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priority fromU.S. provisional patent application Serial Nunber 601548, 251
filed February 27, 2004. Background of the Invention 10 Hepatitis C virus
(HCV) is a (+)-sense single-stranded RNA virus that has been inplicated as
the maj or causative agent in non-A non-B hepatitis (NANBH), particularly
i n bl ood-associ ated NANBH (BB- NANBH) (see, International Patent

Appl i cation Publication No. F@ld VP le Inmvehtionopean Patent Application.
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. of viral.i5 induced liver disease, such as hepatitis A virus (HAV)
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Background of the Invention
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):,
particularly 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 viral-
15 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
(7 from other forms of liver disease such as alcoholism and primary biliar cirrhosis.
Recently, an HCV protease necessary for polypeptide processing and viral
replication has been identified, cloned and expressed. (See, e.4., U.S. Patent No.
20  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 5b). NS3 is an
approximately 68 kda protein, encoded by approximately 1893 nucleotides of the HCV

genome, and has two distinct domains: (a) a serine protease domain consisting of

.- 25  approximately 200 of the N-terminal amino acids; and (b) an RNA-dependent ATPase

domain at the C-terminus of the protein. The NS3 protease is considered a member
of the chymotrypsin family because of similarities in protein sequence, overall three-

dimensional structure and mechanism of catalysis. Other chymotrypsin-like enzymes
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15 contalns a threonine at. P1 and a serine at P1". The Cys—;Thr substitution. at
- NS3INS4a is postulated to account for the requ:rement of cis rather than trans
: ‘processing at this junction. “See, e.g., Pizzi et al. (1994) Proc. Natl. Acad. Sci (USA} -
91:888-892, Failla et al. (1996)_ Folding & Design 1:35-42. The NS3/NS4a g:leavageﬁ -
site is also more tolerant of mutagenesis than the other sites. See, e.g., Kollykhalov
20 etal. (1994) J. Virol. 68:7525-7533. It has also been found that acidic residues in the
region upstream of the cleavage site are required for efficient cleavage. See, e.9.,
Komoda et al. (1994) J. Virol. 68:7351-7357.

Inhibitors. of HCV protease that have been reported include antioxidants (see,

International Patent Application Publication No. WO 98/14181), certain peptides and
25  peptide analogs (see, International Patent Application Publication No. WO 98/17679,
Landro et al. (1997) Biochem. 36:9340-9348, Ingallinella et al. (1998) Biochem.
37:8906-8914, Llinas-Brunet et al. (1998) Bioorg, Med. Chem. Lett. 8:1713-1718),
inhibitors based on the 70-amino acid polypeptide eglin ¢ (Martin et al. (1998)

Biochem. 37:11459-11468, inhibitors affinity selected from human pancreatic

30  secretory trypsin inhibitor (hPSTI-C3) and minibody repertoires (MBip) (Dimasi et al.
(1997) J. Virol. 71:7461-7469), cVHE2 (a “camelized” variable domain antibody
fragment) (Martin et al.(1997) Protein Eng. 10:607-614), and a1-antichymotrypsin
(ACT) (Elzouki et al.) (1997) J. Hepat. 27:42-28). A ribozyme designed to selectively
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15 - - Reference is: made to WO 00/59929 (US 6 ,608:027, Assignee: Boehnnger

Jngelhelm (Canada) Ltd;;-Published October 12, 2000) which discloses peptlde

denvat:ves of the formula

Reference is made to A. Marchetti et al, Synlett, S1, 1000-1002 (1999)
20 describing the synthesis of bicylic analogs of an inhibitor. of HCV NS3 protease. A

compound disclosed therein has the formula:
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Ref erence~i s nade. to A.. Marchetti et al, Synlett, S1, 1000-1002 (1999) 20
describing the synthesis. of bicylic @hal ogs of an inhibitor of HCV NS3
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rNv AOH ORsfergacedsnlsommaissicnds Han et #cPiagsaeos) & ddedisinal Ghgrarlefte i s

I t . .al, Bi i c & Medici.nal, Ch Lett
(2000) 20003 Ay Fitat FabisPlesrBEa AR mienaaian S el ke tPamIdes et oami des,
-k -d] L} I f ti lities.
et or SRS oA RGRER T BNGGARA SH BN uBEROEIMES o7 | ngel hei m 5
t} mt th gd; f E’t’%ft"‘?ﬁ? Rig,%@églﬁﬁHéﬂét‘b WRH 00)09558C(A stichifde? Briehitrifer tSgslRkinyat i ves

5 Limited; Published February 24, 2000) which discloses peptide derivatives of the

formula:

R;
Zy

0 Ry
H A ﬁ N
3 2
~ ” 1/ ﬁ >
- H .
0 Rg 0

where the various elements=_are-déﬁhe’d therein. An illustrative éompound_bf that
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Reference is also made to WO 00/09543 (Assignee: Boehringer Ingelheim
Limited; Published February 24, 2000) which discloses peptide derivatives of the -

formula:
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5 Reference is also made to U.S. 6,608,027 (Boehringer Ingelheim, Canada)

which discloses NS3 protease inhibitors of the type:
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wherein the various moieties are defined therein.
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various el enents. ar defined therein. An. ill rati ve conpound of that
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Current therapies for hepatitis C include interferon-a: (INF,) and combination
therapy with ribavirin and interferon. See, e.q., Beremguer et al. (1998) Proc. Assoc.

Am. Physicians 110(2):98-112. These therapies suffer from a low sustained response

rate and frequent side effects. See, e.g., Hoofnagle et al. (1997) N. Engl. J. Med.

-5 336:347. Currently, no vaccine is available for HCV infection.
Reference is further made to WO,.01/74768 (Assignee: Vertex Pharmaceuticals
inc) published October 11, 2001, which discloses certain compounds of the following
general formula (R is defined therein) as NS3-serine protease inhibitors of Hepatitis. C

virus:

10 _ A
A specific compound disclosed in the afore-mentioned WO 01/74768 has the following
formula:
"~ o " o s
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N
15 . PCT Publications WO 01/77113; WO 01/081325; WO 02/08198; WO 02/08256;

WO 02/08187; WO 02/08244, WO 02/48172; WO 02/08251; and pending U.S. patent
application, Serial No. 10/052,386, filed January 18, 2002, disclose various types of
peptides and/or other compounds as NS-3 serine protease inhibitors of hepatitis C
virus. The disclosures of those applications are incorporated herein by reference

20 thereto.



ONHS5 Reference. is also nmade, to U S. 6,608,027 (Boehringer |ngel heim.
Canada) which. discloses protease inhibitors of t type: R21 WR22

,CC ~ O s08e7R4 P wWheTein the various noieties W; erein.
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include interferon-a (I NFa) and. conbi7nat ion therapy wth. ribavirin and
interferon. See, e.g_, Berengueret al. (1998). Proc. Assoc. Am Physicians

110(2): 98- . ' " i . 4 . t
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Reference is further nade to. WO, 01174768 (Assignee:. Vertex
Phannawrgtsyeapteoms efchepalitisiGhed. October 11, 2001, which discloses certain

NSa- ser i me eEt xe Peefleb MesfaSor ignRReht & drefiyor ol Affeia i B of x o
050 G Hitfra syrhploMsTof Rbgatitis C. ‘
There is. a need for methods for modulating the activity of serine proteases,
particularly the HCV NS3/NS4a serine protease, using the compounds provided
herein.
There is a need for methods of modulating the processing of the HCV
10  polypeptide using the compounds provided herein.

Summary of the Inveniion

In its many embodiments, the present invention provides a novel class of
inhibitors of the HCV protease, pharmaceutical compo_sitions_ containing one or. more.
15 of the compounds, methods of preparing pharmaceutical formulations. comprising one.
or more such compounds, and methods of treatment or. préventioh of HCV.or ,
amelioration of one or more of the symptoms of hepatitis C. using one or more stch- . -
| cc)rﬁpouhds 6r one or more such formulations. Also provided are methods. of
modulating the interaction of an HCV polypeptide with HCV protease. Among the
20 compounds provided herein, compounds that inhibit HCV NS3/NS4a serine protease
~ activity are. preferred. The present invention discloses compounds, or enantiomers,
L stereoisomers, rotamers, tautomers, diastereomers. and racemates of said
compounds, or a pharmaceutically acceptable salt, solvate or ester of said
compounds, said compounds having the general structure having the general

25 structure shown in structural Formula 1:



10 A specific conpougd. di sclosed in the afore- tioned WO 01/ 74768 has
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Wel hgs s

PCT Publ i S5 01/ 77113 WO 01/ 081325; WD 02/ 08198; PUDUS2005826562

WO

02/08187; WD 02/08244; WD 02/48172; WD 02/08251; and pending U S. patent

application, Serial No. 10/052,386, f8led January 18, 2002, discl ose

various types of peptides and/or ot her conpounds as NS-3 serine. protease

i nhibitors of. hepatitis C vi rus. FerBUilsc| osures of those appl i cations

are in yated herein by reference 20 thereto. WO 2005/ 085275
pcr UIBIEH

V06502 7 There is a need. for new treatnents and therapies for
HCV i nf ect R8s HTORE NR'R Y, opesRIFP, wREiRM RISRO el R1° ddh b8%hé 58aTdBNt OF

prevention or anelidration’ of one or' nore synptoms of hepafitis C. There
is a diﬁ‘ecentoeadisbammdependeaﬂmlectad fooravibetgronp wonaistingafdd,ialkylaf one
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NS3/ '\'acﬁ@héférbﬂﬁllﬁkﬂ ease, using the compounds provided herein.

A and M can be the same or different, each being independently selected from
R, OR, NHR, NRR’, SR, SO;R, and halo; or A and M are connected to each other

such that the moiety:
M A

19

10
shown above in Formula | forms either a three, four, six, seven or eight-membered.
cycloalkyl, a four to eight-membered heterocyclyl, a six to ten-membered aryl, or a five
to ten-membered heteroaryl; ‘
E is C(H) or C(R);

15 LisC(H),C(R), CH:C(R), or C(R)ICHz;

"R, R, R? and R® can be the same or different, each being independently
selected from the group consisting of H, alkyl-, alkenyl-, alkynyl-, cycloalkyl-,
heteroalkyl-, heterocyclyl-, aryl-, heteroaryl-, (cycloalkyl)alkyl-, (heterocyclyl)alkyt-,
aryl-alkyl-, and heteroaryl-alkyl-; or alternately R and R’ in NRR' are connected to

20  each other such that NRR'’ forms a four to eight-membered heterocyciyi;

and Y is selected from the following moieties:

o R15,o..;\l e _
G—, G _
R15/'S( 7 . Ris)Y R ' R15)§(G ¥
R11 R‘le R17 R‘IB R11 R“B
0 0 0
0.0
R G~ 1 G, 4
\OJIY - ‘r" . R\IN . éf ' R‘|5/S\N G\“g‘ ‘
R17 R R186 RV R 116 Rﬁv R18
15
R15 RIG ‘? R15
N G~

o ru Koy

O R R" Ris~g~N R Rw 0 RY7R™ O R7R™

S



There is a need for nethods of nodul ating the processing of the HCV 10
pol ypeptide using the conp s. provided herein. Su of the Invention
Inits mang enbodi ments, th resent invention provide . novel class of
i nhi bi t or¥03PY%&27Bcv prot ease,. pharnaceutical conposi t1oHYSR8MP% ng
one. or nore. .15 of the conpounds, Et hods of preparing pharnaceuti cal
formul ati ons. conprising one. or nore *uch conpounds, and net hods of

treat nent _or..pr ti-on o er 3 i on of of; re of .t he.
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such g indiebeRdentl seldetey freptiher grotipldapsting of Hpaﬂtwmewmbt@l
interaction of an HCV pol ypeptide wth HCV protease. Anong the 20 conpounds

provi cieriykrheteroatkemdualtgnylhbeteroaikpnyl, eyloalkgl, Keterosyclyhargy andalkyl,
activity are. preferred. The present .invendi.on._ 4di scl oses conpounds, or
anant Melrpary, Shd hekrandalkyl. PhaRsmatehy B sRAR™ 3RCourerdnals sagha
r-ace f i '
o1 varlig, 8 ofif Ao LRI RenBloréi ERAIRGE HEASORN FAABSICH SEubture,
st r uc tanddikeasegndépenpantydR 2nds R Late cenmduied to pashrothertodorics thiee 1: M
AL-EONRL NHYYNOQOZ2O0O0OR3W 2 0051085 2 7 5 PCT/US20051006502
8 For tepight-mempered gyclpalkykor hetergeyclylNROR10, or CHRORL0, wherein R8, RO
and R10 can be the sane. or _

wherein each. of said alkyl, aryl, heteroaryl, cycloalkyl or heterocyclyl can be

unsubstituted. or optionally independently substituted with. one or more moieties
10 selected from the group consisting of: hydroxy, alkoxy, aryloxy, thio, alkylthio, arylthio,
( amino, amido, alkylamino, arylamino, alkylsulfonyl, arylsulfonyl, sulfonamido, alkyl,
aryi, heteroaryl, alkyisulfonamido, arylsufonamido, keto, carboxy, carbalkoxy,
carboxamido, alkoxycarbonylamino, alkoxycarbonyloxy, alkylureido, arylureido, halo,

cyano, and nitro.

15 " The above-noted statement "A and M are connected to. each other such that |
" the moiety: “ ' T
' M A
N
/o

., >I

shown above in Formula | forms either a three, four, six, seven or eight-membered
~ cydloalkyl, a four to eight-membered heterocyclyl, a six to ten-membered aryl, or a five.
2& to ten-membered heteroaryl” can be illustrated in a non-limiting matter as follows.
Thus, for example, in the case where A and M are connected such that the moiety:
A

“’>L_E<

e y,_‘—f
shown above in Formula | forms a six -membered cycloalkyl (cyclohexyl), Formula |

can be depicted as:



different, each being i ndependently selected fr t he group consi sting of

H al kyl-, s al kenyl al kynyl -, aryl-, heteroa | -, heteroaryl -,

cycl oal kyWo 20p082%cycl yl -, arylal kyl-,. and heteroaryl CHS2005/006302M can
be the sane or different, each being independently selected from R OR
NHR, NRR , SR SO2R, and halo; or A anmd M are connected to each other such
that the noiety: MA L-E 10 SX shown above. in Formula | forns either a
three, four, six, seven or ei ered. cycloalkyl, a four to eight
menber ed heterocyclyl, a six nbered aryl, or a five. to
ten-nenbered heteroaryl; E i CR; :: .. 715 Lis C(H, R,
CH2C(R), or C(RCH2; R R, and/R3 can be the sane or different, each
bei ng i ndependently selected. Ll i%ting of H . alkyl-

al kenyl -, al kynyl -, cycl oal kyl/- rocyclyl-, aryl-,

het er oaryl -, (cycloalkyl)alky -, ar yh-al kyl -, and.
het eroaryl -al kyt -;. or alternatsl . ~ connected. to 20
each other such. that NRR fornBNa f our d heterocyclyl;

and Y is selected fromt N Rl6 Rts R17 R16

R15 Rla R17 R18 RYL\T(//
o)

One with ordinary skill in the. art will appreciate that similar depictions for Formula |

can be arrived at when A and. M shown above in the moiety:
M A

N /

/T
s o f‘ )
are connected to form a three, four seven or eight-membered cycloalkyi a four to: - e
elght-membered heterocyclyl a six to ten-membered aryl, or a five to ten-membered
heteroaryl.

The statement above: “altemately, R'® and R'® are connected to each other to

10  form a four to eight-membered cycloalkyl, heteroaryl or heterocyclyl structure, and
likewise, independently. R'” and R are connected to each other to. form a three to
eight-membered cycloalkyl or heterocyclyl” means the following possibilities: (i) that
R and R'® are connected to form a cyclic structure while R'” and R'® are not; and (i)
that R™ and R'® are connected to form a cyclic structure. The two possibilities are

15  irrespective of each other.

In the above-noted definitions of R, R, R?, and R? preferred alkyl is made of
one to ten carbon atoms, preferred alkenyl or alkynyl is made of two to.ten carbon
atoms, preferred cycloalkyl is made of three to eight carbon atoms, and preferred,
heteroalkyl, heteroaryl or heterocycloalkyl has one to sfx oxygen, nitrogen, sulfur, or -

20 phosphorus atoms.

The compounds represented by Formula I, by themselves or in combination

with one or more other suitable agents disclosed herein, can be useful for treating

diseases such as, for example, HCV, HIV, AIDS (Acquired Immune Deficiency
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19CTI US2005/ 006502 9. wherged G is NH or 0; and R75, Rlg, R17 and Rt 8 can
be the sane or different, e bei ng i ndependently sel 6ed fromthe
group. coNS2PIMRI2ZEY H, al kyl, heteroal kyl, al kenyl, hePETASRNGN6502
al kynyl , heteroal kynyl cycloalkyl heterocyclyl aryl aryl al kyl ,
heteroaryl and heteroaryl al kyl , or alftlernately, RI5. and R16 are connect ed
to each 5 other to forma four to eight- rrerrbered cycl oal _\v/y f]heteroaryl

a

or hetSnsikgate)) ard relatag disordara, as kel aforimedyeting e pct bepatfisdee

et or Shyei GV ERETeRSe Hhetdhtii Gt dHdiencrdih $he R SimbiGIRT Y, ) 0,

het er pyatiHs G BudEmodliatiow tﬁetatmént qfrecmwﬂa} lamenaﬁawé@mbbyd&eb@&ht ut ed

with. one or nore noieties 10 sel ected fromthe group consi sting of
hydr otiye imtedive, corapqurad@/as wiellas wtth;phaﬁmceutwaltaumposmma or femiulations

| aﬁ‘e{‘rﬁmrag eh cPhin oﬁ\ﬁinqaﬁ%egagji éﬁf?ﬁ pdfbery %‘g%{bg eoe?@aa@‘*ey |

car bal ey
al kyl ure| aryl urglﬁgjme @5% cyan m‘??@@ o‘il/%g;ta%d
st at eringibit' SAchrpioMmeeTheso icancdlsol madulateahhle probessiag o hetplaaus G tieusioi et y:

L-E s?own abqve |n Formula | fornms either a three, four, siXx, seven or
we Sdﬂoal kyl, a four to eight-nenbered heterocyclyl,. a six

ei ght
to. ten-nenbered aryl,. or a five.
10 Detailed Description
( In an embodiment, the present invention discloses compounds which are

represented by structural Formula i or a pharmaceutically acceptable salt, solvate or
ester thereof, wherein the various moieties are as defined above.

In another embodiment, R" is NR°R™, and R®%is H, R’ is H, or R* wherein R“
15 _isH, alkyl aryl, heteroalkyl heteroaryl, cycloalkyl alkyl ary| alkyl-heteroaryl, aryI-
'alkyl alkeny1 alkynyl or heteroaryl-alkyl -
In another embodlment R™is selected from the group cons:stlng of:

| e & é i
Mo, g‘\H;' \p{} B AES

/ M’J\ ,@’\WF‘\

1-3

N

e“\(,);?\l,:/F | -,Z(/L f\(\,rl\ | j\(./):'?
R/XOH . /XNO: |



2t to ten-nenbered hgteroaryl™ can be illustrat inanon-limting matter
as follows. Thus, f exanpl e, in the case, whe A and M are connected
such t hat WOaaBe{y: A shown above in Formula, | forns PE/US200MH682ed
cycloal kyl. (cyclohexyl), Formula I can be depicted as: WO 2005/ 085275
PCT/ US200S/ 006502 10 L-E O NRL NYHOR O YOOR3 One. with.

ordinary skill in the. art will gppreciate thats simlar depictions for
Formula | ¢ &garréi@@lat V\hé?n*ﬁ/ameMsho g d in the noiety; MA
L-E 5 are co nec‘t ed ofma thre#3 four, seven 6t ei ght-nenbered

cycloal kyl, a four to. eight- rrenber ed heterocyclyl,. a six to ten-nmenbered
aryl,. or a five to ten-nenbered. het er oaryl . e statenent above:
"alternately,. R15 and RME are conne ®d to each her to 10 forma four
to. eight- rTe%d yN,_or h’c clyl. structure, and
| i kew se, ep ndent-l y re |fonnetted. tl .-each, ot her to.
forma three toMeejght- - or hete clyl"™ nmeans the

foll owi ng possibilities: (|) that R15 and. R16 are connected. to forma
cyclic structure while R17 and R18 are not; and. (ii) that RLl7 and R18 are

connected to form a;t’?s@strllg(trtjhe %bl lities are,
Me
PN ¥
/2 “7/[ /2 F and
¢ 1-3 ~ 1-'3N ' 1-3 .

In another embodiment, R? is selected from the group consisting of the

following moieties:

- - - m
H 3 CHy S [ -

CH3
CH.F CH 3 /E (k
CHj
5
y F¢ ’ FJ<F , *F F3CJ ,
CFa E CH;

Yo7 LY



1s irrespective of each other. In the above-noted definitions of RR, R, R2,
and R3 preferred alkyl is of one to. ten carbon. ons, preferred

al kenyl or al kynyl is made two to. ten carbon atons referred

cycl oal kyWO 2030#8275f three to ei ght carbon atons, and. pt&US08§06502

het er oal kyl , heteroaryl or heterocycl oal kyl has one to six oxygen,

nitrogen, sulfur, or 20 phosphorus atléns. The conpounds represented by
Formula |, by thenselves or i conbination wth one or nore other suitable

agents di scl osed herei f, can usefu ortreatyng dis€qSes such as, for
exanpl e, HCV, HV, AI>E)/S (Acduired | Def ficiéncy WD 20 0 5/085 2 7 5
C/ Us2003/ 006502 11 ndr ome gnd,rel at Ed didorders, ds, well as for

Y

nodul ati ng, the aclfvi ty'of hepatiti irtus (+H rot ease, preventing

HCV, or aneliorating one or nbr e synptons of hepatitis C. Such nodul ati on,

treatnment, preventign or aneli,oration can, be dgne vvith,‘,zL the inventive.
i‘maceuti C f

VS

conpounds as well ag with ph conpogitions grFformul ations s
conpri sing such conpounds. thout beihg limted to thdgory, it is believed.

that the HCV prot&age may Hed he, rol r ot ea The inventive
conpounds. can inhibe-8 suchvproteaseNMThey cap al'so mydul ate. the

processi ng of hepatitis Cvirus. (HCV) polypeptide. 1gHDet ail ed
Description In an enbodi nent, the present invention discloses conpounds
which are represented by structural Forrmula i or a pharmaceutically

accept abl e sal t4~sol vaj.g or esfer thereef, wher erirrn the various noieties
are as defined above. I|n anot hg‘h:nbodi nt, Rt 1's™NRORlp, and R9 is H R50
is H . or Rl4 [wherein. RpA. 15 i H, al k§(Qlzaryl, (heteroal kyl, .
heteroaryl, c El oal kyl, @hKyl ~ary|? al kyl cHgt erqaryl ,$@yt - al kyl ; al kenyl,
al kynyl or het €roaryl - al kyl 3 1'n another enbodi nent, Rl@Hi s sel ected fromthe
group. consisting of:

S S 4 R L

S8 GL
' FF o : l.1=0-3 _ R=03 n=0-3

A oo 8

£ 6. 8 L

S F

In another embodiment, R? is selected from the group consisting of:

1

( ' I /!“’\” CHa/LO CHse]
CHg™ "CHy » CH3" [ CHs s ©) 3\I\SCH3

CHs H3C

A CH, { )COgEt
S L]
o (0 0 e
O F~F



Me, 1-4 1-4 v F ~

2005/ 085275 0 PCT/ U‘OS/ 006502 12 1-3 Owe
M N\ NIN NM pl/

OH dei / WoOi005/085274
anot her enbodi ment,
follow'ng noieties:

T

5(:&
0-3 '

HsC

CH

w

«‘J’o-a

FF 1-4 1-3 1-3 1-3 F 6
~1 E- OH,

CH3 GF GHB CH8 5 J F F
L F
H\ c:|=3

E

CF3
T O
FsC ’ ' HaC SBn » HO "CHj
COOH 3 o
0J . I\COOH , (5 )
S
/L A\ (8
Me
Me™ Me 0-3 FsC

OH

1-3 1-4 1-4 OH OH WO
|-Ove, Me Me Me
>/ 1 and pe€TAR2005804302
. R2 is selected fromthe group consisting of the.
H CH3 CH3

F~F F F3C~



CFSFCHSFFFV\DZ 00 5108 5 2 75 S CT/US2005/006502 13 f F, FF NCF
F F' F3C 0-3FOH r (O CH3 ~S(0)0-z Il 3 CH3 n=0-3 03

n0-3 $n 054:’4: SSF n anot her enbodi nent, R3 el ected fromthe
group conYPUY B, oH3 O ~~ CH3LCH3 CHB't CH3 CHB ?Eéﬁ@“@ﬂ%ﬁﬁ@bﬁ C

3 H3C WwWN.

CHa
HiC CHs CF3

wherein R* is OH or O-alkyl; and
R¥ is H, C(O)CH3, C(O)OtBu or C(O)N(H)tBu.
5 . In an additional embodiment, R® is selected from the group consisting of the following

moieties:

Rdaad any e

CHa/I\CHg , CHa/{\ CHy CHs/’\ CH; ,/LCH3 ¢ '
T 0 !

4

0 0 O
( Oj‘" ‘""‘ | 4}

CHy" L CH
3 CH; * OH' Me” “Me

Cl Cl

10



CH3 C02E1 0-4 H3C g5 OF F WD 2005/ 085273 -0 s PCTI U520051006502 14 Jw
F ~CF3. 0-3 FF FWdlOo 3 ( rJ CF3 COON O I -YJl 1/11-\I O ~CHs
CH3 | 1 COR®3DsaER3 CH CH3+C3H3 v \ 3 M N Me 80 0 ' pAT/OR2b0IM®65023]
NHR32 CE3 1 v /~ CH3'|I SBn HO-CH3

16

A My

CHg CF3 /{\
) Mm and
, , , e MeCFS

0-3
F F FoF

In another embodiment, Y is selected from the following moieties:

0 R15’0“1~| R16
G~ G G
R15),§( 7 ) R15/S( ¥ . R15)Y 5
rY Rt R17 R18 R17 R1®
O 0] 0
o, 0
15 15 7
Rr17 R18 R R17 R" R,’é R17R™
R16 R15 R15 15 R1s
O R7 R R15\0.,N R17 R18 R17 Rw 0 Ri7 R‘B

| wherein G is NH or O; and R'®, R", R"" and R"3 can be the same or different, each
5 being independently selected from'the group consisting of H, alkyl, heteroalkyl,
| alkenyl, heteroalkenyl; alkynyl, heteroalkynyl, cycloalkyl, heterocyciyl, a’fyl,_ arylalkyl,
heteroaryl, and heteroarylalkyl, or alternately, R* and R™® are connected to each
other to form a four to eight-membered cycloalkyl, heteroaryl or heterocyclyl structure,
and likewise, independently R'” and R'® are connected to each other to form a three
10  to eight-membered cycloalkyl or heterocyclyl;

wherein each of said alkyl, aryl, heteroaryl, cycloalkyl or heterocyclyl can be
unsubstituted or optionally independently. substituted with one or more moieties.
selected from the group consisting of: hydroxy, alkoxy, aryloxy, thio, alkylthio, arylthio,
amino, amido, alkylamino, arylamiﬁo, alkylsulfonyl, arylsulfonyl, sulfonamido, alkyl,

15 anyl, heteroaryl, alkylsulifonamido, arylsulfonamido, keto, carboxy, carbalkoxy,
carboxamido, alkoxycarbonylamino, alkoxycarbonyloxy, alkylureido, arylureido, halo,
cyano, and nitro.

In an additional embodiment, G is NH.

In an additional embodiment, Y is selected from the group consisting of:



F3C H3, COOH pJ COONCH j CH3 0 So C3 M OH M Me 0-3 F3C CF3 WO
2005/ 085275 PCT/ US2005/ 006 15Ca d M M FF and C+CH3 1hC CH3 R31

CH3 CF3 wwhmweogs2#831 is OH of O alkyl; and R32 is H 2063(0osoe Bu or
CCONHtBu. 5~ In an additional. enbodinent, R3 is selected. fromthe
group consisting of the foll ow ng rmj'jties: CH3' J' CH3 CH3~- kCH3 CH3+CH3
CH3 CH3 R31 C H[NMLJ 3 0-4 OF F COR31 COR31 O'JCH3 0-3 CH3' CHCH3

y31

Y3 ~ ~F
\t’f \; f /yk /T\ \Eﬁ
¥ H\r\"’ v HY Y3 llzll\‘:rr : AL H\‘\;- Y& H\‘-\x’ -
Me

>E‘/ \E‘/ I’ %0_3 %0-3
val H y¥ H\ Y& H\‘g
YT
Ry

\x‘ ot SOV SO
Yaz

wherein Y*' is selected from the group consisting of:

73\



3 M M ~O OHCF3 H Co2H d C 10 WO 2005185275 is PCT1US2005/ 006502
16 H3 F3 Me"M CF3 a%F F FF In another enbod nt, Yis selected from
the fol | oMAG"RIPETEs: 0 RL S~O- NRL6 /G G All | RIPODURG/@6SRL5 R17
Rte Rl7 R16 R17 Rte Rl: G 15 O-S~O O R 5N G Rls N 1C R17 R16 R16 R17 R16
Rls R17 R16 R16 R16 R15 R16 R15 R 6 Rl . RI5G 0 G Rt6.N1~ /G O
R17 R18 R15-0,N R17 R18 0 R17 16 01 R1 Rle\/\herelnGls NH or 0; and
R15, R16, R17 _and R18 can e gqme or different, each sgbeing

i ndependent | y{ fro consist ilin f H, _al kjl, Qet er oal kyl ,
‘L al k f dal yn cl oa erocycl yl,
h 1 eroaryl1-2 nd et er daL: aI k$H!'* o ter néle] y, R15

al kenyl, hete
and R 6 are connected to each other to forma four to é‘lght menber ed

aryl, aryl al kW=
cycl oal kyl, heter I-,%or het etpcycl yl . struct
0-1 Moq - '
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and |ikew se, independently R17 and R18 are connected to each other to form

a. three. 10 to eight-nmenb . cycl oal kyl or heterocyg‘p ; wherein each of
said al kyl, het er oar cycl oal kyl or heterocyc
unsubst i é?Qthlonally i ndependent | y substi tuted mnfﬁﬂgﬁgﬁ%WG%%re

noi eti es. selected fromthe group consisting of: hydroxy, alkoxy, aryl oxy,
thin, alkylthio, arylthio, am no, am@o, alkylarnino, arylam no,

al kyl sul f onyl , arylsulfonyl sulfonanido al kyl , is aryl, heteroaryl,
alkylsulfonanldo ary onanido, rboxy, | Koxy, carboxam do,
al koxycar bonyl ycarb yIure el do, hal o,
cyano, and niﬂf |In an‘additio aI SJINH 1 nodn addi ti onal
enmbodi ment, ¥ “selected fro & group conS|SVung of : WD 2005/ 085275 f'
CT/ US2005/ 006502 17 H Y31 N 31 hk/ Ya N~, Y31 hh Y3 2 XHHHH at
H Y31 N Y3~ Y31 N Y3{N Nb Y3hk NHH Yap N Yap
Yap '1 N~ vy, 3y! yal hkﬂ 31 N' ~ N ', and p N

Yaz p o/ Y32 mﬁ@, in Y3-is" selégl fro the grd&pscon5|sﬁfng of :

Y?i: (o f“ ) Y“rxri\‘J%%}' 12’\|’>< )LQF%
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WD 2005/ 085275 it PCJ/ US2005/ 006502 18 OO0 Og1!'2, 12 0-1 CENO-1 1 0-1
, N 00O NN Oil NO-1-~00-1 NO-1 OOQOJT(\, Y~S01-110-1
1-4 1-4 WOH03080150 1 0, 1 0- 1 1.4 1-4 H O .N 0O Nprer@shbozobesd2z 1-4
1-4 _,,ONHON11~-0NH'O'N I~1 0-1 wo-l 01-1 al 0-1 0-1 WO

2005/ 085275 PCT/ US2005/ 000502 19 O O43 04 0-1 0-1

AR e e e
ﬂ/\ysa (%/\E:J\eo}: X /U\Q}h Y\Q% '
ﬁv’lﬁr-ﬂ\v’%}‘ /L.JLQ’ | "LH}“ JLQ}A

33 01

%ﬂ\J x, o, NO , NO B
YaaLe; @ /U\(-)/ ’ S(\/I/U\e(; ’ OS/SQ J\e;

= Naw S
S/J‘*f | Q\:Srﬁ\,a' w (LY

Y* is selected from the group. consisting of:
0% O~ £N
N d
T T =~ T
and Y is selected from the group consisting of H, CO,H, CO.Me, OMe, F, Cl, Br,
5 NH,, N(H)S(O2)CHs, N(H)C(O)CH3, NOs, NMe,, S(O2)NH,, CF3, Me, OH, OCF3;, and

C(O)NHz and Y3 is selected from the group consisting of:

&3 >, >,
H' Y o M andl/

In another embodiment, the moiety:



12 Y72 Y1/ YO yl2, 0.11301 Ye0O1l O Y12 N ~O 0-1Y,z( 0O ~JO1Y
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X

is selected from the following structures:
alkyl aryl\
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0O O
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1
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in an additional embodiment, the moiety:



S~ and O y32 is selected fromthe group. consisting of: HA 1 O and and
V12 is selected fromthe gr consi sting of H CO2H, , Owv, F, d,

Br,. 5 NH2, N(H) S(02)CH3, C(O CH3, N2, NMe2, S(02 2;;& 0%, OH,
OCF3, andvO oSPRIA2S and Y33 is selected fromthe group c P é’?) SHO
Me and .1 n another enbodinment, the noiety: WO 2005/085275 S
PCT/ US20051006502 21 MA L-E N O O23is selected fromthe foll ow ng
structures: alkyl, 0 aryk0 OO NNI r 00 OM MMM M OHMON
IH,,NIHNIH 00O O _d F\,'\'§8r \MBr I~. N
/
L_
A)\

E
o -
0

is selected from the following structures:
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In a still additional embodiment, the moiety:

M
\
L—-E

;5«

A

A

is selected from the fol|0wing structures:
CI\/CI

/l\o

v O o Br\/Br

In a further additional embodiment, R is NHR”, where R is selected from the group

consisting of:
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OSSpSOO0O00 Mmre MONI 00 OMMMM pMM NI 000O00O0
O/ ~Op,Acy p0O OHC 0 1%plllz- SNH=dd O

I NOpIn an
addi ti onal enhodiment, the ety: WD 2005/ 085275 PCT/ QOOSI 006502 23 M
1 A\  WO2005/085275 CT/US2005/006502
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Me
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RZis selected from the group consisting of the following moieties:
e wans T, T T o,
l
lll ' CHg ‘/ ) H ' ’) . ,

bn, G | !
CHafﬂ/k/(rj\ '
( ;JJWFJFE'E I/WJZ'EFacjw j

CH,F CF3 F CHy CHF,

YA

5 n=0-3



g structyres: al
H4 N (* 0 d
kN, O ~N N O

kyl ~o aryl p O %
F~C LFOaOOB
PCT/US2005/006502

i o .,
- i CHy . S(0)o-2
| CHs CHy CHy
o
FF O n=0-3 n=0-3

R3 is selected from the group consisting of the following moieties:

CH3)\CH3 , CHa/J:\Hc3:H3 CH3/l\CH3 H\CHa

! R31 CH3

R



OMMM(OSS MOO --NI I NON Xj I OOOPhOS7PhNH ~N
Il kNN N 00O 5 V\020051 27 PCT/U82005/006502 24 ollr J~- 0"

and "' ~ In a still additional.
noi ety: I\Wﬂ%g"@“ﬂﬁl 0O O | s selected fromthe foll ow ng ’?éﬂ{? ’3@2&
27
— - T CH,
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' 1> e |
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Y is selected from the group consisting of:
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Y32

wherein Y*' is selected from the group consisting of:
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consisting of the follow ng
(kF F3C" CHF CF3 | I F CH3
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In a still additional embodiment, the present invention discloses compounds
5 shown in Table 1, Table 2, Table 3, Table 4, Table 5 and Table 6 later in this
specification. Also shown in the Tables are the biological activities of several inventive
compounds (as Ki* values). The range of Ki* in Tables 1-6 is defined as follows: A:
<75nM (nanomolar); B: 76-250 nM; and C: >250 nM.
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A still additional embodiment discloses the compounds in Table 8:

Table 8
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the al kenyl group may be substituted by one or nore. substituents whijch
may be the sane or different, each substituent being i ndependently sellected
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containing at |east one carbon- carbon triple bond and. which may be

strai ght or Xaneishow) GritPiRbhhdi tRiB i clsiire, the following terms, unless

otherwise indicated, shall be understood to have the following meanings:

"Patient” includes both human and animals.

5 “Mammal” means humans and other mammalian animals.

"Alkyl" means an aliphatic hydrocarbon group which may be straight or
branched and comprising about 1 to about 20 carbon atoms in the chain. Preferred
alkyl groups contain about 1 to about 12 carbon atoms in the chain. More preferred
alkyl groups contain about 1 to about 6 carbon atoms in the chain. Branched means

10 that one or more lower alkyl groups such as methyl, ethyl or propyl, are attached to a
linear alkyl chain. "Lower alkyl" means a group having about 1 to about 6 carbon
atoms in the chain which may be straight or branched. The term "substituted alkyl"
means that the alkyl group may be substituted by one or more substituents which may
be the same or different, each substituent being independently selected from the

15 group consisting of halo, alkyl, aryl, cycloalkyl, cyano, hydroxy, alkoxy, alkylthio,
amino, -NH(alkyl), -NH(cycloalkyl), -N(alkyl),, -N(alkyl),, carboxy and —C(O)O-alkyl.
Non-limiting examples of suitable alkyl groups include methyl, ethyl, n-propyl,
isopropyl and t-butyl.

' "Alkenyl” means an aliphatic hydrocarbon group containing at least one carbon-

20  carbon double bond and which may be straight or branched and .comprising about 2 to

about 15 carbon atoms in the chain. Preferred alkenyl groups have about 2 to about
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. methylbutynyl The- term substltuted alkynyl means that the aikynyl group:may” be

substituted by one or more substituents which may be the same or different, each

20 substituent being independently selected from the group. consisting of alkyl, aryl and
cycloalkyl.

( "Aryl" means an aromatic monocyclic or multicyclic ring system comprising
about 6 to about 14 carbon atoms, preferably about 6 to about 10 carbon atoms. The
aryl group can be optionally substituted with one or more "ring system substituents”

25  which may be the same or different, and are as defined herein. Non-limiting examples
of suitable aryl groups include phenyl and naphthyl.

"Heteroaryl" means an aromatic monocyclic or multicyclic ring system
comprising about 5 to about 14 ring atoms, preferably about 5 to about 10 ring atoms,
in which one or more of the ring atoms is an element other than carbon, for example

30  nitrogen, oxygen or sulfur, alone or in combination. Preferred heteroaryls contain
about 5 to about 6 ring atoms. The "heteroaryl" can be optionally substituted by one or
more "ring system substituents” which may be the same or different, and are as
defined herein. The prefix aza, oxa or thia before the heteroaryl root name means that
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S50k, BBl Raszolf: icedVE BEER AR RUCAAN, SO oAl BRI +250
bOﬂd tmlédiézolplamrlaizmw Wﬁdaﬁnw hq&h@haliﬁw phthlalﬁtinyl ‘oxinddyK ymiiazo[{,20eans
aI Kyl .aryl- group in which. the. alk and aqg{} are as Brew ously

descrl balpyndmgf mc&aﬁo[&n@ﬂmmlw bBﬁp@ﬁE@ZafWU ind aZalﬂ@lelg en:plmudazolyl
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car oon.

about 1 atoms, preferably about 5. to ab 10’ car bon” at ons.
Praber rbelnzqtbiaaalwkgand rthelgke cthe térm "hﬂiemarﬂ“ alsoanaﬁens to pal'hajl)esatusate?ﬁhe

cycl oal k can be.. optional I subs t ith one or nore. "ri.n st.em
cubst | ieres moRsties RIS, fobexarmblen telrafvdibispaRBanT. telfhStioauna Bt
above. tl‘f{%qﬂel m ting exanpl es of sui tabl e. m)nocycl i ¢ cycloal kyls include
cyclopropyr cycl opentyl, cycl ohexyl, "cydoheptyl. and” the, Iike.

Non-limti nglﬂmalkybhms aojlalkylf'm@dam anlaryleajkyh grm;minoahlk:bltbelanyll ard:balkyl are

1- decal . b the lik I i

ca 5‘?;'@% esyieiily damiiped Piptred afhlons Compriea fowaitd ﬁ;wﬁﬁﬂwnagd
5 bk Bl ar%fkyl BFBdbs MR Bériﬁi 'Z‘Bheﬁé&?féﬁ@ b“’m ne,.or .-

?ne. reﬁerre .are. S
naphthalenylmethyl The bond: to.the: parént moiety-is: through the. alkyl ﬂ LR

ey "Alkylaryl means:an, alkyl-aryl- group in whlch the alkyl and aryl are as.
PR 'prewously deseribed. Preferred alkylaryls comprise a fower alkyl group. Non-limiting
example of a suitable alkylaryl group.is tolyl. The bond to the parent moiety is through
20 the aryl
*Cycloaltkyl” means a non-aromatic mono- or multicyclic ring system comprising
about 3 to about 10 carbon atoms, preferably about 5 to about 10 carbon atoms. ;
Preferred cycloalkyl rings contain about 5 to about 7 ring atoms. The cycloalkyl can be
optionally substituted with one or more "ring system substituents” which. may. be the
25 same or different, and are as defined above. Non-limiting examples of suitable
monocyclic cycloalkyls include cyclopropyl, cyclopentyl, cyclohexyl, cycloheptyl and
the like. Non-limiting examples of suitable multicyclic cycloalkyls include 1-decalinyl,
norbornyl, adamantyl and the like, as well as partially saturated species such as, for
example, indanyl, tetrahydronaphthyl and the like.
30 “Halogen” or “halo” means fluorine, chlorine, bromine, or iodine. Preferred are
fluorine, chlorine and bromine.
"Ring system substituent” means a substituent attached to an aromatic or non-

aromatic ring system which, for example, replaces an available hydrogen on the ring



fluorine, chlorine and brom ne. "Ring system substituent” neans a
substituent attached to aromati c. or non- aronatigaring system whi ch,
for exanple, replaces ar‘/al | abl e hydrogen on the, . ,ﬁ\lH) %8 54 5275 0
PCT/ US2006/ 206886375 117 system Ring system SUbStItUEI’ltS‘gC FRYRY same.
or different, each being independently selected fromthe group consisting
of al kyl, al kenyl , alkynyl,. aryl,. fgteroaryl, aralkyl, alkylaryl, -

het er oar al kyl , het eroaryl al kenyl, heteroaryl al kynyl , aIktheteroaryI
hydr oxyste! Ohm@y@sltyrh subskituents ﬁiew B the aamIckerdiffersit] ea@lﬁ meinthal o,
.nitro, “cyano, . “carboxy, al koxycarbonyl,, aryloxycarbon ,aral oxycarbonyl

al kyl mdepmdentlyae;ecged fr@m the geaup consisting ebali, alkenyl,ialkynylaapd.t hi o

hgz erN_ ']Ohglﬂo %rglyik t h| het e%ar %}_{tél t hi l%lkep%ﬁ I FWM eLocycI yl,
it ?Zﬁ'ﬁﬁﬁ%ﬁﬁa@’?ﬁ%ﬁéxd%%’yléﬁ'% Fo 2 2"“’%‘389'6‘?6‘5‘%0%2&5?5 of
chblg ??ﬂ% n(?dalnpl cad:ro();:ysalkoyyd:arbbhyn aryelodycaa'rbbhyll aralkwllwnylegiukgllsulffgyll rces
two aPhylsHlieny, h‘Pﬁf{ %HEE Bﬁ ?ﬁlﬁlﬁh ﬂﬁo'g’éé/tﬁ ﬁ‘sa %k@r}ﬂpon )éachp
ety DediRefaktto W%n%@?ﬁ‘ﬂ'ﬂ SENENHRL PO ER D RELTCEIE °FY

exanpiNH(atiyl), YYaN-,-Y dN-alkyl- ,b‘ﬁ{}CbN(B(E@)e,rvWMOTWSSQZNWngImtemY1
sat ur at ed nonocy clic or mul ticycAic ring system conpri si ng about 3. to.

about and Yi e baﬂb%amqo@re@@fﬁmt@mbam mgteaend%bt selgctadhfomihergroupi n

tWan, 3B8ieBba & Syt 3o Y sBIcaN. A RRers KL RThd Syt SyEgHLese’ "
conbl PRay alko. méaﬁla%uﬁg@ Moiety WhidHsinRdtineonyBaRphitéstvosaldiltblét ons present
in the. Ting system Preferred, heterocyclyls cont ain about 5 to. about 6

ri ng Sydregensmoretwe gﬂjaceatgarbooxajoms (art§ H orpesehy earbon) on a ring system.
Examples of such moiety are methylene dioxy, ethylenedioxy, -C(CHz).- and the like.
which form moieties such as, for example:

0L ;and & i '
N ..+ "Heterocyclyl” means a non-aromatic. satuirated monocyclic or multicycic rng:.. - -
system comprising about 3 to.about 10 ring atoms, preferably. about 5 to about 10 ring
atoms, in which one or more of the atoms in the ring system is. an element other than
( carbon, for example nitrogen, oxygen or sulfur, alone or. in combination. There are no.
20  adjacent oxygen and/or sulfur atoms present in the ring system. Preferred.
heterocyclyls contain about 5 to about 6 ring atoms. The. prefix aza, oxa or. thia before
the heterocyclyl root name means. that at least a nitrogen, oxygen or. sulfur. atom
respectively is present as a ring atom. Any —NH in a heterocyclyl ring may exist
protected such as, for example, as an -N(Boc), -N(CBz), -N(Tos) group and the like;
25 such protections are also considered. part of this invention. The heterocyclyl can be
optionally substituted by one or more "ring system substituents” which may be the
same or different, and are as defined herein. The nitrogen or sulfur atom of the
heterocyclyl can be optionally oxidized to the corresponding N-oxide, S-oxide or 8,S-
dioxide. Non-limiting examples of suitable monocyclic heterocyclyl rings include
30  piperidyl, pyrrolidinyl, piperazinyl, morpholinyl, thiomorpholinyl, thiazolidinyl, 1,4-
dioxanyl, tetrahydrofuranyl, tetrahydrothiophenyl, lactam, lactone, and the like.



t he heterocyclyl root me. nmeans that at |east agitrogen, oxygen or
sul fur atom respecti IS present as a ring at‘. Any -NH in a

het er ocyctwyl 2005/08521fay exi st protected such as, for exanpCE®US28/006502
-N(Boc),. -N(CBz), -N(Tos) group and the |ike; 25 such protections are also
consi dered, part of this invention.. The, heterocyclyl can be optionally
substituted by one or nore "ring syste substituents” which may be the.

same or di Mietraiin tfé‘ﬁot%"dqhaﬁmct‘?étb %t&ﬂrc%n‘&am. Prif SYSRRT 8f th ?é’hﬁiié[qgﬁhf?m

of the heterocyc can be opt on oxidize e correspo

N- oxi dehefe are rﬁt&hg)drcﬁyﬁgrﬁhp@@rﬂearﬁ‘dmatlcﬂ'rﬁﬁ édja@eﬁkﬁmlb&so of S5 @istvbll as
nmonocyclic heterocyclyl rings include 30 piperidyl, pyrrolidinyl,
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2005/ 0 PUESH05/ 006502 118 1t shoul d be noted that in hetero-atom
containing ring systens of this. 4rnve tion, there. are no hydroxyl groups
on carbon atons adjacent to, a N, S, as well -as there. are no Nor S
groups. on carbon adjacent to ano her h&@er oat om Thus, for exanple, in.
the ring:. 42 5t N 5 H thers&|is Ro/- tached directly to carbons
marked 2. and 5.. It should al so. oted that tautoneric forns such as,

forsexarrple, the noieties: CCA NO

there is no -OH attached directly to carbons marked 2 and 5.

It should also be noted that tautomeric forms such as, for example, the
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0. are consrdered equrvalent in certain, embodrments of thrs invention.

moieties:

| "Alkynylalkyl" means an alkynyl-alkyl greup ln whrch the alkynyl and alkyl are -
‘ ":‘_as prevrously described. Preferred alkynylalkyls contaln a Iower alkynyl and a tewer
; 'alkyl group. The bond to the parent morety is through the alkyl. Non-lrmrtrng examplee: ..
of suitable alkynylalkyl groups include propargylmethyl.
15 "Heteroaralkyl” means a heteroaryl-alkyl- group in which the. heteroaryl and
alkyl are as previously described. Preferred heteroaralkyls contain a lower alkyl group.
Non-limiting examples of suitable aralkyl groups. include. pyridylmethyl, and quinolin-3-
yimethyl. The bond to the parent moiety is through the alkyl.
"Hydroxyalkyl" means. a HO-alkyl- group. in which alkyl is as previousiy. defined.
20  Preferred hydroxyalkyls contain lower alkyl. Non-limiting examples of suitable
hydroxyalkyl groups include hydroxymethyl and 2-hydroxyethyl.
| "Acyl" means an H-C(O)-, alkyl-C(O}- or cycloalkyl-C(O)-, group.in which the
various groups are as previously described. The bond to. the parent moiety is through.
the carbonyl. Preferred acyls contain a lower alkyl. Non-limiting examples of suitable
25 acyl groups include formyl, acetyl and propanoyl. ~
*Aroyl" means an aryl-C(O)- group in which the aryl group is as previously
described. The bond to the parent moiety is through the carbonyl. Non-limiting
examples of suitable groups include benzoyl and 1- naphthoyl.



o are. considered. equivalent in certain. enbodinments of this invention.
“Al kynyl al kyl". neans an alkynyl -al kyl -group inwhich. the al kynyl and"alk |
are. as previously descrigmd. Preferred al kynyl al kyl

a. | ower al KyY@04083274 i owgr ~ al kyl group. The: bond to ePC'Hgﬁﬁ’H?’“WBﬁ’%ty is
through the. alkyl. Non-lirriitirag exanples; of suitable al kynylal kyl
groups. include propargyl nethyl.. 15 "Hei@roaral kyl" neans a

heteroaryl -al kyl - group in which, the. heteroaryL and alkyl are as

previ ousi y deafioxyerhearf & eIkyRD-hgrorpdandidty tie st grdmparslaymvwd@w

group.  Non-lim t| exanpl es "of suitabl e. aral kyl groups. include.
pyri dyl desagibed. aM@n%mmng exapples pbeuifable atkaxyrarBups.include pagtboxy.rethexy, i s.

i s as pretithoRyynarana bl i, GBS Ty B BriEhtendef bt e

al kyl . Igm% c?ﬁ?gbh”g exanpl es of sui tabl e hydroxyal kyl groups include.
hydr oxymet and 2- hydroxyethyl.. "Acyl". neans an HC(O -, alkyl-C(O -

" or oycl oal kyI"AQ(I@)ry" meansan. arrgddmwugrbupumwhrch/ﬂner wkgg)muissaapmvmsly .
previous]y descr.ibed. .The bond. to, th nt noi et

car bonyIdeSC'FﬂP%J dVorddimitgg exapiles af au'i%ug@ P&Xfﬂroqﬂﬁ\;'"PM CB%@RA] es of
sui t abl y f I dacl "Aroyl"

nmeans aﬁ'agrﬁgn&& ng %{9 tIB% F\&/ﬁ LH{CE&S“ rﬂﬁﬁhéboﬁ%%ﬁs}é as igr evi ousl y

descri bed. THArdikyldxy'bmicaespar erdlkyd-egnoupsn wHicl tuh atdikylgproop iy hs
Non-limting exanples of sujitable groups. ingclude benzoyl and 1-

nap hlt Eolyarevmmmescm@dtigndmymg exaniss obswitah! o@a;%lbzloasmroum iwkyde neans
o1 1 ey Rl a8, orahgRnlriafpdeiingk she LonBIoRhE e o iHeBRgh,

N- pr opoXiye ettep@x9geny and n- but oxy. The bond to the parent noiety is
t hrough the ether oxygen. s "Aryl oxy" nmeans. | -O group in which
the aryl grourblkyltlgroagn@ar@,aa@kw-& group in which the alky group. is. as previousiy

described. Non-limiting examples of suitable alkyithio. groups. include methylthio. and.
ethylthio. The bond to the parent moiety is through the sulfur.
15 T "Arylthro" means an aryl-S- group in whrch the aryl gr0up is as prevrously
- descnbed Non-llmrtlng examples of suitable’ arylthro groups include: phenyithlo andsi!
naphthylthro “Thé bond to the parent moiety i is through thé sulfur “
' "Aralkylthro" means an ‘aralkyl- -S- grOUp i which the aralkyl group is'as
previously described. Non-limiting example of a suitable. aralkylthio group is
20  benzylthio. The bond to the parent moiety is through the sulfur.
( " "Alkoxycarbonyl" means an alkyl-O-CO- group. Non-limiting examples. of
suitable alkoxycarbonyl groups include methoxycarbonyl and ethoxycarbonyl. The
" bond to the parent moiety is through the carbonyl.
"Aryloxycarbonyl” means an aryl-O-C(O)- group. Non-limiting examples of
25  suitable aryloxycarbonyl groups include phenoxycarbonyl and naphthoxycarbonyl. The
bond to.the parent moiety. is. through the carbonyl.

_ "Aralkoxycarbonyl" means an aralkyl-O-C(O)- group. Non-limiting example of a
suitable aralkoxycarbonyl group is benzyloxycarbonyl. The bond to the parent moiety
is through the carbonyl.

30 "Alkylsulfonyl" means an alkyl-S{Oz)- group. Preferred groups are those in
which the alkyl group is lower alkyl. The bond to the parent moiety is through.the
sulfonyl.



and napht hoxy. The bo to the parent noiety is t ugh the. ether oxygen.
" Aral kyl oxy0 208sa83s27@n aral kyl -O- group in which. t ar al krtruSfositves® as

previ ously described. Non-limting exanples of suitable. aral kyl oxy groups
I nclude benzyloxy and 1-. or 2-napht haI ﬁnerret hoxy. The bond, to the parent
noi ety iIs through the ether oxygen. yIth| o" neans an alkyl-S- group in

which the. al kg " pr.ev I n tin xarrpl es
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bond tOtHrBQ RMERUIFGRYIEtY 1s through the sulfur is. rylthio nmeans. an

aryl - S- gro p i n whi the aryl group is as preciously
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Non-limting exanples, of _suitable, aI koxycar bonyl . groups include
met hoxy andissvriables aremesmyesiblednly if sneh copabipations resulbiardablergarapgunds.
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phenoxy eatia iy sufie i@;@lﬁlbhﬂéya?aébmwbgrew plitpdrdn® atreactien eriktui® Sivdy- 1S
through the carbonyl. "Aral koxi/car bonyl " neans”an aral kyl -G C(O) - group.
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t hrough. t ony

up.to the maximum number of chemically and physically permissible, substituents,

described. Non-limti nbexarrpl es of suitable aryl OXE groups i ncl ude phenoxy

compounds, combination agents. and the like, that are present or added, depending on
RS ."_‘the context Such techmques and knowledge are. weII known within the skllls of the
PR concerned artlsan R

The tem’ opt|onally substituted” means optlonal substltutnon W|th the spec:f isd-,
s 'groups radicals or moieties. : ' g
The term "isolated” or "in isolated form" for a compound refers to the physical

20  state of said compound after being isolated from a synthetic process or. natural source
or combination thereof. The term "purified” or “in. purified form" for a compound. refers.
to the physical state of said compound after being obtained from a purification process
or processes described herein or well known to the skilled artisan, in sufficient purity
to be characterizable by standard analytical techniques described herein or well

25  known to the skilled artisan.

it should also be noted that any heteroatom with unsatisfied valences in the
text, schemes, examples and Tables herein is assumed to have the hydrogen atom(s)
to satisfy the valences.
When a functional group in a compound is termed “protected”, this means that
30 the group is in modified form to preclude undesired side reactions at the protected site
when the compound is subjected to a reaction. Suitable protecting groups will be

recognized by those with ordinary skill in the art as well as by reference to standard
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aryl - S(02)- group. The bgad to the parent noiety is hrough the sul fonyl .
The term "substituted" s that one or nore, hydr ns on
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provided that the 5 designated atoms. normal val ency, under the existing
circunmstances is, not exceeded, andqo4hat the substitution results in a
st abl e compound.. Conbi nations of. substituents and/or variables are
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conversion by metabolic or chemical processes to yield a compound of Formula 1.or a
salt and/or solvate thereof. A discussion of prodrugs is provided in T. Higuchi and V.
15 *.’Stella, Pro-drugs as Novel Delivery. Systems (1987) 14 of the A.C.S. Symposlum
iy Senes and in: B:orevers:ble Camers in Drug Design, (1987) Edward B. Roche;-ed
SN ':.Amencan Pharmaceutlcal Assomatlon and Pergamon Press both of WhICh are
) 3|ncorporated ‘herein by reference thereto L
"Solvate” means a physical association of a compound. of this. invention with
20 one or more solvent molecules. This. physical association involves varying degrees of
ionic and covalent bonding, including hydrogen bonding. In certain instances the
solvate will be capable of isolation, for example when one or more solvent molecules
are incorporated in the crystal lattice. of the crystalline solid. "Solvate™ encompasses.
both solution-phase and isolatable solvates. Non-limiting examples of suitable
25  solvates. include ethanolates, methanolates, and the like. "Hydrate" is. a solvate
wherein the solvent molecule is H20.
*Effective amount" or "therapeutically effective amount” is meant to. describe an
amount of compound or a composition of the present invention effective in inhibiting
the CDK(s) and thus producing the desired therapeutic, ameliorative, inhibitory or

30  preventative effect.

The compounds of Formula 1 can form salts which are alsc within the scope of
this invention. Reference to a compound of Formula 1 herein is understood to include

reference to salts thereof, unless otherwise indicated. The term "salt(s)", as employed
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camphorsulfonates, fumarates, hydrochlorides, hydrobromides, hydroiodides, lactates,
maleates, methanesulfonates, naphthalenesulfonates, nitrates, oxalates, phosphates

. 1S - propronates sallcylates succinates, sulfates tartarates, thiocyanates;.. ... - '..:f_.:»;:'

'?:-:toluenesulfonates (also known as. tosylates ) and the like. Addmonally, ac:ds whtch Argi i foe

S generally considered suitable for the formation of pharmaceutlcally useful salts from :
- basic pharmaceutical compounds are discussed,.for example by.P. Stahl et al, .-'.vr;::': S
Camille G. (eds.) Handbook of Pharmaceutical Salts. Properties, Selection and Use.

20  (2002) Zurich: Wiley-VCH; S. Berge et al, Journal of Pharmaceutical Sciences (1977)
66(1) 1-19; P. Gould, International J.. of Pharmaceutics (1986) 33 201-217; . Anderson
et al, The Practice of Medicinal Chemistry. (1996), Academic Press, New York; and in
The Orange Book (Food & Drug Administration, Washington, D.C. on their website).
These disclosures are incorporated herein by reference thereto.

25 Exemplary basic salts include ammonium salts, alkali metal salts such as
sodium, lithium, and potassium salts, alkaline earth metal salts such as calcium and
magnesium salts, salts with organic bases (for example, organic amines) such as.
dicyclohexylamines, t-butyl amines, and salts with amino acids such as arginine,
lysine and the like. Basic nitrogen-containing groups may be quartemized with agents

30 such as lower alkyl halides (e.g. methyl, ethyl, and butyl chlorides, bromides and
iodides), dialkyl sulfates (e.g. dimethyl, diethyl, and dibutyl sulfates), long chain
halides (e.g. decyl, lauryl, and stearyl chlorides, bromides and iodides), aralkyl halides
(e.g. benzyl and phenethyl bromides), and others.
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For mul'a 1 may be. fornmed, for exanple by reacting a conpound Formula 1.
with aamlr@ouféb.sutf@na@resters, Bueleasakwr @rsararkyls;dtmnyh(fencr«ammtmt in a medium
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phosphonate esters and (5) mono-, di- or triphosphate esters. The phosphate esters

15° .maybe further esterified. by, for example a G1 20 alcohol or reactive denvatlve thereof v
~+ - or by a:2,3-di. (06.24)acyl glycerol :f.e;f,- I T P " _
Compounds 'of Formula 1, ‘and salts, solvates -ésters and prodrugs. thereof '
-may. exist-in their tautomeric -fom1 (forexample, as:an amide:or imino ethier). AII;.such.
tautomeric forms are contemplated herein as part of the present invention.

20 All stereoisomers (for example, geometric isomers, optical isomers and the like)

( of the present compounds (including those of the salts, solvates, esters and prodrugs
of the compounds as well as the salts, solvates and esters. of the prodrugs), such as
those which may exist due to asymmetric.carbons on various substituents, including
enantiomeric forms (which. may exist even in the absence of asymmetric carbons),

25  rotameric forms, atropisomers, and diastereomeric forms, are contemplated within the .
scope of this invention, as are positional isomers (such as, for example, 4-pyridyl and
3-pyridyl). Individual stereoisomers of the compounds of the invention may, for
example, be substantially free of other isomers, or may be admixed, for example, as
racemates or with all other, or other selected, stereoisomers. The chiral centers of the

30 present invention can have the S or R configuration as defined by the JUPAC 1974
Recommendations. The use of the terms "salt", "solvate" "prodrug” and the like, is

intended to equally apply to the salt, solvate and. prodrug of enantiomers,
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B L combuned with one or more! compounds selected fromwithiri: Formula 1. The
o compound(s) can‘be: useful for treatlng drseases such. as; for example HCV HIV
(AIDS Acquured Immune Defuclency Syndrome), and. related dlsorders as well as for-.
:modulatlng the -activity of hepatitis C. virus (HCV) protease, preventing-HCV, or-
ameliorating one or more symptoms of hepatitis C.

20 The compounds of Formula 1 may be used for the manufacture of a
medicament to treat disorders associated with the HCV protease, for example, the
method comprising bringing into intimate contact a compound of Formula 1 a
pharmaceutically acceptable carrier.

In. another embodiment, this invention provides pharmaceutical compositions

25 comprising the inventive compound or compounds as an active ingredient. The
pharmaceutical compositions generally additionally comprise at least one.
pharmaceutically acceptable carrier. diluent, excipient or carrier (collectively referred to
herein as carrier materials). Because of their HCV inhibitory activity, such
pharmaceutical compositions possess utility in treating hepatitis C and related

30 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 present
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contenplated wthin the. scope of this inventi as are. positiona

i soners (suduitable birtderemlqueestaatetp,ygeldtym rmtdral:eugars cd:prr) sweetenerslual
stereoi s ounds, of the, inventi

subst ah@?twaf SnflrsyblBtE e i B8 Acacis, SRR, sarbaymalR s idosgs

polyethylene glycol and:waxes. Among-the:lubricants there may: be mentloned for use
v in these dosage forms, bonc acid, sodium: benzoate -sodium:. acetate sodlum chloride; ..
RO ::-::-:'-jand the Ilke Disintegrants mclude sfarch; methylcellulose guar gum and the fike. -
' Sweetenlng and flavoring agents ‘and:preservatives may also. be included:
where appropriate. Some of the terms noted above, namely disintegrants, diluents,
20  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 controlled release of any one or more of the
components or active ingredients to optimize the therapeutic effects, i.e. HCV.
inhibitory. activity and the like. Suitable dosage forms for sustained release include
25  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 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
30 injections or addition of sweeteners and pacifiers for oral solutions, suspensions and
emulsions. Liquid form preparations may also include solutions for intranasal

administration.
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of . HC,\/ IRifot ease, each compound by itself or one. or nore conpounds of
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to treat disorders associated with. th CV protease, for exanple

transdermal compositions may take the form of creams, Iotlons aerosols. and/or

racemates or with all ii her, or other selected, s%eoi soners. The chiral

emulsions and can be included in a transdernal patch of the matrix or reservoir type.
" 15 . as:are conventionial in the art for.this purpose. ' ,
+ 1¢45 »The:compounds. of the mventlon may also be‘administered orally;’
i _,..lntravenously,. mtranasally, or subcutaneously.. 1 et
_«':'J-Th'é'.compounds of the invention may also comprise preparétions_ which are in.a-
unit dosage form. In such form, the preparation is subdivided into suitably. sized unit
20  doses containing appropriate quantities of the active components, e.g., an effective
- amount to achieve the desired purpose. .
The quantity bf the inventi\_/é. active. composition in a unit dose of preparation
may. be generally varied or adjusted from about 1.0 milligram to about 1,000
milligrams, preferably from about 1.0 to about 950 milligrams, more preferably from
25 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 skilled in the art.
Generally, the human oral dosage form containing the active ingredients can be
30  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 may range from about 1.0

milligram to about 1,000 milligrams per day; in single or divided doses.
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pharmaceutical conpositions. generally additionally conprise at |east one.
phar maceutical |y acceptable carrier dijkgent, excipient or carrier
(collectively referred to herein as carrier materials). Because. of their
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el i Xi r §reddirgiffesl bl € granules, syrups, 5 suspensions, and the Iike, and
consi stent wth conventi onal phar maceuti cal practices. For exanple,. for
oral adm ni $abketi mefers to a compressadodr. mamedtmlmtdosqmﬂom carttaining thee dr ug
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nes ' qﬁgn manni t ol ,
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neededconpiattildirhe bi nders, [ ubri cant_s di sintegrating agents. agd colblori ng
agents may al so, i ncor por at ed he,. m xt ure. ers., and. tablets
may be conpplr@'eﬁpl‘ Eﬁfef$ Eﬂﬂhﬁtﬁﬁﬁ'ﬂeBng@déﬁiﬁﬁp'%rﬁ%ﬁ’ Eéﬁf"u%dﬁéﬁtm@e
gg;rposggm%@h“@lééaplsghd maﬂﬁfrs include starch, gelatin, natural sugars,
Powder for constitution refers to powder blends containing the active

. 15 " ingredients and-suitable diluents which can"be,-suspende‘d,ifEWater or juices. . . =0
- Diluent - refers. to substances. that usually make:up:the major. po-rtion. of the s 5.0 0

- composition or dosage form. Suita blo diluents-include:sugars such-as lactose, -+ : - ;.
" sucrose, mannitol and:sorbitol; starches derived from wheat, corn, rice and:potato; -
and celluloses such as microcrystalline cellulose. The amount of diluent in the.
20  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%.
Disintegrant - refers to. materials. added to the composition to. help it break apart
(disintegrate) and release the medicaments. Suitable disintegrants include starches;
25 "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 carboxymethylcellulose;
microcrystalline celluloses and cross-linked microcrystalline celluloses such as sodium
croscarmellose; alginates such as alginic acid and sodium alginate; clays such as
30  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 10% by weight.
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par ent eﬁg‘#'%xg@% ec odne(s?I dﬁré ﬁé%'@f%@'@&ggt gﬁ%#@}gaﬁ |azé'r)s for oral
sol uti ofpfagrrisiume ammmmamcammhel ameuntofchinder iprthe mnmsiﬁcbmnan raNgel so
i ncl ude soI utions for intranasal adnministration. WO 2005/ 085275
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- e.g. nltrogenubﬁmntprrefmrt@@ mméédd@@to théd dusagesfolnn e &Rable ted talsle
m xture. of fatty acid glycerldes such as. cocoa butter is first nelted,

and t hegeanules ategftarniithas been gpapressed, tﬁ@dﬁggaémmﬂge maderdiebystirring
_ or SF ‘m ?erdur&ﬁ(d Riktion " Wit EBIQ&QQSP&A{E include. metallic stearates such as,
SRR magnesmm stearate calcnum stearate or potassuum stearate steanc ac:d hlgh
S e meltmg point waxes and water soluble lubricants stich:as sodium chlonde sodnum
EREAEEY rbenzoate sodium:acetate, sedium oleate, polyethylene egcoIs and d’l—leucme
‘Lubricants are usually added-at the very'last step before: compressnon since they -
must be present on the surfaces of the granules and in between them and the parts of
20  the tablet press. The amount of lubricant 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 of
granulations, so.that flow is smooth and uniform. Suitable glidents include silicon
25  dioxide and talc. The amount of glident in the composifion 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 composutlon or the
dosage form. Such excipients can include food grade dyes and food grade dyes
30  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 compossition,
preferably from about 0.1 to about 1%.
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I
o RhogPribestP of e afhdds & BiierShelal okt fis, CORTERIMA ristig for o

m | 11 ginseling otier. foprs ffer adrhmlsitratmr%uelbestfoieﬁamle,mansm suppbkiteriess,
and. typica I%,ef rom about 1 to about 250. mlligranms, according to the

par ti c@ngrthgdiseiarealeg wellkbomst ual dosage enpl oyed may be varied depending

Featco. SudridtbedafiRengiolERMNaAbh d5Bhe nheb ind RREnbET, 7' "

Ceper alcom tbmfarﬁfaebuﬁeeaﬁﬁn;ﬁéeuﬁbﬁ@atseldeeacaﬁdte foRtieltfiehtsr edi ent s.
cafi. be 30 admnistered 1 or times per . The anount and frequency of

the. adiseasesrauchoas,for exampleegepatl@jcaambm Id@ fihe: methadigomsprises t he
o e AN B Thera ol B TR e P K RGBTt
m 111 giEpmaetufie cohiposition! 1 Lpafibivi KeEng 8668 a disease or diseases and in
need of such a treatment.
ETRERRITE: 'In"yet another embodiment, the.compounds of the invention may. be; used. for '
1 thig’ treatment of HCV in humans in monotherapy mode. er N a combmatlon therapy
(- g ‘dual combination, tnple combunatlon etc.) mode such as for example :n
.. .- combination with antiviral and/or lmmun_omodulatory agents. Examples of.such: -
antiviral and/or immunomodulatory. agelnts include Ribavirin (from Schering-Plough
20  Corporation, Madison, New Jersey) and Levovirin™ (from ICN Pharmaceuticals,
Costa Mesa, California), VP 50406 ™ (from Viropharma, Incorporated, Exton,
Pennsylvania), ISIS 14803™ (from 1SIS. Pharmaceuticals, Carlsbad, California),

Heptazyme™ (from Ribozyme Pharmaceuticals, Boulder, Colorado), VX 497™

(from
Vertex Pharmaceuticals, Cambridge, Massachusetts), Thymosin™ (from SciClone

25 Phamaceuticals, San Mateo, California), Maxamine™ (Maxim Pharmaceuticals, San
Diego, Califomia), mycophenolate mofetil (from Hoffman-LaRoche, Nutley, New '
Jersey), interferon (such. as, for 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

30  conjugates include interferon alpha-2a (RoferonTM, from Hoffman La-Roche, Nutley,
New Jersey) in the form of pegylated. interferon alpha-2a (e.g., as sold under the trade
name Pegasys ™), 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-



bel ow. Capsule. - ref to a special container o ncl osure nade of nethyl
cel | ul osewo 03/y8s278/ | cohol s, or denatured gel atTns orprGr/asmI0s/066602

hol di ng or containing conpositions conprising the active ingredients. Hard
shel | capsules are. typically 5 nade 0{3(5?.' ends of relatively high gel
strength bone. and pork skin gelatins. . The capsule itself may contain

smal | 1 CH ™ L Gy Ser | .
Tapl et TRPHQ, Befbfon oBRRR (bR MipnaFl Hiirh BAHgRP odhEREIMBANEER,
acti ve Geghany)atrt conderzusuntefferen ds ldefinéd by deteiminationasfa bengeingpgr ed by
conpression |p of mxtures or granul ati ons obt ai neﬂn by wet granul ation,

dry. grsequeacesf natuigfly assupring interieropalphas. (Infergens”, framw#iragencthausand

i ngredients.~di.spersed or solubilized in. a hydrophillic sem-solid
matri X.SM%f?%Fai‘onst itution refers to powder blends containing the

actjve 1 | RYLOARANHIE theithbANP It uoMers RfineRe chURRGHERIand
in:water or juices.. Dluent refers to substances that Usually rriake::up;
t he : r rathppstereaisomers of diie invieative compoundaaiso .t Thus, as atwesskiled o the art

Sui tabl e di I.u?nts. i ncl ﬂ%‘zu ars. such as. |lactose .suc_{ﬁe, manni t ol

and. : scﬁ‘ﬂﬂrﬁﬁla,ess-tsé’r"&?\é’g inveative comprHRdS may,exist in suitable isomeiGiasms. and

ceL1 Vo8G5 ShiiorRoo COREREAURHIGYE Rkl 18 SRope et O vt 1

WO 2005/ 085275 PCTlUSjﬁllS/ 006502 127 Sone usef bterms are descri bed

the. 2 Yo Can range “of the total

conposi ti on, Anoties enibadimant betradiny ehtiondisclnges?s mMethed of malifig theror e.
preferably from about 30 to_  about 60% I_'t%rwei ht, even nore preferably from
abdtit 1corppoungsodisclased hereintligreamepoundss gay he prepared dysevesaldechnighes

CONMpoOSi | 0, ' : | Si . t

o carkiebeh rEnet bt oBtites 48 AHESTIR B8RS bERTBy Fhomes
- sol ubl efhariMisfrafiens shbaldasot beliedhsiuesiadiliniit tie Seopyeref thd invbaAtiGH which i al
defined in the appended claims. . Altemative mechanistic pathways and analogous
structures will be apparent to. those skilled in. the art.

5. .- - Itistorbeiunderstood that while the following illustrative.schgmes. describe the: .....0 =

o -prepar'étion.efzaﬁ-féw representative inventive. compounds, suitable su bstitdtion-dt.'any;-.i @y
-+ of both thé:natural and unnatural amino écids. will:result in the formatiori of the desired - ¢ -
- c'onipo'unds“ based on such substitution. Such variations are contemplated to be within -
the scope of the invention.
20 For the procedures described below, the following abbreviations are used:
THF: Tetrahydrofuran
DMF: N,N-Dimethylformamide
EtOAc: Ethyl acetate
AcOH: Acetic acid
25  HOOBt: 3-Hydroxy-1,2,3-benzotriazin-4(3H)-one
EDCI: 1-(3-dimethylaminopropy!)-3-ethylcarbodiimide hydrochloride
NMM: N-Methylmorpholine
ADDP: 1,1-(Azodicarbobyl)dipiperidine
DEAD: Diethylazodicarboxylate
30 MeOH: Methanol
EtOH: Ethanol
Et20: Diethyl ether
DMSO: Dimethylsulfoxide



and synthetic guns such as | ocust bean, karaya, guar, tragacanth and, agar;
cel lul ose derivatives ‘ﬂh. as net hyl cel | ul ose. ar';odi um

car boxynet hf{l_cel,é yl ose; icrocrystalline cellul ose ETRIQssnbésaked

m crocr ﬂ?& 05/%¥"2el | ul oses such as sodium croscarnel | ose; . al gi'nates such
as alginic acid and sodium al ginate; clays. such as 30 bentonites; and

ef fervescent mixtures. The anount of Wtintegrant in the conposition can
range from about 2 to about 15% by weight of the conposition, nore

pr ef e HBBY N-Hydroxyhanezofriazolabout 10% by wei ght. WO 2005/ 085275

PCT/ US2005/ 006502 128 Binder -refer stances. that bind or "glue"
povﬂe%.%ragggﬂmo'gﬁdpm% 'n?ﬂlé%ngmlﬁ?‘%auér&phoﬁaha&anul es,. thus
servi Wﬂspiaﬂo'b%q&ﬁ§hée" in. the formulation. Binders add cohesive

gth a reaJy aval

stren ilable in the diluent or bul king agent. Suitable

bi nde DXCCnt|3uDicyslodexylcadoddiimideucr ose; st arches derived fromwheat, corn 5
rice and potato; tural such,.ag. acacia, gelatin and. tragacanth;

déri véﬁEMéQ: %ﬁﬁﬁéiﬁﬁ'@metgi’jgﬂp&ergl ¥ acid, sodium al gi nate -and amoni um
cal ci I ~ing€l lulosic materials such as nmethyl cel | ul ose and sodi um
car bo@ﬁgt@ﬁrﬁgmcd?%se and hydroxypropyl net hyl cel | ul ose;
pol'yviond;mdm-ié)qmlﬁ:inend i norgani cs such as. magnesium alum num silicate.
The. anount of binder in the. conposition can range 10 from about 2 to
about Bro@esngzylei ght of the, conposition, nore, preferably fromabout 3 to
about [BIZ?%Q'{ZL}’EEI ght,. even nore. preferablyfromabout 3 to about 6% by

wei ght==". ricant -. refers to a substance. added to the dosage formto
efpabl Etipghylt abl et, granules, etc. after it has. been conpressed, to
regease fromthe nold or die. by reducing friction or wear.. Suitable

| ubri GmPhenyt] ude, netallic. stearates. such as. 1s. -magnesium
stearate... cal.ciu rate. or potassium stearate;. stearic acid; high

mel ti ?é)o‘j'dﬁ&?ﬂtoﬁéégéééﬁ and: water soluble |ubricants such:. as

sodi qu,ghgcﬂ;rbgﬂ, sodium : cbenzoate, sodium acetate, sodium ol eate,

pol yethyl ene glycols: and;'d'|-leucine.: Lubricants are usually added at

t he viBuyor Bet: tet-Butyef ore: conpression, since' t hey.

.15 . Boc:tert-Butytoxycarbonyl . .
. --"Cbz:;:B'enzylokyis_‘a'l'bonyi‘ Co s ea e
- szp_:i-GyICEOperityIdiériyl. 1

Ts;. bitOIUenesulfoﬁyl-' '.

Me: Methyl
20 HATU: O-(7-azabenzotriazoi-1-yl}-1,1,3,3-tetramethyluronium hexafluorophosphate
" DMAP: 4-N,N-Dimethylaminopyridine
BOP : Benzotriazol-1-yl-oxy-tris(dimethylamino)hexafluorophosphate

’f'-\

PCC: Pyridiniumchlorochromate.

KHMDS: Potassium Hexamethyldisilazide or Potassium bis(trimethylsilylamide)
25 NaHMDS: Sodium Hexamethyldisilazide or Sodium bis(trimethylsilylamide)

LiIHMDS: Lithium Hexamethyldisilazide or Lithium bis(trimethylsilylamide)

10% Pd/C: 10% Palladium.on carbon (by weight).

TG: Thioglycerol

30 General Schemes for Preparation of Target Compounds
Compounds of the present invention were synthesized using the general

schemes (Methods A-E) described below.
Method A



TS r———— S

must be present on the.

the. parts, of. 20 th tabl et press. The anount | ubricant in the
conposi t iy 26&M8s178Ng romabout 0.2 to. about 5% by pgEingtroosdoctdre
conposition, preferably fromabout 0.5. to. about 2% nore preferably from
about 0.3 to about 1.5% by weight. d.ident -. material, that prevents.

caki ng and |rrprove the. flow charactdd¥éstics of granul ations, so. that

and talc. TN TN B i tormubi St B ilsh 2Bidi caf E'O%grﬂ(}h?)'é(‘l S
0.1 % 8ﬁ§h?§fﬂgblo'?f@é3¥al‘l"¢'wm/h tv%@sfj él‘:L Iéd’\'i\‘nth IN-B R Myl

about out 2% by weig agent . excipients that
provi dander peptidecouplindmethoalegy tcmafforcl‘l 03. . N&m:a@rb@echorﬁmﬂbwedchypl ents

can include food rade.dyes and. food rade S sorb ont o
sui t abfrealimept wiha EW'%% I3cyAngte Sﬁﬁﬁgﬁmﬁ?@g ":i ﬁg Q)fneﬂﬁﬂe

Cortos PRI ProudeAtn g 1 0B Popitle Cornfig AR éf‘&@%ﬁﬁgﬁéﬁ@g’

PCT | USEQL/ &ﬁﬁé@%mkﬂé?rrﬁiétyéﬁbi‘@éd the Nydroxyleérﬁfdfe 1.07! M@xidatior (M@ﬂ‘aﬁeXt ent
to. which the active drug 1 ngredient _or therapeutic noi et¥)| S absor bed

into te¥idafionarirelaied precassonseeomm bnlidwellnSxpdiests, 1999a867).qr r@%&ﬁ-corrpar ed

nown. VIR FerRRAS o qr CheR. PR BB, 4358 ebuBuf The Mo Tip R on

conpregsp®n of granul ation. produced by conpaction, or wet net hods or
ot her special procedures. Conventional net hods. for making other forns for
adm ni stration sych as, for exanple,. capsules, suppoé\i/t ories. and the

surfaces of the granul es §d in between. them and.

like are also wel¥. knovvn Anot h‘edf errbodl ment of the i ntion di scl oses
the use of the i ntive ounds or phar maceut E8@rposi ti ons
.di_scl osed abov %?@htﬁ‘ﬁﬁ% 0 F¥EHses—such. ash xanpl e,
hepatitis C a i ke. The netfhed conpri ses >r0\n’
1.02 /l\ 1.03
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o - O -
A
1.07
1.06 \/
Pl H 0
NN NH,
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Cap,N\“,N\E/koo 0
0 =
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Method B
Peptide coupling of the acid 1.06 with the appropriate P1-P’ secondary amide
moiety afforded the hydroxyl amide 1.09. Oxidation (Moffatt or Dess-Martin’s)
15  resulted in the target compound 1.10.



adm nistering a therapeutically effective anount of the inventive conpound
or pharmaceutical conp tion. to. a patient haV| msuch a di sease or

di seases and in_ need o uch a treatnent. is g,wkg 03 /006%02

enbodi me¥P 28¥¥52%Conpounds of the:invention rray be,, 3’@3 N . the
| reatment: af HCV in: humans: in nonotherapy node. br iri:~

conbi nation.therapy (e.g., :dual. cAa@3 nation, triple conbination etc.)
node such as, for, exanple, in conbination with. antiviral and/or

i mmunonodul at ory agents. %xarrpl es of such: arﬁ/l viral and/or

i mmunonodul at ory agents fAcl ude. Ribavirin m ch@’rl,_pg Pl ough 20
Cor poration;. Mdison, tsey). and Lev N CN.

Phar maceuti cal s, st sg, . Californ a)
| ncor por at ed, . Eztnin\[r Penfsyl vani a) Cad” 03T (from I SIS

Phar maceuti cal s, Carlospbgd, {glifornia), azymeTMipd rom Ri bozyne
Phar maceutical s,. Boul der, Col oraddy, VX 497TM (from Vertex

5040634M (from Vi rophar ma,

Phar maceuti cal s, Canbri dge, Massac ts)@ ThyrmS| nNTM (from Sci Cl one 25
Phar maceuticals, San Mateo,. Cali fzni% e (Maxi m
Phar maceuti cal s, San__D'L.ego, Qal Hf oy ni oph\nol ate nofetil. (from
Hof f man- LaRoche, Nutl ey, ‘nterferon (such as, for exanple,
i nt erferon-al pha, PEG i nt erfer pha conjugates) and the |ike.

"PEG interferon. al pha conjugates are i nétferon. al pha nolecul es
coval tached to a PEG nolecule. Illustrative PEGinterferon al pha
30 cofw’:h""X & i nclude interferon al pha-2a (RoferonTM from Hof f man
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10 Method D
In yet another variation, the hydrochloride salt 1.13 was converted to the 4-
nitropheny! carbamate 1.15 by reaction with 4-nitrophenyl chloroformate. Subsequent
treatment with an amine (or amine hydrochloride salt) of choice provided the target

compound 1.14.



rotanmers, enantioners nd other stereoisoners he. inventive conpounds
al so.. TR 2008580Q7€ S led in the. art appreciates,. POUTR20FM06502

i nventive conmpounds, may exist in suitable. isomeric forms.. Such
variations are contenplated. to be Wltg the scope. of the invention.
Anot her enbodi ment of the invention dil$8l ose a nethod of making the io
conmpounds di scl osed. \Iyerel n. The conpounds. nay be\prepared by several
techniques. known i the art.. Illustrative procegdures are. outlined. in
the follow ng reactin\sche s.H The illustration ot4 be construed
to limt the scope. i At i on whi ch i s. f “Ye. appended
clainms... Atemngain hani sti c pathway sobructures w ||
be. apparent to. thdse skiyled in. the. 4 be. under st ood
that.while the fol kgwing Ml ustrative eschénmes defori beM he: .

preparationof: af ew reprnesentative.-inventive..conpoungss, Sui tabl e
substitution of.any: of both the::nat¥fal and unnatural amino acids
will... result in the. formation of thesdegir gonpounds based on such

OCaks, California).. 5§ stated earlier, the invegtion includes tautoners,

substitution. Such'varl,at hm]s are con ¥.cbe within the scope of
the invention. 20 For t ocedl{{ d sc i bed el ow, the follow ng
abbrevi ations. are used: THF:Cafetya an DMF: N, N-Di net hyl f or mam de
Et OAc: Ethyl acetate. AcOH AceticPact 2 t:

3- Hydroxy-1, 2, 3-benzotri azi n-4(3H) - one EQG:
1-(3-dinet hyI anm nopr opyl ) - 3- et hyl car bodi i m de hydrochl oride NWM
N- Met hM_JE)I i ne ADDP: 1 1' - (Azodi car bobyl ) di pi peri di ne DEAD:

D ethyl aZOOIIIr(l? ye cht"\er vanatlon %‘e cl%?ep%c%%ydrochlonde salt 1.03 was converted to
the 4-nitrophenyl carbamate as described above. Treatment with an amine (or amine
5 hydrochloride salt) of choice provided the urea derivative 1.05. Hydrolysis and further
elaboration as described in Methods A/B provided the target compounds 1.14.

Vv Y
- . OCHJ - i S — . OCH3
N _— . H N ’
AT 104 ON AN 1.
V Y
S — H o H
~cap-NH2" (_)\n,OCH; as above N N |\“’N‘P'
I N\/& ! (Method A) N_oR_A O 0
Cap” Y Cap™ Y O
2 o _X
(= T

Preparation of P1-P’ moieties.

Preparation of Intermediates 10.11.and 10.12
10 Step 1.

o NS,

10.01 10.02
A stirred solution of ketimine 10.01 (50 g, 187.1. mmol) under N 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 1 h and



Et OH Ethanol Et20 . D ethyl ether DWVSO D nethyl sul foxi de WO 2005/ 085275
0 0 PCT/1JS2005/ 006502 131 HOBt: N Hydroxybenzotriazol e PyBrOP:
Brono-tris-pyrrolidi nophosphoni um hexaf | uorophosphat e ] met hane
DCC: . 1, 3-WPMeVWAERy| car bodi i nide 5 TEMPQ %\4/”308%0%09

2,2,6, 6 Tetranet hyl -1 - p| peridi nyl oxy Phg: Phenyl gl yci ne Chg:

Cycl ohexyl glycine Bn:. Benzyl Bzl: Beﬁigl o Et: Et hyI Ph: Phenyl | Boc:

i sobut oxycar bonyl i Pro. | soprop tBu. or But: tert-Butyl. Is 'Boc:

tert- Bdrgatesdwﬂt bespemethyl cyclgb,@ga nee(28,mbx 249 oAl | The tgac’ﬂon mixture was

yl copent.y

O (7-azab i g{'qu\élﬂg%ﬁge%ﬁ% ff)?%%j%é@&éhce %&Pgﬁ% Hemgﬁao‘ﬁtvggﬁhat e

DVAP: Adl%'s.cb\fvéh i ERD B00ARY and theatB@ith ag. HCI 12 M, 300 mL?]The resulting
Benzotriazol - 1-yl - oxy-tri s(di met hyl am no) hexaf uorophos ate

solution was stirred at room temperature for 5 h and extracted wnth Et;O (1L). The

;.

5 aqueous layer was made basic to pH ~12-14 with NaOH (50 % aq.) and extracted
with CH2Cl,, (3x300.mL). The combined organic layers were dried (MgSO,), filtered,

and concentrated to give the pure amine (10.02, 18.g) as a colorless oil.

Step 2.

o o
HzNQJCZHS BOCHNi(])H
10.02 ) 1003
10 A solution of the amine 10.02 (18g, 105.2 mmol) at 0 °C.in CHzCl2 (350 mL)

was treated with di-fert-butyldicarbonate (23 g, 105.4 mmol) and stirred at rt. for 12 h.
After the completlon of the reaction (TLC), the reactlon mlxture was concentrated in: -
-, vacuo and the resrdue was. dissolved in THF/H.0 (200 ml, 1: 1) and treated wrth
- ‘LiOHeH:0 (6.5.9,158.5 mmol) and sfirred at room temperature for 3 h. The reactlon
15 mixture was concentrated and the basic aqueous layer. was 'extracted with Et,0. The.
aqtreous layer was acidified with conc. HCl to pH~1-2 and extracted with CH.Cl.. The
combined organic layers were dried (MgS0O,), filtered, and concentrated in vacuoto.
yield 10.03 as a colorless viscous. oil which was used for the next step without any

- further purification.

20 Step 3.
o] B ¢
BocHN OH BocHN \ OMe
Me
10.03 10.04

A solution of the acid 10.03 (15.0 g, 62 mmol) in CH.Cl; (250 mL) was treated
with BOP reagent (41 t1 g, 93 mmol), N-methyl morpholine (27 mL), N,O-dimethjd
hydroxylamine hydrochioride (9.07 g, 93 mmol) and stirred overnight at rt. The

25 reaction mixture was diluted with'1 N aq. HCI (250 mL), and the layers were separated
and the aqueous layer was extracted with CH2Cl; (3x300 ml). The combined organic

layers were dried (MgSOy,), filtered and concentrated in vacuo and purified by



PCC. Pyridini unchl orochromate. KHVDS:. Potassi um Hexanet hyl di sil azi de or
25 NaHMDS: Sodi um Hexanet hyl di si |l azi de
LI HVDS: Lithium HeXxmusepdsdiossdzazi de
or Lithiumbis(trinmethylsilylamde) 10% Pd/ C. 10% Pal | adium on carbon (by

Pot assi um bi s(trinmethylsilylam de)
or Sodi urwoizedstossamet hyl si | yl am de)

weight). TG Thioglycerol 30 General enes for Preparation of Target
Conmpounds Conpounds of the present inv I on were synthesized using the
genera

PCT/ US

shaTabERhY TR IOREhE 23 STt i Hide 8oy (12, gigiotsz

under aeldHessamdi tions. provided the hydrochloride. salt 1.02 which was

subsequently coupled. with N-Boc-tert-|eucine under peptide coupling

met hod&@tepw.to afford 1.03... N-Boc deprotection followed. by treatnment
with appropriate isocyanate gavg the urea 1.05.. Hydrolysis of the nethyl

ester provided the acid 1gQQy pté.ﬂ,e coupl i rggcm,f he. acid. 1.06. with

the. appropriate. P1-P pringyNam de—neiety afforled the hydroxyl ami de

1.07. Oxidation (Mdffatt oxidatMn or related pr s - see, T.. T.
Tidwel |, Synthesis, 1990, 857),l_Jor Dess- Martin Pe&dd odinane. -. J. Og..

Chem
/.._ ~

1.08

10

15

20

(1983) 48, 4155) resulted in the. target corrpound 1.08. VV /V~
OCH3  *NJ~OCH3 n' COzCHO04.N O >110;1--0 O %HHCI 0 5. 0 1.02 1.03

A solution of the amide 10.04 (15 g, 52.1 mmol) in dry. THF (200 mL) was.
treated dropwise with a solution of LIAIH, (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 KHSO4 (10% aq.) and stirred for 0.5 h. The reaction mixture was. diluted
with aq. HCI (1. M, 150.mL) and extracted with. CH.Clz (3x200 mL), The combined"
organic layers were washed with aq. HCI (1 M), saturated NaHCO3, brine, and dried.
(MgS0;). The mixture was filtered and concentrated in vacuo to yield 10.05 as a

PR -‘?VISCOUS COIOI'IeSS ail (14 g)

Steg :

. ) BocHN

BocHN
—_— EEE I

“H

10.05 10.06

A solution of the aldehyde 10.05 (14 g, 61.6. mmol) in CH2Cl, (50 mL), was
treated with Et;N (10.73 mL, 74.4 mmol), and acetone cyanohydrin (10.86 g, 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
CH.Cl; (3x200 mL). The combined organic layer were washed with H;O, brine, dried
(MgS0,), filtered, concentrated in vacuo and purified by chromatography (SiOa,
EtOAc/Hex 1:4) to yield 10.06 (10.3 g) as a colorless liquid

Step 6.
OH

BocHN% CiHN rocm,

10.07

5



VV 'ny, OCH3 OCH3 '.. '" HH HC:HzNOCap No 0 1.05 1.04 VV/~ OH O
NHZ Cap NyNN\NN o O Cap.NUN.\N O 0 OO0 Ol 1.07 1.06 V NHZ car NuN'"O
)))))) 00 @o Ads/ds28 Method B Peptide coupling of the acPOT/USD®SM#6S6R t he
appropriate P1-P secondary am de noiety afforded the hydroxyl am de 1.09.
Oxidation (Mdffatt or Dess-Martin's) 15 resulted in the target conpound
1.10. WD 2005/ 085275 PCT/ US2005/ 006582/ 133 Vv HOH H OH CNLuN N H H~

HHT T~ c:apMeﬂ'lamol sartt%(?eéa wﬁh HCI*, prepared by bubbling HCI gas through CH;0H
(700 ml) at O °C, was treated with the cyanohydrin 10.06 and heated to reflux for 24 h. .
The reaction was concentrated in vacuo to yield 10.07, which was used in the next
step without purification.
5  * Alternatively 6M HCI prepared by addition of AcCl to dry methanol can also be used.

Step 7.
_ 4+ OH OH
ClH;N OCH; BocHN OCH,3
o —— ' e}
10.07 10.08 _ _
( A solution of the. amine hydrochloride 10.07.in CH-Cl, (200 mL) was treated.

with EtsN (45.0. mL, 315 mmol) and Boc,O (45.7g, 209 mmol) at—78 °C. The reaction
10  mixture was then stirred at room temperature overnight and diluted with HC! (2 M, 200

mL} and extracted into. CHxCl;, The combined organic layers were dried (MgSO4)

fi Itered concentrated in vacuo and punﬁed by chromatography’ (EtOAc/Hex 1 4) to

' 'f:yleld hydroxy ester 10.08. -
Step.8. S
S - oH. . OH -
BocHN OCH;5 BocHN OH
o o
15 1008 10.09
(, A solution of methyl ester 10.08 (3g, 10.5 mmol ) in THF/H;0 (1:1) was treated

with LiIOHeH;0 (645 mg, 15.756. mmol) and stirred at rt. for 2 h. The reaction mixture
was acidified with aq HCI (1 M, 15 mL) and concentrated in vacuo. The residue was

dried.in vacuum to afford 10.09 in quantitative yield.

20 Step9
OH OH
BocHN OH BocHN Nily
O o]
10.09 10.10

A solution of the acid 10.09 (from above) in CH,Cl; (50 mL) and DMF (25 mL)
was treated with NH4Cl (2.94 g, §5.6 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
25  temperature for 3 d. The solvents were removed under vacuo and the residue was



10 1.06 0 1.09 ONN Ncap NNNOOO Y II O 1.10 Method C In another
variation, peptide coupling of the N-Boc-P2-P3-acid 1.17 with the.
appropri @ 200k0k5276m de noi ety afforded, the hydroxyl. ®CTAE20051006502
Oxidation. (Mdffatt s or Dess-Mariin Periodinane) resulted in the

ket o.am de 1.12. Deprotection. of the. Boc functionality gave the
hydrochloride salt 1.13. Treatnent witlfa suitable isocyanate (or

N oo GRSt HGNR0IHL] Shg irablef it RRLCEE TR Binbig e orgéniofoer, o
10\~ wasHed Rith alg. saturated NaHCO;, dried (MgSO;,) filtered concentrated in
vacuo to obtain 10.10, which was used as it was in the following steps. (Alternatively
10.10 can also be obtained directly by the reaction of 10.06 (4.5 g, 17.7 mmol) with
5 aq. Ha02 (10 mL), LiOHeH,0 (820 mg, 20.8 mmol) at 0 °C in 50 mL of CH;0H for 0.5,

h.).
OH _ 4+ OH
BocHN NH, CiHaN NH,
——
O (o}

Step 10.
10.10 10.11

A solution of 10.10 obtained in the previous step.was dissolved in 4 N HCI in
10  dioxane and stirred at rt. for 2 h. The reaction mixture was concentrated in vacuo to
give the intermediate 10.11 as a solid, which was used without further purification.

~ Step 11
. : - OH -~ - _ + OH H
BocHN. OH ClHgN N
T - X
10.09 10.12

The required intermediate 10.12 was obtained from compound 10.09 using
15 essentially the procedures described above in Steps 9, 10 with appropriate reagents.

Preparation of Intermediate 11.01
Step 1.

C OztB u

OH
r( 'j'
————
1102 | 110s

To a solution of 4-pentyn-1-ol, 11.02 (4.15g; Aldrich) was added Dess-Martin
20  Periodinane (30.25g; Aldrich) and the resulting mixture was stirred for 45min. before
the addition of (tert-Butoxycarbonylmethylene)triphenylphosphorane (26.75g; Aldrich).
The resulting dark reaction was stirred overnight, diluted with. EtOAc), washed with aq.
sodium sulfite. sat. aq. NaHCO3, water, brine and dried. The volatiles were removed

under reduced pressure and the residue was purified by silica gel column



O "cap-NCO'" NN NNP. Hcap, NUNYO OO0 equivalent O1.14 10 Method D In
yet another variation, the hydrochloride salt 1.13 was converted to the 4-
ni t rophen,%‘,b @g{,&ggﬁt e 1.15 by reaction w th 4-nitrophenypcitniosmEnat e.
Subsequen reatnent with an anine (or amine hydrochloride salt) of choice
provi ded the target conpound 1.14. WO 2005/085275 PCT/ US2005/ 000502 134
VOO NNNP, (NONN P, 1f f Ir HI3H2N 7 0 0 0\ OTHNLOO 02N | /
ol 1.13 ° / 1.15 V H, " -NH2! HH NP cap .NUN NO1-0' O | 1. .14

Met hod QBromatg@iaphydtsing 1%&&56%!!%@%%@5@3@ W&%@rﬁ%ﬁ"ﬁ@e@or@a@wn@. 03
vas. cofyvgsi8%BadhOsome impure fractions were also obtained but set aside. at this time.

Step 2
COotBu CO,Bu
. |ﬁ CBZNJH;r‘ “OH
. -
|- | 1o |
5 Using the alkene 11.03 (1.9g) in n-propanol (20ml; Aldrich)), benzyl carbamate

(4.95g; Aldrich) in n-propanol (40ml), NaOH (1.29g) in water. (79ml), tert-butyl

hypochlorite (3.7ml), (DHQ)2PHAL (0.423g; Aldrich)) in n-propanol (37.5mt), and

potassium osmate:dehydrate (0.1544g; Aldrich) and the procedure set forth in Angew.

Chem. Int. Ed. Engl (1998), 35, (23/24), pp. 2813-7.gave a crude product which was

10  purified by silica gel column chromatography using EtOAc:Hexanes (1:5).to give the
desired amino alcohol 11.04 (1.37g, 37%) as a white solid.

 Step3 .
- cogBy -
. CBZNH. “
KO _ L Yy~ Cow
” 11.04 | 11.05

To the ester 11.04 (0.700g) was added 4M HCl in dioxane (20ml; Aldrich) and
g.-, the resulting mixture was. allowed to stand at room temperature ovemight. The

volatiles were removed under reduced pressure. to give the acid 11.05(0.621g) as a

white solid.
Step 4
CO,H
CBZHN. = ~on CBZNH 9”H
~
» Y

‘l/ 0
' ” 11.05 1.01

20 BOP reagent (3.65g; Sigma) followed by triethylamine (3.45ml) were added to
a dichloromethane (20ml) solution of the carboxylic acid 11.05 (2.00g) and allyl amine
(0.616ml) at room temperature and the resulting mixture was stirred overnight. The
reaction mixture was partitioned between EtOAc and 10% aq. HCI. The organic phase



the 4-nitrophenyl carbamate as. described above., Treatnent with an. am ne.
(or amne. s hydrochloride salt) of choice provided the urea derivative
1.05. Hydwm ymsmessarel further el aboration as described i RCHESHISHIGHB

provi ded the. target conpounds. 1.14. V V OCH3CCHg HCLH2N~ 0 0. QuN-~O 0
1.04 02N / %\ 1.16 V V HH cap- NH21 é:Ha as above) HNNP. Il (Method
A) Cap NUN~NO O O CaP NYN-O 1" 0 0 16 1.14 Preparation of. Pl-PF

m)l eti ﬁﬁ’é&ﬁﬁ?%’%@zﬂ%ﬁ% “ﬂi{p%%r d%@&'ﬁ b g% %%t@%?&keqlen%ﬁgﬂgé’l 01

(5O 9, d@fats). mbmmctlwproducﬂwasﬂ)ﬁlf ec(lﬁsﬁglhﬁébell\aslumd:mm@t ?ﬁpl@ and
treated with M sol ution_of K tBuO (220 ni, equiv.) in THE

react i oﬂsumxa@éc\hé%xmia 30 a3 elueahio pfpmdeetbefd@slred rarand@ mzdw:@sz?s

PCT/ US2005/.006502 reated with brononet hyl cycl obutane (28 niL,. 249
mol ). ThE Y3 %ﬂ@’??@‘ure was

5 Preparation of Intermediates 12.03 and 12.04
Step 1

0 OH

N BocHN OH
BocH \iALoH ]?l’
O

12.01 1202
Compound 12.01 was converted to the required material 12.02 using -
essentially the procedures described for Intermediate 10.11, Steps 3-8..

10 Step2
OH OH

BocHN OH HCILHzN NH,
. 0O _ o

L1 1202 . 12,03
‘Compound- 12,02 was converted to the requnred intermediate 12.03 using -
essentially the procedures described for Intermediate 10.11, Steps 9, 10.:

Step 3

OH OH |,
BocHN OH HCLH,N N

15 12.02 12,04
Compound 12.02 was converted to the required intermediate 12.03 using
essentially the procedures described for Intermediate 10.12, Step 11.

Preparation of Intermediate 13.01

Step. 1
OH
O.N" "N 0N OH
13.02 o
20 13.03

To a stirred solution of 1-nitrobutane, 13.02 (16.5 g, 0.16 mol) and glyoxylic
acid in H20 (28.1 g, 0.305 mol) and MeOH (122 mL) at 0°C-5°C, was added dropwise

triethylamine (93 mL, 0.667 mol) over 2 hrs. The solution was warmed to room.



stirred at roomtenperature. for 48 h and concentrated in. vacuo. The

resi due, was dissolved in Et20 (300 n.) and treated with ag. HCl (2 M 300
m.) The resulting. solution was stirred at roomtenper and
ext ract ed™ \ﬂ’cOPP’ﬁ%%ﬁ (1 L). The s aqueous |ayer was nadgl!?él@g%{logg/?@‘;%%
-12-14 with. NaOH (50 % aq.). and extracted wth CH2Cl 2 (3x300. nL).. The
conbi ned organic |layers. were. dried ({SH), filtered, and concentrated
to give the pure amne (10.02, 18. g) as a colorless oil. Step 2. 0 0 H2N
LOCA B%itgbéﬂa’tui@ $ttrédi09einiglit a‘hcbcdndentra' teaf tddigm@&sﬂegwbﬂa@inl(IEg,o:IJWés2

I n CHZCI 2. (350 ) reate

butyl di thenstisspived st 2@ 3'1@§Clﬂ'ﬁﬂ%\0)P|érrd Wl!ﬂ 1plg/eb|C|af°||PWedee’ﬁfa<FF°" After -
t he conp).e t he reacti,on

concent Wi Eﬁ‘gﬂﬁoﬁ-heﬁﬁ@?‘g Eﬂ’lrggfé‘ ﬁ@@tméﬂ%g'as ?gé’mt\%é}'g:ﬁﬁﬁﬂ‘ﬁb (200 m ,
1:1) angy abSeR! m@eegc{ﬁhdrﬁoheémkﬁed&é@@ss%é% gaoo%fhatoar 2@1%39@%8

t emper atufe.” " f or e reaction concentra ed
baskc afERIpUS | ayer was-'extracted with Et20 The aqueous | ayer was
aC|d|f|ed with conc. HCl to pH 1-2 and extracted with CH2ClI 2.. The
conbi neBterZyani ¢ | ayers were dried (MgSO4), filtered,. and concentrat ed in
vacuo to vyield. 10.03. as a cgjorless viscous od',,.l, whi ch was. used. for the
next step without any furglner lpush fication.y,00 Bteam 3. 0 BocHN OH BOCHN
NOwve | Me 10.03 10.04 A sof utli on of the aci 1 .03 (15.0 g, 62 mol) in
CH2Cl 2 (250 nmL.) was treated h h BOP reagent ( 0 g, 93. mol ), N-nethyl
nmor phol ine (27. mL), N, O di nethyl

13.03 13.04

( To a stirred solution of compound 13.03 (240 g, 1.35.mol) in acetic acid (1.25
L) was added 10% Pd/C (37 g). The resulting solution was hydrogenaied at 59 psi for

10 3 hrs and then at 60 psi ovemight. The acetic acid was then evaporated and
azeotroped 3 times with toluene, then triturated with MeOH and ether. The solution
.wa,s then filtered and azeotroped twi_ce._vyith toluene to afford 13.04 as an off white.
solid {131 g, 0.891 mol, 66%). | '

Step 3 . o S
A o, . OH .
H3N._A__OH "———3%: BocHN.__A__OH
T%Hr » ﬁﬁr
0 0
15 13.04 13.05
( To a stirred solution of the amino acid 13.04 (2.0 g, 13.6.mmol).in dioxane (10

mL) and H20. (5rﬁL) at 0°C, was added 1N NaOH solution (4.3 mL, 14.0 mmol). The
resulting solution was stirred for 10 minutes, followed by addition of di-{-
butyldicarbonate (0.110 g, 14.0 mmol) and stirred at 0°C for. 15 minutes.. The solution
20  was then warmed to room temperature, stirred for 45 minutes and kept at refrigerator
ovemight and concentrated to dryness to give a crude material. To the solution of this
crude material in EtOAc (100 mL) and ice, was added KHSO4 (3.36 g) and H20 (32
mt) and stirred for 4-6 minutes. The organic layer was then separated and the
aqueous layer was extracted twice with EtOAc and the combined organic layer was

25 washed with water, brine, dried over Na2SO4, filtered and concentrated to dryness to

give the product 13.05 as a clear gum (3.0.g, 89% yield).



hydr oxyl am ne hydrochl oride (9.07 g, 93 nmmol) and stirred overnight at rt.
The 25 reaction mxture was diluted with" | N ag. HC (250 nL), and the

| ayers wemeo smpasszted and the aqueous | ayer was. extracPEA/us2005/00:8C] 2
(3x300 m).. The conbined organic |ayers were dried (MgSO™4), filtered and
concentrated in vacuo and purified by ﬁg 2005/ 085275 PCT/ US2005/ 006502 136
chromat ography (Si 02, EtQAc/Hex 2:3) t ?i eld the. am de 10.04 (15.0 g) as.
a colo .solid. Step 4. Oo BocHN Wove BocHN M 10.04 10.05 s A
solutio the. amde. 10.04 (15 g, 52.1 mmol) in dry. THE (200 mL) was.
treated dropwise with a solutP8n of LiAIH4 (1 M 9®¥3yn, 93 mol) at 0 C
The reaction m xture wdsH 8H at—room Hehd ¥efor | h and carefully
guenched at 0 Cwith a sol uti of KHSO4 (10%lag ) and stirred for 0.5 h.
The reaction mxture was diluied. wth aq.. HCJ(1, M 150: m-) and
extracted with. CH2Cl 2 (3x200. nmL), The conbined” 10 organic |ayers were
washed. with ag. HCl (1. M, "™ 4turated NaHCO31. M ne, and. dried.

(MgS™) . The ' hit 4qC ; ' 0 W=1A
10705 As a GOMPOUNE 1505 i Coveril g e BRI tnfeme Ty WRidh
CN 10. @ssedtiadlg the procedures descobed fordnterinbdigtee1 0.12, Step(14. g, 61. 6. mol )

in CH2Cl2 (50,.m), s. ,treated with Et3N. (10.73. nL, 74.4 mol ), and.
acetone bl f inte e te, 14. 7.57

Step 1

Compound 14.02 was converted to the required material 14.03 using
.essentially the procedures described for Intermediate 13.01, Steps. 1-3.

100 “Step2 T o SR i
' o4 . ¢

‘

o

BocHN. OH

14.03 14.01
Compound 14.03 was converted to the required intermediate 14.01 using
essentially the procedures described for Intermediate 10.12, Step 11.

Preparation of Intermediate 15.01

15  Step1
NTCEy —— N,

15.02 15.03
To a suspension of silver nitrite (9 g, 58.5 mmolj in diethyl ether (256 mL) at 0°C

was added a solution of 4-iodo-1,1,1-trifluorobutane, 15.02 (10 g, 42.0 mmol) in

diethyl ether (25 mL) slowly through an addition funnel (approx. 15 min). The resulting
20  mixture was vigorously stirred at 0°C and warmed to rt. After 50 h, the solid material .

was filtered off through a celic pad. The resulting diethyi ether solution was

concentrated in vacuo to give 15.03 as colorless oil, which was used without further

purification.



e

JEPRRY.

mml ) and stirred. at roomtenperature for 24 hrs. The reaction m xture was
concentrated in vacuo and diluted with ag. HCO (1 M 200. nL) and.
extracted into CH2CI 2 (3x200 nL). The conbi ned organic | ayer were washed
with H20, bedRfkss95i ed, 20 (MySO4), filtered, concentr atpegdyysz00swassep and
purified%y chromat ography (Si02, EtOAc/Hex 1:4) to yield 10.06 (10.3. g)
as a colorless liquid Step 6. OH + OH 130CHN CN CIH3N 10CH3 O 10.06 10.07
WO 2005/ 085275 PCTI US20051006502 1371#8t hanol , saturated with HCl *,
prepared by bubbling HCl gas through CH3OH (700 m) at 0 C, was. treated
with t&&éanohydri n 10.06, and heated to reflux for 24 h... The reaction
was concentrated in vacuo to yield 10.07, whichomas used in the next step
wi thout purification. 5 * gt esrnadr| v-ely-6kbd @pared by addition of
AcCl. to dry methanol can also be used.. Step 74+ OH OH C H3N CH3 BocHN
OCH3 O OO0 10.07 10.08 A solw#®ton of. the. amwme. hydrochloride 10.07 in
CH2CI 2 (200 nL) was treated. wth Et3N (45.04 ¢, 315.mmol ) and. Boc20
(45.7g, 209 mmol) at -78 C. The reaction: 'tO mxture was. then stirred. at
room t enper @onigoutE 1 5i03Wwagednveltéd tccthendquird@ materidl 150usiky and
extracted into. CH2Cl 2. The conbi ned organic |ayers. were, dried (MSOH)
fi| t er essenfially éhe pseceruras deseikedial Intermediate 13,0813tepst bgr aphy' ( Et OAc/ Hex

1:4) 8Rp 3

OH OH
BocHN rou HCLHN Ny
0] C
(. CF, CFy
) 15.04 15.01
Compound 15.04 was. converted to the required intermediate 15.01 using
essentially the. procedures described for Intermediate 10.12, Step 11.
Preparation of Intermediate 16.01
. . - . . o H _‘OH‘ -H .
Bocl.-le/'l oH _ HCI.HzNj)\.“,N\/\
e R A
0. ' 16.02 T 1601

The acid 16.02 (Winkler, D.; Burger, K., Synthesi.é, 1996, 1419) is processed as -
described above (preparation of Intermediate 10.12) to. give the expected intermediate
16.01

PREPARATION OF P2/ P3-P2 MOIETIES

15 Preparation of Intermediate 20.01

HECYCH3

[;_3,.(:02(}!3
N

HHC!

20.01
The amino ester 20.01 was prepared following the method of R. Zhang and J.
S. Madalengoitia (J. Ofg. Chem. 1999, 64, 330), with the exception that the Boc group
was cleaved by the reaction of the Boc-protected amino acid with methanolic HCI. .
20 (Note: Ina variation of the reported synthesis, the sulfonium ylide was replaced with
the corresponding phosphonium ylide).

Preparation of intermediate 20.04



;yield tlydroxy ester 10.08. Ste-P. B. OH OH BocHN OCH3 BocHN CH O O 15
10.08 10.09 A solution of nethyl ester 10.08.(3g, 10.5. mmol) in THF/ H20
(1:1) waswbprees/osgr7s with Li OHOH20 (645 ng, 15.75 nmol ) ard/esionsemsexr rt.
for 2 h. The reaction. mxture, was acidified with ag HCl (1 M 15 nl)
and. concentrated in vacuo. The resi du‘? was dried. in vacuumto afford
10.09 in quantitative yield. 20 Step 9 ﬂf-l OH BocHN OH BocHN NH2 O O 10.09
10. 10 & lpytion of the acid 10.09 (from above) in CH2Cl12 (50 nL) and DMF
(25 rrL)-—iaﬁ treated with NHACl (2.94 g, 55.5 mmol), EDC (3.15 g, 16.5
mmol ), HOOBt (2.69 g, 16.5 mmol), and NW (4.4 g, 44 mmol ). The reaction
m xture was stirred at room 25 tenperature for 3 d. The solvents were
renoved under vacuo and the residue. was WD 2005/ 085275HpCHI82005/ 006502
138 diluted with agqo HC (2%MHqL¥Hand extracted, with CH2ER2. The conbi ned

or gani c. Iaygga_!N%e washed whth aqg. saturated NaHCG3, /dried 6d504)
filtered concentratedoHn vacuyo—io o$ ain 1010 ,which wagyusyd as. it was
in the foll ow ng eps. (A tew ‘§7H3 10. 10 can g 3Anbe Qbta@ ned directly
by the reaction 0.06 (4.5 (ﬁ}é} 7 mol). with 5 aq. (10 ni),
Li OHH20 (820, ngw.20.8 mml) at ¥ Cin 50 nL of CH3OH fgi_0.5. h.).
@ 20.03
20.02 20.01

A solution of commercial amino acid Boc-Chg-OH, 20.02 (Senn chemicals,

5 6.64 g, 24.1 mmol) and amine hydrochloride 20.01 (4.5 g, 22 mmol} in CHxCl, (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 diluted with éq.. 1 M HCl and extracted
into EtOAc (3x200 mL). The. combined organic layers were. waéhed. with saturated |
NaHCO; (200 mL), dried (MgSOQ,), filtered and concentrated in vacuo, and

L0 ‘-chrc_)matographed (Si0,, EtOAc/Hex 3:7) to.obtain. 20.03 (6.0 g) as.a colorless solid. .

" Step2: : ‘ ‘

20.03 20.04 _
A solution of methyl ester 20.03 (4.0 g, 9.79 mmo!) in THF/H20.(1:1) was.
15 treated with LiIOHeH20 (401 mg, 9.79 mmol) and stirred at rt. for 3 h. The reaction -
mixture was acidified with aq. HCl and concentrated in vacuo to obtain the required.
Zintermediate, free acid 20.04.

Preparation of Intermediate 20.07

Step 1
20



Step 10. OH + OH BocHN NH2 CTH3N NH2 0 O 10.10 10.11 A solution of 10.10
obtained in the previous stgP-was dissolved in 4 NHCI in. 10 di oxane and
stirred. @odoshe7® h. The reaction mxture was. concenPCEUSA0SN0656CUO t O
give, the internediate 10.11 as. a solid, which was used w thout further
purification. Step 11: OH + OH H BocHN OH CIH3N N~~ O 10.09 10.12 The
required internedi ate 10.12 was obt ai ndf2f r om conmpound 10.09 using. is

essentially the procedures described above in Steps 9, 1 +th appropriate
reagents. Prepar atbon of Inte diate 11.01 Step 1. OH CRtBu 111 11.02
11.03 To a sol utiongjof 4-pentyhs 1 ol, 11.02 (4.15g; Aldr dded

Dess- Marti n Baebl i nane (3£.225¢; Aldrlch) and the rew 3xt ure was
stirred for 45m n: before+ th d| OCkH; of
(tert-But oxycar bafiyd met hyl ene) enyl phosphor aneBPW\Z%OA?dH ch).. The
resulting dark reaction was stih 2 (Dovernl ght, diluted wth. EtOAc), washed
wth aq. sodiumsulfite. sat. aq. NaHCO3, water, bri nq\and awoioed. The
vol atiles were rempsed under rexddded pressure and the residue was purified
by silica gel colum WO 2005/ 085275 PCT/ US2005/ 006502
A solution of Boc-tert-Leu 20.05 (Fluka, 5.0 g 21.6 mmol) in dry CH.Cl./DMF

(50 mL, 1:1 ) was cooled to 0 °C and treated with the amine salt 20.01 (5.3 g, 25.7
5 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 aq. HCI (1 M) and extracted with CH,Cl,. The

combined organic layers were washed wuth HCl (aq, 1 M) saturated NaHCOa, bnne

dried (MgSO0.), filtered and concentrated in vacuo and punf ed by chromatography

(Si02, Acetone/Hexane 1:5) to yield 20.06 as a colorless solid.

1o Step2
[—)jrocm “ OCH3
S N
BOCHN\_/& o HCI. HaN\/go 0
20.06 2007

A solution of methyl ester 20.06 (4.0 g, 10.46 mmol) was dissolved in 4M HCl in
( dioxane and stirred at rt. for 3 h. The reaction mixture was concentrated in vacuo to
obtain the amine hydrochloride sait, 20.07 which was used without purification.

15 Preparation of Intermediate 21.01:

Step. 1:
QCQZH (_NLCOleU
1
éoc Boc
21.02 21.03

To a stirred solution of N-Boc-3,4-dehydroproline. 21.02 (5.0 g, 23.5 mmol), di-

tert-butyl dicarbonate .(7.5 g, 34.4 mmol), and 4-N, N-dimethytaminopyridine (0.40 g,
20  3.33:mmol) in acetonitrile (100 mL) at room temperature was added 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



139 chromat ography using 1 % EtQAc in hexanes as eluent to give the
desired, conpound, 11.03 (3.92g). Sone. inpure fractions were al so

obt ai ned bwD 20e8088%15de. at this tine. Step 2 CO2t Bu COZARIT/USBANI65020H | |
11.03 1 11.04 5 Using the alkene 11.03 (1.99). in n-propanol (20nt;

Al drich)), benzyl carbamate. (4.95q; Algrich) i n. n-propanol (40nl), NaCH
(1.29g) in water (79ml), tert-butyl hyfBchlorite (3.7m), (DHQ 2PHAL

(0. 1 saauformoebiiany GufingaeEIGast FoRkhedRE oM IR HARERA RESRE™ Bo°
Engl (19g@ye||_%@01 3084, 84%)p- 2813-7.gave a crude product which was to
purified by silica gel colum chronmatography using Et OAc: Hexanes (1:5). to

give. t8tepdesired am no al cohol 11.04 (1.37g, 37% as a. white. solid.

Step 3 CO2tBu ' CO2H CBZNH. OH CBZNH. 'COH 11¢llg04 11.05 To, the ester

11.04 (0.700g) was added 4 HCl . in di oxane (é@m; Al drich) and. the

resulting mxture was, all cdeu stamdat roomt enperature overnight.

The. volatiles were renovedotnder reduced pres'.*suF%'.B”to. give, the acid

11.05' (0.621 g) as. a white solid. Step 4 C02H*® CBZHN, OH OH CBZNHMS, H O
21.03 21.04

5 To a stirred solution of the dehydroproline derivative 21.03 (10.1.g, 37 .4
mmol), benzyltriethylammonium chloride (1.60 g, 7.02 mmol) in chioroform (120 mL)
at room temperature was added 50% aqueous sodium hydroxide (120. g). After
vigorously stirred at this temperature for 24 h, the dark mixture was diluted with.
CH:Clz (200 mL) and diethyl ether. (6C0 mL). Aier the layers. were separated, the ..
10 aquéous solution was extracted with CH2Cl./Et;0O (1:2, 3x600 mL). The organic
solution was dried (MgSO4) and concentrated. The residue was purified by flash
- column chromatography using 5-20% EtOAclhexane. to afford 9.34 g (71%).0f 21.04 - -.. -
asanoffwhitesolid. . b i

GIYCI QI\JCI
= L CF,COH
Qcoztau szH
Boc H
15 21.04 21.05

The solution. of 21.04 (9.34. g, 26.5 mmol) in CHxClz (25 mL) and CF3CO2H (50.
mL) was stirred at room temperature for 4.5 h before it was. concentrated in vacuo to.
give a brown residue, 21.05 which was used in Step 4 without further purification.

Step 4
c_c @
S —_— -HC)
CFyCOH
Q‘co,u i QCOzMe
H
20 21.05 21.01

Concentrated hydrochloric acid (4.5 mL) was added to a solution of the residue
21.05 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 vacuo to give a brown oil
21.01, which was used further without purification.

25  Preparation of Intermediate 22.01




1 11.05 11.01 20 BOP reagent (3.65g; Sigma) followed by triethylam ne
(3.45nmL) were added to a dichloronethane (20m ) solution of the carboxylic
acid 11.05 (2.00 and allyl amne (0.616nl) at roomt d the
resul ti ng”ﬂﬂﬁ‘l‘(ﬂsgz Swas stirred overnight. The reacti on%ﬁ%"@%@a
partitioned between Et OAc and 10% aq. HCI. The organi c phase WD 2005/ 085275
PCT/ US2005/ 006502 140 was separated, jgshed, with sat. agq. sodium

bi carbonate, water, dried (nmagnesium sulfate). The crude reaction. product
was puigtgpad by si | | ca get colum chromatography using (EtOAc: Hexanes;

70: 30) as eluent to provide the desired amde 11.01 (1.73g) aa a viscous
yellow oil. s Preparatlmof | nt er medi at es8&2. 03 and 12.04 Step. | 0 OH

BocHN J~ OH BocHNNOH ~ OY N 013:.19?.@0 ou s converted to the
required material 12.02 essentiall % roce res described for
Internediate 10.11, Ste 10 Sfef 2 BocHNOH HCl . H2NrNH2 O O

12. 02 12. 03 ' Conpound 12.0 ,_\gps converted to. e required. internedi ate
12.03, using essentially the procedures described for Internediate 10.11,
Steps. 9', Pulassium bis(trimethylsilyl)amide (158ml of a 0.5M solution in toluene;

79mmol) was added to a stirred suspension of cyclopropyltriphenylphosphonium

5 bromide (33.12g; 86.4mmol) in anhydrous tetrahydrofuran (130ml) and the resulting
orange mixture was stirred under an atmosphere of nitrogen at room temperature for a
period of 1h., before the addition of the aldehyde 22.02 (9.68g; 42.2mmol) in THF

( (8ml). The reaction was then refluxed under an atmosphere of nitrogen for a pen‘od of
2h. After cooling, methanol, diethy! ether and Rochelles salt were added. The organic

10  phase was separated, washed with brine, dried and concentrated under. reduced.
pressure. The crude reaction product was purified by sitica gel column
chromatography using EtOAc-hexane (1 99) to EtOAc-hexane (5:95) to provide the
_alkene 22.03 (8.47g) as a yellow oil. - , BRI

Steg, 2
’ NHtBoc
>< j/\V j\v
Z.Boc-Gly-0Su, EON
15 22.03
( A solution of 1M HCl in MeOH/MeOAc was prepared by addlng 14.2ml of acetyl

chioride dropwise into. cold methanol and diluting the resulting solution to 200ml at
room temperature.
The carbamate 22.03 (9.49g; 37.5mmol) was dissolved in methanol (12ml) and

20 added to 1M HCI in MeOH/MeOAc (150mt) while cooled in an ice bath. The resulting
mixture was maintained at this temperature for 1h., then the ice bath was removed
and stirring continued overnight at room temperature. The volatiles were removed
under reduced pressure to yield a yellow oil which was used in the next step without
purification. '

25 The yellow oil was dissolved in a mixture of THF (30ml) and MeOH (20ml) and
treated with triethylamine (15ml; 108mmol) until the solution was pH=9-10. After
placing in an ice bath, the mixture was treated with N-Boc-Gly-OSu (11.22g; 41mmol).
The ice bath was withdrawn and the reaction stirred at room temp. for 1h. The



Step 3 OHOHH BocHN'I OHHC.H2N N,-,.% O oY 15 12.02 12.04 Conpound.
12. 02 was converted to the required. internediate 12.03 using essentially
t he procevarmesessri bed for Internediate 10.12, Step 11pCT/BSEPs0@GEI2ON Of
Internediate 13.01 Step,1 OH 02N*~~ - QZzN 1 /OH 13.02 T 11 0 20 13.03 To
a stirred solution of 1-nitrobutane, 13.02 (16.5 g, 0.16 nol) and gl yoxylic
acid in H20 (28.1 g, 0.305 nol) and Met#B (122 m-) at 0C-5C, was added.

dr opwi se riethylamne (93, n, .0.667 nol) over, 2 hrs. The sol ytion was
war med YQ!a{HS&W roBYeddas rﬁ@?@ﬁ?méﬁdéheiﬁﬁdyéﬁw BPUH%d %¥t$'|!q9ed

i ssol vl ISmBEMERELEIPhy Lind R (308 KEHEROR et e nd e
ext r act d@sired\amideE22)0d. (9108 )conbi ned organi ¢ sol uti on was washed w th.

brine, dried, over Na2SO4, filtered and concentrated to dryness to give
the prodter313.03 (28.1 g, 99% s yield). Step. 2 OH OH

NHtBoc NHtBoc
0 _ o-=<—
HN SN 2,2-dimethoxypropane N T
T\v BF, O, ><
HO O
5 22.64 22.05

The alcohol 22.04 (9.09g; 33.6mmol) was dissolved in acetone (118.5ml) and
treated with 2,2-dimethoxypropane (37.4m!; 304 mmol) and BF3:Et20 (0.32ml;
2.6mmol) and the resulting mixture was stirred at room temperature for a period of
5.5h The reaction solution was treated with a few drops of triethylamine and the

10  volatiles were removed under reduced pressure. The residue wa-s purified by silica gel
column chromatography using 5-25% EtOAc in hexanes to provide. the N,O-acetal

22.05(8.85). .
| . steps -
- : =( e NOBF 0 - A 0 g
1. NOBF4 , ’ )
. _' . 0 N ~ . i,iygxg;;e ! o ,
A XX
© o} O
22.05 22.06 2207
N The carbamate 22.05 (8.81g; 28.4mmol) was dissolved in acetonitrile (45ml)

and the solution was cooled to —40°C under an atmosphere of nitrogen. Pyridine
(6.9ml; 85.3mmol) followed by nitrosium tetrafluoroborate (6.63g; 56.8mmol) were
added and the resulting reaction mixture maintained below 0°C until TLC indicated
that no. starting material remained (approx. 2.25h.). Pyrrolidine (20ml; 240mmol) was
20 added and the cooling bath was withdrawn and stirring was continued at room
temperature for 1h. and then the volatiles were removed under reduced pressure. The
residue was quickly passed through a pad of silica gel to provide a yellow oil.
The yellow ol Was dissolved in anhydrous benzene (220ml) and palladium
acetate (0.317g; 1.41mmol) was added before heating the resulting mixture to reflux,
25 under an atmosphere of nitrogen for a period of 1.5h. After cooling, the volatiles were
removed under reduced pressure and the dark residue was purified by silica gel



02N OH HZN OH 13.03 13.04 To. a stirred solution of conpound 13.03. (240
g, 1.35. nol) in acetic acid (1.25. L) was added 10% Pd/C (37 g).. The

psi

resul ting solution was. hydrogenated at 59 psi for n at 60
over ZWERPOVBRES acetic acid was then evaporat ed. ani’égﬁé zﬁﬂ%n‘sﬂﬁ

ot rropet

times with toluene, then triturated with MeOH. and. ether., The solution
was then filtered and azeotroped tw ceqowi th tol uene to. afford. 13.04 as
an off white.. solid. (131 g, 0.891 nol, 66%. . Step 3 OH OH HZN CH

docHN GJIurﬂﬁchﬁ)rﬂétolﬁaﬂ@ dsing EtOAcr—hdxamé(ﬂi&lpto providecthent) e transd. 13. 04

(2.0 g

3. d 20. 0C dded
LN Noovitaiinens 2206 (5 odaf follpwidieii) the dadymolidnone -t iharah vas

stlrreg 8 10 minutes, followed by addition of. di-t- butyldicarbonate

(0.110 14. 0 nmol ) and stirred at OC for. 15. mnutes.. The solution 20
was then war med. to roomtenperatyf\e, stirred for A5 m nutes and. kept at
refrigerator overnight and® (% rated t . to give a crude
material. To the, solution off th¥s pcahdda.s@tierial in EtQAc (100 nL) and
ice, was added. KHS04 (3 nd and stirred for 4-6

m nutes. The organic Iayef}ﬂg’s ;

extracted twice with Et OAc a

hen separated a o't he aqueous | ayer was
t he conbi ned v®ganic | ayer was. 25 washed

with water, brine, dried. ovét®Na2SO4, .filteré#8and concentrated to dryness

2005

10

$

20

25

O e Ay AP SR iy e oS

added to the N,O-acetal 22.06 and stirred at room temperature for 1h. The solvent
was removed under reduced pressure and the residue was purified by silica gel
column chromatography. using 0-4%MeOH in dichloromethane as eluent to provide

~ the desired alcohol 22.08 (1.42g), a yellow oil.

Step 6

. L.LAH .
2. N-Boc-L-ert-Lew-OH = ° N
HATU BoctHN™ - )

. 0. HO

22.08 : . 2209

To a solution of the lactam 22.08 (1.29g; 8.44mmol) in anhydrous
tetrahydrofuran (55mi) was added fithium aluminum hydride (2.40g; 63.2mmol) and .
the resulting mixture was refluxed for 8h. After cooling, water, followed by 15%.aq.
NaOH were added and the resulting mixture was filtered through celite and the solid
was. washed thoroughly with THF. and MeOH. The solvent was removed under
reduced pressure and the residue redissolved in dichloromethane, dried and
concentrated under reduced pressure to provide the pyrrolidine, used without
purification.

Hunigs base (4.5ml; 25.8mmol) was added to a mixture of N-Boc-L-tert-Leu-OH
(1.76g; 7.6mmol), The crude pyrrolidine and HATU (2.89g; 7.6mmol) in anhydrous
dichloromethane (50ml) at —60°C, under an atmosphere of nitrogen. The resulting
reaction was allowed to come to room temperature slowly, overnight. EtOAc was
added and the yellow solution was washed with dil. aq. HCI, sat. ag. sodium

bicarbonate, water, brine. The organic layer was dried and concentrated under



BoWNOH HCI . HZN' N,-,~ O 711 0 13.05 13.01 - Conpound 13.05, was converted
to the required. internediate 13.01 using essentially the procedures
descri bed“f(pfook,ﬂg;gfmdl ate 10.12,. Step 11. 5 Preparati opcpliisioo/eedsssli at e
14.01. Step OH QZN ~/ BCcHN O—I O 14.02 14.03 Conpound 14.02 was
converted. to the required. material 14.03 using essentially the
procedures described for Internediate 18001, Steps 1-3. in' Step 2 : . H
OH BocHN 104 HCl . H2N_.N O 14.03 14. 01 Conpound 14.03 was converted to the
requi r etedutiesk pregsuiee h@zte@g!uemmguriﬁeds byi rT]io'@ﬁmg;el calIpR bERategrapbyri bed

Step 1 HmgsChearies i o e e BBETEH e 2 RIS °F) vor ni 11t e

(9 9, 58teptol) in diethyl ether (25 m_) at 0C was added a sol ution
of 4-i odo- ,1-trif|uorobutane,15;&2 (10 g,.42.0. mol) in
Y. Jones ¥
N N
BocHN™ YT L~y tBocHN
o 0  COM

22.09 2201

5 The alcohol 22.09 (2.00g; 5.67mmol) was dissolved in acetone (116ml) and

cooled in an ice bath for 10min. This solution was then added to a cooled Jones.
reagent (14.2ml; approx 2mmol/ml) and the resulting mixture was stirred at 5°C for
0.5h and the cooling bath was removed. The reaction was stirred for a further 2h. at-
room temp., before adding to sodium sulfate (28.54g), celite (15g) in EtOAc (100ml).
10  Isopropanol (15ml) was added after 1min and then stirred for a further 10min. and
. filtered. The filtrate was concentrated under reduced pressure, providing a brown oil
‘which'was dissolved in EtOAc. ThIS solutlon was washed w;th water, 3% :aq.. citric
acld brine, dried and concentrated to provsde the desired carboxyhc acnd 22, 01
' (1.64g) as a white solid.

15  Preparation of Intermediate 23.01
Step 1:

Q.
Tﬁ}\ﬂ,ocm £N>  ms 489 mocua
H
0 Q
@/\ O/go @/\ O/KO
23.03

23.02

To the mixture of ester 23.02 (6.0g) and molecuiar sieve (5.2g) in anhydrous.
methylene chloride (35 mL) was added pyrrolidine (5.7 mL, 66.36 mmoL). The
20  resulting brown slurry was stirred at room temperature under Ny for 24 h, filtered and
| washed with anhydrous CH3CN. . The combined filtrate was concentrated to yield the
desired product, 23.03.

Step 2:



di ethyl ether (25 nmL) slowy through an addition funnel (approx. 15 mn).
The resulting 20 m xture was vigorously stirred at 0C and warned to rt.

After 50 h, the solid material. was filtered off through a. celn pad. The
resul ti ngwei 003168527t her sol ution was concentrated in v USZQ0S/6 15. 03
as colorless oil, which was used wi thout further purification. W

2105/ 085275 PCT/ US2005/ 006502 143 St 2 OH 02N -'-'~'CFS BoG | N~H
15.03 0 CFs 15.04 Compound 15.03 was converted to the required nmateri al
15.04 using essentiakly the procedures. described. for.lAfnternedi ate 13. 01,
Steps. 1-3. s Step OH H BocHN (oH - HCl.HZN % N.~ \O Yo CF3 CF3

15. 04 15.01 Conpound 1%.04 was. convested' to the reQusir@d internediate
15.01 using essenti al x ecmproceﬂ{r, descri bed ford| argdi ate 10. 12,
Step 11. Preparation ofy Ifitermediate 1601 O CH Boctbf HCl. HZN' N F2C
F2C O 0”0 Nal, K;CO4 (s o]

23.04

23.03
To a solution of the product 23.03 from proceeding step in CH3CN (35 mL) was.
added anhydrous K,CO3, methallyl chloride (2.77g, 30.5 mmol.), Nal (1.07g, 6.7
mmol.). The resulting slurry was stirred at ambient temperature under Nx for 24 h. 50
5 ml of ice-cold water was added followed by 2N KHSQ, 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 MgS0O,, and evaporated to yield the
desired product, 23.04. ‘ ' '

Step. 3:

N Lo, 0 §'< o : Jome O
S OCH; . AN LIOH/ dioxane oH
Lo E o’&ov LA e .0 o

23.04 = 23.05

The pro.d'uct 23:0‘4 from the 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.

10

( was taken in EtOAc and washed with H;0. The combined aqueous phase was cooled.

15 t0.0°C and acidified. to. pH 1.65.using 1N HCI. The turbid mixture was extracted with
EtOAc (2 x 100 mL). Combined organic layer was washed with brine, dried over
MgS0,, and concentrated to. give the desired acid, 23.05 (3.40 g).

Step 4:
Q( HO.,, §<
O—" NaBH(OAC)k (HOH
- 0”0
O m >
23.05 23.06
20 - To asuspension of NaBH(OAc); (3.93g, 18.5 mmoL) in CH2Cl, (65 mL) was.

added a solution of product 23.05 from preceding step in anhydrous CH,Cl> (20.mL)

and acetic acid (2 mL). The slurry was stirred at ambient temperature for 20 h . .Ice



] Q 16.02 16.01 The acid 16.02 (Wnkler, D.; Burger, K ; Synthesis, 1996,
1419) is processed as described above. (preparation of Internediate 10.12)

to. give ted internediate 16.01 PREPARATI ON Joeddesdyd ETI ES
15 Pr epar‘g&%"%gfzc’r ntermedi ate 20.01 H3C , CH3 (- ~- op R esdl B

The ami no ester 20.01 was prepared foll OWI ng the nethod of R Zhang and. J.
S. Madal engoitia (J. Og. Chem 1999, 162 330) with the exception that the

Boc group was cleaved by the reactlon of g?c ot ected am no acid.
Wit h rrspﬁcb aterc(‘iﬂé mL) ‘Q@g edded:tothe slurat ang ﬁBHe OEE Rio fBrgaHC faparwas s,

h S

118 5@52%%?%‘?‘#%?"‘8@’?‘75 il %é%ﬂOl%t%Bé%RfBﬂd&%é9%8@?@%@%@%22683 006502

144 SSepB:CH3,, ,,CH3 0 C3vCH3 /// BocHNJt ( +nOCH3 N 0 0\,
_BOCHN:_B__HZCI O O 20.02 20.01 0 20.03

§< HO., #
HO:,‘ _\“ y
()m/OMe
N OH CHzNz / E,0 / MeOH i I
A, 0 (0 28]
SR

23.07
23.06

5 To a solution of the product 23.06 from preceding step (1.9g) in MeOH (40 mL)
was treated with excess of CHxN, / 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, 23.07.

. 10 ASteQG: |

HO.;~ ‘\‘\ . . oo v

[;)ﬁ(om BF3. Me;0 / CHLCH B [r}\(OMe

. 3 - Mgy oda C . . .

SANE SaAN
23.07 2308

To a solution of product 23.07 from preceding step (1.36 g) in anhydrous,

CHCl; (40 mL) was treated with BF3. Me;O (0.7 mL). The reaction mixture was
stirred at ambient temperature for 20 h and quenched with sat. NaHCO; (30 mL) ad

15  stirred for 1/2 hr. Organic layer was separated and combined organic layer was
washed with brine, dried over MgSQ,, concentrated to give crude residue. . The
residue was chromatographed on silica gel eluting with a gradient of EtOAc / hexane
to afford. 0.88 g of the desired compound, 23.08.

Step 7.

2 >

i

Ha - 10% Pd /IC
OMe OMe
N N
O H
o o
23.01

20 23.08
To a solution of the product 23.08 (0.92 g) from preceding step in MeOH (30

mL) was added 10 % Pd/C (0.16 g) at room temperature and hydrogenated at

P




A solution of commercial am no acid Boc-Chg-OH,. 20.02 (Senn chemcals, s
6.64 g, 24.1 mol ) and am ne hydrochloride 20.01 (4.5 g, 22 mml) I n CH2Cl 2
(100. n). at 0 C was treated. with BOP reagent and stlr 8& 5 for 15
h.. The r B4LIWH9BSZH xture was concentrated in vacuo, the’ﬁ /ps YO06EH3 |t ed
with ag.. 1. M HCl and extracted into EtOAc (3x200 nlL).. The. conbi ned
organi c Iayers were, washed. with satu ed NaHCO3 (200 rrL),. dried
(MgS™), filtered and. concentrated in vacuo, and 1to chronmat ographed

Step 2 TR TfpEiEtYg fndtt Lhiin, Ahesdre T BadiRn i etiafSined ot & 6 o

20. 03 2énddoricestttated dm dnfnessttbylield thededbedTotpaurgl,23.000 mol ) in THE/ H20.

(1:1) was. 15 treated wt H20 (401 ng, 9.79 mml) and stirred at it
for 3. AR (O P3MON s acidified with ag. HC and concentrated
I N vacue ' e e hgd.  .internediate, free acid 20.04.

Pr epar at+6h etfredrate-—20.09/7/ Step 1 20 WD 2005/ 085275 PCT/ U

820595/0@__@@1_2 145 O // BOCHN~C]-I( }~ , OCH3

E fcozﬂ E Scozcrl3

50.02 50.03
To a solution of 50.02 (15 g) in MeOH (150 mL) was added conc HCI (34 mL)
and. the mixture was refluxed for 16 h. The reaction mixture was cooled to. room
( temperature and concentrated. The residue was taken in diethyl ether (250 mL.) and
| 1¢  washed with. coid salurated sodium bicarbonate solution, and brine. The’ organielayer
was dried (Na;S04) and concentrated to. afford the methyl ester 50.03 (12.98 g) which
was carried forward without further purification.

Step2 : -
) Ejeozcm,: E ,j\ OH'
o 5008 - - 50.04 ‘
15 The methyl ester 50.03 from above was. dissolved in methylene chloride (100,

ml.} and cooled to -78°C, under nitrogen atmosphere. DIBAL (1.0 M solution in

/ methylene chloride, 200 mL.) was added dropwise over 2 h period. The reaction.

( mixture was warmed to.room temperature over. 16 h The reaction mixture was cooled
to 0°C and MeOH (5-8 mL.) was added dropwise. A solution of aqueous 10% sodium

20  potassium tartarate (200 mL) was slowly added with stirring. Diluted with methylene
chioride (100'-mL) and separated the organic layer (along with some white precipitate).
The organic layer was washed with 1 N HCI (250 mL.), brine (200 mL.), dried (Na;SQO;)
and concentrated to provide the aicohol 50.04 (11.00 g) as a clear oil.

Step 3
i “OH GCHO

25 50.04 50.05
The alcohol 50.04 from above was dissolved in methylene chloride (400 ml.)
and cooled to 0°C under nitrogen atmosphere. PCC (22.2 g) was added in portions
and the reaction mixture was slowly warmed to room temperature over 16 h. The



+ ,0CH3 ° ' ~ ~( BocH\~ 261 OO O 20.06 20.05 20.01 A solution of
Boctert Leu 20.05 (Fluka, 5.0 g 21.6 mml) in dry CH2C 2/ DVF (50rrL 1:1)

was cool e d treated with the am ne salt 20. 01 < s
nmol ), M%A‘)(@P%"“gﬁu 8 mvof) and BOP reagent (11.6, gé‘rlésﬂm I&f_‘fg The
reaction was stirred at rt. for 24h, diluted with aq " HC (1 M and

extracted wwth CH2Cl 2. The conbi ned ofgpanic | ayers were washed with HCl
(ag, I M, saturated NaHC03, brine, dried (MgSM), filtered and.

concentrgaktion mixture waasdituted with diethog edinrc(ﬁeomtpahd ﬂtés%cothrougteaqu oExane
1:5) to. yield 20.06 as a colorless solid. to Step 2 CH3 ~O OCH3 O <

L O O ceiiteiN hediltrate was conaestratedand the rQﬁlﬁi'éﬂ WHS tabfenym disfhyrether OQ 4. o

3 . LT D WeBparsat fuddh b haifor Fcd Gt hQ LAY el Copflrfled o '

am ne r UPiHer S
Prepar?/ tion o elérlggpirde%?gt%ﬁ%g\f%§%?g%a WQrd’WtﬁBHﬁ bt@‘gﬁ%ﬁl}m Boc

eoes Step 4

EfCHO HCLHN._COzH

50.05
50.01

The aldehyde 50.05 from above was converted to the desired material 50.01.
using essentially the method of Chakraborty ef. a/ (Tetrahedron, 1995, 51(33), 9179-
10 90). N
PREPARATION OF SPECIFIC EXAMPLES from Table 1
Example |: Preparation of Compound of Formula 4010

0

15 Part l: Preparation of intermediate 4010.06



21.02 21.03 To a stirred solution of N Boc-3, 4-dehydroproline.21.02 (5.0
g,. 23.5 mol), di- ted-butyl dicarbonate (7.5 g, 34.4 mmol ), and

4- N, N- di yridine (0.40 g, 20 3.33..mm|) in L 61& (100
m.) at n?r#%“&*@%ﬁifure was added triethylamne (5.0 ﬁgﬁﬁygﬂlo ’b‘? 02
resultlng solution was stirred at this, tenperature for 18 h before |t was
concentrated in vacuo. The dark brown {gsidue was purified by flash colum

WO 2005/ 085275 PCT/ US2005/ 006502 146 chromatography eluting with 10-25%
Et OAc/ hexape to give the roduct 21.0¢ a pale yellowoil §(5/29. g,

84% . Step, 2: C1~Cl | Bu L ~CQ21 Bu Boc Boc 21.0%21.04 5 To
a stirre ol ution 4Iaq)rzoproll \ derivative 21. 03 (10 g, 37.4
nmol ) , , @| triethyl [ ium chl ori 60 Qiohnés &\4datigyo! ) PHf or m
(120 m )ﬁat I OOr-terperat-ure—was ddSb@aqﬂeeus—sed% de.

0

| d

(120. g). Af Pér Vi H6THLOSMYDIBEA I r e t enperat ur e t he
, dark m xt Y was, di | utgec wit h. B%c(z,gq,nm ) and dieth hao@t“ﬂb"r (600
After the hayers wer e separ at ed the.. io aqueous solution was

extractWt 2/ Et 20 (1:2, 3x600 m).. The organic solution was
dried ( céncent) at ed. The resi due was purified. \Ky flash colum
chr omat ogr ap

uging 5- 2 EthQAc/OIHexane to. afford 9.34 (71 %9 .gof 21.04
as an of#%hite~sol i d NHz 1) Moffat Oxidation (gx(ﬂ H]’NH
N 2
i o

HATU, DCM, DIPEA 2) 4.0N HCI / Dioxane o
0
-20°C
NHBOC NHy HC!
( 4010.05 4010.06
Step1:
\/ OH \/ - \/
>L‘/&o 4010.02 o
N NHBOC Jones Oxidation N
H : :
OH HATU, DCM, DIPEA */& OH *Ao 0.
4010.01 4010.04
-20°C NHBOC 401003 ‘NHBOC
5 - " To a -20°C solution of Amine 4010.61 (10g, 72mmol) prepared following the

method of R. Zhang and J. S. Madalengoitia (J. Org. Chem. 1999, 64, 330)in DCM
(200mL) was added HATU (1.05equiv, 28.8g), Boc-L-Tert Leucine (Aldrich Chemical
Co., Milwaukee, Wisconsin, 1.1 equiv, 79.2 mmol, 18.3g) and DIPEA (0.2 mol, 40
mL). Reaction was stirred for 24h then was diluted with EtOAc and washed with

Vi

10  NaHCOS3. Organic layer was washed with citric acid then brine. Organic layer. was
dried over MgS 04, filtered and concentrated under vacuo. The residue 4010.03. (72
mmol) was dissolved in Acetone (1.2 L) at 0°C. Then, Sequiv of Jones reagent (138
mL, 360 mmol,. prepared by dissolving 91g of Chromium trioxide in 70 mL of conc,
H2S04 and diluted to 300 mL) were added. After 45 min, no starting material was

15 detected by TLC. Isopropanol (40 mL) was added and 500 mL of EtOAc. The green
solution was filtered off through a pad of celite and the filtrate concentrated to dryness.
The residue was diluted with 10% sodium carbonate and extracted with Et;0. The
aqueous layer was then acidified to pH=2 with HC! 3.0N and extracted with EtOAc (3
times 200 mL). Organic layer was dried over MgSO4, filtered and concentrated under

20  vacuo. to yield 21.55 g of intermediate 4010.04.
Step2:



a "'c d sa /" CFICOH "N _CtBU ~N*CO2H H Boc 15 21.04 21.05 The
solution. of 21.04 (9.34, g, 26.5 mol) in CH2Cl 2 (25. m-) and CF3CO2H
(50. m-Wwowass/gekdisred. at roomtenperature for 4.5 h. beivuS2004/00686
concentrated in. vacuo to. give a brown residue, 21.05 which was used in
Step 4 without further purification. Step. 4 cl cIl dvu HO /~1 'CF, CO2H
("'~ NCON N COZMv HH 20 21.051%8B. 01 Concentrated hydrochloric acid
(4.5 mM-) was added to a solution of the residue 21.05 from Step 3 in

met hanol (70. m-) and the resultif§ nixture was/warned, to 65C. in an oil
bath. After 18 h, the m xt uli@Hgh Hhtrated n vacuo to give a brown oil

21.01, which was used further wit puri fi cayTon. 45 MHeparation of
I nternediate 22.01. WO 2005A985275~PCTNS2005/ Ogéges%rN p 1 teoc~
t Boc\ X O JCHO PHP~ v JIiF rcl
4010.0 N Te) )
HATU, DCM, DIPEA 0
-20°C NHBOC
‘ 4010.05

To a-20°C solution 4010.04 (10.4g, 28mmol) in DCM (300 mL) was added
HATU (1.05 equiv, 29.4mmol, 11.2g), amine salt 12.03 (1.0equiv, 28mmol, 5.48g,

5  prepared as described in Preparation of intermediates, preparation of P1-P’ moieties).
After 10 min at -20°C, DIPEA (3.6equiv, 100 mmol, 17.4mL) was added. Reaction was
stirred at this temp for 16 h. After 16, the reaction was diluted with EtOAc and washed
successively with NaHCO3, citric acid (10% w/w) and brine. Organic layer was dried. |
over MgSO04, filtered and concentrated under. vacuo. to yield: 14 g of intermediate

10 4010.05.

~
N
~
N

- 1) Moffat Oxidation N NH,
4010.05 N
2) 4.0N HCL/ Dioxane M o o
0 \[>
NH, HCI
4010.06 _
Et3N (3 equiv., 5.2 mmol, 0.72 mL) is added to. a mixture of crude 4010.05
(1.06g, 1.73 mmol theoretical) and EDCI (4equiv., 6.92 mmol, 1.33g) in EtOAc (12
15 mL) at RT. After addition, DMSO (4.5 mL) was slowly charged. This was followed by.
addition of methanesulfonic acid (3.6equiv, 6.22 mmol, 0.4 mL) with temperature
between 20 and 30°C. The reaction was agitated for 1h. After 1h, TLC shows reaction
completed. At 0°C, a chilled mixture of EtOAc (12 mL) and iced water (2 mL) was.

added. After 2 minutes, the biphasic mixture was allowed to settle and the layers were.

20  separated. The upper organic layer was washed with H20 and brine. Organic layer.
was dried over MgSO4, filtered and concentrated under vacuo. The residue was
purified by HPFC, 25+M, 15% to 60% (EtOAc) in Hexanes. Purification provided
(0.69) of ketoamide. To a RT solution ketoamide (0.6g) was added 25mL of a 4.0 N
HCI solution in Dioxane. Reaction was stirred at RT for 1h to observe completion then



27-02 22.03 Potassiumbis(trinethylsilyl)anide (158ml of a 0.5M solution in
toluene; 79mmol) was added to a stirred suspension of

cycl opr opyWORPEWAFSphosphoni um s bromi de (33.12g; 86. 4mRSITYUT2ROSA63PAr ous
tetrahydrofuran (130nml) and the. resulting orange mxture was stirred.
under an atnosphere of nitrogen at roogg-ferrperature for a period of | h.,
before the addition of the al dehyde 02 (9.68g; 42.2mml) in THE (8mtl).
The re X r

per i od GyneiBHiEg O BBOLED i BHd AIRRENAR HIRRR B e L TR ¢
wer e ad@ésditinghwhite grecipitate wdsifilteredxff amp dried emdemsNEdlow ﬁorpromden@ 49dg i ed
and concentrat ed under reduced. q)]é)ressure The crude. reaction product was

" purifi (@15 vigld) @%’WW"&W"% -omat ogr aphy usi ng. Et QAc- hexane. (1:99)
to Et Kk 22.03 (8.47 |1
of I o Eandlip "?E)cﬁ'“&é“"‘?é“ﬂ?% 0t e, -2 77 °5 5t covbosvadn

' HO 45 22.03 22. 04 A sol ution of MHC. in MeOH MeQAc was prepared by
addi ng 14.2ml of acetyl chlori de dropwi se into. cold. rret hanol and.

diluting the rq$ul ing so 200rrﬂ, roomte Glre.{{The
carbamate 22 QN 8g; L@@g%’r% ) (ﬁ_ﬁﬂﬁ HiN ). and.
20 added to L M NCI; i M MCOH MeOAC ( I @isapd ed in an i at h.
The resulting 1A Xture was naintai ned at/\hl S terrperature fof~N 1 t hen

the ice bath wassowm@ved and stirring 4mmsnued overni ght YR pelelyy
tenperature. The volatiles were renovgd under reduced pressuré to. yield a

yel low oi | phisgéhe\BEmUBREO] N tggc W t hout

{ . 5 0°C AN
4010.40
Step1:
o} H 0
'ﬁ'\/u\ o PhigBr, Et,0 /N\)
Boc” Y N7\ § L N Boc™ Y Ph
"4010.07 ‘ 4010.08

4 PhMgBr (2.5 equiv, 40 ml.) was added @ -78°C to a Et20 (200mL.) solution’ of
10 commerc;ally available Weinreb amlde 4010.07 (Aldrich Chemical Co., Mllwaukee
Wisconsin, USA, 12g, 46 mmol). After 2 h, reaction was guenched by addition of HCI
1.0 N, diluted with EtOAc and washed with brine, dried over MgS04, filtered and
( concentrated under vacuo. The residue was purified by HPFC Biotage 75+8S, 2%
 (Et®Ac) to 8% (EtOAC) in Hexane. 3.76g of 4010.08 were obtained.

15 Step2:
HCI

0
4.0 N HCl/Dioxane H
Boc \)Lph - 2N\/,
PN

4010.08 4010.09

To 4010.08 (1.939, 6.9 mmol) was added 5 mL of 4M HCI (in Dioxane). The
reaction was stirred at RT for 50min and concentrated to dryness to get 1.29g of
20  product 4010.09.

Step3:



purification. 25 The yellow oil was dissolved. in a mxture of THE (30ndl)
and McOH (20nl) and treated with triethylamne (I 5nl; 108mmol) until the
sol uti on wexwesS27s 0. After placing in an ice bath, tPCTUSHOF®6WAS
treated with NNBoc-dy-0Su (11.22g; 41 nrnol)_  The ice bath was w t hdrawn
and the reaction stirred at roomtenp. for 1 h. The WD 20051085275

PCT/ US2005/ 006502 148 vol atil es were1b8nmoved under reduced. pressure and
the residue was purified by silica gel colum chromatography using

met hanol (1-3% W@ di §hl oronet hane providing the, desiled anide 22.04

(9.09g). Step 3.HMB=-. Bog O4i (- N [ hwyp d NJ ~<o0 5 22.04
22.05 The al cohol P'hg " Bﬁﬁ e di g<ol ved i t one.

(118.5ml) and tre,a‘lf‘ed weth. 2, 2- di gegt hoxypr opane (374n~~z304 mvol ) and
BF3: Et 20 (0. 32n; @?n%ml) and the resulting mxture. was stirred at room
tenperature for a p -8 5.5h. The reaction sol ut #H-as treated with a
few drops of. triethylamne and the 10 vol atiles were. renoved under
reduced pressure.. The residue was purified by silica gel colum

chromat ogr affiaya osa: ml&m@@g@neqsmmmdﬁw@o ﬁh‘t ahtdeNaH G(§éta)
22.05. 18. 85¢q) . ep. 4 NOOF4 _NHt Boc 2. dldlecN Paa)z
N and {50 L) was added 4010 09 (1 299, 6 mmol). The mixture was stlrred at RT for 2.5h
5  then separated. Organic layer was dried over NazSO4 (anhydrous) and concentrated
under vacuum to half volume with cooling bath. Diluted it to 20mL with. CH,Cl, to get
4010.10 as a 0.3M solution in CH,Cls.

Part lll: Preparation of Compound of Formula 4010 of Table 1

DCM, DIPEA - 0
4010.06 S o

401 Q.10 - : o) NH
0°CfoRT . 0y
o
10 Following general method C: To a 0°C. solution of amine 4010.06 (20 mg,

0.045 mmo]) in CH2CI2 (2 mL) was added isocyanate 4010.10 (2 equiv., 0.3 mL) then
DIPEA (0.035 mmol, 0.06 mL). The reaction was stirred at RT for 1.2 hrs then diluted
with EtOAc and washed with sat. NH4Cl and Brine. Organic layer was dried over
MgSO4, filtered and concentrated to dryness. Residue was purified by plate with 40%
15  acetone in hexane to get 12.7mg of product 4010. (46% yield); LCMS : (610.1 : M+1),
(632 : M+Na).
HCV inhibitors 4028, 4031, 4062, 4082, 4102, 4109, 4110, 4119, 4120, 4151, 4152,
4153, 4154, 4163, 4165, 4176, 4184 and 4201 described in Table 1 were prepared
using intermediate 4010.10.
20 Example ll: Preparaiion of Intermediate of Formula 4035.01, 4044.01, 4048.01,
4052.01, 4055.01, and 4076.01:




H/X\ "H OOO 22.05 22.06 22.07 15 The. carbamate 22.05 (8.81 g;.

28. 4nmmol ) was dissolved in acetonitrile (45m) and, the solution was cool ed
to -40C under an_at m)sphere of nitrogen. Pyridine (6.9n; L),

fol | oned WY H0¥15E S um tetrafl uoroborate (6.63g; 56. 8mm{wl?c-{/(ﬁ§13§%ﬁdéd and
the resulting reaction m xture maintai ned below OC until TLC indicated

that no. starting material renained ( [%f 2.25h.). Pyrrolidine (20nt;
240mmol ) was 20 added and the, cooling ath was withdrawn and stirri ng was
continued at room tegperature for 1 §. and then thegvolatiles were renoved
under reduced pressur The residgue 3

silica gel to;ﬂowde Ilowaﬁln
anhydr ous benz%ne 0 nd Cbal | adi u 1. 41mmol ) was
added before heatl | he Tesultin @ under an

at nosphere of. nit en for a period of 1.5h. After” cooling, the volatiles
were renoved under redmﬁédmressuréo“dﬂdj t he dar k494881 due. was purified by

silica gel WD 20051085275 PE# Us2005/ 00650 149 col um. c@romat ogr aphy
usi ng Et OAc- hexane (§:4 transﬂ pyirolidi none 22. 06

(1.94g) foll owed_ by 173 tp Crs- pyr@’b‘l”idi inon AT, 9 g) ep 5 0 3-
0- ~ Ha la 8 W'NN /~(\ H 0 22006 reshly
prepared IMHCI. in c/ MeCH (10m ; a escri bed abdye) vvas
4052.01
' ' 4055.01 4076.01
( Isocyanates 4035.01, 4044.01, 4055.01, 4048.01 and 4076.01 were prepared

according the procedure outlined in preparative. example I by replacing in step1.the

5 commercially available (L)-Valine. N,O-Dimethylhydroxyl amide with the corresponding
tert-Leucine, cyclohexyiglycine, spirocyclohexyiglycine, cyclobutylglycine, homovaline,
cyclopentylglycine respectively. N,O-Dimethylhydroxyl amide were. prepared from
commermally N- Boc amino. ac1ds followmg the procedure outllned in step1 of |
preparatlve example of compound. of formula 4032.

10 . Hev mhlbltors 4035, 4042, 4044, 4048 4051, 4052,4055 4076, 4126, 4141
and 4147 descnbed in Table 1 were prepared using |ntermed|ates 4005.01, 4035.01,
4048.01, 4052.01, 4055.01, and 4076.01 according to the general procedures.
described before.

( Example lll: Preparation of Intermediate of Formula 4011.01, 4079.01 and

15 4097.01

4011.01 : 4079.01 4097.01

Isocyanates. 4611.01, 4079.01 and 4097.01 were prepared according the
20  procedure outlined in preparative example | by replacing in step1.the
Phenylmagnesium bromide by the commercially available Benzylmagnesium chloride
and Phenethylmagnesium chloride with (L)-Valine N,O-Dimethylhydroxyl amide or (L)-



added, to. the N, O acetal. 22.06 and stirred at roomtenperature for 1 h.
The solvent was renoved under reduced pressure. and the. residue. was
purifi edwoygossiossria gel col utm. chronmat ogr aphy usi ng O-PEIMESDbO5/006502

di chl oronet hane as eluent to. provide the desired alcohol 22.08. (1.429),.
ayellowoil. io Step 6 0. 1. t'.nrl N 2. NBoGuo-I.cu-OHH N  HATU
BoctHN -H HO 0 22.08 22A9 To. a sol utlbOn of the | actam 22.08 (1.29¢;
8.44mmpl ) in_anhydrous tetrahydrofuran (55nl) was added |ithium al um num
hydr i ddomovalige I8£-Rlimethylyeioxylamaidererstert i ecing N Orlimetbyihwdramdd for 8h.
After cooling, water, followed by 15% ag. i3 NaOH were added and the
result?ﬂ@ﬁehixture was filtered. through celite. and the solid was.

washed. thOH(’}\gMMber%MOﬁH',:4068M%ndTmﬁgé¥&iﬁed’\ﬁsram6W6% HP%%reeg and

reduced. pressure and the residue I SS I n di chl or onet hane

concentsiagdotenmbeliates dddd O 1 463 9,0 antde1q97201 decotding ty theogénkrak, used.
w thout purificatiqn. 60 Huni gs base (4.5nl; 25.8nmmopl) was added to a

© mi %t ur Broceduressdesenhed beloke. o4 (1. 76g; 7.6mmol ), The crude pyrrolidine

ander SReafRIRIY; preBERidn bEIRERRdiARe oF PORAMTADIZNA (L0 L Fowed 1o

cone to roomtenperatlure slowy, overnight. EtOAc was added and the yell ow
sol ution. was washed di | . &§.F. BCBr, CEatOMeagPh, OEdLRMMRINNE cSMdboNat e,
wat er, brine.gfhe @rgalji clyayer \WRRo, Helald Bald poidpent rat ed under WO

2005/085275 PCT/ USR005 50 2R= {L)}-Valine, (L)-tert-Leucine, (L}-Cycihohexylglycine

4012.01
isocyanates of type 4012.01_were prepared according the procedure outlined. in
préparative example | by replacing in étep] the Pheﬁylmagnesium bromide by the

10 corresponding commercially available ortho, meta or para-substituted Phenyt Grignard

reagents (as an example but not limited to: X= F, Cl, Br, CF3, OMe, OPh, OCH_Ph,

“ Me, NMez, SMe) with (L)-Valine N,O-Dimethylhydrokyl amide or. with the -

~ corresponding tér't-'Lé_t_:Jci'ﬁe.and cyclohexylglyt_éiné.N,d;Dimethylhydrd;{yl-ami'de.. .
i .. HCV inhibitors 4012, 4027, 4029, 4045, 4064, 4071, 4075, 4083, 4088, 4090; 4094,
TisT 4100,'4104, 4113, 4121, 4122, 4130, 4136, 4140, 4157, 4160 and 4177 described in
Table 1 were prepared using intermediates 4012.01 according to the general
procedures described before.
Example V: Preparation of Intermediate of Formula 4017.01, 4078.01, 4095.01,
4041.01, 4175.01 and 4190.01

0 (o] o 0
HCLH,N X HCLHN N HCLHoN Xy, HCLH:N N
: ; : : |
AN NF PN lN/ AN | =N Nz
4017.01 4078.01 4095.01 4190.04
0
HCILHN._J N NS
: | HCLHzN =
' ~ N~ :
O AL O

20 4041.01 4175.01



150 reduced pressure. The residue was purified by silica gel colum
chromat ography using Et QAc: hexanes. (1:3) to give the desired am de 22.09

2. 009) . o es ~N N 03ocHN 'H IBOCHN O HO 0 1 s The
<(’:1| cohgl) 2@)&80:(%% 0g; 5.67mml) was dissolved in acetone (Tﬁ%zr(v)ﬁ;)%oﬁﬁ%

cooled in an ice bath for 10mn.. This solution was then added to a cool ed
Jones reagent (14.2ml; approx 2nmmol/ ’ and the resulting m xture was.
stirred at 5C for 0.5h and the cooling 'bath was renoved. The reacti on was

stirred. fonpgy Lgéd%eéqﬁﬂ?l%gﬂ.ﬁ?”hgg.ﬂ?i%%@)hﬁrﬁ&ﬂ‘i“r@ﬂ)f%ﬁﬂ@?{;ﬁ? as

sul fate (28. Ig , cell I'n Et I'sopr opan

added atterdinlg tHenpryvedube butlinedrin b réparativé wxaheple 1etept andrstep2ibyt ered.
The filtrate was concentrated under reduced pressure, provjding .
a. br owreplafing in stepi dhe Rhenyimagnesium brenmdeky. theoresppodingMagsesidened

" B gl e A6k AL 5 clepBpof AR, Lo Provice
5; 38aroqzmgfha@ﬁa:déakg;ﬁgéﬁ@%@(L&ﬂz%r%valﬁi@ﬂ-,o-bimbthylhyaroxyrémi@e BB (IA4eACH3 H
Leucine. N,O-Dimethylhydroxyl amide or (L)-Cyclohexylglycine N,O-Dimethylhydroxyl
amide. The corresponding 2, 3 and 4 Magnesium bromide Pyridine were prepared.
according Queguiner and all, Tetrahedron, 2000, 56, 1349-1360. For the amine salt
4190.01, 2 magnesium bromide pyridine was reacted with aldehyde 4190.02 and
1(? alcohol 4190.03 was oxidized to pyridine ketone 4190.04 according scheme 4190.01.

Scheme 4190.01: Preparation of intermediate 4190.04

0 BrMg =y OH o
BocHN J\ l BocHN BocHN
H N. = | X, Dess-Martin
"; l."' : . ) ’ . . n . - X

———

-N__=
‘g 10419002 T 419003 Lo 400 -
£5° 7 45 HCV. inhibitors 4017, 4022, 4041,4065, 4078, 4095, 4096; 4101, 4168, 4170, -

4172, 4176, 4190, 4199 and 4205 described in Table 1 were prepared using amine
salts 4017.01, 4041.01, 4078.01, 4095.01, 4175.01 and 4190.01. and corresponding

( isocyanates or 4-nitrophenyl carbamate following method D of General Schemes for.
Preparation of Target Compounds.

20 Example VI: Preparation of Intermediates of Formula 4021.01, 4026.01, 4069.01

and 4098.01
O 0
/c’/N\./u\rS N S CoN\) o /,N\)J\ro
o Nl\/> T g Uy 7 ] o I\/>
R R N
4021.01 4026.01 4069.01 4098.01

R= (L)-Valine, {L)}-tert-Leucine, (L)-Cyclhohexylglycine
Isocyanates of type 4021.01, 4026.01, 4069.01 and 4098.01 were prepared
according the procedure outlined in preparative example I by replacing in step1 the
25 Phenyimagnesium bromide by the known lithio-furan, thiazole, thiophene and oxazole
that were reacted with the corresponding (L)-Valine N,O-Dimethylhydroxyl amide or



To the m xture of ester 23.02 (6.0g) and nol ecul ar sieve (5.2g) in
anhydrous. nethylene chloride (35 nL) was. added pyrrolidine (5.7 ni,

66. 36 MoyP.2008B5213 resul ting brown slurry was stirred apcrQeitoseicaer at ure
under N2 for 24 h, filtered, and washed w th anhydrous CH3CN. The conbi ned
filtrate was concentrated to yield the desired product, 23.03. Step 2: WO
2005/ 085275 PCT/ U S2005/ 006502 151 _N6@ NOCH3 ~CIOCH3 OO ffdl 01 0 O
Nal . K2COB8 i"r 23.03 23.04 To a solution of the product 23.03 from

pr oceedli)pidostovaling NoABRiNethylhydrgxylamide au dbperfrheucimesN [ Q-Qimethyth ydvaixyl |
hl oride .(,2. 77 30 . | 1. Q7 .7 1). Th [ ti |
wns st AMita O£ (LKA RSO DRt gicl BB, 50 5t of i ce- col d
t ' i | . 100.
) LTV BT 4N Aoz 4626 MBS, 0o, DT, HOTL, 46k, e 41T A a8t
| ayer @415854159) 4Lt e 74)418454185,4189, 41914208 iand 4209 dbe&Bbd imTable

evaporated to. Yield the. desired product, 23.04. St e8. 3: OCH3 IN
LIGH diloxereepnepacesl ustpgintermediates of formula 402405, A026.0934060.01 @nd he

di ; . di . o di 20 nL d
P oot ed0agtiEBeqdraiiarty B i protRfiel BB befier cacti on' i xtur e was
stirre$GHEMEVANP fidh 6fC urifof Porritla 3019 J'E 461, U0VI7.HI LT €
4057.01, 4060.01 and 4048.01

4060.03  4048.01
10. .. o
' Step1:

Cd

0
H
EDCI, NMM, DCM
Boc’N\/u\

4019.02
To a -10°C solution of BocCyclohexylGlycine (10g, 36 mmol) in DCM (130 mL)
was added N,O-Dimethylhydroxylamine hydrochloride (3.7g, 37.8 mmol), NMM (4.2
15 mL, 37.8 mmol) and EDCI (7.3g, 37.8 mmol) portionwise in 15 minutes. The reaction

-0
Boc 'i' N\

=X
;0
o
I

was stirred at this temperature for 1h then HCI (1N, 55 mL) was added. Reaction was
extracted with DCM (2 times 50 mL) and combined organic layers was washed with.
NaHCO3sat then brine. Organic layer was dried over MgSO4, filtered and
concentrated to dryness to provide 4019.02 as a viscous oil (10.89). .

20 Step2:



was taken in Et OAc and washed. with H20. The conbi ned aqueous phase was
cooled. is to. OC and acidified. to. pH 1.65. using 1 N HCI. The. turbid.

m xt ure. ted with EtOAc (2 x 100 nL). Conbin Geoayer was
washed w'Y}2 %'S h%%drl ed over MySO™4, and concentrated ?QTR{:]S?%}O%

desired. acid, 23.05 (3.40 g). Step 4: HO, O NaBH(OAc)3 NOH No o
CC-O0-O0 | [/ 23.05 23.05 OO/ 20 To gguspenm on of NaBH(OAc) 3 (3.93g,
18.5 nmoL) in CH2A12 (55 nL) was added a solution of product 23.05 from

preceding step in anhyd uso CHZCIH?(__@ mﬁ} and cepic acid (2 nL). The
slurry was stirred at a ératdre Tor 2 | ce. WD 2005/ 085275
PCT/ US2005/ 006502  1Bge” co 8r ‘(‘TOﬁ—m_)"Waﬂoadd d t the slurry and
stirred for 1 /2 hr. Q nlc | ayer was separ at eg i¥tered, dried and
evaporated to yield thel red product 23. 06. 5. HOQ,,, Ovw rNOH
CH2ZN2 | Et20 | MeOH N xOMNXI00 i O .:O / 23.07 23 s To a solution of

t he product 23.06. frorqdqgggedl ng step (1.99) in I\Axﬁhloa(40 m.) was
treated, with excess of. CH2N2 / Et 20 solution and stirred for overnight.
The To 4019.02 ( 1.1g, 3.66 mmol) in Ether (40 mL) was. added

Cyclopropylmagnesium Bromide. (22 mL, 3 equiv, 0.5M in THF) at 0°C.. The reaction
was warmed up to RT after 5min was stirred at RT for when the reaction was

5  quenched by the addition of 1N HCI. Reaction was diluted with EtOAc and washed
with brine. The organic layer was dried over MgS04 filtered and concentrated to

( dryness. The residue was. purified by HPFC Biotage 25+S, 3% (EtOAc) to. 13% EtOAc
in. Hexane to get 4012.03 (0.676g, 66% yield).

Step3.
H 9 i
1).4.0 N HCl/Dioxane
oc’N\E) D ~ o’,c/’N\:/lkD
O- - 2)Phosgene, DCM, NaHCO, ‘ @ :
o - - 4‘019'_93 . 4019.01

Iéocyanate. 4019.01 was prepared following steps 2 and 3 of preparative
example |._Isocyanates of Formula 4013.01, 403?_.01, 4057.01, 4060.01 and 4048.01
were prepared as described above by replacing in step2 (L)}-Cyclohexylglycine N,O-
Dimethylhydroxyl amide by (L)-Valine N,O-Dimethylhydroxyl amide or (L.)-Homovaline
N,O-Dimethylhydroxyt amide or (L)-fert-Leucine N,O-Dimethylhydroxyl amide. or (L)-
Cyclopentylglycine N,O-Dimethylhydroxyl amide or (L)-Cyclobutyiglycine N,O-

G~

Dimethythydroxyl amide,
- HCV inhibitors 4013, 4016, 4018, 4019, 4023, 4032, 4033, 4037, 4039, 4040, 4048,

20 4057, 4060, 4066, 4074, 4084, 4086, 4091, 4092, 4093, 4099, 4103, 4105, 4111,

4114, 4123, 4129, 4131, 4132, 4133, 4135, 4138, 4139, 4144, 4149, 4150, 4155,

4156, 4161, 4164, 4167, 4169, 4173, 4186, 4187, 4192, 4193, 4195, 4197, 4200,

4204, 4206 and 4207 described in Table 1 were prepared using intermediates. of

formula 4019.01, 4013.01, 4037.01, 4057.01, 4060.01 and 4048.01 according to the
25 general procedures described before.



reaction m xture was. concentrated to dryness to yield a crude. residue..

The residue was. chromatographed on silica: gel,. eluting with a' gradient
of Et OAc qunm;yp; afford 1.07 g. of the pure desired perpgymbsoogse07.. 10
Step 6: HO ; ~.. W O BF3 . MzZOI CH2ClZz . . \A10 0 xO OO/ 23.07 7

/ 23.08 To a sol utlon of product 23.07 from preceding step (1.36 g). in
anhydrous. CH2Cl 2. (40 nL) was. treatgggwth BF3.. Me20. (0.7. nL).. The
reaction mxture was stirred at anbient tenperature for 20 h and.
quench@kamplehVHktPrepsabioh dfifteimediates of Fatirnﬂaalo36c01imﬁ3tﬂ1 afdgani ¢

| ayer was_separated and. conbined organic |ayer was washed wth brine,

dried &é@&ﬁsm, concentrated to. give. crude residue.. The residue was

to. afford. 0.88 g of the des : ox xOw
H2-10%d IC N N ' 8Ny O 0N .0 i on of the
product 23.08 (0.9@% g -) was added 10 %
Pd/C (0.16 g) at room @005/ 085275

PCT/ US2005/ 006502 153
4036.01 4043.01 4112.01

5 Isocyanates of Formula 4036.01, 4043.01 and 4112.01 were. prepared
according the procedure outlined in preparative example | with Phenylmagnesium
bromide, tert-Butyl lithium and Cyclopropylmagnesium bromide by replacing in step1.
the (L)-Valine N O-Dlmethylhydroxyl amlde by the prepared homo-
spirocyclohexylglycine N,O- Dlmethylhydroxyl amide 4036-02 prepared as. follow:

10  Step1: ,
0 H,80,
OQS//O C/’O ' . i e :
o’ N? HN H,50,, MeOH H,N ]/OMG
— Reflux 0
Et,0,0C .
4036.03 4036.04 ' - 4036.05

Ester 4036.05 was prepared according T. Suzuki, Chem.Pharm. Bull. 46(7) 1116-
1124 (1998) from methylenecyclohexane 4036.03 (3.5g, 36.4 mmol) and

15  chlorosulfonyl isocyanate (1.03 equiv, 37.625 mmol, 3.3mL) followed by treatment
with sulfuric acid. 4.7g of colorless oil 4036.04 were obtained.

Step2:.
0% un 0 1. NaOH
oS : ~ >r \"/
OH o 2. {Boc),0

4036.05 4036.06

20  To a RT solution of 4036.05 (1g, 3.71 mmol) in dioxane (10 mL) was added (Boc)20
(1.1 equiv, 4 mmol, 0.9g) then NaHCO3sat followed by K2CO3 to reach Ph= 9 .After

18h, reaction was extracted with Et20. Organic layer was washed with successively



anbi ent tenperature under 1 atm Pressure. The reaction m xture was stirred
for 4 h and concentrated to dryness to yield the desired conpound, 33. 01.
PREPARATI ON OF P3. MO ETIES Preparation of Internediate. 50.01 5 Stepl
CO2H bCOMD3005685202 50. 03 To. a solution of 50.02 (15 gpCTRSMESDGEAIS0 i)
was added. cone HCl (3-4 m-) and the mxture was refluxed for 16 h. The
reaction mixture was cooled to. room tenperature and concentrated. The
resi due was taken in diethyl. ether. 880 nL) and re washed with cold
saturated sadi ug:Lg{ carbonate sol ution, and brine The' o'p%am c' Iayer

dri ed WKAZ#0%)C %r\rt/&ﬁtara@m Oraaniclayer wasriad pversMs Ok @i@r?qgngs 9)

50. 03 SIS FRIRELAEC kot 1o BB, | ol i ceolved in

net hyl gfgp3ehl ori de (100 m-) and cooled. to -78C, under nitrogen

at nosphere. DIBAL (1.0 Msolution in nethylene chI orid 200 nmL) was added
dropw se. over z h geriod. The. reaction. mXxtule vgs %r ed tgly room
tenperature O ?’Q\QactlloﬁHnﬂmxayee was l e :

(5-8, nL) was pdd i A solution of,aqueols
potassiumtartarate -) was slowy added with sti
net hyl ene chloride 00 m -) and separated the organic |ayer (along with
some white precipitate). The organic |ayer was washed with 1 N HO (250
m.), brine. (200 m4036.0dri ed (Na2SO4) and, concentrat P36 47 provi de the
al gohol 50.04 (11.00 g) as a clear oil. Step 3 6'~CH $F10

m_20

To a RT solution of 4036.06 (5g, 18.4 mmol) in Dioxane (30 mL ) was added 30mL
(1.5 equiv) of 1.0 LiOH. After 5h, reaction was diluted with Et20 and extracted. H20.
layer was acidified to Ph=1.5 with 1 N HCl and extracted wit EtOAC. Organic laycr
was washed with brine and dried over MgSO4, filtered and. concentrated under vacuo.
10 to provide 4.75g of 4036.07.

‘ Step4 - 4 L
X \n’ " EDG), Num . O\Ifu N
HCL. HN(OMe)Me . >I/ 0 éT

4036.07 4036.02

B

To a 0°C solution of 4036.07 (12.6. mmol, 3.25g) in DCM 35mL was added HCI.

15(‘ HN(OMe)Me (1.05 equiv, 13.23 mmol, 1.27g) and NMM (1.05 equiv, 13.23 mmol, 1.5
ml). EDCI| was added portionwise. (1.05 equiv, 13.23 mmol, 2.54 g) over 10 min.
When reaction completed, HCI 1.5 N was added (50 mL) and reaction was extracted
with EtOAc, washed with Brine, dried over MgS04, filtered and concentrated under
vacuo to yield: 3.5g of 4036.02.

20 HCV inhibitors 4036, 4043, 4061, 4067, 4080, 4112 and 4115 described in Table 1
were prepared using intermediates of formula 4036.01, 4043.01 and 4112.01

according to the general procedures described before.

Example IX: Preparation of compound of Formula 4025
Scheme IX



25 50.04 50.05 The al cohol 50.04 from above was dissol ved in nethyl ene
chloride (400 mM-) and cooled to OC under nitrogen atnosphere. PCC (22.2
g) was. ad¥OR0IVN8EYISti ons and the reaction m xture was FOWSRONHNGER to -
roomtenperature over 16 h. The WD 20051085275 PCTI US2005I 006502 154
reaction mxture was diluted with diethyl ether (500 nL) and filtered.

through. a. pad of celite. The. filtrdB€. was, concentrated and. the

resi due was taken in d et hyl _ether (500 nlL). This was passed through. a
pad of silica gel. Wndjthe fi EMU@I ,E&O concentriated t pPLQYi t he

al dehyde. 50. OSBWW Ocar r dgi rt ' pUP ation. 5
Step.4 ~CHO HCl . H2Ny H M 50.05 50.01 The &l dghyde. 50.05 from above
was converted to th sired. material 50.01. ing essentially the nethod
of Chakraborty et. Tetrahedron, 1995, 51( } 9179- 10 90). PREPARATI ON

OF SPECI FI C EXAMPLES from Table | Exanple | 'y Pr eﬁar ation of Conpound of
Formul a 4010 O NNA81Y® 00 0 O\/NH “~ 40104 5 Part 1: Preparation of
i nt ernmedi ate 4010. 06 0 ‘

Y 0
N 1) 4.0 N HCl/Dioxane N

BOC, - o/’c’ :
O 2) Phosgene, DCM, NaHCO, =

4025.02 4025.03

To amide 4019.02 (0.8g, 2.66 mmol) in ether (50 mL) was added. o
isopropenylmagnesium Bromide (Aldrich Chemical Co., Milwaukee, Wisconsin, USA
5  19.mL, 9.5 mmol, 3.6 equiv) at 0°C. The reaction was warmed up to RT after Smin
and stirred at RT for 3hrs then quenched by the addition of 1N HCI. reaction. was
dlluted wnth EtOAc and washed with brine. The organlc layer was dried over MgSO4
- filtered and concentrated down. The residue was purified it by HPFC with. 10% EtOAc
A hexane to get 0.304g of product 4025 01 (Yleld 40.6%). i

10 . " Tnmethylsulfoxomum iodide (237 mg, 1.08 mmol) was added in one portiontoa
suspension of NaH i(43 mg, 1.08 mmol, 60% in oil) in DMF at RT and stirred for 30min
under N2. The reaction mixture was cooled to. -30°C. A solution of ketone 4025.01
(304 mg, 1.08 mmol) in 1mL DMF was added dropwise to the mixture and stirred at -
30°C.~ 0°C for 2hrs then 3mL of H20 was added dropwise at -20°C to the reaction

15  mixture. Reaction was. diluted with EtOAc. and organic layer was washed with aq.
NH4CI,_ H20 and brine. Organic layer was dried over MgSO4, filtered and
concentrated down. The residue was purified it by HPFC with 0~1% EtOAC in CH2CI2
to give 176mg of kefone 4025 (Yield= 54%). Optical Rotation: [alpha]=+87.12
c=7.5mg/2mL, 20°C, CHCI3).

20 Isocyanate 4025.03 was prepared according the procedure described in step3 of
Preparative Example Vil (scheme VII).
HCV inhibitors 4025, 4053 and 4127 described in Table 1 were prepared using
intermediate of formula 4025.03 according to the general procedures described
before.

25



WD 2005/ 085275 PCT/ U82005/ 006502 155 "Il OHV /V >0 4010.02 ~ NIl HBCC ~
Johnes Oxidation cN OH 'XI OH HATU, DCM DI PEA VO OH 00C 0 O 4010.01 I I
4010. 04 w@Qeshks 4010. 03 NHBOC OH HCI. HSN NH2 V V Ogeid2005b065b2. 03N
NH= 1) Moffat Oxidation ( }~ N NHz HATU, DCM DIPEA 0 OO0 2) CON HCl /

Di oxane >1 1 '110lr -200C NHBOC NHZ HCI 4010.05 4010.06 Stepl: VOHYV >1 O
4010.02 OH |11 NHBOC Jones Oxidation N16711 OH HATU, DCM DIPEA O OH 0C O
0. 4010.01 4010 04 -20C NHBOC 4010. 03 NH BOC 5 To a -20C. solution of.
Ani ne Esample e X Jgre pamatis pmpotnd e Alé2. ... . nethod of R
Zhang ﬁﬁ g Madal engoi tia (J. Org Chem 1999 64 330) in. DCM
(200rrL$ E"Qd ded HATU (1. 05equiv, 28.8g), Boc-L-Tert Leucine (Al drich
Chem cal

Py ;@ Nt v “wr @

DCM, DIPEA o ©
4179.01 @JI 49179

3 HCV inhikitors 4179 described in Table 1 was prepared according the Scileme X

above using intermediate of formula 4179.01 prepared according the procedure
describe below.
. Stepi:..

' Mé;NH.HCI, DIFEA, HOBt “+*

" OH Y
o oow’ T oy
4179.02 4179.03

10

To a mixture of (S)-hydroxyisovaleric. acid (4.4g, 37 mmol), dimethylamine
(_ hydrochloride (3.0g, 37 mmol), and 1-hydroxy-1H-benzotriazole (5g, 37 mmol) in THF.

(20 mL) was added diisopropylethylamine (6.4 mL, 37 mmol) dropwise at -20C then
dicyclohexylcarbodiimide (8g, 39 mmol) was added at once, and the mixture was

15 stired at RT overnight. After 18 hours, the formed precipitate was filtered off and
washed with EtOAc. the combined filtrates were concentrated in vacuo and residue.
was purified by biotage 75+S. column (35% EtOAc/Hex). to yield 5.3 g of amide.

4179.03.
00 0
PhMgBr, T
I K e, P e

Step2:
OH ' OH
.20 4179.03 4179.04




Co.,. Ml waukee, Wsconsin, 1.1 equiv, 79.2 mmol, 18.3g) and DI PEA (0.2
nol,.40. nl). Reaction was stirred for 24h then was diluted with Et QAc and
washed. wiwéd2005@8#akiCO3. Organi c | ayer was washed with. eicmiszo@miossozhen
brine. Oganic |layer was dried over MpSH, filtered and concentrat ed.
under vacuo. The residue 4010.03. (72 mmol) was dissolved in Acetone (1.2
L) at OC. Then, 5equiv of Jones reagent1@838. nl, 360 mml,. prepared by

di ssol vi ng 9,}8 f Chromiumt i oxi d_F in 70 nL of conc. H2SO4 and diluted to
300 i) W8AA79834000.40 imall imary, THE (30dnk) Was Addedi phenyiBa0nesIHet cct od by
TLC. | 0 P a i

L | SCBRB8 Tho BS oM MR e Bk cRbn o Bifep g R gyl

concent r gh@stifred at RTeovernight thér fadufieiRhed idythecaddifié of PROICH idillited with
carbonate and extracted with Et20.. The aquéous |ayer was then acidified

to pH=2 RiQAC el veashedawith bsineathe organih layeparag dried ioves MySO4d purif@dybyi ¢

| ayer | ed, ove SQ4 i I and congentrated u 20, vacuo. to

yi ol 2iEECIGIge 25 P & 2SR MDAC Indien o Wk ob o1z st

PCTI USZO%%}, 06502 156 OH HCl.HZN NHZ OH 12.03 ON NI -12 4010.04 HATY,

DCM DI P 0O O -20C NHBOC 4010.05 To a -20C sol ution 4010.04 (10. 4g, .

28mmol) in DCM (300 m-) was zsgrﬁ(;aQ%TU (1.05 equiv, 29.4mmol, 11.29),
prlepa

amne salt 12, 03@1. Cequi v, 28 57484 s prepared as descd® bed in
t ecnedi at es, Nt'f P1-P' . Q@oieties).
4179.05 o. O-N

Preparati on.
o )

Pyridine, DCM O o
4179.04 40°C » 4179.01

To chloroformate 4179.05 in CH2CI2 at 0C was added dropwise a solution of 4179.04
" 10 (0.8g, 4.5 mmol) and pyridine (0.5 mL). The reaction was warmed up to 40C with hot
water and stirred for 1.5 hr then diluted with EtOAc, washed with sat. NaHCO3,
CuS04, and brine. dried over MgSQ4, filtered, concentrated and purified by column
biotage 25+S (40-60% EtOAc/Hex.).to yield 580 mg of 4179.01.
All other HCV inhibitors reported in Table 1 can be prepared according procedures
15 described above in examples { to VIIi.

TABLE 1: KETONES
Cmpd Ki*

Table 1 : Ketones MW
# Range

= o
H
(';LWN k",NHz
(0] 0]
4010 j\(go

o OYNH

©)JINH

610 |A




After 10 mn at -20C, DI PEA (3.6equiv, 100. mml, 17.4nm) was added.
Reaction was stirred at this tenp for 16 h.. After 16, the. reaction was.
di | uted wytdh and washed successively wth NaHCO3 [ i
(109 w) andzﬁ/&;}g'_ﬁ Organic layer was dried over MySO4, ?Cﬂufs?deoggﬂﬁgﬂd
concentrated under vacuo. to yield: 14. g of internediate. 10 4010. 05.
SteD3: v 0 1) Mdffat Oxidation N NHZ #%10.05 2) 4. ON HCL! D oxane OO /
O YN H2 HHCI 4010,06. Et3N. (3 equiv., 5.2 mmol, 0.72 m-) is added. to.
a. m xt uCenpd | cr ude. 4010. 05 1.06%A 1.73. mmoi theoretical) and EDCKj*
(4equi v|, ﬁm 2. mml, 1.33g) ilable GakKetonesis m) at RT. Aflt MWaddjtion,
DVBO (4|5 #1L)| was slowy charged. This was followed by addition %P"ge
met hanegutfomrc—acid (3 6equiv, 6. 22— o, 04 m =) w thrtenperature

bet ween| 20 and. 30C. The reaction agitated for 1 h. Ag%er 1 R, TLC

shows reaction conpleted. At 0C, asghilled gixture of EtOAc (12 |nL). and

iced water (2|nm) was. added. Aft¢gr Hnut t he bi phasijc m xtjure was
allowed|{to settle and the |ayers NE. d. The upper or|ganic

| ayer was washed with H20 and i ne, i yer was. difi ed oer MgS(4,
filtered ang concentrat ed unde u esidue was purified by HPFC,
25+M 154015, 60% (Et OAc) in xamngs. Purifi ion provided62€0.6d¥ of

ket oam fde. To|a RT sol n Ke m de (0.6g) was added 25nm of a|4.0 N
HCl sol ption {n Di oxan i was stirred at RT for 1 h to ollserve
conpl etjon then WO 2005/085275]PCT/ US200S/ 006502

4012 640 |A

4013 © 588 | A




157 concentrated to about 5 nL and diluted with Heptanes. and Ether. (10 nL
each). The resulting white precipitate was filtered off and dried under a
N2 fl ow t OV@ROAKMES27S0.49 g (81l% yield) of internedi ate ALITURO0S/FosEQ2 || :
Preparation of internediate 4010.10 s OO0 HGO O N L PhvgBr, Et20 N 4.0 N
HCl HzN Boc' , "N-O Boc' - Ph ---~ Dioxane 4010.07 0 4010.08 4010.9
Phosgene, DCM NaHCO3 0, -C N Doc 4010. 470 $tepl: 00 J ~N%f 0 PhMyBr ,

- \ was

E120 BoeXN_Ph Boc AN 0 401007 401008 Dhl\/hl:zr /’) 5. nnlll -

added. (i)C'TIQQC, to a. Et20 (20 soI %t{ on: of 10 com*rer Ci aI I%\Gaual Kb.b| e
Wi nreb |a gl#‘d) 4010.07. (Aldric ., . Ml waukee, . >|%gléSA,
12g, 46. ). After 2. h, reacti on. was quenched. by addiftion o

1.0 N, diTuted wth. EtOCAc and. vvashed wth brine, dried ovler MgSpH4
filtered and (| concentrated under cuo The residue was purified by HPFC
Bi ot age.| 75+5,|. 2% (Et(DAc) to. 8% (Et OA\Cb in Hexane. 3.76g of #010.08.
wer e obt|ai ned.

4016 O 574 | A
)

A\

4017 625 |A

N

Y/

cl. ¢l

~

' o)
N NH,

*/& 0 o
4018 © 615 |A

o OYNH

A

e




is SteD2: 0 HO O NJL 4.0 NHCI/Di oxane HN J BOG = Ph z Nz~ 4010.08
4010.09 To 4010.08 (1.93g, 6.9 nmmol) was added 5 nL of 4MHC . (in.

Di oxane). The reaction was stirred at RT for 50mn and c a o]
dryness t WORMSBBEy of 20 product 4010.09. Step3: WO 28@%&@%@?’%&“5

PCT/ US2005/ 006502 158 HI-1 Q O -iZN \ Phosgene, DCM NaHCG3 'C N O O0OC
4010. 09 4010.10 To a OC solution of phasgene (6.3 nm.) in. CH2CI2 (50 ml-)
and NaHCO3 (sat.) (50 nlL) was added 4070.09 (1.29g, 6 Mol ). The m xture

was sti Im . them—separated—Ogan ¢ tayer was dr eqzpver
Na2S04 ous) and concentyzHigq - gvacuumto half volyyye wt
cooling|bagh. [Diluted it to 20nL wqt'hw% G2 to get 4010.]10 as @aRangd

solution_in CH2CI2. Part 111: Preparatjon of Conpound of Fqrmila 4010 of
Table 1|V O NNH2 DCM DI PEA N 4030.06 0 0 O

% o
[N_)H(H ],NHZ
>k(£o 0 0
4019 0 OYNH 628 | A

v)NH

.
Y
\ A
N J\[r 2
MOO o
4020 O. _NH 626 A
2Oy
@)‘INH
HO
( Y
AN
N e
X(koo
4021 0. _NH 617 A




4010.10 0, NHOCto RT 0 4010 NH 10 Follow ng general method C. To a OC
sol ution of am ne 4010.06 (20. ng, 0.045 mmol) in. CHRA2 (2 mM-) was added
i socy. anawg) #40d/08s2%s (2 equiv.,. 0.3. nL). then DI PEA (Op@3hsaavaloossdz 06.
m.). The reaction was, stirred. at RT for 1.2 hrs then diluted wth EtOAc.
and. washed wth sat. NH4Cl. and. Brine.. Oganic. |layer was dried, over.
MSH, . filtered. and concentrated. to ¢ifyness.. Residue was. purified by
plate. with 40%is acetone in hexane to get 12. 7ng of product 4010. (46%
yield); |ICwPd:|. (610.1 : M+1l), (632: MrNa). HCV inhibitors| 4028, | 40Kit,

4062, 4082, 4102, 4109, 4110, Fahle 1 zMefnesisl, 4152, MW
4153, 4134, ﬁi& 4165, 4176, 4184. and 4201 described in Tableg | werg &ﬁ%r ed
usi ng i ntet medrate 46t —t6—20 Exanptret+H—Preparattomrof—tnternegiate—of

For mul a [4035. Q1, 4044.01, 4048.01, 052. 01, 4055.01, and 4076.01] WO
2005/ 089275 PCT/ US2005/ 006502 159 =10 0 O N *¢ NJ\ ~~-gNv \|l O

4035. 01 |4044. Q1 4048.01 CAIN OrC N 4052./01 1 ,| 4055.01
4076. 01 |( | soqgqyanates 4035 0 1 40 l:iIH2 4048. 01 and 4076. 01 were
pr epar eq

4022 611 |A
0
N
| ~
P
&, H o
Q\r -
*/QO @) o
4023 0 OYNH 614 |A
NH
Ci Cl
\V .

g O
Q‘rr“ [
A8 X 8
4024 658 |[A




according the procedure outlined.
in stepl, the 5 connercially avai l abl e (L)-Valine.

am de mﬁt

splrocyclohexyl
respectively. N C>Exnethylhydroxyl
commercially. N-Boc.am no.
preparative. - exanpl e,
35,

st epl
i nhi bit
4147 de
4035. 01
gener al
I nterne
OrC N\
4079. 01
pr epara
by the.
Phenet h
(L) WO
am de o
4068, 4

of

in preparative, exanp!e.l

N, O Di net hyl hydr oxyl
Jesponding tert-Leuci ne, cycl ohexyl gpgugR05/006502

yC|ne cycl obutyl gl yci ne, honovaline, cyclopentylglyc
am de were. prepared. from

foll oyggng the. procedure outlined in

of conpound. of :formula. 4032. 10

aci ds.

by repl acing.

i ne

HCV

Cmpd
SCri beg
#044

4042, 4044, 4048, 4051;; 4052-,,.4055, 4070, 4126 4161
| in Table | wer §able dpadleidnesi ng | nt er medi at ¢s M\OS| 01,
8. 01, 4052.01, 4055.01, and 4076.01 according|to. theRange

docer i haod heof oar o [ Dy an_ of

a@d

p+e€
i at e q
.C N

and 4(
[ive e
comref

P005/ 0
- 4028bt |
D79 an

nr nr\l\r‘lllv‘ Fa¥al
Ul Co

y| magne

an | 4
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\

f Fornmul a 4011.01.4079.01 and 15 4097.01 Jo|/ O 0O c 4
O On=2 4011.01 4079.01 4097.01 Isocyanat¢s. 4011 01,
DO7. 01 were prepared ccordlng the 20 proceduyre out|lined
anple | by. replacipgxin steph. the Phenyl mpgnesi um brom
cially available B magnesjlumghl oride and :
psi um chl ori de wi th. e 2Di et hyl hydr oxyl
85275 PCT/ US2005 65 60 Hoqpval|ne N, O Di net hyl
Leuci ne N, O Di nét hyT hy@r oxyl . m de. HCV i nihit@dt or
i 4097 descrngdL%meable | were prepared

am de
hydr oxy
4011,

Q

NH

4026

616

4027
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de
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using i nternmedi ates 4011. 01, 4079,01 and 4097.01 according to the general
procedures descri bed before.
Formul a 40X02005/08R7& N X= F, Cl,

0~ R I X ortho,
(L) - Cycl hohexyi gi yci ne

Exanpl e 1V: Preparation of
Br,

S

| nt er nredi at es of

CF3, Owe, OPh, COCH2PECT/DE20030063D2 SMe
meta and pars position R= (L)-Vaiine,
4012. 01 'l socyanates of type 4012.01 were.

(L)-tert-Leucine,

pr epar ed

accordi ng the procedure outlined.

stepl th

a Dhn \Jll nr'ngnnc| ) hrom

avai | abl
exanpl e

in

pt &b

de h\l the 10 r\nrrncpnnrll ng _comerci

arative exanple |

by replacing in

allv

&@Pﬂro, meta or p;rgm

bu% not limted to:

ﬁtl_gigtdl Rt ed Phe,n?/l

Grlgnard
Ove, OPh,
anm de or.

NVe2, SNE) "wi t

h (L)-Valine N, C)Elnethylhydroxyl

oTTiTeT

ht KT as
| Réhge

an

correspqndi ng
am de...| HCV i
4088, 4Q90,, A4

1094,

tert-Leucine. and cyclohexylglygine. N, O D ng
nhi bitors 4012, 4027\A029, 4045, 4064, 4071,
15 4100, 4104, #4113, 4124, 4122, 4130,

4157, 41
i nt er ned

60 and
i at es.

4177 described in
4012. 01 accor ¢H t

abl e H wejfe RI

pared usi
.

r ocedur es|.

droxyl
, | 4083,
1140,

descri bed

bef or e.

of Fornmul a 4017.01

4078.

4095. 01,
HCLH2N 7

Exanpl

%Qﬁafj

e V. Preparati I diat
01, 4175.01 an 0 0
Il i NN / N 401 | 4078. 01

di

HCLH2N \

95. 01 4190.

CLHZ2N
2N N

01 8 1l

4029

653

4030

631




N HCLH2N |

0 "O 20 4041.01 4175.01 WO 2005/ 085275 PCT/ US2005/ 006802

161

Am ne salts 4017.01, 4041.01, 4078.01, 4095.01 and 4175.01 were prepared
accor di ngwigRedisagadure outlined in. preparative exanpl epdr/gsRp0RER St ep2

by

Magnesi um brom de Pyridine that were.

replacing in stepl the Phenyl magnesi um bromi de by the correspondi ng
reacted wth the correspondi ng

ng

(L)-Valine N,0 5 DinmethYl hvydroxYl am dg78 (LYHonovali ne.
N, O D nmethyl hydroxyl . anmide or (L)-tert- leucine, N, Q Dimethyl hydroxyl
am de. peCnipd ; Cycl ohexyl gl yci ne HV, O Di net hyl hydroxyl ami de. Thg Ki*
corresppndjng| 2, 3 and 4 Magnd&blen! Ket@RRS Pyri di ne” were prepVed.
accor di ng ®uegui ner and all, Tetrahedron, 2000, 56, 1349-1360. For RARge
am ne. part—#190. 01,2 nugnesiunzﬁr nmde pyridine was reagted with
al dehyde. 4190. 02 and 1F al cohol .03 was oxidized to pyriding. ketone.
4190. 04| accor i ng schenme 4190.01.. =Schenme 4190. 01: Preparation qf
internmedi ate 4190.04 0 Brivg \ COH o] cHN BocHN H N}/ 1 \
Dess-Maftin ||\ - 4190.02 4190.03 IN' 4 NH, .. f5 ' HCV irilhibitogs
4017, 4p22, 4p41; 4065, 4078, 95,7 4086, 41 E: .41,68, 4170, 4172, 4176,
4190, 4199 and. 4205 descri bed e | e prepared u |gg am ne s§
4017. 01, 441} 01, 4078.01, 4095. O}, 4175.01and 4190.01. a 85dor éspondi
i socyanates. pr 4-nitrophenyd cﬁ‘r amate. follow ng nethod of Gegner al
Schenes| for Preparation,. ofli Tanget Conpounds. 20 Exanple VI: Preparation
of Inteynedi ates of For 4(21. 01. 4026. 01, 4069. 01
A I
N Ljr'\v/§§
o o) o
4032 o OYNH H 652 A
J NH
N § I\H/NH2
0
4033 0 0§T/NH FTF 656 | A
NH F

|l ts



and 4098.01 0 0 00 GNS 9 S NO*N~/\~0 R Noml | OK"
4021. 01 4026.01 4069.01 4098.01 R= (L)-Valine,

(L)-tert-Leucine,

(L)-Cyclhohqmgbng&hzg | socyanat es of type 4021.01, 4026.01, 4069.01 and

4098. 01 were.
exanpl e |

known | it hi o-

prepar

by replacing in stepl

furan, thiazole

d according the procedure outlined

t he

25 Phenyl magnesi um br

arative

BeRaS 2405 0060

, thiophene and oxazole that were reacted with

the corresponding (L)-Valine N, O Di neﬂﬁﬁ hydr oxyl am de or WD 2005/ 085275
PC 1 US2Q051006502—162 {1)-—Horpv-alihre N-O afﬁx#w+h"érgxyh am-de O%ﬁ
(L)-tef i ne N, O D net hy r 90X am de or (L)-Cyclohe lfyci e
N, O Di Tet#yl hydr oxyl am de. Illih@%’ﬂ? ﬁh?%ﬁ“t’%‘?% W e
4021, 402474026, 4034, 4069, 4073, 4077, 4098, 4106, 4117, 4148, 4158,5?&9,4171,
4174, 4181, 4185, 4189, 4191, 4208 and 4209 described in Table] s 1 vere
prepargd usihg internedi ates of fy/mla 4021.01] 4026. 01, 14069. 01 and
4098. 0L accofding to the general socedureg d ri bed befdre.. SCHEME M | :
Prepar ati on of Conmpound of Formulfa 401493 01} 40 01, 4037.01. 4(57. 01,
4060. O and ﬁ048.01 U' oc OCN | D "MOM- .01 4037.01(4057.01 OCNO
O ~N D * D 4060, 03 4046. 01 1(>l\5t(dgg:0.

4034 o OYNH 695 |A

N NH
W
S
I o
H
Z:;X\“,N NH,
4035 o O N 650 | A
@%““
&% 0
G
>k,,go 6 % 0o
4036 OYNH 650 A
NH
o




pHO Il EDClI, NMM DCM,NJL Boc ~N.O eoc OH =\ O HN(Owe) Me. HCl 4019. 02
To a -10C solution of BocCyclohexyldycine. (1Qy, 36 mmol) in. DCM (130
M) was dfRdshesPd met hyl hydroxyl am ne hydrochl ori de (Bet@s200d8ssoao! ) .
NW (4.2 is nL, 37.8 mmol) and EDClI. (7.3g, 37.8. mmmol) portionwi se in 15
m nutes. The reaction was stirred at this tenperature for 1 h then HC (1
N, 55 nL) was added. Reaction was extriggted with DCM (2 tinmes 50 m-) and
conbi ned organic | ayers was washed with, NaHCO3sat then brine. Oganic

| ayer waengjsd £d over MySO4, filtered and concentrated to dryness |t o Kif ovj de
4019. 02| as a Vi scous oil (10.8%ble 12Ketéhep2: WO 2005/ 085275 MW
PCT/ US2p05# 006502 163 H MyBr, EtyO N Boe N Boc N O 0 4019.02 4q1Bapge [To
4019. 02tF—Fg—3-66 IIIIUI) n—Ethet (40 |"TJ|_) was—added C}rci opt Upyi llugucoi um
Bromde| (22 plL, 3 equiv, 0.5Min ) at OC.. The reaction was |warnmed [up
to RT after 5mn was stirred at RT #or when the reaction wgs. 5 quenched by
the addjtion.|of .1 N. HCl. Reactio S ﬂl| ed with Et OAc.| and \}ashed
with. bfine. [The organic. |ayer NN NSO filtered. arld
concentfated to ( dryness. ThexJresydu purified by HPFC Bi otjage 25+5,
3%(EtOA2 toj 13% EtOAc in. 0 g 019. 03. (0. 6"%%,8 6607?‘ yi elid) .

O _NH

S

(
\}J{I
N H,
o 0] o)
4038 626 |A
OH O O _NH

T~
;ﬁ;
Y
o
zT
/s

| 4039 o OYNH 642 |A




Step3:. NO 1).4.0 N HC!D oxane N Boc o C 2).Phosgene, DCM NaHCO 10
4019. 03 4019. 01 Isocyanate 4019.01 was prepared follow ng steps 2 and 3 of
pr epar at i w® 20e@8sptse. | | socyanates of Forrnula 4013. 01, pdD)832003/0065057. 01,
4060. 01 and 4048.01 were. prepared as descri bed above by replacing in
step2. (L)-Cycl ohexylglycine N, O 1sl Di nethyi hydroxyl am de by (L)-Valine.
N, O Di net hyl hydroxyl amide. or (L)-Hondv8 ine. N, C)Elnethylhydroxyl

amde. or {1)-tert-lsugine N-O Di net h\/l h\/rir nvul am-de. or ‘J
Cycl ope@yﬂ‘@ yci ne N, O Di net hﬁj B{ﬁd il%et am de or (L)-Cycl oaumgl chfﬂe N O
Di net hy| hygr okyl ami de, HCV i nf 0 4016, 4018, .| Ranae
4019, 4023,403p, 4033, 4037, 4039, 4040, 4048, ' 20 g
4057, 4060, 4066, 4074, 4084, 4086, 4091, , 4092, 4093, 4099, 4103, [4105, [4111,
4114, 4123, 4129, 4131, 4132, 4133gﬁ135 4138, 4139, 4144, 4149, 4150, 4155,
4156, 4161, 4164, 4167, 4169, 4173, 41 4187, 4392, 4193, 4195 4197, 4200,
4204, 4p06 and 4207 described in/Talll e H re @hepared usi hg i nternedi atfes.
of . fofmula #019.01, 4013. 403N7 O%r; . 2 4060. 01 and 404§. 01
accordipg to the 25 genera ocedur | bed before. WD 2005/ 085275
PCT/ US2p05/ 006502 164 Exanplé |:0 Pr epa ion of Internedi ateg of
Formul a| 4646 P1, 4043. 11 andOQH.B.Oli "WV.N ,N _co 640 A
\ I
N
4041 o O l 689 | A
| SN NH
=N
Y |
g H
N
*AO 0 0
4042 o O -NH If 688 | A
NH




| O* Oc c |

4036. 01, 4043.01 and 4112.01 were.

ekt

outlined
t ent - But yl
the (L)-Valin

O O 4036.01 4043.01 4112.01 5 Isocyanates of Fornul a

pr epar ed

e N, O Di net hyl hydroxyl . am de by the prepared

hono-

accordi ng the procedure.
geysati ve exanple | with Phenyl magnesi um pOIvVES2065006502
ium and. Cycl opropyl magnesi um brom de by replacing in stepl

spi rocycl ohexyl gl yci ne N, O- Di met hyl hydnggyl am de. 4036-02 prepared. as.
follow.. 10 Stepl: 0 H2SO4 0 CI'S N~-C HN H2SO4, Meoh H2N /om Et 20;: 0G Refl M
0 4036.@@@)36.04 4036.05 Ester 4036.05 was prepared. accordi ng TKi*
Suzuki,| CHenm Pharm Bul|l. 467aplel11éetdrie®s (1998) from MW
met hyl epedjcl phexane 4036.03 (3.5g. 36.4 mmol) and is chl of osul f orfy@nge
i socyangte—{HB83—eqgui-v—3+—625—+ot—3-3nt) fotowed—by teatment—wit).
sul furic acid 4.7g of colorless oW /4036.04 were. obtained. Step2:. H |0
OH HZN O ~ 1.| NaOH >rOYN ~0~1 OH Q=0 0 2. (Bos)20 4036.05|4036.06 20 To.
a RT so| ution| of 4036.05. (1g, 3. 74 hmolpy i di oxane (10 mpi). was added
(Boc) 20| (1.1 equiv, 4 nmol, 0.99) & M, f ol | owed|by K2Q03 to
reach Ph= 9 After 18h, reacti wag extracted with Et20. Organi¢ | ayer |was
washed w th spccessively 0
4043 O _NH 630 A
‘>\| ™
e
&\\”I O
H
[N—H,N NH,
>H/RO 0 0]
4044 OOYNH 624 A
o
(/ NS “ 0 NHZ
N
>H/ko 0 0
4045 oo N 640 | A
~
2 9°Y
Cﬁ””




WO 2005/ 085275 PCT/ US2005/ 006502
Organic |ayer was dried over

MySOA4,

165 with citric acid (10% w w) and brine.
filtered and

concentrated under vacuo.

to provi deV® 28054852836. 06. Step3: H OyN OH O Li OH, Di oxXRGREUSNS/GRE0Y >r O

O O O 4036.06 4036.07 5 To.
D oxane (30 nL ) was added 30nL

a RT.
(!

reaction was diluted with Et20. and,

solution of 4036.06 (5g, 18.4 mmol) in
(1.5 equiv) of 1.0. LIOH After 5h,

ex‘l&(bct ed. H2O. |ayer was aci di f| ed

to Ph=1. EHOAC—Organte—tayer ‘ﬂas\ggs-hed
with bri RAd dried over MySH, %1“&6@&% “and. concent r at emer lcuo
10 to provide |4. 75g of 4036. 07. lg SoH, NN yEDCI ; %g% O
lu{ HCLHN(OVE) M@ O 0 0 4036. 07 4036 02 To. a 0OC solution |of 403p.
(12.6. ygmol, 3.25g) in DCM 35nL was added HCl. 15( HN(Owve) Me (1.0p equiv
13.23 mjol, 1.127g) and. NWM (1.05 e\gziv 13 23 mol, 1.5 nl).. EPC. was
added portionwi se. (1.05 equiv, Q. 54 g) over 10 mn. [Wen
reaction conplleted, HCl 1.5 N vvas ed (5 and react|ion wap.
extract ed, M
4046 OOYNH 622 A
NH
\“,‘I H 0
Y
>L,/KO 0 o)
4047 OOYNH 616 | A
W)E ENH
N <~
N ]/ z
4048 o OYNH 586 A
/I NH




with Et OAc, washed with Brine, dried over

MySO4, filtered and concentrated

under vacuo to yield: 3.5g of 4036.02. 20 HCV inhibitors 4036, 4043, 4061,
4067, 4080, 4112 and 4115 described in Table | were prepay®Bodisdobéhz
i nter rredi‘%?égoaﬁ'ls”f%r mul a 4036. 01, 4043.01 and 4112.01 accol;gglong to the

general procedures described before.
Formul a 4025 Schene | X WD 2005/ 085275,|
Et20 HO Boc' N Boy N NaH. TMs, DWF O

Exanpl e | X2 Preparation of conpound of

/ US2005/ 006502 166 N IL 7-MyC ,

4019.02 4025.01 OO 1) 40N

HCl / D gxahre—Bee—NO-O8-cN—0—2—Phosgene, DCM NaHCO3—0—24025. 02 Qo To.
ani de Ad3mpg; (0.8g, 2.66 mm#%glieq ?kﬁﬂ(@ﬁgw m-) was added.mw |
i sopropen)hg nmggnesi um Br om de. dric em cal Co., MIlwaukee, WRarges|n,
USA s |19. nl, 9.5 mml, 3.6 equjv) at QC The reaction was warned up RT
after Gmn and. stirred at RT for 3hrs then quenched by the addition of |1 N
HCl .. rjeactidn. was diluted with B OQAc. and washed, with [prine.| The
organi ¢ | ayer| was dried. over MySO25 Alterenl. and concentrjated dpwn.. The
residue was pgurified it by HPFC witt). 1NO%J Et i n hexane, to|lget 0.804g
of product 4(025.01 (Yield= 40.69. NoYri¥etffl stl f oxoni um i odi dp (237 py,
1.08 mpl ) was added in one. p i t® al sWspension. of NaH i (A3 ny, [.08
mml,60%inoi|)inD|VFatRTads?irred r 30mn
4051 o° 664 | A
NH
AN I
. j\n’ H,
624 A
4052 OYNH
0\‘ NH
I X
AN
N J\n/
4053 0° © 692 | A
Os_-NH
oY U
2 ,l NH




under N2. The reaction m xture was. cooled to.-30C. A solution of ketone
4025.01 (304. ng, 1.08 mol)in 1 nL DMF. was added dropwi se to the m xture
and stirrwaa 2085/085230C. OC for 2hrs. then 3nL of H20 wesT/ACsRE/ 06b50PW Se€.
at -20C to the. reaction 15 m xture.. Reaction was. diluted. with EtQAc.
and organic | ayer was washed. with ag. NH4C,. H20 and brine.. Oganic

| ayer was dried over MgpSH4, filtered. ggg concentrated down. The residue.

was purified it by HPFC with 0-1 % EtOAC in CH2CI2 to give 176ng of ketone
4025. (YOphpl| 54%9 . Optical Rotation: [alpha]=+87.12 c=7. ':rrg/2mw ReC,
CHCI 3) . [ 20 1spcyanate 4025. 03 Twahie pr ¢qedomes accor di ng t he probBflur
descri bg¢d #n. | step3 of Preparatl ve Exarrpl e VI (scherre Vil). HQ Range
i nhi bit,"s 40P5—4053—anad—4427 uesch'ucu Hr—TFabte—t—were Ji'e'ﬁ"""u tS+Hh
internediate pf fornula 4025.03 a rding to the general pfocedurles
descri b¢d betfore. 25 WO 2005/ 0852 _,5 PCT/ US2005/ 006502 167 Exampl e X
Preparati on of conpound of For nul Sehenme X < NyYNH2|V OIJ- Il O|O
00 ON NHz &Tp1io OO DCM DIP 9.4, O 4179 HCY inhibitors 4179
describe¢d. injTable 1 was pre e the. Schenme X above usi n%.
internedi ate of. fornula 4179 ceordi ng the. procedurle
descri bef46540 . 0. NH 576 | A
0
W) NH
3% 0
H
N
AN
>H/§Oo ol
636 A
4055 o OYNH
X
(;)\n/“ H]/NHZ
*,&0 0 0
4056 0. NH 590 A
oY
NH




e

Stepl :.. . O 0 M2NH HCI, DI PEA, HOBt OH! NWMe2 OH D..MOH 4179.02
4179.03 10 To. a. mxture. of (S)-hydroxyisovaleric acid (4.4g, 37 mmol),
di met hyl am ne. ( hydrochloride (3.0g, 37 nol), and. 1- N

H benzot WR209Fe8%y, 37 mmol) in THE (20 nmi-) was. add éqﬁg%”q’““"”

di i sopropyl ethylamne. (6.4 nm., 37 mmvl) dropw se at -20C. then

di cycl ohexyl carbodi i m de. (8g, 39 n’m)li s added at once, and the.

m xture. was 15 stirred at RT overnight " After 18 hours, the forned

pr eci pitate Twasfiitered of f and— wastred W th Bt OAC. The.[ conbl hedj*
filtrat e@'\f&gre concentrated iThpacuoKathesesi due. was, pur iNtined| by bi of age
75+S. qol ym |[(35% Et OAc/ Hex). to yield. 5.3 g of amide. 4179.03| Range2| O
O NV POM9Br, THE OH OH I i 20 4179 03 4179 04 \WD 2005/.08527
PCT/ USQOOilongOZ 168 To 4179.0 1.5g, 10 nmol) in dry THE (30| nL) was
added phenyl nagnesi um bromide (1 nl, 3.0OMin Ether) at QC. The| reactipn
was warimed up to RT gradually. ¥ stiﬁr at RT overni ght then|was
guenched by tlhe addition of 1 N HCLAdINU H,h Et CAc and washed with
bri ne. [The or|gani c | ayer was dfied ovlr SQF. purified byl s HPFF bi otabe
25+M wift h 15-25% Et OAc i n Hex Hebd 16 @ of 4179.04.
4057 00 NH 588 A
NH
(
N
-."—_ n O
Q\r o
*/KOO 0]
4058 OO NH 588 A
NH
( S 0
[NH NH*:
N 4
>H/§O o) 0
4059 599 A
OaNH
oY
§ NH
\




Step3: 00 O ~ON, 1 ~J 0 4179.05 OON/ONOH, I (I'' I OO0 Pyridine,
DCM 4179.04 40C 4179.01 To chloroformate 4179.05 in CH2CI 2 at OC was added
dr opwi se wobiwgsers of 4179.04 10 (0.8g, 4.5 mmol) and myr/isiodgoedcse2> ) .
The reaction was warnmed up to 40C with hot water and stirred for 1.5 hr
then diluted with Et OAc, washed with sat. NaHCO3, CuSO, and brine. dried
over MgSO4, filtered, concentrated andqgyrified by colum biotage 25+S
(40-60% Et OAcl Hex.).to yield 580 ng of 4179.01. Al other HCV inhibitors

report eflCnipdipbl e 1 can be prepared according procedures 5 desqgri ppd
above ip exanples Ito Vill. TABhE 1: KEEGHMES Cnpd Table 1 | MaWones MAKi*
# Range| y¥NHZ O 4010 0 610 A 0 OYNH NH WO 2005/ 085275 PCT1US2003a006502
169 Ki * —Crpeh-Tabte—t+—Ketones .“v"u‘\'ﬁ
:V—. 0
H
('_"BW,N I\H/NH2
*/&0 0 0
4060 o OYNH 600 A
& 2 o
H
%N J\",NH
4061 OYNH 644 A
% .
O(b
{
(%/ \/\
4062 OYNH ” 648 A
v, NH
(@




# Range
0640 A NHV O 11
PCT/ US20080006%3327570 Ki *

O NNH2 00 NH 624 A 4011 nNHHH O "

NH2

x~ O 0 4012 O 0 NH

NH2 O O 4013 OO NH 588 Ay H WD 2005/085275

Cnpd Table 1 : Ketones MN # R{TGES2006/Mp02 0O
4016 Oo NH574 A ~-NH Y O
185
d Ki*
cmp Table 1 : Ketones MW
# Range
L 0
H
N
(A
*/ko O O
4063 5 OYNH 616 |A
(
\//
e 0
H
e e
*/J\\o o 0
4064 628 |A
0. _NH
2%y
ox
F
Y
=, o
H
( Q%(N 1\’ ],NHZ
4065 o OYNH 651 |A
SN NH
| =N




N NHZ 4017 a O NH625 A No NH Y|l HOON -~z

4018 O 615 A Oy NH VI

NH

WO 2005/ 085275 PCT/ US2005/ 006502 171 Ki* Cnpd Table 1 : Ketones MWV Range
HH O 1" | IWOI2p098527€0 O 4019 0 Oy NH 628 A NH C Y 0 N -RMHZUS2063/006502020 O
ONH O 626 A | .
186
Cmpd Ki*
Table 1 : Ketones MW
# Range
R 0
H
G
0 0] 0
4066 o Ox-NH 654 A
P
— H Q H
o 0 @]
4067 0. NH || 668 A
NH
{
o ;
NH,
O
4068 638 A
o}
0
NH




NH HO |
PCT/ US2005/ 006502 172 Cnpd Ki *

/ 0O NNfNHZ O 04021 OONHO 617 A°. N NH S W 2005/ 085275
Table 1 :

O 0 4022 Qfhis/dasaR O\/ NHAINNHY CNO\ INNFf NH2

Ket ones MN # Range y O N NHZ
XpEftudiddsiodesely NH 614

A | NH clul
187
Cmpd Ki*
Table 1 : Ketones MW
# Range

4
-~ O
M ],NHZ

4069 0. NH 600 A

NH,
4070 0. NH 548 A
2°Y
X
H Q N
Y™
4071 656 A




HOII LNHZ 4024 O0 0 658 A 0 OyNH <N NH S WD 20051085275
PCT/ US2005/ 006502 173 Ki* Cnpd Table 1 : Ketones MV# Range 0O N N NHZ

4025 00 GwB2Bodyss?sNH NH Y H O NHZ 4026 00 O 616 A O OyiMNAubldodivdeddz Y O N
NH2 O O 4027 0O NHO 624 A NH

188
Cmpd Ki*
Table 1 : Ketones MW
# Range
. H 0
(:H,N H ]/NHZ
4072 jygo ) 0 641 |A
o OYNH
O N NH
I -
P
N H,
*/ko 0] 0]
4073 o OxNH 657 | A
\_s
N [
I, 0
H
MN NH,
*(&o o} o)
4074 588 A
O+ NH
oY’
v I




WD 2005/ 085275 PCT/ US2005/ 006502 174 Ki*
N O ONHZ 11V1 ~~ 4028 0O ONH 00636 A° NH V H NHz

Cmpd Table 1 :

Ket ones MV # Range
oll 01O 4029 0 OyNH

653 A &YH 4030 00631 A 0 OyNH -{N 7yJH 275
PCT/ uszoo%%@%gkz%5 Cnpd Table 1 : Ketones MAKi* it%ﬁﬁsg&%{'&% 0

nge cI Cl
189
Cmpd Ki*
Table 1 : Ketones MW
# Range
R o
H
C‘;\’rN NH,
4075 o NH 644 A
2 Y
joge
Cl
(
N H,
Ao X 6
4076 638
o OYNH A
o x”
e
C 5 4 0
N N,
o o} o)
4077 O NH 631 A
oY’
Na NH
&/S




NrNHZ O O4031 O651 A OONH NHHO
~00 O 4033 O OyNH F F 656 A NH F WO 2005/ 085275

0 C N tyNHZ

~N ~O O O 4032 OyNH 652 A NHt Y

PCT/ US2004/5805888275L76 Cnpd Kr Table 1 : Ketones MV # Rpag@s20ds/bbd80rN NH
00 O 4034 o Oy NHII 695 A ICNy NH
190
Cmpd Ki*
P Table 1 : Ketones Mw
# Range
=, n o
N NP
0 0 O
4078 0. .NH 611 A
4079 638 A
w9 A
N N N\,/\
*AO O o
4080 O.. _NH 658 A
7‘\| NH
0




SH -

NH O WO 2005/ 085275 PCT/ US2005/ 006502 177 Ki*

Range
0 626 A W&) }05/085275

o0 NHz O 0 4037 o NHO 588 A YNH OO NN

N NHZ GOda( 0 4035 0 OyNH 650 A°. NHV N NHz O 4036 o NH O 650 A

Crrpd Table 1 : Ketones MNV#

W it ditesd! © O NH

191
Ki*
Cmpd Table 1 : Ketones Mw _
# Range
4081 0° 588 | A
11
4
N H,
4082 ok o 624 | A
oY
o
( Y
Py > H O H
N N J\n/ ~ X
4083 o M 668 | A
~o 0 Y
594




- e SO ————

V. | N o 0 4039 0 OyNH 642 A NH WO 2005/ 085275 PCT/ US2005/ 006502 178
Chpd Ki* Table 1 : Ketones MW# Range O NH2 O O O 4040 OOy NH 640 A NH

CH NNH ~0 0 04041 OO/NHII 689 A Hgq-NHO ~NN 2 O
OyNH || 3682005088370 2005/ 085275 PCT/ U S2005/ 006502 PeTiiabhsitoisds

192
Cmpd Ki*
Table 1 : Ketones MW
# Range
4084 634 A

*/AO 0 0
4085 630 |A

0 NH

/s Y

o NH

0
H Q n ¢
N N l\"/ \/\
O @]
4086 © 682 |A




179 Cnpd Kl *

630 A NHO NN NHZ 0 O O 4044 0 O/NH 624 A

Table 1 :

Ket ones MW Range

V HH O |1
INH O

N NHZ O 0 O 4043 OyNH
/ NHZ N O O 4045 O NH

0 640 A v Sdoz085274 NH WO 2005/ 085275 PCT/ US2005/ 006502 pctRR2408m06sdAbl e 1 :

Ketones MWKi* # Range 0 QY 01 NN
193
d Ki*
Cmp Table 1 : Ketones MW
# Range
R 0
H
%N L
4087 >H/KO ° ; 631 A
N\ NH
\s
(
Y
A H o “
Ny TN
| o 0 o}
8 A
4088 o OYNH 66
o
o)
f
( Y
P
N H,
4089 588 A
o OYNH
Tx




>1 OO0 4046 0 NH622 A ~ NHy O \ I NNHZ xOO 4047 0 0 (\/ NH 616 A 'NH
0 .~ /N=-NH2 x 10~0 4048 0 OyNNH 586 A NH WD 2005/ 085275

PCT/ USZOO&/d%@é&%N;lSl Cnpd Ki" Table 1 : Ketones MN# Pengs200806304{Z 00
4051 0 OyNH 664 A NH N O NHZ [

194
Cmpd Ki*
Table 1 : Ketones MW
# Range
§
N
XI/QO O
4090 0 OYNH 693 |A
Y
l l
NH,
Oﬁr <‘ﬁr
4091 0 ° 602 [A

4092 o O 674 |A




ry 0 O4052 ONH O 624 A %H H O NH N 4053 0692 A OyNH NH WO

2005/ 085275 PCT/ US2005/ 006502 182 Cnpd Ki* Table 1 : Ketones MV # Range
H w0 2008086278\ 4054 10 o NH 00 O N~ y 576 A NH N NeZrugos/0665024055 0y

y 'l
NH 636 A CNHV ry NHZ ~Q 10
195
Ki*
Cmpd Table 1 : Ketones MW
# Range
Y
= u §
N N N\/\
*/‘KOO 0
4093 656 | A
O. -NH F
0 Y F E )
v
(
WV,
= 0
H
4094 0. NH 640 A
2y
/O\©) NH
— 0
H
( q)\ﬂ’N e
4095 OYNH 611 A
0
A~ NH
N. .~




4056 0 oyNH 590 A | NH WO 2005/085275 PCTI US2005/ 006502 183 Cnpd Ki *
Table 1 : Kat JWV# Range y "H2 ~00 O 4057 0 NH 588 drrDobsbdestd2 H
O 00 4058"6 ZBWB%VA "N HVHONH NOOoOo 599 A 40 T%l!doyNH H I N
NH )
196
Cmpd Ki*
Table 1 ; Ketones MW
# Range
.‘\\(” O
[N_l\,('ﬁ J\",NH2
4096 T 625 A
=
P!
I' X
s H 0
N N NH,
4097 */go ° ’ 652 A
OOYNH
o
AN T .
N H,
4098 o OYNH 601 A
0O NH
W




L WD 2005/ 085275 PCT/ US20051006502 184 Cnpd Table 1 : Ketones MA Ki

Range Vv 0 N.L /NHZ ~00 4060 0 OyNH 600 A NH NN 4061
OyNH 644 WO 2(}0*”31‘{627& N,,/-,, 00 O4062 0 HNH Il 648 A Hé"\@%@‘b%ﬁ@?ﬂ
PCT/ US2005/ 006502 185 Cnpd K* Table 1 : Ketones MW# Range y O

197
Cmpd Ki*
P Table 1 : Ketones MW
# Range
P
N ( ~
4099 0 OYNH FTF 670 |A

J NH F

¢

i 0

H
QWN [
4100 690 |A
o OYNH
Br IN\ NH
o

(

- % n O H
YN
>L(J*o o ol
4101 639 A
0. _NH
0 O
~ NH
=N




N N NHz OO406300NH616A O CN'--Tr NNHZ x~ O O 4064 0 NH O 628 A

NH -

y O

I\ F 0 \'l ONN& x0 O 406500yNH651Q:~|NH|%|'
2005/ 0852‘,‘9295&4‘%3@%32005/ 006502 186 Cnpd Table 1 : Ket ond<CHINAPV0620, hge
~0 ONNFz O 4066 o Oy NH 654 A NH V O
198
Cmpd Ki*
Table 1 : Ketones Mw
# Range
S WIS
N N N\/\
e o
4102 Ou M 638 A
oY
op¢
. H O H
NN ~
>H/J%OO O
4103 602 A
o OYNH
08
.‘\ “ H 0
[N—)Y NH,
4104 0. AH 716 A
o oY
o




NN CN- 00 O4067 OH|1 668 A NHOHO NN NHZ O 4068 ONH O 638 A o | NH
WD 2005/ 085275 PCT/ US2005/ 006502 187 Cnpd Table 1 : Ketones MV Ki* #
Range  Ywd 20MkMdsifHZ O O 4069 0 o NH O 600 A O NH V BdrusDoseiskozyH NHZ
O O 4070 O'NH O 548 A

199

Cmpd Ki*
Table 1 : Ketones MW
# Range

0O = 0
4105 0 W 643 | A

4106 644 | A

o OYNH
N NH
\ S
( N 2
>J\(£O o} o
4108 500 |A
0 OYNH




NHONN (NH- tO- 04071 0 Oy NH O 656 A '~\v' / NH WO 20051085275

PCTI US2005/ 006502 188 Cnpd Table 1 : Ketones MV Ki # Ran %%9 lrj?—’(
40720 p EWO2MSBSTFNH .0 M ¢ /NHV r O "NNNZ ooOQd v 8RR 657 A
INH~SVO0O NNHZ OO

200
Cmpd Ki*
Table 1 : Ketones MW
# Range
N
V0 I
>k(£o o o
4109 N . 652 A

4110 : I 650 A
@ﬁ““

N
xﬁ?ﬁ( J\l’\/\ |
4111 o Y

7

654 A




4074 o O NH 0 588 A H WD 2005/ 085275 PCT/ US2005/ 006502 189 Ki* Cnpd Tabl e
1 : Ketones MWit Range y 0 *H ONO4075 0 ONHo 644 A y 5 NH C | /

A\ V N NOPBSO8B70 4076 OyNH 638 A NH V o "

N NH2 POrOsznz6o6s00 NH O

631 A-. NNH ~S W 2 00 5108 5 2 7 5 PCT/ US20051006502 190

201
Cmpd Ki*
P Table 1 : Ketones Mw
# Range
5 q o
ql\( NH,
4112 0. MH 614 |A
NH
0
{
=, o
H
(Dj(” N
4113 625 A
o OYNH
N, NH
' Z
( = 0
— N § NH,
*/ko o 0
4114 o N 588 | A
0 oY
v




Cmpd Table 1 :

Ket ones MW Ki * # Range
NHO NNNHZ OO 4079 ONH O638 Ay NH an

N fl

VNNNH2 OO 4078 0 0y N O o

NoN OOOA4080 o |

NH 658 A NNDWK084e72005/ 085275 PCT/ US2005/ 006502 191 Cmpd Ki* Table 1 :
Ketones MV# Range y NHZ N 00 O 4081 0 OyNH 588 A PCT/US2005/006502
202
Cmpd Ki*
P Table 1 : Ketones MW '
# Range
— TR Y
N N ]/N\//\
0 0 0]
4115 OYNH 670 A
% NH
19
A
N H‘/ Xy
*Ao 0 0
4117 0. Mh 645 A
2 Y
New NH
Q\/S
Y
\ v § o
N N N ‘
ﬂ\‘/&o o 0
4118 O NH 604 | A
/‘(11,, NH
X




NHy HNNHL O O 4082 NO624 A OO0y NHNHNOY Il N~~~ O O 4083 ONH O
668 A 0 0 y NH WD 20051085275 PCT/ US200S/ 006502 192 d kr Table 1 ;
Ket ones WO 200888f¢& y O / 4N N NH2 4084 H O O O 634 A PGEWURRAYRO00658] v/

203
P Table 1 : Ketones MW
# Range
N
NS H 0
KDW/ NH,
o (@) O
4119 Ou NH 598 A
oY
X
(,
Y
> O
LA
*/KO 0] O
4120 646 A
0. _NH
QY FF
o X
S 0
H
( (H,N I\(rNHz
MO O 0
4121 o OYNH 716 | A




OO/ 630 A 4085 0 NH i

~NH V HII

NIYMO OF 682 A 4086 o NHF NH F
Tabl e 1 pd4et$20esooty2"

WD 200510 LS2005/ 006502 193 Cnpd Ki *
Range vy géalzllﬁ?\slﬁ%%&i 0 004087 o O)NH 631 A Q~ JY4H - -- - - -
------------ HO" Il N100OO 4088 0 O/ NH 668 A cJtCJH
204
Table 1 : Ketones MW
# Range
? W
N\/\
s}
4122 681 A
Q H
N\/\
4123 0 662 |A
N S
*/Ko o) o
4124 Q OYNH 616 | A
)E ENH




HONNH OO4089 0 0 NHO 588 A NH WO 2005/ 085275 PCTI US2005/ 006502

194 Cnpd Table 1 :

Ketones MWKi # Range V N O *H

\

>0 0 O 4090 OyNH 693

A NH N YWO2086/852TN 00 O 4091 0 Oy NH 602 A NH NHZ CPYDYI205/0%6%2 674 A
NH WD 2005/ 08527S PCT/ US2005/ 006502

205
Ki*
Cmpd Table 1 : Ketones MW
# Range
P
N ANE
*/go O 0] '
4125 o O 644 | A
NH
‘
NS o
LA A
4126 */&00 Y 664 A
O._NH
Py
NH
1o
( V4
.':’—' O
H
%N J\[rNH2
4127 j\,/go © © 642 | A
o OYNH
NH




195 Cnpd Ki *

Table 1 :

Ketones MW# Range JAN ON N O

O 4093 656 A 0

OYNHF FFEVNHIJNZ HONOO O4094 OyNH 640 A NH O )Sl O 4095
0 o NH O WP20R821Qy N WD 2005/ 085275 PCT/ US2005/ 006502FCY é’““ﬁ/"?ﬁ“f%bl e 1
. Ketones MWV
206
Cmpd Ki*
Table 1 : Ketones MW
# Range
N o
H
AV
*/KO 0O 0
4128 o OYNH 688 A
o
Q
o=?
Y
A g § oH
*Ao o) 0
4129 0 OYNH FIoF 696 |A
5\"4
i 0
H
[;H,N ]/NHZ
j\'/LO O O
4130 o OYNH 678 A
NH
F
F
F




# Range Y O

ITyYN NN OO 4096 ONHO625 A NHo O NNNH= OO O 4097 0O

o~NH 652 A ~ NHV O NNNFi OO4098 OoyNHo 601 A | ¢ ,~ N4 NW
2005/ 085@i¢padpiiddse$2005/ 006502 197 Ki* Cnpd Table 1 : KetowssiobddssoRange
N N
207
Cmpd Ki*
P Table 1 : Ketones MW
# Range
M
PO PY
SN
Moo 0
4131 o Ox-NH 616 | A
J wH
(
Y |
< 0
H
%N ],NH
o© 0
4132 o O -NH 702 | A
JE )4
( v
N J\"/ N
>k|’/&0 0O o
4133 On N 658 A
F
0y FL
JL

H



00 O4099 OO0y NHF FF 670 A NHO NNNHZ O 4100 0 0 NHO 690 A Br N-

NH V Ol

-| 01 0 639 A 0 o HNH CIN WO 2005/ 085
PCT/ uszoo%c}@k’@%fl’%gs Cpd Table 1 : Ketones MVKi* #

638 A OONHYy NHVNOO

%ﬁ%‘égz"?ﬁ’ Be%%102 0

208
Cmpd Ki*
Table 1 : Ketones MW
# Range
2 o
, § \
N " ECEEN
4134 on NH 669 A
oY
O N NH
| =
— H 9. H
N N N\/\
4135 o, NH 614 A
2 Y
v
=, n o
SN ﬂ-
4136 0. NH 53 A
/
|




EEE A B

TTATOTGONT 0 602 A NHy HHONHZ | 004104 00 0 NHO716 A C~ / NH
WO 2005/ 085275 PCT/ US2005/ 006502 199 Cnpd Table 1 : Ketones MAVKi *  #

Range ci~i HOH NN,,, 0 O0O0O4105 O NHB643 A NHV NN O04106 0 0 NH
0 644 A vhhla6pssfd7s N NH2 PCT/US2005/006502
209
Cmpd Ki*
P Table 1 : Ketones MW
# Range

>H/k0 o 0
4137 618 A

i *{go o 8)
4138 616 |A

4139 0 OYNH 656 | A




O 004108 O0 NH 590 A NH WO 2005/ 085275 PCT/ US2005/ 006502 200 Cn‘pd Kr

Table 1 :

Ketones MV# Range V //~~ O

"N}SYN /NH2 11 O A 4109

o0 NHOO

1 F 652 AWR209983278) | N Pl NHZ 4110 0 O NH 650 A aml NH 6’”%@“‘&‘2&*}?20 Oy
NH 654 A NH WO 2005/ 085275 PCT/ US2005/ 006502 201 Ki *

210
Cmpd Ki*
Table 1 : Ketones Mw
# Range
? H
(x', N\/\
*A 0
4140 0 721 A
ﬂ g
-
Q@
>H/£ 0
4141 652 | A
o OYNH
»ps
g‘
qr ‘\n/NHz
4143 0 NH 604 A
T
0




Cnmpd Table 1 : Ketones MV## Range O C/ N NNz 00 O 4112 0 NH 614 A . NHOy
HH Il NNHZ OO4113 OONHO625 A NN NHV O N~ N-12 O 0O 4114 NH O

588 Ay @d\yﬂomgwa 085275 PCPUS2005/ 006502 202 Ki* RSI/GEHPH00HS02 Ket ones
MN# Range OHO

211
Ki*
Cmpd Table 1 : Ketones MW
# Range
S, 0 ]
O\[/L o O 0
4144 o OYNH FF 722 |A

O
4145 */go 659 | A

4146 616 |A




e
4115 o NH670 A NHOV NN 4117 O645 A OO NHNH UO CNN OO OA4118

Oy. NH 604 A ' NH 0 VD 2005/ 085275 PCT/ US2005/ 006502 203 Ki*  Crpd Table 1
Ket onesydMigkoRarge No w NHZ N O O 4119 0 0 NH O 598 PRT/U§P0P065p2

212
Cmpd Ki*
Table 1 : Ketones MW
# Range

M

— 0

an "
4148 O. _NH 631 A

0
S NH

o©

v)NH

4
U\r
4150 zb/g S:T 630 |A

y .
(_er o
4149 . M j:ll?( 616 |A
il

O
NH




HH O I

716 A NH ~ ~
Ket ones W%O'I’S#m%nge

4123 OH OO 0O 662 A

N'NOOOA4120 0 o NH 646 A
2005/ 085275 PCT/ U52005/ 006502 204
0 0 0 4122 0 oyNH 681

y EFEIl O

VNON,-~
NYNH O

213

>0 O 4121 O OYNH

d Table 1 :
TAT/W§3005/086302 1 o

/' N NHzZ

Cmpd
#

Table 1 : Ketones

Mw
Range

4151

e

N

X

668

4152

LT CE

0
OO NH

[::T%E]:fu

624

4153

0
S I
0 OYNH
@) NH

0

BN

OO

H

- Ir:l' o
N .
OO

N
oO

H
N\/\

650




X0 \lI N/Nf~

W/ 0 0 g ARy

205 } CnPd Table 1 : Ketones MN# Ra
OyNH 644 A°-. NHNHZ HH QYo >1 0 0 O 4

0 VO NNHZ 4127 >0 Oo0 642 A

x00 O 4124 0 0 yNNH 616 A J NH WD 2005/ 085275

IN fV

1Y U&%{NE("%QE& A NH

214
Cmpd Ki*
Table 1 : Ketones MW
# Range
2 o
. \)\(&O o C
4154 624 |A
Oa-NH
oY’
X
Y
o © o)
4155 0. NH 684 A
F1~F
oY F
X
v § w :
NN 1\"/N\ \
ﬂ\(ko ¢! 0
4156 0. NH 588
o XY
v I




| O oyNH I NH WD 2005/ 085275 PCT/ U52005/ 006502 206 Ki'
0O CN NHZ 00 4128 0 OyNH 688 A NH O1

Ket ones MV # Range

\' 00 O n@N080832MH F F 696 A°. NHF O O NL /NHZ

Cn'pd TabI e 1 :
- O NN
00 H‘E%’%ﬁﬁé’mfw"’e?s A

NH
215
Ki*
Cmpd Table 1 : Ketones MW
# Range
s o
H H
e
XKK e 0
4157 O _NH 667 A
0
o -
i
(
pe— '—[-
M
- . H o H
N N Kn/ ~ X
*/ko 0 &
4158 o O 685 |A
\ 1
( %
S o
H
QYN (o
o 0 0
4159 o tH 644 A
0 oY
New O
4




F F WO 2005/ 085275 PCT/ US2005/ 006502 207 w Cnpd Table 1 :
x 10 O 4131 0 OYNNH 616 A°. NH N NH O O 0 4132 Oy !HH g)%"% M—| vV O
f5),/0 65

Range

Ket ones MW #

11 " rN~/VO2P833%3 0 O NHO F 658 A F NHF F W 20

PCT/ US2005/ 006502 208 Ki* Cnpd Table 1 ; Ketones MN# Range
216
Cmpd Ki*
Table 1 : Ketones MW
# Range
N o
H
%N J\”,NH2
4160 702 | A
o OYNH
QX
o]
| .
= u § H
N N N\/\
>k]/&0 0 0
4161 o Ox-NH 644 | A
e
H § H
N N N
*/KO O O
4162 ov MH 632 |[A
F1T~F
2 .
[BS




0 a
614 A. o NHv HH O |1

00 0 413 O PRTBI8 AT H

4134 0 669 AOOy NH 1~-ONNH V HOII

Table 1 :

N ~~~~

004135 0 N\HO

NNHz O OO4136 o vVNH 653 A N O N(H WO 2005/ 085275
Ket ones MW # pigan@aoosmosshhl ~/ N-/\

217
Cmpd Ki*
P Table 1 : Ketones MW
# Range
S 0
H
LA
0O 0
4163 00 AH 637 A
o %Y
X
3 0 ! F
N l \A
*(ko 0 o)
4164 o Ox-NH 660 | A
M
hvd
y 0
FN
o 0
0]
4165 N 662 |A
ooﬁ’
04
i




NYN 00 4138 O0 NH616 A NHV O 0 0 O 4139 0 OyNH 656 A NH WO

2005/ 085275 PCT/ US2005/ 006502 210 k Cnpd Table 1 :

0

| 11WQ W0M0852¢0 O 4140 0 Oy NH 721 A

Ket ones MV # Range
NH N N O N, , PCTUS2098006502

218
Cmpd Ki*
. Table 1 : Ketones Mw
# Range
S, o
H
[;H/N H M
0
4166 s 0 546 | A
oy
ij/NH
N o
H H
Q“/N l\‘ N\/
*/& o © ol
4167 O NH 602 A
o Y
v
N w9 H
N N ]/N\/\
4168 639 A
o OYNH
T
o
N
|

Vv



4TAT0 0 NH 652 A NHO NNHZ ry 'O- 04143 ONH O 604 A NH 0 WO

2005/ 085275 PCT/ US2005/ 006502 211 Cpd Ki ®

Table 1 :

Ket ones MV # Range

0 OO o0 4144 OYNHF F 722 A°. NHO 11 O 4145 0 OyNH 659 A NH OH Il NNE ~~
O O 41l4Gvg2o03/085:9%NH 616 A PCT/US2005/006502
219
Cmpd Ki*
Table 1 : Ketones MW
# Range
N H’ ~
0 o) 0O
4169 o O 682 |A
NH
BB
i N ~
4170 . OYNH 639 |A
N NH
N~
( Y
Pl H o H
Q\(N MAVEN
*/KO O o)
4171 00 NH 699 | A
oY F FF
Ne NH
Q\/S




NH WO 2005/ 085275 PCT/ OS2005/ 006502 212 Ki *

Range

Cmpd Table 1 :
Y ~NNHZ 00 O 4148 0 0INH 631 A  NH OH N | ~I|
NH O 616 WO 2005M8F27SN 0 N ~

2005/ 085275 PCT/ US2005/ 006502 213 Cnpd Table 1 :

N ~~
OO 4150 N 630 A NH 0 F FRETAUNPY00682

Ket ones MW #
0O 04149 0 o

Ket ones MN Ki
220
Cmpd Ki*
P Table 1 : Ketones MW
# Range
RS 0
H H
*/J*o o} 0
4172 00 MH 625 A
0 Oy
I N NH
=N
NS o
H
CANAAA
*/KO o) o)
4173 o O NH 628 |B
JE e
0 {
0
H
N N ],NHZ
0 s}
4174 0 673 B
o OYNH
N NH
N\_S




# Range

4154 0 o NH o 624 A

9 NO O 4151 0 NH o 668 A |
ONH NHNOHN N-/\

PCT/ US2008/0¥8588527914 Cnpd Table 1 :

O O 4153 O O NH O 650 A

Ket ones MW Kl

NH C\ / NNM 4152 o0 0624 A O

y / 5H WD 2005/ 085275
# RaPGEUSIN0NSRZ O O

221
Cmpd Ki*
P Table 1 : Ketones Mw
# Range
P
YOS
*/KOO 0
4175 O NH 653 B
AN Y
T l NH
0
(
Y
= w § w2
F/HFN N._7Z
N i
4176 OsNH ” 646 B
T
o)
( Y
N\ B § H
4177 O. NH 706 B
0
)
F
F
F




NHV NONO 101 4155 0 0 684 A oy NHFF NHHOH O O 4156 0 o NH 0
588 A vy / 085275 PCTI US2005/ 006502 215 Crrpd
I\)B{E#Xgé‘ﬁggo NN ~0 O~ 4157 0 OyNH 667 NHI%CW%FTI%%MO 0

Ket ones
4158 OyNH 685 A

222
Cmpd Ki*
Table 1 : Ketones MW
# Range
S,
N N ]\n,NHz
>|\/ko o o
4178 O -NH 650 |B
NH

0]

D\r N
4179 C?HA \<> 611 B

4180 618 |B




S NHV O OyN

NN OfA 4159 ONH O 644 A 0 WD 2005/ 085275

PCT/ US2005/ 006 53 216 t Cnpd Table 1 : Ketones MNV# Ran 2y NHZ OO
4160 0 O WA -"/‘6‘2 B NHOY ~,, NONOO O4161 O owrl’%dﬁsw*mﬁﬁ@ H
223
Cmpd Ki*
Table 1 : Ketones MW
# Range
N o
A
0
(0
4181 O. NH 631 B
Y
N NH
\_s
\/
=7 0
N e
MO 0 o
4182 5™ 622 |B
NH
0
( Y
N o
H
AN ‘\",NHZ
>H/KO 0 0
4183 o5 636 | B
NH
0




H NNN-OO4162 o NHo 632 A OF F H WO 2005/ 085275 PCT/ US2005/ 006502

217 Cpd W 1 . Ketones MW# Range H 0 fl 37 A
.0 OyNH VY e S O a164 o Oy NH 660 A NTH F RCRfUsPeidBeo? o]
1165 DuNH 662 A
224
Cmpd K
Table 1 : Ketones MW
# Range
X o
H
QY\. -
0 o
4184 610 B
0
H 0O
NN J\",NH2
o 0
4185 o 687 B
NH

Jw]/N\/\ ‘
M O
4186 604 (B

o OYNH

A




0 NH-\D-2005/-085275 PCT/ US2005/ 006502 218 Crpd Ki* Table 1 : Ketones MA#
Range y 0 N NHz 4166 N O546 A OO/NH5 NH (\NON O 4167 0 a NH 0
602 A VO N ~N~/~

PCT/ U820\95/ 006

CN O 4168 0 ONH O 639 A JNH N WD 2005/ 055275
'053%7% 219 Cnp Table 1 :

0 20057 Ket ones MV PCT/US2005/006502
225
g Table 1 : Ketones MW
# Range
&, o
H
(AN
4187 0. NH 576 B
0
f\;
.:\”’. O
H H
S
Y
[BS
A I K

( N ~
| 7%0 0 e!

o O

~ NH
\_0




# Range "BOO 0 4169 0 Oy NH 682 A NHV O 0 4170 0 o NHo 639 A HN/ C ~
HH O H LWOMOSO,QZQMH O0oNHOF699 A yFINHF

~ 75
PCT/ US2005/ 006 02 220 x Cnpd Table 1 : Ketones MWNKIi %@Hsg&%%é
O 0 4172 OO NH O 625 A
226
Cmpd Ki*
Table 1 : Ketones MW
# Range
32 o
H
N N NH,
4190 */go ° ; 637 B
o OYNH

N NH
ofe

4191 659 B

(N—)\ﬂ/ r\/\
*/J“oo

NH
Y

N ‘\”/\/
X(Koo 0

590 1B
o OYNH

V)INH

4192




Ve s a7 v

y NH CQTNN' NHIT HIlI >1 00 1A 4173 OO0y NH 628 B NH ONH ON N NH2
~S WD 2005/ 085275 PCT/ US2005/ 006502 221

41740 Oo 673 B 0 Oy NH AN NH

NH O

Cnmpd Table 1 : Ketones MWKi* # Range HH OO 4175 0 NH O 653 B ar
C\ N 0 NYORYOH085275 PCT/US2005/006502
227
Cmpd Ki*
P Table 1 : Ketones MW
# Range
>
™\ n 9 H
N N ]/N\/\
1163 *A L o s
NH
OOY
v
(
- 0 F
H H
o © o]
4194 622 B
O._NH
oY
5N
Y
*/KO 0 o)
4195 0 OYNH 642 |B
J NH




4176 OyNH Il 646 B NHO VO NN NO O 04177 0 O/NH 706 B Q5NH F F F
VD 2005/ 0%5(;75 PCT| US2005f 006502 222 Cnpd Ki" Table 1 : Ketones MA#
Fatpds

Range Y 520 0 4178 0 VNH 650 B 0 oa N(H V O QRCKf{82005/006502
228
Cmpd Ki*
Table 1 : Ketones MwW
# Range
N ~
4196 0. _NH 604 B

SSaaean
4197 o 658 |B

4198 646 |B




0 04179 0 611 B OOyNH Oy
2005/ 085275 PCT/ US2005/ 006502 223 Ki *
0 4181 0 WONOSEZ B y 'N5SNH S 1\ O N (Nt 0 0 V 41BII/USWPF@EN2B NO y

O N~"

O 004180 0 0 NH 618 B WO
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PREPARATION OF SPECIFIC EXAMPLES from Table 2
Example XI: Preparation of Compound of Formula 4289 and 4294

D Y

O 0 O.. 0.0
oY TN Y
NH MeONH, HCI, Pyridine NH
50°C
4010.01 4289.01 (E) and 4294.01 (2)
/O“N 88M2: EiZ

|
TFA /DCM @TH”FA

4289.02(E) and 4294.02 (2)

Step1:

To a RT solution of Ketone 4010.01 prepared in step 1 of preparative example il (2
10 mmol, 554 mg) in Pyridine (10 mL) was added O-methylhydroxylamine hydrochloride

{(2equiv, 4 mmol, 334 mg). The resulting mixture was heated to 50 °C for 18 hr. After

18 h, TLC showed no starting material and a slightly less polar product and the

reaction was concentrated under vacuo to remove pyridine. The resulting white slurry

was dissolved in DCM and washed with HCI 1.0 N (10 mL). DCM layer was then
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washed with aqueous CuSO4sat and brine. Organic layer was dried over MgSO4,
filtered and concentrated under vacuo. The residue was purified by HPFC Biotage
25+ M. HPFC, 3%(EtOAc) to 12%(EtOAc) in Hexane, Purification provided 2 isomers
4289.01 and 4294.01 in a 80/20 E/Z ratio.
5  Stepz

To 4294.01(60 mg) in CH2CI2 (3 mL) under N2 was added TFA (1 mL) at RT. The
reaction was stirred at RT for 20min and was concentrated to dryness and placed
under high vacuum overnight. 40mg of product 4294.02 was obtained.
Identical procedure was applied to the other isomer 4289.01 to produce amine salt

10 4289.02.

{ Step3:
HCV inhibiiors 4234 and 4289 in table 2 were prepared using amine salts 4234.02
and 4289.02 and corresponding isocyanates or 4-nitrophenyt carbamate following
method D of General Schemes for Preparation of Target Compounds.

15 Example XIl: Preparation of Compound of Formula 4291.02, 4297.02 and 4290.02

0
q/UINH L TFA NH,.TFA NH».TFA
4291.02 (E and 2) 4297.02 (E and 2) 4290.02 (E and 2)

Amines salts of Formula 4291.02, 4297.02 and 4290.02 were prepared according
step 1 and 2 of preparative example Xl by replacing O-methylhydroxylamine

20  hydrochloride by methylhydroxylamine hydrochloride and ketone 4010.01 by the
corresponding (L) Cyclohexylglycine ketone 4019.03 of preparative example VIl and
the corresponding (L) Valine ketone.
HCV inhibitors 4290, 4291, 4292, 4293, 4295, 4297 and 4298 in table 2 were
prepared using amine salts 4291.02, 4297.02 and 4290.02 and the corresponding

25  isocyanates or 4-nitrophenyl carbamate following method D of General Schemes for
Preparation of Target Compounds.
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4010. 01 4289.01 (E) and 4294.01 (2) /O ~™N 88112: E/Z TFA/ DCM\ NH2. TFA
1 1-1; 4289.02(E) and 4294.02 (2) Stepl: To a RT solution of Ketone

4010.01 p step | of preparative exanple Il (2 54 ny)
in Pyridi ne E%ﬂsdﬁk was added O-net hyl hydr oxyl am ne hdeS@ﬁFg‘fﬁpa‘E*g
(2equiv, 4 mmol, 334 ng). The resulting m xture was heated to 50 C for 18
hr. After 18 h, TLC showed no startindgfmterial and a slightly |ess polar
product —and the —reaction-was concentrated under—vacuo ta remove pyridine.
The resuCmpsy white slur s.dj ssolved in O 8\8 wadfied with HO 1.0 N
(10 mi)| ,DCM |l jayer was tﬁ%ﬂ%%@%‘?msz?s PCT|/ us!@ 5/ 03@502 283 washed
wth aqu%ous QuSMsat and brine. Organic | ayer| was dri ¢ MySOH4,
filtered and cjoncéntrated under vacuo. The resiidue was|puarifried by HPFC

Bi otage] 25+ M HPFC, 3% EtQ%c) to 129% Et OAc) [in Hexane, Purifigcation

provided 2 isgmers 4289. 01 and 4294.01 in a 80/20 E/Z|ratio. 5 Step2 To
' )
@\w

4294. 01(60 ng)| in CH2C 2 ( nd Nﬁ added TFA (1 m-) at RT. The
reaction was stirred at U‘aas goncentrated to dryness and
pl aced | under |hi gh vacu over nigght of pgroduct 4294.02 was obt ai ned.
| dent i clal Es)r ocledure was“appliéd to t ot her i|sonmer 4289.01 to |produce

am ne si4298 14 4289-92.0SLEH3: HCV i Whi bitors 6494 angB4289 inf table 2
wer e prilepar ed usi ng salts 4234.02 and 4289. 02 apd corresjpondi ng

i socyanjat es or| 4- n+Gph&Hyl carbamate fol | owi|ng

SO~

PREPARATION OF SPECIFIC EXAMPLES from Table 3
Example XIii: Preparation of Compound of Formula 4488:

o 0
BocHN J\o’H DCC(1.01 equiv), DMAP(1.01 equiv) BocHN o
CH;Cl;  Benzyl Alcohol /\©

4488.01 4488.02

0
CH,Cl,, NaHCO,(aq)

4.0 N HCl/Dioxane HCIL.H,;N 0
/\© Phosgene

0 - 0
o H
0=C=N o/\© CH,Cl,, DIPEA, 0C N N NH,
*A 18] 0
o
05 NH
4488.04 o Ny

Step1:



met hod D of General Schenmes for Preparation of Target Conpounds. is Exanple

X11: Preparation of Conpound of Fornula 4291.02, 4297.02 and 4290.02 HO .

N HO . N ™D 20008327NH2. TFA NHZ TFA 4291.02 (E and Z) 429¢c9asbdwsateko)
4290.02 (E and Z) Amines salts of Formula 4291.02, 4297.02 and 4290. 02
were prepared according step 1 and 2 %gprepar ative exanple Xl by

repl aci ng O net hyl hydr oxyl am ne 20 hyd

hl ori de by net hyl hydr oxyl am ne

hydrochl ori de and kgtone 4010.01 by the corresponding (Lp

Cycl ohexyl glycj
correspondi r% %’
4295, 4297 and

e ktonﬁ Eﬂ@d@m@%qm pmgpwatdqwm exarrpl e VI and the
Varepn '

ket one. i nhi bi tors ,428ecHM20
4298]in table repared using ang alts
4297. 02 and 429 and the c%l B‘H’EVW@ (ill socyanat 4- ni phenyl

carbamate fol |l ow
Conmpounds. WO 20984

g@rret hod D of General Schenes for Pre

MV# Rarge; RY Qlutiod ofBDES -ariith-By&ofiétihebardbkyiic actt 4Bl oY (34, 13.38

10

15

20

mmol) in CH,Cl; (30 mL) was added Benzyl alcohol (3equiv, 4 mL), DMAP (1.01
equiv, 1.65g) and DCC (1.0 M solution in DCM, 1.01 equiv, 13.5mL). The reaction was
stirred at RT for 48h. The insoluble material was removed by filtration and crude was
concentrated to dryness. The residue was purified by flash chromatography (5% to
10% EtOAc in Hexanes, Biotage 40M) . Purification furnished 4488.02 ( 3.64 g).

(M+H)= 334.
Step2:
0]
4488.02 4.0 N HCl/Dioxane _ HCLH,N o I :
4488.03

To a RT solution of 4488.02 (3.6g, 10.8 mmol) was added 100 mL of a 4.0 N HCI
solution in Dioxane. Reaction was stirred at RT for 1h then 18 h to observe
completion. After 18 h, reaction was diluted with Heptanes and Et20 and the
precipitate was filtered off and rinsed with Et20 and dried under a N2 flow. Reaction
yielded 2.6 g of 4488.03 as a white powder.

Step3:
0
CH2C12, NaHCO3(aq)

4488.03 . OFEEN o
Phosgene ~

4488.04
To a 0°C solution of 4488.03 (2.5 mmol, 666 mg) in CH2CI2 (25 ml) and NaHCO3sat
(20 mL) was added Phosgene ( 2 equiv, 20% in PhMe, 2.5 mL). The reaction was

warmed-up to RT and stirred for 2 hours. The organic phase was separated and was
then dried over anhydrous MgS04 and concentrated to half volume under vacuum
with cooling bath. The solution was then diluted to 25 mL and used as a 0.1 M solution
of 4488.04.

Step4:

ratlon of Tar get
B5275 PCTI US2005/ 006502 234 Cnpd Ki * #4348 2. oxines

N
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To a 0°C solution of amine 4488.05 prepared following general method C (60mg,
0.135 mmol) in CH2CI2 (5ml) was added DIPEA (8equiv., 1.08 mmol, 0.2 mL) and
isocyanate 4488.64 {3equiv., 8.406 mmol, 4 mL). The reacticn was warmed-up to R
and stirred for 2 hours. Reaction was diluted with EtOAc and washed successively
with citric acid (10% w/w) and brine. Organic layer was dried over MgS04, filtered and
concentrated under vacuo. The residue was purified by preparative plate using 40%
Acetone in Hexane as eluant. Purification furnished 32 mg of product HCV inhibitor
4488. (M+H)= 667. |

Example XIV: Preparation of Compound of Formula 4303

)< NH, HCI 0 0
0=C=N o 4303.01 0 \D

P CH,Cl,, DIPEA, 0C ) L 4303
4303.01 -

0" "0

Be

All terf-Butyl esters included in Table 3 were prepared according the following
procedure. Commercially available amino teri-Butyl ester hydrochloride like (but mot
fimited to) (L)-cyclohexylglycine, (L)-Valine, (L)-tert-Leucine fert-Butyl ester
hydrochlloride were reacted with phosgene as outlined in step 3 of preparative
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O

240

example Xill to produce the corresponding isocyanate (4303.01 was prepared from
commercially available (L)-Valine tert-Butyl ester hydrochloride). Isocyanates were
reacted with various amines like 4303.01 prepared following general method C to
produce HCV inhibitors like 4303 listed in Table 3.

5 All other HCV inhibitors listed in Table 3 were prepared according procedure
described in Preparative Example XIil by replacing in step 1 benzyl alcohol with other
commercially available aicohols (primary, secondary and tertiary) and Boc-1-amino-
cyclohexanecarboxylic acid 4488.01 with other commercially amino acid like (but mot
limited to) (L)-cyclohexyiglycine, (L)-Valine or (L)-tert-Leucine.

10
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0 O PREPARATI ON OF SPECI FI C EXAMPLES from Table 4 Exanple XV: Preparation
of Conpound of Fornmula 4700: VV 00 NNHR2 NNH2 N 000010 O EtOH
10% Pd/ C O-NH O ONH 0 4488 H2 ballon NH 4700 O NH HO 5 Wg& %3&5 75

PCT/ U52003YO¥W5H3527862 To a sol ution of ester 4488 of ta ? r’r@ 0. 042
mmol) in ethanol (5 m) was added 10% Pd/ C catal yst (20%ww, 6 ng). The
resul ti ng suspension was hydrogenat ed il thin layer chromatography

i ndi cated conpl ete consunption of the starting material (-3 hrs). The

cat al yst owpdi|enoved by filtration through a pad of 3 celift egkpand|l washed
with Et QAc. The conbi ned fi Mabd 8: BEstersashi ngs were Qe\MW)ﬂ ated pnder
vacuum tto #ryness to provide the desired product 470( (25 pnge (M+H) = 576.
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nyg). (MrH)= 578. All other HCV i nhi bit of Tabl e 4 wer e prepared
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PREPARATION OF SPECIFIC EXAMPLES from Table 4

Example XV: Preparation of Compound of Formula 4700

E1CH, 10% Pd/C

4488 H2 ballon
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O~ _NH
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NH
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4700



HO I NH WO 2005/ 085275 PCT/ US2005/ 006502 372 Cnpd Ki* Table 4: Carboxylic
Acids MW# Range ~ HHN R ONH2 4730 0 0 0 548 C 0 OyNH HONH C
PREPARAT I\ 20bs/d886l FI C EXAMPLES from Table 5 Exanpl e Xawus2mespasoat i on of
Compound of Formula 4888 VH O "N YNH2 HATU (1 equiv.), DCM D PEA NN ~~O
O 4700 0 RT ONH O \ I NH2 CCHNNHJI H 4888 To a RT solution of 4700
(Table 4) of preparative exanple XV (0.3@3 g, 0035 mol) in CHC 2 (2 m-)

0 SRR ot Bkl s a0 R e WS o’ <
reacti opd@ed 0% PEC Edtalydt (20RWKS 6IrREN TRSredultitigesuspehBioriwl and washed
hydrogenated until thin layer chromatography indicated complete consumption of the
starting material (~3 hrs). The catalyst was removed by filtration through a pad of
5  celite and washed with EtOAc. The combined filtrate and washings were evaporated
under vacuum to dryness to provide the desired product 4700 (25 mg). (M+H)= 576.

Example XVI: Preparation of Compound of Formula 4703

M Y
B! y 0 — H 0
(;)YN NH, N N NH,
. REQ. A e
HCOOH

Ox_NH - o Oy N
0
Y 4309 RT, 2h \\hr”: 4703
o NH HO

To ester 4309 of table 3 (70 mg) was 5 mL of HCOOH (98%). The reaction was
10  stirred at RT until thin layer chromatography indicated complete consumption of the

starting material (~2 hrs). The volatiles were evaporated under vacuum to dryness to
provide the desired product 4703 (62 mg). (M+H)= 578.
All other HCV inhibitors of Table 4 were prepared according procedure described in
preparative examples XV and XVI above.
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(MrH) =665. HCV i nhibitors 4801

15 described in

exanple XVII. Exanple XVIII: Preparation of Conpound of Fornula 4800 WO
2005/ 085?@51;5& | US2005/ 006502 373 VO O O N N YNH2| SAN|N KO0 0O OHO
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Et OAC @ 5f0 HO ~-\ | 5 4800.06 WO 2005/ 085275 PCT/ US20051006502 374 To a
-20C solution of Boc-L-Valine 4800.01 (1.1 g, 5mmol) in DCM (20 nlL) was
added HATU (1.2 equiv, 6mmol, 2.3g), DI PEA (5equiv, 25rCmalS2004/08503 t hen
Benzene%@ﬂ?‘t?ﬁé?ﬁ"ge (1.1 equiv, 5.5 mmol, 0.86g). Reaction was stirred at
this temp for 48 h. The reaction was diluted with Et OAc and washed

successively with citric 5 acid (10%364v), NaHCO3 and brine. Organic |ayer
was dried ovhrM SQ4__filter prl and_cancentrated under vacuo

Recryst @mpdzat i on occ ure on DCM arTm OH. KB0O jmy of white
crystals £48p0.02) we bifbf‘ ﬁgaowrﬂmkf'% of oilylr Me 600

were uged”injthe next step. 4.0 N HO Di oxane (25 ml) S to 4800. 02
(600ng)—Reaftion was stirred at 10 RI until no s arfljg materifal was

detectpd by TLC (2 h). Then,\l;‘ngO was added and the resjulting ite powder
was fijteredjoff and dried undfer a N2 flow to yield= 0.46g (1.57 nmol) of
4800.08. To g 0C sol y (: gocyﬁnatue 4§,QO 04 (prepared as described in
step3 bf preparati ve N T"&i ng Bo¢-1

- am no} cycl ohexanecar RC 15{ 44g8. 01 of st épl
Boc- L-|Te ucine, 0.7 mo " 5 m) CH2Cl 2 (21 S dded 4800. 03
(180 43%361Pmm|) t heg : ., 0. 7mml m‘%?%az . The
reactipn was| war med- upjto RT and stirred over the \week-¢nd. Aftegr 48h,
reactipn was| conceph H o dryness and the oily{residue was pgurified by
HPFC B} ot age| 25+S, 50%j o0 100% Et OQAc in Hexane. Purification priovided 110
ng of K800.0pb. 20 To a~Sbrution of 4800.05 (0.11 g| 0.214 9mmol) jin Et OAc
(5m) Wwas added 10% Pd/ C catal yst (15% ww, 16ng)| The jresulting

suspensi on was hydrogenated until thin |ayer chrofatogrlaphy indi cated
Cc(n‘pl eE_eE.gvf ||rYnj‘_|43_n nf_ +hn eLgrflJag rmf nrn_gl \L '\r

LI = A LRl “AY

.‘:‘:- O
G
o O 0
4705 NH 679 A

O
( [r:)ﬁ(ﬁ NH,

4706 638 A




hrs).

washed wi th

Et CAc.

The catal yst was renoved by filtration through a pad of celite and
The conbined filtrate and washi ngs were evaporated

under vacwomnées/o8f7dr yness to provide the desired producpﬁﬁ@@oﬁﬁm&sﬁﬁm)

Part 11: Preparation of internediate of formula 4800.08 V / HCl . HyN OH
NHp V 1) 12.03 OH OH N CH Il NNHz Bgo HATU, DCM DIPEAHO 0 -20C HC
4800.07 2) 4.ON HC'! Di oxane 4800 08 6 20C soI ution of acid 4800.07
(prepar"ﬁ;r}‘]ﬁal ew-Ag—the—rethod—of—R—Zhang—and S—vata Ier‘."" a (J.
O g. Che 99, 64 3 in DCI\/I (200 ) was | added
HATU (1,05gequi v, nﬁﬁble?gbﬁgﬁm%p $12.03 (pr e%vrved Rgnggscri bed WO
2005/ 08%275 PCT/ U82005/ 006502 375 in Preparation ofl internedidtes,
preparation off P1-P noieti es\z Cequi v, 20mml, 3.|8938)| After 10 mn at
-20C, D|PEA (%equiv, 100 nmol 7.4nmL) was added. awd reaction was stirred
at thisftenp for 16 hrs then t reactign was dilutegd witlh Et OAc |and
washed uccesiively w th NaH _CIIH’IC acigh (10% ww) and brine. Organic 5
| ayer s dried over My f i N ened onéeéntratgd und¢r vacuo
Purification |Biotage 7 3. 1R1 Hex/ Et OAC) t|hen 100% Et OA¢.
provi ded ﬁrof a light ro o?l that s used di reg;béy in jhe follow ng
step. To sol ution (a)f iNHl crude oi (12g) was |a d|1007'nL ¢f a 4.0 N
HA sol ytion iin Dioxane. Reaction was stirred at RIT for 1 h to obpserve
conpl etiion then dil utgs Hept anes and concentratjed tof|i o dryng¢ss under
vacuo to fur nﬂsh 10.4 g dar k brown oil 4800.08 that was$ used difrectly
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for the preparation of conmpound of formula 4800.09. Part I1l: Preparation
of Conpound of Fornula 4800: V H OH 4800.08 0 0 N N ~NH2 4800. 06 CH2C 2,
DI PEA, -20C g N N~O OO HATU V O H o0 4800.09 V_ 0O EDC1 (10 equiv.) e N NH2
Cra2c 12 v.) OO0 N- SN\\ N~NOO 0 DMSO I Ph 0OCto
RT 480001_'%(9%%8C sol ution of 4800.06 (85 ng, 0.2 mml)I\ﬂl%rﬁug‘;&0 aﬂﬁéﬁr%t) was
added HATU 15 (1.2 equiv, 0.24mvol, 92 ng), crude am ne salt 4800.08 (1.2
equiv, 0.24 mmol, 80 ng). After 10 m gt -20C, DI PEA (5equiv, | mol,
0.22nmL) was added. Reaction was stirred at this te perature for 18 h then

reactiop Fll luted wth Et CAc and washed successijvely m tKi*citfric acid
(10% w ) and| brine. OTghie 4: Carboxyle Abided over NMy®W, | filtered and
concent [ at#d Linder vacuo. 250 nmg of crude 4800.09 were 20 gﬁged. (MHH) =
. 691. Tofa—bc—potuttorof—crude 486609025y, 0—2mot ) T DBDvBSF/hve (12
m.) was| addeg EDCI (10 equi v, mol , 400ngy) and Di|chl orpacetic jacid
(5equivjy 1 mmpl, 0.08nL). Thesteaction was warned-yp to RT gradually and
. stirredlat thys tenperature. ter y4h Q@ reaction wag diluted with water and
the 2 ppases yere separated Ry 20054085275 |PCTI US2005/ 00{6502
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376 | ayer was washed with sat. Na2S203 (2 TIMES), NaHCCG3 and brine. Oganic
| ayer was dried over MgSO4, filtered and concentrated under vacuo. The
resi due wa¥0 2005085278d by HPFC Biotage 12 S, 2% to 6% M ORCIIUSRE006502
Purification furnished 35 ng of conpound of formula 4800. f Ki* Cnpd
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NN NH2 O 04801 OONHO693 A NH I, 31 WO 2005/ 085275 PCT/ US2005/ 006502

377 O‘rpd%“l‘ermﬁ. —AmTdes MV Tt Range—NNO N Ki*
Table 4: Carboxylic Acids MW
# Range
A\ N
Y
0 0
4713 T 562 A

;/:} :
ZT
O
2T
/

0 0] 0]
4714 606 A
OYNH
-%,INH
HO™ O
Y
R O
N H\_/'@
0 o) o =
4715 oo NH 668 A




TR A
0 0 O4802 "o NH694 A . NH~NXO N~y O N N NHZ 00 4803 0 NH U0 605 A

--NlOV N N NHZ 00 4804 OyNH 619 A NH N CO J WD 2005/ 085275
PCT/ US2005/ 006502 378 CnPd Table 5: Amides MWKi # Range x HHo 0 o 4805

0 ~ NH 6&¥0pA00s/085275 PCT/US2005/006502
368
Cmpd Ki*
P Table 4: Carboxylic Acids MW
# Range
Y |
-~ n ﬁ ~
NH
GNP
>k,/&0 0 0
4716 OYNH 578 A
),INH
HO” O
(
4
= 0
H
NH
Q\f” S
>H/EO 0 0
4717 Ow NH 598 A
T
HO™ O
— 0
A0 3 e
4718 O _NH 564 A
% Y
,INH
HO™ O




~NXOy HH O NIl N NHZ

O OyNH 631 A 4807 4 1,

OO O 4806 OYNH 605 A J.~-NH -N O1K O N N NH2 00
NH O WO 2005/ 085275 PCT/ US2005/ 006502 379 CnPd

'El;itgli 5: Wz&gﬁs%m * # Range 0 HHJ .N. NH, 1; ptrifedde6és O \/ NH
369
Cmpd Ki*
Table 4: Carboxylic Acids MW
# Range
s g o
‘N "
*/ko 0 0
4719 o OYNH 578 A
A
Y
N
*AO 0 0
4720 O NH 654 A
%,:ENH
HO™ O
Cl
7 0
N K NH,
o © o]
4721 Oy NH 558 A
AITH
HO™ ~0O




~NH NO VO NL~-NH2 NI-1 11O 0 4809 O NH 679 A

~NHNO X O NItNH2

4810 0 vNH 591 A NH '-N O WO 2005/ 085275 PCTI US2005/ 006502 380 t Cnpd

Xabl e 5: %%ossmw,ig# Range x HH 1ol ~N. ~ NH, |l n OCP?CCT)/UA'S%%O%%IO%GJHNH 631
370
Cmpd Ki*
P Table 4: Carboxylic Acids MW
# Range
Iz o
{0 bl “HJ\/ ]
N |
o © 0
4722 o 668 | A
%’I””
HO” ™0
(
N N 1\|_I,NH2
o} 0
4723 0 578 B
OYNH
P
HO™ 0
N
S H 0
N NH,
o} o)
( 4724 0 534 | B
o OYNH
HOJL‘ :NH
\ K
N e
O 0
4725 o 536 B
o OYNH
HOJ7<NH




:cOy /~HHONIINNH 00 O 4812 O/NH 617 A NH O O QNNH6~ao S 4813 0

INH 679 A NH yNXO H WD 2005/ 085275 PCT/ US2005/ 006502 381 Cnpd Ki*
5: Ami des Wi/Hoddmags V O IINN -1 OO O NH 4814 4,,, ’PM?Z%ES/O%(SSM

371
Cmpd Ki*
Table 4: Carboxylic Acids Mw
# Range
Cl,
. o
H
Y Y Y
0 © 0
4726 OYNH 572 B
#INH
HO” O
4727 */k 564 | B
o OYNH
m*z”;
\/
4728 @ 604 B
HOJZO
\/
4729 *A \é %4 | B
0 O™
A

Tabl e



HN O 011+ O
*Aoo O O NH 4816 J,~NH 712 A F CN O N WD 2005/ 085275
PCT/ US2005/ 006502 382 Ki*

NHZ

10

15

INTrNHZ 00 O 4815 ONH 696 A°. NHrN O N NJ i

Cnmpd Table 5: Ami des MV # Raqr%%/us\éogﬁlmgsoz

WO 2005/085275
372
Cm Ki*
pd Table 4: Carboxylic Acids MW
# Range
g
Iz o
A I
4730 0© © 548 | C
o OYNH
HO/U\/NH

PREPARATION OF SPECIFIC EXAMPLES from Table 5
Example XVIl: Preparation of Compound of Formula 4888

40
é_/\\ﬂ,N Jm,NH2
:>L\T,J§> 0] 0
Ox__NH
0oy

NH
©/\ 4888

To a RT solution of 4700 (Table 4) of preparative example XV (0.02 g, 0.035 mmol)} in
CH2ClI2 (2 mL) was added Benzylamine. HCl (1.2 equiv, 0.042 mmol, 6 mg), HATU
(1.2 equiv, 0.042 mmol, 16 mg) then DIPEA (5 equiv, 0.175 mmol, 0.031 mL). The
reaction was stirred RT for 2 hours then was diluted with EtOAc and washed

HATU (1 equiv.), DCM, DIPEA

RT
NH, CH

4700

successively with citric acid (10% w/w), NaHCO3 and brine. Organic layer was dried
over MgSO4, filtered and concentrated under vacuo. The residue was purified by
preparative plate using 40% Acetone in Hexane as eluant. 4mg of desired product
4888 were obtained. (M+H)=665.

HCYV inhibitors 4801 to 4917 of Table 5 have been prepared using the procedure
described in exampie XVII.

Example XVIll: Preparation of Compound of Formula 4800

Y N yO NN
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Part I: Preparation of intermediate of formula 4800.05
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To a -20°C solution of Boc-L-Valine 4800.01 (1.1 g, 5mmol) in DCM (20 mL) was
added HATU (1.2 equiv, 6mmol, 2.3g), DIPEA (5equiv, 25 mmol, 4.4mL) then
Benzene sulfonamide (1.1 equiv, 5.5 mmol, 0.86g). Reaction was stirred at this temp
for 48 h. The reaction was diluted with EtOAc and washed successively with citric
acid (10% w/w), NaHCO3 and brine. Organic layer was drica oveir migSO4, filiered
and concentrated under vacuo. Recrystallization occurred with a mixture on DCM and
MeOH. 600 mg of white crystals (4800.02) were obtained with 1.5g of oily residue.
The 600 mg were used in the next step.

4.0 N HCI Dioxane (25 mL) was added to 4800.02 (600mg). Reaction was stirred at
RT until no starting material was detected by TLC (2 h). Then, Et20 was added and
the resulting white powder was fiitered off and dried under a N2 flow to yield= 0.46g
(1.57 mmol) of 4800.03.

To a 0°C solution of isocyanate 4800.04 (prepared as described in step3 of
preparative example XHI by replacing Boc-1-amino-cyclohexanecarboxylic acid
4488.01 of step1 by Boc-L-Tert-Leucine, 0.7 mmol, 3.5 mL) in CH2CI2 (2ml) was
added 4800.03 (180mg, 0.61 mmol) then DIPEA (1.1equiv., 0.7mmol, 0.122 mL). The
reaction was warmed-up to RT and stirred over the week-end. After 48h, reaction was
concentrated to dryness and the oily residue was purified by HPFC Biotage 25+S,
50% to 100% EtOAc in Hexane. Purification provided 110 mg of 4800.05.

To a solution of 4800.05 (0.11g, 0.219mmol) in EtOAc (5ml) was added 10% Pd/C
catalyst (15% w/w, 16mg). The resulting suspension was hydrogenated until thin
layer chromatography indicated complete consumption of the starting material (~3
hrs). The catalyst was removed by filtration through a pad of celite and washed with
EtOAc. The combined filtrate and washings were evaporated under vacuum to
dryness to provide the desired product 4800.06 (85mg).

Part Il: Preparation of intermediate of formula 4800.08

\,,/ HCLHzN vV
N 4203 = 4 o
N N Né)\WNH
BOC & HATU, DCM, DIPEA H
4800.07 a0°c HCI ° \[>O
) 2} 4.0N HC1/ Dioxane 4800.08
To a -20°C solution of acid 4800.07 (prepared following the method of R. Zhang and

J. S. Madalengoitia (J. Org. Chem. 1999, 64, 330), 5.1g, 20mmol) in DCM (200 mL)
was added HATU (1.05 equiv, 21mmol, 8g), amine salt 12.03 (prepared as described
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in Preparation of intermediates, preparation of P1-P’ moieties, 1.0equiv, 20mmol,
3.893g). After 10 min at -20°C, DIPEA (5equiv, 100 mmol, 17.4mL) was added. and
reaction was stirred at this temb for 16 hrs then the reaction was diluted with EtOAc
and washed successively with NaHCO3, citric acid (10% w/w) and brine. Organic
layer was dried over MgS04, filtered and concentrated under vacuo. Purification
Biotage 75+M (3.5 1 of 1/1 Hex/EtOAC)- then 100% EtOAc. provided 12g of a light
brown oil that was used directly in the following step. To a RT solution of this crude oil
(12g) was added 100 mL of a 4.0 N HCI solution in Dioxane. Reaction was stirred at
RT for 1h to observe completion then diluted with Heptanes and concentrated to
dryness under vacuo to furnish 10.4 g of dark brown oil 4800.08 that was used directly
for the preparation of compound of formula 4800.09.
Part lll: Preparation of Compound of Formuia 4800:

L y  OH
N H
4800.08 9 o LN rN 2
4800.06 CH,Cl, DIPEA, -20°C oSy N N\/go 0 o)
| T8N \H/ = 4800.09
HATU P 0 /]\

EDCI (10 equiv.) ﬁ NH,
CI2CHCO2H (5equiv.)
S UaRQ
~ N <0
DMSO / PhMe ©/o H \lc])/ H

0°C to RT

To a -20°C solution of 4800.06 (85 mg, 0.2 mmol) in DCM (50 mL) was added HATU
(1.2 equiv, 0.24mmol, 92 mg), crude amine salt 4800.08 (1.2 equiv, 0.24 mmol, 80
mg). After 10 min at -20°C, DIPEA (5equiv, 1 mmol, 0.22mL) was added. Reaction
was stirred at this temperature for 18 h then reaction was diluted with EtOAc and
washed successively with citric acid (10% w/w) and brine. Organic layer was dried
over MgS04, filtered and concentrated under vacuo. 250 mg of crude 4800.09 were
obtained. (M+H)= 691.

To a 0°C solution of crude 4800.09 (0.25g, 0.2mmol) in DMSO/PhMe (12 mL) was
added EDCI (10 equiv, 1Tmmol, 400mg) and Dichloroacetic acid { Sequiv, 1mmol,
0.08mL.). The reaction was warmed-up to RT gradually and stirred at this temperature.
After 4h, reaction was diluted with water and the 2 phases were separated. Organic
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layer was washed with sat. Na2S203 (2 TIMES) , NaHCO3 and brine. Organic layer
was dried over MgSO04, filtered and concentrated under vacuo. The residue was
purified by HPFC Biotage 12 S, 2% to 6% MeOH in DCM. Purification furnished 35 mg
of compound of formula 4800.
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THE 170%& 200800852t0 rt Ar = 2-furanyl, 3-furany, 2-thienyl, 3-thienyl,
2-pyridyl, 3-pyridyl, 4-pyridyl, 5-(dinethylam nonethyl}2-furanyl COON N~
UOH 1000 Ar DPPA Ar 5 C 1 EO Part |:4@2eparation of Internedi ate of Table
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5- ( Di@mipdy|l am nonet hyl ) furfuryl chloride was prepated from défmefcially
availl abl e 5- (di met hyl am'ﬁ@hbtgb‘yAwﬁd%uryl al cohol (AMM ch _Cheni ¢al Co.,
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hydrochl oride salts (Al drich Chem cal

partitioning
with MySOWO03as§/08%hcentrating the solution in a 150 C wWRCEUBZHASHICER |

i mredi atel y before use.
as reported (JACS, 15 (1928),

Co., M I waukee,
themwith cold 2.5 N NaOH and et her,

W sconsi n,
drying the ether extract

USA) by

2- Chl oronet hyl furan was prepared from SOCl 2 in Et20
50, 1955)403-chl oronet hyl furan was prepared

simlarly, except a solution of alcohol and pyridine was added to a

sol uti pémfid SOClI 2 to prevent  excessive formation of |sul fonateKifieqter. In
both clses dfstillation wadahleesAmigdeso ef fect rearrathWreﬂt of tlhe
initia | of osul fonate isolate. Both distilled halides were RANGR ately
storedfTh effier (-I M Wth a fittrte sor T RZCO8at |- 200 C]— ThEeSE
solutijons wefe stable for at 20\east 24 hours. 2- And

3-chi of onet hyt hi ophene were prepared using the same grocedufes as flor 2-
and 3-lchl oropet hyl furan, excepf dystiH | afji on was not necessary, simce the
chi orosul fonates transfornmed spR er the |reacti¢n condilti ons.
The drjed eitract solutions wele r uttion-filltered fhrough(silica
gel pads to effect sufficieht 5 PCT/ US2(Q051006%502 416
purifijcation| The filtrates waHe Stored | d, and corncentratfed carefully
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solutijon of RO nmL of 2 LPA / THF- heptane (Acros Chgmical (Co.) in|50 nmL of
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added drop wise at < -60 C. After an additional 0.5 hr stirring at -700 C,
5.1 g of 4- picolyl chloride in 40 nL ether was added drop wise at < -60 C.
The tenperature was then allowed to rise slowy to roomten&%ratu e over 2
hr, and stlrr§g pto additional 2 hr. The reaction wa®C 8% a col d
mi xt ur e 9 7 20% aqueous KH2PO4 and 5 nL 12 N HC, the m xt ure was
extracted with Et OAc, the extract wasgpowashed with brine, and then dried
with MpgSO4. The M xture was filtered, the filtrate was evaporated, the
resi Empas evaporated tw ce fromxylene, and the T)nal rgsigye [was
chr omat ogr agphed on silicqalpté 5 Amides2O CH2Cl 2) to pbpn (3.0 g df an anber

oi | 15 #7020 (30%: H -NVR (CDCI3) S 8.46 (d, 2H, (v=6.0)|,Réngd |(d, 2H,
Av=6|0) 362 (s —3H 2 70 (s 2K\ 2 05 (m 21 11 7 1/ m—8H) . |

o — = = AN

METHYL f2- HETEROARYLI\/ETHYL CLOHEXANE! CARBOXYLATES The procedurje of the

pr ecedi ng anrrple was appliedt to the aryl methyl chliorideg to affford the
correspond{ ng substituted ohe,zqan arboxyl ates as summri zed ijn 20 the
follpw ng [fable 6.1. WO 20 LNI$2005/ 006j|02 417 TABLE|6.1

Prodhct H NMR St artl ng Chr‘f)rraﬂlog Yi'el d Product (CDEL3) d (av in
hal i fe sys em Hz) v,=4.8, Avo=1.8), |7.35 (d of t, 1
H av,=7.B, av2=1. 8)

0 NH
4885 /l Y 646 A

HNLO
N)\S

(_ \—/

4886 679 A

Y
- - H O
%N k"/NH2
*/&O 0
O NH
Y

Y
& .
Qﬁn ; R

4887 OYNH 733 A




1: 3 Et20-CH2CI 2 " coocH3 to 1:1 acetone- 31 1 7.18 (d of d, 1 H 17021
CH2CI 2 17028 av, =7.8, av2=4.8), 3.62(s, 3H), 2.79 (s, 2H); 2.1 (m 2H),
1.7-1.2 (mWO 28108750 (br d, 1 H,  Av=4.5), 7.55 (t+, 1Pb|r,l,gy0wzm@02
av2=1.8), 7.10 (d of 1:3 Et 20 CH2Cl 2 N COOCH3 d+, av, =7.6, X
acetone- 58 av2=4.5, av3=nd), 17022 CH2(l2 17029 7.01 (d, Av= 7 6) 3 64
(s, 3H, 2.98 (s, 2H) 21(m-2H) 17212 (nm 8H) 728(brd 1 H,
av=1. §) m%. 6—(d—of—; H—Av, =3 0;—Rapid sitiTta pad—Tooct l
av2=1|&MPE lo7 (d, U, 0 fl-%mg Ofilgd: 1 52 17023 hexanwr- o ne 17030 1
H av$3. @), [3.66 (s, (s O%E), 2.05 (m 20, Range
S o
H
| [:H,N H NH,
4888 */KO ° ; 665 A
JO OYNH
Salel
H
AN
N ~ R
0 0 0
Oy NH F
4889 FE 699 A
/\,INH
N0
N \/\
>H,J§O o) o
4890 O NH FF 659 A
F
;INH
’\ril 0




1.7-1.2 (mm 8H) WO 2005/ 085275 PCT/ US2005/ 006502 418 TABLE 6.1 Product H

-NI\/R Starting Chromat ography Yield Product (CDCL3) 6 (av in

hal i de syst em

6. 05 Short colum , Av=3.0), 5.89 (d, I\/telgC [Qe@
acetone Né‘gfﬂmk’“?&& , 3.66 (s, 3H), None: extract ﬂ{]ﬁ}%ﬁg
2H), 2.81 17024 pH 5 0 after saturating aqueous 17031 (s, 2H), 2.23 (s
6H), 2.05 (m 2H), wth Nad 1.7-1.2 @ 811) 7.34 (m 1 H), 7.18 (br s,
1 H, 617 (hbr _Rapid silicapad coochN- 0ct7O-s—H—3- GEISOR“EH
fll I7tr1 Cnm?du n éH)l 81 17025|'a%?é%n§\|§1 uene 17032 2.62 (g2, 2.1 (m 2H),
# Range
4891 655 A
(
g
S n 0 "
N M
>H/&O 0 o
Os_NH H
Y 677 | A
4892 /LINH
SNTTO
( \/
BU Y
>k(l§oo 0
O~ NH
4893 % Y 750 | A
,INH
N° O
@O




7.11 (d+, 11-1,

4 96 Et 20-hexane 75 0 d, 1 H A,

PO Us200LPasuEeses

Yi el d Product (

Av,=5.0, Ave=3.0),

Av=5.1), 6.91 (d of |
v--3.6,
2.1 (m 2H, 1.7-1.2
CDCL3) 6 (Av in

haI | de g4
6.89 (br s,

stem Hz

CS COOCH3 Av2=3.6),
17026 17033 Avez
(nm 8H w0 2663

419 TABLE 6.1 Product H - NNR Startlng Chr omat ogr aphy

7.20 (d ofd, 1

6.72 (d of ci

ot

H,

ci 3: 97 Et 20- hexane 53 6. 80

(d of’ mdh, 17027 17034 Av,—BT) AN72=T.5), 3.63 (5 30| 2] (s, 2H),
2.1 (m?2 1.7-1.2 (nm Tdble FAmidds Preparation 6f MWt dr medi atles of
Tabl e [6. # F“repar ative exanple 17035: Preparation of|InterneRaage pof
For nulla—3+035—
(A
4894 MOO 0 655 A
OOYNH
NH
N
(0]
% -
N N NH,
4895 */goo ; 615 A
| o OYNH
\\\/\N NH
H
BB
N ]\rr ~
7%/&0 o 0
4896 0. _NH A~F 631 A
F
)INH
HN" 0




[ 2- (4- PYRI DYLMETHYL) CYCLOHEXANEI CARBOXYLI C ACI D OOCH3 COON LI ON _
17020 of the previ ous

100 ¢ N5 17020 17035 A solution of 3.4 g ester
exanple in 20 nL of dioxane was treated with 30 nL
and t he wWotgesmesseess stirred at 100 C for 6 hr.
ice-water, extracted with ether,
to pH4 with 3 NHC. The precipitate

of 1

The nleGP@

and the cold aqueous was slowy acidified
filtered, 10 washed wth water,

11 N |

aﬁgﬁﬁﬁgtched in

and dried to |leave 2.8 g (58% product acid 17035: H1 -NVR (DVSO-d6) d

8.42
crystallize
Sane [pr oéed

, (.08 (d, 2H), 2.73 (s, ZH,
0 from Et OH: nPabhdt8: Afidés el enent al
ire was applied for the preparation of

Gm

1.9-1.1 (qom 10H]J.
angl MW
i Nt er nedi

Kiporjti on was
confirngd: CHN.
Range1 7036 and
ARBOX¥ C ACI DS

a2 |y EROAR [H\V R Wa.V/a lWa'l|
6—2—34s—+F4 (HETI_I\\J—\I\YL!\VIETI uL}LlGl_u 1

anpl e was applied t
. Tabl e 6 2 except tf
ex ed with Et(
ucts ]
275 PCT/ |

17037—ef——tpble
The procedure of the preceding
1703 1704

D, 17041,17042 ) frog
aquegus extract (pH 3.5-4.0)
with [NaCl ip the case of the
extrgct was| evaporated to
product acigds. Portions we Qor anal y
fol | owi4gg7Tabl e 6.2. TABL Product “NMR St af
crystial l'i zation np Elen1oe %F’Pbroduct % sol vent (C

NH
v/\H

ve 00 /

7AVan\

o the
1at t he
DAC, af

JS2005/
$is as

tig29 Y
anal

7036 af

psters (17038,
acidified

er satjrating

d 1703f. The

420 the
zed in the

bl 3)

D06502
Bunar i

el & (C

4898

659

4899

645




6 ((ppm; Av in Hz 8.42 (br s, 2H), 7.57 (d+, N CAOH 1 H, Av, ==7.5,
Ave=1.8), | 7.27 (d ofd, 1H, Av,=7.5, H3CCI3 17028 31 155-7 CHN Avg=2.7),
2. 133 (s, wabhoosossehexane 17036 2.1 (m 2H), 1.7-1.2 (nmmpcehs28smassod, 1 H,
Av=5.1), COOH 7.70 (t+, 1 H, Av,=7.5, EtOH 17029 58 Av2=1.8), 7.22 (m
2H), 137-8 CHN (i-Pr)20 17037 3.10 (s40¢H) . 2.1 (m 2H), 1.6-1.3 (nm 8H)
7.29 (br s, 1 H), 6.27 (d / COON ofd, 1 H, Av,=3.0, Ave=1.8), 6.05 (d 1

H, 170":{%2@ a oil CH Av=3.0), 2.90 (s, 2H), 17038 2J0 (m *1I\/I
(mm 8H) 6.47 (d, 1H, Av=3r4ble 5:dkmideds (d. 1 H AvE3MN. &703 30 4.14
(s, 2H),#.84 (s, H3CA 3 133-5 na 2H), 2.77 (S, 6H | 2.1 ycIRamgeane
NI 0
. H
[N}\ﬂ,m ],NH
Ao Lo
4900 731 A
O+ _NH
00 Y
ey NH
!
Y

4901 F 685 A

4902 Oy -NH 645 A




17039 (m 2H), 1.7-1.1 (mm 8H) WD 20051085275 PCT/ US2005/ 006502 421
TABLE 6.2 Product HL -NWVR Starting Yield (CDCL3) crystallization np Elem
ester Pro%&og/ l7vent (C© anal 6 ((ppm; Av in Hz COOH 7.34 (br s, 1 H),
7.22 (br i .22 (br s, 1 H), 17032 81 na oi| CH PETAR2(uS/0068), 2.0
(m 2H), 17040 1.7- 1 2 (rm 8H) 7.14 (d of d, 'I H Av,=5.2, Ave=l.0),
6.93 (d of d, COON 1 H, Av,==5.2, Avg#®.6), yclohexane 17033 75 6.80 (d+,
1H, Av,=3.6, hexane/ 64-7 1 CH 17041 Av2= nod2), 3.083 (2H), -310C 2.1 (m
2H)(Chpd L. 2 (mm 8H 7.22 (d of d, 1 H Av,=5.0, COOH| Avigi#2. $) , 6. 96
(d+, 1'H| 53 Av,=2.5, ATableod)Anddes ycl ohexane 72- MWEH %034 17042 (d of

1 H =5.0, Ave12) 2.89 (2H) Note 1: Ilit. |value ¥ 983/ C (J. Chem
Re':. Mﬂ%pTw —+981+—4—1043-1056)-

4903 613 A

4904 )' \ 754 B

4905 Ox-NH 661 B




Note 2: nd
d 3.08 (v.s.).

not determ ned;
Part I111:

di phenyi phosphoryl azi de,

hr. The

i nsufficient
Preparati on of
Pr epar at i w0 eo0a®pd235 17043: Preparati on of
1- (4- PYRI DYLMETHYL) CYCLOHEXYL | SOCYANATE COON NCO N N i
m xture of 0.5 g of the carboxylic acid 17035 descri bed above,

and 25 nl - toftidne was heated at 110 C for

A \AD-_2NNE/ an:’)7l: Dl '|/ | |C')nnEI nnREn')
A 4 SAVES) v av kS yay |

resol uti on.

4’)’) conal-ad

Not e 3:
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| nt er medi at e oPOTAFSHNSP0630343
5 17035 17043 A

lit.

0.5
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48" oA NC | ~ Vx 17037 82 t QAc- hexane (2:3) 17049 0 NCO (

17038 68 Et 20 hexane (1:9) 17050 O NCO 17039 " / 29 not 17051

hr omat ographed NC 17040 21 t20 hexane (1:9) 17052 NCO 17041 78 _

Et 20 hexane gl:_g%]ES 17053, 3 ~ NCO 17042 74 Et 20 hexane PCT/USRO0S9GHA \\O
2005/ 085¥Q 2! 2005/ 006502 423 HCV inhibitors 4921, 4922, 4923, 4927,
4933, 4938, 4939, 4940, 4941, 4944, 4946, 4947, 4955, 4962, 4965, 4966 of

Tabl e 6 mere prepared using |socyanaté§ 17043, 17048, 17049, 17050, 17051,
1705 3 and 17054 shown-ip-table-6-3 5 aeeorai-ha—t general

. T I IIU LS A gRih\,I L®
proceGmIT%Sj lescribed before o A ides MW
# Range
2 H
J\((N\/\
8]
OYNH
4909 Q/ENH 721 B
HN O
( >
|
W/
N
-~ H O
N NH,
o O 0
4910 0. NH 715 B

4911 ) 645 B
s, NH




Exanpl e XX: Preparation of Ceneral Internediates 4948.01 used in the
preparation of HCV inhibitor 4948, 49494972, 4973 of table 6 according the
gener al pwaxBdsngs273descri be before. S NH2. HBr cN 4948. 0CTAS2685@p6sh2
OOycWNH2 ON\* NHZ 0 S 0 O 4948.03 4948. 02 St epl Conpound 4948. 02

(2.59, 10 mmol) was taken in di oxane (3 Lawesson's reagent (2.23g,
5.5 mml, STENCH) was added and the rea on m xture was heat ed at 60C for
2 hrs @ ni T Oogen at mospnere. e reaction m xXtare was 1 fonwed to
cool tlo"room tenperature opfhled:AMides’ i od, while stipwng e reaction
m xt urle @as |then concentrated. Saturated SOdI um bi cafbonat e| Rrigd on (50
m-) vias _aqded to the residue and extracted with chlloroform (2 X) | The
conbi ned chllorof orm | ayer was entrated to afford 2.8 ¢l of 4948. 03
whi ch ([was uged wi t hout any pur| catlon i JOYNNH2 HBr. H2N' S O[3 N 20
4948. 03 4948. 01 Step2: Preparatig of r ogoacet al dehyde: Brjonpacet al dehyde
di ethylacetal. (2 nL) was adde ce tr Had HCl [ (2.4 nL) and heated at
60C far 30 min. This m xtur thn 0ol Bd t°0 10C DMF (BO m -) |was
added |fol | owed by powder ed 8r0 o
4912 | 679 B
JO OYNH
N NH
I
N 2
*/k 0 0
4913 0 563 B
O _NH
o T
NH
™N
/.
NI o
H
[:HN J\H/NHZ
4914 *AO ° ° 693 C
o OYNH
Shre)




~ WD 2005/ 085275 PCT/ US2005/ 006502 424 sieves (one spatula). The solution
was decanted and used i medi ately as descri bed below A solution of

br onpacet al dehyde in DMF prepared as above was added to 4948.03 (1.4 g,
fromStep 1) and heated at 60C for 5 hrs. At this tinme the reaction mxture
was 5 cooled to roomtenperature, diluted with ethyl REESRYU6 ) and
washed WORYEABIA At ed sodi um bi car bonat e (100 nmL). The organic |ayer was
separated and the aqueous |ayer was :‘ﬁgrther extracted with ethyl acetate
(50 nmL). The conbi ned organic |ayer & washed with water (100 niL), brine
(100 —eet—{-Na2So4)—anrtd——conrecenrt+ratet—Therestdue—was Tt ed by
flasmt ogr aphy usi é/ %ﬁ‘%&% OQAc/ hexanes whi afff orted P64 ng of
inte meﬂi aﬁe that was tak F?qi o hydrogen bropide in R@gbbc acid (10
mL). {Thi's m xture was stirred at room _ tenperature for 1 hr. Diethyl ether
(100{nlL) was added which resg|tgd in a white precipitate.] Filtration
fol |l pwed by washing with diefthyl ether (2 x) provided 4944.01 as | a white

solig in quantitative yield. 52 Exanpl @ XXI : Preparhtion df Generbl
I ntegnmedi ajes 4925.01 used iq the pgepalatjqn of HCV i nhi|bi t or 4925, 4926,

4928 4929) 4952, 4959, 4968 N 6 wCcording the general prlocedure
descti be be¢fore. <\ N Q 4925001 L Stepl 20 OH S CHO (02CH3 § CO2CH3
~N +{6 cN ¢ﬁ925. 02 4925. 03 49¢5. &4

NH

O
4915 ‘} Y 734 c

,INH

HN™ "0

>kr& o © o
4916 603 C

z
oé
o
ZXT

4917

0
N
N
0
NH 719 C

Example XIX: Preparation of General Intermediates of Tables 6.1, 6.2 and 6.3




To a solution of nethylcycl ohexanecar boxyl ate 4925.03 (2.54 nL, 17.68 nmmol)

in THE (100 m-) at -78C was added LDA (2. OM i n hexanes/ THF/ et hyl benzene,
17.68 ni, w e ) under nitrogen atnosphere. The reaction mxture was
mai nt ai ned §t520§5/0ﬁ%24t tenperature for 30 nin. Then a sol uPFHNSH0SOHES02

al dehyde 4925.02 (2.0 g, 17.68 mol) in THE (10 nL) was added dropw se.
The tenperature was slowy brought to 449C over 1.5 hr. TLC indicated

conpl ete consunptlon of starting materials. The reaction was quenched with
sat ur at ed amoni @AQ%0ri de sol uti on/ brine (200 nL) WO 2005/ 085275 PCT/ U
S2005/ 006502 423 _and extr%ed wi tAndi glthyl et her, (2cQocHhe conbi ned

et her | ayer wag ed (Naf' ) and conhcentrat e Pufification of the

resi due by fl ag ronatoWT“ﬁ@‘Z??"TT’ Et OAG ranes afforded 2.72 g
of the required Material, 4925.04F Step 2 C') N f02CH3 O S S C02CH3
4925.04 5 4925.05 To a sol ution of 4925.04 (1.02 g,”4.0 nmmol) in THE (30
m.) was added 17 m ocar bonyl dii m'.davz@tcm(l 78 g, 10.0 mmol). The m xture
was refluxed under nitrogen atnosphere for 5 hrs. The reaction m xture was
cool ed to room t enper&fdrieranidfutasy 2-hiepy. Hihianmy?- Pgider, washed with

sat urated amoni um chl ori tio rie and concentr at ed.
Purification of the resi d%@”@@ Jfllp%lé h gﬁ?’@ﬁ@f’%@'rnéﬁ%}"a%?ﬂaw%/ 80 to 30/70
Et OAc/ di chl oronmet hane afforded 1.3 808L the required material, 4925.05.

A Ny,
LIOH r DPPA Ar %o

Paﬁ I: Preparatiovn of Intermediate of Table 6.1

ArvOH

Ar\/Cl
(HETEROCYCLYL)METHYL. CHLORIDES:
5-(Dimethylaminomethyl)furfuryl chloride was prepared from commercially

available 5-(dimethylaminomethyl}furfuryl alcohol (Aldrich Chemical Co., Milwaukee,
Wisconsin, USA)as reported (Il Famiaco, Ed. Sci., 1982, 37, 398) .

10 2-, 3-, And 4-picolyl chlorides were prepared from the commercially available
hydrochloride salts (Aldrich Chemical Co., Milwaukee, Wisconsin, USA) by partitioning
them with cold 2.5 N NaOH and ether, drying the ether extract with MgSQO4, and
concentrating the solution in a 15° C water bath, all immediately before use.

2-Chloromethylfuran was prepared from SOCI2 in Et20 as reported (JACS,

15 (1928), 50, 1955). 3-chloromethylfuran was prepared similarly, except a solution of
alcohol and pyridine was added to a solution of SOCI2 to prevent excessive formation
of sulfonate diester. In both cases distillation was necessary to effect rearrangement
of the initial chlorosulfonate isolate. Both distilled halides were immediately stored in
ether (~1 M) with a little solid K2CO3 at -20° C. These solutions were stable for at

20 least 24 hours.
2- And 3-chloromethythiophene were prepared using the same procedures as for
2- and 3-chloromethylfuran, except distillation was not necessary, since the
chlorosulfonates transformed spontaneously under the reaction conditions. The dried
extract solutions were rapidly suction-filtered through silica gel pads to effect sufficient



Step 3 C\N~ O-S S C2CH3 S CO2CH3 cN 4925.06 4925.05 Conpound 4925. 05
(1.27 g, 3.48 mmol) was taken in toluene (40 nL). To this 15 were added

Al BN (2, JypAe@aissigobut yronit(le, 57 ng, 0.348 nmml) ancpchAisdobdisdesdr- butyl
tin hydride, 1.87 nL, 6.96 mmol) under nitrogen atnosphere. The m xture was
refluxed overnight (16 hrs). At this t#& t he reaction m xture was cool ed
to room tenperature, and quenched wt queousl N HCl (100 nmL). It was

wth 1PN CtF%q%%ﬂ;lt?étﬁ% Mere R0t ahd baneciiRd Bar P il on G
the reg (?%1% e.flash chromat ography using 8/92 EtOAc/dichl oronethane
af f or de 0 of the required material, 4925.05. Step 4 WO 2005/ 085275

PCT/ USMIBW-MGEOQ P&’%D¥BME§QHMB)(SYC¢E}HENANE|@9~EB(DXYHAZEE 06 To a mxture

of conpound 4925.05 (478 ng, 2.0 mol) i oxane (5 nL) and water (5 nL)

was added solid potassi um hydroxi de ( | ,CI6 mmol ). The reaction mxture
3

was heated at 80C for 2 hrs and 100C\.or hrs. The reactlon mxt
cooled to roonﬁﬂé}%r ature, concentrat and quenched .

The aqueous |ayer was extracted w th dizphg or omet hane, i el 2SH4) and
concentratedafford 20A LN LC- MS: 226

(MeH) . THF  -70°Ctort

17018 17020

5 A solution of 20 mL of 2 M LDA / THF-heptane (Acros Chemical Co.} in 50 mL of

( THF was cooled to -70° C, and 6 g of methyl cyclohexanecarboxylate 17018 was
added drop wise at <-60° C. After an additional 0.5 hr stirring at —70° C, 5.1 g of 4-
picolyl chloride in 40 mL ether was added drop wise at < -60° C. The temperature
was then allowed to rise slowly to room temperature over 2 hr, and stirred an

10  additional 2 hr. The reaction was quenched in a cold mixture of 200 mL 20% aqueous
KH2PO4 and 5 mL 12 N HCI, the mixture was extracted with EtOAc, the extract was

washed with brine, and then dried with MgSQO4. The mixture was filtered, the filtrate
was evaporated, the residue was evaporated twice from xylene, and the final residue
was chromatographed on silica gel (1:4 Et20-CH2Cl2) to obtain 3.0 g of an amber oil
15 17020 (30%): H' -NMR (CDCI3) & 8.46 (d, 2H, Av=6.0), 6.98 (d, 2H, Av=6.0), 3.62 (s,
3H), 2.79 (s, 2H), 2.05 (m, 2H), 1.7-1.2 (mm, 8H). '
( METHYL [2-(HETERCARYLMETHYL)CYCLOHEXANE]JCARBOXYLATES
The procedure of the preceding exampie was applied to the aryl methyl chlorides

to afford the corresponding substituted cyclohexanecarboxylates as summarized in

20 the following Table 6.1.



T 4 i

I[INr ~ 0 4925.06 4925.01 10 The acid
Tri et hyI am' ne

Step 5 SI CazHS Il "N C  (, (\
4925. 06 (399\ [rﬁ 1.73 mml) was taken in toluene (10 ni).

(0.27 L, 1. 0P852%hd DPPA (Di phenyl phosphoryl azide, 0.4

mmol ) were then added. The reaction mxture was refl uxed fBFT@SF\‘WQ/O%ﬁQ@IZ

cooled to roomtenperature. This resulted in the formation of the
i socyanat e 4925. 01 whi ch was used fudttfer as a 0.173 Msolution in
t ol uen t he
preparfati on of HCV inhibitor 493‘9.BiiEBa’bI e 6. 0 O O—I ~H~ 0 PhMOBr, Ey0 H
| | Na I-I/I1 I\Ibnn QI\I_Q('Y" _|_¢._ \ DGC ijlﬂ_% T V\ft okl QE2 .02 953 03
H Hl, {Pd C"‘I?J‘YN CQOFRJIE\‘I CI/D| oxaphe HCI HEN N I\/bdzfoé%ggDﬁl%&? 05 [ 1
v || TENN0d ) OPRISGEREEPEON | Ve Hprolalb © P (08Eaf3 dhvin OF O

' Halide system

Hz)

N Y el
S

17021

1:3 Et20-CH2Ci2
to 1:1 acetone-
CH2Cl2

31

s, COOCHs
L" /] l |

8.45(d of d, 1H,
Avi=4.8, Avg=1.8),
7.35(d of t, 1H,
Av=7.8, Av;=1.8),
7.18 (d of d, 1H,
Av=7.8, Av;=4.8),
3.62(s, 3H), 2.79
(s, 2H); 2.1 (m,
2H), 1.7-1.2 (mm,
8H)

17022

1:3 E'_c20-CH2CI2
to 1:1 acetone-
CH2Cl2

58

8.50 (br d, 1H,

v=4.5), 7.55 (t+,
1H, Av,=7.6,
Av,=1.8), 7.10 (d of
d+, Av=7.6,
Avo=4.5, Avz=nd),
7.01 (d, Av=7.6),
3.64 (s, 3H), 2.98
(s, 2H), 2.1 (m,
2H), 1.7-1.2 {(mm,
8H)

Rapid silica pad
filtration in 1:1
hexane-foluene

52

7.28 (brd, 1H,
Av=1.8), 6.26 (d of
d, 1H, Av;=3.0,
Av,=1.8), 5.97 (d,
1H, Av=3.0), 3.66
(s, 3H), 2.83 (s,
2H), 2.05 (m, 2H),

1.7-1.2 (mm, 8H)




e e

4953 Stepi WD 2005/ 085275 PCTN52005/ 006502 427 0 O HN p PhMyBr, Et20 H
Boc, N \ Boc'N'Ph 4953.02 PhivgBr (2.5 equiv, 40 nL) was added @-78C to
a Et20 (200nmL) solution of comrercially avail able Winreb am de (Al drich
Chemi cal ukee, Wsconsin, USA 12g, 46 mmol). After 2 h,
reaction Wgzgimé)ﬁ%}ﬁ%d by addition of HO 1.0 N, s dil ut e@CRitSRoMEMS02 and
washed with brine, dried over MgSH4, filtered and concentrated under
vacuo. The residue was purified by Hgk§ Bi otage 75+S, Segl: 2%B to 2%B,

Li near, 320nmL / Seg2: 298 to 8B, Linear, 3200 nml / Seg3: Hold 8% for

5CV( U nC). 3. /69 of 4953. 02 pam PBiAl ned. Step2 O OH N NaBH4; MeOH O N
Boc' Ph --~ f at tqo RT p 10 4953 Q2 4953 03 To QC_solution_of 14953. 02
(1.5 tg, 5. 4rm:l)u) in MeOH (100 %) wz“s added NaBH4 Rreduglitv:MWMRmpl , 1.02
g). Redsial Shramatedraghyt o _and stirred unti la
chr onat og:—lg‘;)ghyal ndi cat ed conpl bV@'@%Pnsu 3‘&4 of tt{g&@aﬂ‘?ﬁé" fat Eri al
(- 0.5 hhglid de Rep2YSteM was st opppd by {addition of HCI nd extfacted
with |Et OAc. Organic 15 | ayer was driled over MySO4, fllte and
concemtretet—urder—vacuo,— Tihe eSS aye was  puriii FHEC B ot ape 25+S,
Segl:| 398, Li ”bgﬁort%aﬂmml SegR: 3%B to 1298, T,
’ v=3.0), 5.89 (d,
EtOAc to acetone COOCH
1H), 3.66 (s, 3H),
M32N’\(\?fc| ] MezN%
None: ex:tracted at 20 3.40 (s, 2H), 2.81
H 5.0 after
17024 P turat 17031 (s, 2H), 2.23 (s,
( S? urating aqueous 6H), 2.05 (m, 2H),
with NaCl 1.7-1.2 (mm, 8H)
7.34 (m, 1H), 7.18
d (brs, 1H), 6.17 (br
i ili COOCH
e |Rapdsilicapa QTG |5 1H), 365 (5 3H)
filtration in 1:1 81
2.62 (s, 2H), 2.1
17025 hexane-toluene 17032
(m, 2H), 1.7-1.2
(mm, 8H)
7.11 (d+, 1H,
Av=5.1), 6.91 (d of
d, 1H, A1F5-11
COOCH Av;=3.6), 6.72 (d of
(" VA (\_S')/b ’ 2=3.6) (
4:96 Et20-hexane 75 d, 1H, Av=3.6,
17026 17033 | Av,=0.9), 3.67 (s
3H), 3.04 (s, 2H),
2.1 (m, 2H), 1.7-1.2
(mm, 8H)




Li near, 1200nL / Seg3: Hol d10% or 240 mL. Purification furnished 1.35g of
4953.03. Step 3 0" \ /OLNI Hz, Pd/C OTN ~I( O McOH O 4953.03 4953.04 20
To a sol %69&;@3?{2 flushed sol ution of 4953.03 (1.35g, peTARINs)00Ed02 MEOH
(50ml) was “added 10% Pd/ C catal yst (0.5g). The resulting suspension was
hydr ogenated for 18h. The catal yst was renoved by filtration through a pad
of celite and washed with Et OAc. The gqgbined filtrate and washi ngs were
evapor at ed under vacuumto dryness to provide after purification the
desired product 4418 (85ng) and r gam)egE ¢ 4953. 04. WO 20057 085275
PCT/ US2005/006502 428 Step 4 0 N 4.0 N HCl /D oxane HC H2N_ 4418 4419
4953.04] (28 ny, P.10 mol) was tfeated with 4.0 N HC Produat HoeNMR D] oxane
descri bedStarting oli€hyomatagsaplner guant iftatively 4953. 05, St epS HCl |H2N
Phosgenie, rgw NaHCO3 O C 4953. 01| Yigld3. 05 Progachs ([28(GRCLS) d6AWimI ) was
tr eat ed wiNBH9Bhos8¥HEMs described prdviously to deliver 4953.01 that was
used as| descri bed before to prepEre HAEV i nhi bitor 4953 of H#hble 6. |10
Exanpl e~ XXttt—PreparatTom of T Speyanate—4956 0t UsER SRt par-at i on of
HOV i nhi bi tor 4P50 of Table 6. “7.20(dofd, TH,

Av=5.0, Avo=3.0),
6.89 (br s, 1H),
COOCH;

=7 ¢ S 6.80 (d of d, 1H,
v 3:97 EtoO-hexane | 53 % (dofd, 1H
AV=5.0, Avp=1.5),

17027 17034
3.63 (s 3H), 2.83

(s, 2H), 2.1 (m,2H),
1.7-1.2 (mm, 8H)

Part il: Preparation of Intermediates of Table 6.2:
Preparative example 17035 : Preparation of Intermediate of Formula 17035
[2-(4-PYRIDYLMETHYL)CYCLOHEXANE]JCARBOXYLIC ACID

o~ COOCH; ~~_COOH
P LiOH i
100°C N
P 17020 : 17035

A solution of 3.4 g ester 17020 of the previous example in 20 mL of dioxane was
treated with 30 mL of 1 N aqueous LiOH, and the mixture was stirred at 100° C for 6
hr. The mixture was quenched in ice-water, extracted with ether, and the cold

aqueous was slowly acidified to pH 4 with 3 N HCI. The precipitate was filtered,

10  washed with water, and dried to leave 2.8 g (58%) product acid 17035: H' -NMR
(DMSO-dg) & 8.42 (d, 2H), 7.08 (d, 2H), 2.73 (s, 2H), 1.9-1.1 (mm, 10H). A portion
was crystallized from EtOH: mp: 240-242° C; elemental analysis confirmed: CHN.
Same procedure was applied for the preparation of intermediates 17036 and 17037 of
table 6.2.

15 [1-(HETEROARYLMETHYL)CYCLOHEXANE]CARBOXYLIC ACIDS

The procedure of the preceding example was applied to the esters (17038,
17039, 17040, 17041, 17042 ) from Table 6.2 except that the acidified aqueous
extract (pH 3.5-4.0) was extracted with EtOAc, after saturating with NaCl in the case
of the two pyridyl products 17036 and 17037. The extract was evaporated to leave




Phosgene,
H ~ 0YO

TVBCH2MBC
sl ow y r ai sed

,ﬁ%ilteqvgéb

HO~N~- 1. TMSCH, NDG,
KHVDS, THF, OC | '~

w%wsws

peewi t h
and concentr at ed

THF,

RT, 10 mn
HCO8 N\ O O ~O
1. TMBCH2MYO

NH4Cl

(2.779, 1

OC O HO HZNJ

~ - ONHI

sat and bri ne.

) in THF (50
20 ni).

0C 4950. 01

eoc Ph - NH DCMRFA (311) 2.
4953. 02 4950.02 V 4950.03 D N~I~NH3

\ NH 4950 Std O
THF, 0C 2. KHVDS, THFPCHUESANIF00G8R 02 15
4950.02 To a -25C solution of ketone 4953.02 prepared in step 1 of
preparative exanmple XXI|I
(1.OMin Et20, 2equiv,

8& ﬁ%cs:llggg@b%%% %gtﬁ@fg%fog%%ggg\g&ﬁﬂéh%%éwme reaction

Organic | ayer was dried over

-) was added
The tenperature was

(m, 2H), 1.7-1.1 (mm,
8H)

TABLE 6.2
Product H' -NMR 5
i i tallization | m em
Starting Yield (CDCL3) crystallizatio o p
ester Product | % solvent (°C) anal
S ((ppm); AvinHz
8.42 (brs, 2H), 7.57 (d+,
Ny COOH 1H, Av=7.5, Av,=1.8),
|
# 7.27 (d of d, 1H, Av=7.5, [CH3CCI3-
17028 a1 | WO v 3 155-7 | CHN
- Av~=2.7} 283 (s, 2H), Eyclohexane
17036 2.1 (m, 2H), 1.7-1.2
(mm, 8H)
8.62 (d, 1H, Av=5.1),
N COOH
) .70 (t+, 1H, Av=7.5,
% o 1H2 . 72H S 137-8 | CHN
=1.8), 7.22 (m, , ) -
17029 58 | Avz=1.8) ( ) (-Pr)20
17037 3.10 (s, 2H), 2.1 (m, 2H),
1.6-1.3 (mm, 8H)
7.29 (brs, 1H), 6.27 (d
COOH of d, 1H, Av=3.0,
X/
¥ Ej Av,=1.8), 6.05 (d, 1H, i
17030 5 | V19 605 ha ol |CH
Av=3.0), 2.90 (s, 2H),
17038 2.0 (m, 2H), 1.7-1.2
(mm, 8H)
6.47 (d, 1H, Av=3.0),
coo 6.08 (d, 1H, Av=3.0),
N e cl
e 4.14 (s, 2H), 2.84 (s, CH3CCl3-
17031 30 133-5 | na
- 2H), 2.77 (S, 6H), 2.1 cyclohexane




under vacuo. To a OC solution of the above crude in THE (50 nlL) was added
KHVDS (2.7 equiv, 0.5Min PhMe, mmol, 54 nL). The m xture was stirred at 0C
for 5 1. 5\ b@s/o85E74§ or 3 hr then quenched w th sat urat ed pidads2o@ndesdz | ut ed
with EtOAc. The organic |ayer was washed with brine, dried over MgSOH4,
filtered and concentrated under vacuo. purification via HPFC, 40+S, Segl:
Hold 298 , Linear, 60nL / Seg2: 298 tao}BP®, Linear, 600nL / Sec Hold 898 ,
Linear, 300m. . 0.5g of 4950.02 were isolated. 10 Step2 DCM TFA (3/1) HC
HZN  4950. 02 -- RT, 10 min .- 4950. CBABLE6:2 sol uti on of 4950.02 (100 ny
0.36 MMp—-h—PCM-3——n dded 1l —of—TEA _-Roactor—tti | ow

i medi atjely. After 10 mih, TLC Jtreduat Ho-NMBting materiall and reaction
was di Llﬁ&@ﬂlﬂﬂt h Hexanes|Yigld concen@ﬁ‘t&f to dryfEystalizgtien 15 mgsul t iBlem

yel | ow Qi s|pl § undgs |hi gh va er ni gh B al yz y{NMVR _, 1P9
gsib e PIofieta . RORGE™ J53tE Y| ocnal
1950 01]a bow 5ni) Sor s o off?Mfﬂﬁsﬁei@%& 03| (109 ny, 356 n’?m?) was
added tg a 0OC |20 solcutlon qT7 83 Eagwet ﬁ;‘s HCO3 (5nil) and Phosgen

(2equiv,| 0.72 m%@?*%nt) rd'stifrifg was|set inmmedijately and the

i ce-coolled reagtion i xture vas1H)$6122r(€bi9‘ dH)2 hpurs at high speefl. After|2
hours, tHEQ3Zyani c phase|l 81gquwe % Sar at ed mad was t hémwildri edCéber
anhydr oys MgSOf and concentra&@ ($-02th (m, 2H),

17049 1.7-1.2 (mm, 8H)
7.14(d of d, 1H, Av=5.2,
Av,=1.0), 6.93 (d of d,

@/ém“ 1H, Av=5.2, Av,=3.6),  [cyclohexane-
17033 75 | 6.80 (d+, 1H, Av=3.6,  hexane/ 64-71 | CH

17041 Avy= nod?), 3.083 (2H), | -10°C
2.1 (m, 2H), 1.7-1.2
(mm, 8H)

7.22 (d of d, 1H, Av=5.0,
Av,;=2.5), 6.96 (d+, 1H,

53 | Av=2.5, Av,=nod), 6.89 yclohexane | 72-74 | CH
17034 17042 (d of d, 1H, Av=5.0,
Av,=1.2), 2.89 (2H)

COOH

Note 1: lit. value = 71-73° C (J. Chem. Res. Miniprint, 1981, 4, 1043-1056).
Note 2: nd = not determined; insufficient resolution.
Note 3: lit. value = § 3.08 (v.s.).

Part lll: Preparation of Intermediates of Table 6.3:
Preparative example 17043 : Preparation of Intermediate of Formula 17043
1-(4-PYRIDYLMETHYL)CYCLOHEXYL ISOCYANATE

Ay COOH A NEo
N —_—— N.=

5 17035 17043
A mixture of 0.5 g of the carboxylic acid 17035 described above, 0.5 mL
diphenylphosphoryl azide, and 25 mL toluene was heated at 110° C for 0.75 hr. The




vol ume under vacuumw th cooling bath. Dilute to 3.6 nL (0.1 Msolution in
DCM of 25 4950.01) that was used as descri bed before to prepare HCV

i nhi bi tor . of Table 6. Exanple XXIV: Preparation ofpip DifeSo24942. 01
used in t‘Hé%gﬁ)’é St on of HOV. 1 nhibitor 4942 of Tablo B OB S00s Be5275

PCT/ US2005/-006502 430 0 0 ~\O DAST /_O 1. LDA (1.1 equiv), THF, -78C 15
mn DCM O0OC 4942.02 2. Benzyler, -78C RT O F 0O4942.03 0 /\ KOH,
EIOH HFrO HO | DPPA, Et~N OF 20 Tol uene,”teOux Refluz _ F QFF 4942.04

4942. 05 oQoldd M % placed 6h albdiink F dilichigel 4 fapilily Edt3d vitTER&R! O
hexane (2:3) to afford 0.39 g of the title compound as an oil, which was used soon
after preparation. The product 17043 was stored in 1 M CH;Cl, solution for brief
periods. H'-NMR (CDCL3) 6 8.3 (br s, 2H), 7.17 (d, J=5.4, 2H), 2.78 (s, 2H), 1.8-1.1

5 (m, 10H).

General Example Table 6.3
1-(HETEROARYLMETHYL)CYCLOHEXYL ISOCYANATES

The procedure of the preceding example 17043 was applied to the acids of Table
6.2 to obtain the isocyanates 17048, 17049, 17050, 17051, 17052, 17053 and 17054

(“ . shown in Table 6.3.

TABLE 6.3

Starting | Isocyanate [Yield chromatography

acid Product % solvent

NS NCCO
! -
17036 O/Eﬁ 75 EtOAc-hexane (2:3)

Ny N
l =
17037 % 82 EtOAc-hexane (2:3)

17049
o) NCO
( e
~ 17038 68 Et,O-hexane (1:9)
17050
(») NCO
ey not
17039 'Au/é 29
17051 chromatographed
oS NCC
17040 % 21 Et,0O-hexane (1:9)
17052
S NCO
i
17041 78 [EtoO-hexane (1:9)
17053

NSNS
17042 Q/é 74 [EtO-hexane (1:9)




~\O DAST ~~pJ DCM OC O F F 4942.02 4942.03 s To a OC solution of DAST
(2equiv, 40 nL) in DCM (290nL) was added a solution 4- cycl ohexanone

car boxy! i WOR9P 02Kyl Ester 4942.02 (25g, 147 mmol) in DENTUSTOSHE502
dropwi se over 20 min. the mxture was allowed to stir at RT overnight. H20
(50 M) was then added carefully (CAU%%N STRONG EXOTHERM) . The m xture
was basified to PH5 (takes a great t of time, watch out for violent
aci d-base 10 reaction) with saturated NaHCO3. Finally, aqueous |ayer was
removed by extraction and organic |ayer was washed with saturated NaHCO3

wi t hout anyHEALphiiitord\d82914922 23973, Wa270ag83 24938939, ¥onl, §04X\c4g4y] both
conbi ned organic | ayers were dried over |\/ng4 filtered and the sol vent

r enov ed4946,e494% 4255 4962 14969,4066-0f Takles were preparet dising isecyanatess

(55 ot o), S i Vi, ek RSB B A,

éuszg@(graﬁ@% ) ag@.&ggg é[%fﬂéd)&a f8fe €t hyl ester 4942.03 (20 nmol,

equi v o LDA (10nli). Addition of LDA
pr oduceEanlgh(XyErdpamm of GeAétaMntet:ﬁemates 494801 isezhindbe (preparationy, 22

) .was added dr React | col or, turned gold i medi ately.
React | off MY iy AMB s D98I 2ednTa ot tabla 6 aomigaihe gendral procadure

describe before.
S NH, HBr

4948.01
10 Step1 |
OTN\Z/\“,NHZ — Wol’ \/\g/
o A0 A
194802 4948.03

Step1: Compound 4948.02 (2.5g, 10 mmol) was taken in dioxane (30 mL).
Lawesson’s reagent (2.23g, 5.5 mmol, STENCH) was added and the reaction mixture
was heated at 60°C for 2 hrs under nitrogen atmosphere. The reaction mixture was

15  allowed to cool to room temperature over 3.5 hr period, while stirring. The reaction
mixture was then concentrated. Saturated sodium bicarbonate solution (50 mL) was
added to the residue and extracted with chloroform (2 x). The combined chloroform

layer was concentrated to afford 2.8 g of 4948.03 which was used without any

purification.
O\/o N NH HBr. HoN
2 —_— - M2 \/\[/S
YYY C
20 4948.03 4948.01

Step2: Preparation of bromoacetaldehyde: Bromoacetaldehyde diethylacetal (2 mL)
was added to concentrated HCI (2.4 mL) and heated at 60°C for 30 min. This mixture
was then cooled to 10°C. DMF (30 mL) was added followed by powdered molecular



S Reaction was stopped by addition of Sat. aqueous NHACI. Reaction was
diluted with EtQAc and | ayers were separated. Washed wi th NaHCO3, then

brine. Oganic |layer was dried over MgSH4, filtered an d under
vacuo. P ‘??‘l"afaﬁ%h Via HPFC, 40+S, Segl: Hold 5B, Li gggfri{ﬁg’gﬁr}{@%egzz
508 to 2098, Linear, 600nL / Seg3: Hold 2098 , Linear, 300nL. 0.915 g of
4942.04 was isolated. io Step3 0 KOH, 454 OHIH20 HO 4942.04 Reflux F F
4942.05 To a solution of 4942.04 (0.8g, 2.8 mvl) in EtCH/ H2O (36 nUJ 4

n) was sk@eon&eplafuld). atie solufich weeldechnfed and used impantiately agdederibagnt to
reflux until conpletion. 48h reflux was necessary to observe conpl etion.
Di | ut edbglawy Et 20 and basified to 15 Ph=9 with saturated NaHCO3. Et20 |ayer

nerdi 1 b aigfos B bR EegtaleRBE T NS préiered B S Rovah BB To 4BAA pa
| ayer 13.4\@3#5&@3 s%;s 2 ? Bhtfeatéd af80% f6r AEROAL this!tirké #e ?éhi:tioﬁ%i%(ﬁ{%%é@d

under vacuo. a light orange solid were isolated as 4942.

St ep4 Ncoeledd raomuenmperatifre, diuied wittoethylacatatee(30 ML) 20dAgashegiiwitiei d
C 0ok schuh hCRp bl LS St el B e BB REESC
Lo prepgpfeous layer was further extracted with ethyl acetate (50 mL). The combined organic

| layer was washed with water (100 mL), brine (100 mL), dried (Na;SO,) and

concentrated. The residue was purified by flash chromatography using 12/88
10 EtOAc/hexanes which afforded 964 mg of intermediate that was taken up in 33%

( hydrogen bromide in acetic acid (10 mL). This mixture was stirred at room
temperature for 1 hr. Diethyl ether (100 mL) was addec which resulted in a white
precipitate. Filtration followed by washing with diethyl ether (2 x) provided 4948.01 as
a white solid in quantitative yield.

15 Example XXI: Preparation of General Intermediates 4925.01 used in the preparation
of HCV inhibitor 4925, 4926, 4928, 4929, 4952, 4959, 4968 of Table 6 according the

general procedure describe before.

4925.01
( Step1
20
OH
S CHO CO,CH;3 S CO42CH3
e O — A
4925.02 4925.03 4925.04

To a solution of methylcyclohexanecarboxylate 4925.03 (2.54 mL, 17.68 mmol)
in THF (100 mL) at -78°C was added LDA (2.0M in hexanes/THF/ethylbenzene, 17.68
ml., 35.36 mmol) under nitrogen atmosphere. The reaction mixture was maintained at
25  that temperature for 30 min. Then a solution of the aldehyde 4925.02 (2.0 g, 17.68
mmol) in THF (10 mL) was added dropwise. The temperature was slowly brought to
10°C over 1.5 hr. TLC indicated complete consumption of starting materials. The
reaction was quenched with saturated ammonium chloride solution/brine (200 mL)



HCV i nhi bitor4942 of Table 6. Exanple XXV: Preparation of isocyanate

4954. 01 used in the preparation of HCV 25 inhibitor 4954 of Table 6. WO
2005/ 0852 P FOFOERIH05/ 006502 432 Ph' CO02H Ph Co 4954, FETASRA0P6S0T0 a
solution of 50.2 ng of conpound 4954.02 (Adam Wil denmar; Baeza, Jaine; Liu,
Ju- Chao, Journal of the American Chem cal Society (1972), 94(6). 2000-6) in
toluene (4.0 nL) was added DPPA (0.06 #42% and Et3N (0.037nL). The reaction
m xture was 5 heated at 110 'C for 40 mn, cooled and washed with Satd.
NaHCOB, dnd edtracted with Siathylféthee(2¥). diné combieedreibextayer wiakalried NSOt e

descr | bedMBCPBPENTRGY, RuBratah aois tepduedi tadh Siramidlograposdng By °°
PCT] U205 A0 R2no hofhéa 29704 bt BbluReli¥harins 495,08 N N © 0 0 4921

O\/ NH

Step 2

N
¢ )

N
OH N

CO,CH
i/l 2-Ts 5~ CO4CH;
N N

5 4925.04 4925.05

To a solution of 4925.04 (1.02 g, 4.0 mmol) in THF (30 mL) was added
thiocarbonyl diimidazole (1.78 g, 10.0 mmol). The mixture was refluxed under nitrogen
atmosphere for 5 hrs. The reaction mixture was cooled to room temperature, diluted
with diethyl ether, washed with saturated ammonium chloride solution, dried (Na;SQ;)

10 and concentrated. Purification of the residue by flash chromatography using 20/80 to
30/70 EtOAc/dichloromethane afforded 1.3 g of the required material, 4925.05.

Step 3

A

0" 7S S CO,CHj
CO,CHy ——n |
NN
4925.06
4925.05

Compound 4925.05 (1.27 g, 3.48 mmol) was taken in toluene (40 mL). To this
15 were added AIBN (2,2'-Azobisisobutyronitrile, 57 mg, 0.348 mmol) and TBTH (tri-n-
butyl tin hydride, 1.87 mL, 6.96 mmol) under nitrogen atmosphere. The mixture was
refluxed overnight (16 hrs). At this time the reaction mixture was cooled to room
temperature, and quenched with aqueousi1N HCI (100 mL). It was then extracted with
diethyl ether (100 mL). The organic layer was washed with 1N HCI (100 mL), dried
20  (NaxS04) and concentrated. Purification of the residue by flash chromatography using
8/92 EtOAc/dichloromethane afforded 400 mg of the required material, 4925.05.

Step 4



O O 4922 0y NH 628 A
2005/ 085275 PCT/ U52005/ 006502 434 Ki *
aJ o

WO 2005/085275

N NHZ
S W
Il H
Ay

N.
CNH

426

S CO,CH;
ar

4925.05

"6V 00 NoNE

4925 o NHO 629 Ay NNHy N O -

ry~0O 4923 Oy NH 628 A I NH

crnpd# Table 6 MW\ / range Y

NHZ O O 4926 O NH 0 643
PCT/US2005/006502

S CO.H
e

4925.06

To a mixture of compound 4925.05 (478 mg, 2.0 mmol) in dioxane (5 mL) and
water (5 mL) was added solid potassium hydroxide (336 mg, 6 mmol). The reaction
mixture was heated at 80°C for 2 hrs and 100°C for 3 hrs. The reaction mixture was

5  cooled to room temperature, concentrated and quenched with aqueous 1N HCI. The
aqueous layer was extracted with dichloromethane, dried (Na;SO,4) and concentrated
to afford 390 mg of the required material, 4925.06 LC-MS; 226 (M+H).

S CO,H Ny
a C\
S Sleh
4925.06 4925.01
10 The acid 4925.06 (390 mg, 1.73 mmol) was taken in toluene (10 mL).

Triethylamine (0.27 mL, 1.9 mmol) and DPPA (Diphenylphosphoryl azide, 0.42 mL,
1.94 mmol) were then added. The reaction mixture was refluxed for & hrs and cooled
to room temperature. This resulted in the formation of the isocyanate 4925.01 which
was used further as a 0.173 M solution in toluene.

15 Example XXII: Preparation of isocyanate 4953.01 used in the preparation of HCV

inhibitor 4953 of Table 6.
0
L B“’ﬂ\z/U\""o\ PhMgBr, E4,0 Boc’n\:j\Ph _ NaBHy MeOH X j]’
P A 0 c o RT [ j

4953.02

>r \", \/© 4.0 N HCl/Dioxane

4953.04 4952.05

Phosgene, DCM, NaHCO4 ,’cé" y 4404 >l\'/&
[a) =
- z OYNH

Dllc /\
4953.01

4953.03

HzN
H, PdIC

MeOH

4953



S HONN NH2 4927 cxo O O 649 A O 0 WD 2005(085275 PCT/ US2005/ 006502 435
cnpd# Table 6 MWKi* range clyCG NFLi OO0 4928 o NHo 670 A NNH S ClyCl
O N NHZ w@ %0=332750 NH 0 684 A CS C N N >~0 O O 4930 PyrI/Nikoss/coedé@0 A NH

10

15

20

427
H \/ﬁ\ o 9
Boc,N T’O\ PhMgBr, Etzo# Boc’N\:/lLPh
A PN
4953,02

PhMgBr (2.5 equiv, 40 mL) was added @ -78°C to a Et20 (200mL ) solution of
commercially available Weinreb amide (Aldrich Chemical Co., Milwaukee, Wisconsin,
USA, 12g, 46 mmol). After 2 h, reaction was quenched by addition of HCI 1.0 N,
diluted with EtOAc and washed with brine, dried over MgSO4, filtered and
concentrated under vacuo. The residue was purified by HPFC Biotage 75+S, Seg1:
2%B to 2%B, Linear, 320mL / Seg2: 2%B to 8%B, Linear, 3200 mL / Seg3: Hold 8%
for 5CV(1600 mL). 3.76g of 4953.02 were obtained.

Step2
0 ‘ OH
Boc/ﬁ\/[l\Ph NaBH,, MeOH >|/0\"/'N*
/\ 0°C to RT 0 /\

4953.02 4953.03
To a 0°C solution of 4953.02 (1.5 g, 5.4mmol) in MeOH (100 mL) was added NaBH4
(5 equiv,27 mmol, 1.02 g). Reaction was warmed-up to RT and stirred until thin layer

chromatography indicated complete consumption of the starting material (~0.5 hr).
Reaction was stopped by addition of HCI 1.0 N and extracted with EtOAc. Organic
layer was dried over MgSO4, filtered and concentrated under vacuo. The residue was
purified by HPFC Biotage 25+8S, Seg1: 3%B, Linear, 120mL / Seg2: 3%B to 12%B,
Linear, 1200ml. / Seg3: Hold10% for 240 mL. Purification furnished 1.35g of 4953.03.

Step 3

OH
H H
O N H,, PdIC 0. _N
>y furac Y0
0 A MeOH 0 _~
4953.03 4953.04

To a solution of N2 flushed solution of 4953.03 (1.35g, 4.8mmol) in MeOH (50ml) was
added 10% Pd/C catalyst (0.5g). The resulting suspension was hydrogenated for 18h.
The catalyst was removed by filtration through a pad of celite and washed with EtOAc.
The combined filtrate and washings were evaporated under vacuum to dryness to
provide after purification the desired product 4418 (85mg) and recovered 4953.04.
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Step 4

H HN
>r0\"/N 4.0 N HCV/Dioxane HCL 2 \/©
o /\<\© o P

4418 4419
4953.04 (28 mg, 0.10 mmol) was treated with 4.0 N HCI solution in Dioxane
described previously to deliver quantitatively 4953.05.

5  Stepb
HCi HZN.V\© Phosgene, DCM, NaHCO, \/\©
PN 0°C <N
4953.01
(‘ 4953.05

4953.05 (28 mg, 0.10 mmol) was treated with phosgene as described previously o
deliver 4953.01 that was used as described before to prepare HCV inhibitor 4953 of
Table 6.

10  Example XXIil: Preparation of isocyanate 4950.01 used in the preparation of HCV
inhibitor 4950 of Table 6.

o

H

aoc’N\/u\Ph 1. TMSCH,MgCJ, THF, 0°C HCl "'2N\/'

Y . — _DCMITFA 31) Y

: 2. KHMDS, THF, ¢°C =

AN TRT, 0min P
4953.02

4950.03
4950.02

Phosgene, DCM, NaHCO, ,/c/,N\_/“\@ \6;“/
0°C TN ?
4950.01 4950

Step1
o 0 \!/
0
BOC/N\:)LPh 1. TMSCH,MgCl, THF, 0°C Y
A 2. KHMDS, THF, 0°C NH
4953.02
15 4950.02

To a -25°C solution of ketone 4953.02 prepared in step 1 of preparative example XXI|
(2.77g, 10mmol) in THF (50 mL) was added TMSCH2MgCl (1.0M in Et20, 2equiv, 20

mmol, 20 mL). The temperature was slowly raised to 0°C and stirred for 1 h, quenched
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with H20 (5 mL) and diluted with EtOAc. The reaction mixture was washed with
NH4CI sat and brine. Organic layer was dried over MgSO4, filtered and concentrated
under vacuo. To a 0°C solution of the above crude in THF (50 mL) was added
KHMDS (2.7 equiv, 0.5M in PhMe, mmol, 54 mL). The mixture was stirred at 0°C for

5 1.5h then RT for 3 hr then quenched with saturated NH4Cl and diluted with EtOAc.
The organic layer was washed with brine, dried over MgS0O4, filtered and
concentrated under vacuo. purification via HPFC, 40+S, Seg1: Hold 2%B , Linear,
60mL / Seg2: 2%B to 8%B, Linear, 600mL / Seg2: Hold 8%B , Linear, 300mL. 0.5¢g of
4950.02 were isolated.

10 Step2
N HCY H,N
DCMITFA (3/1) :
4950.02 - =
RT, 10 min AN

4950,03
To a rt solution of 4950.02 (100 mg, 0.36 mmol) in DCM 3 mL was added 1 mL of
TFA. Reaction turned yellow immediately. After 10 min, TLC showed no starting

material and reaction was diluted with Hexanes and concentrated to dryness. The
15 resuiting yellow oil was placed under high vacuum overnight and analyzed by NMR.
109 mg of 4950.03 were obtained.

Step3
Phosgene, DCM, NaHC O, e~
4950.03 —- o 2
o°C P

4950.04
A DCM (5mL) solution of TFA salt 4950.03 (109 mg, 0.36 mmol) was added to a 0°C
20  solution of saturated aqueous NaHCO3 (bmL) and Phosgene (2equiv, 0.72 mmol,

0.36mL). Rapid stirring was set immediately and the ice-cooled reaction mixture was
stirred for 2 hours at high speed. After 2 hours, the organic phase (lower) was
separated and was then dried over anhydrous MgS0O4 and concentrated to half
volume under vacuum with cooling bath. Dilute to 3.6 mL (0.1M solution in DCM of

25 4950.01) that was used as described before to prepare HCV inhibitor 4950 of Table 6.
Example XXIV: Preparation of isocyanate 4942.01 used in the preparation of HCV
inhibitor 4942 of Table 6.
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2 0
N
° DAST g 1. LDA (1.1 equiv), THF, -78°C 15 min
——— g
DCM, 0°
4942.02 I °C 2. BenzylBr, -78°C to RT
o 4942 03 o
N
0 KOH, Etomuzo DPPA, Et;N
—————
Reflux Toluene, reflux
FF
4942.04 4942 os v'

’ ;<
e F F
( 4942.01 Q/Q 4942

F7OF

Step1
) 0O
o DAST /\c,J
—————
DCM, 0°C
0 FFF
4942.02 4942.03

5  To a 0°C solution of DAST (2equiv, 40 mL) in DCM ( 290mL.) was added a solution 4-

cyclohexanone carboxylic Acid Ethyl Ester 4942.02 (25¢g, 147 mmol) in DCM (100 mL)

( dropwise over 20 min. the mixture was allowed to stir at RT overnight. H20 (50 ml)
was then added carefully (CAUTION: STRONG EXOTHERM). The mixture was
basified to PH 5 (takes a great amount of time, watch out for violent acid-base

10 reaction) with saturated NaHCO3. Finally, aqueous layer was removed by extraction
and organic layer was washed with saturated NaHCO3 without any problem. Aqueous
layer was back extracted with EtOAc and both combined organic layers were dried
over MgS 04, filtered and the solvent removed by evaporation under reduced pressure
to yield crude 4942.03 (29.33 g) as a dark red oil.

15 Step2
s}

1. LDA (1.1 equiv), THF, -78°C 15 min /\o)
4942.03 -
2. BenzylBr, -78°C to RT

F F
4942.04
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To a -78°C solution of ethyl ester 4942.03 (20 mmol, 3.84g) in THF (25 mL) was
added 1.0 equiv of LDA (10mL). Addition of LDA produced a light yellow color. After
15 min, Benzyl bromide (1.1 equiv, 22 mmol, 2.61 mL) was added dropwise. Reaction
color turned gold immediately. Reaction was then gradually warmed-up to rt overnight.

5  Reaction was stopped by addition of Sat. aqueous NH4Cl. Reaction was diluted with
EtOAc and layers were separated. Washed with NaHCO3, then brine. Organic layer
was dried over MgSO4, filtered and concentrated under vacuo. Purification via HPFC,
40+S, Seg1: Hold 5%B , Linear, 60mL / Seg2: 5%B to 20%B, Linear, 600mL / Seg3:
Hold 20%B , Linear, 300mL. 0.915 g of 4942.04 was isolated.

10 Step3
KOH, EtOH/H,0 HO

4942.04 —
Reflux

FF
4942.05

To a solution of 4942.04 (0.8g, 2.8 mmol) in EtOH / H20 (36 mL/ 4 mL) was added
KOH (10 equiv, 28 mmol, 1.57 g). The reaction was brought to reflux until completion.
48h reflux was necessary to observe completion. Diluted with Et20 and basified to

15 Ph=9 with saturated NaHCO3. Et20 layer was discarded to remove non carboxylic
acid material. Aqueous layer was acidified to Ph=1 with HCI| 1.0N and extracted with
EtOAc. The organic layer was washed with brine, dried over MgSO4, filtered and
concentrated under vacuo. 535 mg of a light orange solid were isolated as 4942.05.

Stepd ‘
N
DPPA, EtyN 0°
4942.05 -
Toluene, refiux
F” °F
20 4942.01

Acid 4942.05 (335mg, 1.314 mmol) in Toluene (10 mL) was treated as described

previously to afford isocyanate 4942.01 that was used as described before to prepare

HCV inhibitor4942 of Table 6.

Example XXV: Preparation of isocyanate 4954.01 used in the preparation of HCV
25 inhibitor 4954 of Table 6.
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ph>~l(C02H _— pHCO

4954.02 4954.01
To a solution of 50.2 mg of compound 4954.02 (Adam, Waldemar; Baeza, Jaime; Liu,
Ju-Chao, Journal of the American Chemical Society (1972), 94(6), 2000-6) in toluene
(4.0 mL) was added DPPA (0.06 mL) and Et3N (0.037mt). The reaction mixture was
s heated at 110 ° C for 40 min, cooled and washed with Satd. NaHCQs, dried over
MgSQq, filtered and concentrated to afford isocyanate 4954.01. The crude obtained
was used without purification to prepare as described before HCV inhibitor 4954 of
(' Table 6.
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i nhi bitor YOTHS88305 | ity can be manifested in their abi PCOyUS2005/00660Di t t he
HCV NS2/ NS4a serine protease. A general procedure for such denonstration
is illustrated by the following in vitro assay. 5 Assay for HCV Protease

| nhi bitory HCV Protease |nhibitoActivi:44%bectrophotonetric Assay: Assay:

Spectraphotonetric assay for the HCV serine protease can he perfarned on
the inventiye conmpounds by folJI %%gg the procedure desgrjbed K R | zhang
et al, %Bd%tical Bi ochemi stry@ (1999) 268-275, |t h&¥i s¢ eﬁ%”e of WO
2005/ 085275 RCT/ U52005/ 006502 453 which is incorporjated here Qﬁ/
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10% trifluoroethanol (TFE) in dichloromethane (DCM 5 for 30 min, or by 2%
trifluoroacetic acid (TFA) in DCM for #d4nmin. The conbined filtrate and
DCM wash is evaporated azeotropically (or repeatedly extracted by aqueous
Na2CdB8 sol utjon) to renove the acid used in cl eavage.sﬂw CMMKifiase is
dried a2SO4 and evapor a € 6rhe ester substrate e |assenbl ed usi ng
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Ac- DTEDVWP(Nva} OH are determ ned experinmentally at fixed concentrations of
20 enzyne and substrate by plotting vo/vi vs. inhibitor concentration ([1]
0) accor di¥Mg 205/0863& rearranged M chael i s- Ment en equat i onPGTYS003N6502t | ve
inhibition kinetics: volvi. =1 +[I] o/(Ki (1 +[S] o/Km), where vo is
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5 CLAIM5 What is clainmed is: 1. A conpound, or enantioners, stereoisoners,
r ot aners, tautorrers di astereoners and racemates of said conpound, or a

phar mace qu gceptable salt, solvate or ester of ;@lrﬂjsgm%g@g sald
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selected fromthe group consisting of H, (Cl-C6)alkyl-,

(C2- ©6)al kynyl -, (C3-Cg)cycl oal kyl -

four to eﬂ@ﬁﬂOG%kﬁﬁﬁbered heterocyclyl

menber ed heteroaryl -,

(C5-Cl0) aryl -

(Cl - C8) al kyl -

(cycl oal kyl)

al

, and het eroar
R in NRR are connected to each other su

(C2-

C6) al kenyl -

two to six nenbered heteroal kyl -

-, (C5-Cl10)ary
kyl -,

i

al kyl - ;

or

FROREUS2003/66502
(heterocyclyl) alkyl -
alternately R and
t hat NRR‘fornB a four

to

ei ght -
noi etile
~/ Rl 1€
Rn, yf s

IIUCI

Cmpd#,

R R wh

U IICL Cl Ubybl )’1 y

1A Rey Re

%ﬁﬁﬁﬁ

\J ‘ullu

, 11 nfe~Rvy.

P |
l I 9 DCItbLU

Rye fe e Rfe 1/

erein Gis NH or

RuCy ~y .
and R15, R16, R' a

O:

Rr'~y

IIUIIIl.

e fptow ng
%ﬁaer%y

i

nd R18 dan b

i ?é\ﬁge R

R

the sane

or dif
of H,

het er g
ei ght
to ten
R16 ar
cycl oa
i ndepe
ei ght
(C1-CH
menber

f er ent,
(C1- C6)
al kenyl

each being ind

al kyl -

t wo

to

ndently selected fro
menber ed het er oal ky

m t he gr

oup consi sting

(C2- @6) al keny

(C2- ) al kynyl ,

<10 het er oal kenyl ,

(C3

- CB) cycl

oal kyl ,

four to

menber eld het erocycl yl,
menberled heteroaryl,

e connected to each

| kyl, hleteroaryl or
ndentlyl Rl7 and R15 ar
15 nenbler ed cycl oal

) #982 || (C5- Cl0) ar

ed heterocyclyl

%- Cl0) anyl , (C5- C10)
kyl, or
dur to ei
spructure, an
to each ot he

Nidr heterocdyclyl; wherei
| | heteroaryl, (C3-CB)cyclo
A unsubstituted or option

aryl (Cl1-
C alternately,
ght - nmenber ed
d i kew|se,

r to forlma threge to
n each of said
al KAG4 orf fBur {o eight
al 'y independently

Co6) al kyl, five
R16 and

d

h t

ocgcly
cShnect e

4983 788

The present invention relates to novel HCV protease inhibitors. This utility can
be manifested in their ability to inhibit the HCV NS2/NS4a serine protease. A general
procedure for such demonstration is illustrated by the following in vitro assay.

Assay for HCV Protease Inhibitory Activity:

Spectrophotometric Assay: Spectrophotometric assay for the HCV serine protease

can be performed on the inventive compounds by following the procedure described
by R. Zhang ef al, Analytical Biochemistry, 270 (1999) 268-275, the disclosure of



substituted wth one or nore noieties selected fromthe group consisting of
hydr oxy, al koxy, aryloxy, thio, alkylthio, arylthio, am no, am do,

al kyl am no, arylam no, 20 al kyl sul fonyl, aryl sul fonyl, )

sul f onani ¥® 3084858353 kyl , (C5-C o)aryl, five to ten nendeFERRSFary
al kyl sul f onam do, aryl sul fonam do, keto, carboxy, carbal koxy, carboxam do,
al koxycar bonyl am no, al koxycar bonyl oxy | kyl urei do, arylureido, halo,
cyano, and nitro; wherein said hetero 3?§ups of said heterocyclyl,

het er oar,yk | e LSt ag of N,
0. 8 PR R R Here B et ThE sk sRd, i e ERANR SR and
RO i s HchRdmegénic estdrishbstiatescisrsuitable for lthe Coatitouws moyitoring CBHCANSY |,
two to six nmenbered heteroal kyl-, five to ten nenbered heteroarg\l{)’B

( C3- CB) piripase rytivitya Tihg subspiatesprg derives Bpauihg P sidecst thedyap4N
(C1-Co) al kyl - K | kynwl _o noar yh- A
(- 00) o 75553 TAETYEOUNGE) SRS 2 DB Y it ol
of : s\WO JRAMOSrRStefidd WithQe S0BRP diffeférit cHT'on'MfiﬁolicdaI(tho'ls &B-lory-1-3 1-4 F
1-4 1-4" OHOH CI1-0H, ~-OWbIl-t~Ove SOH 1-3 1-3 M Me Me
nitrophenol, 7-hydroxy-4-methyl-coumarin, or 4-phenylazophenoi). lllustrated below
are the synthesis, characterization and application of these novel spectrophotometric
ester substrates to high throughput screening and detailed kinetic evaluation of HCV
NS3 protease inhibitors.
( ' Materials and Methods:
Materials: Chemical reagents for assay related buffers are obtained from Sigma
Chemical Company (St. Louis, Missouri). Reagents for peptide synthesis were from
Aldrich Chemicals, Novabiochem (San Diego, California), Applied Biosystems (Foster

City, California) and Perseptive Biosystems (Framingham, Massachusetts). Peptides

15 are synthesized manually or on an automated ABI model 431A synthesizer (from
Applied Biosystems). UV/VIS Spectrometer model LAMBDA 12 was from Perkin
Elmer (Norwalk, Connecticut) and 96-well UV plates were obtained from Corning
(Corning, New York). The prewarming block can be from USA Scientific (Ocala,
Florida) and the 96-well plate vortexer is from Labline Instruments (Melrose Park,

20  Mlinois). A Spectramax Plus microtiter plate reader with monochrometer is obtained

( from Molecular Devices (Sunnyvale,' California).
Enzyme Preparation: Recombinant heterodimeric HCV NS3/NS4A protease (strain
1a) is prepared by using the procedures published previously (D. L. Sali et al,
Biochemistry, 37 (1998) 3392-3401). Protein concentrations are determined by the
25  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% lauryl maitoside and

10 mM DTT) is exchanged for the assay buffer (25 mM MOPS pH 6.5, 300 mM NaCl,

10% glycerol, 0.05% lauryl maltoside, 5 pM EDTA and 5§ pM DTT) utilizing a Biorad
30  Bio-Spin P-6 prepacked column.

Substrate Synthesis and Purification: The synthesis of the substrates is done as

reported by R. Zhang et al, (ibid.) and is initiated by anchoring Fmoc-Nva-OH to 2-
chlorotrityl chloride resin using a standard protocol (K. Barlos ef al, Int. J. Pept. Protein
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conmpound of claim1l, wherein R2 is selected fromthe group consisting of
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Res., 37 (1991), 513-520). The peptides are subsequently assembled, using Fmoc
chemistry, either manually or on an automatic ABl model 431 peptide synthesizer. The
N-acetylated and fully protected peptide fragments are cleaved from the resin either
by 10% acetic acid (HOAc) and 10% trifluoroethanol (TFE) in dichloromethane (DCM)
for 30 min, or by 2% trifluocroacetic acid (TFA) in DCM for 10 min. The combined
filtrate and DCM wash is evapofated azeotropically (or repeatedly extracted by
aqueous Na2CO3 solution) to remove the acid used in cleavage. The DCM phase is

dried over Na2S04 and evaporated.

The ester substrates are assembled using standard acid-alcohol coupling
procedures (K. Holmber et al, Acta Chemn. Scand., B33 (1979) 410-412). Peptide
fragments are dissolved in anhydrous pyridine (30-60 mg/ml) to which 10 molar
equivalents of chromophore and a catalytic amount (0.1 eq.) of para-toluenesulfonic
acid (pTSA) were added. Dicyclohexylcarbodiimide (DCC, 3 eq.) is added to initiate
the coupling reactions. Product formation is monitored by HPLC and can be found to
be complete following 12-72 hour reaction at room temperature, Pyridine solvent is
evaporated under vacuum and further removed by azeotropic evaporation with
toluene. The peptide ester is deprotscted with 95% TFA in DCM for two hours and
extracted three times with anhydrous ethyl ether to remove excess chromophore. The
deprotected substrate is 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 can be approximately 20-30%. The molecular mass can
be confirmed by electrospray ionization mass spectroscopy. The substrates are stored‘
in dry powder form under desiccation.

Spectra of Substrates and Products: Spectra of substrates and the corresponding
chromophore products are obtained in the pH 6.5 assay buffer. Extinction coefficients
are 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 is 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 are performed at 30°C using a 200 pl reaction
mix in a 96-well microtiter plate. Assay buffer conditions (25 mM MOPS pH 6.5, 300
mM NaCl, 10% glycerol, Q.05% lauryl maltoside, 5 yM EDTA and 5 pM DTT) are

5



'00 S(0)o z CH3 ~ CH3 ~S5(0)0-2 CH3 CH3 FFOnN=0-3n=0-3n0-3FFF
and S S F 5 5. The conpound of claim1l1l, wherein R3 is selected fromthe

group CORBHSHIsHEsPE. . WO 2005/ 085275 PCT/ 1JS2005/ 006502 P@S%{' okd3 J1 O
CH3 CH3CH3 CH3~CH3 CH3 CH\ 3 CH3 H3C SCH3 CH3\I O2Et é) F 0-3

F FF FH3CO03rJ CF3 S COCH OCH3S O-CH3 CH CH3+CH3
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optimized for the NS3/NS4A heterodimer (D. L. Sali et al, ibid.)). Typically, 150 pl
mixtures of buffer, substrate and inhibitor are placed in wells (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, is then used to initiate
5  the reaction (final volume 200 pl).The plates are monitored over the length of the
assay (60 minutes) for change in absorbance 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 results can be
obtained with plate readers that utilize cutoff filters). Proteolytic cleavage of the ester

i linkage between the Nva and the chromophore is monitored at the appropriate
wavelength against a no enzyme blank as a control for non-enzymatic hydrolysis. The
evaluation of substrate kinetic parameters is performed over a 30-fold substrate
concentration range (~6-200 pM). Initial velocities are determined using linear
regression and kinetic constants are obtained by fitting the data to the Michaelis-

15 Menten equation using non-linear regression analysis (Mac Curve Fit 1.1, K. Raner).
Turnover numbers (kcat) are calculated assuming the enzyme is fully active.
Evaluation of Inhibitors and |nactivators: The inhibition constants (Kj) for the
competitive inhibitors Ac-D-(D-Gla)-L-I-(Cha)-C-OH (27), Ac-DTEDVVA(Nva)-OH and
Ac-DTEDVVP(Nva)-OH are determined experimentally at fixed concentrations of

20  enzyme and substrate by plotting vo/vj vs. inhibitor concentration ([I] o) according to

[ the rearranged Michaelis-Menten equation for competitive inhibition kinetics: vo/vi = 1
+ [I] o /(Kj (1 + [S] 0 /Km)), where vg is the uninhibited initial velocity, vj is the initial
velocity in the presence of inhibitor at any given inhibitor concentration ([lJo) and [Slo

is the substrate concentration used. The resulting data are fitted using linear
25 regression and the resulting slope, 1/(Kj(1+[S] o/Km), is used to calculate the Kj value.

The Ki* values of some of the inventive compounds are shown in Table 8:
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j v 0-1 0-1 0-1 WO 2005/085275 PCTI US2005/ 006502 472 o O 12 YI2 Y12 }I
(" x.33 0.1 %s Y33 0-1 ~Oy33 0-1 NY330-1 Y120000 ‘~I~$~~}J
I ~~}J3~ hyoYdes/dsds Y31 Y33 0-1y 0-1 1-4, 1-400 O desgs33 01
x. 33 0-1\\‘;83 e 33 0-1 33 0-1 Y 1 4Y3\101 ~)NpINOiPé(;hbjs%%bf / 0 O
rN1I N1 NY.- 1, NY32is selected fromthe group consisting of: H Il

Y Il SoO and OO0 and Y12 is sel ected f4®m the group consisting of H, CO2H,
Co21Vie, Owve, F, A, Br, 5 NH2, N(H)S(02)CH3. N(H)C(O CH3. N2, Nwe2,
S(02) NH2, CF3, M, C , OCF3, and\/C(O)NHZ and y33 i5 selected fromthe

group consisting of: v
- H O
N
Qe iy
>L'/£OO O

10

O
O
o

N 4.3

While the present invention has been described with in conjunction with the
specific embodiments set forth above, many alternatives, modifications and other
5  variations thereof will be apparent to those of ordinary skill in the art. All such
alternatives, maodifications and variations are intended to fall within the spirit and
scope of the present invention. . ‘
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CLAIMS
What is claimed is:
1. A compound, or enantiomers, stereocisomers, rotamers, tautomers,
diastereomers and racemates of said compound, or a pharmaceutically acceptable

salt, solvate or ester of said compound, said compound having the general structure

At wﬁr 121

wherein: .
'is H, OR® NR°R'™, or CHR®°R"®, wherein R®, R® and R can be the same

or dlfferent, each being independently selected from the group consisting of H, (C;-
Celalkyl-, (C,-Cgalkenyl-, (C,-Cgalkynyl-, (Cs-Cjglaryl-, two to six membered
heteroalkyl-, five to ten membered heteroaryl-, (C;-Cg)cycloalkyl-, four to eight

membered heterocyclyl-, (C;-Cm)aryl(Cl-Cﬁ)aJkyl-,- and heteroarylalkyl;
A and M can be the same or different, each being independently selected

from R, OR, NHR, NRR', SR, SO;R, and halo; or A and M are connected to each

other such that the moiety:

shown in Formula | ;

N S
Ly
shown above in Formula | forms either a three, four, six, seven or eight-
membered cycloalkyl, a four to eight-membered heterocyclyl, a six to ten-membered
aryl, or a five to ten-membered heteroaryl;

E is C(H) or C(R);

L is C(H), C(R), CH,C(R), or C(R)CHz,

R, R', R?, and R? can be the same or different, each being independently
selected from the group consisting of H, (C,-Cg)alkyl-, (Cy-Cgalkenyl-, (C,-
Cs)alkynyl-, (Cs-Cg)cycloalkyl-, two to six membered heteroalkyl-, four to eight
membered heterocyclyl-, (Cs-Cjg)aryl-, five to ten membered heteroaryl-, (cycloalkyl)

- alkyl-, (heterocyclyl) alkyl-, (Cs-Cyq)aryl-(C;-Cg)alkyl-, and heteroaryl-alkyl- ; or
alternately R and R'in NRR'are connected to each other such that NRR'forms a four

to eight-membered heterocyclyl;
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and Y is selected from the following moieties:
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wherein G is NH or O ; and R'®, R™®, R" and R'® can be the same or different,
each being independently selected from the group consisting of H, (C,-Cg)alkyl-, two
to six membered heteroalkyl, (C,-Cg)alkenyl, heteroalkenyl, (C,-Cq)alkynyl,
heteroalkynyl, (Cs-Cg)cycloalkyl, four to eight membered heterocyclyl, (Cs-Cg)aryl,

(Cs-Cyo)aryl(C,-Ce)alkyl, five to ten membered heteroaryl, and heteroarylalkyl, or
alternately, R'S and R are connected to each other to form a four to eight-

membered cycloalkyl, heteroaryl or heterocyclyl structure, and likewise,

independently R'” and R'® are connected to each other to form a three to eight-

membered cycloalkyl or heterocyclyl;

wherein each of said (C,;-Cg)alkyl, (Cs-C;q)aryl, heteroaryl, (C3-Cg)cycloalkyl or

four to eight membered heterocyclyl can be unsubstituted or optionally independently
" substituted with one or more moieties selected from the group consisting of: hydroxy,

alkoxy, aryloxy, thio, alkylthio, arylthio, amino, amido, alkylamino, arylamino,

alkylsulfonyl, arylsutfonyl, sulfonamido, (C,-Ce)alkyl, (Cs-Cyolaryl, five to ten

membered; heteroaryl, alkylsulfonamido, arylsuifonamido, keto,zarboxy, carbalkoxy,

carboxamido, alkoxycarbonylamino, alkoxycarbonyloxy, alkylureido, arylureido, halo,

cyano, and nitro;

wherein said hetero groups of said heterocyclyl, heteroaryl and heteroalkyl are

selected from the group consisting of N, O, S, NO, SO, and SO,.

2. The compound of claim 1, wherein R'is NR°R'O, and R®is H, R is H, or R
wherein R™ is H, (C,-Cg)alkyl-, (Cs-Cig)aryl, two to six membered heteroalkyl-, five to
ten membered heteroaryl, (C3-Cy)cycloalkyl, alkyl-aryl, alkyl- heteroaryl-, (Cs-Cjq)aryl-
(C,-Ce)alkyl, (Cr-Ce)alkenyl, (C,-Cg)alkynyl or heteroaryl-alkyl.

3. The compound of claim 2, wherein R is selected from the group consisting

of:
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4. The compound of claim 1, wherein R? is selected from the group consisting of

5  the following moieties:
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5 & The compound of claim 1, wherein R® is sefected from the group consisting of:
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6. The compound of claim 1, wherein R® is selected from the group consisting of
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The compound of claim 1, wherein Y is selected from the following moieties:
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wherein G is NH; and R, R'®, R" and R"® are as defined in claim 1.

8. The compound of claim 7, wherein Y is selected from the group consisting of:
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wherein Y*' is selected from the group consisting of:
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9. The compound of claim 1, wherein the moiety:
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10.  The compound of claim 9, wherein the moiety:



484 18. The pharnmaceutical conposition of claim 17, wherein said at |east
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11.  The compound of claim 10, wherein the moiety:

M A
/
i—E
y H/
0]
)\‘o
5 is selected from the following structures:
CI\/CI F_F
~
0
z Bl’\/BI'

@Yw Py

12.  The compound of claim 1, R' is NHR“, where R' is selected from the group

consiéting of:
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13. A pharmaceutical compasition comprising as an active ingredient at least one

compound of claim 1.
14.  The pharmaceutical composition of claim 13 for use in treating disorders

associated with HCV.
15.  The pharmaceutical composition of claim 14 additionally comprising at least

one pharmaceutically acceptable carrier.
16. The pharmaceutical composition of claim 15, additionally containing at least

one antiviral agent.
17.  The pharmaceutical composition of claim 16, additionally containing at least

one interferon.
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18. The pharmaceutical composition of claim 17, wherein said at least one antiviral agent is
ribavirin and said at least one interferon is a-interferon or pegylated interferon.

19. The use of a pharmaceutical composition comprising a therapeutically effective amount
of at least one compound of claim 1 for the manufacture of 2 medicament to treat disorders
associated with the HCV,

20. The use of claim 19, wherein said medicament is formulated for oral or subcutaneous

administration.

21. The use of a compound of claim 1 for the manufacture of a medicament to treat

disorders associated with the HCV.

22. A method of preparing a pharmaceutical composition for treating the disorders

associated with the HCV, said method comprising bringing into intimate physical
contact at least one compound of claim 1 and at least one pharmaceutically
acceptable carrier.

23. A compound exhibiting HCV protease inhibitory activity, or enantiomers,
stereoisomers, rotamers, tautomers, diastereomers and racemates of said compound,
or a pharmaceutically acceptable salt, solvate or ester of said compound, said
compound being selected from the compounds of structures listed below:
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24. A pharmaceutical composition for treating disorders associated with the HCV,
said composition comprising therapeutically effective amount of one or more
compounds in claim 23 and a pharmaceutically acceptable carrier.

25. The pharmaceutical composition of claim 24, additionally containing at least
one antiviral agent.

26. The pharmaceutical composition of claim 25, additionally containing at least
one interferon or PEG-interferon alpha conjugate.

27.  The pharmaceutical composition of claim 26, wherein said at least one antiviral
agent is ribavirin and said at least one interferon is a-interferon or pegylated
interferon.

28. The use of an effective amount of one or more compounds of claim 23 for the
manufacture of a medicament to treat a hepatitis C virus associated disorder.

29, The use of one or more compounds of claim 23 for the manufacture of a medicament to

modulate the activity of a hepatitis C virus (HCV) protease.

30. The use of one or more compounds of claim 23 for the manufacture of a medicament to
treat, prevent or ameliorate one or more symptoms of hepatitis C.

31. The use of claim 30, wherein the HCV protease is the NS3/NS4a protease.

32. The use of claim 31, wherein the compound or compounds inhibit HCV NS3/NS4a
protease.

33 The use of one or more compounds of claim 23 for the manufacture of a medicament for
modulating the processing of hepatitis C virus (HCV) polypeptide.

34. The use of a pharmaceutical composition comprising a therapeutically effective amount
of at least one compound, or enantiomers, sterecisomers, rotamers, tautomers, diastereomers
and racemates of said compound, or a pharmaceutically acceptable salt, solvate or ester of said
compound, said compound being selected from the following:
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for the manufacture of a medicament to treat disorders associated with the HCV.

35. A compound of claim 1 in purified form.






