare fGllssk iegpizmad odgof each are

ti | t ith .1, : i | f
ity sk %;%]eaﬁ 4l gDl & URS (A URERERIN Y 43 et oM
(=0) (oa)er(tanut)yl 19RO (MR USRIy L) 2 {0)

- a- CO- R 08~ - 0-9- CONRR . , - 0-a-

(L. G Z'qu%ﬁpﬁ%%r(baﬁ%é)%ﬂé%% % ey 0 '-01(3€(H%é’713?_s o (z-az
al kydy| )equl-va(lGl‘M:) Chai-CRECE H- TR 3 k) and: ialoIo (BARILD, tholCro)

0-4-Rl zo, 10 - 7) R 30~ - (CHz) o0-a-CO-Rio~ - (CHz) 0-4-CO R zo -
(CHz) o-c&oéﬁqfelt:ﬂ)~ 8° (CH?PC8 sheonRrRBre- iscAgpleda- eedomm berohydpgye

0-a- SOZ-MRIPR J P27 dd?D), U dglRvdiehitP al&kWadea as a solid

portion wise over 30 min keeping the internal temperature below

W

roaryl,

-70°. Once this addition is complete, the contents are stirred

20 for 2 hr at -78° then warmed to 0° and stirred an additional 1
hr. The mixture is guenched by the addition of saturated
potassium bisulfate (15 mL) and water (15 mL). This slurry is
stirred for 30 min at 20-25° then concentrated under reduced
pressure to half its volume. The mixture is then cooled to 0°

25 and stirred for 30 min. After this time, the resultant solids
are collected by filtration and washed with water (2 x 50 mL)
then dried under reduced pressure at 50° to give crude product.
A syn/anti ratio of 4-9:1 has been observed. The desired
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- (CHz) 0-9-SOz_ (C1-Ciz alkyl) , - (CHz) o0-a-SQz- (C3-C- cycloal kyl) , -
(CHz) o 4-N(Hor Rso) -CO0-Rso, - (CHz) 0-al5 N (H or Rsol -CON
(R'so) zwool6#gYy 0-a-N (H or Riso) -CS N (Rico) z. - (C"FéT/GS(ﬂzn')‘ssﬁ H or
Rlso) -COR o0s~ - (CHz) 0-4NRlosR los~ - (CHz) o-a-R 40~ - (CHz) o0-a-OCO
(C1-C6 alkyl) , - (CHz) 0-4-0-P (O - (0-Rico) z ~- (CHz) 0-a-OCON
(Riso) z - (CHz) 0-a-OCS-N(Rico) z. - (CHz) 0-a-O (R co) ~ - (CHz)
0-4-020 (Riss) -COH, - (CHz) o0-a-S- (Riso) , Ca-C~ cycloal kyl, - (CHz)
0-4-N (-H or Riso) -SOz-R~, or - (CHz) o-a- Cs-C- cycloal kyl, Cz-C6
al kenyl Presiich dikyRpryséalpised §rom bexamesy/etopniodnal2sy/ 18 utsst ittiveed wi t h
1, 2, or.3 RI| groups, erein Rl1 t currence is independently
hal ogentheC]EIl Bofﬁ \M(]’Bnlphl oglilgokngﬁcéﬁgﬁ ﬁ;l K ﬁ\i& 7R’16 -58(521('01 Ce
al kyl ) 3, g2Cs( Q) B' Q@ RI;G5R
r oY o) Zr AL 2, Bl)%@qﬁfaﬁﬂﬁ 4G5 cMROngséQG\'B'§ % 8%, hleé\!;%{c}c
( 0) - (l@IS-@G aIlI%)ZI )70 301-.65¢( Z6). Dém &, 990 CA=QP- nBMo-240qr 3(5| a7k wr@ni no,
phenyl, -O (Cl1-C6 alkyl) -CO2H, -NHSOz- (Cl-C6 alkyl ) , Cl1-C6
aI koxy or 81 G5 hal oal koxy; or -93 WD 02/085877 PCT/USU2/ 12591 Rloo is -
(C1-C6 alkyl) -O (Ci1-C6 alkyl) or - (Ci1-C6 al kyI) -S- (A-C6 al kyl), each
of whic |onaIIy S t p Rloo is
- (C3- Cgﬂ‘}dé@g aI kyl) o;t)-'t%llé%ntﬂi]‘]ltt ﬂt:)l\s@tl ?ut ed wdtlﬁlforfp%(?%ygl)l iFQI[Ig roups ;
R and R independent| y carieamydl egéwyl cEBrbGmaakkyv)opti onal |y substituted

with 1, 2, or 3 groups that are independently F, C1 , Br, or I; or -
(C1-C6) -Ro; V~1|sH ( ) 0-4-, -0, -S (0) o-z-, HN(Rbgs) - ~or -C
(O -; 10 R~ a xn/ kVI\n.débendently sel ecte ertwme/gﬁ\gpup consi sting
of H d-C6 aI C3-£-, cycl oal kyl Tz- C6 -C6 al kynyl,

aryl, heteroaryl, aﬂd he &l yl, R os and R | os %re or
different and represent - Rlio, -Rzo, -C3-C~ cycloalk (C1-Cz

al kyl) - (C3-C~ cycloal kyl)¥Y, 15 - (C1-C6 alkyl ) -0- (d - al kyl ) ,
-Cz-C6 al kenyl , -Cz-C6 al kynyl, or -d-C6 alkyl chain withgone doubl e bond

and one triple bond, or -Cl1-C6 al kyl optionally substituted with -CH or
-NHC or, -C1-C6 al kyI optionally substituted with 1, 2, or 3 groups 20
i ndependent | ycs@l el f Kamhal 9geRy Blo%% 'ms % al kenyl,
Cz-C6 al kynyl, C3°G~ cycloal kyl, - (CHZ) © S@e%%befu%@’

(heter oa‘laﬁlﬂ)ft(lcoﬁt—lr( @HZ) @liroeﬁ@t emé@;iclaylld) therRimogoup lieet glsoayldleyil

opti onal t i _ i_ndependently sel ected
fromCl tlce,\éts;ﬁ%%yl &%‘céwm quzhl%ﬁal og q ghégrfg%%%%%?an %Qn:}t ro, am no,

rmno( Cl@@)ir@kww@wﬂ@arman(a@t- asy, afER(ng@ﬂuEnG,, Gz 5C§ ,alokenyl moCesC6 1al kynyl ,

| 1- 1-
4T am e L Cr B SRVt B TS5 Ry <Ay Afnd (CCI b BP o8 -0
R 4s lso€1 CBoatkys @ixEide BéS@daédhyetgggﬂum%@roﬁwéO@b kyt,g; (Cz-Cz
al kyl) - (C3-C, cycloal kyl) , Cz-C6 al kenyl, Cz- kynyl, C-=C6 al kyl

with oné- éabﬂ@lsénd laRg SARVAILERE ShoRdSSORVES, lanab@oletrte- efhanol

(10 mL) over 1 hr and the resulting suspension is warmed to 15-
20° and stirred for 1 hr. At this time, water (100 mL) is
20 added and the reaction contents are cooled to -5° and stirred

for 30 min. The solids are collected by filtration and washed

with cold water (2 x 25 mL) then dried under reduced pressure
at 45° to give the title compound, mp = 133°; NMR (DMSO-d,;) &
7.03, 3.61, 2.68-2.98 and 1.33; CMR (DMSO-ds) & 163.72, 161.29,

25 155.55, 143.35, 112.65, 101.80, 78.17, 53.42, 52.71, 44.90,
36.98 and 28.36.

The anti-diastereomer mp = 101°.

-56-



WO (12/08a877 PCT/ US02/ 12591 Cl1-Cs al kyl optionally substituted with 1, 2,

3, or 4 ' groups independently selected from-0OH, -NHz, Cl1-C3 al koxy, R Io,
and hal ogemi2/édsssy i s C3-C~ cycloal kyl, - (C~-Cz alkyl) - p&3uSomyeyal oal kyl)
, Cz-Cs 5 alkenyl, Cz-Cs al kynyl, C-Cs al kyl with one double bond and one
triple bond, -Rlo, -R zo, or Cl1-Cs al kyl optionally substituted with 1, 2,
3, or 4 groups independently selected from-0OH, -NHz, Cl-C3 al koxy, and

hal ogen; 10 Rieo is selected from norpholinyl, thionorpholinyl,

pi perazi nyl, piperidinyl, honnnnrphollnyl honnthlonnrphollnyl

honot hi @W@ iSnyl S- GﬂrdieBWriDt HlsonﬁrR[)hél i (Byl5 Qlﬁdlu@)nO@@nZWr r-&l-i nyl and

pyrrolidinyl, each of 3Pt létgﬁ;lt th L 4
groups 15 |ndependently sel fedp[f r33%858°¥‘c§ gilCQ,\sljﬂp %10%’]:[?%’[“8%%
hydr oxy, cyano, nitro, @fIlo, nono(Cl1Cs) al kyl anmino, di (Ci- Cs) al kyI
am no, Cz-Cs al kenyl, Cz-Cs al kynyl, Cl-Cs hal oal kyl, Cl1-Cs hal oal koxy,
amno (C GCs) alkyl, nono (Cl1-Cs) alkyl amno (Cl-Cs) alkyl, di (Cl1L 20 Cs}
al kys amino (t€rtCHutailkyllS)arrd (305 -RAilfd ucs-opheinydpt-ilen{dl2lsy -substituted with
1 or 2 R.zs RS, i $ a x‘ﬂﬁ curr nce i s ijndependent]|y
hal ogenomra1 8/% E%hgm% %élmalte | "arh tEo % % % IEI% m%gg)g NEC1- Cs
al kyl , =SEpeNEeEl Gn adldoprepyl- SCDZ}Oh(OCEl (@4 mal) kyaln)d 3- n%h@@yhsllelh,zyl@ﬁh&dld— Cl-Cs
al kyl , or - CO-N(C1-Cs al kyI)z or. C1-Cs al kyl , Cz-Cs al kenyl or Cz-Cs
al kynyl (1683t ofl -difi EMALd gt ipsieed yisbpStitatied witt R0r253; BRi8 groups
that ar wx%%eq%ewelaxeaelt%ctg%%ﬁr0%@119% 'ng'h, RGN, SH - C=N,
-CF3, Cl-C3 30 al koxy, am no,” and nono- m no; Ef Cs al koxy
opt 1@nalﬂl>tr99f@sﬁt ifioat @d hai.t wheweupoRo tdille tl’1¢rSeJé tomghailaqelrre -195
(12/ U85 ey h. i i,Qn II
substi t%}éfﬂrlﬁ%%/ Jﬂ%gﬂ%]@?f%ﬁcle% EEIE e)Igl go\g:lé’%hetth%r %@;tcllgy toluélrclial ly
subst i t (thed twittlle Toopondl 2% g:rum;ﬁsedSbQ/orfﬂlalm rmglr(om)atlo@d@(phyg a k&t one of
al cohol f for ). treatin the aI ohal enerate an .epaxi de.
10 For mits PR R seaedte SbeakRl 5 S AN P
accordi ng tile ciompmui@ﬂ further conprisi ng cont acting the epoxide with an
amfg of formula R-NH (R5~) to yield a protected amne of fornula VII-1. 15
102.7 A process according to claim 101, further conprising formng a
depr ot ecixatirayB e of f arRm®YI3®)VEI-laml nand -f(Qr, 5i- Iaﬁfalﬂlo&@p(ﬂxér@ﬂl ng-t hg -am ne of
formula VIII-1 and a co nd of t wherein_Z i ,
i m dazolyl. 20 103. An Yae&? g‘?a&‘lﬁ 2 SRER O-(I IJiZIﬂ R2 R Wnere Ris
phenyl optionally substituted with 1, 2, 3, or 4 groups independently
sel ected from ,
tert-Butyl (1S, 2R)-1-(3,5-difluorobenzyl) -2-hydroxy-3-
20 [ (3-methoxybenzyl)amino] propylcarbamate (VII, EXAMPLE 5, 258

mg, 0.59 mmol) is dissolved in methylene chloride (1 mL) at 20-
25°, and trifluorcacetic acid (1 mL) is added with stirring
under nitrogen. The mixture is stirred at 20-25° for 1 hr,
whereupon the mixture is concentrated under reduced pressure to

25 give the title compound. The title compound is used in the

next reaction without further purification.

EXAMPLE 7 N*-{(18,2R) -1- (3,5-difluorobenzyl) -2-hydroxy-3-
[ (3-methoxybenzyl)amino] propyl}-5-methyl-N?, N3-
30 dipropylisophthalamide (X) (2R, 38) -
3-amino-4- (3,5-difluorophenyl) -1- [ (3-methoxybenzyl)amino] -2-

butanol (VIII, EXAMPLE 6) is dissolved in anhydrous DMF (3 mL)
and cooled to 0°. Triethylamine (500 uL, 3.6 mmol) and 5-
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25 (A) C1-C6 al kyl optionally substituted with one, two or three
substituents independently selected from Cl-C3 al kyl, hal ogen, hydroxy,
thio, -NRigkiidssetrere Rlo and R11 are independently hydrogeor@sef2ssic al kyl,
cyano, trifluoronethyl, and Cl-C3 al koxy, 30 (B) C2-C6 al kenyl or C2-C6

al kynyl, -96 VWO 02/ 085877 PCT/ US02/ 12591 (C) hal ogen, hydroxy, cyano,
Cl-C6 al koxy optionally substituted with 1, 2, or 3 fluoro, (D) -NRL12R13
where at each occurrence R12 and R ,3 are the same or different and
represent: 5 (a) -H, (b) -Cl-Ce al kyl optlonalle/ substituted with one of:
(i) - OHmg Yl ~NNHA- c(mztgpxﬂmgnhtha)la(ncl)c aGE-dCe( Taf kil 5 g :orpal‘il%/ mmOI

. Substitut ed i ndependent | seI ected ha
cycl oal 184 avgcieél Vﬁzt%elsf&’l’irln Cgﬁt% Bal ki 92 mec{ q% r@ 2 kyI - O
(d-c a&ﬁ%f ,to @l@@)@'ﬁ&ﬂWompl@:éﬁiﬁééﬁﬂﬂWLorﬁnﬁ Jiﬁm( E}ar%:@ilc

- cycl oal kyI - (C1-4 al -SOZNRlo%l oR~ or_-S02
(Cl-c4 #%dd)) be RET ‘i’)rr@ brond, Tt rCE?Y]RWét@%ee Bath %71 i s
i ndegendent |rMnc212 Gls G &Whith %t{ﬁ&%)ng RzD1 et e 31431(@L R24 are the same

or different and represent. C1-C5 alkyl , or where N resents

pi peri di et hymng penzomnl) - 3tﬁtmﬁﬂ¥tﬂqwmldpﬁ1éﬁﬂr%} el y(Zfhst9 ¢ ut ed

Wth 1, 2,5 A 0f G aldyloi¥ thi dde-Priaviso fhad Ht deagdr angrof, the
R21 groups is optl onal 'y substituted phenyl. 30 104. A conpound of the

formul a thamr varmed to D H0&687 1 5PET/. USh2/ h2x8lrehérseRhies phenyhed

optional |y substituted with 1 4 Si nde endent sel ect ed
P o (A RS gt a5 st D v o D Oyt Chree
subsbi t ueities ividapendeft | scsed et edrig mnﬁlr@al&wanl&amﬁbt&wﬁ@xy,

thio, -NRl1oR11l where R o andRl11 re i.nde ndently h drogen or Cl-C6 al kyl,
cyano, t rYaFhest dftetthy$a C Rt @81 - % A @er

al kynyl , d&i{a halvesans, hﬂﬂf@%dca&ad\czaor@k&@aadé@xmmIﬁtﬁldé@ubstltut ed
with 1, 2, or 3 fluoro, (D)-NRI 2Ri s where at each occurrence R12 and R13 are

t hesane RFETHYFRrentI LR Figricsert : qaPYRd S(h)Cxusk EPMER ky7I" Ioptional |y
substituted w4 p@%ﬁlﬁiéd rS?r' £14ddn -dodd ddgrahenyla (s - C1- CB al kyl

optionally substituted with 1,” 2, or203_independent’ y sel ect ed hal ogens, (d)
~ C318B oyetrnad/methylenexhl agide -gyadiiameyliwalayl Yo givey oumet wdkyl )
-0 {C1 Al ky, d&M kemyl (5362506 al kynyl ; and(E)C3-C,

cycl oal k% ACSS@ Lgll @&@% -SOE_IQIRloRll 25-C (O NR1oR11, or -S02
(C1-CQ al kyl ) . 105. A corrpound of the formula O

EXAMPLE 8 N'-{(18,2R) -1-(3,5-difluorobenzyl) -2-hydroxy-3-
[ (3-iodobenzyl)aminol propyl)-5-methyl-N?, N3-
20 dipropylisophthalamide (X)
Following the general procedure of EXAMPLES 5, 6 and 7 and
making non-critical variations but using 3-iodobenzylamine, the

title compound is obtained.

25 EXAMPLE 9 Methyl (2Z)-2-[[{benzyloxy)carbonyl]-3-(3,5-
difluorophenyl) -2-propenonate (XIV)

HyCO,C. _NH-CBZ
CHO NHCBz

HaCO, /k F

CO,CHy ————
HSCO/ \\O 2 3

+
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PROT-N _ X1 R where 30 X1 is chloro, brono, or imdazolyl, or X1 is
-CH2-R2, wherein 98 WO (12/(18a877 PCT/ US02/ 12591 RZ is chloro, brono,

or- Si (Rzlyg owke each Rzl is independentl|yCl-CS al kyl, - NpCBR8)2/(0R24) where
R23 and Rz4 are the sane orb5di fferent and represent C1-CS al kyl, or where

NR23Rz4 represents piperidinyl, piperazinyl, or norpholinyl, phenyl
optionally substituted with 1, 2, or 3 of Cl-10Cz al kyl, wth the proviso
that at | east one ofthe R21 groups is optionally substituted phenyl ;R is
phenyl optionally substituted with 1, 2, 3, or 4 groupsindependently
sel ect ed from, GADCE1Go ralbleylzadptehgrial [ (K ISubst.igt7utged Owidch meries ,t Wo or 15t hr ee
substituents i_.ndependent lHé‘ sel ected from Cl1- C3al kyl, hal O?Fen, hydr oxy,

n R

thio, - RREGRELSMer é7Rl FHENdRPP e Prige PErGehY! MAR'SEerr DPARCECE al kyl |
cyano, t &d-O( ﬁ(e&%%{rbor%qq p%-s%ﬁy&ogy@n%&%%lﬂga@éte@ (&E1G5

. al kynyl , 2 hydroxy, cyand, C1-Cé al koxy optional | ysubst'i t ut ed
with 1, 827 & 3 .f260melEl) - NRE2RER IMedeatat) dactd fetd® RL1Z-and R13 are

t hesame Qre.di f r t/i = i | ksl j |1
subst i tlﬁg&%ﬁéﬁeg%@lﬁé%@{%o@%? / i@) )ml!;%{l: %. i Sgﬁlesﬁy@(lc?)%c% A kyl
opt i onalll \i ,SulFsttetuteew tivtlh alard digre303 .inddperddtd ynalgsectled thal ogens, (d)
- C3-CB cycl.oalkyl., - - AR - | gal.kyl . ..z - kyl)
.0 (Cl- &éné’lﬁ%%ts,) bk enyﬁ)e,' F%%é%%%*ﬁiyoﬁﬁﬁfsya%t rred Ekifg%o%lﬁ%s??
PCT/ LI SEk2/0k289¢n( E) 163=6-toyahonal kyl 20-060) (K& alky) ) the - SEMRIORI1~
-C (O NR1oR11, or -SOz (C1-C9 alkyl) ; and PROT is a nitrogen protecting
group. 5-S16BMRA EEnpEUnd st andd isoruled ohoRd LiqspRETE ST i REIS

sel egt ed, f @M - | s sl oozt SiHes tidddead e 10
(1 ‘Elﬁ )%-té{—l};za- Cla—cl(=é(§|)32t?1((lcl‘?)|0? ng%?ena;/%fg opti éinjé |y Stj%gti tutégdév% th gr}?dr)li%ﬁao,

hal ogen,thsr asgpmests g DS RsrBACtest iwsiidl gt hstlbsiqatated G Pdnylang t h
nitro, 09eNhi Y. - | i | tidu iithh 1, 2,

3, or 4rtglreoups |l%{§$en?erﬁﬁ%y%sﬂe%ee(%1e fr“%%ﬁe?%%\l%ih- %Gg%i%ll hgfpbt ;MoLn)a'I |y
subst i t utEickdidvenemditu orl fdhee Substiadiamns dandspenkdrad yungdgect ed from
Cl-C3 alk | age OXY:, j (ARIQRLY wh and e -

i ndepen&eéln#lfcy&ﬁf%%o%eungyogocﬁﬁ&égai %yﬁ , cyano,]d't rﬁk%u%%#e@ﬂlyﬁz%%# l?:é;LC?C3

al kogy, YyB)sidz-d26 gH k evhrongrt (gZ-agonal leahwt], ga@®t dtad Oupsrands/idridABS Jcyamo,

C~-C6 al koxy optionally substituted with 1, 2 _or 3 fluporo, 25 (D) -NR 2Rl's
wher e atd85e R durriéh R Ihd TRLT drle t’hé]M?arfED&li‘sji?f—ér]e%'t -gin%‘s

o esenf gda)g -t (D)y35 Cly & alkyls oY) W | Yorsidgtist i gel wgthygpesef- (i)
, 164.41, 162.07, 137.39, 136.02, 128.597, 128.80, 128.62, 128.57,
128.47, 126.25, 112.57, 112.38, 105.22, 104.97, 104.72, 68.17
20 and 53.33. Additional material is recovered that is a mixture

of E and Z oclefins.

EXAMPLE 10 methyl (28)-2-{[(benzyloxy)carbonyl]amino}-3-
(3,5-difluorophenyl) propanoate (II)
O H 0]
~ NH-CBz

oY

CBz N\i)\o/
F < F
— U
F

Methyl (2Z)-2-[[(benzyloxy)carbonyl]-3-(3,5-
difluorophenyl) -2-propenonate (XIV, XIV, EXAMPLE 9, 0.100 g,

25

0.228 mmol) and degassed methanol (10 ml) are mixed in a 100 mL

Hastelloy bomb. The mixture is purged three times with hydrogen
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30 (ii) -NH2, (iii) phenyl, -100 WO 02/08s877 PCT/ 11 S02/ 12591 (c) -Ci1-CB
al kyl optionally substituted with 1, 2, or 3 independently sel ected

hal ogens,wé@)0ss83r CB cycl oal kyl , - (Cl-Cz al kyl - (C3- F@Tﬁﬁﬁﬂﬂﬁ$$y|) , -
(C1-C6 alkyl) -O (C1-C3 alkyl) , -Cz5 C6 al kenyl , -C2- ynyl ; and
(E) C3-C~ cycloalkyl, -C (O (C1-C9 alkyl) , -SOzNRloR11, -C (O) NR1pR11,

or -S02 (C-CQalkyl ) ; and PROT is a nitrogen protecting group. 10 107. A
process for preparing conpounds of the fornula H O PROI'"N O R~ R wherein Rl
is sel ect ed from (I) Cl-C6 al kyl optionally substituted with one hal ogen;
15 (| 160 pEHg)- a0d=Chen stlibnedleenyfl0 @sticomaidnpasmbsicd 1goechiw tdt one

nitro, en, cyano yl tignal ubstltuted on phenyl
with ni ?%o%%hal ogéﬁn gg &/z glgég% BH Q 80@5 g }ng sif1 l§§PeVPfiyilﬁg a
prot ect egtdEn Qi chiof de@esfs@dwllag Iéd@e%QQBdthé BysheneifBds Jwheny!

optional l y substituted with 3, or 41-&(;“'08 257i ndepéndént |y sel ected

from (AYEPIER Ik 66’ptHSdt$dl | yT§1§b§Pint thed stig red tattré’é)

substit dent l.yos K hal o dro .t hi o,
-NRl%Rl%%mﬁZF‘é’%%l%%%glng& %‘1 Sl’%\%‘igﬁ)t‘ Es‘?’l? %Fﬁﬁ%ogﬁizgﬁ% Righ Rt

i ndepend@ntglyetleydrsogiememml@edc&yamgm, CYI@iR0 sylsitieln Uy @mirhyWurqaid 6k C3

al koxy, % C%ialken g% C6 al_k nyI C) hal ogen, hydroxy, cyano, Cl-C6
al koxy d‘%‘ & y5s &l Vteut \fﬁattﬁ‘l stya t§‘ef Isi?&ﬁ’@“(tD)lﬂ\lRIeEN"ﬁ%ere at
each ocauwdeeneedit2dapddikdrar ed hasanmeher tdiclikerempoard represent: (a)

-H, (b) -C1-C8 alkyl optionally substituted with one of:10(i) -OH, (ii)

-NH2, (iii) phenyl,(c) -C1-C$ al kyl optionally substituted with 1, 2, or3
lndmvenmumsellect ed hal oOgRRS 15 (@) ~G3 a8 ney-al-qal, Issd - (C1-C2 alkyl) -
(C3- C8cycl gal kyl ClCGaIkyIV) -O (C1-C3 alkyl , -CzZ-C6 al kenyl ,
- Cz- C6 Qlﬁ}hl;@lroph&ﬁlér(lépe@qpem@m RE Ryl - C(0) (Cl o aI kyl)

- SO2NR1oR11, - C (0) NRloRl Qj’ -S02 (Cl1-C4 al kyl d20 PROT i sa
nitrogen protecti h anal kyl ati ng agen}wgn tige presence of a
base. 108. A pr oc picag conpounds of H O PROT' N
O R~ R 25 where | |o al | y substltuted phery I;

(28)-2-[(tert- butoxycarbonyl amino} -3-(3,5-

difluorophenyl)propanoic acid methyl ester (II, EXAMPLE 1, 0.60
15 g (0.002 moles, 1 equivalent), methanol (20 mL) and

hydrochloric acid (3N, 20 mL) are mixed. The mixture is then

heated to 50° and stirred until complete as measured by HPLC.

When the reaction is complete, the contents are cooled to 20-

25° and the pH of the mixture is adjusted to 8 with saturated
20 sodium bicarbonate and then concentrated under reduced
pressure. This mixture is extracted with ethyl acetate (2 x 20
mL) and the combined organic phases are dried over sodium
sulfate, filtered and concentrated, HPLC (Retention time = 2.89
min; Zorbax RX-C8 acetonitrile/0.05M potassium dihydrogen
25 phosphate, 60/40; 1.0 mL/min, A=210 nm.
This material is carried on without further purification

into the next step.
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R is phenyl optionally substituted with 1, 2, 3, or 4 groups independently
selected from (A) Cl1-C6 al kyl optionally ,substituted with one, two or

t hree sulgpipbyepts | ndependently sel ected from Cl- C3 30 apkylusohdkegen,

hydr oxy, thio, -NRLoRl1l where Rl o and -102 WO U2/ U8s877 PCT/ US02112591
R11 are independently hydrogen or Cl-C6 al kyl, cyano, ' trifluoromnethyl,
and Cl-C3 al koxy, (B) CzZ-C6 al kenyl or C2-C6 al kynyl, (C hal ogen, hydroxy,
cyano, Cl-C6 al koxy optionally 5 substituted with 1, 2, or 3 fluoro, (D)
-NR12R13 where at each occurrence R12 and R13 are the same or different and
repr eserBXaAMRE -1, (b) Me@hydg @2 -opt {mnad oxgubrstibanyed amirdolorse- of : 10

i) -OH, (ii) -NH2, (ii} henyl c). - ClL-C8 alkyl optjanally substituted
&A%h 1, 2? 03 3 indeéenG%&ﬁ%?E&H%é:éﬁfqg;%ﬁﬁﬁﬁﬁagﬁf%zﬁ -'C3- Ce cycl oal kyl
- (C1-Ccz alkyl) - (C3-C8 cycloalkyl ) , - (Cl1-C6 alkyl ) -0- (Cl-C3 al kyl )

», -CzC6 al kenyl, -Cz-C6 al kynyl; and (E) C3-C-, cycloalkyl ) -C (O (Cl1-C4
al kyl) , -S02NR1oR11l, -C ( NR1oR11, or -302 (¥ - al kyl ) ; and 20 PROT

is a nitrogen protecth ¥e7 the process g ~ (a) forming a

m Xture of an activating=agent and a prot ec?ed amno acid of the formula H
O PROT-N OH R 25 (b) cont Fhe mxtume of (ayp phenol optionally
substituted on the phenyl r with vitro, hal ogen, cyano. 109. A nethod

for preparing a compound of e fornmula -103 VNO 185877 H O PROT~N
O-R~ R PCT/ USi | 2112591 wheregRl is selected from (T) CL-C6 al kyl
optionally substituted with one halogen; 5 ( I I ) -CH2 - CH=CH2 ;

5

Methyl (2S)-2-amino-3-(3,5-difluorophenyl)propanocate (XV,
EXAMPLE 11, 0.300 g, 1.40 mmel, 1 equivalent) and water (10 mL)
are mixed. Sodium carbonate (0.15 g, 1.40 mmol, 1 equivalent)

of is added followed by benzylchloroformate (0.2 mL, 0.24 g,

10 1.4 mmol, 1 equivalent) and the mixture stirred at 20-25° until
complete as measured by HPLC. Once the reaction is complete,
ethyl acetate (20 mL) is added and the phases separated. The
aqueous phase 1s extracted with ethyl acetate (2 x 20 mL), and
the combined organic phases are dried over sodium sulfate,

15 filtered, and concentrated. The concentrate is crystallized
from hexanes/ethyl acetate to give the title compound, mp =
54°; NMR (DMSO-dy) & 7.84, 7.28, 7.06, 4.98, 4.35, 3.68, 3.12
and 2.88.

20 EXAMPLE 13 (28) -2- [ (tert-butoxycarbonyl)amino] -3- (3,5~
difluorophenyl)propanocic acid methyl ester (II)

(28) -2-[(tert-butoxycarbonyl) amino] -3- (3,5~
difluorophenyl)propanocic acid (I, 5.0 g, 0.017 moles, 1.0
25 equivalent) and potassium carbonate (2.5 g, 0.018 moles, 1.1
equivalent) are mixed in THF (100 mL). To this heterogeneous
mixture is then added dimethyl sulfate (1.6 mL, 2.1 g, 0.017

moles, 1.0 equivalent) and the contents were then stirred at

20-25° overnight. Once the reaction is complete as measured by
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(11r1) phenyl optionally substituted wth one nitro, hal ogen, or cyano; and
(I'V) benzyl optionally substituted on phenyl with nitro, hal ogen, or cyano;

10 R is pheoybsseptionally substituted with 1, 2, 3, or 4 g&paR&/12591

i ndependently selected from (A) Cl1-C6 al kyl optionally substituted with
one, two or three substituents independently selected from Cl-C3 al kyl,

hal ogen, hydroxy, thio, -NRLoRll1l where Rlo and 15 R11 are independently
hydrogen or Cl-C6 al kyl, cyano, trifluoronmethyl, and Cl-C3 al koxy, (B)
C2-C6 al kenyl or C2-C6 al kynyl, (C hal ogen, hydroxy, cyano, Cl-C6 al koxy
opt i onalHRLGS ulkstcrutued hyidroxtide?, (1dr% ,3 20 wdy)o,i LGdde)d i 2Rl 1owstete at
each occur.rence an re.the me. or. di.fferent and represent: (a)

“H, (b) St Oraﬁ&?ﬂr oa%t 5’%‘%&1 ;e/Clg‘lI%bstt%%t lftoél&e\?\}ltt%%gﬁee sty ‘%t)eDC{ &%%%5 (i)
-NHz, (igthylphemtlate c)3 «CE0Cenldl . kyITheptdomialded sidpstriitcutpdchamds laxle 2, or 3

- i ndependent| lected hal o (d), -C3-C8 cycloglkyl . - (Cl-CZ alkyl) -
(G5 S5l el MY QAN i elige (R MDY ded Ve
- CZ-66 allymite, @1d teb@dl, a0 dch2R5BERPGHISOHIREXE (DedBnG to

cycloal kyl, -C(O). . (CL-CO alkyl) , -S02NR1oR11, -C (O NR1loR11l, or -SOz
(Cl- CQ é{W )t%,(e é:ri‘((f ”ipé"“é"%i trogen protecting group; the process
conprising: 5 A reducing a conpound of the fornula O ORS ~~ NNPROT R with

a reduci %a ent. 110. A nethod according to c¢laim109 wherein the reducing
10 agent® F&&s% NaCNBIR, - 2or | Rk todRitt Same s keqryaypdiinol 8 - (8 ket hod

according to clai m 110 gengirbgiigyieB1dihAGe il drdHwoes@d @)
catalyst. 15 112. A nethod according to claim11Z wherein the hydrogenation
is €@rried out at a pressure of from1l atnosphere to about 100 psi. 113. A

net hod for pr@%%r-izng[b@tm)@artﬁlﬁaflqrdﬂﬂr%]0393@1:'51\1 R2 20 R where Ris
phenyl optionally substituted wth 1, 2, 3, or 4 groups
ifluorophenyl)propancic acid (I, 5.0 g, 0.017 moles, 1.0
equivalent) and potassium carbonate (2.5 g, 0.018 moles, 1.1
equivalent) and DMF (100 mL) are mixed. To this heterogeneous
15 mixture is then added dimethyl sulfate (1.6 mL, 2.1 g, 0.017
moles, 1.0 equivalent) and the contents are then stirred at 20-
25° overnight. Once the reaction is complete as measured by
HPLC, ammonium hydroxide (10%, 20 mL) is added and allowed to
stir for 1 hr. The contents are stirred for 30 min then cooled
20 to 0° and filtered. The sclids are washed with cold water (20
mL) and dried under reduced pressure to give the title

compound .

EXAMPLE 15 tert-butyl (1S)-3-chloro-1-(3,5-difluorobenzyl) -
25 2-oxopropylcarbamate (III)

(28) -2- [ (tert-butoxycarbonyl)amino] -3- (3, 5-
difluorophenyl)propanoic acid (I) is dissolved in THF and
stirred at 20-25°. Oxalyl chloride (1 equivalent) is added and

30 the mixture stirred for about 15 min to give t-butyl-(18)-2-

chloro-1-[3,5-difluorobenzyl] -2-oxocethylcarbamate (XI). The
mixture 1is cooled to <0° and LiCHIC1 (greater than 2
equivalents) is added. The mixture 1is stirred until the
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i ndependent |
one, two or

y selected from (A) Cl1-C6 al kyl optionally substituted with
25 three substituents independently selected from Cl-C3 al kyl

hal ogen, wgdsoseg77 thio, -NRIoRl ~ where Rlo and R11 are ingepgreenkdy

hydr ogen or
WO 02/ (18587
hal ogen, hyd

Cl-C6 al kyl, cyano, trifluoronethyl, and Cl-C3 al koxy, -105
7 PCT/LJS02/12591 (B) CzZ-C6 al kenyl or C2-C6 al kynyl, (O
roxy, cyano, Cl-C6 al koxy optionally substituted with 1, 2, or

3 fluoro, (D) -NR12R13 where at each occurrence R12 and R13 are the 5 sane

or different

and represent: (a) -H (b) -Cl1-CB al kyl optionally substituted

Wi t h oneregfcti@n J‘-momplie)teNHz THe Kdadtighery|qudrhedClwiGeh atddr and

optlona“hy
- cyc o]

PRI St Lo IR o Lokt (¢

-o (CL CEi‘Rgaahlql )ph,ase@2151r@6 abicteyl | wi€B- Csaalihynyldra@d (B)e3-dddium

. cycloalkl
(C1-C9 al kK

2 O NR1oOR1l1
t)% Ogﬂgccosncc% orot)e%r gele,_Q deg(ﬁ%‘f §U§Kﬁgrte° egéﬁeRgt%efs

indesenctexrtﬂlq dcimpchurad Kyl , -N ( Rz3 ) ( Rz4 ) where R23 and R24 are the

sane or diff
represents p

erent and represent Cl1-CS al kyl , 25 or where NRz3Rz4
i peridinyl, piperazinyl, or norpholinyl) phenyl optionally

substi t uadpuR hel, 2, gsrs micydl0aslkydchmids 1hes pyayvi spudhsdersd I¥C)T)ea8t
one of the Rzl groups |s %Ptlonally substi tuted phenyl 30 and ' is a

ni trogen pro
ester of the

10

tecting gr 3 : %5Ikorn1ng a mxture of an
formula - 106 WO 02/088877

ICH,Cl (3.54 g, 1.46 mL, 19,.82 mmol, 1.25 equivalent)

and THF (5 mlL) are added to (28)-2-[(tert-

butoxycarbonyl) amino] -3- (3, 5-difluorophenyl)propanoic acid

methyl ester (II, EXAMPLE 1, 5 g, 15.86 mmol, 1 equivalent).

The mixture is cooled to -78° and LDA (22.3 mL, 44.60 mmol,

15 2.25

equivalents, 2.0M) is added dropwise maintaining an

internal temperature below -60°. Once the addition is

complete, the contents are stirred for 30 min at -78° at which

time

1.3M

n-butyllithium (15.3 mL, 19.82 mmol, 1.25 equivalents;

in hexanes) is added dropwise maintaining an internal

20 temperature below about -60°. The reaction is stirred for 30

min then gquenched into 0° hydrochloric acid (1N). Ethyl

acetate is added and the phases are separated and the aqueous

phase is extracted with ethyl acetate. The combined organic

phases are washed with saturated sodium bicarbonate, dried over

25 sodium sulfate, filtered and concentrated under reduced

pressure to give the title compound, NMR (DMSO-dg) 6 7.47,

7.06-

7.14, 4.78, 4.49, 3.20, 2.82 and 1.40; CMR (DMSO-ds) &

200.87, 163.74, 161.20, 142.74, 112.80, 102.13, 79.04, 58.97,
47.72, 34.95 and 28.30.

30

EXAMPLE 17 (28,38) -3-amino-1-chloro-4-(3,5-

difluorophenyl)butan-2-ol
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H O PROT"N O R~ R PCT/US02/ 12591 wherein RL is selected from (I) Cl1-C6

al kyl optionally substituted with one halogen; 5 ( I T ) -CH2-CH=CH2; (I11)
phenyl opvbopassgyy substituted with one nitro, hal ogen, or peyaRei@aend (1V)
benzyl optionally substituted on phenyl with nitro, halogen, or cyano; 10
and R2CHzZXz, where RZ is as defined above, and X2 is -Br or -1; (b) adding
a strong base having a pKb of greater than about 30 to the m xture from
(a); 15 (c) acidifying the m xture of (b). 114. A nethod for preparing a
conmpound of the forrmula O PROT-N R2 R where 20 R is phenyl optionally
substituted wy , 2, 3, or 4 groups independently selected from (A)
Cl-C6 al kyl optfonally substituted with one) two or three substituents

i ndependent el ected from C1-C3 al kyl_, hal ogen, hydroxy, thio, -NRLoRl1l
where R o and25 &11 are i ndependent!|y2hydrogen or Cl-C6 al kyl, cyano,

. trifluoromet HYL _aQd @1- C3 al koxytNBL~Cz-C6 al kenyl or Cz-C6 al kynyl, -107
WO (12/085877 PET/LIS02/ 12591 (C) halzogen, hydroxy, cyano, Cl-C6 al koxy

opti onald pstituted withr 2. O 3 fluoro, (D) -NR1zR13 where at each
occurrenc 2 and R13 are the f§ane] or different and represent: 5 (a) -H,
(b) -Cl- yl optionalTy subs ted with one of: (i) -OH (ii) -NHz,
(iii) phenyli, 10 (c) -Cl-C8 alkyl]optionally substituted with 1, 2, or 3

i ndependent IFy sel ected haI ogens, fd) -C3-CB cyclto%ﬂ'ﬂﬁkbqtyl (CLXZ %:-l ki) -

(C3-C8 ¢ 99%Ky|%?cF dlffaoé%%éﬂévﬁ )2 ﬁ}déé%yé%% f%%rgamaté:ZCB athfnyl '

-CZC6a
EXAMPLE 3, 1.0 gm, 2.98 mmol) and Dowex50WX2-400 resin (4.6 gm,

23.8 mmol) and methanol (25 mL) are mixed. The mixture is then
5 placed over a J-Kim shaker with heating at 50° for 2 hr. ESMS
analysis indicates no starting material left in the mixture.
The reaction contents are filtered through a sintered funnel
and the resin washed with methanol (25 mL) and
methanol/methylene chloride (1/1, 25 mL). The resulting
10 mixture is eluted with ammonia in methanol (2N, 2 x 25 mL).
The eluate is concentrated under reduced pressure to give the

title compound, ESMS = 236.1.

EXAMPLE 18 (18) -2-(3,5-difluorophenyl)-1-[(28)-oxiran-
15 2-yllethylamine
OH
HaN A _Cl HoN Y
F > F =
—_—
F F

(18,28) -3-chloro-1-(3,5-difluorobenzyl) -2-
hydroxypropylamine (EXAMPLE 17, 33mg, 0.14 mmol) and absolute
ethanol (1.5 mL) are mixed. Potassium hydroxide (9.8 mg, 0.175

20 mmol) in absolute ethanol (0.5 mL) is added to this mixture and
the resulting mixture is stirred at 20-25 deg for 30 min. At

this time ESMS indicates formation of the product (MH' =
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15 (E) C3-C~ cycloalkyl, -C(O (Cl-C4 alkyl) , -SO02NR1oR11, -C (0) NRloR11,

or -S02

R21 is indepensknt|ly 20 Cl1-CS al kyl,

(C1l-c4 alkyl ) ; RZi s chloro, bronmo, or -Si (R21) a where each
-N (Rz3) (R29) whereptgsdfhsiied are

the sane or different and represent Cl1-CS al kyl , or where NRz3Ra9

represe
substit

one of the R21 groups is optionally substituted phenyl;

ni troge

aci d RZ-AO%-10CON dftex bage mlb) isr @dldaty &hd mintwre ofs( aorwidrt rat ekt er

er o1 n B A d SHOF LR et Red atdud, A HLTY GlbdtiE oM YLt oo

pﬁulnfialaq/etﬁﬂEt {Tutreld wi t’hhenergahabogbase( ik lseparGHRd- aGd=Chie ;
o Iy su t mnth n| ogen,. or. .cyan@: and
n@%{/}y 6%?}551% y su'abxbctsl'latCI uequq”olnthpﬁetn)?'el entazlt(f a(:Zt g‘ogohgllt}genﬁ%oer

al kyl o
- (111) p
(1v) be
cyanb;

claim1l
prepari

10

15

nts piperidinyl, 25 piperazinyl, or norpholinyl, phenyl optionally
uted with 1, 2, or 3 of C1C2 alkyl, with the proviso that at | east
a and 30 PROT is

n protecting group; which conprises: (a) formng a mxture of an

(c)geacidighdgup taee ncortioiwed f onaghgd ©1bh Aabehbodndcderndidi@uex

14 wh rel n, the base has Kb 30_0or g%glater. 15 116. Agret ho for
\f:?nt

P ESHouaIBPCRE rEPHA S O P £ Eetove
reduced pressure to give the title compound, MH® = 200.1.

The invention and the manner and process of making and
using it, are now described in such full, clear, concise and
exact terms as to enable any person skilled in the art to which
it pertains, to make and use the same. It is to be understood
that the foregoing describes preferred embodiments of the
invention and that modifications may be made therein without
departing from the spirit or scope of the invention as set
forth in the claims. To particularly point out and distinctly
claim the subject matter regarded as the invention, the

following claims conclude this specification.
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wherein R is phenyl optionally substituted with 1, 2, 3, or 4 groups 20
i ndependently selected from (A) Cl-C6 al kyl optionally substituted with

one, two wo obligsge substituents i ndependently sel ected fropbgﬁmggl_ Kyl
hal ogen, hydroxy, thio, -NRLoR11l where Rlo and R11 are independently
hydrogen or C1-C6 al kyl, cyano, 25 trifluoronethyl, and Cl-C3 al koxy, (B)
Cz-C6 al kenyl or Cz-C6 al kynyl, (C hal ogen, hydroxy, cyano, Cl-C6 al koxy
optionally substituted with 1, 2, or 3 fluoro, -109 WO 112/ 08a877 PCT/ U
S02/ 12591 (D) -NR12Ri 3 where at each occurrence Rlz and R13 are the ' sane
or difféWtmtt iandleepresberg: (a) -H (b) -Cl-Ce alkyl optionally substituted
. Wwth one of: .5 (i), - il - (dii1) -phenyl, (c) -Cl1-CB alkyl
optionally substi tAutcgg(;%pmeirh& ff[\nz_t%deoré%"f%&e'pendent |y sel ected hal ogens, 10
(d) -C3-CB cycloal kyl, - (Cl1-CZ alkyl) -O(C3-C8 cycloalkyl ) , - (Cl1-C6
- alkyl ) -O (C1-C3 alkyl ) , -CzC6 gl kenll, -£2-C6 al kynyl; and (E) C3-C-
cycloal kyl, -C(0) (CL-C9 alkyl) R M -C (O NRloR11, or -S02
(C1-4 alkyl ) ; 15 R is Cl or BY: anfl P is a nitrogen protecting
group; which conprises contacting a co und of the formula O PROT-N ' X~ R
20 wherein X1 is chloro, brono, or imdazZolyl; with Li CH2C or LiCHzBr.
117. A mgtehwd for preparing a conpound of the forrmula O PROT-N ~X~ 25 R
whergin X1 is.chlaro, brono,, or imdazolyl; R.is phenyl optionally
subs ittﬁ%éld; \Hh[eﬁl}’%, CLPNAS LY, Sé‘\bogﬁplstuitﬁyﬂieﬁ’éﬁ&leﬂt'l v selle@ed BFGHMPE 110

independently selected from:

(A) C;-C¢ alkyl optionally substituted with one, two or
three substituents independently selected from C;-C;
alkyl, halogen, hydroxy, thio, -NRjoR:;; where R;, and
10 R;; are independently hydrogen or C;-Cs alkyl, cyano,
trifluoromethyl, and C;-C; alkoxy,
(B) C2-Cg alkenyl or C,;-C¢ alkynyl,
(C) halogen, hydroxy, cyano, Ci1-Cs¢ alkoxy optionally
substituted with 1, 2, or 3 fluoro,
15 (D) -NRiR13 where at each occurrence R;, and R;; are the
same or different and represent:
(a) -H,
(b) -C1-Cg alkyl optionally substituted with one of:

(l) -OHI
20 (11) "NH2I
(iii) phenyl,

(c) -Ci1-Cs alkyl optionally substituted with 1, 2, or
3 independently selected halogens,

(d) -Ca1-Cg cycloalkyl, -(C1-Cy alkyl) - (C3-Cg

25 cycloalkyl), -(Ci-Cg¢ alkyl)-O-(Ci-Cs alkyl), -Cs-
Cs alkenyl, -C;-Cs alkynyl; and

(B) Ci-C4 cycloalkyl, -C(0) (C1-Cy4 alkyl), -SO;NR;31gR11,

-C(O)NR1oR11, or -S0,(C;-C4 alkyl) ;
R, is selected from:
30 (I) C1-C¢ alkyl optionally substituted with one halogen;
(II) —-CH,-CH=CH,; '
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WO 02! (18S877 PCT/ US02/ 12591 (A) Cl1-C6 al kyl optionally substituted with
one, two or 1 three substituents independently selected from Cl-C3 al kyl ,
hal ogen, Wp@dsm3¢77 t hi 0, -NRLoR11 where Rl o and R11l are indepgReeikdy
hydrogen or C -C6 al kyl, cyano, 5 trifluoromethyl, and Cz-C3 al koxy, (B)
CZ-C6 al kenyl or Cz-C6 al kynyl, (C hal ogen, hydroxy, cyano, C-C6 al koxy
optionally substituted with 1, 2, or 3 fluoro, (D) -NR 2Ri a where at each
occurrence R Z and R13 are the 10 sane or different and represent: (a) -H,
(b) -Ci1-Ce al kyI optionally substituted with one of: (i) -OH (ii) -NH2, 15
(iii) phenyl, Teercd ai!i‘taﬂlorcqilh}orsam%tmbsid twittdd ome miktre®, or 3

|ndependently seI e a C8 cycl oal kyl, - (C1-C2 al kyl) -
(C3- CB cycIoaI kyl q)ca dgk}t f%c%%’ﬁ Vi a)“(‘;530 (Cl-C3 alkyl ) , -Cz20 CB

al kenyl , -C2- alﬂ(%le C&thic(rlé)llgs -Obsyidhwadkydn pher@l (CECQiaddeyl ) |
: -SOzNRloRll -C ((l??al RloRlld ar a-no (r]%l CQalkyl ) ; and PROT is a
nitrogen protecting gr whi ey cdrrpr ses 25 contacting a conpound of the
for mal a R4, O RRFede Ry\drblgetrﬂﬁl ony| PRUL pr it reph@ROITOr dEs 4 rircihimsdete,
oxal yl chl ori de, tfpho horous tribrom de, triphenyl phosphorous 30 di broni de,
oxal yl broni d&° lﬂpﬂer%ﬁ “fRet ri chl or ophosphat e,
2,4,6-trichloro-1,3,S-triazine or carbonyldiimdazole. -111
A ALl . AUL. A" . A3 | . ALY. A9. A" . AYL.AL. Asl .AL.A". . A .As.L.AL.A'L.Ah’|.AsL. A"l
CALAY.AUL. A9, ARD gster fultheyfomrule (RI)AL. A9, A'I . AL. AF. LI . AssY. AL. AL.
A .A . ALI .A 2. AsLI . Al . A", AYL. A

O
.‘I.AF9.ALUL.A‘.AA‘.A‘.L.A‘.Aw.'ﬁkmﬁﬁ.AQHAA ASI.A‘.A‘I.A‘.AL.A‘I.A‘.A{‘I.A
9. A | . AL. AL. AA9. AULI . A. L. A 9. A9

“Y.AA L AY.ALLAY.AL.AL. Al . AL. A" . ALZAFL. A9. AL A59 AL. A | . A" | . AL. AFL. AF |
ALY. A"l . As9. AL. AYLI . A9. AL. A9. A9=>H| g=>
5DN{ upkf a\ W ca] ca] ca] ca] ca] ca] c*a] ca] ca]
] ca] ca] c”a] ca] cha] cMa] cMa] cMa] cMa] ca] c2a] Ge
FG \ kmj wnmhc”~Y] ] ca] ca] ca] ca] ca] ca] ca] caU] ¢a] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
aj c:ﬂ)ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] (I:?! m: RiouO n o {

R; is selected from:
(I) C1-Cg¢ alkyl optionally substituted with one halogen;
(IT) -CH,-CH=CH,;
(III) phenyl optionally substituted with one nitro,
15 halogen, or cyano; and
(IV) benzyl optionally substituted on phenyl with nitro,
halogen, or cyano; and

PROT is a nitrogen protecting group.

20 3. An ester according to claim 1 where PROT is t-
butoxycarbonyl.
4. An ester according to claim 1 where PROT is

benzyloxycarbonyl.
25

5. An ester according to claim 1 where R, is C;-C; alkyl.

6. An ester according to claim 5 where R; is C; alkyl.
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-no( 1] wnmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] ca] ca] ca] ca] ca]ca]ca]ca]jca]ca]ca]ca! 17: JIKQR\]z/2 -=?rs
} xsni d_Z]Wbeahgmi<al cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cat¢akgaisey cal calc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal! % +RSn] xy} xsni d_Y] U] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]calca
] cali 378qr46UvkI | wmhc”~Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
aJ ca] ca] ca] ca] ca] ca]cal]ca]ca]calcalcalca]calca]calltu 7BCE F p r
L1108 ! " 3SR 9BY8WEX & wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca]za] ca@]rcae]s:tas]zcaa]ccm]miailﬂ]g:a:]oca:]]czm]mal] ocdlicd] ciad XS’ teidr, £raft OL1: 2
. 83@XB° ?;C 566h7799 ( M
>>?} xsni 3162]%?“&] ca(]rE:SJ]S r%:ga] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca] ca]ca]ca]caJcalc
a] ca] ca] ca] calxs)]-<x] cedewrd an] wadyeead kel rid A -@@@BAAXAPBDEFFFF&GGV\H' el

. NIMWN$OP5Q#R~yt 0j. e ca ca a] ca] ca] cal] ca] cal] ca
28] cal o R e e Aﬂki]néﬂwaa R RO TTTUy OISO,
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10

15

20

12. A compound of the formula:

")

13. A compound of the formula:

1

T
Pyl
O
.
z
-
O
X

where
X1 is -Cl, -Br or imidazolyl; and

PROT is a nitrogen protecting group.

14. A compound according to claim 13 where PROT is t-

butoxycarbonyl or benzyloxycarbonyl.
15. A compound according to claim 13 where X; is -C1.
l6. A compound (XI) according to claim 13 where the
compound is t-butyl- (18)-2-chloro-1-[3,5-difluorobenzyl]-2-

oxoethylcarbamate.

17. A compound of the formula:

O« _OR;
ZN-PROT
F F

-69-

- WXMB/!



10b 10b 10bf <10%& ()-!a7: $10%b& ()-z! 3"' 10%b& ()- !'c3"' 10%}& ()-
1c3"' 10%}& ()- aBVB7! 10b! " 10%0& () - 10%0&' () - Z10%08 () - |
P 10908 ()wédloyssssoPO0L () - Y 10%0& () - (17: z}~?MB7! 103 PCT/US02/12591
10908 () - f #10%0&' () - @10%0& ()-!, 10%00& ()-G, " 10%& ()-G
#10%08 () -/ 2dEMB7! 10S) 10%08 () -' 10%0& () - S&1L0%0& () -
10%08' () - &3&10%0&' () - ' $10%08 ()-2 }[ <17
100<10%08, () - ! DY3g&LOUKOKOE' () -gY3g&10% & ()-g! P - 109 7& ()- @
- 10908 () - @ 9* " 10%00%' () -f -; =2gH7
100ys109%& ()-!Pf10%& ()- @ QF 10%&' ()- @ s10%& ()- 10%& ()- 100 100? Y}[9H7
10! %40%rY&' () -! Y%40%& () -!
QLOY@E YA 109& () - Tt 109&' () -1 " 10%&' () - T+VnwUe+7
10<10%& HRoT 3P4l QAR {Qgel L3 % H)nd@grch KK ) - @ ~* L0UYKKE () - @ Y409’ () -
- OgE7 10<11 9409& () - ! s10%& ()-! YI0%& () --!pY10%z& ()--L10%& ()- 10
1007] zXBE7 180 PEIEGSE (%F?W&fmow&' ()-2! &A0%& ()-z%40% & ()-!
%0%& ()-! %008 (0,~F;?4Yk30 optionally substituted with one chloro;
10z<nml0% &' ()-_ 39%d0% & ()-! 39%40%& ()-110%& ()-!+f #10%z& ()- TL*
109% & ()-i gE7(II) ~CHz-CH=CH,;

(III) phenyl optionally substituted with one nitro,

halogen, or cyano; and
(IV) benzyl optionally substituted on phenyl with nitro,

10 halogen, or cyano.

18. A compound according to claim 17 where the PROT is t-

butoxycarbonyl or benzyloxycarbonyl.

15 19. A compound according to claim 17 where R; is C;-C;
alkyl.

20. A compound according to claim 19 where R; is C;

alkyl.

20
21. A compound according to claim 17 which is methyl

(2Z) -2-[ [ (benzyloxy) carbonyl] -3-(3,5-difluorophenyl) -2-

propenonate.
25 22. A compound of the formula:

o)
H2N\/u\ _Rq
:\Q/F
F
where

Ry 1s selected from:

(I) C1-C¢ alkyl optionally substituted with one chloro;
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YOd0%gg& () - @10%g& ()- S9! 10%g&' ()- 10z 10z3dEE7 10 10z10%gZ & ()- X5
10%& () -woboesks1 ) - % 10%& () - & 10%& () - 10%& () - 3_wWXVBEBTAsfrsdOg
10g<109%g& ()-!: #109& ()-!: #109& ()-! CHLOY& ()-!+#109@J& ()-' 7 >MB70 1 10 (
8&10%gg& ()-F! &10%& ()-F 6 &L0%& ()- F10%g& ()-! 10%g& ()- 10%g& ()-
H " ~"" zX6MB70 ! 6&&10%
& ()-18810% r & () - $10%g& () -! 0%0%h& ()-z! %0%gg& () - z!
&10% & () - F" $$$$$$%84 \ =0
(II) -CH,-CH=CH,;

(ITT) phenyl optionally substituted with one nitro,
halogen, or cyano; and
(IV) benzyl optionally substituted on phenyl with nitro,

5 halogen, or cyano.

23. A compound according to claim 22 where R; is C;-C»
alkyl.

10 24. A compound according to claim 23 where R, is C;
alkyl.

25. A compound according to claim 22 which is methyl

(28) -2-amino-3-(3,5-difluorophenyl) propanoate.

15
26. A process for the preparation of an ester of the
formula:
O
H
PROT'\j)LOR1
:O/F
F

where

20 R; is selected from the group consisting of:
(I) Ci-C4 alkyl optionally substituted with one -Cl;
(IT) -CH,-CH=CH,;, and
(ITI) benzyl optionally substituted on phenyl with nitro,
halogen, or cyano; and
25 PROT is a nitrogen protecting group, which process comprises:

(a) contacting a protected amino acid of the formula (I)
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1 6! L10%& ()-L109%& ()- 10g 10g
10g@| 10%g&' ()-! &&LOUCCE () - | &&10%gg&’ () - Y&&& (O) xV4A{\ =0!c Y, 3(10%

& ()- &Y Wil oBdR9E () - & 6Y, 3(10%& ()-& Y, 3(10% e! " & () - & peHRUORs4) - M

1 $1096S& ()-m O)) * +++++xV7, = 10<10%& ()-!Y, 3(10%& ()- & Y, 3( 10%H& () - &

NY, 3( 109&' ()-& Y, 3(10% M M& () - & 8Y, 3( 10%00&' () - &*+++, , -. 7/ gE=

10<! X&10%&' ()-G'!\ 8&10%k& ()-G'! S&L0%&' ()-G'! L10% & ()- 10%& ()- 10

107/t 00L1S11: 2xVAE= 10! 15+%40%RR& () - ! @%40%& () -

6+940%& ()-0!t&L0%& ()-G'! p&LO%& ()-G'! f &10%& ()- G': 2283=3>3?3@ 08" 3{\ =10! 1
5! s10%08 () -s10%0& ()- 10z 10z o

10z<10%& ()-!\ +9d0%& ()-! D+%d 0%RAD-N_3M40566h7wWW4{\ =10! m( 10%& () -

M 109%& ()-! 7m(10%008& ()-! m(10%00& ()-E! mAdog (& ()-!

m( 10%00&' () - h7788899zX6{\ =10! ! ; %A 0%EIBs & () F f U 0%00& () - ! % 0%

& ()-1 (%P0 ()-! %Pd0% O 0% ()-"$ )-9(:-:.:/:0:> M%~ =101
m( 109008 ()-.!s10%0& ()-L10%0& ()- 100

where PROT is as defined above, with a base and
(b) contacting the mixture of (a) with an alkylating agent
5 of the formula
(a) X4-C1-Cq alkyl optionally substituted with one of
iodo, bromo, or chloro;
{a’) dimethylsulfate;
(b) X4—CH,-CH=CH,,
10 (c) X4-benzyl where the phenyl ring is optionally
substituted with nitro, halogen, cyano; and
Xy 1s iodo, bromo, chloro, -O-tosylate, -O-mesylate

or -O-triflate.

15 27. A process according to claim 26 where PROT is t-

butoxycarbonyl or benzyloxycarbonyl.

28. A process according to claim 26 where the base is
hydroxide, carbonate, bicarbonate, LDA, n-{(C;-Cs alkyl)lithium,
20 LiHMDS, NaHMDS or KHMDS.

292. A process according to claim 28 where the base is

hydroxide, carbonate, or bicarbonate.

25 30. A process according to claim 29 where the base is

carbonate.

31. A process according to claim 26 where the alkylating

agent is dimethylsulfate, methyl iodide or methyl triflate.
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100 100<10%0%' () - ! 65%A0%0=0& () - % ; =>>?+@W3~_=10! . = L09%6X5X& ()-.!h
M 10% 0008 ()-.11 ' m{10%0sQ& ()-.!fn{10%m& ()-.'t(n(10% O[O ()-.!

m( 10%& (Weo1@NE@ @B @agoh~_=10! . =!I " PCT/US02/12591
A% ()- @ 10% ()-!4f L0% @@ ()-g ! 10%& ()- 100 100

100<10%08 () - AAJAPBBWCDEWU3~_=10!; " 940%& ()- !f 9%40%& ()- !6 Y40%& ()-

1 f> 9%0% V& ()- ! XsYd0%&' ()-1(0sYA0%&: ()- EEBFFFFFF&G S110! &10%m&! () -
*1109%8& ()- 10 10 10'0° %40%& ()- 'S 9%A0%& ()- *940%& () -

&G GOWHgl nJ6KWU3r S110! ! | 99A0%&’ () - ! f &10%&' ()- ! a&l0%& ()- ! k&LOY& () -

| &109& ()- !, &LO%& () -

BKKHLLL 11,0!.1 SOBAOY& () - % ()1 £ O () -1 f.9080%: . .

& ()-1\ ([’/R/&O(V%' 2?) A &@ﬁ%&%é@%&@@&ﬁ % %sr%é%oé%%ﬁl&’ﬁlﬁl&io% ) &

() - ! |0y § ) ime 0 (Hatel0z 107

© 102<10% & () - SOUOPCBOQHRzX6~\ : 10! | | SU4.0%& () - miL! k+SYA0%& () - mLsYA0%&’ () - mi!
659409%& () - mL! f SYL0%& () - mi! f 5394.0%& () - ML#RRRSMTTTWUS~\ : 10! | ~s%40%& ( ) - !

KsYABYR () - MBBYA 0UBHICaHS lesHEOUR (g -trell | SOROVERES wWhe el i8S VAR HAsemL TTTTT

UyUW~\ 1001 =1 &(109& () -3 (10% & () - 3! Wb& ()= '10%Q§' - 10 10
10<10%& (S KARmnfsodrsv -‘i\‘?‘]ﬁéh% 6%‘% (5‘%3 (TooBEIT ) -3¢ 1‘%?9/%
mixture of (a) is cooled to a range of from about -78° to about

25° prior to the addition of the base.

10 34. A process according to claim 33 where the mixture of

(a) 1s cooled to a range of from about -20° to about 25° prior

to the addition of the base.

35. A process according to claim 26 where the mixture of

15 (b) is heated from about 20° to about 50°.

36. A process according to claim 26
where the ester (II) is (28)-2-[(tert-
butoxycarbonyl)amino] -3- (3,5-difluorophenyl) propancoic acid

20 methyl ester.

37. A process for the preparation of an ester of the

formula:
OR;

o

F

n
pi]
O
n
=z
i
o

25 where

Ri is phenyl optionally substituted with one of nitro, halogen,
or cyano; and

PROT is a nitrogen protecting group, which process comprises:
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& ()-3! (10%8& ()-3 (10%8& ()-3! (10%RR& ()-3YZZ\ \\\ \\zodY: 10!!!L10%& ()-
10b 10b
10b<10%&iv())02/l)z(s3zﬁ)7°/dob&' ()-3!, (10%b& ()-3!](109B8& () -3\ *\ pifAReANEsY: 10! ! 11
&10%& ()-"1'" &10%& ()-"1" &109& ()-"1" &10%N& ()-"1~ &109%& ()-"1'S10%& ()- A
' Qa>bChDbwiG+: 10<10%& ()-! -&10%A1& ()- !} - &10%1& () -
T-810966& ()-"! &10%& ()-"! 60" &10%&: () - " DbEbFbbbUcd6e: e<edE: 0
102<10‘Vz&' ()-1x%40% & ()-!~9%0%& ()-!~9%d0%& ()- ! 10%& ()- 10
10<e=e>e] eeeeenN; 0 1029 109%& ()- 10% ()- S10%: ()-Y 10%& ()-L!10% ()- 10z
10ze2f gygg' h7HMUSRIOSIAVLONE o Jpr B SSEED@n(ino Idoyidl G 18iel JESrniiisl Q%)- & () -
i y#10% - & () -1 0y#10%& () -' 7h; h=hBhEhHhph} ~?N: 0*y#10% & () -$3 10%& () -SS,
109& () ) (10% ()-!x9! MLO%6& () 27! 9! MIPUR&&: () -Zphi iiiiiljuj_@ ! 10%e& ()
- 10
: 1o<100/&' ()-!6f #109& () - - *y#109& () - * y#ﬂOO/&"b J %1 yi k{kkH wv4j_@! @ s&10%<4

<& ()- s&l09%8 .
& ()-1ks&l0%<& ()-!(10%<& ()-,! (10%<<, 1(10% " & Q- , H 1T mhnnnwU6+@
10<<10%<& ()-!}s&L0Y%<& ()-!s&I0Y%<& ()-"g&A0%*& ()-!D s&l09Bz8z& ()-! @&l
0%1<4<& () - nnnnoooogH@ 10<<10% " 10%g& () - I 10%g& () -!

-109%&' ()-!'-10%99& ()- 10%& ()- 10< 10<o} 0Zpgr sswU3H@ .
10! xf &10%&' () - & xf &10%&' () - & f &10%&' ()(I& ~f &10%&R' () - & tf&LO%& () - & f &10%&' (

) - &Yl A0%E Qb W& e 1AWEE wctivating agent
5 (2) contacting the mixture of (1) with a phenoxy compound
of the formula
(d) HO-¢ where -¢ is optionally substituted with one:
(A) -NOj,
(B) -F, -Cl, -Br, -I,
10 (C) -C=N.

38. A process according to claim 37 where PROT is t-

butoxycarbonyl and benzyloxycarbonyl.

15 39. A process according to claim 37 where the activating

agent is CDI.

40. A process according to claim 37 where the activating
agent is DCC.
20
41. A process for the preparation of a ketone of formula
ITI:
0]
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10g 10g
108<10@@&f()-!f&lO%&f()-&UFNLNVIMMMMLB~\:O!"W&OWbb&f()-!X"W&O%&T()-!@&O%&T(
)-!'s YA 0%a&208s85PA0%06 % & ()-!%O% () - wwxyFyKyLyz[ <1pBrARE51Q5E& () -;
Clo%e& ()-"9%40%& ()-!'1"%0%& ()-!~P
"o 0%R ()-!a"%do%rvimVE’ () - LyMyNy~rynyyUz9{gE: 0 10z!yLl %40%& ()-z!LI
%40%& ()-z!&10%@0% ()-z! 10%@& ()- L10%@ ()- 10z 10z9{{{{{|,}zX6E:0 10!| @
(109%& ()-!yL&AO0Y%& ()-L&A0%&E ()-! " L&YA0% & ()-!] L&YAOWPQPQ& () -!yLl
WOk ()-z,}}!~}~~~~~~ wXMB70 10! 10@10@ 10@x10%& ()-!'v @ (10%& ()-'v " @
(109&' (phere@ (109 ()-!'1@ (109 ()-~n}~<MB70 10!
10!NHO%%%gT(hkp%l%%%rggénig%%t%kta%g group, and
R2 is:

chloro, brome, or

-81(R21)3 where each R;; is independently

5
C:-Cs alkyl,
-N(Ry3) (R24) where R,; and R,, are the same or
different and represent
C;-Cs alkyl, or
10 where NR:3Ry, represents piperidinyl,

piperazinyl, or morpholinyl,
phenyl optionally substituted with 1, 2, or 3 of C;-
C, alkyl, with the proviso that at least one of
the R;; groups is optionally substituted phenyl,
15 which process comprises:
(a) forming a mixture of an ester of formula II and a

dihalogenated methane, R,CH,X?, where R, is as defined above and

where X? is -Br or -I;

F
20 (I1)
where
R; is selected from the group consisting of:
(I) C,-C; alkyl optionally substituted with one
~Cl;
25 (IT) -CH,-CH=CH,,

(ITI) phenyl optionally substituted with one
nitro, halogen, or cyano; and
(IV) benzyl optionally substituted on phenyl

with nitro, halogen, or cyano; and
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& ()-AFGH h7~_=0 10!!!1&S#10%z& ()-S &s10%& ()-!f#10%z& ()- @' 10%& () -

10g 10g 10g<10%&HRQT7&stt-def(ined above,

110! 810% () o LSO O Il Q0% 2 bt R O ¥ B0 () -yt &10% () -y
lOZ<lO‘Vi&; () -0c) -2&HavgE V(Ind Khetl%a& e )ofl x(b)&10%&' () -! CL* N#10%z&' () - gBxb@
MB70 1! 10z!Y 10%z& ()- 10%& ()- F 10%& ()- 10%z& ()-
1710%& ()- 10%& ()-K~_@B70 1! 10z9l 10%& () -

5 42. A process according to claim 41 where PROT is t-

butoxycarbonyl or benzyloxycarbonyl.

43. A process according to claim 41 where R; is C;-C,
alkyl.
10

44. A process according to claim 43 where R, is C; alkyl.

45. A process according to claim 41 where R, is chloro or
bromo.
15

46. A process according to claim 45 where R, is chloro.
47. A process according to claim 41 where CH,R,X? is
present in an amount of from about 1 to about 1.5 equivalents
20 based on the amount of ester II.

48. A process according to claim 41 where X? is iodo.

49. A process according to claim 41 where the strong base

25 is LDA, (C1-Cg alkyl)lithium, LiHMDS, NaHMDS or KHMDS.

50. A process according to claim 49 where the strong base
is LDA.

30 - 5l1. A process according to claim 41 where the strong base
is present in an amount of from about 2 to about 2.5

equivalents based on the amount of ester II.
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F10% & ()-10%& ()-310%& ()- C310% ;& ()-)!'1Yy 10% ()- O >MB70 1!
10! 9"%0%JI& ()-!"%0%& ()-!10%& ()- 10%& ()-!10%& ()-
H' 109X @GB&v O 2/pésk7AMB70 1! 10! &IMLO0% & ()-&0 "10%& () - PCT/US02/12591
I'DL- $10%& () - gL-$10%x& ()-g( "10%& ()- C( "10%@ @ ()-4mu) é@
10! L! 109%& ()- 10z 10z 10z<10%& ()-!  96& 10%3z3& ()-4nm0%& () -
9310%& ()-F~\= _@ 1! 10sY$10%& ()- !~sY$10%h& ()- 9l
"109XX&' () - g#lO%&'() F 109%& ()-!'!1109& ()- J|Ja?j_@ 1!
10|Xs{#10%&'()-ls{#low&'() 109%& ()-& '10%& ()- 109%& () -

A process according to claim 41 where a second

portion of base is added, where the second portion of base is
(C1-C4)alkyl lithium, phenyl lithium, (C1-C4) alkyl-Grignard or
phenyl-Grignard.

53. A process according to claim 52 where the second base
is phenyl lithium, n-butyl lithium, sec-butyllithium, tert-
butyllithium, methyllithium, methyl magnesium bromide, methyl
magnesium chloride, phenyl magnesium bromide or phenyl

10 magnesium chloride.

54. A process according to claim 53 where the second base

is n-butyl lithium.

15 55. A process according to claim 41 where amount of the
second is from about 1 to about 1.5 equivalents based on the

amount of the ester II.

56. A process according to claim 41 where the acidifying
20 is carried out using an acid having a pK, of less than about
10.

57. A process according to claim 56 where the acid is
selected from the group consisting of acetic, sulfuric,
25 hydrochloric, citric, phosphoric, nitric, paratoluenesulfonic,

and benzoic acids and mixtures thereof.

58. A process according to claim 57 where the acid is
hydrochloric acid or acetic acid.
30

59. A process for according to claim 41 where the ketone
(III) is tert-butyl (18)-3-chloro-1-(3,5-difluorobenzyl) -

oxopropylcarbamate.
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"100& ()-23_ 0> @ 1! 10! +$10%& ()-z +$10%& ()-z*10%& ()- (f 1098 ()-
' 109& () - S{#L0%& ()- O #}724@ 1 10<109%& ()-L9 109%& ()- &7109%& ()- !4
109& () - gfo10Mgss® () - g! +$1096XX& () - z#SYMDIE@ 1 10! Y3( LOYRREIUG)2/12591
Y3(109ME ()- (! 10%& ()- ! 10%& ()- 10%& ()- 10 109~PWU3E@ ! Y3( 10%& () -
(IxY3(10%e& ()- (!Y3(10% & ()- (!1Y3(10% & ()- (!1SY3(10%& ()-

(1YY3(10%[& ()- (%+ -<E\~ =0 !! '109%s& ()-Pl0% ()- 109%& ()- 10 10
10<109& ()-!xY3(10%0& ()- (\uyzX6~_=0 !!t89, - 10%
1 & ()-19,-10%-& ()-! S&I0% ()- YI0% ()-!sO '10%:& ()-!; '10% ()-

A<~ =0 11t1sO@10% : & () - 3! DO@10%& ()-3!!
é‘ioo/%?"( § 2 'Z{ | fleod’/.&' () -$ZFE (955 N (hepddrdTH It 20 YO %t (9oimula
(TT1)

O

proT-N. R,

F

5 (ITI)
where PROT 1is a nitrogen protecting group, and
where R, is -Cl or -Br,
which process comprises:
(a) contacting an acid R,-CH,-COOH, where R; is as defined
10 above, with a base;

(b) contacting the mixture of (a) with an ester of formula

(IT1)
o]
PROT-N \;)kom
%. ;: F
F
(I1)
15 where R; is selected from the group consisting of:
(I) C;-C4 alkyl optionally substituted with one -Cl;
(II) -CH,-CH=CHg,
(ITI) phenyl optionally substituted with one:
(A) -NO,,
20 (B) -¥, -Cl, -Br, -I,

(C) -C=N, and
(IV) -CH,-¢ where the -¢ ring is optionally
substituted with
(A) -NOg,
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1094} & ()-11f 109& ()-!!f 10%& ()-!!f 10%& ()-]fpwUs~_=0 ! @| 10%s& ()-!!9
109 ()-1K|'9 109& ()-!19 10947& ()-!O0L* 109& ()-m Y(' 109%& ()-zX6~ =0 !!
1S10% | & W-028581510% j & ()- ! 1S10%HH& () - PCT/US02/12591
| NO* 100&' ()-m *0%10%}" }& ()-n(l 10%& ()-zXJ<=0 !l 1000 1000 °
F410%008 ()-m FA10%m& ()-m OF410%}& ()- m<10%: ()-! 1SLONW ()- |
' 5>uS1=0! y109& ()-L! y109& ()-L! 10%& ()- t10%& ()-  Y10%& ()- 10%& ()-
1000>KQgi zwU31=0! ! "10%& ()-!c
" 10%/\m ()-!Py10% UzU& ()-L! y10%<& ()-L! Qy109E0EQE () - L! |

109& ()-LzX61=0!!! @ y 100k <A=& QL. yROAOE () - 97310%& ()-! F. - 10%<& ()-!F.
Y 0%bbe ()-!) 10%<& () ro\EQL L] L0%& ()- 10< 10<
10<<109%&' () -1 0S#10%<E)( )" FPSAT6hueues ()-Ys YL0%& ()-*28}~<g\=0!!!1 @

1008 () - &FMLQHE&! |
: 0‘%EE<(§L')() 210%<&'6EggﬁdsTlolﬁ%@(iigﬁézﬁdsﬁ%’ge\’ %S a MO%& ()-1,210% & ()-1<
210%0<0<& ()@, ARIAGER NS ItHRmRieR e @iy K0%<& () - &| ~} A2g\ =01 | * 37

5
61. A process according to claim 60 where PROT is t-

butoxycarbonyl or benzyloxycarbonyl.

62. A process according to claim 60 where R; is C,-C,
10 alkyl.

63. A process according to claim 62 where R, is C, alkyl.

64. A process according to claim 60 where R, is chloro or

15 bromo,
65. A process according to claim 64 where R, is chloro.
66. A process according to claim 60 where the base is a
20 strong base and is LDA, (C;-Cg alkyl)lithium, LiHMDS, NaHMDS or

KHMDS.

67. A process according to claim 66 where the strong base

is LDA.
25
68. A process according to claim 60 where the strong base
is present in an amount of from about 3 to about 3.5
equivalents based on the amount of ester II.
30 69. A process according to claim 60 where the acidifying

is carried out using an acid having a pK, of less than about

10,
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109V () - X8" 10%<& () -1 +109%& ()-! P" &10%<& ()-!" &L0%& () - 7t 10%& () - WXVB70!
| 10< 10< 10<<10%& ()-!' 30109 ()-f!903010% -& ()-f! 3# 109%<& ()-X 3#
10%<& ()WH 870! ! 10! ) 1096#& ()-& )10%b& ()-&4  pCT/US02/1259]

) LOYMNOADE' () - & S109%& () - Z10%& () - L10%& () - ( 37VKWUSMB7O0! T A ) 10% [ & () - & \
) 10% V& ()-& )10%b& ()-& T 7 )10%BnB& ()-& )10% & ()-& )10% \

& () - &ALMNOKYNCS0! | 10b 10b 10bs<10%& ()- ! ~1%40%b& ()-!y19%d0%ba&’ () -

) 10%p&& ()-& 8 ) LOYRRE ()- &40 b&}\: NCSO! ! I (10%<& () - U+

T(10%<&' () - Ut! (10%<& () - Ut! ((10%<& () - Ur+p#L10%<&’ () - k9! 10%<& () - &Gz Y7NC8
0l (10% WWZQ) - &+ guoogss according to claim 69 where the acid is

selected from the group consisting of acetic, sulfuric,

citric, phosphoric and benzoic acids and mixtures

hydrochloric,
thereof.
S
71. A process according to claim 70 where the acid is

hydrochloric or acetic acid.

72. A process for the preparation of a compound of

10 formula (XI)

1

1:
Py
o
N
=z
H-
o
X

(XI)

where X; is where X; is -Cl, -Br or imidazolyl;

where PROT is a nitrogen protecting group,

15 which process comprises
(1) contacting a protected amino acid of formula (I)

v
A
o
o
=
e
o
o
I

(I)
where PROT is as defined above,
S0:Cl,, phosphorous trichloride, oxalyl

20 with thionyl chloride,
triphenylphosphorous

chloride, phosphorous tribromide,

dibromide, oxalyl bromide, 1,2-phenylenetrichlorophosphate,

2,4,6-trichloro-1,3,5~-triazine or CDI.
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& ()-UH) ! (10%wus& () - Ut (10%& ()- U+ s(10% /& () - U+ (10%
& ()-U+g{\: 0111 (10%b& ()- s !10%& ()- 10< 10<
10<5<10%%R0(2nds890f #10%<&' () - 2! (10% <| <& () - U+[ FzX6{\ : 0! bk-3fitUabS () -
| 3F(109&ZbZbé& () - % 3F( 10%bé& ()-% ;
~3F( 10%bUb& () - %&#10%& ()-! (10% b(b& ()- H ~cdef wXMB70!!! 10b 10b
10b<10%& () -!S] 3F( 10%rbmb& () - %8 } 3F( 10%b& () - 9% 3F( 10%b& () - % ;
3F( 10%bUb& () - % gz[ OMB7O! 11 1" &10%<& () - b#10%& ()-!}(10%<& ()- G
(10%<& ()-G (10%<& ()- GL! 10%& ()- 3% Z8VB70! I | 16" &10% <*<& ()-
8 &109UE ()75 SRMIAIRELY -docalibed d )elaij&iomq&ﬁe@e‘m@d:@% (3=:-\:0!11

I'F (109 (109%. " 10%&T() , 2sL! 10%&' () - 10< 10<
0<<(10% C?S’g‘%ﬁ%r%?oré’li kb%@/éc%’ﬁy 30044H& ()2, 2IF (10% ()-, 2! F
(109%H& ()-,2'F (109%1H& () , 2V F (10%WN& () , 2X~\ 0N T s&I0%R () -

: () - R () -
- 1 Z%40% ()_!Zé)/g'.owﬁl%éc?cessss! 1a0c/cqgér(31ngloto claim 72 where X; is chloro.

5
75. A process according to claim 72 where the compound of
formula XI is contacted with thionyl chloride or oxalyl
chloride.

10 76. A process according to claim 72 where the process
produces t-butyl-(1S)-2-chloro-1-[3,5-difluorobenzyl]-2-
oxoethylcarbamate.

77. A process for the preparation of ketone of formula

15 (II1)

O
PROT-N\)I\/R2

:\Q/F
F

(III)

where
R, is -Cl or -Br; and
20 PROT is a nitrogen protecting group,

which process comprises:

(1) contacting a compound of formula (XI)



10 10<10%& ()-)V/ 1zX6~\:0!11" s-&10%&' ()-F!s s- &10%
- & ()-Fl's-&10%-& ()-Fs-&10% & () - F! xs- &10% () - F! ss&10% (& ()- 16789WA\;
0!1 ! Z( 1088 obhassrZ( 10%<& () - +! Z(10%<& ()-+LI 10%& () - 1@cHisoz12501
10<10%&' () - e6WU3~\ ;
0! 1 k] Z(10% <_<& ()-+!'}Z( 10%<& () -+ Z( 10%<& () -+ yOZ( 10%rxnx& () - +! sZ( 10%
<& ()-+ ' Z(10%<& ()-+ zodY: O! I kL 10%0& ()- 10< 10<
10<<10%& ()-! xs5940%<& ()-!Z(10%<& () - +! Z( 10%<& () - +pPw3dY: 0! ! ~m( 10%00
& ()- ' m(10%00& ()- !pm(10%00& ()- ! m(10%00& ()- ! m(10%00& () -
| m( 10%0G8dde  z$] r zX6dY: 0! 11} 3H 3( 10%008 5& ! ></3H(5°,( 13@3/0&: ()-+z
. 1090 () - ! s 10%008 m(10% O ) - 109 -
\(10%/513/& (;T(’ﬁlg&fowéﬁsb&B(r) iﬁ‘%ﬁ% }’1" #%p& ()- 10 10
10! x3H 3( 10%&®RQTF Jizex \& m/?bfblned a}]:iogFeLS( 10%bebe ()
- I XFL3(10%h&' () - ! 109%b& () - ! %ebch& () -
FL3( 1(()%3(@t( lflci“elfg gFB‘&CE{)Z © (1098b8b&" ()-zX]~_ " {{\:
11 (16% ()-3"110%8 ()- 10b 10b
10b<109%& () -! FL3(10%b& ()-!}FL3(10%b& ()-"wU3{\: !;
i (10980B0S: ()83 #(%W (e ng (91-&%] 7(710%9@@ (RO (109608 () - 3! (1
0%008" ( i dyt r;% 1100
100<109% () -! N}(10° 0 Do( 10%<0|< () -3!; (109BOBO& () - 3QFt 2wU3dY:
| X810%z& () - @! | &10%& () @! 810%& () - @' N&10%z& () - @' y&10%& () - @' k&10%&

rg\= 1% ! 1004
1(())z<1@(2;%/a& 0 7I>§8L10fyaza:@‘5(% & &10%5%3“1@2 00w 5 ) @BShGB iz ts chloro.
| X810 () - & X&LOY& () - &l &10%& () - & S&10%g&’ () - & y&L0%& () - & t &10%& () - &~

= Ix!'s&10%& (g, L!Alq%%c(és's ja%%orjﬁ%g W c1aim 77 where R, is chloro.

8l. A process according to claim 77 where the process
produces tert-butyl (18)-3-chloro-1-(3,5-difluorobenzyl)-2-

15 oxopropylcarbamate.

82. A process for the preparation of an ester of the
formula (II)

OR;

o

20 (I1)

where

T
ps)
O
n
s
Illl-
O

R:1 is selected from the group consisting of:
(I) C1-C4 alkyl optionally substituted with one -C1;
(II) -CH,-CH=CH,,
25 (III) phenyl optionally substituted with one:
(A) -NO,
(B) -F, -Cl, -Br, -I,
(C) -C=N,
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<F10%g & ()-!sS49%09%& ()-Z3: 10%g& ()-*CzX6~_= || s&L0%HE& ()- !ys&LO%& ()-

| S&10%H#& ()- s&10% & ()- !s&I0% ()- ! s&I0% ()- Z; @BWMI®=!! 10 10

| FsL* &10M082/(095877 } SL* 810%& () - ! sL*&10%&' ()- !sL*&10% (prrhAshs Y& () -
BCHnK) ! f (109%& () - 2! a( 10%& () - 2

f(10%&' ()-2! d(10%&' ()-2! a( 109 T& ()-2s ! 109F& ()- 10 DI LQRMUGH! |
10T<10967& ()-!e(109%& ()-2! (109%& ()-2!](109%J& ()-2! -n(109%& ()- 2! p| (109%& () -
2RSTpL | dB! 10T! (109%8b3b& ()- 2! ( 1098b3b& () - 2!

(10%86%& ()-2! (10% b. b& ()-2" ! 10%& ()- 10T 10T 5W]~_wxXMB70T 10b 10b
10b<10%8& ()-!, (10BWFb&He} 92! ¢hevebehé) -@! ¢(A§YBEBbRL {pnal (0%Bb3b& ()-2_3

. tngB?%Ebstltuted with
(A) -NO,
(B) -F, -Cl, -Br, -I,
5 (C) -C=N; and
PROT is a nitrogen protecting group,
which process comprises:
(b) treating a compound of formula XIV

O« _OR,

7 “N-PROT

F F
10 XTIV
where R; and PROT are as defined above; and
in a solvent with hydrogen in the presence of a hydrogenation

catalyst at a pressure of from 1 atmosphere to about 100 psi.

15 83. A process according to claim 82 where the PROT is t-
butoxycarbonyl or benzyloxycarbonyl.

84. A process according to claim 82 where R; is C1-C,

alkyl.
20
85. A process according to claim 84 where R; is C; alkyl.
86. A process according to cléim 82 where the solvent of
step (a) is degassed.
25

87. A process according to claim 82 where the reaction

vessel is purged of oxygen after step (1) and before step (2).
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- & () - u+X#109%& () -L! 109 () - %W PWU3MB70T! DYL* $10%e& () -! YL*$10%HH& () -! YL*
$109%VMVE' (Wo oYhis$E0%H! () -1 YL* $10%H&! () - ! | B PCT/US02/12591
%40%=8& () - u, 1234Rr P70T! DYL* $10%e& ! mPA0%ld& ()- "1 10% & ()- 10(u(u
10(u(u 10(u(u! YL*$10% u( u& ()-! YL*$10%H& ()-:tzY7P70T! !t d910% (& () -z
N5d910% . & ()-z 940% & ()-! mpa0% (& ()- !6mpao% (& ()- ! nmpd0% (& ()-
t.j${Y8P70T!! m!3(10%s& ()-m @ !3(10% ( (& ()-m !3(10%& ()-m

70910%4& ()-z 0910% & ()-z! Sd9109B(3( & () - z$! gr st xXYNC8OT! | 10( 10(

10(<10% & () 88. 3@L0%pFacEpsm 48¢A084hg! & (3 - mcllaa(naowse&' (yherd J the

SO Qo MO0, 2 I L e U (L
3(10%&T(W§1EENFW 30189 ()-/!'Fh 3(10%&' ()-/!Fh 3(10@@}&f )-/1Fh
- 3(109%& ()-/! Fh ?i'(el(?zﬁ&l (s) rl_;'o*dfi%mﬂid$$$$XV\B 8 10<10%& ()- Fh 3(10%& ()-/!Fh
5 where diene is cyclootediene and nonbornadiene;
where L 1is DIPMAP, MeDuPhos, EtDuPhos, Binaphane, f-
Binaphane, Me-KetalPhos, Me-f-KetalPhos, Et-f-KetalPhos, BINAP,
DIOP, BPPFA, BPPM, CHIRAPHOS, PROPHOS, NORPHOS, CYCLOPHOS,
BDPP, DEGPHOS, PNNP and

10 where X is Cl0,”, BF,”, CF3-S0;", Cl°, Br’, PF¢ and SbFs .

89. A  process according to claim 88 where the

hydrogenation catalyst is DIPMAP.

15 S50. A process according to claim 88 where the

hydrogenation catalyst is EtDuPhos.

91. A process according to claim 82 where the reaction

temperature is from about 0° to about reflux.
20

92. A process according to claim 91 where the reaction

temperature is from about 0° to about 25°.

93. A process according to claim 82 where the reaction

25 pressure is from about 1 atmosphere to about 70 psig.

94. A process according to claim 93 where the reaction

pressure is from about 10 psig to about 40 psig.

30 95. A process according to claim 82 where the ester (II)

is obtained in greater than 90% enantiomeric purity.

96. A process according to claim 95 where the
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100<10%08! ()-ésqeza 10% | &'if) -QPOLOWE () - IGrSATEHO0EhED - B5% enantiomeric
. fOoO $&10%n n&' ()-f------- dERG<10! 100Ly5 10%H&' () - 9s-

10%8& (oA %)&' ()-L10%& ()-s10%& ()-s ! 10%& ()--.).333333zo0dY: 10! sL! 10
% ()- 10b 10b
- 10b<10%¢& () - 7#10%b& ( 10%b& ().-! hgLO% () - 334, 4043464z[ <dY: 10! * 94.0%
&.() 10%&} '% @QR% % %ﬁﬁ%% Bqé!%? éﬁalm 42 6%ere é%e
10985 () elét}él;LO‘V& 1(1) » 06494 <ADI8A99U{2 5L Q- ! LSRR o Doxyliafbonyl] amino) - 3

R () -1 ! /R’ -100KR' (Y-ON " | b 7" I 111100
L0<10%! () -} Z#10%& () -0 5100& () - & 10% ()-ON::: 15 b; 2; 2X6] _@O! ! 110%

98. A process for preparing an epoxide of formula V-R

0
H,N

10 V-R
comprising
(a) converting an ester of Formula II into a ketone of
formula III;
(b} reducing the ketone to the corresponding alcohol of
15 formula IV; and
(c) treating the alcohol with a base to vyield the

epoxide.

99. A process according to claim 98 further comprising
20 esterifying an acid of formula (0) to generate the ester of

formula II.

100. A process for preparing a compound of formula (XX)
OH Rsy

25 wherein

Rs7 is H, Ci1-Cs alkyl, or benzyl;
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10% u& () -! s%ﬂﬁ' &%) -1as $940% 3- 3& () -! ~%d0% & ()-Z(IJI KgKr KsKt KKL{\ :

1 10!19%0% } &,(): %mg/@&o@hohamylmsmmﬁmp/m&r()1' b2 EX0%uRdypd V

' f1(2) fyingSZi- gg-l_gﬂva Q% {ﬂttlzﬁ/ﬂﬁ)f%edz | FRABRALPIST) 04 Bozz&L¢) BY. -
(Vd_OfV@' ()‘QAPPPPPPVWS{\OI]I, ! y=@,m SH, -C=N, -CF;, -C;-C; alkoxy, amino,
mono- or dialkylamino, -~N(R)C(O)R’-, -0C(=0)-amino

and -0OC(=0)-mono- or dialkylamino, or
C,-Cs alkenyl or (C,-C¢ alkynyl, each of which is optionally
substituted with 1, 2, or 3 groups independently
10 selected from halogen, -F, -Cl, -Br, -I, -OH, -SH, -
C=N, -CF;, C;-C3 alkoxy, amino, and mono- or

dialkylamino, or

aryl, heteroaryl, heterocyclyl, -C;-C¢ alkyl-aryl, -Ci-Cg
alkyl-hetercaryl, or -C,-C¢ alkyl-heterocyclyl, where
15 the ring portions of each are optionally substituted

with 1, 2, 3, or 4 groups independently selected from

halogen, -F, -Cl1, -Br, -I, -OH, -SH, -C=N, -NR.R'+,

-C(=0)-{C;-Cyq) alkyl, -80,-amino, -S0,-mono or
dialkylamino, -C(=0) -amino, -C(=0) -mono or
20 dialkylamino, -SO,-(C;-C4) alkyl, -COR, -N(R)COR', or

-N(R) 8O;R’or
-C;-C¢ alkoxy optionally substituted with 1, 2, or 3
groups which are independently a selected from
halogen, or
25 C3-C; cycloalkyl optionally substituted with 1, 2, or
3 groups independently selected from halogen,
-F, -Cl, -Br, -I, -OH, -SH, -C=N, -CF;, C:-Cs
alkoxy, amino, -C;-C¢ alkyl and mono- or
dialkylamino, or
30 C1-Cy0 alkyl optionally substituted with 1, 2, or 3

groups independently selected from halogen, -F,

-¢cl, -Br, -I, -OH, -SH, -C=N, -CFi, -C1-C;
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109hh& () - & Dy@m 10%g& ()- & ~ 9310%g& ()-G @

9310988& ()- G - #109%Mh& ()-z! " 940%& () - PPPPPQRR: S-\: 1 !!9%40%b& ()-!#
(10%=&' (WoB2hs810% b*b&' ()-G 9! 10%& ()- 10g 10g 10gs<lO0%ggushzizsor
STTUV V| WWU3-\: 1 | +9409%& ()-! +940% & ()-!W+940% U.

U& ()-!9%40%bé& ()-!9%0%b& ()-!9%0%b& () - WW W W W-WARK-\ : 1

11 Z(10% b*b& ()-: 0! SZ(10%m& ()-:OL! 10%& ()- 10b 10b 10b<10%& ()-!°
+940%b& () - X YYY&Z[\ xV4~\:1 |1Z(10%b& ()-: 0! Z( 10%b& () -
Z(10% [ *[ & ()-: 0! =Z(10%: () -:

Z( 10984 %&' () - : 0! Z( 10% &) - a)mixgr} >] BP@A] '] )AL Ky SOUR §hels-DOIDL! () -

10b 10b 10b<10%b&f()-' Q;gg%ﬁc%g 0 tZ(10% & ()-:0]1117%__wxo1r?1
NF"10%& () - gy%iO%b&' Abb&'() y! CO &109@J]J&f()-'f &10%
C2,-C¢ alkenyl or C;-C¢ alkynyl, each of which is

optionally substituted with 1, 2, or 3 groups
5 independently selected from halogen, -F, -Cl, -
Br, -I, -OH, -SH, -C=N, -CF;, C;-C; alkoxy,
amino, -C;-Cs¢ alkyl and mono- or dialkylamino;
and the heterocyclyl group is optionally further
substituted with oxo;
10 R, and R;’ are independently H or -C;-Cs alkyl;

R; and R3 are independently selected from the group consisting
of H; C;-Cs alkyl optionally substituted with one, two or
three substituents independently selected from the group
consisting of C;-C; alkyl, halogen, -OH, -SH, -C=N, -CF,,

15 C1-C3 alkoxy, and -NR3oR3:1; - (CHz)o-4-axryl;- (CHjy)o.4-
hetercaryl; - (CH;)o-s-heterocycle; C,-Cs¢ alkenyl optionally
substituted with one, two or three substituents

independently selected from the group consisting of -F

-Cl, -OH, -8H, -C=N, -CF;, C;-C; alkoxy, and -NR3oRs1; C2-Cg
20 alkynyl optionally substituted with one, two or three
substituents independently selected from the group
consisting of -F, -Cl, -OH, -SH, -C=N, -CF;, C;-C; alkoxy,
and -NRi3gRa1; and - (CHz)e.4- C3-C; cycloalkyl, wherein the
cycloalkyl group is optionally substituted with one, two
25 or three substituents independently selected from the
group consisting of -F, -Cl, -OH, -SH, -C=N, -CFi, C;-Ci
alkoxy, and -NRigRz:;
or
Rz, Ri: and the carbon to which they are attached form a
30 carbocycle of three, four, five, six, or seven carbon
atoms, wherein 1, 2, or 3 carbon atoms are optionally
replaced by a heteroatom independently selected from the

group consisting of -0-, -S-, -S0,-, and -NR,,-; wherein
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& ()-'E &10%2& () - “Dawa} [ <}A?1 11 +110%& ()-! - %0%

& ()-1f)10%& () - &F('lO%b&f()-'s "Z%iO%&f() fl

" Z94.0%b&y6)2hywebbbbbbc}rg\ =1 11" 1109%& ()- 10b 10b PCT/USI2/12501

10b<10%& () - & @10%& ()-!F3& 10%b& ()-!'F3& 10%& ()-c ccc ddd{Y:g\=

F110%0& ()-1"10% | & ()-f10%& ()-z 10%

&f()-z!!10@6T-T&T()-z!10@ﬁT&f()-ZdeOffkgghth6g\:1 F110&LOWTE () -

, &Y 0% T& ()-!t, &A0%U& ()-s!"10%& ()-!]| &A0OY%& () - z! &4 0%

&'() zhhPi U ViIWXiyii~j~_=1 '11I'C (10% b] b&' () - S& #10%& ()- ! 10%& () -

10T 10T<10%’&t3(>)an§i0%0@a:T&a(C)h ogduirtyiemke) @xje9independently H, or C;-Cg

P (9d0% () - &$109 ﬁ) & "10%& ()- 'n$10%& ()-m ! $10%b& ()-m

If #10%b& () - f InnnSoVooooaB7=1 !!! 10b<10%h& ()-!y&S8S10%b& ()-f6

10%&' () - &@ R210%s8' $¢1c0ted0%&in( ) XA QR up) - coneDeLDLAB=Dbf | L1H, -C3-Cg

+ 10b! #910%9& () - !Af%;l hydroxy C;-Cs¢ alkyl, amino C;-C¢ alkyl; halo

5 C1-Cs alkyl; -C3-C; cycloalkyl, -(Ci-C; alkyl)-(C3-C,
cycloalkyl), -(C;-C¢ alkyl)-0-(C;-C; alkyl), -C,-Ce
alkenyl, -C;-Cs alkynyl, -C;-C¢ alkyl chain with one
double bond and one triple bond, aryl, heterocaryl,
and heterocycloalkyl;

10 Rc¢ is selected from the group consisting of C;-Cy alkyl
optionally substituted with 1, 2, or 3 groups
independently selected from the group consisting of Rags,
-OC=0 NR23sR240, -S(=0)0-2 Ra3zs, -NR23sC=0 NRz35R240, -C=0
NR235Rz240, and -S(=0), NRassRas0: - (CHz)o-3- (C3-Cg) cycloalkyl

15 wherein the cycloalkyl is optionally substituted with 1,
2, or 3 groups independently selected from the group
consisting of Rzps, -COxH, and -CO,- (C;-C4 alkyl);

- (CR245R250) 0-4-axyl; - (CRassRzs0) 0-4-heteroaryl, - (CRz4sR250) 0-4-
heterocycloalkyl; - (CRa4sRzs0)0-4-aryl-heteroaryl; -

20 (CR24sR250) 0-4-aryl-heterocycloalkyl; - (CR245R250) 0-4-aryl-aryl;
- (CR245R250) o-q—heteroaryl -aryl e (CR245R250) 0-4-heteroary1 -
heterocycloalkyl; - (CRz4sRzs0)0-4-heteroaryl-heterocaryl; -
(CR245R250) 0-a-heterocycloalkyl-heteroaryl; - (CRassR2s0) 0-4-
heterocycloalkyl-heterocycloalkyl; - (CR24sR2s0) 0-a-

25 heterocycloalkyl-aryl; -[C(Rass) (Rzeo) 11-3-CO-N- (Rys5)2; -
CH(aryl),; -CH(heteroaryl),; -CH(heterocycloalkyl),;
-CH(aryl) (heterocaryl); cyclopentyl, cyclohexyl, or
cycloheptyl ring fused to aryl, hetercaryl, or
heterocycloalkyl wherein ocne carbon of the cyclopentyl,

30 cyclohexyl, or cycloheptyl is optionally replaced with NH,
NR215, O, or S(=0),.2, and wherein the cyclopentyl,
cyclohexyl, or -cycloheptyl group can be optionally
substituted with 1 or 2 groups that are independently Rjgs
or =0; ~CO-NR335R240; OY -80,- (Cl-C4 alkyl), Cy-Cio alkenyl
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109%&' ()-!~&F 10%gg& ()-!&F 10%c& ()- 10% & ()- 10b 10booopqzrrzX6B=1
F1y&A0%g& ()-!'t %09 ()-z! p$%0o%& ()-z!'y@dov& ()-z! 10%& ()-!c910%mm&
()- rrsBtdlobbdsdtd tzodY: 1 11TLI10%& ()- 10g 10g PCTIUS02/1259
109<10%g& ()-!| &HA0%& ()-!y8 &AOY% ()-! &MAM0% ;& ()-jttuvvw xva3d

I, (10%bFb& () -G, (10%bFb& () -G S(10%b&' () -G 1( 10%KbKb&' () - G >( 10%(bXb&' (
)-GE 6(10%b& ()-d xgxrxsxt xxxxx];1 ', TR(10988& ()-2!D(10%& ()-2

((1098BHB&' ()-2"!110%& ()- 10b 10b 10b<10%H& ()-x9yy9z]zz{xVv4];1 !!

(10%b&' ()-2! " (10%b& ()-2 #(10%=& ()-2! (10%b& ()- 2!

d(10%b& () - DB(ITOSRREY (S)uhat{iZ{ut{e{d |WizX6]L,1 2,! lor 3 Rzos groups, Ca- Clo

Ié( g-g)%z)|b|&*§3 } %\l %{%?yo b&l flally( ]'s%é%t?: t(.l)te%i uﬁljt%m & (2) %( :&ng&lg oups (10%

(CH3z) 9-1- CH((CH2)0-5 OH) - (CHy) g-1-aryl; - (CHj3)o.1~CHRc.g- (CH2)o-

1-heteroaryl; -CH(-aryl or -heteroaryl)-CO-0(C,-Cs alkyl);
5 ~CH(-CH;-0OH) -CH (OH) -phenyl-NO,;, (C;-C¢ alkyl)-0-(C;-Cq

alkyl) -OH, -CH,-NH-CH,-CH(-0-CH,-CH3),, -H, and - (CH,)g.¢-

C (=NR235) (NR23sR240) ; wherein

each aryl is optionally substituted with 1, 2, or 3 Rapo;

each heterocaryl is optionally substituted with 1, 2, 3, or
10 4 R0

each heterocycloalkyl is optionally substituted with 1, 2,

3, or 4 Roig;
Ra00 at each occurrence is independently selected from the

group consisting of C;-C¢ alkyl optionally

15 substituted with 1, 2, or 3 Ryps groups; OH; -NO;;
halogen; -CO;H; C=N; - (CHz)(-4-CO-NR33gR225; - (CHj) g-4-CO-
(C1-Ciz alkyl); - (CHz)o-4-CO-(Cz-Cy2 alkenyl); - (CH,)o-4-

CO- (C3-Ciz2 alkynyl); - (CHz)-4-CO-(C3-Cy cycloalkyl) ;

- (CH2) 0-4-CO-aryl; -{CH;),-4-CO-heterocaryl; - (CHy),.4-CO-
20 heterocycloalkyl; - (CH;)0.4-CO-0-Ra15; - (CH3) 9.4-S0,-

NR220R225; - (CHz) 9-4-SO0- (C1-Cg alkyl); - (CHaz)-4-S0,.(C1-Cy

alkyl); -(CHgz)o.4-S02-(C3-Cy cycloalkyl); - (CHi)g.4-N(H

Or R35) -CO-O-Rai5; - (CHz)0.4-N(H or Rajs) -CO-N(Rps)2;

- (CH3) 0-4-N-CS-N(R215)2; - (CHz)0.4-N{-H or Razis) -CO-Rpz¢;
25 - (CH2) 0-a-NR220R225; - (CHz) 0-4-0-CO- (C1-C¢ alkyl); - (CHa)o-

4-0-P(0O) - (OR240) 27 = (CH2) 9-4-0-CO-N(Ra35) 2, - (CHj3)0.4-0-CS-

N (Rz15) 2; - (CHz) 0-4~O-(Ra15) 2; - (CHz) 0-4-0O- (Ra35) 2-COOH;

- (CH2) 0-4-S- (R215) 2; = {(CHz) 0-4-0- (C1-Cs alkyl optionally

substituted with 1, 2, 3, or 5 -F); C3-C; cycloalkyl;
30 C2-C¢ alkenyl optionally substituted with 1 or 2 Rjes

groups; C;-C¢ alkynyl optionally substituted with 1

Or 2 Rzos groups; - (CH,)g-4-N(H or Ri;s) -SO2-Raz0; and

- (CH2) 9-4- C3-C7 cycloalkyl;
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111 LIs10%g& ()- 10%g& ()- 10b 10b 10b<10%é& ()-!0(10% 3.3& ()-2 (10%k
08 ()-2Q}}: ~j ~n~t ~wUB}~A21 !l %40%& ()-M 9%d0%r 'r

& () - M =@@0¥ssyr M | BYA0Y&' () - M 0%4.0% () - M 0%0%: () - M perfoifisrl
111X, 1109 ()-S $10% & ()-z! (i $10% ()-z! $10%g& ()-z! $10%: () -z

$10%&' ()-z#& avK@ !!!x 10g 10g 10g<10%g& ()-810%g& ()-5f 10%& () - Y4
109g& ()-! &F110%gg& ()-f 0 =VK@ !!!!13 109AJU& ()-! 3 109%°P& ()- 3
1092Z& ()- 109%g& ()-!s10%& ()- 109%g& ()-M/ <VK@ !!!!? 109@& () -
109%gMe ()-109%g& ()-! y&LOY%& ()-!y&10%2g2& ()-10%& ()-M {Y: VK@

111 F1f 10%g& () - !, 20de006Wre, €3 CH Sh0ply & (Qurs! A8 1oneh (9cSIIDe {9 - S) | @z

100200k (0" 1375 100 131 P A0 T el 108 200 3 groups
P ~s##10%Db& () - g! " 10%I& Y )ate 10We@rden tipPTRYNO NS, (9 ! A0%Ez&1 KYE! P10% s
- s& ()-Hyjzt<~_=1 substituted with 1, 2, or 3 groups that are
5 independently Rjps Or Raio;
wherein each heterocycloalkyl group at each
occurrence 1is optionally substituted with 1, 2,
or 3 groups that are independently Rjiy;
wherein each heteroaryl group at each occurrence is
10 optionally substituted with 1, 2, or 3 groups
that are independently Rzos, Rzi0, Or C;-C¢ alkyl
substituted with 1, 2, or 3 groups that are
independently Rags Or Roig:
Ryos at each occurrence is independently selected from the
15 group consisting of C;-C¢ alkyl, halogen, -OH, -0O-
phenyl, -SH, -C=N, -CF;, C;-Cs alkoxy, NH,, NH(C;-Cs
alkyl), and N-(C;-Cg¢ alkyl) (C1-Cs alkyl);
Rz10 at each occurrence is independently selected from the
group consisting of C;-C¢ alkyl optiocnally
20 substituted with 1, 2, or 3 Raps groups; C;-C¢ alkenyl
optionally substituted with 1, 2, or 3 Ry groups;
C;~-C¢ alkynyl optionally substituted with 1, 2, or 3
Raos groups; halogen; C;-C¢ alkoxy; C;-C¢ haloalkoxy;
-NR2z0R225; OH; C=N; C3-C; cycloalkyl optionally
25 substituted with 1, 2, or 3 Rzes groups; -CO- (C.-C,
alkyl); .S02-NRz3sR240; -CO-NRz3sRza0; -SO;-(C1-C4 alkyl);
and =0; wherein

R;15 at each occurrence is independently selected from

the group consisting of C;-C¢ alkyl, - (CHjz)q.2-
30 (aryl) , Co-Cg alkenyl, Co-Cq alkynyl, C3.CH
cycloalkyl, and - (CH;),-2- (heteroaryl), - (CHp)g-2-

(heterocycloalkyl); wherein the aryl group at

each occurrence is optionally substituted with
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111~ 410% ()-!d

410%~& () - 310%& ()-1- 10%& ()-! ~sY+#10%b& () -1 (10%& ()-6]:1 ! 1! #i
$10%& () -wob3/@841() - v $10%8& ()- ! 10%& ()- 10b 10b 10b<pPHaRoiime0} 2] ; 1
1111 8s$&10%gé& () - " 10%& () - &&10%g& () - L#10%g& () - ! f#10%gg& () - z!

$10%gg&' ()-&ITXszX9]; 1 !!19Y7M 10%g?&' ()-!s-10%z& ()-& s-10% eZ

e& ()-& s-100U8 ()-& &' 10%gg& () - 940%g& ()-s~ >1 11!

3$10UKKE ()-!L10%g& ()-L10%g& ()- 10g 10g

10g<10%g& ()-!9Y7M 109& ()-3}7?~ >1 111 &10%g& () -

"10%9& () - &10%& () - 100g& ( Jor IHDMGUR: (Hhalte 39U dEpardidttly Robl lor

~4940%0& ()-2' | " 109 ()- " 10%0& ()~ 1. & 109668 () ---910%g& () ! &
109%gg& ??-f(:)zédY: o Tg“q%ﬁgg‘g fEthgéljbch%alkyl grdlh (e tedd

10g<10%& () -! }*4‘%10‘V§Ic‘zﬂéc(1.)rrzér(ccé* 404 QR i(Qrearl! 94 04 0948 {(Hutzdd 2AH adY:21, 1! !
' E;%gg%gf%i{?%gggégé;é)%%%zsﬁégéafﬁgé¥§¥%(Qééh heterocaryl group at each
11ayyZ%0%z& () -! x$#1 & UD)re ¢ SAOAR (Jnd O %RIH9tituted with 1, 2,
f%iO%&f()-!@&0@be&f()-%%?qgﬁg}w!!9!10%b&'()- 10z
R220 and Rjyys at each occurrence are independently
selected from the group consisting of -H, -C;-Cg
alkyl, hydroxy C,-Cs alkyl, amino C;-Cgs alkyl;

10 halo C;-C¢ alkyl; -C3-Cy; cycloalkyl, -(Ci-C,
alkyl) - (C3-C; cycloalkyl), -(C1-Cs alkyl)-0-(C1-Cs
alkyl), -C;-C¢ alkenyl, -C,-Cg¢ alkynyl, -C;-Cg
alkyl chain with one double bond and one triple
bond, -aryl, -heterocaryl, and -heterocycloalkyl;

15 wherein the aryl group at each occurrence is

optionally substituted with 1, 2, or 3

groups that are independently Rjps Or Raig;
wherein the heterocycloalkyl group at each

occurrence 1is optionally substituted with

20 1, 2, or 3 Rao;
wherein each heterocaryl group at each occurrence

is optionally substituted with 1, 2, or 3
Rz10;

R23s and Ra49 at each occurrence are independently H, or C.-

25 Cs alkyl;

Ra4s and Raso at each occurrence are independently selected
from the group consisting of H, C;-C, alkyl, Ci.-Cs4
hydroxyalkyl, C;-C, alkoxy, C:1-C4 haloalkoxy, - (CH,)o-
4-C3-C; cycloalkyl, C,-Cs alkenyl, C,-Cs alkynyl, and

30 phenyl; or

R24s and Ryso are taken together with the carbon to which
they are attached to form a carbocycle of 3, 4, 5, 6,

or 7 carbon atoms, optionally where one carbon atom
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10z 10z<10%& ()-!8"10%z& ()-fle 4#109%& ()-,!/ & 10%z& ()-SW10}[9dY: 1

111 SSA0%DbE ()-y!} PA0%DbE ()-10%& () - @10%& ()-! &$10%b& ()-g! 1F

s' 10%<bKb&R O/ EREYVBAY: 1 || 5RA0WE ()-g!, - 10%b& ()-!, - 10UkKot/2sh &) Z
10%b& ()- @ "#10%b& ()-f X "#10%r& ()-fm{\=1 !!!1s10%& ()-L10%& ()- 10b
10b 10b<10%& ()-!5@A0% ()-g! 5A0%DbE& ()-gWB[9{\=1 ! X4 0%bé& ()-

1> X040%>& ()- $10%& ()-!0Q & 109%kKk& ()-! & 10% ()-10%& ()- xV7{\=1

1L, 10%& ()-!)"10%Db& ()-S!'} YWrodov%b& ()-S! z 10%b& ()-z ; XYA0%& () -

)!; 0" X9d0%J bU b& ()- ,1?CGLM"?24=1 ! 10bl <10%& ()-910%& ()-!#
| 1- 10%b& () -! 1 1- 108@vRrI3ced Oob&a (Het e n109bA&N (§e MiCkge Citoh  {idh ! Gra3p

(109RR& ()--!'1 da3l cox(épso/&'.xgé -5 3l ,( 1_050/g’r,&' (goz-_!llqgéo*_q\ﬁgzgg_-;l_! 10%0& () -
Rass and Ry at each occurrence are independently selected
from the group consisting of H; Ci-C¢ alkyl
5 optionally substituted with 1, 2, or 3 Ry groups;
C,-C¢ alkenyl optionally substituted with 1, 2, or 3
R20s groups; C;-Cg¢ alkynyl optionally substituted with
1, 2, or 3 Raos groups; - (CHz)1-2-S(0)o-2- (C1-C¢ alkyl) ;
- (CH;) ¢-4-C3-Cy; cycloalkyl optionally substituted with
10 1, 2, or 3 Ryos groups; -(Ci-Cs alkyl)-aryl; -(C;-C4
alkyl)-heteroaryl; -(C;-C4 alkyl)-heterocycloalkyl;
-aryl; -heteroaryl; -heterocycloalkyl; .(CH,)i-s-Rags-
(CHz) g-4-aryl; - (CH;)1-4-Raes~- (CH2) ¢-4-heterocaryl; and;
- (CH;) 1-4-Rg6s5- (CH3) 9-4a-heterocycloalkyl; wherein
15 Rz¢s at each occurrence is independently -0-, -S- or
-N(C1-C¢ alkyl) -;
each aryl or phenyl is optionally substituted with 1,
2, or 3 groups that are independently Raos, Raio,
or C;-Cs alkyl substituted with 1, 2, or 3
20 groups that are independently Raps OY Raig;
each heterocaryl is optionally substituted with 1, 2,
3, or 4 Ripo,
each heterocycloalkyl is optionally substituted with
1, 2, 3, or 4 Rjip;
25 Ry 1s -C(=0)-(CRR’')o-sRi00+ R’100: -SO2R’ 100+ - (CRR’ ) 1-6R" 100,
-C(=0) - (CRR") -0-R’ 100, -C(=0)-(CRR’)-S-R' 100 or -C(=0) -
(CRR’) -NRyg0-R" 100;
Ripo and R'mo.are independently aryl, heterocaryl, -aryl-W-aryl,
-aryl-W-hetercaryl, -aryl-W-heterocyclyl, -heteroaryl-W-
30 aryl, -heterocaryl-W-heterocaryl, -heteroaryl-W-
heterocyclyl, -heterocyclyl-W-aryl, -heterocyclyl-wW-
heteroaryl, -heterocyclyl-W-heterocyclyl, -C(=0)-CH[ (CH;)o.
2-0-R9] - (CHz) g-2-aryl, -C(=0)-CH[(CH3)p-2-0-R7] - (CH3)o-2-
heterocyclyl, or -C(=0)-CH[(CH)(-2-O-R] - (CH2)¢-2-
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10b 10b7GCyMBC=1 ! 13l (10% & ()--!L3l (109%f& ()--'3l (10%b& ()--! @l

(109@Z& ()--1G3l (10%& ()-- 8 31 (10YRVR& ()--RnzX6C=1 ! I!Y 3|
(109%S& (Wotk@dls77 (10%& ()-- , 31 (10%F& ()--!'[31 (10% jp&rlisoylsFod!
(109%n& ()-- 031 (109%& ()--/1-\:11 111$ |"10%Db& ()-2z!, MOY%DbFb& ()-!

MLO%>& ()-9! 10%& ()- 10b 10b 10b<10%H& ()-*14ndE~\: 1 !

heterocaryl, where the ring portions of each are optionally
substituted with 1, 2, or 3 groups independently selected
from
-OR, -NO,, halogen, -C=N, -SR, -503Rjs5, -C(=0)R, -OCF;,
5 -CF3, -0-P(=0) (OR) (OR’), -N(R) (COR’), -N{(R) (SOzR14s),
- (CHz) 9-4~CO-NR3osR" 105, - (CHz) 0_4-O- (CH,) 9.4 - CONRR’
- {CH3z) -4-CO- (C;-Cy2 alkyl), - (CH3)-4-CO-(C3-Cyz
alkenyl), -(CHz)q-4-CO-(C2-Cy; alkynyl), - (CHj),.,-CO-
(C3-C7 cycloalkyl), -(CHaz)o-4-Rii0, - (CH2)o-4-Rizo,
10 - (CHz) 0-4-R13o, - (CHz)0-4-CO-R110, - (CH3)(-4-CO-Ri20,
- (CHz) 0-4-CO-Ri3g, - (CHz)0-4-CO-Ryso, - (CH;)-4-CO-0O-Riso,
- (CHz) 0-4-S02-NR105R " 105, - (CHz) 0-4-SO- (C1-Cg alkyl),
- (CH3) 0-4-802-(C3-Cy2 alkyl), - (CHz)-4-S0;- (C3-Cy
cycloalkyl), -(CHz)-4-N(H Or Riso) ~-CO-0-Riso, - (CHz)o-4-
15 N(H or Riso) -CO-N(Rise)2, - (CHz)o-4-N(H Or Riso) -CS-
N (Ris0) 2, - (CHz)0-4-N(-H or Rise) ~CO-Riygs, - (CHz) -4~
NRi1osR' 105, - (CH2)0-4-Rigq0, - (CHz)-4-0-CO-(C;-Cs alkyl),
- (CHz) 0-4-0-P(0O) - (O-Ry10) 2, - (CHz) 0-4-0-CO-N{(Ris50) 2,
- (CHz) 0-4-0-CS-N(Ris0) 2, - (CHz) 0-4-0- (R1s0) , - (CH;) -4~0O-
20 (Rys5) ~COOH, - (CH3)0-4-5- (Ris0), C3-C; cycloalkyl,
- (CH3) 0-4-N(-H or Rjso) -SO;-R;, Or - (CHj)g-4- C3-C5
cycloalkyl, C;-C¢ alkenyl, C,-C¢ alkynyl, or
Rigoo is C;-Cy0 alkyl optionally substituted with 1, 2, or 3 Rijs
groups, wherein
25 Riys at each occurrence is independently halogen, -OH,
-COz;R, -C;-C¢ thiocalkoxy, -COz-phenyl, -NRjsR’;, -80;-
(C,-Cg alkyl), -C(=0)Rigo, Rigo, -CONRjgsR’19s,
-SO;NRigsR’ 105, -NH-CO- (C1-C¢ alkyl), -NH-C(=0)-0OH, -NH-
C(=0) -OR, -NH-C(=0)-0-phenyl, -0-C(=0)-(C;-C¢ alkyl),
30 -0-C(=0) -amino, -0-C(=0)-mono- or dialkylamino, -0-
C(=0) -phenyl, -0-(C:;-Cs alkyl)-CO,H, -NH-SO,- (Ci-Cq
alkyl), C;-C¢ alkoxy or C;-C¢ haloalkoxy; or
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111$ :10%& ()-8& 10%& ()- 10%& ()- 10%& ()-&10%& ()-10%& ()-]+a?~\:1
I 1111 Ns+%40%b& ()-g(10%& ()- s"$109%&' ()-!ys"$10%b&" () -

1098 () -WdOYo&s() - +mi' 2{\ =1 | 1111s10%& ()-910%& ()- 10BcERR02/12591
10b<10%& () -!ts4%0%b& ()-! LOg#10%b& ()--2e4xY:{\=1 1 1Iz

10%& ()-10%& ()-! z#10%b& () -

4s' 1090NI#N&' ()-!s' 1098b8b&' ()-!s' 109RWR& () - 4HUaB{\ =1 !

1 L*MLO%& () -! k™ L$l 940%b&' ()-9! 10%& ()-! 10%& ()-s9YU0%E& ()-& ‘
10%& ()--crA<{\=1 1 111s6"10%b& ()- 410%& ()- 3 10%& ()- IMIO%& ()-!]| +
%.0%b& Kipe | Ts+ UDORRALKY1T7pBELICE-Td M kyD0%ES (-) (O ECOWERKY) F 1109T&'A) - 10b

g/gg(yép?;}?gg%ng%%fwé’@ﬁ%é l‘xﬂﬁ’;f%%ﬁé:loﬁtiéﬁélf@oé’@bgtﬁ@éd~v'vith 1, 2,

or 3 Riis groups, or

Rioo is -(C3-Cg cycloalkyl) optionally substituted with 1, 2, or

S 3 Riis groups;

R and R’ independently are hydrogen; C.-C¢ alkyl optionally
substituted with 1, 2, or 3 groups that are independently
F, Cl, Br, or I; or -{(Ci-C¢)-Riio;

W is - (CHz)o-4-, -O-, -5(0)¢-2-, -N(Ri3s)-, or -C(O)-;

10 R; and R,’ are independently selected from the group consisting
of H, C1-Cs alkyl, C3-C; cycloalkyl, C,-C¢ alkenyl, C,-Cs
alkynyl, aryl, heteroaryl, and heterocyclyl,

Rigs and R’105s are the same or different and represent -H, -Riio,
-Ri20, -C3-C; cycloalkyl, -(C;-C; alkyl)-(C3-C; cycloalkyl),

15 - (C1-Cs alkyl)-0-(C;-Cs; alkyl), -C,-C¢ alkenyl, -C,-Cg
alkynyl, or -C;-C¢ alkyl chain with one double bond and
one triple bond, or
-C1-C¢ alkyl optionally substituted with -OH or -NH,; or,
-C1-C¢ alkyl optionally substituted with 1, 2, or 3 groups

20 independently selected from halogen;

Riss is C1-Ce alkyl, C;-Ces alkenyl, C,-C¢ alkynyl, C;.Cy
cycloalkyl, -(CH3)o-2-(aryl), - (CHz) ¢-2- (heteroaryl), or
- (CHz) 0-2- (heterocyclyl),

Ris0 is heterocyclyl optionally substituted with 1, 2, 3, or 4

25 groups independently selected from C;-C¢ alkyl, C;-Cs
alkoxy, halogen, hydroxy, cyano, nitro, amino, mono(C;-
Ce¢)alkylamino, di(C;-Ce)alkylamino, C,-Cs¢ alkenyl, C,-Cs
alkynyl, C;-C¢ haloalkyl, C;-C¢ haloalkoxy, amino (C;-
Ce¢)alkyl, mono(C;-C¢)alkylamino(C;-Cg)alkyl, di(Ci-

30 C¢)alkylamino (C;-Cg)alkyl, and =0;

Riss 18 C;-C¢ alkyl or CFi;

Riso is hydrogen, C;-C; cycloalkyl, -(C;-C; alkyl)- (C3;-C,
cycloalkyl), C,-C¢ alkenyl, C,-Cs¢ alkynyl, C;-C¢ alkyl with
one double bond and one triple bond, -Rji0, -Riz, O
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B & ()-11 %0%U oU & ()-Lgl0%& () - BRMBHCL

| 6&L* $10% : & () -1\ L*$100%&' ()-! TL*$100j Tj & ()-!1-109888& ()-!1-10%T& ()-!|
%40%: () -Wowklo@ssd | 6& 10T 10T 10T<10%& ()- L510% DCTIUSI2/125

& ()-g! L5100 T& ()-g! L510% & ()-gL*$109F7 & ()-CR}[<QF; 1 1'6& L18%a! () -
10%b&' () - 2! S10%& ()- ! +10%EbEbE ()-! 10% ()-910%& ()-% i #dBOF; 1 ! 6&
| pLSYA0%b& ()-1 109%& ()-  10%& ()-f 10%& ()- 10%& ()-

s109%& ()-#ehz[PE: 1 16 10b 10b

106 <1098 ()| n95TIA0DE (- 1/ 2#1096b& () - L- 1098 ()-1 *g#10%b& ()--\"}[9
PE: 1 16! 109 @ Jsad 1B9& Optphal190@ubyeTtuted with 1, 2, 3, or 4

S10%&' ()-!f#10%& --éb 0% ﬁf 09 &')-' f F" 0%&: (
F'109& () - : f |="1oc(>§.&r slléfa%i'g‘%? L. ﬁjg%%ﬁ&”} on, vty &L
16" 10908 () - 10%0&)Roxy0 Ry, and halogen;
Riss 18 C3-C; cycloalkyl, -(C;-C; alkyl)-(C3-C; cycloalkyl), C,-Cs
5 alkenyl, C;-C¢ alkynyl, C;-C¢ alkyl with one double bond

and one triple bond, -Riip, -Rizg, OT

C:-C¢ alkyl optionally substituted with 1, 2, 3, or 4
groups independently selected from -OH, -NH,, C;-Cs
alkoxy, and halogen;

10 Rige is selected from morpholinyl, thiomorpholinyl, piperazinyl,
piperidinyl, homomorpholinyl, homothiomorpholinyl,
homothiomorpholinyl S-oxide, homothiomorpholinyl S,S5-
dioxide, pyrrolinyl and pyrrolidinyl, each of which is
optionally substituted with 1, 2, 3, or 4 groups

15 independently selected from C;-C¢ alkyl C;-Cq alkoxy,
halogen, hydroxy, cyano, nitro, amino, mono (C; -
Ce¢) alkylamino, di(C;-Cs)alkylamino, C,-Cg alkenyl, C;3-Cq
alkynyl, C1-Cs haloalkyl, C1-C¢ haloalkoxy, amino (C;-
Cs)alkyl, mono (C;-Cg) alkylamino (C;-Cs) alkyl, di{C;-

20 Cs)alkylamino (C,-C¢)alkyl, and =0;Riu, is aryl optionally
substituted with 1 or 2 R;;; groups, wherein,

Ri2s at each occurrence is independently halogen, amino,
mono- or dialkylamino, -OH, -C=N, -S0,-NH,, -SO,-NH-
Ci-C¢ alkyl, -S0,-N(C;-Ce¢ alkyl),, -SO,-(C;-C4 alkyl), -
25 CO-NHz, -CO-NH-C,-C¢ alkyl, or -CO-N(C;-Cg¢ alkyl),; or
C1-Cs alkyl, C;-Ce¢ alkenyl or C,-C¢ alkynyl, each of
which is optionally substituted with 1, 2, or 3
groups that are independently selected from C;-
Cy alkyl, halogen, -OH, -SH, -C=N, -CF;, C;-Cs
30 alkoxy, amino, and mono- and dialkylamino; or
C1-Cs alkoxy optionally substituted with one, two or

three of halogen;
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10 10<109%&' ()-!'}s1%0%& ()- \s1l%0% & ()-!HIE}*?1 ' 610%0& ()--f
10908 ()-3 109%0% ()- 10%0& ()- 310%0& ()-109%0& () -pa?}”~?1 !6!
1096008 ()wblRiesss () - 910%0% () - 10960& () - 10908 () - #1098 ()‘,C%H;(S{)%qui?l
I'F1-10%99& () - & s3+310%00& () -f!s3+310922& () -f a83+3}0@h
h& ()-f))10%0& ()-!s 10%z& ()-kty~{\:1 !'11510%b& ()- 10%& ()- 100 100
100<109%0& ()-!'0 F1-10%7& ()-& F1-10%008& ()-&T A{\:1 'L
10%& ()-10%& ()-L 10%& ()-!'y 10%b& ()-g"10%& ()- Cl0Y @& ()-RwW5{\:1
7, $10% & () - }‘,$109@&f()- !$;109@b&f();!$-10@&Z&f()f!s!y .
10%b& ()-@ £1#aoomﬁ@qgrqaq&ﬁez;mhucm!1150%1& {9nalllph shObs tlidhatldVm&d Hh -1
@,%$10% Z & ()- orl' I% ,1§10‘V o/\u;% ( )‘% I'p , $10%b& ()- \zX6ezZ; 1 !
'uM 10%x5x& () -! &M 10% ' - '10%910

Ri3p is heterocyclyl optionally substituted with 1 or 2 Rias

groups;
5 comprising
(a) reducing a ketone of formula III to generate an
alcohol of formula IV; and
(b) treating the alcohol of formula IV with a base to

generate an epoxide.

10
101. A process according to claim 100, further comprising
contacting the epoxide with an amine of formula RcNH (Rs9) to
yield a protected amine of formula VII-1.

15 102. A process according to claim 101, further comprising
forming a deprotected amine of formula VIII-1 and forming an
amide using the amine of formula VIII-1 and a compound of the
RyCOZ, wherein Z is OH, Cl, or imidazolyl.

20 103. An amino alcohol of the formula:

OH
HoN R,
R
where
R is phenyl optionally substituted with 1, 2, 3, or 4 groups
independently selected from:

25 (A) C1-Cs alkyl optionally substituted with one, two or
three substituents independently selected from C1-C;
alkyl, halogen, hydroxy, thio, -NR;oR;; where R;, and
Ri1 are independently hydrogen or C;-C¢ alkyl, cyano,
trifluoromethyl, and C;-C; alkoxy,

30 (B} C2-Ce¢ alkenyl or C;-Cg¢ alkynyl,
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% ()- M10% 6& ()- MI10%& ()-!'M 10%88& ()-H ]>ez;1 ! !uL,

10%& ()-*" 10%& ()-) 10%& ()- 'y $%40%b& ()-f!' M 10%b&' () -

"M 1090& yp-o2@k3s¥BH=1 ! | 10b 10b 10bl <10%& ()-!, 5z#10%b&ridsndPso1

10%& () -!0g#10%b& ()-T-10%& ()- | Z8SH=1 1 1! (10%AA&' ()-!, (10%/uYu& () -
H(10%uu&' ()- (10%)& ()-!'(10% u-u& ()- '10% u& ()- % Dz X6SH=1 | .
k™ f,&10% u-u& ()-z!' z#10% u-u& ()-z &10% u& ()-!"z#10% u-u& ()-!sL%0%u&
()-THf#10% u-u& ()-g}rg\=1"! 1" 10%& ()- 10-u 10-u

10-u<10% u& ()-910% u& ()-!s y5%d0%uu& ()-z!0#10% u-u& ()-z N-\:g\=1"!

L1 #10%b& ()-(C) RlaDsFdFb&’ liydroxFd 08®and, | #C10%b=0&dxyy optionally

10%0&'()-"10%0&' 10908&. () -1 t{ &L0%b&' () - !
%40%b& () -1 9%A0%H ?%%%?%b“&?} ]r#g%%e? 13 ]&ég“‘iro |
10b<10%& () - (199- 108DIRE; (WhE98- HXYWehl ) oSkdtoUnge( )R, L CHRHE0%,, a&e()the
¢ 0109 () -1 O9BSL (e or different and represent:
5 (a) -H,

(b) -C1-Cs alkyl optionally substituted with one of:

(i) -OH,
(1i) -NH,,
(iii) phenyl,
10 (c) -C1-Cg alkyl optionally substituted with 1, 2, or
3 independently selected halogens,
(d) -C3~Csg cycloalkyl, - (C1-C5 alkyl) - (C3-Cg
cycloalkyl), -(Ci-C¢ alkyl)-0-(C;-C3 alkyl), -C,-

C¢ alkenyl, -C;-C¢ alkynyl; and
15 (E) GC3-C; cycloalkyl, -C(0) (C1-C4 alkyl), -S0,NR;10R11,
-C(O)NR1oR;1, or -S0,(C;-C4 alkyl); and
R, is:
chloro, bromo, or
-S1i(R21)3 where each R,; is independently
20 C;-Cs alkyl,
-N(Rz23) (Rz4) where R,; and Ry, are the same or
different and represent
C,-Cs alkyl,
or where NR;3R,; represents piperidinyl,
25 piperazinyl, or morpholinyl,
phenyl optionally substituted with 1, 2, or 3 of C,-
C, alkyl, with the prbviso that at least one of
the Rz groups is optionally substituted phenyl.

30 104. A compound of the formula
N0

¢

R
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10b!, &10%&' ()- 1! &10%&' ()- 1! X+&10%&' ()- 1! 10%& ()- 10%& ()- 10b
10bCBeWU3E=1" ! C&10% { & ()- 1! D&LOY& ()- 1!, &L0%& ()- 1!a&l0%z& ()-

11, &10Y& 0248092 z& ()- led{\=1 ! CLO%& ()-L! 10%& () pcEQmodPzor
10z<109% & ()-! &109%& ()- 1! &L09%& ()- L1( M Y7{\=1 !lv (10% & ()-(!5v (10%"
& ()-( v (109 ()-(! v (10%b& ()-(!4v

where
R is phenyl optionally substituted with 1, 2, 3, or 4 groups
independently selected from:
(A) C;-Cs alkyl optionally substituted with one, two or
5 three substituents independently selected from C;-Cs
alkyl, halogen, hydroxy, thio, -NRjoR;; where R;, and
R;; are independently hydrogen or C;-Cs alkyl, cyano,
trifluoromethyl, and C;-C; alkoxy,
(B) C;-C¢ alkenyl or C;-Ce alkynyl,
10 (C) halogen, hydroxy, cyano, C;-C¢ alkoxy optionally
substituted with 1, 2, or 3 fluoro,
(D} -NR:2R;3 where at each occurrence R;, and R;3; are the

same or different and represent:

(a) -H,
15 (b) -C1-Cg alkyl optionally substituted with one of:
(i) -OH,
(ii) -NH,
(iii) phenyl,
(c) -C1-Cg alkyl optionally substituted with 1, 2, or
20 3 independently selected halogens,
(d) -C3-Cg cycloalkyl, -(C1-C3 alkyl) - (C3-Cg
cycloalkyl), -(C;-C¢ alkyl)-0-{(C;-C; alkyl), -C;-
Ce¢ alkenyl, -C,-C¢ alkynyl; and
(E) C3-C; cycloalkyl, -C(O) (Cy-C4 alkyl), -SO;NRjoRi1,
25 -C(O)NRjoR11, or -S0;(C;-C4 alkyl).

105. A compound of the formula
o)

PROT-N
ka1

R
where
30 X; is chloro, bromo, or imidazolyl, or

X; 1s -CH;-R,, wherein
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(10980bNb& ()- (v (10% & () - (Ho& xV4{\ =1 !!L310%b& ()- @

L310%b& ()- @ S| L3GLO%bmb& ()- @ | L3GLOY ()-@'v (1098B& ()-(!'v (10% M
M& () - (i npp@/dssedy ! !!v &10%& ()-2 fv &10%& ()-2 10%& () perAQi@ds4r) - 10b
10b 10b<10%& ()-?d WU3 >1 I Nv &LOY& ()-2! Xv &LOYKK& ()-2! Xv &LOY%& () - 2! Xv
&10%& ()-2!a’ v &10%88& ()-2! Xv &10% . & ()-2UuS11! (10% b

b& ()-!(109%& ()-!10%& ()- 10%& ()- 10 10

R, i1s chloro, bromo, or
-8i(R3;:1)3 where each R;; is independently
C1-Cs alkyl,
-N{Rs3) (Ry4) where R;; and R,y are the same or
5 different and represent
C,-Cs alkyl,
or where NR»3;R;,; represents piperidinyl,
piperazinyl, or morpholinyl,
phenyl optionally substituted with 1, 2, or 3 of C;-
10 C, alkyl, with the proviso that at least one of
the Ry; groups is optionally substituted phenyl;
R is phenyl optionally substituted with 1, 2, 3, or 4 groups
independently selected from:
(A) C,-C¢ alkyl optionally substituted with one, two or
15 three substituents independently selected from C;-C3
alkyl, halogen, hydroxy, thio, -NR;gR;; where R,, and
Ri; are independently hydrogen or C;-C¢ alkyl, cyano,
trifluoromethyl, and C;-C; alkoxy,
(B) (C;-Cgs alkenyl or C,-Ce alkynyl,
20 (C) halogen, hydroxy, cyano, C;-C¢ alkoxy opticnally
substituted with 1, 2, or 3 fluoro,
(D) =NR;2R;3 where at each occurrence R;»; and R;; are the

same or different and represent:

(a) -H,
25 (b) -Ci-Cg alkyl optionally substituted with one of:
(i) -OH,
(ii) -NH,,
(iii) phenyl,
(c) -C;-Cgs alkyl optionally substituted with 1, 2, or
30 3 independently selected halogens,
(d) -C53-Cq cycloalkyl, -(Cy-Cy alkyl) - (C3-Cs
cycloalkyl), -(C;-C¢ alkyl)-0-(C;-C3y alkyl), -Cs-

Ce¢ alkenyl, -C;-C¢ alkynyl; and
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10 !<v &10% & ()-2/:u}~<uS11!!(9s9Y%09BbBbE () - 10%& () - &
1090& () -sf109%& ()-! (109 ()-!)(10% h h& ()-
_+}[ uSIIWbX2hEkO9bbE () -1S 1 9%40%Db& ()-!S | %40%Db& () -! GtYRRATHENE () - 10%

b& ()-s9YUOWE () - hmop~H-_=1!1! ' (10%n& ()-" 10%& ()-L10%& ()- 10b
10b 10b<10%& ()-!D ! %409 & () - Hf; yZ8~ =1!!,6 Y40%F& () - #10%& ()- !
(10986%& ()-! (10%b& ()-! ' (10%b& ()- Q (109KK& ()-.wX6~ =1!1

39409BBE& () - S210%& ()-! 1@ 3%40%bKb& () - SI D@ 3%40% A& () - S! (Y409BbBb& () - !
#594.0%=b=b& (2-.~ =1!11940%/NV& ()-Z1"s10%& ()-" 10%& ()- 10b 10b
10b<10%¢& () - (E)39&BYEh b&Y( g,smlls =1C (@) $A0%R ( )21y Vi 0%Ye z OLNRZRA ,

A0 K & () - Zl'@@p&g 1%&ﬂ;1'§%1g%&.&?(;1 %%9%@ (gnéizodY mna
LI 109%&
éQOT is a nitrogen protecting group.

5 106. A compound of the formula
@) OR,
Z” “N-PROT
R
wherein

R; is selected from:
(I) C.1-C¢ alkyl optionally substituted with one halogen;
10 (II) -CH,-CH=CH,;
(ITI) phenyl optionally substituted with one nitro,
halogen, or cyano; and
(IV) benzyl optionally substituted on phenyl with nitro,
halogen, or cyano
15 R is phenyl optionally substituted with 1, 2, 3, or 4 groups
independently selected from:
(A) C;-C¢ alkyl optionally substituted with one, two or
three substituents independently selected from C;-C;
alkyl, halogen, hydroxy, thio, -NR;joR1» where R;, and
20 Ri1; are independently hydrogen or C;-C¢ alkyl, cyano,
trifluoromethyl, and C;-C; alkoxy,
(B) C,-C¢ alkenyl or C,-C¢ alkynyl,
(C) halogen, hydroxy, cyano, C;-Cs alkoxy optionally
substituted with 1, 2, or 3 fluoro,
25 (D) -NRj;;R;3 where at each occurrence R;» and R;; are the
same or different and represent:
(a) -H,
(b) -C1-Cs alkyl optionally substituted with one of:
(i) -OH,
30 (ii) -NHp,
(iii) phenyl,
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10z 10z 10z<10%& ()-!;

904 0% ()-Z1! pod0%VzV&' ()-Z1! k* %40%z& ()-Z1' wu3dY: 1! ! D&10%& () - Z4! D&LOY&
() - Z4! 1&00p&> 033874 ({&10% | & () - 24!, PCT/US02/12591

| &109R28&" () - Z4! 18109&' () - 24> zX6dY: 1! 1! &109TXTX& () - Z4! y&LO0%& () - Z4! &109&' ()
- Z4! 6810%x X&' () - Z4&109T&' () - Z4! 0&109%4JU& () - ZADr S41! !

1098 ()-"" 109 ()-L109& ()- 10Z Z 10Z Z 10Z Z !F&l0% Z

& ()-Z4 k&10Y&' ()-Z4ADl &z X6r S411111 %H0%& ()-!1 YAOUCCE ()- %0%& ()-!1
9d098&& ()-!DZ YA0% ()-'t %40% . & ()-&wWWArS4111! F, F(10%/NV& () -

F, F(109%6n& ()-)! %ﬁO%KK&T@)aﬂky%i@%&i@haﬂmy%b@%&t@kﬂk@d with 1, 2, or
94.0%& ()-qf\: 1IIII5&@# % 0%z & ( % é’ 1o<1@%&()-|

F, F(10%BMB& () -! k6F, F( ? {ﬁeﬁ.qqq/ﬂ St 1 9409 ()-,! %0
Wx& ()-,! paA%ovR (3), %Q%red () -cy&@SEIMRA () - 2>'( l10 Og\ Eﬂk 1%\%€ %E()
C%0%R ()-, ! X0d0%z& ()-,! Y%0%z& ()-, !\ 5% 0%, ()-,!t%0%z& () - () -
,‘6I~\$i!! ! $(10%&§g-d¥ﬁ%i '()3(%Mf%0§§§&éﬂfo’&5'%3 SEVIRREL

5 Ce¢ alkenyl, -C,-C¢ alkynyl; and

(E) C3"C'7 cycloalkyl P -C (O) (Cl"C4 alkyl) ’ —SOzNRloRll,
"C(O)NRloRll, ox 'SOz(Cl"Cq alkyl), and

PROT is a nitrogen protecting group.

10 107. A process for preparing compounds of the formula
H O
N R
PROT gl
R
wherein

R, ig selected from:
(I) C1-C¢ alkyl optionally substituted with one halogen;
15 (IT) -CH-CH=CH;
(III) phenyl optionally substituted with one nitro,
halogen, or cyano; and
(IV) benzyl optionélly substituted on phenyl with nitro,
halogen, or cyano;
20 the process comprises
(1) esterifying a protected amino acid of the formula

H ©

_N
PROT OH

R

wherein
R is phenyl optionally substituted with 1, 2, 3, or 4 groups
25 independently selected from:
(A) C;-C¢ alkyl optionally substituted with one, two or
three substituents independently selected from C;-Cs

alkyl, halogen, hydroxy, thio, -NR;oR;1 where R;, and
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10z 10z 10z<10%& ()-! N %40%&' ()-,e" WJU3~\:1!! :(10%& ()- 0! (10% b
b& ()-" 0! (10%b& ()- 0! (10%b& ()-"
?(10% * & Wwh020845¢10%bbb& () - 0" &\ =1!! : "s10%& () - 910%&pLynsdd)PsdOb
10b<10%& ()-! (10%x& ()- 0! (109 ()- ORgzX9{\=1!'!10 10%&k ()-! 109%& ()-!
10%#H#& () -! 10%++& ()- 10%& ()-!'0 109 s]s& ()-}[9{\=1111Z"s%0%3 3
& ()-'BUW0%&R ()-!~Z2% 0% ()-!y#10%' ()- @ 9109 ()-Fl 3109 ()- DI JKL}*SH=1!!
' 10 10 10<109%& ()-s-%0% & ()- !,s-%0%& ()- f s-940% & () -
S-%d0% ()- LZi(f}\:SH=1!11! 0(10% & ()- V (10%p& ()-!

R1; are independently hydrogen or C;-C¢ alkyl, cyano,

trifluoromethyl, and C;-C; alkoxy,
(B) C;-Cs alkenyl or C,-Cs alkynyl,
(C) halogen, hydroxy, cyano, Ci:-C¢ alkoxy optionally
5 substituted with 1, 2, or 3 fluoro,
(D) -NRi1:R;; where at each occurrence R;; and R;; are the
same or different and represent:
(a) -H,
(b) -C;-Cs alkyl optionally substituted with one of:
10 (i) -OH,
(ii) -NH,
(iii) phenyl,
(¢} -C1-Cg alkyl optionally substituted with 1, 2, or
3 independently selected halogens,
15 (d) -C3-Cg cycloalkyl, - (C1-Cy alkyl) - (C3-Cq
cycloalkyl), -(Ci1-C¢ alkyl)-0O-(C;-C3 alkyl), -Cs-
Ce¢ alkenyl, -C,-C¢ alkynyl; and
(E) C;3-Cy cycloalkyl, -C(0) (C1-C4 alkyl), -80,NR;10R11,
-C(O)NR3oRy1, Or -S0,(C;-C4 alkyl); and
20 PROT is a nitrogen protecting group;

with an alkylating agent in the presence of a base.

108. A process for preparing compounds of the formula:
H O
N R
PROT” o

R
25 where R; is an optionally substituted phenyl;
R is phenyl optionally substituted with 1, 2, 3, or 4 groups
independently selected from:
(A) Ci-C¢ alkyl optionally substituted with one, two or
three substituents independently selected from C,-C,

30 alkyl, halogen, hydroxy, thio, -NR;sR;; where R;, and
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i (10%b b& ()-! n(10%b b& ()- "s10%& ()-L10%& ()-fdyX7SHeLll
P! Z9A0%&! ()- k9! ZY40%& ()-! (10%b b& ()-! i(10%b& ()-! (10%b& ()- (10%
M& ()- WowzezXOSH=111 4 10%8& ()-! ' 9!1Z%0% b b& ()-! pSrZH%Re ) -

9! ZYA09& () - ! HO! Z940% K K& ()- ~9! ZILOURE () - x~_E1! !

(10%& ()- 3% 10%& ()-3% ! 10%& ()- 10b 10b

10b<109%& () - ! 6S10%b& () - FX FEL! |

(3(109%& () - 3% 10%& ()- 3% ( (10%& ()- 3% 10%& ()-3% ABDyz{qY?EL!!

(10%<& () - 3% (10%<& ()- 3% 10%<&' () - 3% (10%& ()- 3% 10%<& ()- 3% x"?EL!!
(109%& () - 3% 10%< &1 ) a8 (1 b nQerBUy]1 M) dgder3% 1095& (@113%, cyano,

trifluoromethyl, and C;-C; alkoxy,
(B) C2-Cs alkenyl or C,-Cs alkynyl,
(C) halogen, hydroxy, cyano, C;-Cg alkoxy optionally
5 substituted with 1, 2, or 3 fluoro,
(D) -NRj;;R;3 where at each occurrence Ri» and R;; are the
same or different and represent:
(a) -H,
(b) -Ci-Cs alkyl optionally substituted with one of:
10 (i) -OH,
(ii) -NHj,
(iii) phenyl,
(c) -C1-Cs alkyl optionally substituted with 1, 2, or
3 independently selected halogens,
15 (d) -C3-Cq cycloalkyl, - (C1-Cy alkyl) - (Cs-Cq
cycloalkyl), -(C1-C¢ alkyl)-0O-(Ci-Cs alkyl), -C,-
Cs alkenyl, -C,-C¢ alkynyl; and
(E) C3-C; cycloalkyl, ~C(0) (C1-C4 alkyl), -S05NR; 10R11,
~C{O)NRyoR11, Or -80,(C,-C4 alkyl); and
20 PROT is a nitrogen protecting group;
the process comprising:
(a) forming a mixture of an activating agent and a

protected amino acid of the formula

25 (b) contacting the mixture of (a) with a phenol optionally

substituted on the phenyl ring with nitro, halogen, or cyano.

105. A method for preparing a compound of the formula
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U] CE1! ! (10%<& ()- 3% & 10%& ()-3% (109%& () - 3% & 10%& () - 3% (10%& () - 3%
AXN?ELN! wo 02/085877 PCT/US02/12591

(10%<& ()- 3% 10%<&" ()- 3% (10%& ()- 3% 10%& ()- 3% ( 10%& () - 3%56? @G\LM ~FE1
1 ((10%<& () - 3% 10%& () - 3% (10%& ()- 3% 10%& () - 3% M\\] ~u] CEL! !

(10%& () - 3% & 10%& ()-3% (10%&" () - 3% & 10%&" () - 3% ( 10%& () - 3% x ?EL! !
(10%<& () - 39% 10%&" ()- 3% (10%& () - 3% 10%& () - 3% (10%& () - 3% * +MNR} AFEL! !
((10%<& ()- 3% 10%&" ()- 3% (10%& ()-3% 10%& ()-3%t S2E1! MsO10%AS( A& () -
0s010%W & () - o)

:S010% & & () - (10%<& () - 3% & 10%<& OF 399 10%,54 () - 3% 2345STvU91!
M 1098 (&& ()-11 "1 1098 (&& () -HRef ~TM0YB(& ()- | 610%& () -3
Pzl 610%OD& () - 3T mys\W 91!
© (1098~ (&& ()1 1(109%&" (&&' () -1 1(( 10% (&_NR) - | 1( 10% (&& () -1 1( (10%&(&& () -
| IXX@1!

((L0%&N( &8 () -1 1( 1098 (&&' () -1 1( ( 10%&A( &8 () -1 1( 1098 (&&' ()-11(/ 01pX<91!
(109 (& 10 rA( (LOUALEEL) 0% (&8 ()-1 1((10% (8& ()1 1(10%& (& ()-
1
(109%&A ( &&' () -0TD( XOYER (&RKY) - bt { GOSELY &R & 1 AEAOSRM B8 e | HATAGIRA ( &&' () -
| 1+, XX@@1! c
(109~ (&8 ()T TRACREES i1 1( (10%~ (&8 () -1 1( 1098~ (&&' () -1 1(, 0JKOPX<91!
(1098 (&&' () -(TIT) L GHRIARE! of)-il HANOR M A (i)t WO (o8& ()i 10V ( 8&' () -
| 1, sW91!
(10%&A(&& () -1 1( 109892 (24 RYPRY&ATEs: () -1 1( 1098~ (&8 () -1 1( (1098 (&&' () -
. STXXyXX@M) benzyl optionally substituted on phenyl with nitro,
((100/&A(&& )21 1( 10%A(&& () -1 1(( T0Y&A ( && () -1 1( 109&A(8& ()-1 1(ypXedil
(1098 (&&' () -1 1((%@9&@9@&&' L. |OMERSYRN (&8 () - | 1((10%&A(&& ()-11(10%A(&& () -
| 156 ?SW 3 phenyl optionally substituted with 1, , Qr 4 groups .
(109N (&&' () - |%£10@@ﬁ(&& ()- |l((10@@ﬁ(&& ()- |l(10@@ﬁ(&&f()-|l((10/ N&& () -
| 1?7@xyzxX@findependently ‘selected from 100
100&7 ( & () ()1( 1% A )s 11
(ST Drta v Y A A Ao B, )
| 15sWF91! hree substltuents 1ndependently selected from C;-C;
l(igg“gt’r: g sfx% I 1( 1%%%)(1&& Ka1dddA 1088aL &% () thiGL0%H S& Ol bl 1R (& () -
(1098 (&&' () -1 1( Ravgatesiffepeneovdy( &gdrpden( ng/«gz\](-&& @Lkiyl( | [cyHno,

Zrlrgol/o?((%&AE)&( (12)%&!A( %@M&eé}f‘ﬁ%%ﬁ ot sf:(F%@b‘g/" $¢ & ()-3%
*FF( 1090&D&" ((B)3%EFCL09@k €Dy B2 0%(& £)knpl 0%’ & ()- &
MCL0%A (& () - R Iidlslen, \ §RFEASY, " (& dnd) - 320 FE(1Q%& - 3% WRFR(10%g, " (a
substituted with 1, 2, or 3 fluoro,
20 (D) -NR;;R;3 where at each occurrence R;; and R;; are the
same or different and represent:
(a) -H,

(b) -C;-Cs alkyl optionally substituted with one of:

(i) -OH,
25 (ii) -NH,,
(iii) phenyl,

(c) -C1-Cg alkyl optionally substituted with 1, 2, or
3 independently selected halogens,
(d) -C3-Cg cycloalkyl, - (Cy-Cy alkyl) - (C3-Cgq
30 cycloalkyl), -(C;-Cs alkyl)-0-(Cy-C; alkyl), -C,-
C¢ alkenyl, -C,-Cg¢ alkynyl; and
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& ()-3% NsFF(10% ~(h & ()-3% FF(10%8& ()-3% | SFF(10% &c & () - 3%R| [ NA41!
aFF(10% }{ & ()-3% aOFF(10% 0'{ & ()-3% FF(10% -
10 3 nMAO%& ()- YPRTdHNWAAL ()- 3

107 (107 (107 ( <1098 (& () -
& () - 3% \Wwb(1208477 (v & ()-3%8n |[: NA41!

neao% & ()- R3 nbd0% & ()- 10% & ()- L!10% & ()-h|[:NA4Ll 10 $10% & ()-f

i $10% & ()-f $10% & ()-f _$109& ()-f O #109& ()- -#10% & ()-R* | [: Na4l!

aeF&3Z(10% ' & ()-z 9F&3Z(10%& ()-z F&3Z(10% N & ()-z &$10%& () - f
. 8310%p&& ()-f $109%& ()-f fghivzZ: 1! 10 &l0% & ()- &10% & ()- 10% & () -
“110% & ()-10' 10' 10" <10% & () - <=xX@ 1! 10& &10% & ()- &10% & ()- &

810% & ()- &1Bh & Gy Le="cfERralkyll0 81090R(T)-& &1aDEWLY)- &BOWEBIRi: &

10

15

20

25

—C(O)NRloRll, or 'SOz(cl'C4 alkyl), and
PROT is a nitrogen protecting group;
the process comprising:

A) reducing a compound of the formula

Os__OR,;
Z “N-PROT
R

with a reducing agent.

110. A method according to claim 109 wherein the reducing

agent is NaBH,, NaCNBH;, or hydrogen and a catalyst.

111. A method according to claim 110 wherein the reducing

agent 1is hydrogen and a catalyst.

112. A method according to claim 111 wherein the

hydrogenation is carried out at a pressure of from 1 atmosphere

to about 100 psi.

113. A method for preparing a compound of the formula
O
PROT-N R,

R

where
R is phenyl optionally substituted with 1, 2, 3, or 4 groups
independently selected from:

(A) Ci-C¢ alkyl optionally substituted with one, two or
three substituents independently selected from C,-C,
alkyl, halogen, hydroxy, thio, -NR;oR;; where R;, and
Ri1; are independently hydrogen or C;-C¢ alkyl, cyano,
trifluoromethyl, and C;-C; alkoxy,
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8&10% & ()- &10% & ()- sW: 1! 1 &10% & ()- &10% & ()-& &10% & () -

&10% & ()-& &10% & () - XX@1! 1& &10% & ()- &10% & ()-& &10% & () -
&10% & ()wGozmsss77 d e f pX<i1l 1 &10% & ()-& &10% & ()- §&@%6sts/ (o’
8&10% & ()- &10% & () - f SW: 1l 1 &10% & ()- &10% & ()- & &10% & () -
&10% & ()-& &10% & ()- !I"ITWX xX@1! 1& &10% & ()- &10% & ()-&
8&10% & ()- &10% & ()-&XIY! 111111 pX<: 1! 1 &10% & ()-& &10% & ()- &10% & ()- &
8&10% & ()- &10% & ()-!11111" "rjr<1l 1

(B) C3-C¢ alkenyl or C,-Cs alkynyl,
(C) halogen, hydroxy, cyano, Ci-C¢ alkoxy optionally

substituted with 1, 2, or 3 fluoro,

(D) -NR;2R;3 where at each occurrence R;; and R;; are the
5 same or different and represent:
(a) —Hl

(b) -C;-Cs alkyl optionally substituted with one of:

(i) -OH,
(ll) 'NHZI
10 (iii) phenyl,

(c) -Ci1-Cs alkyl optionally substituted with 1, 2, or
3 independently selected halogens,

(d) -C53-Cq cycloalkyl, ~{C;-Cs alkyl) - (C3-Cg
cycloalkyl), -(C;-C¢ alkyl)-0O-(C,-C; alkyl), -C,-

15 Ce¢ alkenyl, -C,;-C¢ alkynyl; and
(E) C3-C; cycloalkyl, -C(0) (C;-Cy alkyl), -80,NR10R11,

-C(O)NR3oRy1, Or -S0,(C;-C4 alkyl);
R, is:
chloro, bromo, or
20 -Si(Rz1)3; where each R;; is independently
C;-Cs alkyl,
-N(Rz3) (Rz4) where Rp; and Ry, are the same or
different and represent
C;-Cs alkyl,
25 or where NRj3Rz¢ represents piperidinyl,
piperazinyl, or morpholinyl,
phenyl optionally substituted with 1, 2, or 3 of C;-
C, alkyl, with the proviso that at least one of
the Ry groups is optionally substituted phenyl;
30 and
PROT is a nitrogen protecting group;
which comprises:

(a) forming a mixture of an ester of the formula
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&10% &F" *F(10%98& ()~ F *F(100MN& ()- LF *F(1090& ()- &10% & ()-&
&10% & () - " d#j #k#| #mes#svUsLl (1098 ()-* F (10%r (" & ()-

FLLL0% (B bdysstO(L10(10( F<10N & () F *F(1008(SE () SCHERigshypashi VU1
n(10%r( & ()-*F (10%,& ()-*F b(10%' & ()-* L (10% 7f& (

(109%r (6& ()-* (10% (& ()-*y%&n&& ' |[: vUasl! L(lO%r(f&() *F

P(109%& ()-*F B(10% #\ & ()-* Vs (10%p& ()-* M10%r(, & ()-* (10%r(

& ()-*rrirrry vl P 10% & ()-@F 10%& ()- @

F1099& ()-10"r( 10 r( 10 r(° F3<10%r( & ()-

Fy510% r (" & ()-' ((o((()|[:vUALl . rjloa0oh $& ()-&F rl 90%& ()-&F >

| #109H& ()-g F | #1098& ()-g 4 | #1098% () lg Fl%loo & ()-)c)*b***=+|[: vU4L!
. |1 9%40%& ()-&F wel YA0%& () - W %4.0%& () - &

W Y09 ()-& | YA0YR $&& ()- &=+E++++, , yX6vUaLll |21 9409 () - &
 Ff19%40%& ()-& V[ Yd0%& ()-& | Yd0% ()°

& YA0YBE ()-& 11 AOYREE ()-& ., ., -M{-rD1 & 3%0%R& ()-ML 3%0%& ()-M
) S(Vd.Oo/Mhe(r)e-lM F' 10084 () FO10084&' ()-& 1OV 10VWV 10MWN ---.1..*/|[:r Q01 &)
V@ (#100 - ltyag/g/%/ - Fy"1098&' ()-g FpnPdO%& ()- F&LOW& ()-
394 0%&! /§FFFF 60006F 2@ 1 10%/10%0% FY<1098&' ()- Fsy/ %d0%& () -

sy/ (V&OCV@>& ()hs Y, Y& 0% DK, éﬁtlcﬁqéim%iﬁxﬁmls&ﬂd}ﬁ MBIhdDogen;
B(1o%m& ()-4« oof%& % ? 0(10% (& ()-4 (10% ()-4 F' le%M(l\/&%

FL10% (W& ()\1T12752P3P3FFMaBL 10 "940%G & ()- ~(10% (& ()-4 O(10% (& ()-4
\(10% _( & ()14 101@Hetiy)) obtQCHRINE CiAt3R3e3CUAI: MEL nkQ ro,

G'" 90N (N& ()- {"9A0%& ()- "9d0%R ()- GC'UL0MN'N& ()- 1’ "UH0%Y& () -

"4 0%A&' () - 445E5K aéﬁ@ﬁé’[ﬁoﬁbl%’fnom & ()-10M (MLOM_ (l\/[LOM (M

F<109M (M& ()(134d0%1 (o8t (dnh11v34Ub0% €&l fon }) 1 w1th nitro,
34" 10%& () - f[5k5ms| 55546 [ : bU41 F res9d0%:& ()- s9400

SYL0%IVU& ()- F! sTE%egen)- FPYemiE ()- @ F 10% & () - @166667A73(/)7|[ bWl F
@4 OV SUA0%' k& ()- sU0v@ @ ()- FsYdO%&
resgg./OO%& ()Eéﬁ{%mg%[e)r bWl F Y- (10%& ()- Y- (1098 '3 & ()- Y-

(1098 '3 & ()Rz 1sya5(ggg%§gd(§bove, and
X? is -Br or -I;
(b) adding a strong base having a pK, of greater than
about 30 to the mixture from (a);

15 (¢} acidifying the mixture of (b).

114. A method for preparing a compound of the formula
O
PROT-N R,

R

where
20 R is phenyl optionally substituted with 1, 2, 3, or 4 groups
independently selected from:
(A) C;-C¢ alkyl optionally substituted with one, two or
three substituents independently selected from C;-C,
alkyl, halogen, hydroxy, thio, -NR;oR;; where R;, and
25 R1; are independently hydrogen or C;-C¢ alkyl, cyano,
trifluoromethyl, and C,-Ci; alkoxy,
(B) C2-Cs alkenyl or C,-C¢ alkynyl,
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ZzY- (10998 ()-  "X%40%: ()-99999#93999vU41 ** (10%r (D& ()-g
FI(10%r( & ()-g F' 10%r( & ()- F910%r( & ()-10' 10' 10’

FY<109% & wWp098dssd? : 1, ; | [ vU4l * wodO% (& ()-F 4j YA0%Nr ( Ngchushiizsor
SUL0%Kr (X& ()-F rod0%& ()- r0%0mN & ()- 9O0%& ()-:;:;4<B<<|[:vUdl *
9*94.0% % & ()-F 9*9409%4Z1& ()-F 9M 10%Sr (S& ()-yF Fp! 10% T# & ()-y !
109 ()-y | 10%& ()-y< = =O= ====|[:-410"r( * FI<10%r( & ()-F

FL6! 10% (" & ()--F FL6!10% ~ & ()--F F410%r( & ()- FF93s10%r( & ()-
>89* Y4 0T ( X&' () - =====>>>bA410°r (" * F FI 10%(s& ()- Fl 910%(s& ()- .
T10% % & () --(@ 10%(eger() - -hydroxy, cyano, C1-$C5 al(k)oxy k$c:>L%%/ionaéLll(§)/
FL1096(S& ()-10"1 (4001 {, 3Qee>>>2c2] [ L AAL1Q) r{ % $10%& ()- F 5 s& ()-
r$10% & ()- $10%& ‘?‘?8@1%6 q‘>(”5l-t}(rf\" '10%2 é”i)Dg ﬁJ]'J"‘»é?g‘%'@@)[:A410‘r(‘*

Y+3(10%r&' () - (DI+3(UBRARER whera$ BIUE@HEh ( pecu@Bt0¥®@( 78: ( pndF 'RLQ%@ies e

Ff#10%(s& ()-S_ @B o) 10 F9109 8& ()-10s(s10s(s10s(s

F<10%;(g&' (§) [Y+W%§%¥%%(3M . ?%‘%n"\ Y+3(10% (

& ()5AB_BgBBB(| [ : bla10-1 ° ~) 10%1)3&'8()- ~)10% & () - t&iO%F&(f&llg)/&S A&~% )10%3
:3 & ()- "J~)10%) & () -~ F . "L109BJ) 8& () - ; “ag- 109 () -
} & 10(()/31)&' ()2 F&- igfa)é)'a%-'&-aQﬂ%%ﬁﬁﬁ@maﬁymﬁo%§1EHE?3 wi B oRe B0 Pt

~) 1094) & () - DDDEEECE] [ : 4 100iF, 9&5! 10%& ()-g B30%A0%' ()-U 3094.0%/& ()-U
FS/ 109%83) 8& () - @ 10%) & () - 109888& () - CEEEEEEEEFVU410 3F k) 10%)) & () -)
Fl 1098J)8& ()- F9! 1098H9% H=108J) 81087) 8108J) 8 F<1098J) 8&' () -

$+&5! 10%)) & () - gFFBGGGGH {1 v hyt F k) 10%.& ()-)F OF k) 10% & ()-)F F
K)10% & ()-) F k) 1090) & ()-) eF K)10%)& (}-) AF k) 109 3

& (FO)YH HHPI 1 11| [ - A 10FCpralkyl’ optiona substituted with 1, 2, or
3 independently selected halogens,

(d) -C3-Cg cycloalkyl, -(C1-Cy alkyl) - (C3-Cs

cycloalkyl), -(Ci-C¢ alkyl)-0-(C;-C3; alkyl), -C,-

C¢ alkenyl, -C,-C¢ alkynyl; and
15 (E) (C3-C; cycloalkyl, -C(0) (C1-C4, alkyl), -SO,NR310R11,
-C(O)NR1gR11, Oor -S0,(C;-C4 alkyl);
R, is:
chloro, bromo, or
-Si (Rz1)3 where each R;; is independently
20 C1-Cs alkyl,
-N(Rs3) (Ray) where Rp; and R,, are the same or
different and represent
C1-Cs alkyl,
or where NRj3Ry, represents piperidinyl,
25 piperazinyl, or morpholinyl,
phenyl optionally substituted with 1, 2, or 3 of C;-
C, alkyl, with the proviso that at least one of
the R,; groups is optionally substituted phenyl;
and
30 PROT is a nitrogen protecting group;
which comprises:
(a) forming a mixture of an acid R,-CH,-COOH and a base,
(b) treating the mixture of (a) with an ester of the

formula
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halogen, or cyano; and

(IV) benzyl optionally substituted on phenyl with
10 nitro, halogen, or cyano;

(c) acidifying the mixture from (b).

115. A method according to claim 114 wherein, the base has

a pKy 30 or greater.

15
116. A method for preparing a compound of the formula
O
PROT-N R,
R
wherein
R is phenyl optionally substituted with 1, 2, 3, or 4 groups
20 independently selected from:
(A) Ci1-C¢ alkyl optionally substituted with one, two or
three substituents independently selected from C;-C;
alkyl, halogen, hydroxy, thio, -NRj;gR11 where R;q and
Ri1 are independently hydrogen or C;-C¢ alkyl, cyano,
25 trifluoromethyl, and C;-C; alkoxy,

(B) C;-C¢ alkenyl or C,-Cs alkynyl,
(C) halogen, hydroxy, cyano, C;-C¢ alkoxy optionally

substituted with 1, 2, or 3 fluoro,
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(D) -NR;;R;; where at each occurrence R;; and R;; are the
same or different and represent:

(a) —Hl
(b) -C1-Cg alkyl optionally substituted with one of:

(i) _OHI
(1i) -NHj,
(ii1i) phenyl,

(c) -C1-Cg alkyl optionally substituted with 1, 2, or
3 independently selected halogens,
(d) -C3-Cqg cycloalkyl, -{C1-Cs alkyl) - (Cs-Cg
cycloalkyl), -(C;-C¢ alkyl)-0-(C;-C; alkyl), -Cy-
C¢ alkenyl, -C,-C¢ alkynyl; and
(E) C3-Cy cycloalkyl, -C(0) (C1-C4 alkyl), -S0,NR10R11,
-C(O)NRjpRy1, or -80,(C;-C4 alkyl);
R, is Cl or Br;
and
PROT is a nitrogen protecting group;

which comprises contacting a compound of the formula

O

PROT-N
X4

wherein
X; is chloro, bromo, or imidazolyl;

with LiCH,Cl or LiCH,Br.

117. A method for preparing a compound of the formula

0

PROT-N
X,

wherein
X, ié chloro, bromo, or imidazolyl;
R is phenyl optionally substituted with 1, 2, 3, or 4 groups

independently selected from:
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(A) Ci-C¢ alkyl optionally substituted with one, two or
three substituents independently selected from C1-C3
alkyl, halogen, hydroxy, thio, -NRiyR;; where Rio and
Ry are independently hydrogen or C;-Cs alkyl, cyano,

5 trifluoromethyl, and C;-C; alkoxy,

(B) C;-C¢ alkenyl or C,-C¢ alkynyl,

(C) halogen, hydroxy, cyano, C;-Cs alkoxy optionally
substituted with 1, 2, or 3 fluoro,

(D) -NRi:;R;3 where at each occurrence R;, and Ry3 are the
10 same or different and represent:
(a) -H,

(b) -C1-Cs alkyl optionally substituted with one of:

(l) _OHI
(ll) "NH2I
15 (iii) phenyl,

(c) -Ci1-Cg alkyl optionally substituted with 1, 2, or
3 independently selected halogens,

(d) -C3-Cy cycloalkyl, -(C;-Cy alkyl) - (C3-Cg
cycloalkyl), -(Ci-C¢ alkyl)-0- (C1-Cs alkyl), -C,-

20 Ce¢ alkenyl, -C.-C¢ alkynyl; and
(E) C;3-Cy cycloalkyl, -C(0) (C;-C4 alkyl), -S05NR10R11,

-C(0O)NRjoR11, or -S0,(C;-Cq alkyl); and
PROT is a nitrogen protecting group;

which comprises

25 contacting a compound of the formula
H .O
N
PROT OH
R

with thionyl chloride, phosphorous trichloride, oxalyl
chloride, phosphorous tribromide, triphenylphosphorous
30 dibromide, oxalyl bromide, 1,2-phenylenetrichlorophosphate,

2,4,6-trichloro-1,3,5-triazine or carbonyldiimidazole.
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