10 JAN 2005 WD 02/ 08244 PCT/ USO /22678 Novel Peptides as NS3-Serin 0 JAN 2005
Protease Inhibitors of Hepatitis C Virus Field of Invention The present

i nventi p ijsajes to novel hepatitis Cvirus ("HCV') probeasRoi2267

i nhi bitors, pharmaceutical conpositions containing one or nore suc
inhibitors, s nethods of preparing such inhibitors and nethods of using
such inhibitors to treat hepatitis C and rel ated disorders. This

i nvention specifically discloses novel peptide conpounds as inhibitors
of the HCV NS3/NS4a serine protease. Backaround of the Invention 10
Hepatitis C virus (HCV) is a (+)-sense single-stranded RNA virus that has
been inplicated as the major causative agent in non-A, non-B hepatitis
(NANBH), particularly in blood-associated NANBH (BB— NANBH) ( see,

I nt er nati onal Pawowelb\pé' : agJNS . PW 4€@669 and

Eur opean Pat ent Apprl » 27106 ANBH i s to be
di sti ngui shed from ot r"ﬁrh tH- M@WVGI’ di sease, such as
hepatitis A virus (HAVE—mepedt |ta hepatitis virus
(HDV), cytonegal ovirus (CW) and Epstein-Barr virus (EBV), as well as
fromother fornms of liver disease such as alcoholismand primary biliar
cirrhosis. Recently, an HCV protease necessary for pol ypeptide processing
and viral 20 replication has been identified, cloned and expressed;

(see, e.g. .U S Patent No. 5Fiid.ddRventiBhs approxi mately 3000 am no
acid pol yprotein contains, from"t"ﬁ“—‘ﬁm'erm nus to the carboxy
termnus, a Tinecpreseapiivention raates(tnovehhepalites Cprimisel'HEV( FiroteakeE2) and

sever al n-structural teins (NS1, 2, .3, 4a, 5a and 5b). NS3 is an
approx.wg%w Bﬁamacwt@@@%mpeﬁ' igRs goplainipe uig %mer@sq@whﬂytors

nuck eoih&tR8de bf bhsh ﬂ?&ﬁﬁﬁmnﬁﬂéﬂaﬁ&%éﬂ“@dé %ghﬂ@tﬁm{?ﬁod@ &atSerine

prot ease domai n"consi Sting of approxi nat erm nal am no
aci ds; hepatitig ©) arch réthiedadipendeentThig i?amtldnrwemfm:all discfodesrmovelis of the

prot ei e 10 JAN 2005, 02/ t?.?ég [ 22678 2 NS3 protease is
consi dQPBHH%CﬂETH%‘P fast'ﬁgﬁﬁ pﬁﬂé PELHDR Prefeass; nilarities
I n protein sequence, overall three di mensi onal structure and nechani sm

of catalysis. Other chynotrypsin-like enzynmes are el astase, factor Xa,
t hronbi n, trypsin, plasm rBackgrioumibef thdthventidebA. The HCV NS3 serine

10 Hepatitis C virus (HCV) is a (+)-sense single-stranded RNA virus that has

been implicated as the major causative agent in non-A, non-B hepatitis (NANBH),
particutarly in blood-associated NANBH (BB-NANBH)(see, International Patent
Application Publication No. WO 89/04669 and European Patent Application
Publication No. EP 381 216). NANBH is to be distinguished from other types of

15 viral-induced liver disease, such as hepatitis A virus (HAV), hepatitis B virus
(HBV), delta hepatitis virus (HDV), cytomegalovirus (CMV) and Epstein-Barr virus
(EBV), as well as from other forms of liver disease such as alcoholism and
primary biliar cirrhosis.

Recently, an HCV protease necessary for polypeptide processing and viral

20 replication has been identified, cloned and expressed; (see, e.g., U.S. Patent No.
5,712,145). This approximately 3000 amino acid polyprotein contains, from the
amino terminus to the carboxy terminus, a nucleocapsid protein (C), envelope
proteins (E1 and E2) and several non-structural proteins (NS1, 2, 3, 4a, 5a and
Sb). NS3 is an approximately 68 kda protein, encoded by approximately 1893

25 nucleotides of the HCV genome, and has two distinct domains: (a) a serine
protease domain consisting of approximately 200 of the N-terminal amino acids;
and (b) an RNA-dependent ATPase domain at the C-terminus of the protein. The



S protease is responsible for proteolysis of the pol ypeptide 10 JAN 2005
(polyprotein) at the NS31NS4a, NS4a/ NS4b, NS4b/ NS5a and NS5a/ NS5b

juncti oggy @kl thus responsible for generating four vi | ns
during viral replication. This has nade the HCV NS3 ser ?’EZJUS?Q?%?% an

attractive target for antiviral chenotherapy. 10 It has been determ ned
that the NS4a protein, an approxi mately kda polypeptide, is a
co-factor for the serine protease activity of NS3. Autocleavage of the
NS3/ NS4a junction by the NS3/NS4a serine protease occurs intranolecularly
(ire., cis) while the other cleavage sites are processed internol ecularly
(i.e., trbiSd)proigags,isiconsidarad avaenttar of thechgwotrypsin familyH@camsetafase

led {; L 1 f t ei t, P1 and ' t Pl d that
heee. restitiiattsRaf BRIER Foodiikcobord thive AP Asificuisaihssa and
NS5a/ NS5byyy ' i ' JPRLI | ) P1
and 8 e e o s IRY Bh2YNeR &rp MGRHRE Tablor

post ul at eﬂat’tbll"alﬁbﬁu Aty pisey, nlassgirequiamttg_é\fam E'SﬁaltTm {igg\lgiNSPS seﬂmla\la |
processin t.this junct.pn €E, tc.. 1zzl et al. r oc. tl.
b0 Acdd. MoteassdRyesRonsiblees Proteplisis ofihe rolmspidedpalifsotenatdngn
than the ‘SCom G RoAaNSTBYRSAONG5, SR OSSR Rbbaapng s RS ©
68: 7525- TEBPoNsiblents generatirgefour virabiprotéias dasingiviral esplidagieni THiYRasegi on

upstream of t si,te are required for effjcient cleavage, See,
e _q Komdgae?qﬁ?ﬂﬁﬁswn%%tﬁase natlractivgstargetfor gptivirabr s of Hov
pr ot ease een reported include antioxidants (see,

| nt er nat i%'ﬁ%\t“’@%r@# Application Publication No. WO 98/14181), certain
pepties and pi¢hasdbeenddtegniretiahat thet NS4atprotein, dipagmioxinatdly 8tkidan

Publ i cati or] No,, WD 98117679, Landro_ et al. (1997) Biochem 36:9340-9348,
| ngal | i nd?Ql¥PeRtidg. is acpgiggiordpp the-serineprotersesaativity afiNGs .- Auteeieavagebf

(1998) Bigar t ialdl 13- L ohLbitor.s, based on,the
70-am no tggih?po ypae& | gene Itlhﬁ %Si@##%é%%é@% 'é@&@&ﬂﬁﬁha
3 (Marti ri.et, cig). whiloB®) otfieo cleamags &itéd 4R pidctiBed imeplatitarhy {5'5%{ friins).
selected from human pancreatic secretory trypsin inhibitor (Ch -Q3)

and mi ni body rRpalysisiafdie natusabgleavage sites fordiCV proteaserevealed the

71:74Q1- 7 ! | j.abl ' | baody f t
(v ton despneggthrstae P ahf Serige &P C 358 B HeRe 3B LRBR at5 BRI o1
(ACT) (Elcomskiver inghe NS98/NS4b, NSNS SH/ard NEDa/NS5bIjURSHOHE Tiesi gned to
sel ecti VS\I%BdeSt roy hepatitis Cvirus RNA has recently been disclosed

(see, Bi NS4 mgetiop pontains aNbreanine at B argossprine at P1'. The Cys—Thr
substitution at NS3/NS4a is postulated to account for the requirement of cis rather
than trans processing at this junction. See, e.q9., Pizzi et al. (1994) Proc. Nati.

20 Acad. Sci (USA) 91:888-892, Failla et al. (1996) Folding & Design 1:35-42. The
NS3/NS4a cleavage site is also more tolerant of mutagenesis than the other sites.
See, e.q., Kollykhalov et al. (1994) J, Virol. 68:7525-7533. It has also been found
that acidic residues in the region upstream of the cieavage site are required for

. efficient cleavage. See, e.g., Komoda et al. (1994) J. Virol. 68:7351-7357.

25 Inhibitors of HCV protease that have been reported include antioxidants
(see, International Patent Application Publication No. WO 98/14181), certain
peptides and peptide analogs (see, International Patent Application Pubiication
No. WO 98/17679, Landro et al. (1997) Biochem. 36:9340-9348, [ngallinella et al.
(1998) Biochem. 37:8906-8914, Liinas-Brunet et al. (1998) Bicorg. Med. Chem,

30 Lett. 8:1713-1718), inhibitors based on the 70-amino acid polypeptide eglin ¢




Reference is also made to the PCT Publications, No. WO 98/17679, 10 JAN 2005
publ i shed April 30, 1998 (Vertex Pharnmaceuticals Incorporated); WO

08! 2249%0 028243ubl i shed May 28, 1998 (F. Hof f mann-La RocMel/B&91/22éa8d WO
99/ 07734, published February 18, 1999 (Boehringer |ngel heim Canada Ltd.).
HCV has been inplicated in cirrhosis of the Iliver and in induction of
hepat ocel | ul ar carcinoma. The prognosis for patients suffering from HCV
infection is currently poor. HCV infection is nore difficult to treat
than other fornms of 15 hepatitis due to the lack of inmmunity or rem ssion
associated with HCV infection. _Current data indicates a |ess than 50%

Sur vi vakMagireetal. {{AR8) @M@ﬂ 1ér4159hb1§1i6§ 'W'@b@@ﬁ@"'ﬁ%@'ﬁ@ﬁ@ﬂﬁ%agnosed

11, i sean L e (RS S il s
h h 20
S ST SMTHETS TALLF ot ) i s L1

(1999) vaealleidnamaintarsibogyragmenty (Martiryet al. (AR9Y hBrotam Bagi HEFBT634)of

16 33N 2008+ -aRreeRr BT ohal ARl denal 2 2OG A 0w

an et fbozfh g%g@ég b 4 icplielho hophttis c AHMATS tiniy Book! o

descri bes t certaln a- ketoam a- ket oester
a- di ket dmbseddseenﬂwvaﬂuyroohycﬂgéﬂﬁyﬂ(Nammbamd] 190B¢s. 5 Reference is

Publ i Shed FoReIRIORIS ARSUBRIANPaRe BIacrbUcHtous: Nae VAR &/RSibe of the
corpounBUEFEELARA 17 AR ﬁ%ﬁf%ﬁ‘%ﬁ'ﬂ%%@ﬁ‘é@%ﬁ R e
Ref eo enpablished Mayrfg] 908 (ﬂDI—QﬂhWBa RucheghB¥;: ardbWO I99¢ET7340gei hei m
Limted; Publi shed Febr uar 000) which discl oses peptide derivatives
of the Published February 18,1 99 (Boehnnger Ingelheim Canada Ltd.).
HCV has been implicated in cirrhosis of the liver and in induction of
hepatocellular carcinoma. The prognosis for patients sufféring from HCV infection
is currently poor. HCV infection is more difficult to treat than other forms of
15 hepatitis due to the lack of immunity or remission associated with HCV infection.
Current data indicates a less than 50% survival rate at four years post cirrhosis
diagnosis. Patients diagnosed with {ocalized resectable hepatocellular carcinoma
have a five-year sutvival rate of 10-30%, whereas those with localized
unresectable hepatoceliular carcinoma have a five-year survival rate of less than
20 1%.
Reference is made to A. Marchetti et al, Synlett, S1, 1000-1002 (1999)
describing the synthesis of bicylic analogs of an inhibitor of HCV NS3 protease. A

compound disclosed therein has the formula:




formula: OH O 5 where the various elenents are defined therein. AD( JAN 2005
illustrative compound of that series is: Current therapies for hepatitis
C i ncl uvd® dzo8ersf eron-a (LNF,,) and 10 conbi nati on t her appcwusb/gigbavi rin
and interferon. See, e.g.. Berenguer et al. 10 JAN 2005 WD 02/ 08244

PCT/ US01/ 22678 6 (1998) Proc. Assoc. Am Physi ci ans 110(2):98-112. These
therapies suffer froma |ow sustained response rate and frequent side
effects. See, e.g.. Hoofnagle et al. (1997) N Engl. J. Med. 336: 347.
Currently, no vaccine is available for HCV infection. 5 Pending and
copendi ng U. patent applications, Serial No. 60/194,607, filed Apri

5, 2000, andl:@&reak:eubalsmmde to ¥, Hﬂnleé@lﬁ@rpprga]rﬁc &zmd;c:erGMmNo

2000, ShPu200R5 105417551 which HpsGios e repanion TN io. 501554, 6o,
filed ly 21, 2000,
d:s§I05§&§§Bﬁ%ﬁ%%%k8§gg@'B (o) pe%#h%égggﬁaﬁgﬁ%ﬁgﬁ@gﬂagaﬁhﬁﬂdguag NS-

serine fiyrRtieaslRidsnhi bitors of hepatitis C virus. There is a need for new
treatnments and therapies for HCV infection. It is, therefore, an object
of this inveReferance @abcaumadeéﬂw&ﬁﬁamasa& l(vﬂs$lgne$m£0elmmgﬂirlngeﬂmelm

preventjon, 0 |on of e.s t ons atltls 15 It
e a1 o e SAfETsbo iebfend 2 6 Ao it R8P Rerbde it atves PEEnt i on
or amejdriufd:i on of one or more synptons of hepatitis C A still further
obj ect of the present invention is to provide nethods for nodul ating the
activity of serine proteases, particularly the HC/NS3/ NS4a seri ne

prot ease, using the conpounds provided herein. Anot her obj ect herein
is to provide nethods of nodul ating the processiﬁ‘g3 of the HCV

pol ypepti de using the conpounds provided herein.,Sunnary of the invention
In its many enbodi ments, the present ingentio ovi des a novel class of
25 inhibitors of the HCV pro ease, conposi tions cont ai ni ng
one or nore of #; ﬁg ods g pharmaceuti cal
formul ati ons conpri |ng ds, and hods of
treatnment, preventi h

Ry

Q
iz

O
where the various elements are defined therein. An illustrative compound of that

10  series is:

HiC HN

=<




or anelioration or one or nore of the synptons of hepatitis C AJS?UJAN5W5
provided are nethods of nodulating the interaction of an HCV pol ypepti de
wi t h HG¥oanmgagase. 30 Anong the compounds provi ded her eipgr/e@ipetrgds t hat

i nhi bit HCV NS3/NS4a 10 JAN 2005 WO 02/ 08244 PCT/USQ /22678 7 serine
protease activity are preferred. The Q%esent application discloses a
conpound, including enantioners, stereodisoners, rotanmers, tautoners,
racenmat es and prodrug of said compound, and pharnaceutically acceptable
salts or solvates of said conpound, or of said prodrug, said conpound
having the 5 general structure shown in Formula I: f\A . MY_ ~1 N /RY
F3 For nul a | Refessineeds @lsormasiestel WE @¥0B648(AbsiggeeuBoelmirsietingghefmt he

fol | ow nojeties: alkyl, alkyl-aryl, heteroal kyl, heteroaryl,

eyl - heLBpEEThuoiEhed FShrianted 4000 Jutieh Rlsoses Hasidedemankes obihg oxy.
aryl oxy soihfifigr oar yl oxy, heterocycl oal kyl oxy, cycl oal kyl oxy,

al kyl am no, arylam no, al kyl-arylam no, arylam no, heteroarylam no, 15
cycl oal kyl am no and het erocycl oal kyl am no, with e proviso that Y maybe
optionally substituted with X' or X12; X11 is kyl , al kenyl, al kynyl,
cycl oal kyl, cycl oal kyl -al kyl, heterocyclyl, Hbterocyclylalkyl, aryl,

al kyl aryl, arylal kyl, heteroaryl, alkyl heteroaxyl, or het er oaryl al kyl ,
with the proviso that X11 may be additionally gpionally substituted 20
with X12; X12 is hydroxy, al fe t hj-o, al kylthio, arylthio,

am no, al kylam no, aryl af no, aryl sul fonyl ,

al kyl sul f onam do, aryl sul ffonam d ,  c&rbal koxy, carboxam do,
alkoxycarbonylaniﬁg, al koxlycar bonyl oxy, ei do, arylureido,
hal ogen, cyano, or M re;7 Wwh ' t said al kyl, al koxy, and
10 JAN 2005 As N A2
OH
o) N
H
Q

5 where the various elements are defined therein. An illustrative compound of that

series is:;

I CH,

Ha CHs

=z

Current therapies for hepatitis C include interferon-o (INF,) and

10 combination therapy with ribavirin and interferon. See, e.g., Beremguer et al.



WO 02/ 08244 PCT/ US01/ 22678 8 aryl may be additionally optionall y 19:&@5 005
substituted with noieties independently selected fromX12 ; '

or B(ORygBenein RS is H OH ORB, NRORLQ CF3, C2F5, @ﬁ{,s‘mﬁ? ,

or CODR wherein R7 is H OH ORB, CHROR10, or NROR10, 5 wherein , R8,
RO and RTO are independently selected fromthe group consisting of H,

al kyl, aryl, heteroal kyl, heteroaryl, tycloal kyl, cycloal kyl, arylal kyl,
het eroaryl al kyl, [CH(RLl' )] pOOOR11, [CH(R')] pCONR12R13, [CH(R')]pSQ2R41,
[CH(R")] pCORL1, [CH(R')]pCH OH R', CH(R1'" ) CONHCH( R2) COO R,

CH(R1' ) CONHCH( R2' ) CONR72R13, 10 CH(R') CONHCH(R2' )R,

CH(R") (FRac) ASBBEAIS PhOSRidinE11 10(S10 8 12Ok ﬂ%rﬁales suffer from a

) CONHCH( R3' ) CONRI2R13,  CH(R1" ) CONHCH({ R26) CONHCH( Fe) CONHCH( R4’ ) COO Ri1,

CH( R1) exptainedoasheneesalecanHirBRa r R EfRCES. S@K%)Wneekaﬁ_
( R4, ‘

bor ro § RS, 7o) haailie Raviiatoqal vy,

R', RL2inf&dtibn.and R are independently selected fromthe group con5| stl ng
of H alkyl, aryl, heteroalkyl, heteroaryl, cycloalkyl )/I -ary
al kyﬂ het er o&‘e;nﬂlngaaw capemimgddt ShpatenbapalmqhbnszSezat Noséﬂ) éSﬂeﬁd)?T rom 0,

Sel cot olerne G008 aRA RertA N 5U7 168, a0 Hieg Aprlts” 2BDECRrg Nangen

and WheBO)QZ'OSl 1, W@@Buly@‘! QO@U S!&'laPNo( @b@ﬂ@ 10§ %a Bug/ripﬂﬁobo S’er%l NR

S, or S2; and n Qs absent may priesent absent
and M aNe. 66&2{2&,10A filed ditlye2 t, I2)OGG rsmtm 60l254 869, fi Iélﬂﬂeo(eﬁlrlﬁérm

O P ST o500 5% iy 3 B, ol chsidlodsheadbn’ 1 <
preggent p e@d% Iérgl%} Bthdrddhpdundy as W%ﬁneﬁifﬁté@%@r}nﬁb‘ltﬁr@ﬁ%ﬁatﬁ% d:s

pr esent rectly connect ed to carbon atomin
as G isviismked to; 10 JAN 2005 WD 02/ 08244 PCT/ US01/ 22678 9 J maybe

resent or ahsent, and when J is pres CHR) .p, or
pres 1Pﬁere is a need for new tre mensand %heraplea_}cz)rﬁc\.g infe?;tlcg)n. It is,

therefore, an object of this invention to provide compounds useful in the treatment
or prevention or amelioration of one or more symptoms of hepatitis C.

15 It is a further object herein to provide methods of treatment or prevention or
amelioration of one or more symptoms of hepatitis C.

A still further object of the present invention is to provide methods for
modulating the activity of serine proteases, particularly the HCV NS3/NS4a serine
protease, using the compounds provided herein.

20 Another object herein is to provide methods of modulating the processing
of the HCV polypeptide using the compounds provided herein.

Summary of the invention
In its many embodiments, the present invention provides a novel class of

25  inhibitors of the HCV protease, pharmaceutical compositions containing one or
more of the compounds, methods of preparing pharmaceutical formulations
comprising one or more such compounds, and methods of treatment, prevention
or amelioration or one or more of the symptoms of hepatitis C. Also provided are
methods of modulating the interaction of an HCV polypeptide with HCV protease.

30  Among the compounds provided herein, compounds that inhibit HCV NS3/NS4a



(CRR)p, S, NH, NR or 0; and when J is absent, Gis present and FJijaN 2003
directly linked to N shown in Fornmula | as Ilnked to J; L nay be present
or absewtQo2msehshen L is present, L is CH CR, 0, S or NRT/E8E/22878Wwhen L
is absent, then Mnmay be present or absent; and if Mis present wth L
bei ng absent, then Mis directly and Endependently linked to E, and J is
directly and independently linked to E; M may be present or absent, and
when Mis present, Mis 0, NR S, S, (CHR) P, (CHR) a (CHR-CHR )p, or
(CRR)p ; topis anunber fromO to fi; and R R, R2, R3 and R4 are

i ndependently sel ected fromthe group consisting of H, Cl1-Cl10 al kyl;

C2- C10 aenea;ur@teese@tww At preferredsitespresest anglma@amq:sqloses Roxy,

aryl oxy, al kyl thio t hi am no am do I|c aci d,

oo bar nEPBPatinEh okt enanfiomalR dterep Ragrers g mersy By G erss

(cycloa V. Y yl is
(cyc! okl o ookl o TR AR o egrgea) yg‘z%ﬁ%?'%e%?gén

sul f ur, cosolvhabzpbisaid c@nmmndandofsaaid p{bﬁl;dg, saido¢orapeund havingcthebon

at ons; ar | ;, heteroaryl and al kyl - heteroaryl; wherein said
al ky?, éﬁﬂépyﬁﬂ"eé F'k‘ﬁ'[éﬂl"zzi‘i;alkenyl, aryl, heteroaryl, cycloal ky
20 and heterocycloalkyl nnletles may be optionally and

chemcal ly-suitably substituted, with said term"substituted" referring
to optional and chem cally- SU|tabIe ubstitution with one or nore

noi eties selected fromthe group coysis png of al kyl, al kenyl, al kynyl,
aryl, aralkyl, cycloalkyl, heterocyclic, [halogen, hydr oxy, thio, al koxy,
aryloxy, aIkyIthio _xLihlo anlno a Ho ester, carboxylic acid, 25
carbamat e, urea, ketone dehyde, o nitro, sulfonam do, sulfoxide,
sul fone, sulfonyl urea, Hhydrazidg, @nd hydroxamate; further wherein said
unit NG GE-L-J-Nrepresgnts a fl|f veynentjered OM Si x- nbered cyclic
ring structure with t4//p i i -G E-L-J-N
represents a five-nmerfbered cyqri ure, gr when the bicyclic
ring 30 structure in Formula I conmprising N C, G.IE, L, J, NN AA Q and
Mrepresents a 10 JAIL 2005 02/ 08244 PCT/ US01/ 22678 10 five- nenbered
cyclic ring structure, then said five-nmenbered cyclic ring structure

| acks a carbonyl group as part of the cyclic ring. Anbng the above-stated
definitions for the various noi etg Formula 1, the preferred groups
for the various noieties are as #%ﬁﬁ%%é%

10 wherein:

Y is selected from the group consisting of the following moieties: alkyl,
alkyl-aryl, heteroalkyl, heteroaryl, aryl-heteroaryl, alkyl-heteroaryl, cycloalkyl,
alkyloxy, alkyl-aryloxy, aryloxy, heteroaryloxy, heterocycloalkyloxy, cycloatkyloxy, ,
alkylamino, arylamino, alkyl-arylamino, arylamino, heteroarylamino,

15 cycloalkylamino and heterocycloaikylamino, with the proviso that Y maybe
optionally substituted with X'* or X%

X" is alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkyl-alkyl, heterocyclyl,
heterocyclylalkyl, aryl, alkylaryl, arylalkyl, heteroaryl, alkylheteroaryl, or
heteroarylalkyl, with the proviso that X" may be additionally optionally substituted

20 with X%

X*2 is hydroxy, alkoxy, aryloxy, thio, alkylthio, arylthio, amino, afkylamino,
arylamino, alkytsulfonyl, arylsulfonyl, alkyisulfonamido, arylsulfonamido, carboxy,
carbalkoxy, carboxamido, alkoxycarbonylamino, altkoxycarbonyloxy, alkylureido,
arylureido, halogen, cyano, or nitro, with the proviso that said alkyl, alkoxy, and



S Preferred definition for R is CORS Wth R5 being H OR COOR6 orq( JAN 2005
CONROR 0, where R3, RO and Rio are defined above. Still preferred noiety
for R woo@@ENROR , where RO is H and R10 is H Rl14, pedssiilkRPO0R11,
[CFI(R')] pCONRLI2R13, [CH(R1l')]pSM?2R11, [CH(R )]pS02N R12R13, [CH(R

)] pCOR11, CH(R")CONHCH( Rz) COOR', CH(R'CONHCH(R2*) CONRI 2 R13, or 10
CH(RL')CONHCH(R2) (R ), wherein R14 is H, alkyl, aryl, heteroal kyi,

het eroaryl, cycloal kyl, alkyl-aryl, alkyl-heteroaryl, aryl-alkyl,

al kenyl, al kynyl or heteroaral kyl. Anmong the above for Rl g, preferred
nmoieties for RL Uare: H Rl4, CH(R')COOR11l, CH(R1')CH(Rl')OOOR',

CH( R') COsRilarag be atditirnadivartionatixruptitaiedwitk maketied indspeRdently

CH(R *)CH%%‘S%%?N #R13, 15 CH(R1')CH(R1) COR', CH(R1') CONHCH( Rz) 000R71,
CH(R') CON r?m%;O\lRi 2R13, or CH(R1) CONHCH(R2) (R), wherein RL. is H

or al kyl g 5 A tid Sl 0 0 bstituted
phenyl , ﬁh?ggjh@ﬁyf’,rBé?ﬁ’%’ﬁ%@ﬁ@%i%‘éﬁ%1 G(??'n%f/{r $d9pf3l\/b@ri?g5’;er:§ﬂﬁ'ér red

noi eti es are: GRRPRRPsoHCORT wiiskeinsRHis HEOM,IOREBIEHRIRY, by NRIRIPt 20
butyl, benzyl, a-net ha/l baerll:éyl , a,19-d| nmet hyl benzyl, 1-nethyl cycl opropyl or
1- mef hyl cycl sfatein R.iRr, R and Ry areindesendently seleetedNruprhe Jroter e

Mo hnee AR/, M SR el el B O
Me © Me Me | Rrylalky Hiteroapylbid), lEHRYINEOORM, [CH(R")] ,CONR™R™,
[CHR",SOR", [CH(R"],COR", [CHR"),CH(OH)R™,
CH(R" JCONHCH(R? )COO R", CH(R")CONHCH(R*)CONR™R™,

10 CH(R")CONHCH(R? )R’, CH(R")CONHCH(R?YCONHCH(R¥)COO R",
CH(R")CONHCH(R?)CONHCH(R*)CONR™R™,
CH(RY)CONHCH(R*)CONHCH(R*)CONHCH(R*YCOO R,
CH(R")CONHCH(R?)CONHCH(R*)CONHCH(RY)CONR™2R ™,
CH(R")CONHCH(R? YCONHCH(R*)CONHCH(R*)CONHCH(R¥)COO R

15 and CH(R" YCONHCH(R? YCONHCH(R¥)CONHCH(R*)CONHCH(RY)
CONR'"R"®, wherein R", R?, R¥, R*, R*, R", R'2, R®, and R' are
independently selected from the group consisting of H, alkyl, aryl,
heteroalkyl, heteroaryl, cycloalkyl, alkyl-aryt, alkyl-heteroaryl, aryl-alkyl and
heteroaralkyl;

20 Zis selected from O, N, CH or CR;

W may be present or absent, and if W is present, W is selected from C=0, C=S,
C(=N-CN}, or SOy;
Q may be present or absent, and when Q is present, Q is CH, N, P, (CH3),,
{CHR), , {CRR'), , O, NR, S, or SO2; and when Q is absent, M may be
25 present or absent; when Q and M are absent, A is directly linked to L;
Alis O, CHg, (CHR), , (CHR-CHR'), . (CRR},, NR, S, SO; or a bond;
E is CH, N, CR, or a double bond towards A, L or G;
G may be present or absent, and when G is present, G is (CHy),, (CHR),, or
(CRR'),; and when G is absent, J is present and E is directly connected to
30 the carbon atom in Formula | as G is linked to;



N HI-HNM11 i--NHn-Pr, and M M HN wherein U6 is H OH or G—I[Zg]jANz{][ﬁ
R14 is preferably sel ected fromthe group consisting of. H M, Et,

n- pr opywo ®/ase+shoxy, cycl opropyl, n-butyl, 1-but-3-ynyl, POE/IWBMVZZG?S

a- met hyl benzyl, phenethyl, all yI , 1- but-3-eny| , OWe, cycl opr opyl et hyl ;
and Ris preferably independently selected fromthe group consisting of:

1 0 JAN 2005 WO 02/08244 PCT/ USOL/ 22678 12 wherein: U and U2 maybe
sanme or different and are selected fromH F, CH2COOH, CH2COOWe,

CH2CONH2, CH2CONHMe, CH2CONMe2, azi do, am no, hydroxyl, 5 substituted

am no, substltut ed hydroxyl; U3 and U4 naybe same _or dlfferent and are
sel ect ed m?YQﬂTP'@SQHHOSabWtL and wher bis ﬂ’"%ﬂﬁt Wds kot €eHE) psorst i ng of

Sul Tonyl ol KoRROa B0R,NHT IR pr LSRR a5 oodiin < kRhAfid € 7
heteroaryl cairbetfyilinked tod shawpdnWormutd Yhetinked ko0y! |
het er oar yl gg%car bonyl , al gl am nocar bonyl , eél am nocar bonyl ,

het er oakym ﬁcmawmrquahsen anshwhea i is presentebfis CH,CRy 6% ér@rd\isnﬁndt i es
for 52 are. wh(e:H?L is abs%'_?’, then M may be present or absent; and if M is present

with L being absent, then M is directly and independently linked to E, and J
is directly and independently linked to E;

M may be present or absent, and when M is present, M is O, NR, S, SO, (CHz),,
(CHR) , (CHR-CHR');, or (CRR), ; |

10 pis a number from O to 6; and

R, R, R% R?and R* are independently selected from the group consisting of H;
C1-Cip alkyl; C2-C1o alkenyl; Cs-Cg cycloalkyl; Cs-Cs heterocycloalkyi; -
alkoxy, aryloxy, alkylthio, arylthio, amino, amido, ester, éarboxytic acid,
carbamate, urea, ketone, aldehyde, cyano, nitro, halogen;

15 (cycloalkyl)alkyl and (heterocycloalkyl)atkyl, wherein said cycloalkyl is
made of three to eight carbon atoms, and zero to six oxygen, nitrogen,
sulfur, or phosphorus atoms, and said alkyl is of one to six carbon atoms;
aryl; heteroaryl; alkyl-aryl; and alkyl-heteroaryl;

wherein said alkyl, heteroalkyl, alkenyl, heteroalkenyl, aryl, heteroaryl, cycloalkyl

20 and heterocycloalkyl moieties may be optionally and chemically-suitably
substituted, with said term “substituted” referring to optionaf and chemically-
suitable substitution with one or more moieties selected from the group consisting
of alkyl, alkenyl, alkynyl, aryl, aralkyl, cycloalkyl, heterocyclic, halogen, hydroxy,
thio, alkoxy, aryloxy, alkylthio, arylthio, amino, amido, ester, carboxylic acid,

25  carbamate, urea, ketone, aldehyde, cyano, nitro, sulfonamido, sulfoxide, sulfone,

suifonyl urea, hydrazide, and hydroxamate;

further wherein said unit N-C-G-E-L-J-N represents a five-membered or six-
membered cyclic ring structure with the proviso that when said unit N-C-G-E-L-J-N
represents a five-membered cyclic ring structure, or when the bicyclic ring

30 sfructure in Formula | comprising N, C, G, E, L, J, N, A, Q, and M represents a



CH3 CH3 CHB CF3 F F F J F3C FsCT J 19 JAN 2005 WO 02/08244 13 | J4 Bojafts
CH3 S{0)0-2 CH3 CH3 1\ PCT/USOLl/ 22678 CH3 CH3 = 0-3 0 OFFF F

Pref er rad omiselyi es for R3 are: 10 JAN 2005 WO 02/ 08244  pérfdddy/Sdghg CHHS |
-CH3 vl 13 CH3

10

five-membered cyclic ring structure, then said five-membered cyclic ring structure
facks a carbonyl group as part of the cyclic ring.

Among the above-stated definitions for the various moieties of Formula I,
the preferred groups for the various moieties are as follows:

5 Preferred definition for R" is COR® with R® being H, OH, COOR® or CONR®R™,
where R?, R® and R are defined above. Still preferred moiety for R is
COCONRR', where R%is H; and R"is H, R™, [CH(R")[,COOR", [CH(R"}]
pCONR™R"™, [CH(R"),S0:R"", [CH(R"}},SO:N R'2R"™, [CH(R")],COR™",
CH(R")CONHCH(R?)COOR", CH(R")CONHCH(R?) CONR'?R™, or

10 CH(R")CONHCH(R?)(R’), wherein R" is H, alkyl, aryl, heteroalkyl, heteroaryl,
cycloalkyl, alkyl-aryl, alkyl-heteroaryl, aryl-alkyl, alkenyl, alkyny! or heteroaralkyl.

Among the above for R0, preferred moieties for R10 are: H, R",

CH(R")COOR", CH(R")CH(R")COOR", CH(R")CONRizR”,
CH(R")CH(R")CONR'R™, CH(R")CH(R")SO.R", CH(R")CH(R")SO.N R1?R",

15 CH(R")CH(R")COR", CH(R")CONHCH(R*)COOR", CH(R")CONHCH(R?)
CONR™R™, or CH(R")CONHCH(R?)(R"), wherein R" is H or alkyl, and R? is
phenyl, substituted phenyl, hetero atom-substituted phenyl, thiophenyl, cycloalkyl,
piperidyi or pyridyl.

More preferred moieties are: for RT is H, for R1‘I

is H, methyl, ethyl, allyl, teri-
20 butyl, benzyl, a-methylbenzyl, o,a-dimethylbenzyl, 1-methylcyciopropyl or 1-
methylcyclopentyi; for
R’ is hydroxymethyl or CH;CONR'"R" where

NR'R™ is selected from the group consisting of:



PCT/ USO /22678 |uw~ CH3 H C *SCH3 3 CH3 H3C SCOCEt CH3 COR31 CCRBé{]l_%N 7005
JAN 2005 WO 02/ 08244 PCT/ USQOL/ 22678 15 H3C)7 0-3 COOH CH3* SBn H3

HOKCH3 810 02319344 CHCH3 3 Me nap nap 0-3 0 Ors OH ~ COOHpCr/ushi/Me7dve F F
6 N yl9 420 5 wherein R31 = OH or O alkyl; Y19 is selected fromthe

fol  ow ng noi eti es: 11
FNH,  §—NHMe, $—NH-n-Pr, $—N(Me)OMe,
£ < Me_ Me Me
Me
N OH
N"\-OH H/\’ HNK/OH HNXMG
Me o5

EN f\ &%
y AN NN ﬁ/\\\ NN

f—N Me — D o f —N ‘g"N\/B-US

M“@“@*@

§—HN = ] and ,';’N
N e

wherein U® is H, OH, or CH,0H;
R is preferably selected from the group consisting of: H, Me, Et, n-propyl,

I

5  methoxy, cyclopropyl, n-butyl, 1-but-3-ynyl, benzyl, a-methylbenzyl, phenethyl,
allyt, 1-but-3-enyi, OMe, cyclopropylmethyl;

and R? is preferably independently selected from the group consisting of:

W Wiy iyt pr.v v -

558888 ¢
&5

U L2
lIjs



10 JAN 2005 WD 02/08244 ~0 \' "COOH 6H 5 and Yep is sel
follow ng noieties: PCT/USOL/ 22678 COOH ' -SO2NH2 CH3 J' ~~
CH3 - CH&o 634d824HVs 16 O/N,,,S I (CH 3)3 NHAc 5 Most prefepg
R3 are: 10 JAN 2005 WD 02/08244 PCT/ USQO /22678 17 CH3

g CJ-|3CJ-|G-|33C:ICI-|31CJ-BR31CIG-BIG-BCC8SCF3I-|3

wherein:
U' and U? maybe same or different and are selected
from H, F, CH,COOH, CH,COOMe, CH,CONHS,
CH,CONHMe, CH>CONMe;, azido, amino, hydroxyl,
substituted amino, substituted hydroxyl;
U? and U* maybe same or different and are selected
from O and S;
U° is selected from the moieties consisting of alkyl
sulfonyl, aryt sulfonyl, heteroalkyt sulfonyl, heteroaryi
10 sulfonyl, alkyl carbonyl, aryl carbonyt, heteroalkyl
carbonyl, heteroaryl carbonyl, alkoxycarbonyl,
aryloxycarbonyl, heteroaryloxycarbonyl,
alkylaminocarbonyl, arylaminocarbonyl,
hetercarylaminocarbonyl or a combination thereof.

15 Preferred moieties for R? are:

S S
T L O
M CHj |
CHa - CHs CHa |

ected fr

ect &B}A'ﬂquu&
*’w%ﬁ%escfﬁf



CO2H CC2H Sone other preferred noieties are: for Zit is N for R41[|tJANQ[j|]5
H and for Wit is C=4. Additionally, the noiety Z-GCR3 in Fornula i,

w t h Réwbahngabsent, may be 5 represented by the foll ovp(ﬂgvg(ﬁyzg@-,tsures
and CH 1 9 JAN 2005 WO 02/ 08244 PCT/ USOl/22678 18 Preferred noieties for
Y are: MM Me MbL,.01 Me - Nllg Ww~,f Me- (-Yo-, CI3C O, |
0-8 Me VYji-C-0O yl2 YID | FI\/EOL JAN 2005 WO 02/ 08244

PCT/ USQ1/ 22678 19 Y14-N Y13 HOO CH3 HCC

annn ;f“ anes "Sﬁ of
o) IO L|S(O)0.2 13(0)02 (l\ o
il CHy b, OB CHs CHs
LN SN S
CHj
CHs " CH; CHs én=0—3 g 03
% g‘z g"s 3 ) %
F F
o S 6 £ ZL(F
FF F

B A ABLAGS

Preferred moieties for R? are:



61 OTHP C H3 ., 1.2 CH3-"(}*/ HOOC-"j-'-~1 CH3 1-2 3 COOH H3CJ MDF@ JEKiNES
CH3 HOOC H3CD0O®  CH3 H 3C 3C4~ CH3 CH3 HOOC'~-~/ HOOC H HOO HOOCCH, r
HOOC HOO® (/08644 O- 4 HOOC, / ~ COOH HOOC CH3 10 JAN 2005 \G-@R/s9p2Ad%s

PCT/ USOL/ 22678 20 it3 HOOCH 1 -3 H3C 0 Et d~N

14

AN

e PN

/Im: /wl: ST iy
CHy” “CHz  CHi | CH CHj @) 3\|\
3

CH,

OICH:;
é\ coR™ CH; I CH,

cor?! CH,



LA COOH CH3 CH3 Y18 H 3C CI AcHN COOH H 3C 'y OOH COOH F 3C C H3\ #E)UJJ@E@S
2005 WO 02/ 08244 21 CZH5 PCT/US01/ 22678 Me Me C  Me~ CF3 Me ~/ = ¢
10 JAN WOOB/¥0102/ 08244 PCT/ USOL/ 22078 22 H Me N Me-Y peivesdinbksMe N |
Me ] N Me

15

FOO O T

W COOH CF3

CHS:mI\NSBn I OJ MI‘:

HO™ CH;, /i\
E0oH HsC ch Dty COOH
3
0 .
S
% o OH Me~ “Me 0-3
o€~ CF,
CI™ ~¢i Me™ “Me N &
H;,C”\:H3 h
R31 ¥ N
CF3 ye oo y®
HsC CHj
CHg

wherein R*' = OH or O-alkyl;

Y'® is selected from the following moieties:



MMM I CR3CCI3MMNI HHHHM ,~ HO0-30-3 MO0 -3/ H1DIHXIZQU5
wherein: Y" is selected fromH COON, COOEt, Owve, Ph, OPh, 5 NHwWw Kl

NHPh, CiWld\a244l-triazolyl, 1-imdazolyl, and NHCH2COOHp¥ rh%oi/ﬁm%?' ect ed
fromH COCH COOwe, OW, F, d, or Br; Y13 is selected omt

follow ng noieties: Me Me Me MedMe X %e M M H,,-XN,/ CbzHN ~)O | |
)~)O 1 CO2Bn C 2t Bu CO2H CONH2 10 JA 2005 WD 02/ 08244 PCT/ US01/ 22678
23 Y14 is selected fromMSQ2, Ac, Boc, iBoc, Cbz, or Alloc; Y15 and Y16
are independently selected fromal kyl, aryl, heteroal kyl, and
heteroaryl; 5 Y17 |s CF3 NC2, CO\IHZ OH, COOCHB OCH3, OCGHS C6H5,

COCoH5, NH2, or and
QOH JU

9
H)l\/\OOH ’hj\/cﬁH . ‘;L%Hs

and Y2 is selected from the following moieties:

\L% "&iO\ e
COOH SO2NH;
H
“xj\j{:z uﬁj\/O “\-.,j\/o \iCHs
-\j\,NHAc

‘1“- NHMs
Ha ’&j\o/\/Si(CH )

CHs

5 Most preferred moieties for R® are:



Y1$ is COOCH3, NO2, N(CH3)2, F, OCH3, CH2000H, COOH, S2NH2, or grmm
Y may be nore preferably represented by: 10 M O 4YO -1 O~ Ms~

JAN 200vONR /32408244 PCT/ USO1/ 22678 24 HH 1"E Me N M- MetRoYNsMe~N F
Me>( | CF3 CC13 HO0-3 N/ 0-3 M 0-3 '/ M10 JAN 2005 WD 02/08244

PCT/USQl /22678 25 H 0-1 CH CH H3COOC,HOO COOH H3COOC HOO H 3C CoHs Yl |
M CH3SO2HN, /\  C H3-T" CH3

Anwuw

CHg/l\CHa CH3/ct1§H3 oH{toHa (j\CHs é
R CH,4 0-4

COR*!
r &m0
CH /‘\CH 0-3
3 CHy @ oH Me”~ “Me o”ﬁb

b e

CF3 COH kl\

Some other preferred moieties are: for Z it is N, for R4 it is H, and for W it is C=0.
Additionally, the moiety Z-C-R? in Formuia I, with R* being absent, may be
5 represented by the following structures:

CO-H
Ct Cl

and



H3C H3 CH3 HOOC HOOCH COOH F L F OOCH3 F ) : OH COOH Me COOH M rrANZl]ﬂS
O- v MM M Mwherein: V17 = CF3, NO2, CONH2, OH, NHz, or -

Y18= F, wg¥¥ds24k O JAN 2005 WO 02/08244 Still nore preferp@»ﬁmgpj,%%jmes for
Y are: /| MXOM M M M MyO-1 IM Me MM PCTIUS01/ 22678 H3CSC2HN

Preferred moieties for Y are:
Me

Me Me
m 4 O\i m;l\/o\.i Me/k/o"*i M{n/o \§

Y
0\
PN S R e

Me
Me

W
Q};O\é ao_s _2 @Ri M \§
wOray O oy

Me

Azt Qe N
0\§ o\;
Y12—©— R; @J R O‘O

[0}
L



MO MCF31-.3 1 M Mic 0,~Z~Lo Y, 26 Cl ci
e MMM MN MMM)---NN 0-3\/ 0-31\]j
1WQIANS2EI05 WO 02/ 08244 PCT/ USOL/ 22678 27 As showegmusnrmedsa |,
N represents a cyclic ring structure, which may be a

nmenbered ring syg

HN- - i
the unit:
five-nmenbered or six-
represents a five-nenbered ring, 5 it

OH (r/ cr"-~/
H M N M] Y

3‘MN 1085

ucture. Wien that cyclic ring
I's a requirenent of this invention

that that five-nenbered cyclic ring does not

Y1‘=—H

A

Y13

CH:%/\!; CHs\r(d\
12 CHY ™Y HOOC
RS G CHa 4 i 1-2",J /75:?
00 Gy COOH
5 Ha Y Hoocgakgagf HOOCSZ%
CHs 0-2
H;
CHa CHs HCO @\’,
CaH” Y HOOCX/\,H" Cﬁ;:"{

Hy ,HiéﬁCHa ' HoOC
HOO i CHj Pl
C\H?n‘\a” HOOC™ ™ HooC - CH,
CH,

CBH?\/\}"

H4C
HaC

HOOC s

Hoocgf QO @vf;f'*
o

ot f



Preferably, that five- nenbered ring is of the structure: R wherel
and R w@ogabined above. Preferred representations for tpléqppust,h,yﬁﬁs 0
menbered cyclic ring structure is: where R2 is selected fromthe
following noieties: 1 0 JAN 2005 WO /08244 PCT/ USOL/ 22678 28 1< H C1
ad d\'~-O0Hr NM N HOOCL d C Furthernore, that five-nenbered
ring, along with its adjacent two exocyclic carbonyls, may be
represented as follows: RR1 RR2 51 0O in which case, R21 and R22 nay be
the sane or different and are independently selected fromthe follow ng
noi eties: 10 JAN 2005 O 08244729 Me | USO}/ 22678 Sone preferred
iIIustrati?ﬁ\for th(ﬁ\se-manberin S ture:OQ'Q/QAN 200@3\

13 Y ¥ -

contain a carbonyl group as part of the cyclic ring structure. 10 JAN 2005
n R
I

- CoHe COOH Chy
HOO
EZ:/ﬁ?I HSC/[::j’”f# [fé}/AFf Zcfi;r’“>f <::L\/ﬂj;
0

CH,
je e ) :
C cl F/@ca VQ/ c /Q)
F Cl
CH, Chy

H
AGHN % 1 i Hack@A >
; OOH F 3C/©QF3

COOH COOH



WD 02/ 08244 PCT/ USOL/ 22678 30 are as follows: 10 JAN 2005 WO 02/ OS?ﬁlﬂAﬁllﬂ{]‘j
M OO0 Ph----1s %) 0-2 PCT/USOL/ 22678 0 10 JAN 2005 WO 02/ 08244

PCT/ USOW@@%50484432 Additionally, the unit: G O in Forml apdriay,
represented by the followng structures b and c: b s Pre e??%&ﬁ@m

definitions for b lare: 00 c 0 0 0 0,10 JAN 2005 WD 02/08244 33 0 Ss O

O00Inc Gand J are independently seI2 cted fromthe group consisting of
(CH2) p,

X o
>Lr°\f

o O o, M Me a
Qo (7 (U &o\f O
Me Me Me Me Mo Me

Me-_O._ e
B SO sl

CCly 0-3'Me



(CHR)p, (CHR-CHR )p, and (CRR )p; A and M are independently sel ec}jg AR 200
the 5 group consisting of 0, S, SO2, NR (CH2) p (CHR) p, (CHR-CH

and ( ndleCHZ CHR, CRR, NH NR 0, S, S

(CHR) wad‘%m 24@; . Preferred defi nltlons for c are: Pgﬂ%&o%ﬁ@é}o
PCT1USol 122678 0 10 JAN 2905 WO 02/ 08244 34 PCT/us01/ 22678 When the
cyclic ring structure is depicted as: 220 JAN 2095 WO 02/ 08244
PCT/ USO / 22678 35 its nost preferred illustrations are as follows: 5 M
Me 1 9 JAN 2005 WD 02/08244 36 PCT/ USIF 1 /22678 10 JAN 2005 WD 02/ 08244

37 0 Sonme of the still preferred noieties for the unit: /0 M
N\ Me ﬂ Me Ri Me r&we

Meﬁ/ ¥ Me>|/ b Mea/ b Me>( i
CFy CCls Me

Ay A A
o OO Ay 5&

0-3' Me HN
¥

Y D G,
H

wherein:
Y is selected from H, COOH, COOEt, OMe, Ph, OPh,
5 NHMe, NHAc, NHPh, CH(Me),, 1-triazolyl, 1-imidazolyl,

and NHCH>COOH;
Y'? is selected from H, COOH, COOMe, OMe, F, C!, or Br;
Y® is selected from the following moieties:

- “ " o
T A&
Me Me
Me CbzHN
CbzHN

T, J. O o~
Me Me Me MeMe Me Me |

S S U &

COzBn CO2tBu COzH CONH;z



shown above, are: 5 Me 0 O PCTIUSO1/22678 0 10 JAN 2005 WO 02/ 08244 AN 2005
PCTJUSO /22678 38 0 0 O Unl ess defined otherwi se, all technical d

sci enti WEotmsess used herein have the sane nmeani ng as i BCLORRRIL%
understood by one of skill in the art to 5 which this invention bel ongs.
Thus, for exanple, the termal kyl (i ngbudi ng the al kyl portions of

al koxy) refers to a nonoval ent group derived froma straight or branched
chai n saturated hydrocarbon by the renoval of a single atomhaving from
| to 8 carbon atons, preferably from1 to 6; aryl - represents a
carbocyclic group having from6 to 14 carbon atons is and having at

| east one benzenoid ring, with all available substitutable aromatic

b ; f Iy bej i ded i bl i
of " att s niesRecleAdrRaRIMESEE AC 50 HBorr eBE A AR %3 hanhthyt, PO
2- napht hy® 53806 iaRél fnependBRtipsoRet ir&!npélﬁﬂglraw,ﬁ‘i’etékﬁéﬁﬁl{] #(ﬁd?d phenyl ;

aral kyl - represents a noiety contal ning an group ed vial a
| oner 1hedereatyl; al kyl aryl - represents a noiety containing a | ower alkyl

l'i nked vyi4a.an_ar : | al kyl -=_.rep nt S rate

car bécy\érlti o Eth‘X‘has‘?ﬁg‘szr %?@%3ﬁp%nﬁ)§gﬁs&%§é§aﬂﬁ H2. 4 6,
optionally St@@@”-?fn?d. 20 heterocyclic - represents, in addition to the
het eroaryl groups defined below saturated and unsaturated cyclic

or gani ¢ YgF supO©OGM;,NOatN{QHg:, rRCH:, SH.EQDH; CORMPR0LNHer srupt i ng a
carbocyclic rjin tructure that consists of one ring or 1 0 JAN 2005 WO
02/ 08244 PCT 78 39

Y may be more preferably represented by:

oy Any A, B
o, N oy Q/ >y
Q/Merrll MBQ, g (:[Me Me

10



two fused rings, wherein each ring is 5-, 6- or 7-nenbered and ”HV]QUAN?%S
not have doubl e bonds that |ack delocalrzed pi electrons, which r ng
struct we has4afrom2 to 8, preferably from3 to 6 car boﬁtﬁij@(ﬁ‘fzz .g, 2-
or 3-piperidinyl, 2- or 3-piperazinyl, 2- or 3-norpholinyl, %

3- thronDrpholrnyI 5 hal ogen - represegts fluorine, chIorrne bronlne and
i odi ne; heteroaryl -- represents a cyclic organic group having at |east
one 0, S and/or N atominterrupting a carbocyclic ring structure and
having a sufficient nunber of delocalized pi electrons to provide
aromatic character, with the aromatic heterocyclyl group having from 2
to 14, preferably 4 or 5 carbpn atons, io e.g., 2-, or 4-pyridyl, 2-

or 3- furyI 2- or 3-thienyl, R Me- or 5- hi azol yl , r 4-imdazolyl,
2-, 4- or 5 pyr ~nlyl 2- iyl , or or 4-pyr,

nyl, etc.
Preferred het er gr oupspgar el 2-, 3- Pyridyl; such heteroaryl
groups nmay al so éW%ptronaIIy<3u strtuted Addftronall ; unl ess
ot herwi se specifically defined, "as stated above, the term "substituted

or unsubstituted" or "optionally substituted” is refers to the subject

noi ety being optionally and chenlcally suitably substrtu d with a

noi ety bel ongi pg._t 2 or 3. used ermq1 rug nmeans
conmpounds thaIM dE%g preg ﬁl ofsfwhrc ﬂ “pMAng %mr ptration to a
patient, releasev¢he drug I'n g,vo Vi a sonemg enlcal

Ehysrologrcal
process (e.g., a prodrug on being brought to the phyer ogi cal pH or
t hrough enzynme action is 20 converted to the desired drug form. Also
included in th invention ar taytoners, r taqprs enanti@ners and ot her

optical isomner a pﬁ g?s, of ;P /fﬁﬁi as well
as pharmaceufi |y acceptabl sdlts, sdlv es and d atrves t her eof .
A further feature of the invention is pharnaceutical conpositions

containing 25 as active ingredient a conpound of Formula | (or its salt,
sol vate or isoners) togeth L with a phgrmaceutjhcal Iy accgptable carrier
or excipient. i; anent go pgﬁ}__es net ﬁpr pr-&i'rng conpounds
of Formula 1, M@ %ﬁ%éth ds es“sutH as, for
exanpl e, HCV, AI®GS A Acqui e | nmune *Bef crency Syndr one), rel at ed

di sorders. The nmethods for 30 treating conprise adm nisteringsto a
patient suffering fromsaid disease or 10 JAN 2005 WD (12/08244

PCT/ US01/ 22678 40 di seases a therapeutically effective anmount of a
conmpound of Forrmula I, or pharmaceutical comnpositions conprising a

conpound of Forrmula 1. Also disclosed is the use of a conpound of Fornul a
| for the manufacture



of a nedicanment for treating HCV, AIDS, and related disorders. AlequN 2005
disclosed is a nethod of treatnent of a hepatitis C virus associ at

di sor demo exsps4i si ng admi nistering an effective amount opcpRRePL2sPOr € Of
the inventive conpounds. Al so disclosed is a nmethod of nodul ating the
activity of hepatitis Cvirus (HCV) mstease, conprising contacting HCV
protease with one or nore inventive 10 conpounds. Al so disclosed is a
nmet hod of treating, preventing, or aneliorating one or nore synptons of
hepatitis C, conprising adm nistering an effective anmobunt of one or nore
of the inventive corrpounds. The HCV protease is the NS3 or N34a

prot ease. Theminvgntive cqgppoounds inhibit pr ot ease bd;y al so

nodul ate the gisTpr ocessi ngrlgf-f@epatlm Vi rus (Hmpeptl de.

Detai | ed descriMsti on of ™ lment s In on¥¥enbodi ment, the
present invention discloses corrpounds 6f Formula | as inhi bltors of HCV
prot ease, especially the HCV NS3/ NS4a serine protease, or 20 a
pharmaceutical ly acc pt abl e der] vatl ve thereof, vvhercrg var ous
definitions ar n abo serkhat cgnpoun & N(e i nvention
whi ch exhi bij 1,{xcel | ent MEC te se | nh ory acti vem e listed
below in Tables I to 5 al ong wrth their activity (rangeslof Ki* val ues
in nanonol ar, nM. Several conpounds as vveII as 25 addiit G%al conpounds
are additi onal I y di scI osed in the Cains. 1M.0 805 WO 02/ 08244 41

PCT/ USOL/ 22678 F Conp e d HCV pr ot elasl, cont znyou ssay
results Corrﬂbﬁﬁﬂ fr anpl e No. C 4C C 8C 9C
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wherein:

Y17 = CF;, NO,, CONH,, OH, NH,, or COOH;
Y8z F, COOH,
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Still more preferred moieties for Y are:
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As shown in Formula {, the unit;

represents a cyclic ring structure, which may be a five-membered or six-

membered ring structure. When that cyclic ring represents a five-membered ring,
5 itis a requirement of this invention that that five-membered cyclic ring does not

contain a carbonyl group as part of the cyclic ring structure. Preferably, that five-

membered ring is of the structure:
Rl

R
N

R!
wherein R and R’ are defined above. Preferred representations for that five-

10  membered cyclic ring structure is:

where R? is selected from the following moieties:



79C 80A 81C 10 JAN 2005 WO 02/ 08244 PCT/ USQL/ 22678 43 B2A B3B 84G Ay
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Furthermore, that five-membered ring, along with its adjacent two exocyclic

carbonyls, may be represented as follows:

R21 R22
™~ N/

S
0]

in which case, R*' and R may be the same or different and are independently
selected from the following moieties:
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JAIL 2005 WO 02/ 08244 44 PCT/ USOL/ 22678 126B 127A 128A 129A 130B 1
132A 139A R38B+135A 136A 137A 138A 139A 140B 141A 142A 1BGBUS01/22678
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. /\/Q@(ELAQ*)

Me B
Xy
O S S, TR
[
& J\;\’N?Q T
S AUl s &

Some preferred iliustrations for the five-membered ring structure:
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are as follows:
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Additionally, the unit;

Q
/A
S
N

/ G
J

o. N\
>
0
in Formula | may be represented by the following structures b and ¢:
Q Q
/ .4 M/ A
M , R’
R': \E/ R
R
O\ N 0
T >
0
b

5  Preferred definitions for b are:

A

[e]
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256A 257C 10 JAN 2995 WO 02/08244 PCT/ USQ /22678 47 258A 259A 260
262A 2691 268B141265C 266B 267A 268C 269A 270C 271A 272C X3 UDAACH78
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/\Q/ 20 /\91/ /\%\r

In ¢, G and J are independently selected from the group consisting of (CHy),,
(CHR)p, (CHR-CHR’),, and (CRR’),; A and M are independently selected from the

5 group consisting of O, §, SO, NR, (CHz) p, (CHR),, (CHR-CHR')p, and (CRR'),;
and Q is CHz, CHR, CRR’, NH, NR, O, §, 8O, NR, (CHz),, (CHR),, and (CRR’),.
Preferred definitions for ¢ are:

Me
y Me Me
/"\ H /l\ ) '/If\ H
N N N
0 0
cl F
Br.
&C &F \-Br
: 0 /~3 N
P /u\(]\/ Pt
N N
| | N |
O
Me Me
o Me Me Me
OH Me 0O ; O -
N N
I NT 3 ]
O
R O
O ; O : ‘ OH
/I\ ’ /i\ ’ ;/"\ !
N ] N N |
O O
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HsG
3\ _CH,

=

When the cyclic ring structure is depicted as:
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336A 33WA B3BBH339A 340C 341C 342C 343A PCT/US01/22678

its most preferred illustrations are as follows:

Y Me Me
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conti nugwsy:agsdy Ki* range: Category A = 1-100 nM Cat egpgyBumaifl- 1, 000
nM Category C >1000 nM 5 Some of the types of the inventive conpounds
and et hods of synthesizing the varioyg types of the inventive conpounds
of Formula | are listed below, then schematically described, foll owed by
the illustrative Exanples. 10 JAN 2005 WD 02/08244 (R=1t -butyl. X =

NH2) (R = Isobutyl, X = NH2) (R =1t-butyl, X =04 (R = Trichloroethyl,
X =0H (x = OBu)
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O
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O
Some of the still preferred moieties for the unit:
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Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as is commonly understood by one of skill in the art to
5 which this invention belongs. Thus, for example, the term alkyl (including the alky!
portions of alkoxy) refers to a monovalent group derived from a straight or
branched chain saturated hydrocarbon by the removal of a single atom having
from 1 to 8 carbon atoms, preferably from 1 to 6;
aryl — represents a carbocyclic group having from 6 to 14 carbon atoms
10 and having at least one benzenoid ring, with all availabie substitutable aromatic
carbon atoms of the carbocyclic group being intended as possible points of
attachment. Preferred aryl groups include phenyl, 1-naphthyl, 2-naphthy! and
indanyl, and especially phenyl and substituted phenyl;
aralkyl — represents a moiety containing an aryl group linked vial a lower
15 alkyl;
alkylaryl — represents a moiety containing a lower alkyl linked via an aryl
group;
cycloalkyl — represents a saturated carbocyclic ring having from 3 to 8
carbon atoms, preferably 5 or 6, optionally substituted.
20 heterocyclic — represents, in addition to the heteroary! groups defined
below, saturated and unsaturated cyclic organic groups having at least one O, S

and/or N atom interrupting a carbocyclic ring structure that consists of one ring or



NHZ NH2 H N NMe2 Ove NH2 NH2 NH2 PCT/ US01/ 22678 10 JAN 2005 WO 021;@81%&'4}035
54 PCT/ USOL/ 22678 10 JAN 2005 WO 02/ 08244 55 FCC PCT/ USO 1/ 22678 1 A
2005 WOWIReB2#4 56 CICl 0 H \x/ hH~~(fCFH H~ 11 1 G- OyREr/uGH/226kCX0 HNC
'CH, H3C(CH CHy C PCT/ USQLl/ 22678 10 JAN 2005 WO 02/ 08244 57
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two fused rings, wherein each ring is 5-, 6- or 7-membered and may or may not
have double bonds that lack delocalized pi electrons, which ring structure has
from 2 to 8, preferably from 3 to 6 carbon atoms, e.g., 2- or 3-piperidinyl, 2- or
3-piperazinyl, 2- or 3-morpholinyl, or 2- or 3-thiomorpholinyl;

5 halogen — represents fluorine, chlorine, bromine and iodine;

heteroaryl — represents a cyclic organic group having at least one O, S
and/or N atom interrupting a carbocyclic ring structure and having a sufficient
number of delocalized pi electrons to provide aromatic character, with the
aromatic heterocyclyl group having from 2 to 14, preferably 4 or & carbon atoms,

10 eg., 2-, 3-or 4-pyridyl, 2- or 3-furyl, 2- or 3-thienyl, 2-, 4- or 5-thiazolyl, 2- or
4-imidazolyl, 2-, 4- or 5-pyrimidinyl, 2-pyrazinyl, or 3- or 4-pyridazinyl, etc.
Preferred heteroaryl groups are 2-, 3- and 4-pyridyl; such heteroaryi groups may
also be optionally substituted. Additionally, unless otherwise specificaily defined,
as stated above, the term “substituted or unsubstituted” or “optionally substituted”

15 refers to the subject moiety being optionally and chemically-suitably substituted
with a moiety belonging to R™ or R™. As used herein, “prodrug” means
compounds that are drug precursors which, following administration to a patient,
release the drug in vivo via some chemical or physiological process (e.g., a
prodrug on being brought to the physiological pH or through enzyme action is

20 converted to the desired drug form).

Also included in the invention are tautomers, rotamers, enantiomers and
other opticél isomers, as well as prodrugs, of compounds of Formula I, as well as
pharmaceutically acceptable salts, solvates and derivatives thereof.

A further feature of the invention is pharmaceutical compositions containing

25 as active ingredient a compound of Formula 1 (or its salt, solvate or isomers)
together with a pharmaceutically acceptable carrier or excipient.

The invention also provides methods for preparing compounds of Formula
|, as well as methods for treating diseases such as, for example, HCV, AIDS
(Acquired immune Deficiency Syndrome), and related disorders. The methods for

30  treating comprise administering to a patient suffering from said disease or
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diseases a therapeutically effective amount of a compound of Formula t, or
pharmaceutical compositions comprising a compound of Formula 1.

Also disclosed is the use of a compound of Formula | for the manufacture
of a medicament for treating HCV, AIDS, and related disorders.

5 Also disclosed is a method of treatment of a hepatitis C virus associated
disorder, comprising administering an effective amount of one or more of the
inventive compounds.

Also disclosed is a method of modulating the activity of hepatitis C virus
(HCV) protease, comprising contacting HCV protease with one or more inventive

10 compounds.

Also disclosed is a method of treating, preventing, or ameliorating one or
more symptoms of hepatitis C, comprising administering an effective amount of
one or more of the inventive compounds. The HCV protease is the NS3 or NS4a
protease. The inventive compounds inhibit such protease. They also modulate the

15 processing of hepatitis C virus (HCV) polypeptide.

Detailed description of preferred embodiments

In one embodiment, the present invention discloses compounds of Formula
| as inhibitors of HCV protease, especially the HCV NS3/NS4a serine protease, or
20 apharmaceutically acceptable derivative thereof, where the various definitions are
given above.
Representative compounds of the invention which exhibit excellent HCV
protease inhibitory activity are listed below in Tables 1 to 5 along with their
activity (ranges of Ki* values in nanomolar, nM). Several compounds as well as

25 addiitonal compounds are additionally disclosed in the Claims.
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Table 1: Compounds and HCV protease continuous assay results

Compound from Exampie No. Ki* Range
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structure, the conmpounds of the invention may form pharmaceutically
acceptable salts with organic or inorggnic acids, or organic or 5

i norgani ¢ bases. Exanples of suitable acids for such salt fornmation are
hydrochl oric, sulfuric, phosphoric, acetic, citric, malonic, salicylic,
malic, fumaric, succinic, ascorbic, naleic, methanesul fonic and ot her

m neral and uarbeAy uu.da welH ”nnmn tothose-skilled in the art. For
fornatioqﬂ£¢_4§ﬂjg;{ZQ'h hases suitable hases 8e_ for_ exanple,| NaOH,
KCOH, NH4pH, t et r aal Yl anmoni um ilo hydroxi de. anéd the |ike. | n !anot her
enbodi ment , this irv@ntion proviides pharnaceuti dal conpositiong
conprisijng the i nveM3 ve peptides as an active pngredi ent. The
phar maceut i cal conpgey tions gengrally addltlonah]y conprise a
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utility ilntreatin anaruruq Cland related disBrders. 1n yet agother
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active i|ngredient. 180 t he pharmaceuti cal conposgtions and net hods of the
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20 present invention, the active ingredients will typically be 0 JAN 7005
adm nistered in adm xture wth suitable carrier materials suitablb
sel ect e§owhlphgiespect to the intended form of adm nist r%ﬁf!ﬂgoyi.zﬁ%‘ or al
tablets, capsules (either solid-filled, sem-solid fill or iquid
fiIIed), powders for constitution, or gets, elixirs, dispersible
granul es, syrups, suspensions, and t | i ke, and consistent with
conventional 25 pharmaceutical practices. For exanple, for oral
adm nistration in the formof tablets or capsules, the active drug
conponent _nmay be conbined with any oral non-toxic pharnmaceutically
acceptabl e inert carudi er, such as |l actose, stargh, sucrose, cel] ul ose,
magnesi um stearat €,5¢@ ca Cl um pfiosphare, caIC|u§5uuTate I—0—3AN 2005 WO
(12/ 0824 24'%678 87 t=t manmitot, et ny atcohot—(++eutd forns)
and t he pHke—NMbre& ﬂﬂﬁ+ﬁk¥&+ed"6F——H&&d&é—%ﬂﬂ%ﬁﬁ#f%b¥ﬂd&#&
| ubrica ; I be
i ncorporjated in the §ixturp Powders and tablet& nay be conprised of
from abdut 5 to ab@d® 95 perceni inventive conpésition. Suitabl el binders
5 include starch, @0atin, natufal sugars, cornAsweeteners, natural and
synthetijc guns sugk{ias acaci a, sodlunlalglnateA carboxynetnylcallulose,
pol yet hyjl'ene gl'ycghpand waxes. | Anong the |u0r|gpnts tnere may e
nment i ongd—for—use 22 LIIEbE dosage—forns,—bori cgact t—soditm-benzoat e,
sodi um geetate—sofiizgmechtor+der—and the-%:ke. Brs+rtegrants—i-Acl ude
st ar ch, nepmﬂ4x¥4iﬁgse_—guap4} i Cig i d
flavorirg_agents add9nreservatiVves nay also_be ©ncluded _where
approprilate. Some 8R6the terns noted above, nanBly disintegrant§s,
di luents, |ubrican@®7 binders apd the |ike, areAdi scussed in norje detai
bel ow. Additional | g2gt he conpositions of the prgsent invention mnay be
formul atfed™ Th suspapned releasge formto prOV|ag the Tate comtrgl | ed
rel ease [of—anyone 2gp TorE 5pf—the (,unpunem& or—active—+ngrgdients to
opt i m zeg—the—therafeitiec—effects—t—e—HEeV+nhR+-pitory—aectwvity—dnd t he
| i ke. Suitable anZﬁi forms—fortsustain i ed
tabl et s lcontaining4Payers of valying disintegr a¥ion rates or__cqntrolled
rel ease [pol ymeric "AB8Brices inprbgnated with theCactive conponentjs and
shaped ijn tabl et f@B# or capsul s containi ng such i npregnated or[ 20
encapsullat ed poroug3pol yneric natrices. Liquid €orm preparationg include
sol utiors, suspenspgps and enul'kions. AS an exXgnplr € may be nent)i oned
wat er orf wat er- propgiene egCOI 50|u1|ons ~for @arenteral rmjectii ons or
addi ti orn s—ant—pactfrers—for—orat—sptutions; stspetr|si ons and
enul si ons—+t-gui-4 8 m-prepar-att-ens—ray—al-so :ﬂﬁlude sol-ut+-ons
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25 for intranasal adm nistration.
i nhal ati on may i nclude sol utions and

in conbM{b@¥Widi t h a pharnaceutically
conpressed gas, e.g. nitrogen. For preparing suppositories,

Aerosol preparations suitable f N
solids in powder form whi cﬁrgmm %U(QS
accept abl e carripcr/ssaneas i nert
a lownelting

wax such as a mxture of fatty 3o acihg¢ glycerides such as cocoa butter

is first nelted, and the active

i ngr edi ent

is 10 JAL 2005 WO 02/08244

PCT/ US01/ 22678 88 di spersed honogeneously therein by stirring or simlar

m xi ng. The nolten

honpbgeneous mi xture is then poured into convenient

si zed rml@ls,—aJ—l—emegﬁe—eaal—an d are
solid folmpreparatf9s which arle intended to béd 5 converted, shortly
before use. to |iqud%Oform prepdrations for either oral or parepteral
adm ni stfation. Suck6Qiquid forns include sol uti®ns, suspensions| and
emul sions. The conpeunds of theg invention may g SO be deliverabl e
transdermal Ty Thegg ansdermal [CONpoSi tions THYA 1 ake tie form creans,
| oti ons, [aerosot 5 T qDlHUI or—enulisions—and-can—beg +rectuded—n——a
transder.rm pat-eh 26\4' he—mat+xor—+reservei—typeas—are conventional in
the art tor—this—pu bse.— Pref ey oral ly,
intravenpusly or - . 28Mcut aneous y. Preferably, the pharnaceutical
preparation is in a26fhit dosage form In such B form the prep@ar ati on
is subdivided into 28 tably sized unit doses comtaining approprii ate
quantities of the azdg ve conponegnts, e.g., an efjective anbunt t|o
achi eve the desi recggngpose Thg quantity of th Imverntd ve active
conposi t on N a urmto uos_e UI preparation lluy e—gener at+y—vartjed or
adj ust edfromabott4—6 m H-t+gram-to—abeut —000—---H-graws,;
preferab eromabczr'l t-o—abgut—950 m!!zﬂr ly from
about 1.b to about ﬁ(’%’ m | ligrans and typicall @ from about 1 td about
250 mill|grams, acc®ding to the particui ar applG cation. The act|ual
dosage enpl oyed n#74de vari ed dependi ng upon tke patient's age,| sex,
wei ght ahd severit37of the condition being treged. Such techni|ques are
wel | knojn t0 thosezgd skilTed|[in theart. Tengrally, the humar oral
dosage fpr mcont The acu Ve ingredi ents gan be—admm-sterjed 1 or 2
ti mes per—day—The Fagoumt and—freguency—of—the A
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adm nistration will be regul ated according to the judgnent of the 1
A generally recommended daily dosage regi nen
adwioni2giszgti on 1 0 JAN 2005 WO 02/ 08244 89 PCT/ USOlpt2ARéB058¢y range

attending clinician.
oral
fromabout 1.0 mlligramto abou
di vi ded doses. Sone useful terns
a special container or enclosure
al cohol s, or denatured gel atins

conpositions conprising the acti

?(#XN 2005

t 1,000 mlligranms per day, in single or
are scri bed below. Capsule - refers to
made of nmethyl 5 cellul ose, polyvinyl

or starch for
ve ingredients.

hol di ng or

Hard shel |l capsu

cont ai ni ng

es are

typically nade of blends of relatively high gel strength bone and pork
skin gellatins. The3@@psule itself may contain s@all anpunts of dyes,
opaqui ng jagents, pB@3ticizers ahd preservativesB 10 Tablet- refédrs to a
conpressed or nol degpgol i d dosage formcontaining the active ingredients
with suitabl'e diTueggs. The tabl gt can be prepang by —conpressign of
m xt ur es [or g[d”uid§06nnn obtared by wet—granutgiton—dry—grarghati on or
by conpa¢t+en—&at_ get——+efersto-the—acti-ve—inyredients-disperded or
sol ubi | | zed—-n-a--1 ".yd!’ gphi LLi sem-solid mat?ix.  Powder for
constitution refers39® powder bllends containjng Bhe active ingreédients
and suitabl e dil uend@ whi ch can jpe suspended i n @at er or juices. | Dluent
- refersfto substang®® that usual ly make up the @umjor portion of |the
conposition or dosagpf form Suitjabl e diTuentS gl tde sugars such as
| act ose, [20 SUCT0Segqgranni tol and sorbi tof; starghes derived-from wheat,
corn, ri¢e and putqi13 and—cettut-oses—such—as TReroctrysta-ine
cel | ul osg—Fhe—aredhr, of dituvent—n—the—coenrposition—can range {4 om about
10 to about—909% byu%\ total conposittan, preferably {rom
about 25|to about 7&Y nore preflerably fromabol 30 to_about 60% by
wei ght, even nore pdHferably frdm about 12 to atB®ut 60% 25 Disiptegrant
- refersito materi @% added to tihe conmposition t% help it break }|apart
(disintegrate) and 3fd ease the nedi canments. Suiigbl e disintegrants
i nclude [Starches] F@pld water goruble™ nodi fTegh starchies—suctras sodi um
car boxynethyi stargy matorat-—gmd—synthetic guif—sueh—as—+eeus%-bean,
karaya, @gtar—trages pth* and-agar—ceHul-ese—détvati-ves—such—a
met hyt cel i —m [ al line
cel | ul oses_and craos*¥4 i nked C

323 C

324 C

325 A

326 A

327 C

328 B

329 B

330 A

331 A

332 A

333 B

334 B

335 B

336 A

337 A

338 C

339 A

340 C

341 C

342 C

343 A

344 C

C

345




10 JAN 2005 WO 02/08244 PCTI USO i/22678 90 m crocrystalline cellul pgean 0
such as sodi um croscarnel | ose; al ginates such as alginic acid and sodi um
al gi nat WO @834 such as bentonites; and effervescent miBEUYSH/22Ti8e

anount of disintegrant in the conposition can range from about 2 to about
15% by wei ght of the conposition, nord9preferably from about 4 to about

5 10% by weight. Binder - refers to substances that bind or "glue"

powders together and neke them cohesive by form ng granul es, thus
serving as the "adhesive” in the fornulation. Binders add cohesive

st rengt hjatTeady—av L abte—Tn—the ditvent—or— bl ki-rg—agenrt—Suif abl e

bi nder s iretude—sugats—sueh—as--sucrose; sta{che;i_dem_v-ed_i_o_f_r_mﬂ wheat ,
com ri celand-potat 4 atural guns such as acaci EB gelatin and

t ragacanth; derivat34fs of seawded such as algifdc acid, sodium gl ginate

and amnium cal ci3#f al gi nate; |cellul osic matei@ al s such as
met hyl cel | ul ose and3sodi um ca rjboxynet hyl cel | ulgpse and

hydr oxypfopyl met hylg®f I ul ose; pdl'yvi nyl pyrrolidgfie; and rnorganiics such
as megnesium al uni Ty siTicate: TEE T

conposi t fomrcanmr—rat from-abotut—2-to—about—20%by—weight—of—the
conposi t er—rere crer-ably—+H-gm-about—3-to—al %-by i , even
nmore preferably fr bout 3 toi{about 6% hy wej &ht . lubrjcant - Jrefers to

P4
a substahce added t3% he dosage lformto enable the tablet, granules,
etc. after it has @5 conpressed, to release fpomthe nold or die 20 by
reduci ng| friction @sMear. Suitable |ubricants janclude nmetallTic |stearates
such as fagnesi um sggarate, cal ¢r uf Stearate or gpotassi unrsteargt e;
stearic gcid; NI g ggEFl LT Ny poi it waxes; —amnd WartgeT sotubte—tubrtHcant s
such as podiunrchi &G tes—sodturbenzoate,—sodh Bm acetate—sodi-dm ol eat e,
pol yet hylenre—ghyreolt—and—dt+—teuctne—Lubricant ded at
the verytlast-—stepbtfore conpression 25 si I"I(‘F‘Bt hey. mist be prgsent on
the surfaces of tha8franules and in between thef and the parts Jof the
tabl et press. The anmpunt of |ubricant in the conposition can range from

about O, 0_gbhout 5% b ight of the conposition, preferably from
about OHE;\}'L‘(‘)O@EWS?%SQMF erably fromabout 0.3 to about 1.5% by

wei ght. Qi d@afegoégw 2MLfbD hhﬁbeﬂé@@rﬁ ét@t‘sk ,'f@iﬁ)g\?rvﬂﬂ;sb;%‘fﬁ d Bgohhow

characteristics of granul ations, “so and uni form
Sui t abl@Mgl i dents include 10 JAN 2005 WD 02/ 08244 PCT/ US01/ 22678 91

5 Some of the types of the inventive compounds and methods of

synthesizing the various types of the inventive compounds of Formula | are listed

below, then schematically described, followed by the illustrative Examples.



silicon dioxide and talc. The amobunt of glident in the conpositi onl G RN 2005
range from about 0.1 %to about 5% by weight of the total conpositron,
pref er apbyzhgQm about 0.5 to about 2% by wei ght. Col orip@r/aganhers

exci pients that provide coloration to the conposition or 5 the dosage
form Such excipients can include foo grade dyes and food grade dyes
adsorbed onto a suitabl e adsorbent sucR as clay or alum num oxide. The
anount of the coloring agent can vary fromabout 0.1 to about 5% by

wei ght of the conposition, preferably fromabout 0.1 to about %

Bi oavail ability - refers to the rate and extent to which the active drug
i 0 i ngredi ent oBbtherapeuti iety is absorbed | nto the systemc

circul ationy f r an oagm Bi red dosage form a rrpared to t andard

or cont rRo‘P LN I for pre r| n,g ¢ soare d<n . Such
met hods i Bckude @r t ho ch as dhg @gsi on
of granul ati prodgced by conpaction, or r ot ﬂer speC| al

procedures. 1's Conventional methods for makl n ther WRrns for

adm nistrati otR shiefyl.as NHabr  exanpl e, capsul es; supp05| tories and the

li ke are al sof SPb%’h H\not her embodi ment of the invention discl oses
the use of th L%ELBQ conpositions disclosed above for treatnent
of di seases such as exahpl e, hepatitis C and the |Iike. The nethod
conpri ses admi ni sterl ng a 20 therapeutically effective anount of the

i nventive pharnmaceutical conposition to a pat| en avi ng such a di sease
or diseases and in need of su treat rrent t, sanot her e u@ nment ,
t he conpo¥nds ,pfo |rbvent ionray be used] Lom e t;:,e t ne HCV in

humans ~H€ corrblm oL
conbi nat i on, Ieoc natiBn @tc. ) node sué 5 exa‘frpl e, In
conbi nati on WI antivigcal and/or imunonodul a y agen 6. Exanples of
such antiviral and/or inmunonodul atory agents include Ribavirin (from
Scheri ng- Pl ough Coxpav'ati on, Madi son, New Jersey) &hd©HevovirinTM (from
| CN Phar maceuti cal@,=dpgsta Mesa, Cal i f or ni a), VP 50486BM (from

Vi ropharma, |ncorporated, Exton, Pennsylvania), | $KSNE4803TM (from I SIS
Phar maceuticals, 30 Carlsbad, California), HeptazymedNhiey om R bozyme
Phar maceutical s, Boul der, 10 JAN 2005 WO 02/ 08244 (RClipkhyOl / 22678 92

Col orado), VX 497 TM (from Vertex Pharmaceuticals, Canbridge,
I\/assachusetts) nosi nTM (from Sci G one Pharnaceuticals, San Mateo,
Californl ei M ( Maxi armaceuticals San D ego, California),

! )
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nofetil (from Hof fman-LaRoche, Nutley, New Jersey), interferon (supndmﬁ 2085
for 5 exanple, interferon-al pha, PEGI nt erferon al pha conjugates)

i ke. "WBG®2osntter f eron al pha conjugates” are interferon mtpoamipedgcul es
covalently attached to a PEG nolecule. Illustrative PEGinterferon al pha
conjugates include interferon alpha-2a (RoferonTM from Hof f man

La- Roche, Nutley, New Jersey) in the formof pegylated interferon

al pha-2a (e.g., as sold under the trade name PegasysTM, 1o interferon

al pha-2b (IntronTM from Scheri ng-Pl ough Corporation) in the form of

pegyl ated int erfero al pha-2b (e.g., as sold under the trade nanme

PEG I ntronTM, erf eron al pha (Berof or Al phaTN %,r om Boehr i nggr
I ngel hei m Mengell_he,b Gepmany), consensuswmd nt er f n as _define
determ n Nl BUN._Re ngg of n ug]lr ndl i [jt erff eron

q en, N5 IThousan¥ cakdl zal'l f nStpted
earlier, the inlon |nudes tauf omers, rota en nt 8rrers and
ot her stereoisonetrs of the inventive corrpounds al 3o Thus,M‘as one skilled
in the art appreciates, sone of the inventive conpou y exist in
suitable isomeric forms. Such variations are conterrpl( L to be within
the scope of the 20 invention. Another enbodi nent of Q ntion
di scl oses a nethod of making the conpounds disclosed )bebﬁz The

al phas (I'nfergdnTv fr

conpounds may be prepared by several techniques known in he art.
Representati ve |Ilustrat|ve procedures are outlined in the follow ng
reacti on schenes. |s to be u stood that while the follow ng 25

conpounds bas &8s Dme suBh bsti futicon. Subf var at:1 o

to be within the”escope o] he invention. 10 JAR 5 V\B
PCT/ US01/ 22678 93 Abbrevi ati ons which are used in e des
schenmes, preparations and the exanples that follow are: THF:
Tetrahydrofuran DMF: N, N Dinethylformami de 5 EtOAc: Ethyl acetate AcOH:
Acetic acid HOOBt: (8-‘Hydroxy 1, 2, 3-benzotriazin- 4(3H}/~Qne

/'\A,TN ‘Hx,,u on )vo\,( \JL ?rr

e

e Me
Me
Me (X= OtBU)

Me
-(X=OH)
(X=NHy)
(X = NMey)

8244H o
tions of the

illustratjye sche descri be t reparation of a fewr resent ati
i nventivel_c® g?)h uift ab \M‘ﬁl’ stitutionyef any of h t he nat
and unnﬂ‘t ural arg na" C\I% NT egttezin t)hv h ed
Q
cr

II"D

iv“’flnﬁﬁ( R°11~J'~q,”¢,~ Ao

{X = O'Bu) (R = t-butyl)
(X = OH) (R = Isobutyl)
{X = NHy)

{X = NMe,)

{X = NMeOMe)



EDCl: 1-(3-dinethylam nop ropyl)-3-ethyl ca rbod ii md e hydrochl PE’—.&E?U%
NVM N- Met hyl nor phol i ne 1o ADDP: 1, 1'-(Azodi carbobyi)di pi peri di ne :
Di et hyl boxyl ate MeOH Methanol EtOH Ethanol Ep

et her 12%%%'%%%40 met hyl sul f oxi de HOBt: N-Hydroxybenzotri é@glsg@y@y@

Br ono- Eri s- pyrrolidi nophosphoni um hexaf | uor ophosphate DCM

Di chi oromet hane DCC. | , 3-D icycl ohexyfcarbod iimde 20 TEMPO
2,2,6,6-Tetramet hyl -1-pi peridi nyl oxy Phg: Phenyl gl yci ne Chg:

Cycl ohexyl gl yci ne Bn: Benzyl Bzl: Benzyl 25 Et: Ethyl Ph: Phenyl i Boc:
i sobut oxycarbonyl iPr: isopropyl tBu or But: Pert Butyl 30 Boc:
tert-Butyl oxycarbon 1 9 JAN 2905. WO 02/ 08244 PCT, O /22678 94 Cbz:
Benzyl oxycar bonyI Q/I copenty enyI TS -t olluesesul f onyl

Met hyl s ojrigzolf-1-yl)-1, 13- agetchyl uren
hexaf | uor osmh red-tiam g h qurz
-yl -oxy-tri s( di L a®i n ¢|exaf IMuor@phosphat eo ner a ar at Hve

Schemes: 'O The T#¢| owi ng Js chenes descrl be the Jf8ds of synt hesi s %f
i ntermedi ate

(X = Me, Y = CH,Me)

(X =0Ac, Y = Me)
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-2l BF3Et20 SCHEME 3 CH NaOCl NaBr TEMPO Chz '' COOMe Cbhz 3.1 3 RIUAN 205
-HC1 dioxane CO Owe Li OH dioxane-H20 COOve COOH Doc CO NVe 2 n
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15 BF3. Me20 / CH2Cl2 OH Ove H2-10%°d/ C Ove Ove 20 10 JAN 2005 WO 7085
02/ 08243 104 SCHEME 12 CO2Me LIN(5i Me3h + 7$ el, --~ TH>~OIC ON wzjw @p
Nl - CO2My O @2/48280c Boc KOH b) Et3SiH, BF3. CEt2 MeOH, H20 petmkidbhs (% 40
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SMe PCT/ USOL/ 22678 MCPBA - Et 3N, CH2Cf 2 4M HCI

n 0 20 1 0 JAN 2005 WD 02/08244 PCTIUS01/ 22678 105 SCHEME 14 5

(Boc)2NH TsO OVAP/ Base 4M HCl di pﬁ 280 >
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HCl . H2t ~YAV ' OP 15 DCC, DVAP 20 10 JAN 2005 WD 02/ 08244 106 SCHE

CNCH2CO2CH3 CH3CR2H, CH2CI2 5 LION, THE Rt Ph HCl . H2NCONMe2 1.
NMM  DMW(R02/08D4HCI , di oxane SCHEME 17 10 (Et O) 2P(O) CH2CORE vk Nat DS 1

O%Pd/ C O 0 CO2H LiOH Q _0 OH 1) Me3COOC
n-BU Li gCT/ USO 4122678 OMe 10 JAN 20U5 WO

(S)-4-benzyl - 2- oxazol i di none
02/ 08244 107

10 RV

Et 3N 2)
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0 0O N& KHWVDS Ph trisyl azide "

(Boc) 20woldighet 2) .

L10OH BoCHN, ,

PCT/ US01/ 22678 HCO2H 0 O N31,.A
N31,.rCO2H CH2N2 DAST L% 30% H202 LiOH Ph H2, 10 %d/C HCO2H 5 1
.-1C2H -- H2N,, ., -

JAN 2905 WO 02/0824.4 108 H PCT/ USOL/ 22678 H2N , . ~CO2H
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HATU i Pr2NEt 5 BocHN,, -.-CO2H 10 Jones reagent SCHEME 19 . H2 (50%9ﬂmuzw5
Rh on C, 7 days SCHEME 20 BocHN,,, .CO2H 0 >(CHN, N-di succi ni m dyl O-

car bonaMapo282BICF3Et 3N, CH3CN11l CF3 0 0 (Boc)20 CO2H 10 pAN1ROD:67I0

02/ 08244 PCT/ US01122678 109 Preparation of Internediates: Preparative
Exanple | Step A Conpound (1.1) OH BggiN 5 Ph To a stirred solution of
Compound (1.08)(3.00 g, 12.0 mml (S. L. Harbeson et al. J. Med. Chem 37
No. 18 (1994) 2918-2929) in DWF (15 m-) and CH2CI2 (15 ml-) at -20C was
added HOOBt (1.97 g, 12.0 mmol), N -nethyl 10 norpholine (4.0 nmL, 36.0
mmol ) and EDCl (2. 79ﬁﬁf*14 5 moi) and stirred for 16 mnutes, followed

by addition of HC H2 n (2.56 g, 13.0 nmol ). Fhe 5esu|t|ng
sol uti on was stlr %or 2 hrs, kept rffi;)§ er ni ght and
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then concentrated to dryness, followed by dilution with EtOQAc (150 gLJ)A 0;105
The EtQAc solution was then washed twice wth saturated NaHCO3, H‘E ) PS 0
i's H3PG#o Bhkne, dried over Na2SO4, filtered and concentpg@ge6hif9s@r yness
to give the Conpound (1.09) (4.5 g, 94%. LRVMS miz MH+= 395.1. Step B:
Compound (1.1)) OH H O BocHN_,, ~N O’"BPh 20 (1.09) BocHN OH A sol ution .
of Conpound (1.09) (7.00 g, 17.8 mml? in absolute ethanol (300 nm.) was
stirred at roomtenperature under a hydrogen atnosphere in the presence
of Pd-C (300 ng, 109 .m'ill'he reacti on progress was 1D jtored by tic. After
2 h, the nixture was"N I't ered through a celite padc____n’d the resulting

sol ution 10 JAN 2005 fAp 02/ 8244 110 OH + H2NIk 00@8yt Bock
anple 2 Step Conpdumty, % OA HCO Ph BocHN' N
A m xture of Com

concentrated in "cg)bg’
mz MH+#= 305.1. P %
(1.1) (1.2) Ph H ut
Preparative Exanplell, Step above (1 eq.),

0
Novabi ochem Cata,l:?fo No. 04-12-5147) (1.03 egf)s, HOOBt (1.03 eq.),

N- et hyl nmor phol i ne (2.2 eq.), and di nmet hyl formam’de (70 nug) was stirred
at -20C. EDCl1 (1.04 *@q‘}') was added and the reaction stirred for 48 hr.

: ound. (1.2) (from

The reaction m xture A#gs red into 5% aqueous K&ZPO4 and 15 extracted
with ethyl acetat %/ Meonbi ned organi cs weke wagshed with cold 5%
aqueous K2Q03, t L,agueobs KH2PO4, then bri organic
Hy o) O
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Nri 0, NH
et X
HG oy Wy ni
o
HE oy,
e e
: H b NH,
Qw(”
o o ne. M H\A o q
o WL Y e
T e e
H.F,\ﬁl-[ H:C i 1
ah
H._,CXCH, o Cr}:-(:l
Hw/\\;ﬁ’ [lru I
N : : Nq |
© HF% o Q
o] HC 0
ONHNH N OT”" ;
& o
Hac\?!CH: B
¥ . o
Qﬁrg M, QYN
O\(Koo o Qr)\oo ’
Q. NH



| ayer was dried over anhydrous MySO4. The mixture was filtered, thep jaN 2005
evaporated and the filtrate dried under vacuum the residue was
triturabeyozmsgh Et 20 hexane, and filtered to | eave the p¢taisseeemound
(1.3)(86%yield), 20 C25H39N307 (493.60), mass spec. (FAB) Mtl = 494. 3.
Step B Conpound (1.4) OHHO Ph BocHyy L -N../u ki1- t HC H2N

PCT/ USO01/ 22678 N'".N COOBut H (1.3) 1 (1.4) OHH O Ph 10 JAN 2005 WO
02/ 08244 PCT/ LS01122678 111 Conpound (1.3) from Preparative Exanple 2,
Step A (3.0 g) was treated with 4 N HC /dioxane (36 nL) and stirred at
roomtenperature for 7 mn. The mxture was poured into 1.5 L cold (5C)
hexane and stirred, then allowed to set cold for 0.5 hr. The m xture was
suction-filtered in a dry atnosphere, and the 5 collected solid was
further dried to afford\/hhe title conpound (1.4) (2.3 g, 88% yield),
C20H31 N305-HCI, H1 NVR DMSQ d6/NaOD) 8 7.38 (fg®5H), 5.25 (m 1 H),
4.3-4.1 (m 1 H, 3.8 ( 2 4-3.3 (m obsciied by D20), 1.7-1.1 (m
4H), 1.35 (s, 9H), 3 (Im . Preparati elam 10 Conmpound

°H (1.3) (1.5
treated in

NI ut H BocHN |
Conpound (1. 3) fromﬁv%‘parati e Exanple 2, Ste

HC._ NH
*:CXCH, O/NH
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essentially the same manner as in Preparative Exanple 7, Step A be19¥mpgm5
afford 15 Conpound (1.5). Preparative Exanple 4 Cbnpound (1.6) B

H o Ph WoM2sissCOOBU  H (1.5) HC  H2N 20 Conpound (1.5)péfR80 60T ative
Exanple 3, was treated in essentially the sanme manner as in Preparative
Exanple 2, Step B, to afford Conpoun 1.6). Preparative Exanple 5 Step
A COnpound (2.09) OHOPh al 101 2005 WD 02108244 PCT/ USOL/ 22678
112 OHCHs N CH3 (2.08) (2.09) To a solution of dinethylam ne
hydrochloride (1.61 g, 19.7 nmmol ), N Boc phenyl gl yci ne, Conpound
(2.08)(4.50 g, 17.9 mol, Bachen1Cb # A-2225), 5 HOOBt (3.07 g, 18.8

mwl| ) and EDCl (4.1 g 21 in anhydro DVF (200 ) and CHz2Cl 2
(150 mL) at -20C vva@ ad 90 ni, 53. ‘prrm)ll_[) Hb\f(g bel ng stirred
at this terrperaturef reactlon tu Nln a
freezer overni g en aII oo to gt o and Et CAc (
450 nL), bring a 5% H3PO4 (%p z QVere ded. After the

| ayers were 10 se ted he organic Iaye washed with 5% H3P04 (100

m.), saturated aq ous SOdI um bi car bonate sotution (2 X 150 nlL), water
(150 nL), and brine (150 nmL), dried (MyS04), filtered and concentrated
in vacuo to afford Conpound

o ? ;q
4
; 9

ox, o & o & P ™
RIS SONS w%ggg by



(2.09) (4.86 g) as a white solid, which was used wi thout further 18JAN2%5
purification. Step B Conmpound (2.1) i5 (2.09) CH3 N, CH3 CH3 N, CH3

(2.1) Corpoansdi( 2. 09) from Preparative Exanple 5, Step ApCH#UROU/Rs7scr ude)
was dissolved in 4 NHC (60 nL, 240 nmol) and the resulting solution

was stirred at 20 roomtenperature. Tig@ progress of the reaction was

noni tored by TLC. After 4 h, the solution was concentrated in vacuo to
yi el d Conpound (2.1) as a white solid which was used in the next

reaction without further purification. LRMS nlz M#= 179.0. 10 JAN 2005
WO 02/ 08244 113 5 10 Preparative Exanple 6 Step A Conpound 2.2 Ph CH H

BocHNFN'AOH HCI * B N H-CONMe2 (2.1) (2.2) sentially the sane
manner as Preparative nple 2, Step A.  substit QQiPhenylglycine
gI ne t butyI ester

hydr ochl ori de, Conpound 2) was prepared nass (FAB) M+l 465. 3.

g

N, N- di met hyl am de hydrooh%oride in place of phen
(



OHI HAO ONH BocHN{ NN a H2N + H2N CON e2 H CONMey H CONMe2 (248)JAN 2005
(2.3) 15 Conmpound (2.2) from Step A (1.85 g) was reacted with 4 N

HCI / di oxanpnghQ M -) at roomtenperature for 1 hr. The npediusa MeR
evapor at ed under vacuum in a 20C water bath, triturated under isopropyl
ether, filtered, and dried to afford sgonpound (2.3) (1.57 g, 98%yield),
C18H28N404- HCI , nmass spec. (FAB) M+l 365.3 20 Preparative Exanple 7 Step
A Compound (2.4) Ph BacHN BocHN PCT/ U5(11/22678 OH H O Ph NJ, CONMe2 H
10 JAN 2005 WD 02/08244 PCTIUS91/22678 114 (2.2) (2.4) A solution of
Compound (2.2) from Preparative Exanple 5, Step A (2.0 g) in

di chl oronet hane (60 nlL) was tred hth di methyl sul foxide (3.0 nL) and
2,2- dichloroacetic acid (0.70 mi ,0stirred m xture was cooled to 5C
and then 5 added | M dlcyclohexylcarbﬁallnlde/ di chl or onet hane sol ution
(8.5 nL). The cold bath maﬂﬁtenﬁaﬁg ndﬂthe m xture stirred for 22 hr.
Then added 2-propanol (0. 5S¢ bed forgan additional 1 hr. The

m xture was filtered then mashed dvﬂ<1 N NaOH (501L), then
ice-cold 0.1 N HC (50 nm), then aque us H2P , then saturated
brine. The organic solution was ed over anh ous 10 magnesi um

sulfate, then filtered. The fiItrate was evapo ed, and chromat ographed
on silica gel, eluting with ethyl acetate to afford Conpound (2.3) (1.87
g, 94%yield), C23H34N406, nass spec. (FAB) M+l = 463. 3.




Step B Conpound (2.5) BocHN 15 0 O Ph N k N_j_-CONMe2 H HCl- HZN @ &N RS
Nk 'k NCONMe2 H (2.4) (2.5) In essentially the same manner as

Pr epar awio/g/0Bxdnpl e 2, Step B, Conpound (2.5) was preparedusiHreparati ve
Exanple 8 20 Step A Conpound (3.1) .CH i Chz" "COOMe (3.01) Cbz " -COOWE
(3.1) In a flask were conbi ned N-Cbz-{pydroxyproline methyl ester

(avai l abl e from Bachem Bi osci ences, I|ncorporated, King of Prussia,
Pennsyl vani a), conmpound 10 JAN 2095 WD 02/08244 PCT/ USOL/ 22678 115
(3.01) (3.0 g), toluene (30 nL), and ethyl acetate (30 nL). The m xture
was stirred vigorously, and then a solution of NaBr/water (1.28 g /5
m-) was added. To this was addet 2 6, 6-tetranet hyl -1 - pi peri di nyl oxy
free radical (TEMPO, 17 ng, from h Chem cal s, M | waukee,

W sconsin). The stirred mxture was Eo/cool ed to 5C and t hen was added a

prepared sol ution of oxi d ﬁijffal Ly available bleach, Corox(r)
er

(18 nmL), NaHCOB (2.75 g) maeup 40

O

NH




m.] dropwi se over 0.5 hr. To this was added 2-propanol (0.2 ni). TPEJ&NTW5
organic |ayer was separated, and the aqueous |ayer extracted with et
acet at ewoli@s2Qr gani ¢ extracts were conbi ned, washed wi t BcPBFOHLHM
thiosulfate, then io saturated brine. The organic solution was dried over
anhydrous MgSO4, filtered, and evapo?gted the filtrate under vacuumto .

| eave a pale yellow gum suitable for ubsequent reactions (2.9 g, 97%
yield), Cl4HI5NGG (277.28), nass spec. (FAB) M1 = 278.1. Step B
Compound (3.2). 15 Cbz N~COOVe (3.2) COOWe Conmpound (3.1) from Step A
above (7.8 g) was dissolved in dichloronethane (100 nmL), and cooled to
15C. To this mxture was first added 20 1, 3-propanedithiol (3.1 nm),

foll owed by freshly distilled boron i fluoride etherate (3.7 nlL). The
m xture was stirred at room tenperat for 18 h. Wiile stirring
vigorously, a solution of K2CG8/water] (2 g / 30 nm)was carefully added,
foll owed by saturated NaHCO3 (10 nL) he organic | ayer was separated
fromthe aqueous |ayer (pH--7. 4) mashed with water (10 ni), then
brine. The organic 25 sol uffiton wasf rled“bver anhydrous MgSO4, filtered,
and evapor ated under vae Y d eowas chromat ogr aphed on silica
gel, eluting with toluene, 1 0ocJA 4 116 PCTI USQOL/ 22678
then a with a gradi ent of hexan O(213 1)“%0 afford a brown oi
(7.0 g, 68% yield), C 7H21 NO4S2 (367.48) spec. (FAB) M1 =368. 1.
St C Conpound (3.3) COOve Cbhbz 5 CO Owe (3 2) 3) A solution of
conpound (3.2) from Step B above (45 g) in acetonitrile (800 nL) at 20C
was treated with freshly distilled iodotrinmethylsilane (53 nL) at once.
The reaction was stirred for 30 min.,{'then poured into a freshly prepared
sol ution :




of di-t-butyl dicarbonate (107 g), ethyl ether (150 nL), and 1UJAN2W5
dii sopropylethylamne to (66.5 nL). The m xture stirred for 30 m n.

t hen wawovesised with hexane (2 x 500 nlL). Ethyl acetat epdfRQA;/M:

added to the |l ower acetonitrile layer, and then the |ayer was was ed
with 10% aqueous KH2PO4 (2 x 700 ni), zand brine. The filtrate was
evapor at ed under vacuumin a 25C water bath, taken up in fresh ethyl
acetate (1000 nL), and washed successively with 0.1 N HCQ, 0.1 N NaOH, 15
10% aqueous KH2P04, and brine. The organic solution was dried over
anhydrous MgSO4, filtered, and evaporated under vacuum The residue (66
g) was chromat ographed on silica gét¢t2 kg), eluting with hexane (2 L),
then Et20/hexane (55:45, 2 L), then 20 (2 L) to afford an orange gum
which slowy crystallized on standi (28 g, 69%yield), CL4H23NOUAS2
(333.46), mass spec. 20 (FAB) M+l = B34.1. Step D Conpound (3.4) n S
COOVe Boc COON (3.4) 10 JAN 2005 WO %/ 08244 PCT/ USOl / 22678 117 A

sol uti on of conpound (3. 3) ﬁﬁOﬁ]Stgp qgove (11 g) in dioxane (150 m)

at 20C was treated with 1 47 nL) and stirred for 30 h.
The m xture was concentra ed der a n1|n OC water bath to half
vol unme. The remai nder was dllut nL) extracted with
Et20 (2 x 200 nL). 5 The aqueous ayer th a% jfied to pH -4 with 12 N
HCl (3-4 nlL), extracted with ethyl acetate, washed with brine. The

organi c solution was dried over anhydrous MgSO4, filtered, and
evapor at ed under vacuumto | eave Cbnpound (3.4) (8.1 g, 78%, Cil3H21
N04S2 (319.44), mass spec. (FAB) 320.1. 10 Step E Conpound 13.51.

10 Sac . N COOMe HO -i-rN - COOwe ,é3 5) 15 To a solution of conpound
(3.3) fromStep C above (1 g} in d|o dne (5 m), was added 4 N

HCl - di oxane sol ution (50 :fi, The ur@,mas stirred vigorously

O

&p"uf Nﬁ



for 1 hr. The m xture was evaporated under vacuumin a 25C water b pqﬂszs
The residue was triturated with Et20, and filtered to |leave the t
conmpoungo(igf+g, 93% vyield), COHL5NO2S2HCI (269.81), nﬂ@ﬁu§mﬁggm(FAB)
Ml = 234.0. 20 Pre arative Exanple 9 Std Conpound (3.6) Cbz ' COOw
(3.1) Cbz N--",, COOME (3.6) 1 9 JAN 2995 WO 02/08244 PCT/ US01/22678 118
5 (3.6) COOw (3.7) COOwe Follow ng essentially the same procedure of
Preparative Exanple 8, Step C, substituting conpound (3.6) for conpound
(3.2), the product conpound (3.7) was obtained. Step C Conpound (3.8) 10
Boc' N--' 9% COOVe (3.7) Boc N-"COOH (3.8) Followi ng essentially the sane
procedure of Preparative Exanple 8, &btep D, substituting conpound (3.7)
for conpound (3.3) the product conpe&ﬂh (3.8) was obtained. 15 Step D
Compound (3.9) Boc'- COOwe HC -H | pwi ng essentially the sane
procedure of Preparative Exanple 8, Sfﬁp B, substituting ethane dithiol

for propane dithiol, conpouagd (%\/R_ S @ptalned Step B Conmpound (3.7).
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(3.7) (3.9) 10 JAN 2005 WD 02/08244 119 PCT/ U SO1 /22678 Fol | ow Ngt1 0 JAN 2009
essentially the sane procedure of Preparative Exanple 8, Step E,

subst i t WO wg8eBnmpound (3.7) for conpound (3.3) the produptT/osmpemzd (3. 9)
was obtai ned. Preparative Exanple 10 5 Step A Conmpound (4.1) n S, S HC1 +
H2N COOH H COOBut H (3.8) (1.4) OHH O%h N'A NOBut HO (4.1) 10 OH H.O
Ph O (4.1) (4.2) In essentially the same manner as Preparative Exanple 2,
Step B, Conmpound (4.2) was prepared mass spec. (FAB) M+l = 609.3. 15
Step C Conpound (4.3) In essentially the same manner as Preparative

Exanple 2, Step A, Conpound (4.1) was_prepared C33H48N409S2 (708. 89).
Step B Conpound (4.2) HOH H O Ph Ph N Y,~ N KNOBut N N CHN AN

OBut J)r H
. ci Nro
byt
at A
»



Ha OHCIH n 10 JAN 2005 WD 02/08244 PCT/U501122678 120 OH Ph N JFJAHZ@S
| boc-Chg-OH . lamOBUN-~r 9) (4. HCi! r, OHO (4.2) |boc-Chg
(4.3) Iwoarasniii al |y the sane manner as Preparative ExanptguRenb&p A
Compound (4.3) was prepared, C41 H81 N501 0S2 (708.89), nmass spec. (FAB)
Ml = 709.3. 5 Step D Conpound (4.4) -} essentially the sanme manner as
Preparative Exanple 7, Step A, Conpound (4.4) was prepared. 10
Preparative Exanple 11 Step A Conpound Conpound (4.5) OH O Ph H
NNNKNOBu# 10 JAN 21005 WO 02/ 08244 121 OH H O Ph

0
%ﬂ%@gﬁ@?ﬁ
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+ HG- HZN "COOH N N k COOBut H S PCT/USO 1122678 OH H O Ph N Aq DIGRN 1005
In essentially the sane manner as Preparative Conpound (4.5) wa

pr epar eO BM8tdp B. Conpound (4.6) OBu Boc-- Il J OH Ol(c4r/6301}2|3678
essentially the sane manner as Preparative Conpound (4.6) was prepared.
to Step C Conpound (4.7) OHHPh O Ht NOHO (4.5) Exanple 2, Step.
AL OHHIOIl Ph NJ..NOBut HO (4.6) Exanple 2, Step B, 10 JAN 7005 WO
02/ 08244 122 PCT/ USCOL/ 22678 0 Ph

B3 Q(ﬁd%



OHH HNNNItNOBut + Iboc-Chg-.CHHCI I-EO0 OHO (4.9) (4.6) N‘IUJAN?Uﬂﬁ
| boc-Chg if r Hp (4.7) Conpound (4.9) from Preparative Exanple 12, "Was

r eact edwa d2ug2fonpound (4.6) from Step B above, in essenpt@hjsyyizla same
manner as Preparative Exanple 2, Step A to afford Conpound (4.7}: 5
Step D. Conmpound (4.8) , HOH H O Ph E%H'-N OBU | OH O lboc-Chg (4.7).
In essentially the sane manner Conpounhd (4.8) was prepared. 10
Preparative Exanple 12 Conpound (4.9) i-BuOCCOCI + H Chg-OH (4.01) (4.02)
Ibo c-Ch g-OH (4.9) A solution of L-cyclohexylglycine (4.02) (1.0 eq.),

di mret hyl formam de (20 15 ni/g), and diisopropylethylamne (1.1 eq.) at

5Cis treated with isobutyl chl oroffq;@;ate (4.01) (1.1 eq.). The cold bath
is renoved and it is stirred for 6%{. OHO .8) as Preparative
0

Exanple 7, Step A, OPh O, INJN ut ¢ 0 o
N\)J\
o]
CH,
CH,

e sl o
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1 0 JAN 7005 WO 02/08244 PCT/US01/22678 123 The reaction mxture {g JaN 2005
poured into 5% aqueous KH2PO4 and extracted with ethyl acetate (2 x).
The con¥ih@@8dHgani cs are washed with col d 5% aqueous KA@BUSoiben 5%
aqueous KH2P04, then brine, and the organics are dried over anhydrous
MySO4. The m xture is filtered, the fydtrate evaporated under vacuum the
residue 5 chromatographed if necessary or else the residue triturated

wi th Et20-hexane, and filtered to |eave the title conpound (4.9),
C13H23N04 (257.33). Preparative Exanple 13 Conpound (13.1) 10 i-BuOCOC
+ HThr(Bzl)-OH ---~ I boc-Thr(Bzl)-OH (4.01) (13.02) (13.1) In
essentially the sanme manner as arative Exa 3 12, substituting L

O benzyl threo nine (13.02) (wWan T, J, Che Soc., Perkin Trans. 1,
(1997) No. 5, 621-624.) ig\gkc chahex i Ci 4..02) Conpound (13.1)
is prepared Cl6H23N05 (FE’»O . 36)0 Ssl's M+l = 310.2. 1s
Preparative Exanple 14 OPh"™10BUt °“cN.°J1. L2 /N Iboc-Chg f- OHO
| boc- Chg' (4.8) Conpound (4.8) from Preparative Exanple 11, Step D (1.0
g) was reacted wth a solution of anhydrous trifluoroacetic

aci d-di chl oronet hane (1:1, 50 m.) for 2 20 hr. The solution was diluted
with xylene (100 nL) and evaporated under vac The residue was

triturated with Et20, and filtere ocy eave title conpound (5.1)
(0.9 g), C37H53N509S2 (775%98), peic. ,, ( FA ,E\?th =776.5. Step B
Cormpound (5.2) 0 “—*’l\’ﬁ(”ﬁo 0;%0( o
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1 0 JAN 2005 WD 02/ 08244 PCT/ US01/ 22678 124 Q O Ph NONJOH C OH 0 AN 7005
| boc-Ghg (5.1) HHOPh 11 NH N2 OO (5.2) 51In essentially 1Re
sane nawiar/e8si4Preparative Exanple 2, Step A, Conpound por/ikemgd eact ed
with anmonia (0.5 M1, 4-di oxane solution), to obtain the title conpound
(5.2) C37H54N608S2 (774.99), nmass spegg (FAB) M+l 775.4. Preparative
Exanple 15 0 OPh VV OHHOPh ~~{{ " ~NNN.JINOHNN N J~NNWe2

| boc-Chg OH O lIboc-Chg OHO to (5.1) (5.3) A mxture of Compound (5.1)
from Preparative Exanple 14, Step A (0.15 g), N Ndinethylamne (0.12 nL
of 2 M THE solution), dinmethylformamde (10 nL), and PyBrOP coupling
reagent (0.11 g) was cooled to tlié,q diis pyl et hyl am ne (DI EA or

DI PEA, 0.12 nL) was added. Theo Fe was 1s s¢igred cold for 1 min.,
then stirred at roomterrp'akra{\&kk AN tion mxture was
poured into cold 5% aqueoussyH3P04§(5G niL) and exgracted with et hyl
acetate (2 x). The conbi ned organi cs werle washed with col d 5% aqgueous
K2COB8, then 5% aqueous KH2PO4, then brin® The organic solution was dried

5.
%rﬂ\%%ﬁu%i;




over anhydrous MgSO4= filtered, and evaporated under vacuum The r?PiﬂNggM
was 20 chromat ographed on silica gel, eluting with MeOH CH2CI 2 to affo
the titWe 02d8ddound (5.3), C39H58N608S2 (803.05), nmss SPERUS(IRABE M-1
=803.5. 10 JAN 2005 WD 02/08244 PCT/ USO 1/22678 125 Preparative Exanpl e
16 Step. A Conpound (6.2) H OCH2Ph |g4 OCH2Ph ;,e-'~0OCHPh O Iboc-Chg 5.
(6.1) 0 (6.2) OC H2Ph In essentially the same manner as Preparative
Exanple 2, Step A, Conpound (6.1) hydroxyproline benzyl ester

hydr ochl ori de was reacted with Conpound (4.9) from Preparative Exanple
12, to obtain the title conpound (6.2), 10 C25H36N206 (460.56), mass

spec. (FAB) Mtl = 461.2. Step B ound (6.3) H Iboc-chg io | boc-Ch9 +

| boc-Chg-OH 4.9) 15 (6.2) (6.3 es¢entially the sane manner as
Preparative Exanple 8, Conpou s. prepared, C25H34N206 (458.55),
mass spec. (FAB) M+l = 459. .jgt Conpaluin J4) 20 OCH2Ph 1 boc-Chqg |

| boc-Chg ' (6. 3) 9\%0 0 0

W&%é‘wg
Yiﬁi@%&%
\r‘oi?géz“ﬁ&i%"“ |
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(6.4) OH A mxture of Compound (6.3) fromStep B (1 g), 10% Pd/C (%UO\E\N'Z(QM
g), and EtOH (100 m-) was stirred under | atm H2 for 6 hr. The mxtu
was filweredszand 10 JAN 2005 WO 02/ 08244 126 PCTI USO 1/ g2 {8)eMmaper at ed
to dryness under vacuumto |l eave the title conpound (6.4) (0.77 gﬁ)
C18H28N206 (368.42) nmass spec. (FAB) Ml = 369.2. Preparative Exanple 17
Step A Conmpound (7.1) 50 Ph N, NH CONM2 I|boc-Chd A O(7.1) Conpound
(6.4) fromPreparative Exanple 16, Step C, was reacted with Conpound
(2.3) fromPreparative Exanple 6, Step B, in essentially the sane nmanner
as Preparative Exanmple 2, Step A, to afford Conpound (7.1), 10 C36H54N609
(714.85), nmass spec. (FAB) Mtl 715.9. Step npound (7.2) OH NH - X
J, N N CONMe2 N H Iboc-Chg ¥l) taoc- (7.2) Conpound (7.1)
was reacted in essentiall h/g nﬁ: ner a ehgrative 15 Exanple 7,
Step A to afford Conpound (%. CS0 O0 10. 3), mass spec. (FAB)

(
a
Mkl = 713.5. Step C Compound (7.3)

Yoi?gdfrﬁ*i%r*\
”\iﬁo“@qgr




10 JAN 2005 WD 02/08244 HO Ph N, fl, k (7.2) 127 | boc-Chg LUJAN?%5
PCT/ USOL/ 22678 Ph HI k CONMe2 (7.3) Conpound (7.2) from Step B above

was reawtel/8iessential ly the sane manner as Preparati vecExsiRhes8, Step
B, with 1,4-butanedithiol, to obtain the title compound (7.3),
CAOH60N608S2 (817.07), mass spec. (FAB) M+l = 817.5. s Using the

above- noted procedures, the conpounds in the attached Table 2 were
prepared. As a general note to all the Tables that are attached hereto as
well as to the Exanples and Schenes in this specification, any

open-ended nitrogen atomw th unfulfilled valence in the chem cal

structures in the Exanples and | es refers NH, or in the case of a
any 4 o qp ended oxygen atomw th
) |

term nal nitrogen, -NH2. Slml

unful filled valence in th dhl SN ct the Exanpl es and
Tables refers to -COH Sol i hasel Syt Red) eral procedure for solid-
hase coupling reactions. The synthesis S done in a reaction vessel

whi ch was constructed froma 15 pol ypropyl ene syringe cartridge fitted
with a polypropylene frit at the bottom The Fnoc-protected am no acids
wer e coupl ed under standard SO|Id phase techniques. Each reaction vessel

was | oaded with 100 ng of startlng anc- ber resin (approxi mately
0.03 mml ). The resin mas th 2 M |ons of DMF (2 tines).

The Fnoc protecting group r at 20 with 2 mL of a 20 %
v/ v solution of piperidine in, 20|n1n T e resin was washed with
2 mL portions of DMF (4 ti .cThe up?lng wa& done in DMF (2 nl),

using 0.1 mml of Fnoc-amn Cld 0!'1 mol of HATU[ O (7-

azabenzotriazol -1-yl)-1,1, 3, 3- tetranethyluronlun1h exaf| uorop hosp hate
j] and 0.2 mol of DI PEA (N, N-diisopropylethylam ne). After shaking for 2
h, the reaction 25 vessel\ was drained and the sin was washed with 2 nL
portions of DVF (4 10 JAN/ 2905




WO 02/ 08244 PCT/ USO /22678 128 tinmes). The coupling cycle was repegpeﬁm 2005
with the next Fnoc-am no acid or capping group. Ceneral procedure r
sol i d- pwaske/ofrds- Martin oxi dati on. The synthesi s was conglorsel 226752
reaction vessel which was constructed 5 from a pol ypropyl ene syringe
cartridge fitted with a polypropylenegirit at the bottom Resin-bound
hydr oxy conpound (approxi mately 0.03 mml) was treated wth a solution
of 0.12 mml of Dess-Martin periodinane and 0.12 nmol of t-BuOH in 2 nL
of DCM for 4 h. The resin was washed with 2 nL portions of a 20 %vlv
solution of iPrOHin DCM THF, a 50 %v/v solution of THE in water (4
tinmes), THE io0o (4 tines) and (4 t| nes) . JAN 2005 WO 02/ 08244 129
PCT/ USI ) 1/ 22678 Preparati ve Prel 2a i on of

N Froc-2', 3' - di rrethoxyphe c n upd ( |l CHO Ove OVe NMA KCNI
(NH4) ZCI)B ag. EtOH | ag. 90 901C FnocCSu ag.

Mﬁ%&%
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Ove 901 To a solution of potassiumcyanide (1.465 g, 22.5 rnnol ~ 2qusz5
ammoni um car bonate (5.045 g, 52.5 nmmmol ) in water (15 m-) was add a
sol uti orWoP2/08234 di net hoxybenzal dehye 901A (2.5 g, 15 mmplkx/isei/eishanol
(15 nL). The reaction mxture was heated at 40 *C for 24 h. The vol une
of the solution was reduced to 10 10 gk by evaporating under reduced
pressure. Concentrated hydrochloric acid (15 nL) was added and conpound
901 B was obtained as a white precipitate. Conmpound 901 B was i sol ated
by filtration (2.2 g, 9.3 mol ). Conpound 901 B was dissolved in 10 %

w w aqueous sodi um hydroxi de solution (15 m-) and the resulting

sol ution was heat ed under refl ux f;w 24 h. Co trated hydrochloric 15
aci d was added and the pH waspadj dsted to neut (pH 7). The resulting
sol ution containing conpduidl.90XCiwas &vapoRatled under reduced pressure.
The residue was dissolved in 9 Yum bi car bonat e sol uti on
(150 mL). 10 JAN 7905 WD 02/6%§2 /22678@ 130 The sol ution was
cooled to 0 Cin an ice bath‘!}d 1, 4-di oxane (30 nmL.) and a solution of
9-f]uorenyl met hyl succi nimdyl carbonate (2.7 g, 8 nmmol) in 1, 4-di oxane

(30 mL) was added at 0 C. The reaction mxture was allowed to warmto
room tenperature and was stirred atwroomte ature for 24 h.
1, 4-di oxane was s evapor at ed - uced pr ure. The aqueous sol ution
was washed with diethyl et%gi. ntent fat ed} hfdiechl ori ¢ acid was added
and the pH was adjusted mﬁ# cwayc . “agetate was added the
organic | ayer was washed w th water®agadcbrine.°The organic | ayer was
dried over anhydrous sodium sul fate.™ {Jhe solvent was evaporated under
reduced pressure to afford the desired to conpound 901 as a white foany
solid (3.44 g, 7.9 mol). M5 (LCV5- Electrospray) 434.1 WVHfi. Preparative
Exanple 19 Conpound (801 ? M i O 801A Fno i "Ove FnmocHN OH --- 0O N
_ %ﬁ
N\CH
[ @
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0O 80 LBO 80 CO 15 OH FnocHN- T _OH  OH 801 801D To a sol utions gfjaN 2005
N- Fnoc- phenyl al ani ne 801A (5 g, 12.9 mmol) in anhydrous DCM (22 nl?

cool ed \ggmﬁﬁ)ﬁ“ n a dry ice-acetone bath was added N- neﬁ@whgylpzrzpﬂsl di ne
(1.96 nL, 16.1 mol) and nethyl chloroformate (1.2 ni, 15. nmol )
sequentially. The reaction m xture vag stirred at -30C for 1 h and a 20 .
sol ution of N, G dinethyl hydroxyl am ne ?uydrochl oride (1.51 g, 15.5 nol)
and N- nethyl pyrrolidine (1.96 nL, 16.1 mol) in anhydrous DCM (8 nlL) was
added. The reaction m xture was allowed to warmto roomtenperature and
was stirred at 10 JAN 2005 WO 02/ 08244 PCT/ USO1122678 131 room
tenperature overni ght. Tol uene ~added and organi c | ayer was

washed with dilute hydrochl or| agueous q;aum bi carbonat e sol ution
and brine. The organic I@)E/P\Lf#;ga ver lamhydr ous sodi um sul fate.
The sol vent was evaporate educe pre S ré’“ato af f orded conpound
801 B (4 g, 9.29 5 mmol). %fo a sBlutigh df Red’Al (6.28 nL, 21.4 mmol)

i n anhydrous toluene (8 nL) cooled toe20C in a dry ice-acetone bath was
added a solution of conmpound 801 B (4 g, 9.29 mmol) in anhydrous tol uene

(12 m). The ' ' 4 =

organi c Iayeplééagamg#@ﬁgm{éyﬁawl&%%é 5‘?‘3‘8@89%%@6‘5 étlénr?né;rus ™S odi um
bi car bopharenascsuticaiby aecepthblensaltsTlith orgeic or ira;rganwmadsl,roreﬂgameror
anhydrous sodi um sulfate. The sqgl vent wa eva rat ed under reduced

pr essur BOEGRNIE Rases faxapples Rfisuigble agids 3lhfeormationact i on wi t hout
further hycﬂ‘%hloh‘éa%lgﬂﬂ'{c), Bﬂngﬁ&llélté&%'ﬁg O&trﬁzo {H?E@HH%, §$ﬂc o AHARE Ofimatic? 2

nmol ) i n“ hexane ( was 'a ron’ o otassiumcyanrde (24
my, 0. 3duduimit) astvtbic, maleic, methanesulfonic and other mineral and carboxylic

acids well known to those skilied in the art. For formation of salts with bases,
suitable bases are, for example, NaOH, KOH, NH,OH, tetraalkylammonium
10 hydroxide, and the like. ' 7

In another embodiment, this invention provides pharmaceutlcal
compositions comprising the inventive peptides as an active ingredient. The
pharmaceutical compositions generally additionally comprise a pharmaceutically
acceptable carrier diluent, excipient or carrier (collectively referred to herein as

15 carrier materials). Because of their HCV inhibitory activity, such pharmaceutical
compositions possess utility in treating hepatitis C and related disorders.

In yet another embodiment, the present invention discloses methods for
preparing pharmaceutical compositions comprising the inventive compounds as
an active ingredient. In the pharmaceutical compositions and methods of the

20  present invention, the active ingredients will typically be administered in admixture
with suitable carrier materials suitably selected with respect to the intended form
of administration, i.e. oral tablets, capsules (either solid-filled, semi-solid filled or
liquid filled), powders for constitution, oral gels, elixirs, dispersible granuies,
syrups, suspensions, and the like, and consistent with conventional

25  pharmaceutical practices. For example, for oral administration in the form of
tablets or capsules, the active drug component may be combined with any oral
non-toxic pharmaceutically acceptable inert carrier, such as lactose, starch,

sucrose, cellulose, magnesium stearate, dicalcium phosphate, caicium sulfate,



tetrabutyl ammoni umiodide (34 ng, 0.092 mol) in water (4 m.) and We}mrmgi
cyanohydrin (1.27 nL, 13.9 mmpl) sequentially. The reaction m xture was
stirredW2/8d9dm t enperature for 24 h. Ethyl acetate waspearidegdagd t he
organic |layer was washed with water and brine. The organic |ayer was
dried over anhydrous 20 sodium sul fat& The sol vent was evaporated under.
reduced pressure to afford conpound 801D (2.4 g, 6.03 mmol). To a

sol ution of conpound 801 D (2.4 g, 6.03 mmol) in 1,4-dioxane (11 M.) was
added concentrat ed hydrochloric acid (11 nL). The reaction m xture was

gggggd %gc ?ﬂe i3 ga%tﬁxp?%g@@y%@%@@@ﬂghévﬁﬁé@ﬁ MO%@?&%&"%@" atéifg\gjlor

anhydr otsedetlisultabRbihdéss, IUBRaned, \d%iﬁteg?ét rfiéj/é‘@@ﬁt%té?ﬁj SBIGRK ed
pressure to afford the desired corrpoun 801 as a white id (2 g,
4.8 molay alss be agorppeaied dsﬁmm)xtuzew’owdeﬂs apd mblmamaoné cmpﬁ)@é68244

152 SR R RO i e Db B 52
PCT/sUSGhtRi36 Barch, gelatin, natural sugars, com sweeteners, natural and synthetic
gums such as acacia, sodium alginate, carboxymethyicellulose, polyethylene
glycol and waxes. Among the lubricants there may be mentioned for use in these
dosage forms, boric acid, sodium benzoate, sodium acetate, sodium chloride, and
the like. Disintegrants include starch, methylcellulose, guar gum and the like.

10 Sweetening and flavoring agents and preservatives may also be included
where appropriate. Some of the terms noted above, namely disintegrants,
diluents, lubricants, binders and the like, are discussed in more detail below.

Additionally, the compositions of the present invention may be formulated
in sustained release form to provide the rate controlied release of any one or more

1s  of the components or active ingredients to optimize the therapeutic effects, i.e.
HCYV inhibitory activity and the like. Suitable dosage forms for sustained release
include layered tablets containing layers of varying disintegration rates or
controlled release polymeric matrices impregnated with the active components
and shaped in tablet form or capsules containing such impregnated or

20 encapsulated porous polymeric matrices.

Liquid form preparations include solutions, suspensions and emulsions. As
an example may be mentioned water or water-propylene glycol solutions for
parenteral injections or addition of sweeteners and pacifiers for oral solutions,
suspensions and emulsions. Liguid form preparations may also include solutions

25 for intranasal administration.

Aerosol preparations suitable for inhalation may include solutions and
solids in powder form, which may be in combination with a pharmaceutically
acceptable carrier such as inert compressed gas, e.g. nitrogen.

For preparing suppositories, a low melting wax such as a mixture of fatty

30 acid glycerides such as cocoa butter is first melted, and the active ingredient is



133 Exanple (30.1J): Schenme 8 Conpound (3013) Y_ 0 H CH3 NH2 (301J []JAN 7005
Resi n- bound conpound 301 B, 301 C, 301 D, 301 E, 301 F and 301 G

prepar edo @akefdi ng to the general procedure for solid- pﬁ@ﬁﬂsﬁ%@s’ ng
reactions started with 100 ng of Fnoc-Sieber resin (0.03

Resi n-bound conpound 301G was oxi di zeggt o resin-bound conpound 301 H
according to the general procedure for ?Lo sol i d- phase Dess-Martin
oxi dation. The resin-bound conpound 301H was treated with 4 nL of a 2 %
viv solution of TFAin DCMfor 5 min. The filtrate was added to | nL of
AcCH and the sol ution was concentrated by vacuum centrifugation to

provi de @SRBBEEN@Vageneourty theyeiry stiringl of) similgr MbaNg- Enemoltm)r ay)

771.2 hase t hesi s _techni gues iled above
and the tPORTRA% igrEls P IiiEed ibutE oldbl el Forss foweaes cod
corrpoundarqﬂ thereBYkalidify.t he conpounds in Table 3 were prepared. -W. 20
Y-W. 1 0 JAN 28%5 V\ny02/ 08244 PCT/ USO 1/ 22678 134 ,J,,olfA O5 10 F3C 15

Cl /,, 0y~ H3OMsoigpludedare solid form preparations which are mtended to be
5  converted, shortly before use, to liquid form preparations for either oral or
parenteral administration. Such liquid forms include solutions, suspensions and
emulsions.
The compounds of the invention may also be deliverabie transdermally.
The transdermal compositions may take the form of creams, lotions, aerosols
10 and/or emulsions and can be included in a transdermai patch of the matrix or
reservoir type as are conventional in the art for this purpose.
Preferably the compound is administered orally, mtravenously or
subcutaneously.
Preferably, the pharmaceutical preparation is in a unit dosage form. In such
15 form, the preparation is subdivided into suitably sized unit doses containing
appropriate quantities of the active components, e.g., an effective amount to
achieve the desired purpose.
The quantity of the inventive active composition in a unit dose of
preparation may be generally varied or adjusted from about 1.0 milligram to about
20 1,000 milligrams, preferably from about 1.0 to about 950 milligrams, more
preferably from about 1.0 to about 500 milligrams, and typically from about 1 to
about 250 milligrams, according to the particular application. The actual dosage
employed may be varied depending upon the patient's age, sex, weight and
severity of the condition being treated. Such techniques are well known to those
25  skilled in the art.
Generally, the human oral dosage form containing the active ingredients
can be administered 1 or 2 times per day. The amount and frequency of the
administration will be regulated according to the judgment of the attending

clinician. A generally recommended daily dosage regimen for oral administration
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may range from about 1.0 milligram to about 1,000 milligrams per day, in single or
divided doses.

Some useful terms are described below:

Capsuile - refers to a special container or enclosure made of methyl

5 cellulose, polyvinyl alcohols, or denatured gelatins or starch for holding or

containing compositions comprising the active ingredients. Hard shell capsules
are typically made of blends of relatively high gel strength bone and pork skin
gelatins. The capsule itself may contain small amounts of dyes, opaquing agents,
plasticizers and preservatives.

10 Tablet- refers to a compressed or molded solid dosage form containing the
active ingredients with suitable diluents. The tablet can be prepared by
compression of mixtures or granulations obtained by wet granuiation, dry
granulation or by compaction.

Oral gel- refers to the active ingredients dispersed or solubilized in a

15 hydrophilic semi-solid matrix.

Powder for constitution refers to powder blends containing the active
ingredients and suitable diluents which can be suspended in water or juices.

Diluent - refers to substances that usually make up the major portion of the
composition or dosage form. Suitable diluents include sugars such as lactose,

20 sucrose, mannitol and sorbitol; starches derived from wheat, comn, rice and potato;

' and celluloses such as microcrystalline cellulose. The amount of diluent in the |
composition can range from about 10 to about 90% by weight of the total
composition, preferably from about 25 to about 75%, more preferably from about
30 to about 60% by weight, even more preferably from about 12 to about 60%.

25 Disintegrant - refers to materials added to the compossition to help it break
apart (disintegrate) and release the medicaments. Suitable disintegrants include
starches; "cold water soluble” modified starches such as sodium carboxymethyl
starch; natural and synthetic gums such as locust bean, karaya, guar, tragacanth
and agar, cellulose derivatives such as methylcellulose and sodium

30 carboxymethylceftulose; microcrystalline celluloses and cross-linked
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microcrystalline celluloses such as sodium croscarmellose; alginates such as
alginic acid and sodium alginate; clays such as bentonites: and effervescent
mixtures. The amount of disintegrant in the composition can range from about 2 to
about 15% by weight of the composition, more preferably from about 4 to about

5 10% by weight.

Binder - refers to substances that bind or "glue” powders together and
make them cohesive by forming granules, thus serving as the "adhesive" in the
formulation. Binders add cohesive strength already available in the diluent or
bulking agent. Suitable binders include sugars such as sucrose; starches derived

10 from wheat, corn rice and potato; natural gums such as acacia, gelatin and
tragacanth; derivatives of seaweed such as alginic acid, sodium alginate and
ammonium calcium alginate; cellulosic materials such as methylcellulose and
sodium carboxymethylcellulose and hydroxypropylmethylcellulose;
polyvinylpyrrolidone; and inorganics such as magnesium aluminum silicate. The

15 amount of binder in the composition can range from about 2 to about 20% by
weight of the composition, more preferably from about 3 to about 10% by weight,
even more preferably from about 3 to about 6% by weight.

Lubricant - refers to a substance added to the dosage form to enable the
tablet, granules, etc. after it has been compressed, to release from the mold or die

20 by reducing friction or wear. Suitabie lubricants include metaltic stearates such as
magnesium étearate, calcium stearate or potassium stearate; stearic acid; high
melting point waxes; and water solubie lubricants such as sodium chloride,
sodium benzoate, sodium acetate, sodium oleate, polyethylene glycols and d'l-
leucine. Lubricants are usually added at the very last step before compression,

25  since they must be present on the surfaces of the granules and in between them
and the parts of the tablet press. The amount of iubricant in the composition can
range from about 0.2 to about 5% by weight of the composition, preferably from
about 0.5 to about 2%, more preferably from about 0.3 to about 1.5% by weight.

Glident - material that prevents caking and improve the flow characteristics

30 of granulations, so that flow is smooth and uniform. Suitable glidents include
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silicon dioxide and talc. The amount of glident in the composition can range from
about 0.1% to about 5% by weight of the total composition, preferably from about
0.5 to about 2% by weight.
Coloring agents - excipients that provide coloration to the composition or
5 the dosage form. Such excipients can include food grade dyes and food grade
dyes adsorbed onto a suitable adsorbent such as clay or aluminum oxide. The
amount of the coloring agent can vary from about 0.1 to about 5% by weight of the
composition, preferably from about 0.1 to about 1%.
Bioavailability - refers to the rate and extent to which the active drug
10 ingredient or therapeutic moiety is absorbed into the systemic circulation from an
administered dosage form as compared to a standard or control.

Conventional methods for preparing tablets are known. Such methods
include dry methods such as direct compression and compression of granuiation
produced by compaction, or wet methods or other special procedures.

15 Conventional methods for making other forms for administration such as, for
example, capsules, suppositories and the like are also well known.

Another embodiment of the invention discloses the use of the
pharmaceutical compositions disclosed above for treatment of diseases such as,
for example, hepatitis C and the like. The method comprises administering a

20 therapeutically effective amount of the inventive pharmaceutical composition to a
patient having such a disease or diseases and in need of such a treatment.

In yet another embodiment, the compounds of the invention may be used
for the treatment of HCV in humans in monotherapy mode or in a combination
therapy (e.g., dual combination, triple combination etc.) mode such as, for

25 example, in combination with antiviral and/or immunomodulatory agents.
Examples of such antiviral and/or immunomodulatory agents include Ribavirin
(from Schering-Plough Corporation, Madison, New Jersey) and Levovirin™ (from
ICN Pharmaceuticals, Costa Mesa, California), VP 50406™ (from Viropharma,
Incorporated, Exton, Pennsylvania), ISIS 14803™ (from ISIS Pharmaceuticals,

30 Carlsbad, California), Heptazyme™ (from Ribozyme Pharmaceuticals, Boulder,
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Colorado), VX 497™ (from Vertex Pharmaceuticals, Cambridge, Massachusetts),
Thymosin™ (from SciClone Pharmaceuticals, San Mateo, California),
Maxamine™ (Maxim Pharmaceuticals, San Diego, Califomia), mycophenolate
mofetil (from Hoffman-LaRoche, Nutley, New Jersey), interferon (such as, for

5 example, interferon-alpha, PEG-interferon alpha conjugates) and the like. "PEG-
interferon alpha conjugates" are interferon alpha molecules covalently attached to
a PEG molecule. lllustrative PEG-interferon alpha conjugates include interferon
alpha-2a (Roferon™, from Hoffman La-Roche, Nutley, New Jersey) in the form of
pegylated interferon alpha-2a (e.g., as sold under the trade name Pegasys™),

10 interferon alpha-2b (Intron™, from Schering-Plough Corporation) in the form of
pegylated interferon alpha-2b (e.g., as sold under the trade name PEG-Intron™),
interferon alpha-2¢ (Berofor Alpha™, from Boehringer Ingetheim, Ingelheim,
Germany) or consensus interferon as defined by determination of a consensus
sequence of naturally occurring interferon alphas (Infergen™, from Amgen,

15 Thousand Oaks, California).

As stated earlier, the invention includes tautomers, rotamers, enantiomers
and other stereoisomers of the inventive compounds also. Thus, as one skilled in
the art appreciates, some of the inventive compounds may exist in suitable
isomeric forms. Such variations are contemplated to be within the scope of the

20 invention.

Another embodiment of the invention discloses a method of making the
compounds disclosed herein. The compounds may be prepared by several
techniques known in the art. Representative illustrative procedures are outlined in
the following reaction schemes. It is to be understood that while the following

25 illustrative schemes describe the preparation of a few representative inventive
compounds, suitable substitution of any of both the natural and unnatural amino
acids will result in the formation of the desired compounds based on such
substitution. Such variations are contemplated to be within the scope of the

invention.
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Abbreviations which are used in the descriptions of the schemes,

preparations and the examples that follow are:
THF: Tetrahydrofuran

DMF: N,N-Dimethylformamide

EtOAc: Ethyl acetate

AcOH: Acetic acid

HOOBt: 3-Hydroxy-1,2,3-benzotriazin-4(3H)-one
EDCI: 1-(3-dimethylaminopropyl}-3-ethylcarbodiimide hydrochloride
NMM: N-Methylmorpholine

ADDP: 1,1'-(Azodicarbobyl)dipiperidine

DEAD: Diethylazodicarboxylate

MeOH: Methanol

EtOH: Ethanol

Et20: Diethyl ether

DMSO: Dimethylsulfoxide

HOBt: N-Hydroxybenzotriazole

PyBrOP: Bromo-tris-pyrrolidinophosphonium hexafluorophosphate
DCM: Dichioromethane

DCC: 1,3-Dicyclohexylcarbodiimide

TEMPO: 2,2,6,6-Tetramethyi-1-piperidinyloxy
Phg: Phenylglycine

Chg: Cyclohexylgiycine

Bn: Benzyl

Bzl: Benzyi

Et: Ethyl

Ph: Pheny!

iBac: isabutoxycarbonyl

iPr: isopropyl

'Bu or Bu": tert-Butyl

Boc: tert-Butyloxycarbonyl

ﬁﬂ%@li



C alf Lco ~vovBvoNB abpsq-~-~y,CDpfL," aB CFFEEELBETUUS
FL O F B" 10 JAN 2005 WD 02/ 08244 PCT/ USOL/ 22678 144 STRUCTUREKI’

CLASS Fwolihie2 O p ~ F PCT/US01/22678

04

Cbz: Benzyloxycarbonyl
Cp: Cylcopentyldienyl
Ts: p-toluenesulfonyi
Me: Methyl
5 HATU: O«(7-azabenzotriazol-1-yl}-1,1,3,3-tetramethyluronium
hexafluorophosphate
DMAP: 4-N,N-Dimethylaminopyridine
Bop: Benzotriazol-1-yl-oxy-tris(dimethylamino)hexafluorophosphate
General Preparative Schemes:
10 The following schemes describe the methods of synthesis of intermediate

building blocks:
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SCHEME 1
HC HNPhg-COORY
12
cooH  HOOB \
Bo Nd e |
o} NVIV Y
11
BodH N\)ktjfoooaj
7
%1 mny
Hol H
Q,CHCOH ﬁ
DMSO g N‘)]\ oooBd
pCce 0 H
Y 14
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SCHEME 2

HC! HoN-Phg-NMes

o 2.1 \
BocH NH_-COQH
o
H H
1.1 BocH
CONMe, dloxane
1hr.
CLCHCOH (1% N\/ﬁ\ Nj\
DMSO 2 CONMe,
DCC ) H
2.3
0
© H, CONMe ,
uuujm_,. o} H
2.4 dioxane
7 min 25
SCHEME 3
OH NaOCl R M
; NaBr HS SH S
TEMPO BF 4Et,0
Cbz”" COOMe Cbz” ~COOMe cpz” N TCOOMe
3.1 3.2
1. TMSI (3 eq), 30 min
2. Boc,O (deq)/
(i-Pr), NEt (3.1eq) /
THF, 20 min
Y
‘/\‘s < HCl s _LoOH I/ﬁs
dioxane ? ] dioxane-H,0

gM@N‘ 3005

PCT/US0O1/22678
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SCHEME 4
)
g\g H O Ph ((\)“

Hol  OH Ph
e N\)L A HOOBt OH y
—?NI(OH 2 ‘J/’jof cooB! ——'LEDC, ?(,LN N ij,oau‘
Boc 0 1 H O

NMM  Boc
n=1:3.8 A
2:3.4
. HCI
S
S OH O Ph
H H
?N(;L"N NJ-LNJ\“OBut
HCIH & 0 H o n
n=ti42 HOOB (('\
= 2:4.6 EDCI OH, O Ph
H
NMM NJLNJ\H,OBJ
iboc+ Chg H o
n= 1 43 '
FBUOCOC! + H-Chg-OH B;:E Iboc-Chg-OH =247

4.9 r(.\)n Moffatt oxidation

0 O
H
S?i“N NJLN»HTOBu'
iboc-Chg” O H
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SCHEME 5

() ()

S

o) Q Ph S O Ph
H H , CF3COOH H 9 H
N N\/U‘N’L;roeu it o o~ N\/[LNJ\H,OH
Iboc- Chg 0 H o tboc-Chg” O o) H o
4.8 51
NH3
ROOBt
EDCI
S(\‘S
b0 oy O Ph
N NJLNJ\ITNHZ
tboc-Chg” 0 o H o
5.3
5 SCHEME 6
o)
O IBoc-Chg-OH
___,...;-0 N7 \rOCH;Ph
|b0 - 1
G-Chg O 6.2
6.1 NaOCI
NaBr
0O TEMPO 0
H2
B ——
ZJ\TOCHzph Pd/C ROH
lbocChg O lbbocChg O

6.3 6.4
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SCHEME 7
© HCI H
ROH Z{J)\g \)LN CONMe, ~EDCI
lboc-Ch§ @ NMM
(7.1) #3)
lboc-Chg™ P/’\( CONMe,
Q
Moffatt (7.2)
oxidation
0
Ph
H O H @ SH SH
'RN N\)'\N/k CoNMe, | BFoERO
lboc-Chg o O H
(7.3)
Ph
N\/IL L

iboc- Chg 0
(7.4)
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SCHEME 8
o o
BOP, NMM BocHN 0 LiAlH
BocHN\l/lLOH N NTCHy, ¢
& CHzONHCH. HCI R CH,
o OH
BocHN\')LH (CHy)2C(CH)CN BocHN% oy AcCl CHOH
e i ——— -
R Et,N R
- 1. Boc,0 NH,CI, EDCI
C[H:’N\I/J\COOCH;; L20wD BOCHN\I/'\COOH ’
! 2. LiOH, R ~ Hoost
THF/H,0
, OH
OH 4M HCl/Dioxane  CIH N
BocHN —_—i CONH2
R

~ o= o
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SCHEME 9
0 1. KOt-B 1
. KOt-Bu
p ’ Ph N
h\l//N\)kocsz —_— hid \ﬁLOCsz
Ph Br” R Ph
R
O O
1. aq HCI, EbO  BocHN LiOH, BocHN
_— OC,Hy ————— OH
2. Bog,0 THF/H,0
R R
same as
Scheme 8 HE OH
B LHN CONH,
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R
=L Ny 1k
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SCHEME 10
- (BOC)20 CHCI3
& DMAP FL NaOH(50%)
I‘l\l CO,H Et.N N C(OytBu -
1
Boc SN L. Et;NBnCl
ENgEe! cl_c
i’l CF3C02H __\‘Tr,_ HC
l}] CO;tBu CHzCIp_ QCOZH MeCH
Boc H "CF,CO:H
CI\V/CI
BocHN.__.CO.H HATU . &co Me
SN 2 iPr,NEt N 2
= — BocHN \/&O
DMF :
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@
3
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H HCI O
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SCHEME 11

O £N> . ms 4A° Q\WOCHs =<,C|
OCH H
N 3 A, ©

/1% o 0 0 Nal, K2003
o
o HO.
CH N / Et,0 / MeOH
1N LiOH / dioxane o NaBH(OAc) y e 2‘/
N
/K 0 \

1S

C;%

%OM@ Hy - 10% Pd /C
BF3 . MEZO { CHzC]g
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SCHEME 12
+
CO-Me Mel, THF o COsile CO.Me
0" N 2 0, on0 N 0" °N 2
BOc -78 20°C BOc BOc
CO,Me ) "
O“ "N 2 b) EtsSiH, BF; ‘OEt N~ CO:Me
BOc ) EtsSiH, BF5 O BOc
KOH h
MEOH. Hzo CO,H
40°C, 16h Ne
S ‘
SCHEME 13
Boc;O MCPBA
HoNe_~sMe —— BocNH. .~ SMe =N, oo -
tBocN q A4M Hel HCLHaN._~
H\/\ﬁ_Me —_—— ﬁ_Me

10 O dioxane
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SCHEME 14
CH3CgH 4 SO5CI (BOC)zNH
HO_~Z -~ TSO_~zZ
DMAP/Base Cs,C04
Lil
Acetone
Boc.. 4M HCI
O N ~FZ HCLH NN~
5 Boc dioxane
SCHEME 15
10
O 0
Jj\ /\/U\ DCC, DMAP
O° N OH + [ ?{\ -
©/\ H on CH,Cl,
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H,, 10% Pd/C

O O
ag. 10% HC|,
©/\O)LH/\/LO>O .

Isopropanol

0
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SCHEME 16
OAc O
O H H
0 H CNCHCO,CH3 XO\H/N N\)J\OME
Yy H -
>r 5 0 0
CH3CO,H, CH,Cl,
OH 0
H H
LiOH, THF >|,O\",N N\)\OH
- (0] 0]
X
HCLH,N™ "CONMe,
1. HOOBt, EDCI
NMM, DMF OH y O 0
~  HCLH,N N\/U\N N._
2. 4N HCI, dioxane 0 H )
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SCHEME 17
o CO,Et
I
{Et0),P(O)CH,CO,EL Hy
- ——— et
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Q ©
L o 0
COsEt COsH
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N3y,
N)]\O ’ N)LO
L/ KHMDS \/ HCO,H
N oyl ot \
Ph trisyl azide Ph
O 0 O 0
J /
Ns., JI\ N3, J‘L Nas,, ~COoH
T "N "0  DAST N O  30%H,0,
/S — |
é g LiOH
N \
Ph Ph
O
Ni., .CO,Me --HzN,, _CO,Me
CH,N, H,, 10 %Pd/C
HCO,H
F°F FFF

BocHN,, .CO.H
1). (BOC)gO, lperEt

2). LiOH

SCHEME 18
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H
N/t COzH le' COLH
Me,GHCH,CHO \]/\’ 2" nBuNOH

[

EtzN, NaBH;CN (Boc),0
I|30C \/
Y\/ N/.«, COzH & HATU
+ ———t e e
Qﬁ iPrNEt
H OH

\/
Boc Qﬁ Boc Q‘COZH
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ﬁ/\/‘[‘\l,’_ OH 9 - \!/\/N/,‘ 5

O

SCHEME 19 .
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SCHEME 20
0
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Preparation of Intermediates:

Preparative Example 1
Step A: Compound (1.1)

OH OH 8]
OH
BocHN BocHN N\/lL o ph
O O
5 (1.08) (1.09)

To a stirred solution of Compound (1.08)(3.00 g, 12.0 mma! (S. L.
Harbeson et al. J.Med.Chem. 37 No.18 (1994) 2918-2929} in DMF (15 mL) and
CH2Cl2 (15 mL) at -20°C was added HOOBt (1.97 g, 12.0 mmol), N-methyl
10 morpholine (4.0 mL, 36.0 mmol) and EDCI (2.79 g, 14.5 mmol) and stirred for 10
minutes, followed by addition of HCI-H2N-Gly-OBn (2.56 g, 13.0 mmol). The

resulting solution was stirred at -20°C for 2 hrs, kept refrigerated overnight and
then concentrated to dryness, followed by dilution with EtOAc (150 mL). The
EtOAc solution was then washed twice with saturated NaHCQO3, H,0, 5%

15 H3PO4, brine, dried over Na2S04, filtered and concentrated to dryness to give

the Compound (1.09) (4.5 g, 94%). LRMS m/z MH*= 395.1.

Step B: Compound (1.1)
0
OH H 0] OH H
BocHN N\/H\O/\Ph . BocHN N OH
o | s}

(1.09) (.1)

20
A solution of Compound (1.09) (7.00 g, 17.8 mmol) in absolute ethanol

(300 mL) was stirred at room temperature under a hydrogen atmosphere in the
presence of Pd-C (300 mg, 10%). The reaction progress was monitored by flc.

After 2 h, the mixture was filtered through a celite pad and the resulting solution
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was concentrated in vacuo to give Compound (1.1) (5.40 g, quantitative). LRMS

m/z MH*= 305.1.

Preparative Example 2

Step A Compound (1.3)
oy § Ph OH y @ Ph
N
BocHN OH + HZN"\COOB‘ —> BochN \)L coosu!
0 o i
(1.1) (1.2) (1.3)

A mixture of Compound (1.1) from Preparative Example 1, Step B above (1
eq.}, Compound (1.2) ( from Novabiochem, Catalog No. 04-12-5147) (1.03 eq.),
HOOBt (1.03 eq.), N-methylmorpholine (2.2 eq.), and dimethylformamide (70
ml./g) was stirred at -20°C. EDCI (1.04 eq.) was added and the reaction stirred
for 48 hr. The reaction mixture was poured into 5% aqueous KH2PO4 and
extracted with ethyl acetate (2 x). The combined organics were washed with cold
5% aquecus K2CO3, then 5% aqueous KH2PO4, then brine, and the organic

layer was dried over anhydrous MgSQ04. The mixture was filtered, then

evaporated and the filtrate dried under vacuum, the residue was triturated with
Et20-hexane, and filtered to leave the title compound (1.3)(86% yield),

Co2sH3gN307 (493.60), mass spec. (FAB) M+1 =484 3.
Step B Compound (1.4)

O Ph

Ph
OHH O HCt OH H
N
8]

o)
(1.3} (1.4)
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Compound (1.3) from Preparative Example 2, Step A (3.0 g) was treated
with 4 N HCl/dioxane (36 mL) and stirred at room temperature for 7 min. The
mixture was poured into 1.5 L cold (5°C) hexane and stirred, then allowed to set
cold for 0.5 hr. The mixture was suction-filtered in a dry atmosphere, and the

5  collected solid was further dried to afford the title compound (1.4) (2.3 g, 88%
yield), C20H31N305-HCI, H' NMR (DMSO-dg/NaOD) & 7.38 (m, 5H), 5.25 (m,
1H), 4.3-4.1 (m, tH), 3.8 (m, 2H), 3.4-3.3 {m, obscured by D20), 1.7-1.1 (m, 4H),
1.35 (s, 9H), 0.83 (m, 3H).

Preparative Example 3

10  Compound (1.5)

Ph 0 0 Ph

OH H @
N .
o O

{1.3) (1.5)
Compound (1.3) from Preparative Example 2, Step A, was treated in
essentially the same manner as in Preparative Example 7, Step A below to afford
15 Compound (1.5).
Preparative Example 4
Compound (1.6)

o y ¢ 0 HCI © o Ph

H
BOCHNP)L(’:!/N\)I\;}I'/'\CooBui H2N N\)L”/'\COOBU'
O

(1.5) (1.6)
20 Compound (1.5) from Preparative Example 3, was treated in essentially the
same manner as in Preparative Example 2, Step B, to afford Compound (1.6).

Preparative Example 5

Step A Compound (2.09)




F[f NOp poo F~O DOOCFF/ 7~ IEf H/'""+ HC ~\ OO@QJ@?W
JAN 2005 WO 02/ 08244 PCTJUSQO /22678 165 STRUCTUREKI * CLASS N o O

DH \ doWMpsksO0 n COC PCT/USD1/22678
112
on i
BocHN BocHN “CHy
0 o}
(2.08) {2.09)

To a solution of dimethylamine hydrochloride (1.61 g, 19.7 mmoi), N-Boc-
phenylglycine, Compound {2.08)(4.50 g, 17.9 mmol, Bachem Co. # A-2225),

5 HOOBIt (3.07 g, 18.8 mmol) and EDCI (4.12 g, 21.5 mmol) in anhydrous DMF
(200 mL) and CH2ClI2 (150 mL) at -20°C was added NMM {5.90 mL, 53.7 mmol).
After being stirred at this temperature for 30 min, the reaction mixture was kept in
a freezer overnight (18 h}. It was then allowed fo warm to rt, and EtQAc ( 450 mL),
brine (100 mL) and 5% H3PO4 (100 mL) were added. After the layers were

10  separated, the organic layer was washed with 5% H3PO4-7(1 00 mL), saturated

aqueous sodium bicarbonate solution (2 X 160 mL), water (150 mL), and brine
(150 mL)}, dried (MgSQ4), filtered and concentrated in vacuo to afford Compound

(2.09) (4.86 g) as a white solid, which was used without further purification.

Step B Compound (2.1}
i5
EH"‘ —_— HC §Hs
BocHN “CHs HaN N‘CHa
0
(2.09) (2.1)

Compound (2.09) from Preparative Example 5, Step A (4.70 g, crude) was
dissolved in 4 N HCI {60 mL, 240 mmol) and the resulting solution was stirred at
20 room temperature. The progress of the reaction was monitored by TLC. After 4 h,

the solution was concentrated in vacuo to yield Compound (2.1) as a white solid

which was used in the next reaction without further purification. LRMS m/z MH*=
179.0.
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Preparative Example 6
Step A Compound (2.2)
OH H O Ph OH H [ @] Ph
N HCl
BOCH“P)\“’ Aon HoN™ “CONMe, — BmHNﬂN N/,\CONMez
H
's) 0
5 (1.1) (2.1) (2.2)

10

15

20

In essentially the same manner as Preparative Example 2, Step A.
substituting phenylglycine N,N-dimethylamide hydrochloride in place of
phenylglycine -butyl ester hydrochloride, Compound (2.2) was prepared
mass spec. (FAB) M+1 = 465.3.

Step B Compound (2.3)
Ph Ph
oH py @ Ho OH H §
BocHN N ﬁ/LCONMez — HN N\)Lnicomvue2
0 0
(2.2) (2.3)

Compound (2.2) from Step A (1.85 g) was reacted with 4 N HCl/dioxane
(50 mL} at room temperature for 1 hr. The mixture was evaporated under vacuum
in a 20°C water bath, triturated under isopropyl ether, filtered, and dried to afford
Compound (2.3) (1.57 g, 98% yield), C18H28N404-HCI, mass spec. (FAB) M+1 =

-365.3

Preparative Example 7
Step A Compound (2.4)

Ph o

OH O o) Ph
H H
NG L 4
BocHN N CONMEZ - BOCHN‘f‘\"f \/ILE/LCONMEZ
Q

H
0
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(2.2) (2.4)

A solution of Compound (2.2) from Preparative Example 5, Step A (2.0 g) in
dichioromethane (60 mL) was treated with dimethylsulfoxide (3.0 mL) and 2,2-
dichloroacetic acid (0.70 mL). The stirred mixture was cooled to 5°C and then
added 1 M dicyclohexylcarbodiimide/ dichloromethane solution (8.5 mL). The cold
bath was removed and the mixture stirred for 22 hr. Then added 2-propanol (0.5
mL), and stirred for an additional 1 hr. The mixture was filtered then washed with
ice-cold 0.1 N NaOH (50mL), then ice-cold 0.1 N HCI {50 mL), then 5% aqueous
KH2PO4, then saturated brine. The organic solution was dried over anhydrous
magnesium sulfate, then filtered. The filtrate was evaporated, and
chromatographed on silica gel, eluting with ethyl acetate to afford Compound (2.3)
(1.87 g, 94% vyield), C23H34N40g¢ , mass spec. (FAB) M+1 = 463.3.

Step B Compound (2.5)

Ph HCL- o H © /th

o 1 §
N
BocHN;)k“/N NJ\CONMez —_— Hz“ﬁ N~ “CONMe,
H H
O 0
(2.5)

(2.4)

In essentially the same manner as Preparative Example 2, Step B,
Compound (2.5) was prepared.

Preparative Example 8
Step A Compound {3.1)

COOMe COOMe
(3.01) (3.1)
in a flask were combined N-Cbz-hydroxyproline methyl ester (available from

Bachem Biosciences, Incorporated, King of Prussia, Pennsylvania), compound
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(3.01) (3.0 g), toluene (30 mL), and ethyl acetate (30 mL). The mixture was
stirred vigorously, and then a solution of NaBr/water (1.28 g /5 mL) was added.
To this was added 2,2,6,6-tetramethyl-1-piperidinyloxy free radical (TEMPO, 17
mg, from Aldrich Chemicals, Milwaukee, Wisconsin). The stirred mixture was
cooled fo 5°C and then was added a prepared solution of oxidant [commercially
availabte bleach, Clorox® (18 mL), NaHCO3 (2.75 g) and water to make up 40
mL] dropwise over 0.5 hr. To this was added 2-propanol (0.2 mL). The organic
layer was separated, and the aqueous layer extracted with ethyl acetate. The
organic extracts were combined, washed with 2% sodium thiosulfate, then
saturated brine. The organic solution was dried over anhydrous MgSO4, filtered,
and evaporated the filtrate under vacuum to leave a pale yellow gum suitable for
subsequent reactions (2.9 g, 97% yield), C14H15NO5 (277.28), mass spec. (FAB)
M+1=278.1.

Step B Compound (3.2).
o M)
d
Cbz/N COOMe CbZ/N COOMe

(3.1) (3.2)

Compound (3.1) from Step A above (7.8 g) was dissolved in
dichloromethane (100 mL), and cooled to 15°C. To this mixture was first added
1,3-propanedithiol (3.1 mL), followed by freshly distilled boron trifluoride etherate
(3.7 mL). The mixture was stirred at room temperature for 18 h. While stirring
vigorously, a solution of K2CO3/water (2 g / 30 mL)was carefully added, foliowed
by saturated NaHCQ3 {10 mL). The organic layer was separated from the
aqueous layer (pH ~7.4), washed with water (10 mL), then brine. The organic
solution was dried over anhydrous MgSQO4, filtered, and evaporated under

vacuum. The residue was chromatographed on silica gel, eluting with toluene,
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then a with a gradient of hexane-Et20 (2:3 to 0:1) to afford a brown oit (7.0 g, 68%
yield), C17H21N04S2 (367.48), mass spec. (FAB) M+1 =368.1.
Step C Compound (3.3)

M M
ol a
Coz”" COOMe Boc” N YCOOMe
p (3.2) (3.3)

A solution of compound (3.2) from Step B above (45 g) in acetonitrile (800
mL) at 20°C was treated with freshly distifled iodotrimethylsilane (53 mL) at once.
The reaction was stirred for 30 min., then poured into a freshly prepared solution
of di-t-butyldicarbonate (107 g), ethyl ether (150 mL), and diisopropylethylamine
10 (66.5 mL). The mixture stirred for 30 min. more then was washed with hexane (2
x 500 mL). Ethyi acetate (1000 mL) was added to the lower acetonitrile layer, and
then the layer was washed with 10% aqueous KH2PO4 (2 x 700 mL), and brine.
The filtrate was evaporated under vacuum in a 25°C water bath, taken up in fresh
ethyl acetate (1000 mL), and washed successively with 0.1 N HCI, 0.1 N NaOH,
15 10% aqueous KH2PO4, and brine. The organic solution was dried over

anhydrous MgSQ4, filtered, and evaporated under vacuum. The residue (66 g)

was chromatographed on silica gel (2 kg), eluting with hexane (2 L), then
EtoO/hexane (55:45, 2 L}, then Et20 (2 L) to afford an orange gum which slowty

' crystallized on standing (28 g, 69% vyield), C14H23N04S2 (333.46), mass spec.
20 - (FAB) M+1 = 334.1.
Step D Compound (3.4

M

(M)
oS 61
y
Boe N YCOOMe Boe ¥ COOH
(3.3) (34)
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A solution of compound (3.3) from Step C above (11 g) in dioxane (150 mL)
at 20°C was treated with 1N agueous LiOH (47 mL) and stirred for 30 h. The
mixture was concentrated under vacuum in a 30°C water bath to half volume. The
remainder was diluted with water (300 mL), extracted with Etp0 (2 x 200 mL).

The aqueous layer was acidified to pH ~4 with 12 N HCI (3-4 mL), extracted with
ethyl acetate, and washed with brine. The organic solution was dried over

anhydrous MgS04, filtered, and evaporated under vacuum to leave Compound
(3.4) (8.1 g, 78%), C13H21NO4S2 (319.44), mass spec. (FAB) M+1 = 320.1.

Step E Compound (3.5).
M M
—_—
Boc” COOMe HCLH COOMe
(3.3) (3.5)

To a solution of compound (3.3} from Step C above (1 g} in dioxane {5 mL),
was added 4 N HCl-dioxane solution (50 mL). The mixture was stirred vigorously
for 1 hr. The mixture was evaporated under vacuum in a 25°C water bath. The
residue was triturated with Et,0, and filtered to leave the titie compound (0.76 g,
93% vield), CogH15N02S2-HCI (269.81), mass spec. (FAB) M+1 = 234.0.

Preparative Example 9

Step A Compound (3.6)

0 ]

& 9
ol
N N—"~coOMe

Cbz” COOMe _—
(3.1) (3.6)
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Following essentially the same procedure of Preparative Example 8, Step
B, substituting ethane dithiol for propane dithiof, compound (3.6) was obtained.

Step B Compound (3.7).
S-S 5.8
21 — 21
Cbz/N COOMe Boc” N COOMe

s (3.6) (3.7)
Following essentially the same procedure of Preparative Example 8, Step C,
substituting compound (3.6) for compound (3.2), the product compound (3.7) was
obtained.

Step C Compound (3.8)

10

—_—
N
Bocr N ~COOMe Boc” COOH
(3.7) (3.8)

Following essentially the same procedure of Preparative Example 8, Step
D, substituting compound (3.7) for compound (3.3) the product compound (3.8)
was obtained.

15 StepD Compound (3.9)
S-S S-_S
ol - {0
N
Boc” L TCOOMe HCI L COOMe

(3.7} (3.9)
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Following essentially the same procedure of Preparative Example 8, Step
E, substituting compound (3.7) for compound (3.3) the product compound (3.9)

was obtained,

Preparative Example 10

5 Step A Compound (4.1}

]

Ph

HCi OH H @
* HN N\)I\N/'\cooe,u‘
O H \

N COOH

(3.8) (1.4) OH H Ph
OBut
o

(41

7))
w

Boc”

In essentially the same manner as Preparative Example 2, Step A,
Compound (4.1) was prepared C33H48N409S2 (708.89).
10 StepB Compound (4.2)

O
(4.1) (4.2)

In essentially the same manner as Preparative Example 2, Step B,

S-S on S-S '
0 - h
y OH HJL t y OHy 9 F t
Boc I 0 H o HCIf) o H o

Compound (4.2) was prepared mass spec. (FAB) M+1 = 609.3.

1s StepC Compound (4.3)
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H OHy § +  Iboc-Chg-OH
ij\'rN N i.\l/'\",()li’.ut
HCI-¢ ﬂ H o (4.9)
Zl“/ OH H O Ph
Jﬁfoau‘
lboc-Chg’ ]

(4 3)

In essentially the same manner as Preparative Example 2, Step A,
Compound (4.3) was prepared, C41H1N5010S2 (708.89), mass spec. (FAB)
M+1 =709.3,

5 StepD Compound (4.4)

OH y
N OBu NJL OBut
[boc-Chg Iboc-Chg
(4. 3)

(4 4)
In essentially the same manner as Preparative Example 7, Step A,
Compound (4.4) was prepared.

10  Preparative Example 11
Step A Compound {4.5)
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(1 0

d *HCE RN N‘)LNJ\cooau‘
N o H

. COOH

Boc
34 (1.4) S(\ls
(3.4) L OHy © PN
N N N N/L",OBUt
Boc” : 0O H o

(4.5)
In essentially the same manner as Preparative Example 2, Step A,

Compound (4.5) was prepared.

5 Step B, Compound (4.6)

J\rroe.u kn,osu‘
0O HCI- H o)

(4 5) (4 6)

in essentially the same manner as Preparative Example 2, Step B,

Compound (4.6) was prepared.

10 Step C, Compound {4.7)
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@
Q/ o Ph
NJ\n,oau‘ + Iboc-Chg-OH
HCI- H H & (4.9)
(4 6)
Fir oH i Ph
/Hrosu*
iboc-Chg” O

(4 7)
Compound (4.9) from Preparative Example 12, was reacted with
Compound (4.6) from Step B above, in essentially the same manner as
Preparative Example 2, Step A, to afford Compound (4.7).

5 Step D, Compound (4.8)

() 9

S SR
OH,, O Ph
H H\/I,L 1 —i B
Iboc-Chg J 0 H o

in essentially the same manner as Preparative Example 7, Step A,
Compound (4.8} was prepared.

10  Preparative Example 12
Compound (4.9)

-BuOCOCI + H-Chg-OH  ~—» lbocChg—0OH
(4.01) (4.02) (4.9)

A solution of L-cyclohexylglycine (4.02) (1.0 eq.), dimethylformamide (20
15 ml/g), and diisopropylethylamine (1.1 eq.) at 5°C is ireated with isobutyl
chioroformate (4.01) (1.1 eq.). The coid bath is removed and it is stirred for 6 hr.
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The reaction mixture is poured into 5% aqueous KH2PQ4 and extracted with ethyl
acetate (2 x). The combined organics are washed with cold 5% agqueous KoCOs3,
then 5% aqueous KH2PO4, then brine, and the organics are dried over anhydrous
MgSO4. The mixture is filtered, the filtrate evaporated under vacuum, the residue
chromatographed if necessary or else the residue triturated with Et2O-hexane,
and filtered to leave the title compound (4.9), C13H23N0O4 (257.33).

Preparative Example 13
Compound (13.1)

i-BUOCOC! + H-Thr(Bzl)-OH — IbocThr(Bz-OH
(4.01) (13.02) (13.1)

In essentially the same manner as Preparative Example 12, substituting L-
O-benzylthreonine (13.02) (Wang et al, J. Chem. Soc., Perkin Trans. 1, (1997)
No. 5, 621-624.) for L-cyclohexylglycine (4.02) Compound (13.1) is prepared
C16H23NO5 (309.36), mass spec. (FAB) M+1 = 310.2. '

Preparative Example 14

S5<8 o) O Ph S(\g 0
O Ph
H —_
ZNj\'rﬁ N\_J-LNan,OBu' @Yﬁ HJLNJ\H,OH
Iboc-Chg’ s 0 H o iboc-Chg’ X o) H o
(4.8) (5.1)

Compound (4.8) from Preparative Example 11, Step D (1.0 g) was reacted
with a solution of anhydrous trifluoroacetic acid-dichloromethane (1:1, 50 mL) for 2
hr. The solution was diluted with xylene (100 h'lL) and evaporated under vacuum.
The residue was triturated with Et20, and filtered to leave the title compound (5.1)

(0.9 @), C37H53N509S2 (775.98), mass spec. (FAB) M+1 =776.5.
Step B Compound {5.2})
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Ph 0O Ph
Zl“, NJL ?jw/ N Nan,NHz
Iboc-Chg’” Iboc-Chg’ H o

(5 1) (52

In essentially the same manner as Preparative Example 2, Step A,
Compound (5.1) was reacted with ammonia (0.5 M 1,4-dioxane solution), to obtain
the title compound (5.2) C37H54Ng08S2 (774.99), mass spec. (FAB) M+1 =
775.4.

Preparative Examgle 15

Ph
Iboc-Chg ! iboc-Chg

(51) (5.3)

A mixture of Compound (5.1) from Preparative Example 14, Step A (0.15 g),
N,N-dimethylamine (0.12 mL of 2 M THF solution), dimethylformamide (10 mL),
and PyBrOP coupling reagent (0.11 g) was cooled to 5°C, then
diisopropylethylamine (DIEA or DIPEA, 0.12 mL) was added. The mixture was
stirred cold for 1 min., then stirred at room temperature for 6 hr. The reaction
mixture was poured into cold 5% aqueous H3PQ4 (50 mL) and extracted with
ethyl acetate (2 x). The combined organics were washed with cold 5% aqueous
K2CQOg3, then 5% agueous KH2PO4, then brine. The organic solution was dried
over anhydrous MgSO4, filtered, and evaporated under vacuum. The residue was

chromatographed on silica gel, eluting with MeOH-CH2Cl2 to afford the title
compound (5.3), C3gH58Ng0g8S2 (803.05), mass spec. (FAB) M+1 =803.5.
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Preparative Example 16
Step A Compound (6.2)

0 +  |boc-Chg-OH —>
CHzPh OCHzPh
0 lboc-Chg™

5 (6.1) 4.9) (6.2)

In essentially the same manner as Preparative Example 2, Step A,
Compound (6.1) hydroxyproline benzyl ester hydrochloride was reacted with
Compound (4.9) from Preparative Example 12, to obtain the title compound (6.2),

10 C25H36N206 (460.56), mass spec. (FAB) M+1 = 461.2.

Step B Compound (6.3)
Hi
—
OCH,Ph OCH,Ph
lboc-Chg™ & lboc~Chg” 5
15 (6.2) (6.3) '

In essentially the same manner as Preparative Example 8, Compound (6.3)
was prepared, C25H34N206 (458.55), mass spec. (FAB) M+1 =459.2.

Step C Compound (6.4)
o)

—_—
OCH,Ph NN\ OH
fboc~Chg™ lboc-Chg™ LN

20 0
(6.3) (6.4)
A mixture of Compound (6.3) from Step B (1 g), 10% Pd/C (0.05 g), and
EtOH (100 mL) was stirred under 1 atm. Hp for 6 hr. The mixture was filtered, and
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‘evaporated to dryness under vacuum to leave the title compound (6.4) (0.77 9),
C1gH28N206 (368.42) mass spec. (FAB) M+1 = 369.2.

Preparative Example 17

Step A Compound (7.1)

HCl
+ HN CONM92
Iboc- Ch
(2 3)
6 4) O Ph
OH
H H
N
R(N \/U\N)\CONMeg
boc:Chg O H

(7.1)
Compound (6.4) from Preparative Example 16, Step C, was reacted with

Compound (2.3) from F’reparative Example 6, Step B, in essentially the same
manner as Preparative Example 2, Step A, to afford Compound (7.1),
10 C3gH54Ng0Og (714.85), mass spec. (FAB) M+1 =715.9.

Step B Compound (7.2)
Q
O Pn
OH H Q
N N - OH y §© Fh
N N “CONMe, Y N\/lL X
lbocChg ¢ 0 H N N” “CONMe;
(7. 1 ) ‘bOC'Chg o 0

(7.2)
Compound (7.1) was reacted in essentially the same manner as Preparative
15 Example 7, Step A, to afford Compound (7.2), C36H52Ng09 (712.83), mass
spec. (FAB) M+1 = 713.5.
StepC Compound (7.3)
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S 0 O  Ph
coww:e2 H H
Iboc-Ch ?X( N
: gJT -~ m,f(" S —
O

(7.2) iboc-Chyg o

(7.3)

Compound (7.2) from Step B above, was reacted in essentially the same
manner as Preparative Example 8, Step B, with 1,4-butanedithiol, to obtain the
title compound (7.3), C40He0NE08S2 (817.07), mass spec. (FAB) M+1 = 817.5.

Using the above-noted procedures, the compounds in the attached Table 2
were prepared. As a general note to all the Tables that are attached hereto as well
as to the Examples and Schemes in this specification, any open-ended nitrogen
atom with unfulfilled valence in the chemical structures in the Examples and
Tables refers to NH, or in the case of a terminal nitrogen, -NH,. Similarly, any
open-ended oxygen atom with unfulfilled valence in the chemical structures in the
Examples and Tables refers to -OH.

Solid Phase Synthesis:

General procedure for solid-phase coupling reactions.

The synthesis was done in a reaction vessel which was constructed from a

polypropylene syringe cartridge fitted with a polypropylene frit at the bottom. The
Fmoc-protected amino acids were coupled under standard solid-phase
techniques. Each reaction vessel was loaded with 100 mg of the starting Fmoc-
Sieber resin (approximately 0.03 mmol). The resin was washed with 2 mL
portions of DMF (2 times). The Fmoc protecting group was removed by treatment
with 2 mL of a 20 % v/v solution of piperidine in DMF for 20 min. The resin was
washed with 2 mL portions of DMF (4 times). The coupling was done in DMF (2
mb.), using 0.1 mmol of Fmoc-amino acid, 0.1 mmol of HATU [ O-(7-
azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate ] and 0.2
mmol of DIPEA (N,N-diisopropylethylamine). After shaking for 2 h, the reaction

vessel was drained and the resin was washed with 2 mL portions of DMF (4
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times). The coupling cycle was repeated with the next Fmoc-amino acid or
capping group.
General procedure for solid-phase Dess-Martin oxidation.
The synthesis was conducted in a reaction vessel which was constructed
5  from a polypropylene syringe cartridge fitted with a polypropylene frit at the
bottom. Resin—bound hydroxy compound {(approximately 0.03 mmol) was treated
with a solution of 0.12 mmo! of Dess-Martin periodinane and 0.12 mmol of t-BuOH
in 2 mL of DCM for 4 h. The resin was washed with 2 mL portions of 2 20 % v/v
solution of iPrOH in DCM, THF, a 50 % v/v solution of THF in water (4 times), THF
10 (4 fimes) and DCM (4 times).
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Preparative Exampie 18
Preparation of N-Fmoc-2’,3"-dimethoxyphenylalycine  Compound {301)

0
NH HO
KCN, (NHp),co,  HNL <o HN, Axq
ag. EtOH aq. NaOH

CHO

l

OMe

OMe OMe OMe

OMe
9014 OMe

901B 9WLC

FmiocOSu
aq. Na,CO,

HO
FmocHN o

OMe
OMe

5 901
To a solution of potassium cyanide (1.465 g, 22.5 mmol) and ammonium

carbonate (5.045 g, 52.5 mmol) in water (15 mL) was added a solution of 2,3-
dimethoxybenzaldehye 901A (2.5 g, 15 mmol) in ethanol (15 mL). The reaction
mixture was heated at 40 °C for 24 h. The volume of the solution was reduced to

10 10 mL by evaporating under reduced pressure. Concentrated hydrochioric acid
(15 mL) was added and compound 901B was obtained as a white precipitate.
Compound 901B was isolated by filtration (2.2 g, 9.3 mmol). Compound 901B
was dissolved in 10 % w/w aqueous sodium hydroxide solution (15 mL) and the
resulting solution was heated under reflux for 24 h. Concentrated hydrochioric

15 acid was added and the pH was adjusted to neutral (pH 7). The resulting solution
containing compound 901C was evaporated under reduced pressure. The

residue was dissolved in 5 % w/w aqueous sodium bicarbonate solution (150 mL).
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The solution was cooled to 0 °C in an ice bath and 1,4-dioxane (30 mL) and a
solution of 9-fluorenyimethyl succinimidyl carbonate (2.7 g, 8 mmol) in 1,4-dioxane
(30 mL) was added at 0 °C. The reaction mixture was allowed to warm to room
temperature and was stirred at room temperature for 24 h. 1,4-dioxane was

5 evaporated under reduced pressure. The aqueous solution was washed with
diethyl ether. Concentrated hydrochloric acid was added and the pH was
adjusted to acidic (pH 1). Ethyl acetate was added the organic layer was washed
with water and brine. The organic layer was dried over anhydrous sodium sulfate.
The solvent was evaporated under reduced pressure to afford the desired

10 compound 901 as a white foamy solid (3.44 g, 7.9 mmol). MS (LCMS-
Electrospray) 434.1 MH".

Preparative Example 19
Compound (801)

Me
: ]
—— N. —_—
FmocHN OH F% OMe F"%\/H(H
O

S01A © s01B 801C
—_— CN —
FrnocHN FrmocHN OH
OH OH
15 801D

To a solution of N-Fmoc-phenylalanine 801A (5 g, 12.9 mmot) in anhydrous
DCM (22 mL) cooled to -30°C in a dry ice-acetone bath was added N-
methylpyrrolidine (1.96 mL, 16.1 mmol) and methyl chloroformate (1.2 mL, 15.5
mmol) sequentially. The reaction mixture was stirred at -30°C for 1 hand a
20 solution of N,O-dimethylhydroxylamine hydrochloride (1.51 g, 15.5 mol) and N-
methylpyrrolidine (1.96 mL, 16.1 mmol) in anhydrous DCM (8 mL) was added.
The reaction mixture was allowed to warm to room temperature and was stirred at



180 STRUCTUREKi* CLASS +0YBOO O~I1 1, Oi CF/ - ~q ’++“]|JM?UU5
OC Additional conpounds that were prepared and their activity (Ki*

ranges iven in the attached Tables 4 and 5. The dure used to
pr epar ea{(ﬁlg/@%%pounds in Tables 4 and 5 is outlined bel 0%10"8§"1é§?‘7t3hesi S

of internediates for the conpounds in Tables 4 and 5: Exanple I. )
Synt hesis of 4,4-dinethyl proline met"l@ﬂl ester (HPro(4,4-di v)-0we) Ow
10 JAN 2905 WD 02/082-44 181 PCTIUSQO /22678 Ste 1. Synthesis of tert-Bu |
N-tert-butox carbon I-4-nmeth |-L- ro luta nmate (Boc-PyroGu
(4-methyl-QtBu): To a solution of tert-butyl

Ntert-mar@mgémmé oVThRM VTR Wad aBd8d t.héhclwgg]hﬂc |aPeritdss (200 ni-)

stirring at -78 C, was added a 1 Msolution of |1t
hexanet Wakbed iWithaditide hydmidbi¢rit2acit], aqizousodgdidmdpeasonate soltioh antes.

A 1 ofine-2 TS GrganiEiayergves diind CiisbAn R ous FoRALh Sultalred! haokieni
Lo oA R TER! R Soutiie By LaRARBO B b o oS
contd nednaoiani ¢ | ayers were washed with brine (200 nL), dried (Na2SO4),
filtered and gon o of Red AT638 - 31 Smol) in anhydrous toluene (8 mL)

cooledto  -20°C in a dry ice-acetone bath was added a solution of compound

801B (4 g, 9.29 mmol} in anhydrous toluene (12 mL). The reaction mixture was

stirred at —20 °C for 1.5 h. The organic layer was washed with dilute hydrochloric

10 acid, aqueous sodium bicarbonate solution and brine. The organic layer was
dried over anhydrous sodium sulfate. The solvent was evaporated under reduced
pressure and the crude product 801C was used in the next reaction without further
purification.

To a solution of compound 801C (approx. 9.29 mmol} in hexane {15 mL)

15 was added a solution of potassium cyanide (24 mg, 0.37 mmal) and
tetrabutylammonium iodide (34 mg, 0.092 mmol) in water (4 mL) and acetone
cyanohydrin (1.27 mL, 13.9 mmol) sequentially. The reaction mixture was stirred
at room temperature for 24 h. Ethyl acetate was added and the organic layer was
washed with water and brine. The organic layer was dried over anhydrous

20 sodium sulfate. The solvent was evaporated under reduced pressure to afford
compound 801D (2.4 g, 6.03 mmol).

To a solution of compound 801D (2.4 g, 6.03 mmo!) in 1,4-dioxane (11 mL)
was added concentrated hydrochloric acid (11 mL). The reaction mixture was
heated at 80 °C for 3 h. Ethyl acetate (25 mL) and water (25 mL) was added.

25 The organic layer was washed with brine and dried over anhydrous sodium
sulfate. The solvent was evaporated under reduced pressure to afford the desired
compound 801 as a white foamy solid {2 g, 4.8 mmol). MS (LCMS-Electrospray)
418.1 MH".

30



chromat ographed with 1:1 ethyl acet at e/ hexanes to give 0 JAN 2005
Boc- Pyrod u(4-nethyl)- O Bu (10.6 grans, 35.4 mol, 8% as a mxtLre 012
isorrers?,‘fozozﬁ]s%hs to trans). Ste 2. Synthesis of tert-Bu N-tert-buto
carbon -4 meth |-L- Qrog luta mate 15 Boc-P roQ uPﬁTﬁ'SﬁVﬁ’é% !
-OBu : To a solution of tert-butyl

N-tert-but oxycar bonyl - 4- net hyl - L- pyrob331t amate (1.2 g, 4.0 mol) in
tetrahydrofuran (20 nL) stirring at -78 C, was added a 1 M sol ution of

| ithium hexanethyl disilazide in tetrahydrofuran (4.4 nL, 4.4 mvol) 20
dropwi se over 5 mnutes. After 30 m nutes, nethyliodide (0.33 nL, 5.2
mol ) W&zhefgslgd. After an additional 3 hours at -78 C, the cooling bath
was renoved and 10 JAN 2005 WD 02/ 08244 PCT/ US01122678 182 50% sat ur at ed
aqueous ammoni um chl ori de (40 -) was added. Th lution was stirred
for 20 mnutes, then extracte th ether (2 ;j ). The conbi ned
organi c | ayers reswashed Wt water (2, x ated sodi um

bi car bonat e (Eé(gg%gg m.), rlbdH Y& m), E'rgiﬁe Na?2 Olf); filtered and
concentrated to38ive Boc 5 Pyro@ u(4, 4-di net hyI) QBu (0.673 g, 54%.

Step 3. Synthesis-of tert-butybiBN tert-but ygca?Plcfonyl 4x4-d

imethy.,iproline (Boc- Pro4 dlrreth I - 10 Modi fi cadon of known
procedure: Pedregal , C.; rra, J. ES(O;H bano, A ; no, M C ;
Garcia Ruano, J. L. a‘.etrarae n Letters 1 R ’_3)»;1 5J- 2056). To a

sol ution of t erdrocHaut poxyear bon BE otatmat e
(2.0 mmol) in tetr yrofurﬁan(S -) stﬁmrlnga 078 C,"'was added a 1 M
solution of is lithi mtrleth borohydrlde in tetgghydrofuran (2.4 ni,
2.4 mol) dropwi se o¥er H,,mi nut es. After 30 m nutes, the cooling bath
was renoved and saturated aqueous sodi um bicar bo%%t‘fe (5 mM-) was added.
The reaction n‘ixture)?as i mrersed ima@an ice/water bath and 30% aqueous
hydrogen peroxide (19 drops) was ad The solution was stirred for 20
mnutes at 0 C, then e fe Hon? MKt yre was 20 concentrated in vacuo to
renove the tetrahydr S aqueordBorution was diluted with water

(10 mL) and exfP% wict h&di ehl or medhane (3 x 40 ml). The or gani ¢

| ayers were dried ?SO4 diltered and concentrated. The residue was
di ssolved in dlchorretkmneH(Z m.) and triethylsilane (310 L, 2.0
mml ), then cooled to -78 C a orontrlflu edlethyletherate(270
L, 2.13 mmol) was 25 added dropp Stihrring continued for 30

m nutes, at which time t|o (ﬁJ NE\)& Hop ——
M o

0 O

IZ—

Rk bortga e

301H "'

%>4
%\j:lr "\*E‘a
o OO
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%/O 02/ 08244 PCT/USQO /22678 183 triethylsilane (310 p.L, 2.0 mol )1 gpgw 005
boron trifluoride diethyletherate (270 tL, 2.13 nmol) were added.
stirringds7@ C for an additional two hours, the cool S
renmoved and saturated aqueous sodi um bi car bonate (4 m _)M‘HUQF} gtgwa

After 5 mnutes the m xture was extrﬁééed wi th dichl oronet hane (3 x 40 5
m.). The organic layers were dried ( SH), filtered and concentrated to
give Boc-Pro(4,4-dinmethyl)-QBu. Stev 4. Synthesis of

4.4-dinethvlproline (HPro(4.4-dinmethyl -OH, 0 10 A solution of

tert-butyl N-tent-butoxycarbonyi-4,4-dinethylproline in dichloronethane
(5 mM-) and trifluoroacetic (5 nL) was stirred at roomtenperature for

five hours. Th ution was concentrated, dried under high vacuum and
t aken &m&l—zﬁ—ktep Wi t hout further pur|f| cation. Ste 5. Synthesis of

N-tert - BHLOMEH bogo?@ﬁd#ﬁﬁ‘lr roline Boc-Pro 4 4- 15 di net hyI )-OH L

O To proline trifluoroacetic salt (1.5 nml) in
di oxane (7 nL), acetonitrile (122 m-) and diisopropylethylamne (700 L, 4

mml ) was added a sol ution of -tert-butyl-dic ate (475 ng, 2.18
mml) in 20 acetonitrile (5 nQ) After stirring f 2 hours at room
tenperature the sol utLs was ce rat)ed |n vznc , dissolved in

saturated aqueous sof
PCT/ 1JS01/ 22678 184

h bi ca 05 @g{,08244

S d‘j shd th drer ether (3 x 40 nlL).
The aqueous | ayer was| ag \Lké\d to pA<3 @i th citriacid, then extracted
wi t h di chl or omet hane™ (33, @ 40=rrL . The d¢onbi ned organic Iayers were dried
over sodiumsulfate filterfd™nd conceftlbated. 5 Ste 6. Synthesis of 4
4-di met hyl prol i ne met hyl e hydrochl ori de salt HC H
Pro(4. 4-dinmethyl)-Ove OH OV To a solution of Boc-Pro(4,4-diM)-0OH (0.5
g, 206 mmol) in anhydrous rret hano(3d18)n1) was added dropw se

t hi onyl chl oride (448 I, 2: and the
Resin-bound compound 301B 301 , 301D, 301E, 301F and 301G were prepared

according to the general procedure for solid-phase coupling reactions started with
100 mg of Fmoc-Sieber resin (0.03 mmol). Resin-bound compound 301G was
oxidized to resin-bound compound 301H according to the general procedure for

10 solid-phase Dess-Martin oxidation. The resin-bound compound 301H was treated
with 4 mL of a 2 % v/v solution of TFA in DCM for 5 min. The filtrate was added fo
1 mL of AcOH and the solution was concentrated by vacuum centrifugation to
provide compound 301J (0.0068 g, 29 % vield). MS (LCMS-Electrospray) 771.2
MH".

15 Using the solid phase synthesis techniques detailed above, and the
foliowing moieties for the various functionalities in the compound of Formula 1, the
compounds in Table 3 were prepared:

“W-:
0

3N

20

Y-W-;



to reaction was stirred for six hours at roomtenperature. The reagcgii®N05
m xture was concentrated to an anorphous solid (377 ng, 95% . Exanple

1. Gen cedure for the synthesis of N-tertbutoxyc -4-al kyl -
4-nethy?h%¢%ﬁ?ﬁé: 15 Conpounds where R group is allyl angﬁggﬁgbyﬁwgre

synt hesi zed followi ng steps 1- 4 belo 4_10 JAN 2005 WD 02/ 08244 185
PCT/USQO / 22678 Ste 1. Synthesis of tert-=Butyl N-tert-buto carbon

| -4-al kyl-4-meth | -L- proglutamate: To a solution of tert-butyl
N-tert-butoxycarbonyl - 4-net hyl - L-pyngluta mate 5 (10.2 g, mmol) (see
Example 1, step 1) in tetrahydrofuran (170 m-) stirring at -78 C, was
added a 1 solution of lithium hexanethyl disilazide in tetrahydrofuran
(37.5 nL’@%EﬁE nmob) dropw se;o0 5 mnutes. After 40 m guu

hal i de (67. % WS ™t g X§§ é& aceH T | 7
cooling bath removed apd 50% sgt ur at ed agyeous la ni um chl @gri de
(200 m -) was 10 added. The solution was stirred for 20 m nutes,
extracted with ether (2 x 200 nL). The conbi ned organic |ayers were
di luted with hexanes (150 m -) and washed with saturated sodi um

bi car bonat § (100 g%) gher 42 x 10Q ni¢) anda brines (190 _~drigd
(Na2S™4), “fI+te conentd. ere e wis flas
chr omat ogr aphed gsi hg_20% @t hyl\geet ate | hJrexefies o gy pude

tert-Butyl N 15 tent-butoxycarbonyl -4-al kyl 4- et hyl - L- pyrogl utamate. Ste
2. Synthesis of tert-bu |l Ntert-butox carbon I-4-alk I-4meth ! roline:
Modi fication of known procedure: Pedregal, C.; Ezquerra, J.; Escribano,

A.; 20 Carrepo, M SR cip Ryan J% ) Letters (1994)
35(13), 2053-" 20f 10[f JAN"20 0y’ b8 >
sol ution of tept=uAyl Q-tert - ycar bo

» To a
nmet hyl pyroglutanmate (16.6 mmol) 1 n tetrahydrofuran (40 m -) é%irring at
-78 C, was added a 1 Msolution of lithiumtriethyl borohydride in
t etraahydrofuran (20 nmi,

oY Aif oY O
oY oy T sy

10
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20 mol ) dropw se over 10 mnutes. After 120 m nutes, the cooling pgquzm5
was 5 allowed to warmto -25 C at which point saturated agueous sodi um

bi carbopal @5t A0 nML) was added. The reaction m xture was ﬁm@gﬁgdmln an

i ce/water bath and 30% aqueous hydrogen peroxide (4 m- added. The
solution was stirred for 10 m nutes fg t hen the reactron m xture
was concentrated in vacuo to renove t é tetrahydrofuran The aqueous
solution was diluted with water (300 1o m-) and extracted with

di chl oronet hane (3 x 200 nL). The organic |layers were dried (sodium
sulfate), filtered and concentrated. The resi due was dissolved in

di chl oronet hane (100 nL) and triethylsilane (2.6 nL, nmol), then cool ed
to -78 C and boron trifluoride diethyletherate (2.2 nL, mvl) was added
dr opwi se. Strrrrng was continued for 1 3
, 15 mml ) and bori i i | et herate
dded After dddi tional 4

triethylsi
(2.2 m,
hours, the d :
bi car bonat e ; . s the
m xture was eRtracted\mrrtcrchIorone prane ©3 x 200 nl). S otganrc

| ayers were dried (Na2SO™4), filtered and concentrated. 20 Step 3

Synthesis 4-al kyl-4-nethyj roline. R, ; R M A solution of tert- butyI
-4-methyl proline_in dichloronethane (5 ni-)

and trifl acetic tenperature for 5, hours.
Tol uene dded afid d was conceyt tlat ed antO en ﬁed

under hi gh vacuum _10 JA 2015 210824-1 P ISC1/22673 87 Btep
4- Synt hesi s ?

Me HH To a sol
mol) in dioxaf® (7 ni) 2 nL)(éndOdrrsopro | et hyl a
mne (700 L, 4 mol) 5 was added a solution of di-tert-butyl-dicarbonate
(475 mg, 2.18 mmol ) in acetonitrile(5 nL). After stirring for 12 hours
at roonttenperature t he sol ution in vacua, dissolved in

saturat ed aque i shed wi t hgdgi et hyl
ether (3 x40 N T +E0YE" - ac HOLS PHEB. W) N
hydr ochl ol i ' Lot i (3 x 40

H O g O

10



to m.). The conbined organic |layers were dried (Na2SO4), filtered ‘F‘U‘%N%GUS
concentrated. The residue was purified by flash chromatography usi ng

et hyl acQigpialshpxanes with 1 % acetic acid. Exanple I11. ﬂgg&\ﬁiﬁ?
N-tert-butoxycarbon 4- ro I-4-meth | roline: 15 A solution

N-t ert but oxycar bonyl - 4-al |l yl - 4- net hylﬁﬁol ine (400 ng, 1.48 mmol) (see .
Exanple Il Step 4) and 10% Pd on carb (400 ng) in nmethanol (20 nl) was
hydr ogenated at 50 psi for 4 hours. The m xture was filtered and
concentrated. 10 JAN 2995 WD 02/ 08244 188 Examle |IV. Synthesis of

Boc- 4-cycl oheL(yl proline: PCT/USQOL/ 22678 A solution of the commercially
avai |l abl e Boc-4-phenyl proline (750 ng) and 5% Rh on carbon (750 ng) in
met hanol (15 ml-) was hydrogenated at 50 psi for 5 24 hours. The m xture
was filtered and concentrated to give 730 ng of product. anple V:
Preparation o uor enyi ne WI’ bonyl - Pro(4-soigocycl opemt ane) :

carboxylic ac 3 Synt hesli s of Boc- | ut anj cf 4-al |
| ,)-tert-by : ; ‘ ulaoéty/j\tﬁ}ém ®a.BulTota cool ed
(-78 C) sol ' t ha epci al ly ai labl e -tert yl

pyrogl ut amat €10 ¢ in THO (195 m) Was @dded PitHKum
hexanet hyl di si | azi de (36 8 nL, 36.8 nmmol ) over five mnutes. Stirring
continued for thirty mnutes. A solution of ally] bromde (6.1 m, 70.2
mml) in THE (39 nL) 1s was added dropwi se to the fj 6st sol utiogw After

two hours at -78 C, the reaction was quenched by t i on of
saturated a %: Bbl de (50 m% oI utlon he re@c & xture was
then dilute re sep ¢d. The
organi c | ayer e@ over @odl um sul fateoand co entrat eds_1W JAN2105

5

O : ci
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HOJH/I\E)(?&‘()(%H?N DA O Ba!
FaC Cl
; Q\“/é \Q\ré \Q\n’% \QYQ
HOW CFz © o cl O . CFs O

O O
E
cl F
%C,:Q(% JQYs ;
0 o) o) F O
F
BUspateaged
= 0 . c O

0% Ho 0° Hom F F O

10



MD 02/ 08244 PCT/ USQA /22678 189 Fl ash col um chr omat ogr aphy Carr'edIQHhNQMS
2:8 ethylacetate: hexanes afforded the product (6 g, 53%. NVR S p

(CDCl 3)womisfa 1 H), 5.1 (dd, 2H), 4.4 (m 1 H, 26&@%%%7€4(m
1H, 1.8-2.2 (m 1 H, 1.45 (s, 9H), 1.4 (s, 9H). Stens) . nt hesi s

of N-Boc-pyroglutam c(4.4-diallyl)-tesy-butylester: LiHVDS allyl brom de
~ | hlt .1 1 Q BBoc 5 oc tBU

N- Boc- pyroglutam c(4-allyl)-tert-butyiester obtained in the Step 1 above
(2.68 g, 8.24 mmol) was subjected to a second al kylation with allyl

brom de unde& simlar conditions. Flash chromatography in 15:85
ethylacetate' hexanes pro ided 2.1y g product (‘1@&Pas a clear oil. io

Step 3. 5iFs of o, 47 ester: a) LiB(C2Wb) 3H
tBu C,QBf i tZ%Hart 78 O sol uton of
Boc- Pyr o®& Ut I utyl e

t et rahydr of 14 m xided I|th|un1?tr|ethylaoro yd Ide i1 Min

' (]
tetrahydrofuran, 7.29 n), 7 29 mol ) over Tive mnutes. 15 Aftelr two
hours at -78 C, the reaction was warnmed-up to 0 C and quenched by the
sl ow addition of sat rat ed sodluntblcarbonate solutlon (20 m) and 30%
hydr ogen perOX| ED 7 |ng ot i Au fo utes The
t et rahydr of ur an mas R el n er r et %%g renaining
thick white residuOwas diTut®d with water ¢80 nt) z d extracted t hree
times with 20 di chl oronet hane. The organlc | ayer was dried, filtered and
concentrated and taken to the next step w thout further purlflcatlon
Part b-R*To the product obtained in part (a) in dichloronmethane (14 nl)
was

1
H
-Z-
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L
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added triethylsilane (931 1, 5.83 nmmol) followed by boron trifl uor1' ngAq;UUfi
di ethyl 10 JAN 2005 WO 02/ 08244 PCT/ USQ /22675 190 etherate (776 |, 6.
mol ) . wWbtoemwsidpi rty minutes nore triethylsilane (931 |, fH8so1ply) and
boron trifluoride diethyl etherate etherate (776 |, 6.12 mmol) were

added and the reaction was stirred af3g78 C for three hours at which tine
the reaction was quenched by the slow addition of saturated sodi um

bi carbonate 5 solution and water. The reaction m xture was extracted with
di chl oronet hane and the organic |ayer was dried, filtered and
concentrated. Flash colum chromatography in 15% et hyl acetate in hexanes
afforded 1.07 colorless oil (57%. NWMR S ppm (CDC13): 5.7-5.8 (m 2H),
5.1 (m 4H), 4.1-4.2 (2 dd's, 4 rotaners), 3.5-3.3 (dd, 1 H and 3.2

(dd, 1 H) rgtaners, 2.2-2.0 (m{5H), 1.7(m 1 1.46 (s, 100OH), 1.43
(s, 9H). St 4. Synthesis of

Boc- Pr o( 4- spilr ocpicl opent ene) -t entlk: bbﬂt y r: Cf]. C{' OH(C~Ph
Q Bu Boc ULI N o To Boc-JPro(4, 4-di a but yl est er
(1.07 g, 3.31 nol} in chl or onet han® m) was ad@led 5%

Bi s(tricycl ohexyl phosphi rf?benzyl i dene i € ruPHeni um 1 v & chlori de (G ubbs

catalyst) and the m xture was heated at reflux for 1.5 hours. The
reaction m xture was concentrated and the renmining residue was purified

by flash col U chromat ogr aphy i n'15% et hyl acet & e i Mfhexanes. A vyellow
oil was obtained (0.57 g~53%. NWR S ppm 65' , 2H), 4.2
and 4.1 (t, 1H |rotiane 3.2-3.5 |m HH 298 (m , 1.9 (dd, 1H)
1.47 and 20 1.46~¢Pg M, ~Pbt anersy N nd 1.44 ( H,
rotamers). Ste 5. A ¢ of Boc-Pro #-spirocycl opent tert-bu
fester: H2, Pd/C, 35 psi "¢ '"N~tBu™35 .1 p Boc o o N
5
e Ann
e
O -0
kL 5
JI N N
N~ “CHj H H
H
anon ase
Oo OH
N
N N OH H
H H
LT, s

10 o F



Il A solution of Boc-Pro(4-spirocycl opentene)-tert-butylester (l'lﬁGQﬁNW%5
met hanol (18 m ), water (4 ml) and acetic acid (4 m) was placed in the
Parr 1\WQodfk3905 WO 02/ 08244 PCT/ US01/ 22678 191 shaker Wzm
hydrogenated for three hours at 35 psi in the presence o ¥1 adi um
on carbon (300 ng). The catal yst was ggltered of f and the f||trate was .
concentrated to a colorless oil (1.2% NVR 8 ppm (CDCI 3): 4.1 and 4.2
(t, 1 H rotaners, 3.4 (d, 1 H, 3.2 (d 1H, 21 (m 1H, 1.9 (m 1
H, 1.6-1.7 (m 1 OH), 1.5 5 (3 s's, 18H, rotaners). Step 6. Synthesis
of Frnoc-Pro 4-s iroc clo entane -carbo lic acid: 1) TFA, DCM 2) Fnoc-Gsu
-1 | O Boc FWfioc The Boc- Pro(4-spirocycl opentane)-tert-butylester 1o
(1.26, 3.9 mmoly) was treated with dichl oronethane (10 m) and
trifluoroacetic &cid m) for three hoyrs. Theyreaction mxture was
concentrated and uﬂ- ow oi | talned mqi di sse|ved in water (6 m).
Fl uor enyl net hyl .3 Ml ) Q|ssolved in

di oxane (6 m) was adde Qb f Ilomed by t he Han of
15. The/teactlon mas stirred for is

pot assi um carbonate (2.16 o
18 hours and concentrated. The renaining resi due was dildfed with the
saturated sodium bicarbonate solution (10 nL) and washed with
diethylether (3 x 10 m). The aqueous |ayer was then acidified to pH --
1 with I N sodiumbisulfate solution and extracted with ethyl acetate.
The orggmic | ayer was dried over sodiumsulfate, filtered and
concentrated to a beige foam (1.3 g, 100%. 20 Exanple Vi. Synthesis of
BocsPro(4t-NH(Frmoc)}-OH H 1 O 10 JAN 2905
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WO 02/ 08244 PCTI USQJ/ 22678 192 Stye 1. Synthesis of LUJAN$W5
Na-t ert - but oxycar bonyl - ci s-4-chl oro-L-proline benzyl ester: A mxture o

t he convwey @iogbdsy available Nt e rt-butoxycarbonyl-transpén S01/2267

hydr oxy-proline (8.79 g, 38 mmmol ), potassium carbonate (1 .8 g, gf mmol ),
benzyl 5 bromde (4.5 m, 38 nmol) ang.@inethylfornanide (150 m-) was
stirred for 18 h. Addition of ethyl %etate (100 m-) was followed by
filtration. The white cloudy filtrate was clarified by the addition of 1
M HCI (100 nL). The |l ayers were separated and the aqueous |ayer was
extractedﬂyﬁth additional ethyl acetate (2 x 100 nL). The conbi ned

or gani c-lRayers were washed with water (2 x 50 nmL), dried io (sodium
sulfate), filtered and concentrated, Toluene was added to the crude
benzyl ester, and the solution s #i | tgred and reconcentrated.

Di chl oromet hane (70 L) and car g MHeri de (70 ml -) was added,
followed by triphenylphosphine (21,18 g,2 80 mmol ). The reaction m xture
was stirred for 10 h, quenched with et h&hol (7 mL) and stirred for 5
nore h. The solution was 15 concentrated to approx. 100 m, then

di chi oronpt hane (40 nl-) was added, followed by the addition of ether
(200 nthmhiIe stirring. The solution was cooled for 4 h, filtered and
concentrated to give a yellowbrown oil yhich was purified by flash

chr omat ogr aphy usi ng et her/ hexanel & chl ok onet hane 2:2:1 to give the title
conpound (9.13 g, 26.9 mol, 71% 4dt a vitilz e solid. 20 Step 2. Synthesis
of N-tert-butoxycarbonyl-trans-4-azido-L-oroline benzyi ester: N3 10 JAN
2005 WO 02/ 08244 PCT/[1501!22678 193. A solution of
N-tert-H#RA:oxycarbonyl - ci s- 4-chl oro-L-profine benzyl ester (9.0 g, 26.5
mmol ) and sodium azide (7.36 g, 113 mmol) in di nethyl formam de (270 nlL)
was heated at 75C for 2 days. Water (100 m-) was added and the reaction
mxture was extracted with ethyl qcetate (3 x 100 nL). The conbi ned
organic 5 | ayers were washed w t i wa (3 x.50 m.), dried (sodium
sulfate), filtere : . N\The ™t s pugfied by flash

chr omat ogr aphy usi et acet at e/ hexaned 1: 1L to gilve e title
conmpound (8.59 g, Step B. Synthesfs ©f

Boc- Pro( 4t - NH( Fnve

10

o 0O O cl

oo VY

15



10 A mixture of N-a-t-butoxycarbonyltrans-4-azido-L-profine benzyl ¢ éggms
(8.59 g, 24.8 mmol) and 10% pal | adi um on carbon (900 ng) in ethano ?

m.) enated at 50 psi for 14 h using a Parr n
apparg?ﬁgbygﬁgg m xture was filtered, concentrated, dis 3ﬁ%%§‘8%bﬁethanol
(60 mL), refiltered and concentrateg ﬁo give a colorless oil. The oi

was dissolved in water (53 m-) 15 ¢ I ai ni ng sodi um carbonate (5.31 g,
50.1 nmmol) and a solution of fluorenylnethyl succinyf carbonate (8.37 g,
29.8 mmol ) in dioxane (60 nL) was added over 40 mn. The reaction

m xture was stirred at roomtenperature for 17 h, then concentrated to
renove the di oxane and dil ut with water (20 ). The solution was
washed with ether (3 x 100 mj). The pH of thv eous solutlon 20 was
adjusted to 2 by er@@piti HCitrde acig
water (100 niL). The m'xture was extractedcynth di ch

100 mi, 100 ni) rrand the dqombi ned ofQani cf'l"ayers we S & (sodi um
sulfate), filtefded and centratg&%to ive the tjkle conpound. 10 JAN
2005 WD 02/ 08244 PCT/ USO /22678 194 Exanple VII. Synthesis of N-t

. but oxycar bonyl -4-trans- (N fl uorenyl neth, | oxycarbonyi

am nonet hyl ) -L-proline (Boc-Pro(4t-MNHFnoc)-OH) _ Step 1. Synthesis

tert - but oxycarbonyl cis-4-hyd - L- prol i ne benzyl ester (Boc- 5
Pro(4-cis-OH)-0Bn) OH Ta m e of C|‘-hydroxy-L-proIine (5 g, 38.1
mmol ) in benzene , (45 niL nd benzyl (#5 nm) wap added

p-t ol uenesul f ont Ci hydeat e (7.6%g- 4 nigal The reaction

m xture was heatdd at|125C fof 20 h ile wafer (2m) 1i 0 s renoved
usi ng a Dean-Statk trap. The™svl uti ov*was fitvrered e ill hot, and
then ether (150 m) was added. The solution was allowed to cool for three
h at roomtenperature, then three h at 4 C The resulting solid was

col bected, waduhied. Gombbands e d 6lid Pthase thesi®r 1 h to give
13.5 granms of white solid. The solid was dissolved i'ndroxane (40 mi)
and diisopropyiethylamne (7.6 15 nlL), and then di tert-butyl-dicarbonate
(10 g, 45.8 mmol) was added over 5 mn while using an ice bath to

mai ntain a constant reaction tenperature. After 10 h at roomtenperature
the reaction m xture was poured into cold water (200 nL) and extracted
with ethyl acetate (3 x 200 nL). The conbined organic |ayers were washed
wth water (3 x 100 nL) and saturated aqueous sodiumchloride (50 nL), 10

JAN 1005




WO 02/ 08244 PCT/ US01/ 22678 195 dried (sodium sul fate),
concentrated. The crude product was purified by flash chromatograp
acetate in hexanes to give the title
2. Synthesis of N-t-butoxycarb
5 (Boc-Pro(4-cis-Ovs)-0Bn)i

usi g 490l

sol uti on of Boc-
m-) at 0C, was
over 1o 7 mn.

t enperature over

hyl
82% . Step
CIS 4 nmesyl oxy- L- proline benzyl

este
Pro(4-cis-OH)-0Bn (8
added net hanesul f onyl

%3

g, 26.3

2 h, then stirred overnight.

filtered a”P'g]JAN 7005

10. 04
OWHQ&S(

To a.

nml ) in pyridine (65

chloride (3.4 nL, 44 nmol) dropw se
The reaction m xture was allowed to warmto room
A solution of 10% wat er

in

pyridine (20 niL)
concentrated. TH

was added over 15 mn and the

e residue wégRuﬁﬂggglved in wate

Kt ure was
cted with

reaction m

er BnfLERPr a

et hyl acetate (4

A LUU IIL)' IIIU L»UIIIJi IIEU uryadalrlil

water (2 x 50 nif{-) saturated aquedﬁ% sodi um 15

sat ur at ed aqueot
filtered and cof
tol uene (100 mi)
resi due was dri

drie
reS|du

s sodi um hIorlde
icentrate

50 m),
and ai enove tra

ed |n vacuo f or 30¥2:h to affor

e washed with
(50 M -) and
ul fate),

ved in

C Idyblb

Di car bonat e

I (sodiums
b was di ssol
ces of pyridyne. The

|l the title gonpound (10.7

g, 102%, then u
N-t - but oxycar bor
trans- CN) - OBn):

of Boc-Pro(4-ci 3-
cyanide (15.0 g,
oil bath at 55C

DCU III LIIC IIC}\L HDLUP V\II LIIULIL
)yi -trans- 4R—cyano- -prollne ben

ornanlde
for 28 h. After wat er

10 JAN 1005 MD 02/ 8244 PCT/USC?/22678 196

pyrtfrcatTormr| 20 Step 3
ryl ester (Bog-Pro(4-
A sol ution

the m xture was
organi c | ayers
sodi um chl ori de
concentrated. TH
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to provide the t
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0 0 15 A mxture of the conpound of Step 3 above (2.31 g, 7 mmol),{ §apR2005
(10 ), nethanol (85 m-) and 10% pal | adi um on carbon (700 ng) was

hydr og t 50 psi for 11 h using a Parr hydrogenatj tus.
The ni3?9?§ﬂ§E§ filtered and concentrated. Water (15 n#kﬁﬁgﬁgegggium
carbonate (1.5 g, 14.2 mmol) was adgﬁg to the residue. A solution of )
fl uorenyl net hyl succinyl carbonate (2.°36 g, 7.0 20 mol ) in dioxane (17
m-) was added over 5 min and stirring was continued for 28 1 9 JAN 2005
WO 02/ 08244 PCT/ USO /22678 197 h at roomtenperature. The reaction was
concentrated in _vacuo to a 15 m.__volune, and water (100 nli) was added.
The solution wa$ washed with_ether (3 x 75 nL)} The pH of fhe aqueous
solution was adjusted to 2 BYRVHEUBEdi tion of ¢ terCEﬁ§$d approx. 20 g,
caution! foam ngH)—amtwater (106 L) The mxXtprewassex{racted with
di chl oronet hanej(4 x 100 ni), and(t he conbi ned Frganic | ayefs were dried

(sodiumsulfate], filtergd and cqodcentrated. The crude product contained
a maj or inpurit{ mhicﬁhggégﬁﬁigfg d ee step puri®ication. The crude
product was di sgol ved M #di chl by ne. (50 nl) and trifluproacetic acid
(50 mL) and stifred for 5 h before ing concenfrated. The [esidue was
purified to by preparatory TEVEr phase HPCC—{The—pure

4- (N- f uor enyl et hyl oxycar bonyl y nonet hyl )projine trifluofoacetate salt
(1.887 g, 3.93 mol) was di sspl vedyin iLoxane 10 nlL), acetonitrile (20
nmL) and dii sopr ppyl et hyf afui ; ). To tthe reaftion m xture
was added a soIJtion""(')O ‘?%T§%€§%ut di carbonatle (1.1g, 5 pmol) in

di oxane (5 nmL).|After stirring for h, the pH of the solufion was is
adjusted to 2 by theaddirtion of Litric acrd (cautiom —foam ng!) and
water (100 nlL).| The m xture was tracted with ethyl acetale (3 x 150
m.) and the conpined organic,|ayeks were washegd wi th saturfit ed agueous
sodi um chl ori de| (100 ni}, § oftiluiisul f atle), fiBtered| and
concentrated. The cru i Produc WerS i ssol ved |i n sat ur at ed| aqueous

sodi um bi car bonft (100 nL) and washed’with 20 dther (3 x 75|/ ). The
aqueous | ayer was adjusted to pH~= 3 by the addrttom of crfric acid,
then extracted pith dichloronetﬁére (4 x 100 ny). The conbi hed organic

| ayers were dripd (sodium'sul fatg), filtered ard concentrated to the
title conpound{(1.373(dj il i~ Exanpl e Vi%!. Sypthesis of

3. 4-isopropylidgnep 0|#|0I:°2 7




H Step |I. Cycl opropanation reaction (Tetrahedron Lett. 1993, 34(1Gngg@gm5
and 2695) 10 JAN 2005 WD 02/ 08244 PCT/ US01122678 198 10 To a stirring
sol uti owooR2ssiapr opyl tri phenyl - phosphoni um i odi de (4. 14p@rys@s/2§gnmol )
in tetrahydrofuran (60 nm.) at 0 C, was added n-butyllithium (1.6 Min
hexanes, 5.64 nL, 9.02 mmol) over 5 njgg. After 30 min, a solution of
enam de 5 ((5R, 7S)-5-phenyl-5,6,7, 7a-tetrahydro-6-oxapyrrolizin-3-one)
(1.206 grams, 6.0 mol) (see J. Og. Chem 1999, 64(2), 547 for the
synthesis of the enamide starting material) in tetrahydrofuran (40 niL)
was added over 1Q.min. After an additional 10 rr' n..the cogling bath was
removed and the feaction m xg stirred at drature for 4
hours. The react|on was pouregklnrﬁéaater (400 i ?kéﬁgpextracted W th
di ethyl ether (4p0 nL) and ethylagetate (2 x 400 The |conbi ned
organi c extracts|were dried with di um sykfate, flltered and

concentrated to pive the!desited . [The residug was purified
by flash chromafogragh éLﬁﬁﬁm%@ A ¢

et hyl acet at e/ hexpnes/ ﬁyleﬁe hl or, i pure cycl gpr opanat ed
product (750 ng,| 3.08 nnDI 51 9@ 1 Step 2. Syinthesi s of

3. 4-isooropyl i depeprol i nol gglNE_cyC|opropyl)l-alconcl) (J.

argqChem (1999) |4(2). 330) a v % A mxture of| the produd¢t obtained in
step 1 above (1.pR3 grans, % i and lithi um al um numf{hydride (1.0 M
in THF, 15 nL, 1b nmmol) . reflux ffor 5Chours. After
cooling to 0 C, Ihe renmaihi’ rd M hydr i de s carefullly quenched by
the dropwi se addjtion of saturated agqueous sodi Um sulfate 10 JAN 2905 WO

02/ 08244 PCT/ USQL/ 22678 199 (1.5 mL) over 15 mn. The mxtgre was diluted
with ethylacetate (40 nL) and therfy=filtered thrjough celitg¢. The filtrate
was dried with spdiumsulfate, filffered and concentrated to give crude
N- benzyl am noal cohol (1. %gi ish was darried on o the next
step without furfher puri ) sol ution of| crude N 5fbenzyl
am noal cohol (1.R5 grans, 5.06 mml }~in 1:1 acet|lic acid/etlylacetate (30
*
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m-) with 10%Pd/C (1 gram) was hydrogenated at 50 psi for 16 hour$gugahmngs
a Parr hydrogenation apparatus. The reaction mxture was filtered to
renove on- based catalyst and the filtrate was d. The
residueﬁag?%g?gsolved in water (30 nL) and the pH was g@#u%@@é%%g 13
with 50% NaOH. The m xture was to exhrgcted with ether (3 x 60 nmL). The.
conmbi ned extract was dried wi th sodi ﬁ] sulfate, filtered and
concentrated to give crude am noal cohol (485 ng, 3.43 mmol). This
material was taken to the next step without further-purification.

Exanple I X. Synthesis _of iBoc-G Chx)-Pro(3.4-isopropy |idene)- carboxylic
acid OH 15 Step 1. Synthesis _of isobutyloxycarbanyl- cyclohexyl gl yci ne

(i Boc- G( Chx) - OHL|HCI H2N- ) KBEBHCTHBD, ° 0 acet onji tifii FEA$E 0] To a sol ution
of the comer ci alty—=avartabte—cychHohexytrgtyetrre—hyereehier-{de (15 g,
77.4 mmol ) in acg¢tonitrile (320 nk), and water (320 m) was|added

pot assi um car bonate. |sobutyl chlortpformate (11. ml, 85.1 pnol) was added
to 20 the clear $olution r nut and theg reaation pas stirred for
17 hours. The ispbutylc rOdt, “@@;i OH 1 [0 JAN 2005| WD 02/ 08244
PCT/ US01/ 22675 200 acetonitrile enoved undgr reduced pressure and
the remai ni ng aq| ' ] t f (100 m). The
aqueous | ayer wap then acidifiedsgo pH 1 with @GN hydrochl pric acid and
extracted with djchloronethane (3 L x 300 m). THe organic |ayer was dried

over sodiumsulfate, filtefed @ entrated to ydeld [18.64 g (94%
product as a whife solidvy xSty 21 Byrithési s of ijsobut |ox farbon I-c
clohex I I ¢ I-B 4- isopropylid ol i ne (Boc-| Chx} -
P[ 3. 4- (di Me- cycl ppropyty =€ —Jomes—t—MbeHiftoHeatior) H H OAAL,
HATU ‘
rﬂ
e ff C




OHO a a) Coupling step 10 To a sol ution of

3. 45 mol )
HOAL (4980 oz, ©

mas added and the
sat ur at ed aqueous

et her and et hyl acet at e.
and concentrated. The residue was purified by flash
eluting with 1:1 ethyl acetat e/ hexanes to give pure dipeptide
it

&

i Boc- G Chx) -3, 4-i
oxi dation step 20

2 m nutes,

i Bo

in acetonitrile (20 nL) was added HATU (1. 33

grans) and then diisopropyleth
3,4 isopropylideneprol

reaction m xture w@g%stirred o]
sodi um bi car bonat e 15 follo
The conbi ned organic | aye

Ch OH (890
c- X>g (8 D5 AN 2005
|
%o?nzzggéiﬁ%ﬂghﬁﬁgnnnl)
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aqueous sodiumsulfate (5 nmL) over 15 min. The m xture was dil uted WJIANQU%
ethylacetate (200 nL) and then filtered through celite. The fiItrale was
dri ed wbh2osqgdi um sul fate, filtered and concentrated tg,cgim/s%lﬁ{(sqge

N- benzyl am noal cohol 15 (3.45 grans), which was carried on to the next
step without further purification. $hep 2. Synthesis of N-benz to carbon
| -3 4-nmethano rolinol CBz-P 3 4-CH2 - OU A solution of crude N benzyl

am noal cohol (3 grans, 14.76 mmol) in 20 nethanol (120 m-) and
concentrated HCl (1.5 nmL) with 10% Pd/C (300 ng) was 10 JAN 2905 WO

02/ 08244 PCT/ USOL/L 22678 202 hydragenated.at 50 psj for 16 hours. The
reaction mxturelwas filter ve the carjbon; ¢at al yst and
the filtrate was| concentr at %é%@ﬁ:{rge)si due was di@sgﬁg iin

wat er / di oxane (1P0 nL) and di1 sopr Frethylamng (3.2 Ny was added.
Benzyl chloroforpate (2.76 nL, 16. 2-mol) was added and the¢ reaction 5
was stirred overpight. The, reactiorp m xture was |concentrate¢d, dissolved
in 1M HC (100 piL) and t ad (Wi th ethyl acefate (8 x 200 nL). The
conbined organic |ayers weres ;

ised A Th™ magnesilum sul fate] filtered and
concentrated. The residue was purifi+éd by flasl chromatogfjaphy using 1:3

et hyl acet at e/ hexfanes to give the z- 3, Z-net panoprotrtnof| (2.4 g) 1o
rb
E

Ste 3. Synthesis] of N-benz | ox ca | -3 4-methano roline|CBz-P 3 4-CH2

- OH OHO HOO |0 To a salytion of Cbz-3,4-neihanoprolin)l (2.2 g, 8.90
mmol) in acetong (68 i 0 \C, was added Blones|reagent (6.6
m.) dropw se over 5 mny 15 [ Jokes, @vejﬁt: Prepared from ¢hrom um

trioxide (13.4 ¢d) and concentrat'ed Ul furic acjd (11.5 nL} diluted with
water to a total| volume of 50 nL.1 ter stirripjg at 0 Ctor 3 hours,

i sopropanol (11 jnL) was added and irring contgnued for ap additional
10 m nutes. The jreacti m xture diluted with water (40 ni) and
extracted with gthyl ac% 3 ”1?:))« The cpnbi néd orghnic |ayers
were dried 20 oJer nmagnekifum Sul fia Iltered gnd concentfated to give
N- Cbz- 3, 4- nethgnoproline (2.25 g, ) Exanpl e} X1. Synt hebsi s of

Boc- (6S- car boet Hoxynmet hano) proli n@l 0 JAN 2005

oA S ;
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WO 02/ 08244 PCT/ USO /22678 203 0 The synthesis of the title conp&ggqﬁwqmﬁ
carrled out according to the published procedure: Marinozzi,

B.; , W@ #dios2Q0st antino, G; Pelliccian R IL Farnmaco ﬁéﬂgg‘)”ﬁ@s( 5),
327-331. 5 Exanple XlI. Synthesis of Boc-3-np holine carbo lic acid :

BBoc 0 The synthesis of the title conpaund was carried out according to .
the published procedure: Kogam Y., Okawa, K Bull. Chem Soc. Jpn.

(1987) 60, 2963-2965. io0 Exanple X111. Synthesis of N-tent-butox
rycarbonyl 2-aza-3S-hydroxycarbonyl- [2.2 21-bicycl ooctane: A solution of
crude 2-aza-2-(1-pphenylethyl}3S nmethoxycarbonyl -T2 2 2)- bicycl ooct-5-ene

(10 nmol) (Tetrahedron (1992)Sﬁ§kﬁ@ 9707- 9718) % Pd 15 on carbon
(1 9g) in nmethanol [30 mM-) was ag|dFF|ed Wit 1”N%ﬁé%gt%e1 hydr ogenat ed
Is. The 10 JAN

at 50 psi for 16 hpurs u5|ng a Parr ydrogenatlon appar at

2005 WO 02/ 08244 PCT/USCU 8 204 reaction m xture was filtered to
renmove the carbon-pased ca the filtraje wags copcentrated. The
resi due was dissoljed in* and stirred overnight. The
sol ution was concentrated and e |§s ed |n acetonitrilef (50 nL).
Diisopropyl et hy| angre \o 5 III_} arre —t-ert ei-e & € (1 g) wer e

IJUL y
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15 0 Step 1. Synthesis of
i Boc-Q(Chx)-OH (Exanple I X, Step 1.)(377 ny,
acet oniwoiok@s{sf nl) was added successively HCLHN-Pro(4, 4;

step 6) (377 ny,
10 JAN 2005 WO 02/ 08244 PCT/ USQO /28678 205 1.75 mmol),
2.63 mml) and diisopropylethylamne (1.35 nL, 7.8 nmmol).
m xture was stirred at

sol uti on of

Ove (Example I,
ng,

1.95 nmol )

roomtenperature for

N—hydroxybenzo

18 hours.

i Boc- G Chx) - P(4. 4-di net hyl ) - Ove:

1 9
e
r
T

The r

0 To
5 mol
S (239
BTU (845 ny,-
he reaction
eaction

1 B JAN 0

m xture was concentrated and the remai ni ng resi due was di ssolved in
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concentrated to
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i sobutyichloroformate (11.4 nL, 88.0 mmol s) were added and the ”iﬁgﬂnﬁN2%5
allowed to stir for 1 mnute. D nethylamne (100 nL, 2Min THF)

added a@@) §gr44" €aCtion was allowed to warmto roon1tenppéfﬁﬂ5ﬁn6%p

m xture was filtered and the filtrate concentrated in vacuo to arford
N-benzyl oxycabonyl -L-phenylglycine 4gpdinmethylamde (32.5 g) as a
yellow oil. Step 2. Synthesis of L-phenylal vcine dinethylam de

(H Phg- NMe2~: The N benzyl oxycarbonyl - L- phenyl gl yci ne di net hyl am de (32.5
g) obtained above was dissolved in nmethanol (750 m) and 10% pal | adi um

on activated car han

15 (’2 3 m was added. .. This

mi xture was hydrogenat ed

on a Parr appar af
m xture was filté

us under 35
bred and t he

stRpbafie

rogen for
renoved in

) e|reaction
/agﬁgéﬁﬁ%yt*e resi due

recrystallized f
di met hyl am de (24
determ ned to be

om net nanol -

nexanes to artord

bg) as an off white solid. The e
>99% by HPLC anal ¥

|s of the 2,

nenyi gryci
e of this

acet yl gl ucopyrangsyl t hi oi so ative. 1/0 JA 2005{WO 02/ 08244
PCT/ US01/ 22678 207 Exanpl is of (1 tnmethylcycl ghexyl)
glycine: 0 H Ste C| ohexane OH 5 To a

solution of 1-ne

y
%ded | Mdib

Drane inte r ahydr of ur an

(200 ni, 200 ) over * The cooling|bath was ré¢noved and t he
reaction mxture¢ was st oom tenperaturp for Awo dhys. The
remai ni ng boranejwas queér fig ¥sl ow addi t| on of satufated sodium
bi sulfate (10 nmL} over 90 mn |o wi t4’ cool i ng. AHditional sqturated
sodi um bi sul f at e} jed_and atter Zp min of stirring the
aqueous | ayer was @t c layer was|washed w {h water and
sat urated sodi um el yl tered and cpncentrated] The residue
was purified by flash chrg,w *aphy using 20% d| et hylfet her [i n hexanes
to give 1-nethyl{l-hydroxynet hyl gyetohexane (6.1 g, 48 mol|, 69% . 15
Step 2. 1 -nethylicycl ohexyl carboxal 88hyde: 5 OH
X
o u\go \\(o A
1 £r°
/L/o I B
O A
B
PRt
“r{“‘slg‘w >~ ’




To a solution of 1-nethyl-I-hydroxynethylcycl ohexane (6.17 g, 48 ”VBLM®2W5
and triethylamne (20.1 niL, 144 mol) in dichl oronethane (150 m -
C, was waddaskyqa sol ution of pyridine sulfur trioxide cormﬁﬂagoq,@?ﬁ-,g) g, 144
mrol ) in 20 di nethyl sul foxide (150 m -) over 15 min. The cooling bath was
allowed to warmto 10 JAN 2005 WO 02498244 -PCT/ US01/ 22678 208 room ;
tenperature over two hours, at which tinme the reaction m xture was poured
into brine with ice (400 nL) The | ayers were separated and t he aqueous
| ayer was extracted wi th dichloronmethane (200 nmL.). The conbi ned organic
| ayers were dilputed with hexanes (600 m-) and washed with 1 MHC (2 x
150 nml), saturated 5 sodium (2 x 100 ni),id&££§§ iltered and
concentrated. Thg residue was purified by fl ash éﬁrona ogfaphy to give
1- met hyl cycl ohexyl car al dehyde (1.77 g, 13.8|mmol, 29%| Ste 3.
Synt hesis of N-fprnyl gl ycosyl - met hy yclchexyl teni-butyl am de :
~vO' v ~CPiv P ORIV} 2ZnC Hfo%ﬁicn Tet r ahydr pf ur an
tert-butyl isocy 03T the '3§ the 13, 4-tti -0 pival oyl -
D ar abi nosyl am n C #??gggxgyt gtgﬁfdlng to{the publisped procedure
(Kunz. H.; Pfren K';: WIfried, S{ Synthesis] (1991)

utlon of 1 nethylcyclo

1039-1042). To a yl ¢ar boxal dehyde (1.17 g,

8.34 mmol), 2,3
formc acid (850
mmol) in tetrahy
in tetrahydrofur
C for 3 days, th
(500 nL), washed
(500 nL). The or

give a clear oil

provi ded pure pr

-Omvm
2

drbf
an (41%m, 2
en concentrated. The

arab
0 q57 The sol

reS|due was di | ut ed

yl
- but y
V\B.Sc

amne (8.3|g, 20.7 nmol),
| i socyanide (2.4 nm, 21.2
\dded M ki nc chloride
ution was stirred at -20
W th CH2Cl 2

wth sa
gani c |
Flash
oduct

was dri

at ed sodlun1 bi car bon
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(339 25

ate (2 x 5p0 nL), water
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rIaceE§te in hexanes)
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10 JAN 2005 WD 02/08244 209 Step 4, Synthesis of

(1- met hyl cycl ohexyl ) gl yci ne:

1 Nal

(4.3 g, 6.6 mmol

0 pp’

in

)

N PCT/ USOL/ 22678 .V Vv C1 H3

IWo@ossV v A solution of the product obtained inpst/@Rorhadaove
di chl oronet hane (30 nmL) and saturated anhydrous

met hanolic HO (30 nmL) was 5 stirred pyerni ght.

concentrated and the resi due was dissolved in

with pentane (2
resi due was diss
hour s.
nmet hyl cycl ohexyl
l e XVII1. Synthes
of _4,4-dimethylc
-one (12 nmL, 91.
hydr ogenat ed at

concentrated ('H

ratio). The m xt

02/ 08244 PCT/ USQ

added over 30 m

excess acetone was evap

wat er and di et hy
colorless, dried
di met hyl cycl ohex

The sol utj

x 100 nm).
ol ved in 6N HC

(50-n) and heated at

wat er
The aqueous | ayer was

}\I[] JAN g]g5

The sol ution was

(100 nm.) and washed
concentrated and the
reflux for 30

—crude (1-
gl yci ne hy .ﬁ§! e (790 ng, {3. @gﬁg 38% . i o Exam
s of 4 4- dldé t-thlq‘h*éél ohex 1 | tji ng\% epS 1,]. Synthesis
ycl ohexanone: xture of 4, 4-dinethylcydl ohex-2-en-1
2 mmol ) and 15 Deg sa type 10%jPd on carbon (2 g) was
40 psi for The m xturje was filterled and
NMR sh ket one | and & cohol| in a 5:3
ure was cétone (440 nL) and 14 JAN 2005 WO
)1/ 22678 210 cool ed 0 C. Joneq reagent (4Q nlL) was
n and the cool1ng th was rengved. After 4 days the
orated and t resulting residue way di ssolved in
| et her. The, aye swas waghed with watler until
, f||ter'a£ tirated to dive 44 5
anone (7.%4 ’ 64%
C
C
C
C
C
C




Step 2. Synthesis of the nmethyl enol ether-of 4.4- dimeth Ic clohexy JaN 7009
| car boxal deh de: 0 To a solution of nethoxynmethyl triphenyi phosphoni um

chl ori ) in 1o tetrahydrofuran (125 m-) at 0 C
n-buty?ﬁfﬁ%ﬁgﬁ?(l.GM in hexanes, 14.3 nl) over 10 nin.I%?ﬁgﬁqgggﬁin t he
reaction mxture was cooled to -78 Cqgad a solution of .
4, 4- di nmet hyl cycl ohexanone (2.45 g, 13. nmmol ) in tetrahydrofuran (50

m-) was added over 20 min. After 1 hour the cooling bath was renove and
the reaction was warned slowwy to O '3C. The reaction was diluted with
saturated 15 anmunium chloride (50 nl)., ethy]acetate (100 nli) and hexanes
(100 m.). The drganic |ayer hed wi th water .and ine, dried
filtered and corjcentrat ed. S{ﬁgéiggﬁdue was sti‘réﬂggk%$ghexanes (70 mL)
for 10 min and fiiTtered. The TiTitate waS concgnirated an
chr omat ogr aphed usingg:;%%gthylac ate in hexangs to giveijthe title

conpound (1.925(|g, 12.5 |, ¢65% "> 20 Step 3:
4, 4-di et hyl gycl{oheUi garlhdxd wde. 'QVE 10 JAN 2005 BAD 02//08244
iof ofy t %ége

PCT/ USO / 22678 211 A so herqet hyl eno| ether of 4, 4-
di et hyl cycl ohejyl car boxal dehyde (1.'925 g, 12.5muvol) (Steg Il above),

tetrahydrofuran (100 nl) a&g%;T HCT 720 nL) was| stirred at |[room
r

tenperature for{ 4 hours. reaction,mxture pas diluted|wi th hexanes,
di et hyl et her, btine aggj§ 5. fThe ©kganic Iaker was drigd, filtered
and concentrated to gl ew$, o ALY ohexy| car béxal deljyde (1.0 g,
7.1 mol, 57%. |Step 4.-° thesis of Néfornyl-[N-gl cosyl - |4. 4-di net hyl c,
cl} ohexyl- tert-butylam - PivQ,,, Q Pivd "OPiv CPiy Ib- PW
ZnCl2, formc a¢id, tert-butyl 1-gocyanide Tetfahydrofuran To a sol ution
of 4, 4-di net hyl ¢ycl ohexyl car boxal ¢gehyde (1.17 g, 8.34
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lo mol), 2,3,4-tri-0 pival oyl -a-D arabi nosylam ne (3.43 g, 8.55 "VgIGDAN 2005
formc acid (350 L, 9.17 nmml) and tert-butylisocyanide (990 L, 8

mrol ) iwolidwstd0 L) at -30 C was added 0.5M zinc chl or pge st /22678
tetrahydrofuran (17 nL, 8.5 nmol). The solution was stirred at 3

2 days, then concentrated. The residuggvas diluted with dichloronet hane
(200 m.), washed with saturated sodium 15 bi carbonate (2 x 200 nL), water
(200 nL). The organic layer was dried, filtered and concentrated to give
a clear oil. Flash chromatography (20% et hyl acetate in hexanes) provided
pure product (2.1 g—3. 3. mmmol, 39% Ste 5 Synthesis of
L4. 4-di net hyLcyc ohexyl)gl ycg CT gll... NOH]I Q.JAN 2003 WO 02/ 08244
212 PCT/ US01/ 226[78 A sol ution the Ugi product| obtained in step 4 above
(2.1 g, 3.3 mol) in dichl ororreth e (20 m-) and saturated anhydrous
met hanolic HCl (RO m-) was tirrg overni ght. |The sol ution was
concentrated and] the resigdue was di{ssolved in water (100 mf-) and washed
with pentane (2 Kk 100 ma~FHg AGUEOUS (hpyer was 5 corntentrgted and the
resi due was di ssplved irn : i and heatjed at reflygx for 30
hours. The sol utj on was concentrate give thg crude (1-
met hyl cycl ohexyl{ gl yci ne hydrochl orggle (300 ng, [1.36 mmol, 41% . Exanple
XVII1. Synthesis|f of Boc-nVal-(CHOH {” Ay-OH to|Step 1. Preparation of

Boc-norvalinol: |Boc HN H - T -HNH O Tola solution ¢f
hute?r ahydr ofjuran (461 nl), cooled to

Boc-norvaline (25.0 g, O

0C, was added b rane/tetrahydrof onpl ex (461 nL of a . OM sol ution
i n tetrahydrofurfan) dropw se. After h at 0C, tjhe solutionjwas 15

war med to room tlenperature over a iod of 1.5H. TLC indicated that the
reaction was conplete. Methanol wa;ﬁdded to qugnch the reaiti on. The

sol ution was coﬂgentrat ed4q yig he title conpound _(22.56 g, 96% as a
foany syrup. TUC of thef) Sy’ cat ed satlsfactgry pufity. Rf =

0.34 (40% et hyl | acet at el'hexanes). *




20 Step 2. Preparation Boc-norvalinal: C 2CHCO2H, EDC Boc-HN v to1gqﬂﬁqm5
DMSO bOC-HN O 10 JAN 2005 WD 02/08244 213 PCT/ USO /22678 To

Boc- norwalo2aeds4 (7. 77 g, 38 mmol ), in anhydrous dinet hyl WW(%?*!S’R?{ 153

m.) and toluene (153 nL) was added EDC (73.32g, 382 mmol). er the
solution was cooled to OC, dichlorogggtic acid (15.8 nL, 191 nmol) was .
added dropwi se. After addition was conplete, the reaction was stirred

for 15 min. The solution was 5 allowed to warmto roomtenperature over a
period of 2h. The reaction m xture was concentrated to renove the

tol uene, then dissolved in ethyl acetate The solJution was washed
successively witth 1 N sodiu i te, saturatgd spdi ki car bonat e and
brine, dried ovgr sodiun1sugkgpé?bégltered and :oHﬁeﬁ@&%%ec to afford
crude Boc-norval[inal "WAT ch™was useg=directly I n[The next ep. TLC Rf =
|0 0.84 (40% et hyl acet at e/ hexanes)~ Ste 3. Synthesis of

Boc-nVaI-(CHCHhéIy-CEt: 2 Et £ Pyridine n}Boc-HN Bog¢-HN' TFA
di chl oronet hane|, o OH 0

y the criide Bdt-noryalinal (4.18
g, 20.77 mol) ifn dichl oronet hane m -) was{ added
et hyl i socyanoacg¢tate (2.72 m, 24. mmol ) 15 apd pyridine{(6.72 nm,
83.09 mml ). Affer the solution wagncooled to O, (riffTuofoacetic acid

(4.15 m, 41.54immol) was added dr¢pwi se. Afterfstirring f¢or 1 h, the

sol ution was st%rred at r tenp re for 18 hours whil¢ allow ng the
solvent fromthg reactiqﬁﬁgikﬁﬁﬁﬁ j uncoverged vedsel t¢ evaporate
under anbient ¢onditions. The neacljion m xturel was concenfrated, then

di ssolved in 20tethyl acetate. The | ution was| washed sucgessively with
1 N sodium bi sulffate, saturated sg@;un1b|carbo ate and pbrijne, dried over
0

sodium sul fate, [filtered an t hen ncentrated. The residyie was purified

by flash chronmafography, el &LgﬁT§p§%; 8

3




20% to 40% et hyl acet at e/ hexanes to afford 2.8 g of the title corrpoy[]qmﬁsignﬁ
a yellow syrup. Low resolution mass spectroscopy confirned the presence
of the Jesjeelsy 25 product (MH+ 333). 10 JAN 2005 WO 02/p§-§/ﬁ§%@§m§t ep 4.
Synt hesi s of Boc-nVai (CHOH) -G y-OH LUGH, ethanol PCT/US oc- HN
NIls~"'" Boc-HN~NCH"" 0 OH" O Thq;gr oduct obt ai ned

(Boc-nval -(CHOH)-d y-CEt) (1.52 g, 4. nmol ) di ssol ved in ethanol (23

m) was saponified with 1 N Ilithiumhydroxide (18.81 m) 5 for two hours
at roomtenperature. The reaction m xture was acidified to pH =2 wth
Dowex(r) 50 WK8 i.an _exchange resin, stirred for 20 pinutes and then
filtered. The re¢sin was Was%ﬁﬂfﬁffl wi th ethanol and water|and the
conbined filtratg¢s were con \t to a white fgérﬁlf’@.s48 g, 33%.

Exanmpl e XVIV. Syl ' yi
N- CBz- 3- am no- 2- “ene- hexanoate: Step 1f To a
solution of tertiButyl dget hd .7 m, 20 pmol) is

di ssol ved in THE| (50 m e s Ag Mn-batyl IJthiumin
hexanes (12.4 nlL). After b,

2S) - 2- et hyl cycl ppropyl car boxal dehydé)(1 g, 12 |mol) (Barrett, A G M;
Doubl eday, W W [—Rastorf—RK—Tustia,— G337 Og—=Chem (1996) 61,
3280) in diethyl]|ether (100 m.) wasj}ddded over 10 min. The | reacti on was
warnmed to 00 C fpr 2 hoyrs dto 64C fog_ 12 hours. The reaction 10 JAN
2005 WO 02/ 08244 PCT/ U @aﬁﬁu{&{vyas %uenched Wi t hBsat urjat ed anmoni um
chloride (20 m-) and they’or ga#i °I%r S separated, washed with 50 niL
brine and dried pver sodiumsulfate,{filtered 4gnd concentrfated to afford
3.5 g of a clearfort—Frashr chromalmgraphy (209 ethytacet=atie | n hexanes)
afforded pure unpaturated tert-butyester (1.4 d). 5 Step |2:




To a solution of

Af ter
0.45 mmol ) was
tert-butyl ester

pot assi um osmate (110 ng,

15 m nut es

benzyl carbamate (3.55g,

added in n-propanol 4 ni),

(1.4 g) from  above 'n n-propanol
water (2 m-) was added and the

0.30 nmmol) in

23.5 mmol s)
m.) was added a sol ution of sodi um hydroxide (900 ng ,22.7 mol)in
(48 to whoknll oned by tert-butyl hypochlorite (2.57

the reaction was cooled to O C and (

in n-

pr opano

} oA s

(RO IIAERS5 g

fol |l owed by unsaturated
(48 ).

Finally

solution very rapidly devel oped a dark green 15 col or which persisted for

4 hours. After

hours saturated sodiumsulfate

(50 nL)

mas added and

the m xture extr
organi c | ayers V

o7 e washed GTHOBPRRe (30 mt)

sulfate, filtere
ethyl acetate in
tert-butyl ester
PCT/ US01/ 22678 3
tert-butylester
9 nmL net hanol we

er e washed
d and concentirated., ~Fl ash chro

concentrated to
XX. Synt hesi s of
comercially avg
added a sol uti of
was stirred for
reacted directly

conbi ned
odi um

fith 20%

synt hesi zed by f
synt hesi s of HC\
i Boc- §(Chx)-Pro
Synthesi s of tef

hexanes afforded t/fte desired cBz protected am no
as a wit ol i.d 3(316 ng). WO 02/08244]10 JAN 2005
16 Step e of CBz protRcted]|ani no
(316 ny, 0.9 o )® 5 32nmg 10% pal | adi ém on carbon in
}s hydrogenated for hours. The|m xture wa$ filtered and
afford the free am@Ae as a creaf oft (1 ng). Exanple
| R 2-dinethyl Propyk chloroforfrate: to To|the
i | abl e 2RBAYdr ¢ ¥Fwet hyl but ang (410 ngy, 4.65 nmmol) was
of 20%phd ene (1 fL, 2&mol)| The solution
6 hours to generaﬁe the chloroernate (2 ) which was
and inmedi ately w the desirgd am ne. The S-isoner was
he same procedure. [T Represgntative sofution phase
i nhi bitors Exanpl . Sol uti pn phase sypthesis of
4, 4-di met )~ keu- -3 y-Phgtdi net hyl amjde: Ste 1.
t - butyl ar o i nal (Bof-LeuCHO: {1 0 JAN 7005
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WD 02/ 08244 PCT/ US01/ 22678 217 di chi or onet hane,

Boc- HNC Pyri di ne
avail a
anhydr ous

et hyl acet at e:
reaction m xture

yanced Chem Tech) Boc-L [ eucinol
I chl oronet hane (17.5 m) was added
14.36 mol ) and the m xture was cool
(17.5 mM) was added fol |l owed by sulf
14.36 mmol ) and the reaction was stirred for two hours.

was

i

d|nethylsquOX|de1m1AN2m5

S03 Boc-HN O To a solution of the comerci al

(0.78 9, S&p/iER) ém's”
triethyl am ne
o00C Dnethyl s squOX|de

ri oxi de pyridine conplex (2.3 g;
TLCin 1:1
hexanes confirmed the conpletion of the reaction.

The

concentrated and the renmi ni ng residue diluted with

et hyl acetate. Theg
acid (2 x 75 m)

X 75 m) and brin
sulfate), filtersg
Synt hesi s of Boc-
(Boc- Leu- ( CHOH) -

CNCH2 CO2Et Bq
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10 JAN 2005 WO 02/08244 PCT/ USQL/ 22678 218 2" x 6" silica gel col upp jaN 2005
using 10% et hyl acetate in hexanes (800 m) followed by 1:1 ethylacetate
in hexapeshH9P M ). The fractions corresponding to the F&R§HBE§

pool ed and concentrated to yield 980 ng (79% product. n heS|s

of Boc-Leu- CHOH -G -OH LiOH ethanqhﬂsoc HN 5 To a solution of
Boc-Leu- (CHOH) -d y-Cet (0.98 g, 2.83 in ethanol (11.3 m) was

added 2M lithium hydroxide (4.25 m) and the reaction was stirred for
five hours at roomtenperature. The ethanol was renoved. under reduced 1o
pressure and the_aqueous |aver was diluted wth ethyl acetate. The organic
| ayer was washed with 1 M hydrochloric acid folll oned by i ne, dried,
filtered and concentrat ed t T%HCeTQREWS gy (86% pfibalAs3sS ap a white

solid. Step 4. SyR of—Be HOH) -G Phg-dinet-hv| anm de:

H Phg-N (Me) 2 Bojc- HN N( OH EDC, HCSP..OC HN N~ - [N OH H QD Eq
acetonitrile OHH O, 15 Jo,a solut}jon of Boc-Lgu-(CHOH -G y-0OH (0.37 g,
1.18 mmol) in i '7,added succesg vel y| phenyl gl yci ne
di et hyl am de ( Step 2), EDC (0.34| g, 1.76 mmol),
N hydr oxybenzot | ) and
di i sopropyl et hyl [ eacti on was
stirred for 18 h pe reaction m xture was
concentrated and the remajnj i flu ildted with ef hyl acetate and
washed successiVely wi t htwd 3 _x Rty 1 M hydrochloric acid,
saturated sodi um bi car bow nic |ayer fwas then dried
filtered and con to 10 JAN 2005
WO 02/ 08244 219

obtalne




PCT/ 11S01/ 22678 fl ash chromat ography in a 2" x 6" silica gel colunpug N D885
4:1 ethylacetate: hexanes (700 nl) followed by ethylacetate (1000 ?
and 10%wieidugnQl in  dichloronmethane (600 m). The fractj f&m ”2 .
corresponding to the product were pooled and concentrated to yie & 445 ny
(80% white solid. s Step 5. Synthe5|§ of H-Leu- (CHOH) - G y- Phg-di net h,

| aam de trifluoroacetate salt: trifIJ F%acetlc aci d di chl oronet hane TFAH
2N To a sol ution Boc-Leta-(CHOH) -G y- Phg-di nmet hyl am de (70 ng, O0.146
mol ) in dichloromethane (1 m) was added trifluoroacetic acid (1 nl) and
the reaction was _stirred at roomtenperature for 1 hour. The reaction

m xture was 10 ¢oncentrated and taken to the nejt step w thout further
purification. Step 6. Synt he§T%U%TU$'_Boc Q& Chx) Prlo( Ki*£LAGSe} h- v
Leu-(CHO'D-QI- Ph et hyl atr-de—+tBoee mr\h"\ Pr l/l 4adi N OH TBTU,

HOBt, DI EA, acetpnitrile To a solut n of |Boc C(Chx) P(4, 4t di Me) - OH

(Exanple XIV, stgp 2)(5 "5 0.148 mmol ) in jacetonitrile (3 m) was
added successive|y TFA2 (]X}Phg Nve?2 (61 pg, 0.[148 nmol),

N- Hydr oxybenzot r | azol e ( 148 mmdl ), TBTU (7[L.5 g, 0. 222
mol and dii soprppyl et hyl anlne 10 10 JAN 2005 WD 02/ 0B244 220

PCTI USO 1/ 22678 p—593—+wot)r—Fhe rCﬂctisn WarS—SHiH—-ed

om t enperat ure
emai ni ng rdsi due was di ssolved in
drochloric dcid (2 x 5m), saturated

for 18 hours and} concentrated. Th
et hyl acetate and| washed with 1 M
sodi um bi car bonaf e sol uti and brijne (2gx 5 . The
organi c | ayer 5 dried,CXi 1 ed. 5 The product (100
ng) was taken to] t he next step urificationf. Step 7.
Synt hesi s of i Bog PO G—-PRh——{di et hyi am de:
di chl or onet hane
i Boc- G Chx) - Pro(
ng, 0.04 mol) i

d- lo dinetHylam de (30
ed the




commercially avail abl e Dess-Martin reagent (Orega Chem cal Cbnpany1UJAN2m5
Inc.)(67.8 ng, 0.16 mmol) and the reaction was stirred at room

t enper aygneodefs 90 minutes. The reaction m xture was C?B?ﬁﬂﬁp 54 and
the remaining residue was stirred in 5% sodi umthiosul fate. was t hen
diluted with dichl oronmet hane and the, 15 | ayers were separated. The )
organi c | ayer was washed with sodiuﬂ hiosulfate (4 x 3 m), followed b
wat er and brine. The organic |ayer was dried over sodium sulfate,
filtered and concentrated. The crude product was dissolved in hexanes

and isopropyl alcohol and was subjected to HPLC purification using a
normal phase Hromasil 5 silica colum (Phenongnex, 250 x 21.20 nm 100
angstrom 20 porfe size, 5 m Fﬁicles) eIuting'ﬁﬁqq$3§ 3d m nutes

gradi ent consi Stimgof 6 ' 005~ WO 02/ 98244—224+—HCT/ US01/ 22678
25% i sopropyl 48l cohol in hexanes 25 m | mnuteg). The fractfi ons
correspondi ng tlo the pr ct_werg poelred and ¢oncentrat ed.
Lyophi li zati on {f rom wa uﬁﬁtﬁﬁ%ﬁ? YW 'mg whit¢ powdé€r. Low resol ution
mass spectra cdnfirnmed the desirfed ®ass (M+ J41.4). 5 ill}) Solid Phase
Synt hesi s: Sol i|d- phase synthesis (s useful for|the productijon of snal
anount s of certfam—Ttonpounds of fepresent—Tverntron—Aswi t h t he
conventional sqlid-phase synthes of peptide$, reactors flor the

sol i d- phase synt hesi s of-_pept|dyl yis ketoam deg are conprided of a
reactor vessel jwith atﬁﬁggﬁﬂ e pernmefble €o sol Jent and

di ssol ved reaggnts, but~not pe e to synthesis resin off the selected
mesh size. Such reactors include ss solid phase reaction vessels with
a sintered gl agsfrit,—potypropyteqe tubes—or_gotuomts—wtirjfrits, or
react or KansTM| nade by Irori — San Di ego LA The type}of reactor
chosen depends {on vol une..4, Pi«d- phase resfn needed, and different
reactor types i ght be o if #ef ént  stages of & synthesis. The
fol |l owi ng procqgdures w af @rgfced in thef subsequent |exanpl es:
Procedure A: Cqupling reaction: Téthe resin sbspended in
N- et hyl pyrrol ifdne — 20 TNVP) ( L0-=&b nLI gram [esiny was agded Fnoc-am no
acid (2 eq), HPAt (2 eq), HATU (2}€qg) and diisppropyl et hyl am ne (4 eq).
The m xture wag let tor t for 448 hours. [The reactantg were drained
and the resin Was wash %ggébéﬁﬁi wi t h di fret hyl for manijde,

di chl or onet hane, methandl, di‘chl’o t hane and
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2
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di et hyl et her (use 10-15 nL solvent! gramresin). The resin was th QﬁﬂﬂﬂS
in 25 vacuo. Procedure B: Fnoc deprotection: The Fnoc-protected reS|n was
treat edywpighlys2@% piperidine in dinethylformanide (10 nMyepagsanhirgd
resin) for 30 mnutes. The reagents were drai ned and the resin was
washed successively with 10 JAN 2005&?? 42/ 48244 222 PCT/ USO1/ 22678 X
di nmet hyl f or mam de, di chl or onet hane, hanol , di chl oronet hane and di et hyl
ether (10 nL solvent/ gramresin). Procedure C. Boc deprotection: The
Boc-protected resin was treated with a 1:1 5 m xture of dichloronethane
and trifluoroacetic acid for 20-60 mnutes (10 nL solvent/ gramresin).
The reagents wer¢ drained and the resin was washpd successively with

di chl or orret hane, |di net hyl f oPRBREGERESY, di i sopr opy KEtHWS8ifne i n di

rret hylforrram de w-H rvni'lq A f or e A~ l‘l|hh| nvn_rmf h:nr\ anrl

It IyllUIIIﬂTIU\z,
di et hyl f or mam d¢ (10 m. sol vent/ ,nrresrn) 10 Procedurq D

Sem car bazone hydrol ysis 'ﬁhe resi spendefd in the dl eavage
cocktail (10 nL/|g resj bf it f| uorpacet pc aci|d: pyruvic
aci d: dichl or ongt hane: ter ° ?3.r sorr 2 hourk. The readtants were

(rained and the |procedure was repea d three nofe tinmes. The resin was
washed successi vely—2t5—wth—ei-chl-erorethane—watpr—and—di-cHl or onet hane
and dried under yacuum Procedure HF cl eavagpe: The dri gd

pepti de-nVal ( CO G O PAl in ed in an H{ vessel
containing a small stir }
a scavenger. In 1he pr nce of %" ;

_<£J
3
S
c
~ -
®
U

al  vgl une)] was added as
cystei nqg am no acids,
t hi oani sole (1094 and 1, 2- ethanedlth|CD re al so 2 added. The HF
vessel was then heeked—up—to—the—H—app 'a us—Hrre—BPyrgm ¢s) and t he
syst em was flushad th nitrogen fo>(f . It was tfhen cool ed
down to -70C with dry i sopr ter 20 m nutes, HF was
distilled to theldesir g res n). €he rgaction was | et
to proceed for o“e and hal f hour® of renoving
all the HF 25 u$ing nitrogen. D chI ed to the
resin and the m e ers—st+ gas foll owed by

the addition of P0O%acetic acid in*y Aft er stilrring for 20
m nutes, the resfn was fFP r i g itted | funnel ang the
di chl oronet hane yas re der pressuTe. Toe
X o
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X
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remai ni ng resi due and the m xture was washed wi th hexanes (2x) to
the resin was soaked in 1 nL nethanol.

AN

30 scavengers.
aqueousy g,

and then filtere

10- 25% net hanol
reverse
of Hep C inhibit
10 Step 1. Synth
all, rLocvanoacet
acid potassiums
0.88 nol) was ad
and potassi um hy
warned to roomt
was filtered on
chill ed et hanol.
was dried in vac
2005 WD 02/ 08244
PCT/ US01122678 T
acetonitrile (81
heating at reflu
The reaction m x

Meanwhi | e,
42005 WO 02/ 08244 PCT/US01/ 22678 223 | ayer
added back to the resin and the m xture was agitated for
was

t he aqueous | ayer was |yophilized. T

d. The net hanol

ved under reduced

1%

eptide was then dissol ved

‘L@ RN €003

) was
utes
‘pressure and .
in

(containing 0.1 %trifluoroacetic acid) and purified by

s phase HPLC. Exanple XXl |

ors: (iBoc- G Chx

Representative solid
-P 4t - NHSO2Ph - nV-

phase Synthesis

CO -G G Ph NH2 NH2

di ssol ved in et her—ti—5ty—and

sis of Fnoc-nV- ) dy-OH 15 A) Synihesis of
ate (steps a3T a) Synt HesfisClASS spcyanoacet i c
0Nt J+—Ht Il_yl 1 oucyanCaCCt £ (96 6 m ,
ded dropw se to a illed solutffion of ethpnol (1.5 L)
[dr oxi de 59 52>g 0 nDI) The | reaction pas slowy
enper a s t he |20 preeci pitated product
2] gIa f nne mnth deveral poftions of
The pota55|un1salt |socyanoacet|c acid|l thus obtained
i?ﬁr—éH:{M?. .10 JAN
224 b) Synthesis ally) isoc;anoacetate CNJQ_ K+
o0 the pgoduct cof t a (99.92 ¢, 0.81 nol) dissolved in
0 m) dgaadyat wlf gnide (92 ma 1.0p nol). After
X for 5 hour'ss’al.dar K br own|sol uti on was obt ai ned.
ture was concentreﬂﬂb and the femai ni ng resi due was
335
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washed three tines wt
filtered and

by vacuwg ghssbid | ation
NVR 8 ppm (CDCI 3): 5.9

2H). B) Synthesis of 9-
below): a) Synthesis of 9-fluorenyl nme
ester (Fnoc-nVal - Owe) :

solution of the commercially avail abl e Fnoc-norvaline (25 g,

i n anhydr ous net hanol

h water (500 m).

(m 1to H),
fl uorenyl met h

5.3 (m 2H),

OH 10 Fnoc-HN ( Fnoc- HN

(469 nl) was added thionyl

The organic | ayer was drqug
concentrated to a dark brown syrup. The crude was pur
at 7 mmHg (98 C) to a clear oi

s
rkTisAgegs (20

4.7 (d,

Qﬁﬁfarbonyl norval i nal (steps a-c
oxycar bonyl -

L- norval i ne nmet hyl

15 0 To a chilled
73.75 mol)
chloride (53.76 m,

737.5 mmol ) over jone hour. TLC in ethylacetate taken an houf | ater
confirmed the cdnpletlon OfSFﬁHCFEBEtIOH (Rf = 0. 88)CLABSe [eaction

m xt ure was concdntratet—26—ant—t fera-Ri-Rg—efade—was—eH ssol ved in
et hyl acetate. The organic | ayer washed wi thjseveral 20p ml portions

7@%

of saturated sodijum bi on owed by« bripe. The orghanic | ayer was
dried, filtered Lnd c noc- | norVagl -Ove) as a white
solid (26.03 g) iln titatbv ‘S/lo 8 ppnl (CD3OD): ¥.7 (m 2H),
7.6 (m 2H), 7.4 (n1 2H) , 7 3 (m 2 4 3(m 2H), 4.1 (m|{25 2H), 3.7
(s, 3H, 1.7 (m PHHh—1+—6—m—tHH—+4(m—2H-—Pp-95——34 b)
Synt hesis of 9 quorenyInethoxychoonyl nor val i npl (Fnoc nVallnoI) 10
JAN 2005 WO 02/ 08244 PCT,USO%/ZZ-" 225 Fnoc-HNF T-~% Fnocf HN O To
Fnoc- nval - Ove (26.03 g, - hydr of uram (123j nl) and
nmet hanol (246 m ) wag @ '-"cilor|f (16} 37 g, 147.49 mol). The
reaction m xture|was cooled to OC a{ﬁ'sodlun1bor3hydride (1. 16 g, 294.98
5 mvol) was adde¢—+r—severat—beatehes—Fo—the—thipk—paste—obt ai ned,
met hanol (500 ) was added and tﬁg actlon wap let to stjr at room
tenperature for 90 m nut TC | ylacetate: hexanes confirnmed
the conpletion off the The} r eacti on s quenched
with the slow addition>of wateér ) at OC The net hanpl was renoved
under reduced préessure and the rena g aqueous
q_
/ 4]
QP |
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1o phase was di
water (3 x 500

uted with ethyl acetate.
),

The organic | ayer was mash?
saturated sodi um bi carbonate (3 x 500 m) and

(500 mooths2440rganic |layer was dried over sodi um sul f gy

concentrated to

(m 2H), 7.7 (m
1H, 3.6 (s, 1
(m 3H).

(Frmoc- nVval - CHO) :

Frnoc- nor Val i nol

a white solid (21 70 g, 90.59%.
2H), 7.4 (m 768 (m 2H),
H, 3.5 (s, ZFD 1 5 ?n1 1 H,

c) Synthesis of 9-#l uorenyl net hoxycarbonyl
Froc-HN O To a sol ution of

Fnoc-HN LH ) P-
(21.70. g 66. 77 nmol )

NVR 8 ppm

4.3-4.5 (m 2H),

15 1.3-1.4
-norval i

JYA B

gr|ne
Sf%%%§ ed and

4.2 (n1
(m 3H), 0.99
nal

(

in dichl oronet hane (668 m) was

added triethylanine (5723 e fG1epro!) and the slution Jas 20 cooled
mrol ) in dinmethy[sulToxXide (9 nT) Was_added totte—cthiitted sol ution.
After one hour,} TLCin 2: d: hexanegs confirmed the

conpletion of the reactio

reduced pressur €
and washed with
PCT/ USQ / 22678 s

bi carbonate (2 X
concentrated to
assuned and t he
purification. 5
trifl uoroacetate
Boc-sem car bazi d

car bonyl di i m daz
was added a sol U
di met hyl f or mam d
(18.3 g, 0.10 nyg
allowed to stir
added and the m

pressure. This dolufion was pgured I nto wat er (poo nL) and
ethyl acetate (400 nL). The et hyl acgtate phase|was washed
with 75 nL %ﬂ
éj;.,o" N c
C
c
B

anet hang was renoved under

and the > resrdue was |di ssdtved §n ethylacetate
wat er ( Y, 1 N 10 JAN 2005 WO 02/ 08244 226

at ur at e ollium bi sulfate (2 x %0 m), satdrated sodi um
50-m ) and prine (50 ) Thejorgamc-tayer was
yield a whit oI|d oretical yield (21L.57 g) was
reaction o wolt he,next [step wi thout further

C Synt hesj th | sem cabazidé d sc

salt ( elomb a) Syt hesis of

-4-yl W enylnethane to To a s¢lution of

ore (J.b Z 0, U. 10 notel T —dairmethytrformam de (225 m)
tion of t-hut e (13.2|g, 0.100 pol) in

e (225 m) 0 mniites. D phgnyl net hyl am ne
) was ad 0 minutes. The repction was

at roo re for one houy. Water (1p nlL) was 15
xture Wasconcentrated to about|150 ni undgr reduced

extracted with
two tinmes each




1 NHC, water, saturated sodi um bi carbonate sol uti on and sodi um ‘IU(JANT%E
chloride, and dried with nmagnesium sulfate. The m xture was filtered an

t he sol wo omseas 20 concentrated to give 29.5 g (85%yyi el’é'}/U?Bl/f’ze’Mﬂ'i te
foam This material could be purified by recrystallization trom ethyl

acet at e/ hexane, but was pure enough t use directly in the next step: np
142-143C. 1 HNWR (CDCI3) d 1.45 (s, m 6.10 (dd, 2H), 6.42 (s, 1 H),
6.67 (bs, 1 H, 7.21-7.31 (m 10H). Anal calculated for Cl19H23N3(3: C,
66.84; H 6.79; N, 12.31. Found: C, 66.46; H 6.75;, N 12.90. 25 b)

Synt hesi s of diphenyinethyl senicarbazide (dpsc) trifluoroacetate salt 10
JAN ?005 WD 02/08R44 227 H TEAH2N N PCTIUSO | 122678 A sol 4ti on of

Boc- seni car bazi d-§-yl di pheny? H{EHEE (3.43 g, 1Q HdIASSn
di chl or onet hane (25Tt —was treated—wtth—12—5—t—oef—tr+F{uor oaceti c
acid at roomtenperatfure @ g—iHed for n.| The sol ugi on was added
dropwise to 75 5 rrLFFt e, 't he, resul g sqlid (2.7 ¢, 80% was
coll ected by filt)attom—Typ ] R (¢D3CDR d 605 (s, 1 H),

7.21-7.35 (m | CF—!). 13C (CB30D) §d 57764 118.3 (g, CF3), 126.7,
127.9, 141.6, 156.9, 160.9 (q, 3C2H). to Mynfhesis

of Fnoc- nVal - ( =G v-Cattyt—FmocHN-—O—attyt—+gocyanoacedat e Pyri di ne,
trifluoroacetic gcid Fnoc N-O --~di romgt hane OH IH O To a

sol uti on of Fnoc-|nval ¢ 16. 90 mol ) i

di chl or onet hane ([170 FyIL i angacet8te (ftep A (2.46
m, is 20.28 nmol)) a yridi nes m, 1 | ). The|reaction

m xture was cooljed to OC and trifluoroacetic acijd (3.38 nf, 33.80 mmol)
was added dropw se——The TEactTomwas—stTrred—at6€for—3+—+h, and then at
roomtenperature [for 48 h s.o—1FLC t aken g%t hyl acetate ¢onfirned the
conpletion of thg reacti ThB, 'reagti on, xture was concentrated and
subj ected to fl agh i C




20 70% et hyl acetate in hexanes. Fractions containing the desired gl’ﬁ)qlﬂﬂtm%
were pool ed and concentrated to a white foam (6.88 g, 87.3%. TLC In

50: 50 WOmzreazdt at e shows one spot (Rf = 0.37). NVMR b ppor(ddeseedi 7. 8

(m 2H), 7.65 (m 2H), 7.4 (m 2H, 7.3 (m 2H, 5.9 (m 1 H), 5 1-5.4
(m 2H), 4.55-4.65 (m 2H), 10 JAN 2956 WO 02/ 08244 228 PCTI U SO 1122678
4.3-4.4 (m 2H), 4.15-4.25 (m 1 H, 4.01 (s, 1 H, 3.9-4.0 (m 3H),
1.5-1.6 (m 2H), 1.35-1.45 (m 3H), 0.9 (m 3H. E) Synthesis of

Frnoc-nVal - (CO-A@y-Qall~ 1. dichioroacetic acid EDC, o Fnoc-HN
Froc-HN | ~ ~\ tpiuene dinmethyisulfoxide . 5 Q0 to 3 : | ution of
Fnoc- nVval - (CHOH)[- A y- Gal | yl 48t (5.01 g, 1p. in
di met hyl sul f oxi de (100 m) an§ toﬁ'”g%ne (100 m) vvg %1 _DC (20.6 g,
107.7 mmol ). Tha reaction tu e was cool ed _tof 0 C and dl Chi or oacetic
acid (4.44 nm, {53.83 Mo s added dr o Se.| The reactipn was stirred
for 15 1o m nute aFt a d ate rﬁ)o hperpature. Aftef cooling-back
to 0 C, water Maehe was$’ renoyed under
reduced pr essure Femalf’nl ng +est due wa® dijuted with ethyl acetate
and washed several %i hes with a saturated sodium bicarbonpte sol ution
followed by 1 N SOdI um ul fate and bad n odNe organrc Tayer was dried
over sodi um sul fla f| I re c"émd concen ed.| The 15 thepretical yield
of 4.99 g was ags rea takentothe nekt step
Wi t hout further ur| |c t| hy]l acet & e shpws one spot
(Rf = 0.73). FSyntheS|s of -nWaI d9c-G -Qall 1|:
di phenyt net hyl s¢ni car bazi de sodi um acet ate, watler, et hanol
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20 To a solution of Frnoc-nVal-(CO-Gy-Callyl (Step E) (4.99 g, L@%AN?U{IE
nmml) in ethanol (130 m) and water (42 m) was added di phenyl net

sem carweaaigs244(dpsc) trifluoroacetate salt (Step 10 (7p€r/gs012ieh rrm)l)
and sodium acetate 3H20 (1.76 g, 12.9 mmol), successively. The reaction
m xture was heated at 10 JAN 2005 WD4@a/ 08244 229 PCT/ USQOL/ 22678 refl ux .
for 90 m nutes. The conpletion of reaction was confirned by TLC taken in
1: 1 ethyl acetate: hexane. Ethanol was renoved under reduced pressure and
the remai ning residue was dissolved in ethylacetate and washed with 1 N

sodi um bi sul f at (2 x10-m) satuwrated sodiumbicarbonate (2 x 10 m),
followed 5 by arlne (10 m) éj')_{r__qanic | ayer Wagi,,q,;igg filtered and
concentrated. The resulti ng reS| ue was purifigqd by chr omat ogr aphy
in 20%to 50% e€fhylacetate 1n hexanes to gl ve g white solTd (5. 76q,
78% . TLC in 50:50 pt &UET hexane Showed two spots [cis and trans
isonmers) with Rff = 0.42%9 3 d 0 G)0 ntheS|s of Fnoc-npal - d sc G
-OH Frnoc- HN  NH tdorle, catal yst
tetrahydrofuran |0 N P To a Sol utijon of
Frnoc-nVal - (dpsc)l-G y- I0Iy (St p IG) (4.53 g, §4.59 mol) n
tetrahydrofuran {(300 M) was added dinedone (4.9Z2 g, 3Z.97 pmol ) foll owed
by 15 tetrakis(jtri phenyl adirum( 0)] catal yst ([p. 76 g, 0.66
mmol ). The conplletion ofe T onfirmed by TLC pfter 90
m nutes using 9:|1 ©j ; et hanot™ THe reaftion i xture was
concentrated and the renal i Ng spdue vvas di sqol ved in ethyl acetate and
washed three tines with 50
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m portions of 0.1 M potassium bi phosphate. The organic |ayer was 1@qg~zm5
treated 20 with 50 mMl sodiumbisulfite and the two phase system wa
stirredydheinshas M nutes. The phases were separated and bb¢n@ﬁpg@ﬂure was
repeated twi ce nore. The organic |layer was dried and concentrated and
subj ected to flash chromatography wgch 20% to 100% et hyl acetate in
hexanes. This was followed with 9:1 dichioronmethane: nethanol sol ution.
The fractions corresponding to the pure 25 product were pool ed and
concentrated to obtain a white solid (3.99 g, 94%. TLC 10 JAN 2005 WO
02/ 08244 PCT/ USQH-22648-230-1—9+1—-di-ehl-ororethanre—apthanrpl showed two
spots (cis and {rans isoner 8 ppn1(CD3CD) "/ (m 2H), 7.6 (m
3H), 7.2-7.4 (m 14H), 6. 1%%’; ?’L 4. 25-4. EI(CLA%ZQ‘I—D 4.1-4.2 (m
2H), 3.85 (s, 20, 1.6-1.8 (n1 Z2H) ", TS (mf| ZH), 0. (t, 3H. 5 Ste
2. Synthesis HPh -MB sifThe co cially] available MBHA resin (2.6
g, 1.12 mol /g, 2.9 rgns¢e tofa 250 nm. fritted solid
phase reaction Yes i f h@r%gen iMet. |t was then

pp
washed t horoughly 30°m 9ofticons of dichl dronet hane, pethanol,
di met hyl f ormam ¢le and di chl or ohet hane and coupljed over 18{hours to the
comercially avarTable Enpc-Phg-OH (2. 17 g, 5.82 nmml) "~ acgording

Procedure A with 99.82°f| ncy. Thesi n s then subjected to Fnoc
deprotection acg¢ordi nd tbh o : alitfati ve ninhyfirin assay on a
15 smal |l aliquol gg , qre-se) utfi on, ©ndicafing a
successful reacfio t8p°3. Synthesis of Hnvgl d sc -d } Ph - MBHA

resin. QH NH-:H(Ph)' The resin obtained in stiep Il (2.6 g, 0.8 mml /g,
2.91 mol) was feacted 0O wth Fnoc-nVal - (dps )-Ay-CGallTy]l (Step 1Q

(5.82 mol, 3.77 g) acc ingTo 10 JA 02108244 PLT/ USA / 22678
231 Procedure A AfV*r|1 oyr th ve i nhydrin anplysis
i ndi cated 99.91 %)[i; P ﬁegl miesli N wasS subj pcted to Fnoc

depr ot ecti on ac¢ord °® précedute B. A qualiftative ninhydrin assay on
a small aliquot gave:dark bl ue'resin and sol utjion, indicajing a
successful react




5 Step 4. Synthesis of Boc-Pro(4t-NHFmoc)-nVal (dpsc) - @ y- Phg- MBHA Tg%MNYWS
,,NHHFrnoc O 'N ~( - NHMBHA resin O NH O NH CH(Ph)2 The conpoun

H- nVal ( #3e)08G4y - Phg- MBHA resin (Step 3 above) (600 ny, peTRIsHiERH40,
0.67 mml) was transferred to a fritted pol ypropyl ene tube and was to
coupl ed to Boc-Pro(4t-NHFnoc)-OH (Exam e VI, Step 3) (610 ng, 1.34 mol))
according to procedure A After 18 hours, quantitative ninhydrin analysis
i ndi cated 99. 96% coupling efficiency. Step 5. Synthesis of

Boc- Pro(4t-NH2)-nVal (di 2sc)-d y-Phg-MBHA resin: ,,NH2 H~0 N N °

" NH MBHA resin H@B—35—-NH-CH-RPR)y2—TFhe—esi-n—fromthe iqus step

(Boc- Pro(4t-NHFnge) - nval(dpsqgﬁﬂgQwUﬂﬁg NBHA resin) quﬁﬁﬁgpdected to Fnoc
deprotection accqrding . to procedure qualitative ninhydrin assay on

a small aliquot dave dark ue r sin and {ion, indicatling a
successful reactifon. MD 02/ 4 232 PCT/ USOL/|22678 Step 6.
S )7

Synt hesi s of Boc- Fro( g C) Plhg- MB regin: 0 NH MBHA
resin N NH O NH{CH \i '¥ BA




To the resin obtained fromthe previous step (Boc-Pro(4t-NH2)- “Va'(ﬂgaﬂﬁms
5 Ay-Phg-MBHA resin) (0.2 g, 0.22 mmol) suspended in NWP (2 m) wa

added Ayé.08080llidine (0.24 m, 1.79 nmol) and benzenesild kzﬁﬁéorlde
and the reaction was shaken for 18 hours. The sol vent was alned and
the resin was washed thoroughly w tfy42 n portions of dichloromethane,
nmet hanol , di nethyl fornmam de and di chi oronet hane. Qualitative ni nhydrin
anal ysis showed col orl ess beads and io0 solution indicating a successful
reaction. Step 7. Synthesis of Fnmoc-G Chx Pro 4t-NHSO Bn -nVai d sc -G
-Ph -MBHA resin_0 0 NECH(Ph)2 NH MBHA resin 10 JAN_ 2005 WO 02/ 08244

233 PCT/ USOL1226(¢8 The resin i%ﬁéﬁgﬁgjl n the prqvigous step
(Boc- Pro( 4t - NHS(¢zBn) - nval(dﬁ§ Phg- MBHA resﬁhfnﬁé $ubj ected to the
Boc deprot ecti onfprocedure au,ur drmmg—toPr Uceuuc €—Fnmot- Q(Chx) (0. 17

g, 0.45 mmol) wa cordln F pracedure A |After 18 hours
qualitative ninh hamed gohdr | ess |5 beads afd t he
guantitative nin 79% coupBl i ng} efficiency.
Step 8. Synthesi 4t- Bn) {nVal (dQsc]. G y- PhgMBHA
resin. ON | N 5|n H CH(Ph)2 20 The resin obtained in

the previous ste o At=NHSEEBm)~—mVat{dpsc] - A y- Phg- VMBHA

resin) was subje otectlo

cordlng to pfocedure B. A
ni nhydrin assay pn a I uot sgavee blue resin apd solution,
i ndi cating a succes%fﬁﬁf&w. Eriﬂihh% 0.2 8 0.p2 mol)

OH
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0 ) o
Y\o*ugrQﬂ ”Jmi“ ;
o o 0 o
2 o} '
Sy 9 < o [ o
TETY 'Q(ﬂ R A /I\ w B
AT TR

o
{




15 suspended in 2 mM NWP was added isobutyl chioroformate (0.12 m 1@J292%5
nmml) followed by diisopropylethylamne (0.3l m, 1.79 mmol), and
react i ofwomzkise was shaken for 18 hours at roon1tenperggﬂh§1nmﬂs
Qualitative ninhydrin analysis showed col orl ess beads and SO?UtIOﬂ
indicating a successful reaction. 1044AN 2005 WO 02/08244 234

PCT/ USOL/ 22678 Step 9. Synthesis of

i Boc- Q( Chx) - Pro( 4t - NHSO2Bn) - nVal (CO) -d y-Phg-MBHA resin: NH MBHA resin 5
The conpound of the previous step (iBoc-J Chx)-Pro(4t-NHSO2Bn) -

nVal (dpsc)-Gy-P

19- MBHA resin)_ (200 ny) was subj

ected to sem carbazone

hydr ol ysi s Proceflure D. Step heS|s of Syhthesis_of

i Boc- G( Chx) - Pro( 4t - NHSO2Bn) - % i o PhcNH SNPBSTHe resin of the
previ ous step (|BUC"ﬁrﬁhrrﬂa%ﬁi?—Tfofﬁm)-nvau\ O——Gvy=Phg- MBHA resin)
(100 ng) was subjected to HE avageondl tion { (Procedur¢ E) to yield
the desired crudp producto 1:‘., ; : fied by 15|HPLC using a
2.2 x 25 cmrevefse phase, c ' - 18 r@sin |conprised of
10 micron size gel particlES with a 300 angstrony pore size| eluting 1 0
JAN 2005 WO 02/ 08244 PCT/ Q1 /22678 235 with a giadient usifng 20-50%

acetonitrile in
phase col um, co
particles mnth :

M\

talnlng a C}lﬁpre3|n

300 angs
shomed 0
un1co flrned t he des

reverse
si ze gel

%% acetonitrile

(containing 0.1 Potrifluo e peldk at 13.5 m nutes.
Low 5 resol ution nmass sp ired mass (M 826.4).
| V. Additional Conpound repared by Solutlon Phase Synthegi s:

Representative p

shown bel ow, and
Table 5. 10 Exan

R

pl e XXI

conmpounds are
are listed in

br nul a XXI | |

NH2 B




XX

ketimnme XXllla (50 g, 187.1 mmol ) under

Step 1. 0 15 XXlIlla OC2H5 H2ZN XXXI'I1b A stirred sol uti on of
N2 in dry THE (400 m-)

cool ed wo 02/684¢ and treated with 1 Msolution of K tBuO

equi v.)

at

in THE The reaction mxture was warnmed to 0 C an
1 h and treated wi th brononet hyl
reacti on 10 JAN 2005 WD 02/ 08244 236
roomtenperature for 48 h and concentrated in vacuo.
di ssolved in Et20 (300 nL) and treated with ag. HO (2 M 300 nL)

cycq

utane (28 nL, 249 mol). .
CTI USO1/ 22678 m xture was stirred
The

stirred for

10 JAN 00

1.15
20
The

resi due was
The

resulting solution was stirred at roomtenperatyre for 5 h and extracted
with Et20 (1 LY. The aqueo was nade bakic .t -12-14 with NaOH
(50 %5 aq.) angl extracted Vg\n??hetﬁ-é%l 2 (3x300 ni S("liﬁ'é"\%gorﬂ)i ned organic
| ayers were drifed (MySOH), L@ered and concentratea TO give pure am ne
(XXI'l'l'b, 18 g) as a c%,orle"- oi,l p 2. HZN 10 O XXi ul p BocHN O
XXI'llc A solutien of an 105.2 pmol ) at 0 £ in CHC 2
(350 nL) was treated wt -te f-butyld!carbonate €23 g,[105.4 mmmol)
and stirred at ft. for 12 h. After the conplet]jon of the feaction (TLC),
the reaction m xture was ncentrated in vacuo and the res|due was
di ssol ved in THEFHZO (200 m,ﬁ 1) I5and treafed wth CroHH20 (6.5 g,
158.5 mmol ) and stirre%ﬂat r"(‘%Y terrl)i%iure
r\ﬁr«pﬂ“’u " c
oy
IEASSacae
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Y vLEA
o nc Ll o B
~O
)
o o ° ° C
T WJE"
C




for 3 h. The reaction m xture was concentrated and the basic aqueo&EJE JAN 7005
| ayer was extracted with Et20. The aqueous | ayer was acidified w

conc. HEIO©208pH-' 1-2 and extracted with CH2Cl 2. The conperveso@rgani C

| ayers were dried (MgSO4), filtered, and concentrated in vacuo to yield
XXlI'1lc as a colorless viscous oil whiqgh 20 was used for next step w thout
any further purification. Step 3. O BocHN, BocHN OH XXHlc O XXIl1d 10
JAN 2905 WD 02/ 08244 PCT/ USQ /22678 237 A solution of acid XXIllc (15.0

g, 62 mmol) in CH2CI 2 (250 nL) was treated 'with BOP reagent (41.1 g, 93

mol ), N nethyl i (27 M) N Odinethyl hydroxylam ne
hydr ochl oride (9} 07 g, 93 ?ﬂ% tirred over|ni gh it| The 5
reaction m xture| was dilute V\II%Lg aq. HC (ZSORHB‘,Eggnd the | ayers
were separated gnd the agqueoug=] ayer was extraqgred w tn CH2Cl 2 (3x300
m ). The conbined organic | S _wer ried (MgSO™4), filtdqred and
concentrated in yacuo _2nd A B \b& r omat odr aphy (Si 04, Et OAc/ Hex
2:3) to yield the am de XM\H;I .0°gy as a cdlorleSs solfid. o Step 4.
XXI'1'1d BocHN XX Ie Asoluti\@n of amde XXIIld (]15 g, 52.1{mmol) in dry
THE (200 nL) was| 15 treated rdﬁnlopwi sely with a qolution of |LiIAIH4 (1 M
93 nL, 93 mmol ) AT 0 C. The r[egaction_mxture was stirred gt room
tenperature for L h and carefy*ty. qu hed at 0JC with a sqlution of
KHSO4 (10% aq.) jand stir#eqruf Y Vﬁ he reactfion m xturq was diluted
with ag. HCl (1 {M 150 nlL) ‘afd extracted with CHR2Cl 2 €3x20Q mL), The
conbi ned organic| | ayers were hed with agq. HClf (1 M, satjurated 20
NaHCQO3, brine, and dried (MgS The m xture wgs filterediand
concentrated in [vacuo 10 yi e;_@)()qlle as a visqous cotorftgss oil (14 g).
Step 5. 3
A
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Aﬂw ne .
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10 JAN 2005 WD 02/ 08244 PCTIUSQO /22678 238 BocHN, ~.. BocHN XXIIIe]gUA§3m5
XXI'l1f A solution of the aldehyde XXIlle (14 g, 61.6 nmmol) in CH2C

m), wasooppegied with Et3N (10.73 nL, 74.4 mol), and 3¢q5hR0822678
cyanohydrin (10.86 g, 5 127.57 mmol) and stirred at roomtenperature for
24 hrs. The reaction mxture was cgg%entrated in vacuo and diluted with
ag. HO (1 M 200 m-) and extracte Into CH2Cl 2 (3x200 nL). The

conbi ned organic |ayer were washed with H2O  brine, dried (MgSOH),
filtered, concentrated in vacuo and purified by chromatography (Si02,

Et OAc/Hex 1:4) to vield XXIIIf (10.3 g9) as_a colorless liquid io Step 6.

BocHN OH XXI'I I f |- + CIH3NA-QCH3 XXl I I1g OH Met hapol saturatjed with HCl *,
prepared by bubpling HO ga§TBHCEPB%H 15 (700 N ) hﬁlﬁsé was treated
wi th cyanohydri =% ) e reaction was
concentrated injvacuo to yler. _ ) S used in tjhe next step
W t hout purification. * 3  '6M HCl prepared by gddition of AcCl
to dry methanol {can al so bé ) 20 Step 7. 10 JANC2095 MWD 02/ 08244
PCT/ USO / 22678 239 OH OH Cl \ OCH3 BocHN, . _} ~OCH3

C

B

B

B

B

B

B




XX1I1g XXI'l'1h A solution of the am ne hydrochloride XXIIlg in CH2
treated with Et 3N (45.0 nlL, 315 nmol) and Boc20 (45.7g

nm.) was

G § HR90S

mrol ) atwo ¢8es¢ss 5 The reaction m xture was then stirred Q&Thg@p}ﬂns

t enperature over

into CH2Cl 2. The conbi ned organic | ayer

concentrated in

at rt. for
m -) and concent
solution of the
NHACI (2.94 g,

nol ), and NWM (
20 tenperature flo
resi due was di

conbi ned organi c
(MgSH4) filtered
in vacuo to obtajn XXIII

5

night and diluted wth HC

vacua and purified by

treated with LI OHH20 (645 ny,

(2 M 200 m -

were dried (MgSO4) filtered, :
chromat ography (EtQAc/Hex 1:4) to
yi el d hydroxy ester XXIllh. Step 8. 1P60OH OH BocHN '
XXI'TITh XXI'l h A solution of nethyl
THF/ H20 (1:1) was

ester XXI'llh (3g,

-)

15. 75 mmol

2 h. The 15 reaction m xture was aC|df|ed mnth aq HCl

OCH3 BocHN,
10.5 mol

and extracted

- NH2

) in

) and stirred
(1 M 15

acid in CI—IZC:A,-,QQL(@Q,F@-) and DVF|

16. 5 m

UIIUU I—I_I

( 25 glags we

acuum A
S treated with
(2.69 g, 16.5

The reagliqQn m

5.5 nnDILL_EDCI_(B 15 g,
nts me
hl a
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e
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XXI1'lj A solution of XXIlli obtained in the previous step was di ssphvﬁg 2005
in 4 NHC 1o in dioxane and stirred at rt. for 2 h. The reaction

m xt ur aveagozoncentrated in vacuo to give XXIl11j as a sebirdisoynbiseh was
used without further purification. Step 10. 0 CH3' CH3 BocHN, S OH XXl Ik
15 XX flI1 OCH3 XXIIIm OCH3 The am no ester XXII1i was prepared foll ow ng
the nmethod of R Zhang and J. S. I\/a.?}engoitia (J. Og. Chem 1999, 64,
330), with the exeception that the oc group was cleved by the reaction
of the Boc-protected amno acid with nethanolic HOJ. 10 JAN 2005 WO

02/ 08244 PCT/ US01/ 22678 241 A solution of commercial am no acid

Boc- Chg- OH, XXl |1k (Senn chenicals 6.64 g. 24.1 nmmmol) and am ne

hydr ochl ori de 11 (4.5 g ) in CH2Cl 2 100 mM-)lat 0 C was
treated with BOP reagent anﬁTéﬁpﬂjgé at it. for| 15X'H:LABSe | reaction
m xture was condentrated I vaguo,tiemr  rt—was—pttutet—w+h ag. 1 MHC 5
and extracted i mto Et QAc (3x2 m) . onbi ned organic | ayers were
washed wth saf'd. ) d (MgpS™), filtered and
concentrated i n{vacua;® #ny C (Sip2, EBOAC/Hex 3:7) to
obtain XXIIIm (6.0 g) as a ¢ d. Step 11. 10 GB3~CH3 XXI'lIIm
OCH3 CH3. CH3

Cc

B

B

B

B

Cc

c




OH H XX1lIn NH2 A solution of nethyl ester XXIlIm (4.0 g, 9.79 nnD J%QZME
THE/ H20 (1:1) was treated with Li OHH20 (401 ng, 9.79 mml) and stlr

at rt. wWord2®8h4 The reaction 15 mixture was acidified w pdn/aser/2264s and
concentrated in vacuo to obtain the free acid. A solution of acid (1.5
g,"3.74 mol) in DM/ CH2CI 2 (1:1 50nL) was treated with amne XXl 11|
(772 myg, 3.74 mmol ), EDCl (1.07 g, 5.61 mml), HOOBt (959 nmg , 5.61
rnnmol ) and NWM (2.15 ni, 14.96 mmol) 148 -10 C. The reaction .20 nixture
was stirred at O C for 48 h and concentrated in vacuo. The residue was
diluted with ag. 1 M HC and extracted with CH2Cl 2, The conbi ned organic
| ayers were extracted with ag. NaHCO3, aq. HC, brlne dried (MgSO4) ,
filtered and coficenirated in vacuo to obtatrn)gcrtTm (208 g) as a tan
colored solid. 10 JAN 2005 V&IrR2QD82E 14 242 Stepgl2ki* CH&ss, |CH3 CH3,,, 1 CH3
S1-- nWz 11 PCRUSOL/ 22678 NH2 ( ~ =N_ - _NHA XX|I11n XXl s A

sol ution of am dg 3.79 nnnk%:in tol uene angd DMSO (1:1 20
m) at 0 Cwas tf (7.24 7.9 nnol ) and dichl oroacetic
acid (2.42 g, 1p.9 st rfled a Ji; forf 4 h.cThe feaction

m xture was dilu i shedh h* sdt' d. NaHCOB, and bri ne.

The organic | ayef S ) flltered concentrat ¢d, in vacuo
and puri fied by Fhr anot nnr;\nh\l _LQl n') 10 Acoet nnJ:[Hp)(anF\Q 3 7) to yl el d

T TrTrect

XXI'l'l as a color|ess so . nple XXV ,Preparjati on of a|Conmpound of
Formula XXI'V: H{filw 4 | o o D_%_
oy qr%u - c
© )
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NY- v O CH3 CH3 CH3 HCH3 3 XXIV 15 1 0 JAN 2005 WO 02108244O_§§JAN 7005

PCT/ 11S01/ 22678 Step 1. 0 CH3vCH3 CH3,,-,, CH3 BocHN .

CH3 3 PMRGIo2/BedHN OCH3 CH3 yCH3 3 XXIVa XXIT11 XXNo A 3@huisopp¢98
Boc-tert-Lue XXIVa (Fluka, 5.0 g 21.6 mml) in dry 5 CH2C 2/ DV (50 ni,
1:1 ) was cooled to 0 C and treated with the amne XXIl1Il (5.3 g, 25.7.

nmmol), NW (6.5 g, 64.8 nmol) and BOP reagent (11.6 g, 25.7 mol). The
reaction was stirred at rt. for 24h,7®luted with ag. HC (1 M and
extracted with CH2Cl 2. The conbi ned organic | ayers were washed with HCL
(aq, 1 M, sat'd. NAHCC3, brine, dried (MgSOX4), filtered and concentrated
in vacuo and to purified by chronmatography (Si 02, Acetone/ Hexane 1:5) to

yield XXIVb as § colorress sorrd. _Step 2.
STRUCTURE Ki* CLASS

ii%ﬁi&@n\igﬁ B
xoig(@rn@@%m, 3
ok




CH3~CH3 BocHN~ 0 O CH3 HCH3 3 XXIVb 15 H 'Ny ff OCH3 HCH3 3 X)Q[}/qgmuﬂs
solution of nethyl ester XXIVb (4.0 g, 10.46 mml) was dissolved in

(4 M sowe ospane) and stirred at it. for 3 h. The reackdposii by vvas
concentrated in vacuo to obtain the am ne hydrochloride salt used in the
next step. CH3/CH3 ' oCH3 ( ~_ .OCH3 1 9 JAN 2005 WD 02/ 08244

PCT/ USQOl / 22678 244 A solution of the anmine hydrochl oride salt (397 ng,
1.24 mmol) in CH2A12 (10 nmL) was codiB@d to -78 C and treated with
tert-butyl isocyanate (250 ng, 2.5 mol) and stirred at rt. overnight.
The reaction m xture was concentrated in vacuo and the residue was
diluted with ag. HO (1M and extracted with CH2Cl 2. The 5 conbi ned
organic | ayers were washed with ag. HOJ (1 M, sat'd. NaHCO3 and brine.
The organic layer|s were dried, TiTtered and concgntrated ih vacuo and the
residue was puriflied by chrorﬁ'ﬁé’@r'ré!ﬁﬁy (Si 2, ac¢tBNELMNS® 1:4) to yield
XXI Ve as a col orfress——sotid- \.)LDU—T-\). 30—~ — B—CE3-—CHB "o

Additional compounds that were prepared and their activity (Ki*) ranges are
5 given in the attached Tables 4 and 5. The procedure used to prepare the
compounds in Tables 4 and 5 is outlined below.
1) Synthesis_of intermediates for the compounds in Tables 4 and 5:
Example |. Synthesis of 4,4-dimethyl proline methyt ester (H-Pro(4,4-diMe)-OMe)

HCI*HN
OMe



OHH~uN OO TIlI OCH HCH3 3 XXIVc XXIVd A solution of nethyl 9{@8]&,,%%5
XXIVe (381 ng, 1.0 mmol) in THEfH20 (1:1, 5 nl) was treated with H
(62 my,woodosmwl ) and stirred at rt. for 3 h. The is regaetjRe/MHekg Ure was
acidified with ag. HCl and concentrated in vacuo to obtain the free

acid. A solution of acid (254.9 ng, 0.69 mml) in DVW/ CH2ClI 2 (1:1, 5.0
m) was treated wwth amne XXIUj (159 ng, 0.763 mmol ), EDCI (199 ng,
1.04 nmmol ), HOOBt (169.5 ng , 1.04 t&bl) and NW (280 ng, 2.77 mmol) at
-20 C. The 20 reaction m xture was stirred at -20 C for 48 h and
concentrated in vacuo. The residue was diluted with ag. 1 M HC and
extracted with Et OAc, The conbl ned organic |ayers were extract ed with

HCH3 Bac-Pyro 42@\@51 EB(A 8244 245 St ep 4 CH3 CH3 PCT/ USO/22678
CH3, , _ CH3(1HHHNu /~0 OCH3 HCH3

: ok — 3
o XO‘(M‘*

To a solution of tert-butyl N-tert-butoxycarbonyl-pyroglutamate (11.5 g, 40
5 mmol) in THF (200 mL) stirring at -78 °C, was added a 1M solution of lithium

hexamethyldisitazide in THF (42 mL, 42 mmol) dropwise over 5 minutes. After 30
minutes, methyliodide (3.11 mL, 50 mmol) was added. After an additional 2 hours
at -78 °C, the cooling bath was removed and 50% saturated aqueous ammonium
chloride (200 mL) was added. The solution was stirred for 20 minutes, then

10 extracted with ether (3 x 200 mL). The combined organic layers were washed
with brine (200 mL), dried (Na;SOy), filtered and concentrated. The residue was
chromatographed with 1:1 ethylacetate/hexanes to give Boc-PyroGlu(4-methyl)-
OtBu (10.6 grams, 35.4 mmol, 88%) as a mixture of isomers (2:1 cis to trans).
Step 2. Synthesis of tert-Butyl N-tert-butoxycarbonyi-4 4-dimethyl-L-pyroglutamate

15 (Boc-PyroGlu(4 4-dimethyl)-OtBu):

EVEEY

To a solution of tert-butyl N-tert-butoxycarbonyl-4-methyl-L-pyroglutamate
(1.2 g, 4.0 mmol) in tetrahydrofuran (20 mL) stirring at -78 °C, was added a 1M
solution of lithium hexamethyldisilazide in tetrahydrofuran (4.4 mL, 4.4 mmol)

20 dropwise over 5 minutes. After 30 minutes, methyliodide (0.33 mL, 5.2 mmol) was
added. After an additional 3 hours at -78 °C, the cooling bath was removed and



3XXIVd H r---x N~NH2 HH Y CH3 HCH3 3 XXIV NH2 5 A sol ution Ofvﬁ@‘mm“%
XXI'vd (470 ng, 0.9 mml) in toluene and DMSO (1:1 20 nL) at 0 C
treat edweisBDCl (1.72 g, 9.0 nmol) and dichloroacetic @eiyglsoilBeR? ML,
4.5 mmol ) and stirred at 0 C for 4h. The reaction mxture was dil uted
with GHd 2, and washed with satd. NaHCO3, and brine. The organic |ayer .
was dried (MgSH), filtered, concentrated, in vacuo and purified by
chromat ography to (Si 02, Acet one/ Hex&ges 3: 7) to yield XXIV as a
colorless solid. Exanple XXV Pre ration of a conmpound of Fornula XXV: CH3
HCH3 XXV 15 1 0 JAN 2005 WD 02/ 08244 PCT/ US01/ 22678 246 Step 1, OH
CH3, ,CH3 FnocHN~ + HO 0 XXVa XXVb FnocHN XXVC 5 A sol ution of
Froc- gl ﬁﬁ?mmt(lmeﬂ@quear@ a%n&ﬁn&ﬁn rmr@hajel(mo mz)%as saeem The é@ﬁ.ﬁ}@) eat ed
h 2-phen ro ano ric
V(\:ntho 2, ‘R@S?ﬁf "Pt@év than extrmem%)etaad %xﬁﬂrmh) aﬂ'hetconibﬁm%c?lzloh
t t

HSO m?‘l‘g%?ﬁflla%ést Wefe WABhEE Wit W r%r&d bg E)C%gtuz?'g eddel‘,c!,'d%l?ndbl\émarbonate

(2 x 25 mL), brine (50 mL), dried (Na,S0,), fitered and concentrated to give Boc-

5 PyroGlu(4,4-dimethyl)-OtBu (0.673 g, 54%).
Step 3. Synthesis of tert-butvl N-tert-butox\@arbonvl-4.4-dimethylgro!ine (Boc-
Pro(4.4-dimethvi)-OtBu)

P

O

10 Modification of known procedure: Pedregal, C.; Ezquerra, J.; Escribano, A.;
Carreno, M. C.; Garcia Ruano, J. L. Tefrahedron Letters 1994, 35(13), 2053-
2056).

To a solution of tert-butyl N-tert-butoxycarbonyl-4,4-dimethylpyroglutamate
(2.0 mmol) in tetrahydrofuran (5 mL) stirring at -78 °C, was added a 1M solution of

15 lithium triethylborohydride in tetrahydrofuran (2.4 mL, 2.4 mmol) dropwise over 5
minutes. After 30 minutes, the cooling bath was removed and saturated agueous
sodium bicarbonate (5 mL) was added. The reaction mixture was immersed in an
ice/water bath and 30% aqueous hydrogen peroxide (10 drops) was added. The
solution was stirred for 20 minutes at 0 °C, then the reaction mixture was

20 concentrated in vacuo to remove the tetrahydrofuran. The aqueous solution was
diluted with water (10 mL) and extracted with dichloromethane (3 x 40 mL). The
organic layers were dried (NapS0O,), filtered and concentrated. The residue was
dissolved in dichioromethane (20 mL) and triethylsilane (310 pL, 2.0 mmol), then
cooled to -78 °C and boron trifluoride diethyletherate (270 pL, 2.13 mmol) was

25 added dropwise. Stirring was continued for 30 minutes, at which time additiona!



solid seperating out was filtered and the filterate was washed witp

NaHCO3. to The organic |ayer was dried (MgSON), filtered, concentra

vacuo, WOd24e8xified by chromatography (Si 2, Et QAc/ Hex ptTh)sotm26yrs el d

ester XXVc (1.1 g) as a colorless viscous liquid. Step 2. FnocHN 15

H2N XXVd A solution of XXVc in CH2ClI 2 (16.0 nlL) was treated with

pi peridine (4.0 nlL) and stirred at Hba for 0.5 h. The reaction m xt
[

was concentrated in vacuo and purif

by chronmat ography (Si 02,

s
XXVC

ure

Acet one/ Hexanes 1:10 to 1:1) to yield the 20 amine XXvd (420 ng) as a
colorless liquid. 1 0 JAN 2005 WD 02/ 08244 247 Step 3. CH3vCH3 H 1

3 XXI'VC OCH3 XXVe PCT/USQ /22678 A solution of nethyl ester XXIVc (3
ny, 1. Otrietiylyilane (B461H2 Q.0 trhol)andebaron trifistider @atrsAktitdle Li2P0Hd0 (62 o,
1.5 moj) and stirred at rt. for 3 h. The reaction m xture was ‘aci di
wi th agl-TRanmehiwesnadded.afder Btirringaie78 6Cdbt an mdditiomal tvee heais] theA

was tre

1 B A e o B i

c4K3
81

fied
10 C

;n(;rgl:% | oérilﬂum Xt ureé@miutg? iﬂ?er w g[)a?:%ra % \&ﬁgﬁm%%ﬁeeépgﬁgxﬁﬁ]\e/acuo.

The T esmilhe Thaorganiatayers were dried (Na;S0,), filtered and concentrated to give

10

15

20

Boc-Pro(4,4-dimethyl)-OtBu,
Step 4. Synthesis of 4 4-dimsthylproline (H-Pro(4 4-dimethy)-ORH):

o\< O
TN

A solution of tert-butyl N-tert-butoxycarbonyi-4,4-dimethylproline in
dichloromethane (5 mL) and triflucroacetic (5 mL) was stirred at room temperature
for five hours. The solution was concentrated, dried under high vacuum and taken
to the next step without further purification.

Step 5. Synthesis of N-tert-butoxycarbonyl 4.4-dimethylproline (Boc-Pro(4 ,4-
dimethyl}>OH):

H I
7 /

N
"H o 0\( Q
0O 0] 0 H
To a solution of 4,4-dimethylproline trifluoroacetic salt (1.5 mmol) in
dioxane (7 mL), acetonitrile (12 mL) and diisopropylethylamine (700 uL, 4 mmol)
was added a solution of di-tert-butyl-dicarbonate (475 mg, 2.18 mmol) in

acetonitrile (5 mL). After stirring for 12 hours at room temperature the solution

was concentrated in vacuo, dissolved in saturated agueous sodium bicarbonate



with ag. 1 MHC (100 m-) and extracted with CH2Cl 2 (3x100 niL). TE@JAN?U%
conbined organic |layers were extracted with ag. NaHCO3, aq. HCl, brine,
dried (WDSO03244filtered, concentrated in vacuo to obtai PCOWVDIRI6787 g) as
a tan colored solid used 15 further without any purification. Step 4.
CH31-, CH3 HOHHH'" NN,,,--,,0 CGH3C~H3 3 3 NOCCH3 HH ~No Y OCH3.
CH3 3 CH3~-CH3B CHHu -N, NNY=0 ~HCH3 F 3 H, NO XXVe XXf 1 0
JAN 2005 WO 02/ 08244 PCT/ US01/ 22678 288 A solution of methyl ester XXVe
(2.5 g, 4.66 mol) in THE H20/ CH30H

(50 ml.) and washed with diethy! ether (3 x 40 mL). The aqueous layer was
acidified to pH=3 with citric acid, then extracted with dichloromethane (3 x 40 mL).
The combined organic layers were dried over sodium sulfate filtered and
concentrated.

s  Step 6. Synthesis of 4.4-dimethylproline methvlester hydrochloride salt (HCl-H-
Pro(4.4-dimethyl)-OMe):

N oH _ HCRHN
>|/° ‘6 OMe
o O 4 B

To a solution of Boc-Pro{4,4-diMe)-OH (0.5 g, 2.06‘"mmol) in anhydrous
methanol (8 ml) was added dropwise thionylchloride (448 1, 6.18 mmol) and the

10 reaction was stirred for six hours at room temperature. The reaction mixture was
concentrated to an amorphous solid (377 mg, 95%).
Example Il. _General procedure for the synthesis of N-tertbutoxycarbonyl-4-alkyi-

4-methyl proline:

>

Compounds where R group is allyl and benzyl were synthesized following steps 1-

15

4 below:



(1:1:1, 60 nL) was treated with Li OH+H20O (200 ng, 4.87 mol) and qggmq{m{,
at rt. for 4 h. The reaction m xture was acidified wwth ag. HCO and
concentweatgqsi4m vacuo to obtain the free acid. 5 A sol gpcrarkodbiaei d
(200.0 ng, 0.38 nmol) in DM/ CH2CI 2 (1:1, 6.0 mM-) at - 10 C was treated
with amne XXvd (78 ng, 0.4 mml), EDCl (105 ng, 0.55 nmol), HOOBt (95.
ng, 0.55 nml) and NWM (150 ng, 1.48 nmol). The reaction mxture was
stirred at 0 C for 48 h and concentr488d in vacuo. The residue was
diluted with ag. I MHC (30 m-) and extracted with CH2Cl 2 (3x30 nL).
The to conbi ned organic | ayers were extracted with agq. NaHCO3 (2x30 niL),
aqg. HCI brine (30 nL), dried (I\/gSO4) filtered, concentrat ed I n vacuo to
i YA : = Y NYN,., :~0
X CH3 DELE ution of XV
(240 wgay_ggm_rnm) in CHZCI2(10n1 ) wastreated W|th Dess- Martin
reagent (Omega, 242 ng, 0.56 mmpl) and stirred at rt for 2 h. After the
oxi dation was conplete$ TLC, Acetone/Hex 1:4) the ion m xture was 20
diluted with satd.. NaHEO3 (20 nL) and Na2S203 (1053@ soln, 20 nL). The
10 JAN 2005 WO 02 4 RCT/USQ /22678 249 rea I Xture was stirred
for 30 mn and extradtred with Cl2 (3x30 ni). conbi ned organic
| ayers were extracte sai NaHCO3, ™bri ne, d | (MyS filtered
concentrat ed™ Qtie by chromat y i O
acet one/ Hex 1:5)'¢ o yhel d XXV (122 ng) sa ss”solid. s
Exanpl e XXVI Pfeparation of a conpound of r mul aDXXVIO

To a solution of tert-butyl N-tert-butoxycarbonyl-4—methyI-L-pyrogIutamate
5 (10.2g, mmol) (see Example 1, step 1) in tetrahydrofuran (170 mL) stirring at -78
°C, was added a 1M solution of lithium hexamethyldisilazide in tetrahydrofuran
(37.5 mL, 37.5 mmol) dropwise over 5 minutes. After 40 minutes, alkyl halide
(61.4 mmol) was added. After an additional 3 hours at -78 °C, the cooling bath
was removed and 50% saturated aqueous ammonium chloride (200 mL) was
10 added. The solution was stirred for 20 minutes, then extracted with ether (2 x 200
mL}. The combined organic layers were diluted with hexanes (150 mk) and
washed with saturated sodium bicarbonate (100 mL), water (2 x 100 mL) and
brine (100 mL), dried (Nazso‘;); filtered and concentrated. The residue was flash
chromatographed using 20% ethylacetate in hexanes to give the pure tert-Butyl N-
15 tert-butoxycarbonyl-4-alkyl-4-methyl-L-pyroglutamate.
Step 2. Synthesis of tert-butyl N-tert-butoxycarbonyl-4-atkyl-4-methylproline:

N
~
TN
Modification of known procedure: Pedregal, C.; Ezquerra, J.; Escribano, A.:

20 Carreno, M. C.; Garcia Ruano, J. L. Tetrahedron Letters (1994) 35(13), 2053-
2056).




c:\,--CL NH2 XXVI Step 1: 10 & XXVia COZH N Q02tBu Boc XXV1b Tpgaan 005
stirred solution of N Boc-3, 4-dehydroproline XXvVla (5.0 g, 23.5 n’m)?)

di -t er twbwepkz4di car bonate (7.5 g, 34.4 mol ), and PCT/US01/22678

4- NN- di et hyl ami nopyridine (0.40 g, 3.33 mmol) in acetonitrile (100 nL)
at roomtenperature was added 15 triethylamne (5.0 nL, 35.6 mvl). The.
resulting solution was stirred at this tenperature for 18 h before it
was concentrated in vacua. The dark {ggewn residue was purified by flash
col um chr omat ography el uting with 10-25% Et OAc/ hexane to give the
product XXVIb as a pale yellowoil (5.29 g, 84%. Step 2: 1 0 JAN 7005 WO
02108244 PCT/ USQOL/ 22678 250 Cl1 (Cl1 CO2tBu Boc Boc XXVIb CO2t Bu XXVic To a
stirred solution of dehydropraoline XXVIb (10.1 37. 4 nmol

benzyl tri et @ &ﬁﬁbﬁ'ﬁﬂrﬁfdﬂﬁ'@r‘-ﬁtﬂ@l tqﬂ'QgtC@(YCWQPZ‘ b‘yr‘h chl 03 of orm (120

A ler TaRaRgERAe a8 & Pidl e PR AR ROTRLL NS T 36 i xc I o

vas di hidedigud 11\5?'5‘89t%n<c§¥@i91nﬁﬂn theﬁﬂﬂb&bﬁ&rbﬁdie i iwahg@%ufﬁn)gzo%t_er the

| ayers were separated aqueous sol ut1on was extracted w
CH2Cl 2mmmq|)1dmpmﬂx@00emm mimbteso rAfteri 120 Bmhuiesdhe\mlldg ibath welgSO4) and
Congentariig\t/v%g towgn'zg ?os I—S“SJ gc‘“éatwgrﬁ Ip];:nn sa?t}/ra[eda aqueous sodium bicarbonate
(40 mL) was added. The reaction mixture was immersed in an ice/water bath and
30% aqueous hydrogen peroxide {4 mL) was added. The solution was stirred for
10 minutes at 0 °C, then the reaction mixture was concentrated in vacuo to
remove the tetrahydrofuran. The aqueous solution was diluted with water (300
10 mL) and extracted with dichloromethane (3 x 200 mL). The organic layers were
dried (sodium sulfate), filtered and concentrated. The residue was dissolved in
dichloromethane (100 mL) and triethylsiiane (2.6 mL, mmol), then cooled to -78
°C and boron triflucride diethyletherate (2.2 mL, mmol) was added dropwise.
Stirring was continued for 1 hour, at which time additional triethylsilane (2.6 mL,
15 mmol) and boron trifluoride diethyletherate (2.2 mL, mmol) were added. After
stirring at -78 °C for an additional 4 hours, the cooling bath was removed and
saturated aqueous sodium bicarbonate (30 mL) and water (150 mL) were added.
After 5 minutes the mixture was extracted with dichloromethane (3 x 200 mL).
The organic layers were dried (Na;S0Oys), filtered and concentrated.

20 Step 3, Synthesis 4-alkyl-4-methylproline;

A sotution of tert-butyl N-tert-butoxycarbonyl-4-alkyl-4-methylproline in
dichloromethane (5 mL) and trifluoroacetic {5 mL) was stirred at room temperature
for 5 hours. Toluene was added and the solution was concentrated and then

25 dried under high vacuum.



1o col um chromat ography using 5-20% Et OAc/ hexane to afford 9. 34 1A%3005
of XXVIc as an of?-vmpi %/e sol igd. Step 3. ' CF3C02H Boo XXVIc XXVI dgllq’a %JE}’%
sol uti omoab/oadfyl c (9.34 g, 26.5 mml) in CHC 2 (25 i - pcantboEa®R2H (50
mM-) was stirred at roomtenperature for 4.5 h before it was concentrated
Iin vacuo to give a brown residue which was used in Step 4 w thout -
further purification. Step 4 ¢ Xcl 'CF3COZH CO2H H C02Me HCI 20 XXI'lid
XXI'lle 10 JAN 2905 WO 02/ 08244 PCT/ U387/ 22678 251 Commer ci al concentrat ed
hydrochloric acid (4.5 nL) was added to a solution of the residue from
Step 3 in methanol (70 nL) and the resulting mxture was warmed to 65C
in an oil bath. After 18 h, the m xture was concentrated in 5 vacuo to
give a B SLhthSEM & NEH 2 | Sawit haut further
purificatron._ Step 5. - COVE—Tt—H

XXVI g

To a solution of 4-alkyi-4-methylproline trifluoroacetic sait (1.5 mmot) in
dioxane (7 ml.), acetonitrile (12 mL) and diisopropylethylamine (700 pl, 4 mmol)

5 was added a solution of di-tert-butyl-dicarbonate (475 mg, 2.18 mmol) in
acetonitrile(5 mL). After stirring for 12 hours at room temperature the solution was
concentrated in vacuo, dissolved in saturated aqueous sodium bicarbonate (50 |
mL) and washed with diethyi ether (3 x 40 mL). The aqueous layer was acidified
to pH=3 with 1N hydrochloric acid, then extracted with dichloromethane (3 x 40

10 mL). The combined organic layers were dried (Na,S0O,), filtered and
concentrated. The residue was purified by flash chromatography using 1:1
ethylacetate/hexanes with 1% acetic acid.

Example {Il. Synthesis of N-tert-butoxycarbonyi 4-propyi-4-methvlproline:

15 A solution of N-tertbutoxycarbonyl-4-allyl-4-methyiproline (400 mg, 1.48
mmol} (see Example il Step 4) and 10% Pd on carbon (400 mg) in methanol {20
mL) was hydrogenated at 50 psi for 4 hours. The mixture was filtered and
concentrated.



CO2Me i0 To a stirred solution of proline nethyl ester XXVie fromﬁggmﬁms
commercial N-Boc-cycl ohexyl glycine XXvif (10.2 g, 40.0 nmol) and

[ O (7- awatwengntri azol -1- yl)-1,1, 3, 3-tetranmet hyl uroni um pcrusor2267s

hexaf | uor ophosphate] (HATU) (16.0 g, 42.1 nmmol) in DWF (200 nL) at OC
was added dii sopropyl ethylamne (18.0 nL, 104 nmol). After allowed to
warmto roomtenperature along with the ice bath over night (18 15 h),

the reaction mixture was diluted witH88& OAc (600 L), 5% H3PO4 (150 ml)
and brine (150 mL). The organic solution was washed with 5% H3PO4 (150
m.), saturated NaHCO3 (2x200 nL) before it was dried (MgSO4), filtered
and concentrated in vacuo. The residue was purified by flash colum

chr omat pgs ABIYIV. YirileSs 2P H Brdipedf ford 3.84 g (32% three
steps) of XXVIQ @ . Step 6: 10 JAN 7005 WO

02/ 08244 PCTI USA /22678 252 CI NN. ~-Cl XXVIg CoO2Me XXM .h CO2H The sol ution
of nmethyl ester XXVig (pr87y, 13.1 mmol) and LI OH { g, 39.3 mmol) in
was stirred at roomtefp ure for 5 4 h.

THF/ MeOH/ H20 (1:1:1, 90
Met hanol and THE were reéwRgved under reduced pressuresx~The aqueous
solution was acidified tozPH 2 using 1 N aqueous HCl :isolution (50 nL) and
saturated with solid sodismchlori de_before it was racted with Et OAc
(3x150 nlL). The organi ¢ sohutions were conbined, [ (MgS™), filtered
and concentrated in vaguyo fo give a white solid (5.8 g,

titati . to St HN O OH H2N, . -~,, lLh XXl XXIM
guantitative) o] Oep O\ >rd\l% d: ]

I
o O H o O H

A solution of the commercially available Boc-4-phenylproline {750 mg) and
3% Rh on carbon (750 mg) in methanoi (15 mL) was hydrogenated at 50 psi for
5 24 hours. The mixture was filtered and concentrated to give 730 mg of product.

Example V: Preparation of Fluorenylmethoxycarbonyl-Pro{4-spirocyclopentane}-
carboxylic acid : '

OH

Uy

FmocQ
Step 1. Synthesis of Boc-pyroglutamic(4-allyl}-tert-butviester :

N
LIHMDS

allyl bromide
O,J\P]/OtBu O tBu
THF

C }
Boc Boc 0O

10
To a cooled {(-78 °C) solution of the commercially available N-Bo c-tert-

butyl pyroglutamate (10 g, 35.1 mmol) in THF (175 mi) was added lithium
hexamethyldisilazide (36.8 mL, 36.8 mmol) over five fninutes. Stirring continued
for thirty minutes. A sotution of ailyl bromide (6.1 mi, 70.2 mmol) in THF (39 mL)

15 was added dropwise to the first solution. After two hours at -78 °C, the reaction
was quenched by the slow addition of saturated ammonium chloride (50 mL)
solution. The reaction mixture was then diluted with ethylacetate and the layers

were separated. The organic layer dried over sodium suifate and concentrated.



NH2 The desired product XXI'lIi was prepared according to the procedyrgy rzguf,
Exanple XXI'1l, Step 11. 15 Step 8: 10 JAN 7005 WD 02/ 08244 253 xxvl1 xxvl

NH2 Theveezisad product XXVI was prepared according to pheagopgsgedire in
Exanple XXIH , Step 12. 5 Exanple XXVII: Preparation of conpound of
formula XXVI1: xxvll Step 1 10 NH2 NH2 PCTI US{11122678 NH2 XXVIi XXVifa .
10 JAN 7005 WD 02/ 08244 PCT/ USQ /22678 254 The desired product XXVIIa was
prepared according to the procedure 189 Exanple XXIIl, Step 9. Step2 5
XXVHa NH2 XXVI I b The desired product XXVIIb was prepared according to the
procedure in Exanple XXIV, Step 2. Stela 3 10 NH2

Flash column chromatography carried out in 2:8 ethylacetate: hexanes afforded
the product (6 g, 53%). NMR & ppm (CDCI3): 5.7 (m, 1H), 5.1 (dd, 2H), 4.4 (m,
1H), 2.6 (m, 2H), 2.4 (m, 1H), 1.8-2.2 {m, 1H), 1.45 (s, 9H), 1.4 (s, 9H).

Step 2. Synthesis of N-Boc-pyrogiutamic(4.4-diallyi)-tert-butylester:

N
LIHMDS
allyl bromide
o, OtBu - tBu
v i THF

N-Boc-pyroglutamic(4-allyl)-tert-butylester obtained in the Step 1 above
(2.68 g, 8.24 mmol) was subjected to a second alkylation with allyl bromide under
similar conditions. Flash chromatography in 15:85 ethylacetate: hexanes provided
2.13 g product (71%) as a clear oil.
10 Step 3. Synthesis of Boc-Pro(4.4-diallyl)-tert-butylester:

l |
N N\
a) LiB(CoHs)3H
o tBu » tBu

[iq b) EtsSiH, BF 3.Et20 []|

Boc © Boc O
Part a: To a cooled (-78 °C) solution of Boc-PyroGlu(4,4-diallyl)-tert-
butylester (2.13 g, 5.83 mmol) in tetrahydrofuran (14 ml) was added lithium
triethylborohydride (1M in tetrahydrofuran, 7.29 ml, 7.29 mmol) over five minutes.

15 After two hours at -78 °C, the reaction was warmed-up to 0 °C and quenched by
the slow addition of saturated sodium bicarbonate solution (20 ml) and 30%
hydrogen peroxide (20 drops). Stirring continued for 20 minutes. The
tetrahydrofuran was removed under reduced pressure and the remaining thick
white residue was diluted with water (80 ml) and exfracted three times with

20 dichloromethane. The organic layer was dried, filtered and concentrated and
taken to the next step without further purification.

Part b): To the product obtained in part (a) in dichloromethane (14 ml) was
added triethylsilane (231 pl, 5.83 mmol) followed by boron trifluoride diethyl



XXVI1b XXVI | The desired product XXVII was prepared according to ﬂqu
procedure in Exanple XXIIl, Step 12. 15 Exanple XXVIII _ Preparation o
conpounaloaik/ogaas mul a XXVI 11 :

XXVI

XX,

Steps 3-6. Step 2: 10 Mew M BocHN OH OH H2N, _, L,,Owe 0 HC

M XXVITTc XXVIT1b XXVI1lId Owe 190

10

15

20

etherate (776 pl, 6.12 mmol). After thirty minutes more triethylsilane (931 pl, 5.83
mmol) and boron trifluoride diethyl etherate etherate (776 ui, 6.12 mmol} were
added and the reaction was stirred at -78 °C for three hours at which time the
reaction was quenched by the slow addition of saturated sodium bicarbonate
solution and water. The reaction mixture was extracted with dichloromethane and
the organic layer was dried, filtered and concentrated. Flash column

chromatography in 15% ethylacetate in hexanes afforded 1.07 colorless oil (57%).

NMR & ppm (CDCI3): 5.7-5.8 (m, 2H), 5.1 (m, 4H), 4.1-4.2 (2 dd's, 1H rotamers),
3.5-3.3 (dd, 1H) and 3.2 {dd, 1H) rotamers, 2.2-2.0 {m, 5H), 1.7(m, 1H), 1.46 (s,
9H), 1.43 (s, 9H).

Step 4. Synthesis of Boc-Pro(4-spirocyclopentene)-tert-butylester:

| P{CY)s
| Chi
OtBu o o OtBu
N N
éoc 0O DCM, reflux é o O

To Boc-Pro(4,4-diallyl)-tert-butylester (1.07 g, 3.31 mmol) in
dichioromethane (66 ml) was added 5% Bis(tricyciohexylphosphin)benzylidene
ruthenium 1V dichioride (Grubbs catalyst) and the mixture was heated at reflux for
1.5 hours. The reaction mixture was concentrated and the remaining residue was
purified by flash column chromatography in 15% ethylacetate in hexanes. A
yellow oil was obtained (0.57 g, 53%). NMR & ppm (COCI3): 5.56 (bs, 2H), 4.2
and 4.1 (t, 1H, rotamers), 3.2-3.5 {m, 2H), 2.2-2.5 (m, 5H), 1.9 (dd, 1H) 1.47 and
1.46 (2 s's, 9H, rotamers), 1.45 and 1.44 (2 s’s, 9H, rotamers).

Step 5. Svnthesis of Boc-Pro(4-spirocyclopentane)-tert-butylester:

Hz, Pd/C, 35 psi

tB . > tBu
'i‘ Y 35 psi rn"
Boc O Boc ©

A solution of Boc-Pro(4-spirocyclopentene)-tert-butylester (1.12 g) in
methanol (18 mi), water (4 ml) and acetic acid (4 ml) was placed in the Parr

N0 00

10 JAN 7005 WD 02/ 08244 PCT/MSHU¢AR6FR 255
Step 1: BocHN 5 0 XXVIlla NH2 OH H2N O . HC --O XXVIIIb The

intermediate XXVI11b was prepared according to the procedure in Exanple

Ve



The acid from Exanple XXIV, Step 2 (XXVIllc) (0.7g) was reacted W'fn@ﬂrmﬂﬂf)
product from Step | above (0.436g), HATU (0.934g) and DI PEA (1. 64

the 10 wahN28935 WO 02/ 08244 PCT/ US01/ 22678 256 manner prpgsiyRieshits
described in Exanple I X, Step 2a to afford 0.66 g of the desired product
XXVIilld. Step 3: CHOwe Mew M i " BocHN BHN. oc, s O n~V M M.
M M MM 5 XXViiTd XXVITle Ow Thelgqroduct of Step 2 (0.5g) was reacted
with Dess-Martin reagent (lg) in h& ‘manner previously described in
Exanple XX, Step 7. Purification by flash colum chromatography (40%

Et OAc, Hexane, silica) furnished 0.35g of product 1o XXVIlIle. Mss
spectrum (LCMS) 522 (MtH}). Ste g 4. OH XXVI He XxVtltf 15 The product

of St eshdke(r(hrﬁbt)zamdmymmwd for thid2Ohddeetat 38l psiirnthe plesehge ofindyNaHCO3
SO|Id§} rrl% III)I () After belng stirred for 18 hours_at room
alladium on car 300 mg). The catalyst was filtered off and the filtrate was
concentrated to a colorless oil (1.26 g). NMR 3 ppm (CDCI3): 4.1 and 4.2 {t, 1H,
rotamers, 3.4 (d, 1H), 3.2 (d, 1H), 2.1 (m, 1H), 1.9 (m, 1H), 1.6-1.7 (m, 10H), 1.5
5 (3 s's, 18H, rotamers).
Step 6. Synthesis of Fmoc-Pro(4-spirocyclopentane)-carboxyiic acid:

%H 1) TFA DCM Q'l'(cm
ll\l 2) Fmoc-Osu lii
Boc © Fmoc©

The Boc-Pro(4-spirocyclopentane)-tert-butylester

10 (1.26, 3.9 mmol) was treated with dichloromethane (10 ml) and triflucroacetic acid
(15 ml) for three hours. The reaction mixture was concentrated and the yellow oil
obtained was dissolved in water (6 ml). Fluorenylmethyl succinyl carbonate (1.45
g, 4.3 mmol) dissolved in dioxane (6 ml) was added portionwise followed by the
addition of potassium carbonate (2.16 g, 15.6 mmol). The reaction was stirred for

15 18 hours and concentrated. The remaining residue was diluted with the saturated
sodium bicarbonate solution (10 mL) and washed with diethylether (3 x 16 ml).
The aqueous layer was then acidified to pH ~ 1 with 1N sodium bisulfate solution
and extracted with ethylacetate. The organic layer was dried over sodium sulfate,
filtered and concentrated to a beige foam (1.3 g, 100%).

20 Example VI. Synthesis of Boc-Pro(4t-NH(Fmoc))-OH:

D
P




tenperature, the reaction was diluted wth Et OAc and | ayers were 0 JAN 2005
separated. The aqueous |ayer was acidified to pH2 with HO 1.0 l\“ dN
extract wa owdsiiEt OAc. The EtOAc | ayer was washed with bpg @?@Eyprl ed
over MgSOH4, filtered and 10 JAN 2095 WO 02/ 08244 257 PCTI uS f 8
concentrated in vacuo to afford product XXVIIIf as a white powder }
(0.26g). Mass spectrum (LCM5) 508 (MrH+). Ste g 5: 5 XXVIITIf OH XXVII |
NH2 The product of Step 5 (0.15g9) watpxi ssolved in CH2A 2 and reacted
with HATU (0.137g), NHC (0.08g, 5equiv.) and DI PEA (0.53 nL). After 2
hours at roomtenperature, the reaction was diluted with Et OAc, washed
with a 10%citric to acid solution, then a saturated NaHCO3 sol ution. The
Et OAc drl ed over l\/gSO4, flltered and
concentr#i : < ' L9y 26 2

col um chromat ography (30% Acetone, ! Hexane Si I [ ca) furm shed t he
desired product XXVIII1 (0.096g). Miss spectrum (LCVS) 507 (M+H*). 15
Exanpl e XXI X: Preparation of a co - und of forrmula XXIX: H N XXI X 10 JAN

2005 WO 02/ 08244 258 Steel 5 0 C solution of the
starting al dehyde (4.0g) in \‘% —OrL) added acetic acid (2.0
equiv., 2.15 nL) followed b | i ®ocyanoatetate (1.1

A mixture of the commercially available N-t e rt-butoxycarbonyl-trans-4-

hydroxy-proline (8.79 g, 38 mmol), potassium carbonate (13.0 g, 94 mmol), benzy!

5  bromide (4.5 mi, 38 mmol) and dimethylformamide (150 mL) was stirred for 18 h.
Addition of ethyl acetate (100 mL) was follewed by filtration. The white cloudy
filtrate was clarified by the addition of 1M HCI (100 mL). The layers were
separated and the aqueous layer was extracted with additional ethyl acetate (2 x
100 mL). The combined organic layers were washed with water (2 x 50 mL), dried

10 (sodium sulfate), filtered and concentrated. Toluene was added to the crude
benzyl ester, and the solution was filtered and reconcentrated. Dichloromethane
(70 mL) and carbon tetrachloride (70 mL) was added, followed by
triphenylphosphine (21.11 g, 80 mmol). The reaction mixture was stirred for 10 h,
quenched with ethanot (7 mL) and stirred for 5 more h. The solution was

15 concentrated to approx. 100 ml, then dichloromethane (40 mL) was added,
followed by the addition of ether (200 mL) while stirring. The solution was cooled
for 4 h, filtered and concentrated to give a yellow-brown oil which was purified by
flash chromatography using ether/hexane/dichloromethane 2:2:1 to give the title
compound (9.13 g, 26.9 mmol, 71%) as a white solid.

20 Step 2. Synthesis of N®tert-butoxycarbonyl-trans-4-azido-L-proline benzyl ester:

s

>r



equiv., 1.9 nL). The reaction was then gradually warmed-up to roo”?[].J{\Wl]%
tenperature. After 18 hours (overnight), the reaction was diluted w

Et OAc awo mmsiygd with a to saturated NaHCO3 sol uti on. T%%%ﬁzg[7§ye_r was
washed with brine then dried over MgSO4, filtered and concentrated in
vacuo to afford a crude mxture. Purification by flash colum .
chromat ography (30 to 40% Et OAc, Hexane, silica) furnished the product
XXl Xa (4.5g). Step2: 15 OH QAc O 0% HHH NN -IL ‘0NN Ou Ow
~y OO0 T O XXl Xa PCT/USOL/ 22678 XXI Xb To a 0 C solution of XXl Xa
(4.49) in THE (100 m.) was added 26 nL (2.2 equiv.) of a 1.0 N Li OH
solution. The reaction was stirred at this tenperature for 2 20 hours

t hen war ned SR 1 S el X was
21 i1 ed Lo oh BN aoLee Regfoory Eﬁ%ﬁh@?&Ercmg%aéé’%gh‘ggéﬁ%&@yers
were gepbbanenl) #ne sedioncarided?. g, mhmblwrtdﬁrrmﬂém;rmmme 10FQ OVer

VIS i e R Go D5 el ter 786 i3 v cdided and e renction
mixture was extracted with ethyt acetate (3 x 100 mL). The combined organic
5 layers were washed with water (3 x 50 mL), dried (sodium sulfate), filtered and
concentrated. The oil was purified by flash chromatography using ethyl
acetate/hexanes 1:1 to give the title compound (8.59 g, 24.8 mmol, 94%).

Step 3. Synthesis of Boc-Pro(4t-NH(Fmoc))-OH:

N /!
XO\« O
O O
10 A mixture of N-o.-t-butoxycarbonyl-trans-4-azido-L-proline benzyl ester

(8.59 g, 24.8 mmol) and 10% palladium on carbon (900 mg) in ethanol (500 mL)
was hydrogenated at 50 psi for 14 h using a Parr hydrogenation apparatus. The
mixture was filtered, concentrated, dissolved in methanol (60 mL), refiltered and
concentrated to give a colorless oil. The oil was dissolved in water (53 mL)

15 containing sodium carbonate (5.31 g, 50.1 mmol) and a solution of fluorenylmethyl
succinyl carbonate (8.37 g, 29.8 mmol) in dioxane (60 mL) was added over 40
min. The reaction mixture was stirred at room temperature for 17 h, then
concentrated to remove the dioxane and diluted with water (200 mL). The
solution was washed with ether (3 x 100 mL). The pH of the aqueous solution

20 was adjusted to 2 by the addition of citric acid (caution! foaming!) and water (100
mL). The mixture was extracted with dichloromethane (400 mL, 100 mL, 100 mL)
and the combined organic layers were dried (sodium sulfate), filtered and
concentrated to give the title compound.



Step3: XXIXb OH + HCl . H2N' -CONMe2 xV H H HCl . H2N -k N XXI Xc PCT/UI@QA&ZUBS

/226 78 The acid XX1Xb was reacted with the am ne from Exanpl e

s mannegygmgbQuUSl y described in Exanple XX, Step 4. Thpcf,%ngfizhﬂg
intermediate was then treated with HCl in the manner previously

described in Exanple XXIl |, Step 9 to afford product XXl Xc.

1 0 JAN

2005 WD 02/ 08244 PCT/ US01/ 22678 260 Stepd: O/NH >0 V XXI Xd XXI Xc The
acid XXvVi1fc (2.43g) was dissol ved i t94ct2C1 2" and was reacted with 5 anine
XXI Xc (2.47g), HATU (2.5g) and DI PEA (5.8 nL) in the manner previously
described in Exanple I X, Step 2a to afford, after purification by flash
colum chromat ography (4% MeOH, CH2Cl 2, silica), the desired product

XXIXd  (Beapise VL. Eaith &6 oF bt YBarhoRYI-4 MaEN-St €5: .V OH + HCLHZN

XXVIIIc

fluorenylmethyloxycarbonyl aminomethyl)-L-proline (Boc-Pro{4t-MeNHFmoc)-OH):

UaG=N
Xy

>,

Step 1. Synthesis tert-butoxycarbonvl cis-4-hvdroxy-L-proline benzvi ester (Boc-

5 Pro{4-cis-OH)-OBn);

OH

% YO

To a mixture of cis-hydroxy-L-proline (5 g, 38.1 mmol) in benzene (45 mL)

and benzyl alcohol (45 mL) was added p-toluenesulfonic acid monohydrate (7.6 g,

40.0 mmol). The reaction mixture was heated at 125°C for 20 h while water {(2ml)

10 was removed using a Dean-Stark trap. The solution was filtered whiie still hot,

and then ether (150 ml) was added. The solution was allowed to cool for three h

at room temperature, then three h at 4 °C. The resulting solid was coliected,

15

washed with ether (100 mL) and dried in vacuo for 1 h to give 13.5 grams of white
solid. The solid was dissolved in dioxane (40 mL}) and diisopropylethylamine (7.6
mL), and then di-tert-butyl-dicarbonate (10 g, 45.8 mmol) was added over 5 min
while using an ice bath to maintain a constant reaction temperature. After 10 h at
room temperature the reaction mixture was poured into cold water {200 mt.) and
extracted with ethyl acetate (3 x 200 mL). The combined organic layers were
washed with water (3 x 100 mL) and saturated agueous sodium chloride (50 mL),



V H N XXI X PCT/USOL/ 22678 The product of Step 4 (4.2g) was react ep[]%ﬂ}mﬁ
Dess-Martin reagent (6.4g) in the manner previously described in

pr epar awiowe/ogxanpl e XX, Step 7. 5 Purification by flash @qlgdin267s

chr omat ogr aphy (100% Et OAc, silica) furnished 3 g of the final product
XXI X. Mass spectrum (LCVS) 725 (MrH+). Examie XXX:- Preparation of a
conpound of formulaXXX: XXX 10 19 JAN 2095 WD 0210824-1 PCT/ USO1/ 22678
262 Ste 1. >T"OH CF3 >(0y0 CF3 0 0'%%Xa The al cohol
2-(trifluoronethyl)propan-2-ol (1.28g) was reacted with NN 5

di succi m ni dyl carbonate (3.84g) and Et3N (4.2 nL) in dry CH3CN (50 niL)
for 18 hours. The m xture was difuted with EtQAc (200 nL) and filtered.
The fi Idriealt(gotiasn suisbR dilterdd aha deRBentRit .emée&ueégﬁéd&éf%a d
filtered and concentrated in vacuo to afford a crude m Xture.

Puri fi &¥tflash dhyomeiegrapby usingc40-60%: ethvhpbstate Bsex@EN@ado gfmgmgﬁsesi i g a)
furnis h i4ed uct 0.3g). 1lo Step 2: H XXX e product
from E@gﬁ’pqt%'?‘%iﬁi({‘ggegﬁ%ﬂ@m@ with 100 nL of 4.0 N HG in dioxane.

After | 2 i S Ul ipi.iate 10 JAN
209? V\SthZOQ nfHes® of 14D Rrh e/ R3UIrbiRME BEES BLtc?
5  (Boc-Pro(4-cis-OMs)-OBn):
O\V.ro
-~ S"‘O

N
o~< Q
T G
To a solution of Boc-Pro(4-cis-OH)-OBn (8.45 g, 26.3 mmol) in pyridine (65
mL) at 0°C, was added methanesulfony! chloride (3.4 mL, 44 mmol) dropwise over
10 7 min. The reaction mixture was allowed to warm to room temperature over 2 h,
then stirred overnight. A solution of 10% water in pyridine (20 mL) was added
over 15 min and the reaction mixture was concentrated. The residue was
dissolved in water and extracted with ethyl acetate (2 x 200 mL). The combined
organic layers were washed with water (2 x 50 mL) saturated aqueous sodium
15 bicarbonate (50 ml.) and saturated aqueous sodium chloride (50 mL), dried
(sodium sulfate), filtered and concentrated. The resuiting residue was dissolved in
toluene (100 mL) and concentrated to remove traces of pyridine. The residue was
dried in vacuo for 30 min to afford the title compound (10.7 g, 102%), then used in
the next step without purification.

20  Step 3. N-t-butoxycarbonyl-trans-4R-cyano-L.-profine benzylester (Boc-Pro(4-

trans-CN}-OBn):




was filtered off and dried under vacuo to afford the product XXXb {@ggﬁgggf,
as a white powder. Mass spectrum (LCVM5) 625 (M- HC) +H+). Ste

XXXa XXo §0usded oom tenmperature solution of XXXb (0. 059) Pt?/&b%gbgsw m.)
was added DI PEA (0.040 nL) XXXa (1.5 equiv., 0.030g), followed by 1
crystal of io DVAP. After 30 m nutes, reaction was diluted with EtOAc (20
m.) and washed wth HCl 1.5 N then Nﬁ CO8 then brine. EtQAc | ayer was
dried over MgS™4, filtered and concdf®rated in vacuo to afford a crude
m xture. Purification by preparative chronmatography (40% Acetone,

Hexane, silica) furnished the desired product XXX (0.044g). Mass
spectrum (LCMS) 779 (MtH*). 15 Exanple XXXl : Preparation of a conpound of
formula XXXI: 10 JAN 2005 WO 02/ 08 PCT/ USO / 22678 264 XXXI Step 1:
XXXb VQYNH "T NH 5 XXXI To a solution of XXXb (0.05g) in CH2CI2 (5 nl-)
at roomtenperature was added DI PBA_(0.040 m-) and tent-butylisocyanate
(1.2 equiv., 0.01 nL). After 18 hjhour/s, reaction was diluted with EtOAc
(20 nmL) and washed with HCl 1.5 NaHCO3 and brine. EtOAc | ayer was
dried over MgSHA4, filterged ang_cgncen d in_vacuo to afford a crude
m xture. Purification by par aji ve r ongat og hy 10 JAN 7005 WO

02/ 08244 PCT/-USO /22678 26% (100% Et GBc, s \. rni shed the final
product XXXl (0.0218). Mass spectrum (LCIVB) (MtH+) . Exanpl e XXXI | :
Preparation of a conmpound_of formnula

A solution of Boc-Pro(4—c:s-0Ms)—OBn (10 7 g, 26.3 mmol) and
fetrabutylammonium cyanide (15.0 g, 56 mmol} in dimethylformamide (100 mL)
was heated in an oil bath at 55°C for 28 h. After cooling, water (150 mL) was

5 added and the mixture was extracted with ethyl acetate (3 x 200 mL). The

combined organic layers were washed with water (3 x 100 mL) and saturated

aqueous sodium chloride (100 mL), dried (sodium sulfate), filtered and

concentrated. The resulting residue was purified by flash chromatography (1:1

ether/hexanes) and then recrystallized from ethyl acetate/hexanes to provide the
10 titte compound (2.40 g, 7.26 mmol, 28%).

Step 4. N-t-butoxycarbonyi-4-trans-(N-fluorenylmethyloxycarbonyl aminomethyi)-

L-proline (Boc-Pro{4t-MeNHFmoc)-OH) :

EaSa

o]

15 A mixture of the compound of Step 3 above (2.31 g, 7 mmol}, water (10
mL), methanol {85 mL) and 10% palladium on carbon (700 mg) was hydrogenated
at 50 psi for 11 h using a Parr hydrogenation apparatus. The mixture was filtered
and concentrated. Water (15 mL) and sodium carbonate (1.5 g, 14.2 mmol) was
added to the residue. A solution of fluorenylmethyi succinyl carbonate (2.36 g, 7.0

20 mmol) in dioxane (17 mL) was added over 5 min and stirring was continued for 28



Step 1: NH2 XXXIla NH2 10 The product from Exanple XXVIII was treagqum[m
the manner previously described in preparative Exanple XXX, Step to

af f or d woodugts XXXI 1 a. Mass spectrum (LCMS) 407 (M - H@lealdhlesh €2:
NH2 1 0 JAN 2005 WD 02/ 08244 PCT/ USOL/ 22678 266 OYO N CF3 0 XXXa 0
XXXI'la NH2 The am ne XXXlIla was reacted with XXXa in the manner
previously described in preparative Exanple XXX, Step 3 to afford the
desired product 5 XXXI|. Mass specfl®dm (LCMB) 508 (M+H+). Exanpl e
XXXI'l'l: Preparation of a conpound of formula XXXII1: NH2 XXXIll 10 Step
1: 10 JAN 2005 WD 02/08244 267 XXXIla 0 co O D NH2. HCI NH2 NH2 XXXI 11|
h at room temperature. The reaction was concentrated in vacuo to a 15 mL
volume, and water (100 mL) was added. The solution was washed with ether (3 x
75 mL). The piH of the aqueous solution was adjusted to 2 by the addition of citric
acid (approx. 20 g, caution! foaming!) and water (100 mL). The mixture was
5 extracted with dichioromethane (4 x 100 mL), and the combined organic layers
were dried (sodium sulfate), filtered and concentrated. The crude product
contained a major impurity which necessitated a three step purification. The
crude product was dissolved in dichioromethane (50 mL) and trifluoroacetic acid
(50 mL) and stirred for 5 h before being concentrated. The residue was purified
10 by preparatory reverse-phase HPLC. The pure 4-(N-fluorenylmethyloxycarbonyt
aminomethyl)proline trifluoroacetate salt (1.887 g, 3.93 mmol) was dissoived in
dioxane (10 mL), acetonitrile (20 mL) and diisopropylethylamine (1.4 mL, 8 mmol).
To the reaction mixture was added a solution of di-tert-butyldicarbonate (1.1g, 5
mmol) in dioxane (5 mL). After stirring for 18 h, the pH of the solution was
15 adjusted to 2 by the addition of citric acid (caution: foaming!) and water (100 mL).
The mixture was extracted with ethyl acetate (3 x 150 mL) and the combined
organic layers were washed with saturated aqueous sodium chloride (100 mL),
dried (sodium sulfate), filtered and concentrated. The crude product was
dissolved in saturated aqueous sodium bicarbonate{100 mL) and washed with
20  ether (3 x 75 mL). The aqueous layer was adjusted to pH = 3 by the addition of
citric acid, then extracted with dichloromethane (4 x 100 mL). The combined
organic layers were dried (sodium sulfate), filtered and concentrated to the title
compound (1.373 g, 2.94 mmol, 42%).
Example Viil. Synthesis of 3 4-isopropylideneprolinot:

&

HJ*I

25 H
Step |, Cyclopropanation reaction {Tetrahedron Lett. 1993, 34(16), 2691 and

2695):



The amine XXXIla was reacted with tert-butylisocyanate in the mannfg JAN 7005
previously described in Exanple XXXI, Step 1, to afford the produc

XXX | . widbsgogzfpect rum (LCMS) 561 (MrH+) . s Exanpl e XXXI WerAdsepacad | on of
a conpound of forrmula XXXIV Ox XXXIV Step 1: 10 OCCH3 1 ) ns4A0 H

PCT/ USOL/ 22678 OCH3 To the m xture of ester (6.0g) and nol ecul ar sieve .
(5.29) in anhydrous nethylene chloride (35 nL) was aded pyrrolidine (5.7
nL, 66.36 mmoL). The 10 JAN 2005 WD 39808244 268 PCT/ USDI/ 22678 resul ting
brown slurry was stirred at roomtenperature under N2for 24 h, filtered
and washed wi th anhydrous CH3CN. The conbined filtrate was concentrated
to yield the desired product. Step C)N 5 To a solution of the product
from proceeding step in-CH3CN (35 nL) was added awdrous K2CG3,

met hal Iyl chloride (2.77 .5 mmolL), Nal (1.07g, "7 molL). The
resulting slurry was stirrgd @t anbient tenpeo "¢ under N2 for 24 h. 10
50 nL of ice-cold water wasdyayded foIIov&d by 2 SO solution until pH
was 1. EtQAc (100 nL) s _added and the mi xtur s stirred for 0.75h.
Combi ned organic |ay s cHl | ected and washed~wi/t h brine, dried over
MySO4, and evaporated yield the desi re Step 3: 15 OCH3 I N
Li OH / di oxane OH

To a stirring solution of isopropyltriphenyl- phosphonium iodide (4.14 g,
9.58 mmot) in tetrahydrofuran (60 mL) at 0 °C, was added n-butyllithium (1.6 M in
hexanes, 5.64 mL, 8.02 mmol) over 5 min. After 30 min, a solution of enamide
5 {(5R, 7S)-5-phenyl-5,8,7,7a-tetrahydro-6-oxapyrrolizin-3-one) (1.206 grams, 6.0
- mmol) (see J. Org. Chem. 1998, 64(2), 547 for the synthesis of the enamide
starting material) in tetrahydrofuran (40 mL) was added over 10 min. After an
additional 10 min, the cooling bath was removed and the féaction mixture was
stirred at room temperature for 4 hours. The reaction was poured into water (400
10 mL) and extracted with diethyl ether (400 mL) and ethylacetate (2 x 400 mL). The
combined organic extracts were dried with sodium sulfate, filtered and
concentrated to give the desired crude product. The residue was purified by flash
chromatography eluting with 3:5:2 ethylacetate/hexanes/methylene chloride to
give pure cyclopropanated product (750 mg, 3.08 mmol, 51%).
15  Step 2. Synthesis of 3.4-isopropylideneprolinol P{3.4-(diMe-cyclopropyi)]-alcohol
J. Org. Chem. (1999) 64(2), 330):

A%

e \
Oﬁ o
N — —
o @B H
b

HO

a c

A mixture of the product obtained in step 1 above (1.23 grams, 5.06 mmol)

and lithium aluminum hydride (1.0 M in THF, 15 mL, 15 mmol) was heated at

20 reflux for 5 hours. After cooling to 0 °C, the remaining aluminum hydride was
carefully quenched by the dropwise addition of saturated aqueous sodium sulfate



The product from preceding step (2.7 g, 8.16 mmoL) was di ssol ved i'pq_JANg[][ﬁ
di oxane (20 nL) and treated with freshly prepared 1 NLiOH (9 nL). The
reacti oo opggivire was stirred at anbi ent tenperature ungegNgiAgksg 20 h.
The reaction mxture was taken in Et CAc and washed wi th H20. The

conbi ned aqueous phase 20 was cooled to OC and acidifed to pH 1. 65 using
IN HCI. The turbid m xture was 10 JAN 2005 WD 02/0824.1 PCTIU SO 1 /226
78 269 extracted with EtQAc (2 x 10088L). Conbi ned organic |ayer was
washed with brine, dried over MgpSO4, concentrated to give the desired
acid (3.40 g). Step 4: HQ NaBH(OAc)3 OH 5 OH To a suspensi on of

NaBH( QAc) 3 (3.93g,18.5 mmoL) in CH2CI2 (55 mM-) was added a sol ution of

(2 SRR SR Thémyiird MRS HIRG: B RuivadelalE ap AESaRd thery o' ¢
col d mataed(tﬂmgmce)iterya%@mﬁﬂewgmcﬁwhrsbdﬁmsﬁgétér fiterb@anl 2 hr.

Organic to |layer was separated, filtered, dried and evaporated to yield

t he degencsatigiediticgive coude Nsberzryl eruinpalcoloio(1. 25 garnisk wWiichawas! ut i on of

w h' oATHEY oy BEBTEE Y thER frniFlwitalBiT el beendel® e o
react i I@éhz(?uéhﬂrﬁ@alwﬁoﬁ@mﬁ?gﬁa'nﬁé,%$ enrﬁdlsly 38 dcetid flidlethytadedster @ due.

The residue was chronatographed on silica gel, eluting'wth a gradient
of Et Gt withh)amd/Cd 19mor)was bydrggenatedeat i) psidesit bours wsing . P8rep 6:

10 AN\yzcﬁ'ggSGr\{g%ioonzéggazrléltlusl?qﬁg ?ggét%%%&tuBrEBWasNﬁlgecr)eld tcgjfgngllo%e %ﬁé’ carbon-
based catailyst and the filirate was concentrated. The residue was dissolved in
water (30 mL) and the pH was adjusted to 13 with 50% NaOH. The mixture was

10 extracted with ether (3 x 60 mL). The combined extract was dried with sodium
sulfate, filtered and concentrated to give crude aminoalcohol (485 mg, 3.43
mmol). This material was taken to the next step without further purification.

Example IX. Synthesis of iBoc-G(Chx}-Pro{3.4-isopropvlidene)}- carboxvlic acid :

15  Step 1. Synthesis of isobutyloxycarbonyl- cyclohexylglycine (iBoc-G{Chx)-OH):

isobutylchioroformate Q
OH - OH
HC I*H 2N KzCOa, HQO, N
o acetonitrile H &

To a solution of the commercially available cyclohexylglycine hydrochloride
(15 g, 77.4 mmol) in acetonitrile (320 ml) and water (320 ml) was added
potassium carbonate. Isobutylchloroformate (11.1 mil, 85.1 mmol) was added to

20 the clear solution over 15 minutes and the reaction was stirred for 17 hours. The



W % ,0ve To a solution of product frompreceding step (1.36 g) in 0 JAN 7005
anhydrous CH2CI2 (40 m-) was treated with BF3. Me20 (0.7 nl). Thla

reacti oggoksye was stirred at anbient tenperature forp
quenched with Sat. NaHCO3 (30 mi) ad stirred 5 for 1/2 hreﬂ%ﬁd%% | ayer

was separated and conbi ned organic | ayer was washed w th brine, dried
over MgSO4, concentrated to give crude residue. The residue was

chronot agraphed on silica gel eluti@Owith a gradient-of EtOAc | hexane
to afford 0.88 g of the desired conpound. Step 7: to Me H2-10%d/C W To
a solution of the product (0.92 g) frompreceding step in MeOH (30 nl)
was added 10 % Pd/ C (0.16 g) at roomtenperature and hydrogenated at

ot _ . .
trr eqop ISR, ALk FETg0es unbicR 14DucEuITeLE e P RMGiRRAtERLE, 15°
conpoufayer wiiscextraried twitewithABth20 QH00\®I D 2T 8 24dedid I5ee WdsGheéhl Ove + HATU

D PEA, CH2CI2 Owve The desired product was prepared according to the
pr ocedari@ifiad ot with &) hydrogpigric agid %nﬂé,?éga@tedw@ dichiqrooeinansx@ne

x 300 mi). The organic layer was dried over sodium sulfate, filtered and
5 concentrated to yield 18.64 g (94%) product as a white solid.

Step 2. Synthesis of isobutyloxycarbonyl-cyclohexylglycyl-3 4-

isopropvlideneproline (iBoc-G(Chx)- P[3.4-(diMe-cyclopropyl)l-OH):

iBoaHN\/ﬁ\0 \/ \/

\/ O gl_ 'ég{ri]c?gtion g
_ BocHN_A{ OH———»  iBocHN_A{ -
o HOAt, HATU 20 R S
g B S

a b ¢
a) Coupling step

10 To a solution of iBoc-G(Chx}~OH (890 mg, 3.45 mmol) in acetonitrile (20
mL) was added HATU (1.33 g, 3.5 mmol), HOAt (476 mg, 3.5 grams) and then
diisopropylethylamine (2.5 mL, 14 mmol). After a 2 minutes, 3,4-

isopropylideneprolinol (485 mg, 3.43 mmol) was added and the reaction mixture
was stirred overnight. Addition of saturated aqueous sodium bicarbonate was

15 foliowed by extraction with ether and ethylacetate. The combined organic {ayers
were dried, filtered and concentrated. The residue was purified by flash
chromatography eluting with 1:1 ethylacetate/hexanes to give pure dipeptide
alcohot iBoc-G{Chx)-3,4-isopropylideneprolinol (870 mg, 2.3 mmol, 67%)

b) Jones oxidation step

20 To a solution of dipeptide alcohol iBoc-G(Chx)-3,4-isopropylideneprolinot
(100 mg, 0.26 mmol) in acetone (2 mL) stirring at 0 °C was added Jones reagent
(300 ulL) dropwise over 5 min. [Jones Reagent: Prepared from chromium trioxide
(13.4 g) and concentrated sulfuric acid (11.5 mL) diluted with water to a total
volume of 50 mL.] After stirring at 0 °C for 3 hours, isopropanol (500 pl) was

25 added and stirring continued for an additional 10 minutes. The reaction mixture



OH The desired acid product was prepared according to the procedur?UiJmN 005
Exanpl e XX1V, Step 3. 10 Step 10: PCTIUSOL/ 22678 10 JAN 7005 WD 02

272 OH WOT2/8601122678 XXXI'V The desired product XXXV M@%Tmsgp@f@gl
according to the procedure in 5 Exanple XXI X, Steps 4-5. Exanple
Preparation of a compound of formula XX)CV Step 1: 10 * (EtO) 2- P—CHZCOZEt
A solution of triethyl phosphonate 8 g in THE (30 m-) at 0OC was
treated with a 1 Msolution (200 nL Bf sodi um bi s(trinethyl silylam de)
in THF. 15 The resulting m xture was stirred at RT for 0.5 hour, and then
cooled to 0OC. A solution of 1,4-cyclohexanedi one ethyl ene ket aI (15.6 9)
in THE (50 nmL) was 1 O I AN 2005 WO 02/ 08244 PCT[ USO /22678 273 added

dr opwi s diifbd With Wated (tzmﬁLth@bkﬁacféaSwm EtHyRsbetdte T8 »f PO mi§. s The
reaction mxture was then cooled to 0C, treatéd with ‘col d aqueous citric
aci d, Mb|nteu@rgautcdaxeemamere>drredcﬁbereﬁh and mm}traﬁ:étcegmeatbe was washed

wth s e a HCO3, t.hen brj. d ove nhydr ous
e sordipepe tias LR Es AEShronyi o erolie ALER. S neoiabelas
ChromEﬂsﬁw[a_@xdsgﬁmésis' ﬁ%%z@,ﬂ%bt%og\%lﬁé a gradient of CHeCI2/ Et A
to affor corrpoun byl e Mass spectrum ( FAB)
227.3 (MrHt) . Step 2: Q2Et e prod el of the precedi ng step (20 Q)

was di ssolved in EtOH (150 nd t ea ed with 10% Pd/ C under 1 atm of
hydrogen for 3 days. The m xt

5
Step 1. Synthesis of N-benzyvi-3.4-methanoprolinol:

O L4

a ,
A mixture of the benzylidene starting material (J. Org. Chem. 1999, 64(2),
547) (4.6 grams, 21.4 mmol) and lithium aluminum hydride (1.0 M in THF, 64 mL,
10 64 mmol) was heated at reflux for 5 hours. After cooling to 0 °C, the remaining
aluminum hydride was carefully quenched by the dropwise addition of saturated
aqueous sodium sulfate (5 mL) over 15 min. The mixture was diluted with
ethylacetate (200 mL) and then filtered through celite. The filtrate was dried with
sodium sulfate, filtered and concentrated to give crude N-benzyl aminoalcohol
15 (3.45 grams), which was carried on to the next step without further purification.
Step 2. Synthesis of N-benzyloxycarbony!-3,4-methanoprolinol (CBz-P(3.4-CH2)-

©§§ —

A solution of crude N-benzyl aminoalcohol (3 grams, 14.76 mmol) in
20 methanol (120 mL) and concentrated HCI (1.5 mL) with 10% Pd/C (300 mg) was




filtered and the filtrate evaporated to afford the title conpound {Q%ﬁ?ﬂﬂfv
g), 100 %15 yield. Mass spectrum (FAB) 229.2 (MrH{). Step 3:

pr oduct waf odiseyspr ecedi ng step (20 g) was dissolved in l\/egjlw((ﬂsﬁgim 20
and treated with a solution of LiOH (3.6 g) in water (50 nL). The m xture
was stirred for 18 hours, and concentrated under vacuum The residue was,
dissolved in cold water (100 nL), the solution was acidified to pH 2-3
with 5N HCl, and the resulting mxtdiZe was extracted with Et QAc. The
extract was dried over 1 0 JAN 2005 WD 02/08244 274 PCF/ U SO /22678
anhydrous Na2SO4, filtered, and the filtrate evaporated to afford the
title compound (17.1 g), 97%yield. Mass spectrum (FAB) 201.2 (MtH+).

Step 4 : he-Qr step (3.0 Q)
s i LLAEReheied afSBotich 18 rburs. | THBEREn i BRWES TRod & Bifia,c

sol ut i tive carbbaddsed GalysPand tay filtrakd aasdncehtrdfedrLTharssidsi@aisdr opwi se,
and after 0.25 hour additional stirring, the reaction was allowed to

war m t @isgelveddn watesdwxane (30 minand.disiopropyjathylamine18Q@ mb)wasaf f or d a

(9 4. 30085, Bshe Soibiie' @76 BR 16 muoth s dfaet %&i\%ﬁ@'or?@é B 2o
- 78C, wad stirrbdfvdraightit TRE réQcth Mixtlredivas domtihiratd H@sbﬂ'emﬁ@\'ﬂﬁ was

added dropwi se. After an additional 0.33 hour stirring at this

t enper BEI(E00 Mg ansl extranted wath ethyiscetate 3 200 mi.du Ffdnetmmlbmedol d

52! il BBk e BB bR B B SU6E. Ml or&e&ir‘%”ﬁ(}%? vas

separ ateafitiug %s%ﬂ#ﬁ@ufbﬂ ﬂ’éﬂfc%m&%@ﬂra%y%'ﬁg 48 Eﬁ-%fbcefteh@l he&%@% &Ft ered,

organi cs were washed wi'th brine, dried over anhydrodus Na2SO4

and th@lvﬁlther{\hﬁéze@épmﬁﬁtaé@mdh@l (%élgiue was chromat ographed on silica

ol LR E

-~k '1

OM,Q_. O, G
N OH

O HO 0

To a solution of N-Cbz-3,4-methanoprolinol (2.2 g, 8.90 mmol) in acetone
(68 mlL) stirring at 0 °C, was added Jones reagent (6.6 mL) dro;iwise over 5 min.
15 [Jones Reagent: Prepared from chromium trioxide (13.4 g) and concentrated
sulfuric acid (11.5 mL) diluted with water to a total voiume of 50 mL.} After stirring
at 0 °C for 3 hours, isopropanol (11 mL) was added and stirring continued for an
additional 10 minutes. The reaction mixture was diluted with water (400 mL) and
extracted with ethylacetate (3 x 500 mL). The combined organic layers were dried
20 over magnesium sulfate, filtered and concentrated to give N-Cbz-3 4-
methanoproline (2.25 g, 96%)
Example Xl. Synthesis of Boc-(6S-carboethoxymethano) proline:



20 g9), 93%yield. Mass spectrum (FAB) 360.4 (MtH+). Step 5: P h 11@Jﬁﬁwm5
2905 WO 02/ 08244 PCT/ USO1l 22678 275 The product of the preceding stéep
(2.7 9 jgsolved in THE (25 nL), cooled to -78C, transferred by
canul a ?@ﬁ%ﬂ%%?ution of 0.5 M potassium bis(trinethylsﬂﬂﬁ?g%ﬂgagﬁtoluene
(16.5 nm) in THE (25 nm.) at -78C, and the 5 resulting solution was )
stirred at -78C for 0.75 hour. To this solution was added via canula a
solution of trisyl azide (3.01 g) i ROFHE (25 nL) pre-cooled to -78C
After 1.5 mnutes, the reaction was quenched with acetic acid (1.99 ni),
the reaction was warnmed to RT, and then stirred for 16 hours. The
reaction was diluted with EtQAc (300 nL), and washed with 5% aqueous
NaCl . The aqueous 1o phase was extracted with Et OAc, the conbi ned organic
phases were washed with saturated aqueglis NaHCO3, then brine; then dried
over anhydrous Na2SO4, filtered, and the filtrate evaporated. The

resi due was chromat ographed on sili© , eluting wth Et OQAc/ hexane
(1:3) to afford the title compound (2. h, 88% vyield. 15 Step 6: The
product of the preceding step (11.4 gjuw di ssolved in 95% formc 20
acid (70 nmL) and heated at 70C for[0.5%our while stirring. The solution
was evapor at ed under vacuum and the rgsidue was taken up in Et OAc. The
solution was washed wth satq*& ueogﬁ NaHCO3, then brine; then
dried over anhydrous Na2SO4, tilteredWwand the filtrate evaporated. The
resi due was chromatographed on silicajgel to afford the title conpound
(8.2 g). 25 Step 7: 10 JAN 2005 WO 02138244 276 PCTI US411 22678 The

product of e precedin te 8.2 s dissol.ved in CH2Cl 2 (16 nl)

and treat ed+a?t%r@i"%§‘ﬁ a %@gél‘f’ctmg%"t"i‘ I‘M%sricﬁé“?‘%@ﬁ 3990(58“91_&) aRERT for
3 hour € pr&adduren dred . o ihCeRwWaihgr 0 tracted
with 2%§9?£HT€(E extr?}acmaﬁm%mﬂ'édw?m@ﬂﬁsgi’utrhg’t e'ﬂ@duggﬁtgnmcgﬂ’ t hen
bri ne; Pellieciad R.db Farmaco (1995) 50 (5), 327-331.

5 Example Xll. Synthesis of Boc-3-morpholine carboxylic acid :

(e

Boc ©
The synthesis of the title compound was carried out according to the
published procedure: Kogami Y., Okawa, K. Bull. Chem. Soc. Jpn. (1987) 60,
2963-2965.
10  Example Xlll. Synthesis of N-tert-butoxycarbonyl 2-aza-3S-hydroxycarbonyi-

[2.2.2]-bicyclooctane:

A solution of crude 2-aza-2-(1-phenylethyl)-35-methoxycarbonyl-[2,2,2}-
bicyclooct-5-ene {10 mmol) (Tetrahedron (1992) 48(44) 9707-9718) and 10% Pd
15 on carbon (1 g) in methanol (30 mL) was acidified with 12N HCI then
hydrogenated at 50 psi for 16 hours using a Parr hydrogenation apparatus. The



anhydrous Na2SO4, filtered, and the filtrate evaporated. The resi dp@ JRRL00
chromat ographed on silica gel eluting with Et CAc/ hexane (15:85) to

af ford werzstdyl € compound (4.5 g), 52%yield. j o Step Zorfldadnl
product of the preceding step (3.7 g) was dissolved in a mxture of THE

(150 nL) and water (48 nlL), cooled to OC, treated with 30% H202 (3.95
m.), 15 and then with LiOHH20 (0.86 g). The m xture was stirred for 1
hour at OC, then quenched with a sg@idti on of Na2SO3 (5.6 g) in water (30
m.), followed by a solution of 0.5 N NaHCG3 (100 nmL). The m xture was
concentrated under vacuumto 1/2 volune, diluted with water (to 500 ni),
and extracted with CH2CI2 (4 x 200 nlL). The aqueous phase was acidified

t H N HCl d, .20 t t d wi 200 nL

Loy P o fediadlls s nBS o Bre e Rt CauttiRased Gate m%g@zthefmt)rater i
dth 91 %

oe) o Wasicdrichfafih THeeSidubds HRiGBVeRTN onbEnt @A SR ) 123

PCT/ USOY¢rrdgiits Thersaution eas@eantentvatethend rextissdived irt deectonidedb0gmiexanpl e
Soi ut | DiSaRropHBREyAIng B Su nd Hetecbpudidrproenaie B wpiemadee. |
SFr o g BB R g Wigugoras R SHAMORLALANETSo, (AN
step. Ghsmid@ivadirDCH,ElL.@vE BoFadqidous sulfuric acid. The reaction mixture was
extracted with CH;Cl, and the combined organic layers were concentrated. The
residue was dissolved in 10% saturated sodium bicarbonate, washed with diethyl
ether (2x) and acidified with 5% aqueous sulfuric acid. The aqueous layer was
10 extracted with ethylacetate (2x). The combined ethylacetate layers were dried
filtered and concentrated to give N-tert-butoxycarbonyl 2-aza-3S-hydroxycarbonyl- -
[2,2,2]-bicyclooctane {650 mg). T
Example XIV. Synthesis of isobutyloxycarbonyi-cyclohexyiglycyl-4 4-dimethyl
roline {iBoc-G({Chx)-P(4,4-dimethyl}-OH):

\M%?

Step l. Synthesis of iBoc-G{Chx)-P{4 .4-dimethyl)}-OMe:

AN

To a solution of iBoc-G(Chx)-OH (Example 1X, Step 1.)(377 mg, 1.95
mmol) in acetonitrile (7 mL) was added successively HCI*HN-Pro(4,4-dimethyl)-
20 OMe (Example |, step 6)(377 mg, 1.95 mmol}, N-hydroxybenzotriazole (239 mg,

15




The product of the preceding step (1.95 g) was dissolved in MeCH (‘I?L?gAN 2005
m), treated with formc acid (1.7 nL), then treated with 10% Pd/C (3.3

g, De e E101) under 1 atm of hydrogen for 1.5 m xture
was 159‘??% 'g?%ﬁ and the filtrate evaporated to afford tﬂyﬁlﬁof‘gpﬁg%mound
(2.1 g) as the formc acid salt, which was used directly in the next
step. Step 11: O F F Onme BOF F Ovwe 10 JAN 2005 WD 02/ 08244

PCTI USOL/ 22678 278 The product of t295preceding step (2.1 g) was

di ssolved in 1,4-dioxane (100 nmL) and di-tert-butyl dicarbonate (1.9 g)
was added, followed by diisopropylethylamne (2.9 nL). The sol ution was
stirred for 18 hours, and concentrated under vacuum The residue was

The- ext 1 dll SEEER 8.8 %'s Rurhb) aboA SifpicfesBairig F sl bl
filteratnoldhd Readtiohtrhidifre VAP Stirfd & Bt ro%téﬁ%%e%f%ezfg?? g%ﬁ(ﬁij 'o{rrggr aphed

on silica gel, eluting with a gradient of CH2 t he
titl e tRAglionDTANGWEIVEY coneEntrated dnd Vb seropining residus\BasissobvedinH) .

St 12;. .10 FFEFEF Th duct aof .t he, i ng. st 2.5
di 5ol Giy ke AB, e alabiq 4 SF Wi Washedtuica i REaadions LG (1 o),
ands st bifeatelGodfurl Bicdborb dBIoH, AN HASroBHRIMENRALL Bnb Hripeat R (125

cc), the mxture was acidified to pH 3-4 w CI”, "and "éxtracted
wi t h Eo@anic feyer esasrdrigd oxer shdiwd solfate, filtaredt ans cySPirated td havkite and

the filtt evapgrated to afford the title conpound (2.3 g), 96%yield.
MasS sB%'Ha (€1 WEA%?%%. 0 (MrH+).

Step 2. Svnthesis of iBoc-G{Chx)-P{4,4-dimethyl}-OH:

Y\*?r?

10 The methyl ester obtained in Step 1 above (612 mg, 1.54 mmol) in

methanol (6 mi) was saponified in the presence of 2M lithium hydroxide (1.16 ml)
for three hours. The methanol was removed under reduced pressure and the
remaining residue was diluted with ethylacetate and acidified to pH=2 with 1N
hydrochloric acid. The iayers were separated and the organic layer was washed

15  with water and brine, dried over sodium sulfate, filtered and concentrated.
Example XV. Synthesis of L-phenylglycine dimethylamide



Step 13: 20 10 ,i AN 2005 WO 02/ 08244 PCT/US( 1/22678 279 The desi re@[ 2005
product was prepared according to the procedure in Exanple XXl II, %;‘B‘
10. st eRN&fi'zm@ l\/b Me OYNH Ove CH The desired acid product was prepared
according 'to Ae procedure in Exanple XXIV, Step 3. StedCIBUSHB2¢INH

>10 + HCLH2N Me\, Me 10 JAN 2005 WD 02/ (18244 280 PCT/USO1 /22678 The
desired acid product was prepared according to the procedure in Exanple’
XXI X, Step 4. Exanple XXXVI. Preparappgn of corn ounds of Fornmul as XXXVI
and XXXVI11: Conpounds of formulas XXXVI and XXXVIII| were prepared
according to 5 the schene below and utilizing preparative Exanples 11

t hrough 15 di scussed above. XXXVla 0 OHH N %

Step 1. Synthesis of N-benzyloxycabonyl —L-phenvlalycine dimethylamide (CBz-

Phg-NMe2):

oiEaOH—’ O,ﬁ\:%.!,\
Y O

N-benzyloxycarbonyl-L-phenyiglycine (25g, 88 mmols) was dissolved in
5 THF (800mL) and cooled to -10 °C. N-methylmorpholine (8.7 mL, 88 mmols) and
isobutylchloroformate (11.4 mL., 88.0 mmols) were added and the mixture allowed
to stir for 1 minute. Dimethylamine (100 mL, 2M in THF) was added and the
reaction was allowed to warm to room temperature. The mixture was filtered and

the filtrate concentrated in vacuo to afford N-benzyloxycabonyl ~L-phenyiglycine
10 dimethylamide (32.5 g) as a yellow oil.

? I
JLN H fll
@f\"“ ) Y
|
o H O

Step 2. Synthesis of L-phenylglycine dimethylamide (H-Phg-NMe2):
The N-benzyloxycarbonyl-L-phenylglycine dimethyiamide (32.5 g) obtained

above was dissoived in methanol (750 ml) and 10% palladium on activated carbon
15 (3.3 g) was added. This mixture was hydrogenated on a Parr apparatus under 35
psi hydrogen for 2 hours. The reaction mixture was filtered and the soivent
removed in vacuo and the residue recrystallized from methanol-hexanes to afford
phenyiglycine dimethylamide (26g) as an off white solid. The ee of this material
was determined to be >89% by HPLC analysis of the 2,3,4,6-tetra-O-
20 acetylglucopyranosylthioisocyanate derivative.



cf. Preparative Exanple 15 XXXVI XXXVff The conpound of fornula W\{hmﬂﬂﬁ
was prepared froma conpound of formula 10 XXXVla as foll ows by khown
proced&%ﬁoé % JAN 2005 WD 02/ 08244 PCT/ US01/ 22678 281 10% Pd/C Ove
TsOH, PO A 0 XXXVla XXXVIb To a sol ution of Conp&un

(6.58g9, 22 mmol) in 100 nL of MeOH was added 10% Pd/C (0.8 g) and

p-tol uene sulfonic acid (4.2 g). The reaction mixture was subjected to
hydrogenati on at roomtenperature Q@ night. The reaction 5 mixture was
filtered through celite and washed with excess MeCH The conbi ned
filtrate was concentrated in-vacuo to provide the title conmpound XXXVIb
as a gumy. ConverS|on of XXXVIb to XXXVI and XXXVII followed the route

S hspdpnd : 2 0 1.0 _preparative exanpl es

11 15. L ’ coffpound of formula XXXVIIT: 10
A compound of the formla XXXVi I I wasOprepared utilizing the follow ng
schene and foll ow ng preparati Exanppl es 11 through 15 di scussed
earlier. 1 0 JAN 2005 WO 02/ 083%¥-2 Cl in CIH,H2N di oxane

PCT/ USCx / 22678 EDCI, HOBt, NWM DWVF OH 11 5 Exanple XXXI X. Synthesis

of the com ound of Fornula XXX X:

Step 1. 1-methyl-1-hydroxymethylcyciohexane

OH
o OH
—

5 To a solution of 1-methyl-1-hydroxycarbonylcyclohexéne (10 g, 70 mmol) in
tetrahydrofuran(300 mL) at 0 °C was added 1M diborane in tetrahydrofuran (200
mL, 200 mmol) over 90 minutes. The cooling bath was removed and the reaction
mixture was stirred at room temperature for two days. The remaining borane was
quenched by the slow addition of saturated sodium bisulfate (10 mL) over 90 min

10 with cooling. Additional saturated sodium bisulfate (200 mL) was added and after
20 min of stirring the aqueous layer was removed, The organic layer was washed
with water and saturated sodium chloride, dried, filtered and concentrated. The
residue was purified by flash chromatography using 20% diethylether in hexanes
to give 1-methy!-1-hydroxymethylcyclohexane (6.17 g, 48 mmol, 69%).

15 Step 2. 1-methylcyclohexyicarboxaldehyde:

OH ~o

To a solution of 1-methyl-1-hydroxymethylcyclohexane (6.17 g, 48 mmol)
and triethylamine (20.1 mL, 144 mmol) in dichloromethane (150 mL) at 0 °C, was
added a solution of pyridine sulfur trioxide complex (22.9 g, 144 mmol) in

20  dimethylsulfoxide (150 mL) over 15 min. The cooling bath was allowed fo warm to



CH3, ,,CH3 HITH. NN OHHCH3 3 xxxix Ste 1:1: N SUBSTI TUTE Sggggmggs
(RULE 26) 10 JAN 2 005 WD 02/ 48244 PCT/ USDI /22678 283 ChzHN ,

CbzHNN Q@ &n0o0a XXXl Xa XXXI Xb A sol ution of the sul fony% j‘rﬂs(a%fﬁ XXXI Xa
prepared by the procedure of H Mklwain (J. Chem Soc gﬁ

added dropwi se to a m xture of 1.1. equiv 5 of t-butylnmethylam ne and
triethylamne at -78 C and stirred at rt for 2h. The reaction m xture
was concentrated in vacuo and purifi4@B by chromatography (Si02,

Hex/ Acetone 4:1) to yield sulfonam de XXXI Xb as a colorless oil. Step 2:
11 CbhbzHN-~S N~ H2N . N( XXXI Xb XXXI Xc 10 A solution of the Cbz-protected
am ne XXXl Xb was dissolved in nethanol and treated with 5 m)l%of Pd /C
( 59 Wrogfitte red
i UG o o L T AUREENEE 190 HOSh St whiaPimetRE sEatioh AL WES oo T o
ani ne ot binewith ices 100MLed The |ayern dverg.seipardtedmnt th@hlviiquso€-31s;|3.a§?éi|'l3

XX Xd w'\és extracted with dichloromethane (200 mL). The combined organic layers were
diluted with hexanes (600 mL) and washed with 1M HCI (2 x 150 mL), saturated
5 sodium chloride (2 x 100 mL), dried, fittered and concentrated. The residue was
purified by flash chromatography to give 1-methylcyciohexylcarboxaldehyde (1.77
g, 13.8 mmol, 29%).

Step 3. Synthesis of N-formvl-N-glycosyl- 1-methylcyclohexyl- tert-butvlamide :

\‘\\NHz
PivOy,
PvOY Y NOPiv

~p :
OPFiv
ZnClo, formic acid, Pwd
teri-butyl isocyanide
Tetrahydrofuran
10 The synthesis of the 2,3 ,4-tri-O-pivaloyl- - D-arabinosylamine was carried

out according to the published procedure (Kunz. H.; Pfrengle, W.; Ruck, K.;
Wilfried, S. Synthesis (1991) 1039-1042).
To a solution of 1-methylcyclohexylcarboxaldehyde (1.17 g, 8.34 mmol),
2,3,4-tri-O-pivaloyl- -D-arabinosylamine (8.3 g, 20.7 mmol), formic acid (850 pL,
15 22.2 mmol) and tert-butylisocyanide (2.4 mL, 21.2 mmol) in tetrahydrofuran (170
mL) at -30 °C was added 0.5M zinc chloride in tetrahydrofuran (41 mL, 20.57
mmol). The solution was stirred at —20 °C for 3 days, then concenirated. The
residue was diluted with CH,Cl; (500 mL), washed with saturated sodium
bicarbonate (2 x 500 mL}), water (500 mL). The organic layer was dried, filtered
20 and concentrated to give a clear oil. Flash chromatography (20% ethylacetate in
hexanes) provided pure product (4.3 g, 6.6 mmol, 33%)

25



The hydroxy sul fonam de XXXl Xd was synthesized simlar to the proc hﬁ?ﬂﬂ‘i
20 for the synthesis of XXVf except replacing the amne XXVd with I

The cruge ¢2@gali on m xture directly used for the next fﬁﬁl%@? §t ep 4
OH H H SUBSTI TUTE SHEET (RULE 26) 10 JAN 2005 WO 02/ 082 5 (oich

XXXI' Xd N PCT/USQ /22678 XXXI X The hydroxy am de XXXl Xd was oxi di zed to )
conpound XXXI X using the Dess Martin reagent follow ng the procedure for
the synthesis of XXV (step 5). 5 Theggrude mi xture was purified by

chr omat ogr aphy (Si 02, Acetone/Hexane 3:7) to obtain XXXI X as a col orl ess
solid. Assay for HCV Protease Inhibitory Activity: Spectrophotonetric
Assay: Spectrophotorretrl c assay for the HCV serine i o protease was

per f or RggQ nve follow ng the procedure

descr i Bed—b Arsais 5 XYAYCIBR o heni stry, 270 (1999) 268- 275,
the discl osure of V\:hl ch I8 |ncor porat ed herein by reference. The assay
based on tt@pwpro z&of Gghronogeni c ester substrates s suitable for
t he conti nuous ni torl g offf HCV [NS3 prot ease activity. e substrates
were derived fropmn thg»® N5 sitle t he NS5A- NS5B jGiigNio E) uence

(Ac- DTEDWK( Nva) + re X =TA orN P) Whose C-terminal car boxy ng oups were
esterified VM oneéﬁ;. fourl—et fferent chronophoric al cogoTs (3- or
4-nitrophenol , 7-hydfoXy¢4- et hyl - coumarin, or 4- phe bphenol ) .
Presented below are the § ppl i cation of

t hese novel spectrophotons '
screening and detailed kinetic evaluation of HCV NS3 protease inhibitors.
Material s amdohdtibhaﬁahem@mt@ibmméhmtéﬁa BBags M S 4, 4.6 Awhal in el at ed

buffers were obtained from Si gna
dichloromethane (30 mL) and saturated anhydrous methanoclic HC! (30 mL) was

esi s, characterization ajf

5  stirred overnight. The solfution was concentrated and the residue was dissolved in
water (100 mL) and washed with pentane (2 x 100 mL). The aqueous layer was
concentrated and the residue was dissolved in 6N HCI (50-mL) and heated at
reflux for 30 hours. The solution was concentrated to give the crude (1-

methylcyclohexyl)gtycine hydrochloride (790 mg, 3.82 mmot, 58%).

10 Example XVil. Synthesis of (4 .4-dimethylcyclohexyl)glycine:
0

Step 1. Synthesis of 4 4-dimethylcyclohexanone:
O 0

A mixture of 4,4-dimethylcyclohex-2-en-1-one (12 mk, 91.2 mmol) and
15 Degussa type 10% Pd on carbon (2 g) was hydrogenated at 40 psi for 18 hours.
The mixture was filtered and concentrated ('"H NMR showed a mixture of ketone
and alcohot in a 5:3 ratio). The mixture was dissolved in acetone (400 mL) and



Chem cal Conpany (St. Louis, Mssouri). Reagents for peptide synth gi SN 7005
were 25 from Al drich Chem cals, Novabi ochem (San Di ego, Californi af, )
Applie UBSTI TUTE SHEET (RULE 26) 1 O JAN 2005

PCT/ USg‘fPZ@E‘S)%‘%BS Bi osystens (Foster City, Californi aﬂ%%ﬁég&i ve

Bi osystens (Fram ngham Massachusetts). Peptides were synthesized

manual |y or on an automated ABI nodel 431A synthesizer (from Applied

Bi osystens). UWNI' S Spectroneter nmoded10 LAMBDA 12 was from Perkin El mer
(Norwal k, Connecticut) and 96-wel|l UV plates 5 were obtained from Corning
(Corning, New York). The prewarm ng bl ock was from USA Scientific
(Ccala, Florida) and the 96-well plate vortexer was from Labline

Instru 4k O ek MQl 2 Lcrotiter plate
reader ESJ\?\AE? ﬁ& r%) n%'c E?gﬁ%‘[ééargéﬁééﬁqgrb@maeég‘aﬁgggnto%@ ﬁh%ﬁ@c@? ing

( Sunny batrewa€atimooed) dter POddyrzihetsxdees acatdrtwaRevapbidtédbni gher odi meri c
HCV NS3/ NS4A protease (strain la) was prepared by using the procedures

publ i sFRYVILNGRASKKE Wap Bissoiveshin walgr and digihylateen. sThey etr@T 3ve998)s

3392-3 ot e ' t ' he. Bi dd

ot hoa sy WAt Bhtr TRRFERbhRES St BiGred B HONAS Ay 1 B Attt 1 1 ca
by anmi ﬂﬁn@tﬁkﬁr@l@hh)@h@ne {749, 58% aFRaly 64M)L i ation, the enzyme storage
bufferS 0 sdl_umfphoptate pH h, 300 MM NaCl, 10% gl ycerol, 0.05%

gy =

nesnenoiivhftged for the assay buffer (25
%aglycerol, 0.05%1auryl neltoside, 5 pM

done as
anchoring Fnoc-Nva-OH to
protocol (K Barlos et
513-520). The pepti des
chem stry, either manual | nodel 431 peptide 25

synt hesi zer. The N-acetyldated and fully prote€ted peptide fragnments were
cleaved fromthe resin either by 10% acetic acid-(HOAc) and 10%

trifl t ' ' : i by 2%
r1 11 tor oacaers “QuRomb hohy TP bHostnLAT Bl 18 SR, & and
DCi watdtrahysrafupgrof HiSemly at 0t°Cowas akdded (ebutyllitfient GuBM intiexanesd 4

aqueous Na2CC3 sol ution) to renove the acid used in
mL) over 10 min. After 30 min the reaction mixture was cooled to =78 °C and a

ed, using Fnoc

solution of 4,4-dimethylcyclohexanone (2.45 g, 19.1 mmol) in tetrahydrofuran (50
mL)was added over 20 min. After 1 hour the cooling bath was remove and the
reaction was warmed slowly to 0 °C. The reaction was diluted with saturated

15 ammonium chloride (50 mL), ethylacetate (100 mL) and hexanes (100 mL). The
organic layer was washed with water and brine, dried filtered and concentrated.
The residue was stirred with hexanes {70 mL) for 10 min and filtered. The filtrate
was concentrated and chromatographed using 25% ethylacetate in hexanes to
give the title compound {1.925 g, 12.5 mmol, 65%).

20 Step 3: 4 4-dimethylcyclohexylcarboxaldehyde:
OMe H 0



30 cl eavage. The DCM phase was dried over Na2SO4 and evapor at ed. 198%”‘ 2005
SUBSTI TUTE SHEET (RULE 26) 10 JAN 2005 WO 02/ 08244 PCT/ U501 /22(78

The est é S %Srat es were assenbl ed using standard aci d-al cohol coupling
pr ocedu s“}éj i nber of al, Acte Chem Scand., B33 (18¥JjUR1B26742)
Peptide fragnents were di ssol ved in anhydrous pyr| dine (30-60 ng/m) to
whi ch 10 nolar equival ents of chronophore and a catal ytic anount (0.1
eq.) of para 5 toluenesul fonic acidofpTSA) were added.

Di cycl ohexyl carbodiimde (DCC, 3 eq.) was added to initiate the coupling
reactions. Product formation was nonitored by HPLC and found to be
conplete followi ng 12-72 hour reaction at roomtenperature. Pyridine

sol vent was evapor ated under vacuum and further renoved by azeotropic
evapor at i onAgoIwionAfiibadnethiykened gthereofekder was deprotected with 10 95%

o hes "WEIERCHS RO AR AA EEE, RSP ARIL R i

pur i f i erahydrofenanr(3ed rahpasd BIBI—QOP(\Z@n{E?; vids ﬁﬁréd)é%rﬁ‘térﬁpé\'aﬁﬂ%’fbp 60%

acetonltrlry" grad@ent (using six colum volunmes). The overall vyiel
f ol | ovft gurPLThe teadtiopamixtitre W@ed&ﬂpﬂmmmqeszdneﬁw}ethm@rm and| ar mass

was_ conf tros ati,on nas tros y. The

eucist r ARl degRBEday S Ras Jrigd, iBted i pRRReFEER AR F spectra o
SUbStr@hﬂaﬁhﬂ&@bl&ﬁé&@i}l@ér&oxﬁﬂ@ﬁw@(?b gSLTb’P‘Fﬁrﬁéle'E:T%}d the corresponding

chr onophor e roducts were obta| ned in the H 6.5 assay buffer. Ext| nction
20 coebtapcd .oy B @ f ‘ e dedl -Luuu'ua..z“ eontylamidé ;i n
1-cm cuvettes
4-Np) using mgtiple di o2 The
defined as that wavel eng y| el ding t "

absor bance hetyween RS rat’e crid product .
CD)/substr). 25 Prottgase Assa : HCOW

onal difference in
, su rate

ease asays’ﬂ per f or med
el | mcijotiter plate. Assay

0% gl ycerol, 0.05%
Zed for the
Jypi cally, 150 pl

fgced in wells

at 30C usi P00 p—+eactier—m x | P 96-
buf f er condk6ns (zecrzmmmps:ad pH 6.5, 300 mVPREC

| auryl mal t0si de, prysackendes pM DTT) were op
NS3/ NS4A het er odi ner epgvdofuray| | et al, ibid.)). 3
m xtures of buffer, substrate and inhibitor were p
SUBSTI TUTE SHEET (RULE 26) 10 JAN 7005

To a solution of 4,4-dimethyicyclohexylcarboxaldehyde (1.17 g, 8.34

10 mmol), 2,3,4-tri-O-pivaloyl-a-D-arabinosylamine (3.43 g, 8.55 mmol), formic acid
(350 pL, 9.17 mmol) and tert-butylisocyanide (990 ul, 8.76 mmol) in THF (70 mL)
at —30 °C was added 0.5M zinc chloride in tetrahydrofuran (17 mL, 8.5 mmol).
The solution was stirred at —20 °C for 2 days, then concentrated. The residue was
diluted with dichloromethane (200 mL), washed with saturated sodium

15  bicarbonate (2 x 200 mL), water (200 mL). The organic layer was dried, filtered
and concentrated to give a clear oil. Flash chromatography (20% ethylacetate in
hexanes) provided pure product (2.1 g, 3.3 mmol, 39%)

Step 5. Synthesis of (4, 4-dimeth\¢cvclohexvl)qlvcine:

O O
N/k CiH,N,, OH
—
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Boc-HN

To a solution of Boc-norvaline (25.0 g, 0.115 mol) in tetrahydrofuran (461

mL), cooled to 0°C, was added borane/tetrahydrofuran complex (461 ml. of a
1.0M solution in tetrahydrofuran) dropwise. After 1h at G°C, the solution was

15 warmed to room temperature over a period of 1.5h. TLC indicated that the
reaction was complete. Methanol was added to quench the reaction. The
solution was concentrated to yield the title compound (22.56 g, 96%) as a foamy
syrup. TLC of the products indicated satisfactory purity. Rf = 0.34 (40% ethyl
acetate/hexanes).

20 Step 2. Preparation Boc-norvalinai:

Cl,CHCOZzH, EDC

OH - H
Boc-HN toluene, DMSO Boc-HN
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To Boc-norvalinol {7.77 g, 38 mmoi), in anhydrous dimethyisulfoxide (153

mL) and toluene (153 mL) was added EDC (73.32g, 382 mmol). After the solution
was cooled to 0°C, dichloroacetic acid {15.8 mL, 191 mmol} was added dropwise.
After addition was complete, the reaction was stirred for 15 min. The solution was

5 allowed to warm to room temperature over a period of 2h. The reaction mixture
was concentrated to remove the toluene, then dissoived in ethyl acetate. The
solution was washed successively with 1N sodium bisulfate, saturated sodium
bicarbonate and brine, dried over sodium sulfate, filtered and concentrated to
afford crude Boc-norvalinal which was used directly in the next step. TLC Rf =

10 0.84 (40% ethyl acetatefhexanes).

Step 3. Synthesis of Boc-nVal-(CHOH)-Gly-OEtL:

‘CNCH2CO-Et, Pyridine

TFA, dichloromethane Boc-HN ﬁf\nﬂ\/

O OH O
To a solution of the crude Boc-norvalinal (4.18 g, 20.77 mmol) in

Boc-HN

dichloromethane (83 mL) was added ethylisocyanoacetate (2.72 ml, 24,93 mmot)

15 and pyridine (6.72 ml, 83.09 mmol). After the solution was cooled to 0°C,
triflucroacetic acid (4.15 ml, 41.54 mmol) was added dropwise. After stirring for
1h, the solution was stirred at room temperature for 18 hours while allowing the
solvent from the reaction mixture in an uncovered vessel to evaporate under
ambient conditions. The reaction mixture was concentrated, then dissolved in

20 ethyl acetate. The solution was washed successively with 1N sodium bisulfate,
saturated sodium bicarbonate and brine, dried over sodium suifate, filtered and
then concentrated. The residue was purified by flash chromatography eluting with
20% to 40% ethylacetate/hexanes to afford 2.8 g of the title compound as a yellow
syrup. Low resoiution mass spectroscopy confirmed the presence of the desired

25 product (MH" 333).
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Step 4. Synthesis of Boc-nVal-{CHOMH)-Gly-OH:

Q LIOH, sthanol 9

Boc-HN H o ——— Boc-HN N’\,(OH
OH o) v P oo

The product obtained (Boc-nVal-(CHOH)-Gly-OEt) (1.52 g, 4.70 mmol)

dissolved in ethanol (23 mt) was saponified with 1N fithium hydroxide (18.81 ml)

5  for two hours at room temperature. The reaction mixture was acidified fo pH=z 2
with Dowex® 50 WX8 ion exchange resin, stirred for 20 minutes and then filtered.
The resin was washed well with ethanol and water and the combined filtrates were
concentrated to a white foam (0.48 g, 33%).
Example XVIV. Synthesis of (2R.3S.4S,5S)-tert-Butyl N-CBz-3-aming-2-hydroxy-

10 4.5 methylene-hexanoate:

Step 1:

To a solution of tert-Butyl diethylphosphonoacetate (4.7 mL, 20 mmol)

15 dissolved in THF (50 mL) at -78° C was added 1.6M n-butyl lithium in hexanes
{12.4 mL). After 30 minutes (1S, 2S)-2-methylcyclopropylcarboxaldehyde (1 g, 12
mmol) (Barrett, A. G. M.; Doubleday, W. W.; Kasdorf, K,; Tustin, G. J., J. Org.
Chem. (1996) 61, 3280) in diethyl ether (100 mL} was added over 10 min. The
reaction was warmed to 0° C for 2 hours and to 6 °C for 12 hours. The reaction
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was quenched with saturated ammonium chioride (20 mL) and the organic layer
was separated, washed with 50 mL brine and dried over sodium sulfate, filtered
and concentrated to afford 3.5 g of a clear oil. Flash chromatography (20%
ethylacetate in hexanes) afforded pure unsaturated tert-butylester (1.4 g).

5 Step2:

To a solution of benzyl carbamate (3.55g, 23.5 mmdfé) in n-propancl (24

mL) was added a solution of sodium hydroxide (900 mg ,22.7 mmol)in water (48

10 mL), followed by tert-butylhypochlorite (2.57 mL, 22.7 mmol). After 15 minutes
the reaction was cooled to 0 °C and (DHQ).PHAL (350 mg, 0.45 mmol) was
added in n-propanol (24 mL), followed by unsaturated tert-butyl ester (1.4 g) from
above in n-propanol (48 mL). Finally potassium osmate (110 mg, 0.30 mmol) in
water (2 mL) was added and the solution very rapidly developed a dark green

15 color which persisted for 4 hours. After 6 hours saturated sodium suifate (50 mL)
was added and the mixture extracted with ethyl acetate (2 x 50 mL). The
combined organic layers were washed with brine (30 mL), dried over sodium
sulfate, filtered and concentrated. Fiash chromatography with 20% ethylacetate in
hexanes afforded the desired cBz protected amino tert-butylester as a white solid

20 (316 mg).
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Step 3.

A mixture of CBz protected amino tert-butylester (316 mg, 0.9 mmol) and
5 32mg 10% palladium on carbon in 9 mL methanot was hydrogenated for 8 hours.
The mixture was filtered and concentrated to afford the free amine as a clear oil
(195 mg).
Example XX, Synthesis of 1R.2-dimethylPropyl chloroformate:

X @i
——
oJ\ o

OH

10 To the commercially available 2R-hydroxy-3-methylbutane (410 mg, 4.65
mmol) was added a solution of 20% phosgene in toluene (1 mL, 2 mmol). The
solution was stirred for 6 hours to generate the chloroformate (2 mmol) which was
reacted directly and immediately with the desired amine. The S-isomer was
synthesized by the same procedure.

15 1) Representative solution phase synthesis of HCV inhibitors

Example XXI. Solution phase synthesis of iBoc—G(Chx)-Pro(4,4-dimethyl)-Leu-
(CO)-Gly-Phg-dimethylamide:

PRt

Step 1. Svnthesis of teri-butyloxycarbonyi-leucinat (Boc-Leu-CHO):

IZ

lllll
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dichloromethane,

dimethylsulfoxide
OH — >
Boc-HN Pyridine » SO4 Boc-HN

6]

To a solution of the commercially available (Advanced Chem Tech) Boc-L-
leucinol (0.78 g, 3.6 mmol) in anhydrous dichloromethane (17.5 ml) was added
triethyl amine (2 ml, 14.36 mmol) and the mixture was cooled to 0 °C. Dimethyl

5  sulfoxide (17.5 ml) was added followed by sulfur trioxide pyridine complex (2.3 g,
14.36 mmol) and the reaction was stirred for two hours. TLC in 1:1 ethylacetate:
hexanes confirmed the compietion of the reaction. The reaction mixture was
concentrated and the remaining residue diluted with ethylacetate. The
ethylacetate layer was washed with 1M hydrochioric acid (2 x 75 ml) followed by

10 saturated sodium bicarbonate solution (2 x 75 ml) and brine (75 ml). The organic
layer was dried {sodium su'h‘ate). filtered and concentrated to yield 775 mg of
product.
Step 2. Synthesis of Boc-2-hydroxy-3-amino-5-methyl hexanoyl-glycine ethyl ester
(Boc-Leu-(CHOH)-Gly-OEt):

trifluoroacetic acid, o)
H pyridine, CNCH,COsEt OFEt
Boc-HN »  Boc-HN N’\n’
15 dichloromethane on H

To a solution of Boc-Leucine aldehyde (0.77 g, 3.59 mmol) in anhydrous
dichloromethane (24 ml} was added anhydrous pyridine (1.16 ml, 14.36 mmol)
and ethylisocyanoacetate (0.4 ml, 4.66 mmol). The reaction mixture was cooled
to 0 °C and trifluoroacetic acid (0.55 ml, 7/18 mmol} was added over fwo minutes.

20 The reaction mixture was capped and stirred at 4 °C for four days, and at room
temperature for one day. The reaction mixture was diluted with dichloromethane
(350 ml) and washed twice each with 75 mi portions of 1M hydrochloric acid,
saturated sodium bicarbonate and brine. The organic layer was dried, filtered and
concentrated. The residue obtained was subjected to flash chromatography in a
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2" x 6" silica gel column using 10% ethylacetate in hexanes (800 mi) followed by
1:1 ethylacetate in hexanes (800 ml). The fractions corresponding to the product
were pooled and concentrated to yield 980 mg (79%) product.

Step 3. Synthesis of Boc-Leu-(CHOH)-Gly-OH:

Q ox LiOH o
Boc-HN N’\I( ethanol Boc-HN N’\H’OH
H H
5 OH o) OH 0

To a solution of Boc-Leu-(CHOH)-Gly-Oet (0.98 g, 2.83 mmol) in ethanol
(11.3 mi) was added 2M lithium hydroxide (4.25 ml) and the reaction was stirred
for five hours at room temperature. The ethanol was remaved under reduced
10 pressure and the aqueous layer was diluted with ethylacetate. The organic layer
was washed with 1M hydrochloric acid followed by brine, dried, filtered and
concentrated to yield 775 mg (86%) product as a white solid.

Step 4. Synthesis of Boc-Leu-(CHOH)}-Gly-Phg-dimethylamide:

0 o}
H-Phg-N(Me)2 H
Boc-HN N OH _ Epc, Host . Boc-HN N’\“/ \/U\
OH O DIEA, acetonitrile OH ©
15 To a solution of Boc-Leu-{CHOH)-Gly-OH (0.37 g, 1.18 mmol) in

acetonitrile (23 mi) was added successively phenylgtycine dimethylamide
(obtained in Example XV, Step 2), EDC (0.34 g, 1.76 mmol), N-
hydroxybenzotriazole (HOBt)(0.18 g, 1.18 mmol) and diisopropylethylamine
(DIEA) (0.82 mi, 4.7 mmol) and the reaction was stirred for 18 hours at room

20 temperature. The reaction mixture was concentrated and the remaining residue
was diluted with ethylacetate and washed successively with two 75 ml portions of
1M hydrochloric acid, saturated sodium bicarbonate and brine. The organic layer
was then dried filtered and concentrated. The crude product was subjected to
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flash chromatography in a 2" x 6" silica gel column using 4:1 ethylacetate:
hexanes (700 ml) followed by ethylacetate (1000 ml) and 10% methanol in
dichloromethane {600 ml). The fractions corresponding to the product were pooled
and concentrated to yield 445 mg (80%) white solid.

5 Step §. Synthesis of H-Leu-{CHOH)-Gly-Phg-dimethylamide trifluoroacetate salt:

O 0
trifluoroacetic acid \i
Boc-HN N’\ﬂ’ > TFAH N N’\n/ -

OH dichloromethane OH

To a solution Boc-Leu-(CHOH)-Gly-Phg-dimethylamide (70 mg, 0.146
mmol) in dichloromethane (1 ml) was added trifluoroacetic acid (1 ml) and the
reaction was stirred at room temperature for 1 hour. The reaction mixture was

10 concentrated and taken to the next step without further purification.
Step 6. Synthesis of iBoc-G(Chx)-Pro(4.4-dimethyi)}-L eu-(CHOH)-Gly-Phg-

dimethylamide:

\)L iBoc-G(Chx)-Pro(4,4-diMe)-OH

N s
TFAHN N ; -
S /\r T TBTU, HOBY, DIEA, acetonitrile

i%(ir\*rr\i%

To a solution of iBoc-G(Chx)-P(4,4-diMe)-OH (Example X1V, step 2)(53 mg,

15 0.148 mmol) in acetonitrile (3 mi) was added successively TFA*2HN-Leu(CHOH)-
Gly-Phg-NMe2 (61 mg, 0.148 mmotl), N-Hydroxybenzotriazole (HOBt) (23 mg,
0.148 mmol}, TBTU (71.5 mg, 0.222 mmol and diisopropylethyl amine (103 1,

III it
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0.583 mmol). The reaction was stirred at room temperature for 18 hours and

concentrated. The remaining residue was dissolved in ethylacetate and washed

with 1M hydrochioric acid (2 x 5 ml), saturated sodium bicarbonate solution (2 x 5

ml), and brine (2 x 5 ml). The organic layer was dried, filtered and concentrated.
5  The product (100 mg) was taken to the next step without further purification.

Step 7. Synthesis of iBoc-G(Chx)-Pro(4 4-dimethyl)-Leu-(CO)-Gly-Phg-

dimethytamide:

Y\oin?g”(ig pe3 i%
e %SY ped v&?r

To a solution of iBoc-G(Chx)-Pro(4,4-dimethyl)-Leu-(CHOH)-Gly-Phg-
10 dimethylamide (30 mg, 0.04 mmol} in dichloromethane (1 ml) was added the

IIII‘

commercially available Dess-Martin reagent {(Omega Chemical Company
Inc.)(67.8 mg, 0.16 mmol) and the reaction was stirred at room temperature for 90
minutes. The reaction mixture was concentrated and the remaining residue was
stirred in 5% sodium thiosulfate. It was then diluted with dichloromethane and the
15 layers were separated. The organic layer was washed with sodium thiosulfate (4
x 3 mi), followed by water and brine. The organic layer was dried over sodium
sulfate, filtered and concentrated. The crude product was dissolved in hexanes
and isopropyl alcohol and was subjected to HPLC purification using a normal
phase Kromasil 5 silica column (Phenomenex, 250 x 21.20 mm, 100 angstrom

20  pore size, 5 um gel particles) eluting with a 30 minutes gradient consisting of 0 to
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25% isopropy! alcohol in hexanes (25 ml/minutes), The fractions corresponding to
the product were pooled and concentrated. Lyophilization from water yielded 6.7

mg white powder. Low resolution mass spectra confirmed the desired mass (MH*
=7414).

i) Solid Phase Synthesis:
Solid-phase synthesis is useful for the production of small amounts of certain
compounds of the present invention. As with the conventional solid-phase
synthesis of peptides, reactors for the solid-phase synthesis of peptidyl

10 ketoamides are comprised of a reactor vessel with at least one surface permeable
to solvent and dissolved reagents, but not permeable to synthesis resin of the
selected mesh size. Such reactors include glass solid phase reaction vessels with

a sintered glass frit, polypropylene tubes or columns with frits, or reactor KansTM
made by Irori Inc., San Diego CA. The type of reactor chosen depends on volume

15 of solid-phase resin needed, and different reactor types might be used at different
stages of a synthesis. The following procedures will be referenced in the
subsequent examples:

Procedure A: Coupling reaction: To the resin suspended in N-methylpyrrolidine
20 (NMP) (10-15 mL/ gram resin) was added Fmoc-amino acid (2 eq), HOAt (2 eq),
HATU (2 eq) and diisopropylethylamine (4 eq). The mixture was let to react for 4-
48 hours. The reactants were drained and the resin was washed successively
with dimethylformamide, dichloromethane, methanol, dichloromethane and
diethylether (use 10-15 mL soivent/ gram resin). The resin was then dried in

25 vacuo,

Procedure B: Frmoc deprotection: The Fmoc-protected resin was treated with 20%
piperidine in dimethylformamide {10 mL reagent/ g resin) for 30 minutes. The

reagents were drained and the resin was washed successively with
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dimethylformamide, dichloromethane, methanol, dichloromethane and diethyl
ether {10 mL solvent/ gram resin}.

Procedure C: Boc deprotection. The Boc-protected resin was treated with a 1:1
mixture of dichloromethane and trifluoroacetic acid for 20-60 minutes (10 mL
solvent/ gram resin). The reagents were drained and the resin was washed
successively with dichloromethane, dimethylformamide, 5%
diisopropylethylamine in dimethylformamide, dimethylformamide, dichloromethane
and dimethyiformamide (10 mL solvent/ gram resin}).

Procedure D: Semicarbazone hydrolysis: The resin was suspended in the
cleavage cocktail (10 mL/ g resin) consisting of trifluoroacetic acid: pyruvic aci&:
dichloromethane: water 9:2:2:1 for 2 hours. The reactants were crained and the
procedure was repeated three more times. The resin was washed successively
with dichloromethane, water and dichloromethane and dried under vacuum.
Procedure E: HF cleavage: The dried peptide-nVal{CO)-G-O-PAM resin (50 mg)
was placed in an HF vessei containing a small stir bar. Anisole (10% of total

volume) was added as a scavenger. In the presence of glutamic acid and
cysteine amino acids, thioanisole (10%) and 1,2-ethanedithiol (0.2%) were also
added. The HF vessel was then hooked up to the HF apparatus (!mmuno
Dynamics) and the system was flushed with nitrogen for five minutes. It was then
cooled down to -70°C with a dry ice/ isopropanol bath. After 20 minutes, HF was
distilled to the desired volume (10 mL HF/ g resin). The reaction was let to
proceed for one and a half hour at 0°C. Work up consisted of removing ali the HF
using nitrogen. Dichloromethane was then added to the resin and the mixture
was stirred for five minutes. This was followed by the addition of 20% acetic acid
in water (4 mL). After stirring for 20 minutes, the resin was filtered using a fritted
funnel and the dichloromethane was removed under reduced pressure. The
remaining residue and the mixture was washed with hexanes (2x) to remove

scavengers. Meanwhile, the resin was soaked in 1 mL methanol. The aqueous

N.2005
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layer (20% HOAc) was added back to the resin and the mixture was agitated for
five minutes and then filtered. The methanol was removed under reduced
pressure and the aqueous layer was lyophilized. The peptide was then dissolved
in 10-25% methanot (containing 0.1% trifluoroacetic acid) and purified by reverse
phase HPLC.

Example XXIl: Representative solid phase Synthesis of Hep C inhibitors: (iBoc-
G(Chx)-P{4t-NHSO2Ph)-nV-(CO)-G-G(Ph)-NH2)

Step 1. Svynthesis of Fmoc-nV-{dpsc)-Gly-OH:

A) Synthesis of allyl isocyanocacetate {steps a-b below):

a) Synthesis of isocyanoacetic acid potassium salt:
I \io
CN\)LOEt —————p CN - K+

Ethyl isocyanoacetate (96.6 ml, 0.88 mol) was added dropwise to a chilled
solution of ethanol (1.5 L) and potassium hydroxide (59.52 g, 1.0 mol). The
reaction was slowly warmed to room temperature. After two hours the
precipitated product was filtered on a glass funnel and washed with several
portions of chilled ethanol. The potassium salt of isocyanoacetic acid thus
abtained was dried in vacuo to a golden-brown solid (99.92 g, 91.8%).

SRR
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b) Synthesis of allyl isocyanoacetate:

S S
o~ K* ~ CN Qaliy!

To the product of part a (99.92 g, 0.81 mol) dissolved in acetonitrile (810
ml) was added ally! bromide (92 mi, 1.05 mol). After heating at reflux for four
hours a dark brown solution was obtained. The reaction mixture was
concenirated and the remaining residue was dissolved in ether (1.5 L) and
washed three times with water (500 ml). The organic layer was dried, filtered and
concentrated to a dark brown syrup. The crude was purified by vacuum distillation
at 7 mm Hg (98 C) to a clear oii (78.92 g, 78%). NMR & ppm (CDCI3): 5.9 (m, 1

H), 5.3 (m, 2H), 4.7 (d, 2H), 4.25 (s, 2H).

B) Synthesis of 8-fluorenylmethoxycarbonyl-norvalinal (steps a-c below):
a) Synthesis of 9-fluorenylmethoxycarbonyl-L-norvaline methyl ester
{Fmoc-nVal-OMe}):

)

Fmoc-HN OH Fmoc-HN O<
O

To a chilled solution of the commercially available Fmoc-norvaline (25 g,
73.75 mmoi) in anhydrous methanoi (469 ml) was added thionyl chloride (53.76
ml, 737.5 mmol) over one hour. TLC in ethylacetate taken an hour later confirmed
the completion of the reaction (Rf = 0.85). The reaction mixture was concentrated
and the remaining residue was dissolved in ethylacetate. The organic layer was
washed with several 200 ml portions of saturated sodium bicarbonate followed by
brine. The organic layer was dried, filtered and concentrated to afford Fmoc-
norVal-OMe) as a white solid {26.03 g) in quantitative yield. NMR & ppm
(CD30D): 7.7 (m, 2H), 7.6 {m, 2H), 7.4 (m, 2H), 7.3 (M, 2H), 4.3 (M, 2H), 4.1 (m,
2H), 3.7 (s, 3H), 1.7 (m, 1H), 1.6 (m, 1H), 1.4 (m, 2H), 0.85 (t, 3H).

b) Synthesis of 9-flucrenylmethoxycarbonyl-norvalinol (Fmoc-nValinol):
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To Fmoc-nVal-OMe (26.03 g, 73.75 mmol) in tetrahydrofuran (123 ml) and
methanol (246 ml) was added calcium chloride (16.37 g, 147.49 mmoi). The
reaction mixture was cooled to 0°C and sodium borohydride (11.16 g, 294.98
mmol) was added in several batches. To the thick paste obtained, methanol (500
mi) was added and the reaction was let to stir at room temperature for 90 minutes.
TLC in 2:3 ethylacetate: hexanes confirmed the completion of the reaction (Rf =

064 245

0.25). The reaction was quenched with the slow addition of water (100 ml) at 0°C. .

The methanol was removed under reduced pressure and the remaining aqueous
phase was diluted with ethylacetate. The organic layer was washed with water (3
x 500 mi), saturated sodium bicarbonate (3 x 500 ml) and brine (500 ml). The
organic layer was dried over sodium sulfate, filtered and concentrated to a white
solid (21.70 g, 90.5%). NMR & ppm (CD30D): 7.8 (m, 2H), 7.7 (m, 2H), 7.4 (m,
2H), 7.3 (m, 2H), 4.3-4.5 (m, 2H), 4.2 (m, 1H), 3.6 (s, 1H), 3.5 (s, 2H), 1.5 (m, 1H),
1.3-1.4 {(m, 3H), 0.99 {m, 3H).

C) Syhthesis of S-fluorenylmethoxycarbonyl-norvalinal (Fmoc-nVal-CHO):

———
Fmoc-HN/d/N-l Fmoc-HN’<’|“l
Q

To a solution of Fmoc-norValinol (21.70 g, 66.77 mmol) in dichloromethane
(668 ml) was added triethylamine (37.23 ml, 267 mmol) and the solution was
cooled to 0°C. A suspension of pyridine sulfur trioxide complex (42.51 g, 267
mmol) in dimethylsulfoxide (96 ml) was added to the chilled solution. After one
hour, TLC in 2:3 ethylacetate: hexanes confirmed the completion of the reaction.
The dichloromethane was removed under reduced pressure and the remaining

residue was dissolved in ethylacetate and washed with water (2 x 50 mi}, 1N
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saturated sodium bisulfate (2 x 50 ml), saturated sodium bicarbonate (2 x 50 ml)
and brine (60 ml). The organic layer was concentrated to yield a white solid.

Theoretical yield (21.57 g) was assumed and the reaction was taken to the next
step without further purification.

C) Synthesis of diphenvyimethyl semicarbazide (dpsc) trifluoroacetate salt (steps

a-b below):

a) Synthesis of Boc-semicarbazid-4-yl diphenylmethane
e
tBuOJLN’N\"/N
e

To a solution of carbonyldiimidazole (16.2 g, 0.10 mole) in

dimethylformamide (225 mi) was added a solution of t-butyl carbazate {13.2 g,
0.100 mol) in dimethytformamide (225 ml) dropwise over 30 minutes.
Diphenylmethylamine (18.3 g, 0.10 mol) was added next over 30 minutes. The
reaction was allowed to stir at room temperature for one hour. Water (10 mL) was
added and the mixture was concentrated to about 150 mL under reduced
pressure. This solution was poured into water (500 mb.) and extracted with ethyl
acetate (400 mL). The ethylacetate phase was washed two times each with 75 mL
1N HCI, water, saturated sodium bicarbonate solution and sodium chloride, and
dried with magnesium sulfate. The mixture was fiitered and the solution was
concentrated to give 29.5 g (85% yield) of a white foam. This material could be
purified by recrystallization from ethyl acetate/hexane, but was pure enough to

use directly in the next step: mp 142-143°C. 1H NMR (CDCI3) d 1.45 (s, 9H), 6.10
(dd, 2H), 6.42 (s, 1H), 6.67 (bs, 1H), 7.21-7.31 (m, 10H). Anai calculated for
C4gH23N303: C, 66.84; H, 6.79; N, 12.31. Found: C, 66.46; H, 6.75; N; 12.90.

b) Synthesis of diphenylmethyl semicarbazide (dpsc) trifluoroacetate salt

Q)UiAN 16
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A solution of Boc-semicarbazid-4-yl diphenylmethane (3.43 g, 10 mmol) in
dichloromethane (12.5 mL) was treated with 12.5 mL of triflucroacetic acid at
room temperature and stirred for 30 min. The solution was added dropwise to 75

5 mi of ether and the resulting solid (2.7 g, 80%}) was collected by filtration. mp 182-
184°C. TH NMR (CD30D)d 6.05 (s, 1H), 7.21-7.35 (m, 10H). 13C NMR
(CD30D)d 57.6, 118.3 (q, CF3), 126.7, 127.9, 141.6, 156.9, 160.9 (q,
CF3C0O2H).

10 D) Svynthesis of Fmoc-nVal-(CHOH)-Gly-Oallyl:

aliyl isocyanoacetate = o
H - Q.
Fmog-HN Pyridine, trifluoroacetic acid ~ Fmoc-HN N’ﬁf "
o dichioromethane 6n B o

To a solution of Fmoc-nVal-CHO (Step IB) (5.47 g, 16.90 mmol} in

dichloromethane (170 ml) was added allyl isocyanoacetate (Step 1A) (2.46 mi,

15 20.28 mmol) and pyridine (5.47 ml, 67.61 mmol). The reaction mixture was
cooled to 0°C and trifluoroacetic acid (3.38 mil, 33.80 mmol) was added dropwise.
The reaction was stirred at 0°C for 1h, and then at room temperature for 48 hours.
TLC taken in ethylacetate confirmed the completion of the reaction. The reaction
mixture was concentrated and subjected to flash chromatography using 20% to

20 70% ethylacetate in hexanes. Fractions containing the desired product were
pooied and concentrated to a white foam (6.88 g, 87.3%). TLC in 50:50
ethylacetate shows one spot (Rf = 0.37). NMR 6 ppm (CD30D): 7.8 (m, 2H), 7.65

(m, 2H), 7.4 {(m, 2H), 7.3 (m, 2H), 5.9 (m, 1H), 5.1-5.4 (m, 2H), 4.55-4.65 (m, 2H),
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4.3-4.4 (m, 2H), 4.15-4.25 (m, 1H), 4.01 (s, 1H), 3.9-4.0 (M, 3H), 1.5-1.6 (M, 2H),
1.35-1.45 (m, 3H), 0.9 (m, 3H).

E) Synthesis of Fmoc-nVal-{CO)-Gly-Oallyl:

0 0
EDC, dichloroacetic acid

Fmoc-HN N > F N~
OH H,\g/o dimethylsulfoxide, tpluene moc-HN ﬂ/\ér

0

to a solution of Fmoc-nVal-(CHOH)-Gly-Oallyl (Step D) (5.01 g, 10.77
mmol) in dimethylsulfoxide (100 mi) and toluene (100 ml) was added EDC (20.6
g, 107.7 mmol). The reaction mixture was cooled to 0 °C and dichloroacetic acid

(4.44 ml, 53.83 mmol) was added dropwise. The reaction was stirred for 15

10 minutes at 0 °C and 1h at room temperature. After coolingbackto @ C, water (70
ml) was added and the toluene was removed under reduced pressure. The
remaining residue was diluted with ethylacetate and washed several times with a
saturated sodium bicarbonate solution followed by 1N sodium bisulfate and brine.
The organic layer was dried over sodium sulfate, filtered and concentrated. The

15 theoretical yield of 4.99 g was assumed and the reaction was taken to the next
step without further purification. TLC in 50:50 ethylacetate shows one spot (Rf =

0.73).

F} Synthesis of Fmoc-nVal-(dpsc)-Gly-Qaltyl:

O

diphenylmethylsemicarbazide
Fmoc-HN N ~ R ) * Fmoc-HN ”’YO\/\
sodium acetate, water, ethanol 0
v
O
20 NH-CH(Ph).

To a solution of Fmoc-nVal-(CO)-Gly-Oallyt (Step E) (4.99 g, 10.75 mmol) in
ethanol (130 ml) and water (42 ml) was added diphenylmethyl semicarbazide
(dpsc) trifluoroacetate salt {Step iC) (7.6 g, 21.5 mmol) and sodium acetate
«3H,0 (1.76 g, 12.9 mmol), successively . The reaction mixture was heated at
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reflux for 90 minutes. The completion of reaction was confirmed by TLC taken
in 1:1 ethylacetate: hexane. Ethanol was removed under reduced pressure and
the remaining residue was dissolved in ethylacetate and washed with 1N
sodium bisulfate (2 x 10 ml), saturated sodium bicarbonate (2 x 10 mi), followed
5 by brine (10 mi). The organic [ayer was dried, filtered and concentrated. The
resulting residue was purified by flash chromatography in 20% to 50%
ethylacetate in hexanes to give a white solid (5.76g, 78%). TLC in 50:50
ethylacetate: hexanes showed two spots (cis and trans isomers) with Rf = 0.42
and 0.5.
10
G) Synthesis of Fmoc-nVal-{dpsc)}-Gly-OH:

0
\/\ OH
Fmoc-HN Fmoc-HN N
dimedone, catalyst R4
tetrahydrofuran ||qH
0
NH-CH(Ph), ' =(NH-CH(Ph)2

To a solution of Fmoc-nVal-{dpsc)-Gly-Oallyl {Step IG) (4.53 g, 6.59 mmol)

in tetrahydrofuran (300 ml) was added dimedone (4.62 g, 32.97 mmol) followed by

15 tetrakis(triphenylphosphine) palladium(0) catalyst (0.76 g, 0.66 mmol). The
completion of the reaction was confirmed by TLC after 90 minutes using 9:1
dichloromethane: methanol. The reaction mixture was concentrated and the
remaining residue was dissolved in ethylacetate and washed three times with 50
mi portions of 0.1M potassium biphosphate. The organic layer was then treated

20  with 50 ml sodium bisulfite and the two phase system was stirred for 15 minutes.
The phases were separated and the procedure was repeated twice more. The
organic layer was dried and concentrated and subjected to flash chromatography
with 20% to 100% ethylacetate in hexanes. This was followed with 9:1
dichloromethane: methanol solution. The fractions corresponding to the pure

25 product were pooled and concentrated to obtain a white solid (3.99 g, 94%). TLC
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in 9:1 dichloromethane: methanol showed two spots (cis and trans isomers). NMR
6 ppm (CD;0D): 7.75 (m, 2H), 7.6 (m, 3H), 7.2-7.4 (m, 14H), 6.1-6.2 (m, 1H),
4.25-4.4 (m, 2H), 4.1-4.2 (m, 2H), 3.85 (s, 2H), 1.6-1.8 (m, 2H), 1.3-1.5 (m, 2H),
0.95 (t, 3H).

Step 2. Synthesis H-Phg-MBHA resin;
H3

HzN\j\
©

The commercially available MBHA resin (2.6 g, 1.12 mmol/g, 2.91 mmol)
was transferred to a 250 mL fritted solid phase reaction vessel equipped with a

10 nitrogen inlet. It was then washed thoroughly with 30 ml portions of
dichloromethane, methanol, dimethylformamide and dichloromethane and coupled
over 18 hours to the commercially available Fmoc-Phg-OH (2.17 g, 5.82 mmol)
according Procedure A with 99.82% efficiency. The resin was then subjected to
Fmoc deprotection according to procedure B. A qualitative ninhydrin assay on a

15 small aliquot gave dark blue resin and solution, indicating a successful reaction.

Step 3. Synthesis of H-nVal(dpsc)-Gly-Phg-MBHA resin:

H

PN

H N NH-MBHA resin
YWY |

H

NH-CH(Ph)z
The resin obtained in step |l (2.6 g, 0.8 mmol/g, 2.91 mmol) was reacted
20 with Fmoc-nVal-{dpsc)-Gly-Oallyl (Step I1G) (5.82 mmol, 3.77 g) according to
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Procedure A. After 18 hours, quantitative ninhydrin analysis indicated 99.91%
coupling efficiency. The resin was subjected to Fmoc deprotection according to
procedure B. A qualitative ninhydrin assay on a smali afiquot gave dark blue resin
and solution, indicating a successful reaction.

Step 4. Synthesis of Boc-Pro(4t-NHFmoc)-nVal(dpsc)-Gly-Pha-MBHA resin:
~NH-Fmoc

w...i fﬁw

NH-CH(Ph),
The compound H-nVal(dpsc)-Gly-Phg-MBHA resin (Step 3 above) (600 mg,
0.8 mmol/g, 0.67 mmol) was transferred to a fritted polypropylene tube and was
10 coupled to Boc-Pro(4t-NHFmoc)-OH (Example VI, Step 3) (610 mg, 1.34 mmol)
according to procedure A. After 18 hours, quantitative ninhydrin analysis

NH— MBHA resin

llﬂl

indicated 99.96% coupling efficiency.

Step 5. _Synthesis of Boc-Pro(4t-NH,)-nVal(dpsc)-Gly-Phg-MBHA resin:
oNH;

Boc—hf %
N’\rr \/LLNH-MBHA resin

H o

15 NH-CH(Ph)2

The resin from the previous step (Boc-Pro(4t-NHFmoc)-nVal(dpsc)-Gly-Phg-
MBHA resin) was subjected to Fmoc deprotection according to procedure B. A
qualitative ninhydrin assay on a small aliquot gave dark blue resin and solution,

indicating a successful reaction.
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Step 6. Synthesis of Boc-Pro(4t-NHSQ,Bn)-nVal(dpsc)-Gly-Phg-MBHA resin:;

s

=

O
\\NH
Boc—N
] H\)cj)\
N .
o) L\l{ u/\r NH-MBHA resin
Pl\l O

b QO

NH-CH(Ph),

To the resin obtained from the previous step (Boc-Pro(4t-NHa)-nVai(dpsc)-
5 Gly-Phg-MBHA resin) (0.2 g, 0.22 mmol) suspended in NMP (2 ml) was added
2.4.6-collidine (0.24 ml, 1.79 mmol) and benzenesulfonyl chloride and the reaction
was shaken for 18 hours. The solvent was drained and the resin was washed
thoroughly with 2 mi portions of dichloromethane, methanol, dimethylformamide
and dichloromethane. Qualitative ninhydrin analysis showed colorless beads and
10 solution indicating a successful reaction.

Step 7. Synthesis of Fmoc-G{Chx}-Pro(4t-NHSO-8n)-nVal(dpsc)-Gly-Phg-MBHA

resin:

(o
NH
N
Fmoc-HN I 0 H o
0% N N/\[]’N\:)LNH-MBHA resin
H N H o :

W QO

NH-CH(Ph);
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The resin obtained in the previous step (Boc-Pro(4t-NHSO,Bn)-nVal(dpsc)-
Gly-Phg-MBHA resin) was subjected to the Boc deprotection procedure according
to Procedure C. Fmoc-G(Chx) (0.17 g, 0.45 mmol) was then coupled according to
procedure A. After 18 hours qualitative ninhydrin analysis showed colorless

5 beads and the quantitative ninhydrin analysis indicated 99.79% coupling
efficiency.

Step 8. Synthesis of iBoc-G(Chx)}-Pro(4t-NHS02Bn)-nVal{dpsc}-Glv-Phg-MBHA

resin:

o ﬂ ﬂ N r” “NH-MBHA resin
N o i
W Q)
NH-CH(Ph),

10
The resin obtained in the previous step (Fmoc-G(Chx)}-Pro(4t-NHSO2Bn)-

nVal{dpsc)-Gly-Phg-MBHA resin) was subjected to Fmoc deprotection according
to procedure B. A ninhydrin assay on a small aliquot gave dark biue resin and
solution, indicating a successful reaction. To the resin (0.2 g, 0.22 mmol)

15 suspended in 2 mi NMP was added isobutylchloroformate (0.12 mi, 0.90 mmol)
followed by diisopropylethylamine (0.31 ml, 1.79 mmol), and the reaction mixture
was shaken for 18 hours at room temperature. Qualitative ninhydrin analysis
showed colorless beads and solution indicating a successful reaction.
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Step 9. Synthesis of iBoc-G{Chx)-Pro(4t-NHS02Bn)-nVal(CO)-Gly-Phg-MBHA

resin:
9y

o-1
.\‘N
I '
N
H o
N
H

H
Lok
N .
o) I H’\g NH-MBHA resin

J

5 The compound of the previous step (iBoc-G(Chx)-Pro(4t-NHSO2Bn)-
nVal(dpsc)-Gly-Phg-MBHA resin) (200 mg) was subjected to semicarbazone
hydrolysis Procedure D.

Step 10. Synthesis of Synthesis of iBoc-G{ Chx)—Prro(4t-NH S0O2Bn)-nVal{CO)-Gly-
10 Phg-NHo:

The resin of the previous step (iBoc-G(Chx)-Pro(4t-NHSO2Bn)-nVal(CO)-
Gly-Phg-MBHA resin} (100 mg) was subjected to HF cleavage condition
(Procedure E) to yield the desired crude product. The material was purified by

15 HPLC using a 2.2 x 25 cm reverse phase column, containing a C-18 resin

comprised of 10 micron size gel particles with a 300 angstrom pore size, eluting
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with a gradient using 20-50% acetonitrile in water. Analytical HPLC using a 4.6 x
250 mm reverse phase column, containing a C-18 resin comprised of 5 micron
size gel particles with a 300 angstrom pore size, eluting with 25-75% acetonitrile
(containing 0.1% trifluoroacetic acid) showed one peak at 13.5 minutes. Low

5 resolution mass spectrum confirmed the desired mass (MH* 826.4).
IV. Additional Compounds Prepared by Solution Phase Synthesis:

Representative procedures to prepare additional inventive compounds are
shown below, and the compounds prepared by such procedures are listed in
Table 5.

10 Example XXiI : Preparation of a Compound of Formula XXlii:

Step 1.

H
N OC,Hs

15 XXX1llb
A stirred solution of ketimime XXIlla (50 g, 187.1 mmoi} under Nz in dry
THF (400 mL) was cooled to —78 °C and treated with 1 M solution of K-'BuO (220
mL, 1.15 equiv.) in THF. The reaction mixture was warmed to 0 °C and stirred for
20 1 h and treated with bromomethyl cyclobutane (28 mL, 249 mmol). The reaction

0 JA8 105
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mixture was stirred at room temperature for 48 h and concentrated in vacuo. The
residue was dissolved in Et;0 (300 mL) and treated with ag. HCI (2 M, 300 mL)
The resulting solution was stirred at room temperature for 5 h and extracted with
Et;0 (1 L). The aqueous layer was made basic to pH ~12-14 with NaOH (50 %

5 aq.) and extracted with CH2Cl; (3x300 mL). The combined organic iayers were
dried (MgS0Q.,), filtered, and concentrated to give pure amine (XXlllb, 18 g)as a

colorless oil.
Step 2.
O 0
H
N OC,Hs BocHN oH
XXilb XXlite

10
A solution of amine XX1lIb (18g, 105.2 mmol) at 0 °C in CH.Cl; (350 mL)

was treated with di-tert-butyldicarbonate (23 g, 105.4 mmol) and stirred at ri. for
12 h. After the completion of the reaction (TLC), the reaction mixture was
concentrated in vacuo and the residue was dissolved in THF/HO (200 ml, 1:1)

15 and treated with LiOHeH20 (6.5 g, 158.5 mmol) and stirred at room temperature
for 3 h. The reaction mixture was concentrated and the basic aqueous layer was
extracted with Et,0. The aqueous layer was acidified with conc. HCI to pH~1-2
and extracted with CH,Clo. The combined organic layers were dried (MgSQs),
filtered, and concentrated in vacuo to yield XXllc as a colorless viscous oil which

20  was used for next step without any further purification.

Step 3.

0 0
BocHN BocHN ~OMe

OH —_—

-2

XXM xXXmd
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A solution of acid XXlllc (15.0 g, 62 mmol) in CH.Cl, (250 mL) was treated
with BOP reagent (41.1 g, 93 mmol), N-methy! morpholine (27 mL), N,O-dimethyl
hydroxylamine hydrochioride (9.07 g, 93 mmol) and stirred overnight at 1t. The

5 reaction mixture was diluted with 1 N ag. HC! (250 mL), and the layers were
separated and the aqueous layer was extracted with CH,C}, (3x300 ml). The
combined organic layers were dried (MgS0,), fiitered and concentrated in vacuo
and purified by chromatography (SiO;, EtOAc/Hex 2:3) to yield the amide XXIlld
(15.0 g) as a coloriess solid.

10 Step4.

BocHN -OMe BocHN

xxind XXllle

A solution of amide XXIlid (15 g, 52.1 mmol) in dry THF (200 mL) was

15 treated dropwisely with a solution of LiAIHs (1M, 93 mL, 93 mmol) at 0 °C. The
reaction mixture was stirred at room temperature for 1 h and carefully quenched at
0 °C with a solution of KHSO, (10% aq.) and stirred for 0.5 h. The reaction mixture
was diluted with aq. HCI (1 M, 150 mL) and extracted with CH,Cl, (3x200 mL),
The combined organic layers were washed with aq. HCI (1 M), saturated

20 NaHCO;, brine, and dried (MgS04). The mixture was filtered and concentrated in
vacuo to yield XXllle as a viscous colorless oil (14 g).

Step 5.
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BocHN\g_‘ BocHN oN
XXlile XXl

A solution of the aldehyde XXlile (14 g, 61.6 mmol) in CH,Cl, (50 mL), was

treated with Et;N (10.73 mL, 74.4 mmol), and acetone cyanchydrin (10.86 g,
5 127.57 mmol) and stirred at room temperature for 24 hrs. The reaction mixture
was concentrated in vacuo and diluted with aq. HCI (1 M, 200 mL) and extracted
into CH2Cl> (3x200 mL). The combined organic layer were washed with H,O,
brine, dried (MgS0Oy), filtered, concentrated in vacuo and purified by
chromatography (SiO,, EtOAc/Hex 1:4) to yield XXIIif (10.3 g) as a colorless liquid
10 Stepb.

OH N OH
ClH3N OCH
BocHN CN 3 3
—————— O
YOI XXlilg

Methanol saturated with HCI*, prepared by bubbling HCI gas to CH;0H
15 (700 mi) at O °C, was treated with cyanchydrin XXIilf and heated to reflux for 24 h.
The reaction was concentrated in vacuo to yield XXlilg, which was used in the
next step without purification.
* Alternatively 6M HCI prepared by addition of AcCl to dry methanol can also be
used.

20 Step7.
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- 4+ OH OH
CIH3N OCH; BocHN OCH;

XXHlg XXHlh

A solution of the amine hydrochloride XXlIllg in CH,Cl, (200 mL) was
treated with Et3N (45.0 mL, 315 mmol} and Boc,O (45.7g, 203 mmol) at -78 °C.
5  The reaction mixture was then stirred at room temperature overnight and diluted
with HCI (2 M, 200 mL) and extracted into CH,Cl,, The combined organic layer
were dried (MgSQ,) filtered, concentrated in vacuo and purified by
chromatography (EtOAc/Hex 1:4) to yield hydroxy ester XXllih.
Step 8.
10

OH OH
BocHN OCH; BocHN NH»

XXItih XXt

A solution of methyl ester XXIllh (3g, 10.5 mmol ) in THF/H;0 (1:1) was
treated with LiOH«H,0 (645 mg, 15.75 mmol) and stirred at rt. for 2 h. The
15 reaction mixture was acidfied with ag HCI (1 M, 15 mL) and concentrated in
vacuo. The residue was dried in vacuum.
A solution of the acid in CH2Cl> (50 mL) and DMF (25 mL) was treated with
NH4Cl (2.94 g, 55.5 mmol), EDCI (3.15 g, 16.5 mmol), HOOBt (2.69 g, 16.5
mmol), and NMM (4.4 g, 44 mmol). The reaction mixture was stirred at room
20 temperature for 3 d. The solvents were removed under vacuo and the residue was
diluted with ag. HC! {250 mL) and extracted with CH2Cl.. The combined organic
layers were washed with aq. Sat'd. NaHCO3, dried (MgSO,) filtered concentrated
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in vacuo to obtain XXIIli, which was used as it is in the following steps.
(Aiternatively XXIlii can also be obtained directly by the reaction of XXINIf (4.5 g,
17.7 mmol) with aq. Hz02 (10 mL), LiOHeH,0 (820 mg, 20.8 mmot) at 0 °C in 50
mi of CHzOH for 0.5 h.)

s Step8.
OH _ . OH
BocHN NH, ClH3N NH;
i e i
s} O

XXt XXMlj

A solution of XXllli obtained in the previous step was dissolved in 4 N HCI
10 in dioxane and stirred at rt. for 2 h. The reaction mixture was concentrated in
vacuo to give XXIllj as a solid, which was used without further purification.
Step 10.

CHa._CH3

=

o) CHa\/CHS 5
BocHN S OYOCH;;
z OCHz —_— N

= +
O N - BocHN\_/KO o
HC :
XXI1ik XX1m XXIIm

15
The amino ester XXl was prepared following the method of R. Zhang and

J. S. Madalengoitia (J. Crg. Chem. 1999, 64, 330), with the exeception that the
Boc group was cleved by the reaction of the Boc-protected amino acid with |

rmethanolic HCI.
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A solution of commercial amino acid Boc-Chg-OH, XXIllk (Senn chemicals,
6.64 g, 24.1 mmol) and amine hydrochloride XXilil (4.5 g, 22 mmol) in CH,Cl;
{100 mL) at 0 °C was treated with BOP reagent and stirred at rt. for 15 h. The
reaction mixture was concentrated in vacuo, then it was diiuted with aq. 1 M HC|
5 and extracted into EtOAc (3x200 mL). The combined organic layers were washed
~ with sat'd. NaHCOj3; (200 mL), dried (MgS0Qy), filtered and concentrated in vacuo,
and chromatographed (SiO2, EtOAc/Hex 3:7) to obtain XXIHm (6.0 g) as a
colorless solid.

Step 11.
10

CHa-CH3 CH3._-CH3

XXlm XXIhn

A solution of methyl ester XXHIm (4.0 g, 9.79 mmol) in THF/H,0 (1:1) was

treated with LiOHeH-0 (401 mg, 9.79 mmol) and stirred at rt. for 3 h. The reaction
15 mixture was acidified with ag. HCl and concentrated in vacuo to obtain the free
acid.

A solution of acid (1.5 g, 3.74 mmol) in DMF/CH2Cl» (1:1 50mL) was
treated with amine XXIIlj (772 mg, 3.74 mmol), EDCI (1.07 g, 5.61 mmol), HOOBt
(959 mg , 5.61 mmol} and NMM (2.15 mL, 14.96 mmol) at -10 °C. The reaction

20  mixture was stirred at 0 °C for 48 h and concentrated in vacuo. The residue was
diluted with ag. 1M HCI and extracted with CH,Cl., The combined organic layers
were extracted with ag. NaHCO3, aq. HCI, brine, dried (MgSO,), filtered and
concentrated in vacuo to obtain XXIlin (2.08 g) as a tan colored solid.
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Step12.
CHB\/CHS CHS\/
BocHN \q BocHN q
XXlin XX

5 A solution of amide XXllin (2.08 g, 3.79 mmol) in toluene and DMSO (1:1

20 mL) at 0 °C was treated with EDCI (7.24 g, 37.9 mmol) and dichloroacetic acid

(2.42 g, 19.9 mmol) and stirred at rt. for 4 h. The reaction mixture was diluted with

CH:Cl,, washed with sat'd. NaHCOj3, and brine. The organic layer were dried

(MgS0.) filtered, concentrated, in vacuo and purified by chromatography (SiO.,
10  Acetone/Hexanes 3:7) to yield XXHI as a coiorless solid.

Example XX1V Preparation of 2 Compound of Formula XXIV:

o H o
N NH,

CHy N o© o}
CH3>I/

CHs OCH’I\
CH§H3

XXV

15
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Step 1.
CHa_CHy
0 CHstHa N
sochN. L OCH;
roo OCH N
= + 3
CHy T CH; N"- BOCHN\/J%O ©
CHj H.Cl O :
AT
CHy” 1 CHs
XXIVa Xxxim XXIVb

A solution of Boc-tert-Lue XXIVa (Fluka, 5.0 g 21.6 mmol) in dry
5 CHCI/DMF (50 mL, 1:1 ) was cooled to 0 °C and treated with the amine XXilll
(5.3 g, 25.7 mmol), NMM (6.5 g, 64.8 mmol) and BOP reagent (11.6 g, 25.7
mmol). The reaction was stirred at rt. for 24h, diluted with ag. HC! (1 M) and
extracted with CHCl.. The combined organic layers were washed with HCL (aq, 1
M), sat'd. NaHCOg, brine, dried (MgSQy), filtered and concentrated in vacuo and
10 purified by chromatography (SiO2, Acetone/Hexane 1:5) to yield XXIVb as a

colorless solid.
Step 2.

CHz._CH; CHa~_CHs

O\H/OCH"" OW/OCH:‘
—_— H H N
N

BocHN\L/[Lo O >r YN\/&O o

AT~ O A~
XXIVb XXiVe

15
A solution of methyl ester XXIVb (4.0 g, 10.46 mmol) was dissolved in HCI
(4 M soln. dioxane) and stirred at rt. for 3 h. The reaction mixture was
concentrated in vacuo to obtain the amine hydrochioride sait used in the next

step.
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A solution of the amine hydrochloride salt (397 mg, 1.24 mmol) in CH.Cl>

(10 mL) was cooled to —78 °C and treated with fert-butyl isocyanate (250 mg, 2.5
mmol) and stirred at rt. overnight. The reaction mixture was concentrated in vacuo
and the residue was diluted with aq. HC! (1M) and extracted with CH,Cl,. The

5 combined organic layers were washed with aq. HCI (1M), sat'd. NaHCO; and
brine. The organic layers were dried, filtered and concentrated in vacuo and the
residue was purified by chromatography (SiO,, acetone/Hex 1:4) to yield XXIVe
as a colorless solid.
Step 3.

10

CH,._-CH, CHy._-CHjy
S % OH

H

Sty e Z’HTHYLOO ]

© I~ Onpy A
CH
XXive ‘ XXivd

A solution of methyl ester XXIVe (381 mg, 1.0 mmol) in THF/H20 (1:1, 5

ml.) was treated with LiOHeH,0O (62 mg, 1.5 mmol) and stirred at rt. for 3 h. The
15 reaction mixture was acidified with aq. HC! and concentrated in vacuo to obtain
the free acid.

A solution of acid (254.9 mg, 0.69 mmol) in DMF/CH,Cl; (1:1, 5.0 mL) was
treated with amine XXIIlj (159 mg, 0.763 mmol), EDC! (199 mg, 1.04 mmol),
HOOBt (169.5 mg , 1.04 mmol) and NMM (280 mg, 2.77 mmol) at -20 °C. The

20  reaction mixture was stirred at -20 °C for 48 h and concentrated in vacuo. The
residue was diluted with aq. 1M HC! and extracted with EtOAc, The combined
organic fayers were extracted with aq. NaHCOQj3 , aq. HCI, brine, dried (MgS0,)
filtered concentrated in vacuo to obtain XXIVd (470 mg) as a tan colored solid.
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Step 4.
CHg._CHs CHa~_CHj
g% H OH S H O
N N
H —_— H
NN o o NN o o
Y Y o Y 0]
Oy 4 Opnpy A
3 CH;
XXivd
W XX
5 A solution of amide XXIVd (470 mg, 0.9 mmol) in toluene and DMSO (1:1

20 mL) at 0 °C was treated with EDCI (1.72 g, 9.0 mmol) and dichloroacetic acid

(0.37 mL, 4.5 mmol) and stirred at 0 °C for 4h. The reaction mixture was diluted

with CH.Cl., and washed With satd. NaHCO3, and brine. The organic iayer was

dried (MgSOQOy), filtered, concentrated, in vacuo and purified by chromatogfaphy
10 (SiOy, Acetone/Hexanes 3:7) to yield XXIV as a colorless solid.

Example XXV Prepration of a compound of Formula XXV:

CHa\/CHa
$ =z o 0
H H CHj4
N O O

15
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Step 1.

CHy._CHy
OH
FmocHN/\[r + HO — .
0

XXVa XXVb

5 A solution of Fmoc—glycine (Bachem, 2.0 g, 6.87 mmol) in CH,Clz (20 mL)
was treated with 2-phenyl-2-propancl (Aldrich, 3.36 g, 24.7 mmol), DCC (1M soln
CH,Cl;, 8.24 mL), DMAP (167 mg, 1.37 mmol} and stirred at rt. for 24 h. The
reaction mixture was concentrated in vacuo and diluted with Et;O (100 mL). The
solid seperating out was filtered and the filterate was washed with satd. NaHCOs.

10 The organic layer was dried (MgSQy), filtered, concentrated in vacuo, and purified
by chromatography (SiO2, EtOAc/Hex 1:5) to yield ester XXVc¢c (1.1 g)as a

colorless viscous liquid.

Step 2.
0 I 0
FmOCHN/\n/ CHy HzN/ﬁr o
0 CH3 Q CH3 3
15 XXvc Xxvd

A solution of XXVc in CH2Cl» (16.0 mL) was treated with piperidine (4.0
mL) and stirred at rt. for 0.5 h. The reaction mixture was concentrated in vacuo
and purified by chromatography (SiO;, Acetone/Hexanes 1:10 to 1:1} to yield the
20 amine XXVd (420 mg) as a colorless liquid.
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Step 3.
CHa_-CH3 CH3~_-CHa

S
SIS S OH

H
O\rrOCHa N OCH;4
hoN

o & e =

O /T\ 8
cH
CHagp; s %T-E”S
XXive XXVe

A solution of methyl ester XXIVc (381 mg, 1.0 mmol) in THF/H,0 (1:1, 5
5 mlL) was treated with LiOHeH,O (62 mg, 1.5 mmol) and stirred at rt. for 3 h. The
reaction mixture was acidified with aq. HCl and concentrated in vacuo to obtain
the free acid.
A solution of acid (2.0 g, 5.5 mmot) in DMF/CH,CI; (1:1, 40.0 mL) at-10 °C
was treated with amine XXIlllg (1.51 g, 6.8 mmol), EDCI (1.57 g, 8.25 mmol),

10  HOOBt(1.41 g, 8.25 mmol) and NMM (2.5 g, 24.7 mmol). The reaction mixture
was stirred at 0 °C for 48 h and concentrated in vacuo. The residue was diluted
with ag. 1M HCI (100 mL) and extracted with CH,Cl, (3x100 mL). The combined
organic layers were extracted with aq. NaHCQj3, aq. HC, brine, dried (MgSQ.)
filtered, concentrated in vacuo to obtain XXVe (3.17 g) as a tan colored solid used

15 further without any purification.

Step 4,
CHa_-CH, CHy-CHs
(—)\",N OCH, OTN N\)L><©
H o H N o ~ H H N
N._N o N. _N o}
o1 702 © 0 1 \IC‘;: 0
M3 H
TigHs CH
XXVE
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A solution of methyl ester XXVe (2.5 g, 4.66 mmol) in THF/H,O/CHsOH
(1:1:1, 60 mL} was treated with LiOHeH,O (200 mg, 4.87 mmol) and stirred at rt.
for 4 h. The reaction mixture was acidified with ag. HCl and concentrated in vacuo
to obtain the free acid.

5 A solution of acid (200.0 mg, 0.38 mmol) in DMF/CH.CI, (1:1, 6.0 mL) at -
10 °C was treated with amine XXVd (78 mg, 0.4 mmol), EDCI (105 mg, 0.55
mmot), HOOBt (95 mg, 0.55 mmol) and NMM (150 mg, 1.48 mmol). The reaction
mixture was stirred at 0 °C for 48 h and concentrated in vacuo. The residue was
diluted with aq. 1M HCI (30 mL) and extracted with CH,Cl; (3x30 mL). The

10 combined organic layers were extracted with aq. NaHCO; (2x30 mL), aq. HCI,
brine (30 mL), dried (MgSO,) filtered, concentrated in vacuo to obtain XXVf (240
mg) as a tan colored solid.

Step 5.

) OH H

o QIH N\/U\@

OCH%\I_EHS
CHyCHs
- NRsehans
SEVERT
OCH:ﬂ\'_FHa
15 XXV

A solution of XXVf (240 mg, 0.28 mmol) in CH2Cl> (10 mL) was treated
with Dess-Martin reagent (Omega, 242 mg, 0.56 mmol) and stirred at rt. for 2 h.
After the oxidation was complete (TLC, Acetone/Hex 1:4) the reaction mixture was
20 diluted with satd. NaHCQ3; (20 mL) and NazS203 (10% aq soln, 20 mL). The
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reaction mixture was stirred for 30 min and extractred with CH,Cl, (3x30 mL). The
combined organic layers were extracted with satd. NaHCO3, brine, dried (MgSQy)
filtered concentrated in vacuo and purified by chromatography (SiO,,
acetone/Hexanes 1:5) to yield XXV (122 mg) as a colorless solid.

s Example XXVI Preparation of a compound of Formula XXVI:

CJYCI
[_H/ﬁ X NHp
N

BocHNi OO q’

Step 1:
QCOZH — QCOZtBu
éoc Boc
10 XXvVia XXVib

To a stirred _solution of N-Boc-3,4-dehydreproline XXVla (5.0 g, 23.5 mmol),
di-fert-butyl dicarbonate (7.5 g, 34.4 mmol), and 4-N,N-dimethylaminopyridine
(0.40 g, 3.33 mmol) in acetonitrite (100 mL) at room temperature was added

15 triethylamine (5.0 mL, 35.6 mmol}. The resulting solution was stirred at this
temperature for 18 h before it was concentrated in vacuo. The dark brown residue
was purified by flash column chromatography eluting with 10-25% EtOAc/hexane
to give the product XXVib as a pale yellow oil (5.29 g, 84%).

Step 2:
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CI\V/CI
éoc ;'q CO»tBu
Boc
XXVib XXVie

To a stirred solution of dehydroproline XXVIb (10.1 g, 37.4 mmol),

benzyltriethylammonium chloride (1.60 g, 7.02 mmol) in chloroform (120 mL) at

5 room temperature was added 50% aqueous sodium hydroxide (120 g). After
vigorously stirred at this temperature for 24 h, the black mixture was diluted with
CH2Clz (200 mL) and diethyl sther (600 mL). After the layers were separated, the
aqueous solution was extracted with CH2Clo/Et20 (1:2, 3x600 mL.). The organic |
solution was dried (MgSO4) and concentrated. The residue was purified by flash

10 column chromatography using 5-20% EtOAc/hexane to afford 8.34 g (71%) of
XXVle as an off-white solid.

Step 3;
CI\S{CI CiCl
R — ‘CF3COzH
&COﬂBU (NLC()zH s
éoc H
XXVic XXVid
15 The solution of XXVlc (9.34 g, 26.5 mmol) in CH2Cl; (25 mL) and CF3CO,H

(50 mL) was stirred at room temperature for 4.5 h before it was concentrated in
vacuo to give a brown residue which was used in Step 4 without further

purification.
Step 4
ar_c NS
£ —_— "HCI
[N\ CFsCoM { Mcom
N~ COH N COMe
H

20 XXtd XXllle
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Commercial concentrated hydrochloric acid (4.5 mL) was added {o a
solution of the residue from Step 3 in methanol {70 mL) and the resulting mixture
was warmed to 65°C in an oil bath. After 18 h, the mixture was concentrated in

5 vacuo to give a brown oil XXVle, which was used in Step 5 without further

purification.
Step 5:
Cl\:{CI
Cl,__Cl BocHN._.COoH
Y OCHN-C02 QCOgMe
& + BocHN\/KO
N COzMe i
H - HCI : O
XXVie XXVIf
XXVig
10 To a stirred solution of proline methyl ester XXVle from Step 4, commercial

N-Boc-cyclohexylglycine XXVIf (10.2 g, 40.0 mmol) and [O~(7-azabenzotriazol-1-
y)>-1,1,3,3-tetramethyluronium hexafluorophosphate] (HATU) (16.0 g, 42.1 mmol)
in DMF (200 mL) at 0°C was added diisopropylethylamine (18.0 mL, 104 mmol) .
After allowed to warm to room temperature along with the ice bath over night (18

15 h), the reaction mixture was diluted with EtOAc (600 mL), 5% H3PO4 (150 mL) and
brine (150 mL). The organic solution was washed with 5% H3PO, (150 mL),
saturated NaHCO; (2x200 mL.) before it was dried (MgSQs), filtered and
concentrated in vacuo. The residue was purified by flash column chromatography
using 5-20% EtOAc/hexane to afford 3.84 g (32%, three steps) of XXVIg as an

20  off-white solid.

Step 6:
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CI\?—./C] Ch
o ——— e .
BocHN S0 BocHN\:)%o
XXVig XXVih

The solution of methy! ester XXVig (5.87g, 13.1 mmol) and LiOH (1.65 d,
39.3 mmol} in THF/MeOH/H0 (1:1:1, 90 mL) was stirred at room temperature for
5 4 h. Methanol and THF were removed under reduced pressure. The aqueous
solution was acidified to PH~2 using 1 N aqueous HCI solution (50 mL) and
saturated with solid sodium chloride before it was extracted with EtOAc (3x150
mL). The organic solutions were combined, dried (MgSQy), filtered and
concentrated in vacuo to give a white solid XXVih (5.8 g, quantitative).

100 Step7:

cl. _Ci
& LH 4 OH
(N OH QWN Ny
N7 T COH HoN NH, 0 o)
BocHN\i/&o

XXVih XXIHj XXVIi

The desired product XXilli was prepared according to the procedure in
Example XXlIl, Step 11.

15 Step 8:
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ol Ct\x/Cl
4, OH = u §
N NH, N N NH,
N —_—
o]
BocHN\/&O © ° BocHN 7 0 >
XXVIi XXVE

The desired product XXV1 was prepared according to the procedure in
Example XX, Step 12.
5  Example XXVII: Preparation of compound of formula XXVIi:

, CI\{CI
(_H/N NHz
N
H H 0 0
>rN\TrN o
O

KXV

Step 1
10

v

cl
ct\e”/cn o
- oM N NH
(—)YN NH2 N 2
N
_ . 0 0
BocHN 5 0 o} HCI.HZN\A/KO

XXvii XXViia
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The desired product XXVlla was prepared according to the procedure in
Example XXIII, Step 9.

Step 2

XXVila XXViib

The desired product XXVlib was prepared according to the procedure in
Example XXiV, Step 2.

Step 3
10

Kvilb XXVl

The desired product XXVIl was prepared according to the procedure in
Example XXIII, Step 12.
15 Example XXVIII: Preparation of a compound of formula XXVIiI:
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D\W

BocHN
Me/]\Me
XXV
Step 1:
0 HoN 1§ oM
BocHN oH 2 e
.HCI -0
3 XXVilla XXvilib

The intermediate XXVIIlb was prepared according to the procedure in
Example XXill, Steps 3-6.

Step 2:
10
Me,  Me MBYMB
% S " OH
O\’rOH OH DWN OMe
N HoN OMe ————= N
0 + 2 BocHN o O
BocHN\i/RO Hel i 70
= /i'\
Me/h];Me Me MeMe
XXVIite XXVIllb XXVIld

The acid from Example XXIV, Step 2 (XXVllic) (0.7g) was reacted with
15 product from Step 1 above (0.436g), HATU (b.934g) and DIPEA (1.64 mL) in the
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manner previously described in Example IX, Step 2a to afford 0.66 g of the
desired product XXViiid.

Step 3:
Me__ Me Me¥ Me
= 4 OH = oy 9
N OMe N N OMe
N -
]
BocHN o o ] BocHN\:AO 0
H /T\
5 XVl XVille

The product of Step 2 (0.5g) was reacted with Des;-Martin reagent {(1g) in
the manner previously described in Example XX, Step 7. Purification by flash
column chromatography (40% EtOAc, Hexane, silica) furnished 0.35g of product

10 XXVllle. Mass spectrum (LCMS) 522 (M+H").

Step 4:
Y N
T H O - % H
NN N N
>]\r&0 0 o >)\I/§O o) 0
NH Oﬁ/NH
>r° | >r°
XXViite XXV
15 The product of Step 4 (0.3g) was added a 1/1 H,0/MeOH soiution (20 mL)

and NaHCO3 solid (242 mg, Sequiv.). After being stirred for 18 hours at room
temperature, the reaction was diluted with EtOAc and layers were separated. The
aqueous layer was acidified to pH 2 with HCl 1.0 N and extracted with EtOAc. The
EtOAc layer was washed with brine then dried over MgSQy, fiitered and
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concentrated in vacuo to afford product XXVIIIf as a white powder (0.26g). Mass
spectrum (LCMS) 508 (M+H").

Step b:
@ —™  BocHN

Me/l\ Me

ZT

‘Y
>[,O

Xxvii
5 XXVIlif

The product of Step 5 (0.15g) was dissolved in CH,Cl, and reacted with

HATU (0.137g), NH4CI (0.08g, Sequiv.) and DIPEA (0.53 mL). After 2 hours at
room temperature, the reaction was diluted with EtOAc, washed with a 10% citric

10 acid solution, then a saturated NaHCO; solution. The EtOAc layer was washed
with brine then dried over MgSO,, filtered and concentrated in vacuo to afford a
crude mixture. Purification by flash column chromatography (30% Acetone,
Hexane, silica) furnished the desired product XXVIII (0.096g). Mass spectrum
(LCMS) 507 (M+H™),

15 Example XXIX: Preparation of a compound of formuta XXIX:

Y
s 0 0

H H l
éN_)\rrN N\)Lﬁ N
>k|,&0 o o) o}
O NH

>rO

XXIX
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Step1:

OAc

Sy sy @ -
o

To a 0 °C solution of the starting aldehyde (4.0g) in CHxCl, (75 mL) was

added acetic acid (2.0 equiv., 2.15 mL) followed by methylisocyanoacetate (1.1
equiv., 1.9 mL). The reaction was then gradually warmed-up to room temperature.
After 18 hours {ovemnight), the reaction was diluted with EtOAc and washed with a

10  saturated NaHCO; solution. The EtOAc layer was washed with brine then dried
over MgSQy, filtered and concentrated in vacuo to afford a crude mixture.
Purification by flash column chromatography (30 to 40% EtOAc, Hexane, silica)
furnished the product XXiXa (4.5g).

Step2:
15
OAc 0 OH o]
H H H H
O._-N N
o O o O
XXiXa XXIXb

To a 0 °C solution of XXIXa (4.4g) in THF (100 mL) was added 26 mL (2.2
equiv.) of a 1.0 N LiOH solution. The reaction was stirred at this temperature for 2
20 hours then warmed-up to room temperature. After 2 hours, reaction mixture was
acidified to pH 2 with a 1.0 N HCI solution. EtOAc was added and layers were
separated. The EtOAc layer was washed wiih brine then dried over MgSO;,
filtered and concentrated in vacuo to afford product XXIXb (3.7g).
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Stepd:
OH o)
H H
>I,0TN N, .
o) o}
HCLH,N™ “CONMe,
XXIXb

XV
HCI.H,N N AL A AN
0 H oo
XXIX¢e

The acid XXIXb was reacted with the amine from Example XV in the
s manner previously described in Example XXI, Step 4. The resuiting intermediate
was then treated with HCI in the manner previously described in Example XXIII,
Step 9 to afford product XXiXc.
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Step4:
\Z
M + HeL HZNgN\)L ; N
o
>|/ XXVillc XXiXe
OH ., © |
N AL AN
0 H o
XXIXd

The acid XXVilic (2.43g) was dissolved in CH,Cl, and was reacted with
5 amine XXIXc (2.47g), HATU (2;59) and DIPEA (5.8 mL) in the manner previously
described in Example IX, Step 2a to afford, after purification by flash column
chromatography (4% MeOH, CH,Cl,, silica), the desired product XXIXd (4.35g).
Mass spectrum (LCMS) 727 (M+H™).

Step 5;
10
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N
=5 OH 0
H H
[_,Hru N !!l\
N u -
A LS !
OYNH

o
>[/ XXIXd

OYNH
XXIX

The product of Step 4 (4.2g) was reacted with Dess-Martin reagent (6.4g)
in the manner previously described in preparative Exampie XX, Step 7.
s Purification by flash column chromatography (100% EtOAc, silica) furnished 3 g of
the final product XXIX. Mass spectrum (LCMS) 725 (M+H™).
Example XXX: Preparation of a compound of formula XXX:

o 0 E
H ]
N AL A N
ol H o

2T

Y
Gy
>k(go o
NH
DS

Fa

o

10
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Step 1:
O
OH o -
S L >
CF3 CF3 O
8]
XXXa

The alcohol 2-(trifluoromethyl)}propan-2-ol {1.28g) was reacted with N,N-
5  disucciminidy! carbonate (3.84g) and Et;N (4.2 mL) in dry CH3;CN (50 mL) for 18
hours. The mixture was diluted with EtOAc (200 mL.) and filtered. The filtrate was
washed with NaHCO3, brine then dried over MgSQ,, filtered and concentrated in
vacuo to afford a crude mixture, Purification by flash colurmn chromatography
(50% EtOAc, Hexane, silica) fumnished the desired produét XXXa (0.3g).

10 Step 2:

ZT

Y

- e O H O |
AN
*AO 0] Q o)
Qﬁ,NH

o
T X

Y
o O O
H H i
[1",N R b
0 b
>H,&O o 0 0

NH,. HCI

XXXb
The product from Example XXIX {0.3g) was treated with 100 mL of 4.0 N
HC! in dioxane. After 1 h, 200 mL of Et;O were added and the resulting precipitate
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was filtered off and dried under vacuo to afford the product XXXb (0.27g)as a
white powder. Mass spectrum (LCMS) 625 (M — HC| +H*).

Step 3:

CF3 XXX

To a room temperature solution of XXXb (0.05g) in CH,Cl, (5 mL) was
added DIPEA (0.040 mL) XXXa (1.5 equiv., 0.030g), followed by 1 crystal of
DMAP. After 30 minutes, reaction was diluted with EtOAc (20 mL) and washed
with HCI 1.5 N then NaHCO; then brine. EtOAc layer was dried over MgSOa,
filtered and concentrated in vacuo to afford a crude mixture. Purification by
preparative chromatography (40% Acetone, Hexane, silica) furnished the desired
product XXX (0.044g). Mass spectrum (LCMS) 779 (M+H*).

Example XXXI: Preparation of a compound of formula XXXI:

0 r.léN s
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N
— O 0
H H |
[hN N\)Lﬁ N
:J\T,LT)O 0 0

qu,l-lNH
>

XXXI
Step 1:
Y
- O O
H H |
ENGEY N\JJLH N._ :
50 o] 0
NH,.HCI
XXXb
Y
—3 0 0
H H l
[ilij N No
)i\r£%)o s) o
Qﬁ/NH
>rNH
5 XXX1

To a solution of XXXb (0.05g) in CH.Cl, (6 mL) at room temperature was
added DIPEA (0.040 mL) and tert-butylisocyanate (1.2 equiv., 0.01 mL). After 18
hours, reaction was diluted with EtOAc (20 mL) and washed with HCI 1.5 N,
10 NaHCO; and brine. EtOAc layer was dried over MgSQ,, filtered and concentrated
in vacuo to afford a crude mixture. Purification by preparative chromatography
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(100% EtOAc, silica) furnished the final product XXX1 (0.021g). Mass spectrum
(LCMS) 724 (M+H").

Example XXXIl: Preparation of a

Oﬁ/NH

CF 3 XXXI

Step 1:

N

S H 9 N

N N NHz -~ H O
>j\(ko

0 [Nl[rN NHg
NH . )i\ri§ 0 )

)
Xo NH,.HCI
XXV XXXila
10 The product from Example XXVill was treated in the manner previously

described in preparative Example XXX, Step 2 to afford product XXXMla. Mass
spectrum (LCMS) 407 (M ~ HCI +H%).
Step 2:
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O O\ [xl/
CF3
NHZ HCl

XXXlla

OYNH

CF;, XXX

The amine XXXMNa was reacted with XXXa in the manner previously
described in preparative Example XXX, Step 3 to afford the desired product
5 XXXIl. Mass spectrum (LCMS) 508 (M+H*).
Example XXXIII: Preparation of a compound of formula XXXX1i:

XXXIH

10 Step 1:
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0
NH,.HCI

W
Y o, 0
=T (;LI(N NH,
N NH,
N OO 8]
A Lo — o
XNH

XXXlla
200K

The amine XXXlla was reacted with fert-butylisocyanate in the manner

previously described in Example XXX, Step 1, to afford the product XXXilI. Mass
spectrum (LCMS) 561 (M+H*).

5 Example XXX1V: Preparation of a compound of formula XXXIV:

2
O Q
H H I
N
18] 0] (@)
Y
OO

XXXIV

Step 1:
Q

o
mOCH;; Q _ms 4A° Z_N}WOCH;;
H .
A SAad
10

To the mixture of ester (6.0g) and molecular sieve (5.2g) in anhydrous
methylene chioride (35 mL) was aded pyrrolidine (5.7 mL, 66.36 mmol ). The
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resulting brown slurry was stirred at room temperature under N, for 24 h, filtered
and washed with anhydrous CH3CN. The combined filtrate was concentrated to
yield the desired product.

Step 2:

Q ~

O \\“
OCH =<, OCH
0 . o)
©/\OAO Nal, KoCO4 A @/\OAO
5

To a solution of the product from proceeding step in-CH3;CN (35 mL) was
added anhydrous K>COj3, methallyl chioride (2.77g, 30.5 mmoL), Nal (1.07g, 6.7
mmot). The resulting slurry was stirred at ambient temperature under N, for 24 h.

10 50 mi of ice-cold water was added followed by 2N KHSO, solution until pH was 1.
EtOAc (100 mL) was added and the mixture was stirred for 0.75h. Combined
organic layer was collected and washed with brine, dried over MgSQy, and
evaporated to yield the desired product.

Step 3.

0 0
T;&,OCH;‘ 1N LiOH/ dioxane' moH
©/\OAO 0 ©/\O/§O o
15

The product from preceding step (2.7 g, 8.16 mmoL) was dissolved in

dioxane (20 mL) and treated with freshly prepared 1N LIOH (9 mL). The reaction

mixture was stirred at ambient temperature under N for 20 h. The reaction

mixture was taken in EtOAc and washed with H,O. The combined aqueous phase
20 was cooled to 0°C and acidifed to pH 1.65 using 1N HCI. The turbid mixture was
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extracted with EtOAc (2 x 100 mL). Combined organic layer was washed with
brine, dried over MgSO;, concentrated to give the desired acid (3.40 g).
Step 4:

~( Ho,
Onp &
m NaBH(OAc), %OH
OH -
N o}
L0 oo

To a suspension of NaBH(OAc); (3.93g, 18.5 mmoL) in CH,Cl, (55 mL)
was added a solution of product from preceding step in anhydrous CH,Cl (20 mL)
and acetic acid (2 mL). The slurry was stirred at ambient temperature for 20 h .
lce cold water (100 mL) was added to the slurry and stirred for 1/2 hr. Organic
10 layer was separated, filtered, dried and evaporated to yield the desired product.

Step 5:

A HO.,
HO., & y

OMe
N OH CH2N, / Et,O / MeOH N

@/\0/&0 o " ©/\O/J§O ©

To a solution of the product from preceding step (1.9g) in MeOH (40 mL)
15 was treated with excess of CHzN, / Et;O solution and stirred for overnight. The

reaction mixture was concentrated to dryness to yield a crude residue. The

residue was chromatographed on silica gel, eluting with a gradient of EtOAc /
hexane to afford 1.07 g of the pure desired product.
Step 6:
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~ A

HO. ‘, ,\“ \ [

(_N/OMe OMe
N BF3 . Me,O / CH.Cly N

To a solution of product from preceding step (1.36 g) in anhydrous CH,Cl,
(40 mL) was treated with BF;. Me,;O (0.7 mL). The reaction mixture was stirred at
ambient temperature for 20 h and quenched with sat. NaHCO; (30 mL) ad stirred

for 1/2 hr. Organic layer was separated and combined organic layer was washed
with brine, dried over MgSQ,, concentrated to give 6rude residue. The residue
was chromotagraphed on silica gel eluting with a gradient.of EtOAc / hexane to
afford 0.88 g of the desired compound.

Step 7:
b X

1 ’

H, - 10% Pd IC —
N OMe OMe
Ao N
sab !

To a solution of the product (0.92 g} from preceding step in MeOH (30 mL)

was added 10 % Pd/C (0.16 g) at room temperature and hydrogenated at ambient
temperature under 1 atm. Pressure. The reaction mixture was stirred for 4 h and
concentrated to dryness to yeild the desired compound.

Step 8:
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The desired product was prepared according to the procedure in Example
XX, Step 10.

5 Step9:

7

:

%OM& |
H 1N LiOH H
o —_— -
%’ O\{rN Y O dioxane %’OYN\/&O ©
O O
The desired acid product was prepared according to the procedure in
Example XXIV, Step 3.

10 Step 10:
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N4

1 13

&
o) 0
H H 1
Q&OH ql\ﬂ/N N\)LN N
RS
O

i

o

Y
@

XXV

The desired product XXXIV was prepared according to the procedure in
5 Example XXIX, Steps 4-5.

Example XXXV: Preparation of a compound of formula XXXV:

ﬁ/o
XXXV

S P

10

A solution of triethy! phosphonate (44.8 g) in THF (30 mL) at 0°C was
treated with a 1M solution (200 mL) of sodium bis(trimethylsitylamide) in THF.
15 The resulting mixture was stirred at RT for 0.5 hour, and then cooled to 0°C. A
solution of 1,4-cyclohexanedione ethylene ketal (15.6 g) in THF (50 mL) was
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added dropwise, and the resulting solution was stirred at RT for 18 hours. The
reaction mixture was then cooled to 0°C, treated with cold aqueous citric acid, and
the mixture was extracted with EtOAc. The extract was washed with saturated
aqueous NaHCO3, then brine; then dried over anhydrous Na2S04, filtered, and
the filirate evaporated. The residue was chromatographed on silica gel, eluting
with a gradient of CH2CI2/EtOAc to afford the title compound (21 g), 92% vyield.

Mass spectrum (FAB) 227.3 (M+H").
Step 2:

O2Et 0,Et

0
0
/ J
The product of the preceding step (20 g) was dissolved in EtOH (150 mL)
and treated with 10% Pd/C under 1 atm of hydrogen for 3 days. The mixture was
filtered and the filtrate evaporated to afford the title compound (20.3 g), 100 %
yield. Mass spectrum (FAB) 229.2 (M+H*).

Step 3:

O5Et O,H

P

The product of the preceding step (20 g) was dissolved in MeOH (150 mL)
and treated with a solution of LiOH (3.6 g) in water (50 mL). The mixture was
stirred for 18 hours, and concentrated under vacuum. The residue was dissolved
in cold water (100 mL), the solution was acidified to pH 2-3 with 5N HCI, and the
resulting mixture was extracted with EtOAc. The extract was dried over
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anhydrous Na2S04, filtered, and the filtrate evaporated to afford the title
compound {17.1 g}, 97% vield. Mass spectrum (FAB) 201.2 (M+H").

Step 4:
OoH o 0O O
N)L NJLO
R H &_/O . QQ\__/
P \§ \Ph
- Fh P
5

1. The product of the preceding step (3.0 g) was dissolved in Et20 (150 mL}),
treated with Et3N (2.1 mL), and the soiution cooled to -78°C. Pivaloyl chloride
(1.85 mL) was added dropwise, and after 0.25 hour additional stirring, the reaction
was allowed to warm to 0°C over 0.75 hour, and then cooled again to -78°C to

10 afford a solution of mixed ahhydride for reaction in part 2.
2. A solution of (S)-4-benzyl-2-oxazolidinone (2.66 g) in THF (22 mL) was cooled
to -78°C, and a 1.6 M solution (9.38 mL) of n-butylithium in hexane was added
dropwise. After an additional 0.33 hour stirring at this temperature, the solution
was transferred via canula to the cold solution of part 1. The mixture was stirred

15 at-78°C, then warmed to 0°C, and stirred at this temperature for 0.5 hour. The
organic layer was separated, the aqueous layer was extracted with Et20, the
combined organics were washed with brine, dried over anhydrous Na2S04,
filtered, and the filtrate evaporated. The residue was chromatographed on silica
gel, eluting with a gradient of hexane/EtOAc (9:1) to afford the title compound (5.0

20 g), 93% vield. Mass spectrum (FAB) 360.4 (M+H™).

Step b:
N\/EO N,

Q
- \/

Ph
Ay

o

Iy,

h

P
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The product of the preceding step (2.7 g) was dissolved in THF (25 mL),
cooled to -78°C, transferred by canula to a solution of 0.5 M potassium
bis(trimethylsilyl)amide/toluene (16.5 mL) in THF (25 mL) at -78°C, and the
resulting solution was stirred at -78°C for 0.75 hour. To this solution was added
via canula a solution of trisyl azide (3.01 g) in THF (25 mL) pre-cooled to -78°C.
After 1.5 minutes, the reaction was quenched with acetic acid (1.99 mL), the
reaction was warmed to RT, and then stirred for 16 hours. The reaction was
diluted with EtOAc (300 mL), and washed with 5% aqueous NaCl. The aqueous
phase was extracted with EtOAc, the combined organic phases were washed with
saturated aqueous NaiHCO3, then brine; then dried over anhydrous Na2S04,
filtered, and the filirate evaporated. The residue was chromaiographed on silica
gel, eluting with EtOAc/hexane (1:3) to afford the title compound (2.65 g), 88%
yield.

Step 6:

0 Nj\ o
Ny"’ Na'a. V\i
\ S ‘TN

U“ Ph

o
~,

The product of the preceding step (11.4 g) was dissolved in 95% formic
acid (70 mL) and heated at 70°C for 0.5 hour while stirring. The solution was
evaporated under vacuum, and the residue was taken up in EtOAc. The solution
was washed with saturated aqueous NaHCO3, then brine; then dried over
anhydrous Na2S0y4, filtered, and the filtrate evaporated. The residue was
chromatographed on silica gel to afford the title compound (8.2 g).

Step 7:

y

1485
O
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0 Nj\ 0
N, Ny,
\/

Q
> —/

h

‘U//,‘"
o %
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The product of the preceding step (8.2 g) was dissolved in CH2Cl2 (16 mL)

and treated with diethylaminosulfur trifluoride (DAST, 7.00 mL) at RT for 3 hours.
5  The reaction was poured over ice/water (200 cc), and extracted with CH2Cl2. The

extract was washed with saturated aqueous NaHCOg3, then brine; then dried over
anhydrous Na2S 04, filtered, and the filtrate evaporated. The residue was

chromatographed on silica gel, eluting with EtOAc/hexane (15:85) to afford the
titte compound (4.5 g), 52% vieid.

10 Step8:

iy,

Ph

The product of the preceding step (3.7 g) was dissolved in a mixture of THF
(150 mL) and water (48 mL}, cooled to 0°C, treated with 30% H202 (3.95 mL),

15 and then with LiOH-H20 (0.86 g). The mixture was stirred for 1 hour at 0°C, then
quenched with a solution of Na280Q3 (5.6 g) in water (30 mL), followed by a
solution of 0.5 N NaHCO3 (100 mL). The mixture was concentrated under
vacuum to 1/2 volume, diluted with water (to 500 mL.), and extracted with CH2Cl2

(4 x 200 mL). The aqueous phase was acidified to pH 1-2 with 5N HC!, and
20 extracted with EtOAc (4 X 200 mL). The extract was washed brine; then dried
over anhydrous NaS04, filtered, and the filtrate evaporated to afford the titie

compound (1.95 g), 91% yield, which was used directly in the next step.
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Step 9:
Na. N
" T OoH P 0Me
F F

10

15

The product of the preceding example (2.6 g) was dissolved in Et20 (50
mi.) and treated dropwise with a solution of CH2N2 in Et20 until the solution
remained yellow. The solution was stirred for 18 hours, then evaporated under
vacuum to afford the title compound (2.8), which was used directly in the next

step.
Step 10:
0
0
H
Nz, OMe Zhb" OMe
FF FF

The product of the preceding step (1.95 g) was dissolved in MeOH (150
mL), treated with formic acid (1.7 mL), then treated with 10% Pd/C (3.3 g,
Degussa type E101) under 1 atm of hydrogen for 1.5 hours. The mixture was
filtered and the filtrate evaporated to afford the title compound (2.1 g} as the
formic acid salt, which was used directly in the next step.

Step 11:

OMe -N,
_ Boc™ .~ oMe

F F

CL R
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The product of the preceding step (2.1 g) was dissolved in 1,4-dioxane
(100 mL) and di-tert-butyl dicarbonate (1.9 g} was added, followed by
diisopropylethylamine (2.9 mL). The solution was stirred for 18 hours, and
concentrated under vacuum. The residue was treated with aqueous 5% KH2P0O4
5 and the mixture extracted with EtOAc. The extract was washed with brine; then
dried over anhydrous MgSQ4, filtered, and the filtrate evaporated. The residue
was chromatographed on silica gel, eluting with a gradient of CH2CI2/Et20 to
afford the title compound (2.5 g), 99% yield. Mass spectrum (FAB) 307.9 (M+H™).

Step 12:
10
H © y O
Boc‘w”o O BOC'N/I
Me T, OH
_—_—

The product of the preceding step (2.5 g) was dissoived in 1,4-dioxane (35
mL), treated with aqueous 1M LiOH (17 mL), and stirred for 2 hours. The mixture
was quenched with ice/water (125 cc), the mixture was acidified to pH 3-4 with 3N
15 HCI, and extracted with EtOAc. The extract was dried over anhydrous MgSO4,

filtered, and the filtrate evaporated to afford the title compound (2.3 g), 96% yield.
Mass spectrum (FAB) 294.0 (M+H").

Step 13:
Me  Me
F Pat
. OH R [;)\H,OMe
o —_—— F 0 (]
Oﬁ’ NH OYNH

20
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The desired product was prepared according to the procedure in Example

XX, Step 10.
Step 14:
Me\/Me Me\{MG
& =
R (Nj\n,OMe w{OH
o©

OE,NH D! NH
- T

The desired acid product was prepared according to the procedure in
Example XXIV, Step 3.

Step 15:

P t‘.
F
F [N_,\H,OH o . o o
5O  * HCLHN N\)LN N
H o

Oﬁ,NH ' o)

10

o)
>|/ XXXV
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The desired acid product was prepared according to the procedure in
Example XXIX, Step 4.
Example XXXVI. Preparation of compounds of Formulas XXXVI and XXXVIII:

Compounds of formulas XXXVi and XXXVl were prepared according to
5 the scheme below and utilizing preparative Examples 11 through 15 discussed
above.
F F

fe) F
F F sun . HATU DIPEA T
N O 10% PaiC o *+ i ©H PP z
N 2bl2
/l\ H \/&O ¢

0 H
- o’&o TSOH, MeOH, H,0 0

XXXVia

H
CIH .H N N c

: F OH
1N LiOH ° E H
: N N ~
~ 0

O \/'go
:0 OTE
L LRy

cf. Preparative
Example 15 E

9 l

F
F 0
h\wﬁ\)\ ATy
O\rrN; O
ﬁ o /T\

XXXVl

The compound of formula XXXVIb was prepared from a compound of formula
10 XXXVia as follows by known procedures:
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F F

F F
OMe 10% Pd/C OMe

N —~ N

A © TSOH, MeOH, H,0 H o
BnO™ TO

XXXVib
XXXVia !

To a solution of Compound XXXVla ( 6.58g, 22 mmol) in 100 mL of MeOH was
added 10% Pd/C (0.8 g) and p-toluene sulfonic acid (4.2 g). The reaction mixture
was subjected to hydrogenation at room temperature overnight. The reaction

5 mixture was filttered through celite and washed with excess MeOH. The combined
filtrate was concentrated in-vacuo to provide the titte compound XXXVIb as a
gummy. Conversion of XXXVIb to XXXVI and XXXVl followed the route as
shown in the scheme above and according to preparative exémples 11-15.
Example XXXVIIi. Preparation of a compound of formula XXXVIIii:

10 A compound of the formula XXXVIill was prepared utilizing the following
scheme and following preparative Examples 11 through 15 discussed earlier.
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Example XXXIX. Synthesis of the compound of Formula XXXIX:

12,
W
&)
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XXXIXa XXXIXb

A solution of the sulfonyl chloride XXX1Xa prepared by the procedure of H.
Mcklwain (J. Chem. Soc 1941, 75) was added dropwise to a mixture of 1.1. equiv
5 of t-butylmethylamine and triethylamine at —78 °C and stirred at rt for 2h. The
reaction mixture was concentrated in vacuo and purified by chromatography
(SIOz, Hex/Acetone 4:1) to yield sulfonamide XXXIXb as a colorless oil.

Step 2:
l |
CbZHN\/>SgN\ E—— HgN\/>S,\N\ﬁ
O (@) o~ \O
XXXIXb XXXIXc
10
A solution of the Cbz-protected amine XXXIXb was dissolved in methanol

and treated with 5 mol% of Pd /C (5%w/w) and hydrogenated at 60 psi. The
reaction mixture was filtered through a plug of celite and concentrated in vacuo to

obtain the free amine XXXIXc which solidfied on standing.

1s Step 3:
CHa_CH;, CH;._-CHj
S OH ~:-‘.“'",
N OCH i3
H H o H H N 0" N—
No N 0 N. _N o 0
oYY —= 2>y o A
Lu QT
CHg CHEHS CHg,/(I;\l_I%:H;;
XXVe XXXIXd

The hydroxy sulfonamide XXXIXd was synthesized similar to the procedure
20 for the synthesis of XXVf except replacing the amine XXVd with XXXiXc. The '

crude reaction mixture directly used for the next reaction.

Step 4:

SUBSTITUTE SHEET (RULE 26)
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CH3¥CH3 CHan_CHg
N OH
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CH;
XXXIXd XXXIX

The hydroxy amide XXXIXd was oxidized to compound XXXIX using the
Dess Martin reagent following the procedure for the synthesis of XXV (step 5).
5 The crude mixture was purified by chromatography (SiO2, Acetone/Hexane 3:7) to
obtain XXXIX as a colorless solid.

Assay for HCV Protease Inhibitory Activity:

Spectrophotometric Assay: Spectrophotometric assay for the HCV serine

10 protease was performed on the inventive compounds by following the procedure
described by R. Zhang ef al, Analytical Biochemistry, 270 (1999) 268-275, the
disclosure of which is incorporated herein by reference. The assay based on the
proteolysis of chromogenic ester substrates is suitable for the continuous
monitoring of HCV NS3 protease activity. The substrates were derived from the P

15 side of the NS5A-NS5B junction sequence (Ac-DTEDVVX(Nva), where X = A or
P) whose C-terminal carboxyl groups were esterified with one of four different
chromophoric alcohols (3- or 4-nitrophenol, 7-hydroxy-4-methyl-coumarin, or 4-
phenylazophenol). Presented below are the synthesis, characterization and
application of these novel spectrophotometric ester substrates to high throughput

20  screening and detailed kinetic evaluation of HCV NS3 protease inhibitors.

Materials and Methods:
Materials: Chemical reagents for assay related buffers were obtained from Sigma
Chemical Company (St. Louis, Missouri). Reagents for peptide synthesis were

25 from Aldrich Chemicals, Novabiochem {San Diego, California), Applied

SUBSTITUTE SHEET (RULE 26)
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Biosystems (Foster City, California) and Perseptive Biosystems (Framingham,
Massachusetts). Peptides were synthesized manually or on an automated ABI
model 431A synthesizer (from Applied Biosystems). UV/VIS Spectrometer model
LAMBDA 12 was from Perkin Eimer (Norwalk, Connecticut) and 96-well UV p!atés
were obtained from Corning (Corning, New York). The prewarming block was from
USA Scientific (Ocala, Florida) and the 96-well plate vortexer was from Labline
Instruments (Melrose Park, lllinois). A Spectramax Plus microtiter plate reader
with monochrometer was obtained from Molecular Devices (Sunnyvale,
California).

Enzyme Preparation: Recombinant heterodimeric HCV NS3/NS4A protease

(strain 1a) was prepared by using the procedures published previously (D. L. Sali
et al, Biochemistry, 37 (1998) 3392-3401). Protein concentrations were
determined by the Biorad dye method using recombinant HCV protease standards
previously quantified by amino acid analysis. Prior to assay initiation, the enzyme
storage buffer (50 mM sodium phosphate pH 8.0, 300 mM NaCl, 10% glycerol,
0.05% laury! maltoside and 10 mM DTT) was exchanged for the assay buffer (25
mM MOPS pH 6.5, 300 mM NaCl, 10% glycerol, 0.05% lauryl maltoside, 5 uM
EDTA and 5 uM DTT) utilizing a Biorad Bio-Spin P-6 prepacked column.
Substrate Synthesis and Purification: The synthesis of the substrates was done as
reported by R. Zhang et al, (ibid.) and was initiated by anchoring Fmoc-Nva-OH to
2-chlorotrityl chloride resin using a standard protocol (K. Barlos et al, Int. J. Pept.
Protein Res., 37 (1991}, 513-520). The peptides were subsequently assembled,
using Frmoc chemistry, either manually or on an automatic ABI model 431 peptide
synthesizer. The N-acetylated and fully protected peptide fragments were cleaved
from the resin either by 10% acetic acid (HOAc) and 10% trifluoroethanol (TFE) in -
dichloromethane (DCM) for 30 min, or by 2% trifluoroacetic acid (TFA) in DCM for
10 min. The combined filtrate and DCM wash was evaporated azeotropically (or
repeatedly extracted by aqueous NaCOj; solution) to remove the acid used in
cleavage. The DCM phase was dried over Na,SQO, and evaporated.

SUBSTITUTE SHEET (RULE 26)
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The ester substrates were assembled using standard acid-alcohol coupling
procedures (K. Holmber ef al, Acta Chem. Scand., B33 (1979) 410-412). Peptide
fragments were dissolved in anhydrous pyridine (30-60 mg/ml) to which 10 molar
equivalents of chromopho're and a catalytic amount (0.1 eq.) of para-
toluenesulfonic acid (pTSA) were added. Dicyclohexylcarbodiimide (DCC, 3 eq.)
was added to initiate the coupling reactions. Product formation was monitored by
HPLC and found to be complete following 12-72 hour reaction at room
temperature. Pyridine solvent was evaporated under vacuum and further removed
by azeotropic evaporation with toluene. The peptide ester was deprotected with
95% TFA in DCM for two hours and extracted three times with anhydrous ethyl
ether to remove excess chromophore. The deprotected substrate was purified by
reversed phase HPLC on a C3 or C8 column with a 30% to 60% acetonitrile
gradient (using six column volumes). The overall yield following HPLC purification
was approximately 20-30%. The molecular mass was confirmed by electrospray
ionization mass spectroscopy. The substrates were stored in dry powder form
under desiccation.

Spectra of Substrates and Products: Spectra of substrates and the corresponding

chromophore products were obtained in the pH 6.5 assay buffer. Extinction
coefficients were determined at the optimal off-peak wavelength in 1-cm cuvettes
(340 nm for 3-Np and HMC, 370 nm for PAP and 400 nm for 4-Np) using multiple
dilutions. The optimal off-peak wavelength was defined as that wavelength
yielding the maximum fractional difference in absorbance between substrate and
product (product OD - substrate OD)/substrate OD).

Protease Assay: HCV protease assays were performed at 30°C using a 200 !
reaction mix in a 96-well microtiter plate. Assay buffer conditions (25 mM MOPS
pH 6.5, 300 mM NacCl, 10% glycerol, 0.05% lauryl maltoside, 5 yM EDTA and 5
MM DTT) were optimized for the NS3/NS4A heterodimer (D. L. Sali ef a/, ibid.)).

Typically, 150 ul mixtures of buffer, substrate and inhibitor were placed in wells

SUBSTITUTE SHEET (RULE 26)
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(final concentration of DMSO 4 % v/v) and allowed to preincubate at 30 °C for
approximately 3 minutes. Fifty pls of prewarmed protease (12 nM, 30°C) in assay
buffer, was then used to initiate the reaction (final volume 200 ul).The plates were
monitored over the length of the assay {60 minutes) for change in absorbénce at
the appropriate wavelength (340 nm for 3-Np and HMC, 370 nm for PAP, and 400
nm for 4-Np) using a Spectromax Plus microtiter plate reader equipped with a
monochrometer (acceptable resuits can be obtained with plate readers that utilize
cutoff filters). Proteolytic cleavage of the ester linkage between the Nva and the
chromophore was monitored at the appropriate wavelength against a no enzyme
blank as a control for non-enzymatic hydrolysis. The evaluation of substrate
kinetic parameters was performed over a 30-fold substrate concentration range
{(~6-200 pM). Initial velocities were determined using linear regression and kinetic
constants were obtained by fitting the data to the Michaelis-Menten equation using
non-linear regression analysis (Mac Curve Fit 1.1, K. Raner). Turnover numbers
(keat) were calculated assuming the enzyme was fully active.

Evaluation of Inhibitors and Inactivators: The inhibition constants (Ki*) for the
competitive inhibitors Ac-D-{D-Gla)-L-I-{Cha)-C-OH (27), Ac-DTEDVVA(Nva)-OH
and Ac-DTEDVVP(Nva)-OH were determined experimentally at fixed
concentrations of enzyme and substrate by plotting vq/v; vs. inhibitor concentration
([N ) according to the rearranged Michaelis-Menten equation for competitive
inhibition kinetics: vofvi = 1 + [Il} o /(Ki* (1 + [S] o /Km)), where v, is the uninhibited
initial velocity, v; is the initial velocity in the presence of inhibitor at any given
inhibitor concentration ([1]o) and [S], is the substrate concentration used. The
resulting data were fitted using linear regression and the resulting slope,
1/(Ki*(1+[S] o/Km), was used to calculate the Ki* value.

The obtained Ki* values for the various compounds of the present invention |
are given in the afore-mentioned Tables wherein the compounds have been

arranged in the order of ranges of Ki* values. From these test results, it would be
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apparent to the skilled artisan that the compounds of the invention have excellent
utility as NS3-serine protease inhibitors.

While the present invention has been described with in conjunction with the
specific embodiments set forth above, many alternatives, modifications and other
variations thereof will be apparent to those of ordinary skill in the art. Ali such
alternatives, modifications and variations are intended to fall within the spirit and

scope of the present invention.
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oo 726.9214
O Jp LR
) TN T
:,?trgn o EH’ M, o
. OTH CH,
H:‘?(m,
356
o % 726.9214
A - o ]
N N\./LH e,
el A A
e T
ne o
357
He\ o, 580.7279
a o
o, N\E/LLO/CH:
Ec o © a4 o
o N o,
H:a>;/
HE en
358
W 639.799
5 a o
%’N N\)l\n
" '
H;XCH,
358
H,C‘}:CH: 538.6902
5% o
4:/\( N
SR RQ
HC <]
O N o,
E o
360 “
H,c:{ﬂ's 562.7562
S o
M2 B
e o 0
HC o
OYN o
"y &
il
361
HC \J’CH’ 566.7444
S5 o
H %%N N\/\?
H,:ﬁ\l/go e © “
0Y~ e,
o]
T
362 o

SUBSTITUTE SHEET (RULE 26)

QO iPoc-EtBu)-P(4,4- A

s

%Ttﬁ:ﬁﬂ %%Eéﬁr%( RULE

CTA‘HSOl/ 22678 Tabl e 4 STRUCTURENAMEKI .

Table 2



G(Chx) - P(4,4- A di Me)-nV-(CO -G G(Ph)-N(M)2 0 0 0 | i Boc- G(t Bu) - Phdran 2005
NCi - Me)-nV-(CO - A G G(Ph)-N(Me)2 A M iBoc-G Chx)-P(4- tN~ O
Nci s- MewoniigG®) - A GG Ph)-N(Me)2 0 C AN i Boc- Gt Byplcthf<ai/22678

~~Cis-Me)-nV-(CO - A GG Ph)-N(Me)2 NN= N ° OO0 O}(-~
' 341
Table 4
STRUCTURE NAME Ki* Range
i iBoc-G{Chx)-P(4t- A
o NHiBoc)-nV-(CO})-
B T G-G(Ph)-Am
uc:’l\,/a \/u_“"? :! o
’ TN . [»] N/Q‘\N “\)LNN
O T
@f" (2-CO2)PhCO- A
E G(Chx)-P(4t-

MeNHCOPh(3-

&‘T °
Ei l A " OPh)-nV-(CO)-G-
v © O E/d,lﬁ/\i G(Ph)-Am
QO

oF
N

@\ iBoc-G(Chx)-P(4t- A
NHSO2Ph)-nV-

cH, a 4 H, {CO)-G-G({Ph)-Am
° A (= N\Am
G S { -

iBoc-G(Chx)-P{4t- A
T . UreaPh)-nvV-(CO)-
“f G-G(Ph)-Am
H,c’i:‘/c'\ir“\i)l_"i)é;‘m o
{clasasres
iBoc-G(Chx)-P(4t- A
9 MeNHCOPh)-nV-
° fj‘ (CO}-G-G(Ph)-Am
HcL "jj-"g :“n o
b O oF “/Tnéj\mh
Q iBoc-G{Chx)-P(4t- A
T MeNHSO2Z2Ph)-nV-
o )i (CO)-G-G(Ph)-Am
ch:/ N\;')LNE CHD )
° O o N I H’T"Sj\uﬁ
°\© iBoc-G{Chix)-P(4t- B
EEV MeNHCOPh(3-
Y OPh)-nV-{CO}-G-

. G(Ph)-Am
y ’T\"’Y"‘sj_" ,<j\ . (Ph)

SUBSTITUTE SHEET (RULE 26)



| Boc- ( Chx) - P( 5-
| Boc- ( Chx) - P(t-

0- 1LN ci s- Me) - nV- ( CO) -

i Boc- aliqfd2d@deP(4, 4 A di Me)-nV-(CO -G )AN,

o O SUBSTI TUTE SHEET (RULE 26) 10 JAN 2005 WD 02/ 08244 35
Tabl e 4 STRUCTURENAMEK *

Range i Boc-%(zChx) -Pip(4

& Ph) - N(

NHS02-2-Np)-nV-
(CO)-G-G(Ph)-Am

STRUCTURE NAME Ki* Range
(2-CO2)PhCO- C
T G(chx)-P(4t-
e UreaPh)-nV-{CO)-
%NJLN; - g G-G(ph)-Am
[} -1 O o N N’\ﬁ/éuu
“=°\Q iBoc-G(Chx)-P(4t- B
>v° NHS02-(4Me)Ph)-
o~ on, nV{CO)-G-G(Phj-
ch/L/D \/u_ /<(l\3k o Am
° O I W”\/‘LNH,
: iBoc-G{Chx)-P(4t- B
=0 NHS02-(3CI)Ph)-
) A nV-{C0O)-G-G(Ph)-
j\/o u\/ﬁ—u ’ Am
Y A
O oF Ny | N/\Dré HH,
e iBoc-G(Chx)-P(at- A
° \Q’;gf" NHS02-(4-
" NHAC)Ph)-nV-
n,cj\/"\,("\;/ﬁ“" o (CO)-G-G({Ph)-Am
O
ae I iBoc-G(Chx)-P(4t- B
2o NHSQO2-(3,4-
\ . °“7 ) diCl)Ph)-nV-(CO)-
. J\,TJ_ 'drﬁ L G-G(Ph)-Am
O o N NIT@ NH
iBoc-G(Chx)-P(4t- B
T Urea-1-Npj-nV/-
:f (CO)-G-G(Ph)-Am
gt J_i "
W, Y o a
° O o r\g«ém
iBoc-G{Chx)-P{4t- B

SUBSTITUTE SHEET (RULE 26)

g

A NG GPh)-N(Me)2 N O O
3Ph)-nV-(CO) -G B G(Ph)-N(I\/b)S( G%Ph§ N%NE)Z OgﬂgA%NBS

0O\l
51122678

Table 4



| mor phol i no)-nV- B (CO -G Ph)- N(Me)2 0 0 O O iBoc-( 1- MeChx) - AN 7005
P[ 3, 4-(di Me- A cyclopropyl)]-nV-  (CO-G G Ph)- N(Me)2 iBoc-J1- I\/eltg%

P[ 3, 4- (WoMernsA4cycl opropyl )]-L- O(CO)-GG(Ph)- 0 N( 'VE)ZPC&/@ouzzms

i Boc-Q(tBu)-P[3,4- ~x(di Me- A cyclopropy!)]- 0 (CO-GHPh)-

1f. NAY N(Me)2 0 O 343

Tabie 4

STRUCTURE NAME Ki* Range
°'\Q iBoc-G(Chx)-P(4t- B
5= NHSO2-(4CPh)-
u NV-(CO)-G-G(Ph)-

H,cji’/c’\nf"\(ii { /qz:i o Am
o & N l N\/U\NM

[ iBoc-G{Chx)-P(41- B
%\ oo NHS02-5(2,3-

dihydrobenzofuran

e TS 3 ))-V-(CO)-G-
i g O E,q)g,\n,vl G(Ph)-Am

SN eh, iBoc-G(Chx)-P(4t- B
% . NHSO2-6(4-
1 i

OMe}Courmarin}-

“ g AV-(CO)-G-G(Ph)-
",cj\/ Té\)—ni %l"’\g)‘i“ Am
O

ot iBoc-G{Chx)-P(4t- A
@ Urea-Ph(4-OMe}))-
AV-(CO}-G-G(Ph)-
pe e \,uf Am
/Y aHn,
L iBoc-G(Chx)-P(4t- B

Urea-Ph(4-Cl))-nV
(CO)-G-G(Ph)-Am

2
*’YS“?QW(SL

iBoc-G(Chx)-P(4t- Cc
Urea-Ph{4-Cl))-nV-
(CO)-G-G(Ph)-Am

L.

”'“5 iBoc-G(Chx)-P(4t- B

Urea-Ph{4-Ac))-
cH a f":n
O o Ny é’\n

nV-(C0)-G-G(Ph)-
SUBSTITUTE SHEET (RULE 26)

Am




| Boc-erythro-D, L-

fll N(Me)2 o o ((R)-1-Me)i Boc-

cycl or papydoshenV-
G(tBu)-P[3,4- I

i Poc-

1t o

(CO -G Ph) -
(d[ Me- A cycl opropyl)]-

F(beta-Me)-P(4,4- A di M) -

Y o -~nV-(CO -G G Ph) g @NOqs5

nv-

vE 1- MeChx)-P[ 3,4 A (di Me-
a N(Me)2 OH

00 PPLUEST o (o

ON(Me) 2 SUBSTI TUTE SHEET (RULE 26) 340 JAN 7005 WO 02/ 08244 353

Table 4

Ssredd
P N s I u’ﬁ!N\é)i
&

G(Chx)-P(4t-
NHSO2-Ph)-nV-

wn, |(CO)-G-G(Ph)-Am

STRUCTURE NAME Ki* Range
il ol iBoc-G(Chx)-P(4t- B
é Urea-Ph(4-Ac))-
e nV-(CO)-G-G(Ph)-
cH, o A cM, Am
uc’l\/nﬁrn‘/u:—" -] )
o a © ° N/\ﬂ/‘\‘)km,’
I iBoc-G(Chx)-P{4t- B
.. NHSO2-Ph(4-
o OMe))-nV-(CO)-G-
g1 \)_2 - G(Ph)-Am
& A Shergt
iBoc-V-P(4t- B
©¢>|”° NHSO2-Ph)-nV-
A,:J?(Q,\",J\
‘ iBoc-G(Chx)-P(4t- B
. NHSO2-1Np)-nV-
21 (CO)-G-G(Ph)-Am
chiln\n/n\‘:j—ug CHD .
e O o u T Nﬁf:\éjj\"“?
2 iBoc-G(Chx)-P{4t- B
o s
= Quinoline}-nV-
S e Pk (CO)-G-G(Ph)-Am
H,C o @ & "%)LNWE"H
(2,5-diF-6- A
e R CO2)PhCO-
F T G(Chx)-P(4t-NH-
Wy iBoc)-nV-(CQ)-G-
XY O . ,q,m,\ﬂ,\/lk G(Ph)-Am
Q (2,5-diF-6- A
S CO2)PhCO-

SUBSTITUTE SHEET (RULE 26)



PCT/ USI O / 22678 STRUCTURENANMEKI "'
I I ~(di Me- A cyciopropyl)]-
i Boc- GwBwrAaf13, 4-

H- CH'

0 0 010 0 0 iBoc-GChx)-P(3,4

cm

YG~00JDO

Ran e Cf

L- Na~(CO-GEPh)- oo f
Kl CH:2)-nV-(CO)-G A G Ph) - NPt BoGbhe76y o0 O j

| Poc- Q(t Bu) - P( 3, 4-
0O oN(Me)2 cit

Oi O @ JAN 2005

CH2) -nV- (CO) -G A N G(Ph)-N(Me)2 40 ~
345 .

STRUCTURE

NAME

Ki* Range

TH,

o TOH ° oF T N/\ﬂ/N\é)LNH,
Oy &S

(3.4-dICI-6-
CO2)PhCO-
G(Chx)-P(4t-NH-
iBac)-nV-(CO)-G-
G(Ph)-Am

A

>
O S
i

'S

(3,4-diCl-8-
CO2}PhCO-
G(Chx}-P(4t-
UreaPh)-nV(CO)-

A, 1G-G(Ph)-Am

4]

N TO

‘&

A o

iBoc-G(Chx)-P(4t-

Urea~(3-Cl)Ph)-nV-

(CO)-G-G(Ph)-Am

l%"vﬂmqm

(3,4-diCI-6-
CO2)PhCO-
G(Chx)-P(4t-
NHSO2-Ph)-nV-
(CO)-G-G(Ph)-Am

ﬁ/"" %
ﬁy’bﬁ%ﬁ@ %

iBoc-G(Chx)-P(3,4
iPr}-nv~{CO)-G-
G(Ph)-OH

Tﬁﬁﬁ*&f

iBoc-G(Chx)-P(4at-
Chx)-nV-(CO)-G-
G{Ph)-Am

iBoc-G{Chx)-P{4-
diMe)-nV-(CQ)-G-
G(Ph)-Am

SUBSTITUTE SHEET (RULE 26)

Table 4



a,,

i ao' ea

o't"o ™"
G Ph)-N(Me) 2 y
CH2) - n\iwossss oy O o oG(Ph) - N(Me) 2
“Q(1-MeChx)-P(3,4 A CH2)-nV-{CO-G 0 0

~- 00| CH
"""~ 00

o001 01,

i Poc- (t Bu) - P(3, 4-

((R)-1-Me)i Boc-
((R)-1-Me)i Boc-
cr+3 0 0 G Ph)-N(Me)2 r |

~ K1 CH2)-nV-(CO - G4
0 oG tBu)-P(3,

 PCT/US01/22678

346
STRUCTURE NAME Ki* Range
iBoc-G{Chx)-P{4- : B
Bn,4-Me)-nV-(CO)
Ci% G-G(Ph)-Am
H:C\CC:\
iBoc-G(Chx)-P(4- A
0 o o spirocyclopentane
}nV-(CO)-G-
H (JL o
r w G(Ph)-OH
Q
53}
iBoc-G(Chx)-2- B
o or Azabicyclo[2.2.2]o
HAI/\QJL ? Nfﬁ . ctane-3-CO-nV-
o 5 L (CO)-G-G(Ph)-Am
[ iPrOCO-G{Chx)- A
“";‘,"\m P(4-OtBu)-nV-
#j:, (i o 0% (CO)-G-G(Ph)-OH
oH
o] DW o
,
H & Neopentoxy(CO)- B
?"m, G(Chx)-P(4-OtBu)
) o o nV- (CO}-G-G(Ph)-
»&?\ci A A o {OH
oy o 90 e
o
ot Neopentoxy(CO)- B
o o o G(Chx)-P(OH)-nV-
ﬁ/\c)k Ao (CO)-G- G(Ph)-
D‘: o} o] Q 0 OH
o,
Ethoxy(CO}- B

G(Chx)-P(OH)-nV-
(CO)-G- G(Ph)-
OH

SUBSTITUTE SHEET (RULE 26)

AN 2085

Table 4



SUBSTI TUTE SHEET (RULE 26) 10 JAN 2005 WD 02/08244 PCT/ USO / 2267%@%@ 2005

StructureMXKi' range a, HO7Bc H: ! ~Gnyvo O N 11 481B 0
1V | wooGsts4H= H, C | | M1 ffffff 473C PCT/US01/22678
347
Table 4
STRUCTURE NAME Ki* Range
iBoc-G(Chx)}-P(4,4 A

diMe)-nV-(CO)- G-
«kfﬂ(u‘Q w '* G(Ph)-N(Me)2
%

Boc-G(Chx)-P(3,4 A
iPr)-nV-(CO)- G-

e
o, o o ld-la /
%L‘J\/o\",%%‘ﬁwu\%&cw G(Ph) N(Me)2
QO &

L iBoc-G(Chx)-P(4- A
mﬁ’cﬁr'\i e g N(CH‘ spirocyclopentane
I % S - nv-CO)-6-
O W Y G(Ph)-N(Me)2

OL W o o iBoc-G{Chx}-P{4c- A
Hj:, -\i i " [Me,4t-Pr)- nV-
(ﬁr % {(CO)-G-G(Ph)-
o N(Me)2

o Y iBoc-G(Chx)-P(4,4 A

P £ {diMe)-nV-(CO)- G-
K Ojor O Q 2—}“%"% G(Ph)-OMe
HEC CHug [¢]

o iBoc-G(Chx}-P{4- A
! spirocyclopentane
“"’k"ﬁ(&l w ° - nv-co)rG-
O G{Ph)-OMe

iBoc-G(Chx)-P{3t- A
Me)-nV-(CO)- G-

L o
me%ﬂ@%: G(Ph)-N(Me)2
o

SUBSTITUTE SHEET (RULE 26)



no.
H~

0
0

HGOI O ~N o CH,

WO 02/08244

0 -s CH H3C CH N ~ 1l
HCO0OJOUUCH 586B G O H3C LH- 0 N O 497C "Xl

348

bt~ CH2 (/

oN Oo
PCT/US01/22678

STRUCTURE

NAME

Ki* Range

iBoc-G(Chx)-P(4,4
diMe)-nV-(CO}-
S{Me)-G(Ph)-OH

iBoc-G({Chx)-P{4,4
diMe}-nV-(CQO)-S-
G(Ph}-OH

iBoc-G(Chx)-P(4.4
diMe)-nV-(CO)-
G(Ac)-G(Ph)-OH

N-Me-G(Chx)-
P(4,4-diMe)-nV-
(CO)-G- G(Ph)-
CO2H

iBoc-G(tBu)-P(4,4-
diMe)-nV-(CO)-G-
G(Ph)-N(Me)2

o,
o g [+ oy
HF\(\OJ'I\ Qr"\-ir"\)\ oH,
™ [+] s} ::\ [} [}
o,

iBoc-G{Chx)-P(3,4
{diMe-
cyclopropyl})-
G{((8,5)-Me-
cyclopropyl}-(CO}-
G-G(Ph)-N{Me)

("Jﬁ
- f*\ﬁrﬁ“ (o

iBoc-G(Chx)-P(65
CEM)}-nV-{CO)-G-
G(Ph)-N(Me)2

SUBSTITUTE SHEET (RULE 26)

T8 N2005

Table 4



0483 > or y o ~N Ao0O O 481C /I
10 JAN 7005 WD 02/ 08244 PCT/ USO /22678 355 0 N,
O H, COsMoQ%sHIC CH, r, CH NH,

349

cH,

r

Tabl e 5 SUBSTI TUTE SHEET ( RUL

co 479B
PCT/US01/22678

STRUCTURE

NAME

Ki* Range

ﬁﬁflf ¥ved

iPoc-G(tBu}-P(4,4-
diMe)-nV-(CO)-G-
G(Ph)-N{Me)2

A

H,c\'/\ hk/'\%

iBoc-G{Chx)-P(6R
CEM)-nV-{CO)-G-
G(Ph)-N{Me)2

“‘*\ii[iﬁwg

iBoc-G(tBu)-P(4 4-
diMe)-L~(CO)-G-
G(Ph)-N{Me)2

”Hi%@ﬁ@%m

((R)-1-Me-iBoc)-
G(Chx)-P(4,4-
diMe)-nV-(CO)-G-

" |G(Ph)-N(Me)2

w,
o AR A

iBoc-G(Chx)-P(5-
c/t-Me)-nV-(CO)-
G-G(Ph)-CO2H

iBoc-G{Chx)-P(5-
cis-Ph}-nV-(CO)-
G-G(Ph)-CO2H

Oiiérﬁd%h

iBoc-G(4,4-
diMeChx)-P(4,4-
diMe)-nV-(CO)-G-
G(Ph)-N{Me)2

SUBSTITUTE SHEET (RULE 26)

SR

Table 4



NO7AHC OOH QNHC-O H C, CH HIC/CH NNNH 521A 18 Q70
O/NCH H'C H,CCi, HC-CHa NH 612A N CH 0 O~ HBCN ~ 'C
WO 02/08244 PCT/US01/22678
350
Table 4
STRUCTURE NAME Ki* Range

iBoc-G(1-MeChx)- A

1%55’( % P(4,4-diMe)-nV-
[ |(CO)-G-G(Ph)-
YUY O?ﬁ\g"‘i ™ INMe)2

iBoc-G(Chx)-P(3.4 A
. K/ﬁ\ CH2)-nv-{CO})-G-
i @( L\ G(Ph)-N{Me)2
\I/\U 0 0 [¢] s}
iBoc-Chg-Pip-nV- C
j\N (CO)-G-G(Ph)-
*ﬁ”:(\u X h \_3_ N(Me)2

iBoc-G(Chx)-P(4,4 A

% diMe)-L-(CO)-G-
\r\"j\ OQ"JY*X I G(Ph)-N{Me)2

1Poc-G(tBU)-P(4,4- A
diMe)-L-(CO)-G-
/L"j‘j;’[iﬂi;ﬁ‘ﬁ(\i ¢ G(Ph)-N(Me)2
0 o 0 o &
iPoc-G{tBu)-P(5- A
cA-Me)-nV-(CO)-
)‘O’H‘I«’Q—ﬁw*ﬁ\r’ G-G(Ph)-N(Me)2
6 ¢ 0 o @
((R)-1-Me-iBoc)- A

>_( JOK;H, fé, .. % G(tBU)-P(4,4-
diMe)-nV-(CO)-G-
° P’u\g"\/u‘ X N G(Ph)-N(Me)2

SUBSTITUTE SHEET (RULE 26)



H C H CYCH NH1 533A C " "N HCO HCCHCHL H CNw CH
HCrO HCCH3 ~ J~ o o a557B

0 F NH1 569

Tabl e 5 SUBSTI TUTE SHEET (RULE 26

PCT/US01/22678

diMe}-nV~(CO)-G-
G(Ph)-N(Me)2

JAN 100%WOWD0821K08244 356 ' Y Y 521C 555A O N, y N
351
STRUCTURE NAME Ki* Range
(8)-1-MeiBoc- A
ii@ 53 G(Cl‘l)x}-\f(tétz— .
L |diMe)}-nV-(CO)-G-
N o X D"gﬁ\g“‘i 0”\ G(Ph)-N(Me)2
iBoc-G(tBu)-P(4- A
YO cis-Me)-nV-(CO)-
o, o X N\j’\ J |G-GPh)-N(Me)2
. S
NeR3a
iBoc-G(Chx)-P(4- A
YO o o cis-Me)-nV-(CO)-
oL, vt L I G-G(Ph)-N(Me)2
gL
iBoc-G(tBu)-P(5- A
}’ cis-Me)-nVCO)-
oL, \{;H—N ? \)OL ! |G-G(Ph)N(Me)2
b hY
iBoc-G(Chx)-P(5- A
}’0 cis-Me)-nV-(CO})-
o, \Q\r” 0 JOL /  |G-G(Ph)-N(Me)2
grilr
iBoc-G(Chx)-P(t- B
@ 3Ph)-nV-{CO)-G-
ok Qr\gﬂ(d L [oPh-N(Me)2
8] 0 [s] 8]
iBoc-allo(lle)-P(4,4 A

SUBSTITUTE SHEET (RULE 26)

PN 2005

Table 4



0,,, 97CJ" OO0~ O 569B 533B -~vr 519C 621B PCTI USOL/ 22675&[3@@%05
5 SUBSTI TUTE SHEET (RULE 26) 10 JAN 7005 WO 02/ 08244 PCT/ USO1/ 2267

HSC H3 WO oxes2 392c 0 0 7 C83 HSCVC H3 % PCT/US01/22678
352
Table 4
STRUCTURE NAME Ki* Range

iBoc-G(Chx)-Pip(4] B

j’\EE{ q % morpholino)-nv-
| {CO)-G-G(Ph})-
Y\o o- 0 N{!&i 3 ~ N{Me)2 |

iBoc-G(1-MeChx)- A

. (Ni o P[3,4-(diMe-
eyclopropy!)]-nv-
\(‘OJL 0’?)1_("*)‘ " (CO)-G-G(Ph)-

N(Me)2

[iBoc-G{1-MeChx)- A

o gf ﬁ 0o o %k P[3,4-(diMe-
A n cyclopropyl)]-L-
YooY ’?Jl[ (CO)-G-G(Ph)-

N(Me)2

iBoc-G{tBu)-P[3,4- A
(diMe-

cyclopropyl)]-L-
\]/‘oixé" :{Lj\r"\i %L (CO)-G-G(Ph}-
_(' ] o

N(Me)2

iBoc-erythro-D,L- A

F(beta-Me)-P(4,4-
diMe)-
Y‘oj‘ Q; d%h\ AV{CO)-G-G(Ph)-
8] a3

o o) N(Me)2

cyclorpropyl}}-nV-

Cs o %~ © ©  }CO)G-G(Ph)-
N(Me)2

iPoc-G(tBu)-P[3 4- A
og?:fm N e (diMe-
cyclopropyl)j-nV-
A hdye [icorearny

2] e} Q s} N(Me)2

v ((R)-1-Me)iBoc- A
j’o G{1-MeChx)-P[3.4
o OJL\\\(Q\_ S |cive

SUBSTITUTE SHEET {RULE 26)



N NHS 418c TTll o Dc a, 6y 509B H OP y~nc N-a P a, Noaf%BH\NYDBS
OI'N >co 5076 567A H-CVCHa O N H= 19A O Q~N H2C O )
WO 02/08244 PCT/USO1/22678
353
1aDie 9
STRUCTURE NAME Ki*'Range
o, iPoc-G(tBu)-P(3,4-
HC o=, {diMe-
o0 r 7 cyclopropyl))-L-

Nay  |(CO)-G-G(Ph)-
0 N(Me)2

J%JL%E‘; G(Ph)-N(Me)2

{Boc-G(iBU)-P(3 4-
CH2)-nV-(CO)-G-

iBoc-G(Chx)-P(3,4
CH2)-nV-(CO)-G-
G(Ph)-N(Me)2

R O
H%JLI(Q”/WM%% G(Ph)-N(Me)2

iPoc-G(tBu)-P(3,4-
CH2)-nV~(CO)-G-

{(R)-1-Me)iBoc-
o *am o r«i%ﬁ G(tBu)-P(3,4-

" ' |CH2)-nV-(CO)-G-
Yy ™ [cPn)-NMme)2

' |CH2)-nV-(CO)-G-

((R)-1-Me)iBoc-
. %m G{1-MeChx)-P(3,4
G(Ph)-N(Me)2

SUBSTITUTE SHEET (RULE 26)



H2

y KF-

CH, Tabl e 5 SUBSTI TUTE SHEET (RULE 26) 10 JAN 2005 WO 02/ 082411

PCT/ US01/ 22678 358 o0 519B 0 0 OyN n i-y o N4,
FwooxszH, C O CH H H, 523C OyN ,
354
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Claims
What is claimed is:
1. A compound, or enantiomers, sterecisomers, rotamers, tautomers,

racemates or prodrug of said compound, or pharmaceutically acceptable salts or

solvates of said compound, or of said prodrug, said compound having the general

A~

structure shown in Formula |:

M |
Y\W }- \
4/1- ‘\/LVKH R
N
R [ | \E
Formula |

wherein: }
Y is selected from the group consisting of aIkyl} alkyl-aryl, heteroalkyl, heteroaryl,
aryl-neteroaryl, alkyl-heteroaryl, cycloalkyl, alkj«loxy, alkyl-aryloxy, aryloxy,
heteroaryloxy, heterocycioalkyloxy, cycloalkylo*ﬁ(y, alkylamino, arylamino, alkyl-
arylamino, arylamino, heteroarylamino, cycloalkylamino and
heterocycloalkylamino, with the proviso that Y T’naybe optionally substituted with
X" or X% |

'is alkyl, alkenyl, alkynyl, cycloalkyl, cycloatkyl-alkyl, heterocycliyl,
heterocyclylatkyl, aryl, alkylaryl, arylalkyl, heteroaryl, alkytheteroaryl, or
heteroarylalkyl, with the proviso that X" may be additionally optionally substituted
with X'%;
X2 is hydroxy, alkoxy, aryloxy, thio, alkylthio, arylthio, amino, alkylamino,
arylamino, alkylsulfonyl, arylsulfonyl, alkylsulfonamido, arylsulfonamido, carboxy,
carbalkoxy, carboxamido, alkoxycarbonylamino, alkoxycarbonyloxy, alkylureido,

arylureido, halogen, cyano, or nitro, with the proviso that said alkyl, alkoxy, and
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aryl may be additionally optionally substituted with moieties independently

selected from X'%;

R'is ~C(O)RY;

RSis H. -OH, -C(O)OR®, or -C(O)NR®R;

7 is selected from O, N, C(H) or C(R);

W maybe present or absent, and if W is present, W is selected from C(=0), Ci=3),
C{=N-CN), or 5(02);

Q maybe present or absent, and when Q is present, Q is C(H), N, P, (CHz},
(CHR), , (CRR'),, O, NR, S, or S0z; and when Q is absent, M may be
present or absent; when Q and M are absent, A is directly linked to L,

Ais O, CHa, (CHR), , (CHR-CHR"),, (CRR')p, N(R), S, or S(O2);

Eis CH, N, CR, or a double bond towards A, L or G;

G may be present or absent, and when G is present, G is (CHz)p. (CHR)g, or
(CRR');; and when G is absent, J is present and E is directly connected to
the carbon atom in Formuia | as G is linked to;

J maybe present or absent, and when Jis oresent, J is (CHa2)p. (CHR)p, OF
(CRR')s, S{Q2), N(H), N(R} or O; and when J is ebsent, G is presentanc £
is directly linked to N shown in Formula | as linked to J,

L may be present or absent, end when L is present, L is C(H), C(R), O, S or N{RY;
and when L is absent, then M may be present or 2bsent; and if M is present
with L being absent, then M is cirectly and independently linked to E, and J
is directly and independently linked to E;

M may be present or absent, and when M is present, Mis O, NR, S, S{Cy),

(CHa)p, (CHR), (CHR-CHR'), or (CRR)p

pis a number from 0 to 6; and

R, R, R R%® and R? can be the same or different and are independentiy selected

from the group consisting of H; Cy-Csg glkyl; C,-C-o alkenyl; Ca-Ceg cycloalkyl; Ca-

C; heterocycloalkyl, alkoxy, aryloxy, glkylthio, arylthic, amino, amido, ester,

carboxylic acid, carbamate, urea, ketone, aldehvde, cyano, nitro, haiogen,
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(cycloatkyl)alkyl and (hetzrocycloalkyl)alkyl, wherein said cycloalkyl is made of
three to eight carbon atoms, and zero to six oxygen, nitrogen, sulfur, or
chosphorus atoms, and said aixyl is of one to six carbon atoms; aryl, heteroaryl;
alkyi-aryl, and slkyl-hetercaryi;

wherain said alkyl, heteroalkyl, aikenyl, heteroalkenyl, arvi, heteroary!, cycloalkyl
and heterocycloalkyl moieties may be optionally and chemically-suitably
substituted, with said tarm “substituted” referring to optional and chemically-
suitzble substitution with ong or more moieties selected fram the group consisting
of alkyl, alkenyl, alkynvl, aryl, aralkyl, cycioalkyl, heterocyclic, hatogen, hydroxy,
thio, aikoxy, aryloxy, aikylthio, arylthio, amino, amido, ester, carboxylic acid,
carhamate, ures, ketong, aldehyde, cyano, nitro, sulfonamido, sulfoxice, sulfone,
sulfonyl urea, hydrazide, end hydroxamate;

funher wherein said unit N-C-G-E-L-J-Nin Cormula | represents either a five-
membered cyclic ring structure or 2 six-membered cyclic ring structure witn the
oroviso that when said unit N-C-G-E-L-J-N represents a five-membared cyclic ring
structure, or when the bicyclic ring structure in Formula | comprising N, C, G, E, L,
J N, A Q and M represents & five-membered cvclic ring structure, then said five-
membered cyclic ring structure iacks a carbonyl group as part of Lhe.CYC“C rng,
with the proviso (1) that in Formula 1 when W is C=0 and the moiety:

QA

represents the structure:

o g R30
R:‘*’J )\/H_
™ \
i O
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where

R* and R are independently H, alkyl, alkenyl, aryl, aratkyl, aralken yl, cycloalkyl,
cycloalkylalkyl, cycloalkenyl, heteracyclyl, heterocyclylalkyl, heteroaryl or
heteroaryalkyl, with R*and R*! being optionally substituted with 1-3 R* substituents
selected from alkyl, aryl, aralkyl, alkoxy, aryloxy, aralkoxy, cycloalkyl, cycloalkoxy,
heterocyclyl, heterocyclyloxy, heterocycylalkyl, keto, hydroxy, amino, alkylamino,
alkanoylamino, aroylalmine, aralkenoylamino, carboxy. carboxyalkyl, carboxamidealkyl,
halo, cyano, nitro, formyl, acetyl, sulfonyl, or sulfonamido, wherein said R substituents
can be optionally substituted with alkyl, aryl, aralkyl, alkoxy, aryloxy, heterocyclyl,
heterocyclvloxy, keto, hvdroxy, amino, alkanoylamino, aroylamino, carboxy,

carboxvalkyl, carboxamidoalkyl, halo, cyano, nitro, fomryl, sulfonyl or sulfonamido;

& js a bond, -C(H)(R>)-, -O-, -S-, or —-N(R*)-, where R* is H, alky}, alkeny}, aryl,

aralk vl, heterocyclyl, heterocycivlalkyl, heteroaryl, or heteroaraikyl and is optionally
substitoted with 1-3 R substituents, and R is H, alkyl, aryl, aralkyl, heterocyclyl,
heterocyclylalkyl, heteroaryl, heteroaralkanoyl, —C(O)R“, -SO,R*, or carboxamido and
is optionally substituted with 1-3 R33 substituents, or R> and 7 together with the atoms 10
which they are boﬁnd, form a nitrogen containing mono- or bicyclic ing systemn
optionaily substituted with 1-3 R substituents, and R is alkyl, aryl, aralkyl,

heterocyclyl, heterocyclylalkyl, heteroaryl or heteroaralkyi;
B is a bond, -CH2-, -C(0)-, -C(O)C(O}-, -S(O)-, -$(0);-, OR _S(O)R™,

¥ is alkyl, alkenyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
heterocyclylalkyl, hetercaryl, heteroaralkyl, -OR?? or -N(R*")2, wherein any carbon atom
is optionally substituted with R* wherein R*? is independently H, alkyl, alkeny!, anyl,

aralkyl, aralkenyl, cycloalkyl, cycloalkylalkyl, cycloalkenyl, cycloalkenvialkyl,
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heterocvelyl, heterocyclylalkyl, heterocyclylalkenyl, heteroaryl, or heteroaralkyl, wherein

any carbon of R*’ is optionally substituted with R*;

then Y is not the moaety:

/(EL 6

PN
Y

R32

where R*?is H or C1-3 alkyl;

0 is alkyl, cvcloalkyl, aryl, aralkyl, heterocyclyl, heterocycivialkyl, heteroaryl,
heteroaraikyl, carboxyalkyl, or carboxamidoalkyl, and is opticnally substituted with 1-3

(SR s 35 Gk v he

R** substituents; and

£is -R*, -alkyi-R¥, -alkenyi-R*, alkynyl-R*, -OR¥ -NR*),, -C(O)RY-,

_C(=NOQalky)R>*, or the moiety:

0 RBQ ’
9401L N)\WNW/LLH_
H 5 @

where R>¥ is H, aryl, cycloalkyl, cycloalkylidenyl, heterocyclyl, heterocycloalkylidenyl or
heteroary], and is optionally substituted with 1-3 R*? substituents, or a first R* and a
second R, together with the nitrogen to which they ere bound, form 2 nitrogen
containing mono- or bicyelic ring system optionally substituted with 1-3 R* substituents;
R is alkwi, cycloalkyl, aryl, aralkyl, heterocyclyl, heterocyclylalkyl, heteroaryl,
heteroaralkyl, carboxyalkyl, or carboxamidoalkyl, and s optionally substituted with 1-3
R* substituents; R® is H, alkyl, aryl, heteroaryl, cycloaikyl or heterocyclyl; and R* s
alkyl, cvcloatkyl, arvh, aralkyl, heterocyclyl, heterocyclylalkyl, heterc aryl, heteroaralkyl,

carboxyalkyl, or carboxamidoalkyl, and is optionally substituted with 1-3 R
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substituents; and

with the proviso (2) that the proline at the P2 position is modified, wherein the P2

position is the position corresponding to the second amino acid from the keto amide

£roup.

2. The compound of claim 1, wherein R' is -C(O)C{O)NR*R';

R%is H;

R'%is H, -R™, -[CH(R")I,C(0)OR™, -[CH(R)] ,C(OINRT*R™,
[CHR" S (Oa)R” -[CHRM)S (Oz)NR”‘R” {CH(R"J,C(O)R™,
[CH(RVIC(O)N(H)C(H)R)CIOYOR™, -CH(R' YC{OYN(HICH(RZ)CONR™RY, or
-CH{R"C(O)N (H)CH(RZ)( "), wherein R is H, alkyl, aryl, heteroalky!, hetercaryl,
cycloalkyl, alkyl-aryl, alkyl-heteroaryl, aryl-alkyl, alkeny!, alkynyl or heteroaralkyl.
3. The compound of claim 2, wherein R'%is H, -R", -CH(R™C(O)OR™,
CHRMCH(RMCIOIOR, -CH(R")C(O)NR™R™, -CH(R")CH( RC(CINRZR™,
-CH(R‘*)CHrR 18(0,)R", -CHRTICHRIS(02)NR PR, -CH(R"ICH(R")C(OR™,

CHIRMC(OIN(H)CH(RZIC(O)OR ™Y, -CH(R)C(OIN(H)CH(R JC(OINR R™R", o
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-CH(R"C(OIN(H)CH(R?)(R’), wherein R" is H or alkyl, and R¥ is phenyl,
substituted phenyl, hetero atom-substituted phenyl, thiophenyl, cycloalkyl,
piperidyl or pyridyl.

4.  The compound of claim 3, wherein R" is H.

5 5. The compound of claim 4, wherein R is H, methyl, ethyl, allyl, tert-butyl,
benzyl, a-methylbenzyl, o,o-dimethylbenzyl, 1-methylcyclopropyl or 1-
methylcyclopentyl;

R’ is hydroxymethyl or -CH,C(O)NR™?R™;

R? is independently selected from the group consisting of:

10 s
wherein:

U and U? maybe same or different and are selected
from H, F, -CH;C{O)OH, -CH2C({O)OMe, -CH2C{O)NH:,
-CH2C{O)NHMe, -CH,C(O)NMe,, azido, amino, hydroxyl,
15 substituted amino, substituted hydroxyt;
U and U* maybe same or different and are selected
from O and S;
U is selected from the group consisting of alkyl sulfonyl, aryl sulfonyl,
heteroalkyl sulfonyl, heteroaryl sulfonyl, alkyl carbonyt, aryl carbonyt,
20 heteroalkyl carbonyl, heteroaryl carbonyl, alkoxycarbonyl,

aryloxycarbonyl, heteroaryloxycarbonyl, alkylaminocarbonyl,
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arylaminocarbonyl, heteroarylaminocarbonyl or a combination
thereof;

and NR'?R" is selected from the group consisting of:

fNH,  FNHMe,  f—NHan-Pr, $—N(Me)OMe,

ff N OH Me Me

El/\/OH /\/ HN)g/OH ENXMe
S

wherein U® is H, OH, or CH,OH, and

R™ is selected from the group consisting of: H, Me, Et, n-propyl, methoxy,
cyclopropyl, n-butyl, 1-but-3-ynyl, benzyl, a-methylbenzyl, phenethyl, allyl, 1-
but-3-enyl, OMe and cyclopropylmethyl.

10 6. The compound of claim 5, wherein R3 is selected from the group consisting

of:
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Anna

T T | oo e
CHy~ "CH;  CHg | CHs CHs O/ 3\{\SCHa

CH CHj HaC

Q fc”a
COR® CHs c:r—%H3

COR3!

Me v s
GLQ @
8]
C{F)is ﬁe %RM %

NHR?'

wherein R®" = H, COCH,;, COOtBu or CONHtBuU;

LA
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Aannn

T D O]

¥ COOH  CFj
0

H CHgl‘v\wsan I OJ

HO™ ~CH
COOH HaC ? CHa/{c\CHs
f] 5
7~ Me~ “Me 0-3
© 0 O OH
CI™ ~cl Me™ ™ Me
Hsc/?\CHa H\
R31 l}l
CF, Y
HaC CH3
CHj

wherein R*' = OH or O-alkyl;

Y'® is selected from the following moieties:

Ot N c"t Il g 662A 0 CDIY~
ix C g O648A QI OICci ci

COOH

FiC~ ~CF4

T
-n

RSN 2005
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Lo ‘“*O Ko
Jn

o)
COOH H{j\/c JCB%

and Y% is selected from the following moieties:

g ~ N
COOH SONHz

\ug:z H,yj\/o "‘&m ‘aj\CH

\uj\:/NHMS j\ _&LLNHAC
:YCHs e O/\/Si(CH:a)a
CHj
7. The compound of claim 6, wherein R® is:
Me
5
8. The compound of ciaim 6, wherein Z is N and R* is H.

The compound of claim 8, wherein W is C=0.
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10.  The compound of claim 9, wherein Y is selected from the following

moieties:
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wherein:

Y™ is selected from the group consisting of H, -C{O)OH, -C(O)OEt, -OMe, -Ph, -
5 OPh, -NHMe, -NHAc, -NHPh, -CH{Me);, 1-triazolyl, 1-imidazolyl, and

NHCH,COOH,; '

Y'2is selected from the group consisting of H, -C(O)OH, -C(O)OMe, -OMe, F, Cl,

and Br,;

Y2 is selected from the group consisting of the following moieties:



' (

CH%l? Il Ni_o 754B 110 0 O NCCH | N Nol I~ 0577COOWG]AWZUUS

694A 0 0 0 0 cll~ CH\ 0 0 0702A OY¥ N a 701A
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AT N S

CO-Bn COLtBuU COH CONH,

Y'* is MeS(O,)-, -Ac, -Boc, -iBoc, -Cbz, or -Alloc;
Y™ and Y'® can be the same or different and are independently selected from

s alkyl, aryl, heteroalkyl, and heteroaryl;
Y" is -CF3, -NOg, -C(O)NHz, -OH, -C(O)YOCHj, -OCHs3, -OCgHs, -CgHs, -C(Q)CeHs,
-NH,, or -C(O)OH; and
Y8 is —C{OYOCH3, -NO3, -N(CHa)z, F, -OCH3, -C(H2)C(O)OH, -C{O)OH,
-S(02)NH5, or -N{H)C(O)CHs.

10 11. The compound of claim 10, wherein Y is selected from the group consisting

Me O
Y ¥

&O‘?‘ 73\(0‘:# >5<o‘*>f wl
sadiondien

Me Me Me

of:
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Me
&Ox; Jﬁ( Me ﬁb o,
Me O\; T O\{S

0-3 Me

H H H
Me_ -N Me._ N Me._ N Me. N
Me ¥ Mo~ ¥ Me—] ¥ Me—T 7

Me _ CF3 CCly Me

Ay ARy Sy
Me
@;H\; @O_ﬁﬁf @DIN’\F Lbﬂy i&

S Me HN\;;
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m;rO\i ﬁl:}\/o S%L/\O/é Me/ O/%

/{ Me Me CH3SOHN,
7 :
,é?/r\o M0~ 0N Y _<C::>"O\§ CHy_~
H ~
CHj
S H4C._ CH;
3 CH
mcoocﬁ<\/“>f Hooc™Y a—;ooc/\;]irr3 [::T/\mf

e CgHs OH

/\/\Icgo?_: Hacooc/l\/\,-r HOOV\;’! ©/kf
COOH
o <;)\?
Hoodr—4££:r/\\ v [zzijf Ezrfﬁf

F

CHéHS N
HC ©
C k@* a

COOH
. F
CIIH If Y
C COOH C COOCH,  F COOH F F
COOH
F
fegil e’ :
y18 yi7 m%/§
COOH
Me M @] Me
0
oy MY™N L T el o
M \§ Me M %
Me M
wherein:

Y' = CF,, NO,, CONH,, OH, NH,, or COOH;
Y8= F COOH,

O CSCCH, HC 000 .4675A OY N HP CF~ 1~ yN~s | 774B @G
\ *
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12.  The compound of claim 11, wherein Y is selected from the group consisting
of:

H3CSOzHN._4

Me- O O :
|v|e><|\m=,=\"jr O““f e)\( 4 Me\|/

Me

I oy ey it

CF
Me 5

Me O’}L‘l /l%'
Me Me. # o
Me>|\/0\f Mehi/\ Q/\
o. O o Me
et Q’ SO N ;h‘m
M Me Me O‘f

Me

F

:}é: cl ~ %
5&,0\; CIHCOZH nCOZH
O~ F
QH
cadicalieadien
M M H
H Me e 4 M:>( ~
Me N._ Me N o N 5
Meéh[e ¥ Me>(Me ¥ M ;J?<Mef CF

M s
7‘\rN\; Q:f thﬂ; E&,ﬁ}; HN~s

13. The c_ompound of claim 12, wherein L and M are absent, and J is directly

5 linkedto E.
14.  The compound of claim 12, wherein L, J and M are absent and E is directly
linked to N.

15.  The compound of claim 12, wherein G and M are absent.
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16.  The compound of claim 12, wherein the moiety:

/O ~a
M l
\—E

y
[ G
O

e

17. The compound of claim 16, wherein structure a is selected from the

5 following structures:

2O B0
a6 B0 R

18. The compound of claim 16, wherein structure a is:

wherein R?® is selected from the following structures:



10 JAN 2005 WD 02/ 08244 PCT/ USO /22678 462 0 0 V _N O 743A 655 HINE 2805
00692A N FLOCDHNCc r4 OOH\\ a639Ay CH HCply a o0 63 R‘I \;
ay HCN FcC piy 675A y 621A

488

e H(J< all/@ RH/\@
s&/ﬁ\ﬁk LHIJOKH,ME H%/\ICI:OH “R/Io\f

e SO e

19. The compound of claim 16, wherein structure a is:

21 22
| R . /R
@/
O
5 wherein R2' and R% may be the same or different and are independently selected

from the group consisting of the following structures:
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20.  The compound of claim 16, wherein structure a is selected from the group

consisting of the foliowing structures:
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464 a a 701A O 'N 588B X0 638A wF . wrw

490

s 2 S0

o
Me oMe
Q SO s
e
‘)\ .4 N 1 N i

21.  The compound of claim 12, wherein:

oRuI
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()

wherein Q may be preseﬁt or absent, and if Q is absent, M is directly linked to A.
22.  The compound of ¢claim 21, wherein structure b is selected from the

following structures:

»7%/ ﬁb »*%w

23.  The compound of claim 12, wherein:



l1~cY- a, CH a 45B 0 0 H6C CH, y cf~ 0 pop 669C o0 o CH3 0-6 C?/(}IJQ @5
HCo H C, n l1lF Q ~~00 0575A NV O H,C CHs Has HHs 709B ctr1 ~ m
CH1,
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wherein G and J can be the same or different and are independently selected
from the group consisting of (CHz),, (CHR),, (CHR-CHR'),, and (CRR’);
A and M can be the same or different and are independently selected from the

s group consisting of O, S, $)O;), N(R), (CHa),, (CHR),, (CHR-CHR’);, and (CRR')g;
and _
Q is CHa, CH(R), C(RR'), N(H), N(R), O, S, S(03), N(R), (CHz2),, (CHR)p, or
(CRR’)p.
24. The compound of claim 23, wherein structure ¢ is selected from the

10 following structures:
Me Me Me
(I)H H ?H HMe OH H
/\N | /\N i /l\N i
o o) ¢!
,Br
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and
In

9
/\ N where n= 0-4.
P S

25.  The compound of claim 12, wherein:

Va \A
M
L/E

IS

is selected from the following structures:

Me
y Me Me
ot o} Me o
/l\ § ‘)\ § | )
NTY NT . |
0 O o]
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0 O o
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Clainms What is clainmed is: 1. A conpound, or enantiomers, stereoispggﬁng5
rotaners, tautonmers, racemates or prodrug of said conpound,
pharmaceutically acceptable salts or 5 solvates of said conpound, or of
said prodrug, said conpound having the general structure shown in
Forrula I: /\AM1E Yw HRL 02 FQPEuIa | wherein: io Y is selected
fromthe group consisting of alkyl alkyl-aryl, heteroal kyl, heteroaryl,
aryl -heteroaryl, alkyl-heteroaryl, cycloal kyl, alk/loxy, alkyl-aryl oxy,
aryl oxy, heteroaryl oxy, heterocycloal kyl oxy, cycl oal kyl o xy, al kyl am no,
aryl am no, al kyl- arylam no, arylam no, heteroaryl am no, cycl oal kyl am no
and heterocycl oal kylam no, with the proviso that Y maybe optionally
substituted with 15 X" X12; X11 is al kyl, al kenyl, alkynyl,
cycl oal kyl, cycl oal yI-aEiyk, heterocycglyl, hetereg |yl al kyl, aryl,

al kyl aryl, arylal kyl, heté |, /e8> heteroaryl al kyl,
with the proviso tha substituted wth
X12; 20 X12 is hydr N , of ™ D, rylthio, am no,
al kyl am no, arylam no, al kyl sul fonyl, argyl sul fonyl, kyl sul fo am do,
aryl sul fonam do, carboxy, carbal koxy, carboxam do,. al koxycar bonyl am n
al koxycar bonyl oxy, alkylggfido, ary ei do, hal ogen, cyano, or nitro,
with the proviso that 58i¢ al kyl, al kgxy, and 1 0 JAN 2005 469 aryl nmay

W,

e oaryl, al kylheteroar
2 :

be additionally optign substitptéd Wwth noigti i ndependent |y
selected fromX ° ;}i ) R5; [ - O}, - 0Rp, or C(O) NRIRL;




Zis selected fromO, N, C(H or C(R; Wmybe present or absent, d 'Qmﬁ
"Wis present, Wis selected fromC(=0, C(=S), C(=N-CN), or S(OZ?{;]' 6”
maybe present or absent, and when Qis present, Qis C(H), N F, (CH2)p:
(CHRYp , (CRR)p, 0, NR 5, or SO2; and when 0 is absent, M nay be
present or absent; when O and Mare gagsent, Ais directly linked to L; A
is 0, CH2, (CHRp, (CHR-CHR),, (CRR)p, N(R, S, or S(02); Eis CH N,
CR, or a double bond towards A, L or G G nay be present or absent, and
when Gis present, Gis (CH2)p, (CHR)p, or (CRR),; and when Gis
absent, J is present and Eis directly connected to the carbon atomin
Formula | as Gis |linked to; J maybe present or absent, and when J is
present, Jis (CH,)p, (CHR),, or (CRRr\’ne)p, S(02), \N(H) N(R) or G and
when J is absent, Gis presest and E i'S dierectly f&nhed to N shown in
Formula | as |inked to, ds ey be pregéﬁ?‘or ahsenty and when L is
present, L is C(H), S&%%, H S or h«?@ and Eﬂgt [is absent, then M may
be present or absent ,"a It is i Ne absent, then Mis
directly and i ndependently binked to E, hd J s di%ectly and

i ndependently linked to E; may be present or absent, and when Mis
present, Mis 0, NR S, $(02), (CH2Lp,9§CHR)p ( =CHR )p, or (CRR )p ;
pis a nunber fromO to pd R RQ 4R an can be the sane or
different and are inde sel L o] p consisting of H
Cl-C 0 al kyl; C2-Cilp al kenyl] C3- cycl dal kyt; C - het er ocycl oal kyl ,
-al koxy, aryloxy, alkylthio, arylthic, ami‘ho, " ani do, 8ster, carboxylic
acid, cagbarnate@ombcmd dfelisiRe25 alvAersigte, cyano, nitro, halogen; 1 0 JAN
2005 470 (cycloalky!)al kyl and (heterocycl oal ky!)al kyl, wherein said
cycloal kyl is made of three to eight~garbon atons, and zero to six
oxygen, nitrogen, sulfur, or phosphorus atons, and said al kyl is of one
to six carbon atoms; aryl; heteroary!; galkyl-aryl; and al kyl-heteroaryi;
wherein said al kyl, heteroal kyl, al kEnyh, heteroal kenyl, aryl,

het eroaryi, cycloal kyl and he;i;ﬁfz | ogl kyl noieties may be optionally
d
callg

and chem cally-suitably substitulle N _said term "substituted"
referring to optional and cher - suitabl e substitution with one or
nore noieties selected fromthe group cons®i sting of alkyl, alkenyl,

el kynvi, an¥ling ¥odh 1 roisuing Srlidlrediet erocyclic, hal ogen, hydroxy,

IS se ing stru S!
Me M
I
Me\/Me H QJ%
| /\ /\(j\/
/“QY S N
0 0] ]
Cl E
f\__/CI :“;%/F Br\,Br
o <3 o % o %
P P (7
NT N /\N I

e (M
9J<Me o os S
WE e Ay



thi o, aikoxv, aryloxy, eikylthio, arylthio, am no, am do, ester, 10 JAN 2005
carboxylic acid, carbamte, urea, ketone, aldehyde, cyano, nitro,

sul f onam do, sul foxide, sulfone, sulfonyl urea, hydrazi de, and
hydroxamate; furtther wherein said unit NCGE-L-J-Nin Formula I
represents either a five- menbered gyelic ring structure or a :
si x-nmenbered cyclic ring structure with the proviso that when said unit
NC-GE-L-J-Nrepresents a five-nmenbered cyclic ring structure, or when
the bicyclic ring structure in Formula | conprising NN C G E I-, J.
N, O, and Mrepresents a five-nenbered cyclic ring structure, then said
five- nmenbered cyclic ring structure | acks a carbonyl group as part of
the cyclic ring, wth the proviso glhethat in Foi Tnula | when Wis CO0
and the noiety: QA % ML~-EG Or esents the ;structure: v 1 0 JAN

2005 470A where R3 ange R3' are ind&pemdently H, salfkyl; al kenyl, aryl,
aral kyl, aral kenyl, cygelodl kyl, cyd oal kyl al kyIC|>, ycl oal kenyl ,
het er ocycl yl , heterong'y yl, hgﬂém or Oaryal kyl, with R3
and R' being optionally substitut®td withl 1-3 R33 substituents selected
fromalkyl, aryl, aralkyl, alkoxy, aryloxy, aralkoxy, cycloalkyl,

cycl oal koxy, heterocyclyl, heter opc%gAOyl oxYy, heFl;hé*mpycyl al kyl, keto,
hydroxy, am no, al kyl amjho, al kanoylamni no, aroykal mi no,

ar al kanoyl ami no, car bofy, ) car boxyaldkykf. car boxaﬁi oal kyl, hal o, cyano,
ny|,0/db i am-,d/Cl)\,N in said R33

nitro, forrnyl, acety},
-substituents can be optiogally stbstituted with al kyl, aryl, aral kyl,

al koxy, aryl oxy; heterocyclyl, beterocy%lyloxy, ket o, hydroxy, am no,
aIkanoybaninqheQﬁﬁwﬁ@uﬁa@xbm@@QQpWMenﬁ@ﬁrboxvalkyI, car boxam doal kyi ,
hal o, cyano, nitro, fonmryl, sulfonyl or sulfonam do; CE is a bond,
-C(H(R34) -, 0 -S-, or -N(R35) -, re R34 is H alkyl, allce :yl, arvl.
aral kyl, heterocyclyl, heterocyclylal kyf', heteroaryl, or heteroaral kyl
and is optionally substituted wt \%;QERBB substituents, and R35 is H,
al kyl, aryl, aral kyl, heterocyclyl, }heﬁ rocycl yl al kyl, heteroaryl,

het er oar al kanoyl, -C(O R36, -S02 ,J or jtarboxam do and is optionally
substituted with 1-3 R33 substit té B3 and y together with the
atons to which they are bound, fornMa ni tfr ogen cont ai ni ng nmono- or
bicyclic ring system optionally substitutted wth 1-3 R33 substituents,

and R36.is alkyl, aryl ral k het erocycly], heterocyclylal kyl,
het er Oamel@qteﬁéfcgp (ﬁ? BCPIEW"?Q Yructuhés:
Me

:J\{Me xyx v
NN Y

28.  The compound of claim 1, wherein R? is the moiety:

29. A pharmaceutical composition comprising as an active ingredient at least
one compound of compound of claim 1.

10 30. The pharmaceutical composition of claim 29 for use in treating disorders
associated with HCV.
31. The pharmaceutical composition of claim 29 additionally comprising a

pharmaceutically acceptable carrier.



is a bond; -CH2-, -C(O-, -C(OC(O-, -S(O-, -S(O ?-, O?-S(O)R';Atg;if\mn%
al kyl, al kenyl, aryl, aralkyl, cycloal kyl, cycloal kyl al kyl, heterocyclyl,
het er ocycl yl al kyl, heteroaryl, heteroaral kyl, -OR37 or -N(R )2, wherein
any carbon atom is optionally substituted with R33, wherein R37 is

i ndependently H, alkyl, alkenyl, arygg aralkyl, aralkenyl, cycloalkyl, .
cycl oal kyl al kyl , cycl oal kenyl, cyel oal kenvl al kyl, 1 6 JAN 2005 470B

het erocycl yl, heterocyclyial kyl, heterocyclyla', kenyl, heteroaryl, or

het er oar al kyl , wherein any carbon of R37 is optionally substituted with
R 3; then Yis not the noiety: 0 where R32 is Hor C 1-3 alkyl; is alkyl;
cycl oal kyl, aryl, aral kyl, heterocyclyl, heterocyclylal kyl, heteroaryl,

R T A Tl e O

~al kenyj. R38:., _R38, -OR36, -N(R38)2, -C(O)R H: -O(=Ncal kyl}R38,
or the ér’r'ru?)'% ;t}‘:"?%%éhH RANN HO R4L where R38 is H, aryl,

cycl oal 83, | , Thgghaamsgbi e yompumsitenosiyatdipi 32 hetilleaddiyiohalyl dortaideryan or
heteroaryl, and is optionally substituted with 1-3 R33 substituents, or a
first RBEMR@Na second R38, together with the nitrogen to which they are

Do, . SRS OB Y381 GHEIE ) o

optionally su uents;

cycl oal Kiyhvirig anld, saad #itlspferonlisteemeision| or prelykites yisteyfeadky! , heteroaryl ;
het er oar al kyl , car box%/al kyl, or carboxam doal kyl, and is optionally
“substitdbed Whelse-& thesompewadiaf wigits] fagbeiramufagiucgof agnggicament

oyt altiresdShER Beyeiia R T BROHYN: SR esrdi cofigne ¥<! o=
het er oag@inisteringab ROXMRIKIA nedd of 3L KBEINON X pharraack itcaP BOMPBBItbH
substituted with™1-3 R33 10 JAN 2005 470C substituents; and with the

pr oW sowhiZh edraprisgresppdauedieament.ne P2 position is nodified, wherein the

P2, POShAl onghs LS D0sk 56N ASIEHP R SRRt AibRT: BRENLBTLMEREST from
37. A method of preparing a pharmaceutical composition for treating the
disorders associated with-the HCV, said method comprising bringing into intimate
contact at least one compound of claim 1 and a pharmaceutically acceptable

15 carrier.

38. A compound exhibiting HCV protease inhibitory activity, or enantiomers,
stereoisomers, rotamers, tautomers, racemates and prodrug of said compound, or
pharmaceutically acceptable salts or solvates of said compound, or of said
prodrug, said compound being selected from the compounds of structures listed

20 below:

HC

HC
HC T H,Ci
H,c>f FI™F

CcH, F

H,c\/CH; | =
C o5
| R R & e
o S N N . Mo, :c*(go h o o
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o N
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2. The conpound of claim1l1l, wherein R is -C(O C(ONRORL6; R 3 is‘l U{;JAﬁdiﬂifJ
is H -Rl4, -[CHRL )] CCOOR11, -iCHRL )] pC(O NR12R

-[CH(R1) 12S(2) R11, -[CH(Ri )] pS(02)NR12R1s -[CH(R1)] FC(O R11
-CHR'")C(ONHCH (R'")COORLL, -CHRL')C(ONH CH R2) CONR1LR13, or
-CH(RL))C(ONHCHR2)(R ). wherein &4 is H alkyl, aryl, heteroaikyi, .
hetercary!, cycloal kyl, alkyl-aryl, al kyl -heteroaryl, aryl-alkyl,

al kenyl , al kynyl or heteroaral kyl. 3. The conpound of claim 2, wher ei n
R10 is H -Rl4, -CH(RL)C(OOR11l, -CH (R1')CH(R')C(O OR11,
-CH(R1) C(O NR12Rla, -CH(RL)CH(RL')C(ONR'2R1 : -CH(Rl1~)CH(R1~)S(Q2)R11,
-CH(R1') CH(R1*) S(02) NRi 2R1' CH( R1) CH( )C(O)Rl CHRL }C(ONHC~(R
COOR'"1 -CHRI~)C(ONHCHR2 )C(ON R "2R13: or 19 JAN 7005 471
-CH(R')C(O)N(H)CH(S@E%)(R') whergimh R1, H§ or alkyl, and R2" is phenyl,

substituted phenyl; het erg) atom stitut |5'“henyl t hi ophenyl ,
cycl oal kyl, pi pe i wor 4, The npoung of cfaim 3, wherein

Rl. is H 5 5, The co un 61a| Lo |, ethyl,
allyl, tert- buE cb%nz | ° a nethyl- aga- thylbgﬁi§:j
hydr oxynet hyl or
A the group consisting

1- met hyI cycl OpbO 1- t hyl cycl opent |:°R i
-CH2C( O NR12R13 | s independently “éct ed fr

of : 10 15 20 erel n: Ul and U2 mayhe sane or different and are sel ected
fromH F, - O OH -CH2C(O Ove, - CH2C(O NH2, - CH2C( O) NHwe,

-CH2C(O) NMe2, azi do, anino, hydroxyl .* Substituted anmino, substituted
~hydroxyl; U3 and U4 maybe sane or di fferentHoang are selected fromO and
S; Us is sel ectgj d fromthe gro consi sting é’f al kyl sul fonyl, aryl

sul fonyl, hetero® &IHk ' al kyl -~ carbonyl,

sul fonyl , _Jhet eroaryl /sul fonyl}
aryl car bonyI er oaI°kyI ar bony r
al koxycar bon ? ﬂ 3730% o O
0

9] N o CH,
ne HECXT
H’C>LL:, HE oH,
™
l_k( ALK (\
RO ! LI,
HCX Hc%/
5
HuCY X
o]
\)L jwr
ﬂ\w ~Ch, I 2 \)JT( ~CH,
rivl O\/go '\| & ilw
o CH, oo N CH,
: T w1
Hy X ‘ CX



aryl oxycar bonyl, heteroaryl oxycarbonyl,

472 aryl am nocar bonyl, heteroaryl am nocarbonyl or a

and NR12R13 is selected fromthe group consisting of:

HN' /I " NHN\HH M M N M M2 MI-HN5 -NHn-Pr,

al kyl am nocar bonyl ,

10 JA'\LB%Efmes

conbi nati on ereo
[ -NH2, |-NHWE, M
and |-N(Me)Owe, M Me

Me SOH HN M N Hwherein U6 is H, 56, or CH20H, and R14 is sel ected

fromthe group consisting of: H M, Et, n-propyl, nethoxy, cyclopropyl,
n-butyl, 1 -but-3-ynyl, benzyl, a-nethylbenzyl, phenethyl, ally[, 1-

but - 3-enyl, OVe and cycl opropyl nethyl. io 6. The conpound of claimb5,
wherein R3 is selected fromthe group consisting of: 10 JAN 2005 473

CH3 "CH3 CH3 CH H3 3
w0
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HG

He  con

O

H,C CH,

s
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HC o

HE on H3'3 CH,

o, e H,C \-{,CH'.I
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e
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CCH3 CH3 CH3 CH3 C(F)?-3 O FF 1-11--1-COR31 M| 0 CH3_f H3C S

SCOOEt

*HC 3 9--"CH, CH3 C CH3 3 Me R31 NHR51 wherein R51 = H,

COOXBu or CONHt Bu; S 10 JAN 2005 5 474 H3C))0-3 COCHS 0 O CF3
| -CH3 R31 Y19 wherein R31 = OH or O al kyl;

501
cl = HGC. CHy
Y | N
Q Q ~F ik Q S HC CH
! ; 3 3
N, N
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Y19 is selected fromthe follow ng noieties:

CH3*HC SBn

3 SIt OdWAWS

COOH CF3 CH3 CHCH3 3y y ~>e OH MW F3C COCH 1 9 JAN 2005 s 475

"COOH and Y20 is selected fromthe follow ng noieties:

CH 3 NHVs 0 COOH

"S2NH2 -11~~ CH3 CH3 ~O~,~, Si(CH3)3 CH3 7. The conpound of claim 6,

wherein R3 is:
9. The conmpound of claim8, wherein

e
HE CHs X
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o
N
MoK N he
HC CH, Toon
Hac}{CH!

0. N Y
Y HC. O
! e
HC  cH, Fr
HC_ L
M Ho

0 o 0
Os N
Y e
HaC>(0 HSCXO
. HC o HC cn,
NG HC CH

8. The conmpound of clsa'?m 6, wherein Zis Nand R4 is H
is C=0. NHAc 10 JAN 2005



476 10. The compound of claim9, wherein Y is selected fromthe fothgwﬁr?%
noi eties: 10 JAN 2005 477 ' yO'~ C 0-8 <~~- C~| 0-3 MH ~~i O- -
MCGf Y11-&\} f Y1 MMe MaQ2 v Me Y12 0 10 JAN 2005 478 Y14-4L/\ |Y
13 CH3 CH3 CH- 1-2 3 CH3 CH3 HOO CH3 3H C3 H7 7 HOOC' ~ C3H7 1 CH3 -(/

- f 503
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1-2 HOOOCH CH CH33 HOOC v ?° H3C000.-~/ (;H CHg LH3 HOCC 1/ 7005
H3C, H3C1| OH HOOC HOO COCH HOOC. ~ f 1 10 f -4 HOOC-1 -~1 CH3

COOH HOOC----, CH3 1 0 JAN 2005 479 HOO 1-3 H3C'" COOHy CH3 10 JAN 2U 5
480
504
H.C. CHy
HSCE{CHJ “v’\ o H
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10 JPAN SRR QM)

4da M M ja Me

v -CH3 3 COCH F3C C

3 H3C'
CF3 481 Me CC13 0-1 Me 0. CHl
n=1-5 10 JAN 2005 482 H
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M N~ MBI MMHHM M NMNMN M>(/ M> / M CF3 CC13 gHANNOGS
HN 3 0-3 M HN,/ H wherein: Y11l is selected fromthe group consisting o
H -C(O OH, -C(O)CE -Ove, -Ph, 5 OPh, -NHWe, -NHAc, -NHPh, -CH(Me)2,
l-triazolyl, 1- mdazolyl and NHCH2COOH; yl12 is selected fromthe group

consi sting of H -C(OOH -C(OOQOw, s, F, A, and Br; Y13 is selected
fromthe group consisting of the following noieties: 10 JAN 2005 Me 483 r
Me-'"Me MelMe Me CbzHN A),C-1 A~C11)~Cl ) ~ 1 CO2Bn CO2tBu CO2H
CONH2 Y14 is MeS(02)-, -Ac, -Boc, -iBoc, -Cbz, or -Alloc; Y15 and Y16 can
be the sane or different and are independently selected from 5 alkyl,
aryl, heteroal kyl, and heteroaryl; y17 is -CF3, -NO2, -C(O NH2, -OH,

_C(0) oCHB, - OOHB, - o, - Cor, C(O)CG “NH2, or -C{O)OH and Y18 is
_C(O OCH3, -N2, -N( B{)“C(O)OH “C(O-CH, -S(02)NH2, or
-N(H) (O CH3.
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|0 11. The
consi sting
M HH M
e M HN_

conmpound of claim 10, wherein Y is selected fromthe gro
of: M o-YMe O M-Y CF3 Me 10 JAN 2005 484 H Me-~T_

~NMe N_ Mw 1| Mal CF3 CCI3 H 0-3, 0-3 M M i M
f 10 JAN 2005 485 MM 11 H O Me0O7 O-, Y
507
FF

H, o) H,C
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H3CO OC C6H5 COOH H3COOC H 3C COOH Y18 HOOC, : n T COOH wher ei n:
CF31 NO2, CONH2, OH, NHZ2,

or COON:

Y%@N P

Y18= F, COOH, CH CH3 HOO H3C

CH3 HOOC CH3SO2HN CH3_ / CH3 OH M Me Me Me 10 JAN 2005 486 12. The
conmpound of claim 11, wherein Y is selected fromthe group consisting

of: Me>0 M Me Me Me

Me" O -/ I\/E5I61§CS@HNIA
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Me-TI" Me Mevo-/M MeMe 0-1 e MeXI M Me~ | MeMe MeeMe MeCF3 3 Me Me Jwﬁ
cl cO2HO { '"1-3 MM OHH M N M-~ MO --/ M M M NM

N v HN, 13. The conpound of claim 12, wherein L and M are absent, and J
is directly 5 linked to E. 14. The conpound of claim 12, wherein L, J

and M are absent and Eis directly 509
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| inked to N. 15. The conpound of claim 12, wherein G and M are abs BN Hhos
M N1 Me CF3 10 JAN 2005 487 16. The conpound of claim 12, Wnereiﬁ t‘ﬁe
noiety: is a 17. The conpound of claim 16, wherein structure a is
selected fromthe 5 following structures: R OR 170" "k O1II ~™ 11 O
O 18. The conpound of claim 16, whergin structure a is: R20 0 0 wherein
R2 is selected fromthe foll ow ng stsﬁhctures: 1 0 JAN2a95 488 CI C 0 Hk
ANNMB Cl C C OHO

B
S r
— 0 o N CH, .
o
%/N N\/I-LN N\CH3 X
0 0 Q

0 ° F\‘ H NH,

o, and /I\

39. A pharmaceutical composition for treating disorders associated with the

HCV, said composition comprising therapeutically effective amount of one or more
5 compounds in claim 38 and a pharmaceutically acceptable carrier.

40. The pharmaceutical composition of claim 39, additionally containing an

antiviral agent. |

41.  The pharmaceutical composition of claim 40, still additionally containing an

interferon or PEG-interferon alpha conjugate.

10 42.  The pharmaceutical composition of claim 41, wherein said antiviral agent is
ribavirin and said interferon is a-interferon.

43.  The use of the compound of claim 38 for the manufacture of a medicament
to treat a hepatitis C virus associated disorder, said treatment comprising
administering an effective amount of said medicament.

15 44. The use of the compound of claim 38 for the manufacture of a medicament
to modulate the activity of hepatitis C virus (HCV) protease, said modulation
comprising contacting HCV protease with an effective amount of said
medicament.

45.  The use of the compound of claim 38 for the manufacture of a medicament

20 to treat, prevent, or ameliorate one or more symptoms of hepatitis C, said
treatment, prevention or amelioration comprising administering an effective
amount of said medicament.

46. The use of claim 45, wherein the medicament inhibits HCV NS3/NS4a

protease.



19. The conpound of claim 16, wherein structure ais: R2~ R22 N OI
wherein R21 and R22 may be the sane or different and are i ndependen
selected fromthe group consisting of the follow ng structures: 19
2005 489 O viMme -,"10---~e \ -10----~ NH 2 O O OH 20. The compo
claim 16, wherein structure a is selgeted fromthe group consistin
the followi ng structures: 10 JAN 20 490 M -s 000 0O0O0O0O 21. The
conmpound of claim 12, wherein: 10 JAN 7005 491 N~~A , is

16

15

ﬁmﬁ 008
y

JAN
und of
g of .

47.  The use of claim 46, wherein the HCV protease is the NS3/NS4a protease.

48. The use of the compound of claim 38 for the manufacture of a medicament

to modulate the processing of hepatitis C virus (HCV} polypeptide, said
modulation comprising contacting a composition containing the HCV polypeptide
under conditions in which the polypeptide is processed with said medicament.
49.  The compound of claim 6, wherein R® is:

P it

HaC
ChHs
HaC
50. A compound exhibiting HCV protease inhibitory activity, or enantiomers,
stereoisomers, rotamers, tautomers, racemates or prodrug of said compound, or
pharmaceutically acceptable salts or solvates of said compound, or of said

prodrug, said compound being the compound of structure shown below:

HSC\/G"z

HE on,
51. A compound exhibiting HCV protease inhibitory activity, or enantiomers,
sterecisomers, rotamers, tautomers, racemates or prodrug of said compound, or
pharmaceutically acceptable saits or solvates of said compound, or of said

prodrug, said compound being the compound of structure shown below:

- - H O
N NH,
N

\;/go 0 0
Y

H
N

T

Z1



O b wherein Q my be present or absent, and if 0 is absent, Mis 0 JAN 2005
directly linked to A.  22. The conpound of claim 21, wherein strucl are b
is selected fromthe following structures: 5 0 0 0 0 0 23. The conpound
of claim 12, wherein: 10 JAN 2005 492 0 C wherein G and J can be the
sanme or different and are independe y selected fromthe group
consisting of (CH2)p, (CHR) p, (CHR )p, and (CRR )p; A and M can be
the sane or different and are independently selected fromthe 5 group
consisting of 0, S, S)02), (R, (CH)p, (CHR)p, (CHR-CHR )p, and
(CRR)p; and Qis CH2, CH(R, C(RR), N(H, NR, 0, S, S(02), NR,
(CH2)p, (CHR)p, or (CRR )p. 24. The conpound of claim 23, wherein
structure c is selected fromthe io follow ng structures: CI M M Br

% Br 1 32.JAM: zoogpoagd evbibiteg ME\Weratease nhibitagsctivity, or enantiomers,
stereoisomers, rotamers, tautomers, racemates or prodrug of said compound, or
pharmaceutically acceptable salts or solvates of said compound, or of said

prodrug, said compound being the compound of structure shown below:

N
S e
%N NH,
~H H
XN\CH;Né OO 0
A

53. A compound exhibiting HCV protease inhibitory activity, or enantiomers,
stereoisomers, rotamers, tautomers, racemates or prodrug of said compound, or
pharmaceutically acceptable saits or solvates of said compound, or of said

prodrug, said compound being the compound of structure shown below:

Cl\/CI
N - H O
%N NH,
H H
N 0 o)
O

54. A compound exhibiting HCV protease inhibitory activity, or enantiomers,

10

stereoisomers, rotamers, tautomers, racemates or prodrug of said compound, or
pharmaceutically acceptable salts or solvates of said compound, or of said

prodrug, said compound being the compound of structure shown below:

N NH,
N
FaC

){/o\ﬂ,H\E/&O 0 0
I
15 dh



5 and 494 25. The compound of claim 12, wherein: M-E L | is sel ‘ﬂN 2005
fromthe follow ng structures: 0 where n= 0-4. Me H3C -CH3 10 106‘5&%
7005 O 495 >. 0 O O 10 JAN 2005 5 496 26. The conpound of clai m 25,
wherein: M1 1 is selected fromthe followi ng structures: 0 0 OBr' _Br

1 9 JAN 2005 497 Me Me 513 B

55. A compound exhibiting HCV protease inhibitory activity, or enantiomers,
stereoisomers, rotamers, tautomers, racemates or prodrug of said compound, or
pharmaceutically acceptable salts or soivates of said compound, or of said

prodrug, said compound being the compound of structure shown below:

StYReS

O

56. A compound exhibiting HCV protease inhibitory activity, or enantiomers,
stereoisomers, rotamers, tautomers, racemates or prodrug of said compound, or
pharmaceutically acceptable salts or solvates of said compound, or of said

prodrug, said compound being the compound of structure shown below:

Ol
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N
N
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o

H
N
@)
10

57. A compound exhibiting HCV protease inhibitory activity, or enantiomers,
stereoisomers, rotamers, tautomers, racemates or prodrug of said compound, or
pharmaceutically acceptable salts or solvates of said compound, or of said

prodrug, said compound being the compound of structure shown below:

v/ H o H a L
O\EE\(\@\)L [
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15



MeO 5,5 O 27. The conpound of claim 25, wherein: \~-E ,~1 1 is se @dl 05
fromthe follow ng structures: M 5 28. The conpound of claim1, e H
R2 is the noiety: OH 29. A pharmaceutical conposition conprising as an
active ingredient at |east one conpound of conpound of claim1. 1o 30.
The pharnaceutical conposition of claim29 for use in treating disorders
associated with HCV. 31. The phar nmacedt i cal conposition of claim?29
additionally conprising a pharmaceutically acceptable carrier. 1QAN2005
498 32. The pharmaceutical conposition of claim31l, additionally
containing at least one antiviral agent. 33. The pharnmaceuti cal
conposition of claim32, still additionally containing an interferon. 5
34. The pharnmaceutical conposition of claim 33, wherein said antiviral
agent i 88, ri pasormpouraddxisibitthg HCR fretexse ishibitont activitypor enaptégyéest ed
interferon. 35. The use of the conpound of claim1l f?r t he manuf acture of
a nmedi cEIEEPRISONEIE.rMlAMANSs RYBMErag6eMARTONPIATYGH O PR CUBPRUNG. it nent

conpri sj L DL.§t t t t a
phar mc LETBAR BN, EobAAabR S fitialks o S5 BN ISR 38 e
use of QPcﬂirD‘g3§ald\d®ﬁﬁpﬁimcﬁmldﬂ@d@b6n®b{mﬁIdﬁ@tﬂu&tmealhowrn lselbwut aneous.
37. A method of preparing a pharmaceutical conposition for treating the

di sorders associated with the HCV, said nethod conprising bringing into

intimate contact at Ieast q compound of claifl, and a pharmaceutically
acceptabl e 15 carrier. rrpound exhi bi t,i pr otease inhibitory
-activity, or enanti orrers e eoi so rs N%tqilgne S, tautorrers racemat es
and prodrug of said co «Or I C \cept able salts or
sol vates of said conpoun of sal

g

|
x

5 A
59. A compound exhibiting HCV protease inhibitory activity, or enantiomers,
stereoisomers, rotamers, tautomers, racemates or prodrug of said compound, or
pharmaceutically acceptable salts or solvates of said compound, or of said

prodrug, said compound being the compound of structure shown below:

Me>r

1T

60. A compound exhibiting HCV protease inhibitory activity, or enantiomers,

llll

stereoisomers, rotamers, tautomers, racemates or prodrug of said compound, or
pharmaceutically acceptable salts or solvates of said compound, or of said

prodrug, said compound being the compound of structure shown below:

(AN
N
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Kn\rr“:/&o ° NS
O A
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prodrug, said conpound being selected fromthe conpounds of structme N 2005
listed 20 below. CH, CH F 10 JAN 2005 H, CVCH3 H3C H3 C~, F- | F‘%Iz

499 NHCCH HCCH CH3CH N CH3 O\ CH oQ FCH3 CH3 NCH 10
JAN 2005 500 5 HC H3C CH H3C CH3 N, CH3 H3C rH

515

61. A pharmaceutical composition comprising as an active ingredient a
compound, or enantiomers, sterecisomers, rotamers, tautomers, racemates or
prodrug of said compound, or pharmaceutically acceptable salts or solvates of
said compound, or of said prodrug, said compound being selected from the

s following:
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FCH CH NCH3 CH N CH 1 0 JAN 2005 H3C CH3 501 N~-CH3 CH3 ?%Agz@5

CH3 N CH3 a\ci NH2 10 JAN 2005 H3CYC-H 502 CH3 OH3 N, CH3 CH3
H3C HCC 3 $ H3 NCH3 N CH3
516
F .
H H |
CFs N__N_h 0O 0
i G

bt



CH3 N CH3 19 JAN 2005 0 NH2 0 503 O NF+F F H3C ~ 1-0 H 0 3 H2 @dgmzj}ﬁ
7005 H CVCH3 H3CV(EB NH, CH3 N, CH3 3 H3CVCH3 NH, H3CVCH3 H3CJICH3
Br NHz CH N, CH7 CH N CH 504 H3C, "CH3

517



C 10 JAN 2005 aVa H3CVCH3 CH3 OH NH2 505 c, \i cl t.
aya H30VCH3 NH2 NHZ2 NH2 10 JAN 2005 506 H C CH3 NH2
0 HC'

10

15

CyCH3 NH2 NHZ‘NW:;@MQQS

00 HiI OY
CF~ H3CQ\, CH3 H3CyCH2 NH2 Oy N HNCv N

518

62. The pharmaceutical composition of claim 61, additionally containing an
antiviral agent.

63.  The pharmaceutical composition of claim 62, still additionally containing an
interferon or PEG-interferon alpha conjugate.

64.  The pharmaceutical composition of claim 63, wherein said antiviral agent is
ribavirin and said interferon is a-interferon.

65. The use of a compound for the manufacture of a medicament to treat
disorders associated with the HCV, said treatment comprising administering to a
patient in need of such treatment, said medicament which comprises
therapeutically effective amounts of a compound, or enantiomers, sterecisomers,
rotamers, tautomers, racemates or prodrug of said compound, or
pharmaceutically acceptable salts or solvates of said compound, or of said

prodrug, said compound being selected from the following:



H30 3 3 CH3 N._CH3 HB HCNCH i NCH NH H3 1 0 JAN 2005 507
CHCHCOCHI MM CH3 CH3 N\ CH3 CH N CH 1 0 JAN 2005 0 C5
N~ CH H3C CH, H3C CH,
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CH | N_CHL 10 JAN 2005 Hz 509 H3CVC NH, NH_ 10 JAN 2005 510 CHI4 QMN2%5

N/ ~CH3" N Th( / NH2 and 39. A phapgaceutical conposition for trea

di sorders associated with the HCV, said conposition conprising

therapeutically effective amount of one or nore 5 conpounds in claim 38

and a pharnmaceutically acceptable carrier. 40. The pharnaceuti cal :

conposition of claim39, additionally containing an antiviral agent. 41.

The phar nhceampeandcofpesitiinof lof wbllghmhas, téei lfbraddiat istieainl y cont ai ni ng
hﬁ%erferon or PEGinterferon al pha conjugate. i0 42. The

phar gliti cal conposition of claim41l, wherein said antiviral agent is

ribavirin and said interferon isNg~interferon. 43. The use of the

compound of claim38 for the manuffacture qf a nedicament to treat a

hepatitis C virus associ ated di sprder, Hsal thgatnent conpri sing

adm ni stering an effective anounty ament. 15 44. The use of

the conmpound of claim 38 f t e ac urey of a nmedi canent to nodul ate

the activity of hepatiti ngtease, sai d nodul ati on

conpri sing contacting H p;gie mnth afref f ecti ve anount of said

medi canent. 45. The use of the co ound of claim 38 for the manufacture

of a di canent tQ treat rev | igrate_one. or nore synptons

of hgggtl go%Pogﬁng?tFiQEWeﬁ g BngFB r gﬁ%WPéPanBW“eonprising

adnlﬂé§@@r|ng an effective

68. A compound of claim 52, which has the formula shown

below:

69. A compound of claim 52, which has the formula shown

below:



anount of said nedicanent. 46. The use of claim45, wherein the TUJAN?%5
medi canment i nhibits HCV NS3/ NS4a phet ease. 10 JAN 2005 511 47, The

of claim 46, wherein the HCV protease is the NS3/ NS4a protease. 48. The
use of the compound of claim38 for the manufacture of a nedicanent to
modubgt e hhe REecesbRd akiheratl i tis & Walus eHEY, PAly ReRLIde, said
nmodul ati on conprising contacting a conp05|t|on cont al ni ng the HoV

pol ypepbiwde 5 under conditions in which the pol ypeptide is processed

wi th said nedicanent. 49. The c und of claim®6, wherein R3 is: Ifili
50. A conpound exhi biting HCV prog ease inhibitory activity, or
enantiomers, stereoisoners, rota oners, racemates or prodrug of
sai d conpound, or io pharnaceuti biHg salts or sol vates of
sai d conmpound, or of said Hrogrug, ound bei ng the conpound of

structure shown bel ow WhﬁsN : é e exhi biting HCV protease
inhibitory activity, or%an i oners, si soners, rotaners, tautoners,
racenmat es or prod rug of sai cdppound 15 pharmaceutically acceptabl e
salts or solvates of said conpound, or of sald prodrug, said conpound
be|n@ltheAconppunddobfstﬂaamuﬁé skawehbékbewr nNHZ okdmu\lANg hHEwh0 JAN 2005
512 A conpound exhi biting HCV protease inhibitory activity, or
enan F%ﬁ%rs stereoi soners, rotamers, tautoners, racemates or prodrug of
sai d conpound or pharnaceutlcakvy acceptable salts or solvates of said
conpound, or of said prodrug, sard conpo d being the conpound of
structure shown below. NH2 O 5 cél nd exhlbltlng HCV pr ot ease
inhibitory activity, or enantlo Yeers, rotaners, tautoners,
un

racemat es or prodrug of saﬁd q@

12. A compound of claim 54, which has the formula shown

below:

Oyt
\/goo 2>o

i

73. A compound of claim 54, which has the formula shown

ZI

below:
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pharmaceutically acceptable salts or solvates of said conpound, 1ngFN 7008
said prodrug, said conpound bei ng izllie conpound of structure shown W.
CL ci NH2 10 54. A conpound exhi bi-tng HCV protease inhibitory activity,
or enantioners, stereoisoners, rotarrers, tautoners, racemates or prodrug

of s |d o rrpound rnac iC cce ble salts or sol vates of .
sai d éorrp%u g™ p&un@F sfgl %gjir % acso%t;l r@rﬁ%q e "tonpound of
st rugfurg .shown bel ow NH2 15 10 JAN 2005 513 55. A corrpound exhi bi ting
HCV protease inhibitory activity, or enantioners, stereoisoners,
rotamers, tautomers, racenates or odr ug of sald conmpound, or

pharmaceutically acceptable salts sol vat@s of said conpound, or of
said prodrug, said compound bei n t he un(m f structure shown bel ow

NH2 5 56. A conpound exhi biti ng pr tease nh| bitory activity, or
enantioners, stereoi SEE(S.0J0Q s,Otanton®rs, racemates or prodrug of
sai d conpound, or phar rra.éfut\fﬁ:al ccept e salts or solvates of said
conpound, or of said prodrugQ s conmpound bei ng the conpound of

structure shown below Q-'G NH 10 15 Q NO 0 1Al 57. A conpound
exhi bist i ng, HEYRheiease dinhinpidmor ywaiGi Hasy 1oy et L in

below:

76. A compound of claim 56, which has the formula shown

below:

Qwr\*g
@ffob

77. A compound of claim 56, which has the formula shown

below:
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stereoi soners, rotaners, tautoners, racemates or prodrug of said 0 JAN 2005
conpound, or pharmaceutically acc§a§able salts or sol vates of saih
conmpound, or of said prodrug, sai d“Conpound bei ng the conmpound of
structure shown below. >0 1 0 JAN 2005 514 58. A conpound exhi biting HCV
protease bnbbhbbany gl -0 gAANL QIR Syo SLELeqiSQpLy, Totamers, .
tautoners, racemates or prodrug of said conpound, or “pharmaceutically
acceptable salts or solvates of said conmpound, or of said prodrug, said
conpound bei ng the conpound of sfrygture shown below. 5 i 59. A conpound
exhi biting HCV protease inhibitory activity, or enantiomners,

st ereoi soners, rotaners, tautoners: racenapes or prodrug of said
conmpound, or pharmaceutically agce taﬁle al §g or solvates of said
conmpound, or of said prodrug,, saiNd npoun be?ng t he conpound of
structure shown bel ow. NH20LO0 %%ﬁié apnpeund exhi biting HCV protease

i nhi bitory activity, or_€nanii orers? stggégisoners, rotaners, tautoners,
racenmat es or prodrug of sai dOocaompound, or>/pharmaceutically acceptable
salts or solvates of said conpound, or of said prod rug, said conpound
bei nggt hexcoBREUNAA0h £k HehUES  Shewanbehawe e NEL2 G 1540 JAN 2005 515
61. A pharmaceutical conposition conprising as an active ingredient a
conpbehdy:or enantioners, stereoisomers, rotamers, tautoners, racenates
or prod rug of said conpound, gr pharmaceutically acceptable salts or

sol vates of said conpound, or ofwsaid prodrug, said conmpound being

sel ected fromthe 5 fol |l owi ng: NH2:10 JAN @005 516
N NH,
4 N
SO RS
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80. A compound of claim 58, which has the formula shown

below:
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81l. A compound of claim 58, which has the formula shown
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82. A compound of claim 5%, which has the formula shown

below:

below:



NH2 CF3 10 JAN 2005 517 H3cv NH2 NH2 NH2 NH2 NH2 10 JAN 2005 518 623 JAknes
phar maceuti cal conposition of clalgbgl additionally containing an
antiviral agent. 63. The pharnmaceutical conposition of claim®62, stil
additionally containing an interferon or PEGinterferon al pha conjugate.
5 64. The pharnaceutical conpgsition of claim®63, wherein said antiviral.
agent is ribavirin and sai terferon is a-i rferon. 65. The use of a
conpound for the manufacture gf a ne canento Areat disorders
associated wth the HCV, sajd onp[|S|ng dnministering to a
patient in need of such tre , Whi ch conprises io

t herapeutically ef ect;vdj unteg oﬁzggponpouﬁﬁ, r enanti oners,

stereoi sonmers, ro Fﬁf ut@ners, Xxacemates or prodrug of said
conmpound, or pharnaceuoic' |y accep |l e salts or solvates of said
conpound, or of said proéjtg, sai d conmpound being selected fromthe
following: C"'Cl 0 1lE ~ k~'0 0 0 15 NH2 H-CVO N yY 10 JAN 2005

8§3. A compound of c¢laim 59, which has the formula shown

below:
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g84. A compound of claim 60, which has the formula shown

below:
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85. A compound of claim 60, which has the formula shown

below:

86. The pharmaceutical composition of claim 61, wherein said

compound is selected from the following:
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whi ch has the fornula shown bel ow @2
conmpound of claimb51, which has thé
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ormul a shown bel ow. NH2 68. A

conmpound of claim 52, which has the formula shown bel ow. NH2 69. A

conpound of claim 52, which has

formul a shown below. NH2 10 JAN 2005

h
1 0 JAN 2005 521 70. A conpound gﬁ?clain1§§, whi ch has the formula shown

bel ow. NH2
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71. A conpound of claim53, which has the fornula shown bel ow NH21 T 2N 2005
conpound of claimb54, which has th;zforrml a shown below. NH2 73. A
conmpound of claim54, which has th Porrml a shown below H N NH2 10 JAN
2905 522 74. A compound of claim55, which has the formula shown bel ow
75. A conpound of claim55, which hag the fornmula shown below. F3CO N U

| ~ (1 O I NH2 76. A conpound of claim56, which has the fornula shown
bel ow. 77. A compound of claim 564—&;;1, h the formul a shown bel ow. H

N 10 JAN 20U5 523 78. A conpound &f [ whi,ch has the fornmula shown

bel ow. NH2 H n N :
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79. A conpound of claim57, which has the formula shown bel ow. NH2{ 8QAN 4005
conpound of claim58, whi ch has the {llorrml a shown below. 81. A conpound

of claim58, which has the formula 33hown below H N 82. A conmpound of
claim59, which has the fornula shovvn below. 1 0 JAN 2005 524 H N \/

83. A conpound of claim59, whi has the fornula shown below OyN'--~O
O""-A00OCB84. A conmpound o \e/fal m 60, which has the formula shown

below. NH2 F F 85. A conpound of /chai m 60,0whi ch has the formul a shown
below. NH2 F F 86. The pharnmaceuti cql sHN n of claim®61l, wherein
said conpound is selected fro,qnt Ilovm : 10 JAN 7005 525 NH2 NH2
NH2
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NH2 NH2 NH2 1 0 JOAN 2005 526 NH2 NH2 NH2 F :,,;~ NH2 NH2 H N 10 pF\NAN 2005
2005 527 NH2 NH2 H N 10 JAN 2005 §?§ NH2 F F 87. The pharrmaceutica
conposition of claim86, additional containing an antiviral agent. 88.
The pharmaceutical conposition of clain187 additionally containing an
interferon or pegylated-interferoap-al pha conjugate. 89. The .
phar maceuti cal conposition of claFm 88, rein said antiviral agent is
ribavirin and said interferon is | ph&t+inferferon. 90. The use of claim
65, wherein said conpound is sel Né2f ol | owi ng: NH2 NH2
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87. The pharmaceutical ccmposition of claim 86, additionally

O
ZI

containing an antiviral agent.

8§8. The pharmaceutical composition of claim 87, additionally
containing an interfefon or pegylated-interferon alpha

conjugate.

89. The pharmaceutical composition ¢f claim 88, wherein said
antiviral agent is ribavirin and said interferon is

alpha-interferon.

90. The use of claim 65, wherein said compcund is selected

from the following:
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NH2 F F 91. A use of a conpound of ¢raim1 and an interferon in the

manuf acture of a nedicanent for treating disorders associated with the
hepatitis C virus (HCV). 92. The~yse of claim91, wherein said interferon
is al pha-interferon or pegylated sinterfergn. 93. The use of claim92,

wherein said nedi canent is formJId frtor pral or subcut aneous
adm ni stration. 94. A use of oqc’i.lu‘ _ Hn 39 and an interferon in
the manufacture of a nedi rre@t\/]‘rl%r@reati

di sorders associated with
the hepatitis C virus (F\SF/). use gk _tClaim94, wherein said
interferon is al pha-interfer }'ﬁpegyl at
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interferon. 96. The use of claim95, wherein said nedicanent is HJANY%S
formul ated for oral or subcutaneo S adm ni stration. 97. A use of

phar maceuti cal conposition of clai 81 and an interferon in the

manuf acture of a medi canent for treating disorders associated with the
hepatitis C virus (HCV). 98. The\gse of claim97, wherein said
interferon is al pha-interferon or pegylate |nterferon 99. The use of

claim 98, wherein said nedicanment /78 forMuljated for oral or subcutaneous
admi ni stration. 100. The use of c ﬁ iy NHzsai d medi cament furt her
conprises an antiviralf:$ge t. A se: of

é

conmpound of any one of
clainms 66-85 and an in @ naﬁzgacture of a medi canent for
treating disorders associatedqy mnth the hepatitis C virus (HCV). 10 JAN
2005 533 102. A use of the pharﬁﬁéeutlcal conposition of claim86 and an
interferon in the manufacture of_a nedicanent for treating disorders
associated with the hepatitis C \K/us (HCV). 103. The use of claim 90,
wherein said medi canent further c risgs interferon. 104. A

phar naceutical conposition conprigﬁggBFN QJHOUNH, of claim | and an
interferon for use in treating gli sorders pssdciated with the hepatitis C
virus (HCV). 105. TheF @agéuLyZQBCbo stion of claim 104, wherein
said interferon is al ph&jinterferon’or pegwul ated interferon. 106. The
phar maceutical conposition of © cbqhn1105 suitable for oral or

subcut aneous adm ni stration. 107. har maceuti cal conposition conprising
a conpound of claim39 and an interferon for use in treating disorders
associated with the hepatitis Cvitlys (HCV)g 108. The pharmaceuti cal
conposi tion of claim 107, wherein/{sajd *hte ferngn is alpha-interferon or
pegyl ated interferon. 109. EE hamraCeut 'ca coﬁposition of claim 108
suitable for oral or uf; neg donisgragion. 110. A pharnaceuti cal
conposition conprisin he ph @eut|2§3>conposition of claim®61l and
an interferon for use in t eaolggrglsorder associated with the



hepatitis C virus (HCV) 111. The pharnmaceutical conposition of cla1gu;ﬁ9%5
wherein said interferon is al pha-i ﬁerferon or pegylated interferon

112. The pharnaceuti cal conposition of claim 111 suitable for oral or
subcut aneous admi nistration. 113. The pharnmaceutical conposition of claim
104 further conprising an a t iral agent. 114~A pharnmaceuti cal )
conposi tion conprising of ound of any o f clainms 66-85 and an
interferon for use in treat i di sordgrs assgchgfed with the hepatitis C
virus (HCV). 115. A pharmac ut ca capo |t| n congt|5|ng of the

phar maceut i cal conp05|t|on ‘ﬂf%%( I ngerferon for use in
treating disorders asng| \/Q§MA h epatﬁtlsoC virus (HCV).
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91. A use of a compound of claim 1 and an interferon in the manufacture of a
medicament for treating disorders associated with the hepatitis C virus (HCV).

92. The use of claim 91, wherein said interferon is alpha-interferon or pegylated
interferon.

93. The use of claim 92, wherein said medicament is formulated for oral or
subcutaneous administration.

94. A use of a compound of claim 39 and an interferon in the manufacture of a
medicament for treating disorders associated with the hepatitis C virus (HCV).

95. The use of claim 94, wherein said interferon is alpha-interferon or pegylated
interferon.

96. The use of claim 95, wherein said medicament is formulated for oral or
subcutaneous administration.

97. A use of the pharmaceutical composition of claim 61 and an interferon in the
manufacture of a medicament for treating disorders associated with the hepatitis C
virus (HCV).

98. The use of claim 97, wherein said interferon is alpha-interferon or pegylated
interferon.

99. The use of claim 98, wherein said medicament is formulated for oral or
subcutaneous administration.

100. The use of claim 91 wherein said medicament further comprises an antiviral
agent.

101. A use of a compound of any one of claims 66-85 and an interferon in the
manufacture of a medicament for treating disorders associated with the hepatitis C
virus (HCV).
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102. A use of the pharmaceutical composition of claim 86 and an interferon in the
manufacture of a medicament for treating disorders associated with the hepatitis C
virus (HCV).

103. The use of claim 90, wherein said medicament further comprises an
interferon.

104. A pharmaceutical composition comprising a compound of claim 1 and an
interferon for use in treating disorders associated with the hepatitis C virus (HCV).
105. The pharmaceutical composition of claim 104, wherein said interferon is
alpha-interferon or pegylated interferon.

106. The pharmaceutical composition of claim 105 suitable for oral or
subcutaneous administration.

107. A pharmaceutical composition comprising a compound of claim 39 and an
interferon for use in treating disorders associated with the hepatitis C virus (HCV).
108. The pharmaceutical composition of claim 107, wherein said interferon is
alpha-interferon or pegylated interferon.

109. The pharmaceutical composition of claim 108 suitable for oral or
subcutaneous administration.

110. A pharmaceutical composition comprising of the pharmaceutical composition
of claim 61 and an interferon for use in treating disorders associated with the
hepatitis C virus (HCV)

111. The pharmaceutical composition of claim 110, wherein said interferon is
alpha-interferon or pegylated interferon.

112. The pharmaceutical composition of claim 111 suitable for oral or
subcutaneous administration.

113. The pharmaceutical composition of claim 104 further comprising an antiviral
agent.

114. A pharmaceutical composition comprising of a compound of any one of
claims 66-85 and an interferon for use in treating disorders associated with the
hepatitis C virus (HCV).

115. A pharmaceutical composition comprising of the pharmaceutical composition
of claim 86 and an interferon for use in treating disorders associated with the
hepatitis C virus (HCV).





