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THEL VRO QlsTh | AVARTS 98 gl Ages Lo the use of novel i fdiorg

der i vat Fres <6 ting di séases associated w th cysteine protease-and,

"particularly, diseases associated with activity of cathepsin S, K, and B.

15 This invention also relates to processes of making such conpounds.

BACKGROUND OP i nn | NVENTI ON Cyst ei ne~pr ot eases represent a cl ass of

pepti dases characterized by the presence of a cysteine residue in the

catalytic site of the enzynme- Cysteine proteases are associated with the

normal 20 degradati on and processing of proteins. The abeyant activity of

cysteine proteases, for exanple, as a result of increased expression or

enhanced activation, however. may have pathol ogi cal consequences. In this

regard, certain cysteine proteases are associated with a nunber of disease

states, including arthritis, atherosclerosis, enphysenma, o0steoporosis,

nmusgul ar dystrophy, inflammation, tunor invasion, glonerulonephritis,

peri odontal disease. nmetachromatic | eukodystnphy and others. 25 An increase

in cathepsin activity such as, for exanple, cathepsin 5,-contributes to the

pat hol ogy and/ or synptomatol ogy of a nunmber of diseases such as, for

exanpl e, antoi miune disorders, including, but not limted to, juvenile

onset diabetes, nultiple sclerosis, penphia s volgaris, Gaves' disease,

nyast heni a gravis, system c |upus erythenotasus, irritable bowel disease,

rheurmat of d NeWER/cohMrouMbd RN CEIPOSIEONS A EL AR SN RiliniTaRsC" deT S

I ncl uding but not limted to, asthm, and al l'ogenel ¢ 1 mmune responses,

including, but not limted to, organ transplants or tissue grafts.

Cat hepsin S is al so . inplicateghEibvoehs@d@ason NvVol vi ng excessi ve

(e g - emphyieticinfe it Rl ? St R, ol R Peaf iR Se eoaitasi i
and  bvishefieine protepsecndpriticilety, dismlses assckinedeithdctivitydif salpein S, E aod B. pl aque
r ypt urm%ﬁwﬁgﬁ%w io‘?mﬁ@%ﬁuﬁ%oﬁ ed in fibril formation and,
t herefore, inhibitors of cathepsin may De of use in treatnment of 35
system ¢ anyl oi dosi s. AMENDED SHEET 21107/2(105+ nQ7 fl ni i WO
2005/ 040142 PCT/ US2004/ 035332kcrotmblef raEinvikitin Of , for exanple, cathepsin B
'n synovi alC)IséexlillL grolteg.seg repre énlt:?c Qsts | peleatlid.ea\s/eastclelagaé.wqized by the presence of a ¢ysteine
residue in the catalytic site of the enzyme. Cysteine proteases are associated with the nommal
20 degradation and processing of proteins. The aberrant activity of cysteine proteases, for example, as a
result of fucreased expression or enhanced activation, however, may have pathological consequences.
In this regazd, certain cysteiné proteases are associated with a number of disease states, including
arthritis, atherosclerosis, emphysema, osteoporosis, muscular dystrophy, inflammation, tumor
invasion, glomermlonephritis, periodontsl disease, metachromatic lenkodystrophy and othexs.
25 An increase in cathepsin activity such as, for example, cathepsin S, contributes to the
pathology and/or symptomatology of a number of diseases such as, for example, autoimmune
disorders, including, but not Yimited to, juvenile onset diabetes, multiple sclerosis, pemphigus valgars,
Graves' disease, myasthenia pravis, systemic jupus erythemotasus, imitable bowel disease, sheumeroid
arthritis and Hashimoto's thyroiditis, allergic disorders including but -not limited to, asthipa, apd
30  allogeneic iinmune res]ionses, including, but not limited to, orgen transplants or tissue grafts.
Cathepsin S is also implicated in disorders involving excessive elastolysis, such as chronic obstructive
pulmonary discase (e.g., emphyseimna), bronchiolitis, excessive airway eastolysis in asthroa and
bronchitis, pnevmonities and cardiovascular disease such as plaque ruptare and atheroma. Cathepsin S
is implicated in fibiil formation and, therefore, iphibitors of cathepsin S may be of use i teatment of
35  systemic amyloidosis.
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osteoarthritis nmodels (F. Mebraban Ann. Rheum Dis. 1997; 56, 108-115).

Simlarl ywoefshgasin Kis a critical protease in synovp@us2004/035282
fi brobl ast-nedi ated col | agen degradatiomn (W S. Hou (et al.) An J. Pathol.

2001, 159, 2167-2177). Thus, inhibition ‘of Cat hepsin B and K, for exanple,
is a useful nmethod 5 for the treatment of degenerative joint diseases such

as, for exanphg actffly e drlekdnidid, %am@in@n&yﬁbvm fluahd sagzﬁmﬂay élWatﬁXﬁW' e,

| eads to inhihition of bone resorption § q%‘; ﬁ]ip (§ ,ﬂ w&{l

M ner al ostrgagtmsoRasi i, Maaign i heg e - o SHgti relérstigk Bfor e,
useful fQfical tebgeqﬁt;;rﬁeﬁm fbkoblR6iedped S(ﬂlagen debratifiok (WWE, Hbu feha.) k. J1 hat

cat hepsi nﬁlﬁﬁ r%ortant role in E‘P@i radatl on of cqnnective

ti ssuest? Zggné?gaﬂ P 168 Hivsaepifign §Beﬁ‘?ﬁ Ka i epanpley i sy W@m"dfhey
have begs thdWplatredt SlicfdheraBd Jﬁﬁpﬁﬁﬁﬁés%ucﬂﬂésﬁﬂé@fnpﬁy&iebms BrREERIR | S,
enphysema, viral infection, cancer netastasjs neur odegener ative

di seas e #hitifiens, fos examgnje, epdadp inbibiancof bancrAsprpyoR (¢ tS(StﬁEP @t degdsenepdiperal | v,

i ncr eas gds. 2001, 86 £1589-17465 A MRPS K inhibitéts W] BerbRfe, RRAN G ARAFatnRMt & t h
pot enti al therapeutl c targetsS, such as cat hepsin K or cathepsin L for

ost eopoPBEIETsHd cat hepsin S for i mune nodul ation (W Kim K.  Kang. Expert

15 Opin. Thefjs Bﬁwnﬁ%%ﬁtﬂagcaﬂﬂ%ﬁnﬁﬁg})am oht4If FoRSinGhd dRGadtidaRBLdnkktioE B
acti vi tz}scontrl butes to the hol / or syr’r%t]onatol ogy of a_numnber of

di sas e Essupss s memegiioy of I?%mcéwre@mﬁ aﬁ“ﬁ?ﬂ BPtessitge fheydpye o maplicatst Hepsi n

pr ot eas gsiadRrdd %&m@&ﬁ&@ L ARRsHchiEs %ﬂ@nys%nh NifalafetticRas 4B tmedstaiyl G
di seases. SUMVARY OF THE [NVENTION 20 In one aspect of, the present

i nvent i BfrrodegRsEiNeIdissares. Sﬁmﬁ%@ﬁét&‘*%ﬁﬁ?ﬂ Huntingopt,digias i engé’t incEpasgd of

cat hepsirerst ifbathidpih Hnididhs ﬁ'ﬁ‘&e@geﬁ&ﬂaﬁéﬁ%%o@ﬁhﬂ @myélﬁcea& ets, E{ﬁhl&s caﬁmpgn |
RAH NSA._ O m wherein 25 Ais of 443 R3XXX5
K or cathepsin L for osteoporosis and caﬂlepsmS for immune modulatlon(W Kim., K Kang Bxpert

15 Opin. Ther. Pat. 2002, 12, 419-432). Anincrease in cathepsin K or B activity contributes to the
pathology and/or symptomatology of a sumber of diseases. Accordingly, molecules that inhibit the

activity of cathepsin protease are useful as therapeutic agents in the treatment of such diseases.

SUMMARY OF THE INVENTION
20 In one aspect of the present invention, compounds are provided that inhibit the enzymatic
activity of cathepsin S, B, and K and have a stricture of formula (I):
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WO 2005/ 040142 PCT/ US2004/ 035282 -3- X1 is nethylene, ethylene or a bond;
X2i s CN, &a@w@@w& C(O) C(O NR7R7 C(O) C(O) NR7R8,  C O Bddhnssas: -
C(O C(O OR13, O) CH2X3R13; X3 is selected fronthe group consisting of O,
S(On, CO CONH, NHCO NHS®2 and 5 SOZNH, X4 is CH(R12) or CH(R12)-CH2; X5
is nethylene, ethylene, propylene or a bond; X6 is a bond or

(C1_2)a] kyl eng;. i.s_H - 1. R13S(0)2- , R130C(O) - , RBR7NC(O) -,
RBR7NS( O) 2-; E?OIS %@‘g}&%ﬁ@%%%‘m%sq ONS(O2-; or RL is selected from
the group congistingrol (ko BD@COPNR'RT CROIRDIRTRSACKY)I(ORS) al | cyl

het er o( C5- 12) cycl oal kyl (CO_6) al kyl , (C6-"12)a Yl (CO 6)al kyl and

het er o( ChoiRDyon 1Y, @ofdai*3r13; each of which is optionally substituted by 1
to 5 radicals independently selected froma group consisting of

(CL_4) al kyl , 33 hectddd ot thb oty Gmkistrigtod e 8(HGICE)GONKY, NHEXANRSGYand - X60R9,

- X6SR9, -X6C(0O) NROR9, -X60C(O NRIOR9, -X6C(0O) O0R9, -X6NC(O) OR9, -X6S(0O) R10,
15 -3X6SEOpNRI0 and - X6C(O R10; R2 is selected fronthe group consisting of
hydr ogen, (Cl 6)alkyi<,§ é§3- ?&cycloallcyl(CD_G)alkyl,

het er o( C5- 12 p&ie CHARIE) by @@%h Hgyl , (C6-12)aryl (CO_6)al kyl or
hetero(CB-lZ%%{yl(épé6)géggl; Rgﬂis sekee}ed fronthe group consisting of H,
(C1_6) al kyl , A a3methylens ey PIODGCIB) 04 2 pgld; 20

het er o( C5- 12) gv.cl pal kyl al kyl, (C6-12)a yl (C0_6)al kyl

or het er o( C5- fﬁ?g C%E % optionally is substituted by 1 to 5

radi cal s i ndepe d f r I SLi (C1-4)al kyl,
Cyano.. hal o, hal B BLsteT dte S et SRe R RS koR RSy “oske.

- X6C( O = = X6 0 - X6NC(O) OR9, - X6S 10

68 0 TR R SR G ) st R g pyo P T R ¢ aken
t oget hegc i hbycdafiy® Bl phbefhaltglchy RatpRinde Bhadice, giatipthiar o form
(C3_8)c9%":%?iileneéggg?%g_S)hg?%ﬁgéﬁéﬁgg¥l?y ene?qﬁgﬁ?g(kP%%P%%r R5 is

( C1_9) ahdtytbo(Cs( Gar3R) 6. yrlkob, ekt df @hich)iadiphaily substituted by 1 fo 5 radicals independently

het er o( C3- 12) cycl oal kyl (CO. 6) al kyl, (C6-12)aryl (CO_6)al ky1,

het er o( &fectedfemya prio@Dcdm}istingyof (&pphlkyippanghalo] halssubstitutediiCydy) 4yl -%OpRERS,

radi cal s i ndependently selected froma 8roup consisting of (Cl_4)alkyl, WO
2005/ 04GROUIRPCROERD,0BACUBERERY, -XA0C(ONRIRY, -XO0C(0)ORY, -XONC(0)OR?, XOS(O)R10,

15  -X6S(0)R10 and -X5C(O)R10;

R2 is selected from the group consisting of hydrogen, (Cq_g)alkyl,
(C3.1)eyeloalkyl(Co. g)alkyl, hetero(Cs_13)cycloalkyl(Co.glalkyl, (Cg.1aryl(Co.g)alkyl or
hetero(Cs.12)aryl(Cy_g)alkyl;

R3 is selected from the group consisting of H, (Cy_g)alkyl, (C3_12)cycloal'ky1(C0;6)aJkyl,

20 hetero(C5.12)cycloalkyl(Cy_g)alkyl, (Cg-12)aryl(Co_g)alkyl or hetero(C5_13)ary1(C0_'6')alky1
optionally is substituted by 1 to 5 radicals independently selected from a group consisting of
(C1_a)alkyl, cyano, halo, halo-substituted (C1.4)alkyl, -XONRIRY, X60RT, -X6sR?,
XOC(O)NRIR?, -XﬁoC(O)m9R9, -X8C(0)OR?, -XONC(O)OR?, -X63(0)R10, -X65(0),R10 and
_XGC(O)Rlo; - ‘

25 R# is H or (C1g)alkyl; or R and R# taken together with the carbon atom to which both R3
and R4 are attached to form (C3_g)cycloalkylene or (C3.g)heterocycloalkylene;

R3is H, F,or R is (C1-g)alkyl, (C3.12)cycloalkyl(Co_g)alkyl,

hetero(C3-12)cycloalkyl(Cp.g)alkyl, (Cg.12)aryl(Cp.g)alkyl, hetero(Cs.13)aryl(Cq.¢)alkyl each
optionally substituted by 1 to 5 radicals independently selected from a group consisting of (Cy.4)alkyl,




cyano, hal o, hal o-substituted (Cl-4)al kyl, -X6NROR9, -X60R9, -X6SR9,

- X6C( O 1 X60C( O) NROR9, - X6C(0O) OR9, - X6NC(O) OR9, pr¥arbk

- X6S(0) 2 5%4021(%66(0) RIO: R6 is (06-12)aryl, heterolCo 13@§5§%8§md hal o
substituted (Cl-6) alkyl; wherein R6 i4-optionally is substituted by 1 to 5
radi cal s i ndependently selected froma group consisting of 5 (Cl-9)alkyYil
(C3-12)cycl oal I cyl (CO_6) al kyl, hetero -12)cycl oal kyl (CO-6) al kyl ,

( C6- 12) ayayib,(vald, Bebubytimted ecfﬁ)dmx%y}éﬁé,l -Ef%lé,)-aﬁ%ﬁﬁ;xé?@lﬁﬁ% 0,

hal o-substituted (Cl _6)allcyl, -X6NRQR9,. - X6 - X6SR9, - R9,
60 lé):iﬁéﬂ%;ﬂ%@@k%@ﬂ@@@% XOS(OR IO, K65 ORIV and SIS,
_X6S(O) R10, - X6S( O) 2R10and- X6C(O R1O, R7 is H, (Cl- G&al Ilg%'l . 6

(C3- 12) cycl oRPlis(1gmB) hetks(Cs.1 parsd s et substityfed GarR o¥ylemheriBaf, 10

(C176) apleptly RREFGHEA Ry L5 SOt BRERPTap e Sisieaiopit ggiebofil 2 201 oy o

i nd%peng@{] )lm(?,}sgiﬁ &R1IKONT {6 31k1 hetero(@. gheyelpalliyi(Cq.galkgd al kyl , cyan, hal o,

hal 0- subs '?tu ’eg (%2_4%@‘% Eé(GNRQ%ﬁ}-;;&%{@, -g%%?gbﬂ m}%(%g(@%%%%]d

- X6 ! , O ! H0-E -

SO RS 0 Sehet B Lorin S SRR B

C3 12 ) \ 6 ; ’

Ecejlzg ar |{)oomg§?é k_?;l@%ﬁéh kel %@- (13)5ry| ( Co- G?al kyl , ar)Ry and R8

t oget hlerx%( Rt hie §F(§)ﬂfat c'ﬁe@cg I;orm (C3_g) cycl oal kyl ene or

C3_ 8 Ii . 9 - Ik

éccgr ? e'nﬁf{{ %g)égég‘%ér%iﬂquf@3{(19%??‘%%??&3@%%?;4&?3&?9‘1g@%'d@fﬂcg? &%) al kyl
- i 6 - i i R7

conbi st (g T eaeh Eeptei o Rimfo Dol SpbRas i St bd G Skl ubslin R

het er o 05'1% a‘ﬁ¥ & DBl dfOr 8)53hdiduls indep&imidmtlyaeiskteddiRbifi h gtdup lconsisting of
hetero(&o- aryl (Q0_6)al’kyl, (C9_12)bicycl oary (CI%— 3éal l% | , hetero(C8-12)
bi cycl o %ﬁﬁ@L@@b,IWMale—sﬁ@m&;@@(:ﬁ) FONRIRS BPORT3X é{l&) OR13,
-C(O)N(S%/ , ~C(SYN(R7)RS and - S(O 2N RQSR& Sé? is Hor.ClL 6al kﬁ/ff

opt | onaLXSCERIR, UXenCINRRRY X OCCIOR2) KENCIORBDerdp EBRIS) B OR Pent
hetero(C5_12) cycl oal kyl or hydroxy; R13 is (Cl_6)al kyl,

( C3- 12) cybd@orkyl (CO_6) al kyl, hetero(C3-12)cycl oal kyl (C0-6) al kyl,

(Ci5) ol kyl Ripscetoh Srghe G AFTiGRaRT U (3-SR, (oA MR i et s

Ihg? o h $%$LM1(%&%%5?éé‘ff)%%mgﬂ%@g‘?rg&ggiﬁs!'ﬂ%)%ﬁ%%fo 142

R d00m e o e eors, 50 NGRS, ;5 S L el O 5
RY at each occurrence independently is hydrogen, (C;-g)alkyl or halo-substituted (C1.g)alkyk

R10 s (Cy_g)alkyl or halo-substituted (Cy_g)alkyl;

20 R11 is selected from the group consisting of hydrogen, (C1.9)alkyl,
(C3.17)cycloalkyl(Co.galkyl, hetero(Cs. 12)cycloalkyl(Co-ghafkyt, (Co.12)ayi(Co-galkyl,
hetero(C5_13)aryI(C6_6)alkyl, (Cg_12)hicycloary1(C0_3)a]ky1, hetero(Cg.12)-bicycloaryl(Cq_3)alkyl, -
C(OR13, -C(SIR13, -S(0),R 13, -C(OYOR13, -COINRT)RE, -C(SNRTIRE and -S(O)NRHRE;

R12 j5 H or C.galkyl optionally substituted by amido, (Cg_12)aryl, hetero(Cs.1p)aryl, .

25 hetero(Cs.1p)cycloalkyl or hydroxy,

R13 is (Cy-g)alkyl, (C3-12)oycloalkyl(Co.galkyl, hetero(C3.1g)cycloalkyl(Co.-glalkyl,
(Co.12)a17(C.g)alkyl, hetero(Cs.13)aryl(Co.g)alkyl, and halo substituted (C1.6) alkyl; wherein R13
js optionally is substituted by 1 to 5 radicals independently selected from a group consjsting of
(C1.q)alkyl, cyamo, halo, helo-substituted (C1.4)alkyl, -XSNRR?, -XB0RY, -X6SR?,




-X6C(O R10; and n is zero or an integer 1 or 2; and their correspondi ng

N- oxi des,w@%sh jd prodrugs, and their protected deri gl y&gesdsgdkVi dual 5
i soners and m xtures of isoners thereof; and the pharnaceuti ca(ly

acceptabl e salts and sol vates (e.qg. hyfltirat es) of such conpounds of Formul a
(la) and their N-oxides and their prodrugs, and their protected

acpect oRGIRNBIL CRE0 o) BRTRY xR B HERR 0RO Pt g™
backbone,¢ g.ures of Formulae 11, IIl, IV or V, wherein subl-sub8 are
gener al %u@@# %‘i’ﬁes. The specific 10 substituents at sub |- sub8 are not

part of thi saaspecd agfini¢deel bsyenti on and can be any cheni cal groups or

radi cal s i.ch ma e bsiituted at .those, position referred to.as

! anor nAnd e rRnigs N e i Be prodin ard rn gt Rbd GUbah e Paae rade
pgsﬂ bl @oﬁy:saﬁymmf mndﬁmaﬁlmmw ]glre phytmA ey tiEHEw atRPIbIO kg ia@c‘p‘soll\ﬁ&‘s’@d.g?ped in
the future. s,. for t rpose .S icatjon, "general .

subst i tﬁ%‘ﬁ?t?-g“g%wlhﬁ?n@g?%é’?%’%ﬂ%@ &F‘iﬁ%‘féﬁ%ﬂ“ﬂ% PRPdrEssefrddkelt he cl ai m
an th he}srotebﬁﬁﬂﬁiw&&s,ggyviﬁﬁa%ﬁb@ﬁ?ﬂs a A Ehi GBS THROS; ughergug, 15 ungnown at thebti nme
of the iInvention, su S ~[FF F X~.F X.sub4 ub4 sub3--, H N ~su
sub,,,, HN iﬂf&ethefo%@ecgfef”a& TUEGE inYeptiqn, fhegnveqtiye spbiect fatier s the packporg, 4

subs-, , kirdstusesBS Fértlap IT, 1M1, DA VOvBaidif sty Bfibd-hrpsishil subkthGents| Yhobpedfid n yet

anot her aspect of the invention, the inventive subject matter includes the
bacdRbon&bstgpeniset tibe- g Rematpage! this aspict of theinpeutiph fuslren beeany\wherhicyd gpwipaer

_S g bstit P&%J%glg wﬁltch %n%? ]bé gu"l‘)?i?thtcg gtrthc;[ SQ lea oditiont 8‘%%1‘1’%%0 %(s) Qg%éigrélosgﬂé)l s%ttulzgsr’l’ ]%?ezlga(.)fé{')? 35282
including those substitutions made possible by any conventional means or by any new technologies
developed in the foture. Thus, for the purpose of this application, “general substituents” do not serve as
a claim element or limitation of the claim and they themselves may be novel and non-cbvious, or

15 unknown at the time of the invention.

sub, sub,
L /kF
F 1 F
1 X
X ?ub A Tub A
sub N sub,
SUbS\N N\Sub1 ] S\N 7< 5
H | H
0 Osubl subg
1 I
sub,

sub,

' LF 2
x~ _F J<F
ub, O ! Tul;
sub N 4 N
) 7% s AN A
' . Osub! sub, H 7<

7
Osubl  subg

v v

20 In yet another aspect of the invention, the inventive subject matter includes the backbone

structure of Formulae IL, III, IV or V together with popular substituents at suby-subg. For the purpose




of this application, "a popular substituent” neans a chem cal group or
radi cal Wg&bﬂogﬂm he time of the present invention, @091,03%8@ nary
skill the art y using the specifig substitutions disclosed

her ei nafter as gui dance, woul d deem prdctical to substitute at sub 1-sub8
wi t hout undue experi mentation in practicing the present invention. 5 In

still anot. %{P BBk 395 1&@@0shn&ﬁ'n£1e&@achéiﬁcA@yoePuM@lc@mﬁcattﬁ@&ﬁﬁfm@

i ncl udes structures of Formul ae i or V and specific
subst i tm&nntsn@nm peoplt of exdataryikilap ﬂf&taﬂs%‘Fs%JWP“Fﬁ"eSﬁbW fisclessBst i t uent
di scl osgd. 1, ﬂp}%%ﬂﬂﬁt&%ﬂ%‘p@@h&@%éugst&% 8865 vBod und¥dr ti cul ar

subst i t'uent he purposé of the present application, a particular
subst i tdigdmentation RiGiricteing the phegent inabmin. Ser ves as aclaim limtation and

may_confer patentabilit the cl aipby i .seI wth the
backbone 10 @F?]ﬁﬂqﬁ?ﬁéasﬁg%ﬂgm i OPﬁg‘%)X“s’a g?ﬂ en scfﬁglrgesn%aba%ol hitions:
Unl ess @hfierkeybtmratlaé BAIL Ther ¥ aid @wmmtmtslmmsadmetcheﬂameubﬁwu’@g T and
clainms are defined for the purposes of this Application and have the

f ol | owi sperificoshstitepnt disdiosedningtles paesert applisatiends refreadity as HipagticElar Byt ndehs an
N- oxi df}h%}ﬁﬁ#&é@%f € profenfd ngﬁéausn, 2QEFe M du¥ e, &&s&e&m@b ARk \eBiivkd/Ra ol

I ndi vi ure I somers, or a pharnaceuti cal ly acceptable

sal t orlingiblomang, mforfcosfai phtetshiliaenctbe olate by itssld opie combigation it %iaﬁﬁkbf’an due

experi Rh &Ml hepligi nary skill in the field. "Acyl" means
Rﬁ- ”E-H&Q}eaﬁ)%@{%&%groug‘{%nn whi ch the al kyl group is as described

here| n. 20 "Acylam no" is an acyl-NH group wherein acyl is as defined

her ei n. eﬁtﬁ%y nmeans an al kyl-O group in which the alkyl group is as

descri bed herein. Exenplary al koxy groups include allyloxy,

di f | uor omet Hénlsss othettigssiatedt the followingderms ksed inthy é@@f!ﬂcamﬁ%ﬁm arq defpghoxy,

b ! @l kyl - O CO- whi ch
Pheugfﬁféﬁtﬁgﬂug&@%sAggﬂclégﬁ% ahmrm!f 155R0 SncRingl KY group in whic

pi1s as scri 25 herein.” Exenpl ary al koxycarbonyl groups
i n¢$ ude et Hmhtednhbtec%emwf@@nwomw ﬂﬂNé’Eﬂé%‘FﬂaEYF» BP9fiEe| f  neans a

SUT A1 O DD ARG R AL %gfmﬁmmaﬁérua e ofikarRAB L} £phabdliogRlhavi ng

t he nunber o on at ons i ndi cated (C1-6)al kyl |ncI udes ngt hyl,

et hyl , qome@py]e salt omba@p;f lsaid mmgqund P‘F PICP@‘ES’O‘I{H]W‘ unglys SXpeFiFpsAtatiog F’Yuy |,

al lyl, 0 , l-butenyl, 2-butenyl, 3-butenyl,

2- met hﬁ aﬁ?eﬁﬁ ydfﬂﬁ?ln%ﬁ? ?ﬁpropyn 2-propynyl, and the li ke). Al kyl

represent ed ‘a@y}amrmg m&-ﬁoamﬁﬂlﬁéﬂqwiupmw eh@eﬂkﬂﬁq‘“ﬁ%ﬁ‘%ﬂmﬁl}“%ans a
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" Alkoxycarbonyl”" means an alkyl-O-CO- group in which the alkyl group is as described

A.-

25  herein. Exemplary alkoxycarbonyl groups inclnde methoxy- and ethoxycarbonyl.

" Alkyl" represented by itself means a straight or branched, saturated or unsaturated, aliphatic
radical having the numriber of carben atoms indicated (e.g., (Cg.g)alkyl includes methyl, ethyl, propyl,
isopropyl, butyl, sec-butyl, isobutyl, fers-butyl, vinyl, allyl, 1-propenyl, isopropenyl, I-butenyl,
2-butenyl, 3-butenyl, 2-methylallyl, ethynyl, 1-propyayl, 2-propyuyl, and the like). Alkyl represented

30 along with another radical (e.g., asin aryla]kyl) means a straight or branched, saturated or unsaturated
aliphatic divalent radical having the number of atoms indicated or when no atoms are indicated means
a bond (e.g., (Cg.12)aryl(Cp.g)alkyl includes phenyl, benzyl, phenethyl, 1-phenylethyl
3-phenylpropyl, and the like). It will be appreciated by those skilled in the art that when alkyl
represents an upsaturated aliphatic radical such radicals may not be attached directly to an oxygen,

35 nitrogen or sulphur atom via the carbon carbon mmltiple bond of said unsaturated aliphatic radical.
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optionally substituted partially saturated mmlticyclic aromatic carbocyclic moiety in which an aryl and

a cycloalkyl or cycloalkenyl group are fused together to form a cyclic structure, such as a

25  tetrahydronaphthyl, indenyl or indanyl ring. Except where otherwise defined, aryl groups may be
substituted with one or more aryl group substituents, which may be the same or different, where "aryl
group substituent” includes, for example, acyl, acylamino, alkoxy, alkoxycarbonyl, alkylenedioxy,
alkylsulfinyl, alkylsulfonyl, alkylthio, aroyl, aroylamino, aryl, arylalkyloxy, arylalkyloxycarbonyl,
arylalkylthio, aryloxy, aryloxycarbonyl, arylsulfinyl, arylsulfonyl, arylthio, carboxy (or an acid

30  bioisostere), cyano, cycloalkyl, halo, heteroaroyl, heteroaryl, heteroarylalkyloxy, heteroaroylamino,
heteroaryloxy, heterocycloalkyl, hydroxy, nitro, triflnoromethyl, -NY- 3v4, -CONY?’Y‘I‘, -SO9NY 3v4,
—NY3-C(=0) alkyl, -NY3802a1ky1 or alkyl optionally substitnted with aryl, beteroaryl, hydroxy, or

-NY3Y#(in which Y3 and Y4 are independently hydrogen, alkyl, aryl, arylalkyl, cycloalkyl, heteroaryl
or heteroarylalkyl; or the group NY3Y4 may forma cyclic amine). Exemplary optionally substituted
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cyclobutyl, cyclopentyl, cyclohexyl, cyclohexenyl, 2,5-cyclohexadienyl, bicyclo[2.2.2]octyl,

25 adamantan-1-yl, decahydronaphthyl, oxocyclohexyl, dioxocyclohexyl, thiocyclohexyl,
2-oxobicyclo[2.2. 1 hopt-1-y1, and the like). It will be appreciated by those skilled in the art that when
cycloalkyl represents an upsaturated cyclic ring assembly such rings may not be attached directly via
the carbon carbon multiple bond to an oxygen, nitrogen or sulphur atom.

"Cycloatkylene" means a divalent saturated or partially unsaturated, monocyclic ring or

30  bridged polycyclic ring assembly containing the pumber of ring carbon atoms indicated, and any
carbocyclic ketone, thioketone or iminoketone derivative thereof.

“Heteroaroyl” means a heteroaryl-C(=0)- group in which the heteroaryl group is as described
herein. Exemplary heteroaryl groups include pyridylcarbonyl.
"Heteroaroylamino” means a heteroaroyl-NH- group in which the heteroaryl moiety is as

35  previously described.
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described. Exemplary heteroaryloxy groups include optionally substituted pyridyloxy.

25 "Heterocycloalkyl" means cycloalkyl, as defined in this Application, provided that one or more
of the ring carbon atoms indicated are replaced by a heteroatom moiety selected from -N=, -NR-, -O-
or -S-, wherein R is hydrogen, (C1.g)alkyl, a protecting group or represents the free valence which
serves as the point of attachment to a ring nifrogen, and any carbocyclic ketone, thioketone or
iminoketone derivative thereof (e.g., the term hetero(Cs.19)cycloalkyl includes imidazolidinyl,

© 30 morpholiﬁyl, piperazinyl, piperidyl, pyrrolidiny], pyrrolinyl, quinuclidinyl, and‘ the like). Suitable
protecting groups include terz-butoxycarbonyl, benzyloxycarbonyl, benzyl, 4-methoxybenzyl,
2-nitrobenzyl, and the like. Both the unprotected and protected derivatives fall within the scope of the

invention.
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25 carboxylic acid {1-[1 -(3-cyclopropyl-[1,2,4]oxadiazole-5-carbonyl)-propylcarbamoyl]-3 ,3-difluoro-
hexyl}-amide is meant to include morpholine-4-carboxylic acid {(S)-1-[(8)-1-(3-cyclopropyi-1,2,4-
oxadiazole-5-carbonyl)-propylcarbamoyl]-3,3-difluoro-hexyl}-amide and morpholine-4-carboxylic

=!
b

acid {(R)-1—{(R)-I-(3-cyclopropy1-l,2,4-oxadiazole-5-carbonyl)-pmpylcarbamoyl]—3,3-diﬂuoro-
hexyl}-amide and any mixture, racemic or otherwise, thereof.]

30 "N-oxide derivatives" means derivatives of compounds of the present invention in which
nitrogens are in an oxidized state (i.6., N-O) and which possess the desired pharmacolo gical activity.

"Pharmaceutically acceptable” means that which is useful in preparing a pharmaceutical

composition that is generally safe, pon-toxic and neither biologically nor otherwise undesirable and
includes that which is acceptable for veterinary use as well as human pharmaceutical use.

35 "Pharmaceutically acceptable salis” means salts of compounds of present invention which are

pharmacenutically acceptable, as defined above, and which possess the desired pharmacological

1
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%?ghgfgﬁ% ig;ldg g&g@%:ai;@ p}{ 2 oiﬁ:ca?irdb]%gBXML acid, cygopcn 1L 8:091%111% Wi %ﬁgfcgﬁc ?cﬂg

(R -1- [I(yB)wclacéﬁia%M@bdﬂQ Ihﬁ]b)ﬂc—aﬂ:l.dZSuéeImK adi a:ﬁa’hlcaela, mﬂcma@gtlﬁ:mmmyll weadranoyl | - 3
, 3-di fl'uor o- . hexyl } - am S,?e@ﬂigf m xt Tace 290 g%dhe&t\glﬁ Eacid Nereof . ]

30 5N oeidieitrisedcidy beQie aoid. g4y "%?EV é’%‘n%?m Fuisds e preésent

| nvent i QinyIh1oRicGBid, m@m&aﬂs adid, & ,2-gthaaediaionil zaad, Eh)a]tm{yéthamslﬂfoﬂc @idand

whi ch possess_the desired ar oIo I Vi t |y

accept APECTHEINE a¢ifhpr chém?@ﬂz P id ?ﬁaﬁ‘}%ﬁ"’d @%ﬁ%@“ﬂ

CONPOSi fcd0 ParkyhdisulfénidRNE aaﬁelﬂyylts@‘cb[z Dot Degiecl - alrhiamlm :Ici'de glubuhqbtggc ead.l y nor

ot herwi se undesir.abl e_and es th S.acce erinary

use as eimetydensbipd iyEiesy- ?rﬁﬂ% g‘?ﬁyhﬁ aad %ﬂmﬂ?ﬁﬁp % ac@t %Iﬁ%lﬁag%gégtdabl e

salhs" HRARDuSMctE £ld, RRPAIRHS a0, phkedendd, ightarnit had hpfdosyapltinic acid,

phar maceutically accept abl e, W%’g(ﬁi d above, and which possess the

desi r ecSaitHAF AEEGEBET 8Sd DRHEPEY) ®PCT/ US2004/ 035282 -11 activity.
Such salts lﬁlﬁhﬂ&@u@ﬁﬂﬂa@é@bﬂdmaﬁi ihcudebasad ditivh kel mmcgama:e &indéwherch as
hydr ochl ori ¢ aci d, ydr obr, o&] C -aci d sul furic aC|c sl TLIC ta%f’ezgdr amc

phos phoieidic RefoBs PrEseat %f‘l’l?PF"?lﬁ Tegng ivith INgTegIiR PF TR RH G suc A4S daceti ¢ acid,
pr opi Ontba‘ées%dlﬁhe sB@¥ANQd6xias Isﬁhmzhembcaﬁm pbtaanﬁb,hy&pﬁdapﬁrmﬂmhxﬂwpdmdc aci d

I I d, ct
Talibc. chsim e, e A e o e GO e g DAL

benzoi cygdathmifs, (mbNdgiasiemae)ikenzoi ¢ aci d, CI nnam C aC| d, mandelic
acid, nethyl sul fonic acid, et haglﬁ,‘iul fonl aC| t,‘{%’tﬁanedl §u| fonic acid,

2-hydr oxyet haelus’ fesspta capgund, é“r‘?@gm N&?ly OlC mEans

p-chl or %@Eﬁ@%rﬁs@ﬁ Mvent@Bi Gor e?cmﬂ%? i Ewdraﬂesaiﬁﬁoaﬁu of skt inventionl commiemglaf oni
aci d, canmphorsulfonic acid, 4-

| bi | | - b |
aci d, ghdeast &pup Ay bﬁé‘i”d’efﬁb]&bﬁhy ﬂf/ing C O&‘(@Wb‘i’@?ﬁ%ﬁﬁ%’aﬁﬁ% r O)(%y: Fc

ac 'Zg) amaﬁlgbﬂn@ro@ St Ewéﬁbﬂ cotdinif®ei Eb}fﬂ)cﬁk?@fduﬁ n@agibe conit@rnb}arby Ihy.dirylys.ls m
butyl acetic acid auryl sulfuric g}gﬁ!d ni c amdﬁtg fam c .a

l.uc
hydr oxyﬁatpmthmpaéenaew&wle sSHitable psters ol qogpods gk FresentpYPtin con i Hine A kY ‘%Xd the
li ke. PHBEIMCEH debible hcMGERIAR, BelRl, titiitbs taiohaty delhasaliaddes i on sal ts

whi ch y Be forned when acidic pr ot ¢ r] %égﬁ(irare %m@géle of reacting
With i NEFPRieRAtes, %ﬁec%?t@‘aﬁ‘iﬁéf%s‘é@e“%c@%tﬁ%r it ph FESAE ude sodi um
hydr oxi ﬂﬁ]u onRREl &P fbﬁ{o?ﬂﬁﬁlét% R {1R8 fonktes, Bt&iﬁi{eaﬂfoﬁﬁes, atzefiennlfonktydr oxi de and 15
cal ci um hydr oxi dé. Acce tab e organic baseﬁ f' ud t hanol

ni,ne
di @hamﬁdm@%lff’%tqse‘i% Sy iepifarentes apg GHRA R & AP % HPRESNd t he

like.  invention containing a carboxy group are, for example, those descnbed by E.J.Leinweber, Drug Metab.

Res., 1987, 18, page 379. An especially useful class of esters of compounds of present invention
containing a hydroxy group, may be formed from acid mojeties selected from those described by
Bundgaard et al., J. Med. Chem., 1989, 32, page 2503-2507, and include substituted (aminomethyl)-

30 - benzoates, for example, dialkylamino-methylbenzoates in which the two alkyl groups may be joined
together and/or interrupted by an oxygen atom or by an optionally substituted nitrogen atom, e.g., an
alkylated nitrogen atom, more especially (morpholino-methyl)benzoates, e.g., 3-or
4-(morpholinomethyl)-benzoates, and (4-alkylpiperazin-1-yl)benzoates, e.g., 3- or
4-(4-alkylpiperazin-1-yljbenzoates.

35 “Protected derivatives” means derivatives of compounds of present invention in which a

reactive site or sites are blocked with protecting groups. Protected derivatives of compounds of




"Prodrug" neans a conpound, which is convertible in vivo by netabolic neans
to a COyRPMRSoRhaPresent invention. For exanple an estipnho@goapound of
present invention containing a hydroxi?group may be converti bl e by
hydrolysis in vivo to the parent nolec Alternatively an ester 20 of a
conmpound of present invention containing a carboxy group may be convertible

by hydr pleyst Sivédfion ¥le\iSe£1Gn %%rd@%ﬁ&ﬂof@&hﬁﬁﬁbseof pridbr ARG AL S{tﬁen%favﬁso unds

of pr esent invention containi ng a h rox group, are or exanpl e ace at es,
ci t r at eBe adtixeeathensin S duyRitosy e“scoﬂa?aefhewa‘teé@ of swtabletnsefecting gfovpd can s found in

ropi on C I t
Pr opi ONEVeSGresHd CRLRBARGrol s BRI B Syﬁﬁbﬁaﬁﬁ%&nﬂ% M%F%oyﬁ%t L Inc., 1099,

hydr oxynapht hoat es, gentisates, |sethionates

met hyl sul f onaisEpentically Féteeive SRR s meass i baract Wb‘ﬁhtvélgﬂ adiginistered to an ammal

p- t gl uepeaEliheRaiase, 14:%%&&11@@&@&'&&%&%%%9%%&63 Suitable esters of
compounds of present invention containing a carboxy group are, for

exanpl e, t hoSEeaaEt PHEeRtgG" Joaps pry Wﬁonfwgwmpmd of thRgeesent iEFion18,
page 378dimnuaespeci al ly useful class of esters of conpounds of present
invention containing a hydroxy group, may be formed fromacid noieties
sel ect éd) f r OFFFYeRRESLE discass e oprpring i enpsiipal Whichanay be predispesed Grbadiset @89, 32,
page 25Q@aR59%, 364 bty o flod SEpRATRALY) zoates, for
exanple dlalkg:g%?ﬁo nethyP%gnz&gtesgf% Whi ﬂ%f&g%ng%P groups may be
j oitfied @} ogethiBiing e iseask i avanimsl &t ip grpsriensiog ge fisplaying e pﬁ-’?"legyomptl onal | y
subst | tsllg}ﬁ@ﬂuﬁt {d29 9 the Afs0Td b MR re

especi a (m)or phol i ﬁo nmet hgfgﬁeﬁ?%at es, .io%gle]gtléfh%%&wﬂhomwﬂn

4- (nDrﬁW@PUHB Pj - benzoates, and (4- alkylplperazin 1-yl ) benzoates, e.g.,
3- or &y (4-aekivhigigE &3 Qeﬂaaﬁ'aﬂxﬂﬁﬂﬁeﬁ% es’ means
derlvaﬁlves of cgqéign sabf present |nve ?Fgﬁn%E?%&#%ﬁ#@%mﬂ%@%{?&vg site or
sites aVErigrBlesy onthe fiseasest @ e+ foiikysing be paholegyrndior snptendtelegydves of
cogpounds of WO 2005/ 040142 PCTI US2004/ 035282 -12 present invention are
useful .in the preparation of conpounds of present invention or in

t hens e NSRRI be active cathepsin S inhibitors. A conprehensive |ist of
sui tabl e pr omeeiiind @' PRSeh BeRBa AT GRRE ching & oups
|n Organi c Synthégﬁg 3?3 eédltleon11 &Hﬁ aﬂﬁ%¥§§3 nmﬁm&%é e

" Ther apéppiaten 4f‘§/ﬂf€ﬂlﬂﬁé’é; eqeordangesdUP A avles thamﬁla‘—mpnin wikicIcthe chatveteristic

adm ni stREehvt Qe AR biidhty £ L icient to

ef f ect %gugh tvr eat n%ln?bf ortytée tﬁf{ogé%%gﬁhﬁ}%léggﬁré dws gctlrlacaS{ers Jaﬁsegtﬁs any
adfl ni Sicmetivl, mecamemﬁwﬁ ganpsd bwrfelt@fc@sfba@qﬂnmdnfmuoarsgswm Inegie §For (1)

preventing.the dise m ur.r i mal may be predi sposed
to the %Ia“gbéas eom%"ﬁlflga’gfé’?“ﬁ%p? ngire’ﬁkpgsr @gms_g %{bgﬁYle%{r H%?ﬂﬂﬂlﬁ dgy or
synpt omat ol ogy of the di g8, 10 (2) inhibiting the disease in an ani nal
that is ex e i.encin §<pI ayi ng Bge patht{ogy or ~synptomatol ogy of the

di seas@§tyl, R& is H gpd ssus f ur +in@hich is & antl (%2 ip@(DHBP oipgre ROAS Dr
'R R

cyclopropyl-1,2,4-oxadiazol-5-yl; that is, a compound having the following structure:

LS|

Hin

25 is named morpholine-4-carboxylic acid {($3-1-[(5)-1-(3-cyclopropyl-1,2,4-0xadiazole-5-carbonyl)-
propylcarbamoyl]-3,3-difluore-butyl }-amide




synpt omat ol ogy), or (3) aneliorating the disease in an animal that is
experi engidsho9ha0dsSP! ayi ng the pathology or synptonat gJeq@ys0f4a55@2 di seased
(i.e., reversing the pathol ogy and/ or ?énpt omat ol ogy). 15 Nonencl at ure:

The conpounds of present invention and'fhe internediates and starting
materials used in their preparation are named in accordance with | UPAC

rul es of no cl I e A lo3td Se JHav easi ng
priority foﬁgﬁ“iearﬁéﬁu}é%%gc%r fﬁ%f%: e gr{:)u gfsldx%gﬁgg%s%a??ad%ugtg@ ers,

ani des, fetmla 202 Abmechiirs seahey if thehsbruduifoumds amd the noamredatoy naue efdom 4. 0

Beil stein |nf ' or mul a
(1) whesisorient PR bf B Ble3 BBl bt tkene RO v P YRl ™ 2
is Hand A i §hé viriops feptureh pCiovElgy wWhicleeasakterifRghd igvadtiamare ydinfed C(O) R6 where R6

e 7 of PGP PREDR be b GG pmli a pl Pl e B RORRAURA V! 1O

mor phol understandimg loHthy iriventimoj ith operating advantages, and specific objects attained by its use,

{(S)-1-[(:S)-1-A3:cVvC opYL - adl - - -

b opyi cArBRiRE PR by A O B Ble Aot e 035252
- 13 Howpreérred ietnbodmentditlst ipemitiblhat , for a particul ar conpound referred to
by both a structural fornula and a nonenclature nanme, if the structural
formul a and the nomencl ature nane are inconsistent with each other, the
structural fornul a t ZEEsILEhPERIRETEHEOTIREFREFERREEMBORIMENER ur e nane. The
various featuy.es_of nqvel i C ri | i.on are pointed 5
out with par W@ﬁf}%rcﬁeyo?oﬁ&%ﬁ\gﬁéﬁ%eh@ggjﬂﬁéﬁé3Feﬁ’3}d§ﬁ%}é}é]r%r%‘lﬁ%g a part of this
di scl osure. For a better understanding of the invention, its operating
advant ages, and specific objects attained by its use, reference should be
made to the FormEgwemigHladsErieset BRI N ch there are illustrated and
described preferred enbodi nents of the invention. 10 DETAI |, ED DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS Wth reference to fornula (1) above, the
following are particul ar groupiQgs XI may.particularly represent

metWyl ene. A may particularly represent wherein: R3 is H, (Cﬁ,lg)aryleég_@alkyl or (Cq.

R R

6)alkyl optionally substituted by -XOOR? [in which X is a bond and R? is (C1_g)alkyl); R4 is H or
(C1-galkyl; and X2 is CHO, CN or C(O)RO [in which RS is betero(C5_13)aryl optionally substituted
by (Cl_g_)a]kyl, (C3.12)cycloalkyl, (Cg_1o)aryl or hetero(Cs_q3)aryl).

0

20 A may also particularly represent % wherein X7 is propylene and R1l5s
S

K~ N\
it

-C(0YOR13 or -S(0);R13, in which R13 is alkyl or (Cg.19)aryl.
R! may particularly represent R13C(0)- in which R13 is hetero(Cs_y )cycloalkyl.
25 R1 may also particularly represent R130C(0)- in which R13 is (Cg_12)aryl(C1_g)alkyl.

R1 may also particularly represent (C1-g)alkyl.




15 A may particularly represent C' \ wherein: R3is H,

(C6-12)a q%@ yl or (- - RW6)alkyl optionally $¢qaidbidfe8sspy - X60R9
[ n whi c# F[EQOSJ‘ ond and R9 is (Cl %al kyl]; R4 is Hor (Cl-6)alkyl; and
X2 is CHO CNor C(OR6 [in which R6 I hetero(CS 13)aryl optionally
substituted by (Cl-9)al kyl, (C3-12)cycloal kyl, (C6-12)aryl or

het ero( C5-13haryl . arly represent wherein X5
is propyl en?ld:ﬂ% akfff lﬁ%lyﬁeprégf@m%l{%gé%%g& -S(O 2R13, in which RI3 is

al kyl or (C6-12)aryl. R nmay particularly represent RI3C(O) - in which R13
is hetero(C5-,12)cycloal kyl. 25 R may al so particularly represent
R130C( O - i RAuviyqhartiRilady spe@dt H2) aryl (Cl-6)al kyl. R nay al so particularly
represent (Cl-9)al kyl. WO 2005/040142 PCT/ US2004/ 035282 -14 RI nmay al so

particularly represent hetero(C5-12)cycloal kyl. R2 may particularly
represent H; Smafmma@ﬁ ﬂﬁ{@llgyaﬂ;ﬁpr esent (Cl-g)alkyl. R5 may al so
particularly represent -12)aryl (Cl-6)alkyl 10 Particul ar Genera: A

particul ar group of conpounds of the invention are conpounds of Formula
(la): RS 1IF.F RAN N, /CHO H/ wherein R1, R3, R4 and R5
are as hereﬁﬁﬁ@ﬂéﬁ@Pﬁﬁgﬁﬂﬁﬂﬁﬂﬁwgﬁﬁ6ﬂﬂ@§axad?5%§ponding N- oxi des, and their
15 prodrugs, and their protected derivatives, individual isoners and
m xtures of isoners thereof; and the pharnaceutlcally acceptabl e salts and
solvates (e.g. hydrates) of such conpounds of Formula (la) and their

xi des an LI drugs, and their protected derivatives, individual
i s]g)r’re ?’ﬁ{nxc@a Gf%cr%

rs and ures
A particular g:oup of compounds of the invention are compounds of Formula (Ia):

(Ia)
wherein Rl, R3, R*and RJ are as hereinbefore described, and their corresponding N-oxides, and their
i35 prodrugs, and their protected derivatives, individual isomers and mixtures of isomers thereof; and the '
pharmaceutically acceptable salts and solvates (e.g. hydrates) of such compounds of Formmla (Ja) and

their N-oxides and their prodrugs, and their protected derivatives, individnal isomers and mixtures of
isoners thereof.

20 Compounds of Fornmila (Ia) in which R is R13C(0)- and R13 js hetero(C5.17)cycloalkyl are

examples. Compounds of Formula (Ia) in which Rlis o N-—C (Q) - are particular examples.

Compounds of Fornmla ({2) in which R3 is H, (Cg.12)aryl(C1-g)alkyl or (Cq_g)alkyl are examples.

Compounds of Fornmla (fa) in which RIisH, @'CHZ—CHZ— or CH;-CH;~CH;~ are

25  particular examples.




mi‘g@né#/éa{mof 20 Conpounds oEEﬁQWQUa) inwhich R is R13@(3@4?9§1?@45

w:ﬁelrfla%‘ﬁen%erb‘sw o TR L o ot oo Compo B Tbi Botbui a

-(la) in mhlch |s H (C6-12)aryl (C1-6)al kyl or (Cl-6)al kyl are exanpl es.
Conpounds$” of ..Formula (la) in which R8is H QcH2-cH. or CH3 CH3 CH2 are
25 par tix cuI .ar exanples. tnfi d ()4/ 08200 ~ DESCPAMD; US 04796294 JUL.
21: 2005;, 1- 59’?M AVENTI S US PAT DEPT NO. 6977 P. 12 45- (:oiapounds of
Formul a{1a):iri-which R4 is Hor nethyl ate exanples. Conpounds of Formul a
(1a) i neoppoadus BBFdrl 08y i whith R (B onsadiel bre df@pR¥%anp| es.  Conpounds of
Fornul a.¢C1a) in which R5 represents / \ CI|2 are particular exanples. 5
A parti cuI ar group of conpounds of the invention are corrpounds of formula
(1a) i noopbpotidds ofHorming (FYES Ghich RS §s (10 t - ). RBisit’

( C6- I2)é§§?(€1 6) al kyl (especi al ﬁg@?@h@mc¥ﬁﬁﬂé (d. 6)a|ky| (especially
CFl- CHZ CH), Rd" is Hor nethyl and RBF™jS (06 V)atyl (C1_6) al kyl
(especi@bipyuddsﬁnanﬂﬁaaa)fiﬂﬁvlﬂaERSﬁ@fekén&u ' J-oufr-0f ar pifienin Ssmplest he

i nvention ate conpounds of Formula (Ib)%=—RO F"Rt Ncw H O RR _ (m
wherein R1. R3, R4 and R5 are as hereinbefore described, and their

corf espondi ng. N-oxi des, and their 15 prodrugs, and their protected

d f h
ohar raceut 1 BAPRG R oEPRIR oD8 el Pt PR DELE i ¥ 1"

conmpounds of Formul a. ( nd their N-oxides and thelr prodrugs and their
pr ot ec R3¢y EajsbMBs 0 | NdIN--eY8) - NSRIBIEE ( gm[ Wkspedilyner s t her eof .
20 Conpounds of Formul®_(1A) in which R |£gdq - and R13 is

het er o(C3_12) cycloallcyl are exanples. Oorrpounds of Formula (lIb) in which
R is O are particul ar exanpl es.
CH;~CH;- ) o (Cpgally] (especially CH;-CHy-CHz— ); R4 is H or methyl and K3

is (Cg.12)aryl(C)_g)alkyl {especially CH2_ ).

A further particular group of compounds of the invention are compounds of Formula (Ib):

o4
F

F

10

H"\N N o
N T K,
(b)
wherein R1, R3, R% and R3 are a5 hereinbefore described, and their comesponding N-oxides, and their
15  prodrugs, apd their protected derivatives, individual isomers and mixtures of isomers thereof; and the
pharmacentically accepteble salts and solvates (e.g. hydrates) of such compounds of Fonmula (Ib) and
their N-oxides and their prodrugs, and their protected derivatives, individual isomers and mixtures of

isomers thereof.
26 Compounds of Formula (Ib) in which R? is RI3C(C)- and R13 is hetero(Cs_yp)eycloaliy! are

examples, Compomnds of Formula (ib) in whichRlis 0 N—C{0) - are particulas examples.

T TR
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@&%W@EET 291071 2006 =nQ7 ﬁ?Eﬁﬁfﬂ"i’ t)tel):04/() /200 i S g47aeR94.
T e e SRR B BB Wi ch R 1 5 13 (Co- I Al (e dfann oyl

or (Cl-6)allsyl are exanples. Conpounds of Fornmula (Ib) in which R3 is H,
or CHCHZ :'.Ha are particular exanples. 5 Conmpounds of Fornula (Ib) in
which R4 is Hor nethyl are exanpl esiS8&onpounds of Formula (I1b) in which R5
is (C{-12a yl(Cl all.yl are exanples. Conmpounds of Foxmuha (lb) in which
R5 represents rV cfiz-are particular exanples. 10 A particul ar group of
conmpounds of the invention axe conpounds of formula (Ib) in which: R is

o Y o e mfin AR b e g0 C o RE MRty i TS

(C~-12) Myi (C1- 6) at kyyl (especrally ! -_5 A further partrcular group of
CONPOUrCeapaindk BEFHAME (Ib) iR Whidh 83 ndé\ Egzm@g_aog.lf@_c Rber.E N
nyén”l?@ o>cn .

TH ~ Rs RR 0 AMENDED SHEET ?23, 07}2 ;
__enrn n nmo WO 2005/ 040142 PCT/ US2004 035252 -16- (lc) wherein R, R3,
R4, RS paigulmesammesas her ei nbef ore described, and their corresponding

N-oxi des, and their prodrugs, and their protected derivatives, individual
isonmers and m xtures of isonmers thereof; and the pharnmaceuti caIIy

accept QQ@DMQ@O@&G@WM{EMW%@@)@B; such conpounds of Fornul a
(Ic) 5 and their N-oxides and their prodrugs, and their protected
derivatives, individual isoners and m xtures

~ Compornds of Formula (@) in which R is (Cg._12)aty}(C)_g)alkyl are examples. Compounds of

Formula () in which R? Iepresents CHz— are particnlar examples.

10 A particular group of compoumds of the invention are compounds of formula (Tb) in whick: R1

: /N
isRI3C(O)- (especially 0. N—C(0) - ); R3 is H, (Cgyp)aryl(Cy.g)alkyl (especially

@—cn;cnz— ) or (C1.g)alkyl (especially CH3-CHp-): R? is Hor methyl and RY is

(C6-12a7K(Cy. alky] (especially Q-—CH_;- >

15 A further particular group of compounds of the invention are componnds of Fonmula (ic):

F
F
H
R\N E
AMENDED SHEET ’21107/20@5
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of isoners thereof. Conmpounds of Fornula (lc) in which Rl is R13C(O- and

R13 is hw@m@@gmgg) cycloall cyl are exanples. Conpoundsg9fisofddssisa (1c) in
which R 1Is C (0) - are particular jéanples. 10 Conpounds of Formul a

(Ic) in mhlch R3 is (Cl_6)al kyl optionaPly substituted by -X60R9 [in which
X6 is a bond and RO is (O _6)al kyl] are exanples. Conpounds of Formula (Ic)
in which R3is CH3 CH3 , CH3 CH3CH2 ong}B O CH 2 are particul ar exanpl es.
15 Conmpounds of Formula (lc) in which 2 is Hor nmethyl are exanpl es.

Conp O:J n q‘?mfg,;n g IRVI’):'thj{ﬁ ﬁ(ﬂ &) RP Are 2dMAéreinb dﬁe idsschibel sndadang) n&f@gm?uﬂdss amf

Formula (l[c) in ich RS is (Cl y)al C6-12 6)al e

exanpl edheir Repdpes g Shedrproteqt 38“%%83 %ﬁ% %ﬁn 2 @ﬂ%@%ﬁﬂ?@’%i&%ﬁﬁ%ﬁﬁm%r

CH3 CHZ g pnbdric@fticAR a/ccebtaﬁié%mragd Povatds Calf. aawmate@rw k@b coﬁmayms;mga Eie); nul a
S. 0

(lc) in mhlch R5 represents, CH2 artl a

For Hl & 200 i Mpidsr B30 R FroomE, B¥ HCPROaStEd R AU Y RS G ety
(4 _9g) algkybmers tHe@od 2) cycl oal kyl , (C6- 12)ary| or hetero(Cs-13)aryl, are
exanpl es. Exenplary optionally substituted 25 het er o( C5- 13) aryl groups
i ncl ude optionally substituted benzoxazol yl, oxadi azolyl, isoxazolyl, or

oxa0L Y ConFBUPRHER gl FPRMIA0) SRS ipbet el
5- cyﬁlﬁprogyl Xadlaoxadlazol 2-yl, 5- C¥Clgﬁ:ﬁ§§L 1, 3, 4- oxadi azol - 2-yl,
5~ | sopr G5V KT QA bt

5-(5- nethyl-lsoxazol 3 yl ) -oxazol - 2-yl ,

5- (5; net hyl -t hi en- 2-yl ) -oxazol - 2-yl, oxazol -

y1, 3- phenyl - 1, 2, 4- oxadi azol - 5-yl, 5-phenyl - 1 2 4- oxadi azol - 3- yl

5-t hi op @ﬂ]p&'rrwls o%ﬁlﬁlla (3 il whidh- 11(3415 (C1.galkyl optlonally substituted by -X60R? [in which
trifluoronethoxy-phenyl)-1, 3, 4-oxadi azol -2-yl and the |ike, are exanples.
Conpoungs iof béraraa@RA i (05 )g)alkyil] asd¥zahpls Qosupbeniz ok EarohlaZicyin, which R3 is

3-cycl opropyl -1, 2, 4- oxadi azol -5-yl, oxazol -2-yl, are particular 5 exanples.
A partidﬂH;nCEgﬂa CHyf CEpTdgmas &5 @hEH;hvaswpirsilas eemetpounds of for nul a
(lc) inwhich: R is R13C(O- (especially O\ C(0) - ); R3is (d- 6)a|ky|
optional |y substituted by, -X60R9 (especially CH CH , CHTCHy CH or

OCHZ ); R4 and R5 Cl-9).al k Qr C6- 12 a T
(es’gﬁeu) Qomym;n%% ofggrmyla (lpin, & Vém 94) Oe‘,@ﬂeﬁl%' %fF?% ; ‘1? °fE%IHEJM‘%Ped by
(G - y)a%éy%ist§ﬁﬁs %%thalkyl hetero(C5 12) cycloalkyl (C6-12)aryl or

het er of (esp crally benzoxazol - 2-y|,
3-cycl opropyl - oxadlazol 5- yI oxazol -2-yl and 5-
met h I-|soxazol “3lyl - oxazol
Y Compounds of Fo¥ml?11a ({Ic) in Whlch R5yls 2C1_9)a1ky1 or (Cg.12)aryl(Cq_g)alkyl are examples.

Compounds of Fornmia (Ic) in which R represents CH3CHyCHp,or CH3 CHy or CH3 or

20 @'CHT are particular examples. Compounds of Formula (Ic) in which RS represents

Q—CHZ— are particular examples.

Compounds of Fornmula (Ic) in which R6 is hetero(Cs.13)aryl, optionally substituted by (C1_g)atkyl,

(C3.19)cycloalkyl, (Cg.12)aryl or hetero(Cs_13)aryl, are examples. Exemplary optionally substituted
25  hetero(Cs.13)aryl groups include optionally substituted benzoxazolyl, oxadiazolyl, isoxazolyl, or

oxazolyl. Compounds of Formmla (Ic) in which R6 is benzoxazol-2-y1, 5-tert-butyl-[1,2,4]oxadiazol-3-

1, 3-cyclopropyl-1,2,4-oxadiazol-5-yl, 5-cyclopropyl-1,2,4-oxadiazel-2-yl, S-cyclopropyl-1,3,4-
oxadiazol-2-y1 , 5-ethyl-1,3,4-oxadiazol-2-yl, 5-(4-fluoro-phenyl)-1,2,4-oxadiazol-3-yl, 5-isopropyl-




15 A further particul ar group of conpounds of the invention are conpounds

of For mubgy bdodbiorarR F F O NHO=N R (Id) wherein gdyudassydissh and X5
are as herelénbe? ore described, and th \? correspondi ng I\l-ox%%ges and their
es,

prodrugs, and their protected derivati i ndi vi dual isoners and m Xt ures
of isonmers thereof; and 20 the pharnmaceutically acceptable salts and

sol vat es %22%9 P(h Q)@ EI% f)soﬁfzol-s_ﬂ;glg LokA2 BIPA2 Hnsl 5- %mﬁ%{éﬂ‘b%’ lﬂéﬂ)ml-@fﬁ 6&3@1{2—

N oxi dé%™ eir dr u eir protected deri'vatives, 1ndividual

i somer y1,anthensls xm@c@dxamﬂ 5t3§,(ﬁ°fﬂ1693’1t1f?e4' eufiazgd-Poptipherdy-memldsdobd 035282
-15 CO?@JU %%% é]i’o%y ER%D?@ 1%, Ab i ok 5. 'aﬁthth@'hké SreRARH16d CoﬁBS‘mBQ—gf Fo?mula )

het ero yf" are exa Conpounds of Fornula (1d) in which
R i's \gwhich RO)s bendbkzoP3Hi, |3Qi§h16ﬁmﬁl&tﬁ}1—®ﬁzﬂaz@dﬂﬁmm2@ﬁ kopatibear( | d) in
which R5 is (C6-12)aryl (Cl-6)al kyl are exanples. Conpounds of 5 Formul a
(1) i s%&pRlesh RS represents Q CH are particul ar exanples. Conpounds of
Formula (1d) in which RR1is -C(OORL3 or S(O)2R13 in which R13'is al kyl
or (C6-12)aryl are exanple. Conpounds of Formula (1d) in which

r epr es enpatiouls SoQoiBaspeungs of thejnyyition pes cwpqqnéwféwﬂé&aa@ﬁl%gfh@dl rrpounds

of Formula (1d) in whi Xl is propyl ene are exanples. A particular group

of co nds of the iAvendi on are comp f for ld n h: R is
R13C( gﬁqg@@p@évﬁaimlxz OQFH/I&“‘(%O) - R 15?1%8" %ﬂ%ﬁ%ﬁ&m‘%‘i@r Q@UR@
(especially 15 CHzZ ) IS -C(O)O?lB [ especial ly- C(O)OC(CHB)B] or
-S(0)2R13 (especially -S (O y ) and Xl is propylgne aresexarrp

Par t i cuéspecidiyn@Bpmeig;of QHECHEeSEm oF SFENPT6 %zl AR L& angd R is (Cg Q)a]kyl or

nmor phol i ne- 4- car boxyl i c acid

{(9)-1-[(S)-1-(3-cycl opropyl - J;724- oxadi azol e- 5-carbonyl ) - propyl carb

anRyl ] _(éﬁﬁﬁﬂbfl(tlf%ﬁm %Iy"*lt‘jaﬂﬁ @ CHZ~ % RO s hetero(Cs_13)aryl, optiona]ly'
substituted by (Cy_g)alkyl, (C3_19)cycloalkyl, hetero(Cs.17) cycloalkyl, (Cg_12)aryl or

hetero(Cs.13)aryl (especially benzoxazol-2-yl, 3-cyclopropyl-1,2,4-oxadiazol-5-yl, oxazol-2-yl and 5-

mcthyl-isoxazol-?:—yl)-oxazole-z;yl).

15 A ﬁuther'particular group of compounds of the invention are compounds of Formmla (Id):

¥

X“N

\ (id)
wherein R, RS, R1! and X5 are as hereinbefore described, and their corresponding N-oxides, and
their prodrugs, and their protected derivatives, individual isomers and mixtures of isomers thcreof and
20 the pharmacentically acceptable salts and solvates (e.g. hydrates) of such compounds of Formula dd
and their N-oxides and their prodrugs, and their protected derivatives, individual isomers and mixtures

of isormers thereof,




nmor phol i ne- 4- car boxylic acid

{(S)-I-[ 2bsfosrngy Cl opropyl -1, 3, 4- oxadi azol e- 2- car bonyWors2004/035282
propyl carbanoyl | - 3, 3-di fl uoro-hexyl }-am de; WO 2005/040142

PCT/ 1JS2004/ 035282 - 19 nor phol i ne- 4- ch8boxyl i ¢ aci d
((S)-3,3-difluoro-1-{(S)-1-[5-(4-trifluoronethoxy- phenyl) 1, 3, 4-
oxadi azol e- 2- car bonyl ] - pr opyl car ba gg hexlﬁl% am de;

mor phol iQoepdursia phitsxpile @dkieivhich R is RISC(0) is hetero(Cs. 1p)cycloalkyl are
{(S)-1-[(S)-1-(3-cycl opropyl -1, 2, 4- oxadi azol e- 5- car bonyl ) -

propyl car banmoyl | - 3, 3-di f | uor o- 4- phenyl -butyl}-amide; 5

mor phol iexmnplesc@orbanypdsiof Feraiuth (1) in which Rlis o N—C (0) ~ are particular examples.
{1-[1-(3-cycl opropyl -[1, 2, 4] oxadi azol e-5-c¢c nyl ) - propyl car banoyl ] -
3, 3-di fl uoro-5-net hyl - hexyl }-am de; norpholine-4-carboxylic acid
{(S)-1-[(S)-1-(3-cycl opropyl -1, 2, 4- oxadi azol e- 5- car bonyl ) -

P OBy b bephy ) A S JRORELLEI i o1 o

ropyl car banmoyl ] - but yl } - am de; mpephol i ne-4-carboxylic acid

p

S)-3,3-difl | - Yy -1 4- di. azol b |
E)ﬁ o)ﬁyl cﬂ@%&%@“ﬁﬁ%&?“}f’“ﬁ @- hcﬁﬁznea?%aégécﬁl Eagxgalm cC:(rzl gn%/ )
1-
3

[ 1- (5-cycl opropyl -[ 1, 3, 4] oxad azol e- 2- carbonyl ) - propyl car banoyl ] -
, 3-di fl uoro- 4-phenyl - butyl }-am de; 15 norphol i ne-4-carboxylic acid
{3,3-difluoro-I-[1-(5-isopropyl -i soxazol e-3-carbonyl) -
propy| ceaLhabmmal be fexvh apRiviesh Rﬂdrlpltqby(m@r%cs{ V| iin Gvhaehi Bl 3 is alkyl or
((S)-3, 3- quoro | -{1-[5-(5-net hyl -i soxazol - 3-yl ) - oxazol e- 2- car bonyl ] -

propyl C?@W le) (@Hpeids BPFcﬁHﬁia|(131?m4w1ﬁc€1ﬂbﬂxrylbmﬁn@€ﬂ:@))0C(CH3)3 or
{(S)-3, | dor o- (S)-I1-(oxazol e-2-carbonyl ) - propyl car banoyl ] -4- 20
phenyl - butyl } /-— nor phol i ne- 4- car boxylic acid

{(S)-3, 3 hglrgﬂm{ 1((§)am;513§5 t hi ophen- 2-yl - oxazol e- 2-
car bonyl)~ 10 )o?pyl anoyl] - lgﬂtyl }-am de; norpholi ne-4-carboxylic acid

{(S)-1-[(S)-1-(benzoxazol e- 2-car bonyl ) - but yl car banoyl ] - 3, 3-di f| uor o- 4-
phepyl - butyl } -am de; 25 norphol i ne-4-carboxylic acid

[ 1- (2- benzooxazol - 2-yl - | - met hoxymet hyl - 2- oxo- et hyl car banoyl ) - 3, 3-

di f I uor Goﬁ:pphﬂmyﬂFdnmlyKl]i}lamhdéXlglpmﬂbnme Faggiepoxyl i ¢ acid
{(S)-1-[(S)-1-(benzoxazol e-2- car bonyl ) - 1- et hyl - but yl car banoyl | - 3, 3-
di fl uor o- 4- phenyl - butyl }-am de; norpholine-4-carboxylic acid

[

(') - 1- (o faktichtad ¥3RPo3oRPAMI offORYiof B8 aBbunds oF fetinfila ) i Whiphayik -

RI3C(O)- (especially O N—C (0) - ); R3 is (Cg1)aryl(Cy.galky! (especially

15 Q—CH; %: R11 is -C(O)OR13 [especially-C(O)OC(CH3)3] or -S(Q)gR13 (especially

-5 (0} ;—@ } and X! is propylene are examples.

Particular compounds of the present invention include:

20 morpholine-4-carboxylic acid {(S8)-1-[(8)-1-(3-cyclopropyl-1,2,4-0xadiazole-5-carbonyl)-
propylcarbamoyl}-3,3-difluoro-hexyl}-amide;
morpholine-4-carboxylic acid {(8)-1-[(S)-1-(5-cyclopropyl-1,3 4-oxadiazole-2-carbonyl)-
propylcarbamoyl]-3,3-difluorc-hexyl}-amide;




30. butyl]-am de; norpholine-4-carboxylic acid

[(S)-1-( e¥anREBidY - car banoyl ) - 3, 3-di f| uor o- 4- phenyl - byictdsadiodssis2
nmor phol i ne- 4- car boxylic acid

[(S)-3,3-difluoro-1-((S)-1- fornyl-l-msﬂﬂyl-butyl car banoyl ) - 4- phenyl -
butyl ]-am de; norpholine-4-carboxylic acid

5)-1-[1-(5-ethyl-[1 3 4 ol e-.2:- | carb 3,3- 35
G 11 uor Gvmphey L b S at HBPBHG ¢ AT b BB RbeS SRR ol
{(S)-1- biacﬁ&ok@tdaxﬁaﬁjay ropicatbalogKditicgiy-aiie3- car bonyl ) - propyl car bamoyl ] WO
ﬁg?gﬁgﬁ%ﬁg&?&ég@g&gg%a%iﬁgfl [(S?? (3- cjfc%opgcl)gy I;lpoxﬁlmgzofe@/carpolﬁwl }-am de;
é Egl)o ?Carc%gﬁnhﬁiﬂfl%]?ﬁb@lﬂyﬂo-d-pﬂeﬁﬁ)buﬁyi}(ﬁmﬁd&lenyl [ 1, 2, 4] oxadi azol - 3-yl ) -
TEAE Foybodid S C sylompmt Gt Sem R Bor PR e
?g;‘zy 4@thrf&?luore'i_ls-n%f-z'c]ly%]lmxyl}-a:rm:le1 t |

i fluoro en - pyI entanoi ¢ aci

cyanome ERyan °H?ﬁ‘ﬁ%afb£xéﬂ$‘) X"Hi éshi i"&}g‘? ?CTPE%“B’E? 'ﬁ 0#1%%2"{31’ 5 ny?rﬁpent anoi ¢
aci d cy?n%?ﬁ Yhoym, Sl@ifluoddWinpMOAide- 4- car boxyl ic acid
L(S)- 1 Bmphﬁl Pl u%cf@&ﬁhﬁ A AL RBR I S e DR IRV o1 s%arbony)-
(S) - {i,a, ﬂa_lﬂarﬁjgf]}praﬁrd[a( nor phol i ne- 4- car bonyl ) - am no] - 5- phenyl - pent anoy
lr.rg;npﬂg% p}%g%)éﬁ%er%gagazxg S l{S)C? 5 %.?fi(ﬂ% f[(g)qi-?fi %)]%5%1—Pi{&-%}liafaséglg-%;-carbonyl)-
((S)- I1 i,(o?lcgfbfrﬁ@]a;u@ﬂ-aﬁda 4- oxadi azol - 2-yl ) - hydroxy met hyl ] -
pr opyl car bamy 3-di f] uoro- he §i ne A&_car gd]am d
{(S)-i- HOI&%%F%WB@?% 13“2&5 54 %Gr Q}"gﬁa gl“%ﬁ%glﬁ”?rr")“ ony1)-propylcardimo
QL?SW{ ((:%gghlﬁmd,]; C@aﬁkgﬁl}gﬁﬁ@- butyl }- a:‘;I ggo :GL.\S nor phol i Ine: 4- car boxyl I C
pr oyl c & ‘}CEE ‘%/?y]é‘f q.lgﬁ)d"%?&%‘ﬂ ﬁzﬁfsagmf’ﬂﬁ%’?‘ﬁ’r?gerf &‘)Y]ear boxylic acid
((S) - 3, FedylchyhiliekfiPhmide] 5- (4-f 1 uoro- phenyl) 1, 2, 4- oxadi azol e- 3-
carbonyl'] -prop Icarbam) I%&)ut ),-.am p ne 4 f
((S) -3, soaplE- B&IPOXVhGlaOE T?F"é’HPfadlpﬂéﬁ% )me%@lsa"% g %8 oG _“V““
car bonyg yg{n}debutyl ) - am de; norpholi ne 4 carboxylic acid
((S)-3 3.f|uoro|

¢ar bo ny WWWE%PM%@FF‘} {(%ﬂﬁ §1 %&SPEZ‘P%‘T%T# ﬁ%‘bﬂly );P?'?Pé’ : %‘ yi]: O
{(Sy |- %ﬁéhguﬁlp_gmxazol e- 2-car bonyI ) - propyl car banmoyl ] - 3, 3-di fl uor o-
butyl} morphoﬁne 4-carboxylic acid {(S)-3,3-difluoro-4-plienyl-1-[(S)-1-(5-thiophen-2-yl-oxazole-2-
carbonyl)-propylcarbamoyl]-butyl }-amide;
morpholine-4-carboxylic acid {(S)-1-[(8)-1-(benzoxazole-2-carbonyl)-butylcarbamoyl}-3,3-difluoro-4-
phenyl-butyl }-amide;
25 morpholine-4-carboxylic acid [1-(2-benzooxazol-2-yl-1-methoxymethyl-2-oxo-ethylcarbameyl)-3,3-
difluoro-4-phenyl-butyl]-amide;
morpholine-4-carboxylic acid {(S)-1-[(8)-1-(benzoxazole-2-carbonyl)-1-methyl-butylcarbamoyll-3,3-
diftuoro-4-phenyl-butyl}-amide;
morpholine-4-carboxylic acid [(S)-1-((S)-1-cyano-3 -phenyl-propylcarbamoyl)-3,3-difluoro-4-phenyl-
30, butyl]-amide;
morpholine-4-carboxylic acid [(S)-1-(cyanomethyl-carbamoyl)-3,3-diftuoro-4-phenyl-butyl]-amide;
morpholine-4-carboxylic acid [(5)-3,3-difluoro-1-((S)-1-formyl-1-methyl-butylcarbamoyl)-4-phenyl-
butyl]-armide;
morpholine-4-carboxylic acid {(8)-1-[1-(5-ethyl-[1,3,4Joxadiazole-2-carbonyl)-propylcarbamoyl]-3,3-
35 difluoro-4-phenyl-butyl } -amide;
morpholine-4-carboxylic acid {(S)-1-[1-(5-tert-butyl-[1,2,4Joxadiazole-3-carbonyl)-propylcarbamoyl]-




25 nor phol i ne-4-carboxylic acid _ _
[ (S) - 1- (QyF5RERldRY - carbanoyl) -3, 3-di fluoro-hexyl | - am ggir/us2004/035282
nmor phol i ne- 4-carboxylic acid
((S)-3,3-di fluoro-1-{(R)-1-[5-(5-met igP= t hi ophen- 2-yI ) - oxazol e- 2-
car bonyl ] - propyl car banoyl ) - hexyl ) - am de; norphol i ne-4-carboxylic acid
((S)-3,.3-di.fluqgro-| = -1 =L 5- (5-net hyl -t hi ophen-2-yl) - oxazol e- 2-
car bon?%g'%?%?)%pg%ﬁygé}g%%bla}ngl%egxyl_) -amide; 30 and their correspondi 8’%\/
N- oxi desyphetite-d-heboxyfic edd (§3-3.3ahbornEphenpr bIEL 1 64PRart i atlvedi 2zl qdii dual
i somers_an 1 xtures .of isonmers thereof; and the pharmaceutically
O R

accept FBIFE Y vates (e.g. hydrates) of such conpounds of Formula
(la) ang)itejanombtipticabamayip3 Stidiuorast-phtprigatyl ki artieicid byl £¥e ed

derjvat jves,.J ndividual, ] 3 L4 XA S S id R BhSorheS-8eide; 35
Phat mé@”@%’?ﬂﬂ%'ﬁqcf@tzy{ta%&gB%gtﬁ}j_s o; ?Jtlﬁg{[’il nventi on E=lgtr%;(![a i nhi bi tors of
cat hepg§yM, Sditcko-Ziscisytiminas ephenydpentanpig acifl ayaagueth# a48A2005 DESC-' 1~170
USo7796294 .. JUL, 21:. 2 S 4 2PN = ML) Al 1DER: 3,$077 P. 14
I T N e ST
pat hol @gpuoandiblnylshunyil-amele;ol ogy of brie di sease. For exanple, the ,
conpoungs the.lLnventi o b Ul d st I BfarRYMAiRAERo- di Sor ders,
i ncl udRébg‘!”?{?eftd”qf%ﬁuolﬂl’-%t[@%ogpbtrgg,xe ?ga\fg%l?f)g%@gtﬁgji%g?g? es,wénul tipl g scl erosi s,
pepphi guandil -gabdxglic adid wudetyl ditgpase, nyasthenia gravis, systenic |upus
eryt henot asus, ,irritable nel js[%ﬁ\j__ 1-113NE IR0 D ) Llddsaand
l'i ashi Dgn?"ﬁ'ﬁ?%?’g' chu,i&gﬁégsgilc di S(%rlggfs i ng‘%l-% Rn%rd%ﬁl? ngt%]lai mted to,
ast hnma,pr@itarbainb0p@Selifiuororhenyb-anédponses, including, but not linmted to,
organ transplants. or..tis reafd hepsi bB&- {pl i cated in
di sor déP¥Pi9 %Tt'\??fh‘aty&%‘"’éég@fg {gl(%s Cg’lp%?lg{s’ ggag?\ﬁggﬁﬁagﬁfgﬁtgbst ructive
pul noNgkepyltatbemsd]-1,8difluceripiylbemslr; bronchdolitis, excessive airway
el astol ysi.s..in, asth a rronehifd ibRS-GRGnGiRr di ovascul ar
di Lasdiepholips® f’%ﬁ%& a?l@S&SE#é@%@%#ﬁ“@?‘fiﬁ%@%‘*ﬁéa?ﬁepsi i s i ol i cat ed
i n fi brordpylcarmambylph3difthord-keayBfacuids; i nhi bitors of cathepsin S nmay be of use
ire treatnent of. system,c.agylptdosi sy The C 1l § #SRiakdbsbi tory
acti vi t’F‘EEhrI’gF -%ﬁgb@ﬁ%%%g@?g? ugpol %@g%??ﬁﬁ&%ﬁ%@%@&yﬂé&f-m ned by nethods
known tegrbbigpsropficatattiopt} roptydkarhitle;i n the art. Suitable in vitro assays for
measuri ng protease acti vi o} 1 phidbitd an ] Qe adis _f.onpounds
axe kn&WﬁP]BﬂFﬁ)l Eﬁfg?’?’fﬁc ?ﬁgt«%gg’gg‘%ﬁay%nieég Lgr)gsﬁ%?bo%ﬁélgglg?{Zﬁ%gglgz%}]cy%r ol ysis of
a pept idaoRapaopBibsibgl}ctyDedmidd;s of assays for neasuring protease

c

inhibitory acti Vi re. far I Bxanpkes. ’ 357 4-efadidpEBa. The
comouﬁﬁpﬁﬂ?ﬁﬁﬂﬁﬁ’?@ﬁf‘?ﬁﬁéﬁ’g nléf?usmc')o} i gﬁﬁ?gﬁ%? P@%@eﬁsﬁ n K and B and, as
such, amfonyIPabpYicaimmolyl}datyipgnide;seases in which crhepsia K and B activity
contributes to th t hal and/o qr A Encs} 32R&RR0rbOr
excanpl PRGBS O (Ha SR ooty 08 o
butyl }-amide;
25 morpholine-4-carboxylic acid [(S)—l«(cyanomethyl—carbamoyl)-3,3-diﬂuoro-hcxyl]—amide;
morpholine-4-carboxylic acid ((S)-3 3-diftuoro-1-{ (R)-1-{5-(5-methyl-thiophen-2-yl)-oxazole-2-

carbonyl]-propylearbamoyl}-hexyl)-amide;
morpholine-4-carboxylic acid ((5)-3 3-diftuoro-1-{(S)-1-[5-(5-methyl-thiophen-2-y}-oxazole-2-
carbonyl]-propylcarbamoyl}-hexyl)-amide;

30 and their corresponding N-oxides, and their prodrugs, and their protected derivatives, individual
isomers and mixtures of isomers thereof; and the pharmaceuticaily acceptable salts and solvates (e.g.
hydrates) of such compounds of Fornmla (Ja) and their N-oxides and their prodrugs, and their

protected derivatives, individual isomers and mixtures of isomers thereof.

35  Pharmacclogy and Utility:
The compounds of the invention are inhibitors of cathepsin S and, as such, are useful for




|@§@®Q§@09§ esteoarltlhxitis, O@E%_r@@ﬁs or cancer such as Iungu§wgf§%9f
T- i ,
s APk ik P aae chvem Db Phb dgPl ancer . “brai n' tunor . bRGAYT okndér,

- pancreds-'cancer. prostate cancer or skin cancer. 25 Administration and
PharnaceUtlcaP ‘Conposi tions: In general, conpounds of the present invention
w | | be*qdnlnlstered in therapeuticakbhy effective amounts via any of the
usual and. acceptabl e nodes known in the art, either singly or in
conbi nation: Wi th one or nore therapeutic agents A therapeutically
ef f ect iFFaRagReRres immich satepsin 8 ertiyity cattriboiselionty Iethololpamsiop eymmymasflogyvs
di seasenadﬁ&ea% é%{e% cﬁn&%@hie&veéuoh'ﬂﬁ Sé'&yeﬁi?ﬁmﬁﬁb% aBIARGY of the 30
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conpourég&_;és er fa ors. For exanp Ie t erapeutlc effective
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kg hunaﬂuqsmmmmwmimgmlﬁdmm‘Rm&uﬁtem qmgn/tdmp!ams opiisud grefts3 g/ day,
typically fb&lh’l&p@ﬂ%‘if}uﬁﬂn@e i fleatel] 3 ailcPa-RAQH &-Qé:@eaélastoi %B:fez[s% jc3° one of

ordinary skill “in't acting In re? nce know edge and

the di SRrBeiyp Wﬂ%@&ﬁﬁmmﬁmﬁm@l@w zeeemve aﬁwa-y elaszalysxs in asthron
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catian le o ascertain the euti cal | fective
arBunt CapbR e 8 B oGl e By IR b S VP g.  The
Cc onpo Utk offshsemin wmyibidasts. can be adm ni st ered as pharnaceuti cal

conposi ti ong, I ou tem e ,
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i nt r andeiEmingd by methods weqvm fe thege of blsmumgssayafprt ake the form
of t abhbsringhddass acuﬁ@mkneme&mte%rﬂ,smscem& arc A Dfallp dRASe

fqQrmul ati ons, sol uti on%l I’ISI ns I Xirs, aerosols or any ot her

alBr o P T RE R Besteeter B A DS Hr s as Bound of 1t he

i nventmmﬂmmﬁﬂﬁ%&w&mfomwmpnsmaz BB.Cﬂw’y?ﬁal |y acceptabl e

- exci pi ent Xclpients are ation, and do
not adverse@ 45{ & “ﬁ‘é““ﬁpeu énh%qﬁrg?*‘fa‘ﬁoe?{qg a%ﬁl é%ﬁﬁaﬁgredl ent.
Such: e&%ﬁ%@mmwews umm@@mh@mnlﬁ diBhetivigrrogtobutek tothe patholbhyemdles e of an
aer os M dis r it abl e to one
of sklg%mtﬁﬁﬁtgﬁgjg'rt eg%sg h%‘%é&éﬂuﬁ% #ﬁg‘?(fg%“%ﬁ?%%]cl ug su!tlarch
c &l | ultEEne optaqagluitp pRtesperosy e&%uceﬁéwwcm Iyukemis (8- angiT-roll, prugd. £ | our

chal K ovaishicsiger)bcomas GRS 46k BEwd CancerOGHnplihdilk €] Brain Slae CHrétst
nonost ear at e sodiumch]oride, dried skimmlk, and the like. Liquid and

seni s§TI°E BREFH BIFE S BCIMGFOFFTy 1 15 water, et hanol, glycerol,

propyl ene glycol and various oils, including those of petroleum animal,

25  Administration and Pharmaceatical Compositions:

In general, compounds of the present invention will be administered in therapeutically
effective amounts via any of the usual and acceptable modes known in the at, eitber singly or in
combination with one or more therapeutic agents. A therapeutically effective amonnt may vary widely |
depending on the severity of the disease, the age and relative health of the subject, the potency of the

30  compound used and other factors, For example, therapeutically effective amounts of a cormpound of
the invention may range from about 1 micrograms per kilogram body weight (ug/kg) par day to about
60 maliigram per kilogram body weight (mg/kg) per day, typically from about 1 pg/kg/day to about 20
mg/kgfday. Therefore, a therapeutically effective amonnt for a 80 kg hurnan patient may range fom
about 80 pg /day to about 4.8 g/day, typically from about 80 pg /day t6 abont 1.6 g/day. In general,
35  one of ordinary skill in the art, acting in reliance upos personal knowledge and the disclosure of this

e i i
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veget abl e or synthetic origin (e.g., peanut oil, soybean oil, mneral oil,
sesane Okyobfsilpe 11 ke). Preferred liquid carriers, waftdgddloasisy for

i nj ectabl e solutions, include water, saline, aqueous dextrose and glycols.
The amount of a conpound of the invent#dn in the conposition may vary

wi dely dependi ng 20 upon the type of fornulation, size of a unit dosage,

ki nd of ,exei pie a . J of skill.in the art
of phar r"?‘ggecﬁ Tea 2%@5%@%%%?%%%%@%&? ) \é@fg%tgn%tg%??ﬂ%gﬁag Pé’uﬁ%?#)ﬂéeund' of the
i nvent i davedton ferteatingrgiendisvesn di sease will conprise from0.01%v to 10%w,
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vegetable or synthetic origin (e.g., peanut oil, soybean oil, mineral oil, sesame oil, and the like).

Preferred liquid carriers, particularly for injectable solutions, include water, saline, aqueous dextrose
and glycols.
The amount of a compound of the invention in the composition may vary widely depending

20 upon the type of fornmlation, size of a unit dosage, kind of excipients and other factors known to those
of skill in the art of pharmaceintical sciences. In general, a composition of a2 compound of the
invention for treating a given disease will comprise from 0.01%w to 10%w, preferably 0.3%w to 1%w,
of active ingredient with the remainder being the excipient or excipients. Preferably the pharmacentical
composition is administered in a single unit dosage form for continuous treatment or in a single unit

25 dosage form ad libitum when relief of symptoms is specifically required. Representative
pharmaceutical formulations coptaining a compound of the invention are described in Example 35.

Chemistry:
Processes for Making Compounds of the invention:

30 Compounds of the invention may be prepared by the application or adaptation of known
methods, by which is meant methods used heretofore or described in the literature, for example those
described by R.C. Larock in Comprehensive Organic Transformations, VCH publishers, 1989.

In the reactions described hereinafter it may be necessary to protect reactive functional groups,
for example hydroxy, amino, imino, thio or carboxy groups, where these are desired in the final
- 35 product, to avoid their unwanted participation in the reactions. Corniventional protecting groups may be

used in accordance with standard practice, for examples see T.W. Greene and P. G. M. Wats in




| Ojstei RB: XOH i N HRS R4 HORa Ra Step2 RSF X~ ~FO H

' RH ' - HRa OR(lc) 5 in which each Xpepiiszofdhssigd: RS,
0051840 PCT/US2003A35
and R6 aﬁgwéségegﬁﬁed in the Summary of the Invention. Thus, Iin step 1, an

aci d maybe condensed wi th an am no co%%bund of fornula to give a (i-hydroxy
am de. The condensation reaction can be effected with an appropriate

coupling agent, (e.qg. . - . :
benzotrgﬁ?ap@fﬁ§ﬂﬁg@9ﬁ??ﬁ&%?8??%Hﬁ%gwgg%ﬁgaqﬁ%ﬁgyéfIuorophosphate
(PyBOP(r)), Cofhpbiis it lmyérsicn rrofe opphipd By prohsellivg e¢roriling p Reachyp Ferrdi i de
(EDC1),. O.bepzotriazol-1-yl 10
N,N,N'Pﬁﬁ@?%géﬁﬁﬁghyluroniunhexaf5uorophosphate (HBTU) ,

1, 3-di cycl ohexyl car bodi i m de ( , For the likey and optionally an
appropriate catalyst (e.g., 1-hy benzgtyiazgle (HOBt), 1-hydroxy-
7-azabenzotriazole (HOAt), O (X%*azabenzptrfzokl~ye)-1,1,3,3, tetra-

met hyl ur oni unmhexaf | uor ophosphate (HATU), or t d 1 ke) and non-nucl eophilic
base (e.g., triethylam nB\. t Ihorpholiﬁe, and the like, or any

sui tabl e conbi nation thereofy at {janbi ent] 15 tenperature and requires 2 to
10 hours to conplete. The (3-hydPoxy am|dBtepedy t hen be oxidized, in step
2, to give a conmpound of fornmula (Ic). JFhe oxidation reaction my
conveniently be carried out

\\
N B
' O R

c)
s inwhich each X1, RL B3, R4, RS, and RS are as defined in the Summary of the Invention. Thus, in
step 1, an acid may be condensed with an amino compound of formnla to give a B-hydroxy amide.
The condensation reaction can be effected with an appropriate coupling agent (e.g.,
benzotriazol-1-yloxytrispyrrolidinophosphonium hexaflnorophosphate (PyB OP®),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI), O-benzotriazol-1-yl-

10  N,NN'N-tetramethyluronium hexafluorophosphate (HBTU), 1,3-dicyclohexylcarbodiimide (DCC), or
the like) and optionally an appropriate catalyst (e.g., 1-hydroxybenzotriazole (HOB®), 1-hydroxy-
7-azabenzotriazole (HOAL), O~(7-azabenzotrizol-1-y1)-1,1,3,3, tetra-
methyturoniumhexafluorophosphate (HATU), or the like) and non-nucleophilic base (e.g.,
triethylamnine, N-methylmorpholine, and the like, or any suitable comibination thereof) at alinbient

15  temperature and requires 2 to 10 houss to complete. The B-hydroxy amide may then be oxidized, in

step 2, to give a compound of forrmrla (Ic). The oxidation reaction may conveniently be carried out
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i nert solyeit, as di chl oronet hane, an
t o about room tenperat ure. Alternatively t
can be prepared by proceedi ng accordi Agd-t o

g Dess-Martin periodinane in an

d at a tenpempgifBodsodsns, about 0C

he conpounds of this invention
5 Reaction Schene 2: Reaction

Scheme 2 R6 Rs | /F I/FOHX~LF/~ I OH X +HZNRStep1 N/H/x\ S

PG N Rs PG~NI-IrO—|R3RH0R4HOISte€]8 Xm/ XJEDHHO-|
Step 3 sifDesRMdstin pofimanaNe e gt FAvept Righ4s dig 3 » od afa ferogeralre P g
P HKR bO‘d’lthtO a§§1t room temperature.
Alternatively the compounds of this invention can be prepared by proceeding according to
5  Reaction Scheme 2:

Reaction Scheme 2
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in which each Xl, Rl, R3, R4, R5, and RO are as defined in the Summary of the Invention and PG i5a
10 suitable protecting group. Thus, in step 1, an acid may be condensed with an amino compound of
formmla to give a B-hydroxy amide. Removal of the protecting group (Step 2) followed by

introdnetion of R1 group (Step 3) and oxidation (Step 4) to give a compound of formula (Ic).

Examples:




ORR4A (Ic) in which each XI, R, R3, R4, R5, and R6 are as defined in the
Summary g‘f,og&gmhdlgfnti on and PGis a 10 suitable prot i ieosfi@HE, Thus,
in step 1, an aclid may be condensed with an am no conpound of fornula to
give a (3 hydroxy am de. Renoval of th85pr otecting group (Step 2) followed
by introduction of R group (Step 3) and oxidation (Step 4) to give a

conpound of f o - Les. - 040142 1.US2004/ 035282 - 25
The present i@é%&oﬁbﬁl@ﬁr re%) ee%hn%%%ﬁglg{,mb"u%%%&ﬁe Oﬂlﬂ?v{“é&xw,?hst

f ol | owi dilpstextathp prepareticatof companedy cltfernmiire(piEspapled) anhinef mehapqRre@snas) For nul a
(1) (Ex .t ermedi ates (References) according to the invention.
5 1H nugfggg%g%gﬂeg&%sonance spectra (NMR) were recorded on Varian
Mercury-300 or Unity-400 or UnityPlus-500 or Inova-500nachines. In the
nucl_ear 1gangaeti C resonance spectrgﬂéNl\/R) the chenmical shifts (8) are
expresse o585 FRETEF S PRAEct Bet NI (A erardedon Vg Mercant3Rse -40he

fol | owi BEUSELy®RE 5D &N BRS4-560rmcBinRg eths neklcr dapRlitesodande sinédgramm W

mul tiplet; g = quartet; dd = doublet of doublets; ddd = do e? of doubl e
doubl et Shenesl shiffs @J Y eAIrEEed in BRI relpkivel tocpiFasmeiyés anep h ybbiepi@®ns hews thaun on

Kr omasi foﬁ@@in?s%hﬂ@anc&@% shhgldt G dou‘ﬂsleg, Elmu%zét; &i_%ﬂgjélgtgl; %g@aﬁee%.' DL faiye of

Hept ane/ THF/ Di chl or oet hane as Mobi | e 'Phase. ctra were run on
Agi | ent dopblsty; 4dd= daublst ofidodiewblsts CT- TOF MS. The thin | ayer chromat ogr aphy
(Tlie) RTnyYRbHBS MR RuAhRMIEIhYaIRIE) Mag idrb i@ Rb i

Abbr evi at | O%E%SBZ- 1%gnzyl oxy carbonyl )DAs%ﬁ°?§r%’f%§ﬁg%£‘%§?’§8f"?§’#m’

trifl uofogEiDEEP mop solER BiRe HixHee tapy/ FHEAZ Dickiereatrintes MOLORBEE. -

Di et hyMagtthdet wdfe rkdd };i'xenﬁ 1o Qe b4l .oﬁg;gk ICETORMS. .\ o

N- ( 3- Di net hyl am nopr opyl J- N- et hyl car bodi 1 m
Et hyl enth¥ithiflayet @remasieeaphy (He$) R rovatysg were Betagppinegvsing Merdosilid@plates.
1- Hydr oxybenzotri azol e hydrate MeOH - Mt hanol
15 Abbreviations
CBZ- Benzyloxy carbonyl
DAST- (Diethylamino)sulfur triflucride
DCM- Dichloromethane
DME- Dimethy? formamide
20 DMSQ - Dimethyl sulfoxide
DTT - Dithiothreitol
EDCI - N-(3-Dimethylaminopropyl)-N¢-ethylcarbodiimide hydrochloride
EDTA - Ethylenediaminetetraacétic acid
EtOAc — Ethyl acetate
25 HOBT - 1-Hydroxybenzotriazole hydrate
MeOH - Methanol
MES - 2-Morpholinoethanesulfonic acid
PyBOP - (Benzotriazol-1-yloxy)tripyrrolidinophosphonium hexafluorophosphate
THF - Tetralydrofuran
30
REFERENCE 1

(8 )~2—Benzyloxxcarbonj{lami110-4~oxo-S-p_henzl—pentanoic acid methyl ester:




MES - 2- Mor phol i noet hanesul foni ¢ acid PyBOP -

(Benzotriwa(?%0 zhaotkPXy) tripyrrolidi nophosphoni umhexaf | ugiEPh@sRRsR, THE -
Tetrahydrof uran 30 REFERENCE)

(S) - 2-Benzyl oxvcar bonyl am no- 4- oxo- 5- Bﬁényl uentanoi c acid nethyl ester: WO
2005/ 040142 PCT/ US2004/035282 -26 0 O N 0" O To a suspension of copper
(1) bromde (4.26 mmol, 611.1 ng) in 3 nL of dry THE under N2 was added a
solution of |ithiumbrom de (8.52 nmol, 740 in5 n of dry THE The

m xture was stirred at roomtenperature f 0 min, and then cooled to
-78C. A solution of benzyl magnesium 5 chloride (20 w. %in THF, 4.26
mml, 3.25 nL) foll owed byasolutlo - 2

benzyl oxycar bonyl anm no- 3- chl or.qca md 5 ~on| c acid nmethyl ester [Ref:
Synth. Conm 1993, 23(18), 25 52 ] (L\b.S mmol) in 7 nL of dry THE was

added. The m xture was stirred -78 C for 30 mn and then quenched with

saturafed NHACl (50 The t ed

acet até‘ ° & SBEPRTSIOD ﬁ‘@’P 04 ?Ield%{ﬁeér-l )rlggtl)jg‘e?tl gﬁg\ng%e% §%{B$at e and

then C?&&ﬁ'&fs&ﬁ& f'hﬂuﬁﬂbfbﬂ&d&t%zml fﬁéh@lﬁlsﬂﬁﬁo i dhe il wag silica

gel , utirng wt OAc: Hept ane 1:1) to afford (S)-

2 benzyﬁrmdwémowpmpafﬁﬁﬁeﬁ@-?@m(ﬁﬂ thsheerjed et} Gndise uaan@%%w@@é%r (1.07
84 Y. o J = 8 2 Hz, 111
2 (/%hlo (?B’Ba 4 12? ir)Zno‘/i 3 zsliﬁL)(fbﬂowehQ)}wJa) luéeﬂo% (%dz = AP HZ)

1i1) aemlemamnﬂwugﬁ chloaoc@onﬂmqu%@msn%@eﬂ%@?sf éMO}D@@%EFERENCE
2 (S) %(E@nié’h%gﬁé?9%@%?%%{%‘91‘1??%@51%& Bifeiflx R W0klstigsd #1-78@0 011

pr oceedi in asimlar manner to Reference Exanple | above but

US| ng fr Gpyin mgh@squewecbmﬂmﬂa@e# NEqeH@0 g1l b S A F RS RIE Mide t here

was prepa ed | oxycar bon no-4- 20. 0x e c t hyl
ester. 13"?\‘!?}%306%@13@'&% X\ffgcrf N{e}%%%l Vg .m7§nef sﬁ]fh:e %&ﬂ?}ﬂ coﬂg%h ., 5.13
(S0 2149cnurdh. 58e fesiduelddk)pnrifedidvef 35 g Slich)gel, eluting with EtOAc: :Heptane (1:1) to afford (S)-

2-benzyloxycarbonyl-amino-4-oxo-5-phenyl-pentanoic acid methyl ester (1.07 g, 84%).
Iy NMR (CDCl3): 8 7.4-7.17 (m, 10H), 5.73 (d,J = 8.2‘Hz, 1H), 5.11 (s, 2H), 4.57 (m, 1H), 3.7 (2zs,
5H), 3.24 (dd, J = 18.5, 4.4 Hz, 1H), 3.0 (dd, T = 18.2, 4.1 Hz, 1H); LC/MS: 100% 378 (M+Na).

15 REFERENCE 2

{$H-2-B enzvloxvcar'iaonvlamino—ﬁl-oxo-heptanoié acid methvl ester

By proceeding in a similar manner to Reference Example 1 above but using propyl magnesium

chloride instead of benzyl magnesium chloride there was prepared (S)-2-benzyloxycarbonylamino-4-

20 oxo-heptanoic acid methyl ester. oA
" 1g NMR (CDCl3):87.35 (m, 5H), 5.78 (4,3 = 8.5 Hz, 1H), 5.13 (s, 2H), 4.58 (m, TH), 3.75 (s, 3H),

3.2 (dd, J=18.3, 42 Hz, 1H), 2.96 (dd, I = 18.3, 4.1 Hz, 1H), 2.4 (m, 2H), 1.6 (m, 2H), 0.92 (T =74
Hz, 3H); LC/MS: 330 (M+Na).

25




3.2 (dd, J =18.3, 4.2 Hz, 111), 2.96 (dd, J =18.3, 4.1 Hz, 111), 2.4 (m
211), 0.92 (t, J =7.4 Hz, 311); LU MS 5330y 25 WO
2005/ 040%&%@%?2004/ 035282 -27- REFERENCE 3 obfei3sze2

(S) - 2- Benzyl oxycar bonyl ani no- 4 4-di f 1-86r o- 5- Phenyl - pent anoi ¢ aci d met hyl
ester: \ ‘FoF o~ ONO A mxture of 2

benzyl oxycar bonyl am no- 4- oxo- 5- phenyl - pentanoi ¢ acid nethyl ester (3.310g,
9.31 SEﬁéggﬁﬂgﬁg[y¥ﬂ'(7 m.) was stirred at roon1tenperature over 3 days.
The ni x$\I-Bewioxodaltish@aminb {d-difli oS erhenyl plyaneic(atid Goet

to 0.5N NaOH solution (150 nL). The aqueous
di chl oronet hane (50 nlL). The organic |ayers
sulfate and then concentrated in vacuum T i due was purified over 110
g silica gel, eluting with Et OAc: Heptane i\l: 4 then 1:3) to afford
(S-2-benzyl oxycar bonyl ani i no-4 4 di flgor -5-bhenyl- 10 pentanoic acid

nmet hyl ester (1.797g, 51.19%. 139.8 7.3 (m 1011), 5.43 (d, J =
7.6 Hz, 111), 5.14 (s, 211), (fh MW 3. 74 (s, 311), 3.2 (t, J =16.5
Hz, 211), 2.4 (in 211); LO N 97@6400 (NQNa) REFERENCE 4 15

S)-2-Am no-4 4-difl uoro-5- hen | -pent.anoic acid
%yér o winpe of 5 PR IP PR R TR O BOFRT pentinoks a0 w1 s 33105, 9.31

(S 2- Qﬁlﬁy%lﬁw @%lv@a@kﬂﬂﬁé‘d‘ﬁt ﬂ:bﬂit&hﬂs%t&&%‘ié}hf&a g, -‘]}lﬁﬂhﬁﬂfélm aibiceh wig hy |

ester 8 mmol) in 120 hanol and 4 M HCl1 in qloxane
(41.4 mbloron@@aee Eﬁ_Op 1) god %fﬁ‘éflb@éﬂ%{‘tfeB Wfiﬁ%@aﬂ@o(@-}o&e agquoels layer |
After G, smeeaemmcﬂmsaﬁaeman@@om% PR & hﬂcl@ﬁ}s V&S a3 Aeeshnedith eulfaB4 hr

the catal yst was renoved by filtration over fad of Cbllte, and the
fil trataedtharscouemeﬁmweﬂu@ev&é%wwwﬁ%%w 1oreetsegrh solid was

d| ssol A& e @u@b@@% cpéa e)-zr’@ﬁomr g&armﬂaﬁmvm #dﬂddﬁ@_@mﬂi her (150

res tlng slurri 30 mn and then filtered. The white
soﬂid perdandid as hid e F?Eh5l 2afford (S)-2-amn no-4. 4-di fl uoro-5-phen | -

1H NMR (CDCl3) 8 7.3 (m, 10H), 5.43 (d, J = 7.6 Hz, 1H), 5.14 (s, 2H), 4.65 (m, 1H), 3.74 (s, 3,
3.2, J = 165 Hz, 2H), 2.4 (m, 2H);  LC/MS: 97% 400 (M+Na).

idGnatity) eshexd careful | y added
er was extracted with
dried over nmagnesium

REFERENCE 4
15 (S)-2-Amino-4.4-difluoro-5-phenyl-pentanoic acid methyl ester hydrochloride:

A solution. of (S)-2-benzyloxycarbonylamino-4,4-difluoro-5-phenyl-pentanoic acid methyl ester
(7.806g, 20.68 mmol) in 120 mi, of methanol and 4 M HCl in dioxane (41.4 minol, 10.3 mL) was
hydrogenated over 10% Pd/C (1.0g) at 50 psi. After 8 hr, another portion of 10% Pd/C (1.0g) was
20 added. After 24 hr, the catalyst was removed by filtration over a pad of Celite, and the filtrate was
concentrated in vacwum. The resulting light yellow solid was dissolved in a minimum amount of
methanol and slowly added to ether (150 ml.). The resulting slurry was aged for 30 min and then
filtered. The white solid was dried under suction to afford ( S)-2-amino-4,4—diﬂuero-5lnhenv]-

pentanoic acid methyl ester hydrochloride (4.950g, 85.5%).
25 14 NMR (DMSO-Dg): 5 8.6 (b, 3H), 7.3 (i, 5H), 4.26 (t,J = 6 Hz, 1H), 3.73 (5, 3H), 3.3 (t, 1= 17.5

Hz, 2H), 2.55 (m, 2H); LC/MS: 100% 244 (M+1).

REFERENCE 5




nentanoi ¢ acid nethyl ester hydrochlori de (4.950g, 85 5%a). 25 1H NWR

(Dwsomgvogogm‘glhb 313), 7.3 (m 511), 4.26 (t, J = Gchifys gdj)0352§273 (s,
30, 3.3 Y The 2H), 2,55 (m211): LG MB: 10006 2440 ( ML)

REFERENCES -4 4-Dif | uor o- 2- ( ( mor phor#8re- 4
car bonyl ) - am nol - 5- phenyl =pent anoi ¢ acid nethyl ester: WO 2005/040142
PCT/ US2004/ 035282 -28- 0 9\ / HF O OTo a.m xture of

(S)-2-anino-4,4-difl uoro-5- phehyl - peht ang met hyl ester hydrochl oride
(2.50g, 8.94 mmol) and diisopro mml, 2.89 g) in dry
di chl oronet hane (40 nmL) under waN—@a i i

chloride (13.4 mvol, 2.0 g). The m omas stirred at room5 tenperature
for 15 hours, and then diluted with wa er (50 m.). The aqueous | ayer was

extract.ed mnth | or.0 The organic |ayers were dried over
magnos! it BT EeE S TiHEn R BRI AT AP SR R et bt Gods. 120 g

silica ged moel)ubd Bighopdopyl alidSAEC2. 3‘51&{013-[3@9 (gj-mjdry Eﬁﬁﬂroaleaa)me @b B:Q.P A&l N, was

S)-4. 4 - | - h [-T1-
o) o el aeB8pp ort Bt b S A A ke mﬁu@%mmmﬁfrgmgn?%c( Q.
J =57. Sefdgeratidd)for 1. 16brs( 41d ,theﬂ dEut&ﬁWlﬂﬁwkiér, (50 &1 1He aqﬁeolfs?’ la&)& was %xtila):ted % (

?m 1) 3 Fé&éggﬂé%} (303 mE) ’lth’e orga.mc a?’erz W|;|1;e drizec]l' ]o'w)ler mzagnesmm sulfate and then VB 100% 357
(S) - 4, Zolehirsted @-vAcdupIFuEekibNEves 1 B amm clRithd Wit ﬁd@mﬁ%tanpw #phg)aci d:

?S;: ll ﬁf‘fpdeF '%15 T J Utl on 9 P UL flestes ¢ aci d
ot mie S en B‘*é\%’f@ W?&ﬁw%‘%ﬁé‘lﬁ% g 5”@%. rrléﬁﬁ‘éfa‘r’ﬁﬁ‘r’n

t enper athy 273 @318, B (maa, 3.0ex 460,138 @d M THNRES. z((%g HﬂLﬁCINf@ti@ﬁ}U%’i was
reanegyiabvacuunl The pH was adjusted to pH 1 with Cl and t he aqueous

20 | ay s extracted with dichloronethane (2x30 nm.). The organic | ayers
were dried over magnesi um

REFERENCE 6

S)-4.4-Diflnoro-2- i i entanoic acid:

15
To a solution of (S)-4,4-difluoro-2-[(morpholine-4-carbonyl)-amino]-5-phenyl-pentanoic acid methyl
ester (2.81 g, 7.88 mmol} in MeOH:Hy0 (2:1 vol, 40 ml) was added LiOH mono hydrate (662 mg,
15.76 mmol). The mixture was stirred at room temperature for 2.5h, and then diluted with water (30
ml). Methanol was removed in vacuum. The pH was adjusted to pH 1 with 6N HC1 and the aqueous

20 layer was extracted with dichloromethane (2x30 mL). The organic layers were dried over magnesium
sulfate and concentrated in vacuum to afford (8)-4.4-Difluoro-2-[(morpholine-4-carbonyl)-aminol-5-
phenyl-pentanoic acid (2.509g, 93%).

T NMR (CDCl3): 6 8.2 (b, 1H), 7.3 (m, 5H), 5.3 (m, 1H), 4.6 (m, 1), 3.65 (i, 4H), 3.4 (m, 41), 3.2

t, J=16.5 Hz, 2H), 2.4 (m, 2H); LC/MS: 94% 343 (MH")




sul fate and concentrated in vacuumto afford
(S)-4. 4- Qdioldg)ﬁﬁi% f (mor phol i ne- 4-car bonyl - am nol - 5- phedls:aratoRPI C aci d
(2.509g, 93%. 1H NWR (CDC13): 8 8.2 (b, 111), 7.3 (m 511), 5.3 (m
1H), 46(m1H) 3.65 (m 411), 3.4 (48" 411), 3.2 (t, J =16.5 Hz, 2H),
2.4 (m 211); LC Ms: 94% 343 (MH) 25 WO 2005/ 040142 PCT/ US2004/ 035282
-29- REEE TI:JBJ 98) S- Benzyl oxycar bonyl am no- 2-i soRr ooyl - 3- oxo- hexanedi oi c
aci d 1- Sefe ester 6rrethy| ester O OOO ON O HOToacooIed
to -78 8 YAilv: ' HoytopylBoxe-heRanBdigic agid 188t-huigl o dthyl il (20
m.) under 5 N2 was added drop W|se a Itglon of n- butyI I|th| um(2 5 Min
gzt

hexane, 34.88 mmol, 13.95 nL). The

s stirred at 78C for 30 mn
then a solution of 3-Methyl-butyric tyl ester (34.88 mol,
5.52 g) in THE (40 nlL) was added. The mxtur was stirred at 78 C for 30
mn then a solution of
(S) - 2-Benzyl oxycar bonyl am no- 3- ¢hl o |Op\l’0pl onic acid nmethyl (Ref:

Synth. Conm 1993, 23(18), 25 26 (1% 6 in 30 nL of dry THE was
added drop w se. After 10 sti for anot ler 2 hr at -78 C, the reaction
was quenched with 50 nL of IN HO and warnmed to roomtenperature. The pH
vwas adj usk esblddao pH3 B solutibn adideyEbpybading (3e53EHE. 88apmol ioire THFI20 mb)owden  The

o P30 overtsaadliBar it & nrieedt it RERG f A iekime PR e B TR e
\1\62) pg][ %Xr@awwmeggt ges jfof)x on slel:;%tu;gfgizmtm 0 gquagﬁ eétﬁre(igﬁzginm C
acid 1- P@Pfg‘%a&ﬁ“'fgﬁ@{’] Say P.@F‘?O@é ?‘?"ﬁ"ff{“m% 49% 37]) s (CDC13): S
7.4 (m sohutiod pf (Sﬁzjﬁni)ﬂbxydar‘m@laMﬂdZS cllédpcartpn§Pprémsioni® hwi)ld Irﬁthﬁl (Raﬂ. Sjtr.tﬂ) 3.74

o iy Comraoi sl g2y il saptelin o ok o 0T B il e cbrence o
-2 (16 Bedtizing| foXan®ihie TN w0 ~ 73 10X the Rextdunevetis qiencidli withS0trek. bf NIHEI ardstaemeditorret hy |
ester: rooom te%aperature. The pH was adjusted to pH 3 with 1N NaOH and the THF was removed in

vacuum. The organic layer was extracted with EtOAc (2x60 mL). The organic layers were dried over
magnesium sulfate and then concentrated in vacoum. The residue was purified over 90 g silica gel,

eluting with EtOAc:Heptane (1:3 then 1:2) afforded (8)-5-Benzyloxycarbonylamino-2-isopropyl-3-

15 oxo-hexanediocic acid 1-tert-butyl ester 6-methyl ester (2.417 g, 34.5%).
13 NMR (CDCl3): 8 7.4 (m, SH), 5.73 (d, J = 8.4 Hz, 1H), 5.12 (s, 2H); 4.6 (m, 1H), 3.74 (s, 31D,

3.39-3.06 (m, 3H), 2.4 (m, 1H), 1.45 (Zs, 95D, 0.98 (d, T = 6.6 Hz, 3H), 0.88 (4, J = 6.7 Hz, 3H);
LC/MS: 100% 422 (MVi+1).

20  REFERENCE 8

$)-2-Benzvloxvearbonvlamino-4-oxo-hexanedioic acid 6-tert-butyl ester 1-methyl ester:

To a solution of N-CBZ L-aspartic acid 1-methyl ester (1.00 g, 3.55 mmol) in dry tetrahydrofuran (17
mL) was added carbonyl diimidazole (634.1 mg, 3.91 mmol). The mixture was stirred at room

25  temperature for 6 hr then the magnesium salt of mono-tert butyl malonate (1.339 g, 3.91 mmol)
(prepared according to Angew. Chem. Int. Ed. Engl. 1979, 18(1), 72-74) was added. The mixture was

stirred at room temperature for another 20 b, then concentrated in vacuum. The residue was




OO O OTo a solution of NCBZ L-aspartic acid 1-nethyl ester (1.00 g,
3.55 mmWO%dﬂgﬁJM«nt etrahydrofuran (17 nlL) was added caqaryhos@sizgh dazol e
(634.1 mol ). The m xture was stirred at room 25 tenperature for 6
hr then the magnesi um salt of nono-tefd0-butyl nalonate (1.339 g, 3.91 mol)
(prepared according to Angew. Chem Int. Bd. Engl. 1979, 18(1), 72- 74) was

added. The m xture was stirred at eéa(gb rature.for_ano t hen
concent paatitisahed betyesseihes (6Fmd.) pedf-o M TG 15 z@@%b"é‘ 035282

-30 par galu{rgtg{rﬁﬁ{é@} A6REBn Blohar) ﬂﬂe@@nﬁibv&ﬁﬂﬁg&slﬁmﬁdﬂﬂfm ax(deenmate&ﬁhera@ngam c

| ayer was washed wth saturated NaH 50 h d over
magnesi Tharstifiearas P&%@d%ﬁc@rﬁtqfé‘@éﬁgql %%?i‘l’fhﬁtb%?ﬁ% eﬂéd&é’ Ffied

over 35y ﬂil teit @. Iafgfm (S) 2-
Benzvl o onylTam no 4 oxo hexanedi oic acid 6-ter bUt¥§ ester_1-

est gr (nnm(cmg@ 5ve(mﬂsmwa7@m¢1=3%)3lielﬁ),zﬁl(ﬁﬁa%@»ﬁﬁcre ?(EPCSJ%Q%

111), 5.1 211) 111 3.32 dd '3
= 123 7, (s421(®?3~|22 (diiy iy 13@ 391%dH))3J13:(dC!L§-51$854§11%%z”%1ﬁ3 (S(imzw (s, 9H);(

LC/ VB: af Na). REFERENCE9 10 (S) 2
Benzyl oxy%%r %cg)n %rﬁm%\ro )6 met hyl - 4- oxo- heptanoic acid nmethyl ester: NO H O

O A solution of 5-Benzyl oxycarbonyl am no- 2-i sopropyl - 3- oxo- hexanedi oi ¢ aci d
l-tert- #ﬁﬁ_gr 6- nethyl ester (1.06 g, 2.51 rrm)l) and
p-t ol ue#ih%E Ol’il C aC| d rmnohydr atg 35 8 . in toluene (20 nli)

i was cooled to room 15
terrperature, and concentrat ed in vacuum The residue was purified over 35 g
silica gel, eluting with EtQGA afford

(S) - 2- Benzyl oxycar bonyl am no- = ept anoi ¢ aci d met hyl ester
(727 nmy, 90% . 1H NMR (CDC13): 874( H),05.78 (d, J 9.1 Hz, 1H),
5.13 (s, 2H), 4.6 (m 1H), 3.74 (s, 3H, 3 (dd, J—183 44Hz 1H),
2.95 (dd, J = 18.2, 4.0 Hz, 1H), 2.3 (m \21(m 111)092(d J =
6.7 Hz, 611); LC/ NB: 77% 322 (MH). 20 REFERENCE 10 (9).

Benzy| oxyemtibostyi-Benizyloxyéabeglquandt-2iropeopdci- @xorb@gwﬂm@§g§ r1~1:crt -butyl ester 6~

methyl ester (1.06 g, 2.51 mmo]) and p-toluenesulfonic acid monohydrate (35.8 mg, 0.19 mmol) in

toluene (20 mL.) was heated to reflux under N, for 6.5 hr. The mixture was cooled to room
15 temperature, and concentrated in vacuum. The residuc was purified over 35 g silica gel, eluting with
EtOAc:Heptane (1:4) to afford (S)-2-Benzylox carbonylamino-6-methyl-4-oxo-heptanoic acid methyl

ester (727 mg, 90%). HNMR (CDCla): § 7.4 (m, SH), 5.78 (4, = 9.1 Hz, 1H), 5.13 (s, 2H), 4.6 (m,
1H), 3.74 (s, 3H), 3.2 (dd, ] = 18.3, 4.4 Hz, 1H), 2.95 (dd, I = 18.2, 4.0 Hz, 1H), 2.3 (m, 2H), 2.1 (m,
1H), 092 (d, J = 6.7 Hz, 6H); LC/MS: 77% 322 (MH").

20
REFERENCE 10

(5)-2-B enzvloxycarbonylamino-4-oxo-pentanoic acid methyl esfes:

o’ﬁ\m/¢ g“‘
©/\ H o

By proceeding in a similar mamner to Reference Example 9 above but using 2-

25 benzyloxycarbonylamino-4-oxo-hexanedioic acid 6-tert-butyl ester 1-methyl ester there was prepared

$)-2-benzyloxycarbonylamino-4-oxo-pentanoic acid methyl ester

1H NMR (CDCl3): 8 7.4 (m, 5H), 5.76 (d, ] = 8.1 Hz, 1H), 5.14 (s, 2H), 4.57 (m, 1H), 3.75 (5, 3H),
323 (dd, T = 18.4, 4.3 Hz, 1H), 3.0 (dd, ¥ = 18.4, 4.3 Hz, 1H), 2.18 (s, 3H); LC/MS: >85% 280
(MH?).




00 It~ N\ Ol " o By proceeding in a simlar manner to Reference Exanple

9 above R 2008042 25 benzyl oxycar bonyl am no- 4- oxo- heme@gzmmsggghd
6-tert-butyl ester 1-nethyl ester there was prepared (S)-

benzyl oxycar bonyl am no- 4- oxo- pent anoi ¢ 3%cid net hyl ester 1H NVR (CDC13): S
7.4 (m 511), 5.76 (d, J = 8.1 Hz, 1H), 5.14 (s, 2H), 4.57 (m 1H, 3.75
(s, 311), 3.23 (dd, J = 18.4, 4.3 Hz, 111), 3.0 (dd, J =18.4, 4.3 Hz,
111), 2.18 (s, 31-1); LC Ms: >85% 280 (M+). WD 2005/040142

PCT/ USZ&ﬂkédn@thd Alternate Method To a cooled to OC suspensi on of copper

ﬁ/ll)so: 8? i cPﬂmﬁf’&% Lgﬁefﬂgk ZfC%P&? i]?'} l\%ldr%%; etﬁefﬁ @?ur e ”‘Eas S%Wl Ld %Q f or

10 m n lithérn (156 M(mluﬂah in@therf 8C3 minod,dl3 Rt mion The n‘ﬂxtﬁﬁ vsmnnﬂrredfat 0°C for 10 min then

(S) - 2 Be Io r 0 onlc | | ester
(Re. SO S Chieh Raauiso 3y of b altcRESRIRG BhbbeltBlall J3uca
drop wi §1epmiﬂaac1mnﬂhyl &:tem&fﬁymﬁ:r Eoimat 199,231 8J, (261]325263 m 12 Inﬂqulnje"ﬂﬁﬁ &ds by
addi ng t hanol _.(2.,.nmL ure i nt o ur t ed 80 ni)
and ext%@&'gI P\W‘%h T@?W@"F" ré(\yx %%“ré%% 98%1%1- elbquleﬁﬁlrlg?ﬁ I’E'lﬁrr éj( ver
nmagnesi nift). SThef ratzerawmak paumattem saa;trmli NHJ,GI&.SﬂJmh) anflfegtraced |vdnhethna§x4@)mp}1 rTiei ed
over |ca utedvm 1) to-afford (S)-2-
benzyl 093% {%ﬁfl dﬁ%‘? CoXoEpen 5?105} canéicﬁogc ﬁleﬁtﬁ{/‘fl va“)" ’l?liﬁldue &3%6% .
REHEREI\@E:ﬁbEl o(reSBS%—sBﬁﬂggUeﬂDtg&@ﬂﬁEtﬁ)ﬂc&tﬂpt@eéﬂ, H{daﬁdrﬁr@a-G met hyl - hent anoi ¢
hyl o

acid H .. xtu
(S)-2- ngic e 11]35- Vv gér} %$%9am d methyl ester

(915 ny, 2. 85 rrm)l) and DAST (3 nmL, XS) was stirred at 35C for 47h. The
m xt ure ﬁ?ﬁk}gﬁﬁﬂtﬁd W th

$)-2-Benzvloxvearbonyviamino-4.4-difluoro-6-methyl-heptanoic acid methvl ester:
fo) FE

Od

N

0,
g N\

F

15
A mixture of (S)-2-benzyloxycarbonylamino-6-methyl-4-oxo-heptanoic acid methyl ester (915 mg,
2.85 mmol) and DAST (3 mL, X8) was stirred at 35°C for 47h. The mixture was diluted with
dichloromethane (50 mlL}) and carefully added to saturated NaHCO; solution (150 mL). The aqueous
layer was extracted with dichloromethane (30 mL). The organic layers were dried over magnesinm
20 sulfate and concentrated in vacuum., The residue was purified over 35 g silica gel, eluting with

EtOAc:Heptane (1:4) to afford (S)-2-Benzyloxyearbonylamino-4.4-difluore-6-methyi-heptanoic acid

methyl ester (156 mg, 16%).

1y NMR (CDCl3): 8 7.4 (m, 5H), 5.48 (4, I = 7.9 Hz, 1H), 5.15 (s, 2H), 4.61 (q, } = 5.9 Hz, 1H), 3.78

(s, 3H), 2.4 (m, 2H), 1.95 (m, 1H), 1.8 (m, 2H), 0.98 (d, J = 6.6 Hz, 6H); LC/MS: 98% 366 (M+Na).
23

REFERENCE 12 ]
(8)-2-Benzyloxvcarbonvlamine-4.4-difluoro-pentanoic acid methyl ester

i




di chl oronet hane (50 nmL) and carefully added to saturated NaHCO3 sol ution
(150 ) wdbpsagHepus |ayer was extracted with di chl orgi@iangosss nL) .
The organic layers were dried over magnesi um 20 sulfate and concentrated in
vacuum The residue was purified over 382y silica gel, eluting with
Et OAc: Heptane (21: 4) to afford

S) - 2- Ben car Iam no- 4 4 th hent anoi c acid nethyl
ester% y&Y“féB "%é/ 5,48 (d, J = 7.9 Hz,
1H), 5.4H %&pzﬁbﬁyparﬂorﬁ*ﬂanﬁﬁp,—&dxcppditaﬁmbhmd i:dbﬂh)y], esBr #Bre %ﬁs ,pre@b:i)sd 2.4 (m 2H),
1.95 ( ) d o.ca In 6H.. LG MS: 98% 366 (MrNa).
25 REFERENG ' f | uor o- pentanoi c acid
met hyl ﬂ?ﬁfmﬁR (@)@39’6]714 (nE'5H§)5\NQ(3Q05f 91119114% f@(stﬁﬁoﬂéi @%525% Hz, 38), BY8
proceeding in a sirmlar manner to Reference Exanple 11 above but USi ng
(S) 52- bgnzwy, 0Xy Gar ONY.EBEI IROLHS ¥ix GHpe DCAIDI B %324dMrdlajiy| ester there was
prepared (S)-2-benzyl ox carbonyl am no-4, 4-di fl uor o- pent anoi ¢ aci d net hyl
ester 1H NWR (CDC13): S 7.4 (m 5H), 5.46 (d, J = 7.1 Hz, 1H), 5.15 (s,
2H), 4.BE MQE;7 3 Hz, 1H), 3.78 5 (s, 3H), 2.45 (m 211), 1.67 (t, J =

: / : 3
; a

N F FiO\ OlOByproceed|n|naS|mIar
11 above but using (S)-2-be x car pnyl a
met hyl ester there was preparyg

(S)-2-benzyl oxycarbonyl am no-4, 4-diflu E heptanoi ¢ acid nethyl ester.
LG MS: 96% 330 (MH ), 352 (MtNa). 15

=acid methyl ester ChO F
ner to Reference Exanple
- 4- oxo- hept anoi ¢ acid

10 By proceeding in a similar manner to Reference Example 11 above but using
(S)-2-benzyloxycarbonylamino-4-oxo-heptanoic acid methyl ester there was prepared
(S)-2-benzyloxycarbonylamino-4.4-difluoro-heptanoic acid methyl ester.

LC/MS: 96% 330 (MH"), 352 (M-+Na).

15
REFERENCE 14
$Y)-2-Amino-4 4-difluoro-6-methvl-heptanoic acid methyl ester kydrochloride:

A solution of (8)-2-benzyloxycarbonylamino-4,4-difluoro-6-methyl-heptanoic acid methyl ester: (333
20  mg, 0.97 mimol) in methanol (10 mL) and 4 M HCI in dioxane (4 mmel, 1 ml.) was hydrogenated over
10% Pd/C (150 mg) at 55 psi. After 7 hr, another portion of 10% Pd/C (200 mg) was added and the
hydrogenation resumed. After 5.5 hr, the reaction did not progress. Catalyst was filtered and the
filtrate was concentrated in vacunm and subjected to the hydrogenation conditions. After 6.5 hr, the
catalyst was removed by filtration over a pad of Celite, and the filtrate was concentrated in vacuum to
25  afford (8)-2-amino-4 4-difluoro-6-methyl-heptanoic acid methyl ester hydrochloride as a yellow sticky
solid (240 mg, quart.). |
1H NMR (CDClg): § 4.8 (b, 3H), 4.35 (b, 1H), 3.84 (s, 3H), 2.6 (m, 2H), 1.9 (m, 3H), 0.99 (d,J = 6.2

Hz, 6H); LC/MS: 90% 210 (M+1).




REFERENCE14 (' S)-2- Am no-4, 4-di fl uoro-6-ne2s | -heptanoic acid nethyl ester
hydr ochl ~\ FTITI Ci A solution of

(S)-2- beg‘% >S<I%ar onyl am no- 4, 4-di f | uor o- 6- net hyl - heptpggg%o%éqsazsrzm t hyl
ester: (333 20 ng, 0.97 nmml) in nmethddol (10 nL) and 4 M HA in di oxane
(4 mol, 1 nL) was hydrogenated over 10% Pd/C (150 ng) at 55 psi. After 7
hr, anot her %& i.on of 10% Pd/ C (200 ng) was added and the hydrogenation
resunmed: =5 hr, the reaction did not progress. Catalyst was filtered
and t he(8)i Aininatdel SiflGore-pBASMd Aiddsthyl estatiythigeidaiiiesubj ected to the

hydr ogenati on conditions. After 6.5 hr, t cat al yst was renoved by
filtration over a pad of Celite, angit il trate was concentrated in
vacuumto 25 afford (S)-2-am no-4, 4-dilfl upro-6-net hyl - hept anoi c acid net hyl
ester hydrochlori de as a yellow st xeRy, Bolid (240 ng, quant.). 1H NMR
(CDC13): 6 4.8 (b, 311), 4.35 (b, 113),[3.84 (s, 311), 2.6 (m 2H), 1.9 (m
3H), 0.99 (d, J =6.2 Hz, 611); LC Ms: 90% 210 (M+1l). WD 2005/ 040142

PCT/ USZB@@:‘G@%E@ZMS&B]HH@EE&RER%:@& E:8)pR-1Ambere-bat wkingd f | uor o- gent anoi ¢

aci g m{%&&ep%fle BChl A J‘Iﬂ %ro Ngnqtlc ac(amc elfL r%&g%lagl &epareda(_)s_m | ar

manner using
(S) - 2- bannyl4abdi ﬁ?lsuﬂZALth\ ‘ xipchlgyEnt anoi ¢ aC|d nethyl ester there
was preFared %S 4-dj fl uor.o- nent anoi ¢c_aci d nethg ter

hydr ochf B MNMR € (F13N§/|4~8((€3|§@3‘337 @ AHy 3¢ (s, 3Hy), 24428, 28D, 1) tlssh?e‘ﬂ(léﬁﬂm ,

REFERE 4-di fl uoro-heptanoic acid methyl ester
hydrochl oride HZN ; %1F O By proceeding in a simlar manner to Reference

Ex I ut using
(S?HQ-eRéﬁﬁ ﬁlgbonylanino-4,4-dif|uoro-heptanoic acid nethyl ester there

was pr efSa2efimino-4.4-difluoro-heptanoic acid mefhyl ester hydrochioride

2.4-2.8 ; J =18.9 Hz, 3 LG MS: 100% 168 (Mw1). 10
M A gttt 0 er)

By proceeding in a similar manmer to Reference Example 14 above but using

(S8)-2-benzyloxycarbonylamino-4,4-diflnoro-heptanoic acid methyl ester there was prepared (8)-2-
15 amino-4.4-diflnoro-heptanocic acid methyl ester hydrochleride

LC/MS: 100% 196 (MH®).

REFERENCE 17

-heptanoic acid methy] ester;

20
To a mixture of (S)-2-amino-4,4-difluoro-6-methyl-heptanoic acid methyl ester hydrochloride (238
mg, 0.97 mmol) and diisopropyl amine (2.42 romol, 313 mg) in dry dichloromethane (5 mL) under N,
was added drop wise morpholine carbonyl chloride (1.45 mmol, 218 mg). The mixture was stirred at
room temperature for 23 h, then diluted with dichloromethane (25 mlL) and washed with ditute HC1

25 (30 mL), and saturated NaHCOs (30 mL). The organic layers were dried over magnesium sulfate and
concentrated in vacuum. Purification over 12 g silica gel, eluting with EtOAc:Heptage (1:1, then 2:1)
afforded (8)-4.4-Difluoro-6-methyl-2-
(206 mg, 66%).

morpholine-4-carbonyl -heptanoic acid methyl ester




15 am no-4, 4-di fl uoro- heptanoi c acid nmethyl ester hydrochloride LC M. 100%

196 (M NCE 17 PCT/US2004/035282

(S) -4, 4- %%)0;’0- -ir:rigt hyl - 2- f ( mor phol i ne- 4- car bonyl ) - am nol - hept anoi ¢ aci d
rrethyl ester: F O Nv. i F O 20 &40 a mxture of

(S)-2-am no-4, 4-di fl uor o- 6- net hyl - hept anoi ¢ aci d net hyl ester hydrochl oride

(238 ng, O. 97 nmol ) and dii sopropyl amne (2.42 mmol, 313 in dré

di chl or tastMREDCR): 815)2 @Ker.4 M2, 1R4.72ddetE 88, 6512k 3178 (p BH). |3r7e(1115:é1r1b iyl
chloride (1.45 mml, 218 ny). The mi xture was stirre room_t enper at ure
for 23 {m, 4FDe (th,1280.dP5wint FEDRil BH{mp RBEOR & & = 6AH O gﬁ@wgﬁ’w5ﬁ 24i | ut e
HCl 25 (30 nL), and saturated NaHCO3 (30 nL). The organic |ayers were dried
over magnesi um sul fate and concentrated in vacuum Purification over 12 g
silica BEEEEN:OE_L&Q with Et OAc: Heptane (1:1, then 2:1) afforded

(S)z4. 4;ddi 1 H 2o PR PSR s 8k BMYldryBeiaRol - hept anoi ¢ aci d
ﬁyl 20057 040142 PCT/ US2004/ 035282 -34 1 H NWR
(CDClS): S52(d, J=17.4 Hz, 1H), 4.72F(dd, J = 13,6 Hz, 1H), 3.78 (s,
311), 3.7 (m 411), 3.4 (m 4H), 2.4 ( , 1.95 (m 1H), 1.8 (m 2H)
0.99 (d, J = 6.4 Hz, 6H);LC M5: 90% 3U5 {M+NMa). REFERENCE 18 5 (S) 4 4
Difluoro 2 f(norpholine-4-carbogyl yNanino peﬁt anoic acid nethyl ester: F
o F o~ N Hof By proceeding ing m ['ar ®oranner to Reference Exanple 17
above but usi ng (S)-2-am no-4, 4- difluoro-pentanoic acid nmethyl ester

hydr oc hh?? EoaddGh £ siWiE: ABRAb Refef e Bxadnpld 17 abiovedrPusing (S)-2-amino-4,4-
f (nor phol i ne-4-c

ar bonyl Z- am nol Pe ta%otj?% aci d ryragd?g 0 1H NMR
( CDC13) fifigong-pentapqie acil methylgsteph '8 Prop Jré'jféé——; 78 (s, 311),
.71 ( ”}(Hfi‘ihghohn%-ﬁcarhonvl) amino]- entanmc acid methy] ester.
10 1HNMR (CDCly): 85.18 (d, J= 7.5 Hz, 1H), 471 (q, J = 7 Hz, 1H), 3.78 (5, 3H), 3.71 (m, 4H), 3.4

(1, 4H), 2.37-2.55 (m, 2H), 1.67 (t, J = 18.7 Hz, 3H); LC/MS: 100% 303 (M+ Na).

REFERENCE 19
($)-4.4-Diflnoro-2-[(morpholine-4-carbonyl)-aminol-heptanoic acid methvl ester
./

15
By proceeding in a similar manner to Reference Example 17 above but using (3)-2-amino-4.4-

diftuoro-heptanoic acid methyl ester hydrochloride there was prepared ( S)-4.4-difluoro-2-
[(morpholine-4-carbonyl)-aminol-heptanoic acid methyl ester LC/MS: 100% 309 (MI).

20 REFERENCE 20

S morpholine-4-carbonyl)-aminol-heptanoic acid:
T\ o] F
Q N
\__/
N F
H
OH
8]

To a solution of methyl ester (205mg, 0.63 mmel) in MeOH: H20 (2:1 vol, 4 mL) was added LiOH-

mono hydrate (80 mg, 1.9 mmol). The mixture was stirred at room temperature for 21h, then diluted
25 with water (15 mL) and extracted with ether 20 mL). The pH of the aqueous layer was adjusted to

pH 1 with 1N HCI and it was extracted with dichloromethane (2x20 mL). The organic layers were




(m 4H), 2.37-2.55 (m 2H), 1.67 (t, J =18.7 Hz, 311); LC/ MS: 100% 303 (M

Na) . RE&%%% (S) 4 4 Difluoro 2 PCT/US2004/035282
f (mhol i ne-4-car 0(})%yl) am nol - hept anoi ¢ acid nmethyl ester 15 0 A By

proceeding in a simlar manner to RefeB®nce Exanple 17 above but using
(S)-2-am no-4.4 difluoro-hentanoic acid nethyl ester hydrochloride there
was prepared. (S)-4.4-difluoro-2- f(norpholine-4-carbonyl, -amﬁnol hept anoi c

\.j'-‘ - “'A

aci d metiigd ovexmegnedign pifate 0 oeIRETr vacuyrp togEfopg SN

6 Mt MY lacbrgbARIMNOI D A Egd(%ﬁb)caaim ae shcleanoi ¢ acid: ) O F NF O
To a so "on o yI~ éster ng, 0.63 ') in MOH: H20 (2:1 vol, 4
) was laxhgwem (CDCH)i § 6.4n GHRSR (@t Jo= 6.8 ClzniD), 4.6 nd¥D| 3.7 (RHEDINS 4 (rurdED e
stirred at roomtenperature for 21h, then diluted 25 with water (15 nL) and
ext r act &0 ADth0 6.HED, (Do, 3H). Lodel A6, e aqud&itdSt 987%A0%@¢+ad] ust ed t o
pH L with INHO and it was extracted w th dichl oromethane (2x20 niL). The
organic | ayers were WO 2005/ 040142 PCT/ US2004/ 035282 -35 dried over
magnesi BEFERENGEZland concentrated in vacuumto afford

(S)-4. 4; et hMle - cal _Riaebi- o ag@onyl) am nol - heptanoic

aci d (1@%1%2% 2 wn&aca&boﬁ@ %Eg%iglﬁ)‘ 5.3(d, J = 6.2 H, 1H),
4.6 (rn, 11]), 3.7 (m 4H), 3.4 (m 4H) 5 (m 2H), 2.0 (m 111), 1.8
(m 211), 1.0 (d, J = 6.6 Hz, 6H); L : @0 309 (Mrl). 5 REFERENCE21
(S)-4 4-Difluoro-2- [(rmrphollne 4- carfpon I-a811_|nol pentanoic acid: OF

CtI NAOH By proceeding in a si mll»ﬁr\ Ref erence Exanpl e 20 above
but using (S)-4,4-Difluoro-2 104 ju?rplﬁ)li e- 4 car bonyl ) - am no] - pent anoi c
acid nethyl ester there was prepa (S)-4.4-Difluoro-2-

[(morp hﬁjlr ipi%gee g%; z? sOmMa.t) maqﬂérqg heﬂ?e%eaﬁ&hﬁle%l agove but using (S)-4,4-Difluoro-2-

10 [(morpholine-4-carbonyl)-amino]-pentanoic acid methyl ester there was prepared (S)-4.4-Difluoro-2-

I( 1homholine—4—carbonvh—amino1-Denranoic acid
ITHENMR (CDCl3): 5.9 (b, 1H), 5.29 (d, T = 6.3 Hz, 1H), 4.6 (m, 1H), 3.71 (m, 4H), 3.4 (m, 4H),
2.38-2.65 (m, 2H), 1.70 (t, J = 18.9 Hz, 3H); LC/MS: 100% 267 (M+ 1).

15 REFERENCE 22

-4 4-Diflnore-2-[(morpholine-4-carbonyl)-amingl-heptanoic ac1

\J% ,

By proceeding in a similar manner to Reference Example 20 above buf vsing (8)-4.4-diflnoro-2-
morpholine-4-carbonyl)-aminol-heptanoic acid muethyl ester there was prepared (8)-4.4-difluoro-2-

20 [(mmorpholine-4-carbonyl)-amino I-heptanoic acid
1g NMR (CDCl3): 55.3 (b, 1H), 5.25 (4, T =5.4 Hz, 1H), 4.6 (m, 1H), 3.71 (m, 4H), 3.4 (m, 4H), 2.6-

2.3 (m, 2H), 1.9 (m, 2H), 1.55 (m, 2H), 1.0 (t, T=7.3 Hz, 3H); LC/MS: 83% 295 (M:+1).

REFERENCE 23
25 5-Thicphen-2-yl-oxazole
N
)
S o
To a solution of p-toluenesulfonylmethyl isocyanide (3.0 g, 15.36 mmol) and Thiophene-2-
carboxaldehyde (1.72 g, 15.36 mmol} in methano] (45 ml) under N, was added potassium carbonate




1H NNR(CDC13) S5.9 (b, 1H, 5.29 (d, J = 6.3 Hz,1H), 4.6 (m 1H, 3.71

(m 4H), 8;{%}5 Moll), | 2.38-2.65 (m 2H), 1.70 (t, JpcrdBofidiZs2311);
LG VS 1 Be T (M 1). 15 REFERENCE 22 (S)-4

4-Di f| uor o- 2- [ (nor phol i ne- 4- car bonVD- a¥@mol - heptanoic acid F FOH r O
By proceeding in a simlar manner to Reference Exarrpl e 20 above but using

S) - 4, 4,4 N0l | -4- - ' i d.net hyl
,E h)er e Wgsjijc p%, g? éﬁ) o OP[S%%&"J% %% %cra%_ﬁgo?r%% for glﬁ} en coo fpc{ an; (c):(ln:%en Calte% mrre y
[ ( mor p hmum(aﬂttwm;u).) Tharesidle-ve prrtitiwicd betwieeh chdr KRl CREL 8)ter (B0GmB). ( b,

71 (m 4 3. m 4H), 2.6-
%giérg“id]l@'e( Yo 55%?‘1 %!%gat?rrﬁﬂéﬁ}?’ ;Hiﬂ.é‘jo‘“’(?‘3 f“a%‘{e%rg“??g{}dﬁ&?“d - LC/MB: 83%
2 95 ( Ma%ccnuﬁéﬁmmeﬁdﬂmammd 2verl35 gsiizopd, it With ahy @betrité:on of
| ue Q. |, i 36 mol ) and Thi ophene- 2-
car goxaﬁeg’?a#gﬁﬁg%méﬂ%@%% QS%% (45 nmL) under N2 was added
pot assi o temak e SWO @005/ 0304 42, HQF(/S Lﬁgoﬁtﬂ/(d&%z%% 8 H§61}£)2Ld/ﬂlsg 10045 36
mol ). The mxture was heated to refl ux 5 hr, then cooled
concent t2t@®8-1p.n vacuum (col d wat er bat h). The resi due was partltloned
bet ween ether (100 nL) and water (100 nlL). The organic |ayer was washed
wth water (100 nmL), dried over magnesium sulfate and then concentrated in

vacuummmmle was purified over 35 g silica gel, elut ed with ethyl
1 B) -2 e 1,379 . 1H

Hz, 1H) LC/ NB: 100% 152 (M+1) NCE 24 10 .
f(S)-1-113ydroxy-(5-tbiophe (y - rgt hyl | -uropyl | - carbanuc acid
tert-butyl ester OH ON) asol f,5 t hi ophen- 2-yl - oxazol e
(0.85 g, 5.62 mmol) in dry TH (APITJJ

To a solution of 5-thiophen-2-yl-oxazole (0.85 g, 5.62 mmol) in dry THF (4 mL) was added

triethylborane (1.0 M in THF, 5.62 mmol, 5.62 mL). The mixture was stirred at room temperature for

45 min, then cooled to ~78°C and n-butyl lithium (1.6 M in hexane, 5.62 mmol, 3.51 ml.) was added

15 drop wise. The mixture was stirred at —78°C for 45 min then a solution of (1-Formyi-propyl)-carbamic
acid tert-butyl ester (2.81 mmol, 0.526 g) in dry THF (3 mL) was added slowly. The mixture was
stirred at —78°C for 4 h, then warmed to 0°C and quenched by adding 30 ml. of 10% (vol) HOAc in

ethanol. The mixture was stirred at room temperature for 18 hr and then concentrated in vacuum. The

residue was purified over 90 g of silica gel, eluted with ethyl acetate: heptane (1:2 then 1:1) to afford

- 20 -carbamic acid tert-butyl ester (363
mg, 38%) as yellow oil.
1H NMR (CDCl3): 8 (mixture of isomers) 7.35 (m, 2H), 7.1 (m, 2H), 4.9 (m, 2H), 4.0 (b, 1H), 3.6 (m,
1H), 1.8-1.55 (i, 2H), 1.4 and 1.3 (2s, 9H), 1.0 and 0.9 (2t, J = 7.4 Hz, 3H); LC/MS: 100 339
M+1).
25

REFERENCE 25

8)-2-Amino-1-(5-thiophen-2- -butan-1-ol hydrochloride

CIH
OH
PR VY

To a solution of {(S)-1-[hydroxy-(5-thiophen-2-yl-oxazol-2-yl)-methyl]-propyl}-carbamic acid test-
30  butyl ester (361 mg, 1.07 mmol) in dry dichloromethane (3 mL) was added 4N HC] in dioxane (3.0




triethyl borane (1.0 Min THF, 5.62 mmol, 5.62 nlL). The m xture was stirred
room wi?l% Shaiyg e for 45 mn, then cool ed to -78C P 2084085281 t hi um

(1 6 Min hexane, 5.62 nmol, 3.51 nL) was added 15 drop w se. The m xture

was stirred at -78C for 45 min then a-8@f ution of

(1-Fornyl -propyl)-carbamc acid tert-butyl ester (2.81 mml, 0.526 g) in

dry THE (3 nL) was added slowy. The m xture was stirred at -78C for 4 h,

t hen warmie&S).oTiFcuiame: Heratopbel Tepm pasayreder b fien sorpsiipindyn paoppe fq,ford

et hanol . /NQ X i ipBS S i dxa gl 28h) RN 1 8NDeERbEHR:s h & 3181 @hagnd t hen

concent I'n_vacuu he residue was purified over 90 g of silica gel,

el ut ed Wit MvRIEDLCIR0ET. A(d, T A3t A8z, )Y 4 Gén 4 3.9) 1.1 Hzafi)of. 31(521}1) 7.1(d4,J

{(S)-1-[hydroxv-(5-tbiophen-2-yl-oxazol - 2-yl) - net hvl } carbamc acid

L' - butsy, 6ol Y S83m 4 338y 20559 VB . 70 RS OIS (1 xt ur e

'SSOWWSY%"%?%?W%@ 7.1 (m 2H), 4.9 (m 2H), 40(b 111),J 3.6 (in,

111) 1.4 and 1.3 (2s, 911), 1.0 and 0.9 (2t, J = 7.4 He,

3H); LC Ms: 100 339 (Mrl) 25 REFERENCE 25
(S)-2-Arg#§mtﬁa%h' ophen- 2-yl -oxazol - 2-yl ) -butan-1-01 hydrochl oride CH

0 a solutlon of

OH Hz
{(S) - 1- [(hiziyiadd) APEGPYL gig 3eid
tert- 30 butyl ester (361 ng, 1 07 rrm)l)
added 4N HO in dioxane (3.0 WO 2005/ @401
The m xture was stirred at roo
vacuumto afford (S)-2-Am no- (5-
hydrochl oride as a tan solid (quant
1.

AEEet hyl | - propyl }-carbam ¢ acid

g y di chl oronmet hane (3 nlL) was

/ US2004/ 035282 -37 M., XS).

o016 h, then concentrated in
phen- 2- vl - oxazol - 2-y| | - but an-I - ol
1H NVR (CDC13): 8 7.5 (dd, J 52

' 7
3 60 TapbindoriorFforatiodt et Sy b Jiof iy ol S iy 5 0y
J = 7. 5 niily anBéthanobwisGAMS nith@A%haAS B 1M+ 6. 090 mRER EFIENGE b Gicthylamine (2.70 g, 26.7
1-Bthyl 2 By dp oX 3 Ll WY oS RATES 235 Shatell o lihtdte AR bR IOt Y O

ly
residue was dihited with ether (50 mL) and washed with concentrated NH,CI (60 mL). The ether layer

was dried over magnesium sulfate and concentrated in vacuum. The residue was purified over 35 g

15 silica gel, eluted with ethyl acetate: heptane (1:3) to afford the desired alcohol (1.09 g, 82%) as a light

yellow oily solid.
14 NMR (CDCl3): & 4.2-4.8 (m, 4H), 3.15-3.8 (m, 2H), 1.69-1.6 (n, 2H), 1.47 (2xs, 9H), 1.02 and 1.0
(2xt,J = 7.1 Hz, 3H) LC/MS: 2 isomers, total 100% 149 (M-BOC+1). '

20 REFERENCE 27
(1-Bfhyl-3-pitro-2-trimethylsilanyloxy-propyl)-carbamic acid tert-butyl ester

"“Sl

b

To a mixture of (1-ethyl-2-hydroxy-3-nitro-propyl)-carbamic acid tert-butyl ester (1.83 g, 7.37 mmol)
and triethylamine (1.49 g, 14.75 mmol) in dry dichlorornethane (25 ml) under N, was added

25  trimethylsilyl chloride (1.20 g, 11.05 somol). The mixture was stirred at room temperature for 24 h,
then diluted with 40 L of dichloromethane and washed with water (40 mL). The organic layer was
dried over magnesium sulfate and concentrated in vacuum. The residue was purified over 110 g silica

gel, elnted with ethyl acetate: heptane (1:4) to afford 1 -ethyl-3-nitro-2-irimethylsilanyloxy-propyl)-

carbamic acid tert-butyl ester (1.505 g, 86%) as a colorless oil.




OY I O1 10 To a solution of (1-fornyl-propyl)-carbamc acid tert-butyl

ester (lyfySoosMaoide Mol ) in dry THE (10 nlL) and et hanqloygS ek
ni t r onet hane ?3 91 g, 64.09 mmol) followed by triethylamne (2.70 g, 26.7

nmml ). The mixture was stirred at roor®enperature for 22 h, and then
concentrated in vacuum The residue was diluted with ether (50 m.) and
washed V\fth concent r;gt ed N114C1(6Q nlL). The ether |ayer was dried over

nmagnesi Uit @W @Pg AR+ ESROLmy F% 895 (@ hckdnh/ el <P 081l s Tdulr.BHdd over

35 15 'I' th et t ne (1:3) to afford the
dosi r ed 03P Gnaw” (1 09 }&}g@\%““’%"“wﬁl ﬁﬁ%ﬁg?ﬁ‘doé\;v&g‘l{ y sgl i d? 1H NMVR
(CDCl 3) : S4248(m 4H), 3.15-3.8 (m 2|—|) 1.69-1.6 (in, 2H, 1.47 (2xs,

9H), 1. (2xt, J = 7.1 Hz, 311) LC/Ms: 2 isomers, total 100% 149
( M BOC+1F RENCE 27
i , Bt risgi ai - il : e o1

ester % 1 015 NOO To a mxture of

(1- et hyl - 2- hydr oxy- 3-ni tro-propyl) - ca{sbamc acid tent-butyl ester (1.83 g,
7.37 mol) andtrlethylamne(l 49 ‘475 ) in dry dichloronethane
(25 nL) under NZ was added 25 c loride (1.20 g, 11.05 mmol).
The m xture was stirred at ro te 24 h, then diluted with 40
mL of dichl oronet hane and washed wPth wat & °(40 m.). The organic |ayer. was
dried oyver rr;la nesi.um sul fate and_concentrated in vacuuym The residue was

puri f i e§° BFRIHRPHUPEY RGO 2geme b F g PR s taiATIaed BrduhessrdNs e 4)
to affOZdﬁﬁﬂnoﬁt halPhéyRid mm%ramrwaessfyksdmydna&ym&m nyﬂ Ogﬁa(r) m@ aci d

tort-but 5 .oy | I
PCT] USZUAP b3t B ke ke g etyapie 06 S A0 S erag et 1)

cabor LSPGO @S%heffzf’%"e@é&@%%@amg e Wil (300 s bt bl

{ 1- 1( 5-mbpe opsydtined ox am gldit@asliZ)h, thep flserbd | Biclfdimyé wasyconenirytbd inproyd dud car barmi
¢ acid && %Ei’dgy&lélsj puﬂﬁéc?crvar _*;ﬂ sﬂiea'é'al?aﬁtcﬁl with ethyl acetate: heptane (1:5) to afford {1-[(5-

Isopropyl-1soxazol-3-yl)-trimethylsilanyloxy-methvl]-propyl }-carbamic acid tert-buiyl ester (764 mg,

‘72%) as a colorless oil.
15 1HNMR (CDClz): § 6.0 (2s 1H), 4.4-4.9 (m, 2H), 3.7 (m, 1H), 3.0 (m, 1H), 1.2-1.6 (m, 17H), 1.0 (m,
3H),0.11 and 0.1 (2xs, 9H);  LC/MS: 2 isomers, total 67% 271 (M-BOC+-1).

REFERENCE 29
2-Amino-1-{5-isopropyl-isoxazol-3-vi

-butan-1-ol hydrochloride

20
To a solution of {1-[(5-Isopropyl-isoxazol-3-yl)-trimethylsilanyloxy-methyl) -propyi}-carbamic acid
tert-butyl ester in dry dichloromethane (5 ml.) under N, was added a 4M solution of HCI in dioxane
(5.0 mL, X5). The mixture was stirred at room temperature for 22 h, then concentrated in vacuum to
afford the amine salt (475 mg, 99%) as a tan solid. '

25 I NMR (CDCl3): 8 6.25 (2xs, 1H), 5.0(d, J = 3.9 Hz, 1H), 4.8 (d, J = 6.8 Hz, 1H), 3.4 (m, 1H), 3.1

(m, 1H), 1.5-1.7 (m, 2H), 1.3 (4, J = 6.8 Hz, 6H); 1.0 (t, T = 6.7 Hz, 3H); LC/MS: 100% 199 (M+1).

REFERENCE 30
S5-Methyl-3-oxazol-5-yl-isoxazole




O NO To a solution of

(1- Et hyl iﬁiiﬂoglﬁ&i&t ri met hyl si | anyl oxy- propyl ) - car bam gca@igodsfBizsPut yl
ester (918 ng, 2.86 nmol), 1, 4-Phenyl ene diisocyanate (1.38 g, 8.5 mmnl)
and 3-nethyl-1-butyne (586 ng, 8.5 mﬁﬂ‘) in dry toluene (15 nL) under N2
was added triethylam ne (10 drops). The m xture was heated 10 to 50C in a
sealed vial for 28 h, and then cool ed typgoomtenperature Water (1 nL) was
added and the m xture was stirre%%ditional 2 h, then filtered.
The filtrate was concentrated in Yaglu n the residue was purified over
35 g silica gel, eluted with ethyN—dcetate: heptane (1:5) to afford {1-1(5-
| sopropy.t -J z0l - 3-vl.) - t i pet byl si Y, =net hyl | - or.opyl.l - carbam c acid
tort - bty aLER s OB B meh i 8 ap e dhcts) | 8
6.0 (2smihidity to akolitidn & rfathyl-3dderhyliSoxAzdlexB-cdrbhxylade G.0(gm, 21 8)nmdl) A-35.08 of By 17H) ,

271 ( M RS it R o TR, hereded o Wkl sy Sty 5 .

- but an-Theatabticlr wawannedte -40GT khd duehtbe With ice R6ONDNRO AREY tHeobiphasielmiktug@rwaef {

1-1(5-1 | - i | -3-yl)-trinethylsilanyl - et - |} - bam
2ot COpPER R BB R abiep HuEh af B G et added o
4M sol utjaeons aflutidd) wasraddhidoXimrtdlayef Svefe sparatdSihe afitoudwastcitractetingittsheihylaet at

roomtepperatire for 22 h. then,concentra in vacyum.to, afford the am ne
Cort ( FIRRRE L G ot w0 SRR SRR BERE andlecr RSl b acs Bl el 2L
(d, J o Bive5MfethylidpxazdleB-dachalddhyde @s Shizsolid .3 g@). 4 (m 1H), 3.1 (m 111),
1.5-1.7 (m 211), 1.3 (d, J = 6.8 Hz, 611); 1.0 (t, J = 6.7 Hz, 311);

L : 100% 199 (M+1l). REFERENCE30 5- Met hyl - 3-oxazol -5-yl -i soxazol e WO
2005/ 00 TéReGTiddFRaHY] BBER8Be (1. B80T thmdl) ardi Bosasditkha xhrbbriard (201ayc8 brle

Soi ut 1 GO are A N g T EBlet R BtE H optho Rt 002 Y Tomal 60
35 nl  of dgrgethaneitang the nexctidnl miktutkewaswkiixed (90P@)i fags Iadrs: TiRGeactibtl whi@ole@ 8Lt | ON

m xtur oot em%grla&l;eea%d g&ncégﬁggdﬁz%er ?édgcchp?-gsggrb. The residue was partitioned in diethyl ether

15 {100 pat) and water (200 ml). The organic layer was separated and the aqueous extracted with diethyl
ether. The organic extracts were washed with brine and water, dried over sodium sulfate and

concentrated under reduced pressure to give the title compound as yellowish solid (1.25gm).
LC/MS: 87%, 238 (M+1)

20 REFERENCE 31
((8)-1-{Hydroxy-[5-(5-methvl-isoxazol-3-y1)-o0xazol-2-y1]-methyl }-propyl)-carbamic acid tert-butyl

: 'il H
BOG” N\{I@\\(O 7
PR VAN
Triethylborane (1M in THF, 12 ml, 12 mmol) was added to a solution of 5-Methyl-3-oxazol-5-yl-
25 isoxazole (1.8 gm, 12 mmol) in 40 ml of dry Tetrabydrofuran and the mixture was stirred at room
temperature for 15 minutes. The mixture was cooled to -78°C, nBuli ( 2.5M in Hexanes, 4.8 mil, 12

mmol) was added drop wise and the mixture was stirred at -78°C for 15 minutes. A solution of (8)-1-
Formyl-propyD)-carbamic acid tert-butyl ester (898.7 mg, 4.8 mmol) in 15 mil of dry tetrahydrofuran

ester

was added drop wise and the reaction mixture was stirred at -78°C for 3 hours, then let warm to -30°C
30 and quenched with acetic acid in ethanol (4%, 250 ml), stirring continued for 2 hours, while warming
to room temperature. The reaction was concentrated under reduced pressure; the residue was dissolved

in diethyl ether (250 mt) and stirred for 1.5 hours at room temperature. The precipitate was filtered; the




5 The reaction was warnmed to -40C and quenched with ice (60 gm. After the
bi phasi ¢, ?‘;‘@R& yas allowed to warmto roontenperat Uy RBbRARSsMM sodi um
tartrate tetra yérate (100 M saturated aqueous solution) was added. The
bi | ayer were separated, the aqueous wa)-extracted with nethyl ene chloride.
The .organi c extracts were dried over sodiumsulfate and concentrat ed under
reduced pressure to give 5-Mthyl-isoxazol e-3- carb Idel’% 1S, \Mrynte solid
(1.3 gniilisatbGraPeorteitaaA aadd fadnsad prRstsy COSBETRRPREPY 757 (™86 7 ol ) and
Pot aSSI um.car ol the W8 ® ddﬂhs@ﬂcaelwsohﬁ@ﬁomg)

5- NEth - ox%a)tzoqﬁs; (C?:ﬂg%éa gﬁ%ﬁ%&(ﬁwgln 8. 5191? mmol) in 35 m of dry

met hanol and t he LEAMS 1W%.AB%DGFE was refl uxed (90C) for 5 hours. The
reaction was cooled to roomtenperature and concentrated under reduce
pressure. The residue was partitioned in diethyl ether 15 (100 m) and

wat &r (M@ﬂhe organi c | ayer was separated and the aqueous extracted
with di yl. . ether e 0K 1-BE8ES 108 S Hrlde brine and water,
dried o&%‘—‘é%‘ay s 185% colnéﬁentrat ed under reduced pressure to give
the title conpound as yell OWI sh sdffli dod1. 259n) LCl MS: 87% 238 (M+l) 20
REFERENCE 31 -0

((S)-1-{Hvdroxy-f5-(5- methyl-lsox?iz / azol - 2-yl | -nmet hyl }-nropyl ) -ca
rbamic acid tert-butyl ester H H/BOC]\N N TrTethyl borane (1Min THF, 12
m, 12 mmol) was added to a sol ution of 5-Methyl-3-oxazol - (é - 25 _

| SOXaZOlQarodentnabe UR HNIM-Yiokdne, 05 ni) wo adfed dbpwisatnaibrior ah (Ghé (HEE R xt ur e
was stirred at room era Y agled to
BC N R bR gy g e inic JAP L RN (67 B9OLE | P
M XfgUr € Rs 1§ tw il epbmyhn%&ﬂohm arlifie rhatioh @BxtuA Vs btirrdd@hrogin teraerature for 2.5

For nyl - rop cal bam ¢.acj d. t atFe&h) in 15 m
of dry be¥y ﬁ‘ﬁ?@f?ﬁp&r@ﬁ%ﬂm ’gﬂ‘ﬁghﬂcj’ o% 5\9\,1%%%38%% %F?dgglgﬁbgﬁ m xture was
Sti [ red grazggc%ﬂﬁgn@raaeﬁgjam;g gﬁfﬁufb gxtzvamntiﬂ@ colapri;n@ ;ﬁsgj{mh éqlgg%@ aﬁrm |
acetic acid in ethano 0 irri c Yy Whi | e
war m ng HMW)BW@S&B@&}DTT\y e&@t?%smﬁ? gg E,I%’ gd(mﬂ% Suced
pressure; the residue wa thyl ether (250 m) and stirred
for 1. 53%d@(%2%gﬁpﬂteﬁ@ :Lm éﬁ@yﬁ?g%ﬁ' g) Ipitate was filtered; the WO
200p/ 040142 PCT/ US2004/ 035282 -40 filtrate was concentrated under reduced

pressure. Columm chromatography on silica eluting wth a mxture of
nmet hyl eREFERENEESE and et hyl acetate gave the title conpound as pale yellow

soli d (880 ABino-1-3FMapibBR%h 2 B3t dlaéiss) yI)-butan-1-0l

L NH,
H
N 0. =
SN T 7
H o : 0
o ~ (o} . -~ .

j\r»—A — Y

A solution of (S)—3-tert~Butoxycarbonylamino-z-hydmxy-pentanoic acid (2.00g, 8.57mmol) and N-
20  hydroxy-cyclopropanecarboxamidine (1.03g, 10.29mrmol) in dichloromethane (20mL) was stirred at
. 0°C and 1.25 equivalents of N-cyclohexylearbodiimide-N’-methyl polystyrene (1.70mmol/g, 6.30g,

10.72mmol) was added in portions. The reaction mixture stirred under nitrogen for three hours while
warming to 15°C. The reaction mixture was filtered, the resin washed with dichloromethane and the
filtsate evaporated under vacuum to dryness. [LC/MS m/z=338 (M+H+Na)].

25 The residue was dissolved in tetrahydrofuran (20mL) and heated in a microwave reactor (Smith
Creator) at 160°C for three minutes, cooled to room temperature and evaporated under vacuum to

dryness. [LC/MS m/z=320 (M+H+Na)]. The residue was dissolved in dichloromethane (50mL) and




5 REFERENCE 32 (S) 2 Anino 1 f5 (5 nethyl

| soxazol wiy Yozm¥@zol - 2-yl | -butan-1-ol hydrochloride Wcpysehhalisds;Or o N
Hydrogen chloride (4Min 1, 4-dioxane, 3.3 rd) was added dropwi se to a
solution of ((S)-1-{Hydroxy- -41-

L5- (5- met hyl -i soxazol - 3-yl ) - oxazol 2 yl']-nmethyl }-propyl)-carbamc acid
tert-butyl ester (0.75 gm 2. 22 ml ), i.n 10 of . | e chl oride an
the reastirfed At 19pSR{SRSTaRFE 253 5%@1“&?11 PO E“@H%fg?%fpﬁ ?"é‘}cl F‘oﬁt"ﬁ}x 7 2% The
react i Oy grof inisd! AtteiVinted hehire 1 Ydact@invek efdpOrardd inderdracibin'to égnéssandanot her

th .Oi’ | " c ot in Oyl hDlarapr gt iy (s gy LRI Rt S Pt 48°
7. 84 sfiswre Lidrkdd at ﬁmﬂpteﬁx?sratﬂﬁ)o,verﬁl Themiddide was fili&ed ma wished W50 (s,

311) 1.60 (m 2H),_ 0.90 238 E 33 (9
2 A#i nodighlergmetianen Fivapprate Eﬂﬂ?f YPCBI}I-&H’ %‘2/331 ‘%%‘f% K W%’ESS Ifﬁ%c?%@ﬁ%o
HOI) NO~ ANerfti9e], depfatectiofdt thd'B@iZEﬂrdtectmg £y Was c&ﬂdd@x@nm HCHKnHiokanen of
(S)-3-tert-But oxycar bonyl am no- 2- hydr H t.anoi c E‘é Og, 8 57mol )
and N- PEITRE}H Sxymiagd HEsyepripRe: é@ﬁ&?&%ﬁ%’?‘ & (hl‘t%

di chl oronet hane (20nm.) was stirred at O0C and 1.25 equi val ents of

N- cycl ohexyl car bodi i m de-N -net hyl polystyrene (1. 70mol /g, 6. 30g,

10. 72rmBEFERENCRBAded in portions. The reaction mixture stirred under

Ni t509€ Ry b0k minb1986- 3 2 8iaz MBIDIKEGNTIG115C. The reaction nixture was
filtere e resin washed wth dichloro ,_pane and the filtrate

evapor at ed under vacuumto dryness. [LC M z=338 (MrHtNa)). 25 The

resi due was dissolved in tetrah furan (% and heated in a mcrowave
reactor (Smith Creator) at 160 N ee/m nutes, cooled to room

t enperature and evapor at ed under "Vac Um 0 oH

=0

A solution of (S)-3-tert-Butoxycarbonylamino-2-hydroxy-pentanoic acid (2.00g, 8.57mmol) and N-
hydroxy-benzamidine (1.3g, 9.5mmol) in dichloromethane (40mL,) was stirred at 0°C. N-
cyclohexylcarbodiimide-N"-methyl polystyrene (1.90mmol/g, 6g, 11.41113:&101) was added in portions.
15 The reaction mixfure was stirred under nitrogen for one hour. The reaction mixture was filtered, the
resin washed with dichloromsthane and the filtrate evaporated under vacuum to dryness. [LC/MS
m/z=352 (M+H"), 206(M+H-isobutene)]. The residue was dissolved in tetrahydrofuran (20mL;) and
heated in a microwave reactor (Smith Creator) at 180°C for three minutes, cooled to room temperature
and cvaporated under vacuum to dryness. The residue was purified via flash chromatography (eluted
20  with a gradient from 5% to 65% ethyl acetate in heptane) to give the product as a white solid [LC/MS
" m/z=356 QM+Na"), 234 (M+H"-Boc)].
The product was dissolved in dichloromethane (45mL) and tnﬂuoroacetm acid (SmL) was added.
After two hours the reaction was evaporated under vacuum to dryness. The residue was re-dissolved in
50mlL of dichloromethane. Silicycle triamine-3 (9.9g, 39mmol) was added and the mixture stirred at

25  room temperature overnight. The mixture was filtered and washed with dichloromethane. The filtrate

was concentrated under vacuum to give (3)

(775mg, 38%) as a white solid.
1H NMR (CDClg):5 8.12-8.06 (m, 2H), 7.54-7.45 (m, 3H), 4.93 & 4.75 (2zd, J= 5Hz & 3.5Hz, 1H),
325 &3.11 (2xm, 1H), 1.78-1.42 (2xm, 2H), 1.04 & 1.01 (2x t, J=7.5Hz, 3H). [LC/MS m/z=234
30 (M+H)L

REFERENCE 35

-2 Amino-1-(5-phenyl-[1.2.4loxadiazol-3-




dryness. [LC/ M5 nmfz=320 (M+H+Na)]. The resi due was di ssolved in

di chl or oRy fB&)e0t£O™) and WO 2005/ 040142 PCT/ US2004/ Opedfisao04fhds8t i rred at
roomtenperature as a 50nL solution of 50%trifluoroacetic acid in

di chl oronet hane was added drop wise. “#ter three hours the reaction was
evapor at ed under vacuumto dryness and dissolved in 501 of

di cbl oromet hane again. Three equivalgnts of Silicycle triamne-3 was added
and the mxture stirred at rogomtenperature overni ght. The m xture was
filtered and washed with 5 di cH I . Evaporate under vacuumto give
1.04g (61%overall). [LCO M nz= Il}B ( Alternatively, deprotection of
the BOC protecting group was carried ol wi Cl in dioxane to give (9S)
-2- am no-|-(3-cycl opropyl -1, 2, 4- oxadi azol 521 ) butan-1-ol hydrochl ori de.
REFERENCE 34 10 (S)-2-Am no-|-(3-phenyl-1 2 4-oxadi azol -5-vD-butan-1-0ol Ha
7TH2 A spiitlidsiaed aafdefchipedintier bEBribpreyatian bbagb:am no- 2- hydr oxy- pent anoi ¢ aci d
(2.00g, 8.57mml) and N, hydroxy-benzam dine (1.3g, 9, ‘%mml ) in

di chl or onet hane (40m.) s stirred at 0C. N

cycl ohexyl car bt Wmtmet hyl ¥H61-§St yene Ko %g: 11.4mmol) was
added in portions. 15 The react ivemmdmeture was stiried der nitrogen for
one hour.. The reaction mxture was filtered, the ~“Tesin washed with

di cbl or onet hane and m&fl Itrate evaporated under vagugumto dryness. [LC M5
m z=352 (M+tH ), 296( i sobutene)]. The residue was dissolved in
tetrahydrofuran (20nL) and heated in a mcrowave reag¢t®e=¢Sitith Creator)
at 180C for three mnutes, cooled to roomtenperaturel afdevaporated under
vacuumto dryness. The residue was purified via flash'chromat ography
(eluted 20 with a gradient from5%to 65% ethyl acetaR¥ in heptane) to give
the product as a white solid [LCMS m z=356 ¥ ¥Nj-H+- Boc)]. The
product was dissolved in dichloronethane (45nL) anditrifll uor@acetic acid
(5mL) was added. After two hours the reaction was~evapdhas der vacuum
to dryness. The residue was re-dissolved in 501 of,dichloronethane.
Silicycle triamne-3 (9.99, 39nmpl) was added and thE’mixture stirred at 25
roomtenperature overnight. The m xture was filtered ﬂlc}.’,‘@aih%g W th

di chl oronet hane. The filtrate was concentrated under [vacuumto give
(S)-2-Am no-1-(3-phenyl-1 2 4-oxadi azol -5-yl)-butan IiO‘.‘L‘E”“‘H?Srrg, 38% as a
white solid. 1H NWVR (CDC13):3 8.12-8.06 (m 2H), 7.54-7.45 (m 3H), 4.93 &
4.75 (2xd, J= 5Hz &®Bi5Hz, 111), 3.25 &3.11 (2xm 1H}y 1.78-1.42 (2xm

2H), 1.04 & 1HW 7.5Hz, 3H)aea[ LC/ M5, M 27234 % 30 (MH)] .
= 0 N
-~ N

DCM

5 A solution of (2-cyano-1-ethyl-2-hydroxy-ethyl)-carbamic acid tert-butyl ester (9.53g,
44mmol) in methanol (80ml) was cooled to 0°C and treated successively with hydroxylamine
hydrechloride (3.05g, 44mmo]) in methanol (30ml) and 25% sodium methoxide solution in methanol
(10.2ml). After stirring at 0°C for 5 mimtes the reaction mixture stirred at room temperature for 3
hours and then evaporated. The residue was partitioned between ethyl acetate and water. The organic

7 10 layer was separated, dried over magnesium sulfate and then evaporated under reduced pressure. The
residual yellow oil was subjected to mplc, eluting with a mixture of ethyl acetate and heptane to give
{($)-1-[hydroxy-(N-hydroxycarbamimidoyl)-methyll-propyl}-carbamic acid tert-butyl ester (3.5g) as

* white solid. MS: MH* 248.
1-[Hydroxy-(IN-benzovloxycarbamimidoyl)-methyl]-propyl }-carbamicacid tert-butyl ester (3
13 A solution of {1-[hydroxy-(N-hydroxycarbamimidoyl)-methyl]-propyl}-carbamic acid tert-butyl ester
(2) (2.52, 10mmo)) in dickloromethape (1251ml) was treated with benzoic acid (1.36g, 11mmel), EDCI




REFERENCE 35 (S)-2-Am no-I-(5-phenyl-[12. 4] oxadi azol -3-yl)-butan-I-ol WO
2005/ 0404A220051040¢p2004/ 035282  -42- OH HZN N / N\ O SyphashéRd:aHs:
described 1n the follow ng reaction schene: OH H BocNH NEaoa.acl BocNHNH2
CN NaOVe, MMOH N, OH (1) (2) Beczoic at%d EDCI OH BocNH NH2 - TI 0 OX,
Ph  (3) Mcrowave, 15 oC 4, diglyne OH OH HZN N TFA BocNH Il | ~.. DCM
NCO 11-,Ph N, OPh _ (

(9)-1 - e ST IR a5 e ol By st hromm
t ert - buteperatitedvedndoht. The Aeasitinuiikiore vos washed with saturated sodium bicarbonate solution,
(2-cyanqg-1I-et hyl - 2-hydr oxy-et hyl) - car ' ' ri- Vi . 530,
44mol ) ﬂ]ieﬁwﬁtﬁ% ﬁ’&ﬁé?e‘%lﬁ’ﬁﬁﬁ%zsg?/&?}éé%c&eeg Q’?E)ngl&&g hegiu%er(agz}ﬁse 2 srtl}lcc 2‘2‘2@%\?& y wWith
h YS roxy E@E&hﬂ&& _todrhyld Ellilﬁﬁﬁ Rith U9 ti@hyBagne By pthilncetatt hadlwpt2pS8Qurtyre torgive2 5%
sodi um nmet hoxi ol ution in methanol 10, 24 of Sty for 5
R BT T R e i

a yellow solid. MS: MH*352.

9-Amino-1-(5-phenyl-[1.2.4loxadiazol-3-yI)-butan-1-0l (5}

A solution of (3) (1.5g, 4.3mmol) in diglyme was heated at 150°C in a microwave reactor (Smith

o

Creator, S00219) for 40 minutes. Selvent evaporated under vachum in Genevac Evaporator at 80°C
10 for 3hours to give a brown solid. This was taken in dichloromethane (40ml) and treated with
trifluoroacetic acid at room temperature for 2 hours. Solvent evaporated to drypess under reduced
pressure, crude taken in water, washed with DCM, agueous layer basified with 1M NaOH solution and
extracted with dichloromethane. Organic layer dried over Na;SO,4and evaporated under reduced

.pressurc to give 2-amino-1-(5-phenyl-[1.2.4Toxadiazol-3-yD)-butan-1-o0l (300mg) as a pale brown solid.
15 LHNMR (CDCl3): § 8.14-8.10 (m, 2H), 7.59-7.47 (m, 3H), 4.83 & 4.65 (d, J= 5Hz, 1H), 3.18-3.05
(2m, 1H), 1.71-1.20(m, 2H), 1.05-0.97 (2xt, J=7.2Hz, 3H).

REFERENCE 36

§)-2-Acetoxy-3-tert-butoxycarbonylamino-pentanoic acid

A
>( 0" Yo
Oll/ki/;vl\gfw

Pyridine (5 ml), 4-(dimethylamino)pyridine (0.01 g) and acetic aphydride (11 mmol, 1.12 g) were
dissolved in dichleromethane (150 ml) and the resulting solution cooled to 0°C. (8)-3-tert-

20

Butoxycarbonylamino-2-hydroxy-pentanoic acid (10 mmol, 2.33 g, A) was added at once and the
resulting reaction mixture was stirred for 5 hours.

25 1M hydrochloric acid (250 ml) was added and the mixture transferred into a separating funnel. The
phases were separated and the aqueous phase extracted three. times with ethyl acetate (200 ml). The
conibined organic phases were washed twice with water (200 ml) and with brine (100 ml). The organic
phase was dried with magnesiumn sulfate and the solvents evaporaied under reduced pressure to give

(8)-2-acetoxy-3-teri-butoxycarbonylamino-pentanoic acid (2.535 g, 92 %)..
30 MS: m/z=298 (M+Na"), 276 (M+H")




hours and then evaporated. The residue was partitioned between ethyl

acetate ﬁﬂgmﬂﬁ%ﬂﬁ , The organic 10 layer was separated, piiBofnasgiBgnesi um
sul fate and then evaporated under reduced pressure. The residual yellow
oil was subjected to nplc, eluting w t-H4a m xture of ethyl acetate and
heptane to give {(S)-1-fhydroxy-(N

hydroxycarbanlnldoyl nethyl] propyl }-carbamc acid tert-butyl ester (3.5Q)
as whi BEE MH+

Tiwdr oX-AMiDRIZEYIeat: ménvaar J@J»i adi®EL- NV k-t R heltro® A b BB G Ga thn dcBiHonaYt V|
ester (3) 15 A solution of {
1-[hydr@&?hﬁﬁzhydroxycarbaninidoyI)-nethyl]-propyl]-carbanic aci d
tert-butyl ester (2) (2.5g, 10mmol ), in dicbl oronet hane (125ml) was treated

wi th benzoic acid (1.36g, | |nmol), | 2005/ 040142 PCT/ US2004/ 035282
-43 (2.14 g, | Imol), T ¢1.370% 106mo triethylam ne (I.35nL,

11mmol ) and stirred at roo te reNove . The reaction m xture
was washed with saturated sotm Bi cagbonate sol utyon, then water, then

dri ed over Na2SO4 and then evapopated under reducé 'for essure. The residue
was subjected to nplc eluting with 1%triethylamne in 2:3 v/v ethyl

by dr oxySLReBERY S e Pyl ey PSR EAT L B7 BB P A S 8 -
est er ( 8b0ibproagthade. Wel ydollesyidartabdiidide-NVidts35Zpol R tyfotic (3164 minbl P92 BBy dds 2

i o1 ymo oGS ke e o pireat ot eR Guitv e S P gl 21 0)

for 40 (i.68k@sl, 0.363 ¥ &F)twae udipd kgl thcreid e nixtae Wtkied dve:GogHe.\/aer 5 Beos BCMS at

80C 10 f i b | id. Thi k d I th
Caom) et oot Pt Pt ol Sabibd o Sl ERperur e ped > o
houros.  Sirtingecintimed firreighelibui0 ThY iyateiss mistele was filiieBthdefsneibauhdthe Glthte taken

Lt o et Gtk el S e T vy e g

evapor atrifiilotongibxy- B drpi e 61671 [t m&- azyamWEarh(((ﬁg,mzﬂiayhc&drdxﬂg

?é%éigl) Eé@/l‘% -f%}?glfjb‘%{“’rli&f’l’r?‘i t300mg) ag“sﬁ‘[’) Ugﬂf%fﬁgﬂg@%gsl? SI!VRJ: 5Hz,

1H), 3.18-3.05 (2m 1H), 1. 71 1. 20(m 2H), 1.05-0.97 (2xt, J= 7.2Hz, 3H).
REEgREN*]%ﬁ@;}—-ACEt pZ. -3-tert-butoxycarbonyl am no-ppeentanoic acid
o Y- o 20 Pyridine (5 m), 4-(dinethylam no)pyridine (0.01 Q)
and acehiegicacinysiri-ga-batbkydariohylarind-2-[§)4-WiT@romethoxy-phenyl)-1.3.4-0xadiazol-2-y11-

butyl ester

A%
AL T

The acetic acid (S)-2-tert-butoxycarbonylamino-1-[N'-(4-trifluoromethoxy-benzoyl)-
20  hydrazinocarbonyl}-butyl ester obtained above was split into 5 portions, which were separately reacted
as follows:
acetic acid (S)-2-tert-butoxycarbonylamino-1-[N'-(4-trifluoromethoxy-benzoyl)-hydrazinocarbonyi]-
butyl ester (0.21 ramol, 0.1 g) was dissolved in THF (5 ml) and the solution filled into a Smith
Microwave synthesizer reaction vessel. 2-tert-Butylimino-2-diethylamino-1,3-dimethylperhydro-1,2,3-
25 diazaphosphorine on polystyrene (1.05 mmol, 0.456 g, 2.3 mmol/g loading) and the p-Toluenesulfonic
chloride (0.25 mmol, 0.048 g) were added and the reaction mixture heated at 150°C for 10 min (fixed

hold time) in the microwave synthesizer.




di ssol ved in dichloronethane (150 nil) and the resulting solution cooled to

0C. (S)- Jd svokmacdd oxycar bonyl am no- 2- hydr oxy- pent anoi p@dshdslddsigaol , 2. 33
g, A) was added at once and the resulting reaction mxture was stirred for

5 hours. 25 1M hydrochloric acid (250 m) was added and the m xture
transferred into a separating funnel. The phases were separated and the
aqueous phase extracted three.times wddr ethyl acetate (200 m). The

conbi ned organi c phases were washed twice with water (200 ml) and with
brine (13 cBihibined e SLARAKE woll1aRdad: dickibfaatiuld L ARANGS] W 538 LRLE, 29 the
sol vent s evaporated undar feduced pressure fo gev%mg”%e&w’m%bmﬁthﬁ

81- 2- ac ArHus-The peubingd dtgptes MeBrrphespraiel ywdenreiverdorapitd (2.535 g, 92 % .. 30
MB: M Z 539 8ry i purifiddvik = oAby BhLE HoRlol/ [ 035282 - 44-
REFERENgE 37 Aceti 1§ aci d At chroltd i i _ 25RE CClatht) 408 prodiuct

(S) - 2- t STEIEHPR BRI L B Cam Tl 12 miffraction, 120, sgasiient fsemn B%yethybareasd inhy dr azi noc
ar bany| ibeptinstiy 50 B StheTacétatd iheplate, 240 dnt 30 % eyl acetate in heptane, 60 dient 303
(S)-2-aget y-3-1.0 tcp%} C r@ n%/% m no-.pentanpi ¢ _aci d (1mé§mmmﬁ 00.5 g,
A was %%‘% %%&‘“f‘?} %039?5“8? %‘I Ygﬁfﬁﬂﬁ%ﬁ eptane) to give acetic acid (8)-2-tert-

N- Cycl obeimptcerhoryizgiingal -fhe(4 i ot dme il pheén i D e&&'_{g_z& E)Sﬁ’vas
added a the resulting reaction mxture stirred for 2 mn. 4-(trif

| uor omet hoxy) benzoi c. acid hydrazide (1.65 mmol, 0.363 g, C was added and
the realtS B¥eafiofM+&)stirred over night. After 16 hours LG/ MS anal ysis
stilgl showed hydrazi de. Polystyrene nethyl isocyanate (1.65 nmol, 1.15 Q)
was addeg O_.stirring continued for eight hours. The reaction m xture
was fi |+ suction and the filtrate concentrated under reduced

pr essur €S)y-IE{girass

trifluoLgr pbnzoyl ) hydr azi nocar bdnyl | bu vyl y€é (0.5
g, 64 I%di ng to LC/ Ms still sone hydrazide present. Ms: rn/z= 500

(MtNa*), 478 (M+Ha) 15 REFERENCHi38 ic acid
(S)-2-tert-but oxycarbonvl am no-| - f =T r omet hoxy- phenyl ) -1, 3. 4- oxadi
azol-2_yll- bu , | ester N-N _{~0O ~ 7 O c/aﬁ
/ o F
15 Acetic acid (S}-Z—tembutoxycarbunylamino—l—[5-(4-triﬂuoromsthoxy—phenyl)-1,3,4.oxadiazg1_2_y1]-
buty] ester (0.61 xomol, 0.28 g} was dissolved in 2 mixture of THF (10 m) and water (10 ml). Lithium
hydroxide hydrate (1.22 mmol, 0.051 g) was added and the reaction mixture stined for 2 h. The
solvents were evaporated nader reduced pressure and the residue fransferred into a separating faone]
with 300 mi ethy] scetate and 50 ml water. The phases werse separated and the organic phase waghed

20 with brine (100 mi}), The organic phase was then dried with magnesium snifate. The solventr was
evaporated under reduced pressure and dried under high vacuum to yield ((8)-1-{hydroxy-[5-(d-

H
N
[w)
(w]

mifluoromethoxy-phenyl)-1,3.4-oxadiazol-2-yI]-methyl D-caybamic acid teri-butyl ester as
yellow oil (0.225 g, 89 %) MS: m/z= 440 (M+Na™), 418 (M+HD

SO/ A
o
HN 0OCF,

((S)-l-{hydroxy—[S—(4—triﬂuummathnxy-phenyl)—1.3,4—oxadiazol-2-y]}-mathyl}-prupyl)—cathamic acid
tert-butyl ester {0.54 mmol, 0.225 g) was dissolved in dichloromethane (9 7ul) and treated with
30 uifluorcacetic acid (L mf). The reaction mixture was stirred for four hours. The solvents were

RECTIFIED SHEET (RULE 91)
’ ISA/EP




FI "F 40Z0 The acetic acid

(S) - 2-t eRfo Bas@Xpisar bonyl am no-1-[ N -(4-trifluoronet homw@;zﬁo
hydrazi nocar bonyl ] -butyl ester obtained above was split into 5 portions,

whi ch were separately reacted as follows: acetic acid
(S)-2-tert-butoxycarbonylam no-1-(N -(4-trifluoronethoxy

benzoyl ) - hydr azi nocar bonyl )- butyl est48- (0.21 mml,- 0.1 g) was dissol ved
in THE (5 m) and the solution filled into a Smith M crowave synthesi zer
reaction_vess

2-tert- BYE fﬁi%ﬁfﬂfﬂéﬁ%ﬁfﬂﬁﬂeWﬁ%@wrvﬁ%wmmq etlpng (205nl) and

di az aphﬁlﬁlmhl’mma (POhye), Y4B gevds dRE. THrwdactidl rﬂﬁt@:egxasgmgedrmd 19¢ Iv&gﬂi ng)
and the olg esuI fo 048 wer e aé‘d and t he

nic chlo 25 ol
reaction mx ’ﬁe"“f’% ﬁeﬁ%é#%&“%gaﬁ’ﬁq‘“(ﬂ }'éf"tf"l"ﬁ’i‘ff El"%’?‘ﬁ’é?fq give (822
anin 4 ; Huin 01381 26.264 g, 46 7hhe caupli ned
rea(‘stro?ﬁggltgttmwre frltered under suction and the resin washed wth 300
et hy acetate.” The conbined filtrates were concentrated under reduced
pressure The crude product purified via flash chromatography (Biotage
Hor i zonpgreEMEREEYM, crude product |oaded on caplet, 17 nmUmin flow rate,
12 m/fractjon, 120 to0] gradr ent fromO0%ethyl acetate in 5 heptane to 30 %
et hyl a%@ﬁ?@@ﬂ—%ﬁl‘—’é@é@-’-ﬂo m 3Q,9%ethyl acetate in heptane, 60 ni

gradient 30-50 %ethyl acetate |n1} tane 300 mM 50 %ethyl acetate in
heptane) to give acetic acid (S) 2 r t=Cbut oxvcar bonyl am no- | -f5-(4-t

”1 Z_ 4 Eikﬁﬁ&%kéﬁ%%éﬁféﬁ %8: f‘f‘%‘yi ﬁl&i}orgb%/mf’ﬁﬁ‘ﬁﬂl{d{?ﬂﬂ%%y&te (7.3 moz/,(), VB

f | uor on@ihexl) »pyrsiyrey for 28 dexadrmmomeytﬁamtmmwwap&a&hmﬁ aci d

tert - bubide-@pks sttop} ﬁ?é‘s‘ﬁ.
(S)-2-tert- bﬁl oﬁre@%:gg%gm % opicx Pt ri Pl uor anetnoysrenthe osiduevag 1 oy adi

azol - 2-¥spire G‘TSI’r?fjrB‘F 5"5“1'2‘8" B momsewasm@mm ure of
THE (1eumjrc):mamgam,tse1vel(twapaiaaed uhick feiutea prodsehe g

, OA51
g) ;aNas gggﬂ .ﬁ reaction mxture stirred for s wer e

evapor uced pressure and the residue transferred into a
separ até miptig Hﬁé# Cimwa@@&bmhemwhydmﬂe G 358 10k 1 MbD trinvilly® brthoFdidhadhas es

Ver e s @R @t Biha 3RGudaB uBLIO AR MmoktEGe YRS Qﬁfiwas heated nnder reflux overnight. Excess

trimethy] orthoformate and methano] were removed by distillation. Vacuum distillation of the residne
afforded 2-Cyclopropyl-[1.3.4Toxadiazole (22g, 64%).

20 IXINMR (CDCl3): 3 8.24(s, 1H), 2.2 (m, 1H), 115 (m,45D).  LCMS: 100%, 111 QMED).

REFERENCE 42
1-1(5-Cyclopropyl-{1.3.4Joxadiazol-2-y1)-hydroxy-methyll-propyl}-carbamic acid tert-bu: 1 ester

~ *‘{‘%4\7

0

25 A solution of 2-cyclopropyl-{1,34]oxadiazale (2.16g, 19.6 mmol) in dry THF (100 miL) was cooled to
—78°C. "Buli (1.6M in hexanes, 12.3 L, 19.6 mmol) was added dropwise. The reaction mixture was
stirred at ~78°C for 40 min. MgBr,.OEx, (5.0652g, 19.6 mmol) was sdded: The reaction mixture was
allowed to warm up to-45°C and stirred at that temperature for 1.5 hr. A solation of (1-formyl-
propyl)-carbamic acid tert-butyl ester (3.7g, 19.6 mmol) in THF (40 mL) was added. The feaction

30  mixture was allowed to warm up to ~20°C and stirred at that temperature for 3.5 hrs. The reaction
mixtre was guenched with a solution of saturated NH,Cl solution and extracted with ethyl acetate.
Combined organic extracts was washed with saturated NaCl solution and dded gver MeS50,. The
solvent was evaporated mder reduced pressure and the crude was puriﬁed by columm chromatography

RECTIFIED SHEET (RULE 91)
ISA/EP




20 with brine (100 m), The organic phase was then dried wth magnesi um
sul f at e. wih&os0dornt was evaporated under reduced preSgungs200ehsshgs ed under
hi gh vacuumto yield (0-1-f hydroxv-f5-(4-

t df | uor omet hoxv- phenyl)-1. 3. 4- oxadi awr4 -yll-methyl |, praovl))carbamc acid
tert butyl ester as yellowoil ( 0.225 g, 89 %W MS: m ;= 440 (M:Na*), 418

gPtgiLné?ﬁgggsgﬂﬁﬁ%%%%%é?ﬁ&oxa -agg?gg {555 gpropyl-[1.3 MQxadinzgl25h): oorr HEN

((S) - 1-Ykiyak : irl i i ester (2. 83g, 49%)

phenyl ) #ﬁgﬁaZOI 2-yl]-methyl)-propyl)-carbatnic acid tert-butyl
ester IO(E%I% ﬁgﬁ 225 g) was dissolved in dichloronmethane (9 m) and
treated with 30 ti fluoroacetic acid (1 m). The reaction m xture was

sti fr edREBEREMCE 4hours. The sol vents were RECTI FI ED SHEET (RULE 91) | SAI EP

VO 2005/5_53420 4205 7 —cg;ﬁ%g%@qu&&%aza@-m-uv-ta ﬁg%o WNYIGEn LRuced fr aasure.
The re nror ometna ne mr)— arn SITTCYCl e

Triamine (5.4 mol, 1.47 g) wasTfdded. The reaction nixture was stirred for

60 h (over the weekend). The reacti ﬁgures were filtered-under suction
and the sol vents evaporated to glwe
Am no- 1-f 5- (4- trlfluoronethoxyph E- 1. oxadi azol 2.yll-butan-I-ol

(0.164 g, 96 . Ms: 5 mz= 318 (N@H‘) RBFBRENCF- 41

2-Cycl oproovl -f1, 3, 4l oxadi azole NNN" O W V10 A m xture of

cycl oprQpaiigeat lpp{{slcga [10324}%@@51@3&1) ﬁﬂcﬂ g ﬁetﬂylﬁ?ﬂoi:yl?—@ﬁbﬂﬁi@ h&d ke
hydrate (7.3 was ref| uxed cooled to room

t enper & fﬁ%é P eﬁmeol NERPAGEC A (> mamcm%a*aeée%?%e%hwe siFfed 4then
driy@d Yo Z8QefRk for RREWA borREntiafta t@ebﬂ@ﬂtnaw felluck@pld@f: to éﬁs (9)2SindHe 1Was
di ssol ved in dlchloronethane and was hed with saturated hb The organic
phase W& praRyldy S tae ooy ponnd-with trifiug : der reduced
pressqujug gmqeugxpmpprooanecarboxyl|c acid 15 bydra2|de (4.369, 449 A
m xture of the Cycl opropanecarboxylie acid hydrazide (31.35g, 031 nol),
trimethyl orthoformate
REFERENCE 44
15 -4 4-Difluoro-2-{(perhydro-1.4-oxazepine-4-carbonyl)-aminel-pentanoic acid methyl ester.

FF

Triphosgene was dissolved in dichloromethane (10 mL) and te this was added, via syringe pump, a

20 mixture of $-2-Amino-4, 4-diftuoro-pentanoic acid hydrochloride (1.00g, 4.90 mmol) (see reference
example 15), diisopropylethyl amine (1.88 mL, 10.80 mmol) dissolved in dichloromethane (10 ml)
over the period of 1h. After stirring for an additional 15 minutes a solution of homomorpholine
hydrochloride (0.67g, 4.90 mmol) and diisopropylethyl amine (1.90 mlL, 10.90 mmol) in
dichloromethane {10 mL) was added to the solution. The resulting solution was stirred at RT for 2h.

25 The solvent was evaporated and the residue diluted with ethyl acetate (100 mL) then washed with 1M
KHSO; (2x 10 mL), saturated NaHCQ; and brine. The organics were dried (Na;SO,), filtered and
concenfrated to yield a pale yellow oil. The crude material was purified on 20 g silica gel eluting with
ethyl acetateheptane gradient 50-100%. (5)-4,4-Difluoro-2- {(perhydro-1, 4-oxazepine-4-carbonyl)-
aminol-pentanoic acid methyl ester was obtained as a white solid (0.40g, 28%).

36 HNMR (CDClL) 8 5.12 (4, J=7.5Hz, 1H), 4.72 (dd, T = 12.0, 7.2 Hz, 1H), 3.75 (m, 7H), 3.55 (m, 4H),
2.45 (m, 2H), 1.98 (m, 2H), 1.66 (t, J=18.7 Hz, 3H).




(300 nL) and p-toluenesul fonic acid nonobydrate (200 ng) was heated under
refl ux oy so§tordxcess trinmethyl orthoformate and nethdgn@iRissss enmoved
by disti I l'ation. Vacuumdistillation of the residue afforded

2- Cycl onronyl - F1. 3. 4] oxadl azol e (22g, 64% . 20 1H NWVR (CDCI 3): 8 8. 24(s,
1), 2.2 (rn, 111), 1.15 (m4}l). LCMz48.100% ill (1V1H). REFERENCE 42 F
1- F(5- Cvcl onroovl - F13. 41oxadi azol - - 2-vl) - hvdr oxy- net hyl ) - pronvl ) - car bam c
acid tart-butyl ester N HO O 25 A solution of

2- cycl ophfppS:295, 3007, M. 31V (MN2. 169, 19. 6 nmol) in dry TIiF (100 i) was
cooled to 78C. SuLi (1.6Min hexanes, 123 niL, 19.6 mml) was added

dropwi se. The reaction m xture was stirred at 78C for 40 mn. MBr2. Ot 2
(5.0692g, 19.6 nnnol) was added: The reaction m xture was allowed to warm
up to -45C and stirred at that tenperature for 1.5 hr. A solution of (1
formyl - propyl)-carbamc acid tert-butyl ester (3.7g, 19.6 mmol) in THE (40
m) vvasm&ﬁg reaction 30 mxture was allowed to warmup to -20C and
stlrged = 2 Derat ur for 3. 5hr : he reactlon m xture was quenched
with a st O OF St Rt e g et — EROEACEY with et hyl
acetate. Conbined or gani c extracts was s=hed W th satur ated NaCl sol ution
and dried over MgSO4. The sol vent was ev rated under reduced pressure
and the crude was purified by col um ¢hr gmat ogr aphy RECTI FI ED SHEET ( RULE
91) | SA/EP WD 2005/ 040142 PCTI U H -47 eluting with ethyl
acetate and heptane mixture to give{f Itf(5-cycl opropyl -

1. 3. 4l oxadi azol - 2-yl)- hvdr oxy |1 -pronyl }-carbam c acid tert-butyl
ester (2.83g, 49% . LCMVs: 298 (MH). 5 REFERENCE 43

(S)-2-Am no-I-(5-cycl opropyl -1. 3. 4- oxadi azol - 2- yI) but an-1-o0l: conpound

with triglappamaces g[geﬂifdrd-l Adzbre tﬁoﬂ:r a%fdj);;ieﬂlyl eslie))' (%%.Slgb am c

{1-](5- | opy.0 ¥I ]oxadciraizﬂgll3 2-yl nmet h
aci d te?‘%’g’mﬁ’ﬂéﬁ 8’5 "i %WWP’X@W& bydaewide (FJmgl) in
di ciel or nn&hinandxsécﬂ@drﬁl)wamssmj mﬂad 'I:hé readfibn WS BELEAREER AL gghf Qha feld 't and

(5 oy BEPERY SRR A8l S5, DRSS 2 b i e o

trifl uorsd apghexgracted with dachloromethaue (3x 20 mL), dried (N2;50,), and concentrated 10
yield (S)-4.4-Difluoro-2- [(perhvdro-1.4-oxazepine-4-carbony))-amino]-pentagoic acid #s a white solid
(0.36g, 99%).

15 'H NMR (DMSO-d6) 5 12.6 (bs, 1H), 6.60 (d, 8.3 Hz, 1H), 4.30 (dd, Y =14.5, 7.0 Hz, 1H), 3.57 (m,
4%1), 3.43 (m, 4H), 2.38 (m, 2H), 1.77 (m, 2H), 1.61 (t, T = 19.2Hz, 3H).
LC/MS: 100% 281 (M+H) -

20 REFERENCE 46
{3)-4.4-Difinore-2-[(perhydro-1.4-oxazepine-4-carbonyl}-amino)-heptanoic acid methy] ester

O
To a mixtuwe of Sodimm bicarbopate (5.25g), p-nitro chloroformate (5.03g, 25 mmol) in acetonitrile
(130 ml) under nitrogen was added (S)-2-Amino-4.4-diflvorcheptanoic _acid methyl ester
25  bydrochloride (5.79¢, 0.025 mol) and stired at yoom temperature_for Shr. Homomorpholine
hydrochloride (3.61g, 26.25 mmol) and triethyl amine (12.5 ml) were added and the reaction stirred
overnight at room temperature. Solvent evaporated off under reduced pressure, crude partitioned

RECTIFIED SHEET (RULE 91)
ISA/EP




LCMS: 100% 198 (WMH ). REFERENCE 44 15 (S)

4. 4- Dflwfbos’%@g@erhydro 1, 4- oxazepi ne- 4- car bonyl ) - ampgglysRRfeash@s ¢ aci d
nmet hyl ester ONO ONI H OO Triphosgene was dissolved in

di chl oronet hane (10 nL) and to this was added, via syringe punp, a 20

m xture of S-2-Amino-4, 4-difluoro-perdnoic aci d hydrochl ori de (1.00g,
4.90 mml) (see reference exanple 15), diisopropylethyl amne (1. 88 n1_

Alter. s CrMiee s 150 b e pheh AT SUTIRT, b2l her Botret wasBil wih of
hydr Ochl Qﬁ,g Se168 o8y, Qiﬂ%t@@nmmh)mﬁa@wdlmﬁawgﬂﬂa herb3ebariediy Q&mﬁ%gﬁ%%r B tllt)ngO

I or onet hane ded to_the solution
soI ut i oﬁ"%ﬂé@i’%‘tqnﬂ‘?’éﬂ‘“&%d WS‘F&rCIECi? PRY, elpinevih v/add tone

residuegdi |eth§;l3dcé€dt§ fhegtbﬁby Folaad asreeﬂ&ylﬂﬁemﬂa)tot hies (SRS BEAVrd-D-[AEMEyIIISER ( 2X

10 m_) satu_ra ed ng bri e or drired (Na2SO4),
fil tder e QEIERImE-EEHRY ‘-—“ == &aﬁng ?ﬁ%eweﬁ"“fﬁ‘tf crude materi al

was purlL’OIMd m(ﬂ@ﬂg sili.ca gel el ut| ng with ethyl acetate: heptane

gradi ent 50-100% (S)-4,4-Difluoro-2- f(perhydro-I.

4- oxazepi ne- 4- car bonyl )- am nol -pent anoic acid nmethyl ester was obtained as

a white solid E0.409, 28% . 30 'H NWR (CDC13) S 5.12 (d, J=7.5Hz, 1H), 4.72
4Hz,1H) 375(m7H) 355(m4H) 2.45 (m 2H), 1.98

H) :2 S f-ox@pfline 4D A0 IHEptaRGIE Mt#S2 004/ 035282 - 48-

LC/ MS: 295, 100% (MHD 317 (MrNa) REFEREN 45 5 (5)-4.4-Difluoro-2-

[ (nerhydro-1. 4- oxazeni n --4-carbonvf-am noI entanoic acid F F "NXNOH O

ki H(S)-4,4 Difluoro-2-

[ (per hydro- 1, 4- oxazepi ne-4-car bonyl ) - am pent anoi e acid nmethyl ester

(0.38g, 1. 29rrrm|) was di ssol ved(l,n\tj( oof u anfi net hanol (15mJ Om)

and |ithium hydroxi de (35ng,

o .
By proceeding in a similar manner to Reference Brawple 45 above but using (S)-4,4-Diflucro-2-

[(perhydro-1,4-oxazepine-d-carbopyl)-amino]-heptanoic acid methyl ester there was prepared (S)-4.4-
Diftuoro-2-[(perhydro-1 4-oxazepine-4-carbonyl)-simino)-heptancic acid.
LO/MS: 309 (M+H)

10

REFERENCE 48
)2 _Amina-1-{3-isopropyl-] 1,2.djoxadiazol-3-yl)-butan=-1-0l

Similarly prepared according to the procedure for Reference Example 33.
20  LCMS: 200 (M+H)

vl }-carbamic acid tett butyl ester

RECTIFIED SHEET (RULE 91)
ISA/EP




10 1.40mmol ) dissolved in water (5nL) added. The reaction was stirred at RT
for 18h, vﬁf‘gook)ﬂﬁﬁihe met hanol | t et rahydzof man was r endovge ¢ dsAssRz: The
resi due was aci |?| ed with 6M hydrochloric acid (0.25nm) and extracted

wi th di chl oronethane (3x 20 ni), driedd@NazSO4), and concentrated to yield
(S)-4.4-Difluoro-2- r(uerhvdro-1.4-oxazepi ne4-carbonyl)-am nol -perttancic
acid as a white solid (0.36g, 999%9. 15 rH NVR (DMSO-d6) S 12.6 (bs, lii),
6.60 (d, 8.3 Hz, 113), 4.3Q (dd, J =145, 7.0 Hz, M 357 (m 4H), 3.43 (m
4H), 2.38 (m 2F3), 1.77 (myr2H), 1.6©(t, J =19.2Hz, 311). LC/ Ms: 100%

281( MtH) - 20 ERFERRENCE46 -4.ﬁ-Dif uor Q; 2- [ (
er hvdro- 1. 4- oxazepi ne-4-carb r‘wn;f 'No b augic acid nethyl ester F ~
m

ONH O To a m xture of Sodiu i carzbona ), p-nitro chloroformte
(5.03g, 25 nmol) in acetoaitril@ (130 rTN)‘(Dnd r nitrogen was added
(S)-2-Am no-4, 4-di fl uom heot anoi ¢ acid nethyl ester 25 hydrochloride
(5.79a. 0.025 nol) and stirred at roomtenperature for 5hr. Honmonor pholine
hy dr ochk @y JeryfiBdxpdghydéky2hbaminiidoyhanb iyl ety -caimimie agid 2erbbutyl) estee (B Segded

and the reaction stirred .. overnight..at. rqgomt r t at ed
off undess Asmicadaree gy o PR gt be ETh AU RRG L @ 21 L O R R

| Sﬁl IEP M0 2054 Qg&gﬁfﬂ aemgt W&D&Tr(&ﬁﬁﬂ&s in ﬂE;:rustQﬂ'mizwvmie”pW@mnhP?fS%H

et acet at e - ani.c e[. separ K238y flas

sol éti oﬁhﬁﬁ‘@"ﬁﬁ‘j’ ,S"IV—"I‘(’J"2 f"i%ﬁ%Pﬂr m%ﬂ%%ﬁﬁligﬁg ?’E%O‘F%?X@é%ggﬁwgk nger sgélarhat ed,
dried (MaSdbeape chtigpehatsighuendethyt ectaeadd hrpgms (-4 to v d )it I-tetdirigly

Co I G omatigoh ARy Siokty pRth ot St ot i ofl bl BLAN s 3BEIAIG (AEPREN®

55 ¢S~ 4#. 4- ot ruoro- 24 er hvdro-1 4-
oxazepi pRxfns i demepisamissol - hept anoi ¢ acid nmethyl ester (4.8g) as pale

yellow oil. LC/ M 323 (Mt F 47 (S),- =D L l.yor .
[ (yer hv%ﬁ M4C995)zgﬁ%4@%F@Sﬂ%ﬁgygg(%}ﬁ)négﬁg;hé%:ggg%dﬁ é‘bsFlﬂ)’ 173
10 1.48 (m, 2H), 1.45 & 1.44 (2xs, 9H), 1.43 & 1.39 (2xs, 9H), 0.99 & 0.96 (2xt, J=7.5Hz, 3H).
MS : 314 (M+H).

Ci Y Ch CA

REFERENCE 50
15 - -2- Amino-1-(5-tert-butyl-

/= N--O)%

A solution of {(5)-1-[(5-tert-Butyl-1,2 A-oxadiazol-3-yl)-hydroxy-methyl}-propyl }-carbamic acid tert
butyl ester (2.11 g, 6.72 mmol) in methylene chloride (20 ) was treated with trifluoroacetic acid
(5.18 ml, 67.25 mmol) and stirred at room temperature for 3h. The solvent was evaporated under
20 reduced pressure. The residue was dissolved in methylene chloride (100 ml) and treated with PS-
trisarmine fromn Argonaut Technologies (5.38g, 20.18 mmol, 3.75 mmol/g loading) and the reaction
stirred at room temperature for 4h, filtered and the filirate evaporated to give (S )-2-Amino-1-(5-tert-
butyl-1.2.4-0xadiazol-3-vi)-butan-1-ol as an orange oil (975 mg) (mixture of diastereoisomers).
{ NMR (CDCls) & : 4.73 & 4.58 (23d, J=5Hz, 1H), 3.12-3.00 (m, 1H), 2.64-2.31 (bs, 3H), 1.69-1.44
25 (m, 2H), 1.43 (s, 9H), 0.99 & 0.97 (2xt, J=7.5Hz, 3H).
MS : 214 (M+H).




/ NAN 10 By proceeding in a simlar manner to Refereice Exanple 45 above
but usi ngyd sdbsaetsDi Tl uoro- 2- PCT/US2004/035282

[ (per hydro- 1, 4- oxazepi ne-4-carbonyl ) -am no] - hept anoi ¢ acid nmethyl ester
there was prepared (S)-4,_.4- DitluormB®-C(verhydro-1

4- oxazeoi ne-4-carbott il )-am nol - heptanoic acid. LC/Ms: 309 (MrH) 15
REFERENCE 48_( S) - 2- Ami no-|-(3-isonronvl -r 1, 2. 41oxadi azol -5-yl)-butan-I-ol
0 N SiiE C par ed according to the procedure for Reference Exanple
33. ‘ ddvh)- 1R . Jmd piy])-carbamic acid tert-butyl
Butyl -1, 2. 4 oxadi azol - 3 yl )-hydroxy met thI vrouvl | -carbamic acid tent

but yl eSsl8S,  RECTI FI ED SHEET (RULE 91) | SAI EP WD 2005/ 040142

PCT/ US2004/ 035282 -50 YO ON, N Y ONO

{(S)-1-[Hydroxy- (N hydroxycarham m doyl )-net hyl ] -propyl }-carbam c acid
tert-butyl ester (235ny, O. gg?gol) imdiglyme (2 mM) was treated with
trimethyl acetic anhydride (O. 4 |) and the reaction m xture
heated at 170 C for 5 mnutes in Entys t'hm zer m crowave from personal
5 Chemi stry. The solvent was evaporated uwsgr high vacuum The crude -
obtai ned was purified by flash chronmatograp eluting with a m xture of
et hyl acetate andheptane (1:4) to give {(S (5-tert-Butyl- 1 2 4

oxadi azol - 3-yl)-h oxy-methyl].-propyl}-carbym ¢ acid tart butyl ester as a
brown oil (100 ng) (m xture of di astereoi soners). i 'H NWR (CDC13) S:
4.92-4.69 (m 2H), 4.05-3.85 (m 111), 3.57-3.41 & 3.32-3.15 (2xbs, 1H),

L gsgéo%%%sﬁm @ff%%llﬁfobcx}é%a‘gidj(}vg&g,b% fjﬁ%z BB RetdmiaSrb - 911), 0.99

ethylcarbodiimide hydrochloride (2.12g, 0.011mol} in methylene chloride (80ml) was treated with (S)-

1-[Hydroxy-(N-hydroxycarbamimidoyl)-methyl)-propyl}-carbamic acid tert-butyl ester (3g, 0.012mol)
and triethylarmine (1.54ml, 0.011mol). The reaction was stirred at room temperature overnight. Then, it
10 was diluted with 40ml of methylene chloride, washed with saturated aqueous bicarbonate solution
(30m), water (30mil), brine (30mi), dried over Na,SO; and the solvent evaporated under reduced
pressure. The residue was pﬁriﬁed by flash chromatography eluting with a mixture of ethyl acetate and
heptane (2:1) to give an off white solid (2.20g)
' NMR (CDCls) & : 8.10-7.95 (m, 2H), 7.16-7.00 (m, 2H), 5.43-5.24 (m, 2H), 5.22-5.05 (m, 1H),
15  5.01-4.85 (m, 1H), 4.50-4.39 (m, 1H), 3.80-3.60 (m, 15, 1.90-1.78 (m, 2H), 1.40 (s, 5H), 0.98 (1,
J=7.5Hz, 3H).
MS : 370 (M+H).

240 mg of the solid (0.65 mmol) compound obtained above was taken in diglyme (5ml) and heated at

20 160 °C in a microwave (Smith Creator, S00219) for 18 minutes. The solvent was evaporated under
high vacuum. The crude obtained was purified by flash chromatégraphy eluting with a mixture of ethyl
acetate and heptane (1:4) to give (S)-1-{[5-(4-Fluoro-phenyl)-1.2.4-oxadiazol-3-yll-hydroxy-methyl}-
propyl)-carbamic acid tert-butyl ester as a white solid (148mg).

) TH NMR (CDCl3) 8: 8.16-8.09 (m, 2H), 7.25-7.12 (i, 2H), 4.98-4.73 (m, 2H), 4.13-3.87 (m, 1H),

25 3.82-3.35 (m, 1H), 1.80-1.52 (m, 2H), 1.46 & 1.34 (2xs, OH), 1.02 & 0.99 (2xt, J=7.5Hz, 3H).

MS : 352 (M+H).

30 REFERENCE 52
(8)-2- Aming-1-[5-(4-fluoro-phenyl)-1.2 4-oxadiazol-3-yl]-butan-1-ol




REFERENCE 50 15 (S)-2-Am no-I-(5-tert-butyl-1 2 4-oxadi azol - 3-yA-butan-1-ol
OH HZN\ w\adisMo14y sol ution of PCT/US2004/035282
{(S)-1-[(5-tert-Butyl-1,2, 4-oxadi azol - 3-yl ) - hydroxy-met hyl ] - propyl } - car bami
c acid tert butyl ester (2 11 g, 6.7254mol) in methyl ene chloride (20 m)
was treated with trifluoroacetic acid (5.18 m, 67.25 mml) and stirred at
roomtenperature for 3h. The sol vent vvas evaporat ed under 20 reduced
pressure. The residue was di ssol ved nmet hyl ene chl oride (100 nl) and
treated with PS- trisam ne from /NTechnoI ogi es (5.38g, 20.18 nmmol,
3.75 mol /g | oading) and the reaction |sti®red at roomtenperature for 4h
filtered and the filtrate evaporared t¥<g{ve (S)-2-Amno-1-(5-tert- butyl-
2 4-oxadi azol -3-y,-butan-1-0ol as an oranga.Qil (975 ng) (m xture of

di astereoi soners). 'H NWVR (CDC13) S : 4. 4.58 (2xd, J=5Hz, 1H),
3.12-3.00 (m 1H), 2.64-2.31 (bs, 3H), 1. .44 25 (m 2H), 1.43 (s, 9H),
0.99 & 0.97 (2xt, J=7.5Hz, 3H). M5 : 214 . WD 2005/ 040142

PCT/ US2004/ 035282 -51- REFERENCE 51 O0-1-1(5-R 4- Fuuoro-nheny -1, 2

4-oxadi a7. ol -3-yl | -hydroxy-nehyl | vronvl)-carbam c acid ter ester Y
O O yNSindlardppiparsd mcméﬁﬁr}f@m@fﬁ&mﬁ@ ééf‘%""ﬁ@ﬁ%lﬂé (el 55(@[5’1}’6 Blbénﬂkzrrm )

and | -( pr6) dafRARRORid 1Bk mg—mochl orlde (2.12q,
0. Ollm)l%zqﬂ 6?%%%6?13@@%0% ori IB%WFFg was tr;atggty

1- [wdr&mvmmx)@xﬁd&rwab 12p-Trietmy D P8 B34 13 @5? Ha %1%5&7305
tertsbu S tgp ml, 0.01 Inol). The
reactl 0?1 I@ Sﬁ%r@;’gﬂ, 1%?%?;19?2%39235252%ﬁﬂﬁ?ﬁ%‘ﬁeﬁﬁ |t 10 was dil uted
with 40MS 52 Pdt-Hy| ene chl ori de, washed wi th saturated aqueous bicarbonate
solution (30ml), water (30d), brine (30m), dried over Na2S O4 and the

sol vent evaporated under reduced pressure. The residue was purified by
flash cmmgﬁéphy eluting with a mxture of et hyl acet ate and heptane

A suspention of (S)-1-[Hydroxy-(N-hydroxycarbamimidoyl)-methyl]-propyl}-carbamic acid tert-butyl
ester (6.12g, 24.78mmol) in methylene chloride (150ml) was treated with triethylamine (3.46ml,

. 24.82mmol) and then cooled to 0 %C. Then cyclopropyl carbonyl chloride (2.25mi, 24.79mmol) was
added dropwise. The reaction was stirred at room temperature for 1h 45min. and diluted with 150ml of
15 methylene chloride, washed with water (40ml), saturated aqueouns ‘bicarbonate (20md), water (20ml),
dried over Na,SO; and solvent evaporated under reduced pressure to give a white solid (7.16g).
MS : 338 (Mi+Na).
A solution of the compound obtained above (7.45g, 0.024mol) in diozane (15 Oml) was heated at reflux
for 15h. The solvent was evaporated under reduced pressure and the residue was purified by flash
20  chromatography eluting with a mixture of ethyl acetate and heptane to give (5)-1-I(5-Cvclopropyl-
1.2 .4-oxadiazol-3-y1)-hydroxy-methyl]-propyl}-carbamic acid tert-butyl ester as a pale yellow solid
(5g)- .
' NMR (CDCly) § : 4.94-4.74 (m, 2H), 3.97 & 3.85 (2zm, 1H), 3.62 & 3.48 (2xbs, 1H), 2.19 (m, 1H),
1.72-1.42 (m, 2H), 1.44 & 1.39 (2xs, 9H), 1.26-1.18 (m, 4H), 0.98 & 0.95 (2xt, J=7.4Hz, 3H).
25 MS:298 M+HD).




15 5.01-4.85 (m 111), 4.50-4.39 (m 111), 3.80-3.60 (m 111), 1,90-1.78
(m 211) wooohdodoter 911), 0.98 (. J=7.5Hz, 3H). W6 : $eQnilidlossR40 Ny of
the solid (0.65 mmol) conpound obt ai ned above was taken in diglyme (5m)
and heated at 20 160 Cin a mcrowaved§Snith Creator, 500219) for 18

m nutes. The sol vent was evaporated under high vacuun1The crude obt ai ned
was purified by flash chromatography eluting with a m xture of ethyl
acetate and heBtane (1:4) to give (S)-1-{ (5-(4 Fuuoro phenyl)

11- hydroxy-nmethyl |- nronyl)-carbamc acid tert-bbl ester
as a \Ahigez-ﬁﬁﬁﬁodl- -Bol BCNG#8. 09 (m 2H), 7.25-7.12
-3.87 (m 111), 25 3.82-3.35 (m
111), 1. 80- 1. 52 (|n 211), 1 46 4CX2xs 9H), 1.02 & 0.99 (2xt, J=7.511z,
311). M5 : 352 (MtH). 30 REFE (S) 2 Am no- | -f5-(4-fluoro-nhenyf-1
2 4-oxadi azol -3-yl | -butan-1-ol 4 PCT/ US2004/ 035282 -52- O O
N~ F Simlarly prepared accordlng fo Re ererice Exanple 50 above but using
(S)-1 -{ [5-(4-Fluoro-phenyl) -
1, 2, 4- oxadi azol - 3-yl ] - hydr oxy- nethyl} propyl
ester. 'H NVR (CDC13) 8: 8.18- 8 05 (m ZFD 6-7.12 (m 211), 4.92 & 4.73
(2xd, J=5Hz, 3.27-3.05 5 (m 111) -1.62 (m 111), 1.59-1.41 (m

(5% r@%@m@ 9 s ml—k%o%ad% SO b P i
t ert - buiabues tegter 6.4Dg, G Lrinol) i-dN MCIQﬂhd‘;daﬂﬁO(%nﬁ,ustntmnd)hw@f stirred at foom
E 3 i 1bth|_%/;a§Jgg.x e £o 2ﬂy olvent g\%rpgr% un&jer ¥ed)15ege;}rgs¥l.llr1:.-lgs%g ket GRE R Confilel of
ethyt acetate and ether. It was then filtered to give (S)-2-Amino-1- (5-0101021:03;3[1 1.2.4-oxadiazol-3-
y1)-butan-1-ol HCI salt as a brown solid (2.47g).
16 'HNMR (CDCL) &: 8.21 (bs, 2H), 5.37 & 5.14 (2xd, 1H), 3.88 & 3.73 (2xm, 1H), 2.21 (m, 1H), 1.92-
1.50 (m, 2H), 1.24 (m, 4H), 108&106(2xt,1-74Hz 3H).

MS : 198 (M+H).

-carbam c acid tert-butyl

EXAMPLE 1
15 Morpholine-4-carboxvlic acid {(8)-1-[(S)-1-

propylcarbamoyl]-3,3-difiuorc-hexyl }—amidg

3-cyclopropyl-1.2.4-oxadiazole-3-carbonvl)-

ZI'TI b

To a mixture of (S)-4,4-difluoro-2-[(morpholine-4-carbonyl)-amino]-heptanoic acid (104 mg, 0.35

20 mol), (§)-2-amino-1-(3-cyclopropyl-1,2,4-oxadiazol-5-yl)-butan-1-ol hydrochloride (86.7 mg, 0.37
mmol) and diisopropyl amine £219 mg, 0.42 mmol) in dry dichloromethane (5 mL) was added PyBOP
(113 mg, 0.87 mmol). The mixture was stirred at room temperature for 16 hr and the evaporated in
vacuum. The residue was diluted with ethyl acetate (25 mL) and washed with saturated NaHCO; (30
mL), dilute HCI (30 mL), then saturated NaHCOs (30 mL). The organic layer was dried over

25 magnesium sulfate and concentrated in vacoum. The residue was purified over 12 g silica gel, eluting

with cthyl acetate: heptane (2:1 then 1:0) to afford morpholine-4-carboxylic acid (1-{1-[(3-




ester (6.12g, 24.78mmol) in nethylene chloride (150m) was treated with
triethyl gra spspandonl, 24.82mmol) and then cool ed to Gcguskhrmzsxs! opr opyl
carbonyl chloride (2.25nl, 24.79mmol) was added dropw se. The reaction was
stirred at roomtenperature for | h 454 and diluted with 150m of 15
nmet hyl ene chl ori de, washed with water (40ml), saturated aqueous bicarbonate

(20m), water (20nl), dried over O4. and_saql ve eyvapor el

r educ ed cyslepseny-t 4. Hoxadiagolp-yihydEoxyInetiy:  BIORACHDAIIEYL - CHMOM-MERNRIBECC £ A
sol ut i opy fm%h@%y@rgpﬂﬁte%lﬁiﬂ i8S dhAR@vigorfers, 404),100% 024dyk) in di oxane
(150m ) "'was heated at

reflux for 15h. The sol vent was evaporat ed under
reduced pressure and the residue was purified by flash 20 chronmatography
el uting 'atsgluéonmfﬁdﬂ]ﬂﬁ]iﬂfl-%mﬂyﬁé ASEU A (BEB1opRPYEN 2, 416X agiaxtd-5-y1)-hydroxy-
(S)-1-f 5-(?/cloproy- 12 . idor(1 1 ) . thane (
4- 0adi aEtly ]@I%PIYP%?FH‘P)B}&ﬁrpéﬂ"rﬂ;q']]‘@xﬁ]r)ﬁﬁ%ﬂe}(-‘t:saﬂ'“‘%a?rﬁ e i e ficPorrrtan @r as
a pal e ygh Lo §okiad adde® Dhss-MiFiNMRoaERKE135 % St soldtidivin dicKKbrofmiethaid, 1)73 g3.087 &
3.85 (2xm 111), 3.62 & 3.48 (2xbs, 111), 2&% in, 'é%l%jﬂ' 1. Z%lflflz (m
211), 1mfph The ggctiopyias stipperhat soopdergperaflre fr 2pr fhen qpenehedowiih gsolytionol -~ -7 41y,
311) . 25, M0, 19398 (@ M Fhmol)ADs A00kR4 S4B ES2(3BGILL) USBOAMERR 338 was calactdAFRRERENCE
54 (S)-2-Am no-I-(5-cycl opropyl -1, 2. 4- oxadi gzol -3-Xl i) - bu}fatn-l - 0l HClt gal t
HC O Hiicklopgmefhane @x3 wly). lﬁheﬁfga.ng 1ayers were dried over magnesium suifate and concentrate
(( Y 1- b etis ! SRtk whs gudtica%adiia zQlicBgdl by wisoatyyl ety hbptateqpy Iencar bam

ilc acid tert-bud;iil ester (3.41q, 0.011mm|%,| n 4N HC in dioxane (43ni,
0. 172rmBi1) togierdshe desiel ketone fHAhms BLBLE ARV or 2h. Sol vent evapor at ed

and et ot Nk GEETPHE Ra (Tt 3 5o EHB s 13 M 652K, MR 45 ey s pcet al €

and eth hen

(S) - 2- Aglgltgy, hHﬁﬂftﬂfhl@PBﬂ&ﬁﬁ! 41h, 2.4 4mOD 0. 270) HB;2.05 (o) LN -1L8 (@, 3HGIL.SS@y as a
brown solid %2.47 ). 10 '"H NWR (CDC13) 8: 8.21 (bs, 2H), 5.37 & 5.14 (2xd,
111), 32814 3@7@%(9-2%?»31#%}1& ‘(m 1H), 1.92- 1.50 (m 211), 1.24 (m
4H) 15 1. 985 bgofs 10K, dt)dE 688 499 (M) 198 (MrH) . EXAMPLE 1 15

Mor phol i ne- 4- car boxyl i c acid
{(S)-1-f(S)-1-(3-cycl opropyl -1, 2, 4- oxadi azol e- 5- car bonvl ) -

propyl caxbamm 4 - 3, 3-di fl uoro-hexyll-am de F

Morpholine-4-carboxyli i 5-cyclopropyl-1.3.4-oxadiazole-2-carbonyl)-

ZIT M

PyBOP (171.73 mg, 0.33 mmol), diisopropylethylamine (0.0575 1, 0.33mmol) and (S)-2-amino-1-(5-

20

cyclopropyl-1,3,4-0xadiazol-2-yl)-butan-1-ol; compound with trifluoro-acetic acid (0.30 mmeol) were
added to a solution of (S)-4,4-Difluoro-2-[(morpholine-4-carbonyl)-amine]-heptanoic acid (88.29 mg,
0.30 mmol) in dry methylene chloride (4 ml) and the reaction mixture was stirred overnight at room
25 temperature. The reaction was quenched with agueous sodium bicarbonate, extracted twice with
. methylene chloride, the organic extracts were dried over sodium sulfate and evaporated under reduced

pressure. Column chromatography on silica eluting with a mixture of methylene chloride and ethyl

acetate gave morpholine-4-carboxylic acid ((8)-1-{(8)-1-[(5-cyclopropyl-1.3.4-oxadiazol-2-y1)-

hydroxy-methyl]-propylcarbamoyl }-3,3-diflnoro-hexyl)-amide as white solid (87 mg). LC/MS 97%,
30 474 (M+1).




OFO H NO NHOONW To a mxture of

(S)-4, 4- §é boeSosi4z [ (norphol i ne-4-carbonyl ) - am no] - hept@nouseamiszse 104 ng,
0.35 20 mmol),

(S)-2-am no-1-(3-cycl opropyl -1, 2, 4- oxaaprazol - 5- yl)-butan-1-0l1 hydrochl ori de
(86.7 ng, 0.37 mmol) and diisopropyl amne 5219 ng, 0.42 mmol) in dry

B e e R e LA

The r esinghygholins4-ditbertytid acidl ((B)-b{{$)1-[@eartlaprepylds3. frioxadzanel-Anpg-hrdons-mpthyl]-

Sr‘naj; 9r ?’Lg’g@%&‘%ﬂﬁggé %12%0 gE &'123%6&\;‘(%7 I%g magneslf) Hﬁ&gﬁ%?lg{egé gﬁoémgoncen'g ?gt ed

i N vacuwpd stifiea at emckspersage fur2isfhoed. Theagaction wassjoeicherd wigh a solitign ohilja25+pst h

O A e i Vo

410x adl ai@cfeﬁwm)dichyﬂmmhaﬂaéltﬂawgamp pxtﬁalsmrm?WrS@ﬂI@ndﬂﬂfﬂtmﬂ@Wﬁi ami d
, -, 100%
e 4146 m. SRI@) 35,8 HLe, go%fa& %rap@%g@éox e itk QU o i

1- [ ( 3- cyhibfify and pihy] depiBicdpoxs 8)-1-165)-1-(5-cyclopropyl-1.3.4-

thyl ] - | nexyl
Ty L e Rl et Cfe"ﬁ‘%%“ %*%%%Eﬁg@gﬂiﬁ‘?%ﬁ“ﬁ?% o ( 15%

W §pl ULHGGMRICHCE)! $7.95RE Rarsdz, 1)/ 834, A80, 5.187@) )=7.5HaS1H)eA63 (n) N HYYEBST2
stirred at roomtenperature for 2 In, then quenched with a solution of
Na2S208 (hOBINE.A0 dm, 28 2180-3.22 (m, SEY, @ 18208 (na MBI 96307 8t 3T H S0 efridonuzt), ayer
was extr ted ép gégm oronet hane (2x30 mL). The organic | ayers were
dried oV UGG ‘ate and concentrated 10 in vacuum The resi due was
pur|f|e¢0m\43r95%247}(m~ﬂlb.ca gel, eluted with ethyl acetate: heptane (1:1 then
2:1) to afford the desired ketone (119 ng, 81 %9 as a tan solid. 1H NMR
(cbCc13): s 7.4 (d, 7.0 Hz, 114), 5.27 (m 1H), 5.13 (d, J = 6.9 Hz, 1H),

4. GE(thXAMFLEQ 1, 6.9 Hz, 1H) 3.7 (m41-1), 3.4 (m 4H), 2.4 (m 211),

411
ox%—%hégg g}'@a“' . (?\/I+ ).

EXANPLEoﬂadi@bﬁwakﬂ’mﬁvm-vfbﬁv_&hdvﬂ-mwﬂaﬂ@) 140 1- (5 cycl opr opyl -
4- oxadi azol e- 2- carbonyl ) - propyl carbanoyl | - 3. 3-di f | uor o- hexvl | - am de

F F
PyBOP (68.69 mg, 0.13 mmol), diisopropylethylamine (0.023 ml, 0.13pmol) and (5)-2-Amino-1-[5-

20 (4-trifluoromethoxy-phenyl)-1,3,4-0xadiazol-2-yl]-butan-1-o1 (38.0 mg, 0.12 mmol) were added to a
solution of (8)-4,4-Difluoro-2-[(morpholine-4-carbonyl)-amino}-heptanoic acid (34 mg, 0.12 mmol)
in dry methylene chloride (4 mi) and the reaction mixfure was stirred overnight at room temperature.
The reaction was quenched with aqueous NaHCO;, extracted twice with methylene chloride, the
organic extracts were dried over Na280, and evaporated under reduced pressure. Column

25 . chromatography on silica eluting with a mixtore of methylene chloride and ethyl acetate gave
morpholine-4-carboxylic acid [(8)-3.3-difluoro-1-((8)-1-{hydroxy-[5-(4-trifluoromethoxy-phenyl)-
1.3.4-oxadiazol-2-y1)-methyl}-propylcarbamoyl)-hexyll-amide as white solid (61 mg). LC/MS 71%,
M+1= 594

30 Dess-Martin Periodinane (15wt% in DCM, 0.58 gm, 0.21 mmol) was added to a solution of
morpholine-4-carboxylic acid [(S)-3,3-difluoro-1-((S)-1-{hydroxy-[5 ~(4-triflnoromethoxy-phenyl)-




F FO1 ~1O NNvIx Ir N11 ~ Q ONN 20 PyBOP (171.73 ng, 0.33

nol ), dweoegsamket hyl am ne (0.0575 m, 0.33mmol ) and k&yvsoadiazes2! - ( 5-
cycl opropyl -1, 3, 4- oxadi azol - 2-yl )-butan | -0l; conmpound with
trifluoro-acetic acid (0.30 nmol) wered6-added to a sol ution of
(S)-4,4-Difluoro-2-[(norpholine-4-carbonyl)-am no]-heptanoic acid (88.29

mg, 0.30 rnnpl) _in _dry nethyleng chlqri )_a the re | ] Xture
was sti rlr%'d“é@‘é?"ﬁ?‘@ﬁtm%ﬁlﬁ}'BWlﬁgg?Iﬂng}eﬁﬁﬁ'? e%e?%%em%’@glgt%ﬂf %/I\l/aad? que?‘rllc e)e(d

W th aquRess (8 e s bicar b esvat empautuedat dds. (The cectivntwes quethed véthe: sclikior ofde,

the organic_extracts were dried ov di-um sul.fate and [ r

r educed Nagr@x(81,7me. P o Pﬂ%ﬁ’fﬁ‘t“SS%%@ﬁf/ relors%g |°gagerewaﬁtsfp%aqﬁpapﬁhgqﬁ%@?ﬁr e
of met hylelhed eith aichdfor@tng kY brgasic eitate wgadeiedova boliim enlftezad beneyitiatedaci d

((S)-1-{(S)-1-[(5-cycl agpropyl -1, 3, 4- oxadi.azaol -.2-ylJ)- .

| i Sy PR FSoD PSPPI COBRM TSP 7 R S0k VT & IS LB WA ol i o
(87 M) chibldc¥Ra SF§hacetBR géveAmdriliolihe-4-tarbbili2 606 (S¥B.I4PRURETI ISIOTA(435282 - 55
Do M oot halS | GLoa ) e POM o 090 Wb TR anifE ARRES €O

((S)- 1- bbSher Boleh: Cycl opr opyl - 1, 3, 4- oxadi azol - 2-yl ) - hydr oxy- net hy! 1 -
propyl car banoyl } - 3, 3-di f | uor o- hex I%- am de

67 ng, 0.14 nnnl% in gr
met hy| eAE NMR (EDE): GIR2d) =750, ZD; 7.60@, 17 SFgo D &6 kA1 P8 53¢ fa’%hour s.

The reaction was quenched with |yt i f 0 a2 70
ol A she= e i el SR st SaR it oo
extract ed mhtNosi.ehbArayet.bRNes (of 2ED,0rapD €71z BHR 0198 (Wev7@zddied over sodi um
sul fate and concentrated under reduced pressure. Col umm chromat ography on
silica MCMPRE%PTHhMA N xture of methylene chloride and ethyl acetate gave
nor phol i ne- 4-carboxylic acid {(S)-1-f(S)-1-(5-cycl opropyl -1, 3, 4-

oxadi azol e- 2- car bonyl ) - propyl car banpoyl11- 3. 3-di f|l uoro-hexyl | -am de as white
powder EXAMERE410 1H NMR (CDC13): S 7.52 (d, J=7.5Hz, 1H), 5.34 (m 1H),

5.1% (d, J=7 olidd)-care:bfic b& {dSH-1)(S)3-(32ycl 1.9)4-oxAdidfle- Freariony])-
2.50-2.22 (m ), 2.18-2.08 (m. 1H), 1.96-1.78 (in, 3H), 1.60-1.45 (m
2H), 1 popylcarbamgyl-3.3y he 95% 472 (Mrl).

By proceeding in a sitnilar manner to Example 1 above but using (5)-4,4-difluoro-2-[(morpholine-4-
carbonyl)-amino]-5-phenyl-pentanoic acid and (S)-2-amino-1-(3-cyclopropyl-1,2,4-0xadiazol-5-y1)-
20 butan-1-ol there was prepared morpholine-4-carbexylic acid {(S)-1-f(S)-1-( 3-cyclopropyl-1.2.4-

oxadiazolc—S-6arbonv1)-Dronvlcai'bamoVH—B.3~diﬂuoro-4~phenvl—butv1}-.a.mide. _
TH NMR (CDC13):_6 7.3 (m, 6H), 5.25 (m, 1H), 5.08 (d, ] = 6.9 Hz, 1H), 4.7 (dd, T=12.8, 7.4 Hz,
1H), 3.7 (mm, 4H), 3.4 (m, 4H)_, 3.2 (t, 16.8 Hz, 2H), 2.4-2.1 (m, 3H), 2.05 (m, 1H), 1.8 (m, 1H), 1.1 (m,

4H), 0.95 (t, J=7.5 Hz, 3H);
25  LC/MS: 35% 560 (M+H,0+Na) and 65% 542 (M+Na).




15 EXAMPLE 3 Mor pholine-4-carboxylic acid ((S)-3
3-di f | uoke boo§odBasl- T 5- (4-tri fl uoronet hoxy- phenyf -1, 3, cT/US2004/035282
oxadi azol e- 2- car bonyl - propyl car banoyl | - hexyl)-amide. FF O ~IXxNHON
~1~1 00, of NFF PyBOP (68.69 ng, 0.13 mol ), diisopropylethylam ne
(0.023 n, 0.13mmol) and (S)-2-Am no-f5- 20
(4-trifluoronmethoxy-phenyl)-1, 3, 4-oxadi azol - 2-yl ] -but an-1 -oI (38.0 ng, 0.12
rrm)l) g to a solution of
0- 2- [(rmrphol i ne- 4- carbonyl -am no] hept anoi ¢ acid (34 ng,

1IDORS Il 1-(BicpelopTg i 19xadiaeply-PrsarbenyBirropylcaibatnayid- Was
stirred 300 "”drﬁlblm W&gﬁ)erature The reaction was quenched with
aqueous NaHCO3,  ext ract ed twce with nethylene chloride, the organic
extracts were dried over Na2SO4 and evapor at ed under reduced pressure.
Col um 25 , chromat ography on silica ing wwth a m xture of nethyl ene
chloride and ethyl acetate gave norp i ne-4-carboxylic acid [(S)-
3-difluoro-1-((S)-1-{hydroxy-f5-&4-tfiff uoRomet hoxy-PhenyD- 1 4
4- oxadi azol - 2-vl 1- et hyl | - prrop | | 1-am de as white solid (61
mg). LC/MB 71% Mrl= 594 30 OiEss-varfli n [Per Nogt nane (15wt % in DCM 0. 58
gm 0.21 mmol) was added t @ ol uti ofd nmdf pkol i ne- 4- car boxyl i ¢ acid
[(S)-3,3-difluoro-1-((S)-1-{hydroxy-[5-(4-trifl onet hoxy- phenyl ) WO
2005/ 040142 PCT/ US2004/ 035282 -56
1, 3|5;1 OB§ givadding fr /dithilaredalydr to Bxaaple Cavotrchwoysing (Slek4-ifluamicdaetifil-mg, O. 10f
Mo tayl: I t ro e r re for
5 s, RpEieolE A b oot ok (?r-%! bl (Ep-ugrib b frat
0. 50 mpi)-putiml-ghthers was pepaccauomhuliner-d-garboxylic apidfl-Tfi-cyolgpmmai-ed and t he
aqueousEz,gﬁafama%ﬁ&ﬁlﬁmm&%@ngMm@&ﬂ%a&t s were dried
over sodiumsulfate and concentrated 5 under reduced pressure. Col um
chr orrat W3B5Vﬁﬁlaﬁﬁihgfmiﬂmzﬁﬁ&-ﬁ@ﬁé,iﬁlmﬂﬁm 8 3.7¢hl 41), de and
et h r bxy.

ST o B 0 1 B R B e AR By g, 097 03
4 oxadl.-aﬁﬁlfﬁ, H)caphp Iy 1.4 BeBH) car banovl 1- hexvl ) -am de as white powder (39
1 211), 7.60 (d, J=7.5Hz, 111), 7.42

(d 3= ?‘% ﬁ% EE%?”?%‘:(&#?@‘%{%@&% (d, J=7.5Hz, 11-1), 4.70 (m
111), 3.74 (m 4H), 3.42 (m41), 2.54-2.32 (m 211), 2.28-2.14 (m 111),

2.02- 1. 90ak@rEall), 1.60-1.45 (m 211), 1.06 (t, J=7Hz, 3H), 0.96 (t,
J=THe,
15

" Morpholine-4-carboxvylic acid {(5)-1-1(5)}-1-(3-cyclopropyl-1.2.4-oxadiazole-5-carbonvl)-

propylcarbamoyl}-3.3-difluorg-buty] leanide

By proceeding in a similar manner to Example 1 above but using (5)«4,4-Difluoro-2-[(morpholine-4-
carbonyl)-amino]-pentancic acid and (5)-2-Amino-1-(3-cyclopropyl-1,2,4-oxadizzo)-5-y1)-butan-1-o]

20 there was prapared Morpholing-4-carboxylic acid {(8)-1-[(3)-1-(3-cyclopropyl-1.2.4-oxadiazole-5-

carbonyl)-propylcarbamoyll-3.3-diflusro-butyl }-amide
I NMR (CDCl3): § 7.47 (d, T = 6.8 Hz, 1H), 5.3 (m, IH), 5.16 (4, T = 6.9 Hz, 1H), 4.65 (dd. T = 13,

74 Bz, 15D, 3.7 (m, 45D, 3.4 (m, 4H), 2.4 (m, 2H), 2.2 (m, 1H), 2.05 (m, 1H), 1.8 (m, 1H), 167 (t,
18.7 Hz; 3H), 1.1 (m, 4H), 0.97 (t, T = 7.5 Hz, 3H):
25  LC/MS: 37% 484 (M+H0+Na) and 63% 484 (M+CH,CN).

KECTIFIED SHEET (RULE 91)
ISA/EP




LG MsS: 96% 592 (M+l). EXAMPLE 4 15 Morpholine-4 carboxylic acid

{(S) - 1-f &%) 20bs0sngycl opropyl -1 2 4- oxadi azol e- 5- car bonWor/us2004/035282
propyl car banmoyl | -3 3-di fl uoro-4-phenyl -butyl}-am de eF O O O- NH N By
proceeding in a simlar manner to Exargfi-e 1 above but using
(S)-4,4-difluoro-2-[(norpholine-4- carbonyl)-am no]-5-phenyl - pentanoi c acid
and (S)-2-am no-I|-(3-cyclopropyl -1, 2, 4-oxadi azol -5-yl)- 20 butan-1-ol there
was pr eBEAMPLES phol i ne- 4- carbox3lic acid

{ (S) - 1- { fordhohinel BeAiidl BN -3 diforo-1-[(S)-1-(3-phenyl-1.2.4-oxadiazole-5- carbonyl)-

oxadi azor e- 5- carbony[} nroylcarbanDyII-S 3-di fl uoro-4-phenyl - butyl am de.

1H NWVR araogli-pu d%11), 5.25 (m 111), 5.08 (d, J = 6.9 Hz, 111),
4.7 (dd, J =12.8,7.4 Hz, 111), 3. 7y(m 4H, 3.4 (m 411), 3.2 (t,16.8 Hz,
2H), 2.4-2.1 (m 311), 2.05 (m 11-1 1.8 (m 1H), 1.1 (m 4H), 0.95 (t,
J = 7.5 Hz, 311); 25 LC/ Ms: 35%56 Na) and 65%%42 (MtNa). WD

2005/ 040142 PCT/U82004/03i582~ 7> Mhr ohol i ne4-car boxylic acid f

1-f1- (3-cvcl ovropyl -f1 2 4f ox&di al{ol d} 5- ar bdn)/ I) pr ooyl car banoyl |

3. 3-di fl uoro-5-net hyl - hex ami de & F~H ~ Q o N5 By proceeding
inasimlar manner to Exanple 1 above but usino
(S} 4, 4-di fl uoro-6-net hyl - [ (nmor phol i ne- 4- car baayl ) - am no} - hept anoi ¢ acid
and (S) 2-am noo-1-(3- cyclopropyl 1, 2, 4oxadi azol -5- yl)-butan-I1-ol there
was spr ega E:@eé&ﬁlrgﬂﬁl@hmﬂ@nﬂmﬁaﬁb Bxathple 1 dlerive bithsing 85)edpde Dishworerir [(oprpholine-4-

1.2. 410xad|azo e-5-carbon v] ca I t Oyl xyl
- ain qecsmmbRnReDRraye o o (62 A %@@‘-’Pﬁzﬁﬂiﬁ 51*3@'%**’? %°ﬂ>§'°ﬁ§ﬁ R
J|r-|) = ]2'30357}(“3PMM 01133470 bid g Rid {(S)3.Rdifludroql -145)4 ( D IH) ' (d (

1 5 5 1 1), 1. 1 m 4 7 J
=6. 6Hz, a@h@ﬁ@ﬁﬁg/@iﬁ@lﬁ@l@ﬁfﬁ%&“ﬁ%ﬁ 526 (MrHZO+Na) and 74% 508
( M-Na) Ql a6t ld g =264 Bz |1TH), 7.5 (m, 3H), 5.35 (.
(S)-ld(é?gﬁﬁgﬁ?gggonronv ?? '1quégglgggle(5 carbonvf? o i

10 1H), 5.2 (d, T = 6.9 Hz, 1H), 4.68 (44, I = 13.2, 7.8 Hz, 1H), 3.7 (m, 4H), 3.4 (m, 4H), 2.4 (m, 2H), 2.2
(m, 1H), 1.95 (m, 1H), 1.66 (¢, 18.7 Hz, 3H), 1.03 (1, J = 7.5Hz, 3H);
LC/MS: 37% 520 (M+H0+Na) and 63% 502 (M+Na).

15 EXAMPLES |
henyl-1.2 4-oxadiazoele-3-

By proceeding in a similar manner to Example 1 above but using ($)-4,4-Difluoro-2-[(morpholine-4-
20 carbonyl)-amino)-pentanocic acid and (S)-2-Amino-1-(5 -phenyl-{1,2,4loxadiazol-3-yl)-butan-1-ol there

was prepared Morpholine-4-carhoxylic acid {(8)-3.3-di : 5-phenyl-1.2. 4-oxadiazole-3-

1y NMR (CDCl3): 8 8.2 (4, T=7.1 Hz, 2H), 7.65(d, J = 7.4 ¥z, 1H), 7.55 (m, 3H), 5.4 (@d, J=12.2,

7 Hz, 1H), 5.3 (d, T =7.4 Hz, 1H), 4.7 (dd, J = 13, 7.3 Hz, 1H), 3.7 (m, 4H), 3.4 (m, 4H), 2.4 (m, 2H),
25 2.1 (m, 1H), 1.9 (m, 1H), 1.67 (t, 18.7 Hz, 3H), 1.0 (t, = 7.4 Hz, 3H);

LC/MS: 6% 520 (M+H,0+Na) and 94% 502 (M+Na).




provvl carbanoyl| 3.3-di#l uoro-butyl }-amde FDJ NNANTfi a"J By

proceedi Rgh bdbs@aeikin | ar manner to Exanple 1 above but ygitags2004/035282

(S).4,4-Difluoro-2-((norpholine4- carbonyl)-am no] pentanoic acid and

(S)-2-Am no-I-(3cycl opwpyl -1, 7, 4- oxadi-a20l - 5-yl ) -butan-1-0ol 20 there was

pr epar ed anholine-4-carboxy|ic acid

I (S)-1-f(S)-1-(3-cycl ovropyl -12. 4- oxadi azol e-5- carbonyl) -

rovl car banoyl | 3, 3-di fl uoro-butyl)~de-butyl}~d 1HNVR (CDCI 3): S 7.47 (d, J

6.8 Hz, E%%méhjg@B (m M 5.16 (d J = 6.9 Hz, 111), 4.65 (dd J =13, 7.4
1 3 7 (m 4H), 3. :

Hz, 122

111) RAIDQ2 VS T 2 -5 Hz,
3H) ; 25gbq1ﬁ{§m-3%%%ﬂuﬁ@§hﬁ@+Na) and 63% 484 (I\/HCI—ISCN) " RECTI FI ED SHEET
(RULE 9 2005/ 040142 PCT/ US2004/ 035282 -58- EXAMPLE 7

Mor phol i ne-4 carboxylic acid 1(S)-3 3- ro-1-[(S)-1-(3-nhenyl - 1.

4- oxadi azol e- 5-car bonvl )- pro pyl carba -butyl}-amde F FO NH N O
5 By proceeding in a simlar manner tfoegEXanple 1 above but using
(S)-4,4-Difluoro-2-[(norpholine-4- bonyl) am no] - pent anoi ¢ aci d and
(S)-2-Am no-1-(3-phenyl -1, 2, 4- 2ﬁfdi zom 5-§1)-butan-1-o0l there was
prepared Morpholine 4 carbg dh T?LMabro | - KS) - 1- ( 3- phenyl -

2 4-oxadi azol e- 5- carbonylf%ﬁWonyﬂcar amyyl 1 vll -aaride as |ight tan
solld 1H NVR ( CDC13): 380 (dd, J & 277, Hz, 211), 7.61 (d, J = 6.4

1 7.5 (m 3 5.35 (m _10 111 = 6.9 Hz 4.68 (dd,
J = 1|?:|) By ?rc@eéézng in ;D@nﬂa@nﬂ?ﬂﬂglrfp Ezpgpple ézlpr@r‘?}lt uiglg)(S) 4A-difiperp- zz[pglorpbohzwfl(m(

i 5209%%@3%}%3}5?29@5%%% a(&,:\im'éiNg(s?)@mﬂe-@a%mdo 71735 okdiazdt )L O/ VS:

butan-1-ol Trifluoro acetic acid salt, there was preparcd morpholine-4-carboxylic acid {1-[1-(5-

cvclopropyl-[1.3.4loxadiazole-2-carbonyD)-propylearbamoyll-3.3-diflnoro-4-phenyl-butyl }-amide.
10 g NMR (CDCl3): $7.3 (m, 6H), 5.27 (m, 1H), 5.0 (d, ] = 7.0 Hz, 1H major), 4.95(d, Y= 7.3 Hz, 1H
minor), 4.7 (m, 1H), 3.7 (m, 4H), 3.4 (m, 4H), 3.2 (&, 16.3 Hz, 2H), 2.4-2.2 (m, 3H), 2.05 (m, 1H), 1.8

(m, 1H), 1.2 (m, 4H), 0.95 (t, J = 7.5 Hz, 3H);
LCMS: 12% 560 (M+H,0+Na) and 83% 542 (M-+Na).

15
EXAMPLE 10
Morpholine-4-carboxylic acid {3.3-difluoro-1-[1-(5-isopropyl-isoxazele-3-carbonyD-

propylcarbamoyl }-hexyl}-amide:

Q

SRAPAYS

20 By proceeding in a similar manner to Example 1 above but using 2-amino-1-(5-isopropyl-isoxazol-3-

Zrm m

y1)-butan-1-ol hydrochloride instead of (S)-2-amino-1-(3-cyclopropyl-1,2.4-oxadiazol-5-yl)-butan-1-ol

hydrochloride there was prepared morpholine-4-carboxylic acid {3.3-difluoro-1-[1-(5-isopropyl- '

isoxazole-3-carbonyl)-propylearbamoyll-hexyl}-amide as white solid.

1y NMR (CDCl3): & ca 2:1 mixture of isomers 7.4 (b, 1H), 6.37 (s, 1H), 5.4 (m, 1H), 5.26 (4, = 6.9
25  Hz, 1H major), 5.2 (4, J =7.2 Hz, 1H minor), 4.7 (m, 1H), 3.7 (m, 41), 3.4 (m, 4H), 3.15 (m, 1H), 2.4

(m, 2HD), 2.1 (m, 1H), 1.8 (m, 4H), 1.5 (m, 1H), 1.35 (d, J =7.0 Hz, 6H), 0.95 (m, 6H);




Mor pholine 4 carboxylic acid 1(S) 3 3-difluoro-1-[(S)-1-(5-phenyl -

4- oxadi az@h egod/n4@as bonv | - nronvl car banoyl | - but y11- am depdr/ueoasdsbbse | N =
\' N, (*H N O p NOBy proceeding in a simlar manner to Example 1
above but using (S)-4,4-Difluoro-2-[(nBBpholine-4- 20

car bonyl ) - am no] - pent anoi ¢ acid and

(S)-2-Am no- I-%%HE enyl -[1, 2, 4] oxadi azol - 3-yl)-butan-1-0l there was

pr epar edOMiMH 4 boxylic acid 1(S)-3 3-difluoro-1-[(S)-1-(5-phenyl -

2 4-oxadi azol e-3- carbonyD- nronvl car banoyl | -butyl }-am de 1H NVMR (CDC13): S
8.2 (d, J =7.1 H, 2H), 7.65 (d, J =7.4 Hz, 1H), 7.55 (m 3H), 5.4 (dd, J
= 12.2, 7 Hz, 1H), 5.3 (d, J =7.4 Hz, 111), 4.7 (dd, J = 13, 7.3 Hz, 1H)
3.7 (mEsmL@m(m 4H) 2.4 (m 2H). 2521 (m 1H, 1.9 (m 1), 1 67
(t, / Hz, 3H), 0 (t 4 Ft L ; M-H

4%5502 Ioephaline-4+04 b g A :

4 car boxydpkeaBahéill- sapdeCy C
2- car bonyl") - pr opyl car banovl | -
NH O O NN By proceeding in a S|nilar
(S)-4,4-dif|uoro-2-[(nDrphoIine-4-

OXYOVE B
Sav

|quoro-4 phenyl -butyll-amde: F OO NO
manner to Exa@pl e | above but using
r bonyl ) - am no] - 5- phenyl - pent anoi ¢ aci d

and (S)-2-am no-I-(5- cyclopropyl B- oxadi azol - 2-yl ) - butan-1-ol

Trifluoro acetic acid salt, t Fpré&pared norphol i ne-4-carboxylic acid

{ 1-f I-(5- cycloprroyyl y o /“O

41loxadi azol e- 2- car bonyl - 8/?§Icﬁrba yl - 4- phenYl- butyl }- anide
10 1H NMR (CDCI3): S 7° 611)O 5. (%1 i H, (d, J =7.0 Hz,

major), 4.95 (d, J = 7.3 Hz, M n 4

(rn, 41Byprgeglinyinapigir Fﬁmelszﬁmmale& é"‘?%(l‘fﬂsglgﬁ)ym é’f@%’?"(ﬂ&iﬁ%‘;ﬂﬂf*“s
carbonyl)-amino]-heptanoic acid and (S)-2-amino-1- [5-(5-methyl-isoxazol-3-y1)-oxazol-2-y1]-butan-1-

-3,3-difluoro-1-{1-[5-(5-

10 ol; hydrochloride there was prepared Mo holine-4-

methyl-isoxazol-3-yl)-oxazole-2-carbonyll-propylcarbamoyl}-hexyl)-amide as white solid.
g NMR (CDCl3): 6 7.78 (s, 1H), 7.40 (m, 1H), 6.44 (s, 1H), 5.48 (m, 1H), 5.22-5.10 (m, 1H), 4.68
(m, 1H), 3.72 (m, 4H), 3.40 (m, 4H), 2.54 (s, 31), 2.50-2.30 (m, 2H), 2.22-2.08 (m, 1H), 1.94-1.78 (m,

3H), 1.60-1.46 (i, 2H), 1.08-0.94 (2xt, 6H).
15  LC/MS: 99%, 512 (M+1).

phenyl-butyl}-amide

By proceeding in a similar manner to Example 2 above but using (S)-4,4-difluoro-2-[(morpholine-4-
carbonyl)-amino]-5-phenyl-pentanoic acid and ($)-2-amino-1-oxazol-2-yl-butan-1-cl hydrochloride

-3.3-difluoro-1-[(8)-1-(oxazole-2-carbonyl}-

there was prepared morpholine-4-carbo
propylcarbamoyl]-4-phenyl-butyl }-amide

e




(m 1H, 1.2 (m 4H), 0.95 (t, J = 7.5 Hz, 311); LCOMS: 12% 560 (M-HZO+Na)
and 83% 9X2dobMidald; 15 EXAMPLE 10 Mor phol i ne- 4- car boxwaeuee4th3§2sz
3-difluoro-I-f1-(5- |sopropyl-|soxazole 3-carbonvl)- proyyl carbano

|, 1-hexyll-anide: F OF O NN'NN O8!ONO 20 By proceeding in a sinilar
manner to Exanple 1 above but using 2-am no-I|-(5-isopropyl-isoxazol - 3-

yl ) - but an 1-ol %drochl ori de instead

of () - 2 A0 D6y T AT Tk a%ﬁ% 1 P 308 3=

3G £ 85418 1D B PRy Lol AP AP SR SRR P 2 AT, 22 1o,

|soxazoh@5§nc1a{),bmw¢)1¥|9gayj}gar banb 11-hexy |}-am de as white solid. 1H NWR

(CDC13) ture of isomers 7.4 (b, 111), 6.37 (s, 1H), 5.4 (m
1H), 5%@“{%97%3379%1925Hz 1H mejor), 5.2 (d, J = 7.2 Hz, 1H ninor), 4.7

(m 5111), 3.7 (m 411),'3.4 (m 411); 3.15 (m 111), 2.4 (m211), 2.1 (m
111), 1.8 ‘@ 4%1), 1.5 (m 111), 1.35 (d, J = 7.0 Hz, 6H), 0.95 (m 611);
WO 2005 / US2004/ 035282 -60- LCIMs: 100% 473 (M+l). EXAVPLE 11 5
Mor phol i ne 4ne @hbmeyzt tEbalidadd £85)-83-difluoro-4-phenyl-1-[(8)-1-(5-thiophen-2-yl-ozazole-
3-difluoro-| |-f5- -met hyl - soxzol 3-yl)-oxazol e2-car bonyl -

pr opy 1c&aEy3aPeviy S PR FOFf OOO (NNHI 0J p N By
proceeding in a simlar manner to Exanpte 3 above but using
(S)-4,4-difluoro-2-[(norpholine-4- | )-am no] - hept anoi ¢ aci d and
(S)-2-am no-I-[5-(5-nethyl -i soxazol - -oxazol - 2-yl]-butan-1- 10 ol;

10 By proceeding in a similar manner to Example 1 above but using (S)-4,4-difluoro-2-[(morpholine-4-
carbonyl)-amino]-5-phenyl-pentanoic acid and (8)-2-amino-1 ~(5-thiophen-2-yl-oxazol-2-y1)-butan-1-

ol hydrochloride there was prepared morpholine-4-carboxylic acid {(S)-3.3-difluoro-4-phenyl-1-[(S)-

1-(5-thiophen-2-yl-oxazole-2-carbonyl)-propylearbamoyli-butyl}-amide
1y NMR (CDCls): § 7.53 (@d, J = 3.6, 1 Hz, 1H), 7.48 (dd, T =5, 1 Hz, 1), 7.4 (s, 1H), 7.3 (m, 6H),
15  7.15(dd,)=5,3.6 Hz, 1H), 5.4 (m, 1H), 5.15 (4, 1= 7.1 Hz, 1H), 4.7 (44, J = 13, 7.4 Hz, 1H), 3.7 (m,
4H), 3.4 (m, 4H), 3.2 (t, 16.7 Hz, 2H), 2.4 (m, 2H), 2.1 (m, 11D, 1.8 (m, 1H), 0.96 (t, 7= 7.5 Hz, 3H);
LC/MS: 100% 561 (M+1).

20 EXAMPLE 14
Morpholine-4-carboxylic acid {(8)-1-[(8)-1-(benzoxazole-2-carbonyl)-butylcarbamoyl}-3.3-difluero-

4-phenyl-butyl }-amide




met hyl -i soxazol - 3-y, - oxazol e- 2- car bonyl | - propyl car banoyl } - hexyl ) -am de as

whi te sokyglookbtholid)R (CDC13): 6 7.78 (s, 1H), 7.40 (m Jerlyszefaodssts, 1H),
5.48 (m 1H), 5.22-5.10 (m 1H), 4.68 (m 1H), 3.72 (m 4H), 3.40 (m 4H),
2.54 (s, 3H), 2.50-2.30 (m 2H), 2.22:62-08 (m 11-1), 1.94-1.78 (m 311),
1.60-1.46 (m 2H), 108094(2xt 61 1) 15 LO MS: 99% 512 (M+l).

EXAMPLE_12 Mor.pholine: 4-car box -
i {1 BT BoPpBE | SEURE TS Lok Tt PRI it 8 rog (morshotine
phenyl - MOhm-aﬁamogis-pﬁ&y@dﬂtamwd Hn@(soyz)amnoznb@;omdezeﬂ@m@mw thersiwas| ar
e 1 e B atine e borid )i el b uonas 2 (D Alglimes 4-
car bonyPl)"Eaéff’fIi prpholine.gcar C 2¢id )

(S) - 2- agFino 4-phMRZ B iddbut an- I-oI hydrochl oride there was prepared
nmor phol | ne- 4- carboxgllc

(S-3. gaMﬁ A ) kDL 60 Gl 5B 1D LB AT AP IR 7411
056" (<= 8y 1507739 o, £ppm B ou0t e TRpp DA 3% ket MRS,

(d, J —4}1)9kl35 (ch ), 3@ TE116.8 Hi; 2B, 2.3 B2H0N2.1 4H) 1ID31.380(1HD, U4 0, 213, Rt , J=
17Hz, 2H) 35.(m 2H), 2.12 (m 1H), 1.85 (m 1H), 0.95 (t, J= 9Hz, 3H);
LC/I\/IS &7 Hﬂ {Mt1). 5 EXAMPLE 13 Morphol i ne-4-carboxylic acid 1(S) 3

3-di f | upreid-1pime syt ad+)( S) - 1- (5-t hi ovhen- 2-yl - oxazol e-

2- car bonyl | - Dropyl car banoyl | -butyll-amde eHF O OS N 10 By pr oceedl ng in
a 9Pnilar manner to Exanple | above but using

(S)-4, 4-difluoro-2-[ (norpholine-4- carbonyl)-am no]-5-phenyl - pentanoi c acid
and (S)-2-am no-Il-(5-thiophen-2-yl-oxazol -2-yl)-butan-1- ol hydrochloride

t here ed nor phol i ne-4-carboxc acid
{(S) 3. Brofbnblineor & [14(2-béBhexazol-2-yl-1-methoxymethyl-2-oxo-ethylcarbamoyh)-3.3-
1-(5- thélggoggg_v%m}/vllb zolée 2-carbon)j)-propyl carbanoyl | - butyl | -am de

Q
e
z

15
By proceeding in a similar manner to Example 1 above but using (S)-4,4-difluoro-2-[(morpholine-4-
carbonyl)-amino]-5-phenyl-pentanoic acid and (S)-2-arnino-1-benzooxazol-2-yl-3-methoxy-propan-1-

4-carboxvlic acid [1-(2-benzoozazel-2-yl-1-methoxymethyl-2-oxo-

ol there was prepared morpholine-
ethylcarbamoy1}-3 3-difluoro-4-phenyl-butyl}-amide.

20 15 NMR (CDCl): § 7.9 (4, I =7.7 Hz, 1H), 7.67 (d, J = 8 Hz, 1H), 7.56 (t, J = 8 Hz, 1H), 748 (t, T =
8 Hz, 1H), 7.2 (m, 6H), 5.7 (m, 1H), 5.1 (4, J = 7 Hz, 1H major), 5.05 (d, J= 7.3 Hz, 1H minor), 4.3
(m, 1H), 4.26 (dd, T =9.7, 3.5 Hz, 1H), 3.8 (m, 1H), 3.7 (m, 4H), 3.35 (m, 4H), 3.27 (s, 3H), 3.22 (1, J=
16.2 Hz, 2H), 2.4 (m, 2H); '
LC/MS: 94% 545 (M+1).

25

EXAMPLE 16
Morpholine-4-carboxylic acid {(8)-1-[(8)-1-(benzoxazole-2-carbonyl)-1-methyl-butylearbamoyl}-3.3-

diflnoro-4-phenyl-butyl }-amide




1H N\R (CDC13): 8 7.53 (dd, J = 3.6, 1 Hz, 11-1), 7.48 (dd, J =5, 1 Hz,
1H), 7. 4w@Ez008000147. 3 (m 6H), .15 PCT/US2004/035282
7.15(dd, J=5, 3. 6Hz, 1H), 5. 4(m 1H), 5. 15(d, J=7. 1Hz, 1H), 4. 7(dd, J = 13, 7.4

Hz, 11),3.7(m 4H), 3.4 (m 411), 3.2‘53: 16.7 Hz, 2H), 2.4 (|n 2H), 2.1
(m 1H, 1.8 (m 1H), 0.96 (t, J = 7.5 Hz, 3H); LC M 100% 561 (M+l). 20
EXAMPLE 14 Morphol i ne-4-carboxylic acid
1(S)-1-[(S)-1-(benzoxazol e- 2- carbonyl -b car banoyl | - 3, 3-di fl uoro-

phenyl -butyl)-amide OeF 0 0 N WO 200 142 PCT/ US2004/ 035282 -62 By
proceeding in a simlar manner to Exafipte 1 above but using

(S)-4, 4-difluoro-2-[(norpholine-4- c nylc) am no] - 5- phenyl - pent anoi ¢ acid
and (S)-2-am no-I-benzoxazol - -p nta;m | -[po! Bhere was prepared

nor phol i ne- 4- car boxyl i c aci}z,ei'\tN <
(S)-1-f(S)-1-(benzoxazol e- ut yi ®ar hago -3. 3-

di fl uor o- 4- phenyl - butyl }-amde. 5 1H (CDC13) 7.9 (d, J = 8.0 Hz,
11-1), 7.66 (d, J:8Hz,1H),756(t = 7.2 Hz, 111)747(tJ = 8

Hz, 111 611

12. 8, 7)A4mmi1re éﬁrr?ﬁ)*zﬂﬂ%n"(ln‘iﬂﬂz"g‘ﬁﬁ"l"z:@’ éﬁ"i‘) Pogp lh?gf‘z"(’?l“f'j%"ﬁéé ,

gli) ( mLC/ (3%0 i 54%1312])%1?-(%13@)1&{%14 Ecil'ﬂoﬂ I)Eéﬂnﬂo](ﬂ'l})heﬂﬂ)penﬁrzcﬂéladid (0.102 Fng/ 0. 3 HZ
% ne-4-c i

P 2 bemdh RS g 06 o BB R Es0 50 BERLIG PArBERastige (0 AA5LS

di f '5}10r @i ﬂﬂﬁe@éé'snﬂé&ia‘t !mbnﬁeﬂnpki’%dfre oRrfighiNTE sthétibh Sidthre $as Byutgalwidesbliing in a

similar manner to above b

(S) - 4, Aagftdte, E@F@ﬂﬂ"ﬂlfﬁlﬂrlﬁ%(lnf Fargfe %ﬁ%@’rﬁ‘ﬁfheaﬁ?% ed Naf| sofiion s OIaBc . aci d

and (S) 1R2:8 Wab@ick RENEQAXAHOIdreihd § aﬂmt Qaatated e reducedpredsh@ite givathe
pr epar ed nor phol i ne- 4- car boxyli ¢ acid

1- ( 2- be AAEH RWIHL- _@:@?a@n H}é@lﬂf&%ﬁq PP clgosag(tggraphy, eluting with ethyl acetate and

heptane mixture gave morpholine-4-carboxylic acid {(8)-1-[(S)-1-(benzoxazole-2-carbonyl)-1-methyl-
10 butylcarbamoyl]-3.3-diffuoro-4-phenyl-butyl}-amide (82%).
1H NMR (CDClg): 8 7.8 (¢, I=7.8.0 Hz, 1H), 7.64 (d,J =7.8 Hz, 1H), 7.53 (dt, 1 = 7.2, 1.2 Hz, 1H),
7.43 (dt, J =8, 1.2 Hz, 1H), 7.2 (m, 6H), 4.9 (d, J = 7.3 Hz, 1H), 4.65 (m, 1H), 3.7 (m, 41, 3.3 (m,
4H), 3.1 (t, J=16.8 Hz, 2H), 2.2 (m, 3H), 2.1 (m, 1H), 1.74 (s, 3H), 1.25 (i, 2H), 0.9 (, I=7.3 Hz,
3H);
15~ LC/MS: 100% 557 M+1).

EXAMPLE 17

-3.3-difluoro-4-phenyl-

20

Proceeding according to the PyBOP coupling method given for example 1, but using (S)-4,4-difluoro-
2-[(morpholine-4-carbonyl)-amino}-5-phenyl-pentanoic acid and (S)-2-amino-4-phenyl-butyronitrile




et hvl car banoyl )-3 3-di fl uoro-4-phenyl -butvl|-am de. 20 1H NVR (CDC13): 8
7.9 (d, %02{%5/3461&3 1H), 7.67 (d, J = 8 Hz, 110,7.56 (tpcruszodidszasal li),
7.48 (t, 1H), 7.2 (m 6H), 5.7 (m 1H),5.1(d,J:7Hz, 1H
maj or), 5 05 (d J = 7.3 Hz, 1H ninory%44.8 (m 111), 4.26 (dd, J = 9.7,
3.5 Hz, 1H), 3.8 (m 111), 3.7 (m 4H), 3.35 (m 4H), 3.27 (s, 3H) 3722

t, J= 16.2 Hz 2.4 (m 2
&brpholﬁﬁ@?ﬁmﬁﬁ?ﬁﬁg%ﬁT%mﬂ¥é -
i éraﬁtﬁﬂf%@%@mﬁ%ﬂ—mﬁ“?% 5004/ 030382~ 63 n O
| u - 4- u

gH | Xj HlNMde 61%@13)&%!?@5%866{2 i8), 72.( H’rn“?% gl(d y 532192%9 62(%2}!0@%'

(7 e s rAD SR Al P e AN P OIS (DD B i, TN )

(0. %02 mmg.@omwowu;m (69 mgy, 0.36 mol), HOBT (48 6 my, 0.36 mol)
and Diisopropyl ethylamne (0.2 nL) 5 in DV was stirred at room
tenperature overnight. The reaction m xture was diluted with ethyl acetate,

washed wixtimeiok 8 | N HC1, saturated NaHCO3 and then saturated NaC sol ution.
The organic phase vas dr| JRANESL BN 86,304 Sl siinayagor at ed
z crude produ O] y Silica

under r &ERIBRONNCSEH-CANORTAC 3G

gel colum chromat ography, eluting with et acetate and heptane m xture
gave nor phol i ne-4-carboxylic acid
1(S)-1-[(S)-1-(benzoxazol e- 2-carbonyl -1 - 10 bntyl carbanoyl | -3

3-di fl uoro-4-phenyl -butyl }-am de (82%. NVR (CDC13): 8 7.8 (d, J =7.8.0
Hz, 1H), 7.64 (d, J =7.8 Hz, 1H), 7053 dtr J =.7.2, 1.2 Hz, 111), 7.43
(dt, J =8, 1.2 Hz, 1H), 7.2 ( o {d_#= 7.3 Hz, 1H), 4.65 (m
111), 3.7 (m 4H), 3.3 (m 4H, ..1 =16.8 Hz, 2H), 2.2 (m 3H, 2.1
(m 1H), 1.74 (s, 3H), 1.25 ( , 0. 9CKt J= 7.3 Hz, 3H); 15 LJ Ms:
100% 557 (M+l). EXAMPLE 17 Morpholine-4-carbolic acid

F(Syg 1- (P(r&)aedmg%@d}mag RIRBYBOR @ppligandiadeytch 18 Fample [ ior osidg (Shrdrhydifuors

but yl 1 - %T(mc?rphohne—tt carbonyl)-amino]-5-phenyl-pentanoic acid and amino- -acetopitrile hydrochloride,

" there was prepared, morpholipe-4-carboxylic acid [(S)-1-( cyanomethyl-carbamoyl)-3.3-difluoro-4-

phenyl-butyl]l-amide.
THNMR (CDCl3): 6 7.95 (b, 1H), 7.3 (m, 5H), 5.25 (d, J=7.0 Hz, 1H), 4.7 (44, J = 12.7, 7.2 Hz, 1H),

15 . 4.1 (m, 2H), 3.7 (m, 4H), 3.35 (m, 4H), 3.2 (t, I = 16.3 Hz, 2H), 2.4 (m, 2H); LC/MS: 83 % 403
(M+Na).

EXAMPLE 19

Morpholine-4-carboxylic acid I[(S
20 butyl]-amide

-3,3-diflnoro-1-((8)-1

A mixture of (S)-2-amino-2-methyl-pentan-1-ol hydrochloride (104.4 mg, 0.67 mmol), (5)-4,4-
diﬂuoro-2—[(qupho]jne-4—carbonyl)-anﬁno]-S-phenyl—pentanoic acid (231 mg, 0.67 mmol), EDCI
(154 mg, 0.8 mmol), HOBT (108 mg, 0.8 mmol) and Diisopropyl ethylamine (0.23 mL) in DMF

25 (2ml) was stirred at room temperature overnight. The reaction mixture was diluted with ethyl acetate,
washed with cold 1N HCI, saturated NaHCO; and then saturated NaCl solution. The organic phase was




OF ffJJ JN~ HN N O O Proceeding according to the PyB OP coupling

thod giw@hoosmioigxanpl e 1, but using (S)-4,4-difluoro-pcT/US2004/035282
[ (mor phol i ne- 4- car bonyl ) - ami no] - 5- phenyl - pentanoi ¢ aci d and
S) - 2- ani no- 4- phenyl -but yroni tril e WOr8®05/ 040142 PCT/ US2004/ 035282 - 64
drochl oride, there was prepared nmor phol i ne- 4- car boxylic acid

E
nme

y

S)-I.- 1.

E oLyI cé‘i‘@zﬂ’fﬁ‘ i OSQ%" gl Eﬂ?‘(%h%vr"‘8°fﬂ‘e%ﬂ%dr‘?§ﬁe‘i‘b“? PIFURAY B3° P RRR M 13y - s 7. 9
Cli ), J :Pﬂnf@aﬁ&,bzmic)l gglloﬁ?(nranommfg)a,phﬁ c;l(tm(lsiwnw ethyl Zc@atpiand Heptppe mmttgc gave |

H, e ' ‘ yj ) :
NbrpMMM@xymgmm [(S) | (cyanonet hyI car banoyl ) -3

i f1uoro-4-Phenyl-butyl]-amde eFF ONX'I N N O 10 Proceeding
accérding to the PyBCP coupling nmethod given for Exanple 1, but usi ng

(S) - 4, 4AGikiukUTMorp ghadyiio ecid {(803.Bdiflnojo- bitd hbt dsoxyimectipl-1mecthivknoi ¢ aci d
and ami no- aceton t

nor phol 2#He bMAHD e lgm(g%angr%ﬁe%ﬁpgé‘? gﬁ%?mﬂg %T%)oro 4
e. pheﬁyﬂ)ems m wafﬁtﬁke&ht Nbﬂtélﬁﬁﬁérﬁl)eforsahﬁ 296 quepched an;l a splufioy ofisodumm) | 5. 25
d, J =7. . 111 =12 7. 7 211), 3.7
E m 41) thl@“%ﬁ inptusg %i)‘“aﬂéozd‘g? profiugt “ﬁf’éeﬂraﬁ&eg‘”ﬁﬁ}ﬂf&ﬁw%ﬁd %ﬂi‘ﬁ Wy & ‘s 83
‘:’)’/o glg]?,l (N8 Na@%Mt%IEOl%DN%a@'W% driel qyardabx@rbusdd@ﬁ@oﬂx(e@ ev@porated under
| uor 0- - nvl.-1- s - cxtre

butyl ] - PE?%H‘ i‘%ﬂﬁ%ﬁ‘%ﬂh yesilisp gné&“ aﬁ%f %‘ﬂ%ﬁ%ﬂ‘g@ %%lrﬁ“i‘%%im T
hydroc hhﬁew&vﬁoiaﬁé%aﬂm@ o5 (VB B9, A1 formayL | -mefiyLmiylcarbaroy)-4-

di fluoro-2-]( rmgé igge- 4§3§ Al bonyl ) - am no] - 5- phenyl - pentanoi ¢ acid (231 ng,
0. 67 m&%@%——%—ﬁ - *

1 NMR (CDCls): 8 9.3 (s, 1), 7.2 (m, SH), 7.0 (s, 1H), 5.0 @, ] = 7 Hz, 1H), 4.64 (dd, T = 13,7.3
15 Hz, 1H),3.7 (m, 4H), 3.4 (m, 4H), 32 (t, J= 16.5 Hz, 21, 2.3 (m, 2HD,

1.9 (m, 1H), 1.65 (m, 1H), 1.35 (s, 3H), 1.2 (m, 25D, 09 (1, J= 7.3 Hz, 3H);

LC/MS: 100% 440. (M+1)
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EXAMPLE 20
20 Perhvdro-1.4-oxazepine-4-carboxylic acid {(S)-1-[(5)-1-( 3—chIoDronvl—1.2_4-oxadiag01&5~carbonv1)~

p. ropylearbamoyl]-3 3-difluoro-butyl }-amide

}

/
To a mixture of (5)-4,4-Difluoro-2- {(perhydro-l,4—oxazepine-4—carbonyl)-amino]—pentanoic acid (97
mg, 0.35 mmol), (S)-2-Amino-1- (3-cyclopropyl-1,2,4-oxadiazol-5-yl)-butan-1-ol hydrochloride (83
25 mg, 0.36 mmo!) and diisopropylethyl amine (121 pL, 0.70 mmo}) in dry dichloromethane (12 ml) was
added 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (66 mg, 0.35 mmol) and 1--
hydroxybenzotriazole hydrate (47 mg, 0.35 mmol). The mixture was stirred at room tergperature for
16 hr then was diluted with dichlorornethane (20 mL) and washed with dilute HCL (30 mL), then
saturated NaHCO; (30 mL). The organic layer was dried (Na;5O4) and concentrated in vacuum. The
30  residue was purified over 12 g silica gel, cluting with ethyl acctate: heptane (gradient 50 - 100 %) to
afford Perhvdro-1, 4-oxazepine-4-carboxylic acid ((S)-1-{(8)-1-[(3-cyclopropyl-1.2.4-o0xadiazol-53-y1)-




(154 ng, 0.8 mmol ), HOST (108 ng, 0.8 nmmol) and Diisopropyl ethylam ne

(0. 23 mMwo sobMo14#5 (2nL) was stirred at room tenper at e xseignzedes. The
reaction mxture was diluted with ethyl acetate, washed with cold IN HCl,
saturated NaHCO3 and then saturated NaCl sol ution. The organi c phase was WO
2005/ 040142 PCT/ US2004/ 035282 -65 dr i@t over MySO4 and sol vent evapor at ed
under reduced pressure to give the crude product. Purification by Silica

ggl/ecol Wj _’,,%. f. L}ﬁam ] it-@ﬂluﬂfotbggg%&e AS6 R s hentane rEzaﬁﬁ;‘ e

di fl uorcﬁ’-"{)d (I(@/Isllﬂﬂgwdﬁawﬁﬁl hyl - | - met hyl - but yl car barmovb- 4-
phenyl -butyl |l -am de (223 ng, 75% . 5 A m xture of Morpholine-4-carboxylic
aCIdf('l%?a dlfluoro 1( S) - 1- hydr oxvnet hyl - | - met hvl -

but vl car ﬁfDiPi 9 nesmiprdigs tﬁ"f‘azﬁﬂﬁwﬂfbﬁ"ﬂl‘%@sﬂ a6D-DESE-L{@rayilopBpylildtid-nane

(15%in owsaiﬁzoﬂs-mwamw&@ﬂ ﬁbfﬁ&b&%ﬁ}—?@cﬁﬂlﬁﬁo -Beyl)- Qe BIBRRS, 325 E‘%‘é‘{@ﬁe?’hr s

and quenched. with i.on sodi hi osul fate i n saturat

The groh& HgTma {’e@wﬂf‘ﬁ R 35, a%gg&#%?f Magin popiodnmns (1 mei 03¢ amelt od
NaCl solThé rmotionGrag athirael g1RSfor Qas, atld fesl dﬁmmbnaﬁbgedqzo wisL) M2 @ ded S Phe/ & kon
evapor a r silic

cxrgmat ma H el l’f%llgggiﬁw %mﬁﬁ @ace%;?ﬁ tane W%ﬁ?@ﬂmﬁbl i ne

(0]
4-car bo g‘g.p p@ea@ﬂ@ye: W8y exgracted with dmhlorumethane (2 x 30 mL). The organic layers Were dned

3- digf | u @sd)jéﬁcﬁ)anéenma&%' ﬁtm&esmw&&ﬁﬁﬁ 1#s s &e“i" i gtvx E” de

83 CDC13 1 é“ %1 %

d. 5"9 _aceuas boppug (Enediegh 5 aéﬂ%maffﬁ? e A grizarinay Bl 14 (o

4H), 3. B I—JI b otddiazal 1 m( 21. 1.35
J= 7 3 Hz, 31);: L . %M+ g

(s, 3H)752%, Q_g}l ., 0.9 (t, -
EXAMPLE loj fo 1 4 oxazene 4 cazboxyl I c aci d
{o 140- ‘Hmmgcmcapﬁdpmca,mmw&amlamﬂn;(a.mmnnmnnsem)mpamgﬂ% 3

3-qiflug %ﬁ}%?fi&zzﬁﬂflﬁ 2% b 1B Qod el 1m0, 19 ot 1650160 1 g © 2

m Xt ure of
[ ( per hyldm3H), W5dmadidh PAé (4l € 2580 Hl); LCAVS1 931458 MaHi ¢ acid (97 ng, 0.35
nmmol ), (S)-2-Am no-1- (3-cyclopropyl -1, 2, 4- oxadi azol -5-yl)-butan-1-ol

hydrocm g ! & 283 25 ny, 0.36 mml) and diisopropylethyl am ne (121 L,
0.70 y dichl oromet hane (12 nl) was
Perhydro-1.4-oxazepine-4-carboxylic acid 1(S)—l—l(S2-1~[3gclmxl-l,2,4—oxadiazole-5-carb0nxh_

20 ropylcarbamoyl]-3,3-diflucro-hexyl}-amide

By proceeding in a simvilar manner Example 20 above but using (5)4,4-Difluoro-2-{(perhydro-1,4-
oxazepine-4-carbonyl)-amino}-heptancic acid and (S) -2- amino-1-(3-cyclopropyl-1,2 4-oxadiazol-5-
yD-butan-1-ol hydrochloxide there was prepared Perhydro-1.4-oxazepine-4-carboxylic acid {(5)-1-
25 S)1-3-cyclopropyl-1.2 4-oxadiazole-5-carbonyl)-propylcarbamoyl]-3.3-diflucro-hexyl }-amide
(93mg, 65%) as a white solid,
'H NMR (CDCI3) 8 7.6 (d. J=7.5 Hz, 1H), 5.25 (m, 18, 5.10 (4, J=7.5 Hz, 1H),
4.65 (dd, J=14,J=7.5 Hz, 1H), 3.75 { m, 6H), 3.55 (mn, 4F), 2.4 (m, 2H), 2.2 (m, 2H), 1.95 (m, 1H), 1.2
(m, 3H), 1.55 (m, 2H), 1.10 (m, 4FD), 0.95 (t, F=7.5 Hz, 6H):
30 . LOMS: 70% 486 (M+1) and 30% 504 (M+1+H20).

RECTIFIED SHEET (RULE 91)
ISA/EP




added 1-(3- D net hyl am nopropyl ) - 3- et hyl cazbodi i m de hydrochl ori de (66 ng,
0..35 mmokyo sgadodorahydr oxybenzotri azol e hydrate (47 ng, f&1P0s2008a35282 The

m xture was stirred at roomtenperature for 16 hr then was diluted with

di chl oronet hane (20 nlL) and washed w #d¥-dilute HO (30 nlL), then saturated
NaHCO3 (30 nlL). The organic |ayer was dried (Na7SO4) and concentrated in
vacuum The 30 residue was purified over 12 g silica gel, eluting with ethyl
acetate: heptane (gradient 50 - 100 %9 to afford Perhydro 1 4

oxazepl%@ﬁ[z?oxy hc acid
((S)-1- L) 3-cycl our op '.f.ls 21_43_1(:S)&<ad| ?%%I‘L_omyh 0\{\05 2005/ 040142

Rearboxgli acld -Carbon

hydr ox pitlgagtha Sy RO AR AISR . di f | uoro-butyl ) -am de (120 ng, 75 % as
a colorless gI assy soli d. LCI M5 1006 460 (MrR). To a sol ution of

Per hydro-1, 4-oxazepine4d-carboxylic acid ((S)-1-((S)-21-((3-cyclopropyl-12,4
5 oxadi azol -5 yl)-hydnxy-net hyl ) propyl carbanoyl }-3, 3-di fl uoro-butyl)-am de
(110 ng, 0.24 mmoi) in dry di ehljoro ane_ (20 nmL) under N2 was added

Dess-Martin periodi nane (143 nyg, [j0. 3 1) The reaction was stirred at
RT for 2 hr, and then dichl i)(w]ep\h@ added. The reaction was
quenched vm'th a solution of!Nag4S203 ( 26M 2\ and washed with saturated

Na$CO3 (20 nmL). The aqueou% ayer was e{ract%\vvlth di chl oronet hane (2 x

30 nL). The organic |layers were dried 10 (Na250 and concentrated in
vacgum The resi due was purified over 12 g silica gel, eluted with ethyl

acet at e H& t%ﬁg éﬁﬂ&m ﬁ?&n@l 3Pupdtd G dsing (S)-4,4-Difluoro-2-[(morpholine-4-
Perhvd(ralt%)ygro zenl ne -car%oxy I C %Cl d 1(S) 1 S
oy D)-efo tandiczaidiaed @J@aans@qwﬁ)-lsa?ra@@ﬂg RO W Flucr o

buts 1- %m des%’ 1G. Dby adiaRolé-552 (d,
6.211), in, 111), 3.78 (m
413) 1‘@1%)“’ tos@hif (m 113), 1.98

: Jo%}g@@%}s‘ﬂw @ 7@%&‘?@@ ﬁ>EXA Nga%ﬂzllgafs (m 411), 0.98 (t,

Per hydr 4)65 (- PXAZEOHRATY: raqnm@uymzb(mé}m 3.2 (m, 1H), 2.35 (m, 2H),

ég(?%)yllc g‘)&n@(f %}go ?ﬁ(’(ﬁ’ 2%ﬁexvl mﬁgeﬁpl\f}ﬁl@g@%@ Ij?gy proceeding in

a si m | po/msrmer 478nD) @d 20%a8D 3d+btH2Q)si ng

(S).4,4-Difluoro-2-[(perhydro-1,4 oxazepi ne4-carbonyl)-am no] - hept anoi c

acid and (5) 2- am uo-1-(3-cyclopropyl-I,2,4-oxadiazol-5- yl)-butan-1-ol

hydsochl ori de there was prepared Per hvdro ) 4-orazenine-4 carboxylic and

J(S)-1-_25 1 -1-f 3- eydour oyyl - 124- oxadi azol e- 5- car bonyl ) - ur opyl car banoyl |
5

33- di f | ESAN | ani de (98rrg 65% as a white solid. 1H NMR ( CDC13
7.6 (d, vbg i 13 H-1 X H(5-t7t-pulgl- 1.2 2-oxpdigzole-3-carbor;

50 A solution of (S)-4.4-Difluoro-2-[(morpholine-4-carbonyl)-amino]-heptanoic acid (175 mg, 0.60
mmol) in dimethylformamide (6 ml) was treated successively with (S)-2- Amino-1-(5-tert-butyl-1,2,4-
oxadiazol-3-yD-butan-1-ol (240 mg, 1.13 mmol), O-(7-azabenzotriazol-1-yD-N,N,N’,N’-
tetramethyluronium hexafluorophosphate (226 mg, 0.59 mmol) and diisopropylethylamine (0.104 ml,
0.60 mmol). Reaction stirred at room temperature overnight. Solvent evaporated under high vacuumn.

25 Residue taken up in ethyl acetate and washed with IN hydrochloric acid, saturated aqueous

bicarbonate solution and water, dried over Na;SOy and solvent evaporated nnder reduced pressure.




4.65 (dd, J=14, J=7S Hz, 111), 3.75 (m 611), 3.55 (m 411), 2.4 (m 211),
2.2 (m HiBosk4d2 (n), 1M 1.8 (m 311), 1.55 (m 21Ppcr/ds2iddsss241),
0.95 (t, J=75 Hz, 611); 30 LA MsS: 70% 486 WA+l ) and 30% 504 (M+1+l 320 .
RECTI FI ED SHEET (RULE 91) | SA/EP WD 2685/ 040142 PCT/ US2004/ 035282 -67-
EXAMPLE 22 Morvholine 4 carboxylic acid {(S— -f(S)-1-(3-isopropyl -

4- oxadi azol e 5-car boné 1car banoyl | - de uor o- hexyl -aEn dgzng NN
N O oqm@munSecBgn% clifiRg F‘%FP ﬁaﬁl’r@r" EEYEneeAfs “Gbtie But

usi ng (% MRfd L 9: cgﬂ,&( 13§ @é}@l |((38-14 S CR[(Beaybukylam Neksinedtayiphalrans: d
and (S) am no—-T ) -1 2, 4- oxadi azol d§ butan-1-0l1 there was
pr epar edgethybirperyldarhameyld 33K aexybiragnide agya b OWI(@];/ me3-i soprop), | -1 2

4- oxadi fmmr bonyl) propyl car bam)yl | -3 3-difluoro-hexyl}-am de
(122ny, as Ite solid. 10 1H NW\R (CDC13) S 7.5 (d, J=7.0 Hz, 1M 5.3

(m®B), 525 (d, J=7.0 Hz, 1H), 4.65 (dd, J=13, 7.0 Hz, 111), 3.7 (m

‘111 éé (3A4 uoﬂH)of %pﬁoﬂie-ﬂ-kﬂrboxghé%Sa&dn (BH-{(5)A-[5- Pt 1—1)2,4—0]&&&a2(0ﬂ3-y@(2)1} 111 -y
(|v++1) ahﬂdr,@mmzllfpmﬂsmwﬂh@ WLIEX@&aW@FpQ%ImﬁeO h”c&%%&gﬂ thé’zﬂP

{(9)- ﬁlg)uie;' (@Dtv@gt&elﬂ!ﬂﬁ Whith b%sﬁM@Eﬁ@eﬁ@ﬁﬁﬁe %593%13)@'1]39 smol) and stirred at room
propylc anoyl df l uoro-hexyl}-amde F OF O N-N N =11 l8 . ONO
20 A soltqugpemﬁugﬁ'or 90 Imnutes The reaction mixture was washed with a solution of NasS,0s; in water

(S) 41 @@y% whﬂbarﬂﬁaé ébﬁﬁa@ﬂ%h)wﬁéf‘ anla BeRLRASOR aCih 6,
](9 mgm fonnam de (6.mM) was _treated successi Velé“iﬂg‘ﬂ%l
( S) - 2- Awa@gmted(m@rep@uceﬂmrwm ?z"hwﬁ@ia@awsmﬁe‘hbsyﬂashGBWW%‘&BPY ¢ 21.13
mol ), anthreac&%QﬁPZ&{afé M ﬂlaptélneﬂ )l)'m é\lié\Mloolme—él-carboxyhc acid {(S)-1-[(8)-1-(5-tert-
' ' butyl-l,2,4—oxadiazole-S-carbonyl)—propylcarbamoyl]~3,3-diﬂuoro-hexy1}—amidc as an off white solid
(41 mg).
15 MS : 488 (M:+H).

EXAMPLE 24
Morpholine-4-carboxylic acid {(8)-1-[1-(5-tert-butyl-1.2.4-oxadiazole-3-carbonyl)-propylcarbamoyl]-

3,3-difluoro-4-phenyl-butyl}-amide

F
F 0O
H
N N
\ \}7<
o) N—g
By proceeding in a similar manner to Example 23 above but using (S)-4,4-Difluoro-2-[(morpholine-4-

carbonyl)-amino]-5-phenyl-pentanoic acid and (S)-2-Amino-1-(5-tert-butyl-1,2,4-oxadiazol-3-yD)-
butan-1-ol there was prepared Morpholine-4-carboxylic acid {(8)-1-[1-(5-tert-buiyl-1.2.4-oxadiazole-

20

3-carbonvl)-propylcarbamoyl}-3.3-difluoro-4-phenyl-butyl }-amide as 7:3 mixture of diastereoisomers.
25 I NMR (CDCl) 8: 7.36-7.19 (m, 5H), 7.15 (d, J=7.1Hz, 1H), 5.31 (m, 1H), 5.03 & 4.96 (2xd, J=THz,
" 1H), 4.68 (m, 1HD, 3.76-3.59 (m, 4H), 3.45-3.26 (m, 4H), 3.18 (t, J=16.8Hz, 2H), 2.52-2.18 (m, 2H),
2.17-1.94 (m, 1H), 1.88-1.70 (m, 1H), 1.47 (s, SH), 0.93 (¢, J=7.4Hz, 3H).
MS : 536 (M+HD.

30
EXAMPLE 25

Morpholine-4-carboxylic acid ((S)-3.3-difluoro-1-{(S)-1-{5-(4-fluoro-phenyh)-1.2.4-oxadiazole-3-

carbonvl l-nropvlicarbamovl }-butyl)-amide




t et ranmet hyl ur oni um hexaf | uor ophosphate (226 ng, 0.59 mmol) and

di i sopr opyd odebpkeaw ne (0.104 m, 0.60 mmol). Reacti on mfT/Us20e6H/@528200M
tenperature overni ght. Sol vent evaporated under high vacuum 25 Residue
taken up in ethyl acetate and washed wf®h 1IN hydrochloric acid, saturated
aqueous bicarbonate solution and water, dried over Na2SO4 and sol vent
evapor at ed under reduced pressure. WD 2005/040142 PCT/ US2004/ 035282 -68
Crude purified on flash silica (I Oggcglum) eluting with a m xture of ethyl
acetate and heptane (2:1) to gicye rphol icne 4-carboxylic acid ((S)

1-{(S)-1-!(5-tert-butyl-1 2 di dzol 3- ) vdr oxy-
nmet hyl 1- ur ouyl car banoyl } - 3(3- I\/ﬁ) E sle as a brown oil (60 ny).
M5 :490 (M+tH). 5 A soluti th|I -4- boxylic acid

[>E
((S)-1-{(S)-1-[(5-tertbutyl-T, 2, 4-oxadi azol -3 y
hydr oxy- met hyl | - pr opyl car banoyl } - 3, 3-di f| uor o- h#
nmmol) in nethylene chloride (3 m) was treated h Dess-Martin
periodinane (59 ng, 0.139 mmpl) and stirred at rod tenperature for 90
m nutes. The reactl on mixture was washed with a sofution of Na2S2C8 in

wat er solution and water, dried
over Nagg&f’cee gtl%e %%é%%@?g a?%g@ggglg?hrﬁeduced pressure. The resi due
was pur ic)y- &d-mﬂudrb—aﬂhﬂ@hobmiﬂgbwﬁyﬁﬂénﬂtppﬁgﬂ% ack and (rk pmine-i5-EiRgro-

a((: g; ?f € ]?egy ezoﬁgmfaﬁla%ojt 3]91] a9 MG Wg]ﬁkﬁa%‘ﬁorgﬁﬁﬁ%%ﬁbﬁxﬂﬁ Ialid ((8)-3.3-

but l - 1di¥indroolx H8)-dF Bl 4efRre pircnyii2)4-oxadie ._": 2R PR arbamoyl Drgidy

5 % bR AP A Sy B SHbes s

4- oxadi @;zsmez 3y, arda oy 15); .7 HRGH Cxa,rzniﬁni)% -B. 33 GuIH- ?d53f-2 %@@2111) Fre 212 Qs oy |

-am de eeding in a simlar

manner tIH) g}?grﬁ?fge(]mz?{%\%gggl\%ﬁ)# ng’i r%B é%é% gxﬁpfsﬁﬁoro- 2- [ (nmor phol i ne- 4-

car bony s augei+HD.- phenyl - pent anoi ¢ acid and

(S)-2-Am no-I-(5-tertbutyl -1, 2, 4- oxadi azol - 3-yl )- butan-I-ol there was

pre'ﬁar ed Morphol i ne-4-car boxyl i c acid

{(S)-1-f1- ( % t ﬁé% -butyl -1, 2, 4- oxadi azol e- 3-car bonyl - urouvl car banoyl1-3

3-diflu yl -butyl}-am de as 7:3 m xture of diastereoi soners.
Morpholine-4-carboxylic acid {(8)-1-[1-(5-cyclopropyl-1.2.4-oxadiazole-3-carbonyl)-

)-am de (57 ng, 0.117

propylcarbamoyll-3.3-difluoro-4-phenyl-butyl}-amide

15
By proceeding ip a similar manner to Example 23 above but using (S)-4,4-Difluoro-2-[(morpholine-4-

carbonyl)-amino}-5-phenyl-pentanoic acid and (S8)-2-Amino-1-(5 -cyclopropyl-1,2,4-oxadiazol-3-y1)-
butan-1-0l there was prepared Morpholine-4-carboxylic acid {(S)-l-[l-(j-cyclopropyl—1,2,4-
- oxadiazole-3-carbonyl)-propylcarbamoyl]—B,3-diﬂuom'-tl-phenyl-butyl}-amide as 3:1 mixture of
20 diastereoisormers.
1 NMR (CDCls) 8: 7.36-7.20 (m, 5H), 7.14 (d, J=7.1Hz, 1H), 5.26 (m, 1H), 5.02 & 4.96 (2xd, J=THz,
1H), 4.70 (m, 1H), 3.73-3.61 (m, 4H), 3.43-3.28 (m, 4H), 3.18 (¢, J=16.5Hz, 2H), 2.48-2.21 (m, 3H),
2.14-1.98 (m, 1H), 1.85-1.70 (m, 1H),1.38-1.21 (m, 4H), 0.91 (t, J=7.5Hz, 3H).
MS : 520 (M+H).
25




25 "H NVMR (CDC13) 8: 7.36-7.19 (m 5H), 7.15 (d, J=7.1Hz, 1H), 5.31 (m

5. Ogyclens@P1d2xd, J=7Hz, 1H), 4.68 (:m 1R), 3.76E/G0(mss8t) ,
3 45 3.26 (in, 4H), 3.18 (t, J=16.8Hz, 2H),'2.52-2.18 (m 2H), 2.17-1.94
(m 1H), 1.88-1.70 (m 111), 1.47 (s, 9H), 0.93 (t, J=7.4Hz, 3H). M :536
(MtH) . 30 EXAMPLE 25 Mor pholine-4-cafBoxylic acid ((S)-3
3-difluoro-1-f(S)-1-f5-(4-fl uoro-phenvD 1. 2, 4- oxadi azol e- 3-
car bonyl | - nropyl car banovl | - butyl ) -am de WO 2005/ 040142 PCT/ US2004/ 035282
-69 0 oiwo % I%y proceeding in a simlar manner to Exanpl e 23 above but

usi ng ( , | uor o- 2-[ (nor phol i ne- 4- car bonyl ) - am no] - pent anoi ¢ acid and
(S)-2- Am’iaﬂngd_xb-m@ﬁﬁpihémmeoxmhmi(S)-nruzsz&;mmm' 82.0/4-ZadihdotelBdagionyhol t here
was prepared I| omxcilc acid ((S)-3,3 5 ditluoro 1 {(S) 1[5
(4 fluo ok

4- oxadi azol e- 3-car bonyl | - pr opyI carbanmoyll -butyl)-amde 'H NW (CDO 3) S:
8.2 (m 2H), 7.31 (d, J=6.8Hz, 1H), 7.80-7.20 (m 211), 5.38 (m 1H), 5.07
(d, J=6.8Hz, 1H), 4.63 (m 1H), 3. ¢513.64 (in 4H), 3.44-3.33 (m 4H),
2.58-2.28 (m 2H), 2.22204(m01 ,Fl -1.79 (m 111), 1.66 (t,
J=18.8Hz, 3H), 0.97 (t, 7 98, . ( M+H) . 10 EXAMPLE 26

Mor phol i ne-4 car boxylic acﬁ\( cy opy opyl -

4- oxadi azol e- 3-carbonvl) ro Icar bam) N=

-3, 3-df | uor o- 4- Pheny! - butyl‘? m de eN-~' OrN~N OJ ON~ p 15 By
proceeding in a simlar manner to Exanple 23 ab but using

(S) 24, 4-Di f| uor 0- 2- [ (mor phol i ne-4- car bonyl ) - am no] - 5- phenyl - pent anoi ¢ aci d
and ( S) B2 prawderding v { Smarchappyr aptample23 4beys fuki using | (SB4.¢HDitndyer2-perhydsb-1tdher e
was pre gqehpéafﬂa R1i-REn ATl ¥hil Cand C(!sﬂz {Aﬁﬁo i—(:{-éyc{oﬁr Clﬁpﬁﬁwdl% 2,4-

oxadi azo

car bony ) propyl car banoyl uor o- enY butyl } - am de
0575 - e Gotghere Yo PP eRoR B drediatepint d carbosyhe acd (BTN {5-epelodrop:

1.2 A-oxadiazole-3-carbonyl)-propylcarbamoyl}-3.3-diflucro-hexyl }-amide _as 5:1 mixture of

10 diastereoisomers.

'H NMR (CDCls) : 7.44 & 7.39 (2xd, J=7.3Hz, 1H), 5.30 (m, 1H), 5.05 & 4.98 (2xd, J=6.5Hz, 1H),
4.63 (m, 1H), 3.79-3.73 (m, 4H), 3.59-3.53 (m, 4H), 2.47-2.23 (m, 3H), 2.15-1.76 (m, 6H), 1.57-1.43
(m, 2H), 1.38-1.26 (m, 4HD), 0.95 (t, J=7.3Hz, 31, 0.93 {t, I=7.2kz, 3H).

15  MS: 486 QM+H).

EXAMPLE 28
Perhydro-1.4-oxazepine-4-carboxylic acid [{S)-1-(cyanomethyl-carbamoy!}-3,3-difluoro-hexvil-amide

20
A. suspension of Polystyrene bound carbodiimide (570mg, 0.73 mmol) and (S)-4.4-Difluoro-2-
f(perhydro-1,4-oxazepine-4-carbonyl)-amino]-heptanoic acid (135 mg) in DCM (10 ml) stirred for 10
min. HOBT (60mg) added, stirred for 10 min. A suspension of amino acetonitrile hydrochloride (34

25 mg) and triethyl amine (52 ul) in DCM (5ml) added and stirred overnight at room temperature. PS-
Trisamine (493 mg) added and stirred at yoom temperature for 2h 30 min. After filtration, filtrate

RECTIFIED SHEET (RULE 91)
ISA/EP




rH NVMR (CDC13) 6:7.36-7.20 (m 5H), 7.14 (d, J=7.1Hz,1H), 5.26 (m 1H),
5.02 & 4waP208udb142)=7Hz, 1H), 4.70 (m 111), 3.73-3. 6drms2didoss28243- 3. 28
(m 4H) 3.18 (t, J=16.5Hz, 211), 2.48-2.21 (m 3H), 2.14-1.98 (m 111),
1.85-1.70 (m 1H),-1.38-1. 21 (m 4H), 0.91 (t, J=7.5Hz, 311). M5 : 520
(MrH) . 25 WO 2005/ 040142 PCT/ US2004/ 085282 - 70- EXAIVPLE 27 Per hydro- |

4- oxazepi ne-4-carboxylic acid {(S)-1-]1- (5 cycl opropyl -

4- oxadi cg@bp C f 0 h mde F OF
o1 NA%ﬁB{aﬁ i W%% ?\I“@&%%r ‘%%ﬁ rocee Ft’r;lﬁe%}l%h;u EI“F‘rr’?' I""é‘f %gq

Exanpl e c@emamhlb&iumgmga eyl acewahfartemr mr[%(peghyoﬁ’_w
oxazepi ng; RE89 Wl h 2343, vl

(S)-2-Amno- opyT - 2 FOf i/ i Bafgwmimhfl‘ t here was

pr epar ed ?&‘4¥%§*azem ne- 4-carboxylic acid {(S)-1-f

1- (% cyclonronvl - 12

4- oxadi w@ar bonvl | - propyl car banoyl | - 3. 3-di f| uoro- hexyl}-am de as 5:1
m xture astereoi soners. "H NWR (CDC13) : 7.44 & 7.39 (2xd,

J=7. 3Hz Pethidrp-1 46088 plre 4 -cattbijlic didRS)I-&SPBoyaRdhop ﬂc&bﬂ@l}-ﬂs’:ﬁaﬂno:é.h@%]fim
111), 3 3.73 (m 4H), 3.59-3.53 (m 4H), 2.47-2.23 (m 311 15-1.7
(in, Ffzﬁ% 57-1.43 (in, 2H), 1.38-1.26 (m 411), 0.95 (t, J=7.3Hz, 311),
0.93 (t,1=7.2Hz, 3M 15 M5 : 486 (MtH). EXAVPLE 28

Perhydro 1, 4- oxazepne- 4-car boxylic acid
f(S)-1- (cvanonethyl carbanoyl ) - 3, 3-di fLupro-hexyll-amde F NNN 0 20 O
A suspensi on of Polystyrene bound earbedi+mi de (570ng, 0.73 mmol) and

(S)-4,4-Difluoro-2- h([L
N
(D

10 By proceeding in 2 similar manner to Example 28 above but using 4.4-Diftuoro-2-[([ 1,4]Joxazepane4—
carbonyl)-amino]-heptanoic acid and (5)-2-Amine-butyronitrile hydrochloride there was prepared
Perhydro-1.4-o ine-4~carboxylic acid [{8)-1-{(5)-1-cvano- Tcarbamoyl)-3.3-difluoro-hexyl]-

\ -

amide.
LOCMS - 100% 375 (QM+E).
15

EXAMPLE 30
Morpholine-4-carboxylic acid {(5)-1-(1-cyano-cyclopropylcarbamoy)-3,3-difluoro-hexylj-amide
F F
_~N
Q N—{I ‘¢2\{/
./ 0O o

Prepared by reacting (S)-4.4-Difluoro-2-[{morpholine-4-carbony)-aminocl-beptanoic acid

20 and 1-Amino-cyclopropanecarbonitrile hydrochloride, using TOTU as the coupling agent and |
diisopropyl ethylamine as the base, : .
LCMS : 359 (M+H)

RECTIFIED SHEET (RULE 91)
ISAJEP




[ (per hydro-1, 4- oxazepi ne-4-carbonyl ) -am no] - heptanoi c acid (135 ng) in DCM
(10 nl) wwnaoemm: 10 min. HOBT (60ng) added, stirreddposbéysss: A
suspensi on of ami no acetonitrile hydrochloride (34 25 ng) and triethyl
amne (52 uL) in DCM (5m ) added and.-gpirred overni ght at room tenperature.
PS- Trisam ne (493 ng) added and stirred at roomtenperature for 2h 30 mn.
After filtration, filtrate RECTIFIED SHEET (RULE 91) | SAIEP WO 2005/ 040142
PCT/ US2B&4MIZERd? -71 diluted with DCM washed with water, evapor ated
under redca pagssure and purified by colum chronatography eluting wth
ethyl acetate heptane m xture to give Perhydro-1.4-xaze |ne 4 carboxylic

acid ((9S)-1- ?@WB?H?SHWPQWBHHWg CQUOSTIRLPRS T ORrPRIEA v {Q ilnpiBmethybni t e
solid. kfiviide CH09Gpadd thef MR intb adsdy/ R4 @ AL, comprising: MES, 50 mM (pH. 6.5);

l[:)(erShyclir%Péffgg(g’@g%%d@ﬁéfé;ﬁﬁ%@%ggl%F?t?%rlgo)beryI ]- amde OF rN-N

O / I—]ﬂ:ﬁmﬂ;ﬁtﬁﬁpm@eﬂﬂ'@n&eﬂ&ﬁoﬁ forthd well mmmmm tas Addanp e di&igabove but

Difl 4 d
Eﬁh”(% i s I G0 R A R P BeaT a7 e S P L JBer hydr o- |
4- gxaz elyaﬁnues dt-amhlehtoo@ﬂera@lracz—ﬁrale‘(@)&aﬂ@@ (ﬁllal@:vmmrapm maliebeaiiy0.p8 3V di f | uom

hexvl | 0
Mor phol T he- g C alrh%%/s% i ]gzuggné aggﬁéf %)W(a iR Cygﬁl(?%%:@g%go%y feally at (. 4¢ 45q 13111) for
3, 30di t¥ wiwtss-Hiprpreptinhibitien copstpntaKs) @ipre crleileged frpra ﬁvauewmsyrqg@go@mg using

(S) 4. dqfAbit d@eRaiallidak ohol i ne4- car bonyl ) -am nol bentanoi e acid 20 and
1- Ami no- cycl opr opanecar boni uil e hydrochl ori de, using TOTU as the coupling

agent and

EXAMPLE 32

15 Cathepsin B Assay
Solutions of test compounds in varying concentrations were prepared in 10 plL. of dimethyl

sulfoxide (DMSO) and then diluted into assay buffer (comprising: MES 50 mM (pH 6); 2.5 mM
EDTA , 2% DMSO and dithiothreitol (DTT), 2.5 mM).
Human cathepsin B (final concentration of 0.3 ng/ul) was added to the dilutions. The assay
20 solutions were mixed for 5-10 seconds on a shaker plate, covered and incubated for 30 minutes at
ambient temperature. Z-FR-pNa (final concentration of 100 pM) was added to the assay solutions and
hydrolysis was followed spectrophotometrically at (A 405nm) for 60 minutes. Apparent inhibition
constants (K;) were calculated from the enzyme progress curves using standard mathematical models.

25 EXAMPLE 33
Cathepsin K Assay
Solutions of test compounds in varying concentrations were prepared in 10 gL of dimethyl
sulfoxide (DMSO) and then diluted into assay buffer (40 pL, comprising: MES, 50 mM (pH 5.5);
EDTA, 2.5 mM; and DTT, 2.5 mM). Human cathepsin X (0.0906 pMoles in 25 L of-assay buffer)
30 was added to the dilutions. The assay solutions were mixed for 5-10-seconds on a shaker plate,
covered and incubated for 30 minutes at ambient temperaturs. Z-Phe-Arg-AMC (4 nMoles in 25 gL
of assay buffer) was added to the assay solutions and hydrolysis was followed spectrophotometrically
at (A 460 nm) for 5 minutes. Apparent inhibition constants (K;) were calculated from the enzyme

progress curves using standard mathematical models.

35
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di i sopropyl ethylam ne as the base. LCV5 :359 (M+tH) 25 RECTI FI ED SHEET
(RULE 91wo bdesokiR4INO 2005/ 040142 PCTI US2004/ 035282 - 72CcTAAMABs 32

Cat hepsin S Assay Sol utions of test conpounds in varying concentrations
were prepared in 10 tL of dinethyl stﬂncrfioxi de (DVMSO and then diluted into
assay buffer (40 AL, conprising: MES, 50 nM (pH 6.5); 5 EDTA, 2.5 nM and
NaCl, 100 mM 0.5 mM DTT, 0.01% triton X-100). Human cat hepsin S (fi nal
concentEBRAMEBRESA the wel | is 1.74 nM was added to the dilutions. The

assay Selgikians e mxed for 5-10 seconds on a shaker plate, covered and

i ncubat’e or 30 mnutes at. anbient te . - \Val .- = (final
concent r at i oPPLHPDE ﬂ@%?mpqugdsfﬁgywoncgnv%% g%&éege?gpa%{%emgggrééf sol ufi ons and
hydr ol ygifsxinegniob] aiuesknapeed inapissty b (#e pL) opmatisiigAMESE 60 nivg (PEL0): 10 5

o8 oD EhIA s oMarag o Lny HREE RfepbiR LU LS 62O Hupfedbiybdiforenzyme
- Cat hepsj ) B/AS $2¥ added Wi ditias. TBSissooohmonsers minedforiSrg scondermts dekedns
ety lbpeovebmanEb i of bR 1 Ak Py Bt g PIELar A AN R4gbEL L ©
.di t hi ot hreit gl dpggtgaﬁtm 6t fo ,mgﬁ washdiEINo GRBAP SolitidBs ffd Hyalolyei wae Aflioatd on  of

0.3 ng/T)”’was a o the dilutions. The assay,.20 sol utions were m xed

for 5- lfpesmphotcwettnlly atGeded pmhfos BR MIEER o ABBRTSH ARSI EY Y56 mi nut es at
amhient t enper o6 BroRRas dufvel dling AiHERAl Al @caPinodd) PM was added to
tHgoass%%cusaoﬁ%ufaﬁgﬁgeﬁggﬁydr ol ysis V\gs fol |l oned spectrophotonetrically at
Q 405nm) for 60 m nutes- Apparent inhibition constants (K;) were

cal cul ated fromthe enzyne progress curves using standard nat hemati cal
nodel s. 25 EXAMPLE 33 Cathepsin K Assay Sol utions. of tes% correpounds in
var yi ngCemprmedt ofhe iovastionevee riehageerding o ty apovgrdestrihet 355AYs “E B85 de (DVBO)
and then, gl |00 01 RSV Rkchi 6 caftfhink § irh@APFyi 5iivig: TINMPparsf inhiBifqa 5. 5) ;
EDTA, z‘ng‘%%#@ﬁt”g%‘fs%%‘% 275°n\) . Human cat hepsin K (0, 0906 pMbl es in 25 tL
of 135S aypphtiith €X,) for compounds of the invention, against Cathepsin S, were in the range from about 10

=

M to about 107M.
EXAMPLE 35 .
20 Representative Pharmaceutical Formulations Containing a Compound of Foromla (D:
ORAL FORMULATION
Compound of Formula I, 10-100 mg
Citric Acid Monohydrate . 105 mg
25 Sodium Hydroxzide 18 mg
Flavoring
Water q.s. to 100 mL
INTRAVENOUS FORMULATION
30 ' Compound of Fornmia I, " 0.1-10 mg
Dextrose Monohydrate q.s. to make isotonic
Citric Acid Monohydrate 1.05 mg
Sodium Hydroxide 0.18 mg
Water for Injection q.s. to 1.0 mL

35
TABLET FORMULATION




30 was added to the dilutions- The assay sol utions were m xed for

5- 10- secyyzoomgoagshaker plate, covered and i ncubat ed pioarusitoarossest es at
anbi ent tenperature. Z-Phe-Arg-AMC (4 nMbles in 25 L of assay buffer) was
added to the assay sol utions and hydrof4sis was foll owed
spectrophotonetrically at (2.460 nm for 5 mnutes. Apparent inhibition
constants (K;) were cal qulLated. fromthe enzyne rogress curves using
standar d et henat CERPOMIEEFEESL RecT! Bl ED SHEE‘]'%( RULE 91) |SA/EP WO
2005/ 040142 PCT/ USB&04#Qam@ellulode3- EXAMPLE 34 T3fhesin L Assay Sol utions
of test conpounds_in.varying concentrations wergsprepared in 10 pL of

di met hyl  sul f oxi d&%§ 0) and then dil uted i 1% assay buffer (40 AL,
conprising: MES, bBeusiddiSpida6); 5 EDTA, 2.5 roM 1@&nd DIT, 2.5 m M. Hunman
cathepsin L (10 gL of 0.2 ng/L, final concentration of 0.02 ng/l) was
addéd to the dilutions. The assay sol utions were nixed for 5-10 seconds on
a shaker pl sfige GeRMRNEBeea debciitdund pecked ont f@Glambnialinews] featuzesiof thafnvention

temperature, Z-Phe-Arg- (19 L of .0.. i i of 10 M
wae, addsreplsdna Proay ebrurTR AT i br B e SRRAF S G2

spect r opheiiei®k khddahges ah the forndkha damis df dre cdbpositimatasd methpdrafestratel. tayiet i on
constants (Ka were 10 cal cul.ated. fromthe.enzy. [ t.Ng

st andar BefelBeRg sFed mARAL ?ﬁmut&? e e s lggfi tﬁ?/%n I]?%r?'n P&g‘%x\éﬁl?lee}s? iesd
accy di Bghrésalyifiehdabayehserarhdeal stswayes hniorprtidases, whithipbiferon and

‘observed 'to exhi bit sel ecti.ve_cath in.S inhihi.t. LV SV . ar ent
i nhi bi t FSReREE Giespmn foctqe iy sybgfante ﬁ%&%&% 2V %t%ﬁhég‘{eﬁ?fgs%{ﬁ%éﬁf‘%ag%?%éltﬁ%

Cat hepsgdppsof iheieertidnt he range from about 10.10 Mto about 10-7M EXAMPLE
35 20 Representative Pharr tical .Formul ati t al: Al und of
Fornmula (1): “Winuﬁﬁj%ﬁ]ﬁ%i%%%yég GREGF %ngr%gﬁs? | a§9 va{i%a?%g@sﬁgggﬁgpt ric

Acid M 311§ bOHN B mdBifSH B vartbsdragx willin 18 snape oFpratectidunigiivditarthy. s. to
100 nL | NTRAVENOUS, FORMULATI ON
15 appended patent claims.




30 Compound of Fornula 1, 0.1-10 ng Dextrose Monohydrate gq.s. to make
isotonic i Citric Acid Monohydrate 7505 ng Sodi um Hydroxide 0.18 ng Water
for Injection g.s. to 1.0 nL 35 TABLET FORMULATI ON WD 2005/ 040142

PCT/ US2004/ 035282 -74 Conpound of Formula I, 1% Mcrocrystalline

Cel | ul B8ENTSEMSSt earic Acid 25% Colloidal Silica 1% 5 Wile there have
been descri bed and poi nted out fundanmental novel features of the invention
as applied to a preferred enbodi nent thereof, it will be understood that
vari ous om ssions and substitutions and changes, in the formand details
of t he1.conpAasbiipBin@NalintEh bPdsureldf Wweim@a @g): may be made by those skilled
in the art without departing fromthe spirit of the invention. For exanple,
it is 10 expressly intended that em cal radical substitutions and/or

met hod steps, which perform subst ially the sanme function in
substantially the sane way to achi'eve the sanme results are within the
scope of the invention. The inventiqgp is not Iinted by the enbodi nents

descri bed above which are pkes ed.Ms _exanpl @B) only but can be nodified

I n various ways within the scﬁpe ’gr\/%ﬂe’ction defined by the 15 appended
patent clains. 75 Patent C alns A gorgdound having a structure of Formul a
(I): RS F FRMN /CN(Ib) N/X\ H

wherein R1is H, R13C(0)-, R135(0)5- , R130C(0)-, R8BR7NC(0)~ RBR7NS(0)5-;

R135(0)oNC(0)- or R13C(O)NS(0)o-;
wherein R13 is (C4_g)alkyl, (C3_12)cycloalkyl(Cq._g)alkyl, (Cg_12)aryl(Co-g)alkyl,
hetero{C3.12)cycloalkyl(Cg_glalkyl, hetero(Cs_13)aryl{Cq.g)alkyl, and halo

10 substituted (C1.g) alkyl;

wherein R13 is optionally substituted by 1 to 5 radicals independently selected from a

group consisting of (Cq_4)alkyl, cyano, halo, halo-substituted (C1_4)alkyl,
, -XONRIRY, -X60R9, -X6SR9, -X8C(0INRORS, -X60OC(0O)NROR?, -XBC(0)OR?,
, -XBNC(0)OR?, -x85(0)R10, -XBs(0)9R10 and -XBC(O)R10;
15 X6 is a bond or (C4_o)alkylene;
R7 is H, (C1.glalkyl, (C3.12)cycloalkyl{Cp.g)alkyl, hetero(Cs3.12)cycloalkyl(Cp.g)alkyt,
(Cg-12)aryl(Cp-g)alkyl, hetero(Cs.13)aryl{Cg_g)alkyl, and halo substituted (C1.g)

alkyl; wherein R7 is optionally substituted by 1 to 5 radicals independently selected
from a group consisting of (Cq.4)alkyl, cyano, halo, halo-substituted

20 (C1-q)alkyl, -XBNRORY, -XBORY, -X63RY, -XEC(O)NRIRY, -XBOC(OINRERS,
-XBC(0)OR?, -X6NC(0)ORY, -x65(0)R10, -xB5(0)oR10 and -x6C(0)R10;
R8 is selected from the group consisting of H, (C1.g)alkyl,
(C3-12)cycloatkyl{(Cq.g)alkyl, hetero(Cga_42)cycloalkyl(Cq_g)alkyl,
(Cp-12)aryl(Co-glalkyl, and hetero(Cs_13)aryl(Cg.g)alkyl, or

25 R? and R8 together with the atom attached to form (C3_g)cycloalkylene or
(C3-g)heterocycloalkylene;
R at each occurrence independently is hydrogen, (C1-g)alkyl or halo-substituted

(C1.glalkyl;




50 RB Rwherein RLis H R13C(O-, R13S5(02- , R130C(O- , RBR7NC(O
RBR7/NS(O) 2-; R13S(0O 2NC(O - or R13C(T®) NS(O 2-; wherein R13 is (Cl-6)alkyl,
(C3-12) cycl oal kyl (C0-6) al kyl, (C6-12)aryl (CO-6)al kyl,

het er o( C3- 12) cycl oal kyl (C0-6) al kyl , hetero(C5-13)aryl (CO 6)al kyl, and hal o
10 subst it URG® is((Ck-@hlkgll de yibto-subetiteied (81.3)alsylopt i onal |y substituted by 1 to
5 radi cal s i ndependently selected froma group consisting of (Cl-4)alkyl,
cyano, hal oR3lisasetecterbfointtoe gubup Corsidtaglof H, (CXENRORY, - X60R9, - X6SRO,

b WAL s BT L0 1
e e R T A A

heter o( C5- 18}atiodl{ il ek selcvist figth @ golistarisisting of - Hhtkylakyario; hatber ei n

R7 is optionally substituted by 1 to 5 radicals independently sel ected

froma gr oumm@.@nsétmjté@gzﬁé)a(@ﬂ,ﬁﬁmw,,-X@@Rﬁp—,xﬁlmgo, hal o- substituted 20
(CL_4)al kyl, -X6NROR9, - XB0R9, - X6SR9, - X6C( O) NROR9, - X60C( O) NROR9,

- ><|6<:( O SR? -XWEQNQ?R@TXGO@SO@%@,,-?BWQZFb)i@\lG(MOR%(XQS(BJF@?O. R8 is
sel ecte rom the group cgnsisting of H (Cl-6)alkyl,

(C3-12) cycl @&3@)2@%9—@@&9(9)34& er o( C3-12) cycl oal kyl (CO- 6) al kyl ,
(C6-12)aryl l[(-l%D 6) al kyl, and hetero(C5-13)aryl (C0-6)al kyl, or 25 R7 and R8
t oget her wi Riiser e paalitb &Ehed to form (C3-8)cycl oal kyl ene or

(C3-8) heterogycl ogl kyl ene; RO at each occurrence independently is hydrogen,
(Clt 6) al kyl Rgﬁn%&%dagejb@gﬁtba&%h the catbonatay to whigh bRﬁb‘g?én‘é B%‘-%? al kyl or

hal o- subst i ’ ' . i sti f
1 U e )Lt o SAEL ok oup cons st g o

het er o( C5- 1@%"(@69@5%"'(@%@&@ kyl, (C6-12)aryl (C0-6)al kyl or
het ero( C5-13) aryl"(CD-6) al Kyl optionally is substituted by 1 to 5 5 radicals
i ndependent wiersial zegtiephdnybon reappthglip consi sting of (Cl-4)al kyl, cyano, hal o,

6001 0 o BRI M s e v SRR L T
- X5C( O R10; imidazolyl, indolyl, indolizinyl, isoxazolyl, isoquinolinyl, isothiazolyi, oxadiazolyl,
oxazolyl, pyrazinyl, pyridazinyt, pyrazolyl, pyridyl, pyrimidinyl, pyrrolyl, quinazolinyl,
guinolinyl, 1,3,4-thiadiazolyl, thiazolyl, thienyl and triazolyl,
wherein heterocycloalkyl is imidazolidinyl, morpholinyl, piperazinyi, piperidyl,
pyrrolidinyl, pyrrolinyl and quinuclidinyl,

20 and their corresponding N-oxides, individual diastereomers and mixtures of
diastereomers thereof; and the pharmaceutically acceptable salts and soivates (e.g.
hydrates) of such compounds of Formula (Ib) and their N-oxides, individual
diastereomers and mixtures of diastereomers thereof

25 2. A compound having a structure of Formula (Ib) as claimed in claim 1:
wherein R1 is (i) R13C(0)- wherein R13 is hetero(Cs.12)cycloalkyi or (i) R130C(0)-
wherein R13 is (Cg.12)aryl(C1_g)alky;
R3isH, (Cg-12)aryl(Cq_g)alkyl or (C1_g)alkyi;
optionally substituted by -X6OR® wherein X8 is a bond and R? is (C4_g)alkyl;
30 R4 is H or (C1_g)alkyl; and

RY is (Cg.12)aryl(C1-g)alkyl.




R4 is Hor (Cl-6)alkyl; or 10 R3 and R4 taken together with the carbon atom
to which both R3 and R4 are attached7to form (C3-8)cycl oal kyl ene or

(C3_8) heterocycl oal kyl ene; R5 is (C6-12)aryl (Cl-6)al kyl; wherein aryl is
phenyl or naphthyl, wherein hetero(C5-13)aryl is benzim dazol yl,

benzoxazol yA,cobmorad Atardingto, cldinr yin,whidbRil i REXOH whereidd® A is ™ i ndol i zi nyl ,

i soxazol yl,  i,soqguinolinyl, isothiazolyl, oxadiazolyl, oxazolyl, pyrazinyl,
pyridazinyl,e%VﬁgéﬂP y&¥@§widyl, pyrindinyl, pyrrolyl, quinazolinyl,

qui nolinyl, 1,3,4-thiadiazolyl, thiazolyl, thi | and triazolyl, wherein

het erocycl oal kyl is 1mdazolidi.nyl. rLphelinyl, Riperazinyl, piperidyl,
pyrrol |2'di nyﬁ,mé‘&PPPB‘f ?%(S?I“ﬁ%k’ C%Wn%'@l"\’%rﬁel s g an tﬁél%ﬁ correspondi ng

N- oxi des, individual diastereonmers and m xture f diastereoners thereof;
and the pharnaceutically acceptable salts and solvates (e.g. hydrates) of

such conmpounds of Fornula (Ib) and their N oxides, individual

di a§tes.eorTEA%?mEdum ?(édcbfcﬁ t@far@ioﬁ;@ub?mnsﬁumﬁmﬁ \;R\ESS a, AR‘iO.”pO‘(J.r‘;j havi ng

a structure, of For a cl ai in claiml: erein is (i

R13C(O) - m@?ﬁeﬂzﬂaﬁﬁﬁﬁg’kﬁat%f‘g‘(-@?ﬂ‘y ycycl oal kyl or (ii) RL30C(O) - wherein

R13 is (C6_12)aryl (Cl-6)al kyl; R3 is H, (C6-12)aryl (Cl-6)alkyl or

(C1_6)al kyl; optionally substituted by - X60R9 wherein X6 is a bond and R9

is (Cl-6)alkyl; 30 R4 is Hor (Cl-6)al kyl; and/R5\ s

(C6- 123 ar yl AGdmphahddcording toXiaif Eiﬁwm:‘}m&,ocgl—aiﬁg—loﬁ n which R1

is RI3C(O) - wherein R13 is hetero(C5-12)cycl oakkyl/ 4. A conpound

according to claim3 in which RLis 0/-\ NC (0) - . 5 5. A conpound

accordi ng tOHa0W,CHe-of clainms 1 to 4 in which R3 is H,

(C6-12)aryl (ClL- 6fal kyl or (Cl-6)alkyl. 6. A conpound according to claim5

i ntl&hich R3 is H &CHCH 2 or CH3CH2CH2-. 10 7. A conpound according to any

one of_cl ai 1to in which R4 is 0 thyl, .. accordi ng
7 ,gioglpqu{ga%o@gr@%ﬁi arpy%qle %Hﬂgﬁﬁ lg?o 5 whicPRA% GUTRUHA

to any'one

8. A compound according to any one of claims 1 to 7 in which RIis

(Cg-12)aryl(C1.glalkyl.

9. A compound according to claim 8 in which RS is QCH; .

10. A compound according to claim 1 selected from the group consisting of:
morpholine-4-carboxylic acid [{S)-1-((S)-1-cyanc-3-phenyl-propylcarbamoyl}-3,3-

15

20 difluoro-4-phenyl-butyl}-amide; and
morpholine-4-carboxylic acid [(S)-1-(cyanomethyl-carbamoyl)-3,3-difluoro-4-phenyi-
butyl]-amide;
and their corresponding N-oxides, individual diastereomers and mixtures of
diastereomers thereof; and the pharmaceutically acceptable salts and solvates (e.g.
25 hydrates) of such compounds of Formuila (Ib) and their N-oxides individual

diastereomers and mixiures of diastereomers thereof.

11. A pharmaceutical composition comprising a compound of claim 1 and a
pharmaceutically acceptable excipient.
30




(C6-12)aryl (C1-6)al kyl. 15 9. A conpound according to claim8 in which R5
isr~\ CH .. 10. A conpound accordi’8g to claim 1l selected fromthe group
consi sting of: norpholine-4-carboxylic acid
[(S)-1-((S)-1-cyano- 3-phenyl - propyl carbanoyl ) -3, 3- 20

di f | uoro- 4- phenyl - butyl ] -am de; and norphol i ne-4-carboxylic acid

[ (S) - 114.cyaneBRribbyhd S&tk Ohﬂf?)t()l anydnd-ofl chalrk®1 @2, 4-deB Y whedeih\R'lis am de;  and
their correspondi ng N-oxi i ndi vi dual di astereoners and m xtures of

di astereoners thereof; a d t he pharnmaceutically acceptable salts and
solvates (e.g of such conpounds of Fornmula (lIb) and their
N- oxi des individqérhgﬁ stereoners and m xtures of diastereoners thereof.
11. A pharnmaceuti nposition conprising a conpound of claim1l and a
pharmaceutically a ceptable excipient. 30 78 12. A conpound according to
any one of clainms 1, 2, 3 or 5to 9 wherein RL is O ci




